APIZTOTEAEIO ANOIXTA

| e
/8 MANENISTHMIO AKAAHMAIKA ?‘
@i OEYYAAONIKHI MAOHMATA

KAaoowkn Oswpia EAEyxou

Evotnta 13: PD controllers, Lead compensators

Nikoc Kapapmnetakng
Tunpo MaBnuatikwv

EMIXEIPHYIAKO NMPOITPAMMA s
EKMAIAEYZH KAI AIA BIOY MAGHIH

@O0

- npoypapya
YNOYPTEIO MNAIAEIAX & BPHZKEYMATON, NMOAITIZMOY & ABAHTIEMOY  Eveanaiko Koina

Evpwmaiké Kowwviké Tapeio

Me tn ouyxpnpatodétnon tng EAAadac kat tng Evpwnaikig Evwong




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.

@O0

Ap:;é}\slo KAaoowr) Oswpio EAéyxou 2

Navenotipto TuRpa Mabnuatikwyv
Osooalovikng



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.

EMIXEIPHZIAKO NMPOTPAMMA | E rIA
EKMAIAEYZH KAI AIA BIOY MAGHZH 3 e
£névdyon 6Ty Ko wvia Tne yvuwen ZUU/=ZUI1S

=
YNOYPTEIO NAIAEIAL & BPHEZKEYMATON, MOAITIZMOY & AGAHTIEMOY  EYPQRATKO KOINONIKO TAMEIC
Evpwraikr ‘Evwon EIATIKH YINMHPEZIA AIAXEIPIZHEX

Evpwmaiké Koivwviké Tapeio

Me tn cuyxpnpatodotnon tng EAAadag kai tn¢ Evpwnaikig Evwong

ApLOTOTEAELO
NaveniotipLo
Osooalovikng

KAaoowkn Oswpia EAéyxou
TuRpa Mabnuatikwyv




Meplexopeva Evotntog

S S
= |deal derivative compensation.

= jdeal derivative controller.

AﬁféAslo KAaoowkn Oswpia EAéyxou 4

Navenotipto TuRpa Mabnuatikwyv
Osooalovikng



2Komol Evotntog

- !
* YITOAOYLOUOC KOl KATOLOKEU QVTLOMOOTIOTWY KOl EAEYKTWV.

Aﬁf;é;\sm KAaoowkn Oswpia EAéyxou 5

Navenotipto TuRpa Mabnuatikwyv
Osooalovikng



Ideal derivative compensation (1/6)
N

! i jCL)
= BeAtlwon tng SUVAULKNG )
) 17
ouuTIEPLPOPOC TOU
/4 -4 76
CGUOTAMOTOC. J
7 ’ C =04 - 75
= YUotnua xwpic I.D.C. !
- j4  s-plane
43
~0.939 +j2.151
K=23.72 12
Third L ]
il 113.6
- X : ' > O
6 -5 -4 3 =2|-1 |0
X = Closed-loop pole
7~ Ewkova 1 X = Open-loop pole
(@)
é;\sm KAaoowkn Oswpia EAéyxou 6
Navenotipto TuRpa Mabnuatikwyv

Osooalovikng



Ideal derivative compensation (2/6)

/ / _ jo
= TortoBetnon undevikou ¢ =04 )
’ ’ K . = j7
oto -2 (Orou elval Kkat o o e
1 7 ) - 6
TTOAOCG) LE CUVETIELQ TNV !
artAormoinon kot apa Oa 175
£Xw ovuoTNUA 2n¢ TA&Ng. {4 splane
= Settling time kat peak time 13
KaAUTEpPQ. {5
< j1
113.6°
| x I il ® __x > O
-6 -5 -4 B3 2 -1 0
X = Closed-loop pole ¥
_ X = Open-loop pole
(¥ Ewkova 2
®)
Apfé)\slo KAaoowkn Oswpia EAéyxou 7
Navenotipto TuRpa Mabnuatikwyv

Osooalovikng



Ideal derivative compensation (3/6)

