EP 0 582 013 A2

Europdisches Patentamt

0 European Patent Office

®

Office européen des brevets

Application number: 92401998.7

Date of filing: 09.07.92

@ Publication number:

0582013 A2

EUROPEAN PATENT APPLICATION

@ Int.c15: HO1B 13/00, HO1B 11/18

® | ® ® 6

Priority: 09.07.92 US 727589

®

Date of publication of application:
09.02.94 Bulletin 94/06

®

Designated Contracting States:
DE FR GB IT NL SE

(@) Applicant: FLEXCO MICROWAVE, INC.

P.O. Box 174,
Karrville Road
Port Murray, New Jersey 07865(US)

@) Inventor: Pote, William T.

RD No. 1, Box 100,

West Hill Road

Glen Gardner, New Jersey 08826(US)
Inventor: Johansen, Roger

1374 Schindler Drive

South Plainfield, New Jersey 07080(US)
Inventor: Pote, Thomas

10 West Avenue

Gladstone, New Jersey 07934(US)

Representative: Hasenrader, Hubert et al

Cabinet Beau de Loménie
158, rue de I'Université
F-75340 Paris Cédex 07 (FR)

@ Method for making a flexible coaxial cable and resultant cable.

@ An improved method for making a flexible co-
axial cable having an inner conductor (36) to which a
dielectric material is secured to form a dielectric
core (30) for the coaxial cable (38), and a flexible
outer conductor (50) such as one formed from a strip
helically wound conductor (58), employs a solid di-
electric starting material (32), such as a spline di-
electric or a cylindrical dieletric or an expanded
dielectric, which is controllably cut, such as by saw
blades (34), using a desired cutting angle (9) and
blade width (a), in order to cut away a predeter-
mined amount of the solid dielectric starting material
(32) to provide a shaped dielectric core (30), such as
a spiral or helix (30a, 30b), from the solid dielectric
starting material (32). The resulting core (30), such
as single or double helix (30a, 30b), which has a
predetermined pitch which provides a desired pre-
determined velocity of propagation and impedance
for the coaxial cable (38), is inserted into the con-
voluted outer conductor (50) to produce a fast cable

(38) without any locking of the core (30) to the outer
conductor (50).
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CROSS-REFERENCE TO RELATED APPLICA-
TIONS

This application is related to commonly owned
prior U.S. Patent Nos. 3,797,104, naming William T.
Pote as sole inventor, and 4,758,685 naming Wil-
liam T. Pote and Robert Landsman as joint in-
ventors thererof, both of which are entitled "Flexi-
ble Coaxial Cable and Method of Making Same,”
and is an improvement thereon. This application is
also related to the contemporaneously filed, com-
monly owned, copending U.S. Patent Application
entitled "Method of Making Flexible Coaxial Cable
Having Threaded Dielectric Core,” naming William
T. Pote as the sole inventor thereof, the contents of
which are specifically incorporated by reference
herein in their entirety.

TECHNICAL FIELD

The present invention relates to improvements
in the methods of making flexible coaxial cables
and the resultant improved cables made by such
methods.

BACKGROUND ART

Coaxial cables, such as for microwave trans-
mission, have existed in the prior art for a consider-
able period of time. As technology has developed,
a need for flexible coaxial cables whose electrical
characteristics do not vary during flexure of the
cable, such as in aerospace utilizations, has devel-
oped. In such utilizations, often the electrical char-
acteristics of the cable are critical and any variation
therein will yield unsatisfactory transmissions via
such cables. In order to increase the flexibility of
prior art coaxial cables, corrugated outer conduc-
tors, such as disclosed in U.S. Pat. Nos. 3,582,536;
3,173,990 and 2,890,263 have been utilized. In
addition, other prior art attempts of providing such
flexibility have employed a corrugated outer sheath
for the cable rather than a corrugated outer con-
ductor, such as disclosed in U.S. Pat. No.
3,002,047. Furthermore, this concept of a corru-
gated outer sheath has been utilized for standard
electrical cables, as opposed to coaxial cables,
where such cables are exposed to considerable
flexure, such as disclosed in U.S. Pat. Nos.
2,348,641 and 2,995,616.

