1 ELECTRI CAL HARNESS The present invention relates to an electrical
harness forned froma flexible printed circuit board. Wth reference
to Figure 1, a ducted fan gas turbine engine generally indicated at
10 has a b5principal and rotational axis X-X. The engi ne conprises, in
axial flow series, an air intake 11, a propulsive fan 12, an

i nternedi ate pressure conpressor 13, a high-pressure conpressor 14,
conbustion equi pnent 15, a high-pressure turbine 16, and internedi ate
pressure turbine 17, a | ow pressure turbine 18 and a core engine
exhaust nozzle 19. A nacelle 21 generally surrounds the engine 10 and
defines the intake 11, a bypass duct 22 and a bypass exhaust 10nozzle
23. The gas turbine engine 10 works in a conventional manner so that
air entering the intake 11 is acecgraieHARNES® fan 12 to produce
two air flows: a first air flow Ainto the internedi ate pressure
compressor 7hd A BRERNGEL o dnl RrBaHRHEL BARRARA JQUALAAS PYRASS
duct 22 to provide propul sive thrust. e Intermedi at e pressure

conpr essor bpardconpresses the air flow 15A directed into it before
delivering that air to the high pressure conpressor 14 where further
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t ur bi i@ enderde Bhs a substantial number of electrical components

whi ch serve, 25for exanple, to sense operating paranmeters of the
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conporént s Aatirected imtroinbafore delivering that air to the high pressure compressor 14 where further

compression takes place.

The compressed air exhausted from the high-pressure compressor 14 is directed into the
combustion equipment 15 where it is mixed with fuel and the mixture combusted. The
resultant hot combustion products then expand through, and thereby drive the high,

20 intermediate and low-pressure turbines 16, 17, 18 before being exhausted through the
nozzle 19 to provide additional propulsive thrust. The high, intermediate and low-pressure
turbines respectively drive the high and intermediate pressure compressors 14, 13 and the

fan 12 by suitable interconnecting shafts.

A typical gas turbine engine has a substantial number of electrical components which serve,
25 for example, to sense operating parameters of the engine and/or to control actuators which

operate devices in the engine. Such devices may, for example, control fuel flow, variable

vanes and air bleed valves. The actuators may themselves be electrically powered, although

some may be pneumaticaily or hydraulically powered, but controlled by electrical signals.

Electrical power and signals to and from the individual electrical components are commonly
30 fransmitted along conductors. Conventionally, such conductors may be in the form of wires

and cables which are assembled together in a harness. In such a conventional harness,



30transmtted al ong conductors. Conventionally, such conductors may
be in the formof wires and cabl es which are assenbl ed together in a
harness. In such a conventional harness, 2 each wire nay be
surrounded by an insul ating sl eeve. The connections between the

i ndi vi dual conponents and the conventional harness are nmade, for
exanple, by nmulti-pin plug and socket connectors. Simlarly,

communi cati on between the harness and power, control and signalling
circuitry is achieved through a nulti-p2n connector. 5By way of
exanple, Figure 2 of the acconpanying drawi ngs shows a typical gas
turbi ne engine including two conventional wring harnesses 102, 104,
each provided with a respective connector conponent 106, 108 for
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It is proposed to replace conventional harnesses with flexible printed circuit board harnesses
20 (FPCB hamesses). An example of a portion of a flexible printed circuit board harness 120 is
shown in Figures 3 to 6. Figure 3 shows a perspective view of an FPCB harness portion,

and Figures 4, 5, and 6 show side, top, and cross-sectional views respectively.

The FPCB harness 120 typically comprises a flexible (for example elastically deformable)

substrate 140 with conductive tracks 130 laid/formed therein. The FPCB harness 120 may
25 thus be deformable. In the example shown in Figures 3 to 6, the FPCB harness 120 extends

along a length in the x-direction, a width in the y-direction, and a thickness (or height or

depth) in the z-direction. The x direction may be defined as the axial direction of the FPCB

harness. Thus, the x-direction (and thus the z-direction) may change along the length of the

FPCB harness 20 as the FPCB harness is deformed. The x-y surface(s) may be said to be
30 the major surface(s) of the FPCB harness. In the example shown in Figures 3 to 6, the

FPCB harness is deformable in the z direction, i.e. in a direction perpendicular to the major



