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Damage Analysis of Lightning Electromagnetic Pulse to Portable Computer Terminal

BAO Yong-bo, TIAN Yang-meng, WANG Cai-xia, WANG Hongwei
(Beijing Information Science and Technology University, Beijing 100192, China)

ABSTRACT: Objective To study electromagnetic hazards of lightning electromagnetic pulse (LEMP) on portable com-
puters with electromagnetic simulation software XFDTD. Methods The time domain waveform of electric field at sam-
pling point and the sectional view of electric-field distribution inside the cavity were given. The shielding effectiveness
and the instantaneous Poynting vector in different positions in the cavity were calculated. The coupling of the lightning
electromagnetic pulse with the front aperture array and the side hole of the cavity and the mutual coupling of holes were
analyzed. Results The electromagnetic pulse of lightning caused coupling of different degrees to the small holes on the
front and sides. Lightning electromagnetic pulse had little electromagnetic harm to inside part of the cavity. The electro-
magnetic energy was mainly confined to the neighboring of the open hole. The center of the cavity was affected least. The
larger the aperture area was; the more electromagnetic energy was coupled. The mutual coupling effect between adjacent
holes leaded to poor shielding effectiveness of the cavity. Conclusion Lightning electromagnetic pulses commonly do lit-
tle harm to portable computers.

KEY WORDS: lightning electromagnetic pulse, electromagnetic hazard, aperture array, shielding effectiveness, mutual coupling

WG 15 SRR RR, ROl TR IESIE S SRIEZEAYSS A, B0 B R K b 9 PSSk
AR RN SR RIIFE. N SRR, EE%?EE%%EMFP(LEMP)WEEE%@%LE
i 7 ) R , Wiok T i RS . a2k SRESZ BTG,

Wi EHEI: 2017-08-02; 1&iTHHA: 2017-09-02

EL£WME: BXAXHF %A@iiﬁ A (No.41375012); 47 F A AHFA LR A (No. KZ201411232037)
TEEB/: sk (1993—) .8, AHA, MEMRTAE, TR2HAFT M ABEEEZS,

BWAEE: THE (1963—) K&, bFA, HE, #I&, TEARTOATENERTRELFE,



- 84 - o H TR

2017 4F 12 H

LEMP X s HE 15 £ 19 5% 405 1 FH 3 230 1 P>
WAR . — IR gk | SR AR A VR A Lo e A i
HUE . o, AT S seas, [ AT A T K i
FAIRIFEE )5 57— v A 1 o i M A ) FLAE R A 2o
AT F & R, B N & T LEMP 56 i 154 1)
FLAERR A DT A X R

SCH LA T A BR 22 4315 (FDTD) Y H 7 45
B4 XFDTD Al ey Ak #U3 BE fHEHLo T B, ARG —
AR ETH A HLAN T B RL  HES7 T AdE L AL
far Ay DL — IR N T 58 3R A5 ) B L L #1330 m
Ak By HL 3 B ST Sk B R, BT TR R LR Bk o S5
FHALE R AT R A O, 2 FT LB T AR N AN R A
BAL B L REIR B, A5 T TR R LR bk o 5 B R AN [
FLIR L BN A A, A 5E LEMP X8 45 11301
LR BRI T A XN S%

1 R M RK IR L R STE

FER TRt AR, RGO YR T s R Kl
B, At R HbIN o A & A B, A TR R I T R 4
FEA R F B E G Y, b e - el o R AR Y R
YoM 5 o

MR4E N T51 & A R H AWM Z R, 75
DA L E L BULEORVE R, M Rl i
AP AR FRVIEEER P & 1 iR M
2009 4F 8 A 5 H 14:39:16 i— R AN T.5| & 3G
530 m Ab e S A DI i — 3 4% o % R S e
B2 E A e B4k )E Fl X — o B, SR
FE R AL EE

|

Y

|
[ ]
T

|
N
P

ELectric field strength/(x 10* V + m™)

