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TOM TAT

Hép giam toc hanh tinh la cum truyén déng then chét trong hé thong toi truc mé, nhung
thwong bi giam do bén do cdc kich thich dong (in khdp, ma sat, va cham) gdy rung déng vé hop.
Dé gidi quyét van dé nay, nghién ciru da vmg dung mé hinh phan tir hitu han nham phén tich toan
dién trang thai vmg sudt, bién dang va dap g déng lec hoc ciia két cdu vé. Két qua da gitip nhdn
dién cdc dang dao déng ddc tring, dinh vi viing tdp trung g sudt va chuyén vi Iém, dong thoi lam
6 moi lién hé gitta tan sé kich thich véi ddp iimg rung déng. Nhitng phat hién nay cung cdp co s¢
khoa hoc vitng chdc dé t6i wu héa thiét ké, xdac dinh vi tri bé tri cam bién do kiém va nang cao do
tin cdy van hanh cho hé thong toi truc mo.

Tw khéa: Toi truc mo; Hop giam téc hanh tinh; Dong luc hoc, Phan tich phd‘n tu hitu han;
Dao dong riéng; Ung sudt - bién dang; Tan sé rung dong.

ABSTRACT

The planetary gearbox is a crucial transmission unit in mine hoist systems, but its durability is
often compromised by dynamic excitations (gear meshing, friction, and impacts) that cause housing
vibrations. To address this issue, this study applied a finite element model to comprehensively analyze
the stress, deformation, and dynamic responses of the housing structure. The results helped identify
characteristic vibration modes, locate areas of high stress concentration and large displacements,
and clarify the relationship between excitation frequencies and vibration responses. These findings
provide a solid scientific basis for optimizing the design, determining the placement of measurement
sensors, and enhancing the operational reliability of mine hoist systems.

Keywords: Mine hoist; Planetary gearbox, Dynamics, Finite element analysis (FEA);
Modal analysis; Stress-strain, Vibration frequency.
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1. PAT VAN PE

Hop giém tbc hanh tinh 13 mot trong
nhimg dang truyén dong co khi dugc st dung
rong rai trong cac thlet bi cong suat 16n nho
¢6 wu diém noi bat Ve ty s6 truyén 16n, kha
nang chiu tai cao, két cAu nho gon va hi¢u suét
truyén dong tot. So véi cac bo truyén banh ring
truc ¢ dinh thong thuong, hop giam téc hanh
tinh ¢6 kha niang phan chia tai giita nhiéu banh
hanh tinh, nho' d6 1am giam kich thudc két cau
va nang cao mat do céng suat truyén. Chinh vi
Vay, dang hop glam téc nay duogc tng dung phd
blen trong cac thiét bj mo, thiét bj nang ha, co
céu truyén dong cong nghlep ndng, tua-bin g10
thiét bi Van chuyen va nhiéu hé thong truyén
luc yéu cau tinh on dinh cao.

Qua trinh an khdp nay khong dién ra
hoan toan 6n dinh ma ludn ton tai cic yéu td
kich thich dong nhu do cung an khép blen thién
theo thoi gian, sai s6 truyén dong, sai s6 ché tao
va lap réap, tai trong phan bd khong déu giira
cac banh hanh tinh, cling nhu anh hudng ctua
diéu kién lam viéc thuc té. Nhitng yéu té nay
lam phat sinh lygc kich thich dong trong cum
truyén, tré thanh ngudn rung dong chu yéu cia
hop giam tbc hanh tinh [3].

Trong hé truyén dong thuc té, rung
dong khong chi ton tai bén trong cum banh
ring ma con duoc truyén qua cac truc, 0 dd,
géi lap va tac dong 1én két ciu vo hop. Néu tan
sO leh thlch do an khO’p hodc cac boi tan cua
n6é nam gan véi tan sb riéng cua vo hop, hién
tuong cong huong co thé xay ra, 1am ting bién
d6 rung, gia tang ing suat dong, anh hudong xiu
dén do bén, do chinh xac 1am viéc, d¢ kin khit
va tudi tho cua toan bo hé théng tmyén dong
[4~8].

Vé ban chat, rung dong cua vé hop
giam toc l1a phan ung dong cua két cau dudi
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tac dong cia cac nguodn kich thich phat sinh tir
qua trinh dn khép va lam viéc. Do d6, mudn
danh gia chinh x4c dac tinh rung dong cua vo
hop, khong thé chi dwa trén phan tich két cau
riéng 1¢ ma can dong thoi xem xét nguodn kich
dong bén trong va co ché truyén kich thich tir
cum truyén dong ra két cau vo hop. Doi véi
hop giam tdc hanh tinh, dic trung nay con trd
nén phuc tap hon do sy tdn tai ctia nhiéu nhanh
truyén song song, quan hé léch pha giita cac
banh hanh tinh, ciing nhu kha niang chdng 1ip
hodc triét tiéu mot phan cua cac thanh phan luc
kich dong. Vi viy, viéc nghién ctru anh huong
cua dong luc hoc an khop hé¢ truyén dong hanh
tinh dén dic tinh rung dong cua vo hop gidam
toc co ¥ nghia khoa hoc 1o rét trong viéc lam
sang t6 co ché rung dong ctia hé truyén, dong
thoi co y nghla thuc tién quan trong d6i voi
thiét ké, t8i wu hoa va nang cao do tin cdy cua
hop giam toc trong diéu kién lam viée thyc té.

