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research for hydrogen station presented a significant growth consisting of the
commercialization of fuel cell electric vehicles (FCEVs). However, we still have
many challenges for making commercial hydrogen stations such as increased
safety and cost reduction. This study demonstrates the low cost hydrogen stor-
age tank (type 2) and effective winding method for high pressure hydrogen
storage. We use numerical analysis to verify stress changes inside the wire ac-
cording to the winding condition. Also liner size, winding wire size and wire ten-
sion were studied for the safety and cost down. Results show that the stress of
winding wire decreased with increased winding angle and increased the liner
diameter. On the other hand, the stress of winding wire increased according to
the increased wire thickness and tension.
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Table 1. Electrical energy required for hydrogen storage and release”
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Storage process

Release process

Storage technology Tem?ér;i ture Pressure (bar) ](Elii:’tli;;g Heat (kWh/kg) Temperature (C)

Gas 100 bar - 100 1 - -
Gas 200 bar - 200 1.2 - -
Gas 700 bar - 700 1.6 - -
Liquid hydrogen -253 - 6 - -

MgH2 300 30 0.7 10.3 350

NaAlH4 125 100 1 5.7 160

LiBH4 350 50 0.8 6.4 350
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Fig. 1. The Bending model on the wire
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Fig. 2. The tension model on the wire
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Fig. 4. Distribution of the wrapped wire stress on the hydro-
gen storage tank with high pressure (type 2)

H30H M4z 20194 82



Ototal — Uwrap + JHzPressure (4)
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Table 2. Maximum stress on the wire according to the liner
size
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Table 3. Maximum stress of wire according to the laminated
height of wire

50 100 150 200

Liner diameter (mm)| ;000 | 200%) | (300%) | (400%)

Laminated hight (mm)| 0.3 3 6 9
(lamination layers) 1) (10) (20) (30)

Numerical | 310.40 | 295.15 | 270.35 | 250.34 Numerical analysis | 250.34 | 250.3 | 250.28 | 250.16

Max. analysis | (100%) |(95.1%) | (87.1%) | (80.7%) (MPa) (100%) | (100%) | (100%) |(99.9%)
stress

(MPa) Theoretical | 1,192.84| 598.21 | 399.20 | 299.55 Theoretical value | 299.55 | 290.84 | 282.62 | 274.85

value (100%) |(50.2%) | (33.5%) | (25.1%) (MPa) (100%) [(97.1%) | (94.3%) | (91.8%)
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Fig. 6. Relationship between wire thickness and wire bending
stress

Table 4. The difference between numerical analysis data and
theoretical data of maximum bending stress according to the
wire diameter

Metal wire diameter 01 02 03 0.4
(mm)

Numerical analysis | o, ¢\ | 511 97 | 25034 | 206.17
(MPa) . . . .

Theoretical value
(MPa) 99.95 | 199.80 | 299.55 | 399.20
Difference -2.34 12.17 | -49.21 | -103.03

(MPa) (2.34%) | (6.09%) | (16.43%) |(25.81%)
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Table 5. Physical properties of wire materials for windings
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Fig. 7. Numerical model to verify the wire stress according to
the winding angle

25034 Max

15442 Min

25017 Max
22251
194,85
16719
13954
11188
24223
56566
28909
1.2521 Min

250,04 Max
22257
195.00
167.62
14014
11267
25191
57.716
30241
27665 Min

Material Magnesium | Aluminum| Titanium | Copper | Structural
alloy alloy ally alloy steel
Young's | g 71 9 | 110 200
modulus
(100%) | (158%) | (213%) | (244%) | (444%)
(GPa)
Poisson |35 | 033 | 036 | 034 | 03
ratio
Yield
strength 193 280 930 280 250
(Mpa)

Table 6. Maximum bending stress with different wire materials

10° 15°
Fig. 8. Bending stress distribution within wires according to the
winding angle

Table 7. Relationship between winding angle and bending

. |Magnesium | Aluminum| Titanium | Copper | Structural stress of wires
Material
alloy alloy ally alloy steel
Wrap angle 0° 5° 10° 15°
Max. .
bending | 874 | 1329 | 189.7 | 2008 | 250.34 Max.bending | o0 ) | 55055 | 25017 | 250.04
stress | (100%) | (152%) | (217%) | (230%) | (287%) stress (MPa)
(Mpa) Difference (MPa) 0 -0.09 -0.17 -0.3
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Fig. 9. Analysis model of stress inside wires by winding ten-
sion

Table 8. Relationship between winding tension and internal
stress

. Max. principal stress | Min. principal stress
Tension P (MPI;) P (MPI;)
0N 250.11 -250.11
IN 251.61 -250.02
SN 251.72 -224.25
10N 252.22 -122.39
ON |Ei= o

55.755
21000
-0.34235 Min

19491
22279
-250.67 Min

IN

5N

10N

Ir

ol WS Qleat 2w Ao

s R IEN
Fig. 11. Example of scratch on the surface of wire

4120 Min.

20 /m 30 /m

Fig. 12. Distribution of bending stress according to the depth
of scratch on the surface of wire

Table 9. Relationship between defect depth of wire and max-
imum bending stress

Fig. 10. Maximum principal stress distribution (left) and mini-
mum principal stress distribution (right) of metallic materials
according to winding tension

» B4 AU LRI =27

Defect depth 0 10 20 30
(Hm)
Max. bending
stress (MPa) 250.34 | 253.72 | 25534 | 25825
Difference 0 3.38 5 791
(MPa) (0%) (1.3%) | (2.0%) | (3.1%)
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