1 ELECTRI CAL HARNESS CONNECTOR The present invention relates to a
connector for joining two electrical harnesses, each harness being
formed froma flexible printed circuit board which provides a
plurality of conductive tracks. 5Wth reference to Figure 1, a ducted
fan gas turbine engine generally indicated at 10 has a principal and
rotational axis X-X. The engine conprises, in axial flow series, an
air intake 11, a propulsive fan 12, an internedi ate pressure
conpressor 13, a high-pressure conpresser 14, conbustion equi pnent

15, a high-pressure turbine 16, and intermedi ate pressure turbine 17,
a lowpressure turbine 18 and a core engi ne exhaust nozzle 19. A
nacell e 21 generally 10surrounds the engine 10 and defines the intake

11, a bypass duct 22 and a bMRIASSCRAXPHARKESHODENECZOR The gas turbi ne
engi ne 10 works in a convent ional manner so that air ent eri ng t he
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fan 12 by spLii@bd e interconnecting shafts. 25A typical gas turbine
engi ne has a substanti aI nunber of electrical components which serve,

for exa I to sens rating, paraneters of the engine and/or to
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cont r okl ed pb;mdelpmiswe &Hru$| "@'wahtsrmed@te pressure compressor 13 compresses the air flow
A directed into it before 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
20 resultant hot combustion products then expand through, and thereby drive the high,
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 shaits.

25 A typical gas furbine engine has a substantial number of electrical components which serve,
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 fiow, variable
vanes and air bleed valves. The actuators may themselves be electrically powered, although

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

30 Electrical power, and signals to and from the individual electrical components, are commonly

transmitted along conductors. Conventionally, such conductors may be in the form of wires



and cabl es which are assenbled together in a harness. In such a
conventional harness, each wire may be surrounded by an insul ating
sl eeve. The connections between the individual conponents and the
conventional harness are nade, for exanple, by nulti-pin plug and
socket connectors. Simlarly, comrunication between the harness and
power, 5control and signalling circuitry is achieved through a

mul ti-pin connector. By way of exanple, Figure 2 of the acconpanyi ng
drawi ngs shows a typical gas turbine engine including two
conventional wring harnesses 102, 104, each provided with a
respective connector conponent 106, 108 for connection to circuitry
accommodated within the airfrane of an aircraft in which the engine
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20 It is proposed to replace conventional harnesses with flexible printed circuit board harnesses
(FPCB harnesses). 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)

25 substrate 140 with conductive tracks 130 laid/formed therein. The FPCB harness 120 may
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

30 FPCB harness 20 as the FPCB harness is deformed. The x-y surface(s) may be said to be
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



surface. FPCB harnesses may be additionally of alternatively

def ormabl e about any other direction, and/or nay be tw sted about any
one or nore of the x, y, or z directions. The flexible substrate 140
is typically a dielectric, and the conductive tracks 130, which may
be surrounded be the substrate, are typically forned using 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 engi ne andgor to/from conponents of a
gas turbine engine. The size (for exanple the cross-sectional area)
and/ or the shape of the conductive tracks 130 can depend on the
signal to be transmtted through the particul ar conductive track 130.
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the harness over the gas turbine engine. At least some of the tracks of the FPCB extend

both along the trunk 136 and the respective spurs 144.

Although connectors for joining FPCB harnesses to electrical components are known, it is

desirable also to be able to join one harness to ancther harness.

25 Accordingly, in a first aspect, the present invention provides a connector for joining two
electrical harnesses, each harness being formed from a flexible printed circuit board which
provides a plurality of conductive tracks, and each harness having a substantially planar
terminating region at which the conductive tracks of the harness fan out, wherein one or
more receiving holes are formed in each terminating region to extend to respective

30 conductive tracks, and each receiving hole extends in a direction substantially

perpendicularly to the plane of the respective terminating region, the connector including:



whi ch are arranged so that one end of each pin enters a receiving
hol e of one of the term nating regions and the other end of the pin
enters a receiving hole of the other of the Stermnating regions to
el ectrically connect the respective conductive tracks; and a
housi ng configured to hold the respective term nating regions of the
two electrical harnesses in face-to-face relationship with the
connection formation sandw ched therebetween, the housing having one
or nore apertures through which the harmesses can exit the housing as
they extend away fromtheir term nating regions. Advantageously, the
connector allows two harnesses to be joined together in a manner

whi ch can enabl e repeated in situ connection/disconnection of the
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In a third aspect, the present invention provides a gas turbine engine having the arrangement

of two electrical harnesses according to the second aspect.