2. DU LIEU VA PHUONG PHAP NGHIEN
cUU

Trong nghién cuu nay, nhom tac gia
chi trinh bay mot phan nghién ctru thudc dé tai
khoa hoc cong nghé cap TKV lién quan dén
hop giam téc banh riang hanh tinh dung cho
toi truc mo giéng nghiéng loai JK-2.5x2.0P.
Nghién ctru tap trung phan tich nguyén nhan
dan t6i dao dong, rung dong cua vo hop va két
qua ung dung cong nghé CAE trong phan tich
anh hudng cua dac tinh co hoc, dong hoc va
dao dong riéng cia hé truyén dong banh ring
hanh tinh dén vé hop bang phin mém ANSYS
Workbench [1-3].

2.1. Phan tich va lya chon dbi twong
Trong céc don vi than ham 16 Viét Nam

hién nay, céc loai hop giam tbe dung cho cac hé
thong to1 truc giéng nghiéng cling rat da dang,

nhu thé hién trong Hinh 1, chi yéu bao gom: &
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hop giém tc truc song song mot truc vao, hop
glam tdc truc song song hai tryuc vao, hop glam
téc banh ring phan dong cong sut kiéu dong
truc va hop giam tdc hanh tinh dang than khai.
Hop giam tdc banh ring hanh tinh than khai hai
cép 6 cac dic diém nhu kich thudc nho gon,
trong luong nhe, kha nang chiu tai cao va tinh
on dinh van hanh tdt, nén duoc st dung rong rai
trong cac thiét bi co khi mo. So d6 két cau, xem
H1nh 1 (Hop giam téc NBD-900 sir dung bd tr1
truyen dong hanh t1nh NBD hai cap mac n01
tiép, cap thir nhat va cap thir hai déu 1a truyén
dong hanh tinh v6i 03 banh hanh tinh).

(a) Hé thong toi JK-2,5%2,0P  (b) M6 hinh hp gidm toc hanh tinh
Hinh 1. M6 hinh toi JK-2,5%2,0P va hop giam toc
hanh tinh NBD900

Trong md hinh nghién ctru, vanh rang
trong dugc ¢d dinh, cong suat duoc dua vao tur
banh ring mat troi, truyén qua cic banh ring
hanh tinh va xuét ra thong qua gi4 hanh tinh.
So dd truyén dong nay phan anh ding nguyén
ly 1am viéc cia hop giam toc hanh tinh dung
cho ti tryc, trong d6 qua trinh giam tc va ting
mé men dugc hinh thanh tir chuyén dong tuong
d6i giira cac phan tir cia bd truyén. M6 hinh ba
chiéu cua banh rang mat troi, banh rang hanh
tinh va vanh rang trong dugc xay dung trén co
s& cac thong s hinh hoc trinh bay trong Bang
1. Trong qua trinh mo hinh héa, cac chi tiét
dugc don gian héa hgp 1y nhung van bao dam
quan h¢ hinh hoc, quan h¢ an khép va dac diém
truyén lyc cia hé. M6 hinh nay 1a co s¢ dé thiét
1ap bai toan phan tir hitu han, phén tich tmg suat
- bién dang, dao dong riéng va dap ung rung
dong ciia vo hop giam tdc.

Bdng 1. Théng sé banh rang ciia bé truyén hanh tinh NBD-900

Théng s6 bd truyén banh ring
So cap (cAp 1) Thit cAp (cip 2)
TT Tén goi
Banh rang Banh Banh rang | Banh rang Banh Banh rang
mat troi | hanh tinh | dinh tinh | mattroi | hanh tinh | dinh tinh

) Z,) ) ) (Z) (Zy)
1 | Séring (Z) 16 41 101 24 29 84
o Chiturongrang Bl -, 110 100 200 200 194

(mm)

3 | M6 dun /mm 8 8 8 11 11 11
4 | Goc ap luc/ °© 20 20 20 20 20 20
5 | Goc co sd/ °© 20 20 20 20 20 20
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D6i voi b truyén hanh tinh, cac cip
rang an khép dong thoi, sy bién thién do cimg
an khop, ma sat, va cham tiép xtic va phan b
tai gitta cac banh hanh tinh la nhitng nguyén
nhan chinh tao ra lyc kich thich dong. Cac luc
nay truyén qua tryc, 6 13n va géi do dén vo hop,
gdy ra trang thai Gmg suat, bién dang va rung
dong cua két cau vo. Vi vay, viéc lya chon hop
giam téc hanh tinh NBD-900 lam dbi tuong
nghién ctru la phu hop véi ndi dung bai bao,
nham danh gia anh huong ciia dic tinh dong
luc hoc hé truyén dong hanh tinh dén dic tinh
rung dong ctia vo hop giam tde toi truc mo ham
10.

