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Abstract— The primary concern of this article is to stabilize the 

rotating speed of a permanent magnet DC (PMDC) motor driven by 

a DC-DC SEPIC converter under mismatched disturbances via a 

higher order PID sliding surface (PIDSS) controller. This controller 

offers numerous benefits, including robustness, enhanced control 

performance, flexibility, simple implementation, and low cost. An 

algorithm for the above-mentioned control is developed to handle 

various load torques, including no-load, constant, frictional, and 

propeller types. Furthermore, the features of PIDSS are compared 

with classical sliding surface, sliding mode control (SMC) and 

proportional integral controller (PIC) by taking into consideration 

peak overshoot, steady-state error and settling time. Both simulation 

and experimental results are obtained satisfactorily. 

 
 Link to graphical and video abstracts, and to code: 

https://latamt.ieeer9.org/index.php/transactions/article/view/8811 
 

Index Terms—Higher order sliding mode control, PMDC 

motor, SEPIC converter, Sliding surface, Speed control 

I. INTRODUCTION 

C-DC converters are commonly employed in 

communication devices, battery adapters, DC drives, 

distributed power supply systems, wireless power 

transmission, and electric vehicles [1-3]. Among the 

various DC-DC converters such as: buck/boost, Cuk and SEPIC 

converters have features in terms of efficiency, cost, and 

controller design complexity [4]. Among these converters, Cuk 

[5] and SEPIC converters [6] are employed in low ripple current 

applications. The demerit of the Cuk converter is its inverse 

polarity in the output voltage. SEPIC converter produces a 

similar output voltage to Cuk converter without reversing the 

output voltage [7]. SEPIC converter is employed in renewable 

applications   [8-11], DC microgrid [12], voltage-doubler 

rectifier [13-14], switched reluctance motor [15-17], induction 

motor [18] and BLDC motor drive [19]. Nevertheless, the 

fourth order of SEPIC converter and its nonlinear structure 

leads to complexity in designing the controller to fulfil the 

robustness, fast response under transient conditions and 

stability.   

Despite the fact that the SEPIC converter is involved with a 

wide variety of nonlinear controllers [20-22], among the above 

different controllers, the merits of sliding mode control (SMC) 
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attract researchers in the field of controlling the converters, in 

applications such as aerospace, electric drives, 

electromechanical systems, robotics and electric vehicles. SMC 

has considerable merits such as: robustness, easy 

implementation and good response [23-24]. This approach 

employs a discontinuous control law to place and maintain the 

system motion on the designated sliding surface [25]. Despite 

its simplicity, first-order SMC generates high-frequency 

oscillations that degrade its effectiveness of the entire system. 

To eliminate such oscillations, higher-order sliding mode 

control (HOSMC) is employed. For better response and 

robustness of the control system, higher-order derivatives of the 

system's state elements are added to the sliding surface 

equation. HOSMC approach eliminates the chattering effect 

with the knowledge of variable’s temporal derivatives [26-27]. 

In [28], higher order sliding mode control with various sliding 

surfaces is implemented for the buck converter with PMDC 

motor. The integral sliding approach has been confirmed to 

perform well in various applications including [29-31] (Fig.1).  

 

 
 

Fig.1. Applications of PIDSS. 

 

Motivated by the above literature survey, this paper proposes 

the proportional derivative integral sliding surface (PIDSS) for 

a PMDC motor. 

 

A. Contributions 

The following are the major contributions of this work: 

• A PI derivative sliding surface (PIDSS) with                 

second-order time derivative and second-order 

classical-sliding surface (CSS) are developed and put 

into effect of speed control for the PMDC motor via a 

fourth-order SEPIC converter. 

• Restriction of the order of the sliding surface for 

implementation is realized by investigating via relative 

degree and order of the system. 

• The behavior of the PIDSS controller is analyzed 

under varying the reference signal and load torque 

conditions. 

• The proposed higher-order PIDSS controller improves 

the system’s performance by reducing steady-state 
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errors, peak overshoot and settling time, even under 

various load torque conditions. 

