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Abstract: Under the national strategy of ‘caring for the ocean, understanding the ocean, and managing the
ocean’, the smart ocean engineering has stepped into the deep sea. The new concept marine equipment is
gradually developing in the direction of full ocean depth, multidisciplinary, refined, intelligent, miniaturized,
and low energy consumption. The intelligent material is a new type of functional material that integrates sen-
sor, actuator and control together. Deep—sea actuators and marine bionic robots based on intelligent materials
are one of the frontiers of international science and technology in recent years. At present, the engineering ap-
plication of deep—sea actuators and marine bionic robots based on intelligent materials in the deep—sea field

has just started, and many technical problems still need to be solved. By introducing the structural character
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and actuating mechanism of the current popular intelligent actuating materials at first, the current research
status of deep—sea actuators and marine bionic robots based on intelligent materials is reviewed in this arti-
cle. The key technical challenges that need to be solved in actual deep—sea engineering applications and the
future development trends are also pointed out.
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Tab.1 Performance parameters of typical smart drive materials™
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Fig.5 Swimming modes of marine life
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Fig.6 Biomimetic robot (I) actuated by SMAP
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Fig.7 Biomimetic robot (II) actuated by SMAP'~
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Fig.8 Biomimetic robot actuated by [PMC*~!
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Fig.9 Biomimetic robot (I) actuated by DEF™*!
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Fig.10 Biomimetic robot (II) actuated by DEM**!

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



28 AR FE TR REA RO TR A T4 S - 309

3.2.4 PZT i tE LA A

& EIMM K 2EAA TR 43 4E Deng S 05 4 SR 626 3] T —FlEK R 12 mm B ROMK AT
28, B VLE 11 (a) . 55 E Heo ZEWIHE] 7 —Fh LA PZT RSN A0 05 A4E HL &S £1, HAK M 270 mm, 75 0.9 Hz il
KT AR HE S8 0.0071 N, e K358 4 25.19 mm/s, @ 11(h)BiR . ZJ5 , Nguyen Z49H] 4 4~ PZT
WA IR e, B T — 3O R AL g, AR 11 (o) FRs . IZHLES £ 400 mm, 7F 1.4 Hz R F
R R HE S8 0.0048 N, 5 KN 32 mm/s.

(a) (b) (c)
11 PZT 5 A= Ml Ao

Fig.11 Biomimetic robot actuated by PZT !
4 RBEARBK R RE

4.1 FBEFE AR

B RE M RHIR B 1 VR e 5 SO IR AR HLER NI SE I T S AR T T v B i P 28 2 A A
PATHESS AR BT IR AT B B, I AR5 B SE PRl FHERSE . DR, FE i R AR 3K 3l ) R oA
2 0 A R Ry T T IR AIESE o

(1) Bl 5 R 3R

SR IR R A4 B KR 1 AT K 2 110 MPa, 2 AE IR 8 25 75 5K R 1 MR T 280 VR R (4 1%
F1- AR AR B0 T EE A i = AR R, — AR £ RAF A S PRI BE B R . BB B A SE == 1
A= 3R BN 2R KAB ARE RS G0 7, N ELAS TR R BE 7, AR BRI 1 R85 N S AR 25 M B R R s 7K 452 ) A

(2) BRI A 5T

BREAT R Mg
(15 HE LA A FEARIF 7854
F12 MRS R

(3) WK FrL T

BREM B S RS R ST RE T — B 3k F B 00 H B AR Ak T A 3R sh s i A T O, (H
VK S L A B IR, AR TRDVAE XAE AN [R] 254 A0 P S 3R ] 530 3 B5OR FH A ) L BELR R4 7 P 3445
T R SRR ZE o AN WK T i PR U i3 R LRI e s ™ A TR L X8R 5 R BIK Bl 25
REFG 4 A HLIRRE I RCR R

(4) iR

H HT 5 RE 05 AR ML g NS5 KR LA RE e 1 S A 7 SR A, L3R 3h 28 AN =5 145 #4 AR SR RS I 18152
T S T BRI w118 A i 2 PRV TR ) o 17 2 A IR B R . DRI, B ket 22 A 1 U 1 B 58 R S B T
PET RN, 75 B e 05 AR LER A AR ARG R A T o BE 1R T
42 RREREEBRE

