OG 2PRK Praktikum iz rdunarske analize kola

Primeri reSavanja elektricnih kola u
programskom paketu Matlab
(toolboxes: Simulink & SimPowerSystems)

Zadatak 1

Na slici je prikazana uravnoteZena trofazna mrebanate su otpornosti linijskih provodnik@,, kao i

parametri prijemnika (elektromotora) vezanog u eneR i1 L. Mreza se napaja linijskim naponima koji
obrazuju simettian direktan sistem prvog reda efektivne vredndsiifrekvencije f =« /2n.

Odrediti:

a) Kapacitivnosti kondenzator@, koje treba vezati u trougao na krajevima prijerankako bi faktor
snage mreze bio maksimalan,

b) aktivhu snagu mreZze i prijemnika, pri ispunjenorious pod a),
c) fazorski dijagram napona mreze pri ispunjenom usjoad a).
Brojne vrednostiu =380 V f =50Hz, R =3Q, R=20Q, L =50 mH.
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Slika 1.1

ResSenje:

a) Zvezdu prijemnika sa impedansama
ZpY = R+ JX ’

mozemo transfigurisati u ekvivalentni trougao, spédansama
;pA = 3;pY = 3R + JSX '

tako da dobijemo mrezu kao na slici 1.2. Paralekra ovih impedansi i impedansi kondenzatora,
1 : 1

Zo=——=Xs, Xg=——,

= jaC PerRe =70

obrazuje ekvivalentnu vezu u trougao, sa impedaasam
_ X8R+ [3X)

ZA ZZC ”ZpA 3R+J(3X+XC)
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Slika 1.2

Ova veza se, dalje, moze transformisati u ekvivaleavezdu, kao na slici 1.3, sa impedansama
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Slika 1.3

Time je cela mreza sa slike 1.1 svedena na ekvitralesimetrtnu zvezdu sa impedansama

Zy =R +ZY .

Kompleksna snaga uravnotezene trofazne mreze jageaftostrukoj vrednosti kompleksne snage
jedne faze

S$=3U,1,=P+jQ,

gde za simetéan direktan sistem linijskih napona vazi,

Yo

1-a°

Ova snaga se moze predstaviti i u obliku:

$=32,12=2/Z,, gde jeZ, = =

—a

U. =

—a

Faktor snage mreZze je
P

/PZ +Q2 '
On ¢e biti maksimalan u séaju da reaktivha snaga jednaka nuli, a to je ignmkada je

2 2
Im{z,}=0 = xc:—m - C:ZZLZ, 72, =R +X?, X=lLaw

pY

P
kp :E:
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OG 2PRK Praktikum iz rdunarske analize kola
b) Priispunjeno uslovu pod a) mreza ima rezistivarakizr. Impedanse ekvivalentne zvezde su

. . . RXZ st
£oenon, Rl
Kompleksna snaga ukupne mreze je
S=,1,=32,17=0]/Z,,

Sto u ovom sléaju imacisto relanu vrednost:
s=3R+R JIZ=2/[R +R)
a to znai da je r& o aktivnoj snazi mreze. Na osnovu veze faznihijdkih napona uravnotezenog
kola, za direktan sistem prvog reda:
Uo/N3) |

o Uab_
R+R,

Kompleksna snaga prijemnika (sa kondenzatorima) je:
S=,1,=32,12=3,"/Z,

U, =(1-a?)u e, dobijaseS=P=3

) ! 2
gde Q'a ozna&ava kompleksan fazni napdg,'a -_R , 'uabz‘ = §' =P :L'Z.
R +R, [1-a°) R+R)

Aktivma snaga samog prijemnika (bez kondenzatewr)aka je:P, = P.

c) Ako se napory ,, postavi na faznu osu, tj. ako je
Qab:U' L_chzgzu, Qcazgu’
tada naponi faza ukupne mreze imaju stedgednosti
u, U
u,=—2—
= 1_§2 \/é
dok su fazni naponi prijemnika:

— /6 — A2 —
e ’ ub_g llal Qc_gua

U,=— Ry, U,=a’U, U
R+R

a linijski:

=aU,,

U, =-2°)u, =3

Slika 1.4Fazorski diagram linijskih i faznih napona mrefgijemnika
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Simulacija u Matlabu:

Brojne vrednosti uzete pri simulacifit =380V, f =50Hz, R =3Q, R=20Q, L=50mH.

