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1.4 Glossary of ierms

' " The following expressions are used in this mamial with
particular meanings in connection with type ER equipment.

CHANNEL -

. CORE -
DUPLEX =
FREQUENCY-DIVISION
MULTTPLEX —

LINE, LINE-PAIR -

MULTIPIEX -~

- .,
ot

A path for the- transzission of )
a single item of informetion (e.g..
a control, or an indication).

An individual conductor in é cable

Tvwo-nay

4 mltiplex arrangement in which

. channels are separaied by being
allocated signals of differeni Irequencies

& pair of electrical cornductors used

. for the transmission of signals

An arrangement for carrying many
h a1

el arn et rata 13
chamma.s On—&8 3Ingie Jine

~

REED

SECTIONALISATION

© . BRIPLEX -

SYSTR o

.

A mechanically-vibrating element,'.

LS

LWLl TN

- ~

Splitting of the line intc isolated lengths,
comected together only by itransformers or
aeplifiers, o

One-way

A11 those channels carried in one line-
pair, or all the equipment associated

with themn.

FE



1.2

Preauency—division Kultiplex

The QEC-Ceneral Signal type RR3000 series Reed system is s
frequency~divisicon multiplex system. That is to say, it is a means
of comnecting wany circuits over a distance using a single pair of
conductors; a specific frequency is allocated to each circuit,
and & signal of this frequency is trancmitted along the pair when
the ‘circuit is complete. Many sifmals of different Trequencies
ave therefore transmitted along the pair, and the signal for a
particular circuit or chamnel is separated out at the receiver end
of the pair by means of a suitable filter. ) ' '

The type RR3000 series system can carry up to 63 circuits in
one pair of conductors, over an unlimited distance. Since these
circuits would normally require a paix each, it will be seen that
a great saving in cable can be cbtained, especially if the distance
bheing covered is ccneiderable. '

The equipment is essentially simplex {i.e., one-way) in
operation, although duplex (two-way) systems can be employed under
certain circumstances. The transmitters and receivers for the various
channels do not have to be grouped at the ends of the liney any
charnel can be connected into, and out of, the line 21t any point
along its length, as required. Also, -the equipment for a channel’
can be removed without affecting vhe operation of the rest of the
system, so that, for instance, if a fault develops on a channel, it
can be serviced withcout disturbing the rest of the system. The

1.3

1,3.1°

equipment is therefore very flexible in operationm. .

Type KR3000 series equipment is not fail-safe to the standard
required for vital circuits in railway signalling. Iis application
is in the conveyance of information of a less vital nature such zs
track circuit and signal indication for display on the control pansl.
It may also be used for transmitting the controls and indications
associated with a remote interlocking. R o

Mhe Basic Type HRIOOD Series Systen
. [

%ach channel employs an independent transmitter which generates a

signal at the particular frequency alloczted to that channel when .

a contact is made in an exbternal control circuit. The frequency

is determined by a Reed filter, as described below. The oulput of
each fransmitter is connected zcross a losd resistor, and the’
transmitters ave connected together so that all the resistors are
in series with each cther and with the line (see fig, 1.3:1 - 1).
Any transmitter may be placed at any point along the line, and is
always connected with its resistor in series with one leg of the
line, ' ‘
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1.3.1

"

(contad)

iy
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3

.Bach chuunzl z2lso has a2n indepsndent receiver, gon: ting
of @ Aesd filtar und an puplifier, The Reed Ifilter is a bang—
vass filter, which pasres only the frequency xllooated to Lhe
particular chamnel and exeludzs 211 others, 2nd is coanccied
with ite ingui across the line (zce Dig.1.3.2-1)., Itz ouinu’
drivea the amplifier, shich piovides B dirzel voltage when ..

a gignal is ;resent 2% its input. This vulias: is uaed- to°-
drive.a relny, and 2 L2 seen that the 28lay is

it =il ubera;nrh e
encrsised only waen 2 signul of ha correct freguency is presonk
on ehc linz. .

-Thus, cloztwe ol tie conizéi in tho contreld cireuit of the
tranomittex fox =n chaunzl causss the raelasy drivan by the
corresponding secapiver 4o be eunergiscd (axacily as if the ci“cui’n
was made ..'u-uu,,h direstly, witk ite owu pair cf' conducters). Tho
eperation of eny channel is compleiely irdependent of any otkox

" channel on the same paliy,

.1.3.2

Fi - 1.3-1 - 1; ’91331 P-'Peﬂ S}'S‘l‘."‘mc
From tua 3oovo, is uill be soen that freqaeroies of
both transuitizrs and ivors danzrd. apon "'l:a e ..11*-”-

i §
So that zany froynencisc ad clese spazing oy bo "b“a

P

- wh
waoz

bis filtex
aust have a highly accursie and hi-hly stsble puss fwauuenc,.
The ntccsaary neouracy end .siebilily Is obicined Ly using
mochaniozl razonsnez on ke “"*.;-uo:k prirciple. (Phe [ilt2y
is df-'fscr:l,te-! in dotail in s2etion 2.2 belew). I4s s2lzetiviiy
is such.iha% the cystem ozn de c:c:steﬂ with f=gyvencies st a
-Bpecing of 4%z or less, so that o very large nunber of channels
ean b2 seconnedated in a small : augz of ‘;cgya:cleu. oo
The range of ac
mech_nichl shkavaziasistd
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1.3.3

For operation over long distances, amplification of {?
the signals is required at inftermediate points. This is :

. provided by means of the Reed line amplifier, described

in section 2 below. The spacing between amplifiers is

determined by the attenuation caused by the type of cable.

used; waen the system is opersted over standard signalling
cable, it can be up to 4km, Lavge groups of transaitters
or receivers at a location also load the line heavily, and
the line amplifier is used in this case also to prevent
loss of signal level,

Induction from 50Hz power line and other high voltage
sources can give rise to interference in the Reed line.
To prevent such currents being transmitted along the full
length of the line, it is often desirable to sectionalise
it, either by means of the line amplifier, or by means of
the Reed line isolating transformex if no amplification is

required,

Provided, then, that emplifiers arve used at suitable
intervals along the line, and that the line'is sectionalised
ag may be necessary, Type RR Reed systems can be operated
over virtually unlimited distances. Where many pairs in a
multicore cable carry Reed signals, crosstalk between pairs
way become significant over large distances, and can be
minimigsed by regular transposition or twisting of the 1nd1vzdual
pairs, and by selection of ths cores used. :

[

.10 3.4

The type EHR system, thereliore, offers great Tlexibiliify
of application. I% can be operated over long distances, and
individual signals can be connected into or out of the line
at any point along its length -~ not merely at the ends of
the line. The system is designed so that units associated
with individual channels can be removed, for repair, etc.,
without affecting the operation of other channels on the
same pair, and this gives it a considerable advantage over
time-division multiplex and other electronic systems, in which
failure of a single unit often causes Tailure of the entire
gystem,

——ry
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Arbient Corditions
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ambiant temperaturss over the rangse - 0°% Lo 7O0°C,.in conditions
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conditions,
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suplifiers, generate a small awount of heat.
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2.2

2.2.1

2.2,2

R P in ™
TS ROID PILTONS

the basig of the iype RR20DD serien

The wead filters are th
system. Those are band-pasg filiers with oxoeptienzlly sizbls
characteristice and z well delined pags freguency detemeined by -
- mechanical resonanes on the tuning fork principle. Two types of
filter. =2re employed. The ftranszitfer filier conieins a sinsle
reed, wnd the zegeiver filter a double reed arrangenent.

The basic rand is a short bar of 2 &
2% one end and shared so as to vibrate =t
which iz set during meanufaciure by adjusting ik
.thm cl""“lnu peint, It ig quuue 2o that it lies zalong the oxis
of a ceil, with its Zwrec end Letiiesn the roles of a ,vrmanen*
magnet a5 shown schamatically bblOun .

- reed —— 3
/ .f’ﬂ_ . f‘nﬁaﬂe
3 o~ N / - . »

]'h"'"“‘a“ e

o S ] ) oL

cla m? mh!
|

coil

Pig, 2.0~1: Basic Rssd e

If & currept flows in the coil, the reed:is magnetised, and it
is- therefors displaced by the ficld of the permanmmt magnet, by an

2.2,3

emount depending on ites wechanicnl stiffnessz.s I the current is
wade to vary sinvsoidelly, tha resd will vibzate in the field,

At nen-xesonant, freguoencies, the amplitude of this vitzation is
gpall, but if the fraguency of tke c"rmunu flowing in the coil is -

L B

the suzme as the Ifreguency of free mechaniesl viliation of the resd,
the amplitude becomes larga, . Alternatively, if the aszexdly is
vibrated m:chanlcallv ‘hu rezd %ill also vibtrate betueen the rolss
foz the magzned, causing 2 volt;:‘ to aypoar beiweesn ths terminals

£ the ceil. Thig veltzge will be small unlzss the freguency of
the-imrre ssed vilirudion is th2 sams as ihe rosonant frsuuency .
of the reed, in vwhich czma it vill beceze much larzzer (Ly a *'u*o_
of severyl hunirsd in swaotica).

The frengmitfer filler uvser ons tuned rood anld cne dunmy wezd.
Pisure 2.3, shows the mrinsipal Jeatures of this Tilier. Tion the
Frequency of the wrplied zignul is cuiside the poas Lsud of thz
tuned resd,the fillex ds in & oiuts of ¥aluuce, znd"unuilenced" ui
reson.ines whon the frogusmeies coinceide. In the bLalancod cenlition
the 23 divides ond annezre e artion S 5
Cheh il ?E NG Lty
zrd T cormrrticn.  The.ond Vhl is.
ind Aniinge IT wid 32 Ly fenacloooas
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2.3, TIT TRANSMITTER -

2.3.1 Desoription

The type 3000 saries jized transmitter and amplifier is
contalned within a standard B.R.B. miniature relay case and
igs pluggeble into a relay plvgbosrd. It therefore occupies the
. same space as a relay .

The ecircuit of the compleate transmititer is shown in
fig. 2.3 = 1; it consists of a feedback oscillator, in which the .
singla Reed fl]ter (see section 2.2. 3) acts as the fregquency- )
disecriminating element in the feedbaek pathy and an output siage.
In order for the signal from the osecillator to be coupled to the
i S output stage =o that the transmititer gives an ontput, an external
- C connection must be made between two terminalzon the unity the output
can thus be coutrollsd by a relay or swiich contact.

In normal practice, a resistor is connected in one leg of
: . the line and -the output of the unit is then connected aoross ths
? resistor (see mection 1).. The resistor is usually a 24 ohm,
: ‘ 1 watt,metal oxide £ilm typa}crimped directly onto the plugboard
terminals., Thus, if a2 {ransmitter in a system is removed from
1ts plugbeoard, the line circuit remains complete through the
esizior, and.the rest of the system can continue to operate
normally. This feature is.ezn imporiant part of the flexibility
of t}p“'RR systezs and enszbles maintenance te be carried out on

The terminals con the unit are nunbered g8 on the pnghoard
in exactly the same way as miniature relay terﬁlnaia. :

J . ong or more channels in a system without dlsturbance to the
* . remalnlnﬂ channel : ) :
g - Transmlfters are .dcatjfjed bx_mgans_ni_hlui_cnlnuxgd I
J labels.
, 2.3.2 Elcctrical Fharacterlsticq ;

A smoothﬂd and stabilised d.c. power supply at 12V is
required, connccted between terminals DS (negative) and D3
(posmtlve) The current consumption of one transamitter is 50mA.

e

i . o ' The output from the unit appears between terminals Dl and |
D5, .&c0ss which terninals the output resistor {see section
' : 2.3.1 above) is connécted. Vhen the d.c. supply voltage is 12V,
7 . the ou*put voliage should lie betwsen 590V and GEOmY {rms. ),
' -with an output resistor of 24 ohm.

13
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2!302 (Contd) ' . . *,Z

For normal operation the unit is controlled by a switch
- or relay contact connected between terminals D4 and D7, L
The unit gives full output when this contact is closed and no
output when the contsct isg opened.

When the unit is switched off {not transwitting), the
impedance looking into the output is sufficiently hizh to be
negligible in parallel with the 24 ohm output resistor; when
it becomes switched on, this impedance drops to become a
rosistance of about 5.0 chm.
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2.4, T3 PACRIVER .
.ig
- &
2.4.1 Descriviion _ _ o . o

) Sinece _eceiaers are correcfed ps:*l’el uith the line .t 37 .
.can be »rmoved from the sysiecu v:thouk affecting thre opernti n
.of other channels in the snas system. ' . St
?eceiver filters are identified by meats of jollew celoured
nd. typo 3000 amplifiens Uy pink ccloure J l:bels.

