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Teoretisk modellering

Man anvander grundlaggande fysikaliska naturlagar och
deras ekvationer for att harleda dverforingsfunktionen.
Tex

Teoretisk modellering anvands
nar enkla modeller som kan

* Kirchhoffs lagar stallas upp med mattlig moda ar
tillrackliga.

e Kraftekvationen

* Energibalansprincipen
« Massbalansprincipen

 Volymbalansprincipen

William Sandgvist william@kth.se



Genomgang av Processtyper

* Mekaniska system
 Elektriska system
e Temperatursystem

* Nivasystem
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Mekaniska system, grundelement

Newtons
kraftekvation.

9 Y F=M-X

Hook’s lag.
p ) F =k-x F proportionell mot
fjaderns forlangning.

NN,

-
E_b I—!gstlghets-
[ ) dampare.
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Sammansatt system

b
|
}’(r) _f_”___.. M Lt
A Liten -
dampkonstant Y k
At

Stor
dampkonstant

Man maste valja k b och M for basta
kOregenskaper ...
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Sammansatt system 1 =

M-y=F-ky-by = M-y+by+ky=F

& Y(Ms?+bs+k)=F = G(s)=
F

y

— G |-

Stegsvar da man

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

) Liten
damphkonstant

~ Sror
dampkonstant

ox IR
Y 1
F Ms®+bs+k
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7.1 a Mekanisk modell

Stall upp differentialekvation j i ;
och dverforingsfunktion. j '
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7.1 a losning Mekanisk modell

Fjader:
Dampare:

F=k(u-y) a_)% s ‘u b y
&= R : M 1A
&= = ). = =

Kraftekvationen: > F =M -’

>

L:
M-y=k(u-y)-by < Ms?Y = kU —KkY —bsY

Y

k

G(s)zU

" Ms? +bs + K
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7.1 b Mekanisk modell

b)

b

Stall upp differentialekvation =

och 6verforingsfunktion.
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7.1 b 16sning Mekanisk modell
R u— G

. > —Y
Fjader 1: ‘E:—ky Ry k
Fjader 2: ;= k( ;y) 4 ;W L = ;L_.
Dampare: ; = —by y u
Kraftekvationen: > F =M -§

M.-y=k(u-y)—ky—by <:> Ms?Y =kU —2kY —bsY

Y K
G(S): = i
U |Ms®+bs+2k
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Elektriska system, grundelement

/ +UR-
e I Ug =iz 'R Ug=1-R
R
...'L +UL- d .
oYYV g UL=L-EIL U, =Ls-I,
L
+ U .
/. ¢ Q jlcdt 1
O ‘ 0 U =—== U.=——-1I,
C C C C-s
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Elektriska nat, jo-metoden

s=c+jo im[s]=w

Du som redan kan jo-metoden staller upp de elektriska
dverforingsfunktionerna direkt, och byter sedan jo mot s.

o S=0+ o
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Sammansatt elektriskt system

o [© 5
T
il -R
U U R|L=2%
1 R <L 2 =R L
0 J- 0
JoL-R sL-R
U,  R+jel __ R+sL
0 - 1 jeoLR = CO=T R
=1 =4 +
JoC R+ jJolL sC R+sL
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Sammansatt elektriskt system

5 HC R sL-R
R+ sL
Uy R?L U; G(S)=
] m ] 1+SL-R
sC R+sL
sL-R
G(s)=_ R#sL _ LRs-sC | LRCs’
1  sL-R(R+Ls)+LRs-sC LRCs®*+Ls+R
sC R+sL
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Sammansatt elektriskt system MATLAB
c LRCs?
1Tt G(s) = ——
U, mRéL U, LRCs” +Ls+R
- For enkelhetsskullL=R=C=1
-l x]

File Edit “Window Help

O

Bode Diagrams

G=tf([1,0,01,[1,1,1])
bode(G)

100

1 1 1 L 1 1 1 e
O S S S N
1 1 1 L 1 e

-100
200

Fran ellarans laborationer ar
Du van vid Bode-diagrammet.

Phase (deg); Magnitude (dB)

1 1 [ R R 1 1 [ 11
1 1 [ R R 1 1 [} [}
1 1 [ N A 1 1 [N | 1
1':”:' e e M R e Bt et o I ) (et Rl B Rl B B
1 1 [ R R 1 1 [N}
1 1 [ R R 1 1 [N I}

10 10" 10" 10"

Freguency (radfsec)
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Temperatursamband

. dE
Energibalans: AP =P, -P,, P B = Pou

T temperatur, V volym 4 m3,
c varmekapacitet, p densitet

Utfléde Q. och infléde Q;, & samma Q = 0,1 m3/s. Sokt, dver-
foringsfunktion mellan T uttemperatur och T; intemperatur.

