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— PSR SOA B A TR AL, T PR B A % iy
MEig , B A BRI L5 5, N Ty Yl B Ay,
B V)T 1 4 5 40 24 R) A 20 4 4 L) S B R 4 R I
(Seaweed Solutions AS, 2022); HAR IR Ry
X KN AR B AL, RS R T S HAR A —
[FIUIEIIEATHR, H2 R F A 2R AL 5 ) AR AT
HHB S ER e E, i 7E R AR I (Shigemo
Fisheries Cooperative Association, 2020). 1 F55H i
i 22 R 2 5 | X5 B AT RSV, 3 5 2 5 | AL
VR I AR — ity , K T 2 PR R S S 7 S R I T
B, RIEHAENT, fEHA, shESHb 2R B
w, A A E A 0 5] &R T 28 0% R TR ek
—Ff-Hii AFHAE (Ebina Suisan, 2023); & [E RIS ECAH
VR, PR R IR P S N TR ATAR S,
T LTS AWK N (Park, 2015),

I [ s g A gt L4 B R R AR, L
B AT IR EEMRAE, 2022; HAAR, 2021), F
FREEN TR, L, G REAR e i Te AR R e e
SRR R RTEE T, 3BT A TR
AERENE . ISR R 48 K S~8 m, XK
TR SR LG, B A E 2 100 kg, R A G
R 1 RE R 2 P05 14 48 DOK R 8 2SR I o A
S BRI T AU AR IR SR O B, R R Al
T v o e BVRAN, — R LRRAR T 55 R
(FRIEAE, 2012), (AARFELEESLEARH . 57 8h5mE
RAEIE , BT LR X AZ G IR A A, fHL 5 1 IX 3%
TE T 4 B 20 P 48 48 4 P4 OR IR 1% 45 (Zhang et al,
2017), W4T K (Wang et al, 2024; Wang et al,
2025)WF J& T — Fof 1) I WER e 4 2 0 R 440 ) SR AR
#, Tan Z5(2020)8 T T 484375 5 | A0 A0 SR ks 45
Rk th T AL A%, M ARE LAFEE AT i D 1) HAR
Gy W IF BR Y G0 20 SR AR, AR T IR B2 SR,
DRI T R RE A T AR T R o DA BRI, ST AL
MR, BN ERCAANETEFIE, R4
FEFGHF LT (BB 25, 2000)7F5 25 i 0 22 M SRR MEA T
o, FEE AR | R AR, S EHL AR TR
S, RIBCSCRAK, TCEE RISk i i
B W, R IR AR T E AL b s . RS
(2024) %} ZE A VA HEAT 1 L4 2 HE SR A AR X A 4
HWEIE, TR RGN R, =m0y
G FE IR 60%; TTHF45(2022) 8T 1 19 i il 22
(AT 3 S UL R SRS, FE AR Ge e 2R Sty - g 3
T U5 FIR AR 48 (BB SR — IR
300 m Y FRFH i 28 ) B A A% e v 2 i B HLAR A 2 TR
W, BT R AR fE AL & T IR E SR AL R ke &

FEHL, eI Bl F & b S Bl 7 B AL % 2R
W, SERCT A HURAL iR RO 0™ <17 B 5B,
(ELS BEHE— 2 T Ji /N B Lol A SR SO B 2808 7 &%
Gitkpvicit . AL Bt s, RLSEB AL o

ASBIF G TR R SR IR BHAR AR, TR LB
WAL R R AL R L, PR B A 1 RS &
B, JFAE 3 QLT ITREEG Rkt , LIh TR
A7 RMEC Ml A B B T2 7 SCHE

