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Influence of cracking groove depth on cracking performance of

bearing seat of reducer housing

ZHAO Yong,JIN Wen-ming,ZHENG Qi-feng, KOU Shu-qing
(School of Materials Science and Engineering ,Jilin University, Changchun 130022, China)

Abstract: Abaqus software is used to simulate the cracking of the bearing seat of the rear axle reducer
housing. The influence of the depth of the laser prefabricated cracking groove on the cracking load and
deformation is investigated through J-integral and Z-direction tensile stress at the tip of the cracking
groove. The results show that the J-integral of the corresponding node at the middle wall thickness of the
bearing seat remains at its maximum during the entire simulated loading process , and cracking occurs at
this position. Referring to the cracking of the connecting rod, when the estimated cracking load of the shell

bearing seat i1s 603 kN and the groove depth is greater than 0.7 mm, the simulated maximum tensile stress
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of the corresponding node at the middle position of the bearing seat wall thickness exceeds the tensile
strength, and cracking occurs. When cracking occurs, the bearing seat housing only enters a plastic state in
a small local area at the cracking position of the cracking groove; Based on the J-integral criterion, the
simulated cracking load for different cracking groove depths is determined, and the cracking groove depth
and load curve are plotted and fitted. The corresponding groove depth for 603 kN is 0.797 mm. And a
cracking experiment is conducted on a laser prefabricated cracking groove of 1.0mm depth. The actual
cracking load and simulated cracking load have an error of 4.30% , and the change in the inner diameter of
the specimen is 0.16~0.24 mm, which is less than the allowable plastic deformation ( << 0.4 mm) for
bearing hole cracking processing. Based on the comprehensive simulation analysis results and combined
with actual production, the depth parameter range of the cracking groove in the bearing seat of the rear axle
reducer housing processed by laser is 0.8 mm to 1.0 mm.

Key words: cracking processing; bearing seat of the rear axle reducer housing; cracking groove; numerical

simulation; cracking load

0o g = LA RE R, D J A7 DB i 7 AR A R e A
T A RS

Je 9 D A 2 A AL Bl AR G P R R
i 1o A e 1 Sl S B T B 5 1) B R S A
AR O o e Dol 3 45 52 1 b 7R A 19 1 O
W] 3 7 A Bl A A % i ) 7 L DR DR g R Y
W R AL SRS E i 17 o H S il R 5 ) o2
7 3R LR 2 Xk 32 L NSl 14 48 B9 R 4 & 2 50
T o R il R A 43 A S A R Al K s
PR Y, PR [ 4 o AR ey i T 05 2O K

1 Je A7 sk 25 5 R il 7R B8 1) 4% G2 T
TTZH5RBMTTZ

Jo W 0 5 e A (O T&T 1) il 7 e 1) % 45 o T
T B A RN G RN & 8L, AL,
B AL, fie i T R 5 S W D 45 i 7 i ) A% S8 T
RO 7 S TR S 11 B 11 ) B B T

g MR 5 R 55 0 T N T, 5 K e i B ML T
PRI AR N T8 7, T AR A A &
B SR, B A AR N TR A E AT A R
P8 I T o R T T i A7 il T 45 e S Al 7 32 1
TR AT RE . X FRORT T 200 LA £ G T 2
L R 0l 7R AR 5 T A BIL AR TR E 7 88
LAY R FURS I T XM OB T2 BT
1 ORI AR REFESF L L [ I 3 1] LUMAAR
A L RS I 9 U T I A Tl e A B R o ) i
Fe5E A1 77 30 4R e R ORI R A R
SN T2 0 AR AR R A I TR R
fifp S TFP o R R R W SR B ) SRR R 2
S ORI T R TR R RS B, S B
Tl 8 S50, WA A N T2 e i 2R A
EEINT IR S MR T E & SR 2% T
B AT, J A D 7 S Bl R e L AT 2R A T T R
RIPNI3 /3 Sl SN p e S & S P IS
B AR T DRI, AR SO 7 i 47 3k 45 e 1R ik
TR AR G T2 BT R 3 o {40 A 5 56 B
FE WO T 22 A% 18 2 B0 i A7 D i 7 1A% Bl 7

