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Simulation analysis on forming for titanium alloy die forgings based on
Deform-3D

Wang Bo, Yue Zhanguo, Wang Ya'an, Bian Yingshuai, He Zhengwen
(Xi'an Aviation Brake Technology Co. , Ltd., Xingping 713100, China)

Abstract: The cylindrical die forgings billet of titanium alloy was prepared by 10000 t hydraulic press, and based on Deform-3D software ,
the serious local folding and cracking problems occured in the forming process were simulated and analysed. Then, two solutions of billet
structure optimization and forging fire increase were proposed, and the process verification was carried out. Furthermore, the mechanical
properties at room temperature and high temperature of forgings were detected by tensile and impact samples, and the microstructure of
forgings was analysed by optical microscope. The results show that during the die forging process of titanium alloy, the metal streamline,
temperature field distribution and equivalent strain variables are abnormal, which resulting in the risk of folding and cracking in local posi-
tions of forgings. By optimizing the billet structure and increasing the forging fire, the distributions of metal streamline direction and tem-
perature field in forging are effectively controlled to improve the forming limit of titanium alloy in local positions, avoid folding and crack-
ing defects in the forming process and ensure the product quality, and the performances of product meet the requirements to improve the
production efficiency.
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Table 1 Chemical compositions of TC11 titanium alloy ( %, mass fraction)

HBAL Al Mo Zr Si Fe C H N 0 Ti

L 6.74 3.55 1.74 0. 264 0.025 0.010 0. 004 0.129

e 6.84 3.54 1.78 0.273 — — 0.001 — — L
i

JiHB 6.82 3.59 1.76 0.267 0. 026 0. 007 0. 004 0.132

GJB 2218A—2018 5.8~7.0 2.8~3.8 0.8~2.0 0.20~0.35 <0.25 <0.08 <0.012  <0.05 <0.15
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Fig. 1 Schematic diagrams of billet (a) and forgings (b)
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Table 2 Main forging process parameters
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Fig. 3 Physical forgings in trial production
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Fig. 4 Schematic diagrams of calculation model (a) and

grid division (b)

Pl 5 D BRI 30 7 A 7 B A B o7 B Ak P R BEE
i, mE 5w LA, B EAT R
120 mm, BEZEAF IR SRR Al A = & iR

HEE/C
984
921
858
795
732
669
606
543
480

Min 480
Max 984

97.8593 mmjr
|

5 e E AR A o

Fig. 5 Temperature distribution nephogram at severe folding position
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Fig. 6 Metal streamline nephogram at severe folding position
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Fig. 7 Equivalent strain nephogram of forgings
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Fig. 8 New calculation model for billet
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Fig. 9  Result of new simulation process



55 4 3]

TS JET Deform-3D B SR AFHUE 0905 B4 39

Bl 10 g BB S m i K, A
10 el LU, BOER & B R E 6 Bl ANH,
e I 2k R 2 T B e ) AR Ay ) A RE R B, R
Ja SR I X 00 F 4 B SRR B BN Bl
ST RE 5 10 T Ak Sk g, DT R R T S
[N I B W/ T U = Wl e o O R AP £ PN
Bl 11 AT A %ﬁfﬁiﬂﬁﬂﬁmﬁﬁﬁﬁ
Ry A s AR 7 M5 B OA S, (H 2
T P — 52 B 7 AR e B o 7 ok SE N, BRTE—
FREE s/ TSR AR AR TR 00, IR AR T 24 8Lk
Be T A XU

V38 ¥ /(mm-s )
6.00

3.00

0.00
Min 0.00

Max 6.00

B0 SHr i H R R )8 ik =

Fig. 10  Metal streamline nephogram of new simulation process
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Fig. 12 Physical forgings of new process
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Fig. 13 Microstructure morphology of forgings for new process

R3 IZRUBEBRBNERNZERE

Table 3 Mechanical properties of forgings at room temperature after process optimization

B PSR EE R, /MPa JEMGREE R, /MPa K& A/% WA 2/% Wit A,/] FRIREAR d/mm
T[] 1100 986 14 43 55
@3.5
EA| 1075 994 15 46 46
GJB 2744A—2019 1030 910 9 25 29.5 @3.3~3.7
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Table 4 Mechanical properties of forgings at high temperature after process optimization
iG] HUHISRE R, /MPa KR A/ % W T L4 R 2/ % J JJ o/ MPa Wit 18] 7/h
Gh1i) 741 18 57 =590 =100
GJB 2744A—2019 685 12 40 =590 =100
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