30t he maj or surface(s) of the FPCB harness. In the exanple shown in
Figures 3 to 6, the FPCB harness is deformable in the z direction,
i.e. in a direction perpendicular to the magjor 3 surface. FPCB

har nesses may be additionally of alternatively deformabl e about any
ot her direction, and/or may be tw sted about any one or nore of the
X, Yy, or z directions. The flexible substrate 140 is typically a
dielectric, and the conductive tracks 130, which may be surrounded by
the substrate, are typically forned usifag a suitable conductive
material. 5 The conductive tracks 130 may be used to
conduct/transfer electrical signals and/or electrical power, for
exanpl e around a gas turbine engine and/or to/from conponents of a
gas turbi nesuﬁa@l r!F@CB'Hameséesana@fberadﬁmawcﬁa&éiﬁatmél@ssfoﬁemteiat)atalanyabtaar)
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Thus, the shape and/or size of the |nd|V|duaI conductive tracks130
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A lightning strike on an aircraft causes current to pass through the exterior skin and

structures of the aircraft. This current can induce transients, known as indirect lightning, in

components such as FPCB harnesses. For example, a 200 kA direct lightning strike on an
20 engine can induce up to about 1500 V (overvoltage) to a harness. This can result in high

voltage differentials between tracks which may produce damage in the harness.

IPC gives standard track spacing rules (see IPC 2223B, May 2008, Sectional Design
Standards for Flexible Printed Circuit Boards, Section 6.3 (electrical clearances)) between
tracks of FPCBs to account for normal conditions, but excludes indirect lightning strikes. In
25 particular, IPC 2223B gives a table of electrical voltages against spacing distances.
According to this table, above a 500 V differential the distance between tracks increases
significantly. Thus, following iPC standard spacing rules in an FPCB harness which may
have to accommodate a potential voltage differential of 1500 V during indirect lightning
strikes can lead to the spacing between conductors becoming large, with the result that the

30 harness may become unfeasibly large, heavy and/or expensive.



have to accommbdate a potential voltage differential of 1500 V during
indirect lightning strikes can |l ead to the spacing between conductors
becomng large, with the result that the 30harness may becone

unfeasi bly | arge, heavy and/or expensive. 4 It would be desirable
for an electrical harness fornmed froma flexible printed circuit
board to be capabl e of accommodating indirect |lightning strike
overvol tages, while avoi ding excessive additional size, weight and
cost . Accordingly, in a first aspectg4 the present invention

provi des a gas turbine engi ne having an 5el ectrical harness forned
froma flexible printed circuit board which provides a plurality of
spaced conductive tracks, wherein: the conductive tracks are
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features of invention w ese are app
singly or |t1raclahyer do not then have fo be increased to withstand e.g. a 1500 V voltage differential.

In a second aspect, the present invention provides the use (e.g. in a gas turbine engine) of
an electrical harness formed from a flexible printed circuit board for avoiding excessive

20 induced voltage differentials during indirect lightning strikes between spaced conductive
fracks grouped into respective layers of fracks of the circuit board, the track layers being
spaced apart and extending substantially paralle] to each other, the tracks of each track layer
forming respective circuits which all have impedances lying within a respective range for that

layer, and the impedances ranges being non-overlapping.

25 Optional features of the invention will now be set out. These are applicable singly or in any

combination with any aspect of the invention.

Typically, the harness has one or more harness connectors at respective terminating regions
of the flexible printed circuit board joining the harness to complementary connectors of the

engine.



conbination with any aspect of the invention. Typically, the harness
has one or nore harness connectors at respective term nating regions
of the flexible printed circuit board joining the harness to

conpl ementary connectors of the engine. 5 The flexible printed
circuit board may provide a first track |ayer and a second track

| ayer, the tracks of the first track layer all formng relatively |ow
i npedance circuits, and the tracks of the second track |ayer all
formng relatively high inpedance circusts. The | ow i npedance
circuits can be circuits that are protected directly or indirectly to
ground. 5The | ow i npedance circuits can be circuits that have an

i npedance of |ess than 10 Chns when subjected to |ightning strike
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havi ng i mped&Abe e ianling 7R NATEC MGYPIPs AR Re 088 feined '8 RIGIVRG L

t han t he higghtidnregdangefcerh 2CWhaidorm W/ avEfbef ARl AlRefoipgdance circuits
can have inpedances of from 10 to 100 Chns when subjected to
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defined in flmmlqwewﬁhswphdmaczzayals . Whﬁeﬂealbm pzntewwcyft opard Biay have only
25V\avef or mgd, rafdaWavef orm 5) . For exanple, circuits that contain
ground referenced solen0|ds typlcally have an i npedance of 30 to 40
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layers. then spaced apart and extend substantially parallel to each other, and the tracks of the third

