o H IR

Project Engineering

B 3G e 6 HORA 1.0€2025

SRR B S (ISSND: 2972-4112(P) / 2972-4120(0)

CRATEREAN : PN, KPR S M TR

TR R KRAEE FEE KRIUY
EHEIBEAKRST MTEHFR
DOI:10.32629/pe.v316.18033

[ E] ALS ARSI ATIRPHEEEAL BFLZ AN & EHFSABRILNE G EH AR
B5REEAFT G, BAMBERIERE G KRR EAESNEANBL LM A 0T %
Ty WG AT R B A 5 A EL S kALK M . SRR ERIE A R AT LR AT Bat T % kAT
T R R AT B A B I TR AR R R B R ATHAR

[REIR] ©47%; BEvioy,; ik, v, ahiks

FESHES: U27038+1 SCEAFRINAD: A

Flight Triboelectric effect: Generation Mechanism, Safety Prevention and Control, and
Application Research

Zixi Cheng Shuang Chen Jiahui Zhang Yaolei Li

School of Air Transport, Shanghai University of Engineering Science

Kaixun Zhang

[Abstract] This paper aims to popularize the triboelectric phenomenon during aircraft flight, reveal its
generation mechanism, various characteristics, as well as the current prevention and control technologies and
future application directions. Firstly, explain the core essence of frictional electricity in aircraft, namely the
phenomenon of charge transfer, and introduce its generation conditions and the variables that affect the amount
of charge. Subsequently, analyze the distribution characteristics of triboelectricity to clarify its correlation with
the shape and structure of the aircraft, the external environment and the flight stage; The latent hazards of
triboelectricity are pointed out through historical flight accidents, and then the existing preventive measures and

new technologies for future applications are introduced.

[Key words] Aircraft; triboelectric effect; energy harvesting; charge transfer; self—powered equipment

ElE

BT H R A A AER LR, TAb R e L R
PR Z fETE, F BRI T L BB LT L
BURHLR T RS AT ms LT3R, — BRE TR e R i X
SRR TR LG, 7 SRR LI AN S FLE T, SR
A TR G LB A I I W A, 7™ E A 7 A 0 el 20
IR, KR KWL LS MR 5 W), 7 A A mT A B 1 5 xR, KL
OB LI RABUE WL 2 4 AT AE B, BT TT RBLIOR R L Y
IR s ] B SR AR AR

1 EEBENEX SHERE

L T AR BE

JERE L URRBE SRS L) S i P AN R P (A T B B i A
70 B (W BEHE) SR BT e A%, BET ™ L B I BEEL R, 3 L
THGARRLE G R0 PIDAFE R X B B
Befib oy 1, AL R R A o RIS [ R (8] A A
Z 8], B EFE SRR, WA R . AR A

THIAL 1) R B o0 AT, S B AT L.

1. 2R LR AFAEAR IR

2RHUE 2 sl CAT I, TKHLRER T &8 5 R 5 A A
PIAS RO R K URE DA R A A o s A W b A
fil, EEERI > B %% — KA FRMIAT A o 7F B X 382 I 2B i fif
MR, TEAR A TE B — A BJEL 2nm i 2 . CHLER
J 2R TH Y J 5 Rt 2 A kL R e AR EE RN, R4 )
S E (CAn vk df) 1 B 2 e Fe B PR 4 s i st (an s il Al
5), SEETE W IER. 5w AR BRI R R A
FRX3”, I R B S R B 22 e T R AT
HHE— AR E KR XN = 4.

2 kAL ATHRI BRI AL

2. 1RL AT rh B v 1) 7= A i A

KL RATH, AR RIRER. UK. WL FUARHABR T 5K
PLF AL FEEE, vl 42 sV R B ML R T, AR AR
#rH (Precipitation Static) . Sb4k, REINIAIHF RS LKL’

72 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Project Engineering

i =
FEILOS 6 WA 1.062025 4

SCEERM: RS TS (ISSND: 2972-4112(P) / 2972-4120(0)

PLZ Bty L = R 2 S B Rl

2. 2B LN A 2R A

JEE R 7 A AL =2 s — R UM A (WL B 53R
TORE) | A HL R RS B SRt R R B B S A X2 B (R
RSN T) s = R IERIRE S 2 T ERIASE () 77 AT AR
R) .

