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:57] ABSTRACT 

A tube consisting of ductile metallic or plastic material is pro 
vided with circumferentially complete corrugations, helical 
grooves and/or axially parallel grooves while it travels 
between two universally movable bearings so that it can ?ex 
sideways without any appreciable elongation or hardening of 
its material. The grooves or corrugations are formed by tools 
having concave tube-engaging faces and rotatably mounted in 
a holder which orbits about the tube between the two 
bearings. The tools can be ?xedly or adjustably mounted in 
the holder; in the latter instance, a single set of tools can be 
used to form circumferentially complete corrugations‘ helical 
grooves or axially parallel grooves. 

24 Claims, 1 1 Drawing Figures 
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METHOD AND APPARATUS FOR MAKING 
CORRUGATIONS IN TUBES CONSISTING OF DUCTILE 

MATERIAL 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and apparatus for 
the production of corrugated tubes, and more particularly to a 
method and apparatus for the formation of circumferential, 
helical and/or other corrugations or grooves in metallic or 
plastic tubes which consist of ductile material and which can 
be used, for example, as sheaths for electric cables or the like. 
An important function of corrugated sheaths for electric ca 

bles is to furnish a satisfactory mechanical and electrical pro 
tective action as well as to permit ready flexing of cables. 
Thus, the sheath should offer little resistance to ?exing in any 
desired direction and it should permit ?exing to a greater or 
lesser extent. 
Many presently known apparatus for making corrugations 

or other types of grooves in metallic or like tubes employ 
pressing or deforming tools which are caused to travel about 
the tube to form therein a circumferentially complete or a 
helical groove. In order to reduce friction between the ductile 
material of the tube and the material of the tool, the latter 
often assumes the form of a roll whose deforming action is 
similar to that of a pipe cutter, i.e., the formation of grooves or 
corrugations brings about a stretching or elongation and 
resulting reduction in the wall thicknes of the tube. Such 
reduction in wall thickness in the region of corrugations in a 
metallic tube is highly undesirable, especially since it is often 
accompanied by localized hardening of material. It was found 
that presently known travelling tools operate satisfactorily 
only when used for the formation of shallow corrugations in 
relatively thin-walled tubes. 

Certain other types of presently known apparatus employ 
travelling corrugating wheels including those having a con 
cave pro?le. Experiments which were carried out with such 
apparatus indicate that the wheels are not suited for the mak 
ing of relatively deep corrugations in thick-walled tubes; it was 
found that such tools, too, cause localized reduction in wall 
thickness and localized hardening of material of which the 
tubes consist. On the other hand, relatively deep corrugations 
are often desirable because they enhance the ?exibility of the 
product. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a method of forming 
ductile metallic or plastic tubes with circumferentially 
complete, helical or other corrugations or grooves without any 
appreciable localized hardening and/or reduction in wall 
thickness of tubes. 
Another object of the invention is to provide a method 

which renders it possible to form relatively deep or shallow 
corrugations in thick-walled large-diameter tubes, for exam 
ple, in metallic tubes having a diameter exceeding 40 millime 
ters and a wall thickness which exceeds 4 percent of the 
diameter. 
A further object of the invention is to provide a method of 

providing tubes consisting of ductile material with corruga 
tions or grooves in such a way that the formation of grooves or 
corrugations does not result in deformation of non-corrugated 
portions of the tubes. 
An additional object of the invention is to provide an ap 

paratus which can be utilized for the practice of the above 
outlined method. 

Still another object of the invention is to provide the ap 
paratus with novel holders for grooving or corrugating tools. 
An ancillary object of the invention is to provide a versatile 

apparatus which can be converted to form in metallic or 
plastic tubes circumferentially complete, helical or otherwise 
oriented grooves or corrugations. 
The method of the present invention is employed for form 

ing corrugations or analogous grooves in tubes consisting of 
ductile material, particularly in metallic or plastic tubes for 
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2 
use as sheaths in electric cables. The method comprises the 
steps of moving a tube lengthwise along a predetermined path, 
universally movably guiding two longitudinally spaced por 
tions of the tube so that a section of the tube between such 
portions can ?ex sideways without any or without appreciable 
stretching of the ductile material of the tube, and orbiting 
about the section a plurality of corrugating or grooving tools 
in such positions and at such a distance from the path that the 
section is ?exed laterally and grooved by successive tools, al 
waysbyone tool atatime. 
The tools can be positioned to provide the tube with cir 

cumferentially complete, helical and/or axially parallel 
groov . 

