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LOT1NOI PAU

Khoa hoc ky thuit ngay nay ngay cang phat trién, ching vira tao ra co hdi va cling
chinh la thach thirc cho sw phat trién trong twong lai. Pac biét, véi nén cong nghiép ctua nwéc
ta, d3, dang va tiép tuc dwgc thira hwdng cia sy tién bd dé. Véi muc dich hwéng dén la gidi
thiéu, chia sé nhirng nghién ctru, nhirng tién bd ky thuit trong cac linh vwc lién quan dén sw
dao tao va phat trién chung ctia nén cong nghiép Viét Nam, Trwong Pai hoc M6 - Dia chit
phéi hop véi mot sé6 Truweong dai hoc, Vién nghién ctiru, Co quan va doanh nghiép trong nwéc
t6 chirc Hbi nghi khoa hoc toan quéc vé Co khi, Dién va Tw dong hoa (National Conference on
Mechanical, Electrical, Automation Engineering - MEAE2023).

Hoi nghi 1a noi giao lwu, két ndi cadc nha khoa hoc, cac doanh nghiép, cac ca nhin dang
hoat dong trong linh vwc néi trén, dé cung nhau thdo luin, trao déi hoc thuat va chia sé kinh
nghiép nham thic d4y sw phat trién cta cac linh vuc vé Co khi, Dién va Ty dong héa, nham
phuc vu cho sw nghiép xay dung va phat trién dat nwoec.

Trong tAm cda hoi nghi dé cip dén “Xu thé va rng dung cong nghé méi trong cong
nghiép”

Ban t& chirc tin rang, Tuyén tap cac cong trinh khoa hoc tham gia Hoi nghi I4n nay sé
gop phan dong gop co6 chit lwgng nham thic ddy cho sw phat trién chung cho nén cong nghiép
ngay nay.

Thay mat Ban t6 chirc, téi chdn thanh cAm on dén Pang Gy, Hoi dong trwdrng, Ban Giam
hiéu Trwong Pai hoc M6 - Dia chat va cac don vi lién quan da dong hanh, tao moi diéu kién
thuét lgi cho viéc Hbi nghi dwoc té chirc thanh cong tot dep.

Dic biét, tran trong cdm on dén cac tac gia cac bai bdo khoa hoc, cic phan bién, cac
nha khoa hoc, cac co quan dong nghiép, cic doanh nghiép tai tro' da c6 dong gép quan trong
vi s thanh cong chung ctia H6i nghi MEAE2023.

TM. BAN TO CHU'C
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PGS.TS Khdng Cao Phong
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Internet van vdt céng nghiép (1loT) cé tiém ndng gitip cdi thién quy trinh sdn xudt va kinh doanh bdng cdch
cho phép trich xudt théng tin cé gid tri tir cdc qud trinh cong nghiép. Tuy nhién, nganh khai thdc mé con khd
lac hdu va cé phdn chdm thay do6i do nhiing han ché vé co sé ha tdng trong truyén théng, qudn ly di lidu,
Iwu trik va trao déi théng tin. Hau hét cdc né luc nghién civu cho dén nay vé viéc dp dung IloT trong nganh
khai thdc mé déu tdp trung vao cdc méi quan tdm cu thé nhw gidm sdt cdc hé théng céng nghé (hdm bom,
thdng gid, bang tdi, sang tuyén...) , qudn ly nhém lam viéc va nhdn sw, gidm sdt ddp thdi qudng dudi va hé
thong canh bdo trwéc. Trong khi dé kién triic [loT téng thé phu hop vai diéu kién chung & nganh khai khodng
van con thiéu. Bai bdo ndy phan tich hién trang Céng nghé thong tin (IT) trong linh vurc khai thdc mé va xdc
dinh thdch thikc I6m ctia sw phdn mdnh théng tin theo chiéu doc do sw da dang vé cong nghé ctia cdc hé théng
va thiét bi khdc nhau dwoc cung cdp béi cdc nha cung cdp khdc nhau, ngdn cdn khd ndng twong tdc, phdn
phdi dir liéu va trao d6i thdng tin mdt cdch an toan gitka cdc thiét bi va hé théng. Dwa trén cdc tai liéu huéng
dan va thuec tién tir cdc tiéu chudn IloT chinh, kién tric IloT da cdp phu hop véi nganh khai thdc sé dwoc
téng hop va trinh bay, goi mé hwéng gidi quyét cdc thdch thirc dd xdc dinh va cho phép khai thdc thong tin
mot cdch théng minh. Bdng gidi phdp tw dong héa, hé théng cé thé twong tdc, phdn phdi di liéu va khd ndng
hién thi theo thoi gian thwc vé tinh trang khai thdc. Cdc ky thudt diéu khién tir xa, xi¢ ly dir liéu va khd ndng
twong tdc cuia kién triic dwoc dé xudt phdt trién trong tdt cd cdc giai doan tir khai thdc, tham do dén thu hoi
mé. Viéc dp dung kién tric IlloT nhw vdy trong nganh khai thdc mé sé mang lai: Méi trwong lam viéc an toan
hon cho céng nhdn; Khd ndng dw bdo cdc hoat ddng khai thdc; Méi trwvong twong tdc cho hé théng cdc thiét
bi bao gdm cd thiét bi truyén théng ldn hién dai; Khd ndng tw déng héa dé gidm sw can thiép clia con nguedri
va cho phép gidm sdt cdc hoat dong trén mdt bdang ciing nhw dwéi long ddt. Nhirng thdch thikc va huéng
nghién ctru mé quan trong ciing dwoc nghién cteu va dé cdp trong bai bdo nay, vi du nhw qudn ly di déng,
khd ndng mé réng, do héa & bién IloT va bdn sao ky thudt s6 (Twin digital).

Tir khoa: [oT; lloT; khai thdc; Mé

1. M¢& dau Nim trong xu thé& phat trién do, linh vuc cong
nghiép Mo ciing da va dang thay ddi dé tin dung
cac thé manh cta loT dé t6i wu hda cac qua trinh
khai thac, ché bién.

[oT 1a mdt m6 hinh cong nghé dwgc hiéu la nhw
mot mang lwdi toan ciu noi cac thiét bi hodc may
moc c6 thé twong tac [1]. IoT dang tao ra mot cudc
cach mang cong nghé anh hwdng dén tit ca cac
linh virc rng dung bao gom nha thdong minh, thanh
pho théng minh, néng nghiép, 6 t6, chdm soc strc
khoe, sdn xuit cong nghiép va giao thong van tai

Caclinh virc cong nghiép hién nay dang & trong
giai doan cda cudc cach mang lan thir tw, Cong
nghiép 4.0. Trong cudc cach mang nay, cong nghé
Ky thuit so tir nhitng thap ky gan day véi su tro
gidp cua két noi thong qua Internet van vit
(Internet of Things - IoT), truy cap dir liéu thoi
gian thuc va gidi thiéu cac hé thong vat ly khong
gian mang dworc tip trung khai thac dé tao ra mét
cip do6 phat trién hoan toan maoi.
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[2]. IoT nhw vy da va dang lam thay ddi moi thi,
bao gbm ca con nguwoi ching ta trong cac hoat
déng gido duc, giao tiép, kinh doanh, khoa hoc va
chinh pht. Trong b6i canh nay, cic nganh cong
nghiép dang bi thach thirc phai suy nghi lai vé quy

Efficiency
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X y
. Continuity

y

Connectivity

Analytics -

trinh san xudt, kinh doanh ctia minh v&i tiém nang
khoi ddy nhitng d6i méi trong hé thong san xuat &
quy mo chuwa tirng c6 [3].
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Hinh 0.1 Céng nghé thong tin, cong nghé van hanh va IloT [5]

[IoT (Industrial Internet of Thing) 1a mdt &ng
dung cda IoT trong cdng nghiép, la mét phan cia
khai niém Cong nghiép 4.0. I[loT tap trung vao y
twdng s6 hoa dong bd va kha nang két noi cla tit
ca cac b0 phan san xudt, két hop cac thé manh cia
nganh céng nghiép truyén thong véi cong nghé
internet [4]. [IoT ciing c6 thé dwoc coi 1a sw hoi tu
ctia Cong nghé thong tin (Information Technology
- IT) va Cong nghé van hanh (Operational
Technology - OT) nhw trong Hinh 0.1 [5]. lIoT la
mang cuia cac thiét bi vat 1y hoac vat thé, dwoc tich
hop vai thiét bi dién tr, cdm bién c¢6 kha nang két
néi truyén théng cho phép tao thanh mang luéi
lién két d€ trao ddi théng tin gitra san xuit, van
hanh, quan ly... nham dat dwoc gia tri va dich vu
16m hon [6]. V&i cac tinh nang wu viét cia minh
IIoT dwoc duw doan sé c6 kha nang bién déi nhiéu
nganh cong nghiép, bao gom san xuit, dau khi,
nong nghiép va khai thac mo [7].

Mic du, IIoT c6 tiém nang cai thién quy trinh
san xuit va kinh doanh bang cach két n6i mang
truyén thong cho phép trich xuit thong tin c6 gia
tri tir cac quy trinh cong nghiép. Tuy nhién, nganh
khai thac mé kha truyén thong va c6 phan chim
thay d6i do nhirng han ché vé co s& ha ting trong
truyén thong, quan ly dit liéu, lwu trix va trao doi

thong tin. Vi vay trong ndi dung bai bao nay sé
thuc hién viéc nghién ctiru vé loi ich cia ing dung
[IoT trong linh vwrc cong nghiép mé; Panh gia thuc
trang trién khai va néu ra cac vin dé can nghién
ctru nham muc dich cai thién viéc 4p dung IloT
trong nganh khai thac mé.

N6i dung bai bao thwc hién phwong phéap tong
hop dinh tinh [8] dé tong hop cac théng tin vé thuc
trang ing dung lloT & trong linh virc cong nghiép
mo Thé gidi va Viét Nam; tong hop nhirng van dé
vé tiéu chuln ty dong héa cong nghiép, kha nang
twong tac gitra cac hé théng cii va méi; tong hop
kién tric c4p cao, stt dung cac huwéng dan cua tiéu
chuén cong nghiép va dap trng nhirng thach thirc
cu thé trong nganh khai thac mo.

D€ gidi quyét nhirng thach thic nay, Phuwong
phap nghién ctru tai liéu cling dwoc st dung trong
bai bao dé tim kiém cac gidi phap IloT phu hop cho
nganh khai thac mé.

2. Loi ich cia irng dung IIoT trong cong nghiép

2

mo

Trong vong doi hinh thanh, phat trién va két
thic cia mot mé thwong dwoc chia thanh 05 giai
doan nhuw trong

Hinh 0.2 [9].
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Tim Kkié€m 13 giai doan du tién trong viéc st
dung trir lwong khoang san, la tim kiém quang
hodc cac khoang san c6 gia tri khac (than hodc phi
kim loai).

Tham do la giai doan thi hai trong vong doi
cia mot mo. Pay la giai doan xac dinh cang chinh
X4c cang tot quy mo va gia tri cia mot mo khoang
san, str dung cac ky thuit twvong nhwng tinh té hon
cac ky thuat dwgc str dung trong giai doan tim
kiém.

Phat trién nam giai doan thit ba, thuc hién
cong viéc m& mo khoang san dé khai pha dwoc
thuc hién. Vi giai doan nay, viéc khai thac thuc té
trir lwong, bay gior duwoc goi 1a quing, bat dau.

Khai thac, giai doan khai thac thir tw, gin lién
vGi viéc thu hoi thue té cac khodng san tir long dat
vé sO lwgng. Miac du su phat trién co thé tiép tuc
nhung diém nhéin trong giai doan nay la san xuit.
Thong thwong, chi tién hanh phat trién vira du
trudc khi khai thac d€ ddm bao rang hoat dong san
xudt, sau khi bt du, c6 thé tiép tuc khong bi gian
doan trong suét thoi gian hoat dong ciia mo.

Cai tao la giai doan cudi cung trong qua trinh
van hanh cta hau hét cic mo, qua trinh dong clra
mo va tai tao dwong nét, tai tao tham thuc vat cling
nhw khoéi phuc cc gia tri vé nwéc va dat. Thoi
diém tot nhat dé bat dau qua trinh khai hoang mé
13 trwdre khi bat dau cudc khai quat dau tién. No6i

Tham do
Xac dinh tri lwong

L&y mau, thtr nghiém
Nghién cru dac tinh

cach khac, cac kj sw quy hoach mo nén lap ké
hoach khai thac sao cho qua trinh cai tao dwoc
xem xét va tong chi phi khai thic cdng véi cai tao
dwoc gidm thiéu, chir khéng chi chi phi khai thac.

Nhuw vay vong doi cia mot mé la mot qua trinh
dién ra trong khoang thoi gian dai véi nhung khéi
lwong cong viéc 1om, phirc tap. Véi nhirng wu diém
vé kha ning két noi cung cip thong tin theo doi
cho cac hé théng trang thiét bi trong qua trinh
hoat dong san xudt, I1oT c6 thé gitp cai thién ndng
suit tong thé cta cic cong ty trong toan bd vong
doi ctia md. Ngoai viéc thic diy loi nhuin cda
cong ty, IIoT cd thé cai thién swan toan ctia thg méd
khi thg' mé lam viéc trong moi trweong nguy hiém.
Bang nhitng kha ning wu viét cia minh, IloT c6 thé
gillp cai thién nang suit cla cac cong ty khai thac
mo cho phép thic diy cac khia canh hoat déng sau
[10].

a. Str dung IloT dé téi wu héa quy trinh sdn
xudt

Str dung I1oT trong cong nghiép Mé c6 thé vurot
qua nhitng thach thirc phai d6i mit trong cic md
ham 10 ciing nhw cdc mé 16 thién. Cong nghé két
néi giong nhw mang lwdi GPS cho phép tuy chinh
giai phap cho cac tinh hudng trng dung khac nhau
mo.

Khai thac
Khai thac quy mo 1én

Yéutbdanh huéng: diahinh, dia
chét, kinh té, mdi truomg, an toan
Kiéu khai thac: Lo thién; HAm 1o
Quy trinh x& ly: Xay, nghién, van
chuyén, tuyén luyén...

Theo ddi chi phi

Tim kiém
nguon khoang san

Phuong phap:
Tryc tiép
Gian tiép

Phat trién
Mé& clra mé deé khai
thac

banhgia
Kyl thuat ki

gidy phép.

Vantai
Xay dyng
Bao xtc

Hoan nguyén
Khoi phuc moi
trwong

tac dong,
hai thac,

Thaodd nha may,
cong tinh

Thu héi réc thai
Giam sat xa thai

Hinh 0.2 Vong doi phdt trién mé

Thong qua 10T, cic nha quan ly c6 thé t6i wu
héa cic qué trinh sdn xuit cling nhw nang cao hiéu
qua. Théng qua su trg gitp cia cac cam bién cung

cap dit liéu tho, nganh khai thac c6 thé phéan tich
thong tin theo thoi gian thuc va xac dinh hwdng
hanh dong t6t nhit.
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b. Cdi thién hiéu xudt

Vi lloT, nguoi ta c6 thé cai thién hiéu suit lam
viéc cua cac cong ty khai thac moé. Khi cac phwong
tién van tai va cac thiét bi [loT lam viéc cing nhau,
né cho phép thu thip dwoc nhiéu dir liéu hon.
biéu nay cung cap thong tin c6 do chinh xac hon,
giup qué trinh thuc hién dwgc dé dang hon.

Ngoai viéc cai thién hiéu xuit ctia cong ty thong
qua tw dong hoa, I1oT ciing c6 thé gidm mot lwgng
dang ké nang lwong tiéu hao ciing nhw gia thanh
bdo tri bdo dudng Cac thanh phin khic nhau
trong hé thong sé dwoc gidm sat gidp cho qua
trinh thwc hién cong viéc dwgc hiéu qua hon. Véi
cac dirliéu chinh xac, cong ty c6 thé b6 tri nhan luc
cling nhw thiét bi pht hgp hon. Theo thoi gian viéc
nay sé giup cong ty gidm chi phi nhan cong ciing
nhu thiét bi, ting loi nhuén.
¢. Giam Idng phi va cdc chi phi khéng cdn thiét

Khi ban stt dung I1oT trong md, ban c6 thé phat
hién ra nhitng vi tri lang phi thoi gian, nang lwgng
cling nhw nguyén vat liéu. Bang cach giam sat hoat
déng san xuit kinh doanh theo thoi gian thuec,
cong ty c6 thé ndm virng hon vé moi trudmg sinh
thai hoat dong cia mo. Cung véi cac cdm bién,
cong ty cé thé thu thip thong tin vé khong khi
nuwéc, dat da va st dung cac dir liéu nay dwa ra cac
quyét dinh tot hon vé nhirng viéc can lam cho tho
mo hay may moéc thiét bi dwéi long dat.

Cong ty cling c6 thé giam lang phi bang cach
tich hop nhiéu cdm bién thanh mét mang lwdi. Sau
dé, cong ty can st dung cac phadn mém phu hop dé
phan tich dir liéu.

d. Ldap ké hoach qudn ly rti ro

Trong nhiéu trwong hop, ng dung IoT khéng
tao ra cac quy trinh hodc k§ thuat hoan toan méi.
Thay vao dé chiing cho phép truc quan héa nhirng
k¥ thuat hién tai bang c4c 16i dit liéu va hinh anh.
Cac cdm bién cho phép gidm sat cach thirc qua
trinh san xuat dwoc thwe hién, cic du dn va thomo
dang lam viéc trong thuc té. Bang cach bé tri thém
cac diém thu thap dir liéu, cong ty c6 thé tim hiéu
thém dwgc va lwgng tiéu thu nhién liéu cling nhw
viéc bo tri thiét bi.

Cung véi [oT, cong ty c6 thé sir dung cic cam
bién va mang truyén thong dé theo ddi trang thai

ctia may moc thiét bi. Piéu nay cho phép cong ty
13p két hoach truéc cho hoat dong bao tri dé viéc
stra chira va nang cip giy ra gidn doan it nhat c6
thé. Hon nika, cong ty ciing co thé tiét kiém dwoc
chi phi nhan cong cho viéc stra chira trang thiét bi
trude khi nd bi hw héng. Mang tich hop cho phép
nha quan ly phat hién ty dong hién twong hao
mon hw hong cta thiét bi.

e. Cdi thién sw an toan

Khéng may 1a con cé nhitng méi nguy hiém
trong cong nghiép mé. Mac du ky thuat da gop
phan gidm bét nhitng méi ngdy hiém nay, trong
dé 10T cho phép gidam bdt chiing theo nhitng cach
khac. St dung IoT, céng ty c6 thé bo tri cdm bién
trén nhirng dwong 10 khong 6n dinh. Ching cho
phép nha quan ly thu thap dit liéu thoi gian thyc
vé do an toan trong mo, tir d6 cho phép thuc hién
cac bién phap dé ngin chan nguy co sip ham.

Khi sdy ra tai nan, hé thong IoT cho phép phan
ho6i nhanh hon. Tinh néng theo doi cho phép don
vi cip ctru nhanh chéng xac dinh vi tri cia ngwoi
lao dong. Diéu nay co6 nghia la thoi gian ctru hd va
so tan sau tai nan ngan hon.

ViloT gitp cac hoat dong khai thac tw dong trér
nén kha thi, nén maot s6 hé thong trong cong ty c6
thé hoat d6ng khéng cin sw c6 mat clia con nguoi.
Cac thiét bi c6 thé dwoc két ndi théng qua mang
internet va nguwoi van hanh c6 thé thao tac ti
phong diéu khién trung tim. Phong diéu khién nay
c6 thé & gan hodc ndm & cich xa hién trudmg san
XUuAt.

Nhuw vay bang cach khai thac cac thé manh clia
[oT, cAc mo c6 thé dinh hudéng nghién clru phat
huy nhiing lgi ich sau:

* Xay dung diéu kién lam viéc an toan hon.

e Gidm thiéu thoi gian nglrng hoat déng sau nd
min.

¢ Gidm thoi gian ngrng hoat dong ctia may
moc.

* Gidi han thoi gian can thiét cho viéc dién tap
so tan.

e T6i wu héa chi phi lao dong va nang luong.

3. Thuc trang irng dung IloT trong cong nghiép
Mo

Trong tién trinh phat trién t&i giai doan hién
nay (cong nghiép 4.0), cac linh vwc cdng nghiép
dang dan hoan thién cac hé thong tw déong héa
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(TPH), hé thong cong nghé thong tin (IT) va
chuyén sang trng dung cac cong nghé IoT két hop
vGi tri tué nhan tao. Cong nghiép mo & trén Thé
gioi cling nhw & Viét Nam theo nhan dinh chung,
thwc hién viéc rng dung cong nghé mdi vao san
xudt thwong chdm hon so véi cadc nganh cong
nghiép khac. Hién nay viéc rng dung IoT trong
cong nghiép mo van co ban & cac bwdc “Tin hoc
hod - Tw dong hod” [11]. Vi viy trong phén nay, bai
bao thuc hién mo ta cac hoat dong TPH & CNTT
hién tai sau khi tong hop cac théng tin vé co sé ha
ting IT trong cac céng ty khai thac mé qua tai liéu
va thuec tién.

Mac du khéng thudc thuat ngi [1oT, cac cong ty
khai thac da trién khai cac hé thong tién [oT nhw
b6 diéu khién logic lap trinh (PLC) va hé théng
diéu khién giam sat va thu thip dir liéu (SCADA)
dé gidm sat va kiém soat trong nhiéu thap ky, véi
rat nhiéu cac hang trén thi trwong. So véi cac hé
théng I1oT, cac hé théng diéu khién giam sat hién
tai nay thuong 1a cac hé théng c6 ban quyén va doi
héi cac thiét bi va driver dé twong tac hodc két noi
vGi cac hé thong khac. Sw khac biét chinh gitra cac
hé théng dwa trén IloT va cac hé thdéng cii 1a hé
thong IIoT dwa trén ciu tric mang Giao thirc
Internet (IP) mé, c6 tinh két ndi cao.

Hién nay, nganh khai thac mé phu thudc nhiéu
vao cac hé tho

Clouds i (@ ostoi)x——> AL
Interface ! I -
Assets i i

nhau, giy ra sy phan manh thiéu dong b6 theo
chiéu doc [5]. Cac giai doan khac nhau trong vong
doi phat trién cia mé dwoc md td trong muc
Error! Reference source not found.. Tham do la
giai doan dau tién khi cac nha dia chat 14y mAu tir
cac dia diém cu thé va thir nghiém trong phong thi
nghiém. CAc mau ndy sau dé dwoc phan tich dwa
trén nhiéu yéu t6 khac nhau nhw kich thwéc va vat
liéu 14y ra tir 16 khoan. Sau khi phan tich mau, cac
nha dia chit tao ra cic mo hinh théng ké dia ly. B6
phin thdm do nay co6 cac céng cu va phin mém
riéng. Két qua cudi cing sau d6 dwoc ban giao cho
b6 phan ké hoach. Cac bd phan ké hoach ciing c
b6 phan mém va cong cu riéng dé 14p ké hoach dwa
trén dau vao la két qua tham do. Van dé & day la
bd phan tham do xuit két qua thanh mdt bang
excel dé chia sé v&i bd phan ké hoach, noi két qua
chi c6 thé dwoc nhip tir bang excel vi khong cé sw
lién két nao dwoc thiét 1ap tw dong gilra cac hé
thong nay. Twong tw, cac quy trinh cdng nghé tiép
theo cling hoat dong doc 1ap va khong c6 sy tich
hop véi nhau nhu co hoc d4, khoan va n6 min, xic
béc va van tai, may nghién, kho lwu trit, nha may
dé xtr ly va tap két. Cudi cung nguyén liéu dwoc
dwa vao kho va bd phin ban hang can ban hang va
quan ly ho so.

>

: Azure ) ‘\__maximo /|
i D ! E
; | @esool\ | 5

Hinh 0.3 Cdc silo di¥ liéu theo chiéu doc ctia cdc linh vwee khai thdc mé [5]

~
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Trong cac cong ty mo trén thé gidi, cac bo phan
khacnhau trén & cac giai doan hoat dong khac nhau
trong vong doi mé dang st dung cac hé théng IT
khac nhau dwoc thiét ké va phat trién béi cac hang
khac nhau. Cac hé thong thwrong mai phd bién trong
nganh la ABB, OSlsoft, IBM Maximo, Microsoft
Azure, Dynamics 365 va Power Bl. IBM Maximo
cung cip cac giai phap quan ly tai san [12], ABB
cung cip cac giai phap san xuit va pho bién trong
cac hé théng diéu khién. Mot s6 thiét bi [oT duwoc
gan vao hé thong ABB, mang thong tin quan trong
[13]. OSIsoft dang c8 ging ldy dir liéu tir nhiéu hé
thong khac nhau dé tich hop, nhwng hiu hét dir liéu
dworc tich hop qua bang excel. Cac thanh phan phan
tich va hoc mdy ciing can thiét dé van hanh tét hon
vamang lai loi ich cho nganh khai thac mo. D€ phan
tich, Microsoft Azure dang dwoc st dung dé l1ay dir
liéu tir ho dir liéu, OSIsoft, ABB bang cach nhip
bang excel [14]. Nhw dwoc hién thi trong Hinh 0.3,
tAt ca cac hé thong va rng dung nay déu khong thé
twong tac

(' cac mo than Viét Nam vé co ban van dang &
giai doan ty dong hda va giam sat cac hé théng cho
cac mo. Cac hé théng TPH va giam sat nay cha yéu
1a cac chwong trinh gidm sat khi mo, Hé thong giam
satva diéu khién tram quat thong gi6 mo; Hé thong
tw dong hoa bing tai; Hé thong diéu khién giam sat
tap trung [15]. Cac hé thdng nay thu thap dir liéu tir
cic cam bién tai hién treong thong qua cac thiét bi
PLC hodc cac module chuyén doi (Gateway) dé dwa
vé giam sat tai trung tAm. Ngoai cac hé thong do thi
& mot s6 mé ciing da thwc hién nghién ctru, 13p dat
trién khai: Hé théng giam sat dién nang [16]; Hé
théng diéu khién giam sat bom thoat nwéc mo; Hé
thong diéu khién gidm sat toi truc van tai. Trong
nhirng nam gan diy cuing véi sw phat trién cia cong
nghé tw dong hoa va su hop ly cia gid thanh thiét
bi, xu hwéng nghién ctru ché tao cac trang thiét bi
dwogc nhing cic cadm bién théng minh c6 kha nang
gi thong tin trang thai 1én mang internet dwoc
mot s6 don vi trong va ngoai tip doan than khoang
san Viét Nam (TKV) thwc hién nghién ctru. Cac hé
thong phin mém diéu khién gidm sat & Viét Nam
hién nay dwoc tw phat trién hodc trién khai dwa
trén nén tang phan mém (platform) cia mot sd
hdng nhw Siemens; Mitsubitshi; ABB; Schneider;
Omron... Cling nhw cac hé thong IT & cac cong ty
mo trén thé gidi, cac hé thdng phin mém nay van

hoat déng doc 14p, khéng cé sw twong tac, trao doi
thong tin, lién dong qua lai. Hé théng cac phdn mém
nay thiéu su két ndi ngay ca & cip ky thuit dé phoi
hop hoat dong.

Nhw viy cac hé thong phan mém IT trong cic
mo trén thé gidi cling nhw & Viét nam déu c6 tinh
trang &ng dung, phat trién dwa trén cac nén tang
cong nghé va dinh dang dit liéu riéng. Do d6, mot
hé théng co6 thé twong tac véi hé thdng khac cla
cung mdt nha cung cip nhung khong thé twong tac
vGi mot nha cung cap khac (Hinh 0.3). Biéu nay gy
ra tré ngai lém cho viéc ap dung cac md hinh
internet cong nghiép trong nganh khai thac moé va
lam chdm qua trinh san xuét.

C6 nhiéu thach thirc khac nhau dé dat dwoc kha
nang twong tac va lién lac gitta cac hé thong khac
nhau trong nganh khai thic mo. Nhw dworc hién thi
trong Hinh 0.3, trang thai hién tai ctia cic hé thong
trong nganh khai thac mé la viéc két noi ctia cac hé
thdéng gidng nhu cac duwdng dng (hay cacsilo) thang
ding. N6i cach khac, nganh khai thac mo6 dang phai
ddi mat voi nhiéu thach thirc chinh khac nhau
trong viéc phét trién IloT, dwoc tom tit nhw sau:

Pa dang vé cong nghé: viéc phat trién hé thong
duva trén IIoT dwa trén 5 céng nghé chinh: mang
cam bién khong day (WSN), nhian dang tan so6 vb
tuyén (RFID), dién toan ddm may, phan mém trung
gian/cong lién két (gateway) va phan mém rng
dung IIoT [1]. Hon nitra, c6 nhiéu hé thong da duoc
trién khai dwa trén mot hé thdng céng nghé khac
nhau.

S& hiru dir liéu: vin dé s& hiru hodc quyén sé
hitu di¥ liéu la mot thach thirc quan trong khong chi
trong nganh khai thac mé ma con trén nhiéu nganh
khac. Cac nganh thwong c6 xu hwéng lvu gitv div
liéu cling nhw thong tin dé dién giai dir liéu. Chl s&
hitu thwong 1a ngwoi tao ra div liéu, nhwng nha
cung cip hé thong sé thu thap dir liéu tir nhiéu
khach hang khac nhau va c6 thé xac dinh xu hwéng
bang cach phén tich dit liéu do.

Phan tan dir liéu gitra cac hé théng cii: trong
nganh khai thac mo, dit liéu dwoc phan tan trén cac
nén tang va hé théng cii khac nhau tao ra nhitrng
kho khan trong viéc thu thdp théng tin cho phan
tich va cac hoat dong phat trién.

Bao mat: 11oT cho phép cic hé théng va trng
dung khac nhau giao ti€p véi nhau va tao ra nhiéu
mdi de doa bao mat khac nhau. Cac kénh lién lac
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phai duoc bdo mat, cac thiét bi IIoT tré nén dé bi
tdn cdng hon trwdc cic cudc tin cong khac nhau
nhw DDoS. Hon nita, cn c6 cac quy tic quan tri dir
liéu va 14p ké hoach bao mét cu thé.

Quan ly dir liéu: Trong méi trueong IloT, cac
thiét bi va tai san tao ra dir liéu, sau dé lwu trir vao
16p trung tdm dit liéu ma sau nay cac ng dung
phén tich sé st dung. C6 nhiéu nguén dir liéu khac
nhau trong nganh khai thic mé nhw hé thong
hoach dinh ngu6n lwc doanh nghiép (ERP), PIMS,
Hé thong thuc thi san xuat (MES) va nhiéu hé thong
IT cii ké thtra. Trong trwong hop nay, quan ly dir
liéu 12 mét nhiém vu day thach thire doi hoi phai st
dung cac kho lwu trir dir liéu, dung nap, dir liéu cha
(data master) va sao chép. Thach thirc nay tré nén
toi té nhat khi c6 nhiéu nha cung cip hé thong lvu
trit dit liéu ddam may khac nhau tham gia, day la
trwong hop dién hinh trong nganh khai thac mé.

Phan tich: phan tich trong nganh khai thac mo
c6 tAm quan trong cao hon so véi cac nganh khac
do may méc hang nang, lwc lwong con nguwoi, chire
nang cia nha may va kho dw triv 16m. Ngwoi quan ly
van hanh cin c6 nhitng hi€u biét sdu sic hon vé cac
quy trinh va may méc dé ho cé thé phat hién cac
van dé va hanh dong phu hgp. Ngoai nhitng nhu
ciu phan tich dir liéu bién tai cac dia diém khai thac
nhidm muc tiéu chd yéu vao hoat dong san xut,
phén tich cling cin c6 trén cip do van phong dé biét
cac xu hwédng va nhu ciu kinh doanh.

Ngoai cac thach thirc trén, hién nay tat ca cac
tiéu chudn céng nghiép va kién tric tham chiéu
dwoc cho IIoT déu dang cd gang giai quyét nhirng
thach thitc trong cac nganh cong nghiép noi chung.
Cac tiéu chuin nay cung cip cac huéng dan va
phuwong phap hay nhit dé thiét ké va phat trién giai
phap cho mot trwong hop st dung cu thé. Vi vy,
cic cong ty khong thé truc ti€p ap dung cic tiéu
chuin va kién tric tham chiéu nay dé dap &ng cac
yéu ciu trong nganh khai thdc mo, mac du cé
nhitng tiéu chuin c6 thé huwéng dan ching ta thiét
ké kién truc cho nganh khai thac mo.

4. Tiéu chuan IloT va &ng dung cho nganh khai
thacmo
a. Tiéu chudn IoT céng nghiép

Trong phan nay, chung t6i dé cap dén cac kién
tric tham chiéu IoT cong nghiép cé lién quan do cac
co quan tiéu chuin deé xuét.

Tiéu chudn IIRA (Industrial Internet Reference
Architecture)

Kién tric tham chiéu Internet céng nghiép
(ITRA) [17] hinh thanh vao nam 2014 va dwa ra cac
huwéng dan dé xay dung hé théng internet cong
nghiép. N6 m6 td mdt khung kién tric mé tiéu
chuin giup thiét ké cic hé thdng internet cong
nghiép v&i tinh nang hién dai. N6 dac trung héa cac
dac diém dwoc quan tAm & ciu tric théng thwong
va t6 chirc ching thanh bon khia canh: kinh doanh,
st dung, chirc ndng va thwc hién. IIRA cho rang khia
canh chirc nang la phan quan trong nhit cin xem
xét d6i véi hé thong IoT mo ta ndm 1ép nhu sau:

e L&p kinh doanh: 16p nay cung cip cac chirc
nang cho phép cac hoat dong cong nghiép tir dau
dén cudi nhw 1ap ké hoach cong viéc, 1ap ké hoach,
1ap k€& hoach nguén lwc doanh nghiép (ERP) va
quan ly vong doi.

e Lép ng dung: cung cip cac chirc nang cho
phép thuwc hién mot sé6 nhiém vu hodc muc tiéu
bang cach trién cac khai img dung logic thuc té nhw
giao dién l3p trinh rng dung va giao dién ngudi
dung, v.v.

* L&p thong tin: 16p nay cung cip cac chirc nang
thu thip valwu trir dir liéu va ngi nghia, chuyén doi
va phan tich di¥ liéu, cung cip va trién khai dir liéu.

* L&p van hanh: 1ép nay cung cip cac chirc nang
dé cac may moc thiét bi hoat dong binh thwong
trong sudt vong doi. No cling chiu trach nhiém trién
khai, c4u hinh, chidn doan va cip nhit danh muc
thiét bi.

e Lop diéu khién: cic chirc nang cda l&p nay
cung cip kha nang kiém soat cic tai sdn cong
nghiép nhw cdm bién, bo truyén déng va thong tin
lién lac.

Tiéu chudn RAMI 4.0

RAMI 4.0 1a kién truc sdu 1ép ba chiéu dwoc dé
xudt béi Plattform Industrie 4.0 cia Pirc va cung
cap khung kién tric hwéng dich vu (Service
Oriented Architecture - SOA) cho kha nang twong
tac nham hd tro va phat trién cic dic diém chinh
cda cong nghiép 4.0. Trong tam chinh cia RAMI 4.0
la tich hop cac tai san cong nghiép tir phan xwdng
dén van phong v6i cac dich vu va ng dung dwa
trén SOA trong cic linh vuc san xuat. N6 khong
cung cip phwong phap chi tiét vé ky thuat thuc
hién nhwng xac dinh cac tiéu chuin cho linh vuc
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san xuat dwoc phan tich trong [18]. Cac thong s6 ky
thuat cot16i cia RAMI 4.0 da dworc cong b6 trong va
&p dung cho linh vuec dir liéu dwoclién két trong [8].
Ca RAMI 4.0 va IIRA cta IIC déu cung cap kién tric
tham chiéu cho cac hé thong IoT céng nghiép va
viéc so sanh ca hai kién tric dwoc cong bo trong
bao cdo chung [19].

Tiéu chudn oneM2M

oneM2M [20] dworc thanh 1ap vao nam 2012 va
la sdng Kkién cda 8 to0 chirc tiéu chuin IT hang dau:
Vién Tiéu chudn Vién thong Chau Au (ETSI) dén tir
Chau Au; Hiép hoi Doanh nghiép va Céng nghiép Vo
tuyén (ARIB) va Uy ban Cong nghé Vién thong
(TTC) tir Nhit Ban; Hiép hoi Tiéu chuan Truyén
thong Trung Qudéc (CCSA) tr Trung Quéc; Lién
minh Gidi phap Coéng nghiép Vién thong (ATIS);
Hiép hoi Phat trién Tiéu chuin Vién thong (TSDSI)
tir An D6 va Hiép hoi Cong nghiép Vién thong (TIA)
tir Hoa Ky; va Hiép hoi Cong nghé Vién thong (TTA)
tir Han Quéc. Muc tiéu ciia oneM2M la xac dinh 16p
dich vu ngang [2] dé cung cap cach két n6i va giao
ti€p vai cac hé thong IoT khac nhau. Cac nha cung
cip khac nhau cung cip cac hé thdng IoT khong thé
twong tac véi cac hé thdng [oT khac va hinh thanh
cac dwong Ong lién két dir liéu theo chiéu thang
ding giy ra sy phdn manh trén thi treong. Kién
trdc 16p lién két ngang oneM2M giai quyét van dé
nay bang cach gidm sy phan manh doc trén thi
trwong [21]. Mot bai bao chung dworc viét bai [IC va
oneM2M, trinh bay chi tiét IIRA va oneM2M va
cung cap cac hwéng di trong twong lai cho ca hai td
chirc.

Tiéu chudn Arrowhead Framework

Du 4n Arrowhead Framework ctia EU [22] bat
dau vao nam 2013 va dé xuit mot kién tric d€ mo
ta quy trinh lam viéc cia tw dong hdéa dwa trén IoT.
Kién tric va khung nguén mé dwoc dé xuat tuin
theo huéng dan ctia RAMI 4.0 [23]. Dy 4n da duworc
ké thira sy thanh cong cta cic dw &n dw an
Productive 4.0 [24] va Arrowhead Tool [25]. Cac
dw 4n nay ti€p tuc cong viéc trén tiéu chuin
Arrowhead Tool [26] véi muc dich tao thudn loi
cho viéc phat trién, trién khai va diéu phdi cic hé
thong tich hop dwa trén khai niém SOA mot cach
thich hgp. Arrowhead Framework hinh thanh cac
dam may cuc bo dwa trén SOA véi ba hé théng cot
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16i bt budc 1a hé théng Bang ky dich vy, Uy quyén
va Diéu phéi. D€ ning cao kha nang cia Arrowhead
Framework Local Clouds, c6 mot s6 hé thong va
dich vu h6 tro c6 san nhw EventHandler, Gateway,
Gatekeeper, hé thong gidm sat va quan ly QoS va
nhiéu hé théng dang dwoc phat trién cho twong lai.
Cong viéc tiép theo vé Arrowhead Framework
dwgc thwc hién trong dw an Arrowhead
Framework Eclipse [27].

b. Phdt trién kién triic IloT cho nganh khai thdc
mo

Mic du la nganh c¢6 toc dé Gng dung cong nghé
mé&i chim hon so v&i cac nganh khéc, trong thuec té
ciing da c6 mot s6 nd luc hoc thuat va nghién ctru
dé ap dung IoT va céng nghé hién dai trong nganh
khai thac mo. Trong [28], cAc nha nghién ctru da
thuc hién khao sat cac rng dung IloT dé xac dinh
nhitng thach thirc cia nganh khai thac mo va xac
dinh liéu mot mé dwédi long dat c6 kha ning ho tro
cic hé thong I1oT hay khéng. Danh gia vé chuyén
doi ky thuét s6 trong khai thac [29] da trinh bay cac
phan nén tang la di liéu pho bién, kha ning két noi
va ra quyét dinh. Mot hé thong IloT va Phén tich
khung ciu tric nang cao dwgc dé xuit trong [30],
né cung cip kién trac phan lép dé€ st dung lam
hwéng dan va hd tro cho viéc 4p dung IloT trong
nganh khai thac mé.

Nhiéu nd lwc nghién ctru trén thé gi¢i cling nhw
& Viét Nam da c6 gang giai quyét cac van dé cu thé
trong nganh khai thac mé bang cach gi¢i thiéu IoT
nhu hé thong giam sat khi [31] va hé théng dinh vi
nhan vién [32] trong moé than. Cac cong viéc khac
nhu gidm sat dap thai quing dudi va hé thdng canh
bio trwdc trong hAm mo, theo dai thiét bi dé bao
tri, cai thién an toan may moc, hé théng phan tich
tai nan [33], hé thong tip trung oxy, hé théng quan
ly nhém lam viéc va hé théng quan ly nhan sw [34],
hé thong giam sat thong gié va hé thong dw doan
chat lwong khéng khi trong him mo dwéi long dat
[35].

Kién tric va cong nghé loT dwoc trinh bay trong
[36] d€ cho phép tao ra mét nén tang rng dung k§
thuat s6 1am noi bat viéc tham do moi trwong co
hoc d4 tao ra cac co hdi méi dé trién khai IoT trong
viéc kham phé co s& ha ting khoang san méi, xir 1y,
theo doi va ngin ngtra chat thai t6t hon vé 6 nhiém
khai thac mé. Kham pha thir nghiém ciing la nhirng
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do6i mai tién tién c6 thé dwoc tin dung dé xay dung
mob hinh khai thac [oT bén virng hién dai.

Nhiéu giai phap thwong mai cé sdn trén thi
trwong danh cho nganh khai thac mo va hau hét
chiing déu dwoc thdo ludn va danh gia trong [37].
Hon nita, Trong tai liéu tham khao [38] cling mo ta
trng dung cda cong nghiép 4.0 trong nganh khai
thac moé bang phin mém phat trién vong doi
(Software Development Life Cycle - SDLC) va gi¢i
thiéu mo ban thong minh, trong khi chi tap trung
vao cac mo hinh tich hop cdng nghiép. Mot nén
tang phat trién cdm bién da mé hinh dwa trén IP dé
thwc hién gidam sat IoT trong cac moé than dwéilong
dat dwoc phat trién va mo ta trong [39]. Pay la
mang cam bién khong day dwa trén Zigbee (WSN)
ban dau dwoc thiét 1ap va mé rong sang IoT véi
cong hd tro IP.

C4c tai liéu nghién ctru cho thiy rd rang rang téc
do6 trién khai Internet cong nghiép trong nganh
khai thac m6 dang cham hon. Ngoai ra, cac giai
phap dé giai quyét cac vin dé cu thé dugc trinh bay
trong tai liéu ciling tao ra thach thirc vé kha nang
twong tac gitra cac giai phap khac nhau. Can cé kién
tric IloT cho nganh khai thac mé cho phép kha
nang twong tac tron tru dé trao doi théng tin tir cac
dia diém khai thac t&i cac don vi van hanh va san
van phong. Hon nita, kién tric phai tudn theo cac
huwéng dan cla tiéu chuin cdng nghiép dwoc thiét
ké bdi cac co quan tiéu chudn va dwoc nhiéu nha
cung cip ap dung. D€ gidi quyét khoang trong
nghién cru nay, nghién ctru nay tong hop kién tric
IIoT bang cach st dung cac huéng dan cia tiéu
chuin cong nghiép danh cho nganh khai thac mo.

5.Xu hwéng va Thach thirc
a. Dinh hwéng IloT cho nganh khai thdc mo

Trong phan nay, cac kién tric cip cao theo cac
tiéu chuin va hwéng dan clia t6 chirc qudc t& duoc
gi6i thiéu. BAn tom tat so sanh 4y tir cAc tiéu chuin
dé so sanh, tong hop lwa chon kién tric IIoT cho
hoat dong khai thac m6 dwoc mo ta trong Bang 0.1.
Trong kién tric, cac quan diém, linh vuce chirc nang
va chirc nang xuyén suot cta IIRA da dwoc dé cap
t&i. Cac ndi dung dé vén dang cung cap nhirng chi
dan da dang cho cong nghiép va dwoc xem xét
nghién ctiru dé€ xac dinh cac kién tric I1oT cho cac
tng dung khac nhau trong nganh khai thac mo.
Kién tric tham chiéu RAMI 4.0 ciing dwa ra hwéng
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dan cho kién tric phan 16p va cac chirc ning xuyén
sudt cho nganh khai thac mo. Lép vé quan tri cia
RAMI 4.0 dwoc xem xét cho cac van dé diéu khién
va van hanh, trong dé cac tac vu trong vin dé diéu
khién ctia khu mé dwoc quan ly tir hoat dong vin
hanh. Tiép dén, tiéu chuidn oneM2M dé xuit mot
16p dich vu chung dé cung cip ché do xem theo
chiéu ngang cho céc silo théng tin theo chiéu doc.
Cach tiép can clia oneM2M CSE la coi kién truc [IoT
la thong tin cung v&i cac chitc nang dich vu khac
nhau nhw quan ly nhém, dang ky va théng bao,
quan ly va lwu trix dit liéu cling nhw bao mét. Cudi
cung, doi véi cac hién trweong khai thac, cach tiép
can ctia Arrowhead Framework dya trén dam may
cuc b, noi cac hé théng khac nhau c6 thé dang ky
va cung cap dich vy, dwoc xem xét. Cac dich vu nay
c6 thé twong tic véi nhau mot cach an toan va cé
thé dwoc phat hién va diéu phdéi bdi cac thanh phan
c6t 16i cia ddm may cuc bd.

Kién tric phan 1ép dwoc thé hién trong Hinh 0.4
va duoc chia thanh 5 16p. Méi khu vic khai thdc mé
bao gobm hai ving la viing kiém soat bién va ving
van hanh bién. Cac thong tin va phan tich cling c6
thé trién khai tai chd trong mot dia diém khai thac
duy nhit & 16p bién hodc ngoai dia diém trén dam
may. L&p thong tin bén ngoai khu vuec mo, trén dam
may, dugc két noi voi tat ca cac khu viee cia mo va
cac lop & trén d6. Hon nita, 16p phan tich, 1¢p kinh
doanh va trng dung nam phia trén 16p thong tin.
Lu6ng thong tin, Iénh/yéu cau va quyét dinh ciling
dwogc thé hién trong Hinh 0.4 véi cac miii tén khac
nhau. Sau diy la mo ta chi tiét cda tirng 16p.

Lép diéu khién bién

biéu khién trong khu vurc khai thac mé bao gobm
nhiéu thanh phin khic nhau nhw phin mém OT,
phin mém IT, cdm bién, bd truyén dong, thiét bi (di
dong) va cac hé théng vat ly khac. Linh viec nay chiu
trach nhiém vé cc chirc ndng khac nhau dwoc thue
hién bdi cac hé théng diéu khién va tw dong hoéa
cong nghiép. Cac chirc ndng nay lién quan dén viéc
doc dit liéu tir cac cam bién, ap dung cac thuét toadn
va logic, dong thoi gri 1énh dén bo chip hanh dé
diéu khién hé thong vat ly. Piéu khién trong khu
vue khai thac thuwong yéu cau dé chinh xac vé thoi
gian cao. Cac thanh phan hodc thiét bi thwc hién cac
nhiém vu nhw vy trong diéu khién thwong dwoc
dat & gan cac hé thdng vat ly ma chung diéu khién
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va cling c6 thé bi phan tan vé mat dia ly. Nhan vién
bao tri c6 thé khong truy cap dworc cac thiét bi va hé
théng vatly ndy mot cach dé dang sau khi trién khai
chung tai khu mo.

Lép vdn hanh bién

Mo c¢6 nhiéu loai khidc nhau nhw mé 16 thién va
mo dwdi hdm 10, do d6 viing hoat déng c6 thé & bén
trong mé hodc trén bé mat khi bat ddu khai thaic mé
trong treong hop mé ham 10. Viung hoat dong chiu
trach nhiém quan ly va vin hanh ving diéu khién.
Cac chtrc nang trong ving nay chiu trach nhiém
cung cip va trién khai, quan ly tai san, giam sat va
chin doan, t6i wu héa va tién lwong.

Cung cip va Trién khai bao gom tip hop cac
chirc nang can thiét cho viéc dinh cau hinh, trién
khai, dang ky va giam sat tai san cling nhw viéc trién
Khai va nglrng s dung tai san.

Bdng 0.1. Nhitng vdn dé cdn quan tdm cho khung va
chudn IloT.
Nhitng van dé chinh
Quan diém cua IIRA trong
nghién ctu (tng dung cho
nganh khai thac mo.
Phén loai c&c chirc nang cua
[IRA dé (ng dung vao céac linh
vuc trong nganh khai thac mo.
CAc chtic nang xuyén sudt cua
IIRA can thiét cho nganh khai
thac mo.
Nghién ciru hudng dan cau
trdc hé thong 10T sé&u 16p cua
RAMI 4.0 dé xay dung kién
trdc phan 16p caa nganh khai
thac mo.
CAc chtrc nang xuyén subt can
thiét cho nganh khai thac mo.
Lop vé quan tri cia RAMI 4.0
dé phan loai linh vyc diéu
khién va van hanh.
Céc dich vu chung cua
oneM2M cho van dé thdng tin.
Quan ly dir liéu & Kho luu tri
thdng tin.
Quan ly nhém vé thdng tin
trong nganh khai thac mo cho

Tiéu chuan
IIRA

RAMI 4.0

oneM2M
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cac phong ban va cac bén lién
quan kh&c nhau.

bang ky va thong bao thong
tin.

V4n dé bao mat thong tin.
Khai niém vé ¢am may cuc bo
cho 16p bién cua cac khu khai
thac mo.

Bao mat cho viéc tu dong hoa
trong diéu khién va van hanh.
Co ché diéu phéi ¢ gitra diéu
khién va van hanh.

Arrowhead
Framework

Quan ly tai san bao gdbm mét tip hop cac chirc
nang cho phép cac trung tAim hodc hé théng quan ly
tai san gii 1énh dén hé thong diéu khién, sau do tir
hé thong diéu khién dén tai san. Cac 1énh nay cé
tinh hai chiéu nén tai san cé thé phan héi lai cac
1énh nay vé trung tim quan ly tai san.

Giam sat va chan doan c6 trach nhiém phat hién
va du doan cac sy co xdy ra. Diéu nay chiu trach
nhiém phén tich thoi gian thue cac s6 liéu do lwong
chinh cta thiét bi, thu thip dwa trén thong tin diéu
tra va xt ly dit liéu an toan cuda thiét bi dé c6 thé
phéat hién nguoén goc thuc sy ciia van dé, sau dé
canh bdo vé cac diéu kién dang ngo va sw bit
thwong.

Trong hoat dong khai thac, tién lwong thuc sy
quan trong va bao gom tap hop cic nhiém vu ma hé
thong IIoT cung cip dwdi dang trinh diéu khién
phéan tich dw doan. N6 dua trén bang chirng lich st
vé hoat dong va hiéu qua cua tai san, tai san trong
ky thuét va vat ly cling nhw kién thirc vé mo hinh
hoéa.

T6i wu hda bao gobm mét loat cac chirc ning
nham ning cao hiéu qua va hiéu suit cla thiét b,
giam thiéu viéc str dung nang lwgng va t6i da hoa
chit lwong bang cach st dung trang thiét bi mot
cach hop ly. Bang cach nhan biét nhitng khoang
tréng dau ra va giai doan hiéu suit thip, né giup
duy tri trang thiét bi hoat dong & hiéu suit cao nhit.

Ngoai ra, tai khu vyc khai thac mo, c6 mot mot
bo Gateway bién chiu trach nhiém phan tich thoi
gian thuc va dinh dang dir liéu. Gateway bién cling
chiu trach nhiém vé kha nang két néi va kha nang
twong tac gitra cic gidi phap lién két doc khac nhau
dwoc dé trong bai bao nay. Piéu quan trong can dé
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cip & day 1a b dinh dang dit liéu sé chuyén doi tit
ca dit liéu tir van hanh va diéu khién sang dang dé
hiéu d6i véi hé théng thong tin.

Lop théng tin

L&p thong tin chiu trach nhiém quan ly va x ly
dit liéu. Lép nay hoat dong nhir mot trung tam
théng tin v&i cac chirc nang thu thap div liéu tir
nhiéu mién khac nhau, quan trong nhét la tir hoat
dong diéu khién, van hanh va c6 thé nim tai chd
(trong khu md) hodc bén ngoai (trén dam may).
Trong nganh khai thac md, mién nay la kho lwu tri
dit liéu tap trung lwu triv tit ca div liéu tir cac hé
thong phong ban khac nhau bao gém tham do, dia
chit, nghién va nha may, quan ly chit thai, ban hang
va kinh doanh.

Quanly valwu trir dit liéu bao gobm kha nang thu
thap dir liéu dé tong hop lwong 16m dit liéu, chuyén
déi dir liéu d6 sang dinh dang cu thé va lwu triv div
liéu cho cac muc dich khac nhw phéan tich va xi ly
nglt nghia.
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Lép thong tin cling cung cip Quan Iy nhém chiu
trach nhiém x 1y cac yéu cau lién quan dén nhém.
Nguwoi dung tir cdc phdong ban hodc cac bén lién
quan khac nhau c6 thé tao cic nhém khac nhau dé
c6 quyén truy cip phu hgp vao 16p thong tin. Véi
s tro gidp cda quan ly nhéom trong 16p thong tin,
nha mdy ciing c6 thé dat dwoc sy tich hop theo
chiéu ngang va tir ddu dén cudi bang cach cung cip
quyén truy cip vao thong tin bang thong tin xac
thwc dwa trén nhém.

Ngoai viéc st dung quan Iy nhém hodc cac mo
hinh ki€ém soat truy cip truyén théng khac nhw
Kiém soét truy cap bat budc (MAC), Kiém soat truy
cap tuy y (DAC) va Kiém soat truy cip dwa trén vai
tro (RBAC), Kiém soat truy cip dwa trén thudc tinh
(ABAC) c6 thé dwoc xem xét. Vi mirc do chi tiét iy
quyén cao ctia ABAC, viéc quan ly tip trung cac
chinh sach truy cap véi cac thudc tinh ghi nhat ky
dwoc tong hop va giam sat tp trung da dat dworc,
diéu nay c6 thé cung cdp mot moé hinh manh mé
hon dé kiém soat truy cip trong cic hé thong tw
dong hoa cong nghiép [40].

bang ky va Théng bao cung cip théng bao dwa
trén dang ky theo doi thong tin cdp nhat vé mot sw
kién cu thé. Kho phén tich luu trit la co s¢ dit ligu
ichtra di liéu tho va hai hoa tir nhiéu nguon. Kho lwu
tri phan tich chuyén d6i dit liéu theo cach dé c6 thé
cung cAp dit liéu cho mién phan tich d& phan tich
icdp doanh nghiép.
| Ngit nghia c6 dit liéu ngir nghia cho céc tai
nguyén co thé dwoc st dung cho kha ndng twong
ttdc nglr nghia giita cac bén lién quan khac nhau.
Mac du can cé ban thé luin cu thé va ngir phap
chung dé cac hé théng tham gia c6 thé quyét dinh
imot mo hinh ban thé luan dé giao tiép v&i nhau.
iLé'p phan tich
: Lép phén tich chiu trach nhiém lay dir liéu ti
16 thong tin, chit yéu tir kho phén tich va thwc hién
iphan tich. Twong tw nhw 16p thong tin, né cling ¢6
thé dat tai chd (cuc bd trong moé) hoic trén web
:(trén dam may). Viéc phan tich trong nganh khai
:théc mo c6 nhirng thach thirc vi két qua trong thé
giGi vat chat c6 thé 1am thay do6i hoat dong va sy an
toan ctia moi thit. Nhitng két qua nhw vay c6 thé 1a
,ngoai y mudn hodc nguy hiém va cé thé vo tinh anh

hwdng dén strc khde con ngudi hodc giy thiét hai
tai sdn va bau khong khi. Mién phéan tich trong
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nganh khai thac c6 thé str dung cd mo hinh xtr ly
phén tich theo 16 va luéng. Phan tich dit liéu hang
loat1a mét phwong phap cuc ky hiéu qua dé lwu triv
s0 lwgng 16m dir liéu dworc thu thip theo thoi gian.
Phan tich lu6ngla qua trinh c6 thé phin tich dir liéu
truyén tir thiét bi nay sang thiét bi khac gan nhw
ngay lap tirc.

Lop kinh doanh va tvng dung

Linh virc kinh doanh va &rng dung 1a moi treong
ky thuit dé thuc hién logic tng dung va doanh
nghiép thuec té. Piéu nay phan anh cac chirc nang
kinh doanh ho tr¢ cac quy trinh kinh doanh va chirc
nang Kinh doanh cta cac nhiém vu quan tri ma
khung I1oT sé trién khai dé tao diéu kién thuin loi
cho cac hoat dong lién tuc. Cac chirc nang kinh
doanh khac nhau bao gobm ERP, CRM, HRM, Héa
don va Thanh toan. Ban bao cao phan tich str dung
dit liéu tir 16p thong tin va mién phan tich dé tao va
bdo céo phéan tich thong qua cic céng cu cé thé
dwoc st dung cho cac truy van, bao cio va trang
téng quan dwdi dang dashboard.

Chirc ndng xuyén suét

Cac linh vyc khac nhau dwoc mé ta & trén tap
trung vao cac chirc ning hé thong chinh thwong
dwoc yéu ciu dé ho tro trién khai IloT trong nganh
khai thac ma. D€ cho phép cac chirc nang hé théng
chinh, phai cung cip chirc nang b sung. Cac tinh
ndng hd tro ndy, con dwoc goi 1a cac chitc ning
xuyén sudt, cling cin phai dwoc cung cip kha nang
truy cap dwoc trén mot s6 thanh phén thuyc té cta
kién tric nhw sau:

Khd ndng két ndi va twong tdc

Kha nang két néi va kha nang twong tac rit quan
trong doi véi cac hé théng IloT. Trong trwomng hop
ctia nganh khai thac md, nhitng vin dé nay dang la
thach thirc do cac silo chira theo chiéu doc va hé
thdng ké thira. Kién tric téng hop cung cip chic
nang xuyén sudt vé két noi va kha nang twong tac
theo hai cach tiép cdn chinh nhw trong Error!
Reference source not found.. Diéu ndy nham dam
bao rang cac hé thdng khéng dong nhit cd thé giao
tiép.

Dwa trén nha méi gi¢i: phwong phap moi gidi
nhu trong Error! Reference source not found.b,
twong tw nhw viéc st dung trinh dich gitta hai
nguwoi n6i ngdn ngir riéng biét. Cach tiép cin cda
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nha moi gidi hoat dong kha tot véi s lwong bén
giao ti€p han ché. C6 1& d6 la cach tot nhat dé cho
phép giao tiép gitra cac bén, noi trwrdec day ho dwoc
thiét ké véi cac yéu cau riéng biét va gir diy ho cam
thay can phai twong tac. Hon nita, cich tiép cin dua
trén nguwdi moi gidi cling kha thi dé chia sé dir liéu
khi mdt hé thong chi muén mét s6 théng tin cu thé
tir hé théng khac. Trong trwong hop nay, nha moi
gi¢i dwa trén PubSub c6 thé hoat dong nhv mét
kho trung gian gitra cic hé théng nay va bat ctr khi
nao su kién hodc dit liéu xay ra trong hé thong, nha
moi gidi sé thdng bao cho hé thong khac quan tim
dén dir liéu do va da dang ky.

Mo hinh Common-Meta: cich tiép cin theo mo
hinh common-meta nhw trong Error! Reference
source not found.a, cin c6 tim nhin téng quan vé
kha nang twong tac kién tric vi cic bén giao tiép
phai dwoc tao ra bang cach sit dung mé hinh
common-meta tiéu chuin va cac giao dién da dwoc
quyét dinh. C6 mot s6 hwéng dé dat dwgc cac mb
hinh common-meta va cic giao dién da dwoc thong
nhat. Cac chién lwoc chiém wu thé bao gobm dac
diém Ky thuit chung, module chung, khung nguén
mé& dwoc xdy dung dwa trén tiéu chuin, khung
nguon mé va khung hé sinh thai khép kin.

Trong béi canh nganh khai thac md, nhiéu cong
ty cling dang déi mat véi van dé twong tu veé silo
lién két thang dirng. D€ virot qua rao can chia sé dir
liéu gitra cAc nganh doc khac nhau, Boliden [5] thiét
ké mét gidi phap dwa trén mo hinh kha nang twong
tac dwa trén nha méi gidi. Mot nha moi gi¢i dwa
trén hé thong backend MQTT dworc thiét ké va dat
gitta cac hé théng da dwoc trién khai béi nhiéu nha
cung cap khac nhau. Ly do chon MQTT lam phén
mém trung gian la vi né 1a nguén mé va c6 kho thw
vién phong phu dé lam viéc vi cac cong nghé khac
nhau. C6 cac chu dé cu thé dwoc dang ky trong nha
moi gi¢i va hé thdng ngudn xuat ban dir liéu vé chu
dé dé trong nha mai gidi. Mat khac, tat ca nguoi
nghe déu dang ky cht dé cu thé va bit ct khi nao
c6 su kién méi, nha méi gidi sé phat dir liéu téi tat
ca nguoi nghe. Hon nira, nha moi gidi ciling trién
khai moét trinh dinh dang dir liéu dé dich dir liéu
theo nén tang nguon va dich.

Qudn ly dir ligu phan tdn (Distributed Data
Management - DDM)

Dit liéu dwoc phan phéi gitra cac dia diém va
bién gi¢i mé khac nhau, do do, dé giai quyét thach
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thirc quan ly dir liéu do cac thiét bi va ing dung
khac nhau tao ra & cac dia difm mé khac nhau,
DMM ciing dworc coi l1a chirc ndng xuyén suét. DMM
bao gobm ba buwéc: (1) thu thip dirliéy, (2) tdng hop
ditliéu va (3) lwu trit, trong khi két néi la chirc ndng
tién quyét. Hon nita, DMM con chira mét so tac vu
mang tinh hé thong nhu:

e Xudt ban va dang ky: xuat ban va dang ky la
gidi phap ly twdng dé chia sé thong bao dirliéu gitra
cac thanh phan dworc lién két 16ng 1éo va cho phép
mo hinh xuit ban-dang ky tly chinh 16 trinh lién lac
gilra cac nha xuat ban va nguwoi dang ky tuy theo
nhu cau ctia ho. N6 hd tro cacloai dit liéu khac nhau
nhw truyén dir liéu, cdnh bao va s kién, 1énh va
diéu khién ciing nhw di liéu ciu hinh. N6 cung cip
ludng dir liéu dang tin ciy tir cac thiét bi bién dén
b6 lwu trir dir liéu trung tAm, kha nang xtr Iy c6 thé
mé& rong ctia mot ty 1€ 1ém nguon dir liéu va ngudi
tiéu dung ngay cang tang, dong thoi truyén caclénh
diéu khién dang tin ciy tir tng dung hoic dich vu
quan ly dén thiét bi.

e Gidm thiéu va phan tich: Cac thiét bi va rng
dung I1oT tao ra lwgng 16n dit liéu va viéc truyén
tit ca dir liéu thé nay dén trung tim dir liéu trung
tAm thwong vo nghia va ton kém, nhwng nhirng
thong tin gia tri 4n trong dit liéu thé khéng dwoc bi
mat. Gidm thiéu va phan tich c6 thé x ly dir liéu
bang cach gidm dung lwong hoic tdc d6 ma khong
anh hwdng dén nhirng théng tin gia tri 4n gidu clda
div liéu.

e Truy vin: DMM thuyc hién truy vin bang hai
mo hinh: (1) m6 hinh truy vin mét lan dya trén
mau phén hoi yéu ciu va rat phu hop véi co sé dir
liéu truyén théng, (2) mé hinh truy van lién tuc
twong thich véi co sé& dir liéu va div liéu trong bo
nhé hé théng quan ly ludng. D& chon mot tip hop
con dir liéu tir mét tp hop 1dn hon, DMM sir dung
két hop hai ki€u: lwu div liéu; chay truy van va
nguoc lai, lvu truy van; chay dir liéu. Ca ki€u va mo
hinh truy vin déu c6 thé trién khai & cac cip do
khac nhau.

o Lwru trit, hé tro va truy xuat: leu trir va duy tri
tap hop con dir liéu theo thir tw tudn tw vi tinh
ning gan nhan thoi gian gitp sap xép thir tw nhan
dang va sao chép trén cac b dir liéu khac nhau. N6
gitp tao ho so kiém tra dé kiém tra, mo phong va
céc hinh thirc kiém tra khac nhau trong twong lai,
dong thoi lwu triv dang tin cy va lwu triv c6 thé mé
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rong giGi cling trién khai mot trinh dinh dang dir
liéu dé dich dir liéu theo nén tdng ngudn va dich.

An toan, bdo mdt, do tin cdy, quyén riéng tw va
khd nding phuc hoi

b€ ddm bao tinh bao mat trong cac thanh phin
trén toan hé thdng, mot tip hop cac chirc nang bao
mat nhat dinh, nhw cac chirc nang xuyén sudt, phai
dworc tich hop trong tirng thanh phan van hanh va
hoat dong lién lac cia ching, chang han nhw ma
héa va xac thue. Tinh bdo mit tong thé ciia hé thong
[IoT cta nganh khai thac mé dwa trén cach cac hé
théng nay trién khai bdo mit va mirc d an toan cua
ching dworc tich hgp. Nhin chung, hé théng an toan
va dang tin cy phu thudc vao tap hop cactinh nang
nhat dinh nhu.

An toan: an toan la trang thai ctia hé théng hoat
dong ma khong tao ra kha nang gay thwong tich
cho ngwoi 1am viéc trong hdm mé. Cac phuwong
phép danh gia an toan OT truyén thong tip trung
vao cac ddi twong va quy trinh vat 1y, sau dé tich
hop cac kha nang xay ra 16i phan tir dwoc tinh toan
vao rui ro hé théng tdng thé. Phan tich rai ro dé
phat hién rdi ro nham tranh cac th tuc sai s6t va
nang cao kha nang chiu dung cua hé thong trudc
cac sw c6 khong thé doan truwdc. Trong khi mot
thanh phin phan mém hoat déng chinh xac nhw
dwoc 14p trinh, nhung ké x4u c6 thé khai thac cac16
héng hé théng lién quan dén bao mét. Ké tin cong
tr xa c6 thé khai thic diém yéu trong hé thdong
duoc két ndi ciia moé dé€ dwa thiét bi vao trang thai
khong an toan, vi du: phwong tién ty hanh, vi vay
diéu quan trong la phai st dung cic quy dinh va
thwc hanh an toan.

Bado méit: bao mat ctia hé thong 1a mét hanh vi
lién tuc chir khong phai trang thai logic. Khong ¢
hé thdng I1oT nao co thé tiép tuc hoat dong an toan
trong moi tinh huéng, vi vy can chi ro cic treong
hop cu thé dwoc coi la quan trong cung véi hanh vi
an toan ma cac bén lién quan mong doi. Tinh bao
mat, tinh toan ven va tinh kha dung dworc viét titla
CIA, 1a nhitng dic diém cin duoc duy tri d€ cung
cap bdo mit. Tuy nhién, tinh kha dung mang lai gia
tri cao nhit cho cong nghé vin hanh, tiép theo 1a
tinh toan ven, trong d6 tinh bao méat thuong la moi
quan tAm cudi cling, cudi cung din dén tir viét tit
AIC (cling dwgc cong nhan la bd bao mat ba 16p).

Do tin cy: do tin ciy la kha ning ciia mot thiét
bi hodc hé théng thwc hién cac nhiém vu can thiét
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trong mot khoang thoi gian nhat dinh, theo cac yéu
cau nhat dinh. Do tin ciy cta hé thong cé thé duoc
nang cao bang cach phan tich khia canh do tin ciy
nao ma ké tin cong co thé tac dong va trién khai hé
thdng cling nhw tinh bao mat cia hé théng dé khic
phuc cac cudc tin cong do.

Quyeén riéng tu: quyén riéng tw la quyén cia mot
c4 nhan hodc nhom trong viéc ki€ém soat thong tin
nao lién quan dén théng tin d6 cé thé dwoc truy
xudt, phén tich va x ly cling nhw thong tin d6 cé
thé dwoc tiét 16 bai ai va cho ai. Quyén riéng tw phu
thudc vao viéc cac bén lién quan c6 y dinh bao mat
thong tin hay han ché thong tin d6 khdi cac muc
dich khac can thiét vé mat phap ly hay khong. biéu
quan trong 12 ludn cap nhat cac lut va hwéng dan,
chéng han nhw Quy dinh chung vé bao vé dit liéu
ctia Chau Au (GDPR).

Kha nang phuc héi: kha ning phuc hoi 1a kha
nang phat trién cia mot hé thong hoat dong theo
cach ngan chan, hap thu va xtr Iy cac tinh huoéng doi
nghich dong trong khi thyc hién cac nhiém vu dwoc
phan bé va khéi phuc cic chirc nang vin hanh sau
quan hé nhan qua. Khi mét chitrc niang bi 16i, n6
khong budc cac chirc nang khac bi 16i, do dd, can co
san cac hinh thirc thay thé dé thuwc hién tac vu bi 16i
trong hé théng dé co6 thé thuc hién ngay lap tic,
nhanh chéng va nhat quan.

b. Thach thirc

Phin nay thao luin vé nhirng thach thirc mé&
nhidm muc dich dua ra mot s6 hwéng nghién ctru
trong linh virc IoT cong nghiép. Cac cong nghé ho
tro IoT nhw mang cdm bién khong day, dién toan
dam mAy, phéan tich di liéu 1én, giao thirc truyén
thong va hé thdng nhing c6 nhiéu thach thirc dwoc
giai quyét lién tuc trong gidi hoc thuit va nganh
cong nghiép. Ngwoc lai vdi loT, [loT l1a sy hoi tu cia
IT va OT trong cac nganh céng nghiép va dwa ra
nhiéu thach thirc méi & cip do bién. Lép bién
(edge) theo cau truc phin 16p IoT clda nganh khai
thac mo trai rong trén nhiéu dia diém ma, nha may
vakho du trir vdi sw hién dién ctia nhiéu thiét bi, hé
thong va kénh lién lac khac nhau. Vi viy, nhitng
thach thirc chinh ndm & c4p dd bién cac khu mé noi
dién ra sy hdi tu ca IT va OT va mot s6 thach thirc
nay nhw sau:
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Kha ndng twong tdc va tich hop

O’ phin 0 bai bao nay, chiing toi di mé ta hai ché
do6 khac nhau dé dat dwoc kha nang twong tac giita
cac hé thong. M6 hinh common-meta kho dat dwoc
do cac hé théng cii dwa trén nén tang céng nghé
khac. Ngoai ra, nhwoc diém chinh cia cach tiép cin
dwa trén mo hinh nha méi giGi 1a néu sé lwong cac
bén twong tac tang 1én thi nhu cu trién khai nha
moi gidi cling ting 1én va do phirc tap tong thé cla
phuwong phap nay la O(N2). Trong d6 “N” la s6
lwong bén twong tac va s6 lwong nha méi gidi can
thiét dé két ndi cac ndat “N” nay 1a N(N - 1)/2. Hon
nira, viéc tich hop cling 1a mot thach thirc chinh
trong nganh khai thac mo, noi rat khé dat dwoc sw
tich hop theo chiéu ngang gitta cac bo phén cla
nganh khai thac mo nhw bo phan tham do, van
hanh va quan ly. Sy tich hop tir dau dén cudi gitra
cac bén lién quan khac nhau ciing 1a cén thiét. Cac
mo c6 ban chat phixc tap, rat kho trién khai cac nha
moi giGi va thiét 1ap cac kénh lién lac manh mé.
Hién dang c6 nghién cru nham giai quyét nhirng
thach thirc vé kha ndng twong tac trong cac nganh
khéc [41], diéu nay cling c6 thé tao diéu kién thuin
loi dé giadi quyét van dé twong tu trong nganh khai
thac mo.

Khad ndng mé rong

[IoT dwoc cho 1a sé gy ra mot s6 van dé do so
lwong tac nhan giao tiép c6 thé khong gi¢i han.
Trudng hop xau nhit 1a hang triéu sw ¢6 c6 thé xay
ra xay ra v&i nhiéu loai thiét bi. Cac hé théng cong
nghiép phai trang bi cho minh co s& ha ting c6 thé
mé rong dé san sang mé rong. Trong twong lai,
nhiéu thiét bi s& dwoc 13p dat cd dinh hay c6 tinh di
dong, vi vy giai phap IloT can phai c6 kha ning
thich &g va c6 thé mé rong dé phu hop véi nhiéu
thiét bi. Cac dia diém khai thac thwc sy 1on trong
khu vuc va cé nhiéu thiét bi IoT dworc trién khai cho
nhiéu muc dich khac nhau. Cac thiét bi va rng dung
nay chu yéu dwoc két noi va diéu khién béi mot sé
nut bién. Cac mo hién dai dugc trang bi nhiéu hé
thong robot, phwong tién tw hanh va mday bay
khong nguwoi lai cho nhiéu hoat déng khac nhau.
Phén bién ctia mo phai c6 kha ning ting giam quy
mo s6 lwong thiét bi va rng dung tiy theo nhu cau,
vi du: c6 rat nhiéu vat liéu can 14y ra khoi mo vi ly
do nao dé dé nut canh cé thé mé rong sé lwong
thiét bi tw tri phwong tién va robot dé ting toc qua
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trinh nay. Sw héi tu cua blockchain va dién toan
bién c6 thé cung cip cac cach dé giai quyét cac
thach thirc vé kha nang mé rong trong IloT [41].

Linh hoat

Khi ¢c6 mot s6 rng dung IIoT suét hién thi viéc
cung cap dich vu cho cac rng dung IloT khac nhau
kha khé khan theo nhu ciu ctia ching. Nguwoi tiéu
dung IIoT thwong yéu ciu cac ng dung di dong
dwoc toi wu hdalién tuc, cd nhan hoa, gia tri gia ting
vatuy chinh. Cach tot nhit dé thiét ké giai phap IloT
mot cach hiéu qua nhim mé rong va giup t6 chirc
tich hop cac &ng dung khac nhau la st dung kién
trdc linh hoat sé phat trién trong twong lai. Trong
béi canh ctia nganh khai thac mo, cac dia diém khai
thac mo c6 tinh chit nang déng véi nhiéu rii ro
khac nhau. Vi du: ¢6 canh bao vé mét sé tai nan
trong mo nén cac thiét bi va hé thong IoT phai linh
hoat dé thich (rng véi nhirng thay déi theo nhu ciu.
Cac nha san xuit hodc nha thiét ké thiét bi va rng
dung IoT cin phat trién tinh linh hoat cho san phim
clia minh vi cac ban cip nhat chwong trinh co s&
khong chi tao diéu kién thuén lgi cho viéc tlly chinh
khi trién khai ban d4u tai dia diém khai thdc ma con
cho phép cai dat hodc cip nhat cac chirc nang méi
tir xa ma khong cin dwa ching vao phong thi
nghiém. Giai phap linh hoat dwa trén container cho
hoat dong cong nghiép co thé giai quyét vin dé nay
nhw dwoc mo ta trong [41] cho cac rng dung diéu
khién cong nghiép.

An ninh va An toan

Su phic tap ctia cong nghé I1oT va tinh thay dai
cta co s¢ ha ting mang IoT g6p phan giy ra mot s6
van dé bdo mat. Tai cac khu mo, hé théng diéu
khién, thiét bi [oT va &ng dung can dwoc bao mét
dé khong thé tiém ma doc vao dé thyc hién mot s6
nhiém vu nguy hiém nhw diéu khién hé théng n6
min, phwong tién, may bay khong nguoi lai va hé
thong thong gié trong mo. Thong qua IloT, can phai
c6 bao mét theo cach tir dwdi 1én trén, diéu dé co
nghia la irmg dung I1oT phai 4p dung quy trinh khoi
dong an toan, twong Itra, quy tac ki€ém soat truy cap,
xac thuc thiét bi va c6 thé thwc hién cac ban va va
cap nhit bao mat. Hon nita, viéc xac minh va xac
thuwc bdo mat mang lai niém tin vao tinh hiéu qua
clia cac bién phap kiém tra bado mat dwoc phat trién
dé khic phuc cac 16 hong bao mat da dwoc phat
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hién. P4y 1a mét nhiém vu dwoc tiép tuc thuc hién
ngay ca khi hé thong chwa thwc hién cac stra d6i van
hanh, diéu nay khong chi gitp giit an toan cho hé
théng truwdc cac cudce tin cdng méi ma con cé thé
diéu tra hanh vi cua thiét bi néu gidp truc trac dé
thuc hién cac bién phap an toan cho céng nhan
trong hdm mo. Blockchain c6 thé dwoc coi la cong
cu ho trg bdo mat [41] va an toan [42] trong IIoT.

Qudn Iy di chuyén

V& mdt mang va giao thic [IoT, tinh di ddng cta
thiét bi sé dat ra nhirng thach thirc khac nhau. Quan
ly di dong la mot nhiém vu kho khan trong moi
trwong cong nghiép. Viéc phat hién chuyén dong
cua thiét bi la diéu quan trong dé nhan biét duoc
chuyén déng cua thiét bi, giup két néi thiét bi vai
cac khu vuce khac nhau cia mang. Hon nita, cin
phai biét vi tri hién tai cta thiét bi trong mang, diéu
nay doi hdi phai trao doi cac thong bao hoic tin
hiéu diéu khién. Vi du: mét phwong tién tw hanh
trong khu mé c6 thé di dén khu mo khac hoac di
chuyén giira cAic mo va kho du trir va can dwoc két
ndi véi cac nit bién dwoc phan bo trén cac khu vue
khac nhau. Tinh di dong cé hai pham vi, pham vi di
dong cuc b trong mang cuc b6 va pham vi di dong
toan ciu. Hién dang c6 cac hoat dong nghién ctiru vé
cac giao thitc quan ly di ddng nham giai quyét cac
thach thirc mé khac nhau nhw kha ning chiu 16i, so
do can bang, dinh tuyén tam giac, da dwong dan, ki
thuat dém va hop tac giita cac di dong va noi di
dong.

Tdp trung vao hé théng phan tdn ctia hé théng

Ban chit hién tai cia cac kién truc va giai phap
[IoT trong nganh khai thac cht yéu la tip trung, thu
thap dir liéu tir moi tai san va lwu triv trén dam may
tAp trung, dan dén mot diém 16i duy nhit va cac van
dé vé kha nang két hop. Xu hwdéng twong lai la
hwéng tédi mang phan tan, mang nay thuc sy phirc
tap hon nhung la moét cach ti€ép cin dai han
[42][43][44]. V&i viéc dwa mang phan tan vao cac
khu mo, thiét bi sé tré nén c6 kha nang dap &ng tra
10 thong tin, s& khong c6 diém 16i duy nhit ndo va
n6 sé khuyén khich thi treong mé noi kha nang két
hop sé khéng con la vin dé toan ciu nira. Kién tric
phén tan c6 thé bao gobm mot s6 hé thong doc 1ap
dwoc két néi thong qua sw phéi hop va rang budc
muon dé tao thanh mét hé théng cac hé thong. Sw
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doc 1ap mang lai loi ich cho viéc phat trién, vin
hanh va quan ly cac hé thong con khac nhau. biéu
nay lién quan dén kha ndng mé& rong va tinh linh
hoat néu trén. M6 hinh phi tip trung mét phan cta
hé théng cac hé thong dwa vao kha nang két ndi va
két néi mang, déng thoi dwa ra khai niém vé cong
cOt 16i hodc nha méi gidi dé cai thién kha ning
twong tac va bao mat hiéu qua. T4t ca nhirng hwéng
nay c6 thé la muc tiéu trong nghién ctru trong
twong lai.
Ao héa é bién

Trong moéi treong I1oT, gidng nhw nén tang dam
may, bién cling cin cac céng nghé do hda dé cung
cidp tai nguyén, lap lich tic vu va tinh todn
sandboxing. C6 nhiéu ky thuit do héa khac nhau
nhw may o, Linux container, dich vu di dong va
SDN duya trén may tinh 4o [45]. V&i nhitng loi ich
cua viéc trién khai nén tang do hoa, dién toan bién
c6 nhiéu dic diém noi bat so v6i dién todn dam
may, diéu nay dit ra nhirng tré ngai khac nhau cho
viéc quan Iy may 4o hoic container nhw phan bé rai
rac, tai nguyén han ché, tinh di dong cta cac nut
bién, do tin cdy kém va dich vu han ché. Hon nira,
nhirng thach thirc néu trén cling c6 thé duwoc giai
quyét bang cach dat dwoc 4o héa & bién. Nganh
khai thdc mé cé nhiéu dia diém véi cac nit bién va
thiét bi bién khac nhau va can phai quan Iy cac nut
va thiét bi nay & bién twong tw nhw cac nit va &ng
dung trong cum nén tdng ddm may. C6 nhiéu du 4n
khic nhau dé€ gidi quyét thach thirc nay nhw
OpenStack, KubeEdge, Edge virtualization engine
(EVE), OpenEdge. Hién tai cac dw an nay chwa da
hoan chinh va can nhiéu nd lwc nghién ctru hon.
Bdn song sinh ky thudt s6

Ngoai nhitng thach thirc nghién cru mé néu
trén, Digital Twin con la mot huwéng nghién ciru
khac cho nganh khai thac mo. C6 nhiéu dinh nghia
khac nhau vé ban sao kj thuatso va [46] da kétluin
dinh nghia nay la “Ban sao ky thuét s6 la sy thé hién
k§ thuit s6 toan dién ciia mot doi twong riéng 1é. N6
bao gdbm cac thudc tinh, diéu kién va hanh vi cia doi
twong trong doi thwe thdng qua cac mé hinh va div
liéu. Digital Twin la mot tap hop cac mo hinh thuc
té c6 thé mé phong hanh vi cia d6i twong trong méi
tredrng dwoc trién khai. Ban song sinh Ky thuit s
dai dién va phan 4nh ban sao vatly ciané vavanla
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ban sao 4o cla nd trong toan bd vong doi ctia d6i
twong”.

Theo khao sat gan diy [47], ban song sinh Ky
thuét s6 ¢6 12 thudc tinh chinh trong b6i canh loT
nhuw tinh dai dién va ngit cdnh hda, phan anh, nhan
rong, rang budc, bén bi, kha nang lwu trit, khd nang
két hop, tai khoan hoa/kha nang quan ly, ting
cuong, quyén sé hity, dich vu hoa va kha nang dw
doan. Trong khi d6, mot s6 tinh huéng dién hinh
cta viéc str dung ban sao ky thuit so la thiét ké va
hop nhat cac san pham, dw doan va mé phong hanh
vi, dich vu hoa san phim vt ly va ting cwong san
pham dé.

Trong khai thac, khai niém ban sao kj thuit s6
cung cip ban sao ciia mo vat ly trong méi trwong
a0 dé mé phong va thuc hién cac ké hoach trong mo
hinh 4o, dong thoi gitup dwa ra cac quyét dinh dwa
trén gia tri. N6 c6 thé gitp tién hanh phén tich “diéu
gi sé xay ranéu” dé kiém tra cac phwong phap xtr ly
khac nhau nhw né min, nghién va van chuyén dé
hiéu r6é hon vé két qua. Hon nira, mé phdng cung
c4p nhitng hiéu biét sdu sic hon dé c6 thé dw doan
va ngan chén sy co cla tai san tai cac khu mo.

c¢. Nhirng dé xudt vé Kién tric da cdp tong hop

Phan trwedc mo ta kién tric IoT cip cao tong
hop dé giai quyét nhirng thach thirc hién tai trong
nganh khai thac mé. Mot s6 nd lwc nghién ctru da co
gang giai quyét cac van dé cu thé cua IoT trong
nganh khai thac moé nhw giam sat thong gio, phan
tich tai nan, quan ly t6 doi va nhan sy, gidm sat dap
thai quang dudi va hé théng bao déng trudc. Tuy
nhién, cac gidi phap loT riéng1é nay da tao ra thach
thirc vé kha nang twong tac gitra cic gidi phap khac
nhau. Can c6 kién tric IIoT cho nganh khai thac mé
tudn theo cic nguyén tic cong nghiép do cic co
quan tiéu chuln xac dinh va dwoc nhiéu nha cung
cap ap dung. Mic du thuc t€1a c6 mot so tiéu chuin
va sang kién IloT dwa ra cAc hwéng dan dé cai thién
nang sudt trong cac nganh khac nhau. That khéng
may, viéc ap dung cac thong 1€ tiéu chuin nay trong
nganh khai thac mo6 khong hé don gian do tinh chat
phirc tap cda hoat dong khai thac mé. Nganh khai
thac mé c6 nhirng thach thirc dac biét so voi cac
nganh khac do nhitng han ché vé co s& ha ting tai
cac khu mo. Cac dia diém khai thac c6 thé cé nhiéu
loai khac nhau nhw dwéi hdm 10 hodc trén mat
bang. Cac dia di€m moé khac nhau trién khai mot bo
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thiét bi va hé théng thwong mai khac nhau tuy theo
nhu ciu vin hanh giy ra sw phidn manh theo chiéu
doc, do d6 viéc truyén dir liéu va lién lac gitra cac hé
thong va thiét bi khac nhau trong mot mé hoéc gitra
mots6 mo tré nén kho khin. Cong trinh nay nghién
ctru nganh khai thac mo va céc tiéu chuén IoT lién
quan dé tong hop kién tric I[loT cip cao nhu trong
Hinh 0.4 c6 thé mang lai loi ich cho nganh khai thac
mo. Kién tric phan 1ép giai quyét cic thach thic
hién tai trong nganh khai thac mé bang cach cung
cap moi treong duwgce diéu khién tir xa, tw dong va
c6 kha nang twong tac dé cai thién kha nanglién lac,
truy cap dirliéu va quan ly dirliéu. Kién triic coi mbi
dia diém khai thacla mot bién I1oT, gidi quyét tit ca
cac van dé nghiém trong va phitc tap bang cong
bién cuc bo, ké tén mét s6 van dé nhw quan ly tai
san, giam sat va chan doan, cung cip va trién khai
cling nhw kha nang twong tac gitra cac hé théng va
thiét bi khac nhau. L&p thong tin tao diéu kién cai
thién kha nang truy cip dir liéu cta cic hé thong,
phong ban va cac bén lién quan khac nhau. Ngoai
linh vuc thong tin, cong cu phan tich con thwc hién
phén tich dit liéu nhanh chéng va hiéu qua dé gitup
xac dinh cac quyét dinh kinh doanh nham cai thién
nang sudt cling nhw cac quyét dinh vin hanh & bién
dé nhan biét cac rui ro khiac nhau. Kha ning dw
doan vé hoat dong khai thac va rui ro tiém 4n trong
nganh khai thac cling c6 thé dat dwoc bang phan
tich. Ca 16p théng tin va phan tich déu c6 thé dworc
dat tai chd trong mé hodc & ngoai co s¢ trén dam
may dé tit ca cac bo phan va bén lién quan c6 thé
truy cdp mot cach an toan. Kién tric [loT nay ciing
c6 thé gitp cac cong ty khai thac thong minh hon va
hiéu qua hon dong thoi ting cwedng quy trinh hiu
can va quan hé khach hang t6t hon bang tng dung
kinh doanh.

Hon nita, cac chirc nang xuyén suot dwoc mo ta
trong kién truc giai quyét nhiéu thach thirc khac
trong nganh khai thac mé nhw bao méit, phan phoi
dir liéu gitta cadc bé phan va bén lién quan khac
nhau, s& hitu dit liéu, an toan, quyén riéng tw va kha
nang phuc h6i ma tai liéu va cac cong viéc lién quan
khéc con thiéu. Viéc 4p dung kién tric [IoT nhw vy
trong nganh khai thac mé mang lai dia diém khai
thac an toan hon cho cong nhan, hoat dong khai
thac c6 thé dw doan dwoc, tw ddng hda va van hanh
may moc tién tién, moi treong cé thé twong tac cho
ca hé thong va thiét bi truyén thdng va hién dai, tw
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dong hoa dé giam sw can thiép cta con nguwoi, ning
cao hiéu qua, ddm bao cho nguwoi lao dong va an
toan va kha nang hién thi cta thiét bi, gidm chi phi
van hanh, gidam chi phi nang lwong va cho phép
giam sat dudi 1ong dat bang cach hoi tu cong nghé
van hanh (OT) va céng nghé thong tin (IT). Kién
trac IloT cép cao tong hop dat dwoc gidi quyét cac
thach thirc da xac dinh trong nganh khai thac mé.
Khi bat dau van hanh khu mé mdi, kién tric nay c6
thé dwoc ap dung. Tuy nhién, c6 nhitng tré ngai
trong viéc ap dung cac hoat dong khai thac dang
dién ra vi chung dién ralién tuc va khong thé c6 kha
nang tam dirng. Cling kho c6 thé thay doi lién mach
cac cong nghé van hanh va thong tin hién dang hoat
dong. Hon nira, viéc gidi thiéu IloT trong nganh
khai thac mé mang lai nhiéu thach thirc mé&i nhw da
dwoc mo ta.

6.Kétluan

IIoT 1a nguén va la cong cu cho phép tw dong
héa cong nghiép, dong thoi mé ra kha nang cho
nhirng hiéu biét quan trong c6 thé 4p dung trong
mot so linh vuc kinh doanh. Bai bdo nghién ctru
vong doi khai thac va phan tich cac hoat dong IT
hién tai trong nganh khai thac mé dé xac dinh cac
thach thirc khac nhau c6 thé giai quyét bang cach
ap dung kién tric IIoT phu hgp trong nganh khai
thac mé. Cac hwdng dan dwoc dwa ra béi hé thong
cac tiéu chuén IIoT toan cau va cac y twdng nghién
ctru dwgec trinh bay dé tong hop kién truc IloT cho
nganh khai thic mé nhdm giai quyét nhirng thach
thirc hién c6. Kién tric IloT téng hop c6 thé dp dung
dé thu hep khoang cich ky thuat vé kha nang twong
tac va trao doi dir liéu ton tai trong moi trueong khai
thac. Viéc trién khai kién tric cip cao nhw vay c6
thé dwoc thwc hién bang cach xem xét cac cong
nghé khic nhau nhw &ng dung OT/IT, thiét bi IoT,
dién toan dam may, dién todn bién, phdn mém
trung gian, dit liéu lén va rng dung kinh doanh.

Bai bao ciing liét ké cac vin dé nghién ctru mé
quan trong va huwéng di twong lai cho cac nha
nghién ctru. Nhitng thach thirc nghién cru mé mo
ta rd rang tinh toan bién va tinh toan swong mu la
16p thach thirc nhat ddi véi nganh khai thac moé va
diéu nay ciing dung do6i véi cac linh vwc cong
nghiép khac nhau. Nhitng thach thirc néu trén doi
vOi bai toan bién c6 thé dwoc gidi quyét bang
nhirng tién bo trong kj thuét do hoa danh cho tinh
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toan bién. Gidi phap dwa trén ao héa trong dién
toan bién dé trién khai, diéu phoi, cAp nhit va nang
cap la rat can thiét. Khong chi nganh khai thac mé
ma hau hét tit ca cac nganh déu kha phirc tap véi
sw tién bo clia cac hé thong va dich vu vi mé dwa
Tai liéu tham khao
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NGHIEN C0'U (YNG DUNG MACH VI PIEU KHIEN ARDUINO E GIAO
TIEP VOT LABVIEW TRONG CAC BAI TOAN O LUONG VA DIEU
KHIEN BANG MAY TINH

Pang Van Chil*, Pao Hiéu2, U6ng Quang Tuyén3
mail: dangvanchi@humg.edu.vn
Trwong Pai hoc M6 - Dia chdt, Ha Noi

TOM TAT

Card do lwong diéu khién va giao tiép véi LabVIEW ctia hang NI (National Instruments) dang dwoc str dung
rdt rong rdi trén Thé gidi. V&i chire ndng két néi cdc thiét bi ngoai vi va mdy tinh, ddc biét dworc ttng dung
phd bién trong cdc linh virc do Iwdng gidm sdt, diéu khién robot va cdc hé co dién tir... Tuy nhién viéc nghién
ctru, phdt trién va itng dung cdc logi card NI ndy & cdc Trwong Pai hoc, cdc Vién nghién citu & Viét Nam con
han ché do gid thanh rdt ddt va phdn mém Labview yéu cdu phdi cé bdn quyén. Bai bdo dé xudt gidi phdp st
dung dong vi diéu khién Arduino dé thay thé, dwoc cho la phtt hop trong cong tdc nghién ctru thiét ké, phdt
trién déi vdi cdc bai todn do lwdong va diéu khién giao tiép véi LabVIEW. Két qud nghién cteu cho phép tng
dung Arduino dé thay thé cho mét sé loai Card NI co’ bdn ctia hdng trong cdc bai todn vé do lwdng, gidm sdt

va diéu khién bdng mdy tinh.

Tir khéa: Card NI, phan mém LabVIEW, Vi diéu khién Arduino, Arduino va PC

1. bat van dé

LabVIEW (viét tit cia Laboratory Virtual
Instrumentation Engineering Workbench) 1a moi
trwong ngon ngir d6 hoa, hiéu qua trong viéc giao
tiép da kénh gitra con ngwoi, thuét toan va cac thiét
bi. LabVIEW hd tro cac ky su, nha khoa hoc...xay
dung cac thuat todn mét cach nhanh, gon, sang tao,
dé hiéu nh¢ cac khdi hinh &nh c6 tinh goi nhé va
cach thirc hoat dong theo kiéu dong dir liéu (data
flow) 1an lwot tir trai qua phai. Cac thuit todn nay
sau d6 dwoc ap dung Ién cac mach dién va co ciu
chip hanh thyc nho vao viéc két ndi hé thong that
vGi LabVIEW thong qua nhiéu chuin giao ti€p nhw
chuin giao ti€ép RS232 (giao ti€p qua cong COM),
chuidn USB, chuin giao tiép mang TCP/IP, UDP,
chuin GPIB,...Vi viy LabVIEW la mét ngdn ngit giao
ti€p da kénh. LabVIEW hd trg hau hét cac hé diéu
hanh (Windows 2000, XP, Vista, Windows7),
Linux, MacOS, Window Mobile, Window
Embedded.

Cac ng dung cia LabVIEW: (Wolfgang Georgi,
Ergun Metin, 2006).

LabVIEW la mdt ngdn ngit 1ap trinh v&i khai

niém hoan toan khac so véi cac ngdn ngtr 1ap trinh
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truyén thdng nhw C, Pascal. Bang cach dién dat ca
phap thong qua cac hinh anh trec quan trong moi
tredrng soan thao, LabVIEW dworc goi véi tén khac
13 14p trinh G (viét tit cta Graphical). LabVIEW
dwogc st dung trong cac linh vyre do lwong, tw dong
hoéa, co dién tt, robotics, vat 1y, toan hoc, 6t0...

LabVIEW gitp két noi bat ky cam bién, bat ky
co cau chip hanh nao v&i PC: Cac tin hiéu do dwoc
vOi Labview gom: nhiét do, sirc cang, do rung, am
thanh, dién ap, dong dién, tin s6, &nh sang, dién tro,
xung, thoi gian, tin hiéu s6, hinh anh, t6¢ do ...

LabVIEW c6 thé dwoc str dung dé xi Iy cac kiéu
dit liéu nhw tin hiéu twong tw (analog), tin hiéu s6
(digital), hinh anh (vision), am thanh (audio),...v&i
tinh nang phan tich manh mé. Labview c6 hon 500
chirc ning 14p san dé trich xuit thong tin tir dir liéu
thu nhan dworc, phan tich cac phép do va xtr ly tin
hiéu. Cac chlrc ndng phan tich tin s6, phat tin hiéu,
toan hoc, chinh ly dwong cong, phép ndi suy. Mo
phong va xtr Iy cac tin hiéu thu nhan dugc dé phuc
vu cho muc dich nghién clru ma nguoi lap trinh
mong muon.

Chirc nang hién thi: xiy dung giao dién nguoi
dung mét cach nhanh chéng va thAm my hon nhiéu



HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA
(MEAE2023)

2023

so v&i cac ngdn ngir khac nhw Visual Basic, Matlab
...hién thi dir liéu bao gdbm cac chirc nang tao bao
cao va quan ly dir liéu. Cac tién ich vé biéu do va do
thi cling cong cu trieec quan 2D,3D cai san. Thém vao
do6 ta c6 thé xem va diéu khién Vis thong qua
Internet bang LabVIEW. D8i vi viéc tao bao co, NI
cung cdp mdt sd tuy chon nhw céng cu tao tai liéu,
bao cao dang HTML, bao cao dang Word/Excel va
bao cao twong tac véi NI DIA.

Chirc ndang diéu khién: LabVIEW tich hgp nhiéu
cong cu va tinh nang gitp ky sw diéu khién tw dong
dé dang thuc hién cac bai toan vé diéu khién. Cho
phép thuc hién cic thuit toan diéu khién nhw PID,
Logic mo (Fuzzy) mot cach nhanh chong théng qua
cac chirc ning tich hop sin trong LabVIEW. Cho
phép két hop v&i nhiéu ngdn ngir truyén thong nhw
C, C++.

LabVIEW hé tr¢ cac giao thitc giao tiép khac
nhau nhw RS232, RS485, TCP/IP, PCI, USB,
Erthernet.

Hién nay cong tac dao tao str dung LabVIEW &
cac treong Pai hoc ki thuét & nwérce ta con han ché.
Mot phan nguyén nhan la nhirng thiét bi, Card giao
tiép diéu khién chuyén dung ctia LabVIEW c6 gia
dat, chwa dwoc cac Truomg quan tAm dau tw dong
bd ca vé thiét bi 1an phan mém. Mat thiét bi dwoc
cho la c6 gia thanh hop ly NI MyRIO-1900 cta hing
NI gi¢i thiéu nham hd tro cong tac nghién ctru cho
sinh vién va gidng vién Dai hoc cling c6 gia ca chuc
triéu dong. Mat khac phdn mém LabVIEW chinh
hing c6 ban quyén c6 gia thanh cling rit dit. Trong
khi d6 cong tac dao tao & cac trudong van cd thoi
quen dung cic phin mém mién phi, phin mém
crack va khéng c6 ban quyeén... Nhirng bat cip trén
sé& khong con 1a van dé nan giai voi dé xuit (mg
dung VDK Arduino dé thay thé. Viéc rng dung cac
dong vi diéu khién Arduino d€ giao tiép truyén
thong v&i LabVIEW dé thwc hién cac bai toan vé do
lwdomg va digu khién bang may tinh sé& khic phuc
dwoc nhitng kho khin trén va dic biét rat nhanh
chéng va thuan loi khi xay dwng, trién khai nhirng
dw an.

Vi diéu khién Arduino hién nay dwoc cOng
dong nghién cru va sinh vién & cac Trueong Pai hoc,
cao dang st dung kha phd bién do nhiéu wu diém.
Vi dac diém la gia thanh ré, phin mém cé ban
quyeén cta hing dwoc cung cdp mién phi, dwoc cap
nhat thwong xuyén va ngon ngir lap trinh don gian,
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dé hiéu. Phan mém dwoc hiang phat trién nhiéu irng
dung thuc t€ rat co ban, dé hiéu va cé hwong dan
twdng minh, dic biét kha ning hd tro nguoi hoc tw
nghién clru va phat trién cac dw an, cic y twong
thuc té. Mot tién ich khac ciing la wu diém khi dung
Arduino so voi cac dong VDK khac la nguoi hoc
khéng cin phai lam mach. Bo mach Arduino rat da
dang d4y du cac tinh ndng cia nguwdi dung VDK cin
c6: nhw cac cong In/Out Digital/Analog, cac cong
thu phat xung tdéc do cao, PWM, két néi truyén
thong véi PC rat don gian qua cong USB ... va mot
wu diém khac nira 1a cAc phan mém nhw Matlab,
LabView hién nay hd tro mién phi Driver cho tit ca
cac dong VKD Arduino nay.

Vi vay bai bao dé xuit nghién ctru VDK Arduino
dé giao ti€p voi LabVIEW thay thé Card NI, rng
dung cho bai toan do lwong va diéu khién bang may
tinh. Két qua nghién ctru khang dinh viéc thay thé
Card LabVIEW cho cac &rng dung do lwong diéu
khién bang may tinh 12 hoan toan kha thi. Dac biét
thich hop cho cong tac giang day, nghién ctru trong
cac Vién, cac Truong Dai hoc véi chi phi thap. Pong
thoi cung cAp mot gidi phap don gian, dé thuc hién,
dam bao cac yéu cau vé cong nghé, ky thuit, tinh
hién dai trong cac bai toan do lwong, diéu khién
giam sat bang may tinh.

2. Vi diéu Khién Arduino va truyén théng trong
moi treong Matlab

2.1. Vi diéu khién Arduino (http://Arduino.vn)

- Hién nay trén thi tredng c6 nhiéu phién ban
VDK Arduino nhuw Arduino Uno R3, Arduino
Mega2560, Arduino Nano, Arduino Pro Mino,
Arduino Lenadro, Arduino Industrial... duéi day
gi¢i thiéu phién ban Arduino Uno R3(hinh 1) dworc
str dung dé giao tiép voi Matlab.

- Arduino Uno R3 1a mot board mach vi diéu
khién dwgc phat trién bdi Arduino.cc, voi nén tang
dién tr ma nguoén mé chu yéu dwa trén vi diéu
khién AVR Atmega328P. Phién ban hién tai cta
Arduino Uno R3 di kem vé1i giao dién USB, 6 chan
d4u vao analog, 14 cdng s6 1/0 dwoc st dung dé két
ndi véi cac thiét bi ngoai vi. Trong d6 ¢6 14 cong1/0
va 6 chan dau ra PWM . Arduino Uno R3 dwoc két
néi truc tiép véi PC thong qua USB dé giao tiép voi
phdn mém l4p trinh IDE, twong thich véi Windows
dé str dung va thich hop v&i cac ngdn ngit 1ap trinh
nhu C va C ++ duogc st dung trong IDE. Ngoai USB,
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nguwoi dung cé thé dung ngudn dién ngoai dé cip
nguon cho bo mach.

Hinh 1. Bo mach Arduino va cdp giao tiép USB
Mot s6 thong s6 Ky thuét co ban ctia Arduino UNO
R3:

- Chip ATMEGA328P-PU

- Ngubn Cap: 7-12V

- 14 Chéan Digital I/O (6 chan PWM)
- 6 Chan Analog Inputs

- 32k Flash Memory

- 16Mhz Clock Speed

- SRAM2KB

- EEPROM 1KB

2.2. LabVIEW va truyén thdong giita VDK
Arduino véi LabVIEW (Pang Van Chi & nnk 2021)

LabVIEW la mot moi trwedong 14p trinh d6 hoa
dé tao cac g dung v6i giao dién nguwoi dung
chuyén nghiép moét cach nhanh chdng va hiéu qua.
Ngay nay c6 hang triéu ki sw, nha khoa hoc str dung
LabVIEW d€ phat trién cac &ng dung do lwong,
ki€m thi, va diéu khién bang cach sir dung cac biéu
twong trwc quan va diy noi tin hiéu. Ngoai ra,
LabVIEW c6 thé dwoc mé rong cho nhiéu nén tang
phéan cirng va hé diéu hanh khac nhau. Trong thuc
té, nén tang LabVIEW c6 kha nang tich hop véi
hang nghin thiét bi phan cirng va cung cip hang
tram thw vién dwgc xay dwng san dé phan tich ning
cao va hién thi dir liéu gitp tao ra cac thiét bi do c6
thé tuy chinh theo nhu ciu cia minh.

