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' 5 ‘Claims. (CI. 72-96) 

This invention relates to an improved method for pro 
ducing serrated or corrugated hollow tubes which have 
particular utility as heat transfer media, as well as other 
uses. 

A distillation apparatus employing serrated or corru 
gated tubes as heat transfer surfaces has previously been 
disclosed in U.S. application Ser. No. 242,184, ?led Dec. 
4, 1962, now Patent No. 3,244,601. These tubes are thin 
walled hollow cylinders, having nominal diameters of 
from 21/2 to 6 inches, and of varying lengths. The corru 
gations or serrations are substantially longitudinal and 
provide both internal and external tube surfaces having 
alternate ridges and grooves running along the main body 
of the tube. 

Uncorrugated thin~walled tubes of various materials 
and sizes are readily and economically available; how 
ever, the cost of accurately formed serrated or corrugated 
tubes has been high due to lack of a suitable method for 
making them‘ economically. 

It has been suggested previously, that corrugated or 
serrated surfaces can be produced either internally or ex 
ternally upon cylindrical members by modifying conven 
tional thread rolling apparatus. A familiar example of 
this is found in knurled surfaces. However, di?‘iculties arise 
when attempting to provide both internal and external 
corrugations or serrations on a thin-walled member, so 
that the transverse thickness of the corrugated wall in the 
completed member is substantially uniform, 

Accordingly, one object of the present invention is to 
provide an improved method for economically producing 
thin-walled hollow tubes having regularly spaced, substan 
tially longitudinal corrugations or serrations out of smooth 
tubes. 
Another object of therinvention is to provide an im 

proved method for rolling internal and external, substan 
tially longitudinal corrugations in a smooth tube member 
so that the ?nal product has walls of substantially uni~ 
form thickness. 

Brie?y stated, the invention is practiced by placing a 
smooth thin-walled hollow tube over a mandrel having 
longitudinal teeth with uniform spacing. Two or more 
external toothed dies with a slightly greater tooth spacing 
are rotated while they are forced radially against the tube, 
so that the tube wall is deformed between the teeth of 
mandrel and dies. The tube and mandrel are moved longi 
tudinally between the dies. The mandrel anddies are ro 
tated in synchronism as the process commences, and 
thereafter only the dies are rotated while radial force is 
maintained, the deformed tube itself then performingthe 
synchronizing function. ‘ 
The invention will be better understood from the fol 

lowing description, taken in connection with the accom 
panying drawings in which: 

FIG. 1 is a perspective view of a portion of a corru 
gated tube fabricated in accordance with the invention, 

FIG. 2 is a cross-sectional view of a smooth tube mount 
ed on a mandrel, ' 

FIG. 3 is a schematic plan view of one type of appa 
ratus utilized to mountpthe uncorru'gated tube on the 
mandrel, ’ , I “ 

FIG. 4 is a schematic plan view of the apparatus used 
to corrugate the tubes, ' ‘ 
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FIG. 5 is a cross-sectional view of the tube, mandrel, 
and dies, taken along lines V, V of FIG. 4, 

FIG. 6 is a view, partly in section, illustrating the prin 
ciple of operation, and, 

FIGS. 7 and 8 are sectional longitudinal and transverse 
views respectively illustrating an alternate means for syn 
chronizing dies and mandrels. 

Referring to FIG. 1 of the drawing, a tube 1 has 
external corrugations or serrations 2 and corresponding 
internal corrugations or serrations 3. The tube diameter 
and length will vary according to the type of apparatus in 
‘Which it is to be used. The con?guration and spacing of 
the corrugations may also vary as is disclosed, for exam~ 
ple, in United States patent application entitled “Dis 
tillation Apparatus,” ?led Mar. 1, 1962 and having Ser. 
No. 176,711, now abandoned. The method herein dis 
closed can produce con?gurations ranging ‘from smoothly 
contoured corrugations to almost V-shaped serrations, all 
'of which will be referred to hereinafter as corrugations 
for convenience. However, it is noted that the external 
and internal corrugations mate with one another so that 
the wall thickness of tube 1 is uniform. 

Suitable materials for tube 1 consist of various ductile 
or semi-ductile materials such as copper, 90-10 copper 
nickel, aluminum or other readily deformable materials. 

Referring to FIG. 2 of the drawing, the ?rst step of the 
process comprises placing a mandrel having an outside 
diameter slightly smaller than the inside diameter of the 
tube 1, within the tube. Mandrel 4 is formed with parallel 
regularly spaced teeth of the con?guration desired. High 
carbon steel has been found to be a satisfactory material 
for mandrel 4. The mandrel extends at least the length of 
tube 1 and ?ts within the tube. 

