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Q1) Find the inverse laplace transform using partial fractions for

C(s) =

1
s(s?2+1)

Find the solution of the following differential equation

Y+2X+X=1,

Initial conditions zero

Solukion ¢ | = Ko 4+ Kzs+Ks

s(s* 1) . S%41

= Ki (Sz-l'l)-l—(kzs-}-l(g)(“

sz0 —» Ki=l 5, 52 ; |c2+ (Ki+K3).

$:2 7 1:5 + (ke +K3) (

Q1) Find the inverse laplace transform using partial fractions for

C(s)=

s(s+ 1)

_l__ = _k.l_ +k;.+ _IL
S(s+1)? S S+l (S+1

L= K(S+)'s K2(s)(s+1)+ R3 (L) .

$=0 i (= 4k = K7W
s

n

-l 1=Ky =p R3=

szl P Izl 4k -1 Kes

Q1) Find the inverse laplace transform using partial fractions for

1

&= s(s? +4s +13)

kl kzs"’kB = J
S (st 4s+13)

S (s+z) *e3%

Ki(c+2"3%) + (kas+ks)(S) =1 .
Sz0: [= k(13)—s Ki= l/13

=1 = (8
S | e (Ka+k3).] ke = ='i3

Ks=-4/13

-2k
é

Q1) Find the inverse laplace transform using partial fractions for

1
€O = oo
(s +3)(s* +2s +10)

K 4 k25 + K3
S+3 (s+\)"+3%

(= ki(s%as+10) + {Kas+K3)(S+3).

S=-3 : [=13k, —» K1= Y3
Sza ¢ I= %+3k5—> Kz= 43

=) ilz1 4+ a4 -
s=! 1 ‘Iku-ls_,k.,__ Y3

_e k+ =4 e CﬂSSﬁ‘-l-

e Egin 3k
13 13 39

sin(3k)

SX(s)— df + 2AS)+ X($)= 1,

1) =
X8) (s +2+1) Y
[

X(SJ: — = _k_'_..q- k?—
(S+3)(S) - S S+2
g=0 : Ki= L
) = ke(s+3)+ Ko (S) 3
==3 . K= -1

5
TG +3)

]S-‘- 1 kKi=G/5
5= ki(s+3) + Kals+1) §=-3 kz2-5/2

syms t s

m (s)[5+3  V-0+3 =o0-
s-’o S

SHas+s

Find the final value for

. —r"_"’ =D s+! = K(s~1) + K2S.
s Sat
S=0 : | = K1
=11 2z2+Ke = K220
clf)= 1



Find the Initial value for

inRal yodue £20 —» §=00

L,-m S+2
S0 S+9

Find the final value for the following function using final value theorem

s+3

C) =g
) s(s+1)

Find c(t) the time response for

kl =+ K2 = K3 —~——




Write the differential equaions describing the following system

Qtli-zc (2) :

Q5) Find the transfer function for (5 points)

Ri R2
(}—"‘4"\"»‘—]\—4\»"/\
) L-Sg
{ + R
1+ R2¢S 4 L.S Fi=Mx+ Ko(xi- x1) + Co (% %) + ks(X-X3) + Cs (x—-X3) .
c-$ o . o
F2= Max,+ Ka(Xo-x)+ Co (Xoa=%) + K3(X2-X3)+C3(-¥3)
Vin=T g AL Ceq - -
=p fhe FWMS[cu (Bl Fj = /43 K3+ Kk3(X3-x) +Cz3(X3-X2 )+ ks (-3 + g (¥3-3)
.l— Q2) find the transfer function for the following a) Uut/Uin (4 points)
CS+7T
4 [(1+RCS)u LS + PR
(1+R,CS« les)
. i |
flr)-Mxs+ bx+ kx \/.:Ir(/‘b' ¥ s ):(L)
R+ - 6-56 #16"'s 4\

Mst x(8)+bs X(S) + RX(S)

Vinz T (ZPC + 2P-z):< (000 + I-35 >

6-56210% 4

X(S) = U

1
F'Cx Ms +bs tK Vo = 80006

Vin 138 + (000

Vor T#Zp. = I(p+¢)

(£

Q5) Find the transfer function for (5 points)

=F
L Zeq= R+l R
Mk PR C, s (hint 1/5 F series with 8 ohm and 1 H) then all is parallel with 5 ohm)
=</+ Rics + pzc-s> Vo= ITx 8
s

—7eqm = 3 +-;_+ 1S = (Sz+ 8S + s)
s s

?<7 =/8§*4 8s+S
s (s’_,. g8s+5)sS

$% gs+ S +58 .

8 (s%+ 8s+s+53) =

S (s*+8s+5)

0-= M.\;.-I- < },+ kxi + Ka(Xxi—x2)+ Cz (7-(\—/\;?)

