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(57) Abstract

A marker of the electromagnetic resonance type is designed with a one-layer
coil (6) on a ferrite core (4) having a length equal to half the length of a standard core,
whereby two markers can be made out of one such standard length. The resulting short
cores have a very good strength, whereby a surrounding protective housing (2) may be
thin-walled, such that the entire marker may be produced with relatively small dimen-
sions. The one-layer coil (6) conditions a high efficiency. The coil is produced as a
self-carrying unit (6), which can be displaced along the core (4), and in the production
the marker may be adjusted to the resonance frequency in a simple manner by displac-
ing the coil unit until a maximum output signal is detected, whereafter the coil unit is

fixed to the core in that particular position.

I
i
i
|
!
|
|
l
o
|
|
|
|
!
1
|
|

N
re

'~

(R

™

&,

*+ See back of page




+ DESIGNATIONS OF “SU”

Any designation of “SU” has effect in the Russian Federation. It is not yet known whether any such
designation has effect in other States of the former Soviet Union.

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pag.es of pamphlets publishing international

applications under the ‘CT.

Austria

Australia
Barbados
Belgium

Burkina Faso
Bulgaria

Benin

Brazil

Canada

Central African Republic
Congo
Switzerland

Céte d'lvoire
Cameroon -
Czechoslovakia
Germany
Denmark

Spain

Finland

France

Gabon

United Kingdom
Guinea

Greece

Hungary

ltaly

Japan

Democratic People's Republic
of Korca
Republic of Korea
Licchtenstein

Sri Lanka
Luxembourg
Monaco

-adagascar
Mali
Mongolia
Mauritania
Matawi
Ncetherlands
Norway
Poland
Romania
Sudan
Sweden
Sencegal
Sovict Union
Chad
Togo
United States of America

[



WO 92/03703 PCT/DK91/00246

A MARKER OF THE ELECTROMAGNETIC RESONANCE TYPE AND A METHOD OF
PRODUCING SUCH MARKERS

The present invention relates to a marker of the
electromagnetical resonance type and of the kind com-
prising a cylindrical housing of a dielectric material
housing a ferrite core, which, over a part of its
length, is provided with an electrical coil in connec-
tion with a condenser, such that these latter parts will
form an electric resonance circuit having a predeter-
mined resonance frequency. The housing is cast out with
a sealing moulding mass so as to be completely sealed
towards the surroundings. Mostly, markers of this type
are used as subterranean markers, as in a buried posi-
tion they can be localized by means of special search
detectors operating on the same frequency as the said
resonance frequency. Thereby it is possible to mark and
refind objects in the ground, e.g. pipe joints or splic-
ing muffs on cables, or the markers can define base
points in a coordinate system, in which the location of
subterranean objects or conduits can be measured in, for
subsequent easy refinding.

A marker of this type is known from WO 83/01306,
and such markers have been used in practice through
several years. For natural reasons it has been endeav-
oured to design the markers with a size as small as
possible in view of the requirements from both a produc-
tion and a utility point of view. Hereby it has been a
practical and economical starting point that the markers
have been based on standard manufactured ferrite cores
for rod antennae, these having proved particularly well
suited also for the present particular purpose, and thus
it has been possible to make use of cheap standard pro-
ducts in the form of rods with a diameter of 9 mm and a

length of 20 cm. From a utility point of view this has
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been quite suitable, because the marker should produce,
actuated by the detector, a resonance signal powerful
enough to make it detectable in spite of the marker
being placed well underneath the ground surface.

In the discussed known markers the ferrite rod is
mounted in a cylindrical housing having a noticeable
wall thickness, this having the purpose of frequency
stabilizing the markers, when these are mounted in sur-
roundings with different dielectrical properties.
Earlier, in fact, the surrounding dielectricum had a
clear influence on the resonance frequency, but later on
new types of ferrite have been developed which are much
less sensitive.

