104 o) 9+é-‘6_7=>€+x
? Ys*+¥Ys-6y=Xs+X

> Y(s*+s-6)= X(s+1)
=2 G(s):___s,"'j———-

§%+5-6

Kar. ekv ST+§-€=0 sl Ff L
S > S VT +6

§Sq < Ewn poL i hogra lﬂa)vp/ahe’ﬁ
9,73 P Sc/ﬂ-ewd Tnotablt

d) g +3y" -24 ;,-g =u' +5u
Ys3e3yst-2Ys +Y'= Us+5UV
Y(s3+3s%-25+ 1)= U(s+5)

S+5

s3+352-25+1

Kar. ekv §%.4352.25+1=0

Routh's metod qer

G(s)=

53 i =@ 0
>§ D Olrka tecken 1
s*] 3 1 0
Fopsta kolumnen
st -% o
3.(_2)_,‘1 ””,/” 3 @ Syn’-ehe‘{'
3 s o 1 1'y;$1"a51'lf

3K

10.3 —_—
—_— %T= E = S(1+2s)? _ 3IK
17+ 2 -

S('7+2:)2 §(1+25)"+ 3K

= 3K
bs3 +4s?+S+3K

Karakterish'sk '
ISHsK  ekvahlon 453_,. L/SZ + 85 +3Kk=0

Routh’s metod qer

%4 1
(0]
+ . 0 1
5t L ><—3K & S?L@b///%e/%rw//kor
st y-rzk 4-12K >0
4 o > K< /3
s°] 3k 2k D K>0

Sgﬂleme-/- stabilt om O<k <l



',OnLl' a) 53-!- 052+$+b =0

Routh'’s metod ger

! = Villkor fsr stabilitet
a b
a>0o
o;b 0 a-b >0 ¥ bxa
) b>0
bt

b Samma metod ger

gtabiit
omride

10,8 Vi rifar Bodediagram fsr G = .
(1+s)*
K="
wbry«‘: =1 rad/; ( 3-dubbel brytfickvens)
G “-———-—4
Jw) = 3 > [eljw) = =3 -arctan @
(1+ jw)
3 /G (jw)
02 | -3
05 | -80
{ -135
2 -190
0,1 -17
Bedediagrammet (néista sfdé) ger:
¥ Om k=1 £3 = 23°
is  (@,= 123 (shabiit)
Am: ¢ dB =299r

* Vid frekvensen 1 radfe har v Fasvrtduingen ~135,°

dvs avstandet L;S'o Kl —Igo",grao/ens'h’hjen

la(l=3 48 =141 997

/]
Vc'd‘)‘ daY“Fb’l" K= 7—271—' = 0.71 £or att £3 ¢M=lf5
‘ 1

Vi ser

X Kmax=2 (t.‘j Am=2 99r)



o 10.8

120l0g|G] dB
10+ 20
o R I B ————r—-q-=l—-t+—o——b—dd__L_1__1 | L
; B
: 1
P l”
_ P~ N\
™
/J //
= 01 -
dodl E X 4 % I 0 P _:mm_,_ N s AP T O O Y IO T A
AT ; ;
: e — v IRNRN >3 : Radianer/s
Irl:[r.l: “ N
L g T
g III.J ! BN
M, ! AN
— —
; | AN
IN'.Q:II'L"I'I' e et — e e — e — ) ”'Il'llll-&-llll 4""%/’4"' [= = e e e e e e — ] — e o —
.// | __ NN
T ——%
) | N\
—N N
& .
_ m — 1 /V
Tttt Y R O NI T
. ./ i
- 40 Y s
Origingl: TeknglogTryqk N Institutionen f8r Reglerteknlk CTH
]
A% ~+ .M o~
+ b < Lok
o - :
~ = 3 L £ @
X|FE 3 3 n 3
Ly /,m ) X < £ s
3 $ s 3
A4 Ww O A 2?/ R 7..— G 8
I + Qo A ) Prpm m I@r e
s X Z_T S n B < %
) CR % =S =
N v ) 3 o =
o, ¥ = I = £ . g
1) _M O_S .V.. 2 X < K MA.J L.W I,a\.r
| X+ ~ M o > N 3
i1 ¢S n A
o s + mJ =~ ¥
< <
G AT s 57
-~ 3 Y
S ik,
I n £ £ w s
o £ << =3
¥ M - vV <
1 = B
7 3 # v
o o zT = R x o
N




K
10.40 € Y=_l’_ - S(1+3) - K (e 041 9 e = lim 8 L 1
R &= = ‘ = U = ' =
R + K S(1+s)(1+Ts) + K ® S20 1+6GeGp S-;o !+ (2s+3) 2 B
S(1+s)(1+Ts) (s+2) S(5s+1)

_ 3K+KT5 : = lim  (E*+2)s(5s+1)
Ts3+(1+7)s*+s +K §»0 (s+2)-5(55+1) +(25+3)2

f - L 3 2
Routh's metod <3 T v 1 ) = s:; Fs®+11s%+2s =2 .,
SZ 1+T Kk 0 553+1457‘+5'5+é 6

o ()T 5 |
1+T
So K e| = L l/) = L"M 1 =
S0 5(“6&6") $90 S(1+ (2$+3). 2 )
(s+2) S(5c+1)
V,‘f”cor "Icgl" \S"{'aéflﬁlct //+T-TK >0 > T/<< 1+T
> ke drT = ;.irg (S+2)(5s+1) Clm 5s%etls 2
i - : o—
- T S(s+2) (Sc+1) + 2(25+3)  $90 543, 1157 5cre
> Knhsk favghirinng K= 7"; '
-5 -om
Fgrﬁarkhfhg Som  ger am'all"/'uo{maryfha/ch 2
K = 1+T O0BS Y  Effercom processen har
“F fntegration (ett s kan brytas ut
Ur némnaren) kan man divekt Sluta

sig #ll atl e,=0 utan hagra
Se slytsatserna 7

( Fershirkningem som ger Awn=2 & €h Funkchon av T)
Eer&'km'n?qr,

k=LL 5 T+T=26T » T (2k-1) =1
7 1 kQPI'éCI 10,2
» T= >K me:m




S&H a_:]

7
10,15 > = Lim % Um 1 -
$>0 1+ GpGp $20 4, 5K 10,16 4) Robotarmen (Motor +Robot) har
(1+5)3 5V6YF6V*I‘M3:1EuMk1‘1‘onen
= lim (1+S)3 __ 1 G = Yy __0Qo2 UV-—:U‘G
50 (he)3e5K 1+ 5K U S(1+s) |
U rav ;- Hastigheten v dr derivatan av posiponen \/_-9'
<o1 ¥ 1+5k>1o % 5K>9 (motsvarande Y's )

1+5K
> K>-§—=’18 Enligt slutvirdessatsen fds  sluthashgheten

Lim vit) = lim sV)=lim s.YV.s =
Obs 7 Vi méste ocksa kowtrollera stabilitetenm 45 o0 S0 $30

