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M General form of the first order system: G(s)=

M General form of the second order system: G(s) =

Where ( :is the system damping ratio,
oy = (1/7) : is the system undamped natural frequency.

M The underdamped response case (for { < 1) of the second order system to a unit step response
can be characterized by:

1-Delay time (1,). Is defined as the time required for the response to reach 50% from its ultimate
value

2-Rise time (#,). The time required for the response to first reach its ultimate value

- 1| @
=2 s with /= tan l[é:jd] and @, = @,/1-&*

n

3-Peak time (#,). The time required for the response to reach its peak rp = ;
d

4

4-Setting time (Z;): If the allowable tolerance is (2% ) = ¢, =

a)ﬂ
If the allowable tolerance is (5% ) = ¢, = -8
a)ﬂ

5- Maximum overshoot (M),). Is the measure of how much the response exceeds the ultimate value

—n&

. : _ V-
following a step input M p— € .

M PID controller Parameters (stability limits evaluation.)

Type of controller Optimum gain
P K=0.5K,
K=0.45K,
2 T=P/1.2
K=0.6K,
PID T/=0.5P,
Tp=P,/8

M Dynamic of basic electrical components :

R C -
1.‘
1z Ie B
—T R fYY‘\
e Al anss ”'_ + ¥ =
=+ VE = B V'C =
Vi(t) = RIp(t) Ve(t) = & [y Ie(r)dr Vi(t) = L9g0

Ip(t) = &2 . Io(t) = C=51 IL(t)= 1 Jy Vi(r)dr



Chapter 3: Mathematical tools for control systems theory.

Function Time domain Laplace domain
Unit step function u(t) = { (1] i i 8 U(s) =1
Step function f(t) = Ku(t) F(s)=£&
Ramp function f(t) = tu(t) F(s)=%
Ramp function F(t)==1u(t) F(s)=%
Ramp function f(t) = t"u(t) F(s) = 25
Pulse function ft) = K(u(t) — u(t — t1)) F(s)=%(1-eh)
Impulse function 8(t) A(g) =1
Exponential function f(t) = Ke™ u(t) F(s) = Gia
Sine function f(t) = A sin(wt) u(t) F(s) = 4,
Cosine function f(#) = A cos(wt) u(t) F(s) = o2,
First derivative F(t) sF(s) — f(0)
Second derivative f(@®) $2F(s) — sf(0) — f(0)
nth derivative 2t "E(s) — S, s¥-1f=R(0)
Integration Iy f(r)dr LF(s)
Convolution product I3 f(r)g(t — T)dr F(s)G(s)
Shift (time domain) flt=a) e % F(s)
Shift (Laplace domain) e f(t) F(s —a)
Multiplying by ¢ tf(t) —F(s)
Multiplying by t" t"f(t) (=1)"F™)(s)
fat) L)
Hyperbolic sine sinh(wt) i Ty
Hyperbolic cosine cosh(wt) s

Table 3.1: Summary of Laplace transform.
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Chapter 6: Closed-loop transfer functions
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Table 6.1: System reduction basic operations.



