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6 Claims.

1
"This-invention relates-to- presses for forging,
extruding -or. drawing metals .and similar ma-
‘chines. and is. .particularly directed to. a. novel
method:and apparatus-for operating the drawing,

.extruding. or forging slide through the working .

portion-of its:stroke..
:Conventional mechanical presses for the form-
ing..of -metals by forging,. extruding or drawing
operate by developing the maximum pressure
against the.metal at. the bottom of the stroke,
whereas.it is desirable and important. to develop
the: highest .pressure. at the initial contact be-
tween the forming die and. the metal to cause the
initial erystal slibpage and to maintain the slip-

page durihg: the. working portion of the press.

.stroke.

The primary cbiject of the invention is to pro-
v1de a-novel method and apparatus for operating
the slide of" a forging, extruding or drawing press
By means of ‘which energy for the working. por-
tioni.of the stroke is.derived ih part fiom an ex-
“tranéous source of power, and.in part from the
usual power source that raises and lowers the
slide through thé working portion of the stroke,
insuch g manner that the force against the
‘metal to be worked is raised to substantially the
peak pressure at the time of initial contact be-
tween the metal and forming die.

Another-objéct of the invention is.to .provide
4 method and: apparatus of this’ character in
whichi an - explosive medium is-used” to provide
‘the additional power.

Still another dbiect of the invention is to pro-
vide:a; device of this'characterin which an explo-
“$lve-medium is'used ih'a power cylinder-having a
‘piston- connected to & toggle in the slide oper-
‘atinglinkage, the toggle being “adapted to ‘pass
overcénter against the action: of & bounce or
“restorihg -cylinder:

Still another objeet of the ihvention iy to pro-
vide a device for operating the slide of a foreing,
extruding or drawing press through the working
portion of ‘its: stroke which comprises, means to
derive ‘ertergy’ from- an: explosive medivm in- a
power eylitiderand-to impart such energy to the
§lide - of ‘the ‘press; the arrangement ‘being such
fhat the power derivéd from an explosive me-
dium is automatically timed with respect to the
‘ovement of the remainder of the press parts
and the power piston is automatically restored
to the -position in which its operation‘commences.
~ Other-objects and advantages of the invention
;will become apparent from the following descrip-
’tion“ “a preférred embodiment; reference | bemg

‘Had the accompanying drawmgs in which:
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Fig. 1 'is 4 cenfrdl verticsl section of ‘& bress
embodymg the present invention, portlons of the
press Being shown' in full lines; Fig. 2is a section
on line 22 of Fig. 1 with parts broken away;

‘and Fig. 3 is a timing diagram indicating a pre-

ferred sequence of ‘events in the operation of the
press.
Referring' to the drawings, the press structure
may take any suitable form but the present iii-
vention is partlcularly applicable to large presses.

‘The dies between which the metal is actually

formed are omltted but as 1n norma1 practice
and dxsposed in the path of moverent 6f a mat-
ing die member carried by ‘a slidé 12, the-slide
being gibbed for reciprocation in‘the press frame
and between tie-rods 14 @nd 16. The crown of
the press is indicated ‘at 18 and 'carries o slide
driving motor 20 which is: connected by meéans
of ‘& balt 22 and gedr: set 24--25 to o ‘shaft 26.
A worim- 28 ori shaft 26 drives:a pinion 30 dis-

‘posed -on ‘& crank-shaft 32°which' is' journalled
in a front-to-back pos1t1on in the press crown

in suitable bearing blos ks 38:. Eccentrics 36 car-
ried’ by ‘the ‘ctank shaft: 32 dare surrounded by
cohnecting 1ods 38, the rods Being diametiically
divided in the usisl manner for: assembly. A
their lower énds the: connecting rods:38 are in
opéerating connection with' slide: 12 through ad-
justable serew cornections 40:

It'sHotild be expressly understood that the parts
S0 far dascribed may be varied in their construc-
tion atid fornr fio part. of the present-invention
except that they serve to reciprocate the:-slide
through the:non-working portion: of its stroke,
that ‘is, advince the:slide ‘to die -closing-position
and: restore it after the drawing operation:has
been performed.. While the:sinusoidal imovement
derived from ecceritrics 36:-is satisfactory for cer-
tain operations; -a - §lide: driving mechgnism in-
cludiivg a plurality of toggles may: serve: better
in:other instdatices where ‘4 dwell isirequired in
the stroke:

Slide: 12 is:divideq: into upper and lower see-
tions, the lower section being gibbed:in the fraiie
a5 previously: stated and. the upper section being
mounted for slidable reciprocation in theilower
$ection. . The upper: slide section: isdesignated 13
and suitable counterbalahce cylinders-42:are pro-
v1ded adJa,cent' the c)rown of the press to assxst m

in the countelbalance cylmders 42 a.re conmacted’

‘torthe-upper slide part’ 13 by means-of rods:44.

