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Filed Aug. 20, 1964, Ser. No. 320,863
1 Claim,  (Cl. 29—517)

This is a continuation-in-part of Serial No. 748,210,
filed July 14, 1958, now abandoned, and Serial No. 217.-
026, filed August 15, 1962, now abandoned. )

This invention relates to a method of joining a thin
wall tube to a concentric surface.

Another object is a metal working method applied to
a thin wall ferrule or tube to simultaneously displace the
metal from one side or surface so that the other side or
surface will be deformed into locking contact with a
workpiece or supporting part.

Another object is a method of locking a thin wall tube
or ferrule in a hole so that thereafter it functions as the
liner for the hole.

Other purposes will appear in the ensuing specifica-
tion, drawings and claim,

The invention is illustrated diagrammatically in the fol-
lowing drawings wherein:

FIGURE 1 is an exploded side view, partly in section,
illustrating the first step in my method,

FIGURE 2 is a side view, similar to FIGURE 1, show-
ing the tool partially within the thin wall tube,

FIGURE 3 is a side view, similar to FIGURES 1 and
2, showing the tube completely seated in the hole, and

FIGURE 4 is a side view, partly in section, of a variant
form.

The invention relates to a method of joining a thin
wall tube and a concentric surface, for example two con-
centric tubes, a thin wall tube and a plate, or a thin
wall tube and a plurality of plates or a thin wall tube
and a casting or section of a casting, In essence, a hole
may be formed in one or more plates or other members
and a thin wall tube is seated in the hole. A suitable
tool, such as that shown in my Patent Re. 24,572, may be
used to thread or fin the interior of the thin wall tube.
Because the tube is thin walled, the outer surface is dis-
torted or expanded generally to the same extent as the
inner surface. The outer surface accordingly will fuse
or unite with the surrounding surface which is coopera-
tively distorted. 1In this way, a joint may be formed be-
tween a pair or plurality of plates, between a single plate
and a thin wall tube or between a pair of concentric tubes.

Considering FIGURE 1, a tool 16 of the general type
shown in'my Patent Re. 25,572, is positioned to be inserted
within a thin wall tube 12 positioned in a hole 14 in a
plate 16. The material of the tube 12 and the member
16 may be important. For example, the tube 12 should
be of a material that exhibits some ductility such as
copper, steel and the like, or some other material which
may be cold worked. The member 16 should also be
of a somewhat ductile material or a material which will
not compress but will distort when subjected to pressure.
Because the tube 12 is somewhat soft or ductile, it will
distort as described hereinafter, and become embedded
within the member 16.

The tool 10 may have a threaded metal working sur-
face.  Such a tool may include the conventionsl shank
portion 18 which may be formed at one end, not shown,
in any suitable manner so that the tool may be driven,
rotated or otherwise operated. The tool is provided with
a thread formation designated generally at 20 which may
be formed by a single start V-shaped thread divided into
a full thread area 22 and a tapered thread area 24 lead-
ing to a point or nose 26. In the full thread area 22
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the threads may have a constant thread depth and the
pitch diameter, crest diameter, and root diameter undulate

_peripherally in a constant pattern. In the tapered area 24

the thread is tapered inwardly so that the crest, pitch and
root diameters uniformly decrease but the thread depth
Temains constant and is the same as in the full thread
area 22.

The thread form or turns of the entire threaded sec-
tion 29, including the full threads 22 and the tapered
threads 24, may have longitudinally disposed relief areas.
For example, the thread turns of the tapsred area 24
and the full thread area 22 may be formed with varying

" outside, pitch and root diameters for each turn of the
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threads. Further details of such a thread formation are
illustrated in the above-mentioned reissue patent.
Preferably, the pitch diameter of the threads on the
tool 10 is generally the same as the initial diameter of the
tube 12. The tube 12 in turn will have the same approxi-

' mate outside diameter as the hole 14 and will accordingly

initially be in contact with the member 16.

