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United States Patent

(111 3,569,875

{72} Inventors T.Q.Paine 2,783,440 2/1957 Lovick,Jr.oooiin 333/85(A)
Administrator of the National Aeronautics 2,997,519 8/1961 Hinesetal......coo...... 333/96X
and Space Administration with respect to 3,098,229 7/1963 Raabe ...ooeoerreeveeeenl. 343/705(S)
an invention of; 3,121,136 2/1964 Mildner......... 333/96X
Lawrence L. Rainwater, Huntsville, Ala. 3,364,488 1/1968 Perenicetal. .. 343/880%
[21] Appl No. 797,795 3,379,824  4/1968 Kempf........... 174/108
{22} Filed Feb. 10, 1969 3,380,059 4/1968 Pearlman ... 333/95X
[45] Patented Mar.9,1971 3,481,569 12/1969 BEN.....ciin. 343/915X
Primary Examiner—Eli Lieberman
Assistant Examiner—William H. Punter
{54] COLLAPSIBLE ANTENNA BOOM AND Attorneys—L. D. Wofford, Jr., G. J. Porter and G. T. McCoy
TRANSMISSION LINE
3 Claims, 4 Drawing Figs. ABSTRACT: A collapsible antenna boom and coaxial trans-
1521 US.Chccrccrce 333/96, mission line having an inflatable inner tube. The tubular outer
333/95,174/28 (Request), 343/884  caging is made of two sheets of thin sheet metal butted
{517 Emt. Cloii e HOIp 3/06, together and seam welded to form two protruding flanges at
) HO1p 3/14,HO1q 1/22 opposite sides of the casing. The inner tube, which provides
{501 FieldofSearch.........c..ccooomveeeviiiviirecn '343/881, considerable strength to the boom, has four compartments
884,705 (5),915,915 (A), 880,723,877, spaced around its cuter circumference and a center compart-
333/96, 95 (A), 95, 3,000; 174/28, 29, 105, 99, ment all interconnected by ports. Four parallel transmission
900; 29/600, 601; 52/108 line inner conductors are all equally spaced around the inner
. wall of the center compartment. The outer casing serves as the
(561 References C'ted outer transmission line conductor. The design of the tbular
UNITED STATES PATENTS outer casing and the inflatable inner tube permits the boom to
2,212,128  8/1940 Richter.....c.cooveeevnnenn.... 343/915(A) be folded and rolled on a reel when not in use.
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COLLAPSIBLE ANTENNA BOOM AND TRANSMISSION
LINE

ORIGIN OF THE INVENTION

The invention herein was made in the performance of work
under 2a NASA contract and is subject to the provisions of Sec-
305 of the National Aeronautics and Space Act of 1958
Public Law 85-868 (State. 435,42 1U.8.C, 2457).

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an antenna boom and transmission
line and more particularly to a collapsible antenna boom and
coaxial transmission line having an inflatable inner tube.

2. Description of the Prior Art

With the ever increasing use of vehicles of all types, such as
automotive vehicles, boats, aircraft and - particularly
spacecraft, there has developed a need for a combination an-
tenna boom and flexible transmission line which can be col-
tapsed and rolled up on a reel when not in use and yet is excep-
tionally strong for its weight and capable of supporting one or
more small antennas or antenna arrays for frequency ranges
from VHF through S-Band. .

A particular problem has arisen with regard to the develop-
ment of transmission lines for use with collapsible or extenda-
ble antenna booms. Conventional coaxial cables have large at-
tenuation at frequencies above L-Band and are difficult to in-
stall within either telescoping booms or reel booms. In addi-
tion, such cables are not flexible enough for use with collapsi-
ble booms which are currently available on the commercial
market.

SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to provide an
antenna boom with an improved transmission line.

Still another object of this invention is to provide a com-
bination boom and Empmved transmission line.

