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Abstract. Power analysis of induction motor (IM) consists of active, reactive and apparent 

power. Those power related to power factor (PF) which indicate the performance of IM. This 

paper presented the power analysis and power factor of IM using IFOC system (part of vector 

control). However, IFOC only provides speed regulation but not the robustness under 

disturbance. In one hand, FOSMC  proposed the robustness against disturbance and stability of 

the systems. In another hand, FOSMC has the disadvantages in chattering phenomenon which 

increase power consumption. Boundary technique (BT) designed in FOSMC using sat(.) 

function to reduce the power consumption. As the results, the BT decreases stator current 

consumption, active, reactive and apparent power. active power has an average decrease of  

13.02 percent in the variable of torque load, reactive power has an average decrease of  

10.46 percent and apparent power has 12.11 percent. The stator current has an average decrease 

of 12.53 percent. At no-load conditions, the average decrease in power consumption is  

30.05 percent. This value decreases when the torque load increases. 

1. Introduction 

In the industrial world, IM has been used because of its reliability and low price[1, 2]. But the speed of 

IM is very difficult to control due to its complex mathematical model. The vector control method is the 

most popular method due to its high efficiency and performance[3, 4]. Indirect Field Oriented Control 

(IFOC) which part of vector control is easy to use in industrial application due to its simple and 

inexpensive implementation [5]. IFOC system represents the IM mathematical model to DC motor [6]. 

it facilitates variable speed regulation of IM. In the last decades, many papers discuss IFOC and its 

implementation. Speed regulation of IFOC based on real-time control system designed to optimized 

transient speed response [7]. Backstepping as speed controller in IFOC for fast response three-phase IM 

[8]. Fault-tolerant control of IFOC based on IM drives to compensate for the failure in current sensors 

[9]. IFOC applied in linear IM based on optimized slip frequency [10].  

The power correction consists of active, reactive, apparent power consumption and power factor. 

The parameter performance of IM control can be calculated from power consumption, decreasing 
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reactive power and power factor quality. Active power represents the power consumption in the system, 

the reactive power represents the power loss and the apparent power can be expressed as total power 

consumption. Power factor can be expressed as power consumption quality from IM control. 

Sliding Mode Control (SMC) is one of the popular robust controllers because of its robustness and 

stability [11]. A recent study of SMC on electric machines have been carried out. First Order SMC 

(FOSMC) and High Order SMC (HOSMC) on Permanent Magnet Synchronous Motor (PMSM) has 

been designed to analyze the chattering phenomenon [12]. FOSMC applied to the current regulator of 

IFOC for IM to get better performance in direct and quadrature stator current [13]. FOSMC of IM using 

designed in the speed controller to give a robust response in speed [14]. This paper using sign(.) function 

which makes a chattering phenomenon. In one hand, increase the order of SMC (Second Order SMC 

(SOSMC)) can decrease the chattering phenomenon [15]. In another hand, it hard to do because of the 

complexity. SMC uses a modeling system and Lyapunov function to achieves robustness and stability. 

Ordinary SMC or FOSMC using sign(.) function to guarantee the robustness. This discontinues control 

input makes the chattering phenomenon. It consumes more power to a standstill the robustness. The BT 

using sat(.) function designed to reduced chattering phenomenon [16, 17]. This chattering phenomenon 

reduction in power consumption [18]. This paper proposes the BT using sat (.) function to reduce the 

chattering phenomenon. The power consumption (active, reactive and apparent) by IM analysis in stator 

current and voltage in direct-quadrature axis [19].  

2. Induction motor equation 

A mechanical model of dynamic IM modeling consists of a rotor speed equation or electromagnetic 

torque. The speed equation of IM shown in Equation (1) : 

 
𝑑𝜔𝑟

𝑑𝑡
=  

𝐿𝑚

𝐽 𝐿𝑟
(𝜙𝑟𝑑  𝑖𝑠𝑞  − 𝜙𝑟𝑞 𝑖𝑠𝑑)  −  

1

𝐽
𝑚𝑜 (1) 

where :  

𝜙𝑟𝑑 = Rotor flux in Direct axis 

𝜙𝑟𝑞  = Rotor flux in Quadrature axis 

 𝐿𝑟  = Rotor Inductance 

 𝐿𝑚 = Mutual Inductance 

mo = Torque load (TL) 

 J = Moment of inertia 

 ωr  = Speed 

3. Indirect field oriented control 

The IFOC concept for an IM shown in Figure 1. IFOC needs electromagnetic torque (Te) and rotor flux 

for an input. The input can be controlled separately by direct-axis stator current (isd) and quadrature-

axis stator current (isq). 

