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Abstract: High-performance control systems for induction motors (IM) such as Indirect Field 
Oriented Control (IFOC) which are applied to induction motors are widely used for industry and 
electric vehicle. IFOC represents the mathematical model of an induction motor similar to a DC 
motor. Therefore, this system is easy to design and implement. A Robust and stable control 
methods such as Sliding Mode Control (SMC) must be added to ensure its robustness and 
stability. The drawback of SMC is the high frequency chattering phenomenon that comes from 
the discontinuous control inputs. However, it could harm the hardware and increase power 
consumption. Therefore, a boundary layer function is applied in SMC for rotor speed control 
using the saturation function. This puts a limit on the chattering phenomenon in certain areas. 
The results show by replacing sign function with saturation function in FOSMC reduces the 
chattering phenomenon in rotor speed and electromagnetic torque response (transient and 
steady-state condition), decrease stator current in direct and quadrature axis, and saving power 
consumption. 
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Nomenclature 

Frequency 50 Hz f
Rotor 
Resistance 6.085 Ω Rr

Stator 
Resistance 6.03 Ω Rs  

Rotor 
Inductance 0.4893 H Lr

Stator 
Inductance 0.4893 H Ls

Mutual 
Inductance 0.4503 H Lm

Number of 
Pole Pairs 2 P
Moment of 
Inertia 0.00488 Kg.m2 j

Stator speed sΩ
Slip speed slΩ
Rotor speed rΩ

Rotor speed reference *rΩ
Stator voltage in direct axis dsU

Stator voltage in quadrature axis qsU

Stator current in direct axis dsi
Stator current in direct axis 
reference *dsi  

Stator current in quadrature axis qsi
Stator current in quadrature axis 
reference 

*qsi  

Rotor flux in direct axis rdΦ

Rotor flux in quadrature axis rqΦ

Rotor flux reference *rΦ  

1. Introduction
Nowadays, the IM is widely used as the main actuator component in the industrial world and

electric vehicle more than the other electric motors (DC motor, Permanent Magnet Synchronous 
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Motor (PMSM) and Switched Reluctance Motor (SRM)) [1], [2]. The IM has better 
performance in controllability, reliability, technology maturity and low cost than the other 
electric motor. On the other hand, the power density and efficiency of PMSM is better than IM 
[3], [4]. Because of these reasons, Tesla uses IM as the main engine in Tesla Model S [5]. There 
are two methods to control an IM, scalar and vector control. Scalar control is chosen because of 
its simplicity and ease of use but has low performance. The IFOC system that part of vector 
control has better performance than scalar control nowadays can be applied and accepted by the 
electric drive market in the industrial world than Direct Field Oriented Control (DFOC) [6], [7]. 
The IFOC system represents the complicated mathematical model of IM similarly DC motor in 
linearity, decoupling and high-performance control of AC drive. In the IFOC system, decouple 
control between flux and electromagnetic torque is possible [8]. 
 Research of the IFOC system has been developed in recent years to obtain the control 
method of IM that is efficient, robust, and stable [9], [10], [11], [12], [13]. However, the IFOC 
system can not guarantee the stability and robustness of the system. control methods need to add 
to achieve robustness and stability against the disturbances. The IFOC system consists of two 
loops. The first loop called the outer loop which includes the rotor speed and flux controller and 
the second loop called the inner loop is the current regulator (direct and quadrature stator current 
controller). Therefore, the cascade robust controller should be designed in both of the loops to 
obtain the robustness and stability of the IFOC system. In reality, the conventional control 
methods for the IFOC system is designed with the simplest controller such as proportional (P), 
proportional-integral (PI), and proportional-integral-derivative (PID) controllers [14], [15]. 
However, PI and PID use the tuning method such as gain scheduling and numerical tuning to set 
the parameters of proportional (Kp), integral (Ki) and derivative (Kd) [16]. In advanced control 
methods, the most commonly used for the IFOC system is fuzzy, neural network and genetic 
algorithm whether in an intelligent or an adaptive control algorithm [17], [18], [19]. These 
control methods aim to achieve stability and robustness but very difficult to prove. A robust 
controller such as SMC, the stability and the robustness can be achieved simultaneously. In 
SMC, the stability of the system guaranteed by the Lyapunov stability theory while the 
robustness by sign(.) function [20]. 
 In the last decade, the development of a robust controller in the IFOC system has been done 
in the current regulator (direct stator current controller) and speed controller using standard 
SMC or First Order SMC (FOSMC) [21], [22]. FOSMC guarantees the robustness and stability 
of the IFOC system. On another hand, FOSMC has disadvantages in the chattering phenomenon 
[23], [24]. It caused by the discontinuous control law of FOSMC to guarantee robustness and 
stability. The magnitude of chattering depended on the robust constant of sign function. 
However, this chattering may causes damage on the hardware. Therefore, it is important to 
reduce the chattering in FOSMC. A thin boundary layer designed using saturation function can 
be  a solution in a robust speed controller of the IFOC system to reduce the chattering 
phenomenon in FOSMC. In this paper, the effectiveness of chattering reduction in FOSMC for 
IFOC is evaluated. Verification and validation of control methods is performed in 
MATLAB/Simulink. 
 Analysis of the effects of boundary layers by using saturation function in FOSMC is the 
main objective of this paper. This paper organized as follows in section 2 discusses IM 
mathematical model and the IFOC system. Section 3 discusses the IFOC system based robust 
SMC. Section 4 shows the results and discussion of the FOSMC and boundary layer in SMC. 
Finally, the conclusion discusses in section 5. 
 
