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im tit: BaI viét mily trinh bay thidt ké vi 15y g

mit hé thing mi phing sé DT (Digitay -r,.t:, ,':::
wag v b thiet bi V3t Iy mé hinh thy nhé mg hink
=nhi miy khing dén” (Dark Factory) phye
silgﬂi‘l*ﬁ'““:zﬂ Ta’“!ﬁﬁﬂth.itﬁ
{hiag cd¢ tram sim xuat linh hoat MEPS, duoe két nii
véi nhau qua mang lnternet, cic robot tw hank vin
(huyén (Autonomous Mobile Robot — AMR) vk cic
pebit ty hinh ¢6 gin tay may (Awienemogs Mobile
Manipulation Robot - AMMR) bd tre cic thao tic
thay thé hodn todn con ngwid. Bén canh bi théng vt
If thyre té 1a mit b thing do dwge mé hinh héa nhim
mge dich mb phéng qui trinh hogt ding cia thift bi
viil 1§ trén thid glan thye thing gua Plant Simulation,
w0 thinh mit b thing mé phéng sb nhi miy

din (ty djng hia hodn todn) tiép chn sit vii thye
Mi hinh 88 xudt duge iy dymg vi chay thir aghifm
b0 kit qui the, rit higu qui cho vife nghién cire, phit
trién vi dio tgo ngudn nhin lye cing aghifp 4.0

Tir khda: Digital Twin, Plant Simulation, PLCSIM
Advanced, Smart Factory, Dark Factory.
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Digital Twin (DT) di dwge dé cip [1] va [2] &
™t tip hop cdic mé hinh do méy tinh 3o ra 8 dnh
1 mt d6i twomg vijt Iy vio mdt khong gian So0. C3
bai v&u 13 vt Iy va do déu trao i thong tin d theo
8, m phng, dy dodn, chin dodn va kiem sodt
g thii vi hinh vi cia d6i twong vt Iy trong
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thir, kha ning md phong hé théng kém va thiéu tinh
két ndi.

Trong [4] ¢ cip dén ciip mé phong ki thujt sé -
Drgital Twin (DT) o6 thé giai quyét cac thach thire
dugc 32 cip. Trong nhimg ndm diy, DT 13 mét
cha dé nghiéa cinu duoe quan tim djc bigt. Nho do,
DT hién dwoc sir dung cho cic ing dung thyc té
ngdy cang nhicu. Phuong phip ndy bao gbm mit
khong gian thyc chira cic ddi nwong vit 1y, mdt
khing gian 4o chirs cic ddi tromg 40 va mét ludng
dir ligu lign két gitra khing gian thire vii do. Do do,
DT cé thé dwoc xem nhur mit ban sao ki thujt sé
cia mdt 3 twgmg vit 1y (PO) vé qud trinh cilia nb.
Hanh vi cia PO duge chuyén déi thinh mét ddi
twgng a0 (VO); i bai thinh phin duge két néi voi
nhau vii mirc 49 ddng b héa cao gitta ching day
crhglisuphinhhlhﬁigiiﬂlhp‘:mhk}h}qggim
vt ly win mirc &3 trung thyre da dang. K&t ndi song
song cho phép phin biér gida hai khéng gian, cho
phép cii tién lién tuc cic mé hinh do. :

Sy khic bigt chinh gita DT va md phong 1 két
noi dir liéu cho phép tong hop théng tin gilra PO vi
VO, tixc |3 mé phéng du doan céc trang thii trong
twong lai cia he thong viit 1y dya trén mdt ip hop
cac gia dinh ban dau. Tuy nhién, DT theo dai trang
thdi hién tai vi qud khir cia PO dang dwoe sir dung
trong hogt ddng va dang duge mé phéng trong VO.

S~ e,

Himh 1. Twsg tic gita 35 tavng vit Iy
wi (35 eargmgg o trong DT,
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4 e nhidu cdng trinh nghién cina 1ip imung vio
khid nigm cda DT, cich ma hinh hén hé thing hing
che bibm vé 20 vi 3D, phaong phip xiy dyng DT v
chi ra nhimg thich thire chinh trong vide phit iritn
DT 14 gl. Tuy nhién, rén e gicd viin chim cd mdi
md hinh tham chidu chung trong linh viee niy,
Mgodi ra, DT khi hogt déng s a0 tnomi leeng 1om
dit lidu din dén vin dé quian |y, shp xép v bdo mdl
dir Isu cimg can duge quan tim.

