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(54) Title: SEARCH COIL FOR METAL DETECTOR

Fi1G.4

(57) Abstract: The search coil for metal detector is applied
in the archaeology, geology, construction, in the military
and police practice. The search coil is distinguished with
increased sensitivity, being capable of finding different
sized metallic objects, buried ax significant depth. The
search coil is with a simplified and technologic for produc-
tion construction, with decreased expenses for materials.
The search coil for metal detector consists of a housing (1),
in which are placed mutually balanced transmitter (2) and
receiver (3) coils. The coils 2 and 3 are wound from spir-
ally situated in one plane windings 4, which could be close
one to the other, with no interval between them, or with a
distance of 0-10 mm between the windings. The coils 2
and 3 are placed ax a distance one from the other, at an
angle towards the lower surface of the housing or touching
each other.
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SEARCH COIL FOR METAL DETECTOR

Technical field
[0001] The metal detector search coil is applied in the archaeology, geology,
construction, in the military and police practice The search coil is appropriate for

registering all kinds of metal objects, ferrous and non-ferrous metals, no matter

their depth and sizes.

Background of the Invention
[0002] There are different designs of detectors for metais known, and the basic
active element of these devices is the search coil of the metal detector, in the
housing of which are placed transmitter and receiver coils, sitvated in parallel
planes, touching and partially overlapping each other.

[0003] From the practice are known search coiis fur metal detectors, in which are
used different forms of coils, made of copper conductor, witn or without
insulation, the coil being with round or ova!l form, or with form ensuring the
mutual balancing of the coils.

[0004] Disadvantage of a search coil with the

making the coils by winding the conductor cn

p

promiscuous overlay of the electromagnetic tieids. created by each of the
windings, respectively of the transmitter and the receiver coils. As a result of this
the efficiency of the search coil decreases with more than 15%, a circumstance,
which affects additionally the relevant decrease of the sensitivity and detection
depth of metallic objects of the metal detector.

{0005] Another disadvantage of the described scarch coil is the dependence

Q.J

between the size of the search coil and its sensitivity in regards to registering
metallic objects of different sizes, and in regards to the different detection depth of
such metallic objects. In this way, for example, search coils with diameters lower
than 250 mm have good sensitivity to metallic obiccis with diameter lower than 20

mm, but are not so sensitive and can not reach the necessary detection depth for

bigger than 20 mm sized metallic objects. At the same time search coils with larger
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than 250 mm diameters have good sensitivity ¢ imetailic objects with iarger than
20 mm diameters, but differ with low sensitivity to the small, fess than 20 mm
metallic objects.

[0006] Another disadvantage of the described search coil is connected with the
technology of making the coils, as far as by winding of the wransmitter and receiver
coils” windings on reels is obtained big corpulence of both coils, which determines

the necessity of using deeper housing. As a result the tota the described

r*'i

search coil is increased, at the same time increased is the exnense of materials
necessary for the make of the search coil.

[0007] Tt 1s known a patent publication — US Neb5i2344, concerning a coil used in
electric apparatuses and systems, made from windings, placed in a single plane,
thus forming “flat coil”.

[0008] The windings of the flat coil are wound in a spiral, in 2nz plane, thus

ensuring greater difference of potential betweern iz ¢ o convolutions,

and since the energy is stored in the coil, considering the latter as a condenser, is
proportional to the square of the potential difference between two adjacent
windings. Due to the described positioning of the windings are created conditions
for increasing and correct distribution of the notential betwesn wwo adjacent
windings, as the increase of the capacity of the flar coil is due 1o the increased
potential difference between the spirally wound ir: one plane windings.

