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4 Claims.

The machine of the present invention is de-
signed to inturn the erd of a metal tube in or-

der to close or partially close the end under heat .

developed by friction so that, particularly in the
case of the complete closing of the tube for
which the machine is particularly designed, the
resultant end formation will be thoroughly weld-
ed and of any thickness desired which permits
fac end to be tapped or otherwise fabricated in
the construction of bombs, tanks, or closed re-
ceptacles or the like.

The construction of the machine is one which
permits the end formation of the tube to be
rounded in varying degPees from a truly hemi-
spherical configuration to one approaching a con-
ical formation by suitable adjustments which
may be made during the reducing operation to
progressively press in the end wall of the tube
until a complete closure is effected and until the
end wall is thickened to the desired degree, and
these adjustments can be varied during the re-

ducing operation to best meet the requirements

‘of various kinds of tubing depending upomr the
diameter, wall thickness, quality of the metal,
and the degree of heat which it is' desirable to
develop during the reducing operation.

Further objects and details will appear from
the description of the invention in conjunction
with accompanying drawings, wherein— .

Figure 1 is a.-front end view of a machine em-
bodying the features of the present invention;

Fig. 2 is a side elevation thereof;

Fig. 3 is a plan view of the same;

Fig. 4 is a cross-sectional elevation taken on

line 4—4 of Fig. 2 looking in the direction of the
arrows; and .

Figures 5, 6, 7, and 8 are details showing Varia-
tions in the range of movements required in im-
parting varying degrees of curvature to the end
closure of sections of tubing.

- The machine as a whole is carried by a base

comprising spaced side beams {9 and cross heams

ti, the side beams being reenforced at their for-
ward ends by angle bars “12.
carry top rails I3 which provide supports for the
. Mmechanisms which may be adjustably mounted -
thereon to accommodate tube sertions of varying
lengths which will now be described.

The mechanism for mruntine and rotatine the
tube section is carried by a box-like standard
14 having flanged end walls 15 and connectimz
side walls {6 which end walls are elonzated .to
provide bridee extensions {7, the ends of which
are carried by rabbeted slide bars 18 which are
adjustably mounted upon the rails 13 and are
clamped thereto in properly adiusted position
by underlying clamp plates. 19 through which
are entered bolts 20." The standard 4 carries a
journal casing 2i1 which provides a mounting for
front and rear roller bearings 22 through which
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The side beams |

(c1 78—89)

is journaled a shaft 23 carrying a grooved pulley

24 at its rear end which is driven by belts 25

carried round a driving pulley 26 on the shaft 27

of a motor 28 which is mounted on a bridge plate
8 29 secured to the slide bars (8.

Th forward end 30 of the shaft 23 is reduced
and threaded . into a block 3} which is secured
by bolts 32 to a chuck plate 33 which has welded
"to its forward face a pair of spaced side flanges

10 34, reenforced by ribs 35 which side flanges are
* -connected by top and bottom flanges 36 and 37.
giving to the forward face of the chuck plate 33
a box-like configuration. :

The chuck plate affords a mounting for a pair
of clamping blocks 38 which are adjustably held -
between the side flanges 84 and are guided by
over-lying clamping plates 39 secured by bolts '
40. The clamping blocks 38 are forced inwardly
by upper-and lower set screws 8! and 42, and
each is provided on its front face with a han-
cylindrical tubular clamping shell 43 having re-
enforcing ribs 44 which arrangement permits the
rear end of a length of tubing to be abutted
against the clamping blocks, and thereafter
tightly clamped into position in axial alignment
with the shaft 23 by the tightening of the set
screws 41 and #42.

It will be understood, however, that the for-
mation of the chuck may be otherwise modified
30 where it is necessary to clamp a section of tubing
having a reduced end or otherwise specially con-
fisured. The chuck arrangement.shown is one
which serves to tightly grip and reenforce the
tubing throughout the major portion of its length
allowing the end to project forwardly therefrom
‘the extent required to subject it to the reducing
operation now to be described.

