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Abstract

In this paper, the short-circuit impedance of HV-MV, HV-LV and MV-LV is analyzed and designed in
detail for ITER-PPEN Transformer. The correctness of the design is verified by measuring test on
the short-circuit impedance.
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1. 3]

ITER (thermo-nuclear experimental reactor): e M Pt NI IHIIG A REVRFE G . RIS Je &5 )@, HhER.

E. H. K By BB RRESMNS 5N E R ERRHECGEDE, B AR L R AL R
RS TREARKAATH, 2245 MERESNM&EKXERE/EBE[1] (2] [3]. ITER A M4 H 7
N2 577 5 IR AR AL, AR R SR A e . Bad S #, TTER 3 & k5 70 ik 22 %
e, 97 ANra. REZEM T 12 M FEGHE 6 MR MRIEES, Bk A T2 IL 40 42
Ju AR M. PPEN (pulsed power electrical network) KW £ & . [E A& 11452 — . PPEN FE 4 ITER 3 &
AR AR LR B FL R o e o R S5 R kg AT 1 Rk Dh 3, AR ANEE LN 400 kV
MG LEZ 3 G A = A0 = SRR R 28 A8 H 66 kV A1 22 kV (1975 sUALI% , 71385 A /F 66 kV BEZEAI 22 kv
BN, ITER PPEN BORPMUASH B EAR K81 EESHUINE 1 Fiors.

][l

Table 1. Main technical parameters of PPEN transformer
#* 1. PPEN EXERNEBRRASY

5 TH 24
300/250/150 (ONAF)
1 BB TR MVA)
210/175/105 (ONAN)
2 HSE L (V) 400 + 8 * 1.25%/66/22
3 AR (Hz) 50
4 TEHA A YN, yn0, d11
Zn=11%
5 FHESPHAIEET 300 MV-A) Z15=25%
Zny = 14%

FLEE PR AR A M — AR EE MR RES L, XA R RIS AT I R R R R AR SR B HLEh
REJIH ELARIIREM, AW S SRR NS IT M EES I —. 8 T RIER RS AT EEIETT, A3
XAR s A R e s — v KB BEIT(Z,) s — AR S R BET(Z, ) A b s — AR R BT 2o BEAT 1 PR Y
Bt dr, JFERE N ES R 7ERIYUE, BRI RE TR R R i I

2. FERMEHAEE

FERRILGLA ZF05E L, I8 IEC 60076 FRMErE X, S HRARTE S5 R MAE SR T, A %
S SR T2 IR SR BRI Z = R+ X (), FCl 3 DA BT I (%) BV B BELA FO AR & £ 52
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R L 5 IR A M X R T

[ =% Vo (1)

e 1 1
Rob, L MIRMR: o NIRBISE: ¢, JOURRGE: WONTERL: 1 9t S R
IR AT IR R DA AR, AT
X, =oL, )
Ref, X, RS o .
3. FEREFAMANTE S
R DA = S8 20175 TR 58 B K — TR AT MK 55 B B ) T AT 8716 [7] (8, e ee v
VR T [ 5100, IR SR T R A6 R IR 0 F I 1 R«
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Figure 1. Magnetic flux distribution schematic diagram for transformer H-L running

E 1. ZEHES - RETHORES HREE

LA, ARG — T/ XIS d YE A, BAERITEEGE xW, [a, » W dx Y A R EE S -

dp, =dg, - w, = = 2mr B dx-w, - 3)
al al
Relt, dg o & AN RREIE: B R,
XS EGATEE N do, #EATAR Sy, w1 BIMCE SR IR e -

X4 2mp W) payr;

R R R @
[FIEE, )3 A5 2 e I SR A IR R BE N -
2mp, 1, Wy pay,
= 5
?, 3H (5)

X - AR SR A B A B, WA OREE T 1w, = L, , WSS 3 1 25l X R i -
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D, :% (6)
e - RIS AT, = AN XA S R -
¢=%+%+¢U=EE%ZE%%§+%?+%ﬁJ (7
R, éf\zD:%ﬂf +ayn, » FRASSORTET R
Wi ESE RN AKX, HHEA):
- ZMOAZZ pY.D _ 4n? fyOII/LIVlz pY.D @®
D B BT S
(%:Eﬁ%:4ﬁf%MWpZD%F4ﬁf%LMpZD% ©)

U, HU,, He

t
A R-R

ﬁ¢,p%ﬁ%%%ﬁ%ﬁ,p:k1§ﬂ, ;e NIMHLENE, ALV,
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T
FESERRTHE A, 25 & R4R MR LR I AFAE DG T2 iRz, — e — /N L2 ERE K K

