#) 3 2 #f  Acta Phys. Sin.

Vol. 63, No. 2 (2014) 029204

EF AR BILr X E VR MHE S Y EER R

MTE RANET

K& R

(AT MR KT oL 75 BTRE 22, dbat 100191)

(201348 H 27 HIkH; 2013 4 9 A 29 HY & A )

KU T B A E RE S D LR T BB AR, 2 KL TR i DA 0 AR A AT T R
SRR MSE PRI, ASCRM T P T BB (1 WAL T WA BN AT s BB RBT ik, %07 B e i dls
bR SAE-ARP5416 A7 ¢ WL thi B sl ks FROREE , 7 J5CHE 1] Bt T HUBS AR A b LS A MR L T B
DA, WG RIE I TEELE, AT Ao el e B RO & AR S i AU B LR LA AIE 10 7 PR 2 0 TR
P JEIERE, [R5 B8 KL A B i A WA 56 B S 0, S 2845 2 WAL i i Rl A, TR A5 i A
I E) KM F-4 8 B BB AR, IR 20000 55 1% WOHL AT S0 M S0 4 i M T80 HEL S 30 a1 80 ) B S
i B AR A DLELAL, S5 RIEAW) &, Rl T %07 ki Rk, WIFF A SR U i B 7 O
B T — AT, WA WAL BB 5 TT AR GBI 5 T A1 1 Sk A

KRR B, Wi, RN, T A AR
PACS: 92.60.Pw, 64.60.al

1 5 =

O KL RAT AN T R ) S AT
LA HRIG. GO B, )AL R RAT
RS IGEAT N 2 A B RS KRE S, T3
T KRR 8 — Ol o 2. kL2
o o A AN AR AT AN il e ). R PR A )RR
TN, A L RN A A e o LS B R A A
AR 2R, WA RHLIKI B M, T
AT A i LI KPR AR, SR
CRATT AL B A% DURORE WAL AR AR R AT BE T R 225K
FRAE RMURT TR A SN, RBUE R R E
e N CHLBE B vk SR AR, 2 LA oy Xkl
SRR KL R 2 1 SE  AAE. DALEAS RL

HAT, CHUE A R EEE L~ =
Pk 1) FHUIRCE B 50 WAL AT S 06 7
TR, EHI BT 2 WL o A A B4 Rl
T3 NAS 0 5 R g HET, AERAZ SR B

* [ER ARRIEHE S (HHES: 61001002) ¥ B (1.
T EHAEE. E-mail: xyzQbuaa.edu.cn

© 2014 HEYIEF¥S Chinese Physical Society

DOI: 10.7498/aps.63.029204

IR 5 o AR 5 o, IF HON RF 2 Rl B X AT
Z AT, WU W A K 2) AR 4l MIL-STD-
464A, HB6129, GJB3567 f1 SAE-ARP5416 %5 Fx
Y D815 KM TR ol S 56 A R A R A
b AE S5 5 R CATL IR 4 RS B3 4 LAY 3R AT
e SO S, sk LT R A, 2007 43k L4456
FE] AV [ 2 S5 o A NE AR F ) B R A TR 2 )
DN NG N s B R St D A ES T
AN RMLBRE o BB S5, AR bt PSR4 11
e s B0 FL S G A5 B 1K ROBL TR o B R AR LR
e, (EIHRERFEAL; 3) 760 T Ha s vl iR B 5
(0P~ oW i UG =R Y R = R X e i S e
A BAe (JeE =T A A B R BB BB A
i RHLIINS oL, THECER T IR AR B X ), A 1%
T REE T AR, TS 45 R T IR BRI
BRARCPARI LR, AT AME SR AR I FT Lk
AR AR €. JLAE R Lalande 25 101 5@ i 5246
RN B P= AR G AR5, fe it TS T
HA 50 AR B BRI () 7 o B A AR, (R vk
B % B TR R R IBEALE. BN g DR

http://wulizb.iphy.ac.cn

029204-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.029204
http://wulixb.iphy.ac.cn

¥ 1B %k  Acta Phys. Sin.