B. Paper Formation 

The sequence of the chapters is as described below, 

Section II explains the general design procedure for 

HOSMC, Section III explains the modelling and control of a 

SEPIC converter-fed PMDC motor, and Sections IV and V 

address the design of second-order CSS and PIDSS algorithms, 

respectively. The simulation and hardware outcomes are 

discussed in Sections VI and VII. This paper finishes with 

conclusions and generalized recommendations.  

II. GENERALIZED PROCEDURE FOR DESIGNING HOSMC 

This section describes the general method to derive the 

control input of HOSMC for a SEPIC converter-fed PMDC 

motor, ensuring that the state trajectories reach and reside on 

either CSS or PIDSS. 

 

Step 1: Description of the Non-linear System 

 Consider a ‘nth’ order system with ‘xn’ as output variable 

and it is represented by a set of expressions as shown in (1).  

 

ẋ1(t) = G11x1(t) + G12x2(t)+. . . . . +G1nxn(t) + B1nu(t) 

ẋ2(t) = G21x1(t) + G22x2(t)+. . . . . . . . . . . . . +G2nxn(t)   

………………………………… 

 

ẋn(t) = Gn1x1(t) + Gn2x2(t)+. . . . . . . . . . +Gnnxn(t)         (1) 

 

Where x1(t), x2(t). . . . . . . . . . . . . . . xn(t)  are the state parameters, 

u(t) is the control parameter and  Gij are constant parameters, 

with i= 1 to n and j=1 to n. To design a HOSMC for the output 

variable ‘xn’, it is essential to fix the order of the sliding surface 

which is restricted by relative degree (D), as detailed below.  

 

Step 2: Identification of Relative Degree  

 The relative degree (D) of ‘nth’ order system is calculated by 

differentiating the output term ′xn(t)′ continuously until control 

input ‘u’ reaches. The earliest derivative of the output term 

′xn(t)′ is represented as follows: 

 
𝑑𝑥𝑛

𝑑𝑡
  =    f(xn) +constant term              (2) 

The second and subsequent derivatives of the output term 

′xn(t)′ is given as, 

 
dD−(n−2)xn

dtD−(n−2) =   f i=1(xn)  +  f(xn)  +  constant term                                                           

= f I(xn)  +  f(xn)  +  constant term             (3) 
dD−(n−3)xn

dtD−(n−3) =   f i=D−(n−2)(xn)  + f i=1(xn)   +  constant term    

= f II(xn)  +  f I(xn)  +  constant term                (4) 

 
𝑑𝐷𝑥𝑛

𝑑𝑡𝐷   =   f i=D(xn) +  b1nu + constant term         (5) 

 

 At Dth time derivative (D ≤ n) , the control input ‘u’ appears 

which confirms the system's relative degree as ‘D’. From this, 

the order of sliding surface can be computed by using the 

formula (D-1). 

 

Step 3: Sliding Surface Identification and Computation of its 

Derivatives  

 HOSMC is designed to reach the desired condition  ′xd ′, for 

the output variable  ′xn ′, by reducing the error ′er′ between 

them. The sliding surface is designed with required control 

input, so that the rth order sliding mode is enforced on the sliding 

surface in such a way that, 

 

i.e. S(er, eṙ)  = Ṡ(er, eṙ) =. . . . . . . . . . . . . . . . . Sr−1(er, eṙ) =  0 

 

Derivatives are computed and represented in the equations from 

(6) to (8). 

 

Ṡ(e𝑟 , e𝑟̇) =
∂S(e𝑟,e𝑟̇)

∂Xn
= f I(e𝑟 , e𝑟̇)  +constant term        (6) 

 

S̈(e𝑟 , e𝑟̇) =
∂2S(e𝑟,e𝑟̇)

∂Xn
2 = f II(e𝑟 , e𝑟̇) + f I(e𝑟 , e𝑟̇) + constant term     

                                                                                                (7) 

………………………………………………… 

D−1
S(e𝑟,e𝑟̇)

=
∂D−1S(e𝑟,e𝑟̇)

∂Xn
D−1 = f D−1(e𝑟 , e𝑟̇)  +

                 f D−2(e𝑟 , e𝑟̇) +. . . . . f I(e𝑟 , e𝑟̇)  + b1nu + constant term

                             (8) 

The control input ‘u’ appears at the sliding order (D-1). 