BATRZIE, 0K 4, =0.4nx10° Hfem, £ =50 Hz fRAAR(O)H, A58 BB TAHHE AR T

_248IMpYD,

Up = KUy He, x 10*

(10)

4. PPEN =T [EF G EMAMITES

PPEN AR R A3 OS54 N BISMRUCRERAS . IRIESRAL. ISR . mlkgedl. 7 kesedl. whfd. ~
T2 3 45 P HE S AR B BT TRV RT3, ARVORIEIUE s - B Sk - iy sk
- W BUE S - RS BN R - RS SO R - RS T - ARE SRR AT
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Figure 2. Magnetic flux distribution schematic diagram for transformer H-M running in rated tap
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Table 2. Calculation of the area of magnetic flux leakage for transformer H-M running in rated tap

BENES - PEITHRHRXBEROHTELSR

TG X 3 Tl 95 P (cm) ¥4 (em) FHX IR IR G (cm?)
e R g4 13.6 94.45 1 428.17
AR 7.8 73.75 1 191.75
- iR 10 82.65 1 826.5
it A=314 - - > D=1446.42

A LLHHEARF] p=0.956, BUK=0.98, ¥ I, =433.03A; W, =636; ¢,=362.9V; H=229 cm{CA

X (10), THHEABIHUE 7w - ST

~24.8x0.98x433.03x636x0.956x1446.42

U % =11.14% 11
b 229%362.9x10° ’ ’ (b
4.2. RINDES - PEEERHE
& AR RSl o FEuE, TR FIFE R E LM EHHEN:
F =1, x I, x D 105 220000 300000 _ ;5545 (12)
U,y J3x66 250000
BN S H AR A BN
A, =W, %I, |F = 64x481.74/275553.5 = 0.1 (13)
S AR A A
A =W, x1, |F =636x481.74/275553.5 = 1.11 (14)
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Figure 3. Magnetic flux distribution schematic diagram for transformer H-M running in min. tap
B 3. so/horiEs - pEITHENREE REE

DOI: 10.12677/nst.2019.71003 20 MR A


https://doi.org/10.12677/nst.2019.71003
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Table 3. Calculation of the area of magnetic flux leakage for transformer H-M running in min. tap

3. mNES - PEITRIFHMXBERNITESR

TR X 3k TR P (cm) FH52 42 (cm) AET s IR TR (cm?)
i R GeE 13.6 94.45 123 526.65
RS 7.8 73.75 1 191.75
BN B 10.25 118.375 0.012 485
i - R E 10 82.65 1 826.5
& - R 12 107.25 0.012 15.44
#it A=53.65 - - > D=1565.19

A LA S p=0.925, HLK=0.98, Fk 1, =433.03A; W,=636; ¢,=3629V; H=229 cmfLA
K(10), THHEARIR/ N R - REBEESTN:
_ 24.8x0.98x433.03x 636 0.925x1565.19

U/ % =11.66% 15
- 229x362.9%10" (15)
43. BRXOES - PEEENRITE
RS AR A A
A, =W, x1, |F = 64x393.65/275553.5 = 0.09 (16)
S AR A N
A =W x1I, |F =636x393.65/275553.5 = 0.91 (17)
K, R e - PEITE M IREA I E 4 Fis.
1 P
i (=)
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< s |10 | 16 | 120 | 102.5 | 1 <
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Figure 4. Magnetic flux distribution schematic diagram for transformer H-M running in max. tap
E 4. ZANES - PBITHENREE REE
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Table 4. Calculation of the area of magnetic flux leakage for transformer H-M running in max. tap

F 4. RANES - PEITRFHMXBERMITESR

TR X 35 TR B8 1 (cm) F344% (cm) AR R JRHETH A (cm”)
RN 13.6 94.45 0.83 355.38
RS 7.8 73.75 1 191.75
R HBs 10.25 118.375 0.008 3.24
i - R E 10 82.65 1 826.5
& - R 12 107.25 0.008 10.3
it A=53.65 - - > D=1387.17

A LA S p=0.925, HLK=0.98, FK 1, =433.03A; W,=636; ¢,=3629V; H=229 cm LA
X(10), THHEARIR AR - REBEETTN:
 24.8x0.98x433.03x 636 0.925x1387.17

UI
o 229x%362.9x10*

% =10.34% (18)

4.4. BESES - REBBERTE
BUEMET, & - AR GRA 2T, AR BOY 1, HAREA A 5 fos.
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Figure 5. Magnetic flux distribution schematic diagram for transformer H-L running in rated tap
E 5. ENES - RETHENRHRE ~EE

BB AT 2 H T DRI AR A TSR A R 5.