 

Figure 1. Diagram block of IFOC for an IM. 
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By giving constant rotor flux in (1), the equation of IFOC for IM are [3, 6, 20]: 

The equation of speed become: 
dωr

dt
= 

Lm

J Lr

 ϕ𝑟 isq - 
1

J
 mo 

The electromagnetic torque equation is: 

𝑇𝑒  =  
3

2
 𝑃 

𝐿𝑚

𝐿𝑟
 𝜙𝑟 𝑖𝑠𝑞 

 

where :  𝑇𝑒 = Electromagnetic torque 

  P  = Number of pole pairs 

The electromagnetic torque equation representation in the speed of IFOC for IM is: 

 
𝑑𝜔𝑟

𝑑𝑡
=  

2

3 𝐽
 𝑃 𝑇𝑒  −  

1

𝐽
 𝑚𝑜 

The flux vector position angle is:  

𝜃 =  ∫(𝑃𝜔𝑟  +  𝜔𝑠𝑙) 𝑑𝑡

𝑡

0

 

4. Sliding Mode Control 
The FOSMC design based on the sliding surface and the Lyapunov stability theory. The sliding surface 

is: 

 𝑆(𝑒; 𝑡) = (
𝑑

𝑑𝑡
+  𝜆)

𝑛−1
𝑒 (2) 

where: n = Sliding surface degree 

e = Xdesire - x is an error  

λ = Positive constant 

 

The FOSMC controller design follows: 

𝑈𝑆𝑀𝐶 =  𝑈𝑒𝑞 +  𝑈𝑛 

where: USMC = The SMC controller 

Ueq  = The controller from modeling system (Equivalent Control) 

Un  = Added to guarantee the attractiveness of sliding surface in (2). 

 

The Lyapunov function follows: 

𝑉 =  1
2⁄  𝑆2 

The derivative of (2) is: 

𝑉̇  =  𝑆 𝑆̇ 

The derivative of a Lyapunov function should be zero to get the equivalent control signal (Ueq) of 

FOSMC. 

 𝑈𝑒𝑞 =  𝑉̇  =  0      Or     0 =  𝑆 𝑆̇ (3) 

From electromagnetic torque equation represents in the speed of IFOC, (2) and (3), the FOSMC 

controller of speed is: 

 

𝑈𝑒𝑞 (𝑇𝑒)  =  
3 𝐽

2
[𝜔𝑟

∗̇ +  
1

𝐽
 𝑚𝑜] 

𝑈𝑛 = 𝐾 [𝑆𝜔𝑟
(𝑒, 𝑡)]  +  𝛽 𝑠𝑖𝑔𝑛[𝑆𝜔𝑟

(𝑒, 𝑡)] 

Where Sx(e,t) =  λ ex and K and β is a positive constant gain. 
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The BT designed using sat(.) function to reduce chattering phenomenon in FOSMC cause of sign(.) 

function. Chattering phenomenon consumes more power to hold the robustness. Thin boundary layer 

restricts the discontinuous input. But, the robustness and stability of the system in the boundary area 

cannot be guaranteed. The boundary equation shown in Equation 4 [18].  

 𝑠𝑎𝑡(𝑆)  =  {
𝑆𝑖𝑔𝑛(𝑆)      𝑓𝑜𝑟 |𝑆| >  𝛽𝑙  

𝑆

𝛽𝑙
               𝑓𝑜𝑟 |𝑆|  ≤  𝛽𝑙

 (4) 

where: β
l
 = boundary layer constant.  

 

By Equation 4 to the speed controller in FOSMC design of IFOC system, the speed controller using 

bondary technique is: 

𝑈𝑒𝑞 (𝑇𝑒)  =  
3 𝐽

2
[𝜔𝑟

∗̇ +  
1

𝐽
 𝑚𝑜] 

𝑈𝑛 = 𝐾 [𝑆𝜔𝑟
(𝑒, 𝑡)]  +  𝛽𝑙  𝑠𝑎𝑡[𝑆𝜔𝑟

(𝑒, 𝑡)] 

5.  Results and discussion 

This paper proposes stator current, power (active, reactive and apparent) and power factor analysis of 

IFOC system for IM. FOSMC used as a robust controller which is designed in the speed controller. 

