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Validation on Usability of Time Domain Reflectometer for
Identifying Defected Aircraft Wiring
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[Abstract]

Wiring defect is a major concern for safe aircraft operations. However, troubleshooting process of a wiring defect is very
difficult due to extensive and complex wiring system and installed location. Recently, time domain reflectometer (TDR)
equipment that enables effective defected wiring troubleshooting has been introduced. Unfortunately, TDRs have not
practically adopted by most of airlines’ maintenance departments because the effectiveness and usefulness of TDRs have
not been verified. This study was conducted to verify if TDRs can identify the location and type of defected aircraft
wiring, and whether they can be applied for troubleshooting purposes. Experimental plan was established by using various
wires and connections applied to actual aircraft and the observed results were compared with the TDR operation guide. The
usability of the TDR in actual aircraft wiring defect detection may be acceptable as the experimental results showed similar
results to the TDR operation guide.

Key word : Aircraft wiring, EWIS, TDR, Wiring defect, Velocity factor.
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55 1998 99 29 2292~ AvkE 5 Swiss Air 111
A A el o7 A= 54 B S 2297 ©]
AbEEgITh F AFAL B 8] vl Adgko] Abare] A% A

SHA R SF A Al A= o] 2719 B YA T} HAYE}H] o]

571 Wi Akl el & IS 7HAA sk

o] A FFYAI= ATSRAC (aging transport systems

rule-making advisory committee) & A Halo] =5 370l

3k A|2"” A7 733} Bolsg AAEET ] 1 = EWIS

(electrical wiring interconnection system)i= 714 5 2.3k H 4 &
oFR &33] a1 T3]

o]% n|AAukgly=t (FAA; Federal Aviation Administration)
+ Aircraft electrical wiring interconnection systems training
program= 4~H3}%131[4], W NTSB (national transportation
safety board)+= "&3-7] EWIS (electrical wiring interconnection
system)®] P o] =7} QBAEA| T 7 AlabAl s Al of
A" 2haL kTS

7] e A AAxA T ZE TS she Al
FoH 7|5 Aojes AE 9 7h AlxElel] gk
AR A, A8 A 59 7sS gt

Lee(2018)F 3+ AF7] F4 2 F-59 Al ©74 Ay
AHsk wjx ATES FPol wE B4 9 A4S A9
ol ¥ 13} o] wiA IEEA, Connector ¥ Clamp &
g, wia 29 59 o= MAgcta Bl oY

3 A3 Fd T A AFES ARFHoR WEEA, 13}
T, 22} o FEsIglom (1| 2), 7 ATV
of g FTIAQ A FFE dAS ol 19 3, 49}
ZH6].

Wire protection tape
damaged inside the
engine

Connector grommet
seal hardening and
damage

B i i
O3 1. 27| 29 37| EWISel 28 E& (Lee, 2018)
Fig. 1. Defects type of aging aircraft EWIS
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E 1. EWIS &% SR

H 2 245 (Lee, 2018)

Table 1. Number of occurrences by type of EWIS defect

. Connector / ;
Aircraft V\gre g Clamp W'Te . Others
amage d - contamination
ecomposition
F-4 57(76%) 8(11%) 8(11%) 2(2%)
F-5 41(56%) 13(18%) 13(18%) 3(4%)
Wire 15t Sheath 2nd Sheath

A B
Conductor  Insulation

38 2. MM Aste| 2R
Fig. 2. Classification of wire defect

Clamp

1

\

f

Cc

Others

15t Shield 2" Shield

(Lee, 2018)
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D E

Insulation (15t Sheath)

Connector 4% 14%

8 3. F-4 EWISS

EWIS

Clamp
Connector

3 4. F-5 EWISS

EWIS

Zst M2 23 (Lee, 2018)
Fig. 3. Defective component distribution of F-4

Others

st Sheath)

Zst M2 23 (Lee, 2018)
Fig. 4. Defective component distribution of F-5

Jacket

nd Sheath)



U] W17E S ALl M = Q7 7171 o] 2] 8k fra ] &) )
A AgtEo] B3 =4 ATSRAC(2000)2 Transport aircraft
intrusive inspection & B A5 B3l vl 2 fukgicle
2 34 9 &4, Ad B, 994 B4, oFd(Arcing), 215
0] ghetolu} 5i3](Chafing), ¥]5-2] M A3} 74y, 44 A Y]
Elo] &4 55 Anskale7].