0= /43;('+ C2 (X.z")éo) + kz,(}(:-x-)

0= N) ).(:+ /<(<X- -)(z) -

0-= Ma).(‘z* bx.z + KXo + ki (Xz—)ﬁ)'




Quiz Industrial control Prof M. Barghash modelling ~ 27/5/2025
Name 1D

Write the differential equation following mechanical system

Hx, H Cor (X)+ BXi + K2 (Xa=%)+ Ky (f3-%) = F(9) .
Mg,\"; + Cv‘()‘(:-ig)-" Ku(X2-x)+ Ka(xa-X3) = F(s)-

Ms Xs x Cuz()és‘}?z)-* Kz ( X3-X2) + Kyq(¥Yz-%:).

= JR

= R'F'_*_ l.s
c s

I(R-u-_’__. +L18).
(<33

R+ L-S
‘ R+LS)
[
c R+LS+ 1

O T

Zeq = (P‘H«S) R+Ls /

RcS +CLS %t




OV' 1ze (5) %\oek o((o\%-{‘ow\n :
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uén /’auc,h,mﬂ ()’ops CGIG'LH' GI.SGS HS) G,szGI/GgHg__J

/- f(oops + nom -

]Daj"\?s C‘G] Gz 9 Gl Gg Z L=
&OP.S C-GIG'ZI'II 5) _61611”1’ —6[613 Hl’_&




Pakhes f&;Gz ) Gz Nzl 5 Baz) .

Laop< EGz&q . GG 9" GsH]

Pokhors [aiéz@rgézf P Gg Gq]
[UOPS [j-’ @mH. ] ‘6-6LG364H2 ) ‘GSGQHZ __{
uon ;ch&ul«j Cé]z“’ ég 6’4{,"(‘2 ] o

Mason rule=(K1*G+F*G)/(1+GH+FGH)

Po‘-H/\eS CIL/IGY 2 FG]
lops [F&,GK

Bbhes (G Gs Gy, GrGute ]
loops EGS Grg Gls’}

FOUHtES FngZGIK G’S 2 G{é?é’} GlLf) 5)616366]
(,OOPS ['616263 Ho 9 "G.é'z@/g Glg Hl 9 ‘6; gzézqﬁ;
“GuG2GeH. ]

1 ug1
1a =

s+1
Transfer Fen G1
—~ e 1 u 100 ym ]
PP . H ] . [
s<+5s+100 ug2 s+1

Transfer Fen G2 Transfer Fen G4 Output ?%

(00 (S*sS+100) +100 (S+1)

= (st +S5%100) ( s+1)*

(1001
(S* ss+100)($+1) (28+1) -

00 (€2+S8x 100) + (8+1)) . (28+1)

100! (s+V




QV\'\Z ) : Lost- §'3 ‘Seccmcy Ovder -

For the following pole find the settling time

q
Was= [ ed® T . ——— = 9.
s @ ]s = o070 14 = “.orzg.
5 =c¢os @- x
O« ko' (& @ V= 14 fieqe = 30 S
O:=4s
~ R #0707
@HP= (S rE0= 4.5

x -6

1491 [1- 67072

@ -

=234 § .

For the following system find the rise time, settling time and percent overshoot

s+3

I
(K- J 4.25 =206 , &= 2.2.05 = 024

O T =

@ Tp =

_ T6N3FE
1380 - 0.906 S

aosm

= Ir -
=

= I57
206 I'-O~2‘-l"‘

— T s 0.-24

Ji-0.24?
£100 = 45-94.

@T -4 , © Up-

- 209 s
206 r 0-2¢

rise time for the following system

7

€)= F3 s+ a0

7 k(éwb

or the following system with roots shown in the following s-plane find the rise time, settling time and

ercent overshoot
Ww=\22 4 3% - 3.605
5 AP
6: fm (;)- 56-309
& =cos(@) = 0554

oy
X Ise
-2+4j3

=205 S.

s-plain 264091055 ¢

- 7-0-55y

{i=osse?

mp. € *100= 1234 %

Q5) a) For a and b poles in the following fins the associated damping ratio and percent opevershoot (5
points)

b s=-2+j2

2o NP0 in e FirsF

ovder:

For the following system find the rise time, settling time and percent

Wp= 73 = 3.60S

c
= 0.554 R
273605

cos”(0.554)

s+3
+4s+ 13

®

_ 56-309 y T
=205 S. Tre = ( 1%0

2.609 »0-SS ¢4

® - 0564
N [y
mp. € > x(0= 1234 % @’— ™

overshoot

C_ovlel‘C}

) o s. ,

3-&)9\) 1- 05SY*

= [-0946 %

For the following system find the rise time, settling time and percent overshoot

S+3
(s+3)(S+6)