Table 5. Calculation of the area of magnetic flux leakage for transformer H-L running in rated tap

%5 WEHES - OETHRBREEROHER

TR BEIX 35k Tt 5 (cm) 142 (em) AHX I A TR A (cm?)
RS 13.6 94.45 1 428.17
RESA 3.65 63.825 1 77.65
e~ RISl 22 76.65 1 1686.3

it A=39.25 - - Y. D=2192.12
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U, % =16.69% 19
o 229x362.9x10° ’ ’ (1
4.5. RVTES - (RERERTE
i AR G2 ke, SR B8 N 2 BT 5N
F =1, x I, x D = 6, 130000, 300000 _ ;5545 ¢ 20)
U,y 3x22.5 150000
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Figure 6. Magnetic flux distribution schematic diagram for transformer H-L running in min. tap
6. RIS - REITRHENREE ~EE
FIRHE X I E S IR ST AR i v S R 2 6.
Table 6. Calculation of the area of magnetic flux leakage for transformer H-L running in min. tap
= 6. B/oiES - REITRIRHERISERATELSR
TG X 35 TR (cm) - E2 4% (em) AR IR IR A (em®)
[EERs il 13.6 94.45 1.23 526.65
fRESA 3.65 63.825 1 77.65
/NG 10.25 118.375 0.012 4.85
o~ RIS 1E 22 76.65 1 1686.3
- o R T 12 107.25 0.012 15.44
=27y =615 - - > D=2310.89
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A (10), THHEAREE > Hem - REEEBHSTAN:
 24.8x0.98x433.03% 636x0.915x2310.89

U/ % =17.03% 23
o 229x362.9x10* (23)
4.6. BRXOES - REERERTE
BRI  IR AT A
A, =W, xI, |F = 64x393.65/275555.6 = 0.09 (24)
B RGN A T N
A =W, x1,|F =636x393.65/275555.6 = 0.91 (25)
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Figure 7. Magnetic flux distribution schematic diagram for transformer H-L running in max. tap
E 7. RROES - RETHENRHRS ~EE

BB AT 2 H T DRI AR A TSR A R AR 7.

Table 7. Calculation of the area of magnetic flux leakage for transformer H-L running in max. tap

=7 RAOES - RETHIFEXEERNITEER

IR X 5 YT BE BE (cm) F444%(cm) AR IR JRRLTHIR (cm®)
o R GeZE 13.6 94.45 0.83 355.38
LIRS 3.65 63.825 1 77.65
PN 32N 10.25 118.375 0.008 3.24
i~ ARG 22 76.65 1 1686.3
& - o HeR 12 107.25 0.008 10.3
it =615 - - > D=2132.87

AL S] p=0.915, BLK=0.98, FK [, =433.03A; W,=636; ¢,=3629V; H=229 cm LA
A(10), THHEAREE S Hem - REEEBHSTAN:
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_ 24.8x0.98x433.03x636x0.915x2132.87

UI
o 229x362.9x10*

% =15.72% (26)

4.7. - REEENITE
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Figure 8. Calculation of the area of magnetic flux leakage for transformer M-L running
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Table 8. Calculation of the area of magnetic flux leakage for transformer M-L running

8. P - REBITHRHMXEERTESER

TR X 35 I, 55 FE (cm) AR (em) MR RES IRBETHIFR (em?)
kel 7.8 73.75 1 191.75
fRESA 3.65 63.825 1 232.96
- iR A 42 67.75 1 284.55
it A=15.65 - - > D=709.26

A LLHHEARS] p=0.978, BLK=0.98, ¥ 1, =433.03A; W, =636; ¢,=362.9V; H=229 cm{CA
A (10), THHEAREUE > Hem - REEEBHSTA:
~ 24.8x0.98x433.03x 636x 0.978x 709.26

Ul = % =5.59% 27
’”‘ 229%362.9x10° ° ° @7

5. PPEN T35 [E 2578 P& PH A9 PCEC it

LA 3 VR BEBTAI A BT, KB PPEN BEUE ¥ 3278 H 2 1 B AR I v - (KA B AU AN
- ARKE S PLPTE A 2 B AR 55 B EARRNEF) M ZR, 75 2t Dt AT M BT A VL RC 8o vk, AR
— (RAEH BLYUE AT - (RS REEAPUE,  [FIwy — PR B DT E OR AR, AT A2 BETHEEK

312 i LR BEL U B L4 B RN 77V R R A R i T AR . B2 2 DA DA i s it: 1)
s RS 2) AP EGHMRIESG A B EAIE; 3) msRANEHS; 4) EIRE%RA
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Figure 9. Schematic diagram of series reactor in transformer low-voltage side