Lim  sZ20)-G = Lim % 24, 992 =048 m/e

BK
GR\(:,: - _U+9) _ 5k _ 5K S»0 S+0 S 5(1+s)
!+ (4—52:;)-3' (1+)345Kk  §2+35%+ 35 +145k
Routl’ " f)j Ber&kha Firct vrlket K som ger QVMP’!WJ-
AUTHS Instod ger margihalen A, =18
0102‘k
'y kel s 7 )
1 3 > Vallker fyr f’f‘ﬂb”‘e“ G _ (1+(),55> $(4+S') _ O/OZK ;
3 145K @® 9-(1+5K)>0 > 5K<& RY / oo K (+0,5°5) s(1+5) +0,02K
o (1+5%) > K<16 (1+05s) s (1+5)
3 g @ {+5k>0 = K>-02 - 0,62 K
4+5_K Yz s 20232242 00 = K OI5-53+ 1/S-Sz+ S-+ 0’02’(
—02 L6 Rouths metod ger
= S'(“abi(f‘(‘ef‘svmkok
Stabilt omrade s3| o5 1
52 15 0,02 K 15-0,01K >0 > k< 150
] " &
Svar Det fins inget stabilt system e omk 002K>0 ¥ K>0
som  uppfyller  krovet 6<01 g _L';I_5;_ 0 Krihsk Forstarknivg :
Kvaven &r ofsrenliga. 5° | om0k | K,:"Bo




Ampb'fua’mar7o'ha[en 7,8 25 om

K = 7720 - 833
/

Nu kan vi berdlkna det kvarstaende felet

- L»'m h _ Lr'ry) 017
) $(7+GRGP) Syo 5(1 - 002833
M*Qﬂ)&(%s})

_ lim 91 (1+0,55) 5 (1+5)
$-»0 S [(44-0,5’5) S(1+s) +0,'oz-83,3] B

=
-

o1
0,02 833 ! R
4
} RaMP FoRMAD
BSRVARDES -
ANDRING
b cm
10 \
UTSIGNAL
&= 4'd

10,21

Ledtradar :

() Bestdm 6V¢rﬁ>’rih7:7‘"uwkh'chen Gy Trén
w kY. ( Formler kapitel 8)

@ Bestam wmeotsvarande amp/:*ua(ﬁmkkan Alw)
gkt Firet beshinmma frekvens-

9eho\m
(;‘w) och sedan

Funlehanen Gy
Alw)= ’ Gy (-7‘“'))
(@ Bestim utsigualens amplitud Ay enlgt

Ay =Ay |G, (2) = 3,2 A(2)



K

10.22 a) - 3
- GToT——RI-= ogd = K
K §% 25+ (1+K)
(1+5)2
Grprlju) = — - frerd= 16
K2 +2jw+(1+k) (17-w2) + 2jw

16

Alw) =—1 - {1 - _
17w ew)? (ase? JO7-a) "+ ba

/289 -30a + a*

Mayvirdet For A(w) intrifhar dir polynomet
Derveriag ger:

P(a)= a%-30a+289 har oH minimea.
’O'I'E=Za-30=0 > a=15 = wr=15
Reronancfrekv. 7 wP=,/l5‘ rad/s

Re!‘ohah:""orreh blir
{o 16

= /7?): = = 2
M= AU s~ e

Svar : fL‘“P’f'?

Mp’z

b) K&‘hslighm‘.ﬁ% nkhonen

¢! - ! _ (ve)®
T GG 14 16 (%416
(1+5)*
— s+ 2s+1 T’S’
S%+25+17 A > o
I—w™ +2j
S(jw): il L Prineipredlt utseende
17_(”7. + 2)“ Pa' amplitudbcurvan
fer §
\/(1“002)2 + L’w7_‘ Vi ska b&f‘l’&hmq
l S(j‘*’)l = = = = { den frekvens Wy
N(F-w?) "+ hw? dér |s)=1

Ekv. (’l—wz)7_+ o= (17 —w")z-o-'-i w® Satt w=p

> (1-p)%= (17-p)°

= q1-2p«p* = 289 -34p +p?

= 32p = 288 > p:—%’-‘—;_g—=9
7 We=3

Svar Reaula'}orn dampar

S'Hrm‘n?ama Upp Kl frekvensen
W= 3 rad/s. D&refter hénger

den thte med Lingre.



10,24 Beké{km'hy ar K si att @ =45°

95 o5
G ) =22 =9
f (7+$)(4+105) 7 GP {Jw) (1 +5w)(1+ 105w)

= Plw) = —arctan(w) — arctan (10 w)

I/" vaar o5y #rﬂh\ 1‘1'// Vf/l(eh 7(/”‘6[((/6145
rom ger Plw)=-izs" (ddr orstdndet 4F

45° Hil -190")
Med rédknedosa fis 0"135'—_ 1,19 rmd/s
0,5

Alw) = — ‘
View? 1+ 100 w*
95 05
A(",'H): — Z'= -
A 141192 A/ 1+ 16011 155444 11,9%2
: 1
= 0,0269 > Yil; K=——o=37
’ Vil 00269 3h2
Bestamning ay kinshghetstinkhonen
1 1 (1+s) (1+105)
14GoGp 44 05372  10s*+1ls+196

(7+S) (7+10:)
Vi Sker den Frekvens w dér 151:7

(Dqu 4r den Aggr#a Frekvehseh dar
l"eju/a*ov-h lkan olc'l'hapa Proces’f‘/'grm'h?ak)

S(JM) _ 10 (jw)z +11 5w + ] 110 w® + 14,00

10 (jw)z + 11 Jw +19,2 N 19,2- 100 + 11w

: v (1-10 4,97 2'
|Stw)] = w¥ <+ 121w _

(1?,2 ~10w2) %+ 129 ‘;2

Z (1-10 w"-)2+727m2= (19,.2—70&;2)2+727w2
= Satd 602:1D

i /"‘70P)2= (79/2 -70,0)2

P 1-20p + 1007 = 3686y - 384p + 107"
T Fédp = 3674y
7 p=40o1 > w-= o5 rad/,,

= 7;V:__?'_77_-_ - 6’25- min
1,005
Vi ser att }"egu/mlakh a/o';M/Mr r7L<'>'I"hl'h7ql' med

periodtider Langre &hn 6,25 mi» ( wmotsvarande
w=1005 Vaol/,,,,,-;,)

Requlatorn kan allbra Thke o/a"kn,;q de sthucformade

s K hgaria,
En b&Hre /b’:m‘».9 gr att anvéhola ‘ﬁmmkanh‘hy

(lkeapitel 12)



10,25 a) SfHVnr'nyw(&'mPn:‘hgem vid ldga frekvenser

beshims av I"egulaf‘orns Fb'ks‘f‘é{kkhr‘hy vid
l4ga Frelevenser di w=20 (se kap 10.4).

