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POuarap NponyCHUK HUCKUX Y4€CTAHOCTH

BpeHOCTH eleMeHaTa eleKTPUHOr KOJIa Ca CIIMKE Cy Mo3HaTe M nocToju Besa L = R* C.
(a) Oppenutu Tpanchep GyHKUM)y (YONIITEHY KOMIUIEKCHY NIPEHOCHY (YHKIHU]Y €IE€KTPUYHOT

Uls)
KOJIa, TPAHCMUTAHCY HanoHa) H(s) == TR

(0) Haupratu aMImTyICKy KapaKTEpPUCTHKY.
(B) Onpenutu npomycuu oncer 3 dB.

!

% (

u, = ﬁug cos(ot +0,)
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MATLAB: Simscape
SimPowerSystems
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u, =\/§Ug sin( @ t+6,)
— on f -
50Hz

Phasor
50 Hz

powergui

R, =R, =1kQ
L=1mH
C=1uF

Scope




ap Munka Ilorpeouh, Banpeanu npodecop, IIpakmukym uz pauynapcke ananuse kona, Y ausep3utet y beorpany — Ejnekrporexunuku gaxyarer, 2017.

PDPAIOPCKA TPAHCOOPMAIIMLJA
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OACKOYHM, AMITYJICHHM OI3MUIB, ...
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OACKOYHM, AMITYJICHHM OI3MIB, ...

J RLC/powergui E_”E|E| :
— simulation and configuration options d LTI . d Hel E]@E]
clle  Edl window  Felp
Configure parameters | % }E} }E}
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 Aref:=Aw(w) | {w=0}

w="&omega;’ OPEKBEHIMICKM OI3WB | L
_— . RN 3 dB MPOITY CHH OIICET
i @ Hjw(w):=simplify(H(s)[{s=1*w}) w3dB:=simplify(solve(Aw(w)=Aref/sqrt(2), w))
| assume(R>0 and C>0 and L>0 and w>0) o CR+20CRi-2 {_\[2_}
| zamena:={L=C*R"2} a o C R +4 CR
=CR’ o . ‘BandPassssi= {0, op(w3dB

L {L C K } Aw(w):=Simplify(abs(Hyw(w))) : || andPasssas:= 10, op(w3dB);
vrednosti:={C=1, R=1} ] {0’ _\@_}

(C=1,R=1) T 4 4 CR
. ’ \/m ¢ R+4 'wgl:=w3dBJ[1] | vrednosti
Z1:=R+s*L _ _

Ral plot(Aw(w)|vrednosti, w=0..5, V2

TLS AxesTitles =["0", "A(®)"].

| 72:=1/(s*C+1/R) AxesTitleFont =["Times New Roman", 16, Bold],
| 1 GridVisible = TRUE,

CstL XTicksNumber = None,
I . XTicksAt=[1="1/(RC)",2="2/(RC)", 3 ="3/(RC)", 4="4/(RC)"],
H(s):=Z2/(Z1+Z2) | zamena TicksLabelFont = ["Times New Roman", 16])

1 . . .
(Cs+p) (R+zhr+CRs) A@) 05—

0.4 A\ AMITIHTYICIA
\ KAPAKTEPHCTHIKA

simplify(H(s)) TPAHC®EP OYHKIIAJA
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MATLAB: MuPAD —
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1 := Aw(w)|vrednosti, w = 0..4, LineWidth = 0.7*unit::mm, Color = RGB::Blue:
2:= plot::Rectangle(0..wgl, 0..Aref/sqrt(2), Filled = TRUE, FillColor = RGB::Red, LineColor= RGB::Red):
plotfunc2d(fl, f2, YRange= 0 .. Aref,

Scaling=Automatic,
Title= "Propusni opseg", TitleFont = ["Times New Roman", 14, Bold], TitlePosition=[0.7,0.2],

AxesTitles = ["0", "A(®)"],
AxesTitleFont =["Times New Roman", 16, Bold],

GridVisible = TRUE,
XTicksNumber = None,

XTicksAt=[1="1/(RC)",2="2/(RC)", 3 ="3/(RC)", 4 ="4/(RC)", wgl = "wg"],
' TicksLabelFont = ["Times New Roman", 10, Bold], ViewingBoxXRange = Automatic..3)

A@)ost——nu

N\

0.0 —
(RC) wogl 2(RC) IRC)

U]

0.1

MATLAB: MuPAD
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Pujarap nponyCHUK BUCOKHUX YY€CTAHOCTH

BpenHOCTH elleMeHaTa eleKTPHYHOr KOJIa ca CIIMKE Cy Io3Harte M noctoju Besa L = R* C.

(a) Onpenuru Tpanchep QyHKUHU]Y (YONIUTEHY KOMIUIEKCHY MPEHOCHY (YHKIH]Y €IeKTPHYHOT
Uls)
Uy®'

(6) Hanprati aMIuIuTy/ICKY KapaKTEpUCTHUKY.

KOJIa, TPAHCMHUTAHCY HanoHa) H(s) =

(B8) Onpenutu npornycHu orcer 3 dB.

