VYausepsuret y beorpany, Exextpotexanakn daxynret, Katenpa 3a eHepreTcke nmpeTBapade U MOTOHE

EHEPITETCKH TPAHC®OPMATOPHU (13E013EHT)
Janyap 2019.

Tpodasuu ysbHM IUCTpUOYTUBHU MHAYCTPUJCKU TpaHcopMarop HMMa HOMHUHAJIHE IOJATKe:

Sh = 1000 kVA, U1/Uo2=20/6.3kV, copera Ydl1, f=50Hz, Po=1.4kW (Px:Pv=3:2), jo=1.3%,
Pk =12.8 kKW, uk = 5%, ®unnos caunnmial (uctu 3a oba Hamoraja) kr = 1.06.
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1.

Hanpratu meMy Be3a M BEKTOPCKH JWjarpaM HamoHa JaTor TpaHchopMmaropa IpencTaBibajyhu
HAMOTAJC KAO KATIEMOBE. ....veetveastresureasueaasseassseassesssseassesasseansesssssassssansesssseansesssssansesssseanssesnsessnsensessnes 8)

Axo ce gatu Tpanchopmarop Hamaja u3 Mpexe ydectanoctn 60 Hz tako ga MakcmmanmHa BpeIHOCT
MHIYKIH]Ee OCTaHE HENPOMEHEHA, OAPEIUTH MAaKCHMAIHO J03BOJbEHO onTepeheme Tako a YKylHH
I'YOUIIA OCTAHY HCTH KAO Y HOMHHAITHOM PEIKHMY. ..veeuviueeriasrenseesteasessessnesseessesssesseessesssessessneennens (14)

W3pauyHatu mapameTpe €KBUBAJIEHTHOT Koyia Jator TpaHcdopmaropa ca BH crpane u ckunuparu
IeMy ca YImUcaHUM OpOJHUM BPEIHOCTUMA CBHX IMapaMeTapa M eNEeKTPUYHUX BETUYUHA. ............ (12)

Onpenutu cHary TpodazHe KOHJIEH3aTOpCKe Oarepuje Kojy Tpeba Be3aTu Ha a) mpumap, 0) ceKyHiap
Ja OM ce Ha MecTy NpUK/bYYKa Ha MpEKy (Ha MpUMapy) MMao JeAUHUYHH (AKTOp CHare.
Tpancdopmatop je ontepeheH HOMUHaTHMM omnTepeheleM Ha CcekyHIapy, y3 (¢akrop cHare
0.8 (uum). Cmarparu na cy ryounu y reoxly u cTpyja Maraehema jeHaku BpeHOCTUMA oJipeheHnM
Y OTIICITY TIPABHOT XOA. .veuvereeseeseeseessessessessenseesessessessessensensenssesessenseessessesessensessessensenssessessessensensenns (15)

Cxumupard pacnojielly TeMIleparype y/ba W H30JalHje NPOBOJHUKA HaMOTaja IO BUCHHHU
TpancopmaTopa. Ha nmujarpamy mpukazatv u TemIepaTypy HajTOIIMje Tauyke Hamortaja. HaBectu
3HAYeH€ CBUX MO3UIIMja U KAPAKTEPUCTUYHHUX BEIMYMHA (KOMIIOHEHTH ) Ha IUJarPaMy. ............... (11)
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6.

10.

3amaroM TpaHcdopMaTopy ce TMapajellHO NPUKbYdyj]y JBa TpaHchopmaropa HCTE CIpere Hu
IPEHOCHOT OJHOCa, uuje cy HomuHainHe cHare Sn2 = 500 KVA, Snz = 630 KVA u HamoHM KpaTkor
croja Uk2 = 6%, Uk3 =4%. Koimko je MakcHManmHO J03BOJbEHO onrepeheme Tako a HUjemaH
TpancopmaTop He Oyme mnpeontepeheH UM KOJWKAa Cy Tajga onrepehema TOjearHaAYHUX
tpanchopmatopa? Axo je ¢akrop cHare ontepehema 0.8 (MHA) W HamoOH Hamajamkba jeAHAK
HOMUHAQJIHOM, OAPEIUTH HANOH Ha KpajeBHMMa CeKyHaapa TpaHcdopmartopa. 3a moTpedbe oBoOT
MPOpaYyHa, CMATPATH Ja J& Pk1 = k2 = Pk3 = 90°. oiiiiiiiiiii e (12)

