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[57] ABSTRACT

A flexible rod is attached to a spherical piston and in-
serted into a coiled hollow conduit through a sealed
junction at one end of the conduit. The outside diame-
ter of the rod is less than the inside diameter of the
conduit and a slight clearance exists between the pis-
ton and the conduit. Pressurized fluid is introduced
into the conduit at the sealed junction behind the pis-
ton. The fluid presses against the piston, thereby ex-
erting force on the rod and the rod is simultaneously
pushed from outside the junction. The fluid also acts
as a lubricant between the rod and the conduit and the
piston and the conduit. Because the fluid is flowing
through the conduit it provides dynamic lubrication of
the rod. In this manner the rod can be inserted many
angular turns past the total angular distance normally
computed using the equation for the “capstan effect”
for the case of simply pushing a rod into a coiled hol-
low conduit. It is thus practical, from a manufacturing
standpoint, to insert long lengths of rods into coiled
tubular members.

14 Claims, 3 Drawing Figures
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APPARATUS FOR INSERTING RODS INTO
COILED TUBES

BACKGROUND OF THE INVENTION

My invention is useful in the manufacture of clad
wire. Clad wire normally consists of two dissimilar me-
tallic materials, formed in such a manner that one
metal is completely encased by an outer cylinder
formed of the other metal. There is a metallurgical
bond between the two metals.

Heretofore, one method of making clad wire was to
run a wire, under tension, through a molten homogene-
ous bath of a dissimilar metal. Very often this process
had to be repeated several times. The wire introduced
into the bath was coated by the molten metal as it
passed through. This method is costly and requires pre-
cise controls to achieve the required coating and to
avoid the possibilities of melting or relaxing and
thereby thinning the core wire.

My invention eliminates the necessity of using a mol-
ten bath. According to the system described herein, a
practical and economical apparatus and method for
completely inserting a rod into a coiled hollow cladding
conduit is now possible. The clad wire can then be
formed by drawing the conduit containing the rod si-
multaneously through a reducing die by known meth-
ods.

The insertion of a rod into a conduit as a step in the
forming of clad wire was heretofore impractical from
a manufacturing standpoint. In order to form useful
lengths of the conduit and rod compositions, (500 feet
or more) in a reasonably sized manufacturing space,
the rod must be inserted into a conduit, which is coiled.
The length of rod that could be inserted into a coiled
conduit was governed by the diameter of the coil, since
a frictional effect, known as the capstan effect, pre-
vented insertion beyond about 4 or 5 complete turns of
the helical coil. According to the capstan equation, the
frictional force opposing the insertion of the rod into a
coiled conduit increases exponentially as the rod is in-
serted. The exponent in the capstan equation is directly
proportional to the total angular distance through
which the rod has been inserted. Accordingly, under
typical conditions, the force required to insert a rod
past a total angular distance of approximately 6w
radians is extremely high and cannot be overcome by
increasing the force exerted on the rod because of such
practical limitations as rod buckling, coil expansion or
conduit failure or rupture. As noted, the only way to
increase the length of rod inserted into the conduit; was
to increase the diameter of the coil by straightening the
tube out. Neither of these solutions is satisfactory from
a manufacturing standpoint, because in order to form
useful lengths of rod and tube composites, either exces-
sive manufacturing floor space or a very long room is
required.

The following United States patents disclose various
means for pulling a flexible member through a conduit
by means -of fluid pressure acting on a piston-like ele-
ment: Van Slooten et al. U.S. Pat. No. 105,015 pa-
tented July 5, 1870, Novotny U.S. Pat. No. 646,545 pa-
tented Apr. 3, 1900, Redmond Sr. U.S. Pat. No.
2,481,152 patented Sept. 6, 1949, Brown U.S. Pat. No.
2,508,659 patented May 23, 1950, Bailey U.S. Pat. No.
2,544,290 patented Mar. 6, 1951 and the Hamrick U.S.
Pat. No. 3,179,375 patented Apr. 20, 1965.
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In terms of the capstan effect, it makes no difference
whether the rod is inserted by pushing or pulling. Sim-
ply pulling on the rod does not eliminate the problem
of the angular distance limitation on insertion. Simply
lubricating the rod and conduit before inserting the rod
into the conduit only causes an increase in the total an-
gular distance, according to the capstan equation, past
which the rod can no longer be pulled, as compared to
the unlubricated case. If wire is to be made from the
rod-conduit combination, the lubricant must be re-
moved and such removal is difficult and expensive.

