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TEST BOARDS.
GENERAL PRINCIPLES.

Test Boards are provided (1) for concentrating and controlling
open and underground lines terminating at, or passing through,
an office, (2) to allow of the several sets of sending and receiving
apparatus fitted at that office to be joined up as required to any
line connected to the Test Board, and (3) to enable rearrange-
ments of circuits to be readily made.

A telegraphic circuit consists of (a) an insulated wire con-
necting the sending and receiving stations, (b) the wire of the
receiving station apparatus, (c) the ‘ earth return,” which con-
veys the current back to the sending station, and (d) the wires

L

Fig. 1.

to the battery at the sending station. In the diagrammatic
Fig. 1, L is the insulated open or underground line-wire, R4
the receiving station’sreceiving apparatus, E the “ earth return,”
and S4 the sending station’s apparatus with sending key K
depressed. B is the sending station battery.

Any failure in signalling on a circuit is a fault. To restore
the circuit to good working condition, both the cause of failure
and the point at which the fault has taken place must be ascer-
tained. The failure may be due (1) to the condition of the
line-wire, or (2) of the apparatus, or (3) of the battery. Itis
necessary, therefore, to provide some easy but efficient means of
separating the circuit into these three main parts. Suppose
that, instead of taking the line and battery wires direct to the
apparatus, as in Fig. 1, we introduce into the circuit at some
convenient point in the office a series of terminals which can be
either connected by metal straps or lengths of wire, or which
may be “ freed ”’ as required. Fig. 2 shows Fig. 1 redrawn, but
introducing terminals T connected by metal straps S.

z 9207 A3
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Comparing Figs. 1 and 2, it will be seen that if all the ter-
minals and strap connections are clean and firmly made the
circuits are identical. But we now have a means of readily
separating the circuits at each end into the three component
parts of line, apparatus and battery. Take the sending station
end of Fig. 2 :—

(1) by removing strap S1 the line may be disconnected
from the apparatus and battery;

(2) by removing strap Sz the apparatus and battery may
be disconnected from the ¢ earth return ”’;

(3) by removing straps S3 and S4 the battery may be dis-
connected from the apparatus.

Similar operations may be carried out at the receiving end
of the circuit.

- ————————

Fig. 2.

This series of terminals and straps is the underlying principle
.of the arrangement of all Test Boards.

The older forms of Test Boards are fitted with brass terminals
and straps, but owing to the large amount of space necessarily
taken up by this class of fitting the use of such Test Boards
is confined to those offices where the number of lines to be dealt
with is small. At offices where a large number of lines is
dealt with, other patterns and smaller fittings are made use of
with great economy of space. Also, in large offices where many
systems and arrangements of apparatus are fitted, modifica-
tions have been introduced, all tending to simplify the location of
faults or the rearrangement of circuits. The older form of Test
Board is, however, more simple in construction, and the work-
ing conditions are more easily understood. A description of the
old form still in use by the Post Office will be given, and the
study will be helpful when considering the modern types of Test
Boards.
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TEST BOX FOR SMALL OFFICES.

The Test Board shown in Fig. 3 consists of a framework
divided into three sections, each of which is closed by a hinged
door. On the front of each door are fixed screw terminals pro-
vided with long pins which project through to the back of the
door. All line, apparatus and battery wires are soldered to the
pins at the back of the doors. The terminals on the front of
the door are left clear, so that by means of metal straps or short
lengths of wire any desired connections may be made on the
terminals without disturbing the permanent wiring made on the
pins.

TEST-BOX FOR SMALL OFFICES. PRIMARY BATTERIES.
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TERMINAL THROUGH BATTERIES
CIRGUITS CIRCUITS
Fig. 3.

The left hand section is used for connecting lines to instru-
ments on circuits terminating in the office. Four terminals,
Line, Inst, Inst, Earth, are used for each terminating circuit.
As the “ earth ”’ terminal is made “ common *’ to two circuits,
only seven terminals in a vertical row are required for each two
circuits. The first, or top, terminal is known as an ‘‘ up ”’ line
terminal and the seventh as a ‘“ down ’’ line terminal. This
practice is not strictly adhered to, the lines, whether ‘“ up "’ or
‘“ down,”’ being connected to the upper or lower terminals as
space permits. Conventionally, the “ up ”’ side of a line wire is
that side which is going towards London, and the ““ down ” side
that side going away from London. In Fig. 3 the earth ter-
minals are shown black. The brass terminals used for the earth

A4
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connections are coloured black, so that they may be more
easily identified, all the other terminals being left bright.
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To the middle section are connected the lines forming the
‘“ through ” circuits. On lines of any length it is usual to lead
them on to, and out of, Test Boards fitted in offices on the
route for the purpose of more expeditiously localising line faults
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as they arise and affect the working of the circuits. Two ter-
minals only are used for each line, the “ up "’ side of the line
being joined to the upper terminal and the *“ down * side to the
lower terminal, a strap connecting the two terminals.

The right hand section is used for connecting the various
sets of apparatus to their respective batteries. Four terminals
are used for each separate battery.

