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Abstract: For the strong electromagnetic pulse(EMP) simulation device using a coaxial Tesla transformer as a pulse driving source,
synchronous injection into the Tesla primary winding is an effective way to enhance the output effect, which is of great significance to
optimize the performance of the EMP simulation device. In this paper, focusing on the primary injection structure of a typical coaxial-
type Tesla transformer, the current distribution and corresponding resistance and inductance parameters of the primary winding under
different injection conditions are studied, and the advantages and parameter requirements of multiple injections are analysed. Based
on the reverse-polarity capacitor-discharge trigger, the trigger simulation model is established to analyse the influence of loop isola-
tion parameters on the triggering effect, and it is appropriate to use capacitive isolation, and the capacitance value should be much
larger than the capacitance value of the switching structure. Multiple injections can significantly reduce the resistance value of the
primary winding, improve the uniformity of current distribution, and reduce the inductance of the primary winding, in order to
improve the output efficiency and reduce the weight of the magnetic core.

Key words: coaxial tesla; primary winding; multiple injections; isolation parameters ; transformer

BEETH : FEKRFIEIEETA T4 YN H (U23B20132) ;)7 74 L 47 BR 5T AE 2 Al RHE 0T H (GXKIXM20210264)
Foundation item: Supported by the Joint Fund of the National Natural Science Foundation of China (U23B20132) ; the Science and Technology
Project of Guangxi Power Grid Co., Ltd.(GXKIXM20210264 ).



5 8 1]

X, A T [ G R A A s A G 2 B BRSO SRR 7 115

0 5l

ok oy 5 AR VT M4 TR, IR DR S
WX RIS, T ARk IETT T MG 5 B R
G2 H R DR AR BT X O IR
L BRI . R RO ARl LA BRI
PR AEATIR s I e L 6 ) R Ik s
B R0 TR A 2 — R 3R S By 5 5
Marx % /£ 887 | BRI R AR IR B4 1976 4R
& % 1r K H 4t B (Institute of High Current Electron-
ics, THEC) Al Rl AIR5 3 hr A5 1 255 ik T h 2k
() —RAL B AR B2k, 5 S BFR T SINUS % 91 il ik
PN S R AR R R, R T R
BIF5E B F % (1) RADAN 2 51 s 28 76 I 60 1SR J
LT AR VISR R G AT, esE R R
Foor AR R S R A R T 2R, SOBR R R i1
W%, BN HRTRET RIS R BAR DETRIT 0 i 4h
5 AR Th AR Bk b AT PR

By 18 Pk o (0 B K AR R LA 0 A i A
JE ST A 455N EsR, AR EERK,
X T IE A . R S 4 0 B R R
T RS R B8 e R A SR R T MR, SR IR AE 1L
U SF AU 4 4 4507 X mT — 5 R A /MAR
VR T, (HVE R B, TR g e
(1 L 34 24950 M 7 T 36— 25 B 9 T 35 TR 1
HACR, DAHE— b S B iR R, FRTAAG
TH R (AR GRS A0 WUARGE . A [ i 280 4 o A
FE S0 4 — 8 o T A S5 T BCA A I k4
[, ¥IGOEA RN A, IR R T 4
Hi I SIVEARAE, RIR IA  1 2 B2 00 it R %
MR, Sk A A AR TR G e 3 3 4 )
P, DT B AR ) 2 e B 80, HLE B R BF 5T
‘Z;éijj [18-25] .

e X T i 20 B0 70 AL T 11 ) L S8 2L 4
W, ARIRRITEA ST 00 PS84 L A A 15
FERIA, WIS Le B . R B L2 1 A A
BRI . TEA B A R AT
S IRI R LE R R AN, HRI g A
WA RE A 5 T A B 2 S S PRI . AR SCHE Tl
0 5 i 3L 2 R ) R LS UL S A AT R 5
SRR RIRTE AT F IR SE 1AL
IE U IOT S o LA A RE NN DA RE I

B, HECGEREA R, 20 AR EARS
FL I A 49 5 T2 MG 2 LR R 45 e ot e D T
o TSR] fih B 22 25 AF R ()R ) 22 A AR
THIRGEA BTN, 25 [F] 2 ARRCR W
T HERTEA; R PEM2E , SR MR BIE 9 BT
PR | BRI s AEREF A AR, X T[H
PRI LR AR T