(D) LE u SR

u, = \Eug cos(ot +6,)
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MATLAB: Simscape
SimPowerSystems
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Impulse Response
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w:= &omega;’

®

| assume(R>0 and C>0 and L>0 and w=0)
| zamena:={L=C*R"2}

_ {L=CR’}

 vrednosti:={C=1, R=1}

OQPEKBEHNUJCKM OI3WB
' Hjw(w):=simplify(H(s)|{s=T*w})
o CRQ20CR+20CRiI-1)

40 R 41
Aw(w):=Simplity(abs(Hjw(w)))

w C R

| Aref:=Simplify(limit(Aw(w), w=infinity))

|

2 3 dB IIPOIIYCHM OIICET

w3dB:=simplify(solve(Aw(w)=Aref/sqrt(2), w))

{=55)

jBandPassmB:: {w3dB, infinity}

i

238

i {C =1L R= 1} \/4 o CTRY 11 :wgl:=w3dB[l] | vrednosti
Z1:=R+1/(s*C) L V2
1 plot(Aw(w)|vrednosti, w=0..5, 2
R+ — AxesTitles =["o", "A(®)"],
Cs AxesTitleFont =["Times New Roman", 16, Bold],
F o~ GridVisible = TRUE,
| Z2:=1(1/(s*L)+1/R) XTicksNumber = None,
1 XTicksAt=[1="1/(RC)", 2 ="2/(RC)", 3="3/(RC)", 4 ="4/(RC)"],

‘!TJF _Ll_ TicksLabelFont = ["Times New Roman", 16])

H(s):=Z2/(Z1+Z2) | zamena A(®@) o5 ) P
1 o4t/
1 | 1 I ]

(R s ) (R T r]e) 0 / AMILIATYICKA
S ! / KAPAKTEPHCTHIKA
simplify(H(s)) TPAHCAPEP @Y HIKIIHJTA 0.2

Cz RE 2 1 /
e 0.1
2C Rs +2CRs+1 /
"TIURO) 2RO RO URS)
. 1/(RC) 2/(RC) 3/(RC) 4/(RC
MATLAB: MuPAD o
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1 := Aw(w)|vrednosti, w = 0..4, LineWidth = 0.7*unit::mm, Color = RGB::Blue:
2:= plot::Rectangle(wgl..4, 0..Aref/sqrt(2), Filled = TRUE, FillColor = RGB::Red, LineColor= RGB::Red):
plotfunc2d(fl. 2. YRange= 0 .. Aref,

Scaling=Automatic,
Title= "Propusni opseg", TitleFont = ["Times New Roman", 14, Bold], TitlePosition=[1.6,0.2],

AxesTitles =["o", "A(®)"],
AxesTitleFont =["Times New Roman", 16, Bold],

GridVisible = TRUE,

XTicksNumber = None,
XTicksAt=[1="1/(RC)",2="2/(RC)", 3 ="3/(RC)", 4 ="4/(RC)", wgl = "wy"],
' TicksLabelFont = ["Times New Roman", 10, Bold], ViewingBoxXRange = Automatic..3)

A(©) o5

ya

0.4

L]
wa

ol MATLAB: MuPAD

0.0 -
wgl 1(RC) 2/(RC) 3(RC)

w
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@ujiTap NPpONyCHUK OICEera y4eCTaHOCTH

BpeHOCTH ejleMeHaTa eIeKTPHYHOTr KOJIa ca CIIMKE Cy Ho3HaTe U noctoju Besa L = R* C.

(a) Oppenutu Tpanchep PyHKUH]y (YONIITEHY KOMIUIEKCHY NPEHOCHY (YHKIU]Y €IEKTPUYHOT
Uls)
Ug®

(0) Haupratu aMIMTyICKy KapaKTEPHUCTHKY.

KOJIa, TPAHCMUTAHCY HanoHa) H(s) =

(B) Onpenutu nponycuu oncer 3 dB.

R L C
|
|

u(|) R Su

u, = \Eug cos(ot +6,)




w:= &omega;’

@

 zamena:={L=C*R"2}

{L=CR}

_:vrednosti::{(l:L R=1}
{C=1,R=1}
_:H(s):sz{R+5*L+]f(s*C]+R) | zamena

R
2R+ -+CRs

 simplify(H(s)) TPAHC®EP GYHKIHJIA

assume(R>0 and C=0 and L>=0 and w=0)

é__Aw(w}:ZSimplify(abs(HjW(‘»‘v’])]

o CR
o C R +1

plot(Aw(w)|vrednosti, w=0..3,
AxesTitles =["o", "A(®)"],
AxesTitleFont =["Times New Roman", 16, Bold],
GridVisible = TRUE,

XTicksNumber = None,

XTicksAt=[1="1/(RC)", 2 ="2/(RC)", 3 ="3/(RC)"],
TicksLabelFont = ["Times New Roman", 16])

A@) 0.5} e
0.4
| / AMIITATYACKA
0.3 / KAPAKTEPHICTHIKA

ol
/

CRs 0.0 -
(CRs+ 1)2 I/(RC)  2/RC) 3f(1§;:)
Hjw(w):=Simplify(H(s)|{s=1*W}) |[ Aref=Aw(w)|{w=1/(R*C)} | BandPasssap:= w3dB
o CRi L V2ol V241
R 2 3 dB IMPOITY CHM OIICEL CR ~ CR
(I+oCR1) [ w3dB:=simplify(solve(Aw(w)=Arcf/ : -
i : plify(solve( Aw(w)=Aref/sqrt(2), w)) wgl:=w3dB[1] | vrednosti
OPEKBEHIIAICKY ON3WB Va1 VT4l N
MAT 'LAB MuIPAD CR ~ CR wg2:=w3dB[2] | vrednosti
ﬂ +1




ap Munka Ilorpeouh, Banpeanu npodecop, IIpakmukym uz pauynapcke ananuse kona, Y aupep3utet y beorpany — Ejexrporexunuku gaxyarer, 2017.

f1 := Aw(w)|vrednosti, w = 0..4, LineWidth = 0.7*unit::mm, Color = RGB::Blue:
£2:= plot::Rectangle(wgl..wg2, 0..Aret/sqrt(2), Filled = TRUE, FillColor = RGB::Red, LineColor= RGB::Red):
plotfunc2d(fl1, 2, YRange= 0 .. Aref,

Scaling=Automatic,
Title= "Propusni opseg", TitleFont = ["Times New Roman", 16, Bold], TitlePosition=[1.4,0.2],

AxesTitles = ["0", "A(®)"],
AxesTitleFont =["Times New Roman", 16, Bold],

GridVisible = TRUE,

XTicksNumber = None,
XTicksAt=[1="1/(RC)", 2="2/(RC)", 3 ="3/(RC)", wgl = "mg", wg2 = "m4,"],
TicksLabelFont = ["Times New Roman", 12])

' A
A(®) o5
04 | /

ol [ ne
"

0.1

0.0 - MATLAB: MuPAD

wgl 1/(RC) 2(RC)og2 3/(RC)
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@uiTap HENMPONYCHHUK OINCEra y4eCTaHOCTH

BpeHOCTH elleMeHaTa eeKTPHYHOT KoJIa ca CIIMKE Cy MOo3HaTe U nmocToju Be3a L = R? C.

