Cemunapcxa 3adaua 6p. 4.

MpecmeTka Ha HaNOHCKM jamu (voltage sags)
Npu CTapTyBakbe Ha rofIeMU aCUHXPOHU MOTOPU
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Cnuka 1. 6 kV HanojHa mpexa Ha LiemeHtapHuuara ,,TUTAH® (YCJE)

Ha cnukara 1 e npukaxana 6 kV HarojHa mpexa Ha [lementapauia
TUTAH (“YCJE”). 110 kV cobupauuu Ha TC 110/6 kV/kV , IlemenTap-
HUIA™ ce HamojyBaaT, npeky exeH 110 kV namzemen Box, monr L = 1,8 km,
on TC Ckomje 2. Camata HamojHa Mpexka 6 kV ce HamojyBa mpeky eneH
tpanchopmarop 110/6 kV/kV u pabotu Bo pexxum Ha TIpa3eH O] Taka IITO
MOe Ja ce cMera jaeka HanmoHute Bo CH mpexka ce Hacekajie eTHaKBHU Ha
HomuHanHuoT, T.e. U = U, = 6 kV. Bo enen MOMeHT moara J0 TUPEKTHO
BITYLITamkE BO paboTa Ha aCHHXPOHUOT MoTOop Op. 1. M. nmem. 3

Ja ce mpecMeTraar roJIeMHMHHTE Ha HAIlOHCKHTE jaMH Kaj IpeocTa-
HATHTE MOTOPH IITO CE jaByBaaT MPH CTAPTYBAKETO HA ACHHXPOHUOT MOTOP
Op. 1, 3a cnegHuTe ABa Cirydaja:

a) Bo moron e camo egauot Tpancdopmarop BH/CH;
6) Obara Tpanchopmaropa BH/CH paboraT Bo nmapanena.

Moxe nma ce cMeTa JieKka cTpyjaTa Ha BIYIITalke HA MOTOPOT Ha
IIOYETOKOT Ha IPOLECOT Ha BIYIUTAHE € YUCTO PEAKTHBHA (COS Puyurmame =
0), mTo MpeTcTaByBa HAjJHEMOBOJEH City4aj. KoeUIMEeHTOT Ha BIyIITaBHE,
T.€. 0IHOCOT k, = I,/I, Ha cTpyjaTa Ha IyIITakEe U HOMUHAJIHATA CTPYja 3a
MOTOpOT, KaK0 W IMPEOCTaHATHTE HEONXOJHHU IOJATOIU 32 ACHHXPOHHTE
MOTOpH Ce€ IpUKakaH! BO ciexnara tabemna (T1).

NKBA 3x240
250 m

TC1

XHP 48 3x120
30 m

300 kvar

L



Tabena T1.

MopaToum 3a acMHXpoHUTE MOTOpM BO 6 KV Mpexa
Ha LlemenTapHuua “YCJE”

A Homunanna | Homuuanna | Howm. 6poj ko= CynTpaH3MeHTHa
pﬁe e CHHxpon MOKHOCT cTpyja Ha BPTEXH IP/I BpeM. KOHCTaHTa
Poj motrop (kW) I, (A) (1/min) /i T", (ms)
nl 12/ 13/ 14 15/ 16/ 1l
1 Ma. uem. 3 3000 338 990 5,0 72

OcraHaTy MOJATOLH:

MoxkHocT Ha Tpu¢azHa Kyca Bpcka Ha cooupnuuure ,,Cxorje 2 3a cynTpaH3u-
eHTeH neprox: S;;= 5000 MVA ;

IMapamerpu Ha 110 kV Boa momery TC ,,Ckomje 2 u TC ,,IlemenTapuma*

Crposoxauum: Al/Fe 150/25 mm?; Jlomwkuna: L = 1,8 km
TMomomkuu mapameTpu: z = (r+jx) = (0,194 +j0,41) Q/km

Eneprerckn Tpanchpopmaropu 110/6 kV/kV:
Homunamnua mokuoct: S, = 20 MVA
Ipenocen ognoc: U,,/Us, = (110+£10x1,5%)/6,3 kV/ kV

Harmon Ha xyca Bpcka: 1,%=11,3%; Cunpera: Yd5; omgaoc X7/Ry= 20.

