; RSe3e74l . ~6T) 0 WD 00159076 1 PCT/GBOO O 146 ~~ ~~e,~a The present
invention relates to apparatus for coupling conmunications equipnent to a
conductor or-cable. In 5 particular, it relates to an "el bow' or "T" shaped
type couplwo.oos4rd ous published patent applications of ther/pBagents
applicant disclose systens whereby tel ecommunications 10 signals can be
conveyed along an electricity distribution and/or transm ssion network.
These applications include the follow ng; W94/09572, W95/ 29536,

W95/ 29537, W96/ 07245, W98/ 19398, the disclosures of ' o

i ncorporated herein by referenceIGNAL GOUPHER t O safely,lﬂmmmﬂmﬂﬂwmm“and
cost effectively couple comunication signals onto power diStriQ

and/ or transm ssion networks it beconmes desirable to consi def®8Y only the
i nterconnecting device itself, and 20 its conponent parts (e. g. a high
pass filter) Thbubradeao: tinweaasenwr ¢ hatvds cto Spparatdevifee aogbl ibe
retro-fitted to an existing energi sed power distribution and/or

transm ssi oncoshwoidat idris dmderesta toore conplanon ssuecRbeas tie

di stribution and/or transm ssion network voltage
5 particular, it relates to an “elbow” or “T” shaped type

coupler.

Various published patent applications of the present
applicant disclose systems whereby telecommunications
10 signals can be convevyed along an electricity distribution
and/or transmission network. These applications include
the following; WO094/09572, W095/29536, W095/29537,
WO96/07245, W098/19398, the disclosures of which are

incorporated herein by reference.

15
In order to safely, efficiently and cost effectively
couple communication signals onto power distribution
and/or transmission networks i1t becomes desirable to
consider not only the interconnecting device itself, and
20 its component parts (e.g. a high pass filter), but also

the ease with which such a device might be retro-fitted

to an existing energised power distribution and/or
transmission network. This becomes a2 more complex issue

25 as the distribution and/or transmission network voltage
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WO 001 59076 PCTI GB00/ 01146 2 increases. Furthernore, the actual |ocation of
such interface devices requires to be carefully considered in order to
permt other associated functions, such as transforner by-gass, to be

saf el y andWO¥5%¥pfectively 5 inplenented as necessary. FPRT&HHOMbectricity
di stribution/transm ssion networks it is desirable to provide a

communi cati ons signal bypass path so that the communication signal can be
routed 10 around the transfornmer, as aZtransformer may act as an attenuator .

for high frequency signals. In, for exanple, the USA it is conmon for pad
(groung) nnuﬁﬁﬁaegFﬁﬁsforéﬁﬁ%?efgoﬁﬁ’u§gﬁ i aﬁct%??ﬁ%ﬁ?“lé’%i§???bution and
transm ssi on .net warks. . The i wi, ndi ngs _of su transforners_are often
connected in lg'%re}léﬁacgn%?‘b]\‘coeg trglgguyﬁﬁ? pncoosé),% 8316%%?1;%5%0&5&&&? tRual | y

provided wi th Ly prd mRLyn W ndiRg. conneetien.t e AaLa 0" Seskels - in
aggF¥e££ dqgﬁ%. 58 ? sgﬁ

figure 4 these are H™a an he intention i hat a high
vol tage cabl g /IRy tBenePNPECLads t 00 Tl £XATRI andt edknak L a; aod, then if a

further connection onto another pad nount transforner is required, such

connecti gn camphendBEeqVia teddyskher | ead connected to termnal H b.
Obviously if no further 25 connection is required then nothing will be

connected to

In some electricity distribution/transmission networks it
is desirable to provide a communications signal bypass
path so that the communication signal can be routed
10 around the transformer, as a transformer may act as an

attenuator for high frequency signals.

