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Abstract: A study of the evolution mechanism of surface integrity of turning-shot peening com-
posite machining under service load conditions was carried out for the nickel-based superalloys
GH4169G for aero-engines. The forms of thermal, mechanical, and thermo-mechanical loads on sur-
face integrity were analyzed by simulating thermo-mechanical load tests under service environments.
The thermo-mechanical loading model for surface integrity control and the residual stress and micro-
hardness evolution model with cosine function control factor were established. The laws of residual
stress relaxation under thermo-mechanical loading and the laws of microhardness changes and surface
microstructure changes were mastered. The results provide basic data for mastering the evolution of
surface integrity of nickel-based superalloys processed under service environments. The surface integ-
rity control processes were further optimized.
Key words: superalloy GH4169G; combined turning and shot peening; service environment; evo-
lution of surface integrity
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Tab.1 Element content of GH4169G superalloy %

w (N1 w(Fe) w(Cr) | w(Nb) | w(Mo) | w(Ti
53.7 N 19.31 5.27 3.1 1.05
w(AD w(Co) w(Mn) w(B) w (P)

0.57 0.26 0.006 0.0095 0.024
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Tab.2 Main mechanical properties of GH4169G
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Fig.1 Surface residual stress under different
holding times

EARBR R R AN B R B R A
TE ST 1400 5 T 2 B BE 400 46 9 B ) s st e R
F PR I R AT T [ ) 384 L B A N D A it e
BTN R . IR AR N D Pt B R R
AR T B R RO ZUE R A 5 R AY . WL
7 A 2 A A i A 2 ST A A R 5 A [
52, (o1 52 b AR AR AR rb % 77 1) 1 A BRI AT
SPEORARN A, 7R B A U 190 4R B B
FEBERJZ i T L A 1 4 SO 8 8 B ROR L B
AR A [] 52 8 08 DR LG T A0 6 9 B 5 A% IO g e T A
st . A A 0 R ER o A U AL S A IR A
BRI TR 7 55 2 0 5 IR (] S AR AR L e 2651
R AR ] R e R R

Bl 2 J 7R e ALAR BRK) GHA169G 76 44 30 A
ORI [R] 5 B B 0 3 R 5 1] £ 53 A B
o PRIEAS [ I e 2 J2 Bl L T i R JEE 77 1)
ISRPRAE A “AIFE 7 o3 A s BIVER A IV 0 56 T B s
ETb R T AR SRS . B DR R R] B

« 782 -

AR Bk A% T I g R R /N A B RIVER R Bk A
77 Bt FA DRI P 1 T A 2 A st

B2 FARAGREHKTHERREAREABSH
Fig.2 The distribution along the depth direction of
residual stress under different holding times
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Fig.3 Relaxation curve of surface residual stress
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Fig.4 Surface residual stress variation under

mechanical loading
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Fig.5 Residual stress distribution under different
loading cycles
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Fig.6 Surface residual stress changes under different
high temperature loading cycles
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Fig.7 The depth distribution of residual stress under

different high temperature loading cycles
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Tab.3 The cosine attenuation function fitting control

factor of residual stress field
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TM3 — 1.963 —4.214 | —145.272 | —82.719 0.978
TM4 —2.116 —4.435 | —144.976 | — 86.415 0.990
TM5 — 2.147 —4.759 | —144.837 | —88.075 0.994
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Tab.4 The exponential function fitting control factor

of microhardness
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Fig.13 Microstructure changes after different

holding time
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Fig.14 Changes in microstructure under different cycles

at room temperature conditions
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