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1. INTRODUCTION.
1.1 The subject of trunk testing can be divided into two main categories. The first

category is the testing of physical trunk lines and the second the testing of derived
trunk circuits such ag carrier telephone circuits.

The tests performed on a faulty physical trunk line should determine the nature of
the famlt and its precise physical location.

The tests performed on a fa.uity derived trunk cireuit should determine the nature of
the fault and give an indication of faulty equipment or bearer.

1.2 Trunk teeting facilities have undergone many changes in recent yeare, particularly in

the field of physieal locations. Pulse echo type testing equipment, which is
deseribed in the paper "Pulse Echo Testing", 1s now often used in preference to
bridge type location equipment. However the principles of bridge type locations are
sti1l importsnt and are described in this paper.

1.3 Until recently all trunk circuits hed an appearance on Jack circuits on cne or more

E.T.5. ¢N3s52

Trunk Test Boards in the Line Transmission Equipment station. With the introduction
of ARM exchanges it i1s possible that only physical trunk lines will have Jack
appearances onthe trunk test boards and test acceas fa.cilities for all speech
cireuits will appear in the ARM exchange.

Another functlon of trunk test boards is the resrranging of trunk lines and station
equipment 3o that clrcuits are made available to take the place of those temporarily
out of service vwhilst faulty. In addition, apecial rearrengement of circuits can be
readily teken care of at this point.

Three types of trunk test board are in common use; they are Composite (Combined),
Primary and Secondary. The Composite T.T.B. caters for testing and patching on hoth
physical and derived circulta. Originellly ell T.T.Bs. were of the composite type
and these boards are .in use at many older installetions and are also installed at
srall modern installations.

Primary and Secondery T.T.Bs. are used in conjunction with each other. The Primary
T.T.B. caters for phyelcsl trunk lines and the Secondary T.T.B. caters for derived
trunk cireuits.

Detalle of the test access facilitles provided by Composite, Primary and Secondary
T.T.Bs., are given in the peper "Layout, Cabling and ‘Test Access for Line Transmission
Equipment".

Izgue 1, 1967
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2. GENERAL PRINCIPLES.

2.1 Fault Reporting. At the time of writing, the fault reporting and recording procedure
for Country Exchenges Iz being revised but a nunber of general principles can be
stated.

A fault docket (EMS) is to be used to record the relevant information for trouble
reports and detected faulte for all communication services. When suitably tabulated
and filed, these dockets will provide the Supervising Technlcian with a visual
indication of the fault incidence of the trunk end juncticn circuits under his
control. They will als¢ be used to provide input dats for computer analysis systems,
In order te effectively satisfy these requirements it is essential that each fault
docket is accurately completed.

The objeet of this proposed system 1s to ensure & high grade of service to the
subgscribers, by carefully aralysing the trunk and Junctlion fault incidence and
concentrating the work force to upgrede any spparent weakness. The relevent E,Is.
on the sublect should be studied in conjunction with this paper.

2,2 Procedure. Each fault docket is attached to the appropriste trunk line master card
which gives details of intra-office cabling and equipment end also the necessary
information regarding the bearer. An exeminstion of the trouble reports and detected
faults in hand at any time can often give an indication 9f the location of a fault.
The testing officer should analyse these reporta in an ¢ffoyt to establish 8Ny commob
factors that could hasten the location of the faultb“an tHe restoration of service.
The following two examples show the principle.

Example 1. If the trouble reports show that all channels of a carrier system are
faulty, then & common equipment or bearer fault is indicated., Simple tests can
quickly determine whether the fault 1s in the equipment or the bearer, and the
necessary action caen be teken to restore service,

Exemple 2. If a group of circuits, for example, those using channels 1, 4, T and 10
of a twelve channel system with a modwlation plan assembling four sub-groups each of
three channels, are reported faulty, then a fault in the sub-group equipment is
indicated. Initial tests should be made to confirm thiz suspicion and to determine
the station et which the fault -exists.

Having analysed the trouble reports in hand and formed initial conclusions concerning
the faults, the testing officer maskes any prelimin atching arrangements which ma
be required because of the priority of the circuits affected. Details of patching
procedure are given in the E.I. LONG LINE EQUIPMENT General F 0010. The succeeding
tests should determine whether the fault is in the equipment at the local station,

in equipment at some other station, or in the bearer. Details of the procedure
adopted for equipment faults are not given in this paper.

2.3 Physical Trunk Line Faults. When testing physical trunk lines it is important to
ensure that the fault is proved out of the local station. Physical trunk lines
faults can be classified broadly as follows:—

:t Contact between the two wires of s pair - vsually termed a "short eircuit".

i1 Contact belween e wire or wires of one pair and another circuit - usually
termed a "cross',

i Contact between one wire of a pair and sn earthed circuit or object ~ usually
termed an "earth",

!t A high resistance contact or leaksge to another conductor or esrth - termed
L.I.R. (Low insulation resistance} bebween the pair, to another circuit or
earth as the case may be.

t1 An open circuit of one or both wires of a peir without contact with other
pairs or earth - termed an "open circuit",

1t Nolsy circuit - due usually to one or more of the previous faults.

Before an attempt is made to determine the location of & fault, reference is made to
the trunk line mester card, on which is recorded the equipment in eircuit, the gauge
and type of wire, particulars of entrence snd intermediste cables and other details
relevant to the testing of the cireuit.
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If shunt or series equipment exists on the line, such as in intermediate offices, it
is first necessary to clear the line by either opening off or patching out the
unwanted egquipment.

With regard to the line, it is generally sufficient to know the approximate
registance of the various sections, as the actual resistance wvalues vary throughout
the year due to temperature chenges. For practical purposes, the following
values for loop mile resistance of the various gauges for wire are generally used:-

60C 1b. Copper ven s 3 ohma per loop mile.
300 ib. Copper vee . 6 olme per loop mile.
200 1b. Copper ves U 9 ohms per loop mile.
100 1k. Copper - ‘es 18 ohms per loop mile.
100 1b. Bronze cae ver 40 ohms per loop mile.
70 1b. Bronze - ve. . 5B ohms per loop mile.
70 1b. Cadmium Copper “ie 30 ohms per loop mile.
LoO 1b. Galvanised Iron aas 27 ohms per loop mile.
200 1b. Gelvanised Iron cue 5L ohms per locp mile,
100 1b. Galvanised Tron 108 ohms per loop mile.
40 1b. Trunk Type (sble cee bl ohms per loop mile.
20 1b. Trunk Type Cable - 88 ohms per loop mile.

It will be appreciated that preliminary location testa will be an approximstion,

and that the longer the section of line tested the greater will be the error. When
dealing with faults on long circuits, a check test is made in conJunction with the
fault lineman in the vieinity of the advised location, and this enables the degree o
error to be reduced and usually provides an accurate location.

2.4 Precautiong. When carrying out tests on trunk circuite, the testing officer must
ensure that other trunk eircuits in operation are not interrupted., Preliminary
listening ar speaking tests on a physical line must be made from s test aceess polnt
which does not cause the loss of circuits derived by a carrier system operating on
that physical, Trunk circuits must first be monitored snd only tested after the
testing officer hes ensured that they are not in use.

Tent voltages of 3V, 45V and 135V are provided in the Test Cord circuits of compositi
and primary T.T.Bs. These voliages can be applied to the voltmeter or bridge
circuits by the operation of the appropriate battery keys. Because of the
possibility of damsge to physical cireuwits, or the possibility of "zealing up" a
fault, a low testing voltage (3V) should be used for preliminary testing and in some
caseg ghould be used for the durstion of the test. Common examples of the continued
use of the 3V battery are as follows:-

tt When testing a noisy line where the noise is suspected to be due to & dry
Joint. Applicetion of the 135V potential mey seal up the dry joint meking a
location test impossible.

