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(54) HELICAL ANTENNA

(57)  Asupporting member comprising a flexible res-
in rod is inserted into a helical element. The helical ele-
ment is made into a helix by tightly winding a wire, the
core of which is covered with an insulating covering ma-
terial, and the bottom end portion thereof is constituted
in a state, wherein the covering material is removed, and
the core wire is exposed. The bottom end of the sup-
porting member is mounted in a fixed condition by being
fitted to a fitting hole formed in a metal element fitting,
and when fitted thereto, the bottom end portion of the
helical element, where the core wire is exposed, is elec- ¥
trically connected to the element fitting. A screw portion ! \
for mounting the helical antenna 1 to an antenna support H
portion is formed on the bottom portion of the element
fitting. Thus, the winding pitch of the helical element will
not change even during long-term use, and, in addition,
electrical characteristics will be less likely to change
even if the helical antenna is bent.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]
tenna.

The present invention relates to a helical an-

2. Description of the Related Art

[0002] Since the physical length of the antenna can
be made shorter than the effective length of the antenna,
helical antennas have been used for some time as an-
tennas for portable applications, and antennas for mo-
bile applications. Because of the danger of the antenna
itself striking an obstacle, a helical antenna used as an
antenna for a portable application or an antenna for a
mobile application is ordinarily constituted so as to have
flexibility. Helical antennas which are known to have
such flexibility include a helical antenna, which is con-
stituted such that a helical element is covered with a
contractile tube as disclosed, for example, in U.S. Pat-
ent No. 2880936, and a helical antenna, for which insert
molding is performed inside an insulating resin pipe by
integrally molding a helical element with a flexible resin
beforehand, and inserting a core wire comprising a flex-
ible insulating resin into the inside thereof, as disclosed
in Japanese Patent Application Laid-open No. H
10-215116.

[0003] However, in a conventional helical antenna
having flexibility, because a helical element is wound in-
to a helix at a predetermined winding pitch, upon being
bent, the spacing between the windings of the helical
element, which are wound on the bent side, becomes
smaller, and the spacing between the windings of the
helical element on the opposite side becomes larger. In
extreme cases, it becomes such that the windings of the
helical element make contact with one another. Thus,
the electrical characteristics of a helical antenna will
change in accordance with changes in the spacing be-
tween the windings of the helical element, and the elec-
trical length of a helical antenna will change by the wind-
ings of the helical element coming into contact with one
another. In other words, the problem in a conventional
helical antenna having flexibility is that the electrical
characteristics of the helical antenna change when the
helical antenna is bent.

[0004] Further, the winding pitch of a helical antenna
is ordinarily wound at a fixed winding pitch, making it
necessary to maintain a fixed winding pitch to stabilize
the electrical characteristics during a period of use.
However, the problem in a conventional helical antenna
was that the winding pitch was apt to become uneven
and the electrical characteristics were apt to change,
due to repeated bending during a period of use, and so
on. Furthermore, the problem with a method, which in-
volves affixing a helical element by insert molding, was
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that the winding pitch fluctuated in accordance with the
molding pressure at insert molding.

SUMMARY OF THE INVENTION

[0005] Accordingly, an object of the present invention
is to provide a helical antenna in which the winding pitch
does not change even during long-term use, and, in ad-
dition, the electrical characteristics are not apt to change
even if the helical antenna is bent.

[0006] A helical antenna of the presentinvention com-
prises a helical element, which is constituted by tightly
winding a wire, the core wire of which is covered with
an insulating covering material, into a helix; and a flex-
ible and insulating supporting member, which is inserted
into the inside of this helical element, and is constituted
such that the winding pitch of the above-mentioned hel-
ical element is determined by the thickness of the cov-
ering material covering the above-mentioned wire.
[0007] Therefore, the winding pitch can be deter-
mined by the thickness of a covering material. Further,
it becomes possible to maintain a fixed winding pitch
even when the helical antenna is bent. Furthermore, be-
cause the winding pitch is determined by the thickness
of a covering material, it is possible to prevent the wind-
ing pitch from changing even during long-term use.
[0008] Further, in the above-mentioned helical anten-
na of the present invention, a conductive element fitting
may be comprised, in which the bottom end portion of
the above-mentioned supporting member is fitted, and,
in addition, in which the bottom end portion, where the
above-mentioned core wire of the above-mentioned hel-
ical element is exposed, is connected, and this element
fitting can be mounted in a fixed condition to an antenna
support portion.

