TaLL 550000 @l eEmml Laglaie

T VR A WS-

Lalill 3 5101 culd @Emnill Zaglaia




dad pd1 3 o MY gl
AGLRLI3 1 S St | Aaglaie G~ I @Sl didd Al S Olubnag O¥T - Al pgS (S92

ﬁ

RN B I O3 @S| degliaie : Al o1 B o1

Tl 55 g el ) -t

GG GGl 2 Tasdl 5,la) Julss .Y -8

Lol 5,L8) Caya3 Y -8

el pEalodl Jlaxical e Uasdl 55La) Julod -t

AelEmill @Ealadl Jlariaal e Uaidl55la] Jul3.0 ~t

Aelemtll ezl @aladl Jlesianl e Uaddl55la] Julo3 1 ~¢
ALt lalemill enalinll @alodl Jlariaal e Uaidls)la] Julo3 ¥ —t

Iy {
Gall allaill (o yas
Glall allaill Lfje dayas
ialie @Eo dals 2 Uasl 5,La] Cayyal
el ol Jlasioal wie Uasdl 3,La] Julos
aleail] @l Jlarioal wie Uasdl 3 )La) Julod
el ralinl @bl Jlaxioal wie Uasdl 55La] Julod
o Lal @l Jlesial wie Uasdl 55La] Julod
Lo Ll Slalenttl Sralil] ol Jlesinl wie sl s,Laf Julod

-\YV.



Ayl 1 B o

AR5 I G @Sk heglie

S YoV
S~ T ¥ @Sl

oaadl|

il 548 Dlang OYT — ol S 55

ﬁ

Closed-loop Control dauatis il 93 aSaldt \ -¢

(QE_‘L'L” :\_A.q.ﬂ‘.u_‘&)_ﬁtl.mkc\h L?JG))."” 3)\.&144“30‘9&3?\.!93‘9.6 ?\.\.a.B.I.\ Bﬁ‘ﬂ‘jjﬁﬁaﬁd‘ eUa.'

@&_w_ﬂ.‘

Controller

)

Actuating signal

(command)

¥

Input signal

E

SN
forward-path
System >
components Output signal
(controlled variable)

feedback-path

System
components

oel® pnic

Aalia 5,505 93 @sasd allss (1-4) J=is

:\:mb :\:m.a:v <l (“5"'3 NN -3 dasll 3)3‘._.\1‘ il p&\iﬁ‘ N uT (2

Olo 4y (llade 5 )50 (6D @Emd allad Jieat block diagram ladazall @y (1-4)Js=ds g
Ae s34 controller K eemaitl Jua iy aga B Labadl 0l s )Laly oot oo 640l 55l
i 3 darss 72,30 g et o Uasdl Jlas e Jeall plant 4o esmmill ol 00 alladll o7 50 1
S abigxig ) Gulas aea (Gulidll Slea 9D Lis (bl juaie o dlas M g Aygllall ol
Ll pamie B gy 3Ty el Blie o Enan e oluesmlly @las gl 2 Il 5,La) ile 5Ll
s 71 o Al Al £051 5 L] e 4 jlie @3 Y el lal J5all sale Lia J5 1 o
el lEl ,olie & Tl g J5a b Lgiylae o Soee i)l &) JlaLigslga s
Lo gaall clg 1l 55 ga iy i ileme L0)lae yolic WIliag Operational amplifier i gyieatyl

-\YAL

MMAﬁ



Al o1 B HE YoV paiadll|

AR 3 )t O3 eS| daglade G — Y @Salld Audds Al oS Oldaeg OFT - Al pgS 592
ﬁ
s aniid Lils 5o Leiegd iole (55a3 @famill e iy M esamatl sl oY 1 ,daly
=l 1iag. plant s eenmill st alladl Gle 3000 adaiind (Eaileaie o Sl yess) 3,03
el 2 (s pul
Juld 4 @sm il albadtl Jood ) Aals) dudiall aluzioly 2361 5 5101 el esmmill Lalail 3o
oy ala LIy ey altaill edlelas 2 d s ludl el ity Loyl @bl e o U il
Ul 2 snce pd 11ay (380 @sasd allsd e Jgeamll Lo £33 J375 Las y ligeas alusiul
o grall 3,501 (6D @S]