Chwong trinh LabVIEW mo6 phong giao dién va
hoat dong ctia cic thiét bi thuc, nhw dao dong ky va
thiét bi do da nang, chwong trinh LabVIEW dwoc
goi la thiét bi do (Virtual Instrument), thuwong goi
tat 1a VL. VI ¢6 Front Panel va Block Diagram, Front
Panel 1a giao dién nguwoi dung va Block Diagram la
chwong trinh phia sau giao dién ngwoi dung. Sau
khi xay dwng Front Panel, thém ma3 (code) dé diéu
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khién cac ddi twong trén Front Panel bang cach st
dung cac hinh d6 hoa dai dién cho cAc ham. M3 trén
Block Diagram la ma dang d6 hoa, thuwong duwoc
biét dén la G code (ma G) hodc Block Diagram code.

LabVIEW str dung l4p trinh d6 hoa dang dong
chay dir liéu, dong chay cta dir liéu qua cac nat trén
Block Diagram xac dinh trinh tu thyc hién chwong
trinh. Lip trinh d6 hoa va thuc thi dang dong chay
dit liéu 1a hai dac tinh chinh 1am cho LabVIEW khac
vGi hiau hét ngdén ngir 1ap trinh da dung khéc.

Pé két ndi va lam viéc véi Arduino, trén
LabVIEW can c6 1 b6 Vs ctia Arduino. Thong qua
bd VIs, LabVIEW c6 thé 1ay dit liéu tir cac chin
Arduino va xtt 1y, diéu khién hodc hién thi két qua
trén man hinh may tinh. Do sw phé bién va chuin
hoéa ctia Arduino nén bé VIs da dwoc phd bién rong
rai, khéng can nguoi stit dung phai tw 1ap trinh. Véi
bd Vs thi chi cin thiét ké giao dién va moi viéc da
c6 LabView xt ly. Hién nay c6 2 chuln: LIFA va
LINX, trong d6 chuin LIFA dwoc st dung pho bién
hon c3, mang lai nhiéu tién ich, dwoc cai dat theo
cac buoéc sau:

+ Budc 1: Cai dat VI Package Manager (VIPM)
- day la phin mém quan ly ciing nhw gitp
download cac géi VI ctia LabVIEW.

+ Bwdc 2: Sau khi cai dat xong, vao VIPM va tim
giao dién Arduino cho LabVIEW véi tir khoa
“LabVIEW Interface for Arduino”. Sau dé cai dat
LabVIEW Interface for Arduino cho LabVIEW, luu
y phai dung phién ban ctia LabVIEW.

+ Budc 3: Két ndi Arduino véi may tinh qua
cong USB.

+ Buérc 4: Nap ma nguon cho Arduino dé c6 thé
giao tiép v&i LabVIEW. Tim dén <LabVIEW> la noi
chira thu muc LabVIEW sau khi cai dat.

+ Buoc 5: Chon vilib\LabVIEW interface for
Arduino\Firmware Kich dup vao LIFA_Base. Trinh
dich IDE Arduino sé tw hién thi.

+ Budc 6: Chon diang Board va Serial Port sau
do6 kich vao Upload dé nap vao Arduino. Khi cé
thong bao Done uploading la da nap thanh céng va
da co6 thé 1am viéc véi Arduino trén LabVIEW.

2.3.Khdi INIT va thiét 1ap tham s6 truyén thong
trén LabVIEW vé&i Arduino

- Khai INIT: DE thiét 1ap giao dién LabVIEW véi
Arduino (hinh 2)
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3. Thiét ké xiy dwng bai toian do lwong diéu
Contorttep khién trén mé hinh thir nghiém (Dang Van Ch,
- 2017).
(LabVIEW Interface for Arduino.vibinit.vi] M6 hinh c6 tinh chat thir nghiém truyén théng

VISA resource Arduino Resource
Baud Rate (115200)

Board Type (Uno)

Bytes Per Packet (15)
Connection Type (USB/Serial)

errorin

o €rOr out

oooo000t

Hinh 2. Khéi INIT thiét Idp giao dién LabVIEW cho
Arduino

Khéi Init c6 nhiéu chén ra, dé thiét Idp cho viéc két
néi ta chi quan tdm t&i mot vai chdn nhw sau:

+ Chan VISA resource la chan thiét l4p cong
COM dé giao tiép gitra LabVIEW va Arduino.

+ Chan Baud Rate la chan thiét 14p toc d6 baud:
tdc do baudla 115200 doi véi Arduino Uno, 1a 9600
d6i véi cac dong Arduino khac.

+ Chan Board Type la chan dé chon loai Arduino
dé 1am viéc: c6 3 loai Arduino dwoc hd tro 1a: Uno,
Mega 2560 va Dimuelanove/Atmega 328.

+ Chan Connection Type la chan lwa chon kiéu
két ndi: qua USB, XBEE hodc Bluetooth.

+ Chan Arduino Resource dé két ndi véi cac khoi
Khac.
Mot khéi dworc chia lam 2 ddy chan dir liéu.

+ Cac chan nam bén trai ctia khéi 1a cac chan
dwa dir liéu vao hodc la cac thiét1ap ban dau ctia tin
hiéu. Cac chan bén phai la cac chan dwa dir liéu ra
hodc cic thanh phan cida tin hiéu da tach dwoc khi
qua Kkhéi.

Déthiét Idp bdt ky chdn nao ctia mét khéi ta lam nhw
sau:

+ Pwa con tré chudt t&i chan cén thiét lap sao
cho con tré chudt tré thanh Wiring tool (hodc cé
thé dung Tool Palette).

+ Click Chudt phai, sau dé tré chudt vao Create
chon kiéu thiét 1ap. C6 3 kiéu thiét 14p: Constant
(hang s6), Control (diéu khién), Indicator (hién thi)
tuy vao muc dich dé€ lwa chon phui hop.

+ Chan Arduino Resource cia khoi nay néi véi
chan Arduino Resource ctia khoi khac.

+ Chan error out ctia khéi trwdre thi néi véi error
in cia khéi lién sau.

+ Da6i véi cac khoi con lai thiét 1ap twong tw
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gitra giao dién LabVIEW vé&i VDK Arduino, cin phai
dam bao chirc nang do lwong, gidm sat va diéu
khién. Vi vay bai todn dugc chon la sit dung cam
bién quang tr&r dé do cwong do anh ang (hay do
roi), img dung trong cac bai todn diéu khién tw
dong bat/tat dén hoic diéu chinh tw dong d6 sang
den trong thuec té.

3.1. Tinh chon thiét bi xdy duwng mo hinh

Vi diéu khién Arduino: hinh anh va thong sé ky
thuat nhw hinh 1

Module cam bién quang tré: (hinh 3) module
quang tré giao tiép véi Arduino 1a CDS c¢6 tich hop
san Op-amp (LM393) va bién tré so sdnh mifc tin
hiéu gitp cho viéc nhan biét tin hiéu tré nén dé
dang, Cam bién 4nh sang nay thudong dung dé nhin
biét, bat tit thiét bi theo cwong dd 4nh sdng moi
truwedrng, hinh 4.

Hinh 3. Module cdm bién quang tré

< A

Hinh 4. Quang tré CDS
IC LM393 dworc tich hop nhiéu tinh ndng phu hop
dé st dung lam bd so sanh. IC chira hai op-amp
(operational amplifier) so sanh dd chinh xac cao
riéng biét ¢ thé hoat dong tir nguén dién don hodc
kép. M6t tinh nang khac 1a dai dién ap cung cip
rong nén c6 thé st dung IC trong nhiéu ng dung
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khac nhau. IC nay yéu cau dong dién hoat dong thip
do d6 rat ly twdng dé st dung trong cac thiét bi di
dong va hoat dong bang pin. Hé théng logic dau ra
c6 thé dwoc str dung trong cadc mach ky thuét sé.
Dong dién dau ra t6i da cta IC 1a 20mA du dé diéu
khién cac transistor va hé thdng logic, thiét bi logic
va vi diéu khién. C6 thé diéu chinh chiét 4p dé thay
do6i mic phat hién cwong d6 anh sang.

3.2. Thiét ké xay dwng m6 hinh
+ Sor d6 két ndi thiét bi: So @6 dé xuit nhw hinh 5

Hinh 5. So do két ndi Arduino véi mé dun quang
CDS va Led diéu khién

3.3. Lap trinh do lwdng, diéu khién, giam sat va
truyén thong trong LabVIEW, hinh 6

-

Hinh 6. Giao dién Idp trinh trong méi trwong
LabVIEW

3.4. Cac két qua chay thir nghiém trén mo hinh
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cuong do anh sang(lux)
10000+

9000-]
8000 -
7000+
6000+
5000-]

Amplitude

4000
3000
2000-M4

1000-|

QAN RO

Hinh 8. Giao dién diu khién - gidm st LabVIEW

4. Kétluan:

- Viéc nghién ctru rng dung vi diéu khién
Arduino dé giao tiép v&i giao dién LabVIEW cho bai
toan diéu khién va giam sat cwong do dnh sang da
dap rng duoc cac yéu cau vé ky thuat va muc tiéu
datra.

- Cac tac gia da thuc hién viéc khao sat tinh
chon thiét bi, xdy dwng mo hinh, 13p trinh diéu
khién, 1ap trinh truyén thong, xiy dwng giao dién
giam sat trén LabVIEW va chay thir két noi véi cac
thiét bi ngoai vi. Buwdc dau cho két qua kha quan, hé
thong chay 6n dinh, dap (rng cac yéu cau cong nghé
datra.

- M6 hinh x4y dung c6 tinh chit thir nghiém, st
dung cac sensor va thiét bi c6 gia thanh thip, do
chinh x4c va chit lwong con han ché. Bé xuét tiép
tuc danh gia d6 chinh x4c, tinh 6n dinh va bén virng
cua hé thong khi st dung cac cam bién chuyén
dung , c6 do chinh xac cao lam viéc trong moi
treong cong nghiép.

- Véi két qua nghién clru buwdc dau nay, viéc
tmg dung cic dong VDK Arduino dé thay thé cac
Card do lwong diéu khién chuyén dung cla
LabVIEW @€ thuwc hién cac bai toan trong do lworng
- diéu khién - gidm sat bang may tinh 1 hoan toan



HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA
(MEAE2023)

2023

kha thi. Gidi phap c6 gia thanh thap, dam bao day

du cic yéu cau vé ki thuit va cong nghé cho cac bai

toan vé do lwong - diéu khién - gidm sat. Trong cac

Truwong Dai hoc cach tiép cin trén la phu hop cho

cong tac giang day va dao tao ly thuyét voi chi phi

thdp. O cac Vién nghién ctru phlt hop cong tac
nghién cru Khoa hoc va trién khai (rng dung thwec
té san xuat.

- Téc dd 14y mAu t8i da ctia hau hét cac dong
Arduino 1a 10kHz, trong khi mach Arduino vé
ban chat chi c6 1 ADC. Do vay véi cac rng dung
yéu cau doc va xtr ly cung liic nhiéu cong Analog
thi can chd y dén van dé nay.

DPang Van Chi: Pé xuit y twong, nghién cliru tong
quan co sé ly thuyét, xay dwng thuét toan va lap
trinh diéu khién giam sat trén LabVIEW.

Dao Hiéu: Thiét ké giao dién, xdy dwng mo hinh

U6ng Quang Tuyén: Chay thir nghiém, soan thao va
bién tap bai bao.
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NGHIEN CUYU GIAI PHAP HO TRQ DOC GIA TRI THONG SO NGUON
PIEN TRONG TRAM 35/6KV

Uo6ng Quang Tuyén !, Nguyén Dirc Tan?
1 Khoa Co - Dién, Trwong PH MG - Pia chdt, Viét Nam, uongquangtuyen@humg.edu.vn;
2Cong ty than Mao Khé, Tdp doan Than Khodng sdn Viét Nam

TOM TAT

Bai viét trinh bay két qud nghién ctru gidi phdp hé tro nhén vién truc tram bién dp trong céng tdc ghi s6 liéu
vé cdc dai lwong dién dp, dong dién va cong sudt phu tdi ctia tram bién dp. Gidi phdp ctia nhém tdc gid bao
gom: thiét ké phdn mém cai ddt trén mdy tinh va thiét bi thu thdp cdc thong s6 ciia ngudn dién tai tram bién
dp 35kV. Thiét bi thu thdp cdc gid tri dwoc ldp ddt trong ti dién ctia tram, doc cdc théng s6 ctia ngudn va giri
div liéu téi mdy tinh véi cong nghé truyén div liéu bluetooth BLE 4.0. Phdn mém trén mdy tinh ghi nhén lai
cdc dir liéu nay va hién thi theo dang bdng va do thi phu tdi.

Tir khéa: Thong so co ban, dién ap, dong dién, nhiét do, bluetooth

bién ap déu duwgc giam sat va theo doi thong qua hé
thong SCADA.

Cac thong s6 nay déu duwoc cip nhit tai phong
diéu khién trung tim bdi hé théng bao cdo. Tuy
nhién khong phai lic nao cling tao cac bao cao twr

1. M¢é dau
Hién nay trén thé gi¢i va trong nwérc, cac thiét bi
trong diy chuyén san xudt, cac thiét bi trong tram
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phong diéu khién trung tim dé theo doi hang nay
tai cac vi tri dat thiét bi, tram bién ap.

Tai cac tram bién ap, cac gia tri cling déu can
dugc theo doi dinh ky theo gid, theo ngay, thang.
Nén tai cAc tram, can bo van hanh tram bién 4p van
thwdong xuyén phai ghi lai s6 liéu tai cAc dong ho do
dién 4p, dong dién va céng suat ctia nguon. Dién
hinh 12 tai cic tram bién ap 35/6KkV. Cac gia tri dién
ap ngudn 35kV va 6kV déu duoc ghi chép lai bang
tay, trén so tai tram bién ap b&i nhin vién truc
tram.

Téac gia dé xuit giai phap tw dong ghi lai cac s6
liéu trén bang phan mém va thiét bi dwoc ghép néi
Vi cac thiét bi do dém dién tai tram.

2. Noi dung nghién ciru

Dwa trén nghién ctru ly thuyét va thuc té tai
tram bién ap ciia m6 Mao Khé. Tac gia da nghién
ctru va ché tao thiét bi thu nhan cac gia tri tir bé do
dém cac thong s6 nguodn dién chuin cong nghiép.
Cac gia tri nay dwoc tong hop va truyén téi may
tinh thong qua truyén dan khong day, bluetooth.

Song song v&i viéc ché tao thét bi thu nhan dir
liéu trén, tic gia cling da viét mot phan mém dé
nhén dit liéu va hién thi dit liéu dwéi dang bang va
do thi.

2.1. Thiét bi do cac gia tri dién

Integra 1530 da chirc nang cung cip hoat dong
khéng phtrc tap va d chinh xac cao <0,2% do dién
&p ba pha, dong dién, tin s6, Watts, VAr, VA, nang
lwong, hé s6 cong sudt va tong bién dang hai ctia ca
pha va hé théng, dong dién va dién ap. D€ phu hop
v&i yéu ciu cla cac ing dung gidm sat nang lwong
riéng1¢, Integra 1530 cung cap lap trinh va hién thi
don gian, thong qua giao dién diéu khién menu
hodc gbi cdu hinh phan mém dya trén Windows
tuy chon c6 thé dugc str dung dé cdu hinh va giam
sat tlr xa. Sau khi dwgc cdu hinh bang mot trong hai
phwong phap, viéc giam sat déng thoi t6i da 50
bién chat lwgng dién va dién cé thé dwoc truyén
vao cac hé théng quan ly toa nha thong qua cac tuy
chon giao tiép xung, twong tw hoac ki thuat sé.

Puorc thiét ké cho tit ca cac hé thdng phan phéi
va thiét bi dong cat dién 4p thdp, trung va cao,
Integra 1530 cung cip kha nang lap trinh ty 1& VT
va CT. Két noi truc tiép 1én dén 480V AC véi tiéu
chuin dau vao CT 5A va dau vao CT 1A c6 san dwéi
dang tiy chon
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Integra 1530 cung cap cac dau raxung don hoic
kép tuy chon cho phép truyén lai cac thong s dwa
trén thoi gian kW.Hr va kVAr.Hr. Pau ra dwoc xung
vOi toc do ty 18 thuin véi ning lwong do dworc
kW.Hr hoat dong, véi d6 rong va téc do xung dé
dang lap trinh cuc b hodc tir xa. Role dau ra co tiép
diém khéng c6 volt dwoc cach ly hoan toan, véi két
ndi qua cac dau kep dang vit

Lén dén hai dau ra twong tw ciing c6 thé duworc
bao gom, cho phép truyén tré di cac tham sé tuyén
tinh bang cach str dung tin hiéu twong tw tiéu chuin
cong nghiép. Méi kénh twong tw c6 thé dwoc gan
cho mét trong 47 thong s6 do dwgc védi nhip dau ra
c6 thé diéu chinh hoan toan dé phu hop véi yéu cau
cta khach hang va cé thé dugc ciu hinh dé hoat
dong & ché do dong dién binh thudong, dao nguorc,
ngudng hodc khéng doi. Ca hai dau ra twong tw déu
c6 chung lgi nhuin dwoc cach ly dién tir cic dau ra
khong twong tw

Tin hiéu vao

bién ap vao 57.7 én 277V (L-N)
100 dén 480V (L-L)

Ty s6 bién ap Bat ky gid tri nao cho t&i
400KV (t6i da 360MW**)

Dong dién vao 5A (1A mic dinh)

Ty s6 bién dong | 9999:5A hodc 9999:1A (toi
da 360MW**)

Tin hiéu ra

RS485 2400, 4800, 9600, 19200

Xung SPNO, 100V, 0.5A t6i da

Xungra Hoac 2

Twong tw Hodc 2

Dién ap cip 85V-287 VAC
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| 85V-312 VDC

** ty 1é VT hodc CT t6i da dwoc gidi han dé sw
két hop gilra dién ap so cip va dong dién khong
vuot qua 360MW & 120% d4u vao cé lién quan

2.2. Module diéu khién ESP32

ESP32 NodeMCU dwoc phat trién trén nén
module trung tam la ESP32 v&i cdng nghé Wifi, BLE
va nhin ARM SoC tich hop m&i nhit hién nay, 1a sw
lwa chon hang d4u trong cic nghién ctru, ng dung
vé Wifi, BLE va IoT.

Két hop ca WiFi va Bluetooth chip trén cung 1
Board phat trién. Nhor d6, ESP32 ¢6 thé vira c6 thé
phat tin hiéu diéu khién vira c6 thé nhan tin hiéu
diéu khién tir thiét bi khac théng qua Wifi va
Bluetooth.

T6i wu hoa trong viéc tiéu thu nang lwong:
ESP32 dworc thiét ké d€ phu hop véi cic thiét bi di
dong, cac thiét bi va trng dung IoT.

ESP32-WROOM-32D st dung chip ESP32-
DOWD la chip nhing dworc thiét ké c6 thé mé rong
va thich trng. C6 2 16i CPU c6 thé diéu khién riéng1é
va tin s6 xung nhip CPU c6 thé diéu chinh dworc tir
80MHz téi 240MHz
- Chip xt li: ESP32-DOWD
- Network  protocols: 1Pv4,
TCP/UDP/HTTP/FTP/MQTT

- WiFi mode: Station/SoftAP /SoftAP+Station/P2P

- Wi-Fi Security: WPA/WPA2/WPA2-
Enterprise/WPS

- Cacgiao thire: 802.11 b/g/n

- Bluetooth: Cac giao thirc: Bluetooth v4.2 BR/EDR
and BLE specification

- Encryption: AES/RSA/ECC/SHA

- Module interface: SD card, UART, SPI, SDIO, 12C,
LED PWM, Motor PWM, 12§, IR

- On-chip sensor: Hall sensor

- On-board clock: 40 MHz crystal

- Dién ap hoat dong: 2.7 ~ 3.6V

- Dong dién hoat dong: trung binh: 80 mA

IPv6,  SSL,
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- Nhiét d6 hoat dong: -40°C ~ +85°C

2.3. Module modbusRTU 485

Mach chuyén giao tiép UART TTL to RS485 V2
dwoc thiét ké dé c6 thé giup ban chuyén giao tiép
tir chuin giao tiép UART TTL (Vi diéu khién, may
tinh nhing,...) sang chuin giao tiép RS485 va ngworc
lai.

Mach chuyén giao tiép UART TTL to RS485 V2
dwoc thiét ké véi kha ning chdng nhiéu cao, tich
hop cac bé dém, Cau chi tw phuc hoi, Diod chong
nhiéu gitp hé théng chay 6n dinh, an toan hon va
khong lam chay board diéu khién trung tim. Phin
chén giao ti€p RS485 trén mach cé chan Mass, néu
hé thong c6 dwong diy mass tiép dat thi co thé st
dung dé ndi vao chin Mass nay giup ting kha nang
chdng nhiéu va chdng sét.

Mach hd tro két ndi nhidu diém RS485 trén
duwong Bus, mach dwoc thiét ké dé cac diém c6 thé
ndi "néng" ma khong so hién twong module bi chét
khi chwra ngat dwong truyén tong.

Théng s6 ky thuat:

- Pién ap hoat dong: 3 - 5VDC.

- Dién ap giao tiép TTL: 3 - 5VDC.

- Khoang cach truyén RS485 c6 thé 1én dén 1km
(khuyén nghi st dung dwéi 800m va diy bus
chuyén dung cho RS485).

- C6 dén led théng bao trang thai truyén nhin RX
va TX.

2.4. Mo hinh c4u tric cta gidi phap

Cac dong h6 doc cac théng s6 cta dién nang
duwgc ghép ndi voi thiét bi thu nhan gia tri; sau dé
dwoc truyén lén may tinh thong qua giao thirc
bluetooth. Phin mém sé hién thi cac gia tri nhan
dugc dang bang va do thi, dong thoi ¢ thé xuét cac
béo cao thanh tap tin.
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Thiét bj do Phan mém doc Xuat bdo cdo I
dém dién ning gid tri TBA Tép/In &
Thiét b thu o
nhan gia tri May tinh

2.4.1. Thiét bi thu nhan gi4 tri

a. Mach nguyén 1y va thiét bi phan cting

Mach hoan chinh

b.
Ham

{

(buff

}
}

Ham

Thiét bi hoan chinh
Ma nguon doc va truyén dir liéu
doc dir liéu qua két n6i ModbusRTU 485:

void readFlow() {
uint8_t result;
uint16_t buf[10];
result=sensor.readHoldingRegisters(START_A
DDRESS, NUMBER_REGISTER);
if (result == sensor.ku8MBSuccess)

buf[0] = sensor.getResponseBuffer(0);
buf[1] = sensor.getResponseBuffer(2);
buf[2] = sensor.getResponseBuffer(4);
buf[3] = sensor.getResponseBuffer(6);
buf[4] = sensor.getResponseBuffer(8);
buf[5] = sensor.getResponseBuffer(10);
buf[6] = sensor.getResponseBuffer(12);
buf[7] = sensor.getResponseBuffer(14);

buf[8] = sensor.getResponseBuffer(16);

for (int i=0; i<NUMBER_REGISTOR; i++)

{ Serial.print(sensor.getResponseBuffer(i));
Serial.print(" ");

}

sensorvalue=String(buf[0])+","+String(buf[1])+
","+String(buf[2])+","+String(buf[3])+","+String

4 +","+String(buf[5])+","+String(buf[6])+

""+String(buf[7])+","+String(buf[8]);

truyén dit liéu doc dwoc qua Bluetooth:

void bletrans(){
if (deviceConnected) {

if (millis() - lastTime) >= timerDelay) {
readFlow();
String temp =

String(SENSOR_TYPE)+","+String(sensorvalue);
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const char *datasensor;
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datasensor temp.c_str();
SensordataCharacteristics.setValue(datasensor);
SensordataCharacteristics.notify();
lastTime = millis();
}
}
}

2.4.2. Phan mém doc gia tri tram bién ap
Giao dién ctia phadn mém dwoc thiét ké trén
phan mém Qt5Designer v&i ngdén ngir Python dé
thwc hién viéc tim kiém va két noi thiét bi véi phin
mém trén may tinh. Qua dé thuc hién thu thap dir
liéu tlr thiét bi 1én may tinh hién thi va vé biéu d6
hu tai cho tram bién ap.

°

[rES——— T —

2.5. N6i dung va két qua dat dwoc

Do diéu kién ky thuit tai tram bién ap cong ty
than Mao Khé, khéng thé dat dwoc cac thiét bi trén,
nén tac gia da thwc hién cac thi nghiém trén cac
thiét bi & phong thi nghiém tw dong hoa véi dong
ho6 do dém dién nang, str dung thiét bi trén va phan
meém. Két qua cho thiy duwoc kha nang tw ghi nhin
cac gia tri theo dung thoi gian dat; cac gia tri tw
dong lwu trir lai va hién thi trén bang va do thi. Néu
dwoc nghién cttu sau hon va c6 thoi gian thw
nghiém & thyec t€, hé thong co thé sé dap tng dwoc

32

cic yéu cu cta tram bién ap, gidp gidm bét cong
viéc cho can b0 truc tram.
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(’NG DUNG PIEU KHIEN TRUQ'T CHO DONG CO O TI KHE HO' DOC
TRUC

Nguyén Viét Anh, Nguyén Quang Huy, Nguyén Hau Qudc Khanh, Ng6é Manh Tung’

Khoa DPién, Trwdomg Dai hoc Céng Nghiép Ha Néi, Viét Nam, S6 298 duong Cau Dién, qudn Bdc Tir Liém, Ha
Noi, emails: anhnv@haui.edu.vn, quanghuy1029@gmail.com, nguyenkhanhbg2002x@gmail.com,
tung_nm@haui.edu.vn

TOM TAT

Bai bdo trinh bay thiét ké bé diéu khién trwot cho hé truyén déng déng co nam chdm vinh ciru khe hé doc
truc. Ddy la déng co tich hop 6 dé tir, momen quay va luc doc truc sinh ra do tdc ddng cta tir treong stator
Vvdi ttr trwong nam chdm vinh civu ca rotor. Dwa trén phwong trinh trang thdi déng co, bo diéu khién truot
dé xudt dwoc trng dung trong diéu khién téc dé va diéu khién vi tri doc truc. Két qud mé phdng cho thdy hé
thdéng ddm bdo rotor & vi tri cdn bdng va téc dé bam theo gid tri ddt yéu cdu trong trudng hop c6 cdc thanh
phdn bdt dinh xudt hién.

Tir khéa: Dong co 6 tir, Piéu khién trwot, Tlr tredng doc truc.

c6 nhiém vu tao nén lwc nang truc dong co theo
1. Mé& dau hwéng ngang truc. Mot 6 tir doc truc déng co
déng vai tro c6 dinh rotor va truc dong co theo
phwong doc truc va tao ra momen lam quay dong
co. Su két hop gitra déng co 6 tir doc truc nay
dwoc goila dong co c6 tir treong Khe hé doc truc
(TTKHDT).

Pong co TTKHDT dwoc nghién ctru trong bai
bao la dong co dong bo c6 ciu tric bao gom mot
rotor dang dia c6 gdn nam cham vinh ctru va hai
stator & hai bén cda rotor dwgc quin bédi cac
cudn day ba pha. Trong cac cong trinh [5, 6, 7] da
co ban thuc hién dwoc cac yéu cau diéu khién do
véi dong co TTKHDT. Cu thé 1a cac tai liéu nay
cung st dung ciu trac diéu khién dwa theo
nguyén ly diéu khién vector tir thdng rotor [4],
bao gébm hai mach vong la mach vong tao ra tin
hiéu dong dién iy diéu chinh vi tri doc truc cta
rotor va mach vong tao ra tin hiéu dong dién i,
diéu chinh t6c d6 rotor.

Ngoai ra, trong [1, 2, 7] chi thwc hién thiét ké
diéu khién cho dap rng téc d6 ma chwa quan tim
téi bd diéu khién vi tri. Bén canh dé, bd diéu
khién dwoc thiét ké chi 1a bd diéu khién tuyén
tinh PID nhw & tai liéu [6, 8] trong khi dong co c6
tinh phi tuyén manh.

Pong co 6 tir 1a mot sdn phdm cong nghé cao,
duoc st dung dé thay thé cho cac dong co 6 bi
thong thwong, nhit la trong mot s6 moi trwong
lam viéc dac thu. Sy khac biét so véi dong co
dung 6 bi thong thwong dé 1a dong co 6 tir dwoc
thiét ké str dung lwc tir treong dé nang truc dong
co va loai bé di sy ti€p xuc vat ly. Khi d6, dong co
c6 thé lam viéc & dai téc do cao hon trong khi sw
mai mon va ma sat co khi gan nhw 1a khéng dang
ké. Do d6, wu diém cua déng co st dung 0 tir 1a
lam viéc & dai toc d6 cao, van hanh tin ciy trong
diéu kién khic nghiét, khong yéu ciu dau boi
tron, khong gay 6 nhiém, loai b nguy co chdy né
va nang cao thoi gian van hanh cda toan bo hé
théng.

Mot hé théng 6 tir thwong bao gom hai hé diéu
khién: hé diéu khién thir nhat tao ra lyc tir ning
truc dong co theo mot phwong thang dirng vudng
goc véi truc dong co, hé diéu khién thir hai kiém
soat chuyén dong quay va c6 dinh sw dich chuyén
doctruc ctiaban than truc dong co'[1, 2, 3]. Trong
bai bido nay nghién ctru va trinh bay thiét ké bd
diéu khién (rng v&i hé diéu khién thir hai vira néu.

Hinh 1 trinh bay cu tric ctia dong co 6 tir khe
hé doc truc. & ciu tric ndy, hai & tir ngang truc
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_ Lsd =3L sd0 5 + le (1)
[ I | = I - | 1
@ E' qu = 3L’qu 5 + Ly 2)
- ——FF= B SIS FAS L' sq0 va L'gqola dién cam tir héa truc d va truc
qtrén don vi dai; L la dién cdAm dongro. g = gy +
[ E— IE | | E = E— z la khe hé giira rotor va stator; g, la khe h& & vi tri
5T &1l O T can bang; z 1a sw dich chuyén tir vi tri cAn bang.
NGANG DOC NGANG M6 hinh todn hoc cta dong co dong bd
TRUC TRUC TRUC

Hinh 5: Cdu tric ctia dong co 6 tw ndng tir khe hé
doc truc

Mot ddc diém cin cha y 1a théng sé khe ho
khong khi gitra rotor véi hai stator cia dong co 6
tir thay déi theo thoi gian. Diéu nay lam anh
hwdng truc tiép dén gia tri dd tw cdm pha cia
stator trén truc dva truc g. Do d6, mo hinh toan
hoc cliia dong co c6 chira cic thanh phan bat dinh,
lam gidm di chat lwgng cia b diéu khién.

B6 diéu khién truwot dwoc biét dén véi wu
diém bén virng v&i doi twong chira cac tham s6
bit dinh [9, 10]. Vi thé, bai bao nghién ctru va
thiét ké bo diéu khién trwot dé€ diéu khién ca hai
dai lwong la vi tri doc truc va téc d6 dong co
nham ting sw 6n dinh truéc sy bit dinh cua
thong s6 mo hinh doi twong [11, 12]. D€ kiém
chirng cac bo diéu khién dé xuit, hé thong diéu
khién dwoc xdy dwng va mé phéng trén phin
mém Matlab-Simulink.

2. Cac phwong trinh thang thai cia dong co

Pong co TTKHDT cé ciu tao gom mét rotor va
hai stator. Cau truc ctia déng co dwogc trinh bay
trén Hinh 2. Gia thiét rang, cic tham sé trén truc
x, y, Ox, By ciarotor dwgc kiém soat bdi viéc diéu
khién cac 6 tir ngang truc. Bai bdo chi tip trung
thiét ké bd diéu trwot twong (ng cho hai bic tw
dolavitri doc truc va téc d6 quay ctia rotor. Theo
nguyén ly diéu khién twya theo tir thong rotor, cac
dai lwgng va tham s6 ctia dong co sé duoc thuc
hién quy d6i vé hé toa doé quay dg thdng qua cac
ma trin chuyén daéi toa do [4].

Mo hinh toan hoc cta dong co TTKHDT c6
chtra mot s6 thanh phén bat dinh do d6 tw cam pha
cda stator 1a ham ti 1é nghich so v&i khe hé khong
khi g theo cong thirc x4p xi sau:
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TTKHDT biéu dién trén hé truc tao dd quay d,q nhw
sau [3]:

Usq = Rsisq + Lsddisd/dt — wlggisq
Usq = Rslsq + qudisq/dt + wlgyisg + WA,
Asa = Lsddisd + Am (3)
Asq = qudisq
Véi A, 1a tir thdng méc vong do tir tredng rotor
sinh ra trén stator; iz va ig, 1a thanh phan dong
dién stator; usq va us, thanh phan dién ap stator;
w la toc do rotor; A4 va Ay, 1a tir thong stator.
Theo [3, 5, 6] momen dwoc diéu khién bdi dong
dién truc g, con lwc hat dwoc diéu khién bdi dong
dién truc d. Ching ta c6:

lgr Tlg2 T g

la1 = lgo — la
laz = lgo t+1lgq

4

Trong dé: iz, va iy, 1a dong dién doc truc cua
hai stator; iy, 1a dong bu c6 gia tri rit nho hoac
bing 0. Luc doc truc va momen téng do hai stator
tac dong 1én rotor [3]:

F = 4Kpqisiq + {4Kpq(iG +i7) +
+4Krqi? 432/ 90
T = ZKTiq + ZKRidiqZ/gO

)
6)

Véiir dong 1 chiéu quy déi tir tir tridmg vinh ctru
cda roto

Néu sw dich chuyén bang khong hodc rat nhé so
v(i khe hé khong khi tai diém cin bang g, thi ta co:

F = 4KFdifid (7)
T = 2Kri, (8)
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i dong

Motor
Stator 1

Tnverter 3 pha

Stator 2 Inverter 3 pha

2 b Khuéch
a9l dong

Bearing
Stator 2

Hinh 6: Cdu tric cia dong co TTKHDT

Mic du lwc hat doc truc Fvan chiu phu thudc
nhé vao thanh phan dong dién truc q va momen
quay 7van chiu phu thudc nhé vao thanh phan
dong truc d, nhwng c6 thé diéu khién lwc hut 7
b&i dong dién igva momen 7 béi dong dién i

3. Thiét ké bd diéu khién trwot cé mat trwot
kiéu PID

biéu khién trwot 13 mot phwong phap diéu
khién phi tuyén dwoc ap dung cho déi twong sau.
Xét xe R™ la vector trang thai, u 1a tin hiéu diéu
khién, s= s(tx)1a mat trwot, ta cé hé sau:

(@) = f(t,xu) (9)
s =s(t,x) (10)
Khi thuc hién diéu khién cho hé (9), phwong

phép diéu khién truot sé dwa sai s6 e vé mat truot
s sau d6 theo thoi gian thi mat trwot s sé tién vé 0
dan dén sai s6 giao dong tai 0. C6 mot van de do l1a
can loai bo hién twong dao dong quanh mat trwot
khi bién do cua luat diéu khién trwot thay doi 16m,
trong bai bao nay rng dung ham trwot PID dé giai
quyét ton tai vira néu:

s(t)y=ée(t) +Ae(t) + 1, fote(r) d(r) (11)

Trong do6 e(t)la sai s6 gilra dap ing ngd ra va
tin hiéu mong mudn dwoc thiét 14p. A; va 4, 1a hai
hang s6 dwong. Hai gia tri ndy dwgc chon sao cho
phuwong trinh dictinh s2 + A;s + A, = 0 phai thoa
méan Hurwitz. Trong d6 s 1a bién phirc va nghiém
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clia phwong trinh phai ndm & nira bér trai cia mat
phang phirc.

Do d6, ham trwot cé thé dwoc viét lai nhw sau:
st) =7() —y(t) + 1, (r(t) —y()) +

A [ (r(0) = y(@)d(t)  (12)

V6ir(t) 1a tin hiéu mong mudn, y(t) 1a tin hiéu
ngo ra. Theo ly thuyét 6n dinh Lyapunov, chon mét
ham xac dinh dwong:

V(t) =5s(t) (13)
Phuong trinh trén cé thé dwoc viét lai
V =s(t).5(t) (14)

Dé V (t) xac dinh am:

Chon $(t) = —k.sign(s(t)) —ns(t)

Thay $(t) = —k.sign(s(t)) —ns(t) vao V(@) s&
cho ham:

V (©)= s.[k. sign(s(t)) —ns(t)] , voi k nla
hang s6 dwong chon trudec.

Hién twong chattering dwoc hiéu 1a mét chuyén
dong dao dong quanh bé mat trwot. Sy xuit hién
clia cac sai s chuyén ddi nhw do tré thoi gian
chuyén ddi hodc tinh khéng lién tuc ctia ham
chuyén déi c6 thé 1a nguyén nhan c6 thé dan dén
hanh vi dong hoc nay x4y ra gan bé mit truot.

Chattering c6 thé dan dén viéc mai mon cac bd
phan co khi chuyén dong va ton thit nhiét cao
trong mach dién. Cac vin dé vé giam thiéu hoic loai
bé chattering da dwoc giai quyét véi nhiéu phwong
phép da dwoc thiét ké. Mot trong s6 chdng, trong
trwong hop don gidn nhit, 1a thay thé ham diu bat
lién tuc sgn(s) bang mot x4p xi lién tuc, mot ham
mém mai.

Trong d6 &n nay, ta lwa chon ham tanh:

e?s—1

tanh(t) = o251

(15)

Trong phén tiép theo sé ng dung phwong
phap diéu khién trwot ki€u PID cho vong diéu
khién vi tri doc truc va diéu khién t6c d6 dong co.
3.1. Thiét ké bo diéu khién vi tri doc truc
Sai léch doc truc dwoc tinh nhw sau:

mi = F— F,

(16)
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V&i mla khoi lwong phan chuyén dong, F1a luc hit
doc truc, £z 1a lwc tai doc truc. Tt (7) ta c6:

mi = 4Kpqipiq — F, 17)

Gid stt vi tri mong mudn 1a zg,¢. Ta co:
€1z = Zpef — Z (18)
€27 = ZRef — Z (19)
Sai s6 cuia hé thong dwoc dinh nghia la:

€17 = €y

€27 = Zpef — Kraisla % (20)
Chon mat trwot c6 dang:
S(t) = é1,(8) + heg, (8) + A, J €1,(2) d(7)
$(t) = €1,(t) + A161,(t) + Aze1,(t) 21D

» 4'KFdi id F .
= GRef — —ot "+ 24 Ay, (8) + A1, (2)

véi A, va A, 1a hang s6 dwong va bo diéu khién can
lam cho s(t) dén 0. Chon ham Fx4c dinh dwong:

(22)

Theo tiéu chuin 6n dinh Lyapunop, dé hé 6n
dinh tiém can thi V < 0.Do d6 ta chon:

$(t) = —kg.sign(s(t)) —n,s(t) véik, , n, la
hang s6 dwong chon trudc.

V(s) = %sz

Tir d6 tin hiéu dau ra dong dién nhu sau:
m

. . | F ) )
la = Jepar, Zrer + o T A(rer = 2) +

+A2(Zres — 2) + kysign(s) +n,s]  (23)

Thay (23) vao (21) duoc:
) , F
s(t) = —kZ.Slgn(s(t)) —1n,s(t) + ZL
Chonk, > il

m . F
Khis(t) <0,V = s.$§=s(—k, — 1,5 + ZL) <0
Khis(t) >0,V = s.5=s(—k, — 1,5 + %) <0
Théa méan Lyapunov.
3.2. Thiét ké bd diéu khién téc d6 dong co

Sai léch gitta momen dién tir 7va momen tai T}, tao
nén gia téc bam theo dic tinh co cia dong co.
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Ham chuyén déng quay ctia déng co dwoc viét nhw
sau:

Jo =T-T, (24)
T (8) ta co:
o= L_TL_ 2Krlg T (25)
] ] J ]
Gia st toc do mong mudn la wg,¢
€y = Wgef — W (26)
Chon mat treot nhw sau:
S(6) = €0(8) + A3eu(t) + 44 J, €0(1) d(x)
$(6) = &, (1) + 236, (6) + A4e, (D) (27)

2Krig

]
véi A5 va A, 12 hdng s6 dwong va bd diéu khién cin
lam cho s(t) tién dén 0. Chon ham V xac dinh
dwong:

. . T
= &,() + 23 (@Wpef === + ) + Aueu (©)

V(s) =35 (28)

Theo tiéu chuin 6n dinh Lyapunop, dé hé 6n
dinh tiém canthiV < 0 hay:V = s(t).5(t) < 0

Do d6 ta chon: $(t) = —k,,.sign(s(t)) —n,s(t)
voik, , 1, lahang sd dwong chon truérc.

Ta c6 tin hiéu dau ra dong dién nhw sau:

, J kaing(S) tNws + wr.’.ef - + T,
lg = —

T ey P J
. A4 (Wref—w)
+(l)ref + %] (29)
Thay (29) vao (27) dwoc:

$(t) = —kw.sign(s(t)) —Ns(t) + %
Chonk, > %

Khis(t) <0,V = s.5=s(k,, — ,s + %) <0
Khis(t) > 0,V = s.$=s(—k, — 1,5 + %) <0

Thoéa man Lyapunov.

4. M0 phong va két qua

Pong co c6 cac thong s6 co ban nhw sau: khoi
lwong rotor 0,235 kg, momen quan tinh 0,000086
kg.m2; dién tré stator 2,6 Q; tir thong mdc vong Am
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00126 Wb, Lj,0 =9,6.10"°Hm, Lyy =
8,2.107°Hm, L, = 6.1073H, khe h& khong khi g
=1,7 mm. Tién hanh mé phong ciu tric nay trén
phan mém Matlab- Simulink ta thu dwoc nhitng két
qua sau.

Cim bifn w tri doc
L e ]

B diés
il i tri
doc ruc

%

Hinh 3: Cdu triic diéu khién déng co
Qua trinh m6 phdng sé so sdnh két qua cia hai
b6 diéu khién: b diéu khién PID thong thwong va
bd diéu khién truot véi ham treot ki€u PID trén doi
twong dong co TTKHDT.
Truong hop lam viéc khong chiu tdc dong cua tdi
lurc doc truc vd momen tdi,

Hinh 4 cho thay thoi gian xac 1ap ctia b diéu
khién truot véi ham trwot kiéu PID 12 0.07s con véi
b6 diéu khién PID 1a 0.14s. Pong thoi d6 thi Hinh 5
cho ta thiy dap ing t6c d6 bam theo gia tri dat gom
bd diéu khién triot véi ham treot ki€u PID 14 0.09s
va bd diéu khién PID la 0,13 véi d6 qua diéu chinh
cda bd diéu khién trirot véi ham trwot kiéu PID va
b6 PID thong thwong lan lwot 12 0.6% va 3.3%.

[ U

1

0

=——PID
=== PID-SMC

| |
5 -

Vi tri doc truc (mm)

0 012 0..4 t(s) 0:5 U:E 1
Hinh 4: Vj tri doc truc khi khéng cé tdc dong cua
nhiéu tdi
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250

PID
s PID-SMC

0 0.‘2 014 t(S) 0.‘6 018 1
Hinh 5: Téc d6 déng co khi khéng cé tdc dong ctia
nhiéu tdi

Hinh 6 va Hinh 7 cho biét dap ng hai thanh
phin dong dién trén hé toa d6 dg. Khi déng co
chay &n dinh ca vé vi tri 1an t6c do khi khong c6
tai va momen tac dong dong dién iy va i, dwoc
diéu chinh duy tri 6n dinh bang 0 v&i thoi gian
xac 1ap cia bd diéu khién trwot kiéu PID nhanh
hon so v&i bo PID thong thudng.

5
2

—
- in

Dong dién id (A)

=

—— D
———PID-SMC | |

g

0 01 02

=
tn

'
"

0.3 04 06 07 08 09

0.5
t(s)
Hinh 6: Dong dién Id khi khéng co tdc dong ctia

nhiéu va momen tdi

3
- X 0.14515
<z Y 141209
- .
=1
&
=
= ——FD
21 -1 ——— PID-SAC [
=]
S s |
=
3
4

.
n

0 0.2 08 1

0.4 I(S) 0.6

Hinh 7: Dong dién 1, khi khong co tdc dong cua
nhiéu va momen tdi
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Truong hop khi thay déi gid tri dat toc do.

Hinh 8 va Hinh 9 cho thay két qua dap &ng téc
d6 va vi tri doc truc khi thay déi gia tri dat téc do
déng co tir 100 rad/s 1én 200 rad/s. D6 thi két
qua cho thiy & bd diéu khién trwot kiéu PID, toc
do dong co tang tir 0 1én 100 rad/s sau khoang
0.08 s. Va dong co tang tir 100 rad/s 1én 200
rad/s véi thoi gian 0.09s va dd qua diéu chinh
gan nhu bang 0. Con v&i b diéu khién PID ta thiy
dong co tang tir 0 1én 100 rad/s sau khoang 0.14
s va dong co tang tir 100 rad/s 1én 200 rad/s v&i
thoi gian 0.16s dong thoi d6 qua diéu chinh 3.3%.
DPong thoi vi tri doc truc khdng thay déi khi diéu
chinh thay déi t6c do, dong dién i, déng vai tro
lam gia toc khi toc do dwgc diéu chinh.

250

=——FID
— PID-5MIC

150

100

Toc db (rad/s)

A

50

0 . . . .
0 0.2 0.4 t(s) 0.6 0.8 1

Hinh 8: Pap ttng toc do khi thay déi téc dé dat

x107%

1

0

——PID
1 e PID-SMC | |

¥

Vi tri doe truc (mm)

5

6

7 04 t(s) 06 0s 1
Hinh 9: Pap itng vi tri khi thay déi téc dé dat

Truwong hop xudt hién momen tdi tai 0,4s

Khi ta 14p thém moment ti vao dong co tai
thoi diém 0.4s lic nay thoi gian xac 1ap cia bo diéu
khién truot véi ham truot kiéu PID 12 0.07s con véi
b6 diéu khién PID la 0.13s con vi tri doc truc khéng
bi d&nh hwdng nhiéu (Hinh 10a).

0 02
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Trwong hop khi xudt hién luc tdi doc truc tai 0.2s

Hinh 10b cho ta thiy vao thoi diém 0.2s 6 luc
tac dong lac nay thoi gian xac lap ctia bd diéu khién
trwot véi ham treot kiéu PID 12 0.1s con véi bo diéu
khién PID la 0.15s, toc d6 dong co thay doi khong
dang ké.

%1073

1
0
—_— =———FID
£, PID-SMC
=
-
@ 2
=2
E=
=
o 3
e
— 4
e
5
s
¥
0 0.2 0.4 0.6 0.8 1
t(s)
280
_ 200 3 -
g
= e PID-SNC
=
£ 1m0 .
@
=
2
S 100f
s0f
0 | . ] |
0 02 0.4 0.6 0.8 1
t(s)

Hinh 10a: Pdp itng vi tri doc truc va toc do khi
c6 momen tdi tic dong
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i

e P
s PTD-SNAC

Vi tri doc truc (mm)
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-12

0.4 t(S) 0.6 0.8 1
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250 t6i wu hon so v&i bo diéu khién PID thong thuong
(Hinh 11a). Dong thi ta nhan thay rang tai do thi
200 A Hinh 11b, dong dién iq va iq clia bo diéu khién
;__,E‘ m trwot kiéu PID 6n dinh nhanh hon so véi bd PID
Z 150 thwong nhung giao dong 16n hon so véi bo PID
< thwong khi dong co chiu sy tac dong cta lwe doc

«E ool truc va momen tai.

2.5
0 1.5 ‘
0 0.2 0.4 0.8 1

t (S) 0.6
Hinh 10b: Pap tkng vi tri doc truc va téc dj khi
co lurc tdc dong.

%1073

e PID
s PID-SMC

¥i tridoe true (mm)
-

0 0.2 0.4 0.6 0.8 1

t(s)
250
100 A -
:
= s PID-SNIC
=
E s} 1
.
=
2
= 100t
s0f
0
0 0.2 0.8 1

0.4 t(S) 0.6

Hinh 11a: Pdp ttng vi tri doc truc va téc do
khi c6 momen tdi va lirc tac dong.

Truong hop xudt hién cd momen tdi va luc doc
truc.

Khi ta cho lwc tac dong va momen tai vao dong
co lan lwot tai thoi diém 0.2s va 0.4s. Ta thay thoi
gian xac lap va do qua diéu chinh ctia dong co st
dung b diéu khién trweot véi ham trwot ki€u PID
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—_—

Dong dién id (A)
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=
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0.2 0.4 0.8 1
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PID-SMC |7

Dong dién iq (A)
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4
3
2
1
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1
2
2
4
=
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4 (s)
Hinh 11b: Pdp rng dong dién id va iq khi co
momen tdi va lurc tic dong

5.Két luidn

Bai bdo trinh bay phwong phap diéu khién
tregt c6 mat trwot ki€éu PID ap dung vao diéu
khién mach vong vi tri doc truc va diéu khién toc
d6 cho déng co 6 tir khe hé doc truc. Cac tin hiéu
diéu khién dwoc thiét ké bén virng trwéc sy anh
hwdng ctia cac thanh phan bit dinh cta dong co,
vOn lam giam chat lwong dap ng diéu khién. Két
qua md phong da cho ta thiy ré dc bo diéu khién
trwot voi ham trieot ki€u PID ¢6 tinh vwrot troi va
on dinh hon han so v&i bd diéu khién PID thong
thwong. Tuy nhién, d€ nang cao sw chinh xac hon
nita thi can két hop véi cac bd quan sat nhiéu
trang thai cho hé thong.
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TOM TAT

Ngay nay, cdc hé théng diéu khién théng minh hay tri tué nhdn tao da khéng con la khdi niém. Chiing da xudt
hién va tdc dong dén hdu hét moi linh vurc trong doi s6ng hang ngay ctia con nguwdi ciing nhw sdn xudt cong
nghiép. Kha ndng thich nghi va ddp tng t6i wu véi cdc yéu cdu diéu khién la Iy do ctia sw phdt trién bung né
dé. Hiéu qud mang dén la vé cting to Ién. Vdy, co sé ctia khd ndng téi wu ddp teng do la gi? - La dir liéu. Di
liéu la kién thirc ctia cdc hé théng diéu khién théng minh. Di liéu cang Ion, kién thirc cang nhiéu. Trong bai
bdo nay, cdc tdc gid gi¢i thiéu vé thiét bi thu thdp dik liéu trong cdc hé théng diéu khién thong minh. Cdu tric,
thanh phdn cdu tao, nguyén tdc hoat déng va phwong dn thiét ké xdy duwng sé dwoc trinh bay chi tiét qua
qud trinh xdy dung thtr nghiém thiét bi thu thdp dir liéu nhiét do, dé dm moi trudong va téc dd gié trong didu
kién phong thi nghiém.

Tir khéa: Thiét bi thu thap dirliéu, Datalogger, Hé thdng diéu khién thong minh, Tri tué nhan tao, Al, Smart
Controller.

nén Al, va con nguoi dang tirng bwéc dwoc tan

1. M¢& dau hwéng nhirng hiéu qua ma Al mang lai.
Hién nay, tri tué nhan tao (Al - Artificial cLouLp |
. y . . ( Analysis

Intelligence) 1a mét trong nhirng tiéu chi dé danh

gia kha nang, mirc d6 théng minh ctia mét hé thong
diéu khién. Thyec té sdn xuat, nhu cau ctia con ngudi Datalogger
Communication

dang tao ra cac yéu cau, tiéu chi ngay mét cao hon 46,56 - S -

s 2 N h 'Y 2 A h-’\’ PR h h Lora, Nb-loT |Data|ogger1 |P | |P | |D | ==
véi cac day chuyén san xuat, thiét bi sinh hoat, .... ] 1 ] 1
biéu nay dan tdi vai tro ngay mot 1ém hon cua Al. - .

~ N , ~ o \ . Sensor e Humidity Motion ]
Cling gidong nhuw tri tué cua con nguwoi, Al hoat 3

dong dwa trén mot co s¢ dit liéu c6 vai tro nhuw la Hinh 1. Cdu tric hé théng Al
kién thirc cia né. Cung v&i thuit todn xtr 1y, chon
loc va phan tich, Al tré nén théng minh hon khi co Thu thap dir liéu la cai goc tao nén hiéu qua lam

: p g . : : .

s& dir liéu ctia n6 cang 16m, cang d4y du va chi tiét.  viéc cho AL Thét vay, vi ngay ca véi cac hé thong
Trong khong gian mang, cic thong tin dwoc thu  chwa dwoc dp dung Al, cong viéc nay van 1a vo cing
thdp qua nhitng thao tic, qua trinh sit dung quan trong, bdi khi d6, con ngwoi chinh la doi
internet cia ngudi dung. Con trong cac hé théng  twong lam thay céng viéc cia Al C6 nghia la, xay
cong nghiép va mdi treong, can c6 nhitng thi€t bi  dung hé thdng thu thip va lwu triy dir liéu chinh 1a
1am nhiém vu thu thap dit liéu, trang thai hé thdng  tién dé, budc dém, co s& dé bat cr mot hé thong
trong qua trinh lam viéc. Nhor d6, Al c6 thé thuc  diéu khién nao dé tién téi ap dung Al Trong nhiéu
hién nhirng giai phap diéu khién t6i wu. Piéu d6c6  tinh hudng, thong tin ma co s& dit liéu chira dung
nghia 13, nhitng thiét bi thu thip di liéu, co so dit  chinh la co s& dé thiét ké, xdy dwng cac hé thdng,
liéu va thuat toan la nhitng thanh phin co ban tao  diy chuyén céng nghiép.
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Vi vai tro vo cung quan trong do, & Viét Nam,
cac thiét bi thu thip dir liéu cling da va dang duoc
phét trién va rng dung rong rii trong nhiéu linh
vure khac nhau. V& méi moi trweong, khi hu cé thé
Kké t&i nhw hé théng do chat lwong khéng khi PAM
Air (hinh 2a), hé théng do mwa Vrain (hinh 2b).
Hang nghin tram PAM Air trén ca nwéc phuc vu yéu
ciu gidm sat nhiét do, do am, nong d6 bui
(pamair.org). Twong tu, cling c6 hang nghin tram
Vrain khap 63 tinh thanh phuc vu nhu ciu diéu tiét
nwéc thiy loi, ho chira, thiy dién va canh bao thién
tai (vrain.vn). Trong céng nghiép, cic hé thong
giam sat khi metan trong 10 khai thac khoang san
c6 vai tro vo cung quan trong trong dam bao do an
toan khai thac (vinacomin.vn); cac hé thong giam
sat nhiét do, van tdc, ... nham dam bao chit lwgng
san pham 1a thanh phan khong thé thiéu trong cac
day chuyén tw dong.

| [

a. Tram do chit lvong Tram do
khong khi PAM Air lrong mwa Vrain
Hinh 2. Tram do (quan trdc) théng s6 méi
truong

Trong bai bao nay, cac tac gia gi¢i thiéu mot giai
phép thiét ké, xdy dwng thiét bi thu thap di liéu
(con goi la Datalogger) c6 thé st dung trong pham
vi nha kho, nha xwéng cho dén nhitng pham vi réng
16m khong gidi han. Bé dap trng tiéu chi do, thiét bi
phai c6 dat dwgc mot s6 yéu cau sau:

- Hoat dong khong phu thudc ngudn dién lwdi dé
c6 thé 1ap dit & khu vire héo lanh

- Hoat dong 6n dinh

- K&t n6i dwoc nhiéu loai cam bién khac nhau
cho phép thiét bi c6 thé rng dung trong nhiéu bai
todn, yéu ciu, hé thong khac nhau.

- C6 thé lwu triv dit liéu tai chd va tai co s& dir
liéu chung trén Clould.

- Vira ¢6 kha ndng két néi thanh hé thong, vira co
kha nang lam viéc doc lap.

b.
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2. Xay dwng ciu truc thiét bi datalogger

Véi cac yéu cau dwoc dit ra, tirng vin dé cin
dwogc xac dinh va Iya chon giai phap phu hop. Cu
thé:

DbEé thiét bi hoat déng khong phu thudc vao
nguon dién lwdi, ngudn nang lwong sé dugc cung
cap b&i mét trod va hé thong tich trir nang lwgng dé
str dung vao ban dém. Nhw vay, b6 phin cung cip
ning luwgng sé phai gdbm pin mat trdi, 4c quy hoic
pin lithium va mo6t bé diéu khién sac.

Viéc két ndi dwoc nhiéu loai cdm bién khac nhau
cho phép mé rong déi twong (rng dung cda thiét bi.
biéu d6 doi hdi bo diéu khién trung tAm (CPU) cta
hé thong phai c6 nhiéu kha ndng két ndi théng tin.
Cac chuin tin hiéu ctia cdm bién do tip trung & mot
s6 dang mang tinh quy chuin nhw dang s6, dang
twong tw, va mot s6 kiéu truyén thong. Cung véi
yéu ciu vé su 6n dinh, CPU cta hé thong sé 1a mét
vi diéu khién da khang dinh dwoc chit lwong, hoat
dong bén bi va c6 nhiéu giai phap két néi thong tin.

Dit liéu do c6 thé dwoc Ivu tri trén Clould. Tic
13, thiét bi phai c6 kha nang két n6i mang internet.
DéE thiét bi hoat ddong ddc14p, cho phép l3p dit & noi
héo lanh, gidi phap két noi internet duy nhat 1a st
dung ha ting mang dién thoai di déng. Nhw viy,
thiét bi sé c6 bd phén giao ti€ép Sim dién thoai .

Két noi internet qua Sim di dong giup thiét bi c6
kha ning lam viéc doc 1ap ma dir liéu van duoc luu
trit mot cach hé thong. Tinh ndng nay phu hop khi
ddi twong do ndm trén dién tich rong, khong gidi
han khong gian. Trong cac trwedng hop khac, khu
vuc quan trac nhd, vi du nhw kho chira, nha xuéng,
swlam viéc doc lap cda cac datalogger la khong phu
hop. Lic nay, cac datalogger sé lién két véi nhau tao
thanh mot mang do dit liéu, va chi c6 1 datalogger
trong mang do c6 thé két ndi internet dé gii dir liéu
chung 1én Clould. Yéu cAu nay dan t&i, thiét bi sé co
thanh phian d€ két n6i mang truc ti€p cac
datalogger v&i nhau. Viéc két n6i nay nén 1a khong
day dé dam bdo tinh linh hoat cta hé théng trong
14p dat.

Trén co s& nhitng phan tich d6, thiét bi
datalogger c6 so @6 khéi ciu triuc nhw hinh 3.
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. - |
| | Module Module Module thé | |
\ Lora Sim MircoSD }
\

| g A ~ ‘
| R N I
| 1/0 s6, Truyén thong | |
| |tuwong tu, <> CPU =»12C, Modbus-| |
| Lso sanh 485, UART | |

Hé théng Pin mat tr&i, bd didu khién sac, Pin
Lithium, mach ha ap

Hinh 3. So d6 khéi cdu tric thiét bi datalogger

3. Xay dwng thiét bi thir nghiém

3.1. Xay dwng ciu tric phan cirng

Tir cAu tric datalogger xac dinh dworc, cac tac gia
thwc hién xay dung thiét bi thir nghiém dap tng
yéu cau bai toan da dat ra. Cac thanh phan duoclya
chon cho thiét bi thir nghiém goém:

Vi diéu khién PIC18f46k22 dwoc lwa chon lam
CPU cho thiét bi thir nghiém béi kha nang hoat
dong bén bi va 6n dinh ciing nhitng tinh ning s&n
c6 nhu:

64 kilo Byte bd nh¢ Flash cho phép Iwu trir cac
chwong trinh diéu khién 1én, phic tap; kich thwéc
Ram 16n 1én téi 3896 Byte va 1kilo Byte bo nh&
EEPROM cho phép lwu trir cac ddy du cic thong tin
cai dat hé thong ma khong cin thé nhé ngoai;

36 cong I/0 da chirc nang, trong d6 c6 t&i 30
kénh chuyén doi twong tw - sd 10 bit cho phép doc
tin hiéu twong tw; 6 khdi truyén thong chia déu cho
3 chuin SPI, 12C va EUSART. Ngoai ra cac I/0 ciing
cho phép thiét 14p khong gidi cac giao dién truyén
thong UART mém mot cach tuy y. Nhitng thong s6
nay cho phép kha nang thiét ké linh hoat cac I/0
cho datalogger dap (rng day du yéu cau vé kha nang
giao tiép v&i cac loai cam bién, cac module chirc
nang khac nhau (Microchip.com).

Module Lora 100mW dwoc lwa chon dé giai
quyét bai toan két néi cac thiét bi thanh mét mang
lwdi quan trac. Truyén théng Lora 1a giao thic
truyén thong khéng diy, c6 khodng cach truyén xa
& cong sudt thap, tiéu thu it ndng lwong nén rat phu
hop véi thiét bi str dung nang lwong tir pin. Cong
suidt 100mW cho phép module truyén tin hiéu v&i
khodang cach 1én t&i 3km trong diéu kién khéng vét
can, do d6, ddm bao két néi tin hiéu gitra cac tram
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v&i nhau trong pham vi nha xwéng hodc kho hang.
Module Lora giao tiép véi CPU qua giao thirc truyén
thong UART cho phép viéc két néi tré nén linh hoat
va don gian.

DE két ndi mang, thir nghiém s dung Module
Sim 4G A7670C thay vi cAc module sim pho thong
khac nhw 800 hay 900. Diéu nay la do cac module
sim kiéu cii sit dung bang tin 2G la bang tan sé
khong con dwoc cadc nha mang di dong cung cip
trong twong lai. VAn dé nay dang dan téi cac thiét
bi datalogger kiéu cii sé dwgc thay thé hang loat dé
dam bao kha nang két noi. Thiét bi thir nghiém lwa
chon phwong thirc giao tiép gitta CPU véi A7670C
qua truyén théng UART twong tw nhw module Lora
dé khong bi phuc thudc va cac module phan cirng
san c6 ctia CPU (Simcom.com).

Module thé nhé MicroSD cho phép CPU lwu trir
tai chd dit liéu thu thap dworc. Cac file lvu triv dwoc
dinh dang dwéi dang file text (.txt) nén cé kich
thudc nho. Véi kha nang giao tiép voi thé 1én tdi 32
Gbyte, lwong dit liéu c6 thé lvu triv dwoc & trong
thé 1a rat 16m, trong thoi gian dai. Module thé nhé
str dung giao thirc SPI d€ giao tiép v&i CPU.

Ngoai ra, dé tién theo doi trang thai hé thong
trong qua trinh thir nghiém, cc tac gia thiét ké mét
cOng giao tiép gitra thiét bi véi may tinh qua giao
thirc RS232 - UART.

Hé théng cung cip nang lwong cho hoat dong
cua thiét bi bao gom: Pin mit tro, bo diéu khién sac
va pin Lithium. Cac IC 8n 4p LM1117-5V duworc st
dung dé€ ha mirc dién ap tir 12VDC ctia pin Lithium
xudéng 5Vdc cung cip ning lwong cho CPU va cac
module lam viéc.

V&inhiing lwa chon d6, so d6 mach thiét ké thiét
bi thir nghiém dwoc mo ta trong hinh 4.

Ul

RAO/C12INO-/ANO
RA1/CI12IN1-/ANL

RCO/P2B/T3CKIT3G/TICKISOSCO
RC1/P2A/CCP2/SOSCI

OUTIVREF- RC2/CTPLS/P1A/CCPL/TSCKIAN1A
RC3/SCK1/SCL1/ANIS

RC4/SDIL/SDAL/ANI6
RC5/SDOL/AN17
RC6/TXL/CKI/ANI8
RC7/RXLDTI/AN19

TX_2_PC
(_2_PC
SPICS
SPI_SCK
PI_SDI_MOSI
PI_SDO_MISO
= TX_1_SIM
[——®Rx_1 SM

RA3/C:
RA4/C1OUT/SRQITOCKI
RAS/C20UTISRNQ/SST/HLVDIN/ANA
RAG/CLKO/OSC2

RAT/CLKI/OSC1

2

RDO/SCK2/SCL2/AN20
RD1/CCP4/SDI2/SDA2/AN21
RD2/P2B/ANZ2
RD3/P2C/SS2IAN23
RD4/P2DISDO2IAN24

= DO_SCL

COUNTERO 2 D1_SDA

COUNTERL & i 2
COUNTER2 2 Z

COUNTER: 11

LED_1

LED 2

PGC

PGD

RBO/INTO/FLTO/SRI/AN12
RBL/INTL/C: I
RB2/INT2/CTEDUANS
RB3/CTED2/P2A/CCP2/C12IN2-/AN9
RB4/IOCO/TSG/AN1L
RB5/I0C1/P3A/CCP3/T3CKITIG/AN13
RB6/IOC2/PGC

RB7/I0C3/PGD

RD6/P1C/TX2/CK2/AN26
RD7/P1D/RX2/DT2/AN27

REO/P3A/CCP3/ANS
RE1/P3B/ANG
RE2/CCPS/AN7
MCLRIVPP/RE3

ﬂ*. 485_CONTROL
———e vPP

18FA6K22-IPT TQFPA4

a. Pic18f46k22 dwoc st dung lam CPU
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12C_PORT
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b. Cac cong giao tiép May tinh, Module Sim,
Lora, MicroSD va Cac cong truyén thong 12C, 485-
Modbus
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c.Cacl/0 s6, twong tw va bo dém Counter
Hinh 4. So’ dd mach nguyén ly thiét bi datalogger
thir nghiém

xxxxxx

3.2. Thiét ké phian mém

Co ché hoat dong cua thiét bi la doc cac dit liéu
ttr cdm bién qua cac két noi I/0 hodc két néi truyén
thong theo mét chu ky thoi gian dat truede. Sau do,
cac dirliéu nay dwoc lwu vao thé nhé tai chd véi cac
thong tin b6 sung gdm ngay, thang, nam, gio, phut,
gidy doc dit liéu. Pong thoi, dit liéu sé dwoc giri di
qua module Sim khi hoat dong doc lap, hoac gii
qua module Lora khi thiét bi 12 mot thanh vién
trong mang quan trac. O’ ché d6 nay, vé phin citng,
CPU cda thiét bi chi két noi véi 1 trong hai module
Sim hodc Lora. Trwong hop thiét bi dong vai tro
Master trong mang quan tric 1a khi thiét bi chi c6
nhiém vu tap hop dit liéu tir cac thanh vién trong
mang qua module Lora, sau d6 lwu trit vao thé nhé
ddng thoi giri 1én Cloud. O truomg hop nay, CPU clia
thiét bi két ndi v&i ca 2 module Sim va Lora nhwng
lai khong két néi v&i cadm bién. Véi muc tiéu ban
dau la xay dwng thiét bi thu thip dit liéu, cic tac gia
chi thuc hién xay dung chwong trinh thi nghiém &
ché d6 c6 doc dit litu cam bién. O ché d6 Master,
nhiém vu ctia thiét bi don gian hon nhiéu.
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Gian do trang thai hé théng dwoc mo ta trén
hinh 5.

Bit dau

v

Khéi tao hé théng, module Sim,
thé MicroSD

Y

| Chukydocdr &

liéu cam bién
Y \
Cép nhat thoi Doc dit liéu
gian thyuc cam bién
Luu dir liéu
vao thé nhé

1

Cap nhét co s¢ dir
liéu Cloud

Y

Hinh 5. Gidn do cdc trang thdi ctia hé thong

V&i cong nghé hién nay, viéc két néi mang dé giri
dir liéu 1én Clould str dung 3 phwong thirc pho bién
1aHTTP, FTP hay MQTT. Trong thit nghiém nay, cac
tac gid st dung phwong phap giao ti€p véi module
Sim qua tap 1énh AT, cac doan 1énh gtri dit liéu dwoc
mo ta trong Hinh 6.

AT+SAPBR=3,1, "CONTYPE", "GPRS"
OK

AT+SAPBR=1,1

oK

AT+SAPBR=2,1

+SAPBR: 1,1,"21.66.182.134"
oK

AT+HTTPINIT

OK

AT+HTTPPARA="CID",1

oK
AT+HTTPPARA="URL","supan.xyz/api/dataprocess"
oK

AT+HTTPDATA=40, 10000
DOWNLOAD

OK

AT+HTTPACTION=1

OK

+HTTPACTION: 1,260,422
AT+HTTPTERM

oK

AT+SAPBR=8, 1

oK
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a) Giao thirc HTTP

AT+CFTPSSTART

oK

+CFTPSSTART: ©

AT+CFTPSLOGIN="apict@106.xyz"
,21,"dhieu", "F78~mfg73",0

oK

+CFTPSLOGIN: ©

AT+CFTPSPWD

oK

+CFTPSPWD: "/"

AT+CFTPSPUT="Hieul.txt",10

¥

Hello Hieu

oK

+CFTPSPUT: ©

AT+CFTPSLOGOUT

oK

+CFTPSLOGOUT: ©

AT+CFTPSSTOP

oK

+CFTPSSTOP: @

b) Giao thirc FTP

+CMQTTSTART: ©
AT+CMQTTACCQ=0, "hieudao/1”
OK

AT+CMQTTCONNECT=0, "apict0106.xyz",80,1
OK

+CMQTTCONNECT: 1,0
AT+CMQTTSUBTOPIC=0,9,1
>

hieu/test

OK

AT+CMQTTSUB=0,4,1,1
=>If successfully:

>

hieudao

OK

AT+CMQTTTOPIC=0,8

>

testl

OK

AT+CMQTTPAYLOAD=0,1

>

<du_lieu_cam_bien>

OK

AT+CMQTTPUB=0,1,60

OK

¢) Giao thtrc MQTT

Hinh 6. Cdc doan Iénh gtvi di¥ li¢u Ién Clould theo
cdc giao thirc HTTP, FTPva MQTT

4. Két qua thiét ké va thir nghiém

Trén mach thi nghiém (hinh 7), cac tac gia maéi
chi thuwc hién két ndi cdm bién qua hai kénh truyén
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thong1a 12C v&i cadm bién nhiét do, d6 &m SHT30 va
truyén thong Modbus - 485 v&i cam bién toc do gid
VMS-3000-FS]JT-NO1. Pong thoi st dung truyén
thong UART dé truyén thong tin hé thong vé may
tinh. CAc module dwgc két ndi gom module thé nhé
MicroSD va module Sim A7670C.

File Manager for supan.xyz
Gu v e

e - .-
Hmh 7 Thiét bi thir nghiém va Cdc di liéu lwu
trir trén Clould

Dir liéu lwu trit trén Clould theo tirng file véi tén
file dwoc quy dinh theo ciu tric gom 6 thanh phin
viét lién tiép la ma tram, ndm, thang, ngay, giov,
phut. Dit liéu cip nhit theo chu ky 5 phit mét lan.

Két qua thir nghiém cho thay, thiét bi hoat dong
rat 6n dinh, dit liéu cip nhat déu din khi cudorng do
song di dong 6n dinh. Khi thiét bi trong qua trinh
cap nhat dit liéu Ién Clould, néu xay ra hién twong
mit séng dan dén mit két ndi c6 thé lam treo
module Sim. Khi d6 module Sim cin dwoc khoi
donglai. Do d6, trwdre khi cap nhat dir liéu, can thuc
hién kiém tra cwomng d6 séng (cudong do tin hiéu).
Thuc nghiém cho thay, khi cwong d6 séng do dwoc
c6 gia tri tir 5 tré 1én va n dinh, dir liéu dé dang
dwoc cap nhat. O diéu kién séng di dong tot, gia tri
nay thwong & mirc trén 15.

Viéc str dung cac giao thirc HTTP, FTP hay MQTT
dé cap nhat dir liéu 1én Clould vé ban chit la twong
tw nhw nhau vé&i qua trinh gti di mot chudi cac ky
tw. Cac module Sim ho tro mot cach day di cac tp
1énh AT d@é thuc hién cac kiéu giao thirc nay. ' thir
nghiém nay, cac tac gia méi chi dirng lai & cac giao
tié€p mot chiéu theo hwéng tir thiét bi vé Clould. Ly
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do 13, thuec té, cac datalogger trong cong nghiép va
moi tredng thwdng hoat dong ddc 1ap. Tuy nhién,
trong nhiéu tinh huéng viéc gii théng tin theo
chiéu nguwoc lai (g 1énh diéu khién tir server
xudng thiét bi) cling kha cin thiét. Cu thé, cac tin
hiéu nhu : khéi dong lai hé théng tir xa, hodc thay
d6i chu Ky cap nhat dir liéu tir xa.... Vi yéu cau do,
chi c6 giao thirc MQTT la thwc hién dwoc va cac
module Sim ciing hd tro tp 1énh AT @€ thuc hién
dwoc cong viéc nay.

5. Két luan

Qua trinh xac dinh ciu truc, ché tao thiét bj thi
nghiém cho thay:

Xay dung thiét bi datalogger cho cac bai toan thu
thap dir liéu khong phai la vin dé qua phirc tap. Cac
thiét bi datalogger da va dang dworc xay dung, phat
trién mot cach chi ddng bang thiét bi va ky thuat
trong nwéc la tién dé cho qua trinh phét trién va
ung dung Ky thuit diéu khién hién dai trong san
xuit.

Vi sw phat trién cia mang internet, cic (rng
dung IoT dang phat trién mot cach chéng mat va

thdm nhap vao cac quy trinh san xuit va tré thanh
xu thé tit yéu ctia moi hé théng diéu khién. Nhiéu
cong ty, tdp doan lém trong nwére cling da xay dung
nhitng ké hoach rd rang, chién lwoc san xuit, kinh
doanh tip trung vao cac hé thdng thu thap dir liéu,
co's@ ha ting Ivu triv di liéu (big data) phuc vu nhu
cau ctia san xudt. P6 sé 1a déng lwc thuc ddy sw phat
trién va lén manh ctia nén cong nghiép Viét Nam.
Tai liéu tham khao
* Website:
https://pamair.org/ve-pam-air/
https://vrain.vn/landing
https://vinacomin.vn/tin-trong-nuoc/che-tao-
thanh-cong-he-thong-giam-sat-khi-me-tan-
tu-dong-8246.htm Simcom, A7670 Series_AT
command Manual (pdf)
https://nostris.ee/pdf/A7670%?20Series%20Ha
rdware%?20Design_V1.00.pdf

https://ww1l.microchip.com/downloads/en/De
viceDoc/40001412G.pdf.

HE THONG T PONG HOA DAY CHUYEN SAN XUAT, CHE BIEN CHE
XANH CHAT LUQNG CAO PHUC VU XUAT KHAU
Trinh Hai Thai »*, Pham Thi Phwong Hoa 1, Lé K& Trung 1 Vii Hoang Manh 2

1 Vién Nghién ctru Dién tir, Tin hoc, Tw dong héa, phamphuonghoa2710@gmail.com;
2 Céng ty c6 phdn tra Than Uyén, vuhoangmanhtb@gmail.com ;

TOM TAT

Bai bdo trinh bay két qud nghién ctru thiét ké, ché tao hé théng gidm sdt diéu khién tw dong qud trinh sdn
xudt, ché bién ché xanh sao ldn chdt lwong cao phuc vu xudt khdu. Hé théng do cdc chuyén gia trong nwéc
lam chu thiét ké ché tao, gid thanh thdp hon (khodng 50%) so v&i nhdp ngoai dem dén khd ndng dp dung
nhdn réng cho nhiéu nha mdy khdc tai Viét Nam. Pdy la hé thong tw dong héa hoan chinh ddu tién tai Viét
Nam do cdc chuyén gia trong nwéc thiét ké ché tao cho ddy sdn xudt ché bién ché xanh sao ldn chdt lwong
cao. Hé théng tw dong héa cé nhiéu tinh sdng tao, khéng sao chép gidi phdp ctia nwéc ngoai va dat muc tiéu
gidm gid thanh, str dung cdc thiét bi thong dung dé thay thé sira chiva. Sau khi dwa vao trng dung thuc té tai
cong ty ¢d phdn tra Than Uyén tir thdng 6 ndm 2020, hé théng dd hoat dong on dinh lién tuc dén nay. Hé
théng ndng cao d6 chinh xdc diéu khién cdc théng s6 cong nghé, dem lai nhiéu loi ich thiét thwc cho doanh
nghiép. Hé théng cé gid thanh thdp, mirc dé tw dong héa cao, c6 khd ndng canh tranh tét véi san phdm nuéc
ngodi.

Tir khéa: Tram gidm sat diéu khién hién trueong FCS, tram van hang OS, tram 14p trinh ES
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1. M¢ dau

Truéc diy Cong ty C6 phan Tra Than Uyén da cé
day chuyén ché bién ché cong suit 50 tin che
twoi/ngdy, dwoc diéu khién chu yéu bang tay, hé
théng khong ddng bd do chap va tir nhiéu giai doan
dau tw khac nhau. “Trai tim” ciia diy chuyén la hé
théng vo che, dwgc diéu khién bang tay hoan toan
(H.1) nén chat lwgng khong déng déu gitra cic mé,
tén nhiéu nhin cong. Cac cong doan quan trong
khac nhu: xao, sy, sao lin, ... diéu khién nhiét
bang cach tit/bat quat gi6 theo nguwdng nhiét do
(cao/thap) nén khong 6n dinh, nhiét d6 dao dong
16m (150 oC ...650 0oC).

Hinh 1. Hé thdng vo ché bang tay trudc diy

Trén co s& khao sat cong nghé san xuit cheé xanh
sao lan tai Cong ty C6 phan Tra Than Uyén, ching
toi da xay dung giai phap ky thuat, nghién ctiru thiét
ké ché tao hé thong gidm sat diéu khién tw dong dat
chi tiéu ky thuat sau:
Day chuyén gdm 02 module, cong sudt mdi module:
max 50 tin ché twoi/ngay/module;
San phidm ché xanh sao lan dat cac chi tiéu chit
lwong nhw sau: TCVN 9740:2013 (ISO
11287:2011); TCVN 3218:2012; dat tiéu chuin
xuit khiu;

Day chuyén san xuét ché xanh sao lin bao gbm
cac cong doan:
Cong doan bao quan che twoi;
Cong doan hip che;
Cong doan lam kho;
Cong doan sy nhe;
Cong doan vo cheé;
Cong doan siy che;
Cong doan sao lan;
Cong doan lam ngudi;
Cong doan phan loai san pham;
Cong doan diu tron;
Cong doan dong bao.
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D4y chuyén chia thanh hai nhanh (02 module)
song song dé dam bao khong bi dirng khi mét
nhanh hong, hodc san xuat 50% coéng suit khi thiéu
ché dau vao.

Theo yéu ciu dat hang, hé thdng tw dong hda phai
dwoc nghién ctru thiét ké, ché tao sao cho:

e  Gia thanh thap hon so véi nhip ngoai;
Mtrc d6 tw dong hoa cao twong dwong hé
théng ctia Nhat;

e  Thiétbi phd dung, ré, dé mua thay thé;
Hoat dong 6n dinh, tin ciy, chinh xAc;

PO bén chip nhan dwoc.

2. N§i dung chinh
2.1. M6 hinh hé théng gidm s4t diéu khién tw dong

Hé théng tw dong hoa cho diy chuyén san xuit che
xanh sao lan c6 kién tric nhw H.2. Tai cap diéu
khién hién trwong sé c6 cac tram giam sat diéu
khién phén tan FCSX.Y (X =1, 2 la chi s6 module;
Y=1,2,3,4,51achisé nhém cong doan) cho tirng
module (nhanh) va FCS6 chung cho ca hai module.
Moi tram FCSX.Y s& phu trach gidm sat diéu khién
mot hodc mot s6 cong doan bang sau:

Tram FCS | Céng doan gidm sat diéu khién
FCS X.1 Cong doan bao quan che twoi va
céng doan hip che

FCS X.2 Cong doan lam kho va cong
doan siy nhe

FCS X.3 Cong doan vo cheé va cong doan
sy che

FCS X4 Cong doan sao lan

FCS X.5 Cong doan lam ngudi va cong
doan phan loai sdn phim

FCS06 Coéng doan diu tron va cong
doan dong bao
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Thiét ké khong qua nhiéu hodc qua it tram FCS
dam bdo linh hoat trong trién khai, bé tri cac tram
FCS tai hién trueong, tiét kiém day, du kha nang x
ly ctia tirng tram, do tin cdy cao. Tuy thudc vao tirng
cong doan cu thé ma cac tram FCS c6 ciu hinh
twong tng. Ngoai ra, mdi tram FCS c6 thé két ndi
voi cac ti diéu khién nhé hon nam tai moi cong
doan dé thuin tién cho viéc thao tac.

Cac FCS déu cuing nam trén mot mang LAN nén
chiing sé giam sat chéo 1an nhau va chia sé dir liéu
dé t6i wu hoa hoat dong chung ciia toan nha may.
FCS dwoc ché tao dwa trén PLC (S7-1200) tiéu
chuin c6ng nghiép cua SIEMENS. Nhw vy dam bao
tinh mé, tuin tha cac tiéu chudn qudc té, ddm bao
do tin cay va do bén cao, dé dang va nhanh chéng
thay thé, bao tri.

Can ct trén so lwong 10 thong ké cho tirng cong
doan, can cr vao cau hinh cac PLC S7-1200 (loai ré
nhat va thong dung trén thi tredng Viét Nam), cin
ctt vao kha ning mé rong ctia mdi loai CPU S7-
1200, nhém thuc hién da lwa chon CPU-1214 dé st
dung trong dw an. Pay la mot CPU manh mitc trung
binh, gia ban chap nhian dworc trong dy an, bo nhé
da dung, kha nang tinh toan dap rng dworc cho cac
tac vu diéu khién (thoi gian thuc hién moi tac vu
thwong cd hang gidy). Tuy nhién, riéng doi véi cong
doan sao lin, do CPU-1214 hd tro s6 module mé
rong khong du dung nén da phai st dung téi 02
CPU.

Trong diy chuyén san xuit che xanh sao lan, hau
hét cac cong doan déu str dung nhiéu bién tan. Do
d6 tram FCS sé két ndi v4i cac bién tin qua mang
RS485 dé c6 nhiéu thong tin dwa vé tir bién tin, tiét
kiém day, 6n dinh, dé thi cong hon so véi dung tin
hiéu twong tu.

Tai phong giam sat diéu khién trung tdm c6 03
may tinh (H.3): 02 tram OS (Operator Station) va
01 tram ES (Engineering Station). OS Ia tram van
hanh, ES la tram thiét ké va lap trinh phuc vu céng
tac bao tri hé théng giam sat diéu khién. Trén OS sé
cai dat phan mém giao dién van hanh (HMI). OS sé
trao ddi dir liéu (thu thip dir liéu va ra lénh diéu
khién, cai dit ciu hinh) v&i cac FCS qua mang LAN.
Trén ES sé cai dat cAc mdi trueong lap trinh, go réi
(debug). Hé théng giam sat diéu khién trung tAm c6
kha ning mé rong cac tram OS clients mdt cach dé
dang bang két ndi ethernet.
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trung tim

Hinh 3. Phong gidm st diéu khién

2.2. Phin mém diéu khién PLC

biéu khién tw dong cac thiét bi chip hanh tun tha

theo yéu ciu cong nghé: Dua trén cac dir liéu do

lwong hodc/va dit liéu cdu hinh da cai dat trén PLC

dé diéu khién tw dong cac thiét bi chip hanh theo

ding yéu ciu cong nghé. Cac chirc nang chinh gobm

co:
e  Ché dd diéu khién: Diéu khién tw dong /

biéu khién tay;

Tw dong nhan dang d6i twong diéu khién

trén co s& thuit todn tw phat trién;

Tw dong cai dat tham s6 cho bo diéu

khién trén co s& thuit todn tw phat trién;

biéu khién cac vong loop (khoang 40

vong PID);

Piéu khién theo chudi trinh tu;

biéu khién logic;

biéu khién bao vé;

biéu khién khéi dong;

biéu khién dirng;

Bao dong coi, den;

biéu khién ban tw dong: Trong trwedng hop cam

bién bi héng, ngudi van hanh c6 thé hd tro b6 sung

thong tin cho hé thdng dé né cé thé tiép tuc qua

trinh diéu khién tw dong. Hé théng sé cin cir vao

ngtt canh (trang thai hién tai cta thiét bi, may mdc,

qua trinh) dé tiép tuc qua trinh diéu khién mot cach

chinh xac sau khi c6 du thong tin can thiét do ngudi

van hanh cung cap.

biéu khién luan phién: Ap dung cho cac cum thiét
bi c6 tir 02 thiét bi mac song song trér 1én, vi du nhw
cong doan sang phan loai.

Canh bao cac loai sw c6: Sai phan hoi trang thai,
vwot nguwdng gia tri do, 16i cdm bién,...;

Hé théng dwoc tich hop trén co s& cac bo diéu
khién thong dung, c4u hinh thip, nhung duoc tang
kha nang xtr ly nho cac ky thuat:

Xt ly da luong;
Diéu d6 tién trinh;
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e Anhxabd nho;

e  Tuy bién lat ct thoi gian;
- ..

Cac tinh nang néu trén cho phép giam chi phi dau
tw (khong can phai mua PLC ciu hinh manh) ciing
nhu dé dang bao tri khi hong.

Phian mém diéu khién trén PLC dwoc xay dung
trén co s& bo thw vién do nhém thyc hién tw phat
trién trong vong 20 ndm qua. Thw vién c6 gan 100
ham co s& nhw: xung dirac, b dinh thoi, diéu khién
chudi trinh tw, phat xung, loc nhiéu, truyén thong,
xtr Iy hang doi ki€u quay vong, tw chinh PID, diéu
khién vong kin, mang no ron, mé phong qua trinh,
tich phan, ...Thw vién duoc 1ap trinh bang ngdn ngit
tiéu chuén STL/SCL (chudn [EC 61131-3). Thuvién
do nhom ty phat trién, hoan toan khong dung ham
thw vién ctia hang san xuit PLC, do d6 chwong trinh
diéu khién c6 tinh kha chuyén rit cao, khong phu
thudc ching loai/phién ban PLC, khong phu thudc
hing san xuit PLC, dé dang chuyén tir chwong trinh
PLC ctia SIEMENS sang chwong trinh PLC cia ABB,
Rockwell Automation, Yokogawa, ... Hiu hét cac
ham thw vién nay da dwoc st dung, kiém chirng
trong thuec té san xuat va dwgc hoan thién lién tuc
trong vong 20 nam qua nén do tin ciy cao.

Day chuyén c6 khoang 40 10 sdy nén khoi lwong
cong viéc chinh dinh tham sé PID cho cac 10 twong
d6i 16m, hon nira, mo hinh cac 1o c6 thé thay déi sau
khi stra chira, dai tu, thay mi va can chinh dinh lai.

Hiang SIEMENS c¢6 céng cu dé tw chinh
(autotuning) tham sé PID, tuy nhién, thuc té cho
thay str dung cdng cu autotuning kha phic tap, doi
hai nhiéu kién thirc chuyén sau, khong c6 kha nang
tuy bién dé tw dong chuyén tiép tir giai doan tuw
chinh sang giai doan lam viéc binh thwong. Thuc
nghiém cho thay, néu cai dat cdu hinh chwa phu
hop cé thé lam cho autotuning ciia SIEMENS khéng
tim dwoc bd tham sé PID hodc thoi gian tw chinh
qua lau. Mit khac, md ngudn autotuning cua
SIEMENS dong kin, khéng cho phép can thiép tuy
chinh theo yéu cau thuc té khéng c6 kha nang
chuyén thuit toan sang PLC cta cac hang khac.

Vi cac ly do trén, dw an da ty phat trién thuit toan
autotuning online, c6 kha nang tw chinh trong khi
10 dang hoat dong binh thwong, it anh hudng téi
chit lwong cheé trong qua trinh tw chinh, c6 thé tw
dong chuyén tiép tir giai doan autotuning sang giai
doan diéu khién PID. Thut toan tw chinh st dung
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phwong phap nhin dang trong vong phan héi ro le

[1]. Muc tiéu cda ham nhan dang va ty chinh la tim

hai tham s&: hé s6 khuéch dai téi han K_PROCESS

va chu ky dao dong t&i han T_PROCESS. Sau khi tim

dwgc tham s6 K PROCESS va T_PROCESS, dv 4n da

thir tinh toan tham so PID theo Ziegler-Nichols va

Luyben [1] va dwa vao van hanh thyc té. Tuy nhién

chit lwong diéu khién khong dat yéu ciu (c6 sai

léch tinh va thoi gian qua do 16m). Bang thuc

nghiém, dw 4n da tim b6 tham s6 khac dé tinh toan

tham sé cho PID:

Gain= 1.0 * (1/ K_PROCESS);

Ti= 1.0 * T_PROCESS;

Td= 0.1 * T_PROCESS;

Két qua cho thiy bo tham sé tim dwogc

bang thuc nghiém dé tinh toan tham s& PID cho

chat lwong diéu khién dat yéu cau (H.4):

Sai léch tinh xap xi 0 oC;

PO qua diéu chinh khoang 2.5% - 5% ;

Thoi gian qua do khoang 10 -12 phut;

Thoi gian autotuning khoang 45 phut,
tuy nhién c6 thé két thic giai doan tw chinh sém
hon dé giam thoi gian xudng khodng 15-20
phut. Diéu nay tuy thudc vao dé 6n dinh tham
s6 ctia md hinh ddi twong, trang thai ban dau
cta lo (n6ng/nguoi).

Trong thoi gian autotuning, nhiét do0 dao dong

trong mic cho phép (+ 5 .. £10 oC) nén hiu nhw

khong anh hwdng tdi chit lwgng ché. Phwong phap

nay cho phép tu chinh online dworc.

DANG BANG \ DANG D0 TH| TRAMFCS [t -TEwP SLLs B THONG 86 [FCstaTEMPI SL LSt

Q8 *u

250 G
25 SP22200C _ A _a_ AL NAAANAANAANAAAL - - - - =

20

150 i

125

100 3

PEHUM» N Qblino

Gial doan PID hoat déng
=220 oC

Giai dogn autotuning
$P=220 oC

" i, Gisldosnkhoidonglo ]

Hinh 3. Do thi qud trinh autoruning thuc té
Két qua chay PID sau khi tw chinh nhw H.13, nhiét
d6 bam sat theo cac dwong bac thang dat trwér, dai
nhiét d lam viéc cta cac 16 gidm tir 150 oC... 650
oC (trwdc day) xudng con khoang 150 oC... 350 oC,
dem dén chit lwong ché 6n dinh va dé6ng déu hon
& cac mé, nhién liéu cling dwoc tiét kiém hon.
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Tuy nhién, phwong phap tw chinh phan héi role
con nhwoc diém la khong tw dong tim dwoc thong
sO chan (bias - gia tri nhiét do tai thoi diém ban dau
khi chwra ¢ tin hiéu diéu khién) trong mo hinh doi
twong, phai dung phwong phap thd cong dé xac
dinh thong sd bias. D€ khic phuc nhwoc diém nay,
nhém thuc hién dang phat trién thém phwong
phap nhin dang dé6i twong diéu khién dung tri tué
nhéan tao trén co s& mang no ron, nhung truc tiép
trén PLC va da thu dwoc mot s6 két qua kha quan.
Cac két qua nghién ctru theo huéng nay sé duoc
dwa vao trng dung thuc té trong twong lai gan.

2.3. Chirc ning phan mém HMI

Trén tram van hanh 0S

Hién thi so d6 cong nghé;

Hién thi trang thai hoat dong cda thiét bi;
Hién thi do thi online ctia cic théng s6
cong nghé;

e  Hién thi online trén text-box cac thong s
cong nghé;

e (Cai dit cic tham s& ciu hinh cho hé

théng;
e  Canhbdao su c6;
e  Luwu trit cac dir liéu do dac;
e  Luwu trir cac canh bio;
e Bdo cdo thong ké.
e  Trén touch screen

e (Cai dat cac théng s6 cho hé thong diéu
khién ty déng nhw: cic nguwdng hoat dong,
ngudng canh bao, bd dinh thoi, chuyén ché do
diéu khién, ...
Theo dai cac canh bao trong hé théng;
Giam sat trang thai hoat dong cta cac
thiét bi chip hanh va do lwong;

e  Giam sat cic théng s6 cong nghé chinh

3. Két qua dat dwoc

Thiét ké ché tao duwgc mot hé thong tw dong
hoa hoan chinh, hién dai, c6 mirc dé tw dong hoa
cao (twong dwong hé thong ciia Nhit) cho day
chuyén san xuit ché bién ché xanh sao lan (H.5-
H.13). iy la hé théng dau tién hoan toan do Viét
Nam thiét ké ché tao ca thiét bi co khi va hé thong
diéu khién, cho phép mét s6 cong doan chinh trong
ché bién che dwoc tw dong héa 100% (khdng can
cong nhan van hanh): céng doan vo che, cong doan
phén loai, cong doan sy che.
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Quy mé hé théng diéu khién: 13 PLC, khoang
2000 I0, 10000 tag, 40 vong loop diéu khién PID,
70 bién tan, 60 théng s6 do analog.

L e
Hinh 4. Céng doan vo che dwoc tir dong hoa 100%
U'ng dung hé théng tw dong héa da nang cao do
chinh x4c diéu khién cac thong s6 cong nghé . Sau
khi dwa vao ap dung san xuit ché dem lai nhiéu loi
ich cho doanh nghiép:
e Naing cao chit lwong che;
Tiét kiém nhién liéu (dién, than );
Tiét kiém nhan céng;
Néang cao nang sudt;
Nang cao tudi tho thiét bi;
HO tro phat hién va xtt ly sw ¢8 nhanh

Hinh 5. Man hinh giam sat diéu khién cong doan
vO ché va sdy ché

Hinh 6. Man hinh GSPK céng doan sdo ]a“n
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HE THONG ONG DUNG CONG NGHE T DONG HOA TRONG QUA TRISNH SAN XUAT NGUYEN LIEU &
‘QUA TRINH SAN XUAT, CHE BIEN CHE XANH SAO LAN CHAT LUONG CAO.

Hinh 7. Man hinh GSPK céng doan bdo qudn ché
twoi

4 SA% XUAT NGUYEN LIEU &
LUONG CAD.

Hinh 11. Man hinh giam sat diéu khién céng doan
d4u tron va dong bao

HE THONG NG DUNG CONG NGHE T\ DONG HOA TRONG GUA TRINH SAN XUAT NGUYEN LIEU &
‘QUA TRING! SAN XUKT, CHE BIEN CHE YANH SAD LAN CHAT LUONG CAO

Hinh 11. P& thi bién thién nhiét d trudc va sau
khi ap dung tir dong hoa

4. Kétludn

Hé théng ty dong hoa da giup ning cao ning
sudt, chat lwong va hiéu qua cho diy chuyén san
xuit ché bién ché xanh sao lan ctia Cong ty C6 phan
Tra Than Uyén.

Hé thong tw dong hoa cho do cic chuyén gia
trong nwéc tu thiét ké ché tao, gia thanh thap hon
(khoang 50%) so véi nhdp ngoai dem dén kha
nang ap dung nhan réng cho nhiéu nha may khac
tai Viét Nam.

DPay 1a hé théng tw déng héa hoan chinh dau
tién tai Viét Nam do cac chuyén gia trong nwéc thiét
ké ché tao cho diy san xuit ché bién ché xanh sao
1an chat lwong cao. Hé théng tw dong hda c6 nhiéu

Hinh 9. Man hinh gidm sdt diéu khién céng doan
lam khé va sdy nhe
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tinh sang tao, khong sao chép giai phap cua nwéc  Tai liéu tham khdo
ngodl, .da fiat mue tlell glam gla t}3anh,~s tr dyng cac Hoang Minh Son, 2016, Co s& hé théng diéu khién
thiét bi thong dung de thay thé, stra chira. P
A N . . R PRI qud trinh

Hé théng da dworc rng dung vao thuec t€ tai cong
ty c6 phan tra Than Uyén tir thang 6 nim 2020, da  Dién cong nghiép va diéu khién dong co', 2017, Nha
hoat dong on dinh lién tuc dén nay, dem lai hiéu xudt bdn Khoa hoc va Ky thudt
qua thuc sw cho doanh nghiép.

(’NG DUNG LOGIC MO DPIEU KHIEN M(YC TRONG HE THONG CE105

Vii Tién Manh, Bui Van Huy, Quach Pirc Cwong, Vii Thi Yén, Ngé Manh Tung *
Khoa Dién, truvong Dai hoc Céng Nghiép Ha Noi, Viét Nam, emails: vumanhZ2723@gmail.com,
buivanhuy@haui.edu.vn, quachcuong304@gmail.com, yenvt@haui.edu.vn, tung nm@haui.edu.vn

TOM TAT

Diéu khién mikc chdt I6ng trong bon chiva & cdc ddy chuyén sdn xudt cong nghiép thuc phdm va do uéng cé
vai tro quan trong, dnh hwéng dén chdt lwong sdn phdm dau ra. Hé théng bdn chira cé thé gom nhiéu bé ndi
véi nhau théng qua cdc van két néi. Vi vdy, khi vdn hanh hé théng xudt hién mét sé vdn dé nhw do tré hé
théng, sw tuong tdc cdc bé, mé hinh todn hé khéng chinh xdc va nhiéu qud trinh dnh huéng dén chdt luong
diéu khién ctia bo PID. Bai bdo nay nghién cteu va thiét ké két hop bé diéu khién PID va ly thuyét mo dé han
ché cdc ton tai trén. Chdt lwong cuia bd diéu khién dé xudt dworc kiém nghiém trén mé hinh thwc nghiém gom
hai bé

Tir khoa: Piéu khién mirc, hé théng CE105 ctia hdng Tecquipment, bd diéu khién PID, b diéu khién mo.chira
cta hang Tecquipment c6 xét dén yéu té nhiéu do van xd.

khién hé théng va dong co [12-14]. Mic du két
qua trong cac tai liéu nay déu bam gia tri dat va

Hé thong diéu khién mikc chit 16ng trong hé  thoi gian dap (rng nhanh nhung chua c6 két qua
cac binh tron 1a rat quan trong trong qua trinh  nao thu dwoc khi 4p dung trén mot mé hinh thuc
san xudt thuc phdm va do udng. Van dé ditra  nghiém c6 hé bon chita néi ti€p nhau. Vi vay,
trong cac hé thong nay yéu cau 6n dinh mitc chdt  trong nghién ctru ndy, nhém tac gia tap trung tim
16ng trong bé chita & gia tri yéu cau. Pa c6 métsé  hiéu va thiét ké b didu khién logic md két hop
bai bao [1-4] da st dung bo diéu khién PID  bg diéu khién PID dé diéu khién muc chit 16ng
truyén thong dé diéu khién cho hé théng. CAcbd  trong binh tng dung trén déi twong thuc 1a hé
diéu khién ma nhitng bai bao d6 dwa ra gitip cho  théng CE105 Coupled Tanks [15]. B diéu khién
hé théng 6n dinh, tuy nhién, dip &ng van con  dé xuit c6 kha niang nhanh chéng dwa mirc chat
cham va kha nang kém linh hoat trong viéc diéu  16ng dat gia tri dit va luén 6n dinh, nhdm dam
chinh cac théng sd. Trong khi d6, phwong phdp  bao cung cap chinh xac lwong chat 16ng cho cac
diéu khién mo khong phu thudéc vao md hinh  qua trinh cong nghiép nhw san xuat thudc, chung
toan ctia doi twong, do dé ngwoi thiétké dwatrén ¢4t tinh luyén...ngay ca khi hé théng c6 tham s8
kinh nghiém van hanh diéu khién doi twong dé  thay déi, gbc mé clia cac van. K&t qua ctia bd diéu
dwa ra quy luat tinh toan tin hiéu diéu khién phtt  khién Fuzzy-PID sé& dwoc so sanh véi két qua cda
hop, tlr d6 c6 thé khac phuc dwoc sy kém linh  bai bdo [1] trong trudng hop khi lwu lwgng van
hoat ctia by PID [5-11]. Viéc sit dung bd diéu  x3thay d6i hodc khi c6 yéu cau thay d6i mirc chat
khién mo-PID da dwoc ap dung nhiéu trong diéu  16ng. Tir d6, dwa ra nhan xét vé thoi gian dap tng
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va do 6n dinh ctia bo diéu khién logic mo két hop
PID dé xut trong bai béo.

2.M6 hinh thyc nghiém CE105

Hé thong thuc ma nhém tac gia sir dung nghién
ctu la CE105 Coupled Tanks cua hang
TecQuipment. Trén hé thong c6 mét may bom, mot
cam bién luwu lwong, hai cdm bién mic (1V twong
trng 25mm) va ba van xa A, B, C. Cac van xa c6 do
mé& thay déi tir 0 dén 5 (twong rng 0% dén 100%).
Van A nam & gitra hai binh d€ diéu chinh luwu lwong
chit16ng tlr binh 1 sang binh 2.

Binh 1 Binh 2

Lwu
Iugng ke

':E

Mic o

=

gy

Tin hidu mic

|
binh 1 \

Van A

Tin hiéu Wi
Iwu luon;
binh 1

Tin hiéu diéu
khién déng co
bom(0->10V)

Hinh 1. M6 hinh thi nghiém diéu khién mirc CE105

Ban diu, gia tri dau vao la mirc nwéc A7 qua bd
chuyén doi K7 thi gia tri mc nwée sé dwoc quy doi
sang dién ap u1. Gia tri dién ap u7 sé dwoc dwa vao
b6 diéu khién, d4u ra ctia bo diéu khién 1a dién ap
dat cho may bom ctia hé théng. Két qua dau ra cia
hé thong dwa vao b chuyén doi K2 dé cho ra tin
hiéu m&c 22bam theo tin hiéu A7 dwa vao ban dau.

3. Thiét ké b6 diéu khién
DE diéu khién hé thong mikc, bai bao dé xuit st

dung bd diéu khién mo két hop bd diéu PID dé tao
ra luit diéu khién Fuzzy- PI nhw hinh 2.
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hl —ul g

Hé
thong
CE105

K1
Fuzz¥

u2

Hinh 2. Ciu tric diéu khién hé théng mirc
Trong ciu triic Hinh 2, bd diéu khién mo véi hai
dau vao 1a eva de/dt va mot dau ra. Tin hiéu diéu
khién tac déng téi doi twong 1a téng cla tin hiéu
diéu khién mo véi tin hiéu tir bd Pl tao ra.
m!dhap ) thap ' ' trung‘-binh ’

cao rat

input variable "e”

rat-cham nhanh rat-nhanh

input variable “de”

Hinh 3. Mo héa diu vao e va de

Cac bién dau vao va dau ra dwoc lam mo va duoc
chiaralam 5 trang thai : rat cham, cham, vua, nhanh,
rat nhanh.

