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Competence


: Students understand the basic terms and concepts of digital control, able to analyze the performance and design simple digital control systems using Matlab.
Sub Competence

: Students able to make analysis of control system processes, and  able to simulate performance of control system
Competency Achievement Indicators 
:
1. The ability to make analysis of control system processes. 

2. The ability to simulate performance of  control system. 

I. LEARNING OBJECTIVES : 
a. Student can make mathematical model of physical system
b. Student can analysis the stability and response system of control system
II. Lecture Material :
A. DC Motor Speed Modeling
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A common actuator in control systems is the DC motor. It directly provides rotary motion and, coupled with wheels or drums and cables, can provide transitional motion. The electric circuit of the armature and the free body diagram of the rotor are shown in the following figure: 
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For this example, we will assume the following values for the physical parameters. These values were derived by experiment from an actual motor in Carnegie Mellon's undergraduate controls lab. 

* moment of inertia of the rotor (J) = 0.01 kg.m^2/s^2
* damping ratio of the mechanical system (b) = 0.1 Nms
* electromotive force constant (K=Ke=Kt) = 0.01 Nm/Amp
* electric resistance (R) = 1 ohm 
* electric inductance (L) = 0.5 H
* input (V): Source Voltage
* output (theta): position of shaft
* The rotor and shaft are assumed to be rigid 

The motor torque, T, is related to the armature current, i, by a constant factor Kt. The back emf, e, is related to the rotational velocity by the following equations: 
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In SI units (which we will use), Kt (armature constant) is equal to Ke (motor constant). 

From the figure above we can write the following equations based on Newton's law combined with Kirchhoff's law: 
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Transfer Function

Using Laplace Transforms, the above modeling equations can be expressed in terms of s. 
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By eliminating I(s) we can get the following open-loop transfer function, where the rotational speed is the output and the voltage is the input. 
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We can represent the above transfer function into Matlab by defining the numerator and denominator matrices as follows: 
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Create a new m-file and enter the following commands: 

J=0.01;

b=0.1;

K=0.01;

R=1;

L=0.5;

num=K;

den=[(J*L) ((J*R)+(L*b)) ((b*R)+K^2)];
STABILITY DEFINITIONS

The stability of a continuous or discrete-time system is determined by its response to inputs or disturbances. Intuitively, a stable system is one that remains at rest unless excited by an external source and returns to rest if all excitations are removed. Stability can be precisely defined in terms of the impulse response y s ( t ) of a continuous system.
ROUTH STABILITY CRITERION

The Routh criterion is a method for determining continuous system stability, for systems with an n th-order characteristic equation of the form:
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The criterion is applied using a Routh table defined as follows:
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where an, a,, - 1 , . . . , a. are the coefficients of the characteristic equation and
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The table is continued horizontally and vertically until only zeros are obtained. Any row can be multiplied by a positive constant before the next row is computed without disturbing the properties of the table.

The Routh Criterion: All the roots of the characteristic equation have negative real parts if and only if the elements of thejrst column of the Routh table have the same sign. Otherwise, the number of roots with positive real parts is equal to the number of changes of sign.

Example:
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Since there are no changes of sign in the first column of the table, all the roots of the equation have negative real parts.
Stability  of the control system also can be known from location of pole and zero of the transfer function of control system. Based on that location the stability of the control system can be stated as follow :
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We can derieved pole and zero location of control system using Matlab with rlocus(num,den) command.
Time Response
The response of a dynamic system is studied and characterized for a step input.

The response of a stable system is generally of the form shown in Figure:
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The step response is characterized by a certain number of parameters:

• tR (rise time): generally defined as the time needed to reach 90% of the final value (or as the time needed for the output to pass from 10 to 90% of the final value). For systems that present an overshoot of the final value, or that have an oscillating behavior, we often define the rise time as the time needed to reach for the first time the final value. Subsequently we shall generally use the first definition of tR.

• tS (settling time): defined as the time needed for the output to reach and remain within a tolerance zone around the final value (± 10%, ± 5% ± 2%).

• FV (final value): a fixed output value obtained for t → ∞ .

• M (maximum overshoot): expressed as a percentage of the final value.
Using Matlab command : step (num,den) we can plot a time response of control system with input step.
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Frequency response

· The frequency response is a representation of the system's response to sinusoidal inputs at varying frequencies. The output of a linear system to a sinusoidal input is a sinusoid of the same frequency but with a different magnitude and phase. 

· The frequency response is defined as the magnitude and phase differences between the input and output sinusoids. 
· The system must be stable in open loop if we are going to design via Bode plots. If the gain cross over frequency is less than the phase cross over frequency(i.e. Wgc < Wpc), then the closed-loop system will be stable. 

Matlab command that can be used to plot frequency response are Bode(numa,dena) or margin (numa,dena) .
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III. Learning  Method
Learning method that use in this course is discussion and simulation using MATLAB.
IV. Reference
1. Digital Control Of Dynamic System, Third Edition, 2006, Gene F Franklin, Addison Wesley.

2. Digital Control Engineering Analysis and Design, 2009, M Sam Fadali,Elsevier.

V. Evaluation
For the open loop system [image: image16.emf] , plot the pole and zero loction, response system for step input and frequency response of the system.
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