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ABSTRACT OF THE DISCLOSURE

Apparatus for finning tubes comprising three arbors
provided with a multiplicity of finning discs and inclined
at an angle such that two-start fins are produced. The
discs are separated by a spacer into groups. T he first group
is composed of a plurality of pairs of identical discs hav-
ing peripheral portions the side walls of which converge
at an angle of approximately 13% degrees, the diameters
of the pairs of discs increasing progressively, and the
edge surfaces of the pairs of discs being of circular cross-
section of progressively increasing radius. The discs of
the second group are all of progressively increasing di-
ameter and of generally increasing cross-sectional periph-
eral radius.
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It is an object of the present invention to provide a
novel arrangement of discs on the arbors for the purpose
of producing fine pitch helical fins on tubing.

More specifically, it is an object of the present inven-
tion to provide the discs on each arbor in two groups
which are spaced apart a substantial distance, the first
group of discs constituting a group effective principally to
displace metal from the fin root spaces, and the second
group effective principally to shape the fin profile.

It is a further object of the present invention to provide
the arbors as described in the foregoing with the common
perpendicular to the axis of each arbor and the axis of
the tube being located adjacent the first disc of the sec-
ond group of discs on each arbor.

It is a further object of the present invention to provide
tube finning apparatus as described in the foregoing in
which the first group of discs on each arbor comprises
three different sizes of discs and the discs on the several
arbors are arranged such that each space formed between
each adjacent pair of fins is traversed by three discs of
the same diameter in order.

Other objects and features of the invention will become
apparent as the description proceeds, especially when
taken in conjunction with the accompanying drawings,
illustrating a preferred embodiment of the invention,
wherein:

FIGURE 1 is a diagrammatic elevational view of an
arbor containing fin forming discs.

FIGURES 2 and 3 are fragmentary elevational views
on an enlarged scale showing the cross-sectional shape
of the peripheral portion of certain of the finning discs.

FIGURE 4 is a diagrammatic view illustrating the rela-
tionship between a tube being finned and the three finning
rolls.

FIGURE 5 is a diagrammatic view illustrating the rela-
tionship and sequence of operation of the several discs
on the several arbors.

The development of fine pitch integral finned tubing
has been made possible by a departure from prior con-
ventional methods of fin formation. When employing the
usual or standard progression of diametral increases it

was found that the finned tubing was unsatisfactory be- .

cause of root diameter defects or overlays occurred as
well as “whiskers.” “Whiskers” is the term applied to fine
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slivers of metal which are partially separated from the
finned tubing adjacent the roots of the fins. This problem
has been overcome by arranging the discs in a particular
sequence, by employing a disc as the first disc of the sec-
ond group of discs on one arbor which is smaller than
the last disc of the first group.

The provision of the small disc as the first disc of the
second group of discs of course changed the tracking
relationship of the succeeding discs.

The necessity for a change in tracking and cold work-
ing relationship of discs is due not only to elongation
which takes place in the initial start of the multiple fin-
ning and disc design, but also in the transition from raw
stock diameter to root diameter as the helix angle changes
with the diameter change. Disparities of the two diameters
(that is, raw stock diameter and final root diameter) are
great enough that proper tracking cannot exist from the
raw stock outside diameter to final root size.

This development also has required a change in spacer
design and location. While normal 19-fin tubing for ex-
ample, has employed two spacers, it has been found neces-
sary to use a single spacer for the fine pitch or 26-fin
production, The spacer is designed to overcome the elon-
gation of the tube created in starting, provide for the tube
to return to a state of equilibrium, place succeeding discs
in proper relationship to the original fins which have
so far been produced, and prevent squaring of the tube.
The spacer location is not only for fin formation, but for
the necessity of making a continuous diametral transition
from the beginning raw stock size to root diameter size.
1t has been found that not only the disc arrangement but
also the arbor location is an important factor in permit-
ting commercial production of 26-fin tubing.

Referring now to the drawings, there is illustrated in
FIGURE 1 an arbor 11 having first and second groups
of discs 12 and 14 thereon separated by a spacer 16. As
shown, the assembly of discs and spacers is clamped
against a radially extending flange 18 on the arbor by
suitable means such for example as a clamping nut z0
or the like.

