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Hot Workability of Ti-6Al-4V Alloys

Hirowo G. SUZUKI, Takeo ASHIURA, Koshiro AOYAGI,

Hideki Fujn and Kohji TANABE

Synopsis :

Hot workability of Ti-6A1-4V alloys was examined by a hot stage tensile test and hot rolling using a

bench scale bar mill.

As—cast as well as (¢4 f) rolled materials were used. Embrittlement occurs be-

tween 700 and 950°C in the coarse grain specimens possibly due to the existence of low stress level of # phase
along prior B grain boundary. Lateral spread coefficient of this alloy during a pass rolling is larger than
Si-Mn steel and shows unique temperature dependence.
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Table 1. Chemical composition of alloys (wt9;).

Heat No.| Ti | Al | V | Fe c N 0 H
Al Bal | 626 [4.02 10.16 10.006 | 0.006 | 0.18 | 0.0013
A2 6.28 [4.08 | 0.15 ] 0.005.] 0.012 | 0. 16 | 0. 002

C |Si |Mn] P S Al

Steel 0.19 | 0.19 [0.64 | 0.014 [ 0.005 | 0. 009

Table 2. Experimental condition for the hot
rolling with bar mill.

Roll dia 270 mm
Roll barrel 200 mm
Rolling speed . 0.25m/s
Heating temperature 650—1 050°C

60s60 ! 60 60 30
(a) Reheated (b) Sensitized

Fig. 1. Thermal histories of the hot stage
tensile test. '
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Fig. 2. Passes used in this experiment
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Fig. 3. Tensile strength of various alloys.
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Fig. 4. Effect of thermal history and strain rate
on R.A. and o,,, In as cast 6-4 (A2).
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Photo. 1. Microstructures of a)
as cast and b) (a+p) rolled
Ti-6Al-4V.
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Fig. 5. Effect of thermal history on R.A. and
Omax in (a=+ B) rolled 6-4 (Al).

100 @ ps——F T T T
ommg’ O-o-1_ o
o as (X + @)-rolled

B-treated . :
80— ¢ + rapid cooled © \((f)me grain)._
Lo \O

———
slow cooled ¢ —

~ ]
& s0— e —o-2O0 o ]
S
. (o)
<« L
& 40— ]
2°r as cast (coarse grain)

1 | 1 ] 1 ]
10 20 30 40 50 60 70

Omax  (kg/mm?)
Fig. 6. Relation between strength and ductility
for specimens subjected to various thermal histo-
ries.
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Photo. 2. Photomicrographs showing transverse section of fractured surface of as cast 6-4.

Fractured at a) 600°C, b) 750°C, and c) 930°C.
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fractured
surface

Photo. 3. Transverse section of in-
tergranular fracture surface (broken
at 930°C). Fracture occurs at the
interface of grain boundary platelike
alpha and soft beta phase.

Photo. 4. Fractographs showing
intergranular fracture surface
consisting of void coalescence (a).
Al rich a-phase exists at the
bottom of each dimple which is
B-phase (b). Fractured at 930°
C and é=5/s.
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Fig. 8. Temperature dependence of lateral spread
coefficient [6/b,] and forward slip ratio [//l,] in the
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steel.

XHot tensile strength
0% (Gleeble)

x [
€
E
60+ N - 50 N\
> | 2

Z x Ti—6AI—4V
S 8
= ( ° Ho s
o° / v
< c
o a4 S
¥ I
g :
Stee! (0.19%C) 5
| on a
20+ @

~Oo
-0—"UN ~ ‘Q-..
- c
104 P~ [ H
1 1 1. 1
600 700 800 900 1000 1100

Heating temperature (c)

Fig. 9. Temperature dependence of rolling load
in the square~diamond passes for 6-4 and Si-Mn
steel.
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Fig. 10. Temperature dependence of lateral spread
coefficient and forward slip ratio in the square~
oval passes for 6-4 and Si-Mn steel.
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Fig. 13. Temperature dependence of rolling load
in the square~oval passes for 6-4 and Si-Mn
steel.
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