4T H2 ol B % U R Vol.47, No.2
2026 4 4 A PROGRESS IN FISHERY SCIENCES Apr., 2026
DOI: 10.3969/5.i1ssn.2095-9869.20251117001 http://www.yykxjz.cn/

TLHE, ORME, M7, Wi, RN, IR 48 0 34 Sk Bl i s B 5 b il g, Wl Bk g, 2026, 47(2): 102-115
JIANG T, ZHU Y, HONG Y, YANG M, TANG Z J. Design and testing of a continuous conveying and spreading system for drying

kelp. Progress in Fishery Sciences, 2026, 47(2): 102—-115

B AMESREHEL &S RRR

BN & RV B o#Y B RV EEAR’

(1. FEAPREFR R USRS B 200092; 2. KRR A IS S THRERAE SIRBE
i 2000925 3. VLT EMLHE A RAR LI JGE 214400)

HWE AR ETT —MFEAERNEY NEkE, sERBETHMmTE PN RE. £
W TREER, REERENEENLERPHEEE . BNEWAH, RHEFLAE. REBX
A A A AR, SN L BN I REFHREHTT 2. FREARERE T,
50m KWW BN ESHRETmLE, & 20~100 kg HET T, WLBEBHEEEK N WEE K
836.428~1 068.3 N, 4 22 45 A X (L% ZE+4 mm DL, 32 P & A 7T #0370 13.8 m/s R . o A Bl K & Y
W ARETHAEN RAREE R, Fo, BENLBFEEPRES NN EERK D KK

TR, ST gL

CEERE S R ¢ S P AR b2 A 2 2

W, RIETHEERFREFT TIREF, #W TN FEERTRERLARTEERME,

KA

hEHERE $985.4 XHEEARIDAD A

R Y T i AE TR K 7 SR A S A,
2024 474> g PSR S RN 302.94 7 t, Hiigaly
(Saccharina japonica) i kb 61.4% (A A k5Bl
B R AF, 2025), M IGR I HAT 2~3 )T,
A WSO I VA B 7K 3 1 (MR B 7KK 90% 22 47)
(FBFE AR, 2022; BRI WHEAKR, 2021), H
T Lk A AR R, B R TA n T Ak B
(WAL, DIAEIE R 5 2 T, gl i kb 2 7 =X
F BRI 5 R (MRl 45, 2025; A5, 2023),
RO S e R R, AR
il , AT R A B K A, R TR N T
(B PHAE, 2025; #X4h H 4%, 2024); Hfifl 2K A R
5 R T T8, B2 AR 2, HEEILT T
BEFE AL AS (Sparvath et al, 2025; Perry et al, 2019), 1%
HEFE 1 10 b DX AT 2 8 4 i T 3 (i 45 N4, 2020)

WA, LB, EWNEE,; #45H%
NEHE  2095-9869(2026)02-0102-14

P T ST 43 Sk T Bt 9 55 G v A =, i S T
BUN g TR SR, (BAE7E T R | 16
AR Y R e (AR 3L 2 6 ) R (e A s, 20255 H AR K
PR R S HE N, 2018); J5 & THRECRE &, iy
Tl A%, (EAE GV WEREG ) T B0 TS VR,
W, ZR T TRE SHEEMER . b T #7t
PR VA 5 BT, R0 b DX R FH B A (X1 SCAL S, 2018)
WA A VD ME AR IR IR, R PG L |, T
T AT 3R B R B AR (CE IR A, 2013)

fEge g i B AN TN, AEE 57 sk
K AEN R A R, 25 T 7=k ) & J& (Demissie
et al, 2024; Asim et al, 2022), FfiE M558 S H
T LG, S BV AT O ) PR T AL AR 2 A A R R Y
SERTI S D N A E DA P N TS AN B B G O R U )
PR B | T35 AT IIF ST R MESE, 20245 T RFRSE,

* PR =L H AR A R (CARS-50)FH E K PR 225 BE H s 28 25 PERHITF B2 T 2 ARl 45 %% (2023 TD86) AL R ¢ B
O WBEEE. 1L %, 55, Email: jiangtao@fmiri.ac.cn

Woke H A 2025-11-17, WiE Bk H #: 2025-12-11



552 T VEAE: Il 4 I3 2 i 16 I B A BT 5 b i 103

2025), WFk 748 A sha e rh . T E % &
Gr(fal ACHL A, 2025; ARHMESE, 2020), Z)2 Hokt AR
RY(EWME, 2019), 7 Q48 WG R 490 O™ B 224,
2025; EHRMESE, 2024), abii & HBLAR AL I i 22 52
P TR ROR, BRAR T 55 s . 5 i AL A AL A
FEA L, 38 T 00 00 A6 G 1) BT A A 2 4% 2 it
FbtsE . BT, AR AL R RER S Nk, 7T
WEAR, S5 R .