In practice, three arbors are employed spaced at ap-
proximately 120-degree intervals around the path of ad-
vance of a tube, a portion of the tube being indicated
at T in FIGURE 1.

The three arbors are rotated in unison with the tube
and due to the crossed angular relationship, the rotation -
of the arbors causes the tube to advance as it rotates,
thus forming helical grooves thereon and ultimately
shaping the metal between adjacent convolutions into the
form of efficient heat transfer fins. In accordance with
the present invention the angle at which the axis of the
arbor, here indicated at 22, crosses with respect to the
axis of the tube T, here designated 24, is such that during
one revolution of the tube the tube advances a distance
equal to the thickness of two discs. Accordingly, two fin
formations are produced starting at diametrically oppo-
site points on the end of the advancing tube.

The first groups of discs 12 on the several arbors is
primarily for the purpose of beginning fin formation and
produces the major metal movement as the root diameter
is formed and pushed down. Once the primary fin is
formed the succeeding discs operate principally to con-
trol the profile of the fins, and the changes produced by
the discs in the second group are accordingly of smaller

5 magnitude.

In general, the discs in the first group are shaped to
have their peripheral portions relatively narrower so as
to penetrate more readily into the material of the raw
tube stock. In practice, the assembly of discs is made up
of ten differently shaped and dimensioned discs which
have been identified in the drawings by the numbers 1-18.
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Referring to FIGURE 1, it will be observed that the
first group 12 of dissc comprises six discs, being from
starting end two No. 1§ discs, two No. 9 discs, and two
No. 8 discs. Intermediate the groups of discs 12 and 14 is
the cylindrical spacer 16. The second group of discs com-
prises a single relatively small No. 10 disc, followed in
order by discs in the sequence: Nos. 7, 6, 5, 4, 3,2, 1, 1.
It will be observed from the figure that the arbor is dis-
posed such that a line perpendicular to the axis 22 of the
arbor and also perpendicular to the axis 24 of the tube T
is adjacent the No. 7 disc of the second group of discs,
this point being indicated in FIGURE 1 at 26.

Referring now to FIGURES 2 and 3, in FIGURE 2
there is diagrammatically shown at 28 the elevational
view of a portion of the periphery of one form of disc,
this being the type of disc used for discs Nos. 7-16. It
will be observed that the extreme edge of the disc is
relatively narrow and that its sides are inclined at a sub-
stantial angle. It may be mentioned at this time that all
of the discs are of identical thickness at their central por-
tions.

Referring to FIGURE 3, there is illustrated at 3¢ the
other type of disc which is used in producing the discs
Nos. 6-1. This disc differs essentially from the disc hav-
ing the peripheral portion 28 in that it is relatively wider
at the extreme periphery, and its side portions are tapered
at a lesser angle.

The significant changes from disc to disc is represented
in the table below, where diameter of the discs is repre-
sented by D, the radius of curvature of the peripheral
cross-section is represented by R, and the angle of the
sides by F.

Disec No. Diam., D Radius R Angle
F (degrces)
2. 062 . 010 5
2. 060 . 010 5
2. 057 . 009 5
2. 054 . 008 5
2. 050 . 007 5Y4
2. 45 . 007 7
2. 040 . 006 9
2. 029 . 006 1314
2.024 . 00565 1315
1.995 . 005 1332

It will of course be appreciated that all of the discs
from No. 10, which is the smallest, to No. 1 which is the
largest, are of a progressively increasing major diameter.
The increase in diameter between the first discs to contact
the tube (that is, the higher numbered discs) is greater

than the increase in diameter between the final or lower |

numbered discs. Thus for example, the difference in diam-
eter between the consecutive sizes of discs from the No. 6
to the No. 1 disc may decrease from about .006 to about
.002 inch. On the other hand, the difference in diameter
between the No. 16 and the No. $ disc may be approxi-
mately .030 inch, and the increase in diameter between
the No. 8 and the No. 7 disc may be about .010 inch.

Not only are the consecutive discs of increasing height,
but their shape is also modified so as to produce a thin-
ning and desired shaping of the material of the fins as it
is formed outwardly by displacement.

