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Table 1 Chemical composition of FGH96 powder metallurgy
superalloy (/%)

Cr Co w Mo Nb Ti Zr Ni

155~ 125~ 38~ 38~ 0.6~ 3.5~ 0.025
16.5 13.5 4.2 4.2 1.0 3.9

Bal.
~0.05

1 ARAEFAE 57 A

Fig.1 Fatigue sample with low cycle
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Table 2 Surface integrity statues

No. The first shot-peening The secopd
shot-peening
Shot: ceramic shot AZB150
SSP Intensity: 0.12 mmA

Coverage: 125%

Shot: ceramic

Shot: cast-iron shot ASH110 shot AZB150
DSP Intensity: 0.25 mmA; Intensity:
Coverage: 125% 0.12 mmA;

Coverage: 125%

Turning
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Fig.2 Residual stress profile of the three surface integrity statues
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Fig.3 Surface morphologies of the three surface integrity statues: (a) turning, (b) SSP, and (c) DSP



+272 - WA GRS TR

48 %

23 EFHIERE

IS vk, 2 1 3 MR se B IR A
PR 3 Fin. R 3 PREA K 58 MR A 76 1k
WAL 5, %6 HB/Z 112-19868%, 3 Fh 2 ifri 58 # v IR
BT AW EEE N 90%, REREN 5%.

XFEEER 2 BRI 55 AR Al v BT A (1) fEA
WEFCI I 55 R 4 F 5 - U AL IR ARG B4 98 95 77 A
TR, XoE T RIRIRAS s (20 AT R AR
A, RS Y 57 A5 B = 108.9%, 1 KB AL S
IR 21.4%: (3) KW AL P8 R e 98 57 75 i
(1) b A 22 A1 A8 S RO /N T IR RS, B T AL S
FGHO6 & 4 95 57 73 i — BUME T &f, 9% 55 77 i 1) SEBm
BAG R A T ERPRES
FH % 55 Pk R A &5 S T 4, Wi AL FGHO6 4 4 il
I AE FR 9 55 1% fie R A s AR T, BRI AL 25 A
FN ST AR, K98 55 A7 iy 1R S A B AN AR [
TR AL SR 9 57 M BB Y A0 AR AR T R ALK
W% AL o
2.4 {RIEINE 55 B O 89 5 L3R

JE G R T A B B AL, — ORI R AL

IR W R AR TAEB A, WIE 4.

JEURBARE T 1 5 22 YA AE, A2 i 2] W2
AT 57 X, SR R DX R 12 kT 1T S R 6
BE & LSRN, BT v o B, P30 DX I T
K2 4.7 mm, REFCEY RIRKELA N 0.4 mm; JHIX
X B BT X S el 450, ULE Sa. KM ALIR
FEURIX A7 Tl b &, R, oy gX-FiH, K
JE4h 41 mm, REEG, MO BIEELAN
0.5 mm; FERESTYRE DX 20 AT W34 S RE 450, Wi S
G, WK Sbe T RWERLIRE W 1 78 0 R 3 Z H
ZAR IO WA IGE 57 X, P X R,
REY AR, TRy RIKEL R 0.8 mm: B
W XA TR AR S, Wi R, UL Sc.

KA BT O %%, DZ-20 Al DZ-2 Wi
FRZ, WX AR EE, a2 e MFEER
00042 1 B S MU R, R DXR] LK R R 9 Y 4
HWREE, R X W) R e, W 6 I 7.
DZ-9 W 58 28, X AR WIS, a2 ak
RIS ) 0SB AR ) 9 B8, 7 i DXRT LK R 9 55 4% i
FEAE, 1 T DX N B0 A AR AE, LR 8.

R3 3IMEETEUERETHRBINESF

Table 3 Fatigue life of the three surface integrity statues with low cycle

Surface integrit Estimate of median Standard Coefficient of
No. Cycles statuesg ' logN(10cycles)  Average fatigue life deviation variation
F96-2-DZ-5 1175 3.070
F96-2-DZ-19 1923 3.284
F96-2-DZ-20 2370 Turning 3.375 3.295 1971 0.172 0.052
F96-2-DZ-4 1643 3.216
F96-2-DZ-1 3377 3.529
F96-1-DZ-2 2275 3.357
F96-1-DZ-21 3172 3.501
F96-1-DZ-11 2193 SSP 3.341 3.379 2393 0.069 0.020
F96-1-DZ-28 2171 3.337
F96-1-DZ-29 2282 3.358
F96-1-DZ-24 4120 3.615
F96-1-DZ-9 4577 3.661
F96-1-DZ-19 4721 DSP 3.674 3.615 4117 0.072 0.020
F96-1-DZ-3 4271 3.631
F96-1-DZ-18 3111 3.493

