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Miniaturized Designing of a High Current Symmetric High Altitude
Electromagnetic Pulse (HEMP) Filter
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Abstract

In this study, the world’s smallest symmetric high current (1,250 A) high-altitude electromagnetic pulse (HEMP) filter was fabricated
and its performance was demonstrated. The filter was separated from all lines and made of a non-magnetic material to prevent the
proximity effect and Joule heat caused by eddy current. The size of the filter was miniaturized by designing the core with a material
with low residual magnetic flux. In the case of the shielding effectiveness (SE) test, 100 dB was attenuated from 400 MHz to 18 GHz
and measurement of insertion loss, the\ MIL-STD-188-125-1 standard was met from 10 kHz to 1 GHz. The pulse current injection
(PCI) short pulse test met MIL-STD-188-125-1 with a residual current of 6.04 A, maximum current arrival time of 6.00x10° A/s, and
root action of 4.18x107> Ay/s, and the intermediate pulse test also showed no damage or performance degradation in filter per-
formance. Finally, in the load test, the average temperature rise of the bus bar was 45.5 K until it was saturated by applying 1,250
A, proving its performance.
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Table 1. Double exponential waveform requirements!”’

Parameters Short pulse Intermediate pulse
Peak current [A] 2,500 250
Source impedance [Q] >60 >60
Risetime [s] <2x10° <0.15
FWHM [s] 5x1077—5.5%x1077 3~5
Load impedance [Q] 2 or Viged/Tate 50

B 2. PCIAIY &4 270
Table 2. PCI test requirements'”’.

Int iat
Parameters Short pulse ntermediate
pulse
Peak response current [A] <10 No damage or
Peak rate of rise [A/s] <1x107 performance
Root action [A/; ] <1.6x107 1 degradation
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Fig. 3. HEMP filter.

BE Wi A AR DEY
VE 827} 2 YA8 WEol7] WRe] 183 ol

F
rl

27 Alge] e Q1d, 29 2 Felg] Ho] g
pRo ~EEE £H5 3 w4 7h% (mash gasket)S
Yy HER AZst] A& Hsisinh

bl

AY Aolx A AN AF A AT (eddy
cutent) B4 T ee] AT SAFE 19 49
2ol REle] AYE(D)l oI5 A71E 271%B) bl

B

a8 4. dF A%
Fig. 4. Phenomena of eddy current.

a5 Hd HEMP ZE 9] 233}t 27

ZE Aol X(case)o WA & AF7F SE27] wEol
Ao zo] 2 obdFoll fal 1L 4ol Z(Joule) EE
dAyste] FAle 257t kg 4 AP, S Fol <
dl HAstE 23 AVFoE T AsE & Al
SHRFE Aol ne FAZE Fdstt e W FI
5 HASE ] Aol W gk webd £ A 2
HE FAEo] uf$- v Q@ A o] E(Austenite) Al SUS
E AFSAL, AR Tk $H0] 60 HzE v e
Fog SAA AMEET] W] A FAE HA %
=tk TheF ARE FaETE A4 kHz o1 EobAAl HH
T wE o] Qs E Aoth

=
il

§&8F HEMP ZEf 22 dA 2 A&

5 A IZE Ueigith A9 &
718402 Ao F3} HE(low pass filter)2A L3} C&
Zoete] ot ZEIE AAsGtE BH Y AYFol= A

2 3o A Al g44kskE vhe] 2E(metal oxide
varistor, MOV)E 4 %] 5} ME}. & 32 27| E(parameter)
e YER ATE MOVE AHESH 385 Vacs AHE-3HRL
3, 2R3l RI9H 80 pH(Ly, Ly, Ls), HFATE 20 £F(Cy,
G, Gy), T3 AT 176 mQR)y& 27+ &3t I 2 ¢

SN

( J. ‘, AU wov Lot Lo Les
Vo) 1

NS

Ipeak=2.5¢A —‘

% 5 o7 HEMP E AlEdgol4 3=
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Table 3. Parameter of high current HEMP filter.
Parameters Value Remarks
MOV 85V Varistor
Ly, Ly, L3 80 p«H Inductor
C, G, G 20 pF Feed-through capacitor
R 176 mQ Load impedance
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Table 4. Parameter of high current HEMP filter.

Republic of | United States of | . .
Country Korea America United Kingdom
Rated
voltage [V] 480 480 440
Rated 1,250 1,200 1,200
current [A]
Line 304 W 304 W 304 W
?i;li}[lriu];l)] 1,850x1,160x300 |2,570%1,350%6102,350%1,500%400
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Fig. 9. Sequence of SE test.

5 A a3 Alg A3
Table 5. Result of SE test.

Frequency| Input signal | AMP | Measurement . f?etlclfil\?;fss
[GHz] [dBm] | [dBm] [dB]
[dB]
0.4 + 10 + 10 —95.3 —1153
1 + 10 + 10 —97.5 —117.5
10 + 10 + 10 —85.7 —105.7
18 + 10 + 10 —89.4 —109.4

A F oA A3 400 MHzo1 4] —115 dB, 1 GHzo A
—117.5 dB, 10 GHzo| Al —105.7 dB, 18 GHz| Al —109.4
dBZ EF 100 dB ©]At9] 4502 MIL-STD-188-125-1
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Table 6. Result of PCI test.

Parameters Short pulse| Intermediate pulse
Peak response current [A]| 6.04 A No damage or
Peak rate of rise [A/s] | 6.00x10° | performance degradation
- 617 V
Root action [A/g] 4.18x10* (558~682 V)
14
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2 o
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Fig. 13. Result of short pulse test.
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Fig. 14. Load test set-up.

B 7. RN A3
Table 7. Result of load test.

Meastring Initial Saturation Temperature
Jocation temperature temperature rise
[C] [C] (K]
Bus bar (L)) 69.8 445
Bus bar (L) 69.4 44.1
Bus bar (L3) 253 73.2 479
Case (L)) 448 19.5
Case (L) 45.5 20.2
Case (L3) 43.7 18.4
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