


Conhrol
[aplace pavt (13

$CE) — Lindl  taplace L #er=- F(s)

4% lr

mverse : s = FC)
3 3 cases for parl'ial draclion =
= vmr‘cpel-eo( fackonm

—repeked fackor — PLELLBss Jr s

=) Complex = paLl Yot Loy oyue

e

(8*) (s+2) (8+3) (s*+as+)

Ex*

0) unrepeted : g(s+3) (s+3)

= K ke k3
8)(s+2) ( S+4) S S+2 S+
K2z —12
8(5+3)(8+8) | _ gy , . [FP——
(S+2) (s +4)
s=0
-ak -4t
=249 -12e" -ye
laplace part (2) &
Q s 8(8*‘) = ki + K 2 é S LG ..?; YJ";“‘-' -du'{_sw
= (5+2)* S+ (s+1* :

/ S0 =p 8= 2k + K2
R(s+) = K(s+2)+ K = K-8
\ §=2=> % = ) K2:-3

B JEY g
Ex : Ks +k KiS +Ka 4k =K

o Kils+) + (ka-kn)
stias+S stras+1+y

S+ %% (2)*

ki (s+1) K2 - ki
+

(5+0% 22 (5+1) % 2*

= S Bl G Sx(S+2)( 8+3)-

-t -k
= Kiesat.e +(_’ﬁi)s;nab.c
3

Laplace port (3)

Importonk cuse s Find () dhen (L7 2 x(s) —s x(k)

)"(4- 2X+2X = 58w (&)

g
X+ 3x+2%)={(5 gk \
=5(=7)
X= 8 X(s) - sx(0) - x ()
X= $X(S)— x(0) g 2ol
B - xX©= 0
X= X(S)-

(s+%)*/csr*

(s*+58+3) (s‘)((s)— s x(0) -5((,0)>+ 3(8)((5)—)((0))-)- 2(x(s))

X(s) (s*+3s+2) -5-3 =

S*a\-
X(s)=_"5 “+ (SA3) .
(s%+) (8% 35+2) (s*+3s+2)
park () : = = CiSHCe K ke
(st1)(S+2)(sH) S (s41)  (5+2)

5= (cis+C2) (S+2)(8+1) + ki (S%0(542) & feo (s1)(S41)-
(@ S=-2 : 5= Ka(s)(-1) = k2= —].
@ S=0 8 = C2(2)+ ki(2)+ K2 = 3=Ca=+ K.

@ S=-1 ;. B¢ (CI+C‘I.J(6)+ &i(6) 'P['U(‘-{) = 3= Q(CH-C:)

+ X K\
@ 8=11 5= ki(3)— =52
©icas Va|=r|Ci= -3/,
PW‘(‘(B)= (s+3) _ ki L

(s*+3s+2) (S+»  (S+a)

(S+3) = K(S+a)+ ke (8+1) -
Os=-2 : | =-Ka Kz = -\

@S:—l: 2= K K= 2

(R)s + (?')+ (2)

2 2 1
s, 1 (S+1) +ls+2) + (S#4) * (542)
3 1
‘_71_) -k -2k [-(z)s /2 _}
(ﬂ e _(2)6 -+ s%*) S%4

-t - =
= ;qJe-(:z)cgb-; (’;)Cosl: + (?{')Sinf- = X(¢t)-




loplace port (M) : Anotie case =

(0) ocivnu,t volwe Jheovrem (FVT), @lm'hb( value theorem (IVT). will hawe two equakions.

FvT.
N E(s) o find <7 =~ L

N qyT.

£¢s)os) —s lim

Ex: F(s)= _3%3 | fud e (FvT) fhen (LUT).-

(8)(S+2)-
Lim <m.i = 3/a. 5 Llim [(s3.5%3 Yoo =y equakion (1) for (0) : Fo Hit kixaBix,+ Bg (Fi—xa).
S—Q (s)(s+2) S+00 (3) (s+42) 0 A}
’ (2) 9 (Xq) 2 0= Mixs Bs(xy-%)+ ByXy+ Bz Xa
Maﬂab code 3
-4e .
Ex: fey=te => (L) 3 e W E_/tct‘r/ca,e Scysl-ems
syms ts 4
Laplac (& * exp(-4*E)) = /(51-()1 )} — -h'lmpeJance 2
S 3
IV Ze—=—wl
S(s+6) Cs
EX:F(S)‘-' (843) (s%44s+18) =b 2 . o 2= L.s.
Syms ¢t s
ilaplece -- ----. - r]Zeq. in
Series : Zeq: Zr+Zct ZL
Hckomicod Sustem : always witn one X Ppavallel ) __ - ' v 1
d N el ) Zeq ZR*ZQ,*ZL.
k woe fixed
—»O\ D,c._l—’ « o ch:e.
From mASS n Vo = is fhe volhag o} e
—
W Pl avssmshl (X 254 4 element puak pavallel fo it .
'Lu-'-:-‘/\ P ERE ) OVo bl sue = * Vi ;is the 00”'136 of ol
Mo M. % _ — Aemeunls .
Xz S x(9)
kK — /<-X' Xz s x(8) .
c —sc-x | xe xcsd Saluhon 3
Vo= LT ol _ .. [0)
*3 Damper —y lived : ePlected by anly one (x) | P I T c-s Vie ToZeg -~ ©)
. 4 9  more tha 5
free : “ ane (0 X T oy = RLs 2 RLs% + (R+Ls)
R+lLs c-s Lcs'+ ReS
Eno' the fronsfer /:nncfl'an
= outpuk _ x(s) — Ve 7. ()
in puks IR 1. ¢ - = & (1 ( » |
A\ b4 <PLS L5 Cs &+_l_)
the Soluk-ion 3 R+lg t s/ R+ls s
F=Mi+ Cx+kx = Ms*ts)+ Csxcs)+ kxes - = N.C .. ==
RLcst + |
(]
Fi)= x6) (Mstacs v+w) o XS N

