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Deep-Sea Mining Equipment in China: Current
Status and Prospect
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(Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: There are abundant mineral resources at the seafloor. These resources have rich varieties, vast reserves, high grade, and
great development and utilization prospects. Countries in the world are accelerating the development of deep-sea mining equipment
nowadays. This study analyzes the development status of the deep-sea mining equipment in China and abroad and investigates
the deficiencies in technologies and equipment in China from the perspectives of fundamental scientific research, key technology
development, and sea trial verification. Moreover, it summarizes the key scientific and technological issues to be resolved, and proposes
the developing trends of deep-sea heavy operation equipment, ore transport equipment, and sea surface support vessels. We propose
that deep-sea mining should adhere to the concepts of heavy equipment, collaboration, intelligence, and green development, and
key technology innovation and independent research and development of the mining equipment should be promoted. Demonstration
projects should be constructed for deep-sea polymetallic nodule mining to accelerate the development of deep-sea mining technologies
and equipment, so as to realize large-scale sea trials, conduct system design for long-term operation, and promote commercial seabed
mining.

Keywords: seabed mineral; deep-sea mining; deep-sea heavy operation equipment; ore transport equipment; sea surface support vessel

2020-10-20; 2020-11-05
MR, SRR S N TR B 0, WEFE T MR EEGOKT & IR P2 %8Rs E-mail: jmyang@sjtu.edu.cn
R E TR I E <R e KR RIS 7 (2020-ZD-02)

www.engineering.org.cn/ch/journal/sscae

001



BRERS “REAREEMLAIRERE

T H'IJ_%_

V) 0 R R B R B O B, AR
W B A TF AR 7 BRI 7 SRR 2 SR A5
EHiS . ZaRmAmE, HhaE. ] BEE
JE Rt R TR . WOR AR A Ak
FIMEIT R, e ELAR A Ml e R e e i i AR 2 85
ISZN, 25 I PERT K o Bl A7 B 0 5
ARBEIR, i AL R K — B I N S At 2 I 22 357 A fie
iR (1] DR, 5 [ AT I SO T A7 B¢
PR R S IR

TRUER ™ BHRJT R FUiR T 20 4D 50 40K,
S WM. H A E AN IX A R 2 6
B, WIS B RBIR S LIRS (2,31, [H
ISR B 4550 2 e R ALY I T REBOR W 5 5
20 8 )\ JUHFAG BEL BPEEL [ B AH 48 n
NG 7 SR TF R B, R R G 77 ARk
WITRTT 5 [4]; LR, RS E 551 R ik
MGG IR, IR BT R SR % 4% HUAS 2
FHilthe.

JEHE R PR B SRR
FERCR : MRHIEE 2. IS0tk e, AR
FAEIFIR . VL. AR R IR IR, 1R
B SRE T M I R e R PR E
R G0 A R AN B & 1 oMb o P2 A [5]. EAh, &
BLRNVEAHEIRE 7 BLEOT RS L0, $2 i
BRI TS I, H TR SRR T A
Bl P 1 AT B AR TR o

T 0 e ] 28 T bR e e e R v O 7 B IR R SR
DA% S LA o ] ) e 755K, B R AT A iR A
FERTEALE JEBE . FRIETE 20 2] 80 EARAEE T
R 7 BT AR AT T, AR E IR T
R P IR R R G, IT AR BER AR R
WD BRI 22 2 J& G5 1% TR 2 G R BLTE AR &%
KBEST, RIS s 7. 2@ mm IR
AREEZ KWK [6].

