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Abstract — Harmonic drives have attracted increasing attention with the development of materials, parts, and
related equipment. Harmonic drives exhibit high deceleration, high accuracy, and light weight. The stiffness of flex-
ible splines according to the radial load is studied using a commercial FEM program to design the structure of the
flexible spline and finite element to improve the weight and price competitiveness of harmonic drives. In addition,
several studies have measured and compared friction coefficients based on 3D printed tread patterns. However,
owing to the characteristics of plastic materials, a decrease in stiffness in the radial direction is inevitable. To prevent
a decrease in stiffness in the radial direction, we designed and manufactured flex splines with a wrinkle shape.
Through structural analysis, the reaction force and stiffness in the radial direction were determined. In addition, the
maximum angle of the mound was derived by theoretical calculations, and the performance of the harmonic drive
was compared with the results obtained in the mound experiment. Structural analysis shows that the shape of wrin-
kles decreased the stress and reaction force and increased the safety factor in comparison with that of the circular
shape. During performance verification through continuous experiments, the developed harmonic drive showed con-
tinuous performance similar to that of an actual tank model. It is expected that the flex spline with a compliant
spring and wrinkle shape will prevent a decrease in the radial stiffness.
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Fig. 1. Harmonic Drive (a) Assembly (b) Cross-Section.
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Fig. 2. Boundary Conditions for Structural analysis.
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Table 1. The material properties of filament

Ultimaker CPE+ Filament

Poisson’s ratio 0.42
Modulus of Elasticity 1100 MPa
Density 950 kg/m"3
Tensile Strength 352 MPa
Table 2. Structural analysis results
Shape Wrinkle Circular Comparison
Result Shape Shape p
Bquivalent ) 2o \pa 1400 MPa -16.4%
Stress
Safety 2.51 3.01 +19.9%
Factor
Force 225N 1.83N -18.7%
Reactions

Fig. 3. Structural analysis of Flex Spline. (Equivalent
Stress)
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Fig. 4. A harmonic drive created by a 3D printer.
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Fig. 6. Measurement of Climbing angle.

Table 3. Theoretical calculation results

Reducer Harn‘.lonic
Drive
Weight 618 ¢g 563 g
Gear Ratio 1:34 1:192.5
Torque 0.07115 Nm 0.402864 Nm

Max. Climbing Angle 13°(23.1%) 32°(62.5%)
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