In order to ensure electrical stability for a co-
axial cable, the relative location between the var-
ious portions of the outer conductor, the dielectric
and the inner conductor must remain constant dur-
ing flexure of the cable or the electrical characteris-
tics may vary. Prior art attempts to ensure this
stability have involved the locking of a corrugated
outer conductor to the dielectric surrounding the
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inner conductor, such as diclosed in U.S. Pat. No
3,173,990 wherein such inner conductor is a foam
polyethylene. However, such prior art flexible co-
axial cables do not have sufficient flexibility nor do
they have sufficient temperature stability, which
also affects the electrical characteristics. These pri-
or art coaxial cables utilize either a tube which is
crimped to provide a corrugated tube or form the
outer conductor by means of helically winding a
piece of conductive material, welding the adjacent
pieces together to then form a tube and, thereafter,
crimping alternate longitudinal portions so as fo
provide a corrugated tube. In both instances, the
maximum pitch for the convolutions of the outer
conductor is severly limited. In the first instance,
this limitation is primarily due to rupture of the
conductive tube if the crimps are too closely
spaced together whereas, in the second instance,
the limitations are primarily due to the inability to
sufficiently control the thickness of the resultant
tube which is formed as a thin enough material
cannot be utilized to produce a high pitch. Since
the higher the pitch of the convoluted outer con-
ductor, the greater the flexiblity of the coaxial ca-
ble, these prior art flexible coaxial cables have not
been satisfactory where large degrees of flexure
are required together with electrical and tempera-
ture stability over a wide range of flexure.

Furthermore, these prior art flexible coaxial ca-
ble have primarily been of the foam polythylene or
solid dielectric type whereas flexible coaxial cables
utilizing spline dielectrics have not exhibited sat-
isfactory electrical and temperature stability char-
acteristics.

These disadvantages of the prior art have been
overcome to an extent by the prior invention of
U.S. Pat. No 3,797,104 employing a solid dielectric.
However, the ability to provide flexible coaxial ca-
bles for certain applications in which a particular
velocity of propagation or lower attenuation was
required was somewhat limited as was the ability to
readily change the velocity of propagation of the
flexible coaxial cable to the desired value during
manufacture. Moreover, although there have been
prior art attempts to use helically wound dielectrics
for coaxial cable, such as disclosed in U.S. Patent
No. 4,346,253; French Patent No. 752,006 and Brit-
ish Patent No. 616,303, they have not been sat-
isfactorily employed for flexible coaxial cables, par-
ticularly since any change in pitch of the helically
wound dielectric during flexing of the cable wound
undesirably change the properties of the cable.
These disadvantages of the prior have been over-
come to some extent by the prior invention of U.S.
Patent No. 4,758,685 employing a heat shrinkable
dielectric tubing surrounding a helically wound di-
electric beading. However, the process of manufac-
turing such a flexible coaxial cable is difficult and
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necessarily can lend itself to instabilities, such as if
the shrinking were non-uniform thereby resulting in
a non-uniform dielectric core which could cause
problems in inserting the core into the outer con-
ductor, and resultant electrical instability due to the
locking of a non-uniform core. These disadvan-
tages of the prior art are overcome by the present
invention which provides an easily controllable
manufacturing process, which yields a highly stable
flexible coaxial cable in which the characteristics of
the cable can readily be controlled during the man-
ufacturing process.

DISCLOSURE OF THE INVENTION

An improved method for making a flexible co-
axial cable having an inner conductor to which a
dielectric material is secured to form a dielectric
core for the coaxial cable, and a flexible outer
conductor, such as a convoluted outer conductor
formed from a strip helically wound conductor,
employs a solid dielectric starting material, such as
a spline dielectric, or a cylindrical dieletric, or an
expanded dielectrics which is controllably cut, such
as by saw blades, using a desired cutting angle
and blade width, in order to cut away a predeter-
mined amount of the solid dielectric starting ma-
terial to provide a shaped dielectric core, such as a
spiral or helix, from the solid dielectric starting
material. The resulting shaped core, such as single
or double helix, has a resultant predetermined pitch
which provides a desired predetermined velocity of
propagation and impedance for the coaxial cable.
The resulting helically shaped core is inserted into
the convoluted outer conductor to produce a fast
cable without any locking of the core fo the outer
conductor. However, to provide additional stability
to the flexible coaxial cable, the core may be
locked to the outer conductor by any of numerous
locking methods, such as by way of example, the
mechanical crimping method of the type described
in prior U.S. Patent Nos. 3,797,104 and 4,758,685,
or the threadable locking method of the type de-
scribed in the aforementioned contemporaenously
filed copending U.S. Patent application entitled
"Method of Making Flexible Coaxial Cable Having
Threaded Dielectric Core.” By calculating in ad-
vance the type of cut to be made to the solid
dielectric starting material and the amount of di-
electric material to be removed, various parameters
such as impedance, velocity of propagation or
phase length, attenuation, and VSWR, associated
with the resulting flexible coaxial cable, may be
readily controlled using the improved method of
the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagramatic illustration of the pres-
ently preferred dielectric cutting step in accor-
dance with the presently preferred improved
method of the present invention in which a typi-
cal solid cylindrical dielectric starting material is
being cut to form a spiral or helix dielectric core;
FIG. 2 is a diagrammatic illustration of a single
helix dielectric core provided by the cutting step
illustrated in FIG. 1 in accordance with the pres-
ently preferred improved method of the present
invention;

