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ABSTRACT 
 

ANALYTIC DESIGN SOFTWARE FOR SINGLE-SIDED LINEAR 

INDUCTION MOTOR 

 

GERÇEK, A. Suat 

PhD in Electrical&Electronic Engineering 

Supervisor: Asst. Prof. Dr. Vedat M. KARSLI 

July 2009,122 pages 

 

Linear induction motors have an increased use for linear movement due to direct 

adaptation to linear movement, less friction, less maintenance, high reliability and 

ease of implementation. Although the analytic investigation of this type of motors 

has gained attention and has been the subject of various studies in the literature, 

research efforts are still continuing in this field. Particularly, needs on more accurate 

design and analyzes of a motor is a strong requirement.  Therefore, this study aims to 

develop a novel design software for linear induction motors. The originality of the 

developed software is not only being linear induction motor design software, but also 

modeling of secondary iron impedance using Least Square method for linear 

approximation.  Thus, this new approach improves the accuracy of the performance 

calculations. Although the proposed method is computationally intensive, it is still 

preferable to existing methods because of its higher precision obtained at around 40 

Hz.  

The analyzed values of the design parameters which obtained with the proposed 

software are compared with the experimental data of the Canadian Guided Ground 

Transportation motor and observed to be in good agreement with them. The 

experimental thrust observations suggest that the software with the novel approach is 

highly promising. 

 

Keywords: Method of layer, single-sided linear induction motor, computer-aided 

design, secondary impedance.   
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ÖZET 
 

TEK-TARAFLI DO ĞRUSAL ENDÜKSĐYON MOTORUNUN 

ANAL ĐTĐK TASARIM YAZILIMI 

 

GERÇEK, A. Suat 

Doktora Tezi, Elektrik - Elektronik Mühendisliği 

Tez yöneticisi: Yrd. Doç. Dr. Vedat M. KARSLI 

Temmuz 2009,122 sayfa 

 

Doğrusal endüksiyon motorları, doğrudan doğrusal hareket sağlaması, az sürtünme, 

az kayıp, yüksek güvenilirlik ve kolay imalatı nedeniyle doğrusal hareket sağlama 

da artan bir kullanıma haizdir. Her ne kadar bu tip motorların literatürde analitik 

incelemesine odaklanılsa da ve bir çok çalışma yapılsa da, bu alandaki araştırma 

çabaları devam etmektedir. Özellikle, motorun daha doğru tasarım ve analizinde ki 

ihtiyaçlar çok önemli bir gereksinimdir. Bu nedenle, bu çalışma doğrusal 

endüksiyon motoru için yeni bir tasarım yazılımı geliştirmeyi amaçlamaktadır. 

Geliştirilen yazılımın orijinalliği, sadece doğrusal endüksiyon motoru için bir 

tasarım yazılımı olması değil aynı zamanda da sekonder demir empedansının 

belirlenmesinde lineer bir yakınsamayla çok küçük kareler yöntemi kullanmasıdır. 

Böylece, bu yeni yaklaşım performans hesaplamalarında ki doğruluğu arttırmıştır. 

Her ne kadar, önerilen yöntem, işlemsel yoğunluğa sahip olsa da, 40 Hz deki yüksek 

duyarlılığından dolayı mevcut çalışmalara tercih edilir. Önerilen yazılımla elde 

edilen tasarım parametrelerinin analiz değerleri Kanada Enstitüsü Kılavuzlu Kara 

Taşımacılık motorunun deneysel sonuçları ile kıyaslanmış ve bu sonuçlarla iyi bir 

uyum içinde olduğu gözlemlenmiştir. Đtme kuvveti için yapılan deneysel gözlemler, 

yeni metoda göre geliştirilen yazılımın oldukça ümit verici olduğunu 

göstermektedir. 

 

Keywords: Katman metodu, Tek taraflı doğrusal endüksiyon motoru, Bilgisayar 

yardımıyla tasarım , Sekonder empedansı  
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CHAPTER 1 

 

1.1 Introduction 

 

Linear induction motors (LIM) have recently gained great popularity for use in 

transportation and industrial applications nowadays. It is because they consume low 

energy, cause low pollution and in addition to their advantages such as less friction 

and maintenance compared with traditional transportation vehicles and their simple 

implementation [1].  Due to such reasons, they are highly preferred for linear 

movement requirements in industry. Research studies [2-4] in the literature 

attempted to develop mathematical models to analyze and design such type of 

motors. Although their models were adequate for some particular cases, changing 

conditions and technology require the researchers to improve such models or 

develop new ones. As a result, research effort over the LIM is still an essential 

subject since required precise results in such motors has not been obtained yet. 

 

In order to improve the accuracy and the performance of the LIM, an understanding 

of its physical structure and properties should be put into the research. One 

important point to deeply comprehend the internals of the LIM is the 

electromagnetic phenomena that occur due to its physical properties and structure. 

An adequate treatment of such phenomena is a vital point in calculation and 

estimation of performance of the LIM. The study [1] shows that the proposed 

mathematical models in the literature could not reach the desired accuracy due to the 

lack of adequate consideration of such phenomena.  

 

The phenomena that primarily effect the performance calculations of the LIM can be 

listed as; the longitudinal end effect which is a consequence of the limited length of 

the LIM, the transverse edge effect which is a result of the lack of a specific path for 

the induced current, the slot effect, the saturation and hysteresis effect which 

happens due to the existence of the secondary iron. Electromagnetic analysis should 

be done in order to investigate these phenomena. The method of layer technique is a 
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frequently utilized technique in the literature for electromagnetic analysis, and this 

study also makes use of it as well. The electromagnetic equations obtained as a 

result of this technique are not only useful for the performance calculation of LIM, 

but also required for the acquirement of parameters that is used at the design and 

analysis of the LIM. Utilizing the equivalent circuit as a part of electromagnetic 

analysis is observed to be appropriate since direct application of electromagnetic 

equations for the purpose of design is known to be limited [3]. Hence, this study 

uses the equivalent circuit approach for the mentioned purposes. 

 

Although, there are several studies in the literature which considers the equivalent 

circuit technique together with aforementioned important phenomena to make an 

accurate analysis, it is seen that the studies about some of the mentioned phenomena 

such as the saturation and hysteresis effects are still inadequate. Main reason of this 

is the errors in the parameter values, which are hard or impossible to measure, such 

as secondary impedance. In this study, a statistical method is used to estimate such a 

widely misevaluated phenomenon. Least Squares method as a linear approximation 

tool is employed in order to correctly estimate the secondary impedance. The 

outcomes of the proposed method are then compared with the results of Canadian 

Institute of Guided Ground Transportation LIM. As far as the results of this 

evaluation are concerned, the consideration of the important phenomena is observed 

to be adequate. Also, when the proposed method is compared with similar studies 

from the literature, it is seen to be superior to them, as well especially at 40 Hz. 

 

On the other hand, advanced design of  a LIM requires a computer software not only 

to accurately determine the performance of a LIM of given design parameters, but 

also will provide an interactive interface in the design of a LIM for a given set of 

specifications [2]. For this purpose, the proposed method of this study is 

implemented in a combination of software tools such as MATLAB and VC# .NET . 

More technically, the core components of the produced design software are 

implemented by using MATLAB since it is an appropriate software environment for 

scientific purposes. Although MATLAB provides powerful scientific tools, it is not 

capable of producing user-friendly software program, particularly for end-users. 

Thus, Visual C#.NET is utilized to build a user-friendly interface program for the 
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core components of the design software. The developed software is introduced in 

the chapter 5. 

 

1.2 The Layout of Thesis  

 

General literature reviews for analytic methods used in analytical modeling of linear 

induction motor are summarized in the chapter 2. 

 

A detailed analytical modeling of the linear induction motor based on the method of 

layer in two-dimension (2D) taking into account of longitudinal end, transverse 

edge, saturation, slot, hysteresis effects and non-linear magnetic permeability 

occurring during the steady state operation of SLIM is presented in the chapter 3.  

 

The equivalent circuit technique (ECT) in calculation of the performance of single-

sided linear induction motor (SLIM) is presented. Also novel approach for the 

estimation of secondary iron impedance of the SLIM is offered. Developed 

computer code for analysis of SLIM is validated by using experimental results and 

simulation data already exist in literature in the chapter 4. 

 

A design methodology of SLIM based on the analytic tool are given and 

implementation tool of a computer-aided design of SLIM is presented in the chapter 

5.  

 

In the chapter 6 final conclusion and recommendations for future works are 

summarized. 
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CHAPTER 2 

LITERATURE REVIEW  

 

2.1 Introduction 
 

There are a lot of studies on the analysis of linear induction motors in the literature, 

but very few papers focus directly on the design of a single-sided linear induction 

motor (SLIM). An analysis and design of a linear induction motor are based mainly 

on two different methods: analytic and numeric techniques. Linear induction motors 

have different characteristics from rotary induction motors due to having a 

beginning and an end in the direction of movement. These features cause some 

phenomena which effect on the performance of the single-sided linear induction 

motors. The longitudinal end and transverse edge effects are the phenomena which 

affect the performance of the linear induction motors.  In order to get the high 

accuracy for the performance, these effects must be taken into account. In the 

literature, different methods have been proposed in order to take into account these 

effects in calculations of the performances of the linear induction motor. And the 

influence on the performances of the different linear induction motor configurations 

has been investigated. There has been also studying to reduce these effects on the 

performance of the linear induction motor. Literature review has been classified as 

numeric techniques and analytic techniques. 

 

2.2 Analytic Techniques 
 

Yamamura, [5] studied the theoretical aspect of linear induction motors, especially 

the influence the longitudinal end effect on the performance of linear induction 

motor. The linear induction motors were also investigated [6], especially single –

sided linear induction motors is well discussed in their studies. Finally, the most 

recently book has been published and this book covers all aspect of the subject, 
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including constructional features, applications, electromagnetic effect and design 

[7]. 

 

An experiment was carried out for high speed linear induction motor with a 

saturable iron secondary by use of a rotary type test facility. This experimental study 

was compared to the calculations by a new theory derived equations considering the 

end effect and the magnetic saturation [8].  

 

A number of assumptions which are frequently made in the analysis of linear 

induction motor were examined. Thrust and attractive force measurements which 

made on a 2-m diameter test wheel fitted with iron-backed aluminum sheet 

secondary and arc type primary, were compared with results from three-dimensional 

field analysis [9].  

 

A quasi three- dimensional mathematical model was developed for the design of 

linear induction motors constant current and constant voltage excitation. In this 

study, the described analytical approach leads to mathematical model which is also a 

practical design tool for designer [10]. 

 

A summary of experimental research project to evaluate a single-sided linear 

induction motor (SLIM) as an integrated suspension/propulsion system (ISPS) for 

guided ground transportation vehicle was presented [11]. Also experimental results 

for rotating wheel tests of a full size section of a SLIM was presented. 

 

A single-sided linear induction motor with solid iron secondary was studied [12]. A 

computer model described for the purpose of prediction of the reaction forces. 

 

Calculation of magnetic flux density, currents, forces and power losses was 

performed for two layers of a secondary using Fourier’s series method [13]. 

Conducting plate thickness and currents in the secondary back iron were taken into 

account in an idealized LIM model.  

 

The Fourier series method was used to solve differential equations in linear 

induction motor (LIM) is based on a computational model in which the real primary 
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is replaced by a series of fictitious primaries distributed along the direction of 

motion. The distance between adjacent primaries ought to be big enough to avoid 

the influence of the primary field on the following one. A method was proposed to 

determine of this distance [14].   

 

The performance of the single-sided finite length linear induction motor was 

analyzed with the special emphasis on the influence of hysteresis effects in the rotor 

yoke. The working parameters were significant especially in the low slip region. The 

dimensionless characteristics were obtained as a function of slip via Maxwell’s 

equations in the air-gap and rotor yoke [15]. 

 

The influence of the secondary solid ferromagnetic plate thickness on the 

performance of the single-sided linear induction motors was analyzed for two 

different reaction-rails which are a simple solid strip and an aluminum cap over a      

solid steel core. An equivalent circuit of the single-sided linear induction motor, 

with speed and frequency dependent parameters, was used. The magnetizing and 

secondary impedances were evaluated from the solution of the two –dimensional 

field distribution in the machine. The analyses were validated by test results and 

were used to evaluate the effects of varying steel thickness under constant voltage 

and constant current excitation [16].  

 

 A single-sided linear induction motor with a double layer reaction-rail has been 

studied. This reaction-rail configuration consists of a conducting plate over a solid 

steel core. The width of the conducting plate is different than the width of the 

secondary steel core and the thickness of the conductive overhand is different from 

that over the steel core. A method for computing the SLIM with a double layer 

reaction-rail has been developed under constant current excitation. This method 

takes into account the reaction of the secondary eddy current on the air-gap field, 

transverse edge effect, longitudinal end effects, skin effect, saturation, nonlinear 

magnetic permeability and hysteresis in the solid steel core of reaction-rail. 

Equivalent circuit parameters have been derived from the two-dimensional (2D) 

electromagnetic field distribution. The developed expressions in this study can be 

used for small   and large LIM’s and also be used for constant voltage excitation [2]. 
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The influence of conductive cap thickness on the performance of a single-sided 

linear induction motor with reaction-rail formed from a conductive cap over a solid 

or laminated steel core was analyzed. The results have been shown that the thickness 

of the conductive cap affects performance through the changes in the effective 

secondary impedance. The analysis was applied to examine the effects of changing 

the cap thickness of four single-sided linear induction motors [17]. 

 

A study was made on the design of the single-sided linear induction motors for urban 

transit. The performance characteristics were calculated using a space harmonic 

analysis. The outline of the practical design of the single-sided linear induction motor 

was presented and various ways to determine the design parameters were pointed out 

[18]. 

 

A hybrid method was used for analysis of the single-sided linear induction motor. 

This analysis method consists of field theory approach and a multilayer approach. 

The double layer secondary reaction-rail has nonlinear permeability due to the 

consisting of the solid steel core. In this method, the secondary iron permeability 

was adjusted to match tangential magnetizing field   in conjunction with each layer 

using proposed iterative method [19]. 

 

The calculation method of the linear induction motor performance based on the 

Fourier series technique and takes into account the current assymetry caused by the 

end effects was presented [20].  

 

The phase unbalance conditions due to the asymmetry of the primary winding and 

the end effect in single sided linear induction motor was evaluated by two methods. 

One of these is analytical method based on the equivalent circuit model and another 

is finite element method [21]. 

 

An analytical method was presented for calculating the thrust of single-sided linear 

induction motor, including the effects of both phase unbalance and higher time 

harmonics. An analysis for computing the thrust  of a LIM including the time 

harmonics and phase unbalance effects was validated with the test results from a 
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large-scale six-pole LIM. It was shown that these analyses can be applied to 

machine designed for transportation drives [22]. 

 

A method of the stray losses calculations in single-sided linear induction motors was 

described. The stray losses produced by the higher space harmonics of the primary 

winding and the primary slots were discussed and example calculations for a small 

and a large-scale linear induction motor were carried out [23]. 

 

An analytical layer model was developed in which the primary core was modeled by 

two different layers representing the yoke and teeth slot regions. A two-dimensional 

electromagnetic analysis was formulated for a multilayer linear induction motor 

model [24].  

 

An improved analytic method and performance equations was derived for the 

estimation of the performance characteristics and the design of the linear induction 

motor. To simplify the estimation of the performance of the single-sided linear 

induction motor, an approximation was presented [25]. 

 

A new factor was established to thrust of a linear induction motor which named 

“Relation factor”. This factor does not require such electric circuit. In this study, one 

more analysis tool for linear induction motor was presented [26]. 

 

An analytical technique based on the equivalent circuit was developed to use the 

performance prediction of single-sided linear induction motors. In order to account 

the longitudinal end effect analytically new approach was developed in this study. A 

new method for calculation of the equivalent resistance of the hypothetical layer 

with the thickness dR’  was proposed. In this method, the equivalent resistance is 

evaluated for the integrated secondary with two parallel aluminum and iron layers.  

New dR’  equation, which was derived according to the above idea, was compared to 

the other two equation of the dR’  and good correlation with the experimental results 

was obtained [1]. 

 

The determination of the equivalent circuit parameters, a new non-iterative method 

was derived. Prior to this, relative permeability of the back iron was calculated by a 
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non-iterative method. If the input current, input frequency and dimensional 

characteristics of the linear induction motor are available, the equivalent circuit 

parameter values can be obtained in each slip via a simple substitution [27]. 

 

A new analytic method based on the air-gap flux density equation was developed to 

calculate the performance of the single-sided linear induction motor taking into 

transverse edge, end, and skin effect account [28]. 

 

The design, the realization and the control of a linear induction motor devoted. In 

this order, a first modeling approach exploiting an analytical analysis technique 

articulated on the layers method was developed. To validate the previous results, a 

second modeling approach, exploiting numerical techniques was elaborated around 

a discretization by finite element [29]. 

 

The influence of the design parameters on linear induction motor end effect was 

investigated by using analytical method. A factor depending on the number of 

magnetic poles, secondary resistivity and frequency was developed. These design 

parameters   influence the end effect of the linear induction motors. According to 

this parameter, the variation of this factor for linear induction motor end effect 

analysis was investigated [30]. 

 

Design optimization of a low speed single-sided linear induction motor for 

improved efficiency and power factor was studied. A multiobjective optimization 

method was used to improve both efficiency and power factor simultaneously. To 

calculate the efficiency and power factor was carried out by using analytic method. 

So that, the effects of the various motor specifications on the efficiency and power 

factor could be investigated [31].  

 

An analysis of the single-sided linear induction motor with a solid-steel reaction 

plate was presented by solving for the-two dimensional field distribution in the air-

gap and in the secondary [50]. For motoring and for plugging operation under 

constant-current conditions was computed and compared with the experimental 

results from a large-scale test linear machine. It was observed that the experimental 

and simulations results were in good agreement. 
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2.3 Numerical Techniques 
 

The FEM of the eddy current problem subject to the convective diffusion equation 

was applied to the numerical analysis of the low-speed and high speed LIM’s [32]. 

 

The linear induction machine thrust and normal force was calculated using the Finite 

Element Method (FEM). The Lorentz formula and Maxwell stress tensor method 

were used to calculate the thrust. Some improvements in the accuracy Maxwell 

stress tensor calculations could be achieved by increasing mesh density in the air 

gap [33].  

 

 The electromagnetic field in linear induction motors are subjected to the convective 

diffusion equation is difficult to solve analytically. The numerical method such as 

Finite element method was applied to them. In this study, an Upwind Galerkin 

Finite element method was proposed for electromagnetic field problem in moving 

media [34].  

 

A performance analysis of low speed linear induction motor with a solid steel 

secondary was carried out by the finite element method combined with the 

impedance boundary conditions at the surface of the secondary steel. It was used a 

numerical tool [35].  

 

A new method in which an analysis calculation in the moving rail gives a 

convolution equation on the interface with the motionless region was proposed by 

[36]. This convolution was used as boundary condition in the motionless region 

where the computations use the finite element method (FEM). 

 

A single-sided linear induction motor with a short primary and complicated 

secondary structure, which consists of solid-plate conductor section and a winding 

one, was analyzed [37]. To do this, electromagnetic field analysis by 3-D FEM was 

combined with electric circuit analysis and motion equation.   

 

To investigate the drug plate linear induction motor (DP-LIM), the Fourier 

transform model was used considering saturation and skin affecting the back iron. 
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The Fourier transform model was obtained from the FEM analysis. The aim of this 

study is to analyze DP-SLIM from viewpoint of its suitability for different 

applications [38]. 

 

A new time-stepping, three-dimensional (3-D) numerical analysis method based on 

the magnetic equivalent circuit was proposed [39]. In this method, the analyzing 

linear induction was performed faster computation time and less memory than the 

conventional methods. 

 
The model suggested by Duncan for simulation of linear induction motors was 

modified by means of the Finite Element Method (FEM) [4]. The modified model 

includes such effects as longitudinal end effect, transverse edge effect and saturation 

of the back iron. And this model computes the level of the saturation by both simple 

calculation and an iterative method firstly then it computes the equivalent circuit 

parameters using FEM. There is a change in magnetizing branch due to the end 

effect between this model and classical equivalent circuit. The magnetizing branch 

impedances were determined the results by the standard test. So, it was estimated 

that this model is not appropriate for the design. 

 

A boundary structure for improving performances of single-sided linear induction 

motors was studied [40]. The transient phenomena which cause undesirable 

influences on the machinery at the basic boundary structures were discussed by 

adopting a three-dimensional finite element method. 

 

The primary and secondary leakage inductance parameters was estimated by 

parameter estimation methods for linear induction motor that utilizes pulse width- 

modulator. This method was yield mutual inductance by numerically solving a third 

order polynomial [41]. 

 

A single-sided linear induction motor was modeled and simulated using finite 

element analysis based on MagNet 6.13. Torque and flux linkage characteristics of 

the machine were analyzed with respect to variation in the air gap, material 

variation, variation in secondary plate thickness [42].  

 



12 
 

The end effect in linear induction motors was investigated by using the Finite 

Element Method. This study focused on two developed model for investigation. The 

normal component of flux density distribution in the air gap was investigated by 

means of the end effect at different conditions [43]. 

 

The dynamic characteristics of a single-sided linear induction motor (SLIM) having 

the joints in the secondary conductor and the back iron were analyzed and discussed. 

In this analysis, the time-stepping finite element method and the moving mesh 

techniques were used for simulation. As a result of this simulation, the junction 

between the secondary conductors created a discontinuity of the eddy current and 

fluctuations of the thrust and the normal force [51]. 

 

A single-sided linear induction was analyzed by using two dimensional time-

stepping finite elements. The analysis model has been taken into account transverse 

edge effect and primary moving. The Maxwell stress tensor was used to calculate 

the thrust and normal force at different speed. The simulation results were found to 

be good agreement to the thrust characteristics [52]. 

 

An accurate d-q axis equivalent circuit model of linear induction motor for drive 

system simulations was built based on nonlinear transient finite element analysis to 

obtain the asymmetric d-q equivalent constants for static end effect and distorted air 

gap distribution by velocity for dynamic end effect. The effectiveness of the 

proposed d-q equivalent circuit model has been tested through implementation of 

vector control examples taking into consideration the static and dynamic end effect 

[53]. 

 

The characteristic analysis of single-sided linear induction motors (SLIM’s) with a 

short primary in accordance with the secondary reaction flat structure was described. 

The equivalent parameters according to the secondary conductor shape were 

calculated and estimated using 2-D FEM. Additional, on the basis of the comparison 

of the static and transient characteristics results simulated by the FEM program, it 

has been determined that secondary conductor structure affects the secondary 

impedance of the equivalent circuit of the SLIM [54]. 

 



13 
 

The interpolating linear moving boundary method (ILMBM) in FEM to calculate 

transient electromagnetic field of SLIM was developed and the longitudinal end 

effect was analyzed taking into consideration eddy currents in secondary plate. The 

results of this analysis have been indicated that as the excitation frequency and 

primary speed raise, the longitudinal end effects will increase. And also, the 

efficiency of ILMBM has been confirmed in accordance with the computed result 

[55]. 

 

The influence of the longitudinal end effects to performance of linear induction 

motor was considered through equivalent electro-motive force (EMF). The 

transverse edge effects were painstaking with the aim to the conductivity of 

secondary and ferromagnetic secondary by different modified coefficient. Thrust 

and normal force was computed by a model of a single-sided linear induction motor 

under different air-gap and current frequency. These results have been applied to the 

single-sided linear induction motor to predict its performances. The calculated 

values of thrust and normal force were very close to the measured values [56]. 

 

The single-sided linear induction motor with a solid-steel reaction plate was 

analyzed by solving the two-dimensional field distribution in the air gap and in the 

secondary. Mutual and secondary impedance were derived taking into account the 

longitudinal end effect, transverse edge, the thickness of the secondary plate and 

skin effect. Simulation results created by this proposed method have been a good 

agreement with the traditional results under constant current conditions [57].  

 

2.4 Summary  
 

It is clear from the literature review that a large amount of work has been carried out 

in the analysis of SLIM using different numerical and analytical techniques. 

Compared to rotary induction motors; linear induction motors have special 

electromagnetic phenomena:  electromagnetic longitudinal end effect and transverse 

edge effect. These effects influence the performance of the linear induction motors. 

Recent works were focused on the investigation of these effects on the performance 

of the linear induction motors using analytic and numeric techniques. The main goal 
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of these studies anticipated to get the best performance results of the SLIM. In 

addition to that, in the literature there exist also other studies for compensating the 

longitudinal end effect which has the major affect on the performance of the SLIM.  

 

Limited work has been done in the design of SLIM considering all effects. As a 

result of literature survey, it is obvious that increasing the accuracy of performance 

calculations requires adequate treatment of electromagnetic phenomena in order to 

enhance the existing models in the literature.  Through these improvements it would 

be possible to realize high accuracy SLIM analysis and design.  
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CHAPTER 3 

ANALYTICAL MODELLING OF SINGLE–SIDED LINEAR INDUCTI ON 

MOTOR 

3.1 Introduction 
 
The studies of an analytic modeling of various type of linear induction motor are 

still subjected to research. Actually, there is very rich literature related to this type of 

modeling that includes an experiment and uncompleted research [1] and [30].  

 

In the literature, the steady-state performance characteristics of linear induction 

motor have been determined using one-, two- and three- dimensional 

electromagnetic field analysis including the longitudinal end effects, transverse edge 

effect and reaction of eddy current in the secondary [6]. From the computational 

point of view, the calculation of two-dimensional field in a longitudinal section of a 

SLIM is preferable to a full three-dimensional analysis and is entirely adequate for 

performance evaluation [2]. In design consideration of SLIM, a direct application of 

the field equations is restrictive and using the equivalent circuit is convenient in 

such a case [3]. So that, analytic tool based on the design of the single-sided linear 

induction motor is appropriate for the analysis and design using the equivalent 

circuit approach. 

 

The design of the linear induction motor can be achieved using analytic techniques 

and numerical techniques. In order to carry out the design of the linear induction 

motor, an analytical or numerical modeling of the various phenomena during the 

operation of the motor is essential. A preferable model should not require an 

excessive processing time and includes a minimum of simplifying assumptions. The 

appropriate analytic model of the single–sided linear induction motor should be 

chosen with respect to this aim for developing computer aided design software. 

There are several analytic methods to model the single-sided linear induction motor 

proposed in the literature [2],[3],[6].  
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The method of layer is the analytic method which is widely used for analysis of 

SLIM in the literature [50]. It seems to be used to model of SLIM for two-

dimensional analysis of SLIM. The equivalent circuit parameters for SLIM are 

derived from the two-dimensional field analysis using the method of layer. So, the 

performance calculation can be carried out by using equivalent circuit parameters of 

SLIM.  