—6F
—_8k
ol TR
A i
-12 1 1 I 1 1 1 MY 1
0 02 04 06 08 1 12 14 16 18

Times/( x 10™)s
Bl 11— 5 B f e H g Y

SCrPE A XEDTD Heft, RS o6 L i g 5 1
PR G o t T R T RO BN, & A
23 [ R AR/ INB A, SRR AR R ORI TR] 2B ARV,
THE 2 B 07 ELAY IR BE B S i g A, ey
0 SR AT BIR DR LA S ARl IR T s 0
PEATHEUR . IG5 55 RGBS R RIE T
3 FT S B R AU AR R R, SR IR A IR O,

A R O BRI E R D AR S A N LR S,
AR B O K T R FL A R SE, A S RS
i, TR R FE R, Fik, ZERLER
L, BT R L AR R RIS A, AEUS P IRAE
TR 75%, W6 5.7 ps. 1ZHR A8 R AR S e Hy
T FEL R iy R Y S B R G

&l 2 Ak B HL 3 A8 S IE MRS A T O, RS A
XFDTD Wb IE I B, & 3 X #lk i ad i i 3
WY AT DA AR B AR 4R A5 i AT 1 1] . TR 2 ]
3 RJAL, EEE E R v T AR B A R 2 A A AE 1
MHz AT,

84162 V/m

S = N W R L NN ®
T T T Tt T

ELectric field strength/(x 10* V + m™)

5.1076 ps
0 05 1 15 2 25 3 35 4 45 5 55
Time/ps

B2 SR IR S Y

_ 016
So.a4f

S 2 2 S

o o o P =

E & ® —~ D
T T T

ELectric field strength/(V

e

(=3

[
T

2 3 4 5 6 7 8 09
Frequency/GHz

=]

NI e

2 EHEVIENHNEREHENSE

XFDTD & — 3k =4k 4 7 B B 2= 5 B AE
EA A YR . nT L LS AR, e
SEIXT I 2 AR 1 L AnT AR R R BB 1) B 3540 AT o

HKHE—3K DELL 2&iCAS U A AME , 75 v ST
T %25 em, K 35 cm, J& 2 em(Ax=250 mm, Ay=350 mm,
Az=20 mm) 25 AR, JUBERY 5 AR AR 5 ol &1 4 Jir
N, B S LS AN L 5 Bk . H LA h
FEA SRR BEAR A, AN SR e AL B e R 1
mm T Z AN AR5, T IR R R, RRiiEZ



Fl4E B2l

B A TR HL PR b et X (S 485 T AR 2 o ) 45 4 20 A -85 -

AL R
US IT&%&?L

iV &%

K4 (5T LR R

5 mm

15 mm @H F
14 mm 14m s
9m.5mm 3rnm18mm

mm
USB2. USB3R &

LR, USB1MZRHFLRTIE

-

2 mm 2 mm

AL R T A
’ ’ HERUBE BAALR ST

|
LT

TIPSR T

K5 A R/ NUBSNE KR SE

(19 /NS R Ax=Ay=Az=1 mm 5] A% . 1E1% M k&
XI5 F BB AE B 1T 0 AR R 2= /008 2 mm, A
HBEJRBE N 2 mm. i1 5 AR BRI A

AT ST A T B T AR /DN, R e
SR AESOE I AL SCHREEUR A LI | kA
PR TR 30 m AbSZ B TE B L REfEE . LEMP Y
AT R IE 2z gy, Ak i x o .

TEXHT A RS TH , W&l 4 Foos, 43 5%t
WEL L5 xoz WEATRIEA 1 DAGT HL L, 5 xoy
HPFAT IR 2 bR rT T g, Foh kim 2 1
R s, FERRIA 2 b SRR ER T A TR AR ORISR
i A A [ 7 AR R A HL 3 %) SR AR IO o SR A
FAASE B3 A LA S 44 Bk An &l 6 7 o

3 ESERSH

SCH T TR R KRR, IR AN TR A5
AR RRLREDY (SEYAYTH RS I R % LEMP (5%
o X K BRR Y EIE S B S WEAT TR, JERE
1 P ABAECIEAT TXF L, SR AFFT LR SR i A B 15
N7, JEX AR A A T AT TSR

Bl6  SRAE RN E KR

o

SEzzog(gi] (1)

