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Deformation behavior of titanium alloy thin-walled bent tube during hot
gas bulging process
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Abstract: For the forming defects of inner wrinkling, outer cracking, sectional distortion and bending springback of TC4 titanium alloy
thin-walled bent tube during bending process, the hot gas bulging process of titanium alloy thin-walled bent tube was proposed and the
above forming defects were solved. The wall thickness uniformity of thin-walled bent tube was improved by adjusting the process parame-
ters to control the cooperative regulation of strain and strain rate hardening for TC4 titanium alloy. Based on the above theory, the hot gas
bulging experiment of TC4 titanium alloy thin-walled bent tube was carried out. Finally, the TC4 titanium alloy thin-walled bent tube of
@206 mmx1. 5 mmxR495 mm which met the product use requirements was formed with the maximum out-of-roundness of 0. 25% and the
maximum thinning rate of 16. 88%. The results show that during the hot gas bulging process of TC4 titanium alloy thin-walled bent tube,
the forming accuracy and wall thickness uniformity of thin-walled bent tube can be improved by controlling the main process parameters
such as forming temperature and strain rate to significantly improve the product quality of formed bent tube.

Key words: titanium alloy tube; hot gas bulging; strain hardening; strain rate hardening; deformation uniformity
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Fig. 1 Effect of forming temperature and strain rate on deformation mechanism of TC4 titanium alloy
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Fig. 2 Effect of forming temperature on true stress-true strain curves (a) and uniform strain (b) for TC4 titanium alloy
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Fig. 3 Effect of strain rate on true stress-true strain curves (a) and uniform strain (b) for TC4 titanium alloy
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( %, mass fraction)
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Fig. 4 Device of hot gas bulging process for TC4 titanium

(a) Experimental device

tube blank

alloy bent tube

(c¢) TC4 titanium alloy thin-walled bent

tube after hot gas bulging

(b) Experimental dies and TC4 titanium alloy

3 #R53b

3.1 mERHE

Bl 5 o 3 Rl T 22400 F 1) TC4 kA &R
IREOE A, aTRVE . YR R 650 CHY,
T TC4 S5 &I IR, IV AREE
VAT, BHIL, REUE BT R, RIEIAR
JK RS SR, AR A A IR AR T T Y B JE il Y
JEp =l (7) FiR.
20t
=D, (7)
K, o, WEIREHEER, D, NIFEIREHRIME; o,
SRR T 5 N AR R AR B T

RAE (7) B TC4 kA4S E 650 °C/2. 14%
107 87 5T (B Sa) #K RO 9 398 R
JER 5.72 MPa, {HZPRIKIERS, N EN 2 MPa
i, B AN B & RS, Bk, MERLSE
il R RSFEOR R, Bl A BOY IR A B2 T RN
BRI AR, TC4 BKE &M TE T 1 KRB AL,
TE 785 C/1.61x107° s 54 F (& 5b) AR
e s B S AR N AU 0. 96 MPa, L, 44
JEA 1 MPa B, 0] USSR il & R 2SR i 244
& 5c b 885 °C/7.14x107° 7' S F RS KIE Y

p

©

K5 3RS T 25 & ERUTE R TCA SR 4 THRE S B 1
(a) 650 °C/2.14x107%s™" (b)) 785 C/1.61x107%s™1  (c) 885 C/7.14x107° s7!
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Fig. 6 Effect of forming temperature (a) and strain rate (b) on forming accuracy of TC4 titanium alloy thin-walled bent tube
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