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~ Missouri, have invented a certain new
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To all whom 1t may concern:
Be it known that we, WALTER OTIs PEN-
xeiL and Hexry Lours HoFrMANN, citizens
of the United States, residing at Kansas
City, in the county of Jackson and State ol
and
useful Improvement in Fault-Locators for
Tlectric Cables, of which the following is a
full, clear, concise, and exact description.
Our invention relates to a method of and
apparatus for locating faults in electric ca-

bles, and its object is to provide means for
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1ntervals.

securing greater accuracy in testing opera-

tions of this character.

A usual practice, when one of the conduc-
tors in a telephone cable is crossed with the
orounded metallic sheath of the cable, 1s to
connect one end of such conductor to an -
terrupted or varying source of electrical po-
tential, the other pole of which is connected
to earth: and then to present to the outside
of the cable at different points along 1ts
length an ‘‘exploring coil” the terminals of
which are connected to a telephone receiver.
The theory is that the electromagnetic imduc-
tion between the conductor and the coil of
wire will cause a sound in the telephone un-
til the place where the conductor is grounded
is passed, and that beyond this point no
sound will be heard. But as a matter of
fact, considerable difficulty has been expe-
rienced in locating faults in this manner be-
cause the sounds in the telephone would con-
tinue to be heard after the exploring coil had
passed some distance beyond the fault. The
reason for this difficulty we have found to be
as follows:—The supporting strand and
sheath of an aerial cable are usually bonded
and grounded at intervals, and the sheaths
of underground cables are also grounded at
When a conductor of the cable
becomes crossed with the sheath, the inter-
rupted current, after passing from the con-
ductor to the sheath, will divide, and part

will flow back through the sheath to the |

nearest ground and then to the interrupter,

and the remainder will flow ahead on the

sheath to the nearest ground, and thence
back to the interrupter. This current flow-
ing in the metal sheath is the source of the
error in locating the fault, because 1t acts In-
ductively upon the exploring coil in the

same manner as does the current flowing in

the faulty conductor, so causing 4 noise in
after the exploring coil has

the telephone
passed beyond the fault.

In acecordance with our invention, we pro-
vide an apparatus by which the effect oI cur-
rent flowing in the metallic sheath will be
neutralized and only the current flowing m
the faulty conductor will produce an effect,
in the telephone receiver. This 1s accom-
plished by providing the exploring coil with
two windings connected .ifferentially, and
placing these windings symmetrically with
respect to the cable, so that the inductive et-
fects in the two portions due to the current
in the sheath are equal and opposite and
neutralize each
the telephone. The conductors in the cable,
however, being laid spirally, are not sym-
metrical with respect to the sheath, but will
vary in position, being in some places nearer
to one side of the cable and in other places
nearer to the other side. The interrupted
current flowing in the faulty conductor will
thus produce an unequal magnetic incductive
effect upon said windings, and thus cause the
characteristic sound in the telephone, until
said windings reach the point where the fault

other, producing no sound m
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s located, at which point the noise will cease. -

The source of error 18 thus eliminated, and
the location of the fault accurately deter-
mined. | - |

We will deseribe our invention more par-

ticularly by reference to the accompanying

drawings, in which—

Figure 1 is a diagram representing an
aerial cable in which one of the conductors 1s
crossed with the lead sheath at a point inter-
mediate between two places where the sheath

is grounded, the diagram also indicating the

apparatus of our invention for locating the
fault; Fig. 2.is a somewhat similar diagram
representing an underground cable together
with the exploring apparatus of our inven-
t1on shown in two different positions. Iig.
3 is a detail view of one form of mounting for
our exploring coil in which the two cores cat-
rying the differential wind ings are hinged to-
cether; Fig. 4 is a plan view of the exploring
coil shown in ¥ig. 3.

Like parts are indicated by similar charac-
tors of reference throughout the scveral
Views. " |

In Fig. 1, one of the conductors of the
cable is indicated by the dotted line 9, and
this conductor is supposed to be crossed with
the lead sheath 6 of the cable at the pont 7.
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The sheath is bonded to earth at the pomnts 8 110

and 9, in accordance with the usu al practice.

