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Study on Contact Fatigue Life Evaluation Method and
Reliability of Gear Component

Abstract

In the service state, the failure of key structural parts is mainly form of fatigue
fracture. In the gear fatigue failure, the failure like surface spalling and pitting and
other forms of failure caused by contact fatigue occupy a large proportion. The study
on the simulation method of gear contact state and contact fatigue crack play an
important role in giving the theoretical basis and guiding significance of the key
structure reliability and contact fatigue life of gear. Based on the fatigue analysis
method, the fracture mechanics theory and the finite element method and the
boundary element method, the numerical simulation of the gear contact state and the
contact fatigue life is carried out. The concrete contents are as follows:

1.The three-dimensional finite element model of the modified cylindrical spur
gear was established in ANSYS, then the dynamic contact process of the gear pair is
analyzed. The fatigue life of the gear pair is predicted by the S-N curve of the material
combined with mean stress method, while the effect of various load factors and the
various friction factors on fatigue life of modified gear are discussed.

2.Based on Smith-Watson-Topper relevant maxim (namely SWT) , the contact
fatigue crack initiation life was predicted. Using the three-dimensional fracture
analysis software Franc3D, the contact fatigue model after pre-crack was analyzed by
boundary element analysis, and the crack tip stress intensity factor was calculated.
Combined the prediction and formulation, the contact fatigue life were calculated.
Prediction of crack propagation life under various loads was carried out according to
the change curve of stress intensity factor. On the other hand, the influence of various
crack shape ratios and initial crack angles on the stress intensity factor of contact
fatigue crack were discussed.

3.In terms of the contact fatigue reliability method of cylindrical spur gear, the
contact fatigue reliability of cylindrical spur gear was calculated under the condition
of 1440r/min of the driving wheel and the moment at 239.3N - m of the driven wheel.
The value is 85.76%. The contact fatigue test of 42CrMo steel was carried out. The
contact fatigue failure morphology was analyzed. Compared simulation and test, the
performances of contact fatigue life and crack path are consistent, the correctness of
Franc3D simulation on crack propagation was verified.

Keywords: Modified gear, Contact fatigue, Crack propagation, Finite element method,

Boundary element method.
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Table 1.1 General profile of gear industry products
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Jilfi, 2014 4F7= 5y 301.9 i, FEEE KA IR TLIRR R, by
N 19.9%, 15.4%FH01 13.2%. fE 2014 F3 [E 540~ &K 301.9 fHmiidr, [HK45
TR EE SR WEerE i D& 11.3 ik, &K 46,5 JiNk, EH
TR 266.7 M. TR, HUMIE MR, M E N GRA I FRREE
AR, BRI E, KEAmRE RN, /2 3Rk . @it 2014
A U R A Tl B B A A G G v T DAAS 3« 4 5 4L i ik F1) 1584.50 127G,
it H LR 2390 104.98 42,51 127.26 12,70, Bl N A5 T 3% 75 3R A 1562.22 12.7T .
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Table 1.2 The demand market size statistics in China’s gear industry from 2009 to

2014
Fy kA ERN O t PN 5 SR T AR
2009 4 779.45 58.96 43.92 794.49
2010 4 1004.62 90.2 68.75 1026.07
2011 4 1233.03 95.03 93.49 1234.57
2012 4 1082.12 86.17 103.31 1064.98
2013 4 1309.64 91.67 109.98 1291.33
2014 4 1584.50 104.98 127.26 1562.22
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Fig. 1.1 Gear pitting and peeling failure form
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Fig.2.2 Crack types of fracture mechanics
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Fig.2.3 Stress distribution of infinite plate with a crack
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Fig.2.4 The plastic zone near crack tip
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Fig.2.5 The 1/4 node method of Finite Element Method
(@) A quadrilateral element;(b)A triangle element.

AR SR BT I TR RS Bl SR AU I 2 B T i T PR R B DY 2 — Ak,
TR AL FAFREI — 55 7 2806 IR TG E A AT LA L IE M a8 3
AR E RS 7 R IEY 3 D= AN | S ST % €2y e 1 i i e [ ol 1
AR

FILATE, 104 757 s i) R AR ASE A PR T 77 V0 0 2 3 I 2R L i A e
T N B E R o H TR VR A B BT I G Rz T
FAE, F7 BR T 719 0T LAYE R 75 AR /D E R A 15 100 T A b Xl 23t 8 B0 (14037 90
Ao
1. —4k 14 5 RS T

: / N
, B ol
(a) 1 =c 3 (b) (2] |
@ @ o o—eo @
-1 2 1 s
(@) IS S (A AL b s (b) FEICHR/RZ ] ALFR .

