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Abstract: The parameters of PID controller determine the stability and speed of tension control system, so it is important to study
the parameter tuning optimization of classical PID controller in winding tension control. The PID tension controller based on the
modified whale algorithm is designed by combining PID and modified whale optimization algorithm with winding tension control as
an entry point. The improved whale algorithm (I.-WOA) is combined with PID in order to improve its convergence speed and
convergence accuracy when rectifying the PID parameters. A mathematical model and a dynamic torque balance equation are
developed to analyze the effect of wire speed and web diameter on web tension. The parameters are optimized using the modified
whale algorithm and various other algorithms, respectively, and the results show that the PID controller optimized by the
improved whale algorithm proposed in this paper has the advantages of rapid response, more steady output, sturdy anti-

interference ability and better robustness when the PID controller is controlled.
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Fig.1 Wind end force diagram
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Fig.3 Flowchart of the improved whale algorithm

% 44 %

4.2 (HEMESW
A2 1 43 d CUL Pl 1) AT 20, 2 B o e 45 5 )
A gk s YRR AVE D, PRI G 5 B A A A A A 4 ) BLAY

Bl R T A i Y EROR T o AR SCR
P AE O B2 4% 1 9K Bl # A =R S 20 728 R L AL

5 4L LU 10 3 ) R o
G119 4% 1 pR

()= 32

R TR )

s AR P AR S B B AR

1€ Simulink |, 43 2R 5 — By S 2L,
Simulink fj5 FL 40 & 5 i 75 .

FEA ELIC G rp i Sk S RO - R
FUBL K o 30, 4E 80k 3, fe RSB AR ECH 100, K,
K K B BUE ER 0 10, FARE R0, G5 ks
EZIE R K, K, K, 3 5 2 0.814 7.0.853 0,
0.751 3. A T REME 14 5 etk A R, R, FRE B 1k
figh £ B R O B A0 SR AT T 2R LR A,
Xof =R AR S 1 PID 22 SE B BR v 1o i i it 42 i 47
TR, SR 6 iR o

MIEL 6 T LA Y, AR T A A 1, ke i figd £ 55
ARAL Y PID £ 3 8 FURS B F AT B R Ay 42 7, 7
] 2 R Y A TR b A R A BB A o R S
U 2 4 T R AR

5 % @

SRR VA I E R Brpsi b G S B WO K 51
PID 2 i) #% 5% FH 48 56 92 4 7 4 5 W 2 i 2% 7 Y Bk oy
K FH ot 1 i A A 5, X PID S50 iE 174 2, [
Aok MATLAB 80X Hdt 47 T B . 45
R 5 A GRS VR A L, 20 i 0 £ B VR HE
PID S50, H 5 5 vy, o 3 5 B[] s ] DA el 92 i) 22 40
B A A e TN R T, T EROAS ) A R
W, SRR EEN —HPIDSE, & Eald, &
It e S fi £ B 0 AR 1 PID 428 1) 2 7 Tl 458 ] 451
ARG A T

8 4.5
——L-WOA —+—L-WOA —+—L-WOA
—— WOA 7 —— WOA 4.0
—+—BOA < ——BOA
GWO 6 GWO
—+— GSA S —+— GSA
—<—PSO x5 —<—PSO
—%— ABC ﬁ 4 —%— ABC
2 3
5]
oy 1

0 10 20 30 40 50 60 70 80 90 100 0
AR R E

10 20 30 40 50 60 70 80 90100 0
ik AR K F
(a) 2% F1 (b) &

10 20 30 40 50 60 70 80 90 100
% AR R FK

#F2 (¢) & F3



% 4 # ZHE ETHHRE HErKEK N PIDEH p R ML 95

90 —4—L-WOA 25
- —a—L-WOA —a—L- A
80 — WOA —e— WOA _._ngo
e BoA L —+—BOA —+—BOA
70 GWO 20 GWO GWO
o 601 +1§’SSS - —*—GSA —*—GSA
o = —<+—PSO —<+—PSO
;50_ —%— ABC ; 15 —»— ABC —— ABC
o * = 10
2 30l el
#l sl
201 5
| \t_\\_g\_.