1 ’ ](U
= TortoBetnon undevikou )
47
oto -3. =04
. . . - J6
= Settling time kat peak time ~2.437 +]5.583
’ / / K=35.34 - ]5
KOAAUTEPO OTIO OLVOAOYLKO
E)\EVKU']. - j4 s-plane
473
42
Third 15
pole 113.6°
' K——H—O—T1— 1% > O
-6 -5 -4 3 2| -1 0
X = Closed-loop pole Y
V7 Ewova 3 X = Open-loop pole
(c)
é;\sm KAaoowkn Oswpia EAéyxou 8
Navenotipto TuRpa Mabnuatikwyv

Osooalovikng



Ideal derivative compensation (4/6)

= TomoBétnon pndevikou g

- j7
OTO _4. C=0.4

= Settling time kat peak time
KAAUTEPQ ATIO AVAAOYLKO 869+ 4002
ehey KTI"] . K =20.76

Third
pole

X = Closed-loop pole \

, X = Open-loop pole

77 Ewova 4 RS

i (d)

A N

AptototéAeio Kl\aoc’nKr'] Oewpia El\éyxou 9
Navemotipio Tuqua Mabnpatikwv

Osooalovikng



Ideal derivative compensation (5/6)
N

ApLOTOTEAELO
NaveniotipLo
Osooalovikng

KAaoowkn Oswpia EAéyxou
TuRpa Mabnuatikwyv

Uncompensated Compensation b Compensation ¢ Compensationd
Plant and K K(s+2) K(s + 3) K(s +4)
compensator +1DE+2)(s+5) | (s+DG+2)(5+5) | (s+D(s+2)(s+5) | (s+1D(s+2)(s+5)
Dom. Poles —0.939 £ j2.151 -3+ j6.874 —2.437 +j5.583 —1.869 + j4.282
K 23.72 51.25 35.34 20.76
C 0.4 0.4 0.4 0.4
Wy 2.347 7.5 6.091 4.673
%0S 25.38 25.38 25.38 25.38
T, 4.26 1.33 1.64 2.14
T, 1.46 0.46 0.56 0.733
K, 2.372 10.25 10.6 8.304
e (o) 0.297 0.089 0.086 0.107
Third pole -6.123 None -3.127 -4.262
Zero None None -3 -4
Comments 2 order appr OK | Pure 2" order 2" order appr. OK | 2" order appr. OK

10




Ideal derivative compensation (6/6)
N

A Zeroat-2 Zero at —4 Uncompensated
Zero at —3

|
0 13 3.0 4.5
Time (seconds)

Ewkova 5

Aﬁf;é)\sm KAaoowkn Oswpia EAéyxou

Navenotipto TuRpa Mabnuatikwyv
Osooalovikng

11



Napadewypa 1 (1)

XpeLo{OUOOTE YLOL TO TTAPOKATW CUOTNHA EVAV OVAAOYLKO-
SladopLko eAeyktn mou va pog divel 16% overshoot kat va
pixvel 3 dopec to settling time mou Ba maipvape pe
aVAAOYLKO EAEYKTH).

R(s) + E(s) K C(s)
s(s + 4)(s + 6) -

Ewkova 6

Apf;é)\sm KAaoowkn Oswpia EAéyxou

Navenotipto TuRpa Mabnuatikwyv
Osooalovikng

12



Napadeypa 1 (2)
2uotnpa xwpic ideal derivative controller

S
jo

Log[16/100]
2 // N |

In[2]= z = -

 Log[16 /10072 + Pi?
out[2]= 0.503868 ¢=0.504

3=V 1- 22

Out[3j= 0.863781

~1.205 + j2.064
K=4335

- Y | X | % P
759 -7 -6 g % B B
X = Closed-loop pole \
X = Open-loop pole
Ewkova 7

W’ ¥/

Ap:;té}\ao KAaoowkn Oswpia EAéyxou 13
TuRpa Mabnuatikwyv

NaveniotipLo
Osooalovikng



Napadsypa 1 (3)
N

In[22]:= FindRoot[
0.8637806062539576  w,

Abs[6 -0.5038681020461064 wj]
0.8638w ]]

0.504w

0.8637806062539576 " wy, ]
Abs[4-0.5038681020461064" wj]

—ArcTan[ ] - ArcTan[

(Pi —ArcTan[ = -Pi, {wp, 10}]

Out[22= {wp — 2.39016)
In[23]:= -0.5038681020461064 w, + 1 0.8637806062539576 w, /. wp -> 2.390163810435264°