11 When meking a loop reslstance or a locatian test on a line with faulty
insulation. The 135V potential mey cause further damsge to the insulsation
and produce varying test results,

i: When measuring an unknown resiastence, such as a relay coll or. transformer
winding, where the resistance may be very low in value. In this cage,
excessive current fram the 135V battery could damage the item under test.

When the possibillity of high voltages sealing up a fault exists, steps should alsc
be taken to ensure that ringing current is net applied to the line. The fault
lineman should be imstructed to call in on ancther oircuit or, if thisz is not
possible, the line can be monitored with the monitoring amplifier ahd gpeaker and
contact can be made with the lineman using this method. The switchbosrd equipment is
“opened off" to prevent ringing current being applied from the switchboard,
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3._COMPOBITE TRUNK TEST BOARD.

3.1 Genersl. The standard composite T.T.B. ig made as a single position unit on & rack

g7 or 10'6" nigh by 1'8%" wide by 2'1l" desp.

by s8ide to complete the T.T.B. suite.
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FIG, 1. FACE LAYQUT OF TYPTCAL

COMPOSITE T.7T.B.

A number of racks can be installed side
Flg. 1 shows the face layout of a typical

The horizontal) desk section
incorporates the Voltmeter,
Wneatstone Bridge and keyshelf. The
unit is hinged apd may be raised to
provide acceaa to the wiring, the
plug shelf snd diasl, A directory
ahelf and the operator’s telephone
Jacks are mounted undernesth the
desk section.

The vertical section on the front of
the T.T.B. comprises the following
equipment, commencing at the tep;

the Lemp and Fuse Psnel, the Terminal
Strips, the Exchenge Line Relsy Panel
the Spesker Pmnel, the Jack field,
and the Miscellansous Test Panel
vhich is mounted immediately above
the desk section.

The jack fielde of earlier composite
T.T.Bs. are wired to terminal strips
at the top of the rack, but the Jack
fields of later boards are wired
direct to the I.D.F. A morse soumder
and key are provided on earlier
composite T.T . Ba.

The wertical sectlon of the toard

‘balow the desk houses the cords and

the dry batteries used to provide
the testing voltages.

The equipment mounted on the rear of
the board compriges the Monitoring
Mmplifier Panel, which is mounted
directly behipd the Speaker Panel,
the Cord Rell,. the Four-Wire
Mpuitoring Panel, the Wheatstone
Bridge Panel, and the Telephone,
Dialling, Lineman Call and Connecting
Cord Circult Panels, all of which are
located in the lower section &t the
rear of the board.
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3.2 Facilities. The facilitles provided by the T.T.B. are:-

:: Patching trunk circuite.

1t D.C. line testing.

i3 Speaking snd monitoring on the trunk circuits.
:: Ringing and dialling on the trunk circuita.

:: Connecting a trunk circuit te a locel manusl or sutomatic line.

3.3 Testing. The tegting facilities provide for speaking and signalling tests on trunk
telephone cirenits, and D.C. voltmeter and bridge tests on physical lines. Testing
can be performed on the fellowing types of circuits:-

t: Physical lines,
t: Phentem end earthed phantom (cailho) cireuits.

i3 Circuits derived from carrler syastems.

3.k Cord Circuits. A schematic of the testing, speaking and signalling circuit of a
typicel composite trunk test board is shown in Fig. 15. The cord circuits and their
assoclated keys can be clasgified into three types:-

it Comnecting Cord Circuit. Twin plugs designated "Trunk" and "Exchange™ are
connected to this cord ecircuit and may be used for connecting a trunk line
circuit to a local manual or sutomatic line. Dialling and ringing facilities
are provided on both the Trunk and Exchange plugs for the various types of
cireuits likely to be encountered.

i1 Test Cord Circuit. The Test Cord Circuit is fitted with a twin plug for normal
teasting and twe single plugs which are used for testing single wire lines and
for certain bridge tests. The test faclilities provided on this circuilt are
stated in the paragraphs describing voltmeter and bridge testing.

:: Four-Wire Monltoripng Cord Circuit. Two twin plugs designated "Trans" and "Rec"
are connected to the Four-Wire Monitoring and Talking Cord Circuit. Facilitdies
ara provided on this cord circult for monitoring four-wire connected circuits
#ingly in each direction, or in both directions simultaneously, and for speaking
at sultable level pointe on a circuit in the direction not being monitored.
Ringing facilities are available individuslly on each cord.

A Telegraph Test Cord Circuit is provided on earlier T.T.Bs. Two single plugs
designated "Telegraph Test' are connected to the Telegraph Test Cord Circuit. The
Telegraph Test Cord Circult comprises a Morse Key, a Morae Relay and a Milllameter
connected in series between the two single Test Cord Plugs. A Morse Sounder is wired
%0 the contacts of the Morse Relay. The facilities of monitoring on telegrsph
cireuits and meesuring telegraph current values are provided by this circuit,

3.5 Functions of Keys in Testing Cirecuita. The functions of the keys associated with the
varioue testing and speaking circuits are summarised in Tables 1-4. The keys are
sub=divided into those associated with the connecting cord circults, the two-wire
and monltoring cirenits {asscciated with the test cord circuit), the test cord
circult and the four-wire monitoring cord ecircuit.
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CONNECTING CORD CIRCUIT
KEY FURCTION
Speak Allows the operator to spesk on the connecting cord
: cireuit. :
Dial Exch. Completes & loop dlalling clreuwit %o the exchange plug.

V.F, Tone Clear

V.F. Tone Call

Applies a 600c/e tone to.the trunk plug.

Applies a 750c/s tone 4o the trunk plug.

Batt. Feed Connects & trdhanfasion Pridge to the trunk line plug
for the linemdh’s transmitter.

Dial V.F. KMlows the operstor to tranemit e dlal train of VF
impulges to the trunk line plug.

Ring Exch. Applies ringing tome vie:the mesber ringing key to the

Ring Trunk exchange and trunkrpluge:

TABLE 1, KEY FUNCTIONE FOR CONRECEDN
2-WIRE AND MONTTORYRG OTROBTDA
KEY FORGTT 0N
Diac, Sleeve Diacdﬁnashs sleeve clrcult ofotiest plug. -

Cailho Disl

Moen. on Test

Dial on Teat

Spesk on Test

Ring on Test
Ring 1000e¢/s
16c/s

Ring 4 Wire

Used ineonjunction with "Dial on Test" key establishes
suitable connecticns for Callho Dialling on the test
plug, elther from earth or battery in the test board.

Used for monitoring on & two wire circult in conjunetion
with the test plug.

Completes a loop dlalling ¢lrcuit to the test plug.

allows the operator to speak on the test plug without
breaking down a test in progress. Also, 1f the
trangmitter switch 18 not pressged, the operator may
ligten for foreign noises while the line is being tepted.

Applies ringing in conJunction with the master key to
the test plug. i

Master ring key. Applies 1000c/s to the individusl
ringing keys.

Mester ring key. Applies 17e¢/s to the Individual
ringing keys.

Used in conjunction with "Telk Chan.” and "Mon. Trans",
or "Mon, Rec.", to spply 1000¢/s ringing to either of
the four-wire monitoring cords.

TABLE 2. KEY FUNCTIONS FOR 2 WIRE AND MONITORING CIRCUITS.
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TEST CORD CIRCUIT
KEY FUNCTION
B.C.0. Cute off internel teeting battery supply.
3v Applies 3V Battery for Bridge and Voltmeter Tests.
150V Appliez 45V Battery for Voltmeter and 135V for Bridge
Teste.
Earth Applies en earth to the A wire of test cord.
V.M. Shunt Connects a shunt seross the Voltmeter, reducing the

Line Reverse

combined resistance to 1000 chms and giving the meter an
effective scale of 150-0-150 mA.

Reverses the A and B wires of the test plug with respect
to the testing circuit.

