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A Study on Filament Winding Tension Control using a Fuzzy-PID
Algorithm

Seung-Ho Lee’, Yong-Jac Lee , Chae-Youn Oh*
ABSTRACT

This thesis develops a fuzzy-PID control algorithm for control the filament winding tension. It is developed
by applying classical PID control technique to a fuzzy logic controller. It is composed of a fuzzy-PI controller
and a fuzzy-D controller. The fuzzy-PI controller uses error and integrated error as inputs, and the fuzzy-D
controller uses derivative of error as input. The fuzzy-PI controller uses Takagi-Sugeno fuzzy inference system,
and the fuzzy-D controller uses Mamdani fuzzy inference system. The fuzzy rule base for the fuzzy-PI controller
is designed using 19 rules, and the fuzzy rule base for the fuzzy-D controller is designed using 5 rules. A
test-bed is set-up for verifying the effectiveness of the developing control algorithm in control the filament
winding tension. It is composed of a mandrel, a carriage, a force sensor, a driving roller, nip rollers, a creel, and
a real-time control system. Nip rollers apply a vertical force to a filament, and the driving roller drives it. The
real-time control system is developed by using MATLAB/XxPC Target. First, experiments for showing the inherent
problems of an open-loop control scheme in a filament winding are performed. Then, experiments for showing
the robustness of the developing fuzzy-PID control algorithm are performed under various working conditions
occurring in a filament winding such as mandrel rotating speed change, carriage traversing, spool radius change,
and reference input change. '

Key Words : Filament winding (ZZ}AE 9}219), Fuzzy logic controller (M 2] Z3] #|0j7]), Fuzzy inference
system(¥ A F=&4), Driving roller(7% &), Carriage(3 5 ), Creel(Z1¥), Mandrel(W =)
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Table 1 Linguistic values of inputs and an output in
the Fuzzy-PI controller
a4 o g
a9 PL(Positive Large), PM(Positive Medium),
W | PS(Positive Small), Z(Zero), NS(Negative
L(—:) Small), NM(Negative Medium), NL(Negative
Large)
A3 |PL(Positive Large), PS(Positive Small),
W= 2|Z(Zero),NS(Negative Small), NL(Negative
(Xe) |Large)
PL(Positive Large), PM(Positive Medium),
&9 |[PS(Positive Small), PVS(Positive Very
34 |Small), Z(Zero), NVS(Negative Very
(V) |Small), NS(Negative Small),NM(Negative
Medium), NL(Negative Large)
Table 2 Linguistic values of an input and an output
in the Fuzzy-D controller
d o @
1# |PL(Positive Large), PS(Positive Small),
A= |Z(Zero), NS(Negative Small), NL(Negative
(Ae) |Large)
%9 |PL(Positive Large), PS(Positive Small),
B4 |Z(Zero), NS(Negative Small), NL(Negative
(V) [|Large)
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Intergrate-of-Error

b) Integrated-error-input
Fig. 2(a) Fuzzy input-and-output spaces of the
Fuzzy-PI controller
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Table 3 Fuzzy rule base of the Fuzzy-PI controller

B NL NM NS NVS Z PVYS PS PM Pt
T (S
ool ] NL |NM | NS PS |PM | PL
£ . | NL | NL |[NM [NM | NS [NVS|PM | PL
£ NS | NL [NM| NS |[Nvs| z [ PM | PL
| 3 ] Se| Z |NL |[NM|Nvs| z [pvs|Pm | PL
PS [NL [NM| Zz [pvs|PS |[PM | PL
. . 1 1 PL [ NL [NM[pvs| PS [PM | PM | PL
¢) Output
H z] . [s) P AN o] A& TS
Fig. 2(b) Fuzzy input-and-output spaces of the 34D Aeizle] HA AL sH L% 5

Fuzzy-PI controller
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Derlvative-of-Error
a) Input
NL T NS z " ps | PL
1
E 0.8
£
0.4
E
0.2 |
o
1 -0.8 0.6 -0.4 -0.2 o 0.2 0.4 0.8 o8 1
Voltage
b) Output
Fig. 3 Fuzzy input-and-output spaces of the Fuzzy-D

controller
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Table 4 Fuzzy rule base of the Fuzzy-D controller
% HA 3 (Fuzzy Rule)
If Ae is PL, then V is PL

If Ae is PS, then V is PS

If Ae is Z, then V is Z

If Ae is NS, then V is NS

If Ae is NL, then V is NL
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Fig. 5 Photograph of the tension control .system
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slon under Open-Loop Centrol

Tenston(kg)

5
Time(s}

a) mandrel rotation speed : 1Srpm

| —— Tension under Open-L.oop Controf |

Tenslon{ka)

5
Time(s)

b) mandrel rotation speed : 60rpm

[[—— Tension undar ope: oop Controi

Tensionfka)

Tlmsn(s)
b) mandrel rotation speed : 10~50rpm, 1.0Hz
Fig. 6 Winding tension using the open-loop control

scheme
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Tension under PID control
Tension under Fuzzy-PID controf

Time(s)
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5
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Timea(s)

¢) mandrel rotation speed : 10~ 50rpm, 1.0Hz
Fig. 7 Winding tension comparison in a normal

operation condition
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c) mandrel rotation speed : 10~50rpm, 1.0Hz
Fig. 8 Winding tension comparison with a reduced
spool radius
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Fig. 9 Winding tension with various reference inputs
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