Nov. 15, 1927.

G. L. KELLEY ET AL .
METAL WORKING MACHINE
Filed Jan. 5, 1924 2 Sheets~Sheet 1

o
= 1% | =1
iy = / =
. /16
o e,
19
P g
.10\ —
Fr tj i
J4 14 1
VAR AN\

/
7 )q

A//TNESS.' —

U llis W Frooth

INVENTORS

ok j3 George L. RELLEY gno

JOSEPH Wintock.

. 8r ' T £
| % f 1I'TORNEY:



Nov. 15, 1927.
G. L. KELLEY ET AL

METAL WORKING MACHINE
Filed Jan. 5, 1924

1,649,704

2 Sheets-Sheet 2

- A -
ANAWA
TEIXTIN
XX ) peeom
VRNV SR =222
a0 4@ N\
244:
T":jz

George L, KELLEY Mo
JosSEPH WiNLocK.

D VA



Patented Nov. 15, 1927.
UNITED STATES

1,649,704
PATENT OFFICE.

GEORGE L. (ELLEY AND JOSEPH WINLOCK, OF PHILADELPHIA, PENNSYLVANIA, AS-
SIGNORS TO EDWARD G. BUDD MANUFACTURING COMPANY, OF PHILADELPHIA,
PENNSYLVANIA, A CORPORATION GF PENNSYLVANIA.

METAL-WORKING MACHINE.

Application filed January

Our invention relates to improvements in
metal working machines.
The object of our invention is to provide

a simple and efficient machine by means of
5 which metal sheets may be given a prepara-
tory treatment or working such that “strech-
er strains” or “wormy metal” will not de-
velop during subsequent forming operations
upon such sheets.

A further object of our invention is to
provide a machine of such a character that
it is effective in treating or working steel or
metal sheets having widely varying physical
characteristics in order to prevent the de-
15 velopment of “stretcher strains” or “wormy

metal” during subsequent forming vperations

on the sheets.
Turther objects, and objects relating to de-
tails and economies of construction and op-
20 eration, will definitely appear from the de-
tailed description to follow. In one instance,
we accomplish the objects of our invention
by the devices and means described in the
following specification. Our invention is
25 clearly defined and pointed out in the ap-
pended claims. A machine forming a pre-
ferred embodiment of our invention is illus-
trated in the accompanying drawings, form-
ing a part of this specification, in which—

Figure 1 is a view of our improved ma-
chine in end elevation.

Fig. 2 is a longitudinal, sectional view of
the machine, showing a sheet of metal as it

-is being introduced into the machine.

Fig. 8 is a similar, longitudinal, sectional
view of the machine, showing the position

of the sheet of metal as it progresses through
the machine, and the bending roll has been
elevated to its normal position.

In the drawings, the same reference nu-
merals refer to the same parts throughout
the several views.

Tn the working of sheet metal it frequently
happens that irregularities occur in the sur-

45 face of the metal, particularly after the met-
al sheet has been subjected to a forming
or die pressing operation, in which a slight
stretching of the metal takes place, These
irrecularities are known in the trade as

50 “stretcher strains” or “stretchiny  strains”,
and they are also sometimes called “wormy
metal”. © These surface irregnlarities and
blemishes are exceedingly objectionable, es-
pecially where the metal sheet, or the surface

.
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thereof, is to receive a finish, polish or
ensmel, and a large amount of expensive
hand work such as filing, grinding, hammer-
.ing and polishing is required to remove
them and to put the surface into desirable
condition for the use, finish or polish of the
sheet.

In general, we accomplish the objects of
our invention by providing a machine in
which a sheet of metal is subjected to a
comparatively pronounced initial bending
and is subsequently flexed in alternate direc-
tions, and straightened so as to leave the
machine as a flat or level sheet. To secure
the best results, the sheet, after having been
subjected to the initial bending and the sub-
sequent flexing and straightening operations,
should be subjected to the operation in which
such “wormy metal” would be likely to de-
velop before the metal of the sheet regains
its original condition. In carrying out our
invention, we propose to provide an aux-
iliary bending roll at the entrance end of
a Toller leveler, so that the bending roll co-
operates with the entrance or pinch rolls
og the roller leveler to impart a pronounced
initial bending to the sheet and the subse-
quent rolls of the roller leveler act to flex
the sheet back and forth to a less degree and
to straighten it so that it leaves the machine
flat and straight. We propose to mount the
bending roll so that it may be moved from
its normal working position in order to per-
mit the insertion of a sheet- of metal be-
tween the entrance rolls of the machine.

