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1

This application Is a continuation in part of
my copending application Serial No, 508,077,

This invention relates to the art of metal form-
ing and, more particularly, to the art of up-
setting metal by shrinking or stretching it,

In metal working, and particularly in the for-
mation of aircraft and other parts from alumi~
hum and magnesium sheet, it is often necessary
to shrink or stretch the metal over all or a part
of the area thereof and it is very desirable to do
this without wrinkling or marring the metal,
A typical shrinking operation is the curvature
of an elongated strip of
within its own plane. In other typieal shrinking
or stretching oberations fiat metal sheet is curveg
out of its normal plane over all or g part of the
area thereof, in either simple or compound cCurva-
ture. ’

Devices for shrinking metal are now known to
the art. These devices comprise g pair of jaws
moved toward each other into
engagement with the opposite surfaces of g piece
of metal to clamp the same therebetween, s
second pair of jaws which is -operable in the
Same way to clamp the metal therebetween over
an area closely spaced from the area of operation
of the first jaws, and some means to move the
two pairs of jaws toward each other while main-
taining their clamping engagement with the
metal. Known metal stretching devices operate
in very much the Same way, except that the sets
of jaws are moved apart after each set hag
clamped the work piece. This invention is not
to be considered ss a mere i ’

stretching.

In making this invention a brincipal object
has been to provide a simplified device or too]
to take the place of the complicated arrangement
of four jaws of the known devices. Another of
the objects of the invention has been t0 provide
a tool which itself to shrink

used with other tools or devices,-
different construction, {o broduce the desireq
result. . Still anocther object has been io provide
a2 device or tool for the described purposes which
might be-adjusted in accordance with changes

eration of the device or tgol. . DI
All of these objects, as well ‘as’ others, have
been achieved and are provided by the invention
described and llustrated in this application. Ti
will be understood, however, that the description
and drawings of this application are only foy the
burpose of illustrating the invention, and. place

10

sheet metal substantially -

15

20

25

30

85

40

45

50

55

60

3 Claims. (CI. 78—61)

no limitation thereon
pended claims.

Referring to the drawings, in which -Similar
reference numerals refer to like parts,

Fig. 1 is a perspective view of an elongated,
rectangular piece of metal; -

Fig. 2 is g berspective view of the piece of
metal of Fig. 1 after shrinking or stretching one
or the other edge thereof by means of the present
invention;

Fig. 3-is a perspective view of g tool according
to this invention, being shown in its norma] or
undeformed condition;

Fig. 4 is front elevational view of the tool dis-
closed in Fig. 3; : :

Fig. 5 is a view which is similar to Fig, 4 but
in which the tool is shown in the deformed con-
dition assumed while effecting g shrinking op-
eration; . .

Fig. 6 is a view of 2 pair of tools formed ge-
cording to this invention and in position to co-
operate in shrinking g, biece of metal, being shown
in their normal or undeformed condition ;

Fig. 7 is a view which is similar to Fig. § but
in which the two tools are shown in the de-
formed conditions assumed while eifecting a
shrinking operation ;

Fig. 8 is an enlarged view of pari of a shrinker
head according to the invention, showing the
shape of the working face thereof ;

Fig. 9 is an enlarged view of part of the hesd
shown in Fig. ‘8, illustrating more particularly
the shape of the working face thersof :

Fig. 10 is an enlarged view of part of g shrinker
head according to the invention showing a pre-
ferred shape of the working face thereof;

Figs. 11, 12 and 13 are front elevational views
of modified forms of tools formeg according to
this invention; '

Figs. 14 and 15 are front elevational views of
tools. formed according to this invention and
modified to. cause them to effect g stretching
rather than 5 shrinking operation;

Figs. 16, 17 angd 18 are front clevationa] views
of modified forms of the invention ;

Figs. 19 and 20 are front and side elevational
views of g machine embodying $ools, according
to this Invention, and .

Figs. 21 and 22 are side and front elevational
views of a hand tool for shrinking sheet metal,
formed according to this invention.