h TSI FE S AL TR AR, B
A A DR 45 R B PR RE T A, H R AR L AR T
PR B YRR Sk, BRI KB 50 N
FH AR AF FF TS FH 1R e 11 28 B A R 48 ik
Ao ARMEGY T 5 AR 22 48 W [F) 2B S ik H R 5 35 M P
[ 5K TJWOBEE A , ¥ & — B i 43 ) 375 252 i 0% T
B, JEF RS, DO Sy B A i
K5, Sk ST R EEROR S8

1 #HMEE®

1.1 Zil5HE

2 190 2 5 A WS 82 4 6095 400 22 48 [+) 28 By 9 2
B AT BAEE AN . B R S
AFAN ST AL BB 1)5 48 RS5 A 411 A 4 22 4
LR [F) 20 By R B 0 RS s i Re , 2ad B X0R
R ST BRALPERY T IRAE L R B B ] A RUR R SC
LR Y IR 85 AN 22 40 1 R 1P nUHLIE T P R
00 3 IR 2 2 ) 2354 2L A O I 4 i 33 T R FE A
P b 0 B, HAR 2 IR ML TR TE S P R AR
T o 3t IO 15 S 2O o o 950 S BT S A — i o R
B, ERAE N ROTIRCE M, fESh I IREh R, &
ShAEAE AT S 2248 5 BORHMATAS , SR 229 A i #aE
T2 AR i 22 2 R 46 11 A% 5l 22 B T8 P AT 36 L T 40

RS

Tail drum assembly P
i

Cover net assembly

R ST BRI

Double roller bracket assembl

i, T ARSECE Y, IHCISS ) S R AT 2
7 B 3 R AR AT A B, B A R VY
b, BRI RL G, YRR, 3 ukE)
E R S I e, 222 h it bR RS S, R
YROT S Ak Tty 1 i i, ORI 22 B 4 157 J 7% ol 22
IR T i MR 2 R A shiict: . AN
S5 AR ) S P8 1% ] 222 40 0 i F) 07 ¢
2R MK R 50~300 m, AT 7RI A AR K
S JC AR A S RO MR, S HURAE Bl K AR
A7 PR ORI 2 W 1 s A sk, BRI S R
R AR 2t sl BT sE I, BE R R, R
RPN e SE LT VR SR e - e WD NI 7/ 2 2PN
R o WCPRE VRPN B3 AT L S, o 20 5z 1)
Fodly, Kt Y ehg — i ml . 2B P ER AR A
SATE O R [ WS ek i S B 2 3 B 55 g o [, AT
7l 0 S O, 3B S Al A BR AR B T A

12 WLBWZEAH

R 2 288 S T Al AU Ak B 226 PRI 15 2% 1) R A
WL B )R SRR T L BRI SR B 224E A
. ORI E MK E LR &S S R sh A
G, WL T AER R BE R 45 A0 1 B TR ] S5
AL L3 KB, 2022),

121 MewwEEL5KkH fBBE BN 22 48 R R ]
R my, HAEMEFCRAR K I HES N Ty, s
WAN 22 S K510 A, MBIk h—BaEk, &
R RN

fxz(QB +96)g 1

2%

R, MEAEL IR (m); s M e 20 B N 22 45
i 3% Rk LA G BE Y 0 A (kg/m) s g WEE ) in BRE
m/s?), Sy MR HEPIIE K S (N).

et RS
Rope net structural
assembly

M R
Steel wire rope synchronous
anti-slip device

B IR AU A Sk ER S o5 VMl s TR

Fig.1 Schematic diagram of mechanized kelp conveying and drying equipment operations



104 ook B

¥ B 547 %

TS 8 T AR B 2 28 1 K
|:2I'§ L Qe ol | (G rae)els o)
25 2433
ST, 1 S SR 0 0 B ()
M 22 48 15K T So(x ) 3G E] S(x,t) B, 57
P FLAR B 22 28 1 LA AT
I%[é—é] 3)

(05 +0c)’g’
248}

Mk J1550(2) . B)RTH, FE s A1 g ASAZ Y 1E L
T, N Sk A — BN R, BN,
TR o X R AR 1, AR 22 4RI K
T T ok AN, (HLE A I ) PR B ) Bk
TEFEACFE B, T B R R s 25BN 22 2 T i L /)N
g AR RL S HaE Bk S

