TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

HOI NGHI KH&CN CO’ KHi - DONG LUC 2021

PANH GIA PQ BEN PHA HUY CUAVO CAU CHU PONG XE TAIl 1.25 TAN

ASSESSMENT BREAKING STRENGTH OF DRIVE AXLE HOUSING 1.25 TON
TRUCK
LUONG VAN VAN*, TO NGQC LUAT,
NGUYEN VAN TOAN, PHAN HOANG SON
Khoa Co khi dong luc, Truong Pai hoc Su pham Ky thudt Vinh Long
*Email lién hé: vanlv@vlute.edu.vn

Tom tat

Cau chu dgng & mét trong nhang cum chi tiét
quan trong cuia hé thong truyén lyc trén 6 to.
Trong qué trinh lam viéc, vé cau chiu cac tdi trong
Cuc dai dudi tac dong cua mat duong. Bai bdo
trinh bay c&c két qua danh gid dé bén pha hiy cua
V6 cau chi déng xe tai 1,25 tdn bang phan mem
Ansys nham xdc dinh c&c gia tri #ng sudat, bién
dang xudt hién trén vo cau chi déng tirong img
Véi cac ché do chuyén dong dic trung trén dwong.
Tur khoa: Ung sudt, bién dang, vé cau chu déng,
Ansys.

Abstract

Drive axle are one of theo most important
components of an automotive powertrain. In
working process, axle housing is subject to
maximum loads under the impact of the road
surface. This paper presents the result of assess the
duralility of drive axle housing 1.25 ton truck using
Ansys software to determine values of stress, strain
appears on drive axle housing corresponding to
typical montion modes on the road.

Keywords: Stress, strain, drive axle housing, Ansys.

1. Mé& dau

Cau chu dong la chi tiét quan trong trén 6 to, 1a bo
phan cudi cuing trén hé théng truyen huc, chira tat ca cac
b phan truyén luc chinh, vi sai, ban truc, ... déng thoi
Vo cau nang d& trong lwong cua than xe va chiu tac
ddng cua cac tai trong tuong tac gitra banh xe vai mat
duong. Tai Viét Nam, xe tai nhe dugc st dung rong réi
trong van chuyén hang hoa, wu diém la xe c6 thé di
chuyén vao nhiing cung duong ving sau xa, nhitng noi
ma hé thdng giao théng dudng bo chwa phat trién. Tuy
nhién doi khi dé nang cao kha ning van chuyén, tiét

kiém chi phi, xe thuong lam viéc qua tai trong cho phép.

Khi d6, vo cau cha dong ciing chiu tai trong Ién tac
dung Ién 1am anh hudng dén d6 bén. Do d6, viéc khao
sit danh gia do bén cua vo cau chi dong trong cac
truong hop dic trung trén duong la can thiét [1].

2. Xay dung mé hinh phan tir hitu han vé cau
chi dgng
2.1. M6 hinh 3D vé cdu chi dgng xe tdi

Viéc xay dung mé hinh 3D cua vo cau chu dong
xe tai theo phuong phap truc tiép tir phan mém Ansys
tuong d6i kho khin do mé hinh tinh toan yéu cau c6
tinh chinh xac va do phuc tap cao. Vi thé viéc xay
dung mé hinh vé cau dugc thyc hién trong cac phan
mém CAD (mé hinh 3D), sau d6 dugc dua vao Ansys.
Phan mém Ansys cho phép lién két vsi cac md hinh
CAD dé c6 thé nhan dang mé hinh mét cach chinh xac.
Trong nghién ciru ndy, md hinh 3D cua vo cau chu
dong 6 tOo tai dugc xdy dung bing phin mém
Solidworks [1].

Hinh 1. Mé hinh 3-D vé cdu chii dgng xe tii 1,25 téin

2.2. Gan vt ligu

Ansys cung cap kho vat liéu 16n da dugc kiém
ching thuc té. Véi vo ciu cha dong 6 to tai, vat lisu
thuong dugc sir dung 1a gang cau voi céc thdng sé nhur
trong Bang 1 [1], [2], [5].

