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TOM TAT
Trong nhirng thdp nién gan day, sw phdt trién manh mé cia nén kinh té, nhu cau vin
chuyén hang héa va nhu cau di lai ngay cang cao. Mang ludi giao thong phat trién nhanh,
phwong tién di lqi bang 6 0 10 ngay cang chiém vi tri quan trong va khong thé thiéu déi véi xd
héi. Pong thoi nhing tleng on xung quanh bdt dau cang lic cang nhiéu gay ra nhitng anh
hwong nghiém trong dén cudc song con nguoi. Dac biét la khi lai xe phat ra nhirng tiéng on
rdt kho chiu cho nguoi lai. Vi sai la bo phdn cudi cung nhdn dwoc mé-men xoan tir dong co
qua hép sé truyen t0i cac- dang Bo vi sai thuong duwoc Zap dat cung voi truyen lyc cuoi, hay
con goi la cau xe. Chung ta c6 thé tim thdy bé vi sai 6 tdt cd cdc xe hoi va xe tai hién dai, va
ddc biét & cdc xe bon banh chii dong hoan toan. B¢ vi sai ciing la noi sinh ra tleng on & trén
xe, qua phan mém Comsol multiphysics ta cé thé mé phong lai dwoc dg rung va tiéng on sinh
ra & b vi sai. Trong bai bdo nay bé vi sai dwoc mé phong véi nhiéu ddy toc dé lam viéc khdc
nhau dé so sanh dg on va rung déng. Két qua cho thdy toc dé quay cang Ién thi bién dé cia
gia téc cang 1om va nguoc lai.

Tir khéa: Bé vi sai; d rung dong, tiéng on; comsol multiphysics; mé phong.
ABSTRACT

In recent decades, the economy is strongly developed, the demand for freight and travel is
increasing. The transportation network is developing rapidly, the means of travel by car is
increasingly occupying an important and indispensable position for the society. At the same time, the
surrounding noise started to cause more and more serious effects on human life. Especially, when
driving makes annoying noise to the driver. The differential is the last unit to receive torque from the
engine through the transmission to the gearbox. The differential is usually installed together with the
final transmission, also known as the bridge. Differentials can be found in all modern cars and trucks,
and especially in fully active four-wheelers. The differential is also the source of the noise in the
vehicle, through Comsol Multiphysics software we can simulate the vibration and noise generated in
the differential. In this paper, the differential is simulated with many different working speed ranges
for comparison of noise and vibration. The results show that the larger the rotation speed, the greater
the amplitude of the acceleration and vice versa.

Keywords: Differential; vibration, noise; COMSOL MULTIPHYSICS;, simulation.
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’ . . dat 1én hang dau. Nhiéu tac gia da dung

_ Ngay nay nho sy phat trién cua cac phan  phwong phdp mo phong dé tinh toan két cau
mém mo phong gitp viéc thuc nghi€ém tr6  § 6 ciing nhu cai thién do hép thy va cham
nén chinh xdc va rat ngdn dugc thoi gian  dé nang cao d6 an toan cho hanh khach bén
cung nhu chi phi cho viéc thir nghiém. Pac  trong duoc thé hién trong cc cong trinh da
biét trong linh vye 6 t0 d¢ dua mot chicc xe  cong bd [1-5]. Bén canh viée ddm bao an
béan ra thi truong phdi dém bao nhi€u yeu t0  toan thi d6 ém diu va cam giac thoai mai khi
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lai xe ciing dugc nhidu hing xe quan tim.
Trong bai bao nay s& dé cap dén viéc mod
phong d6 6n va rung dong cia b vi sai &
nhiéu diy tdc do khac nhau bing phén mém
Comsol multiphysics. Day cing 1a phan mém
duoc nhiéu tac gia sit dung dé mé phong nhu
tac gia Diing d2 mo phong va thir nghiém
cam bién goc nghiéng hai chiéu céu tric 2
pha long — khi [6]. Trong mot nghién cuu
khac do tac gia Twoi cung dong nghiép da
mé phong 16 phan tng quang phd phat xa
plasma véi khi argon [7].

2. PHAN MEM COMSOL
MULTIPHYSICS

2.1 Lich sir phat trién

Comsol 1a mot phdn mém phan tich phan
tr hitu han, giai ma va mo hinh hoa da nén
tang duoc phat trién tir thang 6 nim 1986 boi
Svante Littmarck va Farhad Saeidi tai Vién
cong nghé Hoang gia (Royal Institute of
Technology — KTH) Stockholm, Thuy Dién.

