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Analysis and Control of Model to Develop Support Device
Using Biarticular Muscle with Rubber Artificial Muscles

Tomoya INABA ™ and Toshiro NORITSUGU

! Okayama Univ. Dept. of System Engineering
3-1-1 Kitaku Tsushimanaka, Okayama, 700-8530 Japan

In this paper, the authors aim at developing a wearable power assist wear for lower limb The system requires compact
size and lightweight to achieve a practical application, therefore we discuss its effective structure using biarticular muscle. At
first, two model of targeting at support device for human lower limb is described, followed by showing each alignment
of rubber artificial muscles. Next, construction force generated by rubber artificial muscles to achieve static balance is

calculated. At the end, Experiment apparatus is designed from calculation and experimental results is showed .
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Tablel Parameters of model
Parameter
Length of thigh L 1=420[mm]
Length of lower thigh L2=420[mm]

Anterior alignment of artifical
muscles about foot

Posterior alignment of artifical
muscles about foot

Anterior alignment of artifical L,
muscles about thigh
Posterior alignment of artifical L
muscles about thigh
Length of Anterior alignment  |Laa:parameter
Length of Posterior alignment |Lpa:parameter

Laf=100[mm]

Lpf=100[mm]

=70[mm]

=70[mm]

Mass about thigh m,=1.53[kg]
Mass about lower thigh m,=(0).48[kg]
Acceleration of gravity 2=9.81[m/ 5°]
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Fig.2 Needed force in Symmetry of model 1
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Fig.3 Needed force in non-Symmetry of model 1
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Fig.4 Needed force in Symmetry of model 2

— AR ARy BT — NIFBEEAEE 0 =0[deg] D & ERFRLBAL 250, ZZTIEHBIEHLEZHNTWS T
ORFREBANIL L TS, F72 ) 215D & TR TR LI IMAILI > TS, 6 =15 LLETIIIES
WREEE 72D, ZOFEHLETHE, 90V AVWEEHTEL#IT 6 =18~15L72%. S|EHLEZEZDHZ
LICRVFVEVWEERBLCTELHHEMLERBENNED X S REAT 205, 5IEHLED Laa=
Lpa=100mm OFED N THHDOHAET %X 5 1T

— 159 — ©2011 The Japan Society of Mechanical Engineers



RS = AN T & O T SRR E T TV OfiRAT L il 2328

150 o ) v - ——- Artificial muscle1| ™
125}
100 \. —— Artificial muscl2

25

=25

Construction Force [N]
3
/
/
/

0 5 10 15 20
83 [deg]

Fig.5 Needed force in non-Symmetry of model 2
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Fig.7 Experimental instrument

52 BREITLAIGOEME

ZERE T AN TIHIIXBERZENFET D72 DT 5 N TR Ot~ e T v cRbT. $lflo=H
VBT, IR X o THIIGIE D ERAEDOBUENR ED X IZB(LT D0 ThD. £ 2T, FIUHEE Tt
FeIE N B B2 CRAEN ZIRTAEREZ K 8 1T, HAREOIREND 3mm Z &2 27mm £ THE LN Z 2T
134 mOBZRT. w0z BtkE TRLEZ

400 + 0.0mm
350 .
300 uuou:OLg ’ ou e =" 6.0mm
250 [ aoe t o %o '
= 200 #oaaFao’
g b .
Z 100
= 50 = 27.0mm
O 1 1 1

0 100 200 300 400
Construction Force [N]
Fig.8 Characteristic about artificial muscle 1
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Fig.16 Experimental result
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BARMIZIZQ)RDY 2 EITFIOBSMTIRD LS IZR ST Z LN TES.
0l Laf (Lcos(,) + Lycos(6, +06,) — Lpasin(6, +6,)) (a-1)
06, Lel
0L _ —(LLpacos(6,) - L,Lafcos(6, +6,) + L, L,sin(6,) . LafLpasin(6, +6,)) (a-2)
06, Lel Lel

. (a-3)
ol, _ —Lpf(l,cos(6)+ Lycos(6, +6,)+ Laasin(6 +6,))
06, Le2
% _ LiLaacos(8,) - L,Lpfcos(6, +6,) L Lsin(0,) + LaaLpfsin(6, +6,)) (a-4)
00, Le2 Le2

Lel 13N TH5 Artificial musclel ODFE SIZHOWTORTHV KD LS ICRDOT LN TX 5.

Lel =4 + B (a-5)

ZIZT A4 B IFRODE O RATERTZ LN TES.

A = Laf + Lpacos(6, +6,)— Lsin(6,) - L,sin(6, +6,) (a-6)
B, = L,cos(6,) + L,cos(6, +6,) + Lpasin(6, +6,) (a-7)
Le2 13N L5 Artificial muscle2 D SIZHOWTORTHV KD LS ICRDOT LN TX 5.

Le2 =44, +B; (a-8)
ZIT 4, ,B I FROEHRATRSZLNTES.

A, = Lpf + Laacos(6, +6,) + L;sin(6,) + L;sin(6, +6,) (a-9)
B, = Licos(6,)+ Licos(6, +6,)— Laasin(6, +0,) (a-10)
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