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Abstract: To study the Electromagnetic Interference (EMI) characteristics of the Fuel Cell Controller (FCU) ,
this paper develops an equivalent radiation source using the differential evolution algorithm and measures the
magnetic field of the FCU controller based on the near—field scanning method. By comparing the magnetic field
generated by the equivalent radiation source with the measurement, the average error in X, Y, and Z direction at
each frequency point is about 3%. Then, the far—field radiation in the half-space above the PCB board is simulated
with the reconstructed model, and the results show that the average error between the simulated electric field and the
measured electric field is around 4.1 dB, and the overall trend tends to be consistent in the measurement band
range, which shows the accuracy of the equivalent radiation source reconstructed based on differential evolution

algorithm. Thus, this method can be used for predicting the effects of the radiation sources. Furthermore, this paper
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also investigates the effect of the metal shell based on the reconstructed equivalent radiation source, and the results

show that far—field radiation of the PCB board is reduced by about 10 dB. Thus, the metal shell can effectively

reduce the radiation interference generated by the FCU controller.

Key words: near—field scanning; fuel cells; Electromagnetic Interference (EMI) ; controller; equivalent

radiation source

R R R R A A AR BB R AL R Y A
e H AL o raBe , HE Y =2 R K T
I, SR B Y5 4 (Fuel Cell Vehicle, FCV) #5172
INR R AR BRI E M EZE T Mz —, IFsIA
CEURE =l & 8 K R R (2021—2035 4 ) )1, %
WA REIR S5 | R SR AR 28 38 HAT RIS R 3L .

BRRHE IR G 1 F - R BB SR A R IRRS
JEHE AR i dE R Ge b, DC/DC 2B 4 iy 25 s
BL I 28 FE ML 2 ARk 4% 1 28 (FCU) T HL R
R ERICAFE 2N T RGENE R, R ERS
SRR RS M R 2 2% . T bR PR TR
ARESEREAN T RENRNE, BRARN L 2
PERIATSEE , R T OREE R L M R 5
AT, R T 2021 4 A A T CRRORHL Tt 2 S AL L
e AT PE B 1l 58 5 ¥ ) WK bR e (T/CSAE 149—
2020)", PRtk R8s} FE vl FEL M PR Sl 5 R O R 6T
FRRE T YR 2 7 b A R 1 e J R O,

M P B 1% 3 25 (Electromagnetic Compatibility,
EMC) [RJRE R =227, N TR IR A T e 2 i
AR, PR F R T 48 (EMIT) [R]85 ) 5 B 350 43 2 4l
o YRS o Ak AL S TR . EAT, B NN XA
B YR A OC T R i AR A R E R S D
PRFF AR ARSI TR YR 4 DC/DC S 4R
9 EMC 471 , T4 H R0 1R 42 DC/DC A8 4 g AE
EMC B3 n] Sk FH A 30 ] T Ve it . 2 5 2255 0 5
XFRRA L th 75 22 DC/DC AR 460 25 R i e 225 e [ Jn
ST ROREE MY ZE DC/DC AR e g 1Y) L R 7 ELRR R
5 A5 5 R 45 R R R AR b S — 3 19 8] T
BN ATEE Y DC/DC A e 25 07 FURTRY | 5K ok 7 AR
JORE T 7R 4 A R 5 A BT S AN M EMC
BLEE, 45 HORE A YR 4 e R A i EMC I
B, FEX A OIS S AT T e . B DR
P T VR A R A o 2% S A R R T TR T
AR A A ) RGBT e, JT 42 S 2 2 il A 1