_One of the-slidé parts; preféerably the-upper
parti3; is formed with‘opposed power and bounce
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cylinders, the power cylinder being designated
46 and the bounce cylinder being designated 48.
A power piston 50 reciprocates in the power cyl-
inder 48 while a bounce piston 52 reciprocates
in the bounce cylinder 48. The two pistons are
connected - to each other by a link or connect-
ing-rod 54 which is connected at each end to
the power and bounce pistons by suitable wrist
pin connections and intermediate its ends is
iconnected to a central pivot &6 of a ftoggle
link comprising an upper arm 58 pivotally con-
nected as at 60 to the upper slide part {3 and
a lower link 62 pivotally connected as at 64 to
the lower slide part 12. It will thus be seen that
as the connecting rod 54 moves laterally the tog-
gle, comprising arms 58 and 62, is straightened
causing a lowering of the slide part 12 with re-
spect to the slide part 13.

In the normal position, during idle or non-
working movements of the press, the power pis-
ton is disposed at the right of its cylinder thus
forming one wall of a combustion chamber 86.
The power piston is held in a definite vosition
by air pressure in bounce cylinder 48, the pres-
sure being introduced, for example, from a source
68 by means of 3 pipe 70 and a piston controlled
port T2 in the bounce cylinder.. The source 638
carries air at a relatively low pressure, in the or-
der of 40 pounds per sauare inch. sufficient to
hold the pistons in their non-working nosition
and to maintain the lower slide part {2 con-
tracted with respect to the upper slide part {3.
In the normal or non-working nosition of the

parts, then, the togele link 58—62 is broken; that

is, its arms lie at an ancle to each other.

Any suitable motive force may be used to drive
the power piston 50 outwardly in the power cvl-
inder 46. However, it is preferred that the addi-
tional energyv be derived from the timed explosion
of a material such as will decomvose sponta-
neously in the power cvlinder without the re-
quirement that air at high pressure and tem-
perature be contained in the power cylinder or
without the reauirement of iznition by a spark
or otherwise. A fuel of this character may com-
prise hydrogen peroxide iniected in the presence
of an agent cavable of causing rapid and spon-
taneous decomposition such as hydrazine or ethyl
alcohol. Both the peroxide and its decompos-
ing agent are liquids capable of being handled
separately with complete safety bul form g spon-
taneously explosive mixture when brought to-
gether.

The fuel constituents are injected into the
power cylinder 46 by means of separate iniec-
tion nozzles 80 and 81 supplied by separate fuel
pumps 82 and 83. The pumuvs and nozzles follow
the known practice of similar pumps and noz-
bles in the familiar compression engines and it
is only necessary to modify this equipment by
changing the material used for the hydrogen per-
oxide pumps, since this material must be stored
and conveyed in suitable metallic containers.
Stainless steel, however, is suitable for the pump
and nozzle parts and, in fact, is a preferred
metal.

A single valve 85 is provided opening into the
combustion chamber 66 and the valve serves as

a controllable exhaust and venting valve held .

open during a large portion of the stroke as will
be hereinafter apparent. The single valve thus
permits venting of the power ecylinder and com-
bustion chamber during that portion of the
stroke of piston 50 which would normally be re-
ferred to as a compression stroke. The valve
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is closed slightly before the piston reaches its
position of full insertion in the power cylinder
46.

Valve 85 is operated in any suitable manner,
as by a cam 87 carried at the end of a reciprocat-
ing slide 88 which is connected by means of an
arm extension 90 to a pin 57 on central pivot
point 56 of the toggle link 58-—62. The valve is
thus timed in its opening by movement of the
toggle link. A lost motion connection compris-
ing pin 5T extending from the pivot 56 and work-
ing in a slot 96 of the arm extension 96 operates
to bring cam 8T under the stem of valve 85 when
the power piston 50 has completed slightly more
than half of its power stroke so that the toggle
link 58—62 has been straightened and broken
slightly in the opposite direction when the valve
85 begins to be opened by cam 81. The valve 83
is held open by cam 87 during the remainder of
the working stroke of piston 58 and the return of
this piston through nearly all of its return stroke,
being closed only when pin 57 is engaged by the
end of slot 96. This occurs when piston 50 is
nearly at the extreme inner end of its stroke.

The fuel pumps 82 and 83 are driven by any
suitable connection to the crank shaft 32 and a
small eccentric or pitman connection to this
shaft will furnish ample power for the pump
drive.

