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' 3’Claims

- This inventicn. relates to closure caps. for tub-
ing, and the like, and particularly to friction caps
for smooth-ended tubing as distinct from. caps
for tubes Baving threads or oflier special devices
for locking with the cap.

A broad object of the invention is to provide: &
simple, inexpensive and easily mampul‘ated’ fnc—
tion cap.

Another object is to provide a cap capable ‘of
firmly, frictionally engaging a smooth tube with-

out marring or defacing the tubing, and' without.

danger of the cap being accidentally sucked cr
forced into the tubing. :

In eertain industries; suclr as the alrplane
manufzcturing industry, large amounts of soft
metal tubing; such as aluminum tubing, are ent-
ployed for pressure lines and cornduits, -It is- very
important that thistubing, which is cleary at the
time of manufacture, be protected against the
entry of dust or foreigh matter between the time
it leaves the tube department and the time it is
completely installed. It ha§ been  the- practtce
therefore, to provide some sort of temporary clo~
sure for the open ends of all tubing while it Is

_ being transported and installed.  Some tubing, is
provided witlr threaded ends, or with speeial con-
nectors, and various types of caps have been de-

_ veloped for keeping dirt out ‘of swch tubing
However, s large amount of tubiftg used has
plain, smooth ends to whicl: it is more d‘xﬂicul‘t
to attach a closure member: I fact the only
closure members that have leretofore heerr com-
mercially used en smeoth-ended tubing, are rub-
ber plugs. caps, and cellulgse film, -Such devmes,
however, have the serious objection that they are
sometimes drawn into the tubing by suction ap-
plied thereto during installation, and remain in
the tubing to cause trouble later on, or are fragile
to the extent of  offerimg no proﬁectmn agamsﬁ
damage to the ends of tubing.

In accordance withy the present inventiom, T
provide a closure eap capable of being firmly at~
tached to a smooth-ended tube by a metallic eoil
‘spring side wall that presses firmly against the
tube and retains an-end member against the open
end of the tube. This deviee is free from the
mentioned defect of rubber caps, plugs, and eel-

lulose film witheut having any serious new ol

jectionable features. Tt has the further advan-
tage over rubber caps and cellulose:filth of af-
fording better meehanical protec’cmn toi the' outexz
surface of the tubing.

Other dbjects and - featm:es of the - mventmn
will appear from the detailed description to fol-
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Jow of ce1ta.1n p1 eferred embodxments of’ the m-

ventmn ulllstrated in the dramng

- Tt the drawmg

Fig. 1 is"a view partly in elevation and pariﬁy
nr secﬁron of ome emrbodiment. of the cap, ir acy
ccrrdarrce W]tl’r nry mventton

F“lg 2 is'y ‘sectional view, showmg t;he cap of
P‘rg' 1 aﬁached to a tube;

“Fig, 3 iv'a plan view of the cap shown e Fig: 1
Frg 4 is & side elevamon view of an alternative:
construction in accordance with the mvenmon\ m
brocess of manufacture;

‘Fig, 5'is' o side elevation with a portiom broken
dway, of the device shown in F’lg 4, when ma.nu-
facture is completed;
© Fig. 6 is a side elevation of a thlrd cap m aC»
cord’ancp with the: mvenmon ard’

Fig.- Tis g sectional view of a foumth cap m
Adecordance with the - invention, shown attached*
to a tube.

Referring; first, to Fig. T, the cap therem dls-
‘closed comprises a closely coiled spring wire coil
¢ of roughly cylindrical shape containing there-
within & cup-shaped ¢ap LI, the Iatter being po-
sitioned wﬂshm' the upper end of the coik 10 wrth
its operr sxde down.

“Fhe upper turn 13 of the ecoil is extended in-

WanTy against: the top wall of the cup b, as
shown In Fig. 3, to prevent the cup from being'
foreed upwardly eut. of the eoil: " The ¢ylindrical
wall'ef the eup is-also firmly gripped by the upper
fized turns of the coil 10, Tmmediately below the
open edge- 4 of the cup ¥ the turns of the coil
eonstrict: to a smaller diameter and. then expand
to-a largev diameter toward tln:e lower eperc end
of the cap.
"~ Fhe internal diameter of the cup t1 is slightly
Iarger than the external diameter of the tubing
ant ‘which the cap. is to be used, so that it ‘wilk
slip: freely over the end ef the tubing. The ex-
tent ‘to) which the coil is constricted below' the
margin. 14. of the cup can vary accordmg to the
frictional grip desired.