Eneprercku kadum:

Tun PO 13 (NKBA): mzonmammja on xaprtuja (IP) cmpoBomumum on Oakap;
peakranmyja mo km gomkuna: xx = 0,08 Q/km

tunt XHP48: wm3omanmja ox BmpexeH mnonuetwieH (XLPE); cnpoBomammm ox
bakap; x = 0,09 Q/km.

OcTaHaTuTe napaMeTpy Ha KaOCJICKUTE BOJIOBU BO Mpexara 6 kV (10/KuHE BO m,
6poj mapaseTHi KabiIi 1 HOMUHAJICH IIPEceK BO MM’) ce JaIeHH Ha caMaTa CIIHKa.

AcHHXpOH MOTOp Op. 1 M. mem. 3:

Homunanna mokHoct: S,y = 3000 kW;

Howmwunanen namon: U, ,, = 6 kV;

Homunanna crpyja: 7, =338 A;

Homunanen 6poj Ha BpTex: 7, = 990 min’! ;

Koepunuent Ha pnymrame: k, = 1,/1,=5;

Crtpyjara Ha BOyIITame HA MOTOPOT HAa MOYETOKOT HA MPOIECOT HA BIYINTAE €
YHUCTO PEAKTUBHA, T.€. COS @ yyyurame — 0.



Pewmenue:

110 kV B —— TC Iemerrrpay
N
20 wva 20 m@
6 kV i | Cod. 1
4
2 < 3
Al ;i & Gt (L L] 2
al o~
<|8 “la <|8 1% %=
8|8 ~ 8|~ 2| wn &
E RN H % 2
% = % K PIR
=l = ~r §
TCS TC2 TC3 TC4 TC1
o
2
x®
=3 (= Lal -]
2 2
3 B wlo o
I3 " =S| ~
Ll -] Lal-] — —_
=3 =3 x
° 2 < £ &
= 2 E g|" s ] a
2 o o E - 2 Xla N SrBn.Tp.1% «|8
= % 2 3 % & o = A &l a &
2 ” A A o B 27 ol - % o &
%ia “la e ——TC6 L1g N d &Ala <| R =3
e %o o o ° 2|8 & P& - g
s o b 2 3 o s ° 22 o
g = ; P g g 2 . g
E 5] e o A g 5 M) R o g
& E] 5] ¢ & - £ - = Mo
2R o Mp-cup.3 | npos.3 Mis
N . . 8 1100 xw o 2
u w . " e
o = @ ) - M
g i —+ £ —+ & > £ > M %
5, & & & i — & Ala o .
Hl o Hl o Hl o | o To e Q|o Ecx.meu.4 s 1 .cup
2 2 ] a 3 2 1100 kW 2|S ) 675 xW
C: >
Mi.uem.3 Mi.uem.d Ecx.meu.3  MT.cup.2 Mu.uem.6 MT.uem.5 L F——
1100 xW 2850 xW 1100 xW 1100 kW 2850 xw 2850 xW e

Cnwuka 1a. 6 kV HanojHa mpexa Ha LiemeHTapHuuara ,,TUTAH” (YCJE)

A) Bo nozon e camo eonuom mpancgopmamop BH/CH

3amauaTa Ke ja pemmMMe caMo 3a CIIy4ajoT a) Kora paboTu camo eeH
tpanchopmarop 110/6 kV/kV.