Out[23]= -1.20433 +2.06458 1

1
In[32]:= K+1l/.s->-1.2043273027433061" +2.0645771452240416 1
(s+6) (s+4) s

outf32}= 1 - (0.0230568 +2.40138x107° i) K
In[33:= Solvel 1. 0.023056826147270115 K : 0, K|

Out[33]= | K+ 43.3711} ]

Apfmoé)\sm KAaoowkn Oswpia EAéyxou 14

Navenotipto TuRpa Mabnuatikwyv
Osooalovikng



Napadsypa 1 (4)
N

4 4

Exoupe T, = Ton = To0s = 3.320

, 3320 4 ;4
Oclovpe Ty = — = 1.107 = Tl = (W, = 107 = 3.613
Npaypatiko pépog dnA. —{w,, = —3.613
DavTaoTkO LEPOC: tan(8) = wpy/ 1 — (7

w1 — (2% ={w, tan(f) = S On

= 3.613 X tan(59.7438°) = 6.1937

In[35]:= ArcCos| 0.5038681020461064° | : 180/ Pi

Out[35]= 59.7438

KAaoowkn Oswpia EAéyxou 15

Ap?citéksm . !
Tuqua Mabnpatikwv

NaveniotipLo
Osooalovikng



Napadsypa 1 (5)
N

Uncompensated | Simulation | Compensated Simulation
Plant and K K(s + 3.006)
compensator s(s+4)(s+6) s(s+4)(s+6)
Dom. Poles —1.205 £ j2.064 —3.613 +j6.193
K 43.35 47.45
4 0.504 0.504
Wy 2.39 7.17
%0S 16 14.8 16 11.8
T, 3.320 3.6 1.107 1.2
T, 1.522 1.7 0.507 0.5
K, 1.806 5.94
e () 0.554 0.168
Third pole -7.591 -2.775
= Zero None -3.006
lffgd A J4% | Comments 2" order appr OK Pole-zero not cancelling

KAaoowkn Oswpia EAéyxou 16

Ap?ctoré)\sm . !
Navemotipio Tuqua Mabnpatikwv
Osooalovikng



Napadewyua 1 (6)

jo
A
{=0.504 Desired ;
— ]7
compensated
~3.613 +j6.193 X dominant pole | 6
4 /5
/4 s-plane
- ]3
Uncompensated 1 J2
dominant pole
~1.205 +j2.064 Vil
\'120.26O
3 X | % [ » O
-759 -7 -6 -5 -4 -3 21-1 0
, X = Closed-loop pole &
Ewkova 8 X = Open-loop pole
A:(-mé}\sm KAaoowr @swpia EAéyxou 17
Navemotiuo TuApa Madnpoatikwy

Osooalovikng



Napadswypa 1 (7)
N

YUVELOPOPA UTIAPYXOVIWV TIOAWV OTNV Ywvia Tou V.T.p.
6.193
3.613

6.193
4. 3.613

6.193
6. 3.613

In[38]:= ( ArcTan’ ‘ : ArcTan’ ‘ : (Pi- ArcTan’ ‘)) 180/ Pi

Out[38]= - 275.605

YrtoAouno: 275.605-180=95.6051 poipec
Autn elvol n cuvelodopad tou pndevikou!
Av Aowrtov to pnNOeVIKO elval otn B€on —o Ba mpemEL:

6.193
= tan(180 — 95.6051) = ¢ = 3.006
3.613 — o
;;éAslo KAaoowkn Oswpia EAéyxou 18
Navenotipto TuRpa Mabnuatikwyv

Osooalovikng



Napadeypa 1 (8)

jo
¢ =0.504 A
- _]7
Desired
-3.613 +j6.193 compensated 1
dominant pole J

- ,]5
< Jj4  s-plane
= ]3

Uncompensated .
dominant pole —-1.205 + j2.064

Jjl
95.6° \vl 20.26°
' x— % : e
7 6 -5 -4 3N =2 -l 0
X = Closed-loop pole ot ’
X = Open-loop pole Ewkova 9
Apfmé;\sm KAaoowkr Oswpia EAéyxou 19

Navenotipto TuRpua Mabnuatikwv
Osooalovikng



Napadswypa 1 (9)

