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Table 1 Chemical composition of GH3535 alloy (/%)

Mo Cr Fe C Mn Si Ni
16.3 6.5 3.7 0.04 0.49 0.45 Bal.
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Fig.1 Size of the specimen used in high cycle fatigue test
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Table 2 Shot peening parameters of GH3535 alloy

Specimen Shot peening pressure/MPa  Shot peening time/min  Shot peening distance/mm Angle of shot peening/(9
SP-1 0.3 100 90
SP-2 0.45 100 90
SP-3 0.6 100 90
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Fig.2 Surface morphologies of GH3535 alloy treated without shot peening (a) and with shot peening pressures of 0.3 MPa (b), 0.45 MPa (c),

and 0.6 MPa (d)
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Fig.3 Cross section morphologies of GH3535 alloy treated without shot peening (a) and with shot peening pressures of 0.3 MPa (b),

0.45 MPa (c), and 0.6 MPa (d)
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Fig.4 Microhardness distributions along depth of GH3535 alloy
before and after shot peening(SP)
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Fig.5 Residual stress distributions along the layer depth of
GH3535 alloy before and after shot peening

Kl 6  FWHM W23 it ol. ATUVE H, WiRfE
FAFERER LR A S I 0.3 MPa $2
=% 0.6 MPa i}, & 4R FWHM {H M 4.299 0
2 4.91° [FIBSE R ILTEM R ZIRAE, WA 78k
K FWHM 8K, (H2 3 FimiAE ST iR 35 b
EZRIIBE N FWHM &8N, RA&FREr 1.7°
FeAr, AL EE RN 1.7 H, BikuE
71749 0.3 MPa FIRFE, 7506 = 58 5 2 R 100
pm. AL /70 0.45 1 0.6 MPa (IR EE, 28 T
W JZRIIEF] T 150 pmoe WEEAAK A, WL 5 %
LR T B R AR, L T A TR A RO B A
FUE 7 038 Ik A i o T 51 2 v vE TE AL
JE DA I W AL TN T A AL AN AR g, R
2 B AR TR

[, 256 3~ 5 nl i, WiiLZ f5 GH3535 &
4 3R JE A S U 2 R TR (B EE 5 R o0 A I 3R 2 R
P Z Ao . RZREE A RIZTRR B A0
AR — B, X X SR AT 53 BT 1) # T 4
SRR T TR DR AL A R RS A . R E B
TR oy AT« 3R TR AR N 743 A 1) 5% T R
2.6 SRAKESHFM

GH3535 &M A AT Ja K 55 A B 7 Fios.
MBI LUE Y, =M. 400 MPa B f1/KF, g
b R=0.1 T, i AN AW kL & g sk AL 2R 5 3R 1) &
JE 952 55 3 i b A 8% R 1 v 9 55 A7 A 386 A TR 2
FE 3R R o KRB % 57 %5 i v 3 606 691 J&H k. Wi
FIEJIN 0.3 MPa I}, 9% 57 %54 6 679 313 JH Ik, 1
1 T 85.2%. WiHLE J13 N E] 0.45 MPa i, % 57 % iy
LF] 7 8949 576 JH IR, i 1 148.1%. Wi KN
0.6 MPa I, J%57 %A 1 KIEERISE S, JE57 4

0 50 100 150 200
Distance from Specimen Surface/um

Bl 6 WiALHT /S GH3535 & & FWHM it /2 IR 43 i
Fig.6 FWHM distribution along the layer depth of GH3535

alloy before and after shot peening

$&i= 2] 20 599 235 JHIK, HEim 1 471.1%. R =
I 57 7 i R b SR I A AL P 7 P 0 T 36 A
A& Hp, UBERE T 0.6 MPa k), 95 A
i 7 LA BER, W GH3535 & 4 JH g 55 MR
B S E S P RTE
2.7 EHEEIO

F&1 8a 1 8b 43 il Ay A W5 AL TR (1095 575 W7 11 RS A4 T 351
H9E 57 HBUR X TES . I 557 Wi 1= M M kG M
BHESMINEAT FIAE T, 9% 57 R SUE AR I8 T8 4k
S EUIRAL, WAL I 2 DL K A S 4
B, O R E G S kS R B 2 AR i 2
SN MR ] 8a A1 8b ANMER Y, AR AL AT 9 57
GUEAL TRAFE R . IF45 6 B 8c ARWEHAE % 57 W 11
(00 T 55 RT DABA B B, 440/E GH3535 & 4 K T
WAL A0 0 T A 5 AR, B AR DR o T 00 7 B 25 5 T BB,
NEF SRS A, U FE RN T Y RES
EW =L TE PRy

N
&

2.06x10’

