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[57] ABSTRACT 

Tubular shells are made from pre-cut blanks of basi 
cally flat sheet stock by placing the blanks in an in 
dexed position, clamping the blanks tangentially 
against a forming arbor, and then forcing shaped jaws 
having an end con?guration complementary to the 
outer periphery of the arbor against the unclamped 
portions of the blank to progressively bend the blank 
and wrap the same about the arbor, in a manner which 
brings the ends of the blank together closely adjacent 
one another but at least slightly spaced apart. The 
space between the ends of the blank are then secured 
together by welding, in a manner which deposits weld 
ing material in the space between the ends of the 
blank, thereby producing a circumferentially continu 
ous tubular wall. The secured blank is then forced 
endwise off the arbor and over a sizing plate which ac 
curately sizes the interior of the tubular shell. The 
blanks are pre-cut by use of a shearing die which 
simultaneously coins the sheared end and bends the 
same slightly to promote precise circularity when the 
end extremities are welded together. 

12 Claims, 9 Drawing Figures 
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METHOD FOR MAKING MOTOR SHELLS AND 
THE LIKE 

BACKGROUND OF THE INVENTION 

This invention relates to the manufacture of tubular 
shells, and particularly tubular sheet metal motor cas 
ings or shells, from basically falt sheet stock which is 
normally pre-cut to the desired size prior to the forming 
and securing operations which produce the ?nished 
tube. 

In the past, tubular shells for housing the various 
component parts of electrical motors have been made 
by one or the other of two predominating methods. Ac 
cording to one of these methods, flat pre-cut blanks are 
subjected to a series of discrete and separate stamping 
operations in which the bland would ?rst be “pre 
formed”, i.e., stamped into a very wide U-shaped con 
figuration, it would then be “U-formed”, meaning that 
it was again stamped at least one or more times to pro 
gressively bring its U-shaped con?guration more to 
ward circularity although always maintaining the basic 
“U" shape. Ultimately, the stamped piece would be 
placed in a closing die, normally comprising a pair of 
semicircularly-recessed die members which are 
clamped about the outside of the stamped blank to 
draw the same into tubular con?guration, whereupon 
the end extremities of the blank would be welded to 
gether. According to the other prevalent process, the 
metal blanks are, after having been cut to size, rolled 
in a series of cylindrical rollers which give the blank a 
curving U-shaped con?guration, following which a 
clamping die is used to draw the piece into a closed tu 
bular shape, so that the ends can be welded. 

It is well known that both of the processes just men 
tioned inherently produce shells which do not have ac 
curate circularity, which taper along their length, 
which have an angular “roof” or ridge at the point 
where the ends are brought together, and most impor 
tantly, which have widely varying inside diameters. As 
will be understood, the latter defect is quite apparently 
inherent in these processes, since the use of an exter 
nally-disposed clamping die necessarily sizes the exte 
rior of the resulting tubular member and leaves its in 
ternal diameter to chance, depending upon random tol 
erance variations in the thickness of the particular 
piece of sheet stock involved. Furthermore, in almost 
all cases the ends of the blank are brought into direct 
abutting contact, and for this reason the same are 
welded by the tungsten inert gas process, which is one 
of fusion, in which no weld material is added. This pro 
cess calls for very precise alignment and positioning, 
and in the processes under discussion such precision is 
frequently absent, thereby producing defective welds. 
Additionally, the butt or junction of the ends of the 
blank normally are found to “roof", i.e., the endmost 
extremities of the blank remain substantially linear and 
unbent, and come together at a broad obtuse angle, 
forming a wide “U” rather than a continuous circular 
shape, as is desired. 
The foregoing defects in current practices for manu 

