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Figure 1 (Color online) HEMP simulator USN-HPD [23] (a) and USN-VEMPS [11] (b) operated by USA Navy for aircraft tests. Reprinted with
permissions of ref. [23], Copyright©2011, IEEE, and ref. [11], Copyright©2017, IEEE.
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Figure 2 (Color online) Fast risetime pulser PS-6 with two stages of pulse compression on two sides [10]. Reprinted with permission of ref. [10],

Copyright©2010, IEEE.
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Figure 3 (Color online) The 2.5-MV pulser (a) for the HPD-type simulator NEMP and 3-MV pulser (b) for a VPD-type simulator develped at NINT.
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Figure 4 (Color online) Schematics of the long-strip transfer capacitor (a) and the conic peaking capacitor (b).

SRR 4 R AR T R S R, AR TS A A
T DA 448 JC HRLIERE [0 2 B T ok A vy R keI e B
A 622 R 12 6 R G, WG B R B E T
PRIV THT A 28 T8 P R AT P8R 10 3%, IE SEAE i He U
FEIR2 MV, WAk HLZS (1) B 2= AR P 235 © H BRAH
A1 J2 () IR 2% 570,

EFXFLA )8, Chen®e NPHE4E Sk 1 2e k36 T 38
TR A S AR R ) i T A M RE R T AT M. X
AE LU S IR B, FE AT 2010 kV/ns B HL K
FER, 2 )2 WSS R v T o 2 H R UM TR A7 AE
CHLFD RN, RIS R3S KB LA KA G A FA 2,
GAEFRHETHKE. NMRERRTEMARESE
JHC 23 ) PR Ar X FEL A7 18 i 280 S5 AOU I R P o SR AR R
Al DUE PR R DL Bg5 . S 4b, JE T g o A REAE
RV THT PR 285 300 T R e R s B DR B A BT, IR T K
S o A (a3 LA JEE K ) LA RR 1) )2 1] [A) 445 3 5
R EEECY, TR R 0 ke e
LoAn

X T G B RLAUL 2% B B SP AR B AL LR,
HIA AT F BRI BT A R, #ig B
TS T N 28l K e, HE5H AN RR AR R Flk AL i
I 4 S, T N H A P [ A S 4 e 51 SOk
AT 5220 Bk V/em P 5k 7. NIRRT —Fh DL
PRI HE D) R 5 2 2 AR A e B, i
it 1 CASMINRE 7 BRI A B 2 T ) EH H T8 3 A T4
I T PR 28 S5 8 Tl R SR I RBUR, S5 A KA i
WEEIZ FH, CUFsE ] T &3 MV ELESPAR AL HL
pat s

(4) IR gy B o o AT R

R FE A O K 2 Bt B i 5 VSR T
R, T AU A R B — e BN, RO E
AR o 5 U IR 2 SO R s B e R B, g

FER BT A Z 450 R IR 1, BB R AR S
ZFEMP-2000, Wil A% 40 il FL 25 1 2 2% AR Bk a) B,
BT LA B BH 20 77 38T 5 795 i F4) v s Jok v B2 g
2910 kV % ki e A — AN oK g B B s 27 ik e, 7=
A AT R T, BT SR TR R

LiZs NP URINEMPRIY 88 ik b U5 3 MV, =4
ERIE I AR A F S HEAT IR N RO 7T B, it 2 A as i
S LGEFANINR, 48 BRI 0 3 (R BRI T
TSI 2137, DA o 1 o 2 P R RN /DN P FL P
BE, IFBAE =R BT O, BIME R — AN
NBIBRBIE S BIE— R ETBE, RA A = (] B 4
a3l R 2, HREIRTF KA 2 R 2 k. 7E
o P FEL S ] B AR R Bk e AT AU B2 W S, s
AR G5 S 40 TR 8 T B PR R A ek, 3 —
SRR, T B R R 3 B R AT R R N 514,
F SR TR AN AT (34 ns) R HE = (A HL 72 AR
TR, NI S I A AR e 1 A il X o, SEgR gk IR
B o 2 H P 2 P T 4% 1 200, 7%—1.8%, 1T AN FH T
B SR M ) e 4 Al A X, & o ok T
10%, (HAAVEZRIZ, DL ESSmif RAETF iR
EFHEFIE 29300 ns 2 AF N SRR, T i 2F T
JE Ik b VB A TR A AR % bR H0), W20 A T o 2 B 4
(14} 5 £E2-3 ns.

