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Abstract: The pellet plant starting transient effect and speed control on a conveyor belt using a squirrel cage 

induction machine is presented. A pellet is a fine-grained iron ore that is converted into balls of a certain 

diameter, usually 8–20 mm. A pellet plant is a set of equipment used to produce pellets. Its components consist 

of crushing, mixing, feeding, granulation, and cooling equipment. Materials used to produce pellets include iron 

ore and limestone, coke, anthracite coal, quartzite as additives, which are passed through balling disk drum, 

furnace, and the green pellets so formed rotary kiln as product for steel production. Electrical transient currents 

are current before reaching steady state and fast rise time, short duration energy pulses that commonly have 

voltage and current components often transmitted down power lines. This transient is a disturbance that affects 

the power quality of the pellet plant starting on the conveyor belt and constitutes a negative effect and damage to 

the pellet plant equipment. Electrical transients occur in pellet plant power systems from a variety of sources and 

have adverse effects on the equipment and reliability of the power system. These may be electrical transmission 

faults such as contact of the transmission lines with the tree, lightning, switching, and load changes. This study 

was conducted to ensure the operational stability of the pellet plant starting facilities after a disturbance while 

maintaining quality services. The pellet plant conveyor belt is a power-driven belt and is supported by metal plate 

rollers upon which the conveyor belt rests. It is a wrapped rounded driven pulley driven by an electrical machine. 

The squirrel cage machine is an induction device that harnesses electromagnetism to generate motion. It is called 

“squirrel cage” machine because of its rotor shape, and the inner component is connected to the output shaft that 

looks like a cage. With the introduction of the Squirrel cage induction machine to drive the pellet plant conveyor 

belt, the pellet plant conveyor belt and its associated equipment were stabilized and the negative effects were 

eliminated. The experimental investigation revealed that the average current of the pellet plant squirrel cage 

induction machine at no load characteristics was 0.703Aac, apparent power was 220 VA, real power was 80 W, 

reactive power was 201 VAR, and power factor was 0.286. With the introduction of torque at 12 (12(Ibf.in), the 

average current at no load characteristics was 1.29Aac,,apparent power, 412VA, real power ,320W,  reactive power 

,272var, power factor ,0.785,  horse power, 0.260, efficiency, 79.6 %. When torque was introduced at 12(Ibf.in), 

the starting current to full load current was 4.10, starting torque, 2.27, full load current, 0.603. There was an 

increase in the power factor and increase in pellet plant conveyor belt squirrel cage induction machine efficiency. 

When the slip dropped to some value between 2% and 10%, the speed stabilized and remained relatively constant. 

The operating characteristics of the squirrel cage machine are very efficient, higher full-load speed, and good 
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speed regulation. The squirrel cage induction machine is widely used in a variety of industrial applications and 

should be introduced for pellet plant conveyor belt operation because its rotor construction is very simple, rugged, 

and cannot be burnt out. Less maintenance due to the absence of commutation brushes and slip ring. The pellet 

plant conveyor belt squirrel cage induction machine runs at a rotating field of 1500 r/min at 50 Hz because the 

excitation current increases because of lower winding impedances. These are recommended for pellet plant 

engineers, technicians, and operators.   

Keywords: Pellet, squirrel cage, limestone, furnace, transient, conveyor belt, torque. 

 

 

1.0: INTRODUCTION 

The pellet plant starting transient effect and speed control on a conveyor belt using a squirrel cage induction 

machine is presented. A pellet is a fine-grained iron ore that is converted into balls of a certain diameter, usually 

8–20 mm. A pellet plant is a set of equipment used to produce pellets. Its components consist of crushing, mixing, 

feeding, granulation, and cooling equipment [1, 8, and 15]. Materials used to produce pellets include iron ore and 

limestone, coke, anthracite coal, and quartzite as additives, which are passed through balling disk drum, furnace, 

and the green pellets so formed rotary kiln as product used for steel production. Pellets can be used as fuels for 

power generation, commercial heating, residential heating, and cooking depending on their heating 

value.[8,10,15] Electrical transient currents are current before reaching steady state and are fast rise time, short 

duration energy pulses that commonly have voltage and current components often transmitted down power lines. 