1 $FHTh BB Lo A BR

Xt AT BRI R TR AL A, LRI
ZHON K OB A BN W RS2 . BT )
Flnlgk, TSRS ENE E SR H SN
A2 ANE A R B A 2 TR L v TR R S
HLBH , 2 BRI R GE 2 FURAE IR — B 4,
AT 220, DRI T 2 BSOS H A AL
SRS L He g TR | AR TR B A S B
[jlE/

B TTRUT IR S5 20 ] S o) 5 T 28 s 25 1A L B
SERL, WUBIRAE B SR, IRk
HIZ: O R ) S8 437 5 00 Ik FL A TR A T 1
N, o CH C RIS REHRAEE, S il
KIVR, L5 LB IR ESe MR B S A
B, MRS, RERHZ MBI EIK, L5 L,
MRRIG . RHERIZEHRER, R, 5 R, 599
R ZR BB . AT AT )2 ] g% A il b BEL
55 A IR Y R ) FL B AR

le Rs] LsZ Rsz
Y —

M

C) == LP } { L C2 -

B 1 FrHTR T R AR S R R e B AR B

Fig. 1 Tesla transformer equivalent resonant circuit model
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Fig.2 Secondary voltage waveform of typical Tesla transformer
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Fig. 3 Modelling structure of Tesla transformer primary winding

2.2 ¥IBBRIH

FEFRARIE O, 5 8 PR 2 503 ATE A
FEZHAN St do (37 Sk B SO R B A X 30, A3
oA AN 4 Ca) Fro, R AR 0 )% 20 9
A7 L I B PR v T LA, SRR AR
5o PR T ARG LR AR Ay B KRR 1—11
B E, B 6N A BT, S AN EUE
A HATEZE A, A E A & 4(b) i
TN, TETE SR st A B A AR K, Ak
GEO A B PR 20 AT, X PR A BT 5 ) L 3
TR I T B A A B i — 2 LA L, AR A A
BORS)

P 0 A1 e AN H 5T 17 0 ok B e S A 2
BSTEANR, 35O, HAS SEANmOK
H AR EL A A AN R S R, i) LA HY R I
F RN BT M LT A R R, Ao B L
ARBCAYE), B S AR R 3 A0 A A 38 S FE
BEZRFEARERG . RAZ WA
(1) LS A0 AT A T AR — B, AT ATACA FL o0 A IR S
ARG R O ET R

XiF T 22 45 b 5 R B M AR A R BT, 2
S 45 655 3R E T A T SO R L P4
E 6 s, T LLAE H e B R B o
TR AN LT, e 3B A E T B R I 2 A R 22 5



%8 i X, A5 . T ) [l 2R AT L A PR AR 0 22 B A RIR SO B 53U b 117
x 10° x 10’
9
- 8 . .
7 'TE ‘TE
A s < =
5o R
{4 &2 |
30 12
2 B e
1
z xy 0 g xy
(a) FRASRMISIEA
x 10°
9
. 8 E
7 £
= | <
5 = -%(
13 445 _f]
2 =
1 Wy
Sy 0
(b) SEPREm S IEA
B4 AREFEANAXBRSH
Fig. 4 Current distribution for the different injection methods ﬁ‘"E
<
AR, HEA AR )57 5 A S 11 L 25 3 43 =
B (B R A0 2, (R AR LA B b %
FLIEL S, 22 v o 12 b i 45 422 b g 437 58 79 FEL 3 40 A 2
O EITR AN zx
SIBERKIET; XL 4, FEFE Adm iy & 3 5] haid

WA R 25 1T LA H AR B0 B4 R 40 A e
R¥AT, PR TRR S B B AR A 22 s 42 A
ZRTEAN, BTSRRI, L sk
PR A SR | A B O R, RIS
HL UL o0 AT A A PR BRARG, HE v e A RSB 1 5 I R
T AN E AR
2.3 HMHEITHE