2. IFOC System 
 Figure 1 shows the basic concept of the IFOC system. The rotor speed reference ( *rΩ ) 
works as the main input. The rotor flux reference ( *rΦ ) is generated from the lookup table 
based on the rotor speed reference data.  The current regulator reference ( *dsi and *qsi ) comes 
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from the output of the rotor speed and flux controller. As a result, the IFOC system uses a 
cascade controller which affect each other. 
 

 
Figure 1. IFOC system for Induction motor 

 
 The IFOC system mathematical models can be achieved from an IM model in a stationary or 
rotating frame. In general, it is used the rotating frame which is shown in (1) [25]. 
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with 
2

2

LmRm Rs Rr
Lr

= + , sl s rΩ = Ω −Ω , /Tr Lr Rr=  is rotor time constant and 

2
1 ( )

Lm
Ls Lrσ = − +  is total leakage factor. 

The mechanical modeling of an IM consists of a rotor speed equation shown in (2). 

( ) o
rd qs rq ds

md r Lm i i
dt jLr j
Ω

= Φ −Φ −  (2) 

with j  is the inertia moment and om  is the torque load. The electromagnetic torque equation 

( em ) shown in (3). 

3 ( )
2e rd qs rq ds

Lmm P i i
Lr

= Φ −Φ  (3) 

 In the IFOC system that shown in Figure 1, the electromagnetic torque and rotor flux of the 
IM can be controlled separately. It makes an IM mathematical model similar to a DC motor. The 
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IFOC system mathematical models come from IM mathematical model in the rotating frame 
(DQ frame) which shown in (4). 

rd rΦ = Φ and 0rqΦ =  (4) 
From (1) (2) and (4), the IFOC system mathematical models are as follow : 
Rotor speed equation: 

( ) o
r qs

md r Lm i
dt jLr j
Ω

= Φ −  (5) 

where the electromagnetic torque equation becomes: 
3 ( )
2e r qs

Lmm P i
Lr

= Φ  (6) 

The correlation between rotor speed and electromagnetic torque from (5) and (6) is shown in 
(7). 

2
3

o
e

md r m
dt Pj j
Ω

= −  (7) 

Rotor flux equation: 
1

ds
d r Lm i r
dt Tr Tr
Φ

= − Φ  (8) 

Stator current in DQ frame (current regulator) equation using state-space representation shown 
in (9). 

i i i i i ix A x BU C r
•

= + + Φ  (9) 
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3. The IFOC System Based Robust SMC 
 In designing SMC, the sliding surface to obtain a sliding mode regime shown in (10) that 
guarantees the convergence of the system must be determined first. 

1

( )
ndS e e

dt
λ

−
 = + 
 

 (10) 

where ( )S e is sliding surface equation, λ and n are positive constant and de x x= − with x  

and dx are state variable and desired state vectors, respectively. 

