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Fig. 1 Failure diagram of physical characteristics of TFF

1A PR e 0 SR A 2 5 1] T o P ) X, A 5 S T
A AN, RS0 [ S A i e

HEEEWR, RUITFF K20 YR R 5 mg 4 7%
THT P9 22 fh 07 7 . OB Ak 25 0 S 80 8 . B IO ) o
SRR AR B e AN A I A OG . HR

FEATHH . R AR I H (242102220068) 5 7 B4 4 TE A0 H (23A460004) 5 FRMALBEBFIE A= 208 B0 H-RI1 50 H (2025CX112) 5 FBIH

ST B S 3 % P H (ZHSK25-19)

YEETRIA . E0EMs, 2, 1990454 TR HE £ A, ML AT, R0 s SRR 507 A I FE 1% 38R s xpwangd109@163.com.
HOERIGEFVER) 53, 1983 4R 4 INPE KA N WA R TR 20T Ty 1 G A A2 3 H R s 13803853002@163.com.

UM EmEms, TR, AWM, % LT 2R 05 Bk A8 4 T RS IS B AT S [T] UL S, XXXX, XX (XX): 1-9.
WANG Xiaopeng, YU Zhilong, YU Feipeng, et al. Research on a risk prediction model of gear tooth flank fracture based on multiaxial stress fatigue

criterion[ J].Journal of Mechanical Transmission, XXXX,XX(XX) :1-9.



2 Mtk E =

EE R AT T J T AL PEE AR ALN I 1 A T DT 2 XU
TR G, R B0y P 482 DR R 10 185 K e sk s e AR e 14
PRI e 4 A, JE4R B AL I AN R 5 5 e i
PRSI B AR, DT R AT T 55 T A
T I AR PR RS SE TS G T ] P A I T R
ZLBIFIE SR, IR T A B A N ) ) A A T A
WE T MM, 58t W00 504 DL 4 fk
SRR AR R 2 U A R R O 18 T
Wi 2R SN A S PR TRERRE M &, 258 T
YA (145 56 WAL IR 28 2 404 A o T T 24 A B 9 DT R
BEOMTEZIM o T AE KB T 25 (8 FH A A S R AL
il T 845 T WL A RO 3 B B R, IR
G/ o S N7 i

] B A 1 452 AR HL I 1SO/TS 6336-4:2019° i1 [
FHRUE GB/Z 3480. 4—2024"JE T b1kt -y 338 )y vk
P T AR RS Y VIR TSR R R T TAER M
N BRA R S RER AR BN 1, B K A2 1) ol 2
IR 2 Aar 1 hy Je AR RN 55 2 8% 15 R K fif . PEDRE-
RO S5 F S5 /N Pk 34 8 i BRI 5 5 2% 27 fi B2
HEST TR R T U VR A £ 1) Al 38 A0 28
Sy AAERL s Gl it F 2Rk o A R AR, R T
il 5 T BT AR EE iR . R R EE SRR,
AR R 28 B 1 i A AR A A 4 ik g N R 482 T 5
AR 118 Fe Y YD T 04 53 A 4 3 B T TR 2 B 1) R
I, SRR ARAL SR A B YR ) 4 A s T
A E HHERIR R HAT B RIVE G . 2 T A5 kiR
TR T RGO A S5 RAT MBS UK, AT
VAR AR (W98 57 L0 3R R | i A 5P
JRIR L X A A e 55 S AR T 1 DA B D e 5
HRTREE A T AT R, AR 33 X v 59 57 1R
FIHLHI A BRAR s AT T Ve 57 000 b I 8 i R A ol
FFzr, XU ey S th 5 Th o g i AR g T — L
W, ZHANG %0 A BROTEE R I, B
T HfbE 57 3R R BOE A S F R HH A
THOWTUART s e, A 147 T ROUR ) Lo Xof 7 1T T 5 Py 5
M AR, A7 T T 2R 17 = B g R 3R kg 00 W A
PRI ATREE , T2 AWO0L T LART S i (14 17 7 D48 Hh e 3/
K7 AL . VUKELIC 48" BOHME 25" F A1 %t
FRAE A AT (BT 1T . AR ) B os 1 s F ek e A v il
WA SR, R A R R B o I 25 5 5 L P TR 2
RESTROAN 2, M5 S RS0 # A . MANARIKKAL
AN e o A T R A R AR P U T T LS AT R AR
1T RGNS T, HAT B U AR 1 B AS DU 4 b 72
THHEE(S B . MACKALDENER %" Jf] Findley
Ife S i o DULSPA; T TFF S0 A B RS, KF B D10
TIIMEAE AR VL 1 IR, W20 A XU R 8K