T DL ZIHERE, Ligs NP RhRFRe MV SR
BB K IR B TH I T OO LR R, 4 ]
A 540 mm, Z62 A A1 K 7140.2-0.8 MPa,
S R IF e i o 28 MO R N 1-4 MV, SEBRIIR 45 5 &
N, fETAEHEL1-3.2 MVIEH N, o5 5 BE 5D
T1.6%, FAk o 27 I 2B F} 20297557 ns.

NEE— 5N P TT ORI T g I SR B, T AER,
WangZ5 A PYZE B R BT 100-200 ns 264t T 4k LT
JE& 58 A1 TR G R i O (1) S B AN ELARE . BRI R

272009-7



RANGE. pEREE MR S R 2023 0 B 53 % A T

BIAE T 1) 5] o 3 4 A P I L, R T — Rk TR S
(PR R o . RRLR = A S AN HEA R B ) it
9%, LA I8 3 1 2 R R AR B A (5 R b s B
LG TFAE L E0.2-0.8 MV. FIVA100 nsZ& 44 T 156
UEPERIG R B, o5 5 B R 0 B 0T /N F0.65%, B ZEF)
AT 1 ns. Z2HHFPIF RS IR ERE X — (K EL )
PEREA FRE— DR

5 HH TF 2 1A 5 R AFDGE T B, — M A LA JE R 2 ]
B, EARA AR TR TR RERILTE, DLOKShXUHE
REIHPD R B AL A8 A B, i H T ¢ g 78 25 ) 4l
EIs(b)Fn. JFRTAES#IA$)0.1-1 MV/em, 4%/
R — MR EAE LS MPabl R IFISF,. 75 R #2040 nsft]
LK PE R, R 27 HUR A B IR 10% 26 47, %o
S £l 5l 7E2-3 ns.

fig H PR 50 S N R 2 D E K R T W e, R U A
B AL, 5] A2 I I 18] 3 $ey =L/ Z R0 S AR TS H K A S
FEL L 5| 2 AR T B i, BRI 1

=880 /po) "1 (ZES) (ns), )

HHPE NI RE Y, BAIMV/m, plp RAF4Z4S
1A AE R A5 A IR %5 5. PR TAE g ik B
1 MV/em A 5 25 ek /I H BRI 5 | 62 F B 1) 5 4, dnzile
0.1 ns. WEALBLRURL MTHEAIN 2%, TR IRIEAS
IRFF R UKL, AL THE ML, ~ 14d (nH), dAFF < [H
R EE B (A2 N cem). PAMRIBEEE B3 em. LEHE
3MV. REFHHL75 QM I H B i H AT A o1
kAL F)1.2 nsbA_E.

BE X} R SF 56 A T I i 52 3 s Ay, STk
(3512 T 27 S 42 11 P G 408 ARG 8 40 B B 0L 4

| 1240 mm

B, A TREREREIE I S A, SE0.2-
0.9 MPaZkf+ NI 5 5, HUEAIL0.6 MV/em.
GuoZ APOEF0.1 MV/emE 730 414 F A R A k) F1
PR G B () T SRS 3G 45 R, 3BT H HE7E0.5 MPa™ < i LA
N, AR IS BOR P AR T AL B
T O 28 i AE FORL 2l 2 FE T F R R T 0™
12 EL R A3 ATHRRALE, 2 T REL RS 55 oF Hsf SiE 31 3 A 30 5 5
1M0.5 MPabl Fm SRR, 581 b =4 A
TR R FIEH. £S5 5 0 704 i ke
HIVE100 nsE 1 pusac i~ i 5 4 56 8 SN Bt |,
G FREE R 0.8 cm AR RFE R T MVEL R
LI AR, B RE A TR LR EER. . R
T BB IT 5% (28 27 32 5 00 o % I 5 24 3

E,= Apo'sk 1/3’ )
ty= Bpo.sk—z/s, (©6)