Short Short circuits the A and B wires of the test plug and the
test battery guard resistances, and is used in
conjunction with the Voltmeter key for checking the test
battery voltage.

Test A Disconnects B wire and applies an earth to the testing
cireuit. ‘ )

Test B Disconnects A wire snd applies an earth to the testing
cireuit, .

Voltmeter Applies the voltmeter with 150-0-150V range to the test
plug.

Bridge Applies the Wheatstone Bridge across the test plug.
Requires 3V or 150V key to be opersted to provide testing
voltage.

Murray Used in conjunction with the Bridge key establishes
suitable connections for carrying out the Murray Loop
test.

Varley Used in conjunction with the Bridge key establishes
sultable connections for carrying out the Varley loop
test.

TABLE 3. KEY FUNCTIONS FOR TEST CORD CIRCUIT.
L-WIRE MONITORING CORD CIRCUIT,
" KEY FUNCTION

Talk Chan. Uged in conjunetion with "Mon.Reo.™ and "Mon. Trans."
to permit the operator to talk in either direction on a
four=wire circuit.

Mon., 4-Wire Allows the operator to monitor both channels
simultaneously on a four-wire cireuit.

Mon. Rec. Allows the operator to monitor on the receive channel

Mcn, Trans.

of a four-wire circuit.

Allows the operater to monitor on the transmitting channel]
of a four-wire cireuit,

TABLE 4.

XEY FUNCTIONS FOR 4 WIRE MONITORING CORD QTRCUIT,
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3.6 Disconnection of Cleeve. Insertion of the Trunk Plug of the Connecting Cord circuit,
or the Test Plug of the Test Cord circuit, into & trunk line Jack will cause either
battery or earth potential to be applied to the sleeve circuit or third wire of the
trunk line eireuit according te the busying conditions reguired at the particular
installation. The "Diac. Jleeve" key, when operated, removes this potential,
enebling the operator to ring or dial into the drop equipment from the T.T.B.

3.7 Lineman Call Feature,  When a fault locstion test has been made on a line and the
lineman has been notified, the feulty line may be patched to the Lineman Call (Ring)
or Lineman Call (Batt} Jacks which are located on the Miscellaneous Jack strip. The
choice of jack depends on whether the linemen has a ringing generator or not. Tone
iz fed out to the faulty line to aseist the lineman in identitication. When the
linemar rings on, or loope the line, he causes & lsmp to light on the T.T.B.,
attracting the attention of the operator. As stated in para. 2.4, the lineman should
be instructed not to ring on certain faulty lines.

It should be noted that certain conditions, for example, a locp fault or a line
normally looped by a transformer, preclude the use of the Linemsn Call feature.

3.8 Monitoring Amplifier. The Monltoring Amplifier can be associated with the loudspeaker
or the operator's telephone receiver. The amplifier is degigned to introduce a
bridging loss of less than 0.5dB to any eircult eeross which it 13 connected and has
an output impedance of 600 okms to match the loudspeaker impedance and to sult
connection to the operator's telephone receiver. The amplifisr has a gain of about
3T4B controlled by a potentiometer on the face of the T.T.B,

3.9 Petching. Patching of trunk line circuits connected to the board is carried out with
loose patching cords. These cords are generally two conductor cords fitted with twin
Plugs, but three conductor cords are required if it is necessary to patch any sleeve
connectiong asgoclated with the circuits.

3.10 Battery, Ring and Tone Supply. Dry batteries, 3V and 135V (the 135V battery ig tapped
to obtain 45¥), are used to derive the testing voltages for the Voltmeter and
Wheetstone Bridge testing circuits,

A 1Tc/s supply is provided for ringing purposes and for use with the open location
test using the Wheststone Bridge.

Facilitles are provided for the connection of €00c/a, 750c/s and 1000/17c/s tones to
permit normel supervisory gnd signalling facilities over physical and carrier derived
circuits employing volce frequency signalling.

3.11 Jack Field. Details of the jack fleld of a typical composite T.T.B, are given in the
miscellanecus note, MIR 03L. The jack field provides the following main eircuitg:.

1t 36-10 Jack eircuits.

1t 2hef jack cireuits.

tt 242 Jack telegraph circuits.

11 28-2 jmck miscellaneous cireuits.

A Jack field with this capacity 1s generslly only suitsble for smsll lnstallations,
although composite T.T.Bs. are in use at socme older large inatallationa.



). PRIMARY TRUNK TEET .

4,1 Genersl. The stendard primary T.!I! B, té nta.&e ‘48 & gingle unit position on & rack
9" ar 10"6™ high by '1'&¢" wide ﬁy‘Q“:L'”dGeﬁ A numbel of racke can be installed side
by side, together with seeondarr T.7.Ba., to make up & sulte. The face layout of
the primary T.T.B. le similar o that*‘of 'Ehc doﬁpoaite T.T.BE, The main features are
shown in Fig. 2. '

JOEAATT™  b.2.Bselldties. The facilities provided by the

Vot e . ﬁm:inmrv 7.7.8. are:-
i T ) HH Pe_.tchi_ng_ trunk lines.
M LIE SELAT “.o o " e: D.C 11t 1
" GBEI . | t: D.C. line testing.
At : G h © 1t Spesking ‘and monitoring on the trunks.
ki 4.3 Tegting. The D.C. voltmeter and bridge
] ) testing facilities provided by this board
- | R P ' are identical to those provided by the
TIH: T ; Compogite 'T.7.B, and are d,escribed in
1Y u, I Section 5.
ol i pg LT . : '
P i Testing can be performed on the following
! types of circults:-
e THLgaa . .
‘CROUm '
HE BCALCRAUTE § : .
R =_':: Fhyslcal lines.
Y .- ) " . - .
_ e 1t Barthed phantom {cailho) lines.
e, . ,
shcx ou speatons = 4.4 Cord Circuits and Miscellaneous Features.
e In genersl the cord circult functions
~provided by & typleal primasry T.T.B. are
identical to those described for the
compogite T.T.B. and are summarised in
para. 3.U. Bimilar miscellaneous features
to those: e:t’ the Composite T.T.B, are
provided ‘and - Ahese mre described in
para.s 3.5 to 3.9.
T " The pr’ima'r:r T.T.B. is designed primarily
3 _ § . for physicel trunk line and telegraph
‘-I—I'l : testing and, aﬂthough signalling and
I ] apdaking facili:t:les ‘are provided, it is
L S .. not normel to. make:speaking and signalling
) _ tests from this bodrd., These tests are
“'{'_ o made from the secondery T.T.Bs, which are
TES - §Ig, 2, PACE LAYOUT OF TYPICATL _inatalled in conJunction with the primary

PRIMARY T.T.B. ~ . T.MBa.
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5. VOLTMETER AND BRIDGE TESTING.

5.1 Voltmeter Testing. The volimeter mounted in the desk section is a dual range, centre
zero, horizontal mounting type with eceles 150V ~ 0 - 150V 2nd 3V - 0 - 3V. The
movement is of the moving-coil type with & resistance of 1000 ohms per wvolt.

When assaciated with the Voltmeter circutlt, b:,r'the operation of the Voltmeter Key

and other keys ms required, the Test Cord ecircuit provides the facilities to ecarry
out the feollowlng tests:-

't Tests for short clrcuit.

:: Measurement of conductor reslstance,

¢t Measwrement of insulation resistance.

!t Teats for eerth.

it Tests for forelgn potential.

1t Testas for open circuit.

i1 Comparstive cepecity messurement.

The maln elements of the volimeter test cilrcuit are shown in Fig. 3. The testing
voltagee availeble are 3 volts and 45 volts and are applled by operation of the 3V

and 150V keye respectively. For both conditions the 3V termlnais of the meter are
used. The 150V terminals of the meter 1s used to test for foreign potential.

