
Modeling and Simulation of Induction Motor- Submersible Pump System 

with V/f Algorithm under Stator Short Circuit (SSC) Fault 

Abstract: Three-Phase Induction Motors (IM) has been used widely in AC drives. Rotating machines, like IM's and Centrifugal 

Pumps (CP) including Submersible Pump (SMP), play a basic role in industrial applications as desalination stations and petro-

chemical industries. This paper aims to study and design the mathematical model of Induction Motor-Submersible Pump (IM-

SMP) system, and the simulation of the system done by using Matlab environment. We used V/f control algorithm for pump 

speed regulation. We presented a study and simulation of Stator Short Circuit (SSC) fault of induction motor. We used a 

mathematical Sequence Analysis technique for detection the SSC fault. The simulation results showed ability and efficient of 

drive system algorithm for achieving the research goals, such as regulation of pump speed at different load torques, and 

overcoming some system faults such as, no load pump operation, and SSC fault. The simulation results showed the current, 

speed, torque and flow rate waveforms compared with a healthy motor state. The simulation results showed a variation on 

the negative component in sequence analysis as pointer to SSC fault. 
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 مضخة غاطسة كهربائية –نمذجة ومحاكاة نظام محرك تحريض ي ثلاثي الأطوار 

 تحت تأثير عطل دارة قصر في ملفات الثابت V/fمع خوارزمية 

الآلات الكهربائية الدوارة مثل المحركات التحريضية . ACتستخدم المحركات التحريضية ثلاثية الأطوار بشكل واسع في أنظمة القيادة  :ملخصال

 في التطبيقات الصناعية مثل محطات معالجة المياه، والصناعات ومضخات الطرد المركزي متضمنة المضخات الغاطسة، تلعب د
ً
 هاما

ً
ورا

. ومحاكاة النظام IM-SMPمضخة غاطسة -يهدف هذا البحث إلى دراسة وتصميم النموذج الرياض ي لنظام محرك تحريض يكيميائية.  -البترو

تم في هذه البحث دراسة ومحاكاة عطل دارة قصر  . مضخةمن أجل تنظيم سرعة ال  V/f التحكم  تم استخدام خوارزمية،  MATLABفي بيئة 

 وقد استخدمنا تقنية التحليل المتتابع الرياضية من أجل كشف عطل دارة قصر لملفات ثابت المحرك.، في ملفات الثابت للمحرك التحريض ي

كالعمل بدون ضخ للمياه، وعطل دارة  IM-SMPمن خلال النتائج، ثم التحقق من فعالية هذه الخوارزمية للتغلب على بعض أعطال نظام 

 بيان تأثير هذا العطل من خلال مقارنة  كل من منحنيات العزم والسرعة والتيار ومعدل التدفق في الحالتين قصر في ملفات الثابت. 
ً
وأيضا

 .SSCطل . وقد أظهرت النتائج وجود تغير واضح في المركبة السالبة كمؤشر على وجود عSSCالسليمة وحالة وجود عطل 

،عطل دارة قصر، تقنية التحليل V/fالمحركات التحريضية ثلاثية الطور، المضخات الغاطسة الكهربائية، خوارزمية الكلمات المفتاحية: 

 .المتتابع



  

1. INTRODUCTION 

A fault occurred in an electrical machine such as Induction Motors (IM) and Submersible Pumps (SMP), 

reduces the capability of the machine to minimum perform of its defined tasks, as a result of degradation 

due to aging, manufacturing errors and wrong use. It could also be due to a combination of these factors 

and many more causes. A fault would generally become dangerous with time, and result in the total 

breakdown of the machine, if the fault is not detected and treated [1].  

IM-SMP system plays a basic role in industrial applications. especially these machines require 

reliability and high performance. The transient and steady state behavior of an SMP driven by IM can be 

described from its mathematical model based on differential equations. Several studies modeled three 

phase induction motor using D-Q simplified model for fault analysis and diagnosis [2], [3], other study 

modeled Three-Phase Induction Motor in Reference Frames [4], [5] this model is based on a coupled 

magnetic circuits approach and some assumptions.,  

The faults in electrical pumps cause breakdown of the industrial processes and cause losing of the 

money and time for making the needful maintenance, in addition to, maybe cause a big sequence faults 

unless fault detect early[6]. 

Several reasons cause some electrical and mechanical faults in IM-SMP system and that cause high 

maintenance cost. Fault diagnosis on IM-SMP system is one of the important procedures. Negative 

sequence analysis one of the simplest method to detect some faults in IM-SMP such as SSC fault where 

we using it in this paper. 