Hrbp NSARIE S, KAk e ERER. & REA4FB
(AR 43 A T-105-125F185-100, AH[E 261k T LA
BR A ) i 5 R RN SiE e K

4 REVESIREGMARILITEHR

KIYHEMPASAL 25 A48 5 R 0 OOURE 8 1 7 et
T AR BAE L AT BA a2 S5 A X T B R R A e
K, RIBEAS KT A TE I 7E1-100 m, TR MBA
Ui PR RS 5 DL E BBV AR 2, AR ORIE KR
AN BRI R B3R 5 7 R iR =
FERLBOHIBRAT H AR, R 1FT 515 B ¥ e s+ 23
SRR TR R, E NIRRT

| Insulating chamber

Alisisis 1 Brass electrodes
uminium plate 40y distance

Aluminum tube
120 mm diameter

(@)

Aluminium plate

B e hoa e o ecy \seeey e b

[P S P—

Perspex cylinder

\

i

Electrodes

(b)

5 (R4 RRORE D) TR Tk b A F ) () R ) B H PO (b) G5 M s B . PR A P AL

Figure 5 (Color online) Schematics of the five-series transfer switch [33] (a) and the single-gap output switch (b). (a) Reprinted with permission of

ref. [33], Copyright©2022, IEEE.

272009-8



RANGE. pEREE MR S R 2023 0 B 53 % A T

IS UE R 7T, SRAL T LA SR R 2R A,

(1) HPD K £k

CUN.FH (FTHPD R 2835 1 WUHE (B 7 F1 598 4 A 41
BRIV A LR, 4 S R e P 9 38 W 50 4 El U B
AT, ARSI 7 1 S SRS, Bkt Sy Bk 2R
SERIRIBAH A S REM . AR XUHE P95 1) 538 45 4 1)
ANF, JelE R B T 3R AL E6(a) T s BUHE-TETE R
RAE201MH 2L 70FAR T S B B, S5 M8 B, B
RUHE B 2 BOH I FRAR 7 b, InTEMPSHEERZR K
T EAIm. BK300 miIRLE. 57— R XU -
TR L U E 1(a)fTR), M0t 70548 H HATE L FR
BNz N, 3 B AR T3 B ko i
FRPA ik b 3% A7) 560 5 A LS, DA @ B RS
FLSCHEMP 1A 36 58 30 AL P T 3% (19 BH BT 4F 202
377 Q), [FIEFEEA0HEHE IR LSRR S5 R 2 [ A
EAER, PR 6K 2k 454 b AR, (5 T4 5 R 784 £
ASHRIUTEAREE 5, AME T EK EAR M IE T, TEXHER]
58 TV 4 Ak 1) BELT R 465 g AN 322 82 2 PR A1) 6 558 37 B Ay
i, 5 B0 SRR T AR R B SR R S [ e ZE ML)

40 50 60 70 80 90 100
t (ns)

(b)

z(m)

AEIISHPD-1I, N TS, REFERN
3m, SRS EFET-15 ns, BEACT Kt HE T 42
N T, E1(a) s USN-HPDAL 8 K H B
RS mRZRIR, i I 5 BURK G FRAR 1 1] AT SR 5 7
B, SIS RIS AT I R T U Bk b e ER
AU 28 DABRAR HI R B AR 3 I 31 3% 56 14
Jit, ke gt UG B 8K i i PR 2 S R S0 s, {H
KA ER I 55 R 2935 ns'

T B CA L ik B8 45 1), 55 -34S A F$E
W SUHE A S 2 BURS AR S 24 . AR i e AR 21 R
BRI OB, it sk U 7 kR IE R 77 BRI A )
W, RS REARANZ AT, Sk
FERERR AR WA R Zi(Bounded Wave An-
tenna)!'", 2% B B4R FIZ U2 R SHER . 5 AL
HPD R ZE DI AEAIL, M ALK FOREE v U T T 2%
2. 1R M BT 3% E [ ZE AFEMPS LR 28 | 15 31
L, BRRIEZE 20 mac RN, S Lt H w12
AN b, A5 7E b THT R B84 mx63 m™™, 45 #4752 1 El6(b)
Fios. FEh L EEAE3 MV, BT52.5 ns. k%523 ns

40 30 20 10 0 10 20 30 40
x (m)

6 (2% FRORZ ) KT B A R SRR R R IR () BTN P AR UHE- T T R 2 6f 5 [l AFEMPS BEAUL28 T 45 # R A IR 7 B

15 P () S S R T 53753 T (o) M1 Ve B — 248 93 A (d) A 7 B 2R

Figure 6 (Color online) Evolution of the HPD-type antenna. (a) Bicone-cage antenna used in the early stage; simulation model (b), calculated typical
waveforms (c), and contour map of peak E. values (d) of the newly-developed antenna used by the USA AFEMPS simulator.

