Trojtazové vykonové menice 1

TROJFAZOVE VYKONOVE MENICE

Analyza obvodov vykonovych meniov prinaSa v doésledku opakovaného spinania
a v dosledku javov spojenych so spinanim mnozstvo réznych komplikacii, ktoré obmedzuju
pouzitie matematickych analyz. Nast'astie v dneSnej dobe existuju vypoctové programy ako
EMTP a PSPICE, ktoré umoziuju uspesne realizovat’ presné vypocty pri rieSeni problému.
V tejto kapitole je popisany princip analyzy takého obvodu, a to na jednoduchom priklade
trojtazového usmernovaca (vid. Preklad textov prof. Eiichi Haginomoriho pre prdcu
s EMTP-ATP, kapitola 8).

1 Popis zapojenia

Obr. 1 ukazuje schému, v ktorej st k zdroju pripojené pridavné filtracné obvody (5.,
7., 11. al3. harmonickej) ak jednotlivym diddam su pripojené prepatové ochrany.
K transformatoru je pripojeny striedavy trojfazovy zdroj s vnlitornou impedanciou a s napétim
287,5 kV. Na jednosmernu stranu zdroja je cez jednosmerné reaktory pripojené prenosoveé
100 km vedenie. Na koniec vedenia je pripojena zataz.

Obr. 1 Schéma trojfazového neriadeného usmernovaca s filtraciou vyssich harmonickych
sietoveho prudu

Pri pouziti tyristorov v riadenom usmerfiovaci by sa privedenie impulzu na riadiacu
elektrodu tyristora realizovalo riadiacim systtmom TACS. Na sekundarnej strane
transformatora je napdtie 120 kV. Obr. 2 ukazuje jednosmerné napétie na zatazi a priebeh
napitia fdzy A na vstupe do usmeriiovaca. Na Obr. 3 je primarny prud a prad tecuci z fazy
A do usmernovaca. Bez pouzitia filtra ma sietovy prud prakticky rovnaky priebeh ako prad
do usmeriiovaca. Vplyv filtra vysSich harmonickych sa d& posudit’ z obsahu vysSich
harmonickych. S pouzitym filtrom je najvySSia Grovenl pri 5. harmonickej 5 % vzhladom
k prvej harmonickej, zatial ¢o bez filtra bola pri 5. harmonickej hodnota 16 % apri 7.
harmonickej 8 %. Na eliminovanie vplyvu vysSich harmonickych sa okrem filtracie pouzivaja
tiez viacfazové zapojenia usmeriiovacov.
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Obr. 2 Napdtie na zatazi a priebeh napdtia fazy A na vstupe do usmerniovaca
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Obr. 3 Priebeh prudov fazy A — prud siete a prud do usmerinovaca

Postupnost’ krokov pri zadavani udajov v programe ATP:

V ATPDraw sa vytvori schéma zapojenia podla obr.4. Na napidtovom zdroji
nastavime v polozke Amp hodnotu 234743 (t.j. %), v polozke Tstart hodnotu —1
a v polozke Tstop hodnotu 0, co méa za nésledok nekone¢ny napitovy zdroj. V Type of

source ponechame vol'bu Voltage. Fazové natocenie zvolime v polozke Pha —90 a frekvenciu
v polozke f 50. (obr. 5).
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Obr. 4 Schéma zapojenia v ATPDraw

Component: Sup’, AC3PH.SUP |
Attributes |

DATA WaLUE | MNODE FHASE MAKE

Amp. 234743 A3 3

f 50

pha a0

A1 i

Tstark Bl

Tetop a

Order: [0 Label: |U
Comment: I
Type of sourc _
£ Current I Hide
| Lock

-I)-@—I Ok | Cancel | Help |

Obr. 5 Nastavenie parametrov pre napdtovy zdroj U

Nasledovnym postupom (obr. 6) vyberieme vnutornti impedanciu transformatora,
charakterizované vedenim RL (Lines/Cables — Lumped — RLC Pi-equv. 1 — 3 phase).

