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() Fabrication of pressure vessels.

@ An improved apparatus for the formation and
production of cylindrical pressure vessels or tanks
through metal spinning operations wherein the end
caps of the vessels are simultaneously formed from
a hollow, thin-walled cylindrical work tube (24)
rotatably supported within the apparatus. The ar-

rangement is further designed to provide control of
the distribution of the wall thickness as well as the
profile of the end cap portion (106) of the vessel so
that the knuckle area (148) may be of controlled
thickness to increase durability and performance of
the tank or vessel.
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BACKGROUND OF THE INVENTION

The present invention relates generally to an
improved apparatus for the formation and produc-
tion of cylindrical pressure vessels or tanks through
metal spinning operations, and more particularly to
an apparatus arranged for the production of
double-ended vessels through the simultaneous
formation and/or creation of end closures along a
hollow, thin-walled cylindrical work tube rotatably
supported within the apparatus. The apparatus of
the present invention is designed fo provide and
facilitate the rapid production of double-ended
pressure vessels whereby the distribution of the
wall thickness of the end cap portion of the vessel
may be controlled so as to provide a predeter-
mined properly distributed wall thickness which
provides zones of increased thickness where de-
sired for durability and improved pressure vessel or
tank lifetime or performance.

In the past, pressure vessels or tanks, particu-
larly thin-walled tanks, have been typically fab-
ricated from a central tubular cylindrical body por-
tion to which appropriately designed end caps are
secured, typically through welding operations. Such
vessels have, of course, been recognized as being
suited for a wide variety of fluid retention applica-
tions. Because of the requirement of welding end
caps to the cylindrical tube portion, the cost of
labor and materials in the production of pressure
vessels has been a significant factor in their overall
cost of production.

SUMMARY OF THE INVENTION

In accordance with the present invention, an
apparatus and process is provided which enables
the production of double-ended vessels through the
simultaneous formation of end closures along a
cylindrical work tube, particularly thin-walled tubing.
These end closures may also be formed along the
pattern and/or design of the commonly accepted
and recognized tanks or vessels. For example, the
apparatus of the present invention is capable of
producing tank ends which are consistent with the
ASME designs for high crown, elliptical, and stan-
dard code ends, as well as non-code standard
ends. The distribution of wall thickness of the tank
ends produced by the apparatus of the present
invention may be influenced so as to provide great-
er thickness at the knuckle area (the zone of small-
est radius of curvature) so as to create a vessel
with greater durability and extended lifetime. For
example, it is recognized that the knuckle zone
adjacent the end of a pressure vessel is typically
the weakest point. In accordance with the appara-
tus of the present invention, however, a tank end
may be formed through a spinning technique
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wherein the wall thickness in the knuckle zone is
made greater than the wall thickness along the
remaining portions of the tank. By providing this
greater thickness in the tank at and along this area,
the overall features such as strength, reliability, and
safety of the tank are improved.

As indicated, the apparatus of the present in-
vention renders it possible to fabricate a pressure
vessel or tank by a spinning technique wherein the
opposed closed ends are simultaneously formed.
The availability of such simultaneous treatment sig-
nificantly reduces the time required for tank fab-
rication, inasmuch as only one heating-and-cooling
cycle is required for the entire end cap fabrication
operation. Additionally, the handling normally re-
quired is significantly reduced because of the si-
multaneous end cap formation capability.

Therefore, it is a primary object of the present
invention to provide an improved apparatus for the
formation of tank ends through a metal spinning
process wherein the tanks may be fabricated on an
expedited and efficient basis, with the resultant
product having improved mechanical properties, in-
cluding durability and strength.

It is yet a further object of the present invention
to provide an apparatus for the production of
double-ended pressure vessels or tanks wherein
opposed tank ends are simultaneously formed
through a metal spinning operation.

Thus, in accordance with the present invention,
an apparatus is provided which enables the forma-
tion and/or production of tank ends through the
simultaneous spinning formation of such ends, and
wherein the spinning operation utilizes forming roll-
ers at opposed ends which utilize forces which
may vary during an axially outwardly radially in-
wardly directed forming stroke as contrasted with
an axially inwardly radially outwardly directed for-
ming stroke. By controlling the path and rate of
motion of the forming rollers, and thus the applica-
tion of forces in this fashion, it is possible to control
the distribution of the wall thickness of the tank end
as well as the profile thereof, and accordingly pro-
vide greater wall thickness in the knuckle zone of
the vessel, this area normally comprising the weak-
est point of the tank and/or vessel.