As previously noted, bounce cylinder 48 con-
tains air under relatively low pressure introduced
through piston control port 12. When port 12 is
covered by the bounce piston 50 the air in c¢ylin-
der 48 is trapped and is greatly increased in pres-
sure by continued movement of bounce piston 52.
This air then is increased in pressure and the
energy stored therein may be utilized to return
the power piston to its initial position. The ac-
tion of the bounce cylinder does not take place
until after the slide has been withdrawn from
the work by movement of the eccentrics 36 and
connecting-rods 38.

The operation of the mechanism may best be
understood by referring fto the timing diagram
shown in PFig. 3.

The inner and outer slide parts 12 and 13 move
down together by reason of the energy imparted
from the driving motor 20 to the eccentric 36
through the gear train and shafting in the press
crown. This motion is sinusoidal and is indi-
cated by the sine curve A. As the slide parts
near the bottom of the stroke, fuel is injected
into power cylinder 46 through the two. nozzles
80 and 81 if the energy is to be derived from the
decomposition of hydrogen peroxide as above
stated. Nozzles 80 and 8! act in response to @
pressure wave from thsir respective pumps 82
and 83, the pumps being driven from and thus
timed by the shaft 32 which carries the eccen-
frics 36. ‘

Energy expended in the power cylinder 46
ginves the power piston 56 outwardly of this eyl-
inder and since the piston is connected to the
center pivot of toggle link 58—62 the two slide
portions 12 and 13 commence a differential move-
ment, slide part {2 moving more rapidly than
slide part 13. The motion of slide part (2 alone
may be represented by a curve B. The first
portion of this curve is relatively steep as it repre-~
sents the high velocity and rapid straightening
of the toggle link. The curve is. essentially
sinusoidal, but its rate of descent is somewhat
more rapid than its later ascending rate, as the
ascent is impeded by the action of bounce cyl-
inder 48. It will be seen that the power applied
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‘ “thesum-of The- “energy’ apphedeby
the:press:driving 'motorand: the -energy’ devel-
-oped in-‘the-ower-cylinder; “"ThHis-force s es-
sentially at a maximum-as-soon gs-the explosion
takes-place i1 ‘the power cylinder.

It will be seen that the peak of the curve B
representing “the" motion -of “slideépart 12 cor-
yesponds:to: the pedk-of thecurve: Avrepresent-
ing the motion of eccentric 36 Thus:tlie maxi<
mum closing-of-the. dies-of the-press-is reached
when the eccentric is at bottom center and the
toggle-link is straight. These events are-timed
to-oceur “together:-

“The - piston 50 continues ‘to-drive the:toggle:

ik to- the ‘left beyond its center position-and
at a-predetermined point in-this continiued op-~
eration, Bounce pistorr 52 ¢loses port T2 and: ‘the

by slide: 88 connected in-turn to actuating.arm
‘extension 90. The valve .85 remains open.uhtil
nearly the end of the cycle as later described.
The retraction ‘of the lower slide part 12, and
thus the operning of::the forming: dies, is- caused

10

15

‘Hourice cylinder 48 commerices'to in:
CrEase. m_ewhat later it the stroke, at point .

Bon-the curve, exhaust valve ‘85 is opered “by .
cam' 81, the ‘cam: being :drdwrn under the valve.

20

in part by the breaking of the toggle link to the -

left in Fig, 1 and in part by the upward move-

ment of both slide parts 12 and 18 by eccentric 3
36. Since the two motions are in the same di-
rection, they are added together in curve C which

represents the movement of the lower face of
slide part 12. The upward movement by ec-
centric 36 continues, but lower slide part 12 is
later moved through & second downward move-
ment indicated at D by the expansion of air
compressed in bounce cylinder 48. This ex-
pansion takes place during a time when valve
85 is open so that the resistance to movement

.is only that caused by friction and the weight

of the lower slide part. There is no second clos-
ing of the die part by the second stralghtemng
of the toggle since this action takes place at a
time when eccentric 36 has raised the entire
slide assembly beyond the point where it is pos-
gible for the dies to close.

Expansion of air in the bounce cylinder thus
moves the power piston to its initial position.
As the toggle link nears its initial position the
end. of slot 96 contacts pin 51 and moves cam
81 from under the stem of valve 86 so that the
valve closes. Continued air pressure from source
68 holds the parts in the initial position ready
for another operating stroke.

While - the invention has been descrlbed in
connectlon with a particular form and disposi-
tion of the operating parts and in connection
with a specific fuel system it should ‘be. ap-
prec1ated that numerous modifications and
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changes may be made not only in the press parts -

themselves but in the method of its operation
and fuels or explosive medium used without de~
parting from the invention as defined in the ap-
pended claims. .