TCLlem. T2 |

Cxorje 2 N N
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Cnuka 2. EpHomomnHa 3amMeHcKa ema Ha LienIoT CUcTem

CKOWJ'e 2 TClem Cob 1 TC 2 M. ueM 3
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Cnuka 3. 6 kV HanojHa mpexa Ha LiemenTapHuuata ,,TUTAH" (YCJE)
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Baksure npoGiemu ce pemaBaar HajeJHOCTaBHO CO AMPEKTHA IPUMEHA Ha
TeenenoBara (7Thevenin) Teopema. Crmopen oBaa TeopeMa ako BO €IHO
JMHEApHO aKTHBHO KOJIO MOMery J1Ba HETOBM ja3lla p M ( BJajee HAIOH
E=U, - U,, n ako noMery HUB IPUKIy4UME €HA UMIIEAAHLIU]a £y TOTAI
HU3 Hea Ke ImpoTeue CTpyja [y YMjalTo BpeAHOCT MOXKE Ja Ce IPecMeTa co
MIOMOIII Ha CJIeJIHATa peranuja:



__E
Zek + ZM ’

Ly )
JI0JIEKa HAllOHOT Ha MECTOTO Ha MPHUKIY4YyBame K€ Ce IMIPOMEHU OJ Bpel-
HOCTa £ Ha BpegHOCTa:

Z
Uy=E-Z, 1,,= E-—=%—, 2
M T =2 LZek tMT = Zek+ZM ( )

Bo penammute (1) u (2) co Z, € 03HaYeHa eKBHBAJIGHTHATa (BJE3HATA)
MMIIeJIaHIIAja Ha MpeXaTa TIoOMery ja3uTe p 1 (.

Bo HammoT ciydaj Mpekata Ha KOjaIlTo Ke ja mpuMeHyBaMe TeBeHeHOoBaTa
TeopeMa € MpUKakaHa Ha cMKara 2, oJHOCHO 3. JazesnoT p ke Ouje MecToTo
Kajie IITO Ce BKJIy4yBa T'OJIEMHOT aCMHXPOH MOTOpP JIOJIeKa ja3enoT q ke
6ue pedepeHTHHOT ja3o, T.e. 3eMjaTa. Ke mpeTrnocraBuMe Jeka HAIOHOT
nomMer’y OBHE J[Ba ja3ia MpeJl MPUKIyYyBamkbeTO Ha MOTOPOT OMJI €JHAKOB Ha
HOMUHAJIHUOT ¢a3zeH HanoH (T.e. £ = Ur = Uy/ NG ). bunejku HaOmByIY-
BaHaTa Mpexka € paaujaiaHa (T.e. He COAPXKHU HUTY €IHa KOHTypa) BIE3HATa
UMIIeJaHIIMja Ha MpekaTta Ke ja mpecMeramMe HajeHOCTaBHO COOMpajKku Tu
UMIICJAaHIIMATE HA CUTE €JIEeMEHTH Ha KOMILUTO Ke HauJeMe TPTHYBajKH O]
MECTOTO Ha MPUKIYYyBamke€ Ha MOTOPOT JI0 HANOJHHOT ja30J BO CHUCTEMOT
(t.e. TC Ckomje 2), 1.e. (cuka 3):

Zop=Zys+Zyr+Zr+Zyy + Zggs - (3)

On penanupjara (1) ce riaema neka mocie TPUKIYYyBakbeTO HAa MOTOPOT
(MOTpOLIYBAYOT) HAMOHOT HAa MECTOTO Ha MPUKIYYYBAETO Ke IMagHe 3a
BpeaHOCT Z. -[y. Ha Toj HaumH ke mojae 1o mojaBa Ha THap. ,,HAIIOHCKH
nponan” (voltage sag). Ho HamoHCKu mpomajn ke ce jaBH M BO OCTaHATHTE
ja3nu oA Mpexara, caMO LITO TaMy BpEIHOCTa Ha HAMOHCKHOT Iporaj ke
Ouze momana u ke u3HecyBa: Z, -y, Bo mocneaHuor uspas co Z,, € o3Hade-
Ha MeryceOHaTa MMIIEIaHIIMja TTOMEry ja3JIesioT Kaje IITO C€ MPUKIydyBa
MOTOpOT (TIOTPOIIYBAYOT) M HaOJBYAYBAaHUOT jazois. Taka, Ha mpUMep, aKo
MOTOPOT Ce BKJIy4yBa Ha cCOOHUpHUIATa ,,Mi.mem. 3* (cimka 2, 3) u cakame
Jla TO IpecMeTaMe HallOHCKHOT MPoIaj Bo ja3onoT ,, TC 2 ke umame:

Zyrsa=ZxkrtZp+Zyy +ZLggs- 4)

nojeKa MeryceOHaTa uMIiejanIja nmomMery jasonot ,,Mim.uem. 3 u ,,Co06. 1
ke Oupe:

Zysob1= 21+ Zyy +Zggs - (5)

MeryceOHara ummnenanija Z, nmoMery cooHupaumara ,,Mi.iem. 3“ u cute
OCTaHaTH ja3iu oj HaOJpyyBaHaTa Mpeka Ke Ouje ucTa u eHaKBa Ha:

Zy =Zysob1= L+t Zyy + ZLggs - (6)

Bp3 ocHOBa Ha miemara Ha ocMaTpaHaTa Mpeka U Bp3 OCHOBA Ha OCTaHa-
TUTE TOJATOIM MOXKEME Jia ja HalpTaMe eIHOTOIHATA [IeMa Of CIuKaTta 2
KaKo M 3aMEHCKaTa IemMa Of ClIKaTa 3, HONXOJHH 3a pellaBame Ha Mpoo-
nemort. [IpuToa e ounriieqHO JeKa 3a mpecMeTKa Ha HAlIOHUTE Ha OJICTTHUTE
COOMpHHIIM 3a BpeME Ha BMYIITakETO Ha MOTOpOT Op.l1 Mi. mem.3 e
JOBOJIHO da C€ IMO3HaBaaT UMIICAAHIIMUTC HA CICIHUTC CJIICMCHTU:



1. EEC na P. M. rnenan mpeky HeroBara Biie3Ha (C€KHBHBAJICHTHA)
UMIIEIAHIIN]a, T.€. PeaKTaHuja Zrgs < jXEEs
2. Hamzemuamor Box 110 kV momery TC Ckomje 2 u TC 110/6
IlemenTapuuna Zyy;
3. Tpancdopmaropor T1 Bo TC 110/6 IlemeHTpaHuIa KOJIITO € BO
MOTOH Z71;
4. Kabemor K2, tum NKBA 3x240, nonr Iy, = 225 m, momery
cooupnumure Co6.1 u TC2 Zx, u
5. Kabenor K3, tum NKBA 3x150, monr lx3 = 60 m, momery
coobupuunure TC 2 1 MmopoToT Op. 1 M. em.3 Zgs:
6. Mortopor 6p. 1 M. uem. 3 Zy,.
Huz ocranatute enemenTtn o 6 kV Mpexa He Te4aT HMKaKBH CTPYH 3a
BpeMe Ha TMOCMAaTPAaHHOT PEeXuM (BIyIITake Ha MOTOpoT Op. 1). 3aroa
UMIIEAHIIMATE HA OCTAHATUTE €JIEMEHTH HE HU Ce MOTpeOHM Ouejku Tue
HE BIIMjaaT Bp3 TOJIEMHHHUTE Ha CTpyjaTa Ha BIYIITalke Ha MOCMATPAHHOT
MOTOp HHUTY, TIaK, BJIHMjaaT BP3 HAIIOHUTE BO OJCITHUTE ja3JIH.

1) Ilpecmemka na umneoanuyuume Ha eiemeHmume 00 mpexcama

Wmnenannujara, T.e. peakTaHuujata Ha TpudasHa Kyca Bpcka Zggs =~ jXegs
co Kkoja, criopen TeBeHeHoBara Teopema, ce 3amenyBa 1ennor EEC na P.
Makenonuja mocmarpan o 110 kV cobupnuna Bo tpadocranunara Cxorje
2, ce nobuBa co momor Ha cTpyjara /"3, OMHOCHO MOKHOCTa S"}3, Ha TPH-
¢a3Ha Kyca BpCcKa 3a CyNTpPaH3HMEHTHHOT nepuo]. MokHocTa Ha TpudasHa
Kyca Bpcka Ha EEC 3a cynTpaH3ueHTEH epHo/l € €JHaKBa Ha:

2
Un .
" ’
XEES

51:3 :\/g'Un'IIZ3 =

Otryka 3a peakrtannujara Xggps Ha EEC 3a cynTpaH3uWeHTEH mepuoj ce
no0MBa IeKa U3HeCyBa:

U2 1102
Sty 5000

Nmnenanuujara Zyy Ha 110 kV-HuOT nanekyBon ke Oume:

z = (rtjx) = (0,194 +j0,41) Q/km

Zyy =z-L=(0,194+0,41)-1,8 = (0,349 + j0,738) Q.
Peakrannujara Ha Tpancgopmaropor T1 e eqHaksa Ha:

_u% U2 11,3 1107
100 S, 100 20

T1 :68,365 Q .