2

s=1 )
n

Kb Er A ST R RE Dk b B 37 5 0
E=84162 V/m; E, JRFESMIZMIEE; SE K,
BEWCPERGT s n MEZSWEREBT, #=377 Q; HEEIER
S W YRR,

F1 HBEEEKHTEBETFIEEHEGEE
TEFMLEL DIREE/(W - m™) E LN
Xk EAE . AR
FEEEB T
BfE. FRSA. SR
S F AL 45 ) R 7
PR MR R, /N
AL B R 3%

H A PN 7= A BN, L VAD i 2R
R K, B
B, AL TAESRBLRY
LT R GAR R
SEIAE R, BRIADS g K
SR IRIE B E AR

3.1 LEMP SAStEEALIEHNREE

LEMP A S 0 IE 43 A = FpfLIE, LR AR
BEAARE vk, yk2, yk3). FM(zkl, zk2, zk3).
HERUS (pk1, pk2, pk3), G0 6 rm. SRASAIHES HL
T mE 7 BiR .

N7 Ha] AT AS TR SR AR A5 Ak B4 7 iR i
i KRB I NI S, LS 2. SHssh ik 21 5%
KGR 1 ARSIl 8 Fin .

EO

T 0.001~10

1l 55 10~10*

378 10%~10°

B 10°~10°




86 - - I A 2017 4E 12
PN 2 — i R o a— T PR B T

- 40[93.702 V/m 2 | = 50151286 Vim gkz 16115.414 V/m k2

g 351 y | < 451 3 14} A3

= | = a0k pk3 <

% 326,246 Vi EEL! E

£ 251" m £ 30[31.959 V/m £ 10f

z 20f = 25 7 8r

< 15¢ g 20F % 6k

< 10p ) < 4

E st 2 1(5)_ g 2} 54127 15,5.6665 V/n

J 4 > st - e it

3 o— 5314209 2 gl 52158 ps| § gl S a7 s
= 05 115 225 335 4 45555 005 115 225 3354 45555 = 005115 225 335445 5 55

Time/ps Time/ps Time/ps
a BE LR b HE XU I c ERMIE

BT RGBS SR
RFE RO E AN 6 PR o ZEMH T LAY DRl B

K8 U 1 B A
R 2 FLEERILRAF R B HINE

R ME R Rz BRI R
(V'm™) SE/dB S/(W-m™?)
ykl1 39.702 66.5261 4.181 031
yk2 42.591 65.916 4.811 653
yk3 26.246 70.1211 1.827 195
pkl 51.286 64.3024 6.976 801
pk2 56.549 63.4538 8.4822
pk3 31.959 68.4105 2.709 225
zk1 17.185 73.7993 0.783 353
zk2 5.6665 83.436 0.085 17
k3 15.414 74.744 0.630 216

MR 2 AT LRI, B AL R R B SR RS

1) L 37 5 8 B 22 23 X L TR A A B TG o Sk R

B A7 T A RO A ) T2 AR AL I B ST R AR S 2 3

() FLRE e A5 /N o L 8 T/, X AR T 1 A9 E S O

TUﬁH,WMPm%mEﬁiwa@T%%W

AT, 5 MR JEE DA R ) 1 0 RGN, (LR R TR
HBAR /N

DL AT 2T, JEEAA oA L B BRI SR A SO 1 32

F| LEMP W HLREAEFEAR/N, X H PR 12 m iR

g
/o

A T O 7 R B 1 A7 L A LA A B 1 5
3.2 LEMP 5SASMEFLEHES

JEARTE _E R 3 4> USB i fL A1 5L L L B o 2
A FLI AL T AR B TET , 5 75 v A ik v T 3 B9 A
WA LG 58Ul B an sl 5 s,

EIFFL 4 om A7 B 53 A R EE S USBI,

USB3,

line,

USB2,
DY . Xl I ik 2 e (I AR 2

B L7 A3 AR AT T RS, I ELX LI B30 SR A AT B HR
WEIRSE AT T, S50 UL 9—11 FEk 3,

180708 Vim USBI
‘.;160— Line
+ 140f by
<
= 120}
a0
£ 100-
é sol 5.2158 s, 70.069 V/m
L -
< 6o
— Ny
=N - >
_________ e 52158 s, 30.58 V/m
O =z 52158 ps
05 1 15 2 25 3 335 4 435 5 55
Time/ps
5 9 USBI, line #1 DY 4y H 78 FE
70F70.063 Vim - USB1
EN USB2
£ 60F -——USB3
< 50t
=
a0
£ dor
< 300
=
£ 208 52158 ps, 8.9105 V/m
<
5 10+ 5.2158 ps, 5.1886 V/m
1 == 52[58;[5
05 1 15 2 25 3 35 4 45 5 55
Time/ps
Kl 10 =/~ USB RAE &S A HL 300 X e