 

In this chapter, the structure and principle operation of SLIM is presented. Then, the 

method of layer is also presented in detailed, in order to model the steady state 

performance characteristics of SLIM analytically.  

 

3.2 Operation Principle of Single-sided Linear Induction Motor 
 

The various types of the linear motors correspond to the various rotary motor 

because the linear motor is only developed from the rotary motor. It generally uses 

the primary and secondary terms to indicate inductive and induced, instead of stator 

and rotor respectively. In addition, functions of the single-sided linear induction 

motor are the same principle as the rotary asynchronous motor.  

 

The figure (3.1) represents structure of a single-sided linear induction motor, where 

the displacement of the armature (or the inductor) is carried out according to the 

longitudinal axis (x) at a mechanical speed (Vr) [18].  

 

The primary field windings are located in the primary slots and are transverse by 

currents also circulating in the transverse direction (z). Those create a principal 

induction directed along the normal axis (y). If this winding, which is properly 

distributed, is fed by principally three-phase source of pulsation ω , principal 

magnetic induction and the magneto motive force are propagated along the 

longitudinal axis (x) in the form of a wave moving at the linear speed [18]. 
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Figure 3.1 Structure of a single-sided linear induction motor with double layer 

secondary 

 

The magnetic flux across the air-gap generates the electromotive forces and the 

currents in the secondary conducting plate. The magnetic flux created by these 

currents slips compared to the inductor and with the armature, but it remains 

motionless compared to principal flow. The interaction from these two flows creates 

a linear push. The armature (or the inductor) is thus concerned with the continuation 

(in reverse direction) slipping field. Then, the elementary operation principle is 

similar to that of a machine with circling induction, which is based on an 

asynchronous magnetic coupling [7].  

 

The secondary structure of SLIM is generally not the same compared to the 

secondary of the rotary induction motor. Indeed, this structure is generally 

composed of a ferromagnetic layer of steel and a conducting layer which is the seat 

of induced currents. The right and left width of the conducting layer in transverse 

direction part is to close circuits for the induced current [5]. 

 

3.3 Electromagnetic Field Model of Linear Induction Motor 
 

Analytical or numerical methods start from a formulation of electromagnetic fields 

resulting from the Maxwell's equations. Those govern all those electromagnetic 
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phenomena within single-sided linear induction motor. Electromagnetic fields 

analysis problem within the single-sided linear induction motor arises in a 

fundamental way in terms of the Maxwell's equations [19]. They are as follow; 

 

cJHtoR =
→→

                   (3.1) 

t

B
ERot

∂
∂−=

→

                  (3.2) 

EJc σ=                    (3.3) 

HB µ=                    (3.4) 

0=BDiv                    (3.5) 

 

In order to define electric scalar potential and magnetic potential vectors using the 

above equations are expressed as: 
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∂+                  (3.7) 

In the existing moving media, the conducting current density ( cJ ) is written in the 

following form;  

)( BxVGrad
t
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JJ exc σφσσ +−

∂
∂−=                        (3.8) 

 

Induced currents by a possible relative mechanical movement between conducting 

part and the magnetic field lines are defined in the reference study frame. The 

preceding equations can be combined to lead to the following total equation [44].  
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∂
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µ
             (3.9) 

 

This equation makes it possible to analyze the electromagnetic fields in an 

electromagnetic device fed during the operation in a general way and in the linear 
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induction motor in particular. Indeed, let us note that the magnetic potential vector is 

not single; the equation (3.7) shows that this one derives from rotational. Infinity of 

solutions arises and they differ from/to each other of a gradient. The gauge of 

Coulomb is often used to guarantee the unicity of the solution. 

 

0=ADiv                   (3.10) 

 

The term ( φGrad  ) in the induced currents, this assumption can be neglected 

because of the symmetry of the distribution of these currents in the apparatuses with 

induction in a general way [45]. 

 

Harmonic model is used in order to make it possible to be freed from the time 

constraint by supposing that the source currents are purely sinusoidal and the 

electromagnetic fields vary also in a sinusoidal way [44]. 
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                 (3.11) 

))(exp( ϕω += tjJJ exex                (3.12) 

 

where s is the relative slip speed compared to slipping field, then equation (3.9) 

becomes [46]. 
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µ

                       (3.13) 

      

Generally, an electromagnetic device comprises several materials which have some 

nonlinear characteristics. In addition, the electromagnetic phenomena strongly vary 

within the structure. Equation (3.13) can be used for the one-, two and three-

dimensional electromagnetic field analysis of the single-sided linear induction 

motor. An analysis of the complete structure in three dimensions (3D) proves 

expensive in terms of computing time. In addition, one- dimensional (1D) analysis is 

not very representative. The use of the two-dimensional (2D) models is particularly 

simple and effective and its choice is realistic.  
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3.4 Analytical Methods of Linear Induction Motor 
 
Analytical modeling of single-sided linear induction motor is developed by using 

analytic method. In order to model the linear induction motor, these analytic 

methods are applied to this model with the appropriate assumptions according to 

dimensional analysis. These assumptions are intended to simplify the complex 

analysis in the model. 1D, 2D and 3D electromagnetic field analysis within the 

linear induction motors. The quasi-one dimensional model of SLIM has been given 

for an example of modeling.  The method of the layers, which is one of the analytic 

methods to model of the single-sided linear induction motor with double layer 

secondary, can be used in order to model with 2D electromagnetic field analysis 

which seems to be adapted to the establishment of an analytic tool dedicated to the 

computer-aided design.  

 

3.4.1 Quasi-one-dimensional Model of Single-sided Linear Induction 

Motor 

 

The one-dimensional model, which takes only the variations in the x coordinate into 

consideration, is sufficient for many purposes [5]. In this model, the transverse edge 

effect, skin effect and secondary saturation are taken into account by means of 

appropirate coefficient (such as equivalent secondary conductivity and air gap). This 

model also used in two-dimensional electromagnetic field analysis for SLIM. Figure 

3.2 [24] shows the SLIM model used for analysis in two-dimensions. It has four 

distinct regions: 1) Primary, 2) Air-gap, 3) Reaction rail, 4) Back-iron.   

 

According to this model of SLIM, certain assumptions are made for one-

dimensional (1-D), two-dimensional (2-D) electromagnetic analysis. For two-

dimensional analysis of SLIM, certain assumptions are made [3]. They are as 

follows 
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Figure 3.2 SLIM model used in quasi-one-dimensional theory 

 
 

1) All layers extend to infinity in the x direction. However, in calculating the thrust 

and the reactive power, the field behind the motor exit is ignored. 

2) The frame of reference is attached to the primary. The primary winding is 

confined to an “active zone.” 

3) Time and space variations are sinusoidal. 

4) Excitation windings are located in the primary slot. The excitation is presented 

by an equivalent current sheet of negligible thickness which produces the same 

magneto motive force as primary winding  

5) Edge effect, skin effect, back-iron saturation, air gap leakage, slot effect are 

taken into account by suitable correction factor. 

6) Currents are only z-directed. 

7) Variations in z direction are ignored. 

 

Assumptions (6) and (7) facilitate analysis in two-dimensions. According to rest of 

these assumptions, simplification is carried out. So, electromagnetic field equations 

are obtained from the Ampere’s law by using the reference frame which includes 

three different media.  
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3.4.2 One-dimensional Electromagnetic Field Equation in the Air-gap  

 

The longitudinal end effect is the phenomena which occur due to the limiting length 

of the motor in longitudinal section. In order to get the high precision results for the 

performance of SLIM, this effect must be taken into account. By using considerable 

simplifications and one-dimensional electromagnetic field model , the distribution of 

induction in the air-gap and the conducting layer of the armature are determined  to 

characterize the end effects in SLIM. 

 

In the end effect analysis of SLIM, the distribution of induction in the air gap is 

investigated by designer. By given appropriate simplifications for one-dimension, 

the distribution of induction is obtained by largely simplifying the three-dimensional 

equation (3.9) resulting from the Maxwell's equations. 

 

For the machine represented in Figure (3.1), equation (3.13) can be simplified by 

assumptions that [47]:  

 

1) Only the Hy component exists in the air-gap and the conducting part of the 

secondary; 

2) The permeability of the ferromagnetic steel of the primary and the secondary is 

infinite;  

 

3) Only the currents component induced along axis (z) exists in the active part of the 

conducting layer of the secondary of the motor;  

 

4) The currents induced along axis (x) circulate in the part of the conducting layer 

located on both sides active part;  

 

5) In steady operation, if the source of food is sinusoidal, the derivative compared to 

time ∂/∂t, is replaced by jsw;  

6) And the primary currents feeding are represented by thin current density by:  
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Under these conditions, equation (3.13) becomes [53]: 
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In steady-state operation, the solution of this equation is given by:  
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where 1α , 2α  and eτ   are related to linear speed, conductivity of the secondary 

conducting plate and thickness of the air gap. The constants sB , 1B  and 2B can be 

deduced starting from the boundary conditions. The first term of equation (3.15) is a 

principal field slipping which is propagated in the opposite direction of movement 

of the primary and corresponds to the spinning field pattern in the air-gap of a rotary 

induction motor. The second term is magnetic induction due to the entry end effect 

of SLIM. This wave is propagated along axis (x) in the direction of the main field 

propagation. Lastly, the third term represents magnetic induction due to the exit end 

effect; this wave is propagated along axis (x) in the opposite direction of 

fundamental displacement field. These two waves are space harmonics of principal 

induction in the air-gap of SLIM. They cause the attenuation of the performances of 

SLIM compared to the rotary induction motor.  

 

In general, 1α  is larger than 2α  and the wave due to the entry generates a broader 

effect on performances of the linear induction motor compare to the exit wave [7]. 

Moreover, for high speeds applications,  1α  becomes large and the two dominating 

waves that are propagated together over the entire length of the primary. The entry 
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end wave can be reached at the beginning of the exit end of primary. But the exit 

end wave never reaches the entry end of the linear induction motor.  The 

performances of the SLIM are seriously affected for high speeds. In addition to that, 

these effects are also pronounced also for small slips. 

 

3.4.3 Method of the Layers  

 

Generally, the linear induction motor has a rather large air-gap compared to its 

rotary induction motor due to the problems of guidance of movement. This is why; 

the assumption of the uniform magnetic field intensity (H) through the air gap is not 

very realistic. Moreover, the secondary of this type of motor are made up of an 

aluminum plate and a ferromagnetic layer of steel, in general. Consequently, in 

order to obtain precise results the distribution of the induced currents in the 

secondary must be taken into account [7]. 

 

An approach of analysis known as method of layers was developed [48]. It consists 

in dividing the SLIM into layers as shown in the figure 3.3, then to calculate the 

distribution of magnetic induction. 

 

On two-dimensional (2D) assumption, the fields are supposed invariants in the 

transverse direction (z) and the currents induced in the secondary circulate 

according to the same direction. Nevertheless, in a linear induction motor including 

a conducting layer in the secondary, the induced currents have a component 

according to the longitudinal direction which corresponds to the direction of 

movement (x). The effect of these currents is taken into account by adjusting the 

resistivity of the conducting parts of the armature by correct factors. Moreover, the 

slot effect can be taken into account by increasing the air-gap by the Carter 

coefficient and primary part is presented by an infinitely thin current sheet, 

deposited on surface between the primary education and the air-gap. 
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The inherent disadvantage of the method of the layers is that the transversal and 

longitudinal dimension effect of the primary applying to the electromagnetic field 

analysis of a linear induction motor is the difficulty.                                                                                       

exJ  

 

 
 
 
                                                                                                                  Hx 
 
                                                                                                         By 
 
 
 
 
 

Figure 3.3 Basic model of method of layer for SLIM 

 
 

Figure 3.3 shows the provision of the layers in a single-sided linear induction motor 

supplied with a sinusoidal power source such as:  

 

( )[ ]{ }kxtjJj exex −= ωexpRe                (3.16) 

 

The values of By and Hx of figure 3.3 are those of the interface between the layers, 

which must check the conditions of passage between two mediums. For the each 

layer and by supposing that the fields are sinusoidal and have a frequencynω , 

equation (3.14) can reduce to the following equation:  
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Where:  
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Such as 
λ
π2=k , nµ is the permeability of the nth layer, nω =snω  and sn is the slip 

of the nth layer.  

 

In equation (3.17), By is the complex module of normal magnetic induction by, such 

as  

 

( )[ ]{ }kxtjBb yy −= ωexpRe                (3.19) 

 

The solution of equation (3.17) is like that:  

 

yByAB nny γγ sinhcosh 11 +=               (3.20) 

 

Where A1 and B1 depend on the boundary conditions and the conditions of passage 

between the various layers.  

 

At the borders between the layers, By is continuous and Hx is also safe in the 

presence of the surface currents. In this case, Hx undergoes a discontinuity equal to 

the density of these surface currents [7]. Moreover, iterative calculations allow the 

adjustment of the permeability of each layer to take into account saturation.  

 

Lastly, by knowing the distribution of the fields in the various layers of the linear 

induction motor, the characteristics and the performances of SLIM can be evaluated.  

 

3.5 Analytical Modeling of Single-sided Linear Induction Motor by Using 
Method of Layer  
 

In this section, the analytical modeling of the single-sided linear induction motor 

object on two-dimensional (2D) assumption is carried out by using method of layer. 

From a point of view computing time, determination of the distribution of the 

electromagnetic fields in 2D through longitudinal section of a SLIM is preferable 

with a complete three-dimensional analysis and is entirely adequate for the 
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performance evaluation of the SLIM [2]. This approach seems to be adequate to 

implement an analysis tool to be incorporated in computer aided design tool. 

  

 

Figure 3.4 Model of Single-sided Linear Induction Motor with double layer 

secondary 

 

The two-dimensional assumption (2D), the currents and the magnetic potential 

vector have only one component according to axis (z). Magnetic induction has two 

components: one is principal or normal and noted By, it creates the push and it is 

directed along axis (y); and the other tangential is noted Bx, it gives rise to a normal 

force and it is directed along axis (x). The longitudinal section of the SLIM to be 

analyzed is schematized in figure 3.4 [2]. The secondary is supposed to be 

composed of two layers, one is conducting (out of aluminum generally) and the 

other out of laminated or massive ferromagnetic steel. Ferromagnetic steel makes it 

possible to channel flow in the secondary and reduces the magnetizing current of the 

machine [7].  

 

Moreover, the magnetic permeability of secondary steel (back-iron) has non linear 

characteristics due to the magnetic saturation. And it has also hysteresis losses 

which influence significantly secondary impedances. In order to get high precision 

result in the analysis and effective design of SLIM, these effects should be taken 

into account. So the analysis tool for SLIM based on the method of the layers is 

presented by taking into account of [2].  
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1) Skin effect in the secondary, 

2) Reaction of the eddy currents of the secondary on the primary magnetic 

field, 

3) Saturation and hysteresis effects in the ferromagnetic steel of the secondary, 

4) Longitudinal ends and transverse of edges effects.  

 

The effects of saturation and hysteresis in two-dimensional electromagnetic fields 

distribution are included by means of an equivalent relative magnetic permeability 

of the steel of the secondary, expressed by [7]:  

 

( )"' µµµµ jrsre −=               (3.21) 

 

Where, rsµ  is the surface permeability of the secondary steel on the side of the 

primary. The real and imaginary components are described in [7], such as:  

 

( )22"' 5.0; xRxR aaaa −== µµ              (3.22) 

 

Ra  and xa  coefficients  depend on the magnetic field on the surface of the 

secondary steel and take into account of the saturation and the effect of hysteresis.  

 

In addition, the Carter coefficient (ck ) which is for taking into account slot effect 

(its formula is given in A2), and saturation factor ( µk )  which is for taking into 

account back iron saturation effect (its formula is also given in A3), are used to 

obtain the equivalent air gap [7], 

 

gkkg c µ='                 (3.23) 

 

The transverse edges effect in the layer of the primary ferromagnetic steel is 

included by a correction factor. Moreover, the factor of correction of Russel and 

Norsworthy (given in A4) is used to take account of the edges effect in the 
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conducting aluminum plate, by correcting the electric conductivity of this layer in 

the following way [7].  

 

1
'
1 ARNA k σσ =                 (3.24) 

 

In order to take account of the longitudinal end effects in an analytical model, 

several techniques were proposed in the literature. This effect can be taken into 

account;  

 

1) By superposition of travelling wave at synchronous speed and two end effect 

waves [5], 

2) By postulating a periodic distribution of SLIM’s and representing the resultant 

space harmonics by Fourier series [48], 

3) By modifying the electromotive force (EMF) across the mutual impedance of a 

T-type equivalent circuit [2]. 

 

The mentioned above techniques for taking into account the end effect are some of 

them in the literature. The technique (3) is considered to give the best results and is 

the simplest analytically and computationally. The end effect factor (given in A5) is 

defined as [2]. 

 

ms

me
e E

E
k =                  (3.25) 

 

Where msE  is the maximum value of the electromotive force induced in a primary 

phase winding by a magnetic wave of induction being propagated at the 

synchronous speed. meE  is the maximum value of the electromotive force induced 

by the  attenuated wave at the entry of SLIM. This attenuated wave occurs due to 

the limited longitudinal length of the primary. This factor expressing the end effect 

is used to modify the electromotive force of the magnetizing branch.  
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3.5.1 Two-dimensional (2D) electromagnetic field distribution of SLIM with 

double layer secondary  

 

Two-dimensional electromagnetic field distribution equations lead to determine the 

mutual and secondary impedances in the equivalent circuit. These electromagnetic 

field equation obtained from the method of layer in the longitudinal section of SLIM 

which consist of three isotropic layers; the first layer is steel half place, the second 

layer is aluminum with thickness, dal , the third layer is equivalent air gap, 'g .  

 

These assumptions are applied in Figure 3.4. Then, the electromagnetic fields 

expressions in a longitudinal section of the SLIM are established within the 

framework of the following assumptions [2]:  

 

1 - The steel of the primary consists of ferromagnetic infinite permeability and 

perfectly laminated sheets (i.e. electric conductivity is null in the transverse 

direction (z);  

 

2 - The primary phase winding is represented by a thin current sheet which contains 

space harmonics of winding;  

 

3 - The analyzed longitudinal section consists of three homogeneous and isotropic 

parts: an air-gap a thickness g', an aluminum plate dal thickness and a secondary 

ferromagnetic layer  dir thickness;  

 

4 - The active surface of the primary is parallel to that of the secondary;  

 

5 - The equivalent magnetic permeability of the back iron is defined so that the 

saturation and the hysteresis loop are taken into account; 

 

6 - The equivalent magnetic permeability of the secondary ferromagnetic is the same 

one for the fundamental one and the harmonics of space of the magneto motive 

force of the primary of high row; 
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7 - The space period of the distribution of the electromagnetic fields in the 

longitudinal direction (x) is of 2τ ;  

 

8 - All electromagnetic fields are sinusoidal functions of time;  

 

9 - The motor is supplied by a presumedly perfect power source (one neglects the 

harmonics of current due to the order by Multi Line Inverter of the inverter 

supplying the motor).  

 

If the above assumptions and appropriate boundary conditions are applied to the 

equation (3.20), the following distribution of the electromagnetic are obtained [2]:  

 

1 - For the area of the air-gap (0<y<g'):  
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2 - For the area of the conducting layer out of aluminum (g' <y<dal +g'):  
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3 - For the area of the ferromagnetic steel of the secondary (y>dal +g'):  
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Where 
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Time factors exp (j v
+ω ) in mvA+ , mxH + , mzH + , myE+  and exp(j v

−ω ) in 

mvA− , mxH − , mzH − , myE−  have been eliminated. The peak values of the line current 

density of the primary A, angular frequencyω , and slips s, are given the following 

formulae.  

 

a) For the forward traveling fields:  
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b)  For the backward traveling field:  
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All calculations are carried out by the assumption of taking into account of the 

fundamental space harmonics of the primary magneto motive force (i.e. v =1) [18]. 

The electromagnetic equations for the first space harmonic (v=1) of the magneto 

motive force of the primary are obtained from above equations. They are as follow:  
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1 - For the area of the air-gap (0<y<g'):  
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2 - For the area of the conducting layer out of aluminum (g' <y<dal +g'):  
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3 - For the area of the ferromagnetic steel of the secondary (y> dal+g'):  
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and  
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kwNI
Am

23=                 (3.46) 

3.6 Summary  
 
In this chapter, the electromagnetic modeling of SLIM has been presented. The 

presented model is developed by means of the method of layer. Hence, two-

dimensional (2D) electromagnetic field distribution by considering the fundamental 

space harmonic is described by the equations which take into account the skin effect 

and reaction of the secondary eddy current.  Other electromagnetic phenomena 

during the operation of SLIM (such as the longitudinal end effect, transverse edge 

effect, and slot effect) are integrated into the model by means of the corrected 

factors. Because the transversal and longitudinal dimension effects of the primary 

applying to the electromagnetic field analysis of a linear induction motor is the 

difficulty.  

The electromagnetic equations, which are obtained from the electromagnetic analysis 

using the method of layer, will be used in the next chapter to obtain the equivalent 

circuit parameters and the electromagnetic investigation of SLIM. 
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CHAPTER 4 

EQUIVALENT CIRCUIT TECHNIQUE 

 

4.1 Introduction 
 
The single-sided linear induction motors (SLIM) are widely utilized in industrial 

applications and transportation due to their simple structure, ease of implementation 

in manufacturing, high reliability and speed, low energy consumption and pollution 

[1]. Generally, a double layer reaction rail SLIM is made up of two major parts; a 

primary and a secondary. The former part, i.e., the primary, consists of slots which 

hold primary windings. The secondary of the SLIM holds a conducting plate which 

is backed by a ferromagnetic material, ‘back iron’ or ‘secondary iron’ [16]. While the 

motor operates, some essential electromagnetic phenomena occur because of the 

structure of the motor and its physical properties. To take into account these 

phenomena in performance calculations, several corrections should be introduced 

thereafter in the form of reiterated calculations or of correction factors [2]. 

   
The equivalent circuit technique (ECT) is assessed numerous studies [1-3] in the 

literature and it is shown that the method is appropriate to utilize the ECT for the 

steady state performance calculation of the SLIM where particularly the T-type 

equivalent circuit is usually preferred. In order to employ the T-type equivalent 

circuit, primary resistance, primary reactance, magnetizing branch, magnetizing 

reactance and secondary impedance should be considered. The magnetizing branch 

reactance and secondary impedance are obtained by solving the field equations 

which are acquired from the electromagnetic field analysis through the layer method. 

Although, the layer method is widely used for the electromagnetic analysis of the 

SLIM [3], [48] the analytic results obtained via this method are not adequately close 

to the values measured over a wide range of operating conditions.  The main reason 

of the mentioned problem is actually the inadequate treatment of the saturation effect 

and the depth of penetration, which is related to the permeability of the secondary 
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iron, in the back iron for high frequency applications. An adequate consideration of 

such parameters in addition to the others will provide the correct calculation of the 

secondary impedance; moreover, it will present more precise performance prediction 

for both analysis and design stages as well. Thus, research over the mentioned 

problem is still essential.  

   

For this purpose, in this chapter, the following tasks are performed:  a) Saturation 

level of the back iron is determined by iteration. Having accomplished 

aforementioned tasks, we calculate secondary iron impedance by using a linear 

approximation that is novel in the calculation of secondary iron impedance. The 

developed model with this novel approach is then applied to the Canadian Guided 

Ground Transportation (CIGGT) LIM to assess its performance under the above 

mentioned conditions. The results are compared with those given in the experiments 

of the previous studies.  

 

4.2 Longitudinal end effect and saturation factor 
 
The Longitudinal end effects in the linear induction motor are due to the limiting 

longitudinal length of the motor. It influences the speed on the non uniform 

distribution of the induction in the air gap of the LIM and current induced in the 

secondary. This effect is taken into account by a factor ke given on the basis of a 

distribution of induction in the air gap of SLIM made up of a slipping field. The end 

effect can be expressed as a summation of two air gap flux density waves [1]  
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The electromotive force induced in a primary phase is the superposition of two 

electromotive forces, one due to the fundamental field and the other is induction due 

to the end effect and it can be expressed in the form [47]: 
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where  
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Since the ferromagnetic material (back iron) exists in the secondary, the saturation 

should be considered at some operating conditions. The classical theory of the 

electric motors defines the saturation factor of the magnetic circuit as being the 

relationship between the total magneto motive force and that of the air gap by pole 

pairs. The magnetic permeability of the primary is assumed infinite. So the magneto 

motive force in the primary can be neglected. Under this condition, the saturation 

factor [2] of the magnetic circuit of SLIM can be expressed as. 
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where vV  is the magneto motive force (MMF) per poles pair, gvV  is the magnetic 

voltage drop in the air gap, dvV  is the magnetic voltage drop in the conducting plate, 

svV  is the magnetic voltage drop in the secondary back iron. The details for equations 

(4.3) and (4.4) are given in Appendix A5 and A3 respectively. 

 

4.3 Wave penetration depth concept  
 
The performance prediction of the SLIM has been carried out by the electromagnetic 

field analysis together with the ECT which include special phenomena (transverse 

edge effect, longitudinal end effect, saturation, hysteresis and non-linear complex 

magnetic permeability) presented in section 2. In ECT, the secondary parameters are 

evaluated from two dimensional (2-D) field analyses. Thereby, the layering model 

has been developed by paralleling the layer impedances of the motor considering the 

wave impedance concept [16].  

 
In the layering model, the secondary iron has two regions; the conducting surface 

ferromagnet, which has the uniform field distribution in the normal direction (y), and 
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the nonconducting ferromagnet. As regards to the wave penetration concept, the 

wave with frequency f penetrates into the layers of the secondary iron having the 

permeability µ and the conductivity σ  where the amount of penetration depth is 

calculated according to the (4.10). Thus, the thickness of the conducting surface 

region is assumed to be equal to the penetration depth of the wave that is in 

accordance with the wave penetration concept. It is observed that the penetration 

depth increases as the secondary frequency (sf) decreases. Note that, the average 

distance value of flux penetration is limited to be the half of the layer thickness even 

though the penetration depth value is calculated to be greater than the half of the 

layer thickness of the secondary iron (dir/2) as seen in Figure 4.1.  

 

                             
                                  Feavd δ= ,  Feδ                     Feδ , 2/irav dd =           dir/2                                      

  

   dir/2 

  
 

Figure 4.1.   Back iron half space layer modeling  

 

4.4 Calculation of saturation level 

 
The following iterative algorithm is used to obtain equivalent magnetic permeability 

of the back iron, in other words, the saturation level. 