ARG OLF (079 S8 20 B AR T e S 4]
TN, F 1 NARFEEAGO T R R4 E. 1
0ty T B PR AL, 10 ko 171 %) FL 3t A T FRL 24
Ry i 11—, 15t 1 42 b e R B B AR
IRRIHOR Y S R B Ry . e i, fEHEHL A 1
L35 SEER O M e AT AR E T A
) A S R BRI T ] Sz e miL 407 11 1)
SIPERRIE, PSRRI R 7E g D 3 A
AT, i O Bk g 4l rp ], FHAE

5 AREIENLEBRS T (35 OHEit)
Fig.5 Current distribution at different injection locations (port 3
grounded)

ANy EREMARUETR, BT AG D, A
JIN, (R T A o A A AR SR 4 R B A AR RER
ARV PE . e Ao AR — 2, o 1
LRSI E], BHESA PTRRAL, PRCR I B AT
T A3 R 52
2.4 HBItHE

A H 3 43 A 15 B ) R S 4 IR B i I
AEMARI . LUEARIRLELL . wEsFabas ik 3
K, e AL B B A SRR, sy =g
B RGBSR EEBEE 2 m, BRI E MRS RN
2000, 4 J@BLE R, HAM ERERESR, M
RUE N1 kHz, 150408 % A AN 5] 8 FTR .
F T S B BT 45 ) R RS S BRI S B 2 G B 2



118 FEITRMEEA

x 107
5.0

45
140
3.5

3.0

§2.5

2.0
§is

1.0

0.5

FERE/(A-m)

i

L

N
=
=

x 10
5.0

4.5
4.0
R3.5
3.0
§2.5

/(A m™)

20 %
l15 &

1.0
0.5

1

‘2} I

<10
45
fa0
f3s
3.0
25
2.0
15
1.0

Z
X y 0.5

HER/(A-m ™)

»J'

HL UL

E6 =#EBmENRRSS
Fig. 6 Current distribution under fully grounded single-point
injection
T REEAR, FEMBRBESARRENL, B
IANTZ W)X A (] B, U0 A 3 ol ) ri i R X 22 A
A EPE T .

BN 2 iU AR R GE2H U IR A 3
P9 Bz, BRI 42 b B0 12 A A T Fi i R
(LA TR A B i 22 ) iy 11 0 B B A TS 0,
JEAE N 270. 3 nH, R/ MECH TR I . f7 8
de s v R 1230 A HE M B TE AR O, LR A

5520 %
50
45F o -
\. ./I/
40t
]
e i
= e
@w.k\q::rzzk//
—a— MR 1
sal —e— LY 13
—a— 1T 5
20— : ' : I
3 4 6 8 10
FLYETE A S
(a) B
24+ = —a— YR LA HLBIL
211
g 18f
=
=
2 50
N \-\-
I R N
A SR

(QEZ:S50
E7 ARmOENSERSARE
Fig. 7 Winding resistance for injection and grounding at differ-
ent ports

®1 FREANREMSZFHTHNRSEHBE
Tab. 1 Resistance values of primary winding under different

injection point and grounding point conditions

Tt %1 AN BHL{F/p.Q
15 P14 1 653 1 7EA 41. 667
35 63 A 31.274
553k 11 422 6553 7 A 29. 987
=3l 250 A 24. 045
A4 2 495 HEA 17.183
A4 2.4.6 50 A 14.277
A4 2.4.6. 8 Fui A 12.753
B3l 2.4.6.8. 10534 17 A 12.051

203.95 nH, iy A7 EE L A S F R M
PR B G, WIS f Bt/ 50 A 5L
WA LG, HL RS 186.97 nH F F& 3 132. 22 nH.
&2 o0 B RN 4 i 1 RE B G LR, AR TR
SUHEHL 2 a5 LR b 4 ) 2 8 A R TR (TSR
AL s A B £, BRI M Ji v 6535 1146
BUEA, HUBME TS 169. 15 nH, ST,



5 8 1]

KT, A5 - T [ R R TR ) 0 22 B A RPIR S U7 B S RCR T 119

HLD R

TEARI LR

[EEEEER ] | FL HTEARE A

ol i
R SR

E8 =#itHRE

Fig. 8 3D computational model

—a— b 1
280F  —e— i3

—A— by S .
—v— L _/
—a — N
240 -
E .7‘
E ‘\././A
= ‘\A/
200 |
V. v
\\'/v/
160 -
2 4 6 8 10
FLUIE AR
(a) TEANLE
195
—n— W) LR I
180 |
T 165t
B
150
135} —
1 2 3 4 5
A RS
(b) A SEE