In, for example, the USA it is common for pad (ground)
mounted transformers to be used in electricity
15 distribution and transmission networks. The primary
windings of such transformers are often connected in a
ring and, for this purpose, each transformer is usually
provided with two primary winding connection terminals
or sockets - in figure 4 these are labelled Hla and Hlb.
20 The intention 1is that a high voltage cable may be
connected to, for example, terminal Hla and then if a
further connection onto another pad mount transformer is
required, such connection can be made via a further lead
connected to terminal Hilb. Obviously if no further

25 connection is required then nothing will be connected to



WO 00159076 3 term nal H b. PCTI GB00/ 01146 The hi gh vol tage connections to
termnals Hla and Hb are usually nade by neans of an el bow connector, as
shown in 5 figure 6. The connector consists of a resin filled el bow shaped
package 60wpnwmsswdi ng from one end of which is a probe oPCPHGBI®RI46ThI S
probe 62 | ocates inside socket Ha (for exanple) when connected to a
transforner. Probe 62 is electrically connected via a connection 64 to a 10
termnal 66. Terminal 66 is connected 20 a high voltage cabl e or conductor
when in use. The present invention ains to provide a nethod and apparat us
for effectiveeynwublily comuni cation signals 15 onto and of f an exi sting,
possi bly energised, distribution or transm ssion network. Accordingly, in a
first aspect, the present invention provides a coupler including a pin for
el ectrical 20 connection to a socket, high pass filter neans electrically

connected to Fﬁé‘lﬁhvﬁﬁﬂa%rﬁ%&q%ﬁoﬁ’éa‘%& tegriggh et s fgc RéPmth pass
filter means_to Si source. efergg the pinis ad ted or arranged
so as to be Bﬁ??gltﬁé‘%fd%rbé’oﬂﬂ%%‘?l g%c 6? g &SpP Wﬁ?y“‘?S

t erm nal a traQ§fo&ge mg [ 5907 P IGBOOIOl% Z 4 Su h a connect or
is suita Ie Fo Ui8€in S|fﬁéne STWRET e %% exaﬁﬁ%? t rfif b as

descri bed abxenLs AL AINai:96 ko3 dfrld?nt X e%yof%ﬁg&b {4 eguency

communi cati on ST gn i ng - may e prinary mnndlng of the

transformer wihowW, aay Beed 4Qsi pEoSd Wt 15b8: ORI Ali RN s8E kL Pey i anst or mer
or the power supply to consumers.” Furthermore, the installation of the

connection i $f§§f&@m&a&hehoc&%ed/ﬁ@oclﬂoa§ s RE-RRPr estabeds2 | S
inportant in high voltage equipnent'. 10 However, as was explai ned above,

the terninal ikl tb](ddﬂrlaaQXQWFtlcﬁ‘ﬂneEfmédnﬁiiam wamnb@cfcrleﬁ agwl wbl la not be
free if
10 terminal 66. Terminal 66 is connected to a high voltage

cable or conductor when in use.

The present invention aims to provide a method and
apparatus for effectively coupling communication signals
15 onto and off an existing, possibly energised,

distribution or transmission network.

Accordingly, in a first aspect, the present invention
provides a coupler including a pin for electrical
20 connection to a socket, high pass filter means
electrically connected to the pin and connection means
for connecting the high pass filter means to a signal
source. Preferably the pin is adapted or arranged so as
to be suitable for connection to a socket (e.g. a primary

25 terminal) of a transformer.



a nunber of transforners have been connected in aring or a line. 15
Accordingly, in a second aspect, the present invention provides a coupler
including: a pin for electrical connection to a socket, a second socket

el ectrical wpowssIeécted to the pin and being adapted for PETEBpYOILS a 20
second pin of a further (e.g. high/nmediumvoltage, |ow frequency)
connector, high pass filter neans electrically connected to the pin and
connection neans connected to the high4pass filter nmeans for receipt of a .
signal froma signal source. 25 =~ WD 00159076 5 PCTI GB00O/ 01146 In this way,

the connect oFVRBY? BTG 1§ SyiteblgnipledSFadRatet tatd o®gnwhberent er posed
bet ween a regylar | ow _vol t age .connect or ée'%% an el bow shaped connector as
shown in figdré ﬁxﬁ?ﬁfet'het%ﬁ‘b‘@ta sotiet 20f JeFGFiBRANBPRYeS 15 t Fahsf or mer .