2.2. Ly thuyét twong quan

Pic tinh rung dong cta vo hop giam tdc
hanh tinh chiu anh hudng dong thoi boi ngudn
kich dong sinh ra trong qua trinh & an khdp banh
ring, co ché truyén lyc qua tryc - o do va dac
tinh dong luc hoc riéng cua két cau vo hop.
Vi viy, trong nghién ctru ndy, co so 1y thuyét
duoc xay dung theo cac nhém ndi dung chinh:
phuong trinh dong luc hoc két cu, phan tich
dao dong riéng, mé hinh can, mo hinh tiép xiic
dong, tan s6 kich thich ctia hé truyén hanh tinh
va chi tiéu danh gia dap ung rung dong cua vo
hop.

2.3. Phin tich mé phong phan tir hiru han
cia vo hop

2.3.1. Xdy dung va phan tich moé hinh

Noi dung xdy duyng mo hinh phan tir
hiru han ciia hop giam téc hanh tinh NBD-900
la mét ph?m trong nhiém vu nghién clru tong
thé vé thiét ké, ché tao va kiém nghiém hop
giam tdc hanh tinh ding cho toi truc mo gleng
nghiéng JK-2.5x2.0P. Trong pham vi d¢ tai,
mo hinh dugc xdy dung nham phyc vu dong
thoi nhiéu ndi dung phan tich, bao gom kiém
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tra trang thai chiu tai ctia bd truyén banh ring,
danh gid d6 bén cac chi tiét chinh, phan tich
tiép xuc - va cham, x4c dinh dac tinh dao dong
riéng va khao sat dap img dong cua toan bd
cum hop giam téc [3].

Trong bai bao nay, nhém tac gia khong
trinh bay toan bo két qua nghién ctru cua deé tai,
ma chi tip trung khai thic mot phan két qua
lién quan dén anh hudng cia dac tinh dong luc
hoc hé truyén dong hanh tinh dén rung dong
ctia vo hop giam tdc. Vi vy, mo hinh phan tu
hiru han duoc sir dung nhu nén tang tinh toan
chung, tir d6 tach ra cac két qua can thiét phuc
vu phan tich trang thai Gmg suat - bién dang,
dao dong riéng, chuyén vi dong va phé tan sb
rung dong cua vo hop.

Dé bao dam do tin ciy cua qua trinh
md phong, mé hinh hinh hoc ba chiéu cia hop
giam tdc duge don gian hoa co chon lgc. Céc
chi tiét nho nhu mép vat, 16 phu, g0 khong chiu
luc chinh va mot s6 két cau phu duoc lugc bo
nham giam khdi lugng tinh toan, trong khi cac
ving c¢6 anh hudng truc tiép dén truyén luc va
rung dong nhu banh rang, truc, b 1an, géi do, vo
hép, vanh rang va ving lién két duoc gii lai voi
muirc d6 chi tiét can thiét. Cach xir Iy nay giap
mo hinh vira phan anh dung dic diém lam viéc
ctia hé truyén dong, vira phu hop véi yéu cau
phan tich phan tir hiru han [1-3].

Bu6ce 1: Thiét ldgp mé hinh.

Do mb hinh thyc thé 3D gdm rat nhiéu
bd phan va két cau phirc tap, nhitng chi tiét nhu
gd cao, vanh vo giam khéi lugng, 16 tron, vat
mép, bu 16ng... gan nhu c6 anh huong khong
dang ké dén két qua phan tich nén nhém nghién
ciru d3 don gian hoa va lugc bo phu hop dé
thuan tién cho viéc chia luoi [1].
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{2} M hinh ghipe b2

(b M hinhidom gisin hia
Hinh 2. Mé hinh don gian héa ciia hdp giam téc
hanh tinh

Buée 2: Thiét ldp thuoc tinh vat liéu.

Can ctr vao dac tinh co hoc cua vat liéu
kim loai str dung trong hop giam téc cua toi
truc mo, mod hinh vt liéu dan hdi dang hudng
MAT-PLASTIC-KINEMATIC duoc lua chon
dé phuc vu nghién ciru dong luc hoc theo thoi
gian.

Céc tham sb vat liéu st dung cho ting
bd phan cia hop gidm tdc hanh tinh may toi
GTHT-710/31.5, xem Bang 2 [12].

Bdng 2. Tham 56 vat liéu cia hop giam t6c toi truc JK-2.5%2.0P

, Modul | . .. = Hé s6 | Giéihan
TT Chi tiét Vit liéu dan hoi (kg. /m-".) Poisson bén
(MPa) ) (MPa)

1 | Banh mat troi 1, 2 SNCM420 | 206000 7870 0.28 980
2 | Banh lién két cap 2 tryc vao 42CrMo 206000 7850 0.28 930
3 | Mat dau coa gdi d& vo hop C35 140000 7800 0.25 305
4 | B6 phan khac vo hop C35 210000 7870 0.30 305
5 g}ié‘ béo ¢ gid 4 hanh tinh cap 1; C45 220000 | 7870 0.30 360
6 | Banh rang hanh tinh cép 1, 2 20XM 206000 7870 0.26 880
7 | Vanhrang cép 1,2 42CrMo 175000 7850 0.30 930
8 | Truc hanh tinh cép 1; 2 40X 206000 7900 0.28 785
9 | Gi4 hanh tinh cip 1; 2 C45 206000 7800 0.30 360
10 | Tryc dau ra 42CrMo 175000 7850 0.30 930