The type ?R30ﬂ0 series rsceiver consicsts of a Reed filter in
the tyr» RR2000 Yange and a receiver auplifiex *"39 E3300
The twe units elip togethon, and are held by a *eu,¢“1ng scruh
to form o gingle unit which ylu”b into a ZiB standard siniature
relay plugboard, and cccupies the sawme space as a relay.

The c:rcult ol the co- sple te‘xecéiver is shown in fig.2.4 ~ 1,
The input of the Resd filter {see secticn 2.2.4) i3 commected
acrozs the line. -
signal is present on the lire, and, because ef the T:il-szafle

“gharagtasiztics of the receiver Need Tiltex, spuricuz energisntien
- by olher 51°halu, &ven Lndur fault con dﬂyzons, is 1n09531b1e.

lales &

1

1

i
..i

'|-l

L] : P A s - o :
2igal Dhanneterigtios. .

Lo The zecsiver requires-a, smoothed and. stubilised d.c¢.noucy
E’.' 1 <,

supply at 12V, Sfrom vhich it draws 1”022.(uhan
Ariving a relay); the sosifive supply is conmecle]

The relsy is only enexgised when She apirodsiate

D]. and the ne|d;1n“ tc 3!, dﬂ 5“nM" in Mg Z.4 = 1.

LY

The
Dd, v

inmul from the line ie ccnneocted b aliveen *ﬂ:winals A4
hich ave connecled inside. the unit dimectlr to tha

4 ccil in the filtex. If the § rcqubrcy aind aaplisude
i, sho - '

vhe intesnal relay is-cneré_ded.

Jatl
cand I ch
inpulb e c

5
2
is corrag i

. - .

”“en +he dece supply voliage ia 12,27
Jch the relay just becezos energized s net mers ihan 85V,
and vhe signal Yevel at which 1t Jusb dreps atvay egnin iz al
least &3V (provided, of course, that ths Tregueney of ths signmal
is the same-as that of the Filter). U

the sional levsl af

The inrut izpeduncs of ks unii iz ke impedauce of tha -
dinput reed ceil. AL frzinancies other than tkhad of the filter,
this inmpedunee consists of & resisiive cexmponmzat of 250 ohn un
inductivs component of 4004 in gerdesy at the Tilier ““g:&“b“
the fzrnodance is gpprosinate 1" 750 cumy aud ity plzie i
indsterninate, ' :

-t
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TS HEED FOLLOWER RELAY

The Reed receiver operates a Rzed {ollowar_ relay which
is contained within the amplifie» portion. It z={foxds
3F/B 1T contacts which are suitable for the switching of

‘indication lamss or operation of repe=ter relays as required.

A1l contacts arze brourht oul to plugboard terminal posiiions,

" Diagram 2.4-1 shows these terminals and also the coil connections.

The 12 volt supply is connected to terminals Al and D1
(D1 positive). For test purposes a connection is brouzht out
from the positive side of the relay coil to terminal D2 on the
plugbcard. Vith the nermal power supply switched on,.by linking
terminals D1 and D2, the relay can ve energised without the
prezence of the reed signal., It is important to note that no
other supplies are to be comnscted to the unit. The veolitaze on
the relay coil may at any iime be measured by connecting an
Avometer,set to 25Volt d.c. range,ascross iterwminals Al and D2
(2 positive). ‘ ' ‘ -
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TIE MIATSUITMEN WEIPIATIR MIT (LR Ul )

2eserintion :

In large installations of Reed equipment | et
controls are transmitied frowm tha relny YoM ovel @any 51 ferpnt -
systema (i.¢. in many dilferznd pairs) Srom the one roink, anl

oo e oy oy ey

e sswe Rueed Jrogueruies aze u;;i in k2 various systomn.

In order io eoconomiae in ironamit i zuch an 1n;tgllat1cn,

the transmitter repsater unit is I. is dxivwes by the
trunsuitier and srevides four -sep e i.uueﬂ outputs at tha
transmitier freguency whick cun b ad Toxr lour sermrute r;s b”C.
Siree one transuitler can dxive un goeven repsatesr anits

will bs FER | Luau un ‘o uveh‘"uaim! "»tems Call ha Cad "“cm a

sinzle set of trouszitiorsy one fox
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The outputs feom’ the T;R.U. cre switeled by esternal. CONLE0LS,

such x5 relays or 'switchos, t.d cuch oudputb im coinnecield soresa a

reaister of 24 cum ernnecied in sexies wilh the fariiculas syitem
vaiell 1% feads, in cxactly the szue hdJ 2s a ‘“ana"ﬂtter output.

The cutiuls are cem,let*iJ igolatsd Sroo esch other, so thal tiore
is'no possibility of unwanied connections veiwsen grsiemy, ox-of

-Anteslerence Irom one system lo anobher.

ac
bl
Le

VT e unit: 914 3 into a B2 afanderd miniciure pl
and is itlie’'sumd zino as a giwizture r2lazy. It is d ;'uiaued
by green colovréd labels, - ' - :

?lectriczl Oh: cizristieg. S

. aa <A € X e 4. .
arudnalds V2 (posi iVu) and D1, znd Jrans 2 ,mA‘ -
.- The input is ohﬁaineﬂ from the outoui of a tranzmitier and -
-is’connected. to iorminals A) and AL, The Sour outpulas ;:;nar .

betwaen a:mznuls ASmAq,‘B3 28, 03~08 and D3-NB, and they are
'ir&iv:ﬂLuITy cottrolled by switchos cornucisd batusen “5—A7,'
35-3T, C3~07-and DF-D7 respzeiively. As trévicusly sinled =
24 okm aew 1stov iz convevied :z:cr"dl’" acuosc esch output,‘

ovexr guin of *bﬂ vrit Tiom 1*ﬂ-"nnut w0

Ths voltage and p
ach cuizut ig vizinally un1+v so thel the signal levels at
ts ouimie asre tiz sawd as e pulius lzvel Jor a Sranszifier |
see sechion 2,3.2). : S ‘

-,
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2.7
2.7.1

2-?.2

THE LING AUFLIPIER

Deqcragtion

For trensmission over long dlsﬁances, ampllficatjun iz .
required at intermediate points to .counteract the attenunation
caused by the resistarce of the line. This is provided by
means of the Reed line amplifier, of which the circuit ie ehowm
in fig. 2.7.1, Thig is a uri~divectional auplifier with negative
feedback which can be adjusted to sat the veolisge gain. 4in
outline of the unit is shown in section 56l :

The unit is d@ml”ﬂ@d to be mounted on racks or in cupboands -
and occupiecg the spaee required For four standard minizture
plugboards. It has itz own buili-in rectifying and smoothing
gcircuit and reaquires an a.c. power supply at 24~28V res. which
can be obtained from 110V a.c, maing by means of the xced lins
amplifier supply transformer (- see 5.2-7 ). Alternatively it
may be opsrated from an independeant 24Volt d.ci supply.

A1)l the externzl connsetions to the amplifier, together with
the link that sets the gain; are made to a2 cowb with eleven 2B
terminals on it which conncct to the terminals on the nmpllfz""
itself. If the amplifier should fazil for any reason it can thus
be replaced without disturbing comnections to the comb wh*ch can
be disconnscted intact from the “mpllfier.

Eleotrzcal Charactoriﬁtics

The input terminals to the amplificr are torminals 2 & 6.

The incoming line is connected to terminals 1 and 6 on thoe contact

i
i

weenidadl 0 CEeGOOSN

. o et . i

comby and eithor a link or a resistor is connscicd between
terminals 1 and 2 on the comb. The value of thoe resistor can be
selocted, o as to give fine control over the szgnal level at
tha ouﬁput from the amplifier, . . e

The a.c.power supbly is connectﬂd to terminale 10 and 11,
If a d.c. supply is used inatead, this is connected also to.
terminala 10 and 11. Yo polarity need be observed., The outpud
appears botween terminals 7 ard 9. The fecdback connection im
made threouzh a link between terminal 6 and one of the
terminals 5,4 and 3, and can be adjusted, so as to give coarcze

" control over the voltage gain, as follows:

Link between terminals -g feédback; Voltage =ain Inpuf impedance

& - 5 lou,'a _ 1.0 . 1300 ohm %
6-4 - 158 1.35 . 1150 ohm ®
6 -3 507 - 1.9 900 ohm #

¥ typical vaeluze,

L




2,7.2 (contad)

2.73

The gain and input impedance are independsnt of frecuency
within the Reed spectrum. At 50z, howsver, the inpui impedanceo
is considerably lower and tonds to cause attennatlien of such
voltagos wiaich may be inducod in the line, so reducing this
anplitude along the system. - :

The cutput impedance of the amplifisr is typically 40 ohm; .
both at Reed frequenciss and at 50z,

Line Scetionalisation

. Sectionslisstion preventg lothal voliages which would

otherwise develsp in the Reed system as a result of interfeorence

from paralleled high voltaze circuits.

Since the amplifier contains transformers in both input
and output civevits (mes fig,2.7-1), it sectionalises the
line where it is inserted. If sectionalisation is required
without amplification, the isolating transformer, described in
section 2.8 belew, may be used for this purpose insteads .
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2.8, THE LINE TSOLATING TRUSFORE! |

2.8.1 Sszctionolisingz the Line - ‘ ' &

In sy tems operating over long disztances it is usualLy*
necessary to divide the line into isolated sections. This .
sectionaslisation is achieved in {ypve RR systems by means
of the line isoldting transformer typs RRE203, which permits
the passage of the Reed signals along the system but attennates
56Hz currents due to interference frow mains or a.c. traction
supplies. It should be noted that the line amplificr (see szotion 2. ?)
also acts az & sectionalising device. Thus, in a typical system ;
where line amplifiexrs are requiréd every 4km and the line is
to be divided into 2km sections (for exsmple), amplifiers and

- isolating transformera would be alternated, as shown in fig.2.8-1:

/LA

{;m] | | C’Q"} 2 km *’>

!

| /”_ | . 2km
{ : |
\, '

‘

[ERS TSy

Flg. 2,8-1: Sect;onalzsation of afﬂypzcal System.

| VR, §

2. 8 2 Elcctrical Characterﬂstlcs

The line"isolating transformer is attached to a plate -
which enables it to be mounted in the space occupied by a
standard miniature plug-board in a relay-room or cupboard.

Six PBA terminzls, numbered T1 ~ T2 and t1 -~ t4, are
arranged on the front of the transformer. Tl and T2 are
connected to the primary winding, and are used for the section |
of line coming from the transwmitter end of the system; t1 - %4
are connected to the sccondary winding and used for the receiver
end scctiom of the line. The turns ratios between the various
secondary laps and the primary winding are as follows:

Secondhxx_torminals . - Turns ratio
t1l ~ €2 1:1
t1 - t3 1l 1.2
1 - t4 1l 1.4

LH



fj 2.8.2 (contd) i ‘ E

i ) The ta:z are used to a2djust the signal lovel, to compensats

. for the atienvation duc to the rosistance of the line. Ths uzob

g of voltage gain that can be obtained in this way is lisited boch
Lg : as the turns ratio is inersased, so the line impedance leokisn
into the transformer» primary winding decreasos. &

The transformer presents a low impedance to 50Hz and
attenuates induced voltzges from nearby indusirial- supplies
by virtue ol its shunting effect in the line. Such )
interference is likely to occur .only in the event. of sysien
line faulis.
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2.9,

. 2.9.1

Y

POVER SUBFLY UTITS

Description

Reed transmitisrs and receivers, and also transmitter
repeaters, require d.c. power supplies st 12Ve. These are .
generazted from 110V a.c. mains by three types of unit, each with A

& different curréent rating, which are used for loeal
installations of various sizes., Line amplifiexrs normally derive

their power supplies from the line emplifier supply transformex
(see section 2,7.1), vhich alao works from 110V a.c. mains,

The only external supplies to cupboards and relay rooms required
for Reed equipment, thersfore, are 110V mains supplies. '

" The signal levels at the outpuis of iransmitiers and
receivers changs. if the power supply veltage is changed. It isgg
therefore, desirable to limit the excursion of voltage from the .
d.c. power supplies to prevent failure of the units. .