V(Xx,t) =

R 22 2 S SRR AR B TCIR N R, PR, 22 2R )
T T R R A FVE LN
122 MLBHHINARSE ik AN L AR R
FEBATIRAS T TR SZ 5K ) B ok S B 0 ik T |
RN LA . P LA YRR ) B 22 2 S R AR 1]
1) BE 4 BE T R (] 2)

FEHR I AE TR BT, N2 stk T S

REI: S :F1+F2+Sz—ix 0<x<Ly)
b )

Eﬁﬁi:&=5+&~%w—m (L <x<L)
1

A, By AR 050 R B 22 48 7K 3800 52 IR RE 73 32 1Y
SR 1 (N), S e i B2 1 5k 3 (), Ly D4E

TCRRIE R, A RERHE (m).
Ly
) f X L
o [ I )
L, \L3

K2 ARG Loesz RS

Fig.2 System schematic diagram and unit stress state

123 MBI EHFEREEHK A R ) A
WIS, KRB IE AR B 2248 1, Bl E 45 16 )5 55T
LB ATE . N7 R EE | T R A 3 ) DA S
JE W R B A SR L i oy AL, T obih 1. ik )
ANBER TR SN ) B AN 2248 [R5 Bl IR Ae W EEHE ), 51 s
ORI B RO BRI NI, 1 AP 22 4 R TR A

KRGCR Rk B, A R5%iE
fradferh, 2ok B m e B B e AL, YK
R TR IR R, X 2 2 A = A oo 2 D — 2 9
B35 . WMezB firZ iy pih 18 S(xt) . B 5IBRIC
RUIT .

Si(x) - EATD (5)
FIRAT I % sl R sSORSR g il sl 78, A7k

B4 3 i
u(x,t) = fi(x+ jt)+ f,(x) (6)

Aob, R RAERIE A REL TEt=t %], ML
fi(cHto) L RE | 305 x 7 [ R 22 28 WAL HE , #3h T
—jto, B f DI [RIRE, PR fa(x-jto) LU JE j MIZE x
Jr e 228 NALTE, R85 T jto, i f, M.

B 22 2 ) SR

Vixp - U0 _ ARG DB 0] o)
ot ot
Wz g ek .
S(xt) = EAaU(X’t) EAR(X+ jt)+ EAR (X=jt)  (8)
TR L ﬁ P 4 S P
= |—2 ©)
Os +0c +0ro
(] 2 3 S 1) P 0 A 49 T
jp = 2 (10)
Os + Qru
Xf, B 248 R PR (N/mm®), A A 22 48 (1)

BRI B (mm®) , gro H/RERIN SCHERHERE 6 7 HL 7 1
JEE B ik (kg/m), Oy A1 AR 3 SEFC AR BE R 0 S 67 1
JE ¥ it (kg/m) o

A G5 1 SR L e B (R 1) 4 6T )3 [

UK Sh VR RTINS0 8 Ty i) I [ 45 T 5L I8 T TR DA
PLk BIHLR RIS ], /R332 t=2Ly/j,, [IREsr 52
t2:2L1/j20

PR AT I B, X 22 88 SR 5, R A5 0 1 B
KR (RE 2, 2016):



552 T VRAE: T 4 I3 2 i 1K I L e 5 i 105

S =—2%  «ma (11)
ha + )20

St =—2% «ma (12)
o + 202

=0 +0c +0ro; Gi2=0p +dro;
A, m 22 a8 ek A B o 1 B (kg), ah
Ja S E (m/s?) .

1.3 WLBRIBHBERXRERT

W22 2 [F) AL B T B MLR, SR A A sl i
Fed R F . BEh R AE A IS Bk 1 AT Y [
U JEIUIHE U SEREMS R T AN 22 48 E AT, e ]
R T A 22 48 19 FLAR o BESh i 48 i NI 5 E s e il
ST (MR B rROC R L . 2288 5 T | WS RS A
I, Set E RS B — 0 IMURE i, SR B Ik B sl
Fe TR TUTRE , S8 Rl 2% (] -5 3 Sl 50 M — A 408 111l
T Rn , 958 2 Peah R 4E — MIAR SR IR, 28
P e IR ol 2= SR, WEEs, BRI ECh . wish
R R IR AT B 2R S8 e Ak 1], B0 RGR B SR A
MR R AL N 22 B8 O PR PR B, TNIET 3 T

