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[5 7 ] ABSTRACT 
' A low-impact four-bar press is provided having a drive 
mechanism which will cause the press slide to move 
relatively slowly throughout a metal working portion 
of the press stroke and relatively rapidly on the return 
and advance portions of the stroke. The drive arrange 
ment includes a linkage system comprised of a ?rst 
link pivotally connected between the press slide and a 
second link which is connected to a driven crank. A 
third, lazy or constraining link is pivotally connected 
at one end thereof to the second link and at the other 
end thereof to the press frame at a point between the 
crank axis and the path of the slide. The arrangement 
of the several links is such as to provide desirable ki 
nematic and dynamic characteristics by developing a 
particular coupler curve at the pivot point between 
the ?rst and second links. 

36 Claims, 11 Drawing Figures 
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LOW-IMPACT FOUR-BAR PRESS 

DISCLOSURE 

The present invention relates to the press art, and 
more particularly, to an improved mechanically driven 
press. 
The invention is particularly suited for metal punch 

ing and stamping operations and will be described with 
reference thereto. it will be appreciated, however, that 
the invention is capable of broader application and 
could be used for many other types of press operations. 

A majority of the mechanically driven presses in ser 
vice today are used for metal-cutting operations such 
as punching or stamping, and for shallow metal drawing 
operations. The majority of these presses are rated be 
tween 10 and 100 tons capacity and operate at a high 
speed and through relatively short strokes. Presses of 
this character generate considerable noise. In this re 
spect, for example, 10 35 ton presses operating in a 
press room, punching steel, will generate a noise level 
in excess of 90 decibefs. Such a noise level makes con 
versation impossible. Moreover, and more importantly, 
high noise levels have deleterious effects on plant 
workers. In this regard, recent studies have illustrated 
that continuous exposure to levels of noise generated 
by punching and stamping operations causes perma 
nent hearing loss to press operators. Recently, federal 
legislation has established maximum permissible fac 
tory noise levels. 
The problem of noise generated by punch and stamp 

ing press operation has for some time received consid 
eration‘ by press builders. Heretofore, however, the ap 
proaches taken by the press builders to reduce noise 

- have not been effective. The reason for this is that the 
press builders have concentrated their efforts onireduc 
ing the noise of the press structure itself, such as by _ 
providing sound insulating ?ywheel covers, oil im 
mersed gearing, and the like. Almost any mechanical 
press, when in proper adjustment, will not generate ob 
jectionable noise when it is running idly and is not 
being employed to punch or stamp metal. Thus, the 
above mentioned efforts of the press builders simply 
serve to further reduce a noise level which was not ini 
tially objectionable in and of itself. 
The noise level which is objectionable results primar 

ily from the metal cutting or stamping operation or 
other metal working operation which the press per 
forms. It is known that the noise generated by a metal 
cutting or punching tool is proportional to the impact 
velocity of the tool against the metal workpiece. if the 
tool strikes the workpiece at a high velocity, much 
more noise is generated than when the tool strikes the 
workpiece at a low velocity. For example, a slow speed 
hydraulic press generates an insigni?cant noise level 
when producing a metal working operation. Such a 
press, however, is capable of making only a few strokes 
per minute while operating at a low velocity and, ac 
cordingly, a considerable loss in production results. 
Such a low production rate is basically unacceptable. 

The high impact velocity, high speed presses hereto 
fore known, in addition to the foregoing disadvantages, 
present a problem with regard to tool life. In this re 
spect, impact between a tool and metal workpiece is 
the governing factor in tool life. Since high production 
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2 
rates are desirable from such presses it has been as 
sumed heretofore that high tool impact is unavoidable. 
In view of this consideration, the approach of industry 
has been to develop tool steels which are relatively 
tough, or impact resistant. Although tools have been 
developed as a result of this effort which are extremely 
tough and permit a high production rate, it remains that 
increased tool steel toughness has been obtained at the 
expense of tool steel wear. In other words, it is not pos 
sible to obtain both maximum wear properties and 
maximum toughness in the same tool steel. 
The solution to the foregoing problems facing the in 

dustry is a press drive which will cause the press slide 
to move relatively slowly through the metal working 
portion of the press stroke and extremely rapidly 
through the advance and return portions of the stroke. 
Moreover, for maximum utility, the drive should pos 
sess a high power transmission efficiency, as well as 
being simple and inexpensive to build, operate and 
maintain. Such a press drive advantageously reduces 
the press operation noise level and greatly reduces tool 
impact. Thus, the press user is provided with a safer 
plant environment for his press operators, and realizes 
increased pro?ts from longer tool life. 
The present invention advantageously overcomes the 

disadvantages of high speed presses heretofore known, 
including the disadvantages speci?cally pointed out 
above, and in this respect provides a high speed press 
having mechanical drive linkage by which low noise 
level press operation and increased tool life are 
achieved. The drive linkage is capable of providing the 
desired velocity characteristics for the press while re 
ducing torque requirements during the working portion 
of the stroke, in comparison with the torque require 
ments of conventional mechanical slider-crank driven 
presses. Moreover, the drive linkage is adapted for use 
with punching and stamping presses of 10 to 200 tons 
capacity operating with any stroke or length that might 
be required by a customer. 