In describing the disc forming roll shown in FIGURE
1, this was intended to be typical and in practice two
differently constituted fin forming rolls are provided. The
roll shown in FIGURE 1 is unique and the remaining
two rolls differ in the omission of the relatively small
No. 16 disc which constitutes the first disc of the second
group 14 of discs.

Referring now to FIGURES 4 and 5 there is illustrated
the exact arrangement of discs on the arbors and the ar-
rangement of the rolls with respect to the tube.

Referring first to FIGURE 4, the tube is illustrated at
T with a partially formed fin F thereon. The tube is shown
in simultaneous contact with discs on three arbors identi-
fied respectively as A1, A2 and A3, In this figure the di-
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rection of rotation of the tube and arbors is as illustrated
and it will therefore be observed that amy particular
point on the tube moves in sequence from discs carried
by the arbor A1 to discs carried by the arbor A2 and the
discs carried by the arbor A3.

Referring now to FIGURE 5 there is illustrated dia-
grammatically the arrangement of the several discs on
the several arbors, and in addition, the special relation-
ship between the arbor is indicated. In this figure the
arbors Al, A2 and A3 are identified. It will be observed
that the arbor A2 has the first group 12 of discs made up
in the sequence 19, 16, 9, 9, 8, 8. The spacer 16 has a
length which is approximately 7.2 times as great as the
width of each of the discs. This causes the discs of the
second group 14 to engage with a minimum of axial stress
the spaces between adjacent fins as they have been formed
by the discs of the first group. The second group 14 of
discs on arbor A2 is made up of discs in the following
sequence: 10,7, 6, 5,4, 3,2, 1, 1.

The arrangement of discs on the arbors Al and A3
are identical. The left hand or first group of discs 12 on
these arbors is made up of discs in the following sequence:
10, 16, 9, 9, 8, 8. Identical spacers 16 are employed on all
arbors. On the arbors A3 and A1, the second group of discs
14 is made up with the following sequence of discs: 7, 6, 5,
4,321, 1.

It will thus be seen that the second group of discs on
the arbor A2 differs from the second group of discs on
the arbors Al and A3 in the provision of a small No. 18
disc as the first disc of the second group.

It will be understood that in order to provide double-
start helical finning the second No. 1§ disc on the arbor
A2 will initiate formation of a fin space at a point 180
degrees from the start of the fin space formed by the left
hand disc No. 10. In other words, the advance of the tube
due to the angular relationship of the arbors is such
that when the start of the helical space, groove or channel
initiated by the left hand disc No. 10 has reached a point
180 degrees, or at the diametrically opposite side of the
tube from the arbor A2, then the second No. 1¢ disc on
the arbor A2 will initiate its operation.

From the foregoing, and from a consideration of FIG-
URE 4, it will be observed that the sequence of spaces on
any particular area of the tube with respect to the arbors
is A2, A3, Al, A2, A3, etc. In FIGURE 5 there is a dia-
gram illustrating the sequence of operation of the several
discs on the several arbors to produce the helical grooves
on the tube, the grooves of course providing the fins there-
between. In this figure the full lines S1, S2, S3, etc.
indicate the progression of a groove or space formed by
the rolls, and the dotted lines connecting the ends of the
full lines merely represent the travel or advance of the
groove or space as it is being formed from the arbor Al
to the arbor A2.

From the foregoing it will be observed that one of the
two continuous helical grooves or channels formed by
the rolls is acted on in the following sequence: Left hand
disc No. 10 on arbor A2, left hand disc No. 10 on arbor
A3, left hand disc No. 18 on arbor Al, left hand disc No.
9 on arbor A2, left hand disc No. 9 on arbor A3, left hand
disc No. 9 on arbor A1, left hand disc No. 8 on arbor A2,
left hand disc No. 8 on arbor A3, left hand disc No. 8 on
arbor Al, . .. disc No. 7 on arbor A2, disc No. 6 on
arbor A3, disc No. 6 on arbor A1, disc No. 5 on arbor A2,
disc No. 4 on arbor A3, disc No. 4 on arbor Al, disc No.
3 on arbor A2, disc No. 2 on arbor A3, disc No. 2 on arbor
Al disc No. 1 on arbor A2, disc No. 1 on arbor A3, and
disc No. 1 on arbor Al. Therefore, the sequence of action
of the differently sized discs in producing the illustrated
groove of FIGURE 5 is: 10, 106,10, 9,9, 9,8, 8,8, . . .
7,6,6,5,4,4,3,2, 2,1, 1, 1. Similarly, the other groove
which is formed by the discs is acted on by differently
sized discs in the following sequence: 10, 10, 16,9, 9,9,
8,88, ...10,7,7,6,5,5,4,3,3,2,1,1, 1.
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From the foregoing it will be apparent that each groove
is initially formed by engagement with three discs No.
10, three discs No. 9, three discs No. 8; and in the second
group by a progression of discs from No. 7 to No. 1 with
two identical discs acting in sequence intermediate action
between single discs of selectively smaller and larger size
respectively.