Termisk energi: E=T-V-c-p

I} . .
T, intemperatur Ti & ~_varierande inloppstemperatur

T tanktemperatur
I ‘ 7
0 — G
— T —

och uttemperatur
Inflode = utflode
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Temperatursamband —L° |

) . Energibalans:
E=T-V.c-p Varmeenergiitanken o

=T,-Q-c-p Tillford effekt o =P P
P.=T-Q-c-p Bortford effekt

—(TVCp) T.Qcp—-TQcp = V(\/)dd—-'::-—TQ(\/) —~TQcp =

v‘jj—I+QT QT & V.T(s)-s+Q-T(s)=Q-T(s)

I(S) G(s) = Q _ 1V o_ 1
(s) Vs+Q 1+3s 1+ 40s
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Temperatursamband med dodtid

| Yo ||soleratror—123 I i iz |

Transporttid 12 s Tank Ror

\'r Process med Dodtid

en tidskonstant

Isolerat ror. Overforingsfunktion mellan T, och T.

e—lZs
T,(1)=T({-12) G(s)=e™ G=G;-G,=

1+40s

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

exp(-12*s) * ———————-
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Utflode U

Nivasamband " g&w ]y

Balansekvation:

I ‘ us | B | ___‘_H_\
d_V — =(u, —U ) j_—"—'—r_l -
dt dt : o -
u, U, In- och utflode m
Ah Area och niva _
V = A-h Vétskevolym i tank =up U,
dVv dh L:
—=A—=(U, —u < AHs=(U,-U =
dt dt (U, ~U;) ( 2)
A =G(s) = 1
(Ul _Uz) As
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7.11 Nivaregulator for tank

uim?3/s )
Arean=2m?

Reglerventil:

e

0,02

e Vi har matt upp

Stegsvar X reglerventilens
— -« Stegsvar
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7.11 a Nivaregulator ”i

blockschema

Utflode v

Vatten -
=

. (]
MNivag -

fel
Bor- + e X Regler- Py
qgler L Varren-
=t 7 ey —- _
varde F]: P-regulator ven il + tank

givare
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7.11 b Nivaregulator ‘i
reglerventil

_ )
Reglerventil:
0,02

4 639
X

L
¥ L
£, 5 s

G(s):t;(

2 3
T=2s
/ Overforingsfunktion
0,02
— ! X—> —»U
1+ 2 G
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7.11 ¢ Nivaregulator ‘i

K |

vattentank

G(s)=K G(s):%:% Utflode v

Bor- + o - o —~ ——
mrr:.fe‘T = — b ie"ﬁﬁ + (f>_ Eﬁif m'w? h

- —— f"u"_x'l.-*c?— » /

givare
Tank:
dVv dh
i Nt U b " U-V)
H 1 1 Overforingsfunktion
U -V) As 25 (U-V)—{ G I-H
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Har ni sett vattentankarna pa
labbet?

Uppgift 7.12 kommer ni sakert
studera noggrant!
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( 7.12 Kopplade tankar )

U, = inflode tank 1

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

A, =areatank 1

A, = area tank 2

h, = niva tank 1

h, = niva tank 2

Sokt dverforingsfunktion

Ventilresistanser R lu

U,— G — U, ’
h h h

Ulo_—1 Ull_—l Uz_—2

RlO Rll RZ
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(7.12 l16sning Kopplade tankar) [

- d h h
Tank 1. Aid—}:l:uo_ulo_un:uo_Rl - {I—:}
10 11
(Als+ L + L ]leuo (1)
10 11
Tank 2: dhz h1 hz .
—==U,-U,=u, —-—= {L:
AZ dt 11 2 11 Rll R2 { }
1 1
S+—|H,=—H 2
[P T
: 1 1
Summa: {L:} U,=U,+U,=—H,+—H, (3)
I:210 R2
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(7.12 I6sning Kopplade tankar) |

1),(2) & (3)

U3:1 UO +1.R11

Ry A13+R1 N 1

10 11 ,

(1) & (4)
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(7.12 I6sning Kopplade tankar) |

U, 1 1
— = + =

0 R
2 (AR +1)[A1Rlls+|§“+1j

0 AR, +1+ >
10

11
_ Ry n Ry _
ARoRS+ Ry + Ry (AR S+D(ARR;S+R; +Ry)

_ ARR SR TRy _
(AR +D(ARGR; S+ Ry +Ry)

AZ RZ Rlls + (Rlo + Rll)

A1A2R10R11R2 SZ + (AiRlORll + AZRZ(RlO T Rll))s + (R10 + Rll)
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Experimentella analyser

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

e Stegsvarsanalys
Stegsvarstabell | Formelsamlingen

e Frekvensanalys
Testa med sinus-generator och rita Bodediagram.

e Parametrisk identifiering
|dentifiera parametrar med minsta kvadratmetoden.
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=

Stegsvar

¥
)

u Y
—»! Process I /
= -

Stegsvar y(t)

e Enhetssteget ar den vanligaste “testsignalen”.
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Stegsvarstabell

- & P-verkan R Tldkonstant K' o Tld.konstant+dodt|d

-} Tvé tidkonstanter K
(L+TS)(L+T,) a5 b1
—- |
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/.16 Stegsvarsanalys