1 ENEFAREEXSEERKTZ

11 BAFEREEEHRT

AR LA AL R R | AR 2 iU A8
LG TR A N LR, e T AR AR ALk K 1 4
gihy, gl U Lgpsd il B e O T Ge s e 1y
WAR SEE4T , SR AT 7 s S 300 m (48 5
SRR MR, HAMB AR S5 M), ¢
FGE BT AL (LT R RR 2L ) 1 K 1 48
Za,mE TR, BHEARK 75 m, $E5.0m, H4
TES ST 7 HE K B 4.6 m, WMIAR S 5 ] BE
1.5 m. W% 4 4.6 m B, e B S L gemiat— 8.
S 48 5 I SRR A B, R I AR A
FEFCLL R RIRRHEAT7) o HE40 3 V35 720 3R J T
B, WA E AN EE AR 6 mm 89/ FIFL AR
FHTAA . ZONEFLF s A AN 10 mm
EFL, HVE e FUCah TS5 0 P a2 %5, WalptEn
Rk,

SIS INEG R R S e i
Structural diagram of the long seedling rope
culture raft frame

Fig.1

1. PRREESE; 2. KW 3. REMEAEHIHEM;
4: 4z FIFEL; 5. HigE BV
1: Raft frame rope; 2: Long seedling rope; 3: Special hook
for raft frame on long seedling rope; 4: Float for rope;
5: Float for seedling rope.
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N PRAETE SR BH 2 v v A N Bt B A L I v
LG, (R EHE T R A 48 S 4 B, H
R BRI EEN 14 mm AOMREDIR SPEFF O, O
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RS B TR IR S AR 0 B, SR AR
WUBSCAN o el A T J7 e s kil b, Pt =
— AR S G A o B RT AT, (AR N
WS o s MR BB S, X R SRR
s AT AT AR R B o MLt BRI, R B A
BRI AL A, QRS UIRIEA

2 kEIEEZIT
21 HYI71ERET

FEFFUIEN R v, Wi aRRrs gt T HALIE, i
WEE RN AR TEE B4 Uk AL I o PRI
HRAR B ) ] i 1) M E | HL 2 5 7 4 b g AR
TR AR i O 58 LI BT B, (R (il 5 i g o 5, Bl
S AR 5 U] 7 %5 W AR A T D o WA T HAR
FEAHNS A TITT, BRI RAEPR AR RS T
Vg p<25°(Jiang et al, 2022), R, PRI EAE

4 3 2 1

B2 i R s AR S M B S AR R

Fig.2 Overall structure design and operation flow chart of kelp harvesting equipment

U Bl 2. RET4RIEAE; 3. MR MR, 4. RUmMEL; 5. LA 6 FRasiral; 7. RUUS TSN ;

8: FFUITIH; 9: S HWIRRIERSE; 100 FEHEETILE; 11

EARCANREE; 12: PRAF R

1: Trip working vessel; 2: Long seedling rope raft frame; 3: Rectangular guide rollers; 4: Inclined conveyor; 5: Frame;
6: Rotary conveyor belt; 7: Kelp storage ship after harvest; 8: Shearing tools; 9: Power and hydraulic operating system;
10: Friction traction winch; 11: Seedling rope storage device; 12: Mini platform.
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Tab.1

Main technical parameters of kelp harvesting equipment

i H Items

SH NI 2, Parameters and forms

FENL A & R ST (K x % x #5) Size (lengthxwidthxheight) /mmxmmxmm
SRS £ RSF (K x 3 x 155 Size (lengthxwidthxheight) /mmxmmxmm
WEEEAEF- 5 (& x 98 x5 Size (lengthxwidthxheight) /mmxmmxmm

1% % B it Total weight/kg

K SIHLEUE U1 % Engine rated power/kW
& EALAE # # Engine RPM/(1r/min)
FMLRL K Harvest efficiency/(t/h)

-5 1B\ A #L Platform workers
TIHIER Tool type

KW 7728 Harvest method

12 000x5 000x3 500
10 500%3 500x1 600
10 000x400x800
800

130

2300

~15

3

TR 3]