-3t 5¢€
=Ke -fk"e s+3

Jis <

X

Q1) for the following pole what is the percent overshoot
Was=g = 245 = q4
c k

s2+25+6
8- cos (0:408) =659

= 0408 G(s) =

.2
2% 24S

~

(554 )
s ool Nk B
P= au45[/_o4og* =1-433 ™
= 245/~ 0.408*
Q1) for the following pole what is the peak time Tp

Ts= 245xo0.40%

-7 r 0-408
Y K=o .
5 Hpo= e 0= avsey

Ly
7]

= 0.90%8 3

W= St g? = 107

-5+5j O= tuil2) < 45

& = s (43) = 0-701

Qi)find the percen shoot and settling time related to pole in the fi

(note: remember this pole is first order not second order , initially draw the expected time response

before answering the question) P

PE“L rook =k

S+ S+l
T



Q2 3 (1.5 points) Find the steady state eror 1D 2 step DUt the following
—_—

Cui

(1) ind theKveluet toachivea tead

2 () S}@‘-C{y Sf%(—c evver 2

y sat ateerorOf <0 1foraunittepinput

3 | 1 | \ 1
N‘»i ) ’ s+l W rerla+ 2

€ss = 1+((p <ol k. lim G

S—»o

o V=°
kpoX = ess=_|  _ 35 <
35 25 - k. 35tk
3¢ 3s 5
e Ko bmy Geode | = 1 3 Csse = 25 evor of
| x 20 0 l—rzlz, ( Sl—cpum;l-
350 <38+k —p K735 6S b
@IU =1 e=0 X

z[zsr;jh a coutroler) to achive Css=1 when the ,',,pw(- (TS‘T
Lim Kk & ( St B
kp= S0 S G+3)(s+1) ) = °°
Q2)for the anllowhmg system design the s(eady:m(e error fora Sl:p lj!pu! [(') be zero and for a ramp . V\QG\P ,
ooy o (e evliensfe® sulfamy o @ Paradlel, (8-2) ko = Q:l'o Gi(s)sS Q = [;(., = _:l:_o ] = Css= ;_a— =l , k=20_
RAs) + " S

50
©) Led back [ TS+

14 199 Q5) find the steady state error for R=2 + 3t (5 points)
scs+1)
Sos .
s%s+100 [ B S
s(s? +3s+1)
D % @ sevies = 5"“ e Gcsﬂ )
¢ S+100
Cs skp =0 = 1, Kp- bl:i:'; Kk, 50s(s-2) | o
I+ kp S? 8 %s+lc0

fpr »aMP &

L < -
Gs= ko =, kv?l< lims. (K) Gos(S-2) | ok |
2 goo S 2¢s+1(00 wo 2

o=l » G55 :0 = Ko=o0_when &
2 =
s

w

Q2 2) (5 points) Find the steady state error to a step input the following

. B ]
Cs=_32_+5_ e Ge(S)=
il iz (2 (540 (§%4ys +1(0)

{
&s< T +kp =0 kp:(jﬂo k- GCS):_}
O=(+K = Kk=I8
2

®
Kuz 10 = K — K=40
2
E f; g ItGH= 1+ B
+ € 1 (s+2)s43) (s1Y)
1K ¥ GEF)GH)
lims.6 , ' = o>-
1 S an i k&
|3 (542)$43) (54Y)
S+4| ess- i
S
U
2 i k
| ay
h Ess=lim S e [K— Q4) Find the steady state error for a step input (5 points)
(s+2)U$43) (S4Y)
E(s) 100 ~
AV 2% BRG] (;(5)- - K
Y+ g - o s°* s 2 2
Gaos) (S'}%)(g T(Cs 4’72)
, Kpeoo =p Ko b
1 y 2

MG+H2)s+3)| 1
1 ((M sO
s+a ko = oo Gi(s) - 3%k c- A

Q2) calculate the steady state error if u(t) = 3t

u

I+
(S42)s43) (54Y)

ezl 1 1y
— KR 1




Q1) if the controller is K, and the input is a step R=1/s what is k for the steady state error to be less
) - than 0.05; no need for a calculator just give the answer in the form of an equation
(s+5)(s+2 )N

) EERAICORE e o

" the Plant
/

Q2) calculate the steady state error if R(t) = 3t -—wT
!

- Koz 19 = o (D 7 /

RI¥) &5 § S+5 S+2

egs = O - : ’ g C(s) 4

Q2) design the controller to achieve steady state error of 0 to a step input R(s) =1/s

; =p kP:OO
c
K 0.5

R - S+5 S+2

Q1) design a controller to achieve zero steady state error to a step input R=1/s for the following system

1+ Kp ) o Input to Output of
~the Plant /~ the Plant
/

/

R G R ., ‘ o
Fuen kp = 5% S(S+%)(s+?) e .