[0009] Furthermore, in the above-mentioned helical
antenna of the present invention, the bottom end portion
of the element cover, which covers the above-men-
tioned helical element which is inserted into the above-
mentioned supporting member, can be fitted to the
above-mentioned element fitting.

[0010] And furthermore, in the above-mentioned hel-
ical antenna of the present invention, the cross-section-
al shape of the above-mentioned wire, the core wire of
which is covered with an insulating covering material,
can be a flat shape. Thus, by changing the shape of the
covering material on the wire, and making the cross-
sectional shape of the wire flat, during tight winding it
becomes possible to use various winding pitches ac-
cording to the degree of flatness.

[0011] And furthermore, in the above-mentioned hel-
ical antenna of the present invention, the above-men-
tioned wire can be constituted as a wire having a plural-
ity of core wires arranged at practically equal intervals.
Thus, by tightly winding a wire having double or triple
core wires, it becomes possible to readily achieve a dou-
ble-winding or triple-winding helical antenna.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a cross-sectional view showing half of the
overall constitution of a helical antenna of the
present invention;

Fig. 2 (a) is a cross-sectional view showing an en-
largement of the constitution of the bottom portion
of a helical antenna of the present invention, and
Fig. 2 (b) is a bottom view thereof;

Fig. 3 is a diagram showing the constitution of a hel-
ical element in a helical antenna of the present in-
vention;

Fig. 4 (a) is a cross-sectional view showing half of
the constitution of an element fitting in a helical an-
tenna of the present invention, and Fig. 4 (b) is a
bottom view of an element fitting;

Fig. 5 is a cross-sectional view showing the consti-
tution of an element cover in a helical antenna of
the present invention;

Fig. 6 (a) is a diagram showing the constitution of a
first wire constituting a helical element in a helical
antenna of the present invention, Fig. 6 (b) is a di-
agram showing the constitution of a second wire,
Fig. 6 (c) is a diagram showing the constitution of a
third wire, and Fig. 6 (d) is a diagram showing an
example of a constitution of a helical element using
the third wire;

Fig. 7 (a) is a diagram showing a first process of an
assembly process for a helical antenna of the
present invention, Fig. 7 (b) is a diagram showing a
second process, and Fig. 7 (c) is a diagram showing
a third process; and

Fig. 8 (a) is a diagram showing a fourth process of
an assembly process for a helical antenna of the
present invention, Fig. 8 (b) is a diagram showing a
fifth process, and Fig. 8 (c) is a diagram showing a
sixth process.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] Half of the overall constitution of a helical an-
tenna of the present invention is shown in Fig. 1 in a
cross-sectional view.

[0014] As shown in Fig. 1, a helical antenna 1 of the
present invention is constituted from a helical element
10, a supporting member 11, an element cover 12, and
an element fitting 13. A cylindrical cross-section sup-
porting member 11 comprising an insulating resin rod is
inserted inside of the helical element 10. This helical el-
ement 10, as will be explained hereinbelow, is made into
a helix by tightly winding a wire, the core wire of which
is covered with an insulating covering material, and the
bottom end portion thereof is constituted in a condition,
wherein the core wire is exposed by removing the cov-
ering material. The bottom end of the supporting mem-
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ber 11 is mounted in a fixed condition by being fitted into
a fitting hole formed in the metal element fitting 13, and
is constituted such that, when fitted thereto, the exposed
core wire bottom end portion of the helical element 10
is electrically connected to the element fitting 13. A
screw portion for mounting the helical antenna 1 to an
antenna support portion is formed in the bottom portion
of the element fitting 13.

