Sinteza elektricnih filtara

Dr Miroslav Lutovac



LC filtr1 (bez gubitaka)

« Singly terminated ladder realization (Rg=0)
* Doubly terminated ladder realization (Rg#0)
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Realizaclja
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Singly Terminated Ladder Realization

1R, Ig
H{.S'):— Y21 = — ﬂ, Rﬂ :{]
I+ ynR, V,
Struja kroz
kratak spoj
Generator sa kratko spoji, na izlaznim
prikljuci se generator umesto Ro | krajevima
izmeri struja koja ulazi u mrezu
Iz,
-}13 = I VE — {}
VR-::
R, # 0




Osobine

chvt:n + *'H""rndd
Dcvun + Dndd

H(s) = Neven = 0 or Nygg = 0

*'H""rn dd

...
H \ — even " ;'Hlll'rg_“.'ﬂ — {}
H) D{}dd n

DL’!"r’L’!]'l

*Mﬂ.‘: VEn

H{?) — Dﬂdd . ;'H"l'r(}fjd — {}

D even
1 +
D odd




Admitansa y,,

;'H'ﬁ'rndd ﬂﬂdd
V21 Rg = and ¥22 Rg =

D even D even

ih"'rc.w. n D even
V21 Rg — and Vo2 RL;. =

D odd D{}dd

Sinteza filtra koristeéi Foster ili Kauer
proceduru.
Gde je generator? Na kraju se trazi port.




Primer




Odredivanje admitanse

Nodd = s
Nover = 0
Doaa = 3s° + 3s

ﬂﬂyﬂn — 34 _I_ 351 _I_ I.

— T ——

Nodd s
.}!21 - T 4 . I,
RoDeven st + 35 + 1
Dodd 357 + 3s

Y22 = 2
RoDeyen s? + 3s5% + |



Impedansa ili admitansa?
Doad = @—I— 35

_}?12 = = 5
_ RaDc_vcn g';\) 357 + 1

T~

| st 4+ 357 4+ 1

Lo = = .
2 V22 353 + 35
)
5 25 + 1
L = — .
22 3 T 357 4+ 35



Prvi element
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Ly

Drugi element

= Lis + Z»,
| 357 + 3s
Z, 252 41
Y =
Yo = Cys + Y3,

Ly

| ta3

[

252 4+ 1
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Ostall element

1 252 4+ 1
Zy = —
e
E.‘i’
4 |
Ly = =5 + 5
3 3
E.S'
] 4 3
Z':—"T—'E-F—l__ LE——q Cz——
.38 3 2
1 3 3
L., =—-H Cy — F, - = —H, C> = —F
3 2 3 2
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Gde je ulaz u filtar?
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Odredivanje porta za pobudu

A

H —
(s) s 4+ 357 + 352 4+ 35 + 1

CE / L] v L]_ I
| (O 0

H(s)—1/s3, za s — J

[H(S)—>1/s, Za s —
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Da li uvek ima resenje?

.
.'fl
Q?

Hy( 2 CHs)
= = = —f(s
2(5) s4 4 353 +352 4 35 + 1 2
A
4 P4 : H{?) — 4 + 73 . “¥
[Ne moze sa pojacanjem 3/2 s* 4+ 357 4+ 35 + 35 + 1
CE LJ v Ll r
A | T
C, —— R,

[Pojaéanje kako ispadne.

Samo ako je H(0)= 0. — — 15




Singly Terminated Ladder Realization
with Complex Zeros

: — R,=1%.
(5= 4 34768001545 + 8.227391422)
His) =

553858 (s + 0.60913) (s* + 0.263147s + 1.166357185) (s> + 0.85422659s + 0.7269594794)

a"'\'r,:,dd =0
Neven = 0.516482303994966 + 0.21132289460475435° + 0.01805516937554301s*
Doga = L5T1315794907603s + 2.79872960375543s7 + s°

Deven = 0.5164779231828084 + 2.4778311122751225% + 1.72650359s*

0.516482303994966 + 0.21132289460475435% + 0.01805516937554391s*

1.571315794907603s + 2.79872960375543s° + s°
0.5164779231828084 + 2.4778311122751225* + 1.72650359s*

