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Table 1 Chemical composition of GH4169 superalloy (@/%)

C Si Cr Mo Ti Fe Nb Al S Mn Ni

0.039 0.11 18.6 2.98 0.96 18.9 4.94 0.56 0.0010.008 Bal.

EEEINY: %I, 2, 199544, AL, TEAAERARAFSE-C TR, g %8 471000, E-mail: panyifan@725.com.cn
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Fig.1 Microstructure of GH4169 superalloy
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Table 2 Mechanical properties of GH4169 superalloy
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Fig.3 Surface morphologies of GH4169 superalloy after SP (a)

and SP+VF (b) at room temperature
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Fig.4 Metallographic structures of surface layer of GH4169
superalloy after SP (a) and SP+VF (b) at room temperature
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Fig.5 Metallographic structures of the surface layer of GH4169
superalloy after SP (a) and SP+VF (b) after heat
treatment at 500 C for 100 h
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Fig.6 Microhardness distribution along layer depth of GH4169
superalloy after SP and SP+VF
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Fig.7 Surface roughness of GH4169 superalloy after SP and
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Fig.8 Surface residual compressive stress in various states on
the surface of GH4169 superalloy after SP and SP+VF
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Fig.9 Fatigue test results of GH4169 superalloy substrate

samples at room temperature
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Table 3 Analysis of fatigue load rise and fall diagram of

GH4169 superalloy substrate at room temperature

i Si/M Pa fi ifi izfi
0 620 1 0 0
1 650 3 3 3
2 680 2 4 8

Total 6 7 11
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Fig.10 Fatigue fracture morphologies of GH4169 superalloy substrate (stress level=680 MPa, cycle number=497 016):

(a) macromorphlogy, (b) source of fatigue, (c) propagated area, and (d) instantaneous break zone
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Fig.11 Fatigue fracture morphologies of GH4169 superalloy after SP+VF (a, b) and SP+VF, 500 C (c, d)
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Table 4 Fatigue life of four GH4169 superalloy samples
after SP, and SP+VF

Max stress of Lifetime after Lifetime after

800 MPa SP/Cycle SP+VF/Cycle
Sample 1 400950 669324
Sample 2 755834 519154
Sample 3 294204 421002
Sample 4 249311 555443
Average 425075 541231

JE A REE 57 BRI - BUHE G i T R S T k) AR
Yoo IFEAW, 5 0%EGEE, 10% KM AET,
GH4169 =it A& & Wi AL B IS 9% 57 %5 4 56780 J
W, HEEEHE S 7 fr ) 258583 JH R, w1
2) 3.5 5, VLA EEX GHA169 & & &% 57 1
REMI G 140 B35 . IRBNGIRIE FRAK 7 mE hu b B % i
ORRE B2, 2B 7RI MBI E kG, XoIANT
RMFRAR R ST, BT LA A b #5428 5
A 3R AT B
2.3 EE4IE GH4LEd B RAERAMEEBESEFM

BERYFE K1

W ERRY, SHELHEE R ERS
GH4169 il & & o7 e, X158 & k5 o
GH4169 M & & MR A BV R. Bihe
I RCRTMHRE FE RS K, A R )R b, TE9% 55 3K
fof NPEARIE O IR, R 5 PR LU R R . R E)
A BT DA 3R T ISP, O ol R TH AR AR N IR
. HEEAFGHEN GHA169 iRk & &M B RZEH S
U B S B = LB 55 PR RE R 0 57 R SUI T AR
Ffr. [, WA SN GHAL69 Ml & &M £ Z
7 P B AR A M ) 3R A B G O, BELAS T LU
MEBLERTEE £, SEE . E6 L SE
GH4169 i & &M B R JZE 5l N — 2 BUE 5k e N
VAR (| SR LI E AN B < S € oA YAl | SN
A 7 9855 Bt AR HE BN s IR A BT 2 i K
BORL R 7 AL B A R R TR R R T, R EUE ST
TR AL B A R R T B B IRER T, IX LB L T



ERE

TS WL SIRENG A A FENT GHA169 il & 4 55 M AE IR IR . 2961 -

AL R AE A RIS R . dhAh, R B 5 R AR
JE AR I 52 A A AL FE 5N B AR R B 13 IR,
FLELR vy BT X AT AP AE R AR S R A1 3, B A4
9% 55 ZLEUI I FLaK FF R38R, RIBR AR R L 7 1 1A
B RN, B R B RE 22 % 5 R YT R . R,
AR MBS IR e E G kb R W RS
GHA4169 il & & iR 55 PERE .

