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Abstract 

 

This paper investigates the design and implementation of single-sided linear induction motor towards determining the end effect 

intensity, reduces the primary weight of the system and improves the efficiency by multi-objective optimisation approach. This 

optimisation technique is a combination of genetic with cuckoo search (GCS) algorithm is introduced to improvise the efficiency and 

power factor, as well as to minimize the end effect intensity, simultaneously. The performance of the designed novel approach will be 

validated based on the measure of different parameters such as Efficiency, Power factor, Maximum thrust slip, Aluminum thickness, 

Primary width/pole pitch, Primary current density and the braking force due to the end effect. Finally, to validate the optimisation results, 

3D finite element method is employed and compared the results with the existing technique like GA, PSO, and Cuckoo search. 
 
Keywords: Optimization technique, induction motor drive, power factor, single-sided linear induction motor, efficiency. 

1. Introduction 

Induction Motors (IMs) are extensively used in many applications 

and they account for nearly 60% of total electricity consumption 

in industries (which includes industrial sectors of air compressors, 

pumps, cranes, electric home appliances, wind generation 

systems, fans, textile mills, blowers and in transportation systems) 

due to the dependency in conversion of electrical to mechanical 

energy [1]–[3]. Moreover, the maintenance of IMs is easy due to 

its simple structure, low cost, high efficiency and reliability [4]–

[7]. In the past, DC motor drives were employed with speed 

controls due to their simple design in regulating flux as well as 

torque. However, the maintenance of DC motors is difficult as 

they corrode [3], [8], [9]. Then, AC motors came into existence in 

place of DC motors followed by semiconductor devices like metal 

oxide semiconductor field-effect transistor, insulated gate bipolar 

transistor was developed and simultaneously improved [8]–[10]. 

The AC motors are designed using the microcontroller, Digital 

Signal Processor (DSP), and Field Programmable Gate Array 

(FPGA) in order to solve the fundamental and challenging 

problems [3], [9], [11]. Moreover, in IMs, the controlling of flux, 

speed and torque are difficult because of its sophisticated design 

along with its non-linear model [9], [10], [12], [13]. Linear motors 

are considered to be electrical machines with unique 

characteristics, in which the electrical energy is directly converted 

into mechanical energy with linear movement without the use of 

rotary for linear conversion.  

There are several kinds of linear motors which include permanent 

magnet motors, DC motors, synchronous motors, stepping motors 

and among which Linear Induction Motor (LIM) is the one 

considered to be promising because of its high-speed operation, 

simple construction, absence of gear between motor and other 

motion devices, high-starting thrust force, reduced mechanical 

losses, silent operation, small motion devices, low friction, no 

backlash, suitability for low as well as high speed applications and 

easy maintenance [14].  

Therefore, for many applications LIMs are used widely with 

satisfied performance like in transportation, actuators, in pumping 

liquid metals, robot base movers, automation, elevators, conveyor 

systems, material handling and in elevators [15], [16] because of 

its low-cost of construction lines as well as stations which use 

small cross-section, improved steepness gradient and sharpness of 

electromagnetic field curves. Nevertheless, LIMs face limitations 

in end effect and presence of large air gap, which leads to low 

efficiency and power factor.  

Hence, many researchers have concentrated to reduce the causes 

due to end effect and further to enhance the LIM’s efficiency [17]. 

Few of them recommended for optimisation using the multi-

objective genetic algorithm in order to increase the power factor 

of the motor and efficiency. Subsequently, single-sided linear 

induction motors (SLIM) have also been developed, and more 

considerable efforts have been put on the ECM (equivalent circuit 

model). Furthermore to attain better performance, i.e. high 

efficiency and power factor, [18]–[22] have made many research 

works to design the SLIM. Unfortunately, these works either fall 

short to consider the coupling relationship among all structure 

parameters fully or fail in aligning proper constraints to meet the 

standard working conditions[23].  

Also, from the review of the existing literature studies, it can be 

recognised that only some of the studies focused towards the 

optimisation of SLIM. 