B9 AEimOFENSHEMASHEBER
Fig.9 Winding inductance for different port injections and
grounding

FLURE A S B S, HUREDR D, B A R RO
AU, B AES, ST SRR IR S
Hf, BEREHIRBMRE T BLEIT R T
fish Az 4% i S0 A3 RE T 45 D R B UAE 1 2 UE AT
2o TEEA S FVBCR AR R, i 7 B A,
SEAEDBRARG , L7 8 oA e AN T A S 11 5 g 4
FEAERRCR WL o HLURRE AR A SRR A T R
QTN 0 RO 3 A v O A N1} 3 (1= o s
TR AR

®2 AEIENBMEHTHNREHEBRE
Tab. 2 Inductances of the primary winding under different
injection and grounding conditions

Tt % AN H (B /nH
15915 1 42 1 65 F A 247.23
35 (2 65 A 218. 38
55 F1 422 b 653 I 7EA 203.95
A diith 250 A 186. 97
A fii b 2 455 H A 158. 69
A 2.4.6 5 HEA 144. 25
A fiz b 2.4.6.8 T A 136. 08
A4 2.4.6.8. 1055 FEA 132.22

3 BESHSMARSHEMNZMAEE

3.1 RESHENSHESH

T fih A S oy S 455 FL BELFLOEL TS 15 S 80k G
55K, AT 1) AR SO 1) R 2 bRl v 78 B A s f
R R, R AERCR R R 2. 5 kQ. il & f
WA B R, SR i B A BT HL R
A LA, TG PR A e He A R ik 2 B o7 5 v
ik, SBOFXLE THEERRERELRET,
ST OC TAEYERE . 7 AT IR 2 0 1 19 I K floh 2 453K
HES U 10 TR, C . C, 50 5 A i % 4 PR B AN 56
A R ERE L 2, R, il & #5% P90 0 T i R BHL
(it 5 SE R BH D), BHAECR TRRE DL, G0 Co, o)
SR T G s HeAhe 5 fih A b L ook e 5 A 1 4544
2, Ry Ro 5N I i 5 Atk . fil %
e 5 AR A AE R BEL, R SRS T i, SERHAE
WK M CHiMEREE UG, JF%m R E N
U, fil &G A8TF N Us, SBUEE A HR, JF
KB ZER R R, Yl kg R AR S T Gl
Wi )a, WICHR B o, il % A i ok 4 s e 4R AN
R ML, RMEUELZ/NT Ry, . Ry, ZrHBHAE,
fiil J2 B O RN AR R b, (AR T G N AR HL 35 40 Al AN
fE, AdZE R TR, kG o 5% fih A i i
ity 11 PR BE 322 b2 i O TR, 7R fil & FiL 26 g 11
58 5 ok e W R U B b . BB EIE W
T AR, ANECR B RS, 75 0[]
FES TR il 2 A A N B, BT N4y
A, SETEREFRE.

PR ES TP AT e R 2 . FBH . R — Rk
ZRERIEA A, b S ELA R R I B 2SR



120 FEITRMEEA

%20 &

fih K ik b 5

E10 FFREFMEEAER

Fig. 10 Switching capacitance trigger equivalent circuit

Fetk, GEEBCRAZAE, Bt LRk
B g Ak . FRBEL AR BT P B AR, FL B RB A Y
Jikup e ATF R RER, HLUERAE LA T A Y T 5
2k, HOMBRH ., HBRICIRICIA SRR, A
HL 2 AR IR A AT B, % Fb ) fioh 2 B s 0 s
VLis o iP5, TF SR gbAh v i i R e s i ]
T R B AR i AW R fio A2 A3 b R (1) 45 ) Pl 25 )
FE B2 35 . AR X I O 45 44 F 25 1 BL A5 AR
Csi Co, HUE4Y A9 pF. 6.5 pF, Ry, R, TEIF K
PR R ] B A Al 0S5 K, SE 1 TQ.

