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AdsLec Xpnoncg

* To OPOV EKTTALOEUTLKO UALKO UTTOKELTOL O AOELEC XPONG
Creative Commones.

» [0 eKTIALOEVUTLKO UALKO, OTIWC ELKOVEC, TIOU UTTOKELTOL OF

aAAou TuTou adelac xpnong, N adela xprnong avadepetal
PNTWCG.
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Xpnupatodotnon

To apoVv ekmALOEUTIKO UALKO €XeL avarmtuxBel ota mAailola Tou
eKTALOEVUTIKOU €pyou Tou dldaokovTa.

To €pyo «Avolkta Akadnuaika Mabrjpata oto ApLOTOTEAELD
Novernotipuo Oecoalovikne» €xeL xpnUAtoSOoTACEL HOVO TNV
avadLopopdwon Tou eKTAtOEVTIKOU UALKOU.

To €pyo vAomoleital oto nAaiolo tou Enyepnotokou
Mpoypappatoc «Eknaidevon kat Ao Blov Mabnon» kot
ouvyxpnuatodoteital ano tnv Evpwnaikn Evwon (Evupwmnaiko
Kowwviko Tapeio) kat armod €Bvikol ¢ mopouc.
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Meplexopeva Evotntog

S
= Mooooto YnepuPpwong (Maximum Overshoot) M.

= |deal integral compensation.
= Lag compensator.
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2Komol Evotntog

- !
* YITOAOYLOUOC KOl KOTOALOKEU T QVTLOTOOULOTWV.
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Nocooto Ynepupwong M,

(Maximum Overshoot) (1/2)
N

Jrt
-1 (— ) In(M,, /100
M, = 10072 = 100\ V197 o ¢ = — (y/100)
, \/nz + In?(M,/100)

0 Yfinal = 1 . .

zg: 2uvteAeotnc anoofeonc
S 70t (damping ratio)
g 60
E 50
E 40 - ’ ’ ’
250t Zuotnpota dsutepnc Ta&ng
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10 -
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Damping ratio, §

{=0.7071 > M, = 4.32%
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Nocooto Ynepupwong M,
(Maximum Overshoot) (2/2)

» Taonueia A, B €xouv t0

(8510 maximum overshoot. (=cosO

X = Closed-loop pole
X = Open-loop pole

(@)

() Poles at B
Poles at A
Ewova 1
L t
44 ®)
W— 2
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Cascade compensator

Feedback compensator
N

Cascade
compensator

- i(% G(s)
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controller

— T
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Plant

G3(S)

C(s)
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Original

controller
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Plant

Gy(s)

C(s)

Feedback
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H(s)

-
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Ideal integral compensation (1/3)

Gain Plant

= BeAtiwon tou steady state

R(s) + k| 6w C(S)=
error. -

= To onueilo A avrnKeL oTov jo

Y.T.p. OV LKOWVOTIOLE(TALL N
MOPAKATW LooTNTA sl
_91 — 92 — 93 = (ZK + 1) 1800
<z » O
e ELKC')VQ 3 - 91 - 02 - 93 = (2k + ])1800
(@)
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Ideal integral compensation (2/3)

Compensator  Plant

» H tonoBetnon evog moAou

R(s) + K C(s)
! ’ 5 > G(é) >
oto 0 EXEL WC CUVETIELA VA _§

QTTIOOKPUVEL TO A ATTO TOV o
V.T.p. 4
—61 — 92 — 03 + (ZK + 1)1800 s-plane

—~ 0y — Oy — 85 — 8, Ok + [J180°

Ewkova 4
)
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Ideal integral compensation (3/3)

Compensator Plant

H tomoB&tnon evog undevikou —_— kora | o] o
0TO —a. Kol evOc toAou oto 0 4’?’ ; T
EXEL WC OUVETIELOL TNV TTPOOONKN
uLac ywviog +6zc-6pc n omnoia )
av elval pkpn dtatnpet to
onueilo A otov y.T.p. Kall
OUVETIWCE N OUVAULKA
CUUTEPLPOPA TOU CUOCTAUOTOC
OPALEVEL avaAlolwTn, EVW TO
steady-state error undeviletad.