REERE Oz RS EilE, AR50
TR BE 1 B RAEML SR . SRBRER AR % Wt
5 RIEEFNAAE—E L. — i, REHA
TP R G A R, OSHEBOR M R SRAGAT AR AL
PR AW RE ) IR R GRS E PR A ] Sk e iy

002

few, SEE XA R AR BRI A 51—
Jim, EK TR RBETCEE . KRGS LM
R FUAFAE R, KB 707 dh At 1

LRERE, RN PRI KBRS H TR
TFR U E TR RE. B HAER
I FE Z AN X e AR PR 7 BHEOT A I R B
RIZOH A FIERE 1, — EAR O IRIA R 178,
K AT FENUIT RE R AL TR [6] 3R H AL T ER 4
PRI R BRI B, iR T R i AR
B, KRATRRERBEARL S, IR AR AN
MEIFRHERE,  DASILE [ bl el 7= BT R P 3R A
AR AL

— ESNREBE R A k&L REE

HH: FR 30 B A B X R R R T R
ottt A, AshFRER. EiEE
T TR 3 FRA T ST RBCEAC X IR
WmE, CaBER bR M. Bl wigy
PRI R LA TR AR B TE IR T SRR R G (7],
ARG RN AT RS W A 4. /KIS
2.

20 fHE 40 70 SEAR, R B F A 2 A E bR
0 A1 A5 K ST 29 5000 moif R DD R AR £ B E 2
6]. Bif, fEE. @20, A, 5E. EE
FHARTF i, B0k R & [1]. 2017 4F, H
A58 B 1600 m 7K R 22 <5 i A6 47 1) SR B MR T i
R [8], P& 2 & BN IT K EAR X n Fiia gt —
o AR, BRI IRIEE = BRI K 50 AL
BlueMining. BlueNodules. jVAMOS! 5 Z NI H [5];
2017 SELIR, far ==, BRIy 4 B 5K 22 IO D gk AT I
W R e i S VRl AH SRR R YR IT
REARBEE B EE. £ 1 g | EHIMNRET ™5
VI R e & B R IR . B i K2 i ik,
AL VBN B RIRIEE P BRI K BRI %R,
P& 7 RHEHERW K Z D3 it ae /B4
JEH A TR B L AT EMERCRE . KR RE
Wik REE . K T3 ik, 4 R G0 FHE ]
IKTFEREFHUEN . BB & BRI .

FH 1 AN R 38 A 1t 0] Vi JES A B3 R T, R R
DRIGA 77 R IT R A8 B Ve R v 31 855 11



PEITIERE 2020 4F $£22% E 6 H)

®=1 ENRBE T RIRT A RELRINK

A / 4 ESE N XV JKIE /m I 2

1978 W E AR (OMD 5500 Z &R

1978 W2 (OMAD 4570 ERATET AR

1979 W7 C OMCO) 5000 ERAEERE A T35

1979 T /BB R AR (Preussag) 2200 Z & EHPRECR

1990 R W/ B R TR 2 B (MTPYD 79 KT R G AR

1996 BRI /ORI AL BE (NIOT) [ 500 KW AT TR KRR

/MK E: (University of Siegen)

1997 HA | 24 B SRy 240 R E 2200 L2 BRFRAT WL A He i i 56

2002 HA /RS & B P st IRHL 1600 KA 447 R
(JOGMEC)

2006 EIE /g PE AR BE (NIOT) 450 KW EHER

2009 W /R YRR T (KIGAMD 100 Mk R G

2012 HA / AR B PZ IEALR 1600 KRR
(JOGMEC)

2013 B E /W RFERORBE (KIOST) 1370 KR

2015 W/ EEERF R REE (KIOST) % 1200 KT R G AR

[ /e TRV (KRISO)

2017 HAS / A1 KRR S &R 3 IR ML 1600 K 2 RAE R SR 5o
(JOGMEC)

2017 EL R} / K424 (DEME) 4571 KU AT ERAR, PRI

2017 INEK /PSR A (Nautilus — KW e KRB
Minerals)

2017 RHE / AT AR R R G H — K 2 e NS B AR B
(;VAMOS!)

2018 w2/ 2% IHC AH (Royal THC) 300 Kl AT A R

2019 fif 2% / 25 THC A7 (Royal THC) 300 KA ZEAT

AL WAL A ROT R, il R Pean 4T A
e AR THE RS SR AR PR B i o FEBUARAE BBR
R NTREBEFBORIISIRE T, R 5
TR ARGk it — DR kel PR K
iBYE, SN IETERIRE ST, R AR BEAL IO R
HRRARRKR SRS

= REREN FHREF L RELRIVR

PE R RIT R e 7 ER T SR
iS5, EERXREEZ SR AT T IT, R A
s B Eh5e . ZaEmiy); EEIF RS ANIR
HESTQ TN A (BN &8N IV be 8- N N R S
Fro 22 VAGN T H ATRERIED P SR AR I
PRI R B o AT HLAE B AR SRR R A R
BUR, AN KT R R PR S5 1)

(=) FEBRWEHIELES

GRHEF 7 BT A HIRIER T B AR e
T AR AR AR .

