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ABSTRACT OF THE DISCLOSURE 

A method of metal forming, as by rolling, a thin sheet 
metal part such as titanium in pack fashion whereby the 
part to be formed is sandwiched between inner and outer 
cover sheets of suf?cient strength to provide support for 
the thin part. The cover sheets are mechanically restrained 
from slippage by edge welding. 

The forming of sheet metal parts which have non planar 
shapes and which are composed of a low elongation ma 
terial such as titanium has generally been formed by a 
step expansion process. An expansion process whether 
mechanical or hydraulic is limited to a safe percentage of 
elongation of the material before stress relieving and re 
expanding. As a result, if a part contains radical bend 
radii or shapes requiring large percentages (IO-20%) of 
stretch, multiple and costly operations must be performed 
to complete the part formation. 

It is an object of this invention, therefore, to provide an 
improved method of metal forming which avoids one or 
more of the disadvantages of the prior-art methods and 
which has improved ef?ciency. 

It is still another object of this invention to provide an 
improved method as by a rolling process of forming an 
object of non-planar shaped cross sectional contour, which 
circumvents the multiple and costly operations previously 
used in forming such parts. 

For a better understanding of the present invention to 
gether with other and further objects thereof, reference is 
had to the following description taken in connection with 
the accompanying drawing and its scope will be pointed 
out in the appended claims. 

In the drawings FIG. 1 is a view of one form of a 
prior-art arrangement showing an elevational view of a 
support form and a cooperable roller element for rolling 
a bead in a thin walled titanium blank; 

FIG. 2 is an elevational view of a support form and 
roller apparatus and embodying the method of the present 
invention; 

FIG. 3 is an elevational view of the metal forming ap 
paratus of FIG. 2 showing the metal blank pack being 
subjected to radical bend radii; 
FIG. 4 is a view similar to FIG. 2 and illustrating a 

modi?ed form of the invention. 
This invention is useful in avoiding multiple stretching 

and intermediate stress relieving operations. With certain 
types of titanium the total amount of stretch forming may 
be extended as high as 11%. Expansion, however, being 
generally limited to 2 to3 percent per stretching operation 
as for example with 6AL, 4V titanium alloy, leads to 
multiple operations with stress relieving steps therebe 
tween. 
As a proposed solution to this problem it has been sug 

gested to perform preliminary forming operations before 
endeavoring to obtain the ?nal size of an object on an 
expansion machine. Such forming operation may be ac 
complished by rolling or beading the end bend radii in 
ward thereby removing the major amount of percentage 
expansion required and allowing a single sizing operation 
in the order of 2 percent stretch. 
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Referring to FIG. 1 a thin sheet of material 10, such 

as titanium is shown contacting a cylindrical support 11. 
The support form includes an encircling groove 12 adja 
cent one end thereof and terminates in a stepped shoulder 
13 which enables the support form 11 to be gripped for 
rotation as for example in a lath chuck, not shown. A 
roller 15 mounted for rotation about axis 17 may be 
moved toward and away from the titanium work piece 
10 in in-line relationship with groove 12 as indicated by 
arrow A. The latter groove 12 includes outer radial sur 
faces 18. It has been found that upon advancing the feed 
of the roller 15 inwardly to engage the titanium blank 
while rotating the support form 11 about its axis, the 
results were unsatisfactory. The thin titanium sheet buck 
led and wrinkled badly over both radii portions as at 18 
of the groove 12. It is believed that the buckling was due 
to lack of support over the area indicated as at 20 be 
tween the radii marginal edges 18 of groove 12 and the 
outermost peripheral tangent edge 21 of roller 15. 