Optimization techniques namely, GA[23], [24],PSO[25],cuckoo 

search algorithm[26], backtracking search algorithm[27], etc., are 

being used in many studies in order to enhance the performance of 

IM drives, in particular, its control systems[28]–[30]. In [31], GA 

was applied to improve the fuzzy-phase plane controller for speed 

tracking/ ideal position control in IM. Similarly, for optimum 

torque control and loss minimisation operation in IMs, GA-PSO 

algorithm was used to enhance the indirect vector control[23], 

[32], [33] likewise, for model-parameter identification technique, 

PSO was applied in permanent-magnet synchronous motors. 

http://creativecommons.org/licenses/by/3.0/
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Correspondingly, for controlling IM drives predictive torque 

control technique which uses multi-objective fuzzy decision 

making was used and provided fast dynamics and high 

performance.  

In [34], in order to improve the performance of fuzzy logic speed 

controller[12], backtracking search algorithm (BSA) was utilised 

in IMs[27]. Nevertheless, these optimisation techniques mostly 

had limitations on local minima, global minimum, optima 

trapping, trial-and-error procedure; further also have drawbacks in 

expanding the algorithms and reducing the computational time to 

attain optimal performances through optimisation. Hence, to 

overcome the above optimisation problems as well as to control 

the speed response in IMs based on transient response and 

damping capability under various speed and load conditions, a 

novel technique is required[13]. To meet the above requirements, 

this study focuses on different control and optimisation techniques 

to achieve high efficiency and power factor, as well as to 

minimize the end effect intensity.  

2. Methodology 

In this section, the design of a single-sided linear induction motor 

using a hybrid approach of the combination of multi-objective 

cuckoo search optimization algorithm with the genetic algorithm is 

presented.  

The designed motor is simulated using MATLAB software and 

investigates the effect of the design parameters based on the 

machine performance. 

 Then validated the model parameters and optimised results using 

finite element method.  

By using this approach, the power factor and efficiency can be 

improved. The motor design independently controls the forces 

produced by the SLIM.  

The model is based on an equivalent circuit of the SLIM, and it 

describes how the forces behave as a function of the primary 

current. Based on this behaviour, the next model will be used for 

the decoupling of the forces and control of the SLIM. The primary 

objective of this research is: 

• To define optimum design parameters, a multi-objective 

optimisation problem which includes efficiency, power 

factor, end effect intensity and the braking force due to 

the end effect.  

• To measure the voltage, current, and the phase shift 

between them under free acceleration, and investigate the 

effect on the propulsion force under locked primary 

condition. 

• To compare the performance of proposed optimised 

results with the existing approaches (genetic, cuckoo 

search algorithm, PSO).  

• To validate the obtained solution using a 3-D time-

stepping finite-element method. 

• To enhance the efficiency as well as to reduce the primary 

weight of the system 

A. Equivalent circuit model of LIM 

Figure 1 shows the architecture of the SLIM. It contains a three-

phase primary, and an aluminum laid sheet on the secondary back 

iron [35]. The per-phase equivalent circuit model of SLIM is 

shown in Fig. 2. 

 
Fig.1. Architecture of a single-sided LIM[36] 

 
Fig.2. Equivalent circuit of a LIM[36] 
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Goodness factor 

Where, ρw- volume resistivity of the copper wire used in the stator 

winding;  

lw - copper wire length per phase;  

ρr - volume resistivity of the rotor conductor outer layer;  

Awt - cross-sectional area of the wire; 

ge - equivalent air gap;  

wse - equivalent stator width;  

kp - pitch factor;  
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fl - primary frequency; 

kw -winding factor. 

 To maintain air gap flux density below 0.5 T, then the iron 

losses are negligible, and the thrust, the efficiency and the power 

factor will be given by 
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The effect of different parameters on efficiency and power factor 

and hence it is necessary to employ an optimisation method to 

achieve required specifications.  

Table 1 describes design variables of optimisation problems for 

SLIM. 

Most of the standard LIM dimensions and variables are opted as 

design variables whose values are found by optimisation procedure 

by GSA technique.  

