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- 1- ) . .2153571 Track Circuit The invention relates to railway
track ,arrangenentssuitable for relatively short track sections such as 5
foiknd on nmetro and mass transit railway systens, and sonetinmes on main ling
sections. There .are several types of railway track circuits. The present (fqﬂ,
i nvention i.s concerned with jointless A C. track 10 circuits, TN
particularly intended for use with AAC. and P.C. electric tracty :
jointless track circuit i,s sq called beCausei)t he running rails %153@71
conti nuously wel deidk 3reuit e -noi sy and troubl esone insul ating joints of
earler_forms of track circuit. I'nstead of 15 these insulating joints,

tuni ng Uupi:t s connegt ed het vwae rai |l s at _oepposite epnds_of a track
circuit resonate ?t%ﬁ Héwc%\éﬁg& g;iﬁgttl%@ ?Peﬁﬂéﬁ@?yo#r?ﬁ ?’r’ﬁi’i&gﬁq‘?'&iﬁt to
defi ne the boundarsuistahdterdor a¢latdvelyi sbortstradk s&otiowsnsicheds |ine
work. this tyge of ' | V] hskact.Qe r ki  t
characteri st Egcs mﬁ%ﬁlﬁow rrgcahgi *rng&%t %?Egggﬁs}g? ygé\?w%t%gﬁ%%’ rrmet%dr es and
1 kilometre with SfREtdmes faxmaincdinespgr&Adnsen main line railway tracks

there is rarely a requirenment for 25 track circuits shorter than about

200 netres and the,,nor mal Iength ils usual I¥ conzi dergbl ékgreat er_becgyse of
t he consi derabl e PIR SEYRER L EYRESNOFr BRASYEAN (L TREK I TERIES y %
| engt h of the traipreddmndaventiodoisyeoncerneldewdhejointliésis buCr ai tack,

h of the traipr neilews abejof neless|
Consi der abl y Enor (RGBT A PATHIEEIERTY 1k RUKE) Bo2 bt vy LE ALK, iy

I stances L I3 clrcul . as,
short as 40 netred-GcHAlartFden tFachionne Thengpénslessckresk c¢d ¥eubt d 85

unsati sfactory becisalltdl Hektats® jtbentuhaidghra®lschfet ébt ERPGESLY ON
reglbr‘f bet ween adj acle'd‘ut circyi,ts,_ is tooQ Ion% aE 20 iretres and 1f f he
tuning units are e ed to eliminate noisy and troublesome insulating
joints of earlier forms of track circuit. Instead of

15 these insulating joints, tuning units connected between

" the rails at opposite ends of a track circuit resomate

‘at the characteristic frequency of the track circuit to

define the boundaries between adjacent circuits.

20 For normal main line work this type of track circuit
provides satisfactory working with characteristics which
allow track circuit lengths of between 150 metres and 1
kilometre with end-fed track circuit signals. On main
line railway tracks there is rare1y~é.reiuirement for

A 25 track circuits shorter than about 200 metres and the
normal length is usually considerably greater because of
the considerable headway distance between trains and the
relatively long léngth of the trains themselves.

~ However, in the case of suburban railway, mass tramsit
30 systems and underground railwéyq shorter trains and
- considerably shorter'headway,disténces demand track
circuit lengths as short as 40 metres.

Scaled down main line'jointless track circuits are

35 unsatisfactory because the minimum joint length, or
-electric sepafation region between adjacent circui ts, is
too lon_g'-at 20 metres and if the tuning units are



-2- positioned closer together, at say 6 netres which is mpre suitable for
metro track circuits, cross coupling between the units beconmes significant,
t he fect being to flatten the frequency response characteristi.c of the 5
tun($§>|Jnit and to shift the resonant frequency. The present inventionis
I ntemded to provide a railway track circuit arrangenent particularly suited
~for use in short track sections and whi gh_does possess the 10. dr awbacks
menti oned above., According to the present invention there is provided a
rai | way tracIP°§i1rtdl9|“tedaFllgﬁ§€rr§HSe& efhedki fAYi A WALEASawhick igjgnal is
carried by einetier isudltapleofornietrolirackt edekul 8kl ScrosshcaupLpagetrically
di vided intogtrack cikcuit .sectiaons hy neang.congecgﬁd aﬁéoss the rails

b 3 p. E8Fge

spaced apartbgf%e PeP DA 8nQCFRReE, §ARNIEAEAR et beinsi myrn
A. C. signal gepdiatiten thecflrequeacyadpaponsescharacterasaticooprtisé ng

electrisal Shgniniuale a¥82e5 cRIPECLAL PRLUASHL! BPelliopyy rails and

frequency tuning ans connec bet ween e runni ng S§70n either side
of the electrical shorting neans and spaced at short distance therefrom

the tuning nraes pheisks tafinveded oh0ikuiatandeadtboppovddeaghrh i Bekysecti on,
25 whi ch %nd“loop I ncl udi n ns e short means and an

