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Lektion 4 kap 8

e Blockschemareduktion

- Forenkla komplicerade blockschemor — jamfor med
ellarans ersattningsresistans.

- Reducera blockschemat till enklaste form — jamfor
med ell&rans tvapolssats.
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Blockschema

Blockschemat ar ett schematiskt och tydligt satt att beskriva
ett reglersystems funktion. Man anvander tre symboler:

e Signaler e Block e Signaler

: s
Insignaler {ﬂ Block Utsignaler
——
L

e Summerings/Differens punkter

a + a+b a + a-b
B

+ —

b;‘ b

Summeringspunkt Differenspunkt
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Overforingsfunktioner
"paklanges”

Ofta ar man ocksa intresserad av dverforingsfunktioner
mellan andra punkter 1 blockschemat an den egentliga
Instorheten och utstorheten.

Det kan gélla hur en stérning fortplantar sig till utgangen,
eller hur stor en inre styrsignal till ett stalldon blir.

Man ritar da om blockschemat sa att man far nya
blockschemor fOr dessa andra dverforingsfunktioner.
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Blockschemareduktionsregler
Cascaded blocks

X— G | H —>Y

Moving a summer behind a block
+ +
X G — Z X— G Z
+ +
Y G Y
Moving a summer ahead of a block

+
X— G + 7 X—: G —> Z
i? +
Y 1/G Y
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Blockschemareduktionsregler

Moving a pickoff ahead of a block

X— —— G Y

X—| G > Y J
Y «—— Y -—| G

<

Moving a pickoff behind a block

Xe—»| G —>Y X — G - Y

X -—

‘ X +— 1/G [—

Eliminating a feedback loop

+
X G > Y

* X —|G/(1FGH)[— Y
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Blockschemareduktionsregler - feedback

. E
Feedback X | G - Y
- negative =
+ positive Z 5 le—
Y=E-G E=X+Z =Y -H

Y=EG=(X+Z)-G=(X*Y-H)-G
Y=X.-G+Y-H-G < YFY-H.-G=X-G

Y G
closedloop X 1; GH

G

X —=|G/(1FGH)[— Y
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e Man far flytta summations och differenspunkter
langs signalvagen.
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X-y+2=(X+2)-y

Z Y

_+.+Q_. = te
T —_X_-Y+7 + Z(X-I—Z)—Y:
Y Z =X-Y+/Z

e Man kan dela upp, eller sla ihop,
summationspunkter.
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Ekvationsmetoden

Det matematiska alternativet for blockschemareduktion ar
att infora mellanvariabler, och stalla upp och I6sa ett
ekvationssystem for blockschemat.
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Ex. Ekvationsmetoden

e InfOr alla mellanvariabler, E F H.
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Ex. Ekvationsmetoden

e Stall upp ekvationssystemet.
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Ex. Ekvationsmetoden

E=R-G,H ()

F =EG, 2) (-0
Y = FG, B3 @—->@
H=F+G,Y (4)

E=R-GH ()
Y =EG,G, (3)
H=EG,+G,Y (4)
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Ex. Ekvationsmetoden

E=R-GH ()

Y =EGG, 3) @)->©
H=EG,+G,Y (4

E=R-G,(EG,+G,Y,) (1)
Y =EG,G, (3)

Y=EGG, = Y

=E (3)>@®)

12

Y _r-g|XiGy| = Y=RGG,-Y(GG,+GG,G,G,)
GlGZ GZ

~ G(1)= 5.5,
R
1+G,G, +G,G,G,G,
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8.1 Blockschemareduktion

‘ 2
U | 1+3s 4 Y y
—e G=—="
| 2+s + U
1 s@-3s)
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8.1 Iosn. Blockschemareduktion

[ 2
u | L3 [l v u 2 2+ |V
—9 = — + —
[ 2+ h 1+3s s(1-3s)
1 s@-3s)
2 | 2+5S N 25(1—3s)+(2+5s)(1+ 3s)
1+3s s(1-3s) S(1+3s)(1-3s)
Y 95-35°+2
= G=—= >
U s(1-9s9)
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8.1 med Matlab

2
U 1+3s 7 u 2 275 ]
1 = Tl1ess saess) [
s h +3s  s(1-3s)
S(1-3s)

G1=tF([2],[3.1]) G2=tf([1,2],[-3.1,0]) | G=G1+G2

Transfer function: Transfer function: Transfer function:
2 -s — 2 3 s™M2 -9s -2
3 s+ 1 3 sN2 - s 9 s"3 - s
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8.2 Blockschemareduktion