F(S)  ysycs 4 k-




EXum \e
P

o“ E_lech"\cmq Sa stems:

Vo= T 7ec| R

s closed — Loop

©f
@ £ :
R

evvor robo

C > Hf: 7@&’@9 %mck 1"7‘55}1]‘{‘5%\ ‘;‘,{u\x&«ﬁﬁc‘:n
& W NIRRT
Gl
A+ GH

two block

n Sevieg 3

o Sl sl e

R B
¢ I
¢ | Zeq oT
) T
K X = Via.
Htﬂ #1: h‘ﬂﬂspcr puhck-n
Vo —I - Zeq
= =
Vin I - Zeq ! >
m
lec (6)  transle, Lickene
Exwmple (2) F(s)  s%+2.
1 1z
Y .
g Camp[cx Vool , $ys. withoud- complex
a2 .
% X 1ia /s Slow
2 . Siwo@mgQﬂ&
S22 —» <=3 J bg'vui‘v"‘q’(“
Real l ”
we Core aboul Jominen@ A= Thl
e XCS) 000l
Exomple (3. Fo~ sws+z.
L5
? o U L, -al -ost
& (os)= (S coefficienk )/,, g =€
£ )
o)
a8
- -5 in Hhe_imag iory i¥s ﬂg?um%
Lral
Sin (/.l{é} ov- COS ("4’(’)*
if [ have o B=Red Bogt — 5 will be in x-axs with no vaibrafion .
@Elock oQioSram :
—_— X
= + Z2+Y. b
@ ‘ - . .
T"’ REEr Jaee oF
X 3 Pﬂ.y\,‘ x
X\ >| }&G{‘
7
,,,,,,, ;6 X
aamplc e Xz=aiXi + A2 Xe—5. —=» *__la, > -
I p X202
ai Xr + Az )
azX2 i >L\< »X3 Lol s
\»/n o 2:/4 5 5
A—
e -
\A 73 \ l
N b
X m Q) Xoz & m_ *p \YX' 0(1'
L
" i{f‘  Sx
: X3 a 2% 4 ak
DN LT W R L G
X _ ~
T %)Exmrﬂ—

(\‘lﬁ _j/é?) (@f‘eg B (j PAPORL PP o
Lec () T
B/ocfé a(:'a rom  reducHon &
S0
Sa-(
R | .
—>(\,/ >@ S+ <
S R [+ K(s+o04
=)

G Gz @3

N\

I= GiGatli+ Gn Gz ¥,

+ G GGz




Solving it usig Mosone Fude &

G,sz G3 *® Al«
l- 6,6;3”1*‘&263”2 + G G2G3 N

C . EpPac_

P o
+0 o= 1= lops &% \
= ) - — =
S+ G, U= P 2/

Gom) p\ne  bloek vielall OLSLY: 2se 35l)L
-V ‘11703_1! Y Dol o
AP b5 BN Uil ) B WD o s e— B0
//
oi=(l-0~0-0)=1- : N
( (- s —al
/;""SJLE’W{’/P o ﬁ q@ V\/C’H

NOUOZ/LS Q?& S

T-F- & > @ I:____:w'— bo fhe sume | 3
oA point--
(uu(oudﬁv\a to e choosen paHn)

| aAk<(1~0) = |

|~ (glmps) oo Qmm‘ouch‘bj — 3 ml-mdn'nﬂ
Lloops Leops-

—— A —=—0p
L= A-B-C
LigD i []
c

I_q__D | ( l.c G.D-€

\\ LQ Non ILOMS ‘l;nj me.S

T = —

A:

P= 616263

ak= (1-0-0-0)

A= 1= (G,Git = GiGa G~ Gio Gz Ha ).