The title of each circuit connected to the Test Board is en-
graved on a small label fitted close to the corresponding line and
battery terminals.

Fig. 4 shows the Test Board arrangement for Double Cur-
rent Sounder apparatus on a terminal circuit. On the left hand
section of the Test Board the line is secured to the pin of the
line terminal. This terminal is joined by a strap to the adjacent
lower instrument terminal, which is connected to the apparatus
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Fig. 5.

on the instrument table. The return wire from the instrument
table is joined to the next lower instrument terminal, which in
turn is joined to the earth terminal by a strap. A main and a
local battery are required for D.C. Sounder working. The pair
of wires from each battery is brought to adjacent horizontal
terminals on the right hand section. Each of these terminals
is strapped through to the terminals next below, wires being
taken from these two lower terminals to the apparatus on the
instrument table. On a Test Board the negative lead from the
battery should always be brought to the left hand terminal of a
pair of terminals, the positive lead being connected to the right
hand terminal.

‘When more than two stations are on one circuit, every
station other than the two terminal ones is known as an
* intermediate *’ station. Test Board connections at an inter-
mediate station are made as in Fig. 5, Circuit A, the connection
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shown in broken line being made permanently on the pins of
terminals 3 and 6. Normally the earth return is not used on the
circuit at an intermediate station. In the event of a fault on
the “ down ” line affecting the working, any “ intermediate **
station can be rearranged as a terminal station and working
maintained to the ““ up " station until the fault on the down
line has been cleared. The change is made as follows :—

Remove the strap from terminal 7 and join terminal 3
to earth by a length of wire as in Fig. 5, Circuit B. Similarly,
if the ““ up ” line is faulty, working can be maintained to the
down station after removing the strap from terminal 2 and
joining terminal 2 to earth as in Fig. 5, Circuit C.

TERMINAL CIRCUITS. THROUGH CIRCUITS.
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Fig. 6.

Fig. 6 shows some of the changes which may be required
to be made on the front of the Test Board. The connections
shown in waved lines are made by means of lengths of wire,

(a) The normal connections for a terminal circuit are
as shown in 1 and 2.

(b) The normal connections for a * through cireuit
are as shown in 12,
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(c) The normal connections for an ‘ intermediate
circuit are as in 9, the connection shown in broken line
being made permanently on the pins of the terminals. (See
also Fig. 5.)

(d) To disconmect a line. Remove line strap, as in 3
and 13.

(e) To restove a line (or circuit). Replace straps as for
normal conditions.

(f) To earth a line. Remove line strap and connect the
line terminal to an ‘‘ earth *’ terminal, as in 4.

(8) To change over (or cross) two terminal sets of
apparatus, make changes as in 5-7.

(h) To loop two lines or to ‘‘ extend line x to line y.”
Remove line straps and join the named line terminals to-
gether as in 6-8.

() To cross two ‘‘ through >’ lines, make changes as in
14-15.
(1) To replace a faulty terminal line with a spare section

of a ‘through ” line, remove line straps and join the
replacing line to the apparatus as in 17-11.

(m) A temporary terminal circuit is required, the
apparatus of line 10 and the down side of a * through
wire to be used. Normally, line 10 is joined to the *“ up
side of the apparatus. As the *“ down” side of the
‘“ through *’ wire is to be used, the “up” side of the
apparatus must be put to earth, otherwise signals will be
reversed. After removing the line straps, the changes to
be made are as in 16-10.

There are other operations which may be required to be done,
but the foregoing examples will be found to give the necessary
guidance to the student.
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TELEGRAPH TEST BOARD, 96 LINES, FOR PRIMARY
BATTERIES.

The Test Board shown in Fig. 7 is designed to accommo-
date four panels fitted with test holes. The test holes in the
two upper panels are arranged for line and instrument connec-
tions, the two lower panels being used for the battery connec-

TELEGRAPH TEST-BOARD. 96 LINES. PRIMARY

BATTERIES.
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Fig. 7.

tions. The test holes in the line panels are arranged as shown
in Fig. 8, and those in the battery panel as in Fig. .
The connections between the test holes in each group of four

test holes are made by means of “ U ” links. Referring to
Fig. 8; in the upper group of four test holes the line is connected
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to the top test hole, the instrument leads to the two lower
diagonal test holes and the earth return to the lower test hole.
The -upper group of four test holes is shown connected with
‘U ” links for *“ up " line working. In the lower group of four
test holes the line is connected to the lower test hole and the
“ U * links are inserted in the test holes for the ‘“ down ”’ line
working., To * earth * a line direct, the “ U ” link is inserted
vertically into the line and earth test holes. Any changes which
cannot be effected with U links are made by means of pairs of
plugs connected by a single flexible conductor. On the battery

+ Leaps To

LiNE BATTERY ROOM

INS % mgr
EARTH -
INST INsT
e~ - l+
LEADS TO INSTRUMENT
LINE
Fig. 8, Fig. 9.

panel, Fig. g, the positive lead of the battery is connected to the
upper test hole of the group, the negative battery lead being
connected to the lower test hole. The battery leads to the
apparatus are connected to the two diagonal test holes of the
group. Reference to Figs. 3 and 4 will show that the circuit
arrangements of this board are similar in principle to those of
the older pattern of Test Board, Fig. 3. The testing facilities
are also similar.

