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The present invention relates to ?ne pitch ?nned tubing 
and method of producing the same. 

It is an object of the present invention to provide a 
method for producing ?nned tubing in which a ?nned sec 
tion is interposed between two plain sections and in which 
the pitch of the ?ns in the ?nned section is relatively ?ne 
as for example between 1A5 and 1/32 inch. 

It is a further object of the present invention to pro 
vide a method of ?nning tubes by providing a ?nning roll 
composed of a plurality of discs of progressively increas 
ing diameter from one end to the other, providing a rela 
tive feed between the roll and tube in a direction radially 
inwardly of the tube to move the roll to ?rming depth with 
respect thereto, providing continuous timed rotation of 
the roll and tube, maintaining the roll at a skew angle 
with respect to the tube so that the rolling contact between 
the roll and tube provides an axial movement of the tube, 
and increasing the skew angle continuously during the in 
terval between initial contact between the roll and tube 
and the arrival of the roll at ?nning depth. 

It is a further object of the present invention to provide 
a method as described in the preceding paragraph which 
comprises initially locating the roll at a taper angle at 
initial contact between the roll and tube ‘such that the 
initial contact is between the disc of least diameter and 
the tube, and which comprises further the step of decreas 
ing the taper angle continuously during the interval be 
tween initial contact between the roll and tube and arrival 
of the roll at ?nning depth. 

It is a further object of the present invention to provide 
a method as described in the preceding paragraph in which 
the taper angle is reduced to an angle not substantially 
greater than zero when the roll is at ?nning depth. 

It is a further object of the present invention to provide 
a ?nned tubing in which the ?ns have a height at least as 
great as the pitch, and in which the frequency of ?ns is 
at least 26 ?ns per inch. 

Other objects and features of the invention will become 
apparent as the description proceeds, especially when taken 
in conjunction with the accompanying drawings, illustrat 
ing a preferred embodiment of the invention, wherein: 
FIGURE 1 is an enlarged fragmentary sectional view 

illustrating the form and arrangement of the tube engag 
ing portions of a roll. 
FIGURE 2 is a plan view of a roll and tube in starting 

position. 
FIGURE 3 is an elevational view of the roll and tube 

of FIGURE 2. 
FIGURE 4 is a plan view of the roll and tube in rolling 

position. 
FIGURE 5 is an elevational view of the roll and tube 

of FIGURE 4. 
FIGURE 6 is a section of ?nned tubing produced in 

accordance with the present invention. 
Integrally ?nned tubing has long been produced by an 

operation in which a tube is engaged by a plurality, usual 
ly three, ?nning rolls spaced uniformly about its periphery, 
each of the rolls being formed of a stack of discs of 
progressively increasing diameter positioned with their 
axes at skew angles with respect to the axis of the tube so 
that as the rolls are rotated, rotation and axial advance 
are transmitted to the tube and at the same time the ma 

10 

15 

30 

40 

45 

60 

65 

70 

3,31‘27,5 l2 
Patented June 27, 1967 

rice 
2 

terial of the tube wall is rolled into one or a plurality of 
continuous integral helically extending ?ns. It has long 
been recognized that the ?ner the pitch, the more di?'icult 
the manufacturing process becomes. In the interaction be 
tween the forming tools or rolls and the tube, accommV’ 
dations which are readily made for coarse pitch ?nning 
are not available in ?ne pitch ?nning. 

In the past, integral ?nned tubing in which the ?n pitch 
was approximately 1/25 inch has been made commercially 
although the process was not economical, and at the pres 
ent time such tubing is not offered commercially. 

