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This invention relates to metal-forming methods and 
apparatus, and more particularly to a method and ap 
paratus for forming relatively ductile metal parts, where 
in the metal is brought into pressure contact with a 
?exible die, thereby causing the metal part to assume 
the shape or contour of the die. 
One of the major costs in forming metal parts is in 

curred in the manufacture of the die, especially where 
the portion or edge of the part which is urged into pres 
sure contact with the die has an unusual shape or con 
tour, which shape or contour must be produced in 
matrix form in the surface of the die. It is evident that 
in such cases the die must be machined with great 
accuracy and care in order that the parts, after forming, 
will have the required dimensions, con?guration, etc. 
This die cost is, of course, greatly multiplied where it 
is necessary to impart a different curvature to a plu 
rality of ‘parts of the same stock. Examples of such 
parts are the cap strips for built-up ribs of a tapered 
wing, longitudinal stiffeners for engine cowls, fuselage 
stiifeners, etc., and in each of these cases a separate 
die must be manufactured for each piece of different 
curvature. ‘ 

The present invention has for its object, a method and 
apparatus wherein ?exible dies are employed in the 
forming process, the ?exible dies being composed of a 
plurality of articulated segments so that they can be 
formed to assume different bends, bows or curvatures. 
In this way all parts of the same stock can be formed 
with the same die, regardless of the curvature which is 
to be imparted thereto. 

According to the present invention, the desired cur 
vature is imparted to the ?exible die by a ?at templet, 
at least one edge of which is provided with the re— 
quired curvature of the part to be formed. When the 
die is placed in operative relationship with the“ templet, 
the die assumes the curvature thereof, and the templet 
serves to maintain the ?exible die rigid in the assumed 
shape during the forming operation. Thereafter, of 
course, if it is desired to produce a similar part of a 
different bend or curvature, it is necessary merely to 
replace the templet with one having a curved edge corre 
sponding to the new part to be formed. 
The present invention has a wide application to both 

stretch forming methods and press forming methods, 
and for a complete understanding thereof reference may 
be had to the detailed description which follows and the 
accompanying drawings in which: 

Fig. 1 is an illustrative top-plan view showing the 
application of the present invention to a stretch forming 
operation; 

Fig. 2 is a transverse‘ cross-section view of the ?ex 
ible die shown in Fig.‘ 1; ' 

Fig. 3 is a perspective exploded view of the' ?exible 
die; 

Figs. 4 to 8 are‘ cross-section views illustrating the man 
ner in which the present invention can be employed for 
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forming parts of di?erent cross-section by stretch form 
ing methods; 

Fig. 9 is a side elevation, partly in cross-section, of 
a clamping device suitable for anchoring the ?exible die 
to a base during a stretch forming operation; 

Fig. 10 is a cross-section View taken on the line 10 
lti of Fig. 9; 

Fig. 11 is a cross-section elevation view illustrating 
the application of the present invention to a press form 
ing operation; 
‘Fig. 12 is an isometric view of the lower ?exible die 

shown in Fig. 11; 
Fig.‘ 13 is an isometric view of the upper ?exible die 

shown in Fig. 11; and 
Figs. 14 and 15 are isometric views of a modi?ed 

form of lower die for the press shown in Fig. 11, the 
die in Fig. 14 being shown as an exploded. view. 

Referring to Fig. 3 of the drawings, one form of the 
?exible die is shown comprising a plurality of segments 
24 joined together by a ?exible connection, such as the 
link chain 25'. The front die faces 26 of the segments 
24 are machined to the proper matrix contour of the 
part to be formed. The ?exible die construction shown 
in Figs. 2 and 3 is adapted to be employed for forming 
parts of V-shaped cross-section, such as the part A 
shown in Pig. 2. ‘Claw-like or hook-like registering 
members 21 are mounted to the upper surfaces of the 
segments 24, and in the particular embodiment shown 
in Figs. 2 and 3, the claw-like registering members are 
disposed forwardly and above the matrix surfaces 26, 
thereby serving as guides to insure alignment between the 
part to be formed and the matrix surfaces. 
The ?exible die is adapted to assume the curvature 