Probes & 3-phase 3
Branch Linear 3
Eranch Monlinear 3
LinesjCables 3
Swikches 3
Sources 3
Machines 3
Transformers 4
MODELS 3
TACS 3
Lumped »

. o ; ; 1 phase
User Specified 3 Distributed 3 RLC Pi-gquiv, 1 ¥ -
Frequency comp. 3 LCC RL Coupled 51 » =
Standard Component. .. Read PCH file. .. RL Sym. 51 3 3 phase

Obr. 6 Vlozenie prvku — vedenie RL — do schémy
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V tomto prvku zadame do polozky Ro hodnotu 1, do Lo hodnotu 40, do R+ hodnotu
0.3 a do L+ hodnotu 20.

x
Attributes |
DATA [vaLUE | [wopE PHASE |NAME ’
Ro N1 ABC
Lo 40 OUTT ABC [sTs
R+ 03
L+ 20

Order: [0 Label: |

Comment: I

[ Hide

I~ Lock

Ok | Cancel | Help |

Obr. 7 Nastavenie parametrov pre vautornu impedanciu transformdatora

Prad budeme snimat’ vo vSetkych fazach, preto nastavime pocet faz 3 (obr. 8).

Open Probe x|

Phaze v A
(o i
3 vE
¥ C Help |

Obr. 8 Nastavenie poctu faz

V prvom filtracnom prvku zadame hodnoty podl'a nasledujucej tabul’ky.

x 5I
Attributes | Attributes |
DATA IV_ALUE iI NODE PHASE  [manE DATA VALUE =] [noDE PHASE  [NAME
Al IN ABC L 0 IN ABC
i 0 ouT 1 | o1 001 ouT 1 |
] oo F_? il
Rz 500 Lz ]
e ] ] oo
] oo F_3 500
3 il [ i
[ i | ] oo z’
Order: ln— Label l— Order: ID— Label l—
Comment: | Comment: |
et I Hide - O I Hide
0-No - I~ Lack 0-Mo - = Lack
[~ $vintage,1 I~ $intage,1
@ oK | LCancel | Help | ﬁ oK | LCancel Help

Obr. 9 Nastavenie parametrov filtracného clena
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Podobne zaddme hodnoty pre filtre 5., 7., 11. a 13. harmonickej zlozky napétia podl'a

nasledujucich tabuliek.

zl zl
Attributes | Attributes |
DATA WALLE iI MNODE PHASE MAME DATA, WALLIE 2| [noDE PHASE MNAME
i I ABC L1 100 I ABC
L1 100 ouT 1 I C1 4.0528 ouT 1 |
C_1 4.0523 R_2 [iXif}
R_2 om L2 100
L2 100 [ 40523
cz2 4.0528 A3 0.0
R_3 om L3 100
L3 100 ;I C3 4.06528 j
Order: IU— Label: |5— Order: IU— Labek: |5—
Comrment; I Comrment; I
Output ™~ Hide Output ™~ Hide
0-No - = Lok ’7 0-No [T Lock
[~ $vintage.1 [~ $Vintage1
ﬂ—l aK | LCancel | Help | ﬂ—l aK | LCancel | Help

Obr. 10 Nastavenie parametrov filtracného clena 5. harmonickej

Component: SupRLCY3.SUP

x|

Component: SupRLCY3.SUP

Attributes | Attributes |
DATA VALUE iI NODE PHASE NAME DATA VALUE =] [noDE PHASE MAME
R_1 I ABC L1 100 I ABC
1 100 ouT 1 | T 20878 ouT 1 |
1 20678 R_2 0.0l
Az 0.0l L2 100
L2 100 C2 2.06578
cz 2.0678 R_3 0.0
R_3 0.m L3 100
L3 100 = C3 20678 z|
Order: [0 Labet |7 Order: [0 Labet |7
Comment I Comment I
Dutput [ Hide Dutput [~ Hide
0-No I~/ Lack { 0-No I~ Lock
I~ $intage,1 I~ $intage,1
@ oK | LCancel | Help | @ oK | LCancel | Help

