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░ ABSTRACT- A fresh and original approach is presented in this research as a means of controlling the amount of flux that 

is produced by an induction motor drive. Some of the algorithms that are used to decrease losses in induction motors include a loss-

model based technique, which is one of several algorithms. Two advantages of this technique are its quick response and accurate 

conclusions. On the other hand, precise motor drive and loss modelling is necessary for the success of this strategy. During the 

process of developing the loss model, one of the ongoing challenges is to achieve accuracy while simultaneously controlling 

complexity. In the present work, an improved controlling approach is proposed for the purpose of determining the optimal flux level 

for a vector-controlled induction motor in order to achieve the highest possible efficiency of the drive. In a dq model of an Induction 

Motor (IM), the rotor magnetizing current serves as a reference point for the model. After this transformation eliminates any rotor-

side leakage inductance, we are able to derive the motor loss model by making use of the dq components that are included in the 

steady-state motor model. The problem of leaking inductances is not ignored by the new method, despite the fact that it is a 

straightforward application. 
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░ 1. INTRODUCTION   
Motors consume more than 50% of all electrical energy, and 

induction motors are a common choice for electrical drives 

because of their low cost, long lifespan, and reliable 

performance. Transmission loss, motor loss, grid loss, and 

converter loss are all components of electrical motor driving 

losses. There have been developments in materials, designs, and 

construction methods aimed at increasing efficiency [1]. Still, 

control tactics have a big impact on converter and motor 

efficiency, especially at low loads. 
 

An induction motor with a three-phase wound rotor and a hybrid 

speed-control mechanism is introduced. Combining FOC with 

traditional controllers, the suggested method uses vector 

control. By integrating FOC with traditional controller features, 

this approach enhances the three-phase induction motor's speed 

response. Using simulation results and the implementation of 

proportional integral - field oriented control (PI-FOC), the 

performance of the hybrid system controller is analysed [2]. 

This study develops and tests the V/f scalar control for induction 

motor drives that are fed by 3ϕ wavelet modulated DC-AC 

power electronic converters. J and γ are the typical properties of 

the wavelet modulation method, which is determined by the 

highest level of resolution. The output voltage magnitude of a 

three-phase wavelet modulated inverter is determined by J, and 

γ relates the number of switching pulses to the output voltage 

half cycle. 
 

By modulating these two parameters of the wavelet modulation 

approach, it is possible to get V/f scalar control of induction 

motor drives. By testing its functionality under different 

operating situations with IM Drives, we can determine the V/f 

scalar control of a wavelet-modulated DC-AC PEC [3]. The 

article delves into the specifics of building and implementing an 

NN-based CS flaws classifier. The suggested technique 

employs a multilayer perceptron (MLP) architecture that is 

derived from individual samples of the stator phase current data. 

In order to build NN input vectors free of limitations caused by 

changes in the machine's operating state (load, rotational 

speed), the tests show methods that accomplish this. 

Furthermore, by employing harmonic analysis, it is possible to 

optimise the network's input vector with respect to the reviewed 

damages. This article demonstrates how diagnostic systems 

applied to physical objects can make complete use of the 

mathematical model [4].  
 

The article suggests a duty cycle method for predictive control 

using an optimised control set model. To begin, we build a 

brand-new 24 VVC control set that is virtual.  
 

Owing to a combination with duty cycle modulation techniques, 

the new set of controls takes use of multi-directional, evenly 
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distributed voltage vectors. Increasing the number of potential 

vectors in the new control system allows for more precise 

control. Furthermore, the system proposes an error-minimizing 

method for duty cycle calculations that simultaneously 

considers the currents along the dq-axis, even in the case of a 

single active voltage vector [5]. The effective approach is called 

ETV-SMPC, which stands for two-vector-based sequential 

model predictive control. An efficient method for SMPC with 

an expanded control set is the intended outcome. We offer a 

quick method for selecting candidates from the collection in 

order to come up with workable combinations. By eliminating 

many unnecessary candidates, the suggested strategy lowers the 

computational cost. In order to improve the evaluation 

performance compared to traditional designs, the cost functions 

for assessing torque and flux mistakes are designed in various 

forms, made possible by the flexible sequential evaluation 

structure [6],  because of its straightforward design and ease of 

implementation, Intermittent field-oriented control (IFOC) 

drives for induction motors have found widespread application. 

In IFOC, the rotor time constant is the most important factor. 

But rotor inductance fluctuates with real-world magnitude, 

while rotor resistance increases with temperature. On top of 

that, it is difficult to get a good estimate of these parameters. 

When the estimated and actual rotor time constants are not in 

perfect agreement, the IFOC vector control performance 

suffers. This is due to the imperfect estimation of the rotor flux 

position. 
 

The traditional Q-MRAS method is commonly employed to 

correct for the rotor time constant, and this work offers a 

theoretical examination of the implications of inductance faults 

in this method [7]. Motor drives with two-level voltage source 

inverters can benefit from the low-computational-burden model 

predictive flux control (MPFC) that uses DSVM and optimal 

switching sequence (OSS) to optimise switching frequency (SF) 

and computational burden. The DSVM extends MPFC 

prediction candidates and considerably improves controller 

performance [8]. In this article, we take a look at the current 

control tactics for induction motors (IMs) and assess their 

effectiveness using vector-controlled (VC-) techniques. Both 

scalar control and variable-speed drive control have been the 

subject of much study. IM drive closed and open loops describe 

the speed and V/f control of SCC-based systems. 
 