T 1.571315794907603s 4 2.798729603755435° 4 57

V21
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Nule funkcije prenosa

+72.868342974959585
— j2.868342974959585
+/1.864643706985332
—j1.864643706985332

= —8.2273914225
= —3.476896154

i
el S I



1 1.5713157949076s + 2.79872960375543s°

Z = =
27 yp o 0.5164779231828 + 2.47783111227552 + 1.72650359s*

st = 55 = —8.2273914225

Ly = Lis + £, Lo(s1) = ZLa(s2) =0

Zy 1.5713157949 + 2.7987296s7 + s

L. = =
1 5 lems, 0516477923 + 2.47783s2 + 1.7265s]

= 0.47666285
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Drugl korak sinteze

0.76752227 + 0.93694538s% + 0.10254243254
(0.29901467415 + 1.4351728699752 + 54

, O@ + 8.2273914225)(0.093288654 + {}.1{}254243@
= |5 /N
: 0.2991467415 + 1.43517286997s2 + @

1 / 0.2991467415 + 1.43517286997s% + 54

Y, = —
T Zy  s(s? + 8.2273914225)(0.093288654 + 0.10254243252)
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Realizacija 1. nule funkcilje prenosa

A A
Yo = Y; = = + Y; = L + Y3
2 ] SE‘I'FIFE
s+
C>L»

5 » (0093288654 + 0.102542432s7)
L, = Z =

* §24-8.2273914225 s, 102991467415 + 1.43517286997s% + s}
L, = 0.1098864

1 1
Lys?  8.2273914225L,

Ch = — = 1.1060985
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Eliminacija prve nule

[

Yy =Y 0.1098864
=Yy - — 5
§<4+8.2273914225
5
0.2091467415 + 1.43517286997s* + s 0.1098864

s(s2 + 8.2273914225)(0.093288654 + 0.10254243252)  §248.2273914225

0.06683258(0.5440438232 + 52) (].ﬁ:?l?553?({},544(}43823/2\@
YT 5(0.093288654 4 0.10254243252) @{},u()wﬁﬁﬁwﬁ + @

[Smanjen red funkcije za 2

21



Realizacija sledece nule H(s)

1 $(0.909756595 + 32 )

Ly =
' ¥y  0.65175537(0.5440438232 + 52 2)

Zy = Lis + Z4

Zs 0.909756595 + s3
L3 —_- — = — — - — ]%42'“}1“}('}
s @ 0.65175537(0.5440438232 + 52)
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Ostatak impedanse

0.665207337596 + 0.1913221759s>

24 = Z-_:,. — Lj:..? = &
0.54404382321885 + 2
0.1913221759(3.476896154 + 5°)

(.54404382321885 + 52

v 1 0.54404382321885 + s°
YTz T 0.19132217595(3.476896154 + s2)
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Realizacija sledece nule

5 s
1 Ly Ly
Yy = ] + Y5 = 4] -I-}t“v:'ﬁ:E_'_4 + ¥
sLy + — 52 4+ STTS38
E'C,i CqL,i
0.1913221759
Ly=Zy5——r—| =i S = 0.226812421
5= + 3.476896154 s=5, 0.54404382321885 + 53

Cy = — ] s = . 1_ — 1.2680648
Lis?  3.476896154Ly
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Ostatak impedanse

s 5

Ly 0.54404382321885 + s° (.226812421

Ys = Yy —

52 — 52 T 0.19132217595(3.476896154 + 52)  s243.47689615
_ 0.156474(3.476896154 + s*)
~0.1913221759s5(3.476896154 + s2)

/

Ls = 1.22270919
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(5% 4 3.476806154)(s° + 8.227301422)
Hisy =

55.3858 (s + 0.60913) (s + 0.263147s 4+ 1.166357185) (s* 4 0.85422659s 4 (.7269594794)

L". Ls L-_
v T e
\

f,,

F'f—?/ -
L, = 047666 H 2 > L
p. ‘-m
H_?

s

L, = 0.10989 H Druga
nula Prva nula
Cy = 11061 F c, —— €y —— tunkeiie
L; = 1.343H prenosa
L, = 022681H | = — —
Cy, = 1.268F
Ls = 1.2227H zero shifting technique
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Doubly Terminated Ladder Networks

* yili z parametri
 Maksimalan prenos snage
» OrcCardov Kkriterijum
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Funkcija prenosa

Doubly terminated ladder realization (Rg#0)

R, v
v, O— AN —4 \ -0
LC < R,
o1 ' [ -
H(s) = o R,221
V, R,R, + R,z11 — 212221 + Rz + 21122