I vart Fall 9&'//”

¢y k(1+T<)
GP):I‘((1'I‘7':-';T>— 7/'5
o =K eller wc_';"g /GPI (J“’)l ='7‘,l:'(;

Far de tre requlatorerna +&r vi':

FALL NR 1 2 3

J, 221 155 2,08

P&yu/m"ar 2 4r bdst

b) S*grﬁ'g:«alak/—:‘w'*e*en bestims av re?u/qfokns

hé’g#‘rakveh:v“é’yﬁé’rkm’n 9
Lim K1+ 7;2cu2 _

Jo = e el =, = K
T w
Fér de tre regulatorerna fas : C/ Regulator 1
FALL NR 1 2 3 ar samst 1
7, 22 1,35 Ous béda
avseenden

Fegu/ah»r 3 4r bist '’

1.2

Vi lsser uppgifien genom att bestimma Ko och T,

ur Bodediagrammet fur G,
-10 5 -105
Gz 5 Glus2e
|+20s { +20 jw

-

- 8 —_ w| =
S @)= ~10w(E)- | AL et

—agretan 20w

FQSkW‘Wm r‘,'-l-n\r meol bcrﬁkul’h?qr
meolan ampltud-

PuhH‘ Far P““k"-
m ha asymwpteter,

ke urvan kan pitas

Réknedosa ger : 4 plal
0,02 -32°
gos | -
o1 -)21°
0,16 | -164°
0,2 -191°
0,4 -312°
Bodcda'afyra*ﬂw’
Al 27
= 018 rad > = = =
wﬂ. ] /5 7: qu 0,18 ?%9
Ko': ! = ! = 0175-
laGug] 3%

Z.’egler— Nichols wmetod ger {1051’ PI)

K= 0u5.-075= 0,338
77: 0,85-' 3‘1‘;9’" 29,7




: :.N mi«&:& Fam
|G T

| 201og |G| dB

10+ 20

P = q\uw - Q02- = 5 —0,7 - _&Wl _ 7

SH 4Ll 1 R FENSR S WY W FEEL N SYTITT N [ ] ] PETE PR P ST N PP T ' PN
__Radianer/s

02 : ™~ . <

A

S e A A A Y 5 S S

0.1 +-20

0.05

0.02 . LN

[

. Institutionen for Reglerteknik CTH

0.01 +-40
1_01 ingl: TeknglogTrygk




Boole,eb'ajm mmet ger

Mn’=2”m’/s > T, =

I A |
| G(ug| 022

>(K=06-45=27

77: Q5_'3,1Lf = {,57
'IB: OIIZ.’;-' 3:!‘1 = 0,39

=4

2 _
Gy

=314

“.6 a) Vi \/1 ha ¢m 415'

> Cuk den frelvens dir gDﬂu)"—/35'

Eoded:‘aymwwe{' ger ,3_— 2 1 vad/s

Vi cer att |G (21| = 04
. 1
2 Vq,} K=-OTL-'-='2,5' 99+ (8 ofg)
b) T 1 1
m _ ~0,138

& .
0% 590 IrdgGy 14k, 1+ 2525

Requ latorngs
farstarkring

e = o

Processens
(dg Frekvens-
Lapstirkning




2 U/:/o?;' Flen

RAR) a) G (§) = —— (1+J‘w)2 Mo dand c)

( )2 2 GF()‘M)=

Boo/eal:'47 ram)

= A(w)_: 12 - CP(N)=-2arc+an w
+ W

Bodediagram fur G, ger (se nista sida)
o Fsr att 5 ﬁ,,,,,: 45° wiste vi ha W, = 2,4 rad/s

A(2,4)= 2 =029¢ = K.-_-__L___—.
1+2,4% / 029¢ 338 =3%

Vil K=3,4

b) I uppgift b 4ar i kretcsverfsringen

Vi ritar Bodediagram far Tres)E och

5(1
Laser uppgiffen p& samma sétt som 1 UppgiFt a

2
', ___2__.__ Alw) = 2
Bt s mot jw > T (4+J.w)z w (1+w )
P(w)= —90°~2 arctan @

Boded agrammet (5 siclar framdt) ger:
o Fap att £2 @, =45° micte viha W =041 rad/s

Aozl > k=7-=025 Vil =4

| | o £~ W, |
P 2,4 radls 0,58
I 0,41 md/s 3 Ul




11,9 a

[ 20l0g| G| dB

1G]

10+ 20

P, e e s (e e (e e s v oy e e [ s o e ] e e i e e ] e e et e ] s i e i e i e, (e} e e o il i e )t o o 80

0 05 A 2
._l..b_ L _O,_. il ___h___.______.._..:.E L | Lk LN L .._..__.QE:__;_.;:EFE.M | | _aC. bt L ) Oo
Readianer /s

0.1 +-20
0.05
0.02

0.01 +-40
[Origing: TekndlogTrydi

|G|

[ 2010g| G| dB i . &

20

10 + 20

&
Li I 1 N RV FERTS FPETT N PV 1 | A FET R W g

0.2

0.1 +-20 S

K~
——— AN

0.05 /ﬁ/ /
0.02 I B . m&

S e e
Y

0.01 + 40 S Y, i) -
Origing: TekndlogTrydk . N _,_Wﬁao:o: fér Reglerteknik CTH




1141 a) Vi anvénder arbetsmetodiken fer PI-
Ircgula'l'orer (avswtt 11.3 7 Lolkte boken) 115 Ledtradar +3r att lssa uPpglV%eh
1, Bestim Sverfsringsfunktionen med

Snskad Fasmarginal g,= 45’
stegsvarsanalys ( kapitel 7.6)
D Sk den frekvens dar fasreserven
(avstindet Hil =180°) &r ys+11=56° badtid 15 ¢ c 6_45._5.
Tdskonstant 3¢ = G(s)=
W=7 rad
h7 rad/s y Stakisk first. 5 1+3s
|6(4)] =055 = Vilj K=ooz=18 (5dg)
0’ 2. Bestim La'm,o/rj regu/a'/'orfyp
Va/j 5"”""9”” 71 o att brytFrekvensen Pga kraven €,=0 Oc"‘) e,=0 mdste vi
fur Pl—re,gu/af'orn blsr 0,2+ 0 ha en regulater med integralverian
1 Mt 1 I-reyulato g-J—-
- = qulator R =
%0217 a1 s
1 T _ T _ 2% Alt 2 PL-regulator G=K(1+—1—
= = = = ! = Ll R LS
b=t PR E 1E3 :

( Det Anne mahga [ésningar pa denma uppgiFt

.
) LOS (A1 Pa \S'QWNMA fﬁ‘ ‘ JQ‘H ’l, I’ [

K Ledtrad:
1112 ra o I fall 1 (I-—regulm‘or) kan samma metod

Prova dig fram med Matlab. Anvand kommandot anvindas Som 1 Uppgift 10,9 b

margin  Tom olirekt ger fasmarginalen.
o I Fall 2. (PI‘Pejd/w/-or) kan arbetsmetodiken

Anvénd kretssverfaringen
i kapitel 103 anvindas

K{1+Ts)
Gyle) = :
ks (1+5)5(1+005$) TS

4  Berdkning av J,

1
oI fall 1 galler J,= 7% = Tp

Anvind f5ljande formel fsr 3, I

T 1
dv= K, _K_’ o L fall 2 géller I, = E’:%



1115 b)  Léses med samma metod som uppg!ft 1.6 Systemets kretssverféring ar

1.2, g e“TS | 36_7]‘0
Jy = IF 3 P ék()w)::'—._—__.
vk S(1+s) (14 )
[Gel= -3 [oe = ~Too( Y 90 arctan(w)
Y+ w®

itud Kurvan,

5did sverkar thle amp
D3dbden péve al-0rs

V' berdlknar odlen Frekvens dér
(motsv am,o/:'/-ua/marj,‘».a/eh Ay, =2)

5 = 0,5 > &)W'—"é

W [1+w?