Obr. 11 Nastavenie parametrov filtracného clena 7. harmonickej

Component: SupRLCY3.SUP
Attributes |

x|

Component: SupRLCY3.SUP
Attributes |

DATA VALUE iI NODE PHASE NAME DATA VALUE =] [noDE PHASE MAME
R_1 IN ABC L1 100 I ABC
1 100 ouT 1 | T 083737 ouT 1 |
T 0.83737 R2 on
A2 001 L2 100
[z 100 E 083737
L2 083737 A3 om
R 3 0.0 0 100
3 100 = & 083737 zi
Order: [0 Label: |11 Order: [0 Labet |11
Comment; I Comment. I
Dutput [ Hide Dutput [~ Hide
{ 0-No ™ Lack { 0-No ™ Lack
I~ $intage,1 I~ $intage,1
ﬁ-‘ oK | Cancel | Help | ﬁ—‘ oK | Cancel | Help
. v s . . .
Obr. 12 Nastavenie parametrov filtracného clena 11. harmonickej
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x =]
Attributes | Attributes |
DATA VALUE iI NODE PHASE NAME DATA VALUE =] [noDE PHASE MAME
R_1 I ABC L1 100 I ABC
1 100 ouT 1 | T 053353 ouT 1 |
1 0.53953 R_2 0.0l
Az 0.0l L2 100
L2 100 C2 0.59953
cz 0.59353 R_3 0.0
R_3 0.m L3 100
L3 100 = C3 0.53953 z|
Order: |0 Labet |13 Order: |0 Labet |13
Comment; I Comment. I
r Output [ Hide i~ Output [ Hide
0-Ho - [ Lack 0-No = = Lack
I~ $intage,1 I~ $intage,1
@ oK | LCancel | Help | @ oK | LCancel | Help

Obr. 13 Nastavenie parametrov filtracného clena 13. harmonickej

Vo vlastnostiach
287,5

satura¢ného 2-vinut'ového
primarneho (<= =166kV ) a sekundarneho napitia (%

transformatora zadame hodnoty
=69,3kV) a hodnoty rezistancie R

a induktancie L primarneho a sekundarneho vinutia a d’alSie udaje podl'’a nasledovnej tabul’ky.

Component: Sup'SatTrafo.sup

Aftributes | Characteristic I

X

Prim. Sec. MODE PHASE MNAME
1 [v] ES F ABC T1
R [ohm] 1 0z C ABE Te
g 0s Sat ABC ®ooz
[mH.ahm] . =y ]
Caupling IY j i = S-N 1
Phase shift 0 = T ABC REST
(=0 Rm=[200000 | [T 3degeare | |T-N ABC RST
[v RMS
F[D]=|D [~ Fwinding
Order: IU Label: I
Comment: I
Output [~ Hide
J0-No | I Lock
-@LI ak LCancel | Help

Obr. 14 Nastavenie parametrov transformatora
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] ]
Aftributes | Aftributes |
DATA WALLE ﬂ MNODE FPHASE MNAME DATA WALUE =] [noDE PHASE MNAME
A1 N ABC L1 0 I ABC
1 0 ouT 1 | T [ ouT 1 |
C1 0.008 R_2 1000
R_2 1000 L2 a
L2 a C2 0.005
C2 0.005 R_3 1000
3 1000 [z i
L3 a ;I 3 0.008 j
Order: |0 Label: Order: |0 Labet
Camment; I Comment. I
— Output ™ Hide - Output " Hid=
0-Ho - [~ Lock 0-No - = Lock
I~ $intage.1 I~ $intage,1
ﬁ oK | LCancel | Help | @ oK | LCancel | Help