K1 2.6 —4ESST T
Fig.2.6 One-dimensional independent element
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Fig.2.7 Three- dimensional 1/4 node independent element
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Fig.3.1 The root cutting of the gear
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Fig.3.2 The minimum modified coefficient not occurring root cutting
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Fig.3.3 The involute of gear
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BT, I B BLIATJE7 2 (0 7 AR D0 e WA 15 I RE P i 5 LR 5T
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3.2.3 B REE RSB L EE

AL AR AR BGR T4 58 % RS 24, i EI%: T GB/T 19936.1-2005
(%6 FZG IRIFRFHE 1305 I AR IR & 2K 8 RE ) wh4h it (]Y
MRC-1 Bk & R R I L b 1B A s e ) Bk R~F, R A ANSYS APDL
SHAEITE S K GUI AR R . W RIS RS Ik 3.1 fi . Kikigeas
R R %ON-05, K FBOAMRE BN TR EAS, mERNIC#HITL, Fit, £
T U EC G A AR A 2 O TR R AT I, 15 3 S8 B U R 2k DA 5E
FEE AR o

* 3.1 R EIEURE R

Table 3.1 The parameter of gear pair

L

SR

ks 28 Ml ki
P m 4.5
FritE 77 al (°) 20°
Wiz 16 24
W HE EA% do/mm 88.4929 112.3222
WAR A 42 df/mm 68.4207 92.25
AL R HL X 0.8523 -0.5
WIE hy/mm 8.2464 2.1611
AR = hi/mm 1.7897 7.875
A h/mm 10.0361
W T =y Rk, 1
WAR iRy R 5 > 0.25
W TR A 242 /mm 0.3
AR B A 248 /mm 1.71
®E b/mm 20
FrvfE 0 BE a/mm 90
SZBR AR a’/mm 91.4964

IR LA & TZ5, HT ANSYS APDL H 1 GUI H P E/E R, N
EE1EY, TN AR AR, WK 3.4 Fis.
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ing2=A00S (Rb2/RaZ)
(TAN(ALFA_Ding2) -ALFA_Ding2)*180/PI
ALFA2) -ALFAZ)*180/PT
A_Dingn2=ALFA Ding2/10
N, ALFA, ARRAY, 10, 1
TN, SITA, ARRAY, 9, 1
IN, R, ARRAY, 9, 1

FEQESEEAT

&,

A1, 1)=0
090, Rb2,0

*00,1,1,9,

ALFA(i+1, 1)=ALFA(, 1J¢.\LFAynimn2

SITAG, 1)=(TAN(ALFA(i+1, 1)J -ALFA(i+1, 1)) #180/P1
R(i, 1)=Rb2/C0S (ALFA(i+1,1))

| /PREPT

K, +1000, R(3, 1), SITAG, 1)

+ENDI

K, 1010, Ra2, SITA Ding2

KSEL, S, , , 1000, 1010

BSPLIN, ALL
FLST, 2,2,8

tElolophpplel|:plklbprpapbkpePd] |

FITER, 2,0, 0,0

FITEN, 2, R€2, 0,0
ICIRCLE, PS1X,,,, 350, ,
FLST,2,2,8

FITEN, 2,0, 0,0

FITEN, 2, Ra2, 0,0
[CIRCLE, PS1X,,, , 360,,

€1 3.4 ANSYS APDL #1F: 7 i & it =
Fig.3.4 The graphical user interface of ANSYS APDL and programming language
RHEE 3.1 kAR R BT DA, PIINRRA R TE, N

B, N THB RS E R, ANGRIEIATIEAAIR, — 7 WA JE 38,
em TS hsREE, B0, SR EE SRR BT 2R, AT DARE R g
B . it ANSYS @57 F ke BIA AL AN P 3.5 FTw o

VOLUMES ANSYS

TYPE NUM

3.5 hHCEIBAR
Fig.3.5 The model of gear pair

3.3 AR B S A AT

B OB R = 4R 5N ANSYS Workbench H, 25 5@ iRl 5, A
SCIEEUM RN 42CrMo M, B EMERES B 3.2 .