" Near the forward end of the machine is lo-
cated a carriage which comprices rabbeted slide
bars 45 mounted upon the rails i3 and held in
position by under-lving plates 46 secured by bolts
41. The slide bars have mounted thereon spaced
“front and rear bridge bars 48 and 49 each of
which is provided on its inner edge with an un-
5 dercut V notch 50, the upper wall of which is

faced by a bearing plate 51 which plates in uni-

son furnish a slide bearing for a transverselv ad-
justable slide platferm 52 havine in its under-

~, cut face a guide rib 53. the edzes of which are
9% undercut to resister with the bearine plates 5.
The longitudinal movement is imparted to the
\\nwiaze and the mechanism sunoorted thereby
through the medium of a feed serew 54 which is

.. threaded throuch a nut 55 carried by a bracket
55 gg fixedly secured to the rear rail (8. The for- -
ward end of the feed screw is journaled within a
hanger-bracket 57 secured to the front bridge
bar 48 and the feed screw carriec a b~v-led pininn
- 58 meshing with the baveled pinjon 59 on the end
of an obliquely disposed spindle 60 -entered
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through a bracket 6( secured to the bridge bar,
the spindle carrying a hand-wheel 62 at its outer
end which permits manual adjustment of the
feed screw to advance the carriage inwardly to-
ward the tubing as the reducing operation pro-
gresses.

The slide platform 52 is movable transversely
of the carriage, and has secured thereto and is
bored to receive the upper end of a cylindrical
journal casing 63 which is closed at its lower
end by a head plate 64 and affords a mounting
for upper and lower roller bearings 65 and 66
which in conjunction afford a mounting for a
vertical shaft 67 which has keyed thereon a

large spur-gear 68 which in turn has bolted

thereto an oscillating platform 69 which par-
takes of oscillating movements imparted to the
spur-gear.

10

The spur-gear is in mesh with a rack.70 which

‘is held in position by a guide bar Ti bolted to
an angle beam 12 which comprises a portion of
a supplemental frame suitably secured to the
end of the slide platform, which frame also af-
fords a mounting for a fluid pressure cylinder
13 which operates a piston T4 on the end of a
reciprocating piston rod 15 secured to the end
of the rack, fluid pressure being alternately ad-
mitted through ports 76 and TT1.

The slide platform 52 is transversely adjusted
by a hand-wheel 18 at the outer end of a feed
screw 19 entered through a nut 80 depending
from the base of the platform. The oscillating
platform 69 is channeled on its upper face to
afford over-hanging guide flanges 81 faced by
slide bearing plates 82 which furnish a mount-
ing for obliquely faced guide ribs 83 formed on
the under-face of a slide plate 88, the guide ribs
being spaced to. provide clearance for a boss 85
on the oscillating platform through which the
reduced upper end of the shaft 67 is entered and
locked by a key 86. '

Slide plate 84 is provided with a post 87 re-
enforced by ribs 88 and provided with a shoul-

-dered recess 89 adapted to receive & block 90 of -

extremely hard and refractory material which
is held in place by an over-hanging clamping
plate 91 secured by a bolt 82, . The slide plate
84 is adjusted by means of a feed screw 93
threaded through a lug 94 and rotated by a
hand-wheel 95 which bears against a plate 96
on the oscillating platform 68.
The refractory block is the ultimate operating
_tool which imparts pressure under friction to
the end wall of the tube section and progressively
advances the same inwardly toward the tube
axis and in so doing, develops a very high de-
gree of temperature which may proximate 2200°
F. and which results in the compressive welding
of the metal and a compacting and building up
of the wall thickness as the operation progresses.
To meet these conditions, the refractory block
must be of material which will be highly resist-
ant to abrasion and to fusing under the high
temperstures developed; and for this purpose a
material known as alundum has been found to
be peculiarly adapted. ' :
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~ Operation
With the chuck support adjusted and clamped

.in paosition to accommodate tube sections of the

desired length, a tube section is clamped into
position within the chuck, and the oscillating
frame swung into, the transverse position shown
in Figure 3, and with the carriage advanced to
bring the refractory block and the vertical oscil-
lating shaft into. the dotted line positions shown
in that fizure, the machine is properly adjusted
to begin the end closing operation.