P2+ HL PR
P2+ H JR o

E11 mMEREEAN

Fig. 11 Trigger isolation mode

B 3 PR SRR T i i W K i IR 852 e €] 12
JIT 7 o i B S P A (L 2 R T fh i A0 A 2 M A R
6.5 pEIf, A LATA S fi A Jk v et s 58 4 2 321 fk A
e o B PR A Ak e Al R B S A L C,
A R, R AR, Cp Lo e,
ST R il A AR A5 A A TE G, AR R
PO T QUSSR 11 o AU R 29 I ENE R AU
LA L, PR AE LA TE LR i A A B
FL S A8 S e T DG PR RE L [ B A 532 00 fih 252 Jok b )
.

A A R R LR, CBRAE R 5 R, Ak T 1]
—RE S AR BEIE R, 05 AR R Bk b E
FICHEIE T IR A A o AR SOR P Fi s e BHL
Ly LA R IR A R T ST IR BT, 4t
—XEJH 1 nF BLAAE g PR ES HL A o e Ml K K P A

b gy =X

— JEIRIIE
— 650 pF

—— 65 pF
——6.5pF

100 150 200 250 300 350
t/ns

12 FRESBA A E X T Rkim 50k 72 5 22 0
Fig. 12 Effect of isolation capacitance on pulse applied
waveforms

V7 B AR IBC L BEL, R I A fioh 2 A 1 ok o B
A F BELOEL TT 98 1  ACRB R, [R) Ao R 2 R B T X
R HL R B —E SR AP VR o B F BELAEXT T flh e B
Jok o B sE m an 13 s o ARPET HAE R, BR
5 e BELBELAE X T ol b R ie) A S0, F BEL BEL(E A
500 Q AR EF 2N 2, Y RH (IR 2] TR DL
YT, 2R KR iy b TR E], B AR,
Jokcop b TR R, Jok b TSR] A B A R 5 e B
BHEAE LA S22 E AR O, Mok e i 18, 2 e P L BELA1EE 7 34
T/ IN I E AR e sk ] f 88 o R fbk o gL
FEARHERIE XTI oG B PRt fioh & Feid 2 ARy, Al
R 236 45 25 1 b 2 v BEL %) £ P RS Ay e B o
—0Q

— 100 Q

— 500 Q

n ——1000Q
- ——2000Q

iR /kV

4}

100 150 200 250 300 350
t/ns

E13 [RE R BEEXY TRk R iR AR
Fig. 13 Effect of isolation resistance values on pulse applied
waveforms

P g LR T Mk A AW ok o AR 140 582 ey a4
14J0s . RISPTEER, B i s S EUk b e
FEER G, B R UM R T 200 nHUE R IR 5 E
BOWIE, B EE R, R S AW,
e A L s P K o B, R BT IR — RIS Y



5 8 1]

X, A T [ G R A A s A G 2 B BRSO SRR 7 121

[y A v

100 150 200 250 300 350
t/ns

E 14 RS BEXT TRk iR E 0 2 B 50
Fig. 14 Effect of isolation resistance values on pulse applied
waveforms

3.2 ZEWENEBT &M

Xof TR A o L AR A S T 2, AR
P LR PB  FLR IE A 2 R A B S AT
2, RRTF N T R H A% sl e B R T Rl s
B, (FHA A A2, AR TR0 9 0
TS BIEAL . RBEZ AT B R £ 5 T BT
WNGIND 75 Ao 2GR B R e I S s e Y AU
LAARGHIREASE; 55— A I XAt
I B A R E AR 2% [P ) A B S 8. 1l X T
Kl PR ER AR, R = A ik 2 O ) A fih
Tr%, ZHETF I [R5 i B B 22 1% [R) 20 i % 4
B, IR AR L, X H & R R
o VLRHRET R R T AR, e
22 W% fol A 2 A i LR SR AN T S R A R R

EADI S Ry GG = A VNN AN B W)
U BIFIE N2, HOGH R b e M R ) i
F, UL RGO AR R RS R A . R
RTR A 22 R [R5 1 S5t T 9 2k Bl f i iy g iy, T
WA [a] ] A R A R T AR . SR g R IF
O L2 — PR 2% T 4 2 7 AR S0 M AR %) L 9 A
fLs