AIAL Aaloet | (B Lokl 5yLEY Jubod ¥ ¢

2 Gylaiuy Apllly Jo¥ Ayl @lai VA iap) Bl ¥ AG Ll s gl 2 L
Llasdl 5 Ll Joloy apiieng 4 3L esmmitl ilals 2 Tan ol Lhasdl slal Jlsassllslia
poltly Slaleaill el @ssl sl el el @eal iy el il @l | Jlast ol wie
Jead SIMUlINK ol alazi ol @iy Lo lanll Slal eaill oo alill @sal iy Lo Ll
SLalal Ll wl o le il asalodl sia 5515 e 53 Lgt ol yy @B Al il asalall sl Solne
RFHY

ozl 13,L0) wadpad ¥ -¢
O Byiss Ll 5,La yglad Lgiay cdmiped dls i sl 193 ol Py
el Luslsll eill Gubd D) 5 | 5l o T(1) S D(Y) 57(1) )Y

Ris) E(s) C(s)
- — G(s) -
r(t) i Y0 c(t)

B
LA
b(1)

el ias Gl (2-4) J== i

-\va .o



dad pd1 3 o MY gl

m|3ﬂiﬂ|ﬁ|3pm12ﬁgﬁ.h g,.h.t —@?iwim ‘@Q)@SQ!M3C’§'T —MU,@S@;E

e(t) =r(t) = b(r)
Il 2 Uastl 5,La) Uolas (963 2uie g (H(S)=1) sl V1 i@l LG Ul Gy dagal!

e s i
e(t)y=r(t)—clt) a-4

b s s s, panll Jlme 2 Lgnliss (i 5as

E(s))=R(s)=C(s) @4
tob Less Ll V1 Eala) Riasdl Ul 2 sl allaill Jogmd| D1y 7 J9¥1 s ol (e Linle g

_C(s) _ G(s)
T=%6 " 1r6i) G
G(s)
Cls)= mR(S) (4-4)

P Leso Uasdl 35l (udlY st e hasa 2-3 daladl 20 C(5) (e pagaitlyg

1
EO=17601 o9

2 @Sl 3ga g pe dalal Lals 4068 oy @Eas Al Shgaiall dalazll B-4)Js=idl Sioy
4 ezl sl alladll Jigad D1 Gy (s)
el Jugas ills Ge(s)

-\Y.e o



dad pd1 3 o MY gl
AR 3y O3 St Aagliie ST — ol 81 @Sl ol Al pgS Cilkaeg O¥T — Al S (593
R(s) E(s) P(s) C(s)
N G(s) F—>| Gus) —
r(t) e() P (1)

Lol il LA el @) dals 2 sl 3-4)Jm il

Al e oln g Gp())9 GfS) nBgaiio s (3 ala¥I HLall T da =Y
G(5)=G(s) Gp(s) agi Wls amly Fgaio 2 Lagames e & (149

C(s)  Ge(5)Gp(s)

R(s) 1+G.(5)G ,(s)

(6-4)

‘:,J\:J‘ 5_11_” u.\.c. Uasdl 3)\.&:2? u.uM_'Y JgJ:J e (d 9

1

E(s)

= R
1+ G (5)G ) (5)

(s) (7-4)

el St | Jhonla! ki a1 Bl Jukod ¢ ¢
A gl e enlill eeslaell el Aslall

p()=Kpe(t)

oo Juamy ool a3l Aslall 250 e (LY edligad JLaol

P(s)= K,E(s)

-\rY o



dad pd1 3 o MY gl
AGLRLI3 1 S St | Aaglaie G~ I @Sl didd Al S Olubnag O¥T - Al pgS (S92

ﬁ

to el @Sl Jagad Al (9528 @5 (a9
G.(s)= K, 54

e Laax e M s anset b LU LBl Ll wl Gle ki) @Sl o) 515 75 Al
S oYl 51 (e dd el _sb:a‘aLI'a_}jR() lge Lai | sodas 5,La] Lun

(t) RO t>0
v =
0 <0

o 5 dl 3 5LaY QLY Jhg 5o @ (e
R
R(s)=—"2
s
t AL il le Jo¥1 a8, lad fgand A1 Lalall dapall
G (s)=—
S)=
P s +1
oY i e sy 7-3 ikl 2 R(S) 5 Gy(s) 9 GeS) (e (sl
F AL gl e Tasdls,laY