I R
‘KLR
o KVM KE KB KYA  XTB
SPEANING TO TO
AND BRIDGE g ™KSH Test
MON I TORING cCT. PLUG
siacwT KvM KB KTA
o
| g il
AW
50,
KLY KHY

RVYM ~ VOLTMETER KEY
K&H = $HORT CIRCUIT XEY

M ' KMV - (SOV KEY
Bv) KLV — 3¥ KEY
ey KVS - VOLTMETER SHUNT KEY
e “ KE — EARTH KEY
l' "I_‘ KB ~ BRIDGE KEY
Kv3 KVS KLR = LINE REVERSING
—! ]_ -av KTA = TEST A KEY
3K
_[ |. ."_l KT8 - YEST # KEY
SHUNT

FIG. 3. MAIN ELEMENTS OF VOLTMETER TEST CTRCUIT.
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Simplified circuits of various voltmeter ftesting conditions are shown in Fig. 4. The
keys opersted %o give the conditions have been included and reference should be made

to Fig. 3 for circuit deteils.

500 |
)

3000

av)
OA
TEST 'A' KEY, VOLYMETEA KEY AND 3V KEY
OPERATED.

TESTS FOR. EARTH ON'A' LINE.

(¥ )
—

500

-
3000
GY)

()
—_——

OB

TEST 'B' KEY, VOLTMETER KEY AND 3V KEY
OPERATED.
TESTS FOR EARTH ON '8' LINE.

f OB
{+)
150,000
150v} _
OA
VOLTMETER KEY OPERATED.
TESTS FOR FOREIGN POTENTIAL.
QA
+
150,000
(150v)

I

TEST 'A' KEY AND VOLTMETER KEY OPERATED.

TESTS FOR FOREIGN POTENTIAL ON ‘A' LINE

0B
&
150,000

50V}

TEST. B KEY AND VOLTMETER KEY OPERATED.
TESTS FOR FOREIGN POTENTIAL ON '8’ LINE.

08
152

3000
) v
] oA

VOLTMETER KEY, SHORT KEY AND 3V KEY OPERATED.
CHECKS$ 3V BATTERY POQTENTIAL.

OB
62]

3000

() ax
|—L-—-{)A

VOLTMETER KEY, SHORT KEY AND |50V KEY OPERATED.
CHECKS 45V BATTERY POTENTIAL.

08
]

3000
59 W
I—\AXZJ—O'A
500

VOLTMETER KEY AND 3v KEY OPERATED.
MEASURES CONDUCTOR RESISTANCE.

ljno Hngn.ué : ob
IR A G s O

$00
VOLTMETER KEY, 3V KEY AND VOLTMETER SHUNT KEY
OPERATED:
MEASURES CONDUCTOR RESISTANCE.

OB

47K 45y
k«/@oﬁ\
50

VOLTMETER KEY AND i5QN KEY OPERATED
MEASURES CONDUCTOR RESISTANCE.

15
3000

(3v)

FIG. h. MAIN ELEMENTS OF VCLTMETER TEST CIRCUIT.
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5,2 Use of Voltmeter to Measure Resistance. The brildge cirenit is normally uveed for
accurate conductor resistance measurement, but the voltmeter circuit can also be used
and greatest accuracy is obtained when the Voltmeter reaistance approximates the |
resigtances to be measured. The Voltmeter resistance im 1,000 olms per voli, but the
operation of the Voltmeter Shunt Key places a shunt acroseg the Voltmeter.

With the Voltmeter key operated, the following voltmeter resistmnces are obtained:-

11 3000 ohms with 3 Volt key operated (i.e. 3 volt battery, in series with the
3 volt section of the meter, is applied to the test cord).

13 1000 ohms with 3 volt key and V.M. shunt key operated.

t; 50,000 ohms with 150 volt key operated {i.e. 45 volt section of the battery,
in serles with 47,000 ohme and the 3V gection of the meter, is applied to the
test cord).

Velues of resistance may be determined using the following formula:-

Rx

R (IET' 1) -’

where BRx = resistance under test.
Bm = Voltmeter circult resistance.

D = Deflection with short eircuit key operated. (RV1 is normally
adjusted to give f 11 scale deflection].

D1 = Deflection with short circuit key normal; that is with the
unknown reslstance Rx and potenticmeter resistance RV1 in
eircuit.

RYl = VYoltmeter guasrd resistance; that is the porticn of the
500 ohm potentiometer 1in circuit.

For small values of Rx it is necespary to estimate this
value but for large values of Rx {1t becomes negligible.

5:3 Megsurement of Test Voltages. The volteges of the 3V end U5V tegting batteries are
messured by operating the Voltmeter, Short and 3 Volt or 150 Volt keys, and should be
checked periodically to ensure accuracy in evaluating resistance measurements.

5.4 Measurement of Comparative Capacity. The comparative capacity measurement test can be
used t¢ determine the approximate location of a break in one wire of & pair. The
Voltmeter Key, 150V or 3V Key, &nd Test "A" key should be operated and then the Line
Reverse Key. This latter key will cause the "A" line capacity to earth to discharge,
and then, with the voltage reversed, recharge through the volimeter causing a certain
deflection, The same test- should now be applied, substituting the Test "B" key for
the Test "A" key. The difference in the amount of capacity between each wire ané
ground is indicated by the dlfference in the meximum voltmeter deflection observed
wvith the key opersted to the Teat A and Test B position in turn. If the length of
the sound wire is known, the position of the break may bve cslculated by comperison.
This test may alzo be applied using the eingle test plugs on e sound wire and a
troken wire not necessarily of the seme psir.

5.5 Wheatgtone Bridge Tescting. Before describing Wheatetone
and Verley bridge testing methods the wheatatone bridge

principle should be revieed, Referring to Fig. 5, if ; ﬁ%z

there will be no potentlal difference between points P end Q
and so no deflection of the meter.

Rl and R2 are called the ratic arms of the Bridge and 1f
Rl = B2 (unity ratio arms) then X = RV. For unequal ratio
R1RV

arme, X = =

FIG, 5. WHEATSTONE BRIDGE.
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Main Features of the Bridge Circult. The Wheatstone Bridge, mounted horizontally in
- the desk eection, ip & direct current instrument, and is commected to the Test Cord
circuit by operation of the appropriate switching keys to make the following

messurements:-

1t Loop resietance. ': Varley Loop

11 Single wire resistance. ii Murray Loop.
:1 Insulation resistance. iz Open Location,

The main features of a typlesl bridge cirecuit are shown in Fig. 6. Detaile of the
Open Location relay contacts (OL) and the Murray key contacts are not shown. The
bridge conslsts of two ratio dials RL and R2, to each of which are connected
resigtance gpools of 10,100,1000 and 10,000 ohms values; a four-dial warisble
resistance RV which covers the range 0-9999 olms in steps of 1 chm; and a
galvancmeter, The unknown resistance to be measured forms the fourth arm of the
bridge. By adjustment of R1l, R2 and RY until no deflection is obtained on the
galvanometer, an unknown resistance may be caleoulsated by multiplying the value of

RV by the ratio or,

Four shunt keys, designated 1, 0.}, 0.01 and 0.001, are provided on the bridge panel
to reduce the sensitivity of the galvanometer. These keys complete the battery and
galvancmeter circuite in the bridge, at the same time introducing a shunt across the
galvanometer to sefeguard the movement winding. The sensitivity is lowest when the
0.001 key is depressed and 1s incressed ae successive keys to the right are cperated
in turn. When the key designated 1 is depressed the shunt across the galvanometer ig
gt 1ts meximum value and the galvanometer is giving 1ts most sensitive reading. The
galvanameter 1z an Integral part of the bridge and is & moving coll reflecting type.
The scale ip marked "Bridge High" and "Bridge Low" to assist the overator in
obtaining a balance in the bridge circuit.

