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Forelasning 7 kap 11

Dimensionering av analoga reglersystem.
e Tumregelmetoder

e Bodediagram

o (Kompenseringsfilter)

e Simulering — MATLAB-programmet Simulink
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Zlegler-Nichols svangningsmetod

R LQ—» GR > GP —— Y IIJ".'.I ;."nll i | |I |I'I
KT, T, VRVRY 1RIR! |

Gg, ar en PID-regulator. Borja med bara K dvs. T, = o och
T, = 0. Oka K stegvis till det varde K, da Y borjar ”svanga”.
Mat periodtiden T,,.
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Zlegler-Nichols svangningsmetod

R LQ—' GR > GP —— Y IJ".'.I | -.lll i I|II |I I| I'Il
K T| TD II"., 'I ". III.' IJII IIII | I,I I||| |
e Stall in regulatorn med dessa tumregelvarden: To
K TI TD
P 0,5-K, _ _

PI: 045K, 085T, -
PID: 06-K, 05T, 0125T,
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Zlegler-Nichols svangningsmetod

n -y Tidkonstant+dddtid
R — Gg 1 G Yoo Ke®
KT T, | ;._63 /ah1_+r1_'s

| CLoLeT |

Z-N-metoden &r tankt for en process av typen "tidkonstant+dddtid”,
men den fungerar manga ganger aven for andra dverforings-
funktioner eftersom dodtiden | modellen gor att den kan anpassas
till processens fasvridning oavsett dennas orsak. Metoden ger
atminstone startvarden infor den vidare intrimningsprocessen.

Ziegler-Nichols metoden &r fran 1940, ett senare framtaget
parameterval &r 0,35-K, 0,77-T;0,19-T,. Manga andra "varianter”

forekommer OCksa' William Sandgvist william@kth.se



Zlegler-Nichols med borvardessteg

Zileglerl-l\lich;:rls régulatézrrinstléllninlgar [—r Stegsvaret vid borvardes-
| andring far som syns en
ganska kraftig dversvang
| med Z-N-installningen.

( Har har vi antagit att
processen ar av precis den
typ som metoden

1 forutsatter. )
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Tumregelmetoderna ar for att man ska ha nagra
parametrar att borja med — annars har man ingen
aning om vad man ska anvanda for varden!
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Chrien-Hrones-Reswick stegsvarsmetod

Vad ska man géra om man inte "vagar” forsatta processen
| sjalvsvangning? Eller om processen inte kan bli instabil?

G, [—v

e DA mater man upp processens stegsvar i stéllet.
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Chrien-Hrones-Reswick stegsvarsmetod

- _'.r:-TVét_idkonstante_rK

" e rw— o —

(1+T,8)(1+T,5)
—-

~ Tidkonstant-+dédtid

- — e Ke T
163% 1+T
_ 63 14Ts
En modell med tva tidkonstanter ”liknar” en
modell med en dddtid L och en tidkonstant.
Med dddtiden kan man i ”viss man” anpassa
modellen till den verkliga processens

fasvridning.
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Chrien-Hrones-Reswick stegsvarsmetod

K T, T,

P: 03/a - -

Pl: 035/a 12-T —
PID: 0,6/a T 0,5-L

Frekvensmetoderna ar oftast
”battre” an stegsvarsmetoderna.
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11.4 a ex. PID-Stegsvarsmetod

= f(s)
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11.4 a losn. PID-Stegsvarsmetod

74

-
Z
]

/ | K
A S P 0sa - -
a=25|"77 /1 [[P: 03/a 12T -
) D - PID: 06/a T 05L

KE—=0,24 |T,|=4
2502 [1

T,|=0,5-33=165
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A-metoden Stegsvarsmetod Pl

10

/

100% A s y
v == S
~ s (U, =steg)
639 /| S 9
/é ) T
/1 Kj=
// — K (A+1L)
T, (=T
Q.12 3 4 567 89 10m 213 (g%) Not rocket science ..
T l = p . M
M=max{L, T} 1<p<3 (speed «— p— stability)
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Dimensionering med Bodediagram

A Processens + -
1Gp! amplitudkurva Gp }—» G p _I_,.
NS
N\
| P: Gy=K
b |1GRl : Regulatorns
- \ amplitudkurve 1
N - Pl: G, = K(1+—j
L s
\ | { 1| Sammanlagd 1
[ : | amplitudkurva PID: GR — K 1+—+TDS
B e Ts
= ()

N\
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Pl-regulatorns Bodediagram

/G
-20 dB/dekad 1 &
Gp = K(l_l__j [I_émpligt att )

T,s
_ placera PI-
Amplitudkurva kurvan over
processens o,
har — mattlig
forsamring av

fasmarginalen.
~ C} g /

1G] &

Faskurva
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Pl-regulatorns Bodediagram

e —kl1 LK 1+Ts 1) Rita Bodediagram for
R — T ——|= )
Ts) T, s processen Gp.