Referring to the numbered parts of the
accompanying drawing, in which we have
‘{llustrated a machine constructed in accord-
ance with and forming one embodiment of
our invention, the standards, 10, carry the
longitudinal members, 11, tying the stand-
ards together and forming the framework of
the machine. The upper ends of the stand-
ards, 10, are also connected by the longitudi-
nal members, 12, in which the ends of the
rolls, 13 and 14, are journaled. There are
two sets of these rolls, the lower rolls being
numbered, 13, and the upper rolls, 14. The
first pair of rolls, 13 and 14, at the entrance
end of the machine, are in vertical align-
ment with each other and the last pair of
rolls, 13 and 14, at the discharge end of the
machine, are similarly aligned. The inter-
mediate rolls are staggered with respect to
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each other, as clearly shown in Figs. 2 and 8.
Either one or both of these sets of rolls, 13
and 14, may be driven by any suitable means
in order to carry the sheet of metal through
the machine. In this case, the lower rolls,
13, are driven by suitable driving mecha-
nism (not shown). The axes of the rolls, 13
and 14, are so positioned with respect to
each other as to effect a slight flexing or
bending of the metal, in opposite directions,
as it passes between these rolls, as illustrated
in Figs. 2 and 8. The initial bending of
the sheet is effected by means of a roll, 17,
which is located at a point in advance of the
entrance end of the machine, adjacent the
feed in pinch rolls, 13 and 14, as shown in
Figs. 2 and 3. 'The ausiliary roll, 17,
in the illustrated arrangement shown, is
mounted upon the rocking arms, 16, pivot-
ally connected, as at 15, so that it may be
raised and lowered to bring it from the po-
sition shown in Fig. 8 to that shown in Fig.

2. Any convenient means may be provided .

for raising and lowering this roll. We have
shown a device which is particularly effec-
tive for this purpose and which consists of
a rock shaft, 18, journaled in the frame of
the machine and having arms, 19, which en-
gage the arms, 16, in which the auxiliary
bending roll, 17, is journaled. The rock
shaft, 18, has an operating arm, 23, connect-
ed to the piston rod, 22, of a piston working
in the cylinder, 21. The cylinder, 21, is
carried by a suitable bracket, 20, and is con-
nected by the pipe, 24, to a compressed air
reservoir or a similar source of fluid pres-
sure. The valve, 25, controls the flow of
pressure medium through the pipe, 24. .
In Fig. 2 the auxiliary bending roll, 17, is
shown in its lower position in which it is
substantially on a level with the roll, 18.
In this position, the sheet of metal, 26, may

- be introduced in the machine so that its front
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edge is gripped between the first pair of
pinch rolls, 18 and 14. When it has been
advanced sufficiently for it to be gripped by
the machine, the operator opens the valve,
25, and admits pressure medium to the cyl-
inder, 21, thus forcing the piston rod, 22,
outwardly and rocking the shaft, 18, so as
to force the arms, 16, upwardly, and move
the bending roll, 17, to the pesition shown in
Fig. 3. Sginc'e this auxiliary  bending roll

- bears against the under side of the sheet, 26,

65

the latter will be sharply bent or stretched
around the first of the rolls, 14, and, as the
sheet of metal is drawn through the machine
by the action of the driven rolls, the metal
will be flexed back and forth by the action
of the rolls, 13, 14. By manipulating the

‘valve, 25, the piston rod, 22, may be with-

drawn to its lower position, permitting the
auxiliary roll, 17, to drop, so that s new sheet
in:y be introduced between the rolls, 18 and

- tortion, of steel or like metals,
‘outstanding points, the elastic limit, the
yield point and the ultimate strength. The

1,640,704

‘We have found that, if a sheet of metal be
passed through this machine and is then sub-
jected to a subsequent forming operation,
even one in which stretching takes place, for

_instance the action of a die press, no

“stretching strains” or “wormy metal” will
result and the minute irregularities which
heretofore have been caused frequently in
such cases, will not appear. The result is
that much more perfect stampings or press-
ings may be produced from metal which has
been passed through this machine prior to