%% 3.2 42CrMo #WH I RE S 4L
Table 3.2 The physical performance parameters of 42CrMo

WiH PR E(Mpa) V1A KELE G(MPa) MEL/NEAT! % p(kg/m?®)

HiE 212000 82500 0.28 7850
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P HEAT B B AW . B A AR AE O g S R Rt n A #8 1 5 2% A
PRI A B R — A il 2R AR B AN Ty ) b 2 . R AR S AR,
24 Wik N EBNEE, 16 Wk N NEEE . DRI e it AT Sh S 4, 7
ANSYS Workbench % ] Transient Structural BBk, S5 5 U7 56 P 52 A T it 4
AR Qoint), ZEhifense Z wE e, BE X, Y. Z THEFsE |
JERGE X Y R B, Eaike i E e, MR BCE MM, W& 3.6 Fras.

K1 3.6 Ui%t Joint £
Fig.3.6 Joint constraint of gear pair

FEWR TARIRGS N, Ese MR 2 AP AROC R, T 2AE ANSYS
Workbench F 73 fxs, W&l 3.7 From. dE KGF A& i, R B E )
VR 5 /NAFE RIS, R v B ST

3.7 e el B &
Fig.3.7 Contact pair set of gear pair

FER A 58 B AT B AN AR T, D95 SERR e e & rh R G A 23R 2 T
B BAry AT G AL, AN SORE T g 28 48— iA MG S 0 2 i B
AR, G FBNFIL M 0 LTt = & 1440r/min G ER IR FELER B P 8
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FIThZ, 1440r/min 1 2880r/min, ASCEERFLIEFE A B 1440r/min N F %0 H
), K 3.8 Aran.

15184

et

75
50.
25 //

3.8 FahemE it
Fig.3.8 The loading process of driving gear

3.3.1 ANEMAE T GRS

RN A TR, NIRFAAFENIFS MBS, R A EE A A SZ 12 i
N3 R Ffi S ST 52 . MBS B AT MR BE A ifE GB/T 19936.1-2005 (5% FZG
WAL FZG B8 )71k A8.3/90) 4y ¥ FZG #iar b AT ngk, sk 3.3 fir

INo
*® 3.3 Mahfe B g0 L EUE GHAEFAL N « m)

Table 3.3 The load levels and values of driven gear(The unit of moment is N « m)

Z 1 2 3 4 5 6 7 8 9 10 11 12

#mE 3.3 137 353 608 941 1355 1834 2393 3020 3726 450.1 5345

Xt Bl e kR 52 B REAT N, A5 BUAS R B 405 T M Bhe 558 3008 71 f
RN AT B, WA 3.9 B AT DA HH S RN 7 ) di KB BB A B 1A G
B I RE B B AR, $E Ak g B KA LA R DA G £ I Sl 1Y [ B

plins
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(b)

———
Pressure.
it

Tirme:4.20-093
2007473 2188

1

1

1
2
o

T
H

(d)

(€)

K1 3.9 WA e RIS RN ) AN A B /g
(a) VUL RN 775 (o) DU 23 A Ao . 7
(C)\ D ATHERN F7 5 (d) )\ G 12 i B 77 5
(&)t —Za AT ERN S5 (F) T A R N
Fig.3.9 Von-Mises stress and contact pressure of gear pair
(a) Von-Mises stress of Level 4;(b)Contact pressure of Level 4;
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(c)Von-Muises stress of Level 8;(d)Contact pressure of Level 8;
(e) Von-Muises stress of Level 12;(f)Contact pressure of Level 12.

i#iE ANSY'S Workbench 1545 21 DA 6 fi oK S R0 R LA %6 3 T B R 5 i 2
JHERE M BIFE T AL IR AP 3.10 FoR. BIFFEDR, 4 BhEREa M/
SGgmE s RFEIOI RS, SR E KM 119.92MPa #5115 818.82MPa,
RO VTR THI B2 . 7 B R AEL M 112.93MPa 34 % 577.53MPa.

900

@ Von-Msas
800 | —®—Comw -
L Unit: MPa
700 '
600 |- -
=
500 |- " ©
-
400 |
L -
300 -
"
200 |- s
b LI
-n
wol W '
1 1 1 1 " 1 1 1
0 100 200 300 400 500 600 700

Moment(N-m)

P 3.10 SERAN A AR firh B 7 BB A A2 AL Hh £k

Fig.3.10 Equivalent stress and contact stress curves with load variation

3.3.2 NRIBEERBFM T RRIITZMIT

KRB E AR R TZ )G, JREEA RN TIE BRI TIHE,
TR P 25 AN ], 3 sgf A % ) A A7 A B o 20y a2 oo ) PR R O ] o AR
FEAN [ R4 Z BN U5 50 M s o AR AR S 1 52, AR SCIR B SR 3 8
1440r/min, MBhFEINERES )\ SR (BRI 239.3N « m), 4 Bl BB 5 2 40
0.02. 0.04 F1 0.06 %} thi k44 {1 HEAT B A Hefih 7T, 3t BB A4S 2 1 50 B A5 G
Ed R, B OREE RS A B R AR . ) 2 B i B 3.11 s .
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(a) (b)