Chinh vi viity, md hinh DT wlin cdn L mit thich
thire, Vet ‘.‘n-l_am, vin ciic doanh nghigp 2an xudt cong
nihigp da s6 1 dgng vira vi nhd, do 46 mic 3§ ap
dymy tr dim bia 33 duege thie Ay manh, y nhign
mirc hign tai com dang w0 khai. B bidt 13 kha ning
tiép cdn, dp dung cing nghigp 4.0, chuyén din so
khiing ddng déu gilra cac doanh nighiép. Ngodi ra thi
nhu cdu nghién cini va dio tao cling rit Jm, rang
thié1 bj giang day, $ho 10 chura diy di hode chira
it von thyre 18, gdy khd khin cho nguii boe.

Vir ¥ wrimg do bai bdo xdy dymg mit mo hinh
méd phing k¥ thut sb DT “nhd mdy khing deén™ ty
ding hia hoan toan vin s tham gia mln-:acl: Lixi
rodot khac nhau sit vai thie 1€ sin xudt, ket nod v
hé théng wit thure 13 cac tram sin xuét linh hoat
MPS (Module Production System). HE thing g
gilip eho edc hoe vién thye hinh md phang céc d.ﬁ:,_'
chuyén sin xuit cing nghiép mdt cich tripc quan va
thure té, tiép ofin clic thiét bi hién das, cac logi robat
trong nhi may nhim ning cao chuyén mon ve: kigm
saft hé thong, tich bop hé thong, module hia..wv.
Cac module cua hé thong o6 the dupe thiet ip linh
hoat & mé phing nhidu diy chuyén sin xudt khic
nhau, gidp cho ngwd hoe ¢ thé hinh thinh e duy
tir ¢o ban dén ping cao. Phin md phang kF thujt 30
ching téi sir dgng Tecnomatix Plant Simulation de
xdy dung md phéng m{t md hinh nha miy 6.

1L XAY DUNG HE THONG PHAN CUNG
VAT LY HE THONG NHA MAY KHONG DEN

2.1. Thiét ké phin eimg

* My tinh (PC) dicu khién va gidm sdt

v PC Stave I: 1a PC thyc hign viéc diéu khicn
vi gilm sit md hinh thyc hinh MPS. PC Slave 1
dure két noi vai | b diéu khidn PLC $7-1500 cia
4 trgm trong mé hinh niy. B§ diéu khidn niy va PC
Slave 1 dwge kit néi vai Hub mang bing cip. Khi
& PC Slave | ¢d thé ditu khién va gidm sdt timg
tram thing qua dja chi [P cia bi diéu khién PLC
tromg img v mdi ram d5.

 PC Stave 2: li PC dicu khicn va gidm st 2
tram MPS. PC Slave 2 dupc két nbi vii 1 b didu

khidn PLC 871500, Cich giao tidp cia PC Shkve 2
vl che trgm trong MPS tiromg tw nbar chch giao ridp
e PO Slave 1 win 4 tram MPS bén trén,

¢ PC Master: thye hidn thite ké vé gidm si cq
bt md hinh thge hanh trén, PO Master clng duoge
kit ndi chung vho md mang wii PC Slave | va Pe
Slave 2 thing qua Hub mang. Gidng véi PC Slave |
vit PC Slave 2, PC Master thiét ke va gidm it cic
fram trong hai h§ I:hé-ng thire hdnh thing qua dia chi
[P ciia chc bd didu khiecn PLC woong émg vin méi
iram.
2.2 Xy dyng hi thong MPS

Hé thing MPS [6] 12 mat diy chuyén sin xud
thu nhé phuc vy vide nghién cin vil dido tan. M
thing duge ciu 1ot nhid trm nhi i chire
riéng biét vi du nhie tram phin phoi, tram gia cing,
tram phén logi... Céc tram ndy dege ket noi wii nhay
qua PLC di nhdin dang va xir Iy phda nguyén ligu

Hinh 2. ©u trisc ey mdi e ram i b thing MPS

H§ thing MPS hién ti cia ching 15i gim 2
cum, cum | ghm § tram, cym 2 gom 3 tram. Mod
cym sit dyng mdt b dibu khién PLC 57-1500 cia
Siemens., . _

Trong hi théng MPS gbim § tram: tram cip phis,
tram vin chuyén khép quay, tram gia cong, tram
viin chuyén dfa quay, tram phin loai vi tram lwu o
i quay: , _

+Tram clp phil: Phoi dupe xép chong kn
nhau trong mijt dng thing dimg. Pit thag khi e
diiy clc phéi shn phim woi chitu cao gion ban
trude dén vj tri chuydn giso nhér cong tie dioh
Sau khi phoi sin phim duge 13y di, sensor ﬂ“ﬁ
dién nhin biét va diéu khién d€ phoi tiep e
xubng vi mi chudn bi.
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+Trgm viin chuyin Khip quay: Vin chuydn
pledi theo har vy il gada 2 traen, Khdp quay duge
didu khién bing ki nén phdi b v sensor v el
bt v nhah, "hel drre Bt v nding bdmg khi nén,

