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ABSTRACT

Nickel-based superalloy GH4169 was investigated because of its superior properties
of ceramic materials are widely used in aeroengine high-grade components,especially in
the high temperature nickel-based superalloy GH4169 was investigated under extreme
conditions such as still have a very good fatigue strength,gas corrosion resistance and
other properties,make its in the aircraft engine parts of the materials used by more than
40%,therefore, In this paper,the shot peening process of GH4169 nickel-base superalloy
is simulated,and the stress field distribution of GH4169 nickel-base superalloy is analyzed
after changing one of the shot peening parameters.

In this paper,the ABAQUS finite element analysis software was used to simulate the
shot peening on the surface of GH4169 nickel-base alloy.Under the condition of not
changing other shot peening parameters,only the shot peening speed was changed to study
the distribution of the stress field on the surface of GH4169 nickel-base alloy under
different shot peening parameters.

The model in this paper is taken from the edge position of the blank of GH4169
turbine disc (where there are tenon joint features and shot peening process is usually
adopted),and the model parameters that can reflect the shot peening condition are
obtained by constructing Johnson-Cook constitutive model. Three different shot peening
velocity parameters (60m/s,70m/s and 90m/s) were used to peen the specimen to observe
the stress distribution on the specimen surface.By analyzing and simulating the stress
distribution,stress curve and displacement distribution,it can be concluded that with the
increase of shot peening speed,the surface stress of GH4169 nickel-base alloy also
increases. The maximum stress occurs when the firing pin contacts the surface of GH4169
nickel-base alloy and then stabilizes.When it is consistent with the direction of shot
peening,the stress transfers to the inside of GH4169 nickel-base alloy specimen,and when
it i1s perpendicular to the direction of shot peening,the stress transfers to both sides
perpendicular to the direction of movement.The maximum displacement change is
consistent with the contact position between the firing pin and the GH4169 nickel-base

alloy surface.

Key words: Shot peening;Finite element analysis;Nickel base alloy;The software of

ABAQUS
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K 4-22  WEALEEE 60m/s, S22 T 18 7oA it £k

HH & 4-22 7] DL BRI FEd, BEZE GH4169 £ &R & S
SRR AN e, H SR AL B i RSN 140 8-720MPa; f 5 7= A2 1)
12 X 35 B T N F3 29 -380MPa; 1 3zt 25 4 o A0 L B TR AR B oK N 140
120Mpa.
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m\ f/

N |
N

001

0,04
SHEEZETT RN

[ S, 522 (F#9: 75%); True Dist, along Path-1" |

K 4-23 WAL 70m/s, S22 VT R 74 A it £

HH & 4-23 7] DL BRSO R L FEd, BEZ%E GH4169 5 &R & &
R SRR AN W e fl, HL ST R AL B KR N S120 N-870MPa; 8 5 7 AL 1
12 X35 R N S3 2 9 -780MPa; i Izt 25 48 o o 062 B T PR AR B B KL N 120
410Mpa.

NN v\/\ '
A AVAAVEREN

ST RS

| S, 522 (P 75%): True Dist, along 'Path-3'

K 4-24  WEALEEE 90m/s, S22 VT N 750 A i 2%

H & 4-24 0] DUE BIE BN AL SRR, BE%E GH4169 B3 EiE & &
RSt AWl , H S e B AT B i B R E N /140 8-920MPa; i e AR Y
12 X35 B R N /3 2 9 -800MPa; 1 3zt 25 48 5 o 0L BT RS AR B B K L N 1240
200Mpa.

