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Fig. 1  Structure diagram of control system
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Fig.2  Fuzzy PID control block diagram of

gy | RAKA
RN

warp constant tension

R i >R L OUR A =, L B0 g 51
PRk 15 45 Y R 0 5K 0 (EL (FEDRAIE L2 22 42 1Y
UL, 4 il TAR R IA B Ee A W€ 1 1) 2
[B1f) I 22 E R 2228 AR EC VR BOMI 726 R 4¢
F10 i A, AR AR s o DU, A AR 4 )
W, 45 SRR 55 ) R S8 19 B 1 i PID B SE 20K
AK, AK; (AK,, JF AR5 PID 2 %01 e A )
3AZHK, K K, HTIBEE

K =K,/ +AK,
K, = K, + AK,
Kd = Kd’ + AKd

A:K, K K,—PID 2885 E; K K
K,'—PID S50 4HH
3.2 ZEBERMBENHRESRE

RS LA ZR GE 1) S B A 0 F0 KGR 20K,
BOE K12 E 22280 R EC B LR N
{-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6},
Xt R ARSI = AL O O, o, U, & OE



62 b AE Av

2016 4§

/N IEH, IE R, 2k { NB,NM, NS, O, PS,
PBI ;i th ¥ il 1 AK, AK,\AK(l E’J%ﬂﬁlﬁfji@iﬁ
| -6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6},
XoF o AR 1 7 A8 0 { NB,NM, NS, O, PS,PM,
PB, EATRYSRIE RECR = ML E k2L
3.3 HERAFLN LR HETE

HR A X 2 ML ] R G ds s A TR R 4
AR E AR (U%%Kjﬂﬁﬁzélizlfrjtﬁj‘ i
o i 7 LR, B RS R Y K, B R T B IR AR A

FI, K BB BN 20 05 S R 2R GE i 7 i
6], Ky AlBCE RN (2) M5k A2 EVAL T
SEIY K, W HUBU/IME, B R GEAT — 7 1 1) [0 3 J3E
HEAB/NOEI ;K K, BUELRDE B, R 15 RS
FEME . (3) M5k I 22 | E | BUINIE, K K {E
G, DN 5 Dl S R G BLRR Y , K I
/N A LA BT S A B R S PR 2
A5 RSN ) UL ), A AL ) A e R U AL
x1,

R1 AK AK AK, BIEEHIHEE AN R
Tab.1 AK,, AK;, AK, fuzzy control rules form

i %Kp\ Kiv Kd

EC
PB NB NM NS 0 PS PM
NB PB/NB/PS PB/NB/NM  PB/NM/NB  PB/NM/NB  PM/NS/NB  PM/NS/NM 0/0/PS
NM PB/NB/PS PB/NM/NM  PB/NM/NB  PM/NS/NM  PM/NS/NM PS/0/NS 0/0/PS
NS PB/NM/0O PM/NM/NM  PM/NS/NM PS/NS/NS 0/0/NM 0/PS/NS NS/0/0
E 0 PS/NS/0 PS/NM/NM PS/NS/NS 07070 0/PS/NS NS/PS/NS NS/PS/0
PS PS/NS/0 0/NS/0 0/0/0 0/70/0 NS/PS/0 NS/PS/0 NM/PS/PB
PM 0/NS/PB 0/0/NS 0/0/PS NS/PS/PS NS/NM/PS NM/PM/PS  NB/PB/PB
PB 0/0/PB 0/0/PM NS/PS/PM NS/PS/PS NS/PM/PS NB/PM/PS  NB/PB/PB
3.4 WHEBWMN 4.2 HERT
RLFTLROKSH R E R AT BORU AT B 42,1 TR
PR A D R A i, A ORI P i A i R R K gnFEER AL STEPT Xt PLC #1740 2, &l 3
i PID 2 A B E AKX E S K, KK G OV ERFRE.
T
4 %gf—l‘.#gﬁk ARG —»{ #iHaKp. AKi. AKd
4.1 EHEE -_<I>
SRR

MRS i PLC 5 A A2 S50 4% 45 1] 5 F0
Fah ¥ hl & ., PLC FEAHLLEHPE ] S7-200
F Y CPU222PLC 5 1l #5% 5 22 4 4% % FH P4 1] 1
MM440 25455 %% ( MICROMASTER 440 ) , 1Z 28 45 %
A 6 NECTF A v S R 6 44
MLER IR . LN R ESHCHE TR P =
4.2 kW, 5 gt ] =0. 089 kg-m’, L 7, =
2.4ms,7,=6.6 ms,K;, =4.08 N-m/A, H K
ARG ] PAT 5 h =0A% B ds , HAME fif 8,