of the part to be formed and to rigidly maintain said 
curvature by placing the ?exible die in operative engage 
ment with a templet 22 having an edge 22:: of the 
curvature of the part to be formed. As a preliminary 
step, the die may be curved to the approximate curva 
ture before the templet is placed in operative position. 
With the templet 22 ‘set in place on top of the flexible 
die, the claws 21 are slidably engaged with the edge 
22a of the templet, thereby properly registering each 
segment 24 with the edge 22:: to impart the curvature of 
the edge 22a to the ?exible die. In order to maintain 
the die rigidly in this curvature, the claws 21 are 
anchored to the templet by bolts or screws 23 which 
pass‘ through holes 21a (Fig. 2) in the claws to thread 
ably engage the holes 22b formed in the front edge of 
the templet. Of course, vertically disposed screws or 
any other suitable means may be employed to attach the 
templet to the die. For greater accuracy, the faces of 
the hook or claw-like registering members 21 engaging 
the templet may be suitably fashioned to abut the por~ 
tion of the edge 22a of the templet which it is adapted to 
contact. 

As shown in Figures 1 and 3, only the end segments of 
articulated die are anchored to the templet by the screws 
23 to prevent longitudinal displacement of the articulated 
die with respect to the templet. Under certain condi 
tions of use, it may be necessary to anchor only one end 
of the articulated die to the templet. 

In the form shown in thedrawings, the registering 
members 21 slidably engage with and receive the master 
edge of the templet, although this is not essential. The 
primary function of the registering members is to regis 
ter the segments relative to the master edge of the temp 
let. Therefore,,as used herein to describe the register 
ing members, the terms “hook-like” and “claw-like” are 
intended to include a registering member which has a 
part which is secured to the die segment and an upright 
part which is adapted to abut the master edge of the 
templet. 

l 
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The chain 25 or other ?exible connection which con 

nects the segments insures close, equal spacing of the seg 
ments, and greatly facilitates the handling and manipula~ 
tion of the'articulated die, and particularly the registration 
of the die segments with the master edge of the templet. 
The chain or other ?exible connection is preferably em‘ 
bedded in a slot, formed in the upper surface of each of 
the segments 24, and if desired, the slot can be ?lled-in 
with an alloy to anchor the chain in place. 
The articulated die is a relatively heavy forming tool, » 

at least in comparison to the templet 22. The templet 22 
may be formed from ?at metal stock, such as steel or 
aluminum, and it is evident that the templet is a relatively 
inexpensive part which can be made at a fraction of the 
cost of a die. Different templets may be substituted to 
impart different curvatures to the articulated die. 
The application of the present invention to stretch 

forming processes is represented in Fig. l of the drawings. 
A templet 22 having an edge 22a of the curvature which 
is to be imparted to the metal part A (shown in broken 
lines before and during the stretch forming operation) is 
selected, and the ?exible die is mounted to the templet 
with the claws 21 in registered engagement with the edge 
22a. The die and templet assembly is then anchored to a 
base F (Fig. 2) by the clamps I5 which are vertically 
movable upon the vertical guides I7. The metal part A 
is then grasped at both ends by chucks B which stretch 
pull the part against the matrix face 26 of the die. It is 
evident that as the ends of the part are stretched in op 
posite directions around the matrix face 26 of the die, the 
part will assume the desired curvature of the die. 

Figs. 4 to 8, inclusive, illustrate the manner in 'which 
the present invention can be used in the formation of parts 
of various cross-section con?gurations. In Fig. 4 a 
U-shaped channel H is shown being forced against a ?exi 
ble die with a ?exible ?ller I, composed of individual seg 
ments ?exibly together much in the same fashion as the 
?exible die, set into the channel to prevent the collapse 
or buckling of the side walls. In Fig. 5 the U-shaped part 
G is shown being formed with the lower surface of the 
base thereof in contact with the ?exible die and the up 
standing members disposed away from the die and ac 
commodating a ?exible ?ller I’ therebetween. Fig. 6 il 
lustrates the reverse bending of the same U-shaped part, 
represented by the reference character I, the part being 
formed with the upper surface of the base thereof in con 
tact with the ?exible die and the die disposed between the 
upstanding leg members thereof. Shims 27 between the 
upper surfaces of the die segments 24 and the claws 21, 
and shims 28 beneath the segments 24 permit the front 
edge of the die to be received between the leg portions 
of the part. 

