ansforicorFORMING BY STRETCH PRESS

APPLICATION AND EQUIPMENT

STRETCH-PRESS APPLICATION

1. Use of Stretch Press—Desigm changes and the lmited
production of any one model of military aircrait require manu-
facturing processes involving inextensive yet flexible tooling.
Stretch-press forming meets these requirements by offering a
substantial reduction in tool costs, as cotnpared to those for
draw presses.  Being adaptable to the rapid fabrication of a wide
variety of double-curvature parts, the stretch press is well suited
for production requirements that are intermediate hetween those
that can be met by the drop hammer and those requiring the Ligh
production processes of the automative industry,  Ounee a stretch
press is set up, an average part requires approximately two
minutes for loading, stretching, and unloading.

2. DBy means of the stretch press both soft and hard stock
can be formed, but the use of hard stock. such as
recommended since heat treating is thus eliminated. By means of
the stretch-press much larger sheets can he formed nto douhle
contours than by the hydro-press, The large size of the parts that
can be formed reduces the number of separate parts that go into
a sub-assembly, with a corresponding reduction in the time of
assembly.  The chief limitation of the stretch-press method is
that only contours relatively symmetrical and with only slight
reverse bends can be formed. A second disadvantage is that a
certain percentage of scrap, on most work as high as one-third
of the sheet, is unavoidable since the ends of the sheet must he
long enough to be held in clamps. The common practice is to
add about 16 inches to the length and 2 inches to the width for
the gripping and trimming allowances. Thus, in Fig. 1, the
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Fig. 1

sheet g is siretched to form the part b, The ends ¢, at which the
material was clamped and the sides d must be trimmed off and
serapped ; however, same of the material at ¢, which must also be
trimmed off, can be salvaged and used for small parts.  On snme
work, 10 extra inches on the length and } inch on the width
are sufficient.  However, the waste is somewhat greater when the
endd trim is not at right angles to the side trin

The scrap may be reduced to some extent by forming two or
more parts from a single sheet in one stretch and then cutting
them apart ; thus, only a single clamping allowance need be made.
Some wnsymmetrical and also some right-hand and left-hand
parts can be formed in this way, Common practice though is to
form both right-hand and left-hand parts on the same die and
then to snap hall of them through to produce parts of opposite
hand to that of the die. That is, half of the parts are actuall
turned inside out by holding the hulge or formed area stationary
while the edges are snapped or jerked across to the opposite
side of the hulge,
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3. Principle of Stretch-Press Forming.—In principle and
aperation, stretch-press forming differs considerably from draw-
ing on a duuble-action press. On a streteh press the aluminmm-
alloy sheet, mstead of being forced wto or through a die by the
action of a punch, is clamped at opposite ends and stretehed
over a form, or die, until the elastic limit of the material is
excecded,  This stretching of the material bevond 1ts elastic
limit, that is, into the plastic range, elimimles excessive spriug-
bacls aned canses the material to set to the shape of the die. The
reduction of springback by stretehing bevond the elastic limit is
illustrated in the 2457 Alclad stress-struin dingram shown in
Fig. 2. When the material is stressed below its elastic hmit,
that is, within the range al, there will be complete elastic recovery,
or springhack, along the line af to the original condition of the
material, When the material, however, is stressed into the plastic
range, such as to the point o, the elastic recovery will oceur along
a line od that is parallel to the line afy, and permanent set will
take place. The residual strain, or deformation, of the mialerial
will then he represented by the value gd. The difference Tetween
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the total strain ae and the residual strain ed is the springhack
strain de, which 15 small in comparison to the total strain,

4. Direction of Springback.—Another important feature of
springhack is the direction in which it acts, A comparison of the
direction of springback in parts that have been either bent or
stretehed is shown in Fig, 3. When a part 1s formed by bending,

Fia. 3

as in view {a), the material @ in fhe area outside of the neatral
plane & is stretched, whereas the material ¢ in the aren inside of
the neutral plane is compressed, The material under tension is
represented by the lined area, and thae under compression by the
cross-hatched area.  Since there 15 no lengthwise movement
along the nentral plane, the material at this point is under neither
tension nor compression,  When the hending farce is removed,
the material a that 1s under tension tends to recover i the direc-
tions indicated by the arrows d, and the material ¢ that is under
compression tends o recover in the directions of the arrows ¢
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The resultant force, as represented by the arrows [, causes severe
springback and changes the carvature of the part.

