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Theoretical Analysis of the Vibration in an Industrial

Robot due to a Strain Wave Gearing
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Abstract

A strain wave gearing (commonly known as harmonic drive gearing) has been widely used as the

reduction gear drive in industrial robots. Assembling an industrial robot system with an input motor, a

strain wave gearing and an output arm, the amplitude of vibration in the robot system had been measured

previously. Translating the robot system into an equivalent vibration model, the vibration occurred in

the robot system was analyzed theoretically to compare the theoretical value with the experimental one

and to determine the cause of the vibration with following result: The amplitude of the vibration occurred

in the robot system was influenced by the variation of the spring stiffness and by the composite error in

meshing, due to the machining and assembly errors of elements.
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Fig, 2 Translation of testing machine into an equivalent model.
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Table 1  Dimensions of wave gearing.
Output torque 310Nm (1450rpm)
Speed changé ratio 128 (Circular Spline fixed)
Diameter on
major axis of 99.066 um
wave generator
Component Flexspline Circular spline
Type of gear Spur gear
Tooth profile Involute
Pressure angle 30°
Module 0.4 mm
Placement of teeth External Internal
Number of teeth 256 258
Face width 26 mm 29 mm
Working method Hobbing Gear shaping
Table 2  Spring constants and moments of CS3D12
inertia of elements in wave gearing. ‘8 ___I o
Spring Constant (Nm/rad) | Moment of Inertia (kgm) ,t_: 40 - 45°
L ]
Ko 1.35x10° Jo 5.15 5 90
-2 'ﬁ /
Kup (4.2~11) x10* Je 1.20x10 ’§ /
Ki  [3.15%10° Jv | 5.41x107 %20 A
Kr |1.28x10° Ju | 7.30x10° é‘ //
S,
K¢, Ku | 5.62x10° Jeizs | 4.90X107° B //_L
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Table 3  Errors of circular and flexible splines.
0
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A pm V¥, . deg.
a T alalalalalalalala
A,
v, v, v, v, ¥, ¥ v, W v, | ¥y
12110009 0.3]|-0.3 05]-0.4]-0.2} 0.1 0.2
C.S3 -1.2
46 59 51 47 57 31 | —53| 15 | —90| 34
—0.6/ 0.9 ] 0.4]0.2-0.3]—-0.2 0.210410.1)0.4
F.S3 —0.5
48 | —51 | —39 4 61 58 | —81| 67 6 70
—1.2010.6] 0.9 ] 0.7 |—0.3] 0.4 |—0.4]—0.2] 0.1 0.2
CS3D12 |—1.2
46 | —87| 51 73 56 21 | —53| 4 —-90 29J
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Table 4

sional stiffness characteristics.

stiffness characteristics.

Coefficients in torsional

[ K (Nm/rad) | K (Nm/rad®)
0° | 0.682x10° | 0.795x10"
15 | 0.545x10° | 0.898x10'
90" | 0.417x10° | 1.085%10'°
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