ARSI N R EAT T 5T

EIRBTTEA RN, R TR R B 22
Wi S) o ASCHETHEARIIE . FEmE LT B IS K st
Jyf ARG, S A R A S ik N 37 2 Tl L i
Pt Bt s ARAs 22 b B e Tk AT R A N S ki
TET DRI 2R DXL R (L A 355, T A7 T D 2R XU, o)
g, ARt TR s it flEiit=%.

1 SRMES SRR MRE

1.1 &L aHEA

BEVPAS Vi A0 WG B 1 s Ak T 10 7 ) R A8 XU
T SE T EEX R A BT b LA S B B A S 4L
HEFT ORI TR IA . DA A e M & o], 1812 0
FLRAARE G A WG A 0 2 Sl s R,
NN, ARG ER B s BB, WL PR SR PR
K CHLD 43 9] 2 Bk w5 DX Y g s RIS s Fwp
FonEhie, R Naiie; 0,0 03518 E . N3k
BTG B0, WA S E R CEEES; BO,
o s B B RO EEE s ROFIR, 43N 3
BN BB LR o Mo /3503 B
W W LR A LB BB, AT R g S
A LLAEECA TG [ A 42 i

B2 ERMAREREmLAE

Fig.2 Equivalent contact geometry diagram at the gear meshing

point
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Fig.3 Loads distribution at the contact interface
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along the line of action
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Fig. 7 Distribution nephogram of four components of stress tensor and three principal stresses
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Fig. 8 Distribution nephogram of the relevant parameters of multiaxial stress fatigue
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Fig. 11 Contact fatigue testing machine for cylindrical gear with

center distance of 160 mm
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Fig. 12 Fracture characteristics of the test gear

BT RN AR W B A ) S AR
BV S T B W (R4 1T ) D47 5 W 28 1) 22 b iz )
I 55 DS PO PEAG RS, TR T IE 1) BT 9
TR BRI TE . A SCEZE TAEMES BT

DI WA S R INUESEZ R U LEf)
L VAT A 0AT T 2 fk DT 284 2 2 DX T AR R, M A e
AR PR RE Tk, 0N 1 14 e A7 i W7 28 2 20K
B B, A5 21T A7 QB IA Fe 22 Ml 55 2R ARG I 1)
BRI E k.

2) AU Fy JXURS: T Y R 5 2R -5 0 i I SR
AR 9 DR 0000 D 5 25 R B i, HAR 14 48
{1 DT 147 07 55 78] JFHT S P A TR0 g DS DX B A —
B, RWIASSORERY ] DA S 014 1T BBl 2 Fr) 145 5 119 40
WIBETRY S %, T LU R4 BRI 1 7 24 AR B
PEATPEAL LLAT 84 047 1 W7 288 AU DA B9 75735 o St
TR S M Bt 147 i e R AT R S Al 1Y
Oy AT T A AR R 1 TSR TR

SRR X LA A AR H LT R kLR R
ST 5 T DR gk A ik B B i 57 IRV D R AR
B, BT HABR B T 48, nlRBOCH R 2S5
SFRCHAC T, I HEAT B T

2 % x #
[1] International Organization for Standardization. Gears—wear and
damage to gear teeth—part 1: nomenclature and characteristics:

ISO 10825-1: 2022 [S]. Geneva: International Organization for

(2]

[7]

[9]

[10]

[12]

[13]

Standardization, 2022:1-73.

BOIADIJIEV I, WITZIG J, TOBIE T, et al. Tooth flank fracture-
basic principles and calculation model for a sub surface initiated
fatigue failure mode of case hardened gears [ M ]/International
Gear Conference 2014 :26th-28th August 2014, Lyon. Amsterdam:
Elsevier,2014:670-680.