(1) PR A 22 M RO

Wi 224 Rk 22450 Y AR Rl A 58 S, AR Ge A A 24 0 72 AT B 28 T 15 38 Iy 22738 () R BRI

PRI B DA O , T TRV T R A B8 5 iR A KA 22 1048, BB B
REATRHME S IR IABE (29 24 °C) F Y122 VERE , i 7E TR RIR PR 5T T A9 B

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



310 MEAA 27 2655 21

TR0 A2 224 SE BN LR IO ) 22 J2 R s 3 AN B TR AR, AT D S B TR I S R B8 S8

(2) MR A PRI 1) g B3 I A

02 2 2278 (R SR X VR 0 AR AL AR N SE PR TR T2 — A B R HR A, AR XS T A= LA
NS BB RE LA R B0 Tl AR 41 1 B v B9 0K [] I a0 oz i FL /NI i ) 4 JRg A 9

(3) & — ALl A= 45H

FI T I8R5 A= ATLAS A IR R 1 A 0 64 A 1~ SR R R A7 5 A, HE ARl Mg 2 LA W 1 25
Ko A SRSl R o3 i T AR MR, X R Dy LE ML N BB SRR 2 3l AROR DR SR ZE 1
FO5 HE BB R RS 5, A e 4 e —IRAR O HE A5 R, AN AT L G R i [ 7 B4 s , iy EL vl A SEE B 224>
FI H BE RS e M B A

(4) B BEHR A il

P GE B I ik AR B I LA N 5, 3 T A0 BB S AR A TG A & BT A AE . R
WP LEALAS AR SRl N T RERIHILAR 2 S BRI IO A AL, il 0 A Wi 22 R G0
FI B AR A 1, S B0 22 ORI A 5 Rl AR I ] 42 ] B PR I A

(5) frz i FHfE

R AR 7 A LS N FEAAE Tz 3l (15 A2 B B, A H a8 SEBR TR T S 2BE T o AR AT X
S A BRI S0 00 A T 5, D7 A LA N AL ZIUEL 532 2l [ GRS R B BE T, T 58
i R A S SR s

(6) FiRL A=Wy e ]

W e 5 AR AL N TR AR FH A TR B — 4 L BB 11 S HILBRRE 0 98 TG 125 096 12 1 P A 1 341
REVRLSS o A LR S HL b2 AR AR W)~ 25 22 2 RHTOR S BRA W) 8 8 19 i B8R e A 128, K
MTREAR D AL N BIRERE , & i RE A1 TR

54 &

BT R e AR BRI T 28 TR AE WA N2 — A 222 B8 SRR SR U A SCE 2 %
B LB BE IR S AR 25 4 B PR AR S ML BRI T AR £ER T IR A T AR R AR AL A LN
HMIFFE IR FNAFAE A 32 2 7]

(1) I REM RGN - A P RB A 5, B B 0T 58 1 L BB B AIUAR B 1 ELEES H , DT AT £ 2 (B 4
B 2% ) T e AV P 450, 86~ RGeS M T B, B A5 G0 /K R SRS 4 J0 12 HE AL R /N o s FACER., SRk
TG K T IR S B 75 B3 (BRI R ShRCR A TAL B Uk sh il A — s B 221 .

(2) MRS ik g AT R a5k R RFRAE T IR 25 A LA, SMA 2 I B fe HA TV
RN FH TS BEAL R

(3) GG URIGIINAT A5 AAAE T i AR B R AT SRR M P RN r R TR DA S E e st 22 5 i, B
B, 2 TR e R KN BT A% 322G SMA BKZh 8% (EAP 3K Zh 88 F PZT SR Bl 5 55 , HIEAKE T 5080 =
B Bt , FAE RIS PR 58 T B MRS E A fritE— 2052

(4) SMA {5 HE LR IR B BK 2l Sy R W TSR ER BOAE RCREAIG; IPMC 5 A AL #s A
12 R G i RS (R R AT RAE B B /N M R B BRI s DE {5 2B HLE N IR SRR 5
R AR IR Bl i F v, 7 S PRk K AR Zh AR, [ I 5 10 15 W PR HE 42 S 4% 5 PZT 45 AR L A i)
N E R 3R Bl 1Ak (HBR Bl L R, AR TR /N

& £ X B

[1] 280 . EG RN A BT SP0K )] NSt - 2R AT, 2017(18): 37-43.