Bdng 1. Thong sé vt liéu ciia vé cdu

Thong sb Pon vi Gia tri

Khéi lwong riéng kg/m?3 7200
Mb dun dan hdi MPa 1,7.105
Hé sb Poisson 0.29
Ung suit gidi han chay cua

g Sudt giot han chay cua |y 1pg 490
gang cau
Ung suét gisi han pha hay cua

g sustgiorhanphafuycaa |y oy 690
gang cau
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2.3. Chia luwoi

Chat luong cua viéc tién hanh chia lugi c6 anh
huong dén d¢ chinh xé&c va thoi gian tinh trong qua
trinh phan tich vo cu chu dong xe tai. Trong nghién
ctru nay, phuong phép chia luéi dugc chon 12 kiéu ty
dong két hop véi diéu chinh ludi bang tay. Doi voi vo
cau la chi tiét c6 cac bién dang phirc tap, do vay, dé
mo ta dang hinh dang hinh hoc va d6 chinh xéc cua
mé hinh, cac thugc tinh vé chit lugng phan tir da dugc
danh gia theo cac tiéu chudn duoc cac nha nghién ciru
va phaét trién phan mém dé xuat.

Hinh 2. M6 hinh chia lwéi vé cdu trong Ansys véi
phén ti tidu chudn c6 kich thwéc 1a 5Smm

Trong nghién citu nay, viéc kiém ching mé hinh
chia ludi d3 duoc kiém soat theo cac tiéu chuan dugc
dé ra. CAc tiéu chuan danh gia chat luong ludi duoc
dua trén két qua danh gia do léch cua phan tir so vai
phan tir tiéu chuan. Céc tiéu chuan danh gia chat lugng
cua viéc chia ludi trong Ansys bao gom: Ti s léch
(Aspect ratio), trong Ansys thi ti s6 phan tir sai léch
nhé hon 0,5% thi coi nhu chap nhan duoc; Hé sb
Jacobian (Jacobian Ratio), gia tri Jacobian I6n hon 0.6
1a chap nhan duoc; Do léch (Skewness), ti 16 s6 phan
tir sai léch goc nho hon 0,5% 1a chap nhan duoc; Chat
lwong ma tran truc giao (Orthogonal Quality), chat
lwong ciia ma tran truc giao 16n hon 70% 1a t6t va tot
nhat khi dat 100%; Chat lwong phan tir (Element

Quality), chat Iugng phan tir ludi thuong 16n hon 70%.

Bdng 2. Két qud ddnh gid chit lwong chia lwdi

Tiéu chi Gia tri
S6 phan tu 132.537
Sé nit 256.443
Chét lwong phan tir (Element Quality) 0,74
Ti sb do léch giita cac canh phan tx 030
(Aspect Ratio) '
Ti sb léch giita cac canh cua phan to 036
(Skewnes) '
Chét luong truc giao cua cac bé mit phan 0,74
tu (Orthogonal Quality)
Hé sb Jacobian (Jacobian Ratio): 0,97
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2.4. bat rang bugc

Cau sau chu dong cua xe tai 1a loai c6 ban truc
giam tai hoan toan, cac diéu kién dat 6 bi cua mé hinh
ban truc giam tai hoan toan duoc phan tich & Hinh 3

(1], [2].

Hinh 3. So dé va két cdu bé tri ban truc giam tdi
hoan toan

Véi két cau ban truc giam tai hoan toan, moay o
banh xe ldp 2 6 bi d& chan trén vo cau, cac 6 bi nay co
tac dung nhu gbi d& chan trén vo ciu va han ché dich
chuyén ciia vo cau theo 3 phuong tinh tién x, y, z trong
mit phing toa do. Do d6, vi tri gdi d& chan tai 2 dau
v6 cau dugc md phong bang rang budc dich chuyén
theo 3 phuong.

