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Laplace Ch1l

Saturday, March 16, 2024 5:25 PM
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Electrical systems
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Electronics systems-amplifiers
2 ‘43 PM
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Examples write the transfer function for the

following systems

(.
T
AN

+o
Ll

§+ | -/- %
&

Vas) =S
V() RCs
Va(s)
- = —RCs
Vi(s)

Control systems Page 13

— ‘lm/wgailim clrewit

— 00? PO.{@U_M’\(DII‘ C:\(c: (,(;L



Mechanical systems
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Block Diagrams, Signal Flow Diagrams, and Masons Rule

Monday, March 18, 2024 10:09 PM
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Canonical Form of A Feedback Control System
Characteristic Equation
R +/\ E G c
/ o * The control ratio is the closed loop iranstsr function of the system.
0 \ —<
7_3? S5 e ucdoed
B
H
| C(s) _ G(s)
RGNS SE ) ERCS)
G = direct transfer function = forward transfer function
H = feedback transfer function * The denominator of closed loop transfer function determines the
GH = loop transfer function = open-loop transfer function characteristic syuation of the Sy stem.
C G
C/R = closed-loop transfer function = comr(;l ratio : R 1zGH e Which is usua]ly determined as:
E/R = actuating signal ratio = error ratio -1 1 GH
B/R = primary feedback ratio £= il 1+ G(S)H(S) =0
R 1+GH
Tllustrations & 2001 by Preatice. Ilnlll'pil;h:hiidlc River,NJ. Tliustrations & 2001 by Prentice Hall. Upper Saddle River, N1.
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£ oy o oy TNTE & wntelble s des W0, o gy

Signal-Flow Graph Models

Yi(s) = Gy1(8)-Ry(s) + Gya(s)-Ry(s)

Yo(s) = Gy1(8)-Ry(s) + Gyo(s)-Ry(s)

Gus) &€~%
[ ke }

116

Tilustrations  ® 2001 by Prentice Hall, Upper Saddle River, NJ.

L“5H7/ When we Law. wwum} | pops M‘D\DA \0\‘“0
U\e 6(‘”‘*“‘9%();0% (Tg’) ; W& w-—l— ke wie Wasow's Q.Jg.

2 .
Mason S Rule . Example#1: Apply Mason’s Rule to calculate the transfer function of
the system represented by following Signal Flow Graph

o The yansior function, GG of g systern represented by a signal-flow graph

A1 Gy
> PA —*
2 A, *
CGs) 57
R(s) A |
( ) A‘_ \ - \_‘ _\il' \? Z' There are two forward paths:
Where L P, = G,G,G, P, = G,G,G,
“ 172 } o e
n = number of forward paths. Therefore, C  PA +PA
£ = the i forwardpath gain. — 171 272
A = Determinant of the system R A
A, = Determinant of the i forward path There are three feedback loops

L, =G,G,H, L,=-GG,GH, L,=-GG,G,H,

* Ais called the signal flow graph determinant or characteristic function. Since

A=0 is the system characteristic equation. Example#l - Continue
C PA + PA, G,G,G, + G,G;G,
R A 1- G,G,H, + G,G,G.H, + G,G:G, H,

_ G\G4(G, + G;)
1 — GGl + GGG, + G GG, I,

Control systems Page 16




Reducing Block diagrams +TF

Friday, March 22, 2024 5:53 PM
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Canonical Form of A Feedback Control System Characteristic Equation

B+ E n C « The control ratio is the closed loop transfer function of the system.

e — al : S . \
# Cc(s) G(s) 6LS S/\,.;‘ s 0??051\1 a‘; wg Aw-«ctuo\-\ S/“

R(s) 1A\G(s)H(s)

G = direct transfer function = forward transfer function * The denominator of closed loop transfer function determines the

H = feedback transfer function characteristic equation of the system.
GH = loop transfer function = open-loop transfer function 5 4 .

c G « Which is usually determined as:
C/R = closed-loop transfer function = conm;l ratio . - m

E/R = actuating signal ratio = error ratio - = T——3;
/ g sign: R 1%GH 1+ G(s)H(s) =0
GH

B/R = primary feedback ratio . _
R 1+GH

o e e

ostiods | 201 by Pt il U

@ “ason IS R""{C )

Mason’s Ru1€: Example-10: Reduce the Block Dia%'ancm ¢ il (\] Example 8 L="6 C'7]£L [N
G
f;: 6\ G Z G 2 (\4 %‘\: - il
4 The transfer function, C(s)/R(s), of a system represented by a signal-flow graph e |+ GGt L,()rﬁ Lyt Find the transfer fungtion of the following block diagram —
- G TGgh O PR TR 6 e
EPA ko — G |— = G v o = <
C(S) _ ,:ZIPIA’ I_ /(; C\H {)17 égC\CL 6‘1 C—l %\ \
RGs) A ok B = 4 =P
= - Hy — 6

Where P‘ A‘ + P'l A& Ly=t, C»LC?)QE Lo D % \ R(s) + +2fs + GY(S)
n = number of forward paths. / & == “—\ T L\, v L’B) | a a - = "’ﬁ - ( j‘[—‘\
P, = the i forward-path gain. q I =
A = Determinant of the system ‘ - | ;
A; = Determinant of the i forward path -

+ Adis called the signal flow graph determinant or characteristic function. Since
A=0 is the system characteristic equation.