In accordance with the present invention there is pro 
vided a press including a frame, a slide reciprocable 
within the frame and mechanical drive means for im 
parting movement to the slide in a manner whereby the 
slide has a higher velocity during return and approach 
portions of the stroke and a lower velocity during the 
work performing portion of the stroke than high-speed 
mechanical presses heretofore known. More particu 
larly, the drive mechanism includes a ?rst link pivotally 
connected at one end thereof to the press slide and piv 
otally connected at the other end thereof to one end of 
a second link having its other end pivotally intercon 
nected with the press crank. A third link is pivotally 
connected at one end thereof to the press frame and at 
the other end thereof to the second link. The third link 
de?nes a lazy or constraining link, and the several links 
cooperate to impart reciprocable motion to the slide 
through the ?rst link in response to rotation of the press 
crank 360°. Moreover, the link arrangement is such 
that the velocity of the slide is extremely low during the 
work performing portion of the press stroke and is rela 
tively high during the return and approach portions of 
the stroke. The desired and advantageous velocities are 
achieved by a unique combination of the linkages 
which provides a unique output path which has a par 
ticular and advantageous relationship to the path fol 
lowed by the slide of the press. The output path, or cou 
pler curve, is de?ned by tracing the path of travel of the 



3,795,168 
3 

pivot point between the ?rst and second link compo 
nents of the linkage assembly. 
By use of the subject invention, a substantial reduc 

tion may be made in the size and strength of the crank 
and the gear drive therefor. In this respect, the torque 
requirements of these components is reduced relative 
to presses heretofore known which are capable of oper 
ating at the same production rate. Thus, a press con 
structed in accordance with the present invention is ec 
onomically compatible with high speed presses hereto 
fore known and, at the same time, provides for a con 
siderable reduction in noise level and an increase in 
tool life in comparison with such prior presses. 

In accordance with the present invention, the linkage 
system generates a coupler curve or path which allows 
the press slide and thus the tool carried thereby to 
move rapidly toward and away from the work during 
advance and return portions of the press stroke while 
providing for the tool to slow down considerably during 
the work performing portion of the stroke to achieve a 
low impact between the tool and workpiece. Thus, the 
press can operate at a high speed and maintain a desir 
able high production rate and, at the same time, 

10 

achieve low noise level generation and increased tool . 
life. 

It is accordingly an outstanding object of the present 
invention to provide a press having a mechanical drive 
arrangement which permits highly desirable kinematic 
and dynamic slide characteristics to be achieved. 
Another object is the provision of a press of the char 

acter described having a high production rate and 
which generates lower noise levels than mechanical 
presses heretofore known having the same production 
rate. 

A further object is the provision of a press of the 
above character having a high production rate and in 
which the life of the press tool is longer than that of 
presses heretofore known having the same production 
rate. 

Yet another object of the present invention is the 
provision of a press of the above character in which the 
press tool is reciprocated at a high velocity during re 
turn and approach portions of the press stroke and at 
a low velocity during the work portion of the stroke, 
thus to provide for low impact forces between the press 
tool and workpiece. 
A further object of the present invention is the provi 

sion of a press having a drive arrangement which is es 
pecially suited for short stroke presses and creates an 
impact energy reduction during the work portion of the 
stroke of the slide of the press by providing for a slide 
velocity reduction during the work portion of the 
stroke. 