U.S. Pat. No. 524,507 issued Aug. 14, 1894 to Rob-
ertson discloses an apparatus for use in drawing metal
rods etc. The patent discloses an apparatus that simul-
taneously pushes and pulls a metal blank through a
drawing die. The metal blank is completely enclosed in
a housing into which a fluid under pressure is intro-
duced. The pressurized fluid pushes the rod through
the drawing die. While the rod is being pushed by fluid
pressure, the apparatus, as shown, can also exert a pull-
ing force on the rod and both forces can act in conjunc-
tion. The patent also discloses that the die and blank
may be lubricated.

The apparatus disclosed in the Robertson patent
could not be used for inserting long lengths of rod into
a long conduit which had been gathered into a helical
coil. It would obviously by physically impossible to en-
close the entire length of a rod with a length to diame-
ter ratio say greatly in excess of 10 in a sealed housing
and push upon it by fluid pressure and thereby drive it
into the coiled conduit, while simultaneously exerting
a pulling force on the rod by means of a tension mem-
ber passed inside the coiled tube. The Robertson appa-
ratus is practical only for inserting fairly short lengths
of rod, which will not buckle when compressed by the
driving fluid, through a short length of hollow tube. In
addition, the Robertson patent is not directed to over-
coming the additional frictional force created when a
rod is inserted into a curved hollow conduit, known as
the capstan effect.

It is an object of this invention to provide means for
forming practical lengths of a rod and conduit composi-
tion, within the practical limits of a reasonably sized
manufacturing space.

It is another object of this invention to overcome the
angular distance insertion limitation created by the
capstan effect, encountered when inserting rods into
coiled conduit sections.

A further object of this invention is to provide for an
improved bond between the conduit and rod, when ex-
truded together to form a copper clad aluminum wire.

Another object of this invention is to enable high
quality clad wire to be produced by means of a highly
efficient manufacturing process, through replacement
of one of the steps of the manufacturing process and
apparatus used therein with this invention.

Other objects of the invention will in part be obvious
and will in part appear hereinafter.

The invention accordingly comprises the several
steps and the relation of one or more of such steps with
respect to each of the others, and the apparatus em-
bodying features of construction, combination of ele-
ments and arrangement of parts which are adapted to
effect such steps, all as exemplified in the following de--
tailed disclosure, and the scope of the invention will be
indicated in the claims.
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SUMMARY OF INVENTION

As noted above, the invention provides a rod inser-
tion system, suitable for inserting long lengths of flexi-
ble rods into curved conduit sections. A piston is at-
tached to one end of the rod which is of slightly smaller
outside diameter than the inside diameter of the con-
duit, into which the rod will be inserted. The outside
diameter of the rod is less than the inside diameter of
the conduit, into which it will be inserted. A junction
is attached to one end of the conduit. The junction con-
tains an inlet for fluid under pressure and an opening
with a seal. This opening is sealed by the insertion of
the rod through the opening, thereby preventing the es-
cape of the pressurized fluid through it. The junction
has another opening, which allows the rod to pass into
the conduit as it is inserted through the junction. The
piston, with the rod attached behind it, is inserted past
the fluid inlet portion of the junction.