Fig. 7 shows a more complex arrangement wherein up 
per and lower oppositely disposed dies separated by a 
shim 29 are employed to form apart T of T-shaped cross 
section. Another shim 29’ may be employed to support 
the lower templet above the base F to provide a space to 
accommodate the lower claw member 23.‘ 

Fig. 8 illustrates the use of the ?exible die in forming 
parts E of L-shaped cross-section. In this case the templet 
22 is suitably mounted above the base F, as by attaching 
the templet 22 to the top surfaces of blocks 80 by bolts 
83 which secure both the templet and the blocks to the 
base F. The claw members 21 of the ?exible die may 
then be mounted in registered position along the operative 
edge 22a of the templet to assume the desired contour, 
and a shim w placed beneath the die to accommodate the 
lower horizontally disposed leg of the part. The part is 
then formed against the lower corner of the die. 
The importance of ?rmly anchoring the ?exible die of 

the present invention when employed in ‘stretch forming 
operations is evident, and Fig. 9 shows a mechanism pref 
erably employed in place of the clamps 15 shown in Figs. 
1', 2 and 4 to 7, for resiliently clamping the die in opera 
tive position. The frame 36 of the clamping device is 
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supported above a base 31, and the frame 30 is provided 
with a horizontally disposed platform 32 upon which the 
?exible die member, generally represented by the refer 
ence numeral C is adapted to be mounted. The die C is 
similar to the die described in connection with Fig. 7. 
The upper end of the frame 3t} supports an air cylinder 

34 having a vertically movable piston attached to the shaft 
35 thereof, and a vertically disposed cylindrical shaft 36 
forms an extension of the piston shaft 35. The down 
ward travel of the piston is controlled by admitting air 
under pressure from any suitable source via the conduit 
38, and the upward travel of the piston is controlled in 
similar fashion via the conduit 39. 
The shaft 36 is journalled in upperand lower bearings 

4t}, 41, respectively, of the frame 36, and a clamp member 
42 is jonrnalled on the shaft 36 for free sliding move 
ment thereon. The periphery of the shaft 36, however, is 
serrated as at 44, and the clamp 42 has pivotally mounted 
at 45 thereon a hand lever 46 which controls the hori 
zontally sliding movement of a pin 47 to move it into or 
out of operative locking engagement with the serrations 
44 of the shaft 36. 
The upward travel of the clamp member 42 is limited 

by the lower end of a screw 49. The threaded member 
49 is threaded at its lower end through a hole 40a formed 
in the bearing head 40, and the vertical movement of the 
threaded member 49 is guided in the vicinity of its upper 
‘end by a guide plate 50. The extreme upward end of the 
threaded member 49 carries a crank arm 51 for rotating 
the threaded member 49 to move it in an axial direction 
upwardly or downwardly. 
The lower end of the threaded member 49 is more 

clearly shown in Fig. 10, and it carries a square-headed 
bolt 52 which is threadably received in the extreme lower 
end of the threaded member 49. The clamp member 42 
is provided with two spacially separated, vertically dis 
posed members 42a and 42b which support a stop plate 
42c above them. The stop plate 420 has an opening 42d 
therein to allow passage of the shank of the bolt 52, and 
by this means the travel of the clamp member 42 is limited 
in the closing direction by the head of the bolt, and in the 
releasing direction by the base of the threaded member 
49 to facilitate removal of the part after forming. 
The ?exible die C is adapted to be held in place upon 

the platform 32 of the frame structure 30 by the clamp 
member 42 from above, and also by a stationary lower 
clamp 54 attached by bolts 55 to the platform 32. . 
The ?exible die C is maintained in ?xed position rela 

tive to the surface 31 by a plurality of the retainer units 
of the type just described and the units are separated 
at ?xed intervals to obtain the anchorage needed. In 
setting up the retainer units for anchoring the ?exible 
die C, the crank handles 51 are turned, lowering the 
clamps 42 into contact with the upper surface of the 
?exible die, and then the hand levers 46 are operated 
to move the locking members 47 into locking contact 
with the shafts 36. With the clamps 42 locked to the 
shafts 36, air is admitted into the air cylinders 34 to 
force the pistons and the shafts 36 downwardly to 
thereby place a force on the clamps 42. The set screws 
52, however, prevent downward movement on the clamps; 
until their stop positions are lowered by the rotation of 
the cranks 51 in the proper directions, whereupon the 
clamps 42 are permitted to gradually descend under air 
pressure until the ?exible die is resiliently but ?rmly 
anchored in place. 
The ?exible die C shown anchored to the base 32 

in Fig. 9 actually comprises upper and lower oppositely 
disposed ?exible dies 60 and 61, respectively, positioned 
relative to each other in similar fashion to the dies 
described in connection with Fig. 7. 