= wr(1+w?)=36 7

Z -
> Sstt p=w> P PprP-36=0

wt+w?-36=0

> p=-05dftez =552 ¥ wW=%35

Far att fa A= 2 9gr kravs att /Gk (2;35)-’-'- "_780°

2 -T. 235 1/,‘?9—) ~ 96" - afffff’,ﬁ): ~ /80"
N
134 ¢c3 66,98

} \(;“' A
w  Svar ¢ Max(T)=017

05 |- — === X

e s — —| 180




K
11 G _ Y  (14915) s (I+Ts)
. Tt~ o 7 p:
-+
(1+011 ) S(']#-T.r)

K _ K

Routh's metod ger

S+QLI‘ ‘l"‘@‘]‘.\‘w’”ko r

s3| 01T 1
s?%| T+o1 K T+01-01KT >0
s Tvo1-01KT D 01KT < T+01
T+0.1
s°| K > K< Jrof
01T

Den krhska firstirkningen dr

e T+01
hox oA T
Fsr alt Fa ahfl""‘ldmargl'ha/eh 2 kravs :

. K T+01 {
K= —het o O
2 02T S *taT

Lim _c*
T 0 /(-—5 \¥

Stipre didskonstant

kvaver Lldgre
fsrstirkning,

Enligt uppgtten ska den totala

R>Y upptylla

dverféringsfunkhonen
Filjande krav
Trdskonstanter
T=2 ree T=3
Inget kyarstaende fel
dvs IG—,—oT(O)i-' 1

1
% Gror ™ (1+25) (1+3s)

Formlerna 1 kap:‘l-el 12.4 qger darfsr
1

__ Gror (1+25)(1+35)
* G (1-G ) 5 1 1 i}
x =
i T (1+L,'5-)(f+55) [ (1+2:)(l+3&)_]
__ (1+4)(1+¢5) _ (e4e) (14 65)

5[(7‘“25)(7*'3%)—1] B 5(6s*+5s)

24¢% 4+ 10s + 1
2 5%+ 2558




3

12.6 a) Gp T ;] 12.8 Vi bipiar wmed att dimensionera en
o PL-regulator for den “dsdbdsfra’ precesren
G N - (enlrgt metod kap 12.4)
T 1+2s ;
Procesr §G,=——— Gp(ju):—-—-‘——'_
1 " (1es)? (1+ jw)®
G, = Gror - 1+2s -
R G (1- Grpr ) - p = Bestim K, och T, enligt Zjegler-Nichols
P oT _
S(’I+lf:)[1 ‘7+Zs]
P(w)= =3 arctan (w)=—Ig0
$(1+4s) S(1+Y4s) { = arctan (w) = 6O ¥ Wy = 1752 rad/-
= . Z = —6—(74-1-/-5) )
3[1+2s -1] 5 5 T2 5006
Why
1 1 3/2_
b) Det 4r en PD-}"egu}mLaV' meodl K:é— och Tp”f' Ko:/g (w )/ = y = (4-!-'3’) =8
p (G %
(1+ 1932 )
= 36
T =3¢23 . i ¢ /
o=y & -Nichels ger;
Ehh’qt kap 12,4 ska regu/qurn ha Fa/)'amle
struktur
+ 1 U
E 7 3'6(1+3,085 )
1

1+ Y 75




0,1 4

1210 a) G =— 20 =
F 3(1+5:) GTOT (’H‘Tx)z
Formler ' kap 12.4 9er
1
.= Grot _ (1+T9)* _
R G (1-6nr) o (1- 1—.)
F _01 /4 .
$(1+55) (1+7¢)
S(1+55) {05 (1+5s) _ 10 (1+55)

01 ((1+7s)%1) C T2%%42Ts T(2+7s)

Om T=5 fis GR:_Ji‘__ (Lead-Frider)
1+25s
1+55 (Lead-Filter)
=4 fa o NZE . 2
Om T fas GR . .y

For Lead-Rlter fos
vid Hden £=07. chgmel:evéirde:nhreh ger:
!

= lim 03 40 A+S5s
maxlul = 5% S5 M

b) Max S'}‘grﬂ'?hal

= 0,3‘1,25"2,5= 0,?375 rad

¢ Kretssverfsrm 9en biir
_ o1 10 (1+5s) 1
K Cltess) T(2+Ts)  Ts(2+79)

{
Tjw (2+Tjw)

GK(J'N) N & = =90 - arctan (_72-_67

Bestim den frekvens w, dir 1[G ]=1
! =1
[Gyl = -
Twy4+Tw
= TZMZ(L)‘_‘_TZWL):'[

> plU+p)=1
= P2+LIP—1 =0

> F:-—z :."-l/ L}-}-’ ="“2(j 5 =O’236

- VP 0,4859
::> wc'-[_l:"_—"=__’:_r___—-

satt TZW=P

@, = 180+ (w)= 180 =90~ arctan (—0-’-:35:-7)=76,3°

(Fmsmwya‘ha/en 4 oberende av T,

den lkan aven bestammas med Bodediagram Fer &)
h



e ) Y5y 3y 2Ty =5u

12.” S'+ruH-ureh Pa. ‘F?‘quo'opll'hgeh 9&!’ av l
ﬂ;’l)‘ahole block schema
2 Y3 - =5U
| Sirning T Ys3+5Ys*+ 375 +77 =5
1 7 Y(s®+5s*+3s+7)=5U
{ 145 DR S,
Ge (1+20s)(1+55) » G= Y - 5
' v $3+ 5% 3s+?
R +§ P 0,01 + R
+ Gr g 1+20s " — | Formel fsr Oth\ho“fhj kil klistandsmoedell ger:
X, -5 -3 =7 [X 1
>Ez = {1 o0 o x, | tlo |u
Fzp att elimihera inverkan av Stiknihgen kravs: >23 o 1 o )('3 0
X
1 g.61 1 y = [o o 5] !
0 “— g @ . o R T ° x
T‘-/ (1+5) r ([-;.205) “ (1+20:)(1+5'.S') X;

? Els)= 25" 155 +5  _ 2(s%5c+2) + Ss+1 )

Vilket qevr :

Gp = - 100 (1+5) s%+5s+2 SZ+5s + 2
(1+5s) o, s Ly
S?+55+2 J

/

Direlt Ehtl‘?t farmler Fsr OMJ‘kh'l/h"H] Fds

kopph'ky
izl _ -5 -2 X, ]

y=[5 7]/-;(2']1-2 u




‘F | soym Gn "»./5‘
___.’Lf 3 = e = = Euligt fovmel
= a) @=c (S-I ~A) & Fir {hverkring
av 2x2-matrser

]
(sI-A)" = [‘9‘3 oot [s2 4
-1 $2. (s-3)(s-2)-1 | 1 s-3

\/7/\/
s% 0545

_ S-2 4
c(sI-AY = [ 7][1 5-3_] =t [s-1 s2]

s2855+5

§i-5c+5

|
St Cs+5

0] 2s-4

-1 : - —_——
G=C(s1-A) -B= [s-1 s*—zJ[Q- B

b) PE samma saH fas

]