. the .t . h
Ji nt er medi at e "TRSK SPESHAT BFrQQSFE?“Fgg%ggbggigrQY ﬁufF%ﬁutagy“§%I%%ted for
the A C sigshorftr ¢qaekcgeictibhat andcwhich deed possagsnehes including a
capaci tjye cgqggmg%ksaggnqqothu§§5¥giconponent provi ded 30 by a first

wi ndi ng of a transforner, a second W nding of which is connected to a track
circuit signal transmtter or track circuit signal receiver. A preferred

embodi ment  ofAcllbedingetl @heVprlestAY RAveAtiondeRerkPES pPYvi@Y¥acd exanp! e
only, wth rgggﬁ%gget%%ckh%ircuit arrangement'of the kind in which ~

an A.C. signal is carried by electrically continuous

15  track rails which are electrically divided into track
‘circuit sections by means connected across the rails
spaced apart at intervals along the track, each of said
means defining an A.C. signal separation zone between
adjacent sections, and comprising electrical shorting

20 means connected between the running rails and frequency
tuning means connected between the running rails on
either side of the electrical shorting means and spaced
at short distance therefrom, the tuning means being
arranged to tune an end loop in each track section, _

25 which end loop including the tuning means the shorting .
means and an intermediate short length of rails, to
resonate at a frequency selected for the A.C. signal _
frequency in that section, said tuning means including a
capacitive component and an inductive component provided

30 by a first winding of a transformer, a second winding of
which is connected to a track circuit signal transmitter
or track circuit signal receiver. '

A preferred embodiment of the invention will now be
35 described, by way of example only, with reference to the
~ accompanying drawings. '



acconpanyi ng dr awi ngs.’ 3- Fig 1 shows a schematic diagramof a metroeg=:
track circuit,. Fig:-la shows a graph of the relatronship between the 5(:&Eﬂ
wi dth of the zone bet ween adj acent track circuits and train shunt .
reS|stqnge Fig.2 shows a bl ock diagramof the track circuit arrangenment of: .
Fig 1 wth provision for A T.P. coding of 10 the track circuit signal,
Fig 3 shows a bIock di agram of the arrangemegt.of Fig 2 in a centralised
traffic control stem shqQqws g sinplified cross bonding
pernitted by the i rﬁ éh?wﬁaﬁds%h6m351§h§W§giaﬂneﬁfFeBeFEPnF6#¢¥he track
circuit arrangenem;ﬁﬂufﬁg 1 having reduced | ongitudinal 20 - |eakage
propertfg;a Referring nowto Fig 1, there is illustrated a conplete track
circuit section A and the adjacent. ends of neighbouring track circuit
sections B and C. Fig 125 showsuanigrgphaoifs the redationehypt beatweemecthbdown at

1 and 2 and hesevﬁ[]&c}grdsi Hork' & Betiell BaJatlhe’ ¥2hek i PR s Chdgl! !

bonds .3 and 4 whi fine t Qoundari es ween a Jacent track crrcuit
sections. Towards Qﬁﬂkﬂﬂ% qﬁuﬁ§sdﬁcé86ﬁ-sectlon tuning units 7 and 8 are 30
al so connected between the rails and spaced short distances (approx 6

netres in the enbagdi t .bein ed) _i nsi he _track circujt
boundaires. A t_r.ag‘l%gﬁ]cﬁhotws[ %a%?‘ cﬁ"(grlaéraﬂld i FF&C&'EF cﬁﬂfc?é ei ver 6,
whi ch are both of axrangementalofcFig guwdthoproxieidd forcAnTeBt ecoding of
opposi te endg t he ¢y iF i %i%'ﬂ‘iie, tuning units 7 and- 8.