G
-20 dB/dekad ‘ L

|G| &

2) Valj K som ger process-
et tudarva en onskad fasmarginal +11°.

3) Bestam processens ..

, Lo 2ws  Sws . 4) Lamplig Pl-brytfrekvens
: ; ar Wy = O,ZC()C
1
L gpe T| -
Faskurva ) 0120)(3
Regulatorn fasvrider med -11° sa nu blir fasmarginalen den

dnskade.
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EX. Pl-regulator

1 2
T,s (1+2s)(1+0,5s)

Onskad fasmarginal 45°.
Dimensionera med 45° +11° =56° fasmarginal
eftersom Pl-regulatorn fasvrider.

®_=56°
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EX. Pl-regulator, process

Processens

Bode-diagram Gp = (1+(25)(1+0,55)

Gl 20 log |G| dB
10 ;

m ST (P (NS F N O IO IS PSRN AP ISR SN SN U I FUSI PGV PSR PUCE FOUR FGWN IREN )
5 e e e
| Glew)|
J N B
2_ l P RN SN S S— S SN SR E—
- 0.1 0.2 — 05 P —{—2 —t—5—1—1—10
l J,O FEEE P WS FEE RS SEETE 1 FT8 T8l SRt I | ! e | PN RS WS SRTEE 1 SRSTPET] fOem 1o | | !{a:i{.s;_ 0
: —
i =
02 [6(w) TS
- “ - T
o ~] N
0.2 =~ AN
N N O O A O NN N O ) B, N O S
0.1 _20 N
1 ..\\
0.05- -‘h \\
— .
0.0 ] JENE S SR N AN I A [N NN EUUDN U N R - Nl -180
0.01 } 40
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Ex. Pl-regulator, process K

e Bestam w, ur fasmarginalen. Bestam K.

G
Gl s 20 log |G| dB /G
4= = == ==}F=- 90
K=2=5 5 \ I
| Gl
K=1=25— 1 - 7 ___GL‘7
27 Ll
— . c ) &
|- 0.1 0.2 — 0.5 NN 5— 10
l J,O FEEE P WS FEE RS SEETE 1 FT8 T8l SRt I | ! T T I & 1) FYTRE R TSreT e | | !{a:i{,sj 0

K=2 05 = S~ : N

] ""‘ —
0.2 "'\.“
T
o e e o, o o e N B
L1120
0.05 - NN
= _‘~ .. ‘h-'"'l-_ \
B =56° = N
0.02 = !
S SR b £ e SN N IO (NN Myaiot I NEEN S SN B, /3 SN S S - ——F—-+-N-180
0.01 |40
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GR(PI) = K[

Ex. Pl-regulatorn, w,

1+1] w,~02-0,+02-2,2=0,44

T,s

G
10 20 log |G| dB &
. e il o M il —— o IS, P S —_—— e JRESOE WP IR S — PR [ — u—— 90
= -
3 s A 1= )2
s CINITT Yy
: N S) -
K = 2 == @ 7
=0 —02 —1— - 0.5 1 Y an -5 10 —
l: | 11 | ' ST | vl L1 'F:a:ﬂ,sa 0
0.5 4— = 2 ?
€ =1
0.2
SRS R U NN U (U N N N SN AU JSY SN DU TN NON DU N S R SR P 90
0.1 {20
0.05° e Bestam o, Ur w..
0.02
ST S5t SURY SN PV SN SN N S SN R NN PR N ANRIRE AN IO SN N SO U Y
0.01 } 40
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EX. Pl-regulatorn, faskurvan

Grpy) = 2(1+

K=2=>

0,44

0.5 -

0.2

0.05]

0.02

0.01 -4

w, =044 w, =22

— O'_] 0:2 | 0'5 r1,..,._ r‘\‘; J
Gl fog e L,

5]
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Ex. PI-Totalkurva

bode(G) w, =0,44 o, =2,2

50l ( 0,44j 25
2-| 1+ :
= s ) (1+25)(1+0,55)

-100

—135°
—180°

-140

-200 =
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PD-regulatorns Bodediagram

Greppy = K(A+Tp8)

1G]}

Amplitudkurva
« 20 dB/dekad

1 +63° +90°

+27°
Faskurva

. ‘ ‘
7 ; J } = (W

wp wp 2wy, 0
2

PD-regulatorn ger positiv fasvridning — man kan ha hogre
forstarkning K utan instabilitet.
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PD-regulatorns Bodediagram

1
Grppy = KA+ Tps) Ty N

G} }

Amplitudkurva
+ 20 dB/dekad

«27° !
' Faskurva

wp W 2wy

4) Man kan nu 6ka K och aterga till den

ursprungliga fasmarginalen.

