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Development of Actuator Unit consisting of Multiple Twisted and Coiled Polymer Actuators
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An actuator unit consisting of multiple twisted and coiled polymer actuators (TCPA) with the
feedforward controller is proposed. TCPA is made by two methods: 1) overtwisting the fiber and 2)
winding the twisted fiber around the mandrel. The former output the larger force than the latter, while
the former shows the smaller stroke. In order to realize the coexistence of large stroke and large output
force, we combine multiple TCPAs fabricated by the latter method. The performance of the actuator
unit is investigated through the experiment. Additionally, it is verified that the feedforward controller
based on the authors’ nonlinear displacement model can reduce the offset error compared with that

based on the linear model.
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Fig.1 Fabrication of mandrel type of TCPA. (a)Twisting the
nylon with the weight by a DC motor up to the time
just before the coiling. (b)Winding the twisted nylon
onto the mandrel.
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Fig.2 Developed actuator unit with multiple TCPA fabri-
cated by winding the twisted nylon thread around the
mandrel.
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Fig.3 Overview of the experimental environment.
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Fig.4 Relationship between the temperature and the stroke
of the actuator unit under some load conditions.

FF controller based on
the nonlinear displacement model

Actuator T

Zg ATd — V2 Vvix
_;| AT(x) GT\l/(S)H 1+17's l_d‘ unit

Fig.5 Overview of the proposed FF controller.
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Table 1 Identified parameters of the displacement model. Nonlinear is the model represented by Eq. (5). Linear is the model

represented by Eq. (12).
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m m m m
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[1/s] [1/s*] [m/(s*K)] [m/(s>K?)] | [Hz] [Hz] (7]
Linear | 5.817 0.092 0.823 0.025 92.55 | 96.21
Nonlinear | 5.648 1.381 9.946 4.352 0.391 89.49 | 99.13

Table 2 Identified parameters of the temperature model.
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Fig.6 Examples of the displacement measurement.
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Fig.7 Results of the FF control.
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