K 500 C #4100 h XF GH4169 =i & 4k
BEAT AL BE, BAMEHREHRARIEN A TR (E
8). MEAF N (B 6), (HFFMCREEIFALEZ,
AR E EEER R (RS MR, 484
M%) TG RA, 15 A SRR AR R 13 52 52
EE P E SR EPY, #% 500 Chn#k 100 h A
G & A5t GHAL69 /il & & 19 55 B 1558 b 2k
MEHFHI IR EW R, HikRW, BIf{E 500 CT
BT, WA IRBOGMEE G AL BT AR BE 08 B AR
GH4169 mid & & 5791 /1.

3 4 it

1 fF Q0%EGEE, 10%KBE T, GH4169 &
A & A I% 5755 5 N 609.3 MPa, WAL 5 IR B
HA R GHA169 il & 4 195 57 51 9 740.8 MPa,
PeIEM A E T 21.6%, RIE AR ESNE S T GHA169
el 4 BT 55 PERE .

2) KA 500 CHin# 100 h 4bFE AL E S AL
RO, 8 ST GHA169 iR & 408 57 o J %
ik~ 696.3 MPa, LLInFAALELATRE(R T 6%, {H{GLL
MR T 14.29%. RI7E 500 CHiR LT, &
A FEAT AR RENS A R4 T GH4169 i & &Pl %
PERE .

3) fE£ 800 MPa # KR Jj/K-F ik %4, 1E
90%EESE, 10%KMMRET, WAL GHAL69 &
A EHS Far v 56 780 Wk, H&4bH GH4169
A G S Aol 258 583 IR, RE T4 3.5
%, 3R BHIR BN G BE S B = W AL SR AK 1R iR A A P
7R, R R T RSB 7 WAL GHA169
G e R IHRE R, FBREBAGE, & TRM
WA 7] 6

S XHk References

[1] Guo Jianting( 3 2 ). Acta Metallurgica Sinica(& @ %
#)[J], 2010, 46(5): 513

[2] Xie Xishan( #f # ¥ ), Dong Jianxin( # % ¥r ), Fu
Shuhong(ff 5 4) et al. Acta Metallurgica Sinica(%: )@ %

#)[J], 2010, 46(11): 1289
[3] Zzhou H, Ro Y, Harada H et al. Materials Science and
Engineering A[J], 2004, 381(1-2): 20
[4] Dekhtyar A |. Materials Science and Engineering A[J],
2015, 641: 348
[5] Nalla R K. Materials Science and Engineering A[J], 2003,
355(1-2): 216
[6] Altenberger I, Nalla R K, Sano Y et al. International
Journal of Fatigue[J], 2018, 44: 292
[7]1 Ao Ni, Liu Daoxin, Zhang Xiaohua et al. Surface and
Coatings Technology[J], 2019, 361: 35
[8] Ao Ni, Liu Daoxin, Xu Xingchen et al. Materials Science
and Engineering A[J], 2018, 742: 820
[9] Xu Xingchen, Liu Daoxin, Zhang Xiaohua et al. Interna-
tional Journal of Fatigue[J], 2019, 125: 237
[10] Roland T, Retraint D, Lu K et al. Scripta Materialia[J],
2006, 54(11): 1949
[11] Jamesh M, Sankara Narayanan, Chu P K et al. Frontiers
of Materials Science[J], 2013, 7(3): 285
[12] Rajabi M, Miresmaeili R, Aliofkhazraei M. Materials
Research Express[J], 2019, 6(6): 065 003
[13]1Zhan Ke(f& #l). Thesis for Doctorate( f& - & 32 )[D].
Shanghai: Shanghai Jiaotong University, 2013
[14] Zhang P, Lindemann J. Scripta Materialia[J], 2005,
52(6): 485
[15] Tekeli S. Materials Letters[J], 2002, 57(3): 604
[16] Li Shiping(Z=1H>F), Liu Daoxin(Xi&#7), Li Ruihong(Z
i) et al. Mechanical Science and Technology (HLiF}
S 5EAR)[I], 2011, 30(9): 1418
[17] Gao Yukui(# L ft). Rare Metal Materials and Engineer-
ing(%i & 4 JE M K15 T.#2)[J], 2004, 33(9): 1000
[18] Zhao Yuanxing(# iz ), Liu Daoxin( Xl i& ¥7), Guan
Yanying(<#i9) et al. Weapons Material Science and
Engineering(f& #5 A1 LR 5 T#2)[J], 2014, 37(4): 15
[19] Mao Jianbo(FE# i), Sha Aixing(¥) % £), Fu Weihua(f}
5 4#£). Mechanical Engineer(#L#% T F2ii)[J], 2006(11):
64
[20] 2003 Statistical Scheme and Analysis Method of Fatigue
Test Data of Metal Materials. GB/T 24176-2009/1SO
12107[S]. 2009
[21] Xia Mingli( & B #i ), Liu Daoxin( x| i& #i ), Du
Dongxing( ft % ) et al. Mechanical Science and