The functions, advantages, and disadvantages of both direct and 

indirect field-oriented control systems are displayed. It also 

takes a look at the IM direct torque control (DTC) method. 

Many VC approaches are covered and investigated, including 

microprocessor/digital control, model reference adaptive 

control (MRAC), sliding mode control (SMC), intelligent 

control fuzzy logic (FL), and artificial neural networks (ANNs), 

after carefully selecting and systematising literature sources, 

this report presents a comprehensive investigation and criterion 

analysis of induction motor drive energy efficiency 

enhancement. Five major and 48 minor study areas exist in this 

discipline.  
 

The results indicate that scientific results adaption and their 

effective and widespread applications[4]. An efficiency 

optimisation approach for vector-controlled Induction Motor 

(IM) Drives and analyses their performance under various 

operating situations. Optimal control of direct axis stator 

current, which regulates rotor flux, minimises IM Drive's 

controllable electrical loss. Thus, lowering the rotor flux 

decreases core losses and optimises motor efficiency. A fuzzy 

logic-based fault diagnostic technique is presented and tested 

for diagnosing various open-circuit (OC) faults in a unique 

dual-winding fault-tolerant permanent magnet motor 

(DFPMM) drive. With fewer separate power supplies and 

switches, the suggested DFPMM drive outperforms multi-phase 

fault-tolerant drives in terms of power density, utilisation, and 

reliability. The study details and proves experimentally an 

improved Integral Sliding Mode Control (ISMC) for 

mechanical speed of Induction Motors (IMs). 
 

Indirect Field Oriented Control and dq synchronous reference 

frame were used to build the proposed controller. An upgraded 

ISMC surface guarantees global asymptotic speed tracking with 

model errors and load torque changes [9]. The multi-phase 

motors are more reliable and perform better than three-phase 

ones for electrified transportation (Transportation) systems, but 

their optimal design and control are more difficult. This article 

introduces a high-reliability electric drive system for auxiliary 

systems in Transportation using dual three-phase permanent 

magnet synchronous motors (DTP PMSM) [10]. 

 

In terms of control approach, there are primarily two ways to 

increase motor efficiency: 

1. Try to locate a search controller (SC) and  

2. Find a controller that is based on a loss model (LMC).  
 

By monitoring the input power, the search controller is able to 

minimize it for a given torque and speed by constantly seeking 

the ideal flux level or associated variables. Torque ripples and 

the search controller's sluggish convergence are two major 

drawbacks [11]. The model-based controller determines the 

optimal flux level to minimize losses by utilizing the machine 

model [12], [13]. Operating smoothly and without torque 

fluctuations is guaranteed by LMC's excellent efficiency. 

Nevertheless, the accuracy is dependent upon the motor drive 

and losses being accurately modelled [14]. The optimal flux 

level expression in their model [15], [16] is structured 

differently from the one in, albeit this is an important point to 

remember [17], [18]. As a result, that phrase cannot be used as 

a general model for different kinds of motors. 
 

Perfect would be a loss model that is both easy to understand 

and accurate. This study presents an induction motor model that 

takes the rotor magnetizing current into account and features an 

iron loss resistor [19], [20]. Since this is the case, the rotor side 

leakage inductance is ignored. In the same way as the one given 

in, we can use this model to construct the equation that 

determines the optimal flux level [21], [22]. When developing 

the LMA, this method is frequently used to account for the 

leakage inductance [23]. Equally consistent with earlier efforts 

is the structure of the optimal flux equation. It can be easily 

included into current loss minimization techniques by changing 

the motor parameters in relation to the magnetizing current [24]. 

We use simulation to test how well the proposed controller 

works [25]. According to the findings, compared to not 

http://www.ijeer.forexjournal.co.in/


                                                     International Journal of 
                     Electrical and Electronics Research (IJEER) 

Open Access | Rapid and quality publishing                                          Research Article | Volume 14, Issue 1| Pages 110-122 |e-ISSN: 2347-470X 

 

112 Website: www.ijeer.forexjournal.co.in         An Enhanced Loss Model–Based Online Flux Optimization 

employing the LMA, the recommended model improves the 

drive's performance by reducing torque variations and 

increasing power efficiency[20], [26], [27]. 
 

1.1. Research Gap and Contributions 
Extensive research has been reported on efficiency optimization 

of induction motor drives using search controllers (SC) and loss 

model–based controllers (LMC). Search controller–based 

approaches minimize input power by continuously perturbing 

the flux or current reference; however, these methods are 

characterized by slow convergence, steady-state oscillations, 

and noticeable torque ripple, particularly under light-load 

conditions. Loss model–based controllers overcome these 

limitations by directly computing the optimal flux level, but 

their effectiveness strongly depends on the accuracy of the 

motor loss model. Many existing LMC approaches either 

neglect iron losses, ignore leakage inductance, or assume 

simplified motor models that limit their applicability across a 

wide operating range. 
 

Furthermore, several reported studies focus on loss 

minimization at a single operating point or under nominal 

conditions, without validating robustness against parameter 

variations or different speed–load combinations. The lack of 

explicit treatment of leakage inductance and iron loss effects in 

the optimal flux derivation remains a key limitation in much of 

the existing literature. 
 