‘Yet another object of this invention is to provide a combina-
tion boom and improved transmission line having lower at-
tenuvation at {requencies above 2000 MHz and having more
flexibility than conventional coaxial cables. These and other
iects are acmmp?ished in the present invention which pro-
vides a collapsible tubular outer casing which furnishes great
ctmctual strpﬂgﬁ Eo the boom and which is also utilized as an

uter transmission line conductor. The invention also com-
p ises an inflatable inner tube having its outer walls shaped 10
fit the inner walls of the casing and at least one inner transmis-
sion line conductor attached to the inner tube.

CRIPTION OF THE DRAWINGS

The invention will be more fully understood by the follow-
ing detailed description when taken together with the accom-
panying drawings in which:

FIG. 1is a plan view of an orbiting space laboratory with the
invention in its extended position, attached to the orbiting
space laboratory.

FIG. 2 is a side view of a section of the boom.

FIG. 3 is 2 vertical sectional view of the boom which is
taken along line 3-3 of FIG. 2 and showing the inner tube sup-
porting the boom.

FIG. 4 is a vertical sectional view of the boom and inner
tube in its collapsed configuration.

BRIEF DES

DESCRIPTIOM OF THE PREFERRED EMBODIMENT

With continued reference to the accompany FIGS.
wherein like numerals demgm te similar parts and with initial
ttention directed to FIG. 1, there is illustrated a space station
designated "Ppﬂraéﬁy by numeral 19 including an orbital
workshop 12 in a spent rocket stage and having solar array 14,
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a second solar array 16, command module 18 and service
module 20. Attached to a space station 10 are two antenna
booms 22 illustrating one embodiment of the present inven-
ton. Attached to each antenna boom 22 is an antenna consist-
ing of a ground plane element 24 and a radiating element 26.

FIG. 2 illustrates a section of tubular antenna boom 22
which constitutes the outer casing of the invention. Boom 22
is made from two strips of metal, made of titanium or F:\é:ryﬁi
um copper, preferably 4 inches wide and 5 mils thick, which is
seam welded so as to form two large protruding flanges 2%?\ at
either side of the boom. Boom 22 serves the dual purpose of
providing great strength to the structure, conmsidering its
weight, and is also used as the outer conductor of the coaxijal
transmission line.

FIG. 3 is a vertical sectional view of the boom 22 with its
plastic inner tub 30 inflated and supporting the walls of the
boom 22. The inner tube 30 is divided into several outer com-
partments 31 spaced around the circumference of its outer
wall 32. Compartment walls 34 separate the compartments
31. The inner walls 36 of the outer compartments 31 form a
center compartment 38 which may have either a square (as in
FIG. 3) or circular (not shown) cross-sectional area. The com-
partments 31 and 38 are interconnected by several ports 39
located in walls 34 and 36. A plurality of copper strips 40 are
separately attached to the inner side of inner walls 36. When
these copper strips 40 are excited in phase, the sirips 40
operate electrically as one square center conductor 42.

The inner tube 30 of the transmission line is pneumatically
sealed for pressurization up to 30 pounds per square inch.
Pressurization stiffens the boom 22 and causes it to assume a
uniform circular shape. More importantly, pressurization posi-
tions the center conductor 42 at the center of the boom 22
and holds it there. It also causes the center compartment 38 of
the inner tube 30 to assume a square cross-sectional shape
because of tension in the compartment walls 34,

The inflatable inner tube 30 is constructed of
plastic, preferably having a thickness of about 3 mils.
material was selected over Mylar because of its exce!
perature characteristics, flexure strength and bondi
ties. Kapton is a flame resistent material which
under 800° C. It does not melt and is infusible
material known to the inventor, Kapton has be ii“‘“xcé over a
one-half inch diameter mandrel 2800 times 5t 220° C. before
breaking and over a one-half inch diameter mandrel 7,700
times at minus 63° C. before breaking the copper conductors.
The Kapton dielectric did not break during the latter (low
temperature) test.

