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Solenoid using Artificial Neural Network

2F - AL - olEG - BEA - YTF . 0|52 ok B

[ o = O

Ju Ho Yoon, Nguyen Minh Nhat, Hyun Su Lee, Jang Won Youn, Dang Ju Kim

Dong Won Lee and Kyoung Kwan Ahn
Received: 23 Mar. 2016, Revised: 26 Apr. 2016, Accepted: 13 May 2016

Key Words : EPPR  Valve(AF8]#]  7Qb#H) - Proportional  Solenoid(B1#| A A} &#x0]=), Finite-elements
analysis(-3+ 8.4 3l|4), Artificial Neural Network(Q1& 4173 3] Z%), Control Cone(A] 012}

Abstract: Unlike the commonly used On/Off solenoid, constant attraction force which is independent of plunger
displacement is a considerably important characteristic to proportional solenoid of the EPPR Valve. Attraction
force uniformity is mainly affected by the internal shape design parameters. Due to a number of shape design
parameters, the optimal parameter values are very complex and time consuming to find by trial and error
method. Much research has been conducted or are still in progress to find the optimal parameter values by
applying various optimization techniques like Genetic Algorithm, Evolution Strategy, Simulated Annealing, or
the Taguchi method. In this paper, the design parameters which have primary effects on the attraction force
uniformity and the average attraction force are decided by main effects analysis of Design of Experiments.

Optimal parameter values are derived using finite-element analysis and a neural network model.

7l M9 w : network weight
b : bias
& : magnetic flux x : input signal

R : magnetic reluctance
N : number of turns 1. M E

1, : space permeability

i, : relative permeability A P H(Electric  Proportional — Pressure
T * current Reducing Valve ; EPPR Valve)= H|#| AR &8 =0]
[ : average length of the magnetic path Z(Proportional Solenoid)E AH&-ste] 71E =44719]
f : activation function 71414 MCV(Main Control Valve)E A& 0.2 Ao
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Fig. 1 Structure and magnetic circuit
On/Off solenoid
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Fig. 2 Magnetic  analysis results of  the
proportional solenoid with Maxwell 2D
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Fig. 4 Structure and mathematical modeling of
the node in neural network
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Fig. 6 Magnetic  analysis results of  the

proportional solenoid(before optimization)
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Fig. 8 Optimization parameters of the proportional
solenoid

Table 1 Optimization parameters

A A A2 124 =71%k
A Tip width [mm] 02
B Cone angle [ °] 45
C Cone length [mm] 2.6
D Plunger dia. [mm] 8.14
E Plunger hole dia. [mm)] 1.5
F Plunger bore [mm] 11.8
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Table 2 Level of design factors

1

0
21
2.6

2

0.05
23
29

Factor evel
Tip width[mm]
Cone angle[ °]

Cone length[mm)]

0.10
25
32

0.15
27
3.5

0.20
29
3.8

5 =& dA ARt # 2 AlE3 0l

=

Table 3 Training conditions of neural network

Values
1
30
Sigmoid
0.01

Conditions

Number of hidden layer

Number of hidden unit

Activation function

Learning rate

Training: R=0.99837 Validation: R=0.99766

018@

Fd
p'é [s]

@ Data @ Data

25

20

15

10

Output ~= 1*Target + 0.021
Output ~= 0.98*Target + 0.016

t

5 10 15

Target

20 25 5 10 15

Target

20 25

Test: R=0.99787 All: R=0.99815

< Data < Data

25

20

15

10

Output ~= 1*Target + 0.0088
Output ~= 1*Target + 0.01

5 10 15

Target

20 25 5 10 15

Target

20 2%

T

ig. 14 Regression analysis of neural network
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Table 4 Comparison of parameter values

A48 4 | A48 &
Tip width[mm] 0.2 0.06
Cone angle[ °] 45 28.7
Cone length[mm)] 2.6 3.6
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