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Assessment method of electromagnetic pulse sensitivity of vehicle

engine system based on hierarchical Bayesian networks
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Abstract; An assessment method of the Electromagnetic Pulse (EMP) sensitivity of vehicle engine
system is proposed based on Hierarchical Bayesian Networks (HBN). Considering the randomness of
the parameters such as the position of the electromagnetic interference source, the polarization angle,
component sensitivity and so on, the proposed method can estimate the failure probability of the
engine system under strong EMP. The EMP propagation model is established by Event Tree Analysis
(ETA), and the risk probability of the electromagnetic environment is determined. The coupled path
of the engine of the engine system is analyzed using the Electromagnetic Topological (EMT). By
correlation of invalidation of the same layer cells, as well as HBN integrating ETA and EMT, the
assessment model of engine system for EMP sensitivity is established., and the failure probability

formula from the component level to system level is derived. A case study for the pulse susceptibility
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proposed model.

acquisition method and calculation process. In addition, vulnerability of vehicle engine against Ultra
assessment;

assessment of the vehicle engine against high — latitude EMP illustrates the model parameter
electromagnetic topology
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Wide Band (UWB) high power microwave is also presented to demonstrate the applicability of the
hierarchical Bayesian networks ( HBN );

Key words: communication technology; systematic evaluation and feasibility analysis; susceptibility
engine system;
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Fig. 1 Electromagnetic coupling path of vehicle engine
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CPT2 m=0 m=1 RIS P(Ci.1.3) = 0.1053
P(Ceh = m|Car11=0.Cor.2 =0) 1.0 0.0 Jon AR A A A P(Cz1.1) = 0. 3605
P(Czr = m| Car1 = 0,Czr2 = 1) 0.8 0.2 AL E AL AR P(Csn.2) = 0.5171
else 0.0 1.0 PR E L R4S P(Cs.1.1) = 0.7443
cPs =0 et WP Cu BB B AR T
P(Cs1 = 771‘(?;;,1‘1:O,C3_1_z:0) 1.0 0.0 P(Cll) _
P(Cy1 = m|Csa1 =1.Cy1.2 = 0) 0.8 0.2 Z P(Cl.l |C1,1,13C1.1.2aC1.1.3) .
else 0.0 1.0 CGoaaSaeCas
CPT4/CPT5/CPT6 m=0 m=1 ﬁ PCCr ) (15)
T1.1.1
P(Cis = m|Cin = 0).(i=1.2,3) 1.0 0.0 i=1
D = ] n] 48 o, =
P(Cis = m|Cin = D,Gi=1,2,3) 0.1 0.9 B PG 0.3857 » [l B AT % P(Con)
- 0.4266.P(Cs 1) = 0.3304,
CPT7 m=0 m=1
1 7 Sa(i=1,2, 750 M 2% 2 &
P(S :WI‘SZ:O.CI_I =0,Ci.3 = 0) 1.0 0.0 ‘ 11‘%:}#[‘17%% (J].O(l J‘l 2 3)96)4(*%4%;‘?5%}7@
. . . , ML WG 0 ) AR A S A S O R A X
P(St = m|S: =1,CL1 =0.CLy = 0) 0.7 0.3
T
else 0.0 1.0
P(Clg) —
CPT8 m=0 m=1
P(S; = m|Co1 =0,Co5 = 0) 1.0 0.0 (E (Cis [EMS;; . Ci) P(Cii) P(EMS, )
i1
else 0.0 1.0 (16)
o neo el iR (16) . S A A P(Cuy) = 0.3626,
P(Sy = m| Sy = 0.Cy1 = 0,Cy 3 = 0) 1.0 0.0 P(Cyy) — 0.3847 . P(Css) — 0.3041,
P(S;z,:m‘Sz:1.(45,1:07(45,3:0) 0.8 0.2 (2)?%%}%%&&*%%‘}1‘%:
|se 0.0 1.0 N - 2 %7 T e 2
o HHETFRE KRB BT HIETRAR
e Ca RN IF)J2 F 28 4 D i 5 195 7 1T A9 5 i, 2 2Kt
P(V:m‘SI =0,S =0, = 0) 1.0 0.0 T'
else 0.0 1.0 P(S,) =
W2 XU FREZEZIESWHN.0 RRT . .
‘ i ?%A '-li TR ARG HIE 1% FoR TAE E P(Sz‘Lz,ncz.;a)P(Cz.;a‘C2,1)P(L2,1)
IEH .1 /R REL. Cyp:Cyy
4.4.3  REWLR BRI

BT MR SHLR GL45 0 1 43 )2 R R IR
KA HEMP 355 T RSIHLE MR T R G A

17
B P(S,) = 0.4273,
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Table 4 Failure probability of engine subsystem

under HEMP
REAPLT RG PR 2
RAKT RS P(S1) = 0.4771
HRAT ARG P(Sy) = 0.4273
e T R 48 P(Ss) = 0. 3935
P(S) =

D7 PS80 Coy) P(S) P(Cry | G PCCLD
S$:C1 Gy
(18)
FI& P(S) = 0.4771, AT P(S) =
0.3935, RENHLT RGERMMFRILE AL 4,
() R G2 KM AT
P(V) =

