
 

ψΦ Abstract – In this paper we describe a software tool for 
quick design of electric motors. The main features of this tool 
are ease to use, intuitive and suitable for calculation. We 
describe two different approaches, the first is a “Discrete 
Scanning” of a defined number of configurations, the second is 
a “Continuous Scanning” where there’s an optimization 
algorithm. Both approaches follow the “Black Box” idea, where 
the user defines the design variables and observes the results. 
The internal working between algorithm and computation 
software is hidden.  
 

Index Terms – Analytical methods, Electrical motors, 
Electromagnetic design, Estimated errors, Finite-Element 
methods, Motor design, Optimization algorithm. 

I.   INTRODUCTION 
 
N recent years more and more frequently design 
engineers request a fast, simple and intuitive, as well as  
focused calculating tools. 

II.   TECHNICAL DESCRIPTION 
 

In the "Fig. 1" it is shown the diagram that describes the 
main idea of the tool. For the user, the interaction between 
algorithm and computation software is a “Black Box”. The 
user fills the interface setting with the I/O data and the 
constraints. The algorithm and computation software create a 
loop until the best configuration is found. 

 

 
 

Fig. 1.  Main Diagram 
 

A.   Computation Software 
 

The computation software packages for electric motors  
may be  divided in two categories:  
 
1) based on classical analytical method 
2) based on numerical method employed with finite-element 
method                                                                             
 

The classical analytical method refers to mathematical 
equations derived from the electrical machine theory [1]. 

The finite-element method (FEM) is a numerical 
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technique to find approximate solutions of partial differential 
equations. For the electric motors, FEM involves the use of 
computationally efficient approximations to Maxwell's 
equations [2]. 

The classical analytical method is faster than FEM method 
in the order of 10-1000 factor, so a much higher number of 
calculations per time can be performed: just this feature of 
analytical method can be profitably used in the research of 
best model of electric motors . 

The FEM method can be used for advanced optimization 
and analysis the machine details.  

 

B.   Algorithm 
 

There are two different approaches: 
 

1)  “Discrete Scanning” 
2)  “Continuous Scanning”    
                                                                          

In the “Discrete Scanning”, from a starting electric motor 
model, the user defines a matrix of possible configurations. 
The best configuration is chosen by an algorithm based on 
estimated errors or other statistical risk functions. 
 In the “Continuous Scanning” the user defines a domain 
and a numerical optimization algorithm, chooses step-by-
step the configurations to be analyzed, in order to get the 
best one.  
 In the "Fig. 2" we report a graphical explanation of two 
approaches for a simple SISO system (Singular Input 
Singular Output). 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
  
 

 
Fig. 2.  SISO System (a) “Discrete Scanning”, (b) “Continuous 

Scanning” 
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III.   EXAMPLE 1: INDUCTION MOTOR 
In this example we consider an induction motor ("Fig. 3")  

with this characteristics: 
 

• AC Three Phase 
• 4 Poles 
• 24 Slots 
• 19 Bars 

           
     

(a)                                           (b) 
 

Fig. 3.  AC Induction motor Section (a) and Winding (b) 
 

We perform a steady state analysis using a computation 
software (PC-IMD [3]) and a “Discrete Scanning” approach. 
 

A.   Design Variables 
 

In this example the design variables are: 
 

• Rotor radius (Rad1) 
• Airgap length (Gap) 
• Number of turns (TC) 
• Stator outer radius (Rad3) 
• Stator stack lenght (Lstk) 
 
• Torque (Tshaft) 
• Copper Losses (WCus) 
• Efficiency (Effcy) 
 
 

TABLE I 
EXAMPLE 1: DESIGN VARIABLES SUMMARY 

 
 
 
 

B.   Algorithm 
 

The algorithm used based on minimum mean squared 
error (MMSE). 

In signal processing, a minimum mean square error 
(MMSE) estimator describes the approach which minimizes 
the mean square error (MSE), which is a common measure 
of estimator quality: 

 
                         (1) 
 
 

• N: number of outputs 
•                    : difference between i-th output and i-th 

reference values   
 

•                                    : parameters vector 
 

 
Basically the goal is to search the parameters vector that 

minimize the J(θ) function. This parameters vector 
represents the best configuration [4]. 

 

C.   Interface 
 

The interface ("Fig. 4" and "Fig. 5") is very user-friendly, 
simple and intuitive [5]. The interface is easy to learn and 
the user can follow a precise and clear sequence steps that 
manage him to the solution, from the input data to the output 
report.  