W IREE S 2%, ARSI S THRIR R, 58l 4
PRI 448 i 7 A R A B iy, R 5] A JT BAaR U 4
PITEOL, SRS . T3k, SR IR
e, [Rly, T RS SREEAR 2, Sy A b
AR AE ]

yok5 ) WAR=N ORI c A DO EES I DAREY S B ) K 4 d
T 3). — 77T, B SR ] AR 3Cr13 i
A7 73 50 T 52t 2R T P 3, D)3 i R B 5 254
SREE, JFHIANTITTRE , A B R SS R BT e
wrtEfe; —Jrm, JRRBIRYIRT, ¥R IN )
EANTIEL KA o, Bk R aa e 8T Yl .
D -4,
2(ly +b) 1
A, D, MM EA(mm); d; AT ER(mm); |
NN TTNAN T KL BE 2 (mm) s b TR S, AL
Wi A 6 mm,

Horpr, T B HUERFVCRCR WA . ik iy
VIR R v s il sl Wy, S B0 O 0 1 R TR AT 2 2R ) o
BRI, St J0 0 0 BE e R R DR B
JEM) 2 4% AR N Z 811 4 M1 R, JI R4
JiEe — JEl e 22 A 58 N 4 URARAR DI . Fh e HE 575

o = arctan

l& > Vinax (2)
2 4nmin

K, Vinax R K ZR I E , EARE 20 m/min; Ny,
J ) E AR, FTF 45 HUE 500 r/min,

R X 5 2 T 2 LA VA AR B N B A
PEHATEAT, WL BATESR4S 542 40 mm, I
JIEAR di k45 mm; HRAR B R(59.74+5.86) mm,
WiANIEAZ Do 120 mm; AR IFEEYIE], %1t
JI19 14 20 mm, #hJIJIRE bl 6 mm,

B ERSERAKXQ), B 0,,=5526°. 1F
Wt FErp, R AR 4R A B < a P,

—ItE I HAZ Ty
Fa=K T ARkt % (3)
T=F4Rn, (4)
X, FOWITEMIEYI(N); kO ZeRE, W15,
T NHEFHTANER T Y5 UIN ), SEgE Sy 1.48 MPaj
ARSI BRI AR, N AN TR O 8 ), B
HRARRE AT AR 1/25 O A BEHLINASHARAR ) B K
2, H 16 mm; T RHJJHBEYIFIFEHAENm); R, N5Y
VI ERPEAR, Beab R4 T4 60 mm,
HELZER ., F=223N; T=13.4Nm,

22 RYEHBKMERIZIT

K P A8 A B0 AE SR T 2 AL HL R EE 9 2R 7,
P T RBUE T AR a2, R 4 R . %%
EONRERAREEA , HYUIE SR PR, AR K N
300 m (5 il DX B AP SR A A 1 4 S, AT AR PR
SRR 2548 ) o el £ il TR Sk ok s, fE
W28 B S AR e 5 R A B S AL, R T B
FR o AT EE R i SN S B AR, nT R
T R EESE A AR R TR o VEL B AR SR I - B 2Rk
P2 )T I £ T I R TR MR R, WA e
TR Sk R R I 3l 7 o RO AR,
U T2 LI IER, BUH RS o PR AR A R EE 8 0 2R E
MR, DRI R A A s B B4, DL Aol 3 B 4
130 et ainabs, I B E s, Lltkik
RS R 5 Rl B ) LSS N DR BE . NS R
P g 5 e I T Sh S B A L W s il ) A2
W By, 1A B2 1 o P < DR 2 S 48 A v A0 42 13
AR/, DA NN 3 1 B 4R R ) A5 A ot . SR T
TR, W 2 4% Pp ] 45 2 o 1 Ak Ok PR 20 I JE K
(BIR2%, 2012), W z4aite .
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K3 FRRBT
Fig.3 Cutting tool design

U W ARNESNZ S0 TT 5 20 WAARNE N2 B0 U] 5 3. MR BURSNZ 8 T
4: WREFBARNIZIUIT]; 5. WREBARRR 6. WidE; 7. WM,
1: Outer shearing blade for kelp rootstock; 2: Inner shearing blade for kelp rootstock; 3: Outer shearing blade for kelp
pseudorhizome; 4: Inner shearing blade for kelp pseudorhizome; 5: Kelp pseudorhizome system; 6: Seedling rope; 7: Rootstock.