AL B, LANGLOIS P. Analysis of tooth interior fatigue fracture
using boundary conditions form an efficient and accurate LTCA
[J]. Gear Solutions. 2016(2) :33-39.

BEERMANN D S, KISSLING D U. Tooth flank fracture: a criti-
cal failure mode influence of macro and micro geometry [R].
Pune: KISSsoft User Conference,2015:1-14.

WA, eS8 AR, 55 . 25 i 5T R S5 007 17 1A s 1A T B
SN ATFE (], LB L, 2024,46(3) : 743-749.

ZHI Yanfeng, WANG Xiaopeng, CAO Zhigang, et al. Prediction
model of gear tooth flank fracture considering interfacial friction
[J]. Journal of Mechanical Strength,2024,46(3) :743-749.
W NI, EHOT, ok & AE L A T U 5 A T D 24 0 ST A
[J]. HLAA%3h,2022,46(6) : 170-176.

CAO Zhigang, WANG Jingyuan, YANG Yongfei, et al. Review on
tooth flank fracture failure of hardened gears [J]. Journal of
Mechanical Transmission,2022,46(6) :170-176.

XUPRZE XIS SE , AR AW, 55 e U 047 THI T L 2R 28R e ik .
JERt Tl K244, 2018, 44(7) : 961-968.

LIU Huaiju, LIU Heli, ZHU Caichao, et al. Review on gear tooth
flank fracture [J].
2018,44(7):961-968.

TS BE A I U G AL T 2 1 2 i G o DR R B
[J]. BUbif%30,2022,46(6) : 84-94.

ZHU Xiaolu. Multiple failure modes, causes and prevention of

Journal of Beijing University of Technology,

random fracture for hard tooth flank gears[J]. Journal of Mechani-
cal Transmission,2022,46(6) :84-94.

International Organization for Standardization. Calculation of load
capacity of spur and helical gears—part 4: calculation of tooth
flank fracture load capacity : ISO/TS 6336-4:2019[S]. Geneva:In-
ternational Organization for Standardization,2022:1-38.

REE R G2 HIE R FIRHE SR AE TR 5
435543+ 147 T T 4 7R A i T HH - GBJ/Z 3480. 4—2024[S]. dbxt:
FR A Y REE < 1-36.

National Technical Committee for Gear Standardization. Calcula-
tion of load capacity of spur and helical gears—part 4: calculation
of tooth flank fracture load capacity: GB/Z 3480.4—2024 [S].
Beijing: Standards Press of China: 1-36.

PEDRERO J I, PLEGUEZUELOS M, MUNOZ M. Critical stress
and load conditions for pitting calculations of involute spur and
helical gear teeth[J]. Mechanism and Machine Theory, 2011, 46
(4):425-437.

WAL 2 AR SRR T AR R W R ARG A S Bk
TR FE [T ], JERUB T OR=22441, 2015,35(7) : 682-686.
HU Jibin, LI Yan, LI Xueyuan. Prediction of meshing lossesof
involute helical gear in EHL state [J]. Transactions of Beijing
Institute of Technology,2015,35(7) : 682-686.

RAR, EFEAL, e, 5F WL A IR 1A e i 57 2K
RO FEA AT (T]. RS20, 2014, 34(6) : 722-728.



EIEMG, 5. T RN 57 U e 1A T SR XU AL A T AT T

[15]

(18]

ZHU Youli, WANG Yanli, BIAN Feilong, et al. Re-examining the [20] Dittg#t. sSZemi st (M. Junt U Ll it , 2011
origins of contact fatigue failure of involute cylindrical spur gears 100-140.

[T]. Tribology,2014,34(6):722-728. LI Haixiang. Point-line meshing gear transmission|[ M ]. Beijing:
FLARM KRB, E . WY RBUE 5 RIT A China Machine Press, 2011 : 100-140.