Comsol Multiphysics la mdt cong cu md
phong tryc quan vuot trdi bdi tinh rng dung
manh mé cho nhiéu linh vue khoa hoc co ban
va k¥ thuat cong nghé nhu am hoc, sinh hoc,
hoa hoc, dién tir, co hoc lugng tir, co hoc két
céu, dia vat 1y,...N6 1a phan mém mo phong
da nang dé mo hinh hoa céc thiét ké, thiét bi
va quy trinh trong tit ca cac linh vuc k¥
thuat, san xuét va nghién ctru khoa hoc. N6
cho phép céc giao dién nguoi dung dua trén
vat 1y thong thuong va cac hé théng két hop
cuaphuong trinh vi  phan  tung
phan (PDEs). Comsol cung cip mét IDE va
quy trinh l1am viéc thong nhat cho cac tng
dung dién, co khi, chét long, am hoc va hoa
hoc.

2.2 Phan loai

Mot s6 Module ¢ sdn cho Comsol,
dugc phan loai theo céc linh vuc tng dung,
cu thé 1a Pién, Co khi, Chét 16ng, Hoa chit,
Pa ning va Giao dién. Ciing luu y rang
nhirng Add-On nay c6 hai loai: mot Comsol
va mot Comsol Server. Cac phin mo phong
¢ lién quan dén bai bao nay duogc liét ké
bén dudi [8].

2.2.1 Wave optics module

Giao dién Quang hoc song dugc stir dung
dé tinh toan dién trudng va tir truong cho cac
hé thong c6 budc séng tuong duong hodc
nho hon nhiéu so véi thiét bi hodc hé thong
dugc nghién cuu.

Hinh 1. Wave Optics Module [8]
2.2.2 Ray Optics Module

Nhanh Quang hoc Tia cua Trinh hudng
dan Mo hinh chuta giao dién Quang hoc Hinh
hoc, dugc st dung dé 1ap mo hinh truyén song
dién tir khi budc song nho hon nhiéu so véi
thyc thé hinh hoc nhé nhét trong mé hinh.

Hinh 2. Ray Optics Module [8]
2.2.3 Chit léng va nhiét

Pé mo phong cac thiét bi va hé théng
lién quan dén cac mo hinh dong chay tinh vi.
Cung cap cac giao dién vat 1y san sang duoc
c4u hinh dé nhan céc dau vao mo hinh thong
qua giao dién nguoi dung dd hoa (GUI), va
stt dung cac dau vao nay dé xdy dung céc
phuong trinh m6 hinh. Céc giao dién vat ly
cu thé ma Mo-dun CFD duogc trang bi cho
phép ban mo hinh hau hét cac khia canh ciia
dong chét long, bao gdm cac mo ta ciia cac
ludng phuong tién nén, khong nhiét, phi
Newton, hai pha va xop — tat ca trong cac ché
do dong chay va hon loan. Mo-dun CFD co
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thé duoc st dung nhu mot coéng cu chudn dé
mé phong dong luc hoc chat long (CFD),
hodc phdi hop véi cac mod-dun khac trong bd
san pham COMSOL dé mé phong da ludng
noi luu luong chit 1ong.
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Hinh 3. CFD Module [8]

3. MO PHONG PQ RUNG VA TIENG
ON CUA BOQ VI SAI

3.1 Ly thuyét vé b vi sai

Khi 6 t6 chuyén dong thing trén dudng
bang. Luc can 1én hai banh xe chu dong hau
nhu b.':ing nhau, luc can Ién hai ban truc b::ing
nhau, banh rang vi sai khong quay quanh truc
cua n6 ma quay cung véi vo vi sai va banh
rang vanh chau hinh 3. Lac nay tat ca cac chi
tiét clia bo vi sai cing quay véi nhau nhu mot
khéi thong nhat. Két qua 1a hai banh xe chu
dong quay cung chidu va cing téc do nhu
hinh 5.

