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This invention relates to improvements in 
methods and apparatus for closing or partly cloS 
ing the ends of tubular metal members. 
One of the objects of this invention is to pro 

vide method and apparatus for turning-in the 
ends of a tubular member by means of a spin 
ning operation resulting from relative rotation 
of the tubular member and a die. A further ob 
ject of this invention is to provide apparatus in 
cluding a die having a partly conical recess into 
which the end of a tubular member is preSSed 
with the axes of the tubular member and die at 
an angle to each other in Such a manner that 
upon relative rotation of the tubular member 
and the die, the metal of the tube will be wiped 
toward the axis of the tube. Another object is 
to provide a method and apparatus of this type 
by means of which the metal of the tubular 
member when flanged-in toward the axis of the 
tube becomes heated by friction to a temperature 
sufficiently high to cause the end of the tube to 
be welded to form a tight closure on the end of 
the tube. Another object of this invention is to 
provide apparatus of this type in which the die 
comprises a plurality of rods of a metal or alloy 2: 
capable of resisting high temperatures, and in 
which the rods are arranged. So that "the ends 
thereof which engage the tubes form portions of 
a conical recess. Other objects and advantages 
of this invention Will appear from the following 
description and claims. ; , , " ' 

In the accompanying drawings: 
Fig. 1 is a top plan view of an apparatus emi 

bodying this invention and showing the parts 
thereof mounted on a lathe. - - 

Fig. 2 is a fragmentary longitudinal central Sec 
tion of a tube before the end thereof is turned-in. 

Fig. 3 is a similar section showing the tube 
after the end thereof, has been closed by means 
of the apparatus shown in Fig.1. 

Fig. 4 is a view, partly in section, on an en 
larged scale, of the die shown in Fig. 1. 

Fig. 5 is a face view of a die of modified con struction. 
Fig. 6 is a section thereof, on line 6-6, Fig. 5. 
Fig. 7 is a fragmentary, sectional view of the 

die with a tube in operative relation thereto for 
Spinning over the end of the tube, the Section 
being taken approximately on the axis of the die. 

Fig. 8 is a sectional view thereof, on line 8-8, 
Fig. 7. .. 

Fig. 9 is a fragmentary sectional view similar 
to Fig. 8, but showing the tube farther advanced 
into the die. . . . . . . . . . . . - - - 
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Fig. 10 is a sectional view thereof, on lin 9-0, Fig. 9. 
Fig. 11 is a fragmentary sectional view similar 

to FigS. 8 and 10, but showing the tube still far 
ther advanced into the die. 

Fig. 12 is a sectional view thereof, on line 2-2, Fig. 11. 
Fig. 13 is a fragmentary Sectional view similar 

to FigS. 8, 10 and 12, but showing the tube in 
final position with reference to the die. 

Fig. 14 is a Sectional view thereof, on line 
4-4, Fig. 13. 
Fig. 15 is a view, partly in section, of a modi 

fied apparatus by means of which the end of a 
tube may be turned inwardly while the tube is 
held Stationary by means of a die rotating about 
the tube. . . . . . . 
In Fig. 1, 8 represents the bed of a lathe, on 

which apparatus embodying my invention may be 
mounted. 9 represents the lathe spindle having 
a collet 10 by means of which a tube A to be op 
erated upon may be clamped in place. It will 
be understood that the lathe spindle 9 and the 
collet may be rotated by any suitable means (not 25 
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shown), such as commonly employed in connec 
tion with lathe headstocks, or the spindle, and 
collet may be disconnected from its driving means 
so that it may be free to rotate in either direc 
tion. It is to be understood that while a lathe 
lends itself well for use in connection with my 
improved apparatus, yet it is not intended to limit 
this invention for use in connection with lathes, 
Since machines of other types for rotatably Sup 
porting or for positively rotating the tubes, may 
be employed for use in connection with my lim proved apparatus. 

... The turning or spinning in of the end of a tube 
or tubular member is effected by means of a die 
having a circular or partly circular surface or 
edge which is engaged by the tube while extend 
ing at an angle to the axis of the circular. Sur 
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face or edge of the die. In Fig. 4, I have shown 
by way of example one type of die 2 which may 
be used in connection with the turning-in of the 
ends of tubes, this die being made of a suitable 
hard material having a conical or frusto-conical 
receSS 4 formed therein. The middle portion 
of the die may be provided with a hole 15, if de 
sired, to receive any chips or scale which may be 
removed from the tube during the turning-in 
operation, but this hole may be omitted, if found 
unnecessary. The die may be suitably secured 
in a die holder 6 in any suitable manner, the 
die holder having a stem or shaft about which 
the die holder may rotate, the axis of the stem or 
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shaft being concentric with the axis of the coni 
cal or partly conical receSS 4. 

