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Vibration of an Industrial Robot with a Flat Type Strain Wave Gearing

Teruaki HIDAKA, Takeshi ISHIDA, Hirofumi SENTOKU,

Hiroto MITSUI and Yasutoshi WATANABE

Abstract
Use of the flat type strain wave gearing increases in industrial robots owing to its shortness and its high

torsional stiffness. However, the vibration characteristic of the flat type strain wave gearing has not yet

been adequately clarified. In this paper, the robot system, which was composed of an input motor, the

flat type strain wave gearing and an output arm, was operated to clarify the effects of composite errors

in meshing between the flexible spline and two circular splines and the misalignment of two circular

splines to the flexible spline on the amplitude of vibrating displacement of the output arm.
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Fig.1 Scheme of the strain wave gearing
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Fig. 2 Torsional stiffness characteristics of the
strain wave gearing
Table 1 Dimensions of the strain wave gearing (Type FR-32-157)
Type FR-32-157-2-GR
Output torque 160 Nm (1450 rpm)
Speed change ratio 157
Spring constant 43 Nm/min
Lostmotion 35 min (£9Nm)
Weight 2.0 Kg
Component Flexspline Circular spline S Circular spline D
Type of gear Spur gear
Tooth profile Involute
Pressure angle 30°
Module (mm) 0.265
Placement of teeth External Internal Internal
Number of teeth 314 316 314
Face width (mm) 31 18 18
Working method Hobbing Gear shaping Gear shaping
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Table 2 Dimensions of the strain wave gearing (Type CS

-40-128)
Type CS-40-128-2-A
Output torque 310 Nm (1450 rpm)
Speed change ratio 128
Spring constant 52 Nm/min
Lostmotion 0.4~1.5 min (£9Nm)
Weight 2.5Kg
Component Flexspline Circular spline
Type of gear Spur gear
Tooth profile Involute
Pressure angle 30°
Module (mm) 0.4
Placement of teeth External Internal
Number of teeth 256 258
Face width (mm) 26 29
Working method Hobbing Gear shaping
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Fig. 4 Fluctuation of circumferential displace-
ment of output arm with time
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Fig. 5 Amplitudes of the maximum circumfer-
ential displacements of the flat type and
cup type strain wave gearings
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Fig. 6 Frequency spectrum of circumferential
displacement of output arm (CS
-40-128-2-GR No.2)
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Fig. 7 Frequency spectrum of circumferential
displacement of output arm (FR
-32-157-2-GR No.1)
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Fig. 8 Effect of the deflection of circular
spline S on the circumferential displace-
ment
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Fig. 9 Effect of the deflection of circular
spline D on the circumferential displace-
ment
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Fig.10 Effect of the deflection of circular
splines S and D on the circumferential
displacement
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Fig.12 Effect of the inclination of circular
spline D on the circumferential displace-
ment

52 —%ND20px m, 40p m, 60x mi, ZHEIO0.6
min, 1.2min, 1.9min O X CHIMT %, Fig.11,

Fig. 12k V), =% 27RA774 5 RN RAL ThNE
Ay 4 D RNy, %25 AT 7
£ oD EHUTEAE, A5 5o 2 5 Nk
K D DR AR R 2 T A A, T—F 2T A

Vol.40 No.1 (1989)

HEpBast - A B - SRS - BIHEA - SDHURE

3 FR 32157 No.1 Incline C-S-S
o 0 pm
E e 20 um
E A 40 pm
A 60 pum
T2
O
E
!
3
& A
O n
1
| 5T Thattaode

0 200 400 600 800 1000
Speed of drive shaft rpm

Fig.11 Effect of the inclination of circular
spline S on the circumferential displace-
ment
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Fig.13 Effect of the eccentricity of circular
spline S on the circumferential displace-
ment
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Fig.14 Effect of the eccentricity of circular
spline D on the circumferential displace-
ment
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