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Abstract: As the main components of several industrial and commercial systems, correct and reliable operation and performance of 

induction is inevitable for efficiency and increased production. Also, having fault detection scheme is of significant and brings 

valuable advantage by enhancing performance and ensuring that motor is prevented from damage when fault occurs. In this work, 

an electrical fault detection system for three phase induction motor is proposed. The system was basically designed to detect 

electrical fault (short-circuit) between any phase and the ground. In order to achieve this, control circuit based on discrete 

Proportional, Integral and Derivative (PID) controller with low pass filter as part of the derivative element called PIDf was 

designed. The designed PIDf controller was tied to trip-off circuit (or circuit breaker) such that it provides a command signal that 

enables the circuit to trip-off and then cut the motor off the supply when fault condition sets in such as fault voltages, faults current 

or fault voltages and currents. A Root Mean Square (RMS) technique that functioned to evaluate the harmonics present in the voltage 

or current waveform by so doing determine the quality of the output voltage or current, which then helps to detect the type of fault, 

was incorporated as part of the feedback network to the controller. Thus, the resulting type of fault is displayed on a scope attached 

to the RMS. The entire system with three-phase induction was modelled in MATLAB/Simulink. Simulations were initially conducted 

when the motor was running normally without any short circuit fault in the supply line. The results revealed that the starting current 

was high as shown by the rotor and stator currents, low starting torque and with the motor running at the rate speed of 1500 rpm. 

Further simulations were conducted for fault analysis without the controller as part of the system and the results revealed that the 

motor decreased from 1500 rpm to 1470 rpm for single-phase short circuit fault, 1500 rpm to 1365 rpm two-phase short circuit 

fault, and 1500 rpm to 1325 rpm for three-phase short circuit fault occurred. the integration of the designed discrete time 

proportional-integral-derivative (PID) controller with low pass derivative filter (that is PIDf) ensures that detected error (or fault) 

signal is applied to the circuit breaker to cut off the motor from the network when any of these faults occurred. Thus, the resulting 

output of the motor is zero. As shown by the RMS technique, the occurrence of short circuit caused voltage sag along the supply 

line. Generally, the application of the discrete PIDf controller provided not only fault detection, but protection for the motor by 

ensuring that the circuit breaker trip off the line connection to the motor.  
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1. INTRODUCTION  

Electrical induced faults in three phase induction motor are 

faults that will cause increased heat on both stator and rotor 

windings [1]. These faults may be over current or over load), 

unbalance voltage, over/under voltage, phase reversing, single 

phasing, and earth fault. Mechanical induced faults are faults 

that are caused by failure of winding, stator winding, and 

bearing faults. These failures are the most common mechanical 

faults in three phase induction motor [2]. Environmental 

induced faults consist of contamination, external moisture, and 

ambient temperature. The performance of induction motor 

under various operations is also affected by the vibration of the 

machine.  

The most common faults in three-phase induction motor 

are the electrical related types, and will produce more heat on 

both stator and rotor winding. This results in decreasing of 

induction motor life time. In this work, the dynamic 

characteristics of three-phase induction motor under the effect 

of unbalanced supply voltage, single phasing and over load 

condition are examined. This work is designed to provide 

much easier approach to simulate the dynamic characteristics 

of electrical faults using Simulink and Power System Blocks 

of MATLAB simulation software than the conventional 

techniques that involves the use of analog devices such as 

operational amplifiers and potentiometer as in [1]. 

In order to protect motor from more heating as a result of 

these electrical faults, protection technique designed to protect 

each and every individual fault with separate protective relay 

such as earth fault relay and over current relay and so on is 

implemented. This approach will be very expensive and not 

cost effective. In order to Overcome this cost burden in the 

management of electrical faults in three-phase induction 

motor, a technique requiring a low cost, reliable and integrated 

protection mechanism is developed for three-phase induction 

motor using enhanced Proportional-Integral-Derivative (PID) 

controller is developed in this work.  