The rod is inserted into the conduit by the pulling
force created by the piston on the rod and by the simul-
taneous exertion of a pushing force, external to the
junction, in the direction of the conduit. The total an-
" gular distance through which the rod can be inserted is
much greater than the angular distance through which
the rod could be inserted by means of either an inde-
pendent pushing or pulling action, which would itself
be of a force equal to the maximum combined simulta-
neous pushing and pulling forces, exerted in the opera-
tion of the present invention. This comes about be-
cause the pressurized fluid, which exerts a force against
the piston, also acts as a dynamic lubricant between the
rod and conduit. The fluid also leaks or flows past the
piston and thereby dynamically lubricates the piston
and conduit contact surfaces. The driving fluid used
can be a solvent, which will then clean both the rod and
the conduit, thereby allowing a more perfect bond to
form between them when they are drawn down to-
gether into clad wire. Thus clad wire of very high qual-
ity can be produced in a very practical and efficient
manner.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects
of the invention, reference should be had to the follow-
ing detailed description taken in connection with the
accompanying drawings, in which:

FIG. 1 is a pictorial of the apparatus embodying the
invention;

FIGS. 2 and 3 are plan views, partly in section, of the
apparatus illustrated in FIG. 1.

DETAILED DESCRIPTION OF INVENTION

FIG. 1 shows a coiled conduit 4 wound on a mandrel
38 which rests on a support 36. Rod 2 has been par-
tially inserted into junction 6 and conduit 4. Fluid
under pressure is supplied by the pump 20 to junction
6. At the other end of the conduit 4 is placed a reser-
voir 28 for supplying the fluid and collecting the fluid
that flows through conduit 4. The fluid then passes
through outlet pipe 30 into return pump 32 and then
through return pipe 34 to pump 20. A feeder 22 is
shown applying a pushing force to aid in the insertion
of the rod 2. The feeder 22 can be a pair of counter-
rotating sheaves which apply a frictional force to the
rod 2 in the direction of insertion, which are driven by

a frictional clutch. In a simpler mode of operation, the
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feeder 22 can be eliminated and a pushing force 13 ap-
plied by hand in the direction of insertion external to
the junction.

FIG. 2 shows a section of the conduit 4 cutaway and
exposing part of rod 2. A piston 10 is attached through
attachment means 12 to one end of rod 2. The piston
10 is of slightly smaller outside diameter than the inside
diameter of conduit 4. Therefore there is a slight clear-
ance between the conduit 4 and piston 10 at point 26.
I have found that the invention will operate with an av-
erage clearance of 0.0025 inches, between a piston 10
and the interior surface of conduit 4, with an inside di-
ameter of 0.165 inches. The rod 2 is of a smaller out-
side diameter than the inside diameter of conduit 4. I
have found that for a conduit 4 having an inside diame-
ter at 0.165 inches, that I had no difficulty in inserting
a rod with an outside diameter of 0.118 inches, which
leaves an average clearence of 0.0235 inches between
rod 2 and conduit 4. Normally the piston 10 is spherical
and the inner surface of the conduit 4 and the exterior
surface of the rod 2 are cylindrical in shape. I have also
found it best to minimize the contact aréa between the
rod 2 and the piston 10 and to use an attachment 12
having a smaller outside diameter than the outside di-
ameter at the rod 2. In this manner the exposed surface
area of the piston 10 facing towards the rod 2 is maxi-
mized. The conduit 3 is connected to the junction 6 at
the opening 14. The junction 6 provides an inlet 18 for
introduction of fluid under pressure into the junction.
At the end of the junction, opposite the conduit, is an
opening 16 in which is placed a flexible seal 8. The seal
8 prevents the escape of fluid through the opening 16
while the rod is being inserted. The rod is inserted in
the direction shown by arrow 36. .