Two terminals, Al and Bl, are provided on the bridge panel for testing cireuits and
items of equipment which cannot be conveniently comnected to the Test Cord.

KLV3

@1Q (i

XKM3I

HEM4A
)LOI.S
XM &V JACKS

©

&
R4 RS Ré

A AAMATAAAA

0001 [+ 2e ]} Q-

i

LAAN
A8

FIG. 6. TYPICAL BRIDGE CIRCUIT.
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5.7 Murray and Varley Feature. The Murray end Varley testing clrcuits incorporate a

double wound reley (MV). One coll of this relay ie in series with the test current
t0 line, whilst the other coil is used in conjunction with the MV Ins. Res. Bias
Potentiometer (R19 - R28), to provide an electrical bias on the relay under certain
teat conditions. This relay iz only in circuilt when 135 volts is applied to the
bridge. The functions of the MV Relay are:-

1+ On operation, to cause the MV Test Lamp tc light thereby providing a visual
indication that the line under teat is earthed.

t1 When distributed leskage to earth ig present on the line under test, the bias
winding current ig varied within limits to counter the effect of the leaksge
current to line so that the relay operates only on the actual earth fault current
The bias current is adjusteble to counter leakage currents for lines having an
insulation resistance to earth of approximately 10,000 ohms or greater.

1: When earth at the MV Jack springs is replaced by an earth patched to the M and V
Jack, the Galvanometer is disconnected from the Bridge circuit until the MV Relay
operates, Testing for the location of an intermittent earth fault often causes
severe "jolts" to the Galvanometer, due to high unbalanced currents in the Bridge
circuit when the earth fault lifte. Lifting of the earth fault in this case
however causes the MV relay to release, opening the circuit to the Galvancmeter,
A visual indication is alsc given by the extinguishing of the MV Test Lamp.

5.8 Loop Resistance. In ordar to make loop resistance messurements of a line, the pair of

R1

R

wires to pe tested is looped at the distant end.  The Bridge is then connected to the
line via the twin test plug and the operation of the Bridge and the 3 Volt Xeys. A
simplified circuit 18 shown in Fig. T. If the approximate resistance is unknown, a
balance i3 first obtained with the ratic srms Rl and R2 equal.

The shunt key designated 0,001 ig depressed and the resistance arm RV adlusted until
& balance is obtained. The other shumt keys 0.01, 0.1 and 1, are then depressed in
turn and the balance adjusted if necessary.

When the approximate resistence is known, o more accurete measurement can be obtained.
by varying the ratic arms. To cobtain the most accurate results, the following
settings should be used:= '

Settings of
Resistance under test. Rl R2
99,999 - 999,999 ohms 1000 10
9,999 - 99,999 ohms 1000 100
998 - 9,%9% ohms 1000 1c00
99 - 999 ohms 100 1000
0~ 99 ohms 1o 1000

When the finel belance has been obtalned, the reglstance of the loop can be caleulate
from the formula:-

= L
SHORT CIRCUIT AT
LINE UNDER TEST DISTANT END L =Ry xR
RZ
r
where L = unknown loop resistance.
RV RV = resistance in rheostat arm
{BRIDGE AND 3v KEYS OPERATED} Bl = ratio dial setting.
. R2 = ratic dial setting.

v

FIG. 7. MEASUREMENT OF LODP RESISTANCE.
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5. 9 Sigge-ﬂire Registance. A single wire resistence meagurement can be made in a similar

i

menner. In this case, the distant end of the line is earthed, and the single test
plugs are used - "Test A" plug belng inserted in the Earth jack on the Miscellaneous

Jack strip. The formula X = RV X-ﬂ- is applied.

This measured result mey not be accurate because it will include the rezistances of
the earth connections at the distant end and at the Wheatstone Bridge testing
circuit.

Three Wire Method. An alternative method of determining single wire resistance,
which does not invelve consideration of the earth comnection resistance, is the three
wire method. Three wires are required and one of the three wires is the wire to be
measured. The test arrangement for this method is shown in Fig. 8.

Assume theee wires are called a, b and ¢. First wires a and b are looped at the far
end and a loop resistance measurement Laken. Wires b and ¢, and then a and ¢ are
similarly measured.

The sun of the three readings = (a +b) + {(a +e) + (b+e)
: = 2a + 2b + 2¢c.

As each wire hag been measured twice, half the sum of the three readings will be
equal to the sum of the resistances of the three wlres.

Then if X ie this known quantity, X = a+ b + ¢
and 8 = X - (b + ¢)
b = X~ (a+ce)
e = X=(a+yn)

8o the resistance of any of the wires can be found by subtracting the combined
resistance of the other two wires from half the sun of the three readings.

Example. a + b = 5000 b+ c = T00R & + ¢ = 6009

Then a = lg%g - TOO = 2008
b=£§-g9-600=3009
¢ =%9- 500 = koo
-~ [4]
SHORT CIRCUIT AT
DISTANT END
b
<

RV| (sRioGE AND 3v/ISOV KEVS OPERATED)

FIG, 8. MEASUREMENT OF SINGLE WIRE RESISTANCE.

EG&O Insulation Resistance. The Wheatstone Bridge mey be used for messuring insulation

Biy e

reaistance up to five megohma, but beyond this value the error isg likely to be quite
large due to leakages in the Bridge, the Trunk Test Board and office wiring. The
3 VYolt testing battery should be used for the reason stated earlier,

Measurement of insulation resistance of a pair of wires dis carried out similarly to
the meagurement of loop resigtence, with the exception that the distant end is open
circulited and not lacped as before.
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5,11 Varley Loop Tests. (Location of Earth Conditions). In order to detérmine the
location of an earth condition by the Varley Loop wethod, the loop resistance of the
peir under test must be ascertained as set out in pars. 5.8, using the 3V testing
battery. i

Two alternative conditions are now possible:-

i1 Stesdy Earth Condition. When a steady earth condition exists on a line and the
insuletion resistence ie high, the Battery key is o]gera.ted to the 150V position
and the Murray Varley key ig operated to the Varley position. These operatlons
disconnect the positive pole of the bettery from the Birldge and connect it to
earth at the M and V Jack via one winding of the MV relsy and the resistance R1T
in geries. The battery and relsy clrcult can now Be completed only to the earth
on the line. The MV relay will operste and its contacte will complete the
circult to the M and ¥ Test Lamp on the Miscellansous Fenel. This lamp will
light confirming the presence of the earth condition on the line o which a
location test can be mmde. Circuit details are shown ln Fig. 2.

1: Intermittent Farth Condition. If the earth condition 1s intermittent in nature,
damage may result to the galvanometer dwe to heavy out of balance currents
which flow in the bridge cipeult if the earth condition disappears when the
bridge 1s nearly balanced and is being operated in Its mogt sensitive condition.

To minimiwe this effect, the MV reley is patched by a single patch cord from the
M end ¥ jack to an Earth jack. The contactas of the M end V jack now being
operated, the galvanometer cincuit can only be completed through contacts of the
MV relay which will operate intermiitently to the lntermiitent earth condition
on the line.

If the line under teet has low ingulstion resistance, the leskage current flowing
through the MV relay after the disappearance of the earth condition mey cause the
relay to hold up or be slow to release. Ag quick release ‘of the relay is
required to safeguard the galvenometer from damage, the MV relay BElas
Potenticmeter is provided to countersct the effect of this leskage current. This
potentiometer ias in series with the second winding of the MV relay and the
teating battery and can be adjusted to provide a bims current through this
winding sufficient %o balance out leakage currents on llmes having an insulation
registance of over 10,000 ohms, It is important to note that this adjustment
must be made when the earth condition is not present, and thet the bias current
should be increased until the MV relay releagses gulckly after the disappearance
of the earth condition.

When the earth condition appears on the line, the MV relsy operates due to the
increased current in the line winding and closes the eirecult to the gelvenometer
and the M and V Test Lemp. This lamp lights indicating the presence of the earth
condition, to which a locabion test can be made.