[0009] 1t 1s appropriate to note, that for the specialisis in the fieid is well known
the correlation between capacity, self-induction, as well as the fregquency and the
potential difference of the current. With the describeq positioning o1 tnhe ‘Windings,
in each winding there is a certain relation between seif-induction znd capacity,

which allows a flow of a certain frequency and ; rough it with no

other opposition than that of the normal osmic resi r. with other words, as

if the winding does not possess self-induction. 7' wial relations

existing between the special character of the curient and seti-induection and

capacity of the coil, the latter quantity is capabie ¢ seittinduction

for that frequency.
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[0010] It is well known, that the higher the frecuency or the potential difference of

the current the smaller the capacity requirecd o counteract the self-induction.

< v o3

Therefore even the small value capacity in each winding coui enough for the

o
o
(¢

purposes stated if the proper conditions in other aspects be secured.
[0011] In the ordinary coils the difference of po{emiai between the adjacent
windings is very small, so that, in some sense have the role of

condensers, but they have too small capacity znd s betvieen the two

quantities — self-induction and capacity are not as under any ordinary

conditions, because the capacity relatively to the seif-induction is very small.

Summary of the Invention
r the field

ta! detector,

[0012] Having in mind the described prior state

discussed, the aim of the invention is to offer 2 search coil
showing up increased sensitivity to registering metal obiects of differant sizes and
increased depth of detection of the metallic objects.

[0013] Another task of the useful model is the coiis in the metal deiector’s search

coil to be formed and positioned in a way,

ogical and

economical manufacturing by decreasing the number of

operations
and the expenses, to be distinguished with easv maintenance and decreased total
weight ot the search coil.

[0014] The task of the useful model is solved with 2 search coil for metal detector,

consisting of housing, and attached to its lower
transmitter and receiver coils, which partially overiay one anciher.

[0015] According to the useful model the wirdings of the coiis are inade as flat

coils, with windings, positioned in spiral, in one plare, and the two coils are
situated in two parallel planes at 0 to 30mm distance between them.

[0016] In accordance with one variant of performing the useful modei the windings
of the coils are situated in different planes.

[0017] In accordance with one variant of making the search coil the coils are

positioned at an angle of 1 — 10 Degrees towards the horizontal
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[0018] It is appropriate the windings of the coils to be at 1 to 10
from another.

[0019] It is preferable if the coils are made from 2 conductor with (.0
thickness.

[0020] In accordance with one variant of making the coils the latter are made from
a multicore conductor with 0.02 to 5.00 mm thickness.

[0021] According to one variant of implemsantation 's searchcoil,

the coils consist of a basis, representing a layer of ins i, and covered

with a layer of electro-conductive material with outlired on it windings in spiral
form.
10022] The coils of the search coil are made in 2 & form.

[0023] The coils of the search coil are made wiii: cvai for

[0024] In dependence with tangible implementation of the meta! detector the

search coil could be made in a way, that the form of the housing is the same as the

e
r
¢

form of the coils.

[0025] In accordance with one variant of the sezich coi e form of the

housing is different from the form of the coiis.

[0026] The advantages of the search coil for metai detecior accerding e the useful

model are that it is distinguished with increased sensitiviry regarding

o

metallic

er depths in
comparison with analogical constructions of scarch coils with two coils. The

increased sensitivity is due to the flat coils used, with windings wound in spiral in

one plane, and with that practically antennae is cbuained, 1 d Oy numerous,

decreasing by size antennas, which makes the search coil ve to the

small, and to bigger sized metallic objects two. s improved

additionally by positioning the flat coils at & distance one from the cther. including
at an angle one towards the other, which ensures correct diswibution of the
electromagnetic fields of each winding of the transmitter and receiver coils, and

also improved is their mutual balancing and the =1 o7 of the search

coil.
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[0027] Another advantage of the utility modei, is that the described way of
positioning the windings — in spiral, in one plene — aliows the rezlization of coils
with a thickness equal to that of the sectior of the conductor they are made from.
[0028] This circumstance allows the positioni:e of the wansmitier and receiver
coils in much shallower housing, resulting in search coil with much lower weight.
[0030] Additionally, from technological point of view, the produciion of the search
coil 1s significantly simplified, as far as the technoiogicai expenses for materials
are decreased, dropping off the fulfillment of some technelogical sperations like

fixing and balancing the coils.