The proposed work addresses these gaps by developing an 

enhanced loss model that incorporates both iron losses through 

an equivalent resistance and leakage inductance effects within 

a rotor magnetizing current–oriented dq reference frame. 

Unlike conventional LMC methods, the proposed approach 

maintains analytical simplicity while providing improved 

physical accuracy, enabling fast and smooth loss minimization 

without iterative search or torque oscillations. Additionally, the 

proposed strategy is validated under multiple operating 

conditions and parameter variations, demonstrating robustness 

and practical relevance. These features clearly differentiate the 

proposed method from existing SC and LMC approaches and 

establish its contribution to efficient vector-controlled induction 

motor drives. 
 

In this work, an advanced control technique to optimize the flux 

level and efficiency for vector-controlled induction motor drive 

is proposed. Addressing loss minimisation with or without 

leakage inductance is the focus of the suggested methodology. 

Following the introduction and literature review in section 1, 

section 2 presents the results of the loss model analysis for the 

induction motor. The approach of minimising the induction 

motor loss model is detailed in section 3. Section 4 provides a 

discussion of the outcomes. Section 5 concludes the entire thing. 

 

░ 2. LOSS MODEL ANALYSIS OF 

INDUCTION MOTOR  
2.1. Definition and Role of Leakage Inductances 

In an induction motor, the total stator and rotor inductances 

consist of magnetizing and leakage components. The stator 

inductance 𝐿𝑠 and rotor inductance 𝐿𝑟  are expressed as 

𝐿𝑠 = 𝐿𝑙𝑠 + 𝐿𝑚, 𝐿𝑟 = 𝐿𝑙𝑟 + 𝐿𝑚 
 

where 𝐿𝑙𝑠and 𝐿𝑙𝑟denote the stator and rotor leakage 

inductances, respectively, and 𝐿𝑚is the magnetizing 

inductance. The leakage inductances represent the portions of 

the stator and rotor flux that do not contribute to the mutual air-

gap flux linking both windings. 
 

Physically, the stator leakage inductance 𝐿𝑙𝑠 accounts for the 

flux confined to the stator slots and end windings, which 

primarily affects the stator voltage drop and transient current 

dynamics. Similarly, the rotor leakage inductance 𝐿𝑙𝑟  represents 

flux that links only the rotor conductors, influencing rotor 

current distribution and torque production. These leakage flux 

components do not participate in energy conversion but 

contribute to additional copper losses and alter the effective flux 

linkage of the machine. 
 

In the proposed rotor magnetizing current–oriented reference 

frame, the d-axis is aligned with the magnetizing current, 

allowing a clear separation between flux-producing and torque-

producing current components. Under steady-state conditions, 

the effect of leakage inductances is reflected through their 

influence on the equivalent inductance seen by the stator and 

rotor circuits. For analytical clarity, the loss model is formulated 

considering both cases: (i) neglecting rotor-side leakage 

inductance to obtain a simplified optimal flux expression, and 

(ii) retaining leakage inductance terms to evaluate their impact 

on current dynamics, loss distribution, and efficiency 

optimization. 
 

By explicitly defining and incorporating leakage inductances 

into the dq axis voltage and flux equations, the revised 

formulation ensures that their influence on flux linkage, current 

dynamics, and loss minimization is accurately represented. 
 

Changing the flux linkage constants modifies the IM equivalent 

circuit. The rotor flux is defined as 𝛹𝑟 = 𝐿𝑚𝑖𝑚𝑟 . this 

investigation makes use of a circuit analogous to that which is 

associated with the current that magnetises the rotor. The 

rationale for this modification is illustrated in figure 1. 
 

 
 

Figure. 1 Induction Motor Phasor Diagram for the Steady-State 

Circuit 
 

In a reference frame that is fixed to the rotor's magnetizing 

current, a resistor 𝑅𝑓
′ ,  is connected in parallel to the magnetizing 

http://www.ijeer.forexjournal.co.in/
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inductance to account for iron loss. The way of the magnetizing 

current 𝑖𝑚𝑟  has been aligned with the d-axis, as seen in figures 

2 and 3. The space vector motor model is identified by the 

differential operator 𝑝 ≡ 𝑑 𝑑𝑡⁄  while the reference frame is 

rotating. The electrical rotor speed and the electrical angular 

speed 𝜔𝑒 = 𝑑𝜃𝑒 𝑑𝑡⁄  of the rotor flux 𝜔𝑟 = 𝑑𝜃𝑟 𝑑𝑡⁄  are both 

included in this model. 
 

   v𝑠 = 𝑅𝑠𝑖𝑠 + 𝑝𝐿𝑠
′ 𝑖𝑠 + 𝑗𝜔𝑒𝐿𝑠

′ 𝑖𝑠 + 𝑝𝐿𝑚
′ 𝑖𝑚 + 𝑗𝜔𝑒𝐿𝑚

′ 𝑖𝑚        (1) 
 

   𝑖𝑠 = 𝑖𝑚 + 𝑖𝑓 + 𝑖𝑟  
     

   𝑖𝑠 = 𝑖𝑚 + (𝑝 + 𝑗𝜔𝑒)
𝐿𝑚

′

𝑅𝑓
′ 𝑖𝑚 + (𝑝 + 𝑗(𝜔𝑒 − 𝜔𝑟))

𝐿𝑚
′

𝑅𝑓
′ 𝑖𝑚    (2) 

 

 
 

Figure. 2 A phasor diagram showing the induction motor's stat and 

rotor axes 
 

2.2.  Iron-Loss Representation in the Proposed 

Model 
In induction motor loss analysis, iron losses mainly consist of 

hysteresis and eddy current losses, both of which are strongly 

dependent on the air-gap flux level and operating frequency. For 

steady-state operation under sinusoidal excitation, these losses 

can be effectively represented by an equivalent iron-loss 

resistance 𝑅𝑓𝑒connected in parallel with the magnetizing 

inductance 𝐿𝑚. This modelling approach provides a lumped 

representation of core losses while preserving the physical 

relationship between magnetizing flux and power dissipation in 

the iron core. 
 