In accordance with the present invention ?ns having a 
pitch of down to 1/36 inch become practical. While the 
present invention makes available for the ?rst time a com 
mercial offering of very ?ne pitch tubing, as for example ‘ 
from 1/26 to 1/36 inch, it nevertheless offers advantages in 
the formation of ?ns whose pitch is not as ?ne as the 
extremely ?ne pitch of the example. Actually, the present 
invention offers substantial commercial advantages in 
producing ?nned tubing in which the pitch is at least 15 
?ns per inch. 
The present invention has particular application in the 

production of ?nned tubing of the type in which a ?nned 
section of tube is provided intermediate to adjacent plain 
or un?nned sections. In this type of tubing the production 
involves the feeding of the rolls radially inwardly into the 
tube to ?nning depth. This relative infeed is required to 
be somewhat gradual with the result that during the in 
terval between initial contact of the rolls with the work 
piece and the arrival of the rolls at ?nning depth, there is 
produced on the work piece an imperfectly ?nned transi 
tion zone in which the ?ns are of gradually increasing 
height until at the end of the transition zone they reach 
full height and proper form. 
With the ?xed angle type of rolling generally used, con 

sisting of a series of discs of progressively graduated 
diameters, there exists a certain amount of “built-in” mis 
alignment between the tools and the embryonic ?ns which 
begin forming on initial contact between the rolls and the 
tube. This misalignment results from the fact that the 
?nish discs of large diameter engage the work before the' 
cutting disc or discs of smaller diameter and from the fact 
that the discs of different diameter inherently extend to 
different diameters on the work piece, and hence gen 
erate or tend to generate ?ns of different helix angles. 
This of course is because at constant pitch the helix angle 
is a function of diameter. 
The troublesome situation in starting the production of 

extremely ?ne pitch ?nned tubing arises in part because 
of the fact that the ?ns will be thinner, measured axially 
of the tubing, the ?ner the pitch of the tubing. Aside from 
the necessity to conserve metal, the ?ns must be made 
thinner in order that the clearance between adjacent ?ns 
will be sut?cient to give a geometry that will function 
properly in service. This aspect is important both to avoid 
the overlapping of laminar sub-layers when ?uids are mov-' 
ing cross-?ow around the ?ns, and also from the stand 
point of condensate retention when the ?nned tubing is 
used for condensing vapors. In either case, the heat trans 
fer performance can be seriously affected. For these rea 
sons it is required that as the pitch of a ?nned tube is 
made ?ner, the ?ns will be made correspondingly thinner. 
When the ?ns are as thin as required for the extremely 

?ne pitch ?nned tubing contemplated herein, the slight 
misalignments between the ?nning tools and the individual 
discs thereof and the tube, which take place during radial 
infeed of the rolls as practiced conventionally heretofore, 
in which the rolls have ?xed angles of skew and ttaper, 
cannot be tolerated. Thin ?ns are not strong enough in 
the direction parallel with the axis of the tube to permit 
the distortion and therefore they strip off, resulting in a 
“garbled contour” and the excessive production of spoiled 
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work or scrap. However, by the method disclosed herein, 
the misalignment problem in starting is overcome and 
scrap resulting from spoiled starts may be eliminated even 
when producing ?nned tubing of extremely ?ne pitch. 

In accordance with the present invention the ?nning 
rolls which are normally driven in rotation are moved 
radially inwardly of the tubing from a position in clear 
ance with respect to the tubing to a working position at 
?nning depth. During this radial infeed movement of the 
rolls the skew and taper angles are simultaneously and 
continuously varied so that the cutter disc or discs of the 
minimum diameter properly preform the ?ns which are 
subsequently developed by the action of the ?nishing discs 
of larger diameter and the misalignments which have here 
tofore led to shearing off of the ?ne pitch ?ns is elim 
inated. It is essential to note that the present invention 
involves a dynamic or in-process change of the taper and 
skew angles. It is to be sharply distinguished from the use 
of heads in which the taper and/or skew angles of the 
rolls may be adjusted beforehand. 

