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7.2 Mekanisk modell
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Stall upp differentialekvation och 6verféringsfunktion

fran x till z.
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7.2 10sning Mekanisk modell

1 2 z — ' Sverioringsiunk
41— K . verféringsfunktion
1 kK M —r— M, —mt——o X— G 7
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X= G [~z = X7 G G 2
; _ ,
Laplace- |L:I My K(Y —Z)—bsZ —kZ =M,s"Z
transform = Z(M,s? +bs+2k) =kY
direkt!

L:IM,: k(X-=Y)= —Z)=|\/|ZSZZ
X +kZ

— Y = eliminera Y !
M,s® + 2k
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7.2 10sning Mekanisk modell
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kX +kZ
M,s® + 2k
Z(M,s% +bs+2k)(M,s? +2k)  k2X +k?Z
M,s® + 2k M,s® + 2k

Z(M,s? +bs + 2k)(M,s2 + 2k) —k?Z = kX
Z k?

Z(M,s® +bs+2k) =k gor liknamnigt !

= G(s)=

X M,M,s* + M bs®+2k(M, +M,)s? + 2bks + 3k
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7.3 Mekanisk modell
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Stall upp differentialekvation och 6verféringsfunktion

fran x till z.
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7.3 lsning Mekanisk modell
A sl e

7 . ;
2 = Overforingsfunktion
7 " " WV x—| G |~z
7 k6

y
X — G — 7 = X — GZ > Gl — 7

Laplace- |L:|M,: k(Y —-Z)+bs(Y -Z)—kZ = M,s?Z

transform = Z(M,s” +bs+2k) = (bs+k)Y
direkt! [ IM,: k(X =Y)—k(Y =ZF=Bs(Y —Z) = M,s?Y
= Y(M,s +2k) =kX +kZ +bsZ
y = KX +kz +DbsZ eliminera Y !

~ M,s? +bs+ 2k
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7.3 10sning Mekanisk modell
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kX +kZ +bsZ
M.s® +bs + 2k

Z (M s” +bs+2k)(M,s* +bs + 2k) = (bs + k) (kX +KkZ +bsZ)
Z(M,M,s* +b(M, + M,)s + (2K(M, + M, ) + b?)s? + 4kbs + 4k? )=
= X (bks +k?) +Z (b%s® + 2bks + k?)

Z bks + k?

Z (M s? +bs + 2k) = (bs + k) gor likndmnigt !
1

= G(§)=1-= 4 3 2\ 2 2
X MM,s"+b(M;+M,)s”+(2k(M, +M,) +b")s” + 2bks + 3k
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7.4 Mekanisk modell

. M Ex. Bogsering. Overforingsfunktion
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Stall upp differentialekvation och dverféringsfunktion fran F
till v.,.
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7.4 10sning Mekanisk modell

m, m,
Y/ K
i S R R
Q Q o TN <
)(2_> Xl_>
Laplace- L:| M- k(Xl—Xz)—bsXZ:mZSZXZ Vv _%

, =
transform = X,-k=X,(m,s*+bs+k) dt
direkt! L] m: |F—K(X,-X,)—bsX, =ms?X, L:|V, =sX,

= X, =K eliminera X,
m,s” +bs+k
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7.4 10sning Mekanisk modell

= X, (m,s* +bs +k)

F +kX,
“m,s? +bs+k
kF +k*X, = X,(m,s* +bs +k)(m,s* +bs +k)
KF = X, (m,m,s* +b(m, +m,)s>+(k(m, +m,)+b?)s? + (2kbs + k? —k?))
V,=sX, =
sX, K
F mm,s®+b(m, +m,)s?+(k(m, +m,)+b?)s+ 2kb

G(s):\I/:2 =
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7.5 a Elektrisk modell

a) + +
R Overforingsfunktion
R u u
uj ¢ uz 1—» G L 2

U, U,
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7.5 a losning Elektrisk modell

a) + +
~ .
/ Overfdringsfunktion
Enklast med 2 u2 u, U,
Jo-metoden ) U, G U,
- o T -
1

Spanningsdelning R, +-—- . .
joC  JaC R, JoC +1
U,=U, .——=U

joC (R +R,)jeC+1

R1+R2+_1

JaC
U, R,jJaC+1
U, (R +R,))jeoC+1

U,  RGCs+1
U, (R +R,)Cs+1

{s > jw}
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7.5 b Elektrisk modell

lj)-{— -+

Overforingsfunktion
Uy o uz u1 u2

—>G—>

U, U,
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7.5 b 10sning Elektrisk modell

b)
L Overforingsfunktion
Uj a uz U1—> G —»uz
U, U,
C
- O T 0 —
Spanningsdelning g, 1 n, 1
U,=U, Ja)Cl {s—>Jo} U, sC
JoL+R+—— SL+R+—
JaC sC
U, RCs+1

U, LCs®+RCs+1
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7.5 ¢ Elektrisk modell

S o+

Overforingsfunktion
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7.5 ¢ losning Elektrisk modell

c)+o—1L © +
Overforingsfunktion
4 R2 m— uz U, S u,
e _ Y U, U,
e al)c R
R, IIC =—4F-={s > ja}=——
R, + R,Cs+1
JaC
Spanningsdelning R,
U, RCs+1 | R,
U, p, R RR,Cs+(R, +R,)
1
R,Cs+1