When a part is formed by stretching, however, all the material
a, view (&), is stretched since the neutral plane & is below the
plane of the material,  When the stretching force is removed,
the material tends to recover in the directions indicated by the
arrows ¢, Since the recovery is in the plane of the material and
parallel with the curvature, it does not distort the part beyond
usahle limits.

5. Elongation of Material.—The forming of material in a
stretch press elongates the sheet and reduces its thickness as much
as from 5 to 7 per cent ; however, the increase in tensile strength
resulting from stretehing the material beyond its elastic limit
compensates for the loss in thickness, VWhen the sheet is
stretched, care must be taken not to impose a load that would tear
the material. Since the stretching operation is conducted in
the plastic range, the stress required to streteh all parts of the
sheet to contour approaches the ultimate strength of the metal
bl must not exceed it.

The maximum elongation of the material determines how
much the material may be stretched before hreaking, For 245T
Alclad the maximom elongation is generally specified at abont
18 or 19 per cent, but this value having heen determined on a
2-inch gage length on a tensile test specimen, i3 not applicable
1o stretch-forming in which the work may be several feet in
length,  Tests on long sheets have shown that the maximum
elomgation that may be used in streteh forming of either 2450
or 2457 Alelad is from ¥ to 10 per cent. Under average operat-
ing conditions 8 per cent is generally vsed as the maximum
allowable elongation, since a 10 per cent elongation can le
ubtained only by extra-careful polishing and lubrication of the
die, and by ohserving every possible precantion in the stretching
operation, If either 2450 or 2457 is stretched partially to form
the material and is then heat-treated and stretehed again to com-
plete the forming operation, the maximum elongation mav he as
great as 12 per cent. Actually, an elongation of ouly a small per
vent nsually suffices to produee permanent set of the metal,



FORMING BY STRETCH PRESS

Fiz 4

FORMING BY STRETCH PRESS 7

6. The condition of the edge of the material al=o affects
the elongation. DPolished or even routed edges permit an
appreciably greater elomgation without failure than edges left
in the rough, as when the material is sheared, since the stress
concentrations resulting from the notch effect of sheared edges
appear to cause carly fallure, Tests made by one aircraft com-
pany on sheets 50 inches long and with polished edges, gave
maximum elongation values that were considerably higher than
those obtained {rom tests made on sheets of the same length hut
with sheared edges, The maximum elongation values obtained
under such tests are given in Table T,

TABLE I

MAXIMUM ELONGATION VALUES OF ALUMINUM SHEETS®

Sabeiril 5 5'“‘3::.'-!]_}!.!]1:?: 'alished Edges
245T 4.5 B5
2450 93 105
3250 13 16.5
Si5W i1 165
615V 8 17.5

* Courtesy of Lockbheed Alreralt Corp.

7. Stretch-Press Operation.—The dic, shown at a in Fig 4,
15 sef on a central table which is moved vertically by two
separately controlled hydraulic evlinders located under the ends
of the table. The table is pivoted at its center to a piston-type
guide to allow tilting it when tapered sections are stretchel
Stretch presses are made m three sizes having capacities of 75,
150, and 300 tons. The press illustrated has a capacity of 130
tons. The larger 300-ton presses also have two hydraulic
cvlinders; whereas, the smaller 75-ton presses have onlv one
central cylinder and, therefore, cannot have their tables tilied,

The sheet metal is elamped at both ends in a row of individual
pneumatic or hydraulic clamps & mounted on clamp supports o
These supports are controlled from a push-lmtton contral-panel
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o and may be set parallel to or at any angle up 1o 13 degrees with
the table. The individual clamps also may be swiveled up to 23
degrees, to allow them to be set in a curve, as shown in Fig. 5, so
that the free edges of the sheet are gripped in such a manner
throughout its width that it bellies up over the area of deep cur-
vature at ¢, Fig 6, thereby reducing the stretch on those arcas.

