H14% 56 XFZBESBRFEEFR Vol.14, No.6
2016 4F 12 A Journal of Terahertz Science and Electronic Information Technology Dec., 2016

X EHE: 2095-4980(2016)06-0920-05

BEMEZTREFTEESEGEEFGMEES
HEE, Tk, & &, HER
(Abm i K75, LAt 100094)

W OB NET AR I EEE S DR R SR kb e B S
WRFE, REFIEXFEERETRE, SRskr RSN 4 #EA, Al EoTw
BmERITAETEFNENBEZRE, 2N TERREZENREREZNITETE, MNET —Mikits
ETRENTAAMNATEESEGENTE &, 2 TR F RN AW RELSNE, FUX Rk
W FEENMEEZTAETHETELANA, U THEENEALIREREEER,

K. WmERItRE; THEE; BEEE; THEE;, RALHT

mESES. TN306; 0213.2 XHkARER: A doi: 10.11805/TKYDA201606.0920

An evaluation algorithm for the reliability and confidence of EMP
hardening design margin
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Abstract: The primary tasks of EMP (Electromagnetic Pulse) hardening assessment of complex
systems are introduced, and the statistical descriptive method of EMP resistant performance of the systems
is described in detail. According to the different levels (or purposes) of the assessment, four types of EMP
testing are defined as well. Besides, the various sources of random errors in EMP hardening margin
evaluation, and the method to estimate the standard deviation of the total error are also analyzed. To
estimate the lower-bound of the margin and its Reliability—Confidence, an algorithm is developed and the
preconditions for its application are also analyzed. As an application guide for the algorithm, the
evaluation on EMP hardening margin of the electronic equipments in a shielded cabin is provided.

Keywords: hardening design margin; reliability; confidence; evaluation algorithm; preconditions

VAL A R G R HTA BEK iR R, A0 A 55 o 0 R AR T AR 0 O 2 L (L R R R E AR T ) 2R
f6), JIF5 R G B9 R v B PRI AT XS L, A SRRSO (L R T (B /D T) U 3005, B RGER S “RE” (3
ARG BT ), AT E PR R S R RGBT R RE K e PR RE R RE 8 E UM BR BT T A A (BUR K)o HX— A2
AT RS, SERWEMER AT VRS MIRIEAR A, BN T — R AN REE N
CRET (BORZC AT ) TORRSEE (BT ) (UR 2 YGRS B R — AR, AR AREE; SRR
&% TH I 4 W P10 0 LR A O, AR LGS W (AL E RO AR AR, A B IEA AR IR O 1) L B Ak D 1 X R RE R S B
WAl R, RS A BRI, 2R S A R T P A A AR s T A O S M P B A A AN G A B A
BUF L Xk R G0 AR A — ORGP IE = L I XX BEE T, REMAEEMRE XX,

A SCHE H G Dk e RS DL B 0 B R b, A O I T A B DAl T R 2SR U, T R 25 N W RE LA
VEOPIE AT R b, S T SRR P Ay VA A R A A R Sk MO AR, OF DURE R #OIE P9 R T A B
W BT A ), SRR TSk T e R e T R

1 BEEKHREMP)IRENBED

AL 2 RGBT K pP PR BE ,  RLET XA B P4l AR (PP AL KSR ER , JT RN AN R 2B EMP X
WfEEH: 2015-07-15; fEEIEH: 2015-09-23




% 6 4] BEESL: BHEMERHRENEESEGETGEEZSN 921

%, MRS R AR BOE AT AT SV E o SCHER[SIRE EMP IRKER 2R B H A0 9 IR 4 AT

1) IEWS5HAEEML . RGd ek ff 5 TR 2

2) RIHHE R K 2 25T 0 B 220 (SR A RN B 20, TR TR G R R TR (R
BT A T Befedim, SFSF. )

3) WA TARAA N M, R BT R G e MR I b sl R T T 5 R &0

4) R M OREE R AR, IFH RIBIZARX TR, 5 R R B E R

8 1 ARSI AT H B LB B, WA S MR . RPN, 2 Ml s HArfs 2R T, o EdRAt T
BT R GERA, WA RS R AT I ([ — oy SRR 7 LA E BT B R, SO U
IME R CEET . CRET REREZOMEE . BARKN AR REHET T m” hnE U O IE R T
B, IB2EE X RGP, BATEREZSRAT A7 B0 Uik fE#2 MRSt E B ALY oK 7 XA 3. 2/ 4 MiEMi
P G A 1 6 ) 28 (o] 5 g ] A

