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Development of Planar Muscle using Multiple Twisted and Coiled Polymer Fiber Actuators
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This paper proposes a planar muscle consisting of multiple twisted and coiled polymer fiber actuators
(TCPFA). In the authors’ previous work, to realize the coexistence of large stroke and large output force,
an actuator unit using multiple TCPFAs fabricated by winding the twisted fiber around the mandrel was
developed. However, its heat conduction area between TCPFAs and the electric wire for Joule heating is
small because of its structure such that the electric wire was wound around multiple TCPFAs arranged
on a circumference. To increase the heat conduction area, the planar muscle developed in this paper is
fabricated by weaving an electric wire into multiple TCPFAs.
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Fig.1 Developed planar muscle with multiple TCPFA.
TCPFA(R) and TCPFA(L) mean TCPFA which twist-
ing and coiling direction is the direction of the right-
hand and left-hand screw, respectively.
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(a) (b
Fig.2 Fabrication of mandrel type of TCPFA. (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 in the same direction as the
twisting direction.
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Fig.3 Structure of the planar muscle using multiple TCPFA.
(a)Structure of TCPFA and the enameled wire.
(b)Coiled direction of TCPFA and Winding direction
of the enameled wire. (c)Arrangement of multiple
TCPFA.

EREREZ M 41273, EBRTIE, KEYENCE # L —3247 3
(2%~ R:IL-300, 7> 7 IL-1000) % H\NCTZAfi%, Optris
HERMRY —E€ 25 7 1 7 X5 OPTPI230023T900 % i\ TR
EERHE LR, L—YEMEDOEODHRETIRG =Y bD T
IZEX D 51, 500g DB H DIZ X D MEEZ AL 72. Maxon motor
WY —R7 7 LSC 30/2 %@L T, IROEE AN ZmIRA 2
—w MZIEZT-.

MAO—{() (0 <t<10,70 < t < 200) M

Viet BZREILETH Y, FEBRTIE Vier = V2, V4, V6,8, V10V
D522 L7, ArBE—=21%, 0.5kg fiEHINKFD TCPFA Bl
AL TEIEEREE (126mm) TEM 2 ERET 2 Z e TRz, v 7
)Y ZRENE 0.01s & L, EiElX 24°C TH - 7~

BREM 5 ITRT. BRIZBWT, 100°C TH 20%D A hu —
U EERTETSED, FAOVRICEDA—N—Y 1 Z M 1]
WIZHARTRERA M= DEHTETCWS, £z, [HUHREE
4 BEAWEA ==Y A Z N3] IZHAT, Y RLLET
HoTHEARBNL W-DIZ& W KELMEEZFL LIF5Z 22T
ETW3.

4 BHHYIC

AFETlE, TCPFA L EMOMEEGEORMEHME LT, EE
KDY R UIE TCPFA 12T F X Uk % M ASA A 72 H IR %
RELZ., TFABOBENIT HE% TCPFA O a1V
FBAFEEE L 2D LD, TAINVFHREDES TCPFA 2% HIZ

Actuator unit
Thermography
camera @
Computer: N

' &1

L \| <2

] —

DA converter
Power supply Motor driver U
Laser range
OO ee0 | looooal | sensor
=

Fig.4 Overview of the experimental environment.
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Fig.5 Relationship between the temperature and the stroke
of the planar muscle when hanging 500g weight.
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