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ABSTRACT OF THE DISCLOSURE 

The present invention relates to methods and apparatus 
for producing corrugations in metallic tubes and is char 
acterized by the fact that it is possible to produce corruga 
tions of various shapes by utilizing at least two corrugating 
rings or two sets of corrugating rolls. In particular the 
invention relates to methods and, apparatus capable of 
producing easily corrugations of greater depth as com 
pared with pitch, corrugations of a small pitch whose 
trough is wider than the crest (tubes with such corruga 
tions have good bending characteristics and other mechan 
ical properties and permit a cable to be pulled into them 
more easily), and furthermore corrugations conformable 
to the shapes of apexes of corrugating rings or rolls, 
without employing any core (corrugating tool to be ap 
plied inside the tube) as in the conventional apparatus. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to methods and apparatus 
for producing corrugations in metallic tubes, and in par 
ticular proposes methods and apparatus capable of pro 
ducing easily corrugation of greater depth as compared 
with pitch, corrugation of a small pitch whose trough 
is wider than the crest, and furthermore corrugation along 
shapes of apexes of corrugating rings or rolls without 
employing any core as in the conventional apparatus. 

In the prior art there are two representative methods 
for corrugating a metallic tube. 
The ?rst is a method of corrugating by pressing a cor 

rugating tool only against the exterior of a metallic tube, 
and the second is a method of corrugating by pressing a 
corrugating tool against the exterior of a metallic tube 
and simultaneously inserting also another corrugating tool 
(core) into the tube, thus nipping the tube wall between 
the two tools. However ‘these methods have the following 
defects. 

In the ?rst method, in which corrugation is made by 
pressing a corrugating tool only against the exterior of 
the tube without producing any pressure from inside the 
tube, it is impossible to produce sharp corrugations hav 
ing greater depth as compared with pitch or corrugations 
whose trough is wider than the crest. As shown in FIG. 
1a, when a metallic tube 2 is corrugated by the ?rst 
method, no sharp corrugations can be obtained even if 
the force F is applied to it by a corrugating tool 1 with 
relatively thin apex because the deformation range d of 
the tube is nearly determined by the size of a tube (thick 
ness t, diameter D). Consequently if a tube of the same 
size as a tube having the corrugation as shown in FIG. 
1a (pitch P, depth h) is corrugated at a pitch P’ as shown 
in FIG. 1b which is smaller than P in FIG. la, its outside 
diameter decreases, thereby producing only very shallow 
corrugations. The depth h’ becomes very small as com 
pared with pitch P’: in other words it is impossible to 
produce deep corrugations of a small pitch. Besides if 
the tube is corrugated at the same pitch P as shown in 
FIG. 1a by utilizing a corrugating tool 3 with an apex 
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2 
of great width as in FIG. 10, the depth of corrugation It" 
becomes very small as described above because the de 
formation range d of a pipe is nearly constant according 
to a size of a pipe. 
As above, by the ?rst method, in which only the force 

in the radial direction is applied to the exterior of a 
metallic tube to be corrugated, it is impossible to produce 
sharp corrugations or corrugations whose trough is wider 
than the crest. Corrugations made by this method are very 
limited in form. 
Then in order to produce sharp corrugations or cor 

rugations whose trough is wider than the crest, the second 
method has been used, in which the corrugating force 
is applied not only to the exterior of a metallic tube, but 
also to its interior by utilizing a core. 
However, because the length of the core is limited, it 

is dif?cult to produce long corrugated tubes. This method 
is unsuitable for producing many different sizes of tubes, 
because the core must be changed every time a tube of a 
different size is corrugated. 

Furthermore, this method is impracticable for produc 
ing corrugations on cavity~?lled tube, such as cable sheath 
having cable core, in which there is no room for the core 
to be inserted. 
The present invention provides a new method for cor 

rugating a metallic tube which is free from the defects of 
the above conventional corrugating methods. The ?rst 
purpose of the present invention is to obtain sharply 
corrugated metallic tubes by applying force only against 
the exterior of tubes without employing a core. The sec 
ond purpose of the present invention is to obtain cor 
rugated metallic tubes in which despite a small pitch of 
corrugation, the trough is wider than the crest. 
The third object of the present invention is to propose 