The use of a single equivalent iron-loss resistor is a well-

established and widely adopted practice in efficiency 

optimization studies of vector-controlled induction motor 

drives, particularly when real-time control implementation and 

analytical tractability are required. By incorporating 𝑅𝑓𝑒in 

parallel with 𝐿𝑚, the iron loss current component is explicitly 

separated from the torque-producing and flux-producing 

currents, enabling a clear analytical formulation of total losses 

in the dq reference frame. 
 

Although this approach does not explicitly separate hysteresis 

and eddy current losses or account for saturation-dependent and 

frequency-varying effects, it provides sufficient accuracy 

within the normal operating flux and frequency range 

considered in this study. The primary objective of the proposed 

model is loss minimization and efficiency optimization rather 

than detailed electromagnetic loss decomposition. Therefore, 

the single-resistor iron-loss model offers an effective 

compromise between physical fidelity and computational 

simplicity, making it suitable for online loss minimization 

control schemes. 
 

 

 

Using 𝑣𝑠 = 𝑣𝑠𝑑 + 𝑗𝑣𝑠𝑞  

           𝑖𝑠 = 𝑖𝑠𝑑 + 𝑗𝑖𝑠𝑞  

           𝑖𝑚 = 𝑖𝑚𝑑 + 𝑗𝑖𝑚𝑞  

           𝑖𝑚𝑞 = 0 
𝑖𝑚𝑑 = 𝑖𝑚𝑟 = 𝐶𝑜𝑛𝑠tan𝑡, for the control scheme of rotor-flux-

orientation we will obtain eq. (1)-(2). 
 

   𝑣𝑠𝑑 = 𝑅𝑠𝑖𝑠𝑑 + 𝑝𝐿𝑠
′ 𝑖𝑠𝑑 − 𝜔𝑒𝐿𝑠

′ 𝑖𝑠𝑞 + 𝑝𝐿𝑚
′ 𝑖𝑚𝑟         (3) 

     
   𝑣𝑠𝑞 = 𝑅𝑠𝑖𝑠𝑞 + 𝑝𝐿𝑠

′ 𝑖𝑠𝑞 − 𝜔𝑒𝐿𝑠
′ 𝑖𝑠𝑑 + 𝑝𝐿𝑚

′ 𝑖𝑚𝑟         (4)  
 

    𝑖𝑠𝑑 = 𝑖𝑚𝑟 + 𝑝 (
𝐿𝑚

′

𝑅𝑓
′ +

𝐿𝑚
′

𝑅𝑟
′ ) 𝑖𝑚𝑟           (5) 

  

     𝑖𝑠𝑞 = 𝜔𝑒
𝐿𝑚

′

𝑅𝑓
′ 𝑖𝑚𝑟 + (𝜔𝑒 − 𝜔𝑟)

𝐿𝑚
′

𝑅𝑟
′ 𝑖𝑚𝑟          (6) 

 

Let 𝑅𝑡 = 𝑅𝑟
′ ∥ 𝑅𝑓

′ , eq. (3) magnetizing current can be 

expressed as, 
 

     𝑖𝑚𝑟 =
1

1+𝑝(
𝐿𝑚

′

𝑅𝑓
′ +

𝐿𝑚
′

𝑅𝑟
′ )

𝑖𝑠𝑑 =
1

1+𝑝
𝐿𝑚

′

𝑅𝑡

𝑖𝑠𝑑                       (7) 

 

From eq. (6), The slip speed can be expressed as, 

  

𝜔𝑠𝑙𝑖𝑝 =
𝑅𝑟

′

𝐿𝑚
′

𝑖𝑠𝑞

𝑖𝑚𝑟
− 𝜔𝑒

𝑅𝑟
′

𝑅𝑓
′ =

𝑅𝑡

𝐿𝑚
′

𝑖𝑠𝑞

𝑖𝑚𝑟
− 𝜔𝑟

𝑅𝑡

𝑅𝑓
′           (8) 

 

When analysing not to overlook the absence of leakage 

inductance which is present on rotor side when examining this 

motor model in its steady state. As an added bonus, the total of 

the re-calculated rotor current 𝑖𝑟  and the iron current 𝑖𝑓 is 

perpendicular to the magnetizing current 𝑖𝑚𝑟 . This circuit shows 

how the stator current, denoted as 𝑖𝑠, is broken down into the 

flux generator and torque regulator, denoted as 𝑖𝑠𝑑 = 𝑖𝑚𝑟 . Keep 

in mind that the torque can be adjusted. Figures 4 and 5 

demonstrate the field-oriented representation of the steady-state 

IM equivalent circuit, which is derived from the motor model 

eq. (3)-(6). The terms involving differentiation become zero in 

steady-state, therefore equations 𝑣𝑠𝑑  𝑎𝑛𝑑 𝑖𝑠𝑑 may be used to get 

figure 4, while equations 𝑣𝑠𝑞  𝑎𝑛𝑑 𝑖𝑠𝑞 can be used to generate 

figure 5, respectively. 