The novel features which are considered as characteristic of 
the invention are set forth in particular in the appended 
claims. The improved corrugating or grooving apparatus itself, 
however, both as to its construction and its mode of operation, 
together with additional features and advantages thereof, will 
be best understood upon perusal of the following detailed 
description of certain speci?c embodiments with reference to 
the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic partly elevational and partly sectional 
view of an apparatus which embodies one form of the inven 
tion and is designed to provide metallic or plastic tubes with 
circumferentially complete corrugatiom; 

FIG. 2 is an enlarged fragmentary sectional view as seen in 
the direction of arrows from the line Il-Il of FIG. I and illus 
trates one mode of mounting the grooving or corrugating tools 
in their holder; 

FIG. 3 is an enlarged view of a detail in the apparatus of 
FIG. 1 and further shows one mode of lubricating the tools; 

FIG. 4 illustrates a portion of a modi?ed apparatus wherein 
the mas of the orbiting holder for the tools is balanced by a 
counterweight; 

FIG. 5 is an enlarged fragmentary end elevational view of a 
grooving or corrugating unit with adjustably mounted tools; 

FIG. 6 is a fragmentary partly side elevational and partly 
sectional view of a grooving or corrugating unit constituting a 
modi?cation of the unit shown in FIG. 5', 

FIG. 7 is a fragmentary schematic side elevational view of 
still another apparatus wherein the holder for the tools con 
stitutes a planetary; 

FIG. 8 is a side elevational view of a portion of a ?nished 
tube with identical circumferentially complete corrugations 
formed therein at di?erent distances from each other; 

FIG. 9 is a side elevational view of a portion of a ?nished 
tube which is formed with groups of closely adjacent identical 
circumferentially complete corrugations; 

FIG. 10 is a side elevational view of a portion of a ?nished 
tube having circurnferentially complete corrugations of dif 
ferent depth and shape disposed at different distances from 
each other; and 

FIG. 1 l is a side elevational view of a ?nished tube which is 
provided with circumferentially complete corrugations, heli 
cal grooves and axially parallel grooves. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring first to FIG. I, there is shown a corrugating or 
grooving apparatus which comprises a suitable mechanism M 
for feeding a metallic tube 1 axially in the direction indicated 
by arrow la. The tube is caused to pass through and is guided 
by a ?rst universally movable hollow spherical bearing 60 
which is mounted in a stationary support 81, and thereupon 
through a second universally movable hollow spherical bear 
ing 6b mounted in a second support S2. The corrugating or 
grooving station is located between the bearings 60, 6b and ac 
commodates a wheel‘shaped tool holder 2 which is rotatable 
about the axis of a shaft 4 and is caused to orbit circum 
ferentially about the axis of the travelling tube 1. The holder 2 
carries a set of equidistant radially extending grooving or cor 
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rugating tools 3. The axis of the shaft 4 is normal to the axis of 
the tube 1. The holder 2 is assumed to rotate about the axis of 
the shaft 4 in response to lengthwise movement of the tube but 
it can also be driven by a gear train or the like. The distance 
between the shaft 4 and the path for the tube 1 is selected in 
such a way that the tool 3 which engages the tube causes the 
latter to ?ex (downwardly, as viewed in FIG. 1) whereby such 
?exing takes place simultaneously with the formation of cir 
cumferential corrugations C. Such ?exing of the tube 1 takes 
place without any elongation because the tube travels through 
the passages de?ned therefor by the spherical bearings 60 and 
6b. Therefore, the corrugations C are formed without local 
ized reduction in the wall thickness of the tube and without 
hardening of the metallic material. The spacing between suc 
cessive tools 3 (as considered in the circumferential direction 
of the tool holder 2) is such that a tool engages the tube 1 only 
when the formation of the preceding corrugation C is 
completed. This is desirable because simultaneous engage 
ment of the tube by two tools 3 would interfere with desirable 
flow of metallic material of the cylindrical wall 7. 