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

combination with any aspect of the invention.

25 The receiving holes can be through holes or blind holes, as appropriate. The receiving holes
may optionally include respective embedded sockets which engage with the ends of the pins

and are connected to the conductive tracks of the respective harness.

Preferably, the housing is openable to allow the terminating regions to be separated from the

connection formation. For example, the housing can be formed from two joinable half shells.



The or each pin may have a respective central flange which extends
perpendicularly to the 10 direction of the pin. The flange can help
to ensure that its pin extends in the correct direction when the
connection formation is sandwi ched between the respective term nating
regions of the electrical harnesses. For exanple, the flange can
mechanically fix its pin in the retaining body. The connector nmay
further include a fixation formati on which urges the term nating

regi ons 15i nto engagenent with the connection formation. In this way,
excessive vibration of the connection formation relative to the

term nating regi ons can be avoi ded, such vibration being a cause of
possi bl e premature failure of the connector. The fixation formation
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the electrical harnesses. For example, the flange can mechanically fix its pin in the retaining

body.

The connector may further include a fixation formation which urges the terminating regions
15 into engagement with the connection formation. In this way, excessive vibration of the
connection formation relative to the terminating regions can be avoided, such vibration being
a cause of possible premature failure of the connector. The fixation formation may be
provided by two resilient members which sandwich the terminating regions and connection
formation therebetween, each resilient member being compressed between the adjacent

20 terminating region and the housing.

In order to improve the electrical connection of the pins to the conductive tracks, substantially
the whole of the inner surface cf the or each receiving hole may be coated with an electrically

conducting layer.
Further optional features of the invention are set out below.

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

accompanying drawings in which:

Figure 1 shows a schematic longitudinal cross-sectional view through a ducted fan gas

turbine engine;

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



of Figure 3; Figure 7 shows a diagranmatic representation of a
flexible printed circuit board harness for an engine; Fi gure
8 shows schematically a portion of an electrical harness fornmed from
a flexible printed 10circuit board; Figure 9 shows schematically a
transverse cross-sectional view through an enbodi nent of a connector
which joins two electrical harnesses of the type shown in Figure 8 at
their respective term nating regions; Figure 10 shows
schematically a top view of a connectioa formation of a further
enbodi ment 150f a connector which joins two el ectrical harnesses; and
Figure 11 shows a diagrammatic representation of a flexible printed
circuit board enbedded in a rigid material. Figure 8 shows
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f or med froq%gifleX|ble printed circuit board 201 which provides a
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hol es 207 which penetrate through the term nating region
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shomn i n Figjhigeres; at thelr respective termnating regions 205. The
connector 209 has a housing fornmed fromtw half shells 211. The half
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ing;
Figure 8 shows schematically a portion of an electrical harness formed from a flexible printed

10 circuit board;

Figure 9 shows schematically a transverse cross-sectional view through an embodiment of a
connector which joins two electrical harnesses of the type shown in Figure 8 at their

respective terminating regions;

Figure 10 shows schematically a top view of a connection formation of a further embodiment

15 of a connector which joins two electrical harnesses; and

Figure 11 shows a diagrammatic representation of a flexible printed circuit board embedded

in a rigid material.

Figure 8 shows schematically a portion of a gas turbine engine electrical harness formed
from a flexible printed circuit board 201 which provides a plurality of conductive tracks 203,
20 optionally in multiple layers. The portion ends at a planar, disc-shaped terminating region
205 in which the conductive tracks fan out and join to respective receiving holes 207 which
~ penetrate through the terminating region perpendicularly to the plane of the region. The

holes are internally plated with an electrically conductive layer.

Figure 9 shows schematically a transverse longitudinal cross-sectional view through a
25 connector 209 which joins two electrical harnesses of the type shown in Figure 8 at their

respective terminating regions 205.