The remaining part of this paper is divided into four 

sections: literature review, system design, results and 

discussion, and conclusion. 
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2. LITERATURE REVIEW 

Control systems are largely employed in electrical 

machines to for various purposes. For instance, model 

predictive control has been used with vector control to enhance 

the performance of permanent magnet synchronous motor [3]. 

The stability of rotor angle in synchronous generators was 

achieved using neuro-fuzzy excitation control system [4]. 

Optimal control technique was used to minimize energy 

consumption of squirrel cage induction motor [5]. Voltage and 

frequency speed control system was used to improve the 

performance of three-phase induction motor [6]. Other 

significant studies related induction motor are in existing 

literature. These studies have been carried out with respect to 

induction motor. These include: dynamic modelling to 

examine transient response performances via simulation such 

as in [7], the use of double-cage rotor induction motor to 

enhance dynamic response [8], and rotor temperature analysis 

for single-cage and double-cage induction three-phase 

induction motor [9]. However, these approaches did not 

address the possible electrical faults in three-phase induction 

motor. Hence, some approaches have been implemented. For 

instance, PIC microcontroller-based control system was used 

for a three-phase induction motor protection [10]. Control 

scheme based on LM 324 operational amplifier configured in 

comparator mode was used in providing protection for three 

phase induction motor from external faults [1]. Techniques 

based on based on fuzzy logic, Artificial Neural Network 

(ANN), and combined fuzzy logic and ANN called neuro-

fuzzy were used to provide three phase induction motor fault 

diagnosis [11]. A scheme that facilitates fault detection in 

induction motor by inter-switching of multiple controllers was 

presented by Abubakar et al. [12]. Microcontroller was 

designed for the protection of induction motor from faults such 

as single phasing, over heat, and over current [13] and also for 

single phasing faults, under voltage, and unbalance voltage 

[14]. In the study by Chouhan et al. [15], five mechanical 

faults, four electrical faults and one healthy motor condition 

were examined using ANN. Wavelet and fuzzy controller for 

induction motor faults detection and classification was 

implemented by Umap and Bobade [16].  

The empirical review has shown that while recent studies 

have been directed towards protection of induction motor from 

operational failures induced by electrical faults such as over 

voltage, under voltage, over current, unbalance voltage, phase 

reversing, and earth faults. However, while all the reviewed 

studies have reported promising remarks about the proposed 

systems, less or no attention has been given to the effect of 

these systems regarding speed control performance of 

induction motor. This is because the speed of motor will 

certainly be affected by faults in stator winding when it occurs. 

In this work, a system will be designed to address the effect of 

induction motor speed control considering changing load 

torque while providing fault protection of the system.  

3. SYSTEM DESIGN 

The architecture of the proposed fault protection system for 

three phase induction motor is shown in Fig. 1. The structure 

is a block diagram of a three-phase induction motor connected 

to three phase alternating current supply line via an 

intermediate circuit that provide a trip-off function when fault 

occurs. Then the control circuit (PIDf) is tied to trip-off circuit 

such that the controller provides a command signal that 

enables the circuit to trip-off and then cut the motor off the 

supply when fault condition sets in such as fault voltages, 

faults current or fault voltages and currents. The RMS 

technique functions to evaluate the harmonics present in the 

voltage or current waveform by so doing determine the quality 

of the output voltage or current, which then helps to detect the 

type of fault. The resulting type of fault is displayed on a scope 

attached to the RMS.  

 
Fig. 1. Proposed fault protection system for induction motor 

3.1 Mathematical Modelling of Induction Motor 

The mathematical derivation of equations representing the 

dynamic equivalent circuit of induction machine can be 

realized using d-q reference axis assumption as shown in Fig. 

2 to 4. 