20 track layer form intermediate impedance circuits having impedances greater than the low
impedance circuits buf lower than the high impedance circuits. The intermediate impedance
circuits can have impedances of from 10 to 100 Ohms when subjected to lightning strike
indirect waveforms at all frequencies below 10 kHz (the indirect lightning strike indirect
waveforms can be those defined in RTCA/DO-160 Section 22 as Waveform 2, Waveform 3,

25 Waveform 4, and Waveform 5). For example, circuits that contain ground referenced
solenoids typically have an impedance of 30 to 40 Ohms. All the conductive tracks of the
flexible printed circuit board may be grouped into the first, the second or the third track layer,

i.e. the fiexible printed circuit board may have only three track layers.

The flexible printed circuit board may have respeciive dielectric layers between adjacent
30 track layers, the or each dielectric layer being configured to withstand a differential voltage
between the adjacent track layers of at least 1500 V, and preferably of at least 2000 V. Such

a dielectric layer can be formed, for example, of polyimide.



The flexible printed circuit board may have respective dielectric

| ayers between adjacent 30track |layers, the or each dielectric |ayer
being configured to withstand a differential voltage between the

adj acent track layers of at |east 1500 V, and preferably of at | east
2000 V. Such a dielectric |layer can be forned, for exanple, of
polyim de. 6 Each track |ayer nmay be configured to withstand a
differential voltage of at nobst 1500 V, preferably at nost 1000 V and
nore preferably at nost 500 V, between gdjacent tracks of that track
| ayer. As higher dielectric capabilities between adjacent tracks can
add size, weight and cost to the flexible printed circuit board,
there is an incentive to reduce the upper 5limt of the dielectric
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set out below. I nven now escri
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through a ducted fan gas turbine engine,; Figure 2 OWs a gas

engi ne wit WeB(VE’GBﬁGJé?R”?WF ofithe Wé%@t"fq:'?!(mr e 3 shows a schematic
perspective view of a portion of a flexible pri nted circuit board

har nes®s; 2MHachtisick 1dyes Maybave aiedst folr @l ank pesfdrhigxing) Bavieralt RE&AixGr bighti t
board har n%%%ksof Fi gure 3;

Further optional features of the invention are set out below.

Embodiments of the invention will now be described by way of example with reference to the

accompanying drawings in which:

15 Figure 1 shows a schematic [ongitudinal cross-sectional view through a ducted fan gas

turbine engine;
Figure 2 shows a gas turbine engine with a conventional harness;

Figure 3 shows a schematic perspective view of a portion of a flexible printed circuit board

harness;
20 Figure 4 shows a side view of the flexible printed circuit board harness of Figure 3;
Figure 5 shows a top view of the flexible printed circuit board harness of Figure 3;

Figure 6 shows a transverse cross-sectional view of the flexible printed circuit board harness

of Figure 3;

Figure 7 shows schematically an arrangement of conductive tracks in a transverse cross-
25 section through an electrical harness formed from a flexible printed circuit board in which the

tracks are in two layers;

Figure 8 shows schematically a corresponding arrangement of conductive tracks in a

transverse cross-section through an electrical harness formed from a flexible printed circuit