[ \A5
(Q: [|D\ TFLB W
B
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sasons 301 by Prati 1l Upper Sl River, L
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First order systems

Monday, April 1, 2024 12:40 PM

Introduction

The time response of a control system
consists of two parts:

4
1. Transient response 2. Steady-state response S A.ba‘ . . S
- from initial state to the final - the manner in which the /_; \)'0 -

state — purpose of control system output behaves as t - : \

L4 ‘e s
systems is to provide a desired approaches infinity — the error w\ W N
response. after the transient response has - 7 -

’QD:A.A\ 6\ W)“ ’(’:’J decayed, leaving only the

continuous response.

Conn -
b(s\-"‘y W‘\ b&d‘ N
v_‘?,m&.e,‘ 0\2 rﬁ s
AN L e
e ] Z i rise bine: ..u.loo ke o 3«)( Qfﬂ“ \o/ _q07. o% C?_Mj (P b

Cinal | L
0.98¢ fip, / 7 / ‘ ——— d N .
0-"¢'n:ml Pu,‘l- bice U\G.Zc& Fivee €° %& é" PAALE s~ L" MK)
e
Lyt
0.1€gn ——7 /
- 7, le T, T f
(se biwe
Transient Steady-state

First — order system
- - K (cpd)
A first-order system without zeros can be C - N
—

represented by the following transfer function

) 1
- - R 5
TE = RG) w41

First — order system

ing inverse Laplace transform, we have the step response

t

ct)y=1-e "

Time Constant: If &=, So the step response is
C() =(1-0.37) = 0.63

First — order system

Plot c(t) versus time:

) Q M\\,JM—

063K /-4 67/ dg ‘gw“) VAV

»  Time (secs)
t=T7

—’\’) T 9-*-‘9 at 037, o‘? Q.J "QJ“‘&-

First — order system

Example 1

The following figure gives the measurements of the step
response of a first-order system, find the transfer function
of the system.

08 K = a M q L — C_ - K

iR i \ il

0.6 [ / E ’C S -(—l
137 8 o

03 | P> q r X

02 —_——

) 5D o ol Ys+ ‘

f=o’ ‘\‘ Time (scconds) 5
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First — order system
Transient Response Analysis

Rise Time Tr:

e rise-time (symbol Tr units s) is defined as the time

taken for the step response to g froim L8%%s to B38%6
of the final value.

TR

Settling Time Ts:

Defined the settling-time (symbol Ts units s) to be the
time taken for the step response to coiiie to within
2% of the final vaiue of the step response.

Control systems Page 20



Second order systems

Monday, April 1, 2024 1:08 PM

Second — Order System

A general second-order system is characterized by
the following transfer function:

G(s)=— b

S +as+b 7 S apm'o«v:j cakics

- We can re-write the above transfer function in the

following form (closed loop transfer function): (D r"
L

umfw/ﬁ%% .

Second — Order System

@ @ =+/b) - referred to as the un-damped natural

» (@ \f) frequency of the second order system, which
TS the frequency of oscillation of the system
without damping.

- referred to as the damping ratio of the

a
(&= 7 second order system, whicl a measure of
. 2+/b ~ the degree of resistance to change in the
system output.
Poles; Tt G

ara complex i ¢< 1t
o
B

as Ry

Second — Order System

- According the value of ¢, a second-order system
can be set into one of the four categories:

vEne systan Bas two rast

han two

Time-Domain Specification

Given that the closed loop TF

2
Cls) o,
T()=— 2= O
R(s) s*+20,5+0,
n n
The system (2" order system) is parameterized by ¢ and w,

For 0< ¢ <1 and w, > 0, we like to investigate Its response
due to a unit step input

i

Steady State

(A) For trarisient response, we
have 4 specifications:

{#) T, - rise tima

4(1=¢7)

(B} T, - peak time = - 6 =tan
&

{4} T, - settling time (2% error) =

(B) Steady State Response

{a)-Steady State’error

Therefore,

7Os

- For given %O0S, the damping ratio can
be solved from the above equation;

. —1n(%MP /100)
J7* +10*(%MP /100)

UNDERDAMPED

Example 2: Find the natural frequency and damping
ratio for the system with transfer function

36
_ G(S)=—F—7">
Solution: s +4.25+36

Compare with general TF_

®
G(s)=—TL—— — = 4.
%) 5T +200, 5+ 0] @/D z K W 5

Control systems Page 21



UNDERDAMPED

Example 3: Given the transfer function
100

G(s)=—5T—
§°+155+100

find T, %O0S,T,

Solution:

o, =10 £=0.75

T, =0.533s, %0S =2.838%, T' = 0.475s

UNDERDAMPED

|Second-0rder Response Speci!icalionsl

\
\o+0S
\\
sbosfosthdoosesss

TREEERE

siancy

=

2

G(s) = —
) s +as+b

Undamped Response

b
G(s) =—
) s*+as+b

Underdamped Response

a=3
RE)=+ )
s 9
s2+35+9
2 poles. No zeras.