YL AL S A G 2 e VR R e R 7R
SALIEE o e BRI AR S AR Y RN T T2 s
A7 Dol T 4 7 A i A A T R T B 2 %
fL, BIRET AL OGN TR A R 5 I 2
7o M Jl 7R A8 R R S 5207 TR RE RSN T Ak R 2
fLo W50 )5 M 7 Al e 19 228 im0 4 v R A
SR T A M 2 K B AT S PR R S

ig@i"i-t

Bl RERR
Fig.1 Reduction gear shell

2 AMRICEERIR ST

Jo A9 Wl T 7 A A 7 AR £ R A o A A 2
B i 14 L ) 4 TR e B PR R ST AR



- 1554 - THRKRKRFFHR(OT F RKR)

% 55 %

PO HER S S EARE E . R TR E
Sk B RE TR0 0 L 2 R (B s I B e B
AR 2L, i B TR 3 e X R ) 2 A B SR T SR Y
SLMRARAT o Jic S MR PR REHE bR, HRUR RL Y 5L
oy L ZERAT
2.1 #MHEEESH

Jei B D8 % 7 K O RuT400, 3 i /7 27 1 fig
W, BRI MEHERSHE R R R E=
1.33X10° MPa, JH #& tb v=10. 27, Ji Hit t% KR A
310 MPa, Bt 7 38 &~ 400 MPa, AR 45 5% #6145 2]
BB J,c=5. 646 N/mm"*1,
2.2 HERMERIWER T R R EERI M

M T 20 32 B R AR AE IR R AL | 13 36 LA AR 1 355
3 XoF Sty AR Sk 1) S e T AR AT DL (B PR
PLAI ()38 43 200, 5 % 5 20 A 2 A7 B 0L A0F 9 o
M2 FLAAE o 11, 2 mm, FLE4E R 80 mm, #h s
B IR F 42 R 109 mm, B8 FLIRBE 4 172 mm, #8442
FLIE B h 195 mm, & fL B A O F YOZ F- I X
FR 0T $E SR HOR 1/ 2 R A, A
RS AL AN 2 FT 7

E2 s
Fig.2 Simplified model

A MBS R WL X B E S N
JitE A 785 R 0. 001 mm ;58 A X s &5 % i
A28 4 3.5 mm, 3 B 25 B0k 50, #& A4S AE Al
FE X J7 [ 6 Bk, 6 3 BT X5 1] B R A Tt i X
F X R R Ul=UR2=UR3=0, X E LN S
w58 A [ E AR Ul=U2=U3=URI=
UR2=UR3=0, #H&MFWE 3R,
2.3 MBHKS

P35 4 B RAE R X, A 54
SRR BT A SRR A X R AT Al Ak R
SL80 X TF I 25 RS AN K, R 4R e T R RIOR
N Al 2L 20 DX A% 3 R b, 45578 SR R S T AR )
¥, RIH% BT C3DSR, AR Rl 43 4 18] 4 s .

B3 BREH®

Fig.3 Boundary conditions

B4 MEHRISS
Fig.4 Mesh of the model
A SR T 2 P I AL PR UL AT el 4% 5T
AT R e 1) SR8 Aife b T BR g3 AR T AR R A Ay
Z ] Y 56 280K R 0

3 M RN I A5 e VA ik R JRE R S
AE AY 52

B AR M :0.1.0.2.0.3,0.4.0.5,
0.6.0.7.0.8.0.9.1.0 mm, 9% » 0.1 mm, &
FERE TR T4y L BRI ity S5 KL F) 4 ik 2
o 1) 5 W) KL
3.1 #ERWJBRSHEIE

5 ok J By BB 0T A G R 2
KR G5 0~2071 #1500 g Wi 24 Br 4 vt I 1
Uity 17 2 T Sty 1T A S 17 A7 B, 4 0 R i A 5T AR il AR
A L JEE v ] T A7 %) X R S 10

bR TR LG ZI A 6 TR TR S 8. A
R 21, 2L BRIV R J AR S AR A TR v [a] T A
JIPEES -y Ny = RN 93 1 T L R L S N T
AE 2 T U/, VO A0 i TR AT 6 T 2 HOIR S
AR G BB AN

5 v BT A TR E BT AT I 220 R R v TR AT B
(19 25 10) QLRI Y J By B KAE R W i &
Shy Jii AT R T 7 A il 7 A A AL e S A



B 5 A AR R xR ik B R g AR R B AR B 04 ¥R - 1555

:

€4

)

X ~

% ,/20304050
%ﬁﬁ% o0 ! ggﬁ

(a) ~=0.1 mm

(b) ~=0.2 mm

(e) h=0.5 mm

—D W U
PO2RS

AAME/(N-mm™)
8

ﬂﬁ“)‘ifﬁﬁ ig§5
(g) ~=0.7 mm

J

07)