28



Z parametr

Vi =zuh + zi2h

&12 = 421 Vo = 2oy + 22202

/

o =

i




Maksimalan prenos snage

2

K{FJK{_EH.SE:—ME — :h{mz) - ‘K{_SE) - M;E::) R

M(w) = |H(jw)

J.Mmﬂx = IMdXx JM(M)
fen

Kako da } fK{mE} > ()

odredimo K(s)?
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Normalizacija funkcije prenosa

H{s
Hy(s) = )
Mmax
Ps Peye Py
H,(s) = ) _ Ve dd
Buw_n + Dﬂdd Dﬂvun s B{}dd

K{?) . f""'irmfun + *'H""rndd . *'H""ruvun + *'H""rndd
L P{T) Puvun + Pﬂdd
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Z parametri | funkcija prenosa

<11

I =

DU‘-’:.‘.H _ *'H""ruw.n

g L
D odd + *'H""rndd

D odd — P""rudd

.\E L]
DL"‘-"'L‘!['[ —I_ *Mﬂ\"ﬂ.‘!ﬂ

Duvun + x'a""iruwn
Dﬂdd + *'H""rndd

-

<22

i

Bﬂdd + Nrndd
0
Duvun + lel""irumnc.n

- —
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Primer (1)

(57 4 3.476896154)(s> 4 8.227301422)
His) =

55.3858 (s + 0.60913) (5% + 0.263147s + 1.166357185) (5% + 0.85422659s + 0.7269594794)
Rg — RL‘:‘ — I. Q.

Mpax = max |H(jw)| = 1.00000848

H(s)
100000848

H,(s) =

Pcvun + Pudd

H,(s) =
! Duvun + Dudd
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Primer (2)

Pogg = 0
Poven = 28.6058 + 11.7043s% + s*

Dogd = 87.0293s + 155.011s° + 55.38635°
Deven = 28.6058 + 137.238s% + 95.6246s*

2 2 v, 5 5 ,
K (— 32 ) . Dq_‘:x-q_‘:t] Dﬂdd 1 = Dc.vcn Dﬂdd Pﬂ‘vcn + Pﬂ 1
‘ - PX.,— P - p2_ _ p2
even odd EVEn odd
\\\\\\\\\\\‘ ﬁfz 4
~even “Todd

p2

EVEaEnN

2
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Nule K(-s2)

Bgven - ﬂgdd - Ffven + Pgdd = 0

sgpp = 0 spp = 0

spp = —0.00102181 4 0.95906; sp7 = 0.00102181 + 0.95906;
spy = —0.00102181 — 0.95906 sgg = 0.00102181 — 0.95906;
Spg = —0.00284197 + 0.623457§ spo = 0.00284197 + 0.623457§
sps = —0.00284197 — 0.623457 spip = 0.00284197 — 0.623457 §
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Nule K(-s?) — sve kombinacije

A ()
s = a0.00102181 + 0.959065
_ oy = {1.._]}
Spy = o0.00102181 — 0.95906;
0y € {] —]}

spe = ad).00284197 + 0.623457;
Sps = a).00284197 — 0.623457 5
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Odredivanje polinoma N i D

Nodd = 0.357531s + 1.30852s% + s°
Neven = 0.0060224452 4 0.00772756s4
Dogqa = 1.57132s5 + 2.79873s° + 5°

Deven = 0.516478 4 2.47783s* + 1.7265s"

CI!.’1:1 {1‘2:]:

numerator of K(s) and the denominator of H,(s)

37



Ulazna impedansa

P Deven — Neven 0.516478 + 2.47181s% + 1.71878s%

* Dodad + Nodd 1.92885s + 4.10724s° + 2s°

s1 = +72.868342974959585

1 1 -
5 = —j2.868342974959585 sp = 53 = —8.2273914225
1 1 -
53 = +j1.864643706985332 s3 = s; = —3.476896154
sy = —j1.864643706985332
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Prvi element sinteze

v 1 1.92885s + 4.10724s° + :@
1= =
711 (0.516478 + 2.47181s5% + 1.71878s4
Yii. = Cis + Ya, Ya(51) = Ya(s2) = 0
2 = 52 = —8.2273914225
y 1.92885 4 4.10724s52 + 2s%
C) = —| = — T TS o745
s 0.516478 + 2.4718152 + 1.71878 5

F=5
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Drugi deo ulazne impedanse

1.37495 + 1.456365% + 0.156701s4

Ygzyll—fljzﬂF_ 5
0.516478 + 2.47181s% + 1.71878s4

0.0911699 (8.22739 + 5?) (1.06648 + s5?)
(0.253704 + s2) (1.18442 + 5?)

