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Design and Analysis of Gear Train with Composition
of Optimum Gear Ratio

Jae Youn Youn*

ABSTRACT

This paper addresses an analytical approach to the mechanical error analysis of gear train and tolerance design
and manufacture of gear train in restricted space considering motor driving torque, driving system inertia, motor
acceleration, motor rotor inertia and friction torque. The gear train is designed to have optimum gear ratio in
restricted space and each gear is manufactured to have the lowest weight and each gear tooth is heat-treated to
have robustness. Based on the small difference between the mechanical error analysis and measurement, gear train

design with optimum gear ratio and restricted space and robustness is proposed.
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Fig. 2 Layout of gear train

Table 1 gear specification

. . surface L.
material | weight(g) hardness precision grade
gear 1 15 Hvz900 | AGMA Q11D
gear 2 11
STS420
gear 3 1.5 Hv =600 AGMA 13
gear 4 17.5
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Table 2 gear train tolerance(unit : mm)

gear 1| gear 3
gear number

&2 | &4
Minimum indicator-reading for the pinion 0.0180 | 0.0200
Minimum indicator-reading for the wheel 0.0240 | 0.0270
Center distance tolerance 0.0042 | 0.0054
Half the total of radial clerance 0.0000 | 0.0025
in the pinion-shaft bearings
Half the total of radial clerance 0.0025 | 0.0030
in the wheel-shaft bearings 1
Half the run-out of pinion bearings 0.0000 | 0.0030
Half the run-out of wheel bearings 0.0025 [ 0.0040
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Table 3 pitch error tolerance(unit : mm)
gear Number gear 1 & 2 gear 3 & 4
Cumulative pitch
0.0290 0.0330
tolerance &,

oltt. 4,= Ap(zlx}mz) = 0.066" , dyaamy = 0.031°
olty, £8% a 49 FHE IA A7 A
A pap = 0.038° olt}, £8F At 40A 9 Huj
Ea 4 qaans 0.091° o]0}

3.2 x|xlo] Mol 2|5t EtMWHY 2t @ X}
2E9 F5HL 74 XA o|(tooth)E T3t
1A Aa" FEA ALGHT dFE 2z XAt
AZREF HEH LA Aok F8 dES
Z+ A zke] A wEt dAddEWe] WE S s
Hed AL AA4sE AAT7 B2 FAieE
°“ v)&) xzk2} FAol A A AU XA
g el e Axde FHE vy 9% IJHG
T 28 HES o st
Az} el AA B (Total stiffness) Ky &
% 2.

He e

1

Krs= an

1,1 1 I

Ko WK, MK, TNK,
(4714, N, : load system>25-E 7} 7}7hg

71019 7jein)
K= ko Kon| (bsn + Ko))

S1o) AA A4S T FHORNYH $EY B
el 2uAze B4 k, A¢ FESE L
Zom®

T, _ _EZoE e Zosr

A iy o Sy e o (2

(971M, T, : nd A 7]ol9] 3 HEF

8, : n¥lA 71018 A HIA
D, : n¥i® 7]019] A9t

N

- Yn
7 0.242+7.25y,

z, : ndA 7]oje] SR ASF

106

E, : n¥A] 7lojel JudAs
y, : nHAA 7]0128] Lewis form factor )

ot m@ AAF 4 ALFRO0zRY

ko =

7G,D
TeL (13

(4714, &, :

G, : niA

L, :nd# Z9 Zdo] )

S5ojA} Altd Had dHoHE ¥ 4, 58
Z &}

@ o

Table 4 gear specification (unit : mm)
pitch circie : i total
teeth num . center distance | gear ratio N
diameter gear ratio
car 1 16 8
g 28 1:6
gear 2 96 43
1:48
gear 3 26 13
58.5 1:8
gear 4] 208 104
Table 5 gear material data
young's
Shaft | shear modulus
modulus | pace Width | Shaft Dia
Length (& 2)
cm
(g/em’)
gear 1| 197x 10’ 6 mm
gear 2 197 %107 6 mm 8 mm 50 mm 878 x10°
gear 3 | [97x 10 6 mm
gear 4 | 197x107 6 mm
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Fig. 6 Double/Single flank measuring result
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