VBecTH anpoKCUMallKjy CTBApHOT OOJIMKAa MAarHETHOT XHCTEpEe3uca ca JBe MIpaBe JIMHU]E U Ha OCHOBY
€ M3BECTH M3pa3 32 MaKCHMAaJHYy BPEIHOCT CTpyje IPU YKJbydelmy TpaHC(hOpMaTopa y MpasHOM
xoxy. IlotpebHO je rpaduuku MM TEKCTyalHO Ae(UHMCATH CBaKy O]l BEIMYMHA Koje (UIypUIly Y
KOHATHOM FIBPA3Y. .rtuverteestiassisseeseassessstasseaseassesseeastasseasseabeesbe e bt ess e ebe e bt es e e n b e e b e ess e es b e ebe e be e e e abe e neanne s (12)

Cxunupatd BpeMEHCKY IMPOMEHY IMOTEHITM]jajla Ha CBAKOj O] TO3UIIM]a Ty)K BUCUHE HAMOTaja Ha YU
jenaH Kpaj HauJia3u MPEHANIOHCKH Tajac, JIOK je APYyru Kpaj y3emMibeH. CKulle JaTH 3a IB€ BPEIHOCTH
KOe(UIIMJEHTa KOJU KapaKTEpUINEe OJTHOC CEPUJCKUX M TapaIeTHUX KaramuTeTa (o1 U Q2), IpA 4eMy
JE UL R 3 Q2. ettt bbb bRt R e bR e e et E e e bt e b e he et enenbe et e e nre s (12)

Hanpratn exBUBaJeHTHY IeMy TpoHaMoTajHOT TpaHchopmaTopa. O0jaCHUTH Kako ce U3 Mepema
MOTY IOOMTH TTAPAMETPH CKBUBATICHTHE ITIEME. ...eevvvessvriesssreesssrsessseeessssnsssssesssssesssssesssssesssssessssseenns (12)

Oppenutu (asHe M JNHMHMJCKE CTpyje IpUMapa M CeKyHaapa ykoinuko je u3mely kpajea B u C
npuMmapa JoBeneH jeaHodasHu HarmoH edekruBHe BpeaHoctd 20 KV, a Ha KpajeBe cekyHaapa
MPUKIBYYEHO CUMETPUYHO TpodazHo pe3ucTuBHO onrepeheme otmopHoctu Ry = 50 Q/asm. ...... (12)

Hcnur Ttpaje 180 muHyTa, a aApyrm KogokBHjymM (murama 6-10) 120 munyra. J[03BO/bEHO je Moce0Bame CaMo jeaHe
cBecKe 3a pag ¥ KoHuent. [lpenpraTé oHO IITO HHje 3a Mperjen.

Y Beorpany, 19.01.2019. Ipod. ap 3opan Jlazapeuh

Ilpo¢. ap. 3opan Panaxosuh
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2. 1lynoBu ryOuuu v 1onaTHU ryounu npu yuecranoctu 50 Hz:

oy = P 12800 _ 1505w = PP =725W
ke 1,06
Homatau ryounu npu ydecranoctu 60 Hz u Homunamaom ontepehemy:

2
PY =PX (@) =1044 W

50
VYKylHH TyOUIIM Y HAMOTajuMa Ipu HOMUHATHOM onTepehemwy (cTpyju) u yuectanoctu 60 Hz:
PY =P, +P* =13119W
Hanon Hamajama koju 00e30el)yje KoHCTaHTHY BpEeIHOCT MHAYKIIM]jE TIPH yuecTaHocTH 60 Hz:

U = @ul =24 kV
50

Hosa Bpennoct rybutaka y jesrpy:

