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A NEW POINT LOFATING SYSTEM FOR HIGH CURRENT UNDERGPOUND CABLE k
- Gerrany - , |
{Following is a traneldtion af an afﬁ'cle b& :
Hans Henneberg in the Gerran-langnuage company

periodical Sismens Zeitschrift, (Siemens ?er;odioo;)
No. ll, Bov. 1959, roges 098-(03 1 ' :

~ The high load of consuupﬁion on cable nets demands a quiclk

removal of cable disturbances. ' Duratlon and ccst of repalr are
dependsnt upon the exdctness of the locabing-maasvramentz- Forthe
redustion of the measuring error 1s not pessible when using the ’
convensional reasuring technigue, which determines the distunce of
the fawlty spot fronm the sharting point of the cable “The demond
fer & foster and considerably more previse location ‘of ‘the trouble
spoks can therefore be fulfilled cnly by spot-vheuxing +the cable.
Becouse of the great consequence in regard to current supbly which
an exact spot location has, the solution of this problen hes been
included in the develorment progran of the Werrer Works for Meusuring
Techniques. The recult of these development experiments 18 a new
voint locating system with all the equipment needed for 1t,
. In a planned foult locat 1on under this system three saccessifﬂ
steps st be taken: -

“Preparation of the Faulty Spo? ; - ", ' L

'For this, Burning Anparatus I 1) is designed;‘ The apparat»w-
with bulle-in automotic - 38 fitted to the various problems of the
Point Locating System, which can then be exacuted eafely an& with
sure aim, namely:

Moking extremnely low-ohm connections of about o l f\,between
two conductors,

Changing of o one- conductov ground conbaot 1nto a mu;tiple- B
condnctor contact,:

Burning down of a bigh-ohm tfaneit vesistor or of a’ epark-
over to 1./ and lower, :

Feeding of a cable with a sna“k-over for the acoustic&l locetion.

© Limiting of a Faulty Spot

: Mo 1imit the point location ¢n the cable to- withln the swmallest
vossible length, the faulty spot shall be roughly determined by pre-
reanurensnt. §paratus especially suited for this~is the e
HEFTERTOGRAPT A BT ynion a1veady mo core into wide vee. On bhis
apparatus the refl exions of the cable cre shown on two electron beanm
tubes for fast and clear oriemtation. The tube Lupe [Magnifying Glaoe ]



shows & greatly magnifisd section and the Over-all View Tube shows
the total reflexion view, of which the desired section can be focussd
upon. The sectional view can be "moved along" with the hslp of a
slide mechanism so thet one can "look elong' the reflexion pisture,
which stretches over TOO mm. The dlstance to eny reflexion point
can be read - directly in meters.

Direct Point Location on the Cable

For this purpose the GEOSKOP. has been developed, about which
shall be reported in the following. Iy

) "FIEIDS ON THE CABLE . , .

When a cable is fed with sound-frequency currvent or with
HF-inpulses, under certain conditions fields will appear at the cable
which will change at the faulty point. Thess flelds can be recoived ‘
and shown with search coils. Sound fields, created by spark-overs
at the faulty point, con also be located. These flelds are the
bagis for point location on the. cable and shall therefore be exanmined ‘

next.

Mantle Fleld
A mentle field (IIt. 1) appears when pole aof a avdio-frequency
(TF) gencrator 1s comnected with a conductor and pole B with the mantle
of the cable. During a half-wave the current flows from pole A via
the conductor to faulty spot C, there to the rentle and back to pols B
Part of the mantle current escapes via the soil. In the assuvned
current branch net of Ill. 1, the difference betweén conductor and -
rentle current i1s zero at the cable start; it increases then and de-
creases again toward the faulty spot and beyond. The faulty spot will
not show up. Therefore, a montle field is ill-suited for fault loca-
tion; but 1t 1s favored, because of its great intensity, for tracing
a cable with simple means. One does not always obtain clear resulis
this way. The curvent escaping viae the soll can accummlate in other -
conductors, which will then show & gimiler field as the cable to be
traced and possibly can cause a nix-ups.