(c) (d)

(€) (f)

B 311 AN[R] BEAE 2 B 55 SNy A ) = 1]
() FEVE ZR %0 0.02 55N )= B (b)EHE 5%k 0.02 il S ) = 1A
(C)EE# 74 0.04 S5 N ) = 8 (d)BE#E 2 %K 0.04 H2fil )y = 14
(e) FE¥EZR% 0.06 SR Sy s (F)BEHE 2 %K 0.06 Hefil N ) = .
Fig.3.11 Equivalent stress and contact pressure with various friction coefficient
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(a) Equivalent stress when friction coefficient is 0.02;
(b) Contact pressure when friction coefficient is 0.02;
(c) Equivalent stress when friction coefficient is 0.04;
(d) Contact pressure when friction coefficient is 0.04;
(e) Equivalent stress when friction coefficient is 0.06;
(F) Contact pressure when friction coefficient is 0.06.

M 3.11 Rl UG, BEER AR, FEANTEIA A R me 5 A rh S R
Ty RAG RS S 7 B AR A B, S RO 7 i KA I BLAE T sh A AR B, 45
il N2 A7 fe KA BUCE A BIRE T IB BRI . 4 BEEE AR O 0.02 39N % 0.06 1, ke

FEVR S8 RN 7 e R AR5 Ak 2 77 fje KAB (AR IR 3.4 FTos
R 3.4 ANIFEEGE AR BT IR RN A7 e KA AN B B 77 e KA

Table 3.4 The maximum equivalent stress and contact pressure of various friction

coefficient
FERE R A 0.02 0.04 0.06
S50V 7 B R AE (MPa) 363.15 364.83 365.85
R b N7 5 K AE (MPa) 260.04 262.28 265.52

R 3.4 5N, HEEERBIERN, AT SR RN AT S AR A A N 77 8
IRABLHISIE 2 HE 00 o T 42 ikt 5275 5 KA (109 98 03k 2 B S5 588 77 e KA R R s 2K
YOI BE A BEAE R B HEOR, DRBe I G I b R Ak % 7 52 3 A 52 e S W s ki
JS2FJHBOR, 3G AT T A TR AR, 2 B B 3 SSAT TR 43 Ak o R AR T A A
P70 FITLL, FEHR AR BOHOK, 2 (S 0AT S AR AR k5 S A v B8 28 5 7 AR B 57 BB

3.4 AR hr B AE B A #8855 i

AFT3TF ANSYS Workbench, iz 4 SUN 37k,  Fulll ik Ee ) 4 & i FE
K% 55 751, 42CrMo 2XfY) S-N 2k 4 3.12 Frz~. ANSYS Workbench HRE i
ARG ST L BEN-1.
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850

800

a (MPa)

500}

45010
10 107 1 10

[ 3.12 42CrMo 44 S-N fili 2k
Fig.3.12 The S-N curve of 42CrMo

3.4.1 ARABF KR FH F A IR

LR FE R ELE 1440r/min, K NBIE TN —mE+ g, [ R
i“*ﬁ#?’zﬁﬁz:lﬁul 3.13 Fos CUAS Lo B N e B o

(a) 3% (b) 5% .
K 3.13 ikt dn = &
Fig.3.13 The life of gear
(@)Driving gear;(b)Driven gear.

B AT DA Y, e S it f v, 73 i 00 B AL £ R Ak, y 59230
W Tk T AR B b /N AR 11X 10°, i e T AR F . SRR
& T AEBH IR A [F] S B 8 98 57 73 i U INy, g AR me S i AR Dy BAERAS
N PEYE R ARE , P LA, AR 1A R AL IR SR AT e v T O R A A A

Sl IR 57 BRIR o
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10

10°

= 10°

MBI i

10°F

10° -

10°
0

200 400 600
MENEE G40 (N-m)

3.14 AN[FI BT 0 3 D6 75 i A RE M
Fig.3.14 The influence of different load levels on gear life

3.14 Worilh, BEEGEGZETHIIN, KRR 57 AR e IR R, TR
QT B (WSE—B B, A AR 1X107 0, BLI 5 IT AT 58
S EAUIRAS, i RE A B, B 8 T LD B AR 6. 1M
FERSHBMN B, WRIETFMINT 1X10° Kk, EER B FHRmeEEL
e AR R T SRAC AL B, FLN 17T A R A2 BEIRAS N IR A1