 

Step 4: Generation of Equivalent (continuous) Signal ‘𝑢𝑒𝑞′ 

In order to compute the continuous signal ′ueq′, equation (8) is 

equated to zero which is shown in equation (9). 

 
D−1

S(e𝑟,e𝑟̇) = f D−1(e𝑟 , e𝑟̇) + f D−2(e𝑟 , e𝑟̇) + ⋯ … … f I(e𝑟 , e𝑟̇) +

                 b1nu + constant term = 0                   (9) 

 

Making 
D−1

S(e𝑟,e𝑟̇)
= 0 and replacing ‘u’ as ‘ueq’, then the sliding 

surface equation will become, 

 

ueq = [f D−1(e𝑟 , e𝑟̇)  +  f D−2(e𝑟 , e𝑟̇) +. . . . . . . . . . . . f I(e𝑟 , e𝑟̇)  +

             constant term] [b1n]−1               (10) 

 

Step 5: Selection of Switching Signal ′𝑢𝑠𝑤′ 
The switching signal ′usw′  is obtained by the following 

general equation [33],  

Nir = {|S|
q

r⁄    + |𝑑𝑆

𝑑𝑡
|

q
r−1⁄

+. . . . +|(Si−r)|
q

r−i+1⁄
}(r−i/q)     (11) 

where, 

q is the least common multiple of ‘1’ to ‘r’, where ‘r’ is the 

sliding order and i= 1……(r-1). 

φ0r = sign (S)                   (12) 

φir = sign(S(i) + βiNirφi−1,r)           (13) 

The switching signal for the rth order sliding controller is given 

as, 

usw = −α φr−1,r (S, Ṡ … … … … … . . Sr−1)       (14) 
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Select the control parameters  α > 0 𝑎𝑛𝑑 βi > 0, such that the 

control scheme is made to sustain in finite time.  

Step 6: Final Control Law 

 Make the resultant control law as; u = ueq + usw  which 

comprises two signals added together; the continuous parameter 

′ueq′ and the discontinuous parameter ′usw′.  Finally, the 

control expressions for ‘u’ in the CSS and PIDSS are as follows: 

 

u = −[f D−1(e𝑟 , e𝑟̇)  + f D−2(e𝑟 , e𝑟̇) +. . . . . . . . . . . . f I(e𝑟 , e𝑟̇)  +

          constant term] [b1n]−1] + usw               (15) 

  

Finally, the control parameter ‘u’ for PIDSS is expressed as, 

 

u =   [−[ D1(e𝑟̇) + D2(e𝑟) + D3(ë𝑟) constant term] +

            [b1n]−1] + usw                                                   (16) 

III. MODELING OF PMDC MOTOR POWERED BY SEPIC 

CONVERTER  

Fig. 2 displays the setup of HOSMC implementation for the 

SEPIC converter and PMDC motor combination. The circuit 

includes the input supply as ‘Vin = 6 V’, control switch ‘SW’ as 

MOSFET, inductors ‘L1= 0.1333 mH’, ‘L2 = 0.1333 mH’, 

capacitors ‘C1 = 10 μF’, ‘C2 = 700 μF’ and diode ‘DD’.  The 

proposed system’s state parameters are the currents flowing 

through the two inductors (iL1 & iL2), voltages across the two 

capacitors (vc1 & va), armature current (ia) and motor speed (ω). 

