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Abstract: In order to investigate the usage of cold expansion technology in nickel —
based superalloy GH4169, the numerical simulation method was established to study the in-

fluence of mandrel materials, interference value and friction coefficient on circumferential re-
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sidual stress distribution. The validity of the numerical method was verified by experimental

data. According to the simulation results, the upper limit of interference value was 1. 86 %

and there existed a favorable range of interference value and friction coefficient. In addition,

the depth of compressive residual stress had a positive linear correlation with the interference

value on both entrance and exit surfaces, while an optimal interference value existed. The

choice of mandrel material should be based on yield strength and ultimate strength due to

mandrel’s plastic deformation. The friction coefficient only affected the distribution of com-

pressive residual stress on the edge of the hole. In case of insufficient lubrication, exit sur-

face became a critical section resulting from material accumulation.
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Table 1 Mass fraction of chemical composition of GH4169 superalloy %
C Cr Ni Co Mo Al Ti Nb
<0. 08 17.00~21.00 50.00~55.00 <1.00 2.80~3.30 0.20~0.80 0.65~1.15 4.75~5.50
B Mg Mn Si P S Cu Fe
<20. 006 <20. 010 <0. 35 <0. 35 <20.015 <20. 015 <20. 300 &

&2 GH4169 5 &M S F1HERES

Table 2 Mechanical properties of GH4169 superalloy™!

T/K
SR
293 923
w2/ MPa 1140~1200 930~995
o,/ MPa 1345~1430 1100~1165
8/ % 12~22 12~30
o'% 20~37 25~38
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Table 3 Material parameters of GH4169 and 300M steel

o E/GPa K/MPa n v
GH4169 196.0 1874.58 0. 08464 0. 30
300M 178.9 2425.42 0.03894 0.32
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Fig. 2 Contact pair definition of cold expansion

numerical simulation
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Fig. 8 Circumferential residual stresses with different

mandrel materials

T3 43 A7 5005 A 1 TP A e R R A OG-
A UE W] T2 PEGE MR S AT O i L
F3—J7 W N AR TE B It B i 2 )
AR PREGE R K I i A 19 A8y SR I3 9 SR AL
Y DA 05 51 B iz 31 JIT 75 i hidk 0 s DA RORE
BB RS Gn L9 Firos . AT DL FEBF R #
AISI630 4 It 75 9Pk J1 % 300M X /)N, i H.
AF AT F2 A A T DR IE [R) 4L Uk B e 4 1 5% 4k i
NGt ErE. 454G 18 8, AISI630 Al 300M 5§
SCNHETE BT AT 51 A 14 J 1] 5 A% 0L 3 43 A7 AR i L AH
TESFLEELL ATSI630 5)5e i HF e 11 & 1] 5% 4k F i )
FoR, HIC, 7E L 430 H & T R Al
S1630(05Cr17NidCud Nb) 84 Jy s #5841k}

3000 | 2
2500 |
z 2000
oy
1500
©) —=— 300M
1000 —e— En24 ©)
500 |- —a— AISI630
1 1 1 1
0 10 20 30 40

t/s

OFFEFIE  QFED OB ESTHR

SRS

B9 ALE R R ot i i Rk
Fig. 9 Pulling force of mandrel during cold

expansion process

TE SAEAS R AR T A AR R 0 E B TR L
I 5 AR P9 A 5 e 3o 2 PP gl m] BB 227 2R R
1 Y8 kA TE 0 TR Y IR 2 T i R A s L )
JI DL X B 2 v it A e A AL BT IR T2 O AR IR



36 w3 ¥

%35 %

R s AL BOR S B 7 W RE A SR Z Ah L R 1Y
TEM BN A — [R5 08 i AR o B AN B A1 L (7]
F PR TE — 7 14 58 B DA By 1k R
2.2 HEEXNFLABAEZKERE KN ME

TE ALY Fe 8 Ak 12 30 500 5 100 1 R ity | DR
SRR RE (300M ) | JBE 488 PR %5 (0. 1) | T % J 3
J# (10 mm/min) A4S A4S 55 16 o H A5 3 1
FL A 1 5R Ax B 1 4y A Bl 10 R . WTLAE
B A% T INE ) )2 1 % T 5 5 19 8 R T 44 KL 3X
J2 R g o LT A A 98 M DX R e s A 34
3L KRN e S == gV VAR T S A
T IR . B R KT 1. 90X i, B A
(R BR AL 1 43 A 5 L 8% T SR Ak i 36 25 SR A r A
[vi) o Bt L 300 B 348 in 7 & 2 U8 sl A8 Ak B % 4% R 7
T3S/ G BN Ja SN S AR O AR A B R
Jo TREZBHMEMAT A A aefEfLill— &
B Ak A e A 9 5T R AL . B D BR AR B T A AR
5L e 5 Ak 50 45 S AH R Bl R e R
B A% R IV 7 328 0 4G Jn 5 LA e B L .

