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Forming limit of Ti-4Al-2V titanium alloy plate with different
microstructures at room temperature
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Abstract; Titanium alloys forming at room temperature has attracted increasing attention due to its low processing
cost. As is known, titanium alloys with different microstructures present different forming properties. The forming
limit diagram is the basis to study the material failure and forming ability in the numerical simulation of titanium
alloy plate forming at room temperature. However, to obtain forming limit requires numerous experiments, which
are expensive and time-consuming. In order to reduce the experimental cost and shorten the development cycle, a
feasible progression-dependent method based on the finite element (FE) simulation was adopted to determine the
process from localized necking to fracture, which was also used to predict the forming limit diagrams of TA17
titanium alloy plate with different microstructures. The FE simulation results of the forming limit were compared
with those of uniaxial tensile test, punch bulging test, and round cup drawing test. The results verified the
correctness of the FE simulation results. Moreover, the forming limits of three TA17 titanium alloys with different
microstructures were compared, and the effect of microstructure on their forming limits at room temperature was
analyzed. Results show that the TA17 titanium alloy with the equiaxed microstructure provided the best performance
on the forming limit, which was also supported by the fractographs of the samples. This work sheds light on the
research on the forming properties of titanium alloys microstructures produced by different heat treatment processes,
and establishes a foundation for the subsequent work on the stamping of TA17 titanium alloys.
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Tab.1 Chemical composition of TA17 titanium alloy ( wt. % )
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Tab.2  Annealing test on TA17 titanium alloy plates
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Microstructure and properties of oxidized TA17 titanium alloy
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Fig.2  Test equipment and parts
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Fig.3 Three kinds of microstructures of TA17 titanium alloy
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Tab.3 Basic mechanical properties of TA17 titanium alloy
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Fig.4 True stress and true strain curves of TA17 titanium alloy
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Fig.5 Diagram of Forming limit diagram construction
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Fig.6 Uniaxial tension finite element
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selected element at failure point in dangerous area:
uniaxial tension



- 152 - MR

S N A NI I

552 4%

PR R AR R S EGE B e KM, ARG 763 1 mmBd
TR O, TR R 2.
2.2.2 Xy AR ARIST TN AR A BRIT T B

SCHR 6 AR KR 1 v 0 37 B L]
SRR ARIRAS , I8 AR 3 06 A 30T P [ A Ah 7
AP TSRS R A BROTH A ABAQUS
N7 A B T A AR, A R SE 4% B GB/T 15825.
3-2008 11 GB/T 15825.8-2008 F5 i1k 4 )X ~f 4 37 4

D =132.6mm
r R,=57mm H
JUTH (% 1) ) //‘;“&0)\
A T

i GE3) | |

(@) KRR

(o) AR BRTARRY

9

(e)  ABLIK T8 R e 220 45 2 28 Mk R AR 2 A

B R ST 172 (08 RS ] LS 2031 35 1Y
W[, [FRELL ST AR b RS B4 HRR I 2500 58
A, A FROCEBS AN S U 8 (a ~ d) .

LR 75 B AR A FROCOT BURTRE , 1 7E IR A7 IR
P R RO 0. 12520 1 KL SR
AT THER , S5 BT e 28 X R TC ) X i) SR AR
B BRI SG PBEE R BOCR 01, 2 4 2y
FRICAT Eday A B B S 4L

<~ DF57mm

4')’\?5 A I ;{)&Q

2 (z3h)
v

D =57mm
P ‘ -

il

\ P (1)
l

|<

ROBRHI%42) =1 10mm

(b) FEAMBHFRE

(d) BIARHRIERA PR

(6) B o R S W 221 S5 200 28 1ok AR 23 A7

E8 BIRTHH
Fig.8 FE analysis

TEA FROCH D7 BT SR HUCR 20 A I g i
ARTHRGE AL KA FOAL TR A A v 25 ik 22 S5 R S A
AZUNTE] 8 (e, ) B, He v 5 200 B8 1 7 A fie K IX 35
AR, QA 8 (e) HrLTOUHR [ (4 21 €5 X I A
P 8 (f) Hh B A AR 2T (0 X . A7 SCHR B IE KT
P 2 20 it Ak DAy L A5 R AHUBR 25, B T PP 5 A
JFE B AL 1 2 R0 BT Sy - T A AR A

x4 ARTHEBASH

Tab.4 Input parameters of FE simulation
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Tab.5 Major and minor strains at necking and fracture
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