1. Khop cac dang

3. Vo vi sai

5. Truc banh rang vi sai
7. Banh rang vanh chau
9. Banh xe

2. Banh rang qua dira
4. Banh rang vi sai

6. Banh rang ban truc
8. Ban truc

10. V6 cau

Hinh 4. Két cau cua bo vi sai

101

Lure ¢An truc | 16n hon true |l

Luc c&n truc | béng truc |l
(a) Khi chay thang

(b) Khi quay vong
Hinh 5. Hoat dong cua bo vi sai

Khi 6 t6 qua khic quanh do banh xe
trong quay ban kinh nhé hon banh xe bén
ngoai, vi vay luc can 1én banh xe bén trong
16n hon banh xe bén ngoai. Nhu vay banh xe
bén ngoai phai quay nhanh hon banh xe bén
trong. Nho vao co cdu banh riang vi sai ma
lic nay céc banh rang vi sai quay quanh truc
cua no va quay cung véi vo vi sai va lam
quay cac banh rang ban truc. Nhu vay ban
truc bén trong s€ quay cham lai con ban truc
bén ngoai s& quay nhanh hon. Nhu thé hién
trén hinh 6.

Hinh 6. O t6 khi quay vong

3.2 Cai dit cic thong s6 md phéng

Khi vi sai nhan duogc truyén Iuc tr cac-
dang s€ sinh ra mgt ung suat tdc dong lén vo
vi sai lam cho vo vi sai rung giat. Pugc mo ta
trong hinh 7.

- Banh ring qua dira quay sinh ra gia tc.

- Mb phong vi sai ¢6 thé mo phong vi sai &
2 ché dog khi xe di thang va khi xe quay vong.
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- Khi xe di thing 2 banh ring ban truc
van c6 sinh ra ung suat ¢ ca 2 banh rang ban
truc nhung rat nho.

- Khi xe quay vong bén trai thi banh rang
bén ngoai quay nhanh hon banh ring bén
trong, né sinh ra Gmg sudt 16n hon banh ring
bén trong.
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Hinh 7. Phan tich do rung cua vi sai
3.3 Phan tich két qua mé phéng

Tir d6 thi gia toc theo goc quay cua truc
dan dong bo vi sai (banh ring qua dua) ta
thiy d6 thi dao dong khong dong déu va co
bién d 16n nhat & vi tri 50° dugc thé hién
trén Hinh 8.

Tir d6 thi gia téc theo dai tan so ta co thé
thay dugc mirc do rung 16n nhat ¢ dai tan so
tir (0 - 1) KHz. Hinh 9.

Mtric d6 rung nhdé dao dong & dai tan so

Hinh 8. D6 thi biéu thi gia toc theo goc quay
cua truc
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Hinh 9. D6 thi biéu thi gia toc theo ddi tan sé
+ Phan tich tiéng 6n cta vi sai trén hinh 10:
- Sau khi m6 phong ap suat 4m thanh vi
sai s¢ cho dugc do6 thi ap suat am thanh, ¢
tung goc do khac nhau thi mic ap suat am
thanh cling thay doi.
- Pay 1a db thi biéu thi ap suat am thanh
¢ cac phuong trong khong gian.

180°

Hinh 10. D6 thi biéu thi ap sudt am thanh
theo phuwong XY, XZ, YZ
- Dua vao két qua cho thay mirc ap suat
am thanh theo 3 phuong muc ap suat am
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thanh 16n nhat ¢ phuong XY va mic d§ am
thanh theo cac phuong khong déu.

- Ciing giéng nhu hop sb, tir nhitng dd
thi muc 4ap suit theo ciac phuong, dat
Microphone ¢ nhiing vi khac nhau xung
quanh vi sai va c6 thé nghe dugc tiéng 6n cta
vi sai khi dang van hanh.
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So sanh dd thi ¢ cac dai tbe do. Nhu trén
hinh 11-20.

- Mat d6 dao dong cua dd thi & ’700\’//p,
1000v/p, 2000v/p va 3000v/p tuong doi giong
nhau.

- Mat d6 dao dong 1én xubng cia do thi
& 1000v/p tuong ddi thua hon & 5000v/p va
bién do dao dong cua toc do quay 1000v/p
nho hon so véi toc do quay 5000v/p.

- Do thi dao dong cua 700v/p, 2000v/p va
3000v/p tuong doi thua hon so véi 5000v/p.

-Cas db thi dao dong déu ting lén theo
tung toc do quay dong co.

- Nhu thé ta thiy toc d6 quay cang 1on
thi bién do dao dong cia gia tdc cang 16n va
nguoc lai. Tir 6 suy ra gia toc s& phu thudc
vao toc do quay.

