
UNIT-II 
Mathematical modeling of physical systems: 

Mathematical modeling and transfer functions of electrical, mechanical and electro-

mechanical elements - DC servo motors- two-phase AC servo motors - synchros. 



Mathematical model of mechanical systems
Mechanical systems are classified as 1)mechanical translational systems

2) mechanical rotational systems
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Substituting equ 5 in equ 6
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SERVO MOTORS :-

The motors that are used in the automatic control systems are called “servo motors”. 

When the objective of the system is to control the position of an object, then the system 

is called as servo mechanism. Servo motors are used to convert an electric signal 

[controlled voltage] in to angular displacement of the shaft.

The servomotors should have the following requirements :-

1. Linear relationship between speed and electrical signal.

2. It should have linear speed torque characteristics.

3. The inertia of the rotor should be as low as possible.

4. The operation of the servo motor should be stable without any oscillation.

5. Fast response.

6. Wide range of speed control

Applications of servo motor
They are used in Radar system and process controller. 

•Servomotors are used in computers and robotics. 

•They are also used in machine tools. 

•Tracking and guidance systems 



CLASSIFICATION OF SERVO MOTORS :-

Based on the nature of electric supply, servo motors are classified as

•DC servo motors

•AC servo motors

DC SERVOMOTORS :-

Basically dc servo motors are as same as normal motors. But there is one minor 

difference 

between these two motors. i.e, all dc servo motors are essentially separately exited type

The advantages of dc servo motors are

1. Higher output than ac motor of same size.

2. Easier speed control from zero to full speed.

3. Higher torque to inertia ratio that gives quick response.

4. Dc servo motors have less weight.

5. The characteristics of dc servo motors are linear.

6. The dc servo motors are generally used for large power applications, such as 

machine

7. tools and robotics and so on.



The figure (a) shows the connection of Separately Excited DC Servo motor

The figure (b) shows the armature MMF and the excitation d MMF in quadrature  in a DC 

machine.

This provides a fast torque response because torque and flux are decoupled. Therefore, a small 

change in the armature voltage or current brings a significant shift in the position or speed of the 

rotor. Most of the high power servo motors are mainly DC.



The Torque-Speed Characteristics of the DC  Servo Motor is shown below.

As from the above characteristics, it is seen that the slope is negative. 

i. Transfer function of field controlled dc servo motor.
ii. Transfer function of armature controlled dc servo motor.

https://circuitglobe.com/wp-content/uploads/2016/02/Servo-motor-figure-2.jpg


AC SERVOMOTORS:-

An Ac servo motor is basically a two phase induction motor except some design features.

A 2 Phase ac servo motor differs with normal induction motor in the following two ways.

1)  The rotor of the servo motor is developed with high resistance, so that  X/R ratio is low

Which results in linear speed –torque characteristics. The induction motor has high X/R

Ratio which results in high efficiency but non-linear speed –torque  characteristics.

2)  The excitation voltage applied to the 2 stator winding should have a phase difference of

90 degrees

CONSTRUCTION:-

The main parts of ac servomotors are(1)Stator

(2)Rotor



A constant ac signal as input is provided to the main winding of the stator. The control winding is 

provided with the variable control voltage. This variable control voltage is obtained from the 

servo amplifier.

It is to be noted here that to have a rotating magnetic field, the voltage applied to the control 

winding must be 90° out of phase w.r.t the input ac voltage.

(2)ROTOR:-

The rotor usually Is of squirrel cage or drag-cup type. The squirrel cage rotor is made up of

laminations. The rotor bars are placed in those slots and short circuited by end rings. The

Diameter of this type of rotor is kept small in order to reduce inertia and to obtain good

Accelerating characteristics.

The drag cup type rotor Is used in low power applications. The rotor will be in the form of hallow

Cylinder made up of aluminium.The Al cylinder itself acts as short-circuited rotor conductor

(1)STATOR:

The stator contains two windings. They are(a)Main winding or reference winding

(b)control winding



The control signals (ec) in control systems are of low frequency, but in operation of servo

motors, control phase voltage and reference phase voltage should have same frequency. Hence

Control signal is modulated by a carrier whose frequency is equal to supply voltage.

To maintain a phase shift of 90 degrees between control voltage and reference voltage a phase 

shift Capacitor is inserted in the reference winding.

SYMBOLIC REPRESENTATION OF AC SERVOMOTOR:



Features

These are low weight devices.
It offers reliability as well as stability in operation.
There is not much noise generated at the time of operation.
It offers almost linear torque-speed characteristics.
As brushes and slip rings are not present here thus it reduces maintenance cost.

Ac servo motor characteristics:

1) Speed vs Torque

Slope k2



2. Control voltage vs torque







Differences between A.C Servomotor and D.C Servo motor


