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Deformation and Fracture Characteristics of Titanium Alloys at Low

Temperatures
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Ti O&&%EME (o «a+8 BEE), BUHENL L
BRI RSN TWAY X ICEHREICEATEY,
e LTOREEEZMOTVADS, L Les SRR
AME e LTk, BERBKRE?™ AR LRT
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Table 1 Comparison of various properties between Ti
alloy and austenitic stainless steel.

stainjees steel | ailoy " | Temperature

Yield strength/MPa 300-800 >1400 4K
Fracture toughness/MPay/ m >200 40-100 4K
Young's modulus/GPa 193 113 RT
Specific gravity/g/cm? 8.03 4.46 RT
Electric resistivity/pem 70-75 150 RT
Specific heat/cal/g/K 0.12 0.13 0-100°C
Thermal expansion/10™%m/m —300 —150 RTto4K
Thermal conductivity/W/mK 15538 g 8 zgg E

0.3 0.4 . 4K
Magnetic permeablity >1.003 1.00005 RT

WGH1 63 4£ 9 A 7 HEf+ (Received Sep. 7, 1988) (K1)
* SRR RIS v — T EERFEE  Li% (Tsukuba Laboratories, National Research Institute

for Metals, 1-2-1 Sengen Tsukuba 305)
*2

Research Institute for Metals)

SR BRI R REIHE RN - TERF TN —F) — 5 —

Ti# (Tsukuba Laboratories, National

Key words : titanium ; titanium alloy ; low temperature ; fracture toughness ; tensile properties ; charpy absorbed energy ;

fatigue property ; deformation mode ; fracture surface.
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Table 2 Mechanical properties of three different type alloys.

YS (MPa) (%) CVN (@) Kic MPaMPay/ m)
Tyee RT 4K RT 4K RT 4K RT 4K
Titanium alloy (5A1-2.5 Sn ELI) hep 704 1405 15 10 52 12 148 98
Ferritic Fe-Ni alloy (Fe-13 Ni) bee 750 1330 15 11 250 70 90 110
Austenitic ferrous alloy (JN1*1) fec 420 1400 58 38 400 150 —*2 230

*1 Fe-25Cr-15Ni-4Mn-0.3N *2 Too high to determine

INEVnEVWIHRELH L. IS OEME IEIKIRRE
FEMERICEDTHFELVHDTHS.

Table 2 i3 4K CTRRARB ST IZEBE L 25 X9 %
7254 FRO BRUA—ZFF 4 FRD SEME & O
WEBEEOHED 21720720 THA. IO IIBER
BEaN T BEKRABEMBOR TCREREREZRT
HEIBLTWA. Table 1 5L 2% K ) ICHU,
WIEMMHEE 7 T4 MREFEIRECT, A—AFF A b
FMiclLcEREN 1/3, 1/2 12285, BHBREEZA— AT
F+4 FAD 1/10, 72514 VD 1/58BEER D, 7=
54 MROBEAED, BB L FRICA— 2T A
FRO 12 BETHHLOERL L, Ti AEOHERMED
BEENEOEEED, HBLTALE, TOXHIITiH
FHapEMEICE T, BHMETH 505, HEIMEY
LWV RPFENPT LD S.
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Fig. 1. Low temperature strengths and elongation

of unalloyed Ti'®, Ti-5A1-2.5Sn ELI®, and
Ti-6A1-4V ELI'V as a function of temperature.

52,

B-Ti O E X b.c.ce. T, BED b.c.c. RO
IIHIEKNI>FMIRNDHFERBLELZLLN T,
A, BEETRHHOREEOEI D TERBED
Tbsn, REEMETICONT, ZRTOEREEI—
ARG, ERIRERL TN 2O HEHRIRE B T2 L5
THH, BEINDLHEIE Ti-Mo R T %
{332} <113>B &, Ti-V ATk {112] <111>K&»
ECThs. REOETIX, ERBHEIT L THOTERE
ERHDOELE L ST EEZONSD, FHLWIFRR
v, KIBETOBED LRIV T o Ti & FEKD
BESEZZ LR TWSY, BTi THEHICLOT oif
AW LIRS A2 L2 520208, FFFTIRFLR
A,

Ti #¥ OBIRE T TOFREE L KD 2131
ﬁﬂ’]g < 10)~— 14)19)20)22)~24), ﬁﬁ*ﬁ*’l’i) g < @’%ﬁ;‘r—ft b:
BATVS, Zhnickb ot Fig.l, 20
X ImERRRES LAY S, MUORREVKT O
WL HTVZIT VA, Fig 1 1ICAB L) CHEOTER
WKWEOTFHIOK LT CRIKETT556E, Fig.2 0