Luat m¢ cho bd diéu khién mo 1a yéu t6 quyét dinh
dén chit lvong cia bd diéu khién dé xuit. Trong bai
bao nay, dwa trén hé thyc nghiém, nhom tac gia da
tién hanh thr nghiém rat nhiéu lan trén hé thuc
nghiém CE105 dé tim ra duwoc ludt diéu khién mo
phu hop, két qua dwoc trinh bay & Bang 1. Sau khi
xay dung dwoc bo diéu khién mo, két hop voi bd
diéu khién PID 4p dung phwong phap t6i wu héa
modun cho mo hinh toan cta hé thong [1] dwoc hé
s6 K p=15, T_I=0,008. B6 diéu khién Fuzzy-PI diéu
khién mic dwoc hoan chinh.

Bdng 1. Bing ludt cho bo diéu khién mo
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» ) Truomg hop 1: Gid tri dit khong doi
Rat Thap | Trung | Cao | Rat : K =
thap binh cao ! :
g = ————]
Rat Thap | Thap | Trung | Cao | Cao i
cham it binh it
Cham | Thap | Trung | Caoit | Cao | Rat . . e =
it binh cao Hinh 5: Ddp ting mikc chdt Iong khi gi tri A3t 13
12
Vua Trung | Caoit | Cao Rat | Rat Smm
binh cao | cao Tr d6 thi trén hinh 5, dap tng mic chat16ng can
thoi gian 1a 85s dé dat gia tri dat, vdi sai s6 khong
Nhanh | Caoit | Cao Rat Rat | Rat dang ké. Nhu viy, bd Fuzzy-PI dé xuit dap trng
cao cao | cao dwoc yéu ciu diéu khién 6n dinh mirc nwéc véi do
qué diéu chinh nho.
Rat Cao Rat Rat Rat | Rat Truong hop 2: D€ danh gia kha nang bam gia tri dat
nhanh cao cao cao | cao ctia hé théng, qua trinh thwc nghiém dwoc tién

4, Két qua thwc nghiém

Hinh 4. Hé théng thuc nghiém diéu khién mic

M6 hinh CE105 cta Tecquipment dwoc két néi
may tinh thong qua card CE120 nhw hinh 4. C4u
trac diéu khién dwoc xdy dwng trén phin mém
Matlab/Simulink. Trong Hinh 4, tin hiéu mic chit
16ng dworc do tir cdm bién va truyén téi Card PCle-
6321 cta NI. Man hinh hién thi gidm sat cac do thi
dap ng dau ra. Tin hiéu hé thong thu thip duwoc
thwc hién theo ciu truc trén phin mém
Matlab/Simulink véi chu ky 14y mau 7s= 10ms.

DPEé kiém nghiém chit lwong ctia hé théng diéu
khién, qua trinh thwc nghiém dwgec tién hanh theo
ba truwong hop sau day.

54

hanh bing cach thay d6i mitrc nwéc tai 125mm,
175mm,70mm.

80

—Giatidat |
——Bap tng mire|

8 B8 8 ® 8 8
— T

Mo nur

8
T

200 20 0 30 0 50 500
The qian (s)

Hinh 6: Pap ting ctia mic nwoc tai ba gid tri dat

i ™

—— Saikch
—— Tin higu didu khidn ||

Bign 2p (V)

Hinh 7: Tin hiéu diéu khién va sai Iéch khi thay déi
gid tri dat

Hinh 7 cho thiy, tin hiéu diéu khién ludn dat gia tri
16n nhit 10V & nhitng thoi gian dau trong khodng
thoi gian qua do. Nhw vay, dap ing mirc c6 kha
nang nhanh nhit ting 1én gan véi gid tri mong
mudn. So sanh két qua cta bo diéu khién Fuzzy-PI
vGi bd diéu khién PID [1] thu dwoc bang 2:



&k

2023

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA
(MEAE2023)

Bdng 2: Chdt lwong cia bd Fuzzy-PI voi b PID khi
mikc chdt Iong thay doi

125mm 175mm 70mm
Pl | Fuzz | Pl | Fuzz | PID | Fuzz
D | y-PI D | y-Pl y-PlI

bo | 34| 208 | 42 | 1,3% | 106 | 2,2%

qua | % % % %

dié

u

chi

nh

Tho | 80, 74 86, 36 104, | 79,5

i 1 2 7

gia

n

Xac

lap

Qua bang 2, tai ca 3 gia tri dat, bo Fuzzy-PI déu

gidm dwoc do qua diéu chinh va thoi gian xaclap so
vGi bd diéu khién PID truyén théng. Nhw vy, cho
thiy toc do ctia bd diéu khién da dwoc cai thién
dong thoi sai s6 xac 14p nho khoang 0,7%.
Trwong hop 3: D€ danh gia kha ning 6n dinh trudc
cac nhiéu bén ngoai, qua trinh thuc nghiém dwoc
tién hanh bang cach thay d6i goc mé clia van xa C
tai ba vi tri nhw trong bang 3.

| =——0ip img mirc

Hinh 8: Pdp tng cia mirc chét 16ng khi ¢6 nhiéu
tdc dong
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Hinh 9: Tin hiéu diéu khién va sai Iéch tai nhiing
14n thay déi dé md van.

So sanh két qua khi c6 tac ddng nhiéu cta bd diéu
khién Fuzzy-PI v&i bd diéu khién PID [1] thu dwoc
bang 3. Hinh 9 cho thiy, khi goc m& van gidm tir
80% xudng 10%, dap &ng mirc c6 xu hudng tang
1én, tin hiéu diéu khién nhanh chéng sut giam vé
gan 1v dé1am giam mic thuce t&. & chibu nguoc lai,
khi g6c mé tang tir 10% 1én 60%, mirc chat1dng cd
xu hwéng giam dwdi gia tri dat, khi 4y, tin hiéu diéu
khién ting lén 5,8V dé kéo mirc thyc té ko giam
nhiéu so v&i diém mong mudn

Bdng 3: Chat lwong cuia hai b diéu khién khi goc

md& van thay doi (80%- 10%- 60%)

80% 10% 60%
PID | Fuzz | PI | Fuzz | PID | Fuzz
y-PI | D | y-PI y-PI
bo | 3,4 | 226 | 8 6% 12,3 | 1,44
qua | % % % % %
diéu
chin
h
Tho | 72 68 87 | 29,5 | 127, | 16,5
i 8
gian
Xac
lap

Tl bang 3, so sanh vé d6 qua diéu chinh va
thoi gian xac 14p hai b diéu khién, thi bd diéu khién
Fuzzy-PI da gidm dworc ca hai gia tri so véi bo PID.
Nhu vy, khi c6 tic ddng cta nhiéu tir van x3, bd
Fuzzy-PI van dap (rng t6t d€ gitp hé thong 6n dinh
nhanh chéng véi sai s6 xac 14p nho.
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5.Két ludn

Bai bao trinh bay thiét ké bo diéu khién mo két
hop bo diéu khién PI dé c6 luat diéu khién Fuzzy-PI
cho hé théng diéu khién mirc. Két qua thuc nghiém
cho thay bd diéu khién Fuzzy-PI dé xuit da ning
cao chit lwong diéu khién mirc chit 1ong khi c6 sw
thay d6i cia goc mé van xa. Ngoai ra, bo diéu khién
Fuzzy-PI di khic phuc dwoc mot s6 nhwoc diém
ctia bd PID truyén thong nhw gidm do qua diéu
chinh va rut ngan thoi gian xac 1ap. Tuy nhién can
ti€p tuc nghién ctru va thiét 14p cac dir liéu mo dé
phat trién luat diéu khién mo t6i wu hon niva trong
cac cong bé tiép theo.
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(NG DUNG WEBSERVER DIEU KHIEN GIAM SAT MO HINH
THU'C HANH TRUYEN DONG CHINH MAY DOA 2620 SU
DUNG BO PIEU KHIEN PLC S7-1200

Nguyén Xuan Quynh **, Dinh Thi Hing 2, D6 Trung Hiép3, Nguyén Hitu Giang3, Pham Thi Lan3
1Khoa Pién, Trirong Pai hoc Cong nghiép Ha Noi
2Khoa Dién, Trurong Pai Hoc Kinh T Ky Thudt Cong nghiép Ha Noi
3Trung Tam Viét Nhat, Trirong Dai hoc Cong nghiép Ha Noi
*Email: nxquynhhaui@gmail.com

TOM TAT

Thuwc hanh Trang bi dién la mén hoc chuyén nganh ndm trong chwong trinh dao tao cdc nganh Céng nghé
ky thudt nhw Dién - Dién tit, Diéu khién, Tw dong héa. Ky ndng nay ciing dwoc dao tao trong cdc linh viec nghé
bao gém Dién ddn dung va céng nghiép, Tw ddéng héa. Muc tiéu ctia mén hoc la hoc vién biét cdch ldp rdp,
stra chiva, diéu khién cdc mach dién tir don gidn dén phitc tap, ttr mach dién co bdn dén mach dién ctia mdy
cdt got kim loai, mdy ndng vdn chuyén va cdc thiét bi diéu khién str dung PLC va man hinh cdm tng HML Tur
nhiing kinh nghiém trong viéc gidng day mén hoc nay ciing nhw nhu cdu thuwec tién ctia xd héi hién nay, chiing
toi dd nghién ciru va xdy dung hé théng Webserver diéu khién va gidm sdt Mé-dun thyc hanh truyén déng
chinh mdy doa 2620 str dung bd diéu khién PLC S7-1200. Mé-dun dé xudt khéng chi c6 thé thuc hién phwong
phdp diéu khién céng tdc niit nhdn vat ly truyén théng ma con thwc hién diéu khién tw déng qua man hinh
cdm trng HMI va diéu khién tir xa théng qua trng dung ctia mdy chii web va bg diéu khién logic khd trinh PLC
$7-1200. Két qua thir nghiém cho thdy chirc ndng diéu khién qua Webserver dwoc thuc hién linh hoat, chitc
ndng gidm sdt cdc cdc théng sé dién ndng qua Webserver trwc quan phtt hop véi xu hwéng phdt trién céng
nghiép hién nay.

Tir khéa: PLC, HMI, vi diéu khién

hop v&i ndi dung tirng bai, diéu khién thuan tdy
1. Pit van dé str dung cac khi cu dién dong cat thong thuong
bang nit 4n vatly [1],[2]. Nam bat dwgc nhu cau
Trong xu th& hoi nhap toan cau, dit nwéc ta  thuc tién, nhém téc gid da nghién ctru &ng dung
dang budc vao giai doan thuwc hién céng nghiep  PLC S7-1200 két hop man hinh cam tng xay
hoéa hién dai h6a, bat ct nganh nghé k§ thuatnao  dung Webserver diéu khi€n, gidm sit mé6 hinh
ciing cin dén tw dong hoéa. Hién nay, v6i sw phat ~ diéukhién truy:én dong chin}} may doa,Z 620. May
trién clia cong nghé s6 héa, cac diy chuyén ty lam viéc cd ché do diéu khién déng cat bang tay
doéng dwoc ng dung ngay cang rong rii trong  Vva ché do tw dong, qua dd, ngudi hoc khong chi
san xudt. Cac doanh nghiép san xuit luén tw cai  hiéu dwoc nguyén ,1}" lam viéc ctia may & ché do
tién cong nghé, hé thdng may méc ciia minh d&  diéu khién déng cat thong thwong ma con tng
tao ra nhitng san phm c6 chit lwong tdt nhit, gia ~ dung dwoc hoc phan PLC dé xdy dung chuong
ca canh tranh nhit. trinh diéu khién may mét cach tw dong dwa trén
Hién nay, cé rat nhiéu tai liéu hoc tip, gido nguyénlydaco
trinh viét vé may doa 2620, nhiéu mo6 hinh thyc
hanh cho sinh vién vé may doa nhwng méi chi
dirng lai & cac thiét bi roi dwoc 1ap vao ban bang
cac vit bat gb, thwong bi tho ra lap vao dé phu
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Hinh 1. M6 hinh thuc hanh mdy doa 2620
2.Xay dung mo hinh thyc hanh may doa 2620

2.1. Yéu ciu cong nghé

- Truyén dong chinh may doa 2620 dwoc thuc
hién tir dong co khong dong b xoay chiéu 3 pha
2 cap tdc d6 bang cach thay ddi day quin cudn
stato dong co A/YY (thay déi tir toc do6 1450 lén
2900vong/phut).

- Pong co truyén dong chinh dwgc him nguoc
thong qua role t6c dd gan trén truc dong co.

- C4c diéu kién ban dau dam bao may lam viéc &
hai cip tdc do 1a khéa chuyén mach 1KH va 2KH
kin.

2.2. Lyra chon phwrong an, thiét bi diéu khién

Xuat phat tir yéu cau cong nghé, nhom tac gia
da phan tich, tinh todn lwa chon phwong phap
diéu khién va céc thiét bi st dung trong mé hinh.
Cu thé: déng co truc chinh, bom diu, bom nwéec,
gat phoi, PLC S7-1200, CPU 1214 DC/DC/DC,
modul m¢& rong analog cho PLC S7-1200, man
hinh cam rng diéu khién giam sat SAMKOON, hé
théng déng hé do téc do, dong ho do dong dién,
dién 4p va céc role dong cat, bao vé, bién tré
ham...
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a. Chon dong co truyén dong.

M6 hinh mach dién truyén dong chinh may
doa yéu ciu dao chiéu quay, bom nwéc lam mat
va hit phoi trong qua trinh gia cong, tir yéu cau
cong nghé d6, nhom tac gia lwa chon:

- Pong co truyén dong chinh M1 cong suit
0.75kw

- Ddng co bom dau M2 céng suit 0.37Kw
- Pong co bom nwéc M3 cong suat 0.37Kw
- Dong co gat phoi M4 cong suit 0.37Kw

b. PLC S7-1200

Nham dap tng dugc yéu cau diéu khién va
chi phi trong thwc té 4p dung, nhém tac gia lwa
chon str dung PLC Siemens S7 — 1200 vé&i cac tinh
nang dap wng dwoc yéu ciu diéu khién va giam
sat dwoc deé ra.

B0 diéu khién lap trinh PLC S7-1200 dwoc
thiét ké theo dang compact CPU dwgec tich hop
san cac ngd 1/0. Tuy nhién PLC S7-1200 van
dwoc trang bi thém cac module /0 dé mé rong
kha nidng cua PLC. PLC S7-1200 véi thiét ké nhd
gon, da nang, don gidn nhwng mang dén do chinh
xac cao trong hé théng tw dong.

Hinh 2. PLC S7 - 1200 CPU 1214DC/DC/DC

Nho vao cac module mé rong ma PLC S7-
1200 c6 thé dugc tuy chinh hoan hao cho tirng
ng dung cu thé. Pic diém ndi bic cua dong
Simatic S7-1200 d6 la dwoc trang bi giao tiép
cong Ethernet, truyén thong Profinet ddm bao
cac thiét bi va cac thanh phan trong hé théng hoat
dong cing nhau mot cach tin ciy va chac chan.
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c¢. Man hinh diéu khién gidm sat Samkoon
Chtrc ndng: bang diéu khién cho cac twong

tac gitra ngwoi va may, ngwoi van hanh co6 thé
diéu khién cac thao tac trén d6. Ngoai ra man
hinh con dung dé hién thi cac trang thai cing nhw
cac tin hiéu hoat dong cta may va thiét bi tuy
thudc vao nhu ciu nguoi dung.

Cac thong sé:

MODEL: SK-070HS

Dién ap nguon: DC24V (£15%)

+ Tich hop c6ng Ethernet, cho phép két noi
truc tiép véi PLC S7-1200

Hinh 3. Man hinh diéu khién gidm sat

cd Khéi @ong ho6 do va hién thi

- bong ho6 do da chirc nang MFM383AC - Selec
do va gidm sat cac thong so dién: dong dién, dién
ap, cong suit, cos phi, theo thoi gian thuec té.

- Pong h6 da nang Hanyoung RP3: do toc do
ddéng co truc chinh thong qua role téc do.

PULSE METER

N s

Hinh 4. Péng hé do

d. Khéi thiét bi Cong tic to va role [3]

Chtrc ndng: déng, md cung cip dién cho dong
co.
- Tinh chon Cong tac to:
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+ Chon cong tac to dong cat cho dong co
truc chinh M1c6 Pdam = 0,75kW; Uam= 380V

Xac dinh dong dién tinh toan

P 750 =1,7 (A)

= ﬁ.udm.cosw.n=ﬁ380.0.85.0.78
biéu kién chon: U dmcrr = 380V
Ucd = Uak = 220

lamctr = ITT = 1,7A

It

Tt cac diéu kién trén chon Cong tic to
GMC40 c6 Uam = 500V; Ucd = 220V: Iam= 40A.
C6 3 ti€ép diém chinh va hai cdp tiép di€ém
mach diéu khién.

+ Tinh chon cong tic to dong cat cho dong
co bom diu, bom nuwéc, hiut phoi c6 Pam =
0,37kW; Udam= 380V

Xac dinh dong dién tinh toan
_ P _ 0,37
T VB.Ugm.cosp.n  +/3.380.0.75.0.71

biéu kién chon: U dmcrr = 380V
Ucda = Uak = 220
Iamctr = ItT = 1,05 A

Chon Céng tic to GMC09 c6 Uam = 500V;
Ucd = 220V: lam= 9A. C6 3 tiép diém chinh va
mot cap ti€p diém mach diéu khién

It

=1.05 (A)

- Tinh chon Ro le nhiét

+ Tinh chon rolc nhiét dé bao vé qua tai cho
dong co truc chinh 1M

l«=17A
ltarn=1,2.1,7 = 2,04A
Udmrn = 380V

Chon role nhiét loai MEC GTH22 c6
Udm =500 (V); La=1,6-2,5(A)



HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA
(MEAE2023)

Hinh 5. Cong tdc to va rofle.

e. Kh&i niit bA4m va chuyén mach

- Nut 4n: dong cat mach dién hodc 1 s8 loai qua

trinh trong diéu khién. (s6 lwong 05)

- Chuyén mach: d(’)ng cat mach dién khi dap

ng duz(rc nhitng yéu cdu can thiét. (s6 lwong 04)
KH6H JT B&va CHUYEN MACH _ ]

Hinh 6. Nit b4m, chuy&n mach

f. Khéi bién tré phy

- Thay déi gia tri dién trd, st dung trong qua
trinh hdm dong co truc chinh (s6 lwgng: 03). Dai
dién tro: 0-470 Ohm

Hinh 7. Khoi bién tré
2.3. Sor d6 bd tri thi€t bi trén mo hinh thuwc hanh

Tt yéu ciu cong nghé ctia may, nhém tac gia
xay dung mo hinh thwc hanh may doa 2620:
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Hinh 8. Sor d6 bd tri thiét bi trén mé hinh thurc
hanh

Trén mo hinh c6 thé thwc hién dwoc ca ba
phwong an diéu khién:

- Phwong 4n thir nhit: diéu khién bang cach
st dung truec tiép cac nut 4n diéu khién dat trén
mo hinh.

- Phwong an thir hai: S&t dung man hinh cam
trng HMI dé diéu khién.

- Phwong &n thir ba: tng dung Webserver diéu
khién va gidm sat mo hinh tir xa.

Duéi diy, nhom tac gia sé trinh bay cu thé noi
dung &ng dung Webserver diéu khién mé hinh
may doa 2620 va quan ly, gidm sat dién nang str
dung trén mo hinh.

3. Thiét k& giao dién diéu khién maiy doa 2620
trén webserver

3.1. Viét chwong trinh PLC cho mach diéu khién
may doa 2620 trén TIA Portal [4],[5],[6].

Thuat toan chwong trinh chinh

an.0=0

ca.a=1
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Buwoc 5 :Chon add new device

Bwdc 1: Tiv man hinh desktop nhdp dup chon
biéu twgng Tia Portal V16

Devices & by @ Show all devices
| networks i

Tl
=4

TIA Portal
V16

. Add new device

Bwoc 2 : Click chudt vao Create new project dé
tao dv an.

e stics o~ @ Configure networks

Bwoc 3 :Nhap tén dy an vao Project name sau do
nhén create

Chon Cpu 1214 DC/DC/DC ( chon cpu dwa trén
- hiéu s0 trén mat PLC ma ta str dung )

Buwoc 7 Project méi dwoc hién ra

Bworc 4: Chon configure a device

First steps

Project: “project3” was opened successfully. Please select the next step:

I

D& két ndi dwoc ta can tich vao muc connection
mechanisms .

N ] Configure a device
\ s Write PLC program

I ] Configure an HMI screen

61
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e ey
1] B XWX ADHED S e LBE x

Buwréc 8 Vao muc program blocks

[ T ——— [P ———
Ml 3 XX 900 ABERO S e S LRE x “ il

e Budc 2:Vao muc connection mechanisms Da bat
' PUT/GET hay chwa néu chwa ta thyc hién bat va
kiém tra lai chwong trinh b3ng cich nhin
Compile

Sau d6 chon Main {0B1} va bat dau viét chwong
trinh .

Buworc 9:Viét chwong trinh

Chiwrong trinh diéu khién mdy doa:

A S A -
) o . - . a1 i o N D\I [] -A fe@uwm S O
;"J — Buwoc 3: Do chwong trinh 1én PLC S7-1200
L Két néi PLC va phan mém bang c6ng WAP/LAN
va chon vao biéu twgng dowload trén thanh cong
* Metwork 2: Cl.l
A A B A A A :.'":(,L"..':I e A DR Ra s Sk AR 7 i,
> m «)_‘ s _ B
| = il =
Chon ciu hinh Type of the PG/PC interface va
= PG/PC interface nhw hinh dwéi sau d6 nhan chon
.
load

Tipe fthe PGAC ineriace:
PGC intertace

3.2. D6 chwong trinh tir phin mém tia portal 1én

PLC §7-1200 =
Bwdre 1:Kiém tra lai IP cta PLC

Chon start all nhw hinh vé va nhan finish
62
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Load results

9 Status and actions after downloading to device

Status ! Target Message Action
@ v P Downloading to device completed without error.
1 » Startmodules Start modules after downloading to device. ™ sweral

Cancel

sl oo

]

3.3. Thiét ké giao dién digu khién may doa 2620
trén Webserver

Buwoc 1: M phan mém Notepad++

notepad_83
3_64bit

Bwoc 2: tao 3 file 1an lwot dit tén 1a: Index.html,
10.html, style.css bang phAn mém notpad++. Va
tai file jquery-2.0.2.min. Cho 4 file vao chung mot
thu muc

Y 1 s | web
Home  Share  View
« + 0 > ThisPC > Downloads * New folder * Web
# Quick access
B Desitop € incex
o
# Downloads = N
3 jquery-20.2min
3 Dowments
+| sty
& Pictures

Do an tot nghiep
Lugn wan it nghiép
servertest
Web

= This PC

B 30 Objects

B Deskiop

Documents

Bwdc 3 mé file Index.html bang phin mém
notpad++ va viét code tao giao dién trang web
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Budc 4: mé file 10.html bang notepad++ va viét
code dé gan cac bién tir PLC 1én Webserver

ihRREERRIEERERANS ©

Budc 5: Mo file style.css viét code dé chinh kich
thwdc, mau sic,....cia nit 4n va dén bao

& Csers\ADMINDownloads\New folderWeblstyle.css - Notepads
Tép Chinhsla Timiém Xem Bienma Ngonngl Thiétdst Congoy Vilenh Chay Tonhcaichm Clfas 7

¢ mplax BF(=0E
| Hvee o R

o CRrY IR e e »

3px 4px Opx Opx #3dc2lb;
d:linear-gradient (to bottom, §44c767 5%, #5chf2a 100%);

4px;

1px solid #18ab29;
5:inline-block ;
:pointer;

HEEEELSE;

ize:20px;
Opx 10px;

ion:none;
Opx ipx Opx $2£6627;
}

Buwoc 6: vao chwong trinh may doa 2620 trén
phin mém Tiaportal

Chon devices & networks -> properties -> Web
server -> User defined pages
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PLCTTCPUT T 214CDODTDCT
| General 10 tags System constants Texts
b Pulse generators (PIOPWM) | Seerdeied [a
| ser-define es il
Startup P29 q
Cpcle
Communica tion load HTML directory: | C:\Users ADMINDownlosds ew folderieb
System and clock memory Defalt A page: [indexhomi
¥ Vb server )
fr— | #pplication name: Webzerver
Automatic update ‘ Status:
User management L Generate blocks Delete blocks
Watch tables ’
v Userdefined pages =l . Advanced
#dvaneed
Entry page
Overview of interfaces: Files with dynamic content: | _ham; hti
Mulingual support Web D8 number: 333 ]
Time of dey =
| fmeotdsy ] fragment D8 start number: 334 =l |
< n }) e M
o Cancel

+ Trong phan HTML directory
chira 4 file code da tao bén trén

chon thw muc

+ Default HTML page: chon file Index.html
+ Application name: dat tén Webserver
+ Chon vao Generate blocks -> Yes

+ Chon Entry page -> UP1

General

10 tags | System constants Texts

¥ Pulse generstors (FIOPUMY A
startup
Cycle
Communicztion load

Entry page

Selectentrypage: P! M

System and clock memory

» Vieb server
Genersl |
Automatic update «
User management L
Watch tables ’

v Userdefined pages
#dvanced

Multlinguzl suppert
Time ofday
< n

v

B

0K Cancel

-
“ (e} 4,
[er]
i) MO HINH DIEU KHIEN MAY DOA 2620 QUA WEBSERVER
. o e
- CEEEE— @6 oo
(]
: © © © ©
&
. (OBNOBNORNS)
.

eee e
fal

Hinh 9. Két qud giao dién diéu khién mé hinh
mdy doa 2620 trén Webserver

4. Thiét ké hé théng quan ly va gidm sat dién nang
trén mo hinh

4.1. Truyén thong RS485 véi dong ho selec
MFM383A-C

Buworc 1: Trén TIA chon loai CPU PLC ma mo6 hinh
dang st dun

Buoc 2 click vao PLC va chuyén sang phin
Properties, chon vao phin System and clock
memory va click vao 2 muc system memory bits
va Clock memory bits

P 3] (100

Vao chwong trinh chinh Main OB1

Chon communication -> Webserver -> WWW va
cai dat nhw hinh

Y NEWUIK I}
W
EN ENO
908333 o
"08 333"~ CRL_DB RET.VAL — g '

Két qua giao dién trén Web server
64

QProperties [ Info_0)[ % Diagnostics

Otags | System constants | T
| System and clock memory
System memory bis

A erable the uze of syzvem mamary b

Agéoess ofsystem memary e
[

Fintge: 1O

Disgpesne st thenged: i
Anaye 1 hight.
Ay 0 flow): %1 3 (A FALSE]

Clock memory bits

[ Euable the use of dotk memary byte
Ageiz of cock mamary by
ey 0

10 Keclock: | WAG.0 (Dock_10K)

Shadlotk: WD | (Oock_Sh

28 Keclock: | WA

pr
125 eclotk:

1 Keclock

0625 Haclotk: W06 (O

Bwdrc 3:vao Main OB1 dé viét chwong trinh
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Buwoc 4: Trong phan Instructions chon vao muc
Communication -> Comunication Processor ->
MODBUS

» [] Pointto-point V1.0 g
b [ uss Vi o
v [ MODBUS V22
4 MB_COMM_LOAD  Configure porton the P... V1.0 ]
3 MB_MASTER Communicate via the P... V1.0 [v! Z
3 VB_SLAVE Communicate via the P... V2.1 ;‘
» [7] GPRSComm: CP12427 Vi3 1
» [ TeleSenvice V19 =

Buwéc 5 kéo 2 kh6i MB_COMM_LOAD va
MB_MASTER vao chwong trinh

SETE I TE

| L ER Gl G ST

1T

< 5 5 T

Bworc 6: Chon vao Add new block chon Data block
an OK
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e m
- s
® ..
s
3 o
: =
CAE N
=R ——
-
p—
> | Aditional information
[ ——— 3| [ add newand open. o Cancel
— ME aper

Buwoc 7: Trong phan Data block, tao cac dia chi dé
truyén théng nhw hinh

[ ——————
¥ H s x oo ABGEE

[ RS

tesbtcbeobbete Eq

Buwdc 8 Trong Main OB1 nhép cac thong so:

T
o Lexb oe
"FirstScan ME_COMM_LOAD
I —" eno
enmon —
269
sTaTus
rorr
sauD
PaRITY
FLow cTRL
ATs_on_our
ATs_oFF_pLY
REsPTO
wonz
MB_MASTERDB" — MB_DE
- Network 2:
w082
MB_MASTER DB
MB_MASTER
en eno
o5 OONE —
GostHr e I
——t———=o EnmoR —
M8_AODR sTATUS
MooE
DATA_ADDR
< DATALLEN
won3
-Dum_blos1- — DATALFTR

Budc 9 Download chwong trinh xuéng PLC va
bat Monitor all

K&t qua cac théng s6 dong ho do da dwoc
glri vé may tinh théng qua truyén thong Modbus.

Totaby Integrat
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Neme Deta type Offset | Startvelu Morstor vah o Accessiblef.. Writs.. | Visblein . | SetpointCom ~ N x N R RN N A
a- = : Ll Sl van hanh dé dang hiéu dwoclaila so d6 P&ID, doi
I @ 8l 0 > - - -
Sias i 0 =] ] g @ : : ~ ¢ Y <
ek - s e e khi lai muon thwc té hon, mau sac hon...
a-s feal 120 =] @ = " .
£ @ Real 160 - =] =
7@ Real 00 @ 4 @ )
5 Qs Real 40 =] 2 @ — =
s a-s Real 80 - =) v
=M a4 8 @8 @ e .
as Real 360 0 =] =] v AT
2@ feel 00 - = 1=
Q- Real “o 08303728 B - =l - o e
ia-x Real 480 0.04259792 - = -
a-s el $20 004746326 0 - =] =] 0
Q- Real 560 0.04691933 =] =] -
as Real o o1es208 0 9 8 B - 5
Q. Real 840 0.1882852 0 - = - 0
sa@s Real &80 0.1836704 - v v
a-s sl 720 0.1800903 =) = = - 0
na-s Real 760 0.1822008 = =] 1=
Qs Real 00 0.1780923 =] =l 1= P
sas Real 80 01373619 [~ ] ] @ | ]
das feel 0 osssT =] =] =] =
) R 920 05395875 0 - v - a

Hinh 10. Két quad do cdc thong s6 dong dién,
dién dp, cong sudt tic dung, céng sudt biéu kién
dworc givi vé mdy tinh théng qua truyén théng
Modbus.
4.2. Quan ly va giam sat dién nang trén mo hinh
a. Quan ly giam sat dién nang qua SCADA
Thiét ké hé théng gidm sat va diéu khién
hé théng SCADA bat dau bang viéc xac dinh s6
lwgng trang man hinh va méi quan hé gitra cac
trang dé bat dau thiét ké hé thong.
» L@ Local modules
v g PC-System_2 [SIMATIC PC station]
i [IY pevice configuration
% Online & diagnostics
= = [} HMI_RT_1 [WinCC RT Professional]
: IIY pevice configuration
Y Runtime settings
- __E| Screens
B Add new screen
¥_1 Man_hinh_chinh
[] man_hinh_dieu_khien_dong_co
[[] man_hinh_giam_sat_cong_suat
[] man_hinh_giam_sat_cosphi
[C] man_hinh_giam_sat_dien_ap
[] man_hinh_giam_sat_dong_dien
[[] man_hinh_giam_sat_su_co
» -Eﬂ Screen management

Hinh 11. Thiét ké Giao dién gidm sat qua SCADA
- Thiét ké giao dién trang man hinh chinh
Introduction

Trang man hinh chinh (Start Screen)
thong thwong dwoc st dung cho nguwoi van
hanh c¢6 mot cach hinh dung téng quan vé hé
théng dang thwc hién gidm sat va diéu khién.

- Thiét ké giao dién trang man hinh phu

Tuy chon theo quy m6 va yéu cau cia ngudi
str dung ma nguwoi thiét ké lwa chon cach thiét ké
giao dién cho phu hop. P6i khi cach dé cho ngwoi

Hinh 13. Thiét k€ giao dién trang man hinh phu

Qua trinh thiét ké HMI/SCADA nén chia
thanh 2 giai doan: thiét ké giao dién va gin tag
qua trinh. Tuy nhién, tuy thudc vao cach thirc
quan ly ctia mdi ngudi ma c6 thé thwe hién cling
mot lic 2 giai doan trén hay tach biét.

- Thiét ké biéu do Trend hién thi théng sé'va Bing
hién thi gid tri

Vao phan Toolbox -> Controls-> chon f(t)
trend view va Table view

B 7V[Controls =
B8 [
&% e |
2R e
e =

Hinh 13. Thiét ké biéu dé Trend hién thi théng
s6'va bdang hién thi gid tri
Trong f(t) trend view chon Properties-

>Trends->add news -> nhip cac thong so
cin theo doi

Properties | Animations | Events | Texts
i N \
_3 Fropeny st Tends I
Genenal LI l=lre =
= KRAT
Appearance L "’_ :
o Vi.. Name Lsbel Style Datasource  Data ranoe Timeaxs |y
“\;;c" L@ o 7w foong sat_ e ;’mez i
Diagans E @ et Jtong suatPha.. Dagam ) Tmewis ||
P b @ mac A longowtPhe. [utosiz]  Disgum  Tmeais
) adiren
Value s
Trends t
Tet omat !
) Toolbar q n 3
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Hinh 14. Biang nhidp thong sé cin theo doi

Trong phan Data source chon Source type:
Logging tabs. Tag: gan gia tri hién thi twvong ng

Data source |Bmmnge {Dilgums |Timems a[(],
- [:cng_suat\Ph{:] [Auto-size] E Diagram_1 E Time axis =
Data source
Source type:

Tag:
Update cycle:

| cong_suatiPha_A

i o]

Hinh 15. Bing gdn gid tri hién thi twong trng

Trong Table view chon Properties -> Value

A WinCC-Runtime -

TRUGNG PATHOC
KINH TE - KY THUAT CONG NGHIEP [tk o |
wen  University of Economics - Technology for Industries (UNETT)
EERE L TEL R K
222
3
220
T oam 10:45:45 AM 10:45:30 AM 10:45:15 AM 10:45:00 AM 10:44:45
— 022 3/30/2022 3/30/2022 3/30/2022 3/30/2022 3/30/2022
< 1
+ 10:46:57 AM
T tabie view =
03, AT T E I EE
[ _[Timecolumn ______ [PhaA _______ [PaB S . Y
115 | 3/30/202210:46:55 A 220.199996948242 220.19999694824
1 220.199996948242 220.19999694824
3/30/2022 1 56 AM 220.199996948242 220.19999694824
2022 10:46:57 AM 220.210006713867 220.21000671386
3/30/2022 10:46:57 AM 220.210006713867 220.21000671386
@ 3/30/2022 10:46:58 AM  220.220001220703 220.22000122070
< >
[Ready _Row120 & 10:46:58 AM

Hinh 17. Biéu d6 dién ap

A WincC-Runtime -

TRUGNG PAI HOC

. KINH TE - KY THUAT CONG NGHIEP o ioh
Columns -> Data source -> source type: Lo gging wwen University ofEconomics - Techsology for ndusires (UNETT) S
o .
tabs, Tag: Chon gia tri twong trng OEnwmnaa el OWELE
| 04-
Table view_1 [Online table control] [ Properties  |"jInfo )| % Diagnostics 8 {
Properies | Animations | Events | Texts I
2 Propenylst \alve oo B 00} =
D0OAM  10:18:00 AM  10:15:00 AM  10:12:00 AM  10:09:00 AM  10:06:00 AM  10:03:00 AM 1
General u E — 2022 3/30/2022 3/30/2022 3/30/2022 3/30/2022 3/30/2022 3/30/2022
Hppearance =S Ready  10:40:03 AM
i . Vi Name Label Style Datasource  Timecolumn  Format ayouth.. | —
@ ma [ conguat ] i coam [ putofomat [ Feomy) | [ S - (]
Vnkow Xl /ONMOB@MN &6 [ F
o %@ e EEB oo suwtPhe.. Tmecomn  [Autofomat]  Mextonk] et Pha A [Pha B TPhaC T
—— 18 mc [ icong sustte.. Tmecomn  Jumbmat]  Tetonb] 52| 3/30/2022 1039555 AM  4.065966978669176:02  451316796243191e-02
cAdd new> 3/30/2022 10:39:56 AM  4.05029095709324e-02 4.48655635118484e-02
Valve columns | 3/30/2022 10:39:57 AM  4.05029095709324e-02. 4.48655635118484e-02
Text format 3/30/2022 1 S8 AM  4.07244823873043e-02 4.48636300861835e-02
| 3/30/2022 10:39:59 AM'  4.09258753061295e-02 4.46589440107346e-02.
? Toalbar o 3/30/2022 10:40:00 AM  4,09258753061295e-02 4.44284118711948e-02
'_ ¥ Status bar ‘ o 3/30/2022 10:40:01 AM  4.04375940561295e-02 4.46388050913811e-02
Data (] L] Il 4 3/30/2022 10:40:02 AM  4.07696180045605e-02 0.044651173055172
e ¥ 1 3/30/2022 10:40:03 AM  4.07696180045605e-02 0.044651173055172
Row 60 #F 10:40:03 AM

Hinh 16. Bang chon gid tri tvong trng

Sau khi gan Link va sap xép bd cuc, giao dién
gidm sat sé dugc két qua thwec té khi giam sat:

A WInEC Rurdime. - o x

@ TRUGNG PAI HOC

KINH TE - KY THUAT CONG NGHIEP

University of Economics - Technology for Industries (UNETT)

Man Hinh Chinh

bl 2 dong dien
Ll LA s IS Y
Lo

0.808281242847443
0.807167497615814

0.799374997615814
0.807187497615814
0.807187497615814)
0.799374997615814
0.799374997615814
0.799374997615814

0.805000007152557
0.805000007152557
0.805000007152557

zrazzazizz

i EEASE S

Row 60 o 10:35:49 AM

Hinh 17. Biéu do dong dién
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Hinh 19. Biéu dé céng sudt

A WinCC-Runtime -

o] TRUONG DATHOC
N®/ KINH TE - K¥ THUAT CONG NGHIEP

University of Economics — Technology for Industries (UNETI)

Man Hinh Chinh

=
oo 0 cong sudt
LIl ARFPI DN S
10
05
p——

BM  10:40:00 AM  10:30:00 AM
3/30/2022 3/30/2022

10:20:00 AM
3/30/2022

10:10:00 AM
3/30/2022

10:00:00AM  9:50:00 A
3/30/2022 3/30/202
# 10:47:56 AM

o3 /OHAOEAm S |
Pha

| [Time column |PhaB PhaC |
|53 | 3/30/2022 10:47:49 AM  0.229062497615814 0.25076562166214
54 | 3/30/2022 10:47:50 AM  0.229765623807307 0.253671884536743
55 3/30/2022 10:47:51 AM __ 0.229012504220009 0.250365614891052
56 3/30/2022 10:47:52 AM  0.228535935282707 0.25076562166214
57 | 3/30/2022 10:47:53 AM  0.228535935282707 0.25076562166214
58 3/30/2022 10:47:54 AM  0.229012504220009 0.252918750047684
59 3/30/2022 10:47:55AM  0.229312494397163 0.252165615558624

3/30/2022 10:47:56 AM  0.229562506079674 0.251365631818771

E
®
»
o

£

Row 60 ¥ 10:47:56 AM

Hinh 20. Biéu d6 cos phi
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Hinh 21. Biéu d6 canh bdo su c6

Hinh 22. Xem lai lich st biéu do6

Viéc gidm sat bang SCADA thuan tién cho viéc
theo doi cac thong s6. gidm sat cac thong s dién
theo thoi gian thyc té, theo doi cac thong s dién
nang qua viéc do lich si, phat hién cac sw co dién,
dé dwa ra cac giai phap khac phuc phu hop.

b. Quan ly giam st dién nang qua Webserver

V&i muc dich ty dong giri bao cao div liéu
thoi gian hoat dong cia cac dong co st dung
trong mo6 hinh may doa 2620 ra file excel thuan
tién cho qué trinh quan ly va giam sat thong so
dién nang theo thoi gian thwe cia m6 hinh. Nhém
tac gia da di nghién ciru, thiét k€ Webserver dé
trng dung cho qua trinh quan ly va giam sat dién
nang ma mo hinh st dung. Trén TIA portal, viét
chwong trinh diéu khién:

N e e e e e e o EEeee—"mTm

*  Network 2:

¥  Network 4:

we7

*DataLogClose_
oe*

DatalogClase
EN ENg ——————

*DatalogClose_
*DataLogWrite_ DONE —4 08" DONE
DB* STATUS

s ———m=

*data_logging_
create” D

“DataLogClose_
BUSY —iDE" BUSY

“DataLogClase_
i ERROR —¢DE" ERROR
“"DatsLogClose_
STATUS — DB" STATUS

Két qua dat dwoc:
- K&t qua dién nidng ma mo hinh s dung dwoc
giam sat theo gia tri tirc thoi:

5 cio e I

NN

Hinh 23. Pién nang ma mé hinh st dung dwroc
gidm sdt theo gid tri tirc thoi
- Dt liéu dwgc ghi lai bang file excel qua
DataLogger

le

Viéc tng dung Webserver dé diéu khién va
giam sat mo6 hinh may cat got kim loai va cong
nghiép dung chung la can thiét phuc vu cho nhu
cau hoc tip, nghién ciru va cip nhéat kién thirc
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méi, cong nghé méi cla sinh vién va giang vién  [1]. Vi Quang Hoi, Nguyén Vin Chit, Nguyén

nganh CNKT Dién, Pién tir va CNKT DK va TbH. Thi Lién Anh, (2012). “Trang bi dién -
Nguwoi hoc d}rqc tirng budc tiép cép voi cépg dién t¢ may cong nghiép dung chung’,
nghé san xuat hién dai trong thuc t€, géop phan NXB Gido duc.

nang cao chat lwong nguén nhin lwc dau ra cda [2]. Vii Quang H5i, (2015). “Trang bi dién -
chuong trinh dao tao. dién tlr cAc may cong nghiép, Tap 1,27
5. Két lu4n NXB Gido duc,

Nhom téc gid da &wng dung Webserver [3]. liharrl Van Ch(’i'“B‘\li Tin I:Iﬁ:}l' Nguyéf}
két hop bd ditu khién logic kha trinh PLC Tién Ton, (2008). “Khi cu dién”, Nha xudt

thwc hién diéu khién tir xa mé hinh mach ban Khoa hoc va ky thut.
dién truyén dong chinh may doa 2620 va [4]. Tran Van Hiéu, (2019).“Twy dong h(l)?il PLC
giam sat cac thong s§ dién ning trén md S7-1200 v¢i TIA PORTAL”, Nha xudt ban
hinh. Chirc ning diéu khién qua Webserver Khoa hoc vd ky t{zuét. o
dwoc thye hién linh hoat, chtrc ning gidam sat ~ [°]- "Erén Van Hiéu, (2018)."Thiét ké hé
cac cac thong s6 dién ndang qua Webserver thong mang Truyén thong cong nghiép
trwc quan phu hop véi xu hwdéng phat trién voi TIA PORTAL", NXB Khoa hoc va ky
céng nghiép hién nay. thugt.

e ven R [6]. Tran Van Hiéu, (2019). “Thiét ké hé
Tailiu tham khdo théng HMI/SCADA véi TIA PORTAL”, NXB

Khoa hoc va ky thuat.

(*NG DUNG MACH VI PIEU KHIEN ARDUINO GIAO TIEP VOT MATLAB
GUI CHO BAI TOAN DPIEU KHIEN VA GIAM SAT NHIET B0

Ding Vian Chil*, Nguyén Thé Luc 2, Phan Thi Mai Phwong3

mail: dangvanchi@humg.edu.vn

Trwong Dai hoc M6 - Pia chdt, Ha Noi
TOM TAT

Card do lwong diéu khién va giao tiép vdi giao dién trén Matlab dang dworc stv dung rdt phd bién trong cdc
Trwong Dai hoc va cdc Vién nghién civu trén Thé gidi. Vi chire ndng két néi cdc thiét bi ngoai vi va mdy tinh,
ddc biét dworc trng dung phd bién trong cdc linh vuec do lwong gidm sdt, mé phdng cdc hé diéu khién robot,
cdc hé co dién tir... Tuy nhién viéc nghién ctru, phdt trién va trng dung cdc loai Card nay & Viét Nam con chwa
dwoc phdt trién do gid thanh rdt dat va phdn mém Matlab yéu cdu phdi cé bdn quyén. Bai bdo dé xudt gidi
phdp st dung vi diéu khién Arduino dé thay thé, dworc cho la phit hop trong céng tdc nghién ctru thiét ké, phdt
trién cho cdc bai todn do lwong va diéu khién giao tiép véi Matlab GUIL Két qud nghién citu cho phép tng
dung Arduino dé thay thé cho mét s6 loai Card Matlab co bdn hién nay trong cdc bai todn vé do lwong, gidm
sdt va diéu khién doi twong nhiét

Tir khéa: phan mém Matlab, Vi diéu khién Arduino, Matlab GUI

1. Mé& dau
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Matlab 13 tén viét tit cla tir Matrix
laboratory, diy la mét phdn mém cung cip moi
trwong dé tinh todn s6 va lap trinh, dwoc thiét ké
b&i cong ty MathWorks. Matlab Online sé cho phép
tinh todn s6 v&i ma tran, cling nhw vé do thi ham so6
hay 1a biéu d6 thong tin, viéc thuc hién thuit toan,
tao ra cac giao dién nguwoi dung va dong thoi lién
két voi nhitng chwong trinh may tinh viét dwa trén
nhiéu ngon ngit 14p trinh khac.

Matlab dwoc dung dé gidi quyét cac bai toan vé
gidi tich s6, hay la x( 1y tin hiéu s6, x(r Iy d6 hoa ma
sé khong phai ldp trinh c6 dién nita. Hién nay,
Matlab Online c6 dén hang ngan 1énh va nhiéu ham
tién ich. Ngoai cic ham cai sn & trong chinh ngén
ngit, Matlab Online sé con cd cac lénh va ham &ng
dung chuyén biét & trong cac Toolbox dé c thé mé
rong moi treomg Matlab, nham giai quyét dwoc cac
bai toan thudc vao cac pham tru riéng. Cac Toolbox
nay kha quan trong va con c6 cac tién ich cho nguoi
dung nhu 1a todn so cip, hay la x( 1y tin hiéu s6, x{
ly anh va xit Iy am thanh, todn ma trdn, cac thuat
toan vé logic logic mo, cic thuit toan vé Al va mang
no ron nhan tao...

Matlab Ia ngon ngit ldp trinh bac cao (Script)
v&i cac 1énh diéu khién, cAc ham, hay 1a ciu tric di
liéu, dau vao/dau ra va cling nhuw 1a cac dac diém
cua lap trinh huéng déi twong. N6 cho phép viéc
“lap trinh quy md nhd" nhanh chéng bang cach tao
ra phan mém, cling nhuw 1a viéc “lp trinh quy mé
16n” d€ tao cac chwong trinh 16m, phirc tap...
(https://www.mathworks.com)

Cdc chirc ndng ctia Matlab bao gom:

- Matlab 1a mot ngon ngir 1ap trinh cao cip dé
tinh to4n s6 va phat trién &rng dung.

- Cung cap mot moi trwong twong tac dé diéu
tra, thiét ké va giai quyét cac van de.

- N6 cung cip mot thw vién 1én cac ham toan hoc
dé giai cac ham s6 tuyén tinh, thong ké, phan tich
Fourier, loc, t6i wu héa, tich phan va phwong trinh
vi phan binh thuwong.

- Matlab cung cip cac biéu do tich hop dé truc
quan héa dir liéu va cac céng cu dé tao biéu do tuy
chinh.

- Cung cap cac céng cu phat trién dé tang kha
nang bao tri chit lwong ma va t6i da hda hiéu suit.

- Cung cdp cac coéng cu dé xay dung (rng dung
bang giao dién d6 hoa tiy chinh.
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- Céc chirc nang dé tich hop cac thuit toan duwa
trén Matlab vé&i cac rng dung bén ngoai va cac ngén
ngtt khac nhw C, Java, NET va Microsoft Excel...

Matlab dworc str dung hdu hét trong cdc viéc nhw:

- Xtr ly tin hiéu va truyén thong.

- Xtr ly chat lwgng hinh anh, video.

- U'ng dung tinh toan tai chinh, sinh hoc.

- U'ng dung trong kiém tra, tinh toan va do
lwong.

- Xay dung hé théng diéu khién ...

Nhuw vay viéc rng dung ctia Matlab kha rong rai,
dwgc str dung nhw cong cu tinh toan trong linh vuc
khoa hoc va ki thuat: cong nghé, toan hoc, héa hoc,
vatly... Tuy nhién cong tac dao tao & cac treong Pai
hoc & nuére ta hién nay méi chi han ché & mirc do
mo hinh héa cac doi twong do va mé phdong cac
phwong trinh toan, cac thudt toan trén co s& ly
thuyét. Viéc giao tiép voi cac thiét bi ngoai vi nhw
cic cam bién, thiét bj do lwong hay véi cac co cau
chip hanh con han ché. Mot phin nguyén nhan la
nhirng Card giao tiép chuyén dung cua Matlab c6
gia thanh rat cao, chwa dwgc dau tw dong bo. Mat
khac phan mém Matlab c6 ban quyén c6 gia thanh
cling rat dat. Trong khi d6 cong tac gidng day va dao
tao & cac Truwong ké ca gidng vién va sinh vién van
c6 thoi quen dung cAc phan mém mién phi, phan
mém crack va khdng c6 ban quyeén...

Nhirng bat cip trén s& khong con 1a van dé nan
gidi v&i dé xuat irng dung VDK Arduino dé thay thé.
Viéc (rng dung vi diéu khién Arduino dé giao tiép
truyén théng v&i Matlab GUI dé thuce hién cac bai
toan vé do lwong va diéu khién bang may tinh sé
khic phuc dwoc nhitng khé khan trén va dic biét
rat nhanh chéng va thuén loi khi xay dung, trién
khai nhitng dv an.

Vi diéu khién Arduino hién nay dwoc cong
dong nghién ctru va sinh vién & cac Truedng DPai hoc,
cao dang str dung kha phd bién do nhiéu wu diém.
Vi ddc diém la gia thanh rat ré, phin mém c6 ban
quyén clia hing dwoc cung cAp mién phi, duwoc cap
nhat thwong xuyén va ngon ngir 1ap trinh don gian,
dé hiéu. Trong phan mém dwoc hang phat trién
nhiéu &rng dung thuec té rat co ban, dé hiéu va co6
hwéng dan twong minh, dic biét kha ning ho tro
ngudi hoc tw nghién clru va phat trién cac dv an,
cic y twong thue té. Mot diac diém tién ich khac
ciing la wu diém khi dung Arduino so véi cic dong
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VDK khac 1a ngwoi hoc khong can phai lam mach.
Bo mach Arduino rat da dang day du cac tinh nang
ctia nguoi dung VDK can c6: nhw cac cong In/Out
Digital/Analog, cac cdng thu phat xung toc do cao,
PWM, két noi truyén thong véi PC rat don gian qua
cong USB ... va mot wu diém khac nira 1a cic phan
mém nhw Matlab, LabView hién nay hd tro' mién
phi Driver cho tit ca cac dong VKD Arduino nay.

Vi vy bai bao dé xuat nghién ciru VDK Arduino
dé giao ti€p v&i Matlab GUI, (rng dung cho bai toan
diéu khién va giam sat doi twong nhiét. Két qua
nghién ctru khing dinh viéc thay thé Card Matlab
cho cac (rng dung do lwong diéu khién bang may
tinh 1a hoan toan kha thi. Pac biét thich hop cho
cobng tac giang day, nghién ctru trong cac Vién, cac
Truong Pai hoc voi chi phi thap. Pong thoi cung
c4p mot giai phap don giadn, dé thuc hién, dam bao
cac yéu cau vé cong nghé, ky thuat, tinh hién dai
trong cac bai toan do lwong, diéu khién giam sat
bang may tinh.

2. Vi diéu khién Arduino va truyén théng trong
moi trrong Matlab (P.Q.Huy, N.T. Hiéu, 2016)

2.1. Vi diéu khién Arduino

Hién nay trén thi trudng c6 nhiéu phién ban
VDK Arduino nhw Arduino Uno R3, Arduino
Mega2560, Arduino Nano, Arduino Pro Mino,
Arduino Lenadro, Arduino Industrial... duéi day
gioi thiéu phién ban Arduino Uno R3(hinh 1) dwoc
str dung dé giao tiép voi Matlab.

Hinh 1. Bo mach Arduino va cdp giao tiép USB

M@t sé théng s6 ky thudt ctia Arduino UNO R3:

- Chip ATMEGA328P-PU

- Ngubn Cap: 7-12V

- 14 Chéan Digital I/O (6 chan PWM)

- 6 Chan Analog Inputs

- 32k Flash Memory

- 16Mhz Clock Speed
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-  SRAM 2 KB

- EEPROM 1 KB (http://Arduino.vn)

Arduino Uno R3 1a mot board mach vi diéu
khién dwgc phat trién bdi Arduino.cc, voi nén tang
dién tr ma nguoén mé chu yéu dwa trén vi diéu
khién AVR Atmega328P. Phién ban hién tai cla
Arduino Uno R3 di kem vé1i giao dién USB, 6 chan
dau vao analog, 14 cng s6 /0 dwoc st dung dé két
ndi véi cac thiét bi ngoai vi. Trong d6 ¢6 14 cong1/0
va 6 chan dau ra PWM . Arduino Uno R3 dwoc két
néi truc tiép véi PC thong qua USB dé giao tiép voi
phan mém lap trinh IDE, twong thich véi Windows
dé str dung va thich hop véi cic ngdn ngit 1ap trinh
nhw C va C ++ dwoc st dung trong IDE. Ngoai USB,
ngudi dung c6 thé dung nguodn dién ngoai dé cip
nguon cho bo mach.
2.2. Truyén thong giita VDK Arduino vé&i
Matlab

G6i hd tro cia MATLAB cho Arduino sé& cho
phép viét cac chwong trinh trén MATLAB dé thuc
hién viéc doc va ghi di liéu vao Arduino va két ndi
vGi cac thiét bi ngoai vi. Cac loi ich chinh cta viéc
str dung MATLAB dé€ l4p trinh Arduino la:

Poc va ghi dit liéu tir cdm bién ma khong can
phai doi bién dich ma. Phan tich dit liéu tir cAm bién
bing cach st dung hang nghin chitc ning duoc xay
dung trwdc dé tinh toan, xtr Iy tin hiéu, mo6 hinh
toan hoc ...

Nhanh chéng va dé dang thuc hién viéc xay
dwng va phat trién mét hé théng do lwong - giam
sat va diéu khién bang giao dién trong méi treong
Matlab

GO6i hd tro MATLAB cho phan ctirng Arduino
cho phép nguoi dung st dung MATLAB® dé giao
tiép v&i Arduino® théng qua cap USB. Gdi nay dwa
trén mot Server chay chwong trinh trén Board.
Chwong trinh nay thuc hién cac 1énh di va dén qua
cong ndi tiép. Goi nay hd tro cho cac loai Arduino
Uno, Arduino Mega 2560 va Arduino Due. Hon nita,
céch tiép cin nay giup ngwoi dung cic tinh nang
sau:

- Bat dau lap trinh ngay 14p tirc ma khéng can
bét ky hop cong cu b sung nao.

- Lam viéc truc tiép trong moi treong MATLAB
dé phat trién cac dv an.

- Phét trién cac chwong trinh, giao dién dé thu
nhin tin hiéu twong ty va tin hiéu s6. Péng thoi
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thwc hién cac thuit toan diéu khién da dang va
phtrc tap nhw diéu khién déng co AC/DC, dong co
Servo va dong co budrc...

- Truy cép cac thiét bi ngoai vi va cdm bién dwoc
két noi qua 12C (Two-Wire Serial) hodc SPI (Serial
Peripheral Interface).

- Chay cac vong diéu khién & tin s6 1én dén 25
Hz (khong phai thoi gian thuec).

- Thiét ké va xay dung cac hé co dién ti, cac hé
do lwong, giam sat, x ly tin hiéu va cho cac hé
thong thi nghiém dién - dién ti ...

2.3. Cac khdi chirc nang co’ ban trong thw vién
Arduino I/0 ctia Matlab, bang 1 (Pang Van Chi &
nnk, 2021).

Bdng 1. Cdc khdi chirc ndng co bdn ctiia Matlab

ARDUINO Arduino Digital Read:

Tl d | Doc gia tri digital tir

Pin 8 pin dwoc chon, tra vé
Digital Input giatriOva 1.

Arduino Analog

Input: Doc gia tri ADC

trén cac dau vao

analog cia Arduino.

ARDUINO Board Arduino UNO

FAVAN » | c6 thé bién doi dién

pin: 4 ap twong ty 0+5V twr

dau vao twong tuw
A0+A5 thanh gia tri
s6 10bit nén khoi nay
sé nhan dwgc gia tri

Analog Input

tir 0+1023.
ARDUING Arduino Digital
> I Output: Xudt gid tri
Pin 9 digital (0 va 1) vao

Digital Output pin dwoc chon

Arduino Analog
Output: Xuat gia tri
ARDUIND t(z‘l cac dau rZ Adnz%log
cua rduino.
2 N Arduino st dung
DACO thanh ghi 8bit nén gia

Analog Output tri cua khdi Arduino

Analog Write nhén
dworc tir 0+255
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Arduino 10 Setup:
Dung dé thiét lap
ARDUING E\eg@ (CONl{I) port cﬁ?
rauino. guol suw
== dung phéi khai bdo
Port 0 cho Matlab Dbiét
Serial Transmit Arduino du’()’c K&t néi
vao cOng giao tiép
nao.
ARDUING
Chlrc ndng diéu ché
? ﬂ_ﬂ_ﬂ. do rong xung (PWM),
Pin: 5 chansé 5
PWM
ARDUIND
I12¢€ patap | Chirc nang doc dir
Ms?:\?::r E';: d liéu truyén thong 12C
I2C Read
ARDUINOG
‘,,))) X Ultr,asonic Sensor:
Khoi doc tin hiéu tir
cam bién siéu Am
Ultrasonic Sensor

3. Thiét ké xay dwng mé hinh
3.1. Tinh chon thiét bi

- Dé thir nghiém giao ti€ép truyén thong voi
Matlab, doi twong diéu khién duoc st dung la 1o
nhiét dién trér dwoc dac kin bing bé tong c6 kha
nang gilr nhiét tét. Bén trong dat Sensor nhiét va
thiét bi gia nhiét, 10 dwoc thir nghiém véi muc dich
on dinh nhiét do theo gia tri dit, trén co s& thuat
toan diéu khién PID. Trong bai bao nay cac tac gia
khong trinh bay cu thé vé cac cong viéc nhu: co s&
ly thuyét vé bd diéu khién PID, hay nghién ctru thuc
nghiém l4y s6 liéu dé xay dung ham truyén cta doi
twong, hay thiét ké bo diéu khién PID nhw thé nao
ma chi tap trung vao muc tiéu ctia bai bao.

+ Bo mach Arduino: nhw hinh 1
+ Sensor nhiét do: loai LM35 - hinh 2

- LM35 1a bd cam bién nhiét d6 analog, Cam
bién do dwoc nhiét do tir 2-150°C cho ra tin hiéu
dang analog OmV- 10mV/°C. (Lwu Thé Vinh, 2007)
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Chan 2| D
1 4-20V :
20UT 3 G }‘
3 GND 1 2 Chéan 1 =
v Chan3 | S
Hinh 2. Sensor nhiét LM35 cin1| [ | cuins
G Chan2 °
Théng s6 ky thudt: R

- Dién ap hoat dong: 4~20VDC

- Cong sudt tiéu thu: khoang 60uA

- Khoang do: -55°C dén 150°C

- Dién 4p tuyén tinh theo nhiét do:
10mV/°C

- Sais6: 0.25°C

- Kiéu chan: T092

- Kich thwéece: 4.3 x 4.3mm

+ Thiét bi gia nhiét:

- Bai bao c6 tinh chat nghién cru thir nghiém
truyén thong Matlab véi Arduino, va nhiét do dat
cling khong cao, cong suat nhiét thip. Nén dé don
gian thiét bi gia nhiét dwoc chon la bong dén soi dot
+ Mach cong sudt MOSEFT IRF520: hinh 3

- IRF520 la mot MOSFET phu hop véi diéu
khién dAu ra cta IC hoic tir Arduino. Tai tdi da ma

transistor nay cé thé diéu khién la 9,2A véi dién ap
tai toi da 1én dén 100V.

Hinh 3. Mach céng sudt MOSFET IRF520
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Hinh 4. So d6 chdn IRF520
3.2. Xay dwng mo hinh thir nghiém

M6 hinh thr nghiém bd diéu khién PID cho d6i
twong nhiét, trong dé rng dung VDK Arduino lam
Card do lwong va truyén thong véi giao dién va lap
trinh PID trong Matlab nhw hinh 5.

Thong s6 ki thuat 10: Pam= 300W; Ugn=220V AC;
nhiét dd 1am viéc 0°C - 150°C

Hinh 5. M6 hinh diéu khién lo nhiét

3.3. Thiét ké b diéu khién PID, 1ap trinh diéu
khién truyén thong va giao dién giam sat trén
Matlab

+ Thiét ké bd diéu khién PID:

- D€ thiét ké dwoc bd diéu khién PID cho doi
twong diéu khién 10 nhiét thi can phai c6 mé hinh
toan hoc cda doi twong. Trén co s md hinh clrng
cua thiét bi (hinh 4), tién hanh thwc nghiém dé xac
dinh dwong dic tinh cho doi twong khao sat. Thuc
hién nhin dang dac tinh cta déi twong sé xac dinh
dwoc ham truyén cta 10 nhiét. Ham truyén 10 nhiét
c6 dang 1a mot khau quan tin bac 1 ¢6 tré.
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+ Ldp trinh diéu khién va truyén thdéng bdng
Simulink Matlab (hinh 6)

Hinh 6. Ldp trinh diéu khién PID va truyén thong
trong Simulink - Matlab
+ Két qua chay thi trén giao dién GUI cia Matlab:
hinh 7, hinh 8.

= glaadien

Setpoint Nhi&t D& 99.218

Gia tri nhigt 4§ theo thei gian

o 500 1000

Hinh 7. Két qud chay thi tai diém ddt 100°C

Setpoint Nhigét & 81.1339

Gia tri nhigt & theo th&i gian

2000 3000 4000 5000 6000 7000 8000

Hinh 8. Két qud chay thir tai diém ddt 80°C

Chitlwgng cta hé thong diéu khién va két qua chay
trén mo hinh dwgc danh gia boi cac tiéu chuén sau:

- Sai léch tinh: 1a sai 1éch giira tin hiéu setpoint
va tin hiéu thuc t&, voi cac diém dat khac nhau sai
léch dao dong trong khoang +1°C
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- P9 qua diéu chinh: 1 hién twong dap &rng clia
hé théng vwot qua gia tri xac 1ap ctia no, voi cac
diém dat khac nhau ta thiy tai cic diém giy, lwong
qua diéu chinh gan nhw khong dang ké.

- Thoi gian qua trinh qué do: 1a thoi gian can
thiét dé sai léch giira dap &ng cta hé thong va gia
tri xac lap ctia né khong vrot qua +20C (~2%).

- Thoi gian 1én: thoi gian can thiét dé dap g
clia hé théng tang tir 10% dén 90% gia tri xac lap
cta no, do thiét ké 10 c6 khong gian hep nén thoi
gian 1én nay twong ddi nhanh.

-D0 du trir 6n dinh: la khoang cach gitra truc 4o
dén nghiém cwc gan nhat, khi dd dw trir cang 16m thi
thoi gian x4c 14p cang ngén, hé théng nhanh tién téi
gia tri xac lap.

4. Kétluan:

- Viéc nghién ciru &ng dung vi diéu khién
Arduino dé giao tiép véi Matlab GUI cho bai toan
diéu khién va giam sat doi twong nhiét da dap (rng
dwoc cac yéu cau vé ky thuat va muc tiéu dat ra.

- Cac tac gia da thuc hién viéc khao sat tinh
chon thiét bi, xdy dung mo hinh, thiét ké bo diéu
khién PID, lap trinh truyén thong, xdy dwng giao
dién GUI va chay thtr két noi diéu khién 10 nhiét
dién tré. Bwdc dau cho két qua kha quan, hé théng
chay 6n dinh véi cac diém dit khac nhau déu cho
thay dap &rng cac yéu ciu vé chat lwong diéu khién
nhw danh gia trén.

- M6 hinh thiét ké c6 tinh chat thir nghiém, st
dung cac sensor va thiét bi c6 gid thanh thap, doé
chinh x4c va chit lwong con han ché. Dé xuit tiép
tuc danh gia d6 chinh xac, tinh 6n dinh va bén virng
ctia hé thong khi str dung cac cdm bién chuyén
dung , c6 do chinh xac cao lam viéc trong moi
truong cong nghiép.

- Vi két qua nghién clru bwdc dau nay, thi viéc
g dung cac dong VDK Arduino dé thay thé cac
Card do lwong diéu khién chuyén dung cia Matlab
dé thuc hién cac bai toan trong do lwomg - diéu
khién - gidm sat bang may tinh 1a hoan toan kha thi.
Giai phap co gia thanh thip, ddm bao day du cac yéu
cau veé ky thuat va cong nghé cho cc bai toan vé do
lworng - diéu khién - giam sat. Trong cac Truong
Pai hoc cach tiép cén trén 1a pht hop cho coéng tac
giang day va dao tao 1y thuyét véi chi phi thap. ¢
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cac Vién nghién ctru phtu hgp céng tac nghién ciru
Khoa hoc va trién khai (rng dung thuc t€ san xuét.
Ddng gop cua cdc tdc gia:

Pang Van Chi: Nghién cru tong quan co s& ly
thuyét, dé xuit y twong, xay dwng thuit toan va lap
trinh thu thap dir liéu trén Matlab.

Nguyén Thé Luwc: Thiét ké, xay dung va phat
trién mo hinh, thiét ké giao dién GUI trong Matlab,
thwce hién chay thir nghiém.

Phan Thi Mai Phwong: D4u néi so d6 dién cho
mo hinh, soan thao, bién tdp va hoan thién bai bao.
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ANH HUONG CUA BE DAY NAM CHAM VINH CU’U BEN PAC
TINH KHOTDPONG CUA PONG CO LSPMSM 3000
VONG/PHUT

Trinh Bién Thily 1, L& Anh Tudn, D3 Nhuw Y 2*

TOM TAT

Ngudn ndng lwong héa thach ngay cang cat kiét, str dung ndng lwong tiét kiém va hiéu qud la cdc yéu cdu
cdp thiét cia méi quéc gia. Ngay nay do sw phdt trién nhanh chéng cia céng nghé nam chdm vinh ctru dat
hiém Neodymium (NdFeB) cé tich s6 ndng lwong Ién da thiic ddy ché tao ra déng co LSPMSM c6 hi¢u sudt
cao thay thé cdc dong co khdng ddng bé (IM) truyén théng cé hiéu sudt thdp. Qud trinh tinh todn lwa chon
nam chdm vinh cteu (NCVC) trong ddng co LSPMSM rdt phirc tap nhdt la véi logi ddng co c6 téc dong cao
3000 vong/phut. Néi dung ctia bai bdo di phdn tich dnh hwéng ctia bé ddy NCVC dén ddc tinh khéi dong clia
dong co LSPMSM -3000 vong/phuit. Phwong phdp phdn tir hitu han dworc ste dung dé phdn tich ddnh gid ddc
tinh khéi dong cia ddng co. Két qud nghién cieu 6 thé dwore str dung dé ché'tao hoan thién dong c6 LSPMSM-
3000 vong/phiit

Tir khéa: Nam cham vinh clru, dédc tinh khéi dong, hiéu suit

1. Giéi thiéu
Hién nay, dong co khong dong bd (IM) van
dang dwoc str dung phé bién trong cong nghiép

do c6 nhiéu wu diém, nhw: ciu tao don gian, gia
thanh thip, tubi tho cao..Tuy nhién cac dong co
IM thwong cé hiéu suit thidp va kho cai thién


http://arduino.vn/
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nang cao hiéu suit ctia dong co'1én cao. Ngay nay,
do suw phat trién nhanh chéng cia c6ng nghé nam
chdm vinh ctru dit hiém Neodymium (NdFeB)
v&i mat do tir tredng cao, tich s6 nang lwong 1om
da thuc day ché tao ra cac dong co c6 hiéu suit
cao. Trong d6, dong co dong bé6 nam cham vinh
ctru khéi dong trwe tiép (LSPMSM) ndi 1én nhw 1a
mot giai phap thay thé cho IM [1][2].

bong co LSPMSM la sv lai tao gitta dong co
khong dong bd va dong co dong bo bang cach dat
cac thanh nam cham vinh ctru vao rotor cta IM.
Do vay, LSPMSM c6 kha nang tw khéi dong truc
ti€p, c6 hiéu suit va hé s6 cong suit cao. Trong
dong co LSPMSM, nam cham vinh ctru NdFeB
déng vai tro nhw mot ngudn tir théng. Gia tri tir
dw ctia nam chidm vinh cru nay c6 nhiéu anh
hwdng dén hiéu suit lam viéc cda loai dong
LSPMSM. Tuy nhién viéc tinh toan thiét ké déi véi
déng co LSPSMSM rét phirc tap phu thudc nhiéu
vao két cdu ctia nam chim vinh cru trong dong
co LSPMSM [3].

Mot s8 cac nghién ctru di chi ra rang sw phirc
tap va anh hwéng cda ciu tric rotor trong dong
co LSPMSM 3000prm. Trong tailiéu [4] phan tich
hiéu suit cia dong co LSPMSM 2-pole v&i thiét
két cau rotor c6 ba thanh nam cham, két qua
nghién ctru chi ra rang v&i ciu triic nam cham dé
xuat dong co cé thé dat dwoc hiéu suat IE2. Trong
nghién ctru [5] nghién ctiru két cdu khac nhau cta
nam chim dién trong rotor dén dic tinh khoi
dong cda dong co LSPMSM - dwya trén dong co
nguyén mau IM 37kW-3000prm.

Nhuw vy, ciu tric cta rotor anh huwdng nhiéu
dén dic tinh, hiéu qua lam viéc cta dong co
LSPMSM. No6i dung nghién cru ctia bai bao di
phan tich &nh hwdng cia bé diy nam cham t&i
dac tinh khéi dong cua dong co LSPMSM 3.000
vong/phit thong qua phan mém Ansys/Maxwell
rng dung b&i phwong phap phén ti hiru han.

2. Mo hinh toan dong co' LSPMSM
So d6 tong quat ciia may dién dong bo
dwoc xac dinh [6]

Hinh 1 Sor db téng qudt ctia mdy dién dong b
So d6 may dién tong quat dwoc thé hién &
hinh 1, trong d6 @, = @ .R6to c6 day quan kich

tlr va day quin can. B6 qua dong dién phuco, phia
roto c6 hai ddy quan va stato c6 mot diy quan.

Trong d6: wq, wa - ddy quan phan &ng truc d,
Q; U4, Uq- dién ap trén diy quan wq, Wg; Wed, Wed -
day quan can truc d, q; wig, Wieq - day quén Kich tiy;
us - dién ap kich ttr.

Tlr m6 hinh toan may dién dong bo tong
quat, Honsinger dé xuidt md hinh toan cho
LSPMSM [7]. Trong mé hinh toan LSPMSM,
Honsinger bo sung sw c6 mat 16ng séc thong qua
cac phwong trinh tir thong va dién ap roto lién
quan. Mo hinh toan LSPMSM hién nay dang dwgc
trng dung nhw sau [8]:

Phwong trinh dién ap:

Dién dp stato

d¥
—ri d
Ug =1 1y + S T
. dP
U =1+ +o,. W
(1)
Dién dp réto
’
Uy =Tyl + = =0
., dv
ug =1 s + dtqr =0
(2)
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3 oo o s
Phwong trinh tir théng: M =2p. (Lo -Lodd )+ ¥+ -L )i
Tir théng stato 5)
o = (Lig+Ling) lgs + Lng le + ¥y Nhw vdy mémen dién tir cia LSPMSM bao
W = (L + L) e + Logiey gbm ba thanh ph‘émM: Miap - thanh phidn momen
3) KDB; My - thanh phan mémen kich tir; M -

Tir théng réto
! r 3’ 1 MU !
11Jdr = I—Ir Idr + Lmd (Ids + Id,)+\Pm

'
h g

N A H Hi
=Ly g + Loy (1 +,

(4)
Trong d6: o:- toc d6 goc roto; ¥ 'n - tir théng
moc vong stato do NCVC sinh ra; Lis - dién cam
tan diy quan stato; Lmg - dién cam tir héa dong
bd doc truc; Lmq - dién cdm tir héa dong bd ngang
truc; igs - thanh phan dong stato doc truc; igs -
thanh phan dong stato ngang truc; i'er - thanh
phan dong roto quy doi doc truc; i'qr - thanh phan
dong réto quy doi ngang truc.

Hinh 2 va 3 1a so @6 mach dién thay thé doc
truc va ngang truc cda LSPMSM thoa man cac
phwong trinh dién ap va tir thong trong moé hinh
toan tir (1) dén (4), trong d6 dé mo hinh hoa thay
thé ¥ 'n = Lrei'm, Lrc 1a dién khang gid twong
NCVC, i'm 1a dong tir héa twong dwong quy doéi
sang stato ciia NCVC:
o o Lis

r

Hinh 2. So dd mach dién thay thé truc d ctia
LSPMSM

U)r-l}’ds |_|S

r

Hinh 3. So dd mach dién thay thé truc q ctia
LSPMSM
Mo6men dién tir cia LSPMSM dwoc xac dinh.
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thanh phan mémen tir tro.
MoOmen dién tu:
Mat = Mkab + Mt + Mier
Tt (5) c6 thé nhéin thdy, mémen dién tir cla
LSPMSM phirc tap hon rit nhiéu so véi dong co
KDPB. Nhw viy, cidc thanh phidn momen Kkich t,
momen tir tré sé twong dwong véi dong co dong
bé NCVC, LSPMSM chi khac la cé thém thanh
phin moémen KPB va thanh phin nay déng vai
tro quyét dinh dén kha nang khéi dong cua dong
co.
3. Anh hwéng chia bé diy nam cham téi dac
tinh khéi dong ciia dong cor LSPMSM
Két ciu cia dong co LSPMSM (15kW) dién
ap 380/660V c6 dang nhw hinh 4, trong dé kich
thwéc cia NCVC c¢6 gia tri twong &ng d6 day h
(mm) va bé rong b (mm). s

£ 992

/I
.

Hinh 4. Két cdu dong co LSPMSM 15kW

Viéc tinh toan so b6 kich thwéc clia nam
cham vinh cttu trong dong co LSPMSM thuwong
dwoc tinh toan theo cac bwée sau [1]:

- Tinh toan lwa chon so bd chiéu rong cuc dai
cia nam cham Wy,

Wiax = ﬁleax
Trong dd Rimax - 1a khoang cach tiwr

tAm dén day cta ranh rotor

- Tinh toan thé tich t6i thi€u nam cham dwoc
str dung

_ 2. Kot Keq- 1+ kEC)- Pam
m2. & 2.p.f.B.. He

m
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Trong do: k- Hé s6 hinh dang tir hoa; kec- Hé So b tinh todn d6i véi dong co LSPMSM
s6 strc dién dong (0,6 + 0,95); Koer HE s6 qua tdi;  15KW tinh todn dwoc chiéu diy nam chidm hpyin=
Pam - COng suit dinh m&c; Pmax - CONg suldt 16n  7,3mm, bmax=35mm. Khao sat dat tinh kh&i dong
nhéit; &-Hé s6 st dung nam cham (0,3 + 0,7). B.- cua dong co LSMSM - 3000vong/phit,
Mat d6 tr dw; He - Cwdng do tir tredng cuee dai. Pam=15kW, Uanm=380/660V, sttr dung loai nam

Tt thé tich nam chdm Vy, va chiéuréong cwcdai  chdm N=38SH véi do ddy nam chdm khac nhau
bmax nhuw trén tinh dwoc dd day tdi thi€u cianam  1a: himin=7mm; hzmi»=8mm. Nham nghién ctru cac

cham hpin: ddc tinh cia LSPMSM, bai b4o str dung phin mém
heo = Vin rng dung phwong phap phan t hitu han (Finite
M H  brax Elecment Method-FEM) dé mo6 phong LPMSM.

Nhuw vy thdy ring tinh toan d6 diy cia nam  Cackétqua md phéng nhdm muc dich nghién ciru
cham phu thudc rat nhiéu vao cac hé s6 kinh  va danh gia thiét ké ctia dong co.
nghiém, do diy ctia nam chdm sé dwoc tinh toan Két qua dac tinh toc d§ va mémen cia ddng c6
thay doi trong pham vi rong. Chinh diéu ndy anh ~ LSPMSM khi st dung nam cham N38SH c6 chiéu
hwéng nhiéu téi dit tinh khéi dong ctia dong co day himin=7mm, bmax=35mm thu dwgc nhw hinh
LSPMSM. 5 va chiéu diy homin=8mm, bmax=35mm thu dworc
trén hinh 6.

Speed Plot 1 Torgque

/

/ =

{ - s Ll
/ = i '

Hinh 5. Ddc tinh khéi dong ctia déng co LSPMSM h1min=7mm, bmax=35mm

Ui
-

Hinh 6. Ddc tinh khéi dong ctia dong co LSPMSM himin=8mm, bpnax=35mm

Két qua dwa ra trén hinh s6 5 va s6 6 nhidn  t=0,6s. Ngoai ra dic tinh m6 men ng véi chiéu
thiy rang, voi kich thwéc himn=7mm dong co  diy hzmin=8mm c6 dic tinh &n dinh it dao dong
tién téi trang thai dong bd nhanh hon saukhoadng  hon trwong hop kich thwéc himin=7mm. Nhw vay
thoi gian t=0,38s, tuy nhién sau khi tién t&i trang  véi kich thwdc homin=8mm ddng co sé cé dac tinh
thai dong co toc d6 dong co bi dao dong manhva  khéi dong tét hon ca vé téc dd va momen.
roi vao trang thai mat dong bo va téi thoi gian 4. K€t luan
t=0,73s dong co mai tién tdi trang thai 6n dinh, Bai bao nghién ctru &nh hwéng cia chiéu day
con v&i kich thwéc chiéu diy nam chdm  NCVC dén khd ndng khéi déng va didc tinh
homin=8Bmm dong co vao trang thai dong b6 momen cta dong co cua LSPMSM 3000
t=0,42s va dat trang thai 6n dinh & thoi gian  vong/phut. K&t qua cho thiy, chiéu diy cia nam
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cham vinh cru &nh hwéng manh téi dac tinh khéi
dong ctia dong co. Nhw vay thdy rang dé dong co
c6 dac tinh khéi dong tét nhit thi sau khi tinh
toan so bd kich thwéc cila nam chdm thi phai
kiém nghiém lai kich thwéc nam chidm da lwa
chon.
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TOM TAT

Quy hoach phdt trién dién lwc qudc gia thoi ky 2021-2030, tdm nhin dén ndm 2050 cta Viét Nam da ddt muc
tiéu phdn ddu dén ndm 2030 c6 50% cdc toa nha céng s& va 50% nha déan stv dung dién mdt troi mdi nha tw
sdn, tw tiéu. Viét Nam c6 dién tich trdi dai trén bdn cdu Bdc, c¢6 khi hdu phédn héa ré rét tir Bac vao Nam, cé
tiém ndng phdt trién dién mdt troi rdt Ién. Bai viét tdp trung nghién ctru ddnh gid hiéu qud kinh té ky thudt
ctia co’ cdu nghiéng cd dinh va by dinh hwéng mdt troi don truc tw dong cho cdc hé thong dién mdt troi mdi
nha tai thanh phé Hué, mién trung Viét Nam. Pdu tién, sdn xudt dién ctia cdc co cdu dwoc phdn tich. Sau dd,
cdc co cdu dwoc so sdnh vé m dt kinh té va dworc ddnh gid theo chi phi dién ndng quy déi (LCoE), thoi gian
hoan vén chiét khdu (DPBP). Két qud phan tich dd chi ré hé thdng dién mdt tréi mdi nha véi bé dinh hwdéng
mdt troi don truc tw dong cho sdn lwong dién cao hon va cé thoi gian hoan vén chiét khdu nhé hon so véi co
cdu nghiéng cd dinh.

Tir khéa: Co ciu nghiéng c6 dinh, b6 dinh hwéng mat trod, hé thong dién mat troi mai nha
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1. Giéi thigu

Tiéu thu dién tai cAc nwéc dang tang nhanh do
thu nhép, dan s6 ting nhanh va nhu ciu vé thiét
bi dién t va tiéu dung. Sau khi giam khoang 1%
vao nam 2020, nhu ciu dién toan ciu du kién sé
tang gan 5% vao nam 2021 va 4% vao nam 2022.
Phin 16n mirc ting nay sé dién ra & khu viec Chau
A Thai Binh Dwong [1].

O’ Viét Nam, thuy dién va nhiét dién than vin
la nguén san xuit dién chinh [2]. Tuy nhién, cac
duv 4n dién mat troi dang phat trién manh mé
dwéi su hd tro cta cac chinh sach. N6 dwoc bat
dau vao nam 2015 véi muc tiéu san xuat dién tir
nang lwong mat troi dwoc quy hoach dat 1,4 ty
kWh vao nam 2020, 35,4 ty kWh vao nam 2030
va 210 ty KkWh vao nam 2050 [3]. Vao thang 4
ndm 2017, chinh pht da cong bé gia hd tro (FiT)
dau tién 1a 9,35 UScent / kWh theo Quyét dinh
11/2017 / QD-TTg d6i v&i dién mit tro, ddc biét
doi voi cac dw 4n dién mat troi hoa lwdi trén mai
nha, 4p dung co ché do thwc. Vao thang 1 nim
2019, chinh pht da cho phép cac dw an dién mat
trod hoa lwéi trén mai nha ban dién theo FiT1 la
9,35 UScent / kWh théng qua dong ho do dién 2
chiéu. Theo dé, dén cu6i nam 2019, tong céng
sult 1ap dit clia cac hé thdng dién mait troi sé
tang thém khoang 5 GWp, bao gom khoang 4,5
GWp cda cac nha may dién mat troi dién mat troi
hoa lwdi méi va khoang 0,4 GWp ctia hé thong
dién mat troi hoa lwdi trén mai nha [3]. Gia FiT2
la 8,38 UScent / kWh theo Quyét dinh 13/2020
cta Chinh phu 4p dung tir ngay 30 thang 6 nam
2019 dén ngay 31 thang 12 nam 2020. Trong
thoi gian d6, Viét Nam da dau noi 101.029 dw 4n
dién mat trod hoa lwdi trén mai nha vao hé théng
dién vGi tong cong suit 1ap dit1a 9.296 MWp [4].
Tong cong sudt lip dat dién mat troi khoang
19.400 MWp (chiém khoang 25% tong cong suit
dat cua hé théng dién quéc gia) [4]. Cho dén nay,
cong suit 1ap dat ctia hé théng dién mat trod hoa
lwdi trén mai nha dat 9580 MWp [5]. Vi vay, ké
tir khi FiT2 két thuc, viéc xay dung va 1ap dat hé
théng dién mat trod hoa lwdi da bi dirng lai va ho
dang cho quyét dinh méi tir chinh phu. Trong
thoi gian nay, cc nha nghién ctru can danh gia va
phan tich toan dién vé hiéu suit va tac déng cua
hé théng dién mat trod hoa lwdi trén mai nha. Gan
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day nhit, chinh phu Viét Nam da ban hanh quyét
dinh s6 500/QD-TTg ctia Thi twéng vé phé duyét
quy hoach phat trién dién lwc quéc gia thoi ky
2021 - 2030, tAm nhin dén nam 2050 (quy hoach
dién 8) [6]. Pang cht ¥, quy hoach dién 8 wu tién
phat trién manh cic ngudén ning lwong tai tao
phuc vu san xuit dién. Nguon dién nay sé dat tilé
Khoang 30,9 - 39,2% vao nam 2030. Bén canh doé,
Viét Nam phan ddu dén nam 2030 c6 50% cac toa
nha céng s& va 50% nha dan s dung dién mat
troi mai nha tw san, tw tiéu (phuc vu tiéu thu tai
chd, khong ban dién vao hé thong dién qudc gia)
[6].

Hé thong dién mat troi hoa lwdi quy md nho
mang lai hiéu qua cao & cac khu vwc do thi do
khong tiéu tén dat, giam héa don tién dién hang
thang, chdng néng cho toa nha, tao thu nhip cho
cac ho gia dinh va gidm chi phi truyén tai va phan
phéi. Ngoai ra, dwéi anh hwéng ctia cac chinh
sach ctia chinh phu, cong suit 1ap dit cia cac hé
théng dién mit trod hoa lwdi trén mai nha ngay
cang tang, va cac nghién ctru lién quan cling ngay
cang tang trong cac tai liéu [7-11].

O’ Viét Nam, hé théng dién mit trod hoa lwéi
dang phat trién nhanh chéng. Tuy nhién, cac dn
pham xuitban con han ché vé phan tich hiéu suit
hé théng va gidi phap nang cao hiéu suit cla cac
hé théng. Phin tich mé phong hé thong PV 15
kWp dwoc str dung trong mo hinh toa nha khong
str dung nang lwong & Ha Noi, Viét Nam da dwoc
hién thi v&i géc nghiéng t6i wu la 150 [12]. Mot
nghién ctru thtr nghiém & mién Trung Viét Nam
da chirarang hiéu suit hé théng dién mat troi st
dung bo dinh hwéng don truc ty dong trung binh
tang 15,2% so v&i str dung hé thong dirng yén [8].
Ty s0 hiéu sudt lan lwot 12 66,0% va 69,2% déi
v&i hé thong dién mat troi hoa lwdi khong cé va
c6 thiét bi dinh hwdng nang lwong mat troi don
truc [13]. M6 phoéng san lwgng nang lwong dw
kién cta dw an dién mit trod hoa lwdi, dong tién
va thu nhap nang lwgng tir chwong trinh FiT cho
thiy thoi gian hoan von la 8 ndm so véi 20 ndm
& Gia Lai, Viét Nam [14]. Nghién ctru vé hé théng
dién mat troi hoa lwdi & Tay Nguyén Viét Nam
cho thiy, gia ban 1é dién &nh hwdng dén thoi gian
hoan von, thoi gian ngdn nhit 13 4 ndm ddi véi hé
thong 1ap dat tai ho gia dinh sir dung gia cao nhat
[15]. Mét hé théng dién mat troi trén mai nha cé
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cong suit 8,36kWp dd duwgc mé phdéng va phan
tich kinh té tai mot gia dinh & Thanh ph6 Thu Dau
Mot, Viét Nam [16].

Tt cac phéan tich cho thiy, chwa c6 cac nghién
ctru phan tich danh gia hiéu qua kinh té ky thuit
cac hé thong dién mat troi mai nha st dung cac
co cau khac nhau. Bai bao tip trung xay dung mé
hinh nghién cttu hé thong dién mat tri mai nha
hoa lwéi (PMTMNHL) véi cac co ciu nghiéng c6
dinh va tinh toan cho b6 dinh hwéng mat troi don
truc tw dong. Ttr d6 danh gia hiéu qua kinh té ky
thuat clia co ciu nghiéng c6 dinh va bd dinh
hwéng mat troi don truc tw dong cho cac hé
théng dién mat troi mai nha theo chi phi dién
nang quy ddi (LCoE), thoi gian hoan von cé chiét
kh&u (DPBP).

2. Panh gia hiéu qua Kinh té ky thuat
2.1. Hé théng dién mdt troi mdi nha hoa lwoi

Nghién ctru dé xuit hé théng dién mat troi
mai nha hoa lwdi bao gobm bon tim quang dién da
tinh thé thwong mai SUN330-72P va b0 bién tin
vi mé két noi lwéi Huayu HY-1200-Pro véi bon
diu vao doc lap MPPT (theo doi diém cong suat
t6i da). Moi tdm quang dién da dwoc két ndi truc
ti€p v&i dau vao doc 1ap MPPT ctia bo chuyén doi
vi mo. Bién tan vi mo da dwoc két ndi véi dién ap
xoay chiéu mot pha dién ap thap 220V, 50Hz. Cac
théng s6 ky thuét cia tim quang dién trong diéu
kién thir nghiém tiéu chuin (STC) va bd bién tin
vi mo (Microinverter) lan lwot dwoc dwa ra trong
Bang 1, Bang 2 [17].

Hinh 1. Hé théng dién mdt troi mdi nha hoa lwdi.

Hé thong dién mat troi mai nha hoa ludi thuc
nghiém dwoc dé xuitlap dit & vung khi hau nhiét
déi gi6 mua tinh Thira Thién Hué, mién Trung
Viét Nam (Thanh phé Hué) & vi d6 16,47°N, kinh
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d0 107,60°E va dd cao 15m so véi mat dat. Thanh
phd Hué cta Viét Nam nam & ban ciu bac. Theo
céc tai liéu [8] goc nghiéng t8i wu bang goc vi do
clia noi 13p dit nén cac tim quang dién cua hé
théng dwoclap datvéi goc nghiéng tdi wu khoang
17° va mat huwéng vé phia Nam twong (ng véi
mot phwong vi la 0° (Hinh 1).

Bang 1. Thong s6 ciia tim quang dién

TAm quang dién Théng so ki thuit
Loai SUN330-72P

Loai té bao Da tinh thé

Cong suit dinh 330 Wp

Hiéu suit tim 17,09%

So té bao 72

bién ap tai cong suit | 37,8V

dinh

Dong dién tai coéng | 8,73 A

suit dinh

Dong ngdn mach 9,22 A

bién ap hé mach 45,5V

Hé so nhiét clia Piax -0,41 %/°C

Hé so nhiét cta Is. 0,06 %°C

Hé s6 nhiét ctia Vo -0,33 %°C

Kich thuéc 1950x990x40 mm
Trong lwong 23 kg

Bang 2. Thong s6 ctia bd bién tin vi mé HY-
1200-Pro

B0 bién tin vi mo Thong sd ki thuit
Coéng sudt AC dinh mic | 1.200 W

Cong suit dau vao 4 x 210~400W
bién ap DC I&6n nhat 60V

DPién 4p MPPT 25~55V

Hiéu suit dinh 96,5%

S6 MPPT dau vao 4

Bao hanh 25 nam

2.2. Phdn tich ky thudt

Phén tich kj thuit tp vao 2 thong s6 1a hé s6
st dung cong suit va hiéu suat hé thong. Ty 1é
gitra dau ra san lwong AC sinh ra do hé thdng
PMTMNHL véi ndang lwong ma hé thong
PMTMNHL tao ra néu né dwoc van hanh & cong
sudt dinh mirc day di trong mot khodng thoi gian
tinh toan dwoc goi la hé s6 st dung cong suit
(CUF: capacity utilization factor) [7]. CUF c6 thé
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dwoc biéu thi dwdi dang gia tri hang ndm va hang
thang tuy thudc vao gia tri clia san lwong nang
lwong AC thyc va khodng thoi gian tinh toan va
dwoc tinh theo cong thirc sau:

CUF = 228 1009

Py.T

)

_ 2k Pout k- Tk
Po. Xk Tk

Trong do, Eou 1a san lwong dién AC, kWh; Pouck 1a
céng suit dién AC cta hé thong, KW; Py la cong
sudt dinh ctia hé théng PMTMNHL l4p dit, kWp;
T1a chu ky tinh toan, h; 74 12 thoi gian 1y mAu, h;
Hiéu suat hé thong mé ta ty 1é gitra diu ra san
lwong dién AC sinh ra thwc té€ cia hé théng
PMTMNHL véi téng nang lwgng mit troi thu
dwoc tir tong dién tich cua tim quang dién [7].
Hiéu qua ctia hé théng c6 thé dugc biéu thi bang
cac gia tri hang nam va hang thang tuy thudc vao
san lwgng dién AC va tong lwgng birc xa mat troi
trong mat phang. Hiéu suit hé théng tong thé
hang thang hodc hang nam (AOSE: annual overall
system efficiency) dwoc tinh theo cong thirc sau:

40SE = —E2_ 10004
pv- He
2k Poutk-Tk

Apy 2k Geje- Tk
Trong do, Eou, 1a san lwong dién AC, kWh; Pouck la
céng sudt dién AC cta hé théng, kW; 1 1a thoi
gian 14y mAau, h; 4,, 12 tong dién tich cta cic tAm
quang dién, m2; H, 1a téng birc xa mait troi trong
mat phing, kWh/mz2.

Phu thudc vao cong sudt tiéu thu cda phu tai,
san lwong dién sinh ctia hé th6ng PMTMNHL mot
phan dwa vao lwéi dién (Egepy san lwgng dién mat
troi dwoc hoa lwdi) va mot phan dwoc tiéu thu
(Errpv san lwong dién mit troi dwoc tiéu thu). Doi
v&i treong hop cong suit phu tai 1én hon nhiéu
so v&i cong suat cia hé thong PMTMNHL, thi
100% san lwgng dién sinh ra dwoc tiéu thu hét.
Déi voi tredmg hop cong suit phu tai bang khong
thi 100% san lwong dién sinh ra dwoc hoa vao
lwéi va ban dién cho Cong ty dién luc.

Trong cac phan tich nang lwong, nghién ctru
nay tap trung phén tich hé thong PMTMNHL s
dung co ciu nghiéng c6 dinh véi san lwong dién
sinh ra, san lwgng dién mat troi dwoce tiéu thu va
san lwgng dién mat troi dwoc hoa lwdi duoc do
lwong thyc té. Poi véi thong PMTMNHL st dung

.100%

()
.100%
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co ciu nghiéng c6 dinh, san lwong dién cta hé
dwoc do lwong thuc té. Con doi véi hé thong
PMTMNHL st dung bd dinh hwéng mat troi don
truc tw dong, cac s6 liéu trén dwgc tinh toan dwa
theo hiéu sut cai thién nang lwong 15,2% [8] va
ty 1& dién mat troi dwoc tiéu thu cda hé théng
DPMTMNHL st dung co cdu nghiéng c6 dinh.

Thém vao d6, d6i véi cac hé thong DPMTMNHL,
ton that nang lwong dau ra hang nam chu yéu la
do suw suy gidm trén cac tim quang dién, vi vy hé
s6 suy gidm dwoc coila 0,6% [18].

2.3. Phdn tich kinh té

Phén tich tai chinh la nén tang dé thuyét phuc
moi ngwdi dau tw vao viéc ldp dat hé thong
PMTMNHL. Céc chi s6 nhw Chi s6 thoi gian hoan
vén chiét khdu (DPBP: Discounted Payback
Period) va Gia dién quy dan (LCOE: Levelized
cost of electricity) dwgc xem xét dé danh gia kha
nang tai chinh cda hé thng PMTMNHL. Trong
phén nay, cac khai niém vé ty 1é lam phat va ty 1é
tang gia ban 1é dién dwoc bd qua. Lai suit chiét
kh&u dwoc chon bang véi l4i suit hién tai (5.3%
[19D).

LCOE cung cip kha nang canh tranh tong thé
cuia cac tuy chon phat dién khac nhau. Chi phi
hang ndam cho nam th& n bao géom chi phi vin
hanh, béo tri, thay thé trong twong lai va bao
hiém [18, 20]. Tuy nhién, v&éi hé thong
PMTMNHL, chi phi hang ndm cho hé théng chi
bao gom chi phi van hanh, chi phi bao tri, cac chi
phi khac khéng dwoc tinh dén. Ngoai ra, su suy
gidm dién ndng hang ndm cia hé thdng
PMTMNHL ciling dwoc xem xét, vi vay cac gia tri
LCOE cho hé th6ng PMTMNHL dwoc tinh theo
cong thirc sau [17, 20]:

Cr+Xn=1 (1"(')%

Eout,l- (1 - D)n_l
(1 +dr)"
Trong d6, D 1a hé s6 suy gidm ctia hé thdng
PMTMNHL, %; Coemla chi phi van hanh va bao tri
hang nam, VND; F,u.: 1a sdn lwgng dién AC hang
nam tir hé thong PMTMNHL ctia ndm dau tién,
kWh.

DPBP dwa ra s6 nam can thiét dé thu héi chi
phi ban dau cia mo6t dw an. DPBP cang dai thi rai
ro dau tw khong thu dwoc loi tirc ky vong cang

LCOE =

(3)
N
n=1
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cao. Tuy nhién, DPBP bo qua cic dong tién xay ra
sau thoi gian hoan vén va khéng cung cip thong
tin vé tong loi nhuin. DPBP dwoc tinh nhw sau

[21, 22]:
DPBP
CES,

s (140" ! ()
n=

Trong d6 C;la chi phi diu tw ban dau, VND; i la 13i
suit, %; CES, 1a chi phi tiét kiém niang lwong hang
nam tr hé thong PMTMNHL hay dong tién rong
trong ky n.

Bang 3. Bi€u gi4 dién ho tro FiT2.

Loai cong UScent/

TT | nghé dién mat | VND/kWh | kWh
troi
Dw an dién mat

1 troi mét dat 1.644 7,09

p |Duwandiénmdt |, 0. 7,69
trol nol

3 | Dwandienmat |, g4 8,38
troi Ap mai

Chi phi tiét kiém nang lwgng hang nam tir hé
th6ng PMTMNHL dwgc tinh bang tdng ning
lwong tiét kiém hang thang, dwoc tinh 1a loi ich
hang thang tir viéc ban dién mat troi cho lwdi
dién va loi ich hang thang tir viéc gidm tién dién
tiéu thu khi str dung hé thong PMTMNHL, va trir
cho chi phi van hanh, chi phi bao tri:

12

CES = Z CES; — Cogm
j=1
12 (5)

= Z [BPVGCj + Bjuser]

=1
— Cogm

Trong d6, CES; 1a chi phi tiét kiém nang lwgng
hang thang tir hé thong PMTMNHL, VNDB; Bpy sc;
laloiich hang thang tir viéc ban dién mat troi cho
lwdi dién, VND; B user 1a 1o ich hang thang tir viéc
gidm tién dién tiéu thu khi st dung hé théng
PMTMNHL, VND; Coemla chi phi van hanh va bao
tri hang nam, VND.

Cac dw 4an PMTMNHL lap dit va van hanh
truwedrc 30/12/2020 dwoc ap dung biéu gia dwoc
hé trg FiT2 (thé hién trén Bang 3) theo Quyét
dinh s6 13/2020/QDb-TTg cua Thu twéng Chinh
phu chinh thirc cé hiéu lwc tir ngay 22 thang 5
nam 2020 [15, 17]. Theo d6 hé thong PMTMNHL
dwoc nghién ctiru sé dwoc ap dung biéu gia FiT2
cho hé théng PMTMNHL véi miec gia 0,0838
USD/kWh twong dwong 1.943 VND /kWh. Loi ich
hang thang tir viéc ban dién mat troi cho lwéi
dién cua cac hé thong PMTMNHL dwoc tinh theo
cong thirc:

Bpy 6cj = Egcpy. FiT2 (6)
Trong dé, FiT2 =1.943 VND/kWh; E¢cpr 12 san
lwong dién mat troi dwoc hoa lwdi, kWh.

Bang 4. Gia ban 1é dién sinh hoat [23].
Gia dién | Gia bao gom
Bic | Sanlwong dién banlé | thué gia tri
i tiéu thu (VNb/ gia tang
kWh) | (VND/kWh)
1 Bac 1: 0-50 kWh | 1.678 1.845,8
Béc 2: 51-100
2 KWh 1.734 1.907,4
Bac 3: 101-200
3 KWh 2.014 2.215,4
Bac 4:201-300
4 KWh 2.536 2.789,6
Bac 5: 301-400
5 KWh 2.834 3.1174
Bic 6:16n hon
6 401 KWh 2.927 3.219,7
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Bang 5. San lvgng dién tiéu thu hang thiang va san lwgng dién sinh ra tir hé théng PMTMNHL.
2 San San
San , " ,
lwong San lwgng lvong ) Tong bic
. lwong a2 " a2 San lvong «
Sanlwong | ... 7 .2 dién mat dién AC dién mat A N xa mat
A ein dién tiéu L . R N dién DC tir N
. dién tiéu R troi sinh ra tir troi e troi trong
Thang o thu tw R A1 x hé thong <
thu tong lubi dwochoa | hé thdng dwoc PMTMNHL mat
Euser KWh ' lwoi PMTMNHL | tiéu thu E kWh " | phang H;
kI;;\(;rklld Eccpy, Eour, KWh Errpy, be kWh/m?
kKWh kWh
8/2020 781 610 0 171 171 178 172,7
9/2020 753 576 0 177 177 185 176,1
10/2020 635 556 1 80 79 84 75,6
11/2020 388 310 16 94 78 99 85,1
12/2020 417 362 9 64 55 67 57,8
1/2021 602 500 7 109 102 114 96,8
2/2021 458 347 52 163 111 163 155,1
3/2021 351 266 72 157 85 158 155,2
4/2021 438 320 60 178 118 179 177,9
5/2021 684 524 40 200 160 201 196,2
6/2021 951 794 16 173 157 180 169,9
7/2021 941 785 20 176 156 178 171,3
Tong 7399 5950 293 1742 1449 1786 1689,7

Bang 6. San lwong dién sinh ra tir hé thong PMTMNHL st dung bd dinh hwéng mit troi don truc tw
dong tinh toan.

Thang Sé£1 lwong dién AC sinh ra tir hé | San ler_)'ng ,d.ién mat troi | San lu'.c_z'ng dién mat troi
thong PMTMNHL Eout, kWh dwoc hoa lwdi EGCPV, kWh | dwoc tiéu thu EFrPV, kWh
8/2020 197 33 164
9/2020 204 34 170
10/2020 92 15 77
11/2020 108 18 90
12/2020 74 12 62
1/2021 126 21 105
2/2021 188 32 156
3/2021 181 30 151
4/2021 205 34 171
5/2021 230 39 191
6/2021 199 33 166
7/2021 203 34 169
Tong 2007 335 1672
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Tai Viét Nam, gia dién sinh hoat, thwong mai
va cong nghiép la khac nhau. Nghién ctru nay chi
dé cip dén nguoi st dung dién sinh hoat. Tién
dién hang thang dwgc tinh theo san lwgng dién
tiéu thu va gia ban 1é sinh hoat theo bac trong
bang 4, phu hop cho cac ho gia dinh tr ndam
2020 dén nay [15]. D&i vdi ho gia dinh co lap dat
hé théng PMTMNHL, tong san lwong dién mua
tr Cong ty dién lwc sé thap hon tong san lvong
dién tiéu thu hang thang, va thap hon motlwong
bang v&i san lwong dién mat troi dwoc tiéu thu
(Errpv). Vi gid dinh rang, hang thang ho gia dinh
c6 lap dit hé théng PMTMNHL van phai thanh
toan tién dién cho Cong ty dién lwc v&i gia dién
béc 6 trong gia ban 1é dién sinh hoat, thi lgi ich
hang thang tir viéc gidm tién dién tiéu thu khi st
dung hé thong PMTMNHL dwoc tinh:

B; user = Eprpv. Priceg (7)
trong do, Prices = 3.219,7 VND /kWh; Erprla san
lwong dién mat troi dwoc tiéu thy, kWh.