In the use of this die, the tube to be operated 
upon is arranged relatively to the die With the 
axis of the tube extending at an angle to the 
axis of the conical recess in the die preferably 
in such a manner as shown in Figs. 1, 7, 9, 11 and 
13. When the parts are in this relation to each 
other, the tube may have the end portion thereof 
spun or formed inwardly either by relative rota 
tion of the die about the axis of the cone, while 
the tube is pressed into the die cavity and is free 
to rotate, or while the tube is driven to rotate 
about its axis. Also the end of the tube may be 
formed inwardly by leaving the die free to rotate 
due to frictional contact with the tube. The 
direction of rotation of the tube and die about 
their axes is immaterial. The tube and die are 
pressed into contact in such manner that as the 
end of the tube is turned inwardly, it enters more 
deeply into the die recess, and the relative rota 
tion of the tube and the die must be such that 
the die has a spinning or wiping action about the 
entire periphery of the end of the tube. 
In the construction shown in Fig. 1, the Shaft 
of the die holder 6 is rotatably mounted in a 

bearing f$ arranged at an angle to the axis of 
the lathe spindle. In the particular construction 
illustrated, the shaft 7 may be rotated by means 
of a motor 20 mounted above the bearing 8 and 
the die and its shaft may be rotated by the 
motor through the medium of one or more pulleys 
2 mounted on the motor shaft connected by a 
beit with pulleys 2d. The motor and the bear 
ing 8 are suitably mounted on a slide 22 arranged 
to Slide lengthwise of the bed 8 of the lathe. 

In the particular construction illustrated, the 
slide. 22 with the motor mounted thereon is ar 
ranged to be yieldingly urged to the left in Fig. 1, 
while the end of the tube is being turned inward 
ly, and for this purpose, a cylinder 25 may be 
secured to the lathe bed 8, this cylinder having 
a piston connected with a piston rod 26, the outer 
end of which is suitably secured to a bracket 2 
Secured on the bearing bracket or other part of 
the slide 22. The cylinder has conduits 28 and 
29 adjacent to the opposite ends thereof through 
which motive fluid, such for example as com 
pressed air, may be admitted to the cylinder at 
either side of the piston. When a tube is secured 
to the lathe collet in correct relation to the die 
2 and the collet is rotated, the motive fluid is 
admitted to the cylinder 25 so as to urge the 
piston to the left in Fig. 1, to exert pressure of 
the die against the end of the tube A, thus causing 
the tube A, as the end thereof is spun inwardly, 
to enter more deeply into the die cavity. During 
this Operation, the die 2 may be permitted to 
rotate due to frictional contact with the tube A, 
Or the die may be rotated by means of the motor 
20 through the pulleys 2 and 2 a. and the belt 
connection with the shaft as described. I 
have found that when operating on tubes with 
relatively thin side walls, it is best to rotate the 
die during the rotation of the tube A and when 
Operating on Small tubes with relatively heavy 
Side Walls, the die may be left free to be rotated 
by the tube. If the tubes are quite thin and 
considerable heat is required, the die may be 
rotated in a direction opposite to the direction 
of rotation of the tube. If less heat is required, 
the direction of rotation of the die and the tube 
may be the same. 
In the Operation of the method and mechanism 

described, a die with a conical recess is employed 
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4. 
for the reason that any section of the cone paral 
lel to its base is a circle, and when the end of 
the tube is spun inwardly to form a Substantially 
hemispherical end thereon, it is noted that the 
tube contacts the die only along a circular line 
or narrow band thereon, this circle lying in the 
section 8-8 in Fig. 7. Consequently, when the 
end of the tube is first inserted and pressed into 
the die recess, the tube will engage only a rela 
tively small part of the circle or circular band of 
the die, for example, the lower part thereof aS 
shown in Fig. 8, thus producing a relatively Small, 
inwardly extending flange 3 on the tube. AS 
the tube enters the die cavity to a greater extent, 
due to pressure of the die toward the tube aS 
shown in Fig. 1, or due to pressing the tube into 
the die cavity, a larger flange 3 will be formed 
On the tube as clearly shown in Figs. 9 and 10, 
and the turned-in portion of the tube will engage 
a greater portion of the circle or circular band 
within the die with which the tube contacts, as 
shown in Fig. 10. As the tube enters farther into 
the die, a larger inturned portion 32 is formed 
thereon which, in turn, engages with a larger 
portion of the circle as shown in Fig. 12. Upon 
further entry of the tube into the die cavity as 
shown in Figs. 13 and 14, the end of the tube 
will be entirely closed and at this time, the end 
of the tube Will contact With the entire circle 
of contact Within the die cavity 4 as shown in 
Fig. 14 and the axial portion of the tube will be 
Weided to form a tight closure at the end of the 
tube. - 