02) design the controller to achieve steady state error of 0 to a ramp input R(s) =1/s42

cw

Luooed) el -1 "

R¥) - S+5 S+2
Q4) Find the steady state error for a ramp input 1/s*2 (5 points)
02) calculate the steady state error it R(t) = Su(t) _ (u(t) 1 step input) E(s) 100 Y(s)
- - K - - -
6 —_ o 7 s“+ 185+ 72
| X | — 25 Css= 1+kp 5> ke= 0-Sk - G

RiY) . S+5 S+2 —_— 7o)

(im s 100 I3
$§00  S(g%t I8s +72)
An industrial conveyor belt system uses a proportional controller with gain K to regulate speed. The

dynamics of the system (plant) are modeled by the open-loop transfer function:

Vo) = — L -
GO =Tosv3  Gss®
) Kuz Lim
R(s) * E(s) Hs) S
G(s)

Q3) for the following system find the added controller to achieve zero steady state error to a ramp
input Rt)=t , H(s)=1, R(s) = 1/(s"2+25+3) (5 points) ¢, =

Add a suitable controller to have the steady state error for a ramp input R(t)=t , to be equal to 0.05

Find the steady state error for the following system for an input of

‘,(a + ‘)) Q3) for the following system find the added controller to achieve zero steady state error to a parabolic
input R(t)=t"2/2, H(s)=1, R(s) = 1/(s"2+2s+3) (5 points)

R(s) * E(s) s)

G(s)

\dd a controller for the following system to achieve steady state error Of less than 0.5 for

« K

()=t Eog = | o = ky22 ko= lim s. 6

R(s) * E(s) s)

An industrial temperature control system uses a proportional controller with gain K. The process dynamics

are modeled as:

Ko= k. 1 $0:09
f G(s) = ————
(s+1)(s+3)
Kkp 7 20
kp 7 14
R(s) * E(s) )

G(s)

Calculate the value of K that limits the steady-state error to less than 0.05.




Q2) a)(6 points) design K for the (R Ez0) i i
gl system GH(s)= T to achieve a settling

time < 0.4 and percent overshoot < 2% (use the root locus shown below Se H’l IIV\{] { 0- Lf

-In(0.02)/(pi*2+In(0.02)42)70.5 =0.7797 which is the damping ratio
Wz (6) @ot/ (cens - , =

(s+5)(s+6)
(s+1)(s+2) ~
damping ratio of > 0.8. (you must use the root locus figure below) (7.5 points)

Q2) a) For the following system G = H=1 design the feedback controllerK)to achieve a

ey e
A i
Jws Ln}@-oz)/; e

S= -0+ 4.34
5. 5 =018

Bz 093

: {—w«,: 6\2’%

oy S

4 Y=o e
lx 2 Ka

Real Axis (seconds ')

’ Vs =040
Po/‘,éQG/c :l?é [-[]{(s)—(s+7)(s+8) _ .® < k<SS i
Q6)What is the ) a) For the following system — —S(S+5) design the

feedback controller k to achieve settling time < 0.666. (you must use the root locus figure
below) (5 points)

:’“_ K H(s)

Root Locus

For the following system determine K that achieves a damping ratio of > 0.7 and settling time <2 s

GH(s)= (s+1)(s+2)/( ("2 +s +10)) foun= 1-62

Root Locus

Imaginary Axis (se conds'1)

)

w

-1.5

Real Axis (second S )



Q5) For the following_system design a controller K in Mokab :

(S+0) (S+u)

to achieve a damping ratio of > 0.95 and settling tan (a cos (0.95))
time < 4/5 _ 03281
| Gls)z E2hlEeS) laeka = acog (0.a5) » (130 /i)

= 18- 1a4q
20 (18)rLat (X)W (v S 51
& /lan () s v

(0¥ 0-3287 = 2297

‘Sc#{i\vj bime & % =4 =p ls= -5

Dwping
rotic  acceplance ’
aneer I 2. Ki

Si=-8-%+jais in. wol{a &
= -%% + 27 ¢
g = (543)"(s19) /((s+lo)’(s+u))

k=abs (\/g9) = o0-345I

GH(s)= (s+1)/ (572 +3s +10)
Rosttocus (39

>

—————— -
C e 1k)7

accep fernce
aAnec_—

7 o-7 sy s
51 = Scele = Een (0)

Scl—l—(\’v\.& e <A =P i—:?

“E

Si= =23+ 245
| :| st+3s+10

:p k:
i (GHy | | (s+1)

Ki= 1652 . P Ko =8 :l> k\<k<k’1
[.662 <k <&r.