William Sandqvist william@kth.se



7.6 Termisk modell

-
12

e e

T, inloppstemperatur [°]
T, utloppstemperatur [°]
Q genomfldde 0,1 [m3/s]

—7=»a A, harea och hojd 3 [m3] 0,5 [m]
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~ 7.6 10sning Termisk modell

Mj__ R AL T, inloppstemperatur [°] Overforingsfunktion
P R T, utloppstemperatur [°]
T |2 Qgenomflode 0,1 [m¥s] T— G T,
—— % A, hareaoch hojd 3 [m3] 0,5 [m]
Omrorare
tankens
energi utrunnen temperatur
varmeeffekt | véitskans
dE E=T-m-c— varme-
dt =P R \ kapacitivitet
|
tillford massa
varmeeffekt
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7.6 10sning Termisk modell

volym=

|__—.
densitet area| ojd F* = Overforingsfunktion

E:T-c~m:T-c-T/p:T—c-Ahp e == T G T
- Omrirare :|__> — 2

volym o-v
t
P:Tmc:To pC:T-c-pQ
t t
dE dT
—=P -P. < Ahpc—=P_-P
dt n ut IOCdt In ut
dT,
Ahch_T -p€-Q-T,-p~c-Q {L:}
T, Q 1 1

AhsT, =TQ-T,Q G(s)=
QTR G) T, Ahs+Q 1+Ah T1+15s
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7.15 Accelerometer

A
‘leIjets acceleration

Newtons lag 7 M-A
d?x k11
ZF:MF M M=O,3kg
t T+
8 eEel
d d’ A
M-A+k-x+Bd—)t(=—M dti( {L:} MA+KX +BXs = —MXs?
X M
= G(s)=—+— A—> —»X
(5) A | Ms*+Bs+k G
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Formelsamling komplexa rotter

|
|

Processens stegsvar. Relativa I~ —1 M,
dampningen £. Odampad egen- i 5%
svéngning a,. Oversvang M, tid "

E -t

o ) |
for dversvang t,. |

Formelsamling (2:a ordningens system med komplexa

rotter):
Kay M, —exp|—"_| t,=— =
G S)= 0 P p P
) 52 + 20w, S + V1-¢F @p1-¢*
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7.15 b Accelerometer | .

parametrar Eeeriens
G(s) = : Ka)g : A
S* +24w,S + w;
l _
7™ A, - exp| =27
] \/‘ﬁ% I 1_4’2
| 5%
| T S— |
:L a)o\/?__ .

max 1s
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7.15 b Accelerometer | .
parametrar Eeeriens

M, —expl —"_ |=005 = -—%"_ —In0,05=-3

RUSTen J1-¢?
= (r=31-¢? = 2¥?=3*(1-¢?) = (%=
= [ =0,69

9

7% +9
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7.15 b Accelerometer | .

M

parametrar B Eome

sz/ gain e
G(s) = : =0,69 M=0,3kg
s* + 24w,s Hw, é/annan gain paverkar
/ / inte parametrarna
M 1 K
Ms® + Bs +k 2 M

B 2= B=03-2-069. LS
M 0,3
—

B =.0,3-2:0,69-k 0,76 vk
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7.15 b Accelerometer | .

parametrar e
” M=0,3kg +—=
=7 ¢ =0,69
t > i =1 = Nﬂ =1
T o 1- P JK 1= ¢?

N \/E:NVZ': \/07,372' =2,38
J1-¢% |/1-0,69°

— | k =5,65
B-076-4/k =076-238<+18
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/.15 ¢ Accelerometer | ..

stegsvar 1 m/s? E® oo

M 0,3

G(s)=—— = >
Ms“+Bs+k 0,35°+18s+5,65

Slutvérdet vid stegandring A = 1 m/s?

A

0,3 0,3
s-—-G(s) |= -1 > ==
s—>0| s s—>0 0,35 +18s+5,65 5,65

—0,053

Vid accelerationen A 1 m/s? "backar” massan M strackan 5,3 cm.
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Processer med tva tidkonstanter

A KS
° K KEkE—
00 > h — steget
667 % |
G(s) = ———
333% (1+Ts)(1+aTs)
N ey
FANVEANY .
‘2/3 T= e Pea-diagram n=2
- P(l+a) ! ’

1,92<Q < 2,71 Ok med tva tidkonstanter
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P,a-dlagram
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7.17 d Stegsvarsanalys

William Sandqvist william@kth.se



/.17 d l0sning Stegsvarsanalys

¢ K=6 t,, 23
, S —— Q: 2/3 = :2’09
§—>4 t1/3 1,1
I VA Modell med tva tidkonstanter
3
o 1 2 _:13’1'52’3% 6 7 a10 - \
L =2 »CON
dodtid \ ' \
Ly a =04\ — 112\ I\
= — ) \;\‘\\ 3 )
P(1+a) R & ANNEEES
}‘\‘“‘ 109
2’3 16 18 20 -- 722 .. F6. /6 a 16 18 20 22 24 Zé@
112(1+0,4)
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/.17 d l0sning Stegsvarsanalys

K . e—25 6 . e—23

G(s) = =
(1+Ts)(1+aTs) (1+1,47s)(1+0,4-1,475)

- 6'6_23
(1+1,475)(1+0,595)

G(s)
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