A typieal operation performed by the tool or
device provided by this invention is illustrated in
Figs. 1 and 2 and consists in the deformation of
the elongated rectangular piece of metal of Fig,
1in such g way that it.becomes curved. substan-
tially in its own plane, as-illustrated in Fig, 2,
without wrinkling -or other deformation. . This
change in form may pe effected by shrinking one

not imposed by the ap-
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longitudinal edge A of the piece without shrink-
ing the opposite edge B, and the required shrink-
ing is effected by the tool provided by this in-
vention, either when operated alone oOT in co~
operation with another tool of the same oOr dif-
ferent structure. The same result may be
achieved, if desired, by stretching the edge B
without operating on the edge A, Other typical
operations which may be performed by the means
provided by this invention are the curvature of &
metal piece out of its own plane, jn simple or
compound curvature and over all.or & part of the
area thereof. It is to be understood that the
jinvention is generally useful in shrinking or
stretehing sheet metal and that the examples of
the use of the jnvention which are described in
the specification or shown in the drawings herein
are for purposes of illustration only.

My invention consists primarily in the pro-
vision of a metal shrinking device comprising &
ynitary metallic block having jaw members
formed as parts thereof and converging from
spaced parts thereof, the outer surfaces of the
free ends of such jaw members being adjacent
but normally separated and forming working
surfaces disposed aterally between the connec-
tions of the jaw members to the body of the de-
vice, whereby when such working surfaces are
pressed into engagement with a work piece the
jaw members will be flexed inwardly and the
working surfaces will Pe forced together, thereby
causing the metal to flow together and at the
same time preventing wrinkling or the forma-
tion of ridges.

A metal upsetting device according to the in-
vention is disclosed in Figs. 3, 4 and 5 of the
drawings and comprises & unitary, integral me-
tallic device which is denoted generally by letter
C. This device is preferably formed as a block
having the general shape of a parallelopiped as
this promotes the ease of manufacture but, if de-
sired, the parts outside the dotted lines D—D of
Fig. 4 may be omitted or removed. The block
C has a lower or working surface 8 which is
adapted to be forced into engagement with the
work piece B which is to be shrunk or stretched
and which work piece insofar as the disclosure
and discussion of Figs. 4 and 5 is concerned, is
carried by a rigid support F'.. A narrow opening
6 extends preferably along the transverse ceni-
terline of the working surface and preferably at
right angles theerto and extends from the work-
ing surface 4 a short way into the body of the
head where it joins an enlarged opening 8. Two
narrow diverging openings 10, 12 extend from the
opening 8 in directions away from the working
surface and toward the side walls 14, 16 and
terminate respectively in enlarged openings 8,
29 which are respectively disposed adiacent the
opposite side walls 14, 16. Each of the narrow
openings 6, 10, 2 and each of the openings 8, 18,
20 preferably extends entirely through the head
C from the front fo the rear thereof although,
if desired, one or all of them may extend through
the head only far enough to provide the required
function. It will be seen that these openings
substantially divide the head into four sections.
The first of these, numbered 22, is of triangular
shape and lies between the slots 18, 12, the sec-
ond part 24 lies between the slot {0 and the side
wall 14, the third part 26 lies between the slot 12
and the side wall 16, and the fourth part 217 over-
lies all of these parts and is integrally connected
to all of them. In the embodiment shown, the

part 21 is provided with openings by means -of
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which the head may be operably attached to a
metal upsetting machine. It will be seen that
the part 24, which may pe referred to as & jaw,
is integrally united to the main body part 21
through the section %X, which lies between
opening 18 and side wall 14, and that part 28,
which may also be referred to as a jaw, is inte-
grally united to part 21 by section Y—Y which
lies between opening 98 and side wall 16. Each
of the jaws 24, 26 includes a part of the lower
or working surface & which is, as described, di-
vided in half by the opening 6.

The shape of the working surface of the jaws
is of importance in my invention. In general the
working surface is convex, with the most exX-
tended part thereof peing adjacent the opening
6 which lies between the working surfaces of the
two jaws. Thus, the most extended part of the
working surface of each jaw is spaced inwardly
of the connection of the jaw to the head 21, 1. e,
the most extended part 28 of jaw 24 is spaced
laterally inwardly of section X—X and the most
extended part 29 of jaw 26 is spaced laterally
inwardly of section v—y. It will be seen that
when the working surface parts 28, 26 are pressed
into engagement with a work piece to shrink the
same, each jaw member will act as & lever, bend-
ing about some point in or adjacent the section
X—X or Y—Y, whereby the jaws will move to-
ward each other to the position shown in Fig. b.