A feature of this Test Board is the fitting of a ‘‘ cross-con-
nection field ”’ in the lower half of the frame. As an improved
cross-connection field has been adopted for the new standard
pattern Test Board its use will be described when considering
the standard Test Board.
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TELEGRAPH TEST BOARD, 240 LINES, FOR
SECONDARY CELL WORKING.

The Test Board shown in Fig. 10 accommodates four panels
for line and instruments only. Each panel is fitted with test
holes, two of which, placed vertically, are used for each circuit.
The line is connected to the upper test hole, the instrument lead

TELEGRAPH TEST BOARD, 240 LINES, SECONDARY
CELLS.

L 7
>

L LINE
666660000000000 00060

LINES ! 25383 —INST

bl o 6000000

INSTRUMENTS | 1 |sfesssassasessssssss
LINES T
Y A
[00000000 00000000000
INSTRUMENTS Rt gt

—'—‘—-‘—'-—"'F""_‘v‘

o'“'i‘o.v oooo:
T
e

Fig. 10,

being connected to the bottom test hole, the insertion of a U
link into the two test holes completing the connection. The
arrangements for secondary cell working require only one lead
from the Test Board to the instrument table. The line and in-
strument test holes are connected to strips of tags placed verti-
cally in the lower portion of the frame, the connections between
the test holes and tags being as shown in Fig. 11.
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THE GENERAL CONDITIONS TO BE PROVIDED FOR
ON A TEST BOARD AT A LARGE OFFICE.

Where a power plant is available, secondary cell working is
adopted for telegraphic working instead of primary batteries.
The use of secondary cells considerably modifies the wiring of
a telegraph room. Fig. 12 shows diagrammatically the general
wiring arrangements for terminal circuits at a large telegraph
office.

It will be noticed that only one instrument lead is provided
from the Test Board to the apparatus for each terminal circuit.
On the instrument table this lead is first brought to a “ con-
nection strip, 7 tag,” and then on to the apparatus. The

ConNECTIONS OF LINE &
INSTRUMENT TESTHOLESTO
2 CR0SS GONNEGTION STRIPS
LN 1

—InNS’

LINEL o
iNg!

Fig. 11.

* earth return ”’ for the apparatus is obtained on a ** strip, earth-
ing, 7 wire,”” on the outside of the back rail close under the pro-
jecting table top.

Each instrument table is similarly provided with *“ connec-
tion strips ”’ and “ strips, earthing.” All the “ strips, earth-
ing,” in the telegraph room are ‘ commoned ” to earth.

The positive and negative leads carrying the main and local
currents from the secondary cells in the battery room are
brought to the main distributing cabinet. The earth for the
secondary cells is obtained in the battery room. From the main
distributing cabinet, positive and negative leads are taken to
a ** distribution and fuse case ”’ (cut-out No. 3 53 or No. 3 133
fitted at the end of the instrument table, suitable voltages being
then taken to the apparatus fitted on the instrument table.
Usually one distribution and fuse case is provided for each three
instrument tables. With this arrangement of wiring, battery
panels are not required on the Test Board.

The arrangement of the lines on a Test Board of a large
office is important. The faults affecting lines are earths, dis-

RED
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SECONDARY CELL
TEST BOX MAIN DISTRIBUTING CABINET.
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connections and contacts. Each of these may be either full,
partial or intermittent. An “ earth ” or a ‘‘ disconnection
fault will affect only the one line. A “ contact ” fault will affect
two or more lines on the same route. The possible * break-
down ” of a route must never be lost sight of. To trace
“ contact ”’ faults more expeditiously, the lines are brought on
to the Test Board in the order of their routes. This order also
enables observation to be kept over all the lines on any one
route for faults affecting the general condition of the route.

RouTe B Route C
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| ] [N}
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5 B?..__.. TELEQRAPH
— RooM p———

]
Oy —— —

3
RouTE

Fig. 13.

Fig. 13 has been drawn to represent a number of routes con-
verging on an office. In the figure the terminal lines are
shown in broken line, the *“ through ” lines being shown in full
line. On the Test Board the lines from Route A will be con-
nected to one strip of test holes, those'on Route B to another
strip of test holes, and so on. Each ‘* through * line will there-
fore appear twice on the Test Board, according to the incoming
route and the outgoing route. Over each row of test holes is
a label engraved with the name of the route, and over each line
test hole is a small label engraved with the code title of the
circuit.



www.royals1glals.org.uk
TELEGRAPH TEST BOARD, STANDARD PATTERN,
FOR SECONDARY CELL WORKING.