2. MODELING AND SIMULATION OF INDUCTION MOTOR WITH V/f ALGORITHM 

By using stator current vector components, and rotor flux vector components as the state variables, the 

induction motor can be modeled by the following equations [4],[5],[7]: 

[𝑽𝒔] = [𝑹𝒔]. [𝒊𝒔] +
𝒅

𝒅𝒕
[∅𝒔]                                                                                                                                                                  (1) 

[𝑽𝒓] = [𝑹𝒓]. [𝒊𝒓] +
𝒅

𝒅𝒕
[∅𝒓]                                                                                                                                                                 (2) 

[∅𝒔] = [𝑳𝒔𝒔]. [𝒊𝒔] + [𝑳𝒔𝒓][𝒊𝒓]                                                                                                                                                           (3) 

[∅𝒓] = [𝑳𝒓𝒓]. [𝒊𝒓] + [𝑳𝒓𝒔][𝒊𝒔]                                                                                                                                                           (4) 

Where  [𝒊𝒔], [𝒊𝒓]  is the stator and rotor current matrix, [∅𝒔]  stator flux matrix, [∅𝒓]  is rotor flux matrix,  

[𝑽𝒔] stator voltage, [𝑳𝒔𝒔], [𝑳𝒓𝒓],  stator  and  rotor self-inductance, [𝑳𝒔𝒓], [𝑳𝒓𝒔]  is mutual inductance. The 

mechanical equations are given below [7]: 



  

   𝑱.
𝒅𝝎𝒓

𝒅𝒕
= 𝑻𝒆𝒎 − 𝑻𝑳                                                                                                                                                                                         (5)     

   𝝎𝒓 =
𝒅𝜽

𝒅𝒕
                                                                                                                                                                                      (6) 

Where  𝝎𝒓  is rotor angular velocity (rad/sec), 𝑻𝒆𝒎 is the electromagnetic torque (N.m) 𝑻𝑳  is load 

torque(N.m), 𝑱 is rotor inertia (Kg/m2). 

The Three phase indication  motor  model based on the equations from (1) - (6), with V/f algorithm for 

motor speed regulation at nominal torque 4.7N.m  is given in Fig. (1). The torque, speed  waveforms are 

given in Fig. (2-a), (2-b), respectively.  

 

Fig. 1. The three Phase Induction Motor with V/f Algorithm 

 

 

(a) (b) 

Fig. 2. Simulation results at normal case: (a) The electromagnetic torque, (b) The motor speed 



  

3. MODELING OF THE SUBMERSIBLE PUMP (SMP)  

The submersible  pump can be modeled by the following equations [8],[9]: 

• Water Pumping Power: 

  𝑷𝒘=𝟐. 𝟕𝟔. 𝑸. 𝐇                                                                                                                                                                                                        (7) 

  Where H is head of pumping (m), 𝑸 is pumping flow rate (m3/h). 

• Pump efficiency:                  

ɳ =
𝑷𝒘

𝑷𝒔𝒉𝒂𝒇𝒕
                                                                                                                                                                                     (8)  

•The mechanical power introduced form motor shaft: 

   𝑷𝒔𝒉𝒂𝒇𝒕 = 𝑻𝒅. 𝜴                                                                                                                                                                                                       (9) 

Where Ω  indicate to the mechanical angular speed of motor and given by equation below: 

Ω=
𝝎

𝒑
                                                                                                                                                                                              (10) 

Where p is number of poles pairs. Submersible pump model based on the equations (7- 10) is given in Fig. 

(3). 

 

Fig. 3. The Submersible Pump (SMP) model 

4. SIMULATION OF IM-SMP SYSTEM  

To simulate the IM-SMP system, we discus two cases: (1) Constant motor speed vs. variable pumping head, 

and (2) Variable motor speed vs. constant pumping head. 

 



  

4.1. Constant motor speed vs. variable pumping head 

To study and evaluate the performance of IM-SMP system, we combined IM model ( Fig.1) with the SMP 

model (Fig.3) to get the complete system model as showed in Fig. (4). The IM-SMP system parameters 

attached in APPENDIX A. 

 

Fig. 4.   IM-SMP system Model by MATLAB 

Simulation results in the first case are given in Figs. (5), (6), (7), (8). For different values of torque, resulting 

from different values of pumping heads. We notice from Fig. (5) that the V/f driving system achieved a good 

dynamic performance, as the speed was regulated at the nominal value, and the system response was 

accurate, despite the presence of changes in the torque signal as Fig.(6),  Fig. (7) Shows the voltage applied 

of phase (a) of the motor. While Fig. (8) shows the current passing through the phase (a) of motor.  

 
 

Fig. 5.   The motor speed at 2900rpm for different values of torque 

 



  

 

Fig. 6.   The motor torque at variable head values 

 

Fig. 7.   The applied voltage of phase (a) 

.   

Fig. 8. The current of phase (a) 

 



  

4.2. Varible motor speed vs. constant pumping head 

In this case, the rotational speed can be considered as the input signal, while the pumping flow rate is the 

output signal. At H=60m applied as load torque at the moment t=1sec .The pumping flow rate, voltage, and 

current waveforms in the healthy state given in Figs (9), (10), (11) respectively. 