272009-9



RANGE. pEREE MR S R 2023 0 B 53 % A T

IE T XHE R T A, THE R &SR MR E 6(c)
(). E6(c)2h T B Hh i BE S A2 m AT 1 N 4
AN 5 7K F FE3Z TR, BT LK s O R 7 1(0, S, 0)
FI0, 2, O)FANI A5 Fr) B 37 1 Sth T e Sk 8 21038 iy 1 1
FE 708 H S I SR B R L R 2 BIR RS AN
LIRS, 78 B OUHE Hh Rl T Y T O S 0T M T ()
(18, 2, 0 & HLI7) U T2 32 BXNUHE bR S 2 45 WA KT
FRIGEZm, 08 J5 3 % IR U T, E6(d)gh T ik
3.5 meFTH P KSE F A VAR 1) — 4E 50 A, BT LU
50 kKV/mE X AT A K40 my 528 mif R,
ZIX NI A S L N 410

PO AL BRI 50 A FONEMP UL 28 8 1H K T
Kl6(a) BT m WUAE-TETE K2k, ERIETHRKER N
9 m, TEANH AR S 4 AR RSO R, Wil H R T
HEIL50 ns, FEHIIHETEL23 ns. HREF|E6(b) TR
HE-PIHIZEMR 28 2 T KERBPR, LRMPR S 454
T RIGVREE, 76 TR RANLEhE A B E
FiltE, AT R GIRNTE R T 05 B SR TR &
TP SE R T R 10120 m&& A R R ST 4 AR IR,
BB T MRk

(2) TEE AL TR L

RSP 1) (1) S 9 RS 8 340 R FH 2 TP AT MR AL i
LRI TEM K 2k, 3RIGXF ST WA BR8], 3 Hi
SFFIIRZMR, TSR 2 th ARSI S s LT
PRI, IR HTHER N AR R T, HECPAT
B S AT R e BT, S BORIERGAE. 20120
QOEAR R AT AR DR AT AR J5, LIS B R 2k
FEARHRL 0 T0 AT B = A HERR T R 28, 58 2 Al T
BIHER J5 2B, i HE R 20 A7 X F BEL B A ol PO 4 7
B, AR B, S B e A B S S
M. Ay G R R AR T UL bk b e A ik 7
H, BRI G K BN I AR A (Al
PR R B 12/3. DATE B2 3 /1 20 mif) K2 kLAl
KRR EENANT30 m, EHEMET, ek
553758, RS R LA B T Bk v Y H HL

20184, 3 g 2 2 iR O e FH R AL Sk 3
BVEMPSHI R RGN, WitRH 7 E1(b)Fimnsy X
A= AHEREN, Bk R KL B R R A
P05 SCRTHEAR [ b s A, 36 B AR AR = B T 5
RS A, MR R ER, 22858k
PIREEK220 m, HKEE127m (9 X 5% 5 L)

25m), ZHETATREEESO m, A 2 I 747 5 KT
KAHLIRIG TR, S E B ZE20104F & % VEMPS 2 & 1
FHT 5 R &g, R6 5 8 & A
35 m, (HEARLE M S HOR WARIE.

E RN 1D NG A= 5 NS AL Vs Y =] s
SPATBLIAL G G5 0, TR HE 1R DRk iR 5 BT 75 1 22 A 284
HERR SRR, CouEscHE 2 & h I S
BYSRH TR R, SCHR[39]TE XS R B XA T 9% 45
MR BERF R R R R, b HRAREESE i 3R
FES X M R ARSI SR 7 AR BRI, R H T $h R