Quiz (7) }j%e‘(m]o

write MATLAB code using ODEA4S to solve the following differential equations

X+ 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 :

Xy 5 Xa /F+)(: [OJ([-J

X‘:X"- =0, )51.+K(=loﬂ ()

X=Xa Xas= LoQJ (jc'),_x‘ _..@
ﬁhCHon I x= Sos (k. x)

[w, 3= size & [
&x = Zevos (m,\n) 3
dx)= x(a);

dx2 = logi (&) = X0 3

tspan = Co .207]
Xo=L0;0];
[tx3=odeys (ab 505, tspans Xo)
plot (E,x)
plot (€5 x(:,1))

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

Fanchion  dx= s0s(t,x)
a=2 ,

b=4;

dx= b-a"x

N e e ———
tspan = Lo 207;

Xo= [07
[tx]I=odeys (at s08, Espow » Xo)
P[Of' (L_/X)

82%

Xtax=h

X=b-ax

Anc bion

a= pevam (1)

JX: SOS((:IX,PQ,\GW ]

b= paam (2)
dx=b-a"x
Lsomn = L0 2073
Xo= (07 ;
paanl 5 1;
[txT=odeys (ab 508, kspoms Xo, [ 3y pavaen )

plot (E,x)
Symbo/('C E

write MATLAB symbolic code to solve the following differential equations

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

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

x(8) , Y(E)
Syms X&) Y(k)
eqn = Lditf (x,6,2)" §+§ = = logu(t)
5 difF (g e 7x + dFF(g.6)==t 1 5
dx = ditf (x_ k) ;
dy = it (y,6)5
cond = [ dx(0)==0, dy0)==0 , X(0==0, Y@ ==0);

sol = olselve (eqn, cond )

S\ Aol < Y- 3
Syms X)) Y(E)
eqn=Lditf (x£,2) 7§+ y = = logn(t)
5 diFECy k207 + dEE () ==t | ;
dx = ditf (x. &) 5
dy = difF (y,€) 5
Cond = [ dx(0)==0, dy0)==0 , X(9)==0, Y@ ==0);

gol = olsslve (eqn, cond )




Solve the following ditferential equation using symbolic
W+ W W + 2w =sin(t) W@O)=0 W(0)=1W(0)=2

solve the following differential equation using ODE4S for t from 0 to 5

W+W+W+2W =sin(t) W0)=0 W{0)=1 W(0)=2:

W2= Gu e () symg  w(k)
W3a= W2 = Lo --@ equn =| diff (wee,3) +difF (wit,2) + diff (k)
W3 = (02 = 0 +2 W == sin (t)|3

dw = Adife(wek) 5
JWZ = diff (Wil"z),‘

Ubs—t- W3 T Wa+ 2w =8Sink
cond = Lwi0=20 5 dw)==1, ow20) ==2];3

U'u3= SinE —wz-Wao — Aw,
ol = JSO\UC CC’CfM 5 cov\cq )

Solve the following differential equation using ODE45

a(;mclr{on dw = sos (E,w)
X+3X+2t=0 X(0)=0 X(0)=1;

[m,w\= size(Ww);
Xz=).(, ”‘@ y) )22: X'

/éz:*?b"SX
ﬁnc”ion 0()( = SOS(E:Y)

CVVMV\—l": Sizc@) 5

dw = Zevas (myn);

dw)= wea) 3
dw(2)= W) ;

dw (3)= sint - W(3) -W(2)- 2* W(I)

fspon=[o 5]
Woe = E-O)' [32]5

Ct wl- ode 45 (@ S0s  spon , W)
Solve the following differential equation using symbolic .
tspom = Lo s ])

)(a ZEO 3 ’]
(e w]=0de 45(@s0s , tspan 5 Xe);

Jx: Cevos (w\,v\);
dxw)= X2) 3

dX2)= 3% -2*¢t

X+3Xx+2t=0 X(0)=0 X(0)=1;

Syms  x(¢)
C‘{P\"E(‘#(X.L-,Z) +3°X+2%t == °-3 5

dx= o(lpp (‘X,G) 2
cond = (X©)=20 , olx(@)= 1]}

plot (e /X)

Sol = JSO\VC chy\) COMJ )




X+l=t X=0 , x(0)=0

(O O00E¥s ¢

XecXi = ®  Jacki =+ Xa=6-t - (D

Junckion dx= S0 Ck -x)
CminB=size (X)3 span =0 (073
dxz Zevos (minds Xe=Lo(3)07;
dxey= X(2) 3 Ce xJ=ode MS(@Sos,espm,x.)
dxw = e-1 ploF (fx)
@ Symboalic
Syms  X(E)

eqne CdiFF (X b2 #1122 €T
dx= difF (X:l‘) >
CD‘,,J =CX(0):=O b} d x(0) ==O3 ).

ol = dsolve (cqv\ 5 cond ) .

