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Fig.1 Three-dimensional model of forging part: (a) schematic

diagram of selected forming part and (b) diagram along

-z axis
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Fig.2 Finite element model of whole loading
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Fig.3 Finite element model of local loading
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Fig.4 Schematic diagram of billet: (a) billet A and (b) billet C
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Fig.5 Schematic diagram of billet B: (a) difficult forming part

and (b) easy forming part
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Fig.6 Schematic diagram of local loading
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Table 1 Program of FEM simulation

Simulative program Billet Forming process
No.1 Billet A Whole loading
No.2 Billet B Whole loading
No.3 Billet C Whole loading
No.4 Billet B Local lading
No.5 Billet C Local loading
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Fig.7 Variable distribution of No.1 while die stroke is 23 mm:
(a) effective stain and (b) stress distribution along

loading direction
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Fig.8 Distribution of velocity field of No.1: (a) magnification of

1 area and (b) magnification of 2 area
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Fig.9 Filling contour: (a) No.1 and (b) No.2
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Fig.10 Filling contour of No.3: (a) filling chart and (b)

schematic diagram of formed part
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Fig.11 Circular rib forming of billet A
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Fig.12  Circular rib forming of billet B
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Fig.13  Overlap at the intersecting point of rib
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Fig.14 Distribution of velocity field of whole loading

3 fREE A RE R

T IR BB A A I BB AT I . TR
BLAE R BRI, A AR VAR T e N 800) 4%
P RS IO S 1 53 ) R AR

JRFR Ny W e, AR R . BB 2R
Je- ERE 1 R - BB 2 R - A 1R R, 1S
hEEAR IR R N2 7 N N AR A . R R
29 mm B, 5% 2 AR INEN A EE N 0.926,
J7 % 4 RN AR B 0.9230 5 5 2 BRI
N A fe KAB RN e /ML 2 25 2.942, T % 4 JR B In 48 v
Wi KAE R I /MEZ 74 1.8500 AT ATAH R (1) R F &
N R R A I BT N ORR T B A ZE AN K,
e 3 28 7 R MRS T S A R A o X i B R
JRIR BT EEAR T &JE NG ALY, L8512
(AR A P AR T A3 A TR 45 G B

329 A 200 b

227
125 0.858
I 0.228 I 0.240

B 0.248 4 0.240

:y 329 a y 2.09

x'Lz X’I‘Z
Kl 15 Hs N4 29 mm [R5 850 0 A8 2 K]

Fig.15 Effective strain contour when the die stroke is 29 mm:

(a) No.2 and (b)No.4
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Fig.16 Schematic diagram of intersecting point of rib
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Fig.17 Distribution of velocity field of local loading
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Optimization on the Process of Large Titanium Bulkhead
Isothermal Closed-Die Forging

Sun Nianguang, Yang He, Sun Zhichao
(Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Titanium bulkheads are widely used in the aviation and aerospace industry. This kind of parts are very complex, and meet high
requirements for dimensional precision and the stabilization of inner quality. Some defects would be produced during the forming process,
such as unfilling, overlapping, and the disturbance of forging flow line. In this paper, the effects of billet optimization and loading
conditions on the forming quality during titanium alloy bulkhead isothermal closed-die forming process have been investigated, based on
the rigid-viscoplastic finite element code, DEFORM-3D. The results show that the filling of die cavity can be effectively improved by
using the billet with unequal thickness, which is obtained by the analysis of material flow, as a result, the dimensional precision can be
satisfied for these parts. The local loading can make the deformation more uniform and eliminate the defects caused by bad material flow.
The results obtained could provide a guide for proper loading scheme determining bulkhead forming.

Key words: titanium alloy; bulkhead; billet optimization; loading condition; forming defects; numerical simulation
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