J FRME/(N-mm™)
B =W
GooSSoSS

(i) #=0.9 mm

5 AEERAMEJRS EBESNTAKSH
PSS
Fig.5 Spatial relationship among J integral,

nodes, increments of different depths

B AR R B e A AR R R
J 2 A0
3.2 BERMNARLEREZEH NN

B R FH 5 080 2 5 (R il A R 11 2 e o
W7 24 T B A 1945 mm?, B 7% 7 AT 241 48 4 S W7
T 3 A J IR 28 g 1/207, A 5 AR ek o 2 e 1A il
7R JE e A B4 fif 2 fr A 603 kN

(&1 6 Ay A5 400 224 fie 28 17 2l 600 KINCORF iz 452 480 A
= AR 0. 1~1. 0 mm A 8 5 24 i
T Y R A RS R ) 1857 T R A Z 1) R A

450'-\'|

400 3

W

W

(=1
L]

v
S
(=}

ZIEBLRL F1/MPa

250

200

0.0 0.2 0.4 0.6 0.8 1.0

FHERE/mm
6 AEIFER IR B R G g i Z | 1B
Fig. 6 Curve of Z—direction tensile stress at

crack tip vs. groove depth
(Ss)fE M2k .
S 1B T M54 A0 R 600 KN FEVR A 0. 7 mm
A s, 2R figp Rl R A8 JRE 2 b ) TET S T X 7
AR Jy 3k B0 IR AL T M R BT B SR 400
MPa. [t AR 5 R 7 098 v 2, 4 Rk
F 0.7 mm B, 51 52 1A il R AR 24 80 A B 2L iR
B 2L B BT /N T 600 kN
K 7R R0, 7~1.0 mm 4 Fp AR E T, 24

l
|

| S, Sss |

(Avg: 75%)
44.190e+02
+3.799e+02
+3,408e+02

| 5. Sq, |

(Avg: 75%)

051 e F02
3 0,72e+02

+
+2.822e+01
#1.085e+01 |
-4,992e+gl

\;69e+01
L2 7680

i_—
{
i
i
|
!
|
E
E
L

(b) h=0.8 mm

| S. S

(Avg: 75%)
+4.405e+02
+3.991e#02
+3.576e+02
+8.162e+02
#2.748e+02

(Avg: 75%)
+4.311e+02
+3.,907e+02

Boe+02
92e+02
775e+01

EXEB5de+02
+1§20e+02
+210

50y 507e+01
-5.649e+01

(c) ~=0.9 mm (d) ~=1.0 mm

B7 AEERMEMRERSZERNENERE
Fig.7 Z-direction tensile stress contours of

crack tip for different depths



- 1556 - THRKRKRFFHR(OT F RKR)

% 55 %

fif 2 At 600 KN B ity 7 Jgs JE2 35 o (] 1 7 1 24 SO R
A3 Z ) e RPN F1(Sy) = K. AR = KR,
B R TR 38 0, SR AR Sy Z 1) fe K N T 3% W
S IR BTV E SRR 3 S NN
AN 28 fige 20 i 7, D 224 A A S S A0 R AL
JIN DX 35 e RN g 3 b e e I A B R A 98 IR
EE RSN 157 M R B -y NE DA VAN B A NS B % S 9
JIR AR BR o 3 3% WY 7 ASE 00 24 A 2 fif 600 KN B, X 1
KT 0.7 mm B}, 50 7R 5l 7K J38 24 ik A A 28 it 1
R 38 7 S A7 R S /0N IX 3 A VMR AR T T il
JE ST A AR S A TR AR TR B R
3.3 ERMNABREFTHZMW

Pl 8 g AR A J FR 43 4 418 i 2 11 2 figk 238 At AR
TR ¢ 21 4R, Bl 25 T80 0 ) 224 At A 8 %) 3 o
S A7t 3 A 720 9 /0, S L DR /0N 1 S R R OR A
TR B R 224 i R 20 it 1) 7 ) B P R RO,
T8 2 vy ) S A0f% 2 07 B/ o Y AEUR R 0. 1 mm 3G
) 1.0 mm B, 24 ff 2 17 (19 28 16 iR B Oy 137. 88
KNG HEZE R 1.0 mm B 24 1% 2% 707 BUAS: B /M,
Ry 575.12 kN 1] U 38 o 1 ) 28 fore A R o 4 i
AT 1 5 ) EL A

