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ABSTRACT 

Servo DC motor one of the significant parts utilized in various applications. Servo DC motor position control one 

of the significant parts of these applications. In this paper the position control of the Servo DC engine was finished 

by utilizing strong PID regulator, the tuning of PID parameters  (𝐾𝑑 , 𝐾𝑝 𝑎𝑛𝑑 𝐾𝑖), was finished utilizing

calculations named powerful PID regulator applied numerous cases contemplates relied upon the ideal coefficient 

for the Integral of Time Multiplied Absolute Error Criterion (ITAE) for step and incline unit utilizing MATLAB 

programs. 
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INTRODUCTION 

A servo motor is a revolving actuator or engine that takes into account an exact control as far as precise position, 

speeding up and speed, abilities that a customary engine doesn't have. It utilizes a normal engine and sets it with 

a sensor for position input. The regulator is the most modern piece of the servo engine, as it is explicitly intended 

for the reason 0]. The Proportional – Integrative – Derivative (PID) controls most of the control framework on the 

planet and PID is that it is an adequately adaptable regulator for some applications. The boundaries hearty of an 

old style PID regulator is utilized to control the dynamic DC drive position, for example(𝐾𝑑 , 𝐾𝑝  𝑎𝑛𝑑 𝐾𝑖), are

normally fixed during activity [0-0]. Applying a strong PID regulator calculation in a position regulator are the 

impacts of non-linearity in a unique DC engine. The nonlinear qualities of a DC engine, for example, immersion 

and fiction could corrupt the presentation of regular regulators. PID regulator gives strong and dependable 

execution to most frameworks if the PID boundaries are set effectively [0-0]. The paper is masterminded as in the 

accompanying. In the segment two showcases hypothesis of dynamic DC engine about the boundaries for example 

(𝑱𝒎, 𝑳𝒂, 𝑹𝒂, 𝑩𝒎, 𝑲𝒕 𝒂𝒏𝒅 𝑲𝒃). In area three, speaks to numerical model (open and close loop) for dynamic DC

engine without and with hearty PID regulator. In segment four, speaks to the calculation powerful PID control. In 

segment five, speaks to recreation and result for some, cases examines utilizing MTLAB program. 

SERVO DC MOTOR 

A Servo DC engine alongside servomechanism (closed-loop control system) goes about as a servo engine which 

is essentially utilized as a mechanical transducer in the computerization business. In light of its exact shut circle 

control, it has adaptable applications utilized in numerous businesses [0]. The servo DC engine definition is, an 

engine that is utilized in servo frameworks is known as a servo engine. A servo framework is a shut circle 

framework where the criticism signal (position, speed, quickening, and so on) drives the engine. This sign goes 

about as a mistake and dependent on regulator, precise position or speed is accomplished [0]. The engines are 

coupled to a yield shaft (load) through a stuff train for power coordinating. Servo engine goes about as a 

mechanical transducer as they convert an electrical sign to a rakish speed or position. 

The servo works inside a shut framework in which data and information are utilized as signs coming from the 

machine to be moved to control development in both development, area and heading [0]. The servo beginnings 

working when a sign (either computerized or simple) shows up from the framework by moving with a specific 

speed a specific way and afterward gets the signs gotten back to it from the machine to control the speed and area, 

contingent upon that matching with a coder to give the bobbing signals and the more signals the more the servo 

Accuracy and proficiency [0].  
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In the least difficult case, just the position is estimated and contrasted with the ideal passageway determined by 

the support. In the event that the two positions are contrary, a blunder signal is sent to reuse the motor (if the 

motor is turning) in the right heading again to change the position and the mistake signal is no more [0]. As the 

two positions approach, the sign power starts to diminish until it arrives at zero and the motor stops. These workers 

(which give reference signs to the position just) work by factor obstruction and the motor control unit, where the 

rotational speed is either a maximum velocity or zero (the motor is halted) so this sort isn't broadly utilized in 

mechanical applications that are constrained by Radio units. 

 

Figure 1. Scheme of the Servo DC Motor Circuit 

Where: V= Armature Voltage (V). 

𝐾𝑡= Motor Torque Constant (Nm/A). 

Rf = Resistance field (Ω) 

Lf = Inductance field (H) 

I = Current (A) 

Ea(s) =Input voltage (V) 

Jm = Rotor inertia (Kg – m2). 

Bm = Friction constant (N-m/Rad/Sec). 

Ke =Voltage constant (V/(rad/s)) 

Kb =EMF constant (V/Rad/Sec). 