Again, this a%%omg t he fougling og co ni cations q{uipngnt to the | ow

vol tage |ine R®A"88Fe Hhd &Fti ci éRt rahher2¥'n Bartidul AFSIPFE S number of
transforners i i escti bed . ahov then this allows
one of the cgﬁﬁgﬁggggféf%l%aﬁa%%%lﬁg %C?yt eremm?l% %—C!l g‘h§sp’aé‘§%rr¥ bed above)

to bES discopngatad &rWirddey néf,%,r& wirtgehkogn%%ééaet%OQr?e&g%&%% ot ed

electricity supply and tor the shaped connettor then to

safely. 15 Pretepgblytihie Coupleetrohsebiher & e RRRYEsBSPEGIS IS
arranged in a standard "el bow' or "T" shaped configuration so as to fit

standard sockehsufBr! ansf pireismdesf erall v ihkeagoHPI & atsorhdicl udes a
fuse which may be | ocated between the high pass filter 20 nmeans and the

pin. The hi ghkopasstibht es aFEas ampy dxsyproavi ded bnhiahcapactilar wad al so
i ncluded nay be a protective balun and/or isolation transforner. The whole
connect or packageciayethe fd limpdrwahh an shidrable tageukqtipeeniesi n and/ or oi
or other suitable insulative
10
However, as was explained above, the terminal Hlb (for
example) may not always be free and will not be free if
a number of transformers have been connected in a ring or
a line.
15
Accordingly, in a second aspect, the present invention
provides a coupler including: a pin for electrical
connection to a socket, a second socket electrically
connected to the pin and being adapted for receipt of a
20 second pin of a further (e.g. high/medium voltage, low
frequency) connector, high pass filter means electrically
connected to the pin and connection means connected to
the high pass filter means for receipt of a signal from

a signal source.

25



25 medium preferably with adequate stress relief WO 001 59076 6
capabilities. PCT/(GB00/01146 In a further aspect, the present invention
provi des a nethod of coupling a comrunication signal to an 5 electricity
net wor k anwoono/spgpassi ng a transforner of the network usiPeg/GBago1agspar at us
as descri bed above. A signal cable may be coupled to the signal source
connector of the coupler which in turn may be connected to an anplifier
and/ or signal regenerator (could be anél ogue or 10 digital) and/or nodem
device, and/or renodulator. This in turn may be connected to a further |ow
vol tage coupllér thisiah ithet ReRnedrme diadd beofereedrimpr & THf shhreder mi nal s
of the secondary of the transforner. 15 Enbodi nents of the present

i nvention MAPPC%S%ﬁbén&e§EF}bEﬁ WRERTPRFRT eREEVWEBNt e EREDIHFAnYPWg dr awi ngs
i n which: Fi%ure 1 shows a _coupler according to a first enbodi nent 20 of

the present I"AvEATFoFCRRPGEPE 2°sHowéma | ethaRECor WHRFET PR d®cond
nbodi t of . th ent i tion. 25 Fi 3 i chematic circuit

di agram of { RECHHLRF T oUnRneh P RO s TPERFCBOOF 8T e 7R E5PIPRE to an
nbodi t of t i Lon. Fi. ical t

Cranst or Bor i t PRy U BBRL A G SR PWRSR dolRa paf T

i nvention beiRgnygedat fl Ml &pidrtrt SCeTRL | Lol RO AL fhPypass system
for a transformer according to an enbodi ment of the present invention. 10
safe and efficient manner. In particular, if a number of
transformers are connected in a ring as described above,
then this allows one of the connectors (e.g. attached to
10 terminal H1lb as described above) to be disconnected
without any interruption to the consumers’ electricity

supply and for the ™“T” shaped connector then to be

connected safely.