Lec (S)WI
Sﬁmﬂ; State Qspome :

’o? valwe over fire %aval— vodie s colled  auer shol-.

n . .
for Example CJE‘QSOI if 1 v)ek 270 then (s oguevShol~ %4

7 . - ™ : .
te  Lime from L//O/‘%/) : 390 -25 = 325 (loz. - =oy) = ?;se fime .

the bime whea its skable with (27) drom 250 =+
fhen the $ys. yeoch —;h_c .s‘/abf//é(/- <5ﬂ3>
if iF reoched 300
then £ over Slho b

- (57225 ) #100

r»bom 98/ to (2%

.s'/ﬂb/'//'f; -

Stead{y—state

Transient

@ ;T:S/’ ON!QV‘ Sds" (4724 u_cr"txj /Dorrf:'al Feoetion -
"Zm %’%S/- response effec# goes fmSﬁ
S0 e will have He dominaud root

we gure alboud Complex roof. (lxs# behowior )

st Grdev ic wbpd Rl Fooks.

ces)_ v L
°0s) e R(s) = S (S'»(—ep respomSe)-

CCs)= | ) = ! =1 _

Ts +1




@)::sl- OrJev/‘ Sdskcm

£

CH=1-€

Hen with juverse laploce fransform

if =T = Step respmse  c(e)= (1-031) = 0.43.

(luc could have 9 vooks

in cose of /wui:j aug one real wtoak
X oue S€ thewn veal-).

&#/’Mj bime. when E=H4T.
(/E: RC I usedd  heve in hme.

First — order system
TR cg,,JOQ be u.secg b meansure.

Plot c(t) versus time:

) L A

#e__capocitor-

w S/oo() 5“5/5@,

Rise me 2 (ﬁbm Slep response éeJc Aam ({az to '-‘{0'/)

7 < e i

Time (secs)

rn= 22T

«S;Fffx'nj fime 2 (Q'/o ﬁam j[a\um«p Vodine )

Cs=47T

X-axis. W (o~63*f‘;an'ualuz) 3> vk e (30) u——w:cu

LCC (q\ Tw.

@ Second — Ovder SYSEenNe way much better -

H“‘S Ss/g/w_’m Aa& o 5‘@/;[- Quer Shol- .

We wifl two complex voot :

2
Gy-_b W 5 Sidehormain
:52+as +b - Sﬁ-aéwusﬂw;‘ i1 Fc complex-

Complex > (_%.q)‘< 5
C =) = mpe}ea{

Wh=Vo 5 2SWnza, "c):gq—ﬁ)— \—7é > =>real-

Poles; _mnc"'@n\agz =
—mng—mn\,éz -1

é'<)<x

Poles are complex if ¢< 1!

Second — Order System

C(s) w,”
R(s) s’+2cw,s+w,’

T(s)

$) =L@, + ja1-{°

{}eqwnca, -

dumpfr:j G\SCIM”"‘CJ
N B

Re

frcp-  ——Cm
(8etHing time). (7 TN sy -
( Al A== |
L 6 =tan”| V125 |
5, =—Lo, - jo, \‘"vl -¢? 2 )

cos Q:olampinj yodio -
Mapping the poles into s-plane

M’o — ok x-axis=| , y-axis = zevo (COS@)
Lé:q_/é =) ‘bﬂf’dfﬂ{ Criticedly Jmmpegq- =
W ¢ >1 =>real

> Overdomped. 5 2 read roots -
b &< 1 = onple
&=0 Mv\ofampeef. e ( 0< &< _"(/("00""0(“”9?01' Cuuowl }-e))

Given that the closed loop TF
2
_C(s) o,

T(s)

CR(s)  SP+20m,5 4w,

%oﬁnof vise  fime —» [T€0A)= T (01"
o

6 o Scr/?é[/'nj bme —p 'CLUM% ==y =» £= & Wn

(A) For transient response, we have 4

specifications: g o 6 i Redian

a) Tr - rise time == 77—
@ ,1-¢”
(b) Tp - peak time = m”ﬁ

(c) %MP - percentage maximum overshoot = _\/

(d) Ts - settling time (2% error)

SV =8t (e o

EXM«M/D/C ‘ér UvJuJampeo?
GC$)= 3¢ :

S% 4.25+36
Q@WM = o(mwlpr'\t; valio = 4#.2.

gxwmp(c 8 (/lvtg[(mo(ampzj:
(5(8) = _100

S% 1SS + 1o

wn=6 , &=035

2 Wwn= 10 5 é: (£

_ 0TS

g =4 =osms, O0SkH* e V""" _ 2833

s:+;ls+b
CSY= R r@&(S):

Overdamped system

C(s)

-7-86u E -6
C(s)=— =~ - k+ke +kze
s(s*+9s+9)[  s(s+7.854)(s+1.146)

-7.85Y4 =146

(no comple X
Sanvk )



Underdamped Response

sT+35+49

0<E<l

2.598 + K, sin2.598¢)

§=0;s=-1.5+]2.598 ( two complex

poles)

ct)=K, +K,e™ + K te™

-3,-3 ( two real and equal

Undamped Response

c(t)=K, +K, cos3t

s =0; s ==%j3 (two imaginary
poles)

/amc [LSion

System

~—

Pole-zero Plot

reed port = Selkling hime

;mogenagj = fre C}‘thca .