=l | St O ! §-2. 0
(sT-p) = -
-1 $-2Z (s+t)(s-2)+ | 1 s+t

\/7,__/.
s*+2s-7
w | l
C(si-A) = ... = [ s+1  3s+12]
S%4s-7
* ul Bs + 14
4=C .!'I."’A) :B = =
G-el T §%2+2s-7F

_/fi,_L{_b) Varje  block med firsta ordningens Sverfsringsfunkdion

geres owm Bl en diff-ekvabion :

Vi far
X'-___B____ = X,(21‘.f)=3u = X,S+2X'=3U
U 2+s Inverchransformenvng ger
G, = -2.%, +3u
Xz & > X,(4+25)=5U = 2><’25+4><2=5U

U  4+2 .
drds ’i’r)‘z ==2%,+25u

X3 4 e X3(3+:)=L,L(x,+xz)=7 )(35_,.3)(3____4)(1_1_%(2
X|+X2 B 3+s

= >Z3 = -5Xxg +4% -H'XL’

Ps matrisform FAs

X, -2 o o] [% 3
% |=lo -z of[x|* |25«
>23 4 4 -3 X3 0

X
y=[oo 3J[X1J
X3

Den sista ekvatlonen Mo Fsvarat det sasta

Llocket d&r y=3xg



14,6 a) § o Valy hlisténdsvanablerna
U el R, E X, =&
r < 8¢ T = . {X;: 'l:
; o
Fsrenklat sohema med komplexa 2
impedanser ' '
0
Z=R+Ls T
1 u Z2
Zz = E_R_z__ - ____L -0 | -
J‘:?*'Rz 1+R,Cs
Ekvationer Fér S‘y&'t‘clmeé:
U= I(R+Ls) +E ()
E= LR (2)
1+RZC5
Firesk att stalla upp ekvahioner som nuehdller dervatorng
av € och €.
M=> ILs=-E-IR + VU
W9  ERCs=-E+IR,
Omformuing yér:
’ / R 1
Ls = -£(Z) ~1(R)+ v(&)
- g/ i
fig = E{ch) *I/c)
Ekva hoher pa bllstandsform :
0 1 1 O
X = —_ X
1 _ R,c c 1 - { u
v 1 R X .
X e T 2 L
= L L

147 A

=l _f__>2 -f_’y .f_—’u

SO

— M, e My s
O |

NGWbOhS 2-'0L ’aj 93"'

Massa 11 MZ = k(y-2)-kz-bz ()
Mosca 2. M, y =k (u-y) ~k(y-2) (2
= > X. =X
Vil Fb’{/‘o\hde hllstdhdsvariabler X, Z' 1572
/ X,= 2 ‘
Xy=y  H K3 =Xy
Xy =y
Byte wll Bk wdsvarabler gev
()5 Mx, = k(Xax)=kx —bxz
\ X5 =X,
(2) 2 szqz k(u—)@)-—k( 3 )
Ps matnsForm Fos
o o
x:] Fo 1 o of X o
¢ _g_k_ "‘—L-?- __li- O >(Z O
XZ = M‘ MI MI . + . U
g N IRLE
0] 0 0 ’
X, Kk 5 2k of L1 —;43
B S My M|
X
yl. 0 o OJ. Xz
z 1 o o o0 X3
*y



14.8 Allman /qg.‘ ;(O{é_.v = U ~Uyt dar V=Ah

1410 Nivibalans ger
A 1y, ~thee)
dt A dv _ dh
a) : i e R A T R
Tonk 1 X:L{—-Kx_x
QI (% =%) T vart fall = _o_”q_ _ 1
Tank 2 ¢ X, = K (x,-X3) = K (%3-%g) géller att dt A (“' +Uy ~Us3)
. e A=1
Tank 37 Xq = K (Xy=Xs) = K X3 Energibalans ger
JE Pin=tygcTy +Uz 8¢z
Pa %a'h’l'r‘fom fas -;r- = Py - Fut odar FLf-‘: U, §CT
X, -k k o] [x] |! E=VTgc=AhTsc
g 1= |k -2k Kk |e|X2|+ [0 |- dér K= 0,005
Xn3 o K -2K| |X 0 dvs ,OLE - ol (AhTse) _ o (hT) — : )
3 o — = Age 7 —Agc[”\ T+hT’]
Xy
y=Lo o kllx,
X Konstanter brykr Enligt Faymel
3 ur odepnvatan Fur denvatan
i ) 3 V Fa e av éh Froaluk
b) T stabronirhlickindet géller at K =Xy =X3=0. " far allisa

3 #I/(J-&hkekwé’oheh fas

Om Vi soHler tn U= 0,5‘-/0-
darfer ‘F'S’!}'Anafe [iheélra ekv-fyﬂ'em Fsr bertamnihg

. o X
ov de stahlondra pivaerna:

poc [WT+hT1= Uy geTy+uygeTy —UsgeT
Fisrenklitg
A[WT+hT' ]2 4T Uy Ty =UsT

_0,005 0005 O X, 0,516 T T .
0,005 —0,010 0,005 | Xz = |0 7 LT = — Az 2 Uy T T = U T+, T -y, T-T U, +uy -l )
o 0,005 -0,010 | |X3 0 A

5 dT _ W (5-T)+4 (%-T)

Lssning av ekvationssystemet ger AL Ah
X, =0,3 fllcband b Modellen &r olimear
X, =0,2 Anads - LA Ly vu,-uy) pga predukter ach
ol ] | tUz"Ysq M) J
X3 =0,! ':(‘3":”3“ o:r IA kvoter av variabler
- =;y_). [u, (17—T)+M2 (T,_—T)J (2) |, ekvah'an (2)




14,13 Ehergibafah: for de tva rummen ger
1415 Vid byte av billetandsvan'abler x=Tx

—
——

(D(E, aller
— = cT, - T - -T,) - T-T,)+P 7 ~ -
dt QgeTy, —Qsch kwh; o) k"-( FT) A-matric  A=TAT t
dE: _ M B-matr's  B=TB
oH:z=Q3CT' —-Q?CE'F/(,Q(-’; Tz)"kzo(_rz‘n) 4 C_main's E=cT™
D -me ns E= D
Har 7aller att :
I VaYJ' 'Fq” har v

E1:C1—G
£,=C T
2 Tw]_[0F "'5.[“] s T[d.ﬁ’a,_{
] (-1 1L ¢

Tons T+ 035(Ty-To) =035 T2+ 029 T

Dvs
Vi far alltsa
_dj-:.j__l:P'rQ gc (0,75'.T2+o,2rv7},) -Qe c7; - lﬁo (T—To)‘kn(‘l.'ﬂ;j 1
~ 0,5 05)[-03 02]]05 05| _
A"[,.'] 1J[0'Q_ —0,3:’[1 1}

—J—TE'-'-L[Q T, -Qgc T, +hig (T T,) -k (1'2"7:)]
()

d¢
_ [-005 =005 | _1 1 -05])_ |01
0,5 =05 J 05+05[ 1 o5 | o -05
I o{] _
|

Pa matnchrm far

T ch k,o kiz, w’ o L +hig ~ [05 0501 o]_ |
c 1 C, C1 P B"‘ _ = o)
7 + .T 1 , 0,1 |
k e —terk | [T k20 ;
—3—————q c+kiz -Qgc ki |'2] | © c, ~ 05 057" 05 ]
c, | &=[o 114 =...=[1 '

Med S'FFror Fas

- 1ot 5320 .
T -1,37- 10“ 0016 [T R S Jve | Tm| |01 O ||T 01 o5|[T

e PR TP DA . |8 S A T
T, ' i T, 0 -05||Te o 1 ||P

loas. lo =3% lo

= Lo 13[&] T, = [1 o.SJ[I:]



16,1 a) Signalen dr cumman av tre Fersikjatina
enhetspulser R (k) |

£(i) = R (k=1) + P, (k-2)+P, (k-3)

SFz) =17 et 5240 =2 v E v

b) Signalen dr en digital rampfunkkon med
(.ufhi'lﬂgeh 0725‘
flk)= 025 k fsr k>0

=2 F(‘Z)’; 0}25

(z-1)?