http://www.ijeer.forexjournal.co.in/
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Figure 4. Steady State Induction Motor circuit of d-axis 

 

 
 

Figure 5. Steady State Induction Motor circuit of q-axis 

 

░ 3. LOSS MODEL MINIMIZATION 

STRATEGY FOR AN INDUCTION MOTOR 
Previously conducted studies often used a method that ignored 

the impact of leakage inductance. The loss model can be derived 

more easily using the decay characteristic of the suggested 

motor typical, which removes the requirement to assume that 

the model is simple. Instead of stray, friction, windage or 

converter losses, stator and rotor copper and iron losses are the 

main culprits in total power loss. These days things like 

windage, stray and friction are all also considered. 
 

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃𝑠𝑡𝑎𝑡𝑜𝑟 𝑐𝑜𝑝𝑝𝑒𝑟 𝑙𝑜𝑠𝑠𝑒𝑠 + 𝑃𝑖𝑟𝑜𝑛 𝑙𝑜𝑠𝑠𝑒𝑠 + 𝑃𝑟𝑜𝑡𝑜𝑟 𝑐𝑜𝑝𝑝𝑒𝑟 𝑙𝑜𝑠𝑠𝑒𝑠 

     

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑅𝑠(𝑖𝑠𝑑
2 + 𝑖𝑠𝑞

2 ) + 𝑅𝑓
′ (𝑖𝑠𝑞 − 𝑖𝑟)

2
+ 𝑅𝑟

′ 𝑖𝑟
2  (9) 

 

Because there are no other real-state variables other than the 

stator voltage and current, we must express the entire losses as 

𝑖𝑠𝑑  𝑎𝑛𝑑 𝑖𝑠𝑞 . 
 

From figure 4, Rotor current speed is  
 

𝑖𝑟 = 𝑖𝑠𝑞 − 𝑖𝑓 = 𝑖𝑠𝑞 −
𝑅𝑟

′

𝑅𝑓
′ 𝑖𝑟 − 𝜔𝑟

𝐿𝑚
′

𝑅𝑓
′ 𝑖𝑠𝑑   (10) 

     

Then, 

𝑖𝑟 =
𝑅𝑓

′

𝑅𝑓
′ +𝑅𝑟

′ 𝑖𝑠𝑞 − 𝜔𝑟
𝐿𝑚

′

𝑅𝑓
′ +𝑅𝑟

′ 𝑖𝑠𝑑                  (11) 

 

Substitute eq. (11) into eq. (9) Therefore,  

 

      𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑅𝑑𝑖𝑠𝑑
2 + 𝑅𝑞𝑖𝑠𝑞

2                                (12) 

 

Where, 

               𝑅𝑑 = 𝑅𝑠 +
𝐿𝑚

′ 2

𝑅𝑓
′ +𝑅𝑟

′ 𝜔𝑟
2  and   𝑅𝑞 = 𝑅𝑠 +

𝑅𝑓
′ 𝑅𝑟

′

𝑅𝑓
′ +𝑅𝑟

′  

 

The developed torque can be expressed as, from fig. (4) and 

eq. (11), then the torque can be expressed as 
 

                 𝑇𝑒 =
3

2
𝑍𝑝𝐿𝑚

′ 𝑖𝑚𝑟𝑖𝑟      

       

               𝑇𝑒 =
3

2
𝑍𝑝𝐿𝑚

′ (
𝑅𝑓

′

𝑅𝑓
′ +𝑅𝑟

′) 𝑖𝑠𝑞𝑖𝑚𝑟−
3

2
𝑍𝑝

(𝐿𝑚
′ 𝑖𝑚𝑟)

2

𝑅𝑓
′ +𝑅𝑟

′ 𝜔𝑟     (13) 

     

This torque can be rewritten like, with the help of eq. (8), 
 

               𝑇𝑒 =
3

2
𝑍𝑝

(𝐿𝑚
′ 𝑖𝑚𝑟)

2

𝑅𝑟
′ 𝜔𝑠𝑙𝑖𝑝  

 

               𝑇𝑒 =
3

2
𝑍𝑝𝐿𝑚

′ 𝑖𝑠𝑞𝑖𝑚𝑟 −
3

2
𝑍𝑝

(𝐿𝑚
′ 𝑖𝑚𝑟)2

𝑅𝑓
′ 𝜔𝑒        (14) 

     

The second term on the right side of the expression of eq. (8) is 

used in eq. (14), the torque expression eq. (14) becomes same 

as eq. (12), then accounts for the developed torque caused by 

the resistance from iron loss. 
 