L R A B EWME 1S s, Kb e
CoNPIS . Ya%ZE, SHAEIFLK, L5 LA
NOVHLEA TR LA A, M AW . IRBSE
HZ B, L, 5 L, 53 R0 U0 2% 9 00 4 2% 1%
HUBK, R, 5 RN . RGN 24O, R, &
IR T F 5 AL 38 T H SR ) G L 25 A 24
BH, kAEE I B TE R . R AW R B B,

—RAEZERRE R LT, 3 TR, BT
RRIEE, LAk AT 20 HE

le Rsz

(s s
M
Ry[] Ra[] Ra[] Ra[] Ra
Lp}{ L, G ==
Lﬂg leg leg Lyt Ly
G C C c C
T

1

E15 ZimORSENEKE

Fig. 15 Multi-port synchronous injection circuit diagram

L5 LA I R Ge MR RBE4L i FLEE, 43
SEE K791 nH, 12,56 mH; BEHLE RBOKE N
0.93;5 L, 5 L,53 5 RHIR W i) 22 B gk, 4
HEE 200 nH, 0.2 wH; R, 5 R, MET . IK
RO, A E N 70 mQ, 1Q; C
125 pF. WI9AitiRe e 25 2ok AL L 2, ki
WHL B A SR8 wF, SAfEREH AR BN
1.6 wWFo LLAS BEAit A H 75 ik L o 2 I 2 25 (H R AE 2
FEO S 2 [R5 (LR TR R0 1 ) JF Sl B, B 25
1% B 0ns, 20 ns. 50 ns. 100 ns. 200 ns.
300 ns. & 16 Jiz &0 TR R0 R R0 20
R R [R5 X6 T (B R) 0 A B (5
M, [0, WE(EA Rl R (] 5 )20
PERIEAR G, RIS [ i i s T
B, (HSZmA 3. i A S (E )N, i
R, WO I (RIS Rs [T X A e R
0P b by N O A A 8 22 YN | B A S SN TR 1R
P POY , ZBE AT 0 AR (R
[ HRE T EBE A, BIEAE 2 0 A R PE AR
e antt, FRHICREST 280 A A B REH.
A LLIA Ry £ I G 2 i 2248 T 50 ns B A9 7] 20 M g
B, Bk AR BRAR, BUR A% T G ik B A}
BT 15 ns.

[ PR 25 451 N TR AR AN, (L 1)
T2 | B R (=1 Y (A 1 3 TR R TR VA
R HEEO TRt e FEL A R [0 A SR, O B L
RI2 pWF5 8 wFAE XTI, S AUERE R A(EH B E Y
H}0.4 pF, HMSH0xE S FCiys—3%, B2
WIEE M Ons., 20ns. 50ns. 100 ns. 200 ns. 300
ns (0] 9 LT RIIR G e I T2 NI 17 o, [l 2P



122 FEITRMEEA

05 10 15 20 25 3.0
t/us
(a) PIFLHIE

4001

200

-200F

-400

LR /KV

-600

=800

-1 000

t/us
(b) KYLHLE

16 AREEDMHETHIKERE(8 nF)

Fig. 16 Waveforms under different synchronisations(8 .F)
PEREAR 2 (A W A A IR T B T LA %156
i 2 I 224K T 50 ns I (9 [F) 20 PR RERCAT, okl g
BONBAR, $ETHh R IT S [R]85 ORI R ir
P A RGN R —

4 %k

AR ST 1] 1L [ Gl R T R A G SR 2 A R A T
BHE, 8 TR REAIE T BRI S 4] 2 50m
A TR B 25 2 BT B b B AR Bk ke R, AR LT
45ie.

D) RIS BOS R h i B8R A &
S, TEA BB BT, b O B AL
P B ARCR 2y, HBcEREAR, 28T
NI B AN LA S0 A 249 5 BE AN A B AL IR A A
RORBE N

2) filh K bl i S R A SR LA R R, R
HLA B R T IT SR M R AR, ] ADA A figh 2 Jik o
AR T INAE Ak A L5 Bl R BE 2 K o L TR
AEROREE W, HFREBOR, BT, iRt

t/us
(a) R

-6001

0 0.|5 1.I0 1.|5 210 2:5 3.0
t/us
(b) WHHIE
E17 AERSETHIEE(2 uF)

Fig. 17 Waveforms under different synchronisations(2 wF)

A7 ri BEL R B B AT G R BE SR, BHAEANELE R

3) BRI LA SRR W [ o2, SR 2 HL IR I
JER TR OA | BRI ik AE L A A
MR, X TR A BB X R T, B2z (]
AR 28 1B SRS T s FEA
223 At BCR ST 3

SE 30k

X85 = Pk B R M. e IR all i ittt , 2005.