Twist Field S

As shown in Iii. 2, a twist field occurs when the TF-generaior
18 connected with two conductors of the cable and the conductors arve
connected at the faulty roint or at the end. Since the twisted con- ¢
ductors are spatially separated, every half "twist" equals one long-
drawn "spiral' through which current flows and in which a magnstic
field occurs.. ,The magnetic field in “coil" 1 18 opposed to the
megnetic field in "coil" 2, etc. Past faulty spot C the magnetic
fields, which change with the twist, will end, since no current flows
there. The twist fisld also makes 1t possible to follow the cable
exactly and to recognize the couplings since the conductors run .
perallel in & coupling end the rhytimic twist is therefore interruptsd.




HF-Impulse Fileld 4

- It has been often attempted to develop methods by which c¢ne-
conductor ceble fields cen be. located with direct curvent or sonnd - -
freguency currents.. In case of a one-conductor fawlt the currents
flow across conductor and mantle in a loops  Thus develops the alresdy
described mantle fleld, which i1s unsuitable for the point location -
gince the current distribution depends on the transitional resie tances
of the soil.

. The spread of HF- impulses s on ‘the cther hand follows differ-
ent laws; they spread like sound waves. VWhen & cable 1s fed several
Interconnected short impulees between conductor and mantle, the .
inpulees will spread on the cable w1+h a speed which is determined v
by the cable type. »

The £ield of the mantle is neutralized by the field of the
conductor 8o that no effective field develops outside of the cable:
When the HF-impulses reach the faulty point, at which & small hole
hos been burned into the lead rantle, impulse energy will escape ab
this point and will radiate off to all-sides. In crdesr to detect
reliably with electronic meens the filelds which in this manner ocfcur
above the soil, the sender must produce impulse oubput up to 200 ¥W.

I11. 3 shows the course of an HF-impulse field at the soil SR~
face above a faulty point. The cable lay 90 cm deep and had a 1 o
hole in the lead mantle at the faulty point. The steel armor was not
damaged. With this £ield distribution the faulty spou can ve deter-
nined to within a few centimeters. :

. Sound Field - - .

In addition to the three magnetic fields named, namely the nan"
field, the twist fiold, and the HF-impulse field, the sound field -
also plays an importent role. It develops through spark-overs on tlin
cable cr in & coupling end makes the exact locating of the spark-ovex
in & simple menner pessible. With proper means s Spark-overs can aiso
bo generated In the case of relative low-ohm transitlonal resisitance
at the faulty point, so that accoustical spotting can’ be employed in
cagee of almost all types of faults. o

I11. 4 ehows the intensity distribution of a sound field which _
was coaused by sperk-overs on € cable buried at 80 cm depth. a8 eneray
.re8ervolr served hore the capacity of the conductors against bhe
nantle of the approximately 1.2 km-long 30-kV cables .

‘ . PROBIEMS AND EMPLOYMENT OF THE
- POINT-LOCATING SYSIEM ‘
 These various fields, which clearly merk the faulty spot, make !
basically possible dlrect locating on the cable and thereby fulfill
practical needs. Yet, planned direct locating has not, up till now,:
achieved any significant importance. Further systematic developmsnt
therefore had to proceed from the fac'bs responsi'ble for this lack
of importance, C A _ :



1. 4 faulty spot can be located with a twist field only when
the lotter is shown clearly end crisply and when it ends behind the
faulty spot as if cut off. But this requires that the transitional -
resistance between the conductors at the faullty spot must lie below
l.n.2nd, in addition, that the frequency of the transmitter must nob
surpass appreciably 500 Hz. If the burning apperatus used is nct
suitable for the production of such low-ohm and s‘bable—f'urrent
tronsitional resistances beitween the conductors, the mantle at the
faulty spot will be fed by the conductor. Therefore, equalizing
currents will flow in the mantle; they produce o mantle field which
superimposes on the twist field and thereby makes the twist field
unrecognigable. The mantle fleld runs past the fau_x_uv spot and the
faulty spot cannot be found any nwore.

But the disturbing mantie field can also be caused by too high
gound frequency or by a transmitter current which is not sine-shaped.
In this case, &isturbing capacitive equalizing currents will flow in -
the mantle because of the unsymmetricalness of the cabdle. ' ‘

2. A further reason, why dirvect locating on the cable has not
been considered as being very significant heretofore, has been the
absence of & system by which & one-conductor gwund contact can be
located. Also, changlng the ons-conductor fault into a multiple-
conductor fault, over which then can be prod.uced the 'bvis* f‘ eld, is -
difficult with sinple means,

3« In addition, the interference field,. which almost always
occurs on cables, has a basically unfavorable effect. One can dis-
tinguish between the periocdical and the aperiodical interference flsid.
A pericdical interference fleld develops mainly through nearby live
cables and is produced by the met frequency and the upper hermonic waves.
On the other hand, an aperiodical interference field is causad., for
example, by switching processes, which occur occasicnally.