facturing motor shells has caused considerable concern 
and difficulty in the past. One of the most important 
such dif?culties arises from the fact that the ?eld lami 
nations for the motors are pressed into place within the 
shell and, where accurate circularity is not maintained 
in the shell itself, the ?eld is distorted when so pressed 
into place. This causes variations in the air gap between 
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2 
the ?eld and the rotor, and thus causes defective motor 
operation, including speed irregularities, loss of power, 
greater current consumption and, consequently, over 
heating. Nonetheless, as stated, the aforementioned 
two processes are basically those which have been fol 
lowed for many years in the motor industry, and these 
persist even at the present time. The problems created 
by these processes involve more than the end product 
itself (i.e., the motor), since the forming and welding 
steps are carried out at different places and, necessar 
ily, at different points in time. Therefore, the various 
partially-formed con?gurations must be stored be 
tween operations, at least for a brief time, and this re 
quires the use of great amounts of floor space, since the 
various types of U-shaped partially-formed blanks of 
course require many times the storage space that ?at 
pre-cut sheets require. Thus, the prevalent processes 
necessitate a signi?cant and continuing waste of space, 
time, and effort, as well as producing basically inferior 
parts. 

SUMMARY OF INVENTION 

The present invention obviates the difficulties associ 
ated with and inherent in the prevalent processes, since 
it produces tubular motor shells or the like having very 
accurate internal dimensions regardless of the toler 
ance variations existing in the stock which is used, and 
the tubular shells produced have extremely accurate 
circularity at all points, with very little taper. Further 
more, and of considerable signi?cance, the present in 
vention eliminates the space requirements for storage 
of partially-formed parts which has been such an insep 
arable adjunct of the prevalent processes. 
Thus, brie?y stated, the major objectives of the in 

vention are to provide a method and an apparatus for 
forming tubular motor shells and the like from basically 
flat stock in a single, continuous operation formed at a 
single location and during a single brief, continuous 
time interval, thereby requiring storage facilities only 
for pre-formed flat blanks and for ?nished tubular 
shells which can be immediately packed for shipment. 
Further important objectives are the production of tu 
bular motor shells having extremely accurate internal 
dimensions and precise circularity with little or no dis 
cernible taper, for accurate and effective motor manu 
facture. 
The foregoing major objectives of the invention, to 

gether with other objectives and advantages equally a 
part thereof, will be more readily understood upon 
reading the following speci?cation and in view of the 
drawings, referred to speci?cally hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a fragmentary end elevational view of the 
apparatus of the invention; 
FIG. 2 is an enlarged, fragmentary perspective view 

showing certain details of the apparatus; 
FIG. 3 is a further enlarged fragmentary perspective 

view showing other details of the apparatus; 
FIG. 4 is an enlarged, fragmentary, frontal perspec 

tive view illustrating portions of the apparatus during 
the process of forming a tubular shell; 
FIG. f is an enlarged fragmentary front elevational 

view showing the apparatus at a further point in the 
process from that shown in FIG. 4; 
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FIG. 6 is an enlarged, fragmentary frontal perspec 
tive view showing the apparatus at the end of the pro 
cess; 
FIG. 7 is a fragmentary, enlarged frontal perspective 

view illustrating the means for ejecting ?nished parts; 
FIG. 8 is an enlarged, fragmentary perspective view 

illustrating the preferred means for cutting and pre 
forming the sheet metal blanks; and 
FIG. 9 is a further enlarged, fragmentary end eleva 

tional view showing the preferred die of FIG. 8 in oper 
ation. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

Referring ?rst to FIG. 1, it may be seen that the appa 
ratus 10 of the invention generally comprises a support 
or bed portion 12, a forming arbor 14 disposed above 
the bed and mounted upon an arbor support 16 carried 
on the bed, as well as lateral frame portions 18 and 20, 
each of which carries a pivotally-mounted jaw element 
22, 24, respectively. Each of the jaw elements is pivot 
ally connected to the ram or piston 25 and 27 of power 
cylinders 26 and 28, respectively, which are preferably 
hydraulic units. As will be understood, the support or 
bed 12 may be supported above ?oor level by any suit 
able structure, and portions of the bed may be used to 
anchor the rearward extremities of the power cylinders 
26 and 28. The upright lateral frames 18 and 20 must 
be rigid supports and must therefore be suitably inter 
connected and or braced, although it is not regarded as 
necessary to speci?cally show such extraneous struc 
ture. The arbor 14 is supported by its base 16 in cantile 
ver fashion, projecting endwise forwardly across the 
bed 12, and a movable front support 17 is provided for 
restraining the ended end of the arbor when the same 
is under load, to be described hereinafter. The bed 12 
carries indexing means 30, which may comprise widely 
?anged shoulder bolts or the like, against which a sheet 
of the stock may be positioned at the start of a forming 
cycle. 
As illustrated generally in the various ?gures, the for 