[2] MR, DR 2K, B, 45 TRZA4R | R Bk ik 2l 5 A

BT RELT]. BUCR AR, 2017, 8(2): 15 - 26.
SUN Fengju, QIU Aici, WEI Hao, et al. Development of
conceptual design on fast Z-pinch pulsed power driver with
hundreds of terawatt [J]. Modern Applied Physics, 2017, 8
(2): 15-26.

[3] SHELKOVENKO T A, PIKUZ S A, HAMMER D A. A
review of projection radiography of plasma and biological
objects in X-Pinch radiation [J]. Plasma Physics Reports,
2016, 42(3): 226 - 268.

[4] MEHLHORN T A. National security research in plasma phys-
ics and pulsed power: past, present, and future [J]. IEEE
Transactions on Plasma Science, 2014, 42(5): 1088 — 1117.

[5]  ERZZE. Bk RE RN I M. P52 . BRPE R AR iR



55 8 1 X, A T [ b R A T AR 0 22 BT BRSO SRR S 123
i, 2016. of high performance finite element electromagnetic simulation

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

SR, TG ZE, FLAE, S ST R L RE K DA R S M BEi
WEELT]. sRBOE SR T, 2018, 30(1): 87 - 92.

ZHANG Fan, HE Pengjun, KONG Liang, et al. Survey and
design study of mesoband high power electromagnetic pulse
radiator [J]. High Power Laser and Particle Beams, 2018, 30
(1): 87-92.

B, 2300 . u o Rk R AR B R [T]. m L R ROR
2008(2): 409 - 412.

HOU Mingsheng, QIN Haichao. Simulation technology of
intensive electromagntic pulse [J]. High Voltage Engineering,
2008(2): 409 - 412.

CHEN Z, JIA W, WU W, et al. Development of a 3 MV
coaxial peaking capacitor for large-scale electromagnetic pulse
simulator [J]. Review of Scientific Instruments, 2023, 94
(11): 114702.1 - 114702.12.

ZHAO Y, XIE W, JIANG J, et al. Replacement of marx
generator by Tesla transformer for pulsed power system reli-
ability improvement [J]. TEEE Transactions on Plasma Sci-
ence, 2019, 47(1): 574 - 580.

GUBANOV V P, KOROVIN S D, PEGEL I V, et al
Compact 1000 pps high-voltage nanosecond pulse generator
[J]. IEEE Transactions on Plasma Science, 1997, 25(2): 258
- 265.

MESYATS G A, KOROVIN S D, GUNIN A V, et al
Repetitively pulsed high-current accelerators with transformer
charging of forming lines[J]. Laser and Particle Beams, 2003,
21(2): 197 - 209.

MESYATS G A, KOROVIN S D, ROSTOV V V, et al. The
RADAN series of compact pulsed power Generators and their
applications[J |. Proceedings of the IEEE, 2004, 92(7): 1166
- 1179.

fAlf7 . Tesla 8 s ae AR & M I G RERI & MO G SR B AR
W FRHFSEID]. VY% P52 588 R, 2020.

DA RN, X, B, A5 v R B B o RE Tk e
HBHTFE[T]. BT AR, 2025, 19(1): 12 - 19.

LI Tianwei, LIU Lei, JIA Lei, et al. Construction of the strong
electromagnetic pulse defense test platform for power grid
equipment [J |. Southern Power System Technology, 2025, 19
(1): 12-19.

BN X0E, PR, A5 70 el R ) e 45 i s L ik e
M Rk O HOO7 3 (). B 7 LR, 2026, 20(4) « 153
- 162.

XIA Xiaofei, LIU Lei, FENG Bo, et al. Simulation method of
coupling characteristics of shielded multi-core cable in HEMP
environment [ J]. Southern Power System Technology, 2026,
20(4): 153 - 162.

