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Strain wave gears are widely used as reducers in robots, including collaborative and industrial robots. As a key component,
they play a crucial role in determining overall robot performance. To enhance their effectiveness, various studies have
focused on directly measuring the performance of assemblies or predicting the performance of individual components
through analysis. However, there is a notable lack of research that experimentally measures and compares the physical
properties of the circular spline, flexspline, and wave generator—the primary elements of strain wave gears. In this paper,
we developed equipment to measure the radial stiffness of the flexspline, one of the key components, and validated its
reliability through preliminary experiments. Furthermore, we measured and compared the radial stiffness of flexsplines
produced by three different manufacturers. These findings are expected to provide valuable insights for improving the
performance of strain wave gears and advancing robotics technology.
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Fig. 1 Flexspline’s radial stiffness tester
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Fig. 2 Hardware configuration
Table 1 Configuration of measuring equipment
Component Model Specification
NI ADC resolution: 16 bits
DAQ CRIO-9045 Input range: +i0 ov
NI 9215 put Tange: =15
Resolution: 5 pm
. OMRON Measuring range length: 65-
Displacement sensor ZX2-LD100 135 mm
Analog output: £5.0 V
Force sensor CAS Capacity: 981 Nm
MNT-100L Analog output: 0-10 V
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Fig. 3 Flexspline’s radial stiffness measurement flowchart
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Fig. 5 Stiffness curve of spring
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Table 2 Preliminary experiment results

Table 3 Flexspline radial stiffness measurement results

Stiffness [N/mm]

Radial stiffness [N/mm]

Spring - . -
Number of experiments Flexspline Number of experiments
(TH14X25) P Mean b > Mean
1 2 3 1 2 3
S-1 94.65 93.92 94.65 A-1 86.36 85.11 85.52
S-2 94.68 93.44 93.42 94.35 A-2 83.57 82.77 83.41 84.30
S-3 94.90 94.72 94.74 A-3 83.83 84.05 84.06
B-1 103.88 105.66 102.92
e B-2 104.59 106.23 105.44 102.63
100 Al B-3 97.73 97.79 99.39
 aol 4 —— A2 c-1 12830 130.73 127.60
Y P~ R R A3
'g © - — 1 C-2 138.93 138.80 136.95 135.93
2 e C-3 141.57 14038 140.09
40 —c1
—— c2
204 e c3 120 —
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Fig. 6 Radial stiffness curve of flexspline = ® ’
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Fig. 7 Gradient of Radial stiffness curve
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