Tluid pressure is thereupon admitted to the
forward end of the cylinder 13 which imparts a
rearward thrust to the rack and imparts an in-
ward and forward oscillation to the refractory
block. With the slide platform adjusted as in
Figure 3, the vertical axis of oscillation will
stand laterally outside of the end of the tube
so that the radius of the oscillating movement
of the refractory block will be greater than twice
the radius of the tube itself with the result that
the arc of movement will at the beginning only
slightly depress the butt end of the tube wall on
its forward sweep. .

Tt will be noted that at the beginning of the
operation, the axis of the vertical oscillating

" shaft stands substantially in alignment with the -

end of the unreduced tube as indicated in dotted
lines so that at the beginning the inward or radi-
al component of the oscillating movement will

. be slight as compared with the longitudinal com-
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Alundum is an artificial aluminum which is -

made by heating bauxite in an electric furnace,
and for present purposes it is desirable to use a

block of the material in its crystalline condi--

tion, as it comes from the furnace and without

70

further treatment other than to give to its act- -

ing face a comparatively smooth surface for
contact with the metal wall of the tube.

78

ponent of the oscillating movement. ¥luid pres-
sure being alternately admitted to opposite ends
of the cylinder will cause back and forth swing-
ing or oscillating movement of the refractory
block and during these movements, the operator
will rotate the hand-wheel 62 which causes a
progressive longitudinal retreat of the carriage
thereby progressively moving back the center of
oscillation through the stages indicated in dotted
lines in Figure -3, so that the successive forward
oscillations will progressively increase the radial

‘component of each oscillating cycle during which

the refractory block is in contact with the metal
wall which is meanwhile being rotated at a high
rate of speed so that as the operation continues,
a progressively greater contact between the re-
fractory block and the tube wall will be main-
tained thereby increasing the friction and devel-
oping a very high fusing temperature as the
metal walls approach the axis of the tube with
the result that at the final point of closing con-
tact, a fusing temperature will be maintained;
and if desired, the operation can thereafter be
continued which will serve to additionally in-
crease. the thickness of the metal at the tip or
nose of the tube. .

By rotation of the hand-wheel 18, the vertical
axis of oscillation can be adjusted to vary the ra-
dius of movement of the refractory block so that
where & more gradual reduction in diameter or a
more nearly conical formation is desired, the axis
can-be adjusted to a more distant position from
the tube wall or in like manner it can be moved
inwardly until its mounting under-lies the tube
axis in which latter position a truly dome-shaped
or hemispherical closure will result as indicated
in Figure 5. . :

Although for most purposes, a fixed adjustment
of the vertical axis of oscillation will be main-
tained throughout the complete reduction of the
tube section, it may be desirable in some circum-
stances to progressively reduce the radius of os-
cillation concurrently with the backward travel
of the carriage with the result that the initial



2,351,020

inward deflection of the metal will be compara-
tively gradual and will be increased in abruptness
as the metal softens under increasing tempera-
ture and until the adjustment required to pro-
duce the intended ultimate conﬁguration of the
tube closure is attained.

The speed of oscillation of the refractory block
can be regulated in proper ratio to the speed of
rotation of the tube, but under ordinary condi-
tions a speed of two or three oscillations per sec-
ond with an r. p. m. of 2000 has been found satis-
factory, and in actual use a block of alumina will
- resist any appreciable abrasion for a long period
of time even when subjected to high fusing tem-
peratures so that frequent renewal thereof is not
necessary. The adjustment afforded by the
hand-wheel 95 permits the refractory block to be
brought into proper contact with the surface of
the tube at the beginning of the operation so that
it will bé maintained throughout the operation at
a distance equal to the outside radius of the tube,
and the range of movement of the piston 78 is so
regulated that each oscillation will carry the re-
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lating member with respect to the axis of the
tube section, and a forming tool carried by the
oscillating member and positioned to engage the
more distant end edge wall of the tube section.