 The SMC consists of two parts shown in (11). The first is equivalent control ( eqU ) designed 
from the dynamic modeling of the IFOC system by using Lyapunov method and the other one to 
ensure robustness ( nU ). 

c eq nU U U= +  (11) 

Lyapunov function (V ) for this SMC controller uses: 
21 ( )2V S e=  (12) 
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Hence, the derivative of (12) is: 

( ). ( )V S e S e
• •

=  (13) 

A simple form of a control signal to guarantee robustness is the sign function shown in (14). 
( ) ( ( ))n x xU K S e sign S eδ= +  (14) 

where xK  and xδ  are positive robustness constants. 
In designing the IFOC system based on FOSMC, the value of n  in (10) must be “1”. In 
consequence, the FOSMC control methods for the IFOC system of rotor speed and flux 
controller are: 
FOSMC of rotor speed equation is : 

1 1 1 1
3( ) ( * ) ( ) ( ( ))
2

o
c e

mU m jP r K S r sign S r
j

δ
•

= Ω + + Ω + Ω  (15) 

FOSMC of rotor flux equation is : 

2 2 2 2
1( ) ( * ) ( ) ( ( ))c ds

TrU i r r K S r sign S r
Lm Tr

δ
•

= Φ + Φ + Φ + Φ  (16) 

FOSMC for current regulator can be designed from state–space representation by substituting 
(9) to the derivative of Lyapunov function shown in (13) to get the control signal shown in (17). 

1( ) ( ) ( ) ( ( ))c i i di i i i xi i xi iU x B x A x C r K S x sign S xδ
•

−= − − Φ + +  (17) 

where : 1 0
0i
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Ls
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−  
=  
 

 is invers of matrix B. 

From (17), the FOSMC design for the current regulator in direct stator current is: 

( ) ( * ) ( ) ( ( ))
ds dsc ds ds ds qs i ds i ds

Rm LmU U Ls i i si r K S i sign S i
Ls LrTr

σ δ
σ

•

= + −Ω − Φ + +  

while the FOSMC design for the current regulator in quadrature stator current is: 

( ) ( * ) ( ) ( ( ))
qs qsc qs qs qs ds i qs i qs

Rm Lm slU U Ls i i si r K S i sign S i
Ls Lr

σ δ
σ

• Ω
= + −Ω − Φ + +

 
 The saturation function is proposed to reduce the chattering phenomenon in standard SMC. 
This saturation function is placed in the rotor speed equation in (15). This is used to analyze and 
calculate the effect of the boundary layer in the IFOC system. The saturation function applied in 
FOSMC for rotor speed control shown in (20). 

1 1 1
3( ) ( * ) ( ) ( ( ))
2

o
c e l

mU m jP r K S r sat S r
j

β
•

= Ω + + Ω + Ω  (20) 

Where: 

1

11

( ( ))
( )( ( )

l

sign S r
S rsat S r

β

Ω
 Ω


Ω =  (21) 

with lβ  is positive boundary layer constant. 
 
4. Result and Discussion 
FOSMC Evaluation 
 Performance of boundary layer in FOSMC evaluated in rotor speed, electromagnetic torque, 
and stator current responsein. the boundary layer placed in a speed controller while the current 
regulator and rotor flux use original FOSMC. Table 1 shows the constant parameter of the 
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FOSMC (λ , K , and δ ) and boundary layer ( lβ ) in the IFOC system. This constant 
parameter is tune intuitively. The rotor speed reference of the IFOC system is set in the 1.400 
rpm in no-load condition. The response of the rotor speed with and without boundary layer at 
FOSMC is close to the given set point. Figure 2(a) shows the chattering phenomenon in the 
rotor speed response using FOSMC in the speed controller while figure 2(b) using FOSMC with 
the boundary layer. The chattering phenomenon in figure 2(b) is smaller than figure (a) due to 
the boundary layer. The electromagnetic torque response of FOSMC shown in figure 3(a) using 
FOSMC with sign function and the boundary layer shown in figure 3(b). The stator currents 
response appears as time-invariant in DQ rotating reference frame as presented in figure 4(a) 
and 4(b). The stator current response of FOSMC with sign function shows in 4(a) while the 
saturation function in 4(b). 
 