a method suitable for producing metallic tubes corru 
gated as above in a continuous length, that is to say, a 
method of corrugating tubes by at least two corrugating 
rings or two sets of rolls. The fourth object of the pres 
ent invention is to propose a method for producing cor 
rugation of shapes conformably to the shape of apexes 
of corrugating rings or rolls. The ?fth object of the present 
invention is to propose a method of producing ef?ciently 
and at low cost corrugated tubes of various shapes, hav 
ing good mechanical characteristics, which is convenient 
for the production of many different sizes of corrugated 
tubes. 
The present invention provides methods and apparatus 

of producing a corrugated tube by pressing a corrugating 
tool against the exterior of a metallic tube, in which a 
plurality of corrugating tools are arranged in such a man 
ner that their inner surfaces, which engage the tube, will 
come on the whole or part of the peripheries of the 
circles satisfying the conditions, 

(1) The planes of the circles corresponding to adjacent 
corrugating tools are ?at, and said planes have different 
inclination angles respectively to the plane perpendicular 
to the central axis of a metallic tube to be corrugated, 
the inclination angle of the circle corresponding to a front 
one of said adjacent corrugating tools being preselected 
to be algebraically smaller than the inclination angle 
of the circle corresponding to a rear one of said corrugat 
ing tools, and 

(2) The centers of the circles corresponding to the 
adjacent corrugating tools are displaced respectively from 
the center of the metallic tube in different radial direc 
tions relative to one another with the phase of the circle 
corresponding to the front one of said corrugating tools 
being in advance of the phase of the circle correspond 
ing to the rear one of said corrugating tools. 

Next, referring to the accompanied drawings the con 
stitution of the invention will be explained in detail. FIG. 
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1 is a diagram for illustrating a conventional corrugating 
method. FIG. 2 is a diagram for illustrating the funda 
mental principle of the present invention. FIGS. 3a and b 
are vertical and transverse sectional views in which a 
portion is omitted and which show the ?rst embodiment 
of the present invention respectively. FIGS. 4a and b are 
vertical and transverse sectional views in which a por 
tion is omitted and which show the second embodiment 
of the present invention. FIGS. 5, 6 and 7 are diagrams 
for illustrating the theory of the present invention respec 
tively. FIG. 8 is a vertical sectional view, in which a por 
tion is omitted and which shows the third embodiment of 
the present invention. FIG. 9 is a diagram for explaining 
the principle of the fourth embodiment of the present 
invention. FIGS. 10a and b are diagrams of corrugation 
of a metallic tube corrugated by the method of the pres 
ent invention and FIGS. 11a and b are diagrams of a 
metallic tube corrugated by methods of the present in 
vention and the prior art respectively. 

Firstly, to explain the principle of the present invention 
as shown in FIG. 2a, the force F is applied in the radial 
direction to the exterior of metallic tube 2 and simul 
taneously the force F’ in the axial direction of the tube, 
whereby forming corrugations in such a manner as if to 
pinch the wall 4 of a pipe. In this way it is possible to 
produce easily corrugations having both a small pitch 
p’ and great depth [1 without employing a core. Of course, 
as shown in FIG. 2b, because it is possible to apply the 
force F’ along the axial direction of a pipe even though 
the width w of the apex of a corrugating tool 3 is large, 
it is possible to produce easily corrugations having a large 
depth h whose trough is wider than the crest. 

In this way the present invention is based on my ?nd 
ings that a metallic pipe is easily deformed when the 
force is applied to the axial direction as well as in the 
radial direction. This may be due to the fact that any 
metal material, which is in its plastic region owing to a 
force given it in one direction. is easily deformed when 
additionally given even a slight force in a different direc 
tion. 

Next, embodiments of the present invention will be ex— 
plained. In FIGS. 3a and b, 5 is a metallic tube to be 
corrugated, 6 the inside surface of the root of a corrugated 
metallic tube, and 7 a bush. The metallic tube 5 is sent 
out in the direction of the arrow in FIG. 3a. 8, 9 are 
corrugating tools of ring shape. Their inside surfaces con 
tacting with the tube are situated on the peripheries of 
circles 11 and 12. Circles 11 and 12 are as follows. 