MATHEMATICAL MODEL  

 Position Control of Servo DC Motor without PID Controller Model 

 Open Loop: 

Speak to the square outline for servo DC engine without PID regulator for open circle in figure (2), and the 

armature voltage condition is given by: 

𝐺𝑆𝑒𝑟𝑣𝑜(𝑆) =
∅(𝑆)

𝑉(𝑆)
= (

1

𝐿𝑓𝑆 + 𝑅𝑓
) (𝐾𝑒) (

1

𝐽𝑚𝑆 + 𝐵𝑚
) (
1

𝑆
)                                                                                         𝐸𝑞. (1) 

𝐺𝑆𝑒𝑟𝑣𝑜(𝑆) = (
𝑅𝑓𝐾𝑒

𝐽𝑚𝐿𝑓𝑆
3 + 𝑅𝑓𝐽𝑚𝑆

2 + 𝐵𝑚𝐿𝑓𝑆
2 + 𝑅𝑓𝐵𝑚𝑆

)                                                                                          𝐸𝑞. (2) 

After deriving and simplifying the equations of Servo DC model for open loop, the result of transfer function 

𝐺𝑠𝑒𝑟𝑣𝑜(𝑆) is as follows: 

 Close Loop: 
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𝐺𝑆𝑒𝑟𝑣𝑜(𝑆) = (
𝑅𝑓𝐾𝑒

𝐽𝑚𝐿𝑓𝑆
3 + (𝑅𝑓𝐽𝑚 + 𝐵𝑚𝐿𝑓)𝑆

2 + 𝑅𝑓𝐵𝑚𝑆
)                                                                                       𝐸𝑞. (3) 

 

 

Figure 2. Block Diagram of the servo DC Motor without PID Controller for Open Loop 

 Close Loop: 

Speak to the square chart for Servo DC Motor without PID Controller for close circle in figure (3), and the 

armature voltage condition is given by: 

𝑇. 𝐹 (𝐺𝑃(𝑆)) =
𝐺𝑆𝑒𝑟𝑣𝑜(𝑆)

1 + 𝐺𝑆𝑒𝑟𝑣𝑜(𝑆)𝐻(𝑆)
  

𝐺𝑆𝑒𝑟𝑣𝑜(𝑆) = (
𝑅𝑓𝐾𝑒

𝐽𝑚𝐿𝑓𝑆
3 + (𝑅𝑓𝐽𝑚 + 𝐵𝑚𝐿𝑓)𝑆

2 + 𝑅𝑓𝐵𝑚𝑆
)  , & 𝐻(𝑆) =  𝐾𝑏 . 

∴ 𝑇. 𝐹 =

(

 

𝑅𝑓𝐾𝑒
𝐽𝑚𝐿𝑓𝑆

3 + (𝑅𝑓𝐽𝑚 + 𝐵𝑚𝐿𝑓)𝑆
2 + 𝑅𝑓𝐵𝑚𝑆

1 +
𝑅𝑓𝐾𝑒

𝐽𝑚𝐿𝑓𝑆
3 + (𝑅𝑓𝐽𝑚 + 𝐵𝑚𝐿𝑓)𝑆

2 + 𝑅𝑓𝐵𝑚𝑆
∗ 𝐾𝑏 )

                                                                            𝐸𝑞. (4) 

Subsequent to determining and rearranging the conditions of Servo DC model for close circle, the consequence 

of move work 𝐺𝑃(𝑆) is as per the following:  

𝐺𝑃(𝑆) = (
RfKe

𝐽𝑚𝐿𝑓𝑆
3 + (𝑅𝑓𝐽𝑚 + 𝐵𝑚𝐿𝑓)𝑆

2 + 𝑆(RfBm + KbRfKe) 
)                                                      𝐸𝑞. (5) 

 

Figure 3. Block Diagram of the Servo DC Motor without PID Controller for Close Loop 

 Position Control of Servo DC Motor with PID Controller Model 

 Open Loop: 

Speak to the square chart for Servo DC Motor with PID Controller for open circle in figure (4), and the armature 

voltage condition is given by: 

𝐺𝑠𝑦𝑠(𝑆) = 𝐺𝐶(𝑆) ∗ 𝐺𝑝(𝑆)  

 𝐺𝑠𝑦𝑠(𝑆) = (𝐾𝑃 +
𝐾𝑖
𝑆 
+ 𝐾𝑑𝑆)  ∗  (

RfKe
𝐽𝑚𝐿𝑓𝑆

3 + (𝑅𝑓𝐽𝑚 + 𝐵𝑚𝐿𝑓)𝑆
2 + 𝑆(RfBm + KbRfKe) 

)                               𝐸𝑞. (6) 
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𝐺𝑠𝑦𝑠(𝑆) = (
RfKe ∗  (𝐾𝑃 +

𝐾𝑖
𝑆 
+ 𝐾𝑑𝑆)

𝐽𝑚𝐿𝑓𝑆
3 + (𝑅𝑓𝐽𝑚 + 𝐵𝑚𝐿𝑓)𝑆

2 + 𝑆(RfBm + KbRfKe) 
)                                                                     𝐸𝑞. (7) 