~ Fig 3 shows a block diagram of the a:rangemént of Fig 2
- in a_centralised traffic control system,

15 Fig 4 shows a simplified cross bonding_pefmitted'by the
~ invention, and

Fig. 5 shows a modified form of the track circuit
~ .arrangement of Fig. 1 having reduced longitudinal
20 leakage properties.

Referring now to Fig-l there is illustrated a complete
‘track c1rcu1t section A and the adjacent ends of
ne:ghbour:ng track circuit sections B and C. The
N 25 'runnxng rails of the railway track are shown at 1 and 2
and these are bridged at predetermined intervals by
- short-circuit bonds 3 and 4 which define the boundaries
between adjacent track circuit sections. Towards
opposite ends of each section tuning units 7 and 8 are
30  also connected between the rails and spaced short
' distances (approx 6 metres in the-embodiment being
" described) inside the track circuit boundaires. A track
circuit transmitter 5 and a track circuit receiver 6,
which are both of conventional configuration, are
35 connected to opposite ends the track sectlons via these
tuning units 7 and 8.



L
-4 The track circuit transmtter -5-and receiver 6 are-both connected to the
r .1 and 2, at opposite ends of the section, via transferners in tuning
qgﬁtp 7 and 8. These units consist of a transformer 9 and a capacitor 5 ° .
18—connected in series with a first wi ndi ng of the transfornmer, which,
together with lengths of the rails 1, 2 |ying between the tunlng units and
the bonds 3 and 4, formtuned CIrCUItS at opposite ends of the track
section. The track circuit transmtter4gi€ connected to 10  a second

O di ¢ dth : .
Feceiver i's TBRnEERck thEGuLE EREntHREFRE S rind FeSatuee ehts PR
opposi te tuncogneatedsto tThe ranlsgl uamds2 7 sﬂubﬁ?qurxeugnﬂxjdf(nhe
shorting bondgeg;of, i gP ?EQ&&E@%&L¥s 1ﬁ¢%§§§héjhﬁﬁés aq Ggses and Tni ng

of the end | oop resdpant frequencrLes t nt_track CIFCUIt frequenci es
i s achi eved 'S?eﬁﬁeu%éso?"ﬂﬂFEr%ﬁtavﬁFﬁ'ég ormer h3ndra capa¢Hotescri bed

?Lra{\gémint 1?heoh¥1eekeel ﬁusérie?nﬁitﬂoa f1r§tf@ihdfﬁ€) %BOEH@CGI ved f:ﬁm
e track segtion.throug ansforper_w n hec in serjies w a
capaci t or, ﬁ§“sf"ﬂEmFFac‘ﬁgb?¥‘eu€?g?Eﬁf’ér‘m ?ﬂ%“%\ﬁ? %"gprah%l'i'ae’llsr esonant
circuit mherbasZthy:ngabktveenuthestgnang|unntnmﬂmﬂlthecbdﬁHS(ﬂrandt via a
e e or oot £8P rufibiCUkcui PLIGE bHFobIEY ddde the

transformer, the resrstanceé o |ons etmeen %l unlng units
and the shor seagipandsThantragk %bﬁ@éﬂhéﬁ%@#‘%&“%r#ﬁ aFmsc'FQﬁv tdpedance,

at audilQ freausecébﬁa wsaassngeéabtﬁep@wﬁsfsraéawhfé@én &‘heﬁ? unit 7
transmtters 5. 0ss LS reduced to -an,acceptable | evel by

't he met hod o?nﬁegbﬁaﬁfﬂﬁﬂtﬁgrgﬁéFl ﬁcﬁﬁﬂefobﬁscﬂﬂ?%@t%%pﬁil gt&ce tune it g

paral | el winding of ‘the transformer in the opposxte tuning unit
' 8. The tun1ng units 7 and 8 are spaced from the
shorting bonds 3, 4 by approximately 6 metres in all
15  cases and tuning of the end loep resoneht frequenciee to
different track circuit frequencies is achieved by the
use of different values of capacitors.

In the described arrangement, the trackdcircuit signal
20 is fed into and received from the track section through
a transformer winding connected in series with a
capacltor,_thus, the track circuit is term:nated with a
parallel resonant c1rcu1t whereas the track cxrcu:t
s1gna1 is coupled into the circuit via a ser1es resonant
25 circuit. Since the 1nduct1ve 1mpedance of the
transformer, the resistance of the rail sections between
the tunlng units and the shorting bonds and the bonds
_themselves form a very low 1mpedance at audio
frequenc1es, con31derab1e power is drawn from the
30 _transm1tters 5. This hlgh power loss is reduced to an
.acceptable level by the method of resonating the section
| end ioops using capacxtors to tune to parallel
resonance.