 

• It is assumed that the surface magnetic field intensity at the boundary between 

the solid iron and the aluminum is equal to the line current density of the 

primary  

 
             Hs1=Am 

 

where  τp

kwNI
Am

23=                                                                                            (4.5) 

 
and the saturation factor µk  is assumed  to be equal to one 

• Extract the surface permeability of the back iron from B-H curve data and 

calculate the equivalent magnetic permeability by using the (3.21) and (3.22) 
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• Then, the effective air gap g’ (3.23) and the attenuation factors  1α , 2α  and the 

propagation constants K1, K2 are calculated by using the following expressions [2] 
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Ferefsj σµµπα 01 2=                                                                                   (4.8)

  

Alfsj '2 02 σµπα =                                                                       (4.9) 

 

where     
τ
πβ =  

 
• Next, in order to determine effective depth  (dav) of the induced currents in  the 

secondary iron layer, the penetration depth of magnetic flux into the back iron is 

calculated by using the equations given below [7]: 
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  Feδ   if   Feδ < 0.5dir  

 dav=                                                                                             (4.11) 
  0.5dir if    Feδ > 0.5dir 

 

• Later, tangential and normal magnetic field intensity is calculated by the use of 

the (4.12) and (4.13) to obtain the average magnetic permeability, avµ , from the 

B-H curve data of the back iron.  
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where M is the factor required for the two dimensional analysis of SLIM [7] 

 
• The new saturation factor is then calculated by equation (4.4) 
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• As a last step, the magnetic field intensity (Hs2) value at the surface of the back 

iron is updated by using the (4.12) and (4.13) with y=g+dAl . The above 

mentioned computation are carried out until a sufficient convergence between 

the Hs1 and Hs2 is attained where each of the magnetic field intensity values can 

be calculated with the following: 

 
where    Hs= ( xH 2 + yH 2 )1/2                                    (4.14) 

 
 

As a consequence of the iterations, the saturation level is determined for each slip 

value with the consideration of the nonlinear characteristics of the secondary iron as 

mentioned above. Through the iterations the wave penetration depth is calculated 

according to the wave penetration depth concept which is explained in Section 4.3. 

 

4.5 Simulating the CIGGT LIM 
 
For the CIGGT SLIM with the given design data in Table 4.1, the variation of the 

wave penetration depth with linear speed at different input frequencies (f) is shown in 

Figure 4.2. As expected, the depth of the penetration into the secondary iron 

increases as the slip decreases.  

 

Table 4.1 Data on CIGGT LIM 

Number of Phase,m 3 

Number of pole pairs,p 3 

Rated phase  current,I 200 A 

Pole pitch,τ  0.25 m 

Air gap length, g 0.015 m 

Number of primary turn/phase,N 108 

Width of the aluminum layer, W+2hov 0.201 m 

Width of the secondary iron layer,W 0.111 m 

Thickness of the aluminum layer,dal 0.0025 m 

Thickness of the secondary iron layer,dir 0.0254 m 



42 
 

Conductivity of secondary iron,Feσ  4.46 MS/m 

Conductivity of secondary iron, Alσ  32.3 MS/m 

 

 

The penetration depth value, which is dependent on the frequency of the secondary, 

goes up to the half of the layer thickness about the synchronous speed. Additionally 

penetration depth goes up to the total thickness of the secondary iron near the 

synchronous speed. The thickness of the passing path, that the induced current on the 

secondary iron flows on, also increases as the depth value of the penetration 

increases. This thickness should be fixed to a certain value according to the wave 

impedance concept.  
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Figure 4.2 Linear speed vs. penetration depth at different constant input frequency 

 

The changes of the penetration depth have an influence on the equivalent relative 

permeability as well. The relation between the penetration depth and the equivalent 

relative permeability is depicted in Figure 4.3. As the secondary frequency decreases, 

the penetration depth increases. Therefore, the equivalent relative permeability also 

increases as well. Additionally, the penetration depth shows regular variation along 
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with the speed and the variation equivalent relative permeability against speed which 

is observed to be slight between zero and synchronous speed. 
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Figure 4.3 Variation of the equivalent permeability vs. linear speed at different 
input frequencies 
 
 
At each iteration of the algorithm, the change in the equivalent permeability value of 

the secondary iron is calculated to be so small that current slip value in the iteration 

is nearly the same with the previous one, until speed approaches near the 

synchronous speed. Note that, the linear speed is obtained by multiplying the 

synchronous speed (2fτ ) with the expression (1-s) where s denotes the slip value.  

 
 

4.6 Obtaining the Equivalent Circuit Parameters of SLIM from 

Electromagnetic Equations  

 

The secondary and mutual impedances in equivalent circuit diagram of Figure 4.4 

are derived from the two-dimensional electromagnetic field equations. Unit 

secondary impedance due to the first space harmonic is given by the ratio of 
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tangential electric and magnetic field components, as given by equations (3.40) and 

(3.42): 
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where:  FeZ  is the unit impedance of the solid steel plate, and 12z is the unit 

equivalent impedance of nonmagnetic layer which is dependent of parameters of 

solid steel reaction plate. In order to take account of transverse edge effect, FeZ is 

multiplied by kz >1 [2].  

 

zFeFe kZZ ='              (4.16) 

 

And the electric conductivity of nonmagnetic layer should be multiplied by Russel 

and Norsworthy’s factor kRN  <1.  
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where :  

 

( ) 2/02 RNAlxALRAl kjaaK σωµ+=  

Let us note that this expression of 12z  depends on the parameters of the layer of the 

secondary steel. While making tighten the impedance of ferromagnetic secondary 

towards the infinite, the expression from the impedance of the aluminum conducting 

layer is deduced. So AlZ  is: 
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So the secondary branch impedance of a single-phase equivalent circuit diagram in 

Figure 4.4 can be expressed as follows:  
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The secondary impedance referred to primary winding is expressed by: 
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where:  
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vp
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Now let us express the impedance seen on the primary side. It can be expressed in 

the following way (for y=0):  
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where: 
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If the secondary impedance of the zy is made tighten towards the infinite, the 

magnetizing reactance expression is obtained:  
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The magnetizing reactance referred to primary winding is  
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In addition, the resistance of a phase of the primary education is expressed by:  
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As regards the leakage reactance of the primary (due to the leakage in the slots), it is 

calculated by using one of the methods used in the conventional rotary machines 

presented as below:  
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To take account of the end effect, the amplitude of the electromotive force induced 

referred to primary winding is modified as follows: Eme=Ems (1−ke), as it is 

illustrated on the equivalent circuit diagram of Figure 4.4. 

 

 4.6.1 A new approach to obtaining the secondary impedance of SLIM in ECT  

 

By solving the electromagnetic field equation which is obtained from the 

electromagnetic analysis by using the layering method, the following secondary iron 

layer impedance, aluminum layer impedance and magnetizing reactance equations 

are obtained respectively [2].  
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The secondary iron layer impedance depends on the equivalent permeability as 

shown in (4.28). Diverse from the methods in the literature, the secondary iron 

impedance is calculated with the consideration of the variations of the equivalent 

permeability with the slip. This novel approach, which aims to calculate the 

secondary iron impedance more sensitive by utilizing a linear approximation 

method, is given in this section.  

 

Together with the following approximation (such as K1= 1α , ( )12tanh adK = 12 adK ), 

the secondary iron layer and aluminum layer impedance equation for the above 

mentioned purpose can be written as 
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In order to take transverse edge effect into account, the impedance of secondary iron 

is multiplied by [7]: 
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In (4.32), each column vector represents the secondary iron layer impedance which 

corresponds to each slip value that is between zero and an appropriate value (1 or 2). 

The length of the column vector depends on the step value of slip. Consequently, 

maximum length of the column vector (l) can be defined as: 
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=                                                                                                     (4.34) 

 
Where 0s  denotes the minimum value of the slip and maxs stands for the maximum 

value of the slip that this value is chosen as 2 in this study.  

 
 
 
 
 
 
 
 
 

 
Figure 4.4 Per-phase equivalent circuit of SLIM 

 
 

Figure 4.4 depicts the T-type equivalent circuit of the SLIM with double-layer 

secondary where aluminum and secondary iron layer impedances are connected in 

parallel. Hence, equivalent secondary impedance referred to primary winding can be 

found by using classical circuit theory as below. 
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where;    n=0,1,2………l 

The equivalent secondary impedance depends on the slip and should be determined 

for each slip value in the case of the different operating conditions. To do this, each 

column vector obtained from (4.32) is substituted into (4.35). However, it is not 

appropriate to calculate the secondary equivalent impedance in this way due to the 

Ems(1-ke) 
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mathematical constraints. After some required algebraic manipulation, the secondary 

impedance model has the form:  

 
 )()( nn dyA =                                                                                                           (4.36) 
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where Xn represents each column vector obtained from the equation (4.32) and y is 

the equivalent secondary impedance value. The column vector Xn, which actually 

holds secondary impedance values for each slip, can be shown as:   

 
)()( n

nFe XsZ =                                                                                                       (4.37) 

 
So, this model represents the secondary iron impedance and can now be evaluated by 

the least square solution for the equivalent secondary impedance. To utilize the least 

square solution, An, which represents column vector, should be transposed. Then, the 

(4.38) is obtained to solve the y value that stands for the secondary impedance by the 

use of least square solution. 
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The rest of the parameters required to evaluate equivalent circuit technique, i.e., the 

specific primary iron losses, primary impedance and air gap voltage, should be 

obtained. The specific primary iron core loss, which is represented with RFe, is 

characterized in (4.39).  
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Where FeP∆  is the core loss of the primary. On the other hand, the other required 

parameter, i.e., the primary impedance, Z1, is calculated with the same way as in the 

rotary induction motor. As for the air gap voltage, which has to be calculated to take 

the end effect into account, the air gap voltage is obtained and multiplied by (1-ke).  
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Thus, to validate of the proposed method, the steady-state thrust of the SLIM is 

calculated to compare the experimental results where the calculation is carried out by 

using the following equations. 
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Now let us express the electromagnetic power transmitted of the primary to the 

secondary:  

 

( )
s

RIm
Pem

'
2

2'
2=                 (4.43) 

 

The mechanical power can be deduced from this expression:  

 

( )sPP emme −= 1                (4.44) 

 

And the efficiency is expressed as:  
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Pem and Pme are the total electromagnetic and mechanical powers respectively. They 

are calculated by taking account of the most dominating space harmonics; Pa is the 

total electric output absorptive by the motor and primP∆ is the total active losses in 

the primary such as:  

Feprimprim PImRP ∆+=∆ 2              (4.46) 
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In addition, the efficiency and power factor ( ϕη cos ) is also a performance 

characteristic of SLIM, which also noted (KW/KVA), can be defined as: 
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For the calculation of the normal force, an empirical formula suggested in [2] is 

used and it is given by:  
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Where Ap is the equivalent transverse surface of the primary which takes account of 

the semi slot filled in the linear machines. It is expressed by (one adds x∆  if the 

length of the primary of the linear motor is larger than pτ2  in the longitudinal 

direction (x)):  

 

( )xpAp ∆+= τ2                      ;2 'gLW +<      

( )( )'22 gLxpAp +∆+= τ         '2gLW +> .          (4.49) 

 

and Bmyg it is the amplitude of normal induction in the air-gap by taking account of 

the saturation and the longitudinal end effect. It is empirically given by [2]: 
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4.7 Conclusions and Remarks 

 
Here, an attempt has been done to develop a new approach to obtain the secondary 

impedance of the SLIM. Section 4.6.1 presents the details of the novel approach and 

this section will study the relationship between the obtained secondary impedance 

with speed and thrust variations as a consequence of the adequate treatment of the 

saturation effect and permeability. 

 

The relevancy between the secondary impedance which is obtained by using the 

proposed approach and speed is depicted in Figure 4.5. As can be seen in the figure, 

when approaching the synchronous speed, the secondary impedance stays nearly 

constant; however, it decreases sharply near the synchronous speed. This is an 

expected effect of the wave impedance concept since the change in the permeability 

of the iron is minimal until the penetration depth reaches the half of the thickness of 

the iron. Moreover, when the penetration depth passes the half of the thickness of the 

iron and approaches the exact thickness of the iron, a decrease in the secondary 

impedance initiates. Once the penetration depth reaches the exact thickness of the 

iron, a sharp decrease occurs. 

 
 

Figure 4.5 Secondary impedance vs. linear speed of CIGGT SLIM 
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Since the secondary impedance is not a value that can be measured during the 

operation of the SLIM, hence, thrust value should be employed in evaluation of the 

secondary impedance. As a result, the proposed approach can only be validated 

through the thrust values of the SLIM.  

 

 
Figure 4.6 Simulation results for performance of the CIGGT SLIM 
Experimental points: + 40 Hz, x 28 Hz, o 18 Hz, * 11 Hz, ∆ 5 Hz 

 
 
Figure 4.7 depicts the curves of thrust values according to linear speed for constant 

frequency, e.g., 5 Hz, 11 Hz, 18 Hz, 28 Hz and 40 Hz where experimental results at 

each frequency is given with a separate symbol; circles correspond to the results at 

5Hz, plus signs to 11Hz, crosses to 18 Hz, stars to 28 Hz and circled-plus signs to 

40Hz. The dashed lines represent the results of our method and straight lines 

correspond to the results of the CIGGT SLIM study [1] from the literature. The 

results of proposed method are observed to be in good accordance with the 

experimental results of the CIGGT SLIM. Notice that, as seen in the figure, there is a 

good match between the objective model and the result of the proposed method in 40 

Hz frequency. As far as similar studies in the literature are concerned, as to the 

authors’ knowledge, the proposed approach is the most efficient method studied in 

this frequency while it sacrifices computational speed on behalf of a more precise 

performance. At frequencies below 40Hz such as 18Hz and 28Hz, however, the 

results of the proposed method are observed to be slightly poorer than the results of 
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the CIGGT SLIM study. This is mainly caused by the errors during the linear 

approximation to estimate the secondary iron impedance at lower frequencies. 

 

As a result, a new approach has been introduced that might be efficient when used 

for design and analysis of the SLIM with a wide-range of applications by adequately 

treating the electromagnetic phenomena.  The novel contribution is the utilization of 

the least squares approach for linear approximation in order to calculate the 

secondary impedance. The simulation results suggest that the proposed approach is 

efficient to improve the accuracy in thrust calculations. Since the proposed method is 

observed to be computationally intense, future studies of the method will include the 

evaluation of the optimization techniques to overcome this disadvantage.  

 

In Figure 4.7, while the variation between thrust values and speed are given, the 

results of the proposed method are compared with the experimental results and it is 

observed that our results are satisfactorily in accordance with the objective model. 

Whereas, Figure 4.8 depicts the curves of the relationship between thrust and speed 

for the proposed method. It is seen that the results of the method are also close to the 

points that correspond to the experimental results. 

 
 
Figure 4.7 Simulation results for performance of the CIGGT SLIM at different air 
gaps. Experimental points: + 20mm, o 17.5mm, x 15mm, □ 12.5mm 
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Figure 4.8 Simulation results for performance of the CIGGT SLIM at different 
constant current. Experimental points: + 100A, o 150A, □ 200A, ∆ 250A 
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CHAPTER 5 

ANALYTICAL DESIGN OF SLIM with the AIDED of COMPUTE R  

 

5.1 Introduction 
 
In fact, the design of the electric motors is difficult task due to the having non-linear 

structure and complex geometry. This task can be carried out by the aid of the 

computer nowadays. The computer aided design for electric machine consists of two 

elementary stages. One of them is the selection of the structure and another is the 

dimensioning of the motor. The structure selection in the first stage of the design is 

chosen according to the condition of use. The second stage of the design is to 

dimension of motor which is generally not linear and does not have a single 

solution.  

 

In this study, the first stage of the electric motor design with the aid of computer is 

deduced. The second stage of this task is the objective of this thesis. This means that 

the dimensioning and the performance of the motor obtained from these geometrical 

dimension and electrical specifications are determined by the help of computer.   

 

The design of the single-sided linear induction motor is regarded as a problem of 

synthesis.  The analysis can be performed by analytic software, and then the design 

can be achieved by using the analytic software in the way of the synthesis. In 

chapter 4, the analytic tool was developed for the analysis of SLIM. And this 

software is significantly validated with the experimental results obtained from large 

linear induction motor (CIGGT). Thus, this analysis tool was developed thereafter to 

implement the computer aided design software. The computer aided design, which 

is primarily based on the developed analytical tool, allow the simulation and finding 

the best design for the necessary characteristics and performance to be optimized 

with respect to technical constraints required by the specifications.  
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In order to obtain more competitive and effective design, all chosen parameters for 

constraints should be related to the performance of the motor and an objective 

function to be optimized. The dimensioning of the motor by the help of computer is 

treated by an iterative process based on the searching all possible solutions space in 

the case of the objective. All solutions are stored in the memory and searching the 

required parameter in it according to an objective function. The design with the aid 

of the computer make the automatically exploration possible in all possible solution 

set for the objective function to be optimized. Obtaining the required parameters 

respecting all considerable constraints is easy with the aid of computer. Nowadays, 

design optimization of SLIM is carried out taking into account the various 

electromagnetic, thermal, and mechanical phenomena within the motor to be 

designed and optimize the performances by seeking a better solution. The improving 

the efficiency and power factor product for low speed SLIM was studied [55] for the 

initial motor design using multi objective optimization method.  In this study, the 

longitudinal end effect and core loss has not been taken into account due to the low 

speed. In the design of the SLIM, the magnetic saturation, the longitudinal end, 

transverse edge, skin, hysteresis effects within the SLIM should be taken into 

account, because a computer-aided design requires a powerful tool for the 

electromagnetic analysis within SLIM.  

 

The enumeration method is used to get the required parameter for the design of 

SLIM. Nevertheless, if the high number of parameters are selected to optimize for 

better designing of an electric motor and in addition to that if each of the parameters 

have different values, the computing time increases very much with the increase in 

the iterative processes. Because of that, the parameters to be optimized should be 

determined by being familiar with know-how relating to the design of the motor. If 

the schedule of condition is too constraining or unrealistic, the existence solutions 

cannot always guaranteed. Moreover, the necessary characteristics and 

performances must be optimized, with respect to all technical and/or economic 

constraints required by the specifications.  

 

MATLAB package software (Release 14) has been used to develop new analytic 

design software of SLIM by using M-file programming according to the explained 

above realistic estimations in this study. This is why; it includes lot of facility tool 
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and flexibility to develop the engineering applications. The developed software with 

the MATLAB is embedded into VC# .NET framework 2008 to be user interactive. 

For this aim, the user interfaces is prepared for ergonomic usage by using C# 

framework 2008.  A SLIM is designed by the newly developed user interactive 

software. 

5.2 Electric machine design  
 

The design of the electric machine is not an easy task to realize. Because the model 

of the electric machines generally have complex structure and mathematical model. 

In the standard process of electric machine design with the aid of computer is shown 

in figure 5.1 [58]. The designer has to change every input data in the standard 

procedure until getting best design results with trial and error. The computer is being 

used as calculator. There is no automatic exploration in the design and optimization 

process. In addition to that, the optimization process is time consuming in the manual 

case.  

The design procedure shown in figure 5.1 is not suitable for the design of the electric 

machine with the aided of computer. The computer aided design of electric machine 

should be used more effective. This effective usage is shown in figure 5.2 [58]. The 

computer does most of the work of the electric machine design. The designer must 

input a set of parameters and their bounds (min. /max. values) only.  

5.3 Design methodology of SLIM 
 

The design stages for SLIM is the same as other electric machine design. The 

structure of the SLIM with double layer secondary has been presented in the chapter 

4. The second stage is the dimensioning of the SLIM structure. The original 

dimension of the SLIM can be determined by the treating the seizing equations [2] in 

a logical order and the optimization method is applied to the original design of the 

SLIM to improve the objective function respecting the considerable constraints 

required by predetermined specifications.  
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Figure 5.1 Classical procedure of Electric machine design 

 

5.3.1 Dimensioning of SLIM 
 
Together with determination of the structure of the SLIM with double layer which is 

presented in the chapter 3, the dimensioning can be performed.  The design of SLIM 

begins with the calculation of the main dimensions of the primary side and secondary 

side. The determining geometrical parameters satisfying the performances and 

relating to the constraints previously defined in the listed of conditions. The 

geometrical parameters to be able to optimize is given in figure 5.4. These 

geometrical parameters consist of the pole pitchτ , the primary core length L, width 

of the primary core Wp and air gap g. As for the secondary side consists of width of 
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the back iron W, overhang width hov, overhang thickness tov, the thicknesses of the 

conducting plate dal and the back iron dir. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                                                                            
                                                                              
                                                                                                             
 
 
 
 
 
 
 
 
 

 
 
 

Figure 5.2 The more effective design procedure of Electric machine design 

 

In fact, design is regarded as a problem of synthesis. This means that the operation 

Y=AX should be performed [7]. X represents set of input data and Y is the set of 

output results. In this system, A is the mathematical model. The dimensioning 

problem is the reverse operation according to this approach. In order to calculate the 

dimension of SLIM and its performances, the proposed method in the equivalent 

circuit technique presented in the chapter 4 has been used. This model allows the 

quantitatively to join the expressive parameters of a system (geometrical and 
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physical) with the characteristics parameter of SLIM (power factor, efficiency, 

output power etc.).  

 

 

 

X (input data)                                                                                                 Y (output data) 
 

 

Figure 5.3 The simple block diagram of the SLIM system 
 

5.3.2 Procedural calculation of the dimensioning 
 
An algorithm can be developed to dimension of SLIM by the treating the seizing 

equations in a logical order [7]. The dimensioning can be obtained from this equation 

by using simple mathematical problems instead of complicated numerical algorithm. 

In order to improve dimensioning, the correct calculation of the dimension is made 

with the test and loop. This algorithm is usually used in the design of the electric 

machine 

 

5.3.3 Optimization of the dimensioning  

 

Another alternative algorithm is the optimization one which is used to dimensioning 

the electric machine. Indeed, if the schedule of conditions is realizable, there are 

infinity solutions to dimensioning of electric machine in general. But it is tried to 

seek the best design in the solution set by optimizing a performance or a 

characteristic of the electric machine to be dimensioned such as output power, power 

factor, efficiency etc….  

 

The optimization problem in electric machine is composed of the objective function 

to be made extreme (minimal /maximal) and of all constraints in the form of 

equalities and/or inequalities, which can be linear or not linear, implicit or explicit, to 

respect. 

 

Mathematical Model of 
SLIM 
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An optimization algorithm starts from the initial design ( structural or dimensioned) 

then adjusts all of the parameters by iteration until the objective function reaches its 

optimum while respecting all constraints imposed by scheduled conditions. This 

approach is appropriate for improving an objective function for the initial design.  

 

The optimization problem can be formulized as mathematically. The optimum design 

of an electric machine means the finding a combination of the independent variables 

x=(x1, x2, ……xm) in such a way that F(x1, x2, ……xm) is an extremum [7] and 

 

( ) DxxxP m ∈,.......,, 21                                      (5.1) 

 

where: F is the objective function, m is the number of variables, P is the point in the 

space of independent variables and D is the set of feasible designs which satisfy the 

constraints. A solution set is determined with the aid of constraint functions which 

described as; 

 

( ) 0,.......,, 21 ≤mj xxxg                                                 (5.2) 

 

for  j= 1,2,3,…l and l is the number of constraints. 

 

The criterion for the optimization depends on the requirements and can be the power 

output per mass, cost or volume of a machine. A large number of independent 

variables can be limited to the dimension of the magnetic and electric circuit in the 

case of the induction machine [7].  The efficiency product power factor, tooth flux 

density, starting thrust, material weight and volume can be also the optimization 

criterion. The defined above equations for the optimization problem, which are 

presented in general way, can be also formulated with the other optimization 

techniques for particular design optimization problem.  

 

The objective of this study is to get the initial design of the SLIM.  In order to get 

local optimum value in the design of SLIM for the given specifications, the 

optimization procedure can be obtained from the above one in simple manner.  
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Linear induction motor suffer from two major drawbacks, such as low efficiency and 

power factor which cause more energy consumption, a rise input current and 

occupation of transmission lines capacity [31]. Although in most cases improving the 

efficiency or power factor has an adverse effect on the other one, the objective 

function can be selected as efficiency product power factor ( ϕη cos ). 

 

 
               

Figure 5.4 The structure of the SLIM with double layer and its geometrical 
parameters for constraints  

 
 

During the optimization process, the optimization algorithm can be adjusted to find 

the rest desired structural parameters which influence considerably with the 

characteristics of SLIM. These parameters are namely; air gap (g), pole pitch (τ ), 

thickness of the conducting plate (dal), thickness of the back iron (dir), transverse 

length of the back iron (W) and slot height (hp). The remainder parameters of SLIM 

can be expressed in terms of standard value or design variables [18].  

 

Choosing the variables to be optimized and their beach of variation are important. 

The variables to be optimized can be various nature and it can be its geometrical 

dimensions, parameter of food etc.. . In this study, the objective function is chosen 

in order to maximize the average of  ϕη cos  of SLIM in the stable area. The stable 

area is between zero and critical slip value which correspond to maximum thrust 

value. The structural parameters which influence on the performance of SLIM 

should be investigated for choosing design variables in optimization process. 

  

hp 



64 
 

5.3.3.1 The Influence of some design parameters on the performance of SLIM 

 

The influence of the some design parameters on the performance of SLIM is 

investigated by means of the simulation results getting from the design data of 

Canadian Institute of Guided Ground Transportation (CIGGT) LIM. These 

simulation results are obtained by using the analytic tool for the analysis of SLIM 

which is developed and significantly validated. The effect of some design 

parameters on the performance of SLIM is investigated by changing their values 

around the design ones. These design parameters are taken as the thickness of the 

back iron (dir), thickness of the conducting plate (dal ) and the air gap (g). These 

parameters change in the normal direction and belong to secondary side of SLIM. 

While one parameter is changing, others remain at the design values. The influences 

of the chosen design parameters on the thrust, efficiency, power factor and 

efficiency product power factor are evaluated for constant current I=200 A, 

frequency f=40 Hz, overhang width   hov=33.9 mm, the back iron width W=111 mm. 

In this investigation, the parameters to be investigated vary around the optimum 

design values while the rest of them remain the original design values.    

 

In order to obtain the target thrust value at the rated speed in case of optimization, 

the design variables and its increment in the range of constraint should be 

determined. For this aim, this investigation is accomplished by means of the 

simulations using the developed analytic tool for analysis of SLIM. In fact, it can be 

interested in a great number of design variables but solution cannot be guaranteed 

and computing time is enormous. Because of that, more sensitive parameters to 

performance of the SLIM should be chosen to reach the target thrust in case of 

optimizations.   