5,12 Verley Bridge Conditions. Fig. 9 showe the main elements of the varley bridge
arvengement. The line is connected as shown with the faulty side wired te the RV
arm of the bridge. With the "Bridge" key operated the bridge ie prepared for
wheatstone testing and with the "Bridge" and "Varley" keys operated the bridge is
prepared for Varley testing.

When the bridge is balanced for wheatatone conditions the resistance of the variable
srm (RV) is equal to the loop resistance if the resistance of the ratio arms ie

equal. When unequal ratio arms are used, the formule RV X g—; is spplied to calculate
the loop resistance.
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When the locp resistance L 1s determined, the key is operated to the Varley position
and RV varied uwntil a new balance is obtained.
The condition then is R2 (L - X) = R1(RV + X)
Where X 18 the single wire resistance to the fault,
But the ratic arms Rl and R2 are equal 80L = X = RV + X
and X = lL—%—E!

The resistance of the fault forms part of the battery circuit and therefore does not
affect the locatlon test provided that the resistance iz low compared with the
normal I.R. of the line,

Having obtalned the resistance of the faulty wire from the testing office to the
fault, the distance to the fault can be calculated from the line data recorded on the
trunk iine magter card.

The formula X = L—i—B!'is the basic Varley formula for equal ratio srme, end can

be applied to & circult even though the two wires of o pair are of unegusal resistance

In order to obtaln the distance to the fault it is necespary to divide the glngle
vwire resistance to the fault by the single wire resigtance per mile of the wire gauge
concerned.

Where it can be safely assumed that the two wires of & pair are of equal resistence,
it 1s possible to simplify the formula to:-

2X = L - RV (When 2X = 1loop resistance to the fault)

In order to obtain the distance to the fault ir this case, it is necessary 1o
"divide the loop resistance to the fault by the loop resistance per mile of the Wwire
gauge concerned.

Digtance of Fault from FPar End. It is often desirable to determine the distance of a
fault from the far end of s looped line, particularly when the fault is nearer that
end. If, as 1 usually the case, both wires of the pair under test are of similar
gauge, it is possible to determine this distance from the results of the Varley Loop
test already made:-

ss 2X L, -~ RV
5..Rv L-2x

Referring to Fig. 9, it will be seen that, if 2% is deducted from the loop resistance
L, then RV equals the resistance of all the wire remaining in circuit between the
fault and the far end. In other words, 2X represents the loop resistance of the
faulty pair between the testing station and the fault, and RV equals the leop
resigtance between the fault and the far end.

WHEATSTONE (BRIDGE AND 3V/I50V
KEYS OPERATED)

thnLev (BRIDGE, 3v/I50V AND VARLEY
KEYS OPERATED)

FIG. 9. VARLEY TESTS FOR EARTH FAULTS.
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5.13 Location of a Short Oircmit or Loop Condition. If the two wires of a pair are looped

R}

due to a fault, any loop resistance measuremént taken will include the resigtance of
the fault,

To obtain the true loop resistance of the palr to the fault the pair is open
circuited at the distant end and one wire is comnected to earth as shown in Fig. 10.
This applies an earth to the short circuit fault and a Varley loop test is then
carried out. With equal ratio arms in the bridge, the RV will be equal to the
resistance of the loop fault and the corrected loop reslstance to the fault can be
found by subtraction. If the fault is & short circuit then the varley reading will
equel QO chms.

o—_09 - With the varley bridge balanced the
§ p following conditions existi-
¥ |pauLT
} BL {RV +b) = &2 (a + y)
— — b As Rl = R2eande = b
b ’ Then RV = ¥y
where R1 = Ratio dial setting
Rv R2 = Ratio dial setting
WHEATSTONE (BRIDGE AND 3V/ISOV R¥ = Varlable bridge am
KEYS OFER‘TED‘ a = Si.ng‘lt.g-w:rzlgesistance
a e B -
\Mﬂl‘;:‘l’ (gg;ﬁi;)wuov AND VARLEY b = BSingle wire resistance
— KEYS © to the fault,
FIG. 10, " LOCATIQN OF LOOP FAULT. ¥y = Fault loop resistance.

5.1h Check Tegting with Linemen. Assuming that a line has been examined in the vicinity

of a fault without locating the fault, the testing officer can request a loop (short
cireuit) from the linemen and if the lineman is on the testing eide of the fault a
varley reading of O chms will result. It the linemsn is beyond the feult then the
varley readlng will represent the loop resistance from the linemans short circuit to
the fault.

5.15 Murray Loop Tests {location of Earth Condition), The Murray Loop test can be used to

determine the location of an earth condition on & line of relatively low resistance
and 1s particularly sultable for location on short csble sections. Flg. 11 shows the
main elements of the Murray Bridge circult.

The Murray Verley key is operated to the Murray position, tranaferring the
galvanometer from its normal position to a bridging positlon scross the line snd
short cireniting the second ratio armm R2, Ratio arm Rl is met to the highest reading
possible consistent with s halance being obtalned on the Bridge. The faulty wire is
connected to the B terminal, and RV sdjusted until s balance is cbtained then

RVX = R1 (L -~ X} or RVX + RIX = RTL, therefore K = ﬁ?ﬂl£ﬁr The value of X ia in
the single wire resistance ‘of the Imulty wire from the testing station to the fault.

LF

{BRIDGE IV/ISOV AND MURRAY KEYS
OPERATED)

<

FIG. 11. MURRAY TEST, LOCATING AN EARTH FAULT.
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5 16 Locetion of 'Crosses" by Varley or Murray Loop Teste. To locate a "eross" fault it is
“Flirst necegsary te determine the lines in contact. One pair should then be looped
at a stetion beyond the fault, and the faulty wire of the other pair earthed either
at the distant station or at the testing stetion ss shown in Fig. 12. The conditions
are then eguivalent to an earth fault and the same testes can be made to determine the
distance tc the fault.

-O
R{ SHORT
CIRCUIT
. 0
2 -\ | CROSS
L WHEATSTONE (BRIDGE AND 3V/I50V KEYS OPERATED)

varLEY (BRIDGE 3v/1SOV AND VARLEY KEYS OPERATED)

PIG, 12. LOCATION OF A "CROSS" — VARLEY BRIDGE.

5.17 Open Location Tests. The open location test feature of a T.T.E. is rarely used but a
brief cutline of the circuit is included. A capacity balance methed is used and
Fig. 13 shows the main circuit features. The single test plugs are used, Test A
plug being inserted in the line under test and the Test B plug in the "Open Location™
Jack. The "Bridge" key only is operated-

The ingertion of the test plug in the Open Locstion Jack connects the "B" side of the
Test Circuit through a luF capacitor to easrth and also operates relay OL. Contacte
of relay 0L short eircuit the ratio srm R2, replace the direet current supply to the
bridge with a 1T7¢/s supply, introduce a metal rectifier in series with the
galvenometer and arrange the circuit as shown in Fig. 13,

The 1uF capscitor beccmes one arm of the bridge and the capacity of the broken line
10 earth becomes the unknown arm of the bridge. A balance is obtained in the usual
way and the following formuls gives the capacity of the wire to ground:—

c = E% where C = caﬁacity of wire in microfarads.
Rl = ratio arm sebting.
RY = rheostat arm setting.

The approximate capacity of a sound conductor can be determined in a similar manner
and essuming the line is of uniform constructien the position of the bresk may be
calculsted from the ratic of the two results. On lines of composite construction It
is necesssry to record typical capacity to earth values at junction points in the
line because direct ratios would give misleadlng results.

o FAULTY IAE
AV "
e
R{ [uF

: (BRIDGE KEY opemrao AND TEST B PLUG IN
els OPEN LOCATION JACK)

FIG. 13. PRINCIPLE  OF OPEN CIRCUIT LOCATION.
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5.16 Example Problems. A number of simple problems are included to give an indication of

R

R2

a sultable approasch to bridge locations.” In most problems composite cable and open
wire lines are used and it is advisable to produce simple.pketches showing the line
eqnditions. When meking practical locations from & T.T.B. reference should be made
to Trunk line Master Cards and Trunk Line Maps to obtain the essential information
concerning the line or lines involved in the tests.

