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{54] METAL DETECTOR SEARCH COIL Primary Examiner—Thomas J. Kozma
[76] Inventor: William A. Mahan, P.O. Box 451, Attorney—Peter J. Murphy et al.
Dallas, Tex. 75040
[22] Filed:  Dec. S, 1972 [57] ABSTRACT
[21] Appl. No.: 312,286 A device for detecting metal articles buried beneath
the surface for example, includes a search coil at one
end of a handle, with the handle carrying the detector
[52] US.Cl......cceovinnnnnnin 336/84, 324/3, 324/41, circuit components. The search coil is an induction coil
336/92, 336/229 enclosed within an annular chamber formed from a
[51] Int. Cloooorrreerernreeeenes HOIf 15/04, HOIf 27/02  plastic housing having the form of a spoked wheel for
[{58] Field of Search ................. 336/84, 90, 92, 229, example, and which is formed from two mating housing
336/232, 66; 324/41,3  palves joined in the plane of the coil chamber. The coil
is made up of a number of turns of insulated wire
[56] References Cited wherein the insulation material has a low coefficient of
UNITED STATES PATENTS thermal expansion, with the coil being sheathed in
3,662,255  5/1972  GAITEl ...coorerererrreereernrersrssenens 324/3  metal foil to provide a Faraday shield. The coil is sup-
3,634,798  1/1972  Astleford, Jr........ievreverrennee 336/92 ported within the housing annular chamber on pads of
3,266,000  8/1966 Markarian .............. eerieenne 336/229 foam rubber-like material which yieldingly supports
3,237,137 2/1966 Flaminio.........ccoouviirceinnne 336/229 X and restrains the coil within the housing annular cham-

ber. ) :

11 Claims, 7 Drawing Figures
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METAL DETECTOR SEARCH COIL

--'BACKGROUND AND. SUMMARY OF THE
INVENTION ’

Thls invention relates to dcvrces for locatmg metal’
’ ob]ects buried in the ground for example ‘and. more’
particularly to.a search coil structure for such device to.
be passed in close proxrmrty to the ground surface or.
other surface which is the subject of the search

In devices of this, kmd the search.coil'is an mductron
coil which is connected in an osclllator circuit in a man-

. ner that the oscillator frequency willy vary wrth achange

in inductance of the coil: resultmg from. proxlmrty of -

metal ob]ects ‘with ‘the change of frequency being de--

tected to produce a signal: mdlcatmg the presence of
such metal objects..

10

3 753 185

5

lt is.a further object of this. mventlon to provxde a

5"

._structure comprising a flat ‘housing which ‘defines an .’

search coil:structure for use with a metal detector to

produce a reliable device which is not subject to. false

signals’ due to changes in the ambient temperature ‘
These ob]ects are accompllshed in. a search co:l .

“~ annular chamber having bottom ‘and top walls. An in: :

duction coil, formed from a plurality of-turns of insu--

' lated wire; is disposed within the annular chamber, with -
the turns being further: enclosed within a sheath to form AT
_ an annular coil unit. Cushioning support pads are dis: -

: ’posed in confronting relation within: the annular hous-

lS

It has been found that the frequency of the oscrllator

. circuit in which the search coil is connected will change -

or drift in response to ‘certain physrcal changes in the
inductor coil structure; and this frequency-drift neces-

-ing chamber, contiguous to the-bottom and top walls; ‘7 .
-with the confronting faces being spaced a distance less o

than the diameter of the sheath coil unit: The coil unit
is supported between these. support pads in spaced rela- -
tion tothe housing chamber walls. .