F ¥ EEDRBICI BT AT, whiEss

709

A
2000 ™~
o
a
z
£ 150 O
g “~o\|
= Yield StrengtrT ~
)
el n
‘0
c
2
500 oe 15V-3 |
o @ 13V-11Cr-3A1
o 15Mo-52r
& A 15Mo-5Zr-3Al
0 I
52 20 > O]
g 8
A e e
o g o7 |
9(?£%%|
w 100 200 3

Test Temperature/ K

Fig. 2. Low temperature strength and elongation
of A-Ti alloys'® ™% as a function of temperature.
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Fig. 3. Load-displacement curves of JN1 and
Ti-6Al-4V special ELI alloy'?.
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Fig. 4. Diameter profiles of fractured round bar
specimens shown in Fig. 3.
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Fig. 5. Charpy impact energy transition curves of
unalloyed Tis'??® with various impurity contents.
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Fig. 6. Charpy absorbed energy transition curves
for various Ti materials. Fracture surface modes
are shown by D : dimple, DC : dimple + cleavage,
DG : dimple + “groove”®, M : microdimple, and C :
cleavage.
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Fig. 7. Fracture toughness transition curves for
Ti-5A1-2.5Sn alloys 192829 with various impurity
contents.

Lk, # Ti Tid 4K THHI2iF 100 J/em? L Lo
BEARIMELROL LB ASTH AV ©
Zio05d, TiAEIBWTRBEKTRELZES T
B, Lddb, —EULOMELRRE LGS, &b
WL 25, ZOXRELZERIZFRGFEMEEROES I
H5H. BIED Ti-5A1-2.5Sn, Ti-6Al-4V 2 DEE
FRCTIEHBRHD, ELHFLBEELFOT, AE&HE
THLENHS)H. ExBHHELLTE (a) BHE
afg, (b)) BUEBBLAZVWEHESEER LT, W
FTHhLEGERDOER, I BELITB VTR
OREL LOBRFPVEIILSD. B, o a+ 4

RT

Scanning electron microphotographs of broken surfaces for 15-3 alloy'®
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Fig. 9. Fracture toughess and yield strength at
4 K for various Ti alloys.
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Fig. 10. S-N curves at low temperatures of

Ti-6A1-4V alloy.
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HEALZVEFFGHFELET I/ TV

FEFHHEIBRL LD EHLE XS, BEORE
LbHITNZT LW, Thbh, EHEESEE (K AK
FEI) TR R L B ASBIE S
HHLBEERE L EIOBREENCEL TR C (B
AK $H1) T A FIA L —3 3 v HEBRBENTEH &
%53 BELIEHLARLVEENDICONTRIZEDHE
WANEL 2B dd2TH, EHROEBILOKTIE
b bk,

P EREEAIECNAITIRBRA KRB TH B 05, B
BUIBH VN hd HRBERC 25 ERBRAEE 25
CeaHD (Photo. 2). “hit a+LBAELTHA
Ti-6 Al-4 V TRRBRBEICLISTHEHNL 5, « B4
4£® Ti-5A1-2.58n T2 4K TORBESNL3O, 3§
HE T, 2HOWHEMS S X2 0EICE, 2=,
MMEW L ERECRDLRTW AW, LBLTEESR
HOBICHEIIH L T—EDAEE L2 um D7 7
v MC, Ti-5A1-2.5Sn Tid Fe YV v F %8 2%k
FACHEO N 7R & DR AL B ORHIAL o MR DS
n3® Ti-6Al-4V Tit e FHO~NEBK 2 5 » 239
KKHIETAHDTH 5.

EHERERBEOBHEE L CEMD Extrusion-Intru-
sion 12, HEWEEHBE » > KEWEBHEAEREIC
B RER R & RBEEXRIIRNIICED TS, LaL
ISR & B2 K IS REIT I BEIRR & @ 50% UL T ORK
BELIEHTTHRE B, 20X 2EENT Ex-
trusion-Intrusion B B 25 < & X & 2 12 { W,
A. Atrens 510 FERIZBWT Ti-6 Al-4V ORISR
BEFRERNFOEVCEAEINL I E2{BENL L

7

713
Ti-6A1-4V
08 Ti-6Al-4V P ]
i . e
> < »
207 nfﬁﬁ ¥
%) .)/
06 " o :
73 /
] 0
805 e 4K, Forged
5 m: 4K,Rolled
§e] 0.4F bt} o:77K,Forged
& o:77K,Rolled
O'30 01t 02 03 04 05 08
Facet size, f~1/2 (um-12)
Fig. 11. Interrelationship between facet size of
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