United States Patent 1191 BESTAvAIIARLz copy 1111 3,909,555
Harris (451 Sept. 30, 1975
[54] PHASE STABLE TRANSMISSION CABLE

WITH CONTROLLED THERMAL
EXPANSION CHARACTERISTICS

[75] Inventor: Dewey F. Harris, Monument, Colo.

[73] Assignee: Kaman Sciences Corporation,
Colorado Springs, Colo.

[22] Filed: Oct. 16, 1974

[21] Appl. No.: 515,307

[52] US.CL........ 174/102 P; 174/36; 174/102 A;

174/126 CP
Int. CL.2.. HO1B 3/02; HO1B 5/00; HO1B 11/06
Field of Search.. 174/36, 102 R, 102 A, 102 P,

174/106 R, 118, 126 CP, 128

[51]
[58]

[56] References Cited
UNITED STATES PATENTS

2,312,506 3/1943  Tomlinson et al. ............. 174/106 R

2,351,056 6/1944  Lepetit....coocvervneennnnane 174/102 P
- 3,272911 9/1966 Rollins et al......ccceveeeeeennane 174/106

3,296,364 1/1967  Mason ...oeeeveevieirceceinnnneans 174/106

3,336,433 8/1967 Johnsonetal................... 174/50.61

3,634,606 171972 lIyengar ....cccccevvvevercconnces 174/36 X

3,692,924 9/1972  Nye......coeeee. 174/126 CP X

3,717,719 2/1973  Smith et al 174/126 CP X

e
Ao

FOREIGN PATENTS OR APPLICATIONS

1,033,290 6/1966  United Kingdom................. 174/118
1,011,727 6/1962 France.................... ... 1747102 A
563,707 9/1958 Canada...........cccoeneeneen. 174/126 CP
448,830 6/1948 Canada.......cccocovemuen.. 174/126 CP
1,431,629 1/1966  France..........cccccocevennnnne. 174/102 P
1,155,837  10/1963  Germany .........c.cccceooeeunn..... 174/118

Primary Examiner—Arthur T. Grimley
Attorney, Agent, or Firm—Max L. Wymore

[57] ABSTRACT

A cable for high frequency use in an environment with
high and varying thermal changes whereby the ther-
mal expansion of the cable is controlled by having a
highly electrically conductive metal bonded to a metal
of low coefficient of thermal expansion relative to the
high electrically conductive metal. This is accom-
plished by providing a thin layer of highly electrically
conductive metal over an inner core of a metal of low
coefficient of thermal expansion. The cable can also
utilize a similar bonded metal configuration for an
outer concentric conductive sheath having a mineral
dielectric between conductors that also has a low co-
efficient of thermal expansion.

9 Claims, 4 Drawing Figures
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PHASE STABLE TRANSMISSION CABLE WITH
CONTROLLED THERMAL EXPANSION
CHARACTERISTICS )

This invention relates to an improved coaxial cable
capable of use under high and varying temperature
conditions and of transmitting a wide band of frequen-
cies with minimum loss. ’

The exacting requirements of modern control equip-
ment, particularly' space age requirements, demands
the use of a radio frequency coaxial cable that exhibits
a minimum change in electrical length due to installa-
tion bends in the cable and moderate to severe temper-
ature changes. Further the cable should not change
afterinstallation due to the effects of aging or cold flow
of materials. An object of this invention is to provide
an improved coaxial cable which will fulfill these re-
quirements. .

Conventional coaxial cable utilizing thermoplastics
as a dielectric. material: exhibit prohibitive electrical
length changes due to cold flow of the dielectric mate-
rial and changes with temperature due to the high coef-
ficient of expansion of the dielectric material. Aging of
" the dielectric material changing its electric properties
can also affect the electrical length of the cable.

Improved electrical length stability is achieved in the
prior art by the use of a mineral dielectric material
which characteristically has a low coefficient of ther-
mal expansion, such as silica, magnesia or alumina.
Such cables use a central conductor about which the
dielectric is extruded. The dielectric coated central
conductor is then threaded into a metal tube as the
outer conductor which is drawn down to a lesser diam-
eter to compact the dielectric material to the desired
degree.

A further object of my invention is to provide an im-
proved cable having conductors of novel construction
which when used in conjunction with a mineral insula-
tor provides a coaxial cable having a high electrical
length stability.

A still further objective is to provide such improved
cable which is capable of being cycled through wide
temperature ranges up to about 850°F without signifi-
cant change in its electrical or physical properties. A
still further object is to provide an improved electrical
stable cable which is economical to produce.

These and other objects of my invention will be ap-
parent from the following description and the ap-
pended claims, reference being had to the accompany-
ing drawings in which:

FIG. 1 is a graphical representation of the phase
change of a signal in passing through a length of prior
art and my cable versus temperature;

FIG. 2 is a graphical represention of the standing
wave ratio versus frequency of cable according to the
invention;

FIG. 3 is a graphical representation of the attenua-
tion versus frequency of two sizes of cable according to
the invention;

FIG. 4 is a longitudinal sectional view of a cable ac-
cording to this invention; and,

FIG. 5 is a cross sectional view along lines 5—5 of
FIG. 4.