Still a further object of the invention is the provision 
of a mechanically driven press capable of producing 
relatively uniform slide forces throughout a compara 
tively short working stroke and under a constant crank 
torque. 
Yet another object is the provision of a press having 

a relatively low crank input torque requirement during 
the work portion of the press stroke. 
Yet another object is the provision of a mechanical 

press having a linkage system for driving the press slide, 
which linkage system generates a coupler curve provid 
ing for reduced slide velocity during the work portion 
of the press stroke and increased slide velocity during 
return and advance portions of the press stroke in a 
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manner whereby the press can be operated at a high 
speed to provide a high production rate while maintain 
ing a noise level considerably lower than and a tool life 
considerably longer than high-speed mechanical 
presses heretofore known. 
These objects in part will be obvious and in part more 

fully pointed out hereinafter in conjunction with the 
description of the accompanying drawings in which: 
FIG. 1 is a plan view partially in section, illustrating 

a preferred embodiment of press structure in accor 

dance with the present invention; 
FIG. 2 is a front elevation, partially in section, of the 

press illustrated in FIG. 1, the section being taken along 
line 2--2 in FIG. 1; 
FIG. 3 is a side elevation, partially in section, of the 

press device, the section being taken along line 3—3 in 
FIG. 2; 
FIGS. 4-7 are schematic diagrams illustrating a drive 

linkage arrangement within the present invention at 
various points in a complete cycle of rotation of the 
crank component; 
FIG. 8 is a schematic view illustrating the linkage 

shown in FIGS. 4'7 and illustrating the coupler curve 
or path generated thereby; ‘ 
FIG. 9 is a chart illustrating certain operating charac~ 

teristics of the present invention; 
FIG. 10 is a chart illustrating other operating charac 

terisitics of the present invention; and 
FIG. 11 is an enlargement of a portion of the chart 

of FIG. 10. 
Referring now to the drawings in greater detail 

wherein the showings are for the purpose of illustrating 
the preferred embodiments of the invention only and 
not for the purpose of limiting the same, FIGS. 1-3 il 
lustrate a low-impact 25-ton capacity press having a 3 
inch stroke and a ‘A inch working stroke. In other 
words, the press slide has a linear movement from top 
dead center to bottom dead center of three inches and 
the portion of the stroke within one quarter inch from 
bottom dead center is the working portion of the 
stroke. The press shown is comprised of a frame assem 
bly A, a drive unit B, and a mechanical drive linkage 
assembly C. 
Frame assembly A may be of a variety of construc 

tions and con?gurations, and in the preferred embodi~ 
ment it is illustrated as a vertical frame comprising a 
base portion 10 supporting bed means 12, and an 
upper portion 14 housing drive unit B and drive linkage 
assembly C. More particularly, upper portion 14 of the 
frame assembly includes front wall 16 sidewalls l8 and 
20 and intermediate walls 22 and 24 which are substan 
tially parallel to front wall 16 and extend between and 
are welded or otherwise secured to sidewalls 18 and 20. 
The top of the press housing may be closed or open 
and, in the embodiment illustrated, the frame assembly 
is opened at the upper end thereof. 
Drive unit B is comprised of an electric motor 26, ?y 

wheel 28, main drive pinion 30 and main drive gear 32. 
Pinion 30 is keyed to a shaft 34 for rotation therewith, 
and shaft 34 extends through walls 22 and 24 and is 
supported for rotation relative thereto by suitable bear 
ing means 36 and 38, respectively. Flywheel 28 is 
mounted on shaft 34 for rotation relative thereto and 
is adapted to be rotated by motor 26 through a pulley 
40 attached to the motor shaft and a plurality of V-belts 
42 disposed in grooves provided therefor in pulley 40 
and ?ywheel 28. Flywheel 28 is adapted to be selec 
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tively coupled to shaft 34 to impart rotation thereto by 
a suitable clutch and brake mechanism 44 indicated 
generally by broken lines in FIG. 1. Pinion 30 meshes 
with and drives main gear 32 in response to rotation of 
shaft 34. Main gear 32 is keyed to shaft portion 46 of 
a crank element indicated generally by the numeral 47 

' and which de?nes one of the components of the me 
chanical drive linkage assembly C. Shaft portion 46 ex 
tends through openings in walls 22 and 24 and is sup 
ported for rotation relative thereto by suitable bearing 
means 48 and 50 respectively. Thus, it will be apparent 
that motor 26 operates to drive ?ywheel 28 continu 
ously and that brake and clutch mechanism 44 can be 
selectively actuated to couple ?ywheel 28 to shaft 34, 
thus to impart rotation to shaft 34 and drive pinion 30. 
Rotation of pinion 30 drives main drive gear 32 to im 
part rotation to shaft portion 46 of crank 47, whereby 
the crank is rotated about its axis 51 at a lesser speed 
than the rotation of pinion 30. The rotational speed of 
crank 47 is, of course, dependent on the ratio of pinion 
30 to main drive gear 32. The means for selectively 
controlling the brake and clutch mechanism 44 is not 
illustrated and may be comprised of any suitable means 
manually controlled by the press operator or automati 
cally controlled in response to press operation. 
Crank 47 of the mechanical drive linkage assembly 