Brief Description of the Drawings

[0031] Further in the description the search coi!

accompanying the description drawings, whare:
Fig.1 — general, axonometric view of housing of

technology.

Fig. 2 — view from below of the housing fiom

coils put in it

Fig.3 — cross-section of the housing from Fig.2, with D-fo
receiver coils with square section of the windings put in it.
Fig.4 — view of a search coil for metal detector with two flat, D-sh haped coils, with
windings positioned in spiral in one plane.

Fig.5 — cross-section of a search coil from Fig.4 with 1wo fias coilc, nositioned at a
distance one from the other.

Fig.6 — cross-section of a search coil from Fig. 4. with two flar coils, o

other.
Fig. 7 — cross-section of a search coil from F 1g.4, with two flai coile nositioned at

an angle one from the other.
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Fig.8 — cross-section of a search coil, with coils, made from bilateraliv ¢

layer, with outlined windings, wound in spiral.
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Details description of the Invention

[0032] Exemplary implementations of search coi! for metal detecior in accordance
with the useful model are shown with more detaiis i description and referring to
the accompanying the description drawings. Aithough, the specialisss in the field

would easily accept, and assess, that the exempiary descriniions, with some

figures, are for explanation purposes, as the range ction of the useful model

spreads out of these exemplary 1mplemer‘tatla_s without nutting any limits to

7

them, and allows the specialists in the field find our numerous aiternative and

appropriate constructive fulfillments of the scarchooil, s in. dependence

with the needs of the concrete application of the metal detecior, with precise
carrying out of the presented herewith detailed exempiary impiementation. That

means, that the substantial signs allow the realization of numrersus =odifications

and variations of the useful model, which are irciuced in the 2 orotection of

the useful model. Also, where appropriate th: used words in olural should be
understood also in single, and vice versa, as the alternative variants does not
presuppose by all means, that both are mutually incompatibie.

[0033] One preferred exemplary implementation of the search ool in zocordance

with the useful model is shown on fig.4 — it consis: on the lower

surface of which are put flat transmitter 2 anc receiver 3 coiis. The fiat coils are
made of spirally positioned windings 4, oriented in one piane. where the

transmitter 2 and the receiver 3 coils are situated at a distance one Gom the other.

[0034] The described basic construction of sez: . allows

the realization of different constructive decisions, part of which are daseribed in
exemplary implementations.

Example [.
[0035] One preferred exemplary implemenzatios of <.

v accordance

with the useful model is shown on fig. 4, which consisis of housing ¢ in which are

put flat transmitter 2 and receiver 3 coils. The hous
made of polymer. Each of the coils 2 and 3 is made i D ‘o with spirally

positioned windings 4. The windings 4 of the flat cail
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windings 4 of the coils 2 and

| iie in one plane. The
transmitter 2 and the receiver 3 coils lie in pa 1oare at 10 mm
distance one from the other.
Example 2.

[0036] The search coil consists of housing i, ir

pizcod wansmitter 2 and

receiver 3 coils (Fig.6). The housing 1 is made of po circie torm. Each

of the coils 2 and 3 is made with an oval form, for example eliipse. with spirally
positioned windings 4. The windings 4 are mace of singie-core conducior, with 1.2
mm diameter, and all the windings 4 of the flat coils 2 and 3 lic on one olane. The

transmitter 2 and the receiver 3 coils lie in para:! wite o inerval between

them, the coils are touching one another, fixed i nductive balance. b2 rautually
balanced.

Example 3.

[0037] As shown on Fig 7, the search coil consisis of sousing 1. in which are
placed transmitter 2 and receiver 3 coils. The housing is oval, made of . polymer.

Each of coils 2 and 3 is made in a circle form, with spirally positicned windings 4.