60) . 60 2 3
PY =PRY® +P% =[5j R, to P, :1.44-g P +1'2'§ P, =1.81kwW

3agatu ycnoB — ojpeauTH ontepehewme mpu koM he BpemHocT ryoutaka mpu 60 Hz 6utu jennaxa
OHOj Y HOMUHAJIHOM PEXHUMY:

BPY+P¥ =P +P,=142kW = |5 =0.9718

Jlaxie, MakCMMallHO JOMYIITeHO onTepeheme mpu HOBOj ydectanocTH je 97.18% on HOMHUHAIHOT

ontepehema.
3. IIX:
) = :)12/3 = 232882 —285,7kQ = I, = UF;:f = ﬁ;gg’o:‘ms ~0,04A
Iy =1£)—°0- L. :%-28,87:0,375A:> 1 =413 — 1% =+/0,375°—0,04* =0,373A
U, 20000

“ 1, +/3-0,373

KC:
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4. Y oba ciyyaja je mOTpeOHO Jla peakTMBHA CHara Koja ce y3UMa U3 Mpexe, Tj. Ha YIa3HUM
NpUKbYYIIUMa TIpuMapa, Oyae jeHaka HyAH. builaHc peakTMBHHMX CHara je MpHKa3aH Ha CIUIHU
ucrnoga. C o063upomM Ha yClIOB Ja je CTpyja MarHehema KOHCTaHTHA, ONpaBJaHO je mocmarparu ,J
meMy TpaHcopmaropa. Ilopen Tora, Ouhe cmarpaHo Aa cy HamOHM Ha KpajeBUMa MpuUMapa U
CeKyH/lapa jelHaKd HOMHHAJIHUM BpeIHOCTHMA, Tj. Ouhe 3aHemapeH majn HamoHa. JleBa ciuka ce
OJIHOCHM Ha ciiydaj moxa (a), a JAecHa ciuka Ha ciydaj moxa (0). O3Hake Ha cnukama umajy ciezaehe
3Haueme: Q1 — peakTMBHA CHara Ha NpUKBYyYIIMMa npumapa, Qc — peakTMBHa cHara Oatepwuje
KOHJeH3aTtopa, Qu — peakTiBHA cHara MarHehema, Qk — peakTHBHA CHara pacunama, Qp — peakTHBHA
cHara rnotpoma4ya. Moxe ce BUJETH J1a, HA OCHOBY OMJIaHCa PEaKTHBHUX CHara (00paTHTH NaXikby Ha
KOHTYpY Ha3Ha4yeHY MCIPEKHIaHOM JMHUJOM), y 00a ciydaja Mopa J1a Oyae UCHyH-EH YCIIOB:

Q=0
Q1+QC_QK_Qp_Q#=O = QC=Qk+Qp+Qy .............................................................................. (*)

PeaxruBHa cHara motpomavya Qp u peakruBHa cHara MarHehema Qu Ccy KOHCTaHTHE U HE3aBUCHE O
NPUKbYICHa OaTepHrje KOHICH3aTOpa:
Q, =31, =12.92 kvar

Q, =S,sing=0.6S, =600 kvar

JenuHo he peakTrBHA CHara pacuiama 3aBUCUTH O] MECTa IPUKIbyIeHa OaTepuje KOHIeH3aTopa, jep
ce CHara Koja ce kpo3 TpaHcdopmaropa mpeHocH ka ontepehermy Mema, a cCaMUM THM U CTpyja y
HaMOTajUMa, a MOCIEIMYHO U PEaKTUBHA CHara pacuiiama:

2
Qk =3X k Ilf
QA Ql
Q1 i Qp Q1 Qp
o (;' MY ——o o—— - MY —1+—o
Qe : Rk Xk Rk Xk AQ
| c
c JXu[]' Qu IXul 1Y Qu C=
(o o] (e, ® o]

a) C o03upoM Ha TO Ja je KOMIIEH3allMja M3BpIIEHA Ha NpPUK/bYUYIMMa IpUMapa, CIpyja y
HamMoTajuMma TpaHchopmaTopa umahe HOMHHAIHY BpPETHOCT, C OO3MpOM Ha TO Ja c€ Kpo3