(1) These circles are planar and have different slant 
angles ¢°1 and ¢o2 to the plane perpendicular to the 
central axis 10 of a metallic tube to be corrugated, and 
the slant angle (#01 of the circle of the rear corrugating 
tool 9 is intensionally made smaller algebraically than 
the slant angle gram of the circle of the rear corrugating 
tool 8. 

(2) The centers of the circles are displaced from the 
center of the tube by H01 and H02 in different directions 
and also the phase of the circle of the front corrugating 
tool 9 is in advance of the phase of the circle of the 
rear corrugating tool 8. 
The adjacent corrugating tools 8 and 9 as described 

above are caused to rotate about the central axis 10‘ of 
a metallic tube 5 at the same speed and in the same direc 
tion by driving gear (not shown), and thereby a metallic 
tube 5 is pressed by the tool on its exterior and corru 
gated spirally. In this way the force in the axial direc 
tion is further applied by the front tool 9 to the corruga 
tions formed by the rear tool 8, thereby easily produc 
ing sharp corrugations or corrugations whose trough is 
wider than the crest. 

FIG. 4 shows corrugating tools 13 and 14 comprising 
a plurality of rolls 

and in this case the apexes of the rolls contacting with 
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4 
a metallic tube are situated on the peripheries of circles 
15 and 16 similar to 11 and 12 of FIG. 3b. 

Hereinbefore the concept of the present invention has 
been explained. Now the present invention is explained 
theoretically by utilizing formulas. 

Firstly an inner surface of a corrugating ring is ar 
ranged on the periphery of a circle of a radius R,, and 
inclined at an angle of ¢o relative to a plane perpendicu 
lar to a central axis 18 of a metallic tube 17 of a radius 
R9 to be corrugated as shown in FIG. 5. The center 
Or is eccentric from H0 to a point, Op, on a central axis 
18 of a metallic tube, and the said corrugating tool is 
rotated about a central axis 18, while the inclination 
$0 and eccentric distance Ho are maintained to produce 
spiral corrugations on a metallic tube 17. Now looking 
at an optional point Q on a metallic tube 17 in FIG. 
5, we see that Q is pressed in gradually by the corrugat 
ing tool to the depth of ho, and that then the corrugating 
tool comes off gradually. The displacement of the apex 
of the corrugating tool in the radial direction of the tube 
h and the displacement of the apex of the tool in the 
axial direction of the tube 2 are the functions of the 
rotating angle of the tool. Then the relation between 
the radial displacement, h. the axial displacement Z and 
the rotating angle 0 is obtained in an equation as fol 
lows: 

_ (1) 
In a triangle OpOrP 

Then in the actual design, the eccentricity H0 (=0p0r) 
is usually very small as compared with a radius of a metal 
lic tube Rp (=OpP), so 4 OpPOr<<1 

Therefore 

UF=.@+Q—P 

.'.0,P~'~~,Rr cos f-i-h 
Therefore 

(Rr cos gi-l-lz)2=Ho2+Rp2-}-2H,,Rp cos (6-00) 
From the Formulas l and 2 

h=Rp—Rr cos 95+ Ho cos (0-—0,,) 

(2) 

(3) 
Then 

(4) 

(5) 

(6) 

so 

Z=Rr sin § 
From the Formulas 6 and 7 

Z=Rp tan 95o sin (l9—d°) —/1 tan 515° sin (0-00) 

(7) 

(8) 
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As above, the relation between the rotating angle 0 on 
one hand and the radial displacement h and the axial 
displacement Z on the other at a certain point on the 
circumference of a metallic tube is shown in Formulas 
5 and 8. As, however, the inclination 450 is small and 
515 is equal to or less than 95,, 

cosf'; land tanféf 
0 0 

Therefore, the ?nal equations are as follows. 

Z=RD§osin (0—00)—h§osin (0-0,) (10) 
By substituting actual ?gures in Formulas 9 and 10, it is 
possible to obtain a locus of the apex of a corrugating 
tool on the side of the tube. For example in FIG. 6 a 
locus 20 is traced by a point 22 of the apex of a rear 
corrugating tool 21 making one revolution when 

Rr=Rp=47.5 mm. 

