


Mechanical Translatory and 

Rotational Systems





MASS  ELEMENT



DASH POT   ELEMENT



SPRING ELEMENT





Obtain the transfer function by writing differential equations
Problem 1



------ Eq 1





------ Eq 2





Problem 2

------ Eq 2



------ Eq 3





Mechanical Rotational 

System
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Problem 3

















Analogous Elements in Force-Voltage Analogy



Analogous Elements in Force-Voltage Analogy





Analogous Elements in Force-Current Analogy



Analogous Elements in Force-Current Analogy



Force-Voltage Analogy of  Following System

Problem 4





Force-Current Analogy of  Following System





Analogous Elements in Torque-VoltageAnalogy



Analogous Elements in Torque-VoltageAnalogy





Analogous Elements in Torque-Current Analogy



Analogous Elements in Torque-Current Analogy



Torque-Voltage Analogy of  Following System

Problem 5





Torque-Current Analogy of  Following System



Armature and Field 

Controlled DC Motor





DC MOTOR



DC MOTOR





Armature Controlled DC Motor



Field Controlled DC Motor



Armature Controlled DC Motor



Transfer Function for Armature Controlled DC Motor









Block Diagram for Armature Controlled DC Motor









Field Controlled DC Motor



Transfer Function for Field Controlled DC Motor









Block Diagram for Field Controlled DC Motor



Synchro Transmitter and Receiver



Synchro Transmitter and Receiver

The Synchro is a type of transducer which transforms the angular position of 

the shaft into an electric signal. It is used as an error detector and as a rotary 

position sensor



Here e(t) voltage is obtained based on angular position of 

Rotor



TIME  RESPONSE  ANALYSIS



The characteristics of input signals are 

1) Sudden Shock

2) A Sudden change

3) A constant Velocity

4) Constant Acceleration

To study the system behaviour in labolatory we use test signals

which these characteristics and are used as input signals to predict

the performance of system.

The Commonly used Test Signals are  

1) Step Signal  (Steady Input)

2) Ramp Signal (Increases linearly with time- Constant 

Acceleration)

3) Parabolic Signal  (Constant acceleration )

4) Impulse Signal.  (Sudden Shock)

TEST SIGNALS



TEST SIGNALS



S-Domain Representation of TEST Signals



ORDER is Equal to No.of Poles



Second Order System

First Order System

General Transfer Function Representation of System



Response for First Order System for Unit Step Input









Second Order System response to UNIT STEP input 













In output response, the system provides oscillations intially and

these oscillations are dying with incerease in time. This response is

Underdamped System response

1 



Output Response of Second Order System for 

Underdamped System 



Delay time td : It is the time taken for the output to reach  50 % of final 

value for the  first time.

Rise time tr : It is the time taken for the response to raise from 0 to 100 % 

for the very first time for under damped.  (Overdamped 10  %  to 90%   

,Critical damped  5 % to  95 %)

Peak time tp : It is the time taken for the response to reach the peak value 

the very first time.

Peak overshoot Mp : It is the ratio of  difference between peak and final 

value  to the final value

Settling time Ts:  It is the time taken for  the  response  to reach  and  stay 

within a specified error.  It  is usually 2 %  or 5 %.

Time Domain Specifications



Derivation for Rise Time , tr





Differentiating the C(t) with respect to t and equate to zero to get 

peak time.

Derivation for Peak Time , tp









Derivation for Peak Overshoot





 sin sin    





Derivation for Settling Time







Problem 1







Problem 2





























As Type 

Number 

Increases Steady 

State Error 

Decreases



Problem 3





Problem 4









Response for Undamped, Critically damped and 

Overdamed systems for Unit Step Input











Oscillations Decreasing  as      

increases


Marginally 

Stable System

Stable System

Stable System

Stable System



Poles of Second Order System for Undamped, Under damped, 

Critically damped and Over damped systems









Effect of P, PI, PD, PID Controllers

























1. P Controller (Proportional Controller)

Gain Increases, Seady State Error Constant

2. PI  Controller  (Proportional Integrator Controller)

Steady State Response Improved

3. PD Controller  (Proportional Derivative Controller)

Transient Response Improved (Rise time, Peak time and

peak overshoot decreases)

4. PID Controller (Proportional Integrator and Derivative

Controller)

Transient and Steady state response both are improved