+ Trgm gin ciing: Gia cdng khoan cic chi g,
vin chuyén chi et bdng co-khi nén Miy khoan
didw khién linh hoat theo chwromg trinh. Diéu khién
béng djng co, xilanh khi nén 2 lurimg, nhin bié vi
tri cudi biing cing the khing tidp xie, didu khién vi
tri glm 4 tin hidu, 4 edng tic tir, 3 chip hanh.

+Trpm phin logi: San pham dwpe dua vie vi
tri chuan bj vi dich chuyén qua cic sensor nitm & vj
tri c6 dinh. Cic sensor xac dinh barde quay che
mator, sensor didgn dung xdc dinh phod 3@ durge dua
vio vj trf chudn bj. sensor quang hoe nhén biet phii
mau den, sensor cam img xac dnh phon kim Lo,

+Tram viin chuyén dfa quay: Tram hoat ddng
viri mhiém vy trung chuyén vit thé theo ba wi m
bing cdch thay ddi céc cong 18c hanh winh cb trén
dia quay. Vit thé digc hiit va thi nhd hé thing van
khi nén 15p trinh duge. Tir vj tri ban dau cho tnrde,
fia quay ha xuing nhiv mit pit-tong khi nén, khi v
cao su Ap sit bé mit vit the, van khi duere bit v
hiit, dia quay duge ndng [én mang theo vt the dang
duge gil va hit, motor dia quay va mang theo vit
thé dén vj tri mong mudn, dia quay ha xutng, 1hd
vit thé, ning lén rii quay tro lg vach 111_5': phat.

+Tram hru trir sin phﬁ.‘ll.‘:_: Sén phim durge hil
vii gilr théng qua h§ ditu khién dign khi nén, Cic
sensor dinh vi hd trg qud trinh hogt ding cua lay
gip dua san pham vaoe cic vi il heu inl

»
T i ‘
Hinh 3. Anls chyp hé thing padn cimg v 15 thys &=

2 ram MPS dege xay dimg

2.3, Xiy dymng robot 1y hinh gin tay miy cobot
Ching t5i thiét ké mt robot nr hanh dgng nok-
holonomic, sir dung hai binh chi dGng trung lim];:
bin banh phu & cic goc 48 ﬁ:'ll;g.dl;l da djnh. Pd-u i
chn duge tich hop clnh tay cjng tac 6 bic 'f'-’h Unﬁt
chc thiét bi diéu khién, cém bicn, man hink, "
bdm, dam béo sy phéi hop mhip nhang giTa €
thinh phin tromg b thong.
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Filinh 4, Him v thift b roboe ng hisk
ob ghn lay way coag tac AMMWE

- HE thing dign or ciie robor
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Him 5. 11 ehding phin vl o oot AMMER
Hé thing dign tr difu khién cla robot AMMR

duge thiée ké theo huimg mo-dun, cho phép dicu
khién $éng thin phin dé di déng. Illif miy cing the &
biic tw do (6-DOF), vi che cim bign phue vy gidm
cat va thu thip 9 ligu mi tneimg (Hinh 4],
& Ngubn cipc S dyng pin lithium 2448V dung
lurgmeg 1ém, cung cip ndng lugng cho todn b he
thong, bao ghm bj dida khién déngz co, may tinh
prung t&m, toy may vi cém bicn. Nguwon tich hep
migch bito vE vi chire ndng giam 5@ pin thin gian
thyre. ) )
Miy tinh dicu khien trung tim: Ld mdy tink
cing nghigp nhing heong thich Rﬂ_ﬁ. dicu k|!i_i'1'|
join b hé thdng robot, xi 1 i;L:‘r_hr:-m cim bicn,
lip ké hopch chuyén ding vi giao hicp mguin
dv.l':f'ng. HE trg cdc chuin ket ﬂ_él nbw USH,
Ethernet, CAN, RS232485 de o the gido fiep
i ciic hé thing msdy tinh chil trung fm vl chc
PI“'I cula Iik . ] 2 i : y
Cinh tay robot IS-I;EJ!-': K1 non vin nady I:||1L‘1.-:|I§r|
Ethernet, cp nguin ring -.A ﬂ'i-.l'll.ll. d#mg khin
Jé dim bio an wpdn. Thie hign cic thav ¢ pick
& place dya réa di ligu cim bicn vi nhin dgag.

