44 5 Vol . 44 No.5
2023 5 TRANSACTIONS OF MATERIALS AND HEAT TREATMENT May 2023

DOI: 10. 13289/j. issn. 1009-6264. 2022-0508

( 300130)

2.38 o

1 TG174. 44 A : 1009-6264( 2023) 05-0191-10
Effect of composite small diameter shot peening on contact

fatigue performance of gear
XU Ren-zong CHEN Yong LI Guang=in WU Yi-min JIA Jipeng
( Tianjin Key Laboratory of Power Transmission and Safety Technology for New Energy Vehicles
Hebei University of Technology Tianjin 300130 China)
Abstract: In order to study the effect of composite small diameter shot peening on contact fatigue performance of gears the effect of
composite small diameter shot peening was analyzed by combining finite element simulation and shot peening strengthening test and the
effect of life improvement of composite small diameter shot peening gears was verified by gear contact fatigue life test. The results show that
compared with the single small diameter shot peening the composite small diameter shot peening can obtain greater residual compressive
stress and smaller surface roughness. With the increase of shot peening intensity and shot peening coverage the residual compressive
stress increases and the depth of the maximum residual compressive stress is basically unchanged. The rationality of the finite element
model of shot peening is verified by shot peening strengthening test and the composite small diameter shot peening can introduce high
residual compressive stress on the surface of the gear and improve the surface hardness without changing the roughness. The results of gear
contact fatigue life test show that the transmission efficiency between gear pairs is significantly increased after composite small diameter
shot peening and the fatigue life is 2. 38 times of that of the gear without shot peening and the effect of life improvement is obvious.
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Table 1 Chemical composition of the 20MnCrS5
18 steel ( mass fraction %)
’ c S Mn G Ni P S Fe

0.18  0.09 1.27 1.22  0.44 0.012 0.002  Bal.

2
° Table 2 Mechanical properties of the materials
Material E/GPa “ pl( g‘cm{‘) R .2 /MPa
20MnCrS5 210 0.28 7. 81 1232
7G 210 0.3 7.8 1550

1.2
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Table 3 Simulation model parameters of single small
diameter shot peening and composite small
diameter shot peening
0.15 0.5, Model Diameter/ mm Coverage ratio/%  Velocity/( m*s™")
1 0.2 100 75
2 0.240.2 100+100 75+50
3 0.2+0.1 100+100 75+50
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Table 4 Simulation model parameters of composite small
diameter shot peening under different peening intensities
R 2 1 10~40 pwm Model Diameter/mm Coverage ratio/%  Velocity/( mes™")
4 0.2+0. 1 100+100 75+20
5 0.2+0. 1 100+100 75+35
6 0.2+0. 1 100+100 75+50
o 7 0.2+0.1 100+100 75+65
4
4~7
° 20 pm o
30 pm 4~7
3 1~3
Fig. 3 Residual stress distribution of model 13
4 4~7
| X Fig. 4 Residual stress distribution of model 4-7
Ra = N Z ‘yl ( 2)
i=1
2.3
‘y(i=12 - N) i
N o 3
100%
1 Ra = O. 19 'J,m 2 200% .
R,=0.21 pm 3 R, =0.16 pm, 5 8-~10
3 100%
11~13 200%
2.2 5 3 200%
100%

20~120 pm
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5
Table 5 Simulation model parameters of composite small

diameter shot peening under different coverage

Model Diameter/mm Coverage /% Velocity /( mes™")
8 0.2+0. 1 100+100 75+35
9 0.2+0. 1 100+100 75+50
10 0.2+0. 1 100+100 75+65
11 0.2+0. 1 200+200 75+35
12 0.2+0. 1 200+200 75+50
13 0.2+0. 1 200+200 75+65
5 8~13

Fig.5 Residual stress distribution of model 8-13

0~20 pm 12 10
13 10
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3.1
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6
12
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0. 42 MPa;
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0.22 MPa.
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120 s 200% 0
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Table 6 Experimental parameters of shot peening

Nozzle  Nozzle  Nozzle moving

Diameter/  Pressure/ o eior/ distance/  speed/  Angle L oMN8
mm Mpa T (e ) time /s
0.2-0.25 0.42 8 160 1 90° 120
0.1-0.15  0.22 8 160 1 90° 120
( ALMEN)
0. 16 mmA
0.21 mmN.,
3.2
X
6 o 6
1173 MPa
20 pm; 1220 MPa
10 pm
3.9% o