When the tool is inserted and rotated in the tube, as
illustrated in FIGURE 2, first the tapered area 24 will
work the crest of the threads into the inner surface of
the tube in a smooth manner so as not to cut the tube.
The metal of the tube will be displaced by the crowns
or crests of the threads and will flow inwardly toward
the root of the threads. The crests of the threads will

~apply radial pressure at uniformly spaced and limited

axial areas with sufficient intensity to displace the mate-
rial on each side of the crest axially and radially inward-
ly. The pressure-is alternately applied and relieved be-
cause of the radial reliefs on the surface of the tool. The
pressure will be applied in a uniform cyclical basis and,
at first, the pressure will be uniformly increasing as the
tapered area 24 moves into the hole. In effect, the tool
applies metal working pressure directly to' the inner sur-
face at uniformly spaced but limited areas. As the tool
or the tube within the workpiece, or both, is rotated, the
width of the areas of applied pressure will increase, in this
case in an axial direction, and the intensity of the metal
working pressure will also increase so that the metal under
or opposite the crests of the threads and those portions
of the metal adjacent the crests will be displaced toward
the root of the threads. :

_ Because the tube is a thin wall tube, the outside will
be deformed or distorted in somewhat the same manner
as the inside. The final result is indicated in FIGURE 3
in which the tube is firmly interlocked in the hole 14.

If the member 16 is a single plate, the tube will be
interlocked with .the plate, and if the material forming
the member 16 is so soft that it normally does not form a
good base for a screw, the tube 12 may.then be used to
mount a suitable securing member, such as a screw.
If the member 16 represents a stack of plates, they will
be joined together as they will each be interlocked with
tube 12. If the member 16 represents a comcentric tube,
the tubes will be interlocked or joined together.

It should be understood that ‘the inside diameter of
the ferrule or sleeve 12 is of the order of the pitch di-
ameter of the full thread area 22. The thickness of.the
metal of the sleeve is quite small. In fact, it may be sub-
stantially less than the radial distance between the pitch
diameter and the crest diameter of the full thread area
22. On the other ‘hand, this should not be taken as a
limiting factor since the ferrule wall could have a thick-
ness on the order of this distance, or greater.

As mentioned above, the material of the tube or fer-
rule should be one that exhibits ductility. Copper, steel,
aluminum and the like are all satisfactory, as are other
materials. In addition, it is important that the parent
material have somewhat the same properties. The parent
material should be able to distort and be displaced as it
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is subjected to both axial and radial pressure from the
tube or ferrule. Materials which are compressible are
not satisfactory as these materials will not distort nor be
displaced as will an incompressible ductile material. For
example, most woods are not satisfactory as they are
compressible, there being air spaces in the fibers. When
most woods are subjected to metal working pressure of
the type described, with a ferrule, the wood will simply
be pushed back and compressed. It will not distort and
be displaced as will ductile materials.

Considering FIGURE 3, and the fact that the inside
diameter of the tube should be about the same as the
pitch diameter of the tool, note that both the inmer and
outer walls of the tube are displaced somewhat the same
amount. The material of the member 16 will be co-
operatively displaced or displaced approximately the same
amount, both inwardly and outwardly from its original
diameter. As the tube is swaged or moved into the ma-
terial of the parent member 16, the areas of this member
adjacent the tube will be subjected to both axially and
radially directed pressure. It is because the material
of member 16 follows the displacement of the tube ma-
terial that there is an exceptionally strong interlock be-
tween the two members.

I'may provide any suitable external configuration on the
sleeve or ferrule so that it will have a binding or gripping
effffect inside of the tube sheet or workpiece 16.

While I have shown the tube or sleeve or ferrule 12 as
circumferentially continuous, it should be understood
that I may use slits from one end to the other or termi-
nating short of the ends if any particular interlock or
swaging action is desired.

The particular thread form shown on the tool may
be varied somewhat and it should be understood that the
crest is not absolutely sharp. In fact, I prefer slight flat
on the crest so that I get a metal swaging or moving
action instead of a cutting action. It can be a pronounced
flat or a slight flat. Also, it might vary depending upon
-whether you are concerned with the taper or the con-
stant part 22.

Also, I may provide some sort of an irregular or dis-
continuous thread formation. It does not have to be com-
pletely continuous since I may see fit to break the thread
formation at the low points or in the radial reliefs, if this
is desirable for any reason.