The control input signal is derived using HOSMC technique 

based on the feedback from speed, armature voltage, armature 

current and inductor currents. The state space equations for the 

SEPIC converter with PMDC motor are given as,  

 
diL1

dt
=

Vin

L1
 – (1 − u)

(𝑣c1+va)

L1
             (17) 

 
diL2

dt
=

𝑣c1

L2
u – (1 − u)

𝑣a

L2
               (18) 

 
d𝑣c1

dt
=

(1−u)iL1

C1
–

iL2

C1
𝑢                   (19) 

 
d𝑣a

dt
=

(iL1+iL2)

C2
(1 − u)–

ia

C2
              (20) 

 
dω

dt
= −

B

J
 ω +

Kt

J
ia −

TL

J
               (21) 

 
dia

dt
= −

Ke

La
ω –

Ra

La
ia +

va

La
                  (22) 

 

where, 

ω    Speed of the motor - rad/sec 

ia    Armature current - Amperes 

TL   Load torque – (N⋅m) 

J     Moment of Inertia - kgm2 

va    Armature voltage - V 

vc1   Capacitor voltage - V 

Vin   Voltage input to the SEPIC converter - V 

iL1,iL2  Inductor current - Amperes 

Kt    Constant of motor torque (N⋅m/Ampere) 

Ke   Constant of back emf of the motor (V /rpm) 

Ra    Armature resistance - Ohms 

La    Armature inductance - Henry 

 

The switch ‘SW’ is controlled by the control input ‘u’. The 

steady state values for ia,vaand u   for the reference speed are 

given by (23) to (25), 

 
Fig.2. Circuit diagram of SEPIC converter. 

 

iass
=

Bωr

Kt
+

TL

Kt
                 (23) 

 

𝑣ass
= Keωr + Raiass

               (24) 

 

uss =
𝑣ass

vass+Vin
                      (25) 

 

IV. DESIGN OF SECOND-ORDER SMC WITH CSS 

 The classical sliding surface (CSS) is denoted as “δ " and is 

defined by equation (26). It drives the system states to converge 

towards their intended values. 

δ = Ce𝑟 +
de𝑟

dt
                  (26) 

  Here the speed error ‘er’ is the deviation between the speed 

reference ‘ωref’ and the actual speed ‘ω’. ‘C’ is the positive real 

number. 

 The derivative of equation (26) can be written as follows, 
dδ

dt
= ω(λ1) + ia(λ2) −

Kt

JLa
va + TL (

C

J
−

B

J2)      (27) 

where,  

λ1 = (C
B

J
+

Kt

J

Ke

La
+

B2

J2
) ;   λ2 = (

Kt

J

Ra

La
− C

Kt

J
+

BKt

J2
) 

 
d

dt
(

dδ

dt
) = ω (−

B

J
λ1 − λ2

Ke

La
) + ia (

Kt

J
λ1 −

Ra

La
λ2 +

Kt

JC2La
) −

                  
λ2

La
va − (iL1 + iL2)

Kt

JC2La
+ u(iL1 + iL2)

Kt

JC2La
− TL

λ1

J

                                                                           (28) 

  

The system steps in to the sliding condition when 
d

dt
(

dδ

dt
) =

0. The equivalent control signal can be acquired by making 
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d

dt
(

dδ

dt
) = 0 and ‘u’ as ‘ueq′ in equation (28) and the following 

term arises as, 

 

ueq = [ω (−
B

J
λ1 − λ2

Ke

La
) + ia (

Kt

J
λ1 −

Ra

La
λ2 +

Kt

JC2La
) −

            
λ2

La
va − (iL1 + iL2)

Kt

JC2La
− TL

λ1

J
] /(iL1 + iL2)

Kt

JC2La
  

                       (29) 

 

Using an approach based on homogeneity, finite-time 

convergence is attained [32]. The generation of switching signal 

is attained by considering r=2, i=1 and q= 2. 

Substitute the values of ‘r’, ‘q’ and ‘i’ in (11), (12), (13) and 

(14), the expressions become, 

N12 = (|δ|)(1/2)                 (30)  

φ02 = sign (δ)                 (31) 

φ12 = sign (δ̇ + β1N12φ02)            (32) 

The switching signal for the higher (second) order sliding 

controller is given as, 

usw = −α(sign (δ̇ + β1((|δ|)(1/2))(sign (δ) )))     (33) 

usw =  −αsign(δ̇ +  β1N12φ02)           (34) 

The control law for the SEPIC converter fed PMDC motor is 

finalized as, 

u = ueq + usw                  (35) 