O <1

P
R 0 e (i
cltysi

s =0; s=-1.5+j2.598 ( two complex poles)

Undamped system

R(s)=—+ o | <®

5

2 poles. No zeros.

s2+9
=0

S

c(t
s = 0; s = +j3 ( two imaginary poles)

25

G(s) =5
) s*+as+b

Critically Damped System

=854 _— 13467
cimKphKse ke
s=0; s = -7.854; s = -1.146 ( two real poles) a=6
Critically Damped System
]Ovemamped response.
1 v
e m R(s)=~ C(s)
4 o s 9
o s24+65+9
B | 2 poles. No zeros
S 1o 7 . 5:1
=5 ok
OVERDAMPED RESPONSE !!! c)=K +Ke " +Ke
S = 0; s = -3,-3 ( two real and equal poles)
<) e 1 o= O 1 P iler 20
Sy s 1:171e):8
G(s) s-plane I -
oy L e i
By R =3 o [SED) e o - o
g ¥ FRSATET TG 0.5
£ £
F
& L L i ¢
(8] 1 2 3 4 5
o) () 1 —e Y(cosVBr +Y% sinv8s)
Ty 1.a% 1.06eF cos(v 87— 19.477)
(s i-plane - s
| G(s) =Plangg 1 v . o
5 R(s) = = I 9 I (=) osl 4 =
(e =20 | = - o6l §
g - 0.4l 7
LRSS ke JE 0.2l §
o 2 3 4 s %
o (F)
21 ) 1 COSs I’
s-plane
. 1 (s
b VR(A\) 5 () - 1= &
i
e° 1 3 3 5
o)
® v — ar
. G(s) TS i (n‘ 1 3re e
@ B =5 | 9 | <s) 0.8 | %
I 52+ 65+ 9 I x]c - 32 -
R B 0.2
i B g
o I 2 3 4 s

Ciiifie
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Second — Order System

eft)

| Second-order responses I

\ und erdq]r{wpe(:llf'-,l
| ‘ \ undamped

as \ LY f .'I_ \
critically damped \
h‘f K overdamped
o : : : , .
o as 1 1.5 F | 25 3 35 4 ¢




EXAMPLE
Tuesday, April 2, 2024

For the following system with roots sho! the rise time, settling time and
cent overshoot
E +. i 9 7
s i J s-plain o
TA S wgcJ




Steady State Error (ess)

Friday, April 5, 2024 10:24 PM

Test Waveform for evaluating steady-state
error

Laplace
transform

Time
function

fes Physical
Waveform ﬁa m“&l nterpretation

ey Q\Qﬁ\

Sben Constant position c, i

‘ ofevaku.-

1)
s i i
Haimn Constant velocity #: 5
| ’
)
i =5

Parabioid Constant acceleration

3

| Steady-state error analysis

R(S) + E(S) ' C(S)
R(S) + E(S) ' C(S)

o

ity feedback
H{sp=1

Non-unity feedback

H(s)#1
Substitute (2) into (1)
) G(s o
B = R(S)—LR(S) = Kis) 3)

1+ G(s) 1+ G(s)

Jrol

| Steady-state error anal

Based on equation (3), it can be se at E(s) depends on
(a) Input signal, R(s)
(b) G(s), open Je6p transfer function

Cases to be considered:

Now, assume:

o R — -

v §
Krz(s+
Gs) = %(S 2) (BYR@sy = — (ou-(’
.S@g(s+pj) SI
(COIRG) = = Pantapola

“Static Position

Error Constant”

Control systems Page 24

4 Jiniie

If& % 1, K = infinite e - 0

For unit step response, as the type of system increases (N = 1), the steady
state error goes to zero



I8 = 0, Kp = constant

If 8 2 4. K, = infinite dgwe . .

For unit step response, as the type of system increases (N 2 1), the steady

where | Z7 o : g “Static Position
K i E,,i Hj; G ()] > state error goes to zero

""" Error Constant”

‘ Case (B): Input is a unit ramp R(s)=1/s

+ z,
|E~“Ngg’Kv:5M:0= )
z(s+ p;)
If 0 =1, K, = finite & A» finite
If 3 22 K, = infinite . &

For unit ramp response, the steady state error in infinite for system of type
zero, finite steady state error for system of type 1, and zero steady state error
for systems with type greater or equal to 2.

Em B re|lX = lm G (5) “Static Velocity
| : s {) Error Constant”
Case (C): Input 1s a parabolic, R{s)=1/s"
N
;fggmg,]{azszwz()’ oy
z(s+p;)
i
fhi=1,K,=0 & &
5\; @
!
If K = 2, K, = constant B I = e
i T
If 1 23 | K, = infinite é . e i

- Increasing system type (N) will accommodate more different inputs.

“Static Acceler
Error Consta

2 fuetiond
‘ Example 3 “t:() 6@)7/

Rs) C(s)

If r(t) = (2+38u(t), find the steady state error (ey) for the
given system.

Solution:

T 2 3 2 3
fgligtois G =g T+ =2
K= limsGls)=3 = K, K, 1+ A

? bt o 4

Control systems Page 25



-
(U what i1 GOy wasz30 6+1) 7 eee - 02

| ©

@QO&(Q c,omfvall(/fékoﬂl wow{o{ Mk& g, =0 { ZZ
&gpa? /C;o&(’\a% [ [<v K wo%ucme&( (iu«@gé)

©
0%./00 waw(o? \0(’, ’H«C ANG wer” ¢ o MC9S wo’—M(OW ©

gheps”
C \eok I G A s\c,e,rw‘b/wa,olq
(2 & kp, kv, ka-
& PJ e < Qor ecccl. owe d ueQJ M.