K 11

WA 2 A 303 A



Bl T2l

it 73 2 25+ R L P K X 5 S 2 4 4 47 20 A - 87 -

&3 FLIRBHIEL R R B HIAE

TR MEMmIEE Rk Ri WRETERE
(Vm™) SE/dB S/(W-m2)
USBI 70.069 61.5918 13.022 98
USB2 8.9105 79.50428  0.210 602
USB3 5.1886 84.201 32 0.071 41
DY 30.58 68.793 57 2.480 468
line 174.08 53.68734  80.381 56

E 9 ATLLE H, X T AR = A FLIR TR R
TR TR e A FL X o7 SRR 151 37 e i e, o L 1R A B 5
AR T 5 md, (HRANSTEB TR
TR AR /N B L B AL AN USBT X I Y SR A i 3 0 A
1o 7ER 11 R EERS A, LG 1325 LEMP
SRS H H AP~ FLZE IR, ok USB2 1 USB3 1)
BUR, AR R BRT LA .

=~ USB ffifL i FR B4R HH R, {HE 10 1 USB2
F1USB3 P/ £L AR X 10 R A AT 5 45 L USBIT 19/
RZ . UL USB1 S5 B4 . R K A X e i L.
e YA LA R A 0 O HE USB2 il USB3 Y R
B ROVI5E . R ILE R FE s USB1 AbAY 3750 Zioi T
USB2 il USB3 4b 3758 .

SRS TR < | P T S E A RN 5 <N e e
) L B K 5 FL 22 ] 4 B G | AR AR Y FL I
TR, AR S5O AR B

4 it
AL B BIFSE T AT H T 4596

1) LEMP £ 5 {f #3130 1E T A i i £L 2% A=
AR BE BRI A, AN B ik v 5 o 5 IR o 6 - FL B

T, A B AR TR R R RERE AR N, R A P A R
REAEHEARN, B2 AW 8508 A7 i T AR AL
T 225 R R A B L 7 88 R B 15UR

2) AR 2 B R B E R, E AR
—SEH B AR

3) h THEERIE LA Z B2k TG,
HPRMIEAL2E IR IF LA T B i 12 R K — 28

S Rk :
(1] EHE BFREERGEH TSR] 4, 2011(19):
43-44,

2] Hhow, HEN, WE, 5§ Sk Fm R
LR e BAP RG], i H R, 2016, 42(2): 619-626.

[3] SONODA T, MORII H, SEKIOKA S. Observation of
Lightning Overvoltage in a 500 kV Switching Station[J].
IEEE Transactions on Power Delivery, 2017, 32(4): 1828-
1834.

[4]  SRHEHAK, XIBLiE, BB, 4. R S A AR Ak Kokt
T 3 R 2 B A A B N [T]. KGR, 2012, 70(4):
847-854.

[5] TRE BT, B, 5 — R AT NSk
WRHEAHTI]. A6 E BRME RS2 R (A AR IR),
2012, 27(1): 81-87.

[6] H#EHE, TH2 5T XFDTD HBEME B i ik
KRBT BHEAE B, 2014(15): 74-75

[71  HREEK, P00 FFFLEEIE B PR 1 3 7 e B WAL e A
LI WFREAR, 2013, 62(11): 224-232.

[8] Wby, BEEiE. M SEpMEM]. dLa: mEH
& kL, 2006: 196

[9]  TEorE. RNk s SR B 25 0 19 5% A3 LB D).
KIE: stk 2016.

[10] YEFms, FLiEfh, 3850, AEIERTLIE RN 53 Hr
[7]. MREOGS KT, 2004, 16(11): 1441-1444.



