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Abstract - FCV is installed with a automatic valve attached in an high pressure cylinder to control the
hydrogen flow. The supply of hydrogen from the cylinder into the fuel cell stack is controlled via the on/off
operation of a solenoid attached to the automatic valve. The solenoid needs to provide the necessary attraction
force even at any saturation temperature caused by drive of the vehicle. In this study, the simplified prediction
equations for the saturation temperature are suggested. The finite element analysis was performed by steady
state technique, according to the boundary condition in order to predict the saturation temperature and
attraction force. Finally, the saturation temperature was validated through comparison between the analysis
results and measurement results. From the results, the measured saturation temperature 5.9 °C lower with
respect to the analysis results. And the error of attraction force ranged from 1.0 to 2.1 N at testing conditions.
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Fig. 1. Construction of solenoid actuator for
cylinder valve.
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Fig. 2. Schematics of heat transfer for solenoid.
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Fig. 3. Thermal equivalent circuit for solenoid
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Table 2. Specification of solenoid actuator

Properties Values
Peak voltage of PWM (Vp) 12V
PWM duty ratio (D) 30 %
Number of turns in a coil (N) 440
Coil resistance (R) 32 @
Power consumption (q,,;) 4.05 W(D=0.3)
Distance of between core and plunger 0.9 mm
Required attraction force for opening 153 N

Table 3. Thermal properties of used at compo-
nents materials
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Air 1.171 1007 0.0261
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Fig. 4. 3D model of heat flow analysis.
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Fig. 6. 2D model of attraction force analysis
according to temperature.

Table 4. Analysis conditions according to rising

temperature
Temperature | Resistance | Magnetomotive force | Attraction force

[°cl [2] [A] [N]

20 3.20 1485.00 20.02
25 3.26 1456.39 19.61
30 3.33 1428.86 19.24
35 3.39 1402.35 18.87
40 345 1376.80 18.52
45 3.51 1352.17 18.18
50 3.58 1328.41 17.85
55 3.64 1305.47 17.52
60 3.70 1283.30 17.21
65 3.77 1261.88 16.91
70 3.83 1241.16 16.62
75 3.89 1221.11 16.33
80 3.95 1201.69 16.06
85 4.02 1182.89 15.79
90 4.08 1164.66 15.54
95 4.14 1146.99 15.29
100 421 1129.84 15.04
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Fig. 7. Experimental setup for testing tempera-
ture characteristics.

Table 5. Comparing saturation temperature data

sets
Saturation temperature Error
Method °q] C]
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