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Abstract— In this paper we are designing and winding the 

linear induction motor. The purpose of this paper is to 

increase use of LIM in industry for transportation purpose. 

We present a linear induction motor for education. Several 

optimal design restraint equations of SLIM are provided in 

order to improve the operational efficiency and reduce the 

primary weight. The low rating LIM are of low cost, low 

energy consumption, high speed, and low pollution. The 

paper will show development of linear induction motor as a 

bucket elevator which carries 200-300gm weight in which 

flat chain move vertical direction. 
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I. INTRODUCTION 

In recent years, there have been more than 20 urban 

transportation lines propelled by single sided linear induction 

motor(SLIMs) among the world, such as the launching air 

craft, industrial vertical conveyor, lifting mechanisms in deep 

mines and so on.  

 Single sided linear induction motor is used in 

vertical transportation .The reason why it is selected the linear 

induction motor for transportation is the low energy 

consumption, high speed and low pollution. Electrical energy 

converts into mechanical energy and linear motion is 

achieved. 

 Single sided linear induction motor is used in 

vertical transportation .The reason why it is selected the linear 

induction motor for transportation is the low energy 

consumption, high speed and low pollution. Electrical energy 

converts into mechanical energy and linear motion is 

achieved.  

 The SLIM drive system has the following 

advantages compared with RIM drive system,  

1) There is no friction between primary and secondary. 

2) Noise and maintenance of SLIM is lower. 

3) SLIM has smaller cross section area. 

 Hence, the SLIM system is preferable for the 

transportation in the large industries.       

 However, the SLIM, which can be considered as 

evolved from the RIM, has a cut-open primary magnetic 

circuit. As the primary moves, a new flux is continuously 

developed at the primary entrance side, while the air gap flux 

disappears quickly at the exit side. By the influence of sudden 

generation and disappearance of the air gap penetrating flux 

density, an amount of eddy current in anti-direction to the 

primary current will be induced in the secondary sheet, which 

correspondingly affects the air gap flux profile along the 

longitudinal direction (x-axis) as illustrated in Fig. This 

phenomenon is called “longitudinal end effect” of SLIM, 

which can increase the copper loss, and decrease the mutual 

inductance as the velocity goes up. In the end, the effective 

electromagnetic thrust will be reduced because of the 

attenuating air gap average flux linkage. 

 
Fig. 1: Slim structure 

II. LITERATURE REVIEW 

A review of the literature related to this paper work. Give the 

detailed literature review by grouping the literature in 

different categories and in chronological order. The idea of a 

LIM had been suggested in 1895 and was first developed by 

English electrical engineer, Eric Laith waite. He spends his 

career investing this special machine. The history of linear 

induction motors extends as far back as the 19th century. 

 Although these machines have been practically 

forgotten for the last 30 or 40 years, there appears to be a 

genuine revival of interest in them. The fascinating history of 

these “Unrolled” motors and their theory of operation are 

discussed in this report. 

 The idea of the linear induction motor is probably 

contemporary with the Invention of the rotating field machine 

by Tesla, Dolivo - Doborovolsky, and Ferrari sometime after 

1885. However, some authors give other dates for the 

discovery. The idea of a linear electric motor is almost as old 

as that of a rotary electric motor. The first linear motor was a 

reluctance machine built by Charles Wheatstone in 1845, to 

be closely followed by a similar machine by Henry Fox 

Talbert. Nicola Tesla invented the induction motor in 1888. 

The first patent in linear induction motors was obtained by 

the mayor of Pittsburg in 1895. The first electromagnetic gun 

was undoubtedly Birke land’s cannon of1918, again a 

reluctance device, but possibly the first tubular motor using a 

row of simple coils energized in sequence with DC. In 1946, 

Westinghouse built a full-scale aircraft launcher, the 

“Electropult”, which was an induction motor with a moving 

primary.  

A. Paper objectives 

1) To study design and winding technique of linear 

induction      motor.  
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2) The paper will shows Linear Induction Motor as a drive 

which carries 200-300gm weight in which bucket moves 

in vertical direction. 