The connector 209 has a housing formed from two half shells 211. The half shells are

clamped together at respective flange formations 213. The terminating regions 205 are



positioned face-to-face in the housing with a correspondingly

di sc-shaped retaining body 215 of a connection formation sandw ched

t herebet ween. The connection formation also includes a plurality of
pins 217 (only two shown in Figure 9) held in fixed positions
relative to the retaining body 215, the ends of each pin projecting
from opposi ng sides of the body. The 5 pins can have central flanges
219, which nechanically fix the pins in the retaining body and ensure
that the pins extend in the correct diré@ction (in this case
perpendicularly to the plane of the retaining body). The ends of each
pin 217 enter respective receiving holes 207 of the term nating
regions 205. In this way, the pins electrically connect the
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short of the Iayers 223 (and optionally then abut the term nating
regions). f shells 211 can be uncl anped to open _the housing,

i Povi g t HOSPB AL 1 DR esboNe Lo BE RSP GUmarsd Boh PBHpL he
pins 217. Thetichedria@turgigy the GraingtingaegiérnEos ke efgasinby wib reGeanmg bed)

b fitti to th d..cl ng. the.h i ng. Both
oberat i ons Zpe Heprer et e sRraiPRg o REmPRiog il el cushy
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i ngr ess of contam nants into he connector and to provi SuppOI’ or
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20 terminating regions. The pins 217 can extend through the terminating regions to abut the
layers 223 (as shown in Figure 9), or alternatively they can fall short of the layers 223 (and

optionally then abut the terminating regions).

The half shells 211 can be unclamped to open the housing, allowing the terminating regions
205 to be easily separated from the pins 217. The terminating regions can then be readily
25 reconnected by press fitting onto the pins and closing the housing. Both operations are

performable on-wing.

The flexible harnesses extend from the terminating regions 205 and exit the connector at one

or more apertures (not shown) formed in the housing.

The housing may be adapted to sealingly enclose the terminating regions 205 and the
30 retaining body 218 and pins 217 of the connection formation. For example, the connector
209 may have rubber boot to discourage the ingress of contaminants into the connector and

to provide support for the flexible harnesses as they leaves the connector.



8 Advant ageously, the use in the connector 209 of hot joining

t echni ques, such as soldering, which are inconpatible with on-w ng
wor king on a fuelled engine, can be avoi ded. Figure 10 shows
schematically a top view of a connection formation of a further
enbodi nent of a connector. In this enbodi nent, the term nating
regions of the respective flexible printed 5circuit boards are
rectangul ar, and the connection formati on has a correspondi ngly
rectangul ar retaining body 315 which coatains a regular array of 32
pins 317. Mbre than one connection formation can be used in a given
connector to join the face-to-face positioned term nating regions.
For exanple, two connection formations of the type shown in Figure 10
can be pl aceragigioudy it e i e PorMuttele2064f Rt REni)be sy smtaé%elaeﬁd@e

term nating regi ons a rt of e or both of the flexible
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met hod may 8%" srversEle PRVER ef RS SR oueBieo el a™ s Bodure
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bet wedh f| & eb‘ﬁt@ Ragyobpre eyfooll) of theeghle erinted eickibipoa(dsr201 beipg papnaged t he

flexible copasthey B@érﬁﬁéd@ba in A A6 Q@J!a&géﬂbglntirpﬁ%;@@']q]g?bvé@& shape
and treating (for_exanple heat and/or pressure trea forma

rigid conp&ERTRIe ST GRS alopeptleast geait ﬁf\/@ﬂmgtfhthﬁﬂgxﬂai@ewt%%wt e i n
conj uncti orzovwﬁab b h;&ed&ﬁ@iﬁm gwmsﬁmdsmrﬁsrﬁ] a rigRl Sh@srd d@edmﬂémﬂ@ bemany

e U| Val ent | Cat| 0, riations w ar ent
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housi ng Mayodethenmppeanteis@a Eigia dirwoguré tadugh emfcmheglreﬂua @iimted circuit board 201
el ectro- nagnetlc shi.elding of the fl.exible qesg s to the housi.n
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g.
Accor di ngl ylfnst ECheare'%thc % %%%F 8% &GP tefj ﬁe | RV e ers%of“pPB?”[?’ﬁor