- from a foam rubber type material and are annular and .
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sarily’ produces srgnals inthe ‘detector which are false -

*sngnals in the sense that they are not responsive to:the

-‘presence of metal articles. Such false signals, of course,

“ would greatly reduce the relrabrhty of the detector de-

725 .
‘as well as additional objccts thereof will be understood - .~ -

It has been observed that such false sngnals are pro- S
.. more-fuily from the following description when read in

" duced by changes in the physical relation of the several

) ample ‘and also by compressrve forces actmg on one or
*-more of the turns of wire making up the mductor coil:
" It has further been observed that pressure forces actmg

. turns of wire' which make up the mductor coil, for ex- -
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. on’the turns of wire in-the coil result.from the manner -
"m which the inductor coil is mounted within an enclos-

ing housing. In sonie detector search coils, the turnsof ~

‘wire forming the inductor coil are trghtly encased
- within.a housing structure which may. be built up- by

X ,formmg a plastic housing around the mductor ‘coil, for

. example; or the coil may be enclosed within a hollow
- housing which'is then filled with-a plastlc material to

‘closely encase the wire: coil. In these:cases, where the

*“detector search coil housmg and. associated ‘structure
““becomes heated.in use, due'to-direct sunlight and heat

coextensive with' the walls of the housmg chamber. The .-

“sheath may be fabricated of metal foil to define a Fara-

day shield. The turns of wire-are: preferably insulated
with a material havmg a low coefﬁclent of thermal ex-. .
pansion.. o

-The. novel features and advantages of the mventlon,

connection with the accompanymg drawmg

'DRAWING -

FlG 1 is‘a perspectlve view of a metal detector de- ‘
vice having a seatch coil - structure accordmg to:the

. present mventlon

. ‘FIG. 2'is a'plan vrew of the search coil housmg,
“FIG. 3isaside elevatron vrew of the search coil hous-

‘ing of FIG. 2;

FIG. 4 isa fragmentary view of the search coil hous-

" ing-and- associated mductor coil structure as viewed in
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“radiation from ‘the ground for. example the housing -

~structure itself and the wire: msulatron may expand due-

to thermal expansion’ resultmg in increase of pressure
_on the coil turns resultmg in an error signal.-Similarly,
““as'a result of thermal expansion; the search coil housing
may seek to expand -or radially enlarge to a greater.ex-

~tent than the coil wires and associated insulation result-

‘ingin forces actingon the corl wires to: produce a false
signal.-

: Wrth other types of ‘coil mountmg wrthm the corl
. housmg, the relative movement caused by thermal ex-.
‘pansion changes the relative- posrtron of the coil wires

1o produce false signals. Another cause of relative wire

movement or distortion of coil arrangement may be the

_softening: of the ‘wire' insulation, such as vinyl msula~. '

tlon due to temperature increase.

*It-is a principal object of this invention then to pro-
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the plane 4—4 of FIG. 3;

FIG. 5.is a fragmentary view of a portion of the

~search coil structure. as vrewed in ‘the plane 5— S of
-FIG. 3;

FIG. 6 is a transverse sectional view of the housmg '

E annular chamber and search coil structure, as vrewed,
‘in'the plane 6—6 of FIG. 2; and : s
FIG. 7'isa fragmentary sectional view of the search S

corl housmg as viewed in the plane 7—7 of FIG 2.

‘DESCRIPTION OF THE PREFERRED
B EMBOD[MENT :

FlG l of the drawing isa perspectrve view of a metal
detector 10 having a search coil structure 20 accordmg, .

‘to the present invention. A detector includesa support- .
~ing shaft or handle 11 which'is secured to the search
>+ ¢oil 20 by means of a flanged socket 12 suitably se-

. cured to the search coil housing, and which has a recess:

-vide a search coil structure ‘wherein the inductor coil

~ turns are-supported in a housing in a manner to mini-
mize external physical forces acting on the wire turns

- which would tend to produce frequency drift and resul-/

tant false signals. -

It is another object of- thls mventlon to provxde a
»'search coil structure wherein the entire assembly:can
-be manufactured readlly and economrcally
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“for receiving the lower end of the handle 11 which is

in‘turn‘retained in the socket by any suitable means. A

“circuit housing 13 is attached to the handle adjacent to’

its upper end and contains the major portion of the cir- .