E(s)= 1 ’RO
14 K 1 (9-4)
P rs+1
e Juasi 9-3 dslall alie 2 alall s g
s +1

E(s) =Ry

s(m+1+K ) 10-4)

e o Lol Lagall 05ild aluziwly
s+ 1 _ RO
B (11-4)
s(m+1+K,) 1+K,

ess = [1MSE() = 1m sRo

s—0 s—0

UTH:‘:'(QJU—Aﬁ 4:\_454.:.;.4&4_“%.’ L]a_;«_” 3)\_:2::2 :\_“tj\.g.u‘ 3_4.}5_” ui (11'4) U.)Lz.l‘ J_“m:a
Jslas 55l Liastl BJl_&!Q_nd_*d}:J\Q&&f@Tﬁ_é P PO Y W R P S v | ﬁ&b-._”
Ol ane Jl a5 03 i yall sl st K ulid| @ Ssis!

-\rY .o



dad pd1 3 o MY gl
AR5y O3 RSl | daglae AR (X[ P Al oS Cilneg SYT - Al S 592
ol SIMulink gzl ol sy 2als 4,065 ol 2 el @Solad slsolze Jae &
1
s+1°

P(1) =1 a1 Jaitt 5 G (9) = G

o Less el Jales sl
K, =2 K, =5 szlO

Agala T Ll 068 el dalie s Ll Sle el il @Sl 550 ms gy 3-3 Jeidly

A
1 KP=10

L KP=5

IR

0 0.5 1 15 2 25 3

\ 4

£l a1

Blie @t allsy Ll Sl ekl @sslsdl 530 (4-4)Jem il

-\rY o



dad pd1 3 o MY gl
WALRL I3 )11 D13 @St doglaie G — Y @Salld Audds Al oS Oldaeg OFT - Al pgS 592

ﬁ

LS Sl | Jlonis! i Ladk! |3yl Judold 0 —¢
A il e Lalentll @enlal) L3l Alslal

t
p(t)=K[e(r)dz
0
oo ekl @ssladl hgad Al

K
Gel)=—" 24

e Luas 3o Sy e Al aladl Bl wl e Slel €all qsal sl 5 a05 7, ad
: S0V A e i @Emnill oy allaig Ry Lea iyl sskas 5,La] La

RO t>0
r(t) =
0 <0

2 da LAY LY g Hesmn @3 (e

R
R(s)=—2
)
r A it e S9! Loyl @dad fygmd Ul Lalad) dapntl
1
G,(s)=
) s+ 1

oY i e J sy (T-4) bl 2. R(S) 5 Gp(S) 5 Go(S) e pasaidl
AL gl e Uasdls,laY

1 LR
K, 1| g (13-4)

S s+ 1

s(zs +1) .RO
(z:s2 +s+K;) S

Es) = (14-4)

-\Yre o



dad pd1 3 o MY gl
AGLRLI3 1 S St | Aaglaie G~ I @Sl didd Al S Olubnag O¥T - Al pgS (S92

ﬁ

) . Ry s(zs+1)
Coe = E(s) = ] ° =0 -
s =lImsE(S) =lims e~ 115K (15-4)

s—0 s—0

el alazial il 2 Lladdl 5L sy Ldleadl iagall of (15-4) Lslall on ity
J}.J_” ngl ] ‘L,.‘ﬁg“é"’.: I J‘)_l‘ﬁuﬂ_a.u :\_“SLG.J‘ TA_Q.J.EJ‘ uTu.u:a ‘.J_Aj (dadaia u.‘.n\ﬁl”

-

.‘;’.’%‘)-L‘
G SIMUHNK el py Lacel sy Ryl dpals 05 ale 2 Lalns eolond Sléslns Jae
ol Less @l Jalas slinlyy 7(0) =1 eyl S5l Gp(s):% o Uil Jysad s
* * e
K, =01 K;=02 KI=03 K;=2
A0 s g sy (5-) =it 2 (Simulink) moeliydl Gusiy Dlein¥ iseio @y @f
Aol T sl 5083 (6D 3lie s allsd Dl le Slalssill @l

141

1.2

K]ZO.]