1. Dobija se da je:
C=25784F , PC 4088kW, P [0 0915P, U, =U =380V, U;b U34rrv, U, 0220v,
U, 02013V.

2. Formiranje elekrinog kola poméu blokova iz biblioteké&imulink & Powerlib:
» Electrical Sources, Three-Phase Source
» Elements- Three-Phase Series RLC Branch
- Three-Phase Series RLC Load
» Measurements. Three-Phase V-1 Measurement
» Sinks- Scope

» Powergui
E!trofazni_popravka_f_snage e _|EI|5|
File Edit Wiew Simulation Format Tools Help
D@EHE| fB2R| | mor [ [oma 7] D&y sEE TS
g (I
|-
L
Scope Continuous
" Wabc powergui
[ L T A A | labc
1'—®J|\I|—El —a|B —Wn— B B a
C [ c c b
Three-Phase |_. c
Three-Phase Source Series RLC Branch ® y
Three-Phase
W=l Measurement
L m £ m
Three-Phase —I— Three-Ph:
Series RLC Load2 | Series RL
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3. PodeSavanje parametara simulacije i vrednosti elatae

> Three-Phase Source
21x

— Three-Phase Source [mask] [link]

Three-phase voltage source in series with L branch.

—Parameters
Phaze-to-phase rms voltage [W]:
[EEm
Phaze andle of phaze A [degrees):
i

Frequency [Hz):

|50

Intermal connection: I ‘g LI

™ Specify impedance using short-circuit level
Source resistance [Ohmg):

J0.000m

Source inductance [H):

Jo

ok LCancel | Help | Apply |

=  Medufazni (linijski) napon
- efektivnavrednost

* Pcetna faza generatoey

= Frekvencija

= Medusobna veza generatora:
L

= Unutradnja impedansa generatore

Simetri¢an direktan sistem prvog reda!!!

jats

> Three-Phase Series RLC Branch. R, L, C

E! Block Parameters: Three-Phase Series RLC Branch e |

— Three-Phase Series RLC Branch [mazk) [link)

Thig block implements a three-phase series BLEC branch.

—Parameters
Resistance B [Ohms):
e
Inductance L [H]:
Jo

Capacitance C [F):
Jint

Measurements I Naone ﬂ

ok LCancel | Help | Apply |

> Three-Phase Series RLC Load
21x

— Three-Phase Series RLC Load [maszk] [link)

Implerments a series ALC load.

—Parameters

Configuration [z
Mominal phaze-to-phaze voltage Yn [vims)
J1o0

Mominal frequency fn [Hz):

|50

Active power P [wW):

|a09.2432

Inductive reactive power QL [positive var):
| 2428791

Capacitive reactive power Qo [negative var):
Jo

Measurements I MNare j

ok I LCancel Help | Apply |
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= Nadini vezivanja trofaznog
prijemnika: Y, Y,, Y, A
= 'V, nominalni napon
= Nominalna frekvencija
= P,Q_, Q. -aktivna snaga,
reaktivna snaga kalema, rekatlvna
snaga kondezatora ,
Ako ne koristimo neki od elemenata onda
je njegova snagaula!!!
Redna veza otpornina otpornadsti
kalema induktivnosti_:




OG 2PRK Praktikum iz rdunarske analize kola

> Three-Phase V-l Measurement

[=]Block Parameters: Three-Phase ¥-1 Measureme; 2xl

— Three-Phaze V| beazurement [maszk) (link)

vaoltages and line currents.

in pu

Thiz block iz uzed to measure three-phase voltages and currents in a circuit. when
connected in genes with a three-phaze element, it return the three phase-to-ground

The block can output the voltages and currents in per unit walues or in volts and
amperes. Check the appropriate boxes if you want to output the woltages and currents

—Parameters

Waltage measurement
[~ Use alabel
¥ Voltage inpu

Base voltage [Vims phasze-phaze) :

= Merenjefaznih/ linijskin napona
= Moguénost normalizacije merenog
napona/struje

Isqrt[S]

= Merenjelinijskih struja

Current measurement | yes
[~ Use alabel

[V Currerits in pu
Base power [ WA 3 phaze)

]

Output signal : | Complex

[ ox |

LCancel | Help | Apply |

» Powergui -

Steady-State Voltages and Currents

- Initial States Settings

) trofazni_popravka_f_si

- Sirnulation type

{~ Phazar simulation
Ereguency (HZ]: 60

{~ Discretize electrical model
Fampletime (215 |0

f+ Cortinuous

[ Show messages during analysis

Analysis tools:

Steady-State Yoltages and Currents:

=101 x|

siasamRssssssEEsssssssasss
5 Initial States Setting H

— T T T T T T T T T T T T T T T T T T T T T T

Load Flowy and Maching Intialization

Usze LTI Wiewer

Impedance vs Frequency Measurement

FFT Analysis

Generate Repoart

Hyzsteresiz Design Tool

Compute RLC Line Parameters

Set zelected state:

Uc_phase BC: Three-Phase Zeries RLC Loadl = _ooo
I1 phase_&: Thres-Phase Series BLC Load? = 0.000 0.0000e-+000
Il phase E: Three-Phase Series RLC LoadZ = 0000
Il phase C: Three-Phase Series RLC LoadZ = 0000 Reset all states

To Steady State

To Zero
Feload states:
Fram File... |
Frarn Disgrarm |

Apply | Revert |
-
K | b Save Initisl States... |

Farmat: |4.SDSE+DD4 (floating... d Sort values by IDefaurt order j Cloze |

Helg | Close |
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» Simulation - Simulation time, Solver options

E: Configuration Parameters: zadatak_1/Configuration ed |
Seleck | — Sirnulatiorn time
- Solver Start tirme: Im Stop time: |1
- D ata Import/E sport
El!jtlmlzat.lon —Salver optiohs
[=I- Diagnostics
- Sample Time Type: | Variable-step | Salver: | ode23th [stiff/TR-BDF2) =]
- Data Integrity Max step size: [0.0m Relative tolerance: [1e-3
i Conversion ) i
Carmectivity kit step size: Iautc. Abzalute tolerance: Iauto
& Compatibility Imitial step size: Iautu
‘o Model Referencing .
- Z bral: i
- Hardware Implementation ero crassing cantol: | Use lncal settings [
- Miodel Referencing

» Scope- Parameters. Number of axes, Time range, Data history...
Rezultati:

Izmereni linijski naponi i linijske struje

EEIrEN

0.05
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Zadatak 2

Trofazno elektino kolo je uravnotezen&, =R/5, Z, =4R, Z, =R, R>0. Odrediti trenutne vrednosti
struja generatora. Odrediti srednju snagu kojwaizoif generator predaje ostatku elgktag kola. Kolika je
trenutna vrednost napona impedazsg

z,
—
a(P A
I
CD+ = z,
I
Z,
—

Slika 2

ResSenje:

Trenutne vrednosti struje generatora@(l):%el(t), iz(t):%g(t) i i3(t):%%(t).

Srednja snaga (aktivna snaga) koju trofazni geoepsedaje ostatku elekdriog kola je:P =3F,, P, = % EZ.

Trenutna vrednost napona impedaZseje jednaka nuli.

Simulacija u Matlabu:

1. Brojne vrednosti uzete pri simulacifg,, =220V, R=100Q.

2. Formiranje elekginog kola poméu blokova iz biblioteké&imulink & Powerlib:
» Electrical Sources. Three-Phase Source
» Elements- Three-Phase Series RLC Branch
- Three-Phase Series RLC Load
» Measurements. Three-Phase V-1 Measurement
- Voltage Measurement
» Sinks- Scope
» Powergui
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E!trofazni_ispit i ;Iilll

File Edit Yiew Simulation Format Tools Help

Continuous } I:l

powergui Scope
“Wahi
R3=20 Ohm A e
Al alA A labc
—a N—@jN'—EI B —W— B B a
I c c | b

Three-Phase c
Three-Phase Source Series RLC Branch ®
Three-Phase
Y-l Measurement
“oltage Measurement
=) ES [}

B f

Scopel

- e

m
Three-Phase Three-Phase
Series RLC Load2 Series RLC Loz

W

RO

3. PodeSavanje parametara simulacije i vrednosti elatagoriste se isti blokovi kao i zadatku 1

Rezultati:
Izmereni linijski naponi i linijske struje

2B LR ABREB A

500

400

0.005 005 0.025 0,045
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Napon na impedan«,

)scopet
él@lﬁlﬁ%l&*ﬁ

0.002 0.004

Zadatak 3

Medufazni napon trofaznog generatoradj@g0V , a frekvencija j&0Hz . Na generator se prikjuju dva

simetrina trofazna potroga. Prvi potro3&je vezan u zvezdu i njegova impedans23 30° Q, a drugi
potroS& je vezan u trougao i njegova impedansd(€) . Odrediti fazne struje potragai linijske struje
generatora. Kolika je snaga koju daje generatotikkje ukupni faktor snage?

ReSenje:

Efektivna vrednost faznog naponag&094V .

Efektivna vrednost fazne struje prvog poti@sge 924 A.
Efektivna vrednost fazne struje drugog potteSa 10 A.
Efektivna vrednost linijske struje j@574A.

Srednja snaga koju generator predaje mreZijg43kW .
Ukupan faktor snage j©984 .