Referring to FIG. 3 of the drawing, a suitable apparatus 
for placing tube 1 on mandrel 4 is illustrated. The mandrel 
includes, on one end, a synchronizing pinion 5 and a con 
necting shaft portion 6. The end having the synchronizing 
pinion 5 is abutted against a ?xed support 7 while the op 
posite end is started into one end of tube 1. In the oppo 
site end of tube 1 is placed a cylindrical extension 8 of a 
movable base 9. Rollers or the like (not shown) may be 
provided at intervals along the length of mandrel 4 and 
tube 1 to maintain alignment. Cables 10 and 11, secured 
to movable base 9, are also connected to the drums of a 
winch 12. Operation of winch 12 will consequently force 
tube 1 onto mandrel 4. The end of tube 1 is pulled onto the 
mandrel until it overlaps the clamping grooves 13 cut in 
the mandrel. 

It should be noted that the diameter of the synchro 
nizing pinion 5 is preferably smaller than the mandrel 
diameter. This allows the tube to be placed over the 
mandrel ‘from the other end, as well, which may be pref 
erable if automatic apparatus is to be used. 

Referring now to FIG. 4 of the drawing, a suitable ap 
paratus is shown for providing the corrugations or ser 
rations on tube 1. A pair of yokes 114 and 15 are adapted 
for rotatably supporting toothed dies 16, 17 respectively. 
Yokes 14, 15 are adapted to be skewed in vertical planes, 
as shown, and means are provided such as hydraulic cylin 
ders (not shown) to force the yokes and dies toward one 
another, as indicated by the arrows 18, 19, with force 
sufficient to deform tube 1. A suitable machine for giv 
ing the proper pressure and orientation of the dies may 
be provided by adapting a standard thread rolling ma~ 
chine, such as the Kine-‘Roller machine, model MC-S-FT, 
‘manufactured by Kinefac Corporation of Worcester, 
Massachusetts. This machine is modi?ed by substitution 
of the dies 16, 17 for the rollers normally used in thread 
rolling. 
Means for rotating dies 16, 17 at the same speed include 

a drive motor 20, meshed gears 21, 22 and 23 with uni 
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versal drive shafts 24, 25 connected to the shafts of dies 
16, 17 as will be apparent from the drawing. 
A mechanism is provided to clamp tube 1 to mandrel 4, 

whichis illustrated schematically by a number of wedges 
26 driven into clamping grooves 13 (also see'FIG. 3). 
‘It ‘will be apparent that there are various types of auto 
matic clamping devices which would also be suitable. 
At the other end of tube 1, a movable‘ base'27 (with 

bearings 28 to allow rotation) serves to exert nominal 
longitudinal force upon the tube if needed, although in 
most cases, the skew angle of dies 16, 17 will provide 
suflicient axial thrust component to move the tube and 
mandrel longitudinally between the dies as the process 
takes place. . 

In order for the tube to have uniform wall thickness, 
the mandrel and die teeth must rotate in proper phase 
relationship. This relationship is provided automatically 
once a section of the tube has been corrugated due to the 
presence of the deformed tube wall in intimate contact‘ 
with the teeth of both dies and mandrel. However, at the 
start of the process, there is no assurance that the teeth 
of the mandrel and dies will be in registry with one an 
other, i.e., that the crowns of the die teeth will fall exactly 
between the crowns of the mandrel teeth (similar to 
meshing gears) so that the wall thickness of the deformed 
tube will be uniform throughout. 

In order to ‘accomplish synchronizing, a synchronizing 
device shown generally as 29 includes a pair of synchro< 
nizing gears 30, 31 mounted on movable yokes 32, 33 
which mesh with the synchronizing pinion 5. Gear 30 is 
driven from the shaft of die 16 through a universal drive 
shaft 34 connected thereto by an adjustable coupling 35. 
It is important to note that universal drive shaft 34 (as 
well as univensal drive shafts 24,- 25 mentioned previ— 
ously) are of the so-called “constant velocity” type which 
provide correspondence of angular velocity between driv 
ing and driven shafts. Also, ratio of teeth of the synchro 
nizing gears 30, 31 to synchronizing pinion 5 must be the 
same as the ratio of teeth of dies 16, 17 to those on man 
drel 4. \It will be apparent, therefore, that there is a 
torsion path set up through ‘dies 16, 17, coupling 35, uni 
versal drive shaft 34, synchronizing gears 30‘, 33, synchro 
nizing pinion 5, shaft 6 and mandrel 4, so that when syn 
chronizing gears 30, 31 are in place, mandrel 4 will be 
constrained to rotate with dies 16, 17. 
The coupling 35 is used to adjust for lost motion and 