(a) Onpenutu Tpancdep GyHKIHM]Y (YONIITEHY KOMIUIEKCHY NMPEHOCHY (DYHKIM]Y €JIEKTPUUYHOT
Uls)
Uy(s)

(6) Haupratu aMIIMTyACKy KapaKTEpUCTHKY.

KOJ1a, TPAHCMHUTAHCY HaIoHa) H(s) =

(8) Onpenutu npomnychHu orcer 3 dB.

u, = ﬁug cos(ot +6,)
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__ w:= &omega;
® MATLAB: MuPAD

assume(R>0 and C>0 and L>0 and w>0)

'zamena:={L=C*R"2}
2

{L=CR}
vrednosti:={C=1, R=1}
(C=1,R=1)}

H(s):=R/(R+1/(1/(s*L)+s*C)+R) | zamena

R
2R+C.\;1] ]

 simplify(H(s)) TPAHC®EP GYHKITHIA
: AMILTATYICKA KAPAKTEPHCTHICA

CR s +1 L
2C RS +CRs+2 Aw(w):=Simplify(abs(Hjw(w)))
Hjw(w):=Simplify(H(s)|{s=I*w}) |(ﬂ C R - l| (@CR+1)
CR -1
2 ‘ -\/(24:32(?2}32—2)%@2(:'232
20 CR+0CR1+2

OPEKBEHIUJCKH QOI3WIB



| Aw(w):=Simplify(abs(Hjw(w)))

lwCR-1| (@CR+1)

\/(2m2C2R2—2)2+m2 C’ R

 plot(Aw(w)|vrednosti, w=0..3,

AxesTitles =["o", "A(w)"],

AxesTitleFont =["Times New Roman", 16, Bold],
GridVisible = TRUE,

XTicksNumber = None,

XTicksAt=[1="1/(RC)", 2="2/(RC)", 3 ="3/(RC)"],

TicksLabelFont = ["Times New Roman", 16])

A@)osh |
0.4- \ /
0.3 \ /
- \ / AMILTATYIACKA
0.2 \ / KAPAKTEPHICTHIKA
0.17 /
00 1/(RC) 2/(RC) 3H(R_-C)
w

MATLAB: MuPAD
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Aref:=Aw(w)[{w=0}
1

2

 Simplify(limit(Aw(w), w=infinity))

1

2 3 dB MPOITY CHM OICET
' w3dB:=simplify(solve(Aw(w)=Aref/sqrt(2), w))

3

4CR 4CR

{\/ﬁ—l -\/ﬁﬂ}

BandStop;qs:= w3dB

]

4CR 4CR

{\/ﬁ—l \/ﬁ+1}

' wgl:=w3dB[1] | vrednosti

V17

I 1

'wg2:=w3dB[2] | vrednosti

V17

7 7
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f1 := Aw(w)|vrednosti, w = 0..3, LineWidth = 0.7*unit::mm, Color = RGB::Blue:

2:= plot::Rectangle(0..wgl, 0..Aref/sqrt(2), Filled = TRUE, FillColor = RGB::Red, LineColor= RGB::Red):
f3:= plot::Rectangle(wg2..3, 0..Aref/sqrt(2), Filled = TRUE, FillColor = RGB::Red, LineColor= RGB::Red):
plotfunc2d(fl, £2, f3, YRange= 0 .. Aref,

Scaling=Automatic,
Title= "Propusni opseg", TitleFont = ["Times New Roman", 14, Bold], TitlePosition=[1.75,0.2],

AxesTitles =["o", "A(®)"],
AxesTitleFont =["Times New Roman", 16, Bold],

GridVisible = TRUE,
XTicksNumber = None,

XTicksAt=[1 ="1/(RC)",2="2/(RC)", 3 ="3/(RC)", wgl ="y ", wg2 ="wg"],
TicksLabelFont = ["Times New Roman", 10, Bold], ViewingBoxXRange = Automatic..2.2)

TN
\ [
Y Wi

) \ _ MATLAB: MuPAD

0.0

wel 1/(RC)  wmg2 2/(RC)
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Ycra/beH CJI0KCHOIIEPUOAMYIAH OA3UB

EIIE‘..K'I'I}H'-]H-D KOI0 Ca CIIHKC HMA MO3HATE BPEAHOCTH €lIEMEHATA!

E
b=l =201 no ( ja)je i () =1 +1_cos(——t)+1_sin(——t)
0Dyaa (eKcHTaluMja) je | =1_+1_cos +1_sin(—
C,=C,C,=2C, ’ 2J/CL JCL

R =R, =R. On3HB je ycTa/beH.

