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Measurement and Analysis of Antenna Induced Voltage for Tactical Mobile

Wireless Communication System under HEMP Environment

Kyoung-Je Park - Kil-Soo JeongT + Jung-Sup Kim * Yong-Woo Park - Jae-Hyun Park

The situation of high-altitude electromagnetic pulses (HEMP) arises from high-altitude nuclear explosions. The
HEMP situation can be simulated through the threat level investigation (TLI). In this paper, the induced voltage
according to the antenna type of the tactical mobile radio communication system was measured and analyzed by
TLI. Under the influence of HEMP, electronic equipment can be paralyzed or damaged. HEMP protection filters
are commercially available for power lines and signal lines. However, commercialization of HEMP filters for
antennas is insufficient, and even some of them exist for lightning protection. In order to make an appropriate
HEMP protection filter according to the frequency and type of the antenna, the induced voltage was measured
and the maximum induced voltage was analyzed through extrapolation. It was found that the measured induced
voltage decreased as the frequency increased, such as in the HF, VHF and UHF bands of the measurement results.
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Fig. 1. HEMP Waveform
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Fig. 2. HEMP Spectral density
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Table 1. Antenna line current injection

Dominant | Peak Short- “Acceptance
Class of Electrical POE/ Response Cireuit hf‘;‘;‘“ Risetime FWHM Test
Type of Injection® Frequency Current \pedance ©) (s) Resistance

(MHz) (A) (ohms) (ohms

RF antenna line shield conductors
Buried®

Short pulse shield-to-ground® Not 800 =60 <2x10% | 5x107-5.5x107 Zr

Applicable

Nonburied intrasite®

Short pulse shield-to-ground® Not 1,000 =60 <ax108 | sx107ssxior |z,
Applicable =

Nonburied lone line®

Short pulse shield-to-ground® [ Not 5,000 560 <ax10% | sxi0755x107 | 1907
Applicable - 5

RF antenna line core conductors

Short pulse core wire-to-shield 130 | Threat level' 260 <2x10% | 5x107-55%107 | 207

1

Short pulse c 30 [Threat level112 =50 =5x109 Variable A
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Fig. 6. Induced voltage measurement program
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Table 2. Average value of induced voltage measurement

AR E FHH 1kV/m | 2kV/m | SkV/m | 10kV/m
SHU & W Fulgof w2 AlE A2 Fig. 73k Portable HF
- i o xiop e 163V | 318V | 1,086V | 1920V
et 24 10814 Qlbste] ctelutel $71Ei At 7] an
& Ssldon BHAE 71Ss SHH ARE B Porable VHFI 130v | 246v | e3v | o3sv
G2 SIS Agtel SOkVim QU A ol FEAL
- O] e UHF
1;% %_]_%__% E%S}ME](Patent, 2020). Band 68V 125V 322V 621V
Vehicle VHF |05y | 336v | 860V | 1620V
Portable Vehicle Vesse Band
i HF VHF UHFl| VHF UHF VHE  UHF Vehjgilen(}j}]]? 64V 118V 313V 608V
Vessel VHF | 195y | 367v | o0sv | 1720V
Band
| Vessedl UHE | v | v | seav | 724y

Fig. 7. Antenna test set-up
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Table 4. Antenna line residual current

Class of Electrical POEs ;ypwf MTypeof Peak(f\\)\nznt Peak Rate of Rise Ruci\A:;lon
. . jection easurement (A%s) (AVS
Table 3. Expected value when 50kV/m is applied by ——
extrapolation s‘ng and Low Current Power ) ﬂ
Buried or Nonburied Conduit| Conduit-to-ground Bulk current <10 <Ix107 <1.6x10%
Current Power
Expected Buried or Nonburied Conduit| Conduit-to-ground | Bulk current <10 <1107 <16x102
High Current Power ) .
Value lkv/m 2kv/m Skv/m lokv/m Buried or Nonburied Conduit] _Conduit-to-ground Bulk current <10 <Ix107 <1.6x10°
(50kV/m) ot Contor QAR | Stidétogmmd | Waecwmat | 01 | odunagoor erformes dgrdton
Antenna Lines)
Portable HF | 8135V 7945V | 10860V | 9600V Shied Conductor | shiclcomomnd | shicltcument | <o 0 Lexio
Band 163A 159A | 217A 192A R anea e Core
Core Conductor (Receive-Only) ‘Wire-to-shield ‘Wire current <0.1 No damage or performance degradation
Portable VHF 6590V 6138V 6228A 4690V C“‘EC“‘}‘::‘C“S"C’E&;“S’"“"’ Wire-to-shield Wire current <10 Nod:\m:\zecrie{foﬂnm\cedegmd:\hcn
Barld 1 32A 123A 1 25A 94A Shield Conductor Wire-to-shield Shield current <0.1 <1x107 | <16x10%
Portable UHF | 3385V | 3128V | 3215V | 3103V
Band 68A 63A 64A 62A Table 4= MIL-STD-188-1259]| 4] 3}438}= oFgubAl
Vehicle VHF | 9120V | 8398V | 8601V | 8100V o] AEAHE wlE 7|28 UEhdl 20| cHMIL-STD-188-
Band 182A 168A 172A 162A 125-1~2, 1998). te|LpAlo] AR ARLE £ pA] tho] 7
Vehicle UHF | 3210V | 2968V | 3127V | 3009V & 9] F(Peak) AFEES 1A o|5l2 FA5HL Stk §=
Band 64A 59A 63A 60A ZoF Wl Hz7to] 7}a 2 ok U= 9600V, 192A% &
Vessel VHF | 9760V | 9178V | 9081V | 8600V g5 HF S obg|ubo] T 743k W obglubs 3009V,
Band 195A | 184A | 1824 | 172A 60AZ 2}2ks] UHFUje] otgutoleh. 2|24 60Ao|A] 2 )
Vessel UHF | 3875V | 3578V | 3619V | 3622V 192A9] gEA=gko] ZAH ALt ol g S=A
Band 78A T2A T2A 12A 27} A&7 SRAZAAA L o US 3 HET 4
S gule] oA W AL 2 5 ok
EARE RS St QlmE gl 500

-E U grolth §oid HF, VHF, UHFTj oA = X
) 217A, 1324, 68A2] SLEAEs} 2AE|9 11 22k
VHF, UHFt|¥ollxl= Ztf 1824, 64A7} A= Tk
oo 2 43 VHF, UHFjYoAs ) 195A,
T8A7} S =T

Futro]| w2 HEMPO| HAEAJL 50kHzo|A 500
MHz7}2] 8] H& A ERo|| A7 o2& AT
dgoAE A YA 9] e 10 ~ 100MHz2]
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