torsional elasticity of the path between dies 16, 17 and 
mandrel 4 so that the dies and the mandrel are synchro 
nized in proper phase relationship when the system is 
rotating under torsional stress. 
The purpose of the movable yokes 32, 33 is to allow 

gears 31, 32 to ‘pivot away from the synchronizing pinion 
5, so that the tube 1 and mandrel 4 will freely pass there 
between, once the synchronizing function has been taken 
over by the deformed tube wall and the synchronizing 
gears are no longer needed. 
The schematic view of FIGURE 5 illustrates the direc 

tion of rotation of dies, mandrel and tube. There it is 
seen that proper phase relationship of dies and mandrel 
is provided by the deformed tube, once synchronization 
is achieved. 

Reference to FIG. 6 of the drawing shows the principles 
governing selection of tooth and skew angles on the dies 
and mandrel. The, angle of skew A is greatly exaggerated 
for purposes of illustration only, and would normally be 
in the neighborhood of 1/a of a degree to 5 degrees. It will 
be observed that the teeth 16a on die 16 are helical, so 
that, at the point of meshing with the deformed tube wall, 
they lie parallel to the mandrel teeth. Thus if longitudinal 
tube corrugations are to be vformed, the helix angle of die 
teeth 16a is the same as the angle of skew A. It will also 
be observed that rotation of die 16 in the direction of 
arrow 36 causes an axial thrust component on tube and 
mandrel in the direction of arrow 37, as determined by 
‘skew angle A. It is not necessary that the corrugations be 
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4 
exactly longitudinal since any desired great ‘degree of 
helical corrugations can ‘be provided by using helical teeth 
on the mandrel 4 and proper corresponding adjustment 
of helix angle on die teeth 16a with- respect to skew: angle 
A. _ I 

In order ‘to gradually deform the tube, the dieteeth 
16a are shaped to give a “starting relief”. portion 16b, a 
“dwell” portion 16c and a “?nish relief” portion’ 16d.v . 
The method, using the apparatus of FIGURE 4, con 

sists of rotating the dies 16, 17, with the‘ synchronizing 
device 29 engaged, .while pressure is applied to yokes 14, 
15. Once a short length of tube 1 has been'furnished ‘with; 
corrugations, as indicated at 38 in FIG. 4, yokes132, 33 
are pivoted to disable the synchronizing device and to 
allow the tubeand mandrel to pass freelybetween’the 
synchronizing gears as the process proceeds. Only the" 
dies 16 and 17 are now being rotated by the motor, while 
maintaining radial force. Nominal'axial pressure may be" 
exerted by movable base 27, ‘if desired, to assist in moving‘ 
the tube and mandrel. 
FIGURES 7 and 8 illustrate an alternate'method of 

synchronizing through the’ use of a “leader” member 39 in 
lieu of the synchronizing device 29 of FIG. 4. ‘In FIGS. 
7 and 8, a die 16, mandrel 4 arev shown commenced in 
proper phase relationship by “leader” 39, which is‘ a 
piece the shape of a corrugated tube. This is placed on 
mandrel 4 ahead of the end of tube 1 and it will heap 
parent that the die and mandrel will be in proper phase 
relation as the end of tube 1 passes under the “starting 
relief” portion 16b of the die. This is a simpler way of 
achieving synchronization, but it will be seen that it 
requires more time, is less adaptable to automatic proc 
essing, and does not permit forming in middle of tube 
while leaving ends smooth'for easy mounting and sealing 
in a heat exchanger. As the tube and mandrel move ‘lon 
gitudinally, the leader 39 is ‘disengaged automatically 
as it moves beyond the ‘die. ' “ 

