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A Study of the Driving Performance of Solar Type

Planetary Gears for Bicycle

Teruaki HIDAKA, Takeshi ISHIDA and Mitsuteru EMOTO

Abstract

Planetary gears suffer easily from the effects of various errors in comparison with an ordinary gear

train because each gear in the planetary gears meshes with multiple gears. Then an unbalanced force in

the planetary gears, due to the influence of various errors in each gear, leads to an increase in vibration

and noise and a decline in efficiency. In previous studies, it was possible to clarify experimentally that

the effects of the amplitude and direction of runout errors of planet gear and dividing error in the

circumferential direction of the holes for planet gear shaft on carrier caused unbalanced force on the

solar type planetary gears. In this study, using newly-developed solar type planetary gears with seven

stages in speed change mechanism for a bicycle, some experiments were carried out in order to under-

stand the factors causing the unbalanced force and to improve driving performance.
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Fig. 1 Testing planetary gears

Tablel Specifications of testing planetary gears

3 , . Internal .
Sun gear Planet gear gear Carrier
1 ( 3 numbers)
Front planetary gears 1 2 1 1
1 2

Number of teeth 42 36 14 20 72 —
Addendum modification ) L n o o
coefficient +0.441 | + 0.329) +0.441]+0.553] +0.459
Face width mm 5.8 5.0 5.7 3.5 6.3 —

Pitch circle diameter mm | 31.5 27.0 10.5 15.0 54.0 43.35

2 (3 numbers)

Rear planetary gears 3 4 2 ; 2

1 2
Number of teeth 36 30 14 19 66 —
Addendum modification : ) .
coefficient +0.329: +0.842| +0.441| +0.565| +0.364
Face width mm 5.9 4.7 5.7 3.5 6.15 —
Pitch circle diameter mm = 27.0 22.5 10.5 14.2 49.5 38.7
Module mm 0.75
Cutter pressure angle 20" ‘»

|

Speed change ratio 0.632, 0.741, 0.843, 0.989, 1.145, 1.335, 1.546 .
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Table2 Route of power transmission in every stages
Stage Route of power transmission Stage Route of power transmission
Output Input Output Input
1 Wﬁizf%ﬁ%”‘ 2
Qutput Input OQutput Input
3 ﬁ‘ 4 }7
OQutput Input Output Input
|
5 Aﬁﬁ 6 1]
Stage Speed change ratio
Output Input 1 0.632
2 0.741
; L 3 0.843
[1 4 0.989
5 1.145
4 'L‘ 'l' 'L v 6 1.335
7 1.546

2.2 HREESETEMOTIFRE

8 S ADNR(BEPAL 8T TP INuH: AN (E e -7t
RIS D107, ARERTES 3 3
WEMTH D Lh s, Ml )E L,
Z Z TFig. VIR L 220 i E o X+ ) 7 1
R — 1, 1-2zKL, fHLBLERORA
SR MHL BN AR ) I LSRRy
5X )T R 2HNMNE L, JITXHND 0, #
LD/ ZGEEE Type T, IEIEED K X WG,
Type i L7, Table3iz*x+ ) 7NHTypel, Type
L2 51T 285 W EilhX o T %, £ L TTable 4
IR WHENType 1, Typell DL 2551, %
BEOMMOWHEDK I IFH S OBME [T E 20
72, F¥FTable3 2 W5 &, X+ ) TIZE T 5k s
BROBRROIE SO &L, ¥+ ) TDOType I TI360um
THBEDIZx L, Typell TF220umDIE LD EDH S

ZEhbhrb,

KizTabled £ 9, FEHRBEHDOTypell DL #ER
[3Typel &I LT 4 ~ 12K E W Ehvhd b,
COBERITISICE 5HH 3 ~ SHRITHINMT 5,

2.3 EREBSIUERYE

ABFSTHIH L 72 BR 3G 3 Fig. 2 1253 £ 512DC
E—SRIBE L, YT =T — %10 £ ) A
WCHAT PV 7 2 EHER B 2 EHTEDEHMILRT
H 5. KEGsdE o IS oit#izig, Fig. 1125
L72ALE DS it X KPR F N ZF N 2D T
AT =T R LT 25— o3z k- CEMBl R §T - 72,
TBOTAT =D& T L 20 2 3P o3
ADATHSZ Lo, KB4 ol h oy 2Kk
L DRDBEIEHTE B,

IINRP N Sl W2t 47 k- e



12

o,=(1/2) &°E

ZIT

Ob -

&

Hen M5 - i e IIA W
Table3 Accuracies of carrier
( . Carrier 1 Carrier 2
Measuring
pomt Type 1 Typell No. 1 No. 2
(mm) (mm) (mm) (mm)
1 37.47 37.44 33.49 33.46
2 37.51 37.66 33.51 33.53
3 37.53 37.52 33.53 33.50

Outline of

Design value . 37.54mm

Design value . 33.52mm

carrier
Table4 Runout error of planet gear
Typel (mm) Typell (mm)
Parts name
Pel1 |Pe2 P3| Pel1 | Pe2 |PL3
Planet gear 1-1 0.025 | 0.015 | 0.025 | 0.090 | 0.070 | 0.100
Planet gear 1-2 0.010 | 0.015 | 0.020 | 0.125 | 0.090 | 0.130
Parts name No.1 (mm) No.2 (mm)
Planet gear 2-1 0.015 | 0.015 | 0.025 | 0.015 | 0.025 | 0.015
Planet gear 2-2 0.010 | 0.010 | 0.020 | 0.010 | 0.025 | 0.015 |
.................................... (1) SR ATRED BT P L 2 OFI1/3ITHIY T 2 5 Nm, it

Ko digmo i FIe )y (MPa)
CHF AT AOGHHME (ust)

E v 7% (=206GPa)
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1 | Testing planetary gears S | Rotary encoder (output side)
2 | DC motor 6 | Torque meter  (output side)
3 [ Rotary encoder (input side) | 7 | Powder brake
4 | Torque meter  (input side) | 8 | Photo coupler

Fig. 2 Experimental apparatus

Table5 Experimental conditions

Gear set A Gear set B Gear set C Gear set D
Carrier Typel Typell Type I Type I
Planet gear Typel Type I Typell Typell
Other parts Common

Direction of
runout error of
planet gear at
the initial stage
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Fig. 3 Varying waveform of bending stress of sun
gear shaft (gear set B, stage 2)
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(b) higher frequency component (vertical direction)
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(c) lower frequency compoment (horizontal direction)
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(d) higher frequency component (horizontal direction)

Fig.4 Frequency spectrum of bending stress of sun gear shaft (gear set B, stage 2)
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Fig. 5 Major frequency component of bending stress of sun gear shaft (stage 2)
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Fig. 7 Varying amplitude of bending stress of sun gear shaft (stage 2)
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