ward end extremities of the jaw elements 22 and 24 are 
concave in shape, having a curvature which is comple 
mentary to the exterior periphery of the arbor 14. The 
overall structure of the jaw elements which are basi 
cally identical, is best illustrated in FIGS. 2 and 6. As 
illustrated, each such element carries a pair of spaced 
rearwardly-projecting bosses 32,34 which de?ne aper 
tures through which passes a heavy pin 35. A yoke 36 
mounted on the end of the power cylinder ram is pivot 
ally carried on pin 35, as is the lower extremity of a 
heavy support link 38, the upper end of which is pivot 
ally supported on the lateral frame portions 18 and 20, 
at each side of the apparatus. From this arrangement, 
it will be appreciated that with forward movement of 
the power cylinder rams, the link 38 will pivot about its 
upper support point, thereby moving the jaws 22 and 
24 along a rising arcuate path of movement. It has been 
found helpful to provide counter balance means 40, il 
lustrated herein as a counterweight, attached to each of 
the jaws above its pivot point on pin 35, so as to main 
tain the jaws in an upwardly-pivoted orientation, help 
ing to assure that the lower lip of each jaw will extend 
forwardly and more nearly align vertically with the 
upper lip of the jaw, for purposes described hereinafter. 
To limit the allowable forward travel of each hydrau 

lic cylinder ram, a chain 42 may be attached between 
a suitable ?xed point on the cylinder (or the bed) and 
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to the ram. As illustrated in FIG. 6, this limit of jaw 
travel is held to closely approach, but not cover, the 
closely-adjacent end extremities of a piece of stock 44 
tightly wrapped about the arbor in the concluding 
phase of the process. A wire-welding tip 46 is sup 
ported in place above the adjacent end extremities of 
the stock, between the upper edges of the jaws 22 and 
24 in their closed position, for automated welding of 
such end extremities. Although it is important to the 
invention to use a welder of the type which deposits 
welding material, rather than a fusion-type welder, the 
specific welding apparatus and its supporting structure 
is not particularly critical, and will not be discussed in 
detail herein. It may be stated, however, that the sup 
porting structure for the welder head should provide 
for a range of accurate vertical and horizontal adjust 
ments, for proper positioning. Also, the welding tip or 
head should be mounted for automated forward and 
rearward reciprocation, as by a motorized carriage or 
on a power cylinder ram, so that the welding process 
may take place automatically upon a predetermined 
signal produced when the jaws are fully closed with re 
spect to the arbor. 
Carried on the table 12 beneath the arbor 14 is a 

third shaped jaw element 48 (FIG. 3) which is mounted 
between a pair of upright guides 50 for vertical move 
ment. Spaced apertures in jaw 48 provide for passage 
therethrough a pair of pins 52, which may move up 
wardly generally radially of the arbor 14 to pin or 
clamp a formed blank of the sheet stock against the 
arbor at the beginning of a cycle of operation. As will 
be understood, the pins 52 may be interconnected be 
neath the bed 12 and operate by a power cylinder inde 
pendently of the third jaw 48, which also should be op 
erated by an appropriate power cylinder or the like. It 
is important to note that the pins 52 may move verti 
cally independently of jaw 48, which has a concave 
upper face whose curvature is complementary to that 
of the arbor, in the same manner as the end extremities 
of jaws 22 and 24, discussed above. 
FIG. 3 also shows the nature of the movable arbor 