[12, 13, 14] This transient is a disturbance that affects the power quality of the pellet plant starting on the conveyor 

belt and constitutes a negative effect and damage to the pellet plant equipment. Electrical transients occur in pellet 

plant power systems from a variety of sources and have adverse effects on the equipment and reliability of the 

power system due to electrical transmission faults such as contact of the transmission lines with the tree, lightning, 

switching, and load changes. The study was conducted to ensure the operational stability of the pellet plant starting 

facilities after a disturbance while maintaining quality services. 

The pellet plant conveyor belt is a power-driven belt supported by metal plate rollers on which the conveyor belt 

rests. It is a wrapped rounded driven pulley driven by an electrical conventional machine. [8,10] The squirrel cage 

induction machine is simple and is widely used in a variety of industrial applications such as machine tools, 

robotics, aerospace generators, actuators, and electric vehicles. This is due to the advent of a high performance 

squirrel cage induction machine with creativity and residual magnetism, which make it possible for the squirrel 

cage induction machine to have a superior power density, torque to inertia ratio , and efficiency [10, 11]. The 

squirrel cage induction machine consists of a laminated iron core that is slotted lengthwise around its periphery. 

Solid bars of copper or aluminum are tightly embedded into the rotor slots at both ends of the rotor. The short-

circuiting rings are brazed to the bar to form a solid structure. It does not have to be specially insulated from the 

core because its resistance is much less than that of the core. In some cases, the bar and the end ring are cast as a 

single integral structure for placement on the core. The short-circuiting elements form shorted turns with high 

currents induced in them by the stator field flux. The periphery of the squirrel cage induction machine is 

negligible, separating the stator for air gap as a mechanical clearance needed to ensure the strongest possible 

electromagnetic induction [3, 4, and 10]. When power was applied to the stator of the squirrel cage induction 

machine, a rotating magnetic field was observed to have been created and the field began to revolve. The line of 

flux cut shorted turns embedded around the surface of the squirrel cage induction machine rotor and voltage was 
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generated in them by electromagnetic induction, because of very low resistance of short-circuited turns. Thus, 

high currents circulated in the rotor bar because of the induced voltage. The circulated current produces strong 

magnetic fields and magnetic poles. Thus, the rotor revolves with the main field. The squirrel cage machine is an 

induction device that harnesses electromagnetism to generate motion. It is called “squirrel cage” machine because 

of the shape of the rotor. The inner component is connected to the output shaft that looks like a cage. [8, 9, 15] 

The starting torque of the squirrel cage induction machine was low because, at rest, the rotor has a large inductive 

reactance (XL) with respect to its resistance (R), and the rotor current lags the rotor voltage by 90 degree and low 

power factor. The squirrel cage induction machine was not efficient in obtaining useful energy for this operation 

of the pellet plant conveyor belt from the power source. [2, 3, 4] 

The toque was developed, and the squirrel cage induction machine started turning. The speed between the rotor 

and rotating slip goes from a maximum of 100 % to an intermediate value of 50 %. The slip decreased, and the 

frequency of voltage induced in the rotor decreased. As a result, the rotating field cuts conductors at a decreased 

rate, which in turn caused the overall inductive reactance in the circuit to decrease. As in the inductive reactance 

decreased, the power factor stated to increase and the speed also increased. The improvement is a result of an 

increase in toque. The squirrel cage induction machine stabilized as the slip dropped between 2% and 10%. The 

stabilization occurred because of the tendency for the squirrel cage induction machine speed to increase to where 

the slip dropped below 2 % and was naturally offset by the fact that as the rotor approached within 2 % of the 

synchronous speed, the effect of reduced inductance overcame the previous tendency to increase torque as the 

squirrel cage induction machine was speeded up from the start. Thus, the squirrel cage induction machine exhibits 

an automatic speed control characteristic similar to that of the DC shunt machine. 

2.0: SQUIRREL CAGE INDUCTION MACHINE MATHEMATICAL MODELLING   

In a balanced pure sinusoidal three-phase supply, the sum of the three-phase voltages is zero; thus, the zero 

sequence voltage is zero. [2, 3, 4]  

The squirrel cage induction machine has received less attention from researchers, mainly because of the non-

linearity involved in the squirrel cage induction machine winding dynamic equation. 