- An aperiodical interference field camnot be filtered out with:
ordinary means since it contains a wide frequency spectrum and there-
fore would Jog every sound-frequent oscillatory circuit. This prohibite
then, when an aperiodical interference fileld exists, the use of
oscillatory circuits for the repression of the yeriodic, sound-frequewus
interference field. For this reason it has been customary up until
now, to work almost without filter eleuents and to leave the differentia-
tion between the search field and the superimposed interfrrence field
to the humen eoar. Since the inténsity ol the interference fileld e
renges far ebove that of the search.field, the applicatlon of the -
direct-locating methed is sharply lim1ted when utillty and 'Tnteffe"v ense
Tield are shown gimaltaneously.

OPERATION OF TEE GEOSKOP

‘ TranSmitting Side

The aundio-frequency generator iﬁ» ghown in I}E + 5 and 6+ The
frequency of the oscillator can be tuned in on six chamnnels of 450 to
500 4z. It [the frequency] is lergely kept constant out of regard for

-~ b .




the Pillter element of the receiver. The volitage of the oscillator
governs ‘the amplifier end can be interrupted periodically with a
keying circuit. Fiurtherricre 18 it possible to superimpose a merker,
which switches the transmitter current off et intervals of 2 min.

. The amplifier produces a gtarting oubput of 100 ox 200 W. - The
ad justing part facilitates a good adjustrent to the compleX resistor
of the ceabie. o B o S

- The high-frequency irpulse generator is connected to' the '
cutlat ‘of thé TF-generator and is fed by the latter's TF-eunergy.

T4 Itle EF-impules genevator] stends during the locating operation
noxt tG the ceble ‘starting point. IXi. 7 shows its operation.

_ ‘The yatio tranoformor changes the current-voltage ratio of -
the output deiivered by the TF-gensrator ond feede it to the energy

yeservoir. - The sccurmlated energy 18 rhythmically withdrawn by the

inpulse switch ond 1s fed to the cable via the impulse transformer.
The irpulses have a peak capacity up to 200 kKW. The HF -impulse
gemerator 16 contained in & pipe-shaped housing which 18 air-cooled bty
e blower. At the front of the impulse generator is'a socket for the
reception of the-attacheble impulse transformers. There are three
vereions [types] available in order to be able to produce various -
gsequences of impulse frequencles. S
' Thus souad field is cauvsed by gark-over at the faulty point
on the cable or in the coupling. It ocours in the same way on & . .
ons-gonductor ground contact as on & multiple-conductor contact. With
the new acounstical locating system of the GEOSKOP can therefore almosh
every kind 'of cable fault be locoted to the spot. The acoustical .
locating gystem cannot only be vsed whenwe high traneitional resistance
existe at the sperk-over; cable faults with low-omm trensitional
resistance can also be located acoustically. - In this case, s&pecisal.:
rethods are used to gemerate spark-overs. . - - .
The spark-overs should have & meximum inbensity. For cablod.

turied at less than 80 cm depth & capacity of approximately 05 /4 F
at o ‘lond voltage up to 20 XV suffices as energy reservolr.. Lies the
‘cayle deeper, or lies the faulty poiat close to & busy gtreet with a
high noige level, cepacitors up to 2uF are yequired. As capacibtors -
can be used the fault-free comductors of the cable to be checked, &
gecond cable, ¢r a shockproof supplementary condensator. IS the:.
transitionel resigtence at the faulby spot very high or infinite, a3
for example, at air-caused spark-over in a coupling, the faulty con-
ducter, and, if réquired, also the capacitor are charged agalnst the
mantle with Purning Apporatus I. - - - 0 00 e s

. As mentioned alresdy, low-olm faulte can also be located . ..
acoustially. . In such case, ome must either burn the existing carbcn
cormection ab the faulty spot with appropriate menipulation of the -
burning apperatus, or fesd to the faulty conductor of the cable wivh.
118 low-ohr fault resistance steep, very energy-rich high-tenslon iua-
wuldes; Thus the acousticael fauls location offers a variety of ..
posgibilities for applicaiion.

-5 -



" Recelver Side

Search Coils . .