[0015] The bottom portion of the helical antenna 1 is
partially enlarged and shown in Fig. 2 (a).

[0016] As shown in Fig. 2 (a), the helical element 10
is constituted by a wire, which comprises a core wire
10a and a covering material 10b for covering the core
wire 10a, being tightly wound into a helix. The bottom
end of the supporting member 11, which is inserted in-
side the helical element 10, is fitted by being inserted
inside the element fitting 13 from the top. The element
fitting 13 is formed such that a pipe-shaped drawn por-
tion 13c protrudes from the top thereof, and the exposed
core wire part of the bottom end portion of the helical
element 10 is inserted inside this drawn portion 13c. A
plurality of soldering holes, which penetrate to the in-
side, are formed in the outside surface of the drawn por-
tion 13c, and solder 15 is applied via these soldering
holes. Thus, the bottom end of the helical element 10
becomes securely connected to the element fitting 13.
[0017] Furthermore, a contractile tube 14 can be put
over the helical element 10 so as to cover the entire out-
er surface. Further, the element cover 12 is mounted to
the element fitting 13 in a fixed condition by mating a
ring-shaped protruding portion 12c formed at the bottom
end of the element cover 12 to the bottom portion of the
element fitting 13. Furthermore, Fig. 2 (b) is a bottom
view of the helical antenna, and as shown in this figure,
4 protruding portions are formed on the element fitting
13, and 4 indented portions formed on the inner surface
of the bottom portion of the element cover 12 are mated
with these 4 protruding portions. Thus, the element cov-
er 12 can be rotatably fastened to the element fitting 13.
[0018] Furthermore, the supporting member 11 is
formed using a flexible resin material, which is capable
of recovering even if bent, and the element cover 12 is
also a flexible resin, which is capable of recovering in
the same manner when bent.

[0019] Because a helical antenna 1 of the present in-
vention constitutes a helical element 10 formed by wind-
ing a wire, the core wire 10a of which is covered with an
insulating covering material 10b, into a helix, the winding
pitch can be determined by the thickness of the covering
material 10b. Therefore, the winding pitch can remain
constant even when the helical antenna 1 is bent. Fur-
ther, because the winding pitch is determined by the
thickness of the covering material 10b, it is possible to
prevent the winding pitch from changing even when re-
peatedly bent and used for a long period of time.
[0020] Thus, a helical antenna 1 of the present inven-
tion can stabilize electrical characteristics for a long pe-
riod even while having flexibility.
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[0021] Next, the constitution of each part constituting
a helical antenna 1 of the present invention will be ex-
plained.

[0022] A helical element 10 is shown in Fig. 3, and the
helical element 10 is constituted from an element portion
10c, which is formed into a helix by a covered wire, and
an element fitting inserting portion 10d, which is consti-
tuted as a helix by only the core wire 10a with the cov-
ering material 10b having been removed. The length of
the element portion 10c is regarded as L1, and the di-
ameter and length L1 thereof are determined by the fre-
quency to be received. Further, the length of the element
fitting inserting portion 10d is regarded as L2, and is con-
stituted as a length corresponding to drawn portion 13c
of the element fitting 13. The core wire 10a of the helical
element 10 is constituted from a copper wire or steel
wire, and the wire is formed by molding a resin covering
material 10b constituting polyamide or the like onto the
core wire 10a. By tightly winding this wire at a predeter-
mined diameter, it is possible to achieve a helical ele-
ment 10 of a winding pitch resulting from the thickness
of the covering material 10b.

[0023] An elementfitting 13 is shown in Figs. 4 (a) and
(b). Fig. 4 (a) is a half cross-sectional view of a plan view,
and (b) of the same figure is a bottom view.