‘ (a) OapeauT HANoOH OTNOPHUKA R, .
(0) OapeanTH HANMOH CTPYJHOI W3BOpA (CTPYJHOI reHepaTopa).
(6) Kor pena je oso kono?
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R =R, =1kQ
L =L, L, =2L,L=05mH
C,=C,C,=2C,C=5puF

Ry

i, (t) = |Jl+ | cos(m,t)+ 1 sin(w,t) ®, = 1 _ 1 =10 rad/s

1 1
W, = = =2-10% rad/s
* JLC, JLC
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MATLAB: Simscape
SimPowerSystems

1A

1

; + P s
Constant —> @ +|m ' 8 — =& 5 . a[+ \ ]
Add ) 8~
Controlled Current Source Voltage Measurement
L1 C1 L2 C2 9 Scope
N +
g 1A, o,
Sine Wave R1 =? r2
1 u R2
[\ Continuous T T
Sine Wave1 powergui l
—_I—
TC -

1A,(01,(P=§
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‘assume(L1>0 and L2>0 and C1>0 and C2>0 and R1>0 and R2>0 and L>0 and C>0 and R>0 and I m>0)
zamene:={L1=L, C1=C, L2=2*L, C2=2*C, R1=R, R2=R}
{R1I=R,R2=R,C2=2C,12=2L,Cl=C,L1 =L}

‘pobuda:={ I g(I*0)=I m, I g(I*w1)=I_m/sqrt(2), I g(I*w2)=(1_m/sqrt(2))*exp(-I[*P1/2)}
V21, V21,i
{!S(Wl 1) = _'_'2_'_‘_ - _'_'_2'_'___$ Ig(o) = !m}

frekvencije:={w0=0, w1=1/(2*sqrt(L*C)), w2=1/sqrt(L*C)}

| UR2(s):=R1*I_g(s)*R2/(R1+1/(s*C1+1/(s*L1))+1/(s*C2+1/(s*L2))+R2)
R1R2 7,(s)
R1 +R2 + miﬁ S

T(W2i) =

) |
CE.’&"’E

| UR2_jw(w):=Simplify(U(s) | {zamene, s=1*w})
R I,wi)(CLw' =1) (4CcLw' —1)i
SiRC L’W +6CL W —10iRCLW -3Lw+2Ri

MATLAB: MuPAD
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UR2_jw(w):=Simplify(U(s) | {zamene, s=1*w})
2 . 2 2 .
R I,wi)(CLw —1)(4CLw —1)i
. 2 .2 4 2 3 . 2 .
S1IRC L w+6CL w —-101RCLw =3Lw+2R1

UR2 O=simplify(Ujw(w) | {w=w0} | frekvencije | pobuda)

Im R
2

'UR2_wgl:=simplify(Ujw(w)| {w=w1}| frekvencije | pobuda)

0
UR2 wg2:=simplify(Ujw(w)
0

fw=w2}| frekvencije | pobuda )

|
[uR2(1):=(U0 + sqrt(2)*abs(Uwg1)*cos(w1*t+arg(Uwg1)) + sqrt(2)*abs(Uwg2)*cos(w2*t+arg(Uwg2)) | frekvencije)
]HI R

2

MATLAB: MuPAD
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L1
R2 + L - il

C2stis ClLIs+I MATLAB: MuPAD
_ URI1(s):=Simplify(I g(s)*R1*Z(s)/(R1+Z(s)))
RI°7,(s)
RII,(s) - S
#() Rl1+R24+—L 4 _Ls

C2s+5-  ClLIs+1
'URI1_jw(w):=Simplify(UR1(s) | {zamene, s=1*w})
RI,(wi) 3LRwi,(wi)(2CLw —1)
273 2Ri-3Lw+C(6L°W —10LRW i) +8C L°Rw' i)

'UR1_0:=simplify(UR1 jw(w) | {w=w0! | frekvencije | pobuda)

I!H R
2
UR1 wgl:=simplify(UR1 jw(w) | {w=wl} | pobuda | frekvencije)
\/2_ ]ur R
2
'UR1_wg2:=simplify(UR1 jw(w) | {w=w2} | pobuda | frekvencije)
L
V21, Ri [UR1(t):=(UR1 0 + sqrt(2)*abs(UR1 wegl)*cos(w*t+arg(UR1 wegl))+
2 sqrt(2)*abs(UR1 wg2)*cos(w2*t+arg(UR1 wg2)) | frekvencije)
I, R t T t
——+[,Rcos| —=——= )\ +1,Rcos| 5 — ——
() k(- )
 Simplify(uR (1))
1, R (2 cos(5 7= v,.—) +2 sin 7 v"’f) +1)

2



MATLAB: Simscape
Foundation Library
Utilities

Simulink

OLIPEBIIBALE
AW YIICHCE & ¢DASELR
APARTEPEICTIICR
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KHN active filter

Kerwin-Huelsman-Newcomb, state-variable biquad, UAF42

KHN R,
GP-HQ

WY
Ce
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Kerwin-Huelsman-Newcomb, state-variable biquad, UAF42

KHN active filter

R =R,=R.=R, =R, =R=1kQ
C,=C,=C=1pF

LowPass, LP

HighPass, HP

H(s) = 232
Vs (s) _ U, ()
E(§)=E—f—@ g R, =R/2
Ug R, = 2R » BandPass, BP
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VIAS = HBTAS KOJIA (CHCTEMA)

@uiTap nponycCHHK HHCKMX Y4eCTaHOCTH

Input Perturbation \ Output Measurement

flx) =10 AN

Solvar R3
Configuration

(\j’_+$__.,5F.5 :[> . vmtaga%nfigﬁnm
2 £ @ AAAA ] ca

Sine Wave  Simulink-P3 @J’ (1 =
Converter | Controlled Voltage R RT OpAmp2 W———1{P5 5 I——O >
Source
Re 2 PS-Smulink  Scope
— GHD —— GND2 Comverter
AAMA —— GND3
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4 cut

By Copy

ij:|

Paste

Delete

Highlight Signal to Source
Highlight Signal to Destination
Remove Highlighting

Format

Add Conditional Breakpoint
Show Value Label of Selected Port

Log Selected Signals
Signal 8 Scope Manager...
Open Viewer

Create & Connect Viewer
Connect To Viewer
Disconnect Viewsr

Delete Viewer

Linear Analysis Points

Ctrl+X
Ctri+C
Ctrl+V
Del
Ctrl+Shift+H
3
3
3
3
3
A
, AAAA
R3

b u
-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII--"£

Signal Hierarchy

=P
Lk

(\j W4 Properties
1)
Sine Wave  Simulink-PS |
Convearter Conirolled Voliage Ri
Source

—— GND

 S— Yy —

Op-Ar i&.