TpaHcopMaTOp MPEHOCH LIETOKYyITHa cHara ontepehema (mmorenatu JieBy ciuky). C o03upom Ha To,
peaKkTHBHA CHara pacuIiama jeiHaka je:

Q.. =3X, 12, =48.33 kvar

ma je Ha OCHOBY penanuje (*) morpeOHa cHara 6arepuje KOHAeH3aTopa:

Q. =Q.+Q, +Q, =|661.25 kvar

(6) Y oBoM ciydajy ce KOMIICH3aIlMja W3BOJM HAa CEKyHIApHUM KpajeBMMa, TaKo Jia Ce JAUPEKTHO
KOMIIEH3Yje peakTMBHa CHara omnrtepehema, ma ce THME CMamyje PEakTHBHA CHara Koja c€ MPEeHOCH
Kpo3 TpaHchopmarop. CHara kKoja ce peHocu Kpo3 TpaHc(opMaTop jeHaka je:

P =P, =0.85, =800 kW

Q=Q, —Q. =600 kvar - Q.
Haxrne, crpyja Tpanchopmaropa Ouhe mama on HOMHHaiHe, ma he Aohu 0 cMamema peakTHBHE
CHare pacuriama:

2 2

I PP+ Q? i \P?+Q° Slo =Xz = x,12 P?+Q’ _0 Py +(Qp ~Qc)
1f — 3U2 — Mnf S ke — ML T N Sz — Nka Sz
Inf n Q‘ka n n

VYBohewem nobujeHor uzpasa 3a Qks y penamujy (*), nobuja ce kBagparHa jenHaunHa mo Qc:

P2 _ 2
QC :Qk6+Qp+Qy:Qka p +(Qsp2 QC)

n

+Q,+Q, &

SZ

n

2 PZ 2
% Qé—[1+ Q;?kanchQka%ngJerJrQy:O =
gt
200 S2[14 P 4 1 |_
QC (Qka-i_ QP QC+ " +Qka+ ka

VYcBaja ce pememe 100MjeHe KBaJgpaTHE jeAHAYMHE KOje MMa MpaKkTHyYaH 3Hada] (APYro peueme je
>20 Mvar):

Q. =643.9 kvar|

Moxe ce YOuHuTH Ja C€ HCTH YCIOB OCTBapyje ca MamOM IPUMEHCHOM CHarom Oarepuje
KOHJICH3aTOpa y CIIy4ajy Kaja ce KOMIICH3alija BPIIM Ha KpajeBUMa CEeKyHJapa, jep ce y TOM CiIydajy
CMamyje peakTHBHA CHAara pacHiama.

[ornasibe 5, o mocieamer nacyca Ha crpanu 14 o kpaja oxespka 5.2.3.

Zi _ 1000 N 500 N 630 _ 440.83
Uy 5 6 4

I
Hajyrpoxxenuju je TpaHcdopmarop Koju MMa HajMakbH HAMOH KpaTKOr CIoja, T€ je€ MOTpeOHO
MaKCHMAJTHO JI03BOJbEHO onTepehehe 0peIuTH Tako J1a OH He Oyae npeonrtepeheH:

SdOZV = Uy min Z% = uk3z% =4-440.83=|1763.3kVA
ki ki

— S, =800KVA, S, =333kVA, S, = 630KVA

Hamon cekyHmapa ce MOKe OIPEAMTH MPOPAdyyHOM I1aja HaloHa Ha OMJI0 KOM O TPH HapajeiHo
BesaHa TpaHcdopmaropa (Uri = Urz = Urg = 0 300r yciioBa gk1 = gk2 = ¢k3 = 90°):



fs =1 cosp, =1

a, = f3,(U,; COS @, +U,;Sin @, ) = 0.6u,, = 2.4%
=
b, = A, (U4 COS @, — U, Sin @, ) = 0.8u,, = 3.2%

2

s AU=a,+ 2 2.45%
200

~|u, =U,, -El—le—‘:)j:es.m KV

7. TlormaBibe 6, Of MOCHENILET Macyca Ha cTpanu 14 1o gopmyne Ha cTpanu 16.
8. Ilornasibe 6, Cmka 6.22 u Cimka 6.26.
9. Tlormassee 10, ox apyre mosioBuHe ctpane 5 1o tadene 10.1., ykbydyjyhu u tademry.