[0024] As shown in these figures, a screw portion 13a
for mounting a helical antenna 1 onto an antenna mount-
ing portion not shown in the figures is formed on the bot-
tom portion of the metal element fitting 13, and 4 pro-
truding portions 13b are formed on the sides of the cent-
er portion. Furthermore, a pipe-shaped drawn portion
13c is formed so as to protrude from the top surface. A
plurality of soldering holes, for example, two holes, is
formed in the outside surface of the drawn portion 13c.
[0025] An element cover 12 is shown in Fig. 5. The
element cover 12 is constituted from a tubular cover por-
tion 12a, the bottom end surface of which is open, and
the top end surface of which is closed. The space inside
the element cover 12 is constituted in a size enabling
the positioning of a helical element 10 into which a sup-
porting member 11 is inserted. Further, 4 indented por-
tions 12b are formed in the inner surface of the bottom
portion for rotational fastening, and the 4 protruding por-
tions 13b formed on the element fitting 13, respectively,
are constituted so as to mate with the indented portions
12b thereof. Furthermore, a ring-shaped protruding por-
tion 12c is formed on the inner surface of the bottom end
of the element cover 12, and is constituted such that the
element cover 12 is fitted to the element fitting 13 by
mating the ring-shaped protruding portion 12c¢ thereof
with the bottom surfaces of the four indented portions
12b of the element fitting 13.

[0026] The constitutions of wires 16, which form a hel-
ical element 10, are shown in Figs. 6 (a), (b) and (c).
[0027] Fig. 6 (a) shows an example of a constitution
of a first wire 16a, and the cross-sectional shape of the
covering material 10b constituting the wire 16a is con-
stituted approximately circularly. A core wire 10a is po-
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sitioned in the center of this covering material 10b. The
winding pitch, when constituting a helical element 10 us-
ing the first wire 16a thereof, becomes practically the
size of the diameter of the covering material 10b thereof.
[0028] Fig. 6 (b) shows an example of the constitution
of a second wire 16b, and the wire 16b constitutes a
double wire. When a helical element 10 is constituted
using the second wire 16b thereof, it is possible to
achieve a double-winding helical element 10. Similarly,
when a helical element 10 is constituted by forming a
triple wire, which arranges three core wires 10a at ap-
proximately equal intervals, it is possible to achieve a
triple-winding helical element 10.

[0029] Fig. 6 (c) shows an example of a constitution
of a third wire 16¢, and the cross-sectional shape of the
covering material 10b constituting the wire 16¢ is con-
stituted in a flat shape. A core wire 10a is positioned in
the center of the covering material 10b thereof. A cross-
section of a part of the constitution of a helical element
10, when the helical element 10 is constituted using this
third wire 16¢, is shown in Fig. 6 (d). As shown in this
figure, the winding pitch P1 of the helical element 10
becomes practically equivalent to the width of the wire
16c¢. In other words, since the winding pitch P1 can be
determined in accordance with the degree of flatness of
the wire 16c, it is possible to achieve helical elements
10 of a variety of winding pitches P1 by changing the
degree of flatness of the wire 16¢.

[0030] Furthermore, the cross-sectional shape of the
covering material 10b is not limited to a flat shape, and
can also be an oblong rectangular shape, an oval shape
or other such modified shape.

[0031] Next, an assembly process of a helical anten-
na 1 of the present invention will be explained while re-
ferring to Figs. 7 (a), (b) and (c) and Figs. 8 (a), (b) and
(c).

[0032] First, a helical element 10 is formed by a wire
16 being wound into a helix. Next, in a first process
shown in Fig. 7 (a), an insulating supporting member 11
is passed through the helical element 10. Next, in a sec-
ond process shown in Fig. 7 (b), the bottom end of the
supporting member 11 is fitted to an element fitting 13
by inserting the bottom end of the supporting member
11, which has been passed through the helical element
10, inside the drawn portion 13c of the element fitting
13. At this time, the element fitting inserting portion 10d,
in which the core wire 10a of the helical element 10 is
exposed, is inserted into the drawn portion 13c.