3.4.2 AN[E R REOT GRS F o IR
WA #EHE 15 PR 2804 7N 0.02. 0.04 F1 0.06 IR T Wk 57 Ay, 18

A4 SN FJEREAT TN, FA5 R a0 3.15 B

A: Tansisat stractural.
U

() 0.02 &5 fli % 57 (b)0.02 Hfikiz 55
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(d)0.04 Fz b 57

e
Ll
0.
WTHM N29
208 Max.
506805

3346e5

T

34084 Min

(€)0.06 =5 {5 57 (f)0.06 #& )% 57
P 3.15 N [) B 5 2R H0E 1A 56 9% 57 75 i PR 5 il

Fig.3.15 The influence of different friction coefficient on gear life
(@) bending fatigue when friction coefficient is 0.02;
(b) contact fatigue when friction coefficient is 0.02;
(c) bending fatigue when friction coefficient is 0.04;
(d) contact fatigue when friction coefficient is 0.04;
(e) bending fatigue when friction coefficient is 0.06;
(f) contact fatigue when friction coefficient is 0.04.

3.15 o HH JREEE AR BN U MR 75 982 55 R AT T 42 g 577 (0 6 L 5 JE I S 5
i, AT R4 R BB A T AT AR S g 2 5 A i A AT TR A 55 5 dr 3R 3.5 o
Rrprlyn, BOREESE AR BRI R AR AL 25 i3 57 75 e A BT B B BN B
FIEAYI G B BESE RGN I B PR 1 AT e A 7 A iy, 2 EERE AR BOA B
0.06 I, 1A il e /N Aol 577 73 i 15 AR S R 55 5 dm Al <5, W] 3.5(F)FT . Bt
L, BEERBOHOR, RHECE 5 DR 57 LR, o AR 25 i 57 £ 25 sl
e I AR SE BT AT R
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R 3.5 ANFIEEGE RO T R 57 AR A 57 73

Table 3.5 Bending and contact fatigue life of various friction coefficients

BEYE RN 0.02 0.04 0.06

25 BHE 57 A A 5675 5572 5405

Bl 57 75 10082 9919 5405
3.5 AFE/NG

AR B ARRE T TS AR AR LI S PR S A R AR A 1 SR B, SR P R A AR
[ 2 3 ST UGS R R 2K, MR T RS S R T B A TG T A 3 BOA R A R R
BRI . 25, ik ANSYS APDL V4% 5 0 A8 A B A B 6 40 AT H 5L,
7E ANSYS Workbench Ry A [l 5 8 AAN [A) BE B R BURAE T, Xk se R EAT 3has
Fefh o A, FEEE T 42CrMo AW S-N 128 K 44 SR 7350 v e B 55 75 i )b AT 0
P[RR R

1) VAT RS S5 200N 7 AR AT T ik %L 77 B MBI SR G D s R IS e B, S AL
82 7 B R AE Y IAE B A IARAL , i S 77 B KA HE ILAE DA 8 ik 5 3 2 )1 [
{ipiin

Z)XTTI_J@%%%Z AF N IS EE S A A TR BEHR R AU U AR AL
827 B R A AN A S g B KA AL B IE s, I HLBE & B R BOM K, S5 308 AN
P37 R IIG IS, AHRM S ) RO BE TR . T B B R B K
VT e i R P BV Sh Al AR EE R, AN 5 5 A AT THT R R 5T IR

)N U E I 5 75 i TN Z3 A Sk B B En, 1AHR Aab 5 A d
% PESRDIECRISG N, FEAR 7 AR AL 25 s 57 5 dm, (HSE MRS/ s A TR Al 57
ot BRI RS, YRR RSN INE] 0.06 B, Al 55 A iy A AR 25
Ji oA, UL EERR RO, R TR G KA A ST LR
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BUE EMEZ R RO

i

4138 E

AR 57 R T i §e . NSRBI R S T IR ol AE R
s AT R RIS AR Ad N 7 BT 5|2 1R T8 55 BBOR - MR 57 e S A L ™
5, 1998 FEE [ A FAT RO AR USSR, BN R
fiz 57 510 A B BT = ARG T Franc3D 15 ANSY'S 2 [H] () Jo 4 %
e, AR 57 PR AE A R IS BT T AR G0 e i) AU P B AL A0 1) 7 k384T 70
BT FHRIT T ANRIREUR ST 56 AN [F) 2 GO 06 #5402 3 L 77 588 5 TR )
SR, VG S AR S