35 _Preferably the shortlng means compr:ses a rect:lxnear'
conductor, of substantial current carrying ‘capacity,
connected perpendicularly between the running rails of a



T
resonance. 35 Pref.erably the shorting means conprises a rectilinear
conductor;” of substantial current carrying capacity, connected >\
peryvendi.cul arl y between the running rails of a -5- track, for exan@%ﬁ%
nmetal har or rod of good conducting material bolted or riveted at opp e
ends to the flange or foot of the rails. These conductors nay be
posi tioned convenlently to coincide with thé menbers, 5 rail way

sl eepers, which suppog d&e wwméémw‘aﬂ %bh%xgogbaakcbﬁgﬁce%

that case, may be secu}e supporting nmenbers or ed w
menbers,  that is RaeeRAh hRktedor F @ttoPPPPSi &Rt aPASA LRI £ReN t he

menber «#Q# addi t | fleg éQﬁdrﬂédt ofd tHe radlisng Thielse %h@hcté&snﬁﬁiﬂ paed
above include a cqﬁg éior‘gnd a transf,or

er, ar.e prefer%gy¥ const ucted as
i ndi vi dual units BEbr RIS, 9&%ﬁﬂﬁ%ﬂf¥’h &' §RipgAde, i PFa@ﬁm 868t hat
is, they may be mmmmmpa&, wii che suppor tt ither ronniggr aali$saom on

the surface of t hyDald phtapr B 3"%“ " 8 ke 488Sa00b8L 0RO

if the unit is air-coo a cdnt ai ne
unit is arranged %h&tsqm&w&mﬂ ars mrsﬂmﬁttsm within ghetmembers,

initial 20 assaffdty PddcHeHid it b&@ Tdfattﬁ‘eaﬁ@ﬁkih@rt%roﬁ sakbatAzheye val ues

be fitted d th t t d t
etonate an end (TR ShE ARG KAt AL OpRL PRETaNTy. 25 The

described tridkk circuit has been found suitable for use with frequencies in
e oot 200, g Sl 4 IR, Mk R kpplecthbplausi s of
capacitor and a transformer, are preferably constructed
'as individual units adapted for mounting in or on the
railway track bed, that is, they may be mounted between,
15 or next to the running rails and on the surface of the
ballast or buried in the ballast, depending mainly upon
if the unit is air-cooled or cooled by a contained
medium such as oil. The unit is arranged so that the
capacitor is dismountable, at least durlng initial
20 assembly and testing, so that capacitors of alternative
values may be fitted in accordance with the value of
| capacitancé required to resonate an end loop at a
selected track circuit frequency.

N\

\_ 25  The described track circuit has been found suitable for

use with frequencies in the audio range of 4 to 6 KHz,
or lower, and for track circuit lengths of from 40
metres to 400 metres, wh1ch adequately covers the range
requ1red in metro rail systems and the like.

30
The described track circuit arrangement with shorting
bonds at the track section.terminations possesses a
_"dead zone" extending for a short distance on either
side of the shorting bond, within this zone the track

35  circuit is not capable of detecting a single vehicle
axle shunt. The "dead zone" may also be referred to as
the "electrical joint". The width of this dead zone or



® .
required in netro rail systens and the |ike. 3Q The descri.bed,track circuit
arr-grgenment with shorting bonds at the track section term nations possesses

q%aruzone extending for a short distance on either side of the shortlng;J
bon ithin. this zone the track 35 circuit-is not capable of detecting a