 

In order to evaluate the back iron thickness, its discrete values are taken around 

optimum value. In Figure 5.5 shows the influence of the back iron thickness on the 

thrust vs. speed characteristics of SLIM.  It may be noted that the variation of the 

performance for these discrete values is less sensitive. This situation can be clearly 

seen in table 5.1. The values in table 5.1 are obtained at 0.21 value of slip which 

corresponds the maximum available thrust value for CIGGT LIM. As the thickness 

of the back iron decreases, the maximum available thrust decreases. 
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Figure 5.5 Variations of Thrust vs. Vr (linear speed) curves at different thickness of 

back iron (dir).   

 

Because the back iron serves to carry the air gap flux and reduces the magnetizing 

current. Hence, reducing the thickness of the back iron thickness means that 

secondary current increases. This leads to increase in thrust of SLIM in accordance 

with the equation 4.40.  

 

In Figure 5.6-5.8 are shown the variations the power factor, efficiency product 

power factor and efficiency with the back iron thickness respectively. It is observed 

that the variations of these performance values at 0.21 value of slip is less sensitive 

to the variation of the back iron thickness around its optimum value. 

 

Table 5.1 The performance values at discrete values of thickness of the back iron 

dir (mm) Efficiency Power factor Thrust (N) ϕη cos  

20 0.5774 0.5772 1616 0.3332 

25 0.5872 0.6081 1724 0.3571 

25.4 0.5878 0.6100 1730 0.3585 

30 0.5930 0.6279 1792 0.3724 

35 0.5954 0.6363 1821 0.3788 
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Figure 5.6 Variations of Power factor vs. Vr (linear speed) curves at different 

thickness of back iron (dir). 
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Figure 5.7 Variations of Power factor product efficiency vs. Vr (linear speed) 

curves at different thickness of back iron (dir). 
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Figure 5.8 Variations of Efficiency vs. Vr (linear speed) curves at different 

thickness of back iron (dir). 

 

 

In figure 5.9-5.12 shows the influence of the thickness of the conducting plate on 

the performance of SLIM. It is also clearly seen that the variations of the thickness 

of the conducting plate at discrete value is less sensitive in the stable area. But it is 

sensitive for the starting thrust. It can be evaluated for the optimization of the 

starting thrust. If the thickness of the conducting plate increases, then secondary 

resistance is also increases. This situation affects the end effect resistance. The end 

effect resistance increases with the increasing the secondary resistance so that the 

maximum available thrust decreases with the increasing the thickness of the 

conducting plate. But it is also observed that the thrust value at 0.21 value of slip is 

around the designed value (1700 N). The variation of the performance is shown in 

Figure 5.2 at discrete value of the design parameters. 
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Figure 5.9 Variations of Thrust vs. Vr (linear speed) curves at different thickness of 

conducting plate (dal). 
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Figure 5.10 Variations of Efficiency vs. Vr (linear speed) curves at different 

thickness of conducting plate (dal). 
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Table 5.2 The performance values at discrete values of the conducting plate 

thickness 

 

dal (mm) Efficiency Power factor Thrust (N) ϕη cos  

2 0.5841 0.6068 1689 0.3545 

2.5 0.5878 0.6100 1730 0.3585 

3.0 0.5881 0.6048 1734 0.3557 

3.5 0.5869 0.5959 1720 0.3497 
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Figure 5.11 Variations of Efficiency product power factor vs. Vr (linear speed) 

curves at different thickness of conducting plate (dal). 

 

In Figure 5.13-5.16 shows the influence of the air-gap on the performance 

parameters of SLIM. In table 5.3 shows that while the air gap increases, thrust value 

decreases. In fact, there is the relationship between the effective air-gap (g’), pole 

pitch (τ ) and magnetizing reactance. This relation is shown in equation 4.25. If the 

air-gap increases while the pole pitch remains constant, the magnetizing reactance 

increases. Hence, the magnetizing current becomes smaller and the power factor 

improves. Depending on this results, Thrust value also increases with the increasing 
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the secondary current (equation 4.40). The efficiency is also increases when air-gap 

increases. In point of fact, the air-gap is generally large compared to rotary 

induction motors in order to maintain safety and primary and secondary supporting 

structure. Consequently, if the air gap cannot be made sufficiently small, the pole 

pitch should be smaller. However, the size of τ is limited in accordance with the 

length of the motor. Finally, the air-gap is more sensitive to the performance 

parameters of SLIM. It is also noted that air-gap and the pole pitch can be taken into 

account as design variable in optimization.   
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Figure 5.12 Variations of power factor vs. Vr (linear speed) curves at different 

thickness of conducting plate (dal). 

 

It is also observed that the high thrust is achieved with the smaller air gap and 

increased the secondary back iron thickness and conducting plate thickness. The 

efficiency product power factor is around the optimum value even the variation the 

thickness of the conducting plate and of back iron. But the variation of the air gap 

affects the all performance parameters. This means that air gap is more sensitive to 

performance parameters. 

 

 



71 
 

Table 5.3 The performance values at discrete values of the air gap 

 

g (mm) Efficiency Power factor Thrust (N) ϕη cos  

10 0.6269 0.7729 2291 0.4846 

15 0.5878 0.6100 1730 0.3585 

20 0.5433 0.4902 1310 0.2663 

25 0.4964 0.4052 1005 0.2011 
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Figure 5.13 Thrust vs. Vr (linear speed) curves at different air gap (g). 
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Figure 5.14 The variations of Efficiency vs. Vr (linear speed) curves at different air 

gap (g). 
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Figure 5.15 The variations of power factor vs. Vr (linear speed) curves at different 

air gap (g). 
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Figure 5.16 The variations of Efficiency product power factor vs. Vr (linear speed) 

curves at different air gap (g). 

 

5.3.3.2 Design Optimization in the SLIM by using Enumeration method  

 

The Enumeration method have simple principle that is limited space search or 

infinite but discrete. Enumeration algorithm evaluates the value of function to be 

optimized in each point of the feasible space solutions. The use of such an algorithm 

is interesting when the number of points is not very important. But in practice much 

of research spaces are too large so that computing time is very much. The 

disadvantages of this method are that it is not appropriate for great dimensions. And 

also this kind of methods is not guided by reasoning or an intelligent process without 

sweeping all the space solutions to find a good solution [49]. 

 

In this method, the discrete space exploration which is delimited by the feasibility 

intervals imposed on the parameters to be adjusted by incrementing the variables to 

be optimized. If the number of variables is four (for instance g, W, dir and dal) and 

the number of incrementation for each variable is ten, the space of solution is too 

vast. Total combination is 10000 for this situation. The computing time will be large 
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even in the space of solutions. It takes about one hundred sixty six minutes even 

computing time is only one second for each combination. This time can be 

acceptable for optimization software but not for the software to be developed in this 

study due to the initial design consideration. Because of that, the number of the 

geometrical or physical parameters to be optimized should be chosen as possible as 

less.  

 

This optimization method can be applied to locate the optimal solution of the design 

problem among the explored combinations in the case of the objective function in the 

existing geometrical constraints. In the discrete space solutions for each point, which 

is obtained by taking into account of the steps of variation of the variables to 

optimize, is explored for the best result according to the objective function. The 

structural parameters and some characteristics of SLIM can be optimized for 

different target thrust values by using this method in the presence of the constraints. 

These constraints can be summarized in table 5.4. The structural constraints can be 

expanded to other structural and physical parameters (such asτ , the ratio of slot 

opening to slot pitch). According to the investigation of influence of the design 

parameters on the performance SLIM, the air gap is most critical design variable 

imposed on the efficiency product power factor (see figure 5.16).  

 

Table 5.4 Some structural constraints (u.b. =upper bound, l.b=lower bound) 

Mechanical air gap (mm) l.b.<g<u.b. 

Secondary back iron thickness (mm)  l.b.<dir<u.b. 

Secondary conducting plate thickness (mm) l.b.< dal<u.b. 

Secondary back iron width (mm) l.b.<W<u.b. 

 

This method seems to be implemented easily for design software to be developed. 

The air-gap is determined as the design variable to be optimized for objective 

function (efficiency product power factor).  It can be expanded the design variables 

to be optimized. 
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5.4  Design of SLIM with the aided of computer 

 

A new design algorithm of SLIM is developed based on the developed analytical 

tool for analysis which is presented in chapter 4. In order to design of SLIM, two 

different design algorithms can be considered depending  on excitation type;  i) 

Constant current excitation , ii) Constant voltage excitation. In this design concern 

of SLIM, it is assumed that source of feed is good filtered from the space harmonics. 

These two algorithms are applied by using MATLAB package software release 14. 

The purpose of these algorithms is to get the good design according to the given 

specifications. This developed software for design of SLIM consists of five different 

functions. They are as follow: i) Independent of Slip (IOS) ii) Boundary, iii) 

Maxwell, v) End effect, vı) Equivalent circuit.  The main function reads the input 

data and calls these functions in consistent order and produces results for the input 

desired values. The user inputs the target thrust (Fx) and linear velocity (Vr) then 

this program calculates required geometrical parameters to dimensioning of SLIM 

and calculate the performance characteristics of SLIM at the given specifications. 

All results are stored in the main memory, and then performance characteristics are 

simulated.   

 

The flowcharts of the developed software with the using of M-file programming for 

the design of SLIM are presented for constant current excitation and constant 

voltage excitation.  

 

 

5.4.1 Independent of slip function (IOS) 

 

In this function, the primary winding resistance (eqn. 4.26), primary winding 

leakage reactance (eqn. 4.27), the differential leakage reactance neglecting the 

saturation of the magnetic circuit, Carter’s coefficient (eqn. A.1), equivalent 

conductivities (eqn. A.9) and other parameters that independent of slip variables are 

calculated. These calculations are performed by using formulas which are given in 

appendix.  
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Figure 5.17 Flowchart of design algorithm of SLIM at the Constant Voltage 

excitation 
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 5.4.2 Boundary function 

 

In order to get high precision for the calculation of the performance of SLIM, the 

longitudinal end effect must be taken into account. The longitudinal end effect can 

be included in the calculation of the performances in two ways. In the equivalent 

circuit of SLIM, The end effect can be  represented either as an end effect 

impedance which is connected parallel with the magnetizing branch or reducing 

electromotive force (emf) on primary phase winding with the coefficient ke. ( see on 

figure 4.4). In this study, the longitudinal end effect is represented with the reducing 

electromotive force on the primary phase winding. The calculations are performed 

according to this representation. In fact, there is no difference between these two 

representing for the calculation of the performances of SLIM. The end effect factor 

must be calculated correctly. In the SLIM, there is a certain speed which is between 

the zero and synchronous velocity.   This is called boundary speed. In the 

calculation of the performance of SLIM, the longitudinal end effect doesn’t take into 

account until the velocity is reached the boundary speed. In general, this speed is 

determined the formula which is given in appendix. But in CIGGT linear induction 

motor, this is determined as half of the synchronous speed ( sVV 5.00 = ). There is a 

phase angle difference between the fundamental wave produced by primary phase 

winding and the entry end wave which is represented by oδ ( the details are given in 

A5) . In this function, oδ is calculated as an input to the end effect function.   

  

 

5.4.3 Maxwell function 

 

The saturation factor and non-linear complex magnetic permeability of secondary 

back iron are calculated in this function. To calculate these factors, two-dimensional 

distribution of the electromagnetic field in the air gap, in the conducting plate and in 

the secondary back iron should be calculated first. The obtaining peak values of 

electric and magnetic components are sufficient at all boundaries. Since the electric 

and magnetic quantities are necessary for calculating the equivalent circuit 

parameters. The primary resistance and reactance are calculated as in the rotary 

induction motor. However, the calculated parameters ( such as equivalent relative 
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permeability, propagation constant..) in this function are related to the calculations 

of the secondary impedance and magnetizing reactance.  

 

The solution of the electromagnetic equations in the solid back iron is very 

complicated because of the non linear magnetization characteristics. In the 

calculation of the non linear complex magnetic permeability of the secondary back 

iron, two coefficients (aR and ax) should be determined. aR and ax represent the active 

power  and reactive power loss in the secondary back iron. These coefficients for the 

used material in the secondary back iron are determined by the interpolation 

techniques in this function. In order to take into account non linear magnetic 

permeability and hysteresis effect, aR is multiplied by the resistance or active power 

loss of secondary back iron and represents the active power loss and ax is multiplied 

by reactance or reactive power loss of secondary back iron. But in general these 

coefficients are taken into account in calculations with the average values.  

 

The saturation factor and the non linear magnetic permeability are calculated in this 

function together. First of all, the saturation factor is initialized with 1 ( µk  =1) and 

magnetic field intensity at the surface of the secondary back iron on the side of the 

primary is assumed to be equal to the line current density. The corresponding 

magnetic permeability is found by interpolation using the magnetization data of the 

secondary back iron. The new magnetic field intensity at the surface of the 

secondary is calculated and compared to initial value and the difference is leveled in 

an iterative loop with the maximum error of 0.1 %.  The convent iteration technique 

is used and the assuming the relaxation factor is equal to unity. In that assumption, 

fast convergence is obtained. This function is summarized with the below algorithm; 

 

1) Initialize the µk  =1 and H=Am.  Am is the line current density and H is the 

magnetic field intensity at the surface of the secondary back iron. 

  

2) Find the magnetic flux density and active (aR) and reactive loss (ax ) coefficient 

correspond to magnetic field intensity from magnetizing data. 
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3) Calculate the complex magnetic permeability of secondary back iron correspond 

to initial value of magnetic field intensity. 

 

4) Calculate the magnetic field new magnetic field intensity with using obtained 

magnetic permeability. 

 

5) Calculate magnetic voltage drop for each part of motor  

 

6) Calculate saturation factor using the equations given in appendix. 

 

7) Compared the calculated and assumed magnetic field intensity with the 0.1% 

error ((Hc-Hi)>0.1%). 

 

8) Until the convergence is attained, the iteration is continued. 

 

The details in this function has been given in section 4.4. 

 

 

5.4.4  End effect function 

 

The longitudinal end effect factor is calculated in this function. This factor must be 

taken into account to get the high accuracy in performance calculations. In fact, the 

longitudinal end effect can be taken into account in two ways as mentioned 

previously. The end effect factor is represented by ke which is calculated using the 

equations given in A.5. In calculations of the end effect factor, some sub functions 

are used. The secondary resistances and reactance is also calculated to find the 

equivalent thickness of the conducting plate. In the literature, three methods are 

developed for the determining of the equivalent thickness of conducting plate (dR’ ). 

In the end effect calculations, the first method which is given in A.5, has been used. 

In this method, the real part of impedance of a hypothetical layer (A.29) with 

thickness dR’ is made equal to the real part of the equivalent impedance of two iron 

and aluminum parts (4.35). 
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Figure 5.18 Flowchart of design algorithm of SLIM at the Constant current 

excitation 
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5.4.5  Equivalent circuit function 

 

To calculate the performance of the SLIM, the equivalent circuit parameters are 

used. Before the performance calculations, the equivalent circuit parameters are 

calculated. The magnetizing reactance and secondary impedance are depending on 

the slip. These parameters for each slip value is calculated taking into account the 

longitudinal end effect, saturation effect, hysteresis effect in the secondary, slot 

effect, non-linear magnetic permeability in this function. The longitudinal end effect 

factor in T-type equivalent circuit of SLIM is used for the reducing electromotive 

force on the primary phase winding. These equivalent circuit parameters are used to 

calculate the performance parameters. The input current, secondary current, thrust, 

normal force, input power, output power, losses, efficiency and power factor are 

also calculated as a function of slip.   

 

5.4.6  Initialcurrent  function 

 

For constant current excitation type design, constant input current is estimated on 

the basis of input voltage (V), the primary resistance R1 and the primary leakage 

reactance X1 where magnetic saturation is not taken into account. This function 

estimated the primary constant current. This value remains constant for each value 

of slip. 

 

5.5  The software infrastructure of LIMCAD 

 

The core of the Limcad (Linear induction motor with the computer aided design) 

program is constructed with MATLAB package software (Release 14) since 

MATLAB offers more scientific facilities than any other programming tool does. 

On the other hand, it is more appropriate not to use MATLAB for the task of 

preparing the user-interface of Limcad. The main reason behind this decision was 

the MATLAB is a powerful programming tool designed to develop academic 

software in which the main focus is the algorithm itself neither the user-interface nor 

the user-friendliness of the developed software. Moreover, MATLAB does not 

include as rich user-interface options as many of the visual software development 

tools provide nowadays. Thus, it is decided to implement the core of the program 
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with MATLAB and Graphical User Interface (GUI) of the program with a visual 

programming environment. 

 

The GUI of the Limcad application, thus, is prepared with Visual C#.NET. The 

Visual Studio .NET 2008 is selected for the Integrated Development Environment 

(IDE) for developing VC# programs. VC# is the one of the choices that it can be 

deployed into MATLAB applications after creating M-Files and packaging the 

application into the exportable format. The other choices are Java and Excel 

environments. MATLAB can package any M-File into a Windows DLL file that 

VC# environment can handle. In fact, MATLAB prepares the M-File as an Object 

that some Object-Oriented Programming (OOP) languages such as Java, VB.NET 

and C# can utilize. As a result, VC# as an OOP and high-level language is a good 

choice of visual programming and embedding MATLAB programs into a GUI. 

 

The Limcad applications require the .NET Framework 2.0 and the MATLAB 

Component Runtime software packages to be installed. Limcad is tested against 

.NET Framework 3.5 and is observed to successfully work with it, as well. 

 

 

5.5.1 The User-Interfaces of LIMCAD 

 

The Limcad software is organized for the ergonomic usage. It consists of the title 

bar, menu bar and project area. “File”, “Material”, “Run”, “Curve”, “Post Process” 

and “Help” menus exist in the menu bar. In “File” menu has the submenus consists 

of ‘New, Open, Save, Save as, and Exit’. These submenus have functions of opening 

existing project or new design project, saving existing design project and exit to 

program. These submenus are shown in Figure 5.19. 

 

In “Material” menu, three submenus exist. They are Core loss, Wire and B-H 

submenus. These submenus are prepared for the materials used in the SLIM’s 

primary side and secondary side. The material database is constructed for the 

materials used in the primary and secondary side. These databases contain the data 

for primary core loss data, wire data for used in primary winding and secondary 
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back iron material data used in the reaction rail. These submenus are shown in 

Figure 5.19. 

 

 

 

Figure 5.19 Submenus of “Menu” 

 

 

Figure 5.20 Submenus of “Material” 

 

 

 

 

Figure 5.21 Submenus of “Run” 
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Once the required parameters for the design of SLIM input the program via User 

Interface, these submenus will be active. These submenus are shown in Figure 5.21. 

“Analytical Design” submenu is launched the design routine in the program. 

Parametric Analysis submenu is also launched the analysis routine in the main 

routine. 

 

 

Figure 5.22 Submenus of “Post Process” 

 

In” Post Process” menu contains three submenus. They are Design Output, 

Performance Curve and View winding layout. These submenus are also shown in 

Figure 5.22. When the required parameters input the program, the analytical design 

is launched from the Analytical Design submenu in Run menu. Then the program 

produces some outputs such as efficiency, power factor, rated thrust, normal force, 

weight of the motor, the dimensions of the motor. One of them is the design output 

into a file. This file contains the design data for the SLIM at the given 

specifications.  

 

 

5.5.1.1 The new project interfaces of LIMCAD 

 

The design of SLIM is based on the project in this software. The input parameters 

for SLIM input the program via the user interface shown in Figure 5.23. The user 

input the required parameters to the program in the four headers. They are General 

data, Stator, Winding and reaction rail. Under General data header, the rated 

parameters, air gap boundaries, input frequency, input voltage, number of pole, stray 

loss, stacking factor and operating temperature can be entered into program. Stator 
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header contains the parameters to input the stator data. They are as follow;   primary 

core width, height and number of slot are the input parameters. And primary slot 

dimension is also input parameters under the stator header. The dimension of two 

slot structure can be selected for the design of SLIM. In fact, open and semi open 

slot is used for SLIM. These slot structures are shown in Figure 5.23 ad 5.24.   

 

   

                               

Figure 5.23 Open slot structure                    Figure 5.24 Semi-open slot structure          

 

 

 

Figure 5.25 User interface of General header  
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Figure 5.26 User interface of Stator header  

 

 

 

 

Figure 5.27 User interface of Winding header 
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Figure 5.28 User interface of Reaction Rail header  

 

In the winding header, there are two winding configurations. One of them is full 

pitch, single layer and number of slot per pole per phase is one (q=1) and (q=2). 

These two winding configurations can be selected for the primary winding. As for 

the Reaction rail header, the dimension of the secondary structure and the material 

properties can be entered into program via this user interface. In order to run the 

analytical design processing, pressing the “OK” button is enough and then click 

“Analytical design” submenu under the “Run” menu. After the program runs, the 

design output and performance curves are produced by the program. The output for 

construction of the designed of SLIM is also produced by the program such as 

winding layout and lamination. 

 

5.5.2 A design application using developed software 

 

We have been tried to design a SLIM by using developed the analytical design 

software. The required parameters for the design of SLIM are shown in Figure 5.23-

5.26. In order to obtain 200 N thrust, linear speed 5 m/s at 0.1 of rated slip value at 

constant voltage excitation, the program runs and the output results are produced by 
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the developed software. The design output can be shown in design output format of 

the program and of MS Excel format. Design output can be exported to the MS 

Excel. Both design output format are given in Figure 5.29 and Table A.2. The 

performance curves are also produced by the program and performance curves of 

the designed SLIM by this software are presented in Figure 5.27-5.32. 

 

 

 

Figure 5.29 Design output in program format  
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Figure 5.30 Thrust vs. linear speed 

 

   Figure 5.31 Efficiency vs. linear speed 
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Figure 5.32 Power factor vs. linear speed 

 

Figure 5.33 Output power vs. linear speed 
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Figure 5.34 Normal forces vs. linear speed 

 

Figure 5.35 Input power vs. linear speed 
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5.6 Summary  

 

In this chapter, the electric machine design methodology with the aided of computer 

is presented. The dimensioning of the electric machine has been carried out by 

procedural approach and optimization. Enumeration method, which has been used in 

the optimization of the dimensioning of SLIM in this study, has been presented. In 

order to determine the descriptive geometrical parameters, the influence of the 

geometrical parameters on the performances of SLIM is investigated by using the 

significantly validated developed analytical tool for analysis. As a result of this 

investigation, the air gap is more sensitive parameter in performance calculations. 

This parameter is chosen as the design variable. The air gap should take the possible 

smallest value by critical constraint. And the efficiency product power factor is 

chosen as an objective function. 

 

With this estimation, new analytical design algorithm is developed for the finding 

optimum value of efficiency product power factor, air gap and thrust. The software 

is developed by using the MATLAB package software. Then, this software is 

embedded into VC# .NET. An example design is carried out and simulated by new 

developed software. It can be designed a SLIM over a wide range operating 

conditions at various power ratings using this developed software.  
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CHAPTER 6 

CONCLUSION AND RECOMMENDATIONS 

 

6.1 Summary and Conclusion 

 

Here, analytic design software for a single sided linear induction motor with a double 

layer reaction rail has been developed. In this software, given secondary geometrical 

dimension constraints, i.e. aluminum thickness, back iron thickness and air gap, the 

optimum value of efficiency product power factor is to be calculated to obtain the 

LIM’s target thrust and linear speed. To facilitate this objective, we have used a two 

step approach, namely electromagnetic analysis and equivalent circuit technique.  

 

In the electromagnetic analysis phase of LIM, we have examined the electromagnetic 

phenomena having ignored other harmonics rather than the fundamental space 

harmonics. The reason to take into account only the fundamental space harmonics is 

to decrease heavy computational load of algorithm. Through this approach, the 

considerable cause of longitudinal end effects on the performance of LIM has been 

evaluated. And following the result of this assessment, the effect on the performance 

of LIM has been noticed to change with variations in input frequency. As the 

frequency increases, this effect becomes significant on the performance of the LIM.  

In addition to the other effects, saturation and hysteresis effects have been the main 

focus of this study to obtain the secondary impedance parameters in the equivalent 

circuit technique. While examining these two effects, depth of the penetration of the 

wave that is produced by the primary of the LIM is evaluated according to the wave 

penetration depth concept.  While the permeability is obtained by a conventional 

iterative method, the estimation of the secondary impedance is done with a new 

contribution of this study. Secondary impedance is actually a hard or nearly 

impossible phenomenon to measure. As a result of its highly accurate consideration, 

performance calculations have been accomplished in high precision and correctness. 

The proposed method accomplishes this by using a modified Least Squares statistical 
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learning method, which is actually a linear approximation, to estimate the secondary 

impedance.  The relevancy between the secondary impedance which is obtained by 

using the proposed approach and speed is observed and it is seen that while 

approaching the synchronous speed, the secondary impedance stays nearly constant; 

however, it decreases sharply near the synchronous speed. This is an expected effect 

of the wave impedance concept since the change in the permeability of the iron is 

minimal until the penetration depth reaches the half of the thickness of the iron. 

Moreover, when the penetration depth passes the half of the thickness of the iron and 

approaches the exact thickness of the iron, a decrease in the secondary impedance 

initiates. Once the penetration depth reaches the exact thickness of the iron, a sharp 

decrease occurs. 

 

Since the accuracy of the estimated secondary impedance cannot be validated during 

the operation of the SLIM, hence, thrust value should be employed in evaluation of 

the secondary impedance. As a result, the proposed approach can only be confirmed 

through the thrust values of the SLIM. The thrust values according to linear speed for 

constant frequency, e.g., 5 Hz, 11 Hz, 18 Hz, 28 Hz and 40 Hz, are compared to the 

experimental results of the CIGGT SLIM study [1] under different input frequencies. 

The thrust values of the proposed method are observed to be in accordance with the 

results of the CIGGT SLIM. It has been observed that there is a good match between 

the objective model and the result of the proposed method in 40 Hz frequency. As far 

as similar studies in the literature are concerned, as to the authors’ knowledge, the 

proposed approach is the most efficient method studied in this frequency while it 

sacrifices computational speed on behalf of a more precise performance. 

 

To fulfill the above mentioned requirement for further applications of the LIM, a 

computer software has been constructed. The core components of the software, 

which are computationally intensive, are implemented in MATLAB environment. In 

order to present the tools of the software in a user-friendly manner, Visual C#.NET is 

utilized to cover the core components of the software as a shell. The user is expected 

to give command and provide the parameters of the desired design by using the 

visual controls provided by the Visual C#.NET software development environment. 

While the target platform for the developed software is primarily Windows, by the 

use of the Mono project that is the effort to port the .NET environment into Linux, 
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our software can be ported into the Linux/Unix environment successfully. Thus, the 

developed software can be seen as a multi-platform tool for users. The software is 

appropriate for the use of motor manufacturers for various applications. 