Response

@E-;;p )74 S«co:d ardev Qas\—cwng
(27

lez 22T. y oo /[/[P% lﬁw} ovlen

sk Ovder

eq uekion

Tg=47T
|
EXmmlD/P 334+ 2 );)

Y
Secomoq Qvdev é

Exomple 2 £ _ 573
R

S"+$+ 425

cas €=é ) Ts- 5,—7,0.,\ Secov‘&

Was | veut " imog ) Q'/‘&Q\P
== = T eC{Uﬂ‘};OWS

len  Couse  Jins) X% SCComoq Ome i~ fhe Some quash'on-

_l-n-li)
*.
- W=z



Lcc_ (1) =

S leaot@ Stale Evror #’ld{ysis 2
Design_in Gentrod  ovoundl Clritical domeed.
The fuindd vaduc i an_Indicafor fon the accuracy .
accuracy —> ampunt of evtor = diviebion from Lamad value.

(%s)
(*<)

Bllil e (Mlovtw) gopm o i platl g Azlais Akl
S ( | ) A ] S
—=0) & (60) yesl 0l (*5) PLEN g

)

[est Waveform for evaluating steady-state error

Time
function

Physical
interpretation

Laplace

Waveform Name transform

Constant position

Ramp Constant velocity

1,

Parabola Constant acceleration =

Steady-state error analysis

amse (2) if R(S) =250
R(s)
Unity tHesd= 2 . =p Hren
feedback
H(s)=1
£¢s) =0 when CCS3=\-3_§
Non-unity Complf ca!—ecﬂ 8

feedback
H(s)#1

(/{”"”j fccﬂmk = E(8)= R =) & SYs. eiron-

Mon=Unity Jecd back i E(5) = RU5) = HS) - CLS) i Actuabing  coron.

By Final Value Theorem:

e =lime(?) =

iSIS]
{—>0

) CLs) (<)
Uw(\-y Jeed backe s El= RO-CUSY s Fgon ™ ﬁ“@dg

[t:’csr—&
[BATES)
for Gi(s) tfo jeF Sad] ervor~.

) hish vedive

ov- 0O
congfanl _ mos £ pawewﬁul
0 = El$: ——— 00 =
Zevo o = Confroal fooll -
wm s E(S) )
Case ) =7 Resy= (s . Css = I's_.so = Se_ /5 = lim !
V4 &(S) S0 4G (s)
9(55!4"7!'51\7 kb_ {m G(s) =t lrm \l = —\ kb:S‘ﬂ‘-'c posih'on
— S0 yags) |1+ kb Evror comshomd.
flow fo gek (00)
_r
Qif N0 = kp=constanl-  €5s= 1+Kp = Simive = coustout
L,
@l.f P2L= kp:inrinih: ess= 1+kp o -

as the fype of sys. increase (Ao31) the steady stabe evror goes +o zevo.

Casc (21 2 P(SJ: (l/S"l)

Skot-ic veloctty cveov~

\ Cevstank.
lim g,(/s— > /
Gs= 200 I+-G(S) s—~o S+ S:Culs)- ,kv—‘t_ra 56
[ . ~(s+2i)
é. = = <v= 8 I
= (im SGCSY Kv ? REAR A
1
@r'f -0, Kuz=0 = Css= 5 =D
) A I
@ if Pzl 5 kyzfinike =—p €sc = Ku = zinite.
' Dokl HIYI ¢
®@if NZ2, kcikit —>€s5= o =0 k=oo
€s¢ s Lw ol

I
Case (2) € £ls)= (/52)

[ S¥ Y2 . ¢t A
= 1+ Gls) = 50 g24'Gle) Lim $*Gls) Ker-

6;5 =

S-20

CE SM/Q acceleralion evvor aus!—am@ [—km— _é_".'o SZG“)_'X

D N:=0 o kuz6 —3> Ess = =

@ /t):l
[}
@ N=2 4 fee= conslond => C55= constot- = fite.

o

,kﬂ:O =Legs=—°—:°°
@ ’U 3 kol mﬁm’- 1 eg;
/'/Lcwms/«j Sys. Lype W) el accommodake ntore diltlevent- inpuf—s.

if Re)=(2+36) uce)

Lo s.teao"/—sla/c eron s

2 & 2 3 0
R(+) =@+3E) ule). => s ROR ] Ry k_vj g
\Ve4
[ Ap= tn ("' Gits) = s k:érvv\ s Gr(s)= 3/2 S v
) -\ -
= €S$= A ~+ 3 = 2
oo 3/a.