Rotor speed reference which is used in this paper is 1000 rpm. Active power consumption calculates 

using Equation 5 and Apparent power can be calculated using power triangle. The power factor of IM 

can be calculated using Equation 6. 

 𝑃 =  
3

2
[(𝑈𝑑𝑠𝑖𝑑𝑠) +  (𝑈𝑞𝑠𝑖𝑞𝑠)] (5) 

 𝑃𝑜𝑤𝑒𝑟 𝐹𝑎𝑐𝑡𝑜𝑟 =  𝑃
𝑆⁄   (6) 

where : P  = Active power 

 Q  = Reactive power 

 S = P2 + Q2 = Apparent power  
 

Figure 2. Stator current response in various TL 

(RMS). 

 

Figure 3. Active power response in various TL 

(RMS). 
 

Figure 4. Reactive power response in various TL 

(RMS). 
 

Figure 5. Apparent power response in 

various TL (RMS). 
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Table 1. Percentage reduction value in various TL. 

 
TL (Nm) 

0 5 10 15 20 

Stator Current 31.93 % 19.25 % 8.51 % 1.84 % 1.10 % 

Active Power 35.00 % 18.70 % 8.24 % 1.83 % 1.33 % 

Reactive Power 24.12 % 17.36 % 7.96 % 2.24 % 0.62 % 

Apparent Power 31.03 % 18.27 % 8.15 % 1.94 % 1.18 % 

Power Factor 6.17 % 1.20 % 0.00 % 0.00 % 1.15 % 
 

 

 

Figure 6. Power Factor response in various TL 

 

Figure 2 shows stator current performance of FOSMC with and without the BT in various TL. 

Various TL test used to show the performance of BT in a specific value. Based on Figure 2 and  

Table 1, BT designed in FOSMC (BT-FOSMC) reduced current consumption 31.93 % in 0 Nm, 19.25 

% in 5 Nm, 8.51 % in 10 Nm, 1.84 % in 15 Nm and 1.10 % in 20 Nm of TL. Figure 3 shown the 

comparison of active power response using FOSMC and BT-FOSMC. The result shows BT-FOSMC 

decrease 35.00 % of active power consumption in 0 Nm, 18.70 % in 5 Nm, 8.24 % in 10 Nm, 1.83 % in 

15 Nm and 1.33 % in 20 Nm of TL. Figure 4 shown reactive power consumption of IFOC-IM using 

FOSMC. It represents losses in power analysis. The BT-FOSMC decreases reactive power consumption 

in all various torque load. In TL = 0 Nm decreases 587 VAR, TL = 5 Nm decreases 519 VAR,  

TL = 10 Nm decreases 292 VAR, TL = 15 Nm decrease 34 VAR. This value is decreasing exponantially 

because BT-FOSMC decreaseing chattering phenomenon in no load condition. In under disturbance, 

BT-FOSMC can’t standstill the robustness. Figure 5 shown apparent power response. FOSMC response 

decrease 31.03 % (1284 VA) in TL = 0 Nm, 18.27 % (971 VA) in TL = 5 Nm, 8.15 % (571 VA) in TL 

10 Nm, 1.94 % (171 VA) in TL = 15 Nm and 1.18 % (130 VA) in TL = 20 Nm. The power factor value 

of BT-FOSMC in 0 Nm is 0.76. This value is lower than FOSMC in 0.81 shown in Figure 6. This 

condition continues in 5 Nm of TL (BT-FOSMC = 0.82 and FOSMC = 0.83) and 20 Nm of TL (BT-

FOSMC = 0.86 and FOSMC = 0.87). In TL = 10 and 15 Nm, BT-FOSMC has the same value as FOSMC 

(0.85 in 10 Nm of TL and 0.86 in 15 Nm of TL). The percentage of decreasing value in FOSMC with 

and without BT shown in Figure 7. The data shows an exponential decline in all parameter (stator 

current, active power, reactive power, apparent power and power factor) because of BT does not 

guarantee the robustness in boundary area. So, when the disturbance given in the boundary area, the 

respon returns to the robustness region. 
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Figure 7. Percentage reduction response in various TL. 