A

[

K4 RS E e R

Fig.4 Design diagram for the seedling rope storage device after harvesting

1. WahE; 2. EMas; 3. PR E; 4 W 5. BESA; 6. WDk

1: Sliding sleeve; 2: Positioning pin; 3: Umbrella-shaped radial disc; 4: Storage disc; 5: Friction disc; 6: Hydraulic motor.

D, =D, +@n-D d A, Dy NEAELESE n BIRHAMER B4R (mm); D,

C =D sin(ﬁj AW 2 I SME IR BAR R 2245 Do L350 mm;

A A d NH4EEAL, B 18 mm; C, JyBAEI 48 il 5 K

S (5) (mm); X AZNILNE, A 6; m khE)zE T KR

d-k B KOMMIBRE, — B 1.05~1.10, BLALEL 1,10,
in(cn.m) W2 BB (mm) AL 600 m.

-1 W EIRSEARAL(S), M 300 m #Zalean,
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PN n=7 B0 B A AR, UN=8, 75t Djpax=620 mm,
BT R 5 A2 310 mm o XTI 8 0EF T 40 00F

7
Linax = _(Cp - M) =299.88 m = 300 m (©)
n=1

SRR
23 HHSHERERERT

BN R GR e RR S, TR BT,
EE SRR | PR AT R
UnTEL 5 Bz o ZEVREH A8 A RO - 2 S Bl i 5 TR
T34, o3 SRS RG0S i RO IC . HEE R
G i Tl =R B ik | e 1) Bk S 00HE ik
{14 20 i 342 1 5 Vg ef SR SR G D) o 23l K g 5
PR AT AL Rk Bhak L DT Sik | e ik | &
BRI R o Z2 BRI 0 ot S 2 A
AT B SR Rl 2 0sl /DA e, A/
BB R AT R R o [, BRI A T A
BT R AR R, B DR 22 ST WL I A
I AR B A B, RS 2 S s T AR )
FETE. S REEEBRARSHILE 2.

3 ARSiELteEE
31 FEEMAFHEXES S

oM A AT, IR TS R BE R B 3R A
i, WE 6a B (RS 6 ~F B & R ENA (AR
“PRENG ) BB SUHERL 11T (SF-500)F1 S JEAL
AR (DYLY-104) 5 588 724 RE, W& 7 vk aniEl 7
Fiis . QW sh @SR eI shng ). %
HEnE R S L, I/ SF-500 $7 131 E 7a B
JROT ) S AR T4, 2 4R W sh R SR oK M
@WEIN 1 (QEH FTFFEEFNRT T 1)« B 40 [ e pe
& b, ] SF-500 $i fiit4fE 4@ e, WEl 7b i
TNJT I A A, 2 4 B S, I SRR
@4 7 (FEF0 8 TF s v 28 AT 5 48 )« o
SETEREN & L, SR mng R Bhae % 4%, i SF-500
P At B, IR Tc R T IR AT EE R, 24
AR AN, C SR RPN @R (S
an B SR B Sy sk, AR T
FOWEIR , e R P o O v 10 A Qi O R A B
FIR, e mapRRa, [ DYLY-104 $7 F1f&ikas

P 5 il SR Wi A o A o R e B

Fig.5 Design diagram of hydraulic control system for kelp harvesting equipment

1o IR 2 BAERAE; 3. SAT4LfF

1: Pump source component; 2: Operation valve component; 3: Actuator component
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Tab.2 Main technical parameters of power system for kelp harvesting equipment

