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10.1 Stabilitet

Vilka processer ar stabila?

2
iy 8y - Y SZS—Jrs—e
(b)

2y +0y—38Yy =3X
2
(c) Y+10y+21y =X+ 4x hy 3 +35+2
yrrr+3yrr_2yr+y:ur_l_5u S+4

e) y'+7y"+y +4y=u"+3u
fy y"+3y"+y' +6y=u'+7u
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10.1 a losning, Stabilitet

a) V+y—-6y=x+x {L:} Ys®+sY-6Y =Xs+X

Y — ZS+1 S:_li %+6:_£i éz E E
X |S°+5-6 2 2 4 2 2
3 | MATLAB
+2 4=mm POl 1 hhp » pole(tF([1,11.[1.1.-61))
= ostabilt ans =
-3
2 <=
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) 10.1 b 16sning, Stabilitet
2y +6y—-8y=3%x {L:} 2Ys*+6sY —8Y =3sX

Y 3s 3 3.5
=— S=——1,2+4 =0-"P—
X 25" +65-8] 2 2 3
MATLAB Pol i hhp,
» pole(tF([3,0].[2.6,-8])) ostabilt
ans =
4
1 <4
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o  10.1 c losning, Stabilitet

J+10y+21y = x+4x {L:} Ys®+10Ys+21Y = Xs+4X
Y S+4

X [s2+10s+ 21

S=-5+4/25-21=-5+2

MATLAB
Polerna 1 vhp, » pole(tf([1,4],[1,10,21]))
stabilt ans =
-7
-3
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d) 10.1 d losning, Stabilitet

y"+3y"-2y'+y=u"+5u {L:}

Y S+5

Ys® +3Ys? —2Ys+Y =Us +5U =

Routh
s +3s°% — 23 +1

U [s°+35°—25+1

MATLAB
3-(— 2) -1 > pole(tf([1,5],.[1,3.-2,1]))
ans =
1

-3.6274
B 0.3137 + 0.4211i
% O 0 3 0.3137 - 0.4211i
N
1 Teckenbyte, pol I hhp, ostabilt N\ poler 1 hhp, ostabilt
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10.2 Stabilitet

Ar detta slutna system stabilt?

-10
_|_
R T 1 s +10
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10.2 10sning, Stabilitet

Ar detta slutna system stabilt?

N 10 Y
R_’? 1 s? +10 ]
.. —10
Gs)=—s=10 . -10 10 o o
1.1, ~10  s°-10-10 |s°-20
s*—10 I

pol I hhp, ostabilt
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10.3 Stabilitet

Bestdm maximalt varde pa K for stabilt system.

N K 3 Y

a) ? s(1+ 2s)? |
K 5 Y

b) R _+>_C: 1+s s +3s+1 |
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10.3 a losning, Stabilitet

Bestdm maximalt varde pa K for stabilt system.

3 Y

R i’? K s(1+2s)° |

Vi anvander det Oppna systemet och Bodeanalys:

G(s)=—  G(jo)=—  Gla)=——n

 5(1+25)° jol+2jw)? Cw-(1+40°)

/G(jw) = ~ % _arctan 20— arctan 2 = — - — 2 arctan 2
2 2
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10.3 a losning, Stabilitet

ZG(Jw) = 2 _2arctan 20
— 2

e Fasvilkor: @ —%— 2arctan20, = —2arctan2w_ = —%

arctanZa)ﬂ:% = 20 =1 = w ==

. =
3K ‘/SK 3K

G(w) =

N

| Glo=3)= 2\
@-(1+4w°) 05-1+4-05°) 1

e Amplitudvilkor:
3K = | K<3
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10.3 b I6sning, Stabilitet

Bestdm maximalt varde pa K for stabilt system.
. 5 Y

K
b) R _>_C: 1+s s?+3s+1 |

Vi anvander det slutna systemet och Routh-tabell

K 5
G(s) = _LtS s°+3s+1 _ oK _
1. K0 (1+5s)-(s*+3s+1)+5K
1+s s°+3s+1
) 5K
85 ¥ 45+ 45+ (1+5K)
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10.3 b I6sning, Stabilitet

Routh-tabell
5% + 452 +fr8+(1+5K)
1/ 4% 4.4—(1+5K)
4 1+5K O 4 70
+015%) Vi stoppar har. 16-1-5K >0

K<3
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10.4 Stabilt omrade parametrar

Bestam vilka varden (omraden) a och b far ha for att ge
stabila 6verforingsfunktioner med namnarpolynomen.

