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Lektion 3 kap 7

 Modellering

e |dentifiering
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Teoretisk modellering

Man anvander grundlaggande fysikaliska naturlaghrderas
ekvationer for att harleda dverforingsfunktioneexT

» Kraftekvationen _ _ )
Teoretisk modellering anvands

* Kirchhoffs lagar nar enkla modeller som kan
« Energibalansprincipen ;ta!!as upp med mattlig moda ar
tillrackliga.

e Massbalansprincipen

 Volymbalansprincipen
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Genomgang av Processtyper

* Mekaniska system
 Elektriska system
e Temperatursystem

* Nivasystem
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Mekaniska system, grundelement

F ::I Newtons
M -——— [ 3 — ;
F2 | Z F=MIX kraftekvation.

3 Hook’s lag.
j W i_. . F =k[x F proportionell mot
fjaderns forlangning.
o
— L E—bix H.gstlghets
;P : dampare.
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Sammansatt system

b
: R —
y(f‘) | F,;F.. M —
'\ Liten 21k

dampkonstant RSN @ SN ® WS k

- ¥
Sror
dampkonstant
>t

Man maste vélj& b ochM for basta
kGregenskaper ...
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Sammansatt syster 1~

MIy=F-ky-by = MIy+by+ky=F

br

y

F
— G

Stegsvar da man

"trycker” pa massan
med en konstant kratft,
och foljer med rorelsen.

Y 1

" Y(MS*+bs+k)=F = G(s)=— =

F  Ms®+bs+k

'\ Liten
dampkonstant

~ Sror
dampkonstant
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7.1 a Mekanisk modell

Stall upp differentialekvation ™ 3 b

Uu-—»

och overfoéringsfunktion. j —
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/.1alosning Mekanisk modell

O u—> G Py
Fjader: F=ku-y) ¥ —
= N [ M —
Dampare: ;=—b5/ j = L= t.
Kraftekvationen:» F =M 5
>
L:
MO =k(u-y)-by < Ms’Y=kU-kY-bsY
Y Kk
G(s) = 3
() U | Ms®+bs+k
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7.1 b Mekanisk modell

. . . : b) b G _>y
Stall upp differentialekvation —1 = ‘
och 6verforingsfunktion. — ]
g k | (L“* .
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7/.1b l6sning Mekanisk modell

N &= u—=> G Py
Fjader 1: = —ky By b -

jader 2: =k(u-y o pee %
Dampare: _F Y - - o
pare:  F

Kraftekvationen:» F =M ]
>

L:
My=k(u-y)-ky—-by < Ms?Y = kU —2kY —bsY
Y k

GG(s) = =
(5) U | Ms®+bs+ 2K

William Sandgvist william@kth.se



William Sandgvist william@kth.se



Elektriska system, grundelement

/ +UR_
w1  }o Uy =i, [R U,=1,[R
R
L +U, - d .
o Y YTV g UL:LGd—tIL U, =Lsl,
L
+ U -
I ¢ .dt 1
O ‘ o UC:QCZIC U. =——.
C C C Cl$
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Elektriska nat,g>-metoden

S=0+ | IMSs]=

Du som redan kanymetoden staller upp de elektriska
overforingsfunktionerna direkt, odlyter sedang mots.

jCo S=0+ |w

7=
/ \ I‘ i ‘ ‘ J | | \ ‘ | ‘ , I ,‘ r:;:i-?‘:\_‘:_‘;:. “.“.‘.‘ | I ‘l‘ “" "‘ ;““\l ‘j"‘.“.‘
/ H \} ‘\ I\ “ H A ;‘ / ‘\Iw‘ "‘JI i‘\h\‘l‘ ‘i_r" “"JJ
\ / \hj' I
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Sammansatt elektriskt system

o€ 5
]
_ jaLIR
O | O
JaL[R SLIR
U, R+ja _  R+sL
U, 1. jar ~ °®7 71 R

joC R+ jal sC R+sL
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Sammansatt elektriskt system