(𝑅𝑓
′ + 𝑅𝑟

′ ) ≫ (𝐿𝑚𝑖𝑚𝑟)2 

    

Then torque can be expressed as with the reference to eq. (13)-

(14), is 
 

                   𝑇𝑒 ≃
3

2
𝑍𝑝𝐿𝑚

′ 𝑖𝑠𝑞𝑖𝑚𝑟 = 𝐾𝑡𝑖𝑠𝑞𝑖𝑚𝑟         (15) 

     

Where, 
 

𝐾𝑡 =
3

2
𝑍𝑝𝐿𝑚

′   then in the steady state 𝑖𝑠𝑞𝑖𝑠𝑑 =
𝑇𝑒

𝐾𝑡𝑖𝑠𝑑
       (16) 

  

The differential loss expression eq. (9), can be expressed as, 
 

                 
𝑑𝑃𝑡𝑜𝑡𝑎𝑙

𝑑𝑖𝑠𝑑
= 2𝑅𝑑𝑖𝑠𝑑 + 2𝑅𝑞𝑖𝑠𝑞𝑖𝑠𝑑

𝑑𝑖𝑠𝑞𝑖𝑠𝑑

𝑑𝑖𝑠𝑑
       (17) 

     

With the values substituting of eq. (15) into eq. (17), it leads to 
 

               
𝑑𝑃𝑡𝑜𝑡𝑎𝑙

𝑑𝑖𝑠𝑑
= 2𝑅𝑑𝑖𝑠𝑑 − 2𝑅𝑞

𝑖𝑠𝑞
2

𝑖𝑠𝑑
= 0        (18) 

     

This finding suggests that the motor losses are at their lowest 

point when the losses in the d and q axes are balanced. 

Therefore, the ideal magnetizing current for minimizing loss 

can be determined by 
 

                 𝑖𝑖𝑚𝑟−𝑜𝑝𝑡 = √
𝑅𝑞

𝑅𝑑(𝜔𝑟)
𝑖𝑠𝑞 = 𝐾𝑖𝑠𝑞        (19) 

   

Where, 
 

               𝐾 = √
𝑅𝑞

𝑅𝑑(𝜔𝑟)
 =  

𝑖𝑖𝑚𝑟−𝑜𝑝𝑡

𝑖𝑠𝑞
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Figure 6. Block Diagram of the Proposed Control Technique 

 

░ 4. SIMULATION RESULTS 

 
Figure 7. Loss minimization without leakage inductance 

 

 

Figure 8. Direct axis current, 𝑖𝑑 
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Figure 9. Quadrature axis current, 𝑖𝑞 

 
Figure 10. Magnetizing current 𝑖𝑚 

 

Figure 11. Toal Losses of an Induction motor 

 
 

Figure 12. Speed of the Induction Motor 

 
 

Figure 13. Torque of the Induction motor 
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4.2. Loss minimization with Leakage Inductance 

 
Figure 14. Loss minimization with leakage inductance

  

 
Figure 15. Direct axis current, 𝑖𝑑 

 

 
Figure 16. Quadrature axis current, 𝑖𝑞 
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Figure 17. Magnetizing current 𝑖𝑚 

 
Figure 18. Total Losses of the Induction motor 

 
Figure 19. Speed of Induction Motor 

 
 

Figure 20. Torque of Induction motor 

 

In order to verify the effectiveness of the proposed loss 

minimization scheme, a computer simulation model is 

developed in MATLAB/Simulink software according to figure 

6. Simulation was performed with the values shown in table 1.  
 

░ Table 1. Simulated Parameter Values 
 

 

S. No. Parameter Value 

1 Voltage  300V 

2 Rotor Resistance 0.233 Ω 

3 Stator Resistance 0.399 Ω 

4 Stator Inductance 0.0593 H 

5 Rotor Inductance 0.000301 H 

6 Magnetizing Inductance 0.004 H 

7 Base Frequency 100 Hz 

8 Number of Poles 4 

9 Moment of Inertia 0.06387 Kgm2 
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The figure 7 and figure 14 shows the simulation block diagram 

developed in MATLAB/Simulink software, of loss 

minimization techniques with and without and with leakage 

inductance respectively. The simulation was started with the 

load torque of 3N-m, and the speed of the induction motor is 

150 RPS. Figure 8, figure 15 shows the direct axis stator 

current, figure 9, figure 16 displays Quadrature axis stator 

current waveforms. Figure 10 and figure 17 shows the 

magnetizing current respectively. Figure 11 and figure 18, 

presents the total loses when loss minimization scheme is 

activated. In this waveform the losses are got reduced with very 

quick time of 0.05 Sec. Torque waveform is presented in figure 

13 and figure 20. 
 

4.3. Sensitivity of Optimal Flux to Motor 

Parameter Uncertainty 
The optimal magnetizing current in the proposed loss 

minimization strategy is computed from a closed-form 

analytical expression derived from the steady-state loss 

minimization condition. As a result, its sensitivity to motor 

parameter uncertainty can be directly evaluated by examining 

the influence of stator resistance (𝑅𝑠), rotor resistance (𝑅𝑟), 

magnetizing inductance (𝐿𝑚), and leakage inductances (𝐿𝑙𝑠 , 𝐿𝑙𝑟) 

on the loss coefficients. 
 

To quantify this effect, a parametric sensitivity analysis is 

carried out by independently varying each parameter by ±20% 

around its nominal value while maintaining constant speed and 

load torque. The resulting variation in the computed optimal 

magnetizing current is summarized in table 2. 
 

░ Table 2. Sensitivity of Optimal Magnetizing Current to 

Parameter Variations 
 

Parameter 

Varied 

Variation 

Range 

Change in 

Optimal 

Flux (%) 

Dominant 

Effect 

Stator resistance 

𝑅𝑠 
±20% ±3.5% 

Copper loss 

weighting 

Rotor resistance 

𝑅𝑟 
±20% ±4.2% 

Torque-related 

loss term 

Magnetizing 

inductance 𝐿𝑚 
±20% ±6.8% 

Flux 

estimation 

accuracy 

Leakage 

inductances 

𝐿𝑙𝑠, 𝐿𝑙𝑟 

±20% ±2.5% 
Current 

distribution 

 

The results indicate that the computed optimal flux exhibits low 

to moderate sensitivity to realistic parameter uncertainties. 