In order to provide best shrinking operation
the shape of the working surface of each jaw
must be a curve developed about the center or
centers of movement of the jaw. I have found
that best results are obtained if the working sur-
face of each jaw member approximates the shape
of an involute, and such shape is preferred in
the formation of the working surfaces of jaws
according tomy invention and is shown in Fig. 10.
The working surface of each jaw may be cother-
wise described by saying that it is generally arcu-
ate and convex and that the shape thereof is
such that the radius of curvature progressively
decreases from the central or most extended part
thereof, i. e., the part adjacent the central open-
ing 6, outwardly, with the center of curvature
remaining in the center-line G—G of the head.
Such shape, in addition to the lever action of the
jaws, causes each jaw surface to remain in con-
tact with the work piece and to have a tendency
to push inwardly on the work piece, i. e., toward
the other jaw, when the jaws flex inwardly in
the shrinking operation. In Fig. 8 of the draw-
ings there is disclosed in enlarged view a shrink-
er head according to this invention and showing
the shape of a typical working surface. Actual
measurement of the distances A, B, C, D, I, at
points 1, 2, 3, 4,9, respectively, of a typical jaw
which, in the head measured, were located at

each one-eight (%) inch point from the edge
of e central opening 6 outwardly were:

A e ——————— .0000
B A .0001
O e im 00025
D e e m i ————m 0009
B o mmmmmmimmmmmmmmmmmSmm oo m s 00175

Tn practice T find that working surfaces of
the described shape may be developed in various
ways. In a preferred way the working surfaces
of the two jaws are first ground at right angles
to0 the center-line G—G of the head over a Very
small lateral distance producing the surface M—I
on each jaw. A shim which is only slightly
narrower than the opening 6 is then placed
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5
drawn together against
working surfaces again ground
at right angles to the center-line G—G, produc-
ing the surface M—2 on each jaw. This pro-
cedure is repeated using Progressively thinner
shims, thus broducing the surfaces M—3, M—4,

—5, ete. The surface thus produced on each
Jaw win approximate the desired shape which
is described above and is illustrated in Fig, 8,
Produced by making the
adjacent parts of the working surfaces of the
two jaws berpendicular to the center-line G—@
of the head and then rapidly ang continuously
forcing the working surface into engagement with
& work piece for g considerable time, thus caus-
ing the working surfaces to wear to the desired
and described shape. If Droduced in this way
the working surfaces will be Smooth curves and
this is shown in Fig. 10.

When it is desired to shrink
of the tool disclosed in Figs. 3, 4 and 5 the work-
ing surface thereof is rapidly and intermittently

therein, the jaws are
this shim and the

While it is
in which case
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6
Dreferred configuration of the work-
of the head hag been described, dif-

While the
ing surface.

surface of each head and are spaced inwardly
of the connection of the respective jaw to the
head. :

It is preferreq that the circular openings 8, 18,
20 be DProvided in the heads. These openings
not only facilitate the making of the elongated
openings but, in addition, the thickness and con-
sequently the strength or rigidity of the sec-
tions X—X, Y—Y may be given any desired
ini dimensioning of

means for varying the initial rigidity of these
sections.

required to cauge the pressure parts to bend
about these sections, Shuch grooves permit the
head or heads to be used more efliciently on
thinner metal, Another such means is disclosed
in Fig. 18 and comprises an opening 490 extending
transversely through the two Jaws at right angles
to the opening § therebetween and having tapped
ends in the jaws in which threaded retaining
members 42, 44 are screwed. A compression
spring 46 is disposed within the hole 48 and

While heads comprising.the slots 10, 12 are

easily manufacture , It will be seen that the
central section 22 of the head berforms no getive
or useful function and it ig contemplated that
this section may be omitted and the heaq con~
stituted only by a unitary structure comprising
the normally separated jaws and g connection

removed, leaving the Jaws integrally united to a
connecting part 50 through spaceq sections X—x
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7
and Y—Y. In the device of Fig. 12,8 circular
opening replaces the triangular opening of Fig. 11,
while in Fig. 13 a rectangular opéning is showi.