JE B, ik B 2 SR UK TR B AT B 2R A

WN M HE, 2024):
S +Si < (S - Sy)e™ (13)
L, SO ST N LB IEAL R ESEA
oG AR EKR B TN Sie Sua 2050 0 AL
i, §ak LM EfL iR LA R sh
T ETI(N); o Rk ik B9 22 48 e AL BhIR 13 AL A
1 A% Bl TRT 5 6 0 22 408 1) 0 B 4 R
VA 3 2 248 % BSOS SF- A7 B4 A8 1) 5 T T A 22 44
PIHESE, PRIUL, ZOR MM 2288 b [FE R s, Bk
BRSO P A2 A0 . ARPE(14) AT, R 2248
XL B AL A, T i BN 22 4 5 1% Bl R 1 1 JEE 4
71, BN FT T REE, Uk, fEoh =R
F SR AL B AN LA A SR,
ol P e ARESh R A N, FRel Bl iE A S B
I EAE, bR S NP sh e i R Al R S8 a5
R FCAR . RPN P DL ATE T, A 3 N 22 4 g
Led . Wshie RIS, WOIARZaERHE SR A,
S AL N
ap =360°x(n—1) (14)
L, o) AWZZREMATE), n WL
et

Steel wire rope

s

Active sheave

Beshe

Passive sheave

3 XU Sl e A 22 206 ) A s o

Fig.3 Dual-drive wheel wire rope synchronous anti-slip device

1.4 HREKEEEFIFIT
MRS, AL Bk U 0] 6 14 5 0k B 28 Al

AR 4). WAL Z2FT, (lisk BAE HIRAR TS 4

FEACE# B, FFa15 8l e ) 46 A 1 28 sl 5 i AL IR 1

TR AN 2248, SR 22 2 i T I

S 1) 4 B R FH A P AL IR T 45 4, IR
L AR A, Ao T4 2248 K ) i 50 fr R
HITRIE N Or e iR A L7, IR e ks 3l , (A
N ORI B R o YR TR PR ) (58] ) L 3% — 5 [l



106 ook B

547 %

Lk

Reverse roller

2FF

Screw rod

KRR A

Tension nut

B4 Sl i ok 5O

Fig.4 Reverse roller and tensioning device

AR AT A, RS IR S BRI AA . BT A
A2z 2857 W 5 BN )5, BT DR A i e 25l
A [ JE b A AR R TR N 22 46 1 32 Bl R R A
T T3 (e i 30 ) P20 55 T80 A T A 2 ), ok Sk IE 4 5
IERIER, AR R HA(E S).

&5 )4 i e R A b 4 5]
Fig.5 Structural diagram of short cylinder
with reverse roller

1.5 @‘MEMmEt

N 22 2 P R AT A DG |k P R B,
F 0 1) 5 22 20 RN [l AR CRR AN, 1 X R A ik
B 1 790 R Tl e R R e 22 S L D R
HEFHLE . EHRREE, RATHAE, ST
e R o PrAT M i A IR AR 42 B S, PN
P i W T R R B i | ) e ) = o4 SUR UK adl ]
Uiy 43 JR B W IRAR AL 5 BIERARFLE , (AT 5 2248 %
[ ATFFEAR 020, AN EH B 40 mm, WZLLRE
0.45 mm, #2243 4% @10 mm, #1 K~ 06Cr19Ni10(%F
[ ASTM F 1) 304 Al H kg RS SUS304)(1& 6).

1.6 EMEEIFIT

1.6.1 Z ML mAEEHFESTYE T,
B T B e U, 2 E A T M
£l AR L BRI o PR 2R % 56 R 5 ok I — 3, B
FEWSAS 75 N DU A A, Fa B ) i BURSEY)

A g A
[ g M i : r'

6 48 Mzt

Fig.6 Rope net structure diagram

it W RRAT  — 5 [ B i 0 1 B2 77 1) 5 I 4T 58 19
— iy 55 3 W B, 5 — i ORI 2 i i 8 1 AT
B, BEE MR HTT, s IRk, AR AL
BRI HHAR 2~5 Nom, i 5 R g i, & R 4
Pl EREL , EA 2 ISR i B e % 22 18 Jm A 15 0k
2 A A R I [ WA s, ] Al FEL AL P LR A8 s ) L e
e, K Sl o o ]SOk 5 2o ) [ A e R
s R 4

BORLR | i R RS AN 7 B s RARE AL T
ot I i, e Sl R A S Ok W e A T, R AR
ARG A S BEAEEORH M B, SR, ot 9 7R 48 )
AR ) REH R, 120 a1 C G BRI
b R, T RN T A R AR
208 1o 4 2 7 ) R e I A O REL T

HORLRG | 5 0 BSOS I 8 B« AL shiR il
B2 A [ T S A T, WO i 1) ) A 0 ] Al L BT
W T BN, HIMTE R MR BT, 53
kA [ 205 i 3 S A 7 2, AR A LT 2 AT R
P 22 i) P TR B