hO=5 mm., and 550:5". Besides a locus 23 of FIG. 6 is 
traced by an apex 25 of a front tool 24 making one revo~ 
lution when Rr=45.5 mm., Rp=47.-5 mm., h°=5 mm. 
and §=1°. Now, corrugation on the metallic tube 17 by 
tools 21 and 24 having the above loci will ‘be explained 
with reference to FIG. 6. 
The axial displacement shown by the locus 20 of the 

apex 22 of the rear corrugating tool 21 is larger than that 
shown by the locus 23 of the apex of a front corrugating 
tool 24. Therefore if, as a metallic tube 17‘ is travelled 
in the direction of arrow at a constant speed, adjacent 
corrugating tools 21 and 24 are rotated about the central 
axis of the tube in the same direction and at the same 
speed while the above inclination and eccentric distance 
are maintained, the speed at which the tube passes rear 
tool 21 is higher than that at which it passes the front 
tool 24 by which the force is applied to corrugations 
formed by rear tool 21 in the direction of tube axis to 
reduce the pitch of corrugations to an extent correspond 
ing to the difference between the two speeds. The curves 
in FIG. 6 show the process of corrugating a metallic tube, 
by Way of a line on the circumference of the tube and 
in parallel to its axis (at top part of the tube in the 
?gure). When the tool 21 is situated at a position (D, 
a certain position on the outside surface of a metallic 
tube contacting with the tool 21 is represented by a mark 
I, and similarly when a tool 21 moved to positions (2), 
®, @ . . . the corresponding positions on the outside 
surface of a metallic tube are represented by marks II, 
III, IV . . . Further when a tool 24 is situated at a 
position 

(P) 
a certain point on the surface of a metallic tube lying 
nearly under the tool 24 is represented by I’, and when 
the tool 24 moved to positions 

4I\ (Q (E) J 
the displaced positions of I’ are represented by II', III’, 
IV’. . . . 

Now, when a tool 21 is at a position (D, the portion 
of the tube in the vicinity of the tool 24 is in the state of 
having been corrugated by tool 21 in the preceding cycle 
of corrugation. Namely, when a tool 21 is situated at a 
position Q), the shape of the surface of a metallic tube 
has become as shown by 

@ 
Supposing that at this time, a tool 24 is for example at a 
position 

(I) 
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6 
if the corrugating tools 21 and 24 are further rotated by 
thirty degrees from that state, the metallic tube 17 is de— 
pressed by the rear corrugating tool 21 and position I 
on the surface of a metallic tube progresses to position II 
and at the same time the rear tool 21 presses and corru 
gates the surface of a metallic tube along the locus 20 
while moving from position (D to position (2). 
On the other hand, tool 24 also moves from the 

position 

(D 

@D 
but a point I’ on a metallic tube lying in the vicinity of 
the tool 24 moves merely to II’ because its displacement 
in the axial direction of the tube is small. This is to say, 
the tool 24 performs braking action which prevents the 
progress of a metallic tube and in other words the force 
reverse to the direction of progress of a metallic tube is 
applied. This forms corrugations as shown by 

to the position 

f§\ \,_J 
Besides if a corrugating tool rotates by thirty degrees, 

a tool 21 presses a metallic tube and moves to position 
®, and the point II on a metallic tube moves to III, but 
a point II’ on the tube moves slightly to III’ because the 
tool 24 moves merely from the position 

(Z) 

(33 
and thereby the action of braking the progress of the tube 
generates as above ‘and the force is applied to tube in 
its axial direction as described above, so that corrugation 
becomes sharp as 

In the same manner the corrugation is made sharper 
and sharper by the force caused by the tools 21 and 24 
which works as if to pinch the crest. When the tool 24 
comes at a position 

CD 
it no longer contacts with the crest of corrugation so that 
no braking action works on the tube in its axial direction 
and the crest of corrugation freely passes the position of 
the tool 24. When by further rotation the tool 21 returns 
to the original position @ and the tool 24 to the position 

(D 
the process as described above is repeated again. 
The important points in the above explanation are that 

there is a difference in phase between the tools 21 and 
24 adjacent each other so that the front tool 24 is at the 
position 

to 

(I) 
when the rear tool 21 is at the position (D, and that the 
phase of the circle of which the portion contacted to the 
metallic tube 17 of the front tool 24 is present at the 
periphery thereof is in advance of the phase of the circle 
of the rear tool 21. As clear from Formulas 9 and 10, 
this can be attained by providing a deviation between the 
initial phase of the tool 21 and that of the tool 24 and 
advancing by the deviation the initial phase 0,, of the front 
tool 24 over that of the rear tool 21 to the direction of 
the rotation. FIG. 6 shows the case where the phase differ 
ence @o is 60° and the phase of the circle of the front 
tool 24 is in advance of the phase of the circle of the rear 
tool 21 by the phase difference. In FIGS. 7a, b, and c, the 



