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INTRODUCTION

The problems of high maintenance costs and unsuitability
for very high speed running of the fishplated joints in cenventional
track are at present being overcome by laying continuously welded
rail. Nevertheless, although in jointed track the Signal Engineer
can easily define the limits of his track circuits by insulated
block joints, in econtinuously welded rail these Jjoints are a source of
relative weakness, restricting the top speed for which the track is
suitable. The Aster Type 'U' Jointless Track Circuit is one means
of eliminating this weakness. It is developed from the Aster 1 watt
Jointless track circuit installed on the Eestern, Londen Midland
and Western Regions from 1967 to. 1969,



: 2o PRINCIPLES OF CPERATION
E 2.1 The Short Circuit

The simplest method of separating two track vircuits. without
uging insulated block joints is to connect a shori circuit
across the rails -~ 808 Fig. 2.1.

RAILS

POWER SHORT
SOURCE |circuir [ RECEWER

Fig.2.1

With this arrangement power from the socurce on the left cannot
reach the receiver on the right. Although forming the basis of
jointless {rack circuit principles, this arrangement cannot be:
used for a practical track circuit as the power required to operate
it would be excessive and the value of {rain shunt needed to shunt
the track would be unaccepiably lowe.

@

242 The Tuned Short Circuit

To produce a workable track circuit therefore, the effective
impedance of the short circuit must be greatly incrsased. The
short circuit and the rails both have self-inductance and this
. may be used together with & capacitor to produce a parallel tuned
~circuit - see Fig. 2.2, . '

RAILS REPRESENTED -

" AR AS INDUCTORS

power . .l SHORT
SOURCE ~T~ CIRCUIT

RECEIVER

- . - . \}

Fig. 2.2
;- . ¥ith this arrangement significant power cannot reach the
; receiver from the power scurce on the lefi as the resistance
end inductance of the short circuit is low, but to the power
source  the arrangement as & whole presenis a high impedance
at resonance. :
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Joint Between Two Track Circulis

If two track circuits are required adjacent to c..c another it
is obviously poseible to tune the short circuit from both sides-

see Fig. 2.3

TUNING . - SHORT _1.. TUNING
CAPACITOR 1 CIRCUIT =7~ CAPACITOR

Fig,2'3

This suffers from the disadvantage that it cannot guarantee to
detect short wheelbase vehicles in the immediate vicinity of the
short circuit. One solutiocn to this problem produced the 1 watt
Aster jointless track circuit (described elsewhere). The Z bond
employed with this system is however, attractive to thieves and is
t0 be avoided if possible,

J
Type 'U' Track Circuit '

.In the type 'U' the short circuit is provided by a’'series tuned

circuit so that it is only a short circuit at one frequency. This
enables the tuned circuits of twe adjacent track circuits operating
at different frequencies to be overlapped and therefore detect

& short wheelbase vehicle. The arrangement of a typical joint is
Bhown in Flgo 2»400.

.

EQUIVALENT
~RAIL INDUCTANCE
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Fig. 2.4.0

At Prequency Fl, C2 and L6 are éoriea resonant, siorting out C3,

a7==-



: The equivalent circuit at frequency F1 is shown in Fig. 2.4.1.

2.4 Type 'U' Track Circuit (contd)

< >

LS
FREQUENCY
' L7

Fli

—Cl

C S

B Fig.2.4.1

The value of C1 is chosen so that the whole circuit is parallel
resonant, exhibiting & high impedance, at frequency Fl1., Thus the
end of track circuit F1 is clearly defined, '

At frequency F2, C1 a&nd L5 are series resonant. The equivalént
circuit at frequency F2 is shown in Fig. 2.4.2. , .

. <
o | L3 )
ot N c "‘"""(‘\:. .
‘ ‘ . L1 ’ L6
: . A c3y <, -
N 4 5 L7 p— { FREQUENCY
o —lem - F2
- : L2g o Zp-c2
& - A
. . L4 o

Fig.2.4.2

YN TN o

- . The value of C3 is chosen so that the whole circuit is parallel
resonant, exhibiting a high impedance at frequency F2 and clearly
defining the end of the track circuit. €2 and L6 are off tune
at frequency F2 and are a high enough impedance to be ignored.

2.5 Frequencies

In choosing the frequency of operation a compromise must be reached
between the size of capacitors required to tune the rails and the
maximum lengih of {irack circuit attainable. Prequencies in the range
105 kHz to 3 kHz have been found to achieve this compromises. Two
pairs of frequencies are used, 1.7 kiHz and 2.3 kHz, and 2 kHz and 2.6
kHz, one pair for the up line and other for the down line. (See
Section Tol)e
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EQUIPMENT AND ITS MARKING
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Transmi tters

There are 4 different transmitiers, 1 type for each firequency. The
different fregquencies may be rnadlly disiinguished by colour coding
of the front-plates and name--plates as shown in the following table,

Colour of Colour of Name
Track Frequency Front Plate Plate lLettering
E 1.7 kHz Red Red
1 .
' ( 2.3 kHz Red Black
2 2.0 kHz Yellow Red
2
( 2.6 kliz Yellow Black
The overall size of the transmitter is FZ" 5—" 8" (146 mm x

146 mn x 203 mm) and it will fit on a zelay rack for ER 930 Series
Miniature Relays, occupying the space of 3 relays., It uses 3 of
the 6 fixing holes and is secured with 2 BA bolts screwed into 2 BA
inserts in either end of the transmitter. It can, therefore, be
mounted with the terminals, which are on one 53" x 53" (146 mm x
146 mm) face, at either the front or the back of the rack. Alter-
matively, the transmitier may be shelf mounted., WNo fixing lugs are
provided for this as the transmitter is heavy encugh to sit safely
without being secured.

The electrical connections are brought

out to an 8 way bulkhead terminal
block. The wiring of the transmitter

" should be terminated on a terminal
fanning strip which is a separate .
catalogue items This slides directly
under the screws of the terminal
block and allows the wiring to be
quickly disconnected in the event of
a transmitter failure, without any
risk of the wiring being wrongly
reconnected. The terminal markings
are shown in Fige 3.1

+24 V
..... -24 v
TRANS -
MITTER
----Hz.

[

''''' T2

W N
-AR-BNC-BE - BECRE-RN-BE-]

3.2 Receivers

Fig.3-

There are 4 different receivers,

one type for each frequency. e A 124V|] ©
They are the same size, have the # 1iB|-~--~- 24V|| @
same type of fixing and similar ® C [RECEIVER] Rl o
colour codes as shown for the e D _ Hz R2j | o
transmitters. (See Section 3.1). |{e |[E |-~ ~-. Ti{| @
The method of connection is the o F{-— " ™! °
same except that there are two 8 e llgl-=""lnecil{ o
way bulkhead terminal blocks. ® H Rec2] i o

The terminal markings are shown
in Fige 3.2 Fig. 3.2

-9 .
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3.3 Tuning Units

There are 4 dilferent tuning units, 1 type for each frequency,.