3. Két qua va thao luin

Phén nay tap trung phan tich kinh té ky thuit
cia hé théng PMTMNHL s dung co ciu
nghiéng c6 dinh va bo dinh hwéng mat troi don
truc tw dong. Thoi gian phan tich dwgc tién hanh
trong mot nam 13p dat tir 8/2020 dén 7/2021.
Doi véi hé thong PMTMNHL st dung co ciu
nghiéng c6 dinh, nghién cku trinh bay cac di
liéu do lwong dwoc thue té thu dwoc tir bo ghi di
liéu nang lwgng mat troi tich hop trong bo bién
tAn vi mo, cic két qua da dwoc cong bé tai [17].

3.1. Két qua phan tich ky thudt

San lwgng dién tiéu thu hang thang va san
lwong dién sinh ra ttr hé thong PMTMNHL dwoc
trinh bay trong Bang 5. Trong mdt ndm nghién
ctiru, san lwong dién AC sinh ra tir hé théng
PMTMNHL, san lwong dién mat troi dwoc tiéu
thu va san lwong dién mat troi dwoc hoa lwdi dat
lan lwot 1742 kWh, 1449 kWh, 293 kWh. Qua d6
c6 thé tinh ty 1& dién mat troi dwoc tiéu thu ciua
hé théng PMTMNHL s dung co ciu nghiéng c6
dinh dat 83,18%, chi s6 nay dung dé phéan tich
kinh té cho hé thong PMTMNHL st dung bd
dinh hwéng mat trod don truc tw dong
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Hinh 2. Hiéu sudt hé théng, CUF hang thdng ctia
hé thng PMTMNHL

Gia tri hang thang cta CUF va hiéu suit hé
théng dwoc thé hién trong Hinh 2. CUF hang
thang cia hé thong PMTMNHL dwoc nghién ctru
dao dong tir 6,5% (vao thang 12 ndam 2020) dén
20,3% (vao thang 5 nam 2021), v&i CUF hang
nam la 15,07%. Hon nira, gia tri CUF ty 1€ thuan
v&i tong birc xa mét trod trén bé miat mo-dun,
nghia la ching phu thudc vao vi tri va diéu kién
khi hiu. CUF hang ndm ctia hé thong PMTMNHL
dwoc nghién ciru gan véi gia tri CUF cho vung
khi hdu nhiét dé&i (14,69% -17,51% véi gia tri
trung binh 13 15,70%) [17, 24].

Nhw dwoc mo ta trong Hinh 2, hiéu suit hé
théng cta hé théng PMTMNHL dwoc nghién ctru
twong d6i 6n dinh, it dao déng trong sudt ca
nam. Mirc trung binh 1a 12,89%, thap nhit vao
thang 8 ndm 2020 (12,36%) va cao nhit vao
thang 1 nam 2021 (14,11%). Cac mitc nay cao
hon hé théng PMTMNHL & Malaysia la 10-11%
[7] va 9,15% [24]. Diéu nay c6 thé thuwc hién
dwoc vi hé théng PMTMNHL dwgc nghién ciu
st dung b bién tin vi mé v&i 4 dau vao MPPT
ddclap cho 4 tAm quang dién, diéu nay lam gidm
anh hudng cla tirng tim quang dién 1én tong thé
hé th6ng PMTMNHL (nhit la hién twong che
béng lam giam hiéu sudt cda tirng tdm quang
dién), khac véi cac hé théng so sanh chi str dung
1 dau vao MPPT cho mang quang dién hoac
chudi quang dién.

3.2. Két qua phdn tich kinh té

Phan nay tip trung phén tich kinh té cho hé
thong PMTMNHL st dung co ciu nghiéng c6
dinh va bd dinh hwéng mat troi don truc tw
dong. D6i véi hé thong vai hé thong PMTMNHL
voi bé dinh hwdng mat trdi don truc tw dong
dwoc tinh toadn theo co ciu nghiéng c6 dinh véi
hiéu suit cai thién ning lwgng hing nam Ia
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15,2% [8], va ty 1é dién mat troi dwoc tiéu thu
cta hé th6ng PMTMNHL la 83,18%, trinh bay &
phén 3.1. San lwgng dién sinh ra tir hé théng
DPMTMNHL st dung bo dinh hwdng mat troi don
truc ty dong trong khoan thoi gian tir 08/2020
dén 7/2021 dwoc tinh todn va trinh bay tai bang
6.

Cac Hé thong PMTMNHL 4p dung biéu gia
FiT2 dwgc ky hop dong véi thoi han 14 20 nam,
day ciling dwoc xem nhw 13 tudi tho trung binh
cda cac hé thong dién mat troi. DE tinh toan

nam 2020 va thang 4 nam 2021. Nhw vay chi phi
van hanh va bao tri (lam sach bé mit hai lan méi
nam) khoan 660.000 VNDP/nam. Hé thdng
DPMTMNHL st dung co cdu nghiéng c6 dinh cé
sudt dau tw 15.573.000 VND/kWp va hé théng
PMTMNHL st dung bo dinh hwéng mat troi don
truc tw déng c6 suit diau tw 17.088.000
VND /kWp.

Bang 7. Chi phi dau tw ban d4u ctia hé théng
PMTMNHL st dung bd dinh hwédng mat troi
don truc ty déng va co ciu nghiéng c6 dinh.

LCOE, DPBP c¢6 cac yéu t6 nhu tudi tho ctia hé Gia tri
théng dién mat trod (20 nam), 1di suat chiét khiu (triéu
dwoc chon bang vai 1ai suat hién tai (5.3% [19]) Thanh phan VND)
hé s6 suy gidm cong sudt cia hé thong B bi&n tin vi mé 6
PMTMNHL 12 0,6% [18]. — ”

Chi phi dau tw ban diu ciia hé théng | ortamquangdien330Wp 1792
PMTMNHL st dung bd dinh huwéng mit troi don  |-Chiphicap diénvalinhkiénkhac | 3,786
truc tw dong va co ciu nghiéng cd dinh dwoc Gid van chuyén 0,85

trinh bay tai bang 7. Chi phi nay bao gobm 04 tdm
quang dién, bd bién tan vi mo, chi phi cap dién
va linh kién khac khac, van chuyén, 1ap dat va chi

Chi phi 1ap dat 2

Chi phi cho co ciu chip hanh va
bd diéu khién bo dinh hwéng

phi cho co cdu chdp hanh va bd diéu khién bo mat troi don truc tw dong 2
dinh hwéng mat troi don truc tw dong. Cac thiét Toéng chi phi ban dau cda co cdu
bi chinh ctia hé thong PMTMNHL nhw bd bién nghiéng c6 dinh 20,556

tan vi mo va cac tim quang dién dwgc bdo hanh
hon 20 nam, do d6 nghién ciru khong tinh dén
cac chi phi thay méi hay stra chira.

Hé thong PMTMNHL di dwoc vin hanh va
nghién ctru trong diéu kién thoi tiét thwe té nén
hiéu suit cta hé thong nay bi dnh hwéng rat
nhiéu do bui bidn bdm trén bé mat tAm quang
dién nén nhom nghién ctru da tién hanh vé sinh
tdm pin 2 1an trong nam nghién ctru thang 10

To6ng chi phi ban dau ctia by dinh

hwéng mat troi don truc tw dong | 22,556

Trong Bang 8 trinh bay cac san lwong dién,
chi phi tiét kiém va hing nim cta hé thdng
PMTMNHL st dung co cidu nghiéng c6 dinh va
b6 dinh hwéng mat troi don truc ty dong trong
suot vong doi dy an FiT2 (20 nam).

Bang 8. San lwong dién hang nam va chi phi tiét kiém ctia hé th6ng PMTMNHL sir dung co ciu

nghiéng cb dinh va bd dinh hwéng mit troi don truc tw dong trong sudt vong doi dw n FiT2

Co cdu nghiéng c6 dinh B0 dinh hwé'ng mat troi don truc tw dong

Nam, CES, | Ci(ndm 0), CES, | Ci(ndm 0),

VND VND

0 0 0 0| 20.556.000 0 0 0 | 22.556.000

1| 1742 | 4.574.644 4.344.392 660.000 | 2007 | 5.370.413 5.100.108 660.000

2 1732 | 4.545.001 8.443.385 660.000 1995 | 5.334.330 9.910.972 660.000

3 1722 | 4.514.080 | 12.309.584 660.000 1984 | 5.301.467 | 14.451.548 660.000

4| 1711 | 4.481.217 | 15.954.457 660.000 | 1971 | 5.262.164 | 18.731.619 660.000

51 1700 | 4.448.354 | 19.390.492 660.000 | 1958 | 5.224.138 | 22.766.891 660.000
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6| 1691 | 4.421.930 | 22.634.199 660.000 | 1948 | 5.193.218 | 26.576.376 660.000

7| 1681 | 4.391.010 | 25.693.102 660.000 | 1937 | 5.160.355 | 30.171.228 660.000

8| 1672 | 4.364.586 | 28.580.563 660.000 | 1926 | 5.127.491 | 33.563.401 660.000

9| 1662 | 4.333.665 | 31.303.264 660.000 | 1915 | 5.094.628 | 36.764.191 660.000
10 | 1651 | 4.300.802 | 33.869.318 660.000 | 1902 | 5.055.325 | 39.780.427 660.000
11| 1641 | 4.271.159 | 36.289.420 660.000 | 1890 | 5.019.242 | 42.624.404 660.000
12| 1632 | 4.243.458 | 38.572.806 660.000 | 1880 | 4.989.599 | 45.309.286 660.000
13| 1621 | 4.210.595 | 40.724.471 660.000 | 1867 | 4.950.296 | 47.838.947 660.000
14 | 1612 | 4.184.171 | 42.755.014 660.000 | 1857 | 4.920.653 | 50.226.899 660.000
15| 1602 | 4.154.527 | 44.669.693 660.000 | 1846 | 4.887.789 | 52.479.513 660.000
16 | 1592 | 4.123.607 | 46.474.469 660.000 | 1834 | 4.851.706 | 54.602.956 660.000
17 | 1583 | 4.097.183 | 48.177.424 660.000 | 1824 | 4.820.786 | 56.606.669 660.000
18 | 1573 | 4.066.263 | 49.782.460 660.000 | 1812 | 4.784.703 | 58.495.288 660.000
19 | 1562 | 4.033.399 | 51.294.391 660.000 | 1799 | 4.745.400 | 60.274.115 660.000
20 | 1553 | 4.006.975 | 52.720.817 660.000 | 1789 | 4.715.757 | 61.952.857 660.000

Dwa trén phwong trinh (3) va dit liéu trong Bang
8, LCOE cho hé thong PMTMNHL st dung co cau
nghiéng c6 dinh va bo dinh hwéng mat troi don
truc tw dong lan lwotla 1414 VNB/kWh va 1313
VNDb/kWh, twong dwong 0,062 USD/kWh va
0,058 USD/kWh (theo ty gid VND/USD = 22,660
[Vietcombank exchange rates, 12/8/2021]),
thip hon dang ké so véi LCOE la 0,095
USD/kWh [24] va cao hon 0,042-0,05 USD/kWh

[7].

Dwa trén phwong trinh (4) va dit liéu chi phi
tiét kiém va hang nam ctia hé th6ng PMTMNHL
trong Bang 8 cac gia tri DPBP ctia hé thong dwoc
tinh toan. DPBP cua hé th6ng PMTMNHL st
dung bo dinh hwéng mat tréi don truc tw dong
la tir 4 dén 5 ndm, néu cac dong tién dwoc trai
déu trong vong mot nam, thi DPBP wéc tinh la
4,73 nam. DPBP cta hé théng PMTMNHL st
dung co ciu nghiéng c6 dinh la tir 5 dén 6 nam,
néu cac dong tién dwoc trai déu trong vong mot
nam, thi DPBP wéc tinh 1a 5,26 nam. RS rang
rang, cac hé théng PMTMNHL véi dw 4n FiT2 c6
thoi gian hoan von chiét khdu chi bang mot phan
tw vong doi cda hé thong, thoi han ctia hop dong.
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4. Két luan

Trong mot nam nghién ctru doi véi hé thong
PMTMNHL st dung co ciu nghiéng cd dinh, san
lwong dién AC sinh ra, san lwong dién mat troi
dwoc tiéu thu va san lwong dién mat troi dwoc
hoa lwdi dat 1an lwot 1742 kWh, 1449 kWh, 293
kWh. Qua d6 c6 thé tinh ty 1€ dién mat troi dwoc
tiéu thu cia hé thong PMTMNHL st dung co ciu
nghiéng c6 dinh dat 83,18%. CUF hang nam va
AOSE cta hé théng PMTMNHL trong thoi gian
nghién ctru lan lwot 1a 15,07% va 12,89%.

LCOE cho hé thong PMTMNHL st dung co
ciu nghiéng c6 dinh va bd dinh hwéng mat troi
don truc ty dong lan lwot la 1414 VND/kWh va
1313 VND/kWh. DPBP ctiia hé th6ng DPMTMNHL
st dung bd dinh hwdng mat troi don truc tw
dong wéc tinh 1a 4,73 nam. DPBP cta hé thong
PMTMNHL st dung co cidu nghiéng cd dinh wéc
tinh 13 5,26 nam

Két qua phén tich da chi ro hé thong dién mat
troi mai nha véi bo dinh hwéng mat troi don
truc tw dong cho san lwong dién cao hon va cé
thoi gian hoan von gin véi co ciu nghiéng c6
dinh. Viéc nang cao san lwgng va giam thoi gian
hoan vén cho cac hé thong véi cong suat c6 dinh
da dwoc lap dit1a mot nhu ciu dit ra cho cac hd
gia dinh s dung dién mat troi. Thong qua bd
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dinh hwéng mat troi don truc tw dong diéu nay
hoan toan c6 thé thuc hién.
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TOM TAT

Déng co dbng b6 nam chdm vinh ctru khéi dong truec tiép véi hidu sudt va hé s6 cong sudt cao la mot gidi
phdp thay thé tirng phdn cho dong co khong ddng bo 16ng séc. Vé cdu tao, dong co cé sir dung nam chdm
vinh ctru, cdc thanh nam chdm nay dwoc gdn trén bé mdt hodc gdn chim trong 16i thép réto. Hién nay, dong
co' dong bé nam chdm vinh ctru khdi dong truec tiép dwoc sdn xudt thwong mai va chitng minh dwoc wu diém
vé hiéu sudt, hé s6 cong sudt cao, mdt dj ndng lwong I6n nhung dong co cé str dung nam chdm vinh ciru.
Tuy nhién, do str dung nam chdm vinh ctru, nén trong qud trinh str dung tir dw ctia nam chdm cé thé bi suy
gidm do thoi gian, do khit tie. Suy gidm tir nay sé dan dén ddc tinh ciia déng co thay déi. Vi vdy, bai bdo tdp
nay nghién ctru dnh huéng ctia suy gidm tir nam chdm vinh ciru dén ddc tinh lam viéc ciia dng co trén. Déi
twong dp dung nghién cteu la dong co ddng bo nam chdm vinh ciru 3 pha, 2p, 15 kW. Tir két qud, bai bdo rit
ra mot s6 nhdn xét vé dnh hwéng suy gidm tir ndy nham phdt hién, canh bdo va khdc phuc.
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Tir khéa: Dong co, dong co ddong boé nam chidm vinh ctiru khéi déng truc tiép, nam chdm vinh ctru, suy

giam ttlr, ddc tinh lam viéc.

1. Gi¢i thiéu chung

Pong co dé6ng bd nam cham vinh ctiru da dwoc
chirng minh cé nhirng wu diém vwot troi trong qua
trinh vAn hanh x4c 14p, vi du nhw ¢6 hiéu suit bién
d6i dién co 1o, hé s6 cong suit gan bang 1, mat do
momen 1én [1], [2]. Do sw phat trién nhanh chéng
cda cong nghé nam chidm vinh cru dat hiém vaoi
mét d tir trwong cao, tich s6 nang lwong 16m, nhw
chiing loai nam cham Neodimium...nén trong hai
thap ky gan diy da thac day viéc rng dung cac
chung loai nam cham nay trong linh virc may dién
dé cho ra cac dong co ¢6 hiéu suit nang lwong cao.
Trong cac loai dong co st dung nam cham vinh
ctru, LSPMSM noi lén nhw 1a mot gidi phap thay thé
tirng phan cho SCIM trong cac linh vuc céng, ndng
nghiép. Pong co LSPMSM ban chit la sy cai tién tir
déng co dong bd nam cham vinh ctru va dong co
khong dong bd. Néi cach khac né 1a sw lai tap gitra
dong co khong ddng bd va dong co ddng bo bang
cach dat cac thanh nam cham vinh ctru vao réto
ctia SCIM. Do viy, LSPMSM ngoai s& hiru wu diém
cia dong co dong bd nam chadm vinh ctru, né con
c6 wu diém cta SCIM 1a kha nang tw khoi dong
truc tiép.

D6i véi LSPMSM mic du dwoc khdng dinh 1a
déng c6 hiéu suit, hé s6 cong suit cao, nhwng néu
thiét ké khong tdt thi cac théng s6 vAn hanh thé sé
khéng dam bao, thAm chi c6 thé con khong dat
dwoc cac tiéu chuln cda SCIM [3], [4]. Trong qua
trinh vin hanh, néu lwa chon NCVC khéng tot nhw
chat lwong NCVC khéng dam bao vé ching loai, vé
nap ttr va dac biét 1a qua trinh khtr tir trong khi van
hanh sé anh hwdng dén tir tredng cia NCVC, cu
thé la suy giam tlr [6]. Hién c6 rat it bai bao nghién
ctru vé anh hwdng ctia sy suy giam tir nay, vi vy
trong nghién ctru bai bao sé tap trung vao nghién
ctru anh hwdng cla suy gidm tir déi véi qua trinh
van hanh ctia LSPMSM. Van dé dan dén khtr tir da
dwoc nghién ctru & mot s6 bai bao khac, tuy nhién
vin dé khi tir cia LSPMSM nay sé dwoc dé cap
dén & cac nghién ciru tiép theo.

Trong ndi dung nghién ctru, bai bao khao sat
déi twong thwe nghiém la LSPMSM 3 pha, 2p, cong
suit 15kW. LSPMSM nay déu dwoc hiéu chinh tir
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dong co khéng dong bo ctia Cong ty C6 phén Ché
tao dong co Ha Noi (HEM). Trong nghién cttu, cac
két ciu rang, ranh, mach tir, diy quan, 16ng soc
stato va réto gilt nguyén, cac thanh NCVC
NdFeN40, mat do tir dw Br cia NVC sé xét trong
mot s6 treong hop khi suy giam tir. Tir két qua dat
dworc, bai bio sé danh gia va rit ra mot s6 két luin
trong thiét ké cling nhw vin hanh dé dam bao hiéu
suit, hé s6 cong suit cua dong co.

2. M6 phong dong co bang phwong phap sé

C6 nhiéu phwong phap s6 rng dung trong tinh
toan cac bai toan lién quan dén trweong dién tir cia
may dién. Cac phwong phap phd bién nhat hién
nay la phwong phap sai phan hitu han (FDM-
Finite Difference Method), phwong phap thanh
phin bién (BEM-Boundary Element Method),
phwong phap phdn t& hitu han (FEM-Finite
Difference Method), phwong phap roi rac
(Discrete Element Method). Cac phwong phap nay
cho phép gidi gin dlng cac bai toan phwong trinh
vi phan riéng, vi du nhw bon phwong trinh
Maxwell mo ta cac dinh luat dién tir treong [5].

Dinh luit Faraday vé cam (rng dién tir:

oB

VXE:—E (1)

Dinh luat Ampere vé dong dién chay
trong day dan:

VxH=J+ @ (2)
ot

Dinh ludt Gauss cho tir trwong:

VeB=0 3)

Pinh luan Gauss cho dién trwomg:

VeD=p 4)

Trong cac phwong phap s6, phwong phap FDM
va FEM duogc st dung rit pho bién hon ca khi
phan tich két ciu dién tir cia mday dién. Cac
phuong phap nay thyc hién cac bai toan lién quan
dén cac hién twong vat ly co, nhiét, tir va dién. N6i
chung, hai phwong phap nay dwa trén sy roi rac
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ho6a khong gian ciia moét két ciu thanh cac bé mat
vudng hodc tam gidc nhé hay thanh cac thé tich
khéi tir dién, luc dién. Trong d6, dinh ctia cac hinh
khdi duoc goi 1a cac nut biéu dién gia tri cac bién
cta hé. b6 chinh xac cia cac phwong phap vi thé
sélién quan truc tiép dén dd min clia cAc mat lwdi.

Trong cic phwong phap sé, phwong phap phan
tir hitu han FEM da dwoc khang dinh c6 do chinh
xac cao khi rng dung giai gin dung cac phwong
trinh vi tich phén trong cac bai toan lién quan dén
dién tir tredng [6]. Vi vdy, trong nghién ctru bai
bio st dung phin mém tng dung FEM m6 phong
khao sat cac dac tinh cia LSPMSM Kkhi c6 sy suy
giam tir cua NCVC.

3. Mo phong LSPMSM v&i phwong phap so

3.1 Cdu hinh va mé hinh mé phéng sé cua
LSPMSM 3pha, 15kW, 2p

C4u hinh ctia dong co 3 pha LSPMSM (15kW)
dién ap 380/660V thuc nghiém c6 dang nhw hinh
1, trong d6 kich thwéc cia NCVC c6 gia tri twong
trng do day h (mm) va bé rong b (mm) [7], [8].

28 rdnh

9152,6

7N
]

Hinh 1. Cdu hinh déng co: LSPMSM 15kW

Théng s6 cta LSPSM thuc nghiém nhw & bang
1 bén dudi

Bdng 1. Cdc thong sé co bdn ciia LSPMSM 15kW

Tham sé

Ky hiéu

Gia tri

Pon
vi

Puwong kinh ngoai
stato

Dn

245

mm
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Puwong kinh trong D 152 mm
stato
DAu'O'ng kinh ngoai D’ 151 mm
roto
DAu'O'ng kinh truc D: 52 mm
roto

ArTia . Steel
Vat liéu thép stato 1008
S8 ranh stato Z1 36 Ranh
S& ranh roto Z2 28 Ranh
Chiéu dai khe h& 05 mm
khéng khi g ’
bién 4p nguodn cip Udm 3800/66 v
Tén s6 ngudn cip f 50 Hz

Tt cu hinh cia LSPMSM 3pha, 15kW, 2p ta
dung dwgc mo6 hinh mé phong s6 cia dong co véi
phan mém Ansys/Maxwell nhw hinh 2 bén dwéi

Hinh 2. Mé hinh mé phdng sé déng co LSPMSM
15kW véi Ansys/Maxwell

Trong nghién ctru, bai bao ng dung mé hinh
mo phong nay dé khao sat anh hwdng ctia mot sé
trwong hop suy gidm tir cia NCNC dén van hanh
cia LSPMSM.

3.2 M6 phéng s6 dé khdo sdt anh hwdéng suy
giam tir ctia NCVC dén vdan hanh ctiia LSPMSM
3pha, 15kW, 2p

Trong thuec té, suy giam tir cia NCVC do chat
lwong nam cham khong tot bi khir tir trong qua
trinh vin hanh. Bai bdo sé nghién ciru mot sé kich
ban NCVC bj khtr tir trong mot s6 trueomng hop sau:

Suy giam 30%

Suy giam 50%

Suy gidm 70%
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p Suy gidm 70%

. Suy gidm 50%
Suy gidm 30% P

Hinh 3. Mot s6 kich bdn suy gidm tir ciia NCVC
a) Suy gidm tir & mét cap NCVC déi xitng
b) Gidm giam tir & hai cdp NCVC doi xirng
Do qua trinh kht¥ tir thong thwong tac dong 1én
NCVC 1a d6i xtrng nhau vé mat két ciu, nén ta xét

suy giam tr cia NCVC trong 2 dang co ban sau
day:

- Suy giam tir & 1 cap NCVC déi xirng nhau
- Suy giam tir & 2 cap NCVC déi xirng nhau

Ta ciling xét do suy giam cla tir cia NCVC &
miurc do tr 30% dén 70%. Mirc o suy giam tir nay
phan anh tong quan anh hwdng cia suy giam tir
ctia NCVC. Néu mirc do suy giam nhé hon hodclén
hon nita qua nghién ctru nay ciing c6 thé suy ra dé
danh gia duorc.

Tir d6, ta 6 06 kich ban dworc xét dén nhw sau:

Bdng 2. Vi tri va mikc do suy giam tir

STT Vi tri suy giam twr Mu’c.(?(_)
suy giam

Truwong 1, cap NCVC doi 70% Br
hop 1 xirng nhau
Trwong 1, cadp NCVC doi 509% Br
hop 2 xtrng nhau
Truwong 1, cap NCVC doi 30% Br
hop 3 xtrng nhau
Trwong 2, cap NCVC doi 70% Br
hop 4 xtrng nhau
Truwong 2, cap NCVC doi 509 Br
hop 5 xtrng nhau
Truwong 2, cap NCVC doi 30% Br
hop 6 xtrng nhau

Khi mé phéng déi véi 1 cdp NCVC bi suy giam
tir & treong hop 1+3, két qua mo phong déi véi
dwong dac tinh toc do khi khai ddong nhu sau:
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\wwwa‘ﬂ-’-”‘”‘v
Hinh 4. Ddc tinh téc do ctia LSPMSM & dang suy
gidam tir & mét cdp NCVC doi xirng nhau

Nhuw viy, tir hinh 4 cho thdy d6i véi mire do suy
giam tir thi & trwedng hop 1 cho dac tinh khéi dong
t6t nhat, thoi gian di vao toc do déng bd 6n dinh
nhanh hon 2 tredong hop con lai. Nguyén nhan cé
thé gidi thich do moét khoi NCV lac khéi dong gan
nhw khong con tac dung, do d6 mémen kéo cia
NCVC (breaking torque) trong khéi dong giam
xudng nén dac tinh khéi dong sé tét hon.

Spaed_LSPMSP

Hinh 5. Ddc tinh téc dé ctia LSPMSM & dang suy
gidm tir & hai cdp NCVC déi xitng nhau

Twong tw, d6i véi treong hop suy giam tir & hai
cdp NCVC d6i xirng nhau. Nhan thay trwong hop 4
cho dic tinh khéi dong tot nhit, thoi gian di vao
toc d6 dong bd 6n dinh nhanh hon 2 trwdng hop
con lai.

Speed_LSPMSP

Hinh 6. Ddc tinh toc do cia LSPMSM khi suy gidm
tir ctia NCVC & hai dang mét va hai cdp NCVC doi
xttng nhau

T hinh 6 nhan thiy rang, d6i v&i suy gidm tir
trong 2 dang mdt va hai cap NCVC doi xirng nhau
thi chit lwong khéi dong & dang hai cap NCVC doi
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xtrng cho chat lwong khoi dong cao hon, thoi gian
di vao dong bo hoa va 6n dinh t6c d6 nhanh hon.
Nguyén nhan c6 thé giai thich twong tw nhw da giai
thich & trén, ldc nay moémen kéo cda NCVC
(breaking torque) trong qua trinh khéi dong cta
hai cip ddi xirng gidm so véi mot khéi, din dén
chat lwong khéi dong tot hon.

Bén canh d6, dé nghién ctru suy giam tir dén
hiéu suidt LSPMSM trong qua trinh van hanh xac
14p, bai bo cling m6 phong dé tinh toan hiéu suit
déi véi tirng treong hop da néu. Nhw hinh 7 bén
dwéi la ddc tinh vé cong suit dién tlr va cong suit
co dé tinh toan hiéu suit dong co trong qua trinh
mo phdng.

Vv."i'iﬂ;”v“l ﬁ N JW i‘-yiq‘uf \"(\\

Hinh 6. Céng sudt dién tir va cong sudt co trong
qud trinh mé phéng LSPMSM trong trwonmg hop 1

Sau khi md phdong déi véi tirng treong hop cu
thé, tong hop lai hiéu sudt mé phong trong 6
trweong hop xét dén dugc thé hién trong bang 3
bén duwdi.
Bdng 3. Hiéu sudt ctia LSPMSM khi suy gidm ttr

& mot cap NCVC doi xieng

STT Hiéu suat LSPMSM (%)
Trwong hop 1 91,2
Trwong hop 2 93,0
Trwong hop 3 93,3
Trwong hop 4 90,2
Trwong hop 5 92,5
Trwong hop 6 93,0

T bang 3 ta nhan thiy rang, trwong hop 3 &
day sé cho hiéu sut cao nhat (93,3%) nhung dac
tinh khéi dong kém nhat. Ngworc lai d6i voi treong
hop 4 c6 dic tinh khéi ddng tét nhat nhung hiéu
sudt lai thap nhét (90,2%). Nguyén nhin c6 thé
hiéu la & treomg hop 4 do khi tir manh nhit nén
dac tinh khéi déng ciia LSPMSM va hiéu suit gan
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nhuw tré vé trang thai ciia dong co khong dong bd
(89% theo cong bd ciia nha sdn xudt). Bén canh do6
cling thdy rang, d6i vdi hiéu suit thi murc do khir
tir & hai dang mot va hai cap NCVC dwéi 30% la
dang ké.

4. Két luan

Bai bao nghién ctru anh hwdng ciia suy giam tir
dén van hanh cia LSPMSM cu thé1a qua trinh khi
dong thé hién qua dwong déc tinh téc do va hiéu
suitlam viéc & qua trinh 1am viéc 6n dinh. Két qua
cho thdy, suy giam tir anh hwdéng rat nhiéu dén
qua trinh vin hanh cia LSPMSM. Nhu vay, néu
thiét ké, lwa chon khong ding chiing loai déng co,
hoic trong qua trinh 1am viéc khong ddm bao dan
dén NCVC bi khtr tir thi hiéu suat lam viéc déng co
sé bi giam di dang ké. Trong cac diéu kién xét &
trén c6 thé thiy & treong hop 4, bang 3, hiéu suit
dong co gidm rat1én. Tir d6 co6 thé suy ra & trwong
hop dong co bi khir tir hoan toan thi luc day
LSPMSM sé tré vé lam viéc nhv mot dong co
khéng dong bd binh thwong.
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MO HINH MANG DIEN MO HON HOP VE PHUONG DIEN AN TOAN
PIEN GIAT

Nguyén Truong Giangl,*, Nguyén Thac Khanh?, Kim Thi CAm Anh!
1 Khoa Co - Dién, Trwrong Pai hoc M6 - Pia chdt, E-mails (nguyentruonggiang @humg.edu.vn)

TOM TAT

Nghién ciru vé diéu kién an toan dién gidt trong cdc mang dién don xoay chiéu mé hdm lo (AC-IT) dién dp
380V, 660V va 1140V, nhiéu tdc gid trong va ngoai nwéc da dé xudt mé hinh mach vé phwong dién an toan
dién gidt dé tinh dong dién ro qua nguoi. Trong thoi gian gdn ddy, cde bo bién déi bdn ddn nhw cdc bo chinh
Iwu diéu khién va khong diéu khién, cdc bé khdi ddng mém, cdc b bién tin v.v... dd dwoc str dung nhiéu trong
cdc mang dién mé hdam 1o. Mang dién nay chira cd hai logi dong dién la dong xoay chiéu va dong mét chiéu
nén duoc goi la mang dién hén hop (mang dbi hay mang kép). Trong mé hdm 1o thwong s dung cdc mang
dién hén hop dwoc cdch ly véi dat (AC/DC-IT). Bdo cdo trinh bay mot sé két qud nghién civu xdy dung mé
hinh mang dién mé hén hop vé phwong dién an toan dién gidt. M6 hinh dé phdn dnh khd ddy di cdc hién
twong vat Iy xdy ra trong thuec té ctia mang dién mé hén hop va cé thé sir dung dé gidi nhiéu bai todn vé an
toan dién gidt trong cung cdp dién cho cdc mé than hdam lo.

Ttr khéa: M6 hinh; mang dién don; mang dién hon hop; an toan dién giat; bién tin

Trong nhirng thip ky gan day, véi sw ra doi
1. bat van dé va phat trién manh mé cua ky thuat bién déi dua

Cac mang dién don xoay chi®u v mét chidu trén cac thiét bi dién t ban dan cdng suat, mot

khong néi dt (AC-IT va DC-IT) dién &p thap da 1}:"?“ mang dé‘ir_‘hm”‘ d“‘-’ckg,‘-" lah{nang g“?“ hon
dwoc ap dung tir 1du dé cung cip dién trong cong }?’E (m\a ng 01h.3y Ilr{lspg eB.) (;:A, traca 0:(%{ Iggt
nghiép ma, giao thong van tai, cic bénh vién, trong chieu va xoay chiéu khong no dat (mang . / o
tau ngam, tau thiy, dan khoan dau khi v.v... So v&i IT) da, dang va ngay cang dwoc str dung rong rai
cac mang dién mot chiéu va xoay chiéu noi dat, cac Mot m;lnghd,len du’zs goi la mang hﬁ,ll hq? neu
mang dién khéng néi dat (cich ly) c6 nhirng wu tr(?? § do chitra €a phan mang xoay chieu va r.riot
diém noi bat nhw: c6 do an toan va do tin ciy cung chiéu 6 noi lién hé trire iep vol nhau vé dién.
cap dién cao hon; nguy co chdy nd it hon; tri s6 M?n}gACKD(;Z-IT o th.e: .g}:;l\p,trong cg&mar&g d(;?n
dong dién ro va dién ap tiép xic thap hon; mach Mo hiam 10 dure’e co g101 104, Mang dieh tren dan
tiéip dt 6 cau tao dom gian hon khoan dau khi, trong cAc nha may dién nang lwong
: mat troi, trong cac bénh vién v.v...
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Twong tw nhw cac hé thong dién AC-IT va DC-
IT, nghién ctru vé diéu kién an toan dién git trong
cac hé thong AC/DC-IT can thiét phai xay dung
dwoc md hinh mach twong dwong vé phwong dién
an toan dién giat. Vdn dé nay cho dén nay con it
dwoc nghién ctru.

2. Két qua nghién ciru

2.1. Téng quan cdc mé hinh mang dién don
xoay chiéu mé hdam lo vé phwong dién an toan
dién gidt

Nghién ctru vé diéu kién an toan dién giat
mang dién don xoay chiéu mé ham 1o (AC-IT) dién
ap 380V va 660V, nhiéu tic gia trong va ngoai
nuwéc da dé xuat mo hinh mach vé phwong dién an
toan dién giat dé tinh dong dién ro qua nguoi.

Trén co sé& ly luAn: Mdi mot don vi chiéu dai
ctia mang dién ton tai mot gia dién tré nao do gitra

cac pha va gitra mdi pha v&i dat. Khi mang dién c6
dién ap thi qua cac dién tré nay sé c6 cac dong dién
chay dwoc goi la cac dong dién ro. Nhw vy, c6 thé
coi mdi don vi chiéu dai ciia mang c6 cac dién tré
noi gitra cac pha va gitra pha va dat. Mat khac, gitra
cac day dan véi nhau va gitta moi day dan va dat
cling ton tai cac dién dung. Do d6, mbi mot mach
dién hay mdi bd phan ctia né cé thé coi 1a néi ndi
tiép cac don vi dai, va mbi don vi dai lai dwoc coi
nhu mot dién tré va dién dung méac song song.
Néu coi dién tré va dién dung phan bé déu va chu
y rang, d6i voi dong dién qua co thé ngudi khi
cham phai mdt pha dién tré va dién dung gitra cac
pha anh hwéng khong dang ké, trong [Pdiuban V.
X vannk, 1983; lagudaev B. M. va nnk;, 1982; Suski
V. I, Akhliuxtin V. K, 1979], da sit dung mo hinh
nhw so d6 hinh 1.

380V (660V) C

B

A

}

1

!
I3

¢R

Hinh 1. M6 hinh don gidn tinh dong dién ro qua nguoi

Trong so d6 ky hiéu R va C 1a dién tré cach
dién va dién dung ciia mang so véi dat, Ry, 1a dién
tré ciia ngudi. M6 hinh nay chi xét dén anh hwdng
thong s6 cach dién clia mang so véi dat dén dong
dién ro qua nguoi.

Trong [ Nguyén Hanh Tién, 2005), ké dén 4nh
huwdng cla tré khang bién ap, tré khang cap dén
dong dién ro da st dung mé hinh nhw hinh 2.
Trong d6 Rpa, Liva 1a dién tré va dién cam cda bién
ap, Rc va L¢la dién tré va dién cam ctia cap.

380V (660V) C

B

A

l

I
¢¢R 1 ¢
T &y

c"|'

Hinh 2. Mé hinh ké dén dnh hwdéng ctia tré khdng bién dp, cdp

Trong [Kim Ngoc Linh, 2006], ké dén anh
hwdng cda tré khang bién ap, tré khang cap va tré
khang tai dén dong dién ro da st dung mo hinh
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nhu hinh 3. Trong d6 Ry, Lba la dién tré va dién
cam cua bién ap, R va L 1a dién tré va dién cam
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cta cap, Rac va Lac 1a dién tré va dién cdm cua dong
co.

380V (660V) C

Hinh 3. Mé hinh ké dén dnh hwdéng ctia tré khdng bién dp, cdp va tré khdng tdi

Trong [ Nguyén Van Quin, 2015), k€ dén anh
hwdng cua strc dién dong ngwoc clia dong co khi
cat ngudn dén dong dién ro di xay dung so do

cc A

mang 1140V vé phwong dién an toan dién giit
nhuw hinh 4.

~ 1140V

o—e ()

Kll\ \

1
K2 |\44“ |

000 |

chl

Hinh 4. M6 hinh mang dién mé ham lo 1140V vé an toan dién gidt

Trong so d6 ky hiéu ug, usm ugla dién ap pha
thr cAp ctia may bién ap; Zss Zeo Zemitwong img la
tré khang cia may bién ap, cap chinh va cac doan
cap nhanh; Z4, Z.q1a tré khang cach dién caa cap
chinh va cac cap nhanh; Zz 1a tré khang cia cac
dong co; us4;1a dién ap stato clia cac dong co khi
ngat khoi lwéi; R, 1a dién tré ndi ngan mach cua
thiét bi tw ddng ndi ngan mach pha; R, 1a dién tré
nguoi.

Mo hinh dwoc xay dwng véi cac gia thiét: coi
ngudn cung cap cho may bién 4p c6 cong suatla vo
han, mach c6 thong so tip trung, tai la dong co
khong dong bd ba pha roto 16ng sdc dwoc cung cap
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truc tiép tir lwdi va bo qua anh hwdng cla sw bao
hoa tir trong dong co.

Cac mo hinh trén chi phu hop véi cadc mang
dién don xoay chiéu cach ly (AC-IT) va khong phu
hop dé ap dung cho cidc mang dién mé hén hop
(AC/DC-IT). Vi vdy, can nghién ctru xy dung mot
mo hinh méi, phu hop véi dic diém cta cac mang
AC/DC-IT.

2.2. Xdy dwng mé hinh mang dién mé hén hop
vé phwong dién an toan dién gidt

Xét sor d6 nguyén ly cung cap dién mang dién
mé hén hop nhu hinh 5.
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Hinh 5. So A nguyén ly cung cdp dién mang dién mé hon hop

Trong [Petrichencd A.A, 2017; Kim Ngoc
Linh, 2018], khi khdo sat vé dong dién ro trong cac
mang dién mo hon hop, da st dung so dé twong

dwong vé phwong dién an toan dién giat nhw hinh
6.

BIEN TAN
CHINH LUU + MMC NGHICH LUU
u Vi NI NIV X &= ==
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:

"|E,

HHE ™

Hinh 6. M6 hinh mang dién mé hdn hop vé an toan dién gidt

Trong so d6 ky hiéu Ra, Rg, Re, Ca, Cg, Ccla dién
tré cach dién va dién dung cac pha so véi dit cia
phan mang trudc bién tan (MTBT); Ras, Res, Res, Cas,
Csr, Cerla dién trd cach dién va dién dung cac pha
so v&i dat ciia phan mang sau bién tan (MSBT); R+,
R, C4, C.la dién tré cach dién va dién dung gitra
cwe dwong (4) va cec am (-) so véi dat clia phan
mang mot chiéu (MMC); Ugla dién 4p pha cudn thi
cip ctia may bién ap khu vuec; Uy 1a tri s trung
binh cta dién 4p chinh lwu ciu ba pha. M6 hinh
nay chwa ké dén dén anh hwdng do sirc dién dong
nguoc cia dong co khi ngit dén dong dién ro.

DPé xay dwng mo hinh tinh dong ro va dién lwong
qua nguwoi khi cham vao mot pha ctia mang dién
mé hon hop nhém tac gia st dung cac gia thiét
sau: Coi cong suit ngudn cung cip cho may bién
ap khu vy 13 v6 han; mach cé théng sé tap trung;
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khong tinh dén anh hwéng cla dién tré va dién
dung cach dién gitra cac pha; bo chinh luu dwgc
mac tryc tiép vao lwdi khong qua bién ap; xét tai
la ddng co ba pha réto 16ng s6c dwge cung cap truc
tiép tlr lwdi va tir bién tan doc lap.

Vé phurong dién an toan dién giat, so dd mang
dién mo hon hop hinh 5 twong dwong véi so do
hinh 7.

Tinh dén anh hwdng do strc dién dong nguoc
clia dong co khi ngat dén dong dién ro va ké dén
trérkhang ctia bién p va cap, mé hinh dé tinh dong
dién ro qua nguoi khi cham vao mot pha cia mang
dién mé hon hop dwoc dé xuat nhw hinh 8.

Trong so d6 hinh 8 ky hiéu: usu, um urla dién ap
pha thi cip cia may bién ap; Zw, Zeo Zemi tong
trng la tré khang cliia may bién ap, cap chinh va cac
doan cap nhanh; Z.4 Z.4la tré khang cach dién cia
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cap chinh va cac cap nhanh;Z+cq, Z-q 1a trér khang
cach dién gitra cwc dwong va cuc 4m cua phin
mang mot chiéu so v&i dat; Zyi 1a tré khang cla
cac dong co; ug;la dién ap stato cta cac dong co
khi ngat khoi lwdi; R, 12 dién tré ndi ngdn mach
cuia thiét bi tw dong ndi ngdn mach pha; R, 1a dién

tré ngwoi; MC 12 tiép diém ctia may cat; K; dén K,
la tiép diém cha cac khéi dong tir diéu khién cac
déng co phan mang truede bién tan; Kiela tiép diém
clia aptomat truére bién tin va Ky la ti€p diém cia
khdi dong tir diéu khién déng co phan mang sau
bién tan.
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Hinh 7. So do twong duong mang dién mé hén hop vé phurong dién an toan dién gidt

Bién tan /
n A

Chinh Nghich B’

lwu lwu

Uta Zpa

s

000|571 ka0

Hinh 8. M6 hinh dé tinh dong dién ro qua nguoi khi cham vao 1 pha mang dién mé hén hop

Cac théng sd ciia mé hinh dwoc tinh:
bién &p nguodn:

Uy = Uy, sin(at +¢)=2U,sin(et +¢). 5 ¢

M)
Thong s6 may bién ap:
R, =10°PU, /S5 ; (P :kW;U,, :kV;S, :kVA)
Lba = Xpq /Zﬂf' Xpa = \/leza _RZU; Zpg :10un%U22dm /‘Sdm (Uzd kV, Sd kVA) (2)
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Thong so cta cap chinh va cap nhanh:
Rczro.l; L.=x,/2rf 3)
(ry, xo twong rng la dién trd, dién khang trén mét don vi chiéu dai, / 1a chiéu dai cia mang cap).
Thong so ctia dong co:
Ri =240 €OSPye; 2y =Upye [yei lac = 10°P, /(\/gudcndc cos gy ); (P kW) :

de :Xdc /Zﬂ-f' Xdc = \lzsc _ch (4)

(R, Xy, 2,c080, ,P,,U,,n, lacacthong so cia dong co).

Chon goc thoi gian la thoi diém con nguoi
cham vao moét pha cia mang. Ky hiéu: t. 1a thoi
diém ngat cua ti€p diém may cit MC; t; 1a thoi
diém ngét clia tiép diém cong tic to K1; tenq 12 thoi
diém sirc dién dong nguoc cia dong co tat hoan
toan; Tupc 12 hang s6 tit twong dwong strc dién
dong ngwoc clianhém n cac ddng co va Tpc la hang
s6 tit cia dong co nhanh con ngudi cham phai.

U

ms?

khiO<t<t,;

Theo [Covach K. P, Ratx I, 1963; Vaxiletx X. V.,
2013], dién ap stato dong co khi ngat khai lwdi co
dang:

u, (t)=kU,, (t)sin[o(t)t + ¥, ] )

Gia tri gan ding ctia hé s6 k14y bang 0,83 khi tai
dinh mirc va bang 0,95 khi dong co khong tai
k=0,83+0,96) [Covach K. P, Ratx I, 1963].

U (t)=1U e " khit <t<t;

—(t, -t )/T, —(t—t,)/T, .
U, e e o =0)Toe gpje <t<t,

6)
(P

Oday u, =2U,; T, =—=—5;

Hang s6 thoi gian tit s.d.d ngwoc cia dong cor
TDCi c6 thé tra bang 1 [Kim Ngoc Linh va nnk,
2023].

Z(R /TDCi)

i=1

Bdng 1. Hing sé thoi gian dién tir ciia dong co khdng dong bo

P, kW 22 30 37 45 55 75

Toe, s 0,439 0,60 0,738 0,899 1,098 1,503

P, kW 90 110 132 160 200 250

Toe, s 1,797 2,20 2,649 3,207 3,994 50
w,,khiO<t<t_;

ot)=1w,—k (t—t.) khit <t<t,;

o, —k (t, —t,)—k,(t—t,), khit, <t <t,,

™)
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O day o,=(1-s)w; s=003; ki=120rad/s%
t=0,12s (mang 1140V) va t.=0,2s (mang 660V va
380V); t1=0,4s (thoi gian dé dién ap stato déng co
giam con 0,5 gia tri dinh mrc [ Vaxiletx X. V., 2013]
bién dung cach dién cua cap chinh va cap nhanh:

C.,=1,05C,./;
(O day Coi - 1a dién dung riéng trung binh ctia doan
cap thir i, uF /m; I; - chiéu dai doan cap thi i, m;.
bién dung riéng trung binh cta cap tra bang 2 [Kim
Ngoc Linh va nnk, 2023].

Bdng 2. Dién dung riéng cdch dién cua cdp

Loai cap Co (UF /km) v6i tiét dién cap, mm?

6 10 16 25 35 50 70 95
Cap boc thép dén 1kV 0,12 (0,7 10,18 (0,49 (0,24 0,34 0,35 0,36
Cap mém khong boc dén 1 kV 017 10,18 10,19 0,2 023 1024 |- -
Cap mém c6 mang boc dén 1 kV 032 (037 1043 0,63 066 |07 - -

bién tré cach dién cta mang so véi dat phu
thudc vao so6 lwgng va loai thiét bi dién dwoc tinh
theo biéu thirc [Kim Ngoc Linh va nnk, 2023].

B 10° ‘

ndc /Rdc +ntb /Rtb +nba /Rba +nc /Rc '

O day: nqc la s6 lwong dong co trong mang; Rac
- dién tr¢ cach dién dong co, MQ ; ng — sO luwgng
thiét bi dién, bao gbm ca cac thiét bi dwgc tich hop
san trong tram bién 4p di dong; Ry, — dién tré cach
dién cta thiét bi dién, MQ ; ny,— s6 may bién ap luc
trong mang; Ry, la dién tré cach dién ciia may bién
ap, MQ; n. — s6 lwong cap trong mang (cap boc
thép va cdp mém); R. — dién tré cach dién cia cap,
MQ .

3. Thao luian

Mo hinh dé tinh dong dién ro qua ngudi khi
cham vao mot pha ctia mang dién mé hén hop hinh
8 c6 ké kha diy da dén anh hwdng cia cac yéu té
nhuw: dién tré va dién dung cach dién cta phin
mang mot chiéu va phin mang xoay chiéu trueéc va
sau bién tan, dién tré va dién khang ciia may bién
ap va cap, strc dién dong nguoc ctia dong co khi
ngat khoi ngudn cung cAp, vi tri cham clia nguoi.
DPiém mé&i ciia mo hinh 1a da ké dén sy thay ddi ctia
tAn s6 dién 4p stato dong co khi ngatkhoi ludi. Dieu
nay cho phép khdo sat chinh xac hon hiéu qua cia
mach bu thanh phén dién dung cia dong dién ro
sau khi bao vé ro tac dong.

Mo hinh c6 thé st dung dé giai nhiéu bai toan
vé an toan dién giat trong cung cip dién cho cac mo
than hiam 10 nhu: Anh hwéng ctia thong s6 cach
dién phan mang mét chiéu, mang xoay chiéu truéc
va sau bién tin dén dong dién ro; Anh huéng do tréy
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khang trong ctia bién ap va tré khang cda cap dén
dong dién ro; Anh huéng ctia tré khang tai va sitc
dién dong nguwgc dong co dén dong dién ro; Khao
sat hiéu qua cac giai phap giam dong ro khoanh
khic nhw bu dién dung, néi ngin mach pha con
nguwoi cham phai véi dat; Khdo sat anh hwong cta
dién tré ndi dit trong mach ndi ngan mach pha dén
dong dién ro v.v...

4. Kétludn

Khi nghién ctru vé dong dién ro qua ngwoi khi
cham vao mot pha clia mang dién mé hén hop cé
thé str dung mo hinh hinh 8. Uu diém ctia mé hinh
1a d3 ké dén hau hét cac yéu té anh hwdng dén dong
dién ro qua nguwoi khi cham vao mot pha cia mang
dién mo hon hop. Viéc gidi mé hinh c6 thé st dung
phdn mém moé phong Mathlab Simulink. Két qua
khdo sat cac yéu to anh hwdng dén dong dién ro
qua nguoi khi cham vao mot pha cia mang dién moé
hén hop sé dwoc ching téi trinh bay trong cac bai
bao tiép theo.

Tai liéu tham khdo

1. Covach K. P, Ratx I, (1963). Qua trinh qua do
trong may dién xoay chiéu, “Nha xuit ban ning
lwong qudc gia”, Matxcova va Lenigrad. (ban
tiéng Nga)

2. bdiuban V. X. va nnk, (1983). S6 tay nang lwgng
cac mo than, “Hat nhan”. Matxcova. (ban tiéng

Nga)

3. lagudaev B. M, Silikin N. Ph., Nadarov V. V,,
(1982). Bao vé khaéi dién giat trong cong nghiép
mo, “Hat nhan”. Matxcova. (ban tiéng Nga)



HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA
(MEAE2023)

2023

4. Kim Ngoc Linh, (2006). Nghién cttu hinh thic
bdo vé ro dién phu hop véi mang dién ha dp mo
ham 10 ving Quang Ninh. Luin an Tién si, Dai
hoc Mo6-Dia chit. Ha Noi.

5. Kim Ngoc Linh, (2018). Nghién cttu xac dinh
dong dién ro trong mang dién moé ham 10 c6 st
dung cac bo bién déi. Tap chi Cong nghiép Mo,
s6 3-2018, 15-19.

6. Kim Ngoc Linh va nnk, (2023). Phwong phap tinh
todn kiém tra diéu kién an toan dién giit khi
thiét ké cac mang dién khu virc mo6 ham lo. Tap
chi Céng nghiép M9, s6 3-2023, 47-53.

7. Petrichencd A.A., (2017). Cac phwong phap va
phuwong tién han ché dong dién ro xuéng dat
trong cac hé thdng cung cip dién cho cic mo
quing sit. Luan 4n Tién sy, Krivoi, 197. (ban
tiéng Nga).

8. Nguyén Vin Quan, (2015). Nghién ctru ddm béo
diéu kién an toan dién giit trong cic mang dién
mo ham 10 dién 4p 1140V ving Quang Ninh.
Luan &n Tién si ky thuat, Dai hoc Md-Dia chat.
Ha Noi, 128.

9. Suski V. I, Akhliuxtin V. K, (1979). An toan dién
trong cac xi nghiép tuyén khoang, “Hat nhan”.
Matxcova. (ban tiéng Nga)

10. Nguyén Hanh Tién, (2005). Nghién ctru phong
ngtra n6 khi mo6 do dong dién cia cdc mang dién
xoay chiéu & cac mé than ham 16 Quang Ninh.
Luin &n Tién si ki thuat, Pai hoc Md-Dia chat.
Ha Noi.

11. Vaxiletx X. V., (2013). M6 hinh toan cia mang
dién mo khi c6 dong dién ro qua dién tré nguoi,
EsiekTpoMexaHiyHi i eHeprosbepiraroyi
cucremu. Bunyck 1/2013 (21), 117-122. (ban
tiéng Ucraina)

THIET KE, CHE TAO MACH KIEM TRA DPIEN TRO' CACH DIEN DONG
CO' KHONG PONG BO BA PHA

Nguyén Trwdong Giang *, Kim CAm Anh 2, Nguyén Tién S§ 3
1 Khoa Co - Dién, Trwwromg Pai hoc M6 - Pia chdt, Viét Nam, nguyentruonggiang @humg.edu.vn;
2 Khoa Co - Dién, Trwdong Dai hoc M6 - Pia chdt, Viét Nam, kimcamanh@humg.edu.vn;
3 Khoa Co - Dién, Trwong Pai hoc M6 - Pia chdt, Viét Nam; nguyentiensi@humg.edu.vn;

TOM TAT

Bai bdo trinh bay két qud thiét ké, ché tao mach kiém tra cdch dién trwcéc khi dong dién cho dong co khdng
dong bé ba pha. Ddc diém chinh ctia mach dién la khd ndng kiém tra lién tuc dién tré cdch dién trwdéc khi
ddng dién va trong qud trinh lam viéc ciia dong co. San phdm ché tao ndy c6 thé tich hop trong thiét ké ché
tao cdc thiét bi déng cat, bdo vé dong co khong dong bé ba pha diing trong cdc mé hdm [0, thay thé cdc sdn
phdm nhdp ngoadi.

Tir khéa: Dong co khong dong bo ba pha, mach kiém tra dién tré cach dién, thiét bi dong cat, bao vé, role

bi trén mat dat. Vi viy, dé dam bao an toan dién giat
bat budc cac thiét bi dong cat phai dworc trang bi ro
le kiém tra cach dién nham muc dich khéa lién
dong ro dién ngan khéng cho phép dong dién khai
dong tlr vao nhanh cap bi ro.

1. Dat vian dé

D€ dam bao diéu kién an toan, cic mang dién khu
vwe hdm 10 chi st dung mang dién ba pha c6 trung
tinh cach ly. Cac thiét bi dién thuwc hién viéc khai
thac, thong gié, bom nuwéc trong mé thuong lam
viéc trong diéu kién nang nhoc hon so véi cac thiét
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2. Két qua thiét ké va ché tao

D€ kiém tra cach dién mang trung tinh cach ly cé
thé st dung cac loai so d6 sau [1]: cac so d6 lam
viéc véi dong hodc dién ap thir tw khdng; cac so do
lam viéc véi dong chinh Iwu tir mang can kiém tra;
cac so d6 lam viéc véi ngubn ki€ém tra mot chiéu
doc lap; cac so @6 lam viéc véi dong xoay chiéu
khac véi tin s6 cong nghiép 50Hz.

Trong bai bdo nay, nhom tac gia da thiét ké,
ché tao m6t mo hinh ro le kiém tra cach dién truéc
khi dong dién cho dong co c6 so d6 nguyén ly nhw
hinh 1.

Trwée khi khéi dong, sau khi ro le 3RTr dwoc
cip dién n6 dong cac tiép diém thuwdong mé 3RTr3
va 3RTr4 lam kin mach kiém tra dién tr& cach dién.

s c6 3 o B

ray Hrez 1M
—

[

Lusi o o k Ci T
—
v
! iy !
| 2RTR 2RTW  IRTR 3RTH |
L i

Hinh 1. So' db nguyén ly mach kiém tra dién troé
cdch dién truroc khi dong dién

Dong kiém tra dién tr& cach dién di theo dwong:
Cuc dwong ciia nguon kiém tra dién tré cach dién,
dién tré R44, R41, chiét ap VR3, dién tré R42, mass
cta so do, cuc ti€p dat, dién tré cach dién clia mang,
dong co va cap noi, cac tiép diém 2RTr3, 2RTr4,
3RTr3, 3RTr4, cwc &m ngudn kiém tra dién tré cach
dién.

Khi dién tré cach dién so véi dat cao hon 22k
thi role kiém tra cach dién RL c6 dién. Tiép diém
thuwong mé RLea: trong mach so cip bién ap diéu
khién BADK déng mach cho bién ap diéu khién
BADK nén c6 thé khai dong dong co.

Khi dién tré cach dién so véi dat thap hon 22kQ
thi role kiém tra cach dién Ri.s mat dién. Tiép diém
thuwong mé RLea: trong mach so cip bién ap diéu
khién BADK hé mach. Do may bién ap diéu khién
BADK bi mat nguon cung cip nén mach diéu khién
khong c6 tac dung va vi thé bd khai dong tir khong
thé khdi dong dwoc. Dong thoi, tiép diém thwong
dong RLca, dang & trang thai mé lap tirc dong lai
lam cho dén canh bao ro dién Lz sang bao hiéu sy
co.
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Néu nhuw dién tr¢ cach dién dwoc hoi phuc lai
binh thwong, role kiém tra cich dién RLe tw dong
dwoc cap dién nén diém tiép diém thwong mé RLcar
dong lai cip dién cho mday bién ap diéu khién
(BADK), dong thoi dén canh bao ro dién L3 tat do
tiép diém thwong dong mé ra. Lic nay co thé khdi
dong tiép.

D€ kiém tra kha ndng sin sang lam viéc cua
mach kiém tra dién tr¢ cach dién 4n nit thir T, dén
canh bao ro dién L3 phai sang.

Tl so @6 nguyén ly mach kiém tra dién tré cach
dién trwdre khi khéi dong dong co dwoc cho & hinh
1tacé:

Chon ngu6n nuéi EC=12V, role dién tir Rica chon
loai ¢6 Uam=12VDC, tiép di€ém 5A/250VAC

Khuéch dai thuét todn OA6 chon loai chuyén
lam mach so sanh, kiéu dau ra cwc gép hé mach

Chon céc phan ti¥ thira hanh

Twr dong cuwc gop bao hoa clia tranzito T4 chon
tranzito T4 loai NPN

Tinh dong cuwc géc bdo hoa cla tranzito theo
cong thirc

B
Chondutrit21an 1 =21

Tong dién tré dwoc tinh theo cong thirc:

E.-U
(Rse + R37) =——5%
3l
Chon R37 = 2,7kQ do 0A6 1a khuéch dai thuit
toan c6 dau ra cuc gop hé mach
Tinh chon dién tré R36 theo cong thirc

Rse = (Rss + R37)_ R37

Chon di6t D13, D14 loai dong 1A dién ap 50V
Tinh chon cic phan tir 14y va xtt Iy tin hiéu kiém
tra dién tré cach dién
Tinh dién ap sau cau chinh lvu CCL6

U,, =0,9U, =0,9.36 =32, 4V

Chon nguon kiém tra dién tré cach dién
Uao=4x5,1=20,5V

Chon dong kiém tra dién tré cach dién 16m nhit
(ing voi dién tré cach dién bang 22kQ) khoang
1mA.
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V&i dong 1am viéc ctia diot 6n ap I, = 5SmA
Tinh dwoc theo cong thirc: [pas = I7 + 14

Tinh chon R44 theo cOong thtc:
R = UR44 _ UdO _Udo
“ = T
R44 R44

Tinh chon ciu chinh lvu CCL5:

bién ap nguoc cyc dai dit 1én diét trong nira
chu ky khong dan dién Uin=1,41U,
Dong dién trung binh qua diét: Ip=Irss/2

Véi dién tré cach dién gioi han bang 22k, dién
ap dua téi dau vao dado cia 0A6 16m nhat va nhd
nhat dwoc xac dinh theo cong thikc:

U
Uopom = do R,+R
OA6max Rcd + R4l +VR4 4 R42 (V 4 42)
) u,
UOAGmin = 4

R R42
v TRy VR, +R,,
3. Két qua thir nghiém

M6 hinh mach kiém tra cach dién theo so do
hinh 1 dwoc nhém tac gid mo phong kiém tra trén
may tinh, thu dwoc két qua mo6 phéng nhw sau:[2]

Khi dién tr¢ cach dién so véi dit cao hon 22k
thi role kiém tra cach dién RLc4 c6 dién. Tiép diém
thwong mé cla role dong lai (tiép diém nay dwoc
gai lién déng vai mach dién cia bién 4p diéu khién)
(dén X1 sang) déng mach cho bién 4p diéu khién
(BADK) nén c6 thé khéi dong dong co. Két qua mod
phong dwoc thé hién ¢ hinh 2

Hinh 2 Két qua mé phong khi dién tré cach dién
Rcd = 22k

Khi dién tré cach dién so véi dat thap hon 22kQ
thi role kiém tra cach dién RL.q mat dién. Tiép diém
thwong mé cliarole hé ra (dén X1 tat) BADK bi mat
dién nén mach diéu khién khong hoat dong vi vay
bo khéi dong tir khdng thé hoat dong dwoc. Pong
thoi tiép diém thwong dong cla role dang & trang
thai mé& lap tirc dong lai lam cho den canh bao ro

dién X2 sang bao hiéu sw c6. Ké&t qua mo phong
dwoc thé hién & hinh 3.

@
m
05| s R
o Ra0
" a1 5 12 |
. L& L = . 5
06 | 04 s
e o Rz
T

o oAga
> 3 DL 4pas 1
R lvce
0 vee
1 n B s
. . Red 00 O
203
vz us u1 ua
10 10 0 0

Hinh 3. Két qud mé phdng khi dién trd cdch dién Rea
<22k

Khi dién tré cach dién dwoc phuc héi lai binh
thwong, role kiém tra cach dién RLca tw ddng dworc
cap dién nén tiép diém thwong dong RLca: dong lai
cap dién cho BADK, dong thoi dén canh bao ro dién
X2 tat (do tiép diém thwong dé6ng mé ra). Luc nay
ngudi van hanh cé thé khoi dong tiép.

D€ kiém tra kha nang lam viéc cia mach kiém
tra dién tré cach dién nhan nut thi T, dén canh bao
ro dién X2 sang.

Sau khi m6 phdéng thir nghiém trén may tinh,
nhém tac gia da tién hanh 13p rap thir nghiém tai
phong thi nghiém Ky thuit dién-dién tir trwong Pai
hoc M6 - Dia chit. Hinh 4nh san phdm dwoc cho &
hinh 4.

Hinh 4. Hinh dnh san phdm mach kiém tra dién
tro cdch dién
Két qua thir nghiém tai PTN Ky thuit dién - Pién

9

tw

Hinh 5. Két qud thir nghiém khi dién tré cdch
dién Rcd > 22k()
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Khi dién tr¢ cach dién so véi dit cao hon 22k
thi role kiém tra cich dién RLcq c6 dién. Tiép diém
thuwdng mé cua role dong lai (tiép diém nay dworc
gai lién dong véi mach dién cta bién ap diéu khién)
(den CD sang) dong mach cho bién ap diéu khién
(BADK) nén c6 thé khéi dong déng co. Két qua
dwoc cho ¢ hinh 5

Khi dién tré cach dién so véi dat thap hon 22kQ
thi role kiém tra cach dién RL.amat dién. Tiép diém
thwdmg mé cla role hé ra (dén CD tit) BADK bi
mat dién nén mach diéu khién khong hoat dong vi
viy bd khoi dong tir khong thé hoat dong dwoc.

Hinh 6. Két qud thir nghiém khi dién tré cdch
dién Reg < 22k02

4. Két luan

Tl cac két qua thir nghiém cho thiy san phim
thiét ké hoan toan dap trng duwoc yéu cau dit ra cho
motbo role ki€ém tra cach dién trudre khi dong dién.
San pham c6 thé 1ap dit tich hop trong céc thiét bi
bao vé da ning, thiét bi déng cit dung trong cAc mé
ham 10, thay thé cic san phdm nhip ngoai.

Loi cam on

Dbong thoi tiép diém thwong déng cua role dang &
trang thai mé& 1ap tirc donglailam cho dén canh bao
ro dién L3 sang bao hiéu sw c6. K&t qua thir nghiém
dworc thé hién & hinh 6.

Nhém tac gid tran trong cdm on bo moén Ky
thuit dién - Dién tit, khoa Cor - bién, PH M6 - bia
chat da hd tro vé co sé vat chat dé thuc hién thir
nghiém két qua san pham.

Tai liéu tham khao
1. Kim Ngoc Linh, 2021. Diéu kién str dung an toan
thiét bi bao vé ro dién dung dong do 1 chiéu

trong cac mang dién mo hdn hop. Tap chi Cong
nghiép Mo, s6 4+5+6-2021, tr. 54-58.

2. Nguyén Trwong Giang, 2021. Xay dung md hinh
md phong khao sat mach bao vé tong hop
dong co khong dong bo ba pha. Ky yéu tom
tat hoi nghi toan quoc ERSD 2022 tr.296

XAY DUNG CAU HINH VAN HANH LINH HOAT CHO LU BIEN NHO O/
CHE PO bOC LAP THEO MUC TIEU ON PINH PIEN AP VA TAN SO

Pham Vin Huy'*, Nguyén Hong Son?, Vii Ptrc Thién?, Trinh Trong Chwdng?, Nguyén Van Hung'?, Nguyén
Ptrc Huy?
1 Khoa bién, Trwong Pai Hoc Cong Nghiép Ha N§i, Viét Nam,
2 Trwong Dién - Bién Ttr, Pai Hoc Bdch Khoa Ha Noi, Viét Nam,
phamhuy16616@gmail.com; hung nv@haui.edu.vn

TOM TAT

Xu hwéng hinh thanh cdc lwdi dién nhé dwa trén hé thong dién mdt troi dang ddn phd bién do gitp gia tdng
dé tin cdy cung cdp dién néi chung cho toan hé théng. Vai tro ctia hé théng dién mdt troi thay déi bdm theo
trang thdi néi lwdi hay doc ldp ctia lwdi dién nhd. Trong ché dé doc ldp, d€ ddm bdo vai tro gite lwdi hé théng
dién mdt troi thwong dwoc lai ghép véi b lwu dién, tuy nhién khi d6 hé thong dién mdt troi khé dat duoc
tiéu chi phdt cong sudt cyrc dai. Bai bdo dé xudt mgt cdu hinh linh hoat gitip hé thong dién mdt troi co thé dat
dworc tiéu chi phdt céng sudt cwc dai, ciing nhw thé hién dworc vai tro giir lwdi trong viéc ddm bdo tdn sé va
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dién dp lwdi dién trong ché dj doc Idp. Bai bdo da str dung cong cu Matlab/Simulink dé mé phdng va kiém

nghiém két qud.

Tir khéa: Van hanh linh hoat, lwéi dién nhd, cong suat cuc dai, ché do doc 1ap.

1. Giéi thiéu

Hién nay, sw phat trién manh mé ctia cic nguén
phéan tan trong hé thong lwéi dién kéo theo nhu ciu
kétnoi lwdi cling phai dwoc ndng cao ca vé matkinh
té€ va ki thuat. Trong thuc té, hau hiét cic ngubn
phéan tan hién nay déu thuc hién cung cip toan bd
cong sudt cuec dai vao cac phu tai va phan cong suit
con lai sé dwoc phidn b6 vao lwoi dién
lén(Laaksonen, Parthasarathy, Hafezi, Shafie-
khah, et al., 2020)

Tuy nhién, cau hinh va cich vin hanh nay cé6
mot nhwgc diém 16m, khi xay ra sw c6 hodc mit dién
& lwdi 16m, cic ngudn phan tan sé hoat dong hoan
toan & ché do gitr lwdi, khi d6 cac tAm pin mat troi
sé khéng dwoc hoat dong & mirc cong suat tdi da,
gdy ra nhirng ton thit nhat dinh vé mat kinh té
trong qua trinh vdn  hanh(Laaksonen,

Parthasarathy, Hafezi, Shafie-Khah, et al,, 2020).
Bén canh d6, trong nhitng diéu kién khong thuin
loi vé mat thoi tiét cling nhw khéng da birc xa, cong
sudt phatra cia cic ngubn phin tan sé khong du dé

@

HE Be ac
RN
.. > . 7 L rocal
PV Converter 1 Inverter 1 loads
.. e AC
e
.. be bc Cp T @

PV2 Converfer 2 Inverter 2

Bai bdo da tién hanh 4p dung mé hinh diéu
khién linh hoat1én cac kich ban c6 san khi hé théng
hoat dong & ché do tach lwdi va tién hanh thuc hién
mo phdng, dinh gia, so sanh va dwa ra két qua
nghién ctru bang céng cu Matlab/Simulink dé€ dam

Ly
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dap Gng nhu ciu vé nidng lwgng cia cic phu
tai(Baboli, n.d.).

Vi vy, dé dam bao ché d6 van hanh cta hé
thong dién mat troi trong cac diéu kién khac nhau
ddc biét trong lwdi dién nho & ché do tach ludi
dwoc hoat dong mét cach linh hoat, duy tri dwoc
cac thong s6 nhw tan s6 va dién ap cling nhw nang
cao hiéu qua vé mat kinh té, bai bao da dé xuat mot
phwong phéap diéu khién b0 bién doi cong suit tac
dung linh hoat c6 kha ning t6i wu héa cong suit cuc
dai ctia cac ngudn cip cho cac phu tai(Rodriguez et
al, 2007). Bén canh d6, mot nguén phin tan sé
dong vai tro gitr lwdi va phat ra cong suit du dé duy
tri hé théng hoat dong 6n dinh, bd lwu trir nang
lwong cling dwoc tich hgp vao ngudn cip ndy nham
thyc hién nhiém vu du trit cong suat dw thira clia
nguodn phin tan cling nhw gitr lwdi hoat dong 6n
dinh, gép phan van hanh lwéi dién mot cach hiéu
qua & ché do doc lap(Rodriguez et al,, 2018). So d6
khdi ca hé thong van hanh linh hoat hé théng pin
mat troi trong cac ché do ndi lwdi va tach dao dwoc
thé hién trong Hinh 1.
©)

Rd.’

DC J_
_|_

Converter 3

L
bc T ¥ nc

Inverter 3

Dc

BAT

L
T

Converter 4

De

@
Hinh 7. So' do khoi cia hé thong

bado tinh hiéu qua va kha nang &ng dung cta
phwong phap diéu khién da dé xuat.
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2. M0 hinh cac phén tir

2.1 M6 hinh toan hoc ctia Pin Mat troi

Pin mat troi hoat dong theo dic tinh phi tuyén
[-V va P-V, thay ddi tuyén tinh theo birc xa mat troi
va nhiét d6 hoat dong cia té bao quang dién. Trong
Hinh 2 biéu dién mach dién twong dwong cua té
bao quang dién. O’ hinh ndy, thanh phan dién tré
song song Rp dic trung cho dong ro qua té bao
quang dién, va dién tr& Rs mac ndi tiép dic trung
cho mdt phén dién tré trong cuia té bao quang dién
(Assis & Mathew, 2007; Thi Viét Héng etal., 2021).

Vb

Ise G) 3

Hinh 8. Mach twong dwong ctia té bao quang dién

Theo dinh luat Kirchoff 1, ta c6
le =1+1,+1;

1)

Sl=lge—1y-1,

VD

Sl=lg -1 -
P

Theo dinh luat Kirchoff 2, ta c6
Vp =V, +|.Rg
Theo phuong trinh diode Schokley, ta co:
qVe
I, =1,(e" -1

9-(Vour +1-Rs)
KT

)

@)
<1y =1g(e
Thay vao (1), ta co:

~1)

q(voul+| 'RS )
kT

I =lg —1o(e -1

V., + 1R )

out

R

p

Tai nhiét’d(} T=25°C, khi @6 phuong trinh dic tinh
I-V cua té bao quang dién la:

V., + LR,

38,9V out
|—|SC—|O(G om_l)_
p

Q)
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2.2. Mach ting ap mét chiéu DC/DC

Bo bién d6i DC/DC 1a mo6t mach dién tir hodc
thiét bi co dién dung dé chuyén déi nguoén dong
dién mot chiéu tir mirc dién ap nay sang mirc dién
ap khac. N6 1a mét loai b chuyén doi nang lwong
dién, nham thwc hién viéc hap thu va cung cip ning
lwong tir bang diéu khién ning lwong mat troi dén
b6 bién do6i. Qua trinh hip thu va cung cip nang
lwong trong bd chuyén doi khuéch dai dworc thuc
hién bédi suw két hop clda bén thanh phan la cudn
cam, cong tic dién tit, diode va tu dién dau ra dugrc
cho trong Hinh 3 (Mohan et al,, n.d.).

L boost

+

M
T
D
{ K} * T Cooost Vou

Hinh 9. So do ciia mach ting ap mét chiéu

Khi van S dan:
di,
Loy 6
LbOOSt dt n ( )
Khi van S khoa:
di,
—L=-Vv -V 7
LbOOSt dt n out ( )
Gia thiét tu C c6 gia tri du 16, ta co:
0<t<t, T poost = lmin +\%t
E_U ®)
t <t<Tri =1, — ] Lt-t,)
Giai hé phwong trinh trén thu dworc:
T 1
V,, = V., = V. 9
out T—tx in 1—k in ( )
Trong do:

Vou 1a dién ap dau ra;

Vin 1a dong dién dau vao;

k 1a chu ky nhiém vy;

T 1a thoi gian chuyén mach;

A1 la khoang thoi gian dién ap cuén cam am.

2.3. B6 lwu dién truyén théng

M6 hinh toan cta bd lwu dién bao gbm mot
mach twong dwong Thevenin d€ mé ta dic tinh
dién ap-dong cda bo lwu dién, va mdt mach twong
dwong thoi gian d€ md ta tudi tho, dung lwong,
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trang thai sac (SOC) va thoi gian hoat dong cua bo
lwu dién. M6 hinh toan c6 thé du doan hoat dong
cta bo lwu dién trong cac hé thdng dién dwa ra cac
giai phap phu hop dé cai thién hiéu suit va tudi tho
cta bo lwu dién dwa trén cac thong s6 mach twong
dwong véi cac ngudn va cac thanh phan dan dong,
bao gbm cac dién tré va dién dung. M6 hinh, dwoc
mo ta theo cach twong doi trong Hinh 4 va 5, bao
gom hai mach twong dwong. M6 hinh dac trueng cho
tudi tho pin, dung lwong, trang thai sac (SOC) va
thoi gian chay cda pin va mé hinh dac trung cho dac
tinh dién ap-dong cua pin (Kroeze & Krein, n.d.-a).
.+

v SOC

Hinh 10. M6 hinh xdc dinh thoi lu’gmg pin

R{S0C) RASOC)

RySOC)

RASOC)

CySOC) CHS0C)

CS0C) v,
Vul SOC) Toan

-—

Hinh 11. M6 hinh dic tinh V-1 cua pin

Hinh 4 biéu dién mé hinh toan hoc dic trung
cho cic thong s6 tudi tho, dung lwong, trang thai sac
(S0C) va thoi gian chay cua pin. Cac thong sé dworc
thé hién trén so d6 gom dién tré gom Rself dai dién
cho ndng lwong tw xa mat di trong qua trinh lwu trit,
nguon dong Ibatt dé sac va x4, tu dién Ccap thé hién
trang thai sac cda pin (SOC). Gia tri Ccap dworc tinh
nhw cdng thirc dwéi day (Hamidi et al., n.d.):

Ceap =3600.C,.f,(T). f,(n). f,(i)

Trong do:
C»1a dung lwong pin dinh mic (Ah).
£(T), £(n)va f3(i)1a cac hé s6 diéu chinh phu thudc
vao nhiét do, s6 chu ky va dong dién twong trng.
M6 hinh dac trung cho dic tinh dién ap-dong
cda pin dwoc thong qua mach twong dwong dwoc
mo ta trong Hinh 5. Trong truwedmng hop nay, tat ca
cac yéu to clia mach twong dwong déu phu thudc
vao SOC. Pic tinh khong tuyén tinh cia dién ap-
dong dién dwoc tich hop thdng qua nguon dién phu
thudc vao dién ap (Vo), va moét dién tré ( Rs) chiu
trach nhiém cho su thay déi dién ap. Mot s6 mach

(10)
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RC song song, gbm Ri va Ci, dwoc két néi ndi ti€p
nhau dé cung cip nhitng hang sd thoi gian khac
nhau. Thoéng thwong, ba mach RC véi cac hang sd
thoi gian khac nhau dwoc xem 1a da dé dap wng cac
muc dich thuc té€ pho bién nhat. Cac tham s6 dwoc
xac dinh trong Hinh 5 la mét ham ctia SOC, dwoc thé
hién qua cac phwong trinh sau day, va ching ciling
bi &nh hwéng béi cac dac tinh hoat dong khac nhw
nhiét d6 (Kroeze & Krein, n.d.-b).

SOC(t) = SOC, —Ciji(t).d ) (11)
cap 0
v, =yoc(soc,T)—|bat( )Rt (SOC,T) 12
g (1)-R,
R = (R (S0C) 1]
+(R,(sOC))e (5061 (500 (13)

-1

(R (SOC)) W%(SOC)t

Trong do:
Ver, Vezva Vezla dién ap qua cac tu dién.
Vas1a s gidm dién ap qua dién tré noi Rs.
2.4. B0 bién ddi DC/DC hai chiéu

B bién d6i DC/DC hai chiéu c6 vai tro bién déi
dién ap dau vao, dong thoi 1a mach sac cho pin,
Gitp 0n dinh dién 4p mot chiéu truede khi dwa vao

bd nghich lwu xoay chiéu (Ruan et al, 2008;
Tigerprints & Hazra, 2020).
Bidirectional
DC/DC Converter
Lyost [ = o )
N/ "
0 |
=2 |‘52 7 s, | Choost
IﬂEI | {[:Z% =~ 2
| |
| |

Hinh 12. Sor dé mach sac/ xd hai chiéu

Khi thyc hién xa, mach hoat dong & hai ché do:
ché do lién tuc va ché do6 khong lién tuc. Khi & ché
do dong lién tuc, nang lwong tich liiy trong cudn
cam du dé duy tri dong dién dén chu ki dong/cat
tiép theo, dién 4p dau ra lén hon dién ap dau vao,
khi d6 dién ap ra cia bd bién dai la:

1 Vv

ﬁ in (14)
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O’ ché d6 dong khong lién tuc dién ap dau ra ctia bd
bién dai la:

V, KT +(Vin -V, )AlT =0 (15)
A +k
Vout =— i Vin (16)
A1
Trong do:

Voula dién 4p dau ra cia bd bién doi

Vin1a dién ap vao cua bo bién doi

kla chu ky nhiém vu

T'la thoi gian chuyén mach

A4;71a Khoang thoi gian dién ap cudn cdm am.

Quaé trinh sac/xa clia tu dién dwoc thé hién bang hé
phuwong trinh (Tremblay & Dessaint, n.d.):

Cdv,’
Ed_(i[ = PBESS - PAC (17)
P =Vyi4 +vqiq (18)
Ché do xa:
Vi =E, — R
) 19
-K &_(it +i*) + AelBY (19)
Q-it
Ché do sac:
Vo =E, —RiI— K_Li *
it-0,1Q
0 (20)
-K —jt+e'
Q-it

2.5. Bd bién d6i DC/AC

B bién ddi DC/AC chuyén ddi nguon dién mot
chiéu DC ttr nguon nang lwong tich liy trong bd pin
va siéu tu thanh nguon dién xoay chiéu AC dé cung
cap cho cac phu tai. Chiing c6 kha ning tao ra mot
tin hiéu AC dau ra véi dién ap va tan sé tiy chinh
dé pht hop v6i cac phu tai khac nhau.

Trong ciu tric diéu khién vong kép, vong ngoai
chiu trdch nhiém diéu chinh dién 4p DC va cong
suit phan khang. Vong diéu khién bén trong chiu
trach nhiém diéu chinh dong dién. Bo diéu chinh PI
trén truc dq dugc st dung dé diéu khién dién ap
d4u ra ctia bd chuyén doi va mach PLL khéa pha
duwoc st dung dé€ duy tri sw dong bod héa gitra tin
hiéu d4u vao va dau ra. Phwong trinh dién ap cta
bd diéu khién PI dwoc dé xuit nhw sau:
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. . k.. .
U, =€, —oli, + (kp +?I)(Idref —iy)

) (21)
u, =&, +alLi; +(k, + ?i)(idref —iy)
Converter . r\i{i ,ivf:‘w V. 7 T
J iy YL YY L V"‘
o 4@ - i
- ST |
@
Hinh 13. Sor dé mach mach dong lurc cia bg bién
déi DC/AC.

2.6. C4u tric diéu khién duya trén b6 bién d6i dong
dién va dién ap

Bo diéu khién ctia hé théng dwoc dwa trén hai
bd diéu khién chinh 12 b6 diéu khién dong dién va
dién ap, duorc thiét k€ nham muc dich ddm bao cac
yéu cau veé tin s6 va dién ap. Hai b diéu khién tao
ra hai xung déc trung cho sw chuyén d6i nguon dién
mot chiéu DC tir ngudn nang lwong tich lily trong
bd pin va cac tim pin mat troi thanh nguén dién
xoay chiéu AC, dwoc thé hién trong Hinh 8 va Hinh
0.

| Current control |

(
!
I
'
i
i
i
'
i
i
1
i
L

I 0
i 4.;_;#4 Tp e
/ Proe o

z
luoi
Current control

Opes

Hinh 15. Sor do diéu khién bé bién doi bam luwdi
Trong d6 bd diéu khién trong Hinh 8 st dung
vong 13p diéu khién dong dién bén trong 14y cac
thong s6 dau vao tir bo diéu khién dién ap bén
ngoai dé dwa ra vector tin hiéu dau ra cho bo diéu
khién:
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. . Kg +Ky MPPT: Theo doi diém cong sudt cuc dai
firerr = it + Vopers =Vg) ———— 99y  PCC:Trang thai déng/ cat lwdi
S (22) Vrer: Dién &p tham chiéu
—an)C Vovbus: Dién ap do dworc
; ; Kpq + ig N )
brers = ILqe T Varers Vo) ——— (23) Khi déng ngudn dién lwéi (PCC = 1) cAp cho phu
S tai va bd lwu trir nang lwong, trong khoang thoi
VG gian déng dién lwdi, cac tAm pin mat troi sé hoat
0= J.[a)* + ( P — P) m, ],dt (24)  dong & mikc cong sudt t6i da dé dap (rng nhu cau vé

3. Thuat toan diéu khién van hanh linh hoat cho
b0 lwu dién va hé thong dién mat troi

3.1. Thuit todn diéu khién pin mit troi trong cac
ché& d6 1am viéc néi lwéi va tach dao
Chién lvgc diéu khién cda pin mat troi dwoc dé
xuit thong qua thuit todn diéu khién cta hé thong,
dwogc thé hién trong Hinh 10.
CBitdiu

-

,'!‘
) PCC==1? = MPPT o
Is
A A
dV=V_ rV s
Giam I - —
—
Tang '..U“ of I —
Giik nguyén Ip\_i o
4

Hinh 16. So do thudt todn diéu khién pin mat troi
trong cdc ché dé lam viéc ndi lwdi va tdch ddo

Trong do:
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niang lwong cda cac phu tai. Khi ngat ngudn dién
lwéi(PCC = 0), dién ap dau ra ca tAm pin mat troi
sé& dwoc diéu chinh dwa theo gia tri Ipvref nham
bam theo gia tri dién 4p tham chiéu, b lwu trir
nang lwong cung v&i cac tAm pin lac nay sé dong
vai tro quan trong dé duy tri cong suat cip cho phu
tai, tranh nhirng ton thit vé mat kinh té trong qua
trinh van hanh.
3.2. Digu khién phin b8 cong suit ctia bd Iwu dién
Chién lwoc diéu khién ctia qua trinh sac xa cta
pin dwgc dé xuit théng qua thuit toan diéu khién
cta hé thong, dwoc thé hién trong Hinh 11.

Trong do:
SOCnax : Dung lwong max ctia bo lwu dién
SOCpin : Dung Iwong min ctia bd lwu dién
PCC: Trang thai dong/ cat ludi

Thuit todn diéu khién phan b6 cong suit ciia bd
lru dién dwogc chia thanh cac giai doan dwoc tém
tat trong Hinh 11. Xét trvomg hop dung lwong cia
bd Iwu dién & trang thai thiéu hut (thip hon dung
lwong t6i thiéu cho phép), lic nay, néu tai da dwoc
dap tmg day du lwong cong suit can thiét, pin sé
thwe hién trang thai sac, trong trwong hop tai bi
thiéu hut cong suit can dap rng, hé thong s& ngat
tai ra khoi hé théng va dong thoi khong xa dé tranh
1am hoéng pin. Néu dién 4p dau ra clia pin bang voi
dién ap tham chiéu, gia tri Iref sé dwoc gitt nguyén
nham gitt trang thai sac hodc xa clia pin va duy tri
cong suat cip cho phu tai & gia tri 6n dinh.
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Trang thai dong/cit hwéi: PCC
Trang thai dung lrong pin: SOC
Dung lueng pin min: SOC,;,
Dung heong pin max: SOCmax
Dién ap mach boost: Vi,

Dién ép tham chidu: V ¢

| a’V:Vn;f— Vy ‘

T S0C<SOCh=

Y4 pcec==1
_Soc<100

Y4 pcc==0

hode

1 Giam Iref

‘| Tref=0

i SOC>=S0Ca
PCC==1

Gidm Iref —

Tang Iref >

Giit nguyén Iref

Iref=0 Giir nguyén Iref

'

! v

Hinh 17, Sor do thudt todn diéu khién phin bo cong sudt

Xét tredng hop dong ngudn dién lwdi (PCC=1)
va dung lwong cta bd lwu dién & trang thai 6n dinh
(thap hon dung lwgng i da cho phép va 1én hon
dung lwong to6i thiéu cho phép), néu tai da duoc
dap rng day du lwong cong suit cin thiét, pin sé
thwc hién trang thai sac, ngworc lai, néu tai bi thiéu
hut cong sut can dap ng, do dung lwong pin nam
trong khoang cho phép, lic nay pin sé c6 kha nang
xa nham dap (ng cong suit cip cho phu tai. Néu
dién 4p dau ra clia pin bang véi dién 4p tham chiéu,
gia tri Iref sé dwoc gitt nguyén nham gitr trang thai
sac hodc xa ctia pin va duy tri cong suit cip cho phu
tai & gia tri 6n dinh. Véi trvong hop ngat ngudn
dién lwéi (PCC=0), va dung lwong pin nhé hon
100%, chu ki sac xa sé twong tw nhw trweong hop
trén.

Xét treong hop dong ngudn dién lwdi (PCC=1)
va dung lwgng ciia bd lwu dién & trang thai dw thira
(I6m hon dung lwgng t6i da cho phép), pin sé khong
thuc hién sac cling nhw x3, ddm bdo tinh 6n dinh
cta hé thong lwéi dién.

4. Két qua moé phong

U'ng dung md hinh van hanh linh hoat hé théng
dién mat troi trong cac ché do lam viéc néi lwdi va
tach dao dwa trén lwéi dién thir nghiém & Hinh 12.
Théng s6 cac phan ti trong so d6 dwoc cho trong
Bang 1 va Bang 2.

Bédng 2. Thong sé lwoi va phu tii

Théng s6 Gia tri
bién ap b6 lru dién 525V
Dung lugng bo lvu dién 300 Ah
Dién 4p PV1 (MPP) 319V
bién 4p PV2 (MPP) 319V
bién 4p PV3 (MPP) 580V
Phuy tai 1 250+j25 kVA
Phy ti 2 50-+j5 kVA
Phu tai dia phwong 80+j8 kVA
Bdng 3. Thong s6 diéu khién
Théng s Gia tri
L1 6,89.104H
R 0,0022 O

Cn 2,2.104F
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k, 20 Thoi diém 8s, cat phu tai 2 ra khéi hé théng, bo luu
ki 200 dién sé dworc sac do cong suat phat cho cac phu tai
Ts 2,105s da dw thtra. Nhan thiy, khi 4p dung mo hinh van
Kov 1 hanh linh hoat hé thdng dién mat troi, cong sudt tac
Kiv 0,01 dung va cdng suit phan khang dwoc 6n dinh nhanh
Koc1 1 chong trong cac trweomg hop gia lap khac nhau.
ll:iC1 0'01 400 —Ppv—Ppcc —Pline3ref  Pbat —Pline3!
2 1
e = 300 e
Kic 200 % 200 .
RL 0,003 Q % 100 |— > 5T
LL 1,15.10*H g o
-100
Qué trinh m6 phéng dién ra trong ché do hé oo 2 AETL RO
hon glan 5)

thong néi lwdi & ché do tach ddo. Ban d4u phu tai 1
hoat déng v&i cong suit tic dung la 250kW va cong
suit phan khang la 25 kVAr. Tai thoi diém t = 2s,
hé théng bat dau ngat lwdi 1om va cé su sut gidm
birc xa ctia tAim pin mat thi 3 & thoi diém 3s, khi ¢
sw thay d6i cong sudt phat, bo lwu dién sé dong vai
tro gitr cAn bang cong suit trong ludi. Tai thoi diém
t = 5s, hé thong dwoc bom thém cong suit ctia phu
tai 2 v&i cac gia tri cong suit tic dung la 50 kW va
cong suat phan khang 1a 5 kVAr O’ thoi diém t = 6s,
tAm pin mit troi thi 3 dwoc ting bire xa tré lai va
thuwc hién ngat phu tai thir 2 ra khéi hé thdng & thoi
diém t = 8s, hoan tit qua trinh thuc nghiém.
@ 1 ok @

oone 7":_[ @ — @
Hinh 18. Sor dé lwoi nghién citu

Qué trinh mo phoéng dién ra trong ché do hé
thong ndi lwdi & ché do tach ddo, ngat lwdi lon &
thoi diém 2s va cé sw che khuit 1 phén cta tAm pin
miit troi thir 3 & thoi diém 3s, ldc nay cong suit cia
b6 lwu dién dwoc xa nham bu dip cho cong suit bi
sut gidm & tAm pin mat troi (PV3), khi phu tai thay
doi tai thoi diém 5s, cong suit bo lwu dién cling
thay d6i nham cin bang cong suit trong lwdi. Tai
thoi diém 6s, birc xa ctia tAim pin mat troi (PV3)
dwoc tang tré lai, cong suit phat ciia bo lwu dién sé
c6 xu huéng gidm do nhu ciu nang lwong cia lwdi
da dan dwgc dap &ng dt bdi cac tAm pin mat troi.

111

Hinh 19. Céng sudt phat ciia pin mdt troi (PV3) va
bé lwu dién trong cdc kich ban gid Iap

=]

Céng sudit (kW)

2 3 4 5 6 7 8 9 10
Thoi gian (s)

Hinh 20. Céng sudt tic dung tai niit PCC cia ludi

Dic tinh ctia bd Iwu dién khi ngét lwdi hé théng
va thay doi cong suit phu tai dién dwoc thé hién
truc quan thong thong s6 SOC (%) trong Hinh 15.
Thoi diém lwéi lon chwa ngat khéi hé théng, pin co
xu hwéng sac, sau thoi gian ngit ludi 16m tai thoi
di€m 2s, pin bat dAu x4, git vai tro quan trong trong
qua trinh dinh hinh lwéi. Tai thoi diém 6s, birc xa
ting, pin giit nguyén trang thai va khi ngat tai & thoi
diém 8s, pin tién hanh sac do cdng suit cip cho cac
phu tai da du thira. Nhin thiy, ché do sac, xa ctia bd
lwru dién pht hop va 6n dinh dwa trén thuét toan da
dé xuit.

85.02

85.01 — ™
,/’{ \\

. 85 e ™~
 84.99
“ 84,98

84.97 ~l. —

84.96

0 2 3 4 5 6 7 8 9 10
Thai gian (s)

Hinh 21. Pdc tinh cia pin khi ngat lwdi hé thong va
thay doi cong suét phu tdi.
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Két qua mo6 phong tin s6 lwdi dién duwgc thé  va cd sy thay doi cong suit cia phu tai. Nhor ¢ sw
hién trén Hinh 16, mirc d6 dao dong chiatinsolwdi  tham gia cia vong ldp diéu khién dién ap, song song
dién khi ngat lu¢i lon & thoi diém 2s va khi co sw véi do 1a khai dieu khién van hanh linh hoat va b
thay doi cong sudt & thoi diém 5s va 8s dwgc cai diéu khién cua bd lwu dién, dong dién va dién ap
thién mét cach ro rét. Tan so lwdi khi dp dung thudt  cda lwédi dwoc gitr 6n dinh trong giGi han trude khi
toan van hanh linh hoat hé théng pin mét troi cing  ¢6 sw can thiép cta cac cip diéu khién tiép theo.
vGi bo diéu khién thir cp cho gia tri tin s6 6n dinh 500
hon, cai thién d6 dao dong cta tin so va téc do thay
tan s6 mang lai loi ich cho lwéi.

50.2

Dong dién (A)

50.1
% sod— ‘} L | __)r‘ R -500 -
i r 1.9 192 194 1.9 198 N 2 202 204 206 208 21
B Thai gian (s)
49.9 \ \ PP . N e g Y .72z
Hinh 26. Dong dién tai thoi diém ngat luoi Ion
49.8 500
0 1 2 3 4 5 6 7 8 9 10
Thoi gian (s)

Hinh 22. Tin s6 cia ludi dién
50.2

Dong dién (A)

50.1 /\/
;; 50— —— \/“"—/"‘——*—* 09 49 494 496 498 5 502 504 506 508 S
= Thai gian (s)
49.9 \ \ PP 2 . A 2
Hinh 27. Dong dién tdi 1 khi thém phu tdi 2
49.8
19 1.95 2 2,05 21 215 22
Thoi gian (s) 500
Hinh 23. T4n sé cua ludi dién tai thoi diém ngat z
lwoi -
50.2 ]

-500
7.9 7.92 7.94 7.96 7.98 8 8.02 8.04 8.06 8.08 8.1
so— '—*‘\/\N - This gian (5
Hinh 28. Dong dién tdi 1 khi ngdt phu tdi 2

100

Tin sb (Hz)

49.8

4.95 5 5.05 5.1 5.15 52 5.25 P
Thaoi gian (s) g 30
Hinh 24. Tin s6 cia lwdi dién tai thoi diém dong  °
tai & 50
50.2 -100
~ 4.9 4.92 4.94 4.96 4.98 5 5.02 5.04 5.06 5.08 5.1
,-JU 1 Thai gian (s)
3 50 ——/J/\ S Hinh 29. Dong dién tai thoi diém dong tdi 2
o
&
49.9
498
7.95 8 8.05 8.1 8.15 8.2
Thoi gian (s)

Hinh 25. T4n s6 cia lwdi dién tai thoi diém ngat tdi
Hinh 20, 21, 22, 23, 24, 25, 26, 27 thé hién qua
trinh thay déi dong dién, dién 4p khi ngat lwdi 16n
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7.92 794 796 7.8 8 8.08 8.1

Thoi gian (s)

Hinh 30. Dong dién tai thoi diém ngat t3i 2

802 804 8.06

400

Dién ap (V)

-400 .
1 1.98 202

Thoi gian (s)

9 1.92 1.94 1.96 2 204 2.06

Hinh 31. Pién 4p tai thoi diém ngdt ludi 16n
400 . . .

Dién ap (V)

-400

49 4.98 5 5.08

Thoi gian (s)

492 494 4096 502 504 506

Hinh 32. Dién dp tai thoi diém dong tdi

400

Dién ap (V)

-400
79

8.08

7.98 8
Thoi gian (s)

792 794 796 802 804 806

Hinh 33. Dién 4p tai thoi diém ngdt tai
5.Kétluian

Giai phap van hanh linh hoat hé thong dién mat
troi trong cac ché do lam viéc néi lwédi va tach dao
nham mang dén nhirng loi ich nhit dinh cho hé
thong lwdi dién trong viéc dap tng cong suét cho
céc phu tai trong cac trweong hop gia 14p su co. Khi
xu4t hién cac yéu td gy mat cAn bang nhu thay déi
birc xa, giy ra thay doi tn s6, giam kha ning dap
Ung nhu ciu ning lwgng cta phu tai, két qua mé
phong cho thdy, m6 hinh diéu khién dé xuit dwa ra
cac dap rng linh hoat vé quy trinh sac, xa ctia b6 luu
dién va kha nang dap rng nang lwong cho cac phu
tai mot cach hop 1y ctia cac tAm pin mat troi. Nho
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d6, nhu ciu nidng lwong cda cac phu tai dwoc dap
trng nhanh choéng, bién do6 va toc d6 thay doi tan s
cling dwoc cai thién rd rét.

Lo’i cAm on

Nhém tac gia xin tran trong cdm on Trwong Pai
Hoc Cong Nghiép Ha Noi di hd tro kinh phi thuc
hién nghién ctru nay.
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MOT GIAI PHAP VE TIET KIEM DPUONG TRUYEN TRONG THONG TIN
CAP SOTQUANG

Tong Ngoc Anh 1%, Ha Thi Chuc?
1 Khoa Co - Dién, Trwong Pai hoc M6 - Pia chdt, Viét Nam, tongngocanh@humg.edu.vn;

TOM TAT

Trong nhirng ndm gdn ddy, nhu cdu trao déi div liéu véi téc dd cao ngay cang phdt trién. Truyén thdng tin
qua cdp soi quang la mot trong nhirng gidi phdp cé thé ddp ttng nhu cdu dé. Tuy nhién, néu str dung duwdng
truyén cdp quang khéng hiéu qud sé dan téi tinh trang lang phi tai nguyén cdp quang nay. Theo d6, s6 luong
cdc két néi vat Iy sé dnh hudng truc tiép téi ha tdng co sé truyén dan. DE gidi quyét vdn dé nay, ky thudt ghép
kénh phan chia theo buéc séng (WDM - Wavelength Division Multiplexing) ra doi, gop phdn tiét kiém duong
truyén ddng ké trong hé théng thdng tin cdp soi quang.

Tir khéa: Ky thuat ghép kénh phan chia theo bwéc song, WDM, thong tin cap soi quang

1. Gi¢i thiéu vé hé thong thong tin cap so¢i

Data

B6 phé Data
quang —_— (:;:tquang . B6 thu quang »
Transmitter) Cap quang (F}bre
(Fibre cable)

Hé thong théng tin cap soi quang (hé thong Reciven
thong tin quang - HTTTQ) 1a hé thong trao dai,
truyén dan tin hiéu st dung cip quang la mdi
trweong truyén dan. C4u tric ca hé thong thong tin

quang dwgc thé hién nhu hinh vé dwdi day:

Hinh 1. So db khdi hé théng thong tin cdp soi
quang
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C4u tric hé thong thong tin quang bao gom: bd
phat quang, bo thu quang va kénh truyén dan (&
day la cap quang).

Bo phat quang c¢6 nhiém vu thuc hién bién doi
tin hiéu dién sang tin hiéu quang, va tao ra cac
ludng quang theo cac tin hiéu dién dé dwa vao s¢i
quang. Linh kién st dung lam nguén quang la LED
va diode LASER.

B6 thu quang bién d6i tin hiéu quang thu dworc
thanh tin hiéu dién va khoéi phuc thanh théng tin
nhw ban dau. Linh kién s dung lam b thu quang
la Diode PIN va Diode APD.

Soi quang 1a noi tin hiéu quang lan truyén va
thong tin soi quang la ki thuit st dung séng anh
sang dé truyén thoéng tin. Trong mot s6 trwomg hop
khi yéu cau khoang cach truyén dan ctia tuyén cap
quang du xa, c6 thé sé can st dung thém cac bd
khuéch dai va bo lap tin hiéu quang dé dap trng yéu
cau nay.

Hé théng thong tin cap soi quang hoat déng &
dai tn s6 séng mang cao (187 THz + 375 THz)
trong vung nhin thiy hoc hong ngoai gan ctia phd
dién tlr, twrong &ng budc song lam viéc tir 800nm
téi 1600nm.
2.DPic diém soi quang trong HTTTQ

Soi quang 1a 6ng dan séng dién méi hinh try,
hoat dong tai tin s6 quang, din 4nh sing theo
hwédng truc ciia nd. Sei quang cé ciu tao bao gom
16i (core) va vo (cladding).

Buffer coating

n,

N
n,

Hinh 2. Ciu tao soi quang

Lai c6 chiét suatla n, dwong kinh 16i la 2a, vé
c6 chiét suatla n,. Chiét sudt ctia 16i 1é'n hon chiét
suat ctia vo. Sw lan truyén dnh sang trong s¢i quang
tuan theo sy phan xa toan phan tai ranh gidi gitra
16i va vo (diém B trén hinh 3). Pong thoi, viéc bom
anh sang tir moi trwong bén ngoai (cé chiét suit la
n=1) vao s¢i quang phai dam bao diéu kién: nén
4nh sang nho hon 2 1an khiu d6 s6 NA (Numerical
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Aperture). Néu ching ta hoi tu khéng tot thi phan
anh sang nam ngoai 2NA sau khi vao s¢i quang sé
truyén ra ngoai vo 1am giam cong suit thu (Govind,
2010; V.V.Yém, 2016).

Refracted #
ray

Cladding

ny B

Reflected ray

fa Cladding

Hinh 3. St lan truyén dnh sdng trong soi quang
Sw phan xa toan phan chi xay ra déi v&i nhirng
tia sang c6 goc téi & dau sgi quang nhd hon goc téi
han 6, . Tai diém A, theo dinh luét Snell:

Ny.5iN 6, =1, sin(90° ) (1)
Tai diém B xay ra hién twong toan phan:
. n
sing=-—% (2)
rll

n—n

2.2

voi A=t an 0
2n; n,

(A: d0 léch chiét suit twong doi)

C6 2 dang phan bé chiét suit pho bién trong soi
quang: soi quang c6 chiét suat nhay bac (soi SI -
Step Index); soi quang c6 chiét suat giam dan (s¢i
GI - Graded Index). Trong s¢i SI, cac tia sang tir
ngudn quang phong vao véi goc tdi khac nhau sé
dwoc truyén theo nhitng dwong di khac nhau dan
t&i hién twong: khi ta dwa mot xung anh sang hep
vao dau soi sé nhin dwoc mot xung dnh sang rong
hon & cudi soi. Diéu nay gy ra hién twong tan sic
trong soi quang va diy l1a nguyén nhan khién cho
viéc khong thé truyén tin hiéu data s6 c6 toc do cao
qua cv ly dai dworc.