Simulacija u Matlabu:

1. Brojne vrednosti uzete pri simulacijit =400 Vf =50Hz, Z, =R, + j27fL, = 216506+ j125Q ,
Z,=R,=40Q
2. Formiranje elekginog kola poméu blokova iz biblioteké&imulink & Powerlib:

» Electrical Sources, Three-Phase Source
» Elements- Three-Phase Series RLC Branch

- Three-Phase Series RLC Load
» Measurements, Three-Phase V-1 Measurement

- Voltage Measurement

» Extrats— Measurements. 3-phase Instantaneous Active & Reactive Power
» Sinks- Scope
» Powergui

Milka Potrebé 10
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E!trofazni_tekstualni E
File Edit Yiew Simulation Format Tools Help

=10l

»
LD waho | -
Ll

PG

W Measurement =z

powergui

[ Scope
3-phase
. I Instantaneaus
A Mapani trofaznog prijemnika Active & Reactive Powar
50 Hz i
A o .
2 . Linijske struje
Wt
| | b
Three-Phase Source c -
Three-Phase

Three-Phase Three-Phase
Continuous Series RLC Load2 Series RLC Load1

Zp1=25/_pifG Ohm Rp2=40 Ohm

L m O

3. PodeSavanje parametara simulacije i vrednosti elatae

» 3-phase Instantaneous Active & Reactive Power

[=]Block Parameters: 3-phase Instantaneous Ac e B

—d-phase instantaneous active and reactive power [maszk] [link)

Thiz block computes the 3-phase instantaneous active [P] and reactive 0] power
azzaciated with a periodic =&t of 3-phasze voltages and currents.
Maote: Rezult for the instantaneous reactive power [ iz accurate only for balanced

Output : Computed PA vectar [P Q[war])]. Curent flowing into an BL circuit wil
produce positive active and reactive power.

Cancel | Help | Apply

Ostali blokovi se podeSavaju kaqadatku 1

Milka Potrebé
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and harmonic-free 3-phase quantities [voltages and cumrents). - Merenjeaktivne i reaktivnesnage
Input 1: Wectarized 3-phaze inztantaneous voltage [Wabo] Merni instrument podesiti da mdezne
Input 2 Yectarized 3-phaze inztantaneous current [labe) napone!!
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ReSenje:

Izmereni fazni naponi, linijske struje, aktivhaeaktivha snaga

GE L/LQ AEEB B A H

V

Milka Potrebé
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Zadatak 4

Trofazni prijemnik (potrosg je prikazan na slici 4. Odrediti vezu paramefaiggmnika tako da on bude
simetrcan. Koliko u tom sltiaju iznosi koeficijenat sprege transformatora?

&y

Slika 4
ReSenje:

R1=R2:R3l L1=L2:2L12, k=1/2.

Simulacija u Matlabu:

1. Brojne vrednosti uzete pri simulaciji, =L, =11mH, L, = 055mH, R=1KQ.
2. Formiranje elekginog kola poméu blokova iz biblioteké&imulink & Powerlib:

» Electrical Sources, Three-Phase Source
» Elements- Series RLC Branch
- Mutual Inductance
» Measurements, Three-Phase V-l Measurement
» Sinks- Scope
» Powergui

Milka Potrebé
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E!trafo_sa_r =

File Edit Wiew Simulation Format Tools Help

D|BH§|%E| ...... |P IIUU5 INormaI 'l

g

Continuous
powergui
& “ahc
o |m | labc:
Rl
& b
Three-Phase Source @
=3

Three-Phasze
Wl Measurement

Scope

R1
—f\/\/\,—
—f\/\/\,—

‘ % Mutual Inductance

3. PodeSavanje parametara simulacije i vrednosti elatae

> Mutual Inductance

2l

—Mutual Inductance [mazk)] [link)

Implerments three inductances with mutual coupling.

—Parameters

Wwinding 1 zelf impedance [R1[0krm) L1[H]):

0.001 1.1e-03
“winding 2 zelf impedance [R2(0khm) L2[H]):

Jlnom 1.1e-03]

[T Three windings Mutual Inductance
tutual impedance [FRrm[0hm) Lra(H]):

Jinn 55031

Measurements I Mone

[ |

LCancel Help

Apply

Milka Potrebé
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L, =L, = 055mH
R =R,=0001Q, R, =0
R.R#R,. L, L #L,
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Rezultati:

Izmereni linijski naponi i linijske struje

SELLL ABRB BA S
4

w1 IZII

4

0oms
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Zadatak 5

Trofazno kolo prikazano na slici 5 sastoji se ochnenotezene mreze prik§ene na sistem simatnih linijskih
napona. Smatraguda su otpornosti sijalic®, i S, iste, odrediti koja od njilkke jate svetliti u sldaju direktnog, a

koja u sl¢aju inverznog sistema napona.

