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Tab.1 Process parameters of different strengthening schemes

%5 Number T. 2.3 %1 Process parameter
A —
A, d=0.4 mm V=50 m/s .C=75%
A, d=0.8 mm V=60 m/s .C=100%
A, F=900 N .a=12 pwm /=24 kHz D=1
A d=0.8 mm V=60 m/s .C=100%
5 d=0.4 mm V=50 m/s .C=75%
A d=0.8 mm V=60 m/s .C=100%
o F=900 N .a=12 pm /=24 kHz D=1

1.2 REZEMERNFGZ

K FH Proto-LXRD B X S 45 5% 4% I 77 43 #1430z I
TR R TR AN JT , T A1k 18CrNiMo7-6 #9, 7l
I X B PR R Co 8 LR R 30 kV VLT R
25 mA Beta i 25° . AN 9O EE AR HAR N
1 mm , S BRAF RV R B 7 1) (R % A4 0L 7, T & i
Proto-8818-V3 HL M EHLXS UREHEA 734 2, H TRy
T NaCl¥E W . 2R JH NANOVEA-JRS50 1 = 4 42 it
X T A0SR I A %) — 4 T 55 A 3 T AL R JE
K FHVW-17 7 5 (A B 3+ 0 3R T 201 7 A B A
D305 7728 200 N PR FEBS ] 15 s, 26 RFI DX )
3 YR IBCT-SAE AR by i 2 T A LI 1

1.3 REER5ITL
1.3.1 &R&ERAH

HR 4 3% 1 FF AN [\ 5 Ak 5 =X XT 18CrNiMo7-6 ¥ ik
Vi AN 28R A N 1 52 (R AT L 6 4 I T
TR ER AR N R 25 S A 1 TR

200

—a— A

K438} Residual stress/MPa

=800, A
~1000 A=A
—— A4
~1200 A
D,

6

0 0.1 02 03 04 0.5 0.6 0.7
IR 1% Depth/mm

B1 FEERUTIZETHENERRE NS

Fig. 1 Residual stress distribution of samples under different

strengthening processes
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Fig. 2 3D surface morphology of samples under different strengthening processes
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Fig.3 2D surface morphology and central contour curves of samples under different strengthening processes
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Tab. 4 Material parameters of each component of the simulation model
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X
P (kg/m’) E/GPa AMPa  hardening B/MPa g mndexn rate R_/%
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Fig. 4 Modeling process of double shot peening
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Fig. 5 Modeling process of shot peening-ultrasonic rolling
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Fig. 6 Residual stress test and simulation value of composite

strengthened sample
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Tab.5 2nd shot peening process parameters in the double shot

peening
%2 SOk Bl"ﬁtﬂfﬁ i
Number Pellet diameter d/mm . Site coverage C/%
DSP1 0.4 50 75
DSP2 0.4 60 100
DSP3 0.4 70 125
DSP4 0.5 50 100
DSP5 0.5 60 125
DSP6 0.5 70 75
DSP7 0.6 50 125
DSP8 0.6 60 75
DSPY 0.6 70 100
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Fig. 7 Residual stress simulation results under each test scheme of

double shot peening
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Fig. 9 Surface state of single shot peening sample
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Fig. 10 Surface element displacement nephogram under each test

scheme of double shot peening
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Tab. 6 Ultrasonic rolling process parameters in shot peening-

ultrasonic rolling

o R PR LIES RIEUCEL
G »
Numb Static pressure Amplification Frequency ~Number of
Hmber FIN alpm fIkHz rolls D
SP-USRP1 600 8 20 1
SP-USRP2 600 12 28 2
SP-USRP3 600 16 24 3
SP-USRP4 900 8 28 3
SP-USRP5 900 12 24 1
SP-USRP6 900 16 20 2
SP-USRP7 1200 8 24 2
SP-USRP8 1200 12 20 3
SP-USRP9 1200 16 28 1
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=
i of
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Fig. 11 Residual stress simulation results under each test scheme of

shot peening-ultrasonic rolling
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Fig. 12 Simulation results of residual stress of single shot peening in

different models
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Fig. 13 Surface element displacement nephogram under each test

scheme of shot peening-ultrasonic rolling
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Fig. 14 Standard deviation of surface node residual stress under

each test scheme of shot peening-ultrasonic rolling
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Study on the effect of surface composite strengthening on the surface
integrity of 18CrNiMo7-6 carburized gear steel

WANG Zhen' SUN Hao' CUIYilong' LILinyan' WANG Tao’ HAN Jiaobao'

(1. School of Automation, Zhengzhou University of Aeronautics, Zhengzhou 450046, China)

(2. China Academy of Machinery Zhengzhou Research Institute of Mechanical Engineering Co., Ltd., Zhengzhou 450001, China)

Abstract: Shot peening process is widely used in the manufacturing process of gears and other basic components, and its
own limitations limit the enhancement of the surface integrity of the workpiece. In order to further improve the surface
integrity of the workplece, A combination of numerical simulation and experimental methods was utilized to study the effect of
two surface composite strengthening processes, such as double shot peening and shot peening-ultrasonic rolling, on the surface
integrity of 18CrNiMo7-6 carburization gear steel samples, and mainly analyzed the effect of the two composite strengthening
processes on the improvement of surface integrity of the shot peened samples. The results show that the maximum value of the
residual compressive stress of the double shot peening sample was 1 359. 56 MPa, locates at the depth of 0. 08 mm, and the
maximum value of the residual compressive stress of the shot peening-ultrasonic rolling peening sample was 1 329. 05 MPa,
locates at the depth of 0. 25 mm. Compare with the single shot peening sample, the surface roughness of the double shot peen-
ing sample and the shot peening-ultrasonic rolling sample was 29. 42% and 29. 42% lower than that of the single shot peening
sample. Compare with the single shot peening samples, the surface roughness of the double shot peening samples and shot
peening-ultrasonic tumbling peening samples decreased by 29.42% and 62. 76%, respectively, the surface microhardness
increased by 8. 70% and 17. 60%, and the standard deviation of the surface node compressive residual stress value decreased
by 23.36% and 89.50%. The shot peening-ultrasonic rolling process is more effective in enhancing the surface hardness,
thickness of the residual stress layer and uniformity of the residual compressive stress, as well as reducing the surface rough-
ness of the specimens, and can effectively improve the surface integrity of the shot peened samples.
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