*i. S+05 5%+ 185 + 72 _
Gi(s) Gola) ®> - \LS) L\S>



EXAMPLE
Monday, April 8, 2024

[/__.(':,(S)

)

#g‘(uww cowro([gr}g k ou,\o! G(_g) 4\\ 7
find s fef cteacly chafe ercor e Lhak wnadees i
et Ham 05 (o neel b caledibe k)

‘

kP: |{-~ KKG\S)

C>»0

T o
e H'(f

(| keyros< |



Root Locus

Thursday, April 11, 2024 11:14 PM

* Consider the system shown in following figure.

R(s) C(s)
—»@—» G(s)

I

* The closed loop transfer function is

Cis)_  G(s)
R(s) 1+G(s)H(s)

Hi(s)

¢ The characteristic equation is chitained by seiting the
denominator polmomial egual o eero.

F+GGH s =6
e Or

G (s 1

* Where G(s)H(s) is a ratio of polynomial in s. :

(s)H(s) poly S 3 D
Since GIs)H(s) is a compley guantity i san be spliy
into angle and magnitude part.

» Angle Condition

W
%
Cﬁi%
@%} 1
g

P i e
» Magnitude Condition

G{s}h’{s}‘ i

* To apply Angle and magnitude conditions graphically we L ' :
must first draw the poles and zeros of G(s)H(s) in s-plane.
i L 05}
* For example if G(s)H(s) is given by
/,,,«'\{;/91 /'i\/,‘ 8,
s+1 ”/ﬂ 1 . .
G(s)H(s) =————— \Y]
s(s+3)(s+4) &

K ZG()H (Y,
N (CIZERE }|5
/ 05¢©
0 4 i3

Hoangle of Glaidsl sl s=p is equal o 2180%2k+ 1) the
point pis on roat loous,

=1 I ! I

=P

2 -4 -35 -3 2.5

TLJ/P, 1o illugtvadive M‘e :ﬂ:.{_ , Coeit <_\
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Root Locus

Friday, April 12, 2024 10:37 PM

Root Locus

5 T T T T T T T

| gre

i X A

o\ 4

N Tt

Ny
E ' 1

21

3 %

=4 |:

-5 L L 1 L I L I

-7 -6 -5 -4 -3 -2 -1 0 1 2

Real Axis
Example#l

* Consider following unity feedback system.

R(s) K Cls)
s(s+1)(s+2)

* Determine the value of K such that the damping ratio of
a pair of dominant complex-conjugate closed-loop poles

is 0.5. ) ?(. 409

SO = eiDer)

|

* The damping ratio of 0.5 corresponds to

{ =cost
O=cos' &

& = on87HB.5) = 60°

é’gwél e iy <
s, = —0.3337 + j0.5780

5, = —0.3337 — j0.5780 Q .

-3 7 ) -1«
0 N
Sy \

Home Work

* Consider following unity feedback system.

R(s) K C(s)
DG+ 7

* Determine the value of K such that the natural
undamped frequency of dominant 7omplex-conjugate
closed-loop poles is 1 rad/sec. Wn >

Kk
s(s+1D(s+2)

G(s)H(s)=

Control systems Page 29

* The value of K that yields such poles is found from the

magnitude condition

K

Dol =1

5s=—0.3337+;0.5780

. ‘,/
MRV Ak
Is(s + 1)(s + 2)|s=—03337+ 05780

1.0383

=
Il

* The third closed loop pole at K=1.0383 can be obtained

as
K

L —
s(s+D(s+2)
1.0383
4+ =
s(s+1D)(s+2)

1+ G(s)H(s) =1+

;e s(s+1)(s+2)+1.0383=0

K =1.0383 /\ — 1

\ .
U)
. : 1%y
2 ’\ VLS i
15} i
2 7 .| \
é [ \
; 0 |‘ Y “
£ \ /
g -05 ) /
E \ Y, 1
P
1 e 5
151 4
21 X 1
) ] 1 1 L 1 | L
3 25 =2 45 -1 05 0 05 1 15

I = ST Y 2



Example#2

* Sketch the root locus of following system and
determine the location of dominant closed loop
poles to yield maximum overshoot in the step 2|
response less than 30%.

Imaginary Axis
o

B {
R(s) + K(s+3) C(s)
% s+ 1D(s+2)(s+4) 4k
s

Example#?2 N

* Mp<30% corresponds to 8
7 6 035 | 6 J
= a— B -
M =e "7 x100 gl Systemsys
4 [ Gain: 28.9 [ )
Fole: -1.96 + 5.19i )
2L Damping: 0.354 _
Overshoot (%): 30.5 '
_ ¢ Frequency (rad/sec): 5.55 \
) 0
30%=e ¥~ x100

¢ s -ﬂ"w; { .6’\” Bl

o T
W

e s 1530 ol ol o seefl

Johes Juie NP

Control systems Page 30



EXAMPLE-quiz

Monday, April 22, 2024 9:28 PM
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Routh Hurwitz

Tuesday, May 14, 2024 9:29 PM

| Example 1

+» Determine the range of K for stability of a unity feedback control
system whose open-loop transfer function.

