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A Study on Vibration of Planetamy Gear Transmission for Bicycle

Teruaki HIDAKA, Takeshi ISHIDA and Mitsuteru EMOTO

Abstract

The number of bicycle equipped with a planetary gear transmission is tending to increase with each
passing year. And the demand for this kind of transmission has been increasing. However, in some of
products, there are cases that stepping on the pedal causes the unconfortable vibration on a sole.
Therefore, there is a stronger need to clear up the causes of unconfortable vibration and to develop an
easy measuring method for the planetary gear transmission with the assembled state. So the unconforta-
ble vibration were measured by using a strain gage, non-contact type displacement converter and
accerelation type vibration meter. Consequently, the measured values of the non-contact type displace-
ment converter are approximetely similar to that of strain gage, it was shown that the utility of measured
result of non-contact type displacement converter. Furthermore, the bending fluctuation of sun gear
shaft in the planetary gear transmission without unconfortable vibration (OK) and that with unconforta-

ble vibration (NG) were measured. And it was shown that the effect which loaded torque and the

number of revolution gave to the unconfortable vibration.
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Fig.1 Testing planetary gear transmission
(5G-3530)
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Fig. 2 Testing machine

Table 1 Dimensions of planetary gear transmission (SG-3S30)

Sun gear Planet gear (4 numbdrs) Ring gear Carrier

Module 0.75 —_—
Cutter Pressure angle 20° _—
Number of teeth 15 14 45 _
Addendum modification +0.4 +0.5 +0.3 —
Face width 10.5 7.9 10.0 —_—
Pitch circle diameter 11.85 11.25 34.2 22.9
Given namber of teeth 5.88 5.92 12.85 —
Dedendum 1.25m _—
Addendum 1.00m _—

Low 0.75
Speed change ratio

High 1.33
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Table 2 Accuracies of planetary gear transmission (for sun gear and planet gear)
F Planet gear
Sun gear
Pe.1 Pe.2 Pe.3 Pe. 4
OK NG OK NG OK NG OK NG OK NGgﬂ
Outer diameter 12.99 | 13.01 | 12.51 | 13.50 | 12.50 | 12.50 | 12.50 | 12.50 | 12.50 | 12.50
Root diameter 9.76 | 10.13 | 9.31 9.31 9.30 | 9.30 | 9.31 9.30 | 9.31 9.30
orsplacement overa | 5.83 | 5.85 | 5.90 | 5.90 | 5.89 | 5.90 | 5.9 | 5.90 | 5.90 | 500
Accumulative Left | 0.1380 | 0.0431 | 0.0558 | 0.0619 | 0.0358 | 0.0501 | 0.0466 | 0.0915 | 00602 0.1003
pitch error | pight| 0.1398 | 0.0643 | 0.0542 | 0.0666 | 0.0295 0.0513 | 0.0444 | 0.0825 | 0.0601 | 0.0977
Runout error 0.0796 | 0.0283 | 0.0300 | 0.0308 | 0.0173 | 0.0328 | 0.0237 | 0.0432 | 0.0347 | 0.0529
Table 3 Accuracies of planetary gear transmission (for carrier)
Measuring point No. Item OK NG
Measured value 19.09 19.16
: Center distance 11.42 11.42
Measured value 19.08 19.11
? Center distance 11.41 11.43
Measured value 19.06 19.13
’ Center distance 11.40 11.46
Measured value 19.08 19.12
! Center distance 11.41 11.45
Measured value 21.13 31.23
! Center distance 16.99 17.04
Measured value 19.49 19.50
? Center distance 15.35 15.34
Measured value 21.13 21.10
’ Center distance 16.99 16.96
Measured value 19.43 19.50
! Center distance 15.29 15.34
Measured value 27.02 27.11
° Center distance 22.90 22.94
Measured value 27.02 27.06
° Center distance 22.87 22.91

WA RE T EEH RS



24 (24) H & M X-40 H

Ald, DT a7 — 2% KBRS I A LR L
72, F 7, IEERUBAAIHNC & KM B O S
FEo i IREIE N %, £ L TR IRERT S

A B L 5 D S50 5 1 D I B ) & IE]H%E?EiﬁHIJ L,

Fe— gL a—Fizitsk L7, FEEMIEENETC L BET
WA % Fig. 3, 4187,
2.4 SEBRZMH

TS5 22 )Mo REREE T, B EHEO RO

Gap sensor
(horizontal direction)

I

| W

BE DT KGR LA A DY S T LT, ERHT
| m

I f::rrlﬂtl i

i m\m"i‘;:?:zz,m.;

| 'fjv“, e n” Hr,
T

N
it
T
b t
Fig. 3 Detail of measurement jig using

non-contact type displacement converter
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Fig. 4 Measuring block diagram
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Fig. 5 Direction of runout error of planet gear

Table 4 Experiment condition

Experiment condition 1 2 3 4

Type of planetary gear
transmission OK | NG | OK | NG

Direction of runout
error of planet gear @ | @ | | b
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Fig. 6 Comparison of each measuring method (in

case of low speed and experiment cond. 2)

Torque: 35N Speed of d0|v2 anaf( 100rpm
EEDEm s =

=[]

M
R N
; sgsaﬁaﬂs

==
===

Fig. 7 Examples of fluctuation at the end of sun
gear shaft (in case of low speed and exper-
iment cond. 1)
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Fig. 8 Examples of fluctuation at the end of sun
gear shaft (in case of low speed and exper-
iment cond. 2)
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Table 5 Major frequency component of each element and mesh frequency
: 1st component |2rd component|1st component |1st component 2nd component
Re\;(;ilgﬁ(lronnsf of revolution | of revolution | of revolution | of revolution | of mevolution 15& err?gShf frfe i
ca p of carrier of carrier |of planet gear| of ring gear | of ring gear 4 Vit
20, (3/4) = 0.250Hz 0.500Hz 0.517Hz 0.333Hz 0.667Hz 3.75Hz
40, (3/4) = 0.500Hz 1.000Hz 1.036Hz 0.667Hz 1.333Hz 7.50Hz
In case of _ = ,
Low speed 60, (3/4) = 0.750Hz 1.500Hz 1.554Hz 1.000Hz 2.000Hz 11.25Hz
80, (3/4)=60| 1.000Hz 2.000Hz 2.071Hz 1.333Hz 2.667Hz 15.00Hz
100,(3/4) = 1.250Hz 2.500Hz 2.589Hz 1.667Hz 3.333Hz 18.75Hz
20 0.333Hz 0.666Hz 0.690Hz 0.444Hz 0.888Hz 5.00Hz
40 0.667Hz 1.333Hz 1.381Hz 0.889Hz 1.778Hz 10.00Hz
In case of
High speed 60 1.000Hz 2.000Hz 2.071Hz 1.333Hz 2.667Hz 15.00Hz
80 1.333Hz 2.666Hz 2.762Hz 1.778Hz 3.556Hz 20.00Hz
100 1.667Hz 3.333Hz 3.452Hz 2.222Hz 4.444Hz 25.00Hz
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Fig. 9

Examples of fluctuation at the end of sun
gear shaft (in case of high speed and
experiment cond. 1)
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Fig.10 Examples of fluctuation at the end of sun
gear shaft (in case of high speed and
experiment cond. 2)
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