B VI e SR ARURE (1) BT L

(3) VPDR £

CL 2 A ) VP DAR L 38 K 28 1) R FH b T B2 1% 5 b 2k
HEGERY, RFRR IR SEE 20 tH 284 A AT I 1)
VPD-IIFIEMPRESS-TI 4L 2%, 5 S48 YR FH T
JE40 m. TAEFELAR60 m. FHPT60 QIFLHERLL, i
H24HE F 25 S A R, 7 3t T 22 V2 () VPD-TT LA K T AR
B 4 R 22 WK RS LB AR T, T R T AL Bh G
EMPRESS-TIU B 48] A KA S R AR T 7TENE
LHER LM AR S LGN T 132 /g, LA
TR FERK I 7E R 2 R it T S S R sE e A BR 1)
WaEE SR, RS IR N S AT R TEAE B
{1 Jik B 453 % ) R, A TR FE 2970 ns . S K E
40 ns. TERFFEVPDRZIFES, 4102 in g T 15
ISUE, @B E 7R, SRk (7 bR Bk
o P AR, M AROAR (BT A A AR 100 m P ARMR, TS TS S
HE L my BEAE 211050 mAIAS A A VA — 40 37 i
FEWE 77w, 7T DLREE IR B, ka2 56 %
AR, PRI D i 2R 2930 ns. BE— 250 HT R B,
ik B 45 2R 5 HE THTE AT HL IR 30 7 2 AN L LAk 11 e S5
AR AR, MRIZE T 5 A R R ARRAE T LA, BH T
BT IR A R R R im T % BBk AR TC
A SSORE RO 1) 5L, 50l Pk e 248 5 A R R A T R
b TET [ (1) LS R o, PR okl DR T TR P XS Pk
e AR R R E B G R 2R S SRR THE T
R A K PR 5 T VPD R 2 B R FH 3BT FE 1 R B A e
BT 0 RN B B A RA AP vl

5 #Eip

4 {if HE M PRI 25 57F fi] (14 5 i i %5 O DR RS

272009-10



R, R ERE YU S RO

2023 F FS3E HTH

(@ ®) %017
0.2 P oy e
~-04
H=40m S
24 wires °
24 x13 resistors w -06
——E-Field (100 1)(2)
08 — — E-Field (20 0 1)(2)
- - - E-Field (30 0 1)(2)
— . —E-Field (40 0 1)(2)
10 -- -I-E-Field (I50 01)(2)
0 100 200 300 400 500

t(ns)

7 (WZRROR P )0k 56 [ VPD- TS UL 5% BEATU N A 2 4 I 24 0 07 SO a) A IR T SRR (b)

Figure 7 (Color online) Simulation model (a) and typical calculated waveforms (b) of the resitively-loaded conic antenna used in USA VPD-II

simulator.

(1-2ns). HFHMW(70-100 kV/m). Kk = A
(30-300 m). TR 1) R Bk 2 AL PR ik e o R
AMIET3 MV, BUL RS BRIk R i =g AT LR S MV;
BT VETT ) 7K P AR P ST 1 R 28 R e A A 3 0 R 20
SR BRI, 2 AR T RT — BAEE AR 5
P, DA 2 [a] v B X ikt i R PR R . El

F LA B, E bR B E AT EAS/NT70 miffalae 2 6] Py 7=
AT R B R K AR BE AT, T Bk 2 — e e
JEFI10 MV EA_E, D525 (A AT K 21300 m. [E Py A
il B R sh B Rk R Fe A L Bl B AN REK S,
Ryt — D MO B AR nT LA 02 Bk iR . U2 DK ) e
JE Jok bl B 7 e B AR AL R RS TR

SE 3k

Baum C E. From the electromagnetic pulse to high-power electromagnetics. Proc IEEE, 1992, 80: 789-817