}Z+X = (o9 (¢) e

S\[mbah'c g

Syms  x(€)

eqn = Coliff (X b2+ X == (05 © (%)_3 5
dx= oliFF (x,t) 5

Can: fdx(o)::o P} X(0) == 01 5

Sol =JSolUC (equ ,can)

@ Tool box

Example &

Y% éy'+ sy =4u'+3u. © Tr;rc/'er ﬁncﬁow

S2Ys) 168 Ys) +SY(S) = 4s Us)+3ucs) o YS) . 4s+3

Wnes) s2,.65+5 -
>> num=L4 37;

2 el Bl S G=tF (Cy 31, L 65])

>> G( = ff(wmwl ,Jem \)

N
6‘ ($+3)($7'+2) to 7[/“'5{ v. lowes

X shep responrse
mum:f(];

dcw: Cowny (Cl 3],[[ 0 21);

‘9: é’; (VW\W\,JCM)

g:tF( 1, con(C133,C10 23)).

rlocus (9)

Step (9)
[
z z— éo fua/ v. Loucs
S+28 +7T
4 Sﬁcp response
num = Z’j}
O(CM = C{ A T] ;

SIE éﬁ(#wwn ,o(em)}
rlocuws (4) 3
step ()3




W3

Mak-lab

an"OL syskem “Toolbox

@ mnsf;r qaucl:ion

S Y(S) +6s Y(s) +SY(s)= 45 W)+ 3u(s) op YS! . 45+3

Example ¢ Y+ 6y'+ 5y =4u’'+ 3u.

n(s) s216s+S -

@ Zeve -polc-ac\in (ZPK)

Yes) . Ys+3 . 4(s+o078)
ues) s%és+S (s ) StS)

S 2 /Uormaf H

@ Shale -Space Hodet (ss)

Re=x"+6x'+5x , Y=4x'+3x

Symbo//c 2
. oy _ .
= Solve the St equ- Fx - _ 2
Syms Y&)
eqgn= diff (3) == exp (-Y/x)/Xx"a
cnd= Cyto)==11;

So| (xX)= (!Soh/c (eqn, Canj )

= SyS[-em ap oll’f/crenl/'az 57(,.,.

dy __

dz . .
dE Ze_d

(/-}-b'l)L;:)-f-Q(:u.)f-jw:R 2 ovdenr

ée =0, 6F= 5 2 w(b.) <0 , u.u((:o)=l

éspam = [O 6]
Xo= L0517
Ce,x13= oJc:za(@a(:%F, tspan 5 Xo)
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Quiz (8) : Q:w@[/\

Q3(5 points) Use the Routh Hurwitz array to find the

605k -0

( S +1)(c44s+10) (s+1)(s%Y4s+10) +K

K

(S +1) (% Ys+10) = i
s¥iost+ 14S + (k+10)

1+

_Z0-(K+10) - go-k
= &

// K+10. 26

60-K>0 => 60>K
5

Q3(S points) Use the Routh Hurwitz array to find the

‘ |

Solution

2R8>k 70

15 K IS kK
S(s+s)(S+7) = 8312y 355 +(SK
s(e+s)(8t7) +\SK
S(s+s)(8+7) G0~ 1SK->0
P= 4a0-15k e [SK >0
V1 4320 >15 K =p A8 7K T

3
S+S +2S+K =0, whts (k) for Stability. 2

Solution

R—( )—

Q1) Determine K for stability

K (s+1)

53.,.2sz+(/<-l)s t K-

controller

K-Z>o0
k

K>?2 ’E K>2
K>0 -

Q1) find k for stability for following system, what is the auxiliary equation and the point of cross with

the imaginary axis.

R(s) + , K
{ ) -

—{

83495 +2YS+ (k+20)

K+20 20 k>0 , 1m0 ~ue

[96-K >0

’ﬁk‘ pl”xi//o«g = 0r82+(IQé+QO)= 5%+ 216=0
S*aU <0 =b S= + 34 ]

834552, A4S+ (204K) -

- lgog‘k*’w: 100 ~ &

S S,

A

K20 >0 = £>-20 =b K0 i zo(~ve) yedue .

loo > K — lop> K>0




from 0.1 to 0.3KW.
the output changed

=13.7S9 s

figure

Pev=2-84 ¢

Ker=12:6 S

Br-=5% - 395 - 3.8¢

Ken = 30

Set point Change K.

changed until oscillations Constant

and K, increased are constant amplitude

03 oscillation obtained

—
=3 K, decrease ultimate _p _ 10 sec
{not enough) K,=4 Lol
(too much) K =35 K=35
t(sec)
10sec 20 sec

K, increase
again

Solution

Table-2

Q1)Design the PID controller using Zeigler Nichols Oscillation method

Process: Hest Exchanger (Cond:PID (P=DA I= . D= ot F =)