PR} A LIS I NANIPS T3

FEG AT RS2 N R BN — R, K. BE R
TEE 5L LA R P, (R RE (<40%) K 2% X o L3 I
MR ZRNUAMEL E5p R 50 B s, &) T iRk
SPELF, FRBORTRE A= R s = RATHEE, 0. 2-0. 85X
(R P, 3o 58y A0, FELART A OB 2 HL ) 0 AU R 4 DU 2
SBURE, e S, BRATAESE R SRR AT R IR TR AL
T gy 2, Ty G AR T o A R A R, AR AR 22 R
b, FAEIR A (13 050) To X B &

3 TCHIEEBHRFES S AE

FE RN LR Fi v BE RS H LR AR P, T o5 A B
BRI o — AR T T 8 T R R AU, "KL AR i sh i A R
R R A= NS VA R e S = O A S A 1 K
HL; 1 222 BE R RS T RHLAMR I f AR A, i — ik
MABHIRRA RS KL (B 40 ) B o8 B 00080, A48 KL
TEH . RAUEESE A A 8 FUE, T SCMEEARE A L LR 7Y
Al B AT LS T =I5 T 7347 o

3. 1 RHLEE R R S AR

BCRAT RHLE AT R 1 G, S5 S LRS00 Bk LA
AL 50 TR R e o 32 “IRuRALN. ™ S0, FLfr (e 2 SR THL
R/ RE RN PR, SNERLFERBENL, 5 RGRAES
SR T o

3. 2R L AL S AT RFAIE

ALk HLBEARR . FLRARM. R bmfte
T SRS A 7 2B A LT 8 B, T E KL AT Lo U1 g Ak,
PR, RRS5E R SHLEERELL, B E Rk, PR ERH
i 73 A1 R AR P AEN LA G AL, NI TG AR, it 7
At B IA G AL R AR T ZHT IR o WU BTG R B R 2 il
AT, BEE R R B, FTIAAL S TR 3 -5 s HLIE S
/NER R R P T SRR, LRI AN B Y 5 R R R ) B
FLE I R I AR IR 0 A1 e R ATL DR S eI, TR P 20 A1 A
X5, KEE B E R T LS KB —CEE 1 ke
e R e S R U R R R R e RIS BRI B AR
EMEHSHRIEZE . RS AL, A S AR

3. 3TRAT A KT BEHE L 20 AT IS

AT ASFE I AT A R BOB AT T T LS TS (I
R EEENE) s KR BRI AT RS XA,
HER TR R 2 . B SR 0T R RAE,
SRG G LR, T A

4 EEBEMN UTRENRBREHRS T

4. T A 32 R A B SR

AL PR A SR 53 A
LR, AR 5. mhf R IE GBI

T (K TREAR) AL B R HBTAE SR 1L R4

HRI A A Hkah 5 b A BEAR X 2 ) L8 L IR F BT A LTI

4. 2R IR TE R AR R

4. 2. VFEREF4E (BMT)

Ff FELTSC R P A SR KD F A, TS S A SR %,
FHUE TR, S K SRS TR #, AR KE
RLRZE

4. 2. 2K K G IBNE IR

P2 7o R e B B O R AR B K AE, B SR R R PR T
FURABBRECR ;. HOTHTINVH S 4 B, oA YL T8 e P e 4 R 0
PEFEA KL, S N 55 B

4. 2. 3H TR IIR

AR R T LR SRR, 1 R AT, 5
LT B K A PETRR B 8 2R AL, S A% O RGUIELT

4. 3TRHLIA e L Bl b 4 e

fiiita JEHE/ 1R

TECHEURR (i FL s b 2 ) WU 195 L 51 G 2R, TSR L, B IR A AR

G AT R I AE LA FOAE AL s 5 N H T, PRAGE I

BUIAE I S5 Bk HEHLG SIS —, MR AL 2 B 1k KA

By b i /A PG B T AR 2% PRI R BEL, 0 R SR A

ORI LTI I SR R A BEATAR, LABR TR A

TENUA S I 22 e v v PR SRS, S B P s KT, T S

W R 58

4. 4TRNLE R LR R A5 Sy B

19924FEUSAir Express Beech 1900BMLZ#Hr, Fi¥EA Fig
TEAE 5 7 1 L B3 B A, IRIER R T IE R & = 51
o B FEK R (P-Static) .

i P 3 R FE R i 10— 20 JK 758 B AT S 4138, MRV ILS
TNHEIEESBCRNURRG FR TS 5, 531 S 3 RS iRA
BA, SR AT AT R .