support 17, which is pivotally mounted between a pair 
of support blocks 19 which are rigidly secured to the 
bed 12. As stated above, the arbor 14 extends cantilev 
ered over the bed 12 and over the third jaw 48 and the 
pinning means 52, and the movable arbor support 17 
braces and supports the free or projected end of the 
arbor during the operation of the apparatus. For this 
purpose, the end extremity of the arbor may have a cir 
cular recess 15, and the movable support 17 may have 
a cylindrical projection 17a which fits into recess 15 
when the support 17 is pivoted upwardly into place. A 
rotatable lock or latch member 54 is provided to retain 
the movable support 17 in its upwardly-pivoted posi 
tion, although this can be accomplished in many differ 
ent ways. It is desirable to preclude operation of the ap 
paratus when the support 17 is in a downward position, 
and this may readily be accomplished by mounting a 
pushbutton contact switch 56 (FIG. 4) in the plane of 
rotation of support 17, so that the switch will be tripped 
by the weight of support 17 when the latter is pivoted 
into its lowered position. 
As stated above in connection with FIG. 6, the free 

ends of the stock 44 are welded together while the 
stock blank is tightly wrapped about the arbor 14; 
hence, upon completion of the welding step and subse 
quent retraction of the jaw elements 22, 24, and 48, as 
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well as retraction of the pins 52 and lowering of arbor 
support 17, the completed tubular shell may be re 
moved from the arbor. This is accomplished by an ejec 
tor or pusher structure 60 illustrated in FIG. 7 and 
comprising a pair of arcuate pusher elements 62 and 64 
positioned in circumferentially ?anking orientation 
about the outer periphery of the arbor I4 and mounted 
upon reciprocable pusher rods 66, which may be oper 
ated by appropriate power cylinder means or the like 
(not shown). As will be apparent, forward reciproca 
tion of the pusher or ejector means 60 will push the 
completed tubular shell forwardly and off the project 
ing end of the arbor, to remove the shell therefrom. 
Such ejection is actually a duplicate operation in ac 

cordance with the invention, inasmuch as a precision 
sizing plate 70 is secured to the outermost end of the 
arbor. Therefore when the completed tubular shell is 
pushed off the free end of the arbor it is at the same 
time accurately sized internally by the plate 70. In this 
connection, it is to be noted that the sizing plate '70 
should have a precise predetermined shape and size to 
obtain the desired internal diameter of the completed 

' shell, whereas the arbor 14 should be somewhat smaller 
in circumference (on the order of perhaps 0.008 to per 
haps 0.010 inches smaller), although of course being 
co-axially mounted with respect to the sizing plate. Fur 
thermore, the blanks of sheeted stock 44 should be cut 
so that, even considering random tolerance variations, 
the longest such blank likely to be encountered is at 
least slightly shorter than the circumference of the ar 
bor, so that even upon complete closure of the shaped 
jaw elements and consequent wrapping of the blank 
about the arbor, at least a slight gap will exist between 
the end extremities of the blank. This will be mentioned 
in more detail subsequently, but it is to be noted here 
that by this approach the tolerance variations which 
will inevitably occur in the length of the pre-cut blanks 
are effectively nulli?ed, since the metal-adding welding 
technique used herein can readily till any of the varying 
gaps at the ends of the wrapped blank which will occur 
with normal tolerance variations in the sheet metal in 
volved. Thus, the resulting completed tubular shell will 
always have the same internal diameter, which is of the 
essence for such a product, even though the size and 
thickness of the sheet metal blanks involved may vary 
in a normal manner. By sizing the completed shells in 
the aforementioned manner, no additional time or ef 
fort is required, inasmuch as the sizing occurs simulta 
neously with ejection of the completed shell from the 
arbor. Furthermore, during the sizing of the completed 
shell, the weld is in effect destructively tested, since de 
fective welds will separate under the expanding forces 
which occur during sizing. 
The overall operation of the present apparatus, char 

