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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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&�æZu~iǤl~Td|`>¸9���ǖ(ƆėǚÊ> Fig. 3.9&ť�Ǧ 

 

 
Fig.3.9 Cross section of new artificial muscle 
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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 

 

 
Fig. 3.13 Strength of fibers 

 

 

Fig.3.14 LOI of fibers 
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(a)Shape  

 

 
(b)Overviews 

Fig.3.15 Dumbbell rubbers 
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  (b) XMZPqƜ� KR-9                  (c) XMZPqƜ� KR-10 

Fig.3.16 Stress-strain curve of several rubbers 
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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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3.2.4. ĽÌǝ± McKibbenÎ�ǎ�çŰ(Ɯ�#ŒÿƩ�ÚǞ 
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Fig. 3.17 Parts of high hydraulic artificial muscle 
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Fig 3.18 Overview of extension muscle  



 32 

 

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 
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Fig.3.22 comparison of theoretical generative force and experimental values 
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3.3. ĽÌǝ± McKibbenÎ·Ƈ�çŰ(Żø² 
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Fig. 3.23 Cross-section of the three layers rubber tube 

 

� �ǎÎ�çŰ#¾�Pqæ#Ɖƀæ(´2&�:�#"Ǥ�æZu~i(ƎÌÿƐ>¾

ů#%:7�&�!�:Ǧ  

� ·ƇÎ�çŰ(�8%:ŻÎ²&��9Ǥ£ø 7mm&ǃ��ĘŭĤ>Ɯ���ǦƜ��



 35 

�ŭĤ(ĲƢ#Êǚ> Fig. &ť�Ǧ 

 

 

Fig. 3.24 Overview of small special plug 
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3.3.2. ĢǓƞŸŁ>Ř��ġǃƃ2ƣ(à¦ 
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Fig. 3.25 Relationship between pressure and displacement ratio 

 of artificial muscle with knitting several angle 
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3.3.3. ĽÌǝ± McKibbenÎ·Ƈ�çŰ(Ɯ�#ŒÿƩ�ÚǞ 
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(a)1.5MPa 

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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