The same type of tuning wnit is used at the transmi..sr and
receiver end of the track circuit. The units are housed in a
fibre-glass case 16" x 15" x 45" (406 mn x 381 mm x 114 mu) and
mounted on a metal stake which is embedded in the ballast shoulder.
The 4 types of tuning unit fall into 2 groups of 2, i.e., the low
frequency types for each Track, F1, and the high freguency types

for each Track, F2. The internal wiring is shown in figs.3.3.0 and
3a3e10

>

FI F2

“CZ
i

.c £ o
I

L ' .
e | -
S Ll l A ' |
| T2

Fig.3.3.0 G
T 2 Tl I 2 T2

Terminals T1 and T2 are screwed 3/8" BSF or M10. Connections to these
terminals must always be by 19/ 1¢53 copper cable with soldered or
crimped tubular lugs, Terminals 1 and 2 are a standard ZBA

| terminal blocke A small quantity of units are fitted with a

i . 3~way Xlippon type BK terminzal block and in these cases terminal

i . J is not used although being wired internally. The connecting
cable to terminals 1 & 2 should be a2 2 core with a minimum conductor
size of 7/0.67. A cable clamp is provided for this cable, suitable
for either armoured or urarmoured cable. '

Fig.3.3.]

3e4 Track Transformer

The same type of air-cored transformer is used for track circuits

of all frequencies, It is housed in the same {ype and size of

fibre-glass case as the tuning units and mounted on the same type
- of metal stake, The transformer is wired internally as shown in

K\».x;:'i Fig. 3040

. : & & Fig.3.4 w
§ : ' ' T T2 :

Terminals T1 and T2 are screwed 3/8" BSF or M10. Te¢rminal 1, 2, 3, 4, 5 and 6 are
standard 2 BA terminal block although a smali quantity of units are:

fitted with a Xlippon type BX terminal block, The connections and

connecting cables should be the same type as those used for ths tuning

units except that a 4 core cable may be substituted for ths 2 core

cable in some circult applications. .

...AJ_O -



3e5

3.6

3.7

Track Relax

The Track relay associated with each receiver .3 a BR Miniature
Relay to BR specification No, 968. It is equipped with two front
contacts only, A1-A2 and D1-D2, and the coil is connected to Rf.-
R2. When planning the relay rack or location case layout care
should be taken to position each track relay &s near as possible
to its receiver. This is to ensure that the temperature compen-
sation circuit in the amplifier is, as far as possible, at the
same temperature as the relay.

<

‘I‘ransformer/Recti fier Set

A transformer/rectifier set to BR Spécification No. 929 should be

. used as a power supply whenever a reliable signalling supply is

available. It can supply a maximum load of 4 amperes. (See
Section T.10). Tappings are provided for either 90-110 or 200-240
volts on the input.

Battery Charger

4 battery charger to BR Specification No, 928 should be used, in
conjunction’ with a suitable battery, as & power supply whenevar
a reliable signalling supply is not available. It can supply a
maximum load of 4 amperes (See Secticn 7.10) and also charge
the battery as necessary.  An external shunt may be provided in
the battery circuit to allow the technician to measure the battery
charging current without breaking the circuit{ to insert an
ampeter. . ] : :

)
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3.8 Batteries y;

3.9

3.10

Two sizes of batteries are used in conjunction with the battery
charger described in Section 347« The smaller size is 12 lead
acid cells of 30 ampere~hour capacity and the larger size is 12
lead acid cells of 60 amper—-hour capacity. The smaller battery
will give 12 hour stand-by for a 2 ampere load and the larger

will give 12 hours stand-by for a 4 ampere load. (See Section

Te10)e

Surge Arresters

Surge arresters are used to suppress over-voltage from nearby
lightning strikes which can enter the elctronic equipment
either from the rails or from an overlsad power line, if used.

Triple path arresters type 16A are used on the track connections,
one arrester being connecied across each cable pair from the
tuning units or track transformer. (See Figs. 8.1 to 8.11).

Two single path arresters type LV 280W are used on an overhead
power line, one arrester being connected between each line and
earth. (See F\lgo 8.12)0

»

Ordering Descriptions and Catalogue Nos

85/300 Track Relay BR Specification No. 968, 250 ohms
' resistance, 2F contacts pin code 111.

86/1715 Battery Charger BR Specification No. 928, Input 50 Hz
90/100/110/200/220/240 V. To charge 12
lead acid cells, load current 4 A

s | reducing to 0.25 A,
2 86/34526 Transformer/ " BR Specification No. 929. Input 50 Hz,
Rectifier 90/100/110/200/220/240 V. Output

24 V, 4 A dec. -

6/108750 able Single core 19/1.53 mm black PVC,
A Insulated to BS 6004.

54/15862 Cable Lugs Tubular socket tinned copper to BS 91
ref. TE type 1 sweated iype for
19/1453 mm cable.

54/19105 Perminal L.H. Carr Fastener Co, type 44/77/534/8

54/19106 Fanning Strips R.H. Carr Fastener Co. type 44/77/534/8
86/590 Arrester and AE.I. Type 534, for two wires fitted
' - Kounting with arrester 86/591.
86,/591 Arrester Gas £illéd, striking voltage 150-350 V
doC-’ AoKel. 'IYype 16Ac
86/650 Arrester . Metrosil surge diverter type for single
wire, Maximum working voltage 280 V.

Type LV 280H
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Ordering Descriptions and Catalopue Nos

COMPONENTS

CATALOGUE NO

QUANTITY REQUIRED

TRACK 1 FRECUENCY 1.7 klz

Trensmitier 86/13741
Receiver 86/43742
Tunine Unit 66/43743
TRACK 1 FREQUENCY 2,3 kHz
Transnitter 86/43747 1 1
Receiver 86/43748 1 1
Tuning Unit 86/43749 1 1
TRACK 2 FREQUENCY 2,0 kHgz
Transmitter B6/43765 1 1
Receiver 6/43766 11 11
Tunine Unit 86/43767 1 1
TRACK 2 FREGQUENCY 2,6 kHz -

. Transmitter 86/43771 1 P
Receiver E - 86/43772 1 4 1
Tunine Unit 36/43773 1 21

Air Cored Transformer 86/43744 11111 2i212p

Mounting Stake 86/43745 34 34 3 4
i | J. ] \ !

5 COMPLETE SETS

STANDARD TRACK SETS !

Track 1 Frequency 1.7 kHz 86/43740

Track 1 Frecuency 2.3 kHz 06/ 43746

Track 2 Frecuency 2.0 kEz 36/43764

Track 2 Precuency 2.0 kiz o6/ 43770

CENTRE FED TRACK SETS

Track 1 Precuency 1.7 kHz 86/43783

Treck 1 ¥recuency 2.3 Xiz @ 06/43794

Track 2 Frecuency 2.0 ks ¢ 00/43512

Irack 2 Freguency 2.6 kiz.§f 06/43513

-3 -




4. TRANSMITTER

The transmitter consists of an osciliator, a power amplifier and outpud
regulation and protection circuits. Fig. 4.0 shows the block schematic
diagrem and Fig. 4.0.1 the circuit diagram. ) :