 

Fig. 2. q-axis of induction motor 
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Fig. 3. d-axis of induction motor 

 
Fig. 4. Equivalent circuit of a three-phase induction 

motor 

The voltage equations of the stator and rotor in d-axis and 

q-axis are given by Sudha and Anbalagan [2]: 

𝑉qs = 𝑟𝑠𝑖qs + ωλds + pλqs      (1) 

𝑉ds = 𝑟𝑠𝑖ds − ωλqs + pλds                        (2) 

𝑉0s = 𝑟𝑠𝑖0s + +pλ0s    (3) 

𝑉qr
′ = 𝑟𝑟

′𝑖qr
′ + (ω-ω𝑟)𝜆dr

′ + pλqr
′

        (4) 

𝑉qr
′ = 𝑟𝑟

′𝑖qr
′ − (𝜔 − 𝜔𝑟)𝜆qr

′ + pλdr
′

       (5) 

𝑉0r
′ = 𝑟𝑟

′𝑖0r
′ + pλ0r

′
          (6) 

The flux linkage equations for the stator and rotor are 

given by: 

𝜆qs = 𝐿Is𝑖qs + M (𝑖qs + 𝑖qr
′ )             (7) 

𝜆ds = 𝐿Is𝑖ds + M (𝑖ds + 𝑖dr
′ )                      (8) 

𝜆0s = 𝐿Is𝑖0s   (9) 

𝜆qr
′ = 𝐿Ir

′ 𝑖qr
′ + M (𝑖qs + 𝑖dr

′ )    (10) 

𝜆dr
′ = 𝐿Ir

′ 𝑖dr
′ + 𝑀(𝑖ds + 𝑖dr

′ )      (11) 

𝜆0r
′ = 𝐿Ir

′ 𝑖0r
′            (12) 

 

where 𝑉qs, Vds, V0s, Vqr
′ , Vdr

′ , V0r
′  are the voltages of stator and 

rotor in d-q axis reference including the zero reference (which 

may not be present), 𝜆ds, 𝜆qs,𝜆dr
′ and 𝜆qr

′ are the flux linkages 

for the stator d-axis/q-axis and the rotor d-axis/q-axis,𝑖ds,𝑖qs, 

𝑖dr
′  and 𝑖qr

′  are the stator current for d-axis/q-axis and the rotor 

current for d-axis/q-axis respectively. 

3.2 Controller Design 

An appropriate controller used in industrial process control 

and automation to provide three-term control loop feedback 

mechanism is the Proportional-Integral-Derivative (PID) 

controller. This control technique reduces error of system by 

adjusting the process with the aid of a control or command 

signal u(t). PID controller guarantees optimum control action 

as well as zero steady state error, reduced rise time (or fast 

response), minimized overshoot, near zero oscillation and 

better stability. The use of PID controller is common in higher 

order plants and this is the main advantage it has over some 

other linear controller including its ease of design and 

implementation. Fig. 5 is a simplified block diagram of PID 

control system. 

 

Fig. 5.  Block diagram of PID control system 

The mathematical description of PID control scheme can 

be determined considering Fig. 5. The variables 𝑟(𝑡),e(𝑡),u(𝑡) 

are the reference input, error and control signal. Also𝐾𝑝,K𝑖 ,K𝑑 

are proportional, integral and derivative gains and represents 

the parameters of the PID controller, and 𝑐(𝑡) is the output. 

Thus, the difference between the reference input r(t) and the 

actual output c(t) is the error signal and it is given by: 

𝑒(𝑡) = 𝑟(𝑡) − 𝑐(𝑡)                       (13) 

The error is subjected to three computational operations 

involving direct scaling, integration and derivation, with each 

action performed to compensate the weakness of the others 

and as such a signal u(t) that is more refined and suitable to 

force corrective action on the plant or process is produced. 