It is yet a further object of the present invention
to provide an improved apparatus for the produc-
tion of double-ended pressure vessels or tanks
through the simultaneous formation of identically
shaped or non-identically shaped end closures uti-
lizing metal spinning techniques, and wherein the
forming rollers employed in the spinning operation
are designed to move through successive strokes
or motion along one or more axes, and wherein the
arcuate spacing for each of the individual strokes is
controlled so as to appropriately form a ftailored
wall thickness profile which provides a tank end
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with added thickness at the knuckle portion thereof.

Other and further objects of the present inven-
tion will become apparent to those skilled in the art
upon a study of the following specification, appen-
ded claims, and accompanying drawings.

IN THE DRAWINGS

Figure 1 is a side elevational view of the appara-
tus of the present invention, and illustrating a
cylindrical work tube mounted within the appara-
tus;

Figure 2 is an end view of the apparatus illus-
trated in Figure 1, and illustrating, partially in
phantom, the disposition of the support rollers
during the end closure forming operation;

Figure 3 is a sectional view of typical tank end
profiles, and illustrating the configurations there-
of;

Figure 4 is a schematic view of various positions
occupied by forming rollers during the oper-
ations of the apparatus of the present invention,
and further illustrating the typical arcuate paths
followed during individual passes followed
and/or undertaken by the forming rollers;

Figure 5 is a side elevational view of a portion of
the apparatus of the present invention, and illus-
trating a fragmentary portion of a cylindrical
work fube retained therewithin, with Figure 5
further illustrating details of the clamping means,
cylindrical work tube drive means, and means
for controlling the motion of the forming rollers
during formation of the tank ends, and with only
a fragmentary portion of the cylindrical work
tube being illustrated, the balance being cut
away in order to better illustrate the details of
the structure;

Figure 6 is a vertical sectional view taken along
the line and in the direction of the arrows 6-6 of
Figure 5;

Figure 7 is a vertical sectional view taken along
the line and in the direction of the arrows 7-7 of
Figure 5;

Figure 8 is a vertical sectional view taken along
the line and in the direction of the arrows 8-8 of
Figure 7, and with Figure 8 being shown on a
slightly enlarged scale;

Figure 9 is a vertical sectional view taken along
the line and in the direction of the arrows 9-9 of
Figure 5 and illustrating certain details of the
support and drive rings employed in the appara-
tus, with the drive belt being removed;

Figure 10 is an elevational view of the latch
mechanism employed in the support and drive
ring component shown in Figure 9;

Figure 11A is a further view of the grooved
support and drive ring, with Figure 11A being
taken along the line and in the direction of the
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arrows 11-11 of Figure 10;

Figure 11B is a view similar to Figure 11A, and
illustrating the timing belt drive ring arrangement
employed in the apparatus of the present inven-
tion, with the drive belt being removed;

Figure 12 is a detail end view of the apparatus
of the present invention, with Figure 12 being
taken along the line and in the direction of the
arrows 12-12 of Figure 5, with the upper portion
of the cylindrical work tube being cut away, and
with Figure 12 being shown on a slightly en-
larged scale; and

Figure 13 is a detail sectional view taken along
the line and in the direction of the arrows 13-13
of Figure 12, and illustrating the features of the
roller arm supporting the guide rollers for the
cylindrical work tube.

DESCRIPTION OF THE PREFERRED EMBODI-
MENT

In accordance with the preferred embodiment
of the present invention, and with particular atten-
tion being directed to Figures 1 and 2 of the
drawings, the apparatus for the production of
double-ended vessels generally designated 10
comprises frame means 11 including a primary
base mounting pad 12 containing an elongated
axial guideway or rail along with a plurality of
opposed pairs of guideways including a first pair of
opposed guideways 13 and 14, along with a sec-
ond pair of opposed guideways 16 and 17. These
guideways are generally equally and oppositely
disposed relative to the center of the apparatus 10.
Each of the guideways 13 and 14 include a series
of superimposed or stacked slidable plates, with
guideway 13 including slidable plates 13A, 13B and
13C. Similarly, guideway 14 includes slidable
plates 14A, 14B and 14C. Slidable plates 13A and
14A are movable along an axis transverse to the
elongated axis of support 11, while plates 13B,
13C, 14B and 14C are each movable along axes
parallel to the elongated axis of support 11. In
order to permit full expansion of the system to
accommodate tanks of various lengths, it has been
found useful to incorporate plural slidable pads
movable along the same axis, such as pads or
plates 13B and 13C, along with opposed pads 14B
and 14C. In this fashion, pads 13C and 14C may
be used for establishing a static set-up dimensional
placement for the device, while plates 13B and 14B
may be utilized for establishing a fine tuning or
dynamic adjustment. Heating torch articulating
means 18 and 19 are provided at each end of the
production apparatus 10, with the torch articulating
means 18 and 19 being secured to a first opposed
pair of secondary base mounting pads 20 and 21.
Means are provided for adjustably securing a heat-
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ing torch to the articulating means, with heating
forches being illustrated as at 22 and 23 respec-
tively. As will be indicated hereinafter, secondary
base mounting pads 20 and 21 are arranged to
support, articulate, and control the programmed
movement of the tube forming rollers employed in
the spinning operation.