Subsequent to determining and rearranging the conditions of Servo DC model with PID Controller for open circle, 

the consequence of move work 𝐺𝑠𝑦𝑠(𝑆) is as per the following:  

𝐺𝑠𝑦𝑠(𝑆) =
 KDRfKeS

2 + KpRfKeS + KiRfke

 LfJmS
4 + (RfJm + LfBm)S

3 + (RfBm + KbRfKe)S
2
                                                                           𝐸𝑞. (8) 

 

Figure 4. Block Diagram of the Servo DC Motor with PID Controller for Open Loop 

 Close Loop: 

Speak to the square chart for Servo DC Motor with PID Controller for close circle in figure (5), and the armature 

voltage condition is given by: 

𝑇. 𝐹 =
𝐺𝑠𝑦𝑠(𝑆)

1 + 𝐺𝑠𝑦𝑠(𝑆)𝐻(𝑆)
,   𝑤ℎ𝑒𝑟𝑒  𝐻(𝑆) = 1. 

𝐺(𝑆) =

(

 
 

 KDRfKeS
2 + KpRfKeS + KiRfke

 LfJmS
4 + (RfJm + LfBm)S

3 + (RfBm + KbRfKe)S
2

1 +
 KDRfKeS

2 + KpRfKeS + KiRfke
 LfJmS

4 + (RfJm + LfBm)S
3 + (RfBm + KbRfKe)S

2 ∗  1 
)

 
 
                                                        𝐸𝑞. (9) 

𝐺(𝑆)

= (
KDRfKeS

2 + KpRfKeS + K𝑖Rfke

𝐽𝑚𝐿𝑓𝑆
4 + (𝑅𝑓𝐽𝑚 + 𝐵𝑚𝐿𝑓)𝑆

3 + (𝑅𝑓𝐵𝑚 + KbRfKe)𝑆
2 + +KDRfKe𝑆

2 + KpRfKe𝑆 + K𝑖RfKe 
)             𝐸𝑞. (10) 

Subsequent to determining and rearranging the conditions of Servo DC model with PID Controller for close circle, 

the consequence of move work 𝐺(𝑆) is as per the following:  

𝐺(𝑆) = (
KDRfKeS

2 + KpRfKeS + K𝑖Rfke

LfJmS
4 + (RfJm + LfBm)S

3 + (RfBm + KbRfKe + 𝐾𝐷𝑅𝑓𝐾𝑒)S
2 + KpRfKeS + 𝐾𝑖𝑅fKe 

)           𝐸𝑞. (11) 
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Figure 5. Block Diagram of the Servo DC Motor with PID Controller for Close Loop 

Algorithm of Servo Motor 

1. Determined the input values of: 𝐿𝑓  , 𝐵𝑚 , 𝑅𝑓 , 𝐽𝑚, 𝐾𝑒 , 𝐾𝑏 , 𝐾𝑑 , 𝐾𝑝  𝑎𝑛𝑑 𝐾𝑖 . 

2. Calculated the transfer function plant for Servo DC motor without PID control of the following : 

Open Loop: from the equation (3). 

Close Loop: from the equation (5). 

3. Calculated the transfer function for Servo DC motor with PID control using step unit of the following : 

Open Loop: from the equation (8). 

Close Loop: from the equation (11). 

4.  Determined the values of: MP,Tp,Tr,Ts and ESS by drawing in MATLAB. 

SIMULATION AND RESULT 

Case Study 1: 

For this situation utilized the Servo DC engine boundary esteems are, Motor-torque constant (𝐾𝑒) =1.1895 Nm/A, 

Load of Armature (𝐿𝑓) =0.012342 H, Armature resistance (𝑅𝑓) =3.2645 Ohm, Motor moment of inertia (𝐽𝑚) 

=0.01829 Kg.m2, Viscous damping coefficient (𝐵𝑚) =0.019 N.m/rad/sec, Back EMF Constant (𝐾𝑏) =1.1895 

V/Rad/Sec, 𝐾𝑝 = 5.6059, 𝐾𝑑 = 2.1993, 𝐾𝑖 = 1.1895. 

The yield of Open circle servo DC engine in the event that study1: 

𝐺𝑆𝑒𝑟𝑣𝑜(𝑆) = (
3.8831

0.0024219 s3   + 0.59733s2 +  0.06203s
) 

In Figure (6) spoke to the structure of close circle servo DC engine reaction without PID regulator, and the 

conditions of close circle servo DC engine in the event that study1will be: 

𝐺𝑝(𝑆) = (
3.883

0.0002422𝑠3 + 0.6189𝑠2 + 4.681𝑠
) 
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Figure 6. Structure of Close Loop Servo DC Motor Response without PID Controller in Case 1 

The qualities for servo DC engine without Controller for close circle as appeared in table (1):  

Table 1. The Characteristics for Servo DC Motor without Controller for Close Loop.   

