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Research development of titanium alloy in aerospace industry
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Abstract: The researches and prospects of titanium alloys for aircraft were reviewed. Titanium alloys can be divided into
o titanium alloy, a+f and f titanium alloy from the perspective of alloy matrix phase composition. The recent
development and application of titanium alloys in the aircraft engine, aircraft and aerospace fasteners were introduced.
The problems of titanium alloys applied to the aerospace industry were also discussed. It shows that improving the

thermal stability under high temperature, strengthening the creep resistance and lowering the cost reduction are the future

development directions of titanium alloys for aircraft.
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Table 1 Titanium grades comparison of different countries!"

J5 G5 (HCP) ) o BUAK £ 42 (BLAEIE o B4 4 )—RIE
5 TAL PIAR A ot p BLER G 4RI E RS TC
HACNT T G5 FI(BCO) I B VR 5 42 (B FEIE p 45 4)
—HIE PS4 TBY.
1.1 « B EE

B JCIRE LA o BROA FEAA I SR A 5 42 o Y
ki, TEES AL Sn Z50E. Al BERI NG 400
PRI AEASIRSE, W/ NK A A, IR m R,
AP EENG LR A TRKRE K
PR R, B N AL 5 A Sk,
R A a1 B Ak TAE N4 ROSENBERG!H 2
HI AR AR, R IXPEA B GHIE A & A4
ARG B (9 [ I OREF R AP AR B . o BRA ST IIX
S5 ZRH A ARG P AR AR Bl 4 e AR AR 1L
MR EEH . 5 g BVUKG S, o A4S HA
BT PUGAR MR, SR, alRbE DL IME, i

. Soviet Uni United Stat United Kingd
Alloy type  China(GB) ogeo C%lon IZ:STMa) e e (IMIII)lg om Germany (BWB) France (NF)  Japan (JIS)
TAO - - - - - -
TAl BT1-0 Ti-35A IMI115 LW3.7024 T-35 KS50
Pure titanium
TA2 BT1-1 Ti-50A IMI125 LW3.7034 T-40 KS60
TA3 BT1-2 Ti-65A IMI135 - - KS85
TA4 48-T2 - - - - -
TAS 48-0T3 - - - - -
o titanium
TA6 BTS5 - - - - -
alloy
TA7 BT5-1 Ti-5Al1-2.5Sn - - - KS115
TAS8 BT10 Ti-5Al1-2.5Sn IMI317 TASE - AS
TBI BT15 - - - - -
p titanium
TB2 - - - - - -
alloy
TB3 - - - - - -
TC1 0T4-1 - - - - ST-A90
TC2 O0T4 - - - - -
TC3 BT6C - - - - -
TC4 BT6 - - LW3.7164 - -
otf titanium TCS BT3 Ti-6Al-4V - - T-A6V -
alloy TC6 BT3-1 - - - - -
TC7 AT6 - IMI315 - - -
TC8 BT8 - - - - -
TC9 - - IMI318 - T-A6V6S2 -

TC10 - Ti-6Al-6V-2Sn
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Table 2 Performances of several near « titanium alloys
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(Ti-6Al-1.5Cr-2.5Mo-0.5Fe-0.3Si)*" %, TC11(Ti-6.5Al-
3.5Mo-1.57r-0.3Si)P* 1 | TC17(Ti-5Al1-28n-2Zr-4Mo-
4Cr)P*3 | TC19(Ti-6Al1-2Sn-4Zr-6Mo)** *1 Fil TC21
(Ti-6.2A1-2.8M0-2Nb-2Sn-2.1Zr-1.3Cr)* ™1 45 H: rp
TCIl G &BEFRNIE g &4, ZHOUP I T —Fh
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Pl A, AT AL X R TR
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Working Performance at room temperature

Sample Heat treatment 5
temperature/C - Nmm) g (NmmY) 6% %
Ti-679 Double annealing 450 101.5 94.5 10 20
(Ti-2.25Al1-11Sn-5Zr-1Mo-0.25Si) solution-aging 112.5-123 98.6—108 10 30
Ti6242S Annealing 500 91-94.5 94.5 10 -
(Ti-6Al-2Sn-4Zr-2Mo-0.1S1) solution-aging 105—-114 98.6—108 12 25
Ti-685 Solution treatment and
500-550 99-108 84-94 8 15
(Ti-6Al-5Zr-0.6Mo-1Nb-0.3S1) aging
BTI8 Annealin 550—600 100~120 95-115 10-16 24-25
(Ti-7.7Al1-11Zr-0.6Mo-1Nb-0.3S1) g
Ti-6Al-2Zr-1Mo-1V Annealing <350 70-90 55-65 1026 25-55
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Bata alloys
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Fig. 1 Relationship between titanium alloy phase composition

and S stabilizer™
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Table 3 Mass fraction of materials used in American battle

plane advanced, bombing plane and aerotransport!>!