. This requirement is met by one of thres different .
arrangements which arszvailable to suit various load condiiions,
First, a simple stabilizer which is fed from a 50 Volt location
cupboard rectifior set, see fizure 2:;5-1{a)s Secordly a trensision
stabilised P.S.U,, see figuie (b)s For very heavy loads a

conatant voltage transformer reqtifier smoothing ocircuit wmnst

‘be used, see fig.(c). '

i i
' ce o~
5av bD.C oer eduvalent . .
ecrfied | a0, . . . - — o
veLrttiea | R R T B ® 12v
Fig 2.9—1-(a) Circuit_of Reed Pover Supply RR9410
. ) . '. ) , ~ .‘ ..J . ) i . ) .. '.
S iGN N S e
2 e I == ' :
CHovae, iy [ ; e , T

—

L -

o

Fig 2,9-1 (b) Cireuit of Reed Power Supoly RR9120°
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2.9.2

2,9.1 (contd)

_a separate supply unit must te provided for each system so

are never fed frem the: sace supply unit.

L
e

Fig 2.9-1 (¢) Circuit of Rend Power Supply RR9131

The three typns of d.c. supply guve maximum currents of
200mA, 500mA- and 54, at 12V d.c., respsctively, and are used
according to the power requirements at each location. Fhere
there is equipment belonging to several systems at a location,

that transmitters and receivers belonging to dlfferent systems

Klectrical Chﬂracteristics

The three types of d.c. rower ‘supply units are designatad
RR9410, RR9420-and RR9131. The RR2410 unif is normally supplied

5
]
1

Be s

(-

T—

5wjfﬁ—rg5fiftta—ﬁﬁ—vUit—frum—tte—icﬁatxvn—pc'er—suppiy—un&%;————————————

and the RR9420 and RR9131 units are fed from 110V a.c. mains.
The teolerance of the supply voltage variation is ¥ isd,

Pype  RRY410  RR9420 . RR913L
Full load curremt 200mA 500mA 53".

load (peak to peak)

Permissible range 25 AL E 707 O , 112
of output voltags 12.0-13.5 12.0-13.5 ~ 12.0-13.5

~ The units ave all designed to be mounted directly en relay
room or location cupbozrd racks, in the same way as standard
miniature plug-bourds, The RRJ410 and Ri9420 each require the
gamé opace as one pluiz-board; end the RRY1I3L reguires the caus
space as three. Outlines of these units are given o
Figures 5.2-4, 5.2=5 and 6.

27
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2.10,

A.C. YIMUNISATION

- Interference induced from high voltaze sources such as
overhead lines into a healthy P.D.I. line does not gzive rise
to reed system maloperation. This can only be brought about

. through the mechanism of multiple line faults which may

produce unwanted signals. The probability of such faults
occuring is extremely small and has not cccurred during

several years of extensive reed application in a.c. electrlfled
traction areas. .

For non-vital appllcutlons therefore, it is not necessary
to immunise the equipment. -

Blebacy/biociad

Nasimr il

[P S—
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3.0 APPLICATICY OF 1THE BAUIRTNT

[Pty | | I

3.0.1 . Contenis

3.1 Desgign of Type ER Systeis

[ orori iiiod

3.1,1 Tywse RR Systeas
3.1.2 Reguirements for all Systems

. 3.1.3 Requirements to Minimise Crosstalk
and System Noise -

]

3,2 Installation and Coumissioning

. 3.2.2 Setting up the Systems
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JESION OF TYDE R SYSTEMS

Tyve BR Systems . ' s

In the previous tw tlons, the basic prineiples:
.of type RR 3000 series equlpment have been described, together
with the individual units. In this section it will be showm
how the units are combined to form complete systems,

As well as circuits which are of a vital nature requiring
fully firal-safe s+ancurds, there are-a number of other circuits
such as the conirol of ground fraue releases, emergsucy auto
replacenent, track indicaztions and the like which zre not. For
thege circuits r.D.h. equipment with a high dezrse of re]ﬁabllzty
but with a less xigorous insistancs. on failure in a particular
mode is required. The type RR 3000 series equipwment has been
engineered %o fulfil this requirement, It comprises a single
tuned-reed transm’tter and a composite unit, contzining an
electronic amplifier and a follower rolay, which is used in
conjunction with a vital,,double tuned; receiver filiex of ihe
RR 2000 series. The use of doubWL- uned recsiver filters
Tucilitztes a large numbez of channels in g system becausz of
theirhizhly selective frgquenpy discrimination.

There are two opticns open to the user in tke applicaiion of
typé A2 3000 series equipment. Mirstly, it may be used to
convay controls and irdicaticns between 1ntcrloc£1n?° or
between lineside. apparatue and the rslay room; and, secondly
cen be includsd with ;uWIJ vital channels in a hybr 1d\~v~teu,

I

[

rprovided—the less=vitzl channels &BT% aieo equiﬁﬁéd Vith type
_RR 1000 series traASmltters. S

Requircments for all Sysiems

[N

The followving considerations ;pply'td all type 3R systems.

.. They are concerned with the basic parameters of the equipment,

and not with safety features.

.The Line Paixr

.Broadly,speaking vype RR equipment will function using
virtually any pair of conductors as the line, and in pariicular,
does not require a metched transmissicn line. Because the input/
output circuits of 211 the units include trensiorvmers {cee °°c+1on,2),
it is not advisable to use a pair in which a steady d.c. is
present without taking special prcoautlcro to isolzte the
equipaent,

In genexrzl, pairs of conductors in sitandard railway
Ulgnalllnu and teleccomrunicziiins cables and, on GV““ﬂbad

4€
pole routes are suitabls for Reed sysicus. In cables gy twicted
in e 'crossizlk' on lon:
O

pairg can bz uzed with advariase to =
systens (lomger then 25 ko). Cn pol
that galvanised-izon conductors have
soverely liwits the masdoum possihls
50 that such conduciors are uno 13urh
instoad, ‘,

30
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3.2.1,2

INSTALLATION AND COMMISSIONIN

3.2
. 3.2.1 Installation of the SBquipment

This section gives the procedures that are required on site

when a large concﬂntratlon of Type RR equlpmnnt is being installed,
Particular attentzon is dravn to the requirements for the

wiring of connections betweca units, as they affect the relia blllty

of the systems.

" 3.2.,1.1 Wirin of Equinmﬁnt in Reldv Roomﬂ e A

' The recommended cable is 250V grade, PCP/VIR insulated to
claes M0 B.R.8724. - In general, twin twisted pair $/0.3mm
ghould be used and all circuits should be as shoxrt as pos 31ble
particularly ths 11nks between adjacent transmitters ox receivers,

‘The type RR9131 power Supply unit is rated 2t 5 amp and
is,therefore, suitable for supplyinz all the transmitters or
receivers of a system where they are grouped at the extremity
of the system. Each power supply unit is provided with three
-sete of output terminals to enable the load to be shared by
up to 6 bus-bar c1rcu1ts. o

 If transmitter repaater units (TRUS) are used, a maximum .
of 25 should be fed from one RR9131 power supply unit. XNot nore
than 5 TRUs chould be connected to a spur.

Por small concentiétions of equipment, up to a full loza

~of 0.5 Amp. the‘RR942O power unit mey be used. In instances

supply which is suitable for loads up to 0.2 Amp s mzy be nsed,
(see section 3.1.2.9 for details of these items)

EE

P . v . e . F I

Connections between associated transmitter'repeater units and
their master transmitters are to be twin twisted scresned cable
14/0.2mm. All screens on cables from a particular transmitter

- are to be connected together with the final connections taken

to a free 1ndependent earthag

Viring of’Egulpment 1n'mncat10n flasen.

A1l wiring should be in Q/OeJun single core, 250V grade,
PVP/WIR 1noulated to clarg 101 R.D. G724, ¥ire runs should
be as short as possible and urrdngcd in a loglcal crder,

Bach cable from the power-unit to the first transmitior ox.
receiver unit cwst be no longer then 3m, and must Lu twin ivicted=
pair 9/0,3mm. The loopirg wires beiveen transuiiters or receivers
must be as short as possible, and preferably in 1/1,0ma cablo,
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3.2.1:3

3.2:104

3.2.1.5

AN

Cheekinre the Line bafore Plugming in Uaits or

fonnectine Line Aanlifiexs

Normal cable testing techniques shoald be used to ensure
that the line, be it either overhead or multlcore, is free from
earths and high resistance joints.

Where approved crimp texminals rather than slotted links
with their assogciated nuts and wasghers are used for line connzctions
at interlockings and location cases, it is necessary to caryy oub
normal cable continuity and insuletion testing before units are
plugged in and connectlons made to line ampllflers and isolation
transfor&ers.

At this stzge it is useful to ensure that good telephons
communication exists between each Reed location and the relay
room, as this is abdolufely essential for the setiing up of the
‘Reed systema, L : : ‘

Preliminary Tosting in the Falay Hoom and Locations before
Plugzing in Uaits )

Check the wiring of the Reed systems, noting in particular
that the correct polarities heve been observed on the plugboards
for the power supprly connecticns. This i's most important as
incorroct polarity will damass ox desiroy the applifiers. IZnsure
that the number of plusboards connected to one power supply does
not exceed the meximum number schaduled., If standby supplies
are provided ‘check for correct nolar1t4es on plugbo:rds.

Plugglng in Unlts and pAssceiated Testing

After satisfactcorily carrying out the prelimirary teéting,
transmitiers, TRUs, and receivers may be plugzed in and the power
switchsd on. Check that all line emplificrs are working end that

" they are set to 100% and that isolating transformsrs are on the

1:1 <ap. Switch on each transmitier by temporarily shoriing
terminals D4 and D7 and check that each output is between 0.39 and

' 0.68 volts a.c. Ensure after testing that each transmitter is

- switched off,

3.2.2 '

J.2.2,1

Check the master transmftier outputs in a similar manner, -

- The switching contzcts on each TRU should also be temporarlly

shorted out and the outputs obs erved.

Settlﬁ” bp the vvqtema

The obaecb of setiing up the ryh.ems is to ensuve that each

Reed receiver is opersted within the optiuum input voltage levels

of 270 to 350av. Viaen saall systems are to bo set up, it is in
order to gwitch on one channel at a time end observe the input
vollis to a particular receiver, but on large systems it is
essentinl to switeh om all channels which are normzlly energ
Consequently, to cbiain an individazl chgnnel level it is ne
{0 use the approrriate receiver filter and for convenience; a
adaptor (sze szetion 4.2.1, noting ibat the intercediate linz
amplifier is winecessary during setiinz up)e Tha reading cbizined
corresponding to the cptimua input 1&"“1 should bo beivecon
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3.2.2,2 . System loevels may be adjusted by tho follewing metheods:

“{a) line Amplifier

By changing the feedback tap and, if finer
adjustment is necessary, by addinz suitable
resistance in series with the input circuit.
Suitable resistors would be a metal oxide
glass encapsulated type rating 1 watt with
a8 range of values between 68 and 820 ohms,

_’ . - (ﬁ)f Isolating Transformer

By changing the tap on the secondary winding;

System channel levels are adjusted by working progressively
away from the relay room. A system may be divided into sections,
each section being terminated with either a line amplifiér or an
isolating transformer. - ' : : .

adjustinent of the isolatirg transformer at location A will

i _ —
l - ~ In the typical indication system shown in Pig. 3.2.2-1,
alter the received levels from all the transmitiers in section

a -2 ( 2nd t0 a lesser extent from the preccdirz sections)s Adjust

this isolating transformer at location A until the received
L. levels in the relay room from trensmitters in section 2 are
o correct and follow a similar procedure progressively for all-: -

) other sectious, ivse. line amplifier at location € to be adjustad
for coryect received levels from transmitiers in section 3 ste.,-
until the system is completed and all receiver levels are o
-correctly set. . : S "

In—the—typical control cystem shown in Tig. 3.2.9-2,

i

adjustmont of the isolating transformer at location A should
bs made to ensure correct input levels to ths receivers in

- section 2; in this instance a check must bs made to ensure

- that the recsivers at location B are also correctly fed. A
similar procedure is to be fellowed for all other sections

e : i.6. lino amplifier st locaiion B to be adjusted for correct

received levels in section 3 etc.