a) s’+as’+s+b

b) as’+bs’+s+1
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10.4 a 16sning, Stabilt omrade

Routh-tabell
s°+as’°+s+b

o O T B

o O O O

a>0

a_—b>0 — a-b>0
a

b>0 b 1

William Sandqvist william@kth.se

—

a>Db




10.4 b 16sning, Stabilt omrade

Routh-tabell
as’ +bs® +s+1

all 0 a>0
bl 1 0 b>0
b-a _
5| 00 u>O — b-a>0 = |b>a
110 0 a
b
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10.7 Marginaler ur Bodediagram

_|_ e
R T 2,5 1+2,5s |
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10.7 Losning, Marginaler

openloop:

G(s) =

€

_|_

R ——

2,9

=S

1+ 2,5s

2,9

o Y

1+ 2,55 |

Fasfunktion:

Beloppsfunktion:

¢(w) =|-w ||—arctan(2,5w)
2,5
A(w) =lI- ’
(@) H\/1+(2,5(o)2

—180°
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10.7 Losning, Marginaler @

A(@) =1 ——=
J1+(2,50)°
2,5 2 2
= Alwe)=1= & 25" =1+(25a:)" =
J1+(250.)°
\/6,25-1 i’bzz—lf‘“
= 0. =—— - -09? 2,5 o
2,5 >N
AN .
¢(w) = -w—arctan(2,5w) DN 180
= p(w.)=—-092—arctan(2,5-0,92) = —2,08- 20 _ _11ge

T
@, =|(-180°) — (@, )| =180°-119° = 61°
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10.7 Losning, Marginaler a_

Svart att 16sa ut @ ?
= —@—arctan(2
@) w—arctan(2, 5w) Rata linjens ekvation i stéllet ...

En punkt till ... 100
= @#(ow=2)=-2-arctan(2,5-2) =-3,37 — _-193°
T
v, =0.92 " Y
N 0, | ;25
(0(0)(:) =-119° (0( ) 2? — \a)ca)n_
—180° D, YAT ~180°
w=2
w=2)=-193°
Rata linjens ekv. # )
o £0.92+(2-0,92). 207119 g7
193-119
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10.7 LOsning, Marginaler A

2,5
J1+(2,50)°

2,5
J1+(2,5-1,81)2

A(w) =1-

Alw, =181) = = 0,54

— 1 —_ 1 —_—
A(w.) 0,54

An 1,85 ggr
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10.7 Losning, Marginaler

ol 20 ol an_ Dy = 0,4 w. =092 w_=181

N it TUE S S - - S AV JR ED ——t A= —1t=4--F-1-1 90

5

2,5 - - 1 -
. (0| @ o, =1,81

O /U
— 0.1— 0.2 0.5 1 2 5— 10 —
a FETE PR N WAPIPS WWWRE PEETL N TR TP T 1 I PN PRS0 PP PEYTL I SPITTT o
5= & T ;ad/s 0
1 A =185qar
0.5 1— ‘\L ! v bv 2
0.2 < N _
Loy T T ___u_,§,, L_d__L_1_-J.90 gp(a)C) _
0.1 §-20 > L
: =-119°
0.05- < h
.
. nalo )
(] == 3 d(ow=2) =
0.02
(U U (NN N N D NN NN DRSO NV N 4 NN NN oY AN AN (N Y N =11 180 o
0.01 } -0 — _193
i IS\
\
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10.9 Marginal med Rouths metod

Y

+ K 1
R _’f s (1+Ts)? l

Vilj K saatt A_=2ggr.
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10.9 Losning, Rouths metod

+ K 1 Y
R _’f s (1+Ts)? l
K | 1
Y s (1+Ts)? K
R . K 1 T*s°+2Ts* +s+K
s (1+Ts)?
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10.9 Losning, Rouths metod

T%s° +2Ts* +s+ K

Routh tabell
2T K 0 2_TK
2 >0=>TK <2
% 0 0 2
K 0 O K>0
2 K 1
K. =— =2 =% = |K==
maX T Am 2
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10.11 Statisk noggrannhet

R —»?7 GR GP T

2S+3 G - 2

a) G, = =

) Gr s+2  s(5s+1)

b) G, s+2 G, = 10
s+1 S+4
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10.11 a losning statiska fel

25+ 3 G - 2
s+2 (SIS +1)
d =e,=0

a) GR:

Stegformad borvardesandring. Om Gg, eller G ar
Integrerande blir det inget kvarvarande fel, |e, =0

Rampformad borvardesandring.