15 Preferably the coupler of either of the above aspects is
arranged in a standard “elbow” or wT shaped
configuration so as to £fit standard sockets on
transformers. Preferably the coupler also includes a
fuse which may be located between the high pass filter

20 means and the pin. The high pass filter means may be
provided by a capacitor and also included may be a
protective balun and/or isolation transformer. The whole
connector package may be filled with a suitable
insulative resin and/or oil or other suitable insulative

25 medium, preferably with adequate stress relief



Figure 6 is a schematic diagramof a prior art |ow voltage coupler. Figure
1 shows a coupler according to the first 15 enbodi nent of the present
invention. The coupler is included in a typical el bow connector profile
package suUWAOYHOTH ght be obtained from Elastinold (TV), FI/CRMAHSt e t heir
160 series. Such connectors are utilised, particularly in the USA to
connect underground single 20 phase nedi umvoltage (e.g. 13.8kv)
distributor cables to the primary connéctions of a pad nmount transforner
such as that shogm Lg.figure 4. The coupler includes a nedium voltage probe
1 encased i n“25°8*hdhsFhg 3 which has been filled with an insulative WD
00/ 59076 PCT/ GB00/ 01146 8 resin 2 and/or stress relieving rubber. The probe .
1 is connected to a fuse 9 which in turn is connected to a nedi um vol tage
capaci tor (€qn0a B CLAbRERASkAUNLERSBGES 183 NhONpPaspadd I e for the
comuni cation signals. 5 The capacitof 5 is connected to a balun and/or

i solation trapshelMehr6 WhhSHidy OVl desorduii*h®¢bhvesequpl | Ny f ogn hi gh
frequency conmmuni cation signals. The transfornmer 6 is in turn connected to
a connector Z1ehicehciBY ndtodkCand)® CBYPLEE Bily ta0t AaBé Bhdhe 1S BYI €€ (NOt
shown). 10 As is explained above, such a coupler may be used to couple to
an unused prin@&yyrwi Bghing ther Mppdatie. s dddrribeld gusee 4) nokignpnd nount
transforner. Figure 2 shows a coupler according to a second enbodi nent 15
of the presenibilervealyi ba. cdelabupl érhe dlondés saupca 2Onwddtody @8 for the
enbodi nent of figure 1, is dinensioned so as to fit into a standard high
vol t age sockdiheof ceuplern phdchoumt triansfavrebeascatawtdch tegure 4. The
pin 20 is again connected to a fuse 21, capacitor 22, 20 bal un/isolation
transformer 28PaAd186mMTEYIOFdS 2973 TEAENSARECHlFoXd St PR 3RO Aet of figure

1. However, the difference lies in the inclusion of a_pin socket 25 which
1% dﬁgital) and/or modem gevice, ané?zr remodulgtor. This

in turn may be connected to a further low voltage coupler
which is then connected to one or more of the terminals

of the secondary of the transformer.
15 Embodiments of the present invention will now be
described with reference to the accompanying drawings in

which: -

Figure 1 shows a coupler according to a first embodiment

20 of the present invention.

Figure 2 shows a coupler according to a second embodiment

of the present invention.

25 Figure 3 is a schematic circuit diagram of the coupler



is electrically connected to pin 20 and is in line with pin 20 in the upper
armof the "T" shaped coupl er 25 package. Socket 25 is dinensioned so as to
receive a pin WO 00/59076 PCT/ GB00/ 01146 9 (which will be simlar

di mensi onsvooo/pnte 20) from a standard | ow vol t age coupl erCEGBIOERG6t hat
shown in figure 6. 5 1In this way, a prior art coupler such as shown in
figure 6 can be "piggy-backed" onto the coupler of figure 2 which in turn
i.s connected to a socket of a transforfer. This permts the coupl er of
figure 2 to be connected to 10 transformers such as that shown in figure 4
wher e both - acephiibg scHam grdoRiibenal eohl teadyr esengsénvantetemat i ¢ di agram
of the electrical circuit of the couplers of figures 1 and 2 is shown in
figure 3. A fuse 15 link 30 is shown connected respectively to a
transfornmer bus bar 31 and a capagitor 32. As before, the capacitor 32 is
connect ed t ofaIBEFud aHRAYGY ?SGBBPFBE PREn St K Her CERSTRIET ¥t tabl e
transforner) 33, one winding of which is connected_to_a signal source 34.
The secondarﬁoﬁalﬁfﬁdi?ﬁf%ﬁ&%qﬂa g4 urf P&ﬁ@?ﬁgﬁerOferﬁFﬁathe?%n% sui tabl e
hi gh freguenc?[lvcg nector, (e.d. .a BNC connector) and a safety earth bondi ng
strap 357 s aF<6"provided.? Frglire 4 illustrates a pad nount transforner as
utilised 25 in a typical North American underground power WO 00/ 59076
PCT/ GB00O/ 01146 10 distribution network. The transformer includes prinmary