EMC 53 JZ2 B0 EAR . TR ) 25 35 T 57 i s ) —
[l 45 R A | IR0 45 TR 2R W U2 B ik L 20 )2
JFE 4 B R BE 187 10 ~ 15 dB, BIFFE 45 5 0] ] T48 5
ZE3GE A5 W) 3l e 48 1 1E ) K 43 B A JR 31 . Rendu-
sara O T — B G A9 PWM B Bl & 40 AE
g MR R A L G 4 SR W IR D AR A UL T
WRORE EEL Y5 2 ML S T ) 2 R R A fR O
Al Sakka 85 FL A T R[] $h MGG R U AR B 1 H
fl TR, (8 F SR H it VR 4R B B e A 18 I R
FhgEH . Anak Justin 251258 1o LTSpice HEWIFET A
[7i] 1) 23 A e 25 X MR FL Tt 2R G EMLC 1R 52 i), LA S
B 2s RS A b T AR B AL SRR S TR
PEIE DT T dnfu P sk 1R 55 ) EMC (9 2 . Lee
SRR T AR R T R L A Y rL G Y L 15
1o R/ 2R B 0 EMC 2 BT 2 B 1k 7= A L R D RE
S S RN F X 4510 . 28 F Rk, HEres b i
F|FCU B EMIFRHAR A I HGE , ., T FCU B
A B FL B85 25 4 Ji T AR 7 R B L P B 5 ) 5T
Z, BRLE  %Foet e b P M S B R O )R I
5 ,fEFCU B PCB M FE B 45 M AR SN AR L T, 28K
TR ik I, IR & — RS BE R Y FCU Y
EMIRPE R0 B 70 TARETF A HAA 20 3L
PRI, A SCET RHRRRL M 3R 48 FCU 1 EMIAFE
A T BT 22 43 i AR S I A A5 S U A i
PR ORIG Tk M T FCU B REMRAR 7, I
TR L 2R 45 FCU 19 PCB AR I T 37 4 103, %)
TG 1 S5 R0 SR AP E R T I0IE s e, BT
TIE A 2535048 SR, XF FCU Y EMT R AT 07 ELAF T

1 ETFESHNEENERIEGFERE
1.1 E=a#4EZx

Storn S H 28 3 HEAL LT iR —Fh AR TRE
PRE O A5, BEAUL A W) AL R, () A 7



118 PN S QRS )

2024 4F

5t B EPE 3 FPERAE . FEAHEfb SR AR R A A
TR 2 R 22 0RO 5 3 AN BEPLR BRI 3D
T, F R4 s 1 BB 0~1 0 Ron gAY 404k

Vi=d +F(d, -d)) (1)
AP VIR R d Ry BARR & 323G R
V!5 d AR UL, U IR R i, #7385 BE L R
HAE 0~ 1 WBEHLAE LR RN T e TR 19 38 LS4
Cr, WIPRAT A SCHRAE , B AN AT 52 30 BAR Dy X
K2,
V., if (rand(0, 1)) = Crori = j,,,
d;, otherwise

AR AL X B R AR B AR AT
R AEIEAT 2 SCERAE R i B e rp — T R AT A
SCHRAR , H A o0 28 4 BE 2 (2) R A7 ) T R A T 22
X, BEARIE R OB AR REHEA TR R . X (3) s, &8
22 G AR AR R R U S HERR R d A
Ay U0 (4) b i35 22 sRBUE G, 722 /08 DU I AR
FI k< i e H bRk i PR RE AL IR ORAF TR BE
TS B R A A e+ LA AT TR —fe AL
T IR AT 7 S 5 238 S
UL < fd)

d;, otherwise

U, = (2)

4

4 (3)

(4)

o |- 1 ARFRRKIL AT IEE; H by P 0 SR
A B RE s H R S SC G k= X .Y
Z5rMRER X Y Z iR 2: . UL ATA 1, BT
— W RRE R, T — R AS RA
22 b — AR 2, DT PR IR 38 IR ¢ i RE 1) e A ) 1)
S
12 FYEHFEHE

BT B MR BBN, B— DR E—
A REABHL 7, 7E 5B FCU 1Y PCB 2 18 = £l h ()5
T 8 ST A SRR SR IR A AR | 25 AR - A6 AR (e, )
(n=1,2, N, F6) BL AR5 5 U5 1) e A3 A v LA
KSR d, KR .