2 Baum C E. Reminiscences of high-power electromagnetics. IEEE Trans Electromagn Compat, 2007, 49: 211-218
3 Giles J C, Prather W D. Worldwide high-altitude nuclear electromagnetic pulse simulators. IEEE Trans Electromagn Compat, 2013, 55: 475-483
4 Giri D V, Prather W D. High-altitude electromagnetic pulse (HEMP) risetime evolution of technology and standards exclusively for El
environment. IEEE Trans Electromagn Compat, 2013, 55: 484-491
5 Prather W D, Giri D V, Gardner R L, et al. Early developments in sensors and simulators at the air force weapons laboratory. IEEE Trans
Electromagn Compat, 2013, 55: 431439
6 Shi L, Zhang X, Sun Z, et al. An overview of the HEMP research in China. IEEE Trans Electromagn Compat, 2013, 55: 422430
7 Meng C. Numerical simulation of the HEMP environment. IEEE Trans Electromagn Compat, 2013, 55: 440-445
8 Blundell R. White sands missile range high power microwave systems. US White Sands Missile Range. In: Proceedings of the Directed Energy
Test & Evaluation Conference. 2009
9 Test operations procedure (TOP) 1-2-622 vertical electromagnetic pulse (VEMP) testing. US Army Developmental Test Command, 2009
10 Bailey V, Carboni V, Eichenberger C, et al. A 6-MV pulser to drive horizontally polarized EMP simulators. IEEE Trans Plasma Sci, 2010, 38:
2554-2558
11 Mazuc A. Technical challenges for E3 test facilities meeting new MIL-STD requirements. In: Proceedings of the 2017 IEEE International
Symposium on Electromagnetic Compatibility & Signal/Power Integrity (EMCSI). Washington DC, 2017
12 Nelson J M, Jones C S, Poston L A. USS Anzio EMPRESS II trial. Naval Engineers J, 1996, 108: 315-333
13 Defense Threat Reduction Agency. Electromagnetic pulse (EMP) threat-level simulator (TLS) for ships [EB/OL]. Federal Business
Opportunities. (2014-11-04) [2018-12-06]. (http://www.fbodaily.com/archive/2014/11-November/06-Nov-2014/FBO-03566107.htm)
14 FuHJ, Zhang W G, Yue S C, et al. Electromagnetic pulse simulating test methods on system level (in Chinese). Modern Defence Tech, 2018, 46:
127-132 [ %, SRAERI, & R8RS, 55, RGE% ke BELRIGHoR. BUCBI#IEIR, 2018, 46: 127-132]
15 Chen W Q, He X P, Jia W, et al. Development of a 2.5 MV fast pulse generator for EMP simulation (in Chinese). In: Proceedings of the 14th

272009-11


https://doi.org/10.1109/5.149443
https://doi.org/10.1109/TEMC.2007.897147
https://doi.org/10.1109/TEMC.2013.2238239
https://doi.org/10.1109/TEMC.2012.2235445
https://doi.org/10.1109/TEMC.2013.2247767
https://doi.org/10.1109/TEMC.2013.2247767
https://doi.org/10.1109/TEMC.2013.2242080
https://doi.org/10.1109/TEMC.2013.2258024
https://doi.org/10.1109/TPS.2010.2065245
https://doi.org/10.1111/j.1559-3584.1996.tb01569.x
http://www.fbodaily.com/archive/2014/11-November/06-Nov-2014/FBO-03566107.htm

RANGE. pEREE MR S R 2023 0 B 53 % A T

18

20

21

22

23

24

25

26

27

28

29

30

31

32

33
34

35

National Conference on Nuclear Electronics & Detection Technology. 2008. 689-693 [[54ET, fl/INF-, TiH5, 5. 2.5 MV LR ML REBk v A 40 5%
Jikatr DA YR AT e 5+ DU fa A FE A L T SRR I R R 22 2008. 689-693]

Qiu A C. Application of Pulsed Power Technology (in Chinese). Xi’an: Shaanxi Science and Technology Press, 2016. 294-301 [ER %% 2&. Jik vt 2h
REARNA. 0% FIGREEHER B, 2016. 294-301]

Wang H Y, Zhang G W, Chen W Q, et al. Development of a 4-MV fast rise pulsed driver for EMP simulator (in Chinese). In: Proceedings of the
6th Chinese Pulsed Power Conference. Hangzhou, 2019 [ F i, 5k E 4, BR4ER, 55, 4 MVILET AT AR K oS40 25 B kot 2 2R B 5 5t (4
. L 5573 Jm 4 E ki Dh FR 2 #H, 2019]

Jia W, Chen Z Q, Guo F, et al. Development of 3.6 MV fast risetime pulsed driver for electromagnetic pulse simulator (in Chinese). In:
Proceedings of the National Conference on High Voltage and Discharge Plasmas. Hefei, 2022 [ 51145, B 58, 0L, 5. 3.6 MV ERHE Rk pp A
TSI ). W: 202244 [ o FL R S TSR A B T2 R 2 A IE, 2022]