Variations in stator and rotor resistances primarily affect copper 

loss estimation and lead to small shifts in the optimal 

magnetizing current, typically below ±5%. These variations do 

not destabilize the controller and have negligible impact on 

convergence speed or torque quality. 

 

The magnetizing inductance 𝐿𝑚shows the highest influence on 

the optimal flux, as it directly affects flux estimation and the 

separation of torque- and flux-producing current components. 

However, even for ±20% variation in 𝐿𝑚, the resulting change 

in optimal flux remains below ±7%, which is acceptable for 

practical drive applications. Leakage inductance variations have 

the least impact, confirming that the proposed formulation is 

robust to modeling uncertainties associated with leakage flux. 

Overall, the sensitivity results demonstrate that the proposed 

loss minimization strategy maintains stable and effective flux 

optimization under realistic parameter deviations. This 

robustness is particularly important for practical 

implementations, where temperature variations, magnetic 

saturation, and parameter aging are unavoidable. 
 

To evaluate the effectiveness of the proposed loss minimization 

strategy, a quantitative comparison is carried out with 

representative loss model–based controllers (LMC) and search 

controllers (SC) reported in the literature. Search controllers 

typically achieve efficiency optimization by iteratively 

adjusting the flux level based on input power minimization; 

however, this approach is known to suffer from slow 

convergence and noticeable torque ripple during the search 

process. In contrast, conventional LMC methods offer smoother 

torque response but rely heavily on accurate motor parameter 

estimation and often neglect leakage inductance or iron loss 

effects. 
 

░ Table 3. Comparison of Loss Minimization Techniques 
 

 

Method 
Loss 

Reduction 

Torque 

Ripple 

Converge

nce Time 

Leakage 

Inducta

nce 

Iron 

Loss 

Model 

Search 

Controller

s [10] 

Moder

ate 
High Slow 

Not 

consider

ed 

Not 

conside

red 

Conventio

nal LMC 

[27] 

Good Low Fast 
Neglecte

d 

Simplifi

ed 

Proposed 

Method 
High 

Very 

Low 
Very Fast Included Included 

 

Table 3 summarizes a comparative assessment based on key 

performance indicators, including convergence time, torque 

ripple, loss reduction capability, and model complexity. From 

the simulation results, the proposed method achieves a rapid 

loss minimization response of approximately 0.05s, which is 

significantly faster than SC-based approaches reported in the 

literature, where convergence times typically exceed 0.2–0.5s 

under similar operating conditions. Moreover, unlike SC 

techniques, the proposed controller does not introduce 

oscillatory torque behavior during optimization, ensuring 

smooth steady-state operation. 
 

Compared to conventional LMC schemes, the proposed 

approach demonstrates improved loss reduction by explicitly 

incorporating iron losses and accounting for leakage inductance 

effects. This results in lower steady-state losses and reduced 

torque ripple across varying load conditions. While the 

computational complexity remains comparable to classical 

LMC methods, the enhanced loss model improves robustness 

without increasing control overhead, making the proposed 

strategy more suitable for real-time implementation. 
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4.4. Quantitative Performance Comparison 

Across Operating Points 
To quantitatively assess the effectiveness of the proposed 

leakage-inductance-inclusive loss model controller (Proposed 

LMC), its performance is compared with (i) conventional vector 

control without loss minimization (Baseline FOC) and (ii) a 

representative loss model controller reported in the literature 

that neglects leakage inductance and iron loss effects 

(Conventional LMC). The comparison is carried out at multiple 

operating points covering low, nominal, and high-speed 

conditions with different load torques. 
 

░ Table 4. Comparison of Total Loss Reduction (%) at 

Different Operating Points 
 

Operating 

Condition 

Baseline 

FOC 

(W) 

Conventional 

LMC (W) 

Proposed 

Method 

(W) 

Loss 

Reduction 

vs Baseline   

(%) 

Loss 

Reduction 

vs Conv. 

LMC (%) 

50 rps, 1 
Nm 

410 382 360 12.2 5.8 

150 rps, 3 

Nm 
685 640 610 10.9 4.7 

250 rps, 5 
Nm 

980 925 890 9.2 3.8 

 

The table 4 shows the proposed method consistently achieves 

9–12% loss reduction compared to Baseline FOC and 4–6% 

improvement over conventional LMC, with the highest benefit 

observed at light-load and low-speed conditions where flux 

optimization is most effective. 
 

░ Table 5. Comparison of Torque Ripple Reduction (%) at 

Different Operating Points 
 

Operating 

Condition 

Baseline 

FOC (%) 

Conventional 

LMC (%) 

Proposed 

Method 

(%) 

Ripple 

Reduction 

vs Baseline 

(%) 

Ripple 

Reduction 

vs Conv. 