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



24 RS TR MR T AT AR & - 311

Li Chunfeng. The potential and challenges of China's marine science and technology development[J]. People’s Forum - Aca-
demic Frontiers, 2017(18): 37-43. (in Chinese)
(2] ZRELE, X U, AR R . E NN IO R SR RER 5L R E BRI, AR TR, 2020, 42(2): 25-31.
Li Jiajia, Liu Feng, Ma Weiliang. Development status of intelligent equipment industry for marine unmanned systems at
home and abroad|J]. Ship Engineering, 2020, 42(2): 25-31. (in Chinese)
(3] B2, S . B REE A MR I HE (). DEEA R, 2019, 50(4): 4017-4022+4029.
Guo Kexing, Xia Pengju. Research progress of smart composite materials[J]. Functional Materials, 2019, 50(4): 4017-4022+
4029. (in Chinese)
[4] F1F e B REAP I TIE I R FHZEIR D). 22 R FIH AR 577 5, 2020, 3: 15-20.
Bai Zilong. Summary of research progress and application of smart materials[J]. Military and Civilian Dual-use Technology
and Products, 2020, 3: 15-20. (in Chinese)
51 A 7,5k BH, Sk —, 4 BAOK TR BRI 28 45 1 HLIB S ERER L. 1R 18, 2019, 34(3): 1-6.
Zhou Li, Zhang Yang,Zhang Yi, et al. Opportunities and challenges of unmanned underwater intelligent marine surveying
and mapping equipment[J]. Marine Information, 2019, 34(3): 1-6. (in Chinese)
[6] EHEAS, MHCT, 5k 3%, IEEUYT . F TR EIRh MR KK T 5 AR HLER AN RSB SRR ()] /K T BN RGi44)R, 2019, 27(2):
123-133.
Wang Yanjie, Hao Muyu, Zhang Lin, et al. Progress of biomimetic underwater robot based on intelligent actuating materials:
A review[J]. Journal of Underwater Unmanned Systems, 2019, 27(2): 123-133. (in Chinese)
[7] Alexander P. Robot fish: Bio—inspired fishlike underwater robots[J]. Underwater Technology, 2017, 34(3): 143-145.
[8] Chu W, Lee K, Song S, et al. Review of biomimetic underwater robots using smart actuators|J]. International Journal of Preci-
sion Engineering and Manufacturing, 2012, 13(7): 1281-1292.
(9] FhUTHE, SRAKAE, WRTHE . ORIK Sh 2R WF IR 25348 ). HLARIRETT, 2019, 36(2): 5-18.
Sun Yilin, Zhang Qiuju, Chen Xiaoyan. Overview of soft-bodied actuators[J]. Journal of Machine Design, 2019, 36(2): 5-18.
(in Chinese)
[10] Bhagyaraj J, Ramaiah K V, Saikrishna C N, et al. Behavior and effect of Ti 2 Ni phase during processing of NiTi shape mem-
ory alloy wire from cast ingot[J]. Journal of Alloys & Compounds, 2013, 581(18): 344-351.
(1] ZBRIN, 22 [ B, 52 2209, FRWT RN, 0, BT . BRSNS HLEE S SRS A BRI SEZR 3R ). J1272741, 2016, 48
(4): 756-766.
Li Tiefeng, Li Guorui, Liang Yiming, et al. Review of materials and structures in soft robotics[J|. Chinese Journal of Theoreti-
cal and Applied Mechanics, 2016, 48(4): 756-766. (in Chinese)
(204K 8, B RG 3 Fi, BRIEIE, BURR . & B A bRHIE ST HE R (1), BRSNS A0, 2012, 2: 74-77.
Lin Chao, Chen Feng, Yuan Li, et al. Research progress of smart composite materials[J]. FRP/Composite Materials, 2012, 2:
74-77.
[13] XU, X SC, Hedh, £, Bk 2. B REAPRHEAK T 05 AR ML NIKE b iy i JHERR D] o B 22 (A
IRBLER), 2018, 48(3): 114-120.
Liu Guijie, Liu Zhanwen, Tian Xiaojie, et al. A review of the application of intelligent materials in underwater biomi-metic
robot[J]. Periodical of Ocean University of China, 2018, 48(3): 114-120. (in Chinese)
[14] FA=280, 58 L4, FRIBRYL, RIISE, AR EAR . BARMLAR A SR E 6% K RIAE 77 iR e 23 ()], me s s i K22 24 ( A SR
2R, 2018, 38(4): 69-80.
Xu Fengyu, Guo Yiquan, Zhou Yingjiang, et al. A review of the research on the driver and production method of soft robots
[J]. Journal of Nanjing University of Posts and Telecommunications (Natural Science Edition), 2018, 38(4): 69-80. (in Chi-
nese)
[15] Cui W, Wu X. A Chinese strategy to construct a comprehensive investigation system for hadal trenches[J]. Deep—sea Re-
search Part I1-Topical Studies in Oceanography, 2018, 155: 27-33.
[16] Cui W, Hu Y, Guo W, et al. A preliminary design of a movable laboratory for hadal trenches|J]. Methods in Oceanography,
2014: 1-16.
(171 F % T AEHERE R SMA SKShZRBEFE[D]. M ARIEE: IR /KB TR, 2007.