€) En ferckjuten enhetsramp

Flo=0 k<2
£l)= fe-2  k>2

—i
Z_ .z

> . S
Flz)= 2 TR (2-1)?

3 F)= 2[Rlk-1) + B, (k=) + e (k=7) +,.. ]

——

2 F(z)=2( 2+ 27 4 zqi—,,,) =27(1+2 7 7%, )=

= 2° , _ovd 7
23 (@ ) ) e () = [t e
4 Ssumma
i Zz—l‘ .
1-7-3

164 a) yll) = 0,5 y (k-1) + 3w (ke=1)
Flytta sver alla y-termer Hil vihcler sid
y(k) =0,5 y(k=i) = 3 u(ic-1)
Z-transformering ger
Y-o5vzl =30z
v (1-052") =302

> H =Y. 32
1-95z"

b) Samma ryy,e]LoOI Som ovan 9@I"1
ylic) - Qg 4(k-1)-0,2 9lk-2)=05 9lk-3)= u (k1) +
+2 u (k-2)
- o - -2
¥ Y-oevz-gava-osyi U +20z

- P B
7 Y[/""0/82—’_0,22-2-—0J523J=U[Z +72z J

z7lv0272
1 - 08 Z‘I"OiZ 2_2—0,5' 273

P H(z)=



_'1_5,i a) Har jc"df Vi matsatt hail Jimfsrt  nir
vi gdr fran  ditferenselvation i

Everfsringstunktion

Z-,--'r22§2
1 + 0,5‘2"4—0,2 =3

/‘/(Z)'= —}—/— =
U

2
> V(1 +053 v0223)=U(z"+277)
> 9«00 +0,5 ylk-1) +0,2 y(k-2) =u(k-1)+2 u(k-2)

eller

9(&) =-05 y(k-1) ~-024(k-2) +alle-1) + 2 u (k-2)

d) Har skriver vi fyrch om il Meja-/'fi/

representation

2 7
= Y(4+0,4z’7'+2‘7)=u(3z -77)

In verstran sfarmering 9~

y(k) + 44 y(lz—l) + 9[[(—3’) = 3d(k-2) — u(k-3)

elley

7(l<)=—o,4 y(k-2) —y(k=3) + Bulk-z) — u(x-3)

166 @) ylk)=y(k=1) + 2ulk?)

> yk)-ylk=1)= 2 u(k-1)

- ) i 3
etrmers Y Y - Y2 20z 2y (1-7")=00

? H(’Z):: )/ - 22—/
U e

Thsighals 5,,(ej+"u,,,k,hxo,;}' dvs U(Z)= yp—

U'fm'tjha[ch: hﬂho‘fo‘f‘l’h bisr:
Z"l

(1-27)°
Meotsvarande HdstunkHon blir :

9[k)= 2k fsr k>0

Y(z)= Uz)-H(=) =

(Detha & en mm’oﬁmkh’m - Processen &r
o Kdsdiskret inkegrerande process)

b)  yl)=05 (k1) + 2 ulk-1)
2 y_oosvzl=20z"

=> H(Z)': 22—1
1-05z~"

Uf.n'g nalens transfarm blivr
~/
Z

2
(1-z1)(1-052")

Y(z)=U(=)-H(z) =



y k)= 1,3 y(k-1)—o,5 y(ie=2) +ulk-1)+ulk-2)

Taba// sver z-hransformer ger att 16.8 «

(’1 -e4) 77

Ips
FuMKkTloN

(',]_2—1)( 1 et z) < Den iterativa metoden ger:
T vart fall 9‘%/(”( Insignal  — j“‘) . | Utsignal
e =05 dve (1 &%) =05 k | ulk) | ule) u(k-2)| -05yl-2) | 13 3(k-1) | yk)
) 0| 1 o | o 0 o! 19
Vi far salunda A > . ﬂ,—j o
7(@: Li(’}'“ 05*) fsr k20 21 N 0 <-/ 1,3 3,3 .
3 ~~ | ! / -0,5, C . 4929 579 |
TR I 1 213 %523 | 7,897
g1 ] ' -2,295 16, 240! 9,345
¢! !} ! ] -39y | 1z,148¢ | lo209
7| - | / 8633 13,271 10,599
g 1=t i ' ' :




b Enligt formelsamling géller
) wirgt Tormelsami®y J 123 Tidsdiskret §-Funktion

~b/p =
K @ K(1—e ) H(Z)= '—\/—: 22 =7 Qo':”e" 0/@° "):16-
v |+Ts z - e Wr Motsv, hds- v 1-0,68 =
di'skreta
?:;’Z_: 7 process FoVMeISQm/l'hj ger
=2 - _
I Va'lf',‘ 7[‘4// hm’ v {;:5"; K(4-e /T) z / <.:> K
=1 a1 g 1+ Ts
2 T.d Analo
2 H(z)= Y . 5(1- ez ) — 432 _ al;':kiet d
U —= B =
,Z € £-435 Jémfsrelse ger
432 7~
== - Y )
1-0135 = e =e =068 W ~F=lnocg T=259
€ Formelsamling ger | K("—e-l’/")=2 3 k= 2 = 6,25
K khe 2zl 1-oc%
5% 2 1-2z"+272 Vi far allksd
PYRTI AU L
I vért fall har v {;f):]%} YU 1+2357s
" H() v 10'22_ 'Z_"f- 2—2 Mo tsvarande differental ekv :
- 2/ = = . =
U Z (1-22”+z‘2) Y(7+2,5‘9 $)=6,25‘ U
= 204 ?_’+ 2-2 . 2(59 Lj, +y = 6/25-4(-

1-2z1+272



175 O G om Hll en Sverfivingsfunickon H(2) -
ST R ,S-liérm‘hgar
¢(1-0,8065 ) = 0363607 | "
- -l _>
¥ fife)e 1 - L3P 2 he2
v - o
1—-0,8“65‘2 Ah'&qge{: $amLa;.,0( %c“ah u 0011 9 z
@ Bectim motsvarande analoga s-Funichion  G(s) y (k) = byo wller) +by.u(k-2)
..h/ -/ 1 '
Tabell K = M Overbestdmt ekvalw’om.r_ryn‘cm: )
ger’ 4Ty 1 - e_b/TZ—' (4)=b .
§(4)=by-u () +byula)
de S¥roopus » -5 ln 08T Y (3= by u(2) + byrult)
5 - y (2)=byu() + byu(lo)
> T - = |
ln 08465 Pa malncform, med tusatta varden £y
076 > K5
k(1-0,84¢5) = 3 | il T
- - g . b
Aha’og Procer.f GCS)’/HZS 2,4 42 1 [L;]
3 3
‘ v osindervallet h=1 |
@ Ny d:‘:kre%'&eﬁ*‘ﬁ vid 5‘4»,,:1[/1475‘114718!’1/4/ : ‘j}/ Jz s (anh-nelervek%r
/

51! oz
H(z) = P R -/
1- %2 1-092z2

Ekvakom‘s}j:-#cm% sa l3rar 1 miksta

kvadrtmetodens menihg, dvs.