Referring now to the ?gures, FIGURE 1 shows a frag 
mentary sectional view through a portion of a ?nning 
roll. In this ?gure it will be observed that there are pro 
vided a plurality of discs designated 10, 12, 14, and 16, 
all of which are of uniform thickness so as to provide a 
constant pitch. The edges of the discs are shaped so that 
the discs are of progressively increasing diameter from 
the initial disc 10 to the ?nal disc 16. In addition, it will 
be observed that the initial disc 16, which is referred to 
as a cutter disc, has its peripheral portion shaped to a 
relatively thin cross-section. The second disc 12, while 
of slightly greater diameter than the disc 10, also has its 
peripheral portion shaped so that it too may be referred 
to as a cutting disc. The discs 14 and 16, which are of 
increasing diameter, have their peripheral portions shaped 
more bluntly so as to provide the desired contour to the 
bottoms of the spaces between the ?ns on the tube. In 
this ?gure a series or stack of four discs is illustrated but 
it is common to use more than four, and in fact, in FIG 
URES 2—5, the rolls are illustrated as provided with ?ve 
discs in each stack. 

In conventional ?nning in which the entire length of 
tube is provided with ?ns, the end of the tube is advanced 
into the space between the sets of rolls so that the tube 
?rst contacts the cutting disc 10 and thereafter progres 
sively contacts the cutting disc 12 and the ?nishing discs 
14 and 16 and other if provided. However, when it is 
desired to produce a ?nned section intermediate a pair 
of plain or un?nned sections, then the initiation of the 
?nning operation has in the past been accomplished by 
feeding the rolls radially inwardly with respect to the tube: 
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Under these circumstances it will be apparent that the . 
?rst disc of the roll to contact the tube is the disc 16 and 
that the discs of successively smaller diameter; namely, 
the discs 14, 12 and 10, will come into operation only 
as the radial infeed of the tool continues. After the tool 
has been radially fed to proper ?nishing depth, then the 
?nning operation continues exactly as in the case where 
the end of the tube is introduced between the space be 
tween the rolls. However, where the operation is carried 
out to produce ?ns of the ?ne pitch disclosed herein, it is 
found that the transition zone which is formed by the 
rolls from the interval between initial contact between 
the rolls and the tube to the arrival of the rolls at ?nning 
depth, in many cases results in garbled ?ns and therefore 
a scrap work piece. 

In the ?nning operation the plain tube is supported so 
that it may be rotated about its own axis as a result of 
the driving engagement of the ?nning rolls, In addition, 
the tubeis supported so that it may be advanced axially 
as a result of the driving engagement of the ?nning rolls. 
In order to produce helical ?ns and also to produce axial 
advance of the tube, each of the rolls is positioned with 
its axis oriented with respect to the axis of the tube so 
as to provide an angle therebetween which is referred 
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4 
to herein as the skew angle. This angle is determined by 
the pitch of the ?n or ?ns, the number of starts or sep 
arate continuous helical ?ns produced on the work piece, 
and the diameter of the work piece. It will be observed 
that the skew angle increases with an increase in ?n pitch, 
decreases with an increase in tube diameter, and is ap 
proximately doubled or trebled when changing from a 
single start ?n to a two or three-start ?n, respectively. 

Referring now to FIGURES 2 and 3 there is illustrated 
a section of tube T and a roll R, the roll comprising as 
illustrated a series of ?ve discs 10, 12, 14, 16 and 18, 
mounted on an arbor 20 which is adapted to be driven in 
rotation by suitable means (not shown). It will be ob 
served that the successive discs 10, 12, 14, 16 and 18 are 
of progressively increasing diameter. 
As seen in FIGURES 2 and 3, the roll R has been fed 

radially inwardly with respect to the tube T so that initial . 
contact has been made only between the ?rst or cutting 
disc 10 of the roll, the remaining discs 12, 14, 16 and 18, 
as clearly seen in FIGURE 3, remaining in a position of 
radial clearance with respect to the tube T. It will also 
be observed that at this time the roll R is so oriented 
with respect to the tube T that its skew angle, as seen in 
FIGURE 2 where it is designated as the angle A1, has a 
positive value but less than the angle required for con 
tinuous ?nning when the roll R has reached full depth as 
may be seen by comparing FIGURES 2 and 4. 
As best seen in FIGURE 3, the orientation of the roll 

R with respect to the tube T is such as to provide a taper 
angle B1 measured in a plane at right angles to the plane 
containing the skew angle A1. The taper angle B1 is such 
that initial contact between the roll R and the tube T is 
limited to contact of the initial or cutting disc 10 and the 
outer surface of the tube T. 