above are ewamgplelegasitutbinetsmging] ustrative and not linmting. Various
changes to the described enbodi nents 30may be nade wi t hout departing

fromthe sghgligid %%nﬁl%@%a?fbetf&eexbmﬂ%rﬁ J:d?iﬂ)osnegrnMI Bﬁlbre]and@m&%eﬁsé or
(209) for joining two el ectrical harnesses, each harness being formed

from a fl eXPBPRINE AfvtYiRle PP hauPeuses Giwawﬁ?%lﬁe PYO\A rigiskstrycture 280
pluralzpty @ﬁcmnﬁuéﬁahm bla@dBe (183658 printctirEaHdbaktiazon %ﬁve&@ﬂéxrwa l@yers of

substanti al | nar . te arin eql 205) at I
%mﬁoﬁe materlalr(or ay|Ing -up” tLe Hex% éompoglte matg\f%l) and then moulding to
the desired shape and treating (for example heat and/or pressure treating) to form a rigid

composite structure.

While the invention has been described in conjunction with the exemplary embodiments

25 described above, many equivalent modifications and variations will be apparent to those
skilled in the art when given this disclosure. For example, the housing may incorporate a
bonding feature for grounding electro-magnetic shielding of the flexible harnesses to the
housing. Accordingly, the exemplary embodiments of the invention set forth above are
considered to be illustrative and not limiting. Various changes to the described embodiments

30 may be made without departing from the spirit and scope of the invention.



5conductive tracks of the harness fan out, wherein one or nore
receiving holes (207) are forned in each termnating region to extend
to respective conductive tracks, and each receiving hole extends in a
direction substantially perpendicularly to the plane of the
respective termnating region, the connector including: a connection
formati on which, in use, is sandw ched between respective termnating
10 regions of the two electrical harnesses, the connection formation
havi ng one or nore pins (217) which aregarranged so that one end of
each pin enters a receiving hole of one of the term nating regions
and the other end of the pin enters a receiving hole of the other of
the termnating regions to electrically connect the respective
conducti ve ¢usmags; and a housing configured to hold the respective
termnating regions of the two electrical 15harnesses in face-to-face

rel ationship w k@oﬁ%@to?g)agﬁgrt JBRH%R\%@?&EHCQI aﬁ%@gﬁ\g %ﬁgﬁ%?%;b%ﬁ@%%%@

t he hou5|ng havi ng one ertures rou rnesses
can exit t H@nh@t%ibi@r@?dtcnw beandd At ) winaly providen a mieliatity plegonilustive tragks

regi ons. %zoas\ £RARAGEAPhes@ ASM U QB sty AR fermiRIG Lo gs?)@@wﬁ.bme' S
openable to al'low the term nating regions to be separate rom-t

connecti on FBIUFHYS tEATks e IRrresh B CUb WheIER S8l PW@OF?(SGQ?IVEE iples 07 pare

wher ei n t hgohRus &h &ﬁemlnhﬂﬁ;l ryg.&nﬁles?t%ﬁ@totrb@e&t%rébmt:ﬁv@graa@,gémc@nd
the connection_forpmation., 4. A connector accord Qﬁ% g one of the
rIMé%th% |§

previ ous cl'&FHEY hRlePsnes PRETECOR sWsiagtialy spRerd p¥tiential |y
pl anar retaeﬂmagehﬂmymﬁ@ﬂﬁwommkﬂbnnﬂhﬂSmmhmgplns in fixed pOS|t|0ns

| at t her et th . ' i f d
of the body. 258 ATEBIAETBIBRGY BTG T B E I G EF P AV arinsine ™
retainiong begignstrtheswdsitarita bdrhgssed) thesanectdnepenation hdvingtoee on mart iping
regions. 3(91 7) thlc afe UNARGE R G (ﬁgeg& %Pé(ntg'gg é)ce:v ?,0|Br %’r{e olljfhe

ctor turther {

clains, wherei'n the conn |ncI udes a fi1 xa ormati on
whi ch ur gedeminatingregionsaridribe ethefiend of thepip ealetfeayeneiving hile ¢f tlnehcéher of the

connect i on Q5 1B4d @Bions to electrically connect the respective conductive tracks; and
a housing configured to hold the respective terminating regions of the two electrical

15 harnesses in face-to-face relationship with the connection formation sandwiched
therebetween, the housing having one or more apertures through which the harnesses can

exit the housing as they extend away from their terminating regions.