 

u = {[ω (−
B

J
λ1 − λ2

Ke

La
) + ia (

Kt

J
λ1 −

Ra

La
λ2 +

Kt

JC2La
) −

         
λ2

La
va − (iL1 + iL2)

Kt

JC2La
− TL

λ1

J
] /(iL1 + iL2)

Kt

JC2La
} +

         {−αsign(δ̇ +  β1N12φ02)}           (36) 

Using the trial-and-error method [33], the sliding 

parameter 'C' is set to 5.2 in the second-order CSS so that the 

speed characteristic is adequate and unaltered. The control 

values ‘α’ and ‘β1’' are selected as 50104 and 1850.  

V. DESIGN OF SECOND ORDER SMC WITH PIDSS 

For regulating the PMDC motor’s speed under varying load 

torque circumstances, proportional, integral, and derivative 

parameters are incorporated into the PIDSS of the speed error 

(er). 

e𝑟 = ωref − ω                  (37) 

 

Where ′ωref′ is the speed reference and ′ω′ is the actual speed. 

PIDSS is written as, 

φ = D1(e𝑟) + D2 ∫ e𝑟  dt + D3
d(e𝑟)

dt
          (38) 

Where D1, D2 ,D3 are proportional-integral-derivative gains 

The first derivative of ′φ’ is given as in (39). 

 
dφ

dt
= ωα1 + iaα2 + α3va + TL (D1

1

J
− D3

B

J2)   + D2(e)      (39) 

where, 

α1 = (D1
B

J
+ D3

Kt

J

Ke

La
− D3

B2

J2
); α2 = (D3

Kt

J

Ra

La
− D1

Kt

J
+ D3

BKt

J2
) 

α3 = −D3

Kt

JLa
 

 

The second derivative of (39) is represented in (40). 

d

dt
(

dφ

dt
) = ω (−

B

J
α1 −

Ke

La
α2 +

B

J
α3) + ia (

Kt

J
α1 −

Ra

La
α2 −

                   
Kt

J
D2 −

1

C2
α3) +

α2

La
va −  (iL1 + iL2)

α3

C2
u + (iL1 +

                   iL2)
α3

C2
+ TL (

D2

J
−

α1

J
)           (40) 

The equivalent control input is fixed by making 
d

dt
(

dφ

dt
) = 0 and 

‘u’ as ‘ueq
’ in (40), then (41) arises. 

 

ueq = [ω (−
B

J
α1 −

Ke

La
α2 +

B

J
α3) + ia (

Kt

J
α1 −

Ra

La
α2 −

            
Kt

J
D2 −

1

C2
α3) +

α2

La
va + (iL1 + iL2)

α3

C2
+ TL (

D2

J
−

            
α1

J
)] /(iL1 + iL2)

α3

C2
             (41) 

Using the homogeneity method, finite-time convergence is 

attained [32]. The switching signal  ′usw′ is represented as, 

 

usw =  −αsign(φ̇ + β1((|φ|)(1/2))(sign (φ)))    (42) 

The control law for the SEPIC converter fed PMDC motor is 

finalized as, 

u = ueq + usw                     (43)  

u =  [ω (−
B

J
α1 −

Ke

La
α2 +

B

J
α3) + ia (

Kt

J
α1 −

Ra

La
α2 −

Kt

J
D2 −

         
1

C2
α3) +

α2

La
va + (iL1 + iL2)

α3

C2
+ TL (

D2

J
−

α1

J
)] /(iL1 +

         iL2)
α3

C2
+ (−αsign(φ̇ +  β1((|φ|)(1/2))(sign (φ))))  (44) 

The values of D1, D2 and D3 are selected as 13, 0.3 and 0.15 

respectively. The value of control parameters α and β1 are  

2510100 and 18000. 