In this study, the considered draft variables are the given in the 

table 1. 
Table I. Design variable constraints 

Parameter Minimum value Maximum value 

Primary current density 3 6 

Primary width 50 300 

Secondary sheet thickness 1.5 6 

Slip 0.1 0.5 

Air gap length (mm) 5 20 

Number of pole pairs 1 5 

Tooth width to slot pitch ratio 0.3 0.7 

Frequency (Hz) 15 500 

Efficiency (%) 30 - 

Power factor 0.30 - 

B. Identification of LIM parameters using GCS 

In order to improve efficiency and power factor of SLIM, the 

effective design parameters should be known. In this section design 

parameters are chosen as Efficiency, Power factor, Maximum 

thrust slip, Aluminum thickness, Primary width/pole pitch, Primary 

current density and the braking force due to the end effect. The 

design variables and constraints are as listed in table 1.  

Genetic with cuckoo Search Algorithm (GCS) is an optimization 

algorithm is an advanced process control and optimization for 

industrial scale systems. Steps involved in the process of GCS are 

as follows:  

Step 1:Assign the number of parameters to be identified for a 

SLIM 

Step 2: Initialize the GCS parameters such as memory, 

memory considering rate (MCR), pitch adjusting rate (PAR), 

bandwidth (BW) and a number of iterations for convergence.  

Step 3: Define the multi-objective function  

Step 4:Definethe range of values for the function variables. 

Step 5:Obtain the functional value of initial Harmony 

memory. 

Step 6:Set iteration counter t=0. 

Step 7:Increment the iteration counter t=t+1. 

Step 8:Starting of cuckoo Search, if generated random value 

> MCR. Then select the value of parameter randomly  

Step 9: Update the memory of objective function and replace 

the worst solution with a new better solution. 

Step 10: Check the stopping criteria and convergence, i.e., 

number of iteration > maximum iteration, if it is Satisfied to 

go to step 12.  

Step 11: Perform for New Harmony, i.e., increase the 

iteration count and go to step 7.  

Step 12: Find the best harmony from the HM. i.e., the optimal 

values within the constraints. 

Step 13: Stop 

 

 

 

Start 

Assign input parameters  

Define input constraints  

Number of iterations for convergence 

Find initial functional value of memory 

Improve a memory size  

Update memory value 

optimization Completed 

Stop 

Check for memory 
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Check for convergence? 
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Update memory value  
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Fig. 3. Flowchart 

 

C. Finite element analysis for LIM using GCS 

The design optimisations were carried out based on the analytical 

model of the machine and presented in Section III. However, the 

model is obtained by simplifications such as considering 

saturation, the nonlinearity of materials, etc. Thus, in this section 

3-D time stepping FEM are employed to evaluate the new 

equivalent circuit LIM model. The Commercial computer 

software (CCS) is one of the most important and efficient 

software for 3-D FEM analysis and also to obtain numerical and 

graphical results. The incomplete Cholesky conjugate gradient 

(ICCG) method used to solve the finite-element equations.  

 
Table II: Optimized Motors Specification 

Parameters Original Optimal 

1 

Optimal Optimal 

3 

Stack height(mm) 266 266 266 266 

Primary length(mm) 1950 2341 2333 2333 

Primary depth(mm) 98.6 119.6 114.6 114.6 

Slot width (mm) 15.87 19.3 19 18.8 

Tooth Width (mm) 8.4 10.2 10.4 10.6 

Slot depth(mm) 58 83.6 79.1 74.2 

Pole pitch (mm) 291.2 265.5 264.6 264.6 

No .of slots 80 79 79 79 

Mechanical 
clearance(mm) 

12 12 12 12 

No.of slots/pole/phase 4 3 3 3 

Short pitch factor 8/12 7/9 7/9 7/9 

Conductor area(mm^2) 67.19 117.78 109.71 101.83 

Number of poles 6 8 8 8 

Secondary sheet 
thickness(mm) 

4 4 4 4 

Secondary sheet width 

(mm) 

354 354 354 354 

Back-iron 

thickness(mm) 

25 25 25 25 

Base velocity(Km) 40 40 40 40 

Slip frequency 6.0 6.0 5.8 5.7 

Primary weight 628 662 632 628 

Thrust (kN) 18.60 18.60 18.60 18.60 

Efficiency 0.6555 0.7049 0.7022 0.7069 

Powerfactor 0.5055 0.4718 0.4657 0.4778 

 

In FEM, using time-stepping analysis the change in levitated and 

position that is based on the current location is called relative 

moment is measured. The force is created by a linearly moving 

magnetic field acting on conductors in the fields are then 

calculated using local virtual work method. The optimum 

designed SLIM is numerically simulated, and the accuracy of the 

calculated specifications is validated by 3-D finite-element 

method (FEM) results. From the above table, it can be interpreted 

that the proposed model has produced optimal results when 

compared with the original values. 