+90°

-
0

1) Rita Bodediagram for
processen Gp.

2) Valj K som ger process-
en onskad fasmarginal.

3) Bestam processens @, och
. Vil o,, o, < v, < o,
(eventuellt kan aven o, > @,
anvandas eftersom PD
forbattrar stabiliteten)
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PI1D-regulatorer

e Teoretisk: 11
T
1 — K¢ T,s
GR(PID) — K 1+T—S+TDS -
| " 1S

e Praktisk (PI-PD):

1+T,s) [1+T,S
GR(PID):K£ I )L > )

. K N 1+T,s R 1+T,s L,

T,s 1+T;s

Tis ) I+ TeST~ | pfilter begransar bruset.

T, ~01-T,
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PI1D-regulatorer

1 Ts+1+TT.s°
GR(PID) — K(l—l_T_S—'_TDSj — K[ T s j
I I
Gy = K I+Ts| [ 1+T _K (1+T,s)(L+T,s) _
T,s T,s(1+T,s)

Tp ar mindre‘an T, _
I Den "praktiska” (P1-PD)-

v 0 "
_K [1+I,§s’+T,s +T,TDs2 regulatorn har saledes nastan
- Ts (, samma Gverforingsfunktion
| f i
A som den "matematiska”.
extra — brusreducering
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Phase / deg

Magnitude
H
o

PID regulatorns Bodedlagram

10°

:>e0"0 RS § O
N e .envenng

LP fllter

5= i1kl stabmsermg

brusreducermg |

10° 10! 10°

Frequency / Hz
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PI1D-regulator
P

PID-regulatorn kan vara
uppbyggd av mekaniska
komponenter — tex. for
tryckluftutrustningar, men
det vanliga ar att program-
mera en regulator med
nagra rader kod i en
mikroprocessor.
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( Kompenseringsfilter Lag )

Phase-Lag. Fasretarderande filter. Anvandes forr fOr att
forbattra statisk noggrannhet och stérningsdampning — till

priset av ett ostabilare system. 1+Ts
Gragy =87—— a>1

o— 1 1+aTs
s o ———
S E R T

-4

o o : R

: L R e

P 4 5 R as oot

.,93,' _. 10 R e e e
Yo 4 15 L oot
: 22 1 I — I In I B 1
10 10 10

Fregquency (radfsec)

Elektronikkomponenter ar visserligen billiga — men
nagra rader processorkod ar anda billigare.
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( Kompenseringsfilter Lead )

Phase-Lead. Fasavancerande. Anvandes forr for att

Oka snabbhet och stabilitet. -  bTs+1 .
A{C R R(Lead) TS-I—l
ot L T
Ui
aV R Y2
O O
___,_f-?'yy- ;

10" S 10
‘ Elektronikkomponenter ar visserligen billiga — men
nagra rader processorkod ar anda billigare.
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( PID-regulator = filter )

En PID-regulator kan kanske ”’liknas” vid stereons tonkontroller!

Bas — . ~ Diskant —

== S SR pEm—

integrering- [ i derivering

70
B35
B0 1
55

BARCE TRER] E
BASS WOLUME TREBLE
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( Varfor inte en equalizer ? )

IN ouT

voC

(L= A
BYPASS . EQ £

10-BAND PRECISION 2

EQUALIZER A/ \
=

%\
Frequency
32 64 125 250 500 1K 2K 4K 8K 16K
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( Varfor inte equalizer? )

Orat ar okansligt for fasvridning. Darfor ar equalizern
ljudteknikerns basta verktyg.

Reglerteknikern maste hela tiden halla reda pa fasvridningen for
att undvika instabilitet!

Equalizern andrar fasvridning helt kaotiskt nar man stéller in
amplitudkurvan.