Y

s-plane

6z

Gpc
(o3

A

- 61 - 92 - 03 - 91)(. T 92(, = (2k+ 1)]800
(c)

Ewova 5
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Noapadeypa (1/4)

Gain Plant
R(s) + E(s) 1 C(s)
K P -
k. (s+1)(s+2)(s+10)
(a)
Compensator Plant
R
(s) + EGs) | K(s+0.1) 1 C(s) _
X s (s+1)(s+2)(s+10)
(b)
Ewkova 6
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Napadswypa (2/4)

N
{ =0.174
)

S12 = —Cwy £ iwn\/ 1- (2

= —0.174w, + iw,\/ 1 — 0.1742
= —0.174w,, +i0.98474w,

Ta onpela Tov y.T.p. LKovoTtoloUV thyv eélowon:
1

G+tDG+D)Gr10)r
s+1)(s+2)(s+10)+K =0«

1+6G6(s)Kk=01+ 0 &
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Napadswypa (3/4)

e
s34+ 13s2+32s+20+K =0

)

(—0.174w,, + i0.98474w,,)3 + 13(—0.174w,, + i0.98474w,)?
+32(—0.174w, + i0.98474w,) + 20+ K = 0 &

[MPpAYUOTLKO HLEPOC
20 + K— 5.568w,, — 12.21267w?2 + 0.5009w3 = 0

DovtaoTIKO HEPOC
—31.51168w,, — 4.45496w2 — 0.865473w: = 0
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Napadswypua (4/4)
B

In[12]:= NSolve | 31.5117 w, - 4.45496 w; - 0.865473 w, :: O,
201 K-5.568w, -12.2127 w>. 0.500922w_:: 0

, | W, K| |
Out[12]= | wy+ - 9.13373, K+ 1329.68 , | wy+ 3.9863, K: 164.532 , w,¢: 0., K: - 20. |

Inf13]:'= - 0.174w,: I10.98474w,| .| w,: 3.986301616215044 , K: 164.5320978304263 |

out[13]= - 0.693616: 3.92547!
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Juotnpa xwpic ldeal Integral

Compensator (1/3)
N

In[15]:= ArcCos| 0.174] + 180/ Pi jo
A
out[15]= 79.9795 ¢=0.174
_0.694 +3.926 ¥ - j4
K=164.6
s-plane
J2
—_
100.02°
SPY: % ' l - C
-11.61 -10 -3 -6 0
Inf16:= [ s+ 1 | s+ 2 [ s+ 10/ + K| . K: 164.5320978304263" —j2
X = Closed-loop pole
out[16]= 164.532 ¢ | 1+ s | 2t s/ | 10+ g X = Open-loop pole
—j4
In[17]:= Factox| | |
oufi7j= | 11.6128 1.s  15.8904: 1.38723s: 1.s° ,
Ewkova 7
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Juotnpa xwpic ldeal Integral
Compensator (2/3)

Jjo
A
¢=0.174
—0.678 + j3.837 J4
K=1582 seplia
2
100.02°
-—X% % ' ‘ : g
~11.55 —16 g - -6 -4 -2 0

¥1-"'ourth closed-loop
—j2 pole at —0.0902

X = Closed-loop pole
X = Open-loop pole

Ewova 8
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Juotnpa xwpic ldeal Integral

Compensator (3/3)
T

A

20
1.8 [
L& [
1.4
1.2
1.0
0.8
0.6
0.4
0.2

Ideal integral
compensated

c(1)

Uncompensated

l l l >

10 15 20
Time (seconds)

Ewova 9
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Napadsypa 2

K,
K, Kis+K; K (S-l_E)

Kl +— =
S S S
Integral (I)
— I&
5
Proportional (P) Plant
R(s) + $ % C(s)
— K | G(s) B

Ewova 10
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Lag compensator (1/2)

Gain Plant
R(s) + o EG) (s +2)(s +2) - - - Cs)
= s(s +p)(s+p) -

>
\i

(@)
Lag compensator
Compensator Plant
R(s) + E(s) | K(s +z.) | Gz +z)e. Cls)
. (s +po) s(s+p)s+py) .- -
®)
jo
- (s +20) s-plane
c (s +po) —(O—X - O ,

~a T Ewodva 11

(c)
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Lag compensator (2/2)

j @ jo
4 A
ad -
p P
s-plane s-plane
- > O - (0]

S~
(a) (b)
Ewkova 12
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Napadewypua 2 (1/3)
B

Compensator Plant

R(s) + ES) | Ks+o0.11) [ 1 -
® (s +0.01) (s+ D(s+2)(s+ 10)

Ewkova 13
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Napadewypa 2 (2/3)