On this background it would have been possible to
use a narrower cylinder housing, which would for more
reasons be highly attractiv-», particularly for the work
connected with the formation of the mounting holes, but
the thick housing has another important property, v: .
that of stabilizing the ferrite rod purely mechanically,
so it has not been chosen to reduce the said wall thick-
ness. However, also miniature markers have been devel-
oped, sized approximately as a lipstick, with specially
produced ferrite cores having a diameter of some 5 mm
and a length of 4-5 cm in a thin-walled housing. These
markers have but a modest operational range, and they
are very difficult to produce with an accurately tuned
resonance frequency, which should here be explained in
more detail:

It is quite usual that the preferred resonance
frequency is of the magnitude 100 kHz, and with the use
of a relatively thin ferrite core it is then neces: ary
to use resonance coils having quite many windings. The
coil wire is machine wound directly on the core, and
even if there is used a very thin wire it is necessary
to utilize almost the entire core length to hold the
coil and to wind the coil with several layers of wind-
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ings. The ferrite cores, even from the same series pro-
duction, are not exactly uniform with respect to their
magnetic properties, and if they are wound with a pre-
scribed number of windings the result will be that the
markers will exhibit a considerable spreading in their
resonance frequencies. It is a possibility to work out
an adjustment to the correct frequency by individually
adjusting the number of the windings in the coils, but
in a large production of the small and cheap markers
this will imply a considerable complication.

Moreover, plural layer coils do not contribute to a
high quality of the markers, because there will be a gap
of non-magnetic material between the outer winding
layers and the core. This will more than outbalance the
advantage of the inner winding layer being wound direct-
ly on the core.

In connection with the invention it has been found
that the discussed relatively large ferrite rod main-
tains a high efficiency even when shorted to approxi-
mately half its length, and also that with the reduced
length of the rod there is still iron enough to enable
the use of a single layer coil with a reasonably low
number of windings, in practice some 80 windings.
Furthermore it has been found that the core, thus
shorted, becomes relatively much stronger, such that it
will not need the said thick-walled housing for mechani-
cal protection.

In practice all this means that it is possible to
provide a mini marker, which is only slightly larger
than the said ’lipstick marker’, but is much more effec-
tive.

The relatively thick ferrite core, of course, would
be slightly more effective if shorted only to a little
more than half its original standard length, but when
the starting material is a cheap standard product it is
advantageous to select just half the length, because
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each core member can then be made into two markers.

It could also be possible to make use of a core
length somewhat smaller than half the said standard
length, as the core would still be at least reasonably
effective, but here the following observation should be
made:

With the invention it is desired to produce markers
of a good quality, also with respect to the efficiency
and the frequency accuracy. As already mentioned this is
bound to require an adjustment, and if such an adjust-
ment is made with respect to the number of windings the
work will be facilitated because of the relatively small
number of windings in the coil. In connection with the
invention, however, it has been recognized that it is
possible to make use of quite another method of adjust-
ment, namely an axial displacement of the coil on the
core, and that is easy to do, when the coil is made as a
separate unit. Now, when the coil is wanted to be a
one-layer coil, preferably with a reasonably large wire
thickness, then the coil will have a certain required
length, in practice e.g. 4-6 cm, and for enabling the
said displacement adjustment it will then be necessary
that the core has a certain overlength, whereby the
discussed ‘half length’, i.e. some 10 cm, has been found
to be quite suitable. With the use of noticeably shorter
cores 1t would occur occasionally that an adjustment to
the working frequency would not be possible.

Thus, the coil should be produced as a separate
unit to be inserted on the core, and it is important
that the coil has a rather close fit on the core. It
would be possible to wind the coil on a very thin
carrier tube, but with the invention it has been found
that because of the relatively large wire thickness,
e.g. 0.6 mm, it is also possible to produce a self
carrying coil, viz. by coiling the wire and heating the

coil for melting together the insulation coatings of the
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respective neighboring windings. If the coils are wound
with an inner diameter of 9,5 mm they will be well
suited for use on core rods of a standard diameter rang-
ing between 9.2 and 9.4 mm.

The invention, which is defined in the appended
claims, will now be described in more detail with refer-
ence to the drawing, in which:Fig. 1 is a perspective
view of the elements of a marker according to the inven-
tion,

Fig. 2 is a fragmentary view of a coil therein, and

Fig. 3 is a schematic view illustrating the adjust-
ment of a coil.