With continued attention being directed fo the
heating torches, and as indicated in Figure 1, a
flame is shown schematically at 22A and 23A, with
these flames being directed toward and impinging
directly upon the surface of cylindrical work tube
generally designated 24. As indicated, flames emit-
ted from heating torches 22 and 23 impinge upon
ends portions 25 and 26 respectively of cylindrical
work tube 24.

With continued attention being directed to Fig-
ure 1 of the drawings, cylindrical work tube guide
arms 28 and 29 are each secured to a second
opposed pair of secondary base mounting pads 16
and 17, with the cylindrical work tube guide means
being adapted to adjustably and releasably position
the cylindrical work tube 24 within the apparatus
10. As is apparent from the view of Figure 2,
cylindrical work tube guide means, including guide
rollers 30 and 31 are arranged to guidingly contact
guide ring 32, at spaced arcuate dispositions
therealong. In the end view of Figure 2, the guide
ring 32 is disposed about the outer periphery of
cylindrical work tube 24.

As is apparent in Figures 1 and 2, guideways
13 and 14 are designed for accommodating linear
motion along a pair of axes, as illustrated in
double-headed arrows 34-34 (Figure 1), along with
guideways 35 and 36, also illustrated in Figure 1.
Thus, primary base mounting pad assemblies 13
and 14 are designed to accommodate linear or
translatory motion along two axes arranged at right
angles, one to the other.

The heating torch articulating means is illus-
trated in Figures 1 and 2, particularly with move-
ment available from guideways 34, 35, and 36. In
this connection, both the heating torches 22 and
23, along with forming members such as forming
rollers 40 and 41 are designed to move along
those two axes for the base pads 13 and 14. Thus,
the heating torch articulating means and the for-
ming rollers move as a unit, thereby providing for
ease of control of temperature of that portion of the
cylindrical work tube 24 being subjected to the
metal spinning operation.

With attention being directed to Figure 2 of the
drawings, it is sometimes desirable to provide a
means for rotating forming rollers such as forming
rollers 40 and 41. Variable speed motors are pro-
vided as at 42 and 43, with the motor speed being
designed to rotate forming rollers 40 and 41 fo
provide substantially matching rates of speed be-
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tween the contacting surfaces of work tube 24 and
forming rollers 40 and 41 regardless of radial dis-
position, thus avoiding galling. In lieu of the vari-
able speed motors 42 and 43, a belt drive from a
remote motor may be employed to rotate forming
rollers 40 and 41 at appropriate speeds. A belt and
pulley arrangement is illustrated in Figure 5, such
as at 42A and 43A. Rollers 40 and 41 may be
rotated about the vertical axis of member 42 if
desired and as indicated in Figure 4.

As is further apparent from the view of Figure
2, guide rollers 30 and 31 are adapted to be
adjustably positioned in accordance with the
double-ended arrow 46. By controlling the angular
disposition of guide support arms 28 and 29, the
appropriate working height for work tube 24 is
provided. As the angular disposition between guide
arms 28 and 29 is increased, the tube axis is
moved downwardly and larger diameter work tubes
may be introduced into the apparatus and sub-
jected to metal spinning operations therewithin.