. HC R sLIR
_ R+ sL
U, U, =
mREL G(s) 1 SLIR
o S o +
sC R+sL
SLIR
_ R+sL  _ LRs[sC 1 LRCs
GCO)=1 omr - TIRCE
+ (R+Ls)+LRs$C | LRCs +Ls+R
sC R+sL
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Sammansatt elektriskt system MATLAB

c LRC<S
|t G(s) =
U m ? U LRCS +Ls+R
1 R /L 2
O

FOr enkelhets skul =R=C=1
(0| x]

File Edit Window Help

O

Bode Diagrams

G=tf([1,0,0],[1,1,1])
bode(G)

100

a

-100
200

Fran ellarans laborationer ar
Du van vidBode-diagrammet.

Phase (deg); Magnitude (dB)

1 [ A AN 1 [ ] 11 1 [ N NN
1 [ A AN 1 [ ] " 1 [ N NN
] R ' e ' 1 RN

1':":' """""" TATTATTOAATTTT S TTTrT I ITTINC ST ST AT r T
1 [ A AN 1 [ B BN 1 [ N NN
1 [ A AN 1 [ I B 1 [ N NN

107 107 10" 10"

Freguency iradisec)
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Temperatursamband

. dE
Energibalans: AP=P, -P, . o By — Pt

T temperatury volym 4 n?,
c varmekapacitetp densitet

Utflode Q, . och inflodeQ,, &rsammaQ = 0,1 n¥/s. Sokt, over-
foringsfunktion mellanl uttemperatur ochi; intemperatur.

Termisk energi: E=T [V [clp

.

T. intemperatur 7 E ~ varierande inloppstemperatur

T tanktemperatur

och uttemperatur | Fi -
—_— Q . G

inflode = utflode
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r

Temperatursambanc —_° [

Energibalans:

E=TIVIiclp Varmeenergiitanken e
P =T [Qlclp Tillford effekt gt Fou
P =TI[QIlclp Bortford effekt

out

S (TVe0) =TQep-TQap = Vol =TQoo-TQw =

vEL+QT=QT = VIT(95+QT(9=QMM (9
E:G(S): Q 1 G 1

T.(s) Vs+Q 1+¥s 1+40s
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Temperatursambanded dodtid

: T 7j T " T
Isolerat ror —12s  ~——f o ei2s s
Transporttid 12°s Q Tank Ror
- = _
ST Process med Dodtid

en tidskonstant

Isolerat ror. Overforingsfunktion mellaiy ochT.
e—lZs

1+40s

T,(t)=T({t-12) G(s)=e™* G=G,[G, =

G=tf([1],[40 1],'InputDelay',12)
Transfer function:

exp(-12*s) * --------
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Utflode Uz

/ Nivd

vaasambanc fnffode Téu,-u; as | H

Balansekvation: | |

dv _,dh_ (/=
E_Aa_(ul y {|~— — —‘

U, U, In- och utfléde
Ah Area och niva

V = Alh Vatskevolym i tank

dv _ ﬂ]: - I@_: -
E_Adt (W -w) AHs=(U-U) =

H _ -1
(U,-U,) =69 As

William Sandgvist william@kth.se




William Sandgvist william@kth.se



7.11 Nivaregulator for tank

|

v

uim?3/s)

Arean=2m?<

Reglerventil:

0,02
u
X

T
— Stegsvar

X

)

Vi har matt upp
reglerventilens
stegsvar
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7.11a Nivaregulator “i
blockschema ”

Utflode v
fel
Bor- 2 Z Vatten -
gy W o P-reguiator |om Reglee- | U Varren- -
varde X ventil + rank AT
, Nivd - -
givare
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ufm3/s)

7.11b Nivéregulator‘{
reglerventill

f rean 2

|

] )
Reglerventil:
0,02

. 63%\ el
X

] 2 3 ff, 5 s
T=2s
/ Overforingsfunktion
U 002
G(s)=—=— X —U
) X 1+2 G
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7.11c Nivaregulator T
vattentank