6
Fig. 6 Comparison between simulation results and

experimental results

27
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Fig.7 Surface hardness comparison

8 (a) » (b)

Fig. 8 Gear surface profile curves ( a) un-shot peened gear; (b) composite small diameter shot peened gear

7 7
R, R, Table 7 Roughness values of the gear before and after
shot peening
USP gear/pm CSDSP gear/pm

R, 0.1914 0.2017
R, 1.0147 1. 0357

R, R, R, 0. 4863 0. 4226
R, 0. 5284 0.6131
R, 44. 5056 34. 0540

R R
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( SEM) 3
9 . 9 .
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Fig. 9 Surface SEM morphology of the gear (a) un-shot peened gear; ('b) composite small diameter shot peened gear

8 m z
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Table 8 Test gear parameters Fig. 10 Power cycle test bench
Gear | Gear [l
m/mm 2.1 2.1
z 17 60
al(°) 17.5 17.5 °
B/(°) 29 29
b/mm 19.8 16.9 3
x/mm 0.3721 -0. 0994
10 11 . 11
2500 r/min 230 N*m .
80 C o 12
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13( b) 4. 65X
10° o 13
11
Fig. 11  Gear transmission efficiency comparison
2.38 0
13 12
. 13( a) 1. 95%10° Fig. 12 Comparison chart of the number of cycles
13 (a) v (b)

Fig. 13 Surface pitting diagrams of the gear ( a) un-shot peened gear; ('b) composite small diameter shot peened gear
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: 2.38



5 199

1 J. 2017 30( 1) : 1-15.
CHEN Yong ZANG Li-bin JU Dong-ying et al. Research status and development trend on strengthening technology of high
strength automobile gear surface J . China Surface Engineering 2017 30( 1) : 1-15.

2 A-00 I 2014 35(5) : 160-164.

GAO Yu-kui. Influence of local surface strengthening on fatigue properties of components with holes of an A-100 steel J .
Transactions of Materials and Heat Treatment 2014 35(5) : 160—164.

3 Gao Y K Wu X R. Experimental investigation and fatigue life prediction for 7475-T7351 aluminum alloy with and without shot
peening-induced residual stresses J . Acta Materialia 2011 59(9) : 3737-3747.

4 Liu J Zhao K Yu M et al. Effect of surface abrasion on pitting corrosion of Ald.i alloy J . Corrosion Science 2018 138:75-84.
Ramos R Ferreira N Ferreira J et al. Improvement in fatigue life of Al 7475-T7351 alloy specimens by applying ultrasonic and
microshot peening J . International Journal of Fatigue 2016 92:87-95.

6  Liu H Wei X Xing S et al. Effect of stress shot peening on the residual stress field and microstructure of nanostructured Mg-8Gd-
3Y alloy J .Journal of Materials Research and Technology 2021 10( 73) : 74-83.

7 - - ] : 2021 57(5) : 6-9.
HAN Yu—chen ZHU Wendong JIANG Chuan-hai. Effect of composite shot peening on surface morphology and hardness of Al-Cu—
Mg alloy J . Physical Testing and Chemical Analysis( Part A: Physical Testing) 2021 57(5) : 6-9.

8 Lin Q Liu H Zhu C et al. Effects of different shot peening parameters on residual stress surface roughness and cell size J .
Surface and Coatings Technology 2020 398: 126054.

9 J. 2015 50( 4) : 691-697.
QIANG Bin LI Ya-dong GU Ying et al. Numerical simulation of residual stress field and surface roughness for steel plate
subjected to shot peening J . Journal of Southwest Jiaotong University 2015 50( 4) : 691-697.

10 Hong T Ooi J Y Shaw B. A numerical simulation to relate the shot peening parameters to the induced residual stresses J .
Engineering Failure Analysis 2008 15( 8) : 1097-1110.

11 Schiffner K Helling C D G. Simulation of residual stresses by shot peening J . Computers & Structures 1999 72( 1/3) : 329
-340.

12 Majzoobi G H Azizi R Nia A A. A three-dimensional simulation of shot peening process using multiple shot impacts J . Journal of
Materials Processing Technology 2005 164: 1226—-1234.

13 Meguid S A Shagal G Stranart J C. 3D FE analysis of peening of strain—rate sensitive materials using multiple impingement model

J . International Journal of Impact Engineering 2002 27( 2) : 119-134.