' To locate the fault 7 we have shown one end
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- places is nearer to the other.
sald wire will thus produce a greater effect
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- other, and this will result in the
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of the conductor 5 connected to an inter- | be held so that its two Wiﬂdi:ngs_ are equally

rupter 2. This Interrupter is adapted inter-
mittently to connect the end of said con-

ductor 5 to the free pole of a grounded bat-
tery 11. The exploring coil as shown con-
sists of two -windings 14 and 15, which are

connected in circuit with o telephone re-
ceiver 13. _Said windings are arranged to be
placed symmetrically one on either side of
the cable, and they are wound and connected
so that varying currents flowing in a con-
ductor equally distant from each of them
will produce equal and opposite inductive
effects in said windings. -

~ The flow of intermittent current from the
battery 11 through the conductor 5 in the
cable 1s indicated by arrows. This current
passes at the fault 7 from the wire 5 to the

sheath 6;and thence flows in opposite direc-

tions through the sheath to the grounds 8
and 9. As the exploring coil is passed along
the cable between the points 8 and 9, the in-

terrupted current flowing in the sheath and |

in the suspension wire bonded thereto will
roduce equal and opposite inductive effect
on the windings 14 and 15, and as these

P
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the sheath will produce no noise in the tele-
phone 13. The conductor 5, however, being
wound spirally through the cable is not sym-
metricalfy located with respect to the two
windings 14 and 15, but at some places is
nearer to one of said windings and at other
The current ia

upon. one of the windings than upon the
production

of a noise in the telephone receiver. This

noise will continue to be heard as the explor-
ing coil is moved along the cable, until the
~pomt 1s reached at which the wire 5 is

crossed with the sheath, after which no fur-
ther noise will be heard, since the current

- now flowing in the sheath toward the ground
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9 will produce equal and opposite effects
upon the symmetrically-located windings 14
and 15. At some places along the cable the

‘wire in trouble may lie symmetrically with

re?})ect to the two windings of the exlg)loring
col, but, owing to the spiral or otherwise

eccentric disposition of the wire, this condi- |

tion will only exist for a short distance.
In Fig. 2, the exploring coil is shown in
two positions. At the position A, the wire

5 lies nearer to the winding 15 than to wind- |
1ng 14, and this

unbalanced condition causes
8 noise in the telephone. But when the ex-
ploring coil reaches position B, the sound
ceases, because the wire 5 at this point car-
ries no current, and the current in the sheath
produces equal and opposite effects in both
windings 14 and 15, which neutralize each
other. In the case of an aerial cable, the
supporting strand also carries a part of the

return current, and the exploring coil should

ects neutralize each other, the current in

distant from said supporting strand. It is
not necessary for both the differential wind-

ings to be upon the same core, nor that they -

should be mechanically mounted together,
and m Fig. 2, we have indicated the two

Windin%s as separate coius. In Fig. 3 and
Fig. 4, however, we have indicated a form of
mounting which will be found convenient in
practice. The two cores 16 and 17 are in
this mmstance hinged together at 18 so that

| the two halves can be adjusted like a caliper

upon the cable, the symmetrical disposition
of the two windings with respect to the
sheath being thus assured. The two wind-
ings may have their inner terminals con-
nected through the hinge, and their outer
terminals connected respectively to binding
posts 19 and 20, to which the terminals of the
flexible cord leading to the telephone re-
celver may be connected. It will be under-

stood, -however, that- our invention is not

limited to any such specific form of exploring

coll as that shown. L
While we have referred to a telephone re-

cerver as the preferred instrument for detect-

ing the currents inductively produced in the
exploring ‘coil, it will be apparent that any

‘electrical current detecting device of suffi-
- 95

cient sensitiveness can be employed.