Since the corrugated portion of the tube 1 is more readily 
flexible than the untreated (left-hand portion), the distance 
A1 between the center of the right-hand bearing 6b and the 
axis of the shaft 4 is less than the distance A2 between the axis 
of the shaft 4 and the center of the left-hand bearing 64. [t was 
found that the distance A2 should be at least 2.5 times and 
that the distance A] should be at least 1.5 times the diameter 
D of the tube 1. The vertical plane including the axis of the 
shaft 4 intersects the tube 1 in the region where a tool 3 begins 
to move away from the axis 5 of the tube. The reference 
character Dw denotes the maximum diameter of the corrugat 
ing or grooving unit including the holder 2 and tools 3. The ap 
paratus is preferably furnished with several grooving or corru 
gating units, each having a different diameter Dw, depending 
on the diameter of the tube. The tube can consist of any duc 
tile metallic or plastic material. 

FIG. 2 shows that each tool 3 comprises a concave work-en 
gaging face 3A and is seated in a socket or notch 11 in the 
disk-shaped main body portion 2a of the holder 2. The latter 
has two externally threaded extensions 2b, 2r: which mesh with 
threaded end walls 12, 13 having suitably con?gurated conical 
flanges which engage the inclined end faces of the tools 3 and 
hold them against movement axially as well as radially of the 
main portion 2a. The radius R of curvature of the concave 
face 3A is between 1.1 and 1.8 times the radius R, of the un 
treated part of the tube 1. 

Referring to FIG. 3, the maximum diameter Dw of the 
grooving or corrugating unit including the holder 2 and tools 3 
can be calculated in accordance with the equation 

wherein .t is the distance between the centers of successive 
corrugations. t is the maximum depth of a corrugation, r is the 
radius of curvature of the pro?le of a tool 3 (this radius equals 
the desired radius of curvature of surfaces ?anking the deep 
most portions of corrugations C), and alpha is the angle 
between the planes of adjoining tools 3 (this angle determines 
the distance between successive corrugations in the tube). 
The above equation and other data pertaining to preferred 

dimensions and distances are to be considered in the manufac 
ture of various corrugating or grooving units, one for each 
tube diameter and one for each shape of the corrugation. The 
number of holders can be reduced if the tools are readily 
removable and exchangeable in a manner as shown in FIG. 2 
or in an analogous fashion. 

FIG. 4 illustrates one presently preferred device for orbiting 
the holder 2 about the axis of the axially moving tube 1. This 
device comprises a driven carriage S0 rotatably mounted on 
the support 51, a bifurcated bracket 51 which is mounted on 
the carriage 50 and supports the shaft 4 for the holder 2, a 
similar bifurcated bracket 52 located diametrically opposite 
the bracket 5! (with reference to the axis of the tube 1 ), and a 
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4 
counterweight 10 which is rotatably mounted on a shaft 53 
supported by the bracket 52. The means for rotating the car 
riage 50 may comprise a system of gears or the like. The coun 
terweight 10 and its bracket 52 balance the weight of the 
bracket 51 and corrugating unit 2, 3. The distance between 
the parts 2, 10 on the one hand and the axis 5 of the travelling 
tube 1 on the other hand can be adjusted by means of a feed 
screw 8 driven by an electric motor 9 and meshing with the 
brackets 51, 52. The motor 9 can be connected with an energy 
source by means of customary slip rings or the like, not shown. 
The faces 3A of the tools 3 can be lubricated by way of 
lubricating ducts 22 (see also FIG. 3) provided in the bodies of 
such tools and receiving lubricant from the interior of the 
holder. The ducts 22 may (but need not) be omitted if the 
lubricating system comprises one or more nozzles 23 mounted 
on the counterweight l0 and serving to discharge lubricant 
into the corrugations C of the tube 1. The illustrated nozzle 23 
shares the orbital movement of the holder 2 about the axis of 
the tube. The con?guration of the counterweight 10 is similar 
to that of the holder 2. 