The fourth-order ordinary differential equation, which describes the electrical model, and the second-order 

ordinary differential equation, which describes the mechanical model of the squirrel cage induction machine 

windings, are generally non-linear. Solutions are usually very difficult; consequently, numerical methods of 

analysis using Runge– Kutta fourth order were conveniently applied [3,5,7] Accurate knowledge of run-up 

synchronization and response to sudden load variations of the squirrel cage induction machine winding during 

dynamic operation is critical, especially when designing the squirrel cage induction machine, and it should be 

classified into electrical and mechanical models. 

3.0: Electrical modeling 

The d– q axis representation of a squirrel cage induction machine when the reference frame in the rotor is given 

by [2, 3, 4] 

𝑣𝑞= 𝑟𝑠 𝑖𝑞+  
𝑑λq
𝑑𝑡

 + 𝜆𝑑 ωr                                                                                                   (1) 

 

𝑣𝑑 = 𝑟𝑠 𝑖𝑑  + 
𝑑𝜆𝑑

𝑑𝑡
  - 𝜆𝑞ωr                                                                                                  (2) 
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0 = 𝑟𝑘𝑞 𝑖𝑘𝑞+ 
𝑑𝜆𝑘𝑞

𝑑𝑡
                                                                                                             (3) 

 

0 = 𝑟𝑘𝑑 𝑖𝑘𝑑  +   
𝑑𝜆𝑘𝑑

𝑑𝑡
                                                                                                        (4) 

 

Equations (1- 4) was expressed in state variable form with flux linkages as state vectors. These imply that [3, 6, 

7]  

 

𝝀̇𝒒 = 𝑣𝑞 -  𝜔𝑟𝜆𝑑 + 
 rs

𝐿𝑙𝑠
(𝜆𝑚𝑞 - 𝜆𝑞)                                                                                         (5)     

 𝝀̇𝒅 = 𝑣𝑑 + 𝜔𝑟𝜆𝑞   +  
 rs

𝐿𝑙𝑥
(𝜆𝑚𝑑 - 𝜆𝑑)                                                                                     (6)             

 

𝜆̇𝑘𝑞 = 
𝑟𝑘𝑞

𝐿𝑙𝑘𝑞
 (𝜆𝑚𝑞 -𝜆𝑘𝑞)                                                                                                          (7) 

  

𝜆̇𝑘𝑑 = 
𝑟𝑘𝑑

𝐿𝑙𝑘𝑑
 (𝜆𝑚𝑑 -𝜆𝑘𝑑)                                                                                                          (8)              

 

Where  

   

𝜆𝑚𝑞 =𝐿𝑀𝑄 (
𝜆𝑞

𝐿𝑙𝑠
 +  

𝜆𝑘𝑞

𝐿𝑙𝑘𝑞
 )⁪                                                                                                 (9) 

 

𝜆𝑚𝑑 =  𝐿𝑀𝐷 (
𝜆𝑑

𝐿𝑙𝑠
 + 

𝜆𝑘𝑑

𝐿𝑙𝑘𝑞
 + 𝑖𝑓𝑚)                                                                                        (10) 

𝐿𝑀𝑄 =  
(𝐿𝑚𝑞𝐿𝑙𝑘𝑞𝐿𝑙𝑠)

 (𝐿𝑙𝑘𝑞𝐿𝑙𝑠 +𝐿𝑚𝑞𝐿𝑙𝑠+𝐿𝑚𝑞𝐿𝑙𝑘𝑞 )
                                                                                          (11) 

 

𝐿𝑀𝐷 =  
(𝐿𝑚𝑑𝐿𝑙𝑘𝑑𝐿𝑙𝑠)

 (𝐿𝑙𝑘𝑑𝐿𝑙𝑠 +𝐿𝑚𝑑𝐿𝑙𝑠+𝐿𝑚𝑑𝐿𝑙𝑘𝑑 )
                                                                                          (12) 

    

 

𝐿𝑑 = 𝐿𝑙𝑠  +  𝐿𝑚𝑑                                                                                                                   (13)      

  