In setting up the retainer units to anchor the ?exible 
die C, the lower ?exible die 61 is inverted, and the 
templet 22 to which it is attached is set upon a spacer 
plate 70% its rear edge in position against the clamp 
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$4. The spacer plate 70‘ provides clearance for the claw 
members of the‘ ?exible die 61. The templet of the 
upper ?exible die 60 may be mounted to the movable 
clamp 42 by bolts 71,‘and the claws of the die 60 are 
placed in registered contact with the operative edge of 
the templet. Before applying closing pressure to the 
clamps 42, shims 74 having a thickness of slightly less 
than the leg of the T-section part D to be formed may 
be pinned or held in place by vertically disposed dowels 
76 between the segments of the upper and lower ?exible 
die 60 and 61. The dowels 76 will also assist in the 
alignment of the upper and lower ?exible dies during the 
assembly thereof. 

It should be noted that‘during the stretch bending 
operation to form the part D, the transverse bending load 
is taken up by the abutment of the rear edges of the 
upper and lower templets 22 against the surfaces 72 of 
the upper clamp member and 73 of the lower clamp 
member. 
As mentioned above, the ?exible die of the present 

invention can also be used in press forming operations, 
and the application of‘the present invention to form parts 
of T cross-section by press forming methods is illus 
trated in Figs. 11 to 15. 
One of the‘ most di?icult parts to form in conventional 

presses is the T-section part. Aside from the fact that 
a male and female die must be constructed for forming 
each piece having a different curvature, even though the 
cross-section of the members might be identical, dif 
?culty is often experienced because of the deformation 
of the vertical leg of the T-section which is expected to 
enter a female slot or guide during the deformation 
thereof. Considerable care must be taken in bending 
a T~section using conventional male and female dies to 
insure that the vertical leg portion of the T-section enters 
the female die for support along its complete length, and 
the slightest warp or twist of the vertical leg will prevent 
it from properly entering the female die during the form 
ing operation. This difficulty, therefore, makes it neces 
sary, using conventional methods, to form the part in a 
series of steps wherein the part is initially formed until 
the leg begins to twist or warp, whereupon it is removed, 
hammered straight and replaced in the die for further 
forming until further warping or twisting requires this 
operation to be repeated. It may, of course, be neces 
sary to repeat this correcting operation many times before 
the vertical leg of the T-section enters the slot of the 
female die su?iciently to prevent further twisting or 
deforming thereof. 

Referring to Fig. 11, the ?exible die of the present 
invention may be employed to overcome this di?iculty 
since the vertical leg portion of the T-section part K 
may be inserted along its entire length in the ?exible 
female die of the type shown in Fig. 12 before the bend 
ing operation. During the bending or forming operation, 
the female die, when brought under pressure of a com— 
panion male die will gradually de?ect to assume the 
contour of one of more templets with which it is oper 
atively associated thereby gradually forming or bending 
the T-section member. Thus, the advantage of this 
method is that the entire length of the T-section part 
is maintained in registration with the female die through 
out the forming operation, with the result there is no 
danger of the vertical leg portion twisting or warping 
during the bending operation. 

Referring to Figs. ll and 13, the male die comprises 
a frame 90 adapted to be attached to the platen 91 of 
the press, a pair of downwardly depending and spacially 
separated templets 92 attached to the frame, and a ?exible 
die represented by the reference numeral 93. A pair 
of vertically disposed side walls 94 are disposed outboard 
of and parallel to the templets 92, and the walls 94 are 
separated from the templets 92 by spacer members 99. 
The construction of the ?exible die 93 is generally 

similar to those previously described and comprises a plu 
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6 
rality of individual segments 96 ?exibly held together by 
a linkage 97 extending along both sides (see Fig. 11) of 
the segments 96. The links are connected to each other 
and to the segments 96 by pins 97a. Thehooks or claws 
98 for engaging the curved edges of the templets are 
mounted on opposite sides of each of the segments 96 in 
order that the ?exible die may be rigidly held between 
the two spacially separated templets 92. 
The female die 100, as best shown in Figs. 11 and 12, 

comprises a frame 101 which is adapted to‘ be held to the 
base 102 of the press, a pair of parallel side walls 103 
upstanding upon the frame 101, a pair of templets 104 in 
board‘ and adjacent to the side walls 103, being spacially 
separated therefrom by spacer members 105, and a plu 
rality of ?exibly connected segments 106 slotted as at 107 
to accommodate the vertically disposed portion of the 
T-section part K to be ‘formed. The segments 106 are 
?exibly connected by pivot links 107 extending along 
both‘ lateral sides of the segments and held thereto by 
pins 107a. 