|y, Re(M, ), Re(M, ), Re(M, ),
Im(M, ), Im(M, ), Im(M, )

Krfrea, My, 5 n A SFRURE A 7E B AR bR 2 rh
I s Re (M, ) Re(M, ) Re( M, )53 5 h AR

FAE X, Y. Z 7 16 WA B SEE 5 Im (M),

(5)

Im(M, ). Im (M, ) 5350 b WA 176 X Y Z 5 [ B
HIAR HE ) R S . BB A A G S ML H
R n A E R AR T AE S m A S S AR
AT =123 0 BRER X Y Z T )) L7 A i R
YR o it , 3R 351 18 FE 25 FCU 1) PCB i i
BN 2, AR R (x,0,y,,2) (m=1,2, - ,M). HF
T A A~ R b AR AR —F LA X {1 6 2R T AR A L 1
e 777 A 1 LR S T A A R A A 17 1 PR 2 )
Hh R ST A I R T oR A AR AR AR T AR I
Wikl .

H model,n _
m, x

Kokof (M, | - n=2e )er (= h)Y h<r>} +

Kikof(r)M,

(%, = x"igym - 5,) g(r)} .

(%, —x,)(z—h) g(r)i|

2
r

Kykof(r)M, .

(6)

H model,n _
m,y -

thof(r)Mn,x-(xm — zgym - yn)g(r)} +

__(z—h)2+(x

Kokof (MM, . ) o)+ h(r)] +
o (e, | U2l |

(7)
Hmmlel,n —

m,z

thofu)M,,,x_(z"”(r#g(r)} +

(2= M)y, = v g(r)}

thof(")M,l,y >
K.k f ()M, | - (x, = x"f;(y"l ) gl(r) + h(r)}
(8)
A
___ 3 .3
0y )
2 o2
M= Gy Tk (10)
Flry=" (11)

A f (r) S TARBR s r SRS IR 5 23
FI S IR B 5 k=2m/f; K=k (4w) . 38 1 3 (6) ~
KD AAR, B REASAL 7E F R 2s 8] B = A
HIRE R e R (RIS AM, = H,,, n=1,2,--+,N;
m=1,2,--,M).



%510 4 B T ZEAE PR T A A O R TR AT 119
a,, (11;" a,’ || M, H,,
! ) a!|M,|=|H, (12) 2 EFHEBMR R EER
ay? ay; ay"JLM, H,.

AR B T B ] AR B BB T N A SR
A 778 M A T 37 49 4 b7 A 0 1 3 A A D7
i, AR AT ) 5 B n T~ R X

(4], M1, =], (13)
2 A, O S5 B AR AN 1 IS 430 3 B B e R BOE
[ 5 M, o 25 BEAR A 7 FoR R A A 5 1, i i i
99 2K R & AT AR XY Z T T G S i
R EL.

22T HE LA T A AR AT IR A R A AN 1 1
FI7s B SEX R A T BEAT I AGAE , RE AR 45T
I (9 73 S (I i (S5 AR, LR D 330540
HEAE A S — UGB TR . 278 AR 5 R AT A2
SCHE AR AR T R 54 ) , 20 i35 el H A
T ity R 5™ A R T 3755 S DN R S B R R R 2 L K
I R AR 1 R A O B 3 5 S i 4 (R 2%
i FOAE, TR ZEME/ NI REAR AR T T — A 4 1
27 SRR, AW DR RE R 1, ELZR AR 1Y
SEREARAR T IR R Y SR S A S e 2
(] F) 15 25 /N T P 0 22 70 A i ik AR Bk
B PR Foe IR ARV, B 2 11

TBLR IR U, WIS
. BT LR IRARAE
¥
G

le
lE?ﬂl

_ T A T )
LRI

T L R ZE A
IEAREE R

A1 2@ ks AT S e R 2 RiA A2 A
Fig.1 Iteration flowchart of the differential evolutionary
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