3
-single vehicle axle shunt. The "dead zone" may also be referred to.as the
"electrical joint" The width of this dead zone or 6 electrical joint
is primarily. dependent on the Q factor Bf"the parallel resonant circuit
formed by thelerdriicaj gonpmlssngrumarm@yudependenboon|uheanﬂaaﬂdrthe

nter - connectieng eyaby 18l Lakbnanl"EiEchEPaMIh D), rnelida 1808 Or 20N

il lustrating-the va th™a stance
provided by somprisiagakmainghusitprasvebprgingy and| andnthet r ack sectlon

has an 10 hhk%&*%bhﬁe%ﬁaﬁg”ieﬁ?@ﬁkebftFaﬁltheTHS?Q iQ”Eh&kHtPn
corres&gndln he shunt aiﬁ ance ,of hs axl es kt w |

be
cont i nudus| yF38d J8sAt BFaPR ustrating t ﬁDVé§13Fbﬁ§ afidead #2R&i ng from
one track sewﬁﬁmm agadnsithehe shuumlkebéssaunefpoovﬁaedgbyph véhiclee 15
theoreti cal %nun1dead zone width is approximately 2.5 netre although a
typical dead zone width i-s not less than 3.netre.. Fig 2 shows the
posi tioning of t he tuning units for a 20 succession of track circuits,

in track Cirquiyss g;owlal}l aooehie1n’ ihhg @Erﬁ\ﬁ'knﬂeEE?oﬁ| hegahgd track

C|rCU|t1§-gnaI frequ . ansnL 3 an receiver tuning
units 7 and 8MReEs FvéP?cépg §6§FFF6n& apnthgedepd 2ABRtVAGtBars 3 and 4
defining thech&&ﬂd@mmﬂﬁng to the shunt res1stance of its axles then

it will be cont1nuous1y and pos1t1ve1y detected as it '\

moves along a track pass1ng from one track section to

another. It w111 be seen from the graph that the

15  theoretical mlnxmum dead zone width is approxlmately 2.5
metre although a typical dead zone width is nor less

than 3 metre.

Flg 2 shows the pos1t1on1ng of the tuning units for a
20 succession of track c1rcu1ts, in track c1rcu1ts "A" in
the centre of the drawzng the allocated track circuit
~ signal frequency is f1 and the transm1tter and rece:ver
‘tuning units 7 and 8 respect:vely are pos1tloned ingide
the shorting bars 3 and 4 defining the boundaries
25  adjacent track circuits "B" and "C". In the'example v/
both ad;acent track c1rcu1ts are tuned to a frequency f2
and their respect:ve tunlng units are 11kew1se
positioned w1th1n the1r respective track c1rcu1t
boundaries. The arrangement shown in Fig. 2 is also
30 used to transmit automatic train protection information'
| to the train us1ng the track circuit signal as a coded
~ carrier signal. For this purpose a convent1ona1
modulat:on generator 12 and relay select1on c1rcu1t 13
are connected to the transm1tter 5 of track c1rcu1t A.
35 A further modulat1on generator may be connected to a
relay select:on c1rcu1t (not shown) for the purpose of
select1ve1y convey:ng a number of different coded



<
25 adj acent tragk gircuits "B" and "C'. In the exanple both adjacent
track cifcuits,are.-tuned to a frequency f2 and their respective tuning =
unigs are |likewse positioned within their respective track circuit glﬂj
boundarj_es.” The arrangement shown in Fig. 2 is also 30 used to transm‘t—
aut omat i ¢ train protection information to the train using the track CIrCUIt
signal as a coded carrier signal. For this purpose a conventi onal

modul ation gener alghmhadaNdol 8! %Yaiﬁ' ecueﬂ ﬁb&ﬁl‘éhé@ gé@eﬁpmefn{ £ g0 the
transmtter 5 of track_cir 35 urther | on gener.at’or may

uit ,
be connected to achPla;N'esS‘%e PHH“& PCBP’P £Ro? SHB%?“¥BFQ’E§1€5$LE%@ of
sel ect hyely convegiingle nuﬂh&mdbndcbﬂerﬂay bededrried 7s imwlaweuiss Iy by

train. Each modul atiaon_gener. capabl e of driving a nunber of
transmitters so tRIC < 5a§ Eéﬁg dgﬁﬁfggn code may be carried S|nulaneously .

by several txack circuits. 5 The sinple formof tunlng circuit enployed in

the invention s afeaRlifigale RoRAGEGuaiREOR: 48! Sip

i nherently good tuning cgharagcteri stics nsequent | at tﬁe resonant track
frequency and for 1an@t1°ng.1§eﬁatPa§A§nmfteroﬁﬁﬁwsp%vmgm fackar @and it

according to the ipd¢gelsises inherdatly gobat aﬁﬁiﬁglahgfsatefwem out put at
the receiver than jf it wer nottt% ed. Thereé %%* $035|bl