Further, no particular effort need be made to line
up the radial reliefs or make them parallel on an axial
direction. I may skew them slightly or put them on a
slight helix, if desired.

From the position of FIGURE 2, the tool may be
passed on through or it may be backed out, as the case
may be. The outside of the insert does not necessarily

“have to form a tight or interference fit with the inside
of the hole in the workpiece, but it is preferably snug.
In fact, it may require forcing in under pressure, although
there may be sufficient clearance so that I merely drop
it in place and then the tool serves to swage the ferrule
integrally into the cylindrical walls of the hole.

The result of this swaging operation is to allow the
grain. fibers to follow the contour of the threads to

- thereby strengthen the parent material.

Although the invention has been described in general
as being satisfactory to initially work the inner surface
of a tube and thereby distort the exterior, it should be
realized that it is also possible to work the exterior sur-
face and thereby distort the interior so that it will grip
and be interlocked with some member inside of it, for
example another tube or a rod. In other words, the in-
vention is equally applicable to a tool, such as a tap or to
a die.

In FIGURE 4, I have shown a variation in which the
workpiece 28 is in the form of a rod or tube, solid or
hollow. A ferrule or sleeve 30 is slipped on the tube and
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may have an inside diameter on the order of the outside
diameter of the rod or tube or workpiece. In fact, I may
provide a shoulder on the workpiece against which the
inner end of the tube or ferrule may abut. In any event,
I may use a swaging tool or die 32, roughly the reverse of
the tap type tool shown in FIGURES 1 through 3, to
swage or form the exterior of the ferrule or sleeve into a
thread configuration so as to distort or swage the interior
surface of the ferrule into locking contact with the ex-
terior of the workpiece. The swaging tool or die in this
case may be formed with an initial threaded or working
portion 34 which flares outwardly and a second portion
36 behind it which may be considered to be a constant
diameter or the like.

In the various forms shown, the intial portion, meaning
the tapered portion 24 in FIGURE 1, or the flared por-
tion 34 in FIGURE 4, may have radial reliefs of the
type shown in U.S. Patent No. Re. 24,572, while the fol-
lowing area or constant or cylindrical portion, as at 22
in FIGURE 1, or 36 in FIGURE 4, does not necessari-
ly need radial reliefs and, in fact, may be merely a con-
stant or uniform thread formation. But I find it con-
venient to apply the radial reliefs throughout the length
of the threads. Since the die type swaging tool in FIG-
URE 4 may be considered to be just the reverse of the
tap type swaging tool in FIGURE 1, it should be under-
stood that I may also run lubricating or fluid conducting
grooves down the radial reliefs dimensioned so that
they do not perform a cutting or chipping action. For
example, such grooves might be run down the low points
of the tap in FIGURE 1 and the high point of the die
type tool in FIGURE 4. As in the case of the FIGURE
1 arrangement, the ferrule may require a press fit or axial
pressure to get it on the workpiece 24 or it may slide on
easily.

Whereas the preferred form of the invention. has been
shown and described herein, it should be realized that
there are many modifications, substitutions and alterations
thereto within the scope of the following claim.

I claim: .

A method of interconnecting a relatively thin wall
tube formed of a ductile meaterial to a concentric surface
formed of a generally incompressible distortable material
and having a diameter on the order of the diameter of
the tube surface adjacent it, including the steps of supplying
a tube of sufficient ductility and thickness such that it will
deform radially when subjected to radially directed metal
swaging pressure, initially positioning the thin wall tube
in contact in concentric relationship with the concentric
surface and on the outside thereof, thereafter directly
applying metal working and swaging pressure to the
outside surface of the tube, the pressure being applied
at spaced, but limited axial areas, alternately applying
and relieving such pressure and the intensity thereof on
a uniformly cyclical basis to displace the inner and outer
surfaces of the tube both inwardly and outwardly from
their orginal diameters by approximately the same amount
and to cooperatively displace the material of the con-
centric surface, the pressure being of sufficient intensity
relative to the material and wall thickness of the tube and
material of the concentric surface such as to interlock
the tube with the concentric surface, with said concentric
surface being displaced both inwardly and outwardly,
following the inward and outward displacement of the
tube inner surface as said pressure is applied.
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