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Development of a Rocker Arm for Variable Valve Timing Mechanism Applying Metal Injection Molding
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ABSTRACT

In order to develop the new 2L DOHC engine for the
“New Generation Real Open Sports” HONDA S2000, it
was necessary to develop an improved valve rocker arm
which allows for extremely high engine revolutions and
is light in weight while compact in size.

The new valve rocker arm is characterized by
applying roller bearing to the cam follower and variable
valve timing and lift electronic control system (VTEC)
built-in (or coaxial) roller bearing shaft. It also is capable
of mass-production by employing metal injection
molding (MIM), which will produce near-net shape
rocker arms.

With these improvements, the new engine has been
successfully developed and achieves a maximum
revolution of 9 000 rpm.
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Fig.2 Comparison of valve train friction loss
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Relationship between rockerarm rigidity and valve behavior
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Fig.4 Anomalous outline hole (machining retardant hole)
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Table 1 Comparison of manufacturing method
Forging | Precision MIM
casting

Density 100 100 96

Material Tensile strength 100 90 83

feature Elongation 100 75 60

(forging=100) [ Hardness 100 98 86
Free form Low <4——p High

Surface roughness (s)

rough 4—p good

050 500 20 3010
Minimum wall thickness (mm) 3.0 2.0 01.0
Minimum hole diameter ¢ 10 92 ¢ 0.5
Dimension accuracy (mm) +1.0 + 0.2 + 0.05
Roller groove face feature Machining [ (Molding) | Molding

Comparison of
rockerarm cost

Cost —p»
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1. Mold manufacture 2. Mixing

6. Sintering 5. Debinding

Vacuum sintering Solvent debinding
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¢ Main condition
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gboobooboobooboooooooooooooon
gbooboooboobooboooboobooboboobooo
gbooboboooooboooboobooboboobooo

goooood
gbooboobooboobooboooboobooobooooobogon
gooboooobooboooooobooooooooon
gbooboobooboobooooooboooooooon
gjddoddoddodododoooooooooboooo
oo

gomooo
gboobooboobooboobooboooboobooooogon
gbobobooooboobooboboboobooo

obomobooooo
gboobooboobooboboobooboobooooboon
gooboooooon

gomg
gooboobooboobooboobooboobooooogon
gboboobooboobooobooobooboobooooboon
goboboooooo

3. Pelletizing

Mixing machine

Sy nte Pe"et

g

. Binder
Metal powder

Process Compound (mixing) Injection molding Debinding Sintering
Condition | e Metal powder/Binder rate * Metal temperature
=42vol% =1300 150°C Solvent 1400°Cx
* Injection pressure debinding 3hr
* Binder+Wax=140°Cx60min =1500kfg/cm?2 =28°C (vacuum)
* Mold temperature
=150 20°C

Fig.5 Manufacturing process of MIM (Metal injection molding)
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Table 2 Chemical composition of MIM powder (wt%)

C Ni Cr Mo Si
0.13-0.18 | 00.25 0.9-1.2 | 0.15-0.3 | 0.15-0.35
Mn P S Cu Fe

0.6-0.85 | 10.03 00.03 0o.3 Bal
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Fig.6 New water atomization process
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Table 3 Powder characteristic

Metal Water Tap Specific Oxygen
atomized | density |[surface area| contents
(JIS) O (g/em?) | (m%g) (ppm)
SCM415 |Conventional 3.9 0.5 6 000
New 4.7 0.29 4 000

Conventlonal split atomized powder

New atomized powder

Fig.7 Powder shape
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Primary rocker arm

Middle roker arm

Fig.11 Green body of rocker arm

goooooooo
MIMOOOOOOODODOMmMOooOooOomoooooooo
O0Fg120 0000000000000 0O0O00000O0
ogboboobooooboooboobooboboboboonog
ooooogo

* Carburning-Comparison

Tensile strength Material | Fatigue strength (B10)
[ ]:o max
[] : Proof stress
MIM
110|| [SCM415 30.3
(equal)
108
Steel for
case
140 120 hardening 33
SCr420HZ
o=3.16/Carburized
depth
180 140 100 20 30 40
(kgf/mmg2) (kgf/mm?2)

Fig.12 Comparison of strength
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Fig.13 Comparison of flatness
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Table 4 Engine Specification & Performance

F20C0 (S2000)

F20B0 (ACCORD)
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Max power 250PS/8 300rpm 180PS/7 000rpm
(183.9kw/8 300rpm) | (132.4kw/7 000rpm)
Max torque 22.0kgm/7 500rpm [ 19.5kgm/5 500rpm
(215.7Nm/7 500) (191.2Nm/5 500rpm)
Red zone Ne 8 800rpm 7 400rpm
Fuel cut Ne 9 000rpm 7 700rpm
Head measurements | 205mm x 211mm 249mm x 238mm
width x height
Weight of 9kg 11kg
valve system
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