Means are provided by the invention for trans-
forming the sheet metal shrinking device herein-
pefore described to a sheet metal stretching de-
vice, such means comprising means for holding
the jaws from movement toward each other whea
the working surface is forced into engagement
with -a work piece which " is to be stretched,
whereby the head acts in the known manner of a
peening hammer. Tn Fig. 14 there is illustrated a
head of the type and construction of that of Fig.
12, Having & single circular opening therethrough,
within which a plug 60 has been inserted, com-
pletely filling the opening and preventing move-
ment of the jaws toward each other. It will be
obvious that this principle may be applied to any
other embodiment of the invention. In Fig. 15
there is illustrated a head of the preferred form
disclosed in Figs. 3, 4 and 5, the same having an
opening 81 extending therethrough at right angles
o the central opening 6§ and preferably relatively
neay the working surface. A headed bolt 62
extends through this opening and has & nut
threaded to one end thereof whereby the pres-
sure parts of the head may be drawn together, as
showmn, causing the head to act as a solid, unitary
device when - the working surface thereof is
pbrought into engagement with g work piece.

While all forms of the invention hereinbefore
described have comprised an integral head, it is
contemplated that devices according to the inven-
“tion may be formed of & plurality of parts. One
such device is disclosed in Fig. 16 and comprises
the jaws 16, 72 which are connected to a cross-
member 14 by rigid but yieldable strips 16 which
correspond to the sections X—X and Y—Y of
other ‘embodiments' and each of which is con-
nected at one end to an outer side wall of one
of the jaws at a point removed from the working
surface thereof and at the other end to the con-
pecting member T4. The parts are arranged in
the same relation as in other embodiments of the
invention and as the function and operation of
the parts are the same as those of the corre-
sponding parts of other embodiments they will
not be further described.

A machine for upsetting metal by the use of
devices according invention is disclosed in
Pigs. 19 and 90 of the drawings ‘and comprises
a machine having & fixed upper part g8 within
which is mounted a vertically movable member
82 which carries an upper ghrinking or stretch-~
‘ing head ¢ which in Figs. 19 and
as constructed in accordance with the preferred
embodiment of the jnvention but which may be
formed in any other way within the scope thereof.
_Means such as the pulley 84 and eccentric 86 are
provided for rapidly and continuously reciprocat-
ing the member 82 and the head C'in such a man-
ner that the working curface of the head is
rapidly and intermittently forced into engage-
ment with the work piece BE. THe machine also
comprises & lower part 88 on which a lower
shrinker head H is mounted which is preferably
of the same construction as tne upper head C.

-This head may be supported in a fixed position
or may be supported on an intermediate mem-
ber. 80 having an inclined lower end which rests
on theinclined upper surface of a wedge mermber
92 which may be moved laterally by an adjust-
ing screw 94. By this means the intermediate

~member 90 and the lower head H may be ad-

“justed to vary the clearance between the upper
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and lower heads. It is pelieved that the opera-
tion of this machine will be apparent and no
further description thereof or of the operation of
the heads in shrinking or stretching sheeb metal
will be given.

As ‘stated. hereinhefore, the tool provided by
the invention may be used by itself to effect the
shrinking or stretching of a piece of sheet metal B
which is carried by a rigid support ¥, and by the
present invention there is provided & hand tool
which may be used in this manner. This tool is
disclosed in Figs. 91 and 22 and comprises a
head 680 which is -constructed and operable
in the manner taught by the jnvention and which
may take the form of any embodiment herein
described or other embodiment within the scope
of the invention. A handie 162, or other means,
is attached to the head and provides means for
manusally operating the same in the manner of
5 hammer, whereby the working surface 104 of
the head may be rapidly and intermittently
pbrought into forceful contact with the work piece
B, which is mounted on a rigid support F, thereby
effecting the shrinking thereof in the described
manner. If desirved, the head 100 may be addi-
tionally weighted by 2 part 1686, which is inte-
grally or otherwise joined thereto, preferably on
the opposite side of the handle from the working
surface.