FIG. 3 is a diagrammatic illustration of a double
helix dielectric core provided by the cutting step
illustrated in FIG. 1 in accordance with the pres-
ently preferred improved method of the present
invention;

FIG. 4 is a diagrammatic illustration of the inser-
tion step for inserting the cut dielectric core into
the convoluted outer conductor in accordance
with the presently preferred improved method of
the present invention;

FIG. 5 is a diagrammatic illustration of a typical
mechanical crimping step, such as disclosed in
U.S. Patent No. 3,797,104, for mechanically
locking the inserted cut dielectric core to the
convoluted outer conductor in accordance with
the improved method of the present invention;
FIG.6 is a cross-sectional view of a preferred
embodiment of a flexible coaxial cable produced
by the improved method of the present inven-
tion in which the mechanical locking step of FIG.
5 has been employed;

FIGS. 7 and 8 are diagrammatic illustrations of a
typical threadable locking step, such as dis-
closed in the commonly owned contempora-
neously filed copending U.S. Patent application
entitled "Method of Making Flexible Coaxial Ca-
ble Having Threaded Dieletric Core,” for
threadably locking the inserted dielectric core to
the convoluted outer conductor in accordance
with the improved method of the present inven-
tion;

FIG. 9 is a cross sectional view of a preferred
embodiment of a flexible coaxial cable produced
by the improved method of the present inven-
tion, in which the threadable locking step of
FIGS. 7 and 8 has been employed and the pitch
of the cut dielectric core is the same as the
pitch of the convoluted outer conductor;

FIG. 10 is a cross sectional view of a preferred
embodiment of a flexible coaxial cable produced
by the improved method of the present inven-
tion, in which the threadable locking step of
FIGS. 7 and 8 has been employed and the pitch
of the cut dielectric core is different from the
pitch of the convoluted outer conductor;



5 EP 0 582 013 A2 6

FIG. 11 is a diagrammatic illustration of a typical
spline dilectric which has been cut in accor-
dance with the improved method of the present
invention to form a helix dielectric core;

FIG. 12 is a diagrammatic illustration of the step
of temperature cycling the flexible coaxial cable
between at least a pair of predetermined tem-
perature extremes in accordance with the im-
proved method of the present invention;

FIG. 13 is a graphical illustration of an imped-
ance trace for a typical flexible coaxial cable
produced in accordance with the improved
method of the present invention in which a solid
dielectric has been controllably cut to form a
spiral or helix dielectric core which has been
locked to the convoluted outer conductor;

FIG. 14 is a graphical illustration, similar to FIG.
13, of an impedance trace for a typical flexible
coaxial cable in which the solid dielectric core
has not been cut and has not been locked fo the
convoluted outer conductor;

FIG. 15 is a graphical illustration, similar to
FIGS. 13 and 14, which superimposes the
graphs of FIGS. 13 and 14 to illustrate the
changes in impedance and velocity of propaga-
tion which occur in the cable of FIG. 14 when
the improved method of the present invention is
employed to produce the cable of FIG. 13;

FIG. 16 is a graphical illustration, similar to FIG.
14, of an impedance trace for a different typical
flexible coaxial cable in which the solid dielectric
core has not been cut;

FIG. 17 is a graphical illustration of the VSWR
curve for the cable of FIG. 16.