-The electrical fields on the cable are received by TF or
HF-search colls and then changed into tension [voltagel]. The TF.search
coil consists of & very low-capacity coil with an iron core of high
permeability. The natural frequency of the coil lies outs;ue ‘
of the frequency area to be received so that it camnot similate & search
Pleld when 1t is electrically Jogged by aperiodical interferences.

Mantle fields, with which the course of a cable can be traced,
are basicelly received only with & search coil. Twist fields, too, -
can be traced with a single search coil. However, it has consider-.
able advantages to use two reciprocally comnected coils which lie

Serially in direction with the ceble and which have the twist dis-
tance. In this way the usable tension 18 doubled and ke interfer .26
tensions are almost newbralized. = :

This coll arrengerment, which extends considerably the area
of application of direct locating, is a distinct characteristic of
the GECBEOP.. Ili. 8 shows the searching rod with the searching
coils with the organic holding rig. If only one Searching coll is
to be used, *the pictured holding rig is exchanged for onse whiuh is

appropriate.
The TF.search colls are made to rsach under normal conlitio*

a depth up to two meters. If locating i1s required in greater depth
and on very long cebles it 18 recommendsd to plan on the use of a
200 W generator. But special coils, which have a greater profile
and therefore ore correspondingly heavier, can also be used. In -
practice, dsptns up to 10 n have thus been measured.
v the reception of impulse fields an HF-search coil has been

developed which can be tuned to various frequency channels; it has .
+he same dimensions as the TF-search coll and can be affixed to the
searching rod by the game holding rig. - o IR

Sound Recelver

- The sound fileld can be recelved with one or wi*h +wo special
sound receivers. Tuning in of two sound receivers alternately facilivates
the locating of the Pfaulty spot since the sound recelver closest ©o-
the faunlty spot will register the greatest deflection. The sound
rocelvers can in this way be relocated continvally vntil,by meximum
sound. volure, the faulty spot has been exactly locatedo '

Receiver :

" The recelver is curried ona’ shoulder strap (T‘l. 9). Th
contains 9 tubes and the means for repressing and filering-out of
the interference level. The coil A (I1X. 10) supplies a tension which
pilots the first tube via the electric filter B. Tne filters B .:-
filter out the periodical and the filters C tre aperiocdical inter-
forence tensionS. In the outlet of the sixth tube iies the filter D
with a mechenical osciliator. This enables it, in coordimation with
the elsctrical filter circuilt; to sense the search fileld undisturbadly,

(2]
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even in & strong interference field. The Trequency range of this
filter, whose resonance frequency and filter discrimination are
adjustable, 1s shown in Iil. 1l. The solid line represents the
greatest and the broken line the smallest adjustable discrimination.
The ‘wiusuelly high discrimination is a prerequisite for the effective
application of the point locating gsystem. Undér the glven condivions
it can be achieved only with an ad justable mechanical oscillator.
The transformer E has the funetion of changing the sound-freguent
alternating current in the outlet of tube 9, the height of which is

en indication of the received field strength of the search field,

into acoustical impulees. Nelther an impulse nor eny other noise
is audible in the earphones if no search field is present, even
when the seerch coil is held into the intsrference fisld of an approach-
ing streetcar. When the fleld to be located is approached, lovd

noise impulses will appear, whose time interval is an indication Lo
the St'ength of the fisld. The inpulse fvequenny of the noise inmpulsecs
lies between 0 and 20 Hz. The scale is logarithmically dense. This
kind of representation, which also 18 effective in traffic noise,

has proven itself to be very edvantageous in practice. Simmitaneously
the intensilty ie' showd on the measarxng 1nstrument, which 18 fastencd
to the side of the rYeceiver.

When depressing the appropriate ope*a+ing key, “the reﬂolver ol
‘the GEOSKOP: will also work without the mechanical filter. This
mokes 1t possible to make the ssarch field GOncurfently audiole with
the other fields. In this way can, for example, active currenx suprl’
cables be searched and traced.