400
ol m
0
<
% -200
< —a— i=0.952%
o —400 —o— i=1.43%
—~600 —a— i=1.90%
—v— i=2.86%
-800
—1000 : . : -
0 1 2 3 4 5
Depth/mm
(a) Hr A
200
0
-200
§ -400
~ —600
o)

-800 —a—=0.952%
~1000 | —e— i=1.43%
—a— i=1.90%
-1200 —v— i=2.86%
~1400 ' : : :
0 1 2 3 4 5
Depth/mm
(b) HriliE

P10 AN T i Ja] 1 5 A% 1
Fig. 10 Circumferential residual stresses of different

interference values

AR & 10 353 45 3R m] 23 53 45 21 57 A 1 Al 5
HH T 5% A% T 1 D 2= TR B A T B TS TR BE d A
PrIsf i Z A R W 11 s . |/ R 2R
HASE R B F-T5 o Al DB A TR 5 H T 5% A% T 1z
NZRBRE MG R A H W B ARIELR. N
SRR LUK B B T A SRR VT AR
KRB AT AR 17 EL IR B2 5 PRI 5% A T 3

AR B,

St .
R=09624 "
lt .
£ o’
£3 .
= -
2t > - R=09828
) ).
1r ,/’,"' = Entance
T * Exit

0 05 1.0 1.5 20 25 30
il%

B 1L el 1 B AR R ) A SR R B T A A O R

Fig. 11 Correlation between circumferential compressive

residual stress depth and interference value

EICE: ZNENVPIE SN RS /s L P U
12 Jro ] RUK B B 5F 2 38 T » B A T A
e 10 BR A% P 0 ) 28 T 0/ O 38 B AR e T i
B T B4 e K] 1] BR AR T O ) — B R it T
T 2y 855 B AL AT AE — A e B T A 2 5P
FF PR AR T I AR 5 R o 1 9 95 B 25 OR BE BT T
I AE 25 5 I e A TR R
57 4 g AOR AN S B B 2 i T ORBE i T BB AL
T i/ .

-600
700.///'//)'_‘_———*
—-800
£
Eﬂ) —900 —=— Entance
5 1000 | —e— Exit
—1100
—1200
—-1300

1.0 1.5 2.0 25 3.0
il%
12 SRR 1m) 4 e g 7 R T A O 3R
Fig. 12 Correlation between maximum circumferential
compressive residual stresses and

interference value



13

BT AR R SR A A GHA169 FLEF R IR AL BB B,y 1 K 2 80 37

S I R B T DAFEFL D 51 AT IR 5% A%

N A7 AR A& 10 TR , Bl 57 34, AL
BE 5% A% R R 7 00/ » [ B B 85 L 5 3z Aub 5 Ay it
IO 3 HE IS 3 AT RE 1 R R T 52 A8 B A 1R R 5k
FEALEESR R Sy — T R R B
2 FEALN AT TR ZL R S I A W iR B
I BN 7 B H BT D B AR RO B e
AN 300M 4K, 5 O 2. 86 %0, BF IR B E R
10 mm/min FIEE $82 L ECK 0. 1 W85 I T2 414
T e FLAF A R 5 R il 1 0 8 43 A a0 1] 13
Fs CORBURCR  IAE R R 2 5 R) . WA
13 rfrn] DLW b 7 0, B 1w 48] AR b e A0 B Ry
0. 16 mm , A {8 /1 ]RUsF 32 % » 15 W B H 1 B 30 A4
R B 5 N ) 4R P S B 9 R
R B UE T A A B BT R (A5
FEAT I AR AR e K . 2T M R A e B R R
FE AN 2 3 S o ™ 5 4 b 3 AL B e R
J ik 5 4 R BSORE G, 7 AR BE SR B 0.1 /Y
B AEBE B o) p B 12 R SR AR B A Y
14306 ~1.90% , % 1 J5 2 1 % 95 il 16
Ik .

z/um
45.44

-22.53

-90.50

-158.50
Bl 13 L3k b im) 1 35 5 A

Fig. 13 Axial displacement around central hole

2.3 EREHMNEREANSHHRE
Tl A5 ALBE 2 T PR IE B IR G AR
Y 5] B B R D8NP ARAR B TR L 38 AR FLBE IR
L T 700 55 7 /0N PR A TR B, 0B 5 S R B R D
300M 4, £ He 04 10 mm/ min, 3 5 76 5 [ 4
o 0.952 %01 2. 86 20 B A5 AF L BEAMA [7] B 45 [
B AL B AR BT o0 AL WLIET 14 15,
TE 0. 952 0 BF FE it R, AN [F) JBE 48 R BT % A
ﬁ*ﬂﬁtﬂﬁﬂﬁ%ﬁﬂﬁﬁ%fﬁﬁﬁﬂ?imtm
PR A /5% 1 3k Y T s 3 0N TR TR B 4 D Y
SN . HR L Y B R R 2. 8600 L BE 45
TIN5 WY . [ A P A DR RO I 5% AT 9
FL1 5% A% 1 B2 7 38 0 5% H 1 9 £L 34 5 A T Bz A
W/ o AR JEE 45 DR RROR R AR IV ) A Y 5

200
0
-200
g e
S —400 K
= —e— p=0.1
o —a—p=0.15
—v—p=02
-800
—-1000 : : *
2 3 4 5
Depth/mm
(a) BrAH
200
B susos rim
-200
<
=™
S 400 a0
o —o— p=0.1
~600 —a— 1=0.15
-800 SyaiE
—-1000
0 1 2 3 4 5
Depth/mm
(b) i
Bl 14 BFE A 0. 952 0 B A [F] B 48 B AT FL 3 JE 1)

AN 3 53 A

Fig. 14 Circumferential residual stresses of different
friction coefficients with 0. 952 %
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