Vol. 63, No. 2 (2014) 029204

FH 55 QML 1 T R 37 38 AL 1 v ) 5 B
BRI R AR, BT IEANRE 1S B I A 0 AR
B, I H T e T R A X ) R R REAE
HAh S F B0AE, [RIBAFAE CHLAMEAS [H] G
YRR 1 ) L

TR, [ N AR 2535 6 B AR T LS 7 H PR ()
WS B I DGy, fEskge Uy i, H ar A AL S
ESIS I NN R R ES eVl (R P - NG 1 =1
50 NI i DU NS S = Mt R S s A 2 X P
P R0 E AR T R S 4 010 R A
510, T4 8 B R H A s 2 R AR ) R
BEPLAE B 17 R F4H H ke 28 R e (1) ) ST B L AT
R, 785075 R8T LA Tk e 1l R v g Bt LA R 3R
R P 25, et B SR AR . B, ©
A2 2 AN BTV T B S TR DT
B D71 RE R o e 4 i g el i R M AR VA 15200 L
F N L RE o AT 55 B sh A AR R P 258 B RN o
FEMERFFE .

AR T 3T IR I 5 & R
W HoW SRR AR I B4R, 1hie T &
SHERAMIE. AR5, Bz B B 3R R
RN ThrUE SAE-ARPS416 HH 3 5E 1) 5 o b5 A4
Y, #EA T —FIE T IR 1 KL o B A
(BE BTV, e e B FLAS 2 T AL 5847
Bl B SRR A A, T B RLSS Rri H S
2 SCHR (22, 23] I SEI6 25 B0 B, B8R T AR SO vk
AT 1.

2 ATHMELNE LT RERE

ASCH I e SR AR S T = Y
A el o B H R, 3 A A A i
i R AL G PR, LT NPW AR A 240 0 0k
Niemeyer-Pietronero-Wisemann NPW 4 A o4 F
73 2 ) Wiesmann-Zeller (WZ) #5191 i F W2z
BEAAE NPW B B SEAl BN T HA s 28 B
IF H 2% L8 T F FUETE A R e, B S B
INFFE, A SCR I T WA st 28 B vh i) WZ
Eith

A Y F A Joit o 2 S 2Rl S v AR A A X
(R HL 3500 A, AEHERFASITALT, BEADL Dl Ay o 30
/& Laplace J7 F2, 40X 412 A5 i 1 L [m)
H4 1 Dirichlet 12 5461, Ei

o B¢ D%

V20 — _

Y = ox2 + 6:!/2 + 922 _07 (%y»z) €N ’ (1)
wlx', Y, 2) = f(@',y,2"), (2, y,2") € 00

b 00 AR IE Q2 AT, (2, y, 2) ABHUX 5K
WAT = — SRR AR, (2,5, 27) A48 X il ¢ 1
PR SRR, o A R 40L X AT i — SO HL 3,
f(@',y,2") ik 5t 00 AR %L

TR A PR 22 3245 31 B LY Laplace J7 2 IFAL
FHEE AR ik iR ARTE A, DUDASEAL DX I o A 3 B A
(i, j, k) AT HLFA N

t+1

_ it w
Pigk —Pijk +

2(x2 4+ y? + 22)

X @ (D10 + Pi1jn)

+ Z/Q(Sﬁg,jﬂ,k + SOf,j—Lk)

+ ZQ(@ﬁ,j,k—o—l + Wz,j,k—l)

= 2(2® +y° + 2°)¢l ), (2)

Hor, Az, Ay, Az7y 8 = A 4% LA )
AR, IR EL, w A T B
S IR ARE A B RS L HL B R ACRT A 1 B KR 2
max; i |0t — @bl < SIIEALER, 3ok
2T IR 7E RAE.