With continued attention being directed to Fig-
ures 1 and 2 of the drawings, it will be observed
that cylindrical work tube drive and gripping means
are arranged as shown generally at 50, with the
work tube drive and gripping means being located
or positioned generally intermediate of the produc-
tion apparatus 10, and between opposed pads 20
and 21. Tube drive and gripping means include a
hinged guide ring 51 in which there is received a
segmented or split spur gear 52. Gear 52 may be
in the form of an inverted timing belt, and is
arranged to mesh with a second gear as at 53.
Gear 53 may also be an inverted timing belt. Hy-
draulic motor 54 is designed to provide the rota-
tional energy through its output shaft 55 to drive
cylinder 56 within which gear 53 is retained. Means
are provided for adjustably positioning drive and
gripping means 50 along the axis indicated by
double-ended arrow 58. Position adjusting means
are shown as at 59, with this position adjustment
means 59 preferably being in the form of a hydrau-
lic cylinder having a positioning ram as at 60. The
extension of ram 60 will, of course, determine the
position of drive gear or belt retaining cylinder 56.
Suitable guide and frame means are provided for
cylinder 59, as at 61. As is indicated, cylinder 56 is
journably supported within retaining brackets 62.
Cooling means such as water discharge may be
used to protect the holdings means 131-131 and
133-133.

As shown in the drawings, particularly in Figure
1, heat for the spinning operation is normally pro-
vided through heating torches 22 and 23. For ap-
plications on smaller diameter vessels, a single
heating torch at each end may prove to be ade-
quate. In the event supplemental heat is reasonably
required in the metal spinning operation, additional
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heating torches may be provided as at 64-64 and
65-65. A supply of gas for the auxiliary torches is
further indicated as at 66 and 67. Similarly, gas
supply for main heating torches 22 and 23 may be
provided as at 68 and 69. Cooling means in the
form of water spray jets may be positioned adja-
cent to tank ends for added temperature control.

Attention is now directed to Figures 5 and 6 for
an explanation of the articulating and/or motion-
control mechanisms for pads 20 and 21, and ac-
cordingly forming rollers 40 and 41, as well as the
details of the guide rollers 30 and 31 (see Figure
2). With respect to the guide roller mechanisms,
including support arms 28 and 29, the axial location
or position of these members is made possible by
means of the rotatably mounted threaded shaft 75
working within nut 76. With continued reference to
Figure 6, shaft 75A (which may be provided with
both right and left hand threaded portions) is de-
signed to control the disposition of pad or plate
13C, and thus assist in the overall positioning of
certain components within the assembly. Nut 76 is
secured to arms 28-28, and rotation of shaft 75 in
turn controls the axial disposition of arms 28 and
29 and rollers 30 and 31. Correspondingly, the
opposed end of the system is provided with thread-
ed shafts 77 and 77A together with nut assemblies
such as at 78 for controlling the axial disposition of
support roll 31 and its mating guide roll on the
opposed side of the cylinder 24. Shaft 77A (not
shown) is utilized in connection with the positioning
of pad or plate 14C. Guide rolls 30 and 31, to-
gether with the corresponding pair of guide rolls
(one of which is indicated at 31) adjustably cradle
and support the cylinder 24 for controlled rotation
about its longitudinal axis.

Turning again to the details of the positioning
assembly illustrated in Figure 5, hydraulic motor 80
is coupled to threaded shaft 75 through coupling
81. Shaft 75 is mounted for rotation within bearing
assembly 82, and includes an extension of thread-
ed shaft 75 through aligning member 83. A bearing
block is indicated at 84 for preventing axial motion
in the rotation of shaft 75. The opposed end of
shaft 75 is received within bearing block 85, and
ultimately within coupling assembly generally
shown at 86, along with coupling sleeve 87 joining
shafts 75 and 77, one to the other. A second
bearing block is provided for shaft 77 as at 88.

Thus, rotational motion of hydraulic motor 80
causes rotation of oppositely threaded shafts 75
and 77 to occur in unison, thereby controlling and
expediting the positioning of guide rolls 31-31,
along with its mating rolls 30-30 disposed on the
concealed portion of the view of Figure 5.

In order to provide fine adjustment and operat-
ing motion for the forming roller 40, a computer
controlled operating drive means (not shown) is
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provided for shaft segment 90 coupled to threaded
shaft 91 at coupling member 92. Bearing 93 is
provided to enable appropriate rotation of shaft 91
and corresponding axial motion of secondary
mounting pad 20 through nut assembly 95. An
additional bearing is provided as at 96 to support
the rotation of shaft 91. Accordingly, it will be
observed that the static adjustment X-axis motion
of forming rollers 40 and 41 is controlled through
rotation of shafts 75A and 77A together with their
respective mating nut assemblies.