-3.613 +6.193

Compensated d i6
K =47.45

dominant pole

- j4 s-plane

\izo.zéf’
» O

o

X = Closed-loop pole Ewkova 10
X = Open-loop pole

ApLoTOTEAELO KAaoown Oswpia EAéyxou 20

Navenotipto TuRpua Mabnuatikwv
Osooalovikng



Napadsypa 1 (10)

Root Locus Editor for Open Loop 1 (OL1)

0.7 - 0.56
0.82
o
4001
50975
% 0 8 6 4
20975
4 oer
o
0.82
0.7 0.56
8 6 -4 -2 0 2
Real Axis
14
Ewova 11
ApLoTotéAeLo KAaoowkn Oswpia EAéyxou 21
Navenotipto TuRpa Mabnuatikwyv

Osooalovikng



Napadswypa 1 (11)

A Compensated Uncompensated

| | |
0 05 10 15 20 25 30 35

Time (seconds)

Ewova 12

4.0

>

Aptototéheto KAaoown @swpia EAéyxou

Navenotipto TuRpua Mabnuatikwv
Osooalovikng

22




Napadswypa 1 (12)

— K 28
s
R(s) + + C(s)
— K G(s) -
Ewkova 13
Aptototéheto KAaoown Oswpio EAEyxou 23
Navenotipto TuRpua Mabnuatikwv

Osooalovikng



ZuoTtnpa ponynong epaong
(Lead Compensation) (1)

jo
Desired pole A
location
s-plane
ain : 05
Pe ’\ZC P2 P Zy

Ewéva 14 MpooBnkn pndevikoL z. koL OAoU p,..
Apf;é;\sm KAaoowkn Oswpia EAéyxou 24
Navenotipto TuRpa Mabnuatikwyv

Osooalovikng



ZuoTtnpa ponynong epaong
(Lead Compensation) (2)
S S

jo
A
Desired
pole
location s-plane
» O
Ewkova 15

W 2
Ap:;oté}\sm Khaoc’ru«'] OQswpia El\éyxou 25
Navemotipio Tuqua Mabnpatikwv

Osooalovikng



Napadewypa 2 (1)

]
1 {=0.358 j@
G (S) = Desired A AvaAoyikog
S(S + 4) (S + 6) compensated 16 eAEYKTAC
dominant pole J
Na oxedlaoBel evag eAeyKTNG 2,014 +5.252 i
nponynong ¢aocng (lead
. /44
compensator design) rmou va O— /
Sdtatnpetl oto 30% 1o overshoot BRI 1j s-plane
; ] -1.007 +j2627
KOlL VOL LELWVEL OTO ULOO TO K =6321
settling time mou metuyaivoupe
LLE EVOV AVOAOYLKO EAEYKTNA. 110.98°
1 x 1 x | I > O

-7 -6 -5 =4 -3 -2
X = Closed-loop pole
Ewova 16 X = Open-loop pole

ApLoTOTEAELO KAaoowkn Oswpia EAéyxou

Navenotipto TuRpa Mabnuatikwyv
Osooalovikng

26




2uotnpa xwpic ideal derivative controller
N

Log 30/ 100
In[41]:= z: - Il N

Log 30/ 100/ 2 Ppi2

Out[41]= 0.357857

inas= V1. 22

Out[43]= 0.93377¢

Ap:;oté}\sm KAaoowkn Oswpia EAéyxou 27

Navenotipto TuRpa Mabnuatikwyv
Osooalovikng



Napadewypa 2 (2)
I

In[44]:= FindRoot’

0.9337763512468776 " wy 0.9337763512468776  wy ‘

: ArcTan’ ‘ : ArcTan’
Abs| 6 0.3578571305033167 " wy| Abs| 4. 0.3578571305033167 " wy|
0.9337763512468776 " w
(Pi- ArcTan‘ ‘ ) : - Pi, [ wy, 10 ‘
0.3578571305033167  w

Out[44]= = wy ¢ 2.81375
In[45]:= -0.3578571305033167 wy, + 1 0.9337763512468776 w, /. wn, -> 2.81374560687356"

Out[45]= ~1.00692 +2.62741 i

1
In[46]:= K+1/.s->-1.0069189288420854" +2.627409106123324 1

(s+6) (s+4) s

outf46]= 1 - (0.0158158 +3.03195x107° i) K

n[47]:= Solve[l - 0.015815838321713176 K = 0, K]

out[47]= {{K - 63.2278}}
In[48]:= ZwW, /. {2 -> 0.3578571305033167 , w, » 2.81374560687356 }