Solution
Table-2

Type of
Controller

Q1)Design the PID controller using Zeigler Nichols Oscillation method

A A Pew= Y4, Kb

= = Setpoint
PV

Ki=36

Ti= 2

15
Time [s]
Solution

The system has modified proportional controller in step and obtained sustained oscillation at K=3.5

Evaluate the PID

2 k=3’5

—— Sustained Oscillations

Evaluate the PID parameters using Ziegler Nichols response method if time t=0, | modified the input u
from 0.25 to 1.25 and | got the following output response curve, the output started from 0 and final

value is 5

= 1-2#10-S
Process Reaction Cyrfve . El = 1 kp:

100 125 150 175
ime (seconds)

Esomple = fud Jue Jai PO 2 as 2
ol o/ (D Vo =
@ To-

@ K-




):: He LED> Code for the (-3/%/»«_3 cequomee

r7/h W widdle fho  (eff

..... : MQ"‘ WII'JJ[C 7 _{’CIDI/'“-!'(J E_\j CIS)_

LEDi=2 , LED2:=9 5 LED3=l0

pin Mode (LED1 ouTpuT )3
pin Mode (1on0, qutpuT) ;
pin Medle (LFD 3> ouTPuT) ;

LED=6,1ED2=5 5 LED3 =4

pin Mode (LEDI , OUTPUT ) 5 dligital Write (LED: 5 w1 G ) 5
digital Write ([gp2> LAW) ;
d:’gifa,(wwl-e (H.:DL? ) LOUJ)}

pin Mode ( LED? , ouTpuT ) 5
) 5. o(c(a‘nj (covo) 5 oigital Write (il€D1, low );
Pin ./L(Oo[C (LE—Dgﬁ OUT PU ) 9 o(n‘gifafwwe (ZFOI, low )5 o(.‘gi}afw.«,‘l-e (LFD27 HIGH);
du’gifafw-r.‘!-e (LF037 LO\U>)

digital Weite ([£025 HIGH) ;
digitaf Weite (LED 39 Lo0w) ;5 detay (co00) 5

o(d‘fj (covo) 4

g/wﬁ (foo) ; digital write (LEDI, low );
digital Weite ([£025 Low ) ;

o/(j*/%oz/ Wote ([ED2, H/@:F/)j digital weite (LED 39 H1GH)
o(cﬂg (covo) 3

dgital Wik (LED | > HiGH )

dleley (to0) 3
o/:'j'/%oz/ Waote ([ED 32 - HiGH )7

Sewiaf. bey/n (7600))'

double voltuge » Temperature 3
Uoltage = geb wltage (Tom)s
Te:npemjmm = (Ua(éqge -0:S) o 3
Seriad. prink (" Tis") 5
Sertal - printhy(Temp evadure. ) 5

Jo(ay ( (000 ) ;



ok (e Qy -
fank (2) ©

Rz i

ol

need

taak (1) = G, -9, =Cdh,
de

tomk (2) = 92 -9s = Q{ﬁ‘
de

[ Fwkd) —=p G dw 2 -9, 2]
de

frak (2) =p Codbz = 92-0-
de

Qef‘ Qoz =

0,‘7_ + Qo‘,‘Qa7_= C'ol_lg

de

, Rz Hi— H~ , Rt

Ric £

i
§ 2 {'(1;[:/1

92

il
“ca | e

7L01n/< ()= g———, Jh‘ z Ti= T
de

fank (2)z Codiy = Jot 93 — Ay
e

-, hi—h
I@’: = g (> _’17

—h
7@ -t
a, T, 3

S

- L”Z
7 Kes 9y

@éW 1

leeth A - —Spceo" 8
“leetn B

Speed ()

Pump 1

Jouk (= G < fi- £y
de

bamk(2) = Co dy =iy - 2
A6

. 2z QF—
_<cS
; Rpcs +/

el
¢S

.

I R=4x10A6 ohm (4Mohm) and Cf /& 1 e G

X10A-8 F (1 microf) then the transfer

Rin
function is

7= 3%t

(/—f 21650 (%76 wS) 2 “'°/€

Q1) Find transfer function Vout/Vin for

pARS 12
R.CS+)
iz
_ R
LF= P‘LC‘S“’\
R-

_ 806
T’L‘: (800»100*;0‘*3 +1 )% oo -

800
B00 + 0064 .



a schematic for an armature controlled dc motor. Find the transfer function

Q5) Figure below is

w/u where w is the rotational velocity and u is the voltage. (10 points)