acterizing the inventive method provided herein, has 
for the most part already been described. Brie?y, the 
pre-cut blanks are indexed in position beneath the 
arbor upon the bed 12, by contact against the indexing 
pins or bolts 30. At the start of the cycle, the pusher 
means 60 is fully retracted away from the free end of 
the arbor, as are the three shaped jaws and the pin 
means 52. The movable arbor support 17 may be low 
ered to provide access for loading a sheet metal blank, 
and after such loading the movable support is pivoted 
upwardly into position, where it is latched by the mem 
ber 54. 
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6 
Next the pinning means 52 move upwardly against 

the center part of the blank of stock, moving the entire 
blank upwardly and pinning the same rigidly against the 
bottom of the arbor. Immediately thereafter, the third 
shaped jaw 48 moves upwardly against the blank of 
stock, immediately bending the same about the bottom 
curvature of the arbor (see FIG. 4). Thereafter, the jaw 
elements 22 and 24 are forced inwardly toward the 
arbor and the stock, with the upper lip or edge of each 
such jaw making ?rst contact with the diverging por 
tions of the stock which are not yet clamped against the 
arbor (FIG. 4). Upon further inward movement of the 
jaw elements (FIG. 5), the rotation of the jaw 
suspending links 38 continuously raises the jaws as they 
travel inwardly, thus bringing both upper and lower lips 
of each jaw against the stock and wrapping the stock 
about the arbor. When the lower lip of each jaw has 
forced the stock against the arbor, the jaws may pivot 
about their pins 35 and against their counterbalances 
40, thus continuing the wrapping procedure, until ? 
nally, with the jaws fully extended (FIG. 6), the blank 
of stock is completely wrapped tightly above the arbor 
in a rigid and positive manner. Thereafter, the welding 
head is actuated and travels outwardly along the seam 
between the ends of the blank, securing the latter to 
gether and completing the tubular shell. Following this, 
the shell is ejected and sized, in the manner noted 
above. In this operation, the beneficial effect of the pin 
ning means 52 is noteworthy, inasmuch as this prelimi 
nary step rigidly holds the blank of stock tangentially 
against the arbor, precluding any accidental shifting or 
like movement during subsequent phases of the form 
ing process. As will be understood, all of the steps in 
the foregoing process may readily be controlled auto 
matically by a sequentially-operating electric circuit, 
which may utilize limit switches or the like to ensure 

‘ the completion of each step prior to initiation of the 
next succeeding step. 
As stated above, the present invention also embraces 

a preferred method of pre-forming the blanks of sheet 
stock from which the tubular shells are made. This is 
illustrated in FIGS. 8 and 9. In FIG. 8, the lower half 
80 of a cut-off and pierce die is shown, by which blanks 
44 of the sheet stock are cut to proper length from an 
longated strip of the stock which has been pre-cut for 
width. In addition to merely cutting the blanks 44 to 
proper length and punching desired holes in each 
blank, however, the die means in accordance with the 
invention also coins both the trailing and leading edge 
extremities 44a and 44b, respectively, of the blanks, 
bending the edge extremities downwardly along a pre 
determined edge width and at a predetermined curva 
ture. This is an important feature, since it precludes the 
aforementioned “roof” effect at the junction of the 
edges of a piece of stock when the same are welded to 
gether to form the completed tubular shell, described 
hereinabove. Thus, in accordance with the invention, 
the lower die portion 60 includes a fixed shearing block 
82 which is rigidly mounted on the lower die plate 01 
(FIGS. 8 and 9), as well as a movable shearing block 
84 which is mounted on the lower die plate upon com 
pression springs 86. Similiarly, a matching upper die 
plate 90 carries a spring-loaded movable shearing 
block 92, mounted on springs 96, positioned in direct 
vertical alignment with the fixed block 82 of the lower 
die, and also carries a fixed shearing block 94 mounted 
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in direct vertical alignment with the movable block 84 
of the lower die. 