It was found that the useful life of tools is much longer if the 
faces 3A are lubricated in a manner as shown in FIG. 3 or 4. 
The consumption of lubricant can be kept to a minimum if 
such lubricant is discharged only through the duct 22 of that 
tool 3 which engages the travelling tube. 
An apparatus which employs the structure of FIG. 4 is espe 

cially suited for experimentation. For example, the person in 
charge might wish to start the motor 9 and to thus move the 
holder 2 and counterweight 10 toward or away from the axis 5 
of the tube 1 in order to determine the optimum distance for 
the formation of relatively deep, medium deep or shallow cir 
cumferential corrugations in a tube having a certain diameter, 
a certain wall thickness and consisting of a particular ductile 
metallic or plastic material. 

Referring to FIG. 5, the width of recesses or notches ll 1 (as 
considered in the circumferential direction of the holder 102) 
may exceed the thickness of the tools 103 so that these tools 
can swivel about radial axes l5 and to make with the axis 5 of 
the travelling tube a desired angle beta. The holder 102 com 
prises a main body portion [020 and two modi?ed end walls 
l6, 17 which are angularly movable with reference to each 
other and have concave recesses 14 for the longitudinal ends 
of the tools 103. By turning the end wall 16 with reference to 
the end wall 17 and/or vice versa, the person in charge can 
change the angle beta. This angle can be reduced to zero if the 
tools 103 are to provide the tube 1 with circumferentially 
complete corrugations c. If the angle beta exceeds zero, the 
tools 103 can provide the tube with a helical groove. 

FIG. 6 illustrates a holder 202 which constitutes a modi?ca 
tion of the holder 102 and which is also provided with means 
for changing the inclination of tools 203 about radial axes 215. 
One of the end walls l6, l7 is replaced with a ring-shaped car 
rier 200 having a cylindrical ?ange 20b provided with radial 
bores 200 for the sha?s 18 of the tools 203. The axes of the 
shafts l8 coincide with the respective axes 215. The inner end 
portion of each shaft 18 carries a pinion 19 which meshes with 
a ring gear 20A forming part of a disk 20 which is angularly 
movably coupled to the carrier 20a and is caused to change its 
angular position when the operator wishes to adjust the 
inclination of the tools 203. All of these tools are adjustable to 
the same degee and in the same direction, depending on the 
direction of rotation of the disk 20. The structure of H6. 6 is 
preferred in apparatus wherein the angle beta must be varied 
at frequent intervals. The pinions 19 can be replaced with gear 
segments and the ring gear 20A may also comprise several dis 
crete toothed portions each meshing with one of the pinions 
19 or with one of the just mentioned gear segments. 

If the tube 1 is to be formed with relatively deep corruga 
tions Cd with steep ?anks of the type shown in FIG. 7, the 
grooving or corrugating unit preferably comprises a holder 
302 which is a planetary having several equidistant planet 
pinions 24. These pinions are mounted on shafts 21 installed 
in a planet carrier 302a and mesh with a sun wheel 55 
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mounted on the shaft 304. The tools 303 are mounted on the 
pinions 24 in such a way that their planes are normal to the 
axis 5 and to the external surface 7 of the tube 1. The entire 
planetary 302 orbits about the axis of the tube when the ap 
paratus is in use. The angular position (orientation) of the 
tools 303 remains unchanged when the planet pinions 24 
travel about the sun wheel 55 either in response to lengthwise 
movement of the tube 1 or in response to starting of separate 
drive means for the planetary. 