K

G(s) =K (g =L =002 Urfiode v
X 1+2s
Bor- + e 3 - _ : P
= P-reguiator = Regler u Vatten £
varde 2 ventil * el

Niva- |4 /

givare

Tank:
dVv dh
=A—=(u- L AsH= U-
” ” (u-v) {L} = U-Y
1 Overforingsfunktion

H :G(S):i:_
U -V) As 2s (U-V)= G »H
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Har ni sett vattentankarna pa
labbet?

Uppgift 7.12 kommer ni sakert
studera noggrant!
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( 7.12Kopplade tankar )
U, = infléde tank 1 ‘
e

U0 Uy, = utfloden tank 1
U, = utflode tank 2

A, = area tank 1 | #
A, = area tank 2
h; = nivatank 1
h, = niva tank 2

Sokt dverforingsfunktion
Ventilresistanser R

U, G U,

Uy :i U11:i U,
Rio Ry R,
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(7.12 16sning Kopplade tankar L _

Tank 1: dh _ ., _h_Nh . s
A dt Uo = Uyo ~thy = Uy R, R, {L:} -
1 1 bus
+ =+ |H,=U, @
(AS R, an ®
Tank 2: dh, _~__h _h
A == B (L)
1 1
F=H,==H,
(Azs sz R,
Summa: {L:} U3:U10+U2:iHl+iH2 3)
R R,
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(7.12 16sning Kopplade tankar L _
®.(in @

1

=~ [H, :
U,=— 0 Ulo — el L s
Rlo ALS+ + Rz A25+7

Ro Ru R,

(D) in (4)
1

U3: UO + Ril D U0

AR s+1+ o ARS+L po, 1, 1

R Ro Ru
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( 7.12 16sning Kopplade tankar L _
U _ 1 1 m
Yo AR+ 0 (Aﬂsﬂ{ﬂa&s*;iulj

—

1 0

Ry Rio
" ARGRS*R, * Ry (A2R25+1)(AR10R113+ Ri*+Ro) |
_ ARRS*T R, + Ry _
(ARS+D(ARGR,S+R; +Ry)

ARR,;S+ (R +R))
TAARRR, S +(ARR, + AR (Ry+R,)s+(Ry* R))
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Experimentella analyser

Man gar in med "testsignaler” pa processen och aasdys
svaret pa utgangen.

e Stegsvarsanalys

Stegsvarstabell i Formelsamlingen

e Frekvensanalys
Testa med sinus-generator och rita Bodediagram.

e Parametrisk identifiering
ldentifiera parametrar med minsta kvadratmetoden.
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=

Stegsvar

A

U Y
—»1 Process (——» /
= e

Stegsvar y(t)

* Enhetssteget ar den vanligaste "testsignalen”.
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Stegsvarstabell

N Tldkonstant+dodtld
' . Ke—Ls

& P-verkan SR Tldkonstant |

-

~ } Tva tidkonstanter

| et rw—

K

(1+T,8)(1+T,s)
—-
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7/.16Stegsvarsanalys

P

5 10

10

=

=%
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/.16alosning Stegsvarsanalys

gl HEREE

—
1+Ts 1+ 35bs

35 SS 10 S

 Enkel tidkonstant
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7/.16b l0sning Stegsvarsanalys

b) 4
5 L 3
Ke ° 3
}_-_ —
6% 7T 1+Ts 1+ 2s
a ¥ = [
5 10 S
3s I 2s
e DAdtid

 Enkel tidkonstant
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7/.16¢10sning Stegsvarsanalys

A
¢ ﬁ,(4 Ke—LS _ 1’33@—48
B > ° -
43 o 10 5
e DAdtid

* Integrering

William Sandgvist william@kth.se



7.16d losning Stegsvarsanalys

—
S(1+Ts) S(1+ 2s)