 

As a result, this thesis introduces a new approach and an accompany software that is 

efficient when used for design and analysis of the SLIM with a wide-range of 

applications by adequately treating the electromagnetic phenomena.  The novel 

contribution of this work is the utilization of the least squares approach for linear 

approximation in order to calculate the secondary impedance. The simulation results 

suggest that the proposed approach is efficient to improve the accuracy in thrust 

calculations. Since the proposed method is observed to be computationally intense, 

future studies of the method will include the evaluation of the optimization 

techniques to overcome this disadvantage.  

 

6.2 Recommendation for Future Work 

 

i) The proposed method in the chapter 4 is observed to be computationally intense, 

future studies of the method will include the evaluation of the optimization 

techniques to overcome this disadvantage 

 

ii)  The software can be easily converted to be a software double-sided linear 

induction motor 

 

iii)  The full pitch (q=1) and (q=2) single layer winding configurations has been used 

in this software. The winding configurations can be expended to fractional pitch 

double layer winding configurations.  

 

vi) Thermal optimization must be included in future studies. 

 

vii)  A test bench for SLIM can be constructed to measure some performance 

parameters. This can be compared with simulations results for the designed SLIM 

 

viii)   Economical optimization can be included in future studies 
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APPENDICES 
 

 
A.I  Presentation of the test bench of CIGGT of ‘Quens’s Uninversity’ 
 
The test bench of linear induction motor was carried out with ‘Quens’s University’ in 

Canada. This test bench of CIGGT, which was used to validate the analytical model 

presented at the third chapter of this thesis, is used to compare the simulations and 

experimental results [2]. It consist of a revolving wheel of 7.6 m, which is provided 

with a system of guidance,  allow a relative movement between primary and 

secondary with a speed up to 101 km/h. The two images of Figure A2 show the 

configuration of this test bench.  

 

The primary of the linear motor which is built in test bench consists of sheet steel out 

of rolled silicon (M19) a 0.318 mm thickness and a factor of insulation of 0.96. The 

manufacturer provides unit losses iron of 0.65 W/kg (corresponding with an 

induction B=1T and frequency f=60Hz). The LIM is fed by an inverter with multiline 

inverter (MLI) of 200 KVA. More details concerning the geometrical and physical 

characteristics of this LIM is recapulated in Table A1. 

 

 

Figure A1 Overall picture of a revolving wheel 7.6 m in diameter from 0 to 101 

km/h, test bench of CIGGT and Structure of the linear motor and of its system of 

guidance.  
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Table A.1 Design data of single-sided, three-phase LIMs for propulsion of vehicles 
 
Quantity   CIGGT    GEC Unit 

Pull-out hrust at frequency given below,Fx 
 

Input frequency, f 
 

Rated phase current, I 
 

Number of poles, 2p 
 

Number of turns per phase,N1 
 

Equivalent diameter of conductor, db 
 

Number of paralel conductors 
 

Effective width of primary core, Li 
 

Pole pitch, T 
 

Length of single end connection, le 
 

Coil pitch, wc 
 

Airgap, g 
 

Number of slots, z1(z’1) 
 

Width of slot, b11 
 

Width of slot opening, b14 
 

Depth of slot, h11 
 

Height of yoke, h1y 
 

Conductivity of back iron at 200C, FEσ  
 

Conductivity of Al cap at 200C, Alσ  
 

Width of back iron, w 
 

Thickness of back iron, hsec 
 

Thickness of Al cap, d 
 

Thicknes of Al cap behind Fe core, tov 
 

Widh of Al cap, w+2wov 

 

1.7 
 

40.0 
 

200.0 
 

6 
 

108 
 

1.115 
 

19 
 

0.101 
 

0.25 
 

0.2955 
 

0.1944 
 

15.0 
 

54(61) 
 

15.0 
 

10.44 
 

34.21 
 

71.63 
 

4.46 
 

32.3 
 

 
0.111 

 

25.4 
4.5(2.5) 

 

12.7 
0.201 

0.7 
 

60.0 
 

200.0 
4 

 

48 
 

8.1 
 

1 
 

0.1715 
 

0.20 
 

0.3685 
 

0.1555 
 

18.2 
 

36(43) 
 

13.08 
 

13.08 
 

61.47 
 

50.0 
 

5.12 
 

21.5 
 

 
0.1715 

 

47.4 
 

3.2 
 

3.2 

 

0.2985 

kN 
 

Hz 
 

A 
 

- 
 

- 
 

mm 
 

- 
 

m 
 

m 
 

m 
 

m 
 

mm 
 

- 
 

mm 
 

mm 
 

mm 
 

mm 
 

x106 S/m 
 

x106 S/m 
 

m 
 

mm 
 

mm 
 

mm 
 

m 

 
CIGGT =Canadian Inst. of Guided Ground Transport, Canada 
 
GEC=General Electric Company, USA. 
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A2. Carter coefficient  
 

The carter coefficient makes it possible to take account of the primary slot effect. It 

increases the air gap. The actual value is the result of the multiplication mechanical 

clearence  by this coefficient. It must be calculated by considering an air gap equal to 

(g+dal). The general expression [7] 
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A3. Saturation factor 
 
The classical theory of the electric motors defines the saturation factor of the 

magnetic circuit as being the relationship between the total magneto motive force 

and that of the air gap by pole pairs. In the analytical model given in chapter 3, the 

magnetic permeability of the primary is infinite. So the magneto motive force in the 

primary can be neglected. Under this condition the saturation factor of the magnetic 

circuit of LIM can be expressed as [50]. 
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Where vV is the magneto motive force (MMF) per poles pair, gvV  is the magnetic 

voltage drop in the air gap, dvV  is the magnetic voltage drop in the conducting plate, 

svV  is the magnetic voltage drop in the secondary back iron. 
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In order to express the magnetic voltage drop in the back iron, the average tangential 

component of magnetic field flow should be expressed (Hmx3): 
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The average value of the magnetic field in the back iron thickness is given by: 
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where ravµ  is the average relative permeability of the secondary back iron. 

 

Then, the magneto motive force of the secondary back iron for per pole pairs can be 

expressed as: 
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According to the classical theory of electric motors, the saturation factor has an 

effect on the magnetizing reactance (caused the air-gap is increased). 

 

  A4. Equivalent conductivity of the conducting plate 
 
Due to the closing currents induced in the secondary active zone, secondary 

conductitivity of the conducting plate is corrected by the factor of Russel and 

Norsworthy factor.  
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This coefficent takes account of the the currents which are closed again in the active 

part of the conducting plate and actually apparent conductivity of the secondary 

conducting plate reduces. In general, the thickness of the active part of the 

conducting plate differs from that being locatedon the both sides of the secondary 

back iron (tov). Under this condition, the term ( )ovvhβtanh  must be corrected by 

multiplying byfollowing emprical factor [7]: 
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The equivalent conductivity of the conducting plate is modified as follows: 

 

( ) alRNvalv k σσ −= 1'                             (A.9) 

 

The equivalent impedance of the secondary back iron is also corrected by a factor. 

This correction is again due to the close current in the active part of the secondary 

back iron [50].  

 

According to Gibbs: 

 

W
kz

τ
π
2

1+=                             (A.10) 

 

According to Panasienkov: 
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According to Yee: 
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According to Giears et al.: 
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The equivalent impedance of the secondary back iron is modified by  

 

11' zkz zv=                             (A.14) 

 

In the calculations, (A.13) is used for secondary back iron impedance calculations. 

 

A5. Longitudinal end effect factor 

 

The end effect in the linear induction motor is due to the limiting the longitudinal 

length of the motor. It influences the speed on the nonuniform distribution of the 

induction in the air gap of the LIM and current induced in the secondary. This effect 

is taken into account by a factor ke given on the basis of a distribution of induction in 

the air gap of LIM made up of a slipping field. 
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The electromotive force induced in primary phase is the superposition of two 

electromotive forces, one due to the fundamental field and the other is induction due 

to the end effect and it can be expressed in the form: 

 

)cos()1()cos()cos()()()( tkeEtEtEtetete msmemsesp ωωω −−=−−=+=           (A.16) 

 

where  
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where: 
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δ is dephasing between the fundamental wave of induction in the air-gap and 

induction due to the end effect being propagated in the direction of the slipping field, 

with the entry of the motor. It is approximated in an empirical way by [50]:  
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where 0V  is the boundary speed and it is expressed as,  
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τe and te represent the pole pitch of the end wave and attenuation factor respectively.  

It can be calculated by using the following expressions [4]:  

;
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Where d’R. is the thickness of a homogeneous layer out of aluminum 

equivalent to the two layers which constitute the conducting part of the secondary, it 

can be used to evaluate resistance modeling the eddy currents in the secondary. This 

thickness is estimated starting from the equivalent impedance of the secondary. 

Indeed, the conducting layer out of aluminum and that of ferromagnetic of the 

secondary are equivalent (from electric point of view) to a layer out of aluminum 

thickness d’R, which has as impedance (if it is neglected the effect of skin): 
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where aR = 1 and ax = 1 for a nonmagnetic material such as aluminum.From where 

d’R can be expressed as the equivalent thickness. 
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The winding factor relating to the wave of induction due to end effect is calculated as 

below: 
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Table A.2 Design output in MS Excel format 

 

GENERAL DATA   

Given Rated Thrust(N) 198.7582 

Given Rated Speed(m/s) 5 

Rated Voltage(V) 219.3931 

Winding Connection Wye 

Number of Poles 4 

Frequency(Hz) 50 

Stray Loss(W) 0 

Excitation Type Constant Voltage 

Operating Temperature 75 

    

PRIMARY DATA   

Number of Stator Slots 12 

Primary Length(m) 0.2222 

Dimension of Stator Slot   

H11(mm) 5 

H12(mm) 5 

H13(mm) 5 

H14(mm) 5 

B11(mm) 10 

B14(mm) 14 

Number of Conductor per Slot 80 

Number of Parallel Branches 1 

Type of Coils 11 

Coil Pitch (m) 0.0556 

Wire Diameter(m) 0.0011 

    

REACTION RAIL DATA   

Aluminium Thickness(m) 0.0030 

Air Gap(mm) 1 

Backiron Thickness (m) 0.0200 
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Backiron Width(m) 0.1000 

Overhang Thickness(m) 0.0030 

Overhang Width(m) 0.0100 

Conductivity of Iron 4500000 

Conductivity of Al 30300000 

    

MATERIAL CONSUMPTION   

Backiron Density(kg/m3) 7900 

Conducting Plate Density(kg/m3) 2700 

Copper Density(kg/m3) 8900 

Winding Copper Weight(kg) 4.1500 

Primary Core Weight(kg) 6.4078 

Total Primary Core Weight(kg) 10.5578 

Secondary Weight(kg) 3.7091 

    

RATED-LOAD OPERATION   

Primary Resistance(ohm) 3.6806 

Primary Leakage Reactance(ohm) 2.5310 

Secondary Resistance(ohm) 0.6231 

Secondary Leakage Reactance(ohm) 1.9119 

Magnetizing Reactance(ohm)   

Stator Phase Current(A) 11.8033 

Magnetizing Current(A) 4.1178 

Secondary Current(A) 7.6855 

Iron Core-Loss(W)   

Stray Loss(W)   

Input Power(W) 1104.2 

Output Power(W) 993.7910 

Efficiency(%) 0.3761 

Power Factor 0.3402 

Rated Slip 0.1000 

    

NO-LOAD OPERATION   

No-load Stator Resistance(ohm) 3.6806 

No-load Stator Leakage Reactance(ohm) 2.5310 

No-load Secondary Resistance(ohm) 3.9110 

No-load Secondary Leakage 

Reactance(ohm) 1.6915 

No-load Stator Phase Current(A)  9.8752 

No-load Slip 0.001 
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A6. Simulation Programme (M-File Programming) 
    
    
    
% MAIN FUNCTION% MAIN FUNCTION% MAIN FUNCTION% MAIN FUNCTION    
    
% Doktora Tezi% Doktora Tezi% Doktora Tezi% Doktora Tezi    
% Ali Suat Ger% Ali Suat Ger% Ali Suat Ger% Ali Suat Gerççççekekekek    
% %% %% %% %    
%%%%----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------    
%%%%----------------------------------------------------------------------------------------------------------------------------    
function C=ConstantV(GMin, GMax, function C=ConstantV(GMin, GMax, function C=ConstantV(GMin, GMax, function C=ConstantV(GMin, GMax, 
Ze,Frated,Vrated,srated,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,heZe,Frated,Vrated,srated,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,heZe,Frated,Vrated,srated,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,heZe,Frated,Vrated,srated,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he
,L,W,tov,Dir,Oe,b11,Dal,Nc),L,W,tov,Dir,Oe,b11,Dal,Nc),L,W,tov,Dir,Oe,b11,Dal,Nc),L,W,tov,Dir,Oe,b11,Dal,Nc)    
    
%pole pair ise%pole pair ise%pole pair ise%pole pair ise    
p=p1/2;p=p1/2;p=p1/2;p=p1/2;    
q=Z/(p1*m);q=Z/(p1*m);q=Z/(p1*m);q=Z/(p1*m);    
N=p1*q*Nc;N=p1*q*Nc;N=p1*q*Nc;N=p1*q*Nc;    
V=V1/((3)^(1/2));V=V1/((3)^(1/2));V=V1/((3)^(1/2));V=V1/((3)^(1/2));    
k=0;k=0;k=0;k=0;    
    
% Calculation of Tau and wc% Calculation of Tau and wc% Calculation of Tau and wc% Calculation of Tau and wc    
    
Vs=Vrated/(1Vs=Vrated/(1Vs=Vrated/(1Vs=Vrated/(1----srated);srated);srated);srated);    
tau=Vs/(2*f);tau=Vs/(2*f);tau=Vs/(2*f);tau=Vs/(2*f);    
if (wc == 1)if (wc == 1)if (wc == 1)if (wc == 1)    
    wc = tau;    wc = tau;    wc = tau;    wc = tau;    
elseelseelseelse    
    wc = tau;     wc = tau;     wc = tau;     wc = tau;     
end;end;end;end;    
    
    
%for g=0.001:0.0001:0.005%for g=0.001:0.0001:0.005%for g=0.001:0.0001:0.005%for g=0.001:0.0001:0.005    
for g=GMin:0.0001:GMaxfor g=GMin:0.0001:GMaxfor g=GMin:0.0001:GMaxfor g=GMin:0.0001:GMax    
    k=k+1;    k=k+1;    k=k+1;    k=k+1;    
                
[Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,b[Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,b[Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,b[Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav]=IndOfetav]=IndOfetav]=IndOfetav]=IndOf
Sleep(rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11Sleep(rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11Sleep(rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11Sleep(rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11
,Dal,g,Vrated,srated,q,N);,Dal,g,Vrated,srated,q,N);,Dal,g,Vrated,srated,q,N);,Dal,g,Vrated,srated,q,N);    
                Vo=(0.5*Vs*Vs/150);Vo=(0.5*Vs*Vs/150);Vo=(0.5*Vs*Vs/150);Vo=(0.5*Vs*Vs/150);    
    so=(Vs    so=(Vs    so=(Vs    so=(Vs----Vo)/Vs;Vo)/Vs;Vo)/Vs;Vo)/Vs;    
    Vr=Vs*(1    Vr=Vs*(1    Vr=Vs*(1    Vr=Vs*(1----srated);srated);srated);srated);    
    n2=1;    n2=1;    n2=1;    n2=1;    
    KWKWA1=0.2;    KWKWA1=0.2;    KWKWA1=0.2;    KWKWA1=0.2;    
    KWWWA=1;    KWWWA=1;    KWWWA=1;    KWWWA=1;    
                while ((abs((KWKWA1while ((abs((KWKWA1while ((abs((KWKWA1while ((abs((KWKWA1----KWWWA)))>0.0KWWWA)))>0.0KWWWA)))>0.0KWWWA)))>0.001)&&(n2<100)01)&&(n2<100)01)&&(n2<100)01)&&(n2<100)    
    n2=n2+1;    n2=n2+1;    n2=n2+1;    n2=n2+1;    
    I=(Frated*Vrated)/(m*V*KWKWA1);    I=(Frated*Vrated)/(m*V*KWKWA1);    I=(Frated*Vrated)/(m*V*KWKWA1);    I=(Frated*Vrated)/(m*V*KWKWA1);    
                Am=(3*sqrt(2)*kw*N*I)/(p*tau);Am=(3*sqrt(2)*kw*N*I)/(p*tau);Am=(3*sqrt(2)*kw*N*I)/(p*tau);Am=(3*sqrt(2)*kw*N*I)/(p*tau);    
    H1=Am;    H1=Am;    H1=Am;    H1=Am;    
    kmue1=1;    kmue1=1;    kmue1=1;    kmue1=1;    
    [ge,mure,omegi,kv1,kv2,kmueold,H,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M]=     [ge,mure,omegi,kv1,kv2,kmueold,H,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M]=     [ge,mure,omegi,kv1,kv2,kmueold,H,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M]=     [ge,mure,omegi,kv1,kv2,kmueold,H,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M]= 
maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprmaxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprmaxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprmaxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,ime,ktr,kzv,betav,ime,ktr,kzv,betav,ime,ktr,kzv,betav,
rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,grocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,grocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,grocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,g
,so,kmue1,Am, H1);,so,kmue1,Am, H1);,so,kmue1,Am, H1);,so,kmue1,Am, H1);    
    [Zv1prime,Zv2,Zvsecprime,Rvsecprime] =     [Zv1prime,Zv2,Zvsecprime,Rvsecprime] =     [Zv1prime,Zv2,Zvsecprime,Rvsecprime] =     [Zv1prime,Zv2,Zvsecprime,Rvsecprime] = 
esdeger_devre0(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzesdeger_devre0(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzesdeger_devre0(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzesdeger_devre0(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz
v,betav,rocu,conFe,cv,betav,rocu,conFe,cv,betav,rocu,conFe,cv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bonAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bonAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bonAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b
11,Dal,mure,kv1,kv2,omegi,ge,so,kmueold);%11,Dal,mure,kv1,kv2,omegi,ge,so,kmueold);%11,Dal,mure,kv1,kv2,omegi,ge,so,kmueold);%11,Dal,mure,kv1,kv2,omegi,ge,so,kmueold);%    
                
[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt
r,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tovr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tovr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tovr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,,Dir,,Dir,,Dir,
Oe,b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime);Oe,b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime);Oe,b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime);Oe,b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime);    
                
[ge,mure(n2),omegi,kv1,kv2,kmueold(n2),H(n2),Vsv,Vdv,Vgv,murs(n2),alfa1,Pen(n2[ge,mure(n2),omegi,kv1,kv2,kmueold(n2),H(n2),Vsv,Vdv,Vgv,murs(n2),alfa1,Pen(n2[ge,mure(n2),omegi,kv1,kv2,kmueold(n2),H(n2),Vsv,Vdv,Vgv,murs(n2),alfa1,Pen(n2[ge,mure(n2),omegi,kv1,kv2,kmueold(n2),H(n2),Vsv,Vdv,Vgv,murs(n2),alfa1,Pen(n2
),Ar(n2),Ax(n2),M]= ),Ar(n2),Ax(n2),M]= ),Ar(n2),Ax(n2),M]= ),Ar(n2),Ax(n2),M]= 
maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,
rocu,conFrocu,conFrocu,conFrocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,ge,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,ge,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,ge,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,g
,srated,kmue1,Am, H1);,srated,kmue1,Am, H1);,srated,kmue1,Am, H1);,srated,kmue1,Am, H1);    
                
[ke]=endeffect(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz[ke]=endeffect(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz[ke]=endeffect(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz[ke]=endeffect(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz
v,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b
11,D11,D11,D11,Dal,omegi,srated,kv1,kv2,mure,ge,deltao,a,q);al,omegi,srated,kv1,kv2,mure,ge,deltao,a,q);al,omegi,srated,kv1,kv2,mure,ge,deltao,a,q);al,omegi,srated,kv1,kv2,mure,ge,deltao,a,q);    
    murex=mure(n2);    murex=mure(n2);    murex=mure(n2);    murex=mure(n2);    
                
[Fx,eff,Ivsecprime,Rvsecprime,I1,Pem,Pme,Xvsecprime,KWKWA(n2),PF,Fxy,Im,Bmx,Bm[Fx,eff,Ivsecprime,Rvsecprime,I1,Pem,Pme,Xvsecprime,KWKWA(n2),PF,Fxy,Im,Bmx,Bm[Fx,eff,Ivsecprime,Rvsecprime,I1,Pem,Pme,Xvsecprime,KWKWA(n2),PF,Fxy,Im,Bmx,Bm[Fx,eff,Ivsecprime,Rvsecprime,I1,Pem,Pme,Xvsecprime,KWKWA(n2),PF,Fxy,Im,Bmx,Bm
y, Xvo] = y, Xvo] = y, Xvo] = y, Xvo] = 
esdeger_devreV(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,esdeger_devreV(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,esdeger_devreV(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,esdeger_devreV(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,
ktr,kzv,betav,rocu,coktr,kzv,betav,rocu,coktr,kzv,betav,rocu,coktr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,DinFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,DinFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,DinFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Di
r,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Vr,srated,kmueold,I,ke,Am,M, N);%,ker,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Vr,srated,kmueold,I,ke,Am,M, N);%,ker,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Vr,srated,kmueold,I,ke,Am,M, N);%,ker,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Vr,srated,kmueold,I,ke,Am,M, N);%,ke    
    KWWWA=KWKWA(n2);    KWWWA=KWKWA(n2);    KWWWA=KWKWA(n2);    KWWWA=KWKWA(n2);    
    KWKWA1=(KWKWA1+KWWWA)/2;    KWKWA1=(KWKWA1+KWWWA)/2;    KWKWA1=(KWKWA1+KWWWA)/2;    KWKWA1=(KWKWA1+KWWWA)/2;    
                endendendend    
    Bmxx(k)=Bmx;    Bmxx(k)=Bmx;    Bmxx(k)=Bmx;    Bmxx(k)=Bmx;    
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    Bmyy(k)=Bmy;    Bmyy(k)=Bmy;    Bmyy(k)=Bmy;    Bmyy(k)=Bmy;    
                Im1(k)=Im;Im1(k)=Im;Im1(k)=Im;Im1(k)=Im;    
    Ivsecprime1(k    Ivsecprime1(k    Ivsecprime1(k    Ivsecprime1(k)=Ivsecprime;)=Ivsecprime;)=Ivsecprime;)=Ivsecprime;    
    Rvsecprime1(k)=Rvsecprime;    Rvsecprime1(k)=Rvsecprime;    Rvsecprime1(k)=Rvsecprime;    Rvsecprime1(k)=Rvsecprime;    
    Xvsecprime1(k)=Xvsecprime;    Xvsecprime1(k)=Xvsecprime;    Xvsecprime1(k)=Xvsecprime;    Xvsecprime1(k)=Xvsecprime;    
                xx(k)=g;xx(k)=g;xx(k)=g;xx(k)=g;    
    effr(k)=eff;    effr(k)=eff;    effr(k)=eff;    effr(k)=eff;    
    I1r(k)=I;    I1r(k)=I;    I1r(k)=I;    I1r(k)=I;    
    Fxr(k)=Fx;    Fxr(k)=Fx;    Fxr(k)=Fx;    Fxr(k)=Fx;    
    Pemr(k)=Pem;    Pemr(k)=Pem;    Pemr(k)=Pem;    Pemr(k)=Pem;    
                Pmer(k)=Pme;Pmer(k)=Pme;Pmer(k)=Pme;Pmer(k)=Pme;    
    KWKWAr(k)=KWWWA;    KWKWAr(k)=KWWWA;    KWKWAr(k)=KWWWA;    KWKWAr(k)=KWWWA;    
    PFr(k)=PF;    PFr(k)=PF;    PFr(k)=PF;    PFr(k)=PF;    
    Fxyy(k)=Fxy;    Fxyy(k)=Fxy;    Fxyy(k)=Fxy;    Fxyy(k)=Fxy;    
                diff(k)=Fxr(k)diff(k)=Fxr(k)diff(k)=Fxr(k)diff(k)=Fxr(k)----Frated;Frated;Frated;Frated;    
    dmi    dmi    dmi    dmin=min(abs(diff));n=min(abs(diff));n=min(abs(diff));n=min(abs(diff));    
endendendend    
    
i=1;i=1;i=1;i=1;    
for i=1:1:numel(diff)for i=1:1:numel(diff)for i=1:1:numel(diff)for i=1:1:numel(diff)    
    if (dmin ~= abs(diff(i)))    if (dmin ~= abs(diff(i)))    if (dmin ~= abs(diff(i)))    if (dmin ~= abs(diff(i)))    
        break;        break;        break;        break;    
    end;    end;    end;    end;    
end;end;end;end;    
    
