o8 I\c(:rea,»,e <

Benha University Department:Electrical

&

{D\s\v@ "@%
Benha Faculty of Engineering Program [ ’ W
¢ Date:14-5-2018 <lilis Time:3 hours EN Vs
e SEMeSter: 2 Subject: Control Engineering ~  wos="
. alnis=lligaag=liaa=mg
Examiner:Dr.Shawky Arafah Code:E1236
Total Points:75 No. of Pages: 2

Question @ (20 marks)

A- Write the most important advantages and disadvantages of the open loop and the closed loop
control systems? 4)

B- Write the most important features of a good control system? 4)

C- A physical system consists of series RLC circuit as shown in Fig.1. The input is V;(t) and the
output is the capacitor voltage V,(t).

i-Find a mathematical model and Laplace model? @)
ii- Draw a control block diagram and find V,(S)/V;(S)? (5)
L R
o 1Lk AN 1 R(s) E(s) C(s)
J' G(s) o
e; v C B(s)
i T H(s)
G .
Fig.1 Fig.2
D- Find the closed loop transfer function of the system shown in Fig.3? (5)
i ! !
R(s) + 4o ! b s ! C(s)
_t@—p G, —-_~§‘§‘)—,L> Go —Iﬂv(}ﬁ—b Gs .
1 |~ !
B — | | W
1 |
i |
i Hs - i
i i
Ha L]
Hs -
Fig.3

Question @ (20 marks)

A-Define: root locus- Bode diagram- polar plot- Nichols plot-gain margin- phase margin? (3)

B'Deflne. wn,wd,wr, (!)g,(l)p, Mp, Mr, "7 (3)
K
C- Consid temshown inFig.2has H(s) =1, G(S) = ——
onsider a system shown in Fig. 2 has H(s) , G(s) SG5+0)
i-Find the steady state static error coefficients? 3
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ii- Find the gain K such that the steady state ramp error =0.01?
iii- Find and draw the unit step response as K=36?

iv- Find the frequency response and M, and w,. as K=36 and r(t)=sin wt ?

Question @ (15 marks)
A- Define: input- output- disturbance- error- control- types of control system?

B- Consider a unity feedback control system has

G(S) . k . k
(S+2+j2)(S+2)(S+2-j2)  S3+6S2+16S+16

i-Sketch a complete root locus for positive values of K?

1)
(5)
(5)

()
(10)

ii-Find K that makes the complex closed loop poles have a damping ratio =0.5 and find the closed

loop poles using the plot?

iv-Write short MATLAB program to solve i and ii?

Question @ (20 marks)

36

Consider a control system shown in Fig.1 has an open loop TF=G(s)H(s) = 5518

A-Prove that the gain margin=infinite db at infinite rad/sec.

and the phase margin=51.8 degrees at 4.72 rad/sec.?

B-Sketch the polar plot?

C- Sketch the Bode plot and show gain margin and phase margin?
D- Sketch the Nichols plot?

E-Write short MATLAB program to solvea, b, C and D?

Best Wishes for all,

Examiners
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Question @ (20 marks)

A- Write the most important advantages and disadvantages of the open loop and the closed loop
control systems? (4)

Open loop control system

Advantages of open loop disadvantages of open loop
1-simple construction 1-disturbances cause errors
2- ease of maintenance 2-changes in calibration cause errors
3-less expensive 3-recalibration is necessary

4-no stability problem

5-convenient when output is hard to
measured or economically not feasible
Closed loop control system

Disadvantages of closed loop advantages of closed loop

1-complex construction 1-disturbances do not cause errors

2- stability may be a problem 2- has less errors

3-more expensive 3-recalibration is not necessary
4-the ability to adjust the response

B- Write the most important features of a good control system? 4)

Most important features of a good control system: are
1-simple construction and operation 2-fast response (speed)  3-less cost

4-very large accuracy (less error) 5-stable

C- A physical system consists of series RLC circuit as shown in Fig.1. The input is V;(t) and the
output is the capacitor voltage V,(t).

i-Find a mathematical model and Laplace model? 2

Mathematical model is:
" . di 1.