B A KA 6 R T R R IF R A% 3 % 2
— BEEA TR RR B A R, AR DIE
ANHRREFI DI RE - AR AT AR 2 5 B AR -
Z &R IR TR, SRRTTRY3E
17, 2RI I2CRIETT 2, 8 = K S5
B A B S R P S P ARl s o B A e A A
FARM, —BERTIBIGR f R R B S
IR 2 &R T ALYIRAT T S OB X I
KA A AR VT AR 2T RE,  — R A B U1
PLERZ D RE— AR % . B B R e %
WAL T R ELRENL T AR RIS P B, A 2
EIRA B TS ORISR, 2016 7 H,
KD LI TSR A B2 w) B (R R e B 45 52 R

003



BRERS “REAREEMLAIRERE

*2 ERRET TRERFTARELKRIVK

I} [ / 4E FHIC AL JKIE /m I N2

2001 rh DR SR T R s 135 KA ZE B AT
2016 KPR w T B A B 53 AR 2 7 304 ik R G AR
2018 KB e IR ST A A 514 KA ZE B AR
2018 Kb i e B A B 53 A 2 7 2019 B4 S IORE 4=
2019 rh R AE B R R 2R S AR T T 2498 KA ZE AR AR

SKAE R SE R T & B 45 7o R AR RS, 0 T IR ER
TR R S KA & B 45 5 IR I AT AT M5 2018 4E, K
YA LBIE 72 e A PR 2w BIF ) 10 il 25 e B R, 2%
SERR T B S e U IO 280 AR s 2018 4F,
[ R} 2 B v Rl 2 5 T REHIT 7 i A 3 g VR A 5
BT R 4 BRSSO UE T AR RN
IR A A T BE

WA WA 2% % BT R B R0 I A A 5 40
fifto TEMRJECRAT AR, A A LE BRI KB
5 LA B I b AU A I oL, BRI 2 F AL
W AIBERER A DM EE . B, B ALY
(19 T K 75 K FH 0 i R £ QU 1 s e B e s %2
BRI R T VIHI A, K mT AL
BN U A AT B . R EE A TR E
T A R B O 58 ORI AE , (HE X 2 &R
A B A T R 2 £ T /b . 2018 4F, 1R R g
2500 m KIFRAETF g _FAREG, AR T I RH A i
WERE 71 2019 47, SRR & B 45 7o UBERFE 28
B, (RS T IRCE B S A SRR,
S N 6B A= RIB VAR LR LY S N A
PR 25 52 FH B I B M 22 53R B S W D )
FE, SR K 77 S ERi i I i ek 45 e i IR ik 3|
LY/b SRENS

BB (1) /N B S A ISR S & TN
R O s B B R e A . FRIEE T A IR
KA ATREE, X2 E&EEZ. s
T AR B & S R T VP IR SRR, 1991—
1995 4, BT 1 /K JJ2NEEW MK Iy — LR & 2
7. 2001 4, FERER S B IEE IR
MaBERKDT L ARG RSHEA R KD
BT B A BR BT AT A &) 55 A, 7E 2 m Bl o8
FRAEN % 2% 130 m KGR WA, 30E T H nr 47
2018 4, KWW I B A BR BT AE 2 =1 i) 1« i

004

T2 5007 KA ZEAE R E B SERL T 500 m KR b
WA, WIF 74X 2 &R IRE /K18
ERNCREETNRE [9]. 2018 4F, KETEEHLETAR
X 56 i & B 45 e 0 25 A R AR 2019 4, i —
T R E B 45 ALK, I0OE T X E Al A ST
Bk Wi g Re

IAh, PRUEER E R R R FER A KT
SHUEM RS, CRFE SRR 15K
RLAERS . T EBER S =T, T E A
A BR A 7] 5 B — AU ST 55 2 SR ERALAE 75 5 8 A
FEARGIREAT T ) 2. 2004 4, R E kh ot
HlH 2 — BT E 0 BEREM R MK T EL Tt
A4 (EEZR “+I7 W, RIPFHH KR
L B RA” ;s TEE K 863 11 RIE ST H 1)
SCRER, IR RS B UK R 2R G B R G
2018 4E7E “HE % 5007 KA E i, R ELE
500 m ZKERAL I E ARG FEIXF 0.72 m [9].

