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Forelasning 5 kap 9

e Frekvensanalys

Sinusformade signaler i linjara system

samma frekvens

/

Asin(aot) —  G(s) — Bsin(wt + )

/ I

annan amplitud  annan fasvinkel
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G(s) och G(jw)

G(s)
A(w) =|G(jo)
p(w)=arg(G(jw)) £G(jo)

PHASOR | AZp
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Bode-diagram

Jrgue1 =10l x|

File Edit “iew Insert Tools Deskbop indow  Help
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Magnitude (dB)

Phaze (deq)

-1

Bode Disgratm

- A(w) = log|G(jw)-[dB]
log ® [rad/s]
. o) =arg(G()) [*]

| log o frad’s

Freguency (radfzec)
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Hendrik Wade Bode

Bode-diagrammet ar
det vanligaste sattet
att grafiskt beskriva
overforingsfunktioner



Bode-diagram

w-skalan (x-axeln)

ar logaritmisk ( [rad/sek]

ibland [Hz])

¢-skalan (y-axel)

ar linjar (ofta [°])

A-skalan (y-axel)

ar logaritmisk (ofta [dB])
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- 2
Ex. Bodediagram ()=
1+2s
Med teknikraknare:
, wlrad] G G[dB] ¢[]
G(Jo) = 01 196 585 —113
— 1+2jw ’ ! ! B
, 03 172 496 -31
G(w) = 05 141 301 45
V1+4? ’ ’ ’ B
5 08 106 051 —58
o [0,
p(w) =0°—arctan—— 1 089 -097 -644
, 3 033 -97 -805
G(®)g =20 - log 5 020 -14 -843
2
VIt4o™ | o 012 _181 _g864
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Amplitud
A log (A) Log 10=10div  Log 2=3div 10 grader =1 div ‘if
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9 .
66 =15, EX. Bodediagram

Amplitud Fas
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o[rad]] G | G[dB] | ¢[°]
01 | 196 | 585 |-113
03 | L72| 496 | -31
05 | 141 301 |-45
08 | Lo6 | 051 |-58
1 | 089]-097 |-64.4
3 |033]-97 |-805
5 lo20] -14 |-843
8 |o12|-181 |-864
e/




Bodediagrammets asymptoter

=X
T
o >

1
Gl 20 log |G| dB 1T:2:>0)=?=0,5
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= 6 —
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0.2 e S B B e
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— 1+Ts 3 dB under brytpunkten. —
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Ex. Matlab Bodediagrams

G(s) =ﬁ bode (tF([2].[2.11))

EFigurE Mo. 1 =10l x|

File Edit Window Help

Bode Diagrams

-a0

10 : e
= 1]
=
o -10
=
= =20
g
= -30
= 1]
ok}
AR
[ak}
iy]
[ys]
o
o

100 e S
10 10 10

Freguency (rad/sec)
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Frekvensanalys

+ 00— —oO+

Med relativt enkla méatningar med sinusformade spanningar
fran en signalgenerator och med ett tvakanaligt oscilloskop
kan man “ta fram” de flesta parametrarna for en process
overforingsfunktion.

Detta gor frekvensanalysen till en mycket anvand matmetod.
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Matning av overforingsfunktion

Fran elldaran vet Du hur man “tar upp” en

o £ 3 . . :
o e ; overforingsfunktion med ett oscillskop.
(I($
ity B! DS02014B
'8 9 & PM5139
U, =4V o ©
PP + UI UE
~(D
+ 00— —O+
U, ]
- o0— 0 T ——— O
—
U, _UYeno @ =arg [éj = Phase(2 —» 1)
U1 UCHl !1

ger vinkeln det ratta tecknet!

e Mat och "plotta” blockets dverforingsfunktion pa diagrampapper.
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Grundfaktorer

Overforingsfunktioner kan delas upp i en produkt av
grundfaktorer.

Multiplikation motsvaras av addition 1 ett logaritmiskt
diagram.

Genom att lara sig vilka kurvor som grundfaktorerna
genererar kan man snabbt skissa hur en sammansatt
overforingsfunktion bor se ut | Bodediagrammet!