 
(a) 

 

 
(b) 

Figure 2. Rotor speed response in no-load condition (a) FOSMC using sign function (b) 
FOSMC using saturation function 
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Table 1. Constant parameter 

Motor Parameter 
FOSMC Parameter Boundary SMC Parameter 

λ  K  δ  lβ  

dsi  25.00 15.00 25.00 - 

qsi  25.00 15.00 25.00 - 

rΦ  0.10 0.10 0.50 - 

rΩ  0.80 0.25 2.50 1.5 
 

 
(a) 

 

 
(b) 

Figure 3. Electromagnetic torque response in no-load condition (a) FOSMC using sign function 
(b) FOSMC using saturation function 
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(a) 

 

 
(b) 

Figure 4. Stator current ( dsi  and qsi ) response in no-load condition (a) FOSMC using sign 
function (b) FOSMC using saturation function 

 
Robustness and Chattering Reduction Evaluation 
 The robustness of FOSMC verified by constant rotor speed test with variable torque load and 
variable rotor speed test with constant torque load. The constant rotor speed tests the reference 
rotor speed is 1400 rpm with torque loads are 0,5 Nm, 1 Nm, and 1,5 Nm. Temporary, the 
reference rotor speed in variable speed test are 1.100 rpm at 0-2 seconds, 1.350 rpm at 2-4 
seconds, 900 rpm at 4-6 second, 1.200 rpm at 6-8 seconds and 1.000 rpm at 8-10 seconds. The 
robustness analisys works at rotor speed response in overshoot, rise time, and average error 
(transient and steady-state condition). 
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Table 2. Response of the IFOC system based FOSMC with constant rotor speed reference 

Parameters 
FOSMC using sign Function FOSMC using sat Function 

Torque Load (Nm) Torque Load (Nm) 
0 0,5 1 1,5 0 0,5 1 1,5 

Stator Current Response 

dsi  (A) 1,75 1,96 1,97 2,35 1,55 1,74 1,808 2,37 

qsi  (A) 1,69 1,90 2,01 2,40 1,56 1,70 1,82 2,41 

Power Response 
Active Power (W) 3.915 3.938 4.135 4.416 2.370 2.633 3.315 4.059 
Reactive Power 
(VAR) 3.704 3.896 4.184 4.413 2.587 2.999 3.582 4.309 

Apparent Power 
(VA) 5.389 5.540 5.883 6.243 3.509 3.991 4.881 5.919 

Rotor Speed (RS) Response 
Overshoot (%) 0,505 0,505 0,505 0,505 0,505 0,505 0,505 0,505 
Rise time (ms) 736 761 787 813 738 759 785 815 
Average error in 
RS (%) 
(transient) 

1,70 1,82 1,93 2,00 1,25 1,38 1,54 1,66 

Average error in 
RS (%) 
(steady-state) 

0,27 0,72 0,80 0,84 0,12 0,08 0,06 0,04 

Electromagnetic Torque (Tem) Response 
Average error in 
Tem (%) 
(transient) 

152,00 112,58 88,77 73,33 88,87 71,72 61,81 54,20 

Average error in 
Tem (%) 
(steady-state) 

71,19 64,05 50,53 41,47 6,65 4,66 2,99 2,53 

 
 The constant rotor test with variable torque load results shown in table 2. This test takes the 
stator current response, power analysis, rotor speed response, and electromagnetic response as a 
success parameter. The DQ rotating frame is used to analyze the stator’s current response. The 
direct stator current ( dsi ) response for FOSMC using sign function has an average increase of 