Figure 5 shows a top view of the flexible printed circuit board
harness of Figure 3; Figure 6 shows a transverse cross-sectional view
of the flexible printed circuit board harness of Figure 3; Figure 7
shows schematically an arrangenent of conductive tracks in a
transverse cross- 25section through an electrical harness fornmed from
a flexible printed circuit board in which the tracks are in two

| ayers; 7 board, but with the tracks being grouped into the |ayers
according to the rel ative inpedances of 7zthe circuits which the tracks
form and Figure 9 shows a diagrammatic representation of a flexible
printed circuit board enbedded in a rigid material. 5Figure 7 shows
schematical ly an arrangement of conductive copper tracks 20la, 201b

in a transwebsichi Wak thed@eltd lRihglghiups@intodfe BYGS hédofitg th en@sthe iRt diBRkes
froma flexi ircuit board in which the tracks are in two

track Iayefggfdgamfﬂh EFE%%@“%W@‘&B grouped according to the

rel ative i npedances of the circuits which they form Thus, during an
i ndi rect | iRigwrea? sitpwstardidgeammitighenvedentatien diaffiexible ptinted circuibippairbernirmidedid
bet ween adj atbfisicks of the sanme track 10l ayer. In particular,
tracks 201a form ng Iom1|npedance CIrCUItS which are typically
protected rectly or indirectl round, remain at or close to

gr ound’pot llﬁ“feaf shqpgisphemat ‘éag'Kgn 'tﬁ"k?e BRHA A IHFR CoRRRERSkt 20 18] Y1 R &
which are ttmmv@ﬁslele;bsa-bémwdmrdt.@h ah bleatical BirO¥S fgHedftth arferibld pméfakuifal S
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a potent i alto tﬂlﬁﬁ’éiaiwe mrzederﬁceapﬁhen dirc].:&()@hlah théynfoma nThua sduring-argindieecBligh thivigs
SC hermt ! Cals{rMe %U&Q{?rtfg%mpénﬂﬂs @gr\r @Bet@%&g a%ﬁggrgttrlac\!k% 0?91 ESII;TG Era&c kS

301a, 301b, Into two trac ers b accor |ng 0 the
relatife i rﬁye@alheeﬁmdﬁr trefgls 201p darming l%mﬁdamecrtqua% kbich erertypiceiyigrotecied

tracks 301 i ack
| ayor 30380 v PLnerec®to gRRRaTRTSn BLircléat b Bhlentel (rEIRP2AE S

are all i n QREoHaNiPRedapeegircyits, whichaes by picaly ad'ﬁ\iv%d fipat” abevgsrryrdtraech
potenti al potentials of around 1500 V.

The distance L3 between adjacent tracks of the same track layer thus has to be relatively

15 large to accommodate a potential difference of around 1560 V.

In contrast, Figure 8 shows schematically a corresponding arrangement of conductive copper
tracks 301a, 301b, grouped into two track layers 303a, 303b according to the relative
impedances of the circuits which the tracks form. Thus, the tracks 301a forming low
impedance circuits are all in the top track layer 303a, while the tracks 301b forming high

20 impedance circuits are all in the bottom track layer 303b. In this way, although the potential
difference between fracks of different track layers during an indirect lightning strike can still
reach around 1500 V, within a given track layer the maximum potential difference between
adjacent tracks is much lower (around 50 V as shown). Thus the distance L4 between
adjacent tracks of the same track layer can be much lower, allowing the flexible printed

25 circuit board to be more compact, lighter and cheaper than that of Figure 7.

Between the top 303a and the bottom 303b track layers is a centre layer 305 of dielectric
material formed from e.g. polyimide, which has a high dielectric strength in the order of 3to 5
kV/ium. This dielectric layer is able to withstand differential voltages between the top and

bottom track layers of at least 1500 V,

30 Copper screen layers 309 form the outer surfaces of the flexible printed circuit board and

provide a low impedance path for the indirect lightning current. Each copper screen layer is



di fference between tracks of different track |ayers during an
indirect lightning strike can still reach around 1500 V, within a
given track |l ayer the maxi mum potential difference between adjacent
tracks is nmuch | ower (around 50 V as shown). Thus the distance L4

bet ween adj acent tracks of the same track |ayer can be nuch | ower,
allowing the flexible printed 25circuit board to be nore conpact,

| i ghter and cheaper than that of Figure 7. Between the top 303a and
the bottom 303b track layers is a centre |ayer 305 of dielectric
material fornmed frome.g. polyimde, which has a high dielectric
strength in the order of 3 to 5 kVVpm This dielectric layer is able
to withstand differential voltages between the top and bottom track

| ayers of alepdre@d froh i radk 1a8-SBPRE BOIOHYRLBs IR ctteB Rferf307 BF didisct@ut er
surfaces of the flexible printed circuit board and provide a | ow