“cuitry and controls for operating the detector 10. The

handle 11 projecting upward from the circuit housing

iis provided with a.handle: grlp 14 for convenlence in - '

manipulating the detector. g
The search coil structure is enclosed in a housmg
which is. illustrated as having the form of a spoked

-wheel including a rim portion 21, a central hub portion L

More particularly: the support pads may‘be fabrrcated B
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.22 and three. interconnecting spokes 24. While this
wheel configuration may be preferable for search coils
of larger diaméter in order to. minimize ‘mass and
weight, it will be appreciated that the ‘housing could
take the form of a solid disk-like housing for smaller
search coils: The housing is preferably formed from a
‘plastic ‘material and preferably formed from top and
bottom housing halves“14a and 14b respectively, as
best seen in FIG. 6, which are secured together-as by
cementing or ultrasonic welding in a common central

~ plane of’ the housing. The housing halves may be

- formed in any desired manner, such as by vacuum

forming or by injection molding, to produce a -housing

which is hollow in assembled form. The above men-
tioned flanged socket 12 which may also be fabricated
of a plastic material, is secured to the search coil hous-
ing at the hub portion in -any suitable manner such as

by cementing or riveting or both. Materials which are

especially suitable for the fabrication of the search coil
housing are acrylonitrile butadiene. styrene. ( ABS),
‘acrylic coated acrylonitrile butadlene styrene, and high
impact polystyrene.

The rim portion 21 of the search corl housmg defines
an annular chamber within which is disposed the induc-
tion coil unit 30 which is the search coil for the circuit
of the detector 10. This annular chamber, as best seen
in cross-séction in FIG. 6, is shown as being generally
. rectangularin’cross-section and having top and bottom
* walls defined by the top and bottom housmg pomons
24a and 24b respectively.

Upper and lower annular support pads 25a and 25b
are disposed in the annular chamber adjacent to the
housing top and bottom walls respectively. As shown in
FIG. 6 of the drawing, these pads are generally rectan-
gular in cross-section and ‘generally coextensive with
the width of the annular chamber; and the pads are se-
cured within the housing chamber in any suitable man-
ner. These pads are fabricated ‘of a resilient cushion
material which preferably is a foam rubber type mate-
rial such as ethane foam rubber.

The induction coil unit 30 is made up of a plurality
of turns of a continuous insulated wire 31 formed to a
diameter corresponding to the diameter of the rim por-
tion 21 of the search coil housing, with the turns of wire
being encased within a sheath 32 of metallic foil such
as lead foil or copper foil. The turns are completely en-
cased in this metallic sheath 32 which is arranged on
the coil to define a Faraday shield. For the purpose of
* forming this Faraday shield, the sheath 32 is provided

with an insulation joint defined by an insulation sleeve
33 disposed on the coil unit 30 opposite from the point
where the coil lead wires emerge, namely at the hous-
ing spoke 23a. This insulation joint is indicated in FIG.
2 and is illustrated in FIG. 5 wherein the telescoping
ends of the sheath 32 are radlally separated by the insu-
lation sleeve 33.

The sheath 32 retains the wire turns 31 in a generally
~cylindrical bunch, as best seen in cross-section in FIG.
6; and the coil unit defined by the sheathed wires is re-
tained within the annular chamber of the housing rim
21 by the support pads 254 and 25b, the confronting
faces of which are spaced a part a distance less than the
diameter of the coil unit. Accordingly the coil unit is
supported or retained within the housing chamber by
the cushioning pads in a manner to provide very light
physical pressure or force on the coil unit, defining a
form of floating support; yet the coil unit is retained se-
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curely in spaced relation to the walls of the housing
chamber. With this cushioning type support, there will
be minimal changes of pressure or force acting on.the
coil unit due to unequal expansion and contraction of .
the search coil housing and search coil unit resulting
from changes in temperature. This resilient cushioning
support will also accommodate any relative radial en-
largement or contraction of the coil unit relative to the -
housing. With this type of cushion mounting of the coil
unit, it has been found that false signals resulting from
variations in ambient temperature are very substan-
tially minimized.

Another factor which appears to produce false or
error signals in’response to temperature changes is a -
type of insulation which is used on the turns of wire 31.
Where the insulation-is of a material which has a rela-
tively. high coefficient of heat expansion and therefore
significantly enlarges or contracts with changes in tem-
perature, this apparently has the effect of changing the
physical forécs acting on the turns of wire within the
coil unit and also of shifting the positions of the several
wires in the unit to produce a false signal.’Additionally,
if the insulation material has a low melting point and
therefore softens substantially and relatively low tem-~

_peratures, this may result in shifting of wires within the .

coil unit. It has been discovered that when wire is used

having a type of insulation which has a low coefficient

of thermal expansion and whose physical characteris-

tics do not change appreciably with extreme changes in .
temperature, the occurence of false signals is greatly

reduced. The wire insulation then should be of a mate-

rial which has a low coefficient of thermal expansion :
and a high resistance to heat, and materials such as tet-

rafluoroethylenc (teflon) and asbestos are desirable for

this purpose.