%2 AR

Ve T 28 00 1 4 K A A BT iR 107

= MIRTHETT Torque of the
Advance direction of servo motor
the cover netﬁ[ﬂ}ﬁﬁjj :lli'lvmg

Fg=15~30 N e cover

288 e [ ) BRI Fs>.>Fg ﬂ Retracting force of the net drum
Retrieval direction Rope net towin cover net Fg=15~30 N T=3 Nm
of the rope net force Fs>>Fg A
—_—

BRI FE I
Direction of active rotation of
the cover net drum

AR ABALBES)
BRI
T=3Nm

BT OB, a5 5k R OR EE
Fig.7 Schematic diagram of the status of the material-carrying net and the cover net being sent out
WAL SRR T Net winding drum
Passive rotation direction =
of the cover net drum Sli]xﬁ)&foﬁt})r

=\

fIRR AL
BR3Pk
5

st e
Advancing direction of q

the servo
the cover net

motor
R 4 R Hi4# ) Fs>>Fg b driving
SERHIRETT T Rope net drag EMHEM S Fg=15~30 N the cover
Advancing direction  g,00 FoosFg Retracting force of the net drum
of the rope net ( cover net Fg=1530 N_N AT Kelp
L a o g WA
| s
|
5™ Cover net
48X Rope net
K8 ok | o P RS s E R
Fig.8 Schematic diagram of the retracted state of the carrier net and cover net

162 EZRMHREEH R % R K - 1)
ST A, TR T SC I T R 56
Do) 2 S8 A 4 L, A 4 4 M A LA B Bl . A
v, TR SRR T M (R ] i
W 5 SRR RN ) 5 SR R R (OB R A
B, 36 IR A e ), L6 5K ) 7 AR R A
XHE E o

T 2% 3k PR AR Al R AL S LCMT-15MC17NB-
130M10015B, I 1.5 kW, %1 10 N-m, F5#
1 500 r/min. il &% 4 i BEAE B, AR
i X 2R L A X AR A5 S B A Al T LR,
S e 11y A N 2 A /A L8 752 S 1 b ER U N 8
U E VA (A0 TS S N 2 o S RO G N =



108 ook B

547 %

RYE3
System startup

v

BOEHAE . HR e
JA B = R AL
Set torque and speed settings
Start the main mesh belt motor

Control loop

BRI

Read real-time torque
2 v

HH T/ T
Calculation T(Spread the net)/
T(Haul in the net)

v
FIA

Update the torque value
T
1 No

v
BKMIAAE AT, FIL

Arrive at initial position, limit switch stops

Ko il
Fig.9 Control flow diagram

i WO R A ) B E bR AR — A )
AR A BEL T A (RSl AR ) o 5 100 255 00 2 £ Il H BIL B i
In—A~5 2Rz 377 1) A BB INEAE T iR
S fF ok 5, I RIRAEEORI R Lo B, o5 R0 45 1)
A B IFA TS, e PRTIE R BRI i E
A", NI SE B R B F BB, XA gl o,
Fahish” #7750, BEA RS 1k a5 R ST T R A
B 53T o

HFEERE
Ty = Ki - Digm (15)
£ W 4 56 ) S B AR

2L (16)

Disrg = Dot —

U, Ky SRR A AR RIS 452 ) 22 3080 A R Al
JIZH Dims Do 731 0 45 0 458 55 0 A9 S ) B 42
I PR AR B (m) 5 Ly A9 38 O A8 B (m)

LA I, 45 0 B Dy J/0N, BT ] S0
FEARAR R AN, DADRER 2t PR A 5 T 1EE
[} i, 9Ky e 4 B A HH A RO ) ] Al B BIL LA — 2
FR T JBE e e o ) A FL ML K 8 265 0 B Sl 5 I,k 5 oA
WIS 7 B 0 SR T, I BR Bl 2ot I — i AT
(119,

2 FIKiIREE ST

2025 4FE 6 H, FEILZRAE T T 1L AR AT 57
Bl 7 FF R VT 206 I 52 SR i 1 A I 1 A R R R
50m, WREACKITE 1.2 m. B AS T A I fE AT
125~150 B, Mt 0.482 m/s, HHLINIE 2.2 kW,

2.1 sKAMK

T 0 6 AN 24 20 i 30 5 Sl AL SR T A e b AR
RS CMVEEILL 12.17 r/min 555G HE B 4K 22 40
Ko 5 AR IR R B shist A5 24 2 HE AL Y 5K
(K1 10). HIE 10 AI15, HidRH 22 485K )1 FoR kL
7oA S IE R R y=2.898 4x+778.46 H.Ai
Weam AR CHE, RRAE N 0.960 9, i T4k 14
i 5 T G < R e o P 38 i T s 3 AR
AANIEEE 100~300 m K [ 7% 225 I 15 & 195K T4k
B DR R K