Equalizerns fasvridning 5 e agg HL
varierar mycket med R s e R
installningarna! S o e ’

e Kursavsnitten om digitala regulatorer kommer att ge
dig forbattrade verktyg for regulatorkonstruktion.
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Simuleringar Simulink

E Stérning V

Uw@

Scope

PID Controller Transport Transfer Fcn

Delay

Scope

De olika kraven som finns pa en process ar motstridiga.
Forbattring av nagon parameter kdps pa bekostnad av nagon
annan. Det naturliga arbetséattet for att stalla in en regulator ar
att simulera systemet och prova olika kombinationer.

Det verkliga systemet bjuder sedan pa nya 6verraskningar som

Inte fanns med i1 det simulerade systemet!
William Sandqvist william@kth.se
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11.7 P-regulator Bodedlagram

IG| = 20 log |G| dB

+-t-1--1-r-14--F-+-14--F-+--- . o A @° 90
5- ®,, =30 01 16 —10 -
- 02 17 -20-

2: 04 22 -40]
e S 02 S T 20,625 27 —65 .
S 08 2 -80 |

0.5 1~ 1 13 -97°
16 05 -130]
02 25 015 -1627]
% £ 1 EAN i A R o s i e 1T 4 005 -1900]""
0.05
0.02
EEH Do e i QIS Sl IR SRR IREE I Sl Sl ENTE CRRTE Seecil) SRR St (el KO ST -+ —-1-180
0.01 }-40
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11 7 10sn. P-reg. Bodediagram

- 20log |G| dB

[G

:'___’_—““M”“ rtrrrerrrrr 1 1 (Dm = 500_ 20
5 _
/Jfl,‘f—"'""\. S
1 :__0 0'1, caa 02 APPUR YTV TR % 1\\ Ll {000 IO O W rLal:i[:'Js__ 0
i Tr—
0.5 = \
N\
/G \"‘\ : \\\
0.2 S
(NN (RN RN ED ENN DRI S m.___L__.Jx____,.,.__.._\&\__,ﬂw 4 b-1_-d 90
0.1y N\, \
1 [ AN
0.05 C
h N s
0.02 =11~ SN SO S ) NSO PR Y IS (R SN G N~ -+--180
0.01 -} -40
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11.7 10sn. P-reg. Bodediagram

1 B
IGI 0, 20log |G| d /G

1--F-1-19%

e — e e e — | = e e e e —_—y e — e —— e — ] = e —

5
i’§—> 2 J(.;l_,.--"""\ — a)c :1’6 n —

l:LO i il 1

0.5 : | ik N \
N\

B

JP
{

%

490

|
|
|
|
L
!_
/
|
|
|
|
-
|
i
/l//
]
!
|
|
|
|
|
|
|
|
|
|
|

0.2

0'1 ] -20 \. \\

0.05-
i Y

vbn
1

(8]
o

0.02 |— T _____“__}L,,____:\, ________ 1180

0.01 -f -40
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11.7 10sn. P-reg. Bodedlagram

I 20 lo G| dB
. —+-—-+-490

51 - 14 0,9*—

3, 2_> - J(?ld__...-u\_ r 1 6 —
16— £ --""'/ Nl O :1’!6 ’i 1
y — 0.1 0.2 | 0.5~ 1\\ A\ 2 Db, e o
1 4o———ftttonbt i, T rad/s 0
. = =
0.5 T~ \\
1 N\

0.2: '1 ‘ Zm_\zx __”Hj\___“wﬂ____m-_-.‘go

o1ie, =

I
S
/.
//

0.05 C
- el N A
| (D | — o)~ s
0'02}__.. ______ ____,,._H._,_H____ﬁ________“__}#_._.___:\, ________ 4 _—1-.180
0.01 -t 40
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11.8 Stabilt med K, =2 ?

Utsignal Processens stegsvar:
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11.8 10sn. Stabilt med K, =2 ?

Identifiera processens parametrar

Utsignal
A
I s s B
2
= 3e—l,SS
G. =
' =) G, 1+3s
1 a : : : + —a 1 (S)
Z A 6 8
]
L=15 T =3
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11 8 16sn. Stabilt med Ky

G| 20 log |G| dB
S SO IO O R A s ]
6 — - -1,565 —
5 2.G 3e —
3 aw - p— GP —
5 = Tore—l ] ].-F-:gfi ]
Ty I%
k(FQ = :2’? 1—:)_0-;1 02 T O I B M = A I P SO T |ﬂQ:_
E — _ rad/s
0.5 S \IK R
] N
02 = 1
o N T .
0.1 +-20
] ) y —)
0.05 AN RI—& -
G N[ garep |
0.02 -
e e
0.01 140 |1\ m —
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11.9 P, | -regulatorer