4.2 Franc3D f&j4)

HFTC =GB TR AT Franc3D J2& 1987 4F f 3 E [ R R 34 K EH
TEN R BEAE LT R 5 ox m) SR SRR B2 1, A A A7 5 [ R A AR K7 2 )
2 TAF4H (Cornell Fracture Group) . Franc3D KEEIMACERA L L, &K
SCAE I RRCAS 9 88 75 Ao Franc3D s — R B G L )70 B 3 By i R ik 4R
HOP R (FRALHELU A Eh Y TR | R AR i TS Th RS I )12 5
Hrif At . iz ) Franc3D HBEUVREY ey, I 1 iz M s R BRSBTS RE /0
AMXAER AT DU N BRSO 2 2240, ] DLl Sk #FE A FIEAR . AR
S, BEANETT DLmAR RS M AAER R R R (LB MRS

RIHAETHE S R T E 2L R, Frik Franc3D J& T2 T TAESE RS0 Hr
B, 15 Franc3D A K IFHI ARV &, FIEIA K2 Bk S el TIE REH
iz47, 4n: Microsoft Windows NT/2000/XP % 4; K] Cygwin/Xfree86/Exceed
fEF 4. RedHat Linux ES #:1F R 4545,

FEAEH] Franc3D #E4T = 4B 8y & 73 i, Franc3D H & 545 IR o7 dr i+
i1 ANSYS. ABAQUS LLK NASTRAN Z5ik47 oagxtss, Wl EIRE R
AT @R, i, Z R R N FUE R GUE (sub-model) AT AR

(global model) , THERLS, BATR 10, RERIPERT AL ALke ARtk

39



M K2 2017 Jahi - 2E A8 L

S 5 Bl J5 3\ Franc3D BEAT B 7 9 B PR 1 SO FREAT R0 AR, B A
FRUNFE 4.1 s,

ANSYS/ABAQUS/NASTRAN P
[ mhaH
b
TR
FRANC3D .

. RERLOHERT
T
[ ﬁﬁmg&z&]_{ Oy’ ]
T

&l 4.1 Franc3D #AE L
Fig.4.1 The operating procedures of Franc3D

FERE TR 3N Franc3D HE 4T R AU E IF AT MR E Bk 73, {H5 global
model ZEFAL I RIRS 2R, A 4.2 B

“sub-model”
crack growth region

“global” model

mesh compatibility
K 4.2 BB BTk
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Fig.4.2 Model typing method
f8 ] Franc3D 55 RS0 B 8 g 5 B2 PRI, JFL 4t SR il e SRS i R HUH

AT AN . TEREOFEFRI MG, MR R I i 70 e /E X=0
A X=1, RRAMTERMSEILH 1, I 0 2] 1Z#i2etl, Wil 4.3 fror,
[ 2R B -

RO AR RS
Y VA AN VAVARTAS v
1§\~élggéﬁygv¢x%y¢ﬁ§xgﬁ‘$»

RSN PR
IR K

R

YAV 4 VAT ZA VA AN VAN Z4 VAN
e AN 2 A AV A VAV
REATS7\ 75k - N7
uAVAVAVS b
W "4’( 5 -~ 1S
e

WS AVA 25,

Wy ~ N,

SR AVAVAVAVAY o U
SEVA A, o
—

< BV YAy,
‘ ‘ 4(’4""' ’v"l";'
/2

Kl 4.3 80— ARKR S AR AL X TH]
(@) — Ak FRdm s (D)REATZ (0-1 AKX
Fig.4.3 Crack normalized coordinates and variation interval
(a)Crack normalized coordinates;(b)Crack tip(interval from 0 to 1)

4.3 A FIBAT RSN E AR 5 REY RRIE

4.3.1 ANAYS N F3438T

BALATRLA 42CrMo, BAPEREE E=2.12X 10°MPa, %% p=7850kg/m*, Az
bt A=0.28. #R#EIRAE YBIT 5345-2006 (4@ M1 RNA shizefif 57 iR 56 k) s
H¥) IP-3 BUAFEAN PS-1 URE AAE, AT DA P SR A 2R K B2 2 Smm, i DL,
I L A, AL AR R (4 A 6 JE 5k Smm 1 [ A B i LA Solid 185
A PR TTIA, FHIBA T RSN Imm, KI5 R 72 R R 49 ms - (Sweep)
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T7VF AR AT X R K 43 o T [ T 15 B ] 2 20 o, [ RS T 49 1) 8 i 1K
1.5kN. 2kN. 2.5kN % 3kN FJ7EIRERN 17, 25 @ HAthal 46, e -1 ffi
b, R AR, RN A, WE 4.4 Fis.