’) O\.,.fa‘&—g..n e q%b-’m'm—s .
s3+3s2+3s+K =0

Routh table:

s3y @L 2
G(s) = - S 3 i
&) = S+ DG+ 2) ! >
sl 6K %
I 3
| 3x201+*xK 6-—K
s°) K AJ Hi= (;? =
Note: Problem B-5-20, Page 267, Modern Contro} Engineering, 5" edition, Katsuhiko Ogata c1=K
[Eng./ Kyrillos Refaat Ena./ Kyrillos Refaat Eng./ Kyrillos Refaat l Eng./ Ryrillos Refaat
K R(s) K s = For stable system:
G = — Ve
(s) SGTDGTD @ s+ 1(s+2) o e 53: 4 3
H(s)=1 s > =6—-kKk>0= 52 : 3 K
K<6 11 6-K
ST =
S K : I
C(s) iz} _ sG+nG+2) K E >0 0 : K
R Vieaianuis K Ts(s+1D)(s+2)+K
(s) B NaG+DG6+2)
= K . "
3 2 \...Por a/-.‘
5 435 + 2t K N “+*The range of K for stability (0 < K < 6
% Ch'eq=s3+3s>+2s+K=0
Eng/ Kyrillos Refaat Ena/ Kyrillos Refaat Eng./ Kyrillos Refaat Enu./ Kyrillos Refaat

D itk ok e <72

s* 4253+ 4+ K)s?2+95s+25=0

= Routh table:
2*(4—+K)71~*9_2K71

s*+2s3+(4+K)s?+95s+25=0

Routh table:
_2+x(4+K)-1%9 2K-1

4 - by = - - =
53= ‘1 '\4\:1(//4.25 1 2 2 54: 1 4+ K % B 2 2
S [2) e —s S22 9 _2425-1:0
2 12K—1 5 Z:ZK—lx o
1— 541 25 2K-1
1 2
| I 7 *9-2+%25 18K 109
Y ! 6= K1 TT2K-1
1 L 2
so: |
Eng./ Refaat EngJ/ Refaat SO'
Eng/ Kyrilos Refa [ng Ryres b En/ Kyrillos Refaat

st*+2s3+(4+K)s2+95s+25=0

= Routh table:

00 Kyl Refat \L

s*+2s3 +(4+K)s2+9s+25=0

Routh table:

2+x(4+K)—1+9 2K-1

2+«(4+K)—-1%9 2K-1

by

sT1 1 4+ K 25 V) 9 sT1 1 4+ K 2 2
! 1
$£1 2 = 9 225140 o s 2 9 _2:25-1+0_
2:2K—1Z><:25 2 2 N 2:21(—1 - 2 2 N
| ) S| = 2K -1
1 2 ls I 2 \4 ~ 5 *9_2*25_181(—109
s‘: 51:181(7109 £ 2K—1 2K — 1
' _2K-1 2
s%1 01 dy =25
Eng,/ Kyrillos Refaat Eng/ Kyrillos Refaat  Eng/ Kyrillos Refaat Eng./ Ryrilles Refaat
* For stable system: st 4+K 25
s 2 9
- J12K-1
-%1>0=2K—1>0=>K>0.5 1= 25
N:}HK 109
18K—109 T
S >0=18K—-109>0= 1 38
109
K>——=6.056
18
=22K-1>0=K>0.5
. 199
“+*The range of K for stability K > 18
[Eng./ Kyrilles Refaat Ena./ Kuritlos Refaat

25 b=
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% \,A\\s»}c c&?o& Mot 6@3 aow\pm\e»}(s)’

1N

-2

R(s) )L u\
—»@—» K e -
(s+ 1)(s= + 65 + 25)

(s—2)

cs) 6  NernTres+2s)

R(s) 14 G(s)H(s) (s-2)

1+K

_ K(s—2)
T (s+1)(s2+ 65 +25)+K(s—2)
B K(s—2)
" s347524+(31+K)s+25-2K

. En./ Ryrilios Refaat

(s +1)(s2 + 6s + 25)

. Eng./ Ryrillos Refaat
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W D Coﬂ\‘(o“c,rﬁ

10:50 PM

Tuesday, May 14, 2024

’P-—a Pr oPor‘:ioY\cJ :

T - T\J(t%reJ
D— Deciveiye

The Characteristics of P, I, and D controllers

e

CLRESPONSE RISETIME OVERSHOOT SETTLING TIME 5-5ERROR

os/. Teg

€ ss

Kp ‘ Decresss ‘ Increase Small Change Decrease
Ki Dhagrenss Increasze Increase Elvdpate
Small Small
Kd Change e Change
On-0ff Control
:4 * This is the simplest form of control.
Im L1 1 N T 1T 1T F 1 1 1 T T P FF LI L I LI L T T ¥ T 1T V0N o
g mE | NG
E T | — o 7 J i
WEE s ;"I e
= - i fF " ew 2
I_H E_ = :_ll: .J- ....IJI.. :
- |°_|“ o on = ds g
= o &
e [ ot [ lapl [0 :
= | | obf 211 3}
ll‘ﬂ el Ll i & L i ! Al L b b b 4 & |l I i L Ll i -
] 1] 1600 (B 1]
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]
' Proportional Plus Integral Plus Derivative Control (PID)

= Although PD control deals neatly with the overshoot and ringing
problems associated with proportional control it does not cure the
problem with the steady-state error. Fortunately it is possible to
eliminate this while using relatively low gain by adding an integral
term to the control function which becomes

e
!m_....l....g AR b
g [ S —— i
T
Em__ ‘ P :
B ,
m_-_ ] _555
: i i i i i _:ﬂg
T
Thoe ()

