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Development of Titanium Metal Matrix Composite Exhaust Valve

o o0 doooooo@)cooooooon
gobooooobooboobooooooooood
goboooooboooboobooobooooooog
oooooooooooooOoooOO0MMC (Metal
Matrix Composite) D 000 000000000000
goooooooboooboooobooobooooooog
gooooooooooboooogooooooo
MMCOOTiBOOOOOOODODOODOOOOOOOO
goboooooboooboobooooooooog
gbobobooboob21-4aNOO0O0OO00OO0O0OO0O0DO0

good

Tadahiko Furuta, Takashi Saito, Toshiya Yamaguchi

goooooooooooboooboooooboooo
goobooooMMCcOOOoOooboooOooooon
OOO0OTi-6Al-4vO00000O0O0OCODOOODOOO
ooboooooboooboobooboooboboobooonn
oooooooboooboooboooboooboooo
ooooooooooboobooboobooboooo
gobooooobooooobOoooobboOoon
000000000000001600000000
goboobooooobooobo1cwoobooooooo
oO00O3BOO0O0O0O0OO0O0O0ODOOOCOOOOOOO

goooo gooomBOoOOOCOOOOOOOOOOO0OOOOCODOOOOOOOOOOOOOOOOOOOOOODOOO

In October 1998, a new mass-produced car with titanium
engine valves (both intake and exhaust) become available
from the Toyota Motor Corporation. Both the intake and
exhaust valves were manufactured via a newly developed
cost-effective powder metallurgy process. Furthermore, the
material, which was specially designed based on the
mechanical properties of the exhaust one, isa unique TiB
reinforced titanium metal matrix composite (MMC). This
paper discusses the materials and manufacturing methods
used. Thetensile strength, the high-cycle fatigue strength
and the creep resistance of the MM C from room
temperature to 800°C are always superior to those for the

Tensle strength

Abstract

typical 21-4N heat-resistant steel and Ti-1100 (heat-
resistant Ti Alloy). These properties have been realized by
the best combination of a special heat-resistance titanium
alloy and the ideal reinforcement particle, TiB. Both valves
have achieved sufficient durability and reliability with a
manufacturing cost acceptable for mass-produced
automobile parts. The new engine using the developed
titanium-based exhaust and intake valves reduced the valve
weight by 40% and the valve spring by 16%. Asaresult,
the maximum revolution increased by 10% and the noisein
the high revolution range decreased by 3dB.

Titanium, TiB, Metal matrix composite, Automobile, Engine valve, Exhaust valve, Powder metallurgy, Creep property, Fatigue strength,
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Table 1 Adaptability of several candidates as reinforcement
for the titanium MMC.

TiB TiC SiC

Knoop Hardness

(GPa) 28.0 24.7 255
Young's Modulus

(GPa) 550 460 394

Coefficient of Linear

Expansion o (X 10 -6 K-l) 8.6 74 4.0
Maximum | Matrix 0.1 18 unstable
Solubility P

(at%) | Particle 10 15.0 inTi alloy
Estimation Excellent | Passable | Failure

U Coefficient of Linear Expansion of
titanium alloysisaround 9.0 x 10°°K"
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Fig. 1  Summary of the titanium valve manufacturing process.
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Fig. 2 Influence of annealing temperature on the microstructure of the hot-extruded MMC. Annealing temperature are

a) at 950°C, b) at 1055°C and c) at 1150°C.
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Fig. 7 Result of the engine test.
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Fig. 9  The developed intake (Ieft) and exhaust valves
(right).
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