From the table presented in the foregoing it will be
observed that the increase in diameter between successive-
ly sized discs, starting with the small disc No. 18, is .029,
.005, .011, .005, .004, .003, .003, and .002. In general terms
it will be observed that the amount by which successive
discs increase in diameter diminishes toward the finishing
section of each arbor. Similarly, it will be observed that
the radius determining the shape of the entering edge por-
tion of the successive discs, commencing with the small
disc No. 18, increases as follows: .0005, .0005, no change,
.0010, no change, .0010, .0010, .0010, no change.

Similarly, it will be observed that the angle F between
the sides of the edge portions of the discs, starts at the
relatively large value of 13% degrees for discs Nos. 10-8
and thereafter, decreases successively to 9 degrees for disc
No. 7, 7 degrees for disc No. 6, 5% degrees for disc No.
5, and 5 degrees for discs Nos. 4-1.

With this arrangement the entry of the discs into the
material of the tube is facilitated while the shaping of
the discs in the second group results in proper forming of
the fins. The foregoing arrangement is essential in the
production of the exceptionally fine pitch finned tubes to
which the present invention relates.

The drawing and the foregoing specification constitutes
a description of the improved apparatus for producing
integral finned tubing of fine pitch in such full, clear, con-
cise and exact terms as to enable any person skilled in
the art to practice the invention, the scope of which is
indicated by the appended claims.

What I claim as my invention is:

1. Apparatus for forming exceptionaly fine pitch heli-
cal fin formations on tubing which comprises three arbors
positioned with their axes spaced laterally from and sub-
stantially equally spaced around the axis along which
a tube advances during a progressive finning operation
and disposed at a small angle with respect thereto, a
plurality of finning discs mounted on said arbors for
rotation therewith, said discs being of generally increas-
ing diameter in the direction of advance of the tube, of
increasing peripheral cross-section radius of curvature,
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and of decreasing angularity between peripheral portions
of the side walls of the discs, a spacer on each of said
arbors providing axial separation between a first and a
second group of discs, said arbors being disposed at the
angle at which their axes cross the axis of advance of
the tube such that continuous two-start helical finning is
produced, the discs of the first group to engage 2 given
portion of an advancing tube being provided in a plurality
of pairs of identical discs, the second group on each arbor
comprising discs of progressively increasing diameter from
disc to disc.

2. Apparatus as defined in claim 1 in which the in-
cluded angle between the side portions adjacent the
periphery of all discs making up the first groups of discs
is approximately 27 degrees.

3. Apparatus as defined in claim 2 in which the in-
cluded angle between the side portions adjacent the pe-
riphery of the last several discs of the second groups is
approximately 10 degrees.

4. Apparatus as defined in claim 1 in which the first
disc in the second group of discs on one of the arbors
is a relatively small diameter disc having substantially
the same diameter as the first disc of the first groups of
discs, the first discs of the remaining two second groups
of discs on the remaining twe arbors being of larger
diameter than the last disc in the first groups of discs.

5. Apparatus as defined in claim 1 in which the aver-
age difference between the diameters of adjacent discs de-
creases progressively in the direction of tube advance.

6. Apparatus as defined in claim 1 in which the discs
have edge portions of circular cross-section, the radius of
curvature of the cross-section of the edge portions of the
discs increasing in the direction of tube advance from
about .0050” to about .0100"".

7. Apparatus as defined in claim 6, the radius of curva-
ture increasing by about .0005” between adjacent discs
in the first group and by about .0010" between most of
the different sized discs in the second group in the direc-
tion of tube advance.
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