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Sensorless Torque Control of a Twisted Polymeric Fiber Actuator
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A Twisted Polymeric Fiber Actuator (TPFA) has been attracting attention as a new actuator
that is silent, inexpensive, and can directly extract a rotational motion. Until now, we have proposed a
sensorless rotational angle controller using estimated temperature feedback in order to take advantage
of the low cost of TPFA. In order to construct a sensorless torque control method as an expansion of
the utility of the TPFA, the relationship between output torque and change in temperature is modeled
and the sensorless torque controller is designed. The proposed method is eventually verified through

experiments.

Key Words: Soft actuator, Twisted polymeric fiber actuator, Torque control

Thermo-camera | thermostat |

[foraue sensor |

only using p
fitting and confirmation

\

Encoder

only using parameter
fitting and confirmation

Fig.1 Experimental Setup

1 00

000000000 000000000000 00Twisted
Polymeric Fiver Actuator (TPFA) D000 00D 0O TPFA
0201400 Hainse OO OOOOOOOOOOOOOOOOOO
goboboooooboobooboboobooooboooon
00 joooooobooooooooooooooooood
googobooboobooboobbboooboboobobog
000o0000o0o000ooOTPFAOOOOOOOOOOO [2, 3]0
O000000o0ooooooo TpFAODODDODODODOOCODODOO
goboboooboobobobooboobooobobobobooo
oooooooooo 4, 500000TPFAODODOOOOOO
goboooboobooobobooboobboobboobbooboo
goooooooooooooooobooooooooooooo
goboobooboboobobooboooobobooboboo
gooooooonooooooo 20000000000000
goboooooboobboboobobooobooboboobboon
goooooooooooooooooooooooooooo
gobooboooobooboboobobooobooboooboo
gooooooooooooooooboooooooonooooo
gooooooooooboOooooooOoOooboOoooooooo
00000000000 oo00oO0o0DoOoO0TPFAOOO
OD00000000AzzOOOODODODOOOO [DO0OOO
oobooooooooboooodoooooooooooon
0 rjbobo0ooo0o0o0ooooooooooooon
gboogoobooooboboobobooboboobobog
voooooooooooooooooooooooooooo
gboooboobooboobooboboobooboobog
oooooooooobobooodoooooooooooon

Table 1 Input voltages for the estimation
Input Voltage [V?]
11.0 9.0 7.0 5.0 3.0
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Fig.2 Relationship between the change in temperature to
torque
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Fig.3 The relationship between Change in Temperature
to Torque
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Table 2 Estimated parameters of each model
Model of the change in temperature to torque
di | do | ds dy Ty R? |0' [%]

Desired Angle
By

FF contral part p

Desired Temperature

Resistance value of TPFA
R

-0.0351]-0.0241 | 0.9267 |9.267x103 | 24.88 | 97.62 | 2.506

Inverse model of the change in temperature to torque
e1 e R? |o [%]
0.8414 15.86 99.62 | 1.897

Model of the torque to angle
|l | £ Ty F | R |o (%]
1.5829 | 0.5925 |-1.3547 0.0296 | 99.40 | 2.397

-0.15

Torgue [mNm]

0 10 20 0 40 50 -1} 7a
Time [s]
s Range of mesured change in Torque
———— Average of mesured change in Torque

Average of Change in Temperature to Torque model
Fig.4 Comparison between the estimated value by the
model of the change in temperature to torque and

the measured value
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Fig.5 Comparison between the estimated value by the in-
verse model of the change in temperature to torque
and the measured value
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Fig.6 Comparison between the estimated value by the
model of the torque to angle and the measured
value
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Fig.7 Block diagram of the sensorless torque control us-
ing the estimated temperature feedback
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Fig.8 Block diagram of the sensorless torque control us-
ing the estimated torque feedback
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Table 3 Normalized Root Mean Squared Error in each

experiment
Nomalized RMSE | Nomalized RMSE
of Torque|%) of Angle[%)]

Estimated torque

4.563 10.967
feedback controller

Measured torque

4.266 10.209

feedback controller
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