HUE R AR AR XULAR SR S0 (QIGPS+H5 14 F:A0)
FERA B RCIE BT AR IR T B UK e U =1 vy
i EE X 3k

PESERANTT 8 b, R RS 5 Rk 2 R, AT S
B I T B AT R B B T 2 KT

5 EEBHBER ARG KK

5. THLF B A% O LK S e

o0 g B IE A & AR . BEAMEWL S & mMIs . Hl
AT IR HIRE S ER L AR N EERPTE RIRZ, D 5
My S AR R S

RNUENAZ OB F B R BB S AR il i

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 73



Project Engineering

W HIIE
H3 LN 6 HeRA 1.002025 4
SCEERM: RS TS (ISSND: 2972-4112(P) / 2972-4120(0)

BRI S8R EEMEHK S RMIZSEN; XBHETR
G HL 2 R W B R B

B TSR K B AH FH B AT A AR5 5 F v, B MR
M EEMEIREIRE BN S BYPRBURE ;R
MR & B R REN BIER S0 BT RGATLDUZ B Wik
AR AL HL RS2 - B Ah, 75 i IR Bh iR B HAT 8D R R E
FH, S 6k 2B B A

5. 2R KN H F 1A

5. 2. 1EEEEHINLE

BN E SRS B RS B2, IR hE
TR 25 5 ) P i v 0K P BEL A PR AT 8 FL AT, 222 ML AT
SGEFENX, BaREN. WEES. KRS

5. 2. 2B g R R

A 3 1 R 4R R L LA AN R, TR SRR A KRR A, R
IR IR AL DT, N R B BN RIAPURE B, B Tk KT APULKY
M, A Bh T AT Rk, fR IS RAT

RIS, AL 5 A [ A P JRE 4 HhL IR R A e, T 3 3 m i 2R 1
PR AL TR0 SR TE B 7 T, SR AT TR T 5 R B R
HL I 2, BEEN FIIRUR TS 5 o AR YO 1 22 A Rad
SIS RE R R, BRI “iR” 2B, R AR
“fE” R B IR RE .

6 it

RALE NS 2 TR S 5 2 SR 0 B S e A BE P
AR T e R A AT Y R TP L B e A A R, 25 TR
7). BEVRHANTR AT E R, P2 A 1 B AT B R A 2R T
Ry B, WA, W RAE THL R AT LS5 R . 7P
YO 5 TH T OB AL SR A R A . IR T HIRE . InimEsth T
B AT SR A LAV B s I R i R K R ALK R, B P TR R A
PP SR S R, S “qa” S “HL7s

(5% 3CHK]

(117 R &L R, 2 B B 5. AT B R | LR B e 0 1
HJLA#H AL T4,2021,21(8):3006—301 2.

(2064 =5, 30 /N 4E FEIE, & . /AT 8 5k T AL RHIT AR 8 v %
B A7 BAE DR B [0 5 B E 4% K,2011,37(10):2612-2616.

BlEE.ZHAEEFS. VTEARSE R TR ERITE
7 #1012 A3 A1 #48,2024,39(9):498-503.

(412 3, %K /N A, 2 % 20T R IR 3 oy [ R B 48 A2 L R
W 4R 25 B Vit 5 R B TRD. b = ik k 2,2024:4—6.

(51 R, XA, B 3 . KL e BRI 4 M [0 AL
% 1t,2008,28(6):59—65.

(61 B —, 5k D 0, BB AT 8 5k T % o i 3 ) o
[C/20104F 4 = e 3 254 Pk X 5,201 0:6-9.

(71 % &8 5 R AL o B 37 300t 5 & ATse 3E [0,
A2 3 K A #7,2025,(1 3):66—69.

(81K 4 % . KALIUAR % v 7T 45 3t A 7 o —— 8 ok i 28 [J].
H, 9t 5 £ 41,201 3,20(8):100—1 04.

O #H X B4t e THL TR ERE N RO
[J1. 7% g Jii 9t k2 B S8 B 2 31,1 989,(1):36—42.

(1018 & =, % # &, 3 Ak OB v A2 v i e AL B e
bk B A8 5% B 58 (0], A T AR 2 I 5 47, 2008,20(2):33-35.

CI1DH A, x4 R 5 58, 4 o 2 8 0 A TRAT 8 e I 3
HARFRILE Z 5 WE,2016(5):61-62.

EEE:

2T B (2004——), B %k, R MAL KA L3 B 6
RATEFE I,

B A(2003——), B 30k, LA KRR TR @ KATR
HERE AR,

HRAEHE (2006——), B i3k, 7T dr i FAA AR i HF R 5 6
RATEFREHAR,

&% B02006—-), 8,50k, LA AR R TR /AT
BhEH AR

K I (2005——), B ik, = d R AL AF i AF R F @
AT R R EH AR,

74 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