UL 2 18] v B LG A A 8 HE g 8
KT B B, I, 125000 s WG SEEm ~—
ANATRER TR IKIBOE L, BEOAT RE R 2T RE AT
(RO AL, ARAE WZ AR 1) 5% ] e R JEE PR o
I pir

(Eii — Ewn)"
pir = {Zi/(Ei,i2Eth)(Ei’i = Ewn)", By 2 Ew . (3)
0, FEy; < En

o, B = (0o — @i) /AL, 0T B8R R PR R
524y 5 U IR 5k, o AT 8 RS IR TRCHS
MR o, 5 0] g K R s OB 1 o 7 AT
(R HLFA, AL A AH Y IR AT e R IR B0, R i o
R B B B, s oh o BH, IERMESE 31
o 2 B U R 150 KV /mlP] v ot S o 2
B B D 250 KV /ml2; n ok Rk R R, — %
RIS O 1—5, nBOK, WLl 9 B0/ i e &
RRE R FE MR n AN PR € F FEL b 9 B i LS
R SR ()RR L, T L RE e 7 P W 1) 53 B 4
B IRATHE = LE TR B B R B B
HE H AT L, i o X S KR I T S e A
(box-counting dimension) 13 2 43 JE4ESL, SR G 1H 5
HAESA B b3 TE 42 SRV B A b 1%
=YER TR BRI eSS, AR 2 B T A
LT R GETHH DL, g BUE SN 1, 2, 3, 4,
5 I, ABEADLAS 380 Hy PR PR T 1Y) 53 T8 A e v 1)
0504 1.41, 1.34, 1.24, 1.17, 1.14, 4 SCik [27]

029204-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 1B %k  Acta Phys. Sin.

Vol. 63, No. 2 (2014) 029204

18R B PRI SIZ o 0L &5 SR 15 21 11 20 T 4 £ B Ay
1.1—1.4, ‘FH1E N 1.25. RIGLE J5 SE AL o4
SR B HLH T8 4 B 4 Bl e B T A O, Ry
HUE A 3.

330 1) AN T B A RE R TB0HR 250K S TIN5 s
Jer, TR B VAN A gy BEATLIE £ 7T B8 A JEE 1
TR R ) — AN RO R AN N T B E S T
R KGR T AT, W SR A
) i’ R T — 5, WS b rA R

pir = i — Ein Al (4)

o, By 7o adaE gy sl Bk 17 kV /m 7,
SRJaE, RIS A, 75 3] RE R o 2
AT A B A £ o L RCHL G

3 TRAHLE o A e B EAR
3.1 BRI EEMESRRNSHRE

Z: 25 bl (8] T KL TR o B A A I S B0 K,
LSRN TR LA AT P s S T
o, AR T CHUE IS S HEE WL A& Tk B
LRGSR =R S L TR, R
1T FNEW RS, 4 LG F = X, 76
RS 0 5 A A i ok A L) 265, AT 56 R ) 1
KRS AT S AR, S KLY T RSOR
TG 304 Bl 2 TR O L T TR ) 25
AT 11 B 3 50 5 2k B ok 5 e s I, TR
W 2 AL AR 1 AR TR L AT 28 T H A 1) kLR
THI. ASERL S rp e bl SR, a2 s, H AL
BEA BT IE N THAR B GBI IR bR i 5 2
Dirichlet 1 F 45 £, B8N X 3 F ) F T ] 40 4 >4
HLA (75 = A, s JLHBEE R o = Ug; T
AR B, 5 SEAFAE T o = 0; EEALA
Sh RV X 35 14D T i A 0 T B AL 11 T L
TE QLAY S 8 de, BRI K G BR T i 2% (], )
FEEFOL DX 35k A ) 20 A DY AN 1839 2 Neumann 12 5
ZAt, TR BRI Op/on = 0; KHLEEELAL N
HARLS AR, )R MLR T FLA AH S