t
transmt the tracﬁogﬁF@HFPt P@ngl eFeﬁ?EaF LPERCE tﬁhﬂﬁﬁb i t
15 possi Bk t o gioent itonanssinli tdegennipalt pqwepynthe tnaaksaled:th:te rel ay

roomor interlockig Q:orr%‘] %r%y‘%xet hay h@:%ﬁaggoﬂﬂésaf‘béﬁ‘ﬁﬁaﬁtﬂ’ﬂ ed

al ong the length o si gna track ematl c usirates the
greater power output a ‘the receiver than i1f it were not

tuned. Therefore, it is possible to transmit the track

circuit signals over greater cable distances making it
15  possible to position all essential equipment in a

satellite relay room or inter16Cking'room rather than in

track side cabinets dispersed along the length of

signalled track. Fig 3 schematically illustrates the

newly poséible division of apparatus between trackside
20 and relay room locations.

(Y

Basically Fig 3 shows the same track circuit arrangement
as Figs 1 and 2 but, because of the improved dynamic
performance of the arrangement the transmitter 5 and
L 25 receiver 6 are located in a relay room which can be up
to 2 kilometres distant from the track circuit A, in
question. Thus, the electronic equipment may be located
in relatively safe surroundings and not adjacent the
track, which may run through an underground railway
300 tunnel. The tuning units 7 and 8, and the transformers
which couple the track circuit signals to the rails 1
and 2 are fed via cables 31 and 32 which, adequately
shielded from interference, are routed to the room
having the receiver and transmitter.
35 _ _
The simple shorting bond arrangement of the invention,
. : which requires only a direct connection between the



_ _ .
new y possi bl e division of apparatus between trackside 20, .and relay room
| ocations. Basically Fig 3 shows the sane track circuit arrangenent:-.as

Fi.geN and 2 but, because of the inproved dynanic performance of the o o
aryaxpenent the transnitter 5 and 25 receiver 6 are located in a relay
F oOFWhi ch can be up to 2 kilonmetres distant fromthe track circuit, A in

question. Thus, the electronic equi pnent nmay be |ocated in relatlvely safe
surroundi ngs and not adjacent the trackg which may run.through an
under ground rail wa The unln unlt 7 and 8, and the

transfornererMPEHZCBﬁb}§itﬂEP?F%ckhﬁl? QKFQ Bhils 1 and 2
are fed via ethbisaﬁiandoBZtMc_chonatbmm ehyrﬁémehdﬁ(th‘e" aaily arf ey gnee,

are routed tg.th o] LDg r t 5 Th srpl e
shorting bongh% %éggg]eg?&? %%‘?‘fn@{e;ﬁ#‘?{on’%é%air@érqﬂ dﬁ'\ 8 rect
connecti on betmésimunethe 18861r@ﬁntngcttwnfqntﬁtﬁﬁmendaawninagmages of
excel | snt Cowphearihgllabbobs Aehe Obrak W Ir & € Wuignddle, T ALy 3t o he end

of every trag C|rcu In t reduces to, a mnimumthe |l evel of
traction int@} PREBAGE Vb%gab ecneed 4 e%xP?‘hbﬂac‘r"&%dacf}@ hoRde & cui t
equi pment.  Albewihg dreseﬁbendmgméb@emedréws Sdilecta'ﬂds "FHeplyc dyoonds by
fogether Lgsésﬁ%’?g o8, CFReElt, (8 Seftrad 8 AadPerde n MU Vonai ng
bet ween railbepdsracks i's greatly sinplified by the i nvention, as
illustggted in Fig 4, since all that is now necessary to share traction _
Thus, cross-bonding between railway tracks is greatly -
simplified by the invention, as illustrated in Fig &4, v/
since all that is now necessary to share traction
current returns equally between running rails 34, 35 and
15 36, 37 of adjacent tracks is to connect together the
- shorting bars of the adjacent tracks 38 and 39 by cables
40 connected between the centres of the bars 41 and 42.
"It is not necessary to connect every short1ng bar to its
neighbour in an adjacent railway track and’ the
20 conventional practice of connecting together only .
occasional impedance bonds is followed. Preferably, the
ends of track sections in neighbouring and cross-bonded
~tracks, at least those which are bonded together, are
substantially aligned in order to minimise the lengths
25 of cross-bonding connections.