C includes shaft portion 46, mentioned above, and an 
axially aligned shaft portion 52 axially spaced from 
shaft portion 46 and interconnected therewith by a ra 
dially offset crank shaft portion 54 and crank arms 56. 
Each crank arm 56 has one end thereof integrally asso 
ciated with shaft 46 or 52 and the other end thereof in 
tegrally associated with offset shaft portion 54. Shaft 52 
extends through an opening in front wall 16 and is sup 
ported for rotation relative thereto by suitable bearing 
means 58. The outer end of shaft 52 may carry an indi 
cator 59 which operates as a stroke indicator. The me 
chanical drive linkage further includes a connecting 
link 60 referred to herein as a drag link, and a pair of 
constraining links 61 and 62 disposed on opposite sides 
of connecting link 60. One end of connecting link 60 
is recessed to receive offset shaft portion 54 of the 
crank arm and is pivotally interconnected with shaft 
portion 54 by a cap 64 suitably attached to the link 
body. Suitable bearing means 65 are provided between 
shaft portion 54 and arm 60 and cap 64. The other end 
of connecting link 60 is provided with spaced apart leg 
portions 66 between which the upper end ofa slide arm 
68 is disposed. Slide arm 68 is pivotally interconnected 
with legs 66 by means of a cylindrical pin 70 extending 
through the legs and through an opening in the arm de 
fined by a recess in the arm and a cap 71 suitably at 
tached to the arm. Suitable bearing means 72 are pro 
vided between pin 70 and each of the legs 66, and hear 
ing means 74 is provided between pin 70 and arm 68 
and cap 71. 
Constraining links 61 and ‘62 each have one end 

thereof pivotally interconnected with the press frame 
and the other end thereof'pivotally interconnected with 
connecting link 60. More vparticularly, one end-of con 
straining link 62 is ‘pivotally associated with wall 22 of 
the press frame by means of a pin 76 projecting ‘from 
wall 22, and the corresponding end of link '61 is pivot 
ally associated with wall 16 of the press frame by a‘pin 
78 projecting from wall ‘16.'Pins 7'6 and 78 are coaxial, 
and bearing means 80 and '8-1 are interposed ‘between 
pins 76 and 78 and the corresponding link. The other 
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end of each of the links 61 and 62 is pivotally asso 
ciated with connecting link 60 by means of coaxially 
disposed pins 82 and 84 which project from link 60 
through suitable openings in the corresponding con 
straining link. Suitable bearing means 86 and 88 are 
disposed between pins 82 and 84 and the correspond 
ing constraining link. 

Slide arm 68 is associated at its lower end with a ver 
tically reciprocable slide mechanism 90. Slide mecha 
nism 90 includes a slide member 92 having guide bars 
94 and 96 associated with guide way means 98 and 100 
on front wall 16 and wall 22, respectively, which slide 
member guide bars and guide way means cooperate to 
guide slide member 92 during vertical movement 
thereof. The slide mechanism further includes a con 
necting member 102 having a cup-shaped upper end 
provided with socket de?ning components 104 and 106 
which together cooperate with a ball component 108 
on the lower end of arm 68 to de?ne a ball and socket 
joint or pivot axis between arm 68 and slide 92. Con 
necting member 102 is rigidly fastened to slide 92 in 
any suitable manner. Ball 108 is adjustably mounted on 
slide arm 68 and in this respect may, for example, in 
clude a threaded shaft 110 adapted to project axially 
into arm 68 in threaded engagement with a threaded 
bore in arm 68. Thus, by rotating ball 108 the effective 
length of slide arm 68 can be varied. Ball 108 may be 
locked in an adjusted position thereof by any suitable 
means such as a split collar (not illustrated) and a co 
operating threaded sleeve 112 which surrounds the col 
lar and is threadedly associated with the lower end of 
arm 68. In a well known manner, sleeve 112 cooperates 
with the underlying spilt collar to radially compress the 
collar about arm 68 to lock ball 108 against displace 
ment relative to arm 68. The lower end .of the shaft por 
tion 110 of ball 108 may be provided with tool pads 
114 to facilitate adjustment of the ball by means of a 
wrench or the like. 