The clamps grip the sheet by 2’ wedging action hetween heveled
shoes forced upward into tapered slots; thus the greater the puli
on the sheet, the tighter the clamps grip. When the pull on the
sheet and the air or wil pressure in the clamps are released, the
clamps automatically open and release the material.  During the
stretching operation some of the clamps can be loosened slightly
by means of their separate valves to allow the sheets to slip a litle
and thus prevent tearing at highly stressed points; this practice
is not common but may be tried and followed where it proves
successiul,

lafsfc
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8. To stretch the material to shape, the table 15 hrought up
at maximum speed by means of two levers . Fig, 6, which contrial
the movement of the pistons in the hydranlic cylinders.  When
the div contacts the sheet and huailds vp pressure, the speed can
be reduced to soit the peealiarities of the die. Then either of two
methoes of operation may be used.  The pressure that is required
to form a parl, as shown by gages g, can he determined by
stretehing a trial part and the pressure adjusting valve then
set at that value ; or the pressure can be sct at its waxinun value,
the material stretched o shape, and the trip rod set for the
required table travel as shown by gages . The latter methnd
15 generally used as it is the [aster,

To speed-up production still more, adjustable table stops may
he set to prevent the table from Jowering more than is actually
necessary to release the [ormed part and provide clearance {or
imserting the new sheet, Tt s also common practice to streteh
more than one sheet at a time ; on 300-ton Presses as nany as
six sheets may be placed, one on top of another, on the dic. The
munher of sheets that may

e stretched inoany particular press
depends both on the shape of the die and on the tickness of
the sheets.  Any change of contour caused by piling the sheets
ot topr of cach other 15 so shight that it may be disregarded.

9. The results Trom stretch-pressing depend to a large
extent on the ability of the operator. He showld know  the
characteristics of the material and be able to judge when 1t
reaches its maximum deformation.  On some machines he can
assist i the stretching by moving the clamp supports toward or
away from the fable while the ‘materal is heing stretched. II
folds or wrinkles develop during the operation, they shonld lwe
removed by hand hammering,  But wrinkles can generally he
avoided by eareful design of the die and study of the material as it
is stretehed,

Whenever possible, the pressure should be applied in such a
way that the stretching is equalized and the pressure distriluted
evenly over the surface of the sheet.  Also the edges of the hlank
sheet may be trimmed to the approximate developed shape of the
part and the clamps attached in a zimilar manner. such as in a

-
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curve as already shown in g 5, in order Lo maintain a constant

tepsion and simulaneous contact of the sheer with the die at as
many points as possible.

10. Die Lubricants,—Refore the sheet metal is placed in the
press, the die must be covered with a labricant, such as vaseline,
a light grease, or drawing compound made vp of half vegetable
and half mineral oil. The lubricant should not break down helow
1507 F, and should provide viscous lubrication up to a normal
pressure of about 5,000 pounds per square inch, Water-soluble
grinding compound 1s also sometimes used, bt when this is done,
it is necessary to remove the compound [rom the parts within
four frours after they are formed or 1t will oxidize the surface
of the aluminum-alloy sheet.  The ordinary degreasing process
will not remove the compound ; instead the sheets are washed in
hot water, which also warms the sheets so that they dry without
the formation of water spots,

11, Die Materials.—The common materials for strecch-
press dies are Kirksite, concrete faced with plaster, and hard-
wood.  Tead, trom, and fiber have also been used successfully,
Whatever material is used, it must be strong enough to withstand
the pressures involved in stretch pressing. Kirksite is the most
widd}-‘ used material since 1t can be easily cast to shape, it can
be reclaimed by melting worn-out dies, and it can be worked Lo a
smooth surface to permit the sheet metal to slide over it with
little friction,

Plaster dies, which also have leem very satisfactory, are
made of reinforced concrete faced with a mixture of mixing
plaster and @ special hard plaster known as Hwidrocal, The
plaster die is shellaced and mounted in the stretch press. To give
the die a long-wearing surface a sheet of low-carbon steel. such
as 5AL 1010, is stretched over the die and leit there during the
forming of the parts. A plaster die may be used for fairly large
runs without the sheet-steel covering, but the steel hath increases
the life of the die and redoces the iriction between the die and
the aluminum-alloy sheets. It also protects the face of the dic
while in storage,
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Plaster dies are relatively inexpensive, costing approximately
from 35 to 40 cents per cubic foot for comstriction and materials,
The development of the die may require an additional 4 or 30
hours over the time required to make the die, and the use of con-
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siderable sheet material for testing the contour of the die. Tna
great many cases the material that has been used lor testing a
large die and which, therefore, cannot be used in production, and
also material that has heen stretehed over a large die and then not
used because of design changes or defects in the parts, may be
trimmed and used for tooling purposes on a smaller die,