14  Miao HY Larose S Perron C et al. On the potential applications of a 3D random finite element model for the simulation of shot
peening J . Advances in Engineering Software 2009 40( 10) : 1023-1038.

15 Zhang ] Li W Wang H et al. A comparison of the effects of traditional shot peening and micro-shot peening on the scuffing
resistance of carburized and quenched gear steel J . Wear 2016 368:253-257.

16 J. 2015 48('1) : 17-20.

ZHAO Lidi WANG Jian-ming PEI Xin-chao et al. Finite element numerical simulation of residual stress field of shot peening
J . Material Protection 2015 48( 1) : 17-20.

17 . 34CrNiMo6 I. 2017 60( 10) : 99-103.

LIANG Ruo PANG Sigin CHENG Guan-hua et al. Finite element simulation of 34CrNiMo6 steel after dual shot peening J .
Aeronautical Manufacturing Technology 2017 60( 10) : 99-103.

18 . 42CrMoA J. 2020 44( 6) :59-61 71.

ZHAO Zhi-giang WANG Gen-quan ZHANG Li-min et. al. Single shot peening and composite shot peening for 42CrMoA steel
J . Materials for Mechanical Engineering 2020 44( 6) : 59-61 71.
19  Zhu K Li Z Jiang C. Surface mechanical properties of shot-peened CNT/Al-Mg-Si alloy composites J . Journal of Alloys and

Compounds 2018 773: 1048-1053.



200 44

20 . 16MnCr5 I 2001 36( 1) :47-51.

LIU Dong-sheng WANG Guo-dong LIU Xiang-hua et al. Phase transformation during thermo-mechanical processing and
microstructure of steel 16MnCr5 J . Iron & Steel 2001 36( 1) : 47-51.

21 Chen M Liu H Wang L et al. Evaluation of the residual stress and microstructure character in SAF 2507 duplex stainless steel
after multiple shot peening process J . Surface and Coatings Technology 2018 344:132-140.

22 Wu ] Liu H Wei P et al. Effect of shot peening coverage on hardness residual stress and surface morphology of carburized rollers

J . Surface and Coatings Technology 2019 384:125273.

23 .2024 I : 2017 47( 1) : 84-89.
ZHENG Lin-bin WANG Jian-ming HE Xun-chao. Experiment and numerical simulation for surface roughness of 2024 aluminum
alloy treated by shot peening J . Journal of Shandong University: Engineering Science 2017 47( 1) : 84-89.

24 AZ91D J. 2016 45(2): 134-138.
CHEN Guang-zhong HE ZhiHian YANG Yue. Numerical simulation and experimental study of residual stress field of AZ91D
magnesium alloy by shot peening J . Surface Technology 2016 45( 2) : 134—138.

25 Han K Owen D Peric D. Combined finite/discrete element and explicit/implicit simulations of peen forming process J .
Engineering Computations 2002 19( 1) : 92-118.

26  Klemenz M Schulze V Véhringer O et al. Finite element simulation of the residual stress states after shot peening J . Materials
Science Forum 2006 524:349-354.

27 TC4 D . : 2022.

ZHANG He-peng. Laser shock peening induced surface gradient structural evolution and crack growth characteristics of TC4
titanium alloy D . Changchun: Jilin University 2022.

28 7075-T651 J. 2021 42
(6):172-180.

LIU Cao-wen LIAO Kai CHEN Jia-wei et al. Simulation and experimental research on effect of shot peening on surface roughness
of 7075-T651 aluminum alloy J . Transactions of Materials and Heat Treatment 2021 42( 6) : 172-180.

29 J. 2009( 1) : 56-58.
SUN Yan LUO Hongiang. Influence of strengthening shot peening on formation and extension of fatigue crack in carburized gear
surface J . Automobile Technology 2009( 1) : 56-58.

30 D . : 2016.
LU He-ting. Numerical simulation research of the effect of shot-peening on fatigue life D . Jinan: Shandong University 2016.

31  Ohue Y Tanaka H. Effect of surface texturing on lubricating condition under point contact using numerical analysis J .
Engineering 2013 5( 4) : 379-385.

32 7050 I 2017 50( 1) : 18-21.

LI Yong-hui JI Wen—zhe WANG Shou—zhong. Effect of shot peening on microstructure and wear resistance of 7050 aluminum alloy
J . Materials Protection 2017 50( 1) : 18-21.