Trong s¢i GI, chiét suit1si thay d6i mot cach lién
tuc nén tia sang di trong s¢i quang bi udén cong dan
khién cho duwong di cda tia sang khong nhitng
khong bang nhau ma van téc truyén ciing sé thay

3)
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doi theo. Cac tia sing xa truc sé c6 duwdng di dai hon,
van toc 1ém hon con cac tia sdng gan truc c6 dwong
di ngan hon va van t6c truyén nhé hon.

ii (

125400 um
(cladding)
50-200 pm
(core)

1252140 um
(cladding)
50-100 pm
(core)

S HFH

Multimode gra

Hinh 4. Cic dang phin b6 chiét sudt trong soi
quang

Sgi quang hién nay dwogc phan loai theo 2
hwéng: dung ly thuyét tia sdng va ly thuyét séng
anh sang, nhung suy cho cung, soi quang dwoc
phan lam 2 loai chinh: s¢i da mode (multimode) va
soi don mode (single mode, monomode). Soi don
mode la loai s¢i quang chi c6 mot mode song lan
truyén trong so1i, con s¢i da mode la loai soi quang
c6 nhiéu hon mét mode séng lan truyén trong soi.
Mot mode séng la mot trang thai truyén on dinh
cla anh sang trong soi va phu thudc vao cac thong
s0 cta so1i, trong d6 c6 thong so tin sé chuin hoa V:

V_Z—”aNA k,.a.NA

Vg 4)
2 g+2

a: ban kinh 16i soi
/y : budc song anh sang truyén trong soi quang
K, : thira s§ séng
NA: khiu do s6
g : s6 mii trong ham phan bo chiét suat

g = oo trong soi SI

g = 2 trong soi GI

3. Cac yéu t6 anh hwrdng téi kénh truyén sgi quang
Khi lan truyén tin hiéu trong kénh truyén sgi
quang, c6 2 yéu t6 anh hwdng téi kénh truyén la suy
hao (attenuation) va tan sic (dispersion).

3.1. Suy hao ctia s¢i quang

Suy hao ctia s¢i quang 1a hién twong cong suit
quang truyén trén soi gidm dan theo cw ly véi quy
luat ham s6 mii:

P(0) (> _ P(L)
- 5 Sqi quang -—

Hinh 5. Suy hao cia soi quang
P(0): cong suat quang tai khoang cach L=0
P(L): cong suit quang tai khoang cach L

P(L)=P(0)e®" 5)
Véi « : hé s6 suy hao soi quang
Néu tinh theo decibel (dB):

Loss(dB)=P(0)[dBm]—P(L)[dBm] ;
~P(O)[cB]-P(L)[dB]
Heé s6 suy hao trung binh ctia s¢i quang:
_ Loss(dB)
a(dB/km) “ L) (7)

C6 3 nguyén nhan chinh gay ra suy hao trong s¢i
quang: suy hao do hip thu (cta cac tap chap kim
loai va ion OH), suy hao do tan xa va suy hao do
udng cong. Dic tuyén suy hao cua s¢i quang duoc
thé hiér;o nhu sau:

10~ First

50

Astenuation (dB/kam)
5
T

02—

0.1

1 1 I ]
600 800 100 1200 1400 1600 1800
Waveletigth (nem)

Hinh 6. Pic tuyén suy hao cia soi quang
Trén hinh 6 c6 ba ving buéc song (ba cira s
budc song) cd suy hao thip: clra s6 thir nhit
850nm (hé s suy hao @ =2+3dB/km), ctra s6
th hai 1330nm (a =0,4+0,5dB/km), ctra s6
tht ba 1550nm («a <0,25dB/km). Trong diéu
kién yéu ciu thiét ké hé thong thong tin cap s¢i
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quang & khoang cach xa, ta hay dung ctra s6 budc
s6ng 1550nm dé théa man yéu ciu nay (Govind,
2010; V.V.Yém, 2016).
3.2. T4n sic cla s¢i quang

Hién twgng tin hiéu quang truyén qua soi quang
bi bién dang dwoc goi 12 hién twong tan sic (sw tan
sac), viéc nay giy ra méo dang tin hiéu twong tw va
lam xung bi chéng 14n trong tin hiéu s6 va han ché
dai théng ctia dwong truyén dan quang.

=

Hinh 7, Hién twong tin sdc trong soi quang
Pai lwong dic trung cho hién twong tan sic
trong soi quang dwoc goi la do tan sic tdng cong,
ky hiéula D (S) , duoc xac dinh bai:

Dk pt;

Dpticlal Fiber

Power

Time

la

Time

Power

Time

2_ 2
D=1 (8)

7,,7, la d6 rong cua xung vao va xung ra. Do tan
sac qua mbi km s¢i quang dwoc tinh bing don vi
ns/km hoac ps/km.

T T
FIBER LENGTH 11 km

103 MATERIAL DISPERSION

TOTAL DISPERSION

102

( psec/nm )

\ 'WAVEGUIDE
DISPERSION

10!

DISPERSION

100

1 1
1.0 15
WAVELENGTH ( pm )

Hinh 8. Pdc tuyén tin sdc cua soi quang

20

C6 mot s6 nguyén nhan gay ra tan sic tuy theo
loai s¢i quang don mode hay da mode. Trong soi
don mode c6 tan sic chatliéu (chiét suit cta 16i soi
quang thay doi theo bwéc séng nén van tdc truyén
cia anh sang c6 budc song khac nhau ciing khac
nhau), tin sic 6ng din s6ng. Trong s¢i da mode c6
tan sic mode, tan sac sic thé va tan sic mit cat. Tuy
nhién théng keé lai thi tdn sic mode va tan sic sac
thé 12 2 nguyén nhan cht yéu gy ra tan sic trong
soi quang.
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Trong dic tuyén tan sic clia soi quang ciing thé
hién 3 cira s6 bwdc séng. Clra s6 800nm co tan sic

cao nhit (103 ps/ nm) , clra sO buwéc song thi hai

c6 tan sic thip nhit, va clra s6 budc song thit ba co
tan sic trung binh.

DE€ khic phuc hién twong suy hao va tan sic
trong sgi quang, nguwdi ta can tinh toan cuy ly thong
tin phit hop d€ ddm bao tuyén hoat dong tot bang
cach st dung cac tram ldp quang kém theo tinh
ning bu tan sic (Govind, 2010; V.V.Yém, 2016).

4. Ky thuat ghép kénh phan chia theo budc séng
WDM

Trong hé théng thong tin cap soi quang, dé don
gian hoa cho mdi tuyén théng tin quang, ngwoi ta
c6 thé st dung mot dworng quang doc 1ap dé thuc
hién truyén dan tin hiéu nhw hinh 1. Pu diém cda
HTTTQ theo kiéu nay 1a cé thé truyén dan biang tin
rong tao ra kha ning truyén dan dung luwong 16m
(<10 Gbps), it chiu 4nh huéng clia can nhiéu, do
bao mat tot, chit lwgng truyén thong tin tot va chi
truyén dan mot chiéu duy nhat. Khi ting thém kénh
truyén méi cé thé xdy dung dwong truyén méi
hoan toan doc 1ap. Nhuwng khi s6 lwgng kénh truyén
tang 1én nhanh chéng thi ha ting khong dap tng
dwoc. Bén canh dé khong tin dung hét dwoc dai
thong ctia dwong truyén sé gay ra su lang phi khi
xay dung duong truyén (hinh 9).

DPé tin dung t6i da dung lwong quang cia hé
théng va tang cw ly truyén dan, ki thuat ghép kénh
phan chia theo bwéc séng WDM ra doi. Ky thuat
WDM cho phép truyén nhiéu tin hiéu quang trén
cung mot soi quang dé tao thanh hé thong théng tin
quang nhiéu kénh (hé théng théng tin da kénh
quang).

Data 1 Data 1

- TXL (] RX1 ——————————
Data 2 Data 2

X2 (] RX2 ——————————
Datan Datan

P TXn ] RXn -

Hinh 9. So dé HTTQ thurc hién truyén din n kénh
quang
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80 ghép kenh 80 tach kenh buéc song B, dung lwong cta hé théng N xB,
el khoang cach truyén dan L, dung lwong truyén dan
a2 ctia hé thong N x Bx L va hiéu suit str dung kénh
—_—

Data n

DEMUX — De multiplexer

MUX - Multiplexer

Hinh 10. Sor dé HTTQ khi stt dung WDM

Thuc chat, WDM la moét co ché trong d6 nhiéu
kénh séng quang tai cac budc séng khac nhau dwoc
diéu ché béi cac chubi bit doc 1ap dwoc phat di trén
cung mot soi quang sau khi da ghép kénh bang
TDM hodc FDM. Cic tin hiéu quang tai dau thu
duwogc gidi ghép kénh quang (tdch kénh quang)
thanh cac kénh riéng ré. Hinh 10 minh hoat mét
tuyén théng tin quang WDM diém - diém dung
lwong cao. Tai day, gia st hé thong phia phat c6 cac
nguon phat quang lam viéc & cac budc séng khac
nhau 4, 4,,..., 4,. Cac tin hiéu quang nay sé dwoc
ghép vao ciing mot s¢i quang nhd bd ghép kénh
quang (bo MUX, c6 suy hao nho). Tin hiéu sau khi
ghép sé dugc phong vao mot soi quang dé truyén
téi dau thu. Tai phia thu, bd tich kénh quang
(Demux, c6 suy hao nhd) dé gtri tin hiéu quang téi
mdi may thu riéng clia né. C6 hai phwong phap cho
hé théng truyén dan sit dung WDM: truyén dan
ghép buéc song quang theo mdt hwéng (hinh 10)
- hé théng nay yéu ciu 2 s¢i quang dé thuc hién
truyén théng tin cho chiéu di va chiéu vé, truyén
dan hai huéng - hé théng truyén thong tin cho 1
hwéng déi voi cac bude song 4, A, ..., A, va dong
thoi cling truyén théng tin theo hwéng ngworc lai tai
cacbuéc séng A, A,,..., A, (hinh 11).

B& MUX/ DEMUX B6 MUX/ DEMUX

Kénh 1 A A Keénh 1
™1 f————t  RXl f————~
Kenh 1' P Z Kenh 1'
Rxy — ™
Kénh n 2 2 Kénhn
—_— | Tn RXn g
Kenh ' X A Kénh n'
RXn' ! — ™ r—

Hinh 11. H¢ thong ghép WDM song huéng
Cac tham sd dé danh gid hé thong WDM bao
gom: s6 lwgng kénh budc song N, khodng cach gitra
cac kénh buwdc séng A4, bang thong st dung cia
hé théng N xAA, tdc d6 truyén tin trén moi kénh
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B/AA (hinh 12).

##2

|

—
Pan

#k .

-

Bing théng st dung cia hé théng

#N-1 #N

/\ /\ Budce song A

----------

Cong sudt quang

Hinh 12. Cdc tham sé cia hé thong WDM

Cac tham sd co bdn m6 td dic tinh cta bd
ghép/tach kénh bao gobm: suy hao xen (lwgng ton
hao cong suit trén tuyén truyén dan do sw xuit
hién ctia cac by ghép/ tach song), xuyén kénh (sw
xuyén nhiéu tin hiéu tir kénh nay sang kénh khac)
va do rong kénh (dai bwéc séng danh cho mébi
kénh) (Govind, 2010).

5. Phin loai hé théng WDM

C6 rat nhiéu cach phan loai WDM, phé bién nhit
la phan loai theo khoang cach cac kénh buéc song
st dung trong hé théng. Theo cich nay, nguwoi ta
phin lam 3 loai: hé thong WDM bing tin réng
(BWDM - Broad passband WDM), hé théng WDM
ghép mat doé thap (CWDM - Coarse WDM) va hé
thong WDM ghép mit d6 cao (DWDM - Dense
WDM).

Hé thong BWDM ra doi sém nhét trong lich st
phat trién cia WDM, hé thdng nay thwc hién truyén
dan 2 kénh buéc séng trong d6 mbi kénh buéc
séng thudc mot ctra s6 truyén dan (850nm,
1310nm hoac 1550nm). Khoang cach kénh cta hé
thong nay 1én téi hang tram nm — dung lwong clia
hé thong bi gi¢i han va hién nay khong con duoc st
dung.

Hé thdng CWDM cho phép ghép kénh quang véi
khoang cach kénh la 20nm trong dai 1270 +
1610nm va t6i da 18 kénh quang trén mot soi
quang don mode. Hé thong nay thwong dugc irng
dung khi xdy dung ha ting mang doanh nghiép,
mang vién thong véi cu ly truyén dan ngin dudi
160km (FS Community, 2021).

CWDM 1270 nm
CWDM 1290 am
CWDM 1310 am
CWDM 1330 am

CWDM 1270 nm
CWDM 1290 am

CWDM 1310 am
CWDM 1330 om ‘\

N
=/

Up to 18 Channels
over One Pair of Fiber

CWDM 1550 nm
CWDM 1570 am
CWDM 1590 nm
CWDM 1610 am

CWDM 1550 am
CWDM 1570 am
CWDM 1590 am
CWDM 1610 am

Hinh 13. Sor d6 hé théng CWDM
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Hé th6ng DWDM cho phép rat nhiéu bwédc séng
trén mot soi quang v&i khodng cach kénh rit nho,
c6 thé dat 0.4nm va dwoc quy dinh theo ITU
G.694.1. Hién nay, s6 kénh quang t6i da dwoc thuc
hién ghép/ tach kénh quang trén hai s¢i don
mode c6 thé dat 96 kénh (PacketLight Networks,

6. Kétluan

Giadi phap st dung ki thuat ghép kénh phan
chia theo bwéc séng trong hé théng thong tin cap
soi quang ra doi thuc sw la budc ngodt 16m trong
nganh coéng nghiép truyén dan. Giai phap cho
phép tiét kiém rit nhiéu co s& vat chit, ha ting va

cong strc cho nhitng nha cung cap dwong truyén.
Bén canh dé ting cwong hiéu qua str dung phd
trong mang cap quang.

chi

2020)

Hinh 14. Sor do hé théng DWDM
Mot trong nhitng wu diém lén nhit cta hé
théng DWDM la stt dung cac bo khuéch dai quang
trén duong truyén, viéc nay cho phép khuéch dai
toan bd ph6 DWDM dong thoi khic phuc tinh
trang suy hao va dadm bao quy cong suit trén toan
tuyén. Bén canh d6, cic bd khuéch dai trong
DWDM dugc ché tao theo cong nghé tw déng thich
Ung (tw dong diéu chinh hé s6 khuéch dai theo
mirc tin hiéu céng suit quang ngd vao) cho phép
hé théng DWDM rit thich hop trong cac &ng dung
xay dung hé théng mang 16i truyén dan & khodng
cach cuc 1én (ultra-long haul applications).

Chas
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THIET KE, CHE TAO MACH DIEU KHIEN BO BAM XUNG DUNG IGBT
CHO TAU BIEN AC QUY MO HAM LO

Kim Ngoc Linh1,* Nguyén Thac Khanh?, Nguyén Tién Sy?,
Nguyén Trwdong Giang!, Kim Thi CAm Anh!
1 Khoa Co - Dién, Truong Pai hoc M6 - Dia chdt, E-mails (kimngoclinh@humg.edu.vn)

TOM TAT

Hién nay, dé ddm bdo an toan chdy nd, cdc céng ty than hdm o trong Tdp doan Than va Khodng sdn Viét
Nam da chuyén sang dung tau dién dc quy thay thé tau cin vet phuc vu céng tdc van tdi. Mot ddc diém chung
ctia cdc tau dién dc quy mé viing Qudng Ninh la phdn I16m déu do Trung Quéc sdn xudt, dung déng co mot
chiéu kich thich néi tiép, cung cdp béi dc quy kiém hodc axit. Trwdc nhitng ndm 2000, hdu hét cdc tau déu
st dung phwong phdp diéu chinh téc do bang cdch thay déi dién tré phu trong mach phdn ttng. Phwong
phdp diéu khién nay cé nhiéu nhwoc diém nén nhitng ndm gdn ddy cdc ddu tau nhdp khdu tir Trung Qudc
dd str dung bé bién déi bam xung dp mot chiéu dé thay thé cho cdc bd diéu khién dién tré. Tuy nhién, bd diéu
khién ctia Trung Qudc c¢é nhworc diém la khéng cé khd ndng stra chiva khi bi héng do cdc linh kién khéng cé
san hodc bi x6a ky hiéu nhdm gidu céng nghé. Vi vdy, viéc ndi dia héa, lam chii thiét ké va ché tao mach diéu
khién nham thay thé thay thé cho b6 bdm xung dp mot chiéu nhdp khdu cé tinh cdp thiét trong thuc té sdn
xudt ctia nganh than Viét Nam. Bdo cdo trinh bay két qud nghién ciru thiét ké, ché tao mach diéu khién theo
phwong phdp bdm xung st dung IGBT diing cho tau dién dc quy mé tdi trong dén 12 tdn.

Tir khéa: Tau dién ic quy; IGBT; badm xung 4p mot chiéu; mé ham 10; mach diéu khién.
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1. bat vian dé

Tau dién 4c quy 12 mot trong nhitng phuong
tién chinh dé van chuyén ngudi va vat liéu
trong cac mo ham 10, dac biét 1a cac mo c6 khi
bui né. Trudc day diéu chinh tdc d6 tau thuong
bing mic dién tré phu trong mach phan tng
cia dong co dan dong. Phuong phap diéu
chinh bang dién tro phu c6 vu diém 1a don
gian, dé thuc hién nhung lai o nhiéu nhugc
diém nhu: gly ra t6n that dién nang trén dién
trg, khi chuyén mach theo cip s& tao ra xung
lyc 1am giam tudi tho cua cac két cau co khi,
mudn c6 nhiéu cap tc d6 thi can phai cé nhiéu
chuyén mach, 1am cho bo diéu khién cong
kénh v.v... VAo nhitng nam cudi cua thé ky
XX, c&c mach dién bam xung ap mot chiéu sir
dung thynstor da dugc ung dung rong rai trong
tau dién néi chung va tau dién ac quy mo noi

riéng. Nho ng dung cdc mach bam xung ap,
hiéu suit va tudi tho cua hé thdng truyén dong
tau dién ac quy moé da ting l1én dang ké. Tuy
nhién, cac mach bam xung dung thyristor c6
nhugc diém 1a can phai ¢6 mach dién tu dac
biét dé khoa thyristor sau khi din dong, nén
phtic tap, cdng kénh va tan s6 bam xung bi han
ché. Tir dau thé ky XXI dén nay, mot loat cac
linh kién dién tir c6ng sudt mai duoc phat minh
va nhanh chong dua vao (ng dung thuc té nén
tau dién ac quy trén thé gisi da co sy thay doi
co ban ca vé lugng va chit.

2. Két qua nghién ciru
2.1 So' dé6 mach Iwc bé bam xung diéu khién
tau dién dc quy

Bang 1 la thdng s6 ky thuat tau dién ac quy
dung trong cdc moé ham 10 vung Quang Ninh.

Bdng 1. Théng s6 ky thudt tau dién dc quy dung trong cdc mé hdm 1o viing Qudng Ninh

TT | Mihiéutiu | Trongtdi | Diénap dc quy (V) ]():}?)g lwong dc quy ?lfé\‘,g) suatdong co
1 |CDXT-25 |25tin 48 308/330 1x4,5

2 | CDXT-5 5tin 88 330/385 2x7,5

3 | CDXT-8 8 tin 132 370/440 2x15

4 | CDXT-12 12 tin 192 520/560 2x22

5 | XK-25 2.5 t4n 48 308/330 1x3,5

6 | XK-5 5t4n 88 330/385 2X7,5

7 | XK8 8 tin 132 370/440 2x11, hodc 2x15

8 | XK-12 12 tin 192 520/560 2x22 hodc 2x30

9 | TD8 8 tin 132 370/440 2x15

Van lyc trong cac bo bam xung diéu khién
tau dién dc quy mo duoc chon Ia tranzito loai
IGBT (Insulated Gate Bipolar Transistor).
IGBT két hop kha ning dong cit nhanh cua
MOSFET va kha nang chiu tai lén cua
transistor ludng cuc (BJT). Mat khac IGBT
cling 14 phan tur diéu khién bang dién ap, do d6
cong suat diéu khién yéu cau s& nho. IGBT cho
c4c bo bam xung diéu khién tau dién ic quy
trong tai tr 2,5 tin dén 12 tan chon loai
SKM600GB12E4 Van nay c6 dong dinh muc
bang 600A, dién ap 1200V, di6t nguoc co
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dong dinh mac bang 623A. Hinh dang bén
ngoai va so dd ndi day cta van nhu hinh 1 [2].

Tau dién ac quy mo trong tai 2.5T sir dung
01 dong co cong suat 3.5kW (tau XK2,5) hoic
4.5kW (tau CDXT — 2,5), dién 4p 48V. So dd
mach lyc b bam xung cho tau 2,5T nhu hinh
2.


https://vi.wikipedia.org/wiki/MOSFET
https://vi.wikipedia.org/wiki/Tranzito
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% ] [ '{} K
Hinh 1. Hinh dang bén ngoai va so do ndi ddy cua "
IGBT SKM600GB12E4 . = .
Hinh 2. Sor do nguyén ly mach lwc bé badm xung diéu
khién tau dién dc quy trong tdi 2,5T
Bdng trang thdi cdc chuyén mach
Vi tri nim diéu khién | 00 300 350 ittt 1300 1500
SK1 X ) TR X X
T6c do — ]
SK2 X |
Bdng trang thdi ddo chiéu quay dong co
Cac chuyén mach Quay thuin (tién) Quay nguwoc (1ti)
1K 3K X
2K 4K X

Tau dién ac quy 5T c6 hai dong co cong suit 7,5kW (tau CDXT-8 va TD-8), dién ap 132V. So' d6 mach
(tau XK-5 va CDXT-5), dién ap 88V. Tau 8T c6 hai lwc bd bam xung cho tau 5T va 8T trén hinh 3.
déng co cong suat 11kW (tau XK-8) hodc 15kW

+ 1K DC1) 5K KT2 6K
- +
Cl= — C2 \

= 1T 281
16l KTL DC2 261
’7 €T o A 2E1 “
SK2 j@ e
| |
1 A I
1G2 E InL In2 26240 2C2

Uy @
Ude”
Hinh 3. Sor d6 nguyén Iy mach lwc b6 bam xung diéu khién tau dién dc quy trong tdi 5T va 8T
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Bdng trang thdi cdc chuyén mach
Vi tri nim diéu kKhién 00 300 350 et 1300 1500
SK1 X D QR X X
T6c do — |
SK2 X |
Bdng trang thdi ddo chiéu quay dong co

Cac chuyén mach Quay thuin (tién) Quay nguoc (lui)

1K 3K X

5K 7K X

2K 4K X

6K 8K X

Tau 12T c6 hai déng co cong sudt 22kW (tau CDXT-12) hodc 30kW (tau XK-12), dién ap 192V. So d6 mach
lwc bo bam xung cho tau 12T trén hinh 4.

T\
- i
D M7 \Ussk2
[] | 2SKI_ Phy

| |
! DC1o | 5K’ KT2 6K |
gl
= . +
Acquy ClI=—= —=C2 8K
3 4K\ 7
BN e q
- 1T_Jict 1C2 |21

lel 4 @ 162 |<_'j§ KT1 DC2
1E1 1E2

i o] =0

261 2G2 I
Udk i In

@ 1o
Hinh 4. So A6 nguyén ly mach lwc b bdm xung diéu khién tau dién dc quy trong tdi 12T
Bdng trang thdi cdc chuyén mach

Vi tri nim diéu khién 00 300 350t teereee e 1300 1500
1SK1(1SK2) X O X X
T6c do — ]
SK2 | X
Bdng trang thdi ddo chiéu quay dong co

Cac chuyén mach Quay thuin (tién) Quay nguoc (lui)

1K 3K X

5K 7K X

2K 4K X

6K 8K X
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2.2 Thiét ké mach diéu khién b bdm xung

IGBT 12 loai van diéu khién bang dién ap, khi
dan bao hoa van can dit dién 4p dwong trén cuc
diéu khién 12 dén 15V, khi kho4 dién ap trén né
canam tlr-5 dén -8V. Nhw vay & trang thai 6n dinh,
du 1a kho4 hay dan, né chi can dién 4p ma khong
doi hoi c6 dong diéu khién, tirc 1a cong suat diéu
khién & trang thai nay la khong dang ké. Tuy nhién
dé van chuyén trang thai, tir khoa sang dan hay
nguoc lai, budc phai cdp dong cho cuc diéu khién
cta van. Piéu nay do gitra hai cwc GE ton tai mét
dién dung ky sinh hay mot tu dién giira hai cuc
ndy, dan dén: Khi van dang & trang thai kho4, dién
ap diéu khién 4m nén dién ap trén tu dién nay
dang c6 gia tri Am. D€ m& van, dién ap diéu khién
budc phai ddo d4u chuyén tir Am sang dwong bang
cach dwa dong dién vao nap dao nguoc cuc tinh
dién ap trén tu dién. Piéu twong tw cling xiy ra khi
van chuyén tir din sang khoa.

C6 ba phuong phap dé diéu khién bo bam
xung mot chiéu 1a phwong phép diéu chinh do
rong xung, phuong phéap diéu ché tan sé xung
va phuong phap hon hop. O day ching t6i lya
chon diéu khién theo phuong phap diéu chinh
doé rong xung (PWM). Pay la phuong phéap
duogc sir dung phd bién trong linh vuc dién tu
cong suat, dé dang thuc hién va cac mach loc

+15V

OA1-OA4
+15V

khong doi hoi chét luong cao do né chi lam
viéc & mot tan sb cb dinh.

Nguyén tic chung clia mach diéu khién theo
phwong phap PWM la so sdnh mét dién ap Uacthay
dé6i dugc véi mot dién ap rang cwa Uy ¢ tin s6
cao. Piém can bang gitta U, va Ug s& 1a di€ém phat
xung diéu khién dé mé cac van ban dan. Bing cach
thay d6i Ua ta sé thay d6i dwgc do rong xung diéu
khién trong khi van giit duoc tin s diéu khién
khéng déi. Cac yéu ciu chung déi véi mach diéu
khién bo bam xung la: d6 rong xung diéu khién
phai thay d6i dwoc d€ ddm bao pham vi diéu chinh
Dimin €N Dimax twrong rng véi pham vi thay déi dién
ap ra tai cia mach lwc; d6 doc swon trwede ctia xung
phai cao dé dam bao van lwc mé tét; cho phép
déng co lam viéc véi cac ché do da tinh todn nhw
ché d6 khéi dong, ché do ham, dao chiéu quay; co
kha ndng chéng nhiéu cong nghiép tot; khong
dwoc gy ra cac nhiéu vo tuyén; do tac dong cla
mach diéu khién nhanh; thuc hién cac yéu cau bao
vé cac van luc néu cin nhw ngit cac xung diéu
khién khi c6 sw c0, théng bdo cac hién twong
khéng binh thwdong cia ngudn va ban thin mach
diéu khién; c6 dé tin ciy cao.

Tir c4c yéu cau trén, so ¢ nguyén Iy mach
diéu khién 01 van IGBT khong sir dung vi
mach chtrc nang dugc thiét ké trén hinh 5.

HCPL 3120

Tir cam
bién dong
R2

Hinh 5. So d6 nguyén ly mach diéu khién bé bam xung khéng dung vi mach chitc nang

Trong so d6 hinh 5: Khuéch dai thuit todn
0A1va0A2lamach dao dongtao dién ap rang cua
hai cuc tinh tin s6 1kHz (u..). Pién ap nay qua

123

mach R4 va R5 dé thanh dién ap rang cwa cuc tinh
dwong urc1. OA3 1a mach so sanh kiéu hai ctra v&i
tin hiéu vao 1a U va uar. Pién ap ra clia OA3 ug la
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tin hiéu PWM duwoc dwa téi dau vao cua vi mach
Driver cach ly quang loai HCPL3102. Hai tranzito
Q2 va Q3 la ting dém dé niang cong suit tin hiéura
diéu khién van lwc. OA5, IC555 va tranzito Q4 la
mach bao vé chong khoa bio hoa cia IGBT. 0A7
lam mach bao vé qua dong cho van lyc.

Nguyén ly lam viéc cia mach bao vé chéng khoa
b3do hoa nhw sau: Binh thwomg Q4 khoa lam D3
kho4, ugk=ucq, mach lam viéc binh thwong. Khi qua
dong, Q4 dan lam D3 din, ux=0 1am mAat xung
PWM (D=0). Do c¢6 tu C3 va C12 lén van dwgc
khod mém. Néu Ug cao (mtrc On) ma IGBT dan thi
Uc thé,p, D1 dél’l, D2 kho4d, OA5 c6 Uz<Uz=6V,
OAS5 bdo hoa dwong lam chan 3 ctia IC555 & mirc

Ure

0

thap, D5 khod, Q4 kho4, mach PWM lam viéc binh
thwong. Néu Ug thap (mirc Off) ma IGBT kho4, Uc
cao, D1 kho4, D2 dan, OA5 c6 Uz<Us=6V, 0A5
bio hoa dwong lam chén 3 ctia IC555 & mic thap,
D5 khoa, Q4 khoa, mach PWM lam viéc binh
thuong. Trweong hop Ug cao (mirc On) ma IGBT
khong dan thi Uc cao, ca D1 va D2 déu kho4, OA5
c6 Uy =12V>Uzy=6V, OA5 bao hoa am lam
chan 3 ctia IC555 & mitc cao, D5 dan 1am Q4 dan
lam D3 din mach PWM bi kho4 Soft. D6 thi thoi
gian dang song cac tin hiéu minh hoa nguyén ly
lam viéc cia mach bao vé chdng khoa bio hoa ctia
IGBT trén cac hinh 6, 7 va 8.

Urex

0o

pwm

0o

anotD1

0o

catotD1

(o]

3(+)

3(+),2(-)OA5

o

OutOAS5S
o

outlC555)

0

Hinh 6. D6 thi thoi gian cdc tin hiéu khi van lyc IGBT déng mé binh thuong

0

t

Urer

]

N

pwm

]

t

anotD1

0

catotD1

0
3(+)

3(+),2(-)OA!

0 = — —

-20)

OutOAS5
0

outlC555

0

Hinh 7. DO thi thoi gian cdc tin hiéu khi van lwc IGBT bi qud tdi
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Ure
0 A\ T\ P PN AN
N~ ~ .. X ~N ~
Urex
t
0
pwm t
0
anotD1
) t
catotD1
|t
0 30
3(+),2(-)OAS5] v
_20) Ty
o = L
outOA5 153[\/
0
outlC555) R16.C10 >1ms t
0

Hinh 8. Do thi thoi gian cdc tin hiéu mé td qud trinh tw phuc hdi néu van tré lai déng cdt binh thwomg

Sor @6 nguyén ly mach diéu khién 01 van IGBT str dung vi mach chirc ning UC2524A va M57962A duwoc
thiét ké trén hinh 9 [3].

L N
v ol , ]
Reference v
|requiator_| M57962AC 3 D1
uv Power 2C1.
Sense internal ] D2 e
—0
- Opto-c l
i Coiier m
shutdown

TDetect pin
circuit

-15v

Hinh 9. So d6 nguyén ly mach diéu khién bé bam xung diing vi mach UC2524A va M57962A
Hinh 10 13 so @6 nguyén ly mach diéu khién 01 van IGBT st dung vi mach chirc nang TL594 va M57962A

[4]

Hinh 10. So d6 nguyén ly mach diéu khién bé bdm xung diing vi mach TL594 va M57962A
125
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Hinh 11 1a so d6 nguyén ly mach diéu khién 01 van IGBT st dung vi mach chirc ndng UC2525A va
M57962A [1].

+15V,

i

Gt Coupier

Hinh 11. Sor A6 nguyén ly mach diéu khién b bam xung diing vi mach UC2525A va M57962A
Trén hinh 12 1a so d6 nguyén ly bd bam xung dung vi mach UC2524A va M57962A c6 thé dé diéu khién
tir 1 dén 4 van IGBT dwgc chiing t6i thiét ké.

+15V(2)
T +15V(1)

+Eac
o B (s ———

Tay ga
06

- T
g Al | ms7962AC
Power Ca

interral
cirui
Zif i- i
p10:CoupIeT ]

cuitry

+15V(2)

3 zzﬁ-‘
: |Opto-coupler

v e
e O

Power

internal
circuitry

DBRY N7 038

4%/(2)

Lor—y

Hinh 12. Sor d6 nguyén ly mach diéu khién bé bdm xung 4 van IGBT
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3.Két qua va thao luan

» Mach diéu khién bo bam xung dung vi mach
chirc ndng UC2524A va M57962A véi so do nguyén

ly hinh 12 da dwoc ching toi thiét ké va ché tao.
Hinh 13 1a mach in mach diéu khién dwoc thiét ké
trén phin mém Altium Desiger 17.1. Hinh 14 la bo
mach diéu khién da ché tao.

B =
g O 2
~
H
)

(SR

=

AN BB DOSNS _SANE P00 A00 ORN o

o

CINC-1BUN HTBUD OND  C=1BVX #1 B ~1 507 ONDC 1807

z 4
i3 o
D IO ’ e
- [
1 § .‘y L ]
L

3 . mﬂ

0
c
. v
1€ RoOHS

H.14. Hinh dnh bo mach diéu khién b bdam xung da ché tao

» Mach da dugc thir nghiém tai phong thi
nghiém Ky thuat dién - dién tir cia tredng Pai hoc
MO0 - Dia chit. Tai thit nghiém ctia b6 bam xung la
hai ddng co mot chiéu cong sudt mdi dong co S5kW,
dién ap 220V.

» K&t qua thir nghiém cho thiy cac thong so
ky thuit dat dwoc twong dwong véi bo diéu khién
loai ZBT - 2x150/140 cta Trung Quéc. Khi dién ap
dwa t6i dau Adj cia bd diéu khién thay déi tir 0.5V

127

dén 4V, pham vi diéu khién D thay do6i dworc tir 0
dén 90%. Két quia nay phu hop véi tay ga loai JDS-
1 dang dwoc st dung trong cac tau dién ac quy cla
Trung Quéc. Pau vao cam bién dong In dwoc thiét
ké véi dién ap t6i da 1a 4V, twong thich v6i bién
dong CSK3-300A/4V.

» Vi tang dém dung cdp tranzito Q1(A,B),
Q2(AB) va Q3(AB), Q4(AB) loai MJE15032 va
MJE15033 mach c6 thé diéu khién van luc IGBT c6
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dong dinh mirc dén 800A. Vi viy c6 thé str dung bo trong bai bdo c6 thé ap dung trong viéc thiét ké,
mach da ché tao diéu khién bd bam xung dung cho ché tao cac b diéu khién khéng tiép diém tau dién
tau dién Ac quy trong tai 12T. ac quy mo. Hwéng nghién ctru tiép theo 12 thiét ké,
» C6 thé dung vi mach PWM loai SG2524A ché tao b chuyén mach phu hop va vé phong né
hodc TL494 thay cho vi mach UC2524A. Truong cho thiét bi. Nhitng két qua nghién cttu nay sé
hop st dung vi mach TL494 can b6 sung thém dworc trinh bay trong bai bao tiép theo.
mach khod dwéi dién ap nhw so @6 hinh 10. Vi
mach Driver M57962AC c6 thé thay bang loai
twong dwong hodc thiét k€ mach Driver khong 1. Datasheets for electronics components

Tai liéu tham khdo

dung vi mach chirc nang. Thiét k€ mach Driver UC1525A/27A, UC2525A/27A,
khong dung vi mach chirc ndng can cht y dén UC3525A/27A

mach bao vé khoa van IGBT qua vung khong bao www.datasheetcatalog.com.

hoa nhw so d6 hinh 5. 2

cac mach diéu khién tau dién dc quy cta Trung 22892092(TG BT600) - -
Quéc trong tai tur 2.5T dén 12T. 3. UNITRODE CORPORATION, Advanced
4.Kétluan Regulating Pulse Width Modulators UC

2524A.

Két qua nghién ctru thiét k&, ché tao va thir 4 ypitrode, Applications handbook 1985-86.
nghiém bo bam xung ap moét chiéu dwgce trinh bay

PHAN TICH SONG HAI PIEN AP TRONG LU0 PIEN KHI HOA LUOTHE
THONG PIN NANG LUONG MAT TROT

Bui Ngoc Hung?,
1 Khoa Co Dién, Trwong Pai hoc M6 - Pia chdt, buingochung@.humg.edu.vn;

TOM TAT

Ngay nay, cdc hé théng pin ndng lwong mdt trod la mt trong nhitng gidi phdp tot nhdt thay théva bé sung
ngudn ndng lwong dién cho hé théng lwéi dién qudc gia va ddp twng nhu cdu ctia xa hoi. Tuy nhién bén canh
nhirng wu diém, khi hoa lwéi hé théng pin ndng lwong mdt troi cling ¢é nhitng dnh hwéng truec tiép tdi chdt
Iwong dién ndng ctia hé théng. D€ lam ré nhwoc diém nay ctia hé théng pin ndng lwong mdt troi, trong
nghién ctru tdp trung phdn tich va ddnh gid séng hai dién dp théng qua chi sé tdng dé bién dang séng hai
dién dp va dong dién(THD,, THD;) trong lwéi dién khi c6 két néi hé théng pin ndng lwong mdt troi trén
phdn mém Matlab/Simulink. Ttr cdc két qud phén tich dé€ dwa ra dé xudt gidi phdp lam cho hé théng pin
ndng lwong mdt troi tré nén ddng tin cdy va hiéu qud hon.

Tir khéa: Pin nang lwong mat trod; nang lwgng tai tao; chat lwgng dién nang; song hai dién ap; Ky thuit
dién- dién ti; K§ thuat dién; bién ti;

1. M6 dau ngay nang trén 300 ngay/nim, cwdomg do birc xa

Vi tiém nang ky thuit khoang 1677 GW [1], ngay khoang 5 kWh/m2. Trong thoi gian vira qua,
Viét Nam la mgt qudc gia cé tiém nang nang lwong Viét Nam mdc du da phai huy déng tdi da cac
mat trod rat 1n. Cac tinh va thanh pho c¢6 nguén nguon dién nhwng dang phai d6i mat véi nguy co
nang lwgng mat trod tip trung phén lé6n & Nam thiéu dién. Pac biét, trong ndm 2022 va nhirng

Trung Bo, Pong Nam B6 va Tay Nguyén véi sd thang hé ndm 2023, hé thong da thiéu hut nghiém
128
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trong dién ning, day 1a 1y do phai cat dién luan
phién, thiéu dién dién réng. Nam 2024 - 2025, nhu
ciu dién tiép tuc tang, dat ra yéu ciu phai bo sung
nguon dién. Theo tinh toan, ngudn dién can bd
sung la tir 4.000 - 5.000MW, song cong suit bb
sung lai thip hon so v&i nhu ciu. Chinh vi vay, cin
thiét phai phat trién cac dw 4n nguon dién, trong
do c6 dién mat troi (PV), nham dap ¢ng nhu ciu
dién cho phat trién kinh t€, ddm bdo an ninh nang
lwong Quéc gia.

Tuy nhién, &ng dung hé théng PV trong viéc
cung cap dién gap nhitng kh6 khan va rao can nhat
dinh vé mat ky thuit. Mot trong nhitng van dé
phét sinh d6 la song hai. Khi hé thong PV két ndi
lwdi dién sé c6 hai ngudn giy ra song hai: thi nhat
la do thiét bi phi tuyén ctia mach két noi (Diode,
IGBT, Thyristor, ...) va th hai 1a do viéc bién déi
tir dong mot chiéu thanh dong xoay chiéu théng
qua cacbd DC/DC, DC/AC. Swton tai song diéu hoa
bac cao gy anh hwdng téi tat ca cac thiét bi va lwdi
dién. Chung giy ra qua ap, méo dién ap lwdi, giam
chit lwgng dién nang, lam ting ton that va giam
tudi tho cac thiét bi dién-dién ti [2].

Hién nay, cé rit nhiéu nghién ctru vé sw
anh hwdng cia chit lwong dién ning trong hé
théng PV két noi lwdi dién. Cac tac gia cda [3] da
phén tich phat xa sdng hai tlr cic bd bién tin PV
trong khi thay déi mirc birc xa mat troi va so
sanh két qua v&i cac phép do tai hién treong;
Elkholy [4] da nghién cru cac phép do vé cac
tham s6 chit lwong dién nang trén hé thong PV
8 kWp dwogc két néi voi lwdi dién ap thip va
trinh bay méi quan hé gitra dién 4p va séng hai
dong dién trong hé thong. Eltawil va dong
nghiép [5] chi ra ring 16i bién tin 1a sw c6
thwong xuyén nhit trong cac hé théng PV ndi
lwdi gdy anh huwdng dén chat lwgng dién ning.

Trong nghién ctru cac tac gia da trinh bay anh
hwdng clda cac ngubn dién nang lwong mat troi
dén chi s6 séng hai cia lwdi dién. Tuy nhién,
nghién ctru chwa dé cap dén giai phap giam séng
hai. Trong [6-8] cac tac gia nghién ctiru thiét ké cac
bé loc trng dung dé loc song hai do cac b bién doi
dién t&r cong suit gy nén. Cac nghién ctru nay
khong dé cap dén tinh chat hé thong khi két néi PV
vao lwéi dién.

Trong ndi dung bai bao nay, tac gia nghién
ctru danh gia chi s6 méo dang séng hai THD, va

129

THD; cta lwdi dién khi két noi hé thong PV c6 loc
va khéng c6 loc. M6 hinh hod hé thong dwoc xay
dung trén phan mém Matlab/simulink va két qua
mo phong véi lwdi dién don gian. Cudi cung la két
luén va cac dinh huéng nghién ciru tiép theo.
2. Cong nghé str dung ndng lworng mat tro’i
Nang lwgng mat troi la nang lwong dwoc tao
ra tir cac phan ng nhiét hach hat nhan trén mat
trod. Hién nay cé hai cong nghé chinh st dung
nang lvgng mat troi. Po6 1a cong nghé dién mat troi
dua trén hiéu ng quang dién; cong nghé nhiét
mat troi dya trén hiéu ng nha kinh va cong nghé
nhiét mat troi héi tu (hinh 1).

\\‘“d’« \\“4/'
) 4 Photovoltaic (PV) > & Solar cells
-~ {‘ cells/panels "’ Q

Zre\ el

Irradiance
Reflective solar |/

concentrator

Hinh 1. Hai phwong thirc str dung ndng lwong mdt
troi: a- Hé théng tdm pin quang dién; b- Hé thong
nhiét dién mdt troi tdp trung.

Cac hé thong pin quang dién hoat dong dwa
trén co ché cac tAm pin quang dién dwédi tac dong
cla anh sang mat troi phat sinh ra dong dién mot
chiéu. Cac tAm pin quang dién dwoc két ndi lai véi
nhau nham gia ting céng sut cia hé théng. Dong
dién mot chiéu dwoc dwa qua hé thong bién doi
dién tr cong suit nghich lwu thanh dong xoay
chiéu va dua lén lw6i dién. Hinh 2 miéu ta tong
quat co ché hoat dong ctia hé thong quang dién
mat troi.

(a) (b)

Photovoltaic

Power electronics system

panels

Inverter

Converter

Transformer

DC+DC

DC+AC

Hinh 2. M6 hinh tdm pin mdt troi néi ludi.

V6i cac hé thong dién mat troi tip trung
(Concentrated Solar Power, viét tat 13 CSP) st
dung cac cong nghé dé bién nhiét nang (blc xa
nhiét) thanh dién ning. O cac hé thdng nay, sit
dung guwong hodc thiu kinh dé tip trung 4nh ning
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mat trod tai mot diém va chuyén doi thanh nhiét
nang. Nhiét sau d6 dwoc st dung dé tao ra hoi
nuwéc, lam quay tua-bin va san xuit dién nang.
Trong d6, hinh 3a st dung hé thdng phat dién dwa
trén tuabin solar-thermal-powered. Hinh 3b tap
trung nang lwong mat trdi trén moét thap va nwére
trong thap dwogc gia nhiét roi dwa vao chu trinh
hoi twong tw nhw nha may nhiét dién. Hinh 3c
nang luwgng mat troi dwoc tap trung trén cac
dwong parabol va lam cac méi chit trong nay thay
doi trang thai roi dwa vao lam quay tuabin hoi.

Solar ~thermal-powered turbine

-
Release fluid

Power grid

"y

Therma

(<)

Hinh 3. Hé théng dién mdt troi tdp trung

3. M6 hinh hé théng dién mdt troi st dung pin
quang dién

Pin mat tr&i hay con goi la pin quang dién la
thiét bi ng dung hiéu &ng quang dién trong 16p
ban dan (thwdng goi 1 hién twong quang dan) dé
tao ra dong dién mot chiéu khi dworc chiéu sang [9,
10]. Pin mat troi hoat dong theo dac tinh phi tuyén
[-V va P-V, thay doi tuyén tinh theo birc xa mat troi
vanhiét do hoat dong cuia pin quang dién. Phwong
trinh toan hoc chung cho dic tinh dau ra I-V cta
mot té bao quang dién PV da duwoc nghién ciru
trong su6t bén thip ky [11]. M6 hinh tong quat ctia
té bao quang dién Hinh 4 [12].
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Hinh4. Mach twong dwong ctia té bao pin mdt troi

Phuong trinh dién 4p - dong dién cia mot té
bao quang dién dwgrc tinh bing cong thirc (1)[13]:

loy = lpy =15 |:9Xp[q(VDk£kv Rs ]—1:|
trong dé:

Ipy: DONg quang dién

Is: Dong bao hoda qua diode (A);

q: Dién tich electron(q = 1,602.10-1°(C));

k: Hang s6 Boltzman, k = 1,381.10-23/K);

T.Nhiét do lép tiép xuc (K);

A:Hé s6 ly twdng cua diode;

Vp: Dién ap nhiét (V);

Ipv: DONg dién ra cda pin mat troi (A);

Vpy: Dién ap ra ctia pin mat troi (V);

Rsy: Pién tré shunt Rsy, dac trung cho dong
dién ro qua lép tiép xdcp - n;

Rs: DPac trung cho téng cac dién trd cla cac
16p ban dan.

St dung cac hé s6 cua thiét bi va cic phwong
trinh todn hoc trén, ching ta c6 thé dé dang mo
hinh hoa cac té bao quang dién va xay duwng mo
hinh tAm PV phuc vu cho nghién ctru dinh gi4 hoat
déng ctia ching. Pién ap moét chiéu cia tAm PV c6
thé dwoc nang 1én mic mong mudn xac dinh bang
cach str dung b tang ap DC-DC. Ngoaira, bd MPPT
dwoc st dung két hop trong bd chuyén déi DC-DC
dé t6i wu cong sudt PV [9, 14].

Dong dién Ipy 12 ham s6 cta cwong do anh sang
trén mat té bao quang dién G va nhiét do T:

lon =IPHRG£[1+aT(T_TR)]’ )
R

vOi Ipyr 12 dong dién ngan mach tai cwdong do 4nh
sang Gr va nhiét d6 Tr quy chuln; air 1a hé s6 nhiét
do ctia dong quang dién.

Xét tdm pin quang dién dwoc xay dung tir viéc
ghép noi tiép N cac té bao pin mat trod thanh cac
module va va ghép song song N, cic module lai lai,

_Vey +1pRs
R

SH
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thi phwong trinh déc tinh I - V tong quat nhw sau
[13]:
loy = Np'IPH -N, —lg,

p

N, AKT R

D€ hoa vao lwdi dién xoay chiéu, hé thong
dién mdt chiéu cda cac tim pin quang dién can c
su tham gia ctia bd bién d6i dién tir DC-AC. Ngoai
ra nham dam bao s hoat ddng ctia cac bd bién d6i
DC-AC, dién ap dwa vao cac bd bién déi nay can
dwoc 6n dinh tir truedre d6 thong qua cac bd 6n dinh
dién ap DC-DC.

=Nyl — NP.I{esp(q(VD o Rs

SH

Multiple PV Strings

Source: Infineon,
SMA

PV Strings

| B

PV Module “ C .

r B

g U g
e : *® be

J

oc

1’3

AC AC|

1 or 3 phase 3 phase

Power w | tkw-tokw| 1okw-30kw | 30kw -~
Applic- Small Syster Residentia Commercial Commercial / Utility
itons Residentia Scale PV Plants

(@) (b) (c) (d)
Hinh 5. Cdc cdu hinh két néi lugi
ctia hé théng PV [15]

Viéc noi lwdi thue té dwoc thue hién tuy theo
cong suit clia hé thdng dién mat troi. C6 4 cdu hinh
noi lwdi ctia hé théng PV dwoc thé hién qua hinh
5, trong d6 a- bién tAn mé-dun (microinverter) st
dung cho cac hé théng cong suit nho (<1kW) ; b-
bién tin xau chudi (string inverter) sir dung cho
hé théng cong suit vira (1-10kW); c- bién tin
nhiéu xau chudi (multi-string inverter) st dung
cho cac hé théng cé céng suat trung binh (10-
30kW); d- bién tan trung tim (central inverter) st
dung cho cac hé thong c6 cong suatlém (>30kW).

D€ nang cao chit lwong dién nang khi hoa
lwdi, cac hé théng dién mat trod can st dung cac
bién phap gidi han séng hai trong tiéu chuin cho
phép. Pé thuc hién diéu nay, tac gia dé xudt st
dung b loc LCL dé giam séng hai do hé théng PV
gay ra. Ciu truc b6 loc LCL bao gom mot cudn cam

_]_:|_VPV + e Ry G

ndi tiép v&i bd nghich lwu DC-AC, tu dién 13p song
song v6i bd nghich lwu va mot cudn cdm mac ndi
tiép vao lwdi. Bo loc nay chi cho phép séng hai cé
tin s6 nhé hon tan s8 cat di qua (Hinh 6). Cac
thong s6 cia mach loc dwoc chon trong bang 1.

Li R i Ry Ly

Gt

v, v, vy
R (A

Hinh 6. Mach mgt pha twong dwong ctia bg loc
LCL
4. M6 phéng hé théng quang dién hoa lwdi stv
dung pin quang dién bang matlab/simulink
Mo hinh hé thong PV két néi lwdi trong phan
mém Matlab/Simulink dwoc gidi thiéu trong hinh
7.Mo hinh dwoc thiét ké voi cong sudt hé thong PV
néi lwdi 3 pha la 20kW, dién 4p diu ra cua bo
DC/DC 680V, ctia bd DC-AC 1a 380V va cac thong
s0 co ban dwoc néu trong bang 1.

Bdng 1. Théng s6 mé hinh mé phdng

TT Tén Ky Gia tri
hiéu
1 | Dién ap ludi v 3*380
& VAC
2 | Tan s6 lwdi dién fg 50 Hz
3 | bién tré lwoi Rs 01 Q
4 | bién cam lwoi Ls 0.1mH
5 | Congsudt HT PV Psol 20kW
6 | bién cam bo loc LCL Li 0.75 mH
7 | Bién tré bo loc LCL Ri 0.01Q
8 15(1:¢Ln dung bo loc G 47 ,uF
9 | Dién cam Lg 0.01mH
10 | Bién tré bo loc LCL Rg 0.01Q
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Hinh 7. Mé hinh mé6 phdng trén phdn mém Matlab/Simulink

4.1. Khéi pin mdt troi va mach tang dp DC/DC
Hinh 8 trinh bay so’ d6 khoi m6 ta mot bo
chuyén d6i tang ap DC/DC (Boost converter).
Boost converter tich hop thuit toan va diéu
khién bam diém cong suidt cuc dai (MPPT-
Maximum Power Point Tracking), trong dé:

- Khéi PV: Cac tAm pin nang lwong mat troi

- Khéi DC/DC: B6 chuyén déi dién ap mat chiéu
DC/DC

- Khéi DC Load: Tai dung dién ap mot chiéu.

- Khéi MosFet Driver: 1a mach dém cong suit dé
dong cat MosFet

- Khdi Micro Controler STM32F103:1a bd vi diéu
khién STM32F103 chira chwong trinh diéu khién
vathuattoan MPPT. C6 nhiém vu thu thap cac gia
tri dién ap va dong dién cta tdm pin Vpv, Ipv;
dién ap va dong dién ngd ra ctia bd bién doi Vout,
Tout. STM32F103 dworc ldp trinh véi thuat toan
MPPT va st dung chirc nang diéu ché dé rong
xung (PWM) gtri dén khdi MosFet Driver dé diéu
khién déng cat mosfet.
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Hinh 8. Sor 6 khdi bd chuyén déi DC/DC tich hop
thudt todn MPPT.

Thuat toan bit diém coéng suit cuc dai
MPPT la phwong phap do tim ho diém lam viéc
t6i wu cla cac hé thong PV theo cac diéu kién moi
trwong khac nhau. Ngay nay, dé nang cao céng
suit thu dwoc tir PV hay tang hiéu suit chuyén
doi nang lwong, phwong phap MPPT ap dung
thuat toan nhiéu loan va quan sat P&O (Perturb
and Observe), thuat toan Hill Climbing dang
dwoc st dung thinh hanh [16]. Phwong phap
P&O dua trén viéc theo ddi sy bién thién dién ap
theo chu ky dé tim dwoc diém lam viéc c6 cong
suit 16n nhat. Hinh 9. 1a so @6 md phdéng mach
tang ap DC/DC.
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Control of MPPT & booster ly di‘é}{l khién cﬁ“a mach nghich luu n6i luéi trong
I G hé thong. Bo diéu khién nghich lwu sé thuc hién

do, kiém tra cac tham s6 ctia mach nhw dién ap,
dong dién cuia pin quang dién, dién ap, dong ra
g ctia nghich lwu, dién ap lwéi réi dwa vao cac vong

Zero-Order
Hold
Tsc

A 4 Func_Call
1e-4

diéu khién dé thuc hién chirc ndng diéu khién néi
Saturation PWM Generator /- AL 7 P ’ ~ M 4

W (©c-00) lwdi. Pién ap lwdi dwge do chuyén vé vong khoa

kHz ’ A A A

pha PLL (phase-locked loop) 14y tin hiéu bién d6,

Vde ; DC voltage controller N . 7 L, o

02 . tan so, goc pha. Sau khi tinh toan trong khoi

i z3n ‘ ion dwaradong dién dit |-va - d€ so
= Kp_dc ; I s CAlCUlation gdiendatrva -
Del_P + 7 J & \ A A N e A .

KTs 1 sanh v&i dong dién hién thoi sau bd nghich lwu

i DC-AC | , l, va dua tin hiéu vé bo diéu khién

Ki_dc o

o dong dién cong hudng ty 1é PR dé tao dién &p y°

Hinh 9. So fi‘o mo phon;g bo,chuyen doi DC/DC , U+ cho khau didu khién véc to khong gian
tich hop thudt todn MPPT. s ] )

SVPWM Modulaion, sau d6 cung cap xung diéu

4.2. Mach nghich Iwu c6 diéu khién néi lwoi Khién cho bb nghich lwu dwa ra dién 4p xoay

bién 4p mot chiéu sau khi dwoc ting ap sé chiéu dong bo va c6 cong suat phu hop véi diéu
dworc di vao bd nghich lwu Inverter dé noi lwéi kién noi lwdi vao hé thong.

v6i hé thong dién. Trén hinh 10 1a so d6 nguyén

L’honst

Vi L; Ly Lg %
s ~M 2%
Gpwm IGBT
C. _I inverter S
solar
|G M A%
| == 1 b ILI J_ ba |V 1
Vae SVPWM abe dap | G
MPﬂ Viep =¥+ Modulation | | I PLI
I.\'nl 1 * i
I, I Ip
I 7 Vi
PI V* t £ Vmux
- y 4
controller s cm]l)r%“ & -
gt I
1 4 aPref
E— ”
p— v calculation
max V* 1%
a l)l{ 4 a
controller ¢ ~O¢
Psular 1+ Y+ Pmppt IaT ST
» rated

Hinh 10. Sor A6 nguyén ly diéu khién mach nghich lwu Inverter néi lwdi trong hé théng dién.

khong str dung loc séng hai. Véi moi tredmg horp,
4.3. Két qua mé phéng tac gia tién hanh mé phong va so sanh chis6é THDv,
THDi. Két qua thu dwogc tin hiéu dong va ap tai
diém néi lwdi trong hai treomg hop dwoc thé hién
trén hinh 11 va hinh 14.

bé danh gia anh hwdng séng hai ciia hé thong
PV noéi ludi, tic gid xem xét hai trwong hop.
Truong hop hé théng PV néi lwdi cé st dung loc
thu dong va trweong hop hé théng PV noéi ludi
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Ready Sample based |Ofiset=0  T=0.500
Hinh 11. Tin hiéu dién dp va dong dién tai diém ndi
Iwéi khi hé théng PV diing loc.

Véi treong hop st dung bo loc séng hai LCL,
do cong suat cia hé thong PV noi lwdi (20kW) nhd
hon nhiéu so v&i hé théng dién nén dién ap khi
hoa lwéi khong cd sw anh hwéng cta séng hai, chi
s6 THD, = 0.02% nhuw hinh 12 va hinh 13.

Signal

Selected signal: 28 cycles. FFT window (in red): 1 eycles

I

2

°
S

Sigral mag.
s

-200 | I\}l
o 0.08

Time (s)

10 (50Hz) = 379.9 , THD= 0.02%

004483 B

X 250
¥ 0.001784

Mag (% of Fundamental)
0 = M @ & @ ® N @ D

o 100 200 300 400 500 600 700 8OO 800 1000
Frequency (Hz)

Hinh 12. Séng hai dién dp khi hé théng PV néi lwéi
c6 st dung loc.

Selected signal: 25 cycles. FFT window {in red}: 1 cycies [y
‘\-‘w--wuﬂnnnh\\M‘.'ul\wpﬂ
=1 I TIE T IETEEPEIEE |I ‘ INIE: Vome: [
s A

ot [t 2
o numer: |1
Daslar @ Sim

0 806 01 015 02 025 03 03 04 045 05
Time (s OFFT winie

(50Hz) = 9.036 , THD= 39.02%

Fendamena wguoncy pizf |50
[r—— 1080

[LL = p—

X150
Y1401 Dilay sipe

Mag (% of Fundamental)

X250 oo
s a .
Y48 3834 X750

0 100 200 300 40D 500 600 700 B0 800 1000
Fraquancy (Hz)

Hinh 13. Séng hai dong dién khi hé théng PV néi
lwdi co st dung loc.

(4 scope7 - o X
File Tools View Simulation Help >

CMEICLA IR=aicIHNE 37N

AR

Hinh 14. Tin hiéu dién dp va dong dién tai diém néi
lwdi khi hé théng PV khéng diing loc.
Ngworc lai, khi n6i lwdi hé thong PV khong st
dung loc thu dong, dién ap va dong dién hoa lwéi
(hinh 15) bi anh hwéng nghiém trong véi ca séong
hai dién ap va séng hai dong dién (hinh 15 va hinh
16), cu thé chisé THD, = 330% va THDi=241%.

Selected signal: 25 cycles. FFT window (in red): 1 cycles

1000

Signal mag,
o

1000

o 0.05 0.1 0.15 0.z 0.25 0.3 0.35 0.4 0.45 os
Time (s)

Fundamental (50Hz) = 342.6 , THD= 330.60%

Mag (% of Fundamental)
v w & @

o
o 100 200 300 400 500 600 700 800 900 1000

Hinh 15. Séng hai dién dp khi hé thong PV néi luéi
khong str dung loc thu dong.

104 Selected signal: 25 cycles. FFT windew (in red): 1 eycles
‘
&
#
i,
‘
¥ 2045 X e50
- i 1745
z
= FiaTe
ST
k=]
2
.

Hinh 16. Séng hai déng di_én khi h_é thé'ng PV néi
lwéi khong str dung loc thu dong.
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5. Két ludn

Mot mo hinh hé théng PV két noi lwdi dién da
dwoc xay dwng trén phan mém Matlab/Simulink
va thuc hién nghién ctiru s6ng hai khi noi lwdi dworc
bai bdo mo ta. Cac phin tir ciia hé théng PV: t€ bao
quang dién, bd bién do6i DC-DC, bd tim diém cong
suit cwc dai MPPT, b6 nghich lwu va bo loc LCL
dwoc nghién ctru va trinh bay dwdi mé hinh toan
hoc cu thé.

Bai bao da mo ta tdc dong gdy nén song hai
ctia hé théng PV théng qua cac chis6 THD, va THD;
cta lwdi dién khi két ndi cac ngudn PV. Két qua mo
phong da cho thay séng hai lam méo séng dong
dién cta lwéi dién khi néi lwdi hé thong PV. Ngoai
ra, bai bdo cling da dé xuit st dung bd loc LCL va
minh chirng dwgc tic dung va kha nang cta né.
Phan tich, danh gia 4anh hwdng séng hai cia lwdi
dién do hé thong két néi nhiéu cap dién ap khac
nhau, nhiéu diém két ndi hon va két hop cac
nguon nang lwong tai tao khac nhau (pin mat troi,
dién gid) sé tiép tuc dwgc diu tw nghién ctru va
phat trién cic bo loc d€ ning cao chit lwong dién
nang.
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TOM TAT

Cdc bd nguon bién doi str dung phwong phdp chuyén mach (SMPS) dwoc stk dung rdt phd bién trong thuec té
vi ¢6 hiéu sudt cao. Tuy nhién khi céng sudt tdng va tdn sé chuyén mach thay déi, dé rong xung diéu khién
thay doi, ton hao cong sudt bé bién doi cting thay doi theo. D€ ddnh gid sw thay déi tén hao céng sudt, bdo
cdo dé xudt mé hinh b bién déi ha dp kiéu xung st dung phdn tie chuyén mach IGBT; phdn tich tén hao céng
sudt trén tirng phdn ti ciia mach véi cdc trwdng hop dién hinh khdc nhau khi thay déi tdn sé va do rong
xung diéu khién. Cdc két qud thu dwoc la co s& dé lwa chon cdc théng s6 mach diéu khién, lwva chon tdn nhiét
toi wu gitp tiét kiém chi phi ché tao cho nha sdn xudt..

Tir khéa: Ton hao cong suat, SMPS, ngudn xung, ha ap, buck converter

ra mo6 hinh phan t&r chuyén mach Transistor va
1. Mé dau Diode vé&i cac thong s6 dién va nhiét dwoc lay tir
datasheet ctia linh kién trén trang chua ctia hang.
biéu nay gitip mé hinh mé phdéng tai hién dwoc
dang séng tai thoi di€ém chuyén mach sat nhat véi
thuc té, dong thoi phan tich dwoc ton hao trén
tirng phén ti cia bo bién déi cong suit (Hocine
Daou va nnk, 2016) (Hossein Hafezi va nnk,

Van dé gap phai trong cac bo bién doi cong suit
hién nay la ton hao céng suit sinh nhiét. D€ thuc
hién danh gia hiéu suit cta cac bo bién déi cong
sudt, hau hét cac nghién ctiru déu thyc hién truéc
tién thong qua qua trinh mé phdong. Tuy nhién hau
hét cac nghién ciru st dung mo6 phong hién nay

déu dirng & mirc mé phéng hiéu suit cda toan bo 2021).
b6 bién dai (ti s6 cong suat dau ra va cong suit dau B0 ngubn bién ddi theo phwong phap chuyén
vao bd bién doi) chir khong dwa ra phan bo tén mach (SMPS) la bwédc phat trién so véi cac bo
thit cong suit trén tirng phan t& nhw phan t nguodn twong tw vi ¢é kich thwéc nhéd gon, hiéu
chuyén mach Transistor, phén ti& Diode (Shimeng suét cao, diéu chinh linh hoat dwgc cac cip dién 4p
Huang va nnk, 2017). daura.

Trong bao cao, nhém tac gid st dung phwong Nhém tac gid thuwe hién moé phong mach ha ap

phap mo6 hinh hod dong (Dynamic Model) dé tao DC-DC dé danh gia ton hao cong suit trén phan ti
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chuyén mach va Diode trong cac treomg hop dién
hinh thay do6i d6 rong xung diéu khién, gitr nguyén
tin s6 chuyén mach.

Buck

b1

Hinh 1. So' do nguyén ly mach ha d4p DC-DC

2.Xay duwng mo hinh dong IGBT va Diode

Phin t& chuyén mach IGBT trong mach ha ap
dwoc thiét 14p bao gbm ca cac théng s6 ky sinh
gitta cac cuc G, C, E (Zhuolin Duan va nnk, 2018).
Trong bao cdo, nhom tac gia xay dung mo hinh
dong cua IGBT cia hiang ABB véi dién 4p Uce =
1800V va Ic = 800A

Bing 1. Sor do twong dwong mé hinh dong
IGBT voi cdc tham s6 ky sinh

Thong
so dién
e
g

Power | Heatsink | Ambient

IGBT module case

{ Thermal |
i Paste

Thdng
so nhiét
E '/_3—7
==
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Ganeel
L

Hinh 2. Théng sé ky sinh cia IGBT hing ABB

Cac tham s6 Ky sinh dworc tra ciru tir datasheet
cua linh kién dién t& cung cip bdi hing san xudt
va dwoc nhip truc tiép vao phin mém ANSYS
Simplorer

Bang viéc tai hién linh kién dién ttr IGBT v&i cac
thong s6 Ky sinh, cidc qua trinh chuyén mach va
dang séng md phong c6 do chinh xac cao.

3. M6 phong ton hao cong suit mach ha ap DC-
DC (Buck Converter)

Mach ha ap kiéu Buck cho déng co 4.5kW ma
hiéu CDXT-2.5 c6 tai trong 2.5 tin, dién ap vao
duoc 14y tir ¢ quy 48V véi dung lwong 330Ah

Bdng 2. Thong sé phu tdi dong co

TT | M&hiéu | Trong Ac quy | Pong co
tai (V, Ah) (kW)
1 CDXT- 2,5 tin 48V, 1x4,5
2.5 330Ah
2 2
U, =48V;P= 45kW R = U= 48 _ 5100
m » 4z00 a P 4500
[ =——=2""=93754
"y, 48

Nhom tac gia thuc hién cé dinh tin s6 diéu
khién Fsw = 750Hz va thay d6i do rong xung diéu
khién twong tng bién D (Duty Cycle) trong dai tir
5% dén 95%; thuwc hién do hiéu suit, cong suit ton
hao trén phan tir IGBT va Diode

41w 1GET L waz o+

g g N

L=100u

A
7]
Drivert Y 4

sl
& -l
- i
— 0 o
.
e
Lo S

pe=0
PERIOD=1/Fsw

D: Da rong xung (5% - 85%)
Fsw: Tan 50 chuyen mach (750 Hz - 2000 Hz)
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Hinh 3. So' dé mé phong mach ha ap

3.1. Cdc két quda mé phdong

Cac két qua mo phdng (g véi cac treong hop
Fsw = 750Hz, D = 5% - 95% bao gdbm dang song
dién ap trén tai, ton hao céng sudt trén IGBT va
Diode va dwgc tong hop lai thanh dang bang va do
thi

e Fsw=750Hz,D=50%

vvvvvvvvv

vvvvvvvvvv

vvvvvvvvv

Hinh 4. Dang séng dién dp vdo va dién dp ra
trén tdi ung vor do rong xung 50%

en IGBT va Diode. TH1E TS0 2000 e e

.....

.....
...................

Hinh 5. Dang song tén hao cong sudt trén
IGBT va Diode iing voi do réng xung 50%

e Fsw=750Hz,D=95%

Hinh 6. Dang song dién dp vado va dién dp ra
trén tdi ung voi do rong xung 95%

sunt ran IGBT va Dicds -

8 B8 8

2

o
o0
o
o
o

[E— Ton hao cong TH1_F 750 10 2000
.
== - — S | — 11 om
e .
nteg | { — 1. e
.

nnnnn

&
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Hinh 7. Dang song ton hao cong sudt trén
IGBT va Diode ting voi do rong xung 95%
Cac két qua mé phong ton hao cong suit va
hiéu suit b bién d6i dwgc thé hién tai bang 3
Bdng 3. Téng hop cdc két qud ton hao cong sudt
theo do rong xung diéu khién

TT| D (%) | IGBT | Diode | Ura (V) | AP (W)
E 12.1 | 188 | 43 29.9
2] 10 | 427 [ 338 ] 81 77.6
3] 15 | 427 [ 338 ] 116 | 13638
4] 20 | 873|442 | 147 | 2048
5] 25 [1422]509 [ 175 | 279.1
6| 30 [2037]549 | 201 | 3625
7| 35 |2711] 571 | 225 | 4581
8| 40 [3421]581 | 247 | 5770
9| 45 [4160] 583 | 268 | 740.7
10 50 [4915] 579 [ 286 | 998.8
11] 55 [5688] 57.1 | 303 |1073.1
12| 60 |[6383] 560 | 32.0 |11845
13| 65 |[709.4 | 545 | 33.6 |1225.3
14| 70 |781.4] 528 | 351 |1303.9
15| 75 [856.2| 50.6 | 36.7 | 13849
16/ 80 |934.4 | 47.7 | 383 |1470.7
17| 85 [1,017.5] 439 [ 39.9 |1560.9
18] 90 [1,106.2] 38.6 | 41.6 | 1659.5
19| 95 [1,205.2] 30.8 | 43.5 |1769.5

3.2. Phan tich cdc két quda mé phéng

Truong hop tan s6 chuyén mach cia xung diéu
khién Fsw = 750Hz, c6 thé thay khi thay do6i do
rong xung, hiéu suit tén hao céng suit 16n nhit
khi d6 rong D nho, gia tri hiéu suat ton hao tir 8.3%
dén 4.9% twong (ng véi hiéu suit ctia bé ngudn
ha ap tang tir 91.7% lén 95.1% khi d6 rong xung D
ting. Trong d6 tai D = 50%, hiéu sudt tn hao cong
sudt cling dwgc ghi nhin c¢6 do 1én bat thuong.
biéu nay sé dwoc nhom tac gia diéu tra trong cac
nghién ctru tiép theo.

Toén hao céng suat
(Pv-Pra)/Pv (%)
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Hinh 8. Do thi quan hé tén hao cong sudt va do
rong xung tai Fsw = 750Hz

Tén hao céng sudt ban dan va Bé réng xung

= 'y
21 =
1,200.0 —*
/
/
el

—
P i

&

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Do rong xung D

Céng sudttén hao trén IGBT va

—=8—T*AP (IGBT)
(w)

T*AP (Diode)
(W)

Hinh 9. Do thi quan hé tén hao cong suét trén
IGBT va Diode theod¢ rong xung tai Fsw =
750Hz

Khi D ting, ton hao chuyén mach trén IGBT
tang gan tuyén tinh tir 12W dén 1200W, ton hao
trén Diode tang tir 18.8W khi D =5% dén dinh
57.1W khi D = 50% va giam dan vé 18.8W khi D
=95%

3.3. Két ludn

Bao cdo dé xudt phuwong phap ning cao do
chinh x4c ctia qua trinh mé phéng bang viéc mo
hinh hod dong IGBT va Diode tir viéc thiét lap
thém cac thong sé dién va nhiét theo nhw cong bd
clia hang ché tao linh kién ban dan. Ttr mé hinh d6,
nhom tac gia thwc hién mo phong mach ha ap kiéu
chuyén mach (Buck Converter) cho ddi twong
dong co DC 4.5kW, phan tich ton hao trén IGBT va
Diode trong trwong hop thay doi do rong xung
diéu khién.

Cac két qua md phong chi tiét ton hao cho phép
cac nha thiét ké c6 thé tinh toan duwgc cong suit
nhiét va hinh dang, kich thwéc canh tan nhiét phu
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hop cho tirng linh kién ban dan. Cac linh kién ban
dan qua dé dwoc lam mat va hoat déng 6n dinh
trong thoi gian dai, gidp tang tudi tho cda ching
noi riéng va toan bd bd ngudn xung néi chung.
Loi cdm on

Nhom tac gid tran trong cam on by mon Ky
thuat dién - DPién t, khoa Co - bién, PH M4 - bia
chit da ho tro vé co sé vat chit; cdm on Cong ty
Advantech, JSC da hd tro cung cip license ban

quyén phian mém ANSYS Q3D Extractor, ANSYS
Simplorer.
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MOT PHU'ONG PHAP MO PHONG NHIEU BU’C XA SU’ DUNG PHU'ONG
PHAP SO
Ha Thi Chtc +*, Nguyén Tién S§ 2, Kim Ngoc Linh 3

1 Khoa Co - Dién, Trwong Pai hoc M6 - Pia chdt, Viét Nam, hathichuc@humg.edu.vn;
23 Khoa Co - Bién, Trwong Pai hoc M6 - Dia chdt, Viét Nam; nguyentiensi@humg.edu.vn;

TOM TAT

Cdc thiét bi dién tir hoat dong vdi tdn s6 cao phdt ra séng dién tir gdy nhiéu ti cdc thiét bi xung quanh; ddc
biét khi tdn s6 chuyén mach ctia cdc bd bién déi cong sudt, tdn sé hoat déng cta thiét bi di dong ngay cang
cao va ddi réng trong khodng tir vai trdm kHz dén vai chuc GHz. Vi vdy vén dé chéng nhiéu dién tir tré 1én
vl cling quan trong. Ngoai viéc thiét ké dién tir dat tiéu chudn twong thich dién tir (EMC), cdn c6 phwong
phdp tinh todn va mé phdng tdi hién hién twong bikc xa dién tir. Tir d6 gitip ddnh gid sém thiét ké dién tik co
dat tiéu chudn EMI/EMC khdng, cudi ciing thay d6i va t6i wu hod thiét ké trwdc khi sdn xudt. Bdo cdo dé xudt
phwong phdp s6 ste dung phdn mém ANSYS HFSS mé phdng tdi hién qud trinh birc xa dién trudng ctia mot
déi twong gdy nhiéu ra méi trwomg xung quanh va ddnh gid két qud mé phdng véi két qud phan tich thuc
nghiém dé kiém chirng mé hinh mé phdéng ddng tin cdy va cé thé dp dung rong rdi hon.

Tir khéa: Nhiéu dién tir, phwong phap s8, twong thich dién tit, nhiéu birc xa

1. Mé& dau

Ngay nay v&i sw phat trién ctia cong nghé IoT
va cong nghé di déng thé hé mai, cac thiét bi dién
tl c6 kha nang két ndi véi nhau qua truyén thong
khong ddy va tan sé hoat dong cuia séng dién tir
ngay cang cao. Van dé twong thich dién tir (EMC)
va nhiéu dién tir tré nén vo cling quan trong.

........ 3----- Gioi han mién nhiém--- @\
EMC Margin

Hinh 1. Phan loai tirong thich dién tir

77777777 T.----. Gidi han buc xa

Mrc dé nhiéu EM

Tan sé

Twong thich dién tir bao gdm EMI (nhiéu dién
tir) va EMS (mién nhiém dién tlr), trong d6 nhiéu
birc xa (Radiated Emission) la hién twong song
dién tir lan truyén trong khéng gian lam gidm tinh
nang cla co ciu, thiét bi hodc hé thong khac.
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O MF: Medium Frequency O UHF: Ultra High Frequency
O HF: High Frequency O SHF: Super High Frequency
B VHF: Very High Frequency O EHF: Extremely High Frequency

Hinh 2. Phé tin sé'va ung dung

C6 thé thay van dé EMI/EMC c6 trong moi linh
vuc cla cudc séng nhw ning lwong, truyén dan,
thong tin. Viéc do nhiéu birc xa tir mot co' cAu hay
thiét bi hién nay dwgc thuwe hién theo quy trinh 13p
di ldp lai nhw hinh 3. Trwong hop thiét ké va ché
tao xong thiét bi nhung qua phong kiém thtr EMC
dé do mtrc d6 birc xa khoéng dat theo cac tiéu
chuin nhw CISPR, FCC, IEC hay TCVN 7909-4-
3:2015 thi déu phai thiét ké va kiém thir lai din toi
ton chi phi, kéo dai thoi gian san phdm ban ra thi
truedng.
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Thiétké EDA
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Lapraplai Chétaolai Thay déi thidtké

Kiém thir EMC

Chuadattiéu chudn ‘

Sanphim

Dokiémvitri
chuadat EMC

'; 3 Khéngdat
{

Ak

gdy nhidu diéntir
(khongdat EMC)

Dat tiéuchuin EMC

Hinh 3. Quy trinh ché tao va kiém thi thiét bi
ddm bdo tinh trong thich dién tir

Dé khic phuc van dé trén, nhom tac gia dé xuat
phurong phap mo phong sé st dung cong cu hién
dai dé tai hién phong do nhiéu dién tir trong may
tinh, thwc hién kiém thir 40 dén khi thiét ké dat
tiéu chudn EMC méi tién hanh thiét ké va ché tao.

2. Co s& ly thuyét EMI/EMC

Birc xa dién tir trerong tuan thi theo hé phwong
trinh cia Maxwell

6 5 P, 6 X E d g !

V-B=0, VxH-8D=j. (1)

D=cFE,

H =18,

. T

j=o (2
1BV [ m=20l0g,,| L2 ] . dBo | m=20log,, [ L2
dBuV [ m=20log m[ ) dBor fm = 0”‘"'&]”:1 ,/m]

[AIm] [A/m]

dBuA /,,,-0010,3,0[ A’;’m} o dBmA [m = zomm(m”m’;'m]

Mot hé thdng truyén din bao gdbm ba phan:
Ngudn nhiéu (thiét bi tao ra nang lwong, tin hiéu),
Truyén dan (mdi trwdmng truyén niang lwong, tin
hiéu) va Bo thu (nhén) (thiét bi tiép nhin nang
lwong, tin hiéu tir nguon phatra) (CISPR 25:2016,
2016)

Dé danh gia nhiéu birc xa, ti€én hanh dwa thiét
bi vao phong do khong phan xa (Anechoic
chamber) bao gobm ban dé thiét bi DUT (Device
Under Test) va anten thu la loai anten bang théng
siéu rong c6 dai thu tin hiéu ttr 30MHz dén 1GHz;
DUT cach anten thu khoang 1m, 3m hodc 10m phu
thudc vao loai phong do va tiéu chuidn EMC; tién
hanh do cwong do dién trweong do DUT phat téi
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anten (don vi dBuV/m) va so sanh védi cac tiéu
chuan dé danh gia thiét bi dat tiéu chuan EMC hay
khong (Robert Loke va nnk, 2018) (ETS Lindgren,
2016) (IEC61000-6-4:2018,2018).s

a

Nhan
J¢

ruyén dan

Ngudn

Coupling patl

Dén hoc Birc xa

Hinh 4. Hé théng truyén dan va nhiéu dan,
nhiéu birc xa

|EldBuV/m A
CISPR han ché hon FCC tir 88 dén 230M

50

FCC
% . - gsdh ENSOCEL2, 10m,Class A
40 CISPR

Er
35 FCC
m CISPR
EN SC081-1, 10m, Class B {also forEN 55011855022 Class B) or EN 500812,
5 30m,Class A (absofor EN 55011255022 Clss A}
> F(MHz)
0 2] 216 220

Hinh 5. Phong do va Tiéu chuin EMC theo
CISPR va FCC trong ddi 30MHz - 1GHz

3. Thiét ké va mo6 phong phong do EMC ao

Phong do EMC dworc thiét ké trong phan mém
ANSYS HFSS véi kich thwée 3.38m x 3.18m x 2.4m
la loai phong do 3m vé&i khodng cach tir DUT (bo
mach dién t¥) dén anten thu (loai Biconical
Antenna) c6 dai do tir 30MHz - 300 MHz.

C4p nguodn cho DUT la bo mach dién t& trén 6
td tir mach dién véi dién ap nguén 12V qua bd
LISN (Line Impedance Stabilization Networks)
theo tiéu chuin CISPR25 cho cac thiét bi van tai dé
tao tré khang chuin hoa 50Q dén thiét bi do.
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. Ansys

Hinh 6. Phong do 4o do nhiéu birc xa trong dai
tdn s6 ttr 30MHz - 300MHz

SuH CISPR-25:2008

=0

Hinh 7. So' do mach thiét bi LISN theo tiéu
chudn CISPR25 (Automotive Component)

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

®
ISPR25_4_cables1_LISN| P

HZDTL Antenn

Hinh 8. So' @6 mach cdp ngudn va do bitc xa
dién tr
Po cwong do dién trueong E tai khoang cach 3m
tir thiét bi DUT dén anten va xudt do thi cwong do
dién trueong theo tin so.

Transient Valtage Pt 2

Hinh 9. Do thi dang song xung nhip diu vdo
vd dang song trén tdi

Xem xét d6 thi hinh 9 c6 thé thdy vai tin hiéu
d4au vao dang xung vudng (c6 ké dén thoi gian tang
trseva thoi gian gidm ten) nhung dang séng trén tai
bi méo dang, giy bién thién dU/dt va sinh ra dién
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tredng birc xa ra moéi trwong xung quanh gy
nhieu.

Radiated Emissions [dBuV/m]

F—

Hinh 10. Cwong dj dién trurong (dBuV/m va
tin sé) trong ddi 3 - 300MHz
banh gia két qud md phdng véi tiéu chuin
CISPR 25 class A va class B
Bdng 1: Pdnh gid két qud mé phdng dién
truong theo tin sé voi cdc tiéu chudn CISPR

Khoang cach 3m
Tansd | M6 phdng CIZSSPR CI;I;R Panh

(MHz) | (dBuV/m) | (ass A | class B gid
20 113.5 Kb
40 100.6 Kb

49.6 40
60 67.4 Kb
80 89.2 Kb
120 74.1 Kb
140 79.7 Kb
160 73.1 54 43.5 Kb
180 66.7 Kb
220 74.9 Kb
240 70.2 Kb
260 72.4 56.9 46 Kb
280 82.8 Kb

Mach DUT dwoc kiém tra trén phin mém mé
phong c6 cic tan s6 giy nhiéu nhw hinh 10. Tai cac
tin s0 nay, gia tri dién trwong E (dBuV/m) 16n dot
ngot, diéu nay co thé giai thich do thiét ké mach
sinh ra cac thanh phan L va C ky sinh giy cong
hwdng. Do cac dinh gia tri dién trwong tai cac tin
s0 nay nén DUT khong dat theo tiéu chuin CISPR.
Vi vy can xem xét va thiét ké lai bo mach bang cac
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ky thuat chéng nhiéu dién tir, hodc thuc hién cac
bién phap chéng nhiéu bang cach boc vé chdng
nhiéu dé giam gia tri dién trudng tai cac tan s6
cong huwdng (Robert Loke va nnk, 2018); sau do
tién hanh mo6 phéng lai va xuit do thi gia tri dién
treong dé xem xét tc dung cua cac bién phap
chong nhiéu dién tir (Takashi Masuzawa va nnk,
2015) (Wei Chen va nnk, 2006). C6 thé thuc hién
mo phéng nhiéu lan d€ dwa ra thiét ké tot nhit vé
mat twong thich dién tir.

4. Két ludgn

Bao cdo dé xudt mot phwong phap mo phong
nhiéu dién tir mitc hé théng bang cach mé hinh
hoa phong do EMI/EMC 4o trén may tinh véi cac
thong s6 vat liéu va cac thiét bi do twong rng véi
phong do thuc té dé thuc hién thi nghiém 3o, thay
déi thiét ké va mé phong, so sanh tiéu chuian EMC
hoan toan thuc hién trén may tinh.

Trong xu thé phat trién clia cong nghé Digital
Twin (Ban sao s0), tit ca cac thiét bi dién, dién tt,
hé thong déu duoc xdy dung ban sao la mo6 hinh
ao trén may tinh, phwong phdp moé hinh hoa
phong do twong thich dién tir c6 y nghia 1ém doi
vGi cac cong ty thiét ké va ché tao thiét bi, gitp tiét
kiém t6i da thoi gian, chi phi thiét ké lai san phdm
trwde khi dwa san pham ra thi trwong.

Két qua mo phong do thi cwong do dién trueong
con cho biét cic tin s6 cong hwdng cua bo mach,
giip cac nha thiét ké c6 dinh hwdng tip trung thiét
ké chdng nhiéu tai cAc tin s6 do thay vi trén toan
dai tn s6 cua phat xa birc xa.

Loi cdm on

Nhom tac gid tran trong cdm on by mon Ky
thuit dién - DPién tt, khoa Co - bién, PH M4 - bia
chit da hd tro vé co sé vat chit; cdm on Cong ty
Advantech, JSC da hd tro cung cip license ban
quyén phan mém ANSYS HFSS.

Tai liéu tham khdo
Robert Loke, Robert Blattner (2018). Automotive

EMI reduction techniques, applications, and
solutions. TI training webinar, April 16

CISPR 25:2016 (2016). Vehicles, boats and
internal combustion engines - Radio
disturbance characteristics - Limits and
methods of measurement for the protection of
on-board receivers. CISPR, fourth edition.

ETS Lindgren, (2016). Automotive component
EMC testing: CISPR 25, ISO 11452-2 and
equivalent standards.

IEC 61000 - 6 - 4 : 2018, (2018). Electromagnetic
compatibility (EMC) - Part 6-4: Generic
standards - Emission standard for industrial
environments. IEC, third edition.

Wei Chen, (2006). Near Field Coupling Effects on
Conducted EMI in Power Converter, IEEE 36th
Power Electronics Specialists Conference.

Takashi Masuzawa, (2015). Modeling
Method of Stray Magnetic Couplings in an
EMC Filter for Power Electronic Devices,
IEEE Journal of Industry Applications.

KY THUAT THIET KE TUONG THICH BIEN TU' (EMC) CHO CAC BO
BIEN POI SU’ DUNG BAN DAN THE HE TH( BA GAN VA SIC
Nguyén Tién S§ 1, Nguyén Thac Khanh 2, Ha Thi Chc 3

1 Khoa Co - Dién, Trwrong Pai hoc M6 - Pia chdt, Viét Nam, nguyentiensi@humg.edu.vn;
23 Khoa Co - Dién, Trwong Pai hoc M6 - Dia chdt, Viét Nam;

TOM TAT

Cdc bé bién doi cong sudt str dung bdn dan thé hé thir ba GaN va SiC cé dién dp va nhiét dé hoat déng trong
ddi réng, tdn s6 chuyén mach cao gitlp gidm tén hao céng sudt nhung ngworc lai gdy tdng nhiéu dién tir (EMI)
dén cdc thiét bi dién tir xung quanh va vi pham tiéu chudn twong thich dién tir (EMC), dan téi viéc cdc bo
bién dbi dé khéng vwot qua kiém dinh vé tinh twong thich dién tir truéc khi dwa ra thi treong va yéu cdu
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phdi thiét ké'lai. D€ han ché vdn dé do, bdo cdo dé xudt cdc ky thudt thiét ké so do nguyén ly va so' d6 mach
in twong thich dién ttr cho cdc bé bién doi str dung phdn tir bdn ddn chuyén mach GaN va SiC. Pong thoi bdo
cdo dwa ra mé hinh mé phdng véi cdc trwong hop khdc nhau chigng minh ky thudt thiét ké dé cé hiéu qud

trong viéc gidm nhiéu dién tir.

Tir khéa: Nhiéu dién tir, twong thich dién tir, bd bién d6i, ban dan, GaN va SiC

1. M¢é dau

VAt liéu ban dan thé hé dau tién 1a Silicon (Si)
c6 d6 rong vung cdm khoang 1.17eV; Vit liéu thé
hé thir hai 1a Gallium Arsenide (GaAs) la vat liéu
dwoc st dung trong hau hét cic thiét bi dién ti
vién thong ngay nay c6 do rong viing cim tir 2.3eV
tré 1én. Vi sw phat trién clia cong nghé ban dan
cho ra doi ban dan thé hé thit 3 SiC (Silicon
Carbide) c6 do rong vung cidm 3.26eV va GaN
(Gallium Nitride) c6 d6 rong ving cam la 3.5eV

Linh kién dién tir dwoc ché tao tir ban dan GaN
va SiC c6 kha nang chiu cong suitlén, nhiét do cao,
dién ap, mat dé cong sudt trén thé tich lom, dac
tinh tin s6 cao; kich thwéc IC va bo mach dién tir
giam dang ké, don gian hod thiét ké mach, thiét ké
hé théng tan nhiét; do d6 mach dién ti sir dung
linh kién ban d4n GaN va SiC tré 1én dan phé bién,
tré thanh cac thanh phan chinh trong cic hé thong
dién t&r phirc tap nhw cac bo dién ddi cong suit
trong xe dién, bd sac khong day, hé théng vién
thong di dong 4G, 5G (José Millan va nnk,. 2014).
Khi dién 4p va tin s6 hoat dong ctia thiét bi dién tir
ngay cang duoc nang cao, kha nang gay nhiéu dién
tr (EMI) bao gém nhiéu dan (Conducted
Emission) va nhiéu birc xa (Radiated Emission)
dén cac thiét bi xung quanh ciing tang 1én, tir d6
gay rdi loan chirc nang cua cac thiét bi d6. Do do6
viéc thiét ké dién tir ddm bao tinh twong thich dién
tr (EMC) tré nén vo cung quan trong, dac biét
trong thé hé ban dan GaN va SiC.

Tueng thich dién tir
(EMC)

Kha niing mién nhiéu dién tir
(EMS)

Nhiu dién tir
(EMI)

dan

Nhiéu bire xa Nhiéu din Mién nhiém birc xa Mién nhiém
(RE) (CE) (RS) (CS)

Hinh 1. So' do phan loai EMC

Hién nay cac tiéu chudn EMC dwoc phan loai
theo khu viec bao gom US (tiéu chuin FCC) va EU
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(tiéu chuin CISPR) dwoc Uy ban ky thuit dién
quoc té (IEC) quy dinh véi 2 tiéu chuln chinh la
IEC 61800-3-2 cho cac hé thdng cong suit va IEC
61000-2-4 cho phan loai truwdng dién tir (Ilknur
Colak va nnk, 2021)

2. Co s ly thuyét ctia giam nhiéu dién tir

Cac ky thuat thiét ké theo tiéu chudn EMC dam
bao kha ning chéng chiu cic birc xa nhiéu dién tir
bén ngoai tic déng; ddm bado han ché t6i da cac
bttc xa nhiéu dén cac thiét bi khac; ddm bao cac
phan t linh kién trén bo mach khong tac dong
nhidu qua lai 14n nhau. Cic nghién ctu vé
EMI/EMC déu can c theo cong thirc (Boyi Zhang
etal, 2020).

£ lra 1)
r
Trong d6: £- dién trueomg (V/m); £/~ tan s6 giy
nhiéu (Hz); r - khodng céch tir ngudn nhiéu dén
may thu (m); /- dong dién (A); 4 —dién tich vong
13p ctia dong dién (m?2)

Tl cong thirc (1) cé thé dwa ra cac phwong
phap gidm nhiéu dién tir bao gdbm: gidm bién thién
dong dién theo thoi gian (gidm di/dt); gidam tin s6
chuyén mach (gidm f); giam dién tich vong ldp cia
dwong dan dong dién tin s8 cao (gidam A). Trén co
s ly thuyét dé, nhém tac gid dé xuit mot sé
trwong hop cu thé cia thiét ké theo tiéu chuin
EMI/EMC.

3. Cac phwong phap thiét ké EMI/EMC

Cac phwong phap dé xuat bao gom: phwong
phap gidm dién tich dwdmg dan dong dién tin s6
cao; phwong phép thiét ké ndi dat; phwong phap
thiét ké vo chan dién tir (Todd H. va nnk, 2020).
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3.1. Phwong phap giam dién tich dwong dan
dong dién tin s6 cao

Gidm dién tich dwong dan dong dién tin s6 cao
6 thé dwoc thuc hién bang cach bé tri lai cac khai
va linh kién dién t& trong bo mach va thiét ké thém
tu dién dé ndi tat thanh phan dong dién xoay chiéu
(thanh phan tao bién thién di/dt giy nhiéu).

[ow s lllss

Hinh 3. Thiét ké voi tu decoupling

Phwong phap ghép tu decoupling, thuc té st
dung tu 100nF, phtt hop véi mach cong suit co tin
s6 dwdi 50MHz.

3.2. Phwrong phap néi dat (Grounding)

N 1 1 /n
100V "
4(! outside
I T
\ Anten lwirng cwre Dipole
UCM outside
L 1 /i
100V
. ‘/LICM outside
ucM=0 Bconducting stud

Hinh 4. K thu4t noi dit vo thiét bi

Trudmg hop bo mach dwoc 1ap dit trong vo
kim loai va dwoc noi cap ra ngoai tré thanh mo
hinh anten luwdng cuc (Dipole) birc xa song dién tir
ra méi tredng xung quanh. Vi viy yéu cau can két
ndi mit phang dt ctia bo mach dién tir véi vo hop
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kim loai d€ triét tiéu qua trinh hinh thanh anten
véi 2 cwe la vo va cap.

Trwong hop linh kién dién tir ¢4 gan tan nhiét
thi yéu cAu ndi tit tan nhiét véi mit phang GND
cdia bo mach dién ti, tranh treong hop tan nhiét
tré thanh anten giy birc xa dién truwdong anh
hwéng tdi cac linh kién khac trong mach.

Ngoai cic phwong phap chéng nhiéu dién tir
pho bién da néu trén, doi véi linh kién dién tir noi
chung va MOSFET néi riéng duoc ché tao tir ban
dan GaN hoic SiC c6 dic diém thanh phan ky sinh
Cgs, Cgd, Ron nho; tuy nhién tin s6 chuyén mach
va kha nang chiu dong dién, dién ap lai cao hon
nhiéu cac thé hé trwéc nén van dé chéng nhiéu
EMI hau nhuw chi tip trung lam gidm dién tich vong
13p dwong dan dién tin s6 cao (gidm A trong (1))
(Han-Nien Lin va nnk, 2021) (Zhengyang Liu va
nnk, 2014).

Bdng 1. So sdnh ton hao céng sudt, tdn sé chuyén
mach va dién dp vot 16 ctia bdn dan Si, SiC

. SiC SiC
SUGBT | 2 50| Rg = 10
Ton | TSW= | 403w | 450w | 357W
15kHz

hao Fsw =
CS | con, | 1323W| 828W | 507w
To6c d6 chuyén

mach 10kV/us|20kV /ps| 30kV/us
Quédieu chinh | )| 00y | 220v

toi da

Mic du Rg giam lam gidm t6n hao cong suit
nhung lai lam tang gip 2 14n dién ap vot 16 t6i da
(maximum overshoot voltage), tir d6 tang dV/dt
va tang bién thién dién trwdmg, gy nhiéu ting.

Thuc nghiém cho thay khi dién tich vong dan
dién giam, dién cam Ky sinh gidm, bién thién dién
ap gidm (do vot 16 hay d6 qua diéu chinh dién ap
giam).



&

2023

HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHI - PIEN - T PONG HOA
(MEAE2023)

Design for GaN devices
To minimize inductance in power loop:

Hinh 5. Ky thuit gidm dién cdm vong dan

3.3. M6 phdng

Hinh 6. M6 hinh mé phong va quan hé L-d, L-s

M6 hinh m6 phong dugc xay dwng trén phan
mém ANSYS Q3D Extractor gobm hai 16p dong véi
khoang cach giira 2 16p 1a d, khoang cach gitra 2
vat dan ndi 2 16p 1a s (dé tao cac vong dan CCL ¢6
dién tich thay déi A = s.d) la tham s6 quét, két qua
tinh toan gia tri dién cAm twong trng véi cac gia tri
d va s khac nhau.

Tlr két qua mo phdong co thé thay

-Tanggiatris 2 lan, gia tri dién cdm L ting 30%
(hinh 6a)

- Tang gia tri d 2 1an, gia tri dién cam L tang
80% (hinh 6b)

3.3. Két ludn

B4o cdo md ta tong quan vé ban dan thé hé thi
3 GaN, SiC va wu, nhuoc diém cia thé hé ban dan
nay trong bai todn chéng nhiéu dién tir va dam bao
tinh twong thich dién tur.
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Nhom tac gia tong hop cac phwong phép thiét
ké thiét bi dién tir dm bao giam nhiéu nhuw thiét
ké véi tu decoupling, thiét ké néi dit vo va tan
nhiét, thiét ké di day va sap xép linh kién dé giam
dién tich vong dan dong dién tan s6 cao dé giam
bién thién dién tir trrong. Bao céo cling xiy dung
mo hinh trich xuit gia tri dién cdm quan hé v&i
dién tich vong dan dong dién qua tham s6 s va d.
Loi cam on

Nhom tac gid tran trong cdm on by mon Ky
thuat dién - Dién tt, khoa Co - Pién, PH M6 - bia
chit da ho tro vé co sé vat chit; cdm on Cong ty

Advantech, JSC di hd tro cung cip license ban
quyén phan mém ANSYS Q3D Extractor.
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No. 1.

Todd H. (2020). Ignore the App Notes! Here's
How to Layout DC/DC Converters in
Automotive Circuit Board. 2020 EMCSIPI
Workshops

Han-Nien Lin, Ting-Hao Yeh (2021). EMC
Compliance Techniques for Silicon Carbide
(SiC) Power Converters, 2021 EMCSIPI
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&

2023

HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHI - PIEN - T PONG HOA
(MEAE2023)

BAO MAT DU LIEU TANG VAT LY KHONG SU DUNG THUAT TOAN
MAT MA TRONG TRUYEN TIN KHONG DAY

Cung Quang Khang ., T6ng Ngoc Anh?
1 Khoa Co - Dién, Trwong Pai hoc M6 - Pia chdt, Viét Nam, cungquangkhang@humg.edu.vn;
2 Khoa Co - Dién, Trudong Dai hoc M6 - Pia chdt, Viét Nam, tongngocanh@humg.edu.vn;

TOM TAT

Bdo mdt div liéu trong truyén tin da dwoc nghién cteu ngay tir khi mang internet ra doi, théng thworng nguroi

ta st dung cdc thudt todn mdt md trén cdc ting ttng dung. Tuy nhién, véi tdng vt ly, di liéu cé thé dwoc
bdo mat bang cdc phwong phdp khéng diing mdt ma nhdm gidm thiéu céng sudt phdt, don gidn trong xir Iy
dir liéu va tdng téc do truyén tin. Bdo cdo nay tdp trung gidi thiéu vé phwong phdp bdo mdt div lidu tdng vt
Iy, xu hwéng phdt trién va dwa ra phwong phdp bdo mdt khéng ding mdt méd nham cé thé dp dung tdng
cwong tinh bdo mdt cho cdc tdng trén hodc dung truyén cdc tham sé bi mdt trong cdc thudt todn mdt md

trong truyén tin khdng day.

Tir khoa: Bao mét; tAng vat ly; truyén tin khong day; Mat ma hoa

1. Gi¢i thiéu vé phwong phap bao mat ting vat
ly (Physical Layer Security- PLS)

Bdo mét dir liéu trong cac hé truyén tin noi
chung va mang Internet néi riéng luén dwgc chd
trong nghién ctru va phat trién. Cac thuét toan vé
ma hda bao mat dwoc cai dat trén ting ng dung
trong mo hinh TCP/IP. Xét mé hinh truyén tin co
ban nhw trén Hinh 1

=Y
Alice D=4 communication
network

A

Bob

Eve

Hinh 1: M6 hinh hé théng truyén tin vdi Alice la
nguwoi giri, Bob la ngwoi nhdn hop phdp va Eve la
nguwoi nghe trém (Eavesdropper).

V&i yéu ciu nguoi giri Alice mudn giri mot
thong bao cho ngwdi nhan 1a Bob ma sao cho Eve
(Eavesdropper) - ngudi nghe trom, khong thé biét
dwoc ndi dung thong bio. PE dam bao yéu ciu
trén, Alice str dung mot hodc nhiéu thuit todn ma
h6a bado mat két hop véi khoa ma dé ma hda ban
thong bao. Bob biét vé thuit toan ma héa dworc st
dung nén da dung khéa bi mat hop 1é dé giai ma
ban théng bio. Con Eve, c6 thé biét vé thuit toan
ma hoa dwoc str dung, nhuwng khong biét vé khoa
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ma dwoc st dung, nén sé rat khé cé thé giai ma
duoc thong bao do Alice giri cho Bob.

Tuy nhién, mét xu hwdng nghién ctu vé bao
méit cho cac mang khong diy & ting vat ly
(Physical Layer Security - PLS) da dwoc Aaron D.
Wyner dé xuat kha sém tir nam 1975 [1]. Wyner
di chirng minh rang c6 thé truyén tin mat
(confidential message) vi téc do (secrecy rate)
Rs (Rs > 0) trong hé thong truyén tin c6 sy xuat
hién ctia ngudi nghe trom (Eavesdropper) nhw
Hinh 1. Gid thiét quan trong 4p dung la kénh
truyén gitta ngwoi giri va ngudi nghe trom (wire-
tap channel) cin c6 do suy hao lén hon kénh
truyén tir ngwoi gri dén ngwoi nhan hop phap
(main channel). Gia thiét nay khé dwoc dam bao
do kénh nghe trom thwong khéng dwoc kiém soat
va do han ché vé cong nghé, ky thuét truyén tin
nén y tuwdéng cia Wyner méi thuc sw dwoc quan
tAm trong nhirng ndm gan day khi ky thuat truyén
tin c6 nhirng budc thay doi vurot troi.

Kénh chinh | Gidimakenh |
> (Main channel) > (Decoder) |

Alice » Bob

Nguén tin
(Source)

Ma kénh
> (Encoder) |

» Keénhnghelén | | Gidi makenh

(Wire-tap channel) | (Decoder) ‘ b

Hinh 2: M6 hinh kénh nghe trém tdng qudt ctia
Wyner
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Theo ly thuyét thong tin, gia tri téc d6 truyén
tin mat Rs dwoc dinh nghia theo cong thirc sau [1,
4-5]:

Rs = Cq - Co=log(1+SNRy) - log(1+SNR.)

Dung lwong truyén tin mét
Capacity) C; dwoc dinh nghia la:

Cs = max(Rs) = max(log(1+SNRy) -
log(1+SNR.))

Trong dé: Cyva C.la dung lwong kénh chinh va
dung lwong kénh nghe trom; SNR,;va SNR.1a gia
tri ty 1€ tin hiéu trén tap am (Signal to Noise Ratio)
tai tram thu hop phap va tai tram nghe trém.

(Secrecy

Gia tri Rsc6 don vi la bits/symbol, tuy theo
phuwong phap diéu ché va ky thuit truyén tin ma
mdi don vi tin hiéu (symbol) sé& cé cac dic trung
vat Iy khac nhau. Trong thuec té thi mot symbol sé
chira s6 bit nhiéu hon gia tri R, trong d6 c6 cac bit
dong vai tro diéu khién, phat hién/stra sai... Nhw
vay toc do truyén tin mit trong PLS dwoc dinh
nghia trén d6 chénh léch gitra dung lwgng kénh
hop phap va dung lwong kénh nghe trom. Hay noi
cach khacla néu kénh hop phéap téthon kénh nghe
trom thi sé ton tai mét phwong phap ma kénh dé
c6 thé truyén dwoc R;bit thong tin mit trén mot
symbol. Theo d6, do bat dinh hay d6 mip mo cla
ngwoi nghe trom vé Rsbit mat 1a bang véi do bat
dinh cda nguén tin mat ma khong can str dung
thuat toan mat ma.

Trong ly thuyét truyén tin, cic ky thuét truyén
tin va phwong phap diéu ché tin hiéu luén dwoc
quan tAm dé nang cao chitlwgng kénh truyén. Véi
PLS, cac ky thuat va phwong phap nay con dwoc
nghién ctru, tng dung vao bao mat thong tin.

Bang ky thuit truyén tin phu hop dé chit
lwong kénh chinh t6t hon kénhthu trom
(SNR:> SNRe). Cu thé, kénh chinh cho phép st
dung phwong phap diéu ché bién dé cdu phuong
16-QAM (Quadrature Amplitude Modulation)
nhw Hinh 3, dung lwong cda kénh chinh khi nay
la Gy =4 bits/symbol.