12. Wood dics are not used to as greal an extent as they
formerly were.  They shrink, particularly if stored for long
periods, but they give good resnlts on short runs, wear well
enough to produce relatively small quantities, sav up to two
dozen parts, and can be easily modifed. Fdges where the
forming 15 severe may be remforced by steel strips or inserts.
Wood dies may be tailt up in sections or made as a solid piece.
The latter type is preferable, even though more expensive, as
with the sectional dies the joints may open under the stretching
pressure. The life of wood dies may be inereased by stretehing
sheet steel over them on the press,

13, Types of Dies.—Stretch-press dies are of two types,
namely, pillow-black dies and distorted dies,  As shown in Fig,
7, the former type has the actual shape of the finished part, which
when removed will retain the shape of the die,  Such a formed
part is shown in Fig. 1. These dies are generally made of Kirk-
site.  Distorted dies, however, have a distorted shape; that is.
thev do not have the true shape of the finished part bat are so
made that when the stretched part s released, it will assome the
correct form,  Such dies are generally made of concrete and
plaster, and are used [or forming parts that are too long to be
stretched to their finished shape in the press.

For example, if a skin section of relatively small double-curya-
ture and several feet long, as shown at o in Fig, &, is to be [ormed,
the die & may be made 1o the shape that the part will assume
when the two ends are drawn together at the hotrom uneil they
are at a distance apart equal to the maximum length of the die.
Thus, the die shown in Iig. 9 bas a cross-section that has a muach
greater curvature abe than has the finished part along its length
abe, Fig, 10. The die may be straight across its face or it may
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be cross-contoured, depending on the amount of cross-contour
wie that is desired on the finished part,  When the sheet is
stretched over the distorted die and then taken (rom the press
and straightened out, it will assume iis correct fiumshed shape,
The lengtlwise contour on the part will be less than the corre-
sponding curvature on the die; whereas, the cross-contour on
the part will be greater than the cross-comtour on the die.  Any
variation from the required carvature in either direction can he
corrected] by changing the contour of the die,

14, Transverse Forming.—When a sheet is gripped at both
ends and stretched, the stress is lengthwise along the sheet and
there is little tendency for the sheet to streteh in a transverse
direction.  Thus with an ordinary die it is not always possible to
finish the part completely by the sirelching action; in such cases
it may be necessary to Anish-form the part by handwork with
a rubber or rawhide mallet. Forming the part completely by
stretching, however, is preferred and may be accomplished by
designing the dic with a return curve along the sides so that the
metal will he pulled down hetween the two high sectioms. Tor
exam:le, il a sheet @ were stretched over the die shown in
Tig. 11 (g}, it would not form completely to the edge .
Redesigning this die to the form shown in view (I} would
create a tension on the sheet hetween the points ¢ and o and foree
it to fullow the curve. As the material heyomd point & would then
be trimmedd off, this design invoelves considerable waste but the
hand [orming would be eliminated and production increased,
The choee of design nmst, thereiore, be based on the number of
parts to be formed and the comparizon between the value of the
time consumed by the hand work and that of the material
scrapped,

15. Stretching Large Skin Sections, —\ valuable applica-
tion of streteh pressing is the forming of large skin sections that
curve to suit the shape of the wing, or whatever other part of
the structure the sections Lt over, I such large curved sections
are stretched directly from rectangular sheets, there is a tendency
for the material along the edges to wrinkle and probably to tear,
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especially when considerable stretching is required o form the
parts,  This condition can be avaoided either by cutting the sheets
to their approximate developed shape, or by making cnt-outs
along the edges to permit the edges of the sheet to Te clamped
i a curve.  These cut-outs are made of kexhole shape, as shown
in Fig. 12, to prevent any concentration of stress in the point
of the vee,  The edges of the sheets are al=o well borred to
eliminate anv concentration of stress in deep scralches on the
edoe. The sheets whether trimmaed to o curve or given cut-outs
may then be clamped in a curve around the edges, so that a
constant tension is maintained throughout the width of the sheet.