A ST B RCST 1 3 B K 4 b ME SAE-
ARP54160) 3 T w7 B 25 5 52 56 o 19 52 56 1X 4k R
PR, BT F4 KRS SERR RALIE L5 T, A5
Rt K2R (R RE) 19 m. AR bt (B e,
JHCHRL ST B AR R b S T K K S TE 4 K ROL
FEAY e KOS 345 (B3 x 19 m = 57 m), F ik
K x FENRT 57 mox 57 m, SEFREAL Y, Bk

HA, 43 S 2% 11 TS0 D88l S T A4 1) 4 AT, G
5 (Bl x y J7 1) IR 2K x %8 = 90 m x 90 m.
W2 HTR, bk B b R s g6 b R
H, R R 1)KL TR (19 S5 U B 29 Y 1% KT 50 m, I
LRSS 7R 0 - T R el B 28 N 1% KT LR
KRG (A peads, AU L5 R RS 24 19 m),
BT~ H AR AR P 1T ) PR R B > 50 me (80 H LR
BB ) +19 m (KHUBE AL G A S 4
ST EE 25) 419 m(T 8L B B 0CE 7R 2 ) AN ] 22
AW P K 5 RS = 88 m. A FiAR Tk
YA H B YA 1 T R B AR (2 T 1)) B X
90 m. PR A AL E T 90 m x 90 m x 90 m [H]
EP SR

- Ho~F- 1

W1 5 B ERBH T 5

( R )

T

50m

T

> FHUR AR

l

W T
B2 Bl A B R s

3.2 XHNEBETMERNTERE

FESEBS WAL i FE, RHL AT S0
JEAL T KI DCARIN, CHL A S AEAE Al A AN IR
JBOBSE T, SRJEAERT BT O — A S R
o, WKL B S XU T, 24 WL E

029204-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 1B %k  Acta Phys. Sin.

Vol. 63, No. 2 (2014) 029204

SRS 55 FHAR T FSE SAHIE G, KLk B
HL YR TE 1R —0 2. b RLSE bR s R
IR AL B AR HOE L KL, 4T
T T8 5 AL T R) f 2 A T R 1 P 37 S5 0k 3 I
Fhili g g LI, T O AR A A4 I
FISy

FERRL R IE ) B g AR X I
Yyt I 2 LAk 5E T, A (2) oX
THERLAUL DX 3 i A0 3 PR T I i . 4 &
ML T 3% 5 5 08 BN W Ae e 5 28 Fa 3 5 B 1)
M IR BRI AR I St o g R B W AT RET £
A, A (3) SR AR, i Fe A i e
B AL IE B 1T B8 A e R FRL P B — A RUR e by o
ZF R IR S SR (AT 46 I o 28 g it Bl
By = 500 kV/ml*®! Sl k58 S i % i 91 4R 1 5
HF I RE N B, ~ 1 MV/mPs. Bl &
RIER S5

[, B8 HARTE R AT 56 S LR T HELX
TOURS B A P AR 0y, TR R AT S8 S in s
P S B R AR, 2 ERE LSS KL
fih 2 () T B S S 2 IR P23 30 3 500 KV /m[)
I, K 5 [ 28 AR B o 2, AT e
B AL BE Y HARTE e TS RPLER TS Rz )
(1) 24 1 3535 31 750 KV /mU IR, AR 6 S S KL
M ) s S B 2, LRI s B A i
WGP m. 2 CHLEOR M IER S T 5 AR
FHIEECE B AR T L M AT e B B b C LI AL
SE Sk CHLIN T A AL B R LR R
(RN P 3 R,

