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Abstract This paper proposes a methodology for developing the performance of a solenoid valve for vehicles based
on the dynamic analysis model by an electromagnetic field. The high performance solenoid model with a low current
and high thrust was induced through the shape optimal design of the yoke and plunger. To perform the dynamic
analysis of the solenoid valve, the input current profile was analyzed. The speed and thrust information was analyzed
by FEM with this current profile. The co-simulation method of the circuit model of control logic and electromagnetic
model of the solenoid valve was also proposed to analyze the performance with several current patterns. Finally, the

performance of the original model and optimal one was compared..
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[Fig. 11 Original analysis model for FEM
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[Table 1] Thrust and Flux according to position

Model Position[mm] Thrust[N] Flux[mWb]
Base 0 89361 0.047

1 1 17.0021 0.064

2 2 287714 0.082

3 3 44.4766 0.1

4 4 59.0215 0.112

5 5 66.8625 0.118

6 6 63.8452 0.117

Omm

l Step Imm

"""""""" 6mm

[Fig. 2] Position of solenoid coil part
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[Fig. 3] Thrust and Flux according to position parameter
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[Table 2] Thrust and Flux according to plunger shape

Model Depth[mm] Thrust[N] Flux[mWb]
Base 0 66.9731 0.118185621
1 0.1 66.9344 0.118499556
2 0.2 67.0412 0.118726834
3 0.3 67.1185 0.118816691
4 04 67.1862 0.11888827
5 05 67.2375 0.118935667
6 0.6 67.2734 0.118968228
7 0.7 67.0701 0.118902728

Omm

Step 0.1mm
0.7m

[Fig. 4] Depth parameter of plunger for increasing thrust
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[Fig. 5] Thrust and Flux according to plunger depth
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[Fig. 6] Current reduction according to solenoid coil
position

[Table 31 Current reduction according to solenoid coil

position
Model Position[mm] Thrust[N] Current[A]
Base 0 9 12
1 9 8.7
2 2 9 6.7
3 3 9 54
4 4 9 47
5 5 9 44
6 6 9 45
12.005 Depth-Current ot
12 * * * * > ;A .
11.995
z s
E 11.99 :
E 11.985 E
© i
11.98 H
11.975 ~o-Basic Current[A] i
7 | = Low Current[A] 11.973164
11.97 ‘
0 0.2 0.4 0.6 0.8
Depth[mm]

[Fig. 7] Current reduction according to plunger depth

[Table 4] Current reduction according to plunger depth

Model Depth[mm] Thrust[N] Current[A]
Base 0 66.9731 12

1 0.1 66.9731 11.9981

2 0.2 66.9731 11.99234
3 0.3 66.9731 11.98699
4 04 66.9731 11.98096
5 05 66.9731 11.97638
6 06 66.9731 11.97316
7 0.7 66.9731 11.99132
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[Fig. 8] Analysis model for dynamic analysis

[Table 5] Mechanical constants for laod equation

F = k(X+Xpe) + mg
k(Spring constant)[mN/m)]

147

0.2

1.36
4

X(Plunger migration area)mm]

Xire(initial spring compression distance)[mm]

m(mass)[g]

glacceleration of gravity)m/s’]

E

3824

[Table 6] Current pattern for injection valve
Base (Current Pattern)

Time[ms] Current[A]
0 0
0.3983 0
0.7435 119111
0.8143 119111
0.8851 5.9555
1.0975 5.9555
1.1683 29776
1.6817 29776
1.7348 0
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[Fig. 10] Time-Current pattern of Type 2
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[Table 7] Time-Current pattern data of each model

Base Typel Type2
Holdi Current 5.9555 59555 5.4
" Time 02124 04691 04691
Fallin Current 29776 29776 15
® | Time 05134 0.2567 02567
Average Current 3.851192 4.280227 3.847564
[Table 8] Time-Force data per Model
Holding Falling
Model Force[N] | Time[ms] | Force[N] | Time[ms]
Base 5.164309 0.2124 -15.2024 05134
Typel 4915149 0.4691 -14.639% 0.2567
Type2 0.308419 0.4691 -19.4563 0.2567
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[Fig. 11] Position and force of base model

(a)Type 1
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[Fig. 12] Position and force of Typel and Type2
(b)Type 2

[Table 9] Time-Position data per Model
Holding

Position[mm]

200

Falling
Time[ms]
0.38
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0.365

Model -
Time[ms]
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[Fig. 13] Co-simulation for solenoid valve system.
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[Fig. 14] Current, force, plunger position according to
current pattern table
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[Fig. 15] Current, force, plunger position according to
co-simulation method.
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