[0033] Next, in a third process shown in Fig. 7 (c), a
hexagonal crimp is applied to the drawn portion 13c
such that the drawn portion 13c constitutes a cross-sec-
tional hexagon. Thus, the element fitting inserting por-
tion 10d of the helical element 10, which is inserted in-
side the drawn portion 13c, is electrically and mechan-
ically mounted to the drawn portion 13c in a fixed con-
dition. Furthermore, in a fourth process shown in Fig. 8
(a), solder is applied, via soldering holes 13d formed in
the hexagonally crimped drawn portion 13c, to the ele-
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ment fitting inserting portion 10d of the helical element
10, which faces the inside of the soldering holes 13d.
Thus, the element fitting 13 and the helical element 10
become securely connected electrically.

[0034] Next, in a fifth process shown in Fig. 8 (b), an
element cover 12 is placed on the helical element 10
from the tip thereof so as to cover the helical element
10 through which the supporting member 11 passes.
Thus, the 4 indented portions 12b formed on the inner
surface of the bottom portion of the element cover 12
are mated with the 4 protruding portions 13b formed on
the element fitting 13, and, in addition, the ring-shaped
protruding portion 12c formed on the inner surface of
the bottom end of the element cover 12 mates with the
bottom surfaces of the 4 protruding portions 13b formed
on the elementfitting 13. Furthermore, in a sixth process
shown in Fig. 8 (c), an adhesive is applied to the mated
parts of the ring-shaped protruding portion 12c formed
on the element cover 12 and the protruding portions 13b
formed on the element fitting 13, and the assembly of
the helical antenna 1 is complete.

[0035] Thereafter, aninspectionis performed, and the
helical antenna 1 becomes a finished product.

[0036] As explained hereinabove, since the present
invention constitutes a helical element formed by wind-
ing a wire, the core wire of which is covered with an in-
sulating covering material, into a helix, the winding pitch
can be determined by the thickness of the covering ma-
terial. Therefore, it becomes possible to maintain a fixed
winding pitch even if the helical antenna is bent. Further,
because the winding pitch is determined by the thick-
ness of the covering material, it is possible to prevent
the winding pitch from changing even during long-term
use.

[0037] Thus, a helical antenna of the present inven-
tion can stabilize electrical characteristics over a long
period of time even while having flexibility.

[0038] Furthermore, by changing the shape of the
covering material on the wire, and making the cross-
sectional shape of the wire flat, it becomes possible to
achieve a variety of winding pitches according to the de-
gree of flatness at winding time.

[0039] And furthermore, by tightly winding a wire hav-
ing a double or triple core wire, it becomes possible to
achieve a double-winding or triple-winding helical an-
tenna.

Claims
1. A helical antenna, comprising:

a helical element, which is constituted by tightly
winding a wire, the core wire of which is covered
with an insulating covering material, into a he-
lix; and

a flexible and insulating supporting member,
which is inserted into the inside of this helical
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element,

wherein the winding pitch of said helical ele-
ment is determined by the thickness of the cov-
ering material covering said wire.

The helical antenna according to claim 1, compris-
ing a conductive element fitting, in which the bottom
end portion of said supporting member is fitted, and,
in addition, in which the bottom end portion of said
helical element, where said core wire is exposed, is
connected, wherein this element fitting is mounted
in a fixed condition to an antenna support portion.

The helical antenna according to claim 2, wherein
the bottom end portion of an element cover, which
covers said helical element which is inserted into
said supporting member, is fitted to said element fit-
ting.

The helical antenna according to claim 1, wherein
the cross-sectional shape of said wire, the core wire
of which is covered with an insulating covering ma-
terial, constitutes a flat shape.

The helical antenna according to claim 1, wherein
said wire is constituted as a wire having a plurality
of core wires arranged at practically equal intervals.
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