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This invention relates to a collable extensible gpparatus.
The apparatus of the invention is especially useful as an antenna oOr
as a means for extending an instrument a desired distance outwardly
from & body in which the apparatus of the invention is mounted, for
example, & satellite, the apparatus of the invention acting as a
carrying boom for the instrument in question.

The apparatus of the invention appears at present to be
particularly valuable in space satellite applications where the satellite,
at the time of launching, must not be encumbered by elements projecting
any substantial distance outwardly from its walls, while, once the
satellite is in orbit, it is desireble to project an antenna from the
body of the satellite or position some measuring instrument at a known
distance away from the body of the satellite. The apparatus is useful
in other fields as_well, and could, for example, advantageously be
included amongst the emergency equipment stowed in lifeboats and
aircraft, or could be used as a liner for holes produced by diamond
drilling in mining operations and the like, to keep the drilled holes
clean.

It is known that tempered spring steel and other spring
materisls which are hardened and tempered by heat treatment may be
formed into a desi;ed shape, without substantially altering the temper
or other physical gualities of the material, by means of elastic
deformation applied concurrently with a stress relieving heat treatment
at a temperature slightly less than the original tempering temperature.
The present inventor found that if a strip of tempered spring material
of considerably greater length than width is elastically deformed into
a tubular formation extending in the direction of its longitudinal
axis with substantial overlap of the longltudinal edges of the strip,
and if the strip is concurrently stress-relieved as just described,

then even if the strip is subsequently tightly coiled at right angles
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to its longitudinal axis,-iﬁ will, whenever free to do so, :evert to
the tubular formation. A strip which has been so treated may

therefore be described as having been preformed to assume, vhenever
free to do so, & tubular formation extending in the direction of' the
longitudinal axis of\the strip_with substantial overlap of the‘longitud-
inal edges of the strip. The present inventor further realized that

if apparaﬁus could be provided which would stow such a gtrip of material
in a compact space yeb would permitvereﬁtion‘of thg strip so tpat it
could adopt the tubular formation which it had been biased to assume

by the deforming and stress relileving steps, the strip would be useful
both aslan antennabof as a carrying boom for,instruments as mentioned
;bove, particularly in the case of space satellites.

The apparatus of the invention meets‘these desideratu and stows

the extensible strip in a very gompact menner which is of course a

© desireble feature in any space.ﬁehicle.,

_ The apparatus of the invention may be generally defined as a
coilable extensible apparatus comprising & thin strip of metal of much

greater length than width which has been pre~fqrmed to assume, whenever

 free to do so, a tubular formation extending in the direction of the

"longltudinal axis of the strip with substantlal overlap of the longltud—

inal edges of the strip, a frame, a stowage reel rotatably mounted within

said frame and adapted to stow_thg‘strip by winding it on the reel at

right angles to the longitudinal axis of_the strip,}and a guide means

mounfed within said framé,‘said“guide meanslhaving’a base which is
dispoaeq_a@Jg”tgpgegg,to‘géid_ﬁeel and a guiding section which is

generally tubular and decreases in internal width with distance away

from seid reel.

The apparatus of the invention preferdbly includes & pull-out
tape which mey be inter-wound with the metal strip upon the stowage drum

and is attached to & second reel which is positively driven by a small
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motor also located within the frame., The motor drives the second reel
and the second reel draws the pull-out tape off its stowage reel and
thus positively drives the metal strip through the guide sleeve, at the
same time supporting the partly spread out end of the metal strip in
the region where it leaves the stowage reel to prevent it from buckling
due to axial loading.

As the thin metal strip, tempered spring steel which is a few
thousandths of an inch thick, or beryllium copper of the same order of
thickness, are preferably employed. The pull-out tape itself may also
be made of a thin strip of metal but any strong thin tape may be em-~
ployed to play this role. One product which has been found useful as
the pull-out tape is & tape made of a polyethylene terephthalate re-
sin. |

Tn drawings illustrating one presently preferred form of the
apparatus of the invention:-

‘ Figure 1 is a sche&atic view showing the winding arrangement
of the pull-out tape and the metal strip,

Figure 2 is a perspective view of the apparatus of the inven-
tion, ﬁith a part of the tubular guide sleeve broken awey so as to
petter show the thin metal strip in the process of forming itself into
the tubular formation, and

Figure 3 is 5 éentral vertical section through the apparatus
of the invention with the pull-out tape and the metal strip removed
from the reels on which they are normally stowed.