4.5 KE /5

FEBEAN U B 23 W 3o A rh B R R e % L, el T M St R
20m/s~150m/s, PRI FERA 8 A AU 75 B W8 ALIE FE IS, 48 Fs B2 H 20m/s (178
FEZ G INE] 150m/s, Gar ik Bt AL 3o B A A RABALL I 75 (1) o FE M ML BEAR /Ny
(30m/s) , FLFTFEA MRS A ATAS I G, I HU3 BT 38 k31 60my/s I, 3
FETHT 1 B 73 53 A7 155 0 BE A% 36 A S B HEAB ) R ) o3 A A I, 24 W AL O R 1 K )
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120m/s B, HT# LK GHA169 W74 7 RIZIFIA T, SEHLR MR /)54
TEOLAL A2 T BRI P (R 0 o DRI, A SO 5 FU3s P 4 72 2 60m/s 70mY/s £ 90m/s
SRS RIS

4.6 5P

ik ABAQUS 3 A-x) GH4169 Wi AL FEHEAT 140, FIFH ABAQUS/Explicit 15
BLor i AU S5 5 N 7 0 A G O, B e 49 N 2390 A = B i 43 A = B A
Je N Jyre A i 2

(1) HRN S0 = BN A 75 S22 J7 1AW FLE B S 50N 60m/s B, ikt
55 B Ao B TR S A7 IX 8] 29 H-559MPa~-886MPa, 11 £E 48 o J& 121 [X 8k W 7743 A J&
AR EALE-233MPa F-559MPa X —[X [0] . TEWTALIE S H0N 70nys B, 5 S5 4F
P s} R 87 47 [X 18] -706MPa~-836MPa, 11 £F 48 o7 J& 12 [X 38 77 43 A FE A g 1 -
575MPa $|-706MPa iX — [X [A]; FEMT ALIH S0 90m/s I, 4 5l fmis
J% 77 X [6]24-758MPa~-972MPa, 11 7518 7 il 121 [X 385 77 73 AT 2 A 4 7€ {E-543MPa £
-758MPa iX — [X [H] . £ KW 7= A4 B 398 GH4A169plate 15244 55 48 St F2fi ) o
hE.

(2) LR 5347 2 B 43 B ol s WAL B 60my/s B, 721 4-19 A m] LA g2 2],
GH4169plate 157 5 51 DZ-12 4z ful (¥ o0 67 B BT P= 28 A F8 & B K 200N -
0.052mm, 8 £ A5 Y 4% fieh ) 320 B = A= R B R A #8 B 29°5-0.012mm. H HL7E T EF 5
B A Ry O B AR T I AR A AL 3 R S R AR T

HH 82 7753 i 26 B 2 A ml s AE S ALIE B S 40 60my/s I, BAE GHA4169 #12k
A SR SR AN Wi, S AT B 1 B K R Z08-720MPa;
i J 12 DX S i R 77 2 -380MPas 17328 129 48 o H o7 B8 BT 72 AR 1) B KB B 1 249
120Mpa. {EWHFIEESHCN 70m/s I, BE%E GH4169 I &R & S AR St A
Wrefuh, 58 EH RO B BRI 2008-870MPa; fif o Ji 121 X 38 R R /5 2
N-780MPa; 17z 29 48 o HH O BT AR R B KBNS 29 09 410Mpa. 7RI AL IE &
ZH0CN 90m/s I, Fi%E GH4169 Bt mili & & A SR A Wrifin, 55k H il
B B ) KRN ) 2079-920MPa; - it Ji 121 X 35 s 2 77 £ 4-800MPa; 1 128 25 it
i A BT A R B OR RN 12490 200Mpac

IR, BEEW LT K, GH4169 BLFE & &R MmN k. N Ak
HREAEREET S GHA169 BRI & &R M fliny, b5 TR . SWALEH 7 —
BN, R GH4169 BRAE& e ik WAL 1%, SWimesh)y B, MR
S5 R E AL . SR R EIALE SHEEN AT GHA169 Bk 4 4 3% 1 2 fi
fr BHEAR—,
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47 REERE

FEARTCN GH4169 #H:G AT WAL AR ORI, A RLE 1t mT Lk
B F AR SR, (B S SEER R IR — I T, IR RENS 5 4 R AR SEFR
N A T AL A O . R BRI 2h SEBR M AL IR AT — B IS % Sxb e, HE
T FE T ML S A A B A R R N R L, AU RE RS S B — PRESE 1)
AN