IR
(@]
o
T

2z

L

“w
2
<
NS}

06}

04r

0.2r

O 1 1 1 ]
0 5 10 15 20

LG e

o allad Llatial le Slalesall qssladl il (5-4)Js il

-\Yeo .



dad pd1 3 o MY gl
WALRL I3 )11 D13 @St doglaie G — Y @Salld Audds Al oS Oldaeg OFT - Al pgS 592

ﬁ

LS il @SLaatf sl s Ukt | Byl oy 1 -
L A il e el entll il @bl dia )l Uslall

t
p()=K ,e(t) + K, j e(t)dr

0
o Al el ekl @Ealol Jygas 1
K s+ K
_ !
Gels)=—— (16-4)

BGPTSR - L { [0 PR [ SO B PP PSPt PP Bt [PP=S P [V T PSR X

. R
3y)dd (Y Jsad @3 sy < (D) ={ ’

t>0
o oo Leelil s ban 55l 4l Liia e Lunn o
<

s =
LA gl Lo dligand Al
1

s+ 1

Gp(S) =

oY g e Jasn T-4 DLl 2 R(S) 5 Gp(s) 5 GefS) e sl
L_?'“:"” 5.‘;4_” ulc Uast 3)\.&:21

E(s)= : . fo
Kys+K; 1 s 74
[ ]

1+

S 5 +1

+1 R

E(s)=— s(m +1) . Xo
s +s(K,+D)+K;) S

e Juay L5lgil Legall (913 alusialy

-\ri.

(18-4)



dad pd1 3 o MY gl
AGLRLI3 1 S St | Aaglaie G~ I @Sl didd Al S Olubnag O¥T - Al pgS (S92

ﬁ

RO S(ZIS' + 1)

e = IIMSEG) =11ms ® o =0 (19-4)
0 —0 5 (P +sU+K,)+K))

Iay Ldasdl o)l i) il el Lol essl sl of (19-4) itslell (s ey
ol Ul g gles 4 @smmll o el LLgal) dagall o) i
Simulink el ddacul gy Lals T Lals L2635 46l 2 Slales el el sleslxe Joe @

N STE

\_4&@&\_'».” Jslas H)Lonbig r(f) =1 - A d5u I Gp(s)=% u_msaLIa.d\ Jogd ity
S s =
o

K;=2, K,=I K;=1, K,=1 K;=1, K,=2

p

IR

mV

0 1 2 3 4 5 6 7

£l el

Al Dl e lalesill uealinll @aladl 450 5-4 Jem il

el 550 o g g1y (6-) =zt 2 (SIMUIINK) galiyd! Gudty DHlrie¥l imis @y &
sl el L2ET (6D Blie psasd allsy Lletiad Lle Lol bl

-\YvV.o



dad pd1 3 o MY gl
WALRL I3 )11 D13 @St doglaie G — Y @Salld Audds Al oS Oldaeg OFT - Al pgS 592

ﬁ

ALY oL sl | St J i ks Llack? |3y ko
LA gl o s lintl lalemill ueal il @bl dia 3 Alslal

t
p(t) =K ye(t)+ K[ j e(t)dr + K p del1)
0
%,.MU_'*PJ ‘U\.\j
2
KDS + K S+K1
p
Ge(s)= (20-4)

S

A A Al Al Bl wl e L lall Slel el Lol eSslal a0 7 i

. Ry 120 R, :
WM_)YJ_'*W(Q_?Q_Ajgr(t):{OO <0 ¢R()\_g.cLaJ)‘oj_Ia>aJ\_&14_1:@u_\.c \__.u_u).abA

:\4_..1_4.4.” culﬁiﬁ‘ Z_BJJ‘U_Ac\_J_O»ﬁ&_‘:ﬁ_” A‘)_Uﬁl_ya.a.”j ‘R(S)Zli—o‘s_bg_néj.“d)..x_” SJ\_&?
I gl e dligons 318 dalall

1
s+ 1

Gp (s)=

oY g e fas T-4 L Dalall 2 R(S) 5 Gp(s) 5 GefS) e sty
L il e Uasdl 5,059
1 R,

E(s) = o
Kps®+Kps+K;, 1 s @4
1+ °

S s+ 1

-\YAL



dad pd1 3 o MY gl
AGLRLI3 1 S St | Aaglaie G~ I @Sl didd Al S Olubnag O¥T - Al pgS (S92