A great deal of friction results from the turn 
ing-in of the end of the tube by means of the die 
in the manner described, and this friction results 
in the heating of the tube. The amount of fric 
tion may be controlled by the relative Speeds of 
rotation of the tube and die and by the pressure 
with which the tube and die are pressed into 
contact. Consequently, when the tube and die 
are rotated in opposite directions, the maximum 
heating of the end of the tube will take place. 
This fact can be utilized to good advantage in 
Operating on tubes or cylinders having Wallis of 
different thicknesses and strength. For example, 
When operating on a relatively thin tube of braSS 
or other metal of less Strength than steel, heavy 
preSSures cannot be used for pressing the tube 
and die into contact and in such cases, the neces 
Sary friction to heat the end of the tube Sufi 
ciently for turning-in the end and for welding 
the end is produced by rotating the tube and die 
in Opposite directions. When operating on rela 
tively heavy walled steel tubes, the die in Fig. 1 
may be left free to rotate without positively driv 
ing the same, Since the die will be driven fric 
tionally by the tube. It is also possible to ac 
complish the desired result in some cases by hold 
ing the die against rotation but this results in 
uneven Wear on the die. In most cases, no pre 
heating of the tubes is necessary, the friction 
Supplying all the heat required for softening the 
tube for turning-in and for welding, but in the 
case of large tubes or cylinders, I prefer to pre 
heat the ends of the tubes before spinning the 
Same in my apparatus, for the purpose of reduc 
ing the time required for the operation and to 
reduce the wear on the dies. The process is 
preferably carried on with Sufficient pressure and 
Speed of rotation so that the spinning of the end 
takes place quickly so that the end of the tube 
may be Weided before much heat is conducted 
from the end of the tube to other parts thereof. 

75 The portion of the end of the tube nearest 
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to the longitudinal axis thereof becomes heated 
to theh greatest extent, and in actual use of the 
apparatus, it is found that this axial portion of 
the tube becomes heated to a white heat. Conse 
quently, when the tube is in the position shown 
in Figs. 13 and 14 with reference to the die, the 
metal at the axial portion of the tube becomes 
so hot that a perfect weld is formed, so that a 
gas-tight seal can be formed at the end of the 
tube by means of the method and apparatus de 
scribed. It is, of course, not necessary to con 
tinue the spinning of the end of the tube to 
such an extent as shown in Fig. 13, unless a tight 
closure at the end of the tube is desired. In many 
cases, only a flanging-in of the tube is required, 
in which case, the feeding of the tube and die 
relatively to each other may be stopped at any 
time when the desired amount of flanging-in has 
been effected. Consequently, by means of the 
apparatus and the method described, tubes can 
also be formed with relatively Small openings in 
the ends thereof. 
In the constructions shown, a 90 degree coni 

cal recess in the die is provided, this being de 
sired when a substantially hemispherical end is 
to be formed on the tube. When this is desired, 
the tube is preferably arranged at an angle of 
about 45 degrees to the axis of the die, but it has 
been found that better results are obtained if 
the angle of the tube relatively to the die is 
slightly less than 45 degrees as shown in Figs. 
7, 9, 11 and 13, so that the tube will contact 
only in the circular band lying in the Section 
8-8 of Fig. 7. By providing an angle of slightly 
less than 45. degrees, Such for example aS 42 de 
grees or 43 degrees, or slightly less, the cutting 
or grooving of the tube by the outer edge of the die cavity is avoided. 
As will be clearly seen by examination of FigS. 