3.3 BRUKNEAMELTHTERE

N A3 B A ER ] 46 B B R B B A2 43 A A
BTN YR EERL R LAE ©AT A R s
(K B A7 1 R . AR AR B SO AR A6
(3% L RN ) 18 B AE LA KL PO i Rl Bk b, el
Ji 57 1 o R £ 0 S [ RS U6 R, T B
FUIA 6 23 FIHCI 0° F1] 180°, L 30° Jhy 1 H: 6] b 1)
BT AR, T RHLIG A AT R o A XS R, 76 37 A
Ji A7 (RRAT 2f5R) Lygcr BEmr. b 4 fros, i
U RN T ET 115 AERE Y. )67 8 B ARSI R AL
FE 2T QAT A 25 B 7 B A 7] 1 B F RS 4 A (7R 2%
) NSOl AT 1622 547 B I A 4L K HLZE 25
FATHIG O, A7 T 2337 (AL B I AL R HLAE =
AT IE L. SR G AL B R H S

AN g e ) e ok

VBN T A

AR AR T 5 s
v

AT CHUREAI I AR R LA

v

P CRAFEHL Laplace J7fRiHH4s [ AN 0417
v

TR R T HLdg 5
v

MAMEZR A2 R e S A T A
v

A RE &

. Rk M — bl R R

R

putss Jis v

P RN T S

Rk B — bl 28 iR

v

FEAERERUEL R
PUE A IR R

|

HRE T
e T
e
A RAL
A

) W e 7
J il N
S Skt

e

A 4

B
[FEPEPN

K3 BB

AE S B (1 15 S JBOR SE B v, eSO AT (1 A
b HRT G B BOE HR A B S s L i H AR
WY, TROHUARE Y DL 30° Sy 48 S 5082 5 A HEAT R AR
A AR A AR 0 T DA R T LR RAT R &
MIPT A AL D AEAS SCH AU R, K B 30°
Oy 385 73 ol DA KU B AR AR A A1 AR A, AR
FU AP F AR AR A J5 1) B BEAT TR RS,
IR P A AN B, ML R P LR B B 3T
ANARILERS, BT AL b2 /b H SRR 10 1K
Bl 5 R P-4 RBUBE R AT (10— TR B A
MABMERA I AR RSB FOL R (3% 374
J7 L) A /b RN AT 3L 370 YR I 5 T 7 R B TR UL

029204-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 1B %k  Acta Phys. Sin.

Vol. 63, No. 2 (2014) 029204

A DA 2 R4 S 4 T AR, DA ] Tk S5 o
BYSE A AR AORE AR, i B 0L 45 SRR ]
.

EREHLAL — U

4 BRI

K5 ilibiE A

4 MG
4.1 =1

R R ok P-4 LB L B B X 3
Loy TS AR RS Y PRy U RS R ) 7
BN CHUBEARL R 3T AN AL, RS T AT 10 IR
BERUBOH, A BRI TG HEAT 370 O A 3. TR
i CHLIE AL R = 1 i S LA B/ il
LR REL

S 1 R %) 56 [ P-4 RO A B AR A g o B
AR B, FEHEAT T 5 R S8 B LT S 4A.
LN A5 AN 56 [H F-4 CHLSERR R AT 288

A

A DXHEAT I TR AT AR DI A3 1) RS B A
IMER Geil5 51 P2 k.

T b AR A B 9 R o B s T A A
Bk HLEE /KT 2 38R0 A 8 3R 2% ity 25 46 1T FlL
M 00 A v (RO, AR P 23 A 5 B SE PR O X
J2 T LB I S R A7 G I 4 T PR3 5 8 AR
HENTS S TR 05 I DRI, 2% 5 A L
FE s, PRI T, RS IR A T, TEK
I GERIBER

M 1A LUE ) BB B TR 4
A 45 R 5 P-4 CATIRIG 10 5200 &5 SR LA 55 1R £+
B, BRI 3.58%. 152 )77 A Al B
DR AT S50 R KO 2 e T I 20 Jzat ok
Hea B, BT DU U SR R AR, BT
R BN 2% LU AR SCT AT B AR D )
Ab, KPR R B XN AT R AR 22 4k I L, A
77 V4% W bRt SAE-ARP5416[8), A48l i 5 o
()RR VR A FEL ()47 LR AT —ANE R A5 (E, AT e
B B LA HBALIC E TR A 2L