VI. SIMULATION ANALYSIS 

TABLE I 

PMDC MOTOR PARAMETERS 

PMDC motor parameter Value 

Po: Power 18 W 

Va: Voltage 12 V 

Ia: Current 1.5 A 

T: Torque 1 kg cm 

Ra: Armature resistance 2.6 Ω 

La: Armature inductance 712.85 mH 

Ke: Backemf constant 0.05022 V s/rad 

J: Moment of Inertia 88.6138e-6 kgm2 

B: coefficient of viscous friction  96.894e-6 N⋅m/rad 

Ke: Constant value of Torque  0.05022 N⋅m/A 

ω: Speed 157 rad/sec 

  

 Through MATLAB simulation, the effective operation of 

the PI controller (PIC), SMC, second order SMC with CSS and 

PIDSS under second-order are demonstrated for various load 

torque constraints as listed in Table I. The feedback inputs used 

for HOSMC include the motor’s actual speed, current through 

armature, armature voltage and the inductor currents of the 

converter.  

Table II outlines the machine’s functioning parameters for 

the specified speed pattern and load torque pattern. For the 

chosen speed (Fig. 3) and torque pattern (Fig. 4), the converter 

operates under buck/boost mode. 
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Fig.3. Selected speed profile in per unit. 

 
TABLE II 

SPECIFICATIONS OF MACHINE BEHAVIOR 

Time (secs) 
Speed reference  

Pattern (p.u.) 

Load torque 

Pattern (p.u.) 

0 to 4  0.5 - 

4 to 6  0.5 0.5 

6 to 8  1 0.5 

8 to 10  1 1 

10 to 11  0.6 1 

  

 The effect of PIC, SMC, and second order SMC with CSS 

and PIDSS is evaluated under the range of the torques including 

constant, frictional, fan and propeller type.  

A. Performance Under Constant Load Torque Conditions  

 
Fig.4. Selected load torque profile in per unit. 

 
Fig.5. Speed responses for various reference speeds and load torques. 

Fig. 5 depicts the speed behaviors of various higher-order 

sliding surfaces and other controllers as mentioned earlier. 

Between 0 and 6 seconds, the converter operates in buck mode, 

and between 6 and 12 seconds, it operates in boost mode.  

 

 
Fig.6.Comparison between PIC, SMC, second order SMC with CSS and PIDSS 

(Armature current changes for constant load torque). 

 

Fig. 6 compares the armature current for PIC, SMC, second- 

order SMC with CSS, and PIDSS under the load torque with 

constant circumstance. The performance of second-order SMC 

with PIDSS is found to be superior to that of PIC, SMC and 

second order CSS. 

B. Performance Under Frictional Torque Conditions 

Under frictional load torque, the relationship between torque 

and speed is given by TL = Kω, where K is 6.24e-3. The 

frictional load torque is sketched as follows: 0.5 p.u. between 0 

and 6 seconds, 1 p.u. between 6 and 10 seconds, and 0.6 p.u. 

between 10 and 12 seconds. Fig. 7 demonstrates the duration 

required for the PMDC motor speed to stabilize is lower for 

second-order SMC with PIDSS when compared to PIC, SMC, 

and CSS with second-order. 

 

 
Fig.7. Speed response comparative study between PIC, SMC, second order 

SMC using CSS and PIDSS for the torque at frictional load.  

 

C. Performance Under Fan Torque Conditions 
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 For the load torque due to fan load (Fig. 8), TL = K2ω2. The 

proportional representation constant K2 is chosen as 2.44e-6. As 

depicted in Fig. 9, the PMDC motor's settling speed and speed 

tracking are superior for second-order SMC with PIDSS 

compared to second-order SMC with CSS, SMC, and PIC. 

 

 
Fig.8. Fan type load torque profile. 

 

 
Fig.9. Speed responses for various reference speeds under fan load torque. 
 

D. Performance Under Propeller Torque Conditions  

 

 
Fig.10. Propeller type load torque profile. 
 

 
Fig.11. Speed responses for various reference speeds under propeller load 

torque. 

 

Torque exhibits a direct relationship with speed for 

propeller loads i.e., (TL = K3ω3). 1.55e-8 is obtained as the value 

of the proportionality constant K3. For the reference speed 

pattern as depicted in Fig. 3, the obtained load torque appears 

in Fig. 10. Fig. 11 illustrates the speed evolutions of the                 

second-order SMC with PIDSS, CSS, SMC, and PIC. The 

comparison of speed settling durations is shown in Table III.  