N
o
T

=
Ul
T

g
o
T

8.95x10°

6.68x10°

o
3l

Fatigue Life/X 107 cycle

| 3.61x10°

o
o

0 0.3 0.45 0.6
Shot Peening Pressure/MPa

B 7 ASTE) R T R I A 9 5 A
Fig.7 High cycle fatigue life of samples under different shot

peening pressures



12

RHERASE WK JI%F GH3535 & 4 R MNRES Fi 57 L RE [ 5 mi

* 4615 -

8d. 8g F1 8j 4+ 0.3. 0.45 F10.6 MPa i . [&
77 A R 5 T 1 B A& TR 35 . 1] 8e. 8h. 8k 433l 0.3,
0.45. 0.6 MPa 5 AL 7 N 1l (195 57 Wit 1 280058 [X 1) T
S TGS RS ARRE (98 57 LGRS/ TR 1 2R
M. Pl 8f. 8i. 814)%I4 0.3, 0.45. 0.6 MPa I fL/E /1 F
TREIE 7 W RO TSR . 4eid 5 7 8c xFEL R B, mE
AR 57 ey 2y A o R, UEEH TR
FIEEA A GH3535 & 49 57 e T K.
2.8 SERULHLEI D

FRIEAAAIIE 55 R RHLHI AT 50, AR 55 Bl IR —
27 3ANRE, R: RAiE. WP E. . K,
9% 57 WL FERT (R AR AT, DRLUGAE SR I TR R s (1)
I 57 75t LB NG A T A R By R A 2 AR
U8 O AL B A T A ) A SR A P A 3 B R At T
LU A BL R A B B

4 ] 4 FIEE 5 a1, WEAL(E4S GH3535 &4k
FEHL AT MRS N T RSN JJ 2, R
B 55 1) 9 o A B T K PU A A A0 2 A 5o a0 3 T 7 Sk 1
WG, HIERLE . FE, REFSAERRKIE
;7 B8 B ARAIE A 41 8 A % R R T (9~ 34 T 7

NI 20 &1 38 1 6 S BE B 57 SR Y. esh, TR
JEHRAR RN A E 2R A &R ERLGIEES )
B, KRR A H M. 44 K 2b. 2c.
2d WML E IR R T TS AT R0, AR AL R R T 2
AT R, (HEBIALZ 5 GH3535 A &RE”
AR IR AR s L ) 23 A8 4598 55 2L B0 B BT 5 22 5 IR
e Fpi sk, AL A ARSI, [, KPR
JZ (R AR s B ) BB ARG B oy A B AE — e R 2Tl
NP e, CAEKMEIE ST Far. ik, BE
FW IR SRR, 3R A i AR R B ) A b
FERLEE R, GH3535 &4 55 77 i Bt Bk B 2 .l
R TR B, Xt GH3535 4 & it AT AL 1 SR AL L
HoAth & 4 M Rl 2 b 2021 9% 55 5y B3R
TEAR KRR BE BV T W8 R 5 NIARAR R )2 84k
JE SRR, B A4 55 BB AR b o,
T2 =1 AR B0 55 P e R

Btz Ah, WEALEIEE R GH3535 A4 AL RS Ky 9
WAE— R P T REAENRERY e, K31
BT A E . 45 E 3 1) GH3535 S4a Wi ALET G
HIMHR M ESRIE 6 1) GH3535 /&M MilfE

Fatigue crack sourceregionf

8 ORI AL T B AN R 155 4 1T 7 Kb B 16982 57 B 11T 3

Fig.8 Fatigue fracture morphologies of samples treated without shot peening (a~c) and with shot peening pressures of 0.3 MPa (d~f),
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Effect of Shot Peening Pressure on the Surface State and Fatigue Properties of GH3535
Alloy

Wu Peisong’?, Zhang Jixiang®, Zhou Bomou?, Xue Zhaolu®, Lu Yanling?
(1. School of Mechanotronics and Vehicle Engineering, Chongging Jiaotong University, Chongging 400074, China)
(2. Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)
(3. Research Center of Modern Surface and Interface Engineering, Anhui University of Technology, Ma’anshan 243002, China)

Abstract: The surface of GH3535 superalloy was shot peened with the shot peening pressures of 0.3, 0.45 and 0.6 MPa. The surface
profile morphology of the alloy and the structure of the strengthening layer were observed by SEM. The surface grain size, surface
microhardness, surface residual stress distribution and X-ray diffraction peak half-height width were analyzed by OM, Vickers hardness
tester, X-ray stress analyzer. The high-cycle fatigue experiment was carried out at room temperature, and the morphological characteristics
of the fracture were observed and analyzed by SEM. The results show that the grain refinement layer, hardened layer and residual
compressive stress layer are formed on the surface of GH3535 alloy after shot peening. And the thickness of the grain refinement layer, the
thickness of the hardened layer and the thickness of the residual compressive stress layer produced on the surface of the alloy all increase
with the increase of the shot peening pressure. The shot peening pressure is in the range of 0.3 MPa to 0.6 MPa, and the fatigue life is more
sensitive to the impact of shot peening pressure, and the fatigue life increases with the increase of shot peening pressure. When the shot
peening pressure is 0.6 MPa, the effect of shot peening is the best, and the fatigue life is increased by 471.1%. The increase in fatigue life
of GH3535 alloy after shot peening benefits from the improvement of the alloy surface condition.

Key words: GH3535 alloy; shot peening pressure; microhardness; residual stress; high-cycle fatigue
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