The control signal is given as [17]- [19]: 

𝑢(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝑖 ∫ 𝑒(𝑡)dt
𝑡

0
+ 𝐾𝑑

de(𝑡)

dt
                 (14) 

Equation (14) is the expression for control signal in 

continuous time form. It can be expressed in complex 

frequency s-domain using Laplace transformation and 

assuming zero initial condition by: 

𝑈(𝑠) = 𝐾𝑝𝐸(𝑠) + 𝐾𝑖
1

𝑠
𝐸(𝑠) + 𝐾𝑑sE(𝑠)       

(15) 

The PID controller is given as [20]- [22]: 

𝐶pid(𝑠) = 𝐾𝑝 + 𝐾𝑖
1

𝑠
+ 𝐾𝑑𝑠                                 (16) 

However, the real PID control technique is often implemented 

with a pre-filter added to the derivative element to address the 

problem of noise that could go into the controller through the 

derivative part in practice [17]. Therefore, the real PID is 

given by: 

𝐶pid(𝑠) = 𝐾𝑝 + 𝐾𝑖
1

𝑠
+ 𝐾𝑑 (

𝑠

𝑠+1 𝑁⁄
)        

(17) 
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Equation (17) is the continuous time real PID controller 

with N filter coefficient. However, in this work a discrete time 

(digital) component of the real PID controller is implemented 

and it is obtained by performing z-transform of Equation (17) 

for a sampling time Ts given by Eze et al. [20]: 

𝐶pid(𝑧) = 𝐾𝑝 + 𝐾𝑖 (
𝑇𝑠

𝑧−1
) + 𝐾𝑑 (

(z-1)𝑁

𝑧−1+NT𝑠
)

       (18) 

The values for the tuned parameters of the discrete time 

PID controller are ,60K p  𝐾𝑖 = 1400, and 𝐾𝑑 = 1.0. The 

sampling time for zero-order hold (ZOH) circuit used for the 

conversion of the PID from continuous time system to 

discrete time system 𝑇𝑠 = 0.00005 𝑠𝑒𝑐. The filter coefficient 

is N = 10. Substituting these values into Equation (18) gives 

the designed PID controller: 

𝐶pid(𝑧) = 60 + 1400 (
0.00005

𝑧−1
) + (

10(z-1)

𝑧−0.995
)                       (19) 

This section has presented the control technique that will be 

used to provide protection for the three-phase induction 

motor.  

3.3 Root Mean Square Voltage 

The root mean square (RMS) computed at each half cycle 

𝑉𝑟𝑚𝑠(1/2)
is determined from the voltage samples in the time 

domain as expressed by Candelo and Montaña [23]: 

𝑉𝑟𝑚𝑠(1/2)
= √

1

𝑁
∑ 𝑣𝑖

𝑁
1=1         (20) 

where 𝑖 corresponds to each sample, 𝑁 is the total number of 

samples, and 𝑣𝑖 is the voltage value in the time domain. The 

value is updated every half cycle. Most measurement devices 

use the lower value of 𝑉𝑟𝑚𝑠(1/2)
is computed each half cycle in 

the time domain as the voltage sag magnitude [23].  

The three-phase squirrel cage induction motor is 

considered in this work using the following specifications 

presented in Table 1.  

 

Table 1: Simulation parameters 

Parameter definition Value Unit 

Power rating 37.3  kW 

Line voltage 380 V 

Frequency 50 Hz 

Rated speed 1500  rpm 

Connection - Delta 

Class - E 

Number of poles (p) 2 poles 

Stator resistance (rs) 3.5 Ω 

Rotor resistance (rr) 3.16 Ω 

Mutual inductance (M) 0.26 H 

Stator and rotor linkage reactance 

(X1s), (X1r) 

0.0068 H 

 

4. RESULTS 

The simulation results obtained from the analysis carried 

out regarding electrical fault detection in an induction motor 

running at a given speed when fed by a three-phase power 

supply unit is presented in this chapter. The simulation analysis 

has been considered for three given scenarios. The first 

scenario considered the motor to operating under normal 

condition. In the second and third cases, the system was 

evaluated at the instance that designed PIDf controller was 

integrated and when it was not for the three electrical faults 

considered. Short circuit (electrical) faults were modelled 

using fault block parameters of the MATLAB/Simulink. Thus, 

with the aid of this block, each short circuit fault, single-phase 

short circuit, two-phase short circuit, and three-phase short 

circuit can be modelled. All analysis was conducted assuming 

no load condition. 