FIG. 18 is a graphical illustration of the atten-
tuation curve for the cable of FIG. 16;

FIG. 19 is a graphical illustration, similar to FIG.
13, of an impedance trace for a different typical
flexible coaxial cable produced in accordance
with the improved method to the present inven-
tion in which the solid dielectric has been con-
trollably cut to form a spiral cut dielectric core;
FIG. 20 is a graphical illustration of the VSWR
curve for the cable of FIG. 19; and

FIG. 21 is a graphical illustration of the attenu-
ation curve for the cable of FIG. 19.

BEST MODE FOR CARRYING OUT THE INVEN-
TION

Referrring now to the drawings in detail, and
initially to FIGS. 1-12, the presently preferred im-
proved method of the present invention shall be
described. As discussed in commonly owned U.S.
Patent No. 4,758,685, a spiral or helix type dielec-
tric core for a flexible coaxial cable enables the
velocity of propagation, by way of example, to be
readily controlled during manufacture in accor-
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dance with the pitch of the helix, which also affects
the impedance of the dielectric core. However, the
method employed in U.S. Patent No. 4,758,685, for
providing this dielectric core involves the use of a
heat shrinkable dieletric tubing over a helically
wound dielectric beading which can result in a non-
uniform dielectric core. As shown and preferred in
FIGS. 1 and 2, by way of example, the spiral or
helix dielectric core 30 in the present invention, is
preferably formed from a solid dielectric starting
material 32 which is preferably cut by adjustable
saw blades 34 at a predetermined cutting angle 6,
using saw baldes 34 of a predetermined cutting
width o which effectively determines the web width
B8 for the resultant spiral dilectric core 30. The
dielectric starting material 30 is preferably initally
provided with a conventional inner conductor 36
which comprises the center conductor 36 for the
resultant flexible coaxial cable 38. The dielectric
starting material 30 is preferably secured to the
inner conductor 36, such as by bonding during the
extrusion process, so that it is locked to the inner
conductor 36.

As shown by way of example in FIGS. 1 and 2,
the solid dielectric starting material is cylindrical in
shape although it can be any desired shape such
as, for example, triangular, and may even comprise
a spline 40, such as shown in FIG. 11, which is
then cut to provide the spiral or helix dielectric core
30 which is comprised of the spiral web 42 of web
width 8, by way of example, of a predetermined
pitch determined by the cutting angle 6 and cutting
width «. These parameters determine the amount
of dielectric material which is cut away or removed
from the solid dielectric 32 which effectively
changes the impedance Z and the velocity of prop-
agation V, as well as the VSWR and attentuation,
such as shown in FIGS. 13-21 to be described in
greater detail hereinafter.

For example, with respect to the single helix
dielectric core 30a illustrated in FIG. 2, for a dielec-
tric starting material 32 having an initial outer diam-
eter of 0.126 inches, and a starting impedance of
42.1 ohms, the resultant impedance of the spiral
dielectric core 30a is controllably changed to 50.9
ohms by employing the method of the present
invention by utilizing a cutting width « of 0.128
inches for the saw blades 34, adjusted at a cutting
angle ¢ of 36°10', to provide a web width 8 of 0.50
inches, with a pitch of 0.214 inches and a pitch
diameter of 0.095 inches. It should be noted that
the shape of the cut produced by saw blades 34
affects the frequency range and whether or not
moding occurs which would result in high VSWR
peaks or spikes at certain high frequencies, with
the effect on VSWR being illustrated by way of
example in FIGS. 17 and 20 which shows a lower
VSWR after the controlled spiral cut (FIG. 20) than
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before (FIG. 17).

Of course, if it is desired to extend the fre-
quency range of the resultant flexible coaxial cable
38 and decrease the possibility of moding at higher
frequencies, a double shaped spiral or helix 30b,
such as illustrated in FIG.3, can be employed in
place of the single spiral 30a of FIG. 2 for the spiral
cut dielectric core 30. In this instance, the method
of the present invention is still basically the same
with the saw blades 34 instead being adjusted to
cut a double helix 30b from the solid dielectric
starting material 32. In the example shown in FIG.3,
using the same diemeter dielectric starting material
32 as in FIG. 2, and a starting impedance of 44.1
ohms, the resultant impedance of the double helix
spiral dielectric core 30b is controllably changed fo
51.5 ohms by employing the method of the present
invention by utilizing a cutting width «' of 0.075
inches for the saw blades 34, adjusted at a cutting
angle 6' of 45°30', to provide a web width g8' of
0.046 inches, with a pitch of 0.297 inches and a
pitch diameter of 0.108 inches.