Turning now to the detail shown in Figure 6,
the Y-axis motion (99A) is created through rotation
of threaded shaft 99, with rotation of threaded shaft
99 being made possible through shaft extension
100 which is coupled to a motor (not shown). Nut
assembly 101 is utilized to provide motion directly
to mounting plate 102 as indicated in Figure 6.
Accordingly, as the threaded shaft 99 is rotated
within bearings 104 and 105, nut assembly 101
causes linear motion to occur on mounting plate
102. As is indicated, shaft 99 is disposed at right
angles to shaft 91, and thus appropriate motion in
desired directions may be obtained through con-
trolled rotation of shafts 91 and 99 and their coun-
terparts. As will be apparent, the oppositely dis-
posed portion mounted upon and coupled to sec-
ondary base mounting pad 21 is a mirror image of
that arrangement illustrated in Figure 6. In other
words, the apparatus is provided with oppositely
disposed pairs of metal spinning apparatus.

Appropriate programmed control may be coup-
led to the motor means utilized to drive shafts 91
and 99 and their counterparts. See double-ended
arrows 91A (Figure 5) and 99A (Figure 6) indicating
this motion. By appropriately programming the mo-
tion or through the use of servo controlled motors,
a family of excursions may be designed for forming
roller 40. These excursions are designed to per-
form the necessary metal spinning and formation
operations which will ultimately close the end of
tube 24, and form a closed end as illustrated in
phantom in Figure 1 at 106.

Attention is now directed to Figures 7 and 8 of
the drawings which illustrates the drive mechanism,
including the cylindrical work tube drive and grip-
ping means 50. Frame means 110 includes upper
and lower cross-members 110A and 110B. Posts
110C-110C are provided with reinforcing gussets,
as indicated for example at 110D. Appropriate cor-
ner braces are provided in order to provide overall
stability to frame means 110. In this arrangement,
frame means 110 supports hydraulic cylinder 111
having a slide or ram 112 coupled thereto, with
cylinder 111 being, of course, a double-acting cyl-
inder. Secured to the distal end of slide or ram 112
is a clevis arrangement 113 to which is mounted
hydraulic motor 54. Rotation of the output shaft of
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motor 54, as indicated, drives member 56 which is,
in turn, in mesh with gear 52. Vertical adjustment is
provided by ram 112 in order to accommodate and
treat tanks of different diameters.

Attention is now directed to Figure 8 which
illustrates further details of the drive mechanism for
rotating the cylindrical work cylinder. Hydraulic mo-
tor 54 is coupled through coupling element 115 to
shaft 116 to which drive member 117 is arranged
in fast relationship. Appropriate bearings are pro-
vided at 118 and 119 to accommodate rotational
motion of shaft 116. A secondary coupling is pro-
vided along shaft 116 as at 120 for obtaining data
from encoder 121. Encoder 121 is designed to
provide position feedback data to the system, and
also to provide for controllable rotational motion to
the components system, with suitable encoders
being, of course, commercially available. In certain
applications, hydraulic cylinder 111 may be an air
cylinder, if desired.

In order to appropriately program the X-Y mo-
tion of the forming roller 40, programmed computer
servo controlled motors may be employed. Also,
the motion control means handling the positioning
of forming rollers, such as roller 40 are desirably
coordinated with the rotational speed of the tank so
that lineal rates of motion between the surface of
the tank and roller 40 are substantially matching.

With attention now being directed to Figure 9,
latch system generally designated 123 is provided
in order to tightly grip drive ring 51 about the outer
periphery of cylindrical work tube 24. Latch system
123 is coupled on either side of parting line 125 in
order to achieve appropriate gripping relationship
of ring 51 about tube 24. In most instances, drive
ring 51 utilizes latch member 123 with gripping
element 126, and with an arcuate spacing of 5
degrees on either side of the parting line, for exam-
ple, being designated as appropriate for stable
gripping force. The angular relationship is illus-
trated in Figure 9.

With attention now being directed to Figure 10,
further details of the latch mechanism are illus-
trated. In this arrangement it can be seen that latch
system 123 includes a toggle lever 127 for achiev-
ing appropriate closure arrangements.

Figure 11A illustrates the detail of guide ring
32. Guide ring 32 is provided with a channel zone
as at 130 to receive roller supports 30-30 and 31-
31 therewithin. Guide rings 32-32 along with rollers
such as at 30-30 and 31-31 complete that portion
of the assembly. Suitable O-rings are provided,
such as at 131 for providing resilient gripping be-
tween member 32 and the outer periphery of cyl-
inder tube 24. Latching mechanism 123 is illus-
trated in both Figures 11A and 11B. For operational
expediency, only one guide ring of the type shown
in this Figure 11A need be employed, with the
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second or opposed guide being in the form of a flat
ring or short cylinder, without flanges 32A-32A be-
ing required to be present. Of course, for stability
of operation, it may in certain instances be desir-
able to utilize a dual set of flanged members such
as are illustrated at 32-32 in Figure 1.

