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Abstract— The objective of this paper is to present an 

original study for optimizing the size of the Longitudinal-
Flux Double-Sided Linear Switched Reluctance Motor 
(LSRM) under thermal and weight constraints. The 
performance is evaluated taken into account duty cycle 
operating conditions and thermal restrictions. The 
proposed approach couples Finite Element Analysis for 
magnetic propulsion force computation and Lumped 
Parameter Thermal Network for thermal transient analysis. 
The LSRMs design parameters are characterized by the 
number of phases and by their size denoted by the pole 
stroke. The operating conditions are the current density, 
the duty cycle and the admissible temperature rise of the 
insulation system. The grid search algorithm is used for 
solving the optimization problem. From the results, with 
the help of a novel multivariable optimization chart, a set 
of optimal configurations regarding to miniaturizations 
and downsizing of LSRMs is provided. 
 

Index Terms—Linear Switched Reluctance Motor, Finite 
Element Method, Thermal Model, Coupled Field Problems.  

I. NOMENCLATURE 

bp     Primary pole width (m) 
cp     Primary slot width (m) 
Tp     Primary pole pitch (m) 
Np     Number of active poles per side (primary) 
lp     Primary pole length (m) 
bs     Secondary pole width (m) 
cs     Secondary slot width (m) 
DC     Duty cycle 
∆Tlimit     Maximum temperature rise (ºC) 
T      Temperature (ºC) 
t      Time (s)  
Ts     Secondary pole pitch (m)  
Ns     Number of passive poles per side (Secondary) 
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ls           Secondary pole length (m) 
hy    Primary yoke height (m) 
LW    Lamination stack length (m) 
g            Air gap length (m) 
PS    Pole Stroke (m) 
S            Distance between aligned-unaligned positions (m) 
Npp     Number of poles per phase 
m    Number of phases 
x         Translator position (m) 
J     Flat-topped current density peak (A/mm2) 
MTotal   Total primary (Stator) mass (kg) 
Fx         Electromagnetic propulsion force (N) 
FX         Average electromagnetic force (N) 
fXCu       Average force per unit of copper mass  
fXVp       Average force per unit of primary steel volume 

II. INTRODUCTION 

INEAR switched reluctance motors (LSRMs) regardless 
their low force/weight ratio are being focus of increasing 
interest [1-10] due to their simplicity, robustness and low 

expected manufacturing costs make them an attractive electric 
actuator. Despite the fact that LSRMs are simple actuators, 
they are complex systems whose analysis and design involves 
physical process of different nature mainly electromagnetic, 
mechanic and thermal.   

In general, coupled field problems can be classified in two 
types: weak or strong. In weak-coupled problems the effects 
can be separated and solved by means of a cascade algorithm 
in which the coupling is performed by updating and 
transferring thermal field parameters to magnetic field in each 
iteration [11,12]. In the particular case of LSRM, the absence 
of permanent magnets and the fact that the thermal time 
constant is much bigger than the electromagnetic one, led to 
handle the LSRM magneto-thermal problem by means of a 
weak-coupled field procedure. The temperature dependency of 
the relative permeability of a non-oriented electrical steel 
sheet is not significant for temperatures up to 100ºC (i.e. less 
than 5%) and for inductions under 1.4 T and above 1.7 T [13]. 
Therefore, the material property thermal-dependency 
considered is the electric resistivity from which the copper 
losses and current density are obtained.  

Nowadays, there are a large number of contributions in the 
technical and scientific literature about optimization methods 
for solving different types of multivariable problems, ranging 
from the classical optimization techniques, the linear and non-
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