P IWS

_—u+ RI+(laS)]+ €p =0
W)= (R+La-S)] + (Kb-w)
(R+ La-S)(Jws+Bw) + (Kb-w)
Ke

\iw (Zc/(/-g 2—/— (Lq-@ %/QJ)S +BR + kb}(e)
K

N

-
[

s
ww

<3
o

s#] TOC  nmotor

i

—n+ R+ IS + &€, -

Kuowwn

C=Ke #L » I= —L?ke s Cp=Kp v -

T=Jw+Bw

b= Jws + @m(}?-/- ZS) —I-(kb (,d)‘
Ke

M:(,u<

W -
n

=

JLS?+ COR +BL)rS + BR+KbKE )

ke

Ke

JrS* TR +@L)S + BR + Kby




npul-.eu)‘?ﬁd‘

‘ ~ AT
rt{umo H 3
(e
p

.

a3

oe
Llge

.' e

L ' oV — SV
R - Co_ 1eau]
-—.}’ .

00 i

*—‘EUCQ Avd wineo ",_S‘/(e[-ct. = Zm‘; s
Consk ink LED (32 ;

void sekp ()

{

j
void  Loop ()

E xample 2

Congl

void

ik [ED =13 ;

Cebup () :

L pin Mode CLED, QWTPUT) 3
Void Loop ()

digital Write. (LED. HIGH) 5
delay ( 1000)3

dig el Weite (LED. [OW)3
dlelay CJo00) 3

button
void Loop (0) U pr o i 33 0
Cous I mE RBwhon = 3

Val = digitalRed (Button )3 pin od ( Butfon , INPUT)

{;( (val == tiGH) {

- Ligitat Wweite (LED, HIGH) 5

€lse
s { JF&,’LJW\}H‘C (LE'D:lGN);

3 3

Morse code
void dot () void blink (int enbime 5 ink offfimc ).
{/ blink (20,200 5 3 z digital Wrike CLED, HiGH ) ;
vord J"S‘« ()

JC(:, (Oukn\c )j

{ blik (60,200)5 § digiral Write (LED, LOW) ;

vid Letkerspace () deey Cobfine )

{Jelcy (400) ; S

void wordspace () D\_/
Vol
{c[c(aj (80) 3 S

Perhaps [eHer Lonclions &

Voicl modSC_ S ( )

{a’oﬂ'() ; JDE()iclaF(H Cc(—l—u.\:pa.cz (S i
void worse —6 ()

{aOrL();Jasl‘();duA(J 3 Lebter space () 3 }
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—

NTC Thermistor - [

q

// Read Temerature Values from NTC Thermistor
const int temperaturePin = 0; consk Wk fewp =0
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 < 273.15;
// Convert Kelvin to Celsius return Temp;
// Return the Temperature




Awﬁw’no

npuk : Bubton 1 o
Pl P T = (;);_.-.
void sebap( )

1 pinblode ( Button , IVPUT) 3

% Void  [oop (D
; mF X
P Jrgll‘d Pead (BUH‘UM))'

©,

[ o

Uoid setup ()

i Stvio& - \DL‘S\M (QGOO) 5

5

Void Leop C )
{ Cloale ™ voltage , Jamprebare 3
Volbage < get volkage (Tpim) 3
Fempevafue =(Volbage -o-S )*100 3
Seviel prnk (" Tis ")
Sevied - prin n (tempevaliave Vs

ofc[o«g (looo ) 5

S

Floak gek voltage Gk Toi)

G'wn&. N o M\QJ&.‘\
(SV) g S

P fo &

e

o P @ § veburn Caualag Rood (Tpin) *S/i024)
T Tuermsken
Vi T
e )
1024
VA
%o‘ta{—_ (oo +RT = T ) volbage oliv
SV — )02y

Flost geF Temp Cink Toin )

{int V= aalog Readl (Ton) 5
float R = (10240000 /v )=10000
floaf (09 R= Log(n)3

relun <‘/(0'ooll 29148 + 6:000234125 log (R)
+ 876741 E8(og R *log R lsg R) g

\Void gebup ()

{ S“"""'-Q-beain (a600 )3
{ \jofoq loop (
{P!oou?- 'T?mp,'

= ..[:“p = Gra= rr@w:p (Bin)s

™S




(D Bukbon by LED s

const juk  BuHon= (2 ;
consh~ ik LED = 133
vod seFup ()
{ pin Modle (Butkon 5 1MOPUT) 5
pin Mode (LEO , OUTPUT) 5 ;
void Leop ()
[ vt - digital Reod (Button )
(F (val == HIGH)
5 digitil Wnte (LED , HiGH ) §
else
Z oigital eite ( LEDy Law )+ &
J

@‘UAD:SG,

@ Elix LED

const lnt- LED =135
void sebup( )
; Pin Modle (LED , ouTPUT )3 ?
Voidl (eop ()
[ digitad Wute (LED > HIGH )
cleley (1000 )3
a/('j/.é%[ (Jevike (LED, low);
O(e(aJ (000 ),

£ .