U Y
—| Block1 » Block 2
Blockl: {+2y+3y=5lU+u
Block2: 372+2z=06y
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8.2 1osn. Blockschemareduktion

U Y Z

—| Block1 » Block2 — Gzéz?
y+2y+3y=50+U
{L:} Y(s®°+25+3)=U(Bs’+1) = G,(¥)= 55" +1
' Ul s? 42543
3742z =6y
6
L} Z(3s+2)=Y(6) = G,l&)=
{L} Z(3s+2)=Y(6) (=55
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8.2 1osn. Blockschemareduktion

U y Z ,
——| Block1 » Block2 }— G=—=7°
U
5s% +1 6
G,(%)= G,(2)=
(&) s +25+3 () 35+ 2
6(5s° +1) 30s+6
G(%:%'%):Gl'G

> (3s+2)(5°+25+3) 35°+8s2+135+6
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8.2 med Matlab  ¢=5-

2 U Y Z
G,(1)= 253 +1 G,(2)= © " Biockt || Block2 |~
s? +2s+3 35+2
G1=tf([5,0,1],[1.,2,.3])
Transfer function:
5 s™M2 + 1
U G=G1*G2
SN2 +2s + 3 Transfer function:
30 s™"2 + 6

G2=tf([6].[3.2])
Transfer function:

3 s 3+ 8 s + 13 s + 6
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8.3 Feedback

R_+.Q_.

C) /‘+‘

X —| G/(1FGH)

=Y

1+10s

1+10s

1
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8.3 a losn. Feedback Gue(t)-—

1+ GH
R o 1 Y
A 1+10s 1 1
) | - | Y 10s+1  ° s+1
1+s
1
G 10s+1
G R =
cIosedIoop(R) 1+Gl°GZ 1+ 1 . 1
10s+1 s+1
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8.3 a l6sn. Feedback T

1
G 10s+1  _ s+1 _
1+4G,-G, . 1 1  (@0s+1(s+1)+1
10s+1 s+1
B s+1
10s”® +11s+2
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8.3 a med Matlab hil=

17 10s+1 2 s+1

G1=tf([1].[10,1])
Transfer function:

1 G=feedback(G1,G2,-1)
________ Transter Tunction:
10 s + 1 s +1
G2=tf([1],[1.1])D) 10 s™2 + 11 s + 2
Transfer function:

1
1s+1
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— Y

8.3 b Iosn. Feedback &&=

R_+,
N 1+10s 1
G, = G, =1
b) ‘ | ' 10s+1  °

1
Gy ()= G _ 10s+1 _ 1
closedlioo R

10s+1
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8.3b mled Matlab *f*

G, =
10s +1

G1=tf([1].[10,1])
Transfer function:

G2=tF(1)

Transfer function:

1
Static gain.

1+10g

G, =1

G=feedback(G1,G2,-1)
Transter Tunction:
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8 3C Iosn Feedback i el

— Y

1+10s
C) /‘ :

1+s
1
G _ 10s+1  _ s+1 _
1-G,-6, , 1 1 (10s+1)(s+1) -1
10s+1 s+1
s+l
10s® +11s

William Sandqvist william@kth.se



8.3 ¢ med Matlab *O[
1 1 :

17 10s+1 2 s+1

G1=tf([1].[10,1])
Transfer function:

1 G=feedback(G1,G2,+1)
________ Transter Tunction:
10 s + 1 s + 1
G2=tf([1].[1.1]) 10 s™2 + 11 s
Transfer function:

1
1s+1
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(Begynnelse) och Slutvarde

L 1
Kommer Du ihag? L —>|—

E

. I
Im T =1lims-F(s)
lim f(t) = lim[S]F(s) e slutvirde

t—o0 s—0
Vad som hander efter lang tid avgors av 1
laplacetransformens lagfrekvensegenskaper. | —xg =1
Slutvardet efter ett steg om man later s — 0. S
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8.4 Positionsreglering x—|eoseH—Y

Belastning Storning
vridmoment M g

Elmotor

Yret & G = 5 |+ 2 _ 10 Y
i _’T? 1T 1435 —O— ®: =S 109) '
Regulator
_ G, =1
Positionssensor
a) G, ,, =? b) G, , =2
FOr reglerstorheten. FOr storstorheten.

