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Abstract ─ This paper employed a multi-objective 

Genetic Algorithm (GA) process to optimize the structure 

parameters of Linear Proportional Solenoid (LPS). And 

designed objectives include magnitude of static push 

force, stability of push force with displacement in 

working range and push force to mass ratio. A two-

dimensional finite element analysis model is presented 

to reduce the large calculation time generated by GA 

process. The optimization process result of LPS shape 

parameters is obtained and the optimal LPS is 

manufactured. Through using a high-precision measuring 

device in the static push force test, a comparison result 

between conventional shape and optimal shape shows 

that the proposed optimization strategy is feasible. 

Index Terms ─ Genetic algorithm, linear proportional 

solenoid, multi-objective. 

I. INTRODUCTION
Electro Magnetic Actuators as the core component 

are widely employed in vehicle suspension system and 

engine, Inverter Compressor and many other pneumatic/ 

hydraulic control systems. Meanwhile, due to the simple 

structure, high reliability, low cost and long stroke, 

Linear Proportional Solenoid (LPS) is the most essential 

electro-magnetic actuator. This paper aims to optimize 

the LPS used in proportional control valve. Generally, 

the optimization strategies of LPS are usually 

implemented by shifting the shape parameters [1-2]. 

With the improvement of computing power, the iterative 

algorithm become a growing interest of computational 

electromagnetics field, especially in industrial application. 

Plavec and Wu considered the dynamic performance as 

an important object of on/off Electro-magnetic actuators 

optimization [3-4]. Since the volume of Electro-magnetic 

actuators is an important condition, five main shape 

parameters are optimized to obtain the maximum 

electro-magnetic force in a specific valve volume [5]. 

In this paper, a shape design optimization process 

of LPS is presented by GA and finite element analysis 

method.  

II. SIMULATION STRUCTURE
Generally, three-dimensional model can obtain a 

high accuracy magnetostatic simulation result. The 

three-dimensional simulation model and geometry 

structure definition of LPS is shown in Fig. 1. For 

reducing the computation time, it is necessary to 

employed a two-dimensional simulation model instead 

of three-dimensional model. Assuming that the magnetic 

flux density in soft magnetic material yoke is not fully 

saturated, the cubic three-dimensional structure LPS can 

be simplified by a two-dimensional axial symmetry 

shape model. In this two-dimensional model, we 

proposed a hypothesis that the yoke of simulation model 

has an equivalent radial cross-sectional area with actual 

LPS and the definitions of shape parameters are shown 

in Fig. 2. 

Fig. 1. Geometry structure definition of LPS three-

dimensional simulation model. 

Fig. 2. Simplified LPS simulation two-dimensional 

model and design parameters. 

III. MULTI-OBJECTIVE OPTIMIZATION

METHOD 
LPS shape optimization is a multi-objective issue, it 

focused on push force output efficiency, magnitude and 

stability of static push force in working stroke. To solve 

this optimization issue, a genetic algorithm tool is 

employed to obtain optimal shape parameters and a 
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finite element model is established to calculate the 

magnetostatic force at each sampling position in working 

stroke. All these work are accomplished by ANSYS 

MAXWELL. And the following equation (1) shows the 

optimization fitness function: 
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Equation (1) include: average electromagnetic force-

FAVG, standard deviation of static electromagnetic force-

FD and average electromagnetic force to mass ratio of 

moving parts-F/m. In this paper, FAVG is calculated by 

the average push forces of each sampling position in 

working stroke. It is used to evaluate the excitation force 

performance in coil rated current. And Fex=170N is the 

expectation average force. FD is used to evaluate the 

deviation degree of the push force at each sampling 

position. F/m represents the push force output efficiency. 

Kex=1.8 N/g is the expectation force to mass ratio. 

A genetic algorithm, which is 100 population 

size and 49 generations, is employed to solve this 

optimization problem and obtain the optimal shape 

design parameters. The iteration result is shown in Fig. 

3. And the shape design parameter array can be defined

by P{a1, a2, a3, a4, y1, y2, y3, y4, y5, y6, c1, c2}. The

conventional shape design parameter array is {31.4,

7.40, 16.9, 3.55, 5.50, 3.70, 3.10, 3.90, 0.83, 2.30, 42.80,

8.20}, and the optimal shape design parameter array is

{32.3, 7.65, 4.70, 5.15, 5.50, 3.75, 3.11, 4.12, 1.06, 2.32,

43.48, 7.36}. The unit of shape parameter is millimeter.