In both instances, in carrying out the preferred
method of the present invention, the saw blades 34
are preferably circular jewelers saw blades which
may be used to cut a solid dielectric starting ma-
terial of Teflon, TFE, FEP or polyolefin, by way of
example, and are conventionally motor driven by a
motor 40, such as at a rate of approximately 3600
rpm, while the solid dielectric starting material 32 is
rotated and driven or pushed or pulled past the
rotating saw blades 34 in the direction of arrow 42
through holder 44 to provide the spiral cut dielec-
tric core 30. As shown and preferred, the cutting
angle « may readily be adjusted by adjusting the
angle v of the saw blades 34 with respect to the
holder 44 longitudinal axis 46 along which the
dielectric starting material 32 is pulled or driven as
it is rotated past the saw blades 34.

Of course, if desired, although a spiral dielec-
tric core 30 is shown and presently preferred, other
variations of shapes and styles may be produced
using the method of the present invention which
will transmit RF energy efficiently while increasing
the velocity of propagation and adjusting the im-
pedance. This may be accomplished by changing
the amount of blades 34 and their respective
widths and the space there between.

In any event, in determining the quantity of
dieletric material to be cut away from the solid
dielectric starting material 32, the desired imped-
ance Z and the desired velocity of propagation V
are determined by utilizing the following formulas:
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Z=13810glog,
;’Ke

where Z= impedance, Ke= dielectric constant,
b= electrical diameter of the outer conductor 48,
and a= electrical outer diameter of the center
conductor 36; and

where v= velocity of propagation, and Ke = dielec-
fric constant.

As shown and preferred in FIGS. 4 and 6, the
spiral cut dielectric core 30, containing the inner
conductor 36, is preferably inserted into a flexible
outer conductor, such as a convoluted outer con-
ductor 50, such as one preferably composed of a
corrugated main conductive member 52 which has
been corrugated to produce peaks 54 and valleys
56 in the conductive member 50 at a predeter-
mined pitch, such as the outer conductive member
described in the commonly owned U.S. Patent
Nos. 3,797,104 and 4.758,685,0r a corrugated type
conductor in which the flexible outer conductor is
manufactured from a seamless or seamed tube. As
with that outer conductive member, a helically
wound conductive strip 58 preferably composed of
the same conductive material as the main conduc-
tive member 52, is preferably helically wound
about the main conductive member 52 so as fo
have the strip wound conductor 58 be helically
wound about the peaks 54 of the corrugated main
conductive member 52. The conductive strip 58 is
preferably secured to these peaks 54, such as by
soldering, so as to form a single unitary composite
conductive member, such as disclosed in U.S Pat-
ent Nos. 3,797,104 and 4,758,685, wherein the
peaks 54 are accentuated by the helically wound
strip 58 so as to increase the flexibility of the outer
conductor 50. Although the convolutions in the
flexible outer conductor 50 are shown as helical,
they can be angular instead without departing from
the present invention.

Although additional electrical stability may be
provided for the resultant flexible coaxial cable 38
by locking the convoluted outer conductor 50 to the
inserted spiral cut dielectric core 30, if such addi-
tional stability is not needed, such as if a change of
15 degrees in phase were tolerable, then the outer
conductor 50 need not be locked to the inserted
spiral cut dielectric core 30 and the resultant flexi-
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ble coaxial cable 38 can still be a fast cable without
locking. However, if such additional electrial stabilty
is desired, then the convoluted outer conductor 50
is preferably locked to the spiral cut dielectric core
30 by any desired locking method such as, by way
of example, the mechnical locking method dis-
closed in commonly owned U.S. Patent Nos.
3,797,104 and 4,758,685 and illustrated in FIGS. 5
and 6, or the threadable locking method disclosed
in the commonly owned contemporaneously filed
U.S. Patent application entitled "Method of Making
Flexible Coaxial Cable Having Threaded Dielectric
Core,” and illustrated in FIGS. 7-10. In either event,
the locked cable 38 is then preferably temperature
cycled in a conventional temperature chamber 60
over a temperature range of -60 degrees C to +
150 degrees C for 48 hours, by way of example, to
provide temperature stability for the locked cable
38.