Out[48]= 1.00692

KAaoowkn Oswpia EAéyxou 28

Ap?ctéAsm
TuRpa Mabnuatikwyv

NaveniotipLo
Osooalovikng



Napadsypa 2 (3)
N

, _ 44 Nee
Exoupe I {wy, 1.00692 3.97251 tan(9) = Ony ¢
. 3.97251 4 (wy,
Oclovpe Ty = = 1.98626 = . =
4
(w, = = 2.01384

1.98626
2 UVETIWCE O TIOAOC BEAOULLE VAL EXEL TIPAYHOTLKO LEPOC
—(w, = —2.01384
Wnv 1-¢%
(wn
Wy 1 — (% = (wytan(6) = 2.01384 X tan(69.0313°) = 5.25482
In[52]:= ArcCos| 0.3578571305033167"| : 180/ Pi

kot avtaoTko pépoc: tan(f) =

(B outrs21= 69.0313

Ap:(;l';:é}\slo KAaoowkn Oswpia EAéyxou 29

Navenotipto TuRpa Mabnuatikwyv
Osooalovikng



Napadsypa 2 (4)
N

TomtoBetoU e To UNdEVIKO o€ pLa emBupntn B€on m.x. oto -5.

2UVELoOPOPA UTIAPYXOVTWV TIOAWV Kol LNOEVIKWY O0TNV ywvia Tou
V.T.p.
5.25482
( ArcTan

’ 5.25482
6- 2.01384

‘ 5.25482
5. 2.01384

‘ 5.25482
4. 2.01384

2.01384

i ArcTan’ : ArcTan’ : (Pi. ArcTan’ ‘))v 180/ Pi

out[55]= - 172.689

YrtoAouno: -172.689+180=7.31102 poipec

Autn elvol n cuvelodopd Tou TTOAOU Ttou Asimet!
Av Aowrtov o moAo¢ eival otn B€on —o Ba pEMEL:

525482 _ 731102)
o — 201384 M/ .
S

—. Apa o gheyktig Ba elvat tng popdng: 14296

Ap:(;té}\slo KAaoowkn Oswpia EAéyxou 30

Navenotipto TuRpa Mabnuatikwyv
Osooalovikng



Napadsypa 2 (5)
B

Uncompensated Compensation a Compensation b Compensation c
Plant and K K(s +2) K(s +3) K(s +4)
compensator +DE+2)S+5) [ +DGE+2)(6+5) | +DGE+2)(s+5) | (s+1D(+2)(s+5)
Dom. Poles —0.939 £ j2.151 -3 1+/6.874 —2.437 £ 5.583 —1.869 + j4.282
K 23.72 51.25 35.34 20.76
C 0.4 0.4 0.4 0.4
Wy 2.347 7.5 6.091 4.673
%0S 25.38 25.38 25.38 25.38
T, 4.26 1.33 1.64 2.14
T, 1.46 0.46 0.56 0.733
K, 2.372 10.25 10.6 8.304
e(o) 0.297 0.089 0.086 0.107
Third pole -6.123 None -3.127 -4.262
__| Zero None None -3 -4
\Comments 2"d order appr OK | Pure 2" order 2" order appr. OK | 2" order appr. OK

ApLOTOTEAELO
NaveniotipLo
Osooalovikng

KAaoowkn Oswpia EAéyxou
TuRpa Mabnuatikwyv
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Napadewypa 2 (6)

Desired Jf‘).
compensated ——175.252

dominant pole

s-plane
7.31°

-p,. —2.014

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

Note: This figure 1s not drawn to scale. Ewova 17

Aﬁf;é;\sm KAaoown Oswpio EAEyxou 32

Navenotipto TuRpua Mabnuatikwv
Osooalovikng



Napadewypa 2 (7)
N

Jjo
A
s-plane
—U K —HWHO—K o > 4 > O
—42.96 -6 -5 4 0

X = Closed-loop pole

X = Open-loop pole

Note: This figure is not drawn to scale. Ewova 18

AptototéAeio KAaoowkr Oswpia EAéyxou 33

Navenotipto TuRpua Mabnuatikwv
Osooalovikng



Napadswypa 2 (8)
N

A :
Compensation a, b
{4 | Compensation ¢
Uncompensated
12
1.0 Sa—
= {8
0.6
0.4
0.2
0 | | | -
0 1 2 3 4
Time (seconds) Ewkova 19
ApLoTOTEAELO KAaoowkn Oswpia EAéyxou 34
Navenotipto TuRpua Mabnuatikwv