Obr. 15 Nastavenie parametrov paralelnej vetvy nahradného clanku

Component: SupiRLC3.SUP 4| ll component: 5 x|
Attributes | Attributes |
DATA FALUE i| NODE PHASE MAME DATA WALLIE =] [noDE FHASE MAME
AT [0 N1 ABC L1 0 N1 ABC
L1 20 OuTI ABC |rsT T 0 OuTI ABC |rsT
c1 0 R_2 0
R_2 0 L2 20
L2 20 Cz i
cz2 0 R_3 a
R_3 0 L3 20
L3 20 ;I o] 0 j
Order: |0 Label: Order: |0 Label:
Comrment; I Comrment; I
— Output I~ Hide — Output I~ Hide
|1 - Current 'I I= | Lock |1 - Current 'I I= | Lock
[~ $vintage.1 [~ $Vintage1
ﬁ aK | LCancel | Help | ﬁ aK | LCancel | Help

Obr. 16 Nastavenie parametrov sériovej vetvy nahradného clanku

Component: SuptRLCY3.SUP 4| Wl component: Sup'RLCY3.5UP x|
Attributes | Attributes |
DATA WALLIE iI NODE PHASE MAME DATA WALLIE ~] [nODE FPHASE MAME
R_1 1§ ABC L1 0 I ABC
L1 0 ouT 1 | T 0.005 ouT 1 |
c1 0.005 R_2 1000
R_2 1000 L2 0
L2 1} c2 0.008
cz2 0.005 A3 1000
R_3 1000 L3 a
L3 0 ;I C3 0.005 j
Order: |0 Label: Order: |0 Label:
Comrment; I Comrment; I
Output ™~ Hide - Output ™~ Hide
|2 - Volage 'I I~ Lock |2 - Volage 'I ™| Lock
[~ $vintage.1 [~ $Vintage1
ﬂ—l aK | LCancel | Help | ﬂ—l aK | LCancel | Help

Obr. 17 Nastavenie parametrov paralelnej vetvy nahradného clanku
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x| 2]
Attributes | Attributes |
DATA VALUE iI NODE PHASE  [NaME DATA VALUE =| [noDE PHASE  [naME
R_1 I ABC L1 0 I ABC
1 0 ouT 1 |Pos T 0005 ouT 1 |Pos
c1 0.008 R_2 5000
R_2 5000 L2 0
L2 0 C2 0.008
C2 0.005 R_3 5000
R_3 5000 L3 1}
L3 1} LI C3 0.008 j
Order: |0 Label: Order: |0 Label
Comment I Comment I
r Output [ Hide i~ Output [ Hide
0-No = Lock 0-No I~ Lock
I~ $intage,1 I~ $intage,1
@ oK | LCancel | Help | @ oK | LCancel Help

Obr. 18 Nastavenie parametrov prepdtovej ochrany

Component: SuptRLCY3.SUP 4| Bl Component: Sup'RLCY3.SUP x|
Attributes | Attributes |
DATA WALLIE iI NODE PHASE MAME DATA WALLIE ~] [nODE FPHASE MAME
R 5001} I ABC L1 0 IN ABC
L1 0 ouT 1 |rEG T 0.005 ouT 1 |rEG
C1 0.005 R_2 5000
R_2 5000 Lz 0
L2 0 Cc2 0.005
cz 0.005 R_3 5000
R_3 5000 L3 0
L3 0 =l C_3 0.005 j
Order: |0 Label: Order: |0 Label:
Comrment; I Comrment; I
- Ouput ™~ Hide - Output ™~ Hide
0-No = Lok 0-No [T Lock
[~ $vintage.1 [~ $Vintage.1
ﬂ—l aK | LCancel | Help | ﬂ—l aK | LCancel Help

Obr. 19 Nastavenie parametrov prepdtovej ochrany

Component: Sup 4| @l component: Sup! x|
Attributes | Attributes |
DATA FALUE | [nooE PHASE _ [NAME DATA FALUE | [nooE PHASE _ [NAME
Vig [0 AND 1 Vig [0 AND £
Thold 0 CAT C |rsT Thold 0 CAT 1 |Fos
Tdeion a Tdeion a
CLOSED 0 CLOSED 0
Order: |0 Label: Order: |0 Label
Comrment; I Comrment; I
it ™~ Hide it ™~ Hide
0-No = Lock 0-No = Lock
i—l oK | LCancel | Help | i—l oK | LCancel Help