{~ ourpur |
H POWER REGULATION &
OSCILLATOR AMPLIFIER PROTECTION |
i ez | o
] . - o 24 . OUTPUT
i el N > = b——= 30" 70 RAILS
, —c
24 v{+u v-} 1 l l "
e d.e ‘”Z‘VL ________________ _.l
T T2
(ALY
P . ; : 4 FEEDBACK
oo~ FROM RAILS
L IRANSMITTER BLOCK SCHEMATIC DIAGRAM. Fig. 40
ALTERNATIVE POSITION
e
< © — 24V
( c2 g2
} 3
“ie l [ .
LI g RS 0
& m C\NVJ s T
: s B 22 5RIEb
! Rl:: g A3 Cll e ryoreT2
. IR N
T4 Ee ‘\ Fo

: - | .
{ ) L

. l g
R - © ’ ‘ .
- TeS | [sTRAP | '
! - 1
! i L2 1 .
| ﬁ = ” e . e | -
; 2 . 1.7 XHzZ.Tx STRAP FITTED

2.0 kHzTx 'C"  FITYED : v

23 kHzTx L2 FITTED )
5 2.6 kHzTx L2 FITTED o424y N
B . TRANSMITTER CTIRCUIT DIAGRAM. Fig.4.0.1 .
Add internal connection between Terminals T2 and 1.
(- 4.) Oscillator
Transistor Tr5 functions as a class A amplifier having the necessary

positive feed back to make it oscillate. The primary winding of

transformer T2 forus the collector load and provides coupling to the
! . * next stages When the supply is first switched on the transistor is
z ‘ biased sufficiently to conduct by resistors Rl and R2. As the current
P flows in winding 'b' of transformer Tl & voltage is induced in winding 'a'
i wnich drives the base wore negative with respect to the emitter causing
the transistor to conduct more. This continues until the transistor
L '*bottoms' when there is ne induced voltage across winding 'a' as there is
no change in current in winding 'b'. The transistor then drives to its 'cut-—
off' state and the cycle siarts again. The frequenocy of oscillation is
dotermined by the psrallel resonant frequency of capacitor Cl and winding ‘'c'j
oscillation at any other frequency would be heavily damped by the low
impedance of this circult. Capacitor Cl has a negative temperature
coefficlient nominally equal to the positive temperature coefficient of
winding ‘c¢' of transformer Tl. This assures stability of cscillation
frequency against changes due to temperature variation.

The resistance R3 is provided to limit the mean d.c. curreht conducted
oy the tranusistor sand thus proevent it from overheating. Zemer diode Z1
assures voltage stability of the oscillator

w14 =
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4.2

4.3

Power Amvlifier

Transistors Trl, Tr2, Tr3 and Tr4 constitute the power amplifier of
the transmitter. The biessing is arronged so that Trl and Tr2 operate
as one class C amplifier and Tr3 and Tr4 as another. With the current
increasing in winding "a" of transformer T2, transistors Trl and Tr3
will conduct and the current will flow from the.pcsitive rail,
through transistor Trl, through winding "a" of trarsformer T3 from
X to Y and through transistor Tr3 to the negative rzil. When the
current is decreasing in winding "='" of transformer T2, transistors
Tr2 and Tr4 will conduct. The current flow from positive to negative
through winding "a" of trensformer T3 will now be from Y to X,

The net result is that the oscillator output voltage has been
emplified into a scuare wave of the required power. The output
regulation circuits filter this to prcduce a sinusoidal waveform at
the rails,

Resistors R4,; R5, R6 and R7 are rrovided to limit the base current
to each transistor.

Reguleation and Protection

From winding "b" of transformer T3 the transmitter power is fed
through choke Ll to auto-transformer T4. The zener diodes Z2 and 23
do not normally conduct and are included to protect the iransmitter
amplifier from voltage surgss czused by lighining. Auto-transformer
T4 orerates in a saturated state if the power supply is above 22
volts and thus maintains a constant value »f output voltage if
there are variations in the supply voltage.

Choke L1 and capacitor C2 form =z series tuned circuit which is
partly de-tuned by auto-transformer T4 thereby improving output
regulation. It is further de-tuned by the passage of a train

thus limiting the output power delivered by the transmitter when
the {rain is in the immediate vicinity of the tuning units.

3

Transforuner T5 regulates the output asainst changes in ballast
impedance. It is designed for a minimum ballast impedance of 2 ohms
and if this value rises the transformer saturates maintaining a
constant output from terminals 1 and 2. The second function of T5

is to improve the train shunt between the tuning unit and track
transformer. Transformer T5 will only be saturated if rower from

the track transformer is fed back to winding '"b" on terminals Tl and
T2. When a2 train is between the tuning unit and the track transformer,

~this feed back power is cut off by the wheels, transformer T5

de-saturates and the impedance of winding “a" (and "c" in the 2.0 kHz
transmitter) is increased thereby reducing the output power and
hence improving the train shunte.

When the transmitter is centre feeding a track circuit the cutput
pover from terminals 1 and 3 is supplied by winding "b" on T4 and
terminals 3 and C are Jjoined together to give improved regulatione.
Inductor L2 is included in the 2.3 kHz and 2.6 kHz transmitters to
limit the current taken when a train is in the immediate vicinity

of the air cored transformer and tuning unit. This only applies

to these two frequencies becsuse their tuning units exlibit caracitive
reactance when shorted.by a.train.

Diode D1 is included to prevent damage to the transmittexr if the power supply is‘
wrongly connected. ' '
. 15



5.  RECEIVER

The receiver consists of a two-stage amplifier fed from a narrow
band pass filter. Fig. 5.0 shows the block schematic diagram and

Fig, 5.0.1 the circuit diagram of the receiver. p
FROM
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. Tz,
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Y THI

RECEIVER CIRCUIT DIAGRAM Fig. 5.0-1

5el Input Transformer

The audio frequency energy from the transmitter is taken from the
rails by a secondary winding on the track transformer which is
connscted via the receiver input texrminals T1 and T2 to the rrimary
winding of input transformer Tl. Secondary windings "a", '"o", e,
ng" gnd "e" are provided as a means of adjusting the overall gain of
the receiver and by selecting taps the gain may be adjusted in 49
steps each squal to 1/Z9 of the maximum gain, (see Fig. 5.0). This is
nacessary as the voltege received from the rails will vary widely
according to the length of track circuit and the connecting cables,
while the relay cen only tolerate a much smaller variation to
function ecorrectly.

T
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52 Band Pana Filter

; The selected output taps of the input tranasformer aro connected to
i terminals BEC1 and REC2 from which the signal passes into the
g amplifier proper., The 2-stage band pass filter consists of capacitor
C1 and inductor 11 series resonant at the receiver frequency and
capacitor C2 and inductor L2 parallel resonant at the same frequency,
12 is tapped to reduce the capacitance and therefore the physical
eize of C2. Capacitors C1 and C2 have a negative temperature
coefficient nominally equal to the positive temperature coefficient
of inductors L1 and L2. This assures stability of tuning against
changes due to temperature variation. Diodes D6 and DT do not conduct
significantly, although forward biased on alternative half cycles,
as the signal voltage does not exceed the knee in the diode characier—
- istic. They are provided to protect the receiver from any excess
voltages due to lightning.

L]

The overall effect is that a high impedance is presented to T1 at
frequencies other than that desired, and at the desired frequency
ocurrent is fed to the base of the transistor Tr1 from the transformer
T1 with little loss. Resistor R1 is chosen in conjunction with the
”33 gain of the amplifier to somewhat dampen the response curve of the B
(WV tuned circuit and make it flat topped plus or minus 10 Hz about the
nominal frequency. This ensures adequate response from the receiver
if in service there should be any slight change in frequency of the
transmitter due to temperature variaiion or ageing.