KRG, R, ZERE, AR B TRAIUE SN AL IR SR g
SR FL Dk oh 4 AL A R (T ). BT ALK, 2020, 14(9)
29 - 36.

ZHANG Ming, WU Weikun, LI Tian, et al. Propagation
characteristics of typical electromagnetic pulses in cross-linked
polyethylene cable with frequency-dependent parameters [J].
Southern Power System Technology, 2020, 14(9): 29 - 36.
AR, A0, FRIE ). R A M RE A IR HLRE D
TrikgiR SR ]. IR MR, 2022, 16(12): 1 - 8.
ZOU Jun, YANG Shuai, CHENG Qiwen. Review and outlook

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

methods for high voltage electrical equipment [J]. Southern
Power System Technology, 2022, 16(12): 1 - 8.

Taleles, R, sRER), A G IBOIUBE R R L2 K Y L
SRS E T[], BRI, 2021, 15(10): 18 - 25.
YANG Xiaofeng, TANG Bo, ZHANG lJiangong,
Electromagnetic scattering field and influencing factors of high

et al.

voltage transmission lines in shortwave frequency band [J].
Southern Power System Technology, 2021, 15(10): 18 — 25.
L, SRIRAR, SRUF, 55 JE T T-A BEAT LAY m B R S
AR IR T ] BT A, 2020, 14(2): 75 - 83.
HONG Chao, ZHANG Qinghua, ZHANG Ye, et al. Efficient
electromagnetic transient modeling of transformer based on J-A
hysteresis model [J]. Southern Power System Technology,
2020, 14(2): 75 - 83.

PRI, R0, B I 5, S5 B T Rp i o A8 s 2 1 B4 ik o 95
R S BT B AR LT ). A TR R 2441, 2020, 35(10) : 2149
-2157.

CHENG Xian, LI Taiyu, GE Guowei, et al. Analysis and
optimization of output characteristics of repetitive pulse genera-
tor based on Tesla transformer [J]. Transactions of China
Electrotechnical Society, 2020,35(10):2149 - 2157.

TR, mE, R, Bl TR R SR RIS S A
(3] v E LT R 2441, 2018, 38(5): 1274 — 1289.

LI Zixin, GAO Fanqiang, ZHAO Cong, et al. Research
review of power electronic transformer technologies [7].
Proceedings of the CSEE, 2018, 38(5): 1274 — 1289.

k%, WA, DL A SRR L s Ak R Y
5[], PHZEA, 2011, 60(6): 288 — 292.

XIANG Fei, TAN Jie, LUO Min, et al. Fast linear transformer
high power pulse generato [J]. Acta Physica Sinica, 2011, 60
(6): 288 -292.

R NN B, A, A L R B R TR AR R AR R S LR
PERFSELT]. v E ML AR 741, 2013,33(33) : 145 - 151, 18.
LI Li, LIU Yunlong, YU Bin, et al. Study of the resonant
charging performance based on spiral Tesla transformers [J].
Proceedings of the CSEE, 2013,33(33):145 - 151,18.

B HEIE , R L R AR AR A B AT S O FLLT ) g T
Al,2010(7) :41 - 44,

ZENG Xiangyao, RAO Yufan. Theoretical analysis and simula-
tion on tesla transformer [J]. China Electrical Equipment
Industry, 2010(7) :41 - 44.

XU, T HSE , oK , A5 /N AR S0 107 78 485 Ik e J5E ) O
FLCITEEF¥aRE B FESSE T IURERF S,
2013 4F 9, hE Jbat. Jbat: i ot A o)
S EE S, RS FES8 TIUR S ARE S U
(P, 2013: 370 - 373.

YimHER: 2024-05-06; MILEE % HEA: 2024-10-28
E&E RN

X &(1982), B, SATAF(HIZL), HE+, AFEZLES

WHR PR PINEG S LY Ao, REFAML A,

liulei@csg. cn;

ARMEE(1991), %, @EEE, HEIEF, B, HRIT @

AEw R 8% WEY A5, jluxuhh@163. com;

ER(1981), B, BRI, Md, BRF AR E Bk

B R A B AR,