Obr. 20 Nastavenie parametrov usmernovacich diod
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x x
Aftributes | Aftributes |

DATA 'ﬂus | NODE PHASE MAME DATA l&us | MNODE PHASE MAME

R = From 1 R 0.05) Fram 1 hﬁ

L 500 To 1 |NEGL L 500 To 1 |PosL

T i T i

Order: |0 Label:

Order: |0 Label:

Comrment; I Comment; I
[ Dt I Hige [ Dukaut I Hide
0-No - = Lack 0-No - =/ Lack
I~ $intage.1 I~ $intage,1
RIT oK | s | Help | RILC ak | Carcel | Help

Obr. 21 Nastavenie parametrov pre jednosmerné reaktory na vyhladenie napdtia

Component: Sup'LINEZT_2.5UP £4| ll component: Sup' LINEZT_2.5UP x|
Attributes | Attributes |
DATA WALLIE iI NODE PHASE MAME DATA WALLIE ~] [nODE FPHASE MAME
Rl .0 A 1 R/ 02 INA 1
RAD 0.2 INB 1 POSL At 300 INB 1 POSL
A 300 QuTA 1 NEGLE A0 750 QUTA 1 MNEGLE
Al a0 OuTE 1 POSLE B+ 300000 QUTE 1 POSLE
B+ 300000 EO 260000
BO 250000 | 100
| 100 ILINE 1
ILINE 1 ;I IPUNCH 0 j
Order: |0 Label: Order: |0 Label:
Comrment; I Comrment; I
— Output I~ Hide — Output I~ Hide
0-No - = Lok 0-No - [T Lock
[~ $vintage.1 [~ $Vintage1
LrE l oK | LCancel | Help | LrE l oK | LCancel Help

Obr. 22 Nastavenie parametrov prenosového 100 km vedenia

%
Attributes |
DATA lﬂ-UE | MODE FHASE MAKE
i Eil From 1
L 30 To 1 [FOSLE
C a
Order: IU Label: I
Comment: I
Output I Hide
|2 -Yolage j | Lock
I~ $4intage.l
RLC ok LCancel Help

Obr. 23 Nastavenie parametrov zdtaze
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Casové podmienky simulacie sa nastavia volbou zhorného menu ATP Settings
a Simulation (obr. 24). Ked’Ze sa jedna kratky prechodny dej, krok vypoctu musime tomu
prispdsobit’ delta T 2.5E—6 s a podobne aj doba vypoctu, napr. Tmax 0.1 s (obr. 25).

ATP Settings =

Simulation |Dutput| Switchx’UMI Formatl Hecoldl Variablesl

delka T: |2.5E-E Simulation type———
Troas (0.1 i+ Time domain
_Xop[' il " Flequency scan
Copt: |0 = Hamenic [HFS)
Settings. ..
-I [~ Power Frequency
5ke File. ..
run &TP
Edit ATP-File
Edit LIS-File
Make Mamnes

Edit Commands. ..

run ATP Ctrl+alk+0
run PCFlok Chrl+Al+1
run ATP (File) Chrl+al+2
rur Plotxy Ctrl+alk+3
Edit Text Chrl+alk+4 (et |

Obr. 24 ATP — Settings Obr. 25 Dialogové okno Settings — Simulation

Prikazom Make File v hornom menu ATP sa vytvori v podadresari ATP datovy subor
pre ATP s rovnakym nézvom s priponou *.atp (obr. 26). Prikazom run ATP v hornom menu
ATP sa spusti vypocet v programe ATP, ktorého vysledkom st stbory s priponou *.1is a *.pl4
(obr. 27). V prostredi ATPDraw sa vol'bou z horného menu ATP run PlotXY spusti graficky
postprocesor (obr. 28).