Osooalovikng



Napadewypa 2 (9)

—| K 3S
K,
—f —
S
A+
R(s) + + C(s)

— K G(s) -
Ewdva 20
S
ApTéAsm KAaoowkr Oswpia EAéyxou 35
Navenotipto TuRpua Mabnuatikwv

Osooalovikng



Napadsypa 3 (1)
N

R(s) + E(s) K(s + 8) ' Cs)
(s+3)(s+6) s+ 10)

Ewova 21
Ap:;oté}\sm Khaoc’ru«'] OQswpia El\éyxou 36
Navemotipio Tuqua Mabnpatikwv

Osooalovikng



Napadswypa 3 (2)

£=0.456 - J12

-5.415 +j10.57 Uncompensated )
K=121.5 dominant pole - /10

- j6 s-plane
- ja

_J2

N'17.13°
*— H— o Y1 > O
-10 o —6T iy — =2 0

—-8.169 -55 -4.6

X = Closed-loop pole Ewova 22
X = Open-loop pole

ApiototéAeto KAaoown Oswpio EAEyxou 37

Navenotipto TuRpua Mabnuatikwv
Osooalovikng



Napadswypa 3 (3)

- Uncompensated PD-Compensated PID-Compensated
Plant and compensator K(s +8) K(s +8)(s + 55.92) K(s +8)(s +55.92)(s + 0.5)
(s+3)(s+6)(s+10) (s+3)(s+6)(s+10) (s+3)(s+6)(s+10)s
Dom. Poles —5.415 £+ j10.57 —8.13 +j15.87 —7.516 £ j14.67
K 121.5 5.34 4.6
¢ 0.456 0.456 0.456
Wy 11.88 17.83 16.49
%0S 20 20 20
T 0.739 0.492 0.532
T, 0.297 0.198 0.214
K, 5.4 13.27 o0
e() 0.156 0.070 0
Third pole -8.169 -8.079 -8.099, -0.468
Zero -8 -8,-55.92 -8,-55.92, -0.5
R\ Comments 2" order appr OK 2"d order appr OK Zeros at -55.92 and -0.5
i not canceled
Aptororéheto Khaoowr Oswpia EAéyxou 38
Navenotipto TuRpa Mabnuatikwyv

Osooalovikng



Napadswypa 3 (4)
N

Jjo
PD-compensated A
dominant pole :
b —=| j15.87
s-plane
18.37°
@, 1 > O
-z, —8.13
X = Closed-loop pole

Note: This figure 1s not drawn to scale. Ekdva 23
é,\sm KAaoowkn Oswpia EAéyxou 39
Navenotipto TuRpua Mabnuatikwv

Osooalovikng



Napadewypa 3 (5)

jo
A
£=0.456
PD-compensated
dominant pole
-8.13 +/15.87
K=5.34 s-plane
T
117.13°
> O
-106 -55.92 -10 -8 -6J-3 0
X = Closed-loop pole
X = Open-loop pole
Note: This figure is not drawn to scale. E LKova 24
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Napadswypa 3 (6)
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Napadeypa 3 (7)

PID-compensated

~7.516 + j14.67 dominant pole

K=46 s-plane

c
-106 -55.92
} 0.5
X = Closed-loop pole
X = Open-loop pole ,
Ewkova 26

Note: This figure is not drawn to scale.
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Nopadewypa 4 (1)
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Napadeypa 4 (2)
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Napadewypa 4 (3)