Zhou K M, Li Z D, Deng J H. Design of a high-precision and widely tunable bounded-wave electromagnetic pulse simulator (in Chinese). High
Power Laser Particle Beams, 2020, 32: 063004 [J& 18, 221, XSEELT. KahZS ks B A Sk R RE K i 0L 2% 32 11, 3O S50 3R, 2020,
32: 063004]

Jin H B, Kou K N, Dai Q J, et al. Simulation and experiment study on a horizontally polarized bounded-wave electromagnetic pulse simulator (in
Chinese). High Power Laser Particle Beams, 2022, 34: 123003 [£:H& 0K, &Rl B, 87, 2. ACFIRALA Tk G Bk 540 35 15 31 5 S I F
T, IEOE SRR, 2022, 34: 123003]

Naff J T. Spark gaps for EMP and SREMP pulsers. In: Proceedings of the 17th IEEE International Pulsed Power Conference. Washington DC,
2009

Gilman C, Lam S K, Naff J T, et al. Design and performance of the FEMP-2000: A fast risetime, 2 MV EMP pulser. In: Proceedings of the 12th
IEEE International Pulsed Power Conference. Monterey, 1999

Belt D, Mazuc A, Sebacher K, et al. Operational performance of the Horizontal Fast Rise EMP pulser at the Patuxent River EMP test facility. In:
Proceedings of the 18th IEEE International Pulsed Power Conference. Chicago, 2011

Xie L S, Zhang G W, Cheng Y P, et al. Development of a 4 MV oil-insulated Marx generator (in Chinese). In: Proceedings of the 2019 Annual
Conference of Chinese Nuclear Society. Baotou, 2019 [#i#£ %, ikE M, KT, 5. — &4 MVl LG Marx kK A28 0L W.: EZ S %
20194E AR 22. 3k, 2019]

Wang H'Y, Xiao J, Xie L S, et al. Modal analysis of the 32-stage modular Marx generator (in Chinese). High Power Laser Particle Beams, 2021,
33: 085001 [EHEVE, M &, WIFRL, 2. 32405 B b Marx & 4 SO S 0 M. SRIOs 5613, 2021, 33: 085001]

He S, Li J, Guo F, et al. Analysis of ohmic losses in tesla transformers utilizing the open magnetic-core. AIP Adv, 2018, 8: 085216

Chen Z Q, Xie L S, Jia W, et al. Development of a 3 MV transfer capacitor used in an electromagnetic pulse simulator (in Chinese). High Power
Laser Particle Beams, 2021, 33: 095001 [FR& 38, WK Z, B6, 55 BAIKP R0 2RE B I3 MV i A S8 B SRIBO6 S5 07, 2021,
33: 095001]

Wang Y, Chen Z Q, Jia W, et al. Analysis and experimental verification of the peaking capacitor’s flashover process in an EMP simulator. IEEE
Access, 2022, 10: 84003-84014

Chen Z, Jia W, Guo F, et al. Flashover characteristics of polypropylene films in SF using nanosecond pulses. IEEE Trans Dielect Electr Insul,
2020, 27: 1-9

Chen Z Q, Ji S C, Jia W, et al. A coaxial film capacitor with a novel structure to enhance its flashover performance. Rev Sci Instrum, 2019, 90:
124709

LiJ, Chen W, Chen Z, et al. Influences of electric field on the jitter of ultraviolet-illuminated switch under pulsed voltages. Phys Plasmas, 2014,
21: 033509

Li J, Chen W, Chen Z, et al. Effects of optical pulse parameters on a pulsed UV-illuminated switch and their adjusting methods. IEEE Trans
Plasma Sci, 2015, 43: 3293-3297

LiJ N, Xie L S, Wu W, et al. Design and experiment of a 4-MV self-triggered switch. IEEE Trans Plasma Sci, 2022, 50: 97-102

Wang T, Huang T, Wang H, et al. Using self-triggered sustaining pre-ionization to obtain nanosecond jitter in a MV pulsed gas switch. IEEE
Trans Plasma Sci, 2021, 49: 4034-4037

Nam S H, Rahaman H, Heo H, et al. Empirical analysis of high pressure SF gas breakdown strength in a spark gap switch. IEEE Trans Dielect
Electr Insul, 2009, 16: 1106-1110