-1
= (ATA) Ay

@ Gsr om Wil en ciflerensekvation
ghozo! = 9(1<).—._0,92.7(1<—1)+ 0,4 u(k-1)

1-99z 2" o |
’ /AT/A _ [—l{ -2 ’l] Z 127 1219
) . 1 3 13 9 4y

Diffeyenselaationen besknver hur processen

beter o9 (vwd ram/o/:'h9r29on1>/:'cken) om den
styre med en Styckris feonstant fhsignal u (/AT-/A)—1~ 1 [“f _c):( y ['W -7]
' T 213 -9 21

_ELIL{7'E [he 4ra a(jel’mh -/Ry_;

-
-

L.
U

2l44 =92 |-9 2




-~

/qul ;[—L{ -2 1] ~2yl = [35'8J 18.1 a) Vid b/ookmhemﬁsrehkl:‘h?qk 9&//6? Samma

- 2
2 13 . %6 Lormler som 1 analoga fallet
dvs, v fir | _‘ e Y (2_21) _ 22220+872+05-
tot = S i —
— T 1 (14 -9 [35'53]_ 1'%3] . 1 Z 2z+/ B
- Ay == = lost o :
r=(AM) Ay =539 g0 ]206 0,518 | | (2-1) z2-982 +0,5
i ' | Z(ZZ-M)
ve, diflfecemcelvabonen blir = = =
(z-1) (2082 +95) + Z(22+1)
y(k) = 1483 (k) + 0518-ulle-2) 22"+ 2
23 . OF 22+ 23z -90%
Motsvarande 5"5"’%3)’"”9!'&“;‘”0“ ar | 13.3 35 Juwh
. H(z) = —+——— . Byt alla 2 mot &
Y(z) _ 1 -2 £-0, dar h=1 Roroab
H(z)= U = {113 z‘*‘_"m'z Frekvensfunkhoneh
= H()“)-': 3.5 = 3,5
eiv-0.8 cos w+jsinw =08
35
> Alw)=|H(Gw) = ’ —=
! \/arw—o,g)2+ Sin*w
35 35

—
—_

\/arzw—/,é‘corw +0,64 +gh w Mf,GH—f,Kcorw‘

. S W
(P[N)'—' —qrctan _—'—i-—
cosw-0,8



J.&.L/_Q ) LﬁgfrekUehsfsrsfé'rkm’m?eh fae gehom
ab- byta alla. 2 mt 1 7 Sverfirhgs-

Funlehionen :
3+1
K E = H(?) = : - Lf -
- | — 1640635 oo 1073
b)
K= Hlt) = — 32 S
! -2y +492-0512 0008
Be o Hz2)e—2t pird
| z%—16z + 0,63 polbestimning .
Kav. ekv 22-1,62 +063 =0
P 2=08 *\[93%.063 = Q8101
Z=07 STABILT
2,509 Bada Po/cr 1 hom

enhetserrkeln

®) Karekv Z-{4z +04=0

¥ 2=07 T/ 03%-04 = 0,7%4/009 =

=01 to, 0,4
e 52 Pé_stobilibets-

Z 7 ¢ r‘ah sen

(Eh po: Pa
enhetseirkeln

18.7 a) Total

0 Verﬂ:r:‘h?:'Fun Jebon  bliv

2Kz~
H‘éoé = 1"‘2—, 2K2
1+ 2Kz’ Tz rake]
Tsg=!
2kz!
1+ (2k1) 27!
War, oke 1+ (26T =0
> Z+ (k10
2 z=1-2K
Stab, villkor 1-2k>-1 > 2K < 2
K<1
b) K
H{'a{: = (Z'l)(Z-QE) = K -
1 +_k (z-1)(z-05) + k
(z-1)(z-0.5)
K

2%- 15z +(05+k)

Kar, ekv

22~7,5Z + 05e) =0
¥ 2= 075 14/0515-K-05 =

- 035 +fo0es R




Vi F4r :kf/j‘a pa 2 Fall:

O< K <0,0625

Fall 1 Om
reella poler (posthivt under roten)

7 detta Lall har v
Eftersom /0,06‘25’ = 0'25' 3&1’//6!’ att

Po}eh kan sknvas

Z=0,75 tp dar p<025

Bada pofer Ligger ‘hom €h
(Ihgef P/blo}el'w med thstabi ‘tet o

l,e#:‘ofkkc/h ;

DvS.
deta fall)

Fall2 Om K»>00625
T detta fall har vi kom,,/exa f’oler’ ( vey

Ve Far ‘
2= 075 + 4/ 00625-k = 0751 -1 (Kk-0.0625) =
Ay e

hegabivt tal

=035 17/ k-00€25 '

Viket ger: /Z/ :J(;;SZ-P(K—O,OGZS') =

= [0,5625 +k —0,0625 = [ 05 +K

ot under roten)

Stabilttetswillkor  [Z]<1

v OF5+k<1 = K<05

Svar: K< 0,5

1895

lo 2
[+5s  |+02s

a(s)=

-0,2h
o (1-¢e 20

‘Z - 6‘0,2. h

Diskretisering ger H(z)=

10 (4 - e"o,‘ltp)

z- e 02h

34 |

+ 7

Total Bverfasrin q sFunkton

HeH 34 (1-& ")

Yok =00 ar =
!+ HoH Z - a02h _,_34(4_6-0/2;,)

Kar, ekv 3 Z + 34 -35% e~o,zh =0

Pl 2 z=735 e_o'Zh -3y Creell pol)

{m
Fsr S%abv’/;’fel‘ maste po/eiﬂ

-1
| Re Lfgga inom enhetscirkein.