It is important {0 keep the gain of both line amplifiers
and disolatirg transformers &% low as possible;i.e. to compansate
for losses in previous line section, end this is particularly
important in long systems whers thore mey b2 many sections
between the first field. unit and the relay room. For indicaiion -
systems of this type, 1t is convenient to evitch on in the fisld
a high and low freguency (possibly £6 and £47) transpitter,
checking and adjusiting these levels progressively soction by
section back to the relay room. Conversely, with a control
systen of this typa, having switch2d on the appropriate high
and low Ireguency trangmitiers, check and adjust these levels
scetion by section progressively away from the relay room io
the first field units, These irdividual charmmel levels in
ecach section should ba edjusted to lie beiveen 270 and 35CaV.

Y
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3.2n 2.3

3.2.2—-'5 ’

Vhen a fairly large systen has to be set up, 2ll channels
which are normally energised smhould be switched on with at least
one in every siz functions at a partlcular location being either

" fed or energised. Check receiver levels both in the relay room
. and in the field; although 2t this stage these will probably be -

low, they may indicate the state of system and enable faults to
be located and rectified. Set the received channsl levels for
the switched-on functions section by section.

Duplex Systems are set by switching on one channel at a time _
and observing the input level at the particular receiver.

© If thers are no lins amplifiers provided, then the system

will_havé been designed to ensure adequate receiver input
levels; however each received channel level may be reduced
if necas ary, by the addition of series resistance betiween
the approprlate rece1ver and the llne.

The final test is to cnaure tkat each receiver operates
correctly when switched on and of £ again.

A1 transmitters are to be sw1tched oh. One teanm

‘proceeding from the relay room observea rereivers in the field

as the relay room ieam switches off individual
transmitters, and also switches each transmitter in the field in
turn for the inside team to observe the receivers at their end.

Following the successful complotion of these testis the feed
systems should be cleared of all {est siraps and will then be
available for through mg‘nalhnb testlrg.
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3.1.2,1 cont.-

Whatever type of line is employed, its series resistance
per unitv length, considered in conjunction with the input
resistance and voltage gain of the line amplifier, determines

‘the maximum spacing at which amplifiers will be requiréd.in

a system. For example the resistance of 1/1.13mm copper conductors
as used in standard railwey signalling cable is approximately
50 oha/km loop; the total resistance of a 2 km scection of line
in this cable would theresfore be 100 ohm. The input impedance
of the amplifier depends upon the locd connected across its
output and the setting of the feedback tap (see section 2, 7)
and ig shown in fig, 3.1-1

Bach transmitier is connected in parallel with a remistor
of 24 ohms in order to meintain line continuity when a transmitter
is withdrawn from its plugboard,and all such resistors are
connected in ‘series with the line (see section 1.2.1).

Each receiver appears as an impedance of the crder of
1500 ohms in parallel with the line to Reed frequencies other
than its own. To its own frequencys; it appears as an fmpedance
oft T50 ohms in parallel with the llne.-

The 1ine isolating transfcrmer has a nominal rafio of 1:1,

-The primary inductance appears as a load of 3200 chums connected
‘across the line.

The level of the - output gignal from a tran°m1tter ig norinally
600nV. So as to allow an adequate margin, systems should be
designed so that the levels at the input terminals of all receivers

are each approxlmatelv 300 mV,

Using the various figures quoted above, it will be seen that

" a complete typs RR system can, if NeCTTERTY, be ‘designed by

- 32,2

bagie network calculations, This procedure is necesaary whenever
a special case arises; for instance, if the use of a non-standard
tyre of cable is belng considered, or if a possible duplex system
is being investigzted. As an illustration, an equivalent cirguit
for a typical type ER system, based on the above figures, is '

shown in fig. 3.1-2,

Howevei, for wmany standard systems it is possible to derive

a set of rules for design; and these can then be used sstisfectorily

in the majority of cases without the need for detailed cdlculntlons,
caleulation cen be used as a check wherever any doubt arises,
The rules are set ou$ in sections 3.1.2.2. to 3.1.2.10 below

Line T=vels and Isolation

If it ie preposeé to use conductor pairs for type RR sye
in.cables zhared with telecommunications circuiis, attention
dravn to the perk transmiscion level of up to 30V, for a full
system, which is 1il ely to rroduce unacceptably high crosstdlk
levels in the telecozrunications cireudts. In ccrizin cizow
it moy Vb2 possible to reduce the linsz voltspo.

stom
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3.12.2.2 {contd)

In a.c. electrified areas where the Reed systocms are in linegide
ceble or where cloa parallelism with supply autherity overhead lines
ocours, the system should be sectionaliscd by means of line amplifiern
or igolating transformers, as appropriate, every 2 km or at such :
distances as the safety requirements of the C.C.I.T.T. regulations dictate.
Amplifiers and transformers mey be used alternately at successive -
isolating points, bezring in mind the rules for additional lire
amplifiers given below (sectlon 3.1.2.3.), but transformers should not
be used at successive 1solab1ng points because of their loading effect

on the line.

In seetions where there is no traction or H.V. supply 1nterference, ) -
the spacing of line amplifiers depends upon the type of conductoxrs :
for typically 1/1.13mm conductors in signalling cable, the maximum

advisable spacing is 4 km; for 40 1b., conductors on poles routes, it

is 10 km, Basically, a loop r651 stance of 200 ohm per section should

be aimed for.

3.1.2.3 guidance for vze cf fdditionsl Lins Amplifiex.

An additional line amplifier should be inserted into the

" system or substituted for a line transforamer in- accordance with

the following rules.

a)_ If the number of transmitters which would have occurred
- in the input to one line amplifier or between two line
amplifiers would have been 25 or more then an additicnal
line amplifiex» should be introduced so as to reduce the
number to below 25,

[P

amplifier of a control system situated in the relay room
or location housing all the transmitters of the sysiem,

b)  If more than‘4 transm;tters would heve oceurzed on the
input of one isolating transformer is betfween the previouvs
amplifier and the isolating transformer, the transformer
is replaced by an amplifier, -’

Yo, siatli_

0)‘- If more than- 17 receivers would have been connected oen
the output of an anpllfzer, %r between one amplifier
and the next ampllfler, addltlonal 11ne ampllflers should

be 1ntroduced . - : oL L.

An ‘exception is made in the casce of the flnnl line cmplifiar
of an indicetion sysiem situated at the »elay room or
loc&tzon housing all the receivers on the system.

-d)  If more than 4 receivers would hnve been connzcted on

the outrut of a line transformer or between it and .the
next arplifier shead, replace the transformer with a .
line zuplifier, and observe(c) above.

o) "here receivers are distributed along 2 spcblcn, the attentuation

of the cable must be considersd vhen determining the
nuiber nd dispositiciof lins amplificrs.

3B
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3.1.2.4 Terminal Amplifiers for Conirnl and Indicatlion Systama,

B .
J _ ’ . An amplifier is always interposzd between the incoming line
and the receivers of an indication system. Similarly a line
amplifier is used between the itransmitters or TRUs of a control
system and the outgoing line.

! The nearest isolation puint to the terminal line amplifiex
*  of an irndication system should also be fitted with a line
amplifier and not an isolating transformer.

3.1.2.5 Branched Systems

: There are many possible configurations of systems

b having one om more branches, and they cannot be treated in

E , detail in a standard set of rules. Very shori branches can

i somotimes be treated as part of the main system, i.e., just as

! a group of transmitters or receivers in one place. Long branches
' ' should however be isolated from the main system by amplifiers,

Note that the output impedance of the amplifier is very low
7 . (about 40 ohms) and it can, therefore, readily be connected
P _ - in series with the branch, to the input of a second amPllfier
! - feedlng the main system, thus: -

e fo

Converging Systemyg
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3.1.2.6 Use of ?gﬂpsmitter Repeater Units

‘3.1.2.7

In large 1ntcrlockings where transmitier repeater units
are used, up to seven can be fed from a single standard Rezd
transmitter; this economises in Resd transmitters. The
connections from the transmitter should be in twin screened
cable (e.g., twin 14/.2um, braided — screen), with ¢1l screens
earthed at one end only to a c-mg‘le independent low-resistance
earth; ihis is necessary to._aveid coupling between the TR U,
input and its four outputs. For the same reasonm, ths four
output pairs should nét be closely bundled together.

Transmitter Switching Gircuit
There is no restriction on the length of the transmitter
switching circuit (see section 2.3), within the same relay room
or locatlon cupboard,
- Connections outside the reléy room or cupboard isclated
' from other sources of interference wust be limiied to a distance
3 of 50m, .
3'1t2'8 Regeiver Qutputs ,
g The receiver's follower relay is enclosed within the
amplifier container, and. external connections from the relay
% contacts are made by means of plugboard terminals 1n the normal way
3.1.2.9 Pover Suoplies

One 5 amp Reed power supply unit type RR9131 is sufficient
to supply all the transmitiers or receivers of a system at the
relay. room., The connec+1ons should be made in the manner descr1b°d 1n

section 3.2.1,

Type RR2420 "a2d power supply units will normally be used in.
location cases and will supply up to the following rniumbers of .
tranamatters and receivers,

Number of Transmitters . Together with
: Number of Receivers

10 -

8 -1

6 2

4 3

2 4

- 5

. The $ype RR9410 Reed power supply unit will supply eithox
four trenmaitters or two recﬂivers, Trom a 50 Volt d.c. source.
Separate pover supply units sghould be provided for each
Beed system.

- A1l d.e. supd

1y le ds should be as short as pozsible ard the
instructions in aec

3 uho ‘ld x)v J.C‘l].O| -\.-l.

1




o
&

a
q
a1
-‘.'i

3,1.2.10

Selection of Fregusncies _ 3

The response of line emplifiers is lineer throuzhout &

‘the freguency range ussd in type RR Beed gystems. The respcp

of isolating transformers, however, varies with freqguency such

~as to produce a measurable effect in long systems. High . .

frequencies sre transmitted with slightly less attenuation
than lower frequencies. This effect is the oppcsite of’ that
which would be expected frem a plain length of cable,

On systems using isolating transformers it is advisable to
counter this effect hy applying the follow1ng rules.

(1) Systems should be de31gned so that channels
- . with hirher frequencies work to points further

from the control p01nt,

(ii) Where the full nusber of available channels
is not required for a system, these in the
middle of the frequency band should be used in

..preference fo. thoze near its endsg.

(1ii) Tithin individusl sections, frequencies should
be grouped 23 cleosely as‘possibla;

(iv) A few gpare frequencies should be left unused
throughout the ra ange, co that, if additions are
required after installation,; they can be made
thhout 1nfr1ng1ng the above rulas.

Note that a ligt of freauencles and their avsoclated
channel numbmrs is tobe found in section 5.-

T 3.1.2.11

it is advisable to weigh the cost of full protection against

Ligﬁtning Protébtihn

Vhen considering the p*ov1szon of lightning protection,

LN T

the anticipated risk to the equipzents only in regions with
very hizh incidence of electirical storns is provision of full
protection considered ag being necéssary. ' o

For full protection, surge diverters such as ASI typs 164
and Reed surgs protectien units type RRB400 are comnected into
every line pair entering a4 location or relay room, zand, in
addition, surge diverters alons are cormected tc every othear
circuit entering; any unprotected cere, whatscever can provide a.
possible route into the location for surges. This degree of
protectien would normally only be required whore cvarkead
lines are uSﬂd. :

Vhere conditions are less extreme, it is sufficient for
nor-vital iype ER systems to rrovide surge divertsrs cnly,
and vhere systems run entirely in czble, it may be considercd
possible to dispense with these as well.

2|
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3.1.3.

Recuirementn to Sinimise Crosstalk and System Foise .

i")- 4
ACTHRPR CL

Spurious signals can ocour as a result of crosstalk betueen
systems where lines run adjzcent to one aznother, and also asa
result- of interuodulation between ihe various frequencies in a |
system (and between system frequencies and harmonics of the maina
freguency, at places where the latter are induced into the lins,
either from power disiribuiion cables or from a.c. traction systomu).
To protect against their effects, the additonal rules set out
below must be observed.

3.1.3.1. Yulticora r"a'bles e T R Co. -

It is »écommended that a standard multicore s1gnalling cable_
to British Railways specification BR 872 A be used for the line,
Other cables may be used but in all cases the following conditicns
muast be observed.

a) The cable must be of a type in which successive 1eyers
of cores are laid with opposite d1rectiona of rotation -
(1,04 EOD 'unilay').