The standard pattern Test Board is arranged in panels each
accommodating 120 lines on six line and instrument strips, 20
per strip. In place of test holes and U links, 5-point switch
springs are used, the inner springs of the respective line and

TELEGRAPH TEST BOARD, STANDARD PATTERN, FOR
SECONDARY CELLS.
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Fig. 14.
instrument switch springs being connected together. Fig. 14
is a front view of a two panel Test Board for 240 lines. In the
lower half of each panel is a * cross-connection field *’ made up
of 24 strips, cross-connection, 2o-tag, placed vertically. The

z 9207 B
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method of joining up the lines and apparatus will be seen with
the aid of Fig. 15.

There are four strips, cross-connection, 20-tag, placed ver-
tically, in the lower half of the frame for each strip of 2o line and
instrument test holes in the upper panel. The lines are brought
to the first vertical strip of line tags in the selected order of the
routes. The tags of the second line strip are connected to the
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Fig. 15.
line test holes, and the corresponding instrument test holes are
connected to the strip of instrument tags. The fourth row of
tags is connected to the connection strip, 7-tag, on the instru-
ment table by a 5-wire (or a 7-wire) cable. Let a 5-wire cable
from the connection strip on No. 1 instrument table be con-
nected to the table tags 1—5. Similarly let No. 2 instrument
table be connected to table tags 6-10, and so on. There are now
two points 4 and B on the * cross-connection field * which are
not connected. Referring to Fig. 13, let it be intended to con-
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nect Route 4 to line and instrument strip No. 6, the apparatus
for the terminal line 1 being fitted on the No. 1 instrument table.
To do this the points 4 and B will require to be ‘‘ bridged *’ by
short lengths of wire as shown in broken line in the figure.
Now take terminal line 2 of Route 4 and let the apparatus for
this circuit be fitted on No. 3 instrument table. To complete
the connection for this circuit the point 4 must be * bridged *’
to bring in the lineand mstrument test holes, and the instrument
tag of test hole 2 be “ jumpered ”’ to one of the tags of No. 3
instrument table as shown A ““ through " line appears on two
line and instrument strips. In Fig. 13, line 4 of Route 4 is
shown as going out as line 1 of Route B on line and instrument
strip 4. In this case, after the points 4 of both line 4 of
Route 4 and of line 1 of Route B have been ‘‘ bridged,” the
corresponding instrument tags of these lines are connected
together by a ““ jumper ”’ as shown in the figure. In Fig. 13,
line 3 of Route 4 represents a normal ‘ intermediate " circuit
going out on line 3 of Route B. Let the apparatus S be fitted
on No. 2 Instrument Table. After “ bridging "’ the points 4
of line 3 Route 4 and of line 3 Route B respectively, the instru-
ment tag of line 3 Route A4 is connected to No. 2 instrument
table. For the return wire from the apparatus a spare wire is
taken up in the cable between the connection strip on No. 2
instrument table and the table tags, say, tag 5, and when this
tag has been “‘ jumpered ”’ to instrument tag 3 of line 3 Route
B, the Test Board connections will be complete, as in Fig. 15.

For the full connections of the normal *“ intermediate *’ appara-
tus see Telegraph Diagram Book, Plate 53.

It will be seen that all the wiring changes which may be
necessary to meet the requirements of the telegraph room from
time to time can be effected at the points 4 and B without dis-
turbing the cable wiring of the office.

Test Board Changes.—The changes on the front of the Test
Board are made by means of pairs of solid plugs connected by a
flexible single conductor. The insertion of a plug in the line test
hole opens the switch springs, cutting off the instrument side.
Slmllarly, if the plug is inserted in the instrument test hole, the
line is cut off.

It will be apparent that ‘‘ crosses ”’ of lines and of instru-
ments.can be readily effected with a pair of plugs and cords,
the plugs being-inserted into the respectlve switch springs of
the lines and instruments.to be “ crossed.” To disconnect a
line, a single plug without conductor is inserted in the line test
hole. To ““ earth "’ a line, a pair of plugs with flexible conductor
is used, one plug being inserted in the line test hole, the other
plug of the pair being inserted in one of the * earth *’ test holes
on the earth and grouping strip.
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Earth and Grouping Strip.—Six of the test holes on this strip
(Fig. 16) are used for making * earth” connections on the
Test Board as may be needed. The remaining test holes in
the strip are made up of two groups of three test holes and

EARTH. GRC
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Fig. 16.

two groups of four test holes. These groups are used for special
arrangements of  forked ” circuits, the test holes of the lines
and instruments to be used being connected to a suitable group
by pairs of plugs and cords.

Transfer Circuits (Fig. 17).—When two or more panels are
provided, transfer circuits between panels are made use of to
avoid the use of long flexible conductors. To connect a line

TRANSFER CIRCUITS BETWEEN PANELS.
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Fig. 17.

on panel 1 to a line on, say, panel 4, two pairs of plugs and
cords would be used, one plug of each pair being inserted into
the respective line test holes, the other plug of each pair being
inserted into a suitable transfer circuit.