 

Fig. 9 .The pumping head vs. flow rate and motor speed 

We note from Fig. (9) that the pumping rate Q increases with the increase in rotational speed for a constant 

pumping head. Likewise, we note that for a constant speed, the flow rate decreases as the required pumping 

head increases. 

 

Fig. 10. The voltage of phase (a) 

Fig. (10) shows the voltage signal applied to the first phase (a) of the motor for a head H=60m, where we 

note that the voltage increases proportionally with the increase in the required rotational speed. 

  



  

 

Fig.11. The current of phase (a) 

Fig. (11) shows the current signal passing through the first phase (a) of the motor for a head H=60m, where 

we note that the current is almost constant due to the required constant pumping head. 

5. VALIDATION OF THE V/f ALGORITHM WITH SOME FAULTS IN IM-SMP 

For overcoming some faults in IM-SMP system such as single phasing case or pump operation with no load, 

we build logical conditions in IM-SMP system model as shows Fig. (12). 

 

 

 

 

 

 

 

 

 

 

 Fig.12. The developed model with faults of IM-SMP system 

 

For example, if single phasing case occurs in the C phase, the reference speed and voltage value will go down 

to zero, to stop the motor and protect it, that is clearly shown in Figs. (13), (14) respectively. 

 



  

 

Fig.13.  IM-SMP system response with Single Phasing C 

 

Fig.14. The voltage of the phase (a) with Single- Phasing C 

6. MODELING IM-SMP UNDER SSC FAULTS: 

Stator faults are usually related to insulation failures. Several studies have shown that 30%- 40% of 

induction motor failures are due to stator winding [10]. SSC start due to the insulation breakdown between 

two adjacent turns in a coil for the same phase, this fault is usually called a turn to turn fault TTF, and became 

a big fault such as phase faults unless detect early. In this paper we simulated a SSC (turn-turn short in phase 

(a) winding) based on the modified models, where the resistance matrix of stator with shorted turns in the 

q−d reference frame can be derived as [11]. The current of stator winding, motor torque at SSC fault is given 

in Fig. (15). We note an oscillation on motor torque as Fig. (15-b), and the motor current increases clearly at 

the moment 1.5 sec as shown in Fig.(15-a). 



  

 

 

 

(a) (b) 

Fig.15 simulation results at SSC fault: (a) Stator current, (b) Motor torque 

 

 

(a) (b) 

Fig.16 simulation results at SSC fault: (a) Motor speed, (b) flow rate 

We note that in Fig. (16-a) existence of an oscillations in the motor speed curve at the moment of SSC fault 

(1.5 sec), despite the presence of V/f algorithm on IM-SMP system model, these changes in speed curves 

effect on pumping flow rate  as Fig. (16-b) as equations (7)-(9) above mentioned 

 

7. NEGATIVE SEQUENCE CURRENTS ANALYSIS 

In case of normal three-phase voltages are applied to a symmetrical three-phase machine, the machine 

currents are same in magnitude. A fault such as a shorted turn in one phase, causes an unbalance between 

the phases which cause unbalanced phase currents. Sequence analysis is simple technique used to detect 

SSC fault, note the change in the negative component at moment 1.5 sec as shown in Fig. (17). 

 



  

 

Fig.17. Negative sequence current at SSC fault 

 

 

8. Discussion of the results: 

The IM-ESP system was modeled and simulated with the V/f algorithm to regulate the motor speed under 

normal operation and different loads. The simulation results showed a good and stable system 

performance, and the drive system achieved a fast and accurate response. 

The control system was developed to handle certain faults, such as single phasing case, and motor operation 

with no-load (no water pumping flow). The simulation results demonstrated the system's effectiveness in 

protecting the motor, as the motor stopped operating immediately upon the occurrence of the fault. 

In the paper, we presented the modeling and simulation of the IM-ESP during a stator short-circuit fault of 

the used motor. The simulation results showed the system's effectiveness in fault detection, where we used 

the sequence analysis technique for current negative component. 

 



  

 

9.CONCLUSION  

A modeling of IM-SMP system has been introduced in this paper, in addition to simulation of IM-SMP 

system under different operation cases, and the system responses are presented at these cases. V/f control 

algorithm has been used for keeping a constant speed at variable torque vs. variable head. Also, the paper 

tests the system for overcoming some faults such as single phasing and pump operation without water (no-

load), and SSC fault. The simulation results show a speed response for protecting the motor immediately at 

the critical cases. 

 

10. APPENDEX A:  
Table (1) The IM-SMP System Parameters 

Motor Rstator 9.203Ω  Vs Y/∆ 660V/380v 

Rbar 68.358e-6 Ω J 0.008Kg.m2 

power 1.1kw Is Y/∆  1.556A/2.7A 

Lr , Ls , Lm 0.075H, 0.28H, 0.118H speed 2968 rpm   

Pump power 1kw speed 2850 rpm 

Head Flow rate H=62m Q= 4m3/h H=93m Q= 3m3/h 
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