TUl K EARe] #2537 G| A =gl Bag g
7] v A AREIES Seste] AElal & A wjd Agk A
T obf 19 59 Zo] slinit} F7tE = A0l AL, ool A
322 vl Agke] 13 <1 71 (Open)# THek(Short) A% B
gk 19 67} 2ol wid F71E] a1 QATH8].

a-37] widAgke] R 1A 7P 2 o=
AR Aol ofHar, A 91X E A Easitt st
o] gF7) A 2, ) a4E] v, SAE F4 wd ) o
Afolol] f1x]8kar 17| wizel Aol A&, tiF-E2] vl
2 ofe7fe] o] 3 el = ME(Bundle) FEHE A
shar glo] of 2] 71eke] MM E 7k AS 7FA AL ol skt
o] mj M E grohll= Blo] A &rh= Aot

2l
rlo

[AIh)

jas)
_

U ue oo

=

1400
1200 -—__—-_'_‘___.__.._____———""
1000
800
600

400
200

2015 2016 2017 2018 2019
Count 970 1038 1180 1158 1296

8 5. K S3AE ¢z g57] i Zgt FAM| (2015~2019'H)
Fig. 5. K Airline annual aircraft faulty wiring trend
(2015~2019)

80
60

40 ‘\
2
. Il Il I II i

2015 2016 2017 2018 2019
B Open (Cut)
B Short to Ground or Other Wire (Chafing)

o

T8 6. K &SAL Az JHo|ut chak Alefol 57| v Het
A

Fig. 6. K Airline annual aircraft faulty wiring in open or
short circuit condition trend

Z I K BFE AR A= B737 MAX AlF =9 Aol u}
2} U QS 915 dln] Au|Ee] YA 17 3

il A% d g8 e 249 A G
(TDR; time domain reflectometer) “JH] 7} 2271 =] $iTh,

A9k o] 4= o] a7 Al gk 23] S
Al ka8 Abel7F A 9] glol ARgA7E 27 uid el ol
SATH OB & A A A3 H-91E ek ol 4 9l

or] A3 AR HE-S EAstel ALY A7 H|9} o1

web) ¥ Q1 Sl GE710) AHg A Az A
RESZ U A P LAY JES AFT 290y
2 AWk 54 A3 BN B 871 4@
A3 wFRTA AT A L A9 FF PEL A% TOR
8 AL A3 shoirk

AFFBAVH AT A2 59

o

SRS AZE A=A T (A E
Ay 74 FA Asel w2 W v -5 wAe] A1 5 @
F71(A/C; aircraft) A¥S FA L] 52%E A g} HESF A/C
ZAglo] 213 ¥lo] Hof AW ggr]e] A F Aoz v
AAH ga7] £3o] AA¥= AIC A EAlle ©A9
53

3%0l| S Fel( 1™ 7)[9].

FAA7} A &Jsl= EWIS 22| T+ A 71 (Open),
] 9}2] TH(Short to ground), TFHE 2141 74| THEl(Wire to wire
short) &2 “FE-E U} 10].

m Weather

m A/C Connection

= A/C Maintenance
Passenger handling

m Multiple cause

m Others

ag 7. AMIHBEMe BE7| XA 22l (2015~2019H)
Fig. 7. Reasons of delayed airplane operations at Incheon
international airport (2015~2019)

EWIS “3El] ER1A] JH|E AMg-e = =], AH)E 53
SAstal sk HE o 2= AAF/AE, A A%
#d(Continuity), %141°] 2} 4 (Insulation), 5341 9}<] ©] =3}14]
-2 A Z+(Short to ground), F 4 3H(Loop resistance) 5°] 2
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CH11].