5¢3 PFirst Stags Amplifier

Transistor Tr1 functions as the first stage amplifier, The primary
winding of the transformer T2 forms the load whilst the transistor

is biased to iis working point by resistors R2 and R3 and thermistor
Th1. The latter i€ provided to stabilime the amplifier gain against
changes in the resistance of the relay coil as the ambient temperature
varios.

"

Resistance R4 is provided to limit the steady current conducted by
the transistor and thereby prevent it overheating. The signal however
is decoupled by capacitor ¢4 and resistce RY which is provided to
N give a pre-set control of the amplifier gain. The value of this
(Tf resistance is chosen during assembly ito give the correct value of

d outpute.

] 5.4 Second Stage Amplifier

Transistor Tr2 funciions as the second stage amplifier. It is
conneoted in the emitter follower configuration which gives the
necesgary power gaéin and maiching with the relatively low resistance,
250 ohms, of the track relay. There is no d.c. bias on the
transistor its base being fed by the secondary transformer T2 and it
" only conducts therefore when the signal is present. This is nscaessary.
‘ with a 2-stage amplifier to avoid the risk of self oscillation which .
might give an output to energise the track relay even though the
track circuit is shunted by & train. Similarly the load of this
stage has to be a transformer, T3, to pravent the power supply from
operating the track relay hky direct contact. Capacitor C3 and
resistor RS sxe provided to protect the traasisior againat voltage
transients. .

-17 -



R N - o A

PPN

55

Smoothing

The power supply to the first stage requires decoupling from Tr2 -
and this is provided by inductor L3 decoupled by capacitor CS.

If either of these components become fauliy there is a chance that
any 100 Hz ripple on the power supply could provide a significant
enough signal for Tr2 and so0 produce an output from transforner

T3. To protect the integrity of the track circuit, transformer

T4 is designed to saturate at frequencies below 500 Hz and thereby
prevent any unwanted 100 Hz or lower frequency voltage from reaching
the relay. Diode D5 is provided to protect the amplifier if the
power supply is connected incorrecilye.

Rectifier
The final 3tage of the amplifier is an encapsulated bridge rectifier

containing diodes D1, D2, D3 and D4, which provide the d.c. signal
for {the relay. :

oo 18 oe



6. ANALYSIS OF SAFETY

6.1 Iransmitter

> The transmitter could malfunction in several ways. It could either
; : - fail to oscillate, oscillate with increased or reduced power or
i oscillate at a frequency other than the coxrect one,.

; Failure to oscillate or oscillation with reduced power will
5 ‘ produce a right side failure,

Oscillation with increased power output would reduce the ohmic
. _ velue of the train shunt of the track circuit. This is most *
) wnlikely to arise with the type of power amplifier used and would
in any casa be detedied by routine track circuit testing. The risk
is therefore negligible, '

The worst failure would be for the transmitter to oscillate at the
frequency of the adjacent track circuit. This will produce a right
\ side failure of its own track circuite I% might possibly, however,
(\; produce & wrong side failure by energising the adjacent receiver if
- the transmitier and receiver are comnected in the arrangement shown
in Fige ‘8.2 and the train is far enough away from the receiver for
the train shunt 1o be ineffective because of rail impedance, For
this to happen three simultaneous faults must occur, i.e.:—

i) The tuned cirouit controlling the transmitter frequency
must be faultys. (C1 and T1 "c" in Flg. 440.1), ,

ii) The tuned output filter of the tra.nsmtter mst be f.‘a.ulty.
(L1 and 02 in Flgo 4.001).

iii) The tuning unit must be faulty. (F‘l in Fig. 8.2).

It is most unlikely that all three would fail simultaneously

and the failure of only one of them woeuld produce a right side
failure. It is still less likely that all three would fail in

such & way as to be respomsive to the same frequency and extremely .
6 unlikely that this wonld be the frequency of the adjacent receiver.
oz : This therefore constitutes a quite negligible risk,

6.2 Receiver

The receiver could also malfunction in several ways. It could
either go into self oscillation, drift in tuning frequency or
- . change its gain or alternatively there could be direct contact
: : between the power supply and the relay coil comnections,

3 A wrong side failure could occur if the receiver went into a state

o of self oscillation. This is prevented by careful construction of the
receiver, If the biasing circuit of Tr1 (Fige 5.0.1) becomes

altered to give the maximum gain, the power supply is at its maximum
value &and the transistor itself happens to have mexirmm gain then

the design is such that self oscillation does not result. Tr2 can
rot solf oscillato since it has no d.c. bias and only conducts

vhen the signal is present. There is therefore negligible risk

from self oscillation. ;




6.2

6.3

&

Receiver (coutd)

A vrong side failure could also occur if the receiver became tuned
to the frequency of the adjacent track circuit. This would require
both parts of the receiver input filter L1 and C1 and L2 and €2

(Fig 5.0.1) and the tuning unit across the rails to drift simultan—

" eously, without first causing a right side fiilure, to the adjacent

frequency. As with the iransmitier this is considered to be a
negligible risks

For the gain of the receiver fo increase unexpectedly one of the
biasing resistors would have to have a short circuit fault. An

open circuit fault would give a right side failure. It is considere:
that an open circuit fault is much more likely than a short circuit
and, therefore, the risk from an unexpected increase in gain is very
slight. &s with the transmitter this fault would show itself

during routine testing by an increased relay voltage and a reduced
train shunte. '

The relay coil is energised by rectified a.c. delivered by
transformers T3 and T4 (Fig. 5.0.1). There is no chance therefore
of both tranasformers simultaneously breaking down in such a way

as to let the power supply energise ithe relay coil without firat
causing a right side failure. ’

Beneral

The use¢ of differing frequencies as explained in Section Tel,
prevents false energisation by stray feeds from adjacent track

. circuits. However, an effective rail to rail short circuit must

exist between two track circuits of the same frequency, on the
same tracke , : ’

It is therefore essential to ensure that the transmitter and
roceiver end tuning units are never disconnected simultaneously
where there is a risk of feed through between two {track circuitse

]
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PLANNING AN INSTALLATION

Te1

Frequencies

There are four available divided into two groups of twoe

-

Frequency ™M ¥2

Track -1 1.7 kHz 2.3 kHz

Prack 2 2.0 kHz 2.6 kHz R

It is essential that on one track only the paired frequencies are

_used e.g. 1.7 kHz and 2.3 kHz even if it runs for many miles. It

T.2

is not possible to use, say 1.7 kHz and 2.6 kHz as track circuits
on the same pair of rails. If it is necessary to change from one
pair of frequencies to another then block joints must be used and
each track circuit terminated as described in section Tebe

Standard Track Circuit Configuration

The nominal length of the track circuit is the distance between

the rail connections of the track transformers at each end. The
maximum permitted nominal length for a single track circuit is

1 000 m with a tolerance of 25 me Fig. T+2 shows the normal

layout of tuning units and track transformers for joints between
successive track circuits and Figs. 8.1, 8.2 and 8.3 show the wiring.

