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DC-motor is assumed to have the transfer function

1
s(s+1)

G(s) =

and it is controlled using proportional feedback,
U(s) = F(s)(R(s) — Y (s))

where F(s) = 4. The amplitude curve of the feedback system

v | Piw)G(iw)
|G (iw)| = | 1 + F(iw)G(w)

is given in Figure 6.7a. Assume that the real system is given by

GO-(S) Gs)- a>0 o

s—i—oa

g RS

and the controller F(s) is used on the system GY(s).

Draw a root locus with respect to « for the characteristic equation of the
closed loop system and determine for which « the closed loop System is
asymptotically stable.

Use the robustness criterion to decide for which ¢ the closed loop system
- is asymptotically stable. |

Comment on the possible differences in the demands on « in a) and b).
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Figure 8.2a

Consider the system illustrated in Figure 8.2a. It consists of a hinge that can

™ move in the direction marked “2”, and a thereto attached pendulum. The
system is described by the equation

£é+gsin9+écosﬁ =0
Define state space variables, input, and output as
z1=0 x5=210 u=2/f y=4
‘and

wh = g/t

Linearize the system around the equilibrium point given by

1 =T Zog=0 wuy=1(




B4  Att sétta upp tillstindsbeskrivningen for ett systemn

-,

. =
far vi da tillstindsformen

PRV B 2.5 g 6 4 | 23} _O (8]
’.B——( (8453 ma3)$+(a4 0)‘1:’.

Om systemen beskrivs av olinjira differentialek vationer, kommer man med den-
na metodik fram tifl en olinjiir tillstAndsform

-z = flz,u) _
. -=y=:"hif$",'u?):' S

Hir & alltsd fen koloanvektor med dimensiongn n = dimensionen hos z. P4 samma
satt som i avsmitt 2.1 kan denma linjiriseras kring en sa kallad stationdir punkt eller
Jimviktspunkt T, ug, Yo, dvs en punkt dir det giller

(o, u0) =0, w0 = A(zo,ua) |

Genom aft betrakta sméi avvikelser frin < och g

T =1Io+ Az
u = ug + Au

fér vi med taylorutveekling
T = A = flzo + Az, up + Au)
~ f(zo,u0) + fa (2o, u0) Az + fu (2o, uo)Au
Ay = hi{ze -+ Az, ug + Au) —
g '._hm(azg,ua)ﬁm -} By (g, o) An

dér higregradstermer 1 Az och Av forsummats. fz, fu, by och h, betetknar partial-
derivator med avseende pi © och u. f; ir ef n X n matris vars 1 »J element &r

8 ;‘ ._} —_>
%:fi(x:.”) ;

dar fi 8r i:e raden i f, och motsvarande for f,. Dessa matnser kallas Jacobmnema

rsiemnern

rrfavff—Med beteekmngamaﬁ - e e s e

A= fr(zo, '“'U) B = fu(zo,u0)
C = hy(zp,w) D = hy(zo,us
for matriserna kan den linjariserade ekvationen skrivas
R A = ARz + Bhu

Ay =CAz+ DAu

(8.9)

B8
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Figure 8.3a

The block diagram in Figure 8.3a describes an electric motor that drives a
load via an elastic axis. Here 4 is the driving current to the motor, which gives
the torque M;. z is the turning rate of the motor and y is the turning rate of
the load. # is the angle of the tra_nsmission akis. M, = K0 is the torque this
angle causes. M is the torque from the load. Give a state space description
for the system with M and 4 as inputs and y as output. (There are at least
two different ways to solve this problem.)




el 8 Til-lsté.ndsb.eskrivmmg (Matematiska modelier )

Kap

Vi far
RN

_e 1) R EERTAE 955
= 2 ds+1 1 s—1/\0 T2 —ds 1

A). Systemets poler ir alltsh bika med

Notera att nimmnaren blir kika med det(s] —
A-matrisens egenvirden. :

Allmint giller att inversen av en matris kan skrivas
, 1
U - = .
det H T
i ET* ir adjunktmatrisen till . Dennas clement erhlls genom addition och muk-
tiplikation av clement 3 H, pa ett saft som inte v intressamd (hir). Vikan atltsh skriva
{8.13).50m.
C(sI — A)*B
(I -AF5 4 p (8.14)

G(s) = -

(5) det(sI — A) _
dar G{sI—- A)'B foljaktligen &r ett polynom i 8. Owm inga forkortningar skeri(8.14)
5r alltsd det(sI — 4) sverforngsfunktionens nimnarpolynom och saledes Hr syste-
mets poler kika med A-matrisens antattar diskussionen hittilis:

egenvirden. Vi samm

. esulta 83
& Ove rforingsfunktionen for systemel

: i = Az + Bu
h . ,y:0$+Du

“ ar ‘ i i
: G(s) = C(sl = Ay B+ D (8.15) §
€ Om ingen forkertning sker dé detta utiryck evalueras dr Systemets poler lika med §

dsekvationerna

Tilistindstearin, liksom boken i ovrigt, handlar egentligen om egenskaper hos linjdra
differentialekvationer. Det ar typiskt £or det reglerteoretiska angreppssatiet att vi ana-
Jyserar systernerl och bestimimer stedeopplingar utan att arbeta med explicita uttryck
for 1osningarma till differentialekvationerna. Dessa skutle 1 de fiesta fall vara alitfor