Bmxxx=Bmxx(i);Bmxxx=Bmxx(i);Bmxxx=Bmxx(i);Bmxxx=Bmxx(i);    
Bmyyy=Bmyy(i);Bmyyy=Bmyy(i);Bmyyy=Bmyy(i);Bmyyy=Bmyy(i);    
% Im11=Im1(i);% Im11=Im1(i);% Im11=Im1(i);% Im11=Im1(i);    
Ivsecprime11=Ivsecprime1(i);Ivsecprime11=Ivsecprime1(i);Ivsecprime11=Ivsecprime1(i);Ivsecprime11=Ivsecprime1(i);    
Rvsecprime11=Rvsecprime1(i);Rvsecprime11=Rvsecprime1(i);Rvsecprime11=Rvsecprime1(i);Rvsecprime11=Rvsecprime1(i);    
Xvsecprime11=Xvsecprime1(i);Xvsecprime11=Xvsecprime1(i);Xvsecprime11=Xvsecprime1(i);Xvsecprime11=Xvsecprime1(i);    
xxr=xx(i)*1e3;xxr=xx(i)*1e3;xxr=xx(i)*1e3;xxr=xx(i)*1e3;    
effrr=effr(i);effrr=effr(i);effrr=effr(i);effrr=effr(i);    
I11=I1r(i);I11=I1r(i);I11=I1r(i);I11=I1r(i);    
Im11=I11Im11=I11Im11=I11Im11=I11----Ivsecprime11;Ivsecprime11;Ivsecprime11;Ivsecprime11;    
Fxrr=Fxr(i);Fxrr=Fxr(i);Fxrr=Fxr(i);Fxrr=Fxr(i);    
Pemrr=Pemr(i);Pemrr=Pemr(i);Pemrr=Pemr(i);Pemrr=Pemr(i);    
Pmerr=Pmer(i);Pmerr=Pmer(i);Pmerr=Pmer(i);Pmerr=Pmer(i);    
KWKWArr=KWKWAr(i);KWKWArr=KWKWAr(i);KWKWArr=KWKWAr(i);KWKWArr=KWKWAr(i);    
PFrr=PFr(i);PFrr=PFr(i);PFrr=PFr(i);PFrr=PFr(i);    
Fxyyy=Fxyy(i);Fxyyy=Fxyy(i);Fxyyy=Fxyy(i);Fxyyy=Fxyy(i);    
roFE=7900;roFE=7900;roFE=7900;roFE=7900;    
roAL=2700;roAL=2700;roAL=2700;roAL=2700;    
roCU=8900;roCU=8900;roCU=8900;roCU=8900;    
Ms=Lp*(roFE*Dir*W+roAL*(W*Dal+hov*tov));Ms=Lp*(roFE*Dir*W+roAL*(W*Dal+hov*tov));Ms=Lp*(roFE*Dir*W+roAL*(W*Dal+hov*tov));Ms=Lp*(roFE*Dir*W+roAL*(W*Dal+hov*tov));    
Mcu=(3*roCU*(2*L+2*Lf)*N*Nb*pi*(Db^2))/4;Mcu=(3*roCU*(2*L+2*Lf)*N*Nb*pi*(Db^2))/4;Mcu=(3*roCU*(2*L+2*Lf)*N*Nb*pi*(Db^2))/4;Mcu=(3*roCU*(2*L+2*Lf)*N*Nb*pi*(Db^2))/4;    
Mcs=roFE*(((p1+1)*wc+2*ld)*(hpMcs=roFE*(((p1+1)*wc+2*ld)*(hpMcs=roFE*(((p1+1)*wc+2*ld)*(hpMcs=roFE*(((p1+1)*wc+2*ld)*(hp----he)*L+(Z+1)*he*ld*L);he)*L+(Z+1)*he*ld*L);he)*L+(Z+1)*he*ld*L);he)*L+(Z+1)*he*ld*L);    
Mp=Mcu+Mcs;Mp=Mcu+Mcs;Mp=Mcu+Mcs;Mp=Mcu+Mcs;    
    
    
%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%5%%%%%%%%%%%%%%%%%%%%%%%%%%%%5    
    
%  function ELD=ElectricData();%  function ELD=ElectricData();%  function ELD=ElectricData();%  function ELD=ElectricData();    
%%%%    
%     ELD.rocu=1.78e%     ELD.rocu=1.78e%     ELD.rocu=1.78e%     ELD.rocu=1.78e----8;    %resistivity of copper8;    %resistivity of copper8;    %resistivity of copper8;    %resistivity of copper    
%     %ELD.alfacu=40;   %Alfacu bul bu de%     %ELD.alfacu=40;   %Alfacu bul bu de%     %ELD.alfacu=40;   %Alfacu bul bu de%     %ELD.alfacu=40;   %Alfacu bul bu değğğğerierierieri    
%     ELD.conFe=0.450e7;%2*pi;%     ELD.conFe=0.450e7;%2*pi;%     ELD.conFe=0.450e7;%2*pi;%     ELD.conFe=0.450e7;%2*pi;    
%     ELD.conAl=0.303e8;%     ELD.conAl=0.303e8;%     ELD.conAl=0.303e8;%     ELD.conAl=0.303e8;    
%     %number of phase%     %number of phase%     %number of phase%     %number of phase    
%     ELD.m=3;%     ELD.m=3;%     ELD.m=3;%     ELD.m=3;    
%     %no of conductor per slot%     %no of conductor per slot%     %no of conductor per slot%     %no of conductor per slot    
%     ELD.Nb=120;%105;%     ELD.Nb=120;%105;%     ELD.Nb=120;%105;%     ELD.Nb=120;%105;    
%     %Temperature%     %Temperature%     %Temperature%     %Temperature    
%     ELD.deltaT=75;%     ELD.deltaT=75;%     ELD.deltaT=75;%     ELD.deltaT=75;    
%%%%    
%     % diameter choosen%     % diameter choosen%     % diameter choosen%     % diameter choosen    
%     ELD.Db=0.0011;%     ELD.Db=0.0011;%     ELD.Db=0.0011;%     ELD.Db=0.0011;    
%     ELD.f=50%     ELD.f=50%     ELD.f=50%     ELD.f=50;;;;    
%     %coil pitch%     %coil pitch%     %coil pitch%     %coil pitch    
%     ELD.wc=0.0501;%     ELD.wc=0.0501;%     ELD.wc=0.0501;%     ELD.wc=0.0501;    
%     %pole say%     %pole say%     %pole say%     %pole sayııııssssıııı    
%     ELD.p1=4;%     ELD.p1=4;%     ELD.p1=4;%     ELD.p1=4;    
%     %pole pair ise%     %pole pair ise%     %pole pair ise%     %pole pair ise    
%     ELD.p=ELD.p1/2;%     ELD.p=ELD.p1/2;%     ELD.p=ELD.p1/2;%     ELD.p=ELD.p1/2;    
%%%%    
%     %number of fullfilled slot of primary%     %number of fullfilled slot of primary%     %number of fullfilled slot of primary%     %number of fullfilled slot of primary    
%     ELD.Z=12;%     ELD.Z=12;%     ELD.Z=12;%     ELD.Z=12;    
%     %number of semi filled slot of primary%     %number of semi filled slot of primary%     %number of semi filled slot of primary%     %number of semi filled slot of primary    
%     ELD.Ze=4;%     ELD.Ze=4;%     ELD.Ze=4;%     ELD.Ze=4;    
%     ELD.q=EL%     ELD.q=EL%     ELD.q=EL%     ELD.q=ELD.Z/(ELD.p1*ELD.m); %kutupD.Z/(ELD.p1*ELD.m); %kutupD.Z/(ELD.p1*ELD.m); %kutupD.Z/(ELD.p1*ELD.m); %kutup    
%     ELD.P160=0.65;%     ELD.P160=0.65;%     ELD.P160=0.65;%     ELD.P160=0.65;    
%     %no of turn per phase%     %no of turn per phase%     %no of turn per phase%     %no of turn per phase    
%     ELD.N=ELD.p1*ELD.q*ELD.Nb;%     ELD.N=ELD.p1*ELD.q*ELD.Nb;%     ELD.N=ELD.p1*ELD.q*ELD.Nb;%     ELD.N=ELD.p1*ELD.q*ELD.Nb;    
%     ELD.V1=380;%     ELD.V1=380;%     ELD.V1=380;%     ELD.V1=380;    
%     ELD.V=ELD.V1/((3)^(1/2));%     ELD.V=ELD.V1/((3)^(1/2));%     ELD.V=ELD.V1/((3)^(1/2));%     ELD.V=ELD.V1/((3)^(1/2));    
% %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%    
% function MD=MagneticData();% function MD=MagneticData();% function MD=MagneticData();% function MD=MagneticData();    
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%     MD.Bteet%     MD.Bteet%     MD.Bteet%     MD.Bteeth=1.0;h=1.0;h=1.0;h=1.0;    
%     MD.mu0 = 4*pi*10^%     MD.mu0 = 4*pi*10^%     MD.mu0 = 4*pi*10^%     MD.mu0 = 4*pi*10^----7;7;7;7;    
%     %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%     %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%     %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%     %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%    
% function GD=GeometricData();% function GD=GeometricData();% function GD=GeometricData();% function GD=GeometricData();    
%%%%    
%     %primary core heigth%     %primary core heigth%     %primary core heigth%     %primary core heigth    
%     GD.hp=0.040;%     GD.hp=0.040;%     GD.hp=0.040;%     GD.hp=0.040;    
%     %overhang thickness%     %overhang thickness%     %overhang thickness%     %overhang thickness    
%     GD.hov=0.01;%     GD.hov=0.01;%     GD.hov=0.01;%     GD.hov=0.01;    
%     %slot heigth%     %slot heigth%     %slot heigth%     %slot heigth    
%     GD.he=0.020;%0.0%     GD.he=0.020;%0.0%     GD.he=0.020;%0.0%     GD.he=0.020;%0.045454545    
%     %primary core width%     %primary core width%     %primary core width%     %primary core width    
%     GD.L=0.1;%     GD.L=0.1;%     GD.L=0.1;%     GD.L=0.1;    
%     %back iron width%     %back iron width%     %back iron width%     %back iron width    
%     GD.W=0.10;%     GD.W=0.10;%     GD.W=0.10;%     GD.W=0.10;    
%     %aliminium cap thickness%     %aliminium cap thickness%     %aliminium cap thickness%     %aliminium cap thickness    
%     GD.tov=0.003;%     GD.tov=0.003;%     GD.tov=0.003;%     GD.tov=0.003;    
%     %thickness of AL%     %thickness of AL%     %thickness of AL%     %thickness of AL    
%     GD.Dir=0.015;%     GD.Dir=0.015;%     GD.Dir=0.015;%     GD.Dir=0.015;    
%     %slot opening%     %slot opening%     %slot opening%     %slot opening    
%     GD.Oe=0.0102;%     GD.Oe=0.0102;%     GD.Oe=0.0102;%     GD.Oe=0.0102;    
%     %slot width%     %slot width%     %slot width%     %slot width    
%     GD.b11=0.014;%     GD.b11=0.014;%     GD.b11=0.014;%     GD.b11=0.014;    
%     %air gap%     %air gap%     %air gap%     %air gap    
% %     GD.g=0.004; % 1cm% %     GD.g=0.004; % 1cm% %     GD.g=0.004; % 1cm% %     GD.g=0.004; % 1cm    
%     %Aliminium thickness%     %Aliminium thickness%     %Aliminium thickness%     %Aliminium thickness    
%     GD.Dal=0.003;%     GD.Dal=0.003;%     GD.Dal=0.003;%     GD.Dal=0.003;    
    
k=0;k=0;k=0;k=0;    
kemx=[];kemx=[];kemx=[];kemx=[];    
for s=0.001:0.01:1.001for s=0.001:0.01:1.001for s=0.001:0.01:1.001for s=0.001:0.01:1.001    
    k=k+1;    k=k+1;    k=k+1;    k=k+1;    
    Vr(k)=Vs*(1    Vr(k)=Vs*(1    Vr(k)=Vs*(1    Vr(k)=Vs*(1----s); % Rated speeds); % Rated speeds); % Rated speeds); % Rated speed    
    gg=xxr*1e    gg=xxr*1e    gg=xxr*1e    gg=xxr*1e----3;3;3;3;    
    %primary current    %primary current    %primary current    %primary current    
    I=I11;    I=I11;    I=I11;    I=I11;    
                Am=(3*sqrt(2)*kw*N*I)/(p*tau);Am=(3*sqrt(2)*kw*N*I)/(p*tau);Am=(3*sqrt(2)*kw*N*I)/(p*tau);Am=(3*sqrt(2)*kw*N*I)/(p*tau);    
    H1=Am;    H1=Am;    H1=Am;    H1=Am;    
    kmue1=1;    kmue1=1;    kmue1=1;    kmue1=1;    
    [ge,mure,omegi,kv1,kv2,kmueold,H,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M]=     [ge,mure,omegi,kv1,kv2,kmueold,H,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M]=     [ge,mure,omegi,kv1,kv2,kmueold,H,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M]=     [ge,mure,omegi,kv1,kv2,kmueold,H,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M]= 
maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,
rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,grocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,grocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,grocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,g
g,g,g,g,so,kmue1,Am,H1);so,kmue1,Am,H1);so,kmue1,Am,H1);so,kmue1,Am,H1);    
    [Zv1prime,Zv2,Zvsecprime,Rvsecprime] =     [Zv1prime,Zv2,Zvsecprime,Rvsecprime] =     [Zv1prime,Zv2,Zvsecprime,Rvsecprime] =     [Zv1prime,Zv2,Zvsecprime,Rvsecprime] = 
esdeger_devre0(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzesdeger_devre0(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzesdeger_devre0(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzesdeger_devre0(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz
v,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b
11,Dal,mure,kv1,kv2,omegi,ge,so,kmueold)11,Dal,mure,kv1,kv2,omegi,ge,so,kmueold)11,Dal,mure,kv1,kv2,omegi,ge,so,kmueold)11,Dal,mure,kv1,kv2,omegi,ge,so,kmueold);%;%;%;%    
                
[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt
r,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,r,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,r,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,r,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,
Oe,b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime);Oe,b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime);Oe,b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime);Oe,b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime);    
                
[ge,mure(k),omegi,kv1,kv2,k[ge,mure(k),omegi,kv1,kv2,k[ge,mure(k),omegi,kv1,kv2,k[ge,mure(k),omegi,kv1,kv2,kmueold(k),H(k),Vsv,Vdv,Vgv,murs(k),alfa1,Pen(k),Ar(mueold(k),H(k),Vsv,Vdv,Vgv,murs(k),alfa1,Pen(k),Ar(mueold(k),H(k),Vsv,Vdv,Vgv,murs(k),alfa1,Pen(k),Ar(mueold(k),H(k),Vsv,Vdv,Vgv,murs(k),alfa1,Pen(k),Ar(
k),Ax(k),M]= k),Ax(k),M]= k),Ax(k),M]= k),Ax(k),M]= 
maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,
rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,grocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,grocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,grocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,g
g,s,kmue1,Am,H1);g,s,kmue1,Am,H1);g,s,kmue1,Am,H1);g,s,kmue1,Am,H1);    
                
[ke]=endeffect[ke]=endeffect[ke]=endeffect[ke]=endeffect(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz
v,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,bv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir,Oe,b
11,Dal,omegi,s,kv1,kv2,mure,ge,deltao,a, q);%(k)11,Dal,omegi,s,kv1,kv2,mure,ge,deltao,a, q);%(k)11,Dal,omegi,s,kv1,kv2,mure,ge,deltao,a, q);%(k)11,Dal,omegi,s,kv1,kv2,mure,ge,deltao,a, q);%(k)    
    murex=mure(k);    murex=mure(k);    murex=mure(k);    murex=mure(k);    
                
[Fx,eff,Ivsecprime,Rvsecprime,I1,Pem,Pme,X[Fx,eff,Ivsecprime,Rvsecprime,I1,Pem,Pme,X[Fx,eff,Ivsecprime,Rvsecprime,I1,Pem,Pme,X[Fx,eff,Ivsecprime,Rvsecprime,I1,Pem,Pme,Xvsecprime,KWKWA,PF,Fxy,Im,Bmx,Bmy, vsecprime,KWKWA,PF,Fxy,Im,Bmx,Bmy, vsecprime,KWKWA,PF,Fxy,Im,Bmx,Bmy, vsecprime,KWKWA,PF,Fxy,Im,Bmx,Bmy, 
Xvo] = Xvo] = Xvo] = Xvo] = 
esdeger_devreV(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,esdeger_devreV(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,esdeger_devreV(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,esdeger_devreV(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,
ktr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Diktr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Diktr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Diktr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Di
r,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Vr,s,kmueold,I,ke,Amr,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Vr,s,kmueold,I,ke,Amr,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Vr,s,kmueold,I,ke,Amr,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Vr,s,kmueold,I,ke,Am,M, N);%,ke,M, N);%,ke,M, N);%,ke,M, N);%,ke    
    
                if (k == 1)if (k == 1)if (k == 1)if (k == 1)    
        FirstI1 = I1;        FirstI1 = I1;        FirstI1 = I1;        FirstI1 = I1;    
    end;    end;    end;    end;    
    
    Bmxx(k)=Bmx;    Bmxx(k)=Bmx;    Bmxx(k)=Bmx;    Bmxx(k)=Bmx;    
    Bmyy(k)=Bmy;    Bmyy(k)=Bmy;    Bmyy(k)=Bmy;    Bmyy(k)=Bmy;    
                Im1(k)=Im;Im1(k)=Im;Im1(k)=Im;Im1(k)=Im;    
    effr(k)=eff;    effr(k)=eff;    effr(k)=eff;    effr(k)=eff;    
                I1r(k)=I1;I1r(k)=I1;I1r(k)=I1;I1r(k)=I1;    
    Fxr(k)=Fx;    Fxr(k)=Fx;    Fxr(k)=Fx;    Fxr(k)=Fx;    
    Pemr(k)=Pem;    Pemr(k)=Pem;    Pemr(k)=Pem;    Pemr(k)=Pem;    
    Pmer(k)=Pme;    Pmer(k)=Pme;    Pmer(k)=Pme;    Pmer(k)=Pme;    
    KWKWAr(k)=KWKWA;    KWKWAr(k)=KWKWA;    KWKWAr(k)=KWKWA;    KWKWAr(k)=KWKWA;    
    PFr(k)=PF;    PFr(k)=PF;    PFr(k)=PF;    PFr(k)=PF;    
    Fxyy(k)=Fxy;    Fxyy(k)=Fxy;    Fxyy(k)=Fxy;    Fxyy(k)=Fxy;    
    end    end    end    end    
RvseRvseRvseRvsec1=abs(Rvsecprime);c1=abs(Rvsecprime);c1=abs(Rvsecprime);c1=abs(Rvsecprime);    
Xvsec1=abs(Xvsecprime);Xvsec1=abs(Xvsecprime);Xvsec1=abs(Xvsecprime);Xvsec1=abs(Xvsecprime);    
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I12 = abs(FirstI1);I12 = abs(FirstI1);I12 = abs(FirstI1);I12 = abs(FirstI1);    
    
%%%%    
% effr : Efficiency% effr : Efficiency% effr : Efficiency% effr : Efficiency    
% Fxr  : Thrust% Fxr  : Thrust% Fxr  : Thrust% Fxr  : Thrust    
% Fxy  : Normal force% Fxy  : Normal force% Fxy  : Normal force% Fxy  : Normal force    
%%%%    
for i=numel(Vr):for i=numel(Vr):for i=numel(Vr):for i=numel(Vr):----1:numel(Vr)/2+11:numel(Vr)/2+11:numel(Vr)/2+11:numel(Vr)/2+1    
    tmp = Vr(i);    tmp = Vr(i);    tmp = Vr(i);    tmp = Vr(i);    
    Vr(i) = Vr(numel(Vr)     Vr(i) = Vr(numel(Vr)     Vr(i) = Vr(numel(Vr)     Vr(i) = Vr(numel(Vr) ----i + 1);i + 1);i + 1);i + 1);    
    Vr(numel(Vr)     Vr(numel(Vr)     Vr(numel(Vr)     Vr(numel(Vr) ----i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;    
end;end;end;end;    
    
for i=nfor i=nfor i=nfor i=numel(Fxr):umel(Fxr):umel(Fxr):umel(Fxr):----1:numel(Fxr)/2+11:numel(Fxr)/2+11:numel(Fxr)/2+11:numel(Fxr)/2+1    
    tmp = Fxr(i);    tmp = Fxr(i);    tmp = Fxr(i);    tmp = Fxr(i);    
    Fxr(i) = Fxr(numel(Fxr)     Fxr(i) = Fxr(numel(Fxr)     Fxr(i) = Fxr(numel(Fxr)     Fxr(i) = Fxr(numel(Fxr) ----i + 1);i + 1);i + 1);i + 1);    
    Fxr(numel(Fxr)     Fxr(numel(Fxr)     Fxr(numel(Fxr)     Fxr(numel(Fxr) ----i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;    
end;end;end;end;    
    
for i=numel(effr):for i=numel(effr):for i=numel(effr):for i=numel(effr):----1:numel(effr)/2+11:numel(effr)/2+11:numel(effr)/2+11:numel(effr)/2+1    
    tmp = effr(i);    tmp = effr(i);    tmp = effr(i);    tmp = effr(i);    
    effr(i) = effr(numel(effr)     effr(i) = effr(numel(effr)     effr(i) = effr(numel(effr)     effr(i) = effr(numel(effr) ----i + 1);i + 1);i + 1);i + 1);    
    effr(numel(effr)     effr(numel(effr)     effr(numel(effr)     effr(numel(effr) ----i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;    
eeeend;nd;nd;nd;    
    
for i=numel(PFr):for i=numel(PFr):for i=numel(PFr):for i=numel(PFr):----1:numel(PFr)/2+11:numel(PFr)/2+11:numel(PFr)/2+11:numel(PFr)/2+1    
    tmp = PFr(i);    tmp = PFr(i);    tmp = PFr(i);    tmp = PFr(i);    
    PFr(i) = PFr(numel(PFr)     PFr(i) = PFr(numel(PFr)     PFr(i) = PFr(numel(PFr)     PFr(i) = PFr(numel(PFr) ----i + 1);i + 1);i + 1);i + 1);    
    PFr(numel(PFr)     PFr(numel(PFr)     PFr(numel(PFr)     PFr(numel(PFr) ----i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;    
end;end;end;end;    
    
for i=numel(KWKWAr):for i=numel(KWKWAr):for i=numel(KWKWAr):for i=numel(KWKWAr):----1:numel(KWKWAr)/2+11:numel(KWKWAr)/2+11:numel(KWKWAr)/2+11:numel(KWKWAr)/2+1    
    tmp = KWKWAr(i);    tmp = KWKWAr(i);    tmp = KWKWAr(i);    tmp = KWKWAr(i);    
    KWKWAr(i) = KWKWAr(numel(KWKWAr)     KWKWAr(i) = KWKWAr(numel(KWKWAr)     KWKWAr(i) = KWKWAr(numel(KWKWAr)     KWKWAr(i) = KWKWAr(numel(KWKWAr) ----i + 1);i + 1);i + 1);i + 1);    
    KWKWAr(nu    KWKWAr(nu    KWKWAr(nu    KWKWAr(numel(KWKWAr) mel(KWKWAr) mel(KWKWAr) mel(KWKWAr) ----i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;    
end;end;end;end;    
    
for i=numel(Pmer):for i=numel(Pmer):for i=numel(Pmer):for i=numel(Pmer):----1:numel(Pmer)/2+11:numel(Pmer)/2+11:numel(Pmer)/2+11:numel(Pmer)/2+1    
    tmp = Pmer(i);    tmp = Pmer(i);    tmp = Pmer(i);    tmp = Pmer(i);    
    Pmer(i) = Pmer(numel(Pmer)     Pmer(i) = Pmer(numel(Pmer)     Pmer(i) = Pmer(numel(Pmer)     Pmer(i) = Pmer(numel(Pmer) ----i + 1);i + 1);i + 1);i + 1);    
    Pmer(numel(Pmer)     Pmer(numel(Pmer)     Pmer(numel(Pmer)     Pmer(numel(Pmer) ----i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;    
end;end;end;end;    
    
for i=numel(I1r):for i=numel(I1r):for i=numel(I1r):for i=numel(I1r):----1:numel(I1r)/2+11:numel(I1r)/2+11:numel(I1r)/2+11:numel(I1r)/2+1    
    tmp = I1r(i);    tmp = I1r(i);    tmp = I1r(i);    tmp = I1r(i);    
    I1r(i) = I1r(numel(I1r)     I1r(i) = I1r(numel(I1r)     I1r(i) = I1r(numel(I1r)     I1r(i) = I1r(numel(I1r) ----i +i +i +i + 1); 1); 1); 1);    
    I1r(numel(I1r)     I1r(numel(I1r)     I1r(numel(I1r)     I1r(numel(I1r) ----i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;    
end;end;end;end;    
    
for i=numel(Fxyy):for i=numel(Fxyy):for i=numel(Fxyy):for i=numel(Fxyy):----1:numel(Fxyy)/2+11:numel(Fxyy)/2+11:numel(Fxyy)/2+11:numel(Fxyy)/2+1    
    tmp = Fxyy(i);    tmp = Fxyy(i);    tmp = Fxyy(i);    tmp = Fxyy(i);    
    Fxyy(i) = Fxyy(numel(Fxyy)     Fxyy(i) = Fxyy(numel(Fxyy)     Fxyy(i) = Fxyy(numel(Fxyy)     Fxyy(i) = Fxyy(numel(Fxyy) ----i + 1);i + 1);i + 1);i + 1);    
    Fxyy(numel(Fxyy)     Fxyy(numel(Fxyy)     Fxyy(numel(Fxyy)     Fxyy(numel(Fxyy) ----i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;    
end;end;end;end;    
    
for i=numel(Im1):for i=numel(Im1):for i=numel(Im1):for i=numel(Im1):----1:numel(Im1)/2+11:numel(Im1)/2+11:numel(Im1)/2+11:numel(Im1)/2+1    
    tmp = Im1(i);    tmp = Im1(i);    tmp = Im1(i);    tmp = Im1(i);    
    Im1(i) = Im1(num    Im1(i) = Im1(num    Im1(i) = Im1(num    Im1(i) = Im1(numel(Im1) el(Im1) el(Im1) el(Im1) ----i + 1);i + 1);i + 1);i + 1);    
    Im1(numel(Im1)     Im1(numel(Im1)     Im1(numel(Im1)     Im1(numel(Im1) ----i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;    
end;end;end;end;    
    
for i=numel(Pemr):for i=numel(Pemr):for i=numel(Pemr):for i=numel(Pemr):----1:numel(Pemr)/2+11:numel(Pemr)/2+11:numel(Pemr)/2+11:numel(Pemr)/2+1    
    tmp = Pemr(i);    tmp = Pemr(i);    tmp = Pemr(i);    tmp = Pemr(i);    
    Pemr(i) = Pemr(numel(Pemr)     Pemr(i) = Pemr(numel(Pemr)     Pemr(i) = Pemr(numel(Pemr)     Pemr(i) = Pemr(numel(Pemr) ----i + 1);i + 1);i + 1);i + 1);    
    Pemr(numel(Pemr)     Pemr(numel(Pemr)     Pemr(numel(Pemr)     Pemr(numel(Pemr) ----i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;i + 1) = tmp;    
end;end;end;end;    
    
csvwrite('vr.lim', Vr);csvwrite('vr.lim', Vr);csvwrite('vr.lim', Vr);csvwrite('vr.lim', Vr);    
csvwrite('fxr.lim', Fxr);csvwrite('fxr.lim', Fxr);csvwrite('fxr.lim', Fxr);csvwrite('fxr.lim', Fxr);    
csvwrite('ecsvwrite('ecsvwrite('ecsvwrite('effr.lim', effr);ffr.lim', effr);ffr.lim', effr);ffr.lim', effr);    
csvwrite('pfr.lim', PFr);csvwrite('pfr.lim', PFr);csvwrite('pfr.lim', PFr);csvwrite('pfr.lim', PFr);    
csvwrite('kwkwar.lim',KWKWAr);csvwrite('kwkwar.lim',KWKWAr);csvwrite('kwkwar.lim',KWKWAr);csvwrite('kwkwar.lim',KWKWAr);    
csvwrite('pmer.lim', Pmer);csvwrite('pmer.lim', Pmer);csvwrite('pmer.lim', Pmer);csvwrite('pmer.lim', Pmer);    
csvwrite('i1r.lim', I1r);csvwrite('i1r.lim', I1r);csvwrite('i1r.lim', I1r);csvwrite('i1r.lim', I1r);    
csvwrite('fxyy.lim', Fxyy);csvwrite('fxyy.lim', Fxyy);csvwrite('fxyy.lim', Fxyy);csvwrite('fxyy.lim', Fxyy);    
csvwrite('im1.lim', Im1);csvwrite('im1.lim', Im1);csvwrite('im1.lim', Im1);csvwrite('im1.lim', Im1);    
csvwrite('pemr.lim', Pemr);csvwrite('pemr.lim', Pemr);csvwrite('pemr.lim', Pemr);csvwrite('pemr.lim', Pemr);    
    