 The aforementioned simulation study clearly shows that for 

servo tasks and regulatory activities of the PMDC motor, 

second-order SMC with PIDSS settles more quickly than 

second-order SMC using CSS, PIC, and SMC. 

 

VII. EXPERIMENTAL SETUP AND DISCUSSIONS 

  

Fig. 12 depicts the experimental framework for a PMDC 

motor integrated with SEPIC converter. The framework 

includes essential components such as: a 100 MHz digital 

storage oscilloscope, a 6V DC input source, a PMDC motor, a 

power converter circuit, and an FPGA (Field-Programmable 

Gate Array) controller. Measurements are taken using 

HEDS5645 sensor for motor speed, the 7840-voltage sensing 

IC for armature voltage, and the HEO55T01 for armature 

current. Spartan-6 XC6SCX9 is programmed and uploaded 

with control algorithms using Xilinx. A gate pulse activates the 

IGBT switch "S" (FGA25N120) in the SEPIC converter once 

uploading is complete and thus the speed of the motor is 

regulated. 

An experimental configuration with a PMDC motor blending 

with a SEPIC converter is tested for constant load torque 

situations at an initial reference speed of 750 rpm., i.e., 50% of 

the rated speed, followed by take-offs to the rated rpm and 

descents to 900 rpm, i.e., 60% of the motor rated speed. Fig. 13 

and Fig. 14. depicts the hardware outputs for CSS and PIDSS, 

respectively. Fig. 13 shows the consolidated results of reference 

speed, actual speed, current through the armature and armature 

voltage for the CSS under the conditions of constant load 

torque. At 750 rpm, the SEPIC converter operates in buck 

mode, whereas at 900 rpm and 1500 rpm, it operates in boost 

mode. Based on Fig. 13, the motor's settling time is becoming 

slow with steady-state error. 
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TABLE III 

COMPARISON OF PIC, SMC, SECOND ORDER CSS AND SECOND ORDER PIDSS 

Time 

(seconds) 

Reference 

speed (rad/sec) 

Speed 

reference 

(p.u.) 

Load 

torque   

TL (p.u.) 

Speed - settling duration (secs) Steady-state error % Peak overshoot% 

2nd order 
SMC PIC 

2nd order  

SMC 

 

PIC 

2nd order 
SMC PIC 

PIDSS CSS PIDSS CSS PIDSS CSS 

a) load torque under constant circumstances 

0.0 – 4.0 78.5 0.5 0 0.571 0.972 2.458 3.569 - - 0.15 0.2 - - 13.5 18.6 

4.0 – 6.0 78.5 0.5 0.5 0.35 0.65 1.641 - - - - - - - 7.7 12 

6.0 -8.0 157 1 0.5 0.650 1.77 1.763 - - - - - - - 15 20 

8.0 -10.0 157 1 1 0.382 0.555 1.574 - - - 0.8 - - - 6.6 11.7 

10.0 -11.0 94.2 0.6 1 0.594 0.941 - - - - - - - - - - 

b) load torque under Frictional circumstances  

0.0 - 6.0 78.5 0.5 0.5 0.626 1.051 2.334 3.608 - - 0.2 - - - 15.3 24.6 

6.0- 10.0 157 1 1 0.571 1.043 1.986 3.614 - - 0.2 - - - 17.8 25 

10.0- 11.0 94.2 0.6 0.6 0.665 0.946 - - - - - - - - - - 

c) load torque under fan type circumstances 

0.0 - 6.0 78.5 0.5 0.25 0.587 0.988 2.196 3.615 - - 0.5 0.3 - - 14.7 20.7 

6.0 - 10.0 157 1 1 0.673 1.028 1.942 3.687 - - 0.2 - - - 19.6 29.5 

10.0- 11.0 94.2 0.6 0.36 0.681 1.004 - - - - - - - - - - 

d) load torque under propeller type circumstances  

0.0 - 6.0 78.5 0.5 0.125 0.571 0.870 2.335 3.540 - - 0.2 0.3 - - 14.7 19.1 

6.0 - 10.0 157 1 1 0.657 1.075 2.203 3.697 - - 0.4 0.6 - - 23.9 32.2 

10.0- 11.0 94.2 0.6 0.216 0.673 1.043 - - - - - - - - - - 

 

 
Fig.12. Prototype configuration for SEPIC converter fed PMDC motor. 