AR 17 3% T4 S A7 ok 3 7 A Bl 7 e e A 4
fift % A 603 KN, JU AR 5 [ 8 W] LAt J B 4 J 4
T e A B 7 A8 SR fig in T 98 P R T SR A /)N
RS HON 0. 797 mm , 5 8 K F7 5 H7 FIH6 45 Y
B/ INRER 2500, 7 mm A BT — B0k

BRI, 25 R 2 RS o 2 6 5 il LRSI T
Y ORISR D A 2 0 R T R AR 2 f R TR
HBH0M0.8~1.0 mm,

720
00 — B PR A AR
o FfSERRRT

N

DN DD
D X
(=T

SRR AN
3

- -
® S R
S S o
T T T
|
|
|
|
|
|
|
|
i |
|

wn
3
=
=}
O_
(S}
oL
o~
o_
=
o_
o0
—
S b

B8 BREAMBTZEMNXRREIMEGHLE
Fig. 8 Relationship between depth and cracking

load and its fitting curve

4 el T A e ATk R AR ) 2 S 5

R T W5 BESORE X I A E R B R e 2 fi o R
52, 78 B0 A 2R A L EAT 24 TS0 08, K
I H (AR OL 5 L o A I el % A T 7R JBE Y
FEAE BRI T RTS8 MR AR TE
b, R 0 LA N T 5 o S R R S e R AR A 2L
fiff 28 A HE AT X L 56 UEASE UL 45 SR A AT RE 1, An[&T 9
Fi 7 o
4.1 ITHRAEFERIHTRE

TET MRS A 0 & 0 24 m T & Eiktr
ZUM 0N TS 8, R YAG 306 T35 & hn T
FEN 1.0 mm, 5B 0.1 mm i 2L Al . 2 ikt
& G J 2k 12 MPa, ik W7 82 B 7 3 N
110 mm/s, 77 #2830 mm, R B MA A 8. AT
TR N R AR, I @ o 7 ) i RS,
L0 Frz , I A 4040 N 5 1 s .