SILML{J stale  eovor ¢
Types of eveovss
© Step unit 5 ko-
@ ramp -
® purbolic

Lim

S0

G(s)

k: S—DOG(S)'S

ka = @_’:‘0 GCS) © SZ

Example & find fhe € = 3ulh +2t

»(3) Confroler

— romp 2 Kue [6":0 Glsr-S« k.
s

Lim 2
fic & Kaz g GeleSTe K
purab fic & Kaz gq0 =




Q2 3 (1.5 points) Find the steady state ecror to 3

N 1 | 1
o ) " i+ " Feds+ 0

step input the following
—_—

K= é!_':, Gt =1 5 Css-= ' = 2% evvor of

I x 20 0 0 al :

* 1+ = Step um-.:-‘
>
[}
/es:;jn a controler) to achive Css=1 when the inpal- (?{)
van® i
ko = g-'-"ro GCS)'SO = [;(v:_k_jA = Css= i =0 2 k=20_
20 Z s

gXanp(e 4 J-_;\J 85; Lr Rcs) = Sult) + 5¢
9 = s

aboul fune JOM;V\O\V\Q—
_ 3
il o P

o

useof +o Expresses

Per,c'ormanca H

(/(Md/jan the (n /5\6 Ecg,L rpd/oy\ H/le

imaginany axis

o/ormp/hj rabio X | _or 0.9

Imaginary Axis

Gs)-H(sd= @ @

(repred )1.:;:4;,,;%\&’5"_’%

S Ay point-. =1 =P 8o LM UL S
7 X 6 -5 -4 -3 -2
compler  Slp oL Real Axis

130 T 340 - 120 + (2)(360). -

for exomple & Poia- (-2, +3)) LGHE) = 2180(RK+D  --(3)

& 5

-2
Yo will—not aclhie _the PeWyCanamce == € , 2E= "M =P =.

fee=\ 5.2y i PG 255" op Losyl) PGS Do\

assawn'r:y G = K _ &G(SIHCS) [oereres HS) =1 .

S (s+1)(s+2

Ay complex yalue com be preseabed by the  wagnitide —exp Q.-

‘S-L‘.u Ly 0&l b 0 Ll a4y qace! des “i\’i‘d\f
LG(sIHGsy = Lok~ 2s=-Leswo - L(sw) .

(xve) ge Capds 2225 Uipss >

bp s biss G550

Z&(sJHCS) =L k- [Is-[G - L(sw)

Leb s fake poink (-3 : LGUOHS = 0 =13 =[=2 - f=1 = 180 - 180 %0

180 -360°—=p .20 O S ise

V80 &L, S o G

5
pint (-15) => L GIOH(S) =0 -120-180+0 =260~ pot part of Rosl
= Loc US -

Por F C2)
the mcltjm'éua[e of sy H(s) = ) =} /&lS) H(SJ/ = =p /4‘: !
| Geo 1)
if (S:-g-zs) : GilS) = K = o3 =] =K =)
s (s+®  |(015)(075) (175) | [-0-328]

K=0-32% .

we oom kwow e pew/;rmmce from _rised] Home..

29.

Lec (12)

QOL— Lo cus  (2)

lASiv\S MO\E'(MB

s=tf ('s")

wet
¢ P"’Go’m-”
b‘;N,MJ- S
e

£

9= 1/ (s*tsm) "6+9)
rlocus ()

VST BN osPat Gt IV
1(s coff.). A2 BAL
2

Mc /-\/pc aﬁ 7uesh'4ms s (o chofmine e vodue

of (R) Such Mokt - -- -.
@ VAR o{amP"U vadic —=b Caz cos@ =p 8= cos ()
(rook-loc) damy vss NI 403 (©ins

ZMEy)

@PCVS?"‘!’ Oﬁ OUCVS'&oé —=p é: "'V'( 00
~|7ft+{m’ /ﬁ) |

too

all points with the Swne (39 hove foe same
Awwping vodio X parsend- of  quershot .
(Aeequancy Yo de oL bdi (S Alns sau

(ea>! o 3 Pladl 625 P dwmdl o (O) prbe Pl

fwe vooks 8
©-812-0:3337+ j 05780

@_Ss= -03737 - jo.518%



249

Lec L12) Qo(r LOCM-S C2)

|

- =8 0
l[(" /S(.S+I)(J‘+2//S___c,‘333—,+J-,,.5-130 = |—f-0359~q—-l.28¢|0 Jl

® $.=~013557+J' 0.5 780

Heen we use (b Lo find Hre
veduwe. of  (K)-

2) Si= -03337 - j 0-578
:> 0 )0 7180 "77‘

K< 1:0333
Hhe Hpe of gueskions is o Jetermine the vodue
of (K) such thot
Ol nkursl fleg

,/

M ol

S FAK RV e (WA PA T

0.2+0.9 /

wlk,.n.n.\

(Ky) B (905

Scl—l-{ig time
denping vatio
30 (
Lec (13)-
'POGJC Lo(_vxs (3>
Ve coe aboul- JWMPM rallic o~ Seltling time .