BUAR[T]. MUbAL 3),2023,47(5) :167-176. [21] SANCHEZ M B, PLEGUEZUELOS M, PEDRERO J I. Approxi-

YUAN lJie, JI Hongchao, SONG Changzhe, et al. Research status
of initiation and expansion behavior of gear fatigue cracks [J].
Journal of Mechanical Transmission,2023,47(5):167-176.
ZHANG B Y,LIU H J,ZHU C C, et al. Numerical simulation of

chine Theory,2017,109:231-249.

competing mechanism between pitting and micro-pitting of a wind (1], International Journal of Fatigue,2001,23(10) : 839-849,
turbine gear considering surface roughness[J]. Engineering Fail-
ure Analysis,2019,104:1-12.

VUKELIC G,PASTORCIC D, VIZENTIN G, et al. Failure inves-
tigation of a crane gear damage[J]. Engineering Failure Analysis,
2020,115:104613.

BOHME S A, MERSON D, VINOGRADOV A. On subsurface

derwerkstofftiefe [D].  Miinchen: Technische Universitit

Miinchen,2012:1-10.

[24] XIS, WHEH M 57 — R MG A HLIEE [ D], BER . &

PRA,2019:1-73.

initiated failures in marine bevel gears [J]. Engineering Failure

Analysis, 2020, 110 104415. mechanis [D]. Chongqing: Chongqing University,2019:1-73.
MANARIKKAL 1. ELASHA F.NOWAK B. et al. Acoustic radia- [25] BERNASCONI A,DAVOLI P, FILIPPINI M, et al. An integrated
tion modes and modal criterion dependency of a planetary gearbox approach to rolling contact sub-surface fatigue assessment of rail-
for fault detection under the presence of tooth flank fracture[J] . way wheels[J]. Wear,2005,258(7/8) :973-980.

Structural Health Monitoring,2021: 1-10. [26] DESIMONE H, BERNASCONI A, BERETTA S. On the applica-
MACKALDENER M, OLSSON M. Design against tooth interior tion of Dang Van criterion to rolling contact fatigue [J]. Wear,
fatigue fracture[J]. Gear Technology,2000,17(6) :18-24. 2006,260(4/5) :567-572.

Research on a risk prediction model of gear tooth flank fracture based on
multiaxial stress fatigue criterion

WANG Xiaopeng” YU Zhilong' YU Feipeng® YANG Shuai' CAO Zhigang’
LIU Zhongming® WAN Shaoxiong'
(1. School of Mechanical Engineering, Zhengzhou University of Aeronautics, Zhengzhou 450046, China)
(2. China Academy of Machinery Zhengzhou Research Institute of Mechanical Engineering Co., Ltd., Zhengzhou 450001, China)

Abstract: [Objective] Tooth flank fracture is a contact fatigue failure mode of high-cycle/ultra-high-cycle fatigue damage
where cracks initiate due to material damage at deep locations inside the tooth. It is proposed to establish a calculation method
for the risk threshold of tooth flank fracture in the gear tooth interior based on the multiaxial stress evaluation approach.
[Methods] Based on contact theory, gear meshing geometry theory and the fundamental theories of elasticity, a parsing model for
the equivalent contact internal-field multiaxial stress of gear pairs was established, and a coupled mathematical model for
gradient-bearing contact fatigue risk prediction of gears was formulated. The micro-element discretization numerical method
was adopted to solve contact problems involving singular integrals of contact stress components for the elastic half-plane. In
addition, research on the risk threshold of tooth flack fracture in the gear tooth interior was conducted based on the multiaxial
stress evaluation method. [Results] The results indicate that under the multiaxial stress field, the risk threshold is the highest in
the zone between the hardened layer and the core inside the gear tooth, where cracks are prone to initiate and the tooth flank
fracture failure is prone to occur. The risk threshold obtained by the proposed model is relatively close to that derived from ISO
6336-4 technical specifications. Moreover, the fracture position of the test gear is basically consistent with the risk area
calculated by the proposed model. These findings demonstrate that the proposed model can serve as a reference for the
preliminary design of gears resistant to tooth surface fracture, and can be used as a tooth flank fracture risk assessment method
supplementary to existing technical specifications. The established tooth flank fracture risk prediction model based on multiaxial
stress fatigue provides a reference for the design and manufacturing of the gear transmission engineering equipment.
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