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Fig. 1 Typical failure modes of the gear contact fatigue

Wk H ). 2024-11-29

DI AL s s T 2 R A R R, PR A
YRR BE TG T . RA RSB TEAB, Wh
VNEEIL i S ANRNIE S AR S - FIE R IN
BIUINE JJ 0853 A5 SR T IZ AL B AR B S I A I S
FET LA A ARAL T 3% 10 3 V) R o A R B2 A
BB R RO TE G . IS A TR
B o5 LT ST RAT MBI BLR, VAN TR 4 4
W 55 FLBCHT A 14 3 R R B LA R RSO A 5 7 e i SRt A
FJ53 . BUA 5 07 R EUBHU i 5 e 05 h i)
AR 17225 0, LAIIRNS A e 9 55 R e AL ) ) 2
fifgs oA 1A ARSI T R A A, JEXn
i i G 1A 0 B A W A it — S AR T
IHE B R K (B Bk~ 1L —ARAZ - T WA b ) 2249 B

HEIH - TR A R BRI H (24B460022) 5 5 3 B BRI H (242102220021) 530 45 AL LU BIEFE 0 FH (23 A460004)

YEH RN 2B, %0, 1987 AR A IR 7 TUL N B g0 A, UFIT . 25 1) o BRI 3 RRA%Z 8045 s 657105848@qq.com.
U 2l o8 SRS, 55 | BBV IR T U5 22 b g e e 5 XU SO R A2 [T ). HLAA% 30,2025, 49(9) - 9-18.

LI Luke, XING Yongxiang, YAN Shidang, et al. Study on the contact fatigue prediction model of carburized and quenched spur gears with multiaxial

stress properties| J|. Journal of Mechanical Transmission,2025,49(9) :9-18.



10 Ak 1E RN

F49%:

YA A BROTHH RS R, SEBl T IS A B i K s
0GR B T L 1 T A S AR S AR A I AR
BEFRIN 7, BT MAYNIER $52 H (9 18 4 A0 A B 144
B, S TR TR SR BT e 2 it 5 O F AR At
MR, IR B IR E R 4Rad
" RESE T 18CrNiMo7-6 1 F8 A9 AN [F) ke % 1 K HLAH 5
AR T A AL A, LA B Im] i s ke 2 [ A4
(IRE FE Yy, M T QTR IO 4 4 1 i 38 37 99 00 A
R, TR T RE RS DR AR (4 2 A FE AT R . R
SN B T SO 5 4 AT RN B 25 4 1 A AR A A AL 1) 1A
P 0T BUERH B TGN, R T A s oy
HTESF 125447 R, DIARTFERTA 89 55 DG HARRAIE Al
HLHI B 5 RIS BT T S 7 S0 2 i 57 R 300
FFRHEE . HRIHREH 5 127k RS AR L &
RTERLT . 22 AR MR E 18CeNiMo7-6 15 58 A1 k)
Y A 55 I A, T =S H08AR IR 53 A Fl 44
SUR ST AT REBE =R - F A R TG, 7R T
£23 AL N oA AT WG R 20N - s TR D R
82 DRI BSORT 1A T 22 A 57 3 A A S ), 8 el 47 T 42 f
PTG AT T I UE . 5K S5 A5 e 2 F A i v
JEFR PR FRAE R S H b 57 R 1k, I FH K 5 GM
(1, DEESL Tl 55 A an BNEAY 2550
Bt A A A T T I

Dang Van Z Hl1J% 55 1Ay, 95 55 2L 80
A 2 AR D A I AR AR N R AR T RS A AORLT
Z BTG A S R LTI S8 X, R
— PP R S W i R TP AR BB Y T i, DR X
VR Bl Bl ) = AEARTAURAR I = 5 57 (A 58 Ui B T 3%
ITEIE FE . WANG 28" 5E T Dang Van 2250195 55 1
TSR SRV A FR AR T R 3, D T AR
RN ATRRERE S04, IR S5 O A MEE AT T
e s FErt Bt e il o7 2 A50XURE e 25 18 T SRl i
RESREE BRI, BIFT T R R BR R 7R3 S W LR AR AR )
g P K SO 1o R B 0 ¥ (5% . BRANDAO 57 ]
Dang Van Z2M 55 E I HEA T 1 v JR) VR sl fl 55 TG B
TN IPAL, & E R T IR R ) R TR R
9% 57 A I R BRAE B KON, T B, IR R K
FI53AT NI 57 (R RE M A 1] 20085