J0JIeKa HeroBaTa aKTHBHAa OTIOPHOCT, CIOpE] MOJATOLMTE JOOMEHU BO
3aJadara, ke oume:
Cnopen Toa umrienannujara Ha Tpaacopmaropot T1 ke Oune:

Zr = (3,418+ j68,365) Q.



BkynHaTta umnenaniyja Ha aenoT ox mpexarta nomery EEC u riaBHUTE
6 kV cobupnnim Co6. 1 Bo mpexara, cBenena Ha 110 kV nuso, Z''” ke
oune:

ZMY = Zppo + Zyy + Zpy = (4,156+ j71,134) Q.

Ke npernocraBume neka tpancpopmaropot T1 paboTu co CBOjOT HOMHUHA-
JIeH IPEHOCEH OJIHOC, T.€.

kpy = ky, =110/6,3 =17,46.

Bo T0j ciyuaj BKkynmHaTa uMIieiaHiinja Ha aenoT o Mpexara nomery EEC u
rnaBaute 6 kV cobupranmm ,,Co0. 1° Bo Mpexkata, cBeneHa Ha 6 kV HuUBO,

Z, ke oupe:
Z, =7Z"" 1k} = (4,156 + j71,134)/17,46% = (13,6 + j233,3) mQ.

Nmnenannunre Ha kabianre K2 n K3 ce nobnBaar Ha ciaIryeH Ha4YMH KaKO U
UMIIEIaHIIMjaTa Ha HAJ3€MHUOT BOJ, MPEKY MOJOJDKHUTE MapaMeTpH z U
JOJDKUHUTE [ Ha cekoj o HuB. [Iputoa nmame:

Ka6en K2: /, =225 m; r, = 1000/54/240 = 0,0772 Q/km; x, = 0,08 Q/km;
Zio =20 I = (17,374/18,0) mQ

Ka6en K3: /53 =60 m; r; = 1000/54/150 = 0,1235 Q/km; x3 = 0,08 Q/km;
ZK?’ =Z3 '13 = (77407+]498) mQ).

Bo T0j ciydaj BKymHaTta MMIIEAaHIMja Ha JIEJNOT OJl MpekaTa IOMery
rnaBaute 6 kV cobupnunu Co0. 1 Ha MpexaTta u coOupHuiata M. em.3
BO KOJaIlITO € IPUKYy4YeH HaOJbylyBaHMOT aCHHXPOH MOTOp, Z, ke Ouze:

Cropen mogaTouTe BO 3a/1a4ata Ipe]] BIYIITAHETO Ha MOTOPOT CUCTEMOT
paboTeNT BO PEKUM Ha TPa3eH Of M Jieka NMPUTOa HAIlOHUTE HaceKalae BO 6
kV wmpexa Owmne emnakBu Ha HomuHanmHWOT, U = U, = 6 kV. 3Hauu u
HAIIOHOT IPH COOMPHUITUTE MIIL. 11eM. 3, T.e. HAIIOHOT Ha MOTOPOT U, TIpen
HEroBOTO BITyLITame, K& Oupe:

U,=U,=6kV; Uxy=U/\3 =3,464KkV.

Bo T0j cnyuaj ekBuBaneHTata eMc Egzs Ha CUCTEMOT (CiHKa 2), CBeJeHa Ha
110 kV ctpana, ke 6une:

ENO U, -kyy = (6/~/3)-110/6,3 = 104,762/~/3 kV.,
JoJleKa ucTaTa Taa emc, cBefieHa Ha 6 kV crtpana, ke oune:
E s = U, = 6/~/3 = 3,464 kV.