With respect to the mechanical locking method
illustrated in FIGS. 5 and 6, the outer conductor 50
is preferably mechanically crimped to the inserted
spiral cut dielectric core 30 in the manner de-
scribed in commonly owned U.S. Patent Nos.
3,797,104 and 4,758,685, in accordance with the
desired characteristic impedance of the resultant
cable 38 such as by using a conventional time
domain reflectometer 62 and mechanical crimping
means 64, with the crimping points preferably be-
ing in the valleys 56 of the outer conductor 50.
Since, as shown, the cut dielectric core 30 is a
spiral or helix, depending on its pitch, the mechani-
cal locking may be enhanced by the webs 42 filling
additional voids in the interior of the outer conduc-
tor 50 between adjacent valleys 56, since the in-
side diameter of the outer conductor 50 is prefer-
ably substantially the same as the outermost out-
side diameter of the inserted cut dielectric core 30.

With respect to the threadable locking method
illustrated in FIGS. 7-10, if this method is to be
employed then preferably the outermost diameter
ds of the spiral cut dielectric core 30 is larger than
the inside diameter d» of the convoluted outer
conductor 50 with the peak-to-peak of the webs 42
preferably being 2/1000-5/1000 larger than the in-
side diameter d> of the outer conductor 50. The
spiral cut dielectric core 30 is then threaded into
the outer conductor 50, as shown in FIG. 8, or vice
versa, which locks the core 30 and the outer con-
ductor 50 together as shown in FIGS. 9 and 10, by
way of example, with FIG. 9 illustrating the locking
of the core 30 to the outer conductor 50 when both
have the same pitch, and with FIG. 10 illustrating
the locking of the core 30 to the outer conductor 50
when the pitch of the core 30 is different from the
pitch of the outer conductor 50. It should be noted
that both of the above locking methods are ap-
plicable whether the electrical starting material 32
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was a spline or a cylindrical dielectric.

As noted above, by adjusting the cutting saw
blades 34 to various angles, depths, efc., in accor-
dance with the method of the present invention, the
user can controllably change not only the shape
and pitch of the spiral, but also the quantity of
dielectric which is removed. As shown in FIGS. 13-
21, this enables control over the velocity of propa-
gation, the impedance, the attenuation, the phase
length, and the VSWR of the resultant cable 38.
For example, as shown in FIGS. 13-15, if the ve-
locity of propagation of a coaxial cable with a solid
dielectric is at 73% (FIG. 14) it can readily be
controllably raised to 85% (FIG. 13) with controlled
cutting of the dielectric starting material 32, while
the resultant impedance is changed from 45.5
ohms to 50 ohms, with FIG. 14 comprising an
impedance trace for a coaxial cable having a solid
dielectric which is not locked to the convoluted
outer conductor 50, and with FIG. 13 comprising an
impedance trace for a coaxial cable 38, in accor-
dance with the present invention, in which an in-
serted spiral cut dielectric core 30 is locked to the
convoluted outer conductor 50. FIG 15 shows the
graphs of FIGS. 13 and 14 superimposed on each
other.

FIGS. 16 and 19 comprise additional imped-
ance fraces for a different dielectric core 30 in
which FIG 16 illustrates the impedance trace for
the solid dielectric starting material 32 before cut-
ting in which the velocity of propagation is at 71%
and the resultant impedance is 45.3 ohms, and
FIG. 19 illustrates the impedance trace of the resul-
tant cable 38 after the solid dielectric starting ma-
terial 32 has been controllably cut to produce a
spiral cut dielectric core which has a velocity of
propagation of 85% and a resultant impedance of
50.1 ohms. In addition, FIG. 17 illustrates a VSWR
before cutting at 1.333 with the frequency of the
highest VSWR at 14.82275 GHz, and FIG. 18 illus-
frates an attentuation of 58db/100ft. or -2.03db at
18GHz before cutting. By contrast, FIG. 20 illus-
trates a desired lower VSWR after cutting of 1.2822
with the frequency of the highest VSWR being at
15.89675GHz, and FIG. 21 illustrates a desired
lower attentuation of 47db/100ft or -1.64db at
18GHz after cutting.