¢¢ Intermediate Returns >’ Strip.—It has been previously
mentioned that with secondary cells the ‘‘ earth return ” for
terminal circuits is obtained on a ‘‘ strip, earthing, 7-wire,”
fitted on the instrument table. This wiring tends to limit the
use of the fitted apparatus when required for emergency or
special arrangements. To overcome this difficulty the * earth
return ”’ for a number of sets of apparatus is obtained by using
switch springs on the * intermediate returns’ strip of the
Test Board, instead of on the  strip, earthing,” at the instru-
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ment table, In Fig. 18 is shown the principle of wiring a
telegraph set so that it may be available either for a terminal
circuit or for an intermediate circuit. These special sets are
provided with reversing switches for changing to “up” or
“ down ”’ working as required. The additional wiring shows
two leads run from the apparatus to the selected test hole on

the “ intermediate returns ’* strip. The lead from @ of the

relay makes ‘“ earth ”’ through one of the inner springs of the
test hole. In the lead from the left hand front terminal of the
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Fig. 18.

D.C. key is an adjustable resistance. For terminal circuit
working this resistance is not needed. When the apparatus is
required for an “‘ intermediate *’ circuit, the line having the
higher resistance is connected to the instrument test hole on
the line and instrument strip, the line having the lower resist-
ance being connected to the test hole on the ** intermediate
returns ”’ strip. To balance the outgoing currents, suitable
resistance is unplugged in the adjustable resistance. It should
be noticed that this adjustable resistance is in the sending
current circuit only, and that the received current is not
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affected by it. Also that the plug, when inserted in the ‘‘ inter-
mediate returns ”’ test hole, makes the necessary connection
between the two outer switch springs, at the same time cutting
off the “ earthed " inner spring. For full connections of the
special sets, see the Telegraph Diagram Book, Plates 66 and 67.

TRUNK TEST BOARDS.

Trunk and junction speaking circuits make use of a return
line wire, not of an ‘“ earth return,” as in the case of telegraph
circuits. - Both lihe wires of each trunk and junction circuit
must be accommodated on the Trunk Test Board. To dis-
tinguish the line wires of the pair of wires forming the metallic
loop, one of the line wires is known as the ‘“ A ”’ line, the other
line wire of the pair being known as the “ B *’ line.

As in the case of telegraph test boards, a series of tag con-
nection strips is provided in the lower portion of Trunk Test
Boards. The use of the cross-connection field on Telegraph
Test Boards has been explained in detail. The same principle
operates in the case of trunks and junctions, and it is now
only needful to point out that tag and jumper connections are
provided for each wire of the pair of wires forming the trunk
or junction circuit.

Trunk Test Boards for Small Offices.—At the smaller offices
the type of Trunk Test Board provided is that known as—

Case, Test, D 1930 1§
or Case, Test, D 1930 23.

The Test Case D 1930 12 has capacity for two strips of
test holes, to each of which, when fitted, 10 trunk or junction
circuits may be connected. The test case is supplied fitted
with one strip and with wiring in readiness for the second
strip to be fitted when required.

The Test Case D 1930 has capacity for four strips of test
holes, A, B, C and D. Itis supplied fitted with strips A and D
and with wiring in readiness for strips B and C to be fitted.
The wiring of strips A, B and C is suitable for the connection
of line circuits. Strip D was formerly used for battery
connections but is now used for line connections. A slight
re-arrangement of the wiring of strip D is necessary, however,
before it is used for line circuits. A total of 40 trunk or junc-
tion circuits (1o per strip) can, therefore, be connected when
the test case is fully equipped. On both sizes of test case the
test holes on each strip are wired to strips of connecting tags
in the lower portion of the cases, the upper row of test holes
on each strip being connected to one set of tags and the lower
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row to another set. The method of wiring will be clear from
the figures that follow.

. On the smaller test case the first strip may be used partly
for * terminating > and partly for ‘ through’ circuits, or
wholly for ‘‘terminating” circuits, in which case the second
strip would be fitted for the accommodation of ‘ through ”
circuits if necessary.

On the larger test case strips A and B are usually
appropriated for ‘ terminating” circuits and the strips
C and D are used for ‘“ through ”’ or “ miscellaneous *’ circuits.

Fig. 19 shows the standard wiring for a ‘‘ terminating ”
trunk or junction. The “A” and “B?” line wires are
connected (via the wiring tags) to the upper left and right
hand holes respectively of a group of four, the corresponding

°A" LINE “B°LINE
TRUNK TO SWITCHBOARD
or
JUNCTION
Fig. 19.

connections to the switchboard being made to the two lower
holes of the group.

Fig. 20 shows the wiring of a * through ” trunk or junction.
The wires proceeding to the * controlling” exchange are
connected to the upper pair of test holes of a group and the
wires to the ‘‘ non-controlling ” exchange to the lower pair,
the A and B wires being connected to the left and right hand
holes, respectively, as in the case of terminated circuits.

On the larger test case are two unwired strips of connecting
tags. These were used originally as part of a cross-connecting
field, but their use has now been abandoned.