6. Conclusions 

The paper presents BT applied in FOSMC designed for speed controller on IM using IFOC method. The 

chattering phenomenon in rotor speed response due to discontinuous control input reduced by BT. It 

makes stator current and power consumption (active, reactive and apparent power) reduce in no-load 

condition but increases exponentially in under disturbance. But the power factor response in most 

variations of torque load is reduced. In one hand, BT-FOSMC has advantages of reducing the chattering, 

current and power consumption. In another hand, BT-FOSMC does not guarantee the robustness in the 

boundary area and in under disturbance the reduction of power consumption decrease exponentially. 

7. References 

[1] Teja A V R, Verma V and Chakraborty C 2015 IEEE Transactions On Industrial Electronics 62 

6797 - 6808 

[2] Praharsena B, Purwanto E, Jaya A, Rusli M R, Toar H and Ridwan 2018 EMITTER International 

Journal of Engineering Technology 6 168 - 184 

[3] Ferdiansyah I, Purwanto E and Windarko N A 2016 EMITTER International Journal of 

Engineering Technology 4 237-258 

[4] Praharsena B, Purwanto E, Jaya A, Rusli M R, Toar H, Ridwan, Aditya A W, Ferdiansyah I and 

Sandhi N E 2018 International Electronics Symposium on Engineering Technology and 

Applications (IES-ETA) 

[5] Testa A, Caro S D, Foti S, Scimone T and Scelba G 2018 2018 International Symposium on 

Power Electronics, Electrical Drives, Automation and Motion (SPEEDAM) 944-949 

[6] Abu-Rub H, Iqbal A and Guzinski J 2012 High Performance Control of AC Drives with 

MATLAB/Simulink Models (West Sussex: John Wiley & Sons Ltd) 

[7] Ferdiansyah I, Rusli M R, Praharsena B, Toar H, Ridwan and Purwanto E 2018  International 

Conference on Information Technology and Electrical Engineering (ICITEE) 438-442 

[8] Happyanto D C, Rizana F and Hair J 2016 International Electronics Symposium (IES) 25-30  

[9] Vijayan N G and Prabha D D M M S R 2015 International Conference on Control, 

Instrumentation, Communication and Computational Technologies (ICCICCT) 825-828 

[10] Wang K, Li Y, Ge Q and Shi L 2016 European Conference on Power Electronics and 

Applications (EPE'16 ECCE Europe) 1-10 

[11] Sumantri B, Uchiyama N and Sano S 2013 Journal of Systems Design and Dynamics 7 226-241  

[12] Reitz M, Wang X and Gu P 2016 IEEE Transportation Electrification Conference and Expo 

(ITEC) 1-6 

[13] Aditya A W, Happyanto D C and Sumantri B 2017 EMITTER International Journal of 

0.00%

8.00%

16.00%

24.00%

32.00%

40.00%

0 5 10 15 20

P
er

ce
n

ta
g

e 
V

a
lu

e 

Torque Load (Nm)
Stator Current Active Power Reactive Power

Apparent Power Power Factor



iCAST-ES 2019

Journal of Physics: Conference Series 1450 (2020) 012042

IOP Publishing

doi:10.1088/1742-6596/1450/1/012042

7

 
 
 
 
 
 

Engineering Technology 5 255-269 

[14] Fatima A, Almaz T, Biabani M K A and Imran M 2016 International Conference on Electrical, 

Electronics, and Optimization Techniques (ICEEOT) 

[15] Sumantri B and Uchiyama N 2014 IEEE Conferences on Control Application 742-746 

[16] Saghafinia A, Ping H W and Uddin M N 2013 Sensors 13 17025-17056 

[17] Kumar B, Chauhan Y K and Shrivastava V 2014 International Conference on Advanced 

Communication Control and Computing Technologies (ICACCCT) 319-322 

[18] Aditya A W, Rusli M R, Praharsena B, Purwanto E, Happyanto D C and Sumantri B 2018 

International Seminar on Application for Technology of Information and Communication 139-

144 

[19] Sumantri B, Uchiyama N and Sano S 2016 Mechanical Systems and Signal Processing vol  66-

67 (USA: Elsevier) pp 769-784 