 
Fig. 4.  Interface: Input Data 

 

 
 

Fig. 5.  Interface: Output Data 

D.   Results 
 
From a Starting Model with Rad1 = 30 mm, Gap = 0.4 

mm, TC = 160, Rad3 = 54 mm and Lstk = 50 mm, that get 
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Tshaft = 0.19 Nm, WCus = 6.03 W and Effcy = 68.8 %; we 
obtain a Best Configuration with Rad1 = 24 mm, Gap = 0.2 
mm, TC = 155, Rad3 = 52 mm and Lstk = 50 mm, that get 
Tshaft = 0.22 Nm, WCus = 3.09 W and Effcy = 74.6 %. 

We highlight that the total time computation of the 1620 
possible configurations is about 3 minutes.  

 
TABLE II 

EXAMPLE 1: RESULTS SUMMARY 
 

 

IV.   EXAMPLE 2: BRUSHLESS MOTOR 
In this example we consider a Brushless motor ("Fig.6")  

with this characteristics: 
 

• Three Phase 
• 6 Poles 
• 18 Slots 

 

           
     

(a)                                           (b) 
 

Fig. 6.  Brushless PM motor Section (a) and Winding (b) 
 

We perform a dynamic simulation using a computation 
software (PC-BDC [6]) and a “Continuous Scanning” 
approach. 
 
 
 
 
 

A.   Design Variables 
 

In this example the design variables are: 
 

• Rotor radius (Rad1) 
• Length of Magnet (LM) 

• Number of turns (TC) 
• Slot depth (SD) 
 
• Length of Magnet (LM) 
• Current Density (Jrms) 
• Total Losses (WTotal) 
 
• Torque (Tshatf) 
• Efficiency (Effcy) 
 
 

TABLE III 
EXAMPLE 2: DESIGN VARIABLES SUMMARY 

 

 
 

B.   Algorithm 
 

In this case we used a typical multi-objective and 
constrained optimization techniques:  

 
                     (2.1) 

 
where x є Rn , fi: Rn → Rn and F is the feasible set of the 
problem which is described by inequalities as follows: 
 

(2.2) 
     
Equation (2.1) defines the multi-objective function, in this 

particular case k = 2.  
An ideal solution of (2.1) would be a point x* є F that is a 

Pareto-Optimal solution, therefore does not exist any 
feasible point x є F such that: 

 
 
 

and 
 
 

for at least one index  j є {1,2,..,k}. 
In literature, there exist several methods that can be used 

to compute Pareto-Optimal solution in the multi-objective 
function for the electrical machine design [7],[8],[9]. 

A widely used technique consist in the reducing the multi-
objective problem (2.1) to a single-objective one by means 
of so-called “scalarization” procedure. 

There are three different “scalarization” techniques, in this 
case we used the “cost function method” that consists of 
assigning each objective function a cost coefficient and then 
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minimizing the function obtained by summing up all the 
objective functions scaled by their cost coefficients [10], that 
is:  
 

(3) 
 

 
In this example we have chosen two objective functions: 

 
     f1) Electromagnetic Torque (to maximize) 

f2) Efficiency (to maximize) 
 

Then we have considered the following multi-objective 
formulations: 
 

(4) 
 

 

C.   Results 
 
From a Starting Model with Rad1 = 25 mm, LM = 5.5 

mm, TC = 24 and SD = 14 mm, that get WTotal = 28 W, 
Jrms = 5.1 A/mm2, Tshaft = 0.65 Nm and Effcy = 71 %; we 
obtain a Best Configuration with Rad1 = 28 mm, LM = 8 
mm, TC = 23 and SD = 16 mm, that get WTotal = 22 W, 
Jrms = 4.4 A/mm2, Tshaft = 0.7 Nm and Effcy = 76.1 %. 

 
TABLE IV 

EXAMPLE 2: RESULTS SUMMARY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

V.   CONCLUSION 
This type of tools are very useful in electromagnetic 

design because are fast and intuitive and because it is 
possible to analyze many configurations in a very short time, 
defining many parameters (geometric parameters, winding 
parameters, material proprieties and drive circuit model).   

The choice of computation software depends on the goal: 
if a first initial sizing and preliminary design are required n it 
is better a classical analytical method than the FEM method, 
because it is possible investigate a larger number 

configurations in a quicker way. 
It is possible to perform steady state analysis and dynamic 

simulation.  
There are several types of algorithms, such as different 

estimator quality, deterministic algorithms or stochastic 
algorithms. 

All this in an easy way for the user, in fact the approach 
follow the “Black Box” idea, so the user defines only the 
inputs, filling a user-friendly interface, and observes the 
results. 

These tools fulfill a frequent design engineers demand, 
because they help to automate a series of tasks that, up to 
now, are performed, in a more complicated way, in a 
classical electrical design of motors. 

Moreover this tools help the design engineers in choosing 
the best configuration and with a more appropriate 
optimization.  
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