Trong khi d6, do chat lwgng kénh nghe trom
kém hon, chi hd tr¢ phwong phap diéu ché QPSK
(Quadrature Phase Shift Keying) véi dung lwgng
kénh la C. = 2 bits/symbol.
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\ Vs '
) + (10m) | ( )
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Hinh 3: Gidn do sao va dé dai vector I6i [3]

Duwatheo gia tri EVM (Error Vector Magnitude)
- dd dai cta vector 16i nhw trén Hinh 4, EVM cda
nguoi nghe trom (Eve’s EVM) 1a do rong cua ca
g6c phan tw nén gia tri SNVR.chi du dé co thé giai
diéu ché cho phwong phap QPSK ma khong thé
giai diéu ché cho phuwong phap 16-QAM. EVM cia
nguoi thu hop phap (Bob’s EVM) 1a mét géc nho
clia goc phan tw nén gia tri SNRsdu lon dé giai
dieu ché 16-QAM.

Nhw vay, dung lwgng kénh chinh 1a (o= 4
bits/symbol téc dd truyén tin mat la: Rey= 2
bits/symbol. Trong d6, 02 bit thap (bén phai) la
cac bit mang tin mat, 02 bit cao (bén trai) dwoc
thém vao dé bao mét cac bit mang tin. D6 bat dinh
cla ngwoi nghe trom doi véi 02 bit tin mat trong
treong hop trén 1a bang véi do bat dinh cia ngudn
tin mat, do do, theo quan diém ctia Shannon day la
phwong phap bao mat hoan thién (perfect
secrecy).

Twong tu, trong treong hop kénh nghe trom
chi cho phép diéu ché QPSK (C. = 2 bits/symbol)
trong khi kénh chinh cho phép diéu ché 32-QAM
(Cya= 5 bits/symbol) thi Rs = 3 bits/symbol.

2. Phwong phap bao mat div liéu tang vat ly
khong str dung thuit toin mit ma trong truyén
tin khéng day

2.1. Cdc xu hwéng bdo mdt tdng vat ly

Vén dé bao mét truyén tin tai ting vat ly trong
mang khong day dang dwoc nghién ctru hién nay
tap trung trén kénh fading c6 sw hd tro ctia cac
tram trung chuyén (relays). N6i cach khac 1a y
twdng cua A. D.Wyner ngay cang tré 1én hién thuc
khi ¢6 s ho tro cta hai phwong phép truyén tin
cht yéu la Relay va Cooperative. Khi d6 vin dé bao
mat theo 1y thuyét thong tin van dwgc dam bao
ngay ca khi kénh nghe trém t6t hon kénh chinh.
Cac bai todn bao mét truyén tin ting vat ly duoc
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nghién ctru trong thoi gian gan day tip trung trén
cac mo hinh hé théng truyén tin sau.

o L wnin
| /// \l h!;‘D
\t _Y //, I/_ phap
j /1 w— -Y (Bob)
/ \{ Chuyén
Ngudn | \/

‘f“ = (Relavs)__\j/ v Y_
(Alice) J/ \ Y« _Y / , | Nane
S e lén
IS

\y

(.

Hinh 4: M6 hinh truyén tin Multiple-Input Multiple-
Outpute Muiltiple-Eavesdropper

- Theo s6 lwgng dng ten phat (ngudn phat) va
s6 lwong dng ten thu ctia hé théng truyén tin
khéng day thi cac bai toan bao mét truyén tin ting
vat ly dwoc nghién ctru trén cac hé thong nhu: Hé
thong truyén tin mot dau phat, mot dau thu - SISO
(Single-Input Single-Output); Hé thong truyén tin
mot dau phat, nhiéu dau thu - SIMO (Single-Input
Multiple-Output); va hé théng tryén tin nhiéu dau
phat, nhiéu dau thu - MIMO (Multiple-Input
Multiple-Output).

- Theo s6 lwgng dng ten thu trom (s6 lwong
nguwoinghe trom) trong hé théng truyén tin khong
day sé c6 cac md hinh dwoc nghién cru nhu: Hé
théng nhiéu dau phat, nhiéu dau thu cé sy xudt
hién ctia mét dau nghe trom - MIMOSE (MIMO
Single-Eavesdropper) va hé thong nhiéu dau phat,
nhiéu dau thu cé sw xuat hién cia nhiéu dau nghe
trom - MIMOME (MIMO Multiple-Eavesdropper),
nhw Hinh 4.

Cac bai toan bdo mét truyén tin ting vat ly &
trén déu dwa vé cac dang bai toan t6i wu theo ly
thuyét théng tin (information theory), v&i hai
dang ham muc tiéu (objective funtion) va rang
budc (constraint) cht yéu la: (i) T6i da héa toc do
truyén tin an toan (secrecyrate) véi rang budc vé
cong sudt phat (power). (ii) T6i thiéu hoa cong
suit phat v&i rang budc vé toc db truyén tin an
toan.

2.2. Dé xudt gidi phdp ttng dung bdo mdt tdng vdt
Iy trong truyén tin khéng ddy

DbE€ tang cwong bao mat dir liéu ting vt ly,
trong truyén tin khéng day c6 thé dé xuit giai
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phap thay doi téc d6 Rs giir kénh thu hop phap va
nghe trom bang ky thuat truyén theo bup séng
(beamforming) dwa trén kj thuat da ang ten nhw
MISO (Multiple Input Single Output), SIMO (Single
Input Multiple Output) hodc MIMO (Multiple
Input Multiple Output) da hd tro kha ning ting
khodng cach vé chit lwgng kénh chinh va kénh
nghe trom.

Ky thudt truyén bup séng

Chuin phat song khong diay WiFi thé hé
802.11ac da ap dung k¥ thuat tao bup séng. Trén
thuc t€ d6 la mot khai niém, y twdong hét sirc don
gian, thay vi phat cac tin hiéu séng ra cd mot khu
vuc rong 16m véi hy vong rang thiét bi nhan nam
trong khu vyre dé va sé nhan dwgc thi ngudi ta da
thiét k& d€ cac chum séng phat thdng dén dich
nhan

f
- =

(a) Ky thudt phat wifi thudng (b)Ky thudt phat tao biip séng

Hinh 5: Truyén tin théng thwdng va truyén tin theo
biip séng

Ky thuit tao bup séng cho phép truyén bup
song dén muc tiéu véi hiéu suat tét nhat, qua do
tiét kiém dwoc nang lwgng va bang théng. Mot vi
du vé do thi dang bip séng phat (beam pattern) &
goc khong do va bién doé chuin hoda véi treong
hop st dung 4 ang ten va 8 ang ten nhw Hinh 6.
Theo d6, s6 lwong ang ten cang 1én thi bip séng
cang hep, twong ng 1a hiéu suit truyén tin cang
cao.

Truémg hop stk dung 4 dng ten phdt Triedmg hop stk dung 8 dng ten phit

Hinh 6: Dang biip séng trong ky thudt truyén tin da
dng ten

Bang ky thuat truyén bup séng, bén phat tinh
toan huéng bip séng dén tram thu hop phap sao
cho sw chénh léch vé do loi kénh giira kénh chinh
va kénh nghe trom la cao nhat, qua d6 sé nang cao
giatri Rs
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3. Mot s6 dac diém cua PLS so véi bao mat dung
thuat toan mat ma

Mot s6 dac diém khac nhau giita bdo mat ting
vat ly va phwong phap bao mat st dung mat ma
dwoc cac tac gia D. Wang, B. Bai, W. Zhao, and Z.
Han [2] tong hop nhu trong Bang 1. Miac du cac
cong nghé bao mit ting vat ly chwa dwoc hoan
thién va chwa dwoc ing dung nhiéu trong thuc té,
nhung cac dic diém dwoc so sanh nay md ra xu

hwéng nghién ctru cin dwoc quan tam.

Bdng 1. Bdo mdt tdng vdt Iy so v&i bdo mdt dung

thudt todn ma

Chi tiéu so | Ba&o mit dung | Bdo mit ting
sanh thudt todn ma héa | vatly
(mit mi - | (Physical
Cryptograpic Layer Security)
Encrytion)
Co s& ly | Du trén cac thuit | Theo ly thuyét
thuyét todn mat ma héa | truyén tin
Mirc  d0 | C6 thé bi pha bdi | Pat mic dd
bao mat thuit todn vét can | hoan thién,
khoa khong cé gidi
han tinh toan
déi véi tram
nghe trom
Yéu ciu | Phu thudéc kha | Khong phu
kha ndng | ndng tinh toan | thudc
tinh toan (t6c do xtr 1y)
Véan dé | Chiphichotaolap | Khong can
quan 1y | khoa, quan ly va | khoa nén
khoa bdao | phan phoikhoda khéng c¢6 chi
mat phi quan ly
khoa
Tiéu chi | Khong thé danh | Mdc dd bi mat
danh gia gia chinh xac | bing do map
thong tin bi ro ri mo cia nguon
tin thu trom,
khong wéc
lwong  chinh
xac trong thuc
té
Kha ning | It c6 kha ning | Pidu chinh
thich &ng | thich tng tham s6 va
theo thay chién lwoc
déi  kénh truyén tin dé
truyén
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thich ng thay
déi kénh
Ap dung | Puoc st dung | Ap dung cho
thwe té rong rai va ngay | mang khong
cang phat trién | day & giai doan
hoan thién dau

4. Két ludn

DE bao mét dir liéu truyén tin nguoi ta ludn
trng dung cac thuit toan mit ma & ting trén (ting
trng dung va trinh dién dit liéu trong mo hinh 0SI),
vGi cac thuit nglr thong dung nhw hé mat khoa déi
xtng (khéa bi méat), hé mat khoa bat déi xirng
(khéa cong khai); cac thuat todn mat ma nhw
3DES, AES, GOST,... bén canh dé la cac thuat toan
sinh khéa va trao déi khéa (thda thudn khéa). Mac
du hién nay phwong phap ma héa bdo mat & trén
van dang dap tng t6t nhu cau bao mat thong tin,
nhung van c6 nhitng rdi ro nhat dinh, vi do bao
mat dwoc dwa trén do phirc tap tinh toan caa bai
toan giai ma khi khong c6 khoa hay dé phirc tap
tinh todn ctia cic phwong phép tin cong.

Kha nang bao mit ciia hé mat ma c6 thé bi pha
v& khi may tinh lwong tir thue sw dwgc dwa vao
tng dung. Do viy, gidi quyét bai toan bao mat
truyén tin tai ting vat ly 1a hwéng di cin dwoc
quan tidm trong thoi diém hién nay cling nhw
trong thoi gian téi. Bdo mat dit liéu tang vat ly
khéng st dung thuit todn ma trong truyén tin
khong diy c6 thé dwoc rng dung trong mot hé
thong tin an toan doc 1ap ma khéng can cé giai
phap mat ma truyén thdng, khi d6 cac thong bao
bi méit sé dworc truyén véi toc dd bao mit Rs. Bao
mat ting vat 1y cling c¢6 thé dwoc dung két hop voi
cac phwong phap bdo mat bang mit ma truyén
théng, khi d6 bao mat ting vat 1y c6 thé sir dung dé
truyén khoa bi méat cho cac thuit todn mat ma.
Cling c6 thé thiét14p song song ca bao méat tAing vat
ly v&i mat ma truyén thong dé taing mac do bao
mat.

Tai liéu tham khdo

A. D. Wyner (1975), The Wire-Tap Channel, Bell
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1975, doi: 10.1002/j.1538-
7305.1975.tb02040.x
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CAN TRUC XEP KHO TU DONG - o
NHO’NG KHAC BIET VA LUU Y TRONG TINH TOAN THIET KE

Nguyén Van Tinh *
Khoa Co khi, Trwrong Pai hoc Xdy dung Ha Noi, 55 dwdng Gidi Phong, qudn Hai Ba Trung, Ha N6i;
Email: tinhnv@huce.edu.vn

TOM TAT

Cdn truc xép kho tw ddng la thiét bi khdng thé thiéu trong hé thong logistics kho bdi. Can truc da dwoc nghién
ctru phdt trién khd ldu trén thé gidi. Tuy nhién, trong nwéc mai chi quan tdm dén né trong it ndm gdn ddy.
Cdc tai liéu ky thudt huéng ddn tinh todn thiét ké cdn truc xép kho tw déng chwa ddy du. Bai viét nay néu ro
cdc ddc tinh, hwéng dan cdc tinh todn va phdn tich cdc diém khdc biét (so véi cin truc thong thwing) cin
Iwu y trong qud trinh tinh todn thiét ké cdn truc xép kho. Pdy sé la co sé khoa hoc trong viéc tinh todn thiét
ké kiém dinh an toan va ché tao cdn truc xép kho, hwéng téi ndi dia héa téi da san phdm co khi trong hé
théng kho bdi tw ddng. Mién théng s6 lam viéc ctia cdn truc xép kho théng dung, cdc sai léch cho phép va gidi
han chuyén vi cdc vi tri quan trong ctia két cdu thép cdn truc dd dwoc dwa ra. Dwa trén nghién ciru nay, mot
cdn truc xép kho vdi tdi trong ndng 200 kg da dworc tinh todn thiét ké.

Tir khoa: Can truc xép kho; Co ciu nang; Co ciu di chuyén; Hé thong logistics; Hé thdng kho bai tw dong.

dang rat dwoc Nha nwdc quan tim dé phat trién
1. M¢é dau toan dién, d6ng b va bén virng.
Viéc phat trién nganh logistics di doi véi sw

Vai tro quan trong ctia nganh dich vu logistics ; - L
q ong & i ! 06 phat trién manh mé cta cac hé thong kho bai dé

trong nén kinh t&€ qudc dan da dwoc khang dinh . o o ~ e 1
thong qua Quyét dinh s3 200/QD-TTg, ngly 14 lwu trit trung chuyén. (Ean thl.lC x€p kho la thiét b}
thang 02 ndam 2017 ctia Thit twdéng Chinh phu vé quan tr‘?“g'}h"“% thé t}.n’eu,. phuc.Yu trong }\16
viéc phé duyét Ké hoach hanh dong ning cao nang th"“f% kho bai tl;l’ dopg. TAhlet‘b! lim viee hqa}n toarll
lwc canh tranh va phat trién dich vu logistics Viét tu: d‘?“% an toa:n, tun cdy vd hle? qua, glup qua
Nam dén nam 2025. Quyét dinh nay tiép tuc dugc trinh Xep do, van chuyén IBOH, d’_am bao dlf,ng ke
sira d6i, b3 sung bing Quyét dinh s6 221 /QD-T’I:g, hoach, giam rui ro do cacyéu to0 lién quan dén con
ngay 22 thang 02 ndm 2021 cda Thu twédng Chinh NgUol gdy ra tfong qua tl:mh van '}zanh.. ,Tlr \do,
pht & cic diém nhw chi tiéu cu thé vé ty trong nang suat la\o d()ngv duoc nang cao, slam gla thanh
dong gop cuia dich vu logistics vao GDP, toc df ting san Iﬁ;)am dva tao r}ie’mg luic C?nh tranh t,Ot' Cf’m gll ¢
trwdng dich vu logistics, ...; 10 trinh thuc hién va 6 Xep Kho duotc p atA,m?{l ¢ CNH LB ]?wc vao cau
nhém nhiém vy chinh ma cac B§, nganh, dia nhun% fam 1960; Dén gitra r.1£11rng nam 1979 , cdn
phwong Hiép hdi cin thye hién dé dat dwoc muc trucxépkho tir d,(.)ng duoc trién khai trén kh,ap th,e
tidu da 'ra Nhu’.véy 6 thé thé’y ngénh 1 6gi stics gi¢i va dugce ché tao bai nhiéu nha san xudt thiét
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bi (Dambach, 2021). Ngay nay, can truc xép kho
dwoc phat trién véi nhiéu loai khac nhau. Cac
nghién ctru trén thé gidi tip trung vao viéc thiét
14p mo hinh dong lwc hoc chinh x4c dé khao sat
rung dong (Hajdu va nnk,, 2016.a), lam gidm rung
dong thong qua thay thé vatliéu méi cho cot bang
loai composite c6 hé s6 gidm chin cao (Zhakov,
2016), diéu khién dé gidam thiéu rung déng ( Rams
vannk.,, 2017; Sasaki va nnk., 2007; Sasaki va nnk.,
2009, Hajdu va nnk., 2016.b) va xem xét dén yéu
t0 tiét kiém nang lwong cung cip nhw nghién ctiru
anh hwdng cta cac thong s6 hoat dong can truc
dén nang lwong dé tir d6 t6i wu ngudn nang lwong
(Schulz va nnk., 2012), tiét kiém ning lwong bang
cach thu héi nang lwong du thira (Siemens, 2023).
Tuy nhién, & trong nwéc thiét bi nay méi chi dwoc
quan tAm trong mdt sé nam gan day. Tai liéu phuc
vu tinh toan thiét ké thiét bi nay rat han ché va méi
chi dirng lai & mirc gi¢i thiéu chung. Bai viét nay
trinh bay co s& khoa hoc cho viéc tinh toan thiét
ké can truc xép kho tw dong va nhirng lwu y dac
biétlién quan dén van dé an toan, phan tich nhirng
diém khac biét so véi cac loai cin truc thong
thwong. DAy sé 12 tai liéu tham khao bé ich cho k§y
sw thiét ké dé lam chu vé thiét ké, cong nghé ché
tao, van hanh cin truc xép kho ty déng néi riéng,
cling nhw hé théng xép kho tw dong néi chung.

2. Pic diém lam viéc

2.1. Ché dé lam viéc

Ché d6 lam viéc cla can truc xép kho dwoc
phan loai dwa theo thoi gian vin hanh va pho tai
(FEM9.512, 1997). Thoi gian van hanh gom nam
cip do nhw trong Bang 1. Hé s0 tai trong trung
binh k ctia co cdu ning xac dinh theo céng thirc
(1) déc treng cho phd tai. Ty thudc vao gia tri cua
k ma phé tai phan thanh ba cip nhw trong Bang 2.

Bédng 1. Phin cdp thoi gian hoat dong

C4p | SO giorlam To6ng thoi gian van
viéc/ngay hanh tinh toan (gi®)

V1 <2 3200

V2 <4 6300

V3 <8 12500

V4 <16 25000

V5 >16 50000
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Hé s6 tai trung binh trong qua trinh lam viéc
cla co cdu nang (FEM9.512,1997)

k=2 G+

Trong do: B; 1a ty s6 gitra tai trong ning va téng
cua tai trong nang va ban nang, y 1a ty s gitra tai
trong ban ning va tong cua tai trong nang va ban
nang, t; 1a ty so gitra thoi gian hoat dong c6 tai va
tong thoi gian hoat dong, t, 1a ty so gitra thoi gian
hoat dong khong tai va tong thoi gian hoat dong.

1)

Bdng 2. Cap phd'tdi

C4p pho tai k
L2 (trung binh) 0,5< £<£0,63
L3 (nang) 0,63 <k<0,8
L4 (rat nang) 08< k<1

Bdng 3. Phin cdp cia co cdu ndng va di chuyén

Phé | Gidtri k& C4p thoi gian hoat dong
tai vi|v2][v3]v4]vs
Thaoi gian hoat dong
trong ngay (h)
<2154 |1<8|L16|>16
L2 |0,5<k<0,63 3m | 4m | 5m
L3 ]0,63<£<0,8 3m | 4m | 5m
L4 0,8<k<1 3m | 4m | 5m

Hé s6 tai trung binh trong qua trinh lam viéc
ctia co cau di chuyén (FEM9.512, 1997)
k = k1 - kz (2)

véi

ky = i/Z((ﬁFi + V)3 tpi + VE3tpa) )

va

4)

Trong do6: Br; la ty sb gilra tai trong ning va
tong cua tai trong ning va tai trong ban than may,
yr laty so giira tai trong ban thin ctia may va téng
cla tai trong nang va tai trong ban than may, t; 1a
ty so gitra thoi gian hoat dong c6 tai va téng thoi
gian hoat dong, tp, 12 ty s6 gitra thoi gian hoat
dong khong tai va tdng thoi gian hoat dong, a4 la
ty sO gitra tai trong qua trinh gia tdc va tong cla tai
trong qua trinh gia téc va tai trong qua trinh

3
k, = \/“13tb + ax3tpa;
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chuyén déng 6n dinh, a, la ty so giira tai trong qua
trinh chuyén dong 6n dinh va tong cua tai trong
qua trinh gia téc va tai trong qua trinh chuyén
dong 6n dinh, t; 1a ty s gitta thoi gian chuyén
dong khong 6n dinh véi tong thoi gian chuyén
déng, tga, 1a ty s6 gitra thoi gian chuyén déng 6n
dinh véi téng thoi gian chuyén dong.

Két hop cap thoi gian hoat dong va cip phd tai,
ché d6 cua co cdu dwgc phin cip nhu trong
Bang 3.

2.2. Théng sé chinh ctia cdn truc xép kho

Thong s6 chinh cta cin truc xép kho thong
thuwong duoc liét ké theo sau day (gia tri trong
ngodc don la gia tri gidi han c6 thé dat dén):

Tai trong niang: 0,2 tAn + 10 tin (co loai tai ning
chi khoang vai chuc kg va lén dén 40 tin);

Chiéu cao ning: 4 m + 50 m;

Chiéu rong16i di: 0,9 m + 1,8 m (3,5 m);

Toc dd nang: 16 m/ph + 80 m/ph (240 m/ph);

Toc @6 di chuyén can truc: 30 m/ph + 180
m/ph (360 m/ph);

Gia téc 1om nhat cho ca co ciu nang va co ciu di
chuyén: 2 m/s2 (4 m/s2);

Sai léch vi tri d6i véi co cdu di chuyén: £ 5 mm,
d6i véi co cAu nang va dan dong cang: + 3 mm, di
voi ké/gia do hang: + 2 mm.

3. Tinh toan thiét ké cac co’ cAu

3.1 Co cdu ndng

Ban nang dwoc dan dong thoéng qua truyén
dong cap hodc diy dai. Trén Hinh 1 1a so d6 cac
phuwong 4n din dong nang ha ban nang. Cac
phuwong 4n din dong bang cap thép cudn lén tang
va cac puly cin bang, puly d6i huéng nhw trong
cac Hinh 1.a-f. Phwong an Hinh 1.a-c phu hop véi
loai cin truc xép kho mot cdt, Hinh 1.d-f pht hop
v&i loai can truc xép kho hai cot. Trong Hinh 1.g,
ban ning dwgc dan dong nho truyén dong ma sat
gitra cap thép hoac day dai véi tang/banh ma sat
& phia chan cft. Phwong an nay thwong st dung
cho loai can truc xép kho mot cot va tai ning nho.

Tinh toan thiét ké co ciu nang cho loai can truc
nay theo huéng din trong céc tai liéu chuyén
nganh va tai liéu (TCVN 4244-2005, 2005). Ngoai
ra, can lwu y cac van dé lién quan dén toc do, gia
téc ning ha lén va sy lam viéc dong déu cua cac
nhanh cap treo ban niang dé gidm lwc cdn ma sat,
tranh ket ban nang véi ray va tang tudi tho ctia cap
thép cling nhu co ciu.

Hinh 1. So Ao cdc phwong dn dén dong ban ndng
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Tinh cong suit dong co dan dong co ciu can
lwu ¥ k€ dén anh hwéng 16m cha lwe quan tinh, cu
thé nhu sau:

(Q +q+ Y Fps +thn)vH

kW
10007

)

NH:

Trong do: Q la trong lwgng cia hang, (N); g
la trong lwgng ban nang, (N); Y. E,,, 1a tong luc
ma sat can theo phwong chuyén déng, (N);
Fgtn 1a lwc quan tinh nang, (N); 7 la hiéu sudt
truyén dong; vy 1a vin téc nang hang, (m/s).

3.2 Co’ cdu di chuyén

Co ciu di chuyén cta can truc xép kho 1a loai
banh xe bang thép di chuyén trén ray cd dinh.
Trén Hinh 2 1a cac phwong 4n din dong co ciu di
chuyén. Méi dong co lién hop gidm tdc (c6 phanh
& dudi dong co) dan dong mdt cum banh xe di
chuyén (thwong 1a dan dong riéng khi van t6c va
gia téc16m), banh xe c6 thé c6 gor (Hinh 2.a-¢) hoic
khong c6 go két hop véi cac banh ty bén (Hinh
2.d).

]

i
1 oGS 15

- £

o

- 3
2

Hinh 2. Cdc phwong dn dan déng co cdu di chuyén

Tuy theo yéu ciu cu thé ma c6 thé b tri thém
ca cic banh ty bén dwéi chong lat can truc. Vi
phuwong an str dung banh xe c6 go, thwong co khe
hé gitra go banh xe va ray nén chi str dung khi t6c
d6 di chuyén chdm va khong yéu ciu cao vé do
chinh xac. Déi véi loai cin truc xép kho phuc vu
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cho nhiéu diy hang nén can di chuyén trén cac
doan ray cong dé chuyén sang cac day hang khac
nhau thi cum banh xe phai c¢6 kha nang quay vong
trong mét phang ngang. Cac cum banh xe lién két
vGi ddm ngang di chuyén thong qua mdt khép ban
18 hodc goi quay (Hinh 2.c,e).

Vén dé vé van tc, gia toc va chiéu cao cot 16n
cling can dugc lwu y trong tinh toan thiét ké co cdu
di chuyén. Ngoai cic tinh toan nhw tinh todn cac
co cAu can truc thong thuong da duoc chi dan
trong cac tai liéu chuyén nganh, & can truc nay
phai kiém tra thém diéu kién chéng quay tron doi
v&i banh xe c6 ap luc 1én ray nhé hon nhw sau:

(6)

Trong do: Fpq 1a lwc phat dong tir dong co,
(N); Rmin 12 phan lwc nho nhit cta ray 1én banh
xe (Kkhi tinh toan R,,;, cAn k€ dén ca anh huwdng
cta hé s6 dong ngang Sy;,), (N) va u 1a hé s6 ma
sat. Gia tri 1&6n nhit cia hé s6 ma sat & day lay
theo (FEM9.311, 1978), tyay = 0,2.

bé dam bao diéu kién (6) cling nhu cic diéu
kién vé bdm khic, cic kich thwéc nhw chiéu cao
cot, khodng cach cac banh xe; cac thong sé vé
van toc va gia téc; bo tri thiét bi trén can truc
hop ly va tang cwong khéi lwong & ddm ngang di
chuyén cin dwoc xem xét diéu chinh thich hop.
Thuec té&, giai phap khic phuc dwoc nhwoc diém
do van dé khéng thoa man diéu kién bam dé la
phuwong 4n dan dong trong Hinh 2.f. St dung
truyén dong bing ma sat day dai v&i tang ma
sat. Tuy nhién, gidi phap nay chi thich hop véi
loai can truc xép kho, di chuyén trén mot ray dé
phuc vu cho hai day hang hai bén ray.

de < ﬂRmin

4. Tinh toan thiét ké két cau thép

4.1. Tdi trong va té hop tdi trong

CAc tai trong chinh gom trong lwong ban than
G, tai trong nang Q, lwc quan tinh (theo phwong
dirmg, phwong ngang Fy;, quan tinh ly tam khi
can truc di vao doan ray cong F) va luc sinh ra
trong qua trinh chuyén/nhin tai F,. Cac tai bd
sung khac gom tai sinh ra do sy x0 1éch giira ray va
cac cum banh xe Fg, tai do nhiét dg, cac tai trén san
thao téc, tay vin,.. (néu cd). Véi su thay ddi nhiét
dd méi trwong nhw & nwdce ta thi tai sinh ra do
nhiét do c6 thé bo qua khi tinh toan cho loai cin
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truc xép kho thong thwong. Cac tai trong dic biét
gbm tai sinh ra do va dip véi gidm chan & cudi
hanh trinh Fp, thir tai Fp, va tai sinh ra do phanh
dirng khén cap.

Khi tdam dwong ray tao véi tam cda hai banh
xe di chuyén mét géc a thi trong qua trinh
chuyén déng, mot banh ty bén hodc go banh xe
sé& chiu mot lwc ngang Fg duoc xac dinh bang
cong thirc sau day (FEM9.311, 1978).

Fs=f"R (7)

voi
f=03(1-e %% (8)

Trong do: R 1a phan luc thang dirng 1én banh
xe di chuyén do trong lwgng ban than cta cin
truc va tai nang gay ra tai vi tri x6 léch, (N) va a
la goc 1éch, (°/00).

Cac to hop tai trong sau cAn xem xét khi tinh
toan thiét ké két cau thép (DIN 15350, 1992):

©G +Y(Q + q) + FyeSw + FzSw €©))
06 +Y(Q +q) + F Sy (10)

oG +YP(Q +q) +Fs (11)

G+ Q-+ FpSp (12)

G + thSW + #Fpr (13)
G+ Fge+Fz+Yr(Q+9q) (14)

Hé s ¢ phu thudc vao van toc di chuyén va
dwong ray dwoc tra theo Bang 4. Hé s6 y phu
thudc vao thong sé toc do va gia téc ctia co ciu
nang dwoc xac dinh theo Bang 5. Hé s6 dong
ngang Sy, hé s6 dong do va dap giam chin Sp,
hé s6 dong do phanh dirng khén cip g, cé thé
tim thiy trong (DIN 15350, 1992).

Bidng 4. Xdc dinh hé sé ¢

Van tdc di chuyén can truc Hé s6
v (m/ph), véi dudng chay: 0]
C6 cAc mdi n6i | Khéng c6 moi ndi
Dén 63 Pén 100 1,1
Trén 63 + 125 | Trén 100 = 200 1,2
Trén 125 Trén 200 1,3
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Bdng 5. Xdc dinh hé séy

Cap Hésoy Gia toc nang
nang | (v&ivy, m/ph) | trung binh! +a,,
H1 1,14+0,0022vy <0,6 m/s?
H2 1,240,0044vy <1,3m/s?
H3 1,34+0,0066vy >1,3 m/s?
1 Gia téc 16n nhat bang 1,3 m/s2 néu c6 ngudi
trén ban nang trong qua trinh ning ha.

4.2. Kiém tra bén, 6n dinh va chuyén vi

Tinh todn kiém tra bén twong tw nhw tinh toan
Kki€ém tra cic can truc thong thwong.

Kiém tra 6n dinh théng qua hé s6 6n dinh k4
trng véi treong hop bat lgi nhat (FEM9.311,
1978; EN 528:2021, 2021)

Mod

k a=
? Mlat

(15)

Trong d6: M, 1a m6 men 6n dinh, (Nm) va
M4 12 m6 men gay lat (Nm).
Trén Hinh 3 thé hién cac thong s6 dé xac dinh
hé s6 0n dinh. Céng thirc (15) dwoc chi tiét héa

thanh
ko, = Rr 16
0 " 2F 41hy + 2F0hy + Fpizhs (16)
thl [ ]
thZ

&

&

th3
e —

Rl‘

R,

Hinh 3. Cdc théng s6 xdc dinh hé s6 6n dinh

Trong d6: Fyi1, Fgezs Fges 12 lwe quan tinh

twong ng clia hang va gia ning, c6t va dam
ngang di chuyén (bao goém ca co ciu di chuyén
va cac bd phan lap trén no), (N); hy, h,, h 12 cac
canh tay don twong &ng v&i cac lwc quan tinh
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trén, (N); R la phan lyc trén mdt banh xe do
trong lwong ban thin cda can truc va tai nang
gay ra, (N); r la khoang cach hai banh xe, (m).
biéu kién 6n dinh khi cin truc lam viéc thong
thwong 13 k,4; = 1,5 va trwong hop khan cip
(dirng khin cip hodc mat dién) la k,4; = 1,1.

Trwong hop diéu kién 6n dinh trén khong
dam bdo hodc cin tang cwdng an toan chéng lat
cho can truc thi c6 thé bo tri cac con ldn ty bén
dwéi ray.

Cac chuyén vi 16n trén can truc xép kho thé
hién trong Hinh 4, gbm: chuyén vi ngang cia

cang nang sang hai bén x;, chuyén vi ngang cua
dinh cot x,, chuyén vi dirng &ng véi cang mo
rong y,, chuyén vi drng (rng v&i cang rat lai y,.
Gi tri cic chuyén vi cin ddm bado nhw sau:

x; < 5 mm,
, Vimax = 30 =+ 40 mm (khi y, = 10 mm),
| y, < 10 mm.

5. Hé thong dién va diéu khién
Hé théng dién va diéu khién c6 nguyén ly lam
viéc nhw trén Hinh 5. Khac biét véi cac cin truc
thong thwong, hé thong diéu khién cta cén truc
x€ép kho cin phdi ddm bdo diéu khién dé mang
hang dén cac vi tri dinh trwédc mot cach chinh xac.
ﬂ ﬂ_ DE cb thé biét dwoc vi tri clia ban nang, trén cac
) thanh d& hang ngang va thanh dng ctia kho hang
L c6 in cac ma vach xac dinh vi tri chinh xac cta tirng
diém ma do, cac cdm bién doc ma vach trén ban
nang va can truc phai doc dwoc cic ma vach trong

qua trinh ning ha, di chuyén.

—t

Hinh 4. Cdc vi tri cin xem xét do 1éch cia cin
truc xép kho

Bong co servo
dan dong cang

i SIMATIC ET 2005
—
Ban nang

SIMATIC HMI-Mobile

Fanel SHFEINEAR Th dién trén cin truc

JJ_ SINAMICS 5120
Tu dién trung tAm Péng co co N
SIMATIC S7 SIMATIC HMI cau nang
L g 1 __|
I_T T \L@E Pong co
di chuyén | =

400V AC

Hinh 5. Nguyén ly hé thong dién va diéu khién (Siemens, 2023)
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Can truc va ban nang cin phai dirng chinh xac
dén vi tri mong muon, day khong chi la yéu cau doi
v&ihé thdng dién va diéu khién ma hé thong co khi,
két ciu thép cta can truc xép kho ciing phai dap
trng theo. Tuy theo, yéu ciu ham muc tiéu ma thuét
toan diéu khién c6 thé hwdng tdi xuat va nhap hang
vao kho theo thi gian lwu trit hang, theo thi tw vi
tri cao - thip, gan - xa, ...

6.Két luan

Dan dong co ciu nang

=t l—

§

AL ETVRRRRRT) SRVEVRRRRVRRNNG

Kok

S ——  — s 2
Vo = ‘

\S

AALARNNRRRNNNNN

(SSSSSSLISONY \
WV

\ W

N2

Hinh 6. Hinh chung cin truc xép kho thiét ké

Phat trién nganh logistics di d6i v&i phat trién
hé théng kho bii. Can truc xép kho tw dong 1a thiét
bi khong thé thiéu phuc vu cho qué trinh logistics
trong kho. D€ gidm nhip khau va néi dia héa t6i da
thiét bi co khi trong hé thong, cn truc xép kho tuw
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dong hoan toan cé thé thiét ké, ché tao va thwong
mai héa trong nwéc. Bai viét nay tong hop cac tinh
toan can thiét phai xem xét trong qua trinh thiét ké
can truc xép kho. Cac lwu y va diém khéc biét trong
tinh toan thiét ké, dac diém van hanh va cac yéu cau
can ddm bao ddi véi can truc xé€p kho tw déng cling
da dwoc trinh bay. Cac van dé lién quan cin luu y
xem xét gom:

- Van t6c va gia téc di chuyén, nang ha lém;

- On dinh 14t d6 va d6 ctrng virng ctia két ciu;

- Piéu khién chinh xac vi tri;

- Tich hop nhiéu tinh nang tw dong hoéa va lwu
triv div liéu.

Ngoai ra, cac yéu cau an toan khac ciing can dap
trng theo EN 528:2021. Ap dung nghién ctru nay,
mot can truc xé€p kho véi tai nang 200 kg da dwoc
thiét ké nhw trong Hinh 6. Cac hudéng nghién ctiru
tiép theo la nghién ctru cong nghé ché tao phu hop
voi diéu kién trong nwéc, nghién clru lam gidm
rung dong, tiét kiém nang lwong va diéu khién toi
wu thoi gian xuat va nhap kho.

Tai liéu tham khdo

Zhakov A, Schmidt T, Dannemann M, Modler N
(2016). Vibration damping of lift masts of rack
service cranes using composite materials with
fibrous or textile reinforcement. Logistics
Journal : Proceedings, Vol. 2016.

Dambach Lagersysteme GmbH & Co. KG (2021).
Why stacker crane replacement could be the
right choice. https://www.dambach-
lagersysteme.de/en/company/news/detail /w
hy-stacker-crane-replacement-could-be-the-
right-choice.

DIN 15350:1992. Regalbediengerite - Grun-dsatze
fiir Stahltragwerke - Berechnungen.

EN 528:2021 (2021). Rail dependent storage and
retrieval equipment - Safety requirements for
S/R machines.

FEMO9.512 (1997). Rules for the Design of Storage
and Retrieval Machines Mechanisms.

FEM9.311 (1978). Rules for the Design of Storage
and Retrieval Machines Structures.

Sandor Hajdu, Péter Gaspar (2016.a). Multi-body
modelling of single-mast stacker cranes. Int. J.
Engineering Systems Modelling and Simulation,
8(3):218-226.


https://www.dambach-lagersysteme.de/en/company/news/detail/why-stacker-crane-replacement-could-be-the-right-choice
https://www.dambach-lagersysteme.de/en/company/news/detail/why-stacker-crane-replacement-could-be-the-right-choice
https://www.dambach-lagersysteme.de/en/company/news/detail/why-stacker-crane-replacement-could-be-the-right-choice
https://www.dambach-lagersysteme.de/en/company/news/detail/why-stacker-crane-replacement-could-be-the-right-choice

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA
(MEAE2023)

2023

Sandor Hajdu, Péter Gaspar (2016.b). Reducing the
mast vibration of single-mast stacker cranes by
gain-scheduled control. Int. J. Appl Math.
Comput, Sci., 26(4):791-802.

Hubert Rams, Markus Schoberl, Kurt Schlacher
(2017). Optimal Motion Planning and Energy-
Based Control of a Single Mast Stacker Crane.
IEEE  Transactions on Control Systems
Technology, 1-9.

Minoru Sasaki, Toshimi Shimizu, Koji Ikai, and
Satoshi Ito (2007). Stabilized Controller Design
for a Flexible Stacker Crane. SICE Annual
Conference 2007, Kagawa University, Japan.

Forward Control of a Flexible Stacker Crane.
Proc. of SPIE, Gwangju, Korea.

Siemens Aktiengesellschaft (2023). Storage and
retrieval machines. https://www.siemens.co
m/global/en/industries/intralogistics/storage
-and-retrieval-machine.html.

Robert Schulz, Jorg Monecke, Hartmut Zadek
(2012). The Influence of Kinematic Parameters
on the Energy Need of a Storage and Retrieval
Vehicle. Logistics Journal: Proceedings, Vol.
2012.

TCVN 4244-2005 (2005). Thiét bi nang. Thiét
ké, ché tao va kiém tra ky thuat.

Minoru Sasaki, Takahiro Murota, Jyun Usui, and
Satoshi Ito (2009). Identification and Feed

’NG DUNG CONG NGHE PUC LY TAM CHE TAO QUAT HUONG TRUC
VA ANH HUONG CUA CAC THONG SO CHE TAO PEN PAC TINH KHIi
PONG LUC HOC QUAT THU PUQOC

Pang Vii Pinh”
Khoa Co - Pién, Truwdong Dai hoc M6 - Pia chdt

TOM TAT

Céng nghé diic ly tdm dworc phdt trién tir nhitng ndm 1950 va dwoc teng dung trong nhiéu linh vwe khdc nhau.
Hién nay, cé hai phwong phdp ché tao bdi phwong phdp nay: Phwong phdp dic ly tdm théng thwdng va
phwong phdp diic ly tdm phdn ttng. Trong nghién cttu ndy trinh bay phwong phdp ché tao cdnh quat hwéng
truc bang phwong phdp diic ly tdm théng thuong dé tao ra cdc cdnh quat day va réng. Quat nay dwoc ting
dung trong linh vurc quat lam mdt 6 té. Véi phwong phdp nay cé thé gidm chi phi va sdn xudt tuong déi dé
dang. Ngodai ra, cdc ddc tinh réng ctia cdnh quat mang lai cho quat nhiéu loi thé, ddc biét la trong diéu khién
chii dong dong ton thdt tai vi tri bién cdnh quat véi vé hdp va khd ndang hdp thu Gm thanh. Cdc théng s6 ctia
qud trinh ché tao dwoc dé cdp trong nghién ctru bao gém khéi lwong ban ddu ctia bot polyetylen, nhiét dé va
thoi gian gia nhiét trong 10. Ta thdy rang chdt lwong trang thdi bé mdt, théng sé kich thwdc cdnh quat nhdn
dwor, co tinh (tinh chdt ly héa) cé dnh hwéng dén chdt lwong va hiéu sudt quat thu dworc. Trong nghién ctru
nay, vdt liéu dworc str dung dai dién cho mét logi polyetylen tuyén tinh mdt dé thdp (LLDPE-3200). Phwong
phdp scan 3D dworc st dung dé xdc dinh théng sé kich thuéc hinh hoc cia cdc quat thu dwoc. Hiéu sudt khi
dong lwc hoc dwoc xdc dinh trén bé thir nghiém theo tiéu chudn ISO 5801. Két qud cho thdy cdn phdi cé sw
Iwa chon phtt hop cdc théng sd trong qud trinh ché tao dé dat dworc chdt lwong va hiéu sudt co khi mong
muén.

Tir khéa: Dic ly tAm, quat canh rong, dong luc hoc, polyetylen (LLDPE)
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1.M¢ dau

Hién nay, ngay cang c6 nhiéu nghién ctru, rng
dung, cdi tién cdng nghé: nghién ctru thiét ké, cai
thién hiéu suit clia canh quat rong dat dwoc bang
cach ducly tdm [1] va t6i wu hda quy trinh dic nay
da dwoc xem xét [2]. Crawford va cong su [3,4] da
nghién ciru phwong phap lam nguéi va diéu chinh
ap suit bén trong khudn dé gidm sw co ngot cia
san pham duc, ting d6 lang min bé mat san pham.
Vé co ban, cong nghé dic ly tim thong thuwong chi
phu hop véi cac chi tiét don gidn, khong c6 nhiéu
gdc canh, khong gian bén trong khuén lén... Tuy
nhién, véi cac chi tiét c6 ciu tric phirc tap 1a mot
thach thirc, han ché. Cac nghién ctru rng dung lién
quan dén linh vuc 6 to, dic biét la quat lam mat 6
t6 trong thoi gian gan day [5,6]. Thong thwong,
quat hudng truc cho phép dung cac canh quat
mong, dwoc ché tao bdi phwong phap ép phun.
Nhung dé c6 thé ché tao quat bing phwong phap
ddc ly tAm, do day ctia canh quat phai twong doi
lén. Viéc tang do day cua canh quat ciing 1a mot
yéu t6 anh hwdng dén hiéu suit va ap suit cla
quat [7, 8]. Cac nghién ctru str dung cong nghé duic
ly tAm d€ tao ra cc phién ban quat hwéng truc,
trng dung trong linh vwc quat lam mét 6 t6 dé cai
thién hiéu suét, tiéng 6n [9,10]. Tuy nhién, cac
nghién ciru nay chwa dé cip siu dén van dé anh
hwdng cac thong s6 ché tao dén chit lwgng va hiéu
qua lam viéc ciia quat nhan dwoc. Trong qua trinh
dic ly tAm c6 rit nhiéu yéu té quan trong c6 thé
anh hwdng dén chit lwong cia san phdm duc: loai
vt liéu, khdi lwong vét liéu stir dung, thoi gian gia
nhiét, nhiét do, phwong phap lam mat, thoi gian
lam mat, t8c dd cla truc din dong quay khudn
duc...[11,12]. Trong ndi dung nghién ctru nay sé
tip trung trong ba yéu t6 chinh 1a: khéi lwong bot
str dung, thoi gian va nhiét do gia nhiét. Thong s6
kich thwéc hinh hoc cia canh quat dugc ki€ém tra
b&i phwong phap scan 3D bao gom: chiéu dai day
cung, d6 day twong déi, va géc ha canh [13]. M6t
bé thir nghiém theo tiéu chudn I1S05801 [14] dwoc
str dung dé€ kiém tra thong s6 dong luc hoc cta cac
canh quat thu dwoc. Thong qua két qua phén tich
cac quat thu dworc: co tinh, kich thwéc hinh hoc,
thong s6 dong luc hoc clia quat hwéng truc, cho
phép xéc dinh dwoc cic thong so t6i wu nhat trong
qua trinh ché tao quat.
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2.N0i dung nghién ciru
2.1. Gidi thiéu cong nghé duic ly tam

Céng nghé duic ly tAm théng thwong gom 4 burée
chinh (Hinh 1): 1 - Bién bt vao khuon; 2 - Gia nhiét
khudn quay trong 19; 3 - Lam mat khuén quay; 4 -
Canh quat ddc. Khuon dwoc dat trén hai truc quay
vudng goc, toc do quay cua hai truc la doc 14p va cé
thé tly chinh. Diéu nay cho phép tinh linh hoat khi
san xuat cac bd phan dic c¢é hinh dang phirc tap
hodc cac san phidm yéu ciu chat lwong cao. Thong
thwong, tdc d6 quay dworc gitr khdng déi trong qua
trinh gia nhiét trong 10 va qua trinh lam mat [12]

Lam mat khuén quay ‘ Cénh quat dtic

Hinh 1. Cdc bwérc ctia qud trinh diic cdnh quat

Dac diém cla cdng nghé ddc nay cho phép ché
tao cac canh quat day va rong. Pic tinh ndy ciia cac
canh mang lai cho canh quat nhirng loi thé hiru ich
ma khong thé ché tao dwoc bdi cac phwong phap
thong thwong khac (Hinh 2).

o5

Hinh 2. Mdt cdt ctia quat (quat réng & giira)
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2.2. Diac tinh vit liéu ché tao canh quat

Hién nay, khoang 90% canh quat dwoc san
xudt bang phwong phap duc ly tAm dwoc 1am tir
polyetylen (PE), thich hop cho cac tng dung phi
k¥ thuat (bang chi din dwong cao tdc, dd choi,
thung chi¥a...) [11]. Ngoai ra, day la loai vat liéu
rat phé bién va gia thanh san xuit, gia thanh cua
vat liéu PE khong dat so v&i vat liéu st dung
trong khudn ddc chi tiét thong thwong. Vi vay,
viéc san xuit quat bang cong nghé duc ly tAm rat
c6 trién vong va cé co hoi dé phat trién. Trong
nodi dung nghién ctru nay, b6t polyetylen mat do
thip dwgc st dung dé ché tao quat (PE). Loai bot
nay c6 khoi lwong néng chdy theo thoi gian
3,3g/10 min, khoi lwong riéng 938 kg/m3 va
kich thwéc hat khoang 125-250 pm
2.3. Lwa chon mét so thong s6 cta qua trinh
duc.

Cac yéu to0 trong qua trinh duc ly tim dwoc
nghién ctru la: khoi lwong bot, nhiét do va thoi
gian gia nhiét trong 10. Trong qué trinh ché tao
canh quat, néu thoi gian gia nhiét hodc nhiét do
khong du, sw nong chay cta polymer khong
hoan toan hoac bot khi khong dwec hoa tan tao
ra cac khuyét tit trén canh quat thu dwoc. Piéu
nay lam giadm co tinh cda cdnh quat nhan dwoc.
Mit khac, néu thoi gian gia nhiét hodc nhiét do
qua cao, vat liéu sé xudng cip, thay d6i mau sic
va canh quat tr& nén gion, dé vd. Bén canh do,
khéi lwong bot cling anh hwdng dén chit lwong
cla canh quat: nhw dé day, do bén,... Ngoai ra,
néu ta d6 qua nhiéu bot vao khudn co thé dan
dén bot khong di chuyén dwoc trong khudn (do
bi chén ép hodc khoang trong qua it), bién dang
cta canh quat khéng déu do thiéu bot... Do vy,
trong nghién ctru nay ching ta sé xem xét cac
yéu td (khéi lwgng bot, nhiét do 10, thoi gian
tronglo...):

Ta c6 ma ché tao canh quat nhw sau:
PEL-m - T, - At,

- PEL - Vat liéu str dung la Polyetylen ty trong
thap.

- Khoi lwgng vatliéu m = (300, 400; 500), g

- Nhiét do ctialo : T, = (250; 285; 330), °C

- Thoi gian gia nhiét: At, = (12; 15; 20), phut

- Phurong phap lam mat khuon duic: lam mat
bang quat gié trong 20 phiit.
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2.4. Co s& ly thuyét xac dinh cac thong s6
hinh hoc ctia quat.

Thong s6 hinh hoc ciia canh quat dong mot
vai tro quan trong trong hiéu sudt tdng thé cta
quat. Pdc biét, ciu trdc va hinh dang cia cac
canh quat c6 anh hwéng Ién dén cau tric dong
chay gitra cac canh quat. Cac thong s6 hinh hoc
quan trong clia quat dwgc xem xét trong nghién
ctu nay la: chiéu dai diy cung L(mm), chiéu day
twong d6i Emax(%), gbc ha canh y(°) (Hinh 3):

Hinh 3. Méi quan hé ctia cdnh théng sé hinh hoc
trén bién dang cdnh.
- Chiéu dai day cung L (mm)

L= |72+ &2y )

180
- Chiéu déy twong doi Emax((VO)

E(%) = =2 (2
- Géc ha canhy (do)
y = acos (%) (3)

Gidi thiéu phwong phdp scan 3D

bé xac dinh bién dang ctia canh quat ta st
dung phwong phap scan 3D. May scan dwoc st
dung la loai Comet L3D 5M (kich thwéc cha vat
thé do dwoc 1a 45 mm x 38 mm x 30 mm) dua
trén anh sang c6 ciu tric (dén LED mau xanh)
véi cdm bién 5 megapixel. Thiét bi nay dat do
chinh xac va dé tin cay cao (d6 phan giai 18 um).
Trong qua trinh scan canh quat, dit liéu dworc
thu nhan dwéi dang toa d6 ddm may (khong
gian 3 chiéu x,y,z) trén toan b kich thwéc hinh
hoc ctia quat (Hinh 4)
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Hinh 4. Bién dang cdnh quat

7 rll

/110
e
' 8
7
// 6
2 1S
j/rll
y r3
i r2
4 ¥ rl

Hinh 5. Cdnh quat dworc chia thanh 11 mdt cdt tir rq
déh rii.

Tl co s& dit liéu may scan 3D cta quat, ta xtr
ly trén phan mém Paraview. Méi cdnh quat duoc
chia thanh 11 phan (tir r; dén ri1) Hinh 5. Mdi
bién dang tai mot mat cat dwgc xac dinh boi
4000 diém (mobi diém dwgc xac dinh twong ing

Dong co dan dong

Bé thir nghiém

v&i toa do x,y,z). Hinh 6 cho thiy cac bién dang
thu duoc cho toan b0 quat.

Hinh 6. Bién dang thu dwoc cta 06 cdnh quat
twong teng tai 11 mdt cdt tir ry dén ri

2.5. Bang thir nghiém dac tinh khi dong lwc
hoc canh quat

Bé thr nghiém nay dwoc ché tao theo tiéu
chuén ISO 5801 [14], Hinh 7. P4c tinh déng luc
hoc cta quat dwgc xac dinh bang cach thay déi
lwu lwong tai cira hut (dwong dac tinh dwoc xac
dinh bang 11 diém twong dwong 11 dwongkinh
khac nhau), Bang 1.

Bdng 1 - Dwong kinh cira hit

d (mm)
111|112 2|2 |3 |3 |3 |4
213|692 (3601377
11/5/9/0/0 8|7 |0]|6]5]5

Vi tri thay d4i lvu
luong ctra hut (d)

Vi tri lép canh quat Bo phan chia dong chay

Hinh 7. Bé thw ddc tinh khi déng lwc hoc cdnh quat (1SO 5801)
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Ap sudt tinht Ap dwoc do tai 4 16 xung quanh
hop véi d6 chinh xac tuyét déi +0.1 Pa. Mot tim
duc 16 véi dwong kinh 50mm dwoc dit bén trong
hop dé tranh hién twong xody cua dong chat khi.
Lwu lwgng dong khi Qv dwoc xac dinh theo cong
thirc (4):

aemd?
4

2Ap

p

4)

4

Trong do6: a va ¢ 1a hang s6 (a.s= 0,6); d-
dwong kinh ctra hut, mm; Ap- 4p sudt tinh, Pa; p-
mat dd khong khi, kg/ms3. Gia tri mé-men xoén C
trén truc lap quat dwoc xac dinh béi cam bién
HBM T20WN v&i do sai bang 0,1% gia tri tdi da.
May do van toc géc w véi dd chinh xac +0,2%.
Hiéu suat tinh 7, dwoc xac dinh céng thirc (5):

_ Ap.Q,
T Cw ®)

Hé so lwu lwong (&) va hé so6 ap suit tinh ()
dugc xac dinh véi do sai s6 twong rng bing +
0,5% va = 0,3%.

Ms

= 6
T.w.R3,,x ©
w= 2.Ap %
p- 0% Riax

3. Két qua va thao luan
3.1. Canh quat dwoc ché tao theo ma:
PEL-m-T,-At,

(Hinh 8) ta thy, hinh anh cta cac canh quat
thu dwoc va dac biét déi véi khoi lwong  m =
300 g (Hinh 8b), mau cta quat bi thay déi va
chuyén thanh mau vang khi T, va/hodc At, ting.
Do d6, c6 thé thiy cac diéu kién nhiét d6 va thoi
gian gia nhiét trong 10 c6 anh hwdng dén cac tinh
chat co hoc cua quat. Khi nhiét do trong 16 16n
hon 285 °C va thdi gian gia nhiét trong 10 15
phut, ching ta c6 thé quan sat thiy sw thay d6i ro
rét vé mau sic clia quat. Didu nay c6 thé dwoc giai
thich bé&i qua trinh oxy hoéa ctia vatliéu. Qua trinh
oxy hoa din dén mat tinh déo va ting do cirng, va
cu6i cung polyme tré nén gion hon.
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20 At,, phit

Hinh 8. Hinh dnh quat dwoc ché tao: (a) 500 g va
(b) 300 g bt PE va cdc nhiét dg trong 1o (T,) va
thoi gian 10 khdc nhau (At,).

3.2 Anh hwéng clia qua trinh dic quay dén

hiéu suit khi dong hoc

D& danh gid mirc d6 d&nh hwdng cta cac tham
s6 dwoc st dung trong quy trinh duc ly tAm, cac
phién ban canh quat da dwgc thi nghiém trén
bang th nghiém tiéu chudn ISO 5801. Do cac
canh quat thu dugc béi cong nghé dic nay rong
& gitra, nén dé ddm bao canh quat khong bi bién
dang khi quay, t6c d6 quay dwoc gidi han & 2000
vong/phit. Hinh 9, trinh bay hiéu suit caa 09
quatvéim =500 g, hiéu suit tinh (%) dwoc biéu
dién theo hé s8 lwu lwong ¢.
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50

N

1 [%]

[—=—PEL500-250-12
4 PEL-500-250-15
PEL-500-250-20
{—— PEL-500-285-12
PEL-500-285-15
PEL-500-285-20

{—#— PEL-500-330-12
[—#— PEL-500-330-15
—&— PEL-500-330-20

0.1 0.2
Hinh 9. Hiéu sudt n la mét ham cua hé sé luu
lwong ¢ (khéi lwong m = 5009)
A
320
300
280

260

a,

48.0

20 46.6

At [min]

14 16 18

T.l°cl
320
300

280
260

45.2

43.8

12
b,

2 6 20
At [min]

1
Tl°cl

320
300
280
260

14 1
C,

18

42.4

41.0

12 14

16

18 20

At [min]

Hinh 10. Hiéu sudt lén nhdt & téc do quay 2000
vong/phtit la ham ctia nhiét d T, va thoi gian
Aty twong twng véi khéi lwong: (a)- 300g,

(b)- 400g, (c)- 500g

Két qua cho thiy, duwong cong thu dwoc cua
cac canh quat rat twong dong. Ngoai ra két qua
tht nghiém ciing cho thiy sw khac biét dang ké

May n

vé hiéu sudt gitra cac quat thu dwoc. Tai diém
thiét ké (p=0,13), gia tri hiéu sudt nhé nhit
twong &ng vé&i quat PEL-500-285-15 1a
43,17+0,5% va quat c6 hiéu suit I&n nhit l1a
45,4+0,5%% doi véi quat PEL-500-330-20.

Hinh 10, biéu dién sw phan b gia tri hiéu suat
twong ng véi cac khéi lwong m (g). Cu thé, gia
tri hiéu suit tot nhat thwong phan bé xung quanh
nhiét dé6 khoang 285 °C, v&i khoi lwong 300g va
400g. Tuy nhién, véi khoi lwong 500g thi hiéu
sudt dat gia tri I&n nhit & nhiét dd 330 °C va thoi
gian gia nhiét 20 phut. Mat khac, hiéu suit giira
cac quat cé cung khéi lwgng bot sit dung m =
(300g, 400g, 500g) thi hiéu suit chénh lach 16n
nhat gitra cac quat trung binh khoang 2,4% (Bang
2). Sw chénh léch nay la dang ké trong gi¢i han
sai sO cda thiét bi do.

Bdng 2. Gid tri hiéu sudt Ién nhdt, nhé nhdt va
khodng cdch Ion nhdt véi tieng khéi lwong bt
ché tao cdnh quat

m (g) | min (%) Nmax (%) Khoang CéCh(%)

300 44.51 + 0.5 46.93 £ 0.5 2.42
400 43.69 £ 0.5 46.30 £ 0.5 2.61
500 4317 £ 0.5 4543 £ 0.5 2.26
50
48
Wl B9
X E . (|
S 44 g
42 -
40 T
300 400 500
Masse [g]

Hinh 11. Gid tri hiéu sudt ctia cdc quat thu dwoc
twng ng vai khéi lwong 300g, 400g, 500g
(' mot khia canh khac, Hinh 11 cho thdy mét
xu hwéng giam dan cuia gia tri hiéu suat khi khoi
lwong bot str dung ting din. Piéu nay cé thé dwoc
giai thich b&i sw phan b6 déu cua vat liéu trong
canh quat. Khi khdéi lwgng bot cang tiang thi kha
nang phin bd déu trén cic canh quat gidm. Kha
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nang bot hodc bot néng chay bi ket khi di chuyén
tlr tam khuon duc ra cac canh va bién cda quat.
3.3 Anh hwéng ciia qua trinh dic quay dén
thong so6 kich thwéc hinh hoc quat.

E [mm]

52

t t t t
120 140 160 180

r[mm]

Gb Sb 160
Hinh 12. (a)-Dé day trung binh ctia cdnh quat E
(mm), (b)-chiéu dai dédy cung L(mm), (c)-géc ha
cdnh v (°C) la ham cua ban kinh r f(mm)
twrong 1¥ng 3 quat: PEL-300-285-20 (-+),
PEL-400-285-12 (-=) va PEL-500-250-12 (-#-)
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Trong qua trinh ché tao, khi bot (PE) tan chay,
vt liéu tao ra sw chuyén doi giira cic pha: pha
16ng trong qué trinh gia nhiét va pha ran trong
qua trinh lam mat. Trong qua trinh ché tao, canh
quat c6 thé xuat hién cac hién twong khac nhau
nhu co ng6t quat hodc oxy hoa vatliéu [11]. Piéu
nay c6 thé din dén nhirng thay déi dic tinh khi
dong hoc ctia quat thu dworc.

Theo két qua thwc nghiém khi dong hoc thu
dwoc cua 27 quat (Hinh 10 va Bang 2), anh
hwéng cla diéu kién ché tao khuén quay: khai
lwgng, nhiét d6, thoi gian trong 1o dén cac
théngsé hinh hoc ctia quat 1a rit can thiét. That
vay, sw thay doi kich thwéc hinh hoc cia cac canh
quat c6 thé giy ra sw khac biét vé mat khi dong
hoc ctia cAc quat dwoc tao ra. Bang phwong phap
quét 3D c¢6 thé xac dinh dwoc cac théng s6 hinh
hoc cla quat, tir d6 c6 thé gidi thich dwoc sw khac
biét vé khi dong hoc. Hinh 12 la két qua so sanh
cta 03 quat c6 hiéu suit 1én nhat nmay twong ng
véi khoi lwegng 300g, 400g, 500g véi ma hiéu
PEL-300-285-20, PEL-400-285-12 va PEL-500-
250-12. Pudng cong dwoc hién thi clia mdi quat
duworc 14y theo gia tri trung binh cta 6 canh quat.
Xu hwéng cac dwong cong thu dwoc ddi vai chiéu
dai day cung L (mm), d6 day twong déi canh E
(%) va goc ha canh y (°C) tai 11 mat cit gin nhw
twong tw nhau. Tuy nhién, cling cé nhitng khac
biét dang chu y:

Hinh 12a, chiing ta thiy rang su thay déi khdi
lwgng trong qua trinh duc quat dnh hwdng dén
d6é day cda quat thu dwgc. Cu thé trong trueong
hop nay, do day cia quat thu dwoc bi anh hudng
béi hai yéu t6: khéi lwong bot va db co cia vat
liéu. Theo két qua quét 3D cho thiy véi khoi
lwong bot 500g thi do day trung binh ctia 6 canh
quat thu dwgc la 1én nhitla 8,65 mm; twong Gng
v&i do co ngét canh quat nhé nhatla 1,35 mm &
vi tri rg. Ngoai ra, véi khéi lwong bot 1a 300g va
400g, d6 day trung binh canh quat lan lwot la
8,24mm va 8,35mm. Do co ngot toi da twong irng
la 1,76 mm va 1,65 mm. Trong Hinh 12b, gia tri
do dai day cung dwoc biéu dién dwdi dang ham
cia ban kinh r (mm). D6 co ngét ciia canh quat
(theo chiéu dai day cung) (300g) PEL-300-285-
20 nho hon so véi cac loai canh (400g) PEL-400-
285-12 va PEL-500-250-12 (500g). Cu thé, d6 co
ngot téi da ciia canh quat so véi khuén CAD la
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2,81mm d6i voi khoi lwong bot 300g; 3,52 mm
cho khoi lwong 400g va 3,58 mm cho 500g & vi
tri rg. Piéu nay cé thé dworc giai thich bdi mot so
yéu to:

- V6i khéi banh xe PEL-300-285-20 (khéi
lwong 300g), bot c6 thé duoc phan phéi dé dang
bén trong khuon va trén bé mat khudn. Dac biét
la & nhitng noi chat hep nhw mép trwdc va mép
sau cua canh quat.

- V6i khdi lwong 300g, thoi gian ngan hon da
dé l1am tan hoan toan bot. Do d6, vat liéu néng
chdy c6 thé dé dang phan bs déu trén bé mat bén
trong cia khuén hon.

Trong Hinh 12¢, do anh hwéng cta d6 co ngot
canh quat nén cling anh hwéng dén goc ha canh
y tuy nhién dnh hwéng do yéu t6 nay la khong 1on
dén thong s6 két cau hinh hoc cua quat.

Qua két qua phan tich kich thwéc hinh hoc cta
canh quat bang phwong phap scan 3D ta thiy
rang: PO co ngdt canh quat c6 anh hwdng dén
Kich thwéc hinh hoc ctia canh quat thu dwoc. Tuy
thudc theo tirng vi tri trén canh c6 gia tri co ngoét
khac nhau.

4. Két luan

» Trong nghién ctru nay, ching t6i da danh
giad anh hwdng cia mot sé cai dat quy trinh dic
quay déi véi hiéu sudt khi déng hoc ctia quat
hwéng truc. Ba yéu to dwgc xem xét trong nghién
ctru: khéi lwong bot, nhiét d6 10 va thoi gian gia
nhiét. Viéc thay doi cai dat quy trinh sé lam thay
d6i cac thudc tinh co khi cua quat. Déi véi khéi
lrong han ché cia polyme (300g va 400g), loi thé
cta viéc khong vwot qua 285 °C, trong qua trinh
ché tao quat, dwgc 1am néi bat. Tuy nhién, ddi véi
lwong vatliéu 1én hon nhw ddi véim = 500g, hiéu
sudt tdi wu van chwa dat dwoc & nhiét dd nhw vay.
Can 4p dung nhiét do cao hon, chang han nhw
330 °C, ma khong giy nguy co oxy héa. Anh
hwdng clia thoi gian gia nhiét trong 10 dwong nhw
it dang ké hon. Trén quy mo, sé lvgng quat da
nghién ctru, hiéu suit t6t nhat dwgc ghi nhian
trong thoi gian lam néng 1a 15 phut. Két qua
nghién ctru cho thay sy thich &ng tét cia canh
quat dugc ché tao béi cong nghé dac ly tim. Diéu
nay cho phép mé& rong phwong phap ché tao cadnh
quat & quy mo cong nghiép do chi phi san xuit
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thip hon, qua trinh nay thuén lgi hon va c6 thé
dat dwoc hiéu suat twong tw so v&i cdc phwong
phap ché tao truyén thong.

» Vé mat trién vong, cac thir nghiém khac sé
dwoc tién hanh dé kiém tra: do bién dang cta
canh quat polymer khi quay & téc do cao, sw mat
can bang cua quat, sw phan bd van t6c dong khi,
do co ngdt cua canh quat... Cac dac tinh héa ly cua
quat ciing sé dwoc phan tich dé kiém soat té6t hon
cac dac tinh khi dong hoc O
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QUY LUAT ANH HUO'NG CUA THAM SO KET CAU VI MO DANG PAC
BIET PEN HIEU SUAT MA SAT CUA CAP MA SAT GOI TRUQT-PIA
NGHIENG BOM PISTON HUONG TRUC VA THIET KE TOI U HOA

THAM SO VI MO

Lé Vin Loil*, XuPing?, Yu YingHual, Nguyén Duy Trungl, D6 Trung Hi€u2, Nguyén Thanh Tun3
1Pai hoc Ky thudt Céng nghé Liéu Ninh, Liéu Ninh, Trung Qudc;
2Vién Co khi Nang lwong va Mé-Vinacomin, Ha Noi, Viét Nam;
3Khoa Ddu khi, Trwong Pai hoc Mé-Pia Chdt, Ha N6i, Viét Nam;

TOM TAT

D€ nghién ctru dnh hwédng ctia két cdu vi mé, ndng cao hiéu sudt ma sdt ctia bom piston hwéng truc kiéu dia
nghiéng, lira chon cdp ma sdt goi trwot-dia nghiéng lam déi twong nghién ciru. Nghién civu nay gidi thiéu ly
thuyét phdn tich bé mdt ddp trng va str dung phdn tich ly thuyét bé mdt ddp trng dé thiét ké thuc nghiém 5
cdp 6 yéu td va tién hanh 40 b6 thtr nghiém mé phdng va thu dworc két qud mé phéng cua tirng nhém vé khd
ndng chiu tdi, hé sé ma sdt, nhiét do trung binh. Nghién ctru quy ludt va mikc dé dnh hwéng ctia cdc tham sé
két cdu EOOPT ddc trung déi véi khd ndng chiu tdi, hidu sudt ma sdt va mon, mirc do gia tdng nhiét do ctia
cdp ma sdt. Két qud nghién ctru cho thdy: thiv tw dnh hwéng doi véi khd ndng chiu tdi mang ddu: bdn kinh
ngan(B) > bdn kinh dai(A) > géc phdn bé(F) > do sdu(D) > khodng cdch két cdu(E) > dé léch(C ); hé s6 ma
sdt: bdn kinh ngan(B) > bdn kinh dai(A) > dé sdu(D) > géc phédn bé(F) > dé 1éch(C) > khodng cdch két cdu(E);
nhiét do mang ddu: bdn kinh ngan(B) > bdn kinh dai(A) > dé sdu(D) > géc phdn b6(F) > dé léch(C) > khodng
cdch két cdu(E); Véi sw két hop t6i wu ctia cdc tham s6 EOOPT ddc trung: bdn kinh dai: 400,25um, bdn kinh
ngan: 209,85um, dé sdu: 75,25um, dé 1éch: 49,15um va khodng cdch hai hang két cdu: 1086,75um va géc
phdn bé: 5,65 So vdi cdp ma sdt nguyén mdu, hé s6 ma sdt ctia cdp ma sdt cé két cdu vi mé va t6i wu héa gidm
12,63% va 16,3%, khd ndng chiu tdi ctia mang ddu cdp ma sdt c¢é két cdu vi mé va téi wu héa tdang 15,23%
va 19,93%, mitc dé gia tdng nhiét dé ctia mang ddu c6 két cdu vi mé va téi wu héa giam 7,85% va 9,46%.
Tir khéa: bom piston hwdng truc, géi trieot-dia nghiéng, két cdu vi mo, ma sat, mat phan héi, nhiét do, tai
trong, téi wu hoa...
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1. M¢é dau

Trong hon nira thé ky qua, cac nghién ctru vé
két cAu vi moO bé mét (vin bé mat-surface texture)
da dat dwoc nhitng budc tién dai trong van dé cai
thién kha ning chéng mai mon cta dung cu gia
cobng, cai thién kha niang chéng mai mon va cai
thién tinh nang boi tron va lam kin ctia cac cap ma
sat trong cac thiét bi co khi. Dy cling 1a mét trong
nhitng phwong phap hiéu qua dé ning cao kha
nang chiu lwc bé mat, cai thién dic tinh ma sat bé
mat, gidm thiéu qua trinh gia ting nhiét d6 va kéo
dai thoi gian str dung cua cdp ma sat. Trong qua
trinh gia cong két cdu vi mé bé mat, cic thong s6
hinh hoc ctia két cAu nhw dwong kinh, d6 1éch, do
siu, khodng cach va géc phan bé la nhirng yéu té
anh hwdng truc ti€p dén kha nang chiu tai va dac
tinh chéng ma sat mon. Do d6 phéan tich anh
hwdng clia mot s6 yéu té cong nghé dén kha nang
chiu tai, hé s6 ma sat va nhiét d6 clia mang dau khe
hé gitta cac cap ma sat la vo cung can thiét hién
nay.

Phwong phidp bé mit dap ng dwa trén
phwong trinh hoi quy dé thiét l4p dang phwong
trinh toan hoc phu hop gitra ham muc tiéu va cac
bién doc 14p, dong thoi phan tich gia tri dw doan
va gia tri thuwc clia phwong trinh hoi quy da thiét
13p va sy twong tac gitra cac yéu t6 khac nhau
thong qua mat phan hoi, sau d6 cé thé nhan dwoc
cac tham s6 két hop khac nhau cua céc bién khi
muc tiéu 13 toi wu.

Xuit phat tir nhitng phan tich trén, nghién ctru
nay nhom tic gia dwa ra hwémg nghién ctru nham
tim ra quy luit anh hwdng cia cac tham sé két cau
EOOPT tac dong dén kha nang chiu lwc, hé s6 ma
sat va nhiét dd ca mang diu cdp ma sat. Dua trén
phuong phap bé mat dap ng két hop véi phwong
trinh héi quy va thuit toan t6i wu hoda ca voi dé
thiét 1ap mo hinh th& nghiém Gng dung trong
phén tich anh hwdng cia cac tham s6 hinh hoc két
ciu vi mo6 dén tinh ning cap ma sat goi trwot-dia
nghiéng ctia bom piston hwéng truc.

2.Ngi dung nghién ciru

Phwong phap téi wu héa bé mat dap irng (RSM)
c6 thé bao gdm 16i ngau nhién ctia hé thdng thi
nghiém va cac phwong trinh toan hoc phtrc tap c6
thé dwoc dwa vao dang da thirc thuin tién hon cho
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viéc tinh toan thong qua phwong phap phan tich
bé mat dap rng, nhanh chéng va hiéu qua trong
viéc gidi quyét thuc té. Déng thoi, phwong phap
phén tich bé méit dap &ng co thé phin tich lién tuc
tirng cap d6 thir nghiém trong qua trinh giai quyét
t6i wu hoa, dé€ dam bao tinh lién tuc cta toi wu hda.
N6 thwong bao gbm cac buéc nhu thiét ké thi
nghiém, thiét14p m6 hinh muc tiéu, dw doan gia tri
muc tiéu va danh gia mé hinh.
2.1. Ly thuyét bé mat dap twng (RSM)

Phwong phap bé mat dap tng [ZhaoYali,
ZhangSiqi, LuWengian, ChenChong, WeiLi,
(2021); Xing Lei, Li Jinyu, Zhao Lixin, et al, (2021);
WeiXin, WangLeigang, WangZhao, PanShuhua,
(2021); YangXu, ZhouDejian, ZhuangGongwei,
Song Wei, LiuXiaolong, SheYulai, (2021);
HuYanfeng, Du Yanbin, XuLei, ZhouZhijie,
ShuLinsen, (2021); Mahanthesh B, Mackolil Joby,
Mallikarjunaiah S.M, (2021)] (Response Surface
Methodology, RSM) 1a mét phwong phap thu thap
dir liéu trudc tién bang cach thiét k& mot ké hoach
thir nghiém dé tién hanh thir nghiém, sau dé thiét
14p mé hinh muc tiéu va két hop dir liéu thi
nghiém v&i nhiéu phwong trinh hoi quy bac hai dé
diéu chinh tinh toan phu hop, cudi cing, méi quan
hé twong (rng gitra cac yéu to khac nhau dwoc thé
hién dwéi dang bé mat phan hoi, dé thu dwoc két
qua t8i wu, dwoc str dung dé giai quyét vin dé anh
hwdng cla nhiéu yéu t6 cung tac dong dén gia tri
muc tiéu. Pu diém chinh ctia n6 1a cé thé két hop
hiéu qua véi moé phéng ngiu nhién va moé phéng
xac dinh, sap x€p mot cach khoa hoc t6 hop cac
phép thir va két qua theo yéu ciu, vira dat dwoc
két qua nghién ctiru khoa hoc t6t nhat, téi wu nhat,
vira tiét kiém thoi gian, cong sitrc, do d6 phwong
phap nay phu hop khi cac yéu t6 lién tuc, s6 lwong
16m; Qua trinh tim kiém t6i wu hda ctia bé mat
phan trng la lién tuc, trong khi thi nghiém truc giao
tién hanh phan tich cac diém roi rac va biét lap,
dan dén qua trinh phan tich thém chinh xac hon.
Phwong phép ti wu héa dap tng bé mat (RSM)
1an dau tién dwoc dé xuat va rng dung trong cong
nghiép héa chat vao nhirng nam 1950, dén nam
1966, Hill va Hunte da ap dung ly thuyét bé mat
dap ng vao qua trinh hoa hoc dé thiét ké téi wu
ho6a da muctiéu; Nam 1975, Mead va Pike ap dung
ly thuyét dap (rng bé mat vao linh vyc sinh hoc;
Tiép theo Myers, Khuri, va Carter da gi¢i thiéu qua
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trinh phat trién va huéng cta ly thuyét bé mat dap
trng. Do tinh wu viét va déc dao ctia né, ly thuyét
bé mat dap wng da dwgc rng dung rong rai trong
cac nganh khac nhau, dong thoi né ciing dwoc
quan tam va ng dung réng rai trong linh vuc co
hoc.

Trong s6 cac mo-dun t6i wu héa bé mat dap
g, mo-dun dwoc st dung rong rai nhit la thiét
ké Box-Behnken (BBD) va thiét ké tong hop trung
tAm (CCD), bé mat mot thiét k& c6 do chinh xac
bing nhau hoic truc giao, do d6 c6 thé tim vi tri
ctia hé s6 toi wu va gia tri muc tiéu tét hon va chinh
xac hon [YangYubing, ZhangChunguang,
LiuGuangheng, LiShangqing, ZhangJunfeng,
AnLei, ChuShuai, (2021)]; Mdi nhan t& ctia BBD
chi ¢6 3 mirc, khi s6 nhan t6 1a 3 thi kiém dinh rat
hiéu qud, nhwng lai khong 4p dung dwoc khi s6
nhan t6 16n hon 5. Do d6, bai bao nay chon thiét ké
phtrc hop trung tam (CCD).

Qua thuc t€ ngwoi ta da ching minh rang
dwong cong ly twdng c6 thé phu hop véi s6 hang
bac hai. Biéu thirc ciia phwong trinh bé mat dap
tng [HuYanfeng, DuYanbin, XuLei, ZhouZhijie,
ShuLinsen, (2021)] dwoc thé hién trong cong thirc
sau:

XY AR WA

k=n+1

+ E i B, (I)xkx,+A

1=1 k=I+1

(1)

trong do6: x, : pham vi clia tham so:
X, e[xi,x:],x,i\ x!;
By B(1)s B(2) B (é) h¢ s8 cla
phuwong trinh hoi quy da thitc bac hai.
Két hop cac bién trong cong thirc (1) véi tich
cua hai cdp va don gidn héa két qua ta co:
Vi =B+ Bix, (1) ++Bx, (m)+A, (2)

k
Ve=B+ Y Bx, ()+A; k=1,2,.,m (3)
1

Théng qua nhiéu lan th nghiém thu dwoc
ma trian nhw sau:

Y=XB+A (4)
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Vs 1 x,(1)

yo| 22| x|t () Xl .
) w0 5@ s
B, A,

B= ﬂ? , A= A.l
sl la,

Biéu thirc phwong sai t6i thiéu € nhw sau:
C=D A =ANA=(Y-XB) (Y-XB) (5)
k=1
Khi gia tri C nho nhat, thu dwoc gia tri hiéu
qua md hinh gin nhat véi két qua thyce té va biéu
thirc ciia n6 nhw sau:

|
ol 2X'Y +2X'X =0 (6)
B=(XxX)" XY 7

Thu dwgc phwong trinh bé mat dap ng
sau day:

Y=Xp (8)

Sau khi thiét 14p mo6 hinh bé mat dap ng da
thirc bac hai, can kiém tra xem mo hinh c6 dap
rng cac yéu ciu vé do chinh xac hay khong. Cac
tiéu chuin kiém tra d6 chinh xac chu yéu bao
gom R? (hé sd xac dinh), MSE (sai s0 binh
phwong trung binh) va RMSE (sai sO0 binh
phwong trung binh géc), cac biéu thirc nhw sau:

lw®]

R = 7 - (9)
2 [y (k)-y]
MES:%é[yRS(k)_y(k)T (10)

RMSE :N%\/ki[y(k) ~ Vs (k)]Z (11)

Trong dé:

Vgs ¢+ k€t qua thu dwoc tir viéc tinh bé mat
dap rng da thirc bac hai;

y: két qua tinh todn m6 phdéng phan tk
hitu han;
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N : s0 lwong diém kiém tra can thiét dé
thiét ké bé mat dap tng;

y : gid tri trung binh cia két qua tinh toan
mo phong phan ti hiru han.

Khi R? dwgc sir dung dé danh gid do chinh
xac, pham vi gia tri cia R? 1a (0, 1), gia tri cua R?
cang lén thi mé hinh bé mat phan &ng cang
chinh xac va cang gin véi tinh hinh thuc té. R >
0,95, md hinh c6 thé dwoc xem xét cho hoat
ddng t6i wu hoa tiép theo; néu do chinh xac dwoc
danh gia béi MSE va RMSE, gia tri cang nhé, mo
hinh bé mat phan hoi cang chinh xac. Trong bai
bao nay, R? dwoc st dung lam co s& phan doan
dé danh gia d6é chinh xac cia mo hinh bé mat
dap trng.

2.2. Phin tich tinh ning cip ma sat g6i trwot-
dia nghiéng nguyén miu

Cac thong s6 chinh, két ciu chi yéu ctia cdp ma
sat goi truot-dia nghiéng cia mau nghién ctru thé
hién trong bang 1 va hinh 1. D& ning cao hiéu qua
tinh toan va ddm bao d6 chinh xac cia két qua mo
phong cdp ma sat goi trwot-dia nghiéng bom
piston hwdng truc loai (250CY14-1B) dwoc tién
hanh chia nhd, va Iwa chon 1 trong sé 7 géi truot
dai dién cho nhém goi trwot (hinh 1) dé tién hanh
phén tich va thiét 1ap diéu kién bién tuin hoan tai
bé mit phin chia.

Bang 1. Thong s6 ky thuét co ban cia bom

piston huwdng truc 250SCY14

rr| ThONB Sy [ Don [ gy ¢y | G
thuat vi * | cha
1 [Ap sudt Bm e, |35
viéc
T6c dd quay truc
2 chinh vg/ph | 1500
3 Ba.n klnh phan mm 58
chia piston
4 Dl‘ro'ng. kinh dau mm 35
tron piston
S6 lwgng piston - 7
6 Gocmlech dia do 18
nghiéng
Puong kinh 16
7 | cApdaubditron | mm 1,5
trong piston
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Chiéu dai 16 cap
8 | daubédi tron mm 35,55
trong piston
Khai lwong
9 |riéng dau thay | kg/m3 | 872,5
lwc
A s m?/s
b6 nhot 106
10 | Po nhé (40°C) 115.10
11 | D0 hot dong | pas | 0,155
oc
12 | Nhigt do lam | o0 50
viéc

St dung Fluent Meshing trong Fluent dé tién
hanh chia lwéi da dién phan chia m6 hinh, tong
sO phin t& lwéi trong mé hinh hitu han khoang
134487, s6 nut khoang 167238, trong dé trén
98% chat lwong lwdi trén 0.5um, nhd nhit la
0.35um. Nhép cac thong s6 phan tich trong Bang
1 vao Ansys Fluent dé€ tién hanh phén tich, sau
cung thu dwoc biéu d6 mé phong ap suit mang
diau phan bo trén khe hé clia cdp ma sat géi
truot-dia nghiéng nguyén mau nhu trong hinh
2.

MAT DAY GOI TRUQT

MAT CAT CAP MA SAT

Mang ddu
B

&5

-

) G8i trurot

Hinh 1. Két cdu hinh hoc cdp ma sat géi truot-
dia nghiéng bom piston

Thong qua m6 phdéng va phuwong trinh tinh
toan ap sudt don vi bé mit, hé s6 ma sat [Nguyén
Ping Binh, (2006); (Nguyén Anh Tuin, (2006);
Lé Van Lgi and nnk, (2022)] va nhiét d6 trung
binh cia mang dau khe hé cap ma sat goi truot-
dia nghiéng trong bom piston hwéng truc kiéu dia
nghiéng loai 250SCY14-1B, trong diéu kién tai
trong lam viéc ap suit cao 31.5 MPa, két hgp biéu
d6 ddam may (hinh 2) vé kha nang chiu luc, hé s6
ma sat, nhiét do TB va nhiét d6 cao nhit ciia mang
diu khe h& ctia cdp ma sat, lan lwotla: 10824542.3
Pa; 0,00423,120,32°C va 213,2°C.
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(a) Tai trong
Wall Shear Stress
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9756404 12
8.69e+04 -
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/ R
657e:04 | 3
| & 6
5516404 S
o 4
4450404 | 2
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3396404 2 § y
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(b) U'ng suat cit

Static Temperature

Nhiét d¢/ °C 200
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194.73 20 180
176.26 200 1160
157.80 Q 150 140
139.33 ]
120.87 fé* 100 120
102.40 50 100
83.94

0 80
B 0.08
47.01 0on 0.02 60
I 0.01
28.54 (ocaf/b 0.05 o Q) 40
n Q
[C] (my 004 002 2

(c) Nhiét do
Hinh 2. Bi€u d0 phan tich hiéu sudt ma sat clia cap ma sat nguyén mau
_.2.3. M6 hinh thiét ké thir nghiém bé  nguyén vimd dang parabol khong déi xing, ban
mat dap ing phan hoi nguyét, tam gic, tru tron cé ctra mé hinh elip,

Can ctr vao mdt sO nghién cru va qua trinh tron... (nhttng nghién ctu lién quan)
nghlén ciru kiém tra khao sat mf)t s6 don [Ezhllmaran V. et al (2018), Fiaschi. G et al
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(2019); Jonathon, et al (2016); Lé Van Loi va
nnk, (2022), Lé Van Loi va nnk, (2022); Lé Van
Loi va nnk, (2023); Yu Yinghua, Yang Shuaibin,
Cao Maolin, Shen Jiaxing, Nguyén Vin Tan,
(2022)], nhén thiy don nguyén két ciu vi mo
dang parabol khong déi xtrng véi cliva mé hinh
elip c6 hé s6 ma sat va kha nang chiu tai tot hon,
do dé trong nghién ctru nay tac gia di sau vao
giai quyét bai toan t6i wu véi don nguyén vi mo
dang dang parabol khong déi xing cé ctra mé
hinh elip (goi tat1a EOOPT). Theo phan tich hinh
dang va kich thwéc trong qué trinh xay dwng két
ciu trong nghién ctiru trwéc [Lé Van Lgi va nnk,
(2022)], 6 tham s6 anh hwdng cta ciu tric két
cdu d3 dwoc chon lan lwot: ban kinh dai, ban
kinh ngan, d6 léch, dd sau va khoang cach gitta
hai hang két ciu lién ké theo hwéng chu vi va géc
phéin bé két ciu. Muc dich cda viéc t6i wu hda
trong nghién ctru nay la chirng minh bé mat goi
truot c6 két cdu vi mo tot hon so véi goi truot
khong c6 két cdu vé hiéu suit chiu lwc, hiéu suat
ma sat va mai mon va tang nhiét d¢ cia mang
dau boi tron, do dd, ap suit chiu lyc ciia mang
dau ctia cdp goi trwot co6 két cadu vi mo cao hon
so v&i cap goi treot khong c6 két cau, dong thoi
hé s6 ma sat va do tang nhiét do cia mang dau
cuia cdp ma sat c6 két cdu vi md nho hon hé s6
ma sat va sw gia tang nhiét do cta cap ma sat
khong c6 két cau.

2.3.1. Xay dwng va t6i wu don nguyén
két cdu vi mo

Pon nguyén két cdu vi m6 dwoc xdy dung co
dang parabol khong doi xirng cé cra m¢& hinh
elip (EOOPT- hinh 3) va c6 cac thong s6 hinh hoc
chi yéu bao gom: a, b- lan lwot la ban kinh dai,
ban kinh ngin ctia hinh elip; c- dd dich chuyén
(khoang léch hay khoang cach tir dwong thing
ndi diém thap nhat cta parabol twong ng v&i
do sau mit cat dwong thang ndi diém tAm cua
hinh elip), d- chiéu siu cat lén nhat. Vi elip di
hwéng nén cé thé bién do6i thanh hinh tron, va
parabol khong d6i xirng cé thé bién doi thanh
parabol d6i xirng, hinh tam gidc va hinh ban
nguyét (nhitng hinh cdt nay c6 dwoc trong
nhirng ndi dung nghién ctru lién quan), day cé
thé ting khong gian tdi wu hoa cho cac thong sd
két cdu vi mo, va sau dé thu dwoc cac thong so

két cAu vi mo tdi wu nhitlién quan dén hiéu suit

cla cdp ma sat.
« 7y

.

() (b) (©)
Hinh 3. Hinh dang don nguyén két ciu vi mo
dang parabol khéng d6i xirng

a- hinh 3D; b- hinh chiéu bang; c- mit cat

Can ct vao nghién ctru trwdc [Lé Van Loi va
nnk, (2022)], tién hanh nhiéu th& nghiém mo
phéng kiém tra va két qua cho thay, véi viéc bd
tri cac vung két cdu véi mat do goc 72° phan bo
can ddi trén 2 dai hd tro phia trong mit day goi
trrot cho mang diu cdp ma sat ¢6 kha nang chiu
tai cao nhat, hé s6 ma sat va mirc ting nhiét thap
nhit. Do vy, trong nghién ctru nay, tac gia chi
tién hanh mo6 phong theo so d6 bé tri két ciu vi
mo trén bé mat cdp ma sat (hinh 4-thé hién %
g0i truot), tlirc gia cong trén bé mat day cua goi
trweot. D€ tim ra cac tham sd tdi wu tdt hon, cac
kich thwéc khac nhau va phwong phap két hop
cla 6 yéu to nay dwoc nghién ciru dé xac dinh
kha nang chiu tai téi wu cia bé mat dwéi ctia goi
trrot c6 két cdu vi mo va mirc tang nhiét do cia
bé mat day cua goi truot c6 két ciu EOOPT, 6
bién tham s6 dworc dat thanh 5 cap do, tién hanh
thiét 1ap mirc d6 thwe nghiém gia tri (hinh 4 va
bang 2) thé hién bAng mirc d6 trac nghiém sé véi
6 nhan t6 va 5 mirc do.

7

-

- >

Viing b6 tri
két cau

Hinh 4. So d6 b6 tri két cAu EOOPT trén 2 dai
lam kin
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Bang 2. Mirc d6 kiém tra thi nghiém cac tham s6 két cAu EOOPT t6i wu
Tham so Murc dg
-2 -1 0 1 2
A-Ban kinh dai/ pm 200 250 300 350 400
B-Ban kinh ngin/ um 90 120 150 180 210
C-Db lach /um 30 35 40 45 50
D-DP0 sdu/ um 35 45 55 65 75
E-Khoang cach/ um 900 950 1000 1050 1100
F-G6c phan b6 /° 3.8 43 48 5.3 5.8
Chon thiét ké thi nghiém t6 hop trung tim tham s6 théng qua chwong trinh thiét ké va
(CCD) trong phidn mém Design-Expert dé thiét nhép 40 mo hinh v&i cac tham sé trén tién hanh
1ap va xay dwng phwong an thi nghiém cho bd tirng bwéc thwe hién phan tich moé phdng Ansys
dit liéu mo6 hinh két cdu 3 chiéu tir bang thi Flunet va két qua thu dwgc thong qua phan tich
nghiém 5 mic 6 tham to trén, lwa chon 40 bo mo phong dwoc trinh bay trong bang 3.

Bang 3. Két qua mo6 phdong phéan tich anh hwdng tham s6 két cau t6i wu dén tinh nang cdp ma sat goi
trwgt-dia nghiéng

Tham sd két ciu Két qua
TT A B C D E F | Taitrong | Nhiétdo TB | Hé s6 ma sat
(um) | (um) | (pm) | (um) | (um) | (°) (Pa) &Y

1 300 150 35 55 1000 | 4,8 | 12473571 111,869 0,00369
2 200 90 30 75 900 3,8 | 12206524 112,786 0,00377
3 200 90 30 35 1100 | 3,8 | 12155073 112,997 0,00378
4 400 210 50 35 1100 | 3,8 | 12906554 110,624 0,00357
5 300 150 40 55 1000 | 4,8 | 12473571 111,869 0,00369
6 200 | 210 30 35 1100 | 5,8 | 12370312 112,529 0,00373
7 200 | 210 30 75 1100 | 3,8 | 12747572 111,580 0,00362
8 400 | 210 50 35 900 58 | 12669095 111,573 0,00364
9 300 150 40 65 1000 | 4,8 | 12492899 111,970 0,00369
10 300 150 40 55 1000 | 4,8 | 12473571 111,869 0,00369
11 300 150 40 55 1000 | 4,8 | 12473571 111,869 0,00369
12 200 | 210 30 75 900 58 | 12531518 112,125 0,00368
13 300 120 40 55 1000 | 4,8 | 12340201 112,390 0,00373
14 200 90 30 35 900 58 | 12112711 113,113 0,00379
15 400 90 30 75 1100 | 3,8 | 12348812 112,648 0,00374
16 300 150 40 45 1000 | 4,8 | 12440969 112,165 0,003706
17 | 400 | 210 30 35 900 3,8 | 12950691 110,437 0,00356
18 200 | 210 50 75 1100 | 5,8 | 12511025 112,256 0,00368
19 200 | 210 50 35 900 3,8 | 12554034 112,035 0,00367
20 300 150 40 55 950 4,8 | 12479246 112,040 0,00369
21 400 90 50 75 1100 | 5,8 | 12222855 112,604 0,00376
22 300 150 40 55 1000 | 4,8 | 12473571 111,869 0,00369
23 400 | 210 50 75 900 3,8 | 13167150 109,510 0,0035
24 | 350 150 40 55 1000 | 4,8 | 12673571 111,870 0,00363
25 300 150 45 55 1000 | 4,8 | 12467068 112,090 0,00369
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26 | 300 | 150 | 40 55 | 1000 | 4,8 | 12473571 111,869 0,00369
27 | 400 | 90 50 35 | 900 | 3,8 | 12310859 112,993 0,00386
28 | 400 | 210 | 50 75 | 1100 | 5,8 | 12972571 109,930 0,00356
29 | 250 | 150 | 40 55 | 1000 | 4,8 | 12408834 112,320 0,00371
30 | 300 | 180 | 40 55 | 1000 | 4,8 | 12619466 111,700 0,00365
31 | 300 | 150 | 40 55 | 1000 | 5,3 | 12444064 112,160 0,0037
32 | 300 | 150 | 40 55 | 1000 | 4,3 | 12520486 111,900 0,00368
33 | 400 | 210 | 50 35 | 900 | 3,8 | 12936467 110,559 0,00356
34 | 200 | 90 50 75 | 900 | 58 | 12134029 113,063 0,00379
35 | 300 | 150 | 40 55 | 1050 | 4,8 | 12468155 112,070 0,00369
36 | 200 | 90 50 75 | 1100 | 3,8 | 12188842 112,864 0,00377
37 | 400 | 90 30 35 | 1100 | 5,8 | 12193769 112,789 0,00377
38 | 300 | 150 | 40 55 | 1000 | 4,8 | 12473571 111,869 0,00369
39 400 90 30 75 900 5,8 | 12240893 112,554 0,00375
40 200 90 50 35 1100 | 5,8 | 12100618 113,164 0,0038

2.4. Nghién ciru quy luat anh hwdong
cta cac tham so két cau dén hiéu suat cta cap
ma sat

Ttr bang 2 cho thdy, s6 liéu tham sé dic trung
cia két ciu bé mat EOOPT t6i wu ddi véi tai
trong, nhiét d6 va hé s6 ma sat. D€ xac dinh quy
luat dnh hwdng cla cac tham sé dac trueng khac
nhau dén nhiét d6, kha ning chiu tai va hé sé ma
sat, xay dung d6 thi quan hé cac tham sé dac
trung clia két ciu vi mé déi véi tinh nang ma sat.
Nhan thiy, ton tai rit nhiéu quan hé gitra cac
tham s6, trong d6 sw bién do6i cia ban kinh dai,
ban kinh ngan, d6 1éch va do sau, mat do két cdu

c6 xu hwéng tac dong nhw thé nao, cé xuat hién
giao thoa hay khéng, tirc s twong tac gitra cac
yéu to trén dén cac muc tiéu nhw thé nao sé
dwoc phan tich cu thé dwi day.
2.4.1 Quy luit anh hwéng cta cac tham s6
dén kha nang chiu tai cia mang dau

Theo s6 liéu & bang 3, thong qua qua trinh
phan tich thwc nghiém két qua trén phian mém
Design-Expert, xdy dwng dwoc phwong trinh héi
quy da thirc bic hai vé sy anh hwéng cua cac
tham s6 khac nhau déi véi tai trong mang diu
cap goi trwot cia bom piston:

R1=6.731x10° —12855.354A+4510.074B—-51340.23C +20746.10D +
+9875.18E +1.960x10° F +9.6517AB —1.6128AC +4.0752AD —
—0.089796 AF —125.38736 AF —9.822BC +33.61466 BD +0.46146BE —
—598.4288BF +24.2756CD —0.76492CE +87.0805CF —1.915DF —
—428.954DF +15.50969EF +22.0212 A*—7.01779B* —633.2C* -
—192.155D* —4.9796FE* —15498.038F*

So d6 phén tich do tin ciy cia mo hinh hoi
quy da thirc bac hai tai trong thu dwoc bang mo-
dun thiét ké dwoc thé hién trong (hinh 5),
dwong thang mau den 12 gia tri dw doan va cac
hinh vudng mau la gia tri thyc té€ thu dwoc tir
thtr nghiém, c6 thé nhan thiy gia tri dw doan cta
hé thong va gid tri thuc té thu dwoc tir thi
nghiém vé co ban trung nhau trén mot duong
thang, tir d6 c6 thé cho biét dd chinh xac, mic
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(13)

do phu hop cao va mé hinh xay dung cé do tin
cay cao.

Biéu d6 bé mat dap &ng 3D vé anh hwdng clia
suw twong tac gitra 6 tham s6 dén kha nang chiu
lwc cia mang dau dwgc phén tich trén phin
mém Design Expert, nhw trong (hinh 6).
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Hinh 6. Bé mit dap &ng cta cac tham s6 két cdu doi véi tai trong mang dau

Thong qua mo phéng va két qua phin tich
mirc d0 bé mat dap &ng trén phin mém thiy
dwoc thi tw anh hwdng ciua 6 tham sé két cau
dén kha nang chiu tai cia mang diu la: Ban kinh
ngin (B) > ban kinh dai (A) > goc phan bd két
ciu (F) > d6 sau (D) > khoang cach két cau (E) >
dé 1éch (C).

R2=+0.00538+4.446x10°A4-3.261x10°

2.4.2 Quy luat anh hwéng cta cac tham s6
dén hé so0 ma sat cia mang dau

Twong tw nhw trén, phwong trinh hoi quy da
thirc bac hai vé sy anh hwdng ctia cac tham sé
khac nhau doi véi hé s6 ma sat mang diu cdp goi
trwot cia bom piston:

B-3.633x10°C+12x10°D—

—2.38x10°E—149x10°F —4.486x10” AB+5.392x 10" AC —
-1.103x10°AD+1.116x10"° AE +1.116x10™° AF —1.544x10° BC —

—2.0006x10°BD+ 1.404x10°BE +3.486x107 BF —1.179x10°%CD -

(14)

—1.535x10°CE+ 9.6408x10°®CF +3.5157x10 " DE +3.515x 10 DF —
—1.1949%x10°EF —6.938x107° A% +2.948x10°B*> +1.0611x1077C? +
+1.0652x107 D*+1.0611x10°E? +0.000011F?

350803 _| Design-Expert® Software

Hé s0 ma sat

Color points by value of
Coefficient of friction

00035 [ 000386

380603 _|

370803 _|

Gia tri du doan

3.60€-03 _|

3.50€-03 _|

3.406-03 _|

T T
0.0034 0.0035

T T T T
0.0036 0.0037 0.0038 0.0039

Gid trj thie té

Hinh 7. M6i quan hé so sanh gitra gia tri dw doan va thwc té cia hé s6 ma sat
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Thong qua md phdéng va két qua phéan tich 2.4.3 Quy luit anh hwéng cta cac tham s6
mirc d0 bé mat dap &ng trén phian mém thuc dén nhiét d6 cia mang dau
nghiém cho thay, th tw &nh hwdng cia 6 tham Twong tw nhw trén, phwong trinh hoi quy da
s6 két cdu dén hé s6 ma sat cia mang diu la: Ban thirc bac hai vé sy anh hwdng cia cac tham sé
kinh ngdn (B) > ban kinh dai (A) > d6 sau (D) > khac nhau d6i véi mic do gia tang nhiét do
goc phan b6 (F) > do 1éch (C) > khoang cach két mang dau cdp gbi truot cia bom piston:
ciu (E).

R3=118.357-0.01234—-0.0182B +0.2386C —0.0508D—0.0123E +0.3305F
—47x10°AB-27x10°AC-21x10°AD+3x10°AE +22x10° AF —
—3x107°BC —6x10°BD+6.898x10°BE +0.003BF —338x10°°CD—
—29%10°°CE +0.0036CF +32x10°DE +0.001DF —46x10 °EF +
+22x107° A* +5.799x107°B*-0.00239C* +0.000277D* +6.087x 10 *E*
—0.039F?

(15)

114

iDzsign-Expert@ Software
13| | Nhiét 46 TB/°C

icolor points by value of
| Temperature

i1095| | | RRER[H

112

Gia tri du doan

m

110

109 _|

T T T T T T
109 110 m 112 13 14

Gié tri thue té

Hinh 9. M6i quan hé so sanh gitra gia tri dw doan va thyc té cia nhiét d6 TB
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Hinh 10. Bé mat dap &ng ctia cac tham s6 két cdu doi véi nhiét d6 mang dau
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Thong qua mo6 phong va két qua phan tich
mirc d6 bé mat dap &ng trén phin mém thiy
dworc thit tw &nh hwdng ctia 6 tham s6 két ciu
dén mirc d6 gia tang nhiét 6 mang diu l1a: ban
kinh ngan (B) > ban kinh dai (A) > d6 sau (D) >
goc phan bé (F) > do 1éch (C) > khoang cach két
ciu (E).

3. T6i wu héa tham s6 két ciu dwa trén thuit
toan ca voi

3.1. Nguyén ly tdi wu héa thuit toan ca
voi

Nam 2016, Gido su Seyedali Mirjalili can c
vao qua trinh sin moi cda ca voi lung gu, da dé
xudt mot thuit todn tdi wu hoa toan cuc ca voi
(WOA) [Mirjalili. S, lewis. A, 2016], va thé hién
hanh vi sin méi nay bang mot phwong phap mo
hinh todn hoc bao vay con méi, kiém dn bang
lw¢i bong bong xodn 6¢ va tim kiém con moi
(hinh 12). Cac hanh vi san moi cta ca voi cling la
yéu t6 chinh trong giai thuit nay, bao gom: (1-
Theo dai va ti€ép cdn con moi; 2-Truy dudi, bao
vay va quay nhiéu con moi cho dén khi con moéi
di chuyén; 3-T4n céng con moi).

Hinh 12. So @6 sdn moi bang lwdi bong bong
x04n 8¢ cla ca voi lung g

- Giai doan bao viay con méi: sau khi xac

dinh dwoc ca thé tim kiém t6t nhat, cac ca thé

khéc sé cip nhat vi tri cia minh theo c4 thé tim

kiém t6t nhat d6. Hanh vi nay dwoc thé hién béi
cac biéu thirc sau:

T):‘E.X* (t)—)?(t)‘

X' (t+1)=X"(t)-AD

Véi t 1a vong 1ap hién tai; Ava C 1a cac

(16)
(17)
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vecto hé s8; X" (t)1a vecto vi tri t8t nhét dat
dwoc; X(t)1a vec to vi tri. Quan trong & day la
X" can dwoc cap nhat trong mbi (t+1) lan lip

néu c6 két qua tdi wu hon. Vec to A va C dwoc
tinh nhw sau:
A=2ar-a (18)
C=2r (19)
trong do: r 1a mét vecto ngau nhién trong
khoang [0,1] va a la hé s6 chi dinh c6 do dai
modun giam tuyén tinh tir 2 vé 0 trong qua trinh
tinh toan.

- Giai doan san mdéi: qua trinh sin méi cua
c4 voi lung g duwoc thé hién bang 2 co ché
chinh:

Co ché thu hep vong vay: hanh vi nay cé thé
dat dwoc bang cach gidm gia tri cia a trong
phwong trinh (18). Gia tri cua a gidm tir 2 xuéng
0 trong qua trinh lap, do d6 A sé nhan gia tri
trong khoang [-a; a]. Chinh vi vay, vi tri mé&i ¢
thé dwgc dinh nghia bat ¢ noi nao gitra vi tri
ban d4u va cac vi tri tot nhit hién tai.