2 1
P — (l+S)2 GR(P) =K GR(PI) :ﬁ

a) P-regulator. Bestam K for @, = 45°.

b) Pl-regulator. Bestam T, for @ =45°.

c) Berakna och jamfor o och t. for a) och b).
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11.9 a losn. P-regulator

2K 2K
-G =—— G(w)= w) = —-2arctan(w
o Gary =g C@ =1z 4@ ()

d _=45°: (—180%45%% =-2arctan(o,) = o,=24

2K 142,48

G(w,)=1:| 1= - K 3,4

1+ 0 2

Med K = 3,4 blir . =2,4 och @, =45°.
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11.9 b 16sn. I-regulator

2 2 T
G, -G = G(w) = w) =——-—2arctan(w
" RP T s+ s)? (@) T, 01+ ) #e) 2 (@)

@ =45°: |(-180°+ 45°)L - T 2arctan(w,,) = o, =041
180° 2

2 2
= — = I, = -
T o 1+ o)) 0,41(1+0,41°)

G(lw,)=1:|1

Med T, = 4,2 blir w- = 0,41 och ®_, = 45°.
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11.9 ¢ Iosn. Jamfor P och |

P:
1,4

O, = 2,4 t =—= 0,58 Sexggr. Snabbare!
2,4

| :

w. =0,41 t :£:3,4
0,41
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11.11 a Pl-regulator

IGI 20 log |G| dB G
S o e et e ) et e e P e

. D, =45°

_O']l Il - Ilq.?J AL ALLLLLL Ilillh01.5 J l 1 1 L Ll ll|2Illl lil!rl aadiy ""'""5_' _J-_.._-_I_ IO ¥

radl; ]

0.2 /6 —4c

OI : -20 \

0.051 i = N

0'02'__#__.____.___ R R U N (SN TN NN SRS SR, A ___v.::_\_..v.___Sf--__ -180

0.01 }-40 \

/
/

William Sandgvist william@kth.se



11.11 a losn. Pl-regulator, K

IGI 20 log |G| dB
90

L M il ], S S O ) 1 W R M 1|
- | O =45°

25> 4,4 e e e e e N
—> N o T
==3 |/

2 - N =106 =
S 10

K :118 L 01 0.2 0.5 i 1\\ 2 T 1 TR IO froe vy (AN 1 A e

1 34
0.5 -
'h\
i 8
0.2 L _
N [ R (OUD RN (NSRY BNS AR (o - S S ______-;\i_.___ﬁf__ —4 90
0.1:'20 \
? \\
0.05 N N
A O 1440 nlo- i AN
) = 40 1 — DO .

0.02- ~
[ U T N N AU (R I E SR O S e e O T ss v---\--;-—{;fi---- -180

0.01 }-40
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11.11 a 16sn. nu Pl-regulator, T,

IGI
10

25a4£j

K=18 :

14

0.5 -

0.2

0.1

0.05]

0.02

0.01

20 log |G| dB
B TN T S o R e TN SR eSS (D I (R [PPSR
| I B o)
— —
] et - CI)m 45 |
: |GK_
s K 0, :ﬁ—
_00']. N 02 A A L . . o e b o ll’ld(:ﬁ
™ ad/s |
. N _ 1N
o, =U,2 0 =10,34 ¥
T~ - \\‘\ —
6~ _
| 1 M EsDsELuERRE
:T| - = 2,9 - \\
O,ZC()C :\'. \\
T, 29 T -
J, =—L=2 =163 1T [V OE4 (o 01
K 18 =
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For lange sedan

hade ingenjdren en
rolling ruler for att
rita parallella linjer

Rolling ruler
B

] %
=

[
-
a
-a B ey
o -~ pA- - 'T."'
: > "
& oo -
i XK. e N
F e Yoy,
g Yu Bl
¥ =5
‘ B
A iy
. o da
& g
ap g

dig g, -
I“w.ﬂJ:f; W?[lth ﬂi
it - iyl

LT
'f.,l. Ii.'L.. ?
= T, L, :‘~|~

d
.
"1.