F1EHLE IR AR LS R R

WP A E ASCHEBUE R /% F-4 SR /%

A #E 35.15 33.0
BLE 32.15 32.0
KR 14.44 14.4
FHER 12.54 11.3
ot 5.72 9.3

4.2 2

SCHR [23]) A R AhTROBLER LT A R A
TRI 7 VE A AR UE L 8] AR 526 % Py o
i HL s & AR, R ROMLI 4 LU B AL R AT T 8 i Bt
F I T, AR LR 1) LI 48 LU A A L 3
LE S By F4 KHLHLE /N, HLE S aTpL 3w . A
SO S 1 H R F-4 R UBE RSO FECSCRR (23] 1 4
Fo AR R EAT T U A, R A S AT AT T I A
BT IT. 3R 2 9 YR B LB 5 1 45 R 5 3
R [22] Hha e mWNALS R LR, WK 2 T LLE
i, AR SRR 1Y) PR A R e 32.15%
Ay 22.97%, WL TR BE; KT 3 B M N
14.44% 7% 53 23.51%, W EIE N, SO 5 19 201
g 5 4 LU 5 e S 3049 B 45 SR LU IR 4, I
KIRZEAELL 6.07%. R2ZEM ] RSt T3¢k

029204-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 1B %k  Acta Phys. Sin.

Vol. 63, No. 2 (2014) 029204

[23] &5 H 4 LA by S B b 2 T 2 S A
AT PR, FEASTAL b AN G A A2 S R0 SR (23] th o4
U LR AL A i ) B AR R gy
Y, DRSEALSA (1 70 A Mk 4 Ll 4 ERASE Y vy s 512 56 g
. (B, WTRUAE O CHLA AL A T B
AR5

F2 PAEECHIELAL S 45 R

B Aoy PR f5 45 LR s
P45 L/ % EER /%

HiHE 34.87 38.1

HLE 22.97 16.9

KR 3 23.51 25.2

TR 12.70 16.1

HAth 5.95 3.7

5 & %

AR T R EIR I WAL o
RN BAE R, %0705 B oK bR SAE-
ARP5416 H (A7 5¢ KL o7 B 3 sl 1 L E,
iy R TR HL TN BEURST oy B dm AR s s KL AR
HLBAE 28, R A IR R B8, (8 AT A il
FRA BT & B AR SR L) BEHLEEAT L ARy ik
156 S A JERLRE, [R5 RS T XUji) 56 & 45 A
. LIRS A A A AR KL =431
T UG R B AR, e sl di A A WL
RO, TSRS A T R A S
W13 TR W, I ST 2K o o B A KR
AL FE AN GBI AT S 56 S 45 2 10 7 o B A
(RO A — PRy, 5 A e s P 4 LA R S
W 2 RAIEAFT . AU R A AT LU
2 B S 06 Y NRE AR, S R (K mT 5 1, it
HLEESEZBr CHL AT SEI0 AN RONL 43 LA 2 g J T H
S AR I 22 AT, AN IF R R, A
FIASSCHR (1 5 3 T 49 BIAS TR ROL AR o o B
bR A, RAT ZRE . 28 BTk, AL
S B ik gy KPR B BTk A4 JE T
FHRBIFE TAESRAE T HOARIER).