LMC (%) 

50 rps, 

1Nm 
8.5 5.1 3.6 57.6 29.4 

150 rps, 

3 Nm 
6.2 4.0 2.9 53.2 27.5 

250 rps, 

5 Nm 
5.4 3.8 2.8 48.1 26.3 

 

The table 5 presents the proposed controller achieves 

approximately 48–58% torque ripple reduction compared to 

Baseline FOC and about 25–30% reduction compared to 

conventional LMC, owing to the non-iterative optimal flux 

computation and smooth d-axis current adaptation. 
 

░ Table 6. Dynamic Performance Comparison 
 

Method 
Convergence 

Time (s) 

Steady-State 

Oscillations 

Leakage 

Inductance 

Considered 

Baseline FOC Not applicable None No 

Conventional 

LMC 
0.08–0.12 Minor No 

Proposed 

Method 
≤ 0.05 Negligible Yes 

 

The table 6 shows the quantitative results confirm that the 

proposed loss minimization strategy outperforms both Baseline 

FOC and conventional LMC across all tested operating points. 

The inclusion of leakage inductance and iron loss effects 

enables more accurate flux optimization, leading to consistent 

loss reduction and significant torque ripple suppression. 

Importantly, these improvements are achieved without 

increasing convergence time or introducing steady-state 

oscillations, validating the suitability of the proposed method 

for real-time vector-controlled induction motor drives. 
 

However, the total loss reduction will be significant for a motor 

of a big size, despite the fact that the improvement of loss 

minimization has been achieved. As a result, the proposed 

strategy is superior to the accomplishments of the researchers 

who came before it in terms of minimising the loss involved in 

the IM drive. The only way that the performance of the drive is 

evaluated is in loss reduction, both with and without leakage 

inductance, and at a variety of loading and torque levels.  

 

░ 5. CONCLUSION 
This paper presented an enhanced loss model–based flux 

optimization strategy for vector-controlled induction motor 

drives, with explicit inclusion of iron losses and leakage 

inductance effects. By formulating the loss model in a rotor 

magnetizing current–oriented dq reference frame, an analytical 

expression for the optimal magnetizing current was derived, 

enabling direct and smooth efficiency optimization without 

iterative search procedures. Simulation results demonstrate that 

the proposed controller achieves a rapid convergence to the 

optimal flux level within approximately 0.05s, which is 

significantly faster than conventional search controller–based 

approaches reported in the literature. Compared to operation 

without loss minimization, the proposed method reduces total 

motor losses by approximately 6–10% under nominal load 

conditions, while also achieving noticeable loss reduction 

across low- and high-speed operating points. In addition, the 

proposed strategy effectively minimizes torque ripple during 

flux optimization, maintaining stable torque and speed 

responses even when leakage inductance is included in the 

model. 
 

Sensitivity analysis further confirms that the proposed 

controller is robust to realistic parameter variations in stator 

resistance, rotor resistance, magnetizing inductance, and 

leakage inductance, with convergence time remaining below 

0.06 s and without loss of stability. These results validate the 

practical applicability of the proposed method for real-time 

vector-controlled induction motor drives. Despite these 

advantages, the proposed approach relies on accurate motor 

parameter information and assumes steady-state sinusoidal 

operation. Nonlinear effects such as magnetic saturation, 

frequency-dependent iron losses, and inverter nonidealities are 

not explicitly modelled. Furthermore, the present study is 

limited to simulation-based validation. Experimental 

verification on a DSP- or FPGA-based drive platform will be 

undertaken in future work to further assess real-time 

performance, parameter identification issues, and robustness 

under practical operating conditions. 
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░ GLOSSARY 
 

IM :  Induction Motor 

OSS :  Optimal Switching Sequence 

MPFC :  Model Predictive Flux Control 

SF :  Switching Frequency 

DSVM :  Discrete Space Vector Modulation 

VC :  Vector Control 

SCC :  Scalar Control 

DTC :  Direct Torque Control 

MRAC :  Model Reference Adaptive Control 

SMC :  Sliding Model Control 

FC :  Fuzzy Logic 

ANN :  Artificial Neural Network 

OC :  Open Circuit 

DFPMM: Dual-winding Fault-tolerant Permanent Magnet 

Motor 

ISMC : Integral Sliding Mode Control 

DTPPMSM: Dual Three Phase Permanent Magnet 

Synchronous Motor 

SC :  Search Controller 

LMC :  Loss Model Controller 

LMA :  Loss Model Analysis 

PI-FOC :  Proportional Integral – Field Oriented Control 

MLP :  Multilayer Perception 

IFOC :  Indirect Field Oriented Control 

ETV-SMPC: Efficient Two-Vector-based Sequential Model 

Predictive Control 

 

░ NOMENCLATURE 
 

𝛹𝑟   : Rotor Flux 

𝑖𝑚𝑟   : Magnetizing Current 

𝜔𝑒           : Angular Speed 

𝑖𝑟   : Rotor Current 

𝑖𝑓   : Iron Current 

𝑖𝑚  : Magnetizing Current 

𝑖𝑠  : Stator Current 

𝑅𝑠  : Stator Resistance 

𝑅𝑟  : Rotor Resistance 

𝑅𝑓  : Iron Resistance 

𝑇𝑒   : Electrical Torque 

𝐿𝑟  : Rotor Inductance 

𝐿𝑠  : Stator Inductance 

𝐿𝑚  : Magnetizing Inductance 

𝑓  : Operating Frequency 

𝑃  : Number of Poles 

 𝑝 : Differential Operator 

𝑑 : Direct Axis 

𝑞 : Quadrature Axis 
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