- During acoustial locating the mechanical filter is also
turned off. The electrical filters, which thereby become active, 80
strongly repress the interferernice noise that a further aree of appli-
" cation hae been opened for the acoastica; locating method, With the
operatinb key control the sensitiviity of uhe receiver can'be changsl

rom & l: 1 toa l: 1,000 ratios

“With the ‘urning know in the BearCh ng rod the sensitivity is
continually ad justed. : ) s
HF-inpulse adapter : ‘

EF-impulees are generated with a fvequenCJ [“frequencJ" here
meons “"abundance”, "regularity"] which porreeponds to the frequencv
[electrical hera] of the TF-generator thet feeds the impulse producex.
The HF-impulse adapter boosts the very low tonsionsg, at the HF-sSearch
ccll and changes thenm into & sound~frequedt tenﬂionh- Thie tenéion-is
fed to the input of the TF-receiver. : ‘

Noise impulses ox deflections are preSented in’ the Same mannex
a8 when receiving the TF-field.

The filterxs of the adapter can be tuned with a channel selechar
to match the time interval of the HF-impuises sent ocut.



-OFERATIONAL EXPERIENCES WITH THE NEW
: POINT LOCATING SYSTEM
Which method Should be used for the locating of a Paulty 8pot
depends primerily on the kind of fault. An HF-impulse field and a
sound field develop only on the faulty point proper. A twist field,
on the other hand, lecds up t0 the faulty point. Since locating ty
way of the +twist f101d 18 the simplest and requires noaiditional
apparatus, this method should always be -preferred. In connection - -
with Burnlng Anparatus I it is suitable for by far the most gomucn -
tyres of cable faults. -
- Of many practical experiments a few shall be given here as
characteristic ezamplies: _ .
1. Example One
The conductors of & 1 kV cable are ourned off. Length of cavie
approximately 3 km. The course is unknown. , _
a8, - Measurinz-in of the faulty spot with REFQEKTOGBAPH I .
~at 2,600 m. Point locating also started from the other end.
be Burning conductor - mantle and then condhctor - conducsor.
¢c. - Start operating TF-sendexr.
d. . Follow twist field from the beginning of -the cable.
Faulty spot lies exactly there, where noise 1m.bulses cease.
2, Example Two
Three-pmantle cable 30 kv with one—conductor ground contvact.
The transitionel resistarice 18 high-ohm. R
. ,?urning with initial potential. If no break&cwn occurs, tien
see D)
bo - Measuring-in of the now low-olm faulty 8pot With REFTEKTOGRAFH Ts
. C. Start operating HF-impulSe Bender.
- d. ZEmploy HF-impulsSe recelver at nre-measured fault 1ocatio*~
o.: Follow course of cable (if course insufficiently known, -
. determine course on twist £ield prior to HF-impulse locatlon).
' f. Noise impulses appear suddenly which disappear again after
o few meters. In the middle of this distance is a point

at which, depending on the position of the searching ccil, )
the noise impulses cease or have reached their maximum.
- There exactly lies the faulty spot. . : p

3. Example Three .. .

Spark-overs occur in & 6 kV ceble of 2 km length at 8 KV test
tension. The faulty conductor has normal insulation resistance.
Cable plan not aveilable..

a. Burning of faulty conductor without success. Faulty point

. is rrobably in a coupling. ,
b.  Comnect two conductors at the end and. conneut TF-gender -




| ¢, Follow cable course with TF-receiver eni determine couplings.
d. Connect Burning appratus I with faulty conductor and
adjust charging current to profuce approximately one
gspark-over per seconhd.
e« Follow ceble course and set sound receiver on the marked
couplings. The coupling in which the spark.overs occur
can be recognized immedliately.

These examples show how the new point iocating system ¢ can be
worked to achleve resulis.

Notes:
(1) Henneberg, H.: A New Cable-Burmer and Test Appiicance.
Siemens-Periodicel 31 (1957) 269-27k.
* (2) Henneberg, H.: The Reflektograph. Siemens-Periodical 26
(1952) 312 to 316. .
' * Registered Trademork.



- FIGURE APEENDIX

o

Flgure 1. kentls fleld of e algh-currert cable with £aulty
gpot ab C. x S
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Figuve 2. Twirt fleld rroduced by conductor curmyent on 2
cable faulty at C. )

S011 Surlace
Faulty Point Cnble
Figure Z. CoursSe of fleld of the H-impuise ficold et the
faulty point. .
Curvs i Coil lined up with ceble; Curve b
Coil vertionl to the cable.
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Seayrch Coil

Filltor for Pericdical Interferenre Teld
Filter fox pperiodicel Inmtorference Field
Meckanicel Flller
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' CFigure 10. Bloek circuit of +tho portable -gulio-froquency roveiver.
Terminal Tension
¥
Figure 11. AdJustable frequency £low of the mechanicel filter.
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