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Abstract: To solve the problem that the aviation Engine Electronic Controller (EEC) is easily disturbed by
high-intensity radiation field (HIRF) interference, the plane wave irradiation simulation is performed to simulate the
interference effect of HIRF on the EEC through the software CST for the modeling of the EEC. The simulation results
show that HIRF can be coupled into the EEC and the electric field strength increases significantly at the resonance
frequency. Conducting EEC radiated susceptibility tests at 400 MHz-4 GHz, the test results show that the EEC failure
frequency points are 2.40 GHz and 3.84 GHz, the susceptive module is the analog input and output module, The EEC
failure frequency is close to the resonance frequency, and the EEC failure is related to the cavity resonance. The wave-
absorbing material is mounted inside the EEC and simulation is carried out, and the simulation results show that the
wave-absorbing material can effectively suppress the resonance electromagnetic interference, and the results of the
study can provide a theoretical basis and reference for the HIRF protection of the EEC.
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Fig. 1 Aircraft Electronic Engine Controller
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(b) internal structure simulation model of the EEC

Fig. 2 Simulation model of the EEC
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Table 1 Shell structure and material of the EEC

structure material electrical conductivity/(s'm™) relative permeability/(h-m™)  relative permittivity
housings aluminium 3.56 1 1.5
power switch aluminium 3.56 1 1.5
aviation plug housings  aluminum alloy 345 1 1.0
aviation plug pins brass 1.59 1 1.0
status indicator air - - 1.0
screws iron 1.04 1 10.0
copper of pcbs copper 5.80 1 1.5
medium of pcbs FR4 5.96 1 5.0
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(a) schematic diagram of plane wave irradiation (b) excitation signal time domain waveform

Fig. 3 Plane wave irradiation simulation

P03 - Tl e R B

E()= Ep<r—ro>exp[—@] (3)

A E, O K i B WA, o S DK SER , 7 SRR R R o ARSI =5%107", £=2x107",
24 IEZR

EEC F 370 A tn & 4(a) M 4(b) ir 25, EEC 2685 332 10 UL e 82 B . LA A A 37 3 B A W v T HG At (X
EEC 2 Ifil FL 3 58 5 DAFL I FINAE B s 2 Sk v 1) 8 L6, 302 R FALAE IR 1 & )& 7o IR i MR ISt #E 25 14, S 80
filh % B A B8 i, - LA A B T R SRR o i A, A FLAR A L 0 B R A, AN R R PR A LA A
HEA BEC W 0 BT R B B 400 MHz~ 4 GHz BEAT EEC 1~V A1 55 B0 2L, 48 51 738 3 824 1000 V/m, 7E
L S o A R SR B LAY PCB A0 7 B 3 B AL 4T, LA EEC Hu0 7 By Al b JE A5, FLIZ R 1 AR AR Tk
2 (-3.5mm, 6.5 mm, 160 mm) . (—=19.5 mm, —1.5 mm, 157.5 mm) 1 (—=19.5 mm, —8.5 mm, 157.5 mm) . HIGIRE A 7E
o7 B 1) HL i AN 1 4 () BT o (i L2536 B, HIRF 0] DL o % 45 1 () FLAE R & B R N3, IF B S e sk N

E(V-m™) g4 E(V-m™)
846 778
710 643
643 575
375 507
507 440
440 372
372 304
304 237
237 169
ig? 101
0 0
(a) frontal electric field distribution of the EEC (b) top surface electric field distribution of the EEC
40
—— A/O module (3.56,37.24)
35 ——PCB2 center

—— PCB3 center (2.53,28.23)

N W
wn O
T T

field intensity/(V-m™)
o8

—_
=1
T

(2.00, 4.85)

W
T

0F

0 05 1.0 1.5 20 25 3.0 35 4.0 45
frequency/GHz

(c) field intensity of the cavity

Fig. 4 Plane wave irradiation simulation results of the EEC
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Table 2 Test equipment type

test equipment model function
oscilloscope DSO1022A monitor digital output
power analyzer PA2203A monitor analogue output
computer G510 monitor serial output
signal generator UTG2062A provide input signal
power supply E3631A power supply
impedance stabilized network DN-LISN160 prevent interference
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Fig. 6 Schematic diagram of EEC radiation sensitivity
&l 6 EEC % G sk i o i s 2 el

ZIR T RAF S HEARR G R LR, K SRR ST 10 F G 3 TR A % 4 @ P9 RE TP i HIRF PR35 5 T S 4% 843

F M0 I ) AR A B i A B A A L ) A8 EMIFEEISCHL ] T I TR e & N 4R IR R AL LI R . R SN R 2 i A

SR UK 58 B R 4 ps. HE AR A 1 kHz 5y Tk o e v o, kool O i 6(b) s ol g S S IR Y

AN ) 2R R e AR L S RS R AT R A K

E esire
Ptarget:201g£++PFwd (4)

P Pryrger T EFR AT, Egegire RIS ARG, Epo WIME IR, Pryg FEUHER AT
32 RERNBRER
321 IEBNE

