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PATTERNED TUBING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuatiomin-part of copend' 
ing application Ser. No. 359,019, ?led May 10, 1973, 
by Charles D. McLain, which in turn is a continuation 
in~part of applications Ser. No. 214,034, ?led Dec. 30, 
1971 now abandoned, and Ser. No. 2 l 8,422, ?led Jan. 
17, 1972, by Charles D. McLain now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to the continuous fabrication 
of tubing using metallic Strip as a starting material. 
For example, metallic strip of predetermined width 

and inde?nite length having side edges is advanced 
continuously through a tube forming mill to curl the 
strip into a tube with the side edges abutting one an 
other to form a longitudinal seam. The seam is continu— 
ously closed by welding or other suitable operation to 
produce a fluid‘tight endless tube. 
The cited applications Ser. Nos. 214,034 and 

218,422 are directed to tube forming processes which 
include continuously embossing one or more surfaces 
of the strip in accordance with any desired pattern 
prior to entry into the tube mill so that the tubing ulti 
mately formed has an embossed surface on the interior 
or the exterior or both surfaces of the tube wall as de 

sired. Obviously, the pattern structure is a matter of 
choice consistent with the ultimate use of the tubing. 
The cited applications Ser. Nos. 214,034 and 

218,422 are also directed to physically and continu 
ously deforming the strip, prior to entry into the tube 
mill, by generating longitudinal, spiral or transverse 
striations, grooves or channels in the strip. Thus, the 
tube ultimately fabricated from deformed strip has a 
wall structure which has been physically shaped in one 
fashion or another in contrast to tube wall structure de 
veloped from embossed strip. Here again, the pattern 
generated by deforming the strip is a matter of choice 
governed by ultimate tube use. 
Accordingly, said applications Ser. Nos. 214,034 and 

218.422 deal with tubing made from strip formed with 
a pattern by embossing, etching or similar surface treat 
mentor with tubing made from strip formed with a pat 
tern by corrugating, crimping or other metal forming 
process. These applications also disclose that in the 
case of strip surface treatment a pattern may be gener 
ated on one or more sides of the strip so that the wall 

of the tube ultimately formed may carry a pattern on 
the internal wall surface or the external wall surface or 
on both wall surfaces. as desired. Obviously, if the pat 
tern is generated by deforming the strip, it will appear 
on the interior as well as the exterior of the tube wall. 
For purposes of disclosing and claiming the present 

invention surface treatments on one or more sides of 

the strip or deformation of the strip, which generate 
discernable surface indicia or which generate deformed 
wall structure in the tubing, are all referred to as 
"formed pattern". “pattern forming”, orf‘pattern”. 
The method of developing the pattern by surface 

treatment or the method of developing the pattern by 
deforming the strip are a matter of choice and are not 
critical to the principles of the present invention. 
Therefore, it is to be understood that the language 

pattern. formed pattern, or pattern forming as applied 
to the metallic strip is intended to include any process 
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2 
or operation which removes metal from any surface of 
the strip or which physically deforms the strip prior to 
entry into the tube mill. 
Obviously, the term pattern is intended to de?ne the 

result of such metal removal or metal deformation. 

SUMMARY OF THE INVENTION 

It is a principal object of the present invention to pro 
vide discrete lengths of tubing having wall segments or 
sections de?ning formed patterns interrupted by con 
tiguous wall segments which are smooth or free of said 
formed pattern. ' 

It is an additional object of the present invention to 
continuously fabricate tubing from metallic strip where 
discrete lengths of tubing are formed with discontinu 
ous patterns in various combinations and permutations 
and the discontinuities are exempli?ed by intervening 
and contiguous tube segments which are smooth or free 
of a pattern. 