PID O(o\;—l’ bbc'rk lllCQ
k\h-‘,) ;\_/\ﬁ“’ a*o! ow(see
‘}L'«\:}S like \’ew?wj’ ue

(JOo(K \ lC( (’L«s



Figure 6.6: Plant step response

The suggested parameters are shown in Table 6.2.

m.s.L

Table 6.2:  Ziegler-Nichols tuning using the reaction
curve

1\
8.
A
5
G
cs

N

Ky | To | T

Vo
P

0.6

v,
PI KPTO 37T, ..... B _______ B _______ S
PID }{3: or, | 057, | Click to add title

3. Record the plant output until it settles to the new operating
point. Assume you obtain the curve shown on the next
slide. This curve is known as the process reaction curve.

In Figure 6.6, m.s.t. stands for maximum slope tangent.

4. Compute the parameter model as follows

. Yoo — 1
hn Yoo Jn: To i1 —to; Vo o — 14
U — U,
N(W S— —

S5 T Dap

Z‘ﬁs\‘( N(—\Ao\@‘ $€cthA mel’\ao& Pb\’ GWV'\'I "

Zeigler-Nichol’s Second Method

* Thus, the critical gain K,
and the corresponding

period P, are determined. /\ /\ /\
| VAV
Type of

Controller K, T; T bp _ J .
y Qe bf) oC_

Table-2

P 0.5K,, 00 0 5
Pl 045K X 0
" :’ cr 12 T
PID 0.6K,, 0.5P, 0.125F;
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PID Tuning

» The transfer function of PID controller is given as

C,ia(S) 1
pid
— =K K; —+K
It can be simplified as

.
pidlS) — K,(1+—+Ty 5)
E(s) T;s

* Where £
r. = Xp 7, — Ka

Q ‘/\’rb(\d i Kl + ; 4 7% o] Plant
o
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G ectr

Saturday, May 18, 2074 9:26 PM

Why Gearing 1s necessary?

* A typical DU motor operates at speeds that are far oo

high to be usetui, and at torques that are far toc low.

* Gear reduction 1s the standard method by which a motor

1s made usetul.

Drver (\ a( W S W}(&.

Fallowar

Driver

"\

Follower

w@ 'llo [6?40 0('74 Tong
fine S e

N
K
engineeringtoolbox. com \__

Gear Ratio

o Youi can galeulate the gear ratio by
Using the sumber of feeln of B griver
divided by the number of teeth of the
Jollewer. 3to 1 ratio

» We gear up when we increase velocity

and decrease torque.
e Followe ﬁ
Ratio: 3:1
¢
» We gear down when we increase torque Stams: At
and reduce velocity. moves by  moves by

24 teeth 24 teeth

Ratio: 1:3

- _ smber of foeth of input gear o Input Torque  CGuiput Speed
Gear ratin = s =3

nuniber of teeth of ouput gegr  Ouput Torque
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Mathematical Modeling of Gear Trains

* Gears increase or descrease angular velocity (while
simultaneously decreasing or increasing torque, such
that energy is conserved).

Enmey od Baiviue Grear = Bowrey of Follmeng Goa

i -E gi = f‘y,; i Driver
& N 1 - Number of Teeth of Driving Gear 4\
L)
'; - 61 > Angular Movement of Driving Gear Follswarl
N 9 - Number of Teeth of Following Gear

7, 2 -~ Angular Movement of Following Gear ' .
%eo./ (/110

‘ 59

i

[N
BE n

e

LAl e

AL
1 X iy

7&1\,«10“* Ine i fb\l':\wdwf
rotev orwdter”  olampi-a

Crigistance \ (ve ;is't' omce
Mathematical Modelling of Gear Trains

» For three gears connected together
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—r}UA/KS

Friday, May 24, 2024 2:54 PM

Resistance of Liquid-Level Systems

. T i s for ; ias the change

S TaTe:

i R
H,
y .
—-
. change inlevel difference m
Resistance = =
change in flow rate m’ls

Resistance in Laminar Flow

+ For laminar flow, the relationship between the steady-state flow rate
and steady state height at the restriction is given by:

* Where Q = steady-state liquid flow rate in m/s?
» K, = constant in m/s?

» and H = steady-state height in m.

¢+ The resistance R, is

dH h
- - s @
dQ qq
* Rearranging equation (2)
e S N6}
£

Modelling Example#1

0+q,
—»:%ﬂ

Load valve
H+h .
Capacitance C —'/ Iil —=
| 0+q,

Resistance R

H = steady-state head (before any change has occurred), m.
I = small deviation of head from its steady-state value, m.

@ = steady-state flow rate (before any change has occurred), m3/s.
q, = small deviation of inflow rate from its steady-state value, m3/s.

7, = small deviation of outflow rate from its steady-state value, m3/s.

