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Investigation on Contact Fatigue Strength of Gear Affected by
Laser Shock Processing
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Abstract The gear teeth were shocked by high intensity laser shock waves. The transmission error of sample after
shocking were tested. The residual stress and microstructure phase transformation were measured by X-ray
diffraction (XRD) technique, and the fatigue damage experiment was done to test the fatigue resistant property. The
results indicated the tooth profile error after laser processing still kept lower levels and the laser shock had no
effecting on transmission accuracy. That the residual compressive stress of gear enhanced greatly after laser
processing, and the residual stress of gear was increased by 107 % in the normal direction and 85% in the tangent
direction. And that the volume fraction of austenite phase decreased after shocked process. The area of defect spot on
teeth flank un-shocked was 2.1 times of that shocked, which indicates that the laser shock processing can extend the
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gear fatigue life.
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Fig. 1 Photo of gear tooth flank shocked by laser

2.2 RBEMMBRSE

Wi ke A4 8Ly 20CeMnTi, HAL %7 1 73 - C, Si,
Mn, Cr [ & 43 %43 9 & 0. 17 ~0. 23,0. 17~0. 37,
0.80~1.10,1. 10~1. 30, H: 43N Fe, #RLAY 1244k
REABTHLRE 1080 MPa, Jii ik 5 J&£ 850 MPa,

I8 N G A0 4 O B A 4 58 (SGO AR B
FEtR 56 (HG) PR 2R, B 14 (80 4 5 58 1 2 800, 1
B4, B JHA 207, 98 30 mm, 15 B0k 325 A [ FE
WSS B BEE 4, R 1 AR 207 15 50 46, € 1) « /2
e, WERIEITRGE HD ., SEZ Ay B
LI 4 T8 P KR IET ks A4k 38 I 3% TR RE Ry
58~63 HRC(J% FCAH ) .

SR FH O K o i Uk 4 1054 nm, ik o 58 B Ry
23 ns, Pk b B 35~50 J. 6B H AR K 48 mm, 6L
BN 2.4~3.5 GW/em” , JEBRE PO L IE RN 50 0
JERIER o O T F H RO o b B 15 1w A0
58 A Vi T A R 287 T 1998 97 2 U1 00 30 o
A B O B 20 o A R R 174,

mhii db PR S L BRI e R AR B IR 2 OO 2
PO 28 18 I Uk T a3 S AR IR AT R R B 28 A iR 22
G 565 0 2 T B A 17 ) A5 I ARG 3 % AR 17 ) I
LBy BB TR T, JRE RS G Lk
1195 57 75 il 36 o ) P HH A A 00 2 4300) 38 50 o 7
HEAT WA . 9% 57000 A s R ep 3 S 1 i,
Bl 15§68 7% % 1500 r/min, ffZH1 54 560 Nem,
0 S U5 AT T ) 2 Ml % 57 2R RIS

3 IR 5
3.1 AEMRE
A 80 RS R 5 G P 1 B U0 A OGOk

JEE 1 o AR A% Bl fty M RSP B M R A% Bl B R A
BN . N AR BOLAL TS AR AL B AT S R £E S
WRERMMET MR 1 PR o AF, 9 ik i R B
28 Ao A BE AR PR D 22, A S AR TR R 22, AF
W R 22 . AF, gt Bl A2 1 Bk iR 2z .

*1 hRGARERNER

Table 1 Tested data of gear pm

Type State AF.  Afi  Af, AF, AF,

Before HT 12 11 10 32 31
After HT and

SG 23 18 14 38 40
before LLSP

After LSP 24 24 15 35 42
Before heated 14 12 11 34 36

After HT and

before LSP
After LSP 16 17 19 43 47
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Table 2 Residual stress of gear tooth flank

RS of SG /MPa

RS of HG /MPa

Distance /mm Before LLSP After LLSP Before LLSP After LSP
AF NF AF NF AF NF AF NF
—186 —110 —378 —280 —183 —96 —356 —234
8 —223 —143 —413 —297 —218 —122 —405 —281
12 —204 —131 —396 —290 —229 — 140 —425 —315
16 —172 —115 —344 — 264 —205 —120 — 388 —269
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Fig. 2 XRD patterns of phase analysis for the material . (a) before LSP, (b) after LSP
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Fig. 3 Appearance of teeth after cycle load actions
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Fig. 4 Tooth flank morphology of corrosion pit. (a) on un-shocked teeth, (b) on shocked teeth
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