3,568,489 
phase difference @0 is the angle formed by a line between 
0,, and 

N (L 
and a line between 0p and 

@cnmav 
representing the points closest to Op, the center of the 
tube and on the circles 26 and 27 respectively on which 
are located such portions of the tools 21 and 24 as are in 
contact with the tube. In the above explanation of the 
present invention, it was described that the centers of 
circles, on which are located the parts of corrugating tools 
contacting with the tube, are respectively eccentric in the 
different directions to the central axis of the tube. Such 
eccentric arrangement of the tools makes the phase differ 
ence ®,,. 
The above explanation involves a case in which the 

values of inclinations ¢01 and (4002 of the two corrugating 
tools were of the same sign, but they need not necessarily 
be so. In Formulas 9 and l0, 4),, and ¢,,2 may be given 
values of different signs. For example, in FIG. 6, when 
the inclination (¢O=1°) of the tool 24 is changed to 
(¢o=~—l°) the locus of the apex of the tool 24 is formed 
in a direction opposite to the arrow, namely, in the clock 
wise direction in the ?gure. Yet, it will be understood that 
“the effect of pinching up corrugation” can be obtained 
similarly. Namely, as shown in FIG. 8 even though the 
direction of inclination of the rear corrugating ring 21 
and that of the front corrugating ring 24 are made differ 
ent from each other, it is possible to embody the present 
invention 
The above embodiments explain that the depth of cor 

rugation is determined only by the rear ring, but there 
is a certain limitation to the depth of corrugation formed 
by a single ring and the ring is forcibly pressed onto the 
tube beyond such limit, to exert the undesirable in?uence 
on mechanical characteristic such as that it often causes 
buckling of the tube. Therefore, when very deep corruga 
tions are required, it is desirable to corrugate the tube 
in two steps, forming shallow corrugations with a rear 
corrugating ring and making them deeper to the desired 
depth with a front corrugating ring. 
Of course, also in this case the force in the axial direc 

tion of a tube is caused by the front corrugating ring. As 
compared with the case in which the front ring makes 
no further depression, this method has particularly great 
effects as follows. 
As shown in FIG. 9, when after corrugations are made 

to a depth of h by a force F’ given by the rear corrugating 
ring, a force Fh is applied in the direction perpendicular 
to the tube axis to make corrugations deeper by hz while 
a force Fv simultaneously works in the axial direction of 
the tube, the shape of the corrugations can be easily made 
more comformably to the contour of the apex of the 
corrugating ring than when the front ring gives only a 
force in the axial direction of the tube. 

This may be because in the two-step depression, the 
area of a tube where it turns into the plastic region by 
the depressive force given by the front ring becomes 
larger than in the case of FIG. 2a where only a force is 
the axial direction of the tube is given by the front ring. 
FIG. 10a shows a case were the depressive force is ap 
plied only by the rear ring and only the force in the axial 
direction of a tube is applied by the front ring. Sharp 
corrugations are produced by “the pinching-up effect,” 
but the contour 

of one side of a corrugation is different from that 

(E) 
of the other side (not symmetrical), so that the cor 
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8 
rugation does not conform to the shape of the apex of 
a corrugating ring. However, when the front ring gives 
a force in the axial direction of the tube while making 
further depression to form deeper corrugations, the 
“pinching-up effect” works more effectively and as shown 
in FIG. 10b produces symmetrical corrugations conform 
able to the shape of the apex of the ring. 