10,60% while the quadrature current ( qsi ) response has 12,54%. The FOSMC using saturation 
function (boundary layer) has a bigger an average increase than using sign function in 15,75% 
for dsi  and 16,15% for qsi  although in root-mean-square (RMS) value FOSMC with saturation 
function smaller than sign function. Power analysis consists of active, reactive, and apparent 
power response analysis under no-load conditions and torque loads of 0,5 Nm, 1 Nm, and 1,5 
Nm. The saturation function reduce the active power response 39,46% in no-load condition, 
33,14% under 0,5 Nm of torque load, 19,83% under 1 Nm of torque load, and 8,08% under 1,5 
Nm of torque load. This reduction also occurs in reactive and apparent power. The percentage 
reduction in power analysis is significantly reduced due to the saturation function that cannot 
withstand robustness and stability when the response exits the sliding region. Performance at 
rotor speed response that is shown in figure 5(a) and 5(b) analysis in overshoot, rise time, and 
average error (transient and steady-state condition) while the electromagnetic torque is in 
average error (transient and steady-state condition). The robustness of FOSMC using sign 
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function in rotor speed response shown in figure 5(c) for transient condition and figure 5(e) for 
the steady-state condition. At the same time, the robustness of FOSMC using the saturation 
function shown in figure 5(d) for transient condition and figure 5(f) for the steady-state 
condition. On one hand, The FOSMC using sign function and saturation function have the same 
response in overshoot and rise time both in no-load condition and in various torque loads. On 
another hand, the FOSMC using saturation function is better than sign function at the average 
error of rotor speed and electromagnetic torque in transient and steady-state conditions. The 
robustness validation has shown by the average error in rotor speed that less than 2% in steady-
state conditions with various torque loads. The saturation function design in the rotor speed 
controller makes a significant impact on electromagnetic torque response. In no-load response, 
the average error of electromagnetic torque response reduced 63,13% in transient conditions 
while 64,54% in the steady-state conditions. The electromagnetic torque response with 0,5 Nm 
of torque load shown in figure 6(a) for FOSMC using sign function and figure 6(b) for FOSMC 
using saturation function. Table 2, figure 6(c), 6(d), 6(e) and 6(f) show the electromagnetic 
torque response under 0,5 Nm of torque load reduced in both transient and steady-state 
conditions. At transient conditions, it reduces 40,86% while at steady-state conditions 59,39%. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Figure 5. Rotor speed response with torque load = 0,5 Nm (a) FOSMC using sign function, (b) 
FOSMC using saturation function, (c) transient condition of FOSMC using sign function, (d) 
transient condition of FOSMC using saturation function, (e) steady-state condition of FOSMC 

using sign function, (f) steady-state condition of FOSMC using saturation function 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Figure 6. Electromagnetic torque response with torque load = 0,5 Nm (a) FOSMC using sign 
function, (b) FOSMC using saturation function, (c) transient condition of FOSMC using sign 

function, (d) transient condition of FOSMC using saturation function, (e) steady-state 
condition of FOSMC using sign function, (f) steady-state condition of FOSMC using 

saturation function 
 

 
Figure 7. Rotor speed response using sign function in variable reference speed with 1 Nm of 

torque load 
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 The variable rotor speed test designed with 1 Nm of torque load and variable rotor speed 
references. Figure 7 shows the rotor speed response of FOSMC using sign function and figure 8 
shows the FOSMC using saturation function. The robustness analysis of FOSMC is carried out 
at each transient and steady-state condition at each rotor speed reference. The robustness of the 
FOSMC is evidenced by the steady-state error at each rotor speed reference of less than 2%, 
both FOSMC using sign function and saturation function. Figure 9 proves that FOSMC usng 
saturation function gives better performance than using sign function in variable rotor speed test 
with constant torque load. 
 

 
Figure 8. Rotor speed response using saturation function in variable reference speed with 1 Nm 

of torque load 
 

 
Figure 9. Average error of rotor speed in variable reference speed with 1 Nm of torque load 

 
Table 3. Chattering reduction in constant rotor speed reference with variable torque load 

(reference speed = 1.400 rpm) 

Parameters Torque Load (Nm) 
0 0,5 1 1,5 

Rotor Speed (%) 

Transient 
Condition 0,15% 0,64% 0,74% 0,80% 

Steady-State 
Condition 0,45% 0,44% 0,39% 0,34% 

Electromagnetic 
Torque (%) 

Transient 
Condition 63,13% 40,86% 26,96% 19,13% 

Steady-State 
Condition 64,54% 59,39% 47,54% 38,94% 

Dedid Cahya Happyanto, et al.

199



 
 

 

 
Figure 10. Electromagnetic torque response using sign function in variable reference speed with 

1 Nm of torque load 
 

 
Figure 11. Electromagnetic torque response using saturation function in variable reference speed 

with 1 Nm of torque load 
 
 The chattering evaluation purposes the chattering reduction in rotor speed and 
electromagnetic torque. The chattering reduction illustrations are shown in electromagnetic 
torque in figure 10 and figure 11. Figure 10 shows the electromagnetic torque response of 
FOSMC using the sign function. By replacing sign function with saturation function in FOSMC, 
the chattering phenomenon in electromagnetic torque significantly reduced as shown in figure 
11. The concept of chattering reduction measurement based on average percentage error in each 
condition (transient and steady-state) that shown in table 3 and table 4. This chattering reduction 
uses to analyze the boundary layer effect in the speed controller and electromagnetic torque 
response. 
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Table 4. variable rotor speed reference test results 
(torque load = 1Nm) 

Condition Power Reduction Chattering Reduction 
 P (%) Q (%) S (%) RS (%) Tem (%) 