FIG. 8 illustrates a tube 1A having circumferentially 
complete corrugations C which are not equidistant from each 
other. Such formation can be achieved, for example, by driv 
ing the holder 2 of FIG. 1 at a variable speed or by mounting 
the tools at unequal distances from each other. FIG. 9 illus 
trates a second tube 18 having groups of closely adjacent cir 
cumferentially complete corrugations C whereby the corruga 
tions of each group may but need not be exactly equidistant 
from each other. Also, the distance between successive groups 
may but need not be the same. Such method of corrugating 
can be employed when different sections of the ?nished 
product can or should exhibit different ?exibility and/or when 
the non-corrugated portions 56 of the product are to be used 
for mounting of certain components, such as armatures, cable 
heads or the like. FIG. 10 shows a further tube 1D wherein the 
distance between the circumferential corrugations is non 
uniform and the depth and/or width of corrugations also varies 
to a desired extent. Such con?guration renders it possible to 
impart a desired ?exibility to each of several successive sec 
tions of the product. The grooves or corrugations shown in 
FIG. 10 are formed with a unit including differently con?gu 
rated and dimensioned tools which are mounted at different 
distances from each other. 

FIG. ll shows a further tube 15 wherein circumferentially 
complete corrugations alternate and/or are combined with 
helical and axially parallel corrugations. Such helical and axi 
ally parallel corrugations can be formed with angularly ad 
justable tools of the type shown in FIGS. 5 and 6. in the groov~ 
ing unit of FIG. 6, the tools 203 are tumable through 90" so 
that they can be‘ used to form circumferentially complete cor 
rugations, helical corrugations or axially parallel grooves. The 
tools in a grooving unit (e.g., in the unit of FIG. 4) can be 
mounted in such a way that the distances between successive 
corrugations or groups of corrugations vary at regular inter 
vals. 
Without further analysis, the foregoing will so fully reveal 

the gist of the present invention that others can, by applying 
current knowledge, readily adapt it for various applications 
without omitting features which fairly constitute essential 
characteristics of the generic and speci?c aspects of our con 
tribution to the art and, therefore, such adaptations should 
and are intended to be comprehended within the meaning and 
range of equivalence of the claims. 
What is claimed as new and desired to be protected by Let 

ters Patent is set forth in the appended claims: 
1. A method of forming corrugations or analogous grooves 

in tubes consisting of ductile material, particularly in tubes for 
use as sheaths in electric cables, comprising the steps of mov 
ing a tube lengthwise along a predetermined path and univer» 
sally movable guiding two longitudinally spaced portions of 
the tube so that the whole section of the tube between said 
portions can bend in direction transverse to its elongation; and 
orbiting about such section of the tube a plurality of grooving 
tools in such a position and at such a distance from said path 
that the whole section is bent in transverse direction and then 
grooved by successive tools, always by one tool at a time, 
whereby such grooving will occur without appreciable 
stretching of the ductile material of the tube. 

2. Apparatus for forming corrugations or analogous grooves 
in tubes consisting of ductile material, particularly in tubes for 
use as sheaths in electric cables, comprising means for advanc 
ing a tube lengthwise along an elongated path; a pair of mu 
tuully spaced universally movable bearing means each sur 
rounding a portion of said path and having passages for closely 
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6 
guiding the advancing tube whereby the whole section of the 
tube between such bearing means can bend in direction trans 
verse to its elongation; and a grooving unit disposed between 
said bearing means and including holder means arranged to 
orbit about said path and a plurality of grooving tools sup 
ported by said holder means for movement about an axis 
which is at least substantially normal to said path, said tools 
being suf?ciently close to said path to bend said section 
between said bearing means in said transverse direction while 
tilting said bearing means and to groove the bent tube between 
said bearing means and said tools being arranged to travel 
about said axis at such a rate that the tube is engaged by one 
tool at a time. 

3. Apparatus as de?ned in claim 2, wherein said tools are 
provided with concave tube-engaging faces. 

4. Apparatus as de?ned in claim 2, wherein each of said 
bearing means comprises a substantially spherical bearing. 

5. Apparatus as de?ned in claim 2, wherein one of said 
bearing means is located ahead of the other bearing means, as 
considered in the direction of travel of the tube, and the tool 
which engages the section of a tube between said bearing 
means is nearer to said other bearing means. 

6. Apparatus as de?ned in claim 5, wherein the distance 
between said last-mentioned tool and said other bearing 
means is at least 1.5 times and the distance between said last~ 
mentioned tool and said one bearing means is at least 2.5 
times the diameter of the tube. 

