Journal of Mechanical Strength *RJ {& i& g 2024,46(4) ; 816-822

DOI: 10. 16579/j. issn. 1001. 9669. 2024. 04. 008

ERFRASEAETEERPEMSRIFEEES T
STRENGTH ANALYSIS OF THE INTERMEDIATE SHAFT AND THE CAGE
OF CONSTANT VELOCITY UNIVERSAL JOINT TRANSMISSION
ASSEMBLY FOR A HEAVY-DUTY VEHICLE

REWM™ ®BRE™T £ B
(LB T X3 P IEFR, LiF 200093)
SONG YouShuo  MIAO JiaJun LU Xi
(School of Mechanical Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China)

FEE AR RIS AU 1) 799 1 Sl S A% 1 B4 0 A R M R 4 B R, HL T BOR & m  fe np i AT 1 A
TR A v ) 0 e B PR S8 55 SRR, LA B AR R SR Al ) A AR At PRI, g JHG e T Al R R SR A A R L
PSRN AR R E L, AR A AR G AR [ A S O IF TS B, e, % R BB T 52 1 20 B R FROT
D7, FEREAE R BEAT S IR LSS TERE Y A 1 3 U, XA ) Al 1) R 1 DR R R AT 05 000 A7, 45 1 DRASF AR 84 17 A L
B AT i R0 5 PR R SRR P 25 SRR, v ) Aty DR A7 LE o 00 T 2T i A R (EAE A
I TO0 T AT RE A LR CRAF AL . mT oy ol A8 2 T Bk O 55 T 1) 19 4 3 BB B T Al i SR (A 2%

XA AET BEH RFR BARTHE EE

FESES U463 216".3

Abstract The force and torque transmitted by the ball cage constant velocity universal joint transmission assembly of heavy-
duty vehicles are greater than that of ordinary vehicles, and the working conditions have higher requirements. Under the impact
load, static strength failure or fatigue failure of the intermediate shaft may occur, as well as the cage damage under the bigger
interaxial angles. Therefore, it is very important to study the strength of the intermediate shaft and the cage in the ultimate
working condition. In this study, the ball cage constant velocity universal joint transmission assembly for a heavy-duty vehicle was
taken as the object. Firstly, the force analysis and the finite element simulation were carried out on the intermediate shaft and the
results were compared to verify the model accuracy. Secondly, the stress distribution and variation law of the cage were obtained
through simulation analysis under the different interaxial angles. Finally, the torsional static strength test and the cage hardness
test were carried out. The results show that the intermediate shaft and the cage meet the requirements under normal working
conditions, but the cage may be broken under extreme working conditions. This research can provide reference for the design and
manufacture of ball cage constant velocity universal joint transmission assembly of heavy-duty vehicles.
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Fig. 1  Structure diagram of the ball cage constant velocity universal

joint transmission assembly
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Tab.1 Ball cage constant velocity universal joint basic

dimensional data mm
S8 Rt
Parameter Size
Bk EAR
Ball diameter 23.81
gt RIEEmC R
Eccentric distance of 5.50
outer or inner race
BIEEIIME
BRI 76. 20
Outer diameter of inner race
L 2= Th 44
s FENE 88. 40
Inner diameter of outer race
PRSI S 6.10
Cage thickness '
-y filly S0 B
R .

Cage groove width

SR T 1) 9 A% Bl S A A A Rk B R AR
2 iR,

R2 BTEHHHOMHREYE

Tab.2 Materials and characteristics of parts

o AR EE i
E Bb AR v i
. Modulus of Density/ Poisson’s
Component Material s 3 .
elasticity/GPa  (kg/m”) ratio
B
ATETE  shim 55 steel 201 7 850 0.3
Outer race
g A
2HE 20CrMnTi 206 7 850 0.29
Inner race
ik GCrl5 206 7 850 0.29
Ball
=yt
LRI 20CrMnTi 206 7 850 0.29
Cage
)l
Intermediate 42CrMoA 212 7 850 0.28
shaft
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Fig.2 Structure of the intermediate shaft
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Fig. 3 Torque vector diagram of constant velocity

universal joint transmission assembly
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Fig. 4 Simplified beam model of the intermediate shaft
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Fig.5 Stress distribution of dangerous section under different torques
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Fig. 7 Meshing of constant velocity universal joint transmission assembly
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Fig. 8 Stress distribution of the intermediate shaft
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Tab.3 Comparison of theoretical and simulation stresses

of the intermediate shaft

W 11 Stress
TS BLRAYIEN i EAE AHXT R 2
Torque/(N-m) Theoretical Simulation Relative
value/MPa value/MPa error/ %
2 000 584 550 5.8
5782 1 689 1560 7.6
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Fig. 10 Overall stress distribution of the cage
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AN TRV IR AT PR dr 245 1 L % 42 A B2 7 S 141 13
JIas ., HE 13 nl A Al R 0 0° I PREFIRAS B £L 4%
R T3S TR A O 15° N 45 A% 7 LA Mk B g
ARK LT3 53 A BE ¥ 50 5 21 il ) A O 2= 300 DAL
DR T L fi R Hh 80 4 35 D 8, e RAE R 5 4
AL, BEAN, FTRUE B 4000l 1E] F I, PRAFIRES 2 56 3
T FLEEARIY 32 0, BEIFER 2 56 3 1 L5 SR i g 4
fiy, PRAF AL PRR AR B AT T A

3500

(d) 40°Hi11a] g

(d) 40° interaxial angle

3000
2500 ¢
2000 -
1500 -

1000 -

$fulB 7 Contact stress/MPa

500

0

1 2 3 4 5 6
&L Window

AN [ I A T R 2R 0 AL B 7

Contact stress of the cage window under different

& 13
Fig. 13

interaxial angles



5 46 B4 4 1]

RATRREE ;T4 A5 T 1) 5 A Sl gl W) il -5 R S B2 3 A 821

AR X T 0%l ] £, £ 4Nk 32 J1395),
FORRFAAE oA S 31 B ) B0 R A A% B 7
VG S I A BRAL S , PR AR AR IE AR Z Ty, IR
o ) P ) R R, DR R A AR Y O, ) S R, XY el )
Faok 15O PR AR E AR G 32 I L 5 2l )
FAYERZE 3000 i BRI B ALY Z A E I B
(R gl LN ) EBAE eSS 1 LS5 4 AL, Y
AR BR T % 25 5 2 4t

T e AR PR 0 2 B A e 2
TEEFNER =& 2L 1 VE R, th 5 /A 0 7R AE , H
XFEE s, B E SRR AN | il e A
TR, i R G T s A PR R AR S (1 R
N, BeAh, Sebrin Thldg S i, R 585 2B
B2 AFAERR I LA TR B %R B2 S 807 35 & A4
M 120 i =T 2R B N 1) W & 22 S8 U DA

4 AETHEFEREREMERISFEEE-EE
(RN
4.1 ARTHEFFEERRE

T o A5 T 1) 1 A% sl e L i B G, T L
ARAR I 1) 15 25 BB A 1 VI 4 5 o S5 4 405 5 =X, O DA A
FE T[] 95 £ BB A0 B A AR TR g P R RE
3 1) 5t a) AR AR R A B — I [, D) — v A B 2
BERE B MR R T A R 0 1Y e A R A i
LIRS 4 PR,

x4 HEHFEERELER
Tab.4 Results of the torsional static strength test
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