In FIGS. 4 and 5 there is shown cable 10 comprising
a center conductor 12 surrounded by a layer of insulat-
ing material 14 encased in a metal sheath 16 of a duc-
tile metal capable of standing high temperatures. These
conductors are usually of copper or silver and the outer

2

sheath may be overcoated with stainless steel for pro-
tection purposes. These conductors suffer excessive
electrical length changes due to the high coefficient of
thermal expansion of the metals used. According to the
present invention the center conductor 12 may be com-
prised of a center core 18 of a metal alloy or metal hav-
ing a low coefficient of thermal expansion having a rel-
atively thin outer layer 20 bonded thereto of a metal
having low electrical resistance such as copper or sil-
ver. The metal alloy may be a low thermal expansion
alloy of iron-cobalt-nickel composition such as those
sold under the trademark of Kovar, Nilvar, Rodar and
the like. The bond is preferably a metallurgical bond or
one sufficient that the resulting thermal expansion
characteristics of the composite material be that of the
parent low-expansion metal or alloy. Pure metals hav-
ing low thermal expansion are molybdenum, tungsten

~ or the like. Similarly, the sheath 16 may be comprised
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of an outer shell 22 of a metal or metal alloy having a
low coefficient of thermal expansion with a relatively
thin inner layer 24 bonded thereto of a low electrical
resistance metal such as copper or silver. Again the
inner layer 24 is preferably bonded to the outer shell 22
by a metallurgical bond or one sufficient to insure that
the thermal coefficient of expansion of the composite
sheath 16 is that of the low expansion metal or alloy.

The use of low expansion alloys or metals by them-
selves would not be satisfactory due to their high elec-
trical resistivity, however, since in a coaxial cable oper-
ating at high frequencies, the energy is transmitted on
the skin of the conductors, the provision of the low ex-
pansion alloys or metals with a skin of low electrical re-
sistance allows the efficient transmission of electrical
signals thereon, while avoiding excessive changes in
thermal expansion of the conductors such that the elec-
trical and physical properties thereof remain substan-
tially unchanged.

Referring now to FIG. 1, two 0.141 inch diameter ca-
bles are compared. One is that of a conventional cop-
per-clad Teflon cable while curve B is representative of
a cablc according to this invention. Both cables were
36 inches long, with 24 inches exposed to the tempera-
ture zone. The Teflon cable was thermally conditioned
to eliminate the high initial phase changes with temper-
atures that are present with this type of cable. The mea-
surements of the data presented in FIG. 1 were made
at a frequency of 1 GHz utilizing a vector voltmeter.

Referring to FIG. 2, the curve A represents the stand-
ing wave ratio of the typical cable constructed accord-
ing to this invention and curve B represents the ratio
for specially constructed cables. The typical cable as-
sembly including hermetically sealed connectors has a
VSWR of less than 1.6 to 1 to 18 GHz. Special assem-
blies have been fabricated using the teaching of this in-
vention with a VSWR of less than 1.4 to 1 to 18 GHz.
Measurements utilize a swept-frequency technique and
the assemblies according to the present invention are
free of resonances up to 18 GHz.

The dielectric constant of the cable according to the
present invention is 1.6 with a corresponding low loss
tangent. Losses are therefore less than those of compa-
rably sized Teflon cable. Losses of 0.090 and 0.141
inch diameter cable according to the invention as
shown in FIG. 3.

While there have been described what at present are
considered to be the preferred embodiments of this in-
vention, it will be obvious to those skilled in the art that
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various changes and modifications may -be made-

therein without departing from the invention. It is
aimed, therefore, in the appended claims to cover all
such changes and modifications which fall within the
true spirit and scope of the invention.

What is.claimed is:

1. A high temperature electrical length stable radio
frequency cable comprising a center conductor, a
spaced concentric conductive sheath and a dielectric
insulating medium between said sheath and center con-
ductor wherein the center conductor is comprised of a
core of a metal or metal alloy of low coefficient of ther-
mal expansion with a relatively thin outer layer of low
electrical resistivity metal bonded thereto and the
sheath comprises a hollow tubular member of a metal
or metal alloy of low coefficient of thermal expansion
with a relatively thin layer of low electrical resistivity
metal bonded to the inside therecf and wherein the di-
electric material is selected from the group consisting
of silica, magnesia and alumina.

2. The cable of claim 1 wherein the bond between the
center conductor and the outer layer is a metallurgical
bond.

3. The cable of claim 1 wherein the bond between the
sheath and the inner layer is a metallurgical bond.

4. The cable of claim 1 wherein the bond between the
core and its outer layer is such that the resulting ther-
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4

mal expansion characteristics thereof are that of the
low thermal expansion metal and metal alloy.

5. The cable of claim 1 wherein the bond between the
sheath and its inner layer is such that the resulting ther-
mal expansion charactistics thereof are that of the low
thermal expansion metal and metal alloy.

6. The cable of claim 1 wherein the dielectric me-
dium is pure silica.

7. The cable of claim 1 wherein the low coefficient

of thermal éxpansién metal and metal alloy is selected
from the group consisting of iron-nickel-cobalt alloys,
molybdenum and tungsten.

8. The cable of claim 1 wherein the low electrical re-
sistivity metals are selected from the group consisting
of silver, and copper.

9. A high temperature electrical length stable radio
frequency cable comprising a center conductor, a
spaced concentric conductive sheath and a dielectric
insulating medium between said sheath and the center
conductor wherein the center conductor is comprised
of a core of a metal or metal alloy of low coefficient of
thermal expansion with a relatively thin outer layer of
low electrical resistivity metal bonded thereto and
wherein the dielectric material is selected from the

group consisting of silica, magnesia and alumina.
* * * * *