In the operation of the die means just described, the 
advancing strip of stock passes beneath a guide plate 88 
(FIG. 8) carried on the lower die plate 81 and is auto 
matically indexed for length (by means of a conven 
tional nature not speci?cally described), such that the 
desired point at which cutting should occur becomes 
automatically positioned upon each cycle of operation 
in direct alignment with the junction of shearing blocks 
82 and 84, which also is the line of junction between 
blocks 92 and 94. At this point, the upper die under 
goes a sudden and forceful downward movement, 
whereupon the springs 86 and 96 are compressed, with 
the upper block 92 tightly gripping the sheet stock, and 
with the upper block 94 moving downwardly, thereby 
forcing block 84 downwardly against the pressure of 
springs 86. As illustrated in FIG. 9, the adjoining edges 
of the lower blocks 82 and 84 are relieved or reduced 
in thickness along a radius of curvature approximating 
that of the arbor 14. The upper blocks 92 and 94 have 
a complementary con?guration at their adjoining 
edges. Therefore, upon the downward movement of the 
upper die portion just mentioned, the sheet of stock is 
?rst bent downwardly into a crease-like con?guration, 
and immediately thereafter the ?xed upper shear block 
94 will cut the stock along the line of demarcation be 
tween block 94 and blocks 82 and 92. Due to the very 
nature of the die, the aforementioned bending must 
take place prior to shearing; therefore, the edges of the 
sheared stock are not cut at right angles to the main 
plane of the stock, but are instead at a slight acute 
angle with respect thereto. This is also a useful feature, 
since when a given blank of the stock is subsequently 
wrapped about the forming arbor, the free ends of the 
blank will de?ne an outwardly-widening V-shaped con 
figuration, which is ideal for the metal-adding welding 
process already mentioned. In this connection, it is to 
be noted that, as mentioned above, the length of the 
blanks of stock 44 cut by the die means is controlled 
such that there will always be a slight gap between the 
ends when the blanks are wrapped about the forming 
arbor 14, to insure that the inside diameter of the com 
pleted tubular shell will always be accurate. It is this 
slight spacing which the welding process ?lls in accor 
dance with the invention, and not necessarily the entire 
depth of the V-shaped separation just described, al 
though this too will normally be substantially ?lled, and 
even somewhat rounded-over on the outside circumfer 
ence of the completed shell. 

in accordance with the invention as described and 
de?ned herein, a number of terms are used which 
should be understood in a descriptive or qualitative 
sense, and not necessarily in a strict and absolute sense. 
Thus, while the completed blanks may be said to be ba 
sically ?at, they need not be strictly ?at or planar, and 
may certainly have at least a minimal amount of curva 
ture if desired, including of course the preformed edge 
extremities 44a and 44b, which may be said to be de 
formed toward one another, i.e., in the same general 
direction. The term “clamping”, applied to the opera 
tion of the pins 52, means basically that the blank is 
held or pinned rigidly against the forming arbor, and is 
not meant to imply either that the blank is or is not nec 
essarily then bent or deformed against the shape of the 
arbor as an incident to the clamping. Also, while the 
blank is said to be “wrapped” about the arbor, the 
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8 
amount of actual bending of the sheet material is some 
thing which may vary from application to application, 
as is the fact that the bending may be characterized ei 
ther by elastic or plastic deformation, depending upon 
the character of the material involved. The jaw ele 
ments are said to have “shaped” end extremities, and 
this should be understood as meaning that the jaws 
have a characteristic shaping at their end which is re 
lated to the shape of the arbor and to the desired shape 
of the ?nished product. 

It is entirely conceivable that upon examining the 
foregoing disclosure, those skilled in the art may devise 
embodiments of the concepts involved which differ 
somewhat from the particular embodiments shown and 
described herein, or may make various changes in 
structural details to the embodiments which have been 
described in detail. Consequently, all such changed em 
bodiments or variations in structure as utilized the con 
cepts of the invention and clearly incorporate the spirit 
thereof are to be considered as being within the scope 
of the claims appended herebelow, unless these claims 
by their language speci?cally state otherwise. 
The embodiments of the invention in which an exclu 

sive property is claimed are de?ned as follows: 
1. A method of making tubular shells from basically 

flat sheet-form stock, comprising the steps: ?xing the 
position of at least two sides of a generally rectangular 
basically ?at piece of such stock in a predetermined 
orientation relative to and spaced from a forming arbor 
which has an outer con?guration corresponding essen 
tially to the desired inner con?guration for the ?nished 
shell; maintaining said piece of stock in such ?xed ori 
entation while moving the piece into initial contact 
with the arbor, and clamping the piece of stock against 
said arbor; forcing portions of said piece which are not 
yet clamped against and in contact with said arbor pro 
gressively against the latter, to wrap all such portions 
around said arbor and hold the same tightly in circum 
ferential contact therewith; and connecting the free 
ends of the wrapped piece together by ?lling a space 
existing therebetween, thereby forming a tubular shell 
having a substantially continuous circumferential wall. 

