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ABSTRACT

Since the structural temperature of a flight vehicle flying at high speed rises rapidly due to aerodynamic heating,
it is necessary for optimum structural design to obtain proper material properties at high temperature by taking into
account of its operational environment. For a special alloy, analysis data on strength change due to exposure time
to high temperature are very limited, and most of them are for an exposure time longer than 30 minutes for long
term operations. In this study, base and weld metal samples of Ti-6Al-4V alloy had been prepared and high
temperature tensile tests with induction heating were performed, and then high temperature strength characteristics
and strength recovery characteristics through cooling have been analyzed. Pre-tests to determine maximum heating
rate were performed, and response characteristics for temperature control were confirmed. As a result, high
temperature tensile strength appeared to be lower than that of room temperature, but it was higher than that of
high temperature of 30 minite exposure listed in MMPDS. In strength recovery through cooling Ti-6Al-4V alloy

has shown higher recovery rate compared with other alloys.
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Fig. 1. Induction heating(MTS, land mark)

Table 1. Subsize tension test specimen®

P =l
== —

Dimensions (Subsize specimen)

Gage length (G) 25.0 £ 0.lmm
Width (W) 6.0 £ 0.lmm
Thickness (T) 3.0mm
Radius of fillet (R) 5.0mm
Overall length (L) 200mm
Length of reduced section (A) 32mm
Length of grip section (B) 30mm
Width grip section, approximate (C) 10mm
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Fig. 2. Pre-test(heating rate : 15C/sec)
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Fig. 4. Pre-test(heating rate : 30C/sec)

St AL S 71483 A Al178 A4 (20149 8€Y) /415



Table 2. Ti-6Al-4V tensile strength®

Temperature Time *UTS 0.2% offset
[C] [min] [MPa] [MPa]
500 30 511 407
400 30 605 480
300 30 642 512
RT - 896 813

*UTS : Ultimate Tensile Strength

Table 3. Tensile test result at 500C

Exposure Base metal Welded
time 02% offset | UTS uTsS
[min] [MPa] [MPa] [MPa]
RT 989 1001 1041

0 476 558 595
2 454 562 601
4 466 566 601
6 471 560 612
8 482 563 617
10 492 577 612
20 492 580 620
30 481 576 620
1300
1200 L —a— 0.2 offset (Base metal)
—e— UTS (Base metal)
1100 - RT —a— UTS (Weld metal)
= 1000 | |
o H
2 00|
5
2 800 |
g UTS (500, 30min)
3 700 | /\
2 600} . 7 :
LI . o /A

500 m5a

B 0.2% offset (500 30min)|

300 N 1 . 1 N 1 N 1 N 1 N 1 R 1

0 5 10 15 20 25 30

Exposure time [min]

Fig. 5. Tensile test result at 500C
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Table 4. Typical tensile, hardness data for titanium alloy

(Ti-6AI-4V)”
. _ Hardness
Material CMIES) | Vst Elongation [HRC
condition strength | strength [%]
(e}
[Mpa] [MPa] Knoop ROCk
well
base 1000 945 11.0 320 | 322
single
bead 1060 920 3.5 350 359
weld
Multiple
bead 1090 945 32
weld
Transverse
weld 1015
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Fig. 7. Microstructure in weld zone
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Table 5. Tensile test data(30min)

Base welded
Temp. 0.2% offset UTsS UTS
[C] [MPal IMPa] IMPa]

MMPDS| Test |[MMPDS| Test Test

500 407 481 511 576 620

400 480 561 605 694 695

300 512 650 642 717 718

RT 813 989 896 1001 1004
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(b) welded specimen

(a) base specimen

Fig. 8. Test rupture specimen

St AL 87|48 2] A7 A45(20149 8Y) /417



2.3 £ 2 42l mE 4k 55EY

o
Fig. 92 =% 2% Y7 A Ti-6Al4V Fa9 A=
=]

8 54 APS A% 2% ZEgdRA Hd 7t
&5 20C/sec®

=
3

S >

00T, 500CellA 300C=
of g oul Al Aoln,

SHMFE glo] HEHQ e

% LEE WAL

=

(R EY

A7 Vs A

0% olylol] H =& =% 500Ce]
=gl 1088 FA% F 400C = 300CE ¥z
HE xHog APk 28 400C E=E 300C
W7t g7 A|-L 71-go= 1o 0, 2, 4, 6, 8, 10, 20,
30202 =FE A7 HASHA EA9 SHA A
1 AAS FAedT). Fig. 108 112 22 500°C ol
A 4
735
.‘%_

=
Lk
o

z2de i n
ig. 12~1744 H= u}

Temp.
500°C

400°C
(300C)

Time
® @ @ ®
®:30x o2 A& 2 & 2 (heating rate : 20°C/sec)
@ : 108 8X(500°C)
@:70x o2 A8 25 Y (cooling rate : 3—~4°C/sec)
®:0,2,4,6,8,10, 20, 30& A T AFAIE

Fig. 9. Temperature profile

500 |-

exposure time : 10min at 500°C . o,
cooling rate : 4 C/s

400 |-
exposure time : 0 to 30min at 400°C

300 - heating rate : 20°C/s

Temperature [°C]

200 |-

Command
—— Monitoring T/C

! s I N I . 1 R 1
200 400 600 800

Exposure time [sec]

Fig. 10. Pre—test(500C to 400C)

100 |-

o

1000

418 / S=TAIR 87w E3] 2] A7 A45(2014 8Y)

500 |
exposure time : 10min at 500°C N 5
cooling rate : 3°Cls
5 400 -
[
2
© 300 ) i
8_ heating rate : 20°Cls exposure time : 0 to 30min at 300°C
5
i
200 -
Command
100 = —— Monitoring T/C
1 1 1 1 1
0 200 400 600 800 1000
Exposure time [sec]
Fig. 11. Pre—test(500C to 300C)
Base metal (UTS)
1300
1200 |- —a—500°C
"T ——400°C
1100 |- AL —A— 500°C to 400°C
@ 1000 | §
& i
Z o0
£ 400C(UTS. 30min)
2 00 | ’
Qo
o 700 _ / -
_g 600 fr=--"-f oo iaisinlsiais [ - -
= e
500 = 500C(UTS, 30min)
400 |-
300 " 1 L 1 L 1 L 1 " 1 " 1 L 1
0 5 10 15 20 25 30
Exposure time [min]
Fig. 12. Ultimate strength for base specimen
(500 to 400C)
Base metal (0.2% offset)
1300
1200 | —=—500°C
——400°C
1100 |- o o
. —aA— 500°C to 400°C
. 1000
©
o B
S 900 |
=
o 800 |
c
% 700 L 4007C(0.2% offset, 30min)
; /
T 600 |
>
) S S ——— —
R 500C(0.2% offset, 30min)
300 1 1 1 1 1 1

1
15 20
Exposure time [min]

Fig. 13. Yield strength for base specimen(500 to 400C)
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Fig. 16. Ultimate strength for welded specimen
(500 to 4007C)
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Fig. 17. Ultimate strength for welded specimen

(500 to 3007C)

Table 6. Comparison of recovery effects for base and
welded specimen(30min)
Base metal Welded
Temperature
(] 0.2% offset uTs uTs
[MPal] [MPal] [MPal]
552 672 676
%
S00 = 400% 1 gg a0 | (96.8%) | (97.3%)
652 722 736
sk
500 > 300 (100.3%) (100.7%) (102.5%)

*test cooling condition
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