%1200
R 21000 e o0
_¥ [ ]
= 8 800 . y=2.898 4x+778.46
3 & 600 R*=0.960 9
1=
§.§ 400
E 200
®
) 0 . . . . . )
5 0 20 40 60 80 100 120

Ykl i Material weight/kg
10 N 22 25 5K 0 5 R SR BT i G 2R 18]

Fig.10 Diagram of the relationship between tension of the
towing wire rope and the mass of the load material

22 HIIERITHE

WA SR, WA 4K 22 2 AL 1 gk g A
22, 1B HUREBE 100 kg I, 4RZ2 48 525K Sk
1068.3 N, 7EM K 0.482 m/s izfThT, HIEAR .

P=Fv (17)
K, PN 4E Rk A SEPRIIAE(W), F oA
WL ST TI(N), v RN 22 4838 1T T (m/s) o

o H R 22 23 SRR a6 5 A SE PR IDRE R 514.92 W,
kLA AR N 380V, BE N 1.36 A,
T I 25 A0 T3 B A5RAS , OB LS Bl i
KFERTLY 4 6%, BEh TR 5.44 A, SEBR
Ja shIIAE R 2.07 kW,

23 EMIETIAE

231 EZMLBK. AR E MK 50m, F 1.2 m,
WHKERN0.2m, 50 R ERL G10mm, KE 1.2m
TEEREFATHES, BIEER 1 m, AR SR £
6 mm. K 50 m MR O EEER ., SCHEBEFS



%24

T VRAE: T 4 I3 2 i 1K I L e 5 i 109

R OHEPBOE I WHELRL, HEZLAYRXTE 50 mx
1.2m, HMEFBRTEER b M —hm 5Lk, 7
— iR JH 208 4 -5 7R 2 O ) SRR DU 4, DL 11

Fig.11 Net covering and reeving device

U, B 75 00 45 19 8 194 ] i F AL I FHLAE Sy
5N-m (B 11 A0 45 0 45 R TR 1 2 ), 45 I 48 R 28
WAL i Wk e T 28Rt X 3% [ S B A N 53 7R 80k
P T T L O R R B s e R Y
W, g ek, BEIE O R T
RH I (8 4 1 T R T 55 I e F LA B I LA, i P
Hi B AR B SR TS, HORER 2% 1A
W PGB S AR, 2l . R, S A
ik 5 T 2 SR B AR 226 [ B 1 S, 2l
i DO 28 B v T AR A I 3% [ R, R I A
SR TP B S, o Wk B, JT e 2ort kg
MR S, e R, 52 AE F sl AR il 55 7E 2k
BHR R b, JFREECRHM I [ A shail, R4tz
TR
232 EMEFTRKE  OHEE 1 kg BHEHINT 5L
017 kg ZeA7, FORHM bR T, B R
W T AR A R BE ST, A TCRE M, TXAR S
Gy T B BMEA 2™, 7Es M EEA 2 11
BUT R R XA 2 5 P RS 30 30 5 1 . 1Y)
SRR A, DA XA XU (58 1),

*k1 ENEEREERE
Tab.l Net weight and suitable wind speed

i ) LEVANES AT N BRI X3
Net weight/kg Weight per unit length of  Instantaneous
netting/(kg/m) wind speed/(m/s)
Tt M Ji i M >7.9
4 0.08 8.0~10.7
40 0.80 10.8~13.8

85 5 TN A TR 0 TG S R v VA 1 R R
AR B 12, B 13 SWon T JCE e, A
A RS . I R, TEEE I TR SR
WOR B, A 5 TR B L AT

@Q’"T'\_} _ ' .

F 12 ToiMEEHIRES

Fig.12 The state of kelp in a net without a cover

K13 A IR IR S
Fig.13 The state of kelp with a covering net

24 BHEEHERE

241 HWAWEE AR (BN I RS
BER 1.2 m 0 RIS AR U I e 3 & 0 80k |, il
SE— BRI T, BB F Zh R BRI T, B A Al
SEYE, BENHEIE N 0.482 m/s. T MBERCRM % H A
SE SN E o 50 mo Ay ORI T A i i A
150 B, FEMT 15 min, WE 14 iR,

TR W05, 0B RPR RS [T, 5 N B ] sk
FEJRAL, BT A AR IRl B, [RIE ) 3h 4
WeaE W, A R R IE TR, 22 a8 S AR R
VHE, 2 A LR 5 m, REN KL
I 5 /N T 100 mm,