7, 9, 11 and 13, the spinning-in is effected by a 
wiping action of the die on the metal of the 
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a 90 degree cone must be used with the tube ar 
ranged at an angle, as close to 45 degrees to the 
axis of the conical recess in the die as possible. If 
the angle of the conical recess in the die is greater 
than 90 degrees, the shape of the spun-in end 
of the tube will be slightly different and Will 
have a Substantially frusto-conical portion ad 
joining the cylindrical portion of the tube and a 
hemispherical portion adjoining the reduced end 
of the frusto-conical portion. If the frusto-coni 
cal recess in the die has an angle of somewhat 
less than 90 degrees, then the tube will have to 
be arranged at a correspondingly smaller angle 
to the axis of the die, and the closed end of the 
tube Will be Somewhat more pointed than a hemi Sphere. 
While it will be obvious from inspection of Figs. 

7 to 14 that only a single circle in the die is nec 
eSSary to effect the desired spinning of the end 
of the tube, and that, consequently, a die hav 
ing Only a circular edge portion for spinning the 
end of the tube will accomplish the desired re 
Sults, a die having tube engaging surfaces ar 
ranged on the surface of a cone is preferred, 
Since it facilitates the proper feeding of the tube 
to the die, and furthermore, such die will op 
erate Successfully on tubes varying somewhat in 
SIZe. 

i. It is not necessary that the die be made of a 
Single piece of metal with a conical recess there 
in, since a die which merely has contact points 
to engage the tube and which are arranged to 
form portions of a conical recess in the tube may 
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tube. For example, as the die rotates relatively . 
to the tube, portions of the die, in rotating, will 
rub the metal of the tube from the base of the 
semi-circular end to the apex thereof on One side 
of the axis of the die, while a corresponding rub 
bing of metal from the apex toward the base of 
the hemispherical end will result at the other 
side of the axis of the die. In many cases, it is 
desirable that the metal of the tube be rubbed 
by the die only from the base of the hemisphere 
toward the apex thereof, and when this is de 
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sired, the tube is supported in such a manner 
relatively to the die that the axis of the tube will 
not intersect the axis of the die, but will lie 
slightly at one side thereof, namely, at the side 
thereof at which the die wipes or rubs the metal 
from the base of the hemisphere to the apex 
thereof. When the axis of the tube is thus lo 
cated at the correct side of the axis of the die, 
very quick and effective wiping or spinning-in of 
the end of the tube results, and the metal of the 
tube will, to a certain extent, be accumulated in 
the axial portion of the end of the tube, so that 
the end of the tube will be of greater thickness 
than the side walls of the tube, and in some in 
Stances, an accumulation of metal at the axial 
portion of the tube will be noted as shown at 33 
in Fig. 14. 

It is not necessary to have the cavity in the 
die in the form of a 90 degree cone as shown in 
the drawings. However, if the Substantially per 
fect hemispherical end is desired on the end of 
the tube with the base of the hemisphere of the 
Same diameter as the diameter of the tube, then 
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be employed. For example, in Figs. 5 and 6, I 
have illustrated a die holder 35 which has a plu 
rality of holes 36 therein, in which rods 37 are 
arranged. The die holder need not be made of 
hard steel or alloy, and the rods 37 may be made 
of tool steel, or if desired, these rods may have 
the outer ends thereof provided with disks 38 of 
an alloy which is extremely hard and capable of 
withstanding high temperatures, such for ex 
ample as any of the well-known sintered car 
bides. This last mentioned construction is par 
ticularly desirable when operating on stainless 
Steel tubes or on tubes of other extremely hard alloys. 
Three or more of these rods may be employed, 

Spaced Symmetrically about the axis of rotation 
of the die, four being shown in Figs. 5 and 6. 
The rods may be held in their outer positions 
by means of studs 39 extending through threaded 
holes in the die holder and engaging the rods 
37, and if desired, lock nuts 40 may be provided 
for holding the studs in adjusted positions. The 
adjacent ends of these rods 35, consequently, 
have portions thereof which form portions of a 
conical Surface within the die holder and with 
which the ends of tubes to be turned-in may en 
gage. Dies of this type are desirable because they 
are easy to maintain in operative condition, since 
Wear on the inner ends of the rods can readily 
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be rectified by removing the rods from the die 
holder and grinding down the tube engaging ends 
thereof perpendicular to their axes. 
In Fig. 15, I have illustrated a modified form of 