3. Experimental results 

The novel optimisation GCS has been applied to meet required 

efficiency, power factor, reduces the primary weight of the 

system, improves the efficiency and minimise the end effect 

intensity in the design of single-sided Linear Induction Motor. 

A. Performance measurement 

The interactive user design of the SLIM is examined briefly and 

the results obtained are tabulated. The performance curves are 

drawn and analysed for differently rated slip and thrust values. The 

effect of the different parameters of SLIM like number of poles, 

air-gap, the thickness of aluminum sheet is investigated.  

The calculation of output power and input power is done in order 

to determine the efficiency of the proposed model At a specific 

synchronous velocity Vs, the rated rotor velocity Vr is computed at 

distinct slips from 0 to 1.Further,the  performance characteristics of 

the considered parameters like  number of poles, thrust, end effect, 

linear speed, time, slip frequency, gain and efficiency are discussed 

below. 

The evaluation of the performance of the proposed algorithm is 

evaluated based on the following factors: 

• Effect of number of poles on the thrust of LIM (Velocity 

vs Force) When there is an increase in the number of 

poles, then there is a reduction in the end effects. Since 

the end-effect loss is divided by many numbers of poles, 

which results in better performance. Therefore, a machine 

with many numbers of poles is advantageous. For a given 

frequency and synchronous speed, the LIM can be very 

long unless the number of poles is considered. The thrust 

also increases, when the number of poles is increased. We 

can interpret from the experimental results, that efficiency 

decreases when the number of poles is increased. Hence, 

trade-off exists between efficiency and thrust with an 

increase in the number of poles. Similarly, there is a 

restraint in the length of the motor, which increases with 

increase in number of poles when supply frequency and 

synchronous velocity are considered to be constant.  

• Effect of number of poles on the efficiency of LIM 

(Efficiency vs Velocity) When the number of pole 

increases, the efficiency decreases and the power factor 

increases. Effects of number of poles and the efficiency 

are illustrated. It is clear that larger current densities 

increase the power factor and reduce the effectiveness of 

SLIMs. 

 
Table III: Experimental Results 

Parameter Results  FEM 

Efficiency (%) 69 68.03 

Power factor 0.6631 0.6974 

Output thrust (N) 974.32 994.9 

 The efficiency is 47.36%, as higher as when compared to other 

existing algorithms. When the target thrust is 1000N, and the actual 

thrust developed by the SLIM is 994.9N at an efficiency of 46.03% 

compared to the design from table 3. This has a better ratio of slot 

width to tooth width when compared to the previous systems. 

Hence, the final thrust obtained from these experiments conducted 

with these designs is much closer to the target thrust even with 

better efficiency. 

 
Table IV: Optimization Results and Conventional Motor Parameters 

Parameter Conventio

nal 

design[37] 

GA[3

5] 

PSO[2

2] 

ICA[3

7] 

Cuckoo 

search[

26] 

Propos

ed 

Efficiency 

(%) 

36 39.30 54.68 43.45 49.01 69 

Maximum 

thrust slip 

0.5 0.5 0.3 0.5 0.5 0.6729 

Power factor  0.32 0.3 0.58 0.6463 0.5729 0.8 

 Primary 

current 

density(Amm
-2) 

4 3 6.5 5 3 7.5 

Primary 

width/pole 

pitch(mm) 

2 2.5 4 4 2 6 

Aluminum 

thickness(inc

hes) 

2 1.4 4 1 1 5.5 
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Genetic algorithm has 39.30% efficiency but power factor is 0.5 

less than the required, particle swarm optimisationhas30% but 

power factor is 0.3 less than needed, but GCS gives 69% and also 

reached required power factor. From table4the GCS has less 

number of iteration and better pattern search to reach desired 

optimum values as compared to GA, PSO and cuckoo search 

algorithms.  

