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Fig. 1 Deploying the Jiaolong in a dynamic sea ice environment
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Fig.2 The Jiaolong manned submersible retrieving
equipment from an ice lake, supported by icebreaking

operations of the Xuelong-2
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Fig.3 The Jiaolong manned submersible
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Fig. 4 Jiaolong ascends safely guided by multi-level visual safety protocols (a) and underwater footage captured by Jiaolong’s camera (b)

(2) A4 77 DK DX /K 48 i IS 2

TEAL GE ) T ] U SR AR M v 38 2R i 4 1
9 el A 3, BRIP4 8 L o oK S, B
BT WK A8 O F S B, SR, 7R 7 0K A L A
HLEh ™ E 2 R A X, X A A ROR 5 22 ek T
HEARAE . b, AR UORE S AL B B 1 3E T Y
“Urde M s MO iU, KSR bE
P AT Bl 3 R A 2R GE R 35 181 5 B2 B 5 A 1, T AR
SE B I SCRETE Ao TR OK g 52 ISOK T AR 22 4x K s,
WHE A B3I, T3ty 22 B0 FUE 4 RIS X
(1B 5)0 3k — 0 A0 2 e, e [mDUSC Ml B9 2 B A iy 32
DI ) 240 6 K TR, B B 2 T B IR REE 7 P 9 T K
ar H B, WS TS A VK XIS R AR
TEVE R GBAIRL 2KF.

(3) WK #e il X 2 R 58 AR DN HoAR

S-S RN RE A7 00 58 A SR B R IR 2
BB IERR o <5 B o R GRS B A UK
FEASHL L DGR A7 0 R P 0 AR P

22 W B R AN BB R R A B . AN X A
X 7o 45 B M 5% . GNSS 55 Il N & T4, A&
WIS R T 2RI 5 A 3 SRR R 58

WEUCREZ U AT, B e 5 TG T 3 AR X
PRI B RS LA A R 4, DU BE I ZE W] SR (18 5)
SRS LRSS A B2 A T DX PR e B 2
ARG BIHAY R FER LR S, LTI T
VKIER IR TE (O R GE, B AE N Bl B Be 4R Bt b

LT
v

B 5 e S e K R A HLE AT AR
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hovering near the surface
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Fig. 7 Deployment of an ROV from the support vessel Shenhai-1 (a) and joint underwater operations
between the Jiaolong submersible and ROV (b)
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Fig. 8 Scenario of the first joint operation of two manned submersibles in the polar regions
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Research on key technologies for manned submersible operations in
polar environments

Liu Yixu', Xu Xuewei', Zhao Shengya"?, Fu Wentao', Huang Xiaoxia’,
Qi Haibin"*, Li Dewei', Cheng F ei’, Sun Yongfu1

(1. National Deep Sea Center, Qingdao 266237, China; 2. Harbin Engineering University, Harbin 150006, China; 3. Institute of Deep-sea
Science and Engineering, Chinese Academy of Sciences, Sanya 572000, China; 4. Ocean University of China, Qingdao 266100, China; 5.
China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: In 2025, China’s manned submersible, the Jiaolong, successfully completed its first manned deep-sea
dive in the ice-covered waters of the Arctic, marking a pivotal first step in advancing China’s deep-sea exploration
from ‘full ocean depth’ to ‘all ocean regions’. The expedition faced numerous challenges, including extremely low
temperatures, shifting sea ice, gcomagnetic anomalies and intricate underwater acoustic conditions. We made sys-
tematic adaptations to the Jiaolong submersible, achieving key technological breakthroughs in deployment and re-
covery, under-ice ascent guidance, and ice-zone navigation and positioning. This paper outlines the core challenges
of manned deep-sea operations in polar environments. It focuses on the submersible’s tailored modification plan
and the key technologies implemented during the world’s first coordinated dual-submersible mission in polar wa-
ters. This paper aim to provide technical references and engineering paradigms for China’s future routine polar

deep-sea exploration, habitat studies and resource surveys.

Key words: polar deep-sea diving; manned submersible; Jiaolong; navigation and positioning; dual-submersible collaboration
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