Open-loop Input
Open-loop Output
Loop Transfer
Loop Break

Input Perturbation =

.IIIIIIIIIIIIIIIIIIII.

Cutput Measurement
Sensitivity
Complementary Sensitivity

Trirn Qutput Constraint

Help Me Select...

|—

Voltage Sensor — GMD4
ol )
o =
S/ IR
Op-Amp2 —
PS-Simulink Scope
Converter

-3
RO
GND2
—— GND3




ap Munka Ilorpeouh, Banpeanu npodecop, IIpakmukym uz pauynapcke ananuse kona, Y aupep3utet y beorpany — Ejexrporexunuku gaxyarer, 2017.
Simulation | Analysis = Code

Tools  Help
7] : Maodel Advisor 2 ‘ﬂ - i
| @ v E i MNormal - @ - -
Refactor Model r
Maodel Dependencies »
Compare Simulink XML Files...
Simscape »
Performance Tools k
Requirements Traceability »
:IIIIIIIIIII-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.
n Control Design L Linear Analysis... 1
-IIIIIIIIIIII.III_IIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII
Parameter Estimation... Frequency Response Estimation...
Response Optimization.. Control System Designer...
Sensitivity Analysis... Control System Tuner...
Design Verifier » Model Discretizer...
Coverage v Linearize Block...
I - I
Data Type Design » specify Selected Block Linearization...
Linear Analysis Points »
flx) =0 A
Solver R3
Configuration
(\j o4 » S PS B Voltage Sensor | == GND4
5 0
Sine Wawve Simulink-PS I o -
Caonwverter Controlled Vaoltage R1 Q[ PS5 ;—- L I:l
—=
Source - P—
Ro PE-Simulink Scope
— GMD GNDZ Converter
A — GND3




4\ Linear Analysis Tool - khn_LP - Bode Plot 1 — O >

LINEAR ANALYSIS ESTIMATION PLOTS AND RESULTS VIEW = B e
| Load Session Analysis U0s:  Model IOs + B Result Viewer : : : :
ES&H&S&E&&M Operating Point:  Mode! Inttial Condition ~ || Diagnostic Viewer ¢ ; d /T; I ;; d w f. @; -

i More Options Bode Plot 1 Step - Bode Impulze H].rquist.
FILE SETUP OPTIONS LINEARIZE
Data Browser ] E | BodePlot1 = |

Search workspace variables Pl

Bode Diagram

From: Sine Wave To: PSSimulink Converter

w MATLAE Workspace

Mame =~ Value o

ans 1x1 mupad

R
o
T

¥ Linear Analysis Workspace

Magnitude {dB)
N
=

50 7
Mame ~ Value
linsys1 1x1 =5
-80 :
0 T T T

L
n

w Variable Preview

Phase (deqg)
i
=

135 | 1

-180 ' L .
101 102 102 10* 10°
Frequency (rad/s)

The linearization result "linsys2" is created in the Linear Analysis Workspace. .




4\ Linear Analysis Tool - khn_LP - Bode Plot 1 — O >

LINEAR ANALYSIS

Input Signal: Create New

ESTIMATION PLOTS AND RESULTS BODE PLOT 1 WIEW

M Result Viewer | ——_| [ = [
NEW INPUT N L N 5l @, R
Bode Plot 1 Bode Michols MNyguist Singular ...

| Data Browser o
|| Search workspa | Fixed Sample Time Sinestream...
_ { i f t HH Bode Diagram
+ MATLAB Wo
From: Sine Wave To: PS-Simulink Converter
I Mame = ] T T T

F Chirp...
ans || H i ”ﬂ
W Random...
L 0

I =
o
w Linear Analysis Workspace :Ed
-60 7
Mame = Value
. linsys1 1% 55
] -80
| 0

L
n

w Yariable Preview

Phase (deqg)
o
=

! -135

_‘| E,D 1 1 1
10' 102 10° 104 10°
Frequency (rad/s)

The linearization result "linsys2" is created in the Linear Analysis Workspace.
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4| Create sinestream input

- O >
General

“ariable name: Freguency units: Simulation order:

in_sine1 radiz

s

Single simulation for all frequencies
Perform fitering to improve estimation results

Parameters

Initialize: frequencies and parameters bazed on a system

System: linsys1 e @ Inttialize frequencies and parameters
4\ Add frequencies *
Q1 @ Specify by: | range ~
T T T T T LR | T T T
) - ) From: |100 Tao: | 1000
There are cumently no frequencies specified for the sinestream
| signal. Add frequencies using add button or initializing them based 1 : : .
on a linear system. legarithmically ~ | spaced 30 frequencies
. . . oK Cancel
Amplitude: <NOnes Mumber of periods: <MOnes
Settling periods: Znones Ramp periods: <Mones