Fig. 3. Multi-objective GA optimization iteration result 

of LPS shape parameters. 

IV. RESULT
LPS’s static performance test device are shown in 

Fig. 4. For actual usage, the working stroke start from 

3mm point and stop to 0.4mm. This paper measured 

several static posh force versus displacement curve in 

different coil excitation current, and the test result is 

shown in Fig. 5. In all excitation current, the optimal 

shape LPS shows the advantage of push force magnitude. 

Fig. 4. Static performance test device of LPS and 

manufactured optimal shape LPS. 

Fig. 5. Static push force measurement in specific coil 

exciting current. 

V. CONCLUSION
Above all, a multi-objective GA optimization 

process of LPS is presented and the optimal shape design 

parameters in this process is manufactured. By the 

comparison of optimal LPS and conventional LPS in 

rated excitation current, average electromagnetic force is 

improved by 21.8%. Therefore, the above results can 

verify the validation of proposed optimization strategy.  

ACKNOWLEDGMENT 
This work is supported by Ningbo major project of 

Science and Technology Innovation 2025 (2019B10052). 

REFERENCES 
[1] S. B. Yoon, J. Hur, Y. D. Chun, and D. S. Hyun,

“Shape optimization of solenoid actuator using the

finite element method and numerical optimization

technique,” IEEE Trans. Magnetics, vol. 33, no. 5,

pp. 4140-4142, 1997.

[2] S. N. Yun, Y. B. Ham, and J. H. Park, “New

approach to design control cone for electro-

magnetic proportional solenoid actuator,” In

Proceedings of the IEEE/ASME International

Conference on Advanced Intelligent Mechatronics,

Kaohsiung, Taiwan, July 2012.

[3] E. Plavec, I. Uglesic, and M. Vidovic, “Genetic

algorithm based shape optimization method of

dc solenoid electromagnetic actuator,” Applied

Computational Electromagnetics Society Journal,

vol. 33, no. 3, pp. 325-334, 2018.

[4] S. Wu, X. Zhao, C. Li, Z. Jiao, and Y. Qu, “Multi-

objective optimization of a hollow plunger type

solenoid for high speed on/off valve,” IEEE Trans.

Industrial Electronics, vol. 65, no. 4, pp. 3115-

3124, 2017.

[5] B. Cai, Y. Liu, X. Tian, Z. Wang, and R. Ji,

“Optimization of submersible solenoid valves for

subsea blowout preventers,” IEEE Trans. Magn.,

vol. 47, no. (2), pp. 451-458, 2010.

0 10 20 30 40 50
0.0

0.1

0.2

0.3

F
it

n
es

s

Iterations

      WANG, WENG, JIN: MULTI-OBJECTIVE OPTIMIZATION OF LINEAR PROPORTIONAL SOLENOID ACTUATOR1339


	Article 91.pdf
	I. Introduction
	II. Design of a Varifocal Metalens
	References


	Article 55.pdf
	I. Introduction
	II. Motor Drive System Characterization Module
	III. The Taguchi-EM-PSO Design Envirnoment
	Initial and Optimal Design
	IV. Conclusion
	References

	Article 54.pdf
	I. Introduction
	II. IM Drive System under Study
	III. FEA Model Results
	A. Details of the Motor
	B. FEA Results

	IV. Conclusion

	Article 46.pdf
	I. Introduction
	II. Modeling of Non-Ideal Cable Shield Connections
	III. Parallel Direct ACA Solver
	IV. RL-GO Edge and Wedge Diffraction
	V. Automotive Radar
	References


	Article 9.pdf
	I. INTRODUCTION
	II. SHAPE SYNTHESIS TECHNIQUE AND IMPLEMENTATION
	III. DESIGN EXAMPLE
	REFERENCES



 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all odd numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top right
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210122154821
      

        
     1
     1
     
     TR
     
     1
     1
     1
     0
     0
     1264
     TR
     1
     0
     0
     435
     74
     0
     1
     R0
     8.0000
            
                
         Odd
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     191
     190
     db184e26-052b-4cd4-989d-0b3e02d0f8e6
     96
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: all even numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top left
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210122154828
      

        
     1
     1
     
     TL
     
     1
     1
     1
     0
     0
     1264
     TR
     1
     0
     0
     435
     74
    
     0
     1
     R0
     8.0000
            
                
         Even
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     191
     189
     1ad0ed6e-3cbe-4c74-9d20-e6d446af96b6
     95
      

   1
  

 HistoryList_V1
 qi2base