After the tube 1 is corrugated to the extent desired, 
it isremoved from mandrel 4. Although the entire length‘ 
of tube 1 can be corrugated by the process, it maybe 
suitable to leave each end smooth, as shown, so that it 
can be more easily attached to other structural mem 
bers. 
By reference to FIG. 5, it will be apparent-that the 

circular pitch 'of the die teeth must be the same a'svthe 
circular pitch of the “teeth” of the deformed tube to 
achieve proper meshing. In other words, the actual cir-, 
cular pitch’ of the mandrel teeth must be slightly less 
than that of the die teeth, due to the fact that the wall 
thickness of the tube increases the “effective” circular 
pitch of‘the mandrel teeth. It will be understood thatth'is 
inherent relationship applies when the terms “equivalent 
spacing” or the like are‘ employed in the claims. ' l 
The process disclosed herein‘ has ‘the advantage of 

being simple and, moreover, is economical and adapted 
to use for various diameter tubes‘ by providing different 
diameter mandrels. Great flexibility is achieved through 
the fact‘that the length, can be controlled very easily. ’ 
While a‘particular embodiment of the ‘invention has 

been illustrated and described, changes and modi?ca 
tions in the process will become apparent to those skilled 
in the art. It is ,desired to cover inthe appended claims 
all such~changes and, modi?cations whichpdo not depart 
fromvthe true spirit and scope. of the invention. A 
What is claimed as newrand; desired to be secured by 

Letters Patent of the United-States is: 1 . I, _ 

‘1. The process'fv'of forming uniform corrugation‘swin 
a hollow tube comprising: '1 ' ‘ Y-r > 

placing‘ a mandrel having teeth thereon within a. tube, 
providing a plurality of toothed dies, the die teeth hav 

ing a spacing equivalent to those on the mandrel, 
rotating said dies and mandrel together in phase re 

lationship so that the die teeth register with the 
spaces between mandrel teeth, and 
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forcing said dies radially against the tube with su?i 
cient force to cause the tube to deform between die 
teeth and mandrel teeth, and 

rotating the dies alone while maintaining said radial 
force. 

2. The process of forming substantially longitudinal 
corrugations in a hollow tube comprising: 

placing a mandrel having regularly spaced, substan 
tially longitudinal teeth within a tube, 

providing a plurality of toothed dies, the die teeth 
having a spacing equivalent to those on the mandrel, 
rotating the dies and mandrel in synchronism, so 
that the die teeth fall midway between the mandrel 
teeth, 

forcing the dies toward the tube to apply radially di 
rected pressure suf?cient to deform the tube between 
die teeth and mandrel teeth, 

causing the tube and mandrel to move longitudinally 
between said dies, and 

rotating the dies and mandrel in synchronism, so 
the synchronizing function. 

3. The process of forming substantially longitudinal 
corrugations in a hollow tube comprising: 

placing a mandrel having regularly spaced substantially 
longitudinal teeth within a thin-walled tube, 

providing a plurality of dies having helical teeth of a 
slightly greater circular pitch than that of the man 
drel teeth as required vby the tube wall thickness, and 
skewed slightly with respect to the tube axis approxi 
mately by the amount of the helix angle of said teeth, 

rotating the dies and mandrel together in synchronism 
so that the die teeth fall midway between the man 
drel teeth, 

forcing the dies radially against the tube with sufficient 
force to deform the tube wall between die teeth and 
mandrel teeth, and 

rotating the dies alone while maintaining said radial 
force, allowing the tube and mandrel to move longi 
tudinally between the skewed dies as the deformed 
tube assumes the synchronizing function. 
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4. The process of forming substantially longitudinal 

corrugations in a hollow tube comprising: 
placing a mandrel having regularly spaced, substan 

tially longitudinal teeth within a tube, 
providing a plurality of toothed dies, the die teeth 

having a spacing equivalent to those on the mandrel, 
rotating the dies and mandrel in ‘synchronism, so that 

the die teeth fall midway between the mandrel teeth, 
forcing the dies toward the tube to apply radially di 

rected pressure su?icient to deform the tube between 
die teeth and mandrel teeth, and 

causing the tube and mandrel to move longitudinally 
between said dies. 

5. The process of forming substantially longitudinal 
corrugations in a hollow tube comprising: 

placing a mandrel having regularly spaced substantially 
longitudinal teeth within a thin-walled tube, 

providing a plurality of dies having helical teeth of a 
slightly greater circular pitch than that of the man 
drel teeth as required by the tube wall thickness, and 
skewed slightly with respect to the tube axis approxi 
mately ‘by the amount of the helix angle of said 
teeth, 

rotating the dies and mandrel together in synchronism 
so that the die teeth fall midway between the man 
drel teeth, 

forcing the dies radially against the tube with su?icient 
force to deform the tube wall between die teeth and 
mandrel teeth, and 

causing the tube and mandrel to move longitudinally 
between said dies. 
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