Number of samples at each period: <None:s

oK Cancel Help
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|4\| Create sinestream input — O x |4\| Create sinestream input - O *
General General
‘Variable name: Frequency units: Simulation order: Variable name: Frequency units: Simulation order:
in_sine1 radiz ~ | | Single simulation for all frequencies ~ in_sing1 radls ~ | | Single simulation for all frequencies -
Perform fittering to improve estimation results Perform filtering to improve estimation results
Parameters Parameters
Initialize frequencies and parameters based on a system Initialize frequencies and parameters based on a system
System: linsys1 e @ Intiglize: frequencies and parameters System: linsys1 i @ Inttiglize frequencies and parameters
Click and drag to select frequencies to modify parameter values. a a @ Click and drag to select frequencies to modify parameter values. a a @ Ell:ll:l
T T T T
— o L e e e e e L e — SSSeSSSS oSS SssoSsSSoSSeReSRS —
1 1 | 1 1
Amplitude: <NONe:s Number of periods: <NONe: Amplitude: 1 Number of periods: 4
Settling periods: <nones Ramp periods: <NonNes: Settling periods: 1 Ramp periods: 0
Number of samples at each period: <Nones= Number of samples at each period: 40

oK Cancel Help 0K Cancel Help



4 Linear Analysis Tool - khn_LP - Bode Plot 2

LINEAR ANALYSIS ESTIMATION 0 R 0 0 = ?
Input Signal: | [&@] in_sine1 ~ [ Result Viewer | | —__ [ il
Analysis UOs: Model UOs ~ [l Diagnostic Viewer | . L[N jbl:' o KD. @. -
Model Initial Condition ~ Bode Piot2 Bode Plot 1 Bode MNichols Myquist
SETUP OFTIONS ESTIMATE
Diata Browser G| E J BodePlot1 | BodePlot2 Kl
Search workspace variables Pl
Bode Diagram
w MATLAE Workspace
From: Sine Wave To: P3-Simulink Converter
Mame = Value =
ans 1x1 mupad
s} ¥
12 ek
=2 I *. .
5 *,
= k3
= L " 4
= -4 %E_.
w Linear Analysis Workspace = *
L *
Mame = WValue =
estsys] 1x1 frd T
in_sinel 1x1 Sinestr... 'g
Iinsg.rs'l 1x1 55 i******
T 45 * kg T
il Foy
w Variable Preview & T
5] %
£ * %
o 90r ** i
-135
102 103
Frequency (rad/s)

The estimation result "estsys1" is created in the Linear Analysis Workspace.
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@ujTap NPponycHUK oncera y4ecTaHoCTH

f(x) = 0 AN
Solver R3
Configuration
R4 CB
av 22 ylsps| >
—> @ AAA- + > c8
Sine Wave  Simulink-PS [ Op-Amp RS >
Converter | Controlled Voltage Ri Op-Amp1 R7
Op-Amp2
Source
R9
—= GND L GND1 L gND2
AN '] = GND3
R2 Violtage Sensor — GND4
3 1IN o £ W
— -
PS-Simulink Scope

Converter




4\ Linear Analysis Tool - khn_BP - Bode Plot 1 — O X

LINEAR ANALY SIS ESTIMATION PLOTS AND RESULTS BODE PLOT 1 VIEW
7] Load Session Analysis I0s:  Model I0s « M Reszult Viewer ] '/—— — | [
(Gl save Session Operating Point: Model Intial Condition = || Diagnostic Viewer 1 ™ > B b N [ f'ku"‘-'j'f' B3N @ -
FILE SETUP OFTIONS LINEARIZE
Data Browser @ - | BodePlot1

] DE
Bode Diagram

From: Sine Wawve To: PS-Simulink Converter
Mame = Value 20 T T T

ans 1x1 mupad

Search workspace variables F ol

w MATLAE Workspace

=

w* Linear Analysis Workspace

Magnitude (dB)
R
=

=40
Mame = Yalue
linsys1 1x1 55
50
270

w Variable Preview

Phase (deq)
2

HD 1 1
101 102 10° 104 10°
Frequency (rad/s)

The linearization result "linsys1" is created in the Linear Analysis Workspace. .
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@uaTap NPOoNyCHUK BUCOKHX Y4eCTAHOCTH

fix) =0 * A
Solver R3
Configuration
+—AWWA— l———\
R4 C6
, -
/\/ S o ] — >
—- @ AV e > : C8
Sine Wave  Simulink-PS ' Op-Amp RS ' >
Converter | Controlled Voltage Ri Op-Amp1 R7 OoAmn?
Source p-Amp
RS9
= GND —L GND1 —L- GND2
Itage Sensor — GND4
R st
— -
PS-Simulink Scope
Converter
AN~

R2

GND3



4\ Linear Analysis Tool - khn_HP - Bode Plot 1

LINEAR ANALY SIS ESTIMATION

PLOTS AND RESULTS BODE PLOT 1 VIEW

] Load Session Analysiz 0. Model 0z +

E Save Sesszion Operating Point:  Wodel Initial Condition +

[T Diagnostic Viewer

M Result Viewer — _/__ ——
r o |

FILE
Data Browser ® | :
Search workspace variables F ol

w MATLAE Workspace

Mame = Yalue

ans 1x1 mupad

w* Linear Analysis Workspace

Mame = Yalue

linsys1 1x1 55

w Variable Preview

| BodePlot1 |

Magnitude (dB)

-100

Phase (deq)

Bode Diagram

From: Sine Wawve To: PS-Simulink Converter

0 T T

180

135

1)
=
T

B
tn
T

=

10? 10°
Frequency (rad/s)

=
(=
-

The linearization result "linsys1" is created in the Linear Analysis Workspace. .

104

10°
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KHN active filter

” C%

V.8 _,

Vi) _,
V.(s) V.(s) V,(s)

V.6 _,

ﬂLowPass (§) = 21 BandPass (§) — 21 HighPass (§) -



ap Muixka Iorpeouh, Banpenuu npogecop, Ilpaxmukym u3 pauynapcke ananuse Koia, Y HuBe

KHN
GP-HQ

—

p3utet y Beorpany — Einexrporexuuukn ¢gaxyarer, 2017.