(Z) T AMmxEE

A 3 25 2% 2 B FH TR JRCR SR AR A )5 11
W AnEREE, ORERAREES. KT gk
& FHTAMESREE .

PRI GRS TR A - KRR A
DA— 5 P T B AR B2 AT SR 2 £ ik R 1T o TR
KA L5 B SRR T 25 55 2% 4% R o g YR A
MER G FERE R, HEAm R 5k
Mif BE R Fo VR RORLAR R A L. B % JE . B R
. H 20l 90 SEARTFLR, KRiEtha. K
WH R AR A R EAR . h R FRE
RR 2 BRI R 2 A AL A X IR T IR e A
PR B A TE ik S OB R RO, BT R
TR B “NH” BTG, REEEEEN
30 m [ HE B E IR T R G [10], B 50 T8 gk



PEITIERE 2020 4F $£22% E 6 H)

P WK IE T R A s 7
fER 224 m M EHFERA XL RS, KiETH
W L2 AN [6]; 2016 4F, R 5K 300 m
PRERT Rl LR, Fiky KRR EN
500 m'/h, ZERZHEEN 50 the

KT gk £ T R 2 REEIRF I K
M ONI SN R R L BB TH I E , A —EW
WS E LA WG Re . RE
BT RTRUE RAT 7K A gk 2 45 A S AT Ak T 1 1 AR
WP B, R KRB TR R S K R A K
SR BRI P ks [11]; “ =07 B, R
FE AR 42 B BR A 7] 55 -6 O Wk 5t i R 2wt 7
TR K R gkl &40, S T RERE
KW A ik 24 | EBTHRE ST [12].

FRUTAME S B R K T R SR A RS %
Z A B R, T BT K T SRR TE
BRI FEMRF R ERLEZ . A MRE
KA R THITRME RGUEL A SRR 1 R UG
WA UAME R G T IEAR . IREE T (RHD M
WHEBAF . FEAMKY . EXSAMAURAE PR 5T
A A A0 AR A R A = 5 -B O DY 98 B
SN FHUTAME R AR AT W10 0 78 H IR — 8 R
2017 4, FEXGA AU IR 57 4E 2wl i) 73 E
BREMETHIAMER BRI, TERETabr. %4
TSR R T EAMAI = AR, 5 TR
ER KRS A R ER . “+=H” ’H,
Hh A AR A A IR A 7 25 -C O DU 7 Bt — 5 P g
FROTAME s B RE T, S RTKs S 1) [ 5% 2 5
TR E R A AL E .

(Z) KEZFrk&E

IR 7 BEUR T A 26 1) K T S 47 2 4% B0 46
N3 S = IRV TR Gl S IR VAR 31 RS N
WA P e . A A7l S ke 4 AR TRl
RYi.

KIS FF - 6 F R ™ BT IR T A0 30 1) K
e, Wi RGR SR FEES s, v
ATAEHE WA A7 A SN, RN 7R E KR 245 1
AR B AE 55 o KSR 6 0 LIRS EOE
F, RVEREAHIT RO TUMG . Bl H AT SRR IR R R AT
B RAAT T GE, AT HE LR AR AL 55

“P=7 E R RITE R, R
IKESCRF AR E B 157 B AN o .
HAT, 5 b —— K2 255 R0 M B 37 0 3
Ak A B R L A F B, 7R R E AR D R
[ . EARTRE R R A FAN. IRIECT A 1
Wi MG T RE FEENER, HEEER0 M
TEI A A MR EE, Adgl, Ak
H, AR REE, RET0ESR, EHNMX
WIT AR N Z .