0s – 2s 
1.100 rpm 

TR1 28,85 14,45 24,17 0,49 30,07 
SS1 23,59 21,92 23,00 0,55 70,56 

2s – 4s 
1.350 rpm 

TR2 22,08 23,95 22,85 0,18 26,66 
SS2 21,46 21,86 21,63 0,76 50,23 

4s – 6s 
900 rpm 

TR3 20,83 20,17 20,52 1,13 138,19 
SS3 20,25 20,61 20,43 0,97 76,64 

6s – 8s 
1.200 rpm 

TR4 16,64 20,82 20,22 0,36 28,17 
SS4 19,04 20,01 19,53 0,99 58,25 

8s – 10s 
1.000 rpm 

TR5 18,65 19,42 19,04 1,20 66,13 
SS5 18,35 19,46 18,93 1,06 71,75 

TR=Transient; SS=Steady-State; P=Active Power; Q=Reactive Power; S=Apparent Power; 
RS=Rotor Speed; Tem=Electromagnetic Torque 
 
 The chattering reduction in constant rotor speed test with variable torque loads shown in 
table 3. In no-load condition, the rotor speed response has 0,15% of chattering reduction in 
transient condition and 0,45% in a steady-state condition. This value is much smaller than the 
chattering reduction in electromagnetic torque. This chattering reduction increase significantly 
in rotor speed response with the transient condition but a decrease in a steady-state condition. 
The electromagnetic torque response has decreased along with the addition of torque load. This 
chattering impact on reduced power consumption. In power analysis, the active power 
consumption in no-load condition decreases 39,46% while the reactive and apparent powers are 
30,16% and 34,89%. In variable torque loads response, the power reduction decreases 33,14% 
in active power, 23,02% and in apparent power 17,03% under 0,5 Nm of torque load. This value 
significantly reduces at 1 Nm and 1,5 Nm torque loads. In 1 Nm torque load, the power 
reduction is 19,83% while the reactive and apparent powers are 14,39% and 17,03%, 
respectively. This power reduction continues to decline on 1,5 Nm of torque load (active power 
reduction is 8,08%, reactive power reduction 2,36% and apparent power reduction 5,19%). 
Impairment in power reduction because of the saturation function cannot withstand robustness 
and stability when the response out of the sliding region. The variable rotor speed reference test 
with constant reference torque load consists of two results, the power reduction and chattering 
reduction. The chattering reduction analysis in rotor speed and electromagnetic torque response 
while the power reduction analysis in active, reactive and apparent power. In starting conditions 
(TR1) the chattering reduction of rotor speed is 0,49%. This reduction compensate the 28,85% 
of active power reduction, 14,45% of reactive power reduction and 24,17% of apparent power 
reduction. In electromagnetic torque response, the chattering reduction is 30,07%. At SS1, the 
chattering reduction of rotor speed and electromagnetic torque are 0,55% and 70,56%. At this 
step, the saturation function save 23,59% of active power, reduce the reactive and apparent 
power by 21,92% and 23,00%. The biggest chattering reduction in rotor speed and 
electromagnetic torque is in transient response of breaking process from 1.350 rpm to 900 rpm. 
This step saves 20,83% of active power. 
 
5. Conclusion 
 The paper aims at the effect of boundary layers in robust FOSMC placed on the rotor speed 
controller while the current regulator and flux controller use FOSMC. The boundary layer uses 
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the saturation function to compare with sign function in FOSMC. The upper limit of the 
saturation function is the sign function and the lower limit is 1 ( )

l

S r
β

Ω . The results focus on the 
robustness test and influence of chattering reduction on the power consumption of FOSMC in 
constant and variable rotor speed reference with various torque loads. The robustness test of 
constant rotor speed reference with various torque load shows that the error steady-state in rotor 
speed less than 2% both in FOSMC using sign and saturation function. At a variable rotor speed 
reference test with a torque load of 1 Nm, the robustness of FOSMC shown in figure 9. Based 
on Tables 3 and 4, the boundary layer gives the chattering reduction and power saving in 
constant rotor speed reference with various torque and variable rotor speed reference with 
constant torque. On the other hand, the boundary layer cannot withstand robustness and stability 
when the response exits the sliding region. The future works of this research are chattering free 
analysis in second-order and high order robust SMC applied in the IFOC system for IM. 
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