i npedance ;53 #'¥or the indirect | i ghtning current. Each copper screen
| ayer is 8 separated fromthe track |layers 303a, 303b by a
respective Bewpacesdypbyeeg0zigatfoutiasiasks #01e, b of 4 ailen tck lagpr808s 984 seen
nei ghbouri Gﬂe&\bnﬁﬁdﬂéec%%ﬁater%%taurg& c@né&dt%ﬁﬁ‘th%rd?e%&n'c%mrre |§$¢Qﬁ§05 da%%@e are
filled wth dielectric material in direct contact wt electric
cent r e8| aydpsrapiye giglpctirauist l@epéeti ve diel ectric outer |ayer 307.

Wil e the invention has been described in conjunction with the

exenpl ary elmhlediﬂmﬁnﬁordﬁs(bbérb&icmﬁweconﬁmﬂwn[ﬂlﬁihl;ljhééhk@rﬁﬁlar@’@dibﬁdiﬁaﬁtéOnS
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provi de t hrskidedon themrioviten givkn thisydisclsurel abustge Jexiblegsiped tcirav@ baard may
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track layer containing tracks formng internediate | npedanc
circuits. [BAdpEDERREFICECHeMiteRF ﬁﬁ*ﬂﬁdﬂﬁﬂe‘?ﬁ‘i@} trﬁ?f‘f@@r‘@ﬂ’@@'"ﬁé’?%@r ming

adj acent tl“rﬂé‘rlﬁ‘éd:@lfe Ap&HaMEI LIt GiRC kn thRYARY, th@Mafifnlii| polAtidl BRbrehQVREwdHT | Ng
an indirect J| nln str%}_é '} t han t?}gaerkapx mum otentlal di fference
bet ween adj 3’8 l‘?qu_ i(a‘?' fagk lapsr cag il Eltr'?"l’f‘étd W ectightpigg siikey
part af t hehdnltiednitiaup pbiehtetldifféreie eteabdadenytrdag Igeleedded in a rigid
material 285, as shown in Figure 9 by way of exanple. For exanple,

along at | : Xelgﬁ‘ﬁér R4 ﬂlé St ltaggl'gtpgrt of thgﬂ%)Jlb%b P. & Rhlitsd cﬁég{b%w t

board may b inside a ri rmarig ructure
280, whi ch eriigdded in 2rigd F@@rl@I@Sa@Sah@wrgth Figuesr & byp@y. of wwle tApeexample,
20el ectri calonhal10Re 8 pARY: IS MMM S fidkitik BrirfledSdircWCldaFEmby BHENinYhE SRl he
flexible prn"lla?eng]qco %olrrrn%ur:g?d structure 280, which may be referred to as a rigid raft 280. Thus, the
20 electrical harness may comprise a rigid structure through which the flexible printed circuit
board runs. Such a rigid structure may be readily mounted on or fixed to another

companent, for example a gas turbine engine.

The rigid material 285 may be, for example, a composite material of fibre and filler, such as
carbon fibre. Any suitable method may be used to manufacture such a rigid structure 280
25 such as, for example, placing the flexible printed circuit board between flexible layers of a
composite material (or “laying-up” the flexible composite material), and then moulding to the
desired shape and freating (for example heat and/or pressure treating) to form a rigid

composite structure.

Accordingly, the exemplary embodiments of the invention set forth above are considered to
30 be illustrative and not limiting. Various changes to the described embodiments may be made

without departing from the spirit and scope of the invention.



board runs. Such a rigid structure may be readily nounted on or fixed
to anot her conponent, for exanple a gas turbine engine. The rigid
material 285 may be, for exanple, a conposite material of fibre and
filler, such as carbon fibre. Any suitable nethod nay be used to
manuf acture such a rigid structure 280 25such as, for exanple,
placing the flexible printed circuit board between flexible | ayers of
a conposite material (or "laying-up" the flexible conposite
material), and then noulding to the desgred shape and treating (for
exanpl e heat and/or pressure treating) to forma rigid conposite
structure. Accordi ngly, the exenplary enbodi nents of the
invention set forth above are considered to 30be illustrative and not
limting. \arefersaceashaBgestoladotchee lessrindvedrashwdermnts may be made

wi t hout departing fromthe spirit and scope of the invention. Al
references referred to above are hereby incorporated by reference.