Den storhet som inte ingar i 6verforingsfunktionen kan
sattas = 0. FOr linjara system galler ju superposition.
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8.4 a losn. Positionsreglering

Belastning Starnin
6 -2 G- 6,1 et
3s+1 s(s+1) e Zing R e W s(ljj[}s)
Antag M = 0 [
M=0 —
¢+ Poationszensar
()= — 5 10
GG,  3s+1 s(s+1) 50

Y — —
G(YREF) 1+G,-G, G, 4, = 10 . s@s+1)(s+1)+50
3s+1 s(s+1)
50 (s=0— G =1, en stegandring hos
B 305% +135% £ 5450 styrstorheten slar igenom med 100%
pa utstorhetens slutvarde. s-1/s=1)
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8.4 b 10sn. Positionsreglering

5 10 Belastring Stirning
&1 = 3s+1 2 s(s+1) % = — ﬁf—ﬂmﬁm
O o PO e
Eegulator
Antag Yref = 0 T ?
-1:?‘6,;"" _+..,O_. = - Positinnssensor
=g T |_’
10
(%)= G, _ s(s+1) _ 10(3s+1) _
" 14G,G G, 4,4 5 10 s(s+1)(3s+1)+5-10
3s+1 s(s+1)
305+10 ) :
= s=0— G =1/5, en stegandrin
_38%+45"+5+ 50 ( J J

hos storningen paverkar slutvardet
med 20%. s-1/s=1)

William Sandqvist william@kth.se



William Sandqvist william@kth.se



8.5 a Blockschemareduktion

' + +
ﬂ},:? Gy pb————»= G - )
Gz =
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8.5 a losn. Blockschemareduktion

-~ G.-G,  serie
—

' + +
a}ﬁ’ —e G} pb———= G2 - )
Gz =
. G; ™
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8.5 a losn. Blockschemareduktion

GG,
/
a)',t? %—-— Gy b——— G2 -
63 [+ parallell
\\\
o o | (G, +G,)
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8.5 a losn. Blockschemareduktion

EI)E A2 - —» G} p————»= G> - Y
Gz =
- Gy | T (G3 +G4)

/

3
D

G,G, negative feedback
1+G,G,(G;+G,) G(L)

R

— GlGZ
1+G,G,G, +G,G,G,
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8.5 ¢ Blockschemareduktion

c)

G

Hy

.
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H2

b

i

=t




8.5 ¢ Blockschemareduktion

G

G2
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H2

7




8.5 ¢ Blockschemareduktion

serie
G,G,G,G,

Ho =

RN rwnlt AR parallell
7/ H,  H

| G, GG,
1 _H,GG, +HG,
G, G,G,G,
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8.5 ¢ Blockschemareduktion

G,G, X —|G/(1FGH)—Y

\

G,G

negative feedback

r_—|<>\
/ T~ 66,66,

i
H,G,G, +H,G, H,G,G, + H,G,

1+G,G,G.G, -
GleG4 1~2~34 GleG4
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8.5 ¢ Blockschemareduktion

G,G,G,G, _ G,G,G,G, B
1+ 3.%,G,@, - H,GG,+H,G, 1+ G,(H,GG, +H,G,)
@.6,86,
_ G,G,G;G,
1+ H,G,G,G, + H,G,G,
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8.5 d Blockschemareduktion

d) Hz =

- + + Gy :é.j G3 - ¥
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8.5 d Blockschemareduktion

d)

+ +
R | Gy
- +

H2

negative feedback

ol
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1+G,G,H,




8.5 d Blockschemareduktion

G,G,
1+G,G;H,
R-—h{+ ) - Gy - = Y
\ Hy = ;—3 ————
\ GlGZG3
positive 1+G,G,H,

feedback . H1' GleG3
G, 1+G,G,H,
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8.5 d Blockschemareduktion

G,G,G,

1+G,G;H,

1+G,G;H, G,G,G,

H, GGG, 1+G,G,H, 1+G,G,H,-H,GG,

1— L.
G, 1+G,G,H, /

R -

: — o negative feedback
AT G1GZG3
]
14 GzesH 2 HlGlGZ

G,G,G,

1+
1+G,G;H, - H,G,G,
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8.5 d Blockschemareduktion

GlGZGB
1+G,G,H,-H,GG, G,G,G,
G,G,G, 1+G,G,H, - H,G,G, + G,G,G,

1+
1+G,G;H, - H,G,G,
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8.5 e Blockschemareduktion

+
e)R+ Gf]‘Gj - G, =Y
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8.5 e Blockschemareduktion

negative feedback
Gl
1+G,G,

t‘,)ﬁ_+ TGTIG‘? G, =V
.52

—
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8.5 e Blockschemareduktion

serie

¢) R : G 63 1 %4 —_”/\(31(39,'64
} ]" 1+G,G, +G,G,
5,

|
GlG3| negative feedback

1+GG, G,G, G (L ) _ G,G,G,
N GlG3 14+ Gle n GlG3 1+ GlGZ + GlG3
1+G,G,
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8.5 f Blockschemareduktion