Buée 3: Xac dinh tdi trong va diéu kién ~— ¢d dinh ¢ mitc 740 vg/ph va duoc tic dung Ién

bién. khoi ctrng phu tro cua khép rang dau vao, ¢ dau

Do phan tir luc dién trong LS-DYNA
chi c6 bac tu do tinh tién ma khong co6 bac tu
do quay, nén tai dau truc vao va dau truc ra da
thiét 1ap luéi mat cing dé thuc hién viée gan
tai trong. O dau truc vao, toc do quay duogc dat

truc ra, mo-men can c¢d dinh 124165 N.m duoc
tac dung 1én khdi cting phuy trg cua khop ring
truc ra. Khi 4p dat tdc dd va mo-men can, gia tri
duoc tang tuyén tinh tir 0 ké tir thoi diém 0 s va
dat gia tri on dinh tai 0,01 s, sau d6 gilr nguyén
khong dbi, Hinh 3 [12].
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Bdng 3. Théng s6 tinh todn ciia hdp giam toc toi
truc JK-2.5%2.0P

phirc tap. Trong nghién ctru nay, ché do tiép
xtc ty dong mat-mat (automatic surface-to-
surface contact) dugc lua chon dé xac dinh cac

TT Thﬁng fé am | o vi | Gid tri Gh'i Vl‘:ll’lg :[ié'p ?(:ic,Ad(k)r%g thoi tr(ingicéc’cﬁa 50 lfhaj
vige chu bao nay thiét 1ap cac tham so ti€p xtic nhu h¢ s
1| Ma hicu thiét b GTHT- ma sat ﬁnh,. ma sat dong, hé so giérp chan nhét
i 710/31.5 v.v... Luc tiép xtic dugc tinh todn bang phuong
) S;)ng suat dong W 230 phap ham phat [12].
3 T?c do quay c/min 740 Bang 4. Hé $6 ma sdt
dong co
4 |[Momentrucra | kN.m 125 Hé¢ s6 ma | H¢ s6 ma
Ty s6 truyén TT Tén goi sat dong | sat tinh
5 z - 7.31
cap 1 () ()
¢ | 1y sOtruyén ; 431 j | Capankhop 0.03 0.034
cap 2 banh rang
o | Vongliong 0.02 0.025
ngoai 0 lan

Hinh 3. Xdac dinh tdi trong va diéu kién bién

Tai vi tri chan dé cua vo hdp, cac diéu
kién rang budc duoc ap dung nham mé phong
tinh trang lién két thuc t& cua hop giam tdc
trong qua trinh lam vi¢c. Ngoai ra, dya trén dac
diém hinh hoc va chtic ning cia ting 6 bi trong
hé théng, mét sd bac tu do cua b bi cling dugc
rang budc tuong tng.

Buée 4: Pinh nghia tiép xiic va ddp —
dong lyc.

Trong hop giam tdc hanh tinh hai cip
cua may toi truc, sO lugng cdp ti€p xuc rat
nhi€u va trang thai tiép xuc va dap tuong doi
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Buoc 5: Tinh toan phan tich chia lwoi
mo hinh.

Sau khi hoan thanh viéc lip ghép cac
bd phén chi tiét, can tién hanh kiém tra toan bo
md hinh ludi nham bao dam dd chinh xac cua
két qua tinh toan. Trudc hét, phai kiém tra tinh
lién tuc cua ludi béng cach xem xét cac canh tu
do cua phén tr; mot canh dugc xem la canh tu
do khi n6 khong nam trong bat ky phan tir nao
khac, xem Hinh 4.

Trong qua trinh xay dung mo6 hinh phure
tap, cac bd phan tinh toan ludi dugc tao ra b?mg
thao tac kéo gian, xoay, quét... doi khi khong
dugc két ndi voi nhau, diéu nay s& anh hudng
dén két qua tinh toan va c6 thé dan dén that bai
trong md phong néu nghiém trong. Tiép theo
can kiém tra cac phan tir trung ldp va nut tring
lap, tir 46 quyét dinh c6 hop nhat ching hay
loai bo céc ludi thira trén bé mat cua khdi ludi
hay khong. Cubi cung, kiém tra cic tham s6
hinh hoc cua phén tr, cac phﬁn ttr bi bién dang

hoac xoan qua murc s€ anh hudng dén qua trinh =
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tinh toan va can dugc chinh stra vé dang hinh
hoc chap nhan duoc.

(a) Chia luoi bo phan hé truyén dong

(b) Chia ludi mé hinh hdp giam toc tong thé
Hinh 4. M6 hinh phdn chia luéi ciia hép giam toc
hanh tinh

Tai bé mit truc vao va truc ra cia hop
giam t6c hanh tinh, mot doan ludi vo cling bd
trg dugc thiét 1ap; ludi chia vo hop nay dugc
lién két nat véi cac phén tr luc dién cua truc
nham bao dam qua trinh truyén dong trong hé
truyén dong ctia may toi. M6 hinh phén tir hiru
han hoan chinh cta toan bd hop giam téc hanh
tinh dugc thé hién trong Hinh 4, v6i tong cong
872269 phan tir va 1167058 nit.

Bu6c 6: Gia tang yéu t6 giam chan.

Trong nghién ctru nay, mo hinh gidm

chan tuyén tinh duoc sir dung, g1a dinh rang do
16n ctia lyc giam chan ti 18 tuyén tinh véi van
tbc dao dong.