Figure 11B is similar to Figure 11A, but illus-
trating the detail of drive ring 51. Drive ring 51 may
be provided with spur gear or timing belt 52 about
the outer periphery thereof, with belt 52 being a
timing belt with the drive teeth turned out. A latch
mechanism such as shown generally at 123 is
provided in a manner similar to that shown in
Figure 9, with a small access hole being cut out of
the gear or belt. Also, O-rings are provided as at
133-133 to achieve appropriate snug gripping be-
tween drive ring 51 and the outer periphery of
cylinder tube 24.

It has been observed that the arrangement of
the present invention renders it possible to work
with cylindrical work tubes of different diameters.
For example, tube 24 may have a diameter ranging
from between about 12" and 30", with larger or
smaller tubes being appropriate as well. Accord-
ingly, drive ring 51 along with other support rings,
such as ring 32 may be fabricated in a family of
rings so as to render it possible to work with tubes
of different diameter. Thus, cylinder 59 may be
utilized to both adjustably accommodate the tubes
being treated, as well as to maintain a drive force
on the surface of the tube so as to achieve con-
stant, predictable, and reliable rotation thereof.
Such rotation is, of course, desired in view of the
manner in which force is applied to the forming
rollers as they move across the metallic work being
spun and/or rotated.

Attention is now directed to Figure 12 of the
drawings wherein the support arrangement for the
cylinder tube 24 is shown. Specifically, support
rollers 30 and 31 are designed to provide a cradle
mechanism for the tube 24, and the arcuate spac-
ing between support rollers 30 and 31 is controlled
by a pair of right-hand and left-hand threaded
shafts 135 and 136. Shafts 135 and 136 are right-
hand and left-hand threaded segments respective-
ly, and are joined together at coupling 137. Bearing
blocks are provided as at 138-138 for shaft seg-
ment 135, and at 139-139 for shaft segment 136.
Nut assemblies are provided as at 140-140 to
provide appropriate spacing, and thus angular dis-
position, with pin retention slots being provided at
141-141 to achieve angular control of arms 28 and
29.

Attention is now directed to Figure 13 of the
drawings wherein a further view of the details of the
system described in Figure 12 are illustrated. In the
arrangement of Figure 13, arm 29 is designed fo
pivot about its mount 144 and thus achieve appro-
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priate location to provide cradle support for cylin-
drical work tube 24.

Attention is now directed to Figure 4 of the
drawings wherein a typical family of curves are
provided for illustrating the ftraversing and/or
sweeping routes of fravel of cylindrical work tube
forming rollers 40 and 41. In the schematic illustra-
tion of Figure 4, forming roller 40 typically travels
about an arcuate path from a point along the outer
periphery of tube 24 1o the termination of Pass No.
1, where indicated. Pass No. 1 is achieved on a
15" radius, with the motion and other movement of
forming roller 40 being achieved by combined and
coordinated movement of the X and Y axes control.
For Pass No. 2, forming roller 40 fraverses the path
or frack identified as Pass No. 2 for return to a
position adjacent the outer periphery of tube 24.
Similarly, further passes are made, as indicated,
until the final pass is achieved as defined along
Pass No. 11. A 30" radius is normally utilized at
Pass No. 11, in order to achieve the appropriate
configuration for the tank end. The knuckle zone is
designed, for a vessel of 30" diameter to be 3/4",
as indicated in Figure 4.

In the event it is desired to employ a modified
tilt angle for forming roller 40 as about vertical axis
42, this may be achieved as shown in phantom in
Figure 4. A tilt angle of 10 degrees may, in certain
instances, provide enhanced performance of the
system.

In the event continuous duty apparatus is con-
templated, it may in certain instances be desirable
to provide a liquid coolant for the forming rollers,
including forming roller 40. Liquid coolant may be
interposed into the confines of forming roller 40 so
as to achieve cooling as desired. In this arrange-
ment, suitable rotary couplings are provided in
order to preserve the flow of liquid coolant such as
water through the interior of the forming rollers,
such as forming roller 40. In order to form the final
closure along the axis of the tank at opposed ends
thereof, a conventional gas torch may be utilized to
heat the metal at and along the juncture point,
whereupon the metal flows inwardly to seal the
tank closure tight. Such techniques are, of course,
known in the art and are commonly practiced by
skilled artisans.