5F _"'__,,,..-- 5
_ﬁ
1/
—= S ' >
10 (3 5 10 S
C) d) 4
5 / 5
/
/ - L-e"f/ e
5 10 5 5 10 5
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7.16 a losning Stegsvarsanalys

63% — = K 9
1+Ts 1+ 3,58

35 85 10 S

e Enkel tidkonstant
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7.16 b 10sning Stegsvarsanalys

b)
3 L 3
Ke™ " 3.e7°
63% — = —
P 1+Ts 1+ 2s
5 10 3
3s 1 2s
e DOdtid

e Enkel tidkonstant
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7.16 c losning Stegsvarsanalys

c) &
5 |
N E Ke™" _ 1337
/K =i~ F133 S S
AR
45 5 10 S
e Dodtid

e Integrering
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7.16 d l0sning Stegsvarsanalys

N | N
I
H

—
S(1+Ts) S(1+2s)

5 %

L.-‘"/:'/ >
2 5 10 S

e Integrering
e Tidkonstant
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7.9 Temperaturgivare, tidkonstant

Fran 0° till 80°
efter 20 s visar
givaren 65°
Bestam
tidkonstanten T.
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7.9 10sning, tidkonstant

Frén 0° till 80° rRE
efter 20 s visar A,
givaren 65°

Bestam 1

' G(s) =
tidkonstanten T. 1+Ts
Temperatursteq: 80 = 80 _1

S s 1+Ts

t 20

{L*:} x(t)=80(1-eT) = 65=80(l—-e T)
20 _ n(80—65 20

= T =-
T 80 j In(80—65j
80
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7.9 10sning, ”snabbformein”

. Fran 0°till 80° o |
G(s) = . efter 20 s visar l
+TS

givaren 65°
Bestam
tidkonstanten T. a0°

t=TIn fgla = 20=TIn 80-0
resten 80—-65

T = 20 ~12s

80
In
(80—65)
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Processer med tva tidkonstanter

00% | ke [KEEs

° > h — steget
667 %

G(s) = K
333% (1+Ts)(1+aTs)
N Ny
BANVERNY; t
[2/3 2l3 P,a-diagram, n = 2

T =
- P(l+a)

192<Q<2,71
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05

P,a-diagram

)

n=3 n=2
Aq/
\
\T\
\\
N
\ —
16 =2 —— 27 =k 2,60

Tef”
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1,14

113

112

1

110

109

~—+

_lus
1:1/3
f Y
\
A
WA
N
\
\\\\
16 18 20 22 24 2,60



Q

Processer med tre tidkonstanter

G(S)

K

1,68<Q < 2,71

_ Lo
Pl+a+a’)

n=3n=23 °Om

T (A+Ts)(1+aTs)(1+aTs)

P,a-diagram, n =3

1,68<0Q<1,92 |vet man att det ar tre

—_— tidkonstanter.

1,68 192 2,71
| | | e Om

1,92<0Q2,71 kan man valja mellan

2 eller 3 tidkonstanter 1 modellen.
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EX. ldentifiera Process?

10

; ZEN),

/

/-

/

/

/

0 1 2 3 & 5 6 7 8 9 10 1M 1213 Hd
(min)
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EX. ldentifiera Process?

10

—k K=9
//
A =1.2
— ’/// ZE ALy ~(2/3)-K ¢ 4.9
’ /T 11 Q=-28=-""4101
g ,/_tl 3 o L_,é . (1/3)-}{ 1/3 212
/ :
/ Tre tidkonstanter!
¢ 172 3 45 6 7 8 9 101 1213 Hd
4—"> _ (min)
1 s dodtid
Gl(s) =€
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P,a-dlagrammet
Q=191 =

P
1,14

n=2

113

05 \

12

N

m

t2/3

~ P(l+a+ad)

110

\

—

S
A ~

16 18120 22 24 2,60

—a=0,33

4,2

" 111(1+ 0,33+ 0,337)
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109

16

7'8 a

20

= P=111

42

24

26
Q

al =0,33-2,63=0,87
a’T =0,33°-2,63=0,29




Approximativ overforingsfunktion

K

G(s)=e""- ——=
(1+Ts)(1+aTs)(1+a“Ts)

9.e°
 (L+2,63s)(1+0,875)(1+0,295)
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Processer med Oversvang

C\F =2

2 KS

27 LA : > K
K y
Ind : ] Seget
Ko,

T G(s) = 2 2

TWl-¢2 -t

e Parametrar som kan identifieras efter ett stegsvarsexperiment.
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a) 100

/.17 a Stegsvarsanalys
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/. 17 a Iosnlng Stegsvarsanalys

aji o f ? : . .
0 7 <t O S N N o b E—044
7~ N O RS O 2

27T

0
T,4/1-C
1 0

¢ = = ~ 0,13 21

21\’ 27 ? — ~151
— 1
\/(Indj * \/(mo,zmj +1 4,21-013

2 2
6(s) = Ko’ _ 50-1,51 _ 9,58

s°+2lw,s+w; s°+2-013-151s+151° s*+0,39s5+2,28
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