TDR] 2-&-& FAAZ} 91533t EWIS 8l & BiRl81= 314
T NS AREHE Gl s 1, ST EwIsell &A17F 9L
< AT °1ua Adto] AMe] o]im 9o ZAal=%] 745}
o] olg] 3 B o7 AR E SR 9]

2-3 TDR(Time Domain Reflectometer)

1) TDRY] %5 A ¥

TDRS A HEA l-'];:o]:oﬂ}q EXA ] o] A A v
AREEGL Qlom Fuiage] A
FlukeAHGit) S50] &538kaL 9L [12].

TDR-> 13 8ol A HojF= ZA Y
°]&(Cable)oll 574 54 255 dEE

[e) o7 U}o]
79- 1]=re] AEA, Tektronix,
4 A (Wire) 2 7
S U} )0} 0= 715}

o] QIR g A she A=A, A Ake] Agto] ukAl
so] Bofoi= A5l AuEs Ao AL Fr 54S

o g5te] S A0 E vl doizl S1x|o] Al A
o] EAFHEA B T =S A4S FYFL o AS A

Hge) Ael 2 Mastel TULE FAP,

Agte] Y= °§§§ 6] dolg whet 5435 i~
(Impedance) S 573 A3 2~Z0)et g staL &g7]el A
== d4Ad Al XLf\l ol whet 3E 29 o] ARE &%=7F A A
Ho13].

TDR< AH’LOM A ud 1A E SAT o BAHE
HE A= AAE wet 7} vlolE A A o] AAl A3 H(2Z)
7} g}, wpebA TDRS A Aol Aol ¢lar & shd 70

of| 7} A Zo A9 A2~ SAH RS A

gkl Asgto] whA gl 7 o] gk TDR-2 3| 1227} 0ol A
Hojd ZA 7S TS AN, o 18 9= WA A9
o] T3k 71" (Open) =2 T2 (Short) 9] FeFS Hoj5=11 9L

=T U

Transmitted Sweeps

Ca_e

Reflections

13 8. TDRe| %3 74
Fig. 8. Concept of TDR operation
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E 2. 37| iMof A==
Table 2. Airframe wires used In aircraft electrical
installations
Applicable
Specification

= MM

=24y E
[ il ‘I'I'E:‘ ?(le

Title/Description

Wire, Electrical, Insulated,

MIL-DTL-16878 General specification for

Wire, Electrical,
High temperature and fire resistant,
Aircraft

MIL-DTL-25038

Wire, Electric, Polyimide—Insulated,

MIL-DTL-81381
Copper and copper alloy

Wire, Electrical, Silicone-Insulated,

MIL-DTL-8777 Copper, 600V, 200C

Wire, Electric,
MIL-W-22759 Fluoropolymer Insulated,

Copper or copper alloy
MIL-W-7072 Wire, Electric, 600 Volt, Aluminium,
(Cancelled) Aircraft, General specification for

Wire, Electric, Crosslinked polyalkene,
Crosslinked alkane—imide,

or polyarylene Insulated,

Copper or copper alloy

SAE-AS—-81044A

Open
Z = c0Q)
o, S —
Z0=50Q or 100Q
< Open circuit >
_— O
Z=0Q \

< Short circuit >

g 9. JHelojut ek Aefol A TDR ZHgtel st
Fig. 9. Variation of the TDR readings when the wires
are open or shorted

=

=, Z4gko] 53 Qe A4 Q19 el Ao )
o b7} S o) oo ohm(TRe] S FAIEL, 240]
wret Abel7} 99 0 ohme] kS A48l B Aoltk

2) TDRY] Al &4
A0l S A4 (VF; velocity factor)i= A=A ol A A =,
A gefell A wlef ife]et vlargh 22 mA AT oA
0.677¢2] VF= A% shso] Xg7delolA #4:2] 67.7%%
Ao) &S met o] Edth= 21 o] gtk TDRE FhAkE Als
o] A A AR SAsE R 54 WAL A5 71A] 9] A o)
2 A1) o] xAF T