Unless the loop or single wire resistance of the lines is specified, or can be
calcutated, the values shown in Pars. 2.3 csn be used.

Example 1. An earth occure on one side of a 200 1b. copper open wire trunk line.
A wheatstone reading of 153 olms and a varley reading of 99 ohme ers cbtained.
Celculete the distance from the testing statlion to the fault.

Solution. - Y
OPEN WIRE LINE SHORY CIRCUIT AT
ASSUME 90 PER LOOP MILE DISTANCE END
_l_EARTH
< FAULT

11 Caleulate loop resietance from the testing station to the fault.
2X = L-RV '
5% = 158 - 98 = 54 ohms,

11 Caleulate the dietance from the testing station to the fault.

Loop resistance to fault (2X)
Reetatance per loop mite of line

TR
== 8 milea.

Answer.  Earth fault is 6 milee from the testing etaiion.

Example 2. A physical trunk line consists of:=

:: One mile of 20 1b. trunk entrance cable from the testing statlon to the nesr-end
cable head. B

:: Eight mile of 150 1b. copper open wire line (12 ohms per loop mile).

Digtance itn miles =

1: One mile of 20 1b. trunk entrance cable from the far-end cable head to the
distant station.

When tested the line is found to be earthed on one side. A loop reamding of 272 chms
and = varley reading of 148 chms are obtained. Calculate the distance to the earth
fault.

Solution.
NEAR-END FAR -END
CABLE rlmn GABLEI HEAD
CABLE | MILE l OPEN WIRE LINE |CABI..E. | MILE
860 PER LOOP | 8 MILES |20 PER | 830 PER LOOP -g,';?:{,f'::g"-’ AT
MILE 1 LOOP MILE ‘MII.E
' BT
VIw =

v
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11 Caloulate loop resistance from the testing gtation to the earth fault.
3% = L-RV
- 8X = 272 - 148 = 124 ohma.

:+ Caloulate loop resistance of open wire line to the earth fault. (Subtraet loop
regtetance of the near-end trunk entrance oabla from total loop resistance to the
fault).

Logp rasigtance of open wire line to fault = 124 - 88 = 36 ohms.
11 Caleulate the distance from the near-end cable haad to the earth fault.
Loop resistance of open wire line

Distance = poeletance per loop mile of open wive Line
26 .
=55 =3 mtlee

i+ Caleulate total distance to the earth fault.
Total distance = 3 milea of open wire line and 1 mile of tmmk entrance cable.
d milea. '

Angwer., Barth fault <e ¢4 miles from the testing atation,

Example 3. A 200 1b. open wire line with two miles of 20 1b. trunk entrance cable
at the near-end has become permanently looped. With sn open eireuit at the distant
end a wheatetone reading of 356 ohms is obtained. A varley remding of L.5 ohms is
obtained with an earth on one side at the dlstant end.

Solution.

NEAR-END
CABLE HEAD
. 1

S:RLEE : It%gg | OPEN WIRE LINE
941 PER LOOP
MILE | MILE FAULT
— . -
| EARTH AT
DISTANT ENO

LOOP

11 Caleulate the true loop reaistanoce to the loop fault. Loop resigstance to fault
= Total loop resistance - resistance of fault.

= 366 - 4.5 = 351.5 ohme.

i1 Caleulate loop resistancs of open wire line to the earth foult. (Subtract loop
regietance of the near-end trunk entrance cable from the true loop resiatance).

Loop R of open wire line to fault = 351.5 - 178 = 175.5 ohms.
11 Caleulate the dietance from the near-end cable head to the earth fault.

o vop Reaistance of open wire line
Reeietance par loop mils of open wire

_175.5
=779

Distance

= 19.5 milea.

11 Caloulate total dietance to the fault.
Total dietance = 19.5 miles of open wire and 2 milee of trunk entrance cable
= 21.5 milas
Angwar, Loop fault ta 21.5 miles from the tasting station.
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6. SECONDARY TRUNK TEST BOARD.

6.1 General. The standard secondary T.T.B., is made up as a single position unit on a rack

Gt or 10'6" high by 1'8%" wide by 2'1" deep.

A number of racks can be installed eide

by side, together with primary T.T.Bs. to make up a suite, The face layout of a

typical secondery T.T.B. is shown in Fig. 1k,

$| glllasersisis Oo g A A Rk P

i ] T L
TERMMAL SIRIP
EXCHAAGE LIE i i * j
FELAY PANEL + ﬂﬂ Eﬁﬂ ‘HE- 4
SHERRER SANEL . @
§ -
f r*
i
75 TRUKK CIRCUNS A
H
— INCKFIELD

WAL HREINFS

8 TRINK CIRCIATS.

T MSCELLAREQUS TEST WANEL.

AEY HHELF

1ARN Fivk UPERNTORS WUHDSET

e

The horizontal desk section
incorporates the Milliameter and Key
Shelf, and 1s hinged and may be
raised to provide access to the
wiring, the Plug Shelf and Dial. A
directory shelf and the operator's
telephone Jacks are mounted
underneath the desk section.

The vertical section on the front of
the boerd comprises the following
equipment, commencing at the top;

the Lamp and Fuse Panel, the Exchange
Line Relay Panel, the Opeaker Panel,
the Jack Field, and the Miscellanecus
Panel, which is mounted immediately
aboye the desk section.

The vertical section of the board
below the desk houses the Test cords.

The equipment mounted on the rear of

_ the board comprises the Monitoring

lmplifier Panel, which is mounted
directly behind the Spesker Panel,
the Cord Reil, the Telephone,
Dialling and Connecting Cord Circult
Panel, which are located in the lower
gection of the rear of the T.T.B.

Although battery storage facilities
are provided, dry batteries sre not
required becsuse D.C. volimeter and
bridge circuits are not included in
the test circults.

The gecondary T.T.B. is designed
specifically for testing voice
cireuits and must be considered in
conjunetion with the primary T.T.B.
to understand the complete testing
facilities provided.

FIG. 14. FACE LAYOUT GF TYPICAL SECONDARY T.T.B.
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6.2 Pacilities. The faeilities provided by the Secondary Trunk Test Board are as follows:
1+ Patching 2-wire trunk line eircuits,
i1 Testing overall trunk circuit Zoss.
¢: Spesking and monitoring on the trunk telephone circults.
13 Ringing and/or dialling on trunk telephone circuits.
:1 Connection of e trunk circuit to & local manual or automatic line.

6.3 Testing. The testing facilities provide for spesking and signalling tests on trunk
telephane circuits and also loss measurement gon trunk circuilts,

Testing may be performed on the following types of circuits:-

1t Physical lines. (V.F. tesis only).

:: Earthed Phantom (Cailho} circuiis.

i+ Phantom circuite.

i1 Clreuits derived from carrier systems.

i+ Signalling leads associated with trunk circuits.

A schemstic c¢ircult of a gecondery T.T.B. is shown in Fig. 16. The testing

facilities are applied through the various cord circults which can be divided into
“the following types:-

+3 Connecting Cord Circuit. C.B. type plugs designated "Trunk” and "Exchange" are
connected to this cord circuit which can be used for connecting a trunk line
elrcuit to a local manual or automatic line. Dialling and ringing faeilities are

praovided for the various types of clreuits likely to be encountered on both the
Trunk and Exchange pluge.

it Test Cord Circuit. Two test cord cirenits (1 and 2) are fitted with C.B. type
plugs and used for testing mnd monitoring purposes. Each cord provides
facilities for sending a standard test tone to line, measuring the level of
received test tone, loop dialling, monitoring and spesking on through lines.