Uncompensated PD-Compensated PID-Compensated
Plant and compensator K K K(s + 0.04713)
s(s+6)(s +10) s(s+10)(s +29.1) s(s+10)(s + 29.1)(s + 0.01)
Dom. Poles —1.794 £+ j3.501 —3.588 + j7.003 —3.574 + j6.976
K 192.1 1977 1971
¢ 0.456 0.456 0.456
Wy 3.934 7.869 7.838
%0S 20 20 20
T, 2.230 1.115 1.119
T, 0.897 0.449 0.450
K, 3.202 6.794 31.92
e() 0.312 0.147 0.0313
Third pole -12.41 -31.92 -31.91,-0.0474
Zero None None -0.04713
‘?»4) Comments 2" order appr OK 2" order appr OK 2" order appr OK
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Napadewypa 4 (4)
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Napadsypa 4 (5)
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Napadewyua 4 (6)
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Napadelypa 4 (7)
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Napadeypa 4 (9)
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Nopadewyua 4 (10)
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Nopadewypa 4 (11)
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Nopadeypa 4 (12)
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Nopadewyua 4 (13)
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Types of cascade compensators (1/2)
N

Function Compensator Transfer function Characteristics
s + ZC
Improve steady-state error PI K B 1. Increases system type.
2. Error becomes zero.
3. Zero at —z. is small and negative.
4. Active circuits are required to implement.
S+ 2 B 3 .
Improve steady-state error Lag K = £ 1. Error is improved but not driven to zero.
STp : :
¢ 2. Pole at —p,. is small and negative.
3. Zero at —z. is close to, and to the left of, the
pole at —p...
4. Active circuits are not required to implement.
Improve transient response PD K(s+zc) 1. Zero at —z, is selected to put design point on
root locus.
2. Active circuits are required to implement.
3. Can cause noise and saturation; implement
with rate feedback or with a pole (lead).
. s +
Improve transient response Lead ok 1. Zero at —z. and pole at —p,. are selected to put
¥¥Pe design point on root locus.
2. Pole at —p,. is more negative than zero at —z..
3. Active circuits are not required to implement.
’
Mivakog 1
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Types of cascade compensators (2/2)
N

Function

Compensator

Transfer function

Characteristics

Improve steady-state error and
transient response

Improve steady-state error and
transient response

PID

Lag-lead

(5 + Ziag) (s + Ztead)
N

K

1.

Lag zero at —ziag and pole at origin improve
steady-state error.

. Lead zero at —zjeaq improves transient

response.

. Lag zero at —zj,g is close to, and to the left of,

the origin.

. Lead zero at —zje,q is selected to put design

point on root locus.

5. Active circuits required to implement.

(5 + Z1ag )(S + Ziead)
(S +plag)(s o+ plead)

K

. Can cause noise and saturation; implement

with rate feedback or with an additional pole.

. Lag pole at —py,, and lag zero at —ziag are used

to improve steady-state error.

. Lead pole at —p,.,q and lead zero at —Zzjeaq are

used to improve transient response.

. Lag pole at —py,, is small and negative.

. Lag zero at —zj,g is close to, and to the left of,

lag pole at —pj,,.

. Lead zero at —zjeaq and lead pole at —py.,q are

selected to put design point on root locus.

. Lead pole at —p,.,4 is more negative than lead

zero at —Zjead-

. Active circuits are not required to implement.

Nivakog 2
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BiAloypadia

= Norman Nise, Control Systems Engineering, 2011, John
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2nueiwpa Xpnonc Epywv Tpitwv (1/2)
N

To Epyo aUTO KAVEL XPron TwV aKOAOUOBwWV Epywv:

= Ewkdveg 1 €wg 38: Norman Nise, Control Systems Engineering, 2011, John
Wiley & Sons, Inc.

Apf;é)\sm KAaoowkn Oswpia EAéyxou 59

Navenotipto TuRpa Mabnuatikwyv
Osooalovikng



2nueiwpa Xpnonc Epywv Tpitwv (2/2)
N

To Epyo auTO KAVEL XPron TwV aKOAOUOwWV Epywv:

= Nivakag 1, 2: Norman Nise, Control Systems Engineering, 2011, John Wiley

& Sons, Inc.
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2nMelwpa Avadopag

Copyright AplototéAelo Navemnotiuo Oscoalovikng, NIKOAQOC
Kapapmetaknc. «KAaoowkn Oswpia EAEyxou. Evotnta 13: PD controllers,
Lead compensators». Ekboon: 1.0. @scoalovikn 2014.

AwaBgotpo amnod tn diktvakn dtevBuvon:

http://eclass.auth.gr/courses/OCRS432/
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2nHeElwpa Adelodotnong

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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Awotipnon ZNUELWHATWY
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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