B [F) 4% 1) 28 G0 A2 H8 70 /K THT SRR A a7 Hp g g2 il
RE71, BEXT & B AT O VR ], TR SE B

G R BAE L R BE P R ), CRIE AL HE A1
FIUC . SR VEME . B 25 A3 A 4 5 2R 15 78 P ) B A
I FRNGRI e . [ P 7E SRR A Pt T T, X SRAT
AL AR A s m WA R A ] A 9 O
JEFT, WKk . A SRR fI R A s
TEIRIE KA 22 G W [E) 4% ) 22 40 07 T )t 9 i Ak 1
BB RIFREE DB, R SR
DR

WA T5) 4 285 4% FH T8 MGl LR 2 108 /KR
BT BOKAR TR, RIEN A IS B8 & K Ehs
HEIE R B IR R . B TS R 2 4 0 T
Zit 2 FA G K S R T R AR EH TN
J&, PR ARSI AR . [ P RIS BT A
(R F3 7 34 2 2% (R 7 AR Ak TP B B R i
BN S 1 v S oS G A I ENA 1) P T S
HARAF. HEMAERHARAFE O MR
B &5 SR IR AE T F A DA A Tl 73 326 28 46 H T 9 o

WD A7-Gid 1 2 4% T K Ak 35 O P07
SRAT M B A P R R A 58 B R s S ) i i
TAE. B NA SRR T S 2% &0 70 TAE
WAL TP B, TGRSR A M FH A i S M
%, ARSI, B E AT 25180
W

A RN W £ F T i SR AE L AR & gk e
HBEAMRBE IR e E, RS R4
BRI BEME B, 7R ERE ) A iE 47 n] SR MR O R
RIghr. FELE 2018 F 1 2019 4F 43 Bl 58 Bl A i
]R3 4% e ke . o [ A A0 4R 1 FR A 7 58
L O VUHF 72 Fr 25 257 1 X 25 0 A7 i [m] WAL 28 4% I 8
TF i TAE

005



BRERS “REAREEMLAIRERE

M, ZERET FRETLEELREIGH

o] §5

(=) EMiRFEEAREATS, BIRXERR

L

— 7, BRI RSB IR T RE
TIARE, RE BT R G RIRR G Bh 70 Bk
AT AR TT %, 07w, T
BROKE TSI TR0 At 1R % i
BRI ARV RT E I8 B H A TE S5 ) S R, R T
RBEAT IR KA A fis B TE T e i PR READ R BT
AT BE S B

(Z) XEBEARREEWWIE, HOREFRITHL

BE 115155

[ 7K ¥ v A 35 S I R R 5 R S il B A
55, BN A [ At L i A — 58
P, BB BB A KEERTH RS M
AGEE, WURLIE R 1 R 28 Py AN (A 36 AIE, ok AR ik
—B R EECEE AR EOR . PRk R
MITHITAMEBOR M Rt — 20 R J s MR (G E TR AN
AR E— DA

(=) KTERBFMXBLRMHMLENTE,
SME I 53
R 7 21 B S 2 A MR 15 [ A g™ i
FAE—EZER, WAKEMEEAY, EP R
BRIK L RDE T BOR AR E VE 5 T SE A A i s
PRUFAE RS KB, SR R G5 0T
PR MOBEE O, E AT i R e AT AT SR 14T

o prin

(M) £RFHEERERTR, ARE, FHlk

FFRF RiSARAKI

JERE O 22 O Bk, HE2ERS
BRI e WO R 2%, MAR T B R P il o
e 1 R IR IR R g Ak, Bk
SEARUETT R REBOR. KN R&. A,
e thARTT AL, KRG AR R
EME. WTEEME. KIS 4EPERE. LTS M RTT
JEER AT T o

006

(7)) FREIFEEAREFH-PRS, FRAFE
REBRFNA
HIE [ ZOB L TE R T UREERAT PR S5 5 L
fiti, AL T HTRE R T i BRI R TR
KA AT S8 BB VAL, B AL 58 A
SRt 7 ik SREAIS RYF R AN i 2% 4%
R BB AR T %