Qua trinh tién hanh phan tich mo phong
theo cac bai toan thuc té ché do lam viéc cua
hop gidm tdc duoc thé hién theo luu trinh, xem
Hinh 5.

0 2] o o 5] o o 5]
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Thidt ki Thist lkp Thiet lip Binh nghis Phiin chia G ting Thidt lip
mé binh thude tisk ki rong. dudu kiégm lwsi yhuth i o
phin tich i lidw diku kifn tidp wiie b hink phis tich didbn ki

B mulit
tinh ki

Design the Define Dfion loacs Define Mesh the Refine Set contral Perform
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Hinh 5. Lwu trinh phdn tich moé phong
2.3.2. Két qud phin tich dic tinh dao dong riéng

Hop giam toc hanh tinh hai cap cia hé
thdng toi truc mo 1a thiét bi c¢6 kich thude 16n,
két cAu phuec tap, $6 lugng chi tiét nhiéu, khoi
luong c6 thé 1én t6i hang chuc tén, do d6 trong
qua trinh 1am viéc, van dé phat sinh rung dong,
gia ting nhiét d6 va tiéng on twong d6i 16n.
D6i v6i loai hop giam tdc hanh tinh 2 cap ¢
16m nay, viéc nghién ctru cac dac tinh dao dong
riéng bang phuong phap mé hinh thyc nghiém
gap nhiéu kho khan. Tuy nhién, cac dac tinh
riéng (tan s6 riéng, dang dao dong riéng) co ¥
nghia rat quan trong doi véi phén tich dac tinh
rung dong cua hé théng, chan doan va du bao
su ¢b rung dong, ciing nhu t6i uu hoa thiét ké
dong luc hoc cua két chu truyen dong va than
vo. Trén co so 1y thuyét phan tich mo hinh
trang thai phan tir hitu han, 4p dung phuong
phap Lanczos dé tién hanh phén tich cho vo
hop giam tdc, thu duoc 12 dang dao dong riéng
dau tién, xem Hinh 6 va Bang 5.
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(k) Dao dong thir 2 dau goi do hai dau (1) Dao déng két hop theo cic phwong
Hinh 6. Két qua phan tich trang thdi dao déng riéng vo hop

Bang 5. Anh huoéng cua tan so lam viéc va loai hinh dao dong cua vo hop giam toc

TT Tan S?:I:;) dong Loai hinh dao dong Chuy
1 104.971 Dao dong manh phan than vo theo phuong X (doc truc)
2 197.018 Dao dong manh theo phuong ngang Z
3 251.66 Dao dong dau tién cta hai tAm chin va xodn quanh tryc Y
4 254.948 Mode dao dong hai tim chin c6 nguoc hudng dao dong
5 258.09 Dao dong manh ¢ hai dau va c6 xodn trén than vo
6 303.88 Dao dong than vo xoay quanh truc Z
7 358.55 Dao dong manh phan vé theo truc X
8 414.77 Dao dong manh doc truc X déng thoi quay quanh Z
9 476.64 Dao dong manh phan nap hop bén phai va tim d& phia sau
10 480.19 Dao dong tha hai & nép chén, hai bén c6 dang dao dong 1éch nhau
11 480.48 Dao dong thir hai & ndp chin, hai bén c¢6 chung dang dao dong
12 520.48 Mode dao dong két hop theo cac phuong
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2.3.3. Két qua va phn tich ikng sudt vé hgp

Két qua mo phong mién phan bo Gng suat cua vo hdp va cac bo phan cau thanh cia vo hop

giam tdc hanh tinh, xem Hinh 7.
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(d) Nap dau truc ra

ol [

Hinh 7. Phdn b6 ieng sudt cac bé phdn ciia vé hp

Bdng 6. Ung sudt [ém nhat cdc chi tiét hgp giam toc hanh tinh

" . X at lié i¢i han n at lon nhat Th . o

T Tén chi tict Z;te t::: bgnogMi"a) v gp;l;?nt ti(Zh (Malfa) | Ghichi
1 | Nép hop dau vao C35 305 126.59
2 | Nip chin dau vao C35 305 126.59
3 | Than hop C35 305 65.506
4 | Nip hop dau ra C35 305 140.78
5 | Nip chan du ra C35 305 140.78
6 | Truc rang dau vao SNCM420 980 704.69
7 | Banh mat troi cép 1 SNCM420 980 821.14
8 | Banh hanh tinh cip 1 20XM 880 718.13
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9 | Vanh ring cép 1 42CrMo 930 478.13
10 | Gia hanh tinh cép 1 C45 360 257.50
11 | Truc nbi hai gi hanh tinh 20XM 880 714.67
12 | Banh mit trdi cép 2 20XM 880 714.67
13 | Banh hanh tinh cép 2 20XM 880 684.31
14 | Vanh rang cap 2 42CrMo 930 332.17
15 | Gia hanh tinh cap 2 C45 360 257.50
16 | Trucra 42CrMo 930 81.794
17 | Khép nbi vao C45 360 261.77
18 | Khop nbira C45 360 84.002