The method of operation is as follows. The piston 10
is attached to one end of the rod 2. Rod 2 is coiled to
the radius of curvature of the coiled conduit before in-
sertion. This may be done by the counter-rotating
sheaves previously mentioned which can be adjusted to
provide the correct radius of curvature to the rod be-
fore insertion. The end of the rod 2, with the piston 10
attached to it, is inserted into opening 16 past the inlet
18. Fluid under pressure is then introduced through
inlet 18 into the junction 6, behind piston 10. The fluid
pressure is maintained at an approximately constant
value. The fluid pushes on the piston 10 causing it to
pull on the rod 2. Simultaneously a pushing force, ex-
ternal to the junction, is applied to the rod in the direc-
tion of arrow 36. The fluid can leak around the piston
10 if it is of a smaller outside diameter than the inside
diameter of conduit 4. As the fluid passes around the
piston 10 and the volume of fluid in the conduit 4 in-
creases as the piston 10 progresses through the conduit
4, the pump 20 supplies additional fluid at an approxi-
mately constant pressure. The fluid that leaks past the
piston 10 flows through the conduit 4 and is collected
in reservoir 28 and from there is returned through out-
let 30 by pump 32 through pipe 34 to pump 20. Obvi-
ously, if the fluid leaks past the piston, as it flows along
the rod 2, a boundary layer forms along the rod:. This
flowing boundary layer maintains the rod centered in
the conduit and out of contact with the conduit wall.
Should the rod tend to engage the wall of the conduit,
the flowing fluid will develop a force tending to center
the rod in the tube and maintain it there. Thus the fric-
tion between rod and tube is essentially surrounded by
flowing fluid.
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The fluid used can also be a solvent, and it will there-
fore clean the interior surfaces of the conduit 4 and the
surface of the rod 2. I have found that trichloromo-
nofluoromethane performs remarkably well in this ap-
plication. This product is sold by E. I. duPont deNe-
mours & Co. under the trademark Freon-11. This ma-
terial can readily be removed from the surfaces of the
rod 2 and conduit 4 after insertion of the rod into the
conduit by merely blowing warm air into the rod-
conduit combination. When the rod 2 is fully inserted
into conduit 4 and they are drawn down together, a
more perfect union or bond is formed between them,
if the contact surfaces are clean which is accomplished
by the Freon-11.

Referring to FIG. 3, the total angular distance of in-
sertion of rod 2 into conduit 4 is measured from the
center of piston 10. Heretofore, it has only been possi-
ble to insert a rod into a coiled conduit through a total
angular distance of approximately 67 radians, when
only a separate pushing or pulling force has been ap-
plied. The frictional force that opposes the motion of
the rod inside a coiled conduit inserted in this manner
is given by the following expression, known as the cap-
stan equation:

T = T,eM?

where T is the frictional force of opposition;

T, is a constant;

# is the coefficient of friction between the rod and

conduit; and

0 is the total angular distance through which the rod

is inserted.

For value of u between 0.1 and 0.3 (which are con-
ventional for static lubrication) at a value of 6 between
about 87 and 107 radians it becomes physically impos-
sible to overcome the frictional force opposing the mo-
tion of the rod without buckling. This force is created
by the fact that the rod bears against the conduit as it
is being inserted. As more of the rod is inserted the
force necessary to overcome the frictional resistance
increases and therefore the bearing force exerted by
the rod on the conduit increases.

In the apparatus and procedure of my invention, as
described above, [ am able to exceed the limitation on
the number of turns described above by essentially sub-
stantially reducing the value of p, the friction in my in-
vention being merely that between the rod and the
flowing fluid layer between the rod and the conduit. As
described above, the flowing pressurized fluid tends to
center the rod in the conduit.

Another secondary factor which tends to increase the
achievable number of turns is that the rod is both
pushed and pulled. If the rod is pushed, it exerts a bear-
ing force outwardly from the center of the coil, and if
it is pulled, it exerts a bearing force inwardly towards
the center of the coil, on the conduit. According to my
invention, the angular distance limitation imposed by
either pushing or pulling on the rod is partially over-
come by simultaneously pushing and pulling on the rod.
If both forces are applied simultaneously the bearing
forces tend to cancel each other along the length of the
rod. If both forces are of equal magnitude, theoretically
the rod will not bear on the conduit and the capstan ef-
fect would be completely eliminated. In reality it is al-
most impossible to entirely eliminate this effect, but it
does tend to reduce it. :

I have found it possible, using this invention, to insert
a rod through an angular distance of 1207 radians
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which is substantially greater than the limiting angular
distance encountered when one merely uses static lu-
brication. While to date this is the longest coil into
which [ have inserted a rod, this value did not appear
to be a limit.

This invention not only has application in the manu-
facture of clad wire, but in the construction of coaxial
cables, concentric heat exchange tubes, multiple lami-
nates and other areas where it is necessary to form
lengths of concentric or laminated items.