Settings... Setkings. .. Settings...
Make File. .. Make File... Make File...
Edit &TP-file Edit ATP-File Edit ATP-File
Edit LIS-File Edit LIS-file Edit LIS-file
Make Mames IMake Mames Make Names

Edit Commands. ..

run ATP

run PCPlot
run ATP (File)
rur Plobsy
Edit Text

Cerl+Alk+0
Chrl+Alk+1
Crl+alk+2
Chrl+-Alk+3
Cerl+Alk+4

Edit Commands. ..
run ATP

run PCPlok

run &TP (File)

run Plokxy

Edit Texk

Chrl+Ale+0
Chrl+Al+1
Chrl+alk+2
Chrl+Al+3
Chrl+alk-+4

Edit Commands. ..

run ATP
run PCPlok
run ATP (File)

run Plo
Edit Text

Chrl+AlE+0
Chrl+Al+1
Chrl+al+2
Chrl+AlE+3
Chrl+alt+4

Obr. 26 ATP — Make File...

Obr. 27 ATP — run ATP

Obr. 28 ATP — run PlotXY
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A viiom je s oznacenim c: STSA-T1A uvedeny prad siete a c: T2A-RSTA priebeh
pradu do usmeriiovaca fazy A. Stlacenim l'avého tlacidla mysi sa dané priebehy oznacia pre

zobrazenie a stla¢enim tlac¢idla Plot sa nasledne zobrazia.

-igix]
Load... | Refresh |3 e ? =
1ol
#|File Name # of varj# of Point Tmax o0
081 .pl4 11 40001 01 18]
Yariables e Reset | ] B0
t Yariahle X FactD|Offse 400
wiR3TL - . 1 o
viRSTE - * 2004
viRSTC - <:8T3A -T1a 1 u}
viNEGLE -POSLE SIEEL |~k 1 o
CiSTSA  -Tik o9
c:STSE -TiB
©iSTSC  -TiC -2004
=:TZh  -RSTL
©:T2E  -RSTE -400+
©:TZC  -RSTC
600
500 . . . . . . .
| | 0,00 002 0,04 0,06 0,08 5] 010
Update FOUT’ PlOt I file 081.pld; w-wart) c:5TSA -TIA «TRA -RETA
If|| \fl 'o_;l [1] Markl Cupyl F'rintl

Obr. 29 Dialogové okno programu
PlotXY pre vykreslenie priebehov

Obr. 30 Priebeh prudov fazy A — prud siete
a prud do usmernovaca

Podobne, s oznacenim v: RSTA- je uvedené napétie na zatazi a v: NEGLE-POSLE
priebeh napitia fazy A na vstupe do usmeriovaca. StlaCenim l'avého tlacidla mySi sa dané
priebehy oznacia pre zobrazenie a stlaCenim tlacidla Plot sa nasledne zobrazia.

_io/x]
Load... | Refresh [ ~ ? B
_ RI=TEY
# |File Name # of varj# of Poing Tmax
150
81 pH 1 40001 01
k]
Variables ®lo|el Reset | I
t Wariable X Fact0|0ffse
wiRSTL - = 1 0
wiRITE - = =04
viRITC - viRETA - 1 u}
v:iNEGLE -POSLE v:NEGLE -POSLE 1 o o
©i3TSL -T1h ]
©:3TSE -T1E
©i3TSC  -TiC =04
z:T2dh  -RSTL
=:T2E  -RSTE
z:T2C  -RSTC 1004
150 - - - . - .
| | fifa 0,02 0,04 0,08 0,08 [g] 040
Update | Eaur Plot I (file 021.pld; w-vart) v:RETA - w:POSLE-MEGLE
ﬁl \fl '@_;'l D:ll Markl Copyl F‘rintl

Obr. 31 Dialogové okno programu
PlotXY pre vykreslenie priebehov

Obr. 32 Usmernené napdtie na zatazi a priebeh
napdtia fazy A na vstupe do usmernovaca




