#3645 H6i 2 B X @ L E Vol.36 No.6
2023 12 H CHINA SURFACE ENGINEERING Dec. 2023

doi: 10.11933/j. issn. 1007—9289. 20221231004

Bt iR R IE X AISI9310 548N
=N AN

91”:%1?“ A& FRE® EiRMESS R’

1 P8l KENITE BN ) RS 5 A TR BOR A EE A= P52 710049;
2. PO AT RN TRE# B P2 710049;

3. BFEITERNFMTIN N ARG EEFE THEAREEELSLEGE 4% 710038)

i

FHE: AISI 9310 W& —Fhmi BB BRI 504N, RARUFPIvE. RGOS FE T, UG THTRR 2 AR B A0 R e e 55 2R At A
AR 9310 WA FEAN ¥ i FE Hd AN BT R 55 Mk e, SR BE SR B 57 Pk Be B ) s Ak, 32 ROt bt (LSP) +i25% (LC)
OB L, RO 3R AR AIST 9310 AL AT RTALEE, P ST AR B BRI HE . gt — Do
LSP 1 LC %} 9310 Uit #0413 s kA, RG22 AT . 48 o1 S SO R H 7 O AT S R AE I 2 v 4
GUYSANI 7 ) R S ARSI, IR 7 ) (RO RE BEBEAT 5 % o 9T SRR, AISI 9310 HM (RIS 1R 2 S BE 2k 14 pm,
FORREREZ 2 305.67 HV, AL 25 £ 300 um; LSP FALER S, BHK)EIEEEF2THE) 23 um, e KA A2 27151 328.87HV, il
WIEJEESETHRIZ) 700 pm. XFEE AL, LSP g AR5 nlKs 9310 RIS 2 5 $E T 64.3%, Bhx )2 LT 23.17 HV,
AL IR BEER T 133% . X F 2R IRIRE Bt 9310 41K Kernel ~F-XH ) 22 (KAM) FI/N A BE S FERE ML/, R LSP Hikb
BTG NPT IR TN B AL, AR TROCRY 1 PE 9310 AMIIRB AT A, SRTHBIRZEE . Ak A
JERE . WL MRP T LSP FrAbEE 5 S ROW A B ML SRR T3y UK il &, Tk LSP 52 A st AL SR T4 AT e DB A IR A
?—? (EA S NSRS
8RR BOtrhd AL, ARILIBEE: AISI 9310 AW /NFARE AL, R
hESES: TG156; TBl14

Effects of Laser Shock Peening on Low Temperature Carburizing of
AISI19310 Gear Steel

SONG Jingdong™? HE Weifeng®#® LUO Sihai® CAO Zhenyang™? LIANG Xiaoging *
(1. National Key Lab of Aerospace Power System and Plasma Technology, Xi’ an Jiaotong University,
Xi”an 710049, Ching;
2. School of Mechanical Engineering, Xi’ an Jiaotong University, Xi’ an 710049, China)
3. National Key Lab of Aerospace Power System and Plasma Technology, Air Force Engineering University,
Xi”an 710038, China;

Abstract: AISI 9310 steel is a kind of high-strength carburized steel with good toughness. Owing to its material properties, this steel
is usually used to fabricate gear parts. Gear tooth surface is prone to wear and contact fatigue damage during service processing.
Therefore, to effectively resolve the resistance properties and for the synergistic strengthening of the wear and contact fatigue
properties, the AISI 9310 steel sample was processed by laser shock peening (LSP) and then treated by low temperature gaseous

carburization (LC). The carburized layer and cross-sectional crystallographic characteristics were imaged using optical microscopy
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(OM), scanning electron microscopy (SEM), and electron backscatter diffraction (EBSD); subsequently, the cross-sectional hardness
was measured. The following results were obtained. After LC treatment, a white carburized layer, which was approximately 14-um
thick and uneven, was induced on the 9310 steel matrix surface. The maximum hardness achieved for the carburized layer of 9310
steel was about 305.67 HV with the depth of work hardening being 300 um. The maximum hardness of the LCed sample was
enhanced by 27.56% compared to the as-received sample. However, with pre-LSP treatment, the thickness of the carburized layer of
9310 steel was improved to approximately 23 um and the maximum hardness to approximately 328.87 HV with the depth of work
hardening being 700 um. The maximum hardness of the LSP-LCed sample was enhanced by 5.46 % compared to the LCed sample.
However, in comparison, the pre-LSP treatment improves the thickness of the carburized layer by 64.3%, the maximum hardness by
23.17 HV, and the depth of work hardening by 133%. The underlying reasons for these enhancements are as follows. Generally, LSP
treatment induces plastic deformation and improves the proportion of low angle grain boundary (LGB); this enhances the diffusion
behavior of the carbon atoms, and consequently improves the hardness of the LCed layer and the depth of work hardening. After
pre-LSP treatment, the carbon diffusion behavior and hardness of LC were enhanced. Specifically, combining pre-LSP and LC
processing results in cross-sectional work hardening because LC alone can hardly influence the Kernel average misorientation (KAM)
and proportion of LGB of as-received 9310 steel. In other words, pre-LSP improves the KAM of the LCed sample by 15.38% (from
0.52° t00.60° ), and the depth from 0-100 pm. Moreover, pre-LSP enhances the KAM of the LCed sample by 15.79 % (to 0.66° )
and the depth from 100-200 um. Finally, the low angle grain boundary was measured. Notably, LC does not affect the proportion of
the low angle grain boundary and the cross-sectional distribution for 9310 steel. On the contrary, pre-LSP processing evidently
enhances the proportion of the low angle grain boundary. At the depth of 0-100 um, pre-LSP enhances the total proportion of the LGB
of the LCed sample by 13.04% (from 36.8% to 41.6%). Moreover, the total proportions of the LGB of the LCed sample were
enhanced from 36.8% to 55.8% and from 38% to 46.2% for the depth ranging from 100-200 um and 200-300 um, respectively. Based
on the above results, the main conclusions to enhance the carbon atoms diffusion behavior are as follows. Pre-LSP enhances the
carbon diffusion behavior of LC by inducing plastic deformation via increased KAM and increasing the proportion of low-angle grain
boundary. Consequently, the easier carbon diffusion behavior of LC could induce the thicker carburized layer, the harder work
hardening level, and even improves the thickness of work hardening layer. The problem of carbon diffusion enhanced by
microstructure defects induced by LSP pretreatment is preliminarily solved. This resolution would provide technical support for LSP
compound strengthening to extend the service life of key components of aviation gear.
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Table 1  Chemical compositions of 9310 steel (wt. %)

C Mn Si S Cr Ni Mo Cu Fe
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Fig. 2 Cross-sectional microstructure of LCed 9310 steel

with or without pre-LSP
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