It will be noted, with reference to FIGS. 2‘and 3, that 
the press slide is adapted to reciprocate along a vertical 
path having an axis indicated by line 116. It will be 
noted further that the pivot axis 51 of the crank is ?xed 
relative to the press frame as is the pivot axis of the 
ends of constraining links 61 and 62 mounted on frame 
walls 16 and 22 by corresponding pins 78 and 76. It will 
be further noted that crankshaft axis 51 and the axes of 
constraining link ‘pins 76 and 78 are parallel and spaced 
apart with the axes of pins 76 and 78 being disposed 
below the horizontal plane of the crank axis. Moreover, 
the constraining link axis de?ned by the axes of ‘pins 
76 and 78 is disposed ‘between slide path 116 and the 
crank axis. Rotation of the crank about its axis imparts, 
through the linkage mechanism, reciprocating move 
ment to slide assembly 90 toward and away from press 
bed 12. Slide 92 of the slide assembly in use will be pro 
vided with a suitable tool such as apunch 93, for exam 
ple. The particular four-bar ‘linkage arrangement _pro~ 
vides for the slide to have a low velocity during the 
work portion of the stroke thereof, whereby the tool 93 
vengages a workpiece supported on ‘bed 12 with a low 
impact velocity during punching drawing or other work 
performed thereon. 
FIGS. 4-7 of the drawing diagramatically illustrate 

one embodiment of a drive linkage assembly adapted 
to be employed in a press having a three inch total 
stroke such as, ‘for example, a press of the character il 
lustrated in FIGS. 1-3. FIGS. 4-7‘illustrate the linkage 
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assembly as it passes through one complete cycle corre 
sponding to rotation of the crank 360°. For purposes of 
discussion of these FIGURES, the slide arm 120 de?nes 
a ?rst link member having first and second end portions 
with the ?rst end portion pivotally connected to a slide 
at a ?rst axis A. The crank member 122 is rotatably 
mounted on the press frame at a second axis B and a 
second link member 124 has one end thereof pivotally 
connected to the crank arm at a third axis C and the 

other end thereof pivotally connected to the second 
end portion of slide arm link i20 at a fourth axis D. A 
third or constraining link member 126 has one end 
thereof pivotally connected to the press frame at a ?fth 
axis E and the other end thereof pivotally connected to 
link 124 at a sixth axis F. The ?rst axis A between line 
120 and the slide is adapted to reciprocate along a path 
128. It will be noted that ?xed axis E between the con 
straining link 126 and the frame is disposed below ?xed 
axis B between the crank arm and frame. Further, it 
will be noted that ?xed axis E is located horizontally 
between slide path 128 and crank arm axis B. FIGS. 
4-7 illustrate the positions of the various link compo 
nents resulting from counterclockwise rotation of 
crank arm 122 360° in increments of 90°. More particu 
larly, when the linkage assembly is in the position illus 
trated in FIG. 4, slide arm axis A is in approximately 
the top dead center position thereof indicated A‘. As 
the crank arm rotates 90° counterclockwise to the posi 
tion thereof illustrated in FIG. 5, slide arm axis A de 
scends or advances toward the bottom dead center po 
sition thereof and after 90° rotation of the crank is posi 
tioned approximately at point A2. During rotation of 
the crank 90° from the position illustrated in FIG. 5 to 
the position illustrated in FIG. 6, slide arm axis A de 
scends to the position A3 corresponding substantially to 
the bottom dead center position thereof. During rota 
tion of the crank arm from the position of FIG. 6 to the 
position of FIG. 7, slide arm axis A enters the ascent or 
return portion of the stroke and moves to position A“. 
Further counterclockwise rotation of the crank arm re 
turns the linkage assembly to the position illustrated in 
FIG. 4, whereby the linkage assembly has completed 
one full cycle and the slide mechanism associated with 
slide arm axis A has travelled through one full stroke. 

In a linkage system for a press of the character of the 
present invention it is important that the angle which 
is designated Q in FIGS. 4;—7, be no less than 40° and 
preferably be at least 45° for all positions of the crank 
during 360° rotation thereof. Accordingly, in FIGS. 
4-7, the angle Q is the angle between links 124 and 
126, and in the press structure of FIGS. l—-3 the angle 
between link 60 and links 61 and 62. If the angle Q is 
less than 40° at any time during rotation of the crank, 
linkage slam and excess- vibration may develop under 
high speed press operation, both of which are highly 
undesirable. Maintenance of a minimum angle of 45°, 
however, will facilitate mechanism balancing and per 
mit attainment of the desired high press stroke rates. 
As the linkage assembly of FIGS. 4-7 rotates through 

one complete cycle, axis D between connecting link 24 
and the second end of slide arm link 120 travels along 
a path 130 illustrated in FIG. 8, which path is referred 
to herein as a coupler curve or coupler path. Coupler 
curve 130 is indicative of the velocity of the slide arm 
axis A during a 360° rotation of the crank and, accord 
ingly, the velocity of the slide during the complete 
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8 
stroke of the slