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Transmission Mechanism of Involute Tooth Surface Series Elastic Device

JIANG Jiandong LI Minggui QIAO Xin

(Key Laboratory of Special Purpose Equipment and Advanced Manufacturing Technology,
Ministry of Education, Zhejiang University of Technology, Hangzhou 310023, China)

Abstract; Series elastic devices are widely used in driving joints of exoskeleton robots, because they are
conducive to the soft start of motors under heavy loads. Aiming at the problems of the transmission torque
fluctuation caused by the change of the rotation stiffness of the rotating series elastic device, and the
transmission shock during the transition between the elastic transmission and the rigid transmission, an
involute tooth surface elastic device was proposed. Firstly, the characteristic that the involute tooth profile
transmission would not change due to the deviation of the axis center can make a smooth transition when
the elastic-rigid transmission was converted. Secondly, the transmission dynamics model of the involute
tooth surface elastic device was established, and the elastic-rigid transmission process of the device was
mechanically analyzed. By optimizing the installation inclination angle parameters of the elastic device,
the minimum change rate of the rotational stiffness of the transmission part was 0. 117 57, and torque
fluctuation in the elastic transmission process was effectively controlled. Then, under the optimal
installation inclination angle (w/4 +1.337 85 rad) model, the dynamic simulation of the transmission
process and the mesh process finite element simulation were carried out to analyze the effect of the axis
assembly deviation on the sliding rate of the involute tooth mesh and the contact surface joint impact.
Finally, the device was verified by the lower limb exoskeleton drive joint engineering verification and the
transmission static characteristics test. The results showed that the axis deviation would cause the torque
to increase sharply when the contact surface was engaged. Compared with the flat rectangular elastic
device, the torque excitation value was reduced by 43.55% on average when the axis deviation was
within 0. 05 mm (the maximum involute tooth surface meshing sliding ratio was 0. 006 5).
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Fig. 6  Simulation model of tooth surface elastic device
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Tab.2 Torque excitation value of plane rectangular

model N+-mm

I 22 W22 v, /rad
Ly 0,/ mm 0 w/6 w/3 w/2 2m/3
0 91.15

0.01 218. 14 152.02 93.23 244.33 217.06
0.02 248. 32 255.48 208. 26 177. 65 220.75
0.03 238.52 279.07 251.26 364.08 247. 86
0.04 266. 07 224.74 223. 80 277.43 252.10
0.05 237.27 195. 67 191.90 173.36 208. 37
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Tab.3 Torque excitation value of involute tooth
surface model N-mm
i 22 25 £ v,/ rad
lp,0,/mm 0 w/6 /3 /2 2m/3
0 85.23
0.01 116. 64 117.49 89. 46 139. 09 103. 02
0.02 151.76 148.72 122.72 153.94 100. 60
0.03 130. 21 180. 82 100. 66 120. 44 145.21
0. 04 116.20 147.29 118. 62 84. 68 130. 39
0.05 188. 63 132. 65 109. 85 116. 34 133.24
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Fig.8 Meshing process simulation stress distribution
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Fig. 10 Tooth surface elastic device and its application
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Tab.4 Transmission efficiency of different loads
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