G(s)=G, G, G,
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Grundfaktorernas asymptoter

e Konstant forstarkning/dampning

i )
G(s)=K -
| /

G(w)=K

_ s
p(®) =0 /s
e Derivering

i /e i
G(s)=s e |
G(w)=w — f 10
gp(a)) = +90° o ]_J/(zode/dckad
Gl

e Integrering

G(s) 1
S 10

G(a))zé ,

01

p(w) =-90°
e Dodtid
G(s)=e ™"

G(w)=1

(@)= Lo 220
T

William Sandgvist william@kth.se

16l

-20dB/dekad

10

] 4




Grundfaktorernas asymptoter

e Tidkonstant namnaren LP

1

1+Ts
1

G(s) =

G(w) =

J1+ (Tw)?

p(w)=—-arctanTw

!

y

[ /7

3dB
9

e Tidkonstant téljaren HP

G(s)=1+Ts

G(w) =1+ (Tw)?

o(w) =arctanTw

-20dB
dekad

b gl +20d5/deka{ |
M
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Grundfaktorernas asymptoter

e Andragradsfaktor namnaren, komplexa rotter

1 1 a 1
G(s) =—; G(S) == T=+b == |@g,==
bs®+as+1 T°s“+2{Ts+1 2T T
@, 1 W,
 resonanstopp | G(w,) "
s
(=005 +90°
5 {=001
¥ pa
o ﬁ_/__é\ f-02 10
] N (=0
Hogfrekvens -
asymptoet
-40dB/dekad
(=1
o1
Ly ] 0 0/ / 10

w(rad/s/ (u(rcrd/s)
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Matlab ord2(Wn,2)

[num,den]=ord2( 1, 0.05 );
bode( tf( num, den) );

EJFigure No. 1 i [m] B

File Edit ‘Window Help

Bode Diagrams

20

a

-20

-40
a

Fhase (deg); Magnitude (dB)

-100

200 - . ......un . A B
10 10 1a

Freguency (rad/sec)
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Ex. Sammansatt uttryck

2,5-(1+59)
s°+52s+1

G(s) =

http://www.mathsisfun.com/
quadratic-equation-solver._ html

_25-(1+59)
 (55+1)- (0,25 +1)

G(S)
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http://www.mathsisfun.com/quadratic-equation-solver.html

( andragradsekvationen )

http://www.mathsisfun.com/quadratic-equation-solver . html

a b c ahy
1 X2+ 5.2 X+ 1 =0

X2+952x+1=0

Roots:
-5
-0.2 -5

(Right-click below to copy text)
¥+52x+1=0
Roots: -5, -0.2

Discriminant: 23.04

Vertex: (-2.6, -5.76)

Factored: f(x) = (X + 5)(x + 0.2)
Sum of Roots (-b/a): -5.2
Product of Roots (c/a): 1 Zoom:

2 MathglsFun.com w0.75
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Ex. Sammansatt uttryck

G(s) = 2,5-(1+59) _G,-G,-G, =
(55+1)-(0,2s +1)

= o> 1 -(1+5)
(5s+1) (0,25+1)
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Ex. Sammansatt uttryck

2,9
|Gl ) Gl =
9] (55 +1)

25 |
. I 5

T T T =
0,2 \ rad/s

_|_

Gl G, = L
T i 02s+1)  _
| 0,2 ; s\rac;s
+ G;=(1+59)
G4
163
0:2 ; é racj/sw

2,5-(1+5)
2
- s“+5,2s+1

e X
; / S
- (U

G2 W"Gd”s

G(s) =
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Ex. Sammansatt uttryck

Gl o208 IG| dB 20 dB = 10 div P %@
s1- 1dB = 22— 0,5 div
: —=3d8 20 _
2 3dB=1,5div =
— 01— 02— 05 '1 2 —f— 5 10 -
1 4o N RS TR oou R T e e e St e B s s w77 I
3dB
0.5 1 , 1
3dB ,. P~
0.2 =
o. =1 | ett mer detaljerat diagram kan man ritaen ~1-1™
.05 |1 finare kurva — och da justera 3 dB vid
=} brytpunkterna.
0'02'_._____.__________,.__.,,_____.__"_________.,_F_d..,________.H_,_ﬁ__.___,_ﬁ 180
0.01 }-40
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( Med Matlab )

bode(tf([2.5,2.5],[1,5-2,1]))

2,5-(1+5)
s +5,2s+1

G(s) =

Ocksa fasvinkel- HEE)

varden kan adderas i
Bodediagrammet.

EFigure No. 1

=0l x|

File Edit ‘Window Help

Bode Diagrams

20

1]

-20

-40
1]

FPhase (deg); Magnitude [dB)

-A0

-100 e
2

Freguency (rad/sec)
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9.2 Amplitud och Fas- varden
Alw)=? ¢p(w)="

a) )U Y d U 133 Y
— — o =15rad/sek — —— @ =0,5rad/sek
3+2S 1+s
— —— @ =6 rad/sek — (1+35) — @ =2 rad/sek
3+2s 1+5
c) U A Y
— 1+ 65 — @ =1rad/sek
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9.2 a losn. Amplitud och Fas
Alw)=? ¢p(w)="

U A Y
— 3:2s [ ° =1,5 rad/sek
4 Jo=5 4_ = Alw)= 4 go(co)=0—arctan2—a)
3+ 2S 3+2jw 0 + 4w? 3
A(L5) = 4 =0,94 ¢(1,5) =—arctan 215 =—45°
J9+4-15 3
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9.2 e l6sn. Amplitud och Fas
Alw)=? ¢p(w)="

e))U 2(1+3s) L o = 2 rad/sek
1+

2+/1+ 9w°
V1+ o?

