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Fig. 1 A diving robot developed by Stanford University
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Fig. 2 World’s first full-bodied robot
developed by Harvard University
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Fig. 5 Principle of shape memory alloy (SMA)®
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22 BTYXHEAMEEEAMBIIRE)

BT HRBEMEIRE SR APMC) , 2 —F R BUEIE
BREM R (BT 8) o IPMC AP} Nafion 515 H i AT
PR, ISR ANTE 7 B 7 SRS R Wb iy
BH S (910 Na* 1 Ca™) nT LA i #5301, B S 5 (4140 SO7)

E7 BFXHmBESYsBEESHAREFEEY
Fig. 7 Principle of ionic polymer metal composite

45 I



—t

www.kjdb.org

¥ SR 2017,35(18)

SCIENCE & TECHNOLOGY REVIEW

ETERREE TN RERS )y, 7 TPMC F B 1 19 i e T H, P ),
R Z 2 A d . FERSGIPERTT K& B 1
Fogly, BB 5 W7 B E A . T IPMC 1Y S
Ji IEAR AR , B TPMC AR . TPMC HAT I R Al
HA RALFS KR A S, o )3 38R R AR S . R T IPMC
AR X e R, AT L2 T OK R A PLES N B3Rl & b, an
PrHERLES f DL K RESY,

2.3 JrEEMRIEE)

I B A (DE ) JE— R L Y i) R BUL I RERAT L, 3R
NIRTRIE PR — P B4 o s AR, A 8] 8 BT , 7
i P g P ) R 00 2 = S P RN, D S gl R TR
I AL R AU IR AE B 3 0 VR TR P R AR, S BUR B
AN AR K S A e AR B SRR IR R R R
R i 3 B PR A

@ SUTHRET ) P,

E8 JreEEsadIREsE TIERE"
Fig. 8 Working principle of DE actuators

WL R TR R LA PRI NS R Re a1 i
G I 2 AR R XU S 2 T v v A 1 O FAR SRR
PE 8 T A R AR S T BRI R F BRI, I ] PR 5l ik
L, R TR RRZE AL (1 B S,
2.4 FERIE

FEAIRBK N AR LG A8 i g A vh e L R
SRS P A AR 83 iz 3l , TS5 IBR 3l (1) — 287K T 4K
EHLEE AN . HARKIL KA Suzamori KT —Fh 425
SIS (K 9(a)) , IFAEILA T T — 3 KK
BARHLES N (E19(b)) o

5783 mm___|l5mn[25 mm

=
= T
\
43R RRE

;

(a) Z#FSIKEHER

(b) EFZHIRFNEIH ERENREA
B9 FRRIBINEHRFESIEHREA

Fig. 9 Pneumatic structures and robots
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Fig. 12 A tissue—engineered soft-robotic ray
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Fig. 14 Underwater soft-robot in BCA—O swimming mode
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Fig. 16 Underwater soft-robot in MPA—-O swimming mode
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A review of the flexible driving mode of underwater software robot and

its mechanism of bionic movement

FU Kejie, CAO Xunuo, ZHANG Zhen, LIU Xianwei, LI Guorui, LIANG Yiming, LI Tiefeng

Department of Engineering Mechanics , Zhejiang University, Hangzhou 310058, China

Abstract With the increase of the underwater operation requirements and the development of the soft robot technology, the underwater

soft robot becomes one of the top choices in the underwater robots. The underwater soft robots with artificial muscles to realize the drive

control and the bionic motion become a research hot spot. This paper introduces underwater soft robots in seven kinds of the existing drive

modes, based on the artificial muscles. The underwater soft robots can have five bionic movement forms. At the end, the future applications

of underwater robots in the underwater exploration are discussed.

Keywords soft robotics; bionic robot; artificial muscle ; underwater movement

(Frizshit x| &E)

51