INTARS BE s (I 8 i 4 ~20 A HLfF 5,

JH EM223 {£2 PLC fi A/ i iR A H, T T2 B

5K T (55 M S 25 A B AR 1 (55

PIDIZ i 8%

a4 % il
R 25

B3 BEERNEFIREER
Fig.3  Flow chart of warp constant tension
At sk I B AP T A A7 il 2
VW100 H 5 ik g A2 Tk A SR 4R 21 ) S Bk 1 fELAT



53 4

TRIGEAR , 55 - WA I ZepLIE Tk D P R Bt S5 0 1 63

fitt 3 VW102 th 3158 E EC {HAAiE) VW104 |
VWI06 , 1 Z 3 OB A BEAR 219 AK (AK, AK, {H
FEA%E) VW120 , VWI22  VWI24, J3H5 1 K, |
K K, 8, &5% K, K, K, {E3% % PID ¥l 4%,
PR I ZHLE B, B2 Bk T R BoR A,
BRI
4.2.2 Elamasikit

ARGHH PCAER LML, BLA5K Tl
G RTFSAE B, Fah sl s o, A ghaahi
RIASOR PID fE 5K 3456 A HLGRHE AT DA SER i
7 B R 5K 7 AR R B AR, i e, AT
AEDULHE T ML s A RS ol

5 fhERR

PAZE N BERE T4 2L A sh Akt H 4] 3647
PiERAIE, 7E MATLAB 1 Simulink PR35, £ 57
RO R GE BRI, I T2 3 T AR, i
SEROBIHERL R GO ORAT . DT EER LA 4,

24.0

21.6
19.2
16.8
= 144 i
R -\
A 120] g =
9.6
T2
is i — HIIPIDEH
B DT R R B R
Lol B S e e B sl S PID#

0 05 1.0 15 20 25 30 35 40 45 50 55 6.0
IRF 1] /s

B4 RGN R h 2k E

Fig.4 Response curve of control system

K4 JEh A 12 TR R Bk b £, w] 2L
AL R PID f200, o 2R BIRRE , 7
BT s PN K R 16% 72475 R H]
BRI o 2K BIARE AR 1.1 s, SR I
() A5 PID il A, e ) e /N, O 6% 7
fio HH PID #4676 0.8 s J st ik B Rk 45,
1115 ELJLP-350 A R A, 981719 e 1] bG8 PID 28 1l 4
JLT 53% AR A T 27 % , e B
11 PID REASHE iy R GE MR B R RE

T IR G a8 ) XUTR S AR P R ) 98 &

PRI 2R B4 582 ) TS 50 LA 5K g K A A8 IR AR 4
REST M3 s ZEA AN A —A T4, 1
AR/ R 21,5 T, AR AR IR 9 80% , M| 4 7] LA
A O PID 5 ) R G e A 1Y ,0.7 s
ZeAy HOH [0l 2 fe o gk F1 A7 B, 3 PID s ) A
BRI BT E 1.4 s F10.9 s, BEHRLH PID B
ARG 0, BA TR A& 1, PR L E
PID 2 il FVSORY P i I

6 #ig

BT IR LT AR PID s il i) o0 7 4 9 28
HUE IR F ¥l 2R 40, FI ) MATLAB 51 {4% 5 5K )
B RGHAT T B, P B 45 530, B8 PID
Pl R B ] L 5@ PID #4401 53% , L
RO 440 T 27 % , AT Wi S pe R /N 4
RIS 5% % PR RS I RE A, S A sl 1 4o L Dk
N TAENE 57 S B A i e 7 il By
SR S AR B O

S 3k

(1] &SR, FEAT5, a5, 45, R v i ) 10 A 466 190 9 30
WMERGERIPIFE[I]. T ,2013,35(4) :51-54.

(2] X&R,EAN, ARG, 2T C&R_BR )3 4 24 m
PEBFFEL )] h EBLBL TR ,2002,13(8) :692-695.

(3] 2te, ARG, W e, 5. MU R WUE RS Bt S gs
HRFFELI]. MR 53, 2014 (10) :11-16.