If * through ™ circuits are connected with the test case
a reasonable proportion of test holes groups on the “ through
circuit test hole strip is connected to special protectors in order
that adequate protection may be afforded in the event of the
division or termination of any of the ‘ through” circuits.
In such cases the terminated portion of a ‘‘ through " circuit
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is connected to the switchboard via the test holes associated

with the special protectors.
Fig. 21 shows the wiring of the special protectors to the

TO CONTROLLING
EXCHANGE
TO NON-CONTROLLING
EXCHANGE

Fig. 2o0.

test holes and the method of dividing and terminating a
““ through * circuit is illustrated in Fig. 23.

TEST HOLES

LINE SIDE
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On the top of the test case two test holes are provided which
may be used either for connecting a Test Telephone to the lines
or a Detector No. 2 for line or battery testing, the connections



www.royalsignals.org.uk

25

*PIEOQYI3IMS 373 03 A[305IIp I9A2U pue ‘uonised ,, U0983014 [e1adS ,, © pia pIEOq

“UO}IMS 97} 0} PIJOSUUOD 9q JSNUI PRIEUIWLId} PUE DIPIAIP A[Uelodwd) J1 JMOIP ysnoigy v °z
‘34511 9y} Uo St oM , d ,, 94} PUE 3JO[ 9Y} UO S[oIM , T ,, OYI—"STAIM ,, g ,, PUE ,, V ,,

Y} 03 PIjoaUUOD a1k [2qe] 9
dne1d ay3 jo s9jo

~pa109704d P pajouruzy

.%«0 2018 Aoz {03 —
\E\%\Jo\h P00 Of 42|

UL \hkow\xw\@hoom

| apow 520 4

*dnoi8 a3 jo ssjoy om3 doj
[} WO }SIJ PIWEu 25UeyOXa 9y} O} SAUN 9YJ—'SIINO¥I) HONOWH],
q om} doj 8y} O} PejOSUUOD B1€ SAUI] oY [—'SIINOAI) ONILVNIWAE], ‘I
—!SHLON

* joumou
oy Aoy . passosd spmurs ybnomyt ybrnosyy

P B

10

AMSAI[F2AM ] T am ST TTaAMm ST

poob/ SoyfoUD of
pasnff aury, aur aug

SLINOHIO HONOHHL

passoss
b AR NA

TAm Yl 1ram T 1857

“1. 87

"'SLINJYID ONILYNINYTL

Fig. 22.



www.royalggrnals.org.uk

between the telephone test holes and line test holes being made
by means of pairs of single conductor plugs and cords.

At the left-hand side on the top test hole strip on each
size of test case are two test holes connected to earth.

The method of making line and testing changes on the front
of the case will be gathered from Fig. 22. If the desired changes
IWIRING OF CROSS CONNECTION STRIPS AND
TEST HOLES.

Cross Connections
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Fig. 23.

cannot be made by means of U links, pairs of single conductor
plugs and cords are used.

Trunk Test Boards for Large Offices.—7runk Test Boards
fitted with Test Holes—The design of the framework of the
Trunk Test Board fitted with test holes follows broadly that of
Figs. 7 and 10. Two or more panels may be fitted, each panel
accommodating 40 trunk or junction circuits. Fig. 23 shows
the wiring of the test holes and tags. The line and testing
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changes made on the front of this Trunk Test Board are similar
to those shown in Fig. 22.

Tyrunk Test Boavd Fitted with Switch Springs—The general
design. of the Trunk Test Board fitted with 5-point switch
springs is similar to that shown in Fig. 14, the essential differ-
ence being in the wiring of the switch springs. As shown in
Fig. 24, the ““ A "’ and *“ B " line wires of the trunk or junction
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Fig. 24.

circuit are connected to the short and long outer springs re-
spectively of the line switch spring. The connections to the
switch section are similarly made on the instrument switch
springs, the inner springs of both the line and instrument switch
springs being separately wired.

In order that each wire of the pair of wires connected to any
of the outer switch springs may be brought individually under

n.:\—_:_l-J Pg%g TRUNK] %gj::yn
S Oy,
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Fig. 25.

test when required, a specially wired series of test switch springs
is fitted on the Trunk Test Board and connected to either a
‘ Test Tablet ”’ or to a ““ Test Desk.” The connection between
the faulty loop and the special test switch springs is made by
means of 2-conductor plugs and cords. Provision is also made
for connecting a Test Telephone set to any circuit.

Transfer circuits between panels are also provided.
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SUPERPOSED TELEPHONE CIRCUITS.

Where two identical telephone loops exist between two
offices, a third or.* plus ’ () circuit may be obtained by means
of repeating coils fitted at each end of both loops. The arrange-
ment is shown diagrammatically in Fig. 25, where P and S are
respectively the primary and secondary windings of the repeat-
ing coils. The secondary is made up of two equal windings,
the connection for the *“ plus *’ circuit being made at the junc-
tion of the two windings.