10 CLAIM5 1. A gas turbine engine having an el ectrical harness
formed froma flexible printed circuit board which provides a
plurality of spaced conductive tracks, wherein: the conductive tracks
are grouped into plural layers (303a, 303b) of tracks (301a, 5301b),
the track | ayers being spaced apart and extendi ng substantially
parallel to each other, the tracks of each track |ayer form ng
respective circuits which all have inpedances lying within a
respective range for that track |layer; and the inpedances ranges
bei ng non-overl appi ng.



2. A gas turbine engine according to claim1 having a first track

| ayer (303a) and a 10second track |layer (303b), the tracks (301a) of
the first track layer all formng relatively |ow inpedance circuits,
and the tracks (301b) of the second track layer all formng
relatively high inpedance circuits. 3. A gas turbine engine
according to claim2, wherein the |ow inpedance circuits are circuits
that are protected directly or indirectly to ground. 154. A gas.
turbi ne engine according to claim2 or & wherein the | ow i npedance
circuits are circuits that have an inpedance of |ess than 10 Chns
when subjected to lightning strike indirect waveforns at al
frequenci es below 10 kHz. 5. A gas turbi ne engine according to any one
of clainms 2citxmg, wherein the high inpedance circuits are circuits
that are not protected directly or indirectly to ground. 206.A gas

t ur bi ne engj ne

hi gh i npe dg+nce ?ﬁ%g EL?[![J Qg% %e@?%’lgﬁgr?elg{tnc%l r?dnr%%s ?ontngd f$0m ﬁ‘ﬂ@x.tﬁé %r]gngedecwcmt
gr eat er t hatvanDghicnrevides arplusaiiy o spangd F@Wdhctghttrmhsqnfmrw ke indirect
waveforns at al knefdoREGRGHRRs é?@ bf?)Y}béIQQntB Iﬂ%ral layers ( (JOSa ASO@S‘)%If Erb{{['@ (3,
engi ne according to any one of clains o,

conducthi ve ¥ bk fhe trgek la¥rss beinggraeed apait ﬁt“é@?‘t@]dﬁ‘@ﬁp 'PS"%a'Pdea&"r”@ teypash segr.

into eitherthd gk bf gden Eré@(q;kyeF \%%ﬁfﬁg %pédﬂ@e &5&%@@&% dilhadimbadRbes lyify A

gas turbine engine accor a claimse 2 to 6, wherein the
conducti ve "Y'&'E‘&?S%ﬁ"[é"eg’ F“&ﬂ?ﬂg’dhﬁt H?‘EJX?Wé 91”9 Fh?t'mf"?dé‘EReSI ragaes beifggers e c ond
track | ayergvegapging. t hird track |ayer, the first, the second and

the third track | ayers being spaced apart and extending substantial ly

parallel to, each At ine %ﬁlefag&ré ih PG i p&ﬁ@ aH}Et uqmﬁ 2 gadsé}’a% a

formng 11 |nterne late | ance circul nces greater
than tfe | Gkcondieeialares (%q3bb thietteacksBO 12y akthe tlrhfatrﬁck twerrﬂl dminapeietaely ow

circuits. mpeo%nceAleQl& LAY tRE PECKE N or HeGRESHI NGl Qydr Iaﬁlfomlﬁg réMﬁ%Iﬁu h
the internmedi ate i npedance circuits have inpedances of froml

Ohns when STBFEEERHCHE- | i ght ni ng strike indirect
3. A gas turbine engine according to claim 2, wherein the low impedance circuits are

circuits that are protected directly or indirectly to ground.

15 4, A gas turbine engine according to claim 2 or 3, wherein the low impedance circuits
are circuits that have an impedance of less than 10 Ohms when subjected to lightning strike

indirect waveforms at al! frequencies below 10 kHz.

5. A gas turbine engine according to any one of claims 2 to 4, wherein the high

impedance circuits are circuits that are not protected directly or indirectly to ground.

20 6. A gas turbine engine according to any one of claims 2 to 5, wherein the high
impedance circuits are circuits that have an impedance of greater than 100 Ohms when

subjected to lightning strike indirect waveforms at all frequencies below 10 kHz.