16. Lecating Trim Lines.—Since the contour of the surface
of a double-curvature part changes [rom one area to another, the
trim lines on the stretched sheets must be marked acourately so
that the finished part will he of the correct curvature. These
trim lines may be located by different methods ; all, however,
utilizing a templet made to the same size and shape of the part and

lafsfc
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known as the trim, or the apply-trm, templet. By one methiod,
as shown in Fig 13, the apply-trim templet @ is placed over the
formed part b while the part is on the die, either during the
stretching operation or after the die has been removed from the
press to make way for other work. In the latter case, all the
parts wonkl he stretehed belore removing the die, and the parts
again laid on the removed die and the templet appled. The
templet o is located in its proper position by means of a gage ¢
that is holted to the templet and adjustable in Jength for use on
dies of various widths,  The templet and gage are set over the
formed part and located from a gage plate o on the side of the
die. The plate d, also shown in Fig. 14 which is an enlarged
end view of the assembly shown in Fig, 13, has two locating
pin hales for the dowel pins ¢ on the plate f. When the plate |
iz attached to the gage plate d by means of the thambscrew g,
the pin i locates it accurately crossswise on the die Ty entering
ome of the end holes 7 on the gage, and positions the applv-trim
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templet @ on the formed sheet. Lines are then marked around
the templet.

17. Anoiher methad of locating the apply-trin templet is
by the use of hinge markers, such as shown at @ in Fig. 15, These
miarkers carry small marking punches b and are bolted 1o the
sitles of the die.  When the press ram is at the top of its stroke,
and the sheet stretched to shape, the markers are swung over the
sheet to leave indentations, Holes are then punched at these
points. The apply-trim templet has corresponeing holes so that
the templet amd the formed sheet can be fastened together by
Cleen fasteners, which are spring-type clamps inserted in the
registering holes, and the trim lines are marked,

18. A methad that may be vsed on a Kirksite die is to sct
small projections in the face of the die, Then when the part is
stretehed, the material directly over each projection is hannered
lightly to leave dimples in the sheet, as shown at a n Fig, 10
Holes are punched at these points and the part is rough trimmerl
by hand and then located by these holes in the trim [xtore,  In
Fig. 17 the part a is shown located in the fxture on the pin b
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Then the trim templet ¢, which is fastened to a revolving leaf,
or framework, o that is hinged 1o the main part of the fixture,
1s swung down on the sheet and the part 1= marked for trim alony
the edge of the templet,  This methad is faster than using Cleen
lasteners but requires the construction of the Gxture,

19. Forming Reverse Contours.— Reverse contours can be
formed on a stretch press if the dic is designed so that the
formation of wrinkles is prevented along the central part of the
sheet.  An example of reverse contour is a tail cone fillet.  This
part is formed of 020-inch 2457 oo the die shown in I ig, 1%,
The reverse curve ¢ on the di 1w will tend 1o canse the material to
slip along the curve and wrinkle in the middle as soon as the
material along the sides is stretched.  This wrinkling can be
prevented hy nsing ocking beads b oat both ends of the die. Then
at the heginning of the stretel the material will be deawn into
these beads, and held erosswise =o that it can not slip along (e
reverse curve of the die and form wrinkles,  The material iy
be further restrained from slipping into the concave area by using
no lubricating oil on the outer edges of the die,
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Fig, 19

Similar use of locking beads may prevent wrinkles on parts
that have no reverse contours.  Thus, in Fig. 19, wrinkles would
form over the arca @ because of the sharp curve from the higher
part b, Such wrinkles may he prevented by beads e that lock
the material long its edges.
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20. Application of Double-Action Press. -\When no spe-
cially designed  stretch presses are available,  double-action
hydraulic presses can be adapted to streteh-forming, A set-up
for the stretch-forming of nacelle skins in a double-action press
is shown in Fig. 20, These skins can be formed in the 57T
condition at the rate of minety per hour.  The die o, which is
mace of Kirksite, is attached 1o the main ram b of the press.
The aluminum-alloy sheet ¢ is held at both ends between heavy,
flat rails  and hold-down plates ¢, The stock must be draped
between the clamps and made long enough that the die, as it
descends, will streteh the metal sufficiently to produce a per-
manent set, but not enough to rupture it The required length
can be determined by trial or calenlation, and should be kept the
same for all sheets to obtain uniform results,  Then to form the
part, the die shonld be well Iubricated and lowered to stretch
the metal in much the same manner as with a regular streteh
press.