X*-AX, Y X*,Y X, ¥
® ®
A=14Q 9
A=0.8 9
AL06
@
As0.4 ’
X*AX, Y* @ A0 2ey @ XY
x{. v¢|
® L ®
X*.AX, Y*AY X* Y*.AY X, Y*-AY

Hinh 13. Vi tri t8i wu trong khong gian 2D
Co ché cip nhat vi tri theo hinh xo0an é&c:
ngoai viéc cAp nhit vi tri so v&i con moi theo quy
dao hinh tron, ca voi lwng gu con tié€p cin con
moi theo quy dao hinh xo0idn 8c. Phwong trinh
hinh xo#n 8¢ nhu sau:
X(t+1)=D"e".cos(271)+ X" (t)
D'=\X*(t)—x(t)\
trong d6: D' chi ra khoang cach cua con
ca voi thit i t&i con mdi; b 12 hing s6 xac dinh

(20)
(21)
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hinh dang ctia dwong xoan 6c 16-ga-rit; 1 1a mot trinh bay & cac biéu thirc (16), (17), (20), (21) ta

s6 ngau nhién nam trong doan [-1, 1]. c6 duoc:
Phwong trinh cdp nhat vi tri cta ca voi
x A lwng gu:
A T - X'(t)-AD <0,5
A Cik *,Y) X(t+1)= (bl) o ’ (22)
/ /’;\‘\\ ® ’ D'e .cos(27zl)+X (t) p>0,5
‘ <(D \“ @;/ ; / D / V&i p 12 s6 ngau nhién nam trong khoang
\ ke Tt g [0; 1]
% ,/"/ Giai doan tin cdng con méi: khi tin
| o céng con moi, md hinh toan hoc dwgc thé hién
oW nhu sau:
- E = E-?(rana’ _}‘ (23)
0.5 -1 1 l — — -
X(t+1)=Xrana —A.D (24)

Hinh 14. Cap nhat vi tri theo hinh xodn &c . .
Gia dinh rang c6 xac suit 50% ca voi lung gu trong do: X rand 12 mot vecto ngau nhién (ca
s& lwa chon mot trong hai co ché chuyén dong ~ Vvoi ngau nhién) trong quan thé.
Lwu d6 thuit gidi cua thuit toan dwoc thé
hién trén hinh 15.

BAt dAu | Khditaoquan thé
ban dau

Cap nhat c4 thé tim
kiém tb nhat

Capnhatpva A

Cap nhat vi tri c4 thé theo cong _ No Yes
thac (20) va (21)

Céap nhat vi tri Cap nhat vj tri
c4 thé theo céng thire ca thé theo cang thirc
(16) va (17) (23) va (24)

Yes No | Travégiétrica thé va vitri tim _
kiém tbt nhat

Hinh 15. Lwu d6 giai thuit ctia thuat todn téi wu WOA
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~3.2. Thiét 1ap mé hinh t6i wu héa tham
s6 két cau

Nhuw phén tich & trén, ching ta biét mirc do
anh hwdng cla cac tham s6 dic trung cia két
ciu vi mé dén kha nang chiu luc, hiéu suit ma
sat va sy gia tang nhiét do cua cdp ma sat, nhan
thiy cé sw khac biét ré rang vé mirc do anh
hwdng cua 6 tham so dic trung d6i véi 3 chi tiéu
anh hwéng. Muc dich cta nghién ctru nay la giai
quyét bai toan cic tham so6 két ciu t6i wu, sau
khi t6i wu cac tham sé thu dwoc tinh ning cua
mang diu cdp ma sat goi truot-dia nghiéng cia
bom piston hwéng truc nhw kha nang chiu tai,
hé s6 ma sat va su gia tang nhiét do la tot nhat.
Do dé, 1dy kha nidng chiu tadi mang diu la toi da,
hé s6 ma sat t6i thiéu, d6 tang nhiét do t6i thiéu
ciia mang diu cap gbi trwot bom piston hwéng
truc cé két ciu vi mo6 1am ham muc tiéu; ban kinh
dai, ban kinh ngan, do siu va do léch cta két cdu
EOOPT, khodng cach gitra hai hang két ciu lién
ké va goc phan b6 la cac bién tham s6. Kha ndng
chiu tai cia mang dau trén bé mit day cua goi
trieot cd két cdu vi mé todi wu cao hon so voi bé
mat day cta goi trwegt khong két ciu; hé s ma
sat va mirc tang nhiét d6 ciia mang diu cdp ma
sat ¢ két cdu EOOPT t6i wu déu nho hon so véi
bé mat khong két ciu, tién hanh thiét ké toi wu
héa da muc tiéu cac tham s6, thu dwoc cac tham
s6 dac trueng cua két cdu vi mo EOOPT téi wu. Do
d6, mod hinh todn hoc ctia bai toan toi wu héa da
muc tiéu dwoec thiét 1ap:

minF (P)=[~£, (P). £,(P). £,(P)]
f,(P)>10824542,3
f,(P)<120,83
f;(P)<0,00423
P=[P,P,P,P,, PP
200um <P, <400um
90um<P,<210um
30um<P, <50um
35um< P, <75um
900um<P, <1100um
3,8°<P, <5,8°

(25)
S.T
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Trong d6: f, (P): ham muc tiéu kha nang
chiu lwc cia mang dau mét day cda goi truot cd
két cdu vi md, Pa; f, (P): ham muc tiéu nhiét d6
TB ctia mang dau cdp goi truot c6 két cdu vi mé,
°C; f,(P): ham muc tiéu hé s6 ma sat ctia mang
dau mat day cua géi truot c6 két cdu vi mo;
P,P,,P,P,,P,P,: lan lwot la ban kinh dai, ban
kinh ngén, do léch, do sau, khoang cach giita hai
hang két ciu, va goc phan b6 ctia két ciu EOOPT.

M6 hinh toan hoc t6i wu héa da dwoc thiét1ap
thong qua thuit todn t6i wu hda ca voi, cudi ciing
thu dwgc gid tri cic tham s6 két ciu vi mo
EOOPT t6i wu. Can cir theo cac diéu kién toi wu
héa & trén, bai todn toi wu 6 tham sé dic trung
ctia két cdu EOOPT dwoc giai quyét, tién hanh
dwa vao phwong trinh thuit toan t6i wu, thu
dwoc gia tri cac tham s6 toi wu nhw sau: ban kinh
daila 400,253 um, ban kinh ngan 12 209,836 pum,
do sau la 75,247um, do léch la 49,148um,
khodng cach hai hang két ciu lién ké la
1086,739um va gbéc phan bd 1a 5,636°. Tién
hanh lam tron cac tham s6 dac treng dé thuin
lgi cho qua trinh mé phéng phan tich va gia cong
ta thu dworc: ban kinh dai 1a 400,25 pum, ban kinh
ngan 13 209,83 um, d6 sau la 75.25um, dd 1éch 1a
49.15um, khoang cach hai hang két ciu lién ké
la 1086,75 pm va goc phan bo 1a 5,6°.

3.3. Két qua va thao luin

Can ctr cac tham so dic trng t6i wu thu dwoc
sau khi téi wu hoéa trong phan truéec, tién hanh
xdy dwng lai m6 hinh cda cap goi truot véi két
cdu EOOPT t6i wu, va tién hanh phéin tich mé
phéng, viéc xy dwng diéu kién bién va phan
chia lwéi trong qua trinh moé phdéng giong nhw
cai dit cia cip ma sat nguyén mau. Kha ning
chiu lwc, hé s6 ma sat va nhiét do trung binh cua
mang diu cdp ma sat thu dwoc bang mo6 phong
va tinh toan lai theo cac cong thirc lién quan véi
cac tham s6 ddc trung EOOPT t6i wu lan lwot la
12981635,42Pa; 0,00354 va 109,39°C. Biéu do
thé hién tinh ning cla cip ma sat goi trwot voi
két cAu EOOPT tdi wu dwoc thé hién trén hinh
16.
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T hinh 16(a) c6 thé nhan thiy riang kha
nang chiu lwc cua khu vue bo tri két cdu vi mo
trong bi€u d6 dam may ap suit c6 sw gia ting
manh, do d6 cai thién kha nang chiu lyc ctia toan
bd cdp ma sat goi trwot cia bom piston huwéng
truc; Tir hinh 16(b) c6 thé thiy (rng suit cat
giam dang K€ tai bé mit cip ma sat véi viung két
cdu trén biéu do6 may rng suit cit, can cir theo
céng thirc tinh hé s6 ma sat cé thé biét khi kha
nang chiu luc gia ting va &ng suit cat (rng suit
gidm, hé s6 ma sat sé giam, do d6 c6 thé gidam ma
sat va mai mon gitra goi trwot va dia nghiéng
mot cach hiéu qua, dong thoi ndng cao hiéu qua
va tudi tho cla cdp ma sat; Ttr hinh 16(c) c6 thé
th4y rang mirc ting nhiét do & khu vuc c6 két
c4u vi mé doc theo hwéng chuyén dong cuia chit
16ng trong biéu d6 ddm may nhiét d6 thap hon
so vGi & khu vuc khong cé két ciu, cho thiy sw
bo tri két cdu vi mo toi wu lam giam nhiét do &
vung lam viéc ctia cdp ma sat.

T cac hinh 16.a dén 16.c, c6 thé thiy rang
cdp ma sat dwoc bo tri két cdu EOOPT t6i wu
nhit théng qua qua trinh phan tich mé phoéng,
thu dwoc kha nang chiu lwc cia mang dau tot
nhit, (rng suit cit gidm va nhiét do trung binh
cling gidm, dan téi lam ting do day ctia mang
dau gitra cdp ma sat. Do mang diu ting lén giira
cac khe hé cda cac cap ma sat nén hinh thanh
ném dau dan dén do day cia mang dau ting 1én
va hé s6 ma sat gidm manh, diéu nay hoan toan

ding theo nguyén ly lam viéc thuc té ciia may
bom va cap ma sat gitra goi trwot-dia nghiéng.
Nhung nguwoc lai, do 4p sudt mang dau tang,
nhiét d6 giam, hé s6 ma sat clia cdp ma sat giam,
khe h& mang diu giira gbi tregt va dia nghiéng
ting 1én, dAn dén hién twong ting manh 4p suit
dau trong qua trinh hiat va xa diu, diy la diéu sé
dan dén lam gia ting lwong ro lot cdp ma sat so
véi cap ma sat trwde khi téi wu hoa. Diéu nay
hoan toan hop ly khi cdp ma sat dwoc gia tang
kha nang chiu tai mang diu, gidm thi€u rng suit
cit, giAm ma sat mon, gidm nhiét d9, c3p ma sat
da dwoec cai thién hiéu suit ma sat, ting tudi tho
mang dau so véi cip ma sat nguyén mau, tuy
nhién ty 1é ro lot la twong déi thap. Tém lai, b
tri két cau vi md toi wu co6 tac déng tich cwc dén
viéc cdi thién hiéu suit chiu tai, ma sat va chong
mai mon, cling nhw giam sy gia tang nhiét do cua
mang dau béi tron.

DE so sanh dnh hwdng ctia két cau vi mo doi
véi viéc cai thién hiéu suit cta cdp goi truwot
bom piston hwéng truc va nghiém chirng tinh
chinh xac ciia mo6 hinh, két qua mo6 phdong cac
tham s6 dic trung t6i wu cla cdp ma sat véi
EOOPT t6i wu dwgc so sanh véi két qua toi wu
dw doan, két qua md phdéng cla cap ma sat
nguyén mau va cip ma sat véi két cdu EOOPT
chwa téi wu, chi tiét dwoc liét ké trong bang 5 va
hinh 17.

Bang 5 So sdnh hiéu sudt ctia cdp gbi tregt bom piston hwéng truc ki€u dia nghiéng

Nguyén Cap ma sat goi trrgt-dia nghiéng c6 két cau vi mo
mau Khéng t6i wu T6i wu Ty 1é Dy doan Sai s
Heé s§ Ty 0,00423 0,00369 0,00354 0,00366
esoma) 7y 3,55% 3,28%
sat 1é -12,76% -16,31%
Tai Ty 10824542,3 | 12473571,23 | 12981635,42 12876620,38
A 4,70% 0,82%
trong/Pa | 1& 15,23% 19,93%
Nhiét do | Ty 120.83 111,87°C 109,39 110,98
o A 2,05% 1,43%
TB/°C | & -7,416% -9,47%
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9500000 - N N 0.0032
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(a) Tai trong (b) Hé s6 ma sat
7.416% 9.47% 2,05% 1.43%
122
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118
116
&)
=
@ 114
H
2112
&
% 110
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Nguyénmau Khéng toi wu

Téi uu Du doan

(c) Nhiét d6 TB
Hinh 17. Biéu d6 so sanh hiéu sudt ma sat cta cap goi truot

Tt hinh 17 c6 thé thiy, kha nang chiu tai, hé
s6 ma sat va nhiét dé trung binh cia mang dau
cdp ma sat bo tri két cdu EOOPT véi cac thong
s6 dic trung t6i wu nhit lin lwot la
12981635,42 Pa, 0,00354 va 109,39°C; So vé&i
cdp ma sat gbi treot nguyén mau, kha nang chiu
tai, hé s0 ma sat va nhiét do trung binh lan lwot
12410824542,3 Pa, 0,00423 va 120,83°C lan lwot
tang 19,93% va giam 16,31% va 9,46%; Sai so
gitra cac gia tri dw doan cia mo hinh vé&i cac tinh
nang 12876620,38Pa, 0,00368 va 110,98°C lan
lwotla 0,82%, 3,28% va 1,43%; So véi kha nang
chiu tai, hé s6 ma sat va nhiét do trung binh cua
cap ma sat v&i két cdu EOOPT chwa t6i wu lan
lwot 1a 12473571,23 Pa, 0,00369 va 111,87°C
no da tang 15,23% va giam 12,62% va 7,416%.
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C6 thé thdy rang, st dung ly thuyét thiét ké
to1 wu hoa cac tham s6 két cAu EOOPT c6 hiéu
qua trong viéc cai thién hon nira cac hiéu suat
cta cdp goi trwot bom piston hwéng truc. Thiét
1ap mé hinh dy doan dwa trén cac tham sé két
c4u EOOPT dac trung cho cac tinh nang lam viéc
cta cap goi truwot bom piston hwéng truc c6 du
d6 chinh xac, c6 thé dw doan cac tinh nang ma
sat cla cdp goi trwot bom piston hwdng truc
dwéi cac thong sé két ciu tuy y. Piéu nay cho
thdy rang cac thong sé két cdu vi mo thich hop
va su bo tri hop ly cla ching trén bé mat cap goi
trwot bom piston hwéng truc, cé thé cai thién
dang ké hiéu suit cta cdp ma sat goi trwot ndi
riéng va hiéu suit 1am viéc cia bom ndi chung.
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3.Kétluin

Bai bao da gidi thiéu ly thuyét phén tich bé mét
dap &ng va str dung phin tich Iy thuyét bé mat dap
trng dé thiét ké thwc nghiém 5 cip do 6 yéu té cho
két cdu EOOPT va tién hanh 40 bd thir nghiém méo
phong va thu dwoc két qua mo phong cla tirng
nhom vé kha nang chiu tai, hé s6 ma sat va nhiét
dd trung binh. Sau d6, da nghién ctru quy luat va
murc dd anh hwdng cta cac tham s6 két ciu EOOPT
dac trung déi vai hiéu suit chiu tai, hiéu suit ma
sat va mon va mic do gia tang nhiét do. Trong mo
hinh t6i wu hda, kha ning chiu tai cia mang diu
cap gbi trwot bom piston hwdng truc 250SCY14
sau tdi wu héa 1a 16n nhit, hé sd ma sat nhé nhit,
lwong ro lot nhé nhat va mirc d6 gia ting nhiét do
dwoc xem xét d€ tién hanh tdi wu héa muc tiéu va
dwa ra két luin sau:

(1) Thir tw dnh hwdng ddi véi kha nang chiu tai
mang dau: ban kinh ngin (B) > ban kinh dai (A)
> gbc phan bo (F) > d6 sau (D) > khoang cach vi
ciu truc (E) > dd 1éch (C);

(2) Thir ty anh hwdng déi véi hé s6 ma sat
mang dau: ban kinh ngin (B) > ban kinh dai (A)
> d6 sau (D) > goc phan bé (F) > do 1éch (C) >
khodng cach két ciu (E);

(3) Thit tw anh hwdng doi véi nhiét dd6 mang
dau: ban kinh truc nho (B) > ban kinh truc lé6n
(A) > do sau (D) > goc phan b6 (F) > d6 1éch (C)
> khodng cach két ciu (E);

(4) Sy két hop t6i wu cia cac tham s6 EOOPT
dac trwng: ban kinh dai: 400,25 um, ban kinh
ngan: 209,85 um, do sau: 75,25 um, do léch:
49,15 pm va khoang cach hai hang két cau lién
ké: 1086,75um va goc phén bo: 5,6°;

(5) Ap suat chiu luc ctia cidp géi trueot bom
piston hwéng truc c¢6 tham sé két cdu EOOPT
dac trung toi wu nhit 1a 12981635,42Pa, cao
hon 19,93% so v&i cip ma sat nguyén mau 1a
10824542,3Pa; hé s6 ma sat 1a 0,00354 so voi
cdp ma sat nguyén mau 1a 0,00423, thdp hon
16,31%; nhiét do trung binh c3p ma sat két cau
t6i wu la 109,39°C, thap hon 9,46% so véi nhiét
dod trung binh cla cip ma sat nguyén mau la
120,83°C;

Két qua nghién ctru cho thay, viéc str dung ly
thuyét thiét ké t6i wu héa da muc tiéu cic tham
s6 két cAu EOOPT cé hiéu qua trong viéc cai
thién hon nitra hiéu suit ctia cip ma sat bom
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piston hwéng truc va bé tri két cdu EOOPT véi
cac tham sé hop ly trén bé mat cia cdp ma sat
c6 tac dong tich cwc nhat dinh dén viéc cai thién
hiéu suit lam viéc ctia né. Thwc nghiém két qua
thwc t€ nham danh gia két qua phan tich mo
phdéng va tinh toan ly thuyét thwc nghiém la
buwdc tiép theo cia nghién ctru nay.

Poéng gop caa cac tac gia
Lé Van Loi - 1én y twdng tinh toan thiét ké va

viét phan phwong phdp va hoan thién ban thao;

XuPing - kiém tra xay dwng chwong trinh tinh

toan, mo6 phong va phan tich danh gia; Yu

Yinghua - kiém tra xay dwng chwong trinh tinh

toan, moé phéng va phan tich danh gia; Nguyén

Duy Trung- loc va kiém tra dit liéu bat 16i

chwong trinh; P6 Trung Hiéu - loc va kiém tra

dir liéu bat 16i chwong trinh, bién tap va ra soat
ban thao; Nguyén Thanh Tuin- bién tip va ra
soat ndi dung ban thao.
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NGHIEN C0'U THUAT TOAN DE XAY DUNG PHAN MEM TINH TOAN
CO CAU NANG

Nguyén Van Tinh 1%, Pham Quang Diing
1 Khoa Co khi, Trwong Dai hoc xdy dwng Ha Noi, 55 dwong Gidi Phong, qudn Hai Ba Trung, Ha Nji

TOM TAT

Co cdu ndng dwoc siv dung trong nhiéu loai mdy xdy dwng, ddc biét la mdy ndng. Viéc tinh todn thiét ké co
cdu ndng hién nay cht yéu thuc hién thii cong, thoi gian tinh ldu, chwa lwa chon dwoc phwong dn va thiét bi
hop Iy, khd ndng dan dén sai sét rdt cao. Trén co s& cdc tiéu chudn va tai liéu chuyén nganh, nhém nghién
cttu xdy dwng thudt todn tinh todn thiét ké co cdu ndng theo hwéng khd thi trong diéu kién vdt tw thiét bi
trong nwéc. Dwa trén thudt todn dd xdy dwng, bwdc ddu Idp trinh tinh todn logi co cdu ndng théng dung trén
mdy tinh. Két qud tinh todn véi mot s6 yéu cdu thiét ké khdc nhau cho thdy, thoi gian tinh chwa ddy 1 s twong
ttng véi khoi lwong céng viéc ma mot ky sw thiét ké phdi thwce hién trong mét khodng thoi gian dai (khodng
3 ngay). Phdn mém c6 thé trng dung xdy dwng cdc nhiém vu thiét ké d dn cho sinh vién hodc dp dung tinh
todn thiét ké co cdu ndng mdi, tinh todn kiém tra, thdm dinh thiét ké'tai cdc co sé thiét ké, ché'tao, vién nghién
ctiu mot cdch nhanh chéng véi sé liéu hop ly.

Tir khoa: Co ciu nang; Can truc; Thut toan; Chwong trinh tinh toan; Phan mém tinh toan.

thuat toan va xay dung phan mém tinh (Nang va
nnk, 2022). Tuy nhién, chwong trinh tinh toan nay
Co cau nang la co cau khong thé thiéu trong cdc  phi hop véi viéc lwa chon nhanh thiét bi don vi
loai mdy va thiét bi nang ha, nhw cac loai can truc  cung c4p c6 sdn dé tinh todn nhanh gia thanh. Ngoai
tw hanh, cau truc, cong truc,... Trong Hinh 11amét  ra, mot s6 cong ty c6 mua phan mém tinh toan co
co cdu nang dién hinh dang dwgc chétaovaldp dit  ciu nang tir nwéc ngoai. Viéc sit dung phin mém
thir nghiém tai mot xwéng san xudt co khi trong  nay vira dit vira phu thudc vao tiéu chudn va cach
nuéc. Co cau gom dong co dién, phanh, hop gidm  tinh ctia ho (khdng can thiét dwoc vao chwong
toc, cum tang cudn cap, cum moc treo va cac truc  trinh). Vi vay viéc nghién ctru thuat toan xay dung
truyén, khép noi, goi do. phan mém tinh toan co cdu ning dé tim ra phwong
Viéc nghién cttu thuat toan va xay dung phan  4n thiét ké&, thong s6 va thiét bi hop ly nhat c6 y
mém tinh todn co’ ciu ning gitip cho nguoi thiétké  nghia khoa hoc va thuc tién.
c6 dugce két qua tinh toan chinh xac, nhanh gon va Co cdu nang trén cac loai can truc ndi chung rit
dé tim ra phwong an thiét ké hop 1y tuy theo khd  da dang, song hién nay co c4u ning véi phwong an
nang cung tng vat tw thiét bi trong thuc té. Thudt st dung dong co dién ba pha din dong tang cuén
toan va phan mém tinh todn conla co so détiéntéi  cap thong qua hdp gidm tdc nhw co cdu nang trén
tw ddng hod tinh toan va thiétké tdi vu cocdunang.  cau truc 1a phd bién nhét. Pay ciing 1 d6i twong dé
O Viét Nam hién nay, nhu cau tinh todn thi€t k€  nghién ctru thuat toan tinh toan va xay dung phan
co cdu nang noi riéng, cac loai may nang néi chung  meém tinh toan thiét ké co ciu nang theo hwéng kha
1a rdt 16m, song thuc t& thwdong phai tinh bang tay  thi trong diéu kién vat tw thiét bi hién nay.
hodc mét s6 don vi thiét ké tw 14p ra cac bang tinh Trong nghién ciu nay, mét thuit toan tinh toan
san trong Excel d€ thao tac lwa chon mot s thong  thiét ké co cdu nang dwoc gidi thiéu véi cac nguyén
s6 cling nhu thiét bi ma chd yéu dwa theo kinh  tic tinh toan, lwa chon va téi wu thong s6 dwa trén
nghiém va thiét bi c6 sdn ctia don vi minh. Nghién  co sé 1y thuyét tinh toan thiét ké co cdu nang 1a tiéu
ctru irng dung tin hoc trong viéc tinh toan lwa chon  chuin (TCVN 4244-2005, 2005) va cac tai liéu
thiét bi clia co' cdu nang cau truc da thiét 1dp cdc  chuyén nganh (Chinh va nnk,, 2002; Giang, 2019;
187
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Scheffler, 1994). Ttr thuét toan dé xuat, nhém buwéc
dau thuc hién 14p trinh xay dwng phdn mém tinh
toan va tinh toan thir nghiém, so sanh va danh gia
hiéu qua.

R ——

Hinh 1. Co cAu ning dang dworc ché tao tai xwdng.

2. Thuit toan tinh toan co’ ciu nang

2.1. Gidi thiéu chung thudt todn tinh todn co’
cdu ndng

Nhip sé lidu: Q, v,

H, CB%, dk khac

Chon: So 48 mic cép;
Sodb din déng

””””””””” Chon déng co; fo=1

Chon céc kich thwéc clia i>m
tang va puly; jo=1

J+

i=i+1,

Kiém tra
bén tang

|
Thwr
vién

% Av JE
¥+

Kiém tra quéd
tai HGT

¥+

H

3

IL ,,,,,,,,,,,,,,,,,,,,,,, Tinh chon Tinh todn thiét k& ba
phanh truyén ngodi hodc HGT

Tinhchon g ______ Thu
Khéb néi vién

Tinh chon cic cum
chi tiét con lai

Xudt 56 liéu

Hinh 2. Thudt todn tinh todn thiét ké co’ cdu ndng.

Sor @6 thuét toan tinh todn co ciu ning dé xuit
dwoc thé hién trén Hinh 2. Thuit todn dwoc chia
thanh bon khéi chirc ndng: Nhip so6 liéu, thuw vién,
khéi tinh todn va xuat s6 liéu.

Khdi chitc ning tinh to4an dwoc sdp xép thanh
trng nhom: Nhom c6 vong ldp dwoc dat riéng va
nhom c6 théng s6 it bi danh hwdng trong qua trinh
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tinh toan dwoc dit sau cung do do sé giam thiéu
dwoc s6 lan tinh todn va thoi gian tinh sé nhanh
hon.

Buéc tinh trong thuat todn 1a hitu han cho nén
s& cho két qua phut hop nhit sau médi lan tinh to4n
thiét ké.

D€ thuit toan cho két qua nhanh, da dang cac
loai thiét bi, phwong an va kinh té thi cin xay dung
mot thw vién cic phwong 4an dan dong, mic cap,
thong so cacloai thiét bi lwa chon. Thw vién sé dworc
cap nhat thuwdong xuyén.

2.2. Cdc théng s6 cho trworc

Cac thong s6 can biét trwde khi tinh todn thiét
ké co cu nang:

- Tai trong nang Q (tin);

- Van t6c ning v (m/ph);

- Chiéu cao nang H (m);

- Ché do lam viéc CP (%);

- Cac diéu kién dic biét khac: Nhiét do cao, am
wét, an mon,...

2.3. Nguyén tdc tinh todn trong thudt todn

Nhitng thiét bi trong co cdu dwgc tinh toan,
kiém tra théa min cac diéu kién theo (Chinh va
nnk, 2002; Giang, 2019; Scheffler, 1994; TCVN
4244-2005,2005). Nguyén tic chung 1a thdng s6 va
thiét bi lwa chon 1a nhé nhit c6 thé. Ngoai ra, doi véi
cac thiét bi cu thé, thuat todn tinh todn lwa chon
theo nguyén tic sau day.

2.3.1. Chon sor d6 mdc cdp, so' dd dén déng va cdp

Can cr vao tai trong ning Q dé lwa chon boi suit
paling twong Gng v&i loai paling va so do dan
dong. Tuy nhién, néu mudn str dung so d6 dan dong
va loai paldng khac nguoi thiét ké cé thé lwa chon
trong thw vién cia chwong trinh. Trén co s& so do
mac cap da chon va tai trong ning, thuit toan tinh
lwe cang cap 16m nhat va lwa chon cap thép. Loai cap
thép st dung lwa chon 12 loai c4p thép c6 san trén
thi treong hién nay va da dwoc liét ké trong thw
vién.

2.3.2. Tinh chon dbng co

Sau khi tinh c6ng suit déng co, tién hanh lwa
chon ddng co véi nhirng wu tién sau:
- Kiéu déng co: Kiéu roto diy cudn.
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- Céng suit dong co chon 1ém hon va gan véi gia
tri tinh todn nhét.
- T6c d6 quay 1ém nhit.

2.3.3. Tinh chon cdc kich thwéc cua tang va puly

Kich thwére sobd cia tang va puly dwgc Iwa chon
véi cac wu tién:

- Gia tri nho nhit theo tinh todn va dwoc lam
tron lén.

- Cac kich thwéc vé chiéu dai, dwong kinh: Chir
s6 hang don vi wu tién s6 0 va 5.

- Kich thwérc vé chiéu day tang: Gia tri lam tron
1én dén mm.

2.3.4. Kiém tra bén tang

Kiém tra bén tang véi két ciu va diéu kién:

- Tang va truc d& tang la mot dam don gian.

- Khi Q < 100 t, khoang cach gitra hai géi cia
tang trong don vi mm chon la

Ly = L; + 200 (1)

Trong dé: L.- chiéu dai tang (mm).

- Cap & vi tri gin véi diém gitra cla tang nhat.

Néu tang khong théa man diéu kién bén,
chwong trinh sé€ quay lai bwéc chon kich thwéc va
chiéu day tang ltic nay dwgc cong thém 1 mm so véi
1an tinh truéc. Clr nhw vy cho dén khi tang dd bén
thi chwong trinh chuyén sang bwéc tinh chon hép
gidm t6c (HGT).

2.3.5. Tinh chon HGT

- Chon HGT thoa mén dong thoi cd bon diéu kién
sau:

+ Ty s6 truyén HGT gan véi ty s6 truyén tinh
toan nhit.

+ Cong sudt cho phép ctia HGT 16n hon va gan
vGi cong suit dong co nhit.

+ Tdc dd cho phép cua truc vao HGT 16n hon va
gan voi toc do dong co nhit.

+ Luc tac dung theo phwong hwdng kinh cia
truc ra HGT nhé hon luc hwdng kinh cho phép.

2.3.6. Kiém tra HGT vé sai s6 % Av va qud tdi

- Kiém tra sai s0 t6c d6 nang theo diéu kién

lv—v
v

et

-100% < 5% (2)

Trong dé: vi:1a vin téc ning thuc té, dwoc xac
dinh nh¢ vao cac théng sé clia cac thiét bi da chon.
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Néu khong théa méan diéu kién nay, thuit todn
sé chuyén qua bwdc thay doi kich thwéc duong
kinh cta tang trong don vi mm

D,=D,+10 3)

twong rng véi s6 1an chon kich thuéc duwong
kinh

j=j+1 4)
Tiép tuc nhw vy dén khi
j>n (5)
véi
k—1)-D
n= ( ) to (6)

10

Trong do6: Dy - Pwong kinh tang chon ban dau
(mm) va k- s0 lan duwong kinh 16n hon dwong kinh
tang chon ban dau gi6i han. Thong thuong gia tri &
c6 thé chon bang 1,5 va hoan toan c6 thé diéu chinh
dwoc néu cd yéu cau dic biét.

Khi diéu kién (5) thoa man thi thuit toan
chuyén sang thay déi cip téc do cua dong co (mla
s6 cAp toc dd) va lai bat ddu chon dwong kinh tang
nhw ban dau.

Thay déi hét cac loai téc dd ctia dong co ma van
khéng théa man, thuit toan sé chuyén sang bwdc
thong bao phai tinh toan thiét k€ HGT hodc thiét ké
thém bd truyén ngoai dé c6 ty so truyén phu hop
yéu cau.

- Kiém tra HGT qua tai theo (Giang, 2019) va
trén co s& dong co da chon & trén.

2.3.7. Tinh chon phanh

Trong thw vién chwong trinh sé c6 nhiéu loai
phanh cda cac hiang khac nhau va chwong trinh sé
wu tién lwa chon loai phanh dién thay lwc, c6 mo
men phanh 16n nhat 1é6n hon va gan véi mo men
phanh tinh todn nhat.

2.3.8. Tinh chon khép néi

Chon khép néi chi yéu dwa vao diéu kién mo
men xodn: Chon khép c6 md men c6 thé truyén
dwoc lon hon va gan gia tri m6 men xoan 1on nhit
can truyén nhat. Ngoai ra, khép con dwgc chon
theo cac wu tién:

- Khép néi gitra dong co va HGT c6 banh phanh
wu tién loai khép rang va dan hoi.
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- Khép gitra HGT va tang cuén cap wu tién loai
khép rang.

2.3.9. Kiém tra déng co

béng co dwoc kiém tra qua tai, kiém tra diéu
kién phat nhiét. Néu cc diéu kién khong théa min
thi budc phai quay lai buwdc chon dong co va chon
lai déng co ¢ cong suit 1¢n hon mot cip.

2.3.10. Tinh todn cdc chi tiét con lai cta co cdu

Cac cum chi tiét con lai nhw: Cum moc treo, tinh
kep cép, goi va truc tang do khong bi anh hwéng
nhiéu trong qua trinh tinh todn cda cic thiét bi ké
trén nén dwoc tinh toan sau cung theo (Giang,
2019, Chinh va nnk,2002) va (Hiép va nnk,1999).

2.4. Xudt sé liéu

Két qua tinh nhin dworc tuy theo lwa chon: c6
thé dwoc quan sat truc tiép trén giao dién, déng
thoi co thé xuit sang file dang text hodc c6 théinra
trén gidy.

Két qua tinh xuat ra theo tirng thiét bi: Thong s6
dong co, phanh, khép noi, hoép gidm toc, tang, cap
thép,...

3. Chwong trinh tinh toan co’ ciu nang

3.1. Gidi thiéu chung

Chuong trinh tinh todn co cdu nang dwoc lap
trinh trén co s& thuat toan da dwoc xiy dung bang
ng6on ngit 1ap trinh Visual Basic 6.0 c6 nhitng dac
diém sau:

- Chay trong moéi truwong WINDOWS, khong
xung dot véi chwong trinh khac.

- Giao dién than thién, Viét hda t6i da, dé st
dung, cai dit va chuyén giao.

- Giai dworc bai toan thuln 1a tinh toan thiét ké
ma&i va bai toan ki€ém tra khi thay thé mot s6 thiét
bi, vat tw cé san.

- C6 thé trao d6i s6 liéu véi mot s6 phan mém
khac va cé thé xudt két qua tinh ra file dang TEXT
hodc d6 hoa.

- Cac s6 liéu nhap va xuit phu hop véi cac quy
dinh trong tiéu chuin tinh toan thiét ké.

- Chwong trinh c6 thw vién vt tw, thiét bi cho cor
ciu nang phé bién trén thi treong hién nay, ¢é thé
dé dang cap nhat méi, thay thé, sira chira theo yéu
cau riéng clia nguoi thiét ké.
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3.2. Str dung chwong trinh trong tinh todn

Giao dién chinh ctia chwong trinh tinh toan thiét
ké co ciu nang dwoc thé hién trong Hinh 3.

- Nhép s6 liéu dau vao: GOm nam théng s6: @ v,
H, CP% va diéu kién khic. Twong (ng v&i moi
thong s6, chwong trinh da dwa ra nhirng day thong
sO théng dung dé nguwoi thiét ké c6 thé tham khao
nhw d6ivéi Q(t): 1; 2; 2,5; 5; 7,5; 10;... d6i vdi chiéu
cao nang H(m): 6; 9;...

- Kiém tra thong s6 d4u vao: Khi nhép sé dau vao
qua 16m, sai hodc thiéu, chwong trinh sé dwa ra
thong bao dé nguwoi thiét ké Kip thoi stra lai. Trén
Hinh 4, hép thoai xuit hién théng bao kiém tra
“Xem lai c6 diéu kién khac khéng?” khi ngwoi dung
chwa nhap thong tin vé Diéu kién khac.

- Tinh toan tw dong: Chwong trinh tw dong tinh
toan va lwa chon cac thiét bi c¢6 sdn trong thw vién
cua chwong trinh theo hwéng wu tién nhw da trinh
bay & Muc 2.

- Két qua tinh toan: K&t qua c6 thé quan sat truc
tiép trén giao dién chinh véi nhitng thong sé chinh
cuia thiét bi hodc c6 thé xem chi tiét tit ca cac thong
sO cta thiét bi trong co ciu khi nhan nit xem chi
tiét va két qua nhan dworc c6 thé dai dén vai trang
gidy kho A4.

- Tinh to4n kiém tra: Khi thay thé thong s6 mot
trong nhitng thiét bi, chwong trinh sé tinh toan
kiém tra theo thiét bi da thay thé.

- Chwong trinh c6 thé mé rong thém khao sat
dong luc hoc co ciu thiét ké trong qua trinh nang
ha.

Vi du tinh toan thiét ké co ciu niang cla cu truc
hai dam tai trong ning 20 tin, vin téc ning 8 m/ph,
chiéu cao niang 9 m, ché d6 lam viéc trung binh
(CP=25%) bang phin mém. Két qua tinh toan
dwoc chwong trinh dwa ra trong Hinh 5 v&i ngudn
dit liéu nhap vao thw vién chwong trinh la cac loai
dong co, hop giam tdc cta (Flender, (2023); Nord
Group, 2023) va cac thiét bi nang cia (VNID, 2023).
So sanh v&i ciu hinh cta co cdu ndng c6 thong s6
twong dwong c6 san trén thuc t&, két qua tir phan
mém tinh toan thu dwgc nhé gon hon. Thuc hién
tinh todn thir nghiém v&i nhiéu vi du khac nhauy,
thoi gian tinh todn déu nhé hon 1 s. Trong khi do,
cling véi khoi lwong cong viéc twong dwong thi mot
ky sw thiét ké phai mat khong it hon ba ngay lam
viéc d€ hoan thanh tinh todn va trinh bay bao cio.
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3 LIFT.UN NATIOMAL UNIVERSITY OF CIVIL ENGINEERING
File Format Run Help

TiNH TOAN THIET KE CO CAU NANG
NHAP CAC THONG SG DAU VAO (IN):

-T.EITRQNG(T)'I -I - VANTEC NANG (MIPH): -I -CHIE'LICAONANG(M}'I -I - CHE PO LAMVIEC (%) | -I - BIEU KIEN KHAC: | S

KET QUA TINH TOAN THIET KE (QUT):

- 50 56 DAN DONG: - BONG CO: |— - HOP GIAM TOC: - PHANH: T

+CONG SUAT (K): + TV 50 TRUYEN: + MOMEN PHANH MAX [ NM) | KIEM TRA VI
THIET BI CHON

+TEC D0 (VIPH): +TAC BO RA(WPH): + D BANH PHANH (MM): | THAY THE

- TANG CUON: l— - KHAP NO1 VAD: - CAP THEP: XEM CHI TIET
+CHIEU DAY (MM): l_ « MOMEN MAX (NM): l_ +LUC KEO DUT (KN):
+DUCING KINH (M) l_ _ KHOP NG RA- l— + BILCING KINH (MM):

+10 (mm): l_ T l_ +KHOI LUONG (KG/100M)
_ KiCH THUGC TANG: +L1 mm): Bl +CHIEU DA LAMVIEG {M):
+L2 (mmj: |_ + DUING KINH (NM): I— INFILE
+L (mm): |_

- 50 BO MAC CAP:

TIEP TUC

GHI FILE

1

KHAO SAT BONG LUC HOC CO CAU NANG THIET KE

Hinh 3. Giao dién chinh ctia chwong trinh tinh todn thiét ké co cdu ndng.

&5 LIFT.VN NATIONAL UNIVERSITY OF CIVIL ENGINEERING
File Format Run Help

TiNH TOAN THIET KE CO CAU NANG
NHAP CAC THONG 8O DAU VAO (IN):

-TAITRONG(T):[100 +| - VAN TEC NANG (MPH): |5 vl - CHIEUCAO NANG(M}:|29 vl -CHEDOLAMVIEC(%):Im -l - DIEU KIEN KHAC: | vl

S| T

KET QUA TINH TOAN THIET KE (OUT): Projectl =

- 50 B0 DAN PONG: - PONG CO: - PHANH: | ) )
TiNH TOAN
+CONG SUAT (KW): Xem lai co dieu kien khac khong 7 + MOMEN PHANH MAX (NM) I— KIEM TRA vl
THIET BI CHON
+TOC BO (VIPH): +D BANH PHANH (MM): | THAY THE

- 50 BO MAC CAP:

oK | _
- TANG CUON: - - - CAP THEP- I XEM CHI TIET
+ CHIEU DAY {MM): | + MOMEN MAX (NM): +LUC KEQ BUT (KN): | —
+DUONG KFNH(MM):| _ KHOP NG1 RA- + DUTNG KINH {MM): | TIEP TUC
+ L0 (mmy): | + MOMEN MAX (NM): + KHEI LUING (KGI100M): | GHIFILE
_ KICH THUGC TANG- +L1 (mm): I - GiISE +CHIEU DAI LAM VIEC (M): | —

+L2 (mm): | +BUTNG KINH (NM): IN FILE

+L (mm): I
KHAO SAT DONG LUC HOC CO CAU NANG THIET KE | -

Hinh 4. Hop thoai thdng bdo kiém tra théng s6 ddu vao.
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B LIFT.VN
File Format Run Help

NHAP CAC THONG $G BAU VAO (IN):

R

KET QUA TINH TOAN THIET KE (OUT):

NATIOMAL UNIVERSITY OF CIVIL ENGINEERING

TiNH TOAN THIET KE CO CAU NANG

-TMITRONG(T):[20  +| -VANTOC NANG(MPH): [g +| -CHIEUCAONANG(M):[9  +| -CHEDOLAMVIEC (%):[25 -] - DIEUKENKHEC: [BT

- 50 O DAN PONG: - DONG CO: R225M-6 - HOP GIAM TOC: 7Q-750 - PHANH: 7300/45 TiNH TOAN
@ H +CONG SUAT (KW): +TV SO TRUYEN: + MOMEN PHANH MAX (N KIEM TRA VOI
} : (KW) 34 402 (NW) | 30 THIET B CHON
“|n ' +TOC DO (VIPH): 965 +TOC DORA(VIPH): | 24 +D BANH PHANH (MM): 200 THAY THE
- 50 BO MAC CAP:
= = -TANGCUON: |THEF  _kHGP NGI VAO: ZU2 _cAp THEP: BX1941WR e cHITIET
+CHIEU DAY (MM): 13 + MOMEN MAX (NI 630 +LUC KEO BUT (KN): 152
+DUONGKINH(MMY [~ 425 o it - cLza +BUCNG KINH (MM): 16 TIEP TUC
+ L0 (mm): . o -'
(mm) 420 + MOVEN MAX (- [23600 + KHOI LUONG (KG/100M) 104 GHIFILE
. ] +L1 E Al LA :
_ KiCH THUGC TANG: (mmy) 76 _PULY- +CHIEU DAl LAMVIEC (M): 72
bt e o e 6 +12(mm) 19 +BUONGKINH(NM):[ og5 INFILE
+ L (mm): 810
" KHAO SAT PONG LUC HOC CO CAU NANG THIET KE ‘ -

Hinh 5. Két qud tinh todn co’ cdu ndng cho vi du Q=20 t, v=8 m/ph, H=9 m va CP=25%.

4, Két luan

Xuit phat tir yéu cau tinh todn thiét ké co ciu
nang trong thuc té va phuc vu cong tac dao tao, bai
bao da trinh bay:

- Xay dwng thut toan tinh toan co cAu ning hop
ly v&i thiét bi lwa chon san c6 va kha ning ché tao
trong nwdc 1am co s& dé tién téi tw dong hod tinh
toan va thiét ké t6i wu co ciu ning.

- Phin mém tinh todn co cdu nang dwoc lap
trinh dwa trén thuit todn da nghién clru bang
ngudn ngitr 1ap trinh Visual Basic 6.0.

Trén co sé thuit todn va phan mém ta c6 thé xay
dwng cac nhiém vu thiét ké d6 &n mén hoc cho sinh
vién hodc ap dung tinh todn thiét ké co ciu nang,
tinh todn kiém tra, thAm dinh thiét ké tai cic co s&
thiét ké, ché tao, vién nghién ctru mot cach nhanh
chéng, chinh xac véi cac thong so thiét bi lwa chon
hop ly.
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MOT SO VAN PE TRONG TiNH TOAN THIET KE MAY TACH NUOC LY
TAM

Nguyén Van X6 ©* Pham Anh Tuén 2
1 Khoa Co - Dién, Trwromg Pai hoc M6 - Pia chdt
2 Cong ty C6 phdn co khi Hon Gai - Vinacomin

TOM TAT

Mdy tdch nuéc ly tdm la gidi phdp t6t nhdt dé'tdch co hoc chdt rdn khéi chdt 16ng béi vi né c6 thé khir nuwéc
lién tuc véi ndng sudt cao dén dé dm ddu ra thdp, trong khi cdn it khéng gian, ndng lwong hodc thoi gian.

Mdy tdch nwéc ly tdm dwoc st dung nhiéu trong céng nghé tuyén khodng, mdy lam nhiém vu tdch (vdt) nwéc
ldn trong sdn phdm ra dé lam gidm bét dé dm ctia sén phdm. D6 dm ciia sdn phdm dau vao tir 18% - 28%,
sau khi qua thiét bi vdt tdch nwéc, dé dm ddu ra ctia sdn phdm con <= 13%. Hién tai loai mdy nay dwoc st
dung nhiéu cho nganh than, tuy nhién thiét bi nhdp khdu tir nwéc ngoai vdi chi phi cao va chiing ta khéng

lam chu dworc cdng nghé. Trong nghién citu nay nhém tdc gid trinh bdy mét s6 vdn dé trong tinh todn thiét
kémdy tdch nwéc, ddy la co sé cho cdc nha khoa hoc tham khdo trong qud trinh thiét ké mdy.
Tir khéa: May tach nwéc; tinh toan thiét ké; ly tim

1. batvan dé

Trong céng nghé tuyén khodng da phan cac
khoang san cin phai dwoc nghién nhé véi muc
dich tach cac hop chit ra khéi nhau réi dwa vao
cac tinh chit vatly, héa hoc ... d€ phan loai va lam
giau. Cac chit phu gia trong qua trinh tuyén dwoc
st dung phé bién nhit & dudi dang 16ng. Vi vay
két thiic qua trinh tuyén san phin can dwoc siy
kho bang cac phwong phap khac nhau dé phuc vu
cho cac cong doan tiép theo. May tach nuéc ly
tdm dwoc st dung nhiéu trong céng nghé tuyén
khoang, may 1am nhiém vu tach (vit) nuéc 1an
trong san pham ra d€ 1am giam bt do 4m cha san
phdm. P6 4m cua san phim diu vao tir 18% -
28%, sau khi qua thiét bi vat tich nwdc, Ao am
dau ra ctia sdn pham con <= 13%. May tach nwéc
ly tAm c6 ciu tao nhw hinh 1 va nguyén ly hoat
dong nhw hinh 2
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R4 (roto) Phéu cap ligu

Pong co rung

B9 truyén
dong

Bé may

Hinh 1. Cdu tao ctia mdy tdch nwdéc ly tdm
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than, sau d6 than kho sé dwgc chuyén dén bang
tai tai va van chuyén than dén kho chira
'

Hinh 2. Nguyén ly hoat dong mdy tdch nwéc ly tdm
1-Phéu cdp liéu; 2- R6 (roto); 3-Pwong xd nwéc; 4-
DPwong xd liéu; 5-Cum truyén déng; 6-Thdn mdy

Nguyén liéu dau vao 1a san phdm cia qua
trinh tuyén wét dwoc rét qua phéu cap lidu 1 vao
r6 2, khi may lam viéc dwdi tic dung cua luc ly
tam sinh ra tir déng co dan déng qua cum truyén
dong 5 cac phan t nwédc va hat vat liéu cé xu
hwéng vang ra ngoai, cac hat vat liéu duoc chan
lai con cac phan tir nwéc lot qua khe cta ro vang
rangoai va dwgc thao qua dwong xa 3 con vatliéu
dwoc thoat qua dwong xa 4. D€ tang kha nang day
trwot vat liéu ra khoi ré, than may 6 bo tri dong
co gay rung lam nhiém vu rung diy san phim
trén mat ré lwdi va diy hat vat liéu ra ngoai clra
xa 4.

Thiét bi trong cac nha may sang tuyén & TKV
st dung rit nhiéu, tuy nhién hién tai trong nwéc
chwa cé nhirng nghién ctru ly thuyét vé thiét bi
nay va cling chwa c6 don vi nao ché tao thiét bi
nay, ma hoan toan nhip khiu tir nwéc ngoai, gia
thanh cao, gy nhiéu khé khan cho cac doanh
nghiép trong qua trinh stta chita thay thé, dan
dén khong lam chd dwoc ké hoach san xuat ma
phai 1é thudc vao nwéc ngoai. Trong bai viét nay
tac gia tip trung di sdu vao nghién ctru ly thuyét
dac biét cac yéu to anh hwdng dén may trong qua
trinh lam viéc, két qua nay sé la co sé cho cac nha
thiét ké may tach nwéc ly tAm tham khao.

2.Noi dung nghién ciru

2.1 Phan loai mady tdach nwéc ly tdm

May tach nwéc ly tim la mot thiét bi trung
gian trong day chuyén sang tuyén than, nhw hinh
3 la mot treong hop: Trong diy chuyén nay, than
sau khi qua sang cip liéu thong qua hé théng dan
liéu sé dwoc cAp dau vao ciia may tach nwéc, sau
d6 may tach nwdce ly tAm sé lam viéc dé lam khé
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Sang cap liéu

-

May tach mreée
ly tim

HT dan liéu

#

= -
= s |

Bing tai

N

i
Hinh 3. So d6 ddy chuyén sang tuyén than cé mdy
tdch nwéc ly tdm

Trong thwc té may tach nwéc ly tAm c6 nhiéu
kiéu khac nhau: May tach nwéc ly tAm truc ding
(hinh 4 d, e) va may ly tdm truc ngang (hinh 4 a,
b, ¢), hodc may tach nwéc ly tam truc xién (hinh
4 f); M4y tach nwdc ly tAm ré c6 gan xoan (hinh
4.a,b), r6 vira quay vira tinh tién (hinh 4 ¢, e);
May tach nwéc ly tam trwot hodc rung .v.v.;

4_

T BT AT BT A T A T R T B T B

500

ALY

A

Hinh 4 Mét s kiéu mdy tdch nwéc ly tdm
Theo nghién ctru cia cac nha khoa hoc va cac
may trong thuc té vé may tach nwéc ly tim truc
ngang va may tach nwéc ly tim truc dirng ta thay
rang:
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- May ly tAm truc ngang c6 khéi lwong nho
hon 40% so véi may ly tam dirng cung kich thuéc
v&i cung chi phi nang lwong.

- Mdy tach nwdc ly tAm truc ngang dé bao
tri hon so véi may ly tAm thang ding, vi thiét ké
nam ngang khong yéu cau thio r&i toan bd may.
2.2 M@t sé vdn dé ly thuyét trong tinh todn
thiét ké mdy tdch nwécly tam (FBEZE, 2003;

AL, 1974; WER, 1979)

Gia str may ly tAm c6 r6 chuyén dong quanh truc
z v&i van téc goc w nhw hinh 5, sau khi huyén phu
di vao tir ddy cua ré, cac hat vat liéu di chuyén dong
thoi theo hwéng doc truc va hwéng tim ctia 6ng.
Hinh 5, M6 hinh cua hat vt liéu chuyén dong trong

-
I
3 /
| "‘]
-
I I {
| A
|
f !
) L
7”
ré mdy

I- Chiéu dai cia ré mdy tiach nuwdc vy bdn kinh cia
1op vt liéu nhé nhat bén trong cing ré, m;r; ban
kinh ré, m; w van téc goc cia ré, rad/s

Gia s tai thoi diém t hat vatliéu cach truc Z mot
khoang bang ban kinh r; bé qua 4nh huéng ctia luc
trong trwong ta c6 phwong trinh van toc chuyén
dong cda hat vat liéu theo phwong z 1a (GS.TSKH
Nguyén Vin Khang, 2012):

dz |4 1
dt  mw(r?—-rn?) )

Trong dé: V - Lwu lwgng huyén phu, m3/s

Van t6c chuyén dong cua hat theo phwong r
la:

dr _d'(ps—p)
P 180 T (2)

Trong d6: ds- Kich thwéc hat vat liéu, m; pg:

Trong lwong riéng caa hat vat liéu, kg/m3; p

Trong lwong liéng ctia chat1ong; u: Do nhot
cda chit1dong, Pas.

dr _ dr/dt
dZ — dZ/dt
_ds—p) Lt —n?)

180 T 7 3)

Tich phan phwong trinh (3) véirtirri > 1,
Ztr0—>ltacod
— T[(le — rlz) dsz(ps - p)wz (4)
~ In(n/r) T 18p
Lwc ly tam ma vat liéu nhan dwoc khi may
lam viéc la:

2
m Vr
—.— (5)
g r

Trong d6: Fp lwc ly tam tac dung 1én vat liéu,
N; m khéi lwgng vat liéu, kg; g gia toc trong

Fp:

trwong, m/s?; Vy vantéc dai,m/s, V, = ZZ)("
Cong thirc (5) cb thé viét lai thanh
mrlro? mrow?
Fr =500 =900 ©
Hé s0 tach ly tAm f
fote_rol Vo ™

m 900 gt

Hé s0 tach ly tAm phan dnh kha nang kha nang
tach cia may, f cang l&n thi kha nang phan tach
cia may cang lén, tuy nhién khi hé so tach ly tim
canglén thir canglén sé c6 anh hwdng dén nhiéu
yéu td cla thiét bi, diy la vin dé cAn quan tdm khi
thiét ké may:

- Doi véi may tach ly tAm binh thwong thi f
<3000, thwong thi f = 600-1200; dwong kinh ro
16, toc dd quay nho, c6 thé tach dwoc hat c6 c&
tir 0.01 dén 1mm;

- Doi v6i may tach ly tAm téc do cao: f =
3000-5000, dwong kinh ré nhd, c6 thé dung dé
tach nhii twong;

- B6i véi may tach ly tAm téc do rat cao
f>5000 cang thich hop cho viéc tach nhii twong.

Nang sudt cia may tach nwéc ly tim dwoc
tinh theo cong thirc sau

Q =v,.A,m3/s )

Trong d6: v,,; T6éc do di chuyén ctia dong vat
liéu trong rd, m/s;
A Dién tich mat cat dong vat liéu trong ro,

m?;
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T
A=2(DF =Dy
D; dwong kinh cta 1¢p vat liéu nhoé nhit bén
trong cung ré, m; D; dwong kinh ro, m
2.3 Cdc yéu t6 anh hwdéng dén mdy tdch nwoc
ly tam trong quad trinh lam viéc (£EMH LIRS

ITRAFOBRRAZRS, 2014)

May tach nwéce ly tam Kkhi lam viéc chiu anh
hwdng cia nhiéu yéu td, sau day 1a mot s6 yéu td
chinh anh hwéng truc tiép dén hiéu qua lam viéc
cia may:

- T6c d6 quay ctiia may ly tAm: Toc do quay
cia may ly tAm 1a mét trong nhitng yéu té chinh
anh hwdng dén lyc ly tAm tac dong lén hat than
va nwdc. Néu toc dé6 quay qua thap, lwc ly tim
khong di manh dé tach nwéc va cac tap chat khoi
than. Ngwoec lai, néu téc d6 quay qua cao, hat than
c6 thé bi pha v& va lam gidm chit lwong san
pham.

- Ban kinh ctia r6 may ly tim: Ban kinh cua
r6 may ly tAm cling 1a mét trong nhirng yéu t6
quan trong anh hwéng dén lwc ly tdm. Khi ban
kinh ctia ré may ly tim tang 1én, lwc ly tdm do
may ly tdm tao ra ciling sé tang lén va hiéu qua ly
tam sé tot hon.

- Nhiét do: Nhiét d6 anh hwéng dén do
nhét ciia nwde va cc tap chit. Sw thay doi nhiét
dd c6 thé anh hwdng dén do hoa tan va toc dd
phan &ng cla cac chit trong miu, tir d6 anh
hwdng dén hiéu qua tach. Thong thwong, viéc gitr
nhiét d6 ly tAm trong pham vi phu hop c6 thé cai
thién hiéu qua ly tdm, néu nhiét do qua thip,
nuwdc va cac tap chit co thé khong dwoc tach ra
khoi than. Nguoc lai, néu nhiét dé qua cao, nwéc
c6 thé boc hoi valam gidm hiéu qua ctia qua trinh
tach.

- b6 pH: B6 pH ctia nwéc anh hwéng dén
tinh ion cua cac tap chat. Néu do pH qua cao hoac
qua thip, cc tap chit c6 thé khong dwoc tach ra
khéi than.

- Kich thwéc hat than: Kich thwéc hat than
anh hwdng dén kha nang tach nwéc va cac tap
chat. Néu kich thwéc hat qué nhd, ching c6 thé
khong dwoc tach ra khoi nwéc. Ngwoce lai, néu
kich thwéc hat qua 1ém, ching cé thé khong dwoc
tach ra khéi cac tap chit.

- Lwong nwéce va tap chat: Lwong nwéc va
tap chit trong tuyén than dnh hwdng dén hiéu
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qua ctia qud trinh tach. Néu lwgng nuwéc va tap
chat qua nhiéu, qué trinh tach cé thé khong dat
hiéu qua cao.

- Trong lwgng riéng cua vat liéu: Trong
lwong riéng ctia vat liéu cling la mot trong nhitng
yéu to quan trong dnh hwdng dén hiéu qua lam
viéc ciia may ly tdm. Néu vt liéu c6 trong lwong
riéng cang lon thi doi hoi lwc ly tdm cang cao

- C4u trdc va hinh dang vat liéu: C4u tric
va hinh dang vat liéu khac nhau sé c6 tac dong
khac nhau dén hiéu t&ng ly tim. Cau tric va hinh
dang cta vat liéu khac nhau thi yéu cau vé luc ly
tam cling sé& khac nhau.

- Do tinh khiét cda vat liéu: D6 tinh khiét
cda vatliéu cling sé anh hwdng dén hiéu qua lam
viéc cia may ly tAm. Néu do tinh khiét ctia vatliéu
khong cao thi kha nang lam viéc ctia may ly tam
cling sé bi anh hwdng.

- D6 nhét clda huyén phu: Khi dd nhét cia
huyén phu cao hon, téc d6 lang cla cac hat sé
chidm hon, diéu nay c6 thé can lwc ly tim cao hon
va thoi gian ly tdm 1au hon.

- Hinh dang cta ré may (roto): Hinh dang
cda ré6 may khac nhau thi hiéu qua lam viéc cta
may ciling khac nhau. M6t ré may c6 thiét ké dac
biét c6 thé cai thién hiéu suat cia may va tach cac
mau c6 trong lwong khac nhau.

- Thoi gian ly tdm: Thoi gian ly tdm 1a thoi
gian mau quay trong may ly tAm. D6 dai clia thoi
gian ly tAm sé dnh hudng dén mirc do lang cua
cac hat, do dai cta thoi gian ly tAim thwong can
dwoc xac dinh dwa trén dic tinh cia mau va hiéu
qua tdch mong mudn. Cac hat 1é6n hon ¢é thé can
thoi gian ly tAm 1au hon dé lang hoan toan.

3.Kétluan

Bai viét da néu ra dwoc nguyén ly hoat dong
clla may tach nwdc ly tam, va phan loai cac loai
may va da phan tich dwoc kha nang lam viéc cuia
tirng loai. Sau d6 bai viét da néu ra dwoc mot s6
co s& ly thuyét dé tinh todn thiét ké may; Cudi
cung tac gia da néu ra cac yéu t6 dnh hwéng dén
may trong qua trinh lam viéc. Pay la nhitng co
s& quan trong dé tinh toan thiét ké may tach
nwéc ly tAm, c6 thé 1am tai liéu tham khao cho
cac nha khoa hoc trong tinh toan thiét ké may
tach nuwéce ly tam.
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Loi cam on Tai liéu tham khdo

Noi dung clia bai viét 14 mot trong nhitng  GS.TSKH Nguyén Vin Khang, 2012. Co hoc ky
dinh hwéng nghién cru ctia 2 tac gid trong thuét Nha xuit ban Gido duc Viét Nam.
chwong trinh ph6i hop thyc hién mét s6 nhiém it fE 5%, (2003). Tl 0L HFME 745
vu khoa hoc gitta Truwong Dai hoc M6 - Biachat, 4 #t
Cong ty C6 phan co khi Hon Gai - Vinacomin, 4} (1974). B OHUERHE, At Tk
qua day cac tac gia ciing Xinjcém on 02 Pon v1 L, (1979). WU TTEFM 487855 B0 0L 1

da f_:;lo diéu kler.lAtot,nhelt de.cAac t:jlc gia c6 ttle VTR, it ML T
phdi hop thuc hién cac cong viec mot cach thuan oo er
lofi nhAt jkFE #, (2019). TK-C500-+ T35 L2k

E’JL& '3F“ﬂ§. HHRHE: N ﬁ:ﬂ/ﬂiﬁ/ﬂ’?ﬁz‘

DPéng gép ciia cdc tdc gid AR
Tac gia chinh Nguyén Van X6 chu tri va thuc él%]ﬁu%uﬁ‘ﬁﬁkﬁlﬂ DIHLRRAZ A2,

hién cac phan cong viéc viét chinh, tic gia Pham (2014). Tl & AL IEHLE A Tt 725
Anh Tuén cung phdi hop thwc hién trong qua AP IR
trinh di khdo sat thuec tién tai cac co s& san xuat
va dwa ra mot s6 kinh nghiém thyc té€ anh huwdng
dén may trong qua trinh lam viéc.

MOT SO VAN BE TRONG TINH TOAN THIET KE MAY ROT THAN
XUONG TAU CANG

Nguyén Vin X6 * Nguyén Minh Tién 2 L& Quang LAm 3
1 Khoa Co - Dién, Trwong Pai hoc M6 - Pia chdt
2 Céng ty C6 phdn cong nghiép 6 t6 - Vinacomin
3 Trwong Dai hoc Céng nghiép Ha Nji

TOM TAT
Mady rét vt liéu roi tie bdi chira xuéng phwong tién vdn tdi thily tai cdc cdng trén thé gidi da dwoc chil trong,
nghién ctru va trng dung trén thyc té rdt nhiéu. Tuy nhién, cdc hé théng dé doi héi chi phi ddu tw rdt lon va
phu hop nhitng cdng c6 quy mé hién dai twong xikng vdi chiing logi vdt liéu vdn chuyén qua cdng. Than dwoc
vdn chuyén ttr béi chira dén tau cé thé bdng hé gau xtic gan trén cdu truc hodc két hop hé théng bdng tdi véi
cdu truc dé'rét than xudng tau (hé théng rot), sw két hop cdu truc va hé théng bdng tdi cho phép viéc chdt tdi
[én tau nhip nhang va linh hoat. O’ Viét Nam viéc nghién civu thiét ké ché tao thiét bi nay con han ché, trong
bai viét nay tdc gid sé di vao nghién cteu va dwa ra co sé ly thuyét dé tinh todn thiét ké hé thong rét than phuc
vu tau tai cdc cdng xudt. Két qud nay lam co sé dé cho cdc nha khoa hoc tham khdo trong qud trinh tinh todn
thiét ké mdy rét than phuc vu sdn xudt.
Tir khéa: May rot than (hé thong rét than); tinh toan thiét ké; bang tai
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1. Mé& dau

HE théng cap liéu

v

Bun ke

Biing tai

May sang

Bing tai
chuyén tiép

Hinh 1. So do ctia hé théng rét than di dong
xubng tau cdng

Van tai bang dwong thiy van déng vai
trd quan trong, loai hinh van tai nay c6 wu
diém nhu chi phi thip, an toan, tin ciy, lwong
hang héa 16n van chuyén.v.v. Vi vy, nhu cau
cong viéc bdc x€p hang hda tir cdng xudéng tau
va nguoc lai 1a 14t 16, nang cao kha nang bdc,
x€p, giup gidm thoi gian tau thuyén neo diu
trong cang nhim ting ning suit va gidm chi
phi la yéu té quyét dinh tinh canh tranh va sy
phat trién cta cang. Trén hinh 1 12 mot so d6
dién hinh cta hé théng roét than xudng tau
bién: Than dwoc cip tir hé thong cap liéu cua
bén bai, sau d6 qua bun ke sé cap liéu cho bang
tai, bang tai sé chuyén than dén may sang dé
phén loai, sau d6 sé dwgc chuyén dén bang tai
chuyén tiép, than tlr bang tai chuyén tiép sé
cip cho bang tai rét, than tir bang tai rot sé
dwoc rét cho tau ché than.

Trén thé gi¢i da c6 nhiéu nghién ciru
va da thiét ké ché tao dwoc nhiéu hé thong rét
than, méi hé théng c6 nhitng wu nhwoc diém,
& Viét Nam nhu ciu s dung cling nhiéu, tuy
nhién nhitng thiét bi nay ching ta thwong
nhip khiu tir nwéc ngoai hodc ché tao theo
mau, vi thé gay nhiéu khé khin trong qua trinh
st dung. Trong bai viét nay, tic gid sé giGi
thiéu mot s6 hé thong rot trén thé gidi, néu ra
mot sO van dé ton tai trong viéc thiét ké ché tao
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thiét bi nay & Viét Nam, sau d6 di vao thiét ké
01 hé théng rét. Pay co thé la tai liéu tham
khao cho cac nha thiét ké trong qua trinh tinh
toan thiét ké hé théng rét than xudng tau.

2. Néi dung nghién ctiru

2.1 Tinh hinh nghién ctru thiét ké ché tao hé
thdéng rot than trén thé gici

Nhin chung hé théng rét tai cua cac
nuwéc trén thé gidi dang ché tao da phan giong
nhau vé nguyén ly lam viéc cling nhw két ciu.
Déu st dung cac biang tai ngan lién tiép va hé
théng chuyén tai than dic biét tir thiét bi vin
tai c6 dinh (bdng tai c6 dinh doc cdng) 1én may
rét tai di déng gitip may van lam viéc khi di
chuyén hoac khong cin cac bwéc chuin bi khi
hé thong di chuyén tir vi tri nay dén vi tri khac.

Vat liéu roi tir noi tip két dwoc van tai
doc bén tau nho bang tai c6 dinh 1 di qua mét
hé chuyén tai dic biét 2 chit tai 1én bang tai
trung gian 3 nam trén may rét tai (hinh 2) sau
d6 chuyén tai lén bang tai nam trén cin chit tai
4 di qua Ong rot 5 roi xuéng khoang chira cua
tau. Trong d6 may chit tai c6 thé di chuyén doc
cang nho ¢ hé thong di chuyén bang duong
ray dan huwdéng 6 dwoc dit doc cang, can chit
tai 6 c6 thé di chuyén ra hodc vao vudng goc
v&i hwdng chuyén dong ctia may, muc dich dwa
ong rét tai dén vi tri can do tai, ddm bao tirng
1&p than chit tai mét cach déu dédn vao khoang
tau.

Hinh 2. Hé théng rét than di déng xudng tau tai
cdng

Qua tim hiéu mot s6 cang trén thé gidi
ta thiy hé thong rét thwong cé ba dang chinh:
Thr nhit 13 loai di chuyén doc cang, ciAn may
c6 thé ra vao. Thir 2 1a loai thin may cd dinh
cin may c6 thé quay dé dé tai & cac vi tri khac
nhau. Thit 3 1a loai két hop vira di chuyén doc
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cang vira quay. Tuy vao két ciu ctia cdng ma suw linh hoat clia may. Dwéi diy 1a mot so két
nguoi ta ap dung cac ki€éu may rot khac nhau. ciu ctiia hé thdng rot than dién hinh trén thé
Vi du nhw nhitng cang c6 khong gian hep thi gidi

thwong dung loai may rét cé than c6 dinh can
may quay, tuy nhién két ciu nay lam giam di

Thong s6 ky thuit Ponvi | Gidtri
Nang suit t/h 1000
Khoi lwgng riéng cua vat liéu t/m? 0.5-2.5
Kich thwéc t6i da cia vat liéu Mm 0-300
Ban kinh quay m 25

Hinh 3 Mdy chdt tdi ditng c6 dinh, ndng sudt chdt tdi 1000 t/h, dwoc st dung & Cdng Chile

Thong s6 ky thuét Ponvi | Giatri
Nang suit t/h 3000
Khoi lwgng riéng cta vat liéu t/m3 0.5-2.5
Kich thwéc t6i da cua vat liéu mm 0-300
Hanh trinh di chuyén doc cang m 65

Tai trong banh tdi da KN 500

Thong s6 ky thuét Don vi Gia tri
Nang suit t/h 330
Khoi lwgng riéng cta vat liéu t/m?3 0.5-2.5
Kich thwéc t6i da cia vat liéu mm 0-100
Hanbh trinh di chuyén doc cang m 50

Tai trong banh tdi da KN 300

Hinh 5. Mdy rét tdi ditng c6 dinh, ndng sudt rét xi than 330 t/h, dung & cdng Ha Lan

Thong s6 ky thuét Ponvi | Giatri
Nang suit t/h 330
Khai lwgng riéng cta vat liéu t/m3 0.5-2.5
Kich thwéc t6i da cia vat liéu mm 0-150
Ban kinh quay m 20

Hinh 6. Mdy chdt tdi di chuyén, ndng sudt chdt tdai 3000 t/h, dwoc st dung & Cdng Latvia
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Thong s6 ky thuét Ponvi | Giatri
Nang suit t/h 1750
Chiéu rong ctia bang tai mm 1400
T6c d6 cia bang tai m/s 3.5
Chiéu dai mé réng mang m 19,5
Toc d0 mo rong chiéu dai mang m/ph 3.6

Hinh 7. Mdy chdt tdi di chuyén dwoc st dung cho nha chdt tdi hat Sulphur & cdng Cdc tiéu virong quéc A rdp
thong nhdt

Hién nay, c6 nhiéu cong trinh nghién
ctru, thiét ké hé théng cip va d& tai tir bai chiva
lén tau va ngwoc lai. Cac nghién ctru nay tap
trung chu yéu vao ning cao do 6n dinh, cirng
vitng cda hé thong, d6 chinh xac di chuyén cta
cau truc, gidam d6 mai mon cua bang, tranh va
dap cac thiét bi trong hé thong ciling nhw nang
cao van tdc, gia téc va hanh trinh chuyén dong
cla cu truc. Tai trong cla ciu truc co thé tir 3
dén 50 tin, van téc di chuyén cta cau truc tir
10 dén 63 m/phut. Hé thong bang tai c6 van
tdc tir 3 dén 6 m/s, bé rong tim bang cé thé
dén 3,2 m va nang suit bang dén 20.000 t/h
(Rudolf Griemert, Peter Romisch, 2018). Uu
diém ctia may roét than la ndng suat chat tai lon,
tuy nhién nhwgc diém 1a két ciu phirc tap, gia
thanh ché tao cao. Mot xu hwéng tiép theo la
tdi wu héa két ciu hé thdng nham gidm trong
lwgng hé théng dé tiét kiém chi phi vat liéu ché
tao théng qua cidc phin mém wng dung
Topology (Peter Kohler, 2016; Jan Meeth,
Michael Schuth, 2008; Ronald List, 2017).

T&r phan tich cong nghé va cac tai liéu
nghién ctru trén thé gi¢i ta nhan thiy huwéng
nghién ctru phat trién ctia hé thong nay nhw
sau:

1) Nang cao kha nidng t6i wu héa, do 6n
dinh va dé tin ciy cta hé théng diéu khién:
bao gobm kha niang phat trién chwong trinh
PLC dam bao cac phwong phap diéu khién
dwoc t6i wu hoa.

2) Nang cao tinh 6n dinh cta hé thdng
chuyén tai tir bang tai cd dinh sang may rot
tai.

3) Nang cao hiéu sudt, giam chi phi tiéu
thu ndng lwong va gidm tac dong dén moi
trueong cla hé thong.

4) Nang cao pham vi hoat dong nhuw nang
cao kha nang kéo dai, ning 1én ha xudng,
xoay cua can dd tai va ting tinh linh hoat
cla éng rot tai.

5) Gidm thiéu héng héc do tdc dong cia
moi tredng bang cach nang cao cac dic tinh
chong mai mon va bui cho cac chi tiét va hé
thong.

6) Nang cao cong nghé truyén dong thuy
lwc va dam béo hé théng boi tron hiéu qua
giam thiéu thoi gian bao tri hé théng co khi.
V.V.

2.2 Tinh hinh nghién ciru thiét ké ché tao hé
thdong rét than & Viét Nam

Hién tai hé thong rét than nay dang
dwoc st dung & Viét Nam ciing twong doi
nhiéu, tuy nhién viéc nghién ctru thiét ké vé hé
thong nay con han ché, dién hinh chi cé thé ké
dén hé thong rot than tai ciu cang do Vién Cor
khi Nang lwong va M6 - Vinacomin thuc hién
nhw hinh 8

5

1. Méng; 2. Puly cap; 3. Cap; 4. Khung dam;
5. Bo truvén dong; 6. Thanh gidng; 7. O 16
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Hinh 1. So do, cdu tao hé théng rét than tai cdu
cdng

2.3 Phwong phdp tinh todn thiét ké hé théng
rét than di déng

Hé thong rét than di dong la mot hé
thong phirc tap va rat nhiéu vin dé can phai

Théng sé dau vao /

o

Thiét ké so db cong
nghé hé théng rét

Théng s6 co ban clia
hé théng rét

Thiét ké Bunke cap
liéu

Thiét ké bang tai cap
liéu

T T T 1

Thiét ké may sang
phan loai

Thiét ké bang tai
chuyén tiép |

___..'_.____I

Thiét ké bang tai rot

Thiet k& hé thang dieu
khién hé théng rot

T T T

Thiét ke 3D, phan tich
md phéng may

Not OK OK

Kiém tra bén

—— |

——

thwc hién, vé co ban lwu trinh thwc hién qua
trinh tinh toan thiét ké gia cong ché tao hé
théng nhw hinh 9 (Nguyén Vian Khang, 2005;
Tran Doan Truong, Vii Thé Sw, 2000;
Nguyén Vian X6, Nguyén Vin Khang, 2019)

________________ |
I
|

________________ —]
I
|

———————————————— —1
|
I
I

___________ —
SE======== e
| <> I
| OK NotoK |
| @

I
: Ché tao thir nghiém
- 4
Lap quy trinh gia céng
ché tao
}

Thiét ké ban vé gia

céng ché tao

Hinh 9. Lwu trinh thuec hién tinh todn thiét ké hé théng rét

2.4 Tinh todn thiét ké hé théng rot than tw
déng

U'ng dung lwu trinh nhw hinh 9, tac gia
di vao tinh toan thiét ké dwoc hé théng rot than
tw déng c6 nang suit 800 t/h d€ phuc vu cho
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mot cang tai ving than Quang Ninh, cac két
qua chinh nhw sau (Nguyén Vin Khang,
2005; Tran Doan Trudng, Vii Thé Sy, 2000;
Nguyén Vin X6, Nguyén Vin Khéng, 2019)
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Bdng 1. Théng sé co bdn ctia hé théng rét than

TT Thong s6 Ky hiéu | Ponvi | Giatri
1 | Ning suat may rét than Qm t/h 800
2 | Chiéu dai bang tai chuyén tiép Let m 17,5
3 | Chiéu dai bing tai rét than Lyt m 34
4 | Chiéu dai ciu truc Let m 35
5 | Chiéu cao thay d6i cin chat tai het m 7,5
6 | Van tdc xe con Vie m/ph 20
7 | Van tdc di chuyén ciu truc Ve m/ph 24

Hinh 10. Sor dd céng nghé hé théng rét than tw dong

4300

ﬂ

3300

17500 Nha didu hanh

Cau truc di chuyén

24000 N =
N Xa lan an than
35000 N
N /= /=
Q ooo Oooo
I | |
/ \
B S S e e

Hinh 10. Cdc théng s6 co bdn ctia mdy rét than
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Hinh 11. Hé théng rét than tw déng cé ndng sudt 800 t/h

3.Kétluan

Bai viét da néu ra so d6 nguyén ly cta hé
thong rot than xudng tau bién, néu va phan tich
tinh hinh nghién cru thiét ké ché tao hé thong
rot than trén thé gi¢i va & Viét Nam. Sau d6 dwa
ra lwu trinh thwce hién tinh toan thiét ké hé théng
rét. Ap dung lwu trinh d6 tac gia di vao tinh toan
thiét ké mot hé thong rét than dién hinh cé nang
suat 800 t/h. Két qua nghién ciru nay c6 thé lam
tai liéu tham khao cho cac nha khoa hoc trong
tinh toan thiét ké hé thong rot than tw dong.
Loi cdm on

Noi dung cua bai viét la mot phan trong két
qua nghién clru cla dé tai cap nha nwédc “Nghién
ctru thiét ké ché tao may rét than di dong xuéng
tau tai cac cang xudt than viing Quang Ninh” ma
s6 PTKHCN.CNKK.169/20. Qua diy cac tac gia
cling xin cdm on Trudong Pai hoc Mo - Pia chat
va Coéng ty c6 phin Cong nghiép 6 t6 -
Vinacomin, Pai hoc Céng nghiép Ha Noi, Bo
Cong Thwong da tao diéu kién tot nhit dé cac tac
gid c6 thé thwc hién cic cong viéc modt cach
thuén loi nhat.
Dong gop cua cdc tac gia

Tac gia chinh Nguyén Vin X6 cht tri va thuc
hién cac phin coéng viéc viét chinh, tic gia
Nguyén Minh Tién, L& Quang LAm cung phdi hop
thwc hién trong qua trinh di khao sat thuc tién
tai cac co s& san xudt va dwa ra mot s6 kinh
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nghiém thuc t€ dnh hwdng dén may trong qua
trinh 1am viéc dé lwu y trong qua trinh tinh toan
thiét ké may.

Tai liéu tham khdo

Nguyén Vin Khang, (2005). Mdy va t6 hop thiét
bi vdn tdi mé. Nha xuit ban Khoa hoc va Ky
thuat

Nguyén Van X6, Nguyén Vin Khang, (2019). Mdy
ndng - Mdy xép dé. Nha xuat ban Giao thong
van tai.

Tran Doan Trwong, Vi Thé Sw, (2000). Truc tdi

md. Nha xuét ban Giao thong van tai.

Meeth, Michael Schuth, (2008).
Bewegungssimulation mit CATIA V5, Carl
Hanser Verlag Miinchen Wien.
Rudolf Griemert, Peter RoOmisch,

Fordertechnik. Springer Vieweg.

Ronald List, (2017). CATIA V5-Grundkurs fiir
Maschinenbauer,  Springer  Fachmedien
Wiesbaden GmbH

Peter Kohler, (2016). CAD-Praktikum fiir den
Maschinen- und Anlagenbau mit PTC Creo,
Springer Fachmedien Wiesbaden GmbH.

Jan

(2018).



HOI NGHI KHOA HOC TOAN QUOC VE CO’ KHI - PIEN - T PONG HOA

MEAE (MEAE2023)

2023

THIET KE VA MO PHONG PONG LU’C HOC CUA MAY CAP LIEU RUNG

Nguyén Van X6 +*, Tran Viét Linh 1

1 Khoa Co - Dién, Trwwong Pai hoc M6 - Pia chdt
TOM TAT
Mady cdp liéu rung hién dang st dung rong rdi trén thé gici trong nhiéu linh vwc (khai thdc mé, sang tuyén,
xdy dung,..). Trén thé gidi dd cé nhiéu céng trinh nghién ctru vé nd dé tinh todn thiét ké tdi wu mdy, tuy nhién
& Viét Nam viéc tinh todn thiét ké loai mdy nay chti yéu dua vao kinh nghiém va thuong chép mau theo mé
hinh sdn cé ctia nwéc ngodi, cé it coéng trinh nghién ctru ly thuyét ctia loai mdy nay, ma dao déng ctia mdy
quyét dinh ndng sudt, do bén, do 6n dinh ctia mdy, dao déng ctia mdy rdt phirc tap vi né chiu chiu dnh hwéng
ctia nhiéu yéu té (g6i dan hoi, théng sé cong nghé, van téc, gia téc, vit liéu ddu vao,...). Trong bai bdo nay tdc
gid xdy dwng phwong trinh dao dong ctia mdy cdp liéu rung, sau dé néu ra phwong phdp tich hop cdc phdn
mém thiét ké hién dai dé€ phdn tich va mé phdng mdy. Trén co s& dé tinh todn thiét ké'va moé phéng ddng lwc
hoc ctia mdy cdp liéu rung. Két qud nay cé thé lam tai liéu cho cdc nha khoa hoc tham khdo trong qud trinh
tinh todn thiét ké mdy cdp liéu rung dndng cao hiéu qud lam viéc ctia mdy.
Tir khéa: May cép liéu rung; dong luc hoc; ndng suat

2 1 - Go6i dan hoi (dang treo); 2 - Thuyén cdp liéu;
1. Mo dau 3 - Lo xo chu dong; 4 - Bé gd dong co dién; 5 -
Mady cdp liéu rung hién nay dang dwoc st Lién két (16p cao su nhiéu Iép); 6 - Déng co rung
dung réng rai trong nhiéu linh vic [3] két cdu va Nghién ctru cia WangNanNan [4] dé cip dén
nguyén ly lam viéc cta n6é nhu hinh 1: bé ga tin s ¢d hitu ciia may cAp liéu rung hai chit thé.
dong co (4) va dong co rung (6) té hop thanh bong hoc, ddng lwc hoc la nhirng yéu t6 anh
bd phan kich dao dong (hop gay rung) tao raluc hwdng rat nhiéu dén kha nang lam viéc, tudi tho
kich dao déng khong doi, thong qua 10 xo chi ctia may cAp liéu rung, trong bai viét nay tac gia
dong (3) truyén dén thuyén cip liéu (2), lam sé di thiét ké va mo6 phong dong lwc hoc ciia may
cho thuyén cip liéu dao dong dé thwc hién qua cép liéu rung, day ciing 1a co s& ly thuyét dé.

trinh cap liéu.

1 : ’ ' 2.N6i dung nghién ciru
2.1. Xdy dwng mé hinh lwc hoc ctia mdy cdp
liéu

Hinh 1. Két cdu ctia mdy cdp liéu rung

Hinh 2. M6 hinh lwc hoc ctia mdy cdp liéu rung
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Trén co s& so d6 két ciu, nguyén ly lam viéc
clia may va mot sd quy tic gidn héa (khdi lwong
tap trung, d6 clng tip trung, giam chan tip
trung) tac gia tién hanh xay dung mé hinh mé
hinh Iwc hoc ctia may nhuw hinh 2 (B34 va nkk,

1989; EFB#E va nkk, 2001)

Trong doé:

- X1,Yy1,S- Hé toa ddo m& rong;

- m; - Khéi lwong cia mang cép liéu; m; -
Khoi lwgng cia bd phén kich dao dong;
m, - Khéi lwong cia tAm léch tAm;

- ki- D0 clrng cia lo xo treo 1; ka2 - PO clrng
cua 1o xo treo 10 xo treo 2; k3 - P clrng
cualo xo treo 10 xo cht dong; ko - PO clrng
ctia ban cao su nhiéu 1ép.

- ¢1- Gidm chén cua 10 xo treo 1; c; - Gidm
chan ctia 10 xo treo 2; c3 - Gidm chan cta
10 xo chd dong; co - Gidm chin cta ban
cao su nhiéu lép.

- l- Khoang cach gitta o1 va o; 13, l-
Khodang cach giira 10 xo treo 1 va 2 dén
diém o ; 13 - Khoang cach tir diém duwdi
ctalo xo treo 1, va 2 dén truc x.

2.2. Xday dwng phwong trinh dao ddng cua
mady cdp liéu

- Cb 2 cach dé xay dwng phwong trinh dao
dong cia may: phwong phap véc tolucva
phwong phap phan tich luc; & day tac gia
M

my+my +m,

0 mo+mq +m, —
(my +my) sinf

(mgy + my)cosp -
[myly — (Mg + my)l,]sind [milg
[mll — (Mg + my)l,]sind
[myl, — (mg + my)l,]cosb
(mg + my)lpsin(B — 0)

Ji+ )z +mylG + (mg + my)l;

(P ) 0
_ 0 c1+cy
C=l o 0
(c1+c2)l3 cly —coly
Kix + Koy 0
0 kiy + ko
k= 0 0

(klx + ka)l3 klyll

— kayly
205

str dung phwong phap phan tich lyc; theo
phuwong phap nay phwong trinh dao dong
clia may st dung phwong trinh Lagrange
dé biéu dién nhu sau (Nguyén Vin
Khang, 2012):

d, orT 8T+6U ob -0 (1)

a'%) % .
Trong dé:

- @ - vi trf twong d6i m& réng ; ¢, - van
toc mé rong;

- T tong dong ning; U tong thé nang; D
tong ton that nang lwong;

T=T1+T2+Ts3; U=U1+U,+Uj3;
D=D1+D;+D3 (2)

Véi Ty, T2, T3 - POng nang cua mang cap
liéu, b phan kich dao dong, tim léch
tdm; Uy, Uz, Us - Thé nang cda 16 xo chu
ddng, 10 xo treo, ban cao su nhiéu 16p; Dy,
D2, D3 - Tén thit nang lwgng cia 1o xo chu
déng, 10 xo treo, ban cao su nhiéu 1ép.

- Trén co s& hinh 2, va qua qua trinh tinh
toan ta xay dwng dwoc phwong trinh dao
déng ctia may cap liéu nhuw sau:

MX+CX+KX=F (€)
Trong dé:
M - Ma tran khéi lwgng ;
C - Ma trin giam chén ;
K - Ma tran d6 cieng

0 (mg + my)cosf
(my +my) sinf
my +m,

— (Mg + my)lpJcosd@  (mg + my)lpsin(f — 0)

0 (c1+ )3
0 c1ly — ¢,
3+ ¢y 0
0 c1l? + 15 + (¢c1 + )13
0 (kix + kax)l3
0 kayly — Koyl
ks + Ky 0

0 kixl3 + klylf + kol + kzyl%
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X - Ma trin gia téc; X - Ma tran van tdc, X - Matran vi trf twong d6i; F - Ma tran lwc kich dao
dong danh nghia
i, %y X, —myro?sinwt
.o . 2
.. . —myrw“coswt
k== x == 0T
§ S s myrw“sin(f — wt)
® ® ® morw?l,cos(6 — wt)

2.3 Thiét ké 3D va mé phéng déng lwc hoc clia
mady cdp liéu rung
2.3.1 Phwong phdp tich hop cdc phdn mém Creo,
Adams, Ansys d€ thiét ké va mé phdng dong luc
hoc cia may

Moi phan mém cé nhitng wu nhwoc diém
riéng, bai toan thiét ké va moé phdong dong luc
hoc ctiia may cap liéu vo cung phikc tap, néu chi
dung mét phan mém khéng thé gidi quyét dwoc
dworc, trong bai viét nay tac gia sé phai tich hop
cac phan mém lai v4i nhau dé xtr ly, so do tich
hop cac phan mém dé thiét ké va mo6 phong nhw
hinh 3(Manfred Vogel nkk, 2011)

R
f |
Parasolid |
| P |
ANSYS ADAMS -
' }
Pinh nghia don Binh nghia cac
vi mo hinh rang bugc
! !
Thiet lap M& hinh
KeyPoints Cimg - Mém
{ i
Phin chia thinh Dinh nghia
nhic¢u phin ur truyen dong
! ¥
. o M6 phong dong
Xuit file MNF Iwe hoc
. . Loz ) Yes No
KET THUC  Xuit két qua 4@

Hinh 3: Lwu trinh tich hop cdc phdn mém dé
phdn tich mé phéng dong luc hoc

2.3.2 Tinh todn thiét ké va mé phdng déng lyc hoc
ctia mdy cdp liéu rung

Trong bai viét nay, tic gia sé tinh toan thiét
ké may cap liéu rung c6 cic théng s6 nhw bang
1, sau d6 thiét ké 3D va m6 phong déng lwc hoc
ciia may (Nguyén Vin X6, 2023)

Bdng 1: Cdc théng s6 co bdn ctia mdy cdp liéu rung

Thong s6 ky thuit Giatri | Donvi
Nang sudt cip liéu 550 t/h
C& hat dau vao <50 mm
Do 4m cua vat liéu <10 %
Chiéu dai mang cip liéu 2000 mm
Chiéu rong mang cip liéu 1470 mm
Chiéu cao mang cap liéu 250 mm

Sau khi rng dung cac phan mém Creo dé thiét
ké 3D sau d6 tich hop v&i cac phdn mém Ansys
va Adams tién hanh thiét ké va mé phong dong
lwc hoc cia may cép liéu rung, ta cé két qua nhw
pinh 4
oo 1 v S || 0 W 61 L ) 0 0 O

Bebes | Convaeion wctives [N 1 et | D s | i | i =

3D va mé phdng trong Adams
Sau khi mé phéng dong luc hoc clia may, ta
c6 tit ca cac théng s6 dong lwc hoc ctia may, &
day tac gia chi néu ra mot sé két qua chinh dé
thao luidn nhw cac hinh 5 dén hinh 16

—SPRING_1.force

7000.0
6000.0
5000.0
4000.0
3000.0
2000.0
1000.0

%850

Analysis: Last_Run

Force (newton)

5.0 10.0
Time (sec)

15.0

Hinh 5 Lwc tdc dung 1én 10 xo dé
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| —SPRING_1.deformation]| )
938 8  10000.0
= TR -
3 :ig:g £ 5000.0
£ 950 =
® 300 s 0.01
g 339 % -5000.0
430 50 10.0 15.0 3 -10000.'
- ) o .0
Analysis: Last_Run Time (sec) 5] ) )
<t Analysis: Last_Run Time (sec)
Hinh 6 Bién dang cta 10 xo d& ; P T
ang - , Hinh 11 Gia t6c thuyén cdp liéu theo phwong x
R |—SPRING_1.deformat\on_velocny‘ ™~ — -
< 1000.0 :o ‘ —.Thuyen_cap_heu.CM_AcceIeratwon.Y‘
£ 5000 é 0.2
£ 0.0 g owe
S -500.0 c -0.15
o % -0.325
> -1000.875 5.0 10.0 15. k5 0
Analysis: Last_Run Time (sec) § 0370 5.0 10.0 15.0
Hinh 7 Vén téc bién dang ctia 16 xo d& <Analysis: Last_Run Time (sec)
[— Thuyen_cap_lieu CM_Position X| Hinh 12 Gia téc thuyén cdp liéu theo phwong y
— — — o~
—. 42300 :U ‘ —.Thuyen_cap_lieu.cM_Acceleration.Z|
E 42200 8  2.0E-06
£ 42100 E 1.5E-06
[=)] -
€ 42000 = 10E06
3 a0 § 5.0E07 | l i L L
0 5.0 10.0 5 | 8 O] e A ilrbpryend
Analysis: Last_Run Time (sec T - -
y - (sec) g O0R0h, 5.0 10.0 15.0
Hinh 8 Chuyén vi ctua thuyén cdp liéu theo < Analysis: Last_Run Time (sec)

phwong x

Hinh 13 Gia téc thuyén cdp liéu theo phwong z

‘ —.Thuyen_cap_lieu.CM_Position.Y‘ —.Thuyen_cap_lieu.Kinetic_Energy.Ma
- 15 1.5E+05 | Al Energy Mag)
£ 10 £
E o5 £ 100000.0
£ g0 5
@ g 50000.0
T 05 2
19% 5.0 10.0 15 0% 5.0 10.0 15.0
Analysis: Last_Run Time (sec) Analysis: Last_Run Time (sec)
> K " ~ A \ A 9 n g A
Hinh 9 Chuyén vi thuyén cdp liéu theo phwong y __ Hinh 14 Bong ndng thuyén cap liéu
| — Thuyen_cap_lieu.CM \/eIocityZ| 2 ‘ — Thuyen_cap_lieu.Translational_Momentum.Mag
S 3.5E-10 ' = — : & 500.0
[ - [=]
: R g o
= A £ s
- -OE- 200.0
>  1.0E-10 £
3 5.0E-11 £ 100.0
< .01 [ 0_%‘
> -5.0E-16 0 50 5.0 T g .0 5.0 10.0 15.0
Analysis: Last_Run Time (sec) Analysis. Last Run Time (sec)

Hinh 15 Qudn tinh thuyén cdp liéu

Hinh 10 Chuyén vi cta thuyén cdp liéu theo
‘ —.Thuyen_cap_lieu.Potential_Energy_Delta.Mag

phuong z

(=]
(=]
o
(==

IO O

OIOUIOUO!
o

newton-mm
bttty

5.0 10.0 15.0
Analysis: Last_Run Time (sec)

Hinh 16 Ddng ndng tich liy thuyén cdp liéu
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3.Két qua va thao ludn

Bai bao néu ra nguyén ly hoat dong ciia may
cip liéu rung. Trén co s& dé da xay dung dwoc
phwong trinh dao dong clia may, day la co s&
cho viéc tinh toan thiét ké may cip liéu rung

Tiép theo bai bdo di dwa ra phwong phap
tich hop cadc phdn mém hién dai dé thiét ké 3D
va mo phéong dong luc hoc cia may. Trén co s¢&
dé, tac gia di vao tinh toan thiét ké va tién hanh
mod phdng déng lwc hoc may cap liéu rung co
nang sudt cip liéu 550t/h. K&t qua mé phong
cho ta cac théng s6 dong lwc hoc ciia may, tac gia
14y ra mot s6 két qua dién hinh dé thao luén:

Tt hinh 5 lyc tac dung 1én 16 xo c6 gia tri max
6000 N khi may bat dau lam viéc, sau mot
khodang thoi gian 10s mday lam viéc 6n dinh va
lwc tac dung 1én 10 xo 1a 6n dinh va thay déi theo
chu ky quanh vi trf cAn bang 2900kN, c6 bién do
2500N diéu nay chirng té khi lam viéc 10 xo luén
& trang thai bi nén néu 10 xo c6 bi hong thi lic
bat dau lam viéc (do qua tai) hodc trong qua
trinh lam viéc do mai.

Tt hinh 6 bién dang ctia 10 xo cho thay 10 xo
lu6n bi nén, lic ddu may bat dau lam viéc thi 10
x0 bién dang nhiéu nhat, sau khoang 10s may sé
lam viéc 6n dinh bién dang cua 10 xo ciing thay
doi theo quy luat hinh sin quanh vi tri cAn bang
c6 bién d6 6,2 mm

T hinh 7 ta thiy khi bat ddu may lam viéc
thi 10 xo bién dang vé&i téc dd 16n, sau khoang
10s may sé 6n dinh va van t6c bién dang cua 1o
x0 sé 6n dinh va thay doi theo quy luén hinh sin
quanh vi tri cAn bang 0 c6 bién dd khoang
250mm/s

Tl hinh 8 ta thiy chuyén vi cta thuyén cip
liéu khi bat dau lam viéc1a 16n, sau mot thoi gian
may sé lam viéc 6n dinh, va bién d6 dao déng
khoang 6,2 mm

Tl hinh 9, 10, 12, 13 thi thiy chuyén vi theo
phuwongy, z rit nhé chirng té6 may lam viéc sé 6n
dinh khong bi lac

Tt hinh 11 ta thdy may cap liéu sé dao dong
on dinh va bién doi theo c¢6 quy luat véi bién do
gia téc cua thuyén cap liéu 2500 mm/s2

Tl hinh 14, 15, 16 ta thay khi bat ddu may
lam viéc thi dong ning va quan tinh cé thay doi
lém, sau khoang thoi gian 10s thi nhirng thong
s6 nay sé &n dinh, chirng té khi bat dau lam viéc
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thi kha nang cip liéu cia may chwa 6n dinh, may
sé cap liéu 6n dinh sau 10s khi may hoat dong
on dinh.

Két qua nghién ciru c6 thé lam tai liéu tham
khao cho cac nha khoa hoc trong nghién ctru
tinh toan thiét ké vé may cap liéu rung.

Loi cdm on

Trong bai viét nay c6 mot s6 so liéu tham
khdo trong dé tai cdp nha nwéc ma sé
PTKHCN.CNKK.155/20 do tac gia lam cha
nhiém. Tac gid xin chan thanh cam on B§ Cong
Thwong, Trwong Pai hoc M6 - Pia chit da tao
diéu kién dé tac gia thwc hién dé tai va c6 nhirng
s6 liéu cung cap cho bai viét nay.

Dong gop cua cdc tac gia

Trong bai viét nay tac gia chinh Nguyén Vin
X6 thuc hién cac phan nghién ctru tinh todn thiét
ké va mo6 phong may, tac gia Tran Viét Linh thuc
hién phan thiét k€ mo hinh 3D ctia may trong
phan mém Creo
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KHA NANG HAP THU RUNG DONG CUA TAM BA LOP DUOT TAC DONG
CUA SONG KHONG TINH HINH TRU

Nguyén Dwong Phung **, Pham Ngoc Binh 2,
1 Phong Cong nghé Sting- Phdo, Vién Céng nghé, Viét Nam, E-mail: nguyenduongphung1993@gmail.com;
2 Phong Céng nghé Sting- Phdo, Vién Céng nghé, Viét Nam,

TOM TAT

Viéc xdy dung co s& ha tdng méi vao méi trwong dé thi hién tai ddt ra vdn dé thiét yéu vé viéc bdo vé cd
nguwoi ddn ciing nhw cdc toa nha va céng trinh khoi nhirng tdc dong tiéu cuc cia hoat dong ky thudt. Phwrong
phdp ldp ddt rao chdn hdp thu rung déng t6 ra rdt hiéu qud. Nghién ctku nay gidi bai todn vé tuong tdc cia
séng tru khéng tinh véi mét hang rao hdp thu rung déng dwoc mé hinh héa dwéi dang tdm ba I6p trong méi
trwdomg dan hoi. Cong trinh xét dén cdc thong s6 déng hoc, déng luc hoc ciia méi truomg, séng tru tdt ddn, xdc
dinh ham dnh hwéng bé mdt ctia niva khéng gian dan hoi khi c6 sw xudt hién ctia trwdong chuyén vi & bién.
D€ gidi quyét vdn dé vé sw twong tdc khong tinh ctia méi trwong dan hoi va tdm ba I6p, ta st dung diéu kién
tiép xtc giita méi trwrdng va vt cdn. Két qud, xdc dinh dworc chuyén vi trong long ddt sau khi séng virot qua
chwdng ngai vat va hé sé hdp thu rung déng. Dwa trén két qud ta ddnh gid ddc tinh hdp thu rung ctia tdm ba
16p lam co s& dé thiét ké va Idp ddt cdc rao chdn véi théng sé hdp thu rung déng dwoc chi dinh, trdnh tdng
cwong két cdu ctia cdc toa nha va cong trinh.

Tir khéa: TAm 3 16p Paimushin V.N.,, séng khong tinh, séng hinh try, bién ddi Laplace, chudi Fourier

l‘l)

1. M¢& dau «l»

Xét tdm ba 16p bi bao quanh bai dat -dwgc mo
hinh héa bang cic phwong trinh ly thuyét dan hoi
cho mdi trwdng dang hudng. TAm ba 16p chia moi
trwomg dan hoi thanh hai vung “1” va “2” . Moi
treong dan hoi dang huémg “1” c6 mat do p1, voi
téc d6 truyén song doc la cZ, moi treong “2” ¢6 mit
dé p2 vatoc do truyén séng ngang 1a ¢2 Coi sw .
truyén song trong mdi treeomg “1” va “2” sé giéng
nhau, phwong phap dwoc dé xuit ngu y xem xét cac x ¥
moi trwong khac nhau & hai phia cta rao can. Tam Hinh 1. M6 hinh twong tic song vdi rdo can.
ba 16p dwoc mo ta bang hé phwong trinh chuyén Bai to4n da néu ra duoc coi 1a phang va duorc
dong Paimushin V.N. [8]. Bai toan dwoc xét trong  giai dwdi dang khéng thir nguyén, khong phu thudc
hé toa d¢ De-cas Oxyz. Tam dwocbo trisao chomat  toadoy.
phdng Oxy 1a mit phang gitra cia tAm va truc Oz Trong do: a- tAim ba 1¢p Paimushin V.N,, b -
hwéng vao do sau clia mdi trwomng “2” (Hinh 1). Anh  séng tit dan hinh ciu. Tac dong 1én tAm 13 séng
hwéng bén ngoai sé 13 séng tru tat dan lan truyén  dong (thay ddi theo thoi gian) c6 bién do 4p sut
tir moi treong “1”. p, & phia trwdc. Diéu kién bién va diéu kién ban

dAu ctia bai toan, hé sd hip thu dwoc viét nhu sau:
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W| =0, W”| =0; W| =0 W| =0 Tiép theo, chling ta sé bo qua ddu gach phia trén
x=0,1 x=0,1 t=0 t=0 P - N A , A Ny 2 s N
biéu thi s6 lvgng khong thi nguyén. Tat cd caicham
Ouslcg,2-0 = Oz3: = P c6 trong phwong trinh chuyén dong clia dat dwoc

W, |,64,,64,. - 1an lwgt la chuyén vi, chiéu cao cta
tAm, (g suat phap va rng suit phap cta séng téi.
Rao can twong tac véi méi treong “1” va “2” sinh ra
cac ap lyc véi bién do twong ing lan lwot 1a Py Py
trong do P213 bien do séng qua va Py dwoc xac dinh
Pet Py (1)

Pw - 13 bién do song phan xa. D€ danh gia kha nang
hép thu rung dong ctia tAm chan, ta stt dung hé sd
gidm rung:

2
Wi,

W,

nhwsau: P =

k =

r

)

2

: ma)x -1an lwot 1a chuyén vi phap cia song téi
va gia tri 1ém nhit cia chuyén vi phap cia séng sau
khi di qua rao can tai vi tri bién gittra méi trueong “2”
va tam. D€ giai bai todn hap thu rung dong ctia tim
dwéi tic dong clda séng khong tinh cin xac dinh
dwoc mot cach t6i wu cac tham so6 hinh hoc cling
nhuw vat liéu san xuat tam.

W

2. Phwrong trinh chuyén dong cta dit dwdi dang
khong thir nguyén

M6 hinh dit 12 mot moi treong dang huwong,
chuyén dong ctia n6 dwgc mo ta boi cac phwong
trinh ctia ly thuyét dan héi. Hé phwong trinh dong,
md ta chuyén déng cua nd, bao gom cac phwong
trinh chuyén dong, hé thirc Cau-chy, dinh luit vit
ly, phwong trinh twong dwong cta chuyén déng
cuia dit trong chuyén vi. M6t phwong an khac cia
hé phwong trinh twong dwong trong mdi twong
quan véi thé nang vé huéng ¢ va cac thanh phan
s ctia thé nang vecto chuyén vi [7,9]. Ta ky hiéu cac
gia tri khong thir nguyén sau:

u=t, w=2 x=27=2¢ Ct\TJ e %
h h h h h h*>’" h
— h@-v’)o, — h(l@-v*)o, — h@l-Vv*)o,,
1= 1613 = 7033 = .
tlEH tlEH tlEH

U, X,6y,,W, Z,645,0,3,0, 2t , E,;, t -lanlwgtla chuyén
vi, toa d6, &rng suat phap theo truc x, z; &*ng suat
thanh phin xz, d6 day 16p 16t, d6 day 16p ngoai,
modul dan hoi cia vt liéu 16p ngoai ctia tim va
thoi gian.
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biéu dién bang chudi lwong giac.