[1]

[2]

[3]

[5]

I I 1 1 L i i . 1 1 adhe. 1 1 1L N l\ L 1 I
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90100 O 10 20 30 40 50 60 70 80 90 100
AR R i FAR R E

&
(d) &% F4 (e) &4 F5 () &3 F6
140 0
—+—L-WOA
120 —e— WOA -2 <
—+—BOA .
100 GWO B - N
T —*— GSA -
—<—PSO S _
g 80 —%— ABC X 6 ——L-WOA
%) 60 = —gf et vyy
\ =l GWO
40 w) —10F —+— GSA
\ —+—PSO
20 —12f o > ABC
— X e T T o
0 10 20 30 Alg 50 60 70 80 90 100 0 10 20 30 4}0 50 60 70 80 90 100
(g) 2 F7 (h) &% F8
B4 SHWHEENENE
Fig.4 The fitness of multiple algorithms
— BTk
— Bty & ik
-y
— 4 %PID
—%EET
- BB . 0 5 10 15 20 25 30 35 40 45 50

GREY B /s
B 5 Simulink{fE B 6 PID % %t Wy 2R e iz %y HH A 2%
Fig.5 Simulink simulation Fig.6 PID system step response output curve

X7, RRAE . PID 44 B AR ALK 7k [T]. A s F IR, 2023, 49(11): 2272-2285.

LIU N, CHAI T Y. An optimal tuning method of PID controller parameters[J]. Acta Automatica Sinica, 2023, 49(11) :
2272-2285.

TRARR . AT ZNAE X PID P Eis#[J]. X% 8 K F 5, 2008, 29(2): 50-53.

CHEN Y Q.PID furnace temperature control based on Z-N algorithm [J].Journal of Dalian Jiaotong University, 2008, 29
(2):50-53.

BENF, S, 2R, F ATALERAZMAEMPID ALK AIEH ZAWAR S 2 [T]. #3543,
2023(2): 29-32.

LIANG R'Y, GUO J M, WU A G, et al. Research and design of material winding tension control system based on
adaptive neural network fuzzy PID[J]. Science and Technology &. Innovation, 2023(2): 29-32.

CAO F L. PID controller optimized by genetic algorithm for direct - drive servo system [J]. Neural Computing and
Applications, 2020, 32(1): 23-30.

SEmgAZ K AP, R AT R BB L R 0h PID A s [T]. dr oy R, 2021, 52(19): 158-160.



96 TTABEEIXEZR % 44 %
GUO P C, ZHANG L P, ZHAO D. PID parameter optimization based on improved ant colony algorithm [J]. South
Agricultural Machinery, 2021, 52(19): 158-160.

[6] KOUASSIB A, ZHANG Y M, MBYAMM KIKI M J, et al. PID controller parameters enhanced founded on artificial fish
swarm algorithm[J]. Journal of Physics: Conference Series, 2020, 1457(1): 012003.

[7] MIRJALILIS, LEWIS A. The whale optimization algorithm[J]. Advances in Engineering Software, 2016, 95: 51-67.

(8] A, Mk K, W@ . BRIl ERELEHNZAGRTABEALI]. AaLHE KRS E R, 2021, 40(6):
19-21.

ZUO B H, LIU Z W, LIU S T. Design and application of constant tension and constant speed winding control system[J].
Techniques of Automation and Applications, 2021, 40(6): 19-21.

(9] A7k, b, $RA, F A THM AL PIDMEKA LS F %R [T]. T ka4, 2020, 33(7):
25-27.

ZHU W Q, YUAN D W, CAO C D, et al. Design of constant tension winding system based on fuzzy adaptive PID[J].
Industrial Control Computer, 2020, 33(7): 25-27.

[10] NING G Y, CAO D Q. Improved whale optimization algorithm for solving constrained optimization problems[J]. Discrete
Dynamics in Nature and Society, 2021, 2021(1): 1-13.

[11] LIU L S, ZHANG R S. Multistrategy improved whale optimization algorithm and its application [J]. Computational
Intelligence and Neuroscience, 2022, 2022: 3418269.

[12] LING Y, ZHOU Y Q, LUO Q F. Lévy flight trajectory-based whale optimization algorithm for global optimization[J].
IEEE Access, 2017, 5: 6168-6186.

[13] ARORA S, SINGH S. Butterfly optimization algorithm: A novel approach for global optimization[J]. Soft Computing,
2019, 23(3): 715-734.

[14] MIRJALILI S,MIRJALILI S M,LEWIS A.Grey wolf optimizer[ ] ].Advances in Engineering Software,2014,69:46-61.

] RASHEDI E, NEZAMABADI - POUR H, SARYAZDI S. GSA: A gravitational search algorithm [J]. Information

Sciences, 2009, 179(13): 2232-2248.

WANG D S, TAN D P, LIU L.Particle swarm optimization algorithm: An overview [ J].Soft Computing, 2018, 22(2) :
387-408.

KARABOGA D, BASTURK B. On the performance of artificial bee colony (ABC) algorithm [J]. Applied Soft
Computing, 2008, 8(1): 687-697.

(i &k F)