What I claim is:

1. In a metal forming press, a die-carrying
slide movable. toward and away from work to
impart a predetermined shape thereto, power
means for imparting said movements to the slide,
said slide having upper and lower parts mov-
able toward and away from each other in the
plane of movements of the slide, a toggle con-
nection between: said slide parts operable when
straightened to separate said slide parts, & pair

70

76

6 _
of apposivie:eylinders carried: by cne-of $3id side
parts; anpiston:in. each cylinder;; 4 cross cot=
nection ‘Between szid. pistons wiovitig: otie from
the-otlierand connected: to- said toggle: connee

‘tionito cause successiverstraightening and breaks

ingmovements ‘thersof “when ‘the  pistons Hre
reciprocated; means for ‘creating -4 explosion
dn oner of “said’ cylinidersat: ‘4 predetérmined
point. in: a-vwork-shaping st¥oke :of the-slide-and
to' impart-a-sudden strajghtening ‘movement:"of
said toggle -connection: to ‘move: said slide parts

away from egeh’ other, said ‘other piston weting

-during “said ‘togegle--straightening movements to
-compress o bounce’ charge i its- -¢ylinder which.
then: returns ‘the pistons and toggle-connection
to normal ‘positions, gnd ‘mezsns automatically

‘operable to relieve the explosive pressure inthe
“first eylinder-whern thepistons have moved & pre=

determitied distance under the explosive dgetion.

2. T press” of the -class -described, & die=
carrying ‘slide, said slide having upper snd Iower
parts relatlvely ‘movable in the plane- of ‘the-slide
movements, power means operable to-impart pre~
determined successive inward work-shaping -4and
outward ‘retracting  movements ‘to- that one-of

sald slide parts on ‘which ‘said die is carried,
togsle ‘heans conneeting §4id “upper- and lower

slide sections and operable when straightened

to cause ‘g predetermined relative -separation of

said slide parts, a cylinder carried by one sec-
tion, a piston in said cylinder connected to said
toggle means and movable by explosive action in
the cylinder to cause a sudden start of the
togsle means to move one slide part outward
from the other, means operable at a predefer-
mined point in the work-shaping stroke of the
slide to introduce into said cylinder separate fuel
constituents which when combined effect an ex-
plosion, and means operable at a predetermined -
point in a work-shaping cycle fo refurn the
toggle to broken position and the piston to ini-
tial position.

3. In a Dpress of the class described, a die-
carrying slide, said slide having an upper power
section and a lower die-carrying section rela-
tively movable in the plane of the slide move-
ments, power means operable to impart prede-
termined successive - inward work-shaping and
outward retracting movements to said upper
power slide section, toggle means connecting said
slide sections and operable when straightened to
cause g predetermined relative separation of the
sections, a first power cylinder carried by one
slide section, a piston in said cylinder connected
to said toggle means and movable by explosive
action in the cylinder to cause. a sudden. start

‘of the toggle means to move one slide section.

outward from the other, means operable at a
predetermined point in the work-shaping stroke
of the slide to introduce into said cylinder sepa~-
rate fuel constituents which when combined ef-
fect an explosion, a second cylinder carried by
one of said sections, a piston operating in said
second cylinder and connected to said toggle
means, said second piston being operable upon
a straightening movement of the toggle means
to compress a bounce fluid in its cylinder, and -
means to render said bounce fluid active to
return the toggle means and the first piston to
normal positions after a straightening operation
of the toggle means.

4. In a press of the class described, a pair of
opposing die-carrying members with one mem-
ber slidable toward and away from the other, one .
of said members including at its work-shaping
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side a section for carrying the die of such -mem-
ber and movable inward and outward -relative
to its carrying member in the plane of relative
sliding movements of said members, toggle means
connecting said section to its carrying member
and being normally broken to hold the connected
parts in retracted relation, power means for im-
parting predetermined inward and outward
strokes to said slidable carrying member, a cylin-
der carried by said member, a piston in said cyl-
inder normally at the inner end of its stroke in
the cylinder, a connection between said piston
and said toggle, means automatically operable
at a predetermined point in a work-drawing
cycle of the press to introduce into said cylinder
separate fuel constituents which when combined
effect an explosion to actuate the piston and
said connection to straighten the toggle and force
said section outward from its carrying member to
assist.in a drawing operation, and means auto-
matically operable to return the toggle and pis-
ton.to normal positions when the drawing opera-
tion is completed.

5. A combination as called for in claim 4, to-
gether with means operable at approximately the
end of a toggle straightening movement of the
first piston to relieve the pressure in its cylin-
der. ‘
. 6. A combination as called for in claim 4, to-
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gether with g relief valve in said first cylinder,
and means connecting said toggle means and
relief valve and automatically operable to open
the relief valve when the toggle means reaches
its straightened position. .
JULES MULLER.
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