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This invention relates to 'te&tmﬁ systomq
More pqrtwul‘uly this invention Ielates to
arrangements Jfol loo‘ttmﬂ a 'to,uli 1N 8 COn-
ductor. |

"When making V&rley loop measurements

for the location of a fault in a conductor, gal-

10-'
duced by potentmlg induced from toleomph_
‘circuits, particularly those of the simplex

vanometer fluctuations which may be

and COIllpE}Slte variety, and from other cir-

cuits, are often very troublesome especlally
All of these -

‘the conductor Wy, then both conductors W,

if the fault resistance 1s hlg,r* '
extraneous effects greatly atfect the speed as
well as the accuracy 1*eq1111 ed in the looatlon

z of the fault.

One of the objects of this invention is to
provide, in addition to the apparatus em-

ployed for making Varley loop measure-

ments, means for neutmhzmo fluctuations in
the galvanometer caused by fo;tewn induced,
or other extraneous currents. SR

Another object of this invention resides n
the provision of an arrangement such that

extraneous potentials or induced currents
- tending to cause galvanometer fluctuation

may be neutrahzod by similar potentials or
currents induced in a neutralizing conduc-

tor or circuit connected or other wise coupled
to the galvanometer.

T 111s invention will be betuer understood
from the -detailed descrmtlon hereinatter
following, when re ead In connection with the

“accompanying drawing showing one embodi-

ment of the invention merely for the purpose

of illustration.
The drawing shows an arr anﬂement for
substantially nettr alizing the effects of ex-

imneous voltages often 1'mown as “oround po-
The reference oh‘u*a,otors A and B

tentials”.
represent equal elements of resistance one

end of each of which is connected to the other

“and to ground through a resistance P and a
source of direct (311116"113 which may be a bat-

tery designated D. The other ends of the
resmtances A and B are interconnected by a

‘galvanometer- G which may be of -any weli

known type. A faulty wire is designated

W, and one end of this wire is oonneoted to

the junction of the galvanometer G and the
resistance B throuﬂ‘h a rheost‘tt R. A good

‘rect current.
leakage current from battery D to conduo—

and the upper and lower portions of potentl-

oonduotor deswnated W, is connected to the
junction of the cgalvanometer (x and the re-
sistance A. The other ends of the conductors
W, and Wy, are connected to each other. The
elements just described represent those which 53
are frequently used for making Varley loop
measurements to determine dlo location of a
fault which may be present in the conductor

Wy, some point of which is grounded through
resistance shown by dotted lines and desw- 60

nated H. |
When the Lmlt is at the extreme ond of

and W, will be equally affected by induced
voltages or other extraneous effects, and the 65
pointer oif the galvanometer  will not be
fluctuated on account of these effects. When
the Tault does not occur at the extreme end
of a conductor, a fault seldom -occurring at
that point, then the effective voltages result- 70
g from extraneous potentials W:dl du‘“ er-

.entlv affect c:onduotors W, and W, and con-

sequently the pom er of the galvanometer
will be fluctuated. In that event it will be
difficult, if not impossible, to male an acell- 75
rate detelmmfttlon of the distance to the

fdll].t
Tn accordance with this 1111?61’11,101'1, all of

‘the resistance of a potentiometer S is bridged

across the galvanometer . A neutralizing
conductor W, 1s connected 1n series with a
condenser C to the moving contact or element
of the potentiometer 5. The junction of the
conductor W, and the condenser C is con-
nected to the junction of the resistances A
and B through a resistance 3. With this ar-
rangement the resistance  represents a low
impedance for direct current as compared
with. the insulation resistance of the con-
denser C. Yeot, resistance ) interposes a high 29
impedance for alternating currents. The con-
denser  is of large capacity and presents
low impedance for altern‘btmn currents, yet
its impedance is practically infinite for di-
“ 1th this arrangement, any
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tor W’ flows through the resistance Q rather
than through the 1"elat1vely high resistances
presented bV the arms A and B "of the bridge
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bad conductors Weand Wy, 1 esneatwelv will

ey

2

ometer S, respectively, and condenser C, and
thelefme such current will not affect the gal-
vanometer (. Only so much of the wlleﬂt
from battery D as flows over the good and

be effective in causing the moving element of
the galvanometer to become deflected,

In a general way it will be evident that
potentials induced 1n the conductor W, will

be greater than those induced in the (,onfhn.,—- |

tor W’ because the iatter conductor will be
grounded through a resistonce I at a point
somewhat d}&i{tllt from 1ts extreme end.
Those potentials induced in conductors W,

and ‘Vb will therefore difierently affect sz,m-
vanometer G, and the difference Letween these
potentials will be the one it will be neces-
sary to neutralize. T'he neutralizing condue-
tor W, should be selected so that potentials
induced therein will be approximately the
same in magnitude and phase as those in-

duced 1n the conductor W, when W, is free.