7. A gas turbine engine according to any one of claims 2 to 8, wherein all the conductive
tracks of the flexible printed circuit board are grouped into either the first track [ayer or the

25 second track layer.

8. A gas turbine engine according to any one of claims 2 to 6, wherein the conductive
tracks are grouped into the first track layer, the second track layer, and a third track layer,
the first, the second and the third track layers being spaced apart and extending

substantially parallel to each other, and the tracks of the third track layer forming



Swaveforns at all frequencies below 10 kHz, and/or all the conductive
tracks of the flexible printed circuit board are grouped into the
first track layer, the second track layer or the third track | ayer

10. An electrical harness according to any one of the preceding
clainms, wherein a part of the flexible printed circuit board (201) is
enbedded in a rigid material (285) and wherein, 10optionally, the
rigid material is arigid conposite material. 11. A gas turbine
engi ne according to any one of the previtous cl ai ns, wherein the
flexible printed circuit board has respective dielectric |ayers (305)
bet ween adj acent track |ayers, the or each dielectric |ayer being
configured to withstand a differential voltage between the adjacent
track | ayeristefedate |fneedsatncé.a&0|ts\havﬂ:5 bipebiag@s glediebihae treN@v Mdeddeo tictultg

to any one Y erein each track layer is
configuredh;atIo‘"’eretﬂés)'}t'ﬁ %Hﬁn éF@H?ﬁgl vol tage of at nost 1500 V

bet ween adj acent tracks of that track |ayer. 13. A gas turbine
engi ne accdkdi n§ 9edtuaiie Kgivegecarding tocleim Budetdinihainteradinteimpedaeds

track | ayercihgits Gavt indbdRded & r¥nt10%4 Wﬁb@nﬁhﬁén%ﬁ%@&tb@ﬂo IMIQHIB@gtﬁké)ifldir%Et
| east 200 V betmeen adj acent 20tracks of that track |ayer. . A gas

t ur bi né endFWEOﬁﬁﬁﬂﬁﬁﬁﬁ@mﬂﬂﬁﬁﬂﬁPWﬂﬂ§ R andRE previ ous cl ai ns, mhereln

each track layer has at |least four tracks. 15. The use of an
el ectrical didremesducticrtraskls dfitionfieaiblel peitietd kiecup boart eck groupedirito the frstirafclr

ct bbat e woupedio ho st
[ ghining 0P pecepe e P kU B, oL T acics (do1a, S01b)

grouped into respectlve | ayers (303a, 303b) of tracks of the
el ectri cal Rar né%glectieabhrpessiaceoadieg i ape PRyl dierengding skimsanbereir e@adrhg

subst ant i althe/fieRBledrih@b crr@ut@agrb (mm@rembb&t%dﬁrraaﬁéi@ mBferif8d5) bhAekerdidy er
fornln res ectgygﬁc;rCU|t al | have |nEedances | yi ng within a
respecli ve PEHGY- F'gthTé?terlaé?é‘F'gldézﬁﬂ’p?q‘fE”‘i%‘@ ances ranges being

non- over | appi ng.
11. A gas turbine engine according to any one of the previous claims, wherein the flexible

printed circuit board has respective dielectric layers (305) between adjacent track layers, the
or each dielectric layer being configured to withstand a differential voltage between the

adjacent track layers of at least 1500 V.

15 12. A gas turbine engine according to any one of the previous claims, wherein each track
layer is configured to withstand a differential voltage of at most 1500 V between adjacent

tracks of that track layer.

13. A gas turbine engine according to any one of the previous claims, wherein each track
layer is configured to withstand a differential voltage of at ieast 200 V between adjacent

20 tracks of that track layer.

14. A gas turbine engine according to any one of the previous claims, wherein each track

layer has at least four tracks.

15. The use of an electrical harness formed from a flexible printed circuit board for
avoiding excessive induced voltage differentials during indirect lightning strikes between

25 spaced conductive tracks (301a, 301b) grouped into respective layers (303a, 303b) of tracks
of the electrical harness, the track layers being spaced apart and extending substantially
parallel to each other, the tracks of each track layer forming respective circuits which all have
impedances lying within a respective range for that layer, and the impedances ranges being

non-overiapping.