. XERFERREESREERA LA

(=) XBERZER AL

1. RGBT

ARG RI RGP BRI R AR A% RGN
TZEwit, ARG R TR, SiEs) )Rt
3N AR [ESGE FE B g 200 853 T

R THAIRE R BDAR AR IR SR T R B A
FEREJTER, WTHIRIEH P BRI kR,
KSR K Rk RSt R E IR
BABNER RS HITRS; (ESCUEATREN
et b, AT BRI TRRAE MV M AR A R

SARRGROT TR, NEAZ RGBT
fe, RIEMEMLEFER 224, B BIRRGKE)
JIEERHE S KIS 6 58 TE A S5 1 5)) 71 2%
FetE. AUAME RGIS BRI, R -8 - harui R
G0 2 K N 7 Ve SO (P 5 AR I . SR 2 — LT A ELAR
AL

KW ZERIATR IO FE — e IR AN A 5
A NHAT. — T, TR EEARE KT ST 6 1 RE
Jiv AMRSE R RS LEES, VR
B BT S5, TR A R O R
KU ERIE8). BATKITEATIN 1% M. Ak,
YA BOKIR BT KR, % R T A el
T R TR AR AR B R A TRURNS R G rh B4 52 ) 5%
R0 [13]6

2. ¥ I FE B 2 2% BN 5 4

T A Ml 36 45 2 VRV SR I B AR B
TG RGN AT R “Haik”. RAE AT R
K, WK EBAE S SN B S H IR R %
FIRG. PITRG. AREF ARG RN ER “R
g7, XPRA A B 04 A6 T kAT v 25
FI, EHRF R LR R, EHRT



PEITIERE 2020 4F $£22% E 6 H)

AT Feml . TeAESIE, RN HID 0 fR
b PAT ARG TSR B01E, GiET iR
BARERE.

PS5 R 28 G981 AT 55 2 T I JER v IR 7
=R ZRORLHUR R AE,  SCIER AR X 4
SR SET IR &, DR AT RE BRI R AR
BEELA 2. WIBRAN A RS, HERIA B &
TEHRITE . a0 WK RERE, A5
AR TN E. [EEHNE; A
KT BORE, AT Lt
BHEARKI

PR R GURAR RN A R, SRR ] 1l 3 % 1
FTAEAREE, JFORFF SRR S K SCRER %1
SIS AR G 3. 12 R G 2 LB R
SN A2 R BE AR D RE, 38 7R 2T R B AL Wt 7T,
(RS E TS E R N S E oA N AR
5%

3. KEREH A is sl s

B0 A 2 A B PR B AT X R R S8, BE AT
B A ORE — T 7T 1l B KRR [ Y80 P AR i AE 22 3
B BE. RITENSRE PRk, IR
o BT v RE PR B ZE R B R BE Dh AR
AL B B R T S SR UT
RA L, VR A0 K B B a8 I8 A AE KR
0 e AR T WY T A A A R, B 12 5 R v R X
SRR P A R B, RE RGN KA
B IE R AT RETERCK

T ORI Y 73— R TTT [ /2 RGE R 2
AT B A R AR ) AR R T 58 B0 R G AL
5 SR IDIRAS LU 2> SRR (R TR . 4
BIVLEED, o3 Hr s ik TARARAS I (0= R 48 [
PRI I R RS, 3R S B AR R T -

4. RGsdE S E

FETRHEER P IR R AR R, 75 B %2
I LARRSTT RS2 . BEX T IR R 4
RERTTHESSE, WNHAE., ZEMTARE;
BEXTH SR AR AR, M ) LAk 5 P Rk BE KT
IR AT e WA AMNRAE RS, IR T S
I ARMPARAS, PRAERA 1l ) I AT PP AT

T TSR B RS R G g S i N S
5%, SR, F0 IR B AR RS

fiiazh. NJJ. WA, i et T, 4G
BROK G KB ) 22 R, X AR I 4547 A 57 4R
SHATPUE, JREP W RAHEDL. B, £
TP A B T DUAE HH I R T, AT DL AR R
PRy JSE I TRE IR, ify DRl 2R 8 1 2 4