Root Locus Editor for LoopTransfer_C

k> K\

settling

K< k<& Ko time line

Acceptable area

Percent

" overshoo
tline
or
damping
ratio line

Gcceplable avecr & ot vy Gr

K<k Cad s

210

Lec (1) Rob (ocus (u)

Q5) For the following system design a controller K in JMeklab :
to achieve a damping ratio of > 0.95 and settling . (6.95))
time < 4/5 T _ =0-3287
o (823)(s%5) = .
o GiS)= (S+0) (s+1) MR e aes @) ¢ (I”/P')
= 18- 19yq

20 (18) ket (X) W v S~ b1
& /'ua ) i vt
0% 0:3287 = 2287

ScH‘ff:j bime 2 % =Y =p Js= -5
(0:0) .
o Me Sldbio  0<kZ K
§|'=’"8'% +JQ‘75 llu\. Maf'{o‘b

Sz %% + 27 ¢

9 - (s13)%(515) /([s+ta)’(s+(|))

k=abs (\/g) = o0-345I
%“’l’WI/ om{w ¢ 0< K< 0-3M
/P
Ig?@oC’ locus 3 Lol % -
)
I’ﬁ Stﬂ‘[l':tj time <3 S o @
MP7-)

oo

@oump;nj cokio or ZHP = &y =

()
é = cos @ —p ©O= cos (01). —-- @

H‘CV\. éou\ (0) - ...

ton (cos(£)) = . —

- @

e Y N Ay Pl Gt

(€Y 9 Yrgas (X) D &L .50

(\\j):“?-ﬁﬁ O ke

find tne (S)s valve for ki 2 ko — (D)
Ci >X =t %(WD%S ler an acc e Pfance regiom

’& Z X —p 4 o = (3 « @
/ﬁ’t '— _—
[ GiCs) HCsO| @




Q&oﬁ/ Cocus 3

H(s)= (s+1)/ (s72 +35 +10)

RootLocus (3% @
T - - o - - - - /
" (k)V :
" X
qeeep fance / /‘/
; auneci— N
== ‘

é 7 o-7 231 » Scede = Een (©)
(v ' S il =2
SeH 8y e = w—&_
Si= =23+ 245
=p - | :|S7'+Zs+|o
Si= -2 (GHe || (s+1)

K= 1652 . s Ko =2 —s l‘<\<k</<’1
[ 662 <k <&a.




W3

HMefla

anroL system loolbox &
Esfér ;Cuc#ian ozssumig Zeva 2mll'<'oc( cauci"h.ﬂ‘w

Example ¢ Y% é\/'+ 5y = qu'+ 3u. 0) 7;.6-{;» ﬁncﬁon-

S2V(S) +68 Ys) +SY(S) = 4s Uus)+ 3ucs) =p Y(S) . 45s+3

Wes) s2165+5 -
>> nam=L4 37;

352 dlame TN 6 S G=tf (Cq 3),L1 6 s1)

>> G( = 5£(mum ,Jem)

@ Zevo — pole-aain (Z Pk)

_ Y(s+o0.15)

Yes) . 9s+3 |
(s+1)(S+S)

ues) s%6s+S

Gr=ZPK (E—oﬂsl 3[";'5] 54 >

¥ /Uormaf:
G- (lf,:S +3)/((SA2)+6"§ +5)
@W:-SPMC Mojel (ss)

Is+3 X_{ :

, X
R $%+6s +5 R sY s+ S

R=x"+6x'+5x
Gl e

v= 3 4] ;L']ﬂu[o]@.

S=tf¢s’)

y =

), }1: (4s+3).