4.1 Normal Operation of Induction Motor 

In this section, the performance of the three-phase motor is 

evaluated assuming it was running with any line fault in form 

of short circuit. Fig. 6 shows the simulation analysis during 

normal operation of the motor in terms of rotor current, stator 

current, electromechanical torque and speed of the motor.  

 

 
Fig. 6a. Rotor current at normal operation 

 
Fig. 6b. Stator current at normal operation  
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Fig. 6c. Electromechanical torque at normal operation 

 
Fig. 6d. Electromechanical torque at normal operation 

Fig. 6.  Performance characteristics of the motor in normal operation 

 

The simulation curves for the performance of the motor 

during normal operation indicate that the starting current was 

high, which makes the rotor and the stator currents to be 

initially high 25.3 A but gradually drops to near zero as the 

machine approaches it rated speed. The same holds for the 

electromechanical torque, which was initially 50 Nm during 

at the starting of the machine but becomes zero at full speed. 

Generally, an obvious and cogent observation was the fact 

that the motor reach it rated speed of 1500 rpm.  

4.2 Fault Analysis without Controller 

Simulation analysis is conducted in this scenario for single-

phase short, two-phase, and three-phase circuits to ground and 

presented in Fig. 7, 8, and 9, respectively.

 

 
Fig. 7a. Rotor current for single-phase short circuit fault 

 
Fig.  7b.  stator current for single-phase short circuit fault 

 
Fig. 7c. Electromechanical torque for single-phase short 

circuit fault 

 
Fig. 7d. Electromechanical for single-phase short circuit 

fault 

Fig. 7. Performance characteristics of the motor due to single-phase short circuit fault 
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With sudden occurrence of single-phase short circuit to 

ground in the line terminal, resulting effects are shown in Fig. 

7. It can be seen that the effect of the single-phase short circuit 

was increased rotor and stator currents due to heavy current 

rush associated with short circuit defect and  

 

 

this is obvious within the time the fault occurred at 1.5 second. 

This consequently resulted in decrease in rotor speed from 

1500 rpm to 1470 rpm even though current still flows and the 

machine keeps running at lower speed.  

 

 
Fig.8a. Rotor current for two-phase short circuit fault 

 

 
Fig. 8b. stator current for two-phase short circuit fault 

 
Fig. 8c. Electromechanical torque for two-phase short 

circuit fault 

 
Fig. 8d. Electromechanical for two-phase short circuit fault 

Fig. 8. Performance characteristics of the motor due to two-phase short circuit fault 

 

It can be seen in Figure 8 that the motor behaves almost the 

same way as with single-phase short circuit scenario. 

However, since two phases are short circuited to ground, the 

intensity or magnitude of the short circuit current is further 

increased at the moment the fault occurred as can be seen with 

the rotor current and stator current. Thus, with the two-phase 

to ground short circuit fault, there is more stress or electric 

pressure entering into the motor at the time of continuity 

defect. The torque can be seen to have decreased considerably 

in this fault. The resulting effect is further drop in the motor 

speed from 1500 rpm to 1365 rpm.  
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Fig. 9a. Rotor current for three-phase short circuit fault 

 
Fig. 9b. stator current for three-phase short circuit fault 

 
Fig. 9c. Electromechanical torque for three-phase short circuit 

fault 

 
Fig. 9d. Electromechanical for three-phase short circuit 

fault 

Fig. 9. Performance characteristics of the motor due to three-phase short circuit fault 

 

As can be seen in Fig. 9, immediately the three-phase to 

ground short circuit fault occurred, the rotor current and the 

stator current increased considerably and reached a very high 

magnitude at the moment fault occurred compared to the 

previous mode. However, the current returns to same value as 

in the case of normal operation after a short while covering the 

interval of fault. The torque can be seen to have decreased 

considerably at the time the fault happened but maintained a 

fixed value just like in the normal operation within the fault 

interval and then increased considerably after fault period (2.5 

seconds) before reducing to zero. The rotor speed decreases 

from 1500 rpm to 1325 rpm.  