A(w) = @(w) = arctan 3w —arctan @

24/1+9-2°

N1+ 2°

p(2) =arctan3-2—arctan2 ~80,5-63,4 =17°

A2) = ~ 5,44
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9.4 sinusformad storning

e Utan regulator

Sinusformad

F storning

l n | Process

1-sin(0,2-t)

Y

O_' ©.= (1+1s)2

_|_

>» R —

e med regulator

Sinusformad
stérning l

Ev. Regulator

Process

. 4L

EER iy S i
S (1+5s)
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9.4 10sn. sinusformad storning

utan regulator

Sinusformad
| stérning

l n | Process

O_' ©. = (1+1s)2

1-sin(0,2-1)
Y 1 : 1 1
> — S A = =
t+s? 7 (@) ( /ﬁwz)z 1+ o
1

A0.2) =506
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9.4 10sn. sinusformad storning

med regulator

1-sin(0,2-1) Sinusformad
storning l
Ev. Regulator

Process
1 l T | | Y

_ + = £, __
R=0 —( G, =+ O—f e T ’T

negative
feedback 1
2
G = S
1 1 s(l+s)°+1 s°+2s°+s+1

1+—- 5
s (1+5s)
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9.4 10sn. sinusformad storning

S : : jo
5) 1252 rs+1 ¢ cljo) jo—jo’+1-20°
A(w) = @
\/(a) 0°)’ +(1-2w0°)°
A(0,2) = 0.2 ~ 0,21

J(0,2-0,2%)? + (1-2-0,2%)?

Med regulatorn inkopplad reduceras
sinusstorningens inverkan med 79 %!
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9.4 med Matlab, sinus-storning

1 1 G, (s) = S
(1+5s)® s*+2s5+1 "EC s°+25% +5+1

G(s)

abs(freqresp(tf([1],[1,2,1]1)0-2))
>> ans = 0.9615

abs(freqresp(tf([1,0],[1,2,1,1]),0.2))
>> ans = 0.2128

Med Matlab gar det snabbare att ta reda pa samma sak.
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9.5 parameterbestamning

Process: Tva métningar med sinusstorheter
pa processen:
K-e™* .
G(s) = olradls] Alw)lggr] ¢(o)[°]
1+Ts
1 5 —100
2 3,6 —

Berdkna processparametrarna K L T.
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9.5 10sn. parametrar

orad’s] A(w)[ger] @(w)[°]

K . e—L-S

G(s) =
(5) 1+Ts

K

QU@FH&“@

K

Alw) =

V14T 20

1
2

5 —100
3.6 —

la-Ljo

1 p(w) =

O—arctanTw
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orad’s] A(w)[ger] @(w)[°]

9.5 10sn. parametrar | . ),

Alw) = K4 K=A+1+T’0> ¢=—arctan T — ol
V1+T %0
D) =(2)
(1) K=5-41+T2

5-414T2? =36-4/1+4T*

_2g.4 2
(2) K=36-v1+dT 25.(1+T2)=12,96- (1+4T?)

(3 -100-° =-arctanlT-1-L 254257 =1296+5184T"
[°] — [rad] 26,84-T*=12,04 | T =0,67

K =5-4/1+T2 =5.,/1+0,67% %6
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orad’s] A(w)[ger] @(w)[°]

9.5 10sn. parametrar | . ),

K

T —-1 K=A+1+T’0> ¢=—arctan T — ol
1+T w

A(w) =

(3) ~100--%_ = —arctan1-T —1-L
180

— L =100- T arctanT =100- L arctan0,67 116
180 180

[°]— [rad]

Med méatning med sinus-storheter vid tva frekvenser
kunde alla processparametrarna beraknas.
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Ofta anvand testfrekvens 159 Hz

f=0,16 HZz= ® =1 rad/s
f=159Hz = ®» =10 rad/s
f=159Hz = ®» =100 rad/s

f=159 Hz = » = 1000 rad/s

Eftersom ingenjorer ar for
lata for att rakna ...

f=318 Hz = ®» = 2000 rad/s
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9.8 rita Bodediagram

c)

5 D) 1+5s
(1+5s)(1+10s) (1+ 2s)(1+10s)
1 2(1+5)
s(1+5s)° ) S
32-¢* [y &
(1+ 3s)

e)
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9.8 b rita Bodediagram

1+5s

b)
(1+2s)(1+10s)
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9.8 b rita Bodediagram