By way of summary and conclusion, therefore,
it will be appreciated that the apparatus illustrated
and described hereinabove provides a means for
achieving formation of tank ends for cylindrical
pressure vessels by utilizing the tank material from
an original cylindrical tube. The sequential excur-
sions or sweeping of the forming rollers as in-
dicated in Figure 4 are undertaken on a basis that
the force applied to the forming rollers during a
stroke moving axially outwardly may be more or
less or equal to that applied during a stroke moving
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axially inwardly of the tube being treated. In this
fashion, a substantial portion of the inwardly di-
rected arcuate strokes will be undertaken at a rate
which is either greater, less than, or equal to that
applied during the axially outwardly directed stroke.
By controlled programming of the motion or posi-
tion of pads 40, or forces applied thereto and
temperature of the work, control and distribution of
the metal thickness in the head area may be
achieved, particularly in the knuckle area illustrated
at 148 in Figure 4. Rotational rates of speed for the
work (tank) may be varied to maintain a substan-
tially matching rate of speed at the forming roller-
tank surface interface. Increasing the rotational ve-
locity of the tank as the forming roller 40 moves
radially inwardly achieves this result and also in-
creases production rates through a reduction in
cycle time.

It will be appreciated, therefore, that the details
provided herein are given for purposes of illustra-
tion only and not to be construed as a limitation
upon the scope of the appended claims.

Claims

1. Apparatus for the production of double-ended
vessels through the simultaneous formation of
end closures to a cylindrical work tube and
comprising:

(a) frame means including a primary base
mounting pad, a plurality of opposed pairs
of guideways mounted upon said base pad
for accommodating linear motion along at
least one axis and with each guideway hav-
ing a secondary base mounting pad there-
on;

(b) heating source means and means for
adjustably positioning said heating source
relative to said work tube;

(c) cylindrical work tube guide means se-
cured to each of an opposed pair of secon-
dary base mounting pads for adjustably and
releasably placing a cylindrical work tube
thereon and having means for accommodat-
ing rotation of a cylindrical work tube about
its tubular axis;

(d) cylindrical work tube drive and gripping
means arranged along said work tube inter-
mediate said secondary base mounting
pads for providing rotation of said cylindrical
work tube disposed within said cylindrical
work tube guide means;

(e) cylindrical work tube forming rollers se-
cured to a third opposed pair of said secon-
dary base mounting pads and being pro-
vided with means for movement of said
forming rollers along a plurality of arcuate
stroking paths between proximal, distal, and
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radially inwardly and outwardly disposed
end points relative to said tubular axis and
with said arcuate paths fraveling along one
of a predetermined series of arcuately
spaced-apart paths with certain successive
arcuate paths of travel of said predeter-
mined series converging upon said tubular
axis toward the distal end point thereof; and
(f) means for adjusting the arcuate spacing
of successive strokes of motion wherein the
arcuate spacing for each individual stroke of
axial outwardly radially inwardly directed
motion and the magnitude of force applied
o said forming rollers is selectively different
from its preceding axially inwardly radially
outwardly directed stroke, the arrangement
being such that the motion applied to said
forming rollers during a substantial portion
of said axially inwardly radially outwardly
directed arcuate strokes is controllably re-
lated to that of its immediate preceding
axially outwardly radially inwardly directed
arcuate stroke by always being greater than,
less than, or equal to that of said imme-
diately preceding axially outwardly radially
inwardly directed arcuate stroke.

The apparatus as set forth in Claim 1 being
particularly characterized in that the rate of
motion of said forming rollers during a sub-
stantial portion of said axially inwardly radially
outwardly directed arcuate strokes differs from
the rate of motion of its immediately preceding
axially outwardly radially inwardly directed ar-
cuate stroke by always being greater than or
by always being less than that of said imme-
diately preceding axially outwardly radially in-
wardly directed arcuate stroke.

The apparatus as defined in Claim 1 being
particularly characterized in that cooling means
are provided for said cylindrical work tube
along said tubular axis at a point intermediate
said cylindrical work tube drive and gripping
means and each of the secondary base mount-
ing pads of said first opposed pair of secon-
dary base mounting pads.

The apparatus as set forth in Claim 1 being
particularly characterized in that motor means
are provided for rotating said cylindrical work
tube and said forming rollers at rates depen-
dent upon radial disposition of said roller rela-
tive to the vessel axis, the arrangement being
such that relative rates of motion between the
surface of said vessel and said forming rollers
remain substantially matching.
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The apparatus as defined in Claim 1 being
particularly characterized in that said heating
source comprises a heating torch and wherein
said heating torch having articulating means
secured to each of a first opposed pair of said
secondary base mounting pads and means for
adjustably securing said heating torch thereto.