110 ook B

P14 i e
Fig.14 Kelp spreading and drying test

Mz op e EIRE S5 shiR A gi4% 6 B, B 2248
SRS AIRFE T 18000, KRIEMSIN T 4N 2248 5%
TR R AR BE 42 ) o HE AN 22 208 1 505 TR T A5 o
BEEARMC, 2 20 LRI B S Bk, PIbRiCr
AEXTA B AE+4 mm 175 BN PEAZE (A 15), WER M
AN 2225 AL SR 2 1 [R5, 06 R 09 1) v 5 oK
BRI R 22 2 T RS S HE R B S

g 5r
wg, ‘T *
SEE3r T
®E9 2f ¢ .
Z& e .
g2% 1t .
m e g | 1 M 3 )
Ze S 0 -
%éag?lo 5 10 15 20
o2 [ L 2PS *
PS *
NE —4 *
E‘; -5 L isall}/ e

Detection count

F1s 7o, F P ez 48 X #s

Fig.15 Relative displacement of steel wire
ropes on the left and right sides
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Tab.2 Changes in light intensity, temperature, and humidity

I A G i TS
Time Illuminance/ Temperature/ Humidity/%
lux C
06:30 28 700 26.02 68.18
07:00 53 000 27.80 60.04
07:40 80 000 31.00 50.24
08:00 91 000 30.15 51.00
08:30 82900 33.41 40.84
09:00 91 900 34.10 37.60
09:45 103 400 37.90 28.50
10:10 107 600 38.11 34.80
10:40 111 100 40.00 30.20
11:20 115 800 44.38 22.19
12:10 114 200 36.29 33.50
12:30 112 300 41.00 28.00
13:00 109 800 40.70 33.70
13.15 108 300 39.00 30.40
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Fig.18 The state of dried kelp being spread out to dry
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Fig.20 Chain mesh conveyor equipment
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Fig.19 The state of dried kelp hung for airing
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Tab.3 Cost of 300 m rope net and chain net equipment
&zl . MRS EALEERES SR KT & 8l 4%/ R 2 &1t
Drive PLAAE (T I0) (J10) (Jion) 2245 (J1I8/) (J178) (Jin)
Power, shafting, = Covering net Support and Transmission Carrier net Total cost
frame, etc. assembly guide rail chain/steel wire rope assembly (¥10,000)
(¥10,000) (¥10,000) (¥10,000) (¥10,000) (¥10,000)
f£ 2% Chain 2.3 / 9.0 9.6 2.7 23.6
224 Rope 3.0 0.8 6.0 1.8 0.9 12.5
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Design and Testing of a Continuous Conveying and
Spreading System for Drying Kelp

JIANG Tao'?", ZHU Ye'?, HONG Yang'?, YANG Meng'?, TANG Zhenjie®

(1. Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China;
2. Key Laboratory of Fishery Equipment and Engineering, Ministry of Agriculture and Rural Affairs;
3. Jiangyin Tenglong Machinery Manufacturing Co., Ltd., Wuxi 214400, China)