Ti
z;ne X Velocity = Distance (1)

o) 710114 Time £ EaF=] 2@ A4S 248 Aol 7] 1)
ol 2% Wil HAe] VRS 29 ft B m W9 R wiew



A 5 WA ) ARl 28 4 I,

7] 4] AN AT 4 sl il Aote] T
Al 274 2 g = ek 3Rl A a -l the
A3 Adgrate] ARg-olu Al o) o, Al A
=

Tl A= TDRO] vl AAghd o) f-7 S54E 4]
A, 2Rl A ] o) Ed =
A¥e F8l SA3la, 1 A¥E TDR AIZAF TDR 28
7hol ol AN AF 25 vl wate] AFE AT 14].

1) X d2Ed SZR AS

g7 widS 2 &=t skl kst vl A
S o] &shd], tixA A4 FhEEe ok 19 109 2
©] Pin¥} Socket, 1 2~EF}0|~(Insulated butt splice), B 2=
Z2}o] 2(Sealed butt splice) 5°] S

TDR2 " & 2] f-7-&el 9]¢t VFe| BiztE 7HX]sh= 9
2 ZpFsly] whitel Z2+E A AZA5FEE°] TDR S 3kl
oW & WA =AF gRIH] 913 19 E9] TDR 4] H|
2Eg& Alo] &l E4-Eo] 71 (Open) AEI Q] 5L g 6T EA
2] M-S AZATh o]7]4 o] MM ol AAFES A}
BoH4] e o el o] 574k Pin} Socket, AR ~E
o] 2~(Insulated butt splice), B8 2>Z2}o] 2x(Sealed butt splice)
5 37HA WAl AREgE A ZH 7o) S %S valste] A
Fbel] whE FEFS RISkt

ofgff 19 11004 xF2] 09 ERH 19 EZLA]= )<
2E FAlo]& Zolo|ar, AA| 54 5407 ARggh WS
I 1T ERE] 79| E ilo|n], 39| B} 53| E A Fo]
A A4 Fero] ARE¥ Sto| Tk

57447, Pin?} Socket 0.2 XS AAT Hpol=
91l 715l B A E(LE 11-D) 2 A 9] vl
Ao Ax A4z gHAE g2 A gl AS
ATH™ 11-Q).

Aol 2~Z2bo] A(Insulated butt splice)Z 23 75
AAA AR 3 E, 5T E A Hol|A] oo SAA] Wt} 4

ol gk Afol & FA = BT (L H 11-Q).

2N\ S

Insulated Butt Sealed Butt

SRS Splice Splice

O3 10. wiM7t 12 BE
Fig. 10. Wiring connection parts

209

0 5 © 10
FEET
< O Single wire, Open circuit (Criteria) >
— : Single Wire
— : Pin & Socket

< @ Single wire vs Pin & Socket >

— : Single Wi
Z OHMS - Inlgglaeted"gutt Splice
20044 e g o
[ : : :
1o S A S
Dl
100} P e e e S
I : : !
50 /4> | R = S—
[ : : :
0 S e o
0 5 10
FEET

< @ Single wire vs Insulated butt splice >

Z OHMS — : Single Wire

< @ Single wire vs Sealed butt splice >

T 1. oM AFclof w2 SHEELe| #st

Fig. 11. Variation of measurement results according to

wiring connection methods
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23 ~Zglo](Sealed butt splice) = AT 7o =

AAFRI 3T E, 53| E A A] 7]F0] 5]% A (L
11-@)4 Hlarste] w2 Wyt gllom A
(Insulated butt splice)® AT -2} A S90S HEL
W™ 11-@).

