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Abstract: Aiming at the linear change caused by tension instability in the work of glass fiber winding machine and the
instability of tension adjustment in high-speed winding mode, an adaptive fuzzy PID control strategy and a sliding mode control

strategy suitable for high-speed winding conditions were designed. Firstly. the winding dynamic model and tension control
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model were established for the winding condition. Secondly, the fuzzy PID control strategy and sliding mode control strategy
were introduced to simulate the winding characteristics under different working conditions by MATLAB-Simulink, and the
optimal control strategy was found. Finally, the experiment was carried out based on the verified optimal control strategy. The
results show that under the regulation of fuzzy PID control, the winding tension is better improved than that without control
under different speed changes. and the linear stability and tension stability of the cylindrical container are improved. The
tension adjustment accuracy of fuzzy PID control is better than that of sliding mode control, which provides a new research idea

for large pipeline winding equipment.

Keywords: automatic control theory; filament winding; MATLAB-Simulink simulation; fuzzy PID control; sliding mode

control; hardware experiment

B B AT 2k 52 A MR R BT R 1 4 5 T A RS o DA R LA R e SO S MR AR R
U A 22 10 7 0 AT o 3 i A 24 7= it PR e ot 1 P B LE A58 40 B AR 4 T K 58 . B A A S SR AL
Jee— il AT S 0SBk B 9 T A, L T AR D R 2 R A M T 22 W b R R 2 SR A R L S
I B4 5 g o T 4 RN A Bl AR, TR SEBR DA, — 2 IR IR AR IR 8l vh 2 i B — SE Bk R BB 2 i 22, 1%
RT S5 21 2 22 1) i 38 R 45 0 5 — I S G R F) 3 o 8 45 28 SR AL 1) 5K T 9 AN B T AR 2 oA B AT 4
7 it B SR EE R M A B o) SR X e g 45 2 e o R R R R A B R L

FE NSRSk g8 SR 2 UL 2 258 g S8 ok 45 0T 9T FE . SCHRES-8 ] 32 241 Xt 4 58 iod 2 s
8 20 58 1) £ B HEAT A9 K2 2T 25K ) 2% PR R AT A8 o R R 0K R Wi 7 A4 ) it i B2 1) O e DR 3R L (ELAE K T S
JEZ AR S BGE . SCRRL9-12 151 AT Wi 22 i sh 2544 SR 1k 17— B S 1) 3k I e fk 1 5k 0 2 il 28 0 i
KT A T34 A0S 5K 3 Bl Bl 2R GEAE Wb b 2x 7 AR i 2 9 B ) i Bl 0. T P A X 9 SR AL AY 5K g 5 4 2 D
A 2 ) 2 RO PTD 50 O 3 0 2 SR ML L4 ) SRS W S 4 0 . SCHRL13-17 DX 9 SE LA F BEAT T 7L
OXHT ARSI R G W) AL S TR PID 48 ) A< 0f 3 AR A B AR R L 45 G A R b R SEBR R oK L
7 FLSL 50 B IE 1 AN [R5 I ) F AR B AT AT 1 (EUR A PR SR B0 IE . SCRRL18-20 J41 X i ZE Pl 2b 2k 3k T Y
BEALYE M TR E M L 75 PID 200 4% 09 3 Al B it 17— M b 2ok o f il R 40, R BRI PID 42 il 55 3% % 20 2%
K AR GE Rt AT P a5 AR LSRR PID 45 i1 5 8 BA B 1 5k 7 B BR T R SR AR LA AR
etk . SCHRL21-26 17087 1 ¥R s o 45 21032 B A9 F2 225U

H T BRI BUAR AR SCES A A e LA HLARAS K R T 2R G805 TR A oK L WA A Sh 2SR P T B ROR B b
TR UEHE T A B HLARES A O SN ARG T B i A S d Sl AR A ) AR X 48 258 5 g R R R AT
L P R E

1 ERYIEZEES

Xt 9 BEALFEAT B 42 90 2832 B 0 B L AL A5 (T | 22 05 A R L DR A A 5 sk o 4 AT R A BT
1.1 EEYBEESEHHM
ARV BB BB G R Tl R RIK G2 WS4 R, tE 1 FiR.,
INTE

— -

Wi LO ~
e/
e

PC 1

s 205
a) JELEHLALIRIEENE b) ASHELELEE
Bl EZHEEHEDR

Fig. 1 Motion model of winding machine
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Tab.1 Fuzzy control rules

E/U/E NB NM NS 70 PS PM PB
NB PB PB PB PM PS 70 NS
NM PB PB PB PM NS 70 NS
NS PB PB PM PS 70 NS NM
70 PB PM PS 70 NS NM NB
PS PM PS 70 NS NM NB NB
PM PS Z0O NS NM NB NB NB

PB 70 NS NM NB NB NB NB
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Tab.2 Maximum and minimum values of winding machine under different speed and tension control
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Tab.3 Maximum and minimum values of winding machine under different speed ratio and tension control
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