Thus, the presently preferred method of the
present invention allows various electrical param-
eters of the resultant cable 38, such as impedance,
velocity of propagation or phase length, attenuation
and VSWR to be determined in advance of manu-
facture, and to be readily achieved from a solid
dielectric starting material 32 by a controlled cut-
ting of this material 32 to any desired shape and
configuration to provide a spiral cut dielectric core
30, having an inner conductor 36 which may read-
ily be assembled with a convoluted outer conductor
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50 to provide a fast cable which is a stable flexible
coaxial cable 38 which may be rendered even
more stable by locking the core 30 to the outer
conductor 50. Although Teflon is presntly preferred
as the dielectric starting material, other dielectric
materials such as polyethylene, TFE or FEP can
also readily be shaped and cut in accordance with
the method of the present invention. Moreover, if
desired, portions of the solid dielectric 32, which
may be a spline dielectric or an expanded dielec-
tric, may also be cut out in order to introduce more
air into the cable 38.

Summarizing the preferred method of the
present invention, a solid dielectric starting material
having a bonded center conductor is controllably
cut with saw blades to a desired pitch and shaped
by varying the cutting angle and the cutting width,
the spiral cut dielectric core is then inserted into
the convoluted outer conductor and, assuming ad-
ditional stability is desired, is locked to the outer
conductor and the resultant locked cable is tem-
perature cycled to provide temperature stability for
the cable.

By utilizing the method of the present inven-
tion, with the outer conductor remaining a constant
size, after appropriate cutting of the solid dielectric
starting material, the dielectric constant (Ke) can be
lowered, the dielectric losses or attenuation can be
lowered, the VSWR can be lowered, the electrical
length can be decreased and the velocity of propa-
gation can be increased. In addition, a larger center
conductor may be employed thereby decreasing
conductor losses and attenuation. Thus, these pa-
rameters may be more readily controlled during
manufacture to provide a stable flexible coaxial
cable. It should be noted that although the method
of the present invention has been described with
respect to manufacturing a flexible coaxial cable, it
is also applicable to the manufacture of rigid or
semi-rigid coaxial cable in which the core is to be
shaped or cut as described herein.

Claims

1. Method for making a flexible coaxial cable
having an inner conductor to which a dielectric
material is secured fo form a dielectric core for
said coaxial cable and a flexible outer conduc-
tor; comprising the steps of providing a dielec-
tric starting material comprising a solid dielec-
fric having a predetermined outer diameter;
and controllably cutting said solid dielectric
starting material at a desired controllable pre-
determined cutting angle and width for cutting
away a predetermined amount of said solid
dielectric starting material to provide a desired
shaped core from said cut solid dielectric start-
ing material having a desired predetermined
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pitch for providing a desired predetermined
velocity of propagation and impedance for said
coaxial cable, said cut-shaped solid dielectric
comprising said dielectric core.

Method in accordance with claim 1 wherein
said cutting step comprises the steps of cut-
ting away said predetermined amount of said
solid dielectric starting material for providing
said desired predetermined impedance, Z, in
accordance with the expression

138 logyg b

Nke

where "Ke" represents the dielectric constant
of said dielectric, "b" represents the electrical
diameter of said outer conductor, and "a" re-
presents the electrical outer diameter of said
inner conductor.

Z=

Method in accordance with claim 1 or 2
wherein said cutting step further comprises the
step of cutting away said predetermined
amount of said dielectric starting material for
providing said desired predetermined velocity
of propagation, v, in accordance with the ex-
pression

where "Ke" represents the dielectric constant
of said material.

Method in accordance with claim 1 further
comprising the step of inserting said cut-
shaped solid dielectric core into said flexible
outer conductor.

Method in accordance with claim 1 wherein
said solid dielectric starting material comprises
a spline dielectric.

Method in accordance with claim 1 wherein
said solid dielectric starting material comprises
a cylindrical dielectric.

Method in accordance with claim 1 wherein
said cutting step comprises the step of control-
lably varying said cutting angle for controllably
varying the pitch of said cut-shaped solid di-
electric for varying said velocity of propagation
and said impedance for said flexible coaxial
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cable.

Method in accordance with claim 1 wherein
said cutting step comprises the step of cutting
said solid dielectric starting material for provid-
ing a double helix-shaped dielectric core from
said cut solid dielectric starting material.

Method in accordance with claim 1 wherein
said cutting step comprises the step of cutting
said solid dielectric starting material for provid-
ing a single helix-shaped dielectric core from
said cut solid dielectric starting material.

Method in accordance with claim 8 or 9 further
comprising the step of locking said outer con-
ductor to said inserted cut helix-shaped solid
dielectric core.