TG 1.} G
n = Fo &
sz\hsc%;‘té’c}; h‘l\ C, h‘t Ca

—_—

*and now the @quations for ualves |

£ N b= S Re= e
; 3

QN+ fiy o
12 R|1 =|'\?_-0

_ vy - &9 1"
Rohogrh g

]

Modelling Example#1

RCsH(s) + H(s) = RO,(s)

Thie sansfer Binction can be obtained as

Capacitance of Liquid-Level Systems

r Control valve

r Load valve

h
Capacitance C _,/ ':*: —_—

s

Resistance R

dh
A g
@ qi 490
o
S o ij e {ff)
il

T =
= valw | aue -
equd 'C'J\s\ ssc= valves
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Name 1D

Q1) write the differential equations to describe

Pump 2 /;
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é (ec/ (o M&\r-ad\.\ CJ ‘sbé \‘ems

Tuesday, May 28, 2024 9:59 PM

Example-2: Armature Controlled D.C Motor

Power Transformation:

£ oams

WiGiGr

o T
T Abir}

A

whtere B tornue vonstant, Ky velocity coustant For an ideal mictor
—_—

P

Combing previous equations results in the following mathematical model:

" eb
L iy R G K o ow oy C’—Q,QQC(:T\C&J S")bi'js}‘a""'

£ : B

<t —
e B el“Q = S W\_?-W{AW CJ Sv)b SJSLQM '

/r oV
Example-2: Armature Controlled D.C Motor

Input: voltage u
Output: Angular velocity o

Electrical Subsystem (loop method):

=R +L, —2 te, where e, = back-emf voltage

Example-2: Armature Controlled D.C Motor

Taking Laplace transform of the system’s differential equations with
zero 1nitial conditions gives:

(Las + Ry o) + K, 269 = U
(Js + B)R(s)-K 1,(s) =0

Eliminating 7, yields the input-output transfer function

w4

UG) L,Js*+(JR, +BL,)s+BR, +K,K,
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Example-2: Armature Controlled D.C Motor
Reduced Order Model

Assuming small inductance, L =0

6@ < Q(S): (Kr/Ra)

Us) Js+(B+KK,/R,
anfy“’ (s) (B+K,K,/R,)

Control systems Page 42



Matlako

Wednesday, May 29, 2024 9:03 PM

.)Q‘A\)S\\:S uavt\ojo éo \ :

A

—

o0 W B

Control System Toolbox

Transter Function

- Consider a linear time invariant (LTI)
single-input/single-output system
y'+6y'+5y=4u'+3u

- Applying Laplace Transform to both sides
with zero initial conditions X0 = o /X o\ O
Y(s) _ 4s+3 >X0) = O, X©)*

)= U(s) s*+6s+5

=
=

— 00 7T O T To o OW>rXrr HXr:

=
=

— 00 HTO0O T TS oOOWrXrr 4=

==
=

"o 04— 0T TS OoOQOWXTPr AP

TMLSSQE::ELASVStem PRk r \/ \bovB\O& \Oﬂ [L( © 3‘3 9\»)\& \O{, K(;/l O/B

\\( O A 451’)(% \

— 1 ?" . w2
>>num = [4 3]; >> [num,den] = Lk S O% ‘\

>>den=[16 5] tfdata(sys,'v")

>> sys = tf(num,den) num =
Transfer function: 04 3
4s+3 den =
1 6 5

s"2+6s+5

Control System Toolbox
Zero-poie-gain model (ZPK)

Consider a Linear time invariant (LTI) single-
input/single-output system

y"+6y'+ 5y =4u'+ 3u

Applying Laplace Transform to both sides with zero
initial conditions

Gsy= L) _ 4543 ( 4-§)s+0.75)_
T U(s) sP+6s+5( (s+1fs+5)

Control System Toolbox

gain model (LPR)

L

Lero --pi}gfff---

S gysl= >> [ze,po.k] = zpkdata(sys1.'v')

zpk(-0.75.[-1 -5

e =

<:::> -0.7500
po=

Zero/pole/gain:

4 (s+0.75) =

___________ -5

(s+1) (s+5) k-
4

>> s=tf{'s’} €
>>G=(4"s+3)/(s"2+6"s+5) €
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=

—f0 o0 HTO0 T "o oOmXrr HX»r =

=

"o 0T O T T oW PrrHdr =

Y o 1
\ \owc- R 226545 s2+65+5
ae 3;1 s

LT oo T o0 ™" ToD oOQQWrr 4> =<

=

—

>> s=tf{'s’} €
>>G=(4*s+3)/(s"2+6*s+5) €

This is the way suggested
for the new versions in
matlab

Control System Toolbox

State-Space Model (65)

x=Ax +Bu

vy=Cx+Du

where

X state vector

u and y mput and output vectors
A.B.C and D state-space matrices

Control System Toolbox
State-Space Models

- Consider a Linear time invariant (LTI)
single-input/single-output system

Y'+6y'+5y = 4u+3u
- State-space model for this system is

I Y s I e

o ] Yoty

* (4s + 3) =

= >
| <

*

e,
X1,X2;  X1'=X2, X2'=(-5X1-6X2) +R
In Matrix for T

T e i
SB o s
i i

Control System Toolbox

State-Space Models

>> sys = ss(I0.1; -5+],[0;1],[5,4],0)
a= €=

x1 x2 x1l x2
x1 0 1 yl 3 4
x2 -5 -6
b= d=

il ul
x1 0 yl 0
x2 1

Control System Toolbox
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Control System Toolbox

N

(=1 (=1 (=1 (=1 (=] [=] (=1 =] [=] [=] (=]

tate Space Models

rss, drss - Random stable state-space models.

ss2ss - State coordinate transformation.

canon - State-space canonical forms.

ctrb - Controllability matrix.

obsvy - Observability matrix.

gram - Controllability and observability gramians.
ssbhal - Diagonal balancing of state-space realizations.
balreal - Gramian-based input/output balancing.
modred - Model state reduction.

minreal - Minimal realization and pole/zero cancellation.

minreal - Structurally minimal realization.

