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Development of a heat-resistant stainless steel bushing for EXUP
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Abstract

Many of the sports type models designed and manufactured by Yamaha Motor Co., Ltd. adopt
the Exhaust Ultimate Power-valve system (abbreviated name EXUP) to control the vehicle’'s
exhaust flow characteristics. EXUP improves the torque characteristics of the low- to mid-speed
range, is effective in stabilizing engine idling rpm and reducing exhaust noise. Because the
EXUP valve located in the exhaust passage is constantly exposed to high temperatures, the valve
bushing must be highly resistant to oxidation and abrasion and must have lubricity as well.

With such qualities in mind, we tested a “SUT" sintered stainless steel based bushing and a
copper based bushing for EXUP. The “SUT” we tested is the type mainly used in the EGR (Exhaust
Gas Recirculation) valve bushings of automobiles. SUT is an austenitic substrate stainless steel
with a 20% content of hard Co-based particles distributed through the alloy that improves the
oxidation resistance and abrasion resistance. However, when such an SUT bushing was used
in the system’s development stage it made a disagreeable noise when the valve of EXUP was
rotating, and there was a problem of occasional fixation of the valve due to adhesion to the
housing parts. As for the copper based bushing—often used in sliding bushings—it was found to
be lacking in heat resistance, which caused adhesion and fracture.

To solve these problems, we developed a new SUT-based bushing by adding graphite and
varying amounts of a hard particle and the chemical composition of the stainless steel alloy.
After uniformly mixing in particles with highly differing specific gravities, the powdered metal
was molded and sintered. When sintering, the Cr carbide is extracted in the base metal. And then
a cylindrical bushing is made by machining and evaluated for (a) oxidation resistance, (b) wear
and adhesion resistance and (c) noise. From these tests we were able to obtain performance that
was satisfying enough.

The bushing of the SUTG series developed in this way was adopted on the production model
YZF-R1 in 1998 and has since been improved based on its performance on many other models.
Until now, more than one million units of the SUTG bushing for EXUP valve have been produced,

including those adopted on products of other companies’ products.
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& 1 Chemical composition of Bush (mass%)

Cr Co Ni Mo Si C Fe
Conventional SUT 15 12 10 8 1 - Bal.
SUTG-2 16 12 9 6 1 3 Bal.

Developed
SUTG-3 21 12 15 6 1 3 Bal.
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#F 2 Thermal Expansion coefficient (106/°C)

Temp Bush wrought
’ SUT SUTG-2 SUTG-3 SUS304
RT-200°C 15.0 13.0 104 17.3
RT-500°C 16.9 14.9 13.0 18.4
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# 3 Maechanical property

SUT SUTG-2 SUTG-3
Density Mg/ms3 6.7 6.1 6.1
Apparent hardness HRB 83 70 60
Tensile strength N /mmz2 215 250 180

% (reference value)
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Load

Roll Temperature:700°C
P15x22L Time: 1200sec
Load:40N
Frequency:20Hz

Sliding direction

Amplitude: 1.5mm
¢ 24x8L Opponent material : SUS316+chromaizing

BJ6 Comparison between sintered stainless and SUT series in Thermal wear test
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8 Equipment of Vibration test

#* 4 Vibration condition

Vertical Sine wave 325Hz
vibration | Accelerated velocity 490m/s2
Motion open-close cycle Tcycle/2sec
of valve open angle 0~ 100°
Atmosphere of test combustion gas
Temperatue of Bush 580°C
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#+ 5 Result of vibration test

wear of Bush wear of wear of | Abnormal | wear by Total
; haft outer Housing noize adhesion | clearance
outer inner | 3Na inner
SUT A X x A X x X
SUTG-2 O A O AN O O O
SUTG-3 O VAN @) yAN O O O
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