Villkor: 35 & %34 5 |

> 3589533
"%7 -OIZL‘ _3—39
e 7 35
-02h > 33
; tn 35)

h< —5~Lh(§%) = 0,294

>
>
Syar: max (h)= 0,294




152 G(s)= _d+2s

19.1 G(s)= -} 1+8s
- ) Eulertravsforme 2
@) Euler-transformen : Byt s mot S= ZZT/ W rabsTeing] - §a ?”/,
> H(z- S > 1+ /3'
- 2(z-1) Heel= ) . 2hr2(z)  z(2+h) -2
N z- - - —_—
b) Britnedr transform : Byt s ot S = e 7 + 5/5) Z2h + & (z2) z(6+h)~5
> H(z)= SEH) ‘
2. (z-1) h=04 ga = Hiz)=. 21 z-2
( 51z2z-5
b)  Biltnesr transforn, S= 2(z-1)
h (=2+1)
5 A0z ,
2 H(z)= h(z+1) _ hlzw)+ blz1)
1+ 10(=-1) h(z+) +10(Z~1)
h (z+])

_ 2(4+h) +-4)
( z (10.;.//,) + [17'-70)

l“ z-39
=01 =4 /-J(‘Z)-: T S—
% . 10112 — 99



-l .
065 z '+ 035 2 °

185 Process H(z)= f— =

41 -0735z"

!
|
I

| U

: B
<(z) e - Y

7>

l

[

(

l

p(z) [~
i

! Process

Eegulm‘ar

A}’be{-xme"‘oo'o'kch (kaP 18) ger :

Q) Vﬁpsma+wb-7=1+2-7=2
hd=Ma—?=1_‘1=o

Vi Cka allk? ha 'FG/J‘am/e rytreende” pé’

C- och D—-Po/jmwm
{C(z): f+c2 (rad 1)
D(z): JO (7?‘0\0, 0)

(2 Det shskade karalcterishska }Oo’)momo-i- bl :

pz)= (1-p E)(1-p27") =

c(f-054) "= 1-2 +02527°

@ Po}p/qceh‘hg\rek\/a#oheh AC + BD=P

(1-075 271)(1+c27") + (0,68 2100352 d, =
= 1-z".025 272

Hafzmufh'pln'cen‘hg + Sﬁhnmthé'h'hj av

Leymer med Samma cymd!-al ger :

14 (c,—0735 + 065 ds) 2'7 + (0,35'010-0,75‘c,)i
_q-z1+0252"

% far Fés/j‘mole ekvah’ohs‘:yﬂem

C, - 0§ + 0168 dy = -1
035 0’0 -—-01'15 < = 0/25
!

Ek\/qh'o»zrsyd-eyuc{' har [ssningen

C(z)=1- 02985 2”7

g o = 0,2985
d, = 007463 D(z) = 009463
@ Burvardestaktorn Kr
- Pty _ _1-1+02% _ 455
B(1) 0,65 + 0,35

b Ur blockschemat ser vi

e (k) = 0,25 r(k) —0074€3 y (k) (1)
‘é)“g’ﬁ:z%;e—f;? = u(1-0,2285 2] <E
dve U(k)= e(k) + 0,2985 ulk) (2)

1'M}ol€l«eh7'-em: mha de tva

R-e,?u/mtorh keorh a///‘.r‘a'
(z) 1 ndgen dator

ditFerenselkvationerha (1)+

iy



196 ylk)= 0 4le-1) +03 ufk-1) + 07 u(k-2) @  Bsrvirdestaktorn blir :

Omskn'viing Al sfunkhon  qer: ' ' ' Ky = PO) _ 1-06+909 = 2:"_7 =049 |
-~ B-polyrom (gvad 2) B(1) ~  03+07 1 ,

H(z) :ﬁ _ 0,3 2—1.,. 0[_—'1, 2‘2
Viseende pé reg lersy stemet *

Uz - -1
) 1 ; 0{5-2 v\,/‘Fpai"cjm:;‘,. (9)»-44( 1) . _
. * 4 | O -/ =
Arbetsmetodiken & ldrobeken ger hu: K * Uﬁ' M v

:' ',’0/6 Z_I

@ Gradtal ! .
V) =2+1-1=2 ¢(z) = 7+C1 TVA PARAMETRAR . ]
~ \ __J
: B 11 =1 D(E) d ATT BFZTAMMA Y | " ‘

hy=1=1=0 C, 0cH" G | - Regulater

@ ~ Ongkat  kar, polynom (¢ hegahy Fepresentation) .
' ) i - - Total sverfsringsfunition frdn R &I1Y
P(z)=(1-033")(1=035)= 1-06 2 +009 2> o ’

' : A=
@ Polplaceringsekvabonen blir oo = rca KB
: y » " feeh 1+ £ ° AcC +BD
AC+ BD= (1-06 &)1+, %)+ (433" 447.%) ) = CA
=106 "+009 2% ‘ o lngbtning o Ke, B ook P ger ¢

a4 (43&"+ o,? %)
Lt g0 z'r00r2?

Ho[mulhpl:cermg av vansterleded + Sammanﬁrhu7
av termer med camma gradial ger :

H

-1 - B
1+ (C1 - 06 +03 dy) '+ (0% dy-0,¢ ;) %= 1-06 & rg09:57

Ve far ekwhb»rmyn‘emeé:

> EKV. SYSTeMeT
dp= 0,7023

C1 —-O,é + 0,3 do = —0/6 L33NING AV {C1:—-0/030:7
a7 do -0,6 ¢ = 0,09 GER !

5 (C(z)= 1 - 0,0307.5"
D(®)= 0,1023 ’



Ledtridar +sr att komma T9dng

19,9

1) Be.stam cqorrm‘wh'v 0M'°3 5-‘#‘14;4141‘0* Kl procesyen

-5
G(s) ~ J-e
1+2s
2)  Diskrehcera vid mm)o(,, thlervallet h=1 ¢
' 1/48’2—7

1 3
1425 1-061 27"

-2
= H/{z):,_____1'48'z -
1-0.612

3) Polpl_acem‘h7:|—es)ula+nr~ med 1'h4CQM(—V§r‘<°M kravs
B=119 272
A'=(1-061)(1-2") =

s 2

pga. ket €,%0,

R k,,“"

=1-161 'Z~1+o,c1 e
z(hc=nb-1=2-4=4 C=1+¢ g
hy= =1 = 2-1=1 D= dy+d 2

' 3
4‘} Poler i oh‘go = P(Z-)= (’I—O:Z—) :1

HP=Ha+hb_1=3
57 ‘P;Lplncen‘hgd‘ekvﬂﬁoheh blir
- -1
AC+BD = (1-1et 2 w0617 )(14C 2 )+
- ' 1) = _
+ 118" (dy +d 7Y =1

Foﬁ:&'%i«?m av talet L[¥rer ‘aul,yé arbetometodiken 4
Bktaboken., pd ramwa  RHE pom andra palplac enihgstal ..,

19,13

Total Bverfimin j-S‘Fum lehan
k() 3
= 1+2s

Gr Gp
qTo-r_ ) ' _
T+6eGp 4 4 K(14Ts) | 3
Ts I+2s
— 3i(("]+Ts-) - 3K +3KTg 5
T;(y._,. 25) + 3k (1+7Ts 2Ts%+ T(3x+1)s + 3K
konsts(S+1)(s+1)=

Onslkad  kar. ekv:
= koh:é*(\r2+2$+1)

Fgr att fa likhet Vé’/}'ar‘ Vi kongtawten bl

BK och “Far
3Ks” + 6Kks +3K= 2Ts™ e T(3ie1)s +3ic

> )3k =2T ()
6K =T(3Kk+1) &

% T=15K
(P Gk= {5k (3k+1) ¥ éjﬁ‘kz—éK +45K=0

> K(gs5sKk-45)=0 F  K=1

T=15
Svar: Va&ly ST=15
K=1