o
L

|
[ ]

Slika 5
ReSenje:

Prema uslovu zadatka j&, =Z. =R, Z, = jL,w= ]X , tako da se dobija da su vrednosti struja:
L Rejax (2R++/3X )+ jx | _-RejatX | __[er-+3x)+ jx

O RR+j2X)T® 2R(R+j2X) T 7 RR+j2x)T® 2R(R+j2x) —°
Kako je X =L, w> 0, proizilazi da je struja, vece amplitude (efektivne vrednosti) od struje odnosno sijalica
S, ¢e jae svetleti ako je ko simetrénom direktom sistemu pobudnih napoana.

b*

U slweaju inverznog sistema efeka biti obrnut: j@e bi svetlela sijalices, .

Znaci, smer sistema (redosled faza) je od sijalice kigige svetli ka onoj drugoj — najkrédm putem.

Simulacija u Matlabu:
1. Brojne vrednosti uzete pri simulacijR, =R, =1kQ, L, =1H, R =10Q.

2. Formiranje elekrinog kola poméu blokova iz biblioteké&imulink & Powerlib:
» Electrical Sources. Three-Phase Source
» Elements- Series RLC Branch
- Three-Phase Series RLC Branch
» Measurements. Three-Phase V-1 Measurement
» Sinks- Scope

» Powergui
Milka Potrebé 16
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Bices R
File Edit Wiew Simulation Format Tools Help
O ZEHES| $BR 2 >r shs [l - HeHBel @B T ®
- a Ve =
\* labc e
e T N P Seare
clwm b | #——————————a| B —AM- o L e —
¢ c |[¥——=a|[ C | #———
Three-Phase Source
Three-Phaze Three-Phase
Wl Measurement Series RLC Branch
[
Ra
Lb
—f'ﬂ'd'ﬁ"—-—-I
Continuous Rc
powergui
!

3. PodeSavanje parametara simulacije i vrednosti elatagoriste se isti blokovi kao i zadatku 1
Rezultati:

Izmereni linijski naponi i linijske struje
EEIEEE EEIEE
4

x10
4

0015 0.02 0.035 0.045
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Zadatak 6

Sistem linijskih napona mreze prikazane na slig $imetréan direktan, poznate kompleksne vrednblsgj =U .

Poznati su parametR, R =R i R, =4R. Odrediti:
a) kompleksne struje mreze,
b) kompleksnu snagu prijemnika vezanog idméstakaa , b i c .

R

I a
o .;a:,_a.“.-\u-\v
+
s &
R
= I b
P . O gﬂz
+
u-&lc Rl
o R
£ e——s  AMM .
[y
Slika 6

ResSenje:

1+f+a’R /R, _17+72°U
2R +R, 40 R’

a) Linijske struje suil , = gde jeR, :gR, R, =£R,

oot _1-atu g o @ +fra’RIR __7H17aU
~b 2Rb + Ra ~ab 4 R c —a =b 2Rb + Ra Y 40 R y
2 2 2
Naponi prijemnika sut ,, = 13+3a U, = 3:%51 Uiu,=- 21;@ U,
o . _13+33a°U . _3+13%°U . . _ 1+a°u
Struje prijemnika sul ., = —, e = — i le=- —.
40 R 40 R 5 R
b) Kompleksna snaga prijemnika j&, =U ol,, +U 1, +Ul, O 0334%.

Simulacija u Matlabu:
1. Brojne vrednosti uzete pri simulacij, = R=1kQ, R, =4kQ, U =380V, f =50Hz.

2. Formiranje elekrinog kola poméu blokova iz biblioteké&imulink & Powerlib:
» Electrical Sources, Three-Phase Source
» Elements- Series RLC Branch
- Three-Phase Series RLC Branch
» Measurements, Three-Phase V-l Measurement
» Sinks- Scope
» Powergui
Milka Potrebé
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Eltri_otpornika * =1al=l

File Edit Wiew Simulation Format Tools Help

Wahc » D
s

o Loy M,y aed labc ;j
|| (]“n B'_'B_WI_B 5 - Scope

c|m c c .1 C e

Three-Phase Source Three-Phase "

Series RLC Branch Three-Phase
Y-l Measurement

Continuous

!
% Rab
|
1

powergUi

3. PodeSavanje parametara simulacije i vrednosti elatagoriste se isti blokovi kao i zadatku 1
Rezultati:

Izmereni linijski naponi i linijske struje

GEOCLL HEE
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