Referring now to the connecuon of the induction to .
the remainder of the detector circuit, one end 31a of
the coil wire 31 emerges from the coil unit adjacent to
the housing spoke 23a and extends radially through this
hollow spoke to be joined to the central post 41 of a co-. -

- axial connector 40, which is mounted in an-aperture in
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the top housing member 24a adjacent to its hub pomon
22. The other end of the induction coil wire 31 is con-
nected, by means of a soldered joint 35, both to a
ground lead wire.36 and to the metallic sheath 32. The
ground lead wire is in turn connected to the housing of
the ‘coaxial connector.40.. Both of the coil lead wires
31a and 36 are enclosed by a metallic sheath 37 which

is connected to the metallic sheath 32 and defines an =

extension of the Faraday shield through the lead wire
spoke 23a. By means of a complementary coaxial con-
nector 42 and a coaxial cable 43, the induction coil is
connected to the remainder.of the electrical crrcurtry
contained in the circuit housmg 13.

What has been described is a novel and improved -
search coil structure having features which serve to
minimize or eliminate false signals which are some-
times produced by the induction coil, resulting from
physical forces acting on the coil and produced by rela-
tive expansion and contraction of the search coil struc-
tural parts because of extreme variations in the ambient
temperatures surrounding the search coil under condi-
tions of use. While these novel structural features are
very effective for the intended purpose, they also en-
able the economic production of search coils to pro-
duce an effective and useful metal detector.
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While a preferred embodiment of the invention has
been illustrated and described, it will be understood by
those skilled in the art that changes and modifications
may be resorted to without departing from the spirit
and scope of the invention.
What is claimed is:
1. For use with a metal detector, a search coil struc-
ture comprising
a flat housing defining an annular chamber having
bottom and top walls;
an induction coil, formed from a plurality of turns of
insulated wire, disposed within said housing annu-
lar chamber; a sheath enclosing said induction coil
turns to form an annular coil unit;
cushioning support pads disposed within said housing
chamber contiguous to the bottom and top walls
respectively; said support pads confronting each
other, with the confronting faces being spaced a
distance less than the diameter of said sheathed
coil unit; and said coil unit being supported be-
tween said pads in spaced relation to the housing
chamber walls.
2. The search coil structure set forth.in claim 1
said sheath being fabricated of metal foil to define a
Faraday shield. '
3. The search coil structure set forth in claim 1
said support pads being annular and coextensive with
‘said chamber walls.
4. The search coil structure set forth in claim 1
said housing being formed of mating members ad-
joined in the plane of said annular chamber; said
housing members being fabricated from a plastic
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material.

5. The search coil structure set forth in claim 2

said housing providing support means adjacent to the
center thereof and a radial channel for enclosing
the induction coil lead wires; a coaxial connector
mounted on said housing radial channel adjacent to
the center thereof for connection to said lead
wires; and a metal foil sheath enclosing said lead
wires in said radial channel.

6. The search coil structure set forth in claim 1

said housing having the form of a spoked wheel hav-
ing a rim portion defining said annular chamber;
and having a hub portion for securing a supporting
handle.

7. The search coil structure set forth in claim 1

said support pads being fabricated of a foam rubber
type material.

8. The search coil structure set forth in claim 1

said induction coil turns being formed from wire hav-
ing an insulation fabricated from a material having
a low coefficient of thermal expansion.

9. The search coil structure set forth in claim 1

said induction coil turns being formed from wire hav-
ing insulation fabricated from a material which re-
mains firm at ambient temperatures.

10. The search coil structure set forth in claim 1

said wire insulation being fabricated from tetrafluro-
ethylene.

11. The search coil structure set forth in claim 1

said wire insulation being fabricated from asbestos.
* * * * *