T

Fl

14

i | , i | |

Fl
TUNING
UNIT

TRACK F2 F2 TRACK F1
TRANS- TUNING F2 . TUNING TRANS- TUNING| F1
FORMER UNIT UNIT FORMER UNIT

]

| l ; ] |

L NOMINAL TRACK CIRCUIT LENGTH J

Fig.7.2

[and

The minimum nominal length of track circuit using this standard
configuration is 50 m between track transformers. The effective
length (defined as the length of track actually shunted by the
train) for a minimum length track circuit is 62 m (See section

Te7)e

.21 -
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e 7.3

The type 'U0' may be connected with the train striking in at either
transmitter end or the receiver end first. Thus the junctlon between
two track circuits may be with two receivers adjacent, two transmitters
adjacent, or transmitter and receiver adjacent. These arrangements
may be used without restriction and require no special connections,

Centre-Fed Track Circuit Confipuration

An economy of equibment may be made if one transmitter is made +to
feed a receiver in each direction as shown in Fig. 7.2. It is .
wWired as shown in Figs, 8.5 and 8.6.

50-1 OO0 m 50-1000 m

- -t

1

] 1 — i 3 ]

F2
TUNIN
UNIT

TRACK Fl Fl TRACK Fl TRACK F2

!

G TRANS-»\I TUNING [FI-| TUNING mANs-‘ F1-2 TUNINGI—«TRANS- TUNING|F2

—— ]

FORMER UNIT UNIT FORMERi UNIT FORMER! | UNIT

| | ] [ |
Fi-l - F (Traar -2
rRx B |1y B2 1'rx

: : TX:TRANSMITTER
TR-1 TR-2 RX:RECEIVER

v [¥i
@ S

TPR
ADDITIONAL LINE CIRCUIT ypq. o
TR-1 « TR-2 Fig.7.3

Te4

oV o—V-

The two halves of the-track circuit function completely independantly
and may be used as two separate track circuits providing the. somewhat
coarse overlap at the centre does not cause any problem. (See section 7.7). If
required to work as one track circuit an extra line circuit must

be provided to link the two track relays as shown in Fig. T7.3. The
rinimum length of each section is 50 m and the maximum length is

1 000 m with a tolerance of 25 me It is not necessary for the two
sections to be the same length which can be an advantage when siting
track-side location cases.

Cut Sections

An alternative method of obtaining a longer track circuit is to use
one track relay to control the supply to the next transmitter. The
cut section arrangement is shown in Pig. 7.4 and the wiring in

Fig. 8.40



| ! !

£l TRACK | F2
F | |TUNING TRANS- TUNING| F2
UNIT rFORMER UNIT -
l | [
111 | -
Fl F2
TX RX lrr]
1 &—— POWER
. \-@— SUPPLY

Fig. 7.4

TH Adjoining Non-Track Circuited lLines

" When track circuiting ends an economy may be made by installing a 19/
1.53 copper cable across the rails instead of one iuning unit. This
arrangement is shown in Fige 7.5 and applies whether this is the
transmitter end or the receiver end of the track circuit. The wiring
is shown in Figs. 8.10 and 8.11.

l {3m E‘ . I3 m |

| |

\?
TYPE VU TRACK NO
T.C. TUNING TRANS- 19/1.53 t.c.
UNIT ‘FORMER ‘

‘ | 1

. i : N ; Fig. 7-5
7.6 Adjoining All Other Types of Track Circuit

When the type 'U' has to meei a conventional track circuit, or
another type 'U' track circuit of an unrelated frequency a pair of
insulated block joints must be installede The type 'U' equipment is
connocted as shown in Fige 7«6 which is suitable for either the
transmitter end or the receiver end of the track circuit’being wired
as shown in Figs. 8¢T, 88 and 849 :

For a type 'U' track circuit adjoining a 1 wati track circuit see

section 11, NOT MORE THAN
{ {METRE
1
9 ! .
-~ TRACK ; o
TYPE U LTUN‘NG TRANS- CONVENTIONAL
T.C. ! UNIT | |FORMER T.C.
L___._--g‘ :
-\ Fig. 7-6
1.8.Js , :”
contd/.... :
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7.6

~Adjoining A1l Other Types of Track Circuit (Cont'd.)

-

Where an audio frequency track circuit adjoins an a.c. on rails/d.c.
relay track circuit, a short circult across the interposing block
Jjoints causes energy from the audio frequency track circult to be
fed to the a.c. on rails/d.c. relay track circuit.

To prevent this situation causing a wrong side failure, the track
circuits are to be installed with the audio frequency transmitter
and the a.c. feed set connected to either side of the interposing
block joints, as shown in Fig. 7.6.1.

BLOCK JOINTS

1.7

e N
"YRACK ;
TUNING | | pANs - | .
UNIT FORMER
] T L_"‘L <
k]
: AC. | l
“ | TX A FEED ‘ R RECTIFIER
‘ SET

Fig. 7.6.1

Shunt Zoneg

As a traln passes from one track circuit to the next there is a
zone in which both track circuits are shunted and zones in which
the effect of the train shunt on one jointless track circuit
gradually diminishes. These zones and their lengths are shown
in Figs. 7.7 and 7.7.1. A1l measurements of nominal length of
the track circult should be taken from the trackseeos

contd/eeeeee
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7.7 Shunt Zones (contd)

transformer connections. Measurements of fouling points, standing
room etc., should however be taken from the edge of the poss:.ble
shunting zone. Note; for use on reversible lines, the

extent of that zone depends upon the darection of travel.

PN i o o

S I3m ol 13 m
Tm [Om
’ [ [ i
Fi DIRECTION OF TUlfJ:NG ;Rth?g TU';JZING F2

OVEM -

;‘ ("1 51_12ﬁ2£;> UNIT fORMER UNIT

o | [ 1

: . F2 MAY BE i ot

F2 NEVER SHUNTED SHUNTED F2 ALWAYS SHUNTED

=1
MAY BE

Fl ALWAYS SHUNTED | (SHUNTED|  Fi NEVER SHUNTED

. . , ~ Fig 7.7
g ¢ < .30 Mm o 60 m »
g3 < 6m -
%
DIRECTION OF Fi ||TrRACK ‘
MOVEMENT Fi-1 TUNING | [TRANS~ Fl-2
o ——— UNIT |[FORMER
Fi-2 Fl-2
. NEVER MAY BE ,
: SHUNTED | SHUNTED FI-2 ALWAYS|SHUNTED
! - —_—
A Fi-1 MAY .
: Fl-1 ALWAYS SHUNTED L BE SHUNTED | <iuNTeD
Fig 7.7-1

708 Bonding

The tuning units and track transformer must be sited so that no

catch points or expansion joints are in the 26 m between tuning units.
- If the track circuit is installed on conventional 60 ft. track then

at least one pair of joints will be between the tuning units and

any such joints must be bonded with 19/1.53 copper cable welded or

brazed to the raile, Joints in the main part or the track circuit

ray be bonded with two conventional galvanised iron track circuit
bondse

-24 -
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T+9

Points and Crossings

Aster type 'U' may be used throuéﬁ points and crossings, subject to
certain limitations. '

7.9.1 Spurs of rail which, although they form part of the track
circuit, are not directly in series conducting energy from
the transmitter to the receiver must not be longer than 12 m.
This is to prevent the train shunt becoming ineffectives They
should be solidly conaected to the track circuit at each end.