The‘lower segments 106 also carry the templet receiving , 
claws 109 mounted on opposite sides of the segments 106. 
However, unlike the hooks or templet receiving members 
98 of the upper die 93, the claws 109 are not anchored to 
the curved edges 104a of the templets 104, but in the 
normal position are maintained horizontally disposed by 
the springs 110. The springs 110 may, of course, be re 
placed by ot'her equivalents, such as air or hydraulic cylin 
ders or any other means to exert su?icient tension upon 
the die 100 to maintain it taut and to prevent it from sag 
ging under normal force of gravity. 

With the female die 100 maintained taut under the 
tension of the springs 110, the vertically disposed portion 
of the T-section may be readily inserted in the lengthwise 
slot 107 thereof along its entire length. As the platen 
91 lowers, the upper male die 93 moves downwardly 
against the upper surface of the part K and gradually 
de?ects both the part K and the lower die 100 against 
the outward supporting force of the springs. The 
templets 104 guide the ?exible die 100 as it gradually de 
forms and, of course, the upper contoured edges 104a 
of the templets determine the limit-of deformation of 
the lower die 100. i 

As best shown in Fig. 11, the side plates 94 of the 
upper die and the side plates 103 of the lower die serve 
as guides to insure that the dies meet in proper alignment. 

Figs. 14 and 15 illustrate a lower die which may be em 
ployed to form a reverse curvature in the stiffener part 
K’ of inverted ‘T cross-section, as well as forming a joggle 
in each end as frequently required in such stiffeners. 
Ordinarily, in forming such stiffeners it is necessary to 
provide a separate die for forming the joggle end, however, 
the part may be formed in a single operation with the 
?exible die 115 of the present invention. The ?exible die 
115 comprises individual segments 116 ?exibly held to 
gether by linkages 117 connected along both. side walls of 
the segments 116. However, the last few end segments 
116 are adjustable axially so that the claws 118 formed 
with keys 119 may engage suitable slots 120 formed in the 
edges in the templets 121. To permit axial adjustment 
necessary to permit the keys 119 to engage the corre 
sponding slots 120 of the templet 121, the links 117a 
of the end segments are slotted as at 11711 for a limited 
degree of free axial movement. This limited freedom 
also makes it possible to employ the ?exible die in con 
junction with templets of different curvatures and slightly 
different spacing of the notches 120. Although not 
shown in the drawings, the upper die assembly may be 
of the same general construction. 
The invention has been shown in a preferred form only 

and by way of example, and obviously many variations 
and modi?cations may be made therein without depart 
ing from the spirit of the invention. The invention is, 
therefore, not to be limited to any speci?ed form or em‘ 
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bodiment except insofar as such limitations are set forth 
in the claims. 

I claim: 
1. Apparatus for forming parts by stretch forming 

methods comprising a plurality of rigid die segments, each 
having a forming surface and a base surface, ?exible con 
necting means joining the segments together with adjacent 
segmentsvirtually contiguous to each other in a series, 
said ?exible connecting means permitting adjacent seg 
ments to assume different angular positions relative to 
each other in a plane parallel to the base surfaces of the 
segments, a rigid, relatively flat templet having a rela 
tively narrow master edge, a hook-like element on the 
portion of each segment opposite the base surface of each 
die segment, said hook-like members engaging the narrow 
master edge of the templet to register the segments rela 
tive to the master edge when the templet is positioned 
on top of the segments, thereby imparting the curvature 
of the master edge of the templet to the forming surfaces 
of the segments, and means for ?xedly securing said 
templet and die segments in their adjusted positions on a 
base member. 

2. Apparatus for forming parts by stretch forming 
methods as set forth in claim 1 including means for 
locking at least one of the end segments in ?xed relation 
ship with the templet. 

3. Apparatus for forming parts by stretch forming 
methods as set forth in claim 1 in which the said ele 
ment is a separate member attached to the surface of the 
segment opposite the base surface. 

4. Apparatus for forming parts by stretch forming 
methods as set forth in claim 1 in which duplicate inverted 
assemblies are spaced apart from each other by a shim, 
whereby said apparatus may be used for bending a T 
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shaped material with the part which forms the base of 
the T-positioned between the assemblies. ., 

5. Apparatus for forming parts by stretch forming 
methods as set forth in claim’. 11in which the registering 
element is adapted to slidably receive the master edge 
of the templet. 

6. Apparatus for forming parts by stretch forming 
methods as set forth in claim 1 in which the registering 
element extends forwardly of the forming surface and 
then upwardly, the forwardly extending portion serving 
as a guiding portion in bringing the part to be formed 
against the forming face. 
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