ﬁ

e Juam20-4 Uslall alie 2 alall s g

S(Z'S-I—l) .RO
(t+Kp)s® +(K, +D)s+K;)

E(s)= (22-4)

. . R s(zs+1
ess =limsE(s) =lims*—>* 2( ) =0 (23-4)
550 $s—0 S (t+Kp)s”™+(K, +Ds+K;

syl b Lo lal Sl eaill bl @ssl st of (23-4) idalall o
(o ) g9l 4 @il o el LSLgal) Aagall ()F s 12ag « Lasudl
Glelemi Ll essl st SImulink el o ta il slslans dataies (7-4)Jso il s gy
G Lol Lals i b 2 Lol

H1)=1 gamydl ool Gp(s):% PRURT ISR
: ¢
IS ciless | edlalas Lol

K;=1, K,=1, Kp=2. 8 u
Kp=1, K,=1, Kp=1 a0

K[=2, szl, KD=0-2 LB DL

-\ra .



dad pd1 3 o MY gl
AGLRLI3 1 S St | Aaglaie G~ I @Sl didd Al S Olubnag O¥T - Al pgS (S92

ﬁ

Aladl Dl le (PID) Lol Slless ol @Sl 180 o g (8-4) =il

»

C——F 1 L

Constant L )
— P+ | — Pp| simout
s s+1
|_> + G(s) To Workspace
% | du/dt

| ~

iale Lal> 2 PID ssl>t Simulimk sleslzs dabases 7-4 Jo il

4 K;j=1, K,=1, Kp=2

1. ________________ P—— e e o= = = o - - - - - - - - —— -
t
2 K;=2 K,=1, Kp=02
-

K;=1, K,=1, Kp=2
0 ' | >
0 5 10 15

L, a3

@ allay il Jle Sl lad! Jlelenid! Jeulid) asslsdl 50 (8-4) il

-Yé. o



dad pd1 3 o MY gl

AR 3y O3 St Aagliie G - I @Sl Al Al oS Olaeg G¥T — Auily S God
obbe

oial JEm il 2 i ga 9 Less Aol T Lals 20063 Lals Lyt -)
tob Le as ol
B AL Jusas 21
Uil 5,153 sl g
a3l 5Ly Lled! deal!

R(s) + E(s) : C(s)
- s+1 g
r(t) ¥ o) c(t)

F(s)
f10)

DBt JEm Il s go Luils 1063 dals Lud  -Y
tob Le do o
B LA Jusas A1
Uil 5,153 oL g
a3l 5Ly Lled! deal!

R(s) n E(s) o C:(S)
W O ey LT (0
F(s) 2
) s+4

-VEY o



dad pd1 3 o MY gl
WALRL I3 )11 D13 @St doglaie G — Y @Salld Audds Al oS Oldaeg OFT - Al pgS 592

Lol 5,Lal ol ¥ Lals L0653 Gl 2 ewlil) @Sl ol eddl - -

Uasdl s )Lal Lab Lals 4060 Gl '%u_\ﬁ\s_m(q&bd\gicgﬁ -¢

Jlariaal wie ¥ Dl Uad 55lal il @ coalill K Cowsall Jalas angi -0
oloT ms gl allaill 2 s ol sglas La Lo J5s

Rs) | ES) ¢ C(s)
 — >
o ey 22 (0

B(s) 2
b) s+4

t Y] a9l @bl £ 95 sas sl T s gl @ssmillallai 2. -1
el Jygnd
Bl allail) Jygas Al
Lasdl 5,LaY GOy Jasas
Cys 5l ymiay! Ul e Thasl 5,L8)

’ C(s)
[ N
Constant [P~ |+ STZ
Suml G(S)

: s

|

-VEY o



dad pd1 3 o SV el |
QAL B A 51D St eglaie ST — ol 81 @Sl ol Al oS Olaeg G¥T — Auily S God

ﬁ
:%,35?‘ > 919 @l £90 do> olial ool sl alli 2 -V

el Jigas s

Glall allaill Jygad dls

Uasdl 3,LaY Y Jysas

€ Hlpay| Ul e Uasdl 5,La)

L L+ c

Constant > 1 1
‘Pl}" T P — »

s+l

j + G(s)
— durdt |-

-VeY o