In Fig. 1 is shown a marker housing 2 shaped as a
simple cutting of a plastic pipe, e.g. having inner and
outer diameters of 19 and 20 mm, respectively. By 4 is
designated a ferrite core, on which there is mounted a
coil 6 connected with a condenser 8. The coil is secured

to the core by means of adhesive tape 10.
The unit 4-10 is introduced into the tube 2, where-

after the latter is cast out with a suitable moulding
mass, e.g. polyurethane. Perforated collar spacers 12
can be used for centering of the core.

The rod 4 is produced by breaking a ferrite core of
a standard length of 20 cm at the middle thereof, upon a
kerb being made at that place.

As shown in Fig. 2 the coil 6 is wound on a mandrel
14, which is slightly thicker than the core 4. In the
left hand side of the Figure the coiled windings 16 are
shown with their associated insulating coating 18.

Upon the coiling of the wire in one layer current
is applied to the coil for heating the insulation coat-
ing 18 for making it melt together as shown in the right
hand side of the Figure. Thereafter the coil can be
drawn off as a self-carrying unit.

As shown in Fig. 3 the coil 6 is mounted on a core

member 4 placed next to a search detector 20 operating
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on the frequency, to which the marker shall be tuned.
The condenser 8 and the number of windings of the coil
are beforehand adapted to an ’average correct’ condi-
tion, and the operator may then, by displacing the coil
axially on the core, find the coil position by which the
particular core gives rise to a maximum reading on a
measuring instrument 22 of the detector 20. The coil is
fixed in that position, e.g. simply with a piece of
adhesive tape 10, whereafter the unit is ready for being
cast in in a tube casing 2.

Preferably there is used in or for the coil a wire
thickness of 0.6 mm, which is more than required for the
electrical function, but a resulting good stiffness and
robustness of the coil will be achigved, and the solder-
ing connection with the condenser will be facilitated.
Only it should be ensured that the number of windings
sufficient for the marker to be operative, given the
thickness of the ferrite core, will not amount to a coil
length that spoils the adjustment possibilities, when
the windings are placed in one or perhaps only two
layers, confer the wording of claim 1. In the above
example it is satisfactory when the coil has a length of
4-6 cm on a 9 mm core having a length of 10 cm. It would
be possible to select a slightly thinner wire to thereby
shorten the coil and even the core, but with a main-
tained or preferred core length of 10 cm there will
normally be a sufficient free length of the core for the
said overdimensioned wire to be used.

w
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CLAIMS:

1. A rod shaped marker of the electromagnetic reso-
nance type, having a cylindrical housing of a dielectric
material and a ferrite core mounted in said housing,
this core over a part of its length being provided with
an electrical coil connected to a condenser, charac-
terized in that the coil is a one-layer coil and that
the ferrite core has a thickness sufficient to condition
that the marker can be operative at the desired reso-
nance frequency with the use of this one-layer coil,
which has a length of at most 75% of the length of the
core and is mounted at such a place of the core, at
which the marker is thereby adjusted to the desired

resonance frequency.

2. A marker according to claim 1, characterized in
that the ferrite core has a thickness of approximately 9
mm and a length of approximately 10 cm, while a sur-
rounding tubular housing has an outer diameter of 20 mm

or slightly therebelow.

3. A method of manufacturing a marker of the elec-
trical resonance type, whereby a coil on a ferrite core
is adjusted to the required resonance frequency, sub-
jected to control measurements, whereafter the core and
coil unit is mounted in an outer casing, characterized
in that the adjustment is effected by axially displacing
the coil, preferably a prefabricated air coil , on the
core until a maximum reading is obtained by the control
measurement, the coil then being fixed in that position
during and after the mounting in the exterior casing.

4. A method according to claim 3, characterized in
that the coil is provided as a separate, self carrying
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unit, which is introduceable onto the core with a narrow
fit, preferably in a condition by which the insulation
layers of the coil windings are joined by melting or

otherwise, without the use of any inner carrier cyl-
inder.
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