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Fig.1 Geometric model of the hypoid gear pairs
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Tab.1 Geometric parameter of the hypoid gear

Z 4 Parameter /N #E Pinion K% Wheel
% Number of teeth z 9 41
2 1 BEL Normal module m | /mm 12 12
i T 5 Width of tooth b/mm 76 70
K43 BE I 4% Pitch diameter d/mm 129.8 492
1 141 Normal pressure angle/(”) 20 20
W2ifé £ Spiral angle/(°) 46 46
JET Direction JEJi% Left £l Right
J1#2F4% Cutter radius /mm 177.8

VRZE R T4 56 5 TR BEA 20CrNiMo, YK
IR 91 K5 B 20CeNiMo 44 ELA R G TR B, HL AL
I ST ORI PP IR A R AR RS
Gl EHESA . WRI¥ESEWNER 2R

F2 ERMHSE

Tab.2 Material parameter of gears

il VIR Prhrsm e Jet e 5 3
Modulus of Poiss - " Tensile strength/ Yield strength/
elasticity/GPa olsson ratio MPa MPa
206 0.3 1 600 785
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Fig.2 Mesh model of the hypoid gear
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Fig.3 Output torque of the reducer
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Fig. 4 Frequency histogram of the torque’s mean value and amplitude
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Tab.3 Two-dimensional load spectrum

i 5 {4 Amplitude/ (N +m)
Mean value/ (N*m) 609 1341 2071 2803 3534 4144 4631 4875
398 1543 282 134 70 37 19 9 7
796 31610 5786 2750 1441 749 386 184 143
1194 186 330 34 106 16 212 8 493 4417 2274 1086 841
1592 320 360 58 639 27873 14 602 7594 3902 1867 1 446
1989 162 280 29 704 14119 7397 3847 1980 946 732
2380 23919 4372 2081 1090 567 292 139 108
2785 998 183 87 46 24 12 6 5
3183 11 2 1 1 0 0 0 0
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Tab.4 One-dimensional load spectrum

fiih e

Output

480 1053 1625 2221 2804 3286 3675 3860

torque/

(N+m)

EEINVS 3
Number of 727 050 133 080 63 256 33 140 17 234 8 872 4273 3 281

cycles

CPRESS CPRESS
+7.366 x 10?

16a00x 10 l +6.752 % 10°
+5.818 x 10? +6.139 X 102
2 S 45525 X 102

yloane 4011 X 107
+4073 % 10? +4.297 x 10?
+3491 x 10° +3.683 % 10°
+2.909 % 10° +3.069 x 10°
12327 % 10° \ #2455 10°
+1.745 x 10* +1.842><10;
+1164 % 10? +1228 % 10
+5818x 10! +6.139 % 10!

+0.000 +0.00 0

(a) KA HE I A AT T 22 fk b
(a) Contact stress of tooth surfaces while the
wheel meshes in

(b) A FE A5 IR A7 T 22 Mok 7 g
(b) Contact stress of tooth surfaces while the
wheel is meshing
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-~
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\ +2.969 x 10°
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+1.782 % 10*
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(c) T 147 TRT S )

(¢) Contact stress of tooth surfaces while the

wheel meshes out
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Fig. 5 Contact stress of the wheel in the meshing process under 2 000 N-m
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Fig. 6 Curve of the gear rotation radian and contact stress

under 2 000 N-m
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Fig. 7 Curve of the gear torque and maximum contact stress
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Tab.5 Material mechanical property parameter of gears

ZH Parameter  Seeger N Seeger rule 20CrNiMo
o //MPa 150, 1950
&/ 0.59 0.59
b -0.087 -0.087
¢ -0.58 -0.58
n' 0.15 0.15
K'/MPa 1.650, 2145
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Tab. 6 Gear contact fatigue life under different loads

FRIHE SN T

i Hh e : ey o5 A5t
Output torque /(N-m) Maximum contact Contact fatigue life
stress/ MPa
480 536.6 8.61x10°
1053 692.3 6.27x10°
1625 783.8 1.81x10°
2221 879.2 5.74x107
2 804 972.5 2.10x107
3286 1 049.6 9.82x10°
3675 1111.8 5.45%10°
3 860 1141.4 4.22x10°

A 20 (5) £ , Miner £k 15 1 WU F &) 9% 95 7% fiy D=
0.004 5, Y D=11F, RAPE TN . B, A Ny,.=
2.2x10%, 1 (6)~2L (8) Al 3154 Manson X 1 i I
THE S F . CHIN,, =8. 61x10°,N,,=4. 22x10°,7%
3| @=-0. 44,7=-2 430. 6.,
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{NM =1.28 x 10° {N“ =4.90 x 10°
N,y =854 x10° (N, =1.61x 10
<N5¢I =2.25x 10’ {Nﬁ_, =1.03 x 10°
Noy =349 x 10" (N, =7.80 x 10
{Nu = 4.76 x 10° {N&[ =776 x 10°
N,, =151 x10° (N, =8.50 x 10°
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D, = EN’Z = 0.0388,D, = ENLH — 0.0072
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Tab.7 Contact fatigue life of the hypoid gear

I HHE Damage theory Miner Manson Corten-Dolan
W 55 FAi Fatigue life 2.2x10" 1.64x10° 1.62x10°

5 it

B VR A S M R RS T 1A A8 R RHL R AN B, ST
TORE R ) Y X TR D A AR R AR RIS
TR R R AR S B X A R 9 05 A TR
ML, FEASRT

1) B — ks A8 2 fb e 97 73 e DAk 5 125, T AR Al
R J (1% 28 Ar I TR g R, X v XSt T oA A R A T 4 g
95 RO VEAL 1207k LA S PR

D) AE S ATIE T, Miner Z&A5 i D) T (1495 55 75
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High-cycling fatigue life assessment of vehicle hypoid gears based on load spectrum

XIONG Guanglin' LI Yao'”® DENG Yue'

HUANG Dong’ WU Hang” ZHU Caichao’

(1. College of Mechanical & Power, China Three Gorges University, Yichang 443002, China)
(2. Department of Technology, Chongqing Tsingshan Industrial Co., Ltd., Chongqing 402776, China)

(3. State Key Laboratory of Mechanical Transmission for Advanced Equipment,Chongqing University, Chongqing 400044, China)

Abstract: For the contact fatigue failure problem of vehicles’ hypoid gears under complex conditions, the rain-flow

counting method and Goodman’ s average stress equation were used to establish a contact statics model. The load-time history

of the contact gear surface was extracted. And the load spectrum of hypoid gears was produced. The research focused on

predicting the high-cycling fatigue life of hypoid gears based on the load spectrum. The study also utilized the finite element

method to simulate gear teeth’ s meshing or contact behaviour under loading conditions. Moreover, the influence mechanism

of fatigue damage criterion on the gear fatigue life prediction was revealed. The proposed method is highly significant in

assessing and predicting the high-cycling fatigue life of vehicles’ hypoid gears.

Key words: Hypoid gear; Contact fatigue; Load spectrum; Fatigue life

Corresponding author: LI Yao, E-mail: yao_li @outlook.com

Foud: Hubei Provincial Natural Science Foundation of China (2023AFB066); Opening Foundation of Hubei Key
Laboratory of Hydroelectric Machinery Design and Maintenance (2021KJX10)

Received: 2023-07-28 Revised: 2023-08-17