The track circuit arrangement illustrated in Fig. 5 in
which like parts are given the same reference as Fig. 1,
" is adapted to tackle the problem of longitudinal leakage
30 due to mutual coupling between track circuits of the
same frequency. The electricél shorting means defining
the ends of a track section comprise two_shqrting
connections 3 between the rails 1, 2 spaced apart at
approximately 0.75 metre. Conveniently these shorting
35 ‘connections may be aligned with two adjacent rail
bearing members or sleepers, which have approximately
the same spacing. The connections may be attached to



current returns ‘equal’ly between running rails 34, 35 and 15 36, 37 of
adj acent._ .tracks is to connect together the shorting bars of the adjacent
tyacks 38 and 39 by cables 40 connect ed between the centres of the bars 413;
and 42. It is not necessary to connect every shorting bar to its neighbqﬁli)
in.an’adjacent railway track and the 20 conventional practice of Rl
connecting together only occasional inpedagce bonds is foll owed.
Preferably, the ends of track sections in fneighbouring and cross-bonded
tracks, at |eastthehammber cir @wetheendadinedewashinathe smain ped% o e gned
in order to mnig - I -bondi'-ng connections. The
track.gircuit a_ﬁ'{rgzli‘ﬁ:f;‘eeltrrgri‘)tg ﬁ%ﬁ%ﬁﬁegﬁe‘éﬁg?% in which |ike parts are
gi ven t4T€ sanme reference as Fig. 1, is adapted to tackle the probl em of
| ongi tudi nal | ezfRg’is¥ of dildubluaitbeald artpnigegehet ireneasasktbercuits of
the sane frequency.. IThe electrjcal short.in LR N of a
track secti-dn cg'r%}géb Q%ti%oiﬁﬁ‘*@o@o%ﬁé‘c%hgﬁgegcggs\%\g%ng?ﬁgg?g? s.1, 2
spaced apart at regiaxibetwien @dinomtt &racknedmcuatsybynapprosimatehy 35
connections may tﬁf‘e Al drfasbatl i a0 il At ing tohfaEtIensPNDEREs Or

a

sl eepers, which ve approximately the sane spacing. The connections may be
attached to -@ﬁfQ%Yﬂi‘ibéthﬁt’é‘&arﬁ!?oﬁﬂ‘&Wﬁeﬂ%vﬁ?ﬁi‘nT?hgoﬂﬁFﬁsbggfl of the
menber for inct riat egtid @raphe bisa disxateebequadntdoathangenent

i ncreases the 5. th of the. dead zone in the electrical separation

P
| en
regi on bet we®n f&ﬂ%ﬁﬁﬁ\ L APATIE ¢ s by appoxi mately the same spacing as

the shorting connections. Thus, effectively shifting the curve of Fig. |a
towards the righipe ighidifcdl A SedtridP¥ONsTURItibASI BE a track
~ circuit arrangement having a double shorting means is
otherwise the same as previously'described with
15 reference to the single shorting means. Thus, the track
circuit transmitters and receivers are connected by
means of coupling transformers in the tuning units which
also provide the inductive components of the tuning

units.’
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10 inter-short spacing. The physical and electrical constructi'ons of a
track circuit arrangenent having a double shorting neans Ts ULucrmrse-the

san previously described with 15 reference to ngl e shortlng »
me / Thus, the track circuit transmtters and r H@ cted by
means of coupling transformers in the tuning units e t he

I nducti ve conponents of the tuning units. 20 25 30 35 11111 11111 11 1|1
- 10 - CLAI M5 1. A rallmay track C|;@¥LI arrangenent. of the kind in n

which an A.C. signal -is carried by el rically continuous track rails
which are el @bAIM8al |y divided into track circuit sections by neans

r.ack, each
ConnerLea e 05e Anal Fky EPRCETE RO Urddidle o 99k 1R 30Ky 28
sections, and congh %%gnﬁne4e%tr$tﬁna%kkﬁtqaﬂf&ﬁ§mh§ edrecdaticd Idat ween t he

running rails andcéheihesey emwwm&m%h@eﬁ 1% running
rails on either h?e}af t he electrlcaJ shorting ,means and spdaced at short

di stance therefro 8 1RFR L TRCK S HRSYAF £y Me3ASan end | oop in
each track sect|ou¢nmhctademdr¢ssuxheuiamnsu;pddaﬁ tapairtg ateans the shorting

means and an 'ntefﬂ?gf@éfssgfﬁﬁglfﬁﬁﬁé}éﬁkrE@aéﬁ 0 a1 B2ahs
defining an A.C. signal separat1on zone between
adjacent sections, and comprising electrical
shorting means connected between the running ra11s
and frequency tuning means connected between the | _
running rails on either side of the electrical
shorting means and spaced at short distance
therefrom, the tuning means being arranged to tune
an end loop in each track section, which end loop
including . the tuning means}the:shortxng means and
an intermediate short length of rails, to resonate
at a frequency selected for the A.C. signai
frequency in that section, said tuning means
including a capacitive component and an inductive
component provided by a first winding of a
transformer, a second winding of which is connected
to a track circuit signal transmitter or track
circuit signal receiver. U