_b) ¥o system must use two cores in different layers in
the e¢able. : -

| 6) Vhere line-pairs for successivo systems lie adjacent
" to one anpther within a layer, zlternate pairs of the
series should be transposed at 2 bresk point
approximately midway. between line seotionalising points
- throughout. The princ:ple is illustrated in fig. 3.1.3-1

below: .
T —— ’-‘——1 r'—'"—- m— Pov— e A
I R | ¥ ! 'ﬁf""“""""‘"" ;
5_&:5.; £'> 3?‘ T a’ ( ( !\. ) ;
. —— 3 - T e o ¥
' ; y e i
\ i | ; 3
'—\f . “"‘ : .
Sys-Z §> 4 AL 4'ﬁ(€D{,-
1 1 o
T~ — : : 5 e
Susd Dl & ’ L 5 16./.....-- :
S, 7. : ’ - .. e, M
— i emd ] !.._. - ........‘.l. ’ L E
Leod ) <o ko2 Jocd

Fig. 3.1.3.{ l: Zypical Transposition in Multicore able
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3.1.3.1.(c0ntd)
In the illustration, system 1, 2 and 3 occupy cores
1 to 6, which are successive cores in one layer of a cable,
as shown. All three systems are sectionzlised at location 1,
and again at locztion 3, and a csble break also occurs at
location 2; which lies approximately half-way between locations
1l and 3. 4t this peint, system 2 only is transposed, so that
- core 3 coming from location 1 is connected to core 4 "01nb to
3 ' location 3, and vice versa., This has the effedt of making
' ‘ crosstalk voltages induced by each system into the others
) . cancel out in each half-section. "The transpesition point
7 . should be as near the middle of the section as possible, and
| in any case not wzore than 400m from the mid~point.

§
8

3.1.3.2 Overhead Lines

: Overhead linesg are aoceptable, except in a.c. electrified
3 : territory. A standard scheme of transpositions must be used

: " to miniuise crosstalk in cases where there is more than one

at intervals not gre ter than 10 ki,

; ' o . "+ Composite syst tems, partly in cable and partly in overhead
lines, are acceptzeble provided the anproprlate Tules are observmd
for the 1rd1v1dua1 sections. : -

3.1-3-3 Line Lev-.’-.'__:l_;_s; .

Line levels are conirolled ror two reasons.. rirshtly, if the

d : receiver filter is over—energised the input reed may be unduly
' stressed and this may lead to its early failure, and secondly,
wben the input drops below a certain level, the threshold of
-sensitivity, the receiver will nol longer respond. It is,
therefore, in the user's own interests to set the aignal
levels at the receivers {o the preferred value,thls is in

the range 270 to 350mV.
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3 4. MAINTENANCE AND FAULT PINDING IMSTRUCTIONS
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4.1

INTRODUCTICN TO MATWTENANCE

The Type RR System is built up of plug—in easily
replaced units, and site maintenance, apart from the routine
monitoring of the performance of the system, involves only the
speedy tracing of the unit causing any fault which occurs, and
its replacement to ensure rapid restoraticn of the system to
normal operation.

Pault finding and rectification within the units themselves
is a workshop function and should not be attempted on site. It
is important that the fault report on any unit replaced in the
course of maintenange should give as much detail as possible
regarding the symptoms and circumstances of the failure.

The detachable amplifier portion of the receiver is a
comnon unit for all frequencies, and the number of spare
receiver amplifiers to be held will be related to the tofal number
of receivers in the installation, probably varying from 5% in
large installations 1o 10% in smaller ones.

Transmitters and the filter portion of receivers can only be
replaced by an identical unit of the same frequency and-type
number, a non-interchangeability pin code ensuring this feature,
Consequently it will be necessary to hold at least one transmitter

~ and receiver filier of each frequency used on the installation,

To reduce this quantity of spares an aliernative approach
may be considered permissible on some installations. Two universal
spare channels, f71 and f72, are available either of which may

—

Wkt )

be used to replace a failed chamnel until such time as repaired
or new units are obtained. Additional holes must be drilled in the
plugboards to allow these spare channels to be used, Details

_are given in section 5.2.

A1l type ER equipment should be stored. under dry condi tions
and when handled and transported, should be treated with similar
respect to that given to safety relays. Until actually installed,

"~ the equipment should continuve to be housed in the individual packs

in which it is supplied. lLahels on the packs fully identify the
contents. . . ' '

‘ - -
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4.2

TAKING XEASUIRIENTS

The most suitable instruments for . taking measurements on
Type RR systems are the Model 8 ivomater and a transistorised
voltmeter similar to the Farnell Instruments Ltd. {ype T

-or the Levell Transistorised A.C. Hicrovolimeter Type TH3A.

A heavy duty technician's Avometer shculd only be used in
emargeney, and then only for taking d.c. measurements and the

f a.c. output of the transmntter or T.R.U.

Line Yeasurements

- Measurements of line voltage on the input and output of
line amplifiers and line transformers can be taken using the
10-volt a.c. scale of a Model 8 Avometer., The loading of
this range of the meter-also makes it suitable for taking.
direct readings of line voltagess with no other load on the
line at that point, or for mzasuring the output volitage of an
amplifier oxr transformer whose output terminals have been
disconriected from the line, The reading obtained will have lit{le
exact significance, and with most working systems will be a

rapidly varying one between 1l and 3 volts. It is, however,

useful as an indicator of the prﬂsence of normal llne signal.

Voltage measurements of individual frequencles on the 11ns
are only possible by using a Read filter. A receiver filter,
preferably with previously determined input/output calibration,
can be used for this purpose, with a transistor voltumeter _
connected to the seconddry side of the filter. To reduce the
loading on the system, it id sometimes desirable to ivterpose a
line amplifier set at 100% fead back between'the line and the

&Hmmw-@

Tilter. To facilitate connections o 3he filtery a Tilter adapior

ie provided. This takes the form of a dummy acplifier, and
mounts on top of the filter to foxm a ccmplete plug-in unit,
in the same way as a normal receiver zmplifier, However, the

filter adaptor only contains links which connect the line input

from tha plugboard to the primary Reed filiex coil, and the
secondary coil to a pair of terminals on the froni of the unit,

to which the tr:n51sto*1snd velinetor can be conrenacntly comscted
(In the case of a.c. immuniszd systems, the adaptor provided

also contains a resistor and,a capacitor, in ssries with the

input from the line, to renreﬂent the fuse and capacitor used

for immunisation in the rbcelver anplifier which is used in

this case (see section 2.10, ), and to attenuzte the signal by

the gaws amount, so that .readings ‘obtained with the amplifier.
correspond exactly to those occurring in the working system)..

!y
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4.2,1 (cont.)

The complete arrangement is as showns

1.
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A T.V.¥,reading between 112m¥V and 145uV is for an energised
channel. Caution should be observed in interpreting low values -
of siznal due to noise generated within the sysiem, ow erossizlk.
from adjacent systems., If the roadings are - less than 6aV froa

| il

.z

(i

 4.2.2.

4.2.3

| D.C._Suoply o T R

the Tilfer (equivalent to IbmV on line), the possibility that a
significant preportion of this reading is due to siray pick-up or
noise within the instrument should not be disregarded. o

The_d.c.‘éupply.to transmitiers and receivérs (and.T.R.Us.
if provided) may be maasured on the 25-volt scale of the Model 8
Avometer, and should read between 12 and 13,5 volis.

Input to Power .Supply Units’

The a.c. supply to power supply units may be measured on
the 250-volt secale of the Model 8 Avometer, - The reading -should
be betviesn 93 and 127 volts, For the RR94.0 unit the d.c.supply
may be weasured on the 100 voli scale and should be between
43 and 57 volts. '

4“7
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4.2.4

.4.205

4.C. Supply to Line Amplifiers

The a.c. supply to line awplifiers should be measured on
ampllfler terminals 10 and 11 using the 100-~velt scale of the
Model 8 Avometer, The reading should lie between 22 znd 26
volts if the 24 volt tap is.in use, and between 26 and 30 -
volts if the 28 voli tap is in use. .

When a d.c. supply to the line amplifier is used inslead,
the Avomzter should be set to the 100~volt d.c. range and
connected to terminals 10 and 11, The rezding should lie beiween
22 and 26 volts. . :

Transmitter snd T.R.U. Outout

Measurements should always be made across the line resistor
which is associated with the transmitter or T.R.U. and is
mounted dirsctly behind the plugboard. Using the 1 or 1.5 volt
scale of the transistorised volimeter or the 2.5 volt A.C. scale
of the Model 8 Avometexr, the reading should be between 0.59 and
0.68 volts A.C. when the D.C. input to the transmitter on
terminals D3 and D5 is 12 volis, If the D.C. input voliage is

‘above 12 volts the A.C. output will rise correspondingly to give

an upper limit of 0.75 voltz 4.C. with 13.5 voltis D.C. input.

The corresponding limits for the T.R,U, are 0.57 to 0.69 volis at
12 volts D.C. input with an approrlmate limit of Q.77 volis
with 13¢5 voits D.C. input.

It should be noted that the readzng across the line resmstor
is not appreciably affected by other channﬂls whlch may- be
operating 1n the szme system. _

4.206

4.0 2-7

" amplifier output causes the internal relay to be energised.
- The relay voltage, which should be nominally 12 volts, may be

Receiver Output_and Tollower Belay Input

" When a suitable signal appears on the line the receiver

measured across terminals Al and D2 of the receivor plugboard
using the 25-volt rangeof the lodel 8 Avometer or mechnlcl?n s

Avonmeter,

Receiver Backeround Voltasze

'Background! is the signal which can pass through the Peed
filter from the line when the corresponding transmitter ig

switched off, It zrizes from the effect of all thﬂ other frequencies

present in ihe system, and from cwesstalk from otker systems.
It is measured in the same way as that for taking line levels;
{see section 4,2.1.),

Because of the switchirg effect of the amplifier circuit
no voltzge will ”LD“Br on the relay until the threshold value

is rezched,.

. il
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4.3
4.3.1

PROCEDURE FOR CHECYING UNITS RITH. SUSFICTED FLULTS

Checking a Transmitter

Step 1 - Measure output on line resistor . .

If correct - Unit O.K.
If low ox zero — go to step 2.

Step 2 ~ Measure d.c. supply on terminals D3 (+) and D5

If correct — go to step 3
If low or zerc — check FPower supply unit.

Step 3 =~ Remove the transmitter from plugbbard and replace
: the same unit. Measure output on- line resistor.

If correct — Unit O.K., buf examine and if necessary
- clean plugbecard contacts.
If low or zero - go to step 4.

Step 4 -~  Remove +the transaitter from the plugboa d and measure
“between plugboard contacts D4 and D7 on the x1
resistance range of the Avometer. . . .

If zero ohms - Unit faulty ,
- If hlgh reading — Unit probadvly 0.K., but
- examine switching circuit
for open circuit or bigh
resistance contact.

ommled

It may be an advantage to carry out the above routine using

_a separate test plugboard drilled to receive all pin codes., Such

a plugboard should be wired with a 12-volt smoothed constant
voltage d.c. supply on terminzls D3 (+) and D5 and an output
resistor, 24 ohms, wired acrToss terminals D1, DS, A switch _
should be wired bstween D4 and D7. The sv 1tch should normnllx

T,

" bo ‘on®! for the above tests.

4,

4-9




4.3.2 Checkineg a Transmitter Repenter Unit (T.R.U.)

’Step 1l - Measure each output on corfasponding line resistoi.

If correct - Unit 0.X. ‘
If low o zero on all outputs = go to step 2.

) Step 2 = Measure d.c. supply on terminals D2 (+) and D1

" . : If correct - go to step 3
' ' If low or zero -~ check fuses in power supply
circuit and corresponding
power supply unit.

l Step 3 ~ Remove T.R.U. from the plugboard and replace the
) ' same unit. HMeasure each output on corresponding
line registor.

If correct on all outputs - un1t 0.K., but

, . examine and if necessary clean plugboard

% " , ) contacts.

; ' E _ ' -7 7 If low or zZero on one or more outputs - go '
" to step 4. .

Hemove the T.R.U. from the plugboard and measure
vith x1 resistance xrange of the XModel 8 Avometer

© between plugboard contacts A5~AT, B5-37, 05-07

~and DS - D77 aw appropriate to check for continuity °
of switching circuit, when low or zerc output has

. been measured on the A,B,C or Dbanks respectively.

.r..”.
i

Step 4

L]

Cimeaitioid

If zero ohms ~ switching circuit and line
_ S . correct. o to step 5.
i _ X : If high reading — examine switching clrcult.