Apparatus for the production of double-ended

vessels through the formation of end closures

o a cylindrical work tube and comprising:
(a) frame means including a primary base
mounting pad, a plurality of opposed pairs
of guideways for accommodating linear mo-
tion along at least one axis and with each
guideway having a secondary base mount-
ing pad thereon;
(b) heating source means and means for
adjustably positioning said heating source
relative to said work tube;
(c) cylindrical work tube guide means se-
cured to each of a second opposed pair of
said secondary base mounting pads for ad-
justably and releasably placing a cylindrical
work tube thereon and having means for
accommodating rotation of a cylindrical
work tube about its tubular axis;
(d) cylindrical work tube drive and gripping
means arranged along said primary base
mounting means intermediate said first pair
of secondary base mounting pads for pro-
viding rotation of a cylindrical work tube
disposed within said cylindrical work tube
guide means;
(e) cylindrical work tube forming rollers se-
cured to a pair of opposed base mounting
pads and being provided with means for
movement of said forming rollers along a
plurality of arcuate stroking paths between
proximal, distal, and radially inwardly and
outwardly disposed end points relative to
said tubular axis and with said arcuate paths
traveling along one of a predetermined se-
ries of arcuately spaced-apart paths with
certain successive arcuate paths of travel of
said predetermined series converging upon
said tubular axis toward the distal end point
thereof; and
(f) means for adjusting the arcuate spacing
of successive strokes of motion wherein the
arcuate spacing for each individual stroke of
axial outwardly radially inwardly directed
motion and the magnitude of force applied
o said forming rollers is selectively different
from its preceding axially inwardly radially
outwardly directed stroke, the arrangement
being such that the motion applied to said
forming rollers during a substantial portion
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of said axially inwardly radially outwardly
directed arcuate strokes is controllably re-
lated to that of its immediate preceding
axially outwardly radially inwardly directed
arcuate stroke by always being greater than,
less than, or equal to that of said imme-
diately preceding axially outwardly radially
inwardly directed arcuate stroke.

7. A method of forming closed cylindrical tanks
from a metallic cylindrical tube comprising the
steps of:

(a) releasably securing a metallic cylindrical
tube having an elongated central axis and
opposed ends within a frame for rotation of
said metallic cylindrical tube about the elon-
gated axis of said tube;

(b) rotating said metallic cylindrical tube
about its elongated axis;

(c) exposing opposed cylindrical tube ends
o a source of intense thermal energy;

(d) directing a rigid tube surface contacting
member against the surface of the end por-
tions of said metallic cylindrical tube while
applying end-cap forming force
thereagainst;

(e) simultaneously reciprocably altering the
point of application of end-cap forming force
against said metallic cylindrical tube along
arcuate paths extending axially and radially
of said tube axis to create a series of end-
cap forming strokes against the opposed
ends of said cylindrical tube with certain
successive forming strokes progressing ra-
dially inwardly of said tube axis; and

(f) repeatedly maintaining said forming
strokes until the opposed axial ends of said
metallic cylindrical tube converge to form a
substantially closed end cap at each end
thereof.

8. The method of Claim 7 further including heat-
ing said substantially closed end caps about
the central axis to form closures therein.

9. A method of forming closed cylindrical tanks
from a metallic cylindrical tube comprising the
steps of:

(a) releasably securing a metallic cylindrical
tube having an elongated central axis and
opposed ends within a frame for rotation of
said metallic cylindrical tube about the elon-
gated axis of said tube;

(b) rotating said metallic cylindrical tube
about its elongated axis;

(c) exposing the ends of said cylindrical
tube to a source of intense thermal energy;
(d) directing a rigid tube surface contacting
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member against the surface of the heated
end portions of said metallic cylindrical tube
while applying end-cap forming force
thereagainst;

(e) reciprocably altering the point of applica-
tion of end-cap forming force against said
metallic cylindrical tube along arcuate paths
extending axially and radially of said tube
axis to create a series of end-cap forming
strokes against the opposed ends of said
cylindrical tube with certain successive for-
ming strokes progressing radially inwardly
of said tube axis;

(f) repeatedly maintaining said forming
strokes until the opposed axial ends of said
metallic cylindrical tube converge to form a
substantially closed end cap at each end
thereof; and

(g) heating said substantially closed end
caps about the central axis to form closures
therein.

10. A cylindrical tank fabricated in accordance with
the method of Claim 7.
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