Overshoot Steady state Rise time Settling time Peak response 

NAN Infinity NAN NAN 1.7 

What's more, open circle servo DC engine with PID utilizing step unit on the off chance that review 1:  

𝐺𝑠𝑦𝑠(𝑆) = (
8.54s2 + 21.77s + 4.619

0.0002422s4 + 0.5973s3 + 4.681s2 
) 

In Figure (7) spoke to the structure of close circle servo DC engine reaction with PID regulator utilizing step unit, 

and the conditions of close circle servo DC engine with PID regulator on the off chance that study1 will be 

𝐺(𝑆) = (
8.54𝑠2 + 21.77𝑠 + 4.619

0.0002422𝑠4 + 0.5973𝑠3 + 13.22𝑠2 + 21.77𝑠 + 4.619 
) 

 

Figure 7. Structure of Close Loop servo DC Motor Response with PID Controller utilizing Step Unit in Case1 

The qualities for servo DC engine with PID Controller for close circle as appeared in table (2):  
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Table 2. The Characteristic of Servo DC Motor with PID Controller for Close Loop 

Overshoot Steady state  Rise time Settling time Peak response 

3.11% 0 0.577 1.08 2.75 

Case Study 2 

For this situation utilized the servo DC engine boundary esteems are Motor-torque constant (𝐾𝑒) =1.2 Nm/A, 

Load of Armature (𝐿𝑓) =0.035 H, Armature resistance (𝑅𝑓) = 2.45 Ohm, Motor moment of inertia (𝐽𝑚) =0.022 

Kg.m2, Viscous damping coefficient (𝐵𝑚) =5*10-3 N.m/rad/sec, Back EMF Constant (𝐾𝑏) =1.2 V/Rad/Sec, 𝐾𝑝 =

84.1634, 𝐾𝑑 = 135.2630, 𝐾𝑖 = 492.1956. 

The yield open circle servo DC engine in the event that study2: 

𝐺𝑠𝑒𝑟𝑣𝑜(𝑆) = (
2.94

0.00077𝑠3 + 0.05408𝑠2 + 0.01225𝑠
) 

In Figure (8) spoke to the structure of close circle servo DC engine reaction without PID regulator, and the 

conditions of close circle servo DC engine in the event that study2 will be: 

𝐺𝑝(𝑆) = (
2.94

0.00077𝑠3 + 0.05408𝑠2 + 3.54𝑠
) 

 

Figure 8. Structure of Close Loop Servo DC Motor Response without PID Controller in Case 2 

The attributes for servo DC engine without regulator for close circle as appeared in table (3):  

Table 3. The Characteristics for Servo DC Motor without Controller for Close Loop. 

Overshoot Steady state Rise time Settling time Peak response 

NAN Infinity NAN NAN 7.1 

 

In Figure (9) spoke to the structure of close circle servo DC engine reaction with PID regulator utilizing step unit, 

and the conditions of close circle servo DC engine with PID regulator on the off chance that study2 will be: 

𝐺(𝑆) = (
397.7𝑠2 + 247.4𝑠 + 1447

0.00077𝑠4 + 1.699𝑠3 + 516.4𝑠2 + 247.4𝑠 + 1447
) 
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Figure 9. Structure of Close Loop Servo DC Motor Response with PID Controller utilizing Step Unit in Case2 

The attributes for servo DC engine with PID regulator for open circle as appeared in table (4):  

Table 4. The Characteristic of Servo DC Motor with PID Controller for Close Loop. 

Overshoot Steady state Rise time Settling time Peak response 

15.3% 0 0.541 6.8 1.71 

CONCLUSIONS 

In this paper, distinctive PID regulators are work for controlling a servo DC engine framework. Distinctive wanted 

reference input is utilized to test these regulators with servo DC engine. The servo DC engine was utilized (open, 

close) circle framework without and with the vigorous PID controller. Tuning the boundaries of PID regulator 

utilizing powerful technique calculation. The boundaries of the powerful PID regulator were 

extracted:  ( 𝐾𝑑 , 𝐾𝑝  𝑎𝑛𝑑 𝐾𝑖) and apply this strategy for the condition and utilization of the progression unit. The 

yields are acquired from The nearby circle framework without regulator is steady, yet there are numerous issues 

in yield execution like blunder consistent state equivalent to zero (𝑒𝑠𝑠 = 0 ), When utilizing PID regulator the 

yield reaction follow the contribution with mistake consistent state zero and settling time (Tr=0.577sec) and over 

shoot reduce (Mp=3.11%) Table (4). 
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