Bl 4 3 Flk i 58 S VIR A Ble W

Fig.4 Fracture locations of the three surface integrity statues
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Fig.5 Fracture morphologies of fatigue samples for three surface integrity statues: (a) DZ-20, (b) DZ-2, and (c) DZ-9
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Fig.6  Fracture morphologies of sample DZ-20: (a) source region, (b) fatigue band, (c) rapid expansion zone, and (d) dimple
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Fig.7 Fracture morphologies of sample DZ-2: (a) source region, (b) fatigue band, (c) rapid expansion zone, and (d) dimple
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Fig.8 Fracture morphologies of sample DZ-9: (a) source region, (b) fatigue band, (c) rapid expansion zone, and (d) dimple
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Table 4 Low cycle fatigue band parameters of turned sample
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DZ-20 Table 5 Low cycle fatigue band parameters of SSP sample DZ-2
Crack length, Average fatigue “rack length, Average fatigue
No. . N; No. . N;
a/mm band spacing, S/um a/mm band spacing, S/pm
1 0.01 0.88 91 1 0.01 1.07 45
2 0.09 0.88 120 2 0.06 1.13 135
3 0.21 1.12 171 3 0.22 1.24 177
4 0.39 0.98 103 4 0.50 1.93 61
5 0.80 7.00 44 5 1.00 14.5 44
6 1.50 25.0 35 6 1.95 28.3 38
7 2.80 50.0 38 7 2.95 25.0 43
8 4.70 50.0 TN, =602 8 4.15 31.0 XN, =543
40
£ % £
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Fig.9 Relationship between crack growth rate and crack length of

fatigue specimen after turning
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Fig.10 Relationship between crack growth rate and crack length of

fatigue specimen after SSP
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Fig.11 Relationship between crack growth rate and crack length of

fatigue specimen after DSP
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Table 6 Low cycle fatigue band parameters of DSP sample

DZ-9
Crack .
a/mm » o1
1 0.01 0.98 143
2 0.17 1.25 118
3 0.30 0.96 168
4 0.46 0.95 177
5 0.80 2.90 81
6 1.73 20.0 60
7 3.22 30.0 N, =747
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Effect of Surface Integrity on High-temperature Low-cycle Fatigue of FGH96 Powder
Metallurgy Superalloy

Wang Xin" %, Chen Xing', Wang Xiaofeng'-*, Song Yinggang' %, Tang Zhihui" %, Zou Jinwen'-*
(1. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)
(2. Aviation Key Laboratory of Advanced Corrosion and Protection on Aviation Materials, Beijing 100095, China)
(3. National Key Laboratory of Advanced High Temperature Structural Materials, Beijing 100095, China)

Abstract: Ceramic shot and ceramic shot+cast-iron shot were employed to peen the turning surface of FGH96 powder metallurgy
superalloy to induce 3 surface integrity statues. Surface topography, residual stress profile and high-temperature low-cycle fatigue
performance were investigated of single shot peening (SSP), double shot peening (DSP) and turning statues. The results show that DSP
removes turning marks, increases the average roughness Ra, and induces the crater with smooth bottom, which makes the Kurtosis
parameter approach 3. Moreover as contrast, SSP with low intensity could only partially eliminate marks. Meanwhile, surface compressive
residual stress values are from —1000 MPa to —1100 MPa by SSP and DSP compared with —446 MPa by turning; furthermore, the depth of
DSP residual stress profile is 250 pm from 100 um of turning. By the effect of perfect DSP surface integrity statue, fatigue cycles increase
to 108% compared with turning, and the SSP edges up only 21% in the fatigue condition of 650 °C/e=1.2%. The fatigue life dispersion
decreases after peening. The results of macro/microscopic observation and analysis show the fatigue propagation lives are close among
three surface integrity statues while the fatigue initiation lives vary greatly. The initiation life of DSP is 221% of SSP and 216% of turning.
It is important and necessary to optimize the shot peening method for surface integrity promotion and high temperature low-cycle fatigue
performance improvement.

Key words: surface integrity; low-cycle fatigue; powder metallurgy superalloy; shot peening
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