2.3.4. Két qud va phan tich rung déng vé hop

Danh gia so bo nhéan thiy, rung dong
cia vo hop giam téc hanh tinh chii yéu phat
sinh do kich thich tir qua trinh an khop rang cua
b truyén hanh tinh. Dao dong nay dugc truyén
qua vanh ring, 6 bi 14 cac bd phan tiép xtc truc
tiép than, vo hop va lan toi bé mit vo hop, xem
Hinh 8 [1, 2, 3].
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(b) Chuyén vi ciia vo hop tait = 0,2 s
Hinh 8. Biéu d6 chuyén vi rung dong vo hop

Tir Hinh 8 ta c6 thé thay, chuyén vi rung
dong ciia vo hop tai cac thoi diém khac nhau
la khac nhau. Lua chon nut tai diém A (Hinh
8b) tai khu vuc trén gan vo nap hop déu truc
vao, thu dugc do thi bién thién cua gla toc theo
phuong Y ¢ mién thoi gian va mién tan sd, xem
Hinh 9.
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(b) Phé tan so
Hinh 9. D6 thi mién thoi gian va pho tan so cua
gia toc tai mot nut (Y) trén bé mat vo hop
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Cac vi tri rung dong chua yéu cua Vo hop
nam & gbi d& 6 lan tai cac nap trude va nip sau,
cling nhu cac vung tiép xuc giita day vo hop
v6i vanh rang. Tai day vo hop, vi tri rung dong
16n thay d6i theo vi tri twong g ctia banh riang
hanh tinh trong qua trinh quay. Diéu nay hoan
toan phu hop voi co ché phat sinh rung dong va
duong truyén dao dong cua hop giam tdc hanh
tinh.

Do climg dn khép bién thién theo thoi
gian ctia cac banh rang hanh tinh déu ¢6 chu ky
liy tan s6 dn khop lam tan sé co ban, tuy nhién
pha cuia chung khong gidng nhau. Kich thich d6
clng cta banh riang hanh tinh c6 thé duoc biéu

dién dudi dang chudi Fourier véi tan s6 co ban
1a tan sb an khép, trong d6 truyén dong hanh
tinh cap I va cap II déu lam viéc theo so do
banh mat troi lam dau vao, vanh rang ¢d dinh,
gi4 hanh tinh 1am dau ra dé thyc hién giam toc
ctia hop s6, tan sé an khép banh ring duoc xac
dinh, xem Bang 7:

(n—n,)xZ
60
Trong d6: n 1a téc do truyén thuc té
banh rang mat troi, r/mm n la toc do quay gia

hanh tinh, r/min; Z 1a s ring banh mat troi,
rang.

f=

Bdng 7. Tan s6 ddc trung hé truyén dong banh rang

Tén s6 dn Tén s6 dn A & A X Tén s6 truyén
A . Y . X Téan so truc | Tan so truc ra s :
Tén goi khép cap 1 khép cap 2 Ao (H ) H )‘ gia hanh tinh
(Hz) (Hz) vao (tiz g cip 1 (Hz)
Gia tri 170,347 31,483 12,333 0,3748 1,6866
3. KET QUA VA THAO LUAN Tur Hinh 6 cho thay, cac ving c6 bién do

Tir Hinh 6 va Bang 5 cho thdy, 12 tan s6
dao dong riéng dau tién cta vé hop nam trong
khoang 104,971 + 520,48 Hz. Trong dé, tan
sO riéng bac 1 dat 104,971 Hz, dic trung cho
dang dao dong than vo theo phuong X; tan sb
riéng bac 2 dat 197,018 Hz, dac trung cho dao
dong than vo theo phuong Z. Cac bac dao dong
tiép theo trong ving 251 + 258 Hz thé hién rd
dao dong cuc bd va dao dong x0dn cta than vo,
trong khi cac bac cao hon ¢ xu huéng két hop
gitra dao dong doc truc, dao dong xoay va dao
dong cuc bo tai cac ndp 6. Diéu nay cho thiy
v6 hop giam téc hanh tinh khong dao dong theo
mot phuong don gidn, ma c6 dac tinh dao dong
khong gian phirc tap do chiu anh huéng dong
thoi cta truc, 6 lan, géi dd, vanh rang va than
VO.
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dao dong 16n thudng tap trung tai than vo, nip
0, gbi d va vang chuyén tiép gitra than vo véi
cac két cau lap ghép. Pay 1a cac vi tri truc tiép
tiép nhan tai trong dong truyén tir hé banh ring
qua truc va 6 1an. Vi vay, trong thiét ké vo hop,
cac vung nay can duoc xem 1a khu vuc nhay
cam vé dao dong va can duge uu tién kiém tra
do cing, bd tri gan ting cimg hodc danh gia
thém trong qua trinh kiém nghiém thyc té.

Két qua so sanh tan s kich thich va tan
s6 riéng cho thay, tin s6 quay co ban cua truc
vao, truc ra va gia hanh tinh déu nho hon nhiéu
so voi tan s riéng dau tién cta vo hop. Do do,
cac tan s6 quay nay it co kha ning gdy cong
huéng truc tiép voi két cdu vo. Tuy nhién, Bang
7 cho thiy tan s n khép cap 1 dat 170,347
Hz va tan s6 n khép cip 2 dat 31,483 Hz. Khi

xét dén cac boi tan, boi tan bac 6 cua tan s6 dn &
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khop cip 2 dat khoang 188,898 Hz, kha gan véi
tan so riéng bac 2 ciia vo hop 1a 197,018 Hz,
v6i sai léch twong ddi khoang 4,12%. Két qua
nay cho thiy kich thlch an khép, dac biét la cac
boi tan cua tan sd dn khép, cé thé anh hudng
dang ké dén dap tmg rung dong ctia vo hop.