my apparatus in which the tube A may be held 
in fixed position throughout the spinning process 
and the die 2 and die holder 6 are rotatably 
mounted on a revolving head 42 mounted on a 
shaft 43, the axis of which coincides with the axis 
of the tube A. The die holder 6 has its stem 44 
rotatably mounted in a recess 46 in the head 42, 
the recess being in the form of a cylindrical hole 
arranged at an angle to the axis of rotation of the 
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shaft 43. For example, if the tube is to be pro 
vided with a substantially hemispherical closed 
end, the axis of the cylindrical recess 46 should 
be arranged at an angle of 45 degrees or slightly 
less to the axis of rotation of the shaft 43. The 
stem 44 may be journalled in ball bearings 4 in 
the recess 46. 
As a result of this construction, if the shaft 43 

is rotated, it will be noted that the die 2 will 
rotate about the tube A. The tube and die are 
pressed toward each other, either by moving the 
tube toward the die or by moving the shaft 43 
toward the tube. The operation resulting from 
the use of this apparatus is the same as that pro 
duced by the apparatus shown in Fig. 1, except 
that, with the apparatus shown in Fig. 15, the tube 
A may be held against rotation. The die 2 in 
Fig. 15 rotates bodily about the axis of the shaft 
43 and is free to rotate about its own axis because 
of the rotatable in ointing of the Shaft or stem. 
44 in the bearings formed in the head 42. 

It will be evident that when the die has a 90 
degree conical cavity or the rods 37 of the die 
shown in FigS. 5 and 6 are arranged. So that por 
tions of the tube engaging ends of the rods lie in 
portions of a 90 degree cone and the tube is ar 
ranged With its axis at approxiraately 45 degreeS 
to the axis of the conical cavity, the circular sec 
tion of the die engaged by the axial portion of the 
tube as shown in Fig. 13, will Wipe across the 
axial portion of the end of the tube in a direction 
substantially perpendicular to the axis of the tube, 
thus ensuring a tight closure of the end of the 
tube. 
By means of my apparatus and method de 

scribed, tubes can readily have their ends flanged 
in, or the ends Of the tubes inay be tightly closed 
by Welding. In the case of Smaller tubes or thiin 
walled tubes, all of the heat necessary for soften 
ing the walls of the tubes and for turning the 
same in and for closing the end by Welding is 
derived entirely from the frictional engagement 
of the tube and the die. Consequently, by means 
of this method and apparatus, tubes can be very 
quickly closed or turned-in. Without the use of any 
external Welding heat. Targer tubes can also 
have their ends turned inwardly or closed by weld 
ing, merely by use of the die itself, but generally, 
it is nore efficient to heat the ends of the tubes 
preliminarily for the purpose of saving wear on 
the die. In the case of larger tubes, however, the 
temperature to which the ends of the tubes are 
raised need not be high enough to effect satis 
factory Welding of the same, the additional heat 
neceSSary for Welding being Supplied by the fric 
tional engagement of the tube and the die. 

It will be understood, of course, that the draw 
ings merely illustrate Certain einbodiments of this 
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invention for the purpose of explaining the nature 
of this invention, but it will be clear that various 
changes may be made by those skilled in the art 
without departing from the principle and scope of 
this invention as expressed in the claims. 

claim as my invention: 
1. Apparatus for spinning an end of a tube in 

Wardly toward the axis thereof, including a - die 
having a cavity with tube engaging portions 
thereof arranged on the surface of a substantially 
90 degree cone, means for supporting a tube with 
its axis arranged at an angle of approximately 45 
degrees to the axis of said cone, means for press 
ing the end of said tube and said die into contact 
While maintaining said angular relation of said 
tube and die, and means for producing relative 
axial rotation of Said tube and die while in said 
angular relation to each other. 

2. Apparatus according to claim 1, in which the 
angular relation of the tube to the axis of the die 
is slightly less than 45 degrees and in which the 
axis of the tube lies slightly to one side of the 
axis of the cone. 

3. Apparatus for Spinning an end of a tube in 
Wardly toward the axis thereof, including means 
for holding said tube with its axis in fixed relation 
to other parts of the apparatus, a die having a 
cavity with tube engaging portions thereof ar 
ranged on the Surface of a cone, a revolving head 
rotatable about an axis in alignment with the axis 
of Said tube, means on said head for rotatably 
mounting said die with the axis of said cone 
extending in angular relation to the axis of said 
tube, means for revolving said head to cause said 
die to move about the end of said tube, and means 
for pressing said tube and die into contact with 
each other, Said tube being arranged relatively to 
Said die With the Outer Surface of the side wall of 
the tube extending substantially tangent to and 
Within said cone. 
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