10. Illema Be3a Koja oATOBapa OMHUCAHOM PEKUMY TIPHUKA3aHA j€ Ha CIHUIU UCIIO].

A lA /YTJ/Y\ U Ia a _Ial Rp
o > e =r \—Lvay I —
B Iy Y Y Y 1y b 1y Rp
— > v U Ps \u_b/far T —e
+
V I 1 1 R
el UL, e

JenHaunHe pU3MYKe OUUITIEHOCTH Y (Pa3HOM JOMEHY U Yy JOMEHY CUMETPUYHUX KOMIOHEHTH |
- IIpumap:
Ug-Uc. =U=(a’-a)U,, -U,)=U

- Cexynaap
U, =R, (I, 1) =R, (I, =1, =1, +1,)=R (2, -1, - 1.) U, +Uy =3R (I + 1)
Uy =R, (Il —1,) =R (I, = I, =1, +1,)=R (21, -1, —1,) = a’U,, +aU,, = 3R (a’l,, +al,;)
U,+U,+U_ =0 U, =0

W3 nipBe nBe jez[Han/IHe jeI[HOCTaBHO Cce J0J1a3u 10 penaunja:

U, =3R, 1,

U, =3R 1,

Ha ocHOBY mpeTXoAHUX perannja, MOXKe ce 3aK/by4HUTH Jla Y pa3MaTpaHOM CIIydajy He IIOCTOje HYITe
KOMIIOHEHTE HaloHa U cTpyja. Jlo oBOr 3aKk/byyka ce MOIIO A0hM M MHTYUTHBHO, UMajyhu y BUy /1
HE NOCTOju noOyaa Koja OM CTBOpUJIA HYIT€ KOMIIOHEHTE CTpyja (IOrjienaTH €KBHUBAJIEHTHO KOJIO
TpanchopMaTopa 3a HyJITH PElOCIie] IaTo Ha IECHO] CIHMIIH UCIIO).
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JHaxre, y najbeM pazMatpamy Onhe aHanu3upane caMo BeITUYHHE JUPEKTHOT U MHBEP3HOT peociena.
Ha ocHOBY eKBHBAJICHTHOT KoOJia 32 JUPEKTHH U MHBEP3HU penociien (CIrKa U3HAJ JICBO), MMa ce Ja
je l2d=lid" m l2i = lii", Tako ma Baxkwm l2q = -l2i. HamoHcke jemHaumHe 3a AMPEKTHH W WHBEP3HU

penocien riace:
Uls = Zi by =Uyq
Ui =Z, 1, =U,
MHuoxkemeM 00€ jeTHAKOCTH ca (a°—a) U BUXOBUM OLy3UMameM, 100uja ce cineneha penanuja:
(a®—a)(Upy -Up) -2, (a® —a)(Ig — 1) =(a" —a)(Upy U, ) =
TR
(a*-a)(6R, +2Z,)

2d

U"-2Z,(a’-a)l,, =6R,(a’—a)l,, =

V3 yBakaBame YHIbeHHIe 1a je Zk << Rp i a? — a = -j\3, 106ujeH  13pa3 ce MOXKe I0jeHOCTABUTH:
L~ ju/n _ j6300v3 _
6vV3R,  6v3R,
L ==l =—J21A
dazHe cTpyje CEeKyHaapa jeqHakKe Cy:
l,=1,,+1,=0
I, =a’l,, +al, =36.37 A
| =al,, +a’l, =-36.37 A

Jlunmjcke cTpyje cexkyHaapa:
l,=1,-1,=-3637A

l,=1,—1,=7375A

i21A

ly=1.-1,=-36.37A

®dazHe (MCTOBPEMEHO U JIMHU]CKE) CTpYyje MpuMapa:

Iy =l + 1y :%(Izd +I2i):%|a:0

I, =a’l,, +al, =1(az|2d +a|2i)=1|b =19.84 A
n n

I, =al, +a’l, =1(a|2d +a€|2i)=1|c =-19.84 A (=-1;)
n n