5. BN VR A

DRUERT 7 GEUR T R R o A 24 5 1] /A AT 22
W, BAEARRAES R PR . £
XA S RS, B AP S I AR %
o WU RADIREVE AR, WRIRAED
Bl e o BEX R IR IS L2 AT HETBOR 1 LIRS
R KRB R HF R PP I M AR B %, B
FOPPRFE Y B RO R, 2 S PRI S
M5 ERER R G

W RIS S VAl TR 7 BRI R %
G5 T ) 53— A MR AR R DR ) R ) AL G ) A X T
AL AT BE 51 S A2 25 R GERE M AUPLRGE, 8 I
L AR BEA ST B MR
WA PG R R, A SEB SR O IR BY (IR
BRI RS BARS

(2) RERERMLTE

1. GRERAT AL %

EEXTERME IR, KM% 2. BE. AL Gt
RITF A, WEATRHERE Bl e R
TR, Tef@iTat. BReEh]. MBI, REE
XFZMETRAEEN . WAL mORERR; WK
RORI RIS T HB R RS TR, &
RIT R R AR HEIE R BOR, (R =i
T R B S BRI 7T, SIS AR ML R e
AT AL

2. AiA R A

BRI A B A A, R
SE EIARNCR . ERYY, BEACKE . ToHE .
AR, BRELNIRTIRE RS, REKEEZ M
FEERIERAIRERR . 2 ERIRBA M T AR
GLah 3 BLIAR AT B X R TR 7 K
W ERIE e, W RO, & R AR
SR B B DA AT R

3. JKIHI SRR o

BRI RO R SRR, Dlsa. R

007



BRERS “REAREEMLAIRERE

SEAEN NG, AT A, 5B &Rt B iR,
KL ARG e ar I U RS SRUEAL. M
L A, Bk e R e R
HIROR . IR K s B AL A S AUE O & B Rt 5 4k
BHOR BRGRIPSL M 5 N SR, £
ARUFIL T E B A AT RSO AR 2 AR & i o
SRHESMaEAR o

75y MREIW

(=) MLHFBH R AR RIER

FE RRIRIFA 77 B IR e 45 ) R R SR
HA UhE. B REMSROAERY, AR O
REHFAS H TR TRIBIRKIIR. mRkhe
MIE B AR, REGEFRZ ARG R RS
AR, BT EEME. BT FEE L
NLTE BRI RE M. T AL, BaEl
TR &R 48, Wk REOITREAR. RlgY 75t
VIT R BT HARGF . RV R AL, 4
AEE AR, MEBOR I, SEBUE L
TERAFAAL o

(Z) FATRERAREMEAES

RS B P R ORI 77 B2 R T 3 45 K g
o, MR SRR I AR R R
TR, ETIRE R IERATT PR, B
A AR L BRI AR 5% o BRI BRI R
BUERG, MIRERGHFIEHITR. KR T
R A AT« BARE) Ty 2RV E TR
R R R AT S A M 2 28 A B SR S5 R HE 5 1) 95
AR BRI E . o, @R, BRELKRT
R U, T B 2 MU 8 d A i h PR IR
AR ZEE RN T BFAR TR s BEXT
ARG, ARSI i S RV A B BOA
LR IT AN (A PRER 4 TR PR B MV A
BARER

(2) LR EZERERARRELE

i A 2 [ AR AT BRI S T R iR 2
JREE AT X, ARG O e R R 9 32 E H AR,
T Feite BRI R . B FUERIED 7 BT R BAR

008

TR, WRARG SRR SRS, AR
TEREEA . WA s & KT B A1 B TR 3
o B EROHR, @ILRIRTRIEIR. T
Koy Bk FISBOREE, @A AIE R R
TR TR ML BUR BRI 45 7. 2 &
JEBRALIIT R, MR BOR IS IESE (i 1 ulig 2
PG,

MR G, B TR R. EERER
B GEPEAIARYE, AL T oAt A 2R . R
BRI R S BT TR, b AUHE— %5 18 R G
ERIAMEL BB AT FZED, T R e B R K s 4
W ARG, MU AL T RGN 2 /K,
KR FEIKTHT — 7K PR A i A [ 552 AR o

Sk

(17 BT, BOGHEL Bl ST R BRI IUREA [7]. 57 L L
ik, 2010, 38(10): 4-9.