[ Fixed Support

Hinh 4. Rang bugc tai vi tri é bi bdnh xe dgt trén vé céu

Tai tm cu chi dong, md men xoin sinh ra tir dong
co truyén xudng trong truong hop xe chuyén dong
thang s& tac dong 1&n vo cau. Do dbi trong nghién ciu
chinh 12 vo cau, nén céc chi tiét khac nhu banh xe, ban
truc, vi sai, truyén lc chinh,... bén trong cau chu dong
da duoc loai bo. Trong truong hop nay, md men xoin
tac dong Ién vo cau trong khoang giira 2 vi tri dt nhip.
Do d6 trong m6 hinh mé phong, tac gia sir dung rang
bugc md men xoin dit tai tim cau.

2.5. Dat lyc

Ngoai lyc tac dung Ién vo cau 1a céc thanh phan phan
lyc dit tai vi tri bat nhip 1&n vo cau. Nhu vay, trong
truong hop tong quat, tai mdi vi tri lién két gitra vo cau
va hé thong treo (2 bén tréi - phai) cd 6 thanh phan lyc:
3 thanh phan lec doc, luc ngang va luc thing ding theo
cac phuong X, y, z; va 3 thanh phan mé men quanh cac
truc x, y, z. Trong ting truong hop khao st khac nhau,
gia tri va tinh chat (tinh, dong) cua cac lyc nay thay doi,
do d6 ddi vai timg truong hop cu thé, gia tri mdi luc nay
s€ dugc phan tich va dua vao riéng biét [2].
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Dbi véi bai toan tinh (lyc tinh) xac dinh do bén
phé hily cua vo cau, cac thanh phan lyc dua vao dudi
cac gia tri la hang sé va dugc nhap truc tiép vao md
hinh lyc.

Déi vai bai toan tai trong dong (nhu trudng hop xe
chuyén dong trén duong c6 map md ngau nhién), cac
gid tri lyc dong 1a cac vecto theo thoi gian thuc, ching
duoc nhap vao tir cac file dir liéu (vi du text, excel,...).
Cac luc va md men duge dua vao theo cac budc nhay
xac dinh, phu hop yéu cau cua bai toan md phong dong
trong phan mém chuyén dung.

2.6. Xudt két qua

Két qua thu duoc vé chuyén vi va ting suit tuong
duong (Von Mises) duoc thé hién duéi dang phd mau
sau khi thuc hién qua trinh tinh toan phan tich béng
phan mém. Ngoai ra, két qua phan tich cd thé thu dwoc
thong qua gié tri tng suét, bién dang 16n nhat thay doi
theo thoi gian.

3. Két qua nghién ciu
3.1. Thong sé ky thudt ciia xe

Bdng 3. Thong sé ki thudt xe tdi 1,25 tén

Pon Xe tai ben tai
Model .
vi trong 1,25 tan
Loai phuong tién - O t6 tai (tu dd)
Cdng thac banh xe - 4x2
Kich thuéc bao o 5180 x 1740 x
(DXRxC) 1970
Chiéu dai co s& mm 2670
Chidu rong co s mm 1400
Khéi lwong ban than kg 2150
Khéi lwong phan bé 1én
Lo R kg 960
cau trudc khong tai
Khéi lwgng phan bé 1én
) o kg 1190
cau sau khong tai
Khéi lwong 6 t6 du tai kg 3500
Khéi lwong phan bé 1én
L kg 1206
cau trude du tai
Khéi lwong phan bé 1én
) i kg 2294
cau sau du tai
S6 chd ngdi chd 03
S6 16p chiéc 06
Kich thuge thung hang o 3110 x 1620 x
(DxRxC) 350

Xe tai ben 1.25 tan la mot trong nhitng dong xe tai
ben béan chay nhét hién nay tai Viét Nam do c6 kich
thudc nho gon, gia thanh thap, tién loi cho viéc
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chuyén ché nguyén vat liéu ¢ thanh thi va néng thon.
Chinh vi vy, bai bao da tap trung nghién ciu d6 bén
ctia vo cau chu dong cua dong xe tai nay [1].

