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Abstract

Weight reduction and enhanced functionality in automobiles are critical challenges, and titanium
is considered a material that can address these issues. However, there are many challenges in applying
titanium, and our company has been developing titanium materials with excellent properties and
solution technologies. In material development, we have created the “Super-TIX™ series,” which
utilizes inexpensive, common elements. We have mainly introduced alloys for exhaust systems and
high-strength titanium alloys. In terms of solution technologies, we have introduced press forming

simulations and lubrication during pressing.
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Typical chemical composition and properties at room temperature in titanium for exhaust system

Chemical composition (mass%) Tensile properties .
Density
. . Heat 0.2%PS TS El b
Material Cu Sn Si Nb (g-cm™)
treatment (MPa) (MPa) (%)
JIS class 2 =0.20 Annealing =215 =340 =23 4.51
10CU” 1.0 =0.15 Annealing =270 =360 =35 4.54
10CUNB” 1.0 0.5 =0.15 Annealing =270 =360 =35 4.55
10CSSN-1 1.0 1.0 0.2 04 =0.15 Annealing =270 =395 =20 4.55
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Specific strength as a function of temperature
(a) Specific strength of each material and (b) specific strength ratio normalized SUS436.
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(a) Stress amplitude and (b) stress amplitude normalized by density of each material.
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Weight gain after oxidation for 200 h at various tempera-
ture in air
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Result of condensed liquid corrosion test
. Pitting depth (xm) Weight loss
Material
Ave. Max (mg)
10CSSN-1 29.5 68 —0.4
SUS436 26.4 71 0.7
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Typical chemical composition and properties at room temperature in high strength titanium alloys

Chemical composition (mass%) Tensile properties Densit
ensi
. Heat . 02%PS TS El Y
Materials Al Fe Mo A% (0] Microstructure (g-cm™)
treatment (MPa) (MPa) (%)
Ti-64 6.0 4.0 =020 |Annecaling Equiaxed =828 =895 =10 443
51AF 5.0 1.0 =025 |Annecaling  Equiaxed =700 =800 =10 4.42
523AFM 5.0 2.0 3.0 =025 |Annecaling  Equiaxed =870 =950 =10 4.53
523AFM 5.0 2.0 3.0 =0.25 STA Bi-modal = 1100 = 1200 =10 4.53
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5 SREEER & HEREROBERD 6 STIX-523AFM D5 [5R3&E & U DR

Relationship between relative permeability and reduction

of cold rolling™
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Relationship between tensile strength and elongation in
solution-aged STIX-523AFM bars
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REa 050 SIIRFLER L BB L 720 —7, 450CHR
BRI A2 572> THBY, LRSS SICER
THRRLIRZAZ R LT B 8 ISR & FEIRZE AL
EOBRERTW, 22 TORREE L ITZERTIMITL
IREECOMITAE LI LT, [F—RERH % 150~450T
FCTSOCHICHRGHZMREY KL 7-HE& 0T MO b=
TdHbo 900CHEMHRIL (ST) Tl 250T T TIEIATEELRAS
JEARIAE (37° CTaZhliE) LThY, BIRRLEMRE
BB LT Bo —77,300C LLE TN IR ZE b (CFE
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FHERE (Boo” (KOFT R~ VT 234 M M) 2L %,
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LIS L BN 7 2 MEIRR AL, Z1UlL-T
BRLBIREAZELLEEZOND, —F, 930CHE
LTIRFEIRICIE BHDOE DS o AHIZEREL, MMTIC & -
Ta (hep ¥IVT A B) AHNILEHREERET 2, 2D o

X7 BEFMIBEOBREIL; () ZEHTIINIRE ()
200 CHR#F, (c) 450°CIR##

Appearances of the specimen during isochronal heat

treatment

(a) As initially deformed by bending (before the heat treat-

ment), (b) after heated to 200°C, and (c) subsequently heat

treated to 450°C.
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8 HITINIEHERF OHTAZEILE L INBEE DR
Transition of bending angle during isochronal heat treatment
after bending at room temperature in the specimen solution
treated at 900 and 930°C followed by water quenching'#
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Titanium fuel tank
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Isotropic hardening

Anisotropic hardening
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Experimental and simulation results in cylindrical deep drawing'®
(a) Appearance after cylindrical deep drawing test, (b) deformed shapes and thickness distribution, and (c) cup height profiles
of the simulation using Y1d2000-2d, CPB06 without SD effect, and CPB06 with SD effect yield criteria with isotropic and

anisotropic hardening rules.
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Relationship between friction coefficient and Taylor factor
of crystal grains immediately below the contact surface in
the edge sliding test of IP block at the vertical load of 0.1
N, 0.5 N, and 2.0 N'":1®

(@) 0.1 N

Ball
Sliding direction

Titanium xide film

(b) 0.5 N

Crystal grain with

Crystal grain wit
high Taylor factor

low Taylor factor

(c)2.0N

=95

e

12 BEREHICRIET A5 —HAFD DRBHEED
R 719
Schematic diagrams of sliding form of edge sliding test at

the vertical load of (a) 0.1 N, (b) 0.5 N, and (c) 2.0 N'7- 18
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