Y= dx'+3x

Gess (o 1;-5 -61, 311, [2dl, 0)

]

Sym bolic g
A oLy _ x |
= Solve 7415 dll/l/: equ - Ix =& _;;

Syms Yx)

egn= diff (3) == exp (-/x)/x"a

cond= Cylo) ==171;
Sol| (x) = Jsolvc (c’qm, canj )

= SyS,Lem ap O(I'/)Ccfé’mlfag eqi~-

dy — -

Jz:.
de de J

Syms._ (k) z(¢)
equs = Cdift (yey===2
Sol = dsolve (Eqm)

Sol .z

Sol .\j

difE (2,61 ==37]

Cr+E) 0O +260 + 3w =2
to=0, €p=5 5, w(te) =0 , D(ks)=1
Sonclion dxa difE (t, x)

Ly J=size ()

dx= zevos( mr0)

dx(0= x(z)

dx(2)= (2-2"* %2) 3% x1) /(14 £"2)
tspan = [0 5]

Xo= Lo, 17
Ct,x3= 0de23 (@difF, Espan ; %)
plok (b, x(:,0)).

plor (£ 5 X(:s1) 5> ks x(:s2))

8 ovder




write MATLAB code using ODEA4S5 to solve the following differential equations

#+x =log (t), x(0)=0, x(0) =0

Plot(y) and plot(x) on same figure for a time interval 0 to 20 seconds.

ODEYS :

Xi . X ,;’.-f-X: [o\y({_—)

A= Xo —© X1+K|=loﬂ(k)

X=Xa K2z log (O —x _..@

Amc bion

[Cw,n 3= Size x 3

Ix= s0s(E,x)

dx = zevos (W\,V\) 5
dx()= x@;

dxe) = logia (€1 = XU 3

N

tspan = Co ,20]

XozL 03073

[tx]=ode s (ak $03, tspans Xo)
plot (£, x)

plot (5 x(:,1))

XtaX=b = X+2X<b X=b-ax

Fanchion  dx= ws(e,x)
a=2 ;

b=4;

dx= b-a"x

NN e

tspan = Lo 2075

Xo = Lol

[tx]=ode s (ak S03, tspans Xo)
plot (t,x )

X+ax=b
Av\c bion

X=b-ax
Ix= s CEo X, pavam )
a= powvem (i)
b= pavewn (2]

dx=b-a'x

tspov = Lo 207;

Xo= L[0T ;

pavanl 5 ) ;
Ltx=ode4s (ak 508, kspans Xa, L1, povam )
plot (£ ,x)

Symbo [ic =

write MATLAB symbolic code to solve the following differential equations

Xxy+y=log(t), yx+y=t,

#(0) =0, y(0) = 0,x(0) = 0, y(0) =0

x(¥) , Y(E)
Syms  x(e) Y(b)
eqn= Lditf (x6,2)* y Y = = logn(t)
5 difF (g e2) 7% + dBF(.e) ==t \
dx = ditf (x &) ;
dy = difF (y,€) 5
cond = [ dx@)==0, dy0)==0 , x(0)7=0, Yy ==0 )

sol = ol sslve (cqn, cond )

S\ abull B Yl 3
Syms X&) Y(k)
eqn=Lditf (xi£,2)" y =Y = = logn(t)
5 diFECy e 2 x + dFF () ==t 1 5
dx = ditF (x,t) ;
dy < LiFF (y,€) 3
cond = [ dx(@)==0, dy0)==0 , x(0)==0, Yior==0 )

sol = olsslve (eqn, cond)
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Q1) Determine K for stability

Leed bock s
@; ¢ . &iCS)
controller - ) + GCS}-HCS) )
k(S +l1) >
s3+25 -8 K(Cs+1) __k(s+)
/+(M> (S3,25-8)+ K(S+\)  S+2LSTES+K
s¥+28 -5
s+ 28LS+KS + K=0 =3 531-25 +(k-1)s + K =@ - .
ol
(s alk-D-K = k=2 -K = k=2
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PIO => C[’Dropomlionaf fnl'eﬂmx Dcv\ivai-«'vej.

Lo S
C pit- (Ko ecw)+(kgjece) de)+ (kg Oﬁl’ f—’e C*>
QA omounk  of Hie eleckricol powe«~

P \ PR SV JURVRCN TN F Y5 B (DI £ ABAR B

kp-‘ éo jcé [Cfg rise 4ime
kd 4 e ouvershot
dt

k/"/‘ < move

QCCM.V‘Ca. -

®

W hen +he (—v.w\p "

On-Off Control

* This is the simplest form of control.

190
= Jecmasc = woill

170

160

Temperature ('C)

Swikch o Lul Powev.

150 |-

nol- accuvale-

Power (kW)

Proportional Control (P)

* In proportional mode, there is a continuous linear relation
between value of the controlled variable and position of the
final control element.

Proportional
Control

* Output of proportional controller is

¢,(t) = Kpe(t) = powev

* The transfer function can be written as

Proportional Controllers (P)

As the gain is increased the system responds faster to
changes in set-point but becomes progressively
underdamped and eventually unstable.

