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A Study on the Fiber Tension System for High
Performance Pressure Vessel of Hydrogen Fuel Cell
Electric Vehicle

Kang Young—Kil

Department of Mechanical system Engineering

Graduate School of Maritime Industries
of Korea Maritime and Ocean University

Abstract

In recent years, there have been increasing cases of using hydrogen
as an environment—friendly energy and natural gas as vehicle fuel. It
has been developed in USA, Germany and Japan, and Korea 1is also
actively supplying hydrogen fuel cell vehicles. The hydrogen storage
pressure vessel mounted on the hydrogen fuel cell vehicle is composed
of a carbon fiber composite material. These pressure vessels are
manufactured by the filament winding method. Filament winding 1is one
of the processes of composite materials, in which glass fibers or
carbon fibers composed of continuous fibers are impregnated with a
resin on the surface of a rotating mandrel and wound, and the filament
wound product is cured in a curing furnace for a predetermined

temperature cycle.

Compared to manual hand laying process, automatic filament winding
has the advantage of making products with higher tension with short
production time. However, when filament winding speed increases, the
uneven fiber speed profile creates fiber tension fluctuation widely.
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It 1s one of the major factors causing low productivity of winding
process, hence several researches have been actively carried out to
keep 1t constant. In this study, we have developed a tension control
system to stabilize the tension in filament winding. A load cell -
sensing bar type tension measuring device 1is fabricated and the
performance 1mprovement 1s confirmed by comparing with the existing
method. A tension arm is installed to absorb sudden fluctuation of
fiber tension, and a sensing arm transmits the fiber tension to a load
cell to measure it accurately. The servo controller is constructed
using PID control and introduces an adaptive control method that

adjusts the gain of PID appropriately.

Tension control characteristics according to winding speed,
acceleration, tension and control gain, motor control, according to
spool size, control characteristics, change of optimum gain and spool
diameter measurement in real time are confirmed. As the wire speed
increased, the vibration due to the mechanical deviation is observed,
and an overshoot of tension value is observed as acceleration became
higher. It is also found that wire tension value becomes more stable
as wire tension value 1s increased. Low control gain shows poor
tracking response with large errors. Properly tuned system with large
spool size shows more control output amplitude as the inertial load is
larger compared to a small sized spool. Small size spool shows

excellent tracking response with minimum tracking error.
By using in—process spool size measurement and automatic gain tuning

control scheme, an optimized tension control system is developed in

this study.

KEY WORDS: Fiber reinforced composite -+ 743} 534 5; Pressure Vessel St
¥ -87]; Filament winding Z2}WE ¢}?1d; Tension Control &% AJoi;
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Fig. 4 Friction tension device for internal roving fiber



1.2.3 External Roving &3 Aloi7]9] A8 #

HHN'
—Ll
BN

External Roving &% Aloj7]e] Z8 HEF =< 92 7HA7F ey 7]
]_

Brlog gt 33 uou_;y)r ZoA-AAR B2log s 9tk 2o 37
Fae T F8Agol st 2EA TR AA P kol Aol &
ojstm A Alojge] st folo] A7} BAFstal el HEO] wWol
A #gae] ofg ol ok Fig 5= ZEA 33 W4 EE&on, /71
2FAA WALl Tl EYE AR HFHASE 2EA 3 502
FolAl He Aotk Afivh 31 2rde] molA HUAM Ao BIo] =
= O AZIA Hol ald =Tl AulE A FAsta BELS Aests ARt
ol astug Aol Hojx = dio] ot 2eAd-AAu B 3 &
& Fstal 2dAre) epolo] AR A9 golaith. 2EAl 24t 5 = o

>
Vi)

Hog wolzx zut WHo] HQsiA|Y 2 A Eg7) gloeng AAA K25
oh Fig. 6& 254 38 WAl Al Fule) eolo.

AE A7t =EoA vt 7t
ZIAZo 2 wAUZd uf 2= Al AlA s

Fig. 72 Z=Al-Al

ol EHE AAL

o
=
o
1>
o
u
u
[

2
lo
do
N

p

=
o
jus]
=)
i
)
)
=)

by AAuel AsaA 2] Zeg) fae] AxHelgs 2edd 3
S Jbehel Haol FEL 2 TR s S 4o nEo 9
A AGA ol Foh dA 2eAd-AAu WAo] Fo] AL QU
Idle Roller Sen;ing Idle Roller
\ D, e I.-'r Filament wire Spool
T:Winding ] : P ] f
Tension (o) —’j (o) f,“
- Sensing = - /_,,—"' "--a.]:\ .
Force i | ’ _// P .
v Yusd .__,I If; / \\\. \‘
. |" ,’r Gear Head \II
Load cell | l\l DC Motor ."I
\
i Ay J
\
.\_\\\\__—_I‘_/ (r/
._\\_-\- —/’