TZZ; 5 10 o

* Integrering
» Tidkonstant
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7.9 Temperaturgivare, tidkonstant

Fran O till 80°
efter 20 s visar
givaren 65
Bestam
tidkonstanten T.
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7.9 16sning, tidkonstant X w3 1-e7

Fran O till 80°
efter 20 s visar

givaren 65
Bestam 1
i G(s) =
tidkonstanten T. 1+Ts
Temperatursteqg: 80 :>80D 1
S s 1+Ts

t 20

L'} x(t)=801-eT) = 65=80(l-e )

2y B,

T (80—65)
In| ———
80
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7.9 losning, "snabbformeln”

. Fran 0 6l 80° o L%
G(s) = efter 20 s visar
1+ 7s l

givaren 65
Bestam
tidkonstanten T. 3o

t=TIn hela — 20=TlIn 80-0
80-65
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Processer med tva tidkonstanter

A KS
% K |KEDS
L o= {, > h <« steget
667 % Lys %
G(s) =
333% 1+Ts)(1+aTy
N g
BANVEANY |
L2/3 T=—28 P,a-diagramn =2
- P(+a)
192<Q< 271
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05

P,a-diagram

j>‘

e d Tis2
{
\
\
\
N\
\\ _
NN
SN
~
16 18 20 22 24 2,60

el
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1,14

113

112

n

110

109

Q=22
t1/3
=3 ik P
\
WA
N8
\\
\\\\
16 18 20 22 24 Zéa



Processer med tre tidkonstanter

G(s) = AN
1+Ts)(1+aTg(l+aTs)

168<Q< 271

T —_ t2/3

= —~ | P,a-diagramn=3
Pl+a+a“)

n=3n=23 ° Oni 1,68<Q<1,92 vet man att det ar tre

— tidkonstanter.
168 192 271

« Om 1,92<Q2,71 kan man vélja mellan
2 eller 3 tidkonstanter 1| modellen.

Q
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Ex. ldentiflera Process?

10

/

i

0 17 2 3 &5 6 7 8 9 1071 1213 Hd
(min)

William Sandgvist william@kth.se



Ex. ldentiflera Process?

10
"‘_K —
//,.. K=9
A =142
F/r/ /s an ~(2/3)-K t 49
5 _ _
/4 =22 _t2/3_22
< / Y3 T 4 —(1/3) K 1/3 J
/ Tre tidkonstanter*
L/
0 1 2 3 4 5 6 7 8 9 101 1213 Hd
4—} _ (min)
1 s dodtid
G(s)=¢"
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P,a-diagrammet

Q=191 =
a n=2 P —
10 114
3 \\ \
\ - t
” \\ \ | \ T= = 2
e & R Pl+a+a“)
™~NN 0 \\\
O P, B
16 18420 2 26 26 16 wfz.o 22 26 26,
—a= 033 = P=111

. 42 _oga TS 0,33[2,63=0,87
111(1+ 033+ 033) a’T = 033 [(263= 029

William Sandgvist william@kth.se




Approximativ overforingsfunktion

G(s)=e" [ K >
1+Ts)(1l+aT9(@d+aTs

_ Ole™
(1+ 263s)(1+ 087s)(1+ 0,29s)
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Processer med oversvang

1 j‘d :E TO
_ - a
Z g 2
E +1
Ind Ks
G(s
q|=—=2L ) S? + 20w S+ af
TO\/l_ZZ 0 » |

o Parametrar som kan identifieras efter ett stegexaesiment.
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/.17 aStegsvarsanalys

q) 100- —

60 -

40 -
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/. 17a Iosnlng Stegsvarsanalys

80

40

S i . ’ 277

Z — - = > = 0,13 277'
(2”) +1 2 +1 - =101
nd In 044 421~ 013

Kefg 500157 _ 958
s +2{w,s+af S°+2[013[151s+151” s°+039s+ 228
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G(s) =
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