The required amount of newtra Jization may
be obtained by properly setting the potenti-
ometer S. When the proper Set_,mﬂ 15 ob-
tained, the potentials 1111}319%%(1 on the two

sides of the galvanometer will be equal and

opposite to those caused by conductors W
and W, and the net vo]taoe from the indue-
1ng sources will be zero. Tt will be apparent
tlmt the neuimh?mﬂ conductor W, should
preferably be in the same quad as both con-
ductors W, and W,, and moreover, it should
have an insulation resistance to ground of the

same order to magnitude as that of the good
conductor W.. The condenser C has a suffi-
ciently low impedance so as not to apprecia
bly affect the phase angie or magnitude of
the neutralizing curl_ent. -

It is to be noted that a pair of conductors
may be substituted for the one designated
Wi, and one end of one of these may be COI -
nected to an end of the other and to con-
denser C. The two conductors will then be
open-circuited at their other ends, as is the
conductor W, shown in the drawing. The

‘patr of conductors should have an insulation
resistance to ground comparable w1th that

of the conductor W..

In determining the location of a ffmlt in
conductor W, the brid oe will be balanced as
closely as possible in the usual manner by the
adjustment of the resistance R. Then the
potentiometer S will be adjusted until the
galvanometer indicates a minimum of fluc-
tuation. Under ordinary circumstances the
pomnter of the galvanometer will be practi-
cally stationary. The position of the mov-
able arm of the potentiometer will depend

‘upon the location of the fault and the rela-

tive insulation resistances of the conductors
inmvolved.
fault 1s at the distant end of the conductor
Wy, it will be necessary to set the potentiom-
eter at its midpoint.

usual manner.

It has been found that when the-

“When the fault 1s very -
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close to the rheostat R it will be necessary to
move the variable element of the potentiom-

eter to its lower terminal. In general, the
potentlometel will require setting “at an inter-
mediate position for any othe: Tlocation of the
fault. The actual location is made in the

In an arrangement actually constructed in
accordance with the layout of the drawing,

‘the resistance G was 100,000 chins, the tcrtal

resistance of the pote11t1 ometer was 4000
ohms, and the condenser C had a capacity of

20 microfarads. Fluetnation of the gal-
vanomefer was neutralized to a very high
degree. ' '

While this invention has been shown in one
particular arrangement merely for the pur-
pose of illustration, it will be understood that
the features of this invention may be applied
to other and widely varied organizations
without devarting from the apmt of the in-
vention and the scope of the appended claims.

What is claimed is:

1. The combination of apparatus includ-
g a galvanometer for making Varley loon
111"1v8-.‘1:F;;ur'e:t}.wntsa and means mpa.c.lt]_mly, COll-
pled to the galvanometer supplying currents
for neutl %]1?111{1* the effects of extraneous po-
tentials which ﬂuotnate the pointer of the

oalvanometer.

9. The combination of a Wheatstone bridee
circuit adapted to make Varley loop meas-
urements and including
a potentiometer in shunt across one diagonal
of sa1d Wheatstone bridee cireuit, and means
for transmitting c 1r1*ent3 to the potentiom-

- eter for neutmhnno' the effect on the Wheat-
%tone bridge mrcmt of extraneous mterfer—
g potent]al& -

3 The combination -of a2  Wheatstone
bridge circuit, a potentiometer in shunt with
One dmO'on al of the bridege circuit, and means
for tra 1’1511*ntt1no‘ cmlents to the potentiom-
eter for neutmh?mo the effect on the Wheat-
stone - ridoe (,11‘01111: of extraneous interfer-
nge notentials.