R:ZRn sinkn;(,Rz(\Tv,(—P(i) (i ) =0 =0

€11 ,833 ,011,033
n=1

T —
(Wn,@ﬁ%gg;;,gggn,cifn,cégn)
K=Y"K,cosk,X, K—(G,@(i),gi

n=0

‘ol

Xét biéu dién chudi lwong giac théa man diéu
kién bién va thwc hién phép bién doi Laplace, dinh
luat vat ly va phwong trinh séng dang thé nang
dwéi dang hé s6 clia chudi sé dwoc viét nhuw sau:

|,

Rﬂ

—(i)
unl\Vn ’813n’ n ’013”

) i=12

(i) (L
—af ou .
ot = yut 4 . O'fg)n s g wOt
0z 2 oz

; ; i

()L _ (L n
Oy =—QA U+ ,

33n n=n az

_ (l_ Vgr )(l_ VZ)hEgr

Y (1-v*)hE,,
(L, )(1-2v, )4E, s

(1+v, )(1-2v, JtE,

(L (L (4)
Wit — a(ﬂ ) V/(.)L U(.)L 1 ¢(|)L 8!//
" oz e az  (5)
2 ()L (HL
a ¢n ﬂln2 rgl 0 a l//n ﬁZn V/rEI)L
forad
C. 2
rae 7, =—, B = A1 + S =12
- j ©)
biéu kién chan & vé cuc:
- D6i véi moi trwedmg “1”, khi £ >~
L L
o (2:5)=0(). ™ (25)=00) )
- D&ivéi moi truwomg “2”, khi £ > ®
o7t (2,5)=0(1), v (2,5)=0(1) (8)

Nghiém cta (6) théa man diéu kién (7) va (8):
(pn(l)l- (Z ,S) — C(l)eﬁlnz ;(pn(Z)L (Z ,S) — C(z)e’ﬁlnz ,

(HL (Z ,S) — D(l)eBZnZ ; Wn(Z)L (Z ,s) — D(Z)efﬁZnZ . (9)

O c® p p@ ’
Trongdé C C D7D hing s6 tich phan.
Chuyén vi trong moi trweong “1” va “2”:
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(i)L Bln (') BZ"Z .
W, et —A DV et

— 10
ur(1|)L A, C . gPu? —B,, D . gPan?

U'ng sudt trong moi truomg “1” va “2”
o5 = (-0, " +B, " )C¥ € 4 (0 ), B, DY € ()
ot =(1- o), e + L (12 1, DV

3. Xac dinh chuyén vi va irng suit trong song toi

tatdan
k”xjdx,
L

ndex;
L

TUNL s+l

W= Zmp*i]ld

Kl(rlo)sin(

L
L r100 p. 1 rx-

=2 lK
t NL, s+1J; (" 1 (& )COS[

10:\I(X_Xl)z"'dz;rloo:\]X12+d2; (12)
rssoz\la X_Xl 2+yd2;r3300=VOLX12+yd2;
N (a"'Y)rlooK (100) I’32300K2(r100)'
oY, = —2(y-a) rlOOdp* %

NL,

Ly _
LJMK (T )cos( )dx
s+1y g L,
(13)

L (Z)Op* 1
Osen =7 N LN mj I:( +1)0oK; (1) =

. [ AX
_3230K2 10 . dx.
r2,K, (T )]sm( ) ] X

4. M0 hinh tim ba 16'p Paimushin V.N

4.1. Hé phwong trinh chuyén déng va cdu triic
clia tdm

Déi twong nghién ctiru la tdm ba lép cé cu tric
doi xirng, gobm hai 1&p ngoai chiu lyc va 1op dém
gitra ching. Cac l16p chiu luc cia tim la dan héi va
dang hwéng, c6 md dun dan hoi loai I E va ty s6
Poisson v, c6 do day 2t . Lop dém truc hwdng, cé
hinh t6 ong, c6 m6 dun dan hoi E, vaty s6 Poisson
v,, €6 chiéu day 2h.Lép 16t c6 mo dun nén E, va
md dun cit ngang G, va G, lan lwgt theo cac

phuong ctia truc O,, 0O, . Ky hiéu u®,u - Ian lwot

211

1a chuyén vi tiép tuyén theo trucO,,0, va w" -
chuyén vi phap cta 1ép thit k; g',9° - bién do cla
Urng suit tiép khdng doi theo bé day cua lép 16t theo
huwong O,,0, . Ta dwa vao cac gia tri khong thu

nguyén sau:

GoWo_u o _cto xo h@-v
“h"h" R Rt B
b)) b2 )

Hinh 3. Céu tric cua l6p 16t

Xét bai toan phiang, do d6 hé phuong trinh
chuyén déng ctia tim Paimushin V.N. ¢6 dang sau:
BUr,, (X,t)—p, 7 (X,t) + 20, (x,t) =0,

_DWc,xxxx( ) Pe C(X t)+2k1qu(X t)+p1
_DWa,xxxx ( J )_paw a (X’t) - 2C3 a (X't) thtP, =

Uy (1) —kyw,  (X,t) = ko0 o (X,t) + ka0, (X,t) = 0.

(15)
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Trong do: Ap lyrc va tmg sut tai bién véi moi trueomg
2Et, Bt,? h? 2h
B= =— k=t +h k,=— k;=—,(i=12
oy Dk =g k=g (i=12) p:(z,s):(cgls)rf(z,s)—p*n(z,s)) o
E, =
@ 7% 2 =204k PP PN Pay =Pu+ (16) O334n (Z,S)L:O = P (Z’S)| -0’ (21)
4dp, 2p,, 2h. L .
p= 3asin(cp)'pq1 =Pq2=Pq :?q’ Ky =Ky =k :Er pZn (21 S) = _5(33),1 (Z S)‘ o’
ut=ul —u? (i1=1,2),w, =w" +w® w, =w -
i i a (l)l- — (l)L L
W, (z,8)=(-w,""(z,5)+W_(z,s ,
Sau khl ap dung bién doi Laplace, hé phuong on (2:9) ( v (28)+wn( )) 2=0
trinh chuyén dong theo hé s6 chubi Fourier dwoc e (z.5)= WL (2.9) 22)
viét lai nhw sau: on AT R PR
2" 2 + =0 W (2.5) = (-0 (z.8)+u.(2.9))|
~My Ay Wy, = (24 M,)mes*wi, —2my A, g + py, = Py, =0, .
m 4 (17)  4.2.2. Héng s6 tich phan
”\1/1: all_n - (2+_2)m652W;n __W;-n + p::-n + p;n =0, N ,
3m, Cac hang so tich phan dwoc tinh toan trong
~2u®*" —m AW+ (4,2m, +m,)m.qs =0, phdn mém Maple cé dang tong quat nhu sau:
2
m =2 pho o trh 1 o R (S° By Bun) o0 Ry (8" Bun B )
3 t h 2 = U= ,
T R(™ B Bon) RSB Ban)
m; = ! R 3241 ’ R 3131 i
7 (l—VZ)(1+C052(§0)) (18) C(z) — 5( - Bln BZn)’D(z) _ 7( - Bln BZn).
2 H RG(S 'B1nll32n) RS(S lBln’BZn)
:E(l_vz ) at15|n(¢) :(1_V2). . :
* E, (1-v®) dh ° ' Tw \dé :ca c6 chuyén vi phap va tiép trong moi
W _WL o +WL ) W _WL @ _ gt @ trueong “2

on
4.2. Xdc dinh chuyén vi tai bién ciia tdm va mai
trwong

Chuyén vi phép tai bién cua moi truong va
cac 16p ngoai cua tam

oL :1 _(pZL" _ plL”) (5" A7) +13ms(p1Ln +Py)
N2, (S A5 AD) + 1,5 AN 2 1,(s5 A%
oL (5 = o ) L (5% A) _13my(p}, +p;,) (19)
21, AL (SE AN AL, AD 2 1 (s AY
U(Z)L _ 3A’n(p2n - pln)
T U8+ U, (4,8 +UL (451 +UL (4 8°)
Trong do:
U, (45,7 =2mm,m, 4 +2mm, (s°m,mg +m,)4;,
U, (4),5°) = 42 (25°((2+ m,)m, =+ mym, )mym, +4m; +2m, ), (20)
U, (47,5%) = 2s'm, (s’m,m, (2+m,)m, +m, (2+m,)m, +2m.*) *,
U, (4),s*) = 28’m, (mmym, s* +2)(2+m,).

4.2.1. Diéu kién tiép xic giira tdm va moi trwong

(L RS (524’[31n’[32n) —Bunz
W =P o @ a a v
R (S Bln’BZn)
13
( Bln'BZn) e’ﬁZnZ
R sl4 , !
( BanFZn) (24)
u(2)|_ — 5 (S ’Bln’BZn) -e'ﬁ“‘z n

" RG(stiﬁln’BZn)
+B R7 (SlS:Bm 'BZn) 'eiﬁz"z
TR B Ba)

5. Tinh toan chuyén vi ddi véi tim c6 két cdu va
vat liéu khac nhau

5.1. Tdm bé-téng cét thép

Tam c6 do dai L=12m, bé day 1é6p bé téng
2t, =0,2m, do day 16p 16t 1a 2h=0.4m. Vat liéu bé-
tong c6 E =2.75-10°kg/m?, p, = 2340 kg/m*va mat

@ v=02. Lép lét - thép 12X18H10T:
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E, =1.8-10"kg/m?, p, =7900 kg/m*,v, =0.29,
a=0.2m;d =0.003m- d6 dai va do day mat lwdi
cot thép; ¢ =90°; Pat sét dong vai tro la méi trweong
dan hdi: E, =7.6-10°kg/m’,v=0.4, mat do
Py = 2000 kg/m®.

Thuc hién tinh to4an va vé do thi trén phin
mém Maple 2021, ta duoc do thi biéu dién sw phu
thudc ctia chuyén vi theo thoi gian tai bién ctia tim
can véi moi treong va tai khoang cach 2m trong
moi trwomg dan hoéi “2” ( sau khi da bién dai vé
dang thir nguyén) nhuw sau:

0.0144
0.0124
WU, Mg 0010
0.008
0.006
0.0044

0.0024

0

U.oz 0.04 0.06 0.08 tc
Hinh 4. Chuyén vi tai vi tri bién
0.000012
0.000010 m
W,'., o 0.000008
0.000006
0.000004 4
0.000002
/\
¢ 0.62 O.W OV 0.68 t, ¢

Hinh 5. Chuyén vi tai khoang cach 2m
5.2. Tdm bé-téng coét thép c6 modul dan héi
twong dwong cao su

D€ danh gia sy dnh hwdng cua vat kiéu lam 16p
16t dén kha nang hip thu rung déng clia tim ta xét

213

tAm bé-tong cot thép c6 dd day thanh mat lwdi ma

modul dan hdi cia n6 bang véi mo dul dan hoi ctia

cao su véi cac thong s6 sau: E, =10°kg/m?;

3E, (1-Vv?)azcos*(¢)
4E

z

p =1000kg/m*;d =

,v=0,45

Ta thu dwoc do thi biéu dién s phu thudc cta
chuyén vi theo thoi gian tai bién va & khoang cach
2m trong méi treomng dan hoéi “2” nhw sau:

©.000020 -
0.000015
o, arae

0.000010

©.000005

o

o 0.02 0.04 0.06 0.08 i c

Hinh 6. Chuyén vi tai bién ctia tim c6t thép twong
dwong

= 107%

Hinh 7. Chuyén vi tai khoang cach 2m ctia tim c6t
thép twong duwong
Tl d6 thi nhan thiy kha nang hap thu rung dong
cta tdm véi 16p 16t 1a cao su tot hon nhiéu so véi
cot thép.

5.3. Néi dung va két qua dat dworc

- Cong trinh da xay dwng dwoc moé hinh twong
tac ctia song khong tinh hinh tru véi vt can la tim
3 16p c6 cau tric phirc tap trong méi trwong dan
hoi

- Ttr két qua cia bai toan ta danh gia dwoc kha
nang hap thu rung déng ctia tim, lam co s& dé thiét
ké, ché tao vat can hap thu rung dong theo yéu cau.

5.4. Két ludn

Cong trinh thé hién mot cach tiép cin chung cho
phép giai quyét cac van deé lién quan dén sy twong
tac trong méi trweong dan hoi cta cac séng khong
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tinh hinh tru va cac can hap thu rung dong. Vi muc
dich nay, cac bai toan riéng 1é vé chuyén déng cia
moi treong dan hoi va tim dwoc xem xét. Bai toan
xac dinh cac thong s6 dong hoc ctia méi trromg ma
séng hinh tru gay ra.

Trong céc vi du cu thé vé su twong tic cla cac
rao can va séng trong mdi truedng dan hoi, so sinh
kha nang hip thu rung dong cua tim véi vat liéu
khac nhau. Sw twong dwong cua hai tAim dworc xac
dinh trén co s& moodul dan hoi, tuy khong chinh
xac tuyét déi nhwng van cho phép chiing ta rut ra
kétluin vé wu diém cia cac loai vat liéu 1am 16p 16t.
Viéc danh gia dwgc thuc hién trong khoang thoi
gian rat ngan, do d6 ching khong rd rang sw khac
biét vé chat trong ban chit clia séng di qua cac
chwéng ngai vat khac nhau. da xuit ban.

Dong gop cua cdc tac gida

Nguyén Dwong Phung : 60%
Pham Ngoc Binh: 40%

Tai liéu tham khao
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TOM TAT

Nhu cdu st dung ndng lwong ctia con ngudi ngdy mét tdng cao cung véi sw phdt trién ctia sdn xudt, giao
thong va nhu cdu sinh hoat. Trong dé, phdn Ién nguén ndng lwong dwoc cung cdp dudi dang dién ndng va
dworc cung cdp tir ngudn nhién liéu hod thach, ddu mé. Viéc sdn xudt dién ndng tir ddu md, khi dét hodc than
dd dang béc 16 nhitng bdt cdp vé vdan dé méi trwedng va hon niva ngudn nhién liéu nay dang can kiét dan.
Nhitng ndm gdn ddy, trén thé gi¢i da nghién ctru va trng dung phdt trién loai tua bin truc giao dé khai thdc
ndang lwong dong chdy ven bién, nang lwong thuy triéu phuc vu phdt dién. Loai tua bin nay ¢6 wu diém la két
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cdu don gidn, nguyén ly hoat déng chii yéu dya vao dong ndng ctia dong chdy va khéng phu thudc vao chiéu
ctia dong chdy. Do d6, né rdt phit hop dé€'khai thdc ndng lwong dong chdy ven bién, tai cdc civa séng, ctra bién
va ndng lwong thiy triéu. Viét Nam la mét quéc gia cé bo bién dai téi 3260 km, 3/4 dién tich ddt lién la ddi
nui véi hé thong séng sudi cé tiém ndng thuy dién Ion. Do vdy, viéc nghién ctvu phdt trién ngudn ndng luong
thuy dién va khai thdc ndng lwong bién cd y nghia rdt thiét thwc. Khai thdc ndng lwong thuy dién Viét Nam
dd dat dwoc nhitng thanh twu nhdt dinh. Gdn ddy, ndng lwong bién, ndng lwong dién gid va ndng lwong dién
mdt troi dang dwoc nghién ciru, phdt trién. Véi mong mudn dwa ra dwoc mdu tua bin trwc giao phii hop véi
diéu kién dong chdy thurc t& phuc vu cho viéc lva chon mdu tua bin, thiét ké ché tao bdnh céng tdc tua bin,
nhém nghién ctru dd di sGu nghién citu dnh hudng ctia cdc théng sé hinh hoc (ty s6 hinh hoc H/D, mdt do dday
cdnh I/t) dén hiéu sudt lam viéc ctia tua bin truc giao véi phwong phdp nghién civu phén tich ly thuyét va xdy
dung mé hinh mé phdng trong méi truong Ansys Fluent . Két qud mé phdng khdo sdt vdi bién dang cdnh
NACA18, ty s6 hinh hoc H/D = 1, dong chdy c6 vdn tdc tinh todn 2,5 m/s cho thdy hiéu sudt lam viéc ctia tua
bin khéng chi phu thudc vao théng sé hinh hoc ma con phu thudc vao yéu té dong hoc (hé s6 vdn téc). Hiéu
sudt dat gid tri cwc dai khi hé s6 mdt dé ddy cdnh dat xdp xi 0,32 trng véi hé s6 vdn téc dat 2,37. Trong nghién
ctru nay ciing phdt hién ra rdng, véi méi mét ty 16 mdt dé ddy cdnh, tua bin cé mét viing vén téc lam viéc nhdt
dinh cho hiéu sudt cao. Pdy la co s& quan trong dé tinh todn thiét ké tua bin truc giao.

Tir khéa: Tua bin truc giao, thiét ké cdnh tua bin, tua bin thuy triéu, ndng lwong tdi tao

thac nang lwong thuy triéu, nang lwong bién rat
1. M¢& dau 16m.

Trén thé gidi, da c6 kha nhiéu nghién ctru rng
dung khai thac ning lwong séng bién, nang lwgng
dong hai Iwu. Nhiéu thiét bi da dwoc chuyén giao
cong nghé va tré thanh sdn pham thuwong mai. Tuy
vay, cach day khoang 10 nam, tua bin thuy triéu van
dang & giai doan nghién ctru va thir nghiém (Dendy
Satrio va nnk, 2016).

Tua bin trwc giao chd yéu dung dé khai thac

Nhu ciu st dung ngudn ning lwong cta con
nguwoi ngdy mot ting cao do hoat dong san xuit,
giao thong va doi séng. Pac biét la dién nang - mét
nguon nang lwong c6 nhiéu tinh nang wu viét nhw
truyén dan don gian, sach va dé dang st dung, ...
Theo s6 liéu théng ké trong nam 2021, tdng nhu
cau nang lwgng dién cia Viét Nam la 214 bn kWh.
Cacngudn cung cip nang lwong chinh ctia Viét Nam . . NI ,
I nhiét dién (151,35 bn kWh), thuy dién (53,95bn  1angluengdong chdy c6 van toc va luu lwong nho.
KWh) va mét phin t&i tir ning luong dién gi6 Véi dac diém cac canh c6 bién dang giong nhau bo
(856,31 m kWh) va dién mit trori (worlddata.info). 1 xung 9“31;1}1 mg? t”-lch‘iuaX nén _1‘}’1@‘ fua b{“br_‘iy
Trong dd, nang lwgng hoa thach 1a dang nang luwgng C(Z,_t ?tlep nhan dong chdy t LF o1 htrong va bien
khong tai tao va tiém 4n nguy co giy 6 nhiém mdi doi dong nang cua dong chay tha,nh €O nang tren
truedrng, bién ddi khi hau cin phai loai bo dan. Diéu trl{c tua,bln. TheT vao \do, vol k,et cau truc dimeg,
nay dit ra yéu ciu cin phai thay thé dan nguén phan may phat dién hoar} toan c6 thé dit cao ho’?
nang lwong hoa thach béi nguén nang lwgng tai mat nuoc, tl_la b}n €6 thé duoc do;bang phao nol
tao, nang lwong sach hon nhw thuy dién, nang (DendX Satrio va nn%(, 2016). Vi vdy, tua bin tryc
lwong dién gié, ning lwong thuy triéu va ning 82° rat pht hop dé khai thag: nang lwong dong
lwong dién mit troi. Viét Nam 1a mot dit nwéc nam chay, dor}g hai luu hodic gi6 quan (tua bin gi6). Bay
trong khu virc nhiét déi véi 3/4 dién tich dit nuee 1@ ddc diém vurot troi cla loai tua bin ny so véi céc
1a dbi nti voi hé t}ié’ng séng ngoi kha day dac dem lozi tua bin Cbr,l lai. V61 tiém ning }'rng dung cia loai
lai tiém ndng thuy dién rat 1ém. Bén canh do, Viét tu_ibm nay, dén nay da co m9t SO nghlen cuu phat
Nam c6 bo bién trai dai tir Bac vao Nam véi tong trién tua bin tryc §1a0 VO cac quy mo khc nhau.
chiéu dai 1én t&i 3260 km dem lai tiém nang khai Cdc thi€t ké, thir nghiém gilip nang cao dan co s¢'ly

i thuyét tinh toan thiét ké ciing nhw hiéu suat cia
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loai tua bin nay. N6 tré thanh dang tua bin dac biét
hiéu qua déi véi cac dong chdy thuy triéu, dong
chay ven sdng, ven bién. Muc dich dé khai thac nang
lwong ctia dong chdy c6 vén téc nho va hwdng dong
chdy bién dai lién tuc. Trén thé gidi, cic nha nghién
ciru con xay dung y twdng khai thac nang lwong
dong chay theo xudt hién tai khu vuc 14n cin bién
dang cta 6 t6, xe buyt, thu hoa bang cach dit cac tua
bin truc giao (tua bin gio) tai duwdng cao téc hoac
tai dwong ray tau hoa.

Tua bin truc giao thudc nhém may canh dan vi
vay cac thong s6 hinh hoc, bién dang cta canh la
yéu to co ban quyét dinh hiéu suit lam viéc cia tua
bin. V&i mdi trudmg van tdc téc, mot ddy canh nhat
dinh thi can c6 cac thong so6 hinh hoc twong rng
nhdm t&i wu vé hiéu sudt hoic gidm 6n hodc 6n dinh
van téc (Farhan A. Khammas va nnk, 2015) va
(Remi Gosselin va nnk, 2013). Vi vay, viéc nghién
ctru hoan thién ly thuyét tinh ton loai tua bin nay,
tir d6 dwa ra dwogc mau banh cong tac phu hop voi
diéu kién dong chdy, c6 hiéu suit cao, 1a mot noi
dung can thiét.

2 Co s& ly thuyét dong chay qua tua bin tryec giao

Tua bin tryc giao lam viéc theo nguyén ly luc
nang do dong chay tac dung lén mot vat ngap. Mot
dong chay 6n dinh, duwong dong déu sudn véi vin
téc & xa vo cung khi chdy qua bién dang canh cta
tua bin sé xdy ra sw phan bd lai van téc va duwong
dong, cac dwong dong & phia bung canh c6 xu
hwéng gidm téc d6 va tip trung, nguoc lai dwong
dong & phia lwng canh thwa hon va vin téc dong
chdy tang 1én, két qua la hinh thanh hai viing c6 ap
suit chénh léch. Ttr d6, dan t&i ap lwc tic dung 1én
bé mat canh bat déi xirng, két qua hinh thanh mét
lwc ddy canh. Lwc nay goi la lwc ning, néu canh
dwoc gan c6 dinh v6i truc quay thi lwc ndy sinh ra
md men lam canh quay quanh truc (Lé Kinh Thanbh,
2003) va (M. Khan va nnk, 2009). Lwrc nang hay con
goi la lwc thiy khi dong hoc phu thudc vao hinh
dang khi dong ctia canh va réto, véi cac kich thwéc
dac trung: dang profile canh, chiéu dai day cung I,
chiéu dai sai cAnh (v&i tua bin truc giao thi chinh la
chiéu cao ro to H), ban kinh ré to R, buéc canh t (s6
14 canh Z). So @6 nguyén lam viéc cta tua bin tryc
giao dwgec trinh bay trén Hinh 1.

Lyc nang

goc toi
van &7
toc

dong
chay

ivan tdc hgp = van téc
1 t&i profil canh

van téc vong
Hinh 1 - Nguyén [y lam viéc cua tua bin truc
giao (M. Khan va nnk, 2009)
Phwong trinh vén téc téi profil canh:
W=v+1uU €Y
Trong dé: w - van toc tdi profile canh m/s; ¥ -
van t6c dong chdy, m/s; U - van tdc vong (vin tdc
dai), m/s.
Hé so van toc:
Rw @)

A=—
v

Trong d6: A - hé s6 van téc, R - ban kinh ro t6,
m; w - van téc goc, 1/s; v - van toc dong chay, m/s.

1=R®
L=05 A=

Hinh 2 - Hé s6 vin tdc dong qua diy cdnh tua
bin truc giao (M. Khan va nnk, 2009)
Vi tua bin truc giao truc ding, hé s6 van téc cd
y nghia rat quan trong, né xac dinh cac gia tri téi wu
cuia goc téi doi vai cac profile canh. Hinh 2 cho thay,
van t8c téi W thay d6i ca gid tri, phwong va chidu
khi hé s6 van tdc A c6 cac gia tri khac nhau.
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Nang lwong ciia dong chdy qua canh tua bin (Lé
Danh Lién va nnk, 2003), (Dendy Satrio va nnk,
2016):

3
p. A2 vV 3)

Trong do: E - nang lwong cia dong chay; m, -
khoi lwong dong chdy qua dién tich quét A cla
banh cdng tac trong mot don vi thoi gian véi van
téc V; p - khdi lwgng riéng cla chat 16ng cong tac
trong diéu kién thwong.

Dién tich quét (Dendy Satrio va nnk, 2016):

A=HD %)
Trong do6: A - dién tich quét, m2; D - dwong
kinh banh cong tic, m; H - chiéu cao ctia banh cong
tac (ro to), m.
Hiéu suit cda tuabin tryc giao:
n= Cp-77TL-770K 5)

Trong d6: n) - hiéu sudt cda tua bin; C, - hé s6
cong suit; nr. - hiéu suit thuy lwc; nex - hiéu suit
co khi.

Cac thanh phan vin toc ciia dong chay qua banh
cong tac cla tua bin tryc giao dwgc xac dinh nhw
Hinh 3 (Lé Danh Lién va nnk, 2003) va (Li W. G,
1992).

GOc toi o cia dong chay:

E =

V
tga=—" 6
g =y (©)
Trong dé: V, - thanh phén van téc theo phwong
phéap tuyén véi profile ctia canh dan, m/s; V; -
thanh phén van téc tiép tuyén vai profile ctia cinh
dan, m/s.

Vco ’ pco
Vh

\Y/:

(O]

Hinh 3 — Cdc thanh phan vin toc dong chay
qua canh dan cua tua bin truc giao
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Luc can tong cdng cho toan bd vi tri thay d6i goc
phwong vi cia canh banh céng tac khi banh quay
motvong (0 <6< 2r), vdi sé canh banh cong tacla
Z, chiéu dai day cung la I, dwoc xac dinh theo biéu
thirc (M. Khan va nnk, 2009):

F =Z'I—'HTq(C sind—C, cosd)do 7
b 2 " ! @)
Hé s6 luc can:

——Z'I T C,sing-C 0)do
D_zszvaQ(“an ~Creoso) ®)
Coéng sut cla tua bin:

1 2 , I H
P==.p0oV° zD°.-.—.R.a.b

2 t D ©
a=(C_sina—-Cycosa) )

b=[(4 +cos6.(1-a))" + (sin 6.1 a))*]

Theo biéu thirc (8) cho thiy, cac thong s6 anh
hwdng dén cong sudt clia tua bin truc giao gom: s
vong quay n, ty s6 hinh hoc H/D, mit d6 day canh
toc A

1/t, hé s6 van
&

Csin(a) —

Cpeos(a)

W
Hinh 4 - Cdc thanh phin luc khi dong tic dung
1én bién dang cdnh

3. Két qua khao sat moéi quan hé giira thong s6
hinh hoc téi dac tinh canh

S dung phin mém Ansys Fluent dé mé
phdng, danh gia danh hwdng mét s6 thong s6 hinh
hoc téi dac tinh nang lwong cho tubin trwc giao véi
cic thoéng s6 nhw sau: Cong suit t6 may 3kw,
dwong kinh banh cong tdc D=1000mm; bién dang
canh Nacal8; Van téc dong chdy tinh todn v =
2.5m/s (Nguyén Qudc Tuin va nnk, 2017):
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i 0.25
S b 0.050.100.150.20 q.%ggﬁg) 0.350.400.450.50
e Hinh 7 - Durong quan hé n =f{1/t) cho cdc trurong
b hop thay déi ty so'l/t vei H/D = 1
séieioo 4. Thdo ludn
e Két qua m6 phong dong chdy qua day canh cia
banh cdng tac cho thiy phin b6 dong chay qua bién

0
] 0450 0900 {m)
067

Hinh 5 - Phan bé vén téc dong chdy qua banh
cong tic cd I/t = 0.13 voi trurong hop hé s6 mé men
lon nhdt C, = 0.13, hésévintécA = 2.6

Két qua cho thiy:

- Khi van t6c dong chdy ting hay hé s6 van toc A
tang thi hiéu suit ciia cdc mo hinh tua bin nghién
ctru tang theo va dat dén gia tri 16n nhit, sau dé
giam dan.

- Khi ting ty 1é mat do day canh 1/t thi hiéu suat
cla tua bin cling tang theo, theo két qua mo6 phong
tinh toan thi trwedng hop 1/t = 0.32 1a trwong hop
tua bin lam viéc v&i hiéu suit cao nhit tai gia tri n
= 0.418 (Cp = 0.44) trng véi A = 2.37 so véi cac
trwdng hop con lai.

0.50
0.30 (I/t=0 al i
Og .13)
0
030 A /| /
0700
0.00 0.50 1.00 l.ﬁg S%,.ngnztbScOx&OO 3.50

Hinh 6 - Duirong quan hé n =f;() cho cdc truong
hop thay déi ty sé 1/t vei H/D = 1
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dang 14 canh banh cong tac c6 hién twong dong roi,
van téc dong chdy ting dan tir mép vao cho dén
mép ra cda profile canh banh céng tac. Cé6 chénh
léch van toc gitra mat trwdc va mat sau cda bién
dang canh, c6 thanh phan vin téc xoay tron tai
vung gitta banh céng tdc dam bao cho su tao
momen quay cho banh céng tac tua bin.

Két qua phan tich ly thuyét va mé phdong cho
thay hé s6 van téc va ty 1é day canh la hai yéu t6 anh
hwdng truc tiép téi hiéu suat lam viéc cua tua bin.
Khi ting ty 1é day canh dong nghia véi tang dién
tich 1am viéc cia banh cong tac, ning lwgng trao doi
gitta banh cong tac va dong chay tang 1én. Tuy
nhién, viéc tang dan ty 1é day canh lai giy ra bat lgi
bé&i dong chay bi nhiéu dong sau khi chdy qua canh.
Nhw vay, véi mot trieong van toc nhit dinh nho mé
hinh m6 phong ta c6 thé xac dinh dwgc mot ty 1é
day canh hop ly.

5. Két ludn

Trén co s& nguyén ly lam viéc cia tua bin truc
giao, tinh wu viét caa loai tua bin truc giao truc
dirng va két qua mo phong dac tinh lam viéc cta tua
bin v&i mot mau profile canh tiéu chuin cho thiy
hoan toan c6 thé xay dung mot bd thong s6 hinh
hoc ctia banh cong tac tua bin tryc giao trén co s&
khdo sat dic diém dong chdy, diéu kién thuy van
ctiia mot khu vue cu thé.
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Loi cadm on

Nhoém nghién ctru xin dwoc glri 101 cdm on téi
Ban t0 chirc H6i nghi Co hoc toan quoc vé Co khi -
bién - Tw dong hoa da tao diéu kién cling nhw déng
vién, tao nguon lwc gidp nhém nghién ctru thuc
hién cong trinh nghién cru nay. Péng thoi, xin tran
thanh cadm on Ban bién tip va T4p thé phan bién da
dong gop y kién quy bau giup ching t6i hoan thién
bai bao nay.
Ddng gop cua cdc tdac gia

Bui Minh Hoang va Nguyén Son Tung da nghién
ctru, tim kiém tai liéu thiét k€ may canh dan, tua bin
tryc giao. Bui Minh Hoang phut trach xay dung mo
hinh va m6 phéng dong chdy qua canh tua bin
nham khdo sat dic tinh hiéu suit lam viéc cda tua
bin. Nguyén Son Tung bién soan nodi dung bai bao.
Db6ng thoi, Bui Minh Hoang chiu trach nhiém doc va
kiém so4t 16i ban thao.
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Pham Tuan Long!
1Khoa:Co - Dién, Truwdng: Pai hoc M6 - Pia chdt, Viét Nam, phamtuanlong@humg.edu.vn;

TOM TAT

Muc dich nghién ctru ctia bai bdo tdp trung vao mét sé chi tiét mdy cé dang thanh chdang han nhw
cdc truc truyén déng trong co khi va diing phwong phdp phdn ph6i mémen dé xdc dinh noi lwc trong

cdc chi tiét nay.

Tir khéa: Noi lwc, momen, truc, co khi
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1. M¢é dau

DE kiém tra diéu kién bén cho cac chi tiét may
dang truc, viéc xac dinh ndi lyc bén trong cac chi
tiét nay luén dwogc tinh dén dau tién.

D3 c6 nhiéu phwong phap xac dinh noi luc, tuy
nhién bai bao tap trung str dung phwong phap phan
ph6i mémen dé gidi quyét van dé. Phwong phap
nay dac biét hiéu qua khi tinh todn ddi véi hé siéu
tinh va co thé trién khai thanh cac chwong trinh
tinh toan trén may tinh
2. N§i dung cta bai bao
2.1. Khai niém

Phwong phap phin ph6i moémen dwoc
dung dé tinh toan noi luc cho truc siéu tinh thong
qua nhirng phép tinh toan don gian. Phwong
phap nay dwoc thuc hién bang cach gia dinh cac
khép ctia hé bi tam thoi bi khéng ché chuyén vi
(ngam chat). Nhw vy, sé c6 truc chiu lwc véi cac
doan la d6clap véi nhau. Khi d6, mémen phan luc
lién két tai cdc ngam sé dwoc xac dinh dwa trén
két qua ctia nhitng md hinh da biét. P& phu hop
vGi dieu kién can bang cia khép , ngwoi ta phai
dit tai mot khép (chd tam thoi bi khéng ché
chuyén vi) mét mémen sao cho téng gia tri cac
momen tai khép phai bang khong. Mémen nay sé
dwoc chia thanh cac mémen thanh phan vé hai
bén khép va cic moémen thanh phan nay lai tiép
tuc phan ph6i mot nira cia n6 cho lién két con lai
cta doan truc. Véi cac khép khac, nguwoi ta cling
lam twong ty va sy phin ph6i mémen sé dwoc
1ap lai. Qua trinh phan phdi két thic khi téng gia
tri cia mémen noi lwc tai dau trai va phai caa cac
khép bang khong. K&t qua cudi cuing sé cho ta gia
tri momen noi lwc tai cac lién két.

2.2. Phat trién phwong phap
Trwéc hét, ta hdy xét 1 thanh véi cc lién két
nhw hinh 1

M

—

///—‘

@

L

Hinh 1. Thanh siéu tinh véi lién két ngam - khép
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Néu dit mot moémen M tai chd lién két di
dong (vi tri 1), tai ngam (vi tri 2) sé sinh ra mot
moémen. Khi d6 ta c6 quan hé toan hoc sau:
M, =C,M,

Trong dé:

M1: Giad tri mémen dat tai vi tri 1 (M1 = M)

C12: Puwoc goi la hé sé truyén cia mémen
tlr vi tri 1 dén vi tri 2.

Tir quan hé gitra néi lwc va chuyén vi:

M, 2L -3L L® 3L[¢g
V, | 2EJ|-3L 6 -3L -6|m
M, | L2 -3L 2.2 3L|l¢,
V, 3L -6 3L 6 ||n,
€Y)
4EJ 2EJ

Ta co: Ml :T¢1 va M2 :T¢l (2)

Quy wéc: Momen duwoc coi la dwong khi
lam thanh quay theo chiéu kim dong ho va lam
cho khép quay ngwoc chiéu kim dong hoé.

Do d6, mémen sinh ra tai ngam:

1
M, = E M, (3)
Nhuw vy, hé so truyén:
1
C.—= 4
=5 (4)

 J y
Ty so E = K dworc goila hé sé do cirng cia thanh.

Néu ta thay ngam bang lién két géi c6 dinh nhw
hinh 2

M

( \ { ”Zl
— —

%D\d)f\ ] ¢, |

Hinh 2. Truc 2 ddu lién két khop
Tl quan hé gitra ndi lwc va chuyén vi ta cé
phuwong trinh:
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M,| 2E3J[2 1}[a 10 kN
=== 5) .
M| L |1 2|4 5 |
2E] 5N < : )
VM, =0=2E (01 20) > 4, -2 AN G T

2EJ # ] 3EJ
M, =502 24, - 2 | = =2
=5 [¢1 2} =4,

M, _3EJ 3(.]

Do dé: T =4E= E}=4EK'(6)

L 4
Ta nhin thiy gia tri cia d6 clirng cla treong
hop nay bang 3/4 so véi truomg hop trwde. Hé s6
do ctirng chuyén déi ky hiéu bdi K’ dwoc biéu dién
3
dwdidang: K'= 2 K
Vé&i ndi dung da trinh bay & trén, ta xét thi du
minh hoa sau: Cho thanh chiu uén nhw hinh 3. Hay
xac dinh mémen phan lyc lién két tai ngam.

10 kN
5

Y

2?.@ ®
T m

m

Hinh 3. Thanh chiu uén 2 ddu khép - ngam

Trudéc hét ta coi nhw khép tai vi tri 1 tam thoi
bi khéng ché chuyén vi . Nhw vy Thanh sé coi
nhw dwgc ngam chat hai ddu va mémen phan luc
lién két tai ngam dwoc xac dinh dwa trén mot s
két qua ctua nhirng mé hinh dam chiu uén véi 2
dau ngam chat hinh 4.

q Qab Q Q4

qf< [P ) f@_l__E)T

12 L a b
f—F e o

Hinh 4. Mét s6 so dd mdu
Phan lyc lién két tai ngam v&i dam chiu uén
cua bai toan
Hinh 5. Phdn lwc tai ngam
DEé phu hop véi diéu kién goc xoay tai vi tri 1,
nguwoi ta phai dat tai d6 mot momen M cung do

16n va nguoc chiéu véi mémen phan lwc lién két
taingam 1.
M ZkN 10
)
o) 15
2N { — 7N

m

Hinh 6. Gidi phdng khop 1
Nhu viy, ta c6 dwoc mé hinh bai toan giong nhw
hinh 1. Theo c6ng thirc (3) M6 men M (M=M1) sé
sinh ra tai ngam mét mémen
M, = M_> kKNm
2 4
Nhuw vy, mémen phan lwc lién két tai ngam sé la:
242 Bynm
2 4 4
So sanh phwong phap nay véi mot sé6 phwong
phép khac ta ciling dwoc két qua twong tu.
D€ mé rong phwong phap nay cho dam siéu
tinh nhiéu nhip chiu udn, ta xét hé thanh chiu lwc
nhuw hinh 7.

Hinh 7. Hé thanh chiu uén
Hé gbm 3 hoac nhiéu thanh lién két véi nhau
tai khép cirng 1. Lién két con lai ca cic thanh 1a
ngam. Momen dwoc datlén hé & khép 1 valam cac
thanh xoay géc ¢.
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Phuong trinh cAn bang ctia khép 1:

M, +M;+M, -M=0
Theo (6)

My, =4EK,¢

My =4EK ¢

My, =4EK,¢

Phuwong trinh trén c6 thé viét nhw sau:
4EP(K,, + Kz +Ky)=M
Hay:

M =4E¢> K tirdé ¢ = M

4E) K

Thay vao trén ta duorc:

— L_ Ky
M,, = 4EK,, 4EZK = ZK M

M
M.. = 4EK - K M (7
13 13 4EZK ZK ( )

M,, = 4EK - Ky
8 “AEY K DK
K K
; B_. Y_ dwoc xem 1a cac
Z < DK 2K
hé s6 phin phdi cho cac thanh. M6t cach tong
quat, cac hé s6 nay dwoc viét nhw sau:

Cac ty so

K, J. /L
DF = e (8)
Z K Z(J /L)
Thi du cho phwong phap

Cho thanh chiu lwc nhw hinh 8. Xac dinh
momen tai cic lién két

1,2 N/m &N
(
@Hllli’lllil@’é l @E
SJ J
20m 445m4‘—5mj

Hinh 8. Thanh siéu tinh chiu uén

Gia str thanh bi han ché chuyén vi tai khép 2
(hinh 9), hai nhip ctia ddm sé chiu lwc doc lap véi
nhauy, ta ¢c6 mdémen phan lwc lién két tai ngam
(FEM).

12N/m 5N

Hlllll

- ll_i

30

TN

40 QT) 10

Hinh 9. Ngam tai khop 2

2
FEM,, = _(Lz)lﬂ — _40Nm
FEM,, = 40Nm
FEM,, = (8)(10) —10Nm
FEM,, = 10Nm
D4u ciia mémen tuin theo chiéu quy wéc. Xét
riéng khop 2.

D& phu hgp véi diéu kién lién két ctia khép 2,
ta phai dat tai khép 2 mot méomen c6 do 16n bang
-30 Nm nhw vy khép sé can bang

Cac hé s0 phan phéi dwoc xac dinh theo céng
thirc (8)

3J/20

27 (33/20)+(3/10)
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DF,, - J /10 _
(3J/20)+ (J/10)

Nhw vay, momen dat tai bén trai va bén phai
cta khép twong trng:

M., = (0,6)(~30) =—18Nm

M., =(0,4)(—30) =—12Nm

Mot niva gia tri cda cac mémen nay dwoc
truyén cho ngam 1 va 3:

M, =—§=—9Nm

M., :—%=—6Nm

Nhw vdy, mémen tong tai ngam 1 va 3 la:
M, =-40-9=49Nm
M,, =10-6=4Nm

Cac két qua ctia phwong phap phan phéi mémen
nay c6 thé tom tat nhw trong trong hinh 10.

l

EERREEREREN
] DL

J.
L 20
o
-0 .0
o
-a0
-45.0

3
Jd- ol
L
il ke © | He sé phan phéi
400|100 .0 g
Phan luc lién két
180120 o Mémen phan phéi
o | o A0 . N
Momen truyén
z220 |-220 4.0 o
Két qua

Hinh 10. Két qud ctia phwong phdp

2.3. Noi dung va két qua dat dwoc

Dua trén cac ly thuyét vé strc bén vt liéu, két
cau, bai bao dwa ra dwoc phwong phap xac dinh noi
luc cho thanh siéu tinh bang phwong phap phén
phdi mémen. Ttr m6 hinh nay c6 thé tinh todn cho
cac chi tiét may dang truc
3.Két luan
e Bai bao da dwa ra dwgc mot s6 treong hop méi
tinh toan noi lwc so vé&i cac phwong phap da dung
trwde day
¢ Phwong phap nay dac biét hiéu qua khi tinh toan
ddi v6i nhitng chi tiét c6 két ciu phirc tap chang
han nhw cac hé siéu tinh.
e C6 thé trién khai don gian trén may tinh
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Tai liéu tham Khao

Sdch tham khdo

1. Pang Viét Cuwong, Nguyén Nhat Thiang, Nhit
Phuong Mai, (2003). Strc bén vatliéu, tip 1, nha
xudt ban Khoa hoc va Ky thuat, Ha N¢i, 30 trang.

2. Vii Binh Lai, (2002). Strc bén vt liéu, nha xudt
bdn Giao thong van tdi, Ha Noi, 20 trang,

3. Bui Trong Luu, Nguyén Vin Vwong, (2003). Bai
tap strc bén vat liéu, nha xudt ban Gido duc, Ha
noi, 10 trang

4. Nguyén Trong Hiép, (2002). Chi tiét may tap 1.
Nha xudt ban Gido duc, Ha Ngj, 40 trang

5. Nguyén Hiru Loc, (2000). Co s thiét ké may.
Nha xudt ban Giao duc, Ha Ngi, 25 trang
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(’NG DUNG PHAN MEM INVENTER PHAN TiCH, THIET KE KHUNG
MAY EP THUY LUC 4 TRU, LUC EP 80 TAN

Nguyén Son Tung ©*, Ng6 Quang Tt 2, Nguyén Thanh Tuén
1 Khoa Co - Pién, Trwong Pai hoc M6 - Pia chdt, Viét Nam, E-mail: nguyensontung @humg.edu.vn
2 Khoa Co khi, Trwwong DPai hoc Céng nghiép Ha Néi, Viét Nam, E-mail: tunqg@haui.edu.vn;
3 Khoa Ddu khi va Ndng lwong, Trwong Pai hoc M6 - Dia chdt, Viét Nam, Email:
nguyenthanhtuan @humg.edu.vn.

TOM TAT

Mdy ép thuy lwc la mét loai mdy céng cu c6 trng dung rdt rong rdi trong cong nghiép. Mdy lam viéc theo
nguyén ly truyén déng thuy lwc thé tich, dwdi tdc dong ctia dp sudt bén trong khoang lam viéc, xy lanh thuy
lwrc sinh ra lwc nén ép tdc dung 1én khuén. Dwéi tdc dung ctia luc ép, phéi kim loai dwoc tao hinh theo kich
thwdc va hinh dang mong mudn. B§ cteng vikng ctia khung mdy ép, Xy lanh va lién két giira xy lanh va khung
mdy la yéu té quan trong nhdt quyét dinh do chinh xdc ctia mdy va tudi tho lam viéc ctia mdy. Theo cdc nghién
cttu cho thdy két cdu khung mdy dang hop dwoc ldp ghép theo phwong phdp han cé khd ndng ciing viing
cao, tiét kiém vdt liéu so vdi cdc phwong dn khdc. Tuy nhién, viéc tinh todn, thiét ké két cdu han rdt phirc tap.
Nhiéu bai todn tré nén qud phitc tap hodc khéng thé gidi dwoc khi dp dung ly thuyét strc bén vit liéu truyén
théng. Phwong phdp phdn ti hitu han va cong cu mdy tinh la mét gidi phdp dworc ddnh gid rdt hiéu qud trong
viéc kiém tra khd ndng tdi ctia khung mdy, t6i wu hod két cdu khung mdy nhdm gidm trong luwong mdy, tiét
kiém kim loai va gidm chi phi gia céng ché tao mdy. Hién nay, c6 nhiéu phdn mém hé tro thiét ké, khdo sdt
bién dang chuyén vi ctia két cdu siéu tinh nhw SAP, ANSYS, ABAQUAS, Autodesk Inventor, Solidwork ... Trong
dd, Autodesk Inventor la mot phdn mém cung cdp cdc céng cu hd tro manh mé va dong bé trong viéc phdn
tich, khdo sdt, mé phdng két cdu. Bai bdo nay trinh bdy qud trinh nghién citu, tinh todn thiét ké mdy ép thuy
Iwc 4 tru, Iuc ép 80 Tdn. Két cdu khung mdy dwoc tinh todn so bd bdng ly thuyét sirc bén vt liéu sau dé st
dung phdn mém Inventor dé phan tich, kiém tra két cdu khung mdy nhdm ddm bdo khd ndng lam viéc va tiét
kiém chi phi gia c6ng, ché tao.

Tir khoa: Autodesk Inventor, Phwrong phap phén ti hitu han, FEM, My ép thuy lwc, Thiét ké may

kiém kim loai, gdn nhw khong phai thém budc gia
1. M¢& dau cong nao sau dip (Mohamad, 1992). Nguyén ly lam
viéc co ban cia may ép thiy lwc la nho luc nén ép
do xy lanh thady lwc tao ra. Dwéi tac dung cda luc
nén ép, thong qua khudn ép hodc dao cat ma kim
loai bi bién dang tré thanh hinh dang, kich thwéc
nhur mong muén. Xy lanh thiy lwc dwoc do trén
khung may, thong thwong la tai ddm ngang trén,
trong mdt vai trweong hop xy lanh dwoc dat & dam
ngang dudi nhw xy lanh d& chan ctia may ép song
dong, xy lanh ép chinh ctia may ép nguwoc. Phan lén

May ép thuy lwc la mot may cong cu dwoc ing
dung rong rii trong gia cébng bién dang kim loai,
nén ép phé liéu, vat liéu phi kim, kim loai mau hodc
phuc vu 13p rap stra chita co khi. V&i trng dung gia
cong bién dang, tao hinh kim loai may ép thuy luc
con mang cac tén goi nhw may dap vuot, may ép
song dong, may ren thuy luc, may chat thuy luc,
may cat thay lwc, mdy dot 16 thay luc ..
(Santoshkumar va nnk, 2014), (Asim va nnk, ; A e € ,
2016), (Karishna et nnk, 2018), va (Ganesh nnk, Cacﬂ m‘?‘}’ epAlam Ylec co t1n¥1 Chl{ ky, 1,1-“: t:a\c d(_)rjg
2018). Mot s6 san phadm dang tAm nhuw vo 6 t6, may xuat/hler} dot nthA(nhu*AmaX _Ch?t' may dot) hO?C
bay, tAm 6p xe may, chi tiét dang vé hop dwoc gia e €p tar}f?’ vot do} ng(_)'E rol keoNdal ,trorig mot
cong ché tao bai may ép cho nang suit cao, tiét khoang thoi gian ngan (may dap vudt, may cat). Khi

224


mailto:nguyensontung@humg.edu.vn
mailto:tunq@haui.edu.vn
mailto:nguyenthanhtuan@humg.edu.vn

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA
(MEAE2023)

2023

may ép lam viéc, bén trong cac bo phan ctia khung
may ép xuit hién ng suat kéo hodc (rng suit nén
vauon (Karishna va nnk, 2018), va (Ganesh va nnk,
2018).

Cac dang két ciu pho bién ctia khung may ép
thuy lwc bao gom: khung may ép dang bén try,
khung may ép dang chit H, dang chir C hodc két cdu
khung gian hinh hop.

Quy trinh vong lap thiét k€ may ép thuiy luc bat
dAu tir viéc xac dinh yéu ciu chirc nang ctia may va
thong so kich thwéc cia khuon hoac chi tiét gia
cong dé lwa chon dang két cdu khung mdy. Dong
thoi, xac dinh cac kich thwdc hinh hoc co ban ctia
may bao gobm kich thwéc tdm 16t khudn, kich thwée
chiéu rong, chiéu dai ban may va chiéu cao lam viéc
ciia may. Bén canh do, kich thwéc khung may con
phu thudc vao phwong phap dan huéng dam ngang
di déng ctia may. Tiép d6 1a giai doan tinh toan bén.
St dung cac cong thirc tinh toan phu hop dé xac
dinh cac théng hinh hoc (bé day, chiéu cao, duwong
kinh) cla ddm d& xy lanh, gin ting cirng, dam
ngang di dong, dim ngang dwdi (ban may), cot da,
vach hoéng, bu 16ng lién két .. (Santoshkumar va
nnk, 2014). Sau do, dua trén két qua tinh toan ly
thuyét, cac théng s6 hinh hoc dé xay dung mé hinh
3D. M6 hinh 3D dwogc st dung dé mé phong khao
sat ing suit, chuyén vi ciia khung may. Trén co s&
két qua khdo sat sé diéu chinh thong s ciia mot s6
bd phan hoic mét vai vi tri. & vong l3p tiép theo,
tiép tuc kiém tra (ng suit va chuyén vi ctia két ciu
dé dwa ra két luan phu hop.

PO ctrng vitng cia khung may ép, xy lanh thuay
luwc va lién két gitra xy lanh thay lwc (xy lanh ép
chinh) v&i khung may la yéu t6 quyét dinh t&i kha
nang lam viéc chinh xac ctia may ép, tudi tho lam
viéc cia mdy. Cac nghién ctru da chi ra rang két cdu
han, két cau hop c6 d6 clrng virng cao nhat va tiét
kiém vt liéu, gidm trong lwong may. Tuy nhién, két
ciu han thwong phirc tap, khong thé tinh toan két
c4u bang ly thuyét strc bén vat liéu thuin tiy. D&
don gian hoa khung may sé dworc tinh toan so bd
bang ly thuyét véi cac gia thiét nham don gian hoa
két cdu. Sau do, sit dung phwong phap phén tich
phéan t& hitru han véi sy tro gitp cia may tinh dé
kiém tra (rng suit, bién dang, chuyén vi va hé s6 an
toan clia két qua tinh todn ly thuyét. Tir d6, dwa ra
s diéu chinh két ciu sao cho tiét kiém vat liéu,
gidm trong lwong may ma van gitr dwoc hé s6 an
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toan n = 2 + 3 (Asim va nnk, 2016). Trong nghién
ctru cia Santoshkumar va cac cdng sw nham tdi wu
két cAu khung may ctia mot my ép thuy lwc khung
dang chit H, luc ép 5 Tan. Két quia kiém tra mo
phong cho thdy hé s6 an toan thuc té cia phwong
phép tinh toan ly thuyét 1a 4,88. Do viy, nhém
nghién ciru da dé xuat giam bé day cua cda thanh
vach tir 40mm xudng con 12 mm, giam bé day cta
dam ngang trén tir 45 mm xu6ng 15 mm. Twr dé
giam khéi lwgng khung may tir 143 kg xudng con
61 kg trong khi vAn ddm bao hé s§ an toan n = 2,82.
Ludn van cda tac gid Mohamd (Mohamad, 1992) da
chi ra rang phwong phap phin t& hitu han dworc
nghién ciru phat trién tir nhirng nam 1950, t&i cudi
thé ky XX phwong phap nay da c6 nhitng buéc phat
trién vwot bic, trén thé gidi c6 t¢i hon 40 phan
mém hd tro phan tich thiét ké theo phwong phap
phéan t& hitru han - Finite Element Method (FEM).
Phuong phap nay da dugc nhiéu nha khoa hoc van
dung nghién ciru mo6 phong va so sanh véi két qua
thuc nghiém cho d6 tin cdy cao. Phwong phap chia
phan t& hitru han (chia lwéi) hinh hop chit nhit,
khéi tir dién va viéc xac dinh cac diéu kién bién 13
yéu to co ban nhit quyét dinh su thanh céng cla
phép phéan tich, m6 phdong két cu. Cic phdn mém
phé bién hién nay nhw SAP, ANSYS, Creo,
ABAQUAS, Autodesk Inventor, Solidwork
(Ganesh va nnk, 2018) va (Mohamad, 1992).

Trong nghién ctru nay ching t6i s&t dung cong
cu Inventor trong viéc xay dung mé hinh va mé
phong két cdu khung may ép thiy luc 4 try, lwc ép
80 Tan dwoc st dung dé ép tao vin hoa vin trén bé
mat bac va dong ché tac d6 my nghé.

2. Thong s6 yéu cau co’ ban va tinh toan xac dinh
kich thwéc khung may theo phwong phap ly
thuyét sirc bén vit liéu

May ép thuy lwc 4 try, lwc ép 80 T4n dung dé ép
tao van hoa van trén bac, déng ché tac d6 my nghé
vGi yéu cau co ban nhw sau:

- Lwc ép 1ém nhit: 80 Tén;

- Khuon ép: rong 400 mm, dai 600 mm;

- Chiéu cao long may: 600 mm;

- Chuyén vi ddm ngang dwéi 1 mm/m;

- Xy lanh ép tir trén xuéng, dang xy lanh mat

bich.

Vi yéu cau co ban nhw trén Iwa chon két ciu

khung may 4 tru d€ ddm bdo lwc ép ding tim la
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phwong phap hop ly va tiét kiém kim loai nhat. Boi
phoi va san pham ép c6 kich thwéc nho, gon, phoi
dang miéng hodc thanh. Viéc dwa phéi vao khuon
va ldy san phdm ép ra dé dang, thuan loi. DAm
ngang di dong duoc dan hwéng bdi 4 tru, ddm bao
chuyén dong va dan khép hai niva khuon chinh xac,
phdi dwoc tao hinh chinh x4c, hoa vin sic nét. Nira
khuén dwéi dwoc cd dinh trén ban may nho coc
kep khudn, c6c dwoc kep chit béi vit 1p vao ren
cta tAm dém, tim dém khuoén dwoc kep chit vao
ban may nh¢ 4 vit & 4 géc. Nra trén ctia khuon
dwoc treo trén diam ngang di dong. Xy lanh dwoc ga
treo trén ddm ngang trén cda khung may. Kich
thwéc co ban cia khung may nhu sau:

- Khodng cach tAm ngang cta cic tru dan

hwéng: 670 mm;
- Khoang cach tAm doc clia cac tru dan hwéng:
470 mm;

Tinh todn x4c dinh dwong kinh tru din huong

Tru din huwéng dwoc ché tao tir thép C45 hoic
twong dwong, phoi thép tron, cdn ndng, dwong kinh
dwéi 100 mm, c6 gidi han bén kéo va giGi han chay
theo TCVN 1766-75:

- Gi6éi han bén kéo: 630 + 780 MPa;

- G&1 han chay: 360 = 410 MPa;

- B0 gidn dai twong doi: > 16%.

Gia thiét rang két cAu khung may du cirng virng,
chuyén vi cia ddm ngang nhé hon 1 mm/m, lyc ép
ding tAm thi lwc kéo dwoc chia déu cho 4 cot tru
dat d6i xtirng véi 4 goc khung may. Bon tru lién két
véi dAm ngang trén va ddm ngang dwéi bang moi
ghép bu long, dai 6¢ dwoc siét chit so bd va dwoc
han dinh vao ddm ngang dé chéng tw néi 1dng dwdi
tac dung ctia tai trong dot ngot ctia may ép. Bo qua
I siét chat ban dau. Gia thiét mé men xoan do luc
ham bu 16ng ban d4u nho, cé thé bo qua.

Tai trong kéo lén nhat tic dung 1én mdi cot tru:

p-F _8010_so0kn (1)

Puong kinh cia cot tru (Nguyén Trong Hiép,
2006):
n-4.pP 5
7 [o,] @)

Trong d6: d - dwong kinh tiét dién nho nhit cia
tru may, m; n - hé s6 an toan; P - tai trong tac dung
1én mot tru may, N; ng suit kéo cho phép cua vt
liéu ché tao bu 16ng, N/mz2.

d>
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- Chon hé s6 an toan: n = 2,5;
- Chon gi¢i han kéo cho phép [oi] = 360 MPa
Thay vao (2) thu duorc:

3
n-4-P_ [25-4-20010° o oco
n[o,] \ 3.14-360-10

Chon d = 60 mm. Can ctt theo phoi tru tron, ma
phti crom, ddnh béng tiéu chuin chon phéi tru do =
70 mm, tién ha bac 2 dau, tién ren M60x 3.

Tinh todn két ciu ban mdy

Nham tiét kiém vat liéu, ban may chi d& va dinh
vi tAm 16t khuon nén chon két cdu han, ban may
dang hdp c6 vach tang clrng. Mat ban va vach tang
cirng dwoc gia cong tir phdi thép tAm can ngudi
Q345 theo tiéu chuin GB (Trung Qudc):

- Gi¢i han bén kéo: 470 = 630 MPa;

- Gi¢i han chay: 345 Mpa;

- B0 gian dai twong doi: 21%

- Bé day: 6, 8,10, 12, 14, 16, 20, 25, 30, 40 ...

Xac dinh bé day tAim mat ban may theo diéu kién
bén cat tai vi tri m6i ghép bu 16ng - dai dc. Gia thiét
rang viing 4p suit nén trén bé mit tim thép phat
trién theo hinh c6n v&i goc a = 300, vong tron dinh
cong xuit phat tir dwong kinh vanh dai 6c (Nguyén
Trong Hiép, 2006).

5> — P
~med, - [] ®)

Trong do: § - bé day ctia tAm lap ghép, m; P - tai
trong nén lén mat tdm, N; d; - dwong kinh vong
dinh c6n 4p suit nén, m; [t] - gi&i han bén cit cho
phép, N/m2.

Ung suit cit cho phép (Nguyén Pinh Dirc va
Pao Nhu Mai, 2011):

— [Gk] _ GC
[]= 5B J3n 4)
Trong do: [t] - (g suit cat cho phép, N/m?;
[ok] - Grng suat kéo cho phép, N/m2; o, - gi¢i han
chdy cua vat liéu, N/m2; n - hé s6 an toan.
- Chon hé s6 an toan: n = 2,5;
- Gi&i han chay caa vatliéu: o = 345 MPa
Thay vao (4) thu duorc:
[]= o, _ 345-10°
J3n B.25
Bé day ctia tAim ban may:
P 200-10°
n-d,-[t] =-0,09-80,23-10°

d>

=80,23MPa

o2 =0,009m




2023

HOI NGHI KHOA HOC TOAN QUOC VE CO KHIi - PIEN - T PONG HOA
(MEAE2023)

D€ qué trinh han don gian, han ché bién dang
cong vénh khi han tdm va dinh vi maéi ghép cot tru
chon bé day tidm thép & = 30 mm (theo kinh
nghiém). Két qua nay ciing phu hop véi quan diém
tinh theo diéu kién bén dip cta méi ghép co dinh,
chiu tai tinh. Vé&i thép chwa tdi clrng bé mat tng
sudt dap [o4] = 100 MPa (Nguyén Trong Hiép,
Nguyén Van Lam, 2001).

Chon vach ting crng c6 bé day 16 mm, chiéu
cao 150 mm, han hai phia véi mat dwéi cda ban
may. So' d6 han gin tang clrng nhw sau:

& &

& &

Hinh 1 - Sodo bd tri han vdch tang cing
Chon tim dé c6 bé day 16 mm:

Hinh 2 - TAm dé ban mdy
Két cdu mat ban may ép sau khi han cé dang
nhu sau:

Hinh 3 - Mat ban mdy ép
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Hinh 4 - M3t ct ngang ban mdy ép
Ap dung cac phép tinh m6 men tinh cda tiét
dién hinh hoc (Nguyén Dinh Dirc va Dao Nhw Mai,
2011):

S,=[y-do=[[y-dx-dy=y. -

S,=[x-do=[[x-dx-dy=x; - )

Trong do: Sy, Sy - lan lwot 1a md men tinh cua
dién tich w d6i véi truc Ox va truc Oy, m3; x¢c —
hoanh d6 cia trong tdm C, m; y¢ - tung do trong tam
C, m; w - dién tich ctia hinh phang, m2.

Khi hé truc toa do di qua trong tam hoac trung
v6i truc doi xirng thi S = 0.

M6 men tinh cta tiét dién ban may (Hinh 4):

5
S, =Y'S, =1620+(~796,8) = 823,2cm’
i=1

S,=0
Toa do trong tAm C cda dién tich tiét dién ban
may (Hinh 4):
X. =0
S, 8232
® 180+72+96
Ap dung cac phép tinh mo men quan tinh ctia
tiét dién hinh hoc (Nguyén Dinh Ditc va Pao Nhw
Mai, 2011):
J, =y -do=[[y*-dx-dy=J. +y:-0

Ye =

=2,365cm

J, =[xt -do=[[x*-dx-dy=Jg +x - ©)

Trong dé: J, Jy - lan lwgt 1a m6 men quén tinh
cau tiét dién d6i véi truc Ox va Oy, m#; Jex, Joy - mo
men quan tinh déi véi hé truc vuéng goc di qua
trong tam C, m% x¢ - hoanh do cta trong tam C, m;
yc - tung do6 trong tam C, m; w - dién tich cda hinh
phang, m2,

M6 men quan tinh cua tiét dién mat ban déi
v&i truc Ox nam ngang (Hinh 4):

5
J,=[y*-do=>[y* do=22699cm*

® i=1 o
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M6 men quéan tinh cia tiét dién mat ban quy
d6i vé truc nam ngang di qua trong tAm C cta tiét
dién:

Jo, =3, -y -@=22699-2,36° 348 = 2076,77cm*

Xét theo phwong chiu luwc bat loi 1a phwong c6
nhip 1én. Gia thiét so d6 chiu lwc don gidn hoa va
biéu d6 m6 men udn nhw sau:

67 cm
\
y
F = 800 kN
o c l
A B X
Y= 400 kN Y5 = 400 kN
134 kNm
Hinh 5 - So dé x4c dinh noi lirc mé men uén trén
ban mdy

U'ng suat phap trén mat cit tiét dién nguy
hiém nhat do noi lwc m6 men udn gay ra (Nguyén
DPinh birc, Pao Nhw Mai, 2011):

O =

3. y ()

Trong d6: o - img suit phap trén mit cit tiét
dién, N/m2; M, - ndi lwc m6 mé men uén, N.m; Jex —
mo men quan tinh déi véi truc trung tim cua tiét
dién, m%; y - khoang cach tir tiét dién trung hoa t&i
vi tri giy trng suat phap, m.

U'ng sudt kéo 16m nhat tai mép duéi cia dam
va rng sut nén lén nhit xuat hién tai mép trén ctia
dam:

3
Oy = M Vou = LO_B&O,GGS&O’Z
J 20760,77-10
=0,0688-10°N / m* = 68,8MPa

Hé so an toan tinh toan:

n=-0 3B _ 5.3
Cymax 08,8

Heé s6 an toan twong déi 16m, ta c6 thé gidam bé
day cta tAm vach va tim dé. Tuy nhién dé€ dé dang
trong viéc han lap ghép, bé day cac tAm khong nén
chénh léch nhau qué 16n. Mat khac, véi tim dé chi
han dwoc quanh chu vi. Piéu nay cling gép phan
giam kha nang chiju lyc ctia két cau.

Tinh todn két cdu dim ngang trén

DAm ngang trén c6 nhiém vu lién khét véi tru
mdy thanh khung virng chic va d& xy lanh. D€ dam
bao két cu virng chic, xy lanh dwoc treo trén dam
ngang trén, vai bich xy lanh ty vao mat duéi cia

Cx
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dam. Do d6, phai khoét 16 hoic ddm dang khung.
Chon két cdu dam dwoc té hop tir tAm va gin ting
clrng c6 két cAu nhw Hinh 6:

,, H H @

Hinh 6 - Két ciu dim ngang trén

Do khoét 16 ding tAm (vi tri mit cit nguy
hiém) nén chon bé day tim 40 mm, gin ting cirng
c6 bé day 30 mm, chiéu cao 200 mm (Hinh 7). Khi
tinh toan chiu lwec, ta xac dinh cac thdng s hinh hoc
va m6 men quan tinh tai tiét dién nguy hiém, phan
con lai chi mang tinh lién két va gép phén ting kha
nang chiu lwc. Tiét dién tinh todn nhw Hinh 8.

06 00—

!
-ﬁ

Hinh 7 - Két ciu dim ngang trén mdy ép

408 100 —|

p—+30 y

!
-

40

!
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Hinh 8 - M3t cit ngang dim ngang trén mdy ép
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M6 men quan tinh ddi véi truc Ox:
S, =1984cm’
Tung do trong tim C; clia mién dién tich mat
cat dim ngang trén ctia may ép:
S, 1984

X =

® 272
M6 men quan tinh cta tiét dién ddm ngang
trén véi truc Ox (Hinh 8):

4
3, =[y*-do=> [y do=28330,667cm"

=1 wj

C

=7,29cm

M6 men quan tinh cla tiét dién ddm ngang trén
véi truc nam ngang qua trong tAm Ci:
J

Cix

Giai thiét rang phan lwc trén vanh bich xy lanh
phan bd déu va két qua la cho lwc tip trung twong
dwong dat & gitra. So d6 xac dinh ndi lwc mé men
udn tai ddm ngang trén nhw sau:

134 kNm
¥ ar =400 kN
Yg, =400 kN
o
Ay c B; x
F = 800 kN
67 cm
Hinh 9 - So dé x4c dinh ndi lirc mé men uén trén
ddm ngang trén

!
-

i
d=3-
-

Hinh 10 - Két cdu khung mdy ép thuy luc 4 tru,
lwc ép 80 Tin
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U'ng sudt kéo 16m nhat xuat hién trén mép trén
cua tiét dién nguy hiém:
e 134.10°
Jo, ™ 13875,47-10°°

=0,12274-10°N / m* =122,74MPa
Hé s6 an toan tinh toan:
c 345 _281

-12,71-10°?

kaax =

n=—-—=—-—
Gy 122,74
K&t ciu ddm bao an toan va cé hé s6 an toan

nhé nhit1a 2,5.

J, — Y2, -0=28330,667 —7,29° - 272 =13875,47cn3. Két qua mdé phong va kiém tra {rng suat,

chuyén vi ctiia két cAu khung may ép 4 truy, lwc ép
80 Tan

S dung phidn mém Inventor xdy dung mo
hinh 3D mdy ép thuy lwc 4 try, lwc ép thiét ké 80
Tan véi thong sé dwgc xac dinh trong phan tinh
toan thiét ké néu trén.

Bdng 1. Théng s6 mé hinh

Khéi lwong 1089 kg
Dién tich bé mit 6894590 mm?
Thé tich 138689000 mm?3
S6 phan tir lwdi 29705
SO nit 53746

Bdng 2. Khai bdo vit liéu
Vit liéu Q345
Gi&i han bén kéo 600 MPa
Gidi han chay 345 MPa
U'ng suat cit 80 MPa
Do that twong doi 30%
Khéi lwong riéng 7850 kg/m3
M6 dun dan héi 210 GPa

Bién dang chuyén vi ctia khung may dwoc
danh gia theo chi tiéu bép méo cuc dai, ten xo trng
suit dwa theo thuyét bén thi nhat (¢ng suat Von
Mises) - chi tiéu (rng suit dwoc st dung phé bién
trong mo phong phén tich két ciu CAE. Két qua mo
phong kiém tra (rng sudt, hé s6 an toan va bién dang
cua khung may cho thay: &ng suat nén c6 gia trilon
nhat dat 173 MPa tai vi tri méi ghép dai 6c va dau
cOt tru va cling tai vi tri nay hé s6 an toan dat gia tri
nho nhat, cac vi tri con lai hé s6 an toan trung binh
dat 3,5. Ca biét, c6 nhirng vi tri hé s6 an toan dat 8.
Két qua phan tich chuyén vi cia két cdu khung may
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c6 thdy vi tri c6 chuyén vi 16n nhit tai chinh gitra
diam ngang trén véi gia tri chuyén vi dat 0,745 mm.

oy

Hinh 11 - M6 hinh két cdu mdy ép 4 tru, luc ép 80
T4n

Voo 173 MPe

9.8 00 g g e AP
SN
e
S S SR

Szeav,

ST
vAY

oA
LT

Hinh 13 - Bién dang chuyén vi cia cdc bg phin
trén khung mdy ép 4 tru, luc ép 80 Tin

0.745 Max

{059

| 0.447

0.149

0 Min

i

Hinh 14 - Vj tri c6 bién dang chuyén vi Ion nhat
trén khung mdy ép 4 tru, luc ép 80 Tin

4. Thdo ludgn

Két qua phan tich mo6 phéng va két qua tinh
toan ly thuyét c6 nhiéu diém théng nhit véi nhau.
Phian tinh toan ly thuyét da khang dinh d€ don gian
va thuln tién trong gia cong ché tao tim mit ban
dwoc chon véi bé day nhw nhau tir ngoai vao t&i
bén trong. Do vay, khu vuc chinh gitta ban c6 &ng
suatnén nho nhat (khu viee mau xanh trén cac Hinh
12,13 va 14). Mat cat chinh giita dAm ngang trén la
khu virc nguy hiém, mép trén ctia gin ting cling la
noi c6 g suit lén nhat diéu nay da dwoc khang
dinh trong m6 hinh tinh todn ly thuyét va két qua
moO phong cho thay khu vuec ing sudtkéo voi cwong
do lém c6 mau cam ciing tip trung & gitta dam
ngang trén (Hinh 13 va Hinh 14).

Tuy nhién, két qua phan tich mé phdng ciing
cho thiy két cAu ban may con du thira vé vé vatliéu.
U'ng sudt nén xuat hién gan nhuw trén toan bd mat
ban va mang gia tri nho. Piéu nay da dwoc giai thich
& phan tinh todn ly thuyét, trén thwc té cac vach
tang ctrng chi dwgec han mét phia (han lién két véi
mat ban), tim dé chi dwgc han xung quanh diéu
nay lam gidm kha nang chiu lwc ctia két cdu. Nhung
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phan mém lai mic dinh 1a toan bd thé tich thAn may
la vat liéu lién khéi va dong nhat.

Ngoai nhitng luc trén ly thuyét cic chi tiét
dang chiu nhirng lwc uén do sw chuyén vi ctia cac
chi tiét. Tlr ké qua mo phong chuyén vi (Hinh 13)
va trng sudt (Hinh12) c6 thé cai tién thiét ké nham
ning cao chit lwgng may cling nhw giam gia thanh,
ting tudi tho bang cac phwong phép sau:

Dan déu &ng suat: Thay vi dé (rng suit tip trung
tai cac vi tri nhw ving lién két gitra ddm khung
may va tru cot cia may ép, bao gom ca gin ting
clng & cac vi tri 1an cin (Hinh 12), c6 thé khao
sat va ting bén tai cac vi tri ndy bang cach ting
hodc thim chi giam bét bé day tim hodc gan
ting ctrng dén mot gia tri pht hop nham dan
déu rng sudt, gidm sw tip trung (ng suit boi
phwong phap mé phong téi wu (analisis
parametric dimensions).

T6i wu lai khéi lwgng ciia may & chu ky vong lap
tinh toan thiét ké tiép theo bang cong cu thiét ké
(vi du: Shape Generator) sau khi thay doi kich
thwére tai mot sd vi tri tai bwdre thiét ké tham so,
mo phong toi wu.

5. Két ludn

Khung may ép thuy lwc 4 tru la mét két ciu
twong d6i don gian so véi khung may ép chir C hoac
khung may dang hinh hop. M6 hinh tinh toan ly
thuyét ciia khung may kha gan véi thyec té. Can cir
theo két qua tinh toan ly thuyét va moé phong kiém
tra bién dang chuyén vi, img suit trong két ciu
khung may dwéi sy tro gidp ciia cong cu may tinh
cho thay c6 nhiéu diém trung hop, théng nhit. Két
qua tinh toan ly thuyét c6 do tin ciy cao, c6 thé van
dung trong thuc té.

Trong nghién ctru nay, ching t6i méi dirng lai &
viéc mo phdng kiém tra &rng sudt, chuyén vi va hé
sO an toan cda khung may. Viéc toi wu cac vi tri dw
vat liéu dwgc thyc hién trong thoi gian téi.

Loi cam on

Nhom nghién ctru xin dwoc gii loi cadm on téi
Ban t6 chirc Hoi nghi Co hoc toan qudc vé Co khi -
bién - Tw dong hoa da tao diéu kién cling nhw dong
vién, tao ngudn luc giip nhom nghién ciru thuc
hién cong trinh nghién ctru nay. Dong thoi, xin tran
thanh cdm on Ban bién tip va Tap thé phan bién da
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dong gop y kién quy bau gitp ching t6i hoan thién
bai bao nay.
Dong gop clia cdc tdc gia

Nguyén Son Tung da nghién ctru cac tai liéu veé
tinh todn thiét ké may ép thuy luc va xay dung y
twdng cling nhw thwc hién tinh toan thiét ké ly
thuyét. Ngb Van Td chiu trach nhiém xay duwng kich
ban mé phéng va hwéng dan Nguyén Thanh Tuin
thuc hién mé phdong két ciu khung may trong moi
trwomg Inventor clia phdn mém Autodesk. Dong
thoi, Ngd Van Tu chiu trach nhiém doc va kiém soat
16i ban thao.
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USING LUGRE FRICTION MODEL TO SIMULATE THE DYNAMIC
MOTION OF HYDRAULIC CYLINDERS

Son Tung Nguyen™, Thuy Thi Pham?, Minh Hoang Bui!
'Hanoi University of Mining and Geology, Vietnam
ABSTRACT

Hydraulic cylinders are widely used in industry. Simply, hydraulic equipment is used as hydraulic jack or
lifting machine. For more complex systems, hydraulic cylinders are equipped on machinery, mining machines
or rudder control system, hydraulic governors, aerospace and autonomous vehicles. Friction force strongly
affects to dynamic motion control. In same cases, friction fore may cause control errors or poor performance.
Therefore, friction can not be ignored. Researchers have paid a lot of effort to deal with dynamic motion of
hydraulic cylinder for 100 years. All researchers tried to illustrate the behavior of friction by mathematical
model. Classical friction model is based on Coulomb friction. This model has been used for a long time.
However, Coulomb friction couldn’t fully capture the behavior of friction. Several efficient friction models such
as steady - state friction model, Stribeck friction, LuGre friction model or Dahl model, Modified LuGre friction
model. The researchers always try to complete the previous models. Using the more complex model for control
system the better performance of cylinder is. In contrast, the full and complex mathematical friction models
are so difficult to solve. Besides, experiments also show that each model is only adequate to several
application. LuGre friction model has been widely used for modeling and predicting of dynamic motion of
hydraulic cylinders. This paper represents the use of LuGre friction model to predict the performance of a
hydraulic cylinder operating as a piston pump. The experiment is carried out by 70 mm bore, 30 mm diameter
of rod, 300 mm length of stroke hydraulic cylinder. The cylinder is placed bottom up. Piston compresses and
pushes hydraulic liquid by gravity. The motion behavior of piston then will be compared to experimental
result to ensure the accuracy of LuGre model.

Keywords: LuGre friction model, friction model, dynamic motion, Matlab, predictive motion,
mathematical friction model

1. Introduction vehicles, hydraulic governor system, robotic

Hydraulic cylinders have been widely arms, CNC machines, etc. For high quality of
used in industry. For simple applications, control, friction force may cause of errors or
hydraulic cylinder is used like a jack equipment  poor performance of the system. Itis evident that
or a lifting machine. Hydraulic cylinders also friction force can not be ignored. Friction always
play an important role on mining machines, presentinhydraulic cylinders and mechanism. It
construction machines or machine tools, etc.  significantly affects the performance of the
Nowadays, hydraulic cylinders are widely used  system. However, friction is a critical problem.
across vehicles and industrial applications such ~ Although friction has been studied from 16t
as rudder steering, flap control, autonomous century, researchers have focused at friction in
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hydraulic cylinders or pneumatic cylinders for
100 years (Yanada et al., 2014; Nguyen, 2021).
Mathematical models is used to describe the
characteristics of friction which represents the
influence of normal force, deformation and
speed of motion, etc. One of the well-known
models are steady - state model, LuGre friction
model, Modified LuGre friction model or Stribeck
curve. LuGre friction model is the widest used for
modeling the performance of hydraulic cylinders
and predicting the dynamic motion of the
system. Because LuGre model can simulate
important nonlinear phenomena such as
statiction, Stribeck effect, pre-sliding
displacement and frictional lag (Ahmad et al,,
2022; Tran, 2019). Nevertheless, LuGre model
can not simulate well the dynamic behaviors of a
hydraulic cylinder in the sliding regime (Yanada
et al, 2014; Tran et al.,, 2014). This paper briefly
presents the use of LuGre friction model for
simulating the performance of hydraulic
cylinder which counters a constant load.
Matlab/Simulink is used to simulate the
performance of cylinder to get predicted result
of dynamic motion. Then the results will be
compared to the experiment to ensure that the
mathematical model is accurate enough. The
paper is divided into 5 sections. The introduction
recapitulates the hydraulic cylinder application
and friction. The second section briefly
illustrates the LuGre friction model and
hydraulic dynamic model which includes friction
force, compressible of hydraulic fluid. Those
models are used to simulate by using
Matlab/Simulink software. The simulink block
diagram and the result of simulation are
represented in section 3. The section 4 briefly
depicts the experiment of a hydraulic cylinder
which works as a displacement piston pump. The
piston is pulled by gravity of steel plates. The
counter MC-964 is used to measure the average
velocity. The result of experiment is showed in
section 4. Finally, the comparison between
simulation results and experiment as a strong
proof to propose LuGre friction model for
predicting accurately the hydraulic cylinder’s
behaviors.

233

2. LuGre friction model, mathematical
friction model of hydraulic cylinders
2.1. LuGre friction model

For hydraulic cylinders, friction force is
critical problems. Friction force is result of
normal force between moving parts and
stationary parts which is known as Coulomb
friction. Firstly, the assembly dimensions causes
of primary deformation of sealant parts.
Therefore, seal rings apply normal forces to
cylinder bore and piston rod (called F;). So, F1
friction force is influenced by mechanical wear.
F1 nearly is constant. Therefore, it's considered
as static friction. Then, high pressure leads to
secondary deformation of sealant parts.
Consequently, it is necessary to add friction
force F». Different from static friction force, F; is
strongly influenced by pressure and moving
speed, elastic. The higher pressure is, the greater
deformation is, the greater value of F,. It is
evident that the pressure in the cylinder
chambers is not a constant value. In additions,
there is hydraulic oil film between the seal ring -
cylinder bore, seal ring - piston rod and guiding
rings - cylinder bore, piston rod. Shear stress
and viscosity of the hydraulic oil issues dynamic
viscosity friction (Yanada, et al., 2014). Dynamic
friction behavior is confusing and complex.
There are several well-known models to
describe friction behavior. However, it is very
difficult to depict fully friction behavior. LuGre
model was proposed by Canudas de Wit and his
partners in 1995 (Nguyen, 2021; Ahmad et al,,
2022). Canudas de Wit et al. combined Dahl
model and Stribeck effect, Coulomb friction, also
elastic bristles to simulate friction behavior.

It is assumed that two matting surfaces
contact at several asperities through elastic
bristles as shown in Figure 1. When a tangential
force is applied to a surface, the bristles will
deflect like springs; and when the force is
sufficiently large, some of the bristles will break
and then slip. The mean deflection of the elastic
bristle is denoted as z and is defined as (Tran et
al,, 2019):
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[/

Elastic
bristle

;ST s

Figure 1 - Elastic bristles model (Tran et al.,
2019)

dz o,z v "
at g(v) (1)
Where: o is the stiffness of the elastic
bristle, N/m; z is the deflection of the elastic
bristles, m; v is the velocity, m/s; t is time, s;
g(v) is the Stribeck function, N. g(v) is defined as:
g(v)=F, +(F,—F,)e ™™ (2)
Where: F. is Coulomb friction force, N; Fs
is maximum static friction force, N; vs is the
Stribeck velocity, m/s; n is an appropriate
exponent; v is the velocity, m/s.
The dynamic behavior of friction is
depicted as Figure 2:

=Y

‘
v

Figure 2 - Steady-state friction model (Tran et
al, 2019)

The friction force is given by:

(3)

the stiffness of the elastic
bristle, N/m; o1 is micro-viscous friction
coefficient, Nxs/m; o, is the viscous friction
coefficient, Nxs/m; z is the deflection of the
elastic bristles, m; tis the time, s; vis the velocity,
m/s.

dz
F =o0,2+0,—+0,V
' dt

Where: oy is
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2.2, Mathematical friction model of
hydraulic cylinders

In this study, LuGre friction model is
chosen for simulating the dynamic motion of
hydraulic cylinders. The mathematical model is
based on LuGre friction model which is defined
in section 2.1.

The cylinder bore D 70 mm, the
diameter of piston rod d = 30 mm, two piston
seal rings are labeled USH 60 - 70 - 6 (NOK
corporation, Japan), two rod seal rings are
labeled USH 30 - 40 - 6 and one dust wiper ring
is labeled LBH 30 - 40 - 8. The cylinder is
mounted at the top of a frame, the piston
chamberis upside. The piston chamber is vented.
Therefore, the pressure p: in the piston chamber
is always atmospheric. A constant load is apply
to piston rod end by holding square steel plates.
Figure 3 briefly illustrates it's schematic
diagram. The motion of piston is caused by
gravity (positive action) and back pressure of oil
in rod end chamber (negative action). The piston
rod chamber is filled with hydraulic oil (viscosity
46 cSt). By weight of load and piston - rod weight
(tare weight) the pressure in piston rod chamber
p2 raises up. So, the hydraulic oil can flow
through a throttling valve to the tank. The
bottom up cylinder operates as a displacement

pump (Figure 4).

1 - Hydraulic cylinder, 2 - Throttling valve, 3 -
Ball valve
Figure 3 - Schematic diagram of source cylinder
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Figure 4 - A bottom up hydraulic cylinder plays
as a displacement pump (source cylinder)
G +G-F,—p,-A=(my+m)-a (4)

Where: Gy is the tare weight of piston and
piston rod, N; G is the total weight of steel plates,
N; Fms is the friction force, N; p2 is the liquid
pressure in rod chamber, Pa; A; is the cross
section of rod chamber, m?; my is the tare mass
of piston and rod, kg; m is the total mass of steel
plates, kg; a is the acceleration of piston, m/s2.

The flow rate Q supplied by hydraulic
fluid source. Q is defined by two equations
below. The first equation represents the
relationship between the flow rate Q and the
movement of piston when hydraulic fluid is
considered as compressible liquid. The other
shows the flow rate goes through an orifice.

_V dp,
AV-Q=gs (5)

Where: A; is the cross section of rod
chamber m?; v is the velocity of piston motion
m/s; Q is the flow rate of hydraulic fluid, m3/s; V
is volume of the hydraulic fluid in the rod
chamber, m3; E is the bulk module of hydraulic
fluid, Pa; p2 is liquid pressure in the rod chamber,
Pa; tis the running time, s.

The flow rate of fluid:
2-Ap

5 (6)

Where: Q is the flow rate of hydraulic
fluid, m3/s; Cy is the discharge coefficient; A is the
cross section m2; Ap is the differential pressure

Q=C,-A:
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between up stream and down stream, Pa; p is the
density of hydraulic fluid, kg/ms3.

However, for the flow returns to the tank
(pr = 0), the friction loss of the downstream line
and the throttling valve is considered as C. The
flow seems to be the function of upstream
pressure. The simpliied formulation as below:

Q=C-Jp, (7)

Where: Q is the flow rate of hydraulic
fluid, m3/s; C is the equivalent discharge
coefficient; pz is the upstream pressure (it is also
rod chamber pressure), Pa.
3. Predictive dynamic motion of piston

Matlab is an useful software for
researchers and engineers to model and
simulate the machinery, dynamic motion and
behavior. Matlab helps researchers and
engineers to analyse the system behavior by
using virtual models. Therefore, the time
consumption is reduced as well as the cost is
lower. As mentioned, Matlab is chosen as a
dedicated tool to model the dynamic motion of
piston. The result of modeling as predictive
behavior. Figure 5 shows the block diagram
model of hydraulic cylinder plays as a
displacement pump which supplies a stability
flow of hydraulic oil to hydraulic system.

All parameters of mathematical friction
model is showed by Table 1.

Table 1: Model parameters

Param | Val | Param | Value | Param | Value
eter ue eter eter
Fs(N) | 180 | 0 5x106 | A2 31.416
(N/m) (m?) x10*
Fc(N) | 56 |1 0.1 | m(kg) 82
(Nxs/
m)
Vs 00 |2 30 mo 3
(m/s) | 125 | (Nxs/ (kg)
m)
n 0.0 | E(Pa) 108 | Vo 628.32
5 (m3) x10-6
C 0.337
x10-6

Note: Regarding the drawback of Matlab
language, those number 0, 1 and 2 denote the oo,
o1 and o2 respectively. C is defined by
experiment.
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ImegEor

Constantd

Figure 5 - Matlab block diagram of friction model

The acceleration curve and velocity of load. The motion is caused by the difference
curve above represent the predictive motion of  between gravity and friction. Currently, the
piston. Firstly, piston begins to move by gravity = pressure in the rod chamber hasn’t been built up
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yet. The character of friction in pre-sliding phase
strongly influences to the motion. Therefore, the
acceleration has a positive value and the velocity
rises quickly. Then the acceleration starts to go
down to negative value because of the higher
back pressure. The greater velocity is, the
greater flow rate is. The equation 6 shows that
the drop pressure is proportion to the flow rate
flows through the throttling valve. That means
the back pressure is built up (equation 7). Back

pressure acts like a brake. Consequently, the
velocity can not keep going up. Finally, the
velocity almost doesn’t change when the gravity
balance to friction and counter force (back
pressure). The Figure 6 depicts the fluctuation of
acceleration curve, the amplitude of oscillation is
approximately 0.05 m/s2 The velocity curve
seems to be plateau. The constant velocity is
about 0.061 m/s (Figure 7).

A T T A TN A AN VAN

Figure 6 - The predictive acceleration curve

Figure 7 - The predictive velocity curve

4. Experiment

An experiment has been carried out to
approve the simulation results. The cylinder is
mentioned in section 2.2. To measure the
velocity of piston, we used a Digital Multipurpose
Counter MC-964 (Figure 8). For measuring the
linear velocity, operator needs to select A to B
mode. The average velocity is defined the
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distance traveled per time. The distance traveled
is distance between the two fiber transducer
gates. When the indicator object reaches the first
gate (point A) the time-counter is activated then
it is stopped when the indicator object reaches
the second gate (point B). These two gates are
placed at 60 mm distance. The experiments are
carried out at three positions. For each position,
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the gates are consequently placed at beginning,
the middle and the end of stroke. For each
position, the experiment was carried out at least
5 times. The first gate was put 50 mm far from
the upper dead point. The Figure 9 shows the
real bottom up hydraulic cylinder operates as a
piston pump and the principle working of fiber
transducer gates is represented by figure 10. The
obtained time consumption and average linear
velocities are shown below (Table 2, Table 3 and
Table 4).

Figure 9 - The real hydraulic cylinder

Indicator
—/ L
D1 D2
—

Figure 10 - Principle working of fiber transducer
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gate
Table 2: The beginning of stroke
Experiment Time Velocity,
consumption, s mm/s
1 1.040 57.692
2 1.125 53.333
3 1.070 56.074
4 1.062 56.497
5 1.088 55.147
Table 3: The middle of the stroke
Experiment Time Velocity,
consumption, s mm/s
1 0.982 61.100
2 0.963 62.305
3 0.975 61.538
4 0.946 63.425
5 0.955 62.827
Table 4: The end of stroke
Experiment Time Velocity,
consumption, s mm/s
1 0.960 62.500
2 0.952 62.025
3 0.966 62.112
4 0.986 60.852
5 0.967 62.047
5. Conclusions
The three tables above show the

obtained average velocities of each experiment.
They are similar at all three positions. For the
beginning of stroke the velocity is smallest. It can
be illustrated by the appearance of static friction
at early phase. At rest where the velocity is zero,
the higher friction force is also called static
friction (Figure 2). Both simulation results and
experiment results show the average velocity
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approximately 0,057 mm/s at the first stage of
cylinder’s stroke.

The experimental velocity is
homogeneous to predictive velocity curve form.
It is a proof to strongly approve the LuGre
friction model to predict the hydraulic cylinder’s
behavior. LuGre friction model can represent
almost features of dynamic friction of hydraulic
cylinder. The result is consistent with previous
studies of other researchers.
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ABSTRACT

This paper examines the position control ability of a rodless pneumatic cylinder using on - off valves. A
pneumatic system including a rodless pneumatic cylinder and 04 on - off valves is firstly proposed. The system
is then modeled by dynamic equations with consideration of the valve characteristics and of friction in the
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rodless pneumatic cylinder. Logic Control Method is applied to control the cylinder position. Effects of the
external load and the transient times to the control ability of the Logic Control Method are considered.
Simulation results show that the Logic Control Method gives good control performances under different

operating conditions.

Keywords: Pneumatic Cylinder, Logic Control Method, On - off valves, Position control, High - precision

control

1. Introduction

Pneumatic systems are widely applied in
many industrial applications because they are
cheap, lightweight, clean, easy to assemble and
create a good force/weight ratio. However, it is
very difficult to achieve high-precision position
control using pneumatic cylinders due to the
compressive properties of the air, the nonlinearity
of the servo valve or proportional valve and
nonlinear friction properties existing between the
contact surfaces in the pneumatic cylinders
(Nguyen Van Lai et al.,, 2019).

Electro-pneumatic control valves are used as
interfaces to electronic controls to allow the
infinitely variable electrical remote adjustment of
fluid flow of the valve output driving a pneumatic
actuator. There are two types of electro-pneumatic
valves used in the realizing control of fluid flow of
the pneumatic actuator. These are servovalves and
on-off valves (Elif Erzan Topcu et al., 2006).

The servovalves are used to achieve high
linear control accuracy in pneumatic actuators, but
they have complex structures and they are very
costly. On the other hand, owing to low cost, high
flow rate gain, small size and simple structure, the
fast-switching on-off valves that are used to
control the pneumatic actuators have received
considerable attention (Robert B. V. et al, 1997,
Angelo Gentile et al,, 2002). They are also known
(Belforte G. et al, 2004), (Massimo Sorli and
Stefano Pastorelli, 2000) as digital valves. The on-
off switching valves are inherently nonlinear
discrete electro-pneumatic converters. To obtain
similar linear characteristics of the servovalves
with simple on-off switching valves, pulse width
modulation technique is used. To reach a large
modulated linear area, the valve switching times
must be very rapid during the short cycle time. The
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limits of the modulation depend on the valve
switching times and the modulation frequency.
Solving this problem allows pneumatics to
conquer new areas applications, successfully
competing with hydraulics and electromechanics.
So the solution is, in particular, pneumatic
positioning systems rodless pneumatic cylinder
using discrete valves (Fig. 1). It consists of the
following parts:

e Rodless pneumatic cylinder (made from
special profiled pipe with an opening through the
entire length of the sleeve. Through this opening
the piston is directly connected to the outer
carriage);

e Four on-off valves, of which two valves
regulate the flow air in the cavity of the pneumatic
cylinder, and the other two discharge air into
atmosphere. All valves have the same nominal
flow;

* A potentiometer which is used as feedback,
with which measures the displacement of the
pneumatic cylinder piston.

v

P,
Figure 1. Pneumatic diagram of the postion
control system

2. Mathematical model of the pneumatic system

This section develops mathematical equations
of the system. In order to obtain the air flow



dynamics in a cylinder, the following assumptions
are used (Nguyen Van Lai et al., 2019):
a) The used air is an ideal gas and its kinetic
energy is negligible in the chamber.
b) The leakages of the cylinder are negligible.
¢) The temperature variation in cylinder
chambers is negligible with respect to the
supply temperature.
d) The pressure and the temperature in the
cylinder chamber are homogeneous.
e) The evolution of the gas in each chamber is
polytropic.
f) The supply and exhaust pressures are
constant.
The equation of motion of the piston of a
rodless pneumatic cylinder has the form:
MX+pX+F; =(p,—p,)S @)

In which: M - the total mass of the piston and
payload, (kg); x - the displacement of the piston
(m); X -the position derivatives of a time/velocity
of piston, (m/s); X - the acceleration of piston,
(m/s?); B - the coefficient of viscous friction; p1
and p; - the pressure in the chambers of pneumatic
cylinder, (Pa); S - the cross-sectional area of the
piston (m?); Fs - the friction force (N).

For a gas volume V with a density p at a
temperature T and pressure p, the equation of
state for an ideal gas is:

p=pRT (2)

In which: p - the absolute pressure of gas,
(Pa); p - the density of gas at particular condition,
(kg/m3); T - the temperature of gas, (K); R - the
universal gas constant (J/(kg.K)).

Using the continuity equation, one can find an
expression for the mass air flow:

n"]in - r‘hout = pV + pV

In which: m_, m

in?

3)

- the mass flows of air

out
entering and exiting the chamber, respectively,
(kg/s); p- the density derivatives of a time,

(kg/(m3.s)); p - the density of gas at particular
condition, (kg/m3); V - the volume of the control
volume, (m3); V - the volume derivatives of a time,
(m3/s).
The law of conservation of energy can be
written in the following form:
Uin = Qo = u —’YCV( m;, T,

inlin

)+W 4)

In which: gi and go - the amount of heat
supplied from the environment and released into

mOUITOUt
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the environment, (J); C, - the specific heat capacity
of the gas at constant volume, (J/(kgk)); y - the
adiabatic index; W = pV is work on account gas
expansion (]); u - the change in internal energy (]);
Tin and Tou - the temperature of air entering and
exiting the chamber, respectively, (K); m,, m , -
the mass flows of air entering and exiting the
chamber, respectively, (kg/s).

On the other side, the change in internal energy is
equal to the form:

d 1 ;
—(C,mT)=—"(Vp+pV
4t &) y_l(Vp+p )

In which: u - the change in internal energy
derivatives of a time, (J/s); Cv - the specific heat
capacity of the gas at constant volume, (J/(kg.k)); v
- the adiabatic index; m - the mass of the air, (kg);
T - the temperature of gas, (K); V - the volume of
the control volume, (m3); V - the volume
derivatives of a time, (m3/s).

The specific geat capacity of the gas at constant
volume:

in”

)

u=

R
y-1
In which: C, - the specific heat capacity of the
gas at constant volume, (J/(kgk)); R - the
universal gas constant (J/(kg.K)); y - the adiabatic
index.
Joint consideration of equations (4) and (5) and
taking into account the nature of the
thermodynamic process we obtain:
. pv
v 2
In which: a;n and ooy take a value from 1toy =1.4
depending on the nature thermodynamic
processes. Since the process of filling the cavity air
is close to adiabatic, and the process of air outflow
into the atmosphere is to isothermal, then ai, is
taken equal to vy, and o,u equal to 1. Process gas
compression/expansion due to piston movement
is best described when a = 1,2.
If we assume that the zero carriage offset
corresponds to the middle pneumatic cylinder,
then the volumes of the cavities can be represented
as:

c ©)

v

(ain rI.qin — Qo mout) -—a (7)

V, =V, +S(0.5L+x) (8)

In which: i =1, 2 - indices of the left and right
chambers; Vi dead volumes at the ends
pneumatic cylinder, (m3); L - the length of the
pneumatic cylinder, (m); x - piston position/ the



displacement of the piston (m); S - the cross-
sectional area of the piston (m?).

Eventually expression (7) will be written in the
form:

- RT
P =V, +5(05L%x)

pS %
VOI +S(0. 5L+x)

In which: p- the pressure derivatives of a

(Ymin - mout )

©)

time, (Pa/s); p - the pressure of the gas, (Pa); T -
the temperature of gas, (K) R - the universal gas
constant (J/(kg.K)); m, - the mass flows of

air entering and exiting the chamber, respectively,
(kg/s); y - the adiabatic index; Vo - dead volumes
at the ends pneumatic cylinder, (m3); L - the length
of the pneumatic cylinder, (m); x- piston position/
the displacement of the piston (m) X - the velocity
of piston, (m/s); S - the cross-sectional area of the
piston (m2).

Next, consider the expression for determining
the mass air flow through a valve with a cross
section A,. Since the pressure difference across
valves is quite large, the flow must be considered
as compressible and turbulent. If the pressure ratio
before and after the valve is greater critical, then
the mass flow depends linearly on the pressure up
to valves. Otherwise, the dependence is non-linear.
Expression for mass air flow has the following
form:

f, =C,AC, =

in? out

b
N
|f pd <

n, [v+1j
1y (-yly

>[

Where Cris the dimensionless flow coefficient;
pu -pressure to the hole; pq - pressure after the
valve. Constant values C; and C; determined by
expressions:

(10)

2

—J'l

v+

if P
P,
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1D

2 =

R(y-1)

Considering that for the process of filling the
chamber p, = p; va ps = p, and for air release
process p, = p;va ps = p, where ps — pressure
supply, p, - atmospheric pressure, p; - pressure in
the cavities of the pneumatic cylinder, we can
rewrite equation (9) in the form:

n‘"|in = CfAn ps mr( ps!pi )

NG

mout = Cf A)utl.li_mr( pi ' pa) (12)
Where:
v
-1
m(p,.p,)=C, if&s[ijy
} v+1
p 1y p (y-1)1y
m=C,| | -]
(pj (pj (13)
Y
y-1
if&>(ij’
p, \r+l

Substituting these expressions into equation (9),
we finally get:

. CRJT [
P V,, +S(0.5L+x)
pl X
V01+S(0 5L+ X)
A:ypsAnulinmr( ps7p1)
B = pl utuloutmr( pl’ pa)

CRVT C-D]
Vy, +S(0.5L—X)
_ P,S X
V02+S(05L X)
C =P, AUy, M. (P, P, )
D = P, Az M (P2, P, )

In equations (14) and (15), four quantities were
introduced i ,2(in, oury Which are control actions and

—B]

(14)

p, =

(15)



can take values equal to 0 (corresponding to a
closed valve) or 1 (corresponding to an open
valve). When considering a system, valve dynamics
are not taken into account.

The considered equations completely describe the
behavior of the system position control of a rodless
pneumatic cylinder.

3. Controlling algorithm

In the considered position control system
based on the rodless pneumatic cylinder using
control valves is required to provide speed about
1m/s and position accuracy & = 0.1lmm. Were
considered two possible control logics: "passive”
and "active"”, allowing implement sliding mode and
provide the required speed and position control
accuracy.

When equating o(x - x5) = 0 will take place the
following passive control logic algorithm:

If o(x -xp) > 0and x -xp< - gthen uzin = Uzour=1
and uz, = uUzowr = 0. Thus, air enters the left
chamber and is discharged from the right;

If o(x - xp) > 0 and x - xp> + gthen usin = Uzou=10
and uzn = Uzowr = 1. Thus, air enters the right
chamber and is discharged from the left;

In all other cases U1in = U1out = Uzin = Uzoue = 1.

The active control logic algorithm is as follows:

If o < -¢, then u, = Uzour = 1 and uziy = Uzoue = 0.
Thus, air enters the left chamber and is discharged
from the right;

If 0 > +¢, then v = tzoue = 0 and uzi = Uzour= 1.
Thus, air enters the right chamber and is
discharged from the left;

In all other cases U1in = U1out = Uzin = Uzoue = 1.
Table 1: System parameters

Parameter Value Parameter | Value
(unit) (unit)

M, (kg) 4;8;,12 | § (m?) 4.9x104
pa,(Pa) 1x105 | Ay, (m?) 7.1x105
R (J/(kgK) | 287 L, (m) 0.3

7, (K) 295 Vo1, (m3) | 4.9x107
Y 14 Vo2, (m3) | 4.9x107

4. Results and discussion

To review the results of mathematical
modeling of the pneumatic system, transient
graphs were built and phase portraits of the
position control process for various masses.

On Fig.2 shows transient graphs and phase
portraits results of mathematical modeling of
position control from position x= 0 m to position
x = 0.25 m for three different masses. Controlling

the system carried out with a resolution of 2 ms.
035 i
x (m)

m=12kg

Figure 2. Position transients for different masses
according to "passive” algorithm

As can be seen from the graphs of transient
processes, despite the spread in mass, for all
options, the position control error did not exceed
0.1 mm. In this case, the use of "passive" logic is
more beneficial, since for "passive" logic is
characterized by a shorter positioning time than
with use of "active" logic. From Fig.2 and Fig.3
shows that the best result of all masses obtained at
anominal mass of 8 kg. Position control time at this
mass was 0.15 s.

A similar indicator for "active" logic at the
same nominal weight, as can be seen from Fig. 4
and 5 is 0.15 s. In addition, the application
"passive" logic is more preferable than "active"
logic in terms of valve actuation. So, with the same
nominal weight of 8 kg each pneumatic system
valve switched 46 times with "passive" logic and
175 times with "active" logic.

12 5
v (m/s)
10

lk‘{/ 0.30 0.35

x(m)

-0.05 lliﬁll 0.05 0.10 0.15 0.20

Figure 3. Phase portraits of the position control
process for various masses according to the
"passive” algorithm
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Figure 4. Position control transients for different
masses according to "active"” algorithm
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Figure 5. Phase portraits of the position control
process for various masses according to the
"active” algorithm

5. Conclusion

Position control of a pneumatic cylinder is a
critical problems because of compressible of the
air, friction. For using the servo valve or
proportional valve, it is necessary to deal with
nonlinearity, friction compensation. However, the
results of simulation strongly shows that the high
quality performances of the rodless pneumatic
cylinder under various external load is achieved by
applying logic control of on/off valve.

Logic Control Method can be used for accurate
and robust position control of pneumatic cylinder.

Especially, the passive logic control is proposed.
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