X hng cam bidn: Giden LIDAR ¢ L3p ban do
Il_':'l:“hng‘,m cin, IMU vi encoder phuc vy dink
va i T

7
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v, camera cho xir Iy thi gibe vl SLAM. clm
bién phéng xa 8¢ do mic 83 phot nhidm va
truvén A i v iy tinh trumg vim

n :-umdltnngumdﬂﬂ: Bao gpom man hink HMI
cim g hién thy trang thas, pin. vq iri robet. cho
phép thiét Kip nhigm v va dséu khicn thi cdag
Nit dimg khan todn hé thing dwee bo tri trén
glwdltndtdamhmmldn

+ muim;t-rmﬂdmg Robot sit dung hai dng
:ﬂ;huﬁmgdmukhmnhlhnhmlhtch
phép tiénliii va quay ta cho. [hcikhmﬂ'l!l'q:
muglmhéptﬁhhﬂckﬂl. két hop encoder
pha.n hiii A& dim bio dido kheén vong kin chinh

LT

2.4. Tich hyp mi hinh nhi miy khing dén

Hinh 6. Ank chip bé thing phin cimg vit b s o
hi thdag dhae hink ohka sy Ehing & hoan Suin

ML THIET KE HE THONG PHAN MEM MO
PHONG KI THUAT SO DIGITAL TWIN

Chu triic phin mém &uge xay dung nhr hink 7

Sl

Gl [G=l

Wi 7. S 8 phim mis b thing

BE o ra mit DT ching 12 cin mé hinh thye o
vt Iy biing cich sir dyng i g Gom md hinh
kinh vi u:rrnhu.ﬁuhlm. Mo hinh hanh v 1
mit diic diem k¥ thuil ciss hank vi hi thong dya rén
quy trinh vt 1§ ma PO kidm sedl, & &y chimg 150
sir dung man quan hi cua cie thinh phin 2 tim
kidm duge sy hién ki wi ribans mhar 4 thi, giso tiép.,
quy trinly, ban the hoc bodc cic md bish dya wén
ihape, MG hinh ciu i xic dinh mit b o6 cie

TraE

tribc wé quan i két ndi vi lip rip gifta cc clu ic
cita chu trixc 14 nén ting cho sy truydn v bign dd
vt chile, ndng heomg. thimg tin va hinh vi chuyén
mmum&;¢ﬂyﬂﬁqwudmmh.nh
hink boc ¢ phin dnh hinh dang, kich thudc, vj iri
lip rip cic thinh phin miy. ding hoc. |l:l-p1:'l.-ig|m
deém cua he thimg.
hﬂﬁ&m:hﬂwhﬁudtllhmsm
ﬂ“vjmcﬁlh:lrmdmm]ﬂlﬁﬂduﬂm
M&i thanh phin cim hi thing yéu clu mit kicu ket
ndi A3 bidt. Vi du: cam bicn vi thict bi trayén dong
hﬂﬁﬁh:ﬁuﬁlm!uﬁwd&pﬂ-ﬂu.ﬂl#
mﬁlmsﬂum&hﬂhﬂimwh&nnﬂnwm
Mt 56 gizo thic teéu thy dién ndng thip phi bop
phy GLOWPAN, Bluciooth, ZigBee hodc
LmWﬁH PO va VO mhﬂl#l}ulchlm.,
Hﬂl&uﬂndﬁpdm;mhﬂ'ﬂdmw:hm;h
ﬁpﬂmm&ummmmhmﬁh
hﬂmiﬂ,dﬂ‘hﬂﬂhtﬂdmnc’ﬂynﬂm&
hing vit K. Gmnqgmc&hl.ﬂunhphummt
duoe thype hign hllgki‘:hﬂ-iii‘ﬂbl:.ﬂ!-ﬁuquh:
mﬁ”ﬂmhnﬁimhmmmm“
o VIO ding k¥ nhin thing tin. Cic giao thic abu
MOQTT (Message Queuing Telemetry Transpont) va
mmmmmmmwmmﬂp

J.L‘l'hl!tln!-lri-;l}thhguil mén ting
Plamt Simulation

Trong béi bio niy, Plant Simulation duge sir
dung 4 md hinh hiée vi mé phong cac hé thing
MPS, mobot. By B md cdog oy md phong cho
Mmmmhiﬁﬁdﬁ:ﬁmmhﬂ'ﬁﬂgﬂ
o6 e ning cao hifu sudt vi khim phé céc
Ehhbu:g_hhhmhﬁﬂlﬁmnhn
n'n!,hlgmudcﬂnh

it
R.g

FEREITE
ﬁg’ig E-
Esgf
ﬁ%‘
E
-z
| £y
5

mmmmmhww
khéc nhau ahy phin tich nit co
i, bita 1ﬁﬁqk=dmphqjdﬂﬂ1gmﬂ“mh
3 phaw, Vi Siemens