2) W R 2% 92 AR AS
oA v Aste] FHEE oby) 19 129} o] Y

(Open) ¥ T&(Short)©] 21

WAL )L o] e 31 A ol A ABF uFAIA] 1 9] = AW EH
QA B Flaly] Sl8) wid AR S5k A EAls
Ak W 0 7 19 E ] TDR ] B 2E S AlolE 5

o 6] 29) A4S A AT,

U=

S5 T8l 1YY 19 E o] 3 A A E = 6]
7ol Bt AelE vehliE whe] A= ofel 3233
o, Alolg 40| 7 (Open)d A1) A5 132
IE AHFE froldk SA % S7F Aol HAslaL
o] dE(Shor)y e AAe] BSE 12 79 E Fh
fref gk S gk A8k Aodol wAyEgich

o] _Zaxlgk# o] H3l+= ol % 491r 71—0] oz 7<4 TDR xﬂxl
A}l AEAALS] TDR 2% 7}]=(TDR operating manual)ol] A
Al 2k g9k fAFeHAl 224 €] A ge] 7 Open) el 7} ¥ =

A ARE FA sl

1L
€15 =
i=]

Open End TOR| A

[ﬂ

Short at Cable End
38 12. v A 70l 2 TDR A4t 0lA|

Fig. 12. Example of TDR measurement for different
types of wire defects

Ir

¥ 3.
Table 3. Result of repeated measurements

HEE =X 2D

et Location of end of wire

< where the measurement change  (unit : ft)
o Open circuit Short circuit
1 7 7.1

2 7.2 71

3 6.8 7.3

4 7 7.2

5 7.1 6.9

6 7 6.8

7 7 71

8 7.1 7.1

9 7 7

10 7 7.2
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¥ 4. TDR 2& 7lo|=2ot A8 ZHgt vl
Table 4. Compare with TDR operating manual and
experiment data

Location
Measurement result of defects
GENERIC RG-6 ZB75 VF 83.9
125
TDR 1p
operating 75 / 28ft
manual | 58 /
25
A 25 5@
CRSR1 28h lin 8l.8a
Z OHMS
200 !
1501 /i
Experiment| 100} A\ 5 76t
dat 1 ]
ata 50/; ________ t///
0 0 5 10
FEET

¥ 5. TDR 2& 7lo|=et A8 ZHgt vlw
Table 5. Compare with TDR operating manual and
experiment data

Measurement result Lazzilon
of defects
ﬂ RIC RE-E 2875 WFsie
TDR - :
operating 7317 i% 28ft
manual | @ |
5 L
25 ]
&tm 2Ehle 24820
Z OHMS
200 1]
1
1501
Experiment| 10041\
data 50 /‘l \ Pt m
Ve |
o L1 D
0 5 10
FEET

Tk A o] Asglo] wheh(Short) A EIQ] A - A& 3 59
o] AEAA}S] TDR €& 7}0]=(TDR operating manual)ol] A
Al kg ot FA A Skl $A8] "olA= As FeE
T AN

oigh AEAAFS] TDR 28 7]0] =(TDR operating manual)]]
AAE Az} ol S Tl ST S Wt 71&

717k 27 ol @ AL A ARE NG 20 2F 4
Folzlol A S Ao, & A5A SHE ARE A Y

F7] 3NAgeIA 54557 0w S,

n. 4



B A= ) vl Al ik agetA] &) A
o] A} A to] o] oJ7astell A TDRO] A&k vl 2
sk Q25 et Age] FFE Tt 5 JeA] 1 &8
38 A53] S8 = Ak
A5 A3, TDRS vt &7 vidES 4854 Pin
3} Socket, B¢ 2~Zg}o]X(Insulated butt splice), 25 2=}
S

o] 2x(Sealed butt splice) 5°] F4H o2 AAHAS wf uf
At A2l £S5 FA4] gFethe 2S Rlskglth

HEgHTDR- w3 2] i AsH el 243€] 7% (Open) Al
AK-E] S gko] FeltAl Ad3aL, TE(Short) X HHFE
Zdgke] el et olAl= 31E ERlIskich

ekl Agke] TRE IR
H, o] & 33l ¥57] Agn)Ede
1ol 71018 = gl& Bl o= 7|

2o R B AFAT | xste] vekst 712, F%, vAl
oFzx71 Q|3 oA %= TDRo] 5L g

o
27 el 714 A7} A st Az ek
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