Technology (WLAk#} 2% 58 R)[J], 2012, 31(8): 1349


http://www.cqvip.com/QK/91279X/20105/34584891.html
http://www.cqvip.com/QK/91279X/20105/34584891.html
http://www.cnki.com.cn/Article/CJFDTotal-JSXB201011005.htm
http://www.cnki.com.cn/Article/CJFDTotal-JSXB201011005.htm
https://xueshu.baidu.com/usercenter/paper/show?paperid=1c1v0eq0t92v0p706d6t0vw0mx361850&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=1c1v0eq0t92v0p706d6t0vw0mx361850&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=1c1v0eq0t92v0p706d6t0vw0mx361850&site=xueshu_se&hitarticle=1
https://www.docin.com/p-1364252381.html
https://xueshu.baidu.com/usercenter/paper/show?paperid=0ef3425f3e5d9cf73b26fe4cad95fb8d&site=xueshu_se
https://www.doc88.com/p-14359454174653.html?r=1
https://www.doc88.com/p-14359454174653.html?r=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=194g0vh0hb6s0mb0ct7s0t205m747165
https://xueshu.baidu.com/usercenter/paper/show?paperid=194g0vh0hb6s0mb0ct7s0t205m747165
https://xueshu.baidu.com/usercenter/paper/show?paperid=194g0vh0hb6s0mb0ct7s0t205m747165
https://kns.cnki.net/KNS8/Detail/RedirectScholar?flag=TitleLink&tablename=SJES_03&filename=SJESDB4CF2DAD0022423AA34276ECB20CD9D
https://kns.cnki.net/KNS8/Detail/RedirectScholar?flag=TitleLink&tablename=SJES_03&filename=SJESDB4CF2DAD0022423AA34276ECB20CD9D
https://xueshu.baidu.com/usercenter/paper/show?paperid=5a696c1fb185ca0c3b744ff8679be8ef&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=29f6c4548807e707ff8c661da7b90a06&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=29f6c4548807e707ff8c661da7b90a06&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=29f6c4548807e707ff8c661da7b90a06&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=192504d0qg0w0860vf3j0gt0ht533288&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=192504d0qg0w0860vf3j0gt0ht533288&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=192504d0qg0w0860vf3j0gt0ht533288&site=xueshu_se&hitarticle=1
https://d.wanfangdata.com.cn/thesis/Y2362610
https://xueshu.baidu.com/usercenter/paper/show?paperid=c490f226670e23a7d622c3b5515d9734&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=8eb48a941efece739c9e0a6008192c5d&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=c6f00e2d7c99190e10f47dcf7df91ca4&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=c6f00e2d7c99190e10f47dcf7df91ca4&site=xueshu_se
https://www.ixueshu.com/document/bf9f0233f0e36f69.html
https://www.ixueshu.com/document/bf9f0233f0e36f69.html
https://xueshu.baidu.com/usercenter/paper/show?paperid=20e9e0ba6aa984c39befd7fb74420605&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=20e9e0ba6aa984c39befd7fb74420605&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=20e9e0ba6aa984c39befd7fb74420605&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=02f5f270ad5e0de0819507285bf3bb3e&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=30b9770cc33509f5e7f3e1bed407ba8f&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=30b9770cc33509f5e7f3e1bed407ba8f&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=30b9770cc33509f5e7f3e1bed407ba8f&site=xueshu_se

« 2962 « WA SRR TR 551 %

Effect of Shot Peening Combined Vibration Finishing on Fatigue
Behavior of GH4169 Superalloy

Pan Yifan', Liu Daoxin?, Liu Bo®, Hu Yunhui®, Wang Wei®
(1. Luoyang Ship Material Research Institute, Luoyang 471000, China)
(2. Northwestern Polytechnical University, Xi’an 710072, China)
(3. Aero Engine Corporation of China Xi’an Aero-engine LTD, Xi’an 710038, China)

Abstract: The effects of shot peening and shot peening combined vibration finishing on the fatigue properties of GH4169
superalloy were studied contrastively. The surface morphology, surface structure, roughness, microhardness and residual stress
field of the sample were analyzed by scanning electron microscope, roughness profiler, microhardness tester, and X-ray stress
tester, and the internal relationship and mechanism of surface integrity and fatigue performance were discussed. The results show
that the composite treatment is better than single shot peening treatment in improving the fatigue performance of GH4169
superalloy. The composite treatment increases the room temperature fatigue strength of GH4169 superalloy by 21.6%. Preheating at
500 °C for 100 h reduces the fatigue strength of composite strengthened GH4169 superalloy by 6%, but it is still 14.29% higher
than that of the base material. That is to say, the composite treatment can effectively improve the fatigue resistance of GH4169
superalloy under working conditions from room temperature to 500 °C.
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