7. Apparatus as de?ned in claim 2, wherein said tools have 
concave tube-engaging faces and wherein the radii of curva 
ture of such faces exceed the radius of the tube. 

8. Apparatus as de?ned in claim 7, wherein each of said 
radii of curvature is between 1.1 and 1.8 times the radius of 
the tube. 

9. Apparatus as de?ned in claim 2, wherein said tools are 
equidistant from each other and are disposed in planes includ 
ing said axis so that each tool provides the travelling tube with 
a circumferentially complete corrugation, the maximum 
diameter of said corrugating unit being equal to 

s2 

t=_r?_— cos a) 

, wherein s is the distance between the centers of successive 
corrugations in the tube, r is the maximum depth of such cor 
rugations, r is the radius of curvature of the pro?le on each 
tool, and alpha is the angle between the planes of adjoining 
tools. 

10. Apparatus as de?ned in claim 2, further comprising ad 
justing means for moving said holder means substantially radi 
ally of said path. 

11. Apparatus as de?ned in claim 10, further comprising a 
driven carriage supporting said holder means for orbital move 
ment about said path, said adjusting means comprising a feed 
screw rotatably mounted in said carriage and arranged to 
move the holder means radially of said path in response to 
rotation thereof, and motor means for rotating said feed 
screw. 

12. Apparatus as de?ned in claim 10, further comprising a 
rotary carriage supporting said holder means and movable 
therewith about said path, and a counterweight mounted on 
said carriage diametrically opposite said holder means, said 
adjusting means being arranged to move said counterweight in 
response to movement of said holder means radially of said 
path. 

13. Apparatus as de?ned in claim 2, wherein said holder 
means comprises a hub having peripheral sockets for said 
tools and end walls connected with said hub and arranged to 
releasably hold the tools in the respective sockets. 

14. Apparatus as de?ned in claim 2, wherein each of said 
tools is mounted for swiveling movement about an axis which 
is normal to said ?rst-mentioned axis and wherein said holder 
means comprises meam for swiveling said tools about such 
axes. 
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15. Apparatus as de?ned in claim 14, wherein said holder 
means comprises a hub having peripheral sockets receiving 
said tools with clearance, said means for swiveling comprising 
end walls connected with said hub and arranged to retain said 
tools in the respective sockets, at least one of said end walls 
being arranged to turn about said ?rst-mentioned axis to 
thereby swivel said tools. 

16. Apparatus as de?ned in claim 14, wherein said means 
for swiveling comprises pinions provided on said tools and a 
gear rotatable about said ?rst-mentioned axis and meshing 
with said pinions. 

17. Apparatus as de?ned in claim 2, wherein said holder 
means comprises means for maintaining said tools in planes 
which are at least substantially normal to said path. 

18. Apparatus as de?ned in claim 17, wherein said holder 
means comprises a planetary including a sun wheel rotatable 
about said axis, a planet carrier, and planet pinions mounted 
in said planet carrier and meshing with said sun wheel, said 
carrier and said pinions constituting said means for maintain 
ing the tools in said planes. 

[9. Apparatus as de?ned in claim 2, wherein said tools in 
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8 
clude at least two differently dimensioned tools. 

20. Apparatus as de?ned in claim 2, wherein said tools are 
supported by said holder means at dilferent distances from 
each other to form in a travelling tube grooves at different 
distances from each other. 

21. Apparatus as de?ned in claim 2, wherein said tools are 
disposed in planes making different angles with the longitu 
dinal direction of said path. 

22. Apparatus as de?ned in claim 2, wherein at least some 
of said tools are provided with lubricant-discharging ducts. 

23. Apparatus as de?ned in claim 2, further compr'sing at 
least one lubricant-discharging nozzle arranged to orbit with 
said holder means and to lubricate such portions of a 
travelling tube which are grooved by said tools. 

24. Apparatus as de?ned in claim 23, wherein said unit 
further comprises a counterweight arranged to orbit about 
said path and disposed diametrically opposite said holder 
means, said nozzle means being supported by said counter 
weight. 

‘ l I It i 