3 B Ui i HE IR ) EIVIbn iR
S .
Device Design speed Flow Rated pressure Power element
/(r/min) /(L/min) /MPa model

XL Duplex pump 600~1 800 ~135.9/~92.7 21 PV2R23-76/53
FHEFESE Main thruster ~870 ~69.6 21 A2F80R2P1
] 4 3 45 Side thruster ~870 ~47.9 21 A2F55R2P1
B2 %L Dk Inclined conveyor motor -15~15 ~1.5 16 BMR100
#4171 B 535 Rolling cutter motor —600~4 000 ~40.0 21 GM35-10-1FE13S-20
ZE 5| % 4 ik Tow winch motor 0~30 ~24.3 16 KBR8-800
s $i 12671 DIk Transfer conveyor belt motor 0~70 ~7.0 16 BMR100
TH 4B U 40 %% & 53K Miao rope storage device motor 0~20 ~2.0 16 BMR100

K6 EEA IR S Ll

Fig.6  Suitable single-rope aquaculture raft frame knots and sea trial

a: ARITEREHES; be i EFRFDRE.

a: Different rope knots widths; b: Rope knots in marine aquaculture conditions.

e TR

EEjl]

[ IR =X Ak i Y e gl R =N
Fig.7 Schematic diagram of experimental measurement method for mechanical properties of rope hook

a: WENHMELZE; b: BAOTMET %, o0 BEMEE; d: BIRB & ik,
a: Measurement scheme for sliding force; b: Measurement method for trigger release force;
¢: Measurement method for rope release force; d: Measurement method for breaking trigger limit force.

PAE B2, IR 7d BT ) 50 A I B HE IR, M FHEEFN_E 7R 5 mm B4R 48 5 4B 4 i %
(BT I NP DRI, TR i 10 740 B 0 KT s i i BR A g BV A

DL EScEe i 14, 16, 18, 20, 22 mm JEEEH) SEPRVEME TR o Q& 8d Fraw, SCEG A i i A PR 7
HITE s /sy, BHSERER 3 R ML L, F1°M(1532.33+114.86) N, U454 14 mm 1 20 mm H: 41
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IR AN T 5 o aa il BR$ 7 TG i 3 25 5 (P>0.05),
HoAt 3 FhEEFOB IR A1 34 2 KT R AR FR s )
(P <0.05); 7EM sl MM I T, 22 mm HH14 &
FERT 14 mm H:AN4(P<0.05), 5HAh 3 AW #H%
5£(P>0.05) (&l 8a, &l 8c); WEMi4E /1M, 14 mm £
L A% H 2 KT HiAth 4 41(P<0.05), 16 mm H:41
H B FEILT 20 mm 1 22 mm 41(P<0.05), 18 mm
L AT 22 mm #H4141(P<0.05) (K 8b). 65 %

40

1004 ab @b . ab ab a
ab ab
NeTTI R 1T

& £
g 60| o
£ g 20
» <
.,.-{40 -
g -B'ICI
E
20 =
0 x D A "1; U'Ik S D :
) o "3
LSS LS LI

48 41 Towing force/N

JEH I PERE . SSHE R S 4 PE, 8 16 mm
TEFRFHFEFIE R BRAE FRFEEEFN . 2] T 100 4~ 16 mm
FEEEIN, TEINAR B SR BTSSR X IR T — 3
SRR ZE AR, A 6b FR . FRAEIRI 45 R 2%
B, I AN R0 A I P o] S B SR AR A AR h i g S
AR TTRERE S, FEAON AR . MR R B L MRS
WA PG . H A v RER MR BES A 71 HURs 1 248 1
IR FE FTARG IRIR S T 11

50 . . 3000 4
a a ot
b
oo ¥ { b = : a I
™ & a
} B = < 2000 Hpe ][ abe
3014 ZEE c
£ H
20 ZES
&~ &b
g,g 3 1000
10 ' '§
@
0 1 1 1 1 1 1
Q\\b‘ $\b -k\\% q\.-f) Q{Q’ q\\b‘q\\g\i\@q\'{v C

K8 HACH 2R

Fig.8 Key mechanical parameters of the rope knot

a: W1 b BT o0 BT d: BERBEIIAR J7. W14~W22: 14, 16, 18, 20, 22 mm H:411; C: MERWIRRIS.
a: Sliding force; b: Trigger release force; c: Rope release force; d: Breaking trigger limit force.
W14-W22: 14 mm, 16 mm, 18 mm, 20 mm, and 22mm rope knot; C: Maximum pull strength of the rope.

32 TIEZHEEMRE

24 7] ELl 8 S (i AR g ), T B S A2
. KT, iz Ansys LS-DYNA X}£34] 7] BAE R
HMGOIRAS T Y2 I LRI 8T o M EF o HT, 1L
BE X 48 5 ) HLBE ik 52 0 OF R AR A o A5 Bh
SolidWorks R4 14 £ 1 AR AR P9 JZ 59 U1 70 5 1 4 1Y)
fAT A = HERE A FEAT R E MR D T, RIS LSRR
RIFMREE , K o A Z P bR A R i 5]
o NBPLMARMELE, ARGMRENT: mA 53]
F v i, 2 R A R ) S S DAL g R
A, JIEFESHEE, 500 r/min, HAHRHA S A AHE,

PO A5 Kl 43R FHREL AN I A AR5 45 1) =, RIAE T L
5 17 200 0 v L P R A7 A R o R Y BT X
Kb 0.5 mm, (748 AR A% BT RS
1 mm, JIEAMIMEHICE LR R 2 mm, A% S 53
&, AT 3.62 TN MR 15.72 TIANRIG, PRk 45
P4 A BRAR

Pr LA RANE 9 iR, Horr 5 mm JE e 45 i
B BRB AR SR T S 191.08 MPa (SC/T4021-2007), A
I, Y4TSR 1353 245.98 MPa, 175 48 37
SR, T H RSN J1°h 405.04 MPa, L ) B4

57 255 (Von-Mises)I f7
PA{7: MPa

AHE]: 1.8e-002
2025/12/517:09

1411458 K

116103
0.4740985/)>

K9 JIR-fa SR B2

Fig.9 Simulation results of tool-hang rope winding

B T1 715 TR E S o FLAERLON S KT ) A
2E R AF RH(3Cr13) I JiE A 5% BE 540 MPa (1% [ i 4%,
2019), FHH T 4R A9 SEA 2 0F T) B as iR .
BLEEARE

I 7 A RS T B 28 I AT 1 22 R I R
Grak G BAENSOR , 78 HAR IR AT TR T L
ZEA KRG o 356 b o5 BBl 28 1L AR A o8 T Z A TS 1Y)
R IX A DX R FRAE X, 123 X 8 T30 [ b 7 g R i
W FEm X I BFE] SR 2025 4E 6 A R AT EUk

3.3
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Integrated offshore harvesting experiment

Fig.10
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a. HFXEORES; b FHITIEARNRE o W BARLRES

a. Overall sea trial status; b. Cutter blade operation status; c. Storage tray operation status.

®3 BLEARKKER
Tab.3 Results of comprehensive offshore test
A HIX FACTEARIX
WH Offshore area of Ailun Bay Nearshore area of Ailun Bay
Ttems K1 Rkl KR4 WR4l KB Wtnds
Test group 1 Test group 2 Test group 3 Test group 1 Test Group 2 Test Group 3
T Wave height/m 1.2 1.2 1.2 0.8 0.8 0.8
K% Wind [air] speed/(km/h) VORI N/23 PEEEX22 PUREEX24 EERU24 EEXU27 M M27
W Current velocity/(m/s) 0.60 0.69 0.63 0.52 0.38 0.37
R UL Harvest line speed/(m/min) 9.36 11.34 14.82 9.41 11.72 15.23
SN [
?ﬁ@d&,ﬂﬂnﬁﬂﬂ . . a 3.59 3.47 3.45 3.07 3.21 3.78
Emptying the collection boat time/min
445 S 05[] Ripper replacement time/min® 2.13 2.25 2.5 1.83 2.08 1.97
37 ) w/—,"
PG RV - o 0 . 5 0 0 .
Number of harvest interruptions/¥X
*Wﬁlﬂ%ﬁﬁq‘lﬁj L . 0 1.75 3.05 0 0 2.25
Harvest interruption time/min
AN 0 . 1