 

𝐿𝑞 = 𝐿𝑙𝑠  +  𝐿𝑚𝑞                                                                                                                    (14) 

 

 

𝑖𝑞 = 
𝜆𝑞 − 𝜆𝑚𝑞

𝐿𝑙𝑠
                                                                                                                          (15) 
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𝑖𝑑 = 
𝜆𝑑  −  𝜆𝑚𝑑

𝐿𝑙𝑠
                                                                                                                         (16) 

𝑖𝑘𝑞 = 
𝜆𝑘𝑞  −  𝜆𝑚𝑞

𝐿𝑙𝑘𝑞
                                                                                                                      (17)      

 

𝑖𝑘𝑑 = 
𝜆𝑘𝑑  − 𝜆𝑚𝑑

𝐿𝑙𝑘𝑑
                                                                                                                      (18) 

                                                             

                𝑟𝑠                       𝜔𝑟𝜆𝑞                      𝐿𝑙𝑠 

                                                                                                                    

                                                                                                   𝑖𝑘𝑑                

               𝑖𝑑                                                                                     𝑟𝑙𝑘𝑑                     𝑖𝑓𝑚 

𝑉𝑑                                                                                                             

                                                                                                                                                                          

                       (1a)        

                                                                             𝐿𝑚𝑑            𝐿𝑙𝑘𝑑 

                                                                                                                                                                                                                                                                                                                              

 
                𝑟𝑠                      𝜔𝑟𝜆𝑞                           𝐿𝑙𝑠                𝑟𝑙𝑘𝑞              𝐿𝑙𝑘𝑞             

                                                                                                                     

        

                                 𝑖𝑞                                    𝐿𝑚𝑞                                        𝑖𝑘𝑞       

   𝑉𝑞                                                                                                                                                                                                                                     

                                                                                                                                                 (1b)                       

                                                                                                   

 

Figures 1a and 1b: Electrical equivalent circuit for squirrel cage induction machine form (1a) Direct Axis 

(1b) Quadrature Axis used for equation derivation. 

4.0: MACHINE TORQUE 

Squirrel cage induction machine torque has three main components: reluctance torque, synchronous torque, and 

excitation torque, similar to wound rotor induction machines [3, 4] 

Squirrel cage induction machine torque, 

𝑇𝑒𝑚 = 1.5 p (𝜆𝑑 𝑖𝑞 - 𝜆𝑞   𝑖𝑑)                                                                                                             (19)  

Reluctance Torque, 

𝑇𝑟  =   1.5 𝑃 (𝐿𝑑  −   𝐿𝑞)𝑖𝑑𝑖𝑞                                                                                                           (20) 

Synchronous Torque, 

𝑇𝑠𝑦𝑛 = 1.5 P (𝐿𝑚𝑑 𝑖𝑘𝑑𝑖𝑞 -  𝐿𝑚𝑞 𝑖𝑘𝑞𝑖𝑞)                                                                                              (21) 

Excitation Torque, 

𝑇𝑒𝑥 = 1.5 P 𝐿𝑚𝑑 𝑖𝑓𝑚𝑖𝑞                                                                                                                      (22) 
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where P is the number of pole pairs for the balanced line voltage, 

Thus, the d– q voltages in terms of the load angle become 

𝑉𝑑 = -V sin 𝛿                                                                                                                                    (23) 

𝑉𝑑 = V cos 𝛿                                                                                                                                     (24)   

The stator current phase is related to the d– q currents [4, 12] 

𝑖𝑎𝑥 =𝑖𝑞                                                                                                     

 𝑖𝑏𝑥= -  
1

2
 𝑖𝑞 - 

1

√3
𝑖𝑑                                                                                                                           (25) 

 

𝑖𝑐𝑥 = -  
1

2
 𝑖𝑞 + 

1

√3
𝑖𝑑                                                                                                                           (26) 

  
Figure 2a: Flow chart of pellet plant for transient control on conveyor belt using squirrel cage           

induction machine 

Starts transient control of squirrel cage induction machine 

 
 

          Selection of transient operation condition 

    Base transient control of the squirrel cage induction 

machine 
  

                         Control of the squirrel cage  
                       Induction machine stability 