E Vloop:(), vi_v0=R1+La ,vo=Efl(t)dt
1

Laplace model with zero initial conditions is:
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I(s)
Vi(S) = V,(S) = (R+SL)I(s) ,V,(S)= ~

c- Draw a control block diagram and find V(S)/Vi(S)? (5)

the block diagram is shown in Fig 2 and

VoS G Yic

HES)=1, TF = ViS)  1+GOHE) +§S+ e

1
6O = ScR+sD)

D- Find the closed loop yransfer function of the system shown in Fig.3?  (5)

A ‘ s :
Sy N R oy R T TR R
Als)  + GiG:G; E(S)
' C 0 G1(5)Gr(5)G5(s)
— _S' -
H R [+ G _1(.‘;' )H _1(.?) + G:(S)G _1(.%' )H 3(.") + G](S}G:(S )(; 1(S)H I (‘3)

Question @ (20 marks)
A-Define: root locus- Bode diagram- polar plot- Nichols plot-gain margin- phase margin? (3)

The root-locus method is a very powerful graphical technique for investigating
the effects of the variation of a system parameter on the location of the closed-loop
poles. In most cases, the system parameter is the loop gain K, although the parameter

Bode diagram it consists of two parts on semi-log paper. The upper part is the plot of M magnitude
in db against @ (log scale) and the lower part is the plot of the phase @ in degrees against @ (log-
scale).

polar plot (Nyquist): is the plot of the locus of the vector ML @ in the Real-imaginary plane
where @ in degrees as a straight line and determine M on this line as @ changes from zero to
infinity

Nichols Plot: is the Plot of M in db on the vertical axis against @ in degrees on the horizontal
axis in the X-Y plane
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-Gain margin Gp,: it is reciprocal of the magnitude of the output frequency response at the Phase
crossover frequency o, , Gn=1/[Real of G(j wp)H(j wp)]= 1/|G( wp)H( wp)| =K /K, Gu=20log
Gmdb

-Phase margin y,: it is the angle of the output frequency response at the gain crossover frequency
plus 180 degrees. y,, = 2G(j wy )H(j w,y) + 180 deg.

B' Deflne. (Dn,(l)d,(\)r, (Dg,o)p, Mp, Mr, n’; (3)

-Natural frequency ®, rad/sec: it is the natural frequency depends on the natural of the system
parameters.

- Under damped natural frequency oy rad/sec: it is the under damped natural frequency depends
on the damping coefficient n as it is less than one n <1.

-Resonant frequency o, rad/sec: it is the frequency at which the peak value of the output
frequency response for a second order is equal to w, = w,/1 —2{%,n < 0.707.

As £ approaches zero, M, approaches infinity
0 < £ =0.707, the resonant frequency w;, is less than the damped natural frequency
P E—— - e - e PR I - . _ — . ;- e

-Gain crossover frequency oy: it is the frequency at which the magnitude of the output frequency
response is equal to one or zero decibel.

|G wg)H(jwg) | =1 or |G(j mg)H(j wg) | = 0db

-Phase crossover frequency oy: it is the frequency at which the phase of the output frequency
response is equal to (-180) degrees.

Imag. [ G(j wp)H(j »p)]=0 or 2G(j wp)H(j wp) = —180deg.

-Maximum resonant magnitude M;: it is the peak value of the output frequency response for a
1

second order system M, = 2V
C{\) - f.l'.li

R(s) T2+ 2w, s + w? M, = |GUm)|max = |{;U‘”r)| =

1
Savi-¢

-damping coefficient n it depends on the natural of the system parameters. For second order
system

Values of 1 System stability Step-response
0>n System is unstable undefined
n=0 System is critically stable | oscillatory
0<n<l System is stable Under-damped
0<n=1 System is stable Critically damped
0<n>1 System is stable Over damped
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K

C- Consider a system shown in Fig. 2has H(s) = 1, G(S) = ——

S(S+6)
i-Find the steady state static error coefficients? 3

. . K K
as K, = lim, G(S) = llgn 5616 — e = °
. . K K . . SK

K, = lim, SG(S) = llgn o = e = 0.16K, K, = lim, S2G(S) = ll(l)’l’l v =0
ii- Find the gain K such that the steady state ramp error =0.01? 1)
ess(t) = % = 01161{ = 0.01, K = 625, Routh test as K=625, system is stable for positive K
iii- Find and draw the unit step response as K=36? (5)

c-Find and draw the unit step response as K=36?