‘Whilst any faults which tend to unbalance this arrangement

7o Section

e &2 6 6 & 6
&0 66D 6660

Fig. 26. Fig. 27.

will disturb the working of the * plus ”’ circuit, it may still be
possible to work the two metallic loops satisfactorily if the
repeating coils are removed. ‘ Night” and * Sunday ”
arrangements may also necessitate the removal of the repeating
coils. The normal connections for readily effecting these
changes on a Trunk Test Board fitted with test holes and U
links are shown in Fig. 26. '
To remove the repeating coils, rearrange the U links as
shown in Fig. 27. "
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The wiring connections on a Trunk Test Board fitted with
5-point switch springs are shown in Fig. 28. The lines are first
brought to the line and instrument strips to maintain the
“route "’ system, and then carried on to the miscellaneous
circuits strip.

Any circuit changes which may be required on the front of
the Test Board can be effected by means of two-conductor

Line ond /nalrument Strip
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Fig. 28.
plugs and cord. The 2 m.f. condenser shown inserted between
the two equal windings of the primary is provided to avoid
making changes on the switch section cords fitted for auto-

signalling.

SUPERPOSED TELEGRAPH CIRCUITS.
A telegraph circuit may be superposed on a telephone loop

by means of repeating coils, The repeating coils are wired to
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the Trunk Test Board, the superposed telegraph circuit being
carried on to the Telegraph Test Board as in Fig. 29.

If the trunk normally fitted with this arrangement is inter-
rupted by a fault, the apparatus can be transferred to a good
trunk by means of two-conductor plugs and cord inserted in the
corresponding line and instrument switch springs on the Trunk
Test Board.

TRUNK TEST BOARD.
Line and /nsbrument Strp
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Fig. 29.

TEST ARRANGEMENTS FOR THE LOCALISATION OF
FAULTS.

Many faults affecting both telephone and telegraph circuits
commence as slight defects, which gradually develop until the
circuit is definitely interrupted. The early localisation of these
faults may require precise electrical measurements by means of
the Wheatstone Bridge, Megger or other sensitive testing
device. A large number of faults, however, do not require
actual electrical measurement and may be localised between
testing points by simple operations involving only the use of a
battery, galvanometer and tablet switch., There are modifica-
tions in the wiring of the tablet switches according to the con-
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ditions obtaining in a particular office. Fig. 30 shows the
principle of the wiring of a Tablet, Test, 7-hole, with battery,.
galvanometer and earth connections, the wiring shown being
made permanently at the back of the tablet switch and
galvanometer.

Fig. 31 shows changes which may be made on the front of
the tablet switch by means of U links, the waved lines repre-

7o Send @ e currené Lo line.

7o send/ @ current bo dnv.

76 send/ o current on @
" foop crrcuwit”

e 70 rece/ve o current on
O 60 a Yoop orrewst

(e JX¢)
llw‘ £ 7o Lest for contacl bebween
i hnes.
a—

Fig. 30. Fig. 31.
senting pairs of solid plugs with single flexible conductors used
for making connection between the tablet switch and the line

or lines under test. The arrangement shown in Fig. 30 is some-
times modified to suit special cases.

Simple Test for an ‘¢ Earth > Fault.—The effect of an ** earth "’
fault is to increase the amount of current normally sent out
at the sending station and to decrease the amount of current
normally received at the receiving station. Proceed to localise
as follows :—Ask the distant station C to disconnect the faulty

7o receive a current from hine.
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line wire at the Test Board, and arrange the tablet switch as in
A4 of Fig. 31, connecting Gz to the faulty line, The testing
arrangements will now be as in Fig. 32.

Suppose f to be the earth faultand 4 and B to be intermediate
offices into which the line is led for testing. Station C having
disconnected the line wire as instructed, a deflection of the
needle will be observed on the testing galvanometer. Ask
station B to disconnect the faulty line wire. When this is done,
the galvanometer needle will return to zero, showing the line
to be clear to that point. On restoring the line at station B,

L_i]__@d. ggg

v

Fig, 32.

the galvanometer will again be deflected, proving the fault to
exist between stations B and C.

Simple Test for a Disconnection on a Single Line Wire.—The
effect of this fault is that a current does not leave the sending
station, owing to the normal return path of the current being
interrupted. To localise this fault, a temporary earth return
path is put on the line at the intermediate testing offices as
instructed by the controlling office. Proceed as follows :—
Again arrange the tablet switch as in 4 of Fig. 31, connecting

HO—* 25

Fig. 33.

G2 to the faulty line wire. The testing arrangements will be as
in Fig. 33.

Station C is instructed to earth the line wire. The galvano-
meter needle will not show a deflection. Station B having been
instructed to earth the line wire, a deflection of the galvano-
meter needle will be observed, proving the line wire to be in
order to that point. On taking off the temporary earth connec-
tion and restoring the line at station B, the galvanometer
needle again shows no deflection, proving the disconnection
fault to exist between stations B and C.

Simple Test for an ‘¢ Earth >’ or a ‘¢ Disconnection >’ Fault on
a Loop Circnit.—To localise an ““ earth ”’ fault on a loop circuit,
both the “ A ”’ and * B " line wires are disconnected at the ter-
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minal testing office, the two wires being then individually tested
as for single wires.