e fubxt

/\

[@%%% T

K 4.4 LKA
Fig.4.4 Load boundary condition

{# ] ANSYS APDL H1 1) Mechanical B 17 >R AfE, Xt 4k WiEAT 5 AbFE, =]
1752 5 G A B ol 2w K it 2 g R e DX A, TR AN ) R 3 AR 2 TN 45 3 1 4%
il B e KAE TN 4.1 B, B 4.5 45 T e N 135 B0 0 A 1 I

* 4.1 b 7
Table 4.1 Contact Pressure
# 41 (KN) 1 1.5 2 25 3
%ﬁfg )jj 733.42 838.19 942.96 1047.74 1152.51

2

K 4.5 MRS
Fig.4.5 Contact state

RBAERAUIRE T, AL — I 21 (B SR Aoy 20 B e ek, Befi b4k
TR BRIC BT, Hertz BT SRR 77 24 2t B,

42

838.189
733.415 942.962
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_ FE (Ri+R, i
Omay = 0.418 / : (_R1R2 ) (4-1)

_ 2E4E, (4-2)

E1+E,
X, Ern Ex N by FEFBAM R 3SR, E1=E,=2.12X 10°MPa; Ri.
Ro N b NEAERE ALK 4%, Ri=R,=30 mm; UN#Efl5E ), [=5 mm. Hertz it
THREE R UK 4.2 Fion, BAMESHEREIRZETE £6% LN I ZEF= AR F 2T
TESERRAERUL R o, PR A 2 (M E AR T &, BT A FE Al B )34 1E
I RIS TAT A
A2 Ffh A SR

Table 4.2 Theoretical contact pressure value and error

#.411 (KN) 1 1.5 2 25 3
L

ﬁ“ﬁﬁﬁiﬂm 702.84 860.72 993.87 1111.18 1217.24
%7 (%) -4.41 2.62 5.12 571 5.32

4.3.2 e 55 R E T M KT 8

I EE Y 4.2 TR AL > BUTTVE, KBl 57 SR 0p D A5 T B R U AN AL
Ry, FRORER S B T XA A CRAE N Re i e e . 2 5, AR TIE
ROUERL J ANSYS APDL THEL45 S IFE Ml S /)7 45 -5\ Franc3D H, 7EF%fl
b BNVIIRZE . RTRD A RIS E 7 o ey Rl RN s, AR SO BEAE
[ J il 1) A AS [F) T RSO AT IR T, ] 4.6()FT. BERSCHATE,
RFZ a=0.5mm, FKJE c=0.5mm, BIRIEALN Imm, REUR KA F
A E P 4.6(b).

(O)HLUAR.
] 4.6 B4R T R ASORIR
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Fig.4.6 Insert direction and form of crack
(a)Crack direction;(b)Crack form.

A5 ) Rt ) 90 B 2R S o T AR i B PR TSR 4 SR ) ] 4.7 Ca) < ()
PR . MREGZGHVERS, T T BN 7@ % W 58K | = Yovna, HH
o N4 SURLFT, Y NG & BRI UL A IR R B, — s i Y =15,
UE AR 8 RS o 40 AN INHLNL T, e ALT fig s il S SURT i 44 XN /1N
R F7, REGAAEMEIG
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8
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X
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X

(a) 12FIZREL (b) I ZREL.
Kl 4.7 RIS ) T BN g5 FE R 5
Fig.4.7 Mode I stress intensity factor of different crack direction
(a)radial crack; (b) axial crack.

BT BRI, RILTAE T AR AR, ORI ARG A RN /T, 1
ROUTE T RO R, REUA IR O AR S RN T, IR ERGUE R Ay AT
Ny AR =85 FRE PR 0 250, ARSI ER HiE R
J&, AAEHRRAY R R ¥ ik AR i E S TUE LT 1) .

4.4 EMIRTREY R

4.4.1 W IR

iz H Franc3D B oy @ht, & Paris Az, WEY BAZK N 0.1mm.

