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Abstract: Rigid-plastic finite element method and DEFORM-2D software were employed to simulate the forging
process and distribution of primary equiaxial a phase of TC4 titanium alloy spool forging. The distribution of
temperature field and the strain under two forging processes of hammer forging and press forging were compared. The
simulation results show that it is easy to produce defects similar to cutting by hammer forging which can be solved
through setting appropriate medial inclination of billet. The press forging is the better process of spool forging because
of the relatively uniform distribution of temperature, effective strain, microstructure and the low risk of forging

defects. The content of primary equiaxial o phase increases from edge to core of TC4 titanium alloy forging and the

distribution basically conforms to the simulation by verification of microstructure.
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Fig.1 Billet size drawings of TC4 titanium alloy forgings:
(a) hammer forging; (b) press forging
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Fig.2 Microstructures of TC4 titanium alloy forgings obtained from billets solution treated at different temperatures:

(@) T~100 °C; (b) Ty~60 °C; (c) T4-40 °C; (d) T4-20 °C
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Fig.3 Relation curve between solution temperature and primary

equiaxed a phase content of TC4 titanium alloy forgings
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Fig.4 Numerical simulation diagrams of TC4 titanium alloy forging for press forging: (a) billet model; (b) effective strain and temperature fields

after the first forging; (c) effective strain and temperature fields after the second forging
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Fig.5 Billet model and simulation diagrams of TC4 titanium alloy forging for hammer forging under different medial inclinations: (a) billet

model; (b) medial inclination of billet is 0< (c) medial inclination of billet is 15< (d) medial inclination of billet is 10°
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Fig.6  Numerical simulation diagrams of TC4 titanium alloy forging for hammer forging: (a) effective strain field; (b) temperature field

O, UK T AEZE £ 14 °C; B O30 44800 B 31K T-AH
30 °CAA, HARMIMRT A S 60 °Chti. Bt
DEREER N A I R, 15F) 1.5 DL b 5 b o G Al
MBS BRI RE, TCA k& &SRR
IRUFHh 7o S A s . SR iR, TR0 30~40 FE4H
i, fTdReERL, BIRHEKR, ZHILI 2008
AR ECR, Y JEBAT SRS oA FEAE 0.6~1.5
YA Y o AHRIIT S, VAT I 11 A5 285 A8 AR B 43 A
W, ARG L AR 0.5~1.25 YU, BB KRR
W, TP, A= m, A5re ARG i,
2.3 FHIE o tHEEFUNFNLELIUE

1 a+p AR X BB IR TE JG IR ER G 4, H R 2

SR o AR BAH I LU s A S DU R,
MEERE, 2 M7 REBIREIEMZ ST, R
TAHAL 55 BRI 2 ZZAE AT A AT ARK 220 T
JEUEBGE T SR PR AL A B RRSHLR, WG E S
DAL L, Tx o EERGE T KR ZE AR BRI
e s A B AN AR IA ) 1.5, BRI RSy, A1
AR AR . FEREAN T RE T, Ao IR
WTREAR, T A R P S T Ja R, IR IURIE AR
Hh AR e et P DX RV BEAT WA o S R TINS5 it )
Ao MERSEEMRR (B 3D, B8 iS5
WA a HE BRI L WK 7 Bros. I 7a w A,
NG5 2 B AR H S 5oLy, N E4h

Content of primary equiaxed a phase/%

Edge

Core

b
Content of primary equiaxed @ phase/%
=)

= 80.0

70.0
60.0
.su.u
1 40.0
30.0
20.0
10.0

K7 ARILET TCA RGBT ML a HEESE
Fig.7 Nephograms of content distribution of primary equiaxed a phase in TC4 titanium alloy forging by different processes:

(@) press forging; (b) hammer forging
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Fig.8 Microstructures of TC4 titanium alloy forging in different

positions by press forging: (a) core; (b) edge
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