R,

KHN active filter o _w—

—

* Ji e
@ R, ® @»—\/_\)/\, =

OpAmpl

+]1 —>
Ug
%

(1)J + (\Ll -V, )/Rl =0

(2)3,+,~V¢)/Ri~(V,-V,)/R, =0

(3) lz +(\is _\is )/ Rz +(\13 _\17 )/ R? — SCG (!6 _\13): 0

<= AW

R

(4) _(\15 -V, )/ R, +\i4/R9 —sCq (\17 _\14): 0

() (\is _\iz)/ R, + (\15 -V, )/ Ry =0
(6) - (\iz _\16 )/ R5 T SC6 (\16 _\13) =0
(7) - (\13 _\17 )/ R? T SC8 (\17 _!4): 0
(8)- (\il —V, )/ R, - (\13 —V, )/ R, =0

\15 :\is
Ve=0 vy :L—Jg
!7:
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MATLAB: MuPAD

'assume(R1>0 and R2>0 and R3>0 and R4>0 and R5>0 and C6>0 and R7>0 and C8>0
'and R>0 and C>0 and Ug>0 and s<>0 and w=>0)

zamena LowPass:={R1=R, R2=R/2, R3=R, R4=R/2, R5=R, C6=C, R7=R, C8=C}

{RI:R,RS:R,RS R.R7 = RR2—‘§,R4—§,C6 CCS_C}

'zamena_BandPass:={R1=R, R2=2*R, R3=R, R4=R, R5=R, C6=C, R7=R, C8=C}
{RI=R,R3=R,R4=R,R5=R,R7T=R,R2=2R,C6=C, C8 =C}
_zamena_HighPaSSF{R1=R., R2=R/2, R3=R, R4=2*R, R5=R, C6=C, R7=R, C8=C!
{RI=RR3=R RS=R R7=R,R2=% R4=2R C6=C c8=C]
__wedm}sti::{RZI , C=1}
{C=1,R=1}
_:wO:ZU(R*C)

1

CR
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MATLAB: MuPAD

jednacine:={J+(V1-V8)/R1=0,
J1+(V2-V6)/R5-(V5-V2)/R4=0,
I2+(V3-V8)/R2+(V3-V7)/R7-s*C6*(V6-V3)=0,
J13-(V5-V4)/R3+v4/R9-s*C8*(V7-V4)=0,
(V5-V2)/R4+(V5-V4)/R3=0,
-(V2-V6)/R5+s*C6*(V6-V3)=0,
-(V3-VT)/R7+s*C8*(V7-V4)=0,
-(VI-V8)/R1-(V3-V8)/R2=0,

V5=V8,
V6=0,
V7=0,
V1=Ug}

{Jl + B L B 0, VI=Ug V5=V8, 12+ 5+ B 6, =0, J+ g =0, B+ g+ 40, =0, V6 =0,

VI-V8  V3-VB V2-V5  V4-V5 V2-V6 V3-V7
Vi=0, -~ =0~~~ =0~ ~0:=0, ——r— -0 :0}
where

g, =C8s(V4-V7)

o, =C6s5 (V3 -V6)

_promenljive?{\’l, V2,V3,V4,V5,Ve, V7, VS, 1,11,11,12,13}
{J._ J1,J2,J3, V1, V2, V3, V4, V5, V6, V7, VS}
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odziv:=solve(jednacine, promenljive)

o,~R2 Ug+6,+C6 C8 RZR5 R7 Ug 5~

{{ :_UgI,'R41C'SRSR?Gi|C'SR4R?.~;|c_.-'J$Jl:_ d if 6% 0
Jp  R4Ug+CSRIR3 Ug s+ CSRIR4 Ug s+ CSR3 R7 Ug s+ C8 R4 R7 Ug s+, +5, +CO CS R3 RS R7 Ug s
- = .

I3 = —(R2 R9Ug+R1 R4v4 +R2R4v4 +C8R2R3R9Ugs+C8R2R4R9Ugs+ C8RIR3R7sv4
) +C8R1 R4R7 sv4 —C6 C8 R2 R5 R7 R9UgSE+C6CS R1R3RSR7 5" v4

+C6 C8 RZR3IR5R7 5" v4)/(R9 6), V1 = Ug, V2 = LTk TR

V3o _ C8R2R3 R?Ug.r(ji4C'SR2R4R?Ugsﬁ Va = R2Ug$31R4J$ V5 =65 V6 =0, V7 =0, V8 :Gs]}
L 1) if 6s+R4-20A0,=0
where

G, =C6 C§R2R4RT Ug s~

Gy=C6 C8R2R3R7 Ug s~

R2 Ug (o;+R4)
Oy = ———""

Oy

6, =RIR4+R2R4+C8RI R3R75+C8R]IR4R75+C6 C8RI R3R5 R7s +C6 CSR2R3R5R7 s~

65 =C6 CSR3R5RT 5~
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jV4(s):=V4 | odziv[1] | zamena LowPass
3R Ug

2 4 2 3 2
3C R 3ICR . IR
4( — 1‘+4)

H LowPass(s):=Simplify(V4(s)/Ug)
l
2C RS +2CRs+]1

j\*’3(s):=\f'3 | odziv[1] | zamena BandPass
B 4CR Ugs
3CR S+2CR s+3 R

'H_BandPass(s):=Simplify(V3(s)/Ug)
B 4CRs
3CR S +2CRs+3

__VZ(S)ZZVZ | odziv[1] | zamena HighPass
3C R Ugs

1 42 -
2 (ij"‘—f+3 CR35+3R“)

L
'H_HighPass(s):=Simplify(V2(s)/Ug)

2 2 2

C*Rs
CRS+2CRs+2

Hjw LowPass(w):=(H LowPass(s)|{s=[*w})
1
2CRW+2CRwi+1
jij_BandPass{w):Z(H_BandPass(s)| 1s=1*w})
4CRwi
3C R W +2CRwi+3

'Hjw_HighPass(w):=(H_HighPass(s)|{s=I*w})

