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Workability and Heat Treatment Characteristics of 8 Titanium
Alloy, Ti-15V-3Cr-3Sn-3Al

Yoshikatsu 'T'SUMORI, Toshio MATSUMOTO and Yuji Kovama

Synopsis :

Ti-15V-3Cr-35n-3Al alloy sheets 1.6 to 7 mm thick were produced from a 100 kg ingot to study cha-
racteristics of manufacturing workability and heat treatability of the alloy.

It was proved that the alloy had higher hot working deformation resistance than Ti-6Al-4V alloy, the
most widely used titanium alloy, but was superior in cold rollability and bending workability to Ti-6Al-
4V. As the alloy was prone to pick up hydrogen during manufacturing processes, the problem of hy-
drogen contaminant must be fully considered in the processing.

B phase was completely retained throughout the thickness in the plate as thick as 14 mm even by air co-
oling after solution heating.

The growth rate of f§ grain was comparatively low in the temperature range of 750 to 900°C tested. After
solution treatment and aging ,the coarser the § grain was, the lower the ductility became. When aging
temperature was lower, precipitated « phase was finer and strength became higher.

Tensile strength as high as 150 kg/mm? could be attained by a suitable condition of cold rolling and sub-

%

sequent aging.
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Fig. 1. Deformation resistance of Ti-15-3 and
Ti-6-4 at high temperature.
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Fig. 2. Relationships between equivalent strain

and yield strength for cold rolled plates of Ti-
15-3 and pure titanium.

Table 1. Chemical composition on the top, middle and bottom positions of Ti-15-3 100 kg ingot.

(wt% )
Positions v Cr Sn Al Fe (o] N H .
Top 15. 34 3.02 2.93 2.99 0. 242 0. 111 0. 0074 0, 0027
Middle 15. 16 3.03 2.96 2.98 0. 243 0.112 0. 0076 0. 0015
Bottom 15. 07 3.02 2.94 2.95 0. 246 0.101 0. 0061 0. 0022
TIMET 1)
recommended 14—16 2.5—3.5 2.5—-3.5 2.5—3.5 0. 30 max 0. 13 max 0.03 max 0.015 max
range
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Table 2. Bending and spring back characteristics of as solution treated, and solution

i treated and aged Ti-15-3.
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——_Bend Radius 3T 25T 2T L5 T 1T
ST Direction -
(780°C/15 min AC) L O (20) O (20°) O (15%) 0 (3°) 0 (5%
T O (20°) O (18°) O 13°%) O (10°) O 3°)
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> o 13.8 T 12T 1.5 T 1nT 85T
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(ST+480£C/12h AC) L O (647) O (58°) O (65°) x —
T - O (65°) O (55°) X x
g QO No crack, x cracked ( ) Spring back angle
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Fig. 3. Hydrogen pick up in Ti-15-3 during
manufacturing processes.
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Fig. 4. B grain growth variation of a cold rolled
Ti-15-3 sheet with solution treatment temperature.

— 71 —



606 s & W

# 72 4 (1986) %6 =2

~~
¢ 10fF uTs
NRE g
0 — { P
X 120t g
~r
1ot
(1)) ~
5 130} YS -
s 120F /*?‘E/-—’ -
QoL ke
100 | 1
15F
i =N
—~ 12 5—'”’__::_‘5?% TOSLAB
i }(])__ %-— ELONG. L& sheET
. 9 X
8
g 3
e 9
w 4
% ASTM Grain Size No. R
1 8765432100 ,
0 100 1000

-
o

B GRAIN SIZE (um)

Fig. 5. Tensile properties versus 8 grain size
of Ti-15-3.

FC BtAC T7tAC 7t0Q wa
l |
UTsS '
2.
hd *
L]
0 _—
&
S —0—As ST:800C % h
::/ —e—STA:ST+480°C 14 h
(1]
._
b=l
g
>
uTs
e R it - ———— [°3
Y
__________ DRI
ol
60
30
—_
3: 201 g ELONG
R B P
a" M
0 L )1,’ A 1 1
15-10° 10? 10° 10

COOLING RATE FROM SOLUTION TREATMENT
TEMPERATURE  {°C/min)

Fig. 6. Tensile properties versus cooling rate
after solution treatment.

(A 45~70 pm) ODOB[RWEEY B RMETREE L .

Fig. 5 ©rD#ERELZRT. STA S 780~800°C x
15min4-510°Cx 14h AC O—E&HT{T2%k. ZDOX
Db, B OPRCHEELPENLLNICORIMO T H D
7o, B RIERAY 1300pm TR 3% L{EVDIR
L, 170 pm PUIF B RETIRMHON 7% Ll bkm b
LT\, BIEBI EINE 8 MRoKFELEALR

—
o
(=]

2t Sheet )
uTS 450°C —

; -—
g 8
T T

—
- N
(=2
T T

uTs ( kgf/mmz2)
g

80l ST:780°C 1%4h AC
T Direction

Ys (kgf/mm2)
S

wl ELONG. 0.

