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Fig.3.7 Cross-section of the three layers rubber tube
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Fig. 3.8 Overview of special plug
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Three layer tube
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Fig.3.9 Cross section of new artificial muscle

3.2.2. A IREEFRVE A F T Sl f 2 4 0O

Marc Z M L/NT —Y 7 F A J = X LICHE AT 28N T O EFET L OIEHREAR
BEVEMRAT 24T o 1o AT IIIERIE A IR EERIEMAT Y 7 & ¥ =7 MSC marc & V>, s
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Fig.3.10 Nonlinear FEM analysis result (q0=67.5deg)
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Fig. 3.11 Relationship between pressure and contraction length

of artificial muscle with knitting several angle
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Fig. 3.12 Overview of PBO fiber

d
Carbon Fiber
u
d
=
ZYLON-AS
U
p-Aramid
| |m-Aramid
. l. POIYCStler T T T T 1
0 PBI 2 3 4 5 6 7
Tension strength(GPa)
Fig. 3.13 Strength of fibers
<
©|PBI
0|m-Aramid| 0|p-Aramid|
@ |Polyester
0 100 200 300 400 500 600 700

Heatproof temperature(°C)
Fig.3.14 LOI of fibers

28



ERENS 0D K 91T PBO MIAMEIIMORFE, SR & bel LT H IRE IR
SIIRIS ), BIRIREE, BIEMMERLZ S, ZOMlELE-Tcb 0% =g F = —7IE AT
5.

MRANTHRICIEZee L IAEMERT L. MR —METE L RKR 7 mr S
LA AT 3D Y, TAENITHOWTHIRMEEZ W7o BRI 21T o 72, 7
nr Ly ANTREIT LY NS TED by o~ VB 3 s filff Lz, ¥ ~r
AR 3 5Ok & EEICHRUE L 7= & Fig.3.15 1R 7. 3FEO T Lk L 5 [R5
RBRZATV, PHOMEE L 52 L THEZ/NEST S, SERRRIC L v Enh it h—0
I A iR % Fig. 3.16 1R

12.0

(a)Shape

(b)Overviews

Fig.3.15 Dumbbell rubbers
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Fig.3.16 Stress-strain curve of several rubbers
YU RBIEN—OFT RO ENSEHEIND. 77 F = L8O KR-8 13 0.8MPa,

KR-9 |% 1.3MPa, KR-10 % 2.5MPa & 7¢ 7. & = ADFEHE% Table 3.1 (753, ABFgE ¢l
TET 2 HMERINLHIE, RLBEW LICKVWKR-8 ZH N5,

Table 3.1 Characteristics of chloroprene rubber

KR-8 KR-9 KR-10
Hardness (Duro A) 48 60 72
Tensile strength [MPa] 11.6 13.6 12.1
Breaking elongation [%] 430 310 200
Young's modulus [MPa] 0.8 1.3 2.5
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Fig. 3.17 Parts of high hydraulic artificial muscle
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Fig 3.18 Overview of extension muscle
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Fig. 3.19 Extension ratio to hydraulic pressure
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Fig.3.20 extension muscle for experiment
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Fig.3.21 Experimental setup for extending force

ANLBHORmEZBEELS O AMWIZ 7 +— A7 =20 11T 5 2 & TG mic e+ 5
NZzFHT 5. BEDOFHNHES ) » Falliblholoolk, MEMANLHOIAET
TRIGHERL & bl LT/ <, ES Y X OFHIFTREFIFH 2 O RE AN DO TH D,
FIAN L 72K EC )T 254271 & 3.0 X DB & DD 7T 7 % Fig.3.22 IR 7 .

500

# Experimental value

Z 400 | =—Theoretical value
5
o
to 300 *
[=)
;_g
k3 200
>
84 /

100

O 1 1 1 1
0 0.5 1 1.5 2 2.5 3

Water pressure[MPa]

Fig.3.22 comparison of theoretical generative force and experimental values
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Fig. 3.23 Cross-section of the three layers rubber tube
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Fig. 3.24 Overview of small special plug
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Fig. 3.25 Relationship between pressure and displacement ratio

of artificial muscle with knitting several angle
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(a)l.5MPa

Fig. 3.26 Driving experience of contracting muscle
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Fig. 3.27 Comparison of theoretical value and experimental results
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