B. Paper outcomes 

Elevator with buckets. This paper will carry 200-300gm of 

load and such system is used for- 

1) When material is to be moved frequently between 

specific        points  

2) To move materials over a fixed path  

3) When there is a sufficient flow volume to justify the 

fixed elevators investment. 

III. PROPERTIES OF LIM 

A. Linear synchronous speed:    

Linear synchronous speed is equivalent to synchronous speed 

of rotary induction motor. The linear synchronous speed is 

given by  

Vs = 2pf 

Where  

Vs - Linear synchronous speed(m/s) 

p - Width of one pole pitch (m) 

f - Frequency (Hz) 

 It is important to note that the linear speed does not 

depend on no. of poles but only depends on the pole pitch 

width. By this logic, it is possible to for a 2 pole linear 

machine to have the same speed as linear synchronous speed 

of a 6 pole linear machine, provided that they have same pole 

pitch width. 

 Consider two machines where the radii are R & 2R 

respectively. The rotational field speed for is w for both of 

them, While the linear speeds are different.          

In case (a)           in case (b) 

Vs = wR             Vs = 2wR 

= 2πfR                  = 4πfR 

= 2f* pole pitch             = 2f* pole pitch 

 It clearly indicate that linear synchronous speed does 

not depends on the number of poles, but depend on pole pitch. 

 To increase synchronous speed of LIM designer 

could: 

1) Design a longer pole pitch 

2) Increase the supply frequency 

 
Fig. 2: Dimension dia. For LIM. 

B. Slip: 

The slip formula for LIM is identical to RIM. The per unit 

slip is expressed by: 

S= (Vs-V)/Vs 

Where 

 S – Slip 

 Vs- Synchronous linear speed (m/s)  

  V – Speed of rotor (m/s) 

C. Forces: 

The main forces involved with the LIM are thrust, normal and 

lateral. 

 
Fig. 3: Force direction 

1) Thrust: 

Under normal operation, the LIM develops a thrust 

proportional to the square of the applied voltage and reduces 

as the slip is reduced. 

          The amount of thrust produced by LIM as follows: 

F=P1/Vs 

      Where, 

 F – Thrust 

 P1– power transmitter to the rotor(W) 

 Vs- Linear synchronous speed (m/s) 

2) Normal: 

The normal force is force between the stator and reaction 

plate. It is large in SLIM this is because of asymmetrical 

topology. At synchronous speed, the force is an attractive 

force and its magnitude is reduced as the speed is reduced. At 

certain speeds the force will become repulsive, especially at 

high frequency operation. 

3) Lateral: 

Lateral forces moves in the y direction. These occur due to 

asymmetric positioning of the stator in a LIM. Any 

displacement from the central positioning will result in an 

unstable system. Generally small displacement will only 

result in very small lateral force. At high frequency the lateral 

forces are quite chaotic. A set of guided mechanical wheel 

tracks is sufficient to eliminate small lateral force. 

IV. OPERATION 

In our progressive work we are presenting a stator core and 

windings of the motor done by our group.I progressive 

process we have designed our linear motor by calculation as 

given in results. Fig. 4 shows the block diagram of our paper, 

It consist of three phase supply, dimmer, ON/OFF switch, 

linear induction motor and the load. 

 The three phase supply is given to the dimmer ,then 

by using dimmer we can give variable supply to the linear 

induction motor. The reactive aluminum foil chain in SLIM 

is equivalent to rotor. This is made of a non magnetic highly 

conductive material. The induced field is maximized by 

backing up the reaction chain with an aluminum chain. The 

aluminum chain  serves to amplify the magnetic field 

produced in coil. The air gap between the stator and the 

reaction chain  must typically be very small. Otherwise the 

amount of current through stator becomes undesirable. 
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 When supplying AC current to the coils, a travelling 

magnetic wave is produced. Swapping the phases reverse the 

direction of travel. Currents induced in the reaction chain by 

the travelling magnetic wave create a secondary magnetic 

field. It is not necessary to kept the field of motion 

synchronized to the position of the reaction chain, since the 

second field is induced by stator coil. A linear thrust is 

produced with the reaction between these two fields. 