3.2. Cac ché d tdi trong

3.2.1. Céc tdi trong tac dung I1én vé cau

So d6 cac lyc va mé men tac dung 1én cau chu
dong cua 6 to tai dugc mo ta trén Hinh 5.

Hinh 5. So dé cac luwc tac dung lén vé cdu

Hinh 5 cho thay v6 cau chiu tac dung cta cac phan
luc tir mat duwong Fzo1, Fzo2 va cac lyc tir nhip Fznog va
Fzn22 trong mit phing ngang. Trong mat phing song
song v&i mét duong, vo cAu chju tac dung cua cac lyc
doc Fxa1 va Fyz (luc kéo hoac phanh) va lyc tir nhip
truyén qua cac gbi dd Fynz1 va Fao. Khi xe chuyén
dong quay vong s€ co6 thém cac luc ngang Fyo1, Fy2
dat tai vét tiép xuc banh xe v&i mat duong. Déng thoi
tai vi tri lap nhip s& c6 cac luc Fynz1 va Fynoa.

3.2.2. Xdac dinh tdi trong theo phwong phdp

truyén thong

a) Trueong hop chuyén déng thang véi luc kéo cuc dai
Trong trudng hop ndy, vo cdu chi dong chiu cac

Iwc va m6 men sau:

Luc doc: F, =F, = mG, (1)

22 Fmeax =@y

2
Lucngang: K, =F,, =0 )
Phan luc thing dimg F,=F,= mG, (3)
2
Md men xo#n: l\/ly21 = My22 =F b 4)

b) Trweong hop chuyén dong thing véi lwc phanh cye dai
Trong truong hop ndy, vo cau chii dong chiu cac
lwc va mo men sau:

E _ mG, (5)

LLI'C dQC: Fle =k x2max = Px 2

x22 =

Luc ngang: F,,, =F,,, =0 (6)

SO DAC BIET (10-2021)
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Phan luc thang dtng Fp=F,p = m,G, @)
2

Mo men xoan: M, =M, =F,, I, (8)

) Truong hop quay vong voi luc ngang cuc dai
Trong trudng hop nay, vo cau cha dong chiu cac
luc sau:

Lucdoc: F, =F, =0 ©)

Luc ngang: Py = 0y Fzai B = 0y Fee; (10)

FyZl + Fyzz = Fy2 = ¢’ch
g 2¢.h
Phan lyc thang ding F,,, = Cel1, 200 ;o (11)
2 2b,
Fp =G, —F;
d) Truwong hop chuyén déng trén dwong xdu véi phan
luc thcfng dung cuc dai
Trong trudng hop ndy, vo cdu chi dong chiu cac

lwe sau:

LLIC dQC: Fx21 = szz =0 (12)

Luc ngang: F, =F,,, =0 (13)

Bdng 4. Tdi trong finh ddt 18n vé cdu trong céc
trwong hop

THL: TH3:
TH2: Xe TH4:
Xe di , | Quay A
. , di thang Trén
Tai Pon | thang . vong
TT . voi o lucl duong
trong | vi Voi luc Véi luc ,
) phanh Xau  Véi
kéo . | ngang
| cuc dai | Fzmax
cuc dai cuc dai
1 | F N 10352 | 8102 0 0
2 | Fx2 N 10352 | 8102 0 0
3 | Fy N 0 0 19763 | O
4 | Fya2 | N 0 0 492 0
5 | Far N 12940 | 12940 | 21958 | 22505
6 | F2 N 12940 | 12940 | 547 22505
7 | Myas | Nm | 3209 2511 0 0
8 | My2 | Nm | 3209 2511 0 0
9 | Mxa | Nm | O 0 6127 0
1| Me2 [ Nm |0 0 153 0
0
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Phan lyc thing dimg F, =F,, =k, G (14)
2

Céc tai trong dat 1&n cau bao gém cac luc doc Fai,
luc ngang Fy, luyc thang ding F,, m6 men xoin My, va
m6 men udn My. Gid tri cua ching dwoc thé hién trong
Bang 4. Gia tri cta cac luc s& duge dwa vao trong mo
hinh tinh todn dé bén vé cau theo phuong phap phan
tu hitu han [1, 2, 3].