Method in accordance with claim 1 wherein
said cutting step comprises the step of control-
lably varying said cutting width for controllably
varying the pitch of said cut-shaped solid di-
electric for varying said velocity of propagation
and said impedance for said flexible coaxial
cable.

Method in accordance with claim 1 or 4 further
comprising the step of temperature cycling
said coaxial cable between at least a pair of
predetermined temperature extremes for a pre-
determined period of time at each of said
extremes, whereby temperature stability is pro-
vided for said flexible coaxial cable.

Method in accordance with claim 12 wherein
said temperature extremes comprise -60 de-
grees C to +150 degrees C.

Method in accordance with claim 13 wherein
said predetermined period of time comprises
48 hours.

Method in accordance with claim 1 wherein
said solid dielectric starting material comprises
Teflon.

Method in accordance with claim 4 or 15 fur-
ther comprising the step of locking said outer
conductor to said inserted cut-shaped solid
dielectric core.

Method in accordance with claim 16 wherein
said flexible outer conductor comprises a plu-
rality of helical convolutions, said locking step
comprising the step of crimping said outer
conductor to said inserted cut-shaped solid
dielectric core between said helical convolu-

10

15

20

25

30

35

40

45

50

55

18.

19.

20.

21,

22,

tions of said outer conductor.

Method in accordance with claim 16 wherein
said locking step comprises the step of
threadably inserting said cut-shaped solid di-
electric core into said convoluted outer con-
ductor until said inserted dielectric and said
outer conductor are substantially coextensive
for threadably locking said threadably inserted
dielectric core to said outer conductor for pro-
viding a locked flexible coaxial cable due fo
said threadable insertion.

Method in accordance with claim 1 wherein
said cutling step comprises the step of spirally
cutting said solid dielectric starting material for
providing said desired shaped dielectric core
from said cut solid dielectric starting material.

Method in accordance with claim 19 further
comprising the step of locking said outer con-
ductor to said inserted cut-shaped solid dielec-
fric core.

Flexible coaxial cable having an inner conduc-
tor to which a dielectric material is secured fo
form a dielectric core for said coaxial cable
and a flexible outer conductor; said dielectric
core being formed by providing a dielectric
starting material comprising a solid dielectric
having a predetermined outer diameter; and
said solid dielectric starting material being con-
trollably cut at a desired controllable predeter-
mined cutting angle and width for cutting away
a predetermined amount of said solid dielectric
starting material to provide a desired shaped
core from said cut solid dielectric starting ma-
terial having a desired predetermined pitch for
providing a desired predetermined velocity of
propagation and impedance for said coaxial
cable, said cut shaped solid dielectric compris-
ing said dielectric core.

Flexible coaxial cable in accordance with claim
21 wherein said dielectric core is further
formed by cutting away said predetermined
amount of said solid dielectric starting material
for providing said desired predetermined im-
pedance, Z, in accordance with the expression

;138 logsg 0
"Y' 3
‘V Ke

where "Ke" represents the dielectric constant
of said dielectric, "b" represents the electrical
diameter of said outer conductor, and "a" re-
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presents the electrical outer diameter of said
inner conductor.

An improved flexible coaxial cable in accor-
dance with claim 21 or 22 wherein said dielec-
tric core is further formed by cutting away said
predetermined amount of said dielectric start-
ing material for providing said desired pre-
determined velocity of propagation, v, in accor-
dance with the expression

v=

ARe

where "Ke" represents the dielectric constant
of said material.

=

An improved flexible coaxial cable in accor-
dance with claim 21 wherein said dielectric
core is inserted in said flexible outer conductor
and locked thereto.

An improved flexible coaxial cable in accor-
dance with claim 21 wherein said dielectric
core is formed from a spline solid dielectric
starting material.

An improved flexible coaxial cable in accor-
dance with claim 21 wherein said dielectric
core is formed from a cylindrical solid dielec-
tric starting material.

An improved flexible coaxial cable in accor-
dance with claim 21 wherein said shaped core
comprises a single helix-shaped dielectric
core.

An improved flexible coaxial cable in accor-
dance with claim 21 wherein said shaped core
comprises a double helix-shaped dielectric
core.

An improved flexible coaxial cable in accor-
dance with claim 21 wherein said shaped core
is formed by spirally cutting said solid dielec-
tric starting material.

An improved flexible coaxial cable in accor-
dance with claim 21 wherein said shaped core
is formed by spirally cutting an expanded solid
dielectric starting material.
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