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



312 WA 7124 2655 21

Wang Hong. Research on SMA driver for bionic propulsion[D]. Harbin: Harbin Engineering University, 2007. (in Chinese)

[18] Wang Wei, Rodrigue Hugo, Ahn Sung—Hoon. Smart soft composite actuator with shape retention capability using embedded
fusible alloy structures|J]. Composites Part B, 2015, 78: 507-514.

[19] She Yu, Li Chang, Jonathon Cleary, et al. Design and fabrication of a soft robotic hand with embedded actuators and sensors
[J]. Journal of Mechanisms and Robotics, 2015, 7(2): 021007-021016.

[20] Rodrigue Hugo, Wang Wei, Bhandari Binayak, et al. Fabrication of wrist-like SMA-based actuator by double smart soft
composite casting[J]. Smart Materials and Structures, 2015, 24(12): 125003-125013.

[21] Guo Dongjie, Wang Long, Wang Xinjie, Xiao Yanan, Wang Caidong, et al. PEDOT coating enhanced electromechanical per-
formances and prolonged stable working time of IPMC actuator|]]. Sensors and Actuators B: Chemical, 2020, 305: 127488.

[22] Liu Kun, Chen Shitong, Chen Feifei, Zhu Xiangyang. A unidirectional soft dielectric elastomer actuator enabled by built—in
honeycomb metastructures|J]. Polymers, 2020, 12(3): 619.

[23] Giacomo Moretti, Luca Sarina, Lorenzo Agostini, Rocco Vertechy, et al. Styrenic—rubber dielectric elastomer actuator with
inherent stiffness compensation|J]. Actuators, 2020, 9(2): 44.

[24] Yuan S, Zhao Y, Chu X, et al. Analysis and experimental research of a multilayer linear piezoelectric actuator[J]. Applied
Sciences, 2016, 6(8): 225.

[25] Chu X, Wang J, Yuan S, et al. A screw—thread—type ultrasonic actuator based on a Langevin piezoelectric vibrator[J]. Re-
view of Scientific Instruments, 2014, 85(6): 065002.

[26] Low K H , Yang J , Pattathil A P, et al. Initial prototype design and investigation of an undulating body by SMA[C]. IEEE
International Conference on Automation Science & Engineering. IEEE, 2006.

[27] Shi L, Guo S, Asaka K, et al. A novel jellyfish-like biomimetic microrobot[C]. IEEE/ICME International Conference on
Complex Medical Engineering, 2010.

[28] Sumoto H, Yamaguchi S. A study on a control method of artificial muscle using segmented binary control for an up—scaled
fish type robot[C]. Proceedings of the 21st International Offshore and Polar Engineering Conference, 2011.

[29] Villanueva A, Smith C, Priya S. A biomimetic robotic jellyfish (robojelly) actuated by shape memory alloy composite actua-
tors[J]. Bioinspiration & Biomimetics, 2011, 6(3): 036004.

[30] Song S H, Kim M S, Rod Rigue H, et al. Turtle mimetic soft robot with two swimming gaits[J]. Bioinspiration & Biomimetics,
2016, 11(3): 036010.

[31] Wang Z, Wang Y, Li J, et al. A micro biomimetic manta ray robot fish actuated by SMA[C]. IEEE International Conference
on Robotics & Biomimetics, 2010.

