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The Evaluation of the Mechanical Properties of a High-strength Ti-17
Alloy Die-forging

Toshio MATSUMOTO and Takashi NISHIMURA

Synopsis :

The objective of this study is to manufacture a near actual-size die-forged Ti-17 (Ti-5Al-2Sn-2Zr-
4Cr-4Mo) disk in consideration of its jet engine applications, and to evaluate its mechanical properties,
comparing with those of other high strength titanium alloys.

The major results obtained are as follows :

(1) High tensile strengths, ranging 122 to 126 kgf/ mm?, were attained, and elongations were over 8 per-
cent at widely sampled locations.

(2) Fracture toughness values were 160 and 210 kgf/ mm?+vmm for radial and tangential cracking direc-
tions, respectively, which were proved excellent in comparison with those of other high strength titanium
alloys.

(3) High cycle fatigue strengths and fatigue crack growth rate, espacially at high stress intensity range,
had a great advantage over such a high strength alloy as Ti-6A1-2Sn-4Zr-6Mo. Strain controlled low cy-
cle fatigue properties were equivalent to other widely available titanium alloys.

(4) Creep strengths studied at relatively lower temperatures than 500°C were equivalent or superior to
Ti-6A1-2Sn-4Zr-2Mo with high temperature applications.
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Photo. 1. Die-forged disk made from Ti-17.
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Table 1. Chemical compositions of Ti-17 tested. (wt%)
Al Sn Zr Mo Cr Fe Y Cu Mn [0} C N H
4.98 1.98 1.96 3.96 4.00 0.059 <0.0010 <0.005 <0.005 0.081 <0.005 0.0036 0.0010

(C—R)

Location code : US=Upper Surface C=Center LS=Lower Surface
Plane code : T=Perpendicular to tangential direction - R=Perpendicular to radial direction

Photo. 2. Microstructures of Ti-17 disk die-forged.
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Table 2. Tensile properties of Ti-17 disk

die-forged.

Orientation & 0.2% Y% TS 5 EL RA
Location (kgf/mm*®) (kgf/mm®) (%) (%)

Room temperature
T-US 119 126 11 21
T-C 116 123 12 23
T-LS 119 126 12 25
R-US 116 122 12 24
R-C 116 123 8 14
R-LS 118 124 8 21
427°C

T-C 86 101 15 44
R-C 86 100 14 44

Location code : US=Upper Surface C=Center L.S=Lower Surface
Direction code : T=Tangential R=Radial
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Fig. 1. Fracture toughness values of Ti-17 disk
die-forged, comparing with those of other titanium
alloys.

LH)ICHEEBY OREFB. BIERMEL BB
BRI E LT, BREn 2N EHET 50
CLERRBREEI RN RVAEIMTELRALL S
L, BULEZME LCEBRCEMMEL, o 2 BEK
(LEFRA LTV LD, &2 CTESR-HENME
AETERTELHLUBVVETHL LEXS.
3-5 WHHUHE
BIRTOEEMICo W T D HCF RE#HEE % Fig. 2
OHMBORYT. HKERF L, FEL 10 mm UL %RV
72T 4 A 7 OFEFFNCIRELL /2. Fig. 2 W, @,
@RRFLL Ti-17 M Thh, KF4 27 BELFERUHA
FRETZEAZRAMIES0% B XU 70% &L 7
100 mm Ao W, & b IZEML 810°C, 4 h, WQ 7%,
593°C, 8h B L72b D TH 5. @, QITHNTERF 1
Z 7 ®» S-N fig i EEGHCRBEAL TS5, BEM
B TIREFHREISRT L. RF 1 27 OFEFFRMET
L72BEE LT, M« REDEVICER L2V, Hi
HOOKRICL B L, AEMTES0% BLU 70% D
100 mm AMIZOWVTERT 4 2 7 OFFE L R—FGTH
AL L 72 b DD a FLOKE Sk, KT 4 A7 D
IR, BYUTHH. Bk, BOBEES DR
DOHHETELOTYH, afENNEVEIEFTFA IV
FEHRAERD L) Lucas® O Ti-6-4 122V TOFE
T IR RS AM OB PV THRLT A ETH



2230 #% ¢ M

5 73 4 (1987) & 16 &

T T IR I T
L —Tie
100 — ® Equiaxed
Disk @ <
TS=124kgf/mm?
@ Equiaxed ®
100mm sq billet
TS=125kgf/mm?
® Equiaxed
100mm sq billet
TS=126kgf/mm?
® Acicutar
100mm sq billet
TS=123kgf/mm?
———: Ti-10V-2Fe-3Al
® Equiaxed
100mm sq- billet
TS=134kgf/mm?
® Equiaxed

I~
-
-

[{e
o

(o]
o

Illllllllllllllllllll)llI

Stress range, (kgf/mm?)

TS=117kgf/mm2

1 IIl[|I| | Il

T 1 T 71 ITI'I

-
-~
-~
-
-~
-

———;: Ti-6Al-2Sn \

-4Zr-6Mo
@ Equiaxed ‘\

100mm sq billet Disk -
TS=127kgf/mm? N

1 llJlJl

I |IIIII‘IT‘|7]||||||

R=0.1, 25Hz, RT

-~
-
-

[ A

)

-
-~
-

e
-~

1!1||1]||I|1||1

L L1 | AW L

0t 10°
Cycle, (N)

10° 107

Fig. 2.- HCF data at room temperature on Ti-17 disk die-forged, comparing with
those on other competing materials and differently processed Ti-17.

Table 3. Tensile properties and heat treatments of titanium alloys other than Ti-17, used in LCF and creep

tests.
. 0.2%Y TS EL RA
Ti-alloys (kgf/mm%) (kgf/mmz) (%) (%) Heat treatment
Ti~10V-2Fe-3Al 120 130 4 8 740°C, 2h, WQ+482°C, 8h, AC
Ti-6Al-2Sn-4Zr-6Mo 115 127 16 28 930°C, 1h, WQ+830 C, 2h, WQ+593°C, 6h, AC
Ti-6Al-4V 90 97 20 48 955°C, 1h, AC+538°C, 8h, AC
Ti-6Al-2Sn-4Zr-2Mo 101 108 18 45 970°C, 1h, AC+593°C, 8h, AC
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(a) Ti-10V-2Fe-3Al

(b) Ti-6A1-2Sn-4Zr-6Mo

(¢) Ti-6A1-4V  (d) Ti-6Al-2Sn-4Zr-2Mo
Photo. 3. Microstructures of materials in Table 2.
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Fig. 3. FCG characteristics at room temperature
of Ti-17 disk die-forged, comparing with those of
other titanium alloys.
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Fig. 4. LCF data at room tempera-
ture on Ti-17 disk die-forged, com-
paring with those of other titanium
alloys tested.

Fig. 5. LCF data at 427°C
Ti-17 disk die-forged, comparing
with those of other titanium alloys
tested.
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