 

The integrated results for voltage, current, and speed for the 

second-order SMC with PIDSS are illustrated in Fig. 14. PIDSS 

outperforms CSS regarding settling time and steady-state error. 

In both buck and boost modes, variations in speed, armature 

current, and armature voltage reveal the robustness of the 

higher-order PIDSS with reduced settling time and without 

steady state error. Regarding disturbance mitigation and 

performance recovery time, the PIDSS algorithm outperforms 

other approaches. Additionally, it can be seen that the suggested 

method does not exhibit any chattering. This implies that the 

suggested controller can regulate the speed regardless of the 

different loads applied. As shown in Table IV, the hardware 

implementation offers precise data on peak overshoot, steady-

state error, and settling time. According to Table IV, PIDSS 

provides outstanding speed tracking performance under various 

load conditions both in buck and boost modes. In some systems, 

sliding surfaces with higher order proportional integral 

derivatives can provide sophisticated control features, but also 

have drawbacks such as; challenges in tuning the parameters, 

reduction in physical clarity and implementation complexity. 

The proposed control strategy is suitable for renewable 

energy systems, medical devices, industrial automation, electric 

vehicles, and other applications where it requires improved 

system robustness and efficiency. PMDC motors' small size and 

accurate control via higher-order sliding surface methods make 

them ideal for effective and miniaturized electromechanical 

systems. To further enhance the potential of this integrated 

technology, future research will focus on investigating 

sophisticated control algorithms, fault-tolerant features, energy 

storage integration, and the coordination of numerous PMDC 

motors in multi-actuator systems. 

 

 
 

Fig.13. Responses of motor Speed, motor armature current and motor armature 

voltage changes for second-order SMC with CSS. 
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Fig.14. Responses of motor Speed, motor armature current and motor   armature 
voltage changes for second-order SMC with PIDSS. 

 

TABLE IV 
COMPARISON OF SECOND-ORDER SMC AGAINST CSS AND PIDSS 

IN PRACTICAL CONFIGURATION FOR THE TORQUE AT CONSTANT 

LOAD SITUATION 
 

Variations 

in 

Speed 
reference 

(rad/sec) 

Variations 

in 

Speed 
reference 

(p.u.) 

Load 

Torque 
TL (p.u.) 

Mode 

Settling time of speed 

(seconds) 

PIDSS CSS 

78.5 0.5 0.5 Buck 0.4 0.75 

157 1 0.5 Boost 0.75 2.55 

157 1 1 Boost 0.5 0.65 

94.2 0.6 1 Boost 0.7 1.5 

VIII. CONCLUSION 

In this paper, generalized procedures for the construction of 

control signal using higher order sliding mode control with 

Proportional Integral Derivative Sliding Surface (PIDSS) and 

Classical Sliding Surface (CSS) algorithms are developed. In 

continuation of that, above said algorithms are developed for 

SEPIC converter with PMDC motor load and MATLAB is used 

for the simulation of SEPIC converter with dynamic load for 

constant, frictional, fan type, and propeller load torques 

respectively. Simulation results indicate the exemplary 

performance of PIDSS in comparison with CSS, SMC and PIC. 

Further, an experimental setup is built for verifying the above 

under constant load torque conditions and the results are 

obtained satisfactorily. Hence, the proposed method has been 

shown to be effective in both the estimation and rejection of 

disturbances. The suggested controller demonstrates robustness 

by eliminating steady-state error, reducing peak overshoot, and 

minimizing settling time. Moreover, it operates without any 

visible chattering. As the results are promising, the proposed 

control can be extended in the future for various higher-order 

converters and loaded situations. 
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