ce) G(s) 3 Wy 2 3 36 — 6rad/ —os
R(S) 1+ G(SH(S)  S2+2nw.S+wy2 52+ 65+ 36 ~n = Drad/sec, n==

The step response is under damped Step response of a second order system R(S)=1/s

bs+d

wn?R(S) _ 36 . .
165136) partial fraction

S(S2+2NwpS+wn?)  S(S2+65+36)

C(S) =closed loop T.F(S)*R(S) = =<+

(s?

C(t)= inverse Laplace of the product of closed loop t.f.(S) and R(S)=1/s with zero initial
conditions C(t)= LY[(C(S)]=L™[closed loop t.f.(S)*R(S)] with zero initial conditions]

n =0.5w, = 6rad/sec. wg = wy\J/1—n2=52rad/sec ,cos 0.5 = pi/3

- wnt
ct)=1- — sin( wgt + cos™ ') =1—1.155e~3%sin(5.2t + pi/3)
-1
=12 m—cos™'n - B s
M,_e Vi7" = 0163, = = —3 = 04sec,t, = — = 0.6sec., t; = 4T = —— = 1.33sec.
wg 5.2 Wgq nwy,
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Step Response

1.4 ¢ T T T T E E
System: sys
Time (seconds): 0.604
Amplitude: 1.16
1.2 —~ /- -
1 - -
System: sys System: sys
Time _(seconds): 0.4 Time (seconds): 1.29
e 0.8 —~ Amplitude: 0.995 Amplitude: 0.976
=
=]
£
<< 0.6 [~ T
-
0.4 - System: sys -t
Time (seconds): 0.213
Amplitude: 0.493
0.2 — -
[e) C r r r r r r r r L
o 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Time (seconds)
iv- Find the frequency response and M, and w,. as K=25 and r(t)=2sin wt ? (5)

) G(s) wn? 25

R(S) 1+ G(S)H(S)  S?+2nw,S + w,2  SZ+5S+ 25

o, = 6rad/sec., n =0.5M, =

1 1
20J1—-¢% 2(0.5)+/1—(0.5)2
o, = O /1 —2¢% = 6,/1 — 2(0.5)2 = 4.24 rad/sec.

the frequency response as r(t)=sinwt . Steps to find frequency Response:

1- the closed loop transfer function =T(s)=C(S)/R(S) =

cs) G w2 B 36
R(S)  1+G(SH(S) S?2+4+2nw,S+ w,? S2+6S+36
. . . . 36 _
2-the closed loop frequency transfer function =T (jo)=C(jo)/R(jo) = Gy ieteriie -

- 36
ML ®=Re+jimag, M 36 wl)21 3607

3-As the input =r(t) = sinwt then the response = C(t) = Msin(wt + @)

, ® = —tan"[6w /(36 — w?)]

36 _ .
= Taeurimen Snlwt — tan 6w /(36 — w®)]

Question @ (15 marks)
A- Define: input- output- disturbance- error- control- types of control system? (5)
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Automatic contraller

Error detector 1

Reference
input

Ourput

Amplifier Actuator ] Plant

Set
( point
Actoating
error signal

[ —— _——— e —————

Sensor

Control: it means:

1-applying the desired value (reference or control input) to the system

2-measuring the value of the output (controlled variable) of the system
3-determining the defference between the input and the output (error)

4-applying the error (manipulated variable) to the controller

5-choose the controller such that the error is correctted or limited

4-lutput=set point=reference=testing signal=forcing signal=desired value = r(t):
it is a control variable input (signal) to a system and may be:

1-impulse 2-step 3-ramp 4-parabolc 5-exponential 6-sinusoidal

5- Controlled variable=output=response=measured value=actual output =C(t): it is the ultimate
output of the process; the actual parameter of the process that is being controlled. Or it means the
quantity or condition of the output of the system or the measured value of the system which be
controlled

6- The (error) manipulated variable: it means the quantity or condition that is varied by the
controller so as to affect the value of the controlled variable. Error: it is the difference
between the input and the output for a unity feedback control systems only. Or it is
the difference between the input and the feedback signal for a non-unity feedback
control systems. It has two types static and dynamic.