We claim:— -

1. The method of locating a fault in an
electric cable conductor, which consists in
causing
sald conductor by way of the fault, causing
said current to induce a current in the circuit
of a detecting instrument, and rendering the

‘circuit of said instrument neutral with re-

spect to varying current flowingin the sheath
of said cable. ; |

2. The method of locating a fault in an
electric cable conductor having a metallic

| sheath, which consists in causing a varying

current to flow through the conductor by
way of the fault, causing said current to in-
duce a current in the circuit of a.detecting

| device, and neutralizing said detecting de-

vice with respect to any portion of said vary-

Ing current that may flow through the me-

|

tallic sheath of said conductor. -

3. The method of locating a fault in a con-

ductor having a metallic sheath, which con-
sists in causing varying current to flow
through said conductor by way of said fault,
causing the current flowing in said conductor

8 varying current to flow through
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to induce unequal currents in the circuit of a -

detecting device, and causing the portion of
the varying current that flows over the me-
tallic sheath after passing through the fault

to induce equal and opposing currents in the

circult of said detecting device. _
4. The method of locating a fault in a con-
ductor of a cable having a metallic sheath,
which consists in causing varying current to
flow through ‘the conductor by way of the
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- faulty eonductor and the other pole to earth, |

925,504

of sald varying current to one end of said

causing the varying current flowing in said
conductor to induce unequal currents in two
differential windings of an exploring coil by

presenting said windings to sald conductor at

~unequal distances therefrom, and causing the

10

15

20

varying current that flows through the me-

tallic sheath of the cable to induce equal and

opposing currents in the two differential

windings of said coil by disposing said wind-
ings at equal distances from said sheath.

5. The method of locating a fault in a tele-
phone cable, which consists in causing vary-
ing current to flow through the faulty con-

“ductor by way of the fault, and causing the

varying current flowing in the faulty condue-
tor to induce unequal currents and the vary-

ing current flowing in the sheath of the cable |

~ to induce equal and opposite currents in the
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differential windings of an exploring coil.

6. The method of locating a fault in a con-
ductor eccentric with respect to its metallic

sheath, which consists in causing a fluctuat-
ing current to flow through said conductor as
far as the fault and then by way of the me-
tallic sheath, causing the fluctuating current

in the conductor to induce a current in an ex-

ploring coil brought into inductive relation

with said conductor, and neutralizing the in-

ductive action produced in said coil by cur-
rent flowing imn the sheath when the coil is
presented beyond the fault.

7. Apparatus for locating faults in electric

cables, comprising means for establishing a

varyling current in the faulty conductor of
the cable, and two coils arranged to be placed
with respect to the cable
sheath at different points along its length,
sald colls being connected differentially in

circult with a current-detecting device.

8. A tault locating device comprising two

cores hinged together, a winding upon each of |

two differential windin

R
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celver.. |

fault by connectingjonepole of the.geneiﬁtor {'said cares‘;“saidf' 'wiﬂdizig being_”diﬁsgﬁ’emiaﬂy 45
‘connected In._circult with a {elephone re-

‘9. The combination with two conductors,

one lying within the other and’ eccentric

thereto, of means for producing o flow of
varying current In said conductors, a connec-
! tlon between said conductors at some point

along their length, and a device for deter-

50C

mining the location of said connection, said

device comprising a current-detector and
gs connected In cCir-
cuit therewith, said windings being adapted
to be so presented to such conductors that

the currents produced in said windings are

equal and opposite with respect to the outer
conductor, and unequal with respect to the
Inner conductor. - -
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10. A fault-locating-apparatus for electric

cables having spirally - laid conductors in-

closed in a metallic sheath, such apparatus
comprising a telephone receiver and two
windings connected in circuit therewith,said

windings being balanced with respect to the

induction of current flowing in said metallic
sheath, and unbalanced with respect to cur-
rent flowing in the conductors of the cable.

11. A fault-locating apparatus for metal-
sheathed cables comprising a current de-
tector, a winding in circuit therewith adapt-
ed to be inductively responsive to fluctuating
current flowing in a conductor of the cable,

‘and means for balancing and neutralizing the
inductive action in said winding arising from.

fluctuating currents flowing in the sheath of
the cable. -

In witness whereof, we hereunto subseribe
our names this fitth day of May A. D., 1908.

' WALTER OTIS PENNELL.
HENRY LOUIS HOFFMANN.

Witnesses:

¥, C. SIMPsON,
E. ¥. MILLER.
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