B9 HFEFERAH

Fig. 9 Fracture split specimen

E10 WMEFK
Fig. 10 The measurement mode
F1 HEMIARS

Table 1 Size of the specimen before fracture splitting

i a5 B RS /mm 67718 RAf /mm
1 160.01 160.00
2 160.10 160.06
3 160.05 160.03

1.2 RBHERNI

T O o 4 A 7 g A A B 2
N HAR AR E N 0. 16~0. 24 mm , 7E 3L PR 4R 7=
FF 855K /0 T 0. 25 mm 36 [P . 5 90 B 900 75 19



% 54 R T R AR IR AT R R B T R A K R LA AR 00 W e 1557 -
x2 HEWMIFRS Sl HE A 2022,
Table 2  Size of the specimen after fracture splitting (4] L E, KB . FEHERGES AN T T AHR
mm [J]. & ZHA, 2005(1): 37-38.
Gy adiRSE bUTMRSE AR ha AT A b Jiang Ye-jun, Zhang Jia-zheng. Exploration on pro-
1 160.24 159.82 0.23 0.18 cessing technology of rear axle main reducer housing
2 160.30 159.82 0.20 0.24 [J]. Bus Technology, 2005(1): 37-38.
L —— 2 50 0% . 942 BBl B 5 ke 5 25 1 A0 8 5 2
24 fif #R A7 AR UK K £ 601, 15.,600. 58,601, 09 kN, AU AIDL B WV K HLA S AU TR
S50 A8 4 575. 12 KN 5225 76 4t ¥ 1 36 PR Y B . 2009.
(<0.4mm). EEL 0mm. 55 0. 1 mm 28t iy Liu Jing—tao. The research of pre-load for main re-
S 4 L R 2 g i T RO 25 B T ducer of automobile’s driving axle and the system de-
B velopment[D]. Hangzhou: School of Mechanical and
Energy Engineering, Zhejiang University, 2009.
5 éﬁj;ﬁig [6] Zhou S, Kou S Q. Study on fracture-split perfor-
mance of 36MnVS4 and analysis of fracture—split
TE SR Az 7 e 2R R 1 VA JEE S A A T easily-induced defects[J]. Metals, 2018, 8(9):0809696.
UBHZ — SR R R SR T/ [7] Yang H Q,Kou S Q,LiZ Y, et al. 3D interconnected
I HE AT AR s S G N, 2 3G R AL i nitrogen—self-doped carbon aerogels as efficient oxy-
&%E"J%ﬁﬁj} ,iﬁu%ﬁ’%fx‘%%fﬁﬂﬁﬁkﬁ,ﬂﬁﬂ gen reduction electrocatalysts derived from biomass
B350 B o B R SL FLIB AR TR | ¥ ARl AR FL N gelatin[J]. RSC Advances, 2019, 69(9): 40301-
R 32 22 DAt 5 4 B 84 2 i o 10308,
B T S T O T 24 S0 Y R B AT [8] KouS Q,Shi Z,Song W F. Fracture-splitting pro-
(37 T 50 5 R 0 (37 Tl 3G 5 2 23 3 o ] cessing performance study and comparison of the
N R s . C70S6 and 36MnV S4 connecting rods[J]. SAE Inter-
o T S0 Re I 9 B il 7R LA S national Journal of Engines, 2018, 11(4): 463-474.
o TR A R R R T O BRR S g ) e i, o, . % L ik R
F8 DX 7 AR /N BB AR T | 2k I 1) il R FL AR AR AU AHOL I T4 [P E: CN200710055511. 3.
J R 1 2ok IR R ST TARBEEOR (0] A4 i a e R 0B i T 2O IR IR,
R JH O 0 ) 2 e R A RV O 0.8~1.0 2023, 23(4): 96-98.
mm. FEIN TR 8 1.0 mm 806 T i A8 1 328 Wang Ke. Casting process design of reducer shell[J].
P VEAT 24 S B, 52 B T 45 1l 224 1 2 17 5 A L 2% Automotive Knowledge, 2023, 23(4): 96-98.
W RIR2E N 4. 30%  fE R VPR TG B L wesE (VL) ERT AL, SR, SF . D R T U R T
I RS R TR R AT HOR BRI S RIALL WG HA B, 20140
X i . 35-38.
0.16~0. 24 mm, BB/ HRAREIT. X Li Xin—ning, Li Cai—er, Huang Gui-ying, et al. Re-
WF5E e B a8 B9 BT L T Ll B A9 i 2 A 1 search and application of speed- reducer shell's high
A - speed processing technology[J]. Manufacturing Tech-
5238 nology &. Machine Tool, 2014(1) : 35-38.
(12] 2=, Lgvl, ASHUE . v o o 22 80 4% e 1R
(1] BERD. 5R 40Kl K H 32 B R a5 M 1], 7y 4 N J5 %001 RETZW, 2015(3): 24-25.
5% ML, 2009(47): 74-76. Li Jin-hua, Wang Hai-tao, Zheng Jing-chao. Ma-
Lu Gang. Driving axle &. main parts of heavy com- chining scheme of reducer shell for high-end passen-
mercial vehicle[J]. CVE, 2009(47): 74-76. ger cars[J]. Automotive Engineer, 2015(3): 24-25.
[2] WM R . WEME FIM]L dba HUA Tl A, [13] a4 fad, sk %, 2R, 55 . BB RuT400 5

2022.

[3 ] B /R . 1&g v3 428 o o S B 5 A i (M. b a Ak

RuT450 Wy % 5 9% 57 M ae 0] L & & . 2020,
42(4): 18-25.



o

1558 TR K FF

oL

w"(x

F R ) % 55 %

[14]

[15]

Meng Ling-jian, Zhang Meng—xiao, Li Yu—juan, et
al. Tensile and fatigue properties of vermicular graph-
ite cast Irons RuT400 and RuT450[J]. Shanghai Met-
als, 2020, 42(4): 18-25.

i R Ul T e A At 7R R A R 2R A 2 T KR (L
B R LB B 5E (D] K& : FRRFEM R 25 T
2B, 2020.

Xiu Ting-ting. Numerical simulation and experimen-

i,

tal study on materialfracture splitting performance of
rear axles'reducershell bearing seat[D]. Changchun:
College of Materials Science and Engineering, Jilin
University, 2020.

HWE , B, SOOI AR Jn B e A e A
TR A R RE R 20 A [T]. AR e P R o e

FARBRRR, 2019, 47(7): 121-127.

Kou Shu-qing, Xiu Ting-ting, Jin Wen-ming, et al.
Numerical analysis of cracking performance of rear
axle main reducer housing bearing housing material
[J]. Journal of South China University of Technology
(Natural Science Edition), 2019, 47(7): 121-127.
B AR TN L IR 26 K T 2 O M
BLIID] KA 3 bk K 2 o BB 5 TR 2 B
2011.

Zhao Yong. Study on parameters of connecting rod
fracture splitting based on fracture after small scale
yielding and its application[D]. Changchun: College
of Materials Science and Engineering, Jilin Univer-

sity, 2011.