T+9.2 To avoid any chance ol an occupied track being by-passed via
a parallel track, and to minimise power oconsumption each spur
off the track circuit must be fitted with an insulated block
joint in each rail.
Thus a crossover requires 6 block joints as shown in Fig. T.9.2.
To avoid the risk of run-round from a block joint failure two
pairs of points should not be closer than 1 000 m, if they are
in track circuits of the same frequency.

~ NOT LESS THAN 1000 m

W
™
e

Fig.7-9:2

Unfortunately with much modern permanent way it is not possible
to fit joints 1 and 2 without an unacceptable stagger between
them which therefore makes application of type 'U' impossible.

T+9+3 Extra Receiver. This method shown in Fige T+9.3 uses an
additional receiver, tuning unit, track transformer and track
relay. It may alsc require an additional line circuit to
link the two track relayse

Where, despite the above restrictions, it is possible to apply
type 'U' to a pair of points one of the two following
methods should

TX

be useds RX—I
AN FLEXIBLE TRACK
CIRCUIT BONDS.
WELDED OR
e— 19/1.53 { BRAZED
TO RAILS.
< NOT GREATER THAN
RX~2

Fig.7-9-3



Alternatively, if the track circuiting ends, and space
permits, the normal layout of units, as described in
Section T.5 could be used avoiding the need for two block
jointse

T¢9¢4 Spurs up to 12 m. If the length of the spur to be added
is not more than 12 m then an.economy of equipment may be ~
made by bonding as shown in Fige TeGede !

MA FLEXIBLE TRACK CIRCUIT BONDS
.e—=>0 19/1.53 WELDED OR BRAZED TO RAILS

< NOT GREATER THAN ‘ ' " Fig.7.9.4

This bonding ensures that each piece of rail not actually
conducting energy from transmitter to r.ueiver is connected
to the main part of the track circuit by at least two
widely separated bonds, either of which will independantly
i permit reliable shunting of that part of the irack circuit.

7+9.5 If it is not possible to run the type 'U' through the points
it should be terminated with a pair of insulated block 301nts
and conventional track circuits used.

; 7.9.6 There may be circumstances where a pair of points requiring

i a conventional track circuit occurs in the middle of what

i - _ could otherwise be a type 'U' track circuit. The arrangement

; - - shown in Fige T7.9. 6 may be used. The cable should not exceed
100 m and it must count as part of the total cable permitted
in the track circuit (see Section Te 11)e

f' WELDED

IR |/° OTHERTgYpe j Ny

‘ 2CLABLE }
0 . - - MINIMUM SIZE 7/0-67

_Fig. 7.9.6



7.9.1

Catch points. Since the object of type 'U' is to abolish insulated
block joints, the normal track circuit interrupter arrangement using
two block joints and having the interrupter in geries with one rail
_should not be used. Instead the interrupter must be insulated

from the rails on which it is mounted anit an interrupter repeat
relay provided which is made to control the power supply of the
transmitter or receiver of the track circuit whichever is more
convenient, as shown in Fige T.9.7.

LOCATION INT. PR
POWER . PR] ‘ : g
SUPPLY INT. PR
™ — gV Type U’ _ INSULATION
| OR POWER Jir
RX SUPPLY 7
/MW FLEXIBLE TRACK CIRCUIT BONDS. Fig.7.9.7"
7.10 Power Supplies

Two types of power supply may be used; either a transformer/}ectifierA
set to BR Specification No 929, when a reliable signalling supply is
available or a baitery charger to BR Specification No.928 and batteries
when one is not. @Bither is capable of supplying a maximum load of

4 amperes and the battery charger is additionally capable of recharging:
the battery. The loading at any given loc=iion can be calculated
from the followihg table which gives the maximum current under any
conditions. ' '

Frequency ¥ax, Current ampsres
Iz Transmitter | Receiver
1.7 1.6 0.4 )
2.0 1.7 0.4
2.3 1.8 0.4
2.6 1.9 0.4 .

¥here the power supply is open wires or aerial cable on a pole route
the power supply must be protected by suitable surge arresters

wired as shown in Fig. 8.12. The maximum input power requirements
of the t{wo units arese

¥rom the above table the Aster equipment VA requirements can be
calculated assuming the rated voliage.

If the load is supplied by a transformer-rectifier the input VA
from the 50 Ha power supply will be approximately:

60 + [load VA at 0.7 p.f.

Vhere & Battery Charger is used the maximum ountput power is assumed,
i.e., when charging a discharged battery, when the loading on the

50 Hg power supply will be approximately 250 VA at 0.9 p.f,

Under other load conditions the inpuf, VA will be reduced and would bo
approximatelys 125 + [Load VA7

- 27



T-11 Cable leneths

In planning a track circuiting scheme there are some restrictions
in the lengths of cable which may be used to interconnect a
transmitter or receiver with its respective tuning unit, track
transformer or power supply. These interconnections should be made
with cable having a minimum core size of 7/0.67.

; : Maximum cable
‘ ' Maximim Maximum cable between
: Nominal total between receiver
L length cable trensmitter and and track
- : up o length tuning wnit transformer
T00 m T00 m 50 m 700 m
8Com 500 m 50 m 500 m
900 m 300 m 50 m 300 m
1 00C m 100 m 30m 100 m

Thus for a track circuit 800 m long the cable between the
transmitter and the tuning unit can be a maximum of 50 m. If
it is in fact 25 m then the maximum permitted length of the
cabtle between the receiver and track transformer will be 475 m.

As the amount of cable used increases, the gain of the recsiver will
need to be increased to obtain the correct operating conditions.

The table of lengths ensures that the gain required will not be
greater than that which is available at the receiver.

. A transmitter or receiver may be installed up t6 100 m from its

power supply providing the loop resistance of the cable does not
exceed 0.4 ohme
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I_........._'.._.._.__._........_.....

CENTRE FED TRANSMITTER

I.7 kHz OR_2-0 kHz

LOCATION

PO AWt I AT CMALD AN Gvet G et Gowmmres vt b

POWER
SUPPLY

-4

EARTH
ROD

TRANSMITTER
FREQUENCY FI

| 2 3 ¢

G0

=

P 4o

& -
I 2
TUNING
vNiT
FREQUENCY Fi
T T2

™ {

TYPE 1GA
ARRESTER

$ 2 3 4 5 o6

]

D 2¢.7/0.67

19/i.s3 TRACK i19/1.53
TRANSFORMER
T T2
19/1.53

"3

] ~ 4
TRACK CIRCUIT TRACK CIRCUIT
FREQUENCY FI FREQUENCY Fi

o<

=33

FIG.8.5



CENTRE FED TRANSMITTER

2.3 kHz OR 2.6 kHz

LOCATYION | .
r__..._._...,-...._.._.......__......___.__.._

POWER —]
| .SUPPLY EARTH
l ROD
l < - Ti T2

24V =
l TRANSMITTER
l FREQUENCY F2

1 2 3 C

' 2 ‘L\_f—’
' 4
| R | R

— 9
' 2
TUNING UNIT
FREQUENCY F2

T T2

19/1.53

1

N

Y

TRANSFORMER

23 456

TRACK

TI T2

\

19/1.53

G| 2D 2¢.7/0-67

2/1.53

TRACK CIRCUIT
PREGQUENCY F2

\§/

\

TRACK CIRCUIT
FREGUENCY F2
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TRANSMITTER ABUTTING CONVENTIONAL TRACK CIRCUIT