    

 Analysis of transient control of a squirrel cage 

induction machine for transient stability 

 

Yes  
  Machine Transient stable End  

No  

Select normal transient sensitive operating conditions for 

squirrel cage induction and control 
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Figure 2b: Flow chart of pellet plant for speed control on conveyor belt using squirrel cage  induction 

machine 
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Note: The stator windings are wired to the variable three-phase output of the power supply terminal  4, 5, 

and 6  

Figure 3a: circuit diagram of pellet plant squirrel cage induction machine before torque. 
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                                0–250-VacAmmeter   

                              WATTMETER               𝐈𝟏 

  0-400Vac 

 

 

                                                                         𝐈𝟐 

                            1   2   3         4   5     6                                   

 

  0 – 400-Vac                                                     𝑰𝟑 

 

  

   0-400-Vac 

                          Machine Three Separate Windings.                                                                                                               
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supply terminals 4, 5, and 6  

Figure 3b: circuit diagram of pellet plant squirrel cage induction machine when           

connected to an Electro-Dynamometer 
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Figure 4a: The author on experiment investigation in a research laboratory [UNIPORT]. 

 
Figure 4b: Research Laboratory of Pellet Plant of Transients and Speed Control on Conveyor Belt          

  Using a Squirrel Cage Induction Machine [UNIPORT]  

5.0: EXPERIMENTAL INVESTIGATION  

The experiment was carried out using a pellet plant squirrel cage induction machine conveyor belt in a standard 

research laboratory [UNIPORT]. The materials and instruments used are as listed: Squirrel cage induction 

machine, electrodynamometer, three- phase wattmeter, power supply, alternating current (250 V), Alternating 

Current (2.5A/2.5A/2.5A/8A), hand tachometer, and timing belt. The pellet plant squirrel cage induction machine 

consists of many turns of small diameter wire evenly spaced around the stator. It has a cooling fan, an end ring of 

the squirrel cage induction machine, an air gap between the stator and rotor, an electrical connection, and other 

parts of the pellet plant squirrel cage induction machine. There are three separate stator windings connected to 

terminals 1 and 4, 2 and 5, 3 and 6. The rated current of the stator windings is 1.5 A. The rated voltage of the 

stator windings is 120 V. The rated speed and horse power of the pellet plant squirrel cage induction machine is 

1670r/min and 1–4, respectively. Figures (2a and 2b): shows the flow chart of pellet plant of transients and speed 

control on conveyor belt using squirrel cage induction machine, Figures (3a and 3b): show the circuit diagram of 

pellet plant squirrel cage induction machine, and Figures (4a and 4b): Research laboratory of pellet plant of 

transients and speed control on conveyor belt using squirrel cage induction machine [UNIPORT], of Pellet plant 

squirrel cage induction machine. The stator windings are wired through the wattmeter to the variable three-phase 

output of the power supply terminals 4, 5, and 6.     

When the power supply was turn “ON”, the voltage was adjusted to 400 V by the control knob. The pellet plant 

squirrel cage induction machine started running. The three-phase line current, two- wattmeter indications, and 

machine speed were recorded as shown in table 1. The power supply was returned to zero and turned “OFF” 

Pellet plant squirrel cage induction machine was coupled to an electrodynamometer with a timing belt. The 

dynamometer control knob was turned anticlockwise. The procedure was repeated as before and recorded as 

shown in Table 1.  
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Table1: Experimental investigation results for pellet plant squirrel cage induction machine. 

S/No I1 (amps) I2(amps) I3(amps W1 

(watts) 

W2 

(watts) 

SPEED 

(r/min) 

TORQUE 

(Ibf.in) 

1 0.78 0.79 0.78 -40 100 1800 0 

2 0.90 0.92 0.90 35 150 1770 4 

3 1.06 1.10 1.06 65 195 1740 8 

4 1.28 1.32 1.28 105 235 1700 12 

5 1.54 1.60 1.52 145 290 1640 16 

 