The windings 4 are made of single-core conductor. w weter, and all

windings 4 of coils 2 and 3 lie in one plane. Tre fiar rans: ¢ receiver 3

coils are oriented at 5° angle towards the lower sirface o7 the housing 1.

Example 4.

[0038] The search coil consists of housing 1, it which are pluced

soitter 2 and

receiver 3 coils. The housing 1 is made of polvmer. with ovai

Tor example

cllipse. Each of the coils 2 and 3 is made in < Sosooaln positioned

windings 4. The windings 4 are made of multi-core insuiated condocior with 1.8

mm diameter, and all windings 4 of coils 2 and 3 iie i1 one nlane. The wansmitter 2

and the receiver 3 coils lie in parallel plares, » ¢ at I8 min cistance one

from the other, fixed in inductive balance, i.2. n:v
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Example 5.
[0039] The search coil’s made in accordance with the constructive decision in

Example 1. The difference is that the windings 4 of the . net snown on the

figures, are situated in different planes, thus forming & coil with conical form.
Example 6.

[0040] The search coil consists of housing !, in *iransmitter 2 and

receiver 3 coils. The housing 1 is made from pely:ier i ‘o tomm Each of the

coils 2 and 3 is made in D shape, with a base of insuiation materiai. covered with a
layer of electro-conductive material, in a spirai form, ail windings 4 of the coils 2
and 3 are formed closely, without interval between tizem, and iie in one plane. The

transmitter 2 and receiver 3 lie in parallel pianes, at 5 dist

v one from

the other.
[0041] In accordance with one variant of impiementation of the search coil for

metal detector the flat coils 2 and 3 are made in

bilaterally foiled conductive material, for exar:zic tzxi are made

(e

spirally wound transmitter 2 and receiver 3 coiis {Fig

\ v‘:, !LDR)VVV‘:“ C_} /)n thG One
side of the textolit is made the transmitter 2 coil, and on he ottor side of the

Bxy ARG iw WUiliise:

textolit 1s made the receiver coil 3.
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CLAIMS
1. Search coil for metal detector, consisting of housing and two coiis placed in it,

respectively receiver and transmitter coils, which parti ¢istinguished

with the implementation of the two coil (2,3). which i aa'indings (4),

positioned spirally, in one plane, where the ar coils (2.3} are niaced in two

2. Search coil for metal detector in accordar.ce with claim |

N i
Sy i

T

the positioning of the windings (4) of the two coiis {2

o

3. Search coil for metal detector in accorcance wiih ciaiim i. characrerized with

that the flat coils (2,3) are positioned at an angic of mi o 10 deorees towards

the lower horizontal plane of the housing (1.

4. Search coil for metal detector in accordance v ¢ the windings

{rom the other.

(4) of the flat coils (2,3) are positioned at 0- 1% s di

5. Search coil for metal detector in accorcance with clain © whzre the flat
coils (2,3) are made of a single-core or multi-core conductor wich thicikness of 0.02
to 5.00 mm.

6. Search coil for metal detector in accorcance with claim ! where the flat

coils (2,3) consist of a base of insulation material, coversd i » of electro-
conductive material, in the form of spiral.

7. Search coil for metal detector in accordance i - ire 2oils 2 and

3 are made on a bilaterally foiled sheet with cond the one side of
the conductive material is made the transmitter (2, wad o e == side of the
sheet is made the receiver (3) coil.

8. Search coil for metal detector in accordance with claim i, wnere tne flat coils
are made with oval form.

9. Search coil for metal detector in accordance wirh claim i, where one of the
coils (2,3) is made in oval form, and the other ¢ — itk 2 circuar form,

“m o boownhare the shape of

10.Search coil for metal detector in accordancs

(@)

7SN

the housing (1) is the same as the form of the coils (2

1 1.Search coil for metal detector in accordance v i tie torm of the

housing (1) is different from the form of the coiis (7.3,
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