3.3. Két qud khdo sat
3.3.1. Truong hop chuyén dong thang véi liec kéo
cue dai

Céc lyc dit 1én mé hinh x4c dinh @ng sudt vo cau
bao gom:

- Luc doc truyén tir than xe: Fyz1 = Fyxnze =
10352N;

- Lyc thang dang tir trén xubéng: Faz = Fan =
12940N;

- Md men xoin quanh truc y: My = My, = 3209m.

Type: Total Deformation
Unit: rrrm
Tirne: 1

0.36301 Max
0.32267
0.28234

0.242

0.20167
016134
0.121
0080663
0.040334

0 Min

Hinh 6. Chuyén vi vé cau va vi tri cé gia tri Ién nhat

Type: Equivalent Elastic Strain
Unit: rrmdmrn

0.0010334
000091855
0.00080373
0.00068892
0.0005741

0.00045928
0.00034446
0.00022964
00001142
2.5563e-14 Min

Hinh 7. Bién dang vé cdu va vi tri c6 gia tri lén nhdt

Type: Equivalent feon-Mises) Stress
Unit: MPa

197.78 Max
17581
153.83
13185
109.88
87.903
635,927
43.951
21976
4.4575e-9 Min

Hinh 8. Ung sudt twong dwong trén vé ciu va diém
c6 gia tri lon nhat

247
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Bidng 5. Ung sudt, bién dgng va chuyén vi lén nhat trén
V6 Cdu khi xe chuyén dong thing véi lue kéo cuc dai

Chuyén vi Bién dang Ung suat

oy Nt sb Nt s6 Nt s6

Vi tri
65456 11553 11553

Gia tri
6n 0,36301 0,0010334 197,78
M . mm mm/mm MPa
nhat

Két qua phan tich vo cau trong truong hop khi xe
chuyén dong vai luc kéo cuc dai cho thay bién dang
I6n nhat xuat hién trén vo cau cé gia tri 0.0010334
mm/mm, ng suit twong duong 16n nhét xuat hién
trén vo cau c6 gia tri 197.78 MPa. So sanh gié tri ung
suit sinh ra cho thay nho hon so véi ng suit cho phép
cua vat liéu gang cau 1a 490 MPa nén vo cau chua bi
pha hay.

3.3.2. Truong hop chuyén déng thiang voi luc
phanh cuc dai
Céc lyc dat 1én mé hinh x4c dinh ¢ng suat vo cau
bao gom:
- Luc doc truyén tir than xe: Fynz1 = Fxnzz = 8102N;
- Lyc thiang dung tir trén xudng: Faz1 = Fzo =
12940N;
- M6 men xoin quanh truc y: My; = My, = 2511Nm.
Type: Total Deforrmation

U.nit: mim
Tire: 1

0.31556 Max
0.24805
0.24544
0.21038
017531
0.14025

TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Tyl'pe: Equivalent {von-hdises) Stress
Unit: MPa
Tirme: 1

170.38 Max
151,45

132,52

113,54

94.655

75,714

56,793

3T.862

18931
4.044e-9 Min

Hinh 11. Unhg sudt twong dwong trén vé cau va diém
c6 gia tri lon nhdt véi lwe phanh cuc dai

Ty‘fpe: Equivalent Elastic Strain
Unit: rmrm
Time: L

0.0015115 Ma:
0.ooi3436
00011756
0.0oLo077
0.00083973
(L000ETLTE
(.00050384
(.00033589
0.00016795
5.6328e-15 Min

Hinh 12. Bién dang vé cdu va vj tri cé gid tri lon nhat

Type: Equivalent (von-Mises) Stress
Unit: MPa
Tirme: L

282.27 Max
25091
218.54
188,18
196.82
125.45

44,08

62,727
3363
7.5751e-10 Min

Hinh 13. Ung sudt fwong dwong trén vé cdu va diém
c6 gia tri lon nhat
Bdng 6. Ung sudt,bién dang va chuyén vi lén nhat
trén vé cau khi xe quay vong véi lwc ngang cuwc dai