HEAT 8 S BURR B2 I 2 AT X EEC #4714, 245 EEC ik i IR0 F{E 5 A& 2B 4 24 EEC AR i iy At A8 e g2
HEMEAE A 1 V., 35055 100 Hz (9 1E 5% % 225 5 . EEC BLL g A R i 55 i) 7Ca) B Beg it 33 v
FL - COMI DL it ) D X 61 5 i s 5, i o 35 A BEC R P v A 10 i HE DR LA RS2 B, AN 3 IR . B
IR A LS TR A Sk | SRR LRSI AF . R Sk [ B s R AT 0x01 BRI A A SR SR IR 56 1) 7 =

header ID statement body check digit

—— analog input signal 48 59 53|01[51 0D 00 O1 02 03 04 05 06 07 05 08 00 OD 0D 00 00 OO 0D 00|0k ES 40 45
3t 2 43 59 53|01|52 0D 00 O1 02 03 04 05 06 07 08 02 00 00 00 00 00 00 00 00|CO A4 EB EA
—— analog qutput signal 43 59 53|01|53 0D 00 O1 02 03 04 05 08 07 05 08 00 OO 00 00 00 00 0O 00|56 9F GE &F

48 59 53|01|54 0D OO O1 02 03 04 05 08 07 05 08 00 0D 00 00 00 OO0 OO 00|16 39 Ch 6E

2+ 48 59 53|01|55 0D 00 O1 02 03 04 05 06 07 05 08 00 OD 0D 00 00 OO 00 00|53 02 AD OB
43 59 53|01|56 0D 00 O1 02 03 04 05 08 07 05 08 00 00 00 00 00 00 00 00|99 4F 04 Ad

43 59 53|01(57 OD OO D1 02 03 04 05 08 07 05 09 0D 00 00 00 OO0 00 00 00 |DF 74 83 C1
1+ 48 59 53|01|55 0D 00 OL 02 03 04 05 06 07 05 08 00 OD 00 00 00 OO OO 0O |FE 04 FC ED
43 59 53|01{59 0D OO O1 02 03 04 05 08 07 05 08 00 OO 00 00 00 00 0O 00 |ES 3F 9B IS

43 59 53|01|5A 0D 00 O1 02 03 04 05 08 07 05 03 00 0D 00 00 00 OO0 OO0 00|72 72 32 77
48 59 53|01|5B 0D 00 01 02 03 04 05 06 07 05 08 00 0D 0D 00 00 00 0D 00|34 48 &5 12
0Fr 43 58 53|01|5C 0D 00 O1 02 03 04 05 08 07 08 08 00 D0 00 00 00 00 00 00|47 EF 11 F3
43 59 53|01|5D 0D 00 O1 02 03 04 05 08 07 05 08 00 00 00 00 00 00 00 00 |EL D4 75 95

voltage/V

48 58 63|01|EE OO 00 O1 02 03 04 06 06 07 08 09 00 OO0 00 00 00 00 00 00 (2B 92 OF 39
7] F 45 59 53|01|5F OD 00 01 02 03 04 05 06 07 03 09 00 00 00 00 00 00 00 00 |60 AZ EG 6C
45 59 53|01160 0D 00 O1 02 03 04 05 08 07 05 09 00 00 00 00 00 00 00 00|62 29 10 DA
48 58 63|01|61 O0 00 O1 02 03 04 06 06 07 08 09 00 OO 00 00 00 00 00 00|24 12 74 BF
72 45 52 53|01|62 0D 00 01 02 03 04 05 06 07 03 02 00 00 00 00 00 00 00 00 |EE 6F D3 10

45 59 53|01)63 0D 00 O1 02 03 04 05 08 07 05 09 00 00 00 00 00 00 00 00 (A3 &4 B4 75
48 59 B3|01|64 0D O0 O1 02 03 04 06 06 07 08 09 00 00 00 00 00 00 00 00 (3B C2 FO 94

0 25 50 75 100 125 150 175 200 T R | BLsE _$ B | n
time/ms #O0Soe -] @ fIAS0 ggh | ferran | msm0| Momew
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Fig. 7 Debugging before EEC test
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Table3 COMI1 data output protocol

statement structure output data byte offset
statement header 0x48 1 0
statement header 0x59 1 1
statement header 0x53 1 2
statement id number 0x02 1 3
sentence body cycle count 2 4
checksum — 4 32

043007-6



HE R, & AU RS T ] &% 8 R R 5 T R B

T A3 U K 336 B8 B4 05 S — 0 I — A 2715 A B0 00, COMT i Hh 285 SRl 7(b) T
2% bR RTCA DO-160G, 45 & BEC (&3 B | B35 2R 48 T (0 42 26 (0 8 | 2 58 17 D0 AN KB /IN B 245 4 1
5E BEC M4 28 510 F 28, A4l 15 45 28 51 2 BEC AR50 375 o K BEC 58 S U B i 56 4 = A F 00 Ltk A T,
=AM BE BEC 58 5 U AR 10 3 9 e I3 R A 35 4 BT o R R B R 4R A i A D R el 6 1 00 A SR
FR IR Z /D UEAT 3 A B, DUARIE I 56 235 R A v Af
F4 FERSEFEBERRIFE

Table 4 Class F equipment radiation sensitivity test field

frequency/GHz field strength/(V-m™) sampling rate sampling interval/ MHz stirring speed/(r'min™")
0.4~1.0 350 60 10 4
1.0~2.0 1000 100 10 2
2.0~4.0 1500 200 10 2
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(a) EEC analog output at 2.40 GHz (b) EEC analog output at 3.48 GHz
Fig. 8 Analog output module test results
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Table 5 EEC resonant frequency and failure frequency
mode calculated resonant resonant frequency/GHz simulation results/GHz cutoff frequency/GHz
fi10 2.72 2.62 2.40
for1 3.68 3.55 3.48

4 EEC BEHP
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Fig. 9 Placement position of absorbing material
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