a8 & M2 W MEXZZR(BARER) Vol. 48 No. 2
2026 4F 4 H Journal of Xiangtan University (Natural Science Edition) Apr. 2026

DOI: 10. 13715/j. issn. 2096-644X. 20250605. 0001

SIS EARSC BRI S5 . K TRV TSR], WE K%M A ARB D .2026,48
(2):99-116.

Citation: WANG Jiewen, CHEN Miaomou, HU Haiyun, et al. Advancements in underwater hydraulic

manipulator technology [J]. Journal of Xiangtan University (Natural Science Edition), 2026,48(2): 99-116.

KT HEENHFRARHERE
IR, R, WES, % &', YRR, RRMERT, FHIES

Ao G MRERYNEE TREAR RS ARAR, &R WII 518052;
2. WE KA AW TR S 125k, #IF WiE 411105)

# OE: [AMY b THEK T RETF AR RBUK . &0 KA it @k, mah =,
5 ) SR W B TR O A O AR E R OT R T 25K . KR Y R SCERIA AN 5 X i i vk, B e
XK W MU T 25 R et ol 38 Bl BERC B . AREE R M T BT BEAT B4 HIR MR iz 3l
25 ) AT s SRS AR TR SR 3 5 A Bl B 9 R S R B B0 5 O X 4 1 R Gt DA B Al 4R O vk
B e R B AR B R 0 R R Wk EAT R s B — 2D iEad B N MR PR Al K X L A A B T
AR BEETIHAVR, BRI RER R R R W . (4R WU Ry, KT RE
MU T 7E S5 80 50T T O B M A B 5 p0 RL &, A7 ok B R kg o, 3R 8h R G h R 3R sh 47 5 &
5 (HA IR E D R, 1 EOR I AL SR e R RE R T s R BRI AT B4R T B T A2 A
WEEF MR . (458 G R RGAES TK TRV T R B AR 57 5Bk, WIeh 7 4w i
WA Z B . Sh &S BB R AL AN S Pk i SR ke v ) AL . B B Refk . BT AR N K
ERALIE N T I F 8 R . WA SCHTIY 5 TR S R IR =% .

KEW: K NBENMT: 4imit: 8300 B RS SRR

hESES: 0631 XS A XEHS: 2096 - 644X (2026) 02-0099 — 18

Advancements in underwater hydraulic manipulator technology
WANG Jiewen', CHEN Miaomou', HU Haiyun', HAN Chao', ZENG Yajun', XIONG Jiahong®, YIN Shuohui’
(1. COOEC Subsea Technology Co. , Ltd. , Shenzhen 518052, China;

2. School of Mechanical Engineering and Mechanics, Xiangtan University, Xiangtan 411105, China)
Abstract: [Objective] In order to summarize the current technological development status of underwater
hydraulic manipulators, this review comprehensively covers research progress in aspects such as structural
design, modeling methods, driving methods, control strategies, and engineering applications. [Method] A
method of literature induction and comparative analysis is proposed. Firstly, the structural design
characteristics of underwater hydraulic manipulators, including the configuration of degrees of freedom,
material selection, and configuration design, are summarized; secondly, their kinematic and dynamic
modeling methods are explained; then, the characteristics and applications of hydraulic and electric drives
are analyzed; the development of control systems from basic control methods to advanced intelligent control
technologies is outlined; furthermore, by comparing representative domestic and international companies

and products, the current technological status is summarized; finally, based on existing research, technical

x WFEBAHEI: 2025-06-05
ESTH: Mima BARREES (2021]]30649)
BlEEE: BRPH (1965—), B, R EA, ML/ EIH A A/l E &K AR 2 T2 % K. Email: chen.

miaomou(@qq. com



100 WE K 2F %M CASRELERD 2026 4

challenges are identified, and future development directions are projected. [Results) Investigation and
analysis show that multiple configurations and material combinations have been formed in structural design,
modeling methods are becoming increasingly accurate, hydraulic drives still dominate in driving systems
while electric drives are gradually emerging, and control technologies are evolving from traditional control to
intelligent control; the improvement in intelligence level helps to enhance operational performance in
complex environments. [Conclusion] This review systematically summarizes the key technologies and
product status of underwater hydraulic manipulators, clarifies the current challenges such as limited
perception, dynamic disturbances, and insufficient intelligence; the field should continue to develop toward
human-machine integration, autonomous intelligence, digital twin applications, and clustered operations in
the future, providing valuable reference for related research and engineering practice.

Key words: underwater hydraulic manipulator; structural design; motion analysis; control system;

technological development
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Fig. 1 (a) Oil and gas exploration and development; (b) the construction of submarine infrastructure; (c¢) maintenance of

submarine infrastructure; (d) Scientific research on the seabed
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Fig. 2 (a) Soft clips for ocean collection; (b) Special recovery pliers for search and rescue salvage
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Fig. 3 Modeling of manipulator operation by D-H matrix method
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Fig. 6 Typical Domestic Hydraulic Manipulator: (a) Shenyang Institute of Automation Chinese Academy of Sciences;

(b) CathayBot; (c¢) Hangzhou Yukong
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