A twin test cord plug ie inserted simultanecusly in the line and drop Jacks and
with all keys normel a through circuit is provided. By operating the Test
Line/Test Drop key to the Test Drop position, facilities are provided to test or
tallk on the drop side while the line aide is terminated in 600 ohms. 'This sction

can be reversed by operating the split circult key. The circuit side not under
test is termineted teo prevent circult instability.

The T.M.5. Send~Rec. Key, in assoclation with the Test Circuit key, enables both
the trensmission of s standard level to line and measurement of received level on
an A.P.0., T.M.8.

i1 Carrier Bignalling Cord Circuit. A twin C.B. type plug designeted "Carrier Sig."
is connected to thig cord circuit, which cen be used for dialling over carrier

syatems employing E and M leading dlalling facilities.

This cord cireuit also allows the checking of signalling current in either the E
or M lead, on a 100mA - O -~ 100mA meter.

A summery of the testing facilities, giving functions of keys is shown in Table 5,
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KEY

CIRCUIT FUNCTTON

Speak Connect.
Dial Exch.

Allows the operator to speak on the connecting cord elrcuit,

Completes & loop dialling circuit to the exchange plug of the
connecting cord clreuit.

V.F, Tone Clesr

V.F, Tone Call

Applies 60Ce/s tone to the connecting or test ccrds under the control
of the "Speak on Test" key,

Applies a T50c/s tone to the connecting or test cords under the
control of the "Spesk on Teat" key.

Dial Carrier
Signal

Applies earth or battery tc the cerrier signal cord, via the dial
contacts and the "Memsure E and M Sig." key.

Dial V,F. Mlows the operator 1o transmit a disl train of V.F. impulses to the
trunk comnecting cord or the test cord under the econtrol of the
"Dial on Test" key.

Ring Exch. Applies ringing tone via the master ringing key to the exchange end

Ring Trunk trunk plugs of the connecting cord circuit.

Disc. Sleeve. Disconnects sleeve circuits of elrcuit 1 cord.

Cirenit 1.

Battery Provides battery in place of earth on carrier and cailho dialling

circuit.

Measure and

Normal position of this key permits the current in the "M"

Signal signalling lead to be measured while dislling into the exchange
equipment connected to the "E" lead,
Cailhe Dial Used in conjunction with "Dial on Test" esteblishes suitsable

connections for ¢ailho dialling on the test plug, either from earth
or battery in the teat board.

Mon. on Test
Dial on Test

Used for monitoring on the two wire circuit,
Provides for dialling on the circult under test,

Bpeak on Test
Ring on Test

Allowe the operator to spesk on the test circuit,
Applies ring in conjunetion with the master key to the test circuit.

Ring 1000c/s Master ring key. Applies 1000/1Te/s to the ringing commons.

16c/a. Master ring key. Applies 1Te/s to the ringing ccmmons.

Digg, Sleeve Disconnects sleeve cirecuits of circuit 2 cord.

Cireuit 2. ’

Send Applies test tone to Cireuit 1 or Cipcuit 2 cords, under the
control of Test key.

Recelve Connects receive T.M,S. across Cireult 1 or Cireuit 2 cords, under

the control of Test key,

Operate Circuit

2 {normal).

Operate Circuit

1.

Connects cirewit 2 cord to test circult.

Connects Circuit 1, in place of Cireuit 2, to the test circuit.

TABLE 5. FUNCTIONS OF XEYS IN TESTING CIRCULT.




TRUNK TESTING.

PAGE 25,
KEY CIRCUIT FUNCTION
Teat 2 Enebles send or receive testing on Ciremnit 2 eord.
Test 1 Eristles send or receive testing on Ciremit 1 cord.
Test Line Splite Circult 1 enebling drop side to be checked and also
Circuit 1 terminates the line side in 600 obms to guerd against "gpilling"
{Normal ) within the carrier system,
Test Drop
Cireuit 2
Test line Spiits Circult 2 enabling drop side to be checked end also terminates
Circuit 2 " the line side in 600 chms to guard against "spilling” within the
(Normal) carrier system.
Test drop
Circuit 2
Apiit Circuit 3 Reverses the action of the "Test Line - Test Drop” key {Circuit 1)
permitting testing of the line side and terminating the drop side.
Bplit Circuit 2 Reverses the action of the "Test Line - Teat Drop" keys (Cireuit 2)

TABLE 5 (CONT). FUNCTIONS OF KEYS IN TESTING CIRCUITS.

6.4 Monitoring Amplifler, The Monitoring Awplifier is designed to amplify signele for
monitoring with the associmsted loudspeeker or the operator's telephone receiver,
The amplifier is deslgned to introduce B bridging lose of lesa than 0.5dB to any
cireuit secross which it is connected and has an output impedance of 600 olms to
match the loudspeaker impedance and to suit connection to the operator's telephone
receiver. The amplifier has a maximm gain of approximetely 37dB which is controlled
by a potentiometer located aon the face of the T.T.B.

4.5 Patching. Patching of trunk line clirculte conpected to the beard is carried out by
means of patching cords provided in the cord shelf. Cords are three conductor type
fitted with C.B. type plugs and each peir of cords ie wired to twin jacke situated
in the jack field, These Jacks provide facilities for monitoring on the patehed
circuit, with the test cord circuit, without breaking the pstched circuit.

v

6.6 Ring and Tone Supplies. TFacilities are provided for the comnectlon of tones of E00c/s,
T50c/s and 1000/17e/s, and of 17c/s ringing supply to permit normal supervisory and
signaliing facilities over physical and derived cirecunits.
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7. TEST QUESTIONS.

1. A phyeical trunk line consiats of the following comstmction:-
2 miles of 40 1b, cable from the testing etation T.7.B. to the cable head.
75 milee of 200 1b. copper open wire line to the far oab.le head.
7 miles of 40 1b. cable to the T.T.B. at the distant station.

When tegted the line is found grounded on one eide and a varley reading of 538 okm is
obtained. :

Caloulate the distance to the fault.

Angver = 52 miles.

2. A fault ig reported on a physical trumk oircuit aonsiating mainly of open wire
conatruction, but with short sections of entrance aable at each end of the eircuit,
Voltmeter teats show that the civewit is earthed on one eide. Offtice records at the
testing station ahow that the length of the aerial section ia 62 miles, and that the
loop resistances from the trunk tedt board to the nomal teat points ave as followe:-

To nearest cablehiead - 62 ohme
To digtant cablehead - 520 okme
To dietant trunk teat board - 548 ohms.

4 varley reading of 266 ohme with wnity ratio arme ie obiained at the testing office.
What is the distance to the fault from the cablehead near the testing station?

Answer = 25 miles

3. A 200 Ib. open wire pativ has become permanantly looped. With an open eireutt at the
digtant end a loop resiatance of 194 ohme is measured. With an earth on one side at
the digtant station, a varley reading of 27 okms is obtained.

Caloulate the distance from the teotinmg etatiom to the fault.

Angwer = 16 miles,

4. On an open wire trunk route between two statioms, two phyeical airouite are reported
tapossed”.

(i) wWith the ald of explanatory sketches, show in correct sequence the testa which
vould be made from a standard trunk test bourd uasing the voltmeter eircuit, te
determine the nature of the fault ae a preliminary to making an accurate
location by meane of the bridge.

(i) If it 18 found that one wire of one pair is broken and contacting a wire of the
second pair, and o Varley reading of 520 ohms is obtained with unity ratio
bridge ame when a loop ie given at a point 50 miles dietant, what is the
digtance to the fault from the testing etatien? ALl wires are of uniform
construction and of resietance 8.8 ohme per aingle wire mile.

Anawer (11) = 25 miles.
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