It will be seen that the shrinking tool or head
which is provided py this invention may be
manufactured easily and cheaply and may be of
unitary construction. wyrther, this tool may be
used by itself or with other tools to effect metal
shrinking or stretching. TFurther, the devices
provided by the invention may e adjusted to
provide maximum efficiency for all thicknesses
of work. While the specification and claims refer
in certain places to vertical reciprocation or up-
and-down movement, or to upper and lower posi-
tions, it will be understood that these terms place
no limitation on the invention, being merely
inustrative of one mode of operation or position
of parts, and that devices and parts thereof ac-
cording to the jinvention may he so positioned
and operated that the shrinking or stretching
heads are positioned horizontally on opposite
sides of the work piece, Or otherwise.

While there are here described and iltustrated
a number of different embodiments of the inven-
tion, other embodiments as well as modifications
of those disclosed will oceur to those skilled in the
art. Al of these may be made and practiced with-
out departing in any way from the spirit or scope
of the invention, for the Iimits of which reference
must be had to the gppended claims.

While there are here described and ilustrated
o number of different embodiments of the inven-
tion, other embodiments as well as modifications
of those disclosed will occur to those skilled in the
art. All of these may be made and practiced
without departing in any way from the spirit or
scope of the jnvention, for the limits of which
reference must be had to the appended claims.

Iclaim:

1. A metal shrinking tool comprising an inte~
gral metallic head having jaw members integral
therewith, said jaws being.connected to the head
by spaced sections which are of such area that
they may be flexed.to permit the jaw members to
move toward and away srom each other, sald jaw
members having normally spaced, closely adjacent
work—engaging surfaces at their free ends which
are spaced laterally inwardly of the connections
of the respective jaw members to the head where-
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by the jaw members move toward each other by jaw mempberg each including substantially gne-
flexure of said connecting sections when the work- half of the working surface and being integrally
engaging surfaces are forced into engagement connected to the head by spaced sections located
with a work piece, each of said work-engaging respectively between the ends of the diverging
surfaces being convex and arcuate with its radiyg 5 slots and the side walls which are of such cross-
of curvature lying in a plane intermediate the sectional ares that they may be flexed to permit

two connecting sections and being greatest at the the heads to be moveq toward and away from
bart of the work-engaging surface adjacent the each other, the work-engaging surface of each
other and brogressively decreasing outwardly jaw member being convex and arcuate with its
therefrom Whereby the adjacent parts of the 10 radius of curvature lying in g pblane intermediate
work-engaging surfaces remain in contact with the two connecting sections and being greatest at
the work piece and parts outward thereof come the part of the work-engaging surface adjacent
into contact Wwith the work biece as the work- the other and Progressively decreasing outwardly
engaging surfaces moves toward each other dur- therefrom whereby the adjacent partg of the
ing the shrinking operation, 16 Work-engaging surfaces remain in contact with
2. A metal shrinking tool according to claim 1, the work biece and the barts outward thereof
comprising in addition g compression spring dig~ come. into contact with the work biece as the
bosed between said Jaw members and constantly work-engaging surfaces move toward each other
urging them apart, and means for varying the during the shrinking Operation.
compression of said Spring to thereby vary the gqg ANDREW J. MOORE.
force resisting movement of the jaw members
toward each other, REFERENCES CITED

3. A metal Shrinking tool comprising an inte- The following references are of record in the
gral metallic head having side walls and an end file of this patent:
surface, there being a narrow siot extending into 25

the head midway and across said end surface to UNITED STATES PATENTS

brovide two separated Work-engaging surfaces, Number Name o Date
and there also being two harrow diverging slotsg 1,809,168 Junkers __________ June 9, 1931
extending from the inner end of the first siot 2,010,996 Junkers ._____ """ Aug. 13, 1835
obliquely in obposite directiong toward the side 30 2,023,638 Lawson _._.______ Dec. 10, 1935
walls and respectively terminating adjacent the 2,357,204 Joyner __________ Aug. 29, 1944

side walls, said slots defining two normally-spaced 2,364,938 Beard ..__._________ Dec. 12, 1944