= MO hinh duge mb 1 diy dil & cip 49 cam
hﬂxihnhmmg,

# D ligu tir vigc mi phimg qua trinh san xut
“mlh'rllﬂﬂmugkebmmmy.mdwnm
lhrnml_:pumm

F Giidi quyét cic miat thit ob chai v hgp Iy hod
Quy irimh
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Himh 9. M phong 30 robor AMMR més piis mim
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Himk 10, Ank chup b thing o mi phoag &3 et 35 e i
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3.2, PLCSIM Advanced

—

[ —

B T
-

Hiah 7. Sa 8 phii hop sees e banf 32

PLCSIM ADVANCED cho phep
liéu gira cie md hinh md phong Plan!
PLC a0 duge thye thi trong phan mem

Cmulaton V2
thai hat. Tin

hefu PLC Onat duge sao chép vibo che bign vl thadc
tinh i cée o o trong Plamt Simulation, M
Lhdc. Plamt Simulation gin tin hidu PLC In dén
chuong trink PLC dang chay trong ST-PLOSIM
Advanced i dwoe st dung o d6. Tobn trinh then
giam dwge ddng bo hia g ST-PLOSIM Advanced
v Plamt Simulation. Bén canh d6. giao dién Plant
Simulation PLCSIM hé trg che d thivi gian thirc
cimg nhu chia ty I thin gian vén cac bé s tir 001
den 100

i
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Himk 1. PLC s PLOSIM Advascod o r o thé
] musmg b v Bef dhdng thia y
Phén mém cung cip 2 Fao dién tao déi chinh
I2: PLCSIM {Local) va PLCSIM Virual Ethernet
Adapter. (ma0 hip oyc b dupe chia thinh; Ciso

— picp cpc bd g Softbus va Giao nep ope b qua

TCP / IP. O &y, chimg Wi sif dyng giso thie
TCPIP. PLC do do FLCSIM Advanced tao m co
thé thay thé bodn todn PLC vt Iy wong giai dogn
Lip trinh, kiém tra chuomg wish dicu khién i e
ché o Tir 6. cho phép nit ngin thén gian kidm ra
trong thr 1€

Iv. KETQUA MO PHONG VA CHAY THU

NGHIEM HE THONG

Kt qua thyc nghigm cho thay hé thing thee 1@
43 dwoc két pdi va vim hinh ol Trong md phong
niv chime i tién hinh danh gia diga rén cac héu
chi aher hogu suat bogt ding, &9 tri hodn giira hg
ihine thuc va hé thiag #0. =0 hagng san phim trong

—_— —
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Himh 12 Vishag v Bepl djmg cus b thing
TTL
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Phén dures vien charven trom ten i trae clip ple
iqun trars gn ofng ahd on ol b vl chendn Mee
kbhip gumy  Te imem pa obep. phés S i
chuvin va khoan Bing cr bk sfn Saw &5 e
viln chaiven fin gust = M phis ion e phin e
vt kés thise cha trink e tram b ird Jia g

PFhan o thue 8 A8 S kB aie wm phan
meém Tem Portal va Plant Sirrlatesn W6 heab 1D
mit 13 hogt dong thae 1 coa b thone i cam beén
che den nhilng oo ciu chuvin $ng Ké gua che
thiy hi thing hoat dong trom tru va oo 3o chinh ik
car. Ngndi ra ching 6 hoan fnan of the ning cap
hi thang rdn phin 30 ma Wsdmg ank beng g din

Himd 18, S [l o e pheg o5 Diggtall 1a @ goem brpm s
wa Wi ol iy b g Dark Factors

Vo KETLLAM

i bt iy tonby bsay thect ke v ady dymg mgn
hi thiong mis plang o Dhgital wimn song song vin
hic theet by vt Iy ms hinh “nka may khing doen™
[bark Fuctory hoan wsan by dmg his phse v e
T va nghicn cow bhoa b B deag uec i
dymig o haomig plags v oo G ogheim ouu, die
Lank prgps maing wies g gua nghicn oue, chai lumpny
s tpi, b dicw bign che cac gramg vien, smmh vidm

f q_.-.l.l...-.q.q--..r---..-rﬁﬂ-

iy Wamb |1 F@ i &

e nghedn cira, phit treén_ thire hank b homg L,
ahady trang theét by lidn dm Ngod chc nhom e
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