P RARR T L 37.77 33.93 29.24 36.78 30.89 27.69
Harvesting time per raft/min
g7 R 1§+ Kelp harvesting rate/% 100 100 100 100 100 100
TH AR5 Rope damage 7o 7 Jc ¥ ¥ Jc
BRI i Harvest per unit/t 4.19 4.17 4.13 4.51 4.46 4.41
FE A %X Number of workers 3+1 3+1 3+1 3+1 3+1 3+1
S A S 2 R
FHRBCE 1.66 1.84 2.12 1.84 2.17 2.39

Average harvest efficiency/(t/h- \)

TE: . BT R IR IO ZS A b B

RUCTE— AT, PR E EARSREA; o RUchib: SRl

WP R A ELE ) SR B DL BN b . BMRACR IRl k) Sl R SE SRR B LR A

Note: a. Emptying the collection boat: Replacing the boat loaded with kel with an empty one; b. Replacing the rafts:
Anchoring the boat to the adjacent rafts after harvesting one raft; c. Harvesting interruption: Unexpected interruptions during
harvesting, such as debris entanglement in the cutting tools; d. Harvesting time per raft: The total time for harvesting, replacing

the boat, handling interruptions, and changing rafts.
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FITERL 6 BRIR FRFHACHL B R IAT: 55, BRIz 1T R IAR
FE R o LA Hh XSRS TN B 28 R B 5
HE, AR 28 70 AR TR D A FsF (i) A 0 B S 1 SR i i
J51.86 t/(h- N), ANY¥IRWH R WIEGHE N T
2.09~2.78 15, ®FILHEMAE I 57hA, FH Al L
HESER IR, W 11 iR, X —RCRE AL
A BhF L&A 1 P57 3h s e [ R, S BRI I
FEFHPRAL T W AT AR AR A D T 26 o

MRS 431 t, SIS R AR,
HE— 2 B UE T 15 48 78 52 b SR A A v 1 2555 R W

J1o AT, MR EERN 100%, BEE G |
JVRTeA M, R B ) BAE R A 00 HA 8505
MFRRENE; PR RRMUEEL 0.67 Wi, 7
FRIBTI g 2.35 min, T2 H TR NAFAEIRIEIE T
Al AR R SE MR R 48 L, S EUTHIER S5
S R ARSIy S AR SN R D) DAL E S
VNG AR DR RO o (HASTE BRI, TR
AR BB AT RN 2, TR IR SR R 3 %R
W 65 55 Rk A O DRI 36 A A, B AR
TE B R AL T BRICR GE BT, B -5
SPATHU RS &SI BCIE SR EEE LI .

T: T Ts
L ]
ﬁ'* 66.83 t
Tm
T T2 Ts

11
Fig.11
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Comparison of the equipment developed in this paper with manual harvesting of kelp

Te: LIS FRGEK R OB, R T A RAFEE TR, N 9h; Te i85 TAZ RS HFHEE], 25 0.5 h;
Tar NSRS 3~4 ¥l AP AE Lt ), O 3 by Too ds e S B A 2204 Sk 0-F 29I RL, O 1 h;
Tm: LLOh N ETAERHS, BEARB# BB FE RN, 8 7.02h; Ty L9 h B TARRK, WA B BB -1 X
WAL s To: BL 9 h OB RTARERS G, AT H AT A 80 4 (4 RG24 SRl v T i ] 5
Ty: LLOh METARRHC, BFA B 0 B 1 S 4 A At 1)
Ti: Taking the middle zone of Sanggou Bay aquaculture area as an example, the average total daily working hours for harvesting
workers is 9 h; Tg: The average time for transporting workers to the harvesting site is 0.5 h; T,: The average operation time for
manual harvesting of 3—4 tons of kelp is 3 h; T;: The average time for transporting the loaded sampan boat to the dock is 1 h;
Tm: With a total working duration of 9 h, the theoretical average harvesting time for the developed equipment is 7.02 h;
T,: With a total working duration of 9 h, the theoretical average time for emptying the collection boat for the developed
equipment; T,: With a total working duration of 9 h, the theoretical average harvesting interruption time for the developed
equipment. T3: With a total working duration of 9 h, the theoretical average time for replacing rafts for the developed equipment.
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Optimized Continuous Harvesting System for Long-Rope Kelp