R W
_CRWA+2CRwi+2

:AW_LDWPass(w):ZSimplify(abs{ij_LowPass(w)))
|

\/ 4C R W +1
| Aw_BandPass(w):=Simplify(abs(Hjw_BandPass(w)))
4CRw

\/(3 CRwW-3) +4C R W
Aw_HighPass(w):=Simplify(abs(Hjw_HighPass(w)))
C’ R’ W’
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ap Munka Ilorpeouh, Banpeanu npodecop, IIpakmukym uz pauynapcke ananuse kona, Y aupep3utet y beorpany — Ejexrporexunuku gaxyarer, 2017.

 plotfunc2d(Aw_LowPass(w) | vrednosti, w=0..5,
Scaling=Automatic,
Title= "Filtar propusnik niskih ucestanosti", TitleFont = ["Times New Roman", 14, Bold], TitlePosition=[2.5,1.3],

AxesTitles =["o", "A(®)"],
AxesTitleFont =["Times New Roman", 14, Bold],

GridVisible = TRUE,
XTicksNumber = None,

XTicksAt=[1="1/(RC)",2="2/(RC)", 3 ="3/(RC)", 4 ="4/(RC)", 5="5/(RC)"],
TicksLabelFont = ["Times New Roman", 14])

A(m) ) Filtar propusnik niskih ucestanosti

0.41 -\
o B
' 1/RC) 2/(RC) 3/RC) 4/(RC) 5/(RC)

)]




ap Munka Ilorpeouh, Banpeanu npodecop, IIpakmukym uz pauynapcke ananuse kona, Y aupep3utet y beorpany — Ejexrporexunuku gaxyarer, 2017.

MATLAB: MuPAD

[

plotfunc2d(20*logl10(Aw_LowPass(w)) | vrednosti, w=1e-3..1000,

ViewingBoxYRange = -50 .. 5, CoordinateType = LogLin,

Scaling=Automatic,

Title= "Filtar propusnik niskih ucestanosti", TitleFont = ["Times New Roman", 14, Bold], TitlePosition=[0.5,7],

AxesTitles =["a/my", "A(w)"],
AxesTitleFont =["Times New Roman", 14, Bold],

GridVisible = TRUE,

TicksLabelFont = ["Times New Roman", 14])

A Filtar propusnik niskih ucestanosti o/nl
0.01 0.1 ] 10 100 1000

T

| A(w)




ap Munka Ilorpeouh, Banpeanu npodecop, IIpakmukym uz pauynapcke ananuse kona, Y aupep3utet y beorpany — Ejexrporexunuku gaxyarer, 2017.
plotfunc2d(Aw_BandPass(w)

vrednosti, w=0..5, .
Scaling=Automatic, MATLAB: MuPAD

Title= "Filtar propusnik opsega uc¢estanosti”, TitleFont = ["Times New Roman", 14, Bold], TitlePosition=[2.5,2.1],

AxesTitles =["o", "A(®)"],
AxesTitleFont =["Times New Roman", 14, Bold],

GridVisible = TRUE,
XTicksNumber = None,

XTicksAt=[1="1/(RC)", 2="2/(RC)", 3 ="3/(RC)", 4 ="4/(RC)", 5="5/(RC)"],
TicksLabelFont = ["Times New Roman", 14])

A(m) 50 b TFiltar propusnik opsega ucestanosti
1.5 // \

lD“ / \\

0.5 / —

0.0 -
1/(RC) 2/(RC) 3/(RC) 4/(RC) 5/(RC)

L1




ap Munka Ilorpeouh, Banpeanu npodecop, IIpakmukym uz pauynapcke ananuse kona, Y aupep3utet y beorpany — Ejexrporexunuku gaxyarer, 2017.

MATLAB: MuPAD

plotfunc2d(20*log10(Aw_BandPass(w)) | vrednosti, w=1e-3..1000,
ViewingBoxYRange = -50 .. 10, CoordinateType = LogLin,
Scaling=Automatic,
Title= "Filtar propusnik opsega ucestanosti”, TitleFont = ["Times New Roman", 14, Bold], TitlePosition=[0.5,12],

AxesTitles =["0/®w0", "A(®)"],
AxesTitleFont =["Times New Roman", 14, Bold],

GridVisible = TRUE,

TicksLabelFont = ["Times New Roman", 14])

i Filtar propusnik opsega ucestanosti
A(w) lﬂi prop pseg
i mfml]L]
oL 001 ol /ﬁ\\: 10 100 1000
-10 / \
-20 “ /f \\
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MATLAB: MuPAD

plotfunc2d(Aw_HighPass(w)[vrednosti, w=0..5,
Scaling=Automatic,
Title= "Filtar propusnik visokih uéestanosti", TitleFont = ["Times New Roman", 14, Bold], TitlePosition=[2.5,1.3],

AxesTitles =["0", "A(®)"],
AxesTitleFont =["Times New Roman", 14, Bold],

GridVisible = TRUE,

XTicksNumber = None,
XTicksAt=[1="1/(RC)", 2="2/(RC)", 3 ="3/(RC)", 4 ="4/(RC)", 5="5/(RC)"],
TicksLabelFont = ["Times New Roman", 14])

[

A(m) A Filtar propusnik visokih ucestanosti
1.2

1.0 [ T

0.8 -~
S
it
02] // )

0.0
1/(RC) 2/RC) 3/(RC) 4/(RC) 5/(RC)
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MATLAB: MuPAD

plotfunc2d(20*log1 0(Aw_HighPass(w)) | vrednosti, w=1e-3..1000,
ViewingBoxYRange = -50 .. 10, CoordinateType = LogLin,
Scaling=Automatic,
Title= "Filtar propusnik visokih u¢estanosti", TitleFont = ["Times New Roman", 14, Bold], TitlePosition=[0.5.12],

AxesTitles =["w/w0", "A(m)"],
AxesTitleFont =["Times New Roman", 14, Bold],

GridVisible = TRUE,

TicksLabelFont = ["Times New Roman", 14])

- Filtar propusnik visokih ucestanosti
A(®) | n;]l prop

mfml]L]
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