W ndi ng termgy ; @and : dar | ndin r @i s X1, X2
and X3. A rremgigg{r#\e/g%taiaﬁe ﬁ%ﬁm??g‘aﬁi%?y‘%?g% gry}f%ﬁ sggt%ﬁef%fr:‘ta)éodi ment of
figure 1) 40tiren5repnaecieshbididerid nah Ehbo@ntkdd oo t fige coUPs &kt 40 a
connection 42 nmay be nade to high frequency comruni cati on signal apparatus.
Al so shown anr@vanpusher of earth connections 94 for the various couplers
and also for the secondary w ndi ng socket X2. 10 Figure 5 is a schematic

di agranmiof a transfornmer bypass which could be used with, for exanple, the
transfornmer of figure 4. A "T" shaped connector 50, such as that of the
enbodi nent offipibger e 2isi s "sghggpibackddyraint lpfa mopwabr art low

voltage coupler.

Figure 1 shows a coupler according to the first
15 embodiment of the present invention. The coupler is
included in a typical elbow connector profile package
such as might be obtained from Elastimold (TM), for
example their 160 series. Such connectors are utilised,
particularly in the USA, to connect underground single
20 phase medium voltage (e.g. 13.8kv) distributor cables to
the primary connections of a pad mount transformer such

as that shown in figure 4.

The coupler includes a medium voltage probe 1 encased in

25 a housing 3 which has been filled with an insulative



15 | ow vol tage connector 52 and both of these are connected to a primary

wi nding termnal H a. Conmunication signhals may be propagated al ong the
cabl e or conductor 51 as has been described in previous published patent
appl i cati oW® 8% he present applicant. 20 The communi cat PERGEIYHMSs nay be
renoved from cable 51 using coupler 50 and then passed through an optional
anplifier or signal regenerator 53. The signals can then be passed to a | ow
vol tage coupler 59 which in turn 25 cofinects the signals to one or nore of

t he secondary .WD_.00I 2076 PCT/GBOQ[01146 11 winding termnals X1, X2 and
X3. The signd°$&r & FREACHr DAt €6 0RVERE TSRPS0l t RECRBr k EEV). As

i1, be aporecl ated {he, DOYg.CToG s e, dlen, 2 By v, erample

) to.
only and modiTA'cati-ons Wi FI "8 appa
0D/ 59076 12 gﬁ%ﬁ%ﬁ BgIégggoéQ%%é@%or (e.g. 0.0l microfarads) which

acts as a high pass filter for the communication signals.

5 The capacitor 5 is connected to a balun and/or isolation
transformer 6 which provides a protective coupling for
high frequency communication signals. The transformer 6
is in turn connected to a connector 7 which may, in use,
be connected to a signal source (not shown).

10 As is explained above, such a coupler may be used to
couple to an unused primary winding terminal (e.g. Hlb in

figure 4} of a pad mount transformer.

Figure 2 shows a coupler according to a second embodiment
15 of the present invention. The coupler includes a pin 20
which, as for the embodiment of figure 1, is dimensioned
so as to fit into a standard high voltage socket of e.g.
a pad mount transformer as shown in figure 4. The pin 20
is again connected to a fuse 21, capacitor 22,
20 balun/isolation transformer 23 and connected 24 in the
same way as the embodiment of figure 1. However, the
difference lies in the inclusion of a pin socket 25 which
is electrically connected to pin 20 and is in line with
pin 20 in the wupper arm of the “T” shaped coupler