0.105148
0.070125
0.035063
0 Min

Hinh 9. Chuyén vi vé cdu va vi tri c6 gid trj lén nhat

voi lwe phanh cyc dai

0.00089007 Max
000079118
000069228
0.00059338
0.00049449
0.00039359
0.00029669
0000197749
9.5897e-3
2.329e-14 Min

Hinh 10. Bién dang vé cdu va vi tri cé gia tri lén nhat
voi lwe phanh cyc dai

Chuyén vi Bién dang Ung suat

o Nt s6 Nt sb Nt sb

Vi tri
50100 11559 11559

Gia tri
6n 0,34982 0,0015115 282,27
M . mm mm/mm MPa
nhat

Két qua phan tich vo cau trong truong hop khi xe
quay vong vdi luc ngang cuc dai cho thiy wng suit
trong duong 16n nhat xuét hién trén vo cau cé gia tri
282,27MPa. So sanh vai hai truong hop khao sat trén
cho thiy gia tri tmg suat Ién hon so vai khi xe truyén
lyc kéo va truyén lyc phanh cuc dai. Tuy nhién khi so
sanh gi4 tri tng suét twong duong 16n nhat sinh ra cho
thdy nho hon so vé6i (tng suat cho phép cua vat liéu
gang cau la 490MPa nén vo ciu chua bi pha hiy.
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3.3.3. Xe chuyén dong trén dwong xdu véi phdn
lyc thang dirng cuc dai
Cac luc tac dong 1&n vo cau bao gom:
- Lyc thang dung: Fanz1 = Fznz2 = 22505N;

Ty.'pa: Equivalent Elastic Strain
Unit: mrn/mrn

0.0017628 Max
00015669
00013711
00011752
000057934
0.00078347
0.0005876
0.00039173
0.00019587
3.612e-14 Min

Hinh 14. Bién dang vé cdu va vi tri co gia tri lon
nhat

Type: Equivalent Elastic Strain
Unit: mrfmrm

0.0017628 Max
0.0015669
00013711
00011752
000057934
0.00078347
0.0005876
0.00029172
000019587
3.612e-14 Min

Hinh 15. Ung sudt fwong dwong trén vé ciu va diém
c6 gia tri lon nhdt

Bdng 7. Unhg sudt, bién dang va chuyén vi lén nhat

trén vé cau khi xe chuyén dong trén dwong xiu véi

phan lyc thing dieng cuc dai

Chuyénvi | Bién dang Ung suit

o Nt s6 Nt sb Nt s6

Vi tri
26158 11541 11541

Gia tri
6n 0,4514 0,0017628 337,67
M . mm mm/mm MPa
nhat

Két qua phan tich vo cau trong trudng hop xe
chuyén dong trén duong xu véi phan Iyc thiang
dirg cyc dai cho thay tng suat tuong duong 16n nhét
Xuét hién trén vo cau cé gia tri 337,67MPa. So séanh
Vai cac truong hop khao sat trén cho thay gid tri ing
sut trong trudng hop nay 1a 16n nhat. Tuy nhién khi
so sanh gia tri tng suat twong duong 16n nhat sinh ra
cho thdy nho hon so véi (g suat cho phép cua vat
lisu gang cau 1a 490MPa nén trudng hop nay vo cau
chua bi pha huy.

4. Két luan

Bai bao da danh gia do bén phé hiy vo cau véi 3
ché do kiém bén tinh vai céc tai trong cuc dai. Két qua
phan tich cac truong hop khao sat cho thdy wng suét
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chu yéu tap trung tai céc khu vuc c6 go hoic cac goc
canh cta vo cau, tuy nhién ang suat I6n nhét trén vo
Cau xay ra trong truong hop xe chuyén dong trén
duong xau véi luc thang ding cuc dai, dat gia tri gan
337,67. Gia tri tng suit nay van nho hon so véi tng
suit cho phép cua vat liéu gang cau 12 490MPa nén vo
cau chua bi phé huy.
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