4. The combination of a \Vheatstom
bridge circuit, one of the arms of which in.
cludes a conductor to be tested, and means
coupled to one diagonal of said circuit to neu
tralize the effects of potentials super 1mpowd
011 *‘-‘:fud conductor.

The combination of a Wheatstone
bmdfre circuit, a potentiometer connected as
2 dia oonal of said cirenit, an open-ended

_(‘fmdm‘t; r connected to the adjustable arm

of said potentiometer, and means to bypass
leakage currents over said conductor from
said cn*cmt '

0. The combmation of a Wheatstone
oridge circuit, an open-ended conductor con-
nected to said eircuit, and means to substan-
tially suppress the effects of leakage current
over c,md conductor from said circuit.

7. The combination of a conductor, -ttSting

a galvanometer,
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apparatus for locating a fault on the conduc-

~ tor, means for neutr ahzmg the eﬁects upon
said mppa atus of currents induced in said

bt

conductor, and means for substantially elimi-
nating the effect upon said apparatus of leak

age current through said conductor.

S The method of locating a fault in a con-
ductor with Wheatstone bridge apparatus,
which censists in making the orchn‘uy
Valley IGOp measurements and supplying
currents to the Wheatstone bridge apparatus

irom a parallel conductor Wthh 1S Open-

ended for neutr alizing the effect of 'DIOHH(]

- receiving over a par allel’ opened-ended con-
fluctuate the pointer of the galvanometer.

potentials on these measurements,
9. The mﬂthod of locating a fault in a con-
ductor with Var ley loop.

apparatus which

includes a galvanometer, which consists in

ductor extr ANEOUS pouentmls which interfere

with the measurements and impiessing these

_ potentl Is on the galvanometer for neutmlu-

30
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# a cmldm;tm, and means including
~open- -ended conductor which Supphes Cur-

these

ing the effects of these potentials.
iO The combination of testing app‘u atus
cluding a galvanometer to locate a fault on
a parallel

vent to neutralize the eflfects of extraneous
induced potentials impressed upon the gal-
mnometex of said apparatus. '

11. The combination of a potentmmeter
indicating means electrically coupled to said
poabntmm er, and an open-ended, current

carrying conductor capacitively connected to

the movable arm of the potentiometer, said
conauctor being exposed to extraneous poten-
tials and & 1pplymg currents for neutralizing

‘the efiects on the indicating means of uhese

extraneous potentials.

12. The combination of appwratu& for
111;11’*1119 Varley loop measurements and in-
duchng ~a galvanometer
bridging the galvanometer, and a wire capac-
itively connected to the movable arm of the
potentiometer, said wire being exposed to
extraneous potentials and supplying the cur-
rents required for neutralizing the “effects of
extraneous potenumls which may

- fluctuate the pointer of the galvanometer.

50
‘a resistance shuntmﬂ‘ sald 1nstrument,

13. The combination of a measuring in-

strument forming a part of a testing system,

open-ended wire e\posed to extraneous

voitages and callymg currents produced by -

these Voltages and a condenser interconnect-

 ing that wire with some point on said re-
~sistance, the current carried by said wire

neutralizing the efiects of these extraneous
potentials which may d1sturb the nlﬂ‘lSlll“l_ﬂg

- 1nstrument. | | |

60

65

14. The combination of appal atus includ-
ing a galvanometer for testmg purposes, a

100 p embodying conductors to be tested 2 .f.un{_

connected in series with the galvanometer, s

'I|_

pote: 1t10meter shunting said ﬂalvanometer
and a wire one end of which is capamtwely

, a potentiometer

- dIl

3

connected. to the movable arm of said poten-

tiometer, said wire being exposed to ex-

“traneous potentials and SUpplymo currents

for neutralizing the effects of these ex-

traneous potentmls which may fluctuate the -

pointer of the O’ilVElllOllletel‘ _

15. The combmatwn of testing apparatus
meluding a galvanometer, a ﬂood wire, a
bad wire in series with the G*ood wire and thb

galvanometer, a potent10mete1 shunting the
galvanometer, a nentralizing wire, and a con-

densel connecbmn one end of said neutraliz-
ing wire to the 1’1"01"11)16 arm of the poten-

_ thlTlebel the other end of the neutralizing
wire remaining open, said neutralizing wire &

being ex posed to extraneous potentials and
supplylntr currents to overcome the effects of
these extraneous potentials  which may