It is a further object of the invention to provide an 
improved procedure for generating tubing from metal 
lic strip where the tubing fabricated has a wall formed 
with a pattern interrupted by contiguous wall segments 
which are smooth or free of a formed pattern, giving 
one the option to separate the tubing into discrete 
lengths in the region of a pattern or in the region of a 
smooth segment. 
A process embracing certain principles of the present 

invention may comprise the steps of: providing a strip 
of metal of predetermined width, inde?nite lengths and 
side edges; continuously advancing the strip; continu 
ously forming patterns on at least one surface of the 
strip during the course of advance; intermittently inter 
rupting the pattern forming step to break the continuity 
of the formed pattern and to create intervening smooth 
segments in said surface de?ning a discontinuous pat 
tern; continuously forming said strip into a tube by 
abutting the side edges to create a longitudinal, axially 
extending, continuous seam; continuously welding said 
seam to create a fluid-tight seal; and thereafter continu 
ously separating the tubing into discrete lengths, said 
separating step occurring in the regions of the tube de~ 
?ned by said smooth segments. 
Accordingly, the tubing of the present invention 

comprises: a welded, hollow metal heat exchanger tub 
ing formed from metal strip material and having a 10n 
gitudinally extending weld seam, said tubing having a 
given wall thickness and an inside surface correspond 
ing to one side of said strip material and an outside sur 
face corresponding to the opposing side of said strip 
material, a heat exchange enhancement pattern em 
bossed into at least one of said surfaces by embossing 
the corresponding side of said strip, the continuity of 
the formed pattern being interrupted to create inter‘ 
vening smooth segments in said surface and a disconti 
nuity in the pattern, whereby said tubing may be sepa 
rated into discrete lengths of tube having alternating 
smooth segments and patterned segments. 
Other features and advantages of the present inven 

tion will become more apparent from an examination 
of the succeeding speci?cation when read in conjunc 
tion with the appended drawings, in which: 

BRIEF DESCRIPTION 'OF DRAWINGS 

FIGS. 1, 2 and 3 are representative examples of dis 
crete lengths of tubing illustrating contiguous smooth 
and patterned wall segments or sections; 
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FIGS. 4 and 5 show typical mill rolls for generating 
patterns on the strip surface; 
FIG. 6 shows a typical pair of mill rolls operative to 

generate a pattern by deforming the strip; 
FIG. 7 shows a ?nished segment of tubing where the 

pattern is interrupted by a smooth Wall; 
FIG. 8 shows a typical tube forming die; 
FIG. 9 is a side view of a mill arrangement operative 

to generate patterns on the strip in discontinuous fash 

ion; 
FIG. 10 shows, schematically, a typical tube forming 

operation starting with the strip supply and ending with 
tube cutting or separation; 
FIGS. 11 and 12 illustrate points at which the tube 

may be separated or cut into discrete lengths. 
Referring now to FIGS. 1, 2 and 3, the reference nu 

meral 10 designates a ?nished length of tubing having 
smooth ends 11 and 12 intermediate patterned segment 
13. In this case, the internal surface of the tube 14 is 
smooth throughout. 
FIG. 2 shows a length of tubing 15 having a smooth 

external surface 16 throughout its length with an inte 
rior patterned surface 17 terminating in smooth ends 
18 and 19. 
FIG. 3 shows a still further variation in that tube 20 

formed with a diamond knurled pattern 21 throughout 
its interior and the exterior surface is smooth as at 22 
and patterned at each end as indicated by the reference 
numerals 23 and 24. 
FIGS. 4 and 5 each illustrate a pair of cooperating 

mill rolls, 26-27 and 28-29 operative to form a pattern 
P on one or both surfaces of strip S as disclosed in said 

previously noted applications. 
FIG. 6 shows mill rolls 31-32 operative to physically 

deform strip S by generating longitudinally extending 
striations or corrugations indicated by the reference 
numeral 33, also disclosed and described in the previ 
ously noted applications. 

In FIG. 7, a discrete length of tubing 34 is formed 
with a pattern 36—36 interrupted by contiguous 
smooth segment 37. 