1-static error depends on two; the input and system parameters (T.F.)

2-dynamic error depends on three; the input and derivatives of the input and system
parameters (T.F.).

7- Disturbance: it is a signal tends to adversely affect the value of the output of a system. It is may
be internal (generated within the system) or external (generated outside the system)=d(t).

Types of control systems:

A-depend on control loop are: 1-open loop 2-closed loop

Page 8 of 13
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B-depend on the control algorithm are:

1-Regulator system it automatically maintains a parameters at (or near) a specified value such as
home heating system.

2-Follow-up system it causes an output to follow a set path that has been specified in advance such
as industrial robot moving parts from place to place.

3-Event control system it controls a sequential series of event such as a washing machine cycling
through a series of programmed steps.

C-depend on DE are: 1-linear 2-nonlinear

linear system: it is a system in which the response to several inputs can be calculated by treating
one input at a time and adding the results i.e. can be apply the superposition theorem (the response
produced by the simultaneous application of two different forcing functions is the sum of the two
individaul resposes). Its advantages are: 1-can solve analytically, 2-once solved the solution is
valid,

3-superposition can applied, 4-response characteristics are consistent
D-depend on the independent variables of the DE are: 1-time-varient  2-time-invarient

Time invariant system: it is a system which model has differential equations in which the
coefficients and the independent variables are constants.

E-depend on the order of the characteristic equation are: 1-first order, 2 second order, 3- higher
order

B- Consider a unity feedback control system has (10)

(S+2+j2)(S+2)(S+2—j2)  S3+6S%2+16S+16

i-Sketch the complete root locus for positive values of K?

ii-Find K that makes the complex closed loop poles have a damping ratio =0.5 and find the closed
loop poles using the plot?

iii-Write short MATLAB program to solve a and b?
a-Root locus:
1-the root locus is symmetrical about the real axis in the S-plane

~ k _ k
zthe open loop GNE) = (G2 2)S+2)5+2-12) | $31652+165116

3-the root locus starts at the pole and ends at the zeros or infinity

4-number of root loci= n=number of poles of the open loop TF =3 at [-2+2},-2-2],-2]

Page 9 of 13
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5-number of zeros= m=0

6-number of asymptotes = n-m=3-0=3

8-center of gravity = A = Zp(’lens__imles = _2_32_2 = —2 point of intersection of asymptotes with real
_ +180(2R+1) _

axis, 9-angles of asymptotes are = © +60,+180

10- Points of crossing the imaginary axis as Routh test

Charct.equa=1+G(S)H(S)=0= S*+65*+165+16+K

s |1 16 16+K>0, [80-K]/ 6>0 then
s |6 16+K -16<K<80, Kc=80
S | [96-16-K]/ 6 6S2+96=0, S=tjw=+4rad/sec
s? [16+K
11- there is no break points (break away or break in) at
—d—K=0=i L] =i[S3+6SZ+16s+16] =3S% +12s+16=0
das aslG(SH(S)| ds

12- There is no break angles [£180(2R+1)/r] where r=number of branches(poles for break away or
zeros for break in) R=0,1,-----no break angles

13-the angle of departures (complex poles) =

Angle of departure from a complex pole — 1807
— (sum of the angles of vectors to a complex pole in question from other poles)
+ (sum of the angles of vectors to a complex pole in question from zeros})

angle of departure=+180-90-90=+0deg, 14-angle of arrival (complex zeros) as

Aqngle of arrival at a complex zero = 180°
— (sum of the angles of vectors to a complex zero in question from other zeros)
4+ {(sum of the angles of vectors to a complex zero in question from poles)