S5 3k

[1] Fisher B, Taeuber R, Crouch K 1988 AIAA 26th
Aerospace Sciences Meeting Reno, USA, January 11-14,

2]

(3]

(4]

(10]

(11]

(12]

(13]

[14]

[15]

[16]

[17]

029204-6

1988

Jones C, Rowse D, Odam G 2001 Int. Conf. on Lightning
and Static FElectricity Seattle, USA, Septemder 10-14,
2001

Fisher B D, Brown P W, Plumer J A 1986 Proceedings
of 11th International Aero space and Ground Confer-
ence on Lightning and Static Electricity Dayton, Ohio,
USA, June 24-26, 1986

Stahmann J R 1968 Proceedings of Lightning and Stat-
ic Electricity Conference Miami, USA, December 3-5,
1968, p135

MIL-STD-464A 2002 Electromagnetic Environment Ef-
fects Requirements for Systems (USA: Department of
Defense Interface Standard)

HB6129 1987 Aircraft Lightning Protection Require-
ments and Test Methods (Beijing: Ministry of Ariation
Industry of the PRC) (in Chinese) [HB6129 1987 K4/l
BB R SR T (Abat: A N RIURE fii s Tl
)

GJIB2639 1996 Military Aircraft Lightning Protection
(Beijing: The Commission of Science, Technology and
Industry for Natiand Defense of the PRC) (in Chinese)
[GIB2639 1996 ZEH] CHLE B (bat: e NRILHE
E B RHERAR T 5143))

SAE-ARP5416 2005 Aircraft Lighting Test Methods
(USA: Society of Automotive Engineers International)
Jones C C R 1989 International Aerospace and Ground
Conference on Lightning and Statis FElectricity Bath,
UK, September 25-28, 1989

Lalande P, Bondiou-Clergerie A, Laroche P 1999 In-
t. Conf. on Lightning and Static Electricity Toulouse,
France, June 22-24, 1999 p249

Song S, Gao C, Guo Y C, Yang Q, Zhou B H 2011 Me-
chanic Automation and Control Engineering (MACE)
2011 Second International Conference on. IEEFE, Imer
Mongolia, China, July 15-17, 2011 p4428

ZhaoY L, Liu G B, Yu Z 'Y 2012 Journal of Microwaves
28 39 (in Chinese) [ K8, XIDGHK, R&EH 2012 fHk %
it 28 39

Wang C X, Qie X S, Jiang R B, Yang J 2012 Acta Phys.
Sin. 61 039203 (in Chinese)[E# &, 251, ¥, &
i 2012 YR 61 039203]

Feng G L, Qie X S, Zhao Y, Kong X Z, Zhang G S, Zhang
T, Yang J, Zhang Q L, Wang D F 2009 Acta Phys. Sin.
58 6616 (in Chinese)[HFEJ), 28554, BHH, fLFFuT, KT
B, 9Kk, B, kI, 207 2009 YJEEEEIR 58 6616]
Wang C W, Liu X S, Zhang Y J, Xiao Q F 2000 Physics
29 536 (in Chinese) [E74 1, Xk, 5k X%, # KK 2000
Y 29 536]

Zhang 7, Lu X, Liang W X, Hao Z Q, Zhou M L, Wang
Z H, Zhang J 2009 Chin. Phys. B 18 1136

Petrov N I, Petrova G N, D’ Alessandro F 2003 IEEE
Trans. Dielectr. Electr. Insulat. 10 641

Fu J, Sima W X, Li J B, Yang Q, Sun C X 2009 High
Voltage Engineering 35 1274 (in Chinese) [fRidF, &3¢
i, ZEEbR, MR, A H 2009 FHEHIAR 35 1274]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/abstract/abstract45381.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract45381.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract16099.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract16099.shtml
http://dx.doi.org/10.1088/1674-1056/18/3/049
http://dx.doi.org/10.1109/TDEI.2003.1219649
http://dx.doi.org/10.1109/TDEI.2003.1219649