Dizi(1) = Rvsec1;Dizi(1) = Rvsec1;Dizi(1) = Rvsec1;Dizi(1) = Rvsec1;    
Dizi(2) = Xvsec1;Dizi(2) = Xvsec1;Dizi(2) = Xvsec1;Dizi(2) = Xvsec1;    
Dizi(3) =Dizi(3) =Dizi(3) =Dizi(3) = Bmxxx; Bmxxx; Bmxxx; Bmxxx;    
Dizi(4) = Bmyyy;Dizi(4) = Bmyyy;Dizi(4) = Bmyyy;Dizi(4) = Bmyyy;    
Dizi(5) = Im11;Dizi(5) = Im11;Dizi(5) = Im11;Dizi(5) = Im11;    
Dizi(6) = Vs;Dizi(6) = Vs;Dizi(6) = Vs;Dizi(6) = Vs;    
Dizi(7) = tau;Dizi(7) = tau;Dizi(7) = tau;Dizi(7) = tau;    
Dizi(8) = Lp;Dizi(8) = Lp;Dizi(8) = Lp;Dizi(8) = Lp;    
Dizi(9) = taud;Dizi(9) = taud;Dizi(9) = taud;Dizi(9) = taud;    
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Dizi(10) = ld;Dizi(10) = ld;Dizi(10) = ld;Dizi(10) = ld;    
Dizi(11) = Lf;Dizi(11) = Lf;Dizi(11) = Lf;Dizi(11) = Lf;    
Dizi(12) = kw;Dizi(12) = kw;Dizi(12) = kw;Dizi(12) = kw;    
Dizi(13) = Xprime;Dizi(13) = Xprime;Dizi(13) = Xprime;Dizi(13) = Xprime;    
Dizi(14) = Rprime;Dizi(14) = Rprime;Dizi(14) = Rprime;Dizi(14) = Rprime;    
Dizi(15) = kc;Dizi(15) = kc;Dizi(15) = kc;Dizi(15) = kc;    
Dizi(16) = kRNv;Dizi(16) = kRNv;Dizi(16) = kRNv;Dizi(16) = kRNv;    
Dizi(17) = conAlprime;Dizi(17) = conAlprime;Dizi(17) = conAlprime;Dizi(17) = conAlprime;    
Dizi(18) = ktr;Dizi(18) = ktr;Dizi(18) = ktr;Dizi(18) = ktr;    
DiDiDiDizi(19) = kzv;zi(19) = kzv;zi(19) = kzv;zi(19) = kzv;    
Dizi(20) = betav;Dizi(20) = betav;Dizi(20) = betav;Dizi(20) = betav;    
Dizi(21) = q;Dizi(21) = q;Dizi(21) = q;Dizi(21) = q;    
Dizi(22) = V;Dizi(22) = V;Dizi(22) = V;Dizi(22) = V;    
Dizi(23) = N;Dizi(23) = N;Dizi(23) = N;Dizi(23) = N;    
Dizi(24) = roFE;Dizi(24) = roFE;Dizi(24) = roFE;Dizi(24) = roFE;    
Dizi(25) = roAL;Dizi(25) = roAL;Dizi(25) = roAL;Dizi(25) = roAL;    
Dizi(26) = roCU;Dizi(26) = roCU;Dizi(26) = roCU;Dizi(26) = roCU;    
Dizi(27) = xxr;Dizi(27) = xxr;Dizi(27) = xxr;Dizi(27) = xxr;    
Dizi(28) = effrr;Dizi(28) = effrr;Dizi(28) = effrr;Dizi(28) = effrr;    
Dizi(29) = I11;Dizi(29) = I11;Dizi(29) = I11;Dizi(29) = I11;    
Dizi(30) = Fxrr;Dizi(30) = Fxrr;Dizi(30) = Fxrr;Dizi(30) = Fxrr;    
Dizi(31) = Pemrr;Dizi(31) = Pemrr;Dizi(31) = Pemrr;Dizi(31) = Pemrr;    
Dizi(32) = Pmerr;Dizi(32) = Pmerr;Dizi(32) = Pmerr;Dizi(32) = Pmerr;    
Dizi(33) = KWKWArr;Dizi(33) = KWKWArr;Dizi(33) = KWKWArr;Dizi(33) = KWKWArr;    
Dizi(34)Dizi(34)Dizi(34)Dizi(34) = PFrr; = PFrr; = PFrr; = PFrr;    
Dizi(35) = Fxyyy;Dizi(35) = Fxyyy;Dizi(35) = Fxyyy;Dizi(35) = Fxyyy;    
Dizi(36) = Ms;Dizi(36) = Ms;Dizi(36) = Ms;Dizi(36) = Ms;    
Dizi(37) = Mcu;Dizi(37) = Mcu;Dizi(37) = Mcu;Dizi(37) = Mcu;    
Dizi(38) = Mcs;Dizi(38) = Mcs;Dizi(38) = Mcs;Dizi(38) = Mcs;    
Dizi(39) = Mp;Dizi(39) = Mp;Dizi(39) = Mp;Dizi(39) = Mp;    
Dizi(40) = Ivsecprime11;Dizi(40) = Ivsecprime11;Dizi(40) = Ivsecprime11;Dizi(40) = Ivsecprime11;    
Dizi(41) = abs(Rvsecprime11);Dizi(41) = abs(Rvsecprime11);Dizi(41) = abs(Rvsecprime11);Dizi(41) = abs(Rvsecprime11);    
Dizi(42) = abs(Xvsecprime11);Dizi(42) = abs(Xvsecprime11);Dizi(42) = abs(Xvsecprime11);Dizi(42) = abs(Xvsecprime11);    
Dizi(43) = Vrated;Dizi(43) = Vrated;Dizi(43) = Vrated;Dizi(43) = Vrated;    
Dizi(44) = srated;Dizi(44) = srated;Dizi(44) = srated;Dizi(44) = srated;    
Dizi(45) = rocu;Dizi(45) = rocu;Dizi(45) = rocu;Dizi(45) = rocu;    
Dizi(46) = conFe;Dizi(46) = conFe;Dizi(46) = conFe;Dizi(46) = conFe;    
Dizi(47) Dizi(47) Dizi(47) Dizi(47) = conAl;= conAl;= conAl;= conAl;    
Dizi(48) = m;Dizi(48) = m;Dizi(48) = m;Dizi(48) = m;    
Dizi(49) = Nb;Dizi(49) = Nb;Dizi(49) = Nb;Dizi(49) = Nb;    
Dizi(50) = deltaT;Dizi(50) = deltaT;Dizi(50) = deltaT;Dizi(50) = deltaT;    
Dizi(51) = Db;Dizi(51) = Db;Dizi(51) = Db;Dizi(51) = Db;    
Dizi(52) = f;Dizi(52) = f;Dizi(52) = f;Dizi(52) = f;    
Dizi(53) = wc;Dizi(53) = wc;Dizi(53) = wc;Dizi(53) = wc;    
Dizi(54) = p1;Dizi(54) = p1;Dizi(54) = p1;Dizi(54) = p1;    
Dizi(55) = Z;Dizi(55) = Z;Dizi(55) = Z;Dizi(55) = Z;    
Dizi(56) = hp;Dizi(56) = hp;Dizi(56) = hp;Dizi(56) = hp;    
Dizi(57) = hov;Dizi(57) = hov;Dizi(57) = hov;Dizi(57) = hov;    
Dizi(58) = he;Dizi(58) = he;Dizi(58) = he;Dizi(58) = he;    
Dizi(59) = L;Dizi(59) = L;Dizi(59) = L;Dizi(59) = L;    
Dizi(60) = W;Dizi(60) = W;Dizi(60) = W;Dizi(60) = W;    
Dizi(61) = tov;Dizi(61) = tov;Dizi(61) = tov;Dizi(61) = tov;    
Dizi(62) = Dir;Dizi(62) = Dir;Dizi(62) = Dir;Dizi(62) = Dir;    
Dizi(63) = Oe;Dizi(63) = Oe;Dizi(63) = Oe;Dizi(63) = Oe;    
Dizi(Dizi(Dizi(Dizi(64) = b11;64) = b11;64) = b11;64) = b11;    
Dizi(65) = Dal;Dizi(65) = Dal;Dizi(65) = Dal;Dizi(65) = Dal;    
Dizi(66) = Xvo;Dizi(66) = Xvo;Dizi(66) = Xvo;Dizi(66) = Xvo;    
Dizi(67) = I12;Dizi(67) = I12;Dizi(67) = I12;Dizi(67) = I12;    
    
%for i=1:1:numel(Dizi)%for i=1:1:numel(Dizi)%for i=1:1:numel(Dizi)%for i=1:1:numel(Dizi)    
%    Dizi(i) = Dizi(i) * 10.0^4;%    Dizi(i) = Dizi(i) * 10.0^4;%    Dizi(i) = Dizi(i) * 10.0^4;%    Dizi(i) = Dizi(i) * 10.0^4;    
%end;%end;%end;%end;    
    
C = Dizi;C = Dizi;C = Dizi;C = Dizi;    
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%%%%%%%%%%%%%%%%%%%%%%%% %%%%%%%%%%%%%%%%%%%%%%%% %%%%%%%%%%%%%%%%%%%%%%%% %%%%%%%%%%%%%%%%%%%%%%%%     
%%%% Maxwell Function %%%%%% Maxwell Function %%%%%% Maxwell Function %%%%%% Maxwell Function %%    
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%    
    
function [ge,mure,omegi,kv1,kv2,kmuefunction [ge,mure,omegi,kv1,kv2,kmuefunction [ge,mure,omegi,kv1,kv2,kmuefunction [ge,mure,omegi,kv1,kv2,kmueold,H2,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M] old,H2,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M] old,H2,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M] old,H2,Vsv,Vdv,Vgv,murs,alfa1,Pen,Ar,Ax,M] 
= = = = 
maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,maxwel(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kzv,betav,
rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dir,Oe,b11,Dal,
g,s,kmue1,Am,H1)g,s,kmue1,Am,H1)g,s,kmue1,Am,H1)g,s,kmue1,Am,H1)    
    mu0 = 4*pi*10^mu0 = 4*pi*10^mu0 = 4*pi*10^mu0 = 4*pi*10^----7;7;7;7;    
n1=0;n1=0;n1=0;n1=0;    
    H2=H2=H2=H2=----1;1;1;1;    
    k    k    k    kmueold=kmue1;mueold=kmue1;mueold=kmue1;mueold=kmue1;    
                %input radial frequency%input radial frequency%input radial frequency%input radial frequency    
    omegi=2*pi*f*s;    omegi=2*pi*f*s;    omegi=2*pi*f*s;    omegi=2*pi*f*s;    
    while ((abs((H2while ((abs((H2while ((abs((H2while ((abs((H2----H1)))>0.001)&&(n1<100)H1)))>0.001)&&(n1<100)H1)))>0.001)&&(n1<100)H1)))>0.001)&&(n1<100)    
        n1=n1+1;n1=n1+1;n1=n1+1;n1=n1+1;    
        if H2>0if H2>0if H2>0if H2>0    
            H1=H2;H1=H2;H1=H2;H1=H2;    
        end        end        end        end    
        [B,Ar,Ax]=interpolasyon_BH(H1);[B,Ar,Ax]=interpolasyon_BH(H1);[B,Ar,Ax]=interpolasyon_BH(H1);[B,Ar,Ax]=interpolasyon_BH(H1);    
    
        murs=(B/(mu0*H1));murs=(B/(mu0*H1));murs=(B/(mu0*H1));murs=(B/(mu0*H1));    
        muprime=Ar*Ax;muprime=Ar*Ax;muprime=Ar*Ax;muprime=Ar*Ax;    
        mudouble=0.5*((Ar^2)mudouble=0.5*((Ar^2)mudouble=0.5*((Ar^2)mudouble=0.5*((Ar^2)----(Ax^2));(Ax^2));(Ax^2));(Ax^2));    
        muremuremuremure=abs(murs*(muprime=abs(murs*(muprime=abs(murs*(muprime=abs(murs*(muprime----1i*mudouble));1i*mudouble));1i*mudouble));1i*mudouble));    
        alfa1=sqrt(1i*omegi*mu0*mure*conFe);        alfa1=sqrt(1i*omegi*mu0*mure*conFe);        alfa1=sqrt(1i*omegi*mu0*mure*conFe);        alfa1=sqrt(1i*omegi*mu0*mure*conFe);    
        alfa2=sqrt(1i*omegi*mu0*conAlprime);alfa2=sqrt(1i*omegi*mu0*conAlprime);alfa2=sqrt(1i*omegi*mu0*conAlprime);alfa2=sqrt(1i*omegi*mu0*conAlprime);    
    
        kv1=sqrt((alfa1^2)+betav^2);kv1=sqrt((alfa1^2)+betav^2);kv1=sqrt((alfa1^2)+betav^2);kv1=sqrt((alfa1^2)+betav^2);    
        kv2=sqrt((alfa2^2)+betav^2);kv2=sqrt((alfa2^2)+betav^2);kv2=sqrt((alfa2^2)+betav^2);kv2=sqrt((alfa2^2)+betav^2);    
    
    
        %effective gap        %effective gap        %effective gap        %effective gap    
        ge=kc*kmueold*g;        ge=kc*kmueold*g;        ge=kc*kmueold*g;        ge=kc*kmueold*g;    
        coh=cosh(kv2*Dal);coh=cosh(kv2*Dal);coh=cosh(kv2*Dal);coh=cosh(kv2*Dal);    
        sosososoh=sinh(kv2*Dal);h=sinh(kv2*Dal);h=sinh(kv2*Dal);h=sinh(kv2*Dal);    
        M=(kv2/betav)*((kv1/kv2)*coh+mure*soh)*cosh(betav*ge)+...M=(kv2/betav)*((kv1/kv2)*coh+mure*soh)*cosh(betav*ge)+...M=(kv2/betav)*((kv1/kv2)*coh+mure*soh)*cosh(betav*ge)+...M=(kv2/betav)*((kv1/kv2)*coh+mure*soh)*cosh(betav*ge)+...    
            (mure*coh+(kv1/kv2)*soh)*sinh(betav*ge);(mure*coh+(kv1/kv2)*soh)*sinh(betav*ge);(mure*coh+(kv1/kv2)*soh)*sinh(betav*ge);(mure*coh+(kv1/kv2)*soh)*sinh(betav*ge);    
    
        %penetration depth%penetration depth%penetration depth%penetration depth    
        Pen=(sqrt(pi*s*f*mu0*murs*conFe))^(Pen=(sqrt(pi*s*f*mu0*murs*conFe))^(Pen=(sqrt(pi*s*f*mu0*murs*conFe))^(Pen=(sqrt(pi*s*f*mu0*murs*conFe))^(----1);1);1);1);    
        tt=0.5*Dir;tt=0.5*Dir;tt=0.5*Dir;tt=0.5*Dir;    
        if Pen < tt        if Pen < tt        if Pen < tt        if Pen < tt    
            dav=Pen;dav=Pen;dav=Pen;dav=Pen;    
        elseelseelseelse    
            dav=tt;dav=tt;dav=tt;dav=tt;    
        endendendend    
    
    
        %HmxFe the de farkl%HmxFe the de farkl%HmxFe the de farkl%HmxFe the de farklıııı Gier da farkl Gier da farkl Gier da farkl Gier da farklıııı kontrol et kontrol et kontrol et kontrol et    
        y4=g+Dal+dav;y4=g+Dal+dav;y4=g+Dal+dav;y4=g+Dal+dav;    
        Hmx=((Hmx=((Hmx=((Hmx=((----1*kv1*Am)/(M*betav)) * exp(1*kv1*Am)/(M*betav)) * exp(1*kv1*Am)/(M*betav)) * exp(1*kv1*Am)/(M*betav)) * exp(----1*kv1*(y41*kv1*(y41*kv1*(y41*kv1*(y4----DalDalDalDal----ge));ge));ge));ge));    
        Hmy=((1i*Am)/M) * exp(Hmy=((1i*Am)/M) * exp(Hmy=((1i*Am)/M) * exp(Hmy=((1i*Am)/M) * exp(----kv1*(y4kv1*(y4kv1*(y4kv1*(y4----DalDalDalDal----ge));ge));ge));ge));    
        HFeav=sqrt((abs(Hmx))^2+(abs(Hmy))^2);HFeav=sqrt((abs(Hmx))^2+(abs(Hmy))^2);HFeav=sqrt((abs(Hmx))^2+(abs(Hmy))^2);HFeav=sqrt((abs(Hmx))^2+(abs(Hmy))^2);    
    
        muravg=(B/(mu0*HFeav));muravg=(B/(mu0*HFeav));muravg=(B/(mu0*HFeav));muravg=(B/(mu0*HFeav));    
    
    
        %saturasyon fakt%saturasyon fakt%saturasyon fakt%saturasyon faktöööörrrrüüüünnnnüüüü hesapla hesapla hesapla hesapla    
        t19=(1i*t19=(1i*t19=(1i*t19=(1i*Am)/M;Am)/M;Am)/M;Am)/M;    
        t20=((mure*coh+(kv1/kv2)*soh)*sinh(betav*ge))/betav;t20=((mure*coh+(kv1/kv2)*soh)*sinh(betav*ge))/betav;t20=((mure*coh+(kv1/kv2)*soh)*sinh(betav*ge))/betav;t20=((mure*coh+(kv1/kv2)*soh)*sinh(betav*ge))/betav;    
        t23=(kv2/betav) * ((kv1/kv2)*coh+mure*soh);t23=(kv2/betav) * ((kv1/kv2)*coh+mure*soh);t23=(kv2/betav) * ((kv1/kv2)*coh+mure*soh);t23=(kv2/betav) * ((kv1/kv2)*coh+mure*soh);    
        t26=(1t26=(1t26=(1t26=(1----cosh(betav*ge))/betav;cosh(betav*ge))/betav;cosh(betav*ge))/betav;cosh(betav*ge))/betav;    
        Vgv=abs(t19*(t20Vgv=abs(t19*(t20Vgv=abs(t19*(t20Vgv=abs(t19*(t20----t23*t26));t23*t26));t23*t26));t23*t26));    
    
        t27=(mure*soh)/kv2;t27=(mure*soh)/kv2;t27=(mure*soh)/kv2;t27=(mure*soh)/kv2;    
        t28=(kv1/kv2)*((1t28=(kv1/kv2)*((1t28=(kv1/kv2)*((1t28=(kv1/kv2)*((1----coh)/kv2);coh)/kv2);coh)/kv2);coh)/kv2);    
        Vdv=abs(((1i*Am)/M)*(t27        Vdv=abs(((1i*Am)/M)*(t27        Vdv=abs(((1i*Am)/M)*(t27        Vdv=abs(((1i*Am)/M)*(t27----t28));t28));t28));t28));    
    
        Vsv=abs((1/Dir)*((2*Am)/(betav^2))*(1/abs(M))*(murs/muravg));Vsv=abs((1/Dir)*((2*Am)/(betav^2))*(1/abs(M))*(murs/muravg));Vsv=abs((1/Dir)*((2*Am)/(betav^2))*(1/abs(M))*(murs/muravg));Vsv=abs((1/Dir)*((2*Am)/(betav^2))*(1/abs(M))*(murs/muravg));    
        kmueeff=1+(Vsv/(2*(Vdv+Vgv)));kmueeff=1+(Vsv/(2*(Vdv+Vgv)));kmueeff=1+(Vsv/(2*(Vdv+Vgv)));kmueeff=1+(Vsv/(2*(Vdv+Vgv)));    
        kmueold=kmueeff; % saturasyon faktkmueold=kmueeff; % saturasyon faktkmueold=kmueeff; % saturasyon faktkmueold=kmueeff; % saturasyon faktöööörrrrüüüü    
    
        % y% y% y% yüüüüzeydeki HmsFe hesaplandzeydeki HmsFe hesaplandzeydeki HmsFe hesaplandzeydeki HmsFe hesaplandıııı yukar yukar yukar yukarııııya dya dya dya döööönderipnderipnderipnderip    
        y8=g+Dal;y8=g+Dal;y8=g+Dal;y8=g+Dal;    
        Hsx=(Hsx=(Hsx=(Hsx=(----1*kv1*Am/(M*betav)) * exp(1*kv1*Am/(M*betav)) * exp(1*kv1*Am/(M*betav)) * exp(1*kv1*Am/(M*betav)) * exp(----1*kv1*(y81*kv1*(y81*kv1*(y81*kv1*(y8----DalDalDalDal----ge));ge));ge));ge));    
        Hsy=(1i*Am/M) * exp(Hsy=(1i*Am/M) * exp(Hsy=(1i*Am/M) * exp(Hsy=(1i*Am/M) * exp(----kv1*(y8kv1*(y8kv1*(y8kv1*(y8----DalDalDalDal----ge));ge));ge));ge));    
        H2=sqrt((abs(Hsx))^2+(abs(Hsy))^2);H2=sqrt((abs(Hsx))^2+(abs(Hsy))^2);H2=sqrt((abs(Hsx))^2+(abs(Hsy))^2);H2=sqrt((abs(Hsx))^2+(abs(Hsy))^2);    
    
    end    end    end    end    
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%    
%%% End Effect Function %%%%%%%%% End Effect Function %%%%%%%%% End Effect Function %%%%%%%%% End Effect Function %%%%%%    
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%    
    
 function  function  function  function 
[ke]=endeffect(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz[ke]=endeffect(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz[ke]=endeffect(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz[ke]=endeffect(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,ktr,kz
v,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dir,Oe,v,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dir,Oe,v,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dir,Oe,v,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dir,Oe,
b11,Dal,omegi,s,kv1,kv2,mure,ge,deltao,a, q)b11,Dal,omegi,s,kv1,kv2,mure,ge,deltao,a, q)b11,Dal,omegi,s,kv1,kv2,mure,ge,deltao,a, q)b11,Dal,omegi,s,kv1,kv2,mure,ge,deltao,a, q)    
  mu0 = 4*pi*10^  mu0 = 4*pi*10^  mu0 = 4*pi*10^  mu0 = 4*pi*10^----7;7;7;7;    
 Vr=Vs*(1 Vr=Vs*(1 Vr=Vs*(1 Vr=Vs*(1----s);s);s);s);    
            Zv1prime=            Zv1prime=            Zv1prime=            Zv1prime=----1*((1i*omegi*mu0*mure*kzv)/(kv1*tanh(kv1*Dir)));1*((1i*omegi*mu0*mure*kzv)/(kv1*tanh(kv1*Dir)));1*((1i*omegi*mu0*mure*kzv)/(kv1*tanh(kv1*Dir)));1*((1i*omegi*mu0*mure*kzv)/(kv1*tanh(kv1*Dir)));    
            Zv2=(            Zv2=(            Zv2=(            Zv2=(----1i*omegi*mu0)/(kv2*tanh(kv2*Dal));1i*omegi*mu0)/(kv2*tanh(kv2*Dal));1i*omegi*mu0)/(kv2*tanh(kv2*Dal));1i*omegi*mu0)/(kv2*tanh(kv2*Dal));    
            Zvsecprime=(Zv1prime*Zv2*ktr*L)/((Zv1prime+Zv2)*tau);            Zvsecprime=(Zv1prime*Zv2*ktr*L)/((Zv1prime+Zv2)*tau);            Zvsecprime=(Zv1prime*Zv2*ktr*L)/((Zv1prime+Zv2)*tau);            Zvsecprime=(Zv1prime*Zv2*ktr*L)/((Zv1prime+Zv2)*tau);    
            Z2=(Zv2*Zv1prime)/(s*(Zv2+Zv1prime));            Z2=(Zv2*Zv1prime)/(s*(Zv2+Zv1prime));            Z2=(Zv2*Zv1prime)/(s*(Zv2+Zv1prime));            Z2=(Zv2*Zv1prime)/(s*(Zv2+Zv1prime));    
                                             drprime=kzv*L/(conAl*real(tau*Zvsecprime)); drprime=kzv*L/(conAl*real(tau*Zvsecprime)); drprime=kzv*L/(conAl*real(tau*Zvsecprime)); drprime=kzv*L/(conAl*real(tau*Zvsecprime));    
            %Vo ve V nin initial h            %Vo ve V nin initial h            %Vo ve V nin initial h            %Vo ve V nin initial hıııızmzmzmzmıııı de de de değğğğilmi bak Vs senkron hilmi bak Vs senkron hilmi bak Vs senkron hilmi bak Vs senkron hıııızzzz    
            Vo=(0.5*Vs*Vs/150);%*IOS.Vs/150            Vo=(0.5*Vs*Vs/150);%*IOS.Vs/150            Vo=(0.5*Vs*Vs/150);%*IOS.Vs/150            Vo=(0.5*Vs*Vs/150);%*IOS.Vs/150    
            if(Vr<=Vo)            if(Vr<=Vo)            if(Vr<=Vo)            if(Vr<=Vo)    
                Ve=0;ke=0;                Ve=0;ke=0;                Ve=0;ke=0;                Ve=0;ke=0;    
    
            else            else            else            else    
                Ve=((Vr                Ve=((Vr                Ve=((Vr                Ve=((Vr----Vo)/(VsVo)/(VsVo)/(VsVo)/(Vs----VVVVo))*Vs;o))*Vs;o))*Vs;o))*Vs;    
    
                E=(Vr*mu0*conAl*drprime)/(kc*(ge+drprime));%IELD.conAl                E=(Vr*mu0*conAl*drprime)/(kc*(ge+drprime));%IELD.conAl                E=(Vr*mu0*conAl*drprime)/(kc*(ge+drprime));%IELD.conAl                E=(Vr*mu0*conAl*drprime)/(kc*(ge+drprime));%IELD.conAl    
                F=(omegi*mu0*conAl*drprime)/(kc*(ge+drprime));% g                F=(omegi*mu0*conAl*drprime)/(kc*(ge+drprime));% g                F=(omegi*mu0*conAl*drprime)/(kc*(ge+drprime));% g                F=(omegi*mu0*conAl*drprime)/(kc*(ge+drprime));% g    
                                                                U=sqrt(((E)^4)+16*((F)^2));U=sqrt(((E)^4)+16*((F)^2));U=sqrt(((E)^4)+16*((F)^2));U=sqrt(((E)^4)+16*((F)^2));    
                V=(E)^2;                V=(E)^2;                V=(E)^2;                V=(E)^2;    
                D=sqrt(U+V)/sqrt(2);                D=sqrt(U+V)/sqrt(2);                D=sqrt(U+V)/sqrt(2);                D=sqrt(U+V)/sqrt(2);    
                            C=sqrt(U            C=sqrt(U            C=sqrt(U            C=sqrt(U----V)/sqrt(2);V)/sqrt(2);V)/sqrt(2);V)/sqrt(2);    
    