Temperature ('C)

Temperature ("C)

@
Power (KW)

The Characteristics of P, I, and D controllers

CL RESPONSE = RISE TIME OVERSHOOT SETTLING TIME S-S ERROR

Decrease Increase Small Change Decrease

Decrease Increase Increase Eliminate

Small Decrease Decrease Sl
Change Change

PID purt (3) ¢
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flua!log
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/ vawiable  declwoalions

consk ink LED 13 ;
void  setup ()
; 4 cmf,\"yamc%:‘om of  Ping . cte -
/ void Loop ()
y/4 h}hoj’ 1%5 Proj nau agoes YN 1[6!6 COM/‘”MOMS CGOID
3
Example < b/m(<
coaglk ink [ED =13 ; (P13) s Al
void  Sefup () oUTPUT

/ AV =1Vhaw

i pin Mode (LED, OWTPUT) 3

Void Laop ()
SV
/j/%aﬂéjrr’}e (LE'DI HIGH ) 5 Cjw\‘j ((o00)
ously Gult =
/@/ad (10003 - ‘

digdal Weite (LED, [GW) 3
Je(c«g Clooa) 3

S

button
\;ofoQ Loop (0)

s oG 333 0
Cous - ik Ruwhon = 3

Vel = digitolRead (Buutton )3 pin Hod ( Butfen, INPUT)

: if (ual == tiGH) {
jolaiéaj Write (LED, H1GH) 5
else {

digiked Weite (LED,L0W);

3 3

HOI/‘SC Co:ye
LED wil USHA (aua. 2 U,,:é_;\ FIGRE
O - ”/_‘ﬁp—; 29\
vwoid dot () | Voio( blink (inf' anhme , int off fiwe )

i blink (20, 200) 5 3 digital Wrike CLED, HiGH );

vord J“S‘L (@) o(e(:lj (Dvnl'\'mc )j

{ bliak (60,2005 § digital Wrire (LED, L0W) 5

void lekterspace () Jt(ﬁtj Céfﬂiw‘e P

{/o(ela\ry (400) 5 S

void word space () ‘7\\_/
w2
{ zic(o:j (800) 3 3 |

Ptrhap_c [:Hrr ﬂmclt’ons 8

voi& wods'se_ S ( )

{ dol () ; dot () 5 ot ()3 Cc(—kusPacz Qs g

void worse — 6 C )

fo(“dt() i dash () 5 dash () 5 Leter spoce () 3 j

€ bl



/qroqmmo 8 /émp ez/ov(’bwe, SZMSows

MP36 - R
- A\/alécde (,4,_@_(_';(,345- '{M_é @)J/};; T‘—Q’}A//‘

(Zw 25 Wi Dt NER Y SO

ITC Thermistor (@/_‘)—4\ > QJ«:> "VJ PP —’,‘j‘_“:
€

// Read Temerature Values from NTC Thermistor

const int temperaturePin = 0; consk Wk  tewp = O
void setup()

{ Serial.begin(9600); }

void loop()

{int temperature = getTemp();

Serial.print("Temperature Value: ");

Serial.print(temperature);

Serial.printIn("*C");

delay(1000);

}

double getTemp()

{
// Inputs ADC Value from Thermistor and outputs Temperature in Celsius int RawADC =
analogRead(temperaturePin);

long Resistance;

double Temp;

// Assuming a 10k Thermistor. Calculation is actually: Resistance = (1024/ADC)
Resistance=((10240000/RawADC) - 10000);

// Utilizes the Steinhart-Hart Thermistor Equation:

// Temperature in Kelvin = 1 / {A + B[In(R)] + C[In(R)]*3}

// where A =0.001129148, B = 0.000234125 and C = 8.76741E-08 Temp = log(Resistance);
Temp = 1/ (0.001129148 + (0.000234125 * Temp) + (0.0000000876741 * Temp * Temp *
Temp)); Temp = Temp 4273.15;

// Convert Kelvin to Celsius return Temp;

// Return the Temperature
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void sekup C )
% pinMode ( Butron , IVPUT ) 3

% Void  [oop ()
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x= digital Read (Button)
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WARS
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\/DGJ Setup ()

1 Seid . bege (q600) 3

5

Void Loop C )
{ Flook- voltage , fempraluve ;

Volkage = get- volkage (Tpim) 3
Fempevalue =Q°ll,-mée —0-s )00 ;
Sevml cprink (" Tis ! 8
Sl print In (tewmpevalave Yy

0(5("'5 (/000 )3
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——s| 20

024

=

v
T 300

Q‘OM" (000 + %T =]

Flosk get Toap Cint Toia)

T int V= analoy Rad (To) 5
float R (10240000 /v )~10000
floaf (ogR= Log(R) 3

rebura (l/(ooon 29(48 + 0:000234125 log (R)
+ % 76741 €W (ogR *leg R log R) i

0 T Twn cwwﬁs}a\p
Vi PT
v ——10
volkage oliv
SV — )02y

Void gebup ()
{ Sewie. begin (2600 )3
T Void  Loop (
{Ploot Tomp ;

= ’T:“\D: Jet Fréwnp C—ﬁaiy\);
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Find out the transfer function of the following
circuit.
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