The Kapton dissipation factor is high at room temper&ms
varying widely toward lower values at both higher and lo
temperatures. For this reason, Kapton is not o“er‘ used
dielectric in a device for the transmission of radio
signals. However, the radio frequency losses are small wi
the dielectric, if the dielectric is thin relative to the
within the conductors.

The vertical sectional view in FIG. 4 shows the I
with its inner tube 38 in collapsed configuration. The cr
sectional long axis of the illustrative embodiment of the col-
lapsed boom 22 is about 4 inches long. A fifty-foot lengt
this collapsed boom 22 could be wound on a two-foot d
ter reel (not shown), if desired. When the boom 32
wound from a reel, the spring action of the boom 22 expands
into a nearly elliptical cross section. Pressu i

proper-
joes not char

cular cross section. Pressurization also fo
center conductor 42 into the center of the b
sures a constant characteristic impedance of 50 o
the length of the boom.

As may be computed by those skilled
sion lines, at 2270 MHz., the resistance ¢
conductor 15 0.537 ohm/meter and the
inner conductor is 0.7 16 ohm/met

The attenuation of the ling is

- I8 .00716 Neper/meter = .(
“URe 100 & .
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An RG-9 coaxial cable, by comparison, has a much greater at-
tenuation of 0.6 db/meter at 2270 MHz.

As will be understood by those skilled in the art, a complete
system for the use of this invention might include a reel, means
for sealing the boom and transmission line, radio frequency
connectors, and a pressure valve for inflating the inner tube.
However, such additional elements, while they may be used
with the invention, are not considered part of the invention
being claimed here. Therefore, no further disclosure of these
additional elements is deemed necessary.

From the foregoing it may be seen that applicant has in-
vented a combination collapsible antenna boom and coaxial
transmission line which is a considerable improvement over
such devices known in the prior art. The inflatable inner tube
supports the inner walls of the boom so as to make the struc-
wre exceedingly strong for its weight. The device may be col-
lapsed and rolled up if desired. In addition, the attenuation of
the coaxial transmission line is considerably lower than in con-
ventional coaxial cable at frequencies on the order of 2300
MHz. Thus the invention represents a major improvement
over previously known structure for radio frequency transmis-
sion within flexible booms.

{claim:

1. a collapsible antenna boom and coaxial transmission line
comprising:

a. a collapsible tubular outer casing said casing having two
protruding seams at opposite sides of its circumference,
said casing being effective for use as an outer transmis-
sion line conductor;

b. an inflatable inner tube having its outer wall shaped to fit
the inner wall of said casing for supporting and
strengthening said casing;

¢. at least one inner transmission line conductor attached to
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said inner tube;

d. said seams permitting said casing and said inner tube to
fold down to a substantially flat configuration.

2. The collapsible antenna boom and coaxial transmission
line of claim 1 wherein said inflatable inner tube has a plurali-
ty of outer compartments spaced around its outer circum-
ference and a center compartment positioned inside said outer
compartments.

3. The collapsible antenna boom andcoaxial transmission
line of claim 2 having at least one said transmission line con-
ductor attached to the wall of said inner tube center compart-
ment.

4. A collapsible tubular outer casing and coaxial transmis-
sion line comprising:

a. a collapsible tubular outer casing having two protruding
seams at opposite sides of its circumference, said casing
being effective for use as an outer transmission line con-
ductor;

b. an inflatable inner tube having its outer wall shaped to fit
the inner wall of said casing, said inner tube having a plu-
rality of outer compartments spaced around its outer cir-
cumference and a center compartment positioned inside
said outer compartments;

c. four parallel inner transmission line conductors equally
spaced around the inside of the wall of said inner tube
center compartment and extending longitudinally along
the inside wall of said center compartment;

d. said seams permitting said casing and said inner tube to
fold down to a substantially flat configuration.

5. The collapsible antenna boom and coaxial transmission
line of claim 4 wherein said center compartment has a square
cross-sectional area.





