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Abstract

In order to improve the low accuracy and poor anti-interference ability of the tension control of
the core component of the labeling machine, a Fractional Order PID (FOPID) controller based on
the improved whale optimization algorithm (IWOA) is designed to ensure that the performance of
the FOPID controller can be fully exerted. Taking into account the multi disturbance in the
winding of the marker, a nonlinear disturbance observer (NDO) is designed to cancel the system
disturbance based on the state space model of the marker. On the MATLAB software, the perfor-
mance of each part of the controller is compared and verified. The simulation results show that
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the improved IWOA improves the premature convergence of the original algorithm, effectively
suppresses the system overshoot and accelerates the response speed when combined with the
FOPID controller; Moreover, after adding NDO, the oscillation caused by interference can be re-
duced by 82.94%, which improves the robustness of the system and has certain practical value.

Keywords

Labeling Machine, Standard Feeder, Tension Control, Fractional Order PID, Improved Whale
Optimization Algorithm, NDO, Simulation, Winding System

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

TEE M 2T LB e, WARHL RO i St bR 25 E S ARG AN AT BB A B4 (1] 3845
SR ML AZ Oy, SR iR ARk B AR AL E JE R . H AT, SRATEIE G R A IR 2%
AR, DIFCHIPRE R . WEbRAL B HEM LA, B2 SO T A RR ¥ 2] 5 A AR 48 A i
ER-BEBRAS, FRGEEGFEREPRKAIREE, B0 5K KRG Sbr S AR L B W, 5k
TN SAFAETC A R br B AR 55 ] R

BEXSRALTEARGRHIARLAE . A SRR & GG RGE[3] [4], B NS AR A R B3k 75
. Hwang H 55[5]8 T MG R RGN & B, R 1 ATBHEHIE + TP (DOB)#J7 Az 5k 1,
BRI T RRZIEPAF IR BHE S . Chu X ZF[6] G S Ed R A5k 1 8sl, M8 ot ik
SEHPINERT BN 2R, SIN T IX (A AR SRR AR RN E S48, ARG b it 7 &
#%. Raul P R Z8[7]1 18 T MRA-PI AT~ 4% oL 2% S 1t B0 AR R[] L E S PT ) 4 Aok 4 ) 07 SR IR
Ko RS ER R PLISHIBET 1 SRS, 1R 1R E G P ) 28 S A B SN T A 18
LR A5 (8 M TS A% FAAE O B P Em S S5, S8l 7 DIV SCE R B 5K ) BE RS, AHAL
T PID 4%, xS HI AR A A m R A S BRI S G R .

N T BB R ARG K IEHIR ST IiRE ), ASCLUSE IR RN R, KA TR
W BEEYELF T 8 PID (Fractional-Order PID)a i & 55K 77[9]. 5IN T Sudk figi £ f A0 5032
(Improved Whale Optimization Algorithm)# & 73 #(fr PID ) HANZ40, FEARIE @ L ECE R & 7R
PEFPLUII 2% (Nonlinear Disturbance Observer), LA FIE LRAIE 28 G s i B 1 ] B S KRS BEHEIH T4 . fd
M MATLAB B4Ext RGUHEAT 70T SES, S UE 1426 45 1) RAFPERE .

2. BHRG SRR
2.1. EIRFKNIEFIS R

AR AR A5 B — AN H b 25 i AW AR S 4 BT SOSOE 2R e, 9 i ) 2o 2 22 A2 7K 0 P AR SR AL
5K A A BT bR P P, (E e LS B e o) A i g R R E (10 BTEL, —MRAE PRI £ B4R
(BRARA 51 48]), KBS RG D WME >, —im A TEmk . 5 —im A ST B . sk IS R
WE 1 fR. BEERGIK D I I H A SR ORI T 3 3RS AR 1 ST Al L ], e
6] 1A 5 i B 0, T LA ik 28 4R 1 B B 5K 708 Ak

DOI: 10.12677/jsta.2023.112019 174 AR IR HIAR 5 B H


https://doi.org/10.12677/jsta.2023.112019
http://creativecommons.org/licenses/by/4.0/

Tr
k|
afl

K71
il

KIME IR

Figure 1. Tension closed loop control scheme
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Figure 2. Simplified structure of tension control part
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Figure 3. Structural block diagram of controller
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Table 2. Performance parameters of different controllers
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