In the above description, the principle and embodiments 
in the case in which the two corrugating tools are em 
ployed were explained in detail, and it goes without say 
ing that it is possible to corrugate a metallic tube ac 
cording to the similar principles even though three or 
four corrugating tools are employed. The present inven 
tion can be embodied generally by employing a plurality 
of corrugating tools. Besides it goes without saying that a 
corrugated tube referred to in the present invention in~ 
cludes a corrugated sheath of an electric cable in addi 
tion to a non-?lled corrugated tube. 
The material of the corrugating tools used in the pres 

ent invention is not limited to metals. Plastics or any other 
material may be used for them. Moreover the tools may 
take any other shape than ring or roll. 
FIG. 11 shows a corrugation a produced in a metal 

lic tube according to the present invention and FIG. 11 
also shows a corrugation b produced according to the 
conventional method in which the force is applied only 
in the radial direction of a metallic tube. As apparent 
from the comparison of those corrugations, corrugations 
made by only one corrugating tool as in the conventional 
method are shallow and gently sloping and the resultant 
corrugated tube has unsatisfactory bending characteristic. 
According to the present invention it is possible to pro 
duce deeply and sharply corrugated tubes having good 
bending characteristics. 
What I claim is: 
1. A method of producing a corrugated metallic tube 

comprising the step of pressing from the external side 
of a metallic tube by means of a plurality of adjacent 
corrugating tools, said pressing step including disposing 
the portions of said corrugating tools to be brought into 
contact with the metallic tube at the peripheries of circles 
satisfying the following conditions: 

(1) the planes of the circles corresponding to the ad 
jacent corrugating tools are ?at, and said planes have 
different inclination angles respectively to the plane 
perpendicular to the central axis of a metallic tube 
to be corrugated, the inclination angle of the circle 
corresponding to a front one of said adjacent corru 
gating tools being preselected to be algebraically 
smaller than the inclination angle of the circle cor 
responding to a rear one of said corrugating tools, 
and 

(2) the centers of the circles corresponding to the ad 
jacent corrugating tools are displaced respectively 
from the center of the metallic tube in different radial 
directions, the phase of the circle corresponding to 
the front one of said corrugating tools being in ad 
vance of the phase of the circle corresponding to 
the rear one of said corrugating tools, 

and rotating the corrugating tools about the central axis 
of said metallic tube at the same speed and in the same 
direction, whereby a pressing force is applied from ex 
terior of the tube in a radial direction relative to the 
metallic tube and, at the same time, a pressing force is 
also applied in an axial direction relative to the metallic 
tube to pinch up the wall of the metallic tube and to 
form a helical corrugation in the metallic tube. 

2. An apparatus for producing a corrugated metallic 
tube comprising a pair of adjacent corrugating tools, the 
portions of said corrugating tools to be brought into con 
tact with a metallic tube for pressing the exterior of the 
metallic tube being disposed respectively at the peripheries 
of circles satisfying the following conditions: 

(1) the planes of the circles corresponding to the ad 
jacent corrugating tools are tlat, and said planes have 
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dilferent inclination angles respectively to the plane 
perpendicular to the central axis of a metallic tube to 
be corrugated, with the inclination angle of the 
circle corresponding to the front one of the corrugat 
ing tools being preselected to be algebraically smaller 
than the inclination angle of the circle corresponding 
to the rear one of said corrugating tools, and 

(2) the centers of the circles corresponding to the ad 
jacent corrugating tools are displaced respectively 
from the center of the metallic tube in different radial 
directions, the phase of the circle corresponding to 
the front corrugating tool being in advance of the 
phase of the circle corresponding to the rear corru 
gating tool, 

and a driving means for rotating the corrugating tools 
about the central axis of the metallic tube at the same 
speed and in the same direction. ‘ 

3. A method of producing a corrugated metallic tube 
as in claim 1 wherein two corrugating tools are used, the 
rear corrugating tool depressing a metallic tube in the 
direction perpendicular to the axis of said tube to form 
corrugations and the front corrugating tool depressing 
the troughs of said corrugations further in the direction 
perpendicular to the tube while simultaneously giving a 
force to the tube in the axial direction thereof. 
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4. The method of claim 1 for producing a corrugated 

metallic tube wherein metallic tube rings are used as 
corrugating tools. 

5. The apparatus of claim 2 for producing a corrugated 
metallic tube which uses rings as corrugating tools. 

6. The method of claim 1 for producing a corrugated 
metallic tube wherein said corrugating tools are com 
posed of a plurality of rolls. 

7. The apparatus of claim 2 for producing a corrugated 
metallic tube which uses corrugating tools composed of a 
plurality of rolls. 

8. The method of claim 1 wherein the metallic tube is 
the sheath of an electric cable. 
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