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Transmission Error Analysis of Spur Gear Trains with Tolerances

Hyung Suk Han*, Tae Young Kim**, Tae Won Park***

ABSTRACT

Spur gear trains are used widely in high precision machines because gear trains have an advantage of
exact transmission of angular velocity. Especially, gear trains are used in high quality photocopying and
photography OA machines. In general, gears have errors in manufacturing and assernbling process and the
errors are limited by tolerances. As the result, the tolerances cause the performance error. Therefore, it is
important to predict transmission error caused by the tolerances for the tolerance design. Earlier tolerance
design methods use mainly experimental and geometrical techniques.

In this paper, a method for gear train analysis with tolerance is proposed. Because the method uses
dynamic contacts, it is possible to consider irregularities and assemble errors of gears. In addition, the
method can predict dynamic loads on the teeth of gears.
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k - linear spring constant

c:linear damping coefficient
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C,(6) : nonlinear spring force

Cz(é):nonlinear damping force
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V, : tangential velocity between a point and a line
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q : generalized coordinates

M : mass matrix

D, : constraint Jacobian

A : Lagrange multipliers

y :right hand side of acceleration equation

Q" : generalized forces without contact forces

Q° : contact forces
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Table 1 Contacts parameters

Values Values
Properties
Elastic wodulus(Pa) 200G
Coefficient of restitution 0.9
Radius of points(mm) 0.005
Number of points 120
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Fig.7 A gear train

Table 2 Specification of the gear train

Gears | Gear 1 Gear 2 Gear 3 Gear 4
Properties
Teeth 20 35 100 35 100 98
P.C.D, 8 u 40 14 40 39.2
Module 0.4 0.4 0.4 0.4 0.4 0.4
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Fig. 8 Rotational error of the gear train without tolerances
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Table 3 Clearance analysis results

Items Gears clearances | Maximal rotational error
Cases
Case 1 gear 2 0.05m 0.01°
Case 2 gear 3 1. 05mm 0.06°
Case 3 gear 4 0_05m 0.017°
0.008 —m
0.006
0.004 |
o 0.002
g 0
3 —0.002
5 =0.004
i —0.006
—0.008
—0.01
~0.012 -
0.02 0.045 0.07 0.085 0,12 0,145 0.17 0,185 0.22 0.245
Timealsac)

Fig.10 Rotational error when only gear 2 has clearance
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Fig.11 Rotational error when only gear 3 has clearance
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Table 4 Axial distance tolerance analysis results

Tteans Gears Talerance Maximal rotational error
Canelr .
Casc 1 gear 1 - 0.016am 0.003°
gear 3
Case 2 gear 2 ~ 0.016mm 0.004*
gear 3
Case 3 gear 3 = 0,016mm 0,006
gear 4
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; i
= 0
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[ 0.001 0.021 0.041 0,081 0.081 0.101 0.121 0.141 G161 0,181
! Time(see)
L
Fig. 16 Rotational error when there is a distance tolerance
between gear 1 and 2
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Fig.17 Rotational error when there is a distance tolerance
between gear 2 and 3
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Table 5 Shape tolerance analysis results

Items Gears Tolerance(m) | Maximal rotaticnal error
Cases
Case 1 gear 1 | 0.015 (Z20) 0.006°
Case 2 gear 2 | 0.017 (735%) 0.011°
0,018 (2100)
Case 3 gear 3 | 0.017 (238) 0.03°
0.018 (Z100)
Case 4 gear 4 | 0.018 (Z98) 0.06°
Case 5 All 0.06°
0,008
0.006
& 0.004
H |
2 0.002 ¥
Z
B8 ° i
W —).002 |3
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—0.006 - —= -
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Fig. 20 Rotational exror when only gear 1 has the shape error
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Fig. 21 Rotational error when ornly gear 2 has the shape error
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Fig. 22 Rotational error when only gear 3 has the shape ervor
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Fig. 23 Rotational error when only gear 4 has the shape error
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Fig. 24 Rotational error when all gear have the shape error
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