In Figure 1, 10 indicates a reel for stowing the metal strip in
interwound formation with the pull-out tape, while 11 indicates & reel
upon vhich the pull-out tape is wound when it is drawn off the reel 10
so ag to extend the metal strip. The metal sgtrip itself is indlcated at

12 while the pull-out tape has beeh lebelled 13. The metal strip is one
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which has been preformed to assume a tubular formation as previously
described and it will be noted that, as soon as the strip 12 leaves
the stowage reel 10, it commences to curve inwardly so that it assumes
a full tubular formation when within a very short distance of the
stowage drum, and eventually assumes, as may be seen in the drawings,
an overlap of the order of 180°.

Turning now to Figures 2 and 3, it will be noted that the
stowage reel 10 and the pull-out tape reel 11 are mounted by means of
suitable shafts within a frame made up of a pair of similar side plates
14 and 15. Interposed between the side plates 14 and 15 is a guide
sleeve 16 which is generally tubular and decreases in internal width
with distance away from the reel 10. The guide sleeve 16 is mounted

with its base generally‘tangentially disposed with respect to the

‘ reel 10 and the guiding section of the sleeve preferably has an inner

surface which generally corresponds to the shape which would be assumed
by the strip in the region of said reel if the strip were fed tangen-
tially off the stowage reel in the absence of any guide slesve.

Tn the embodiment of the invention illustrated in Figures
2 and 3 the strip of metal 12, when extended is intended to function
as an antenna. To this end an antenna feed connection 17 is provided
in the form of aimulti—fingered contact cup which rides on the end of
the antenna stowage reel shaft. The inner end of the antenna tube
material is fixed to the shaft (in a manner not shown), while the
contact cup is fixed relative to the frame so that the shaft rotates
within it while the antenna is being extended.

Also mounted within the frame made up of the two side plates
14 and 15, is a motor 18 which is best seen in Figure 3. The motor
18 is preferably a small electric motor which is poweqed by a nickel~
cadmium battery {not shown). The motor 18 has a drive shaft 19 which

carries a gear 20, and this geér 20, through a gear reductlon assembly

which has been indicated generally by reference numeral 21, drives a
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gear wheel 22 which is freely rotatably mounted on a shaft 23 which is
employed to rotatably mount the pull-out tape reel 1l. Fixed to the
third shaft 23, as indicated at_zy in the drawings is a clutching member
carrying teeth 2ka which are normally engaged in detents formed in
the hub of the gear wheel 22. An expansion spring 25, concentrically
mounted on the shaft 23, serves to normally bias the clutching member 24
into»engagement_with the gear wheel 22, so that member 24, and in turn,
the_reel 11, will normally be robated, though at a reduced speed,
‘whenéver the drive shaft 19 of the motor 18 is rotated.

| Thus, to extend the strip 12 so as to form an antenns it is

only necessary to energize the motor 18 whereupon said motor will

‘rotate its shaft and in turn drive the pull-out tape reel 11. The
: ?ull-oﬁtutape 13 will then draw the metal strip 12 off the stowage reel

- 11 and cause said strip to pass through the tubular gulde sleeve 16,

whereupon it will form the desired extended tubular formation with
the(longitudinal edggs of the strip oyerlapping.

Mounted upon the outer surface of the side plate 15 is a
micréswitch 26 which is wired in known manner, SO that when depressed,
it will act to cut-off the power supply to the electric motor 18.

Rotatably mounted by the side plates 14 and 15 of the frame is & rod 27.

A follover arm 28 is rigidly mounted on the rod 27, and the rod 27 is

biased by spring means_(not shbwn) to rotate counter—clockwise, as

" viewed in Figure 2, thus causing the free end of the follower arm 28

to ride against the cylindrical surface of the reel 10, or whatever is
wound. upon the reel. The qyiindrical surface of the reel 10 is provided
with a slot (not shown) whichYWill not be exposed until the metal strip
has become fully extendéd because that slot will be normally covered

by the parts of the metal strip 12 and tape 13 wound on the reel 10.
However, once this slot is uncovered, the end of the bilased follower

arm will drop into it and thue lock the stowage reel 10 ageinst further
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rotation.