21. Details of Clamps.— The clainping pressure on the sheet
stock is exerted by rods [, Fig, 20, which pass from the hold-down
plates ¢ up through the main ram to the hold-down ram, or hlank-
holder.,  Decanse of the heavy pressure that is thus available,
both the rails o and the plates ¢ are made with smooth surinces

and need not be serrated to provide sufficient frictional restraint
to hold the sheet metal.  The use of the smooth surfaces is
advantageous in that any serrations or other frregularities of
the holding surfaces tend to tear the sheet when it attempls to
yield locally within the clamps as it is being stretched,  Actually,
the range of forming can he extended by allowing the sheet to
slip hetween the clamping plates over certain critical areas,

22, For successful forming, it is essential that the rails
d, Fig. 20, have a large smooth radius, preferably 1 inch or more,
in order to prevent excessively large strains in the sheet metal
as a result of its being hent around the radivs.  Also, the rails
for most work must have straight sides, but they may be set
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at an angle instead of parallel with each other.  Sufficient clear-
anice must be provided hetween the rails and the die to avoid
severe bending and pinching of the material, i these conditions
are met, no trouble should be cxperienced from the bending of
the material over the edres of the rails,

23. Stretch-Forming Shallow Contours. —\When parts of
very shallow curvature are to he stretch-formed, it is oiten more
5;1tif_-;f;mtur_\,- to form the parts in pairs.  For example, in Fig. 21
is llustrated the forming of shallow-contoured empennage skin
panels, These parts could not be satisfactorily stretehed as single
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[)iE‘.L‘L‘:n hecanse the contour 15 too ['lai, When such |:\;c::]:tinn;1”_\'
shallow-contoured surfaces are stretched, there s a tendeney to
overform the center of the part.  Therefore, more satisfactory
results are oblainable by forming two parts at a time with a
Voshaped die a, and cutting them apart at the trim lnes shown
marked on the surface of the shaped part as shown in Fig, 22,
This particular part was formed m two stretching aperalions
[rom 020-mch 2450 sheet, To limit the distertion, it was
stretched partially, heat-treated, and then stretehed to its final

shape belore the material age-hardened.  Thiz method of form-
ing parts in pairs not only provides a good means of forming
shallow-comtoured parts. but also results in a saving of material
since both parts are formed with practically the same amount of
serap muterial as would he required for the forming of a single
part,

24, Another method that can be successfully applied in
streteh-formn parts of shallow contour in a double-action press is



2t FORMING BY STRETCH PRESs

to use a die that s deeper than is vequired by the contour. As

shown in Fig, 23, the die @ has an extra depth  that 15 prosyw plapsforu.c

vided to stretch the sheet metal the required pmount in order to
form the shallow contour across the boltom section cd of the

-

die,  Its construction is similar in this respect to that of a
pillow-block die.  The radius # on the corners of the die should
he at least 1} inches to insure satisfactory forming of the sheet
metal to the shape of the die, and to eliminate any possibility
of tearing the material as it forms around these corners.

25. Two-Die Set-Up—Tn speed-up production and to
reduce waste, parts can be stretch-formed two at o time 1 a
double-action press by using, as shown in Fig, 24, a pair of
identical dies g and & attached to the main ram.  As inoan
ordimary set-up with only one die, the sheel metal 15 gripped
Letween the hold-down plates ¢ and the rails o, but when two
chies are used, an additional rail e s placed m the center to support
the sheet metal at that point. . For parts thar are shightly conical,
such as the fuselage skin, shown in Fig, 23, the dies should be
reversed, end [or end, that 1s, the larger sections of the dies should
be on opposite ends, to allew the matenal to flow over the center
rail more unitormly,  For satisfactory operation, the dies must
he positioned careflully on the ram =0 that they contact the shect
simultaneonsly at hoth ends. When very severe stretch-forming
is necessary 1o form the parts, the material may first he stretched
partiallv, then annealed, and. hoally, hnish-stretched.  Several
stages may sometimes he nueessary.
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STRETCH-FORMING EXTRUDED SECTIONS