Paris 2~ WIF:
2 _ caK)" (4-3)

dN
A, C A n b ey e VEREMIZEA S K. STHR[59] S 138 42CrMo #4

RIS R C M nfl, EECFIE C=1.7636X10%, n=2.0703. & & &
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T2 % Franc3D #AF St U 4.8 Fis

Growth Paramet ters Crack Growth — - -

Fatigue Growth Rate Model
@ Paris
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Fig.4.8 Crack propagation related parameters setting
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Fig.4.9 Distribution and variation of stress intensity factor
(@) Mode I SIF of pre-crack, 5steps propagation and 10 steps propagation;
(b) Mode I SIF variation during crack propagation from step 1 to 15;
(c) Mode Il SIF of 11 steps propagation, 13 steps propagation and 15 steps
propagation;
(d) Mode Il SIF variation during crack propagation from step 1 to 15.
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# 4.3 42CrMo MRS 3
Table 4.3 Material parameter of 42CrMo
g ¥l i H ¥l
PUEIE 57 5 B R A
HE S E(GPa) 212 1000
o7(MPa)
BV G(GPa) 82.5 PRSI 57 SEE AR KX 0.278
B 55 vk B R A
MEE/NEAY 0.28 709
7¢(MPa)
JiE 58 5 o, (MPa) 1047 BYUR 5T S R Hv, 0.413
Pihr 5 oy, (MPa) 1134 B 55 R AR b -0.114
B 57 SEPE 4R ¢ -0.402
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4.4 SWT T &5 53
Table 4.4 The predicting results of SWT
BT
1kN 1.5kN 2kN 2.5kN 3kN
28

AXf/2 0.002168 0.002478 0.002788 0.003098 0.003407
el (MPa) 133.223 152.255 171.286 190.318 209.35
Nt 805000 423000 189500 119000 63500
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Fig.4.10 Relation of crack propagation length to number of load cycles under different
load conditions
® 45 ANFRIEAE SR T RAY A A5 BRI K
Table 4.6 The cycles number of same crack propagation step under various load
conditions
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# A1 (KN) 1 1.5 2 2.5 3
VA 15280 9565 4573 3326 2529
gy R R R A Y Ry, W SWT kS 3%

il 55 R SURI A A3 A, 5 Franc3D AR B REYT R AFdw &l £, Rl 55 4

LU AF AR NS R UK 4.6 P

K 4.6 M 57 RS i TN 25 2R
Table 4.6 The predicting results of contact fatigue crack life

# A1 (KN) 1 1.5 2 25 3
Fn 820280 432565 194253 122326 66029
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FrR o

(a)a/c=0.5; (b)a/c=0.75; (c)a/c=1

K 4.11 AFRIZRSUBIREL
Fig.4.11 Different crack size
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K] 4.12 AS[RIZEGURAR EEXS R 58 5 (R (1) 52
Fig.12 The influence of different crack size on stress intensity factors
(@) The influence of different crack size on K;;
(b) The influence of different crack size on Ky;;
(c) The influence of different crack size on Ky,.
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Fig.4.13 Method of setting initial angle of crack
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Fig.4.14 The influence of different crack initial angle on stress intensity factors
(@) The influence of different crack initial angle on Kj;
(b) The influence of different crack initial angle on Ky;
(c) The influence of different crack initial angle on Ky,.
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# 5.142CrMo tb22pir R (i $%)
Table 5.1 The chemical composition of 42CrMo(wt%)
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(b) #IE;  (c) WrHJES:  (d) RIVKEHES.
Kl 5.1 R R ROES
Fig.5.1 Morphology of spalling failure
(a) Macroscopic morphology;(b)Cross section;

(c)Fracture morphology;(d)Bottom of peel.
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Table 5.2 Contact fatigue life

EW ES Re 1 2 3 4 3)
FEhr 2.83X10° 226X10° 2.47X10° 252X10° 2.68Xx10°

LTS5 A BR TR VA A 45 5 15 B A4 Ao 57 77 i 5 Sk PRI i 57 A7
Xt L FAE R S IR A RAHZE AR, E IR A R MWAR. £ 2 D
D285 R B R A — 52 W RST REUR 1 0 R e A3, Bt AT 25 2R
bL SRl R AR AR .

5.4.4 BEEZNHT

BT 4.4 PRI EGTARAET, AE ST RET e RERTII | BN Ay o8
JER 73T, MY MBS, N BN sR B A | B 5B
PRGN GRS i, IR Ay eIy A, sk R A N T AL . T LAz
W57 BGAE  N ) 26 AF N SE TR BT R g, 2 JE el T ), e & AR 5.2

60



B K% 2017 JRAR A1 18 S

(a) fin, HIEERIE. B 5.2 (b) A ESE FREHmEE, SImEsor
R5 Franc3D B EAZVI &

(a)

]
B

RAY &
g

.. /

() Franc3D 40k 4E;  (b) Wil HITHR LR .
Kl 5.2 Rkt
Fig.5.2 Path of crack
(a)Crack path in Franc3D;(b)Crack path of fracture profile.
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