The end of the rod 27 extends slightly beyond the side plate 15
and has fixed to it a micro-switch cam 30 which, whenever the follower
arm 28 drops into locking position in the slot in the reel 10, will rotate

5‘ and come to a halt against a stop pin 31 on the upper surface of the side
plate 15. As this occurs the micro-switch 26 will be depressed, thus
deenergizing the motor 18.

» The apperatus may be mounted in brackets 35 secured to the
satellite or other gnit in which the apparatus 1is po be employed by means
10 of bolts 36 which pasé through the side plates 1k and 15 and enter
projections 37 which space the tubular guide sleeve 16 from the two
éide plates. 4 ’
The‘apparatus may be adapﬁed to be manually rewound by
proviqing a squared head on the projecting end of'the ghaft which
15 - rotatably mounts the stowage drum 10. VA gear such>as the bevelled gear
: 38 may be locked upon the‘projectihg end of this shaft tovfacilitate
‘thg;rgwind;ng.’ During”rewinding the shaft 23 should be pressed dowﬁ-

wafdly»so as o disengage the clutching member 2k from the gear wheel 22,

-ﬁhﬁs;disconneéting the tepe reel 11 from the reduction gearing 21.

JG
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THE FMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A coilable extensible apparatus comprising a thin strip of metal
of much greater length than width which has been pre-formed to assume,
whénever free to do so, a tubular formation extending in the direction of
the longitudinal axis of the strip with substantial overlep of the longl-
tudinal edges of the strip, a frame, a stowage reel rotatably mounted
within seid freme and adapted to stow the strip by winding it on the reel
at right angles bto the longitudinel axis of the strip, é guide means
mounted within said freme, said guide means having a base which is dis-
posed at é tangent to said reel and a guiding section which is generally
tubular and decreases in internal width with distance away from said reel,
a second reel rotatably mounted within said frame a pull-out t?pe anchored
at one of‘its ends to said second reel and partially ﬁoﬁgd thereon, said
pull-out tape being anchored at its other end, together with said strip
éf netal, fo said stowage reel, whereby said metal strip and pull-out tape
méy both bé interwound and stored on said stowage reel, and means for

positively driving said second reel mounted within said frame whereby said

fpull-out‘tape may be caused to draw the strip, vwhen stowed on the stowage
feel, off‘Said stowage reel, whereupon the unwound part of said strip will

“be projected through said guide sleeve and will assume a tubuler formation

extending in the direction of the longitudinal axis of the strip with sub-

stantial overlap of the longitudinal edges of the strip.

R A coilable extensible apparatus as defined in claim 1, in which
said second reel is mouﬁted on a rotatable shaft and in which the means
for driving the second reel is an.electric motor having a drive shaft and
means operatively connecting the drive shaft of sald motor to seid rotat-

able shaft,

3. A coileble extensible apparatus as defined in cleim 1, or 2, in-

cluding means for locking said stowage reel against further rotation when

MG .-'8




; means operatively comnecting the drive shaft of said motor to the shaft on

20917

- said strip has been unwound therefrom to the fully extended position.

L, A coilable extensible apparatus as defined in claim 2, in which
means ave provided for locking said stowage reel against further rotation
when said strip has been unwound therefrom to the fully extended position,
and in which swiﬁch means are provided in association with said locking
ﬁeans for de-energizing saild motor whenever said stowage reel is locked

against further rotation.

Se A coilsble extensible apparstus as defined in claim 1, or 2, in
which said strip of metal is one which has been pre-formed to assume, when-
ever free to do so, a tubular formation extending in the direction of the

longitudinal axis of the strip with an overlap of the longitudinal edges of

strip which is of the order of 180 degrees.

6. A coilsble extensible spparatus as defined in claim 1, or 2, in

which said strip is made of spring steel.

Te A coilable extensible apparatus as defined in claim 1, or 2, in

which said strip is made of beryllium copper.

8. A coilaeble extensible apparatus as defined in claim 2, in which said

which said second reel is mounted includes a gear wheel fréely mounted on
gaid last-mentioned shaft and a clutching member attached to said shaft and
engageable with said geer wheel to bring abbut rotation of said second reel

whenever sald gear wheel is rotated with said clutching member engaged with

said gear wheel, and means normally biasing said gear wheel and clutching

member into the engaged position. L

9, A coillable extensible apparatus ag defined in claim 1, or 2, in

which said guiding section of said gulde means has an inner surface which
generally corresponds to the shape which would be assumed by the strip in
the region of said reel if the strip were fed tangentially off the stowage

reel in the absence of any gulde means,

*
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