Table2: Squirrel cage induction machine parameters in the simulation model  

Stator leakage inductance 2.59Mh 

q-axis rotor leakage inductance 40.61Mh 

d-axis rotor resistance 0.8113Ω 

q-axis rotor resistance 1.6226Ω 

q-axis magnetizing inductance 40.69Mh 

d-axis magnetizing inductance 19.05mH 

d-axis rotor leakage inductance 18.97mH 

Load torque 7.63Nm 

Motor inertial 0.01986Kg𝑚2 

Rated voltage 230V(208V, 255V) 

Source: [3] 

 

Table3: Squirrel cage induction machine parameters in the simulation model.    

d-axis inductance,𝐿𝑑 1.4Mh 

q-axis inductance, 𝐿𝑞 2.8mH (1.4mH) 

Stator windings 𝑅𝑠 0.6 (1.2 Ω) 

Induced flux by the magnet 0.12 Wb 

Number of poles, P 2 

Rated voltage, V 250 V 

Rated frequency, f 50 Hz 

Combined rotor and load inertia, 𝐽𝑚 0.83Kg𝑚2 

Shaft mechanical torque, 𝑇𝑙 3.2Nm 

Source: [3]. 
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Figure 5: Graph of the Stator Currents against Time. 

 
Figure 6: Graph of the induction torque against time under the run-up condition. 
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Figure 8: Graph of Reluctance Torque against Time at Run-up Condition 

      
Figure 9: Graph of Stator Phase Currents against time under run-up conditions.  
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Figure 10: Graph of motor torque against rotor speed under run-up conditions. 

 
Figure 11: Graph of motor torque against time for varying rated voltage. 
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Figure 12: Graph of Rotor Speed against Time for Varying Rated Voltage. 

 
Figure 13: Graph of load angle against time for varying rated voltage. 
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Figure 14: Graph of Rotor Speed versus Time for Varying Stator Resistance. 

 
Figure 15: Graph of load angle against time for varying stator resistance. 
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Figure 16: Graph of motor torque against time for varying stator resistance. 
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The operating characteristics were very efficient; it has a higher full-load speed and good speed regulation. The 

pellet plant squirrel cage induction machine is very reliable because its rotor construction is simple, rugged, and 

cannot be burnt out. The absence of commutator, brushes, and slip rings reduces the problem of maintenance. 

When the power line frequency was 50 Hz, the pellet plant squirrel cage induction machine speed was 1500 rpm, 

and the excitation current increased because of lower impedances.   

6.0: CONCLUSSION 

The pellet plant conveyor belt is a power- driven belt that is wrapped around a drive pulley and driven by an 

electrical conventional machine. It is supported by metal plate rollers upon which the conveyor belt rests. With 

the introduction of the Squirrel cage induction machine to drive the pellet plant conveyor belt, the pellet plant 

conveyor belt and its associated equipment were stabilized and the negative effects were eliminated. The squirrel 

cage induction machine has good speed regulation because of its low impedance. Thus, small decreases in slip 

produce a large increase in the rotor current. 

The squirrel cage induction machine has good speed regulation because of its low impedance. Thus, small 

decreases in slip produce a large increase in the rotor current. The full load is close to 7% of the starting torque, 

which is lower than that of ordinary conventional machines. At rest, the rotor impedance with its relatively large 

inductance to resistance ratio has a high induce current that lags the induce voltage by 900 at the pick-up speed. 

As the pellet plant conveyor belt squirrel cage induction machine starts turning, there is a decrease in the slip, 

frequency of the induce voltage, and rotor reactance. There was an increase in the power factor and increase in 

pellet plant conveyor belt squirrel cage induction machine efficiency. When the slip dropped to some value 

between 2% and 10%, the speed stabilized and remained relatively constant. The operating characteristics of the 

squirrel cage machine are very efficient, higher full-load speed, and good speed regulation. The squirrel cage 

induction machine is widely used in a variety of industrial applications and should be introduced for pellet plant 

conveyor belt operation because its rotor construction is very simple, rugged, and cannot be burnt out. 

Maintenance is eliminated due to the absence of commutation, brushes, and slip ring. The pellet plant conveyor 

belt squirrel cage induction machine runs at a rotating field of 1500 r/min at 50 Hz. The excitation current 

increased because of the lower winding impedances. These are recommended for machine designers, engineers, 

technicians, and pellet plant operators. 
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