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Abstract; For the roughing forging process of the large GH4169 billet, the finite element simulation
software Simufact Forming was adopted to conduct a simulation of the entire forging process of the
GH4169 alloy. The distribution of the strain field and temperature field during the forging process was
studied, and the overall shape changes of the workpiece during the upsetting and elongation processes
were analyzed. The results show that during the upsetting process, the equivalent strain distribution at
various positions of the sample is uneven, roughly presenting an “X” shape distribution. The area
where the anvil contacts the workpiece remains basically undistorted, and the temperature and equiva-
lent strain in this area are relatively low. During the elongation process, there is heat exchange between
the surface area of the forged piece and the air and the upper and lower anvils. The equivalent strain is
high while the temperature is low, and the equivalent strain shows a certain periodic distribution. The
head and tail areas of the workpiece form an inwardly concave state, which is due to the significant
difference in metal fluidity between the inside and outside.
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Fig. 2 Thermal physical parameters of GH4169 alloy



&1 BRI . MUK GHA169 4 4 e b HBE S e B A AL 5 107
R2 IMREETE
Tab. 2 Actual forging process
KWK AR LA SBRTHLAR/mm B Bk /mm TR BE/C AR ]/ h
1 B K 508 530 1110 4
2 G EL AN 530 550 1 080 3
3 G EL AN 550 630 1 020 3
4 18N 630 500 1 000 3
5 /AN 500 410 1 000 3
6 LGN 410 365 1 000 3
7 L AN 365 325 1 020 3
1.2.3 #3005 s B0 [, BE AT 2804 1T R, B AIG o 53 i ] 55 ¢

3] 7 AN T A e o o —

KUHIBORL 1 3k

Lk AT B, X 43 A% £ it o (20 000,
30 000,40 000) , & 3 &l 4 S AS [R] 90 45 %5 i 4 A5
2

MAEALZE F 4381 T A5, 7€ 30 000 5 40 000 ¥
FEEE T RS A 225/ 5 20 000 4% L
N AOBLZE S 2 BRI FE 30 000 WA A
T AHBET 20 000 A% E L, AT AR 43 A BE T
Y S A RS T 19 JR) BB AR A R TR B A R
PETI, T B o A b Sz AR EORL 4 Ao A v ) R R R
B —Jr T, 5 40 000 A% ECEAH L, 30 000 X
8BS T DR TR o A A DURG B LAY 2 TR TR 1Y)

TRTAFE, 2B T B AU0RS B2 5 3 5 RCR 19 B T
i, SEIE T TR S PR B BORL IR I TR
o HT .

2 RELERESH

2.1 HETESH

miE s 5 6 fs , BB BT 1) 56 B Bk
TARBM TSN E AR SR, 55 T2 M0
IR G ET ) LSS SR FE B AR
FEBT B, W) 4 B AR IR E T S T8 5 Al B E] 1Y
JEEPER 2 SROARN T 350 v 1A DX 3 4 S U ) 32 B, A5 3K

SROBERIAR BRI AR SRR
0.62 0.66 0.65
0.57 0.60 0.59
051 0.54 0.53
0.45 0.48 047
0.40 0.42 0.42
0.34 0.36 0.36
0.29 0.30 0.30
0.23 0.24 0.24
0.17 ’ “ 0.18 0.18
0.12 0.12 0.12
0.06 0.06 0.06
Bk 0.62 BK: 0.66 BK: 0.65
B/v: 0.00 BB 0.00 B/ 0.00
(a) 20 000 (b) 30 000 (c) 40 000
&3 BUHL 1 7EAS R PSS B sl gt 1

Fig. 3 Simulation results of upsetting 1 under different grid quantities
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Fig. 6 Changes in the shape of the workpiece during the entire forging process
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Fig. 9 Equivalent strain distribution during different forging stages
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Fig. 12 Temperature changes at three points in the workpiece during forging



5513

T IRE . RIKS GHA169 & 4 HabH 4B i i BB E R 5T 111

RSB, AR AR L, 22 RSB PRI A I R B
Sl T REUR S EAR T, SR E S T
AL, 0 TR BE DR AL S i s AL P R
VR, B ZREN Vo 7 3% 100 -5 0 1T, 2 1A M1 1 9 56
W5y % SN