Abstract Large-scale algal cultivation plays a vital role in the aquaculture industry in China.
Saccharina japonica, the predominant species, accounted for 61.4% of the national total algal aquaculture
output of 3.0294 million tons in 2024. The harvest window for S japonica is notably brief, typically
lasting only to 2—3 months. Freshly harvested kelp has a very high moisture content (approximately 90%
wet basis), necessitating immediate primary processing to prevent spoilage and facilitate storage and
subsequent processing. The two primary traditional pretreatment methods are sun-drying and salting.
Although salting is efficient and weather-independent, making it suitable for large-scale processing,
sun-drying remains a crucial cost-effective method in regions with ample sunlight owing to its near-zero
energy consumption. Sun-drying is mainly categorized into hang-drying and pavement drying. The
practice of hang-drying is space efficient and yields cleaner products; however, it has several
disadvantages, including longer drying cycles, severe product curling, and polysaccharide leaching.
Pavement drying offers a higher drying efficiency, but traditional direct sand-beach spreading leads to
significant sand contamination, relegating its use primarily to chemical feedstocks or abalone feed.
Improved pavement-drying techniques, such as the use of pebble beds or polyethylene nets, have
demonstrated the potential to produce high-quality dried kelp but remain labor intensive. The fundamental
challenges in traditional sun-drying methods include high labor intensity and low operational efficiency,
which severely constrain industrial-scale production. This issue is further exacerbated by the declining
fishery labor force. Consequently, mechanization of the sun-drying process has become an urgent priority.
Significant research efforts have been directed towards mechanizing hanging-drying, leading to the
development of various systems, such as automatic lifting and hanging systems, multi-layer tray drying
systems, and long-line continuous drying systems. These innovations have successfully mechanized the
practice of hang-drying. In contrast, there are few studies of mechanized solutions geared towards
pavement drying. Existing techniques involve fixed net frames that require laborers to traverse long
distances for spreading and retrieval, thus failing to alleviate the core issue of labor intensity. Furthermore,
a critical technological bottleneck for efficient and continuous mechanized pavement drying is the
conveyor system. Although chain-and-net structures offer reliable performance, their prohibitively high
manufacturing costs limit their large-scale application. In this study, we aimed to develop a novel
continuous conveyor-type kelp pavement-drying equipment to overcome the limitations of existing
methods. The primary objectives were to significantly reduce labor intensity, achieve automated operation
for both spreading and retrieval, ensure high drying quality without sand contamination, and provide a
cost-effective alternative to expensive chain-based conveyor systems, thereby facilitating widespread
industrial adoption. A prototype "Continuous Conveyor Net for Pavement-Drying of Kelp" was designed
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and fabricated. The core design incorporates a steel wire rope net belt as the conveying medium and an
automated cover net system. The key components include a synchronous anti-slip device with dual-groove
pulleys and steel wire ropes, the rope-net structure, a tail drum assembly, dual-roller support frames, and a
cover net mechanism. A structural analysis was conducted by focusing on the stress distribution within the
steel wire ropes and the tensioning mechanics of the drum assembly. Extensive pilot-scale trials were
performed to evaluate the system performance. A 50 m long prototype was tested under varying mass
loads (20-100 kg) to measure the resultant dragging tension on the steel wire ropes. The synchronization
performance of the dual-groove pulley anti-slip device was quantified by measuring the relative
displacement between two steel wire ropes during operation. The wind-resistance capability of the
automatically deployed cover net was rigorously tested. Pilot-scale trials yielded critical operational data
and validated the effectiveness of the design. The dragging tension on the steel wire ropes in the 50 m
prototype correlated linearly with the applied load, ranging from 836.43—-1068.3 N for masses between
20-100 kg. Regression analysis of these data produced a predictive trendline formula (y = 2.8984x +
778.46), which serves as a foundational basis for configuring the dragging force and motor power
requirements for scaling the equipment to longer lengths, such as a projected 300 m system. The
synchronous anti-slip device demonstrated exceptional performance, maintaining the relative
displacement between the two steel wire ropes within a tight tolerance of +4 mm throughout the
operation, ensuring smooth, synchronized movement without slippage and guaranteeing operational
reliability. The automated cover net system proved highly effective, withstanding wind speeds of up to
13.8 m/s, thereby effectively preventing wind from dislodging or disrupting the drying kelp and
eliminating a major source of product loss and contamination.

Operationally, the equipment enables a stationary work mode. The laborers remain at a fixed location
to place fresh kelp onto the net belt, which then automatically conveys the material distally until the entire
length of the belt is evenly covered. The cover net is deployed automatically. After drying, the process is
reversed, and the dried kelp is conveyed back to the starting point for easy collection. This eliminates the
need for workers to walk long distances across large drying fields, fundamentally reducing the labor
intensity. Compared to hang-drying, pavement-drying achieved with this equipment resulted in superior
product flatness, faster drying rates, and crucially, complete absence of sand or other particulate
contaminants due to the elevated net belt, leading to a significant enhancement in the final product quality.
A key economic advantage was confirmed: the manufacturing cost of the critical components of the steel
wire rope net belt structure is substantially lower than that of an equivalent chain-and-net structure. For a
300 m system, this cost reduction was quantified at approximately 111,000 Yuan, underscoring the
excellent cost effectiveness and potential for large-scale implementation. In summary, we successfully
developed and validated a continuous conveyor net pavement-drying system that effectively addresses the
major challenges associated with traditional kelp pavement drying. The system offers significant
advantages by integrating a steel wire rope net belt with a synchronous anti-slip device and an automated
wind-resistant cover net. It achieves a substantial reduction in labor intensity through automated
conveying, enhances the drying quality and efficiency, prevents sand contamination, and offers a
cost-effective solution superior to chain-based alternatives. These findings provide a reliable technical and
theoretical foundation for the design and power configuration of large-scale systems. This technology
represents a promising and practical solution for the mechanized, high-quality pavement-drying of kelp,
with strong potential for widespread application and a positive impact on the industry.

Keywords Kelp spreading; Steel wire rope; Protective net device; Continuous conveying