/2" Bode-diagram for hand:
~« Parallella linjer ritar

man enklast med tva

vinkelhakar.
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11.14 PD-regulator

A

P :W GR(PD) — K(l"'TDS)

Arbetsgang:

P: Bestam K for @ = 60°.
PD: Valj Ty. Bestam nytt hogre K for @, = 60°.
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11.14 10sn. PD-regulator, K

Process:
G, = 4 -
(1+5)
4
GF,(a)):(1 N 9, (w) = —3arctan(w)
+ W + W

® =60°: (1800—6O°)$ = -3arctan(w,) = @, =0,84
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11.14 10sn. PD-regulator, K

4.K

., =0,84
(1+5s)°

Med P-regulator: K-G, =

K-G,(w)=1:|1

B 4K
A+ &’ )1+ @?

(1+0,84%)y/1+0,84
A

- Kk 10,56

Med K=0,56 blir - =0,84 och ®_ =60°.
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11.14 16sn. PD-regulator, @_, Ty

@, (w) = —-3arctan(w)
oo (@ )=—m=-3arctan(w,) = |w_=173

Valj ( = guess ):

coc<a)b:_|_—<a) 082<w, <L73 = o, =15

T, = T 0,67 ( Eftersom deriveringen forbattrar
! stabiliteten skulle aven @, kunna
valjas nagot hogre an w, ).
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11.14 10sn. PD-regulator, nytt K

4 4K(1+Tys)
Gp :W GR(PD) = K(1+TDS) G=G; ’GR(PD) - (1+S)3D
AK 1+ T w°
G(w) = 0 \/2 )i/lDLZ o(w) = arctan(T, @) — 3arctan(w)
+ 0’ Wi+ w

(—180° +60°) Ki)o = arctan(0,67w,,ppy) — 3arctan(e,, pp))

= Oypp) =139

ATl ey, 1 (1+1,39%)y/1+139°
(L+ 02y )1+ Doy 4,/1+0,67° -1,39°

= 0,86

1
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11.14 PD visualisering Matlab

20

4 —

process

0

a0 k-

bode(G)

__________________________________

IR | L
| o, =084
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11.14 PD V|suaI|ser|ng Matlab

bode(G) ‘@:.b

2,24 —
P-reg

2,24 e, =15

-:0’56.6 — o .
S e Tl

—120°
—180°

10 10 10
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11.14 PD visualisering Matlab

20

344 —

PD-reg
nyttkK =

40
0

-50

-100

0 =139

_GR(PD) "OIp — (1—|—S)3

____________________________________________

|||||
"""""""""""

""""""""""""""""""""""""""""""""""""""

——— L

—_
1 1 1 1

-150

200 -
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Jobbigt att lasa av marginalerna | Bodediagrammet?

Gm=48.7 dB MYog=25.1), | Pm=E2.7 deg| (Wep=1.3)
20 —— T AR

20 i

al margin(G)|:

sl 0,86-(1+0,67s)-4
0 - R(PD) "PP — (1+S)3

50+ i : J

100 |

L&t MATLAB gora jobbet!

150 F

______________________________________________________________________

EI:":|1 I .II.I”ID. I 1 I 2
10 10 10 10
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3.5 Stegsvar for reglersystem
Kommer Du ihag ?

Figuren visar stegsvaret for ett helt reglersystem vid
borvardesandring. Bestam stigtiden t. och insvangningstiden
t.eo, (LIl £5%) och Gversvangen M (raknat 1 %).

!

0,5 4

i
|
o ¥

10 20 30 - (0
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3.5 Facit: Stegsvar for reglersystem

M=60% Qvershoot

| ! 90%
100% [ 0.5
10% —
”1] 2":5' jfl;j ' “t
t55% ~ 33 [S]
t ~5[s] Settlingtime (5%)
Risetime
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Matlab stegsvar

Stegsvarsinfo till Matlab, fran éverforingsfunktionen eller fran
en simulering.

—_ k% stepexercise =0l x|
>> G_tf([l] ’ [1 1 1]) eEit Simulation  Formak 7
Transfer function: =g *
g; |”_ b s N Zhg FI:l
1 Sum Gain  Intagrater Transfer Fon Scope
___________ l
-
SA2 + S + 1 To Watspac
S—pf

>> LY, T]ystep(G);
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Matlab stegsvar

Figure
File  Edit

1.5

1

045

o

0.5

No. 1

=10l x|

‘Window  Help
0 2 4 5 g 10

plot(T,Y)
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Matlab stepinfo

>> S = stepinfo(Y,T,"SettlingTimeThreshold® ,0.05)
S =

RiseTime: 1.6493
SettlingTime: 5.2341
SettlingMin: 0.9289
SettlingMax: 1.1629
Overshoot: 15.7872
Undershoot: O
Peak: 1.1629
PeakTime: 3.6721
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