HONG Yang, JIANG Tao”, CHEN Zhixin, YANG Meng,

ZHU Ye, ZHANG Zhihao, LIN Liqun, LIU Yuanhao

(Key Laboratory of Fishery Equipment and Engineering, Ministry of Agriculture and Rural Affairs, Fishery Machinery and
Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China)

Abstract

In China, the annual output of dried kelp is as high as 1.86 million tons; however, the

harvesting process still relies heavily on manual labor, leading to low per capita efficiency and high

labor intensity. Although foreign mechanized harvesting equipment exists, it is designed for long-line

culture modes and is incompatible with the raft-type parallel culture system prevalent in China. The

development of domestic semi-mechanized harvesting equipment faces challenges, such as poor raft

adaptability and insufficient harvesting continuity, highlighting the need for synergistic innovation in

both culture modes and equipment.

To address these issues, we optimized mechanization-adapted culture modes and innovated key

equipment components to develop a smaller-scale continuous harvesting system based on long seedling

ropes, thus overcoming the efficiency bottleneck of traditional manual harvesting. First, a circuitous

series-connected raft system for long seedling ropes was constructed by integrating 300 m continuous

seedling ropes with 16 mm-wide quick-release buckles. This series structure preserves traditional
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culture density while facilitating reliable connections and rapid separation between the seedling ropes
and rafts. Following a modular design approach, the core components (e.g., rectangular guiding
devices, inclined conveyors, and low-damage stripping-cutting tools) were integrated with a hydraulic
centralized control system, enabling single-person operation of continuous mechanized harvesting
equipment.

The stripping-cutting tool structure was innovatively optimized, with an outer blade diameter of
120 mm and inner blade diameter of 45 mm, and the allowable heave angle of the seedling ropes was
increased to 55°. Dynamic simulation analysis using Ansys LS-DYNA software for emergency
scenarios (e.g., hanging rope entanglement) revealed that the maximum equivalent stress was 405.04
MPa, far below the yield strength of the material, confirming structural strength reliability. Coupled
with an umbrella-spoke-shaped seedling rope storage device (300 m capacity), stable and continuous
mechanized harvesting of the entire raft was achieved.

Trials of the equipment at a kelp harvesting site demonstrated that at a harvesting line speed of
9.36-14.82 m/min, the system achieved 100% kelp-harvesting completeness with no seedling rope
breakage. Single-raft harvesting time ranged from 27-36 min, and the per capita harvesting rate reached
2 t/(h-person), twice that of traditional manual labor. Only four workers are required to complete the
entire process without heavy physical labor, addressing the issues of frequent start—stops and high
manual assistance intensity associated with traditional equipment. The system enables integrated
operations such as seedling rope separation, continuous dragging, stripping-cutting harvesting, and
seedling rope storage.

The novel harvesting system proposed in this study addresses the technical bottlenecks of poor raft
adaptability and low harvesting continuity by establishing a collaborative solution for
mechanization-adapted culture modes and equipment. The modular design accommodates operational
needs across different scenarios, and the doubled efficiency effectively alleviates labor shortage
pressures, providing equipment support for the large-scale promotion of mechanized harvesting in
China's major kelp-producing regions. Beyond the kelp industry, the modular design concept and
low-damage harvesting technology offer references for the mechanized harvesting of other large algae,
contributing to the intelligent upgrading of marine aquaculture equipment.

Key words Kelp; Mechanized harvesting; Long seedling rope rafts; Raft culture