26. Stretch-Forming Center-Wing Rib Chords,
Extruded hat sections, such as center-wing rib chords, may he
formed by drawing them around a form block of the required
shape, and then hand working them to the linished eontour.
This methl 15 known as wrap-forming, Greater accuracy and
faster production. however, are ohtainahle by streteh-pressing,
When such sections are formed in a streteh press there s prac-
tically no springhack, since the material is stretched until it takes
a permanent set and will remain in that condition for assembly.
When Torming rib chords on o wrap former, however, it is
necessary to allow for springback i maling the forming tools
and, hecavse of the difference in springback in different s of
material, thiz allowance 1s not untformly accurate.  Also, streteh-
pressing these chords increases production [rom three or four
per hour up to about seventy-live per hour,
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27, When formed in a streteh press the rib chords are
stretched in a togele lixture mounted lengthwise on the table of a
00-tom press, as shown in Fig. 26, The two forming dies, the
nearer of which 1s shown at ¢, are made of masonite and are
Blocked up to the proper height to give the required travel for the
forming operation,  The dies need not be lastened to the table
sitice the part 15 svmmetrical i shape and there 15 no fendency
for movement of the die during forming.  The adapter bar b,
which supports the clamping and toggle fixtures, is made up of
heavy structural angle with webs welded to the inside.  These
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webs are drilled for a L-ineh rod, around which the links ¢
tarn to allow the elamps d to float back and forth. The toggle
levers ¢, connected to the links ¢, are made in two parts and are
drilledl with a series of holes for varving their lengths, and their
supports foare drilled and ftted with three sets of pins. By
adjusting the length of the levers and mounting them on differ-
ent pins on the supports, the fixture can be adapted to form
chords of different lengths,

28. The clamps holding the b chords are opened and
closed by a hand lever on each clamp.  In Fig, 27, the clamp
assembly 1s shown open in the perspective view (@), and in the
top view (&) ; while it is shown closed in the perspective view
{c), and in the top view {d) each lever o has attached to il a
serrated block & that grips the inside of the chord. Two wedge-
shaped jaws ¢, also serrated for gripping the outside of the mate-
rial, are forced into the taper d by a rod ¢ attached to the hand
lever.  The resulting wedging action closes the jaws on the
stock f and provides a clamping pressure that increases as the
material 15 stretched.

29. The chords are formed in the heat-ireated condition
before they have had time to age and harden. To delay aging,
they are stored in a refrigerator near the stretch press between
the time at which they are heat-treated and that at which they
arc stretched,  Because of the heat treatment, the chords are
twisted and distorted when placed in the press.  Therefure, as
the table first rises, as in Fig, 28, the toggle levers ¢ are provided
to move the links ¢ toward an upright position, thus placing
an initial streteh on the chords and removing any twist in then.
Wond strips, or filler sticks, g are then placed inside the hat-
section chords to prevent their collapsing during the forming
vperation.  The table is raised still further untl the sections
it the forming blocks, as shown i FFig. 29 and the material
15 stretehed beyond dts elastic lmit so that there will be little
springhack.

T remove the chords from the fixture, one end of each chord
15 broken off near the clamp by inserting the sharpened tang of
an old file in the center and cutting through the walls of the
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seciion,  JAs soon as the walls are ruptured. the tension 1o the

chord causes the section to snap, The pressure 1s thns relievedl
on the clamps, causing them to open.  Unclamping without
first relieving the pressure is difficult since the stretching action
o1 the chords wedges the clamps tightly in place.

30, The contour of each rib chord is checked by means of
a checking hixture,  First the fixture 1s set up, as in Fig, 30,
Iy using a wmaster checking board, or templet, oo The stops I
are adjusted to fit the curved edge of the tenplet and securely
clamped.  Then the templet @ 15 removed and the chord s
applied to the checking hixture, as shown in Fig, 31, Since the
tolerance on the contour 15 only 013 inch, the chord must con-
frn quite closely 1o the curve established by the hixture stops,
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31. Stretch-Forming Flap Cut-Out Rib Chords. The
forming of wing-flap cut-uut b chords 1s similar o that of
center-wing ril chords, except that on the flap chord there is a
sharper contour on one end than on the other; therefore, the
forming is unbalanced and more severe, Also the section is
formed dilferently in that the flanges are on the inside of the
contour, instead of on the outside as on the center-rib chord.

The forming fixture, as shown in Fig, 32, is mounted cross-
wise on the table of a 75-ton stretching press. The nisonite
forming dies g are clunped securely to the table hecause of the
utieven pull necessary to form the part, the curve at the end b
ol each die heing sharper than that at the rear. The clamps ¢
are hand operated, in the same manner as those on the center-
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chord fixture, but are shightly different in their clamping action
and releaze more readily, since in this case it is not practical to
breal the flange to release the clamps.  The clamp on the right-
hand fixture is in its closed position and that on the lefi-hand
fixture is open and shows the hat-section o Jocated on the hase
¢ of the clamy,