V. BLOCK DIAGRAM 

 
Fig. 4: Block Diagram 

VI. RESULTS 

A. Design of single sided linear induction motor 

Consider a design for 1HP, 440v, 50Hz Linear induction 

motor, 

Output equation: 

              kVA input Q = Cd.D2.Ln 

                               C  = Output coefficient 

                                    = 1.1kw.Bav.ac*10-3 

              Here, assuming a data 

                              Kw = 0.933 

                              Bav   = 0.4Wb/m2 

                                ac = 30000 

                                Co = 11*0.933*0.4*30000*10-3 

                                     = 123.156 

                                 Q = kVA I/P 

                                     = CoD2Ln 

                                     = 123.156*D2Ln 

                                    & 

                                 Q = kW/Efficiency*cos fi 

                                     = 0.735/0.64 

                                = 1.1492 (Assuming efficiency = 0.8  & 

   cosfi = 0.8) 

                             D2L = 1.1492/123.156*2.5 

                                     = 0.3732*10-3 

For overall good design 

                         L/toe = 1 ,    

                      L/nD/p = 1 

                           L/D = pi/p; 

                           L/D = 3.14159/4  

                                  = 0.7853 

                               L= 0.7853D 

            D2*0.7853D = 0.3732*10-3 

                            D3 = 0.3732*10-3/0.7853 

                            D3 = 0.0004752 

                            ID = 0.07803m 

                              L = 0.7853*0.07803 

                                 = 0.06127m 

 

                        Toe  = pi*D/p 

                                = 3.14*0.07803/4 

                                = 0.0614m 

 

Flux per pole 

               Max. flux = Bav *Toe*L 

                                = 0.4*0.0614*0.0612 

                                = 1.50*10-3wb 

Stator voltage/phase = 440/root of 3 

                                   = 254.03V 

                               Ts = 254.03/4.44*F*flux*kw 

                                   = 254.03/4044*50*1.50*10-3*0.933 

                                   = 818 Turns/phase 

 Stator current/phase = 735.5/root of 3*440*0.8*0.8 

                                   = 1.508Amp 

Taking current density = 3A/mm2 

 

Area of each stator conductor = 1.508/3 

                                                  = 0.5023mm2 

    Total no.of stator conductor = 3*2Ts 

                                                   = 6*818 

                                                   = 4908 

              Total no. of stator slot = 2*3*4 

                                                   =24 

Let  pole pitch = toe = 0.0614m 

                 Slot pitch = 0.0614/3*2 

                                  = 0.01052m 

                 Slot width =Tooth width  

                                  = 0.0102/2 

                                 = 0.00511m. 

         Let, slot depth = Total slot area/slot width 

                                 = 266.03/5.11 

                                 =52.06mm 

Depth of stator core 

Area of stator core = Max flux/flux density in core 

               Assuming 1.2wb/m2  flux density 

                               = 1.50*10-3 /1.2 

                               = 1.25*10-3m2 

      Net iron length = 0.9*L 

                               = 0.9*0.06127 

                               = 0.05514m 

Conductor per slot = 4908/24 

                                                   = 205 

Area of each stator conductor  = 0.5023mm2 

Diameter of conductor required = 0.813mm 

   Area of stator conductor used = pi/4*(0.813)2 

                                                    = 0.5191mm2 

Slot Dimensions: 

       Space required for base conductors in slot = Zsg*as 

                                                                           = 205*0.5191 

                                                             =106.415mm2 

                                           Taking space factor = 0.4 

                                                Area of each slot = 106.415/0.4 

                                                                             

=266.03mm2 

VII. PAPER MERITS 

 Less Noise. 

 Less maintenance. 

 Smaller cross-section area. 

 Larger acceleration. 

 Frictionless. 

 High efficiency. 
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VIII. PAPER DEMERITS 

 Not economical as compared to RIM. 

 Not much weight is carried by bucket. 

IX. PAPER APPLICATION 

 Industrial vertical conveyor. 

 Lifting mechanisms in deep mines. 
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