https://doi.org/10.69239/hondatechnicalreview.2003 15 1 23

g

Juoogdootgdbootddbog
Juoogtdd

Research on Noise Reduction for Pinion Shift-type Starter

ooooooo®
Mikihiro TAKANO Masashi TANAKA
ooooooo® ocooooooge©
Nobuyuki HIRAMATSU Takashi AOKI

ooooopooe

good

gboboobobooboobooooboooooooboooboon
ggoododoooooooooobooobobbobobooooo
gbooboobooooooobooooboobobobono
gbobooooooobobobobobobooboooo
gboobooooooobooboboboboboooboooo
gbobooooooobobobobobobooboooo
gboobooooooobooboboboboboooboooo
gboobooooooobooboboboboboooboooo
gbobooooooobobobobobobooboooo
gooooo0obDo0o0oboOooOoooboOooooog 7dB
gobobooboooooobooooooooboooooooo
gboboooooooboboboboboboooboooo
gbobooooooobobobobobobobooboo
goboboooooooboboboboboobooooon
gbobooooooobobobobobobooboooo
gogo

ABSTRACT

The mechanism of generation of noise was analyzed
and research on noise reduction was conducted in pinion
shift-type starters for idle stop systems. Both pinion shift
noise and cranking noise are components of the noise
generated during engine start; vehicle tests demonstrated
that cranking noise is produced for a longer period and
causes greater discomfort to driver and passengers, and
countermeasures were therefore devised against this form
of noise. Bench tests revealed that gear whine was a
more significant factor in cranking noise than gear rattle,
and countermeasures therefore targeted this source of
noise. The spur gears conventionally used in pinion shift-
type starters were replaced by helical gears and the
contact ratio was increased, reducing noise by 7dB.
When establishing gear specifications, analyses of stress
in the sections making contact were conducted to enable
judgment of the ease with which damage occurs to gear
end faces during pinion gear shifting. The relation
between angle and stroke of the pinion gears during
shifting was optimized to achieve superior shift
performance.
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Fig. 1 Starters types for idle stop system
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Fig. 2 Pinion shift-type starter
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Fig. 5 Engine speed and starter motor speed during
engine start
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Fig. 6 Engine speed and starter motor speed during engine start
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Fig. 7 Torque produced by the starter motor during engine starter
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Fig. 8 Vibration of starter during engine start
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Fig. 9 Constant mesh type starter motor

Table 1 Gear specifications
ltem Total cgntact Normal :negzll)é CV?IE;Ct
ratio module
(deg.) (mm)
Spur gear 1.09 2.54 0 9
1.25 25 4 9
1.45 2.25 12 9
1.80 2.25 28 9
1.84 2 20 9
1.91 1.75 20 9
Helical 1.97 2 28 9
gear 2.33 2 20 18.7
2.39 2.25 28 18.7
2.45 1.75 20 18.7
2.64 2 28 18.7
2.68 2.25 36 18.7
3.62 1.5 36 18.7
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Table 2 Teeth profiles data

Teeth profiles A| Teeth profiles B
Pinion | Ring | Pinion | Ring
gear gear | gear gear
Profile slope
deviation 3.1 —4.3 2.3 8.7
Bulge 2.5 4.5 0.3 0
Waviness of
Involute | ofile 92 | 196 | 16 1
Tip relief 8.6 4.3 7 8.1
Profile slope
bias -3.8 —4.3 —0.2 -0.7
Helix slope
deviation -7.5 —2.7 —2 5.1
Lead | Growning -05 | 32 4.9 5.3
Waviness of
helix 11.3 14 14 0.9
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Teeth profiles A Teeth profiles B
Fig. 10 Comparison of sound pressure level during

engine start for different teeth profiles on
test stand
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Fig. 12 Relation between contact width and noise
level of engine cranking on test stand
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Fig. 13 Relation between total contact ratio and
noise level of engine cranking on test
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Fig. 14 Cabin noise during engine start
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and stroke
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