Inasmuch as the roll R has a de?nite skew angle A1 
when it initially contacts the tube T, as clearly illustrated 
in FIGURE 2, it will be apparent that initial engagement 
between the rolls and tube results in driving the tube in 
rotation and advancing the tube axially in accordance 
with the skew angle of the rolls. 

In accordance with the present invention the continued 
radial infeed of the rolls to ?nning depth is accomplished 
by a continuous change in both the skew angle and the 
taper angle. 

Reference is now made to FIGURES 4 and 5 which are 
respectively, plane and elevational views of the roll R 
and tube T after the roll has arrived at its full ?nning 
depth. In this case it will be observed that the skew angle 
has increased from A1 to A2, this being the angle deter~ 
mined by pitch of the ?ns, the diameter of the tube, and 
the number of starts of the helical ?n or ?ns. Further 
more, it will be observed in FIGURE 5 that the change 
in taper angle is such that when the roll R is at ?nning 
depth with respect to the tube T, the taper angle which 
was initially the angle B1 at contact as shown in FIG 
URE 3, has now approached zero although this angle is 
designated B2 in FIGURE 5. This is for the reason that 
the taper angle, while it approaches zero, need not ac 
tually be a zero angle and instead, may have a small 
positive value. 

After the ?nning rolls have reached ?nning depth and 
the angular orientation illustrated in FIGURES 4 and 5, 
continued rotation of the rolls results in formation of the 
?ne pitch ?ns to the full height designed into the rolls and 
this operation may continue inde?nitely dependent on the 
length of tubing. However, where a short section of ?nned 
tubing is to be provided between adjacent plain or un 
?nned sections, the ?nning operation is terminated by 
shifting the rolls radially outwardly into clearance with 
respect to the tubing and this movement may of course 
be an abrupt movement. 

It is found that the transition Zone at the start of ?nning 
may be from one to two inches measured axially of the 
tube. The transition Zone at the end of the ?nning op 
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eration is of course determined solely by the dimensions 
of the rolls, measured axially of the tube. 
The skew angle A2, which prevails during the ?nning 

operation as previously discussed, is an angle whose value 
may be computed in accordance with ?n pitch, tube diam 
eter, and the number of starts of the ?n. The initial skew 
angle A1 must be of a value sul?cient to produce appre 
ciable axial advance of the tube and in practice, the angle 
A1 existing at initial contact between the roll and tube 
may be approximately one-half A2. 
The angle B2 prevailing during the continuous ?nning 

operation, as indicated above, may be zero or may be a 
small positive angle, as for example not ordinarily exceed— 
ing one degree. The initial taper angle B1 at the initiation 
of contact between the roll R and the tube T will be de 
termined largely by the geometry of the roll and will of 
course be somewhat greater than the angle between a line 
tangent to the edge portions or tips of the discs 10, 12, 
14, 16 and 18 and the axis of the roll. 

In both cases the change in the angles from A1 to A2 
and from B1 to B2 is continuous throughout the radial 
feed of the rolls, and preferably takes place at a uniform 
rate. This permits the required continuous variation in 
the skew and taper angles to be properly related to the 
infeed of the rolls by suitable camming devices. 