1+5s 1
= -(1+5s)-

(1+2s)(1+10s) (1+2s) (1+10s)
blzi:E:O,S a)bzzi:l:OZ a)bB:i:i:Ol
T, T, 5 T, 10

+90°

- 45?\b1 02 t+45 0° o,
- Wy _ 450\
-90° +20dB/dekad _9Q°
—20 dB/dekad — 20 dB/dekad
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9.8 b rita Bodedlagram

1 1
Wy = T——E—OS Wy, = T —520,2 Wn = — 0,1

IG] 20 log |G| dB
o e Gl

— e e e a s [ pusy SRy Sy S SN S NN SR DN SN S PR DEPR S 90

0.5 1—

0.2

SFh I A I KNI PO SN BTSS! Jes N S —_——teed e 90
0.1 }-20

0.05

0.02

E S SR ST )

0.01 -0
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9.8 b facit rita Bodediagram

G| 20 log |G| dB
10* og I I &

? S (N [COO FO P T : """_%_"“JII__;__

on

|.A
N
=
O
)
N

o - - . L BERETET ARNTRNTTT L L Ll LA 1 ' Loitlaits A s
™ rad/s |

0.2 -

|
7
:.
Il
]

-90

0.1 20

0.05

0.02 -

S = T Tim S SO (G A [ SO S A R SN N D o — et heceshesnarell Y30

0.01 - -40
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9.8 b facit Matlab Bode

G1=tf([5,1]1.,[2,1]);

1+5s 1 G2=tf([1],[10,1]D);
1+2s 1+10s G=G1*G2;
bode(G);

Bode Diagrams

-1IIIIIIE ' '”””I1 ' ""Hlln —
10 10 10 10

Freguency (radfsec)
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9.10 G(s) ur Bodediagram

G| 20 log |G| dB
10 ; g’ | @

B [ANEL ERNGY SARGI] Wias BYSON SRSTN SEEERRy] BVRINRY (RO SICUNNF SEEISEY RBNCN SSYSEEN| STDON SRS (WNESH SAEIREY RN SENTRE (PRVENN (NN AR 90

5

140 NS FETE B ST TUTTE FPPL T T v | B | WY FEPIR N SRR AR UTY . S 1 FOTTOT T 11 | B
rad/s 0

D
N
w
—]
|

I/

S N N I S (U S AN R KRB ORI HBES (D) oS PR . NS N, B

—-+---90
0.1 120 \

0.02

e LT o Ny TG PR S N U TR DU NI NN NN MY NP S M N M S P T

0.01 40
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9 10 16sn. G(s) ur Bodediagram

20 log |G| dB
TL-—-LH.._._.___ _____ CEREEH| BESISRN (XN GISTITY AFSRORY PRARIDS CRYNIIR] FRIADEN NUNNEY NNETH SAERLY PRI SRR (RRGEI SRPEUH IERIIR 90@
(i,
; 1
L0 0.2 1
1_0 1 s doaad 1 105 1 | 1 1_. 1 .,21“ | 1 15 111 111011 0
: rad/s
0.5 -
FallPS [l o) N
\Ji(b = |
0.2
(TN (R M NN DN VST R N R U (TR NS IO T S O PR PR N R RNE T
ol s - \ 90
0.05 N
0.02
A s el [Fy SNIH DRSNS Syl AU PR SIS U W PN S Ny SV S P S FE Sy S Y
0.01 }-40
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9 10 16sn. G(s) ur Bodediagram

20 log |G| dB
G

F-t-4-—--$-4-- __ML1_______HHH,.,H,H..”,.”________4_._~_... ****** 90

5' ( 1\ =

N\ 7]
U, 4

ra;illsl_
0.5 1 "
AN C o)
G(s)=5 ? |
0.2 1+5S
TN R P SR RN T R N T U (TR NS IO T S O PR oo BN
ol s - \ 90

0.02

e LT o Ny TG PR S N U TR DU NI NN NN MY NP S M N M S P T

0.01 40
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9 10 16sn. G(s) ur Bodediagram

20 log |G| dB
(G

B [ANEL ERNGY SARGI] Wias BYSON SRSTN SEEERRy] BVRINRY (RO SICUNNF SEEISEY RBNCN SSYSEEN| STDON SRS (WNESH SAEIREY RN SENTRE (PRVENN (NN AR 90
5 § 1
5 =
y am ﬁ It
\ V’\J

rad/s

o)
A~
/]
)
I
| gy
I—A
_!._
N
N’

I/

0.1 120

0.02

e LT o Ny TG PR S N U TR DU NI NN NN MY NP S M N M S P T

0.01 40
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9.10 losn. G(s) ur Bodedlagram

Gl 1o 20 log |G| dB

0 [RACL) I gin] Wil MO SEACER| SSRURE INNTEYY RENAN RTINS INSNUE AR RN SARNIT SRNEN NI MEEE DS SHNE ARCEI SIRUI RIS 90
5
1
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