25 package. Socket 25 is dimensioned so as to receive a pin



1. A coupler including a pin for electrical connection to a socket, the pin
bei ng adapted or arranged so as to 5 be suitable for connection to a socket
of a transformer, high pass filter nmeans electrically connected to the pin
and conneaGibeisegrans for connecting the high pass fil er wemoBsooo4e Signa
source. 10 2. A coupler according to claim1l including a second socket
electrically connected to the pin and being adapted for receipt of a second
pin of a further connector. 15 3. A coupler according to claim1 or claim?2
arranged in a standard "el bow' or "T" shaped configuration. 4. A coupler
accordi ng to (ahycbf wiié aeoveint]la@medimoisidingg o fpse ROtatiedmbet ween t he
hi gh pass filter 20 neans and the pin. 5. A coupler according to any one of
t he above cl akapdahe@rleivhvoheade gloupdss $ith ers fbahsshiavwl ddefigurapaci t or.
25 6. A coupler according to any one of the above cl ains WO 00/59076 13
including a frotective balun and/or transformer. PCT/ GB00101 i 46 isol ation
7. A nethod of coupling a conmunication signal to an 5 electricity network
and/ or bypassing a transforner of the network using the apparatus of any of

t he above claing.. 8. A nmethod according.to claim7 in which_the high
frequenc§ co NE?JC%t"Y"H’n &i BhaPT AUpIGeHgleE Fad 3% ShOYPhepf+#&FS wi ndi ng

of the transformer w thout a i nterrupti in the operation of the
transformer &r e bﬁomeprlgsgdp%%vlk?g C8H§8n§?’§. C@.UPZeﬁetoﬁo WS ding to
claim7 or c|ai 8.¥h§[ N | 5 r [ foroer re connected in
a ring one o}ﬂgkg}é %:onnerc cl)}ssbif)%nl%‘f%cdc#ggt Egék%%ﬁsﬁjﬁ%gtf%%ﬁs . AAR A@
AL AGF

This permits the coupler of figure 2 to be connected to

10 transformers such as that shown in figure 4 where both

terminals Hla and Hlb are already in use.

A schematic diagram of the electrical circuit of the
couplers of figures 1 and 2 is shown in figure 3. A fuse
15 link 30 is shown connected respectively to a transformer
bus bar 31 and a capacitor 32. As before, the capacitor
32 is connected to a balun and/or isolation transformer
{or other suitable transformer) 33, one winding of which
is connected to a signal source 34. The secondary
20 winding of the balun transformer terminates in a suitable
high frequency connector (e.g. a BNC connector} and a

safety earth bonding strap 35 is alsoc provided.

Figure 4 illustrates a pad mount transformer as utilised

25 in a typical North American underground power
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figure 4. A “T” shaped connector 50, such as that of the
embodiment of figure 2, is “piggy-backed” with a normal

15 low voltage connector 52 and both of these are connected
to a primary winding terminal Hla. Communication signals
may be propagated along the cable or conductor 51 as has
been described in previous published patent applications
by the present applicant.

20
The communication signals may be removed from cable 51
using coupler 50 and then passed through an optional
amplifier or signal fégenerator 53. The signals can then
be passed to a low voltage coupler 54 which in turn

25 connects the signals to one or more of the secondary
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As will be appreciated, the above embodiments are given

5 by way of example only and modifications will be apparent

to those skilled in the art.
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#10%& ()-!Y1 2()-1Y109%"& ()- 10 10
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tosws () 0s0000- 4141 P OMMRLY) PRI ol fynnection
0@6&f()-|$10%@ é)sgc#§;0%§J Q% Eelng adapted or arranged so as to
5 be suitable for connection to a socket of a transformer,

high pass filter means electrically connected to the pin

and connection means for connecting the high pass filer

means to a signal source.

10 2. A coupler according to claim 1 including a second
socket electrically connected to the pin and being
adapted for receipt of a second pin of a further

connector.

15 3. A coupler according to claim 1 or claim 2 arranged

in a standard "elbow" or "T" shaped configuration.
4, A coupler according to any of the above claims
including a fuse located between the high pass filter

20 means and the pin.

5. A coupler according to any one of the above claims

wherein the high pass filter means includes a capacitor.

25 6. A coupler according to any one of the above claims
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7. A method of coupling a communication signal to an
5 electricity network and/or bypassing a transformer of the

network using the apparatus of any of the above claims.

8. A method according to claim 7 in which the high
frequency communication signal coupling is made to

10 the primary winding of the transformer without any
interruption in the operation of the transformer or the

power supply to consumers.

9. A method according to claim 7 or claim 8 wherein, if
15 a number of transformers are connected in a ring one of

the connectors is disconnected.