15-sketch the root loci as
16- the damping factor or coefficient  is straight line with slope ©= cos™1{

with respect to the negative real axis in the S-plane. ©= cos™1 0.5 =60deg. at the test point (intersection point) Sy=-
0.84j1.3

n=3

angle condition = 2[Qzems — Opotes] = £180(2R + 1) = 90 + 54 + 36 = 180 deg
n=1
n=3
. " lIpoles||
magnitude condition = =K= x x =723
. ||zeros||
n=3 n=3
Z open loop poles = Z closed loop poles = constant asn —m > 2
n=1 n=1

Page 10 of 13
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n=3 n=3

Z openlooppoles =—-2—-2—-2=—-6= Z closed loop poles = (—1.4 +j2.2,—1.4 —j2.2,p)

n=1 n=1

then p = —2.4i.e.closed loop poles are [-1.4 +j2.2,-3.2 ]

Root Locus
10¢ T L L L £
0.84 0.72 0.6 0.46 0.3 0.16
8r System: sys |
Gain: 3.11
6 -0.92 Pole: -1.65 + 2.09i g
Damping: 0.621

—~ Ar Overshoot (%): 8.32 | -
K% 0.98 Frequency (rad/s): 2.66 / System: sys
& 2 ™ | Gain: 81
8 Pole: 0.00697 + 4.02i
% 0 12 10 8 6 4 2 . Damping: -0.00174
3 Overshoot (%): 101
> Frequency (rad/s): 4.02
g -217 >
) 0.98
©
E 4- .

.6 -0.92 i

-8~ -

2N 0.72 0.6 0.46 0.3 0.16
_10 C r L r r r T L r
-14 -12 -10 -8 -6 -4 2 0 2 4
Real Axis (seconds™
( ) Prog.
>>n=[1];d=[1 6 16 16]; rlocus(n,d), grid
Question @ (20 marks)

. - 36
Consider a control system shown in Fig.1 has an open loop TF=G(s)H(s) = SG576)
A-Prove that the gain margin=infinite db at infinite rad/sec.
and the phase margin= 51.8 degrees at 4.72 rad/sec.? 4

1- the open loop TF=G(s) H(s)= G(S) H(S)

36

G(s)H(s) =
2- Find the freq.open loop TF=
. . .36 36 36
GloH(o)=5 75 = jo (jw+6)  —wX+6jw

S(S+6) SZ+6S

= Mel® = ML @ =Re+j imag
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36

® 1,ooz +36
36 36
M = =
® 1’0)2 +36  4.72 1/4.722 +36

® = —180 deg. then w,, = infinite rad/sec.

36

) 1fooz + 36

M =

~ rad
= 0 at infinite—
sec

® = —90 — tan"1(4.72/6) = —90 — 38.2 = —128.2,

180 deg. = 180 — 128.2 = 51.8deg.
3- Find the table

,®=-90—tan"}(2 ) , Real =
6 w2

-218
(w2 +36)

—-36

, Imag=
+36

=1, then wy = 4.72rad/sec.

1
,then G, = 20l0g6 = infinitedb

Ym = £G(j g )H(j wg) +

Q) 0.1

4.72 10 | 100

D

M

20logM

Real G(jo)H(jo)

Imag G(jo)H(jw)

B-Sketch the polar plot?

C- Sketch the Bode plot and show gain margin and phase margin?

D- Sketch the Nichols plot?

E-Write short MATLAB program to solve a, b, C and D?

Prog.

>>n=[36]; d=[160]; >>nyquist(n,d)

©)

()

@)

()

>>margin(n,d)  >> nichols(n,d)
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Phase (deg)

Open-Loop Gain (dB)

Magnitude (dB)

Ny quist Diagram

20 ¢ T T c -
10 -
N2}
Z
>
I O
=
()]
I
E
_10 -
-20 ¢ " = I = =
-1 -0.8 -0.6 -0.4 -0.2 0
MAaAal A i~
Nichols Chart
40 ¢ -

0]
-180

-135

-90

M~ | oA DA A (AN

Bode Diagram

Gm = Inf dB (at Inf rad/s) ,

Pm =51.8 deg (at 4.72 rad/s)

40\

20
o

-20
-40
-60 *

Aty

-90

-135 -

-180

\

10 10

10 10
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