T Hinh 7(a) cho thdy, tng suit 1on
nhét cta toan bd md hinh vo hop dat khoang
234,47 MPa, trong khi phan 16n than vé c6 mirc
{mg suét thap hon nhiéu va phan b chi yéu o
ving mau xanh. Diéu nay cho thay két ciu vo
hop c6 du trit bén twong ddi t6t trong diéu kién
tai trong mo phong. Tuy nhién, Gng sudt 1on
khong phan bd déu trén toan bd vo ma tap trung
cuc bo tai cac ving gbi d, nip O, gan ting
cting va khu vuc lién két giira than vo voi vanh
rang. Pay 1a céac vi tri c6 su thay doi dot ngot vé
hinh hoc va d6 ctng, déng thoi 1a duong truyén
chinh cua tai trong dong tir hé truyén banh rang
ra vo hop.

T Hinh 7(b) Hinh 7(c) va Hinh 7(d)
cho thiy, Gmg suat 16n nhét tai nap dau truc vao
dat khodng 126,59 MPa, tai than vo dat khoang
65,506 MPa va tai nép dau truc ra dat khoang
140,78 MPa. Két qua nay cho thdy nip dau truc
ra chiu anh hudng tai trong 16n hon so véi nip
dau truc vao va than vo. Nguyén nhan cé thé
do phia truc ra chiu m6é men 16n hon, tai trong
truyén qua 6 d& 16n hon va vung lip ghép chiu
tac dong manh hon cua phan luc tir hé truyén.
Vi vay, ving nap dau tryc ra, gbi do 6 lin va
cac gan tang cumg lan can can duoc xem 1a khu
vuc uru tién khi t6i wu hoa két cau vo hop.

Tt Hinh 8(a) cho thay, tai thoi diém t
= 0,014 s, chuyén vi tong 16n nhat ctia vo hop
dat khoang 0,56997 mm. Tu Hinh 8(b) cho
théy, tai thoi diém t=0,2 s, chuyén Vi téng 16n
nhét giam con khoang 0,33993 mm. Nhu vy,
sau giai doan qua do ban dau, bién do chuyén
vi cuc dai giam khoang 40,36%, cho thdy dao

dong cua vo hop cé xu hudng suy giam va
chuyén dan sang trang thai 6n dinh hon. Cac
Vung co chuyen vi 16n tap trung chu yéu tai nip
dau truc, gbi dd va Vung lién két v6i vanh rang,
phii hop véi co ché truyen tai trong dong tu
cum banh ring hanh tinh dén két ciu vo hop.

Tir Hinh 8 cho thdy, chuyén vi cua vo
hop khong 6n dinh tuyét ddi ma dao dong quanh
mat gid tri trung binh. Bién do dao dong 16n hon
& giai doan dau, sau d6 giam dan do anh hudong
ctia giam chan va sy on dinh dan cua tai trong
lam viéc. Két qua nay cho thay khi danh gia do
clg ctia vo hop giam tdc hanh tinh, khéng nén
chi dwa vao chuyén vi tinh ma can xét dap tng
dong theo thoi gian, dic biét tai cac vi tri gbi dd,
nap 6 va ving lién két voi vanh rang.

Tir Hinh 9(a) cho théy, gia toc dao dong
theo phuong Y tai diém khao sat bién thién
manh theo thoi gian, co nhiéu dinh nhon va
khong mang dang dao dong diéu hoa don gian.
Bién do gia toc dao dong nam xép xi trong
khoang tir -50x10* dén 50x10° mm/s2. Piéu
nay cho thiy rung dong ctia vo hop chiu anh
hudéng ddng thoi cia nhiéu ngudn kich thich
nhu dn khép banh rang, va dap tiép xutc, ma sat
va truyén luc qua 6 lan.

Tir Hinh 9(b) cho thay, pho tan sb gia
toc xuat hién nhiéu dinh bién do trong dai
0-2500 Hz, trong d6 c6 cac thanh phan dang
chu y khoang 95 Hz, 126 Hz, 189 Hz, 221 Hz,
681 Hz, 852 Hz va 1022 Hz. Cac thanh phan 95
Hz, 126 Hz, 189 Hz va 221 Hz gan tuong ng
voi cac boi tan bac 3, 4, 6 va 7 cua tan s6 an
khép cép 2. Trong khi d6, cac thanh phan 681
Hz, 852 Hz va 1022 Hz gan tuong tng véi cac
boi tan bac 4, 5 va 6 cua tan sd an khép cap 1.
Diéu nay cho thay rung dong ciia vo hop gidam
tbc hanh tinh c6 dic tinh da tan, trong d6 cac
boi tan cia tan s6 an khop 1a thanh phan chi
phdi quan trong.
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bac biét, thanh phan phé khoang 189
Hz nam gan tan s6 riéng bac 2 ciia vo hop 1a
197,018 Hz. Sai léch trong dbi glua hai gia tri
nay khoang 4,12%, cho thay boi tan bac 6 cia
tan sb an khop cap 2 ¢6 kha nang kich thich dao
dong ngang cua vo hop. bay 1a dau hiéu can
chu y trong thlet ké, vi néu bién do kich thich
tang 1én do sai s6 ché tao, sai lech lap rap hoac
tai trong va dap, ving tan sd nay c6 thé lam
tang dap ing rung dong tai than vo va gdi da.