Referring now to FIGURE 6 there is illustrated the 
product produced by the practice of the present inven 
tion. In this case the tube T is illustrated as provided with 
plain or un?nned edge portions 22 and 24 between which 
is the ?nned portion herein designated 26. In this ?gure 
no effort is made to illustrate the transition zone between 
the un?nned portions 22 and 24 and the intermediate full 
?nned portions of the ?nned zone or section 26. 
The present invention, as illustrated in FIGURE 6, 

produces ?ns having a ?n height extending radially above 
the outer surface of the plain end portions 22 and 24. 
However, it is within the contemplation of the present 
invention that the ?nning operation shall be carried out, 
as is well known in the art, with such reduction of tube 
diameter as to provide a ?nned portion in which the crests 
of the ?ns are of the same or of a lesser diameter than 
the diameter of the un?nned tube portions 22 and 24. 
By the practice of the present invention it is for the 

?rst time possible to produce commercial ?nned tubing 
in which the ?ns have a height from root to crest at least 
greater than the axial spacing between adjacent convolu 
tions of ?ns, and in which the frequency of ?ns is at least 
26 ?ns per inch. 

In the actual rolling operation, a mandrel may in some 
cases be located within the tubes, as is well understood 
in the art. 
The drawings and the foregoing speci?cation consti 

tute a description of the improved ?ne pitch ?nned tubing 
and method of producing the same in such full, clear, 
concise 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 we claim as our invention is: 
1. The method of making ?ne pitch ?nned tubing which 

comprises the steps of providing rotation of a plain tube 
and a ?nning roll having a plurality of discs of progressive 
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6 
ly increasing diameter, providing ‘a relative feed motion be 
tween said tube and roll in a direction substantially radial 
of said tube, and decreasing the taper angle of the roll 
relative to said tube and increasing the skew angle of said 
roll relative to said tube during the feed motion. 

2. The method as de?ned in claim 1 which comprises 
providing a skew angle of the roll relative to the tube 
upon initial contact between the roll and tube which is 
less than the appropriate skew angle for continuous ?n— 
ning as determined by the pitch, number of ?n starts and 
tube diameter, and increasing the skew angle throughout 
relative feed motion to provide the aforesaid appropriate 
skew angle at termination of feed. 

3. The method as de?ned in claim 1 which comprises 
providing a taper angle at initial contact between the roll 
and disc such that only the ?rst disc of least diameter con 
tacts the tube initially. 

4. The method as de?ned in claim 3 which comprises 
decreasing the taper angle throughout relative feed mo 
tion to provide a taper angle approaching zero at termina 
tion of feed. 

5. The method as de?ned in claim 1 which comprises 
providing rotation of the roll and tube by rotating one 
of them directly and the other of them solely through 
driven engagement with the said one of them. 

6. The method as ‘de?ned in claim 1 which comprises 
driving the roll directly and driving the tube solely 
through its engagement with the roll. 

7. The method as de?ned in claim 1 which comprises 
providing three rolls uniformly spaced around the tube. 

8. The method as de?ned in claim 1 which comprises 
driving the rolls directly and the tube solely through its 
engagement with the rolls. 

9. The method of forming a section of ?ne pitch ?nned 
tubing intermediate plain sections which comprises posi 
tioning a plurality of ?nning rolls with their axes skewed 
with respect to the axis of the tube and located at equal 
intervals around a plain tube, the rolls being formed of 
a series of discs of progressively increasing diameter, 
driving the rolls in rotation and supporting the tube for 
vrotation and axial advance as a result of its engagement 
with the rotating ?nning rolls, feeding the rolls radially 
inwardly of the tube to proper ?nning depth, during such 
feed changing the angular orientation of the rolls to de 
crease the taper angle thereof from a taper angle at con 
tact with the tube such that only the ?rst disc of least 
diameter contacts the tube in advance of successive discs, 
to a taper angle not substantially greater than zero when 
the roll is at ?nning depth, continuing rotation of the rolls 
and tube and axial advance thereof as a result of the skew 
angle of the rolls, and moving the rolls radially outward 
ly of the tube to terminate the ?nned section adjacent a 
section of plain tube. 

10. The method as de?ned in claim 9 which comprises 
the step of increasing the skew angle of the rolls con 
tinuously during feed motion thereof radially of the tube. 

No references cited. 
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