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Technology for High-speed Manufacturing of High-pressure Hydrogen Tank
by 14-axis Simultaneous Control Filament Winding Machine

[ NI <& R B % s S ] 5
Koei FUJIKI Kosuke TATSUSHIMA Masaru NAKANISHI
/N S 1 I N Andreas REIMANN ?
Kenta UMETSU

7 = ABSTRACT

mHEAZRL2 2O 2 MEKEHBELT, 74720
FUA YT 4 v O TREORRRER L 2 v o iR R E AL
FRECEZIMEE14EHEIE T 4 S A 94 VT4 V0
WE AL 7.

TRZ2EHEIT S0, N LB E2GHEL v 70
HRCHIE T & 23EMA & 35 2 & C, #ERO R FMMEN
WA - FENSGED 2. SHEbicd 725 T, WED
REPEEEA I EICTER Y =N —ZWHL, NV F
RNEBEM A 2B E T #REE Lz, 72, b7
FU AP LURE L7 FIR TG T X 3% — 5
& ORI AP L, CFRP RifghE %18 L X ¥ 7=,
EEAIZ BV TIE T 2 MEBEIROMERER» 5, FiElT
25 RDBEE & L7z,

Z DRER, TREORER A HER L TH 80% %if L, @K
X2V 7 EMREDIE 6D KR DONWT B ZDAHERIMEA

ATE /.

In the interest of reducing the cost of high-pressure
hydrogen tanks, a 14-axis simultaneous control
filament winding system was developed that shortens
the filament winding process time and stabilizes tank
pressure strength.

To accelerate the process, a mechanism capable
of high-speed helical tumble winding was adopted,
speeding up the process to approximately five times
the conventional carbon fiber feeding speed. With the
increased speed, a reservoir was implemented to keep
the machine’s band path distance constant at all times,
allowing for reduced band tension fluctuations in
winding. In addition, feed rollers capable of widening
tow prepreg for feeding at a stable bandwidth were
developed, along with a control method for the
rollers, to help enhance carbon fiber reinforced plastic
laminate quality. Upon studying the cost reduction
effects of the increased speed, the machine was
configured for dual head filament winding.

As a result, process time was reduced by
approximately 80% compared with the conventional
process, and the effectiveness of the machine was
confirmed to reduce variance in pressure resistance for
the high-pressure hydrogen tanks.
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Fig. 1 Type 4 high-pressure hydrogen tank
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Fig. 2 Various filament winding methods
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Fig. 4 Proportions of total FW time by winding method
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Table 1 Functions of each axis of FW machine
Axis Function Number of axes
C-axis Mandrel tumble 1
X-axis Mandrel drive 1
Y-axis Horizontal carriage 2
Z-axis Horizontal cross carriage 2
U-axis Rotating pay-out eye 2
V-axis Horizontal swivel axis 2
W-axis Vertical carriage 2
l-axis Reservoir 2
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Fig. 5 14-axis simultaneous control FW machine
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Table 2 Results for high-speed FW production

Tank A Tank B
Tank length [mm] 915 1120
Tank diameter [mm] 530 435
Tank volume [L] 120 102
CFRP weight [kg] 48.9 42.2
FW process time [min] 29 25
Average FW speed 1.69 1.69
[CFRP kg/min] (0.26) (0.31)

( ): Conventional Wet-FW speed

Table 3 Results of burst pressure stability of 120 L

tanks
Conventional High-speed
FW FW
(Wet-FW) (Dry-FW)
Coefficient of variation
of burst pressure
(standard deviation / 0.059 0.012
average)
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