 

4.3 Fault Analysis with the Designed Controller 

In this section, the fault detection system for induction 

motor is implemented with the proposed discrete time PIDf 

controller. The results of the simulation analysis are shown in 

Fig. 10. In all cases of short circuit fault, the digital controller 

triggers the circuit breaker to cut off the supply to the motor 

which resulted in zero output with respect to the considered 

performance parameters as illustrated in the various plots.  
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Fig. 10a. Controller detected rotor current due to short 

circuit fault 

 
Fig. 10b. Controller detected stator current due to short 

circuit fault 

 

 
Fig. 10c. Controller detected electromagnetic torque due 

to short circuit fault 

 
Fig. 10d. Controller detected rotor speed due to short circuit 

fault 

Fig. 10. Performance characteristics of the motor due to short circuit fault with controller 

The simulation results presented in Fig.10 revealed that the 

rotor current, stator current and electromechanical torque of 

the motor indicate the effect of start-up current and starting 

torque (Fig. 10a to 10c) at which point the rotor speed was 

initially increasing from zero as shown in Fig. 10d, as short 

circuit fault occurred in the line serving the stator, the 

measured signal based on RMS technique is fed to the 

controller, which sensed or detect the error (fault) signal and 

sent a command signal that ensured the line connection to the 

motor is tripped off by the circuit breaker. Thus, the resulting 

output of the motor is zero.  

4.4 Signal Analysis 

The signal analysis technique used in this work is the RMS 

method. The graphical analysis showing the nature of the 

various signals of the motor during normal and faulty 

operation are shown in Fig. 11 and 12. The RMS expression 

of the signal during the normal operating condition is shown 

in Fig. 11, while the signal during faulty condition is shown in 

Fig. 12 for the three-phase voltages.  

 

 

Fig. 11. RMS waveform of the system during normal 

operation 
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Fig. 12. RMS waveform of the system during when fault 

occurred  

In Fig. 11, during the operation of the system when no short 

circuit has occurred, the signal statistics revealed that the 

maximum (peak) voltage is 230 V per phase and this was 

during the starting up while the RMS value was 184.48 V. 

However, as the motor enters into the transient state the highest 

voltage measured was 196.650 V and lowest voltage was 1.152 

V such that the difference between the two signals gives a 

signal of amplitude 195.50 V. In Fig. 12, the occurrence of 

fault initially caused the voltage drop to 219 during the starting 

state but as the motor entered into its transient mode and kept 

running, the highest voltage of the signal became 106.366 V 

and the lowest was 178. 556 V such that measured signal 

amplitude was 17.810 V. Thus, from the signal analysis it can 

be seen that the occurrence of fault resulted in dropping of 

voltage strength or amplitude from 195.50 V to 17.810 V. This 

drop or sag in voltage amplitude adversely affect the 

performance of the motor with increased current that can result 

in overheating.  

5. CONCLUSION 

As the main components of several industrial and 

commercial systems, correct and reliable operation and 

performance of induction is inevitable for efficiency and 

increased production. Also, having fault detection scheme is 

of significant and brings valuable advantage by enhancing 

performance and ensuring that motor is prevented from 

damage when fault occurs. In this work, a discrete PIDf 

controller has been design to provide electrical fault detection 

mechanism for three phase induction motor. The mathematical 

model of induction motor was determined and Simulink model 

is used to describe the dynamics of the motor. A PIDf 

controller was designed with the aid of the 

MATLAB/Simulink PID tuner. The controller was integrated 

with the motor network and simulation results revealed that the 

PIDf ensured that the motor is cut off from the supply line 

whenever short circuit fault occurs in the network. 
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