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Abstract: Most studies on solenoid valves (SVs) assumed that the armature is con-
centrically positioned in the sleeve. Under this assumption the transversal component of 
the magnetic force is equal zero. The article presents an analytical calculation model for 
the estimation of the armature eccentricity. Using this model the eccentricity was calcu-
lated as a function of the sleeve thickness and the hydraulic clearance between the arma-
ture and the sleeve. After finding the eccentricity also the permeance of the radial air gap 
was calculated. This permeance has a direct influence on the drop of the magnetomotive 
force in the magnetic circuit and finally influences also the axial component of the mag-
netic force. In the article a calculation of both transversal and axial components of the 
magnetic force was carried out and presented in the appendix to the article. 
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  1. Introduction 
 
 Nowadays SVs are studied in the early stage of system development. Most of these studies 
focus on the modeling, dynamic response and control method of SVs. There are lots of reports 
regarding finite-element approaches [1], simulation models [2] and control [3, 4] of SVs as 
well as investigation of temperature distribution and thermal deformations inside the SV [5]. 
One can also find reports regarding the electromagnetic driving force of SV. The driving force 
is the force acting in the direction of the solenoid axis extending along the longitudinal length 
of the armature. In [6] authors presented a research of key parameters influencing the driving 
electromagnetic force of a SV. The driving force causes the movement of the SV armature and 
decreases the axial magnetic gap. In conventional linear solenoids the armature slides during 
its movement on the inner surface of the sleeve. The sleeve is usually made from a paramag-
netic material e.g. an aluminum alloy. The objective of the usage of a paramagnetic material is 
the insertion of the second magnetic gap in the magnetic circuit. This gap is placed between 
the armature and the magnet yoke and is denoted as the radial magnetic gap (Fig. 1). In most 
studies on SVs the thickness of the radial gap is kept constant independent from the circum-
ferential angle. In other words researchers take an assumption that the armature is placed con-
centrically in the sleeve. This assumption implies the homogeneous distribution of radial 
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Appendix B: Additional calculation results 

 

 
Fig. 5. Axial (left) and transversal component of the magnetic force acting on the armature 

 

 
Fig. 6. Axial magnetic flux density (left) and maximal value of transversal component  

of the magnetic flux density 

 

 
Fig. 7. Magnetic permeance of the axial (left) and radial air gap 
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