Normal acceleration at Attachment-5 -

Rigid body acceleration, y component {m/s’)

o 1 2 3 a
Drive shaft rotation (%}

Hinh 11. D6 thi biéL{ thi gia toc theo géc
quay cua truc o toc do quay 700v/p

A

o 1 2 k] 4
Dirive shaft ratation (%)

Hinh 12. Dé thi biéy thi gia toc theo géc
quay cua truc o toc do quay 1000v/p

Mormal acealara

Rigid bady acceleration, ¥ companent {mys’)

Hinh 13. Po6 thi biéy thi gia toc theo géc
quay cua truc o toc do quay 2000v/p

Mormal acceleration at Attachment-5 —

Rigid body acceleration, y component im/s*)

o 5 10 15 20
Drive shaft rotation ()

Hinh 14. Do thi biéu thi gia toc theo géc
quay cua truc o toc do quay 3000v/p

Normai acceloraticn at Attachmant 5 o

50 100 150
Drive shaft rotaticn (¢)

Hinh 15. D6 thi biéu thi gia toc theo géc
quay cua truc o toc do quay 5000v/p

Hinh 16. Do thj dp sudt am thanh biéu thi theo
phuong XY, XZ, YZ 6 toc do quay 700v/p

Hinh 17. D6 thi ap sudt dm thanh biéu thi theo
phuong XY, XZ, YZ ¢ toc do quay 1000v/p



104 Tap Chi Khoa Hoc Gido Duc Ky Thugt Sé 64 (06/2021)
Trwong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

Hinh 18. D6 thi ap suat dm thanh biéu thi theo
phuong XY, XZ, YZ o toc do quay 2000v/p

Hinh 19. Do thj dp sudt am thanh biéu thi theo
phuong XY, XZ, YZ 6 toc do quay 3000v/p

Hinh 20. Do thj dp sudt am thanh biéu thi theo
phuong XY, XZ, YZ 6 toc dé quay 5000v/p

O 700v/p phuong XY, XZ, YZ muc ap
suat 4m thanh tap trung chu yéu tir (20-25)dB
nho hon so v&i 5000v/p. Tir d6, tbe dd quay
cang 16n thi mirc ap suat 4m thanh cang 16n.

Do thi 4p suat am thanh biéu thi theo
phuong XY, ta thiy & téc do quay 5000 v/p
dao dong 16n hon so véi toc d6 quay 1000v/p
xap xi gap 2 lan.

Do thi 4p suat 4m thanh biéu thi theo
phuong XZ ¢ trudng hop nay thi ta thiy &
tbc do 5000v/p dao dong ddng déu hon so
v6i 1000v/p va & tbe dd 5000v/p thi ap suit
am thanh 16n hon so vai 1000v/p.

D6 thi 4p sudt 4m thanh biéu thi theo
phuong YZ. O téc d6 1000v/p ta thiy dao
dong 4p sudt am thanh ddng déu va 6n dinh
hon rat nhiéu so voi toec do 5000v/p. Nhung
ap sudt 4m thanh & tbc d6 5000v/p 16n hon so
voi 1000v/p.

O 2000v/p cac phuong XY, XZ, YZ
mirc ap suat am thanh tip trung chu yéu tir
(30-40)dB nhd hon so vdi 5000v/p. Tu do,
tbc do quay cang 16n thi mic 4p suit am
thanh cang 16n.

O 3000v/p cac phuong XY, XZ, YZ
muc ap suat am thanh tap trung chu yéu tir
(30-35)dB nho hon so véi 5000v/p. Tu do,
tbc do quay cang 16n thi mirc 4p suat am
thanh cang 16n.

Nhu vdy qua cac két qua ciia mo phong
hoat dong cua by vi sai ¢ nhiing day tdc do
khac nhau, ta thdy ap sudt 4m thanh phu
thudc vao tbe do quay.

4. KET LUAN

Vi muc dich mo phong duge do rung va
tiéng 6n ciia vi sai trén phan mém Comsol
Multiphysics, bai bdo da dua ra dugc nhiing
kién thirc co ban vé mo phong do rung va
tiéng 6n clia vi sai cling nhu nhimg kién thirc
ly thuyét co ban vé phan mém Comsol
Multiphysics. Qua d6, ching ta ciing thiy
dugc nhitng wu diém vé viéc md phong dé tir
d6 nha san xuét c6 thé dua ra nhitng bién phap
dé giai quyét nhitng van dé co lién quan.
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