272009-12


https://doi.org/10.1063/1.5037182
https://doi.org/10.1109/TDEI.2019.008193
https://doi.org/10.1063/1.5118790
https://doi.org/10.1063/1.4869334
https://doi.org/10.1109/TPS.2015.2457955
https://doi.org/10.1109/TPS.2015.2457955
https://doi.org/10.1109/TPS.2021.3135492
https://doi.org/10.1109/TPS.2021.3127946
https://doi.org/10.1109/TPS.2021.3127946
https://doi.org/10.1109/TDEI.2009.5211862
https://doi.org/10.1109/TDEI.2009.5211862

RANGE. pEREE MR S R 2023 0 B 53 % A T

36

37

38

39

40

Guo F, Xie Y, Jia W, et al. Effect of electrode surface micro-protrusions on the breakdown time delay and jitter for nanosecond pulsed gas
discharge under hundreds of kV/cm in sulfur hexafluoride. Phys Plasmas, 2020, 27: 083502

Guo F, Jia W, Xie L S, et al. Empirical formula of breakdown electric field and time delay for SF4 gas switch under nanosecond pulse and
hundreds of kV/cm electric field (in Chinese). High Power Laser Particle Beams, 2022, 34: 075004 [FFI, B{A5, ¥FR 22, Z5. Bk V/emiZ il T SF,
SARTE RGP ks 2 S R SE 06 A 3. SRIBOE SRR, 2022, 34: 075004]

Xiao J, Wu G, Xie L S, et al. Influence of wire grating on horizontally polarized radiated-wave simulator with biconical-wire grating structure (in
Chinese). Acta Armament, 2021, 42: 1708-1715 [ 1 itr, SN, BIRRAR, 55, Lot 2 Bt WUHE- T 1 Ll /KT Al AL RR SR e UL 2% (R R . T T2
i, 2021, 42: 1708-1715]

Wu G, Xiao J, Xie L S. Research on the loss and distortion characteristics of large two-plate guided-wave antennas for transmitting nuclear
electromagnetic pulse (in Chinese). Acta Armament, 2023, doi: 10.12382/bgxb.2022.1243 [ SRl 1 i, 58 52, KB TN 53k % 28 3642 e ik
MALEFEFING AR RE PR 7T, e T 2440, 2023, doi: 10.12382/bgxb.2022.1243]

Electromagnetic Compatibility (EMC)-Part 4-32: Testing and measurement techniques-HEMP simulator compendium. IEC 61000-4-32.

International Electrotechnical Commission, 2001

Progress in developing high-altitude electromagnetic pulse
simulators

WU Gang"”’, JIA Wei'”, WANG HaiYang'”, XIE LinShen'”, CHEN ZhiQiang'”,
GUO Fan, WU Wei"” & FENG HanLiangl’2
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Northwest Institute of Nuclear Technology, Xi’an 710024, China

High-altitude electromagnetic pulse (HEMP) simulators, consisting of fast risetime pulsed drivers and large antennas, are
utilized to produce intense transient electromagnetic environments in a large test volume greater than tens of meters. Key
parameters of the electric fields of concern are limited in some special ranges, including pulse risetime of a few
nanoseconds, full widths at half maximum of tens of nanoseconds, and peak intensities greater than 50 kV/m. These
simulators can be used to test and evaluate the hardening performances of full-scale military equipment, such as large
ground vehicles, aircraft, and ships. Globally, researchers target a fast risetime of 1-2ns, high peak strength of
70-100 kV/m, and large test volume in the range of 30-300 m. Recently, both single-side and two-side driven fast pulsers
were developed, with peak output voltages of 3 and 5 MV, respectively. New pulsers with improved antennas can help
obtain a test volume greater than 70 m. However, it is a challenge to further improve the output voltage of single-side
driven fast pulsers to more than 10 MV. Chinese researchers have developed several large HEMP simulators, with output
voltages of single-side-driven fast pulsers greater than 3 MV. Given this background, the present study reviews the
progress at Northwest Institute of Nuclear Technology and other research institutions, with respect to designs of critical
components, such as compact primary high-voltage pulsers, pulsed megavolt capacitors with multilayer films, low-jitter
gas switches, and large radiating antennas.

high-altitude electromagnetic pulse, simulator, fast risetime pulsed driver, radiating antenna, gas switch
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