) 32 % 3k Acta Phys. Sin. Vol. 63, No. 2 (2014) 029204

[19] He J L, Dong L, Zhang X W, Zeng R 2010 High Voltage [23] Wen H, Wang H 2011 High Voltage Apparatus 47 104
Engineering 36 1333 (in Chinese) [T4x K, #bK, TKiEHL, (in Chinese) [{i¥%, T7% 2011 ik A% 47 104)
Hik 2010 FHEEHAR 36 1333 [24] Niemeyer L, Pietronero L, Wisemann H J 1984 Phys.
[20] He J L, Zhang X W, Dong L, Zeng R, Liu Z H 2009 Sc:. Rev. Lett. 52 1033

China. E: Tech. 39 1818 (in Chinese) [{14x R, 7K##8, #
AR, B, XIEE 2009 EERE E i SORERE 39 1818]

[21] Huo Y L, Zhang G S, Li S H, Yuan P 2013 Acta Phys.
Sin. 62 059201 (in Chinese)[KJCH, 7KK, B, 5
2013 YR 62 059201]

(25] Wiesmann H J, Zeller H R 1986 J. Appl. Phys. 60 1770
[26] Wan H J, Wei G H, Chen Y Z, Chen Q 2012 J. Hebei
Normal Univ. (Natural Science Edition) 36 263 (in Chi-
nese) [JIVEIL, BROGHE, BRI, BRik 2012 FALITE K%

SR
[22] Chifford D W 1975 Proceedings of Lightning and Static it (AAFRR) 36 263]
Electricity Conference Culham, England, April 14-18, [27] Kawasaki Z, Matsuura K 2000 Appl. Energy 67 147
1975 (28] Lalande P, Delannoy A 2012 Aerospace Lab. 5 8

Numerical simulations of the lightning attachment
points on airplane based on the fractal theory”
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Abstract

Determination of the aircraft lightning attachment points which can provide the basis for the design of aircraft
lightning protection, is a prerequisite for the division of lightning strike zones and the lightning test of aircraft components.
In this paper, a novel numerical simulation method based on fractal theory is presented to simulate lightning attachment
points on airplane. Firstly, the discharge gap distance, lightning starting coordinates, aircraft attitudes, discharge times
and other parameters are determined according to the relevant provisions about aircraft lightning attachment point test
in standard SAE-ARP5416. Then, according to the fractal theory, the dielectric breakdown model is used to simulate
the fractal growth of the lightning leaders, which accords with physical mechanisms and geometric characteristics of
nature lightning. Finally, considering the case where the aircraft itself triggers the bi-directional leader, we obtain the
distribution of aircraft lightning attachment points. Because the probability distribution of lightning attachment points
on aircraft F-4 obtained through the simulating is almost in line with those obtained through actual aircraft flight test
and laboratory test, the proposed method is verified. The proposed method provides a potential way of simulating
the lightning attachment points on aircraft. And this method can be used as the foundation of the aircraft lightning

protection design and future related research work.

Keywords: attachment point, lightning strike, fractal theory, leader progression model

PACS: 92.60.Pw, 64.60.al DOI: 10.7498/aps.63.029204

* Project supported by the National Natural Science Foundation of China (Grant No. 61001002).

1 Corresponding author. E-mail: xyzQbuaa.edu.cn

029204-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/abstract/abstract52670.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract52670.shtml
http://dx.doi.org/10.1103/PhysRevLett.52.1033
http://dx.doi.org/10.1103/PhysRevLett.52.1033
http://dx.doi.org/10.1063/1.337219
http://dx.doi.org/10.1016/S0306-2619(00)00011-8
http://dx.doi.org/10.7498/aps.63.029204

	1引 言
	2基于分形理论的雷电先导发展模型
	3飞机雷击附着点的数值模拟
	3.1 模拟飞机雷击附着点试验的参数设定
	Fig 1
	Fig 2

	3.2 飞机雷击附着点的仿真流程
	3.3 模拟飞机各方位雷击的仿真设置
	Fig 3
	Fig 4
	Fig 5


	4模拟结果分析
	4.1 实例1
	Table 1

	4.2 实例2
	Table 2


	5结 论
	References
	Abstract