2. The method of claim 1, including the steps of 
ejecting the tubular shell endwise off said arbor and 
forcing the shell over a sizing instrument. 

3. The method of claim 2, wherein said shell is forced 
over said instrument during said ejecting. 

4. The method of claim 1, wherein said portions of 
said piece are forced against and wrapped around said 
arbor by forcing at least one shaped jaw element 
against such portions. 

5. The method of claim 1, wherein the central part of 
said piece is ?rst clamped against said arbor and each 
portion between the clamped part and the respective 
free ends of the piece are‘then wrapped around said ar 
bor. 

6. The method of claim 5, wherein each of said por 
tions is wrapped around said arbor by forcing a shaped 
jaw against each. 

7. The method of claim 6, wherein said jaws are ?rst 
forced against and make contact with their respective 
portions adjacent the clamped part and then moved 
along such portions toward their end extremities. 

8. The method of claim 1, wherein said piece of stock 
is pre-formed prior to being clamped against said arbor 
by bending the end edge extremities of said piece. 
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9. The method of claim 1, wherein said piece of stock 
is clamped against the arbor by maintaining the latter 
in ?xed position and using a movable clamping member 
to move said piece of stock generally radially of and to 
ward said arbor to pinch the stock against the same. 

10. The method of claim 1, wherein said piece of 
stock is clamped against said arbor by use of clamping 
means moved generally radially of and toward said 
arbor to pinch the stock therebetween, and wherein 
during such clamping step a shaped jaw member is 
forced against such stock at the point of clamping to 
bend the stock against the periphery of the arbor at 
such point. 

11. A method of making tubular shells from basically 
flat sheet-form stock, comprising the steps: pinching a 
basically ?at piece of such stock securely against a 
forming arbor which has an outer configuration corre 
sponding essentially to the desired inner configuration 
for the ?nished shell, while maintaining the basically 
flat con?guration of said piece of stock prior to and at 
the initial contact thereof with said arbor, and by use 
of a single line of force directed radially at the axis of 
said arbor and generally orthogonally of said basically 
?at piece of stock to bring the same into initial contact 
with the arbor and pinch the stock tightly against the 
latter; forcing portions of said piece of stock which are 
not yet pinched against and in contact with said arbor 
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toward and against the latter, to wrap all such portions I 
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around said arbor and hold the same tightly in circum 
ferential contact therewith; and connecting the free 
ends of the wrapped piece together by ?lling a space 
existing therebetween, thereby forming a tubular shell 
having a substantially continuous circumferential wall. 

12. A method of making tubular shells from basically 
flat sheet-form stock, comprising the steps: clamping a 
predetermined part of a basically flat piece of such 
stock securely against a forming arbor which has an 
outer con?guration corresponding essentially to the de 
sired inner con?guration for the ?nished shell; then 
moving at least one shaping jaw against portions of the 
piece of stock which are not yet clamped against the 
arbor but which are located generally adjacent those 
portions already clamped against the latter, to thereby 
force such adjacent unclamped portions against the ar 
her; and then moving the shaping jaw circumferentially 
around the arbor while continuing to force the jaw 
against other portions of the piece of stock to thereby 
wrap the remaining unclamped portions thereof around 
and tightly against the arbor; holding the wrapped 
piece of stock tightly in circumferential contact with 
the arbor; and connecting the free ends of the wrapped 
piece of stock together by ?lling any space existing 
therebetween, thereby forming a tubular shell having a 
substantially continuous circumferential wall. 
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