‘2. In a machine of the class described, the
combination of a base frame affording a track-

way, a chuck for engaging the rear end of a
tube section and a carriage mounted on the
frame, means for imparting relative longitudinal -
movement between the chuck and the carriage,

"means for imparting rotation to the chuck, a
slide frame mounted for transverse adjusting
movements on the carriage, an oscillating plat-
form carried by the slide frame and mounted
to swing on an axis extending transversely to
the axis of the tube section carried by the chuck,
adjusting means for adjusting the slide frame
on the carriage to vary the lateral spacing be-
tween the axis of the oscillating member and
the axis of the tube section, a forming tool car-

- ried by the oscillating platform and positioned

fractory block inwardly to or beyond the axial

center of the tube so that a complete closure of

25

the tube will be effected if the operation be con-

tinued thrcughout; although it will be under-
stood that the machine is equally adapted for use
in cases where a partial closure only of the tube
is desired and in which the operation will be dis-
continued after the carriage has been moved in-
wardly to an extent necessary to effect the de-
sired degree of closure.

Although I have shown & const;ruction in which
the carriage which supports the oscillating mech-
anism is progressively moveable longitudinally
and in which the rotating tube is held against
longitudinal movement, it will be understood that
like results may be accomplished by a construc-
" tion in which the tube is advanced or & construc-
tion in which-the {ube-is held stationary, and the
refractory block is revolved around the tube and
either the block or the tube moved longitudinally
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with relation to the other and, unless otherwise -

indicated in the claims, it will be understood that
relative rather than absolute movement is re-
ferred to in securing the necessary co-action be-
tween the tube wall and the reducing block; and
it will alsc be understood that in cases where
excessively high frictional temperatures are not
encountered, a reducing block or other similar
agency which lacks the refractory properties
previously referred to may be employed although
in cases where a complete closureof the tube end
is desired, the frictional development of high

welding temperature may be found most desir~

able.

I claim?

1. In a machine of the class described, the
- combination of a chuck member adapted to en-
gage the rear-end of a tube section and present
its forward end in position to be actéd upon, a
carridge located in laterally spaced adjacent re-
‘lation to the forward end of the tube section,
means for imparting relative longitudinal and
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to engage the more distant end edge wall of the
tube section and swing inwardly toward the tube
axis during each oscillation, and power means
carried by the slide frame for oscillating the
platform,

3. In a machine of the class described, the
combination of a base frame affording a track-
way, a chuck for engaging the rear end of a tube
section and a carriage mounted on the frame,
means for moving the carriage longitudinally
toward the chuck, means for imparting rotation
to the chuck, a slide frame mounted for trans-
verse adjusting movements on the carriage, an
oscillating platform carried by the slide frame
and mounted to swing on an axis extending trans-
versely to the axis of the tube section carried
by the chuck, adjusting means for imparting
adjusting movements to the slide frame to vary
the lateral spacing between the axis of oscilla-
tion and the axis of the tube section, a forming
tool carried by the oscillating platform and po-
sitioned to engage the more distant end edge wall
of the tube section and swing inwardly toward
‘the tube axis during each oscillation, and a pis-
ton operated rack and gear carried by the slide
frame for oscillating the platform.

4. In- a machine of the class described, the
combination of a frame, s chuck member rotat-
ably mounted on the frame and adapted to en-
gage the rear end of a tube section and present
its forward end in position to be acted upon,
a carriage located in laterally spaced adjacent

- relation to the forward end of the tube section,

&6
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rotational movementsibetween the carriage and

the chuck, an oscillating member carried by the
carriage and-mounted to swing on ah axis ex-
tending. transversely to the axis of the tube sec~
tion, adjusting means connecting the oscillating
member and carriage and operable to impart rela-

70

_tive transverse movement therebetween for later-
ally adjusting the position of the axis of the oscil~ -

means for imparting relative longitudinal and
rotatiopal movements between the carrlage and
chuck, an oscillating member carried by the
frame for sliding movements both longitudinally
and transversely thereof, sald oscillating mem-
ber being also pivotally mounted to swing on an
axis extending transversely .to: the axis of the
tube section and chuck member, screw means
agsociated with the oscillating member for hold-
ing said member against movements relative to
the frame, and for adjusting the position of the
pivotal axis thereof both Iaterally and longitudi-
nally with respect to the axis of the tube section,
a tube deforming tool slidably carried by the
coscillating member, and means operably asso-
clated with said tool for imparting reciprocatory :
adjusting movements therefo.
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