                %taue ayn                %taue ayn                %taue ayn                %taue aynıııı zamanda taue=(1 zamanda taue=(1 zamanda taue=(1 zamanda taue=(1----s)*taue diyede hesaplans)*taue diyede hesaplans)*taue diyede hesaplans)*taue diyede hesaplanııııtortortortor    
                taue=(2*pi)/D;                taue=(2*pi)/D;                taue=(2*pi)/D;                taue=(2*pi)/D;    
                Te=2*ge*kc/(C*ge*kc                Te=2*ge*kc/(C*ge*kc                Te=2*ge*kc/(C*ge*kc                Te=2*ge*kc/(C*ge*kc----Vr*mu0*conAl*drprime);%gVr*mu0*conAl*drprime);%gVr*mu0*conAl*drprime);%gVr*mu0*conAl*drprime);%g    
                                                                %Lon. end effectli winding factor%Lon. end effectli winding factor%Lon. end effectli winding factor%Lon. end effectli winding factor    
                te5=(tau/taue)*(pi/(2*m));                te5=(tau/taue)*(pi/(2*m));                te5=(tau/taue)*(pi/(2*m));                te5=(tau/taue)*(pi/(2*m));    
                                                                te6=(tau/te6=(tau/te6=(tau/te6=(tau/taue)*(pi/(2*m*q));taue)*(pi/(2*m*q));taue)*(pi/(2*m*q));taue)*(pi/(2*m*q));    
                te7=(pi*wc)/(2*taue);                te7=(pi*wc)/(2*taue);                te7=(pi*wc)/(2*taue);                te7=(pi*wc)/(2*taue);    
                kwe=(sin(te5)/(q*sin(te6)))*sin(te7);                kwe=(sin(te5)/(q*sin(te6)))*sin(te7);                kwe=(sin(te5)/(q*sin(te6)))*sin(te7);                kwe=(sin(te5)/(q*sin(te6)))*sin(te7);    
                delta=deltao+a*Ve;                delta=deltao+a*Ve;                delta=deltao+a*Ve;                delta=deltao+a*Ve;    
                fofdelta=(1/Te)*sin(delta)+(pi/taue)*cos(delta);                fofdelta=(1/Te)*sin(delta)+(pi/taue)*cos(delta);                fofdelta=(1/Te)*sin(delta)+(pi/taue)*cos(delta);                fofdelta=(1/Te)*sin(delta)+(pi/taue)*cos(delta);    
                te8=                te8=                te8=                te8=----1*kwe/kw;1*kwe/kw;1*kwe/kw;1*kwe/kw;    
                                                       te9=pi*taue/(tau^2);%??????????%%%     te9=pi*taue/(tau^2);%??????????%%%     te9=pi*taue/(tau^2);%??????????%%%     te9=pi*taue/(tau^2);%??????????%%%  (pi*taue/(IOS.tau))^2(pi*taue/(IOS.tau))^2(pi*taue/(IOS.tau))^2(pi*taue/(IOS.tau))^2    
                                                                te10=exp(te10=exp(te10=exp(te10=exp(----1*(p1/2)*taue/Te);1*(p1/2)*taue/Te);1*(p1/2)*taue/Te);1*(p1/2)*taue/Te);    
                te11=sinh((p1/2)*taue/Te);                te11=sinh((p1/2)*taue/Te);                te11=sinh((p1/2)*taue/Te);                te11=sinh((p1/2)*taue/Te);    
                te12=(p1/2)*sinh(taue/Te);                te12=(p1/2)*sinh(taue/Te);                te12=(p1/2)*sinh(taue/Te);                te12=(p1/2)*sinh(taue/Te);    
                te13=(1/(Te^2))+(pi/taue)^2;                te13=(1/(Te^2))+(pi/taue)^2;                te13=(1/(Te^2))+(pi/taue)^2;                te13=(1/(Te^2))+(pi/taue)^2;    
                ke=                ke=                ke=                ke=abs((te8*te9*fofdelta*te10*te11)/(te12*te13));abs((te8*te9*fofdelta*te10*te11)/(te12*te13));abs((te8*te9*fofdelta*te10*te11)/(te12*te13));abs((te8*te9*fofdelta*te10*te11)/(te12*te13));    
    
            end            end            end            end    

 
 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%    
%%%%%%%%%%%Equivalentcircuit Function %%%%%%%%%%%%%%%%%%%%%%%%%%Equivalentcircuit Function %%%%%%%%%%%%%%%%%%%%%%%%%%Equivalentcircuit Function %%%%%%%%%%%%%%%%%%%%%%%%%%Equivalentcircuit Function %%%%%%%%%%%%%%%    
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%    
function     function     function     function     
[Fx,eff,Ivsecpr[Fx,eff,Ivsecpr[Fx,eff,Ivsecpr[Fx,eff,Ivsecprime,Rvsecprime,I1,Pem,Pme,Xvsecprime,KWKWA,PF,Fxy,Im,Bmx,Bmy] = ime,Rvsecprime,I1,Pem,Pme,Xvsecprime,KWKWA,PF,Fxy,Im,Bmx,Bmy] = ime,Rvsecprime,I1,Pem,Pme,Xvsecprime,KWKWA,PF,Fxy,Im,Bmx,Bmy] = ime,Rvsecprime,I1,Pem,Pme,Xvsecprime,KWKWA,PF,Fxy,Im,Bmx,Bmy] = 
esdeger_devre(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kesdeger_devre(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kesdeger_devre(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kesdeger_devre(murex,Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,k
tr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dirtr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dirtr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dirtr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V,hp,hov,he,L,W,tov,Dir
,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Oe,b11,Dal,Ze,mure,kv1,kv2,omegi,ge,Vr,s,kmueold,I,ke,Am,M),Vr,s,kmueold,I,ke,Am,M),Vr,s,kmueold,I,ke,Am,M),Vr,s,kmueold,I,ke,Am,M)    
mu0 = 4*pi*10^mu0 = 4*pi*10^mu0 = 4*pi*10^mu0 = 4*pi*10^----7;7;7;7;    
Zv1prime=Zv1prime=Zv1prime=Zv1prime=----1*(((1i*omegi*mu0*mure*kzv)/(kv1*tanh(kv1*Dir))));%))));1*(((1i*omegi*mu0*mure*kzv)/(kv1*tanh(kv1*Dir))));%))));1*(((1i*omegi*mu0*mure*kzv)/(kv1*tanh(kv1*Dir))));%))));1*(((1i*omegi*mu0*mure*kzv)/(kv1*tanh(kv1*Dir))));%))));    
Zv2=(Zv2=(Zv2=(Zv2=(----1i*omegi*mu0)/(kv2*tanh(kv2*Dal));%tanh(kv2*GD.Dal)1i*omegi*mu0)/(kv2*tanh(kv2*Dal));%tanh(kv2*GD.Dal)1i*omegi*mu0)/(kv2*tanh(kv2*Dal));%tanh(kv2*GD.Dal)1i*omegi*mu0)/(kv2*tanh(kv2*Dal));%tanh(kv2*GD.Dal)    
Zvsecprime=(Zv1prime*Zv2*ktr*L)/((Zv1prime+Zv2)*tau);%*sZvsecprime=(Zv1prime*Zv2*ktr*L)/((Zv1prime+Zv2)*tau);%*sZvsecprime=(Zv1prime*Zv2*ktr*L)/((Zv1prime+Zv2)*tau);%*sZvsecprime=(Zv1prime*Zv2*ktr*L)/((Zv1prime+Zv2)*tau);%*s    
Rvsecprime=real(Zvsecprime);Rvsecprime=real(Zvsecprime);Rvsecprime=real(Zvsecprime);Rvsecprime=real(Zvsecprime);    
XvXvXvXvsecprime=imag(Zvsecprime);secprime=imag(Zvsecprime);secprime=imag(Zvsecprime);secprime=imag(Zvsecprime);    
Xvo=(omegi*mu0*ktr*L)/(betav*betav*ge*tau);Xvo=(omegi*mu0*ktr*L)/(betav*betav*ge*tau);Xvo=(omegi*mu0*ktr*L)/(betav*betav*ge*tau);Xvo=(omegi*mu0*ktr*L)/(betav*betav*ge*tau);    
Zvo=Zvo=Zvo=Zvo=----1i*Xvo;1i*Xvo;1i*Xvo;1i*Xvo;    
Ztot=(Zvsecprime*Zvo)/(Zvsecprime+Zvo);Ztot=(Zvsecprime*Zvo)/(Zvsecprime+Zvo);Ztot=(Zvsecprime*Zvo)/(Zvsecprime+Zvo);Ztot=(Zvsecprime*Zvo)/(Zvsecprime+Zvo);    
E=abs(I*Ztot);E=abs(I*Ztot);E=abs(I*Ztot);E=abs(I*Ztot);    
Ccf=100;Ccf=100;Ccf=100;Ccf=100;    
Ch=25;Ch=25;Ch=25;Ch=25;    
Bteeth=1;Bteeth=1;Bteeth=1;Bteeth=1;    
deltapfe=(Ccf+Ch*ELD.f)*ELD.f*Bteeth^2;deltapfe=(Ccf+Ch*ELD.f)*ELD.f*Bteeth^2;deltapfe=(Ccf+Ch*ELD.f)*ELD.f*Bteeth^2;deltapfe=(Ccf+Ch*ELD.f)*ELD.f*Bteeth^2;    
Rvo=ELD.m*(E^2)/deltapfe;Rvo=ELD.m*(E^2)/deltapfe;Rvo=ELD.m*(E^2)/deltapfe;Rvo=ELD.m*(E^2)/deltapfe;    
Ivsecprime=abs((ELD.I*ZvoIvsecprime=abs((ELD.I*ZvoIvsecprime=abs((ELD.I*ZvoIvsecprime=abs((ELD.I*Zvo)/(Zvsecprime+Zvo));)/(Zvsecprime+Zvo));)/(Zvsecprime+Zvo));)/(Zvsecprime+Zvo));    
R11=Xvo^2*Rvo/(Xvo^2+Rvo^2);R11=Xvo^2*Rvo/(Xvo^2+Rvo^2);R11=Xvo^2*Rvo/(Xvo^2+Rvo^2);R11=Xvo^2*Rvo/(Xvo^2+Rvo^2);    
X11=Xvo*Rvo^2/(Xvo^2+Rvo^2);X11=Xvo*Rvo^2/(Xvo^2+Rvo^2);X11=Xvo*Rvo^2/(Xvo^2+Rvo^2);X11=Xvo*Rvo^2/(Xvo^2+Rvo^2);    
Zver=R11+1i*X11;Zver=R11+1i*X11;Zver=R11+1i*X11;Zver=R11+1i*X11;    
Ztot1=Zvsecprime*Zver/(Zvsecprime+Zver);Ztot1=Zvsecprime*Zver/(Zvsecprime+Zver);Ztot1=Zvsecprime*Zver/(Zvsecprime+Zver);Ztot1=Zvsecprime*Zver/(Zvsecprime+Zver);    
E1=abs(I*Ztot1);E1=abs(I*Ztot1);E1=abs(I*Ztot1);E1=abs(I*Ztot1);    
Ivsecprime=abs(E*(1Ivsecprime=abs(E*(1Ivsecprime=abs(E*(1Ivsecprime=abs(E*(1----ke)/(Zvsecprime));%*(1ke)/(Zvsecprime));%*(1ke)/(Zvsecprime));%*(1ke)/(Zvsecprime));%*(1----ke)ke)ke)ke)    
    
Pem=abs((m*((Ivsecprime)^2)*Rvsecprime)/s);Pem=abs((m*((Ivsecprime)^2)*Rvsecprime)/s);Pem=abs((m*((Ivsecprime)^2)*Rvsecprime)/s);Pem=abs((m*((Ivsecprime)^2)*Rvsecprime)/s);    
Pme=abs(PePme=abs(PePme=abs(PePme=abs(Pem*(1m*(1m*(1m*(1----s));s));s));s));    
Poprime=m*Rprime*I^2;Poprime=m*Rprime*I^2;Poprime=m*Rprime*I^2;Poprime=m*Rprime*I^2;    
eff=abs(Pme/(Pem+Poprime));eff=abs(Pme/(Pem+Poprime));eff=abs(Pme/(Pem+Poprime));eff=abs(Pme/(Pem+Poprime));    
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Fx=abs((m*((Ivsecprime)^2)*Rvsecprime)/(s*Vs));Fx=abs((m*((Ivsecprime)^2)*Rvsecprime)/(s*Vs));Fx=abs((m*((Ivsecprime)^2)*Rvsecprime)/(s*Vs));Fx=abs((m*((Ivsecprime)^2)*Rvsecprime)/(s*Vs));    
Zprime=Rprime+1i*Xprime;Zprime=Rprime+1i*Xprime;Zprime=Rprime+1i*Xprime;Zprime=Rprime+1i*Xprime;    
Zall=((Zvo*Zvsecprime)/(Zvo+Zvsecprime))+Zprime;Zall=((Zvo*Zvsecprime)/(Zvo+Zvsecprime))+Zprime;Zall=((Zvo*Zvsecprime)/(Zvo+Zvsecprime))+Zprime;Zall=((Zvo*Zvsecprime)/(Zvo+Zvsecprime))+Zprime;    
Sa=m*I*V;Sa=m*I*V;Sa=m*I*V;Sa=m*I*V;    
KWKWA=Pme/Sa;KWKWA=Pme/Sa;KWKWA=Pme/Sa;KWKWA=Pme/Sa;    
PF=KWKWA/eff;PF=KWKWA/eff;PF=KWKWA/eff;PF=KWKWA/eff;    
I1=V/abs(Zall);I1=V/abs(Zall);I1=V/abs(Zall);I1=V/abs(Zall);    
Im=I1Im=I1Im=I1Im=I1----Ivsecprime;Ivsecprime;Ivsecprime;Ivsecprime;    
BmBmBmBmy=(E*(1y=(E*(1y=(E*(1y=(E*(1----ke))/(2*sqrt(2)*f*N*kw*tau*L);%2*sqrt(2)ke))/(2*sqrt(2)*f*N*kw*tau*L);%2*sqrt(2)ke))/(2*sqrt(2)*f*N*kw*tau*L);%2*sqrt(2)ke))/(2*sqrt(2)*f*N*kw*tau*L);%2*sqrt(2)    
Hmx=(Hmx=(Hmx=(Hmx=(----1*Am/(betav*M))*(kv1*cosh(kv2*Dal)+kv2*murex*sinh(kv2*Dal));1*Am/(betav*M))*(kv1*cosh(kv2*Dal)+kv2*murex*sinh(kv2*Dal));1*Am/(betav*M))*(kv1*cosh(kv2*Dal)+kv2*murex*sinh(kv2*Dal));1*Am/(betav*M))*(kv1*cosh(kv2*Dal)+kv2*murex*sinh(kv2*Dal));    
Bmx=mu0*abs(Hmx);Bmx=mu0*abs(Hmx);Bmx=mu0*abs(Hmx);Bmx=mu0*abs(Hmx);    
deltax=Ze*(Oe+ld);deltax=Ze*(Oe+ld);deltax=Ze*(Oe+ld);deltax=Ze*(Oe+ld);    
Fza=(1/2*mu0)*(Bmy^2)*p*(tau*deltax)*L;Fza=(1/2*mu0)*(Bmy^2)*p*(tau*deltax)*L;Fza=(1/2*mu0)*(Bmy^2)*p*(tau*deltax)*L;Fza=(1/2*mu0)*(Bmy^2)*p*(tau*deltax)*L;    

Fzr=Fx*Bmx/Bmy;Fzr=Fx*Bmx/Bmy;Fzr=Fx*Bmx/Bmy;Fzr=Fx*Bmx/Bmy;    
Fxy=abs(FzaFxy=abs(FzaFxy=abs(FzaFxy=abs(Fza----Fzr);Fzr);Fzr);Fzr);    
xx=0.0;xx=0.0;xx=0.0;xx=0.0;    

 
 
 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%    
%%%%%%% Bounded Function %%%%%%%%%%%%%%%%% Bounded Function %%%%%%%%%%%%%%%%% Bounded Function %%%%%%%%%%%%%%%%% Bounded Function %%%%%%%%%%    
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%    
function function function function 
[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt[deltao,a]=bounded(Vs,tau,Lp,taud,ld,Lf,kw,Xprime,Rprime,kc,kRNv,conAlprime,kt
r,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dirr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dirr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dirr,kzv,betav,rocu,conFe,conAl,m,Nb,deltaT,Db,f,wc,p1,Z,V1,hp,hov,he,L,W,tov,Dir
,Oe,Oe,Oe,Oe,b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime),b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime),b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime),b11,Dal,omegi,kv1,kv2,mure,ge,so,Zv1prime,Zv2,Zvsecprime)    
mu0 = 4*pi*10^mu0 = 4*pi*10^mu0 = 4*pi*10^mu0 = 4*pi*10^----7;7;7;7;    
Vo=(0.5*Vs*Vs/150);Vo=(0.5*Vs*Vs/150);Vo=(0.5*Vs*Vs/150);Vo=(0.5*Vs*Vs/150);    
                                Z2=(Zv2*Zv1prime)/(so*(Zv2+Zv1prime));Z2=(Zv2*Zv1prime)/(so*(Zv2+Zv1prime));Z2=(Zv2*Zv1prime)/(so*(Zv2+Zv1prime));Z2=(Zv2*Zv1prime)/(so*(Zv2+Zv1prime));    
        drprime=kzv*L/(conAl*real(tau*Zvsecprime));        drprime=kzv*L/(conAl*real(tau*Zvsecprime));        drprime=kzv*L/(conAl*real(tau*Zvsecprime));        drprime=kzv*L/(conAl*real(tau*Zvsecprime));    
        E=(Vo*mu0*conAl*drprime)/(kc*(ge+drprime));%IELD.con        E=(Vo*mu0*conAl*drprime)/(kc*(ge+drprime));%IELD.con        E=(Vo*mu0*conAl*drprime)/(kc*(ge+drprime));%IELD.con        E=(Vo*mu0*conAl*drprime)/(kc*(ge+drprime));%IELD.conAlAlAlAl    
        F=(omegi*mu0*conAl*drprime)/(kc*(ge+drprime));% g  g+GD.Dal        F=(omegi*mu0*conAl*drprime)/(kc*(ge+drprime));% g  g+GD.Dal        F=(omegi*mu0*conAl*drprime)/(kc*(ge+drprime));% g  g+GD.Dal        F=(omegi*mu0*conAl*drprime)/(kc*(ge+drprime));% g  g+GD.Dal    
                                U=sqrt(((E)^4)+16*((F)^2));U=sqrt(((E)^4)+16*((F)^2));U=sqrt(((E)^4)+16*((F)^2));U=sqrt(((E)^4)+16*((F)^2));    
        V=(E)^2;        V=(E)^2;        V=(E)^2;        V=(E)^2;    
        D=sqrt(U+V)/sqrt(2);        D=sqrt(U+V)/sqrt(2);        D=sqrt(U+V)/sqrt(2);        D=sqrt(U+V)/sqrt(2);    
        C=sqrt(U        C=sqrt(U        C=sqrt(U        C=sqrt(U----V)/sqrt(2);V)/sqrt(2);V)/sqrt(2);V)/sqrt(2);    
    
        %taue ayn        %taue ayn        %taue ayn        %taue aynıııı zamanda taue=(1 zamanda taue=(1 zamanda taue=(1 zamanda taue=(1----s)*taue diyede hesaplans)*taue diyede hesaplans)*taue diyede hesaplans)*taue diyede hesaplanııııtortortortor    
        ta        ta        ta        taue=(2*pi)/D;ue=(2*pi)/D;ue=(2*pi)/D;ue=(2*pi)/D;    
        Te=2*ge*kc/(C*ge*kc        Te=2*ge*kc/(C*ge*kc        Te=2*ge*kc/(C*ge*kc        Te=2*ge*kc/(C*ge*kc----Vo*mu0*conAl*drprime);%g GD.DalVo*mu0*conAl*drprime);%g GD.DalVo*mu0*conAl*drprime);%g GD.DalVo*mu0*conAl*drprime);%g GD.Dal    
        deltao=(pi        deltao=(pi        deltao=(pi        deltao=(pi----atan(pi*Te/taue));%pi  (180/pi)*atan(pi*Te/taue));%pi  (180/pi)*atan(pi*Te/taue));%pi  (180/pi)*atan(pi*Te/taue));%pi  (180/pi)*    
        a=(1/150)*atan(pi*Te/taue);%pi        a=(1/150)*atan(pi*Te/taue);%pi        a=(1/150)*atan(pi*Te/taue);%pi        a=(1/150)*atan(pi*Te/taue);%pi    
                                xxxxxx=0.0;xxxxxx=0.0;xxxxxx=0.0;xxxxxx=0.0;    

 
 
 
 
 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%    
%%%%% B%%%%% B%%%%% B%%%%% B----H Interpolation FuncH Interpolation FuncH Interpolation FuncH Interpolation Function %%%%%tion %%%%%tion %%%%%tion %%%%%    
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%    
    
    
function [B,A1,A2]=interpolasyon_BH(H)function [B,A1,A2]=interpolasyon_BH(H)function [B,A1,A2]=interpolasyon_BH(H)function [B,A1,A2]=interpolasyon_BH(H)    
    
                                A=[...A=[...A=[...A=[...    
            1       0.0001  0.1     0.4            1       0.0001  0.1     0.4            1       0.0001  0.1     0.4            1       0.0001  0.1     0.4    
            25      0.009   0.70    0.8            25      0.009   0.70    0.8            25      0.009   0.70    0.8            25      0.009   0.70    0.8    
            100     0.014   0.84    0.94            100     0.014   0.84    0.94            100     0.014   0.84    0.94            100     0.014   0.84    0.94    
            350     0.75                350     0.75                350     0.75                350     0.75    0.9     0.90.9     0.90.9     0.90.9     0.9    
            1000    1.15    1.61    0.93            1000    1.15    1.61    0.93            1000    1.15    1.61    0.93            1000    1.15    1.61    0.93    
            2000    1.35    1.72    0.8            2000    1.35    1.72    0.8            2000    1.35    1.72    0.8            2000    1.35    1.72    0.8    
            4000    1.475   1.61    0.78            4000    1.475   1.61    0.78            4000    1.475   1.61    0.78            4000    1.475   1.61    0.78    
            6000    1.51    1.56    0.8            6000    1.51    1.56    0.8            6000    1.51    1.56    0.8            6000    1.51    1.56    0.8    
            1e4     1.53    1.52    0.82            1e4     1.53    1.52    0.82            1e4     1.53    1.52    0.82            1e4     1.53    1.52    0.82    
            1.6e4   1.55    1.49    0.85            1.6e4   1.55    1.49    0.85            1.6e4   1.55    1.49    0.85            1.6e4   1.55    1.49    0.85    
            1e5     1.81    1.45    0.94            1e5     1.81    1.45    0.94            1e5     1.81    1.45    0.94            1e5     1.81    1.45    0.94    
            1e6     1.9     1.38    0.98 ];            1e6     1.9     1.38    0.98 ];            1e6     1.9     1.38    0.98 ];            1e6     1.9     1.38    0.98 ];    
    
    
    
        if nargin==0        if nargin==0        if nargin==0        if nargin==0    
                                                disp('Hata: giridisp('Hata: giridisp('Hata: giridisp('Hata: girişşşş yok'); yok'); yok'); yok');    
            B=[];            B=[];            B=[];            B=[];    
            return;            return;            return;            return;    
        end        end        end        end    
    
        %giri        %giri        %giri        %girişşşş de de de değğğğerlerinin kontrolerlerinin kontrolerlerinin kontrolerlerinin kontrolüüüü    
        if (min(H)< mi        if (min(H)< mi        if (min(H)< mi        if (min(H)< min(A(:,1))) || (max(H) > max(A(:,1)))n(A(:,1))) || (max(H) > max(A(:,1)))n(A(:,1))) || (max(H) > max(A(:,1)))n(A(:,1))) || (max(H) > max(A(:,1)))    
            disp('Hata: giri            disp('Hata: giri            disp('Hata: giri            disp('Hata: girişşşş de de de değğğğerleri aralerleri aralerleri aralerleri aralıııık dk dk dk dışıışıışıışında');nda');nda');nda');    
            B=[];            B=[];            B=[];            B=[];    
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            H            H            H            H    
            return;            return;            return;            return;    
        end        end        end        end    
    
        x=log10(A(:,1)');        x=log10(A(:,1)');        x=log10(A(:,1)');        x=log10(A(:,1)');    
        y3=A(:,2)';        y3=A(:,2)';        y3=A(:,2)';        y3=A(:,2)';    
        y1=A(:,3)';        y1=A(:,3)';        y1=A(:,3)';        y1=A(:,3)';    
        y2=A(:,4)';        y2=A(:,4)';        y2=A(:,4)';        y2=A(:,4)';    
    
        B        B        B        B=(interp1(x,(y3),log10(H),'spline'));%=(interp1(x,(y3),log10(H),'spline'));%=(interp1(x,(y3),log10(H),'spline'));%=(interp1(x,(y3),log10(H),'spline'));%    
    
        n1=7;        n1=7;        n1=7;        n1=7;    
        B1=polyfit(y3,sqrt(y1),n1);        B1=polyfit(y3,sqrt(y1),n1);        B1=polyfit(y3,sqrt(y1),n1);        B1=polyfit(y3,sqrt(y1),n1);    
        A1=polyval(B1,B).^2;        A1=polyval(B1,B).^2;        A1=polyval(B1,B).^2;        A1=polyval(B1,B).^2;    
    
        n2=7;        n2=7;        n2=7;        n2=7;    
        B2=polyfit(y3,sqrt(y2),n2);        B2=polyfit(y3,sqrt(y2),n2);        B2=polyfit(y3,sqrt(y2),n2);        B2=polyfit(y3,sqrt(y2),n2);    
        A2=polyval(B2,B).^2;        A2=polyval(B2,B).^2;        A2=polyval(B2,B).^2;        A2=polyval(B2,B).^2;    
    
        return        return        return        return    
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