2. A connector according to claim 1, wherein the housing is openable to allow the

terminating regions to be separated from the connection formation.

20 3. A connector according to claim 1 or 2, wherein the housing sealingly encloses the

terminating regions and the connection formation.

4. A connector according to any one of the previous claims, wherein the connection
formation has a substantially planar retaining body (215) which holds the pins in fixed

positions relative thereto, the ends of each pin projecting from opposing sides of the body.

25 5. A connector according to claim 4, wherein the retaining body has substantially the

same shape as the terminating regions.

6. A connector according to any one of the previous claims, wherein the or each pin has

a respective central flange (219) which extends perpendicularly to the direction of the pin.



8. A connector according to claim7, wherein the fixation formation
is provided by two 5 resilient nenbers (223) which sandw ch the
term nating regions and connection fornmation therebetween, each
resilient menber being conpressed between the adjacent term nating
regi on and the housi ng. 9. A connector according to any one of
t he previous clains, wherein substantially the whole of the inner
surface of the or each receiving hole is coated with an electrically
10conducting | ayer (221). 10. An arrangenent of two el ectrical

har nesses, each harness being forned froma flexible printed circuit
board (201) which provides a plurality of conductive tracks (203),
and each harness having a substantially planar term nating region

(205) at whi.ch nhenreontaabidig tb Roke ooﬂqetpl‘wloh@dslaimssmrfewn i lconniaber ei n
one or nor eceiving hol e 207) are fo 15term natin
Fegion to SRR BRI B W e ORE Prr R i L 1Bl
ext ends i n withdha @otedion ®Burbsivanti al |y perpendlcularly to the plane of
the respective termnating region, and the harnesses are joined at

their termgati moﬁre%paéo.%gao BRRNE Gh&eintRIBUiGIEA A piRiceMYy Plee
of the preV|ous cl ai s, An arrangenent of two el ectrica

har nesSes d48¥ @Pﬁnﬁab%f%(%ﬁmfiﬁhﬁ?ndwﬁbﬁheF%meawrrf-g'@m 2p@ GRnEeslion FRIERLioH

t he respecttheteoehledn] &ch rddilientr@sinter béid éontwe%&dﬁbe(t@&h)th@é jdcBRt térhating
el ectrical harnesses i s. enbedded in a rigid materi al é 12. An

el ectrical "RAYHEEIN %@%@Walng to claim11l, wherein the r|g|d mat eri al
is arigid conposite material. 13. A gas turbine engine having the
arrangemnent®. of #fwonneblecegcpidlag thanmymas otthe arrionslilzins tviheRhasupsigntalpthe

claims 10 t@ok%f the inner surface of the or each receiving hole is coated with an electrically
10 conducting layer (221).

10.  Anarrangement of two electrical harnesses, each harness being formed from a
flexible printed circuit board (201) which provides a plurality of conductive tracks (203}, and
each harness having a substantially planar terminating region (205) at which the conductive
tracks of the harness fan out, wherein one or more receiving holes (207) are formed in each
15 terminating region to extend to respective conductive tracks, each receiving hole extends in a
direction substantially perpendicularly to the plane of the respective terminating region, and
the harnesses are joined at their terminating regions by a connector (209} accerding to any

one of the previous claims.

11.  Anarrangement of two electrical harnesses according to claim 10, wherein a part of
20 one or both of the respective flexible printed circuit boards (201) of the two electrical

harnesses is embedded in a rigid material (285).

12.  An electrical harness according to claim 11, wherein the rigid material is a rigid

composite material.

13. A gas turbine engine having the arrangement of two electrical harnesses according to

25 any one of claims 10 to 12.