32, The clamps are supported by links f shown more
clearly in Fig, 33, and are guided as the table rises to the posi-
tion shown by cams g cut in the boiler plate i, Figs, 32 amd 33,
fastened to the side of the forming die. The cam on the leit-hand
side s more proncunced than that on the right-hand side and
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gives the extra motion required to form the sharp curve on the
chord.  On this set-up no filler strips are needed to prevent
collapse of the section, since the hat section is upside down and a
tangue formed on the die supports the section during forming.
With this dual fixture, approximately a hundred parts per hour
can be formed.  Because of a reverse curve along the straighter
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Fig, 11

pertion of the finished part, and heeanse of flat spots required to
allow the longitndinal stiffeners to come in contact with the
chord, a press-brake restrike die is vsed to give the final shape
to the chords,

33. Stretch-Forming Nose-Rib Chords—Nosc-tib chords
may be [ormed on a stretch press in two stages: irst, they are
partially formed, annealed stock being nsed becanse of the
severe forming around the nose; then thev are heat-treated,
refrigerated until needed, and Onish-Tormed in a second fixture,
IZven though two lorming operations are required, the method
is an jmprovement over the previous method of forming in
which the chord was made in two parts in a drop hammer, the
parts then being heat-treated, reformed by hand and riveted
together,

34, The fixture used in the ficst forming operationn is shown
in Fig, 34, The masonite forming die a is clamped to the table
of a 7a-ton streich press,  Levers & are attached to the forming
div and are also attached by the links ¢ aned the adapter plate
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to the clamp supports from which the press clamps have been
retoveid. To remove any twist in the section being formed, it is
necessary that the part he given an initial streteh, and that a con-
stant pressure be maintained while the forming operations is in
PrUgress,

Diagram Showing &rmand Levar Aclion

Tatel Movement of L'Iira"ll
|12 Inches
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The levers & in their loading position are, as shown more
clearly in Tig, 35, slightly higher at their outer ends than at their
inner ends where they are attached to the forming die. There-
fore, when the table ¢ s ratsed, the inkage draws the levers b
first into a level position and thus stretches the material f hefore
any forming oeenrs.  This clongation is approximately % inch
in 114 inches.  Then to prevent collapse of the section | during its
forming aronnd the die, a link fiber fller g, Fig, 34, 15 inserted
im the section.  This filler need not be so restrained on the ends
since the pressures set up on the nside of the section forces it
to follow the material as it is being formed.

35, As the table s raised still further, as shown in Fig, 30,
the levers & pass from their horizontal positions  downward
through positions By, be, amd by toward the forming die, the
attaching clamps being omitted from the illustration for the
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Fig, 38

sake of clearness. The positions of the levers when the chord
has heen completely formed to the die is shown in Fig. 37, Here
the levers b have been drawn by the linkage to their lowest
positions,  The shape of the resulting part is shown at . The
chords are next heat-treated and stored in a refrigerator
until they are removed just befare the second forming operation.

36. The fixture for the secod aperation is shown in Fig.
38, The forming die & has a greater curvature than the die used
in the first forming operation, The leverage and clamps are
arringed in practically the same way. The link fller &, shown pro-
trnding from the part must again be used to prevent collapse of
the section. The material in this final forming operation is
stretched beyond its elastic limit and sets to its finished shape.



+42 FORMING BY STRETCH I'EESS5

The chords are then checked in the fxture shown in Fig. 34,
which 15 arranged with blocks set to gage hoth the inside and
outside curves of 1he nose chord,

Another necessary operation 1s the flattering of a portion of
the nose rib at the point where the longitudinal stiffener is
attached,  No mechanical means arve provided to form these flats,
but the die is cut our, and the streteh-press operators bump in
these flat spots with a mallet as the material takes is (inal set.

37. Stretch-Forming Channel Sections.— An  ingenious
application of streteh-pressing is the fnal [orming of channel ser
tioms that have previously been wrap-formed. When such a
section is wrap-formed, the springhack of the material prevents
it from setting to the shape of the die. Even though the dic may
be under-cut to compensate for springhacls, the formed parts will
vary. Therefore, after the sectinn has Leen wrap-formed, it is
heat-treated, refrigerated, and stretched in oa stretch press.
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Decause of the long, lat portion in the middie of the picce, it 12
not streteh-formed from straight channel stock since the flat part
wonld prevent adequate elongation of the material along that area.
In the stretching operation the forming die o, Fig. 40, receives
the partially formed section in the groove along its center.  Three
blocks i are placed in the channel to prevent collapse of the section
as the stretch is made. Then with the ends of the channel
gripped in the clamps ¢, the material s stretched until it sets to
the curve of the forming die.