Yang N, Chen G G. Status quo and development trendency of
deep sea minerals mining technology [J]. Mining & Processing
Equipment, 2010, 38 (10): 4-9.

[2] Mero J L. The mineral resources of the sea [M]. Amsterdam: Else-
vier Oceanography Series, 1965.

[3] Van Wijk J M. Vertical hydraulic transport for deep sea mining:
A study into flow assurance [D]. Netherlands: Delft University of
Technology(Doctoral dissertation), 2016.

[4] Chung J S. Deep-ocean mining technology: Development II [C].
Changsha: Proc 6th ISOPE Ocean Mining Symposium, 2005: 1-6.

[5]1 R VRIER /K JIETH R A AR B 0 2R PR B 5T [D]: ki
AT R (2 18 30), 2019.

Liu L. Research on dynamic performance of solid-liquid two-
phase flow in hydraulic transport in deep sea mining [D]. Shang-
hai: Shanghai Jiao Tong University(Doctoral dissertation), 2019.

[6] JHIEA, BAT, S, WIS 1 3 B E K R THEA
[3. B 36 LR, 2013, 33(5): 1-8.

Tang D S, Yang N, Jin X. Hydraulic lifting technique with
vertical pipe for deep-sea coarse mineral particles [J]. Mining and
Metallurgical Engineering, 2013, 33(5): 1-8.

(71 HAE, Mk, WRE, & R R A IR BT

BERE (], FFENUR TR2 240, 2014, 32(4): 319-26.
Xiao Y X, Yang L B, Cao L, et al. Distribution of marine mineral
resource and advances of deep-sea lifting pump technology [J].
Journal of Drainage and Irrigation Machinery Engineering, 2014,
32(4): 319-26.

[8]  ZRULE, SRIRER, W816. TRl 2 &R ALK WF 7C ik fi S iy
SRV [J]. W R 545, 2019, 36(11): 29-37.

LiJ H, Song J C, Luo Y. Research progress and prospect of deep
sea polymetallic sulfide mining [J]. Ocean Development and
Management, 2019, 36(11): 29-37.

[91 V. TEERED SEERY FR R 1. 8 LU,

2020, 48(3): 8-11.



hETIZHS 2020 F $22% o

[10]

[11]

Peng J P. Development of research on deep-sea polymetallic
nodule mining vehicle in China [J]. Mining & Processing
Equipment, 2020, 48(3): 8—11.

K22 gy, FRE. PRI AR BUR SR (7] L
T 2244, 2014, 50 (2): 8-18.

Liu S J, Liu C, Dai Y. Status and progress on researches and
developments of deep ocean mining equipments [J]. Journal of
Mechanical Engineering, 2014, 50(2): 8-18.

IR, W, RTTR, A R RA REORH B A 1% 1 o [
R EVE TS5 204 (0], o B K 2 (F SRR 2R, 2012,
43(1): 111-117.

Xu H L, Zhou G, Wu W R, et al. Numerical calculation and

analysis of solid-liquid two-phase flow in tank transporting

[12]

[13]

equipment for deep-sea mining [J]. Journal of Central South
University(Science and Technology), 2012, 43(1): 111-117.

HIRH, AL, RINUE, S5 OERAT KT th 4k ik 45 4 5 BE 43
RS AZ [J]. M TR, 2020, 49(3): 136-9.

Cao Y, Du X G, Song H F, et al. Overall strength analysis and
assessment of underwater buffer station in deep sea mining [J].
Ship & Ocean Engineering, 2020, 49(3): 136-9.

RZR G TR RA KB LAT IR GE N TR 2 AR R
WHIT [D]. Lifg: gl Rz (A A0 50), 2017.

Wu C H. Study on the causes and propagating characteristics of
stress waves in a deep-sea mining deployment cable [D]. Shang-

hai: Shanghai Jiao Tong University(Master's thesis), 2017.

009