D P(VI]S.8.S) P(S)H PGS, | SHP(S, | S) =

148,45,

DY P(VI[S,.S;.S) P(Sy) X

S, 45, .5,

D PS8, [8,.Chy s Cry) P(Cys [ € ) P(CL) X

CaChg

D PS8y [8;.Cyy s Cag) P(Cys | Co) P(Cyp)

341 ’(/3.3

a9y

AT P(V) =0. 7719, it & 3h HLTE
HEMP 54 T B9 2R 20845 K 0. 7719,
4.5 BUVERRETEZINRGRAMRITME
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15 EAT R, B R LRAS BRI B LS 4.2 M
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W VR AR R UWB 3% 8 — it v 30 ok b R
X, PR £ R R E(o = Ejexpl —
(t— 1)/ T]), BIRSECHN  E,=50 kV/m, i, =4
ns, T=1 ns. % &I A S 7m0 AL . A
B we[18°,90° ] i f $€ [0°,90° ] Mtk
a€ [0°,90° ], RBEL Ko 18°. ff FLRE A BB
180,
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WL . o, e /ME DY 0,46 VL I K(E
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Fig. 11 CDF of EMS at transmission line terminal
4.5.2 TR0 M 1

S50 R S BLAS S A v i B B (LR D
FVEEL RGO (A COLE 1D ARYE (7)) Az (8) AT 43
ST 53R R A A g AR R R ) M AR P, R E
TG 3R AR AR P, W 45 T i R R
Pl 52 P P L RTER 5

%5 BEDEMETHUHBESH

Table 5 Sensitivity parameters of component under UWB

AL m/V a,/V P. P,
AR A A R 171.59  11.71  0.5968 0.7215
i 7 AL SRR 179.20 21.73  0.5673 0.789
R AL AR 210.16  23.23 0.4515 0.7084

o I AR A A T 151.24 22.31  0.6671 0.8617

WAL B AL AR 104.93  4.12  0.812  0.8434
AR IR A 62.65  2.26 0.9013 0.913

B IRTR 574.14 17.53<C0.001  0.0004
RUK AR 232,71 7.21 0.3667 0.4478
AT 328.90 29.79 0.1105 0.3425
W% 3 7 275.21 21.82 0.2307 0.4529

HR A 2% 5 Bl mT 0 A% B i ELAT 38 e 1Y) BURR
J3E A 7E FLRE I ) B4R R R A SN T 100,
AN B AE LRGN 1 AR IR .
4.5.3 KRR G R G REITAG

BT AW R SHL R G5 454 1 40 J2 B L R Ik
K UWB BB N RS ZE . FRE)E RS
J2 B R B

(D)2 R B R 57

gifsk 5 XA UWB 545 T %k 8
BLAS AL IRAS 1 R 45 R L3R 6.

el 2 (15) (16) AT H 58 &AL SR A% Co L AT
BCis(i=1,2,3) BIRBHRWT .

P(Cyy) = 0.7156;P(Cy 1) = 0.6330;
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P(Cgl) = 0. 5385,P(C13) = 0. 7025;P(C23) —
05860;P(C;;) - 053850
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Table 6 Failure probability of engine sensors

R NP AL &R KRB
W EDA TR ] P(Cr1.1) = 0.4306
AR RS P(Ci1.2) = P(Cs1.2) = 0. 4476
1R AL A P(Cr13) = 0.3198

o S A A A S P(Cy.1.1) = 0.5748
15 A
AU A5 AR

()T REZ ARG )2 KRR

AT Q8) AT 2 K S LA+ R Gk
R ARG RILE WL T,

x7T RHIHNFREREE
Table 7 Failure probability of engine subsystem

P(Cz1.2) = 0. 6848

™
biis P(Cs.1.1) = 0. 8229

RANIF R G R MR
RAKT RS P(S1) = 0.8084
AT ARG P(Sy) = 0. 6469
W5 T R GE P(Sy) = 0. 6402

KEANHLR G R AR X HE L&
3 P(V)=0. 9653, it X sh WL &2 47 UWB 48
BB R A 0. 9653,
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ROBERI I 20, LU 23 UG K o 26058 0 ] 52
BT BRL B S HOR Oy 2 R R O DU 98
7 e AR D ) i — A U T PP A AR R Y5
. VRSB E ET AR G A2 FROT R BA OR
P BEE B 41 34 e 3 HIL A 1 5 i A A4S T
] B 2 20000 &5 B 08 T L B T VIR L B A A A
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SHLR B R B AG T A R et T R S PR S
G0 K AN T 2R G F Dk i SRR A I
MERG R, Rl B E T & Sh HLE S A e
G AR TAl T A S LR S8 v G Dk rh B
K BB oL RE BT 4 BT 4R ARG L X R i AR AL
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