[

Ster 5 - Replacc T.R.U. with another unit of the Eame type. :
' Check for correct outputs. Report defective unit

for workshop repair.
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Checking s Receiver {Vhere gmplifier is type LR3000)

-Step 1l

Step 2

‘Step 3

Step 4

Check as far as possible for an input to the
receiver. This cannot be done directly on a
working system, 'so checl if possible the
corresponding transmitier for output, and the.
final line amplifier for line signal output.
If this cannot be done at this utage, assune
an 1nput andé go to step 2¢

Yeasure d.c. output to follower relay on
plugboard terminals D2 (+) and Al.

If correct - Filter 0.X,

.If low or zero ~ go to step 3.

Remove the receiver from its plugboard and then-
return it. Again measure d.c. outpui to the ?bllo“er

,relay on plugboard terminals D2 (+) and Al. -

ZIf correct -~ Filter O.K. but examine and if necessaxy

clean the plughoard contacts.

- If low or zero = go to btep 4.

Heasure d.ce. supply on plugboard termlnals Dl (+)

" ond Al ( )

If correct — go to step 5

. If low or zero — check powexr supply unit.

Yo Gy

i

& ciliF

(RO

Step 5

Stép 6 -

Remove_receiver'from rlvgboard, replaee Teceiver
.amplifier type RR3000 with a spare unit of the

same type, and replace recuiver on plugboard.
Measure d.c. output to follower relzy on plugboard
terminals D2 (+) and Al, '

If correct - original receiver amplifier was -
- Taultye Report fault and returr
unit for workshop repair.

If %P“ or zero - go to step 6.

Remove receiver and replace receiver filter with

a spare unit of the =mame type reference. Return
cotiplete receiver to the plugboard., Note that the .
type reference identifies the particular channel
frequency, and any otker filter will not plug

into the plugbeoard. Heasurs d.c. cuiput to follower
relay on plugboard terminals D2 (+) and Ad.

If correct = Original receiver filter was faulty.
Report fault and return unit for
workshop repair. Go to step Ta

If low or zerp — It will be necessary to check
agsociated tranamitter and the
intervening lino cirsuit of the systeu.
See also alternative telow,

L]
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4.3.3 (cont)

Step 7 ~-

403-4 ChaCking a

Recheck with oripinal receiver amplifier and new
filter. Measure d.c. output to follower relay on
plugboard terminals 21 (=) and D1 (+). .

If correct = Original receiver ampl:fier wasg
, 0.X., Return spzre to stoock.
If low or zero — Original recsiver smplifiex
-was faulty. Roplace with good
gpare receiver smplifier and report
fzult ‘and rzturn faulty unit for
workshop repair.

-

Power Supply Unit

Step 1 =

Step 2 -

4.3.5 Checking a

Line Ampiifier .

Measﬁre‘d.c. output on load,

If correct - Unit O.K.

:If low ox zero — go to step 2.

Measure 2.Ce OF d.c. 1nput ag applioable.

If correct - Unit faulty. Report feult and
return unit for workshop repair.
If low or zero - Check supply Fuse and replace

- if necessary. Check main power supply.’

Step 1 -

Step 2 -

Check whether an a.c. immunisation unit
(gee seotion 2,10 ), is fitted to the amplifier,

If noy go to Step 2. :
- If yns, short the 1mmunisat10n unit out by

- eonnecting links from terminal 1 .
to terminzl 11, 6 to 16 znd 9 to 19
on it., Check whether the fauli has
ngw cleared. .

If yes, the immunisation unit is faulty and
requires changing and retwrning

: - for workshop repair.
If no, remove the three links and go to step 2. -

Check that the borrecf pbwer supply is'present'
between terminal 10°and 11l. Fote.that a
dece supplj mz2y be provided a5 a standmby fur a

normzl a.c, supply.

If yes, go tc step 3.
If no, check the supply connections, the fuses
and the main supply,.

S hils
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Step .3

_ 40305 (Conto)

. Step 4

=
iF

g

Y
,fx-.-
o

~ Measure the d.c. voltage appearing across the “_phm

(or 4 7 ohm) resistor on the amplifier baseplate. -

1f it lies between 5V and 8V, go to step'4..

If it is outside this range, a transistor in
the amplifier is probably defestive,
and the arplifier requires replacing
(note that, if the transistors are

. functioning correctly, they are both
warn; if one is faulty, it can often
be felt to be cold). ‘

Measure the input from the line between terminzls
1 and 6, and the amplifier input between terminals
2 and 6. Check that these iwo readings correspond,

- making allowance for the resistor ox llnk connected

between term;nals 1 and 2.

_ If both are normal, go to step 5.
If the line signal (1 and 6) is normal and
the input (2 and 6) low, the rosistor
or link requires replacing WITH ONE OF
THE SAHE VALUE:s note that possession of
the system will normally be requlred
. - before this can be dore, .
If the 11ne signal (1 and 6) is low, go to step 7e.

Wealf A

Cieilad

Heasﬁre—the—amp1ifier—output—between—termlna;s T

and 9, and check that it corresponds with the input

~ reading beiween 2 and 6, making allowance for ths

setting of the feedback link between terminzl 6
and one of 5,4 and 3. The nDE“O?lmate values of

- gain to be expected arz

- link ‘bétween tefminals - gain

6 ~_ 5 glw;; 1.
6 - 4 751-’ 1.3
6 - 3 ( 508 2

If the readings correepond, the amplifier is O.X.
and the fault lies elsewhere.,
If the output is low or zero, go to step 6.



4-305 (con‘t.)

Eg C . Step 6 = Remove outgoing leads from terminals 7 and 9.
Connect a 200 ohm resistor and the lodel 8
Avometer on its 10V s.c. scale acrosgs terminals
7 and 9, and measure line output voltage.

CIf it is norm=l, fault is not in line amplifiewr.
Restore line connection to terminals 7 and 9,
S .  making sure that the lineg huve not been
B : 7 ' reversed, Proceed to check the line
' section ahead and the next line amplifiex,
If it is low or zero, change the line zmplifisr
and go to step &,

| ? : Step 7 -. Remove the coupler from the amplifier and measure
i the input from the line between terminals 1 and 6
P o : _on the coupler, using the 10V a.c. scale of the

‘ ‘ : Model 8 Avometer.
f

If it is now normal, chénge the émplifier and

% R R : go to step 8.

4 ' v o : © If it is still low or zero, the fault is
' . ‘ ' : probably in the precedlng line section or

% T' o  previous line amplifier.’

7 : : Step 8 '~ Check that the fault has now cleared. If it has .
T o ' . . not, go back to step 4. : .
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4.4 CHECXING THE REXD SYJ‘?

4.4.1  Reed System Panlis

Reed failure will normally Lecome evident either:

(i) . through the apparent failure of one or more indications
to respond as expected when a route im set up or othsr
function operated, or .

a ‘ (ii) through the unex tpected appearance of an incorrect
' : indication or group of indications unrelated to any
function being operated; or known train movement.
-;5 However, it should be appreciated thzt such: sympioms may
| Jjust as easily arise due to a failure of the sigp=lling equipment

itself, and the Reed aystem may =t111 be correctly performlnv
its function. . ‘

2
%
f .
_' Failures of the first type, i.e._failure to respond to
- ' controls, may be due to a failure of the sigmalling equipment
; in the signal box, a failure of the Reed control system, a
E ' 7 failure of the sign=lling equipment in the fleld, or a failure
of the Reed indications system. :

! o Fallures of the second type, i.e. the appearance of
spurious indications, will norwally be due to fajlures of
signalling equipment in the field or of the Reed indication
system; but in certain 1nstances may aloo ba due {0 & cont s
system failure, - , - :

3 —It is necessary 10 adopt & loZiCzl aApproach t0 Narrov
down the possible causes of failure, bearing in mind that all
: , likely possibilities in the relay room shoald be checked before
g * prOCeedlng 1nto the fleld.

[ S—

Flrst priority is to check whether the fault is in the
Read equipment or the signalling equipment, and, if it is in’
the Reed, whether it is in the control or the indication system.
- It will normally be possible {o check in this way by operating
Lo . controls and observing the corresponding indications ova the
4 - "control panel, before carryfng out tests in the field.

In addition to failure being classifiable by the
37 S . likelihood that either indication or control systems, or. only.
: ' indication systems, are affected, they may alsc be classified
as follows, - i o '

e zieda,

%
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4.4.1.1 Sinslo-Channel Maults

’ 4-4-1:2

4.4.1.3

Pailure of an individisl control or indication

. or possibly two or three such controls or indications without

there being any obvious geographical ox technical asscciation
between them,

If the fault is on the Reed system, control or indication, .

. then it is most likely to be associated with a pariicular Reed

channel, and the transmitier, receiver, or individual power
supply unit associated with that channel should be checksd,

Geographical Group Faultsg.

Failure of a group of channels associated with a particular
locaticn, while charnels to nearer and more distant locations
were still operating, would suggest a failure of the signalling
equipment, or of the Reed power supplies at that location.

System Group Faults

. Pailure of a group of chamnels related sequentially in a
particular system, would normally indicate failure of commen -
equipment or. of the line. Checking should commence with the
line amplifier and its power supply at the last location to which.
the system appears to be working, since a failed line amplifier
will permit the system to work up to iis input, dbut may fail the
systen beyend its output, (althOUﬂh, undexr certain circumstanees,

a system may continue to work beyond a failed lire amplifiex,
because of the equlpmant's toxer nce of a alda Tange of lxne levels).

The line itself should be chécked’ carefully, with attention

belng paid to tnrough—crimps and termlnals. .

An open line would: (i) fail in the box,all channels originating
beyond the line amplifier or isolatirg
transformer on the box side of the break;

£l

t

N

: (ii) fail in the fleld,all channnls termlnutlno
beyond the breah, : :

A short—circuited ‘ ' . :
line would: (1) {51l in the box, all channels originating "
B ’ . besyond the fault;
(ii) - fail in the field, all channels terminzating
beyond theamplifier on the box 91de of
.the shoxt. :
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4.4.1.4

1

4.4.1.5

Complete System Faults -

S
e,

The failure of all chanunels on a.system can be due tQ?
failure of: : : j .

(a)  power supplies feeding transmitters/receivers for that
system in the boxj

()  the line amplifier in the box;

-(p) a line_amplifiéf or its power supply in the field;'

(4)  tbhe irensmission iinq-qr, connectiong in the part of
: the line which carries all the functions in the system.
(Beware of intermittent faults, which can be caused by
faulty crimps, terminals, etc.).

¥ulti-Svatem Faults

If all systems fail simultaneously, check ths main
power supply. Failure of several systems in one geographical
direction would indicate a lossl power failure, or a severad
cables it can be located by cbecklng wnlch functions are stlll
worklng.

In installations employing waster transmitters and T.R.U's,
failure of the saue channel number in Jjust three systems would

. indicate a fault in the appropriste T.2.U. in the relay room;

failure of the same channel number in many systems would 1nalcate

L il oy e

¢

domy -
a—mayter—transmitter 1atlie i .

CIf a group of functions in the same geographical location,
but on differsnt systems, fails, check the local power supplies,
and the possibility of lightning.or sicilaxr damage.

e et




4.4;2

. -
-
. .

- Buggestie .
‘discevered and replaced or ractified.

. gory, &nd s0 on.
“checking.

l .

!

Surmmary Chart - Srstem Fault Finding

. This chart is arranged to show the quickest vay to the
most likely cause of failure. &
fault fiis the circumstances and then check wnits in the ordier
d, centinuing until the faulty unit or concition is
If none of tke sugrested

Decide Tirst vhich

category g%

checks reveals the fauli, censider the next most likely cate-

Hefer to section 4.4 for details of unit

REEZLBER, The Reed will shov you SIZEALLING PATLURES.
IT IS XOT FmCISSARILY THS REZD WEICH IS AT FAULT. - :

i

3
i
§
I
3
g

&

~ Indication Only

indjcatioﬁ'o; Control Feulis

* Faults - e—
- Indication System . Control System
! In Box In Box
1 Check Receiver 1 Check Xaster
| - . . Transmitter/TRU
.. .I ' . .
.. ) * L o
In Field In Box
Ei' 2 Check Transmitier | 2° Check Receiver
= e vt . . . . ot e - ‘
B 3 Check Pover Supply | In Field . . .-
= 1 Unit, : R S ==
Eg - . 3 Check Transmitier
a ) 4 Check Power Supply g
A . " Unit. . ' i
PR ) In Field . |
" |5 Check Receiver,
- 6 Check Porver Supnly
.n Unit. . .. i .
In Box In Box - In 3ox -

GZOGRAPEICAL GROUP FAULY.