2 MERENENREREBERERERZMIT
2.1 BEMEL£EMNEX

B X ARGk b L, Mo R AR AR SE RN R . B . RISk i E wE, i ER A S
M (] dB FR), HoE i AN,

M =20log (éj (1)

e XI5 R Mk o 8 B2 29 RO OG0 N SR, AR IR A SR R A R R, RO R AT R — HLE AT
55 (BT RE A BE T3 2k (R SCLAML S I (E RAE , BARL: Vim) s Y S AR R AE 14 8543 IE 19 L gk 2% (IR) R L) L 3
W {E R AIE) o

22 REWNEWIREKR

WA E A MR E X, BRSO EE X . BB Y T, E R R E R AT RER B TE T X 5 Y 1Y
I 5E 1

1) B S BE B AL Ak 51 S B B e 0 o iR 2

TEAR O BAE X I rp, — A N A AR RO RAEAT I, Fe D 2 0F L & 7 i AF A TR T
A REPEREEAFAEZE S, AWM SR 2L EA R, RBEN Ea,Ee Es o En, LI LB —BUR M IE
SO o AE T RRSEE A, — MR T LA b 0 e (% 32 (A O o 8 o G ) 48 0 (L (DA D 52 4 9 A0 1 L 73 3E AN R
), R

E=i2a )
N =

W EAE 05 B, 0045 U0 (I R A 4B X IR 220 . AE = B — Eo, 3% 25 2 Bl I X 52 1k e Bt AL A 1k 5
A, WA R 2 s R, W
_AEi
=

AR & IR IE 253 A N(O,o-é), A X 22 F 2 DR B, AT 2y DR 2%

Sax =20log(1+5) (4)

M) Sa IR KT BOERS 34, BMEHR 0. AR, IR e Fom B X W&o 72 X 2 se B o iR 2, |
WH A — AL &, W e =6as

2) MRETRCIARTE R AR AL . R G S 2 B A G R A 1R 2%

RN SRS, HEgk iR AR e, BHEEERRMASEMENANTET, EEm
WHCR BRI vl , RAF R e WA T BB E AR . b, TEXTBIILER 24T A5 (2 ) Ry B, R 3 R ok
M) O, A7 7E AT PR A ) R 2R, B 25 6 A4 9 3 19 S B o B 5 00 o i BE AR AR R 25 0 A L 2 DR R R R
Z TR R REIAEE Y AR 25 R (4 SR 18 T RE A7 AE A AR AR 2508 o

RS BB R 28T, R e F"nizirzs, WIHRMNEE R 0 X EIES D .

& ©))



922 AMERZS5BEFEREFER 514 %

3) REXIAAl 5 ik
B RN R 220, B2l N I, AR EIE R DR 22 (KLAR DUN B 00) %, O X, FEAR
JiZEN oo, WA
7= ZZ (x— (N-1) (5)

HRAR 2% (5) 7T W 22 (A M 25 s EAT A émzp 1-Ci ) 2 43 A0 B 4300 2 (N —L) RF i s H 45 I
B .

Y X

BIFEE AR G, JEARXS 3R 22 (2 an . BERLE 7 AR 3 () 0 X ) Al 3y [X —s, X +s], AT X=0, #i%
THUAF X % 22 1 DX 6] A 1O [-s,8] o
23 RERREREGERETERE

B 7 BERLERLN Z b, A SR A B B Ay B E i Rl A A AR R i P B, R AR e e S R e
R RGP R A S I 18] AT 45, DR B R A T I K S R R A R o SRR X S K]
KM REIRZERSRIL, JFEANRESBCEFLRME, HBER 0, WMAXBIES M, MR R BIRER
AN BE VT 5 AT 4T 0 A R AT

Dﬂﬁﬁﬁ%@jﬁﬁ%ﬁaﬁﬁﬁﬁnfhﬁ%ﬁ%%w,%=ia;
2) MMAK(6) A — AR 2 AR EA B E L si5 )
3) FIH “J7 FARE™ FH5 A AR 22 1 bR A B E &=ﬁ§%
4) BARZERIARMED 22 o AT s AT O — RS 9 B BRAGT) B

3 MES£=ENTRHETREEEEEHER X
3.1 RETRMAEITHED

FHEA AR RIRENAREZITE T, BIREHERNE 0 B RE, P OoWBRER, e, TMRMNIES

DA, WRIMIESAA A EFEMmITEITE, WMl HEE R[N R ITFREFMEIT N M., KRENTRMAT R
Mg =My — Z:Ss (7)

A me R R BRI R G 2o WRHEIES A8, B o(z.)=R
32 RETR M it EREEY

A TR T Me (W EEAKFE R C, WA C=min{C}, C&%HiMRESERIEZEMTT S WEFAKT. L
X RGR 2 B AR KO W AR E B .