E 9. ZTEFMEEMEKBRMBFREE

TERES N, PPEN £ ERERIET 300 MVA FIEERIHTT: & -HRNUL, =11%, & - KN
Uiy =25%, 1 - IR Uy, =14% o FE5 4 FTH E SR PPEN AR A8 A S 4585 T 300 MVA (57
BHT: m - U, =11.14%, & - RN U, =16.69% , H1 - KA Uy, =5.59% o

I Se2H 75 B0 0 (¥ e B LB 5 A

X% = U};{3 —U,, = (UI’{B +U1,<13 _U1,<12);(UK23 +Ugs _UKIZ) —8.43% (28)

AT T EASR H ER I R A8 ) FRATLAE N -
o X%xUys _ 8.43%x22500

= =0.854Q (29)
I, 22222
RQR)H Iy R ACE S IAUE R E .
FEATEASK AR I HL T 5% 10 HURREL -
; _1000xX _1000x0.854 ) 30)
2nf 2150
HI TGS SIUESA AT, ik, HAUE i B R S IR MU B S AR, #0E iS5 s s
SR IAUE IR AR, H0E A RO
P, =3x2nfLI; =12.65 MVA €3))

FEUCHC BT B P E i N B ER BRI A, REFAFE] PPEN 748 R 2H i A R B PP, JFidEid it
06 X0} A% s 2% 00 A B FELpT AT I &, o S S AT E A, R T4 9.

IEC 60076-1:2011 7 1 H A0 5E 60 2% BELPT I D 22 < B00E 041 - HoR£10%, HAh o #Emr - 1 o8+15%,
BUE e — RNE7.5%, HAbrBm - ON£10%, H - KoN£10% [10]. FTLL, B3 9 EdEn %1, PPEN
FAB AR A BB T RS R I S AE DL B AT ZE S 7E TEC bRk 2236 P, IEBITEMR
JRGEAL M P B R B R hT AR I A0 B BH P UL L e v s A B .
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Table 9. Calculation and test results for PPEN transformer short-circuit impedance

% 9. PPEN TR EFREHEMITERABLER

R B BT(%)
i E TR AT IR0 A8 i 2
THEAE I E
BIE 434 11.14 10.94 +1.8%
i - s /N 11.66 11.43 +2.0%
TR 4% 10.34 11.18 ~7.5%
BUE S 1 25.12 25.73 —2.4%
= - KiEAT RN 25.66 26.32 -2.5%
I 24.34 25.94 —6.2%
b - RisfT 14.02 13.71 +2.3%

6. &t

ASCERRS PPEN 48 o8k MR B B HTHEAT 1 B ANPRAE 70 ik 55, JFEAT iR I0AE,  THE AT

SRR 1) AR AR AR B AR R B FHUIA AN B % 7 (BT EOR, Sl AR RIS S0 P B B kA e
WAL R 1 B BT BT O RBOCR s 2) 1278 IR A% L BR BT 2 TEC ARAERLE R, TREBitAn

B HEIERR . HAT, %22 Has R3O HI L ITER SEizitt .

B M

SE

(1]
(2]
(3]
[4]
(5]
(6]

(7]
8]
9]

—_, =

. EPREASHE ITER 35S IR RALHR[I]. BATHEFHEAR, 2014, 48(12): 1-7.

AR SR 5 S ) AN S 6 K I D S AR SR AE DR OE R BUER AR IR 83 A PR ) e 2148 L 1
22 REE TAE N G RR A8 R 58 ), A2 SR Al () A 138 2 Lo R o

PN, (08, % ITER BkhDh3AZ s — IR R G L5 L], SBOL S KT, 2017, 29(6): 1-6.

WAL ar. EFRHAAZSLI R M HEATER)THRI 5 ARk A% SR AR AR R[], P, 2010, 39(6): 375-378

FopT. AR REM]. dbat TP E R, 2003.

B, AR IR SRR SR M. VLR ST R EOR AL, 2007.

EI Hayek, J. (2001) Short-Circuit Reactances of Multi-Secondaries Concentric Windings Transformers. Electric Ma-

chines and Drives Conference, 462-465.

JATR. —H 220 kV = P HTAR R A% TRE S5 59k [D]: [t 200 ). fRE: Hedbe Ji ke, 2013.
#ENI. ITER PPEN =48 i 25 HABE B iH S HURe P 20 T [D]: [ 2A i) &8 T ERHEARAR KR, 2017.

PR, 22 kV =5 A B0R & BB 230 H[T]. AR 2E, 2009, 46(5): 1-11.
10] IEC 60076-1: 2011, Power transformers—Part 1: General.
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