-0.678 +j3.836y - j4
K=1581
s-plane
- ]2
—
100.02°

H x | | | o
-11.55 -10 -8 -6 -4 -2 Q/Compensator pole
at —0.01
5 Fourth closed-loop
X = Closed-loop pole 7% pole at —0.101
X = Open-loop pole
—j4
Ewova 14
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Napadewypua 2 (3/3)
B

Uncompensated Lag-compensated

Plant and K(s+ 0.111)
compensator (s+ (s + 2)(8 +10) (s + 1)(s + 2)(s + 10)(s + 0.01
K 164.6 158.1

K, 8.23 87.75

e (o) 0.108 0.011

Dominant second- —0.694 1 j3.926 —0.678 £+ j3.836

order poles

Third pole -11.61 -11.55

Fourth pole None -0.101

Zero None -0.111

Nivakag 1
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Napadewypa 3 (1/3)

Na BeAtiwOel to steady state error kata 10 popéc av T
cvotnua €xeL damping ratio (=0.174.

(o) 0.108 00108
c0) = — = U.
© 10
e(o0) = = 0.0108 =
1+ Ky new
" _1—e(oo)_1—0.0108_9159
pnew —  eo(0)  0.0108

ze  Kpnew 9159

pC Kp,old B 823
p. =001=2z.=11.13p, = 0.111

=11.13
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Napadewypua 3 (2/3)
B

A
1.4
1.2
Lag-compensated
1.0
< 0.8 Uncompensated
0.6
0.4
0.2
0 l ' |
0 5 10 15 20
Time (seconds) Ewkova 15
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Napadewypua 3 (3/3)

A
s+0.111
G.(s) = ( )
(s +0.01)
(s +0.0111)
Gls) ="570.001)
| | | >
0 5 10 15 20
Time (seconds) Ewéva 16
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BiAloypadia

= Norman Nise, Control Systems Engineering, 2011, John
Wiley & Sons, Inc.
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2nueiwpa Xpnonc Epywv Tpitwv (1/2)
N

To Epyo aUTO KAVEL XPron TwV aKOAOUOBwWV Epywv:

= Ewoveg 1 €wg 16: Norman Nise, Control Systems Engineering, 2011, John
Wiley & Sons, Inc.
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2nueiwpa Xpnonc Epywv Tpitwv (2/2)
N

To Epyo auTO KAVEL XPron TwV aKOAOUOwWV Epywv:

= Mivakag 1: Norman Nise, Control Systems Engineering, 2011, John Wiley &

Sons, Inc.
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2nueiwpa Avagopacg
N

Copyright AplototéAelo MavemotAplo Oecoalovikng, NIkOAaog
Kapapmnetakng. «KAaoowkn Oswplia EAEyxou. Evotnta 12: Pl-controllers, Lag
compensators». Ekboon: 1.0. Oecocalovikn 2014.

AlaBeoipo amnod tn diktuakn StevBuvon:
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http://eclass.auth.gr/courses/OCRS432/

2npeiwpa Aderodotnonc

To mapov LVALKO SratiBetal pe toug 0pouc tne adetag xprnong Creative Commons
Avadopd - Mapopota Atavoun [1] A petayeveotepn, Atebvnig Ekdoon. E€atpouvtal
TOL AUTOTEAN £pya Tpltwv T1.X. dwTtoypadieg, dtaypdppata K.A.T., Ta onoia
EUTIEPLEXOVTOL OE QUTO KoL Ta omoila avadEpovtal Lol Le TOUG OPOUC XPong
TOUG 0TO «2Znueiwpa Xpnong Epywv Tpitwv».

[©Nolel

O Skalouyoc pmopeil va mapexeL otov adelodoyo Eexwplotn adsla va
XPNOLUOTIOLEL TO £PYO YLO EUTTOPLKA XPron, EbOcov auto Tou {nNtnOeL.

[1]
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http://creativecommons.org/licenses/by-sa/4.0/
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Alatipnon ZNUELWUATWY
N

OrnoladAmote avarmapoywyn N dSloaokeun Tou UALKOU Ba Tipemel
VoL cUUTTEPLAQLUBAVEL:

" TO Xnueiwpa Avadopag

» 1O Xnueiwpa Adeodotnong

= tn 6NAwon Alatripnong ZNUELWUATWY

= 10 Xnueiwpa Xprnong Epywv Tplitwv (epocov umapxel)

uall pe toug cuvodeUVOUEVOUC UTIEPOUVOECHOUC.
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