 
Fig. 4. Comparison of Efficiency,  

 

Power factor and maximum thrust slip The motor dimensions and 

properties of the genetic algorithm, PSO, cuckoo search algorithm 

and designed GCS optimisation methods which are mentioned. 

The above figure 4 shows that the maximum efficiency is 

achieved for the developed GCS algorithm. Also, the highest of 

power factor is obtained in GCS far better than separate GA, ICA 

and cuckoo search system. GCS attained enhanced power factor 

around 20% times better than the cuckoo search algorithm. In 

another aspect, GCS enhanced both power factor and efficiency 

around 2 and 20% times respectively which is very significant. It 

is valuable note to mention that GCS improved both efficiency 

and power factor in the comparison with traditional state-of-art 

algorithms and the necessary target parameters is much more 

optimized. 

 
Fig. 5. Comparison of Aluminium thickness, primary width and current 

denssity 

 

Illustrate the changes in the efficiency with respect the air gap 

length and the aluminum thickness. Fig. 5 illustrates comparison 

of the aluminum thickness, primary width/pole pitch and primary 

current density for the proposed model with the considered state 

of art algorithms such as GA, PSO, and Cuckoo search algorithm 

and ICA algorithm. It is clear that a reduction in the air gap length 

and the aluminum thickness leads to a growth in the power factor 

magnitude.  

 
Fig. 6. No.of iteration Vs. obj. function 

 

Figure6 demonstrates the Mean and minimum cost of all 

imperialists versus iteration in the optimisation problem. Hence 

from this iteration convergence graph we can conclude that the 

proposed work has lesser no of iteration than the other 

conventional approach. 

4. Discussion 

The performance of the SLIM can be governed by efficiency as 

well as losses. There are many parameters that lead to causes, but 

most researchers focused on longitudinal end effect in order to 

improve the performance. The common factor of end effect is 

magnetic field distribution. The magnetic field distribution can be 

increased by increasing the air gap between primary and 

secondary, whereas efficiency depends on goodness factor, power 

factor,correction factor which are influenced by slot pitch, 

secondary sheet thickness, air gap and tooth width. Correction 

factor depends on the property of slot pitch, air gap and backplate 

thickness. In high-speed operations, end-effect compensation has 

to be done for balancing the system. Thus, end-effect 

compensation scheme is applied for accurate orientation of 

rotating reference frame including the basic flux linkage. For 

determining the performance of the SLIM, goodness factor can be 

used which is a metric that depends on the permeability of the 

core, the conductivity of the conductor, area and length of electric 

as well as a magnetic circuit, and angular frequency of the motor. 

There will be rise in the magnetic air-gap when the thickness of 

the aluminum sheet present in the rotor is increased than the 

specified value so that the flux linkage decreases the currents 

formed between the stator and rotor. Therefore, the value of the 

density of secondary conductor must be maximum. The primary 

factor in the design of SLIM is the air-gap. Increased air-gap 

requires larger magnetising current and so leads to lower power 

factor. While in case of low-speed SLIM, increased goodness 

factor will result in efficient performance. Therefore, for 

mechanical feasibility air-gap must be minimum. 

5. Conclusion 

In this paper, multi-objective optimisation methods were used for 

optimised dimensions of a single-sided linear induction motor to 

meet required efficiency and power factor simultaneously. It is 

observed that the usage of the Genetic with cuckoo search 

algorithm has resulted in an efficiency of 69% with a power factor 

of 0.6729 less than the required. The utilization of GCS resulted in 

an enhanced efficiency and also reached the required power 

factor. From FEMM analysis, GCS based SLIM flux and eddy 

current density are less when compared to PSO based LIM. Based 

on the results, we conclude that design of LIM using GCS 

optimisation technique takes less converging time, less number of 

iterations, desired optimum values to achieve the desired 

efficiency, power factor and high speed. 
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