3 #Fig

1)%? Simufact Forming ARG ,*@@T
AL T AF Rl T BRI 15 T 1 = 4R HE A A
B BEXT GH4169 & T MR T2, Bl 1
BRI 2 TP G o fE . Sl BUE BT 1Y
BRI 3 5 A RN A8 o3 A o X SEBR AR T
AR AL B 18 5 B L, N B2 R 4 B i e
TS T RIS B BB BT Al

2) BICHLAS IR B B, APk i T )55 TR Ay L
fid A R Z ARAL T[] I 52 300 SRR 4 2 R 3
it 32 BRI L 5 55 000 28 A UG AR X 5 57
DI PR A v i) S8 PR AR S 7 AR 8 ) AR TR AR AR
IO, AR X LA ) 3R T AR I, 0459 DU R S
SR AR ¥ W 2 v T R 3 DI S A ) s
1o L GAR” BB B I A FAE

3R b, TR P S T
ik AR TE R B 358 B S e, 2 B A v I 7 {5 R B
(E RS RRIE OV E A ME AR TR IX. L9 1 3 4% B
PACTE UG gz 20 R, B 22 I RE R IR A
AL TR A BB %, SR RN AR B BT
] A R M A R XM 2 TR AR S 1E T T RY
ICAERATH 38R T S 8B A N AR ZH 2P RE T
FER SCHEBIL]

Sk :

(1] FEIRAR, g g PR, 55, KA GHA169 & 4 itk
LU BE o BT (V] #5 1E HOK, 2021, 42 (3) : 180-
183+187.

DONG Z W,XU K K,SUN L H,et al. Defect analysis of
large GH4169 alloy forged bar[J]. Foundry Technology,
2021,42(3) :180-183+187.

[2] sKbZ NG, RifE, 55, GHA169 & G 28PN T
WENLURATT LSRR [ T]. BVET R, 2024, 31
(4):74-91.

ZHANG S H, LIU J X,ZHANG H Y, et al. Review of
plastic processing and microstructure control method of
GH4169 alloy [ J].
2024,31(4) :74-91.
[3] WANG J G,LIU D, YUAN Y J,et al. Deformation cha-

Journal of Plasticity Engineering,

racteristic and microstructure evolution of GH4169 alloy
induced by axial upsetting and axial rotary forging [ J].
Materials Characterization,2022,191:112136.

(4] FENZL. GHA169 & S i T. 20 L R 52w fff 5
[J]. FFMEAR ,2015,21(2) :34-37.

PEI B H. Influence of forging process on grain size of
GH4169 alloy [ J]. Special Steel Technology, 2015, 21
(2):34-37.

[5] WREZ 7. ik SH GH4169 M T K 4141
fRZIR [J]. BB 5 wh Ik, 2022 (23) :30+32+34 +
36+38.

YAO Y J,YE N. Effect of forging parameters on the for-
mability and microstructure of GH4169 steel blade [ J].
Forging & Metalforming,2022(23) :30+32+34+36+38.

[6] WANG Z B,HOU G S,ZHAO Y, et al. Characterization
of residual stresses and grain structure in hot forging of
GH4169[ J]. Aerospace,2022,9(2) :92.

[7] MA B Q,JIN W J,KANG J,et al. Hot deformation beha-
vior of GH4169 superalloy with high proportion of recycled
material addition and initial dendrite structure[ J]. Jour-
nal of Alloys and Compounds,2024,1007176352.

[8] FFihE, TA, B R A, 5. Ni-Co-Cr M KB EG4E

B PASRR I FROCEA S SR OFFE [T ], R
A (AARBRERR) ,2021,52(10) :3405-3418.
QIAO S C, WANG Y,LYU L X, et al. Finite element
simulation and experimental research on dynamic recrys-
tallization of Ni-Co-Cr-based PM superalloy[ J]. Journal
of Central South University ( Science and Technology ) ,
2021,52(10) :3405-3418.

[9] CHAMANFAR A, VALBERG H S, TEMOLIN B, et al.
Development and validation of a finite-element model for
isothermal forging of a nickel-base superalloy[ J]. Mate-
rialia,2019,6.:100319.

(107 B4R, 2207 VI, 45, GHA169 45 4 PR 4Lt P 41 4L

R RCHERT S RN J/0L] . & JE 274, 1-18[ 2025-
05-10]. https://link. cnki. net/urlid/21. 1139. tg. 2024
1125. 1700. 004.
WEI Z,L1 X,JIANG H,et al. Study on the adaptability
of microstructure models in the ring rolling process of
GH4169 alloy and its application[ J/OL]. Acta Metal-
lurgica Sinica, 1-18[ 2025-05-10]. https://link. cnki.
net/urlid/21. 1139. tg. 20241125. 1700. 004.