2. A railway track circuit as claimed in claim 1
wherein the tuning means includes a capacitor
connected in series with the first winding of the
transformer.

3. A railway track circuit as claimed in claim 2
"~ wherein the tuning means includes a capacitor
having a value selected in accordance with the
resonant frequency of the track section.

4. A railway track circuit according to any preceding
claim wherein a shorting means comprises two low



at a frequency selected for the A C S|gnal frequeney—+n-that section, sald
tuni ng neans |nclud|ng a capacitive conponent and an inductive conponent Z)
prow ‘ded by a first winding of a transforner, a se Hnmml";m " i ch |
connected-to a track circuit signal transmtter or E.’l) ulr;nal _
recei v&r. 2. “Arailway track circuit as clained i A cfai'm ® wiereéin the
tuni ng means includes a capaC|tor connectedlln-serles Wt h the first

wi ndi ng of the transfornmer., 3. ai lway track circuit as alned in
claim?2 wherein the tuﬁ“WGdﬁﬁéﬁscPH@PG&8§saCBQSSEF§oPeH%%??l S VERang

sel ected in accordance pyillls ahd spacednapareqaeshyrofdideancack section. 4.
A railway, track circuit according to any preceding claimwherein a shorting
means cuﬁbrlses two | ow - 11 - inpedance conductors conected between
the running rails %nd #paaddwayatragkskdrcuditsaanoeding to ebaimaly track

circuit according to clgdp ‘tn\ﬂtggr@' tw%ahénhm:seedgftogfaaé& SpaFehpprart

by a distance of substantl rai track circuit

according to any prece Mﬁ}ﬂﬂ%ﬁ efwsubsitantiaddy: PndS Rakte onprises a
substantially rectilinear conductor of substanti al current carrying

capacity connected perpendlc arly between th rails An_ar

according to Cairf é@ﬂiﬁ %F ChesHd cﬁﬁﬁPFgegg t%e?%? %g?@@@?ﬁ%d
riveted at either end talaﬂmewhanulmgarahqrxlag Bheans| cOPPTiseR ircuit
according to claim6 substantially rectilinear conductor of substantial

current carrying capacity connected perpend1cular1y
between the rails.

7. An arrangement according to Claim 6 wherein a
shorting means comprises a metal bar or rod riveted
‘at either end to the running rails.

8. A railway track circuit according to claim 6
wherein the shorting means is secured to, or
located in, a member supporting tlie running rails.

9. A railway track circuit according to any preceding
claim in which electrical cross-bonding between
railway tracks is achieved by joining together

"\ occassional shorting means.

10. A railway track circuit according to Claim 9
wherein said shorting means are joined
substantially at their mid-points.

11. A railway track circuit according to any preceding
claim wherein the track circuit transmitter and
receiver are located remotely from the respective
tuning unit and connected thereto by extended
connections.

* : 12. A railway track circuit arrangement substantially

LN TR
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wherein the shorting nmeans is secured to, or |ocate er

sypRrorting the running rails. 9. Arailway tra II’CUIt accordlng 1o any
p@di ng claimin which electrical cross-bondi ngi " tracks i sF
a ved by joining together occassional shortin mﬁ’l gl I way

track circuit according to Caim?9 \/\herel n said shortirg Meams afre j,0i ned
substantially at their m d-points. é railway track circujit accordi ng to
any precedi ng claimwherein the track 5 rcuit transmtter and receiver are

| ocated renotely ﬁsohet'benbeﬁpeet descrmbedgwunhtrafneltenoeetbetlhe hereto by

extended connecti gpg aghuRY nksack circuit -arrangenent substantl aI |y
- 12 - as herei nbe oPgl’énﬁ ? t% reference to the acconpanying : '

dr awi ngs. T




