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£ (ABSTRACT)

Dynamic model of 3-way PWM high speed solencid valve was derived considering reluctance and inductance of electromagnet

through valve spool by Bondgraph modeling method. Computer simulations of hydraulic system with 3-way high speed solenoid

valve were performed and the results were compared to the experimental results in order to validate the PWM valve dynamic

model obtained.
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Fig. 1 3-way PWM high speed solenoid valve
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Fig. 2 Pressure control system with fixed cylinder
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Fig. 4 Bondgraph model of pressure control system
with fixed cylinder
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Fig. 3 Pressure control system with movable piston
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Fig. 5 Bondgraph model of pressure control system
with movable piston
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Fig. 6 Cross section of an electromagnet, magnetic flux path and
reluctance for 3-way PWM high speed solenoid valve
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Table 1 Length of solencid parts

Parls . Length {mm) Parts Length (mm)
al 30 h3 81
a2 34 h4 50
a3 99 hS 146
a4 100 h6 31
ab 280 h7 25
a6 36.0 h8 93
hl 16.4 h9 89
h2 220 hl0 123

Table 2 List of parameters used in simulation

Para. Value Unit C
C  29526e-13 m’/N fluid stiffness
Gy 07 flow coefficient
D, 01 m piston diameter
D, 0000348 m diameter of spool
K, 831 N/m spring constant of solencid
K, 1962000 N/m spring constant of actuator
ms 0015 kg spool mass
me 01 kg actuator piston mass
N 6% turn coil turn
Py 30 bar supply pressure
Rs 95 Q resistance of coil
Ymz 025 mm max. displacement of spool
v 355 mm init. displacement of spring
#o 12566e-6 WLH/ATm  air permeability
#  130e-2 Wb/ATm  steel permeability
e 882 kg/m® density of oil
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Fig. 7 Response of spool displacement for high speed solencid valve
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Fig. 8 Spool displacerment for various number of coil tuns
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Fig. 9 Response of spool displacement for various duty ratio

50 4 Duty = Box

8 i

o AAANAANAAAAANTERAARAANRANANANNY
0.0 0.2 0.4 0.8
Time (sec)

Pressure (bar)
N
[o)

Fig. 10 Pressure response of fixed cylinder for various duty ratio
at supply pressure 30 bar, carrier frequency 50 Hz (Simulation)
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Fig. 11 Pressure response of movable cylinder for various duty ratic
at supply pressure 30 bar, carrier frequency 50 Hz (Simulation)
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Fig. 12 Pressure response for various carrier frequency (Experiment)
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Fig. 13 Pressure response of fixed cylinder for various duty ratic at
supply pressure 30 bar, carrier frequency 50 Hz (Experiment)
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Fig. 14 Pressure response of movable cylinder for various duty ratio
at supply pressure 30 bar, carrier frequency 50 Hz (Experiment)
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