Referring now to FIG. 2 and in accordance with the 
present invention, a thin titanium blank 10 is shown en 
gaged by an inner cover sheet 25 and an outer cover 
sheet 27. The cover sheets 25 and 27 are larger in area 
than the blank 10 and extend beyond the right hand edge 
10a of the blank as seen in FIG. 2. In order to prevent 
relative slippage of the inner cover sheet 25 relative to 
the outer cover sheet 27, the marginal edges of the sheets 
may be welded as at 30, 31. When so secured together 
the titanium sheet 10, and cover sheets 25, 27 constitute 
a sandwich pack 32. Thereafter die set means 33 includ 
ing a support form 34 and roller means 35 is provided. 
The support form 34 includes a groove 36 extending in 
wardly from its external surface 37. The support form 
may include a chuck land 37 of smaller diameter than 
that de?ned by external surface 37 to enable the support 
form to be rotated about its longitudinal axis by lathe 
means not shown. The roller means 35 are of smaller 
width than groove 36 and are in addition suitably 
mounted for rotation about axis X—X parallel to that of 
the axis of support 34. The roller means 35 are adapted 
to be moved normal to the axis X—X as indicated by 
the arrow B. The sandwich pack 32 is placed upon the 
support form so that the inner cover sheet 25 coacts with 
the external surface 37 of the support form to span 
groove 36 and thereafter the roller means 35 are bodily 
moved toward the groove 36 to coact with the external 
cover sheet 27. Upon exerting sul?cient mechanical pres 
sure inwardly while rotating the support form 34, the 
outer cover sheet 27, the blank 10 and the inner cover 
sheet are deformed and caused to enter the groove 36 as 
seen in FIG. 3. Thereafter the roller may be removed 
out of engagement with the sandwich pack. The inner 
and outer cover sheets may then be out along the lines 
Y-——Y to remove the edge weld fastening 30. The top 
cover sheet 27 is then suitably removed from engage 
ment with the blank 10 and the latter in turn removed 
from contact with the inner cover sheet 27. 

With reference now to FIG. 4 there is shown a modi 
?ed form of the invention. The roller means 35 and the 
support form means 34 provided may be identical to those 
shown in FIGS. 2 and 3. A sandwich pack 42 is provided 
and consists of an inner cover sheet 43, outer cover sheet 
45 and a thin blank of titanium 10‘ sandwiched there 
between. The inner cover sheet 43 is of greater thickness 
than the outer cover sheet 45 and both cover sheets 43, 
45 are edge welded as at 46 to prevent slippage relative 
each other 10. The latter blank 10 is of smaller area than 
the cover sheets and includes an edge 10a offset from the 
edge weld 46. As previously stated relative to FIGS. 2 
and 3 the roller means 35 may be moved inwardly to 
compress the material of the sandwich pack into the 
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groove 36. Upon withdrawing the roller means the edge 
weld of the pack may be suitably removed as by cutting 
along line Y-Y and the inner and outer cover sheets 
removed from the thin titanium blank 10. It has been 
found that increases as to the width of the groove 36 or 
the radii 47 of the groove, may be more easily accom 
modated as a result of increasing the support for the blank 
by the provision of increasing the thickness of the bottom 
cover sheet 43. 
While there have been described what are at present 

considered to be the preferred embodiments of this inven 
tion, it will be obvious to those skilled in the art that 
various changes and modi?cations may be made therein 
without departing from this invention, and it is, therefore, 
aimed in the appended claims to cover all such changes 
and modi?cations as fall within the true spirit and scope of 
the invention. 
What is claimed is: 
1. A method of forming a metal sheet blank into an 

object of non-planar shaped cross sectional contour, com 
prising providing inner and outer metal sheets of an area 

10 

exceeding that of said blank, said inner and outer metal . 
sheets being of greater thickness and strength than said 
blank, placing said blank between said inner and outer 
metal sheets to constitute a sandwich pack, said inner and 
outer metal sheets including edge portions, securing said 
sheets together as by edge Welding with said blank offset 
from said edge portions, while maintaining said blank in 
slideable relation to said inner and outer metal sheets pro 
viding ?rst and second die set members having contours 
conforming to the contour of said object, said ?rst die set 
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member comprising a rigid support form having a surface 
portion de?ning a groove and said second die set member 
comprising a roller, disposing said sandwich pack in a posi 
tion between said die set members with said inner sheet 
in a position to ?rst enter said groove, and thereafter 
providing relative movement between said roller and said 
support to cause a portion of said sandwich pack to enter 
said groove to deform said blank whereby said blank is 
enable to slip relative to said inner and outer cover sheets 
to preclude thinning out of said blank during said de 
formation. 

2. In the method as set forth in claim 1 wherein said 
inner metal sheet is of greater strength than said outer 
metal sheet. 

3. In the method as set forth in claim 2 wherein said 
inner metal sheet is of greater thickness than said outer 
sheet. 
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