1 Check that the failed

In Fisld

2 Ckeck Location
Pover Supply
Units.

3 Check Transnitters.
IT soviral foulty,
lock for simns of

Jigiining domzge.

common eircuitry or pover supply wEich could b

In Fielgd

2 Cleck Location .
Pover Sunply
Units. .

3 Check Trans:itiers.
If geveral Tauliy,

‘ look for zimsg of

lighining dasopo.

,In Fielad

receivers or transmitters do not have any
e the causs.

4 Chack Ioasiueia.
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i
Indication Only Faults Indication or Control Faults
B ; A M
i .' Indication System - Control Systin
,J In Ficld In Field In Field
: 1 Go to line amplifier on box side of first failed indication or control
Q receiver., Check line amplifier and power supply. Check for open circuit
N line, ' - .
P 2 Check next line amplifier out from box for 2 Check next line
B open- circuit on output, ) I amplifier out from
S . A box for short circuit .
o ' on input.
=
E 3 Check line -for open 3 Check line for open 3 Check line for gpen
. B ~ circuit. ‘ circuit, . circuit or short-
J : _ ' circuit beyord last
- . ' : : - operating conirol
. ) receiver,
J
1n Box In Box
i | ~ | 1 Check power supply 1 Check for discontinuity
: unit feeding system _ : in line circuit
. receivers : “« connecting output
I E‘ _ In Box : : . resistors eof T,R.Us.
B In Fleld - - 2 Check pover supply unit
o ' A ing system receivers
5 E 2 VYWork outwards from box feeding syste: e :
S 7 checking line ampli- In Field In Field
' Tiers iplifiers ' . ‘
z flers, amplifi s - VYork outw axd from box check:\.nrr line am‘o".t.w"l ers --
: power supply unitsg, & 1 .
- line centinuiiy wnti -
S ) vy i L contlnulty until the first trapsm.r.ter * is
the first transmitter
. . reached or the favlti found, :
is reached or the ' '(* recea.ver :m the case of control sys ﬂ-ns)
fault found.. - 3 A) _ [ as JSeel . :
1 Check for major power supply failure in box or-in field. A
—~ :
‘%
" E 2 Check for severed n"ul icore chble affecting all systems.
e
B o : .
B S 3 Check power supply to line am *allfz.ers a’c box and at all locations -
g 8 where these occur on all- uy..,tens. .
= ‘
= ‘ .
§ E i b If same channél nusber
%] 3 fail in all systexs,
ﬁl chec:. magter transmits
g o~ ] . : . - Ii‘ sams c’xa:‘::el number
5 E fail in scze systens
A orly, checit T.R.U,
* pover supplies,

sq
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5,0 Spares and Re-ordering References

5.0.1 Contents

5.1  Spares

5.2 References for Ordering Spares and Replacements
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- ' 5.1 SPARES - | o 3

n 5:1.1 Spares for Sransmitters and R 3ceivers -
8 - ' : C .
5 ' . . ‘ . .
o _ The detachable amplifier porticn of the receiver is a
: : common unit Ifor all freguencies, and the numbcr of spare
u " amplifiers to be held will be related to the total number of
j_ receivers in the installation,; probably varying from 5% in

large installations to 10% in smaller ones.
’

The transmitter and the filter portion of 2 receiver can
-only be replaced by an identical unit of the sawz frequency and
 type number; this is ensured by s non-interchangaability pin
' code (as for standard signalling rclzys etc.). Ccnsequenti]
® _ . it is necessary to hold at least one spare recelver filter and
' transmitter for each freouency used in the 1nstallat10n.

Where plugboards have been drilled to allow for the uss
of universal spare charnels {f71, ©72), one transmitter and oné’
receiver filter of each of these frequencies may be held to
replace those of a failed channel whilst repaivs.are made or
replacements obtained, Additional guantities of tnese channels
may be held,but strict control must be exercised to ensure that
only one of each chamnel be used in any one systeo,

Resngi,

PR &« >

5.1.2 torage and Pransport

) CAll type RR eoulpmen ‘should he stored -under dry
conditions, and, whon: b31nb handled and transporona, should
S . —be treated with the same respeet given to safely relays,
5 o . : _ ' Until actually ins talled, the equipment should continue to
be housed in the individual packs in which it is supplied;
labels on the packs fully identify the contents. :
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TDELGCES FOR QRITARTIG SPANTI MR AEPLACTEVENTS

iis section relates only to couplete units supplied
by G20-Ceneral Signzl Ltd. The ER type relerence

is genezrally an adsguate and complete descripiion of the
articls, should be quoted cn all correspondence, enjuiries
oI ordsrs.

Referpnne should be made to szetion 2 for detzilsd
pt 3

description of the units.
5.2.,1 Transmitiers
The transnitier is descrived in sestion 2.3. It has tl

oured latelr. The ordsr referance depends upon [ requancy.

The order refersnces, freguenciss and pin-codes for the various

charnels are given in the following tables.
Crdsr Freguancy Period -9 Code Pins
fef, Ho. Hz, Secs.x 10
RR3010 71 879.5 11370039 : 7051 LD G
RHE3020 2 876 1141552 7083 ADZE G
AR3030 3 887.5 1125750 7045 ADTE
A23040 f4 803.25 1244942 7057 AL FG
RR3050 5% 797.75 1253525 7059 ADFC
RR3060 £5 792,75 12561431 7071 ADFE
RR3070 7 788.25 1268633 7073 LADGE
XR3080 £8 784.25 1275103 7075 ADGJ
RR3050 2 779.75 1282452 T07% ADZT?
R3100 £10 774.75 1290738 7079 AL Z W
RR3110 11 768.75 1300813 7081 ADISE
RR3120 f12 811.75 1231506 7083 ADZT
RR3130 £13 714 1400560 7085 ADzZ o
RE3140 14 711 14056469 7087 ADZI =
RR315%0 £15 706.5 1415428 7089 ADZ 5
RR3160 £16 702.5 1423487 7051 £ D= X
KR3170 £17 697.5 1433591 7093 AT G
RR3180 18 692 1445086 TO%5 ADZ>G
RR3190 19 687 1455504 709 AD7TE
RR3200 £20 682.5 1445201 7099 407 J
RR3210 21 678.5 1471839 7101 AT K
RR3220 £22 674 14835479 7103 ADGH
RR3230 23 667 1499250 7105 LD 3T
AR3240 24 622.25 1607071 7107 ADGXE
AR3IZ50 25 616,25 1622718 7109 AD=EJ
AR3260 25 611,75 1634554 7111 A D7 X
RR3270 27 507.75 1645513 7113 4DzZ7
RR3280 2% 598,25 1671541 7115 ADTF
RA3290 £29 587.79 1701403 7117 ADZEPF
AR3300 £10 574,75 17353865 7119 ADZ S
HR3310 731 569.75 1755155 7121 AL ZG
RR3320 £32 525 1904752 7123 AT E
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5.2.1 {cont.)

Order Frequency Period - _ 9 Pins f
Ref. Ho. Hz. Secz.x 10 Code .. ;
RR3330 £33 519.5 1924927 7125 ADEBEHLY G
RR3340 34 514.5 . 194364 7127 ADBJXKN G
- RR3350 £35 510 1950784 T129 ADESJEYR §
. RR3360 £36 505 1980193 - 7131 . ADEKHEG§
RR3370 £37 499.5 ’ 2002002 7133 ADrGdHY G
g RR3380 £38 493.5 2026342 - . T135 ADPGKHN G |
Q RR3390 £39 488 - 2049180 7137 ADFGNYNQ |
RR3400 £40 483 2070393 T139 ADPHERG |
RR3410 41 478.5 - 2089664 7141 ADFLHNN S
RR3420 £42- 473.5 . 2111932 7143 ADFPJLEGQ
RR3430 f43 468 2136752 . T145 ADFPELN G
X RR3440 f44 463 2159827 7147 ADFLMEYG
a ~ RR3450 £45 415,25 2408188 : 7149 ADGHETW G
4 RR3460 £46 424,75 . 2354326 7151 ADCEHEFQ
RR3470 £47 - 419.75 - 2382370 7153 ADGCJILEG
RR3480 £48 410.25 = 2437538 7155  ADGXLEG§
~ RR3490 T£49  404.75 2470661 . T157. ADGLHNG
RR3500 £50° 399.75 2501563 7159 ADBEJIJLYGQ
. RR3510 £51 395.25 2530044 .7161  ADHKLFG
*¥RA3T10 £71 757.75 13196956 7360 APQ .
+RR3720 £72 458.,5 2181025 7360 APQ :
- RR3810 £81 383,25 2609262 : 7221 ATGXUNG
RR3820 £82. 430.25 , 2324230 o T223 CTARHEJTKNWQ
RR3830 . T83 446 : 2242152 o225 ABHINT G
3 ' RR3840 PBA—533775 1873534 ——7227 ABHKEHFE—
RR3850 £85 544 - 1838235 . 7229 AEJELNQ
RR3860 - . f£86 632 , 1582280 7231 ABJLYEQ
- RR3870 - 87 719 - 71390821 7233 APGHJILG
I C RR3880  £88 736.75° 1357313 . 1235 "APGJIXLE
' “RR3890 - £89 748.25% 1336451 - 7237 APGHJIH&
' RR3900 ©  £90 815.25 1226620 7239 LPFGHLYEG
} - RR391¢ 91 836.5 1195460 - T241 AFPGJILHLG
' RR3920 , f92 842 1187650 7243 AFPREIXKNQ
] Note:
I * Universal spare for use only on systems where this
is acceptable and plugboards are drilled to ccrreSDOﬂd
Colour coded EZD.
+ Universal spare for use only on sysltems where this

is acceptzble and plugboards are drllled to c01recnond
Colour zoded WHITZ. .
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5.2.2 Regeivers . i
The receiver is described in section 2.4. . gﬁ
5.2.2.1 Repeiver goplifier (detachabls top portion of complete
unit) - order reference type RA3000. The correct type mush
be used; the elsctrical corrmections to the unit would ‘prevant a
unit of the wrong typs from ;LhOthMIHO, if it wex2 to be
plugzed in aceidzntzlly. The amplifiesr hzs pink coloursd labeols,
" 5+42.2.2 RecalvariFlltor {lower portion of complete unlt) - or
3 reference depends upon freguesncy. The order refersnces,
frezquencies and pin-codes for the various channels ars wiven
j in the following fable. The filter has yellow cclcured labels,
3 Order Frequency Perlod 9 -
i Ref. " No. - Hz. Secs.x 10 Code Pinsg
3 * RR2010 £l 879.5 ' . 1137009 ' 1062 D3IGCJL
? RR2020 = -f2 876 1141552 1064 D2EJIL
' RR2030 £3 887.5 1126760 . - 1066 DEZJXL
RR2040 f4 -803.25 1244942 - - - 1068 DG JIL
} RR2050 - £5 797.75 1253525 T 1070 D*AJL
i RR2060 f6  T792.79 1261431 . 1072 " DFPFJEKL
RR2070 7. 1788.25 1268533 1574 DGHX L
1 RR2080 £3 . 784.25 - 1275103 1076 DHJKL
3 RR2090 £f9  779.75 © 1282462 1073 DEZFHX
: RR2100 £10 774.75 1290738 - 1080 DI FXY
. RR2110 £11  768.75 1300813 1082 D= o HY
| RR2120 : £12 811,75 . ° 1231906 1084 DI GXX
: RR2130 . f13 714 : 1400560 1086 DT HJU
RR2140 fi4 711 - 1406469 - 1088 DZELYE
1 RR2150 £15° 706.5 . 1415428 : 11090 DEJLU "3
RR2160 f16 1702.5 | 1423487 . 1092 DRGHLE
RR2170 . - f17 697.5 1433691 1094 DG XX
I, RR2180 £i8 692 1445086 1095 DFPHEJIH
. RR2190 £19 687 1455504 ' 1098 DFHLI
RR2200 - 20 682.5 1455201 1160 "DPJLU
i RR2210 £21 . 678.5 1473839 1102 DEGHJIY
| RR2220 f£22 674 - 14635679 1104 DGHILL
RR2230 - f23 657 . 1499250 - 1106 DGJLU
- -RR2240 - f24 622.25 1607071 - 1108 DR JXU
}- RR2250 f25° 616,25 ' 1622718 - : 1110 DHELL U
RR2260 26 611.75 1634654 o 1112 DI FGX
: RR2270 £27 507.75 © 1645413 1114 Dz 0%
3 RR2280 28 598,25 - 1671541 ' 1116 DS LY
i R32290 feg 557.75 1701403 1118 D2 GHEH
RAZ2300- - £30 574.75 1739885 1120 DT GKE
! RR2310. 31 562,75 1755155 1122 DI GCUT
; Ri232¢ - f32 525 1904762 1124 DERIT
RR2330 £33 519.5 - 1924927 1126 Dz 2R
5 RR2340 £34 514.5 1943634 128 DZJL
‘ DZ XKL