1.7 kHz OR 2-0 kHz

-
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& 5 T
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1
__’l NOT MORE
THAN I m
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TRANSMITTER ABUTTING CONVENTIONAL TRACK CIRCUIT

2.3 kHz OR 2-6 kH2

’
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L I I e e T T o —
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-
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l { |
LY . I
+ = T T2
Z4 v — l
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w l
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| o—o G|zp- _
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T 1
LY '
1 2 345 6
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T T2
19/1.53
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BLOCK JOINTS
> {
TRACK CIRCUIT CONVENTIONAL
FREQUENCY F2 TRACK CIRCUIT
o $
_.I NOT MORE
. THAN | ™

FIG.8.8
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RECEIVER ABUTTING CONVENTIONAL TRACK CIRCUIT

R2
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| S POWER SUPPLY UNITS
WIRING DIAGRAMS

TRANSFORMER/
RECTIFIER
<N
. BX & o i
4 | 3A \ 20 -
: ' 3220 0-2 Ay
b ADJUST FOR
90 -HO VOR ? 200 o/» CURRENT ) §
- 24 A
X B.R.929 +
. : TYPE ‘U
24 v SA EQUIPM%NT
- O .
S A
Yy . 5
’ Hommmm Sl MC}X/?*% o//0/77
G SypemmI—
BATTERY CHARGER
BX ~fp— | BATTERY — e 1
. ) 3A 5A  <y-
)2 &b
200-240 V B.R.928 2.
3 / N
COMMON + ¢ @@ .
Nx 4 5A°  TYPE U
. 3A EQUIPMENT
LOAD ~ &
5A

NX FUSES ONLY FITTED IF LOCAL PRACTICE REQUIRES THEM

Y
3A

IF IN ANY OF THE ABOVE TyeE
: ARRANGEMENTS THR LV280W “;t:;"

AC POWER SUPPLY COMES  cgrom :
FEROM EITHER OPEN LINES  pgLg 7o
OR AERIAL CABLE OWN A ROUTE POWER SUPPLY
POLE ROUTE THEN SURGE 2 TYPE UNIT
ARRESTERS ARE TO BE LV 280W =
FITTED AS SHOWN HERE '

NX S~

YN

FI1G.8.12
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9.  ADJUSTMENT

9.1 Power Supply

-

: The battery charger (to B.R. Specification No. 928) is

'~ provided with two input ranges either 90 - 110 V or 200 - 24,0 V
and the wiring (Fig. 8.10) should be checked before switching
on. There is an output voltage control which should be used
to set the output voltage to 27.6 V with both the load and
battery connected. If the battery charging current is about
100 mA then it should be capable of providing standby when-
required. The battery voltage should be checked within a few
days of being set in work and the voltege control may need
resetting if the battery was previously discharged.

. The transformer/rectifier (to B.R. Specification No. 929) is
B provided with input teppings and the wiring (Fig. 8.10) should
i . - be checked before switching on to ensure that the right tap
i has been chosen. There is a cholce of two output tappings
. depending on the load connected. If the total load (see table
(T}* in section 7.10) is under 2 A then one tapping is used; if
o it is over 2 A the other is used. The output voltage should
then be ‘checked to see that it lies in the permitted range,
22.5 V to 29.5 V. .

9.2 .Transmitter

*

There is no means of adjustment of the transmitter output. .
If the supply voltage lies within the permitted range 22.5 V
to 29.5 V then the rail voltage measured across the tuning
unit to which the transmitter is connected should lie within
the following limits:-

Track Circuit Rail Voltage at Tuning Unit |

é\ . ' Length - Metres : -
P T

) 50 1.6 2.7

§ 1 000 2.5 5.3

When the track circuit is first installed the serial number
of each Aster unit should be recorded together with:-
1) Supply voltage and current.
11) Rail voltage across tuning wnit.
| 111) State of the ballast, dry or wet.

iv) Voltage between terminals T1 and T2 on the transmitter
(for standard configuration track circuits omly).

-13 -



9.2

9.3

Transmitter (contd)

These readings are only required as a basis for comparison should
a fault occur. They should only be taken again if an Aster unit
is changed for any reason. ’ o

Receiver .

The overall gain of the receiver may be adjusted by varying the
turns ratio of the input transformer to the receiver., The

wiring of this is shown in Fige 5.0.1« The 49 steps of gain are
obtained by connecting the terminals as shown in the table. The
track circuit lengths are quoted as a guide only and the ratio
required should be chosen to suit the conditions of the individual
track circuite

TABLE OF RECEIVER CAIN CONNECTIONS

Nominal
Gain length Rec. 1 Rec, 2 Strap
m

1 A B “

2 50 c D -

3 A D BC

4 100° D - B -

5 A E. BD .
6 C B -

T A B BC

8 200 B G. CF

9 E G AF BD
10 E g DF

11 D G AF BC
12 300 "D G " CF

13 B G AF
14 F +] -
15 A G- BP

16 400 c G DF

17 A G BC DF
18 "D G EF

19 A G BD EF
20 500 c G EP

21 A G- BC EF
22 E H cG
23 E H AG BD
24 600 B H 6
25 D H AG BC

contd/Ocoo



9,3

Receiver (contd)

e

TABLE OF RFCEIVER GAIN CONNLCTIONS (CONTD) |

Nominal
Gain Length Recs 1 Rece. 2 Strap
m

26 D u CcG
27 B H - AG
28 700 G H -
29 A H BG
30 c H DG
31 A H BC IG
32 800 D H EG
33 A H BD EG
34 C H ECG
35 A H BC EG
36 900 B H CF
37 E H AF BD
38 B " H DF
39 D H AF BC
40 1 000 D H CF
41 B H AF
42 F H -
43 . A H BF
44 . c H IF
45 A H BC DF
46 D H EF
47 A - H BD EF
48 c H EF
49 A H BC EF

- 45 -
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9.3

N.B L 4

Receiver (contd)

The rail wvoltage measured across the tuning unit can vary over a
wide range but for a normal track circuit should lie within the

following limitss=

. R ) )
Track Circuit Rail Voltage at Tuning Unit

Length — HNetres Minimum Maxi oum
50 ER 2.8
1 000 0.25 . 0.80

The power supply should first be checked that it lies in the
rermitted range 22.5 V to 29.5 V. The gain should then bs chosen

to give a track circuit with a drop-away shunt, taken across the rails at the
tuning unit, between 0.5 ohm and 1.0 ohms. The relay voliage should -
lie between 28 V and 32 V.

¥When the track circuit is first installed the serial number of each
Aster unit should be recorded together withie
i) Supply voltage and current.

3ii) Rail voltage across tuning unit.

iii) fTrain shunt {drop-away)

iv) State of the ballast, dry or wete

v) Relay voltage.

vi) Voltage between terminals T1 and T2 on the receiver,

The Train shunt and relay voltage should be taken at the standard
intervals laid down by regional instructions. The other figures

need not be taken again but are required simply as a basis for
comparison should a fault occur, .