(4]  Eoh, ¥ 5T PDF 24 0918 5K Ty & 4 il &R gt
SR WEER, 2014, 33(4) :66-69.

[5] #WEH, fivat, Bt . 555 AMESim 5 SIMULINK f 34
Frask FE R R L) ] R 53,2011 (10) :107-110.

[6] KOTWICKI S, WEINBERG K L, SOMERTON D A. The
Effect of Autotrawl Systems on the Performance of a Survey
Trawl[ J]. Fishery Bulletin,2006,104 (1) :35-45.

(7] BREAR, R fE KT & F R PR ()] R 53,
2011(7) :80-82.

(8] Uk FETBUM PID AytE K h RGe it (V] MRS 3
Lagd,2009(2) :48-51.

(9]  E&BH &, &, e M 2L I 92 6l B AR BT
[J]. ¥y B4k, 2015, 42(1) :53-56.

[10] bk, SRR, F PSR JE TR0MT F 35 0 PID A R A 245
TS [T ]. AN T2 ,2012,34(S2) :107-109.

[11] #RALF, R 7, R B I, 45, B0 PID i BH 22 1 s 1 K 7 4%
HEHIL]. MU S i ,2013(3) :117-119.

[12] BT, SRNSE , W I, 4. B R 22 HLAE K Iy R gk 42 1)
RGEWAT T[] HLMH & 5 A gh e, 2015, 44 (1)
190-193.



64 Wl B4R A 2016 4F

(137 BAZ=M0, TR0 B, (o] bR, 4. K ) Bl 7l fE 5K ) 5 58 BR[O ,2013,32(9) :74-76.
Y H G N K PID #E6 [ ], &k LA 2 i, 2015, [19] HihAe, 22, iRhay, 55, B TR PID A RARHLIE I 2 i
46(3) :90-96. TR S5 [T ] Ll B3, 2015, 46(4):

[14] Froh. SR HRITER N BIE R R G R T LT]. LS 9-14.

Pl A1 ,2012,39(8) :55-58. [20] ZHANG Y,CHEN Z Q, YAN Z Z. Nonlinear system PID-type

[15] T8, B WL SR 253 [ T]. oAV E multi-step predictive control[ J]. Journal of ControlTheory and
B, 2006,22(10) :51-52. Applications 2004 ,2(2) :201-204.

[16] Atk I, Wrif, 95 20, 55, H b NOBORI A 28 45 1l &5 0 B 3h e [21] WVLHE, FoR5E AN . R A UK ML A 2t €0 T0 0 A5 k9
HLEEEI[T]. s HL, 2013 ,41 (12) :57-60. PID £ [ T]. 4l BLIR A= ,2008 ,39(3) :63-66.

[17] B RWE R DA AREEA, 45 B A MLASTR B 2 PID 42 il 55 [22] PhBAEE, XUBLAK, PRk A, 5. BT Matlab K PID 1975
HERBFIELT]. MR EOAR, 2011,30(2) :56-59. A EER R [J]. Aok T #2247 ,2012,28 (6) -

(18] #AXY- AR e, 0 miii, &5, 1 U B ASOM 4% 1 £ 2y g A8 197-202.

Design and simulation for constant tension control system of

fishing vessel trawl winch
XU Xiaodong', GONG Yuling', LV Yuging®
(1 Tai Zhou University, Tai Zhou 225300, China ;
2 Taizhou CATIC Shipbuilding Heavy Industry Co. ,Lid, Tai Zhou 225300, China)

Abstract : Focused on the difficulty in maintaining a constant value of the warp tension in trawl fishing, fuzzy-
control and PID control system is designed and set up to achieve constant tension. Based on the driving
principle of the trawl winch, the transfer function of the warp constant tension control system is established,
then fuzzy PID controller is constructed to adjust the warp tension by controlling the speed of trawl winches.
The structure of the hardware and software is described and the result is simulated by Matlab. The simulation
result shows that warp tension will reach a constant value in 0. 8s by using fuzzy PID control system and will
return to the previous stable state in 0.7s after receiving the interference, which is better than the traditional
PID control and fuzzy control. Research shows that the fuzzy PID control system has the characteristics of fast
response , small overshoot, and strong robustness and so on and maintains the warp tension constant effectively
for constant tension control system of fishing boats trawling winch, which will improve the fishing efficiency
and has a great significance in guiding practice.

Key word :trawl winch; warp; constant tension; fuzzy PID control
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