Tong hop cac két qua trén cho thay, vo
hop giam téc hanh tinh c6 kha nang dap tng
yéu cau bén tong thé trong diéu kién mo phong.
Tuy nhién, cac ving nip dau truc, gdi d& 6 lan,
gan ting ctng va khu vuc lién két gitra than vo
v6i vanh rang 1a cac vi tri nhay cam ca vé tng
suat va rung dong. Két qua pho tan sb ciing cho
thdy rung dong ctia vo hop khong chi phu thude
vao tan s6 quay co ban, ma chiu anh huéng 6
clia tAn s0 n khdp va cac boi tan cua ching. Vi
vy, trong thiét ké va kiém nghiém hop giam tdc
hanh tinh cong suét 16m, can két hop phan tich
dao dong riéng, tmg suat, chuyén vi dong va pho
tan sd dé xac dinh chinh xac Vung két cau can
gia cudng, vung can bd tri cam bién do rung va
dai tan s6 can tranh trong qua trinh van hanh.

4. KET LUAN

Trén co sO cac két qua phan t1ch dao
dong rleng, ung suat chuyen vi va pho tan sd,
c6 thé rat ra mot sd két luan chinh nhu sau:

Ket qua phan tich dao dong riéng cho
thiy 12 tan sb riéng dau tién ctia vo hop nam
trong khoang 104,971 + 520,48 Hz. Cac dang
dao dong khong chi xuat hién theo phuong
doc truc hodc phuong ngang, ma con gém dao
dong x04n va dao dong cuc bo tai nép b, géi
dd va than vo. Piéu nay chimg t6 vo hop giam
téc hanh tinh ¢ dic tinh dao dong khong gian
phirc tap, chiu anh huéng 5 ciia duong truyén
lyc tir banh rang, truc va b lan.
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Két qua phan bd tng sudt cho thay
mg suat Von-Mises 16n nhat ciia mo hinh dat
khoang 234,47 MPa. Ung suat khong phan bd
déu trén toan bd than vo ma tap trung chu yéu
tai cac ving gdi d&, ndp dau tryc, gan ting cing
va khu vuc lién két giira than vo v6i vanh ring.
Trong d6, ing suat 1on nhat tai nap dau truc vao
dat khoang 126,59 MPa, tai than v6 dat khoang
65,506 MPa va tai nép déu truc ra dat khoang
140,78 MPa. Két qua nay cho thay nap dau truc
ra va vung gbi d& 1a cac khu vuc can wu tién khi
t6i wu hoa két ciu.

Két qua chuyén vi dong cho thiy
chuyén vi tong 16n nhat cia vo hop dat khoang
0,56997 mm tai thoi diém t = 0,014 s va giam
xudng khoang 0,33993 mm tai thoi diém t =
0,2 s. Bién d6 chuyén vi cuc dai giam khoang
40,36%, cho théy sau giai doan qua do ban dau,
dao dong cua vo hop c6 xu hudng suy giam va
chuyén dan sang trang thai 6n dinh hon. Cac
Vung chuyén vi 16n tap trung tai nap dau truc,
g01 dd va Vung lién két v6i vanh ring, phu hop
v6i co ché truyén tai trong dong tir hé truyén
hanh tinh ra vé hop.

Két qua phan tich pho tan sb cho thiy
rung dong cua vo hop cé dic tinh da tan. Cac
thanh phan phd dang cha ¥ xut hién tai khoang
95 Hz, 126 Hz, 189 Hz, 221 Hz, 681 Hz, 852
Hz va 1022 Hz. Trong d6, cac thanh phan 95-
221 Hz gan véi cac bdi tan cua tan sd an khép
cép 2, con céc thanh phan 681-1022 Hz gan
v6i cac boi tan cua tan sé an khO’p cap 1. Dac
biét, thanh phan khoang 189 Hz gan vdi tan s6
riéng bac 2 cia vo hop 1a 197,018 Hz, voi sai
léch tuong doi khoang 4,12%. Day 1a ving tan
s6 can duge cha y khi danh gia nguy co cong
huong va rung dong ngang cua vé hdp.

Két qua nghién ctru cho thay vo hop
giam toc hanh tinh trong mo hinh c6 kha nang
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mo phong. Tuy nhién, cac vi tri ndp dau truc, gbi
d5 6 lan, gan ting cimg va ving lién két gitra
than vd vdi vanh rang 1a cac khu vuc nhay cam
vé g suat va rung dong. Vi vy, trong qua trinh
thiét k&, ché tao va kiém nghiém hop giam tdc
hanh tinh cong suét 16n, can két hop dong thoi
phan tich dao dong riéng, Gng suat, chuyén vi
dong va pho tan sd dé xac dinh ving can gia
cuong két ciu, bd tri cam bién do rung va kiém
soat cac dai tan s bat loi trong van hanh. %
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