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Hot upsetting process of super-sized superalloy GH4169 bolts for aerospace
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Abstract ; In order to study the hot upsetting process of super-sized GH4169 superalloy bolts for aerospace, the high-temperature compres-
sion experiment of material was carried out by the thermal simulation testing machine, and the influences of different deformation tempera-
tures and strain rates on the deformation resistance of material were analyzed. Then, the hot upsetting process of superalloy GH4169 bolts
was numerically simulated, and the influences of the distributions of equivalent stress field, damage value and metal streamline, and fric-
tion factor on forming load during the forming process were analyzed. Finally, the process experiment was carried out. The results show
that when the strain rate is constant, the deformation resistance of material decreases gradually with the increaseing of deformation temper-
ature. When the deformation temperature is constant, the deformation resistance of material increases gradually with the increaseing of
strain rate. When the friction factor u=0. 3, the maximum load in the forming process is 3. 56x10° N, and when the friction factor u=
0.5, the maximum load in the forming process is 4. 11x10° N. The superalloy GH4169 bolt forgings obtained by the process experiment
are fully filled, the sizes meet the requirements, and no forging defects are found, which meets the using needs of aerospace field.
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Fig. 1 Part diagram of compression sample
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Table 1 High-temperature compression experiment schemes
RS ABRRE/C A/ sT RAIER AL/ %
01 900 0.10 1 70

02 950 0.10 1 70

03 1000 0.10 1 70

04 1050 0.01 1 70

05 1050 0.10 1 70

06 1050 1. 00 1 70

07 1050 10. 00 1 70

08 1100 0.10 1 70

09 1150 0.10 1 70

1.2 THRERSH

12,1 AFEZASEEREE T BB ) - B0 A8 28
K2 HARTE ek 70% , NiAREE R 0.1 87" 1,

ANFEASEIRE T GHA169 il & 4 i B H1 - B AR

Mgk, MWK 2 el LIEH, TCerEmA AR RE T,

TV ] — BN AR M2 102 S T e S RS O TR AIR

X EERR R, ARG, i4his shiihe
JIreAess, AR AT REHEAR/N, FE R BOb
RPN TAEAAE T, HASEY &M K, bE
GBI N, MR R A S AT &, mishA
e EA — AR ER, TR T —5 R n T
WEALAERT, PRk, AP0 R AL, HE 2 0]
A, AR X GHA169 =i A 4 AR B 5L J1 1Y 52 i
BR, BIRRESS, BR8N, B3 A
B, WAAEE R 0.1 s I, GH4169 Bl &4
A N 1 SRR BE R C R . B 3 TRl LI
GH4169 =il A 4 W VB N 1 5 78 T T 8 AR S 4%
PR, IR, WA N T8N

400 -

900 'C
300 -
950 C

g //~»~«\\\‘\\\\v

R 200 H 1000

2 50 °C

i 1100 C
loog™ TT——— 50T

1 1 1 1 1 1
0 01 02 03 04 05 06 07
IV
B2 REZEZEET GHA169 &4 4 i BN ) - B AZ M2k

Fig.2  True stress-true strain curves of superalloy GH4169 under different

deformation temperatures
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Fig. 3 Relationship between peak stress and deformation temperatures
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Fig. 4 True stress-true strain curves of superalloy GH4169 under

different strain rates
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Fig. 5 Diagram of superalloy GH4169 bolt forgings
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Fig. 7 Load-time curves of punch under different friction factors
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Fig. 8 Equivalent stress distributions during forming process

(a) Step 120

3.3.3 PfES AR

A A 5 A AT DL TN AE RO R R 2R 5
AL X, SR O el AR O T2k A i
PR e B 9 O GHA169 iR A 4 IR
BAEERE o B R (o A, o, iR iME
FEAS AL AR 5 I s T AR 0 Lu B, AR 9 wrmT LA

(b) Step 160

(c) Step 180  (d) Step 200

B, BRI R B R S 5 TS 5 fi
M, FeoE 6 MR MR i E R K, HIt,
FEHEAT AR L T T 2 2 RGN [ £
3.3.4 &Rk

KP4 R 2 — MR B A E T 1), wl
DAGE R0 Sy 2 v 3R T 10 B B

Bl Bl Bl Bl
0.3000 0.3000 0.3000 0.3000
0.2620 | 0.2620 | 0.2620 0.2620
0.2250 0.2250 0.2250 0.2250
0.1880 0.1880 0.1880 0.1880
0.1500 0.1500 0.1500 0.1500
0.1130 0.1130 0.1130 0.1130
0.0750 0.0750 0.0750 0.0750
0.0375 0.0375 0.0375 0.0375
0.0000 0.0000 0.0000 0.0000

@ (b) ©) ()
Ko B PO E AR
(a) 12025 (b) 1604  (c¢) 180  (d) 200 4

Fig. 9 Distributions of damage values during forming process

(a) Step 120 (b) Step 160

(c) Step 180  (d) Step 200



% 6 1] & B MURHEBRHRE GHA169 Ml & & IR s T2 59

)

B 10 GHA169 il & x5 ) < J i 2k 4 Aii
Fig. 10 Metal streamline distribution of superalloy GH4169 bolt
Ji GH4169 5 4 MR R A0 4 Jm Tk oAl AAIET 10
AT LA Y, SR R T A AU HAR I A

'Y

(@ ®
B Ssad R R R R R 3R A GH4169 i A & 84

(a) JEF#RA20% (b) JETF=N 40%

(¢) JETFHHK 60%

4 GH4169 B ik &4 B e T 7 Lk

FIRBUER R 2P T 25, 454
A RIE A, B TARN AR R, #8477 T2
SEHy ) SCEAR R GHAL69 iR A 4 B A B 75 11
Wi, ZeidaE, ROFFFEBHEoR, Bl 11 RS
AR HORTE R & AR GHA169 i A 4 1844
S, 12 N5 206 R R E AR AR R R
R N FRRIE R EE, ol LA R A G
ML st REAR—F, K 13y GH4169 R4 4 12
S R A, LR HEAS U R 1 5 B
Tl s, SRS B 4 R 2R A AR — 2L
e HERR BB

W

@ ©

(d) JEFEHN80% (e) ETFHN100%

Fig. 11 Superalloy GH4169 bolts under different reduction amounts during experiment process
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Fig. 12 Forming schematic diagrams of superalloy GH4169 bolts under different reduction amounts in numerical simulation process
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Fig. 13  Metal streamline diagram for head of superalloy GH4169 bolt
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