(1] Ry SCED X, 2. B il 5 5 GH4169 fL

PSR A BUA A T 2: RSB [ )], fias gl )2y
#%,2020,35(1) :30-40.
JINSZ,HU D Y,LIU H,et al. Numerical simulation
method and investigation of cold expansion processing
parameters of nickel-based superalloy GH4169 [ ] ].
Journal of Aerospace Power,2020,35( 1) :30-40.



oAb TR K ¥ % W (A %R %) 2026 4

[

[

[

[12] WEI Z,JIANG H,DONG J X. A new evaluation method

of mixed-grain in finite element simulation during ring-
rolling of superalloy[ J]. Journal of Materials Research

and Technology,2025,36:1912-1916.

(137 skt fepiam. F£F Simufact Forming B & K B 32 22

R BaEEE T E [ T]. AT TZ,2019,48(23)
126-129.

ZHANG J, HUA C Q. Numerical simulation of conti-
nuous radial forging for slender shaft based on Simufact
Forming[ J]. Hot Working Technology,2019,48(23) .
126-129.

M52, HT Simufact Forming F i #8 I - #WEBRE HL
BT SO B (1], Um0 2, 2018, 47
(21) :196-198+202.

QU X L. Computer simulation analysis on wear of hot
forging die for turbine blade based on Simufact Forming
[J]. Hot Working Technology,2018,47(21) :196-198+
202.

YANG X W,LI W Y,LI J,et al. FEM analysis of tem-
perature distribution and experimental study of micro-
structure evolution in friction interface of GH4169 super-
alloy[ J]. Materials & Design,2015,84;133-143.
XUBAH. IR T 298 GHA169 & & AR TEAT Ry Je 4%
ERADBIIE[D]. 5L IR, 2022,

LIU M Z. Study on hot deformation behavior and forging
simulation of resource-saving GH4169 alloy[ D]. Qin-
huangdao ; Yanshan University,2022.

SELLARS C M,MCTEGART W J. On the mechanism of
hot deformation[ J]. Acta Metallurgica, 1966, 14(9) :
1136-1138.

XU tae, ZE ok, 45, GHA169 wil & 4+ ik
BRI T BB AU [T ], AL AT A5 A
#7,2025,38(1) :161-164.

LIU Y,XU L,ZUO S B, et al. Numerical simulation re-
search on forging processing of GH4169 high temperature

[}

[

[

alloy 12-point head bolt[ J]. Development & Innovation
of Machinery & Electrical Products, 2025, 38 (1)
161-164.
JIAO Y X,QI Q Q,GONG Y M,et al. Research on hot
deformation behavior and microstructure evolution me-
chanism of GH4169 superalloy [ J]. Materials Today
Communications , 2024 ,40;109958.
B A, S0, B GHA169 A 4 K ALK 4 245
PR R AL IAEEGE T 2058 ()], il 5 bk, 2022
(11):59-62.
FENG L,FENG X H,ZONG S, et al. Study on forging
process of a heavy GH4169 alloy turbine disk forging
with a preform made by ring rolling[ J]. Forging & Me-
talforming,2022( 11) :59-62.
WANG J G,LIU D,YUAN Y J,et al. Deformation cha-
racteristic and microstructure evolution of GH4169 alloy
induced by axial upsetting and axial rotary forging[ J].
Materials Characterization,2022,191:112136.
BARTON G, LI X,HIRT G. Finite-element modeling of
multi-pass forging of nickel-base alloys using a multi-
mesh method[ J]. Materials Science Forum,2007,539/
540/541/542/543.2503-2508.
s, KB Ak 26Cr,Ni,MoV 4% #4258 I8 17 4 BF 5%
[D]. Sl LT R, 2021,
YANG J. Research on hot deformation behavior of
26Cr,Ni,MoV steel used for large forgings[ D]. Ma'an-
shan ; Anhui University of Technology,2021.
N, PR, il G 4 GHAL169 2 BBt HI 1 i 4
WEFELT]. AR RS2 4 ( FHARBE 2R , 2017, 35
(4):611-613+636.
MA X L,SUN H Q. The high-speed milling force experi-
ments on high temperature alloy GH4169[ J]. Journal of
Jiamusi University (Natural Science Edition) ,2017,35
(4):611-613+636.

SHEGE EEE)