AR2350 £35 510 1950784 1135

i




5.2.2,2 {cont)

Order

Frequency

Period

ﬁ Ref. No. Hz, Secs.x 1077 Code Pins
RR2360 f34 505 1980198 1132 DELEYN
RR2370 £37 499.5 2002002 1134 DFrGJIY
RR2380 38 493.5 2026342 1136 bPGLN
" RR2390 £39 488 2049180 1138 DFPHEJIN
] RR2400- 40 483 2070393 1140 DFHLX
% RR2410 £41 478.5 2089854 1142 DFPJIEN
: RR2420- 42 473.5 2111932 1144 DFJuUGSR
RR2430 f43 468 2135752 1146 DFREHYN
™ RR2440 ‘T44 463 2150827 1148 DEHJIX
| RR2450 £45 415.25 2408188 1150 DGHLE
RR2460 A6 424.75 2354326 1152 DGJEKN
¢ RR2470 £47 419,75 2382370 C11%4 DGJUN
% RR2480 48 410,25 2437528 1156 DGEKLYN
! RR2490 49 404.75 2470661 1158 DHJKEF
7 RR2500 50 399.75 2501563 1160 DHJHUN
: RR2510 51 395.25 2530044 1162 " DHEUN
4 @*RR2710 - £71 757.75 1319696 1360 Pq
. @+RR2720 £72 458.5 2181025 1360 P g
i . @ RR2810 £81 383.25 2609262 1222 - EGL i)
@ RR2820 £82 430,25 2324230 1224 . ERJTLY
3 @ RRZ830 83 446 2242152 1226 BEHELY
1 @ RR2840 84 533.75 1673534 1228 THALUN
) @ RR2850 £85 544 1838235 1230 EJEEN
. @ RR2850 £86 632 1582280 1232 EXLHY
@ HR2870 8T 719 1390821 1234 FGHKIL
. @ RR2880 £88 736.75 1357313 1236 PHJXL
-@ Rr2890 89 748.25 1335451 1238 PGHIKHU
@ RR2900 £90 815.25 1226620 1240 FPGIXH
@ RR2910 - 91 - 834.5 1195460 - 1242 FGETLH
' @ RR2920 £92 842 - 1187550 1244 FHJILH
N , ST
Note:
E ® Universal spare for usge ounly on systems vwhere this is
’ acceptable apd plugboards are drilled o correapond.
Colour coded HED,
+ Univerqal Sﬂaré Tor usz only cn systsms vhers this is
ecceptable and plusbhoards are urllled to ccrvespond.
| : Colour ceded uﬂIT*
2 o Hot for use on v1tal circuits on systems designed to

be immune to 50Iz. interference.
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5¢2.4

5.2.5

e

i
Iy

Transmitter Repeater Unit (T.R.U.)

i

The transmitter repeater unit is described in szction
2.6, It has gresn coloured labels. It is independent of
frequency and is mounted in a case similer to that used for
the GLC-GS type Z relay, conforming fully 4o BR 930 relay
module sizé.

Crder reference - type RR3990
Pin code 7285 Pins AHJLUNG

Heed Follower Relay :

This reluy is integral w1th the amplifier porticn of the
receiver. .

Plugboards for above

! The basic plugboard is the same as for the BR930
series relays, buit emplpys a speéial rétaining.élip in
the case of the resd receiver.

Basic pluwboard mouldlnbs brder ref. D6/25696.

g,

e

Ccontact bllp- Order ref. D3/26929. .

The plugboard may be supplled pre—d *illed for any

of the various unlts descrlbed above.

5.2.5.1 Transmitter Plughboard Order Reference.

Unit - o - Plugboard
HR3010 RZ7361
HR3020 ' ‘ . RZ7363
HR3030 - - RZ7385
RR3040 , - RZT367
KR3050 _ -, RZT369
RR3050 : RGT3T1
RR3070 - ' . RZ47373
RR3080. ILT3T5
HR3090 : RZT3TT7
IR3100 27379



| 5.2.5.1 (cont)

Unit . ' Plugbeard
3 : . RR3110 . RZ7381
- RR3120 - . RZ7383
RR3130 - . R27385
RR3140 : S . R&7387
RR3150 o : RZ7389
RR3140 . RZT7301
RR3L70 RAT393
_ 13180 RZ7395
; \ o RR3190 : ' RZ7397
a ‘ " ERR3200 - - RZ7399
: - RR3210 : RZ740L .
. RR3220 _ RZ7403
J ma3ao . Em0S
RR3240 . - RZ7407
. - RR3250 : _ - RZ7409
% . ' RH3260 : . RZ7411
! RR3270 - RET7413
ER3280 ' - ' ~ RZ27415
S RR325C - ‘ RZT417
i o . RR3300 , _ . Ra7419
’ : o RR3310 - . RZ7421
RR3320 o Rz7423
i RR3330.. e RZ7425
RR3340 o Ra7427
. RR3350 o . . LAT7429
T , - . RR3360 _ . RZ7431
v | ER3370 - RA7433
- RR3360 R . RZ7A35
B BR3390 — RL7437
j RR3400 | . REM39 .
RR3410 : - BZ7441.
" B RR3420° - : . RZT443 B
! CoL . ' -RR3430 e . BZ7445 7
. o RR3440 : o . RAT44T a p
_ , . RR3450 R RZ7449 ‘
‘. S .. RR¥480 . ... REuR
: ~ RR3470 S - RZ7453
S , ‘ RR3480 , " RZ7455
] : © RR3490 . R27457
i o - RR3500 ' . RZT459 -
S R : RR3510 . : . RZ746).
! . A' ggg;;ggAccepted_by any vlughboard im this rznge
 RR3810° ' RE7S21
: RR3820 ' , RZT523
[ ‘ RR3830 © RBT52S -
’ RA3810 ' : RZ7527 .
B \ - . RR3850 : : ' RZ7529
! ' ‘ RR3860 - RZ7531 -
; - RR3870 ' . B47533
: RR3ES _ HATELS
: Ri38600 - RZT7537
[ ' _ _ KR3900 RATS3G
g RR3910 RZ7%541
; RR3920 AR
]
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5+245.2 Recaiver Plusboard Crder Reference

Unit Normal Special to accommodate
universal smare
‘RR2010 , RY1062 . RY1362
RR2020 _ RY1064 . - RY1354
. "~ RR2030 .- RY1C56 RY1386
RE2040 S RY1058 . : RY1368
: RR2050 - RY1070 RY1370
! RR2050 _ RY1072 . . RY1372
o RE2070 . RY1074 . : RY1374
B i RR203D RY1076 _ “RY1376
3 | _ RR2090 ~ RY1078 . .- RY1378
| "~ RR2100 . RY1080 RY1380
i ' RR2110 : , RY1082 - RY13E2
R2120 . - RY1084 _ RY1384
RR2130 RY2086 _ RY1386
: B RE2140 - RYIO88 . - . RY13E8
z - 1 . HR2150 , RY1090 ' RY1390
: : Yoo - RR2160 - ¢ RY1092 RY1392
§ _ RR2170 RY1094 -« RY1354
§ » * RR2180 - . RY1096 . : © RY1396
i I . 'RR2190 RY1098 o RY1393
RR2200 - RY1100 - RY14C20
RE2210 - . RY1102 : _ RY1402 -
RR2220 - - " CRY1104 RY1404
RR2230 : RY1105 - . - RY405
. RRzZ240 . | -~ 'RY1108 : -~ RY1408
j REZ250 . RYI11IO : - RYIZI0
| RR2260 RY1112 . . RY1412
_ : RR2270 ' _ RY1114 RY1414
a : RR2280 ‘ RY1116 _ RY1416 ;
- '  .RR2290 = - - RY1118 : RY1418 i
. RR2300 RY1120 - RY1420
" ' ; RR2310 7 RNz . -RYi422
1 ‘ S RR2320 - . °  RM24 - " RY1424
RR2330 . RY1l26 _ "RY1426
o RR2340 : RY1128 - RY1428
i * RR2350 . RY11® . W -~ RY1430.
! RR2360 . Ry1132 RY1432
RR2370 RY1134 . R¥1434
i, . . RRe38o . “RY1136 . RY1436
4 ' | RR2390 RY1138 _ RY1438
RR2400 : RY1140 . - R¥1440
2 RR2410 _ RY1142 ' RY1442
! o RR2420 : RY1144 RY1444 .
. RR2430 - RY1146 . RY1446
L : RR2440 . RY1148 . RY1448
‘ , RR2450 RY1150 RY1450
o : RiR2460 RY1152 RY1452
. RR2470 ~ RY11%4 RY1454
i Ru2480 RY1155 RY1455
: p RR24 20 RY1155 RY1458
RR257%0 RY1160 RYI4CO0 .
! KR2510 RY1142 RY1442

eIy . . ‘ . , :
; _ jRE{lOB Accepted by zny plusbosrd in the apscial ravoa

R2720
¢7



5¢2.5.2 {cont)

Unit Hormal Special to accommodate
A universal smare

RR2810 RY1222 RY1522 '
RR2820 ' RY1224 . ' RY1524

RR2830 : RY1226 RY1525

RR28AO - RY1228 _ RY1528

RR2850 RY1230 RY1530

RR2850 RY1232 RY1532

RR2870 RY1234 " RY1534

RRz2880 - RY1236 RY1536

RR2£90 ' RY1238 RY1538

RR2900 HY1240 : RY1R40

KR2910 RY1242 - _ RY1542

RR2920 RY1244 . RY1544

Retaining clip for transmitiers and T.R;Usi Order Ref: D3/26597,
Retaining clip for receivers: Order Ref: SK,1T780CE&90.

' Llne resistors {one requlred per- transmntter
or T.R.U. output) -

Order ref.: Electrosil type TR-6, 24 ohm. 5F, (17 metal-oxide)

Line 4 aplifiern

5.2.6
3 The line amnllfzcr is descrlbed in vectlon 2.7, and an
; outline is given in fig.5.2-7, .
Order rofs type RR8101 { this unit can use eltner 24V a.c.
l or 24V d.c. power supplies).
. . L . ' g
. 5.2.7 1Line Asplifier Supuly Transformer ';
1' | Transformer. to supply 1 line aﬂnllfler' for outline
see flg. 5. 2 ~ 23 110/;8-24-20V, 505z, 35VEL; order ref iype .
I\RQK 100 .
] .
| Transformer to supply 10 line amplzf1ers~ for outllne
see fig, 5.2-3; 110/28~a4-9ov, 5042, 350VA; ordsr ref, type
[ RR9220. -
(Type RR9220 mey be used as a replacerent for typs
} RR9210 for mzintensnce purposes)s '
{
* Transformers for other primary volteges czn be supplied,
.but are non-standard, .
5.2.8  line Izolating Transformer

The line isclating iranzformer is deseribed in section
2.8, and an outline is given in Tig, 5.2 — 3.

Order ref: type HR8200,

L
2
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5;2.9 Power Sunnlies

The Reed power supplies give a smoothed and stabilised

d.c. output voliage of 12.5V and are used to feed tranzaitiers,
-receivers and traansmitter repeater units. There are three types,

as follows:

(i) 20Cma unit, type ref. HA9410 - will feed up to
four transmitters or two receivers.

{i1) 500mA unit, type ref. RR9420 - will feed up to

10 traznsnmitters or 5 receivers.

(iii) 54 unit, type ref. RRY1I3L ~ will feed all the
transuitters or receivers of a systen,
The units are described in detail in section 2.9.

Outlines are shown in,Figs.‘5.2ﬂ4;75.2-5§'5{2;6..
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