70

the pressing or forming operation than has - -

been the case with any machine used prior
to this time. We are aware that roller level-
ers are known and in use which consist of
rolls, 13 and 14, arranged substantially as
we have shown them in this application, but

“such roller-levelers will not secure the results

which are obtained by the use of this ma-
chine. Such roller levelers do not have any
auxiliary or initial bending roll, 17 , O any-
thing which is the equivalent thereof. When
a sheet of metal is passed through such a
roller leveler, without the auxiliary bending
roll, 17, or its equivalent, and then subjected

to a forming operation, “stretching strains”

will occur and minute irregularities or
“worms” will appear in the surface of the
stamping, requiring expensive work in order
to repair and finish the surface. The roller
levelers heretofore known are not satisfac.
tory, therefore, to produce the results which
we attain. We have found, however, that
such results are achieved when the metal is
passed through a machine constructed in ac-
cordance with our invention. ' '

A characteristic curve of the relations of
the stress, or loading, to the strain, or dis-
exhibits three

present case is concerned with the behavior
of metals above the elastic limit but below
the ultimate strength. If a piece of steel be

stressed at a uniform rate, the above three

points occur in the order named. Up to the
elastic limit the strain increases af a rate
substantially proportional to the rate of ap-
plication of stress, and the metal is said fo
behave elastically, returning to its former
dimensions upon release of the load. When
the elastic limit is passed, the rate of in-
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crease.of strain changes, and is no longer

substantially proportional to the rate of in-
crease of stress, but is greater. At the yield
point a marked change in the rate of increase
of strain occurs, distortion taking place even
without change of load. (The yield. point
is so close to the elastic limit; that prac-

tically, they are often taken as cojncident.)

With the passing of the elastic limit, the
metal no longer recovers its original dimen-
sions upon release of the load but assumes
a permanent distortion or “set”, It will
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also be found, upon re-application of a load,
that the yield point has disappeared, the
rate of increase of strain exhibiting only a
gradual change upon passing beyond the
elastic limit. It will also be found that
the elastic limit of the metal has been in-
creased. The behaviour of the metal, above
the elastic limit is said to be “plastic” to dis-
tinguish over its former state. For sev-
eral hours after stressing beyond the elas-
tic limit, the metal will exhibit the lack of
the yield point and will possess a charac-
teristic, herein called “cold plasticity” which
adapts it to drawing or forming processes
without the occurrence of stretcher strains.

The said period of several hours varies with

the physical characteristics of the metal, the
degree of working and other factors.

‘We are aware that the machine illustrated
in the accompanying drawings is susceptible
of considerable change and variation without

‘departing from the spirit of our invention,

and, therefore, we desire to claim our in-
vention, broadly, as indicated by the ap-
pended claims. :

Having thus described our invention, what
we claim as new and useful and desire to se-
cure by Letters Patent is:

1. A machine of the class described com-
prising two sets of cooperating rolls posi-
tioned to flex and bend repeatedly a sheet
of metal passed between them, an auxiliary
bending roll normally positioned in advance
thereof, to give the sheet an initial bending
substantially greater than that imparted to
it by said sets of rolls, and means for rais-
ing and lowering the auxiliary bending roll
to and from its normal position.

2. A machine of the class described com-
prising two sets of cooperating rolls posi-
tioned to flex and bend repeatedly a sheet
of metal passed-between them, an auxiliary
bending roll adapted to give the sheet an
initial bending substantially greater than

; that imparted to it by said sets of rolls, and

means for moving said auxiliary bending
roll from a lower position in which it per-
mits the sheet to pass freely to the cooperat-
ing rolls to an upper position in which it
imparts the initial bending to the sheet.

8. A machine of the class described com-
prising a frame, two sets of cooperating flex-
ing and straightening rolls mounted in said

- frame, a pair of arms journaled on- said
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frame at the sides thereof, an auxiliary bend-

ing roll journaled in the said arms, and-

means. for swinging said arms to move the
auxiliary bending roll from a lower position
in which it permits the sheet of metal to pass
freely between the cooperating rolls, to an
upper position in which it gives said sheet
an initial bending before it passes to the
straightening rolls. »

4. A machine of the class described com-
prising a frame, two sets of cooperating flex-

ing and straightening rolls journaled there-
on, a pair of arms journaled on said frame,
an auxiliary bending roll journaled in the
said arms, a rock shaft journaled in the said
frame and provided with arms engaging said
roll-supporting arms, and means for actuat-
ing said rock shaft to move the bending roll
from a lower position in which it permits the
sheet to pass freely between the cooperating
rolls to an upper position in which it gives
the sheet an initial bending before it passes
to said straightening rolls.