%#:w%m~Mwﬂ,E¢nﬂzwm,#ﬂﬁﬁﬁm¥éT,ﬁﬁm%ﬁ%ﬁﬁRZﬁﬁ#%
[—ei,ei] °

i UL ESMT, X NAXIEBEAT MR RO 22 Mm), WX = }:x.éﬁ‘TﬁéféijQEﬁ[iﬁﬁﬁE

i=1

mEfFKFCc=C.
4 MEKRENEESEFEEZINRAEZGHSN

DAL g5 AR AT RO SE 1 | BLAR REAN 0k, X e BE O N B AT R AR AE, I T



PEES: BRUMEARREVEESERETMHEESM 923

ok

% 6 1

a) T JE 2 A i I E S R A AR 2R IR (R 22 0 ), EUHE UL B e B iR 22 oy i [WR, L
bR 2E R AR A B vk - B AL BT VA SR AR R SR 22 LU R BE LR 25 . WURAEN E AR RS R b, fF
TERCR B RG22, WZ S AN NGL

b) 2.3 By 1)ERAREPF LM, HZLMEMME, e, =Zn:ei, MWARBERIEE 3 Ry I ML i

BEA RN B, SRR 2E S i Z A AE A OGP, o I 0 2 TR 22 TR SC PR T AR AN E R . B R 2 Y
SeAE, IR ZE R ORI AT, BEAT B BT, AR BEAR E R 2 ML, W AT B 22 A AR G
K5

c) f£ 2.3 9 2), mHI(5). F(6)THIA 1R 2= 70 ik A Am MEAS i B S DX ) il 3, 3 st BEOR A5 1R 22 23 it I
Xt RCIE 25 0 A o DA I A ik RO I A 9 R 22 o A Hle BEAT AU DL BEAG 0, A B ATl A g, DU 20T R H A i
PeInik

d) AR A E SC, B AL 04 B AN E (RHLRE ) PR S Y I SR A 0GR I R 2 R A A IR B 1
X, Y AR5 B2 AR AR A R 22 28 R o A SR A0 0 B (B AN {EL 5 PR 05 0 L 3 W (LA 5%, 3 5 PR 5 10 FL G 009 A O (T e 52
Berh 2z w B B AN O0), A 25T 5K Al B A B AL Bk

e) WURMUERR T SR A R RARLEN, MR A AR E . B, EESES BRI
PiB(E, HIXEEHE-& 2 50 il e O BRI 00 pR O B AR L, DU 191 e T A 2 00 A T S B 7 D 45 A 1 (B
fir: dB)iR 225 AL 5L 48 5 37 98 1R 22 A AR AT, M A 5806 A8 ST

5 RREMEFREEUMERENTEESEFETE
LAKE S G P4 F 1 80 A BT A (LU S (R AL | A R 5 00 RIS MR ) SE g o A L, A2 o
TARENE R 2RI, THE AT TN B B e A R RE S X N A A
51 REMEMRERBRIRESNER
A X 56 5 MG PN FRL A I B A T S N, R 2 AR T S LA R A M LR 1
1 RIS IITEE R

Tablel Error source and analysis results

serial number error type error results(90%-90%) comments
1 threshold [-7.3dB, 7.3 dB] The EUTSs are different, while the measuring conditions are not changed.
2 measure error [-5.4 dB, 5.4 dB] Includes simulator variability and calibration.
3 simulation error [-6.7 dB, 6.7 dB] Includes variability of wave orientation, and its polarization.
4 power on-off [-8.2dB, 8.2 dB] Power supply for EUT is on or not.
5 environment of the [-2.6 dB, 2.6 dB] Usually only part of equipments ar?hleniglles(ijtﬁgttigﬁ.cabln during testing, and this is not

shielded cabin
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