2) IIpecmemka na umneoanuyujama Ha ACUHXPOHUOM Momop op. 1

Wmnenannujara (T.e. NpUONMKHO peakTaHIMjaTa) HA MOTOpPOT Xy, Ke ja
IpecMeTaMe CO MOMOII Ha HeTOBUTE HOMHMHAIHH IOJATOIM U MOAATOLUTE
3a CTpyjaTa Ha BILYLUTambe /.

Unf-M U /\/g _ L Ur%.M

1, ky Loy Kk, S

Z, =X, =




Bo KOHKpETHHOT cily4aj ke UMame:
Syap =\3-U, I,y =v3:6-0,338 = 3,513 MVA;

2 2
L Uw__ & _s050
k, S, 53,513

Z, =X, =

Cera Mmoxeme Jia ja IpecMeTaMe cTpyjaTa Ha BIYIITAaHkE Ha MOTOPOT [, Ha
IIOYETOKOT Ha MPOLIECOT Ha BIYLITAWKE, & I0TOA U HAIIOHUTE BO MOETUHHUTE
COOMPHUIIM BO PBUTE MOMEHTH OJ ITPOLIECOT HA BIYLITAE.

Bo cormacHoCT co memMara oJ1 ciaukara 3 Ke uMaMme:
_ i0° .
Eppg =3,464-¢/Y kV;
E E

=FEES _ ZEES

T (Z+2,+2,) 22

=M

SZ=2Z,+2Z, +Zy =(13,6+ j233,3)+ (24,78 + j22,8)+ j2050
= (38,38+ j2306,1) mQ.
3,464 103

E /89°
I, = —EES _ =1,502-e7/3" kA ~ — j1502 A.
XZ  (38,38+,2306,1)

[Tonaramy, Bp3 OCHOBa Ha IIeMarTa OJI CIMKaTa 3 Ke Jo0ueme:
(_]MJ'I.LIGM.3 = QM :\/g : ZM ZM = (5,332+ ]0’089): 5,333 /095 v

3Hauu HAMIOHOT BO COOMpHHUIIATA ,,MIIL. 11eM. 3 cO BIYIMITAKETO Ha MOTOPOT
ke magne on BpeaHocta Uy = 6 kV Ha Bpeanocra Uy = 5,333 kV wim Ha
88,4% on cBojata mpexoaHa BpenHocT. On Tyka Mpou3jeryBa JeKa
HaIlOHCKAaTa jama 3a cooupHuiiata M. mem. 3 Bo 0BOj ciTy4aj K€ H3HECyBa:

(Voltage Sag)Mu.ueM.3 - 88:4%

Hamonot Ha rnaBauTte 6 kV cobupautm Ucys, | HA TTOYETOKOT OJT TPOIECOT
Ha BIIYIITambe HA MOTOPOT Ke Oupe:
Zy+Zy

Ucest1 = Uy +N3-1y Zy = Eppg-—=2—5M
=~ Co06.1 =M M =2 —FES Z1+Z2+ZM

JlecHo ce IMOKaXyBa JICKa HETOBAaTa BPCAHOCT U3HCCYBA:

Ucost = 5,394 kV

VIJIM, M3Pa3€Ha BO IPOLICHTH:
UCO6.1 = 89, 8%.

Op memara mpHUKakaHa Ha CIMKaTa 3 € coceMa jacHO JieKa HAIlOHUTE BO
CUTE TpeocTaHaTH ja3nu onx 6 kV Mpexka 3a BpemMe Ha BIOYIITAHkETO HA
MOTOpPOT (O0CBEH HanmoHOT Uy HA MECTOTO Ha BIyIITamke U HAOHOT Utcy) ke
Ounar enHakBH Ha HAMOHOT Ucys 1. 3HAUM HAINOHCKATa jama 3a THE COOHup-
HULY, TPEAU3BUKaHA OJ1 BIYIITAHETO HAa MOTOPOT ,,Mi.uem. 3% ke u3He-
CyBa:

Voltage sag = 89,8%.
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