In FIG. 8, the strip of FIG. 6, is shown in the course 
of tube forming wherein end edges 38 and 39 abut one 
another to generate a longitudinal seam 41 as disclosed 
and described in said previously noted applications. 
Referring now to FIG. 9, the reference letter M desig 

nates a pattern forming mill comprising a series of pat 
tern forming rolls 42-43, 44-46 and 47-48 which are 
operable in timed sequence (in accordance with the 
length of pattern that one desires to generate) to move 
from an operative position indicated by the reference 
numeral 49 to an inoperative position indicated by the 
reference numeral 51. By appropriate control or pro 
gramming of the operative and inoperative condition of 
the various pairs of mill rolls, one can generate a bro 
ken or interrupted pattern on the strip in accordance 
with various combinations or permutations, as desired. 
For example, a discontinuity of pattern can be gener 

ated on the bottom surface 52 of the strip leaving the 
top surface 53 smooth, or vice versa. 
Obviously, if one surface or the other is intended to 

be smooth throughout, a smooth roll must be placed in 
working contact with that surface. 
Furthermore, with appropriate programming, the 

pattern forming mill M can be operated to generate 
pattern discontinuities in top and bottom surfaces of 
the strip (interior and exterior surfaces of tubing) 
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4 
which are phased (or displaced) from one another so 
that a particular tube segment ultimately formed can be 
smooth (or formed with a pattern) on both surfaces in 
a particular selected segment or a pattern can be dis 
placed on one surface relative to the pattern on the op 
posite surface. Thus, smooth and patterned tube seg 
ments on the interior and exterior surfaces of a given 
length of tubing can be phased or displaced as design 
considerations in the ultimate use of the tube dictate. 

For example, FIG. 3 shows a displaced pattern in that 
segment 22 on the exterior surface of the tube 20 is 
smooth, while the interior surface 21 is formed with a 
pattern throughout without any discontinuity. A similar 
structure is shown by window 50 in FIG. 11. Naturally, 
if desired, a phased pattern may be used on the inside 
as well as on the outside of the tube. 

Frequently, it is necessary to size the strip before its 
entry into the tubes to insure a neat, uniform longitudi 
nal seam. Typically this involves scar?ng, bevelling or 
shearing the side edges of the strip starting material to 
create a uniform cross-sectional con?guration in the 
strip before entry into the tubes. 

It is to be understood that the process steps of the 
present invention can be practiced on virtually any me 
tallic strip which is susceptible of pattern forming. 
Furthermore, while one principal use of tubing fabri 

cated in accordance with the principles of the invention 
involves heat exchanger applications, it is entirely 
within the scope of the invention to utilize the exterior 
ornamentation and aesthetic design features of the ?n 
ished tubing in applications other than in the ?eld of 
heat exchangers. 

It is anticipated that a variety of pattern modi?ca 
tions may be devised as considerations of thermal engi 
neering, construction and ornamentation may dictate 
without departing from the spirit and scope of the in 
vention. 
What is claimed is: 
1. A welded, hollow metal heat exchanger tubing 

formed from metal strip material and having a longitu 
dinally extending weld seam, said tubing having a given 
wall thickness and an inside surface corresponding to 
one side of said strip material and an outside surface 
corresponding to the opposing side of said strip mate 
rial, a heat exchange enhancement pattern extending 
throughout only a portion of the tube wall thickness 
embossed into at least one of said surfaces by emboss 
ing the corresponding side of said strip, the continuity 
of the formed pattern being interrupted to create inter 
vening smooth unembossed segments in said surface 
and a discontinuity in the pattern, whereby said tubing 
may be separated into discrete lengths of the tube hav 
ing alternating smooth segments and patterned seg 
ments. 

2. A tubing according to claim 1 whereby said tubing 
may be separated in the regions de?ned by said pattern 
into discrete lengths of tube having patterned ends and - 
an intermediate smooth segment. 

3. A tubing according to claim 1 whereby said tubing 
may be separated in the regions de?ned by the smooth 
segments into discrete lengths of tube having smooth 
ends and an intermediate patterned segment. 

4. A tubing according to claim 1 wherein both of said 
surfaces have a heat exchange enhancement pattern. 

5. A tubing according to claim 4 wherein the pattern 
on the inside surface of said tubing differs from the pat 
tern on the outside of said tubing. 
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6. A tubing according to claim 1 including a longitu 
dinally extending corrugated pattern. 

7. A tuhing according to claim 1 including a diamond 
knurled pattern. 

8. A tubing according to claim 3 including a disconti 
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6 
nuity in both the pattern on the inside surface and the 
pattern on the outside surface, wherein the pattern dis 
continuity on the outside surface is in phase with the 
corresponding discontinuity on the inside surface. 

>l< =l< >i< * * 