3 540C  »

- 480°C 510

o a0C] $ I TR
0 4 8 12 16 20 24

ELONG. (%)
=)

AGING TIME (h)

Fig. 7. Variation of tensile properties with aging
temperature on a cold rolled 2 mm thick sheet of
Ti-15-3.
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a) 450°Cx 24 h aged

b) 570°Cx 24 h aged

Photo. 1. Microstructures of aged specimens.
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Fig. 9. Relationship between yield strength and
elongation on Ti-15-3 sheets and plates.
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Table 3. Hydrogen diffusion constants for Ti and
Ti Alloys®.

Material Phase D#350K (cm?/s) D#950K (cm?/s)

Electrolytic Ti a 2.0x10°1, 1.2x10°®
. a 3.3x1010 2.6x10°0
lodide Ti 8 L4x107," 5. 8105
Ti-13V-11Cr-3Al 8 9.6x10~7 1.04x10-*
Ti-8Mo-8V-2Fe-3A1 B 88x10-7 - ____
C.P.Ti a - 4.56X 107
D (self)

* — extrapolated value

-
(=3
o

YS, UTS (kgf/mm?)

@
o

2 1 I - | | A I i l L
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Hydrogen content  ( ppm )

Fig. 10. Effect of hydrogen content on strength
of Ti-15-3 sheet, hydrogen added before aging at
510°C for 8h.
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K, WOaE k45, Fig. 10 11 Suames 595353k
L7cKBREEFIRBE L OBRRTH B, KEI/BE
BER2RIFTOI, HFMAEOTIC AEL RIS #1018
ETH5.

AKFEAH 150 ppm LU F DR ECR S48 119 kgl /mm?
Hotebopd, 900ppm Tk 89kgl/mm? * CcAkEE
Whne & M OPnERHC TR 5.

RO ES BANIAD Db Ih T 5. KEE
ozt svrs7igko4dEY &L, FIERBL K.
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TR L, B CAEOEWT H B, Fig.
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Fig. 11. Effects of hydrogen content on tensile
properties of Ti-15-3 sheet.
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RBIT 5. ReRpEETIC KR LS Bl s, Bk

BMENMETL, MOBREETDC L, BHEBOKERIT
BEIEBECDEVEE LI Enbhok. KRR
XHHBEETI, B HORERNED bh, BRI Ly:
PMETTHHHTHS.

b) Cold rolled sheet, STA (GS 70pm)

y ¢) Hot rolled sheet, ST (GS 10042m)
Photo. 2. SEM of three tensile specimens.

3) 750~900°C o> 8 HEEIIIT D B HOKER
Bk, D=Ki* @ n=0.05~0.14 /X, B kv
KTH D EFHRDOMBOHNE L, RABERE AR L
fo.

4) BEAEREN S O SEEED Ba3, EX
l4mm DT 4284 (146°C/min) THAMT B\ BELHEE
DBENE BRI,

5) BB OMEIEREG O BB D, B
RBEMEGE, T o HAMMCHE L TW5 DRt

L, SEEZDENE o 25K cHATHS.

6) WIERFF LA OMEY, WIED ¥ ¥ ORABE X
T, # 1.5 FojlERmEcikes. BEERI 67% o
wIERI 510°C Befhainz % &, 150 kgf/mm? 5|5
B aE bR,

7) Ti-15-3 H&0M %, BERh&MwE T T 80~
150 kgf/mm? & CIRAS L XD 2 EATE S,

: X [

1) TIMET DATA SHEET, Ti-15-3 1982 # 11 g

2) AMS4914 Issued 1984—4, Titanium alloy sheet

and strip Ti-15-3 Solution heat treated
3) J. E. Costa, D. BANERJEE and J. C. WILLIAMS:
Hydrogen Effects in B Titanium alloys Beta
Titanium Alloys in the 1980’s

4) A. Smames, M. RosemBLuM and W. B. TREPLE:
Cold Forming Titanium Ti-15-3 Alloy Beta
Titanium Alloys in the 1980’s

5) P. J. Bania, G. 4. LeNnniNG and J. A. HaLvr:
Development and properties of Ti-15-3 Beta
Titanium Alloys in the 1980’

6) M. Okapa, D. BanNerjee and J. C. WILLIAMS:
Titanium Science and Technology, ed. by G.

LitzeriNG, U. ZwIcKER and W. Bung, DGM
(1985), p. 18

— 75 —