16. The combination of two equal resist-

‘ances having a common junction, a galvanom-

eter connﬂcted between the other ends of
said resistances, said resistances and said
oalvanometer for ming part of a testing sys-

tem, a f
COHH"“L‘LLJ to one temmnal of the galvanom-

eter, a second conductor one end of which

is connected to the other terminal of the

calvanometer, the other ends of said first
fmd secend conduc O1'S hfwma 9 COMMon

]unutwn, a, potentiometer shuntmﬂ the gal-

vanometer, a third conductor, ‘md a COil-

denser 11110,1 connectmo ol11e end of the third

concluctor with the movable arm of the poten-
tiometer, the third conductor being exposed

to extraneous potentials and supplymw cur-

rents for neutralizing the effects of these
extraneous potentials which may fluctuate the
pointer of the galvanometer.

17. The Lombmauon of two equal Tesist-
ances which have a common junction, a gal-

“vanometer mterconnectmn the other ends of

said resistances, said resmtances and said gal-
vanometer forming part of a testing system,
a9, first conductor one end of which is con-

~nected to one terminal of the galvanometer,

a second conductor one end of Whmh 1§ CON-
nected to the other terminal of the galvanom-
eter, the distant ends of said first and second

conductors having a common junction, a po-
tentiometer shunting the oalvanometer a

third conductor, a condenser 111tercmmect1110'

one end of the third conductor with the mov-

able arm of the potentmmeter, and a third
resistance interconnecting the same end of
the third conductor with the junction of said
first and second resistances, the third conduc-

tor being exposed to extraneons potentials

and su pplymfr currents for neutralizing the
effects of these extraneous potentials which
may ﬂuctuate the pointer of the galvanom-
eter.

18. The combmatwn of two equal resist-

rst con hmtm one end of Wthh 1S
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ances which have a common junction, a gal-

vanometer mterconnectmg the other ends of
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said resistances, a first conductor one end of
which is connected to one terminal of the gal-

-anometer, a second conductor one end of
which is connected to the other terminal of
the galvanometer, the distant ends of said
first and second conductors having a common
junction, a potentiometer shunting the gal-
vanometer, a third conductor, a condenser
interconnecting one end of the third conduc-
tor with the movable arm of the potenti-
oneter, a third resistance interconnecting
the same end of the third conductor with
the junction of said first and second resist-
ances, and a grounded Dbattery connect-
ed to the junction of said equal resistances,
the third conductor being exposed to extran-
ecus potentials and supplying currents ior
neutralizing the effects of these extraneous

petentials which may fluctuate the pointer of

the galvanometer. -

19. The combination of two equal resist-
ances which have a common junetion, a gal-
vanometer connected to the other terminals

of said resistances, a good conductor one end

AP

I ]
'

65

v of which is connected to one terminal of the

calvanometer, a bad conductor, a rheostat
interconnecting one end of the bad conductor
vith the other terminal of the galvanometer,
the distant ends of the good and bad conduc-
tors having a common junction, a potentiom-
eter shunting the galvanometer, a neutraliz-
ing conductor, a condenser interconnecting
one end of the neutralizing conductor with

1,916,304

the movable arm of the potentiometer, a third
resistance interconnecting the same end of
the neutralizing conductor with the junction
of the two equal resistances, and a grounded
battery connected to the junction of said two
equal resistances, the neutralizing conductor
being exposed to extraneous potentials and
supplying currents for neutralizing the
effects of these extraneous potentials which

may fluctuate the pointer of the galvanom-

eter.

20. .The' combination of a Wheatstone

‘bridge circuit, a potentiometer connected as
“a diagonal of said circuit, and an open-ended

conductor connected to the movable arm of
said potentiometer, said eonductor being ex-
posed to extrancous potentials and supplying
currents for neutralizing the effects of these
extraneous potentials which may reach the

“Wheatstone bridge circuit.

21. The method of locating a fault with
apparatus including a galvanometer for
making Varley loop measurements, which 1n-
cludes exposing an open-ended conductor to
undesired effects and simultaneously sending
through the galvanometer currents derived
from the open-ended conductor to overcome
these undesired effects on the galvanometer.

In testimony whereof, I have signed my
name to this specification this 20th day of

February, 1930.
~ PAUL G. EDWARDS.
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