e =lim "
>0 5. (1+ G -Gp) fortsattning ...
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10.11 a losning statiska fel

h G, = 25+ 3 G, = 2
S+2 s(bs+1)
h : h
e, =lim = |im —

520 §-(1+ Gy -Gp) Hos- 1+23+3. 2
s+2 s(bs+1)

. h . h |h

=lim =liMmM=——==—

>0 [ 5(s+2)(55+1)+2(2s+3)) s02-3 | 3
8(s+2)(55+1) -1
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10.11 Db Iosnlng statiska fel

b) G, =

|

s+2
s+1

g, =lim
s—0 ]__|_G G s—0

+ lim

e, =lim

s—0/ §/. (1

h
=0

G_
" s+4

Kvarvarande fel efter stegformad borvardesandring.

a a

s+3 10 . 20 |6
. 1_|__
s+1 s+4 1-4

1+

g Kvarvarande fel efter rampformad borvardesandring.

Ingen integrering! = e, =0
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10.12 Statisk noggrannhet

Process

V —_
1T Y
+ + O 3 Kvarvarande
— = — GPZ
h/ i) GR 0 1+10s I fel?

e, =7

al Regulator
R
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10.12 a losning statiska fel

Vv

a Regulator Process
a T v
R LT, G, =5 LO_, GP:1+?103 E\I/’?rvarande
Y
a) — e, =7
) = & | |
e =lim—>  Ljjm—2 & 9
0 50 1+ G, -G, S_)Ol+5- 3 1+E 16
1+10s 1
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10.12 b 16sning statiska fel

Regulator v Process

l+

_ + _ 3 Y Kvarvarande
— G, =5 —O— % = 11105 fel?
_ e =7
e =Ilim L ' int inal
— — [ngen Integrering! = e, = oo
| S50 S(l@ g g g 1
=0
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10.12 c lI0sning statiska fel

Vv

Regulator l_ Process
RO Gy =5 [-O{0 135 [ fanerence
e, =7?
. 3a
e, =lim——>2_Liim 1+1%S - a15:_3_a
04GR Gy | 08 142> |16
1+10s 1
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10.13 Statisk noggrannhet

vV

Process

_|_
= GR=1+£ Lcl)_, G, = 5 Y Kvarvarande
S 1+5s fel?
h/ _ |

al P1-Regulator
R

<|<
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10.13 Iosnlng statiska fel

V

al P1-Regulator

Process

l—|—

1 1+ 5 Y Kvarvarande
= Gy =1+— —»( )—» G, =
R i) S " 1+5s I fel?

G, -G, 1+ (Lj Integrering!| €, =€, =0

1+5s
h
L | h | h
& =lim £ lim =lim 56520 |
20 8- (14 G -Gp) [ =0 (1 (1 1) 5 -
1+5s 1+5s
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10.20 Storningsdampning

. . ) .
v(t) = 2,5sin(0,5t) a) Hur stor amplitud far y(t) fran v(t)"

a) v b) Hur stor amplitud far y(t) fran v(t)
N = ¢ omen P-regulator med K = 3 anvands?
U _>< >—> >
Lol 1 y(t)
v(t) = 2,5sin(0,5t)

Vv

Regulator Process

b) L hees
i —K =3
| ?GRKB O ey Wt)
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10.20 10sn Storningsdampning

2 2
a) G(s)= G(w) =
) (5) (1+5s)° (@) 1+ @°
2
G(w=0,5)= =16
(@ ) 1+0,5°
2
Y G 1+5)° 2 2
b) G(s) = = - ( )2 e
+GeGp 3. : (1+s)°+6 s°+2s+
(1+5s)
G(w 2 G(o=05)=—>L073
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10.21 Storningsdampning

R, ] 3

T s "\ (1+s)( 1+8s) ="
Regulator Process y(t) ="
A -
,
Givare W

w(t) = 3,2sin(2t)
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10.21 10sn Storningsdampning

R4 7 3

vane R [7+sI77+85) ’ v GG
Regulator Process —
+ -W =R G(s)=—= R P
’ “Ti W 1+G.G,
Givare W

)
G(s) = (d+5)d+8s) _ 3(1+1) _ 3+3s
1+(1+1). 3 (1+5)(1+8s)+3(1+1) 8s®+9s?+4s+3
> (1+5S)(@2+8s)
i 3+3jw 3,2/9+36
G(Jo) = - 3 2J - Glw=2)= 2 > 1 0,33
—810) —9w +4Ja)+3 \/(3_36) +(8_69)
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