FEARRUT4EA, BB AN 2 B 2 FH A (3 i AL A B 2 ki 21) sl >R i =1 22 A
1, UL E BT E B A 1 R R AR B BB A AR A — e vT DA 31 6k 5 — 1
SR R FH B SEIR AT SR AL, AR X R — I SE TG A B A S AR

26



R N AR R 5 2022 Sl AR A Bl Bt

S5 3k

(1]
(2]

(3]

(8]

(9]

[10]

[11]

[12]

[13]

5K I FE TR AR N3 9 57 R S F i B BRI DL P T oK 52,2013,
TR, ME AT T 55 BB IEXT TC17 f GH4169 & 431 76 VA il i 97 PR RE 1 5
W [J]. 4 8 H b3 2018,43(1):67-71.
ZEPH I, BORAL, L e 2R 5 [ e AR v i 15 18 R B AL ORI T IR B i i 3
[J]. 3R HIHK,2020,49(08):105-122.
v S 380, 8 e LB B e AR A Je 5 B 25 [ 2 I 4R, 2010(16):26-29.
NG, 25 7 I AL R Kk e 59T ()] &R T 5,2020(01):32-36.
R o )b ARk T 5 < GHA169 W ALsa AL P BERIT 7T S Z B AL [D]. L g 58l k57,2017
P.J.Arrazola,A.Kortabarria,A.Madariagaetc.,On the machining induced residual stresses in
IN718 nickel-based alloy:Experiments and predictions with finite element simulation[J],Si
mulation Modelling Practice and Theory,2014,41,87-103
FIE SRR, PRttt 55 . TCA. WAL s A0 A5 156 AL ST R K 22 5441,2019,45(9):
1723-1731.
B0 W22 B S L TCA ARG il A
AR,2021,64(19):30-36.
SH LT 2R d R Y. 2 T DEM-FEM #6517 P AL 5 A AUE 2 A [J/OL] A 22 5
#:1-13[2022-05-07].
#5% KiplagatCollins Cherutich, 2% 5, TR 7R AR I A 15T AL FGHOT # oK il & 3R 1H
LR FE 0 5 BUE 23 BT [7]. R T H2 R, 2021,50(06):250-257.
Jianyue hang,Yongxin Jian,Xuzhe Zhao,Dean Meng,Fusheng Pan,Qingyou Han.The tribo

T

LRGP o R 5 B 3 A (] A i

\

logical behavior of a surface-nanocrystallized magnesium alloy AZ31 sheet after ultras
onic shot peening treatment[J].Journal of Magnesium and Alloys,2021,9(04):1187-1200.
Ning Wang,Jinlong Zhu,Bai Liu,Xiancheng Zhang,Jiamin Zhang,Shantung Tu.Influence
of Ultrasonic Surface Rolling Process and Shot Peening on Fretting Fatigue Performan

ce of Ti-6Al-4V[J].Chinese Journal of Mechanical Engineering,2021,34(06):81-93.

27



R N AR R 5 2022 Sl AR A Bl Bt

B

RN, KRR NS, BWRE IR RS /IR R A .
R PYEERT PR, 2R CERIIPYAE, X EAMEES] 7Ll kiR, %05
WARE 7RI AN 8, BARS A R RN B K B 2 A — 4
SRUTAN R Bl B0 [F) 2241 T

FERSCSE R bR, B A5 3 UM AR % P A i R 1, 723N
SERARRE T, TR RAER SR AR BN S 2 ORISR T T, I8 AE TR
ST LTI T, AT E T Z MBI B A i

FESE AR SR RE B B 7 V2 [, AR A AR S5 Bk
FRIAS A& DA R AE B0 0 A (I R Hh i B R e, B RS BT 5 A 22 AT
i, il T IR SRR AR e A B T

L, BB AL TR AR R 205 [ 22 AT R0E 20 (1 kg !

VUEE R AR RR EoR 1, IBRDY SRR A 22 7, HOMATI2E 1 3ATTR 22 1145 7 A0
Hi 8, ECIRARAE AR o TR B R AR AC, AR 3R R I ey T e
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YR EE RN AR RS B IRM T —DRIFEANT G, ERAERXE
SEOJRAEGE TR, AERA T DRI R !

28