RS RAE B B e K A B4 58 (LA R IR G 48)
WO 2 i B AR 5 WS A g T I A g 2 i i
(R JCIRAIL R, 2 TR0 s A8 2 Ao 55 R AL DG BT
AR S B Wk VR T B AT P e R R AR 4 B
B, BRG] B R S e, T
50 B AR A A 0 Al 55 XURS USSR, BF5E T
FRAE S OG0 57 RS (1) DTRR B, A I8 VR U e v
PERE AR L TR 57 RS TR0 4 i 1 SE

1 iERMEEmRER

1.1 SRMEENRE

K2 fit s —X AT e YU A (1, )R
RIFE i &/, WM G E L, Ui & A B
A VEN . AT —mE G s B AL, AT 5E 3 Bobil-
lier 15 JUVE EE S HUETF R D R G B L AR S8, S
IR R S WG AR I T AR 9 (B A A
R AR A, MR T A B Al T R 44
A S WE G AR, B
F=9s49— Lo

nR, cosa,,

b= fﬁ,pmpw.(l»—V§+
’rrB ppﬂl + pqll’] E E

P q

1,2
1 -v,

) (1)

Py = mz, cosatana,,/2

Py = mz, cosatana,,/2

K, FRESTs PO n A% R, N
BRI s, M, A B0 . MBI B fi
MRS A b NIEARETE s BRI p, M, 00 T
MDA B IR 0L B SR R bR
HRE RS L RIBPERERE s v E 5810 BB 0311
FAFE AR & s m WG o NI 2 ALz 53]
W NI SR8, v, E=E,.

2 ERMEEILTE
Fig.2 Equivalent geometry diagram of the gear meshing
1.2 SR FEE Ry
TE SR 2 1 T 2% ik 0] AT v, 9 T Ml DX 8 PN 1Y
A T2 B A ) 4 A 1) 2 A A 1) 28 (1 3) 0 A
WOTEAE R BT, MANIE R A (v, 2)4b

e ey

2 p-0t 2 g—)

wdo[(x—t) + 2] mdo[(x—1) + 22

_ 22 pl1) 22 (2 q()(x—1t)
7. ﬂfdu—ﬁ+ﬁPm wfdu—W+fF“

_ 22 opa=1) o 2z q()(x—1)
S N T ey el TP R
2)

X, o o il 2T RS 7« B



AT, A BRI EL A e 22 T 4 Aol 57 RS T A L B 5 11

J15 p() q(e) 73503k ) | D11 o3 A 2T o

—

/ \ 20

, 0 .
o x ,-""dt X

Goz)
e
o(x, z) & /f[p(t)]dz + /f[Q(l)]dt
: VE IV (T Y1 1 B 1 35

E3 #EmAmZHE
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Fig. 4 Numerical discrete analysis of the interface load
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Study on the contact fatigue prediction model of carburized and quenched
spur gears with multiaxial stress properties
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Abstract: [Objective] The gear contact fatigue failure mechanism has become an important bottleneck problem to be
solved in the industrial circles. A key method for the effective prediction of gear contact fatigue failure is the correlation
mechanism between the strength gradient load capacity characteristics of the carburized gear modification layer and the
mechanical response of the meshing contact stress-strain. [Methods] Based on the modified layer gradient bearing effect of
carburized and quenched spur gears, a coupled mathematical model for the risk prediction of contact fatigue of gears with
gradient loading was developed. By employing the explicit analytical solution of rectangular microelements and the discrete
numerical efficient calculation method, the singular integral contact problem of the mathematical equations of elastic half-plane
contact stress components was resolved. The objective was to investigate the characteristic parameters associated with the
fatigue risk failure. [Results] This study demonstrates that the stress risk domain caused by the friction tangential load increment
of the characteristic parameter is a consequence of near-surface-to-surface movement. This indicates that cracks may form on the
near surface and extend to the pitting failure under conditions of good lubrication. In contrast, under the poor lubrication, the
surface stresses may increase, resulting in the formation of cracks and extension to the micro-pitting. The material load
parameters are enhanced through the application of surface hardness increments, thereby improving the load capacity of the gear
contact. The shear resistance along the depth is enhanced by the gradient increment of the residual compressive stress, and the
initiation rate of tear-type cracks caused by the shear stresses is slowed down at the subsurface. And gear contact fatigue failure
is easily accelerated by normal load increments. The pitting and micro-pitting crack initiation mechanisms and failure life
characteristics demonstrated in the predictive model is in perfect agreement with these in actual gear running class loading tests.

Key words: Gear transmission; Contact fatigue; Carburizing and quenching; Multiaxial stress; Load capacity