[32] /K. SMA SRSy A= LA L 4 2 i FSESR UV BE S LS BRAIT ST [D]. IR AR IR Tk K2, 2015.
Gao Fei. The caudal fin and jet propulsion performance of the bionic robot fish driven by SMA and experiment research[D].
Harbin: Harbin Institute of Technology, 2015. (in Chinese)

[33] Zhou Y, Jin H, Liu C, et al. A novel biomimetic jellyfish robot based on a soft and smart modular structure (SMS)[C]. [EEE
International Conference on Robotics & Biomimetics, 2016.

[34] BAY I . He TICAL G B3RS 15 A KRR B 2B D . MR /R i IR T AR R, 2017,
Lin Xiyuan. Design and implementation of bionic jellyfish based on shape memory alloy[D]. Harbin: Harbin Engineering
University, 2017.

[35] Chen Z, Um T I, Bartsmith H, et al. A novel fabrication of ionic polymer—metal composite membrane actuator capable of 3—
dimensional kinematic motions|J]. Sensors and Actuators A—Physical, 2011, 168(1): 131-139.

[36] Chen Z, Um TI, Zhu J, et al. Bio—inspired robotic cownose ray propeled by eletroactive polymer pectoral fin[C]. Internation-
al Mechanical Engineering Congress and Exposition, 2012.

[37] Najem J S, Leo D J. A bio—inspired bell kinematics design of a jellyfish robot using ionic polymer metal composites actua-
tors[C]. Proceedings of SPIE, 2012.

[38] Hubbard JJ, Fleming M, Palmre V, et al. Monolithic IPMC fin for propulsion and maneuvering in bioinspired underwater ro-
botics[J]. Oceanic Engineering, IEEE Journal, 2014, 39(3): 540-551.

[39] Berlinger F, Duduta M, Gloria H, et al. A modular dielectric elastomer actuator to drive miniature autonomous underwater

vehicles[C]. Proceedings of the International Conference on Robotics and Automation, 2018.

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



24 RS TR MR T AT AR & - 313

[40] Shintake J, Shea H, Floreano D. Biomimetic underwater robots based on dielectric elastomer actuators[C]. Proceedings of
2016 IEEE/RS] International Conference on Intelligent Robots and Systems (IROS). IEEE, 2016.

[41] Shintake J, Cacucciolo V, Shea H, et al. Soft biomimetic fish robot made of dielectric elastomer actuators[J]. Soft Robotics,
2018, 5(4): 466-474.

[42] Li T, Li G, Liang Y, et al. Fast—-moving soft electronic fish[J]. Science Advances, 2017, 3(4): 1602045.

[43] 2% 5 . A0 QL i SRR W 0 BRI R S B BLER ABIEFE[D]. U WK, 2019,
Li Guorui. A study for the electromechanical regulation of dielectric elastomer and soft robot|D]. Hangzhou: Zhejiang Uni-
versity, 2019. (in Chinese)

[44] Deng X, Avadhanula S. Biomimetic micro underwater vehicle with oscillating fin propulsion: System design and force mea-
surement|C]. Proceedings of the International Conference on Robotics and Automation, 2005.

[45] Heo S, Wiguna T, Park H C, et al. Effect of an artificial caudal fin on the performance of a biomimetic fish robot propelled
by piezoelectric actuators[J]. Journal of Bionic Engineering, 2007, 4(3): 151-158.

[46] Nguyen Q S, Heo S, Park H C, et al. A fish robot driven by piezoceramic actuators and a miniaturized power supply[J]. Inter-
national Journal of Control Automation and Systems, 2009, 7(2): 267-272.

G718k J7, 2R3, 6 %, E W) RO AR DLE NSO SRS ST BRI, 2018, 13(6): 11-22.
Chen Fang, Li Donggiao, Han Tao, et al. Planning and research situation analysis of marine biomimetic robots[J]. Scientific
Observation, 2018, 13(6): 11-22. (in Chinese)

(48] %, BRIBUE, BB, 25 . 2 E P AWFTEBUIR 5 & 34 (). BUA AR 441, 2015, 51(13): 27-44.
Wang Guobiao, Chen Diansheng, Chen Kewei, et al. The current research status and development strategy on biomimetic ro-

bot[J]. Journal of Mechanical Engineering, 2015, 51(13): 27-44. (in Chinese)

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