]] ] H:f - HE‘
4 +
r = G - Oy ¥
R Gy 4(?_. G2 I= 3 ‘¢ e
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8.5 f Blockschemareduktion

1) f Hy | H>
+ +
R 6; = 6> |= G3 - G; | y
iy p—

B HII' HP
+ +
+ .
R ‘[__ G..‘ /I G> Téﬁ}—rﬁ}; I :1)—‘ ¥

(Hl +GlGZ)

parallell
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8.5 f Blockschemareduktion

(H1+GlG2) H»
\ 4/ .
= \ tﬁ 1—!-1 G3 Gy - 4
{ G> p=q H3 ]——

parallell
_ (H; +G,G,) 4 2 gl //(G4+i)
Negative \ Z G,
feedback -~ ' T 5 J s Q} L ¢
G3 — Gy e H3 |
1+G,G;H,
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8.5 f Blockschemareduktion

S g

(Hl +GlGZ)
G, \
1+ G,G,H, prsdd !

(L]

(H,+GG,)-

1+G, G H,
_ (H;+GG,)(G,G,+H,)

(G, +

1+G,G;H,
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8.7 StyrS|gnaIer

Varmevaxlare.
+
. ~E l Y

U
_ il i,( ) R _ 1
R —»_ Gl—3(1+ 28) G, L35 T

Hur stora styrsignaler U kravs vid olika storningar V ?
For att svara pa det behdver man dverforingsfunktionen
franV - U.
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8.7 Styrsignaler

Vv
E LU 4T y
+ i) o D) i
R=0 —P_ G, = 3(1-!— 23) ( — G, (11 39)° T

G(Y)=— (—1)-3(1+ij:

T (1+3s)2 25
_ —3(2s+1) _ —(6s+3)
(1+3s)°2s 18s°+12s” +8s+3
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8.7 Styrsignaler med Matlab

G=tf([-6,-3],[18,12,8,3])

(u ) —(6s+3) Transfer function:
V)~ -6 s — 3
Y/ 185 +12s%+8s+3
Fil.e Edit ‘Window Help
otep Hesponse
0
0zt ]
steg- o | | styrsignal
A 1 @ 06+
Stornlng ;g N step(G)
0 T R N N A W o
12} FOr att parera en storning kravs en
N 60% storre styrsignal!
BT T 20 a0 a0 20 B0
Time (sec.)
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8.8 Regulatorer

1
_|_
R Grec 1+10s [ ]
Regulator Process

a) G(Y)=? Ggg =5 P-regulator

b) G(%)=2 GREG:3(2+%j Pl-regulator
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8.8 a med Matlab, P-Regulator

a) G(%):? Gree =9
P-regulator

Greg=tf(5)
Transfer function:
5

static gain
G=Greg*Gp
Transfer function:

Gp=tf([1],[10,1])
Transfer function:

Gclosed=feedback(G,1,-1)
Transfer function:
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8.8 a med Matlab, P-Regulator

Gclosed=feedback(G,1,-1)
Transfer function:

EJFigure No. 1 - 10| x|
File Edit Window Help

10 S + 6 otep Respanse

Armplitude

step(Gclosed)

a 2 4 B &) 10
Time [sec.)
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8.8 b med Matlab, PI-Regulator

b) G(t)="? GREG=3(2+H

Pl-regulator
1 60s +3
Gpeg =3 2+ — | =
REC ( 105) 10s

Greg=tf(]60,3],[10,0])
Transfer function:
60 s + 3
10 s
G=Greg*Gp
Transfer function:
60 s + 3

100 s”2 + 10 s

Gp=tf([1],[10,1])
Transfer function:

Gclosed=feedback(G,1,-1)
Transfer function:
60 s + 3

100 s™2 + 70 s + 3
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8.8 b med Matlab, PI-Regulator

Gclosed=feedback(G,1,-1)

Transfer function: Visst kan en val installd regulator
o f0sws gora nytta?
100 s™2 + 70 s + 3 (Ingenjorer kan gora skillnad)
E]Figure No. 1 =10l x|
File Edit “Window Help
otep Response
1
[ 0g-
= 0E -
=] step(Gclosed)
E 0.4+
] 0.z
. . . . . .
0 10 20 30 40 a0 B0
Time (sec.)
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