Further, the insertion system as shown is of course
not limited to inserting a solid cylindrical tube into a
coiled or cylindrical conduit; this particular use is
shown only by way of specific illustration. This inven-
tion has application in any instance where the conduit
i¢ placed in a non-linear arrangement.

It will thus be seen that the objects set forth above,
among those made apparent from the preceeding de-
scription, are efficiently attained and, since certain
changes may be made in carrying out the above process
and in the construction set forth without departing
from the scope of the invention, it is intended that all
matter contained in the above description or shown in
the accompanying drawings shall be interpreted as il-
lustrative and not in a limiting sense.

It is also to be understood that the following claims
are intended to cover all of the generic and specific fea-
tures of the invention herein described, and all state-
ments of the scope of the invention which, as a matter
of language, might be said to fall therebetween.

Having described my invention, what I claim as new
and desire to secure by Letters Patent is:

1. Apparatus for use in inserting a rod into a non-
linearly arranged conduit comprising:

means for introducing pressurized fluid into said con-

duit and for causing said fluid to flow through said
conduit in the direction in which said rod is to be
inserted; and

means external to said conduit for pushing said rod

into said conduit while said rod is being inserted
therein and while said fluid is flowing therethrough.

2. Apparatus for use in inserting a rod into a non-
linearly arranged conduit comprising:

means for pumping and pressurizing a fluid;

a junction secured at one end of said conduit having

a first port for allowing said rod to pass into said
junction, a second port for introducing the pressur-
ized fluid from said means for pumping and pres-
surizing into said junction, and a third port for al-
lowing said rod and said fluid to enter into said con-
duit; and

means external to said conduit for pushing said rod

into said conduit, while said rod is being inserted
therein and while said fluid is flowing therethrough.

3. The apparatus according to claim 2 further includ-
ing a piston-like element attached to one end of said
rod, having a transverse cross sectional area slightly
less than the transverse internal cross sectional area of
said conduit, for pulling said rod when inserted into
said conduit and acted upon by said fluid.

4. The apparatus according to claim 2 further includ-
ing collecting means placed at the end of said conduit
not connected to said junction, for collecting said fluid
passing through said conduit.

5. The apparatus according to claim 4 further includ-
ing return means for returning fluid from said collect-
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ing means to said means for pumping and pressurizing
said fluid.
6. The apparatus according to claim 2 wherein said
Jjunction includes flexible sealing means located at said
first port for allowing said rod to pass therethrough
without permitting the escape of pressurized fluid.
7. Apparatus for use in inserting a rod into a non-
linearly arranged conduit comprising:
a fluid under pressure;
a junction secured at one end of said conduit having
a first port for allowing said rod to pass into said
junction, a second port for introducing said fluid
into said junction, and a third port for allowing said
rod and said fluid to enter into said conduit; and

means for pushing said rod externally of said conduit,
while said rod is being inserted into said conduit
and while said fluid is flowing therethrough.

8. The apparatus according to claim 7 further includ-
ing a piston-like element attached to one end of said
rod, having a transverse cross sectional area slightly
less than the transverse internal cross sectional area of
-said conduit, for pulling said rod when inserted into

20

25

30

35

40

45

50

55

60

65

8

said conduit and acted upon by said fluid.

9. The apparatus according to claim 7 wherein said
fluid possesses lubricous properties.

10. The apparatus according to claim 7 wherein said
fluid possesses the properties of a solvent.

11. The apparatus according to claim 10 wherein said
fluid possesses lubricous properties.

12. The apparatus according to claim 7 further in-
cluding collecting means, placed at the other end of
said conduit, for collecting said fluid passing through
said conduit.

13. The apparatus according to claim 12 further in-
cluding return means for returning said fluid from said
collecting means to said junction, said return means in-
cluding means for pressurizing said fluid and delivering
said fluid to said junction.

14. The apparatus according to claim 7 wherein said
junction includes flexible sealing means located at said
first port for allowing said rod to pass therethrough

without permitting the escape of said pressurized fluid.
* * * ] *