Fig. 5 Tension measurement by using 3 rollers

_8_



Fig. 7 Example of tension measurement by using sensing rollers
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Fig. 11 Adaptive PID Servo Control
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PID Controller
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Fig. 12 Adaptive PID control scheme
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Fig. 13 Change of proportional gain(Kp) for adaptive control
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2.4 Adaptive PID A& AoJ& 9 Spool A7 S
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Fig. 14 In-process wire spool diameter measurement
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Fig. 16 Detailed view of Encoder block & tension mechanism
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Table 1 Specification of parts

NO. Part name Specification Maker

1 Servo Motor FEO6M 600W/1000RPM LS Mechapion
2 Load Cell BCL-20 20kgf/2.0mV/V CAS loadcell
3 Encoder E40SB-100-6 100Pluse Autonics

4 Controller ServoCon | 50MIPS, 12bit AD | Hybrid Precision
5 Control Panel | PTC-24, R19 100MIPS, 8bit PICO Industry

Aol Ase A7 92008 B#4a4F B2 985 AEgAd /o ALHAL, A
e e AAE 45 Ao urt HEHIAT Qe ZEE = Pmac
ite] 4= Real Time Controller® 7} - 7+4& Motiong WHEo] A&ttt =3,
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of FFFE AU WY 20VE FFSHA:
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Adaptive PID Servo Control 9&-& 3} SercoCon® &%+ Fig. 173 2
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Fig. 17 Block Diagram of Servo Controller
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32 Ad=x4 & Y

279 A43d =12 Table 29 #oh

A WA= Spoold] 715 H2 85mm ¢ FHh 200mmE 7]

S
o
il
o
v

T HAE 9olo] £5E 1 m/s, 2 m/s, 3 m/s 37FA 71&EE Erh

Al HA = 9oloj o] 7F&EA 7S 0.1s, 0.2s, 0.3s, 0.4s, 0.5s 571A] 7|&<

=
o

Ul HAl= ololojo] AR 2 kef, H 4 kgf 27HA 2 A P30

Table 2 Experimental parameters and conditions

No. Parameters conditions Remarks
. D1 =200 mm | DI1: Max. spool diameter
1 Spool size
D2 =8 mm D2: Min. spool diameter
1 m/s
2 Wire Speed 2 m/s
3 m/s
0.5 s
] Wire Acceleration 04 s
time 0.2 s
0.1 s
2 kgf
4 Tension
4 kgf
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Fig. 18 Experimental result of wire speed 1 m/s
(D=85mm, K,=100, 75=0.5s, T=2 kg [)
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Fig. 19 Experimental result of wire speed 3 m/s
(D=85mm, K,=100, 75=0.5s, 7=2 kgf)
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Fig. 20 Experimental result of wire acceleration time 7a=0.4 s
(D=85mm, K,=100, V=2m/s, T=2 kg f)
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Fig. 21 Experimental result of wire acceleration time 7a=0.1 s
(D=85mm, K,=100, V=2m/s, T=2 kg[f)
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Fig. 22 Experimental result of wire tension 7" = 2kgf
(D=200mm, K,=600, V=2m/s, Ta=0.4 s)

Fig. 23 Experimental result of wire tension 7" = 4kgf
(D=200mm, K,=600, V=2m/s, Ta=0.4 s)
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Fig. 25 Experimental result of wire proportional gain A,= 200
(D=85mm, Ta=0.2s, V=2m/s, T=2 kqf)
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Fig. 26 Experimental result of wire spool size D = 85mm
(V=3 m/s, K,=100, 75=0.5s, 7=2 kg [f)

Speed
[m/s]
3 M
2
1
o
o 2 4 6
Time (s)
Tension
[kaf]l 4
3
2>
1
o
(o] 2 4 3
Time (s)
5 7
2.5 7
Output
[Voltl o
2.5
-5
o 2 4 6
Time (s)

Fig. 27 Experimental result of wire spool size D = 200mm
(V=3 m/s, K,=600, 75=0.5s, T=2 kg[f)
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Fig. 28 Failure of control during deceleration due to system variable saturation
(D=200mm, Ta=0.1s, K =400, V=2m/s,
T=2kg f)
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Fig. 29 Successful control of high acceleration condition with small spool size
(D=85mm, Ta=0.071s, K =120, V=2m/s, T=4 kqf)
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Table 3 Experimental parameters and conditions

Spool Diameter K;)
g 93 250
@ 113 330
& 159 550
Z 184 700
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Spool Diameter Measurement (mm)
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Fig. 31 Experimental result of spool diameter measurement
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