A * disconnection ” fault on a loop circuit may be localised
by proceeding as for single wires. The more usual method of
localisation is that in which the “ A >’ and ““ B " line wires are
looped at the intermediate testing offices. Proceed as follows :-——
Instruct station C to ** loop "’ the two line wires, and arrange
the tablet switch as in F of Fig. 31, connecting G2 and negative
(—) to the two line wires of the loop under test, The testing
arrangements will now be as in Fig. 34.

A 8 ¢
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e

Fig. 34.

Station C having looped the two line wires, as shown in the
figure, no deflection of the galvanometer needle wiil be observed,

Station B is then asked to loop the two line wires, and when
this has been done the galvanometer needle will be deflected,
showing the loop to be good to that point and that the discon-
nection fault exists between stations B and C.

It will be noticed in this test, as also in that for * contact,”
that an earth connection is made between the galvanometer and
battery. 1If this earth connection is omitted, an earth fault on
both wires of the loop will cause a deflection of the galvanometer
needle, so giving a false testing result.

A 2 . €
S
3
Fig. 35.

Simple Test for Contact between Two Line Wires.—The effect
of this fault on single line circuits is that a current sent out on
one circuit is received on another circuit. In the case of a loop
circuit, the effect is to short-circuit the current sent out, little or
no current reaching the distant end of the loop circuit. Instruct
station C to disconnect the line wires. Arrange the tablet
switch as in F of Fig. 31 and connect G2 and negative (—) to

.the two faulty line wires. The testing arrangements will be as
in Fig. 35.
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Suppose f to be the contact fault. When station C has dis-
connected the line wires, a deflection of the galvanometer
needle is observed, showing the fault to exist between the testing
office and station C. Station B is then instructed to disconnect
the line wires. 'When this has been done, the galvanometer
needle will not be deflected. The contact fauit therefore exists
between stations B and. C.

To Receive a Current from a Single Line.—The tablet switch
is arranged as in C of Fig. 31, G2 being connected to the line wire
on which the current is to be received. With this arrangement,
if the received current is positive, the galvanometer needle will
be deflected to the left of zero. If a negative current is being
received, the galvanometer needle will be deflected to the right
of zero.

To Send or Receive a Current on & Loop Circuit.—The tablet
switch connections are arranged as in D and E respectively of
Fig. 31.

For tests made with the Wheatstone Bridge and Megger, see
Pamphlet A6, Measuring and Testing Instruments,

In the foregoing tests much time will be saved in localising
if, after having proved that the fault is not in the apparatus at
the terminal station, the next test be made to a point midway
along the line, If clear to that point, then the next test should
be made to some point about midway along the remaining sec-
tion; and so on, always halving the distance until the fault is
eventually located between two consecutive offices. Thus

A 8 [ D £ F 4 H !
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Fig. 36.

Suppose an earth fault to exist between F and G. Then 4 (the
testing office) after having proved that the fault is not in the
apparatus at I, should instruct E to disconnect. Finding it clear
to that point he will next instruct G to disconnect, He will now
find that the fault is between G and E. Finally he will ask F
to disconnect and thus definitely locate the fault between the
two consecutive stations F and G.

Printed under the authority of His Majesty’s Stationery Office
By Eyre and Spottiswoode Limited, East Harding Street, E.C. 4,
Printers to the King’s most Excellent Majesty.
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—— LIST OF ——
Technical Pamphlets for Workmen

(Continued.)

GROUP E.
1. Automatic Telephony : Step by Step Systems.
2. Automatic Telephony : Coder Call Indicator (C.C.1.) Working.
3. Automatic Telephony : Keysending ** B "' positions.

GROUP F.

. Subscribers® Apparatus. Common Battery System.

. Subscribers’ Apparatus,C.B.S. Part I—C.B.S, No, 1 System.
. Subscribers’ Apparatus. Magneto.

Private Branch Exchanges—Common Battery System.

. Private Branch Exchange—C.B. Multiple No. 9.

Private Branch Exchanges—Magneto.

House Telephone Systems.

. Wiring of Subscribers’ Premises,

GROUP G.
1. Maintenance of Secondary Cells.
2, Power Plant for Telegr. B}l and Telephone Purposes.
3. Maintenance of Power Plant for Telegraph and Telephone
Purposes
4. Telegraph Battery Power Distribution Boards.

GROUP H.
1. Open Line Construction, Part 1.
. Open Line Construction, Part II,
. Open Line Maintenance,
Underground Construction, Part I—Conduits.
Underground Construction, Part I1—Cables.
Underground Maintenance,
Cable Balancing.
Power Circuit Guarding,
. Electrolytic Action on Cable Sheaths, etc.
. Constants of Conductors used for Telegraph and Telephone
Purposes.

GROUP L
1. Submarine Cables,
GROUP K.
Electric Lighting.
Lifts.
Heating Systems.
. Pneumatic Tube Systems,
Gas and Petrol Engines,
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