YQZS

5 ] (0.253704 + 52) (1.18442 + 52
"7 Y, T 009116995 (822739 + s2) (106648 + 5?)
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Realizacija 1. nule funkcilje prenosa

s2 = 52 = —8.2273914225

s
+ Z3 = o + Z3
1 245157
L,C

-a.il

0.0911699 (1.06648 + 52)
d?*umzﬁ ((] 253704 + s7) (1.18442 + s7)
1
C’J.F 8 EET“J]—IEEGC’J
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Preostalli deo ulazne impedanse

o= o
7. — 7. _ 00956459
T S482073014225 | 2 = 2 = —8.2273914225
(0.513303 ({},?H{]-—'lﬁ + 32) y 1 3(1,{}ﬁﬁ43 + 32)
T 5(1.06648 + s2) * T Zy T 0513303 (0.78045 + s2)
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Realizacija sledecCe nule prenosa

7 2 _ -
Yy = Cys + Y, s; = 57 = —3.476896154
Y, 1.06648 + 52
Cy = — _ ———+ = 1.74151
§ lg=g  0.513303 (0.78045 + s3)
0.718527 0.206658 52 0.206658 (3.4769 + 2
Y4:F_;:,—C35:5 + ’ T:.S' > (F —|_€)
0.78045 + 52 0.78045 + s2
| 0.78045 + s°

Z, = — =
YTYs 02066585 (3.4769 + s2)
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Sinteza sledeceg LC dela

N A
1 Cs Cy
Zy = ] + Zs = 4] + Zs = 2_|_4,ﬁ + Zs
sCy + — 2 4 5485354
5.[—4 L-qu_
5% = 53 = —3.476896154
0.206658
C, = ¥, S = 52 — 0.266472
s2 4 3.476896154 70.78045 + 53

F=87

]
L,

1
= 1.07934

o 2
Cas3

3.476896154Cy
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... do kraja sinteze

5

C. 1.08618 |
5 = Z.-:I. — 4 — —

“
§2 — 53 5 Css

Cs = 0.920658
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|zbor optimalnog resenja

oy a, Cy(F) G, (F) Cy(F) Cy(F) Cs (F) Ly (H) L, (H)
1 ] 1.0724  0.095646 1.7415 0.26647  0.92066 1.2708 1.0793
—1 ] 1.0695 0.095821 1.7413 0.26590  (0.92382 1.2685 1.0817
1 —1 1.0649  (.093526 1.7417  0.26687  (0.,92796 1.2724 1.0777
—1 —1 1.0620  0.095700 1.7414  0.26629  (0.93117 1.2701 1.0801
() 0 1.0672 0.0095675 1.7415 0.26639  (.92504 1.2704 1.0797
1 % — 1.07 0.096 1.74 0.27 (),93 1.27 1.08
L L,
e v e v S
ng £ || Fi
Ve O— " \WWh—4—] fa—
c, !
C, — — — C; § R,
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Provera

Cy (F) Cs (F) Ly (H) L, (H)
1.07 0.096 1.74 0.27 0.93 1.27 1.08
L 5, L
— T
By, “ y
Cj -
(O — — Gy O f
(3.47694 5%)(8.227394 5%)
Hyq(s) =

Hya(5)

%H(g)

1 1W.ﬁﬂl}l3—|—5}(1.1663&4—[!.26314?54—53) (0.72695940.8542275457)



Sinteza sa obe strane

Bcwn — ch.vun
g
Dndd + f""fﬂdd

Dcwn + Nruw.n
Dﬂdd + Nrndd

{22 = Ry

Iste vrednosti — da se obrnu strana generatora i potrosaca
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Q faktor LC

2 fL
Or = -
27 fC
Oc = -
] |
EE;ESP:J-I—EQL—I—EQC
Oc >» Up

QL .-)‘.‘-‘"' Qn]ax QL E EQ]HHR
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Primena sa CC

C C; C;
|

1 CRiR,
| L = =~ 0

C4 Cj T - ﬂlaz

1 T L il
J / . Z}" 5
N
nil) Var—X
n () B T e e

!

-
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