Aircraft  Service Mass fraction/%
ope e erals allyallay 5
F16 1978 3 2 83 5
F-17Y - 8 7 73 10
F/A18A/B 1980 9.5 12 50 15
F/A18C/D 1986 10 13 50 16
F/A18E/F 2002 23 15 29 14
F/A22 2005 24 41 15 5
F35 2008 36 27 - -
B-1 1986 29 21 41 9
B2 1991 38 26 19 6
C5 1970 - 6 - -
C17 1992 8.1 10.3 69.3 12.3
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Table 4 Titanium alloys use in aircraft™!

Alloy type Chemical composition

Pure titanium

Ti-3A1-2.5V

Ti-5A1-2.5Sn

Ti-8Al-1Mo-1V
Ti-6Al-2Sn-4Zr-2Mo-Si(0.1-0.25)
Ti-5.5A1-3.5Sn-3Zr-1Nb-0.25Mo0-0.3Si(IMI829)
Ti-5.5A1-4Sn-4Zr-0.3Mo-1Nb-
0.5Si-0.006C(IM1834)
Ti-5.8 Al-4Sn-3.5Zr-0.7Nb-0.5Mo0-0.35Si-0.06C
( IMI884)
Ti-6Al-2.75Sn-4Zr-4Mo-0.45Si(Ti-1100)

o (near )

titanium alloy

Ti-6Al-4V (four kinds of heat treatment were
used)

a+p titanium Ti-6Al-6V-2Sn

alloy Ti-6Al-2Sn-2Cr-2Mo-2Cr-Si
Ti-6Al-2Sn-2Zr-6Mo
Ti-5A1-2Sn-2Zr-4Mo-4Cr(Ti-17)
Ti-13V-11Cr-3Al
B titanium Ti-10V-2Fe-3Al
Ti-15V-3Cr-3Al1-3Sn
alloy

Ti-15Mo-2.7Nb-3Al1-0.2Sn(Timetal21S)
Ti-3A1-8V-6Cr-4Mo-4Zr(5-C)

RS TR WIS SME SR Y
Table S Titanium alloys and composite materials used in

aerial plane!™”

Mass fraction/%

Aircraft type Titanium Composite
alloy materials
The third generation of aircraft-A320 4.5 5.5
The fourth generation of aircraft-A340 6 8
A380 10 25

£6 HECHURAHLL A £

Table 6 Titanium alloys used for aircraft engines from different countries
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Burn resistant

Country 350°C 400°C 450°C  S00°C  550°C 600 °C 650 C o
titanium alloy
TCl1 :
China TC4 Tcle TALl TA7 TA12 Ti60 TD3(TisAD Ti40
TC17 Ti,AINb
TAI5
. BT6 BT9 BT18y BTT-1
Russia BT22 BT3-1 BT8M BT20 BT25 BT36 BTT3
Ti-6246
. IMI679  IMI685  Ti-6242S  IMIS34  Ti-25A1-10Nb-
Europeand USA — Ti-64  IMISS0 01y 1iooan MIS20 Ti-1100 3V-1Mo Alloy-C

Ti-17
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Fig. 2 Schematic diagram of advanced materials on fuselage of Boeing7771”
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Table 7 Typical performance parameters of fastener titanium alloys

[70-74]

Maximum Fatigue property
. [-stabilizing  Equivalent p/ Heat long term working
Material 3
factor Ky Al-value (grem™) treatment temperature/ K, R Nicycle op/ MPa
C
M — — — —
TC4 0.27 6 4.44 400 ,
STA 1 0.1 1X10 727
" _ _ B _
TB16 0.83 3 4.68 350 1 0.1 . 955
STA 5X10
3 0 187
ST -
Pur 1.15 2.5 5.10 - - - -
STA 370
Ti-44.5 1.24 0 5.83 M 425 - - - -
Ti-15-3 ST 200
1.43 3 4.77 - - - -
(TBS) STA 290
ST 200 - - - N
TBS 1.57 3 4.93 1 ; 628
STA 450 0.1 1X10
3 271
ST 200
TB2 1.97 3 4.83 - - - -
STA 300
ST 200 - - - -
TB3 1.73 3.5 4.84 ;
STA 300 1 0.1 10 584
B, DK RS [ A BTN A B AR B R EOR AT RAFMPEREVL L, BUMER G %8I T2
w7, TB2. TB3. TBS8 #1 TB16 MW EaM g 4k&4r, PERE. WIEEVERE. (PERE. L ETEREASR AN T

B REREBIL A S m, TR RER R, mERY
Ti-6Al-4V A1, {HIE57PERE AW Ti-6Al-4V, 1M H &
SN, PR R . T R BT SO AL
AbER, PTG B A R AR B R T Ti-6AL-4V .

3 HFEMEESE=REE

BRoE — Rk RE DU I Ak R s, BN
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AN IR SRR AT TAR KRS, AE o ik b UL A5
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2) PEREJ o L5 HARNT S AR AR — R, e ERE

Mo BUEERAGAE 600°CLL L, AR HT MR BT
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I AR v, B (0 s B A 25 S TT R R B A
WA BB AR RN T, AR SR %,

3) AT . H T ATIE AR A S A & 87
T BRI T e plel, AR AT VF 2 0380 RRF SR
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AN A, T R TR Gl AT RE, AR |
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