1) The train shunt must never be taken direct across the relay
coil as this would result in damage to the receivere.

2) When readings are being taken on the rails, track transfoxuer,
tuming unit, transmitter or receiver,voltages will be present
from both Aster track circuits where two adjoine

To avoid false readings the transmitter of the adjacent track

circuit must{ be disconnected unless a frequency-selective
volimeter is being used,

- 46 =



10, FAULT CLUARANCE

10.1 General

! -

10.1.1 The voltages recorded in accordance with sections 9.2 and.9.3
are required as a stsndard of comparison for feult finding.

§: 10.1.2 Vhen two adjoining track circuits fail simultaneously it is
§ most probable that the fault is at the junctlion of the two track
1 c¢ircuits, in the power supply, tuning units, or associated connections.

10.1.3 In the case of an individual track circuit failure, testing
: may commence at either the feed or relay end, as convenient.

10.2 FiEp #p (See Fig. 10.2)

10.2.1 If the transmitter is not emitting its characteristic
®singing™ note, then either the power supply or the transmitter
has failed. :

{;7 10.2.2 Check that the supply voltage to the transmitter is in the
A ‘ range 22.5V to 29.5V and adjust if necessary. ‘

10.2.3 Check the rail voltage at the transmitter tuning unit. If
this voltage is correct, go to the relay end and carry out the
procedure of section 10.3, if not carry on as follows. - :

If the voltage has fallen by more than approximately one
third of the initial value recorded, then check the transmitter
as follows:i- S

’ Connect a shunt box set to 10 ohms to the
. transmitter side of the links in the leads
5 ) : comnected to terminals 1 and 2 or 3 of the
transmitter, and then open the links. If
terminal € of the transmitter is linked to
teminal 3, disconnect C. :

- : - The voltage across the terminals of the
gli shunt box should be not less than the
‘ ' appropriate value in the following table:-

. . , . Pransmitter Frequency - Minirmum Voltage
. _ 1.7 Kz 3.1
. 2,0 kiz 3.2
* 2.3 kHZ 4-0
2.6 Kz 4.0

1f a shunt box is not conveniently available,
the links should not be opened; instead the
supply currert, should be checked. If this
differs by more than approximately one third
of the recorded value, then the transmitter
is probably at fault and should be changed,

-

- 47 =
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10.2,); If the transmitter is functioning correctly check all the
connectlions to the tuning units and track transformers

10.2.5 Where two Aster track circuits adjoin, measure the rail
voltage at the transmitter tuning unit when the rail terminals of
the tuning unit of the other track circuit are short-circulted.
If this produces an increase in rail voltage, replace the tuning
unit of the other track circult.

H.B. This test will shunt the adjoining track
circult.

. 10.2.6 TIf noaeof the preceding tests has cleared the fault,

replace the transmitter tuning unit.

T£ this does not clear the fauli, replace the air-cored
transformer, and then the transmitter.



I .

it i O o A R

/ G
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10,3 RELAY FND _(See Fig, 10, 3)

10.3.1 Check the rail voltage across the receiver tuning unit.
If this has fallen by more then epproximately one third of the
initisl value recorded, go to the transmitter and follow through

he procedure of section 10.2,

10.3.2 If the transmitter is working correctly, and the rail voltage
across the receiver tuning wmit is low, proceed as follows:-

(2) Check a1l twning wnit, track transformer,
_ @nd receiver connectionsj

(b) ¥here the relsy end adjoins another Aster
track circuit, measure the rail voltage
across the receiver twuning unit with the
rail terminals of the tuning wmit of the
adjacent track circult short-circuited,

If the reil voltage is now coxrrect, change
the tuning wnit of the adjacent track
circuit;

N.B. This test will shunt the adjacent
track circuit.

(¢) Inspect the track for insulation faults;
(d) Chenge the receiver tuning wnit;
(e) Change the track transformer;.

10.3.3 1If the rail voltage 1s correct check that the supply voltage
to the receiver is in the range 22.5 V to 29,5 V and adjust if necessary

10.3.1 Check the connections to the receiver,

10.3.5 Check the relsy voltage on terminsls R! and R2 of the receiver,
If this is greater than 19 V with the relay de-energised, then the
relay or wiring is faulty.

10 3,6 If the relgy voltage is less than 19 V nmeasure the voltage at '
terminals T1 and T2 of the receiver.

N.B. Where the reley end adgoins another ﬁster
track circuit this voltage should be measured with
a frequency selective voltmeter, or else the
transmitter of the adjacent track circuit must
be disconnected while the measurement is taken,

If the voltage is not less than two thirds of the original vslue
recoided, the receiver should be changed,

If the voltage i3 less than two thirds of the original value recorded,
check the connections to the track transformer and tuning unit, and,
if necessary, change the track transformer, then the tuning unit then
the recelver,
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It is not necessary to provide conventional track circuits with
insulated block joints between an Aster 1 watt installation and
and an Aster 'U' type installation, provided that appropriate

A hybrid track circuit of not longer than 500 m must link the
two installations and only the 11 arrangements shown in the table
below are to be used. NO OTHER ARRANGEMENT IS TO BE ATTHIPTED.

In three of the permitted arrangemsnts, special units ars
required, which are available on request. The remaining
arrangements use no equirment other than standard Aster components

In arrangement Al-A4 (See figure 11.1.2) the link track circuit
is of the 1 watt type, feeding through the Z<bond in the

normal manner and being received by 'U' type equipment. A 14 UF
padder capacitance retunes the 1.7 kHz tuning units to 1.62 kHz
in arrangement Al. A 14 #F padder retunes each tuning unit

(2.6 XHz and 2.0 kHz) for 1.86 kHz to be received in

2.34 kHz and 2.58 kHz are received through 2.3 kHz and 2.6 kHz

It is essential in arrangements Al-A4 that the link track

circult should abut the receiver end of the 'U' type circuite

In arrangement B5-B8 (See Fig. 11.1.3), the link track circuit

is of the 'U' type being received through the Z-bond. 1.7 kHz,
2.3 kHz, and 2.6 kHz may be received respectively through the

1 watt 1.62 kHz, 2.34 kHz, and 2.58 kHz receiver tuning units
but a special 1.86 kHz 'U' type transmitter must be used in
srrangement B6 together with 14 HF padders re-tuning the 'U* type
2.0 kHz and 2.6 kHz tuning units, and a 1 watt style receiver.

Arrangement €9-Cll (See Fig. 11.1.4) are similar to arrangement
B, but the link track circuit is in one half of a centre-fed
‘Ut type. 1.7 kHz, 2.3 kHz, and 2.6 kHz are again received through

1 watt tuning units but-a 2.0 kHz 'U' type must not be used in this

11. COMPATABILITY WITH 1 WATT ASTERS
11.1  Adjoining Track Circuits
11.1.2
frequency track circuits abut.
i
of the appropriate type.
11.2.2
arrangement A2,
tuning unit without modification. -
11.1.3
. 11.1.4
[ arrangement.
% 11.2 Parallel Track Circuits

Where Jjointless track circuits are installed on ad jacent lines,
the difference in frequency between the track circuits must

not be less than 200 Hz.
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