When the invention is used: for closing the‘ énds
of soft. metal tubes during handling and instal-
lation to prevemt the entry’ of dirt. or dust,.it is
desirable that the cap be easily attachable and
removable. In such: service, whien: employing a
coil 8 0f spring steel wire of l4-gauge for use
in a’'cap designed for aluminum tubing 3% €750)°
im, ‘in' external diameter, the smallest diameter
turn 15 may have an intermal diameter of .725
in. and the internal diameter of the: cup 11 and
the uternal diameter: of the lower turn: 16 may
be .800-in. - When a cap sa dimensioned is at-




tached to the end of 3 in. tubing 171 (Fig. 2)
the lower three turns are larger than the tubing
and stand out from it, but the next four turns
are contracted about the tubing to grip it. The
cap can be forced onto the tubing T by pushing
it thereover with or without simultaneous screw-
ing motion, since, as will be observed from Fig.
1, the turns are gradually tapered from a maxi-
mum diameter at the bottom turn {6 to a mini-
mum diameter at the turn {5. However, it is
- sometimes necessary to prevent any rubbing, fric-

tional motion between the cap and tubing, and. -

under such conditions my cap is applied to the
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. from a. tube is less, so that there is no perma-
; nent deformation of the cap.

10

tubing by gripping the lower, large diameter turns. o

between the fingers of one hand, gripping the ;

upper end of the cap with the fingers of the other
hand, and relatively rotating the two ends of the

There is shown in Fig. 6 a modification of the
cap shown in Fig. 1. Whereas in Fig. 1 the coil
{0 is wound in a continuous helix from one end
to the other, the cap 30 of Fiz. 6 consists of
three helices rather than one continuous helix,
Thus there is an upper helix 31, which grips the
cup 32 and is connected at its lower end by a ver-

tically extending section 33 to the lower end of
‘a middle helix 34, which is wound upwardly until
: its upper coil abuts against the lower coil of the
_ upper helix 31.

bl Hell The uppermost turn of the mid-
dle helix 34 is connected by a downwardly extend-

.ing section 35 to the upper turn of a lower helix

" 38, The relative internal diameters of the dif-

coil in unwinding direction to expand the middle’ "

turns, including turn {5, to a diameter larger,..
than the tubing, and slipping the cap into place ¢

on the tubing while it is so expanded. .

. After the cap has been positioned on the tub-
ing the lower end of the coil is stretched onto
the tubing slightly before being released. This
slightly separates the middle turns which grip
the tubing 17, causing them to maintain the cup
{1 against the open end of the tubing with a
slight tension. This tension is increased as much
as possible by preloading the coil in the winding
process. .. -Methods of winding springs to preload
them are well-known in the spring manufactur-
ing art. A particular advantage of preloading in
the consfruction of Figs. 1 and 2 is that it enables
the attainment of a substantial force holding the
cup {{ against the end of the tubing 1T without
employing a-large separation between adjacent
turns of the coil {8, Large spacings between the
turns is objectionable in that it facilitates the ac-
cumulation of dirt and foreign matter between
the turns. o
.. I have shown in -Fig. 4 a cap structure in ac-
cordance with the invention that can be com-
pletely formed from sheet metal. Thus a thin
sheet metal cap 20 of cup-shape having a flat

end 21 is formed integrally with a cylindrical side .40

wall, which terminates at the open edge in an
external bead 22.
comprises three zones: 23, 24 and 25. The end
zones 23-and 25 are imperforate but may be

roughened or knurled to facilitate finger engage- *

ment therewith. "The central zone 24 is perfo-
rated by a plurality of steeply helically extend-
ing slots 26, which slots divide the metal of zone
24 into a large number of helical strips 21 cor-
responding in function to the turns of the coil
spring in Figs. 1 and 2. v :

~The cap shown in Fig, 4 is of slightly larger
diameter than the. tubing on which it is to be
used.  Prior to using the cap, it is distorted by
twisting it into hourglass shape, as shown in Fig.
5. Twisting is accomplished by gripping the up-
per and lower knurled portions 23 and 25 with
any suitable tool, or with the fingers, and rela-
tively rotating them in opposite directions.. The

completed cap shown in Fig, 5 has a smaller in- ¢

ternal diameter-at its waist than the external
diameter of the tubing on which it is to-be used.
However, it can be applied to the tubing easily by
relatively twisting the opposite ends. of the cap
in the same way as described with reference to
Figs. 1 and 2. Of course during the forming of
the .cap of Fig. 5 the material was twisted beyond
its elastic limits, so that it was permanently dis-
torted from the shape shown in Fig. 4; whereas
the twist applied during application to or removal
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ferent portions of the coil 30 may be the same -

‘asin the coil 10 of Fig. 1, and it can be applied

to.and removed from a tube by the same manip-
ulation,
. An advantage of the construction shown in Fig.
6 is that a force tending to pull the cap off a
tube tends to.compress the turns of the middle
helix 34 against each other instead of separat-
ing them, thereby incressing the holding ahility
of the cap. - , . .
.The three constructions so far described are
adapted to lock againsi the exterior surface of
the tubing. In a modification of the invention,
the gripping portion is inserted within the tubing,
as-shown in Fig. 7. In this construction the clo-
sure cap 46 has an end wall 41 of diameter sub-
stantially equal to the external dlameter of the
tubing 42 with which the device is to be used, and

5 merges into a short cylindrical section 43 of the

same external diameter. At its lower edge the
cylindrical section 43 extends inwardly, defining
a flat annular shoulder 44 adapted to fit against
the end of the tubing 42. The inner edge of the
shoulder 44 merges into the upper end of an in-
wardly tapered skirt 45 of smaller diameter than
the internal diameter of the tubing 42. :
The end wall 41, the cylindrical section. 43,
and the shoulder 44 define an internal groove
which receives the upper coil 46 of a spring re-
taining member 41, which extends inside the tub-
ing 42 and engages therewith. The member 47 is
of relatively small diameter within the skirt 45,
but the coils become progressively larger below
the skirt so that they bear against and frictionally
engage the inner surface of the tubing for a
length of about four turns, in a zone 48. Below
the zone 48, the coils become progressively smaller
in diameter, to facilitate the eniry of the device

? into the end of the tubing. .

In the particular embodiment shown in Fig. 7,
the end of the lowest coil is extended diametri-
cally through an eye 48 formed in the lower end
of a rod 50, which is extended axially up through
the member 47 and through a snugly fitting hole
in the end member 41.  Beyond the member 41
the rod is bent to define a handle 5i. T

The closure device shown in Fig. 7 can be read-
ily placed in: position by pressing the handle 5
downwardly relative to the closure cap 40. 'This
elongates the spring member 47 and contracts ‘it
radially, so that it can freely enter the tubing
until the shoulder 24 engages against the end
of the tubing. Thereafter the handle 5{ is re-
leased permitting the spring member tg contract
longitudinally and expand radially into engage-
ment with the tubing. The coils in the zone 48
will expand into engagement with the tubing be-
fore longitudinal contraction of the spring mem-
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ber is completed, thereby maintaining the shoul-
der 44 firmly against the end of the tubing.

It is also-possible to radially contract the spring
member 47 for insertion of the device into the
tubing by relatively rotating the handle 51 rela-
tive to the cap 40 in such direction as to tighten
the spring. When the handle is released, the
spring then expands to snugly engage the inner
surface of the tubing.

It is also possible to insert the spring member
41 into the tubing by simply pressing on the cap
40, with or without a simultaneous rotary motion
tending to screw the member 47 into the tubing.
When the device is intended for insertion in this

manner the rod 58 can be eliminated and the end i.

wall 41 may be imperforate. )

It will be apparent that the constructions de-
scribed are particularly adapted for protecting
the smooth ends of tubing during handling and
installation because they lock to the tubing with
sufficient force to prevent accidental removal and
yet cannot possibly be withdrawn into the tubing
by suction therein, as sometimes occurs with rub-
ber caps. Furthermore, it is feasible to form the

coils of smooth plated spring wire so that there :

can be no scratching of the surface of the tubing
even if the device is forced on and off the tubing,
instead of being expanded (by relative rotation of
the opposite ends) prior to attachment and re-
moval.

Although the invention is particularly useful

20

%%
5]}

30

for closing the ends of tubing during transporta- .

tion and installation, it is by no means limited
to such uses, and it may be employed as a closure
member or stopper. for bottles. and other con-
tainers, if desired. When so used the neck of the
bottle can, if desired, be provided with an an-
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nular corrugation or shoulder cooperating with
the gripping portion of the cap to help hold the
cap against removal. -

I claim:

1. A closure cap for covering and sealing the
end of a tubular member, said cap ‘comprising:
an end section adapted to fit against and close the
end of the tubular member, and a lower section
connected at one end to the rim of said end sec-
tion and adapted to enclose and grip the periph-
eral surface of the tubular member to retain said
end section in position, said lower section consist-
ing of helically extending resilient elements. ta-
pering in diameter from a large diameter at the
open end thereof to a smaller diameter interme-
diate the ends, to form a gripping section having
a portion of a diameter less than the diameter of
the tubular member whereby the resilient ele-
ments making up the said portion of lesser diam-
eter act to grip the peripheral surface of the tu-

bular member to retam the closure cap in posi--
tion.

2. A closure cap as described in claim 1, in
which said lower member is of larger internal
diameter than the external diameter of said tu-
bular member at its open end and is normally
of smaller internal diameter at its midportion

than the external diameter of the tubular
member.

3. A sheet metal cap comprising: a c1rcu1ar
end wall connected at its rim to an approximately
cylindrical wall, in which a portion of said cylin-
drical wall is divided by helical slots into radially
yieldable helical strips, and said portion varies
in diameter from a large diameter at its ends to a
smaller diameter at its mid portion.

FRANK W. LIVERMONT.,