5. A machine of the class described com-
prising a frame, two sets of cooperating flex-
ing and straightening rolls carried by said
frame, a pair of arms journaled on the
frame, an auxiliary bending roll journaled
in the said arms, a rock shaft journaled on
the frame, arms carried by said rock shaft
and engaging the roll-supporting arms, and
fluid pressure means for actuating said rock
shaft to move the bending roll from a lower
to-an upper position in which it gives the
sheet an initial bending or flexing before
it passes to the straightening rolls. _

6. A ‘machine of the class described com-

rising the combinztion of a roller leveler,
including two sets of cooperating flexing and
straightening rolls and an auxiliary bending
roll located at the entrance end of said roller
leveler and movabie from a lower position
in which it permits the sheet to pass freely
into said roller leveler to an upper position
in which it gives the sheet an initial marked
blending before passing into said roller lev-
eler.

7. A machine of the class described com-
prising two sets of cooperating rolls posi-
tioned to flex and bend repeatedly a sheet
of metal passed between them, and an inde-
pendently movable auxiliary bending roll
positioned to give the sheet an initial bend
substantially greater than that imparted to
it by said sets of cooperating rolls.

8. A machine of the class described com-
prising a plurality of cooperating rolls po-
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sitioned to flex and bend repeatedly a sheet of -

metal passed between them, means positioned
in advance of said cooperating rolls for feed-
ing said sheet thereto, and a roller positioned
in advance of said feeding meansadapted to
impart an initial bend to said shevi when the
latter is grasped by said feeding means.

9. A machine of the class described com-
prising a plurality of cooperating flexing and
straightening rolls, an auxiliary roll posi-
tioned in advance of said cooperating rolls,
said auxiliary roll being oscillatably mount-
ed for movement from a position substantial-
ly below the working plane of the work to
be operated upon to a position substantially
above said plane.

10. A machine of the class described com-
prising a plurality of cooperating rolls po-
sitioned to flex and bend repeatedly a sheet
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of metal passed through them, a pair of feed-

-ing rolls mounted in advance of said cooper-

ating rolls for feeding said sheet thereto, and
an auxiliary bending roll cooperating with

one of said feeding rolls whereby to give.

the sheet an initial bend greater than that
imparted to it by said plurality of rolls.
11. A machine of the class described com-
prising a plurality of staggered cooperating
rolls positioned to flex and bend repeatedly
a sheet of metal passed between thend, a pair
of vertically aligned rolls adapted to grasp
and feed said sheet of metal to said cooperat-
ing rolls, a swingably mounted auxiliary roll
normally positioned to one side of the plane
of contact of said feeding rolls with said
sheet, and means for moving said auxiliary

. roll beyond said plane of contact whereby to

impart a substantial bend to said sheet of
metal. '

12. A machine of the class described com-

prising a plurality of cooperating rolls po-
sitioned to flex and bend a shee? of metal
passed between them, and an indépendently
operable roll adapted to be moved from its

1,649,704

normal position on one side of the working
plane to a position intersecting said working
plane whereby to give the sheet of metal
an initial bending-greater than that impart-
ed to it by said cooperating rolls prior to
being operated upon by the latter.

13. A machine of the class described com-
prising a plurality of cooperating rolls po-
sitioned to flex and bend repeatedly a sheet
of metal passed between them, means posi-
tioned in advance of said cooperating rolls
for feeding said sheet thereto, and an aux-
iliary roller positioned in advance of said
feeding means adapted to impart a pro-
nounced initial bend to said sheet, said roller
being disposed in such manner as to per-
mit initial projection of said sheet a deter-
minate distance straight into the machine be-
f}ore said roller operates to initially bend the
sheet. ‘

In testimony whereof, we affix our signa-
tures.

GEORGE L. KELLEY.
JOSEPH WINLOCK.