N

Conversion between different

[BEAYA L ]
tf2 -
Transfer SS State
funchinn |- Lnace
ss2
tf
zp2 ss2
tf2z Zp zp2
p ss
Zero-pois-
B
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More M(«/é

9:56 PM

Wednesday, May 29, 2024

Control System Toolbox

Time Response of Systems
«  Impulse Response (impulse)
»  Step Response (step)
«  General Time Response (/sim)

«  Polynomial multiplication (conv)

«  Polynomial division (deconv)

+  Partial Fraction Expansion (residue)

= gensig - Generate input signal for [sim.

Control System Toolbox

Time Response of Systems

Problem Given the LTI system Pri
35+2
G(s)=
e/ 253 +45% + 55 +1
Plot the following responses for: Ple
m The impulse response using the impulse command. m
m The step response using the step command. m’

m The response to the input u(t)=sin(0.5t) calculated using | m ~
both the 1sim commands |

=

_;I‘;:

Frequency Domain Analysis and

Design

Root Locus

system

[=1 Plot the root locus of the following

K(s+8)

G(s) =

Root Locus

2]1),[1 8 32])))

naghary s
] o o

—TuU U4 U T oULUOW, VU 4T U TTTD OO OWETT

el
fi \

s(s +2)(s* +85+32)

>> rlocus(tf([1 8], conv(conv([1 0],[1

Root Locus
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Control System Toolbox

Design Tool: sisotool

Open-Loop Bade Editor (C)

150

b7, 056 0820200044
T M etoh o

100

Fred: 39 9 rad/izec

Stable loop

o e :
100 152, . Ty ———————f
it T AP P 72.9 deg i
bz 0.56 0420 0L Freq: 0.904 radisec |
450 - " ~ - . b .Ij, . ~270; oty Sotent Paphtalati e
SR S “5: =g 597 19U 5™ 10" o 10
eal Aucis Frequency Cradisec)

Design with root locus, Bode, and Nic.ho.ls plots of

the open-loop system.
Cannot handle continuous models with time delay.

C ﬁw«{)\o-

+
R(s) c(s)
+ 45 ‘ EL
fef 4 ¢4 ¢+ 2
REs) ($*+5+2)(s+2) )
45
REs) s +3st+Bs+4 Kc(‘g)

close all;

clear

p=4

q=[112]

a )

" s

s

b = tf(r,sTjL

¢ = series(a,

Ans = feedback(c,1,-1)
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Reference > Language > Functions > Digital io > Digitalread

d ig i ta | Re a d () Reference > Language > Functions > Analog io > Analogread
analogRead()

[Analog 1/0]

[Digital I/0]

Description

Description
Reads the value from the specified analog pin. Arduino boards contain a multichannel, 10-bit analog to digital converter.

Reads the value from a SPECiﬁEd digita| pinl either HIGH Or LOW. This means that it will map input voltages between 0 and the operating voltage(5V or 3.3V) into integer values between 0
and 1023. On an Arduino UNO, for example, this yields a resolution between readings of: 5 volts / 1024 units or, 0.0049
volts (4.9 mV) per unit. See the table below for the usable pins, operating voltage and maximum resolution for some

Reference > Language > Functions > Digital io > Digitalwrite Arduino boards.

[Digital 1/0] Reference > Language > Functions > Analog io > Analogwrite
analogWrite()

Description
[Analog I/0]

Write a HIGH or a Low value to a digital pin.
Description

If the pin has been configured as an ouTPuT with pinMode(), its voltage will be set to the corresponding value: 5V (or 3.3V T I ——

on 3.3V boards) for H1GH, OV (ground) for Low. various speeds. After a call to analogurite(), the pin will generate a steady rectangular wave of the specified duty cycle
until the next call to analogurite() (or a call to digitalRead() Or digitalwrite()) on the same pin.

Reference > Language > Functions > Digital io > Pinmode

pinMode()

[Digital 1/0]
Reference > Language > Functions > Time > Delay

delay()

[Time]

Description

Configures the specified pin to behave either as an input or an output. See the Digital Pins page for details on the
functionality of the pins.

: ’ - : " - . Description
It is possible to enable the internal pullup resistors with the mode 1npuT_puLLUP. Additionally, the InpuT mode explic

disables the internal pullups. Pauses the program for the amount of time (in milliseconds) specified as parameter. (There are 1000 milliseconds in a

second.)

Reference > Language > Functions > Time > Millis

millis()
I IS Reference > Language > Functions > Communication > Serial

e Serial

Description [Communication]

Returns the number of milliseconds passed since the Arduino board began running the current program. This number

will overflow (go back to zero), after approximately 50 days. Description

TR

Used for communication between the Arduino board and a computer or other devices. All Arduino boards have at least

one serial port (also known as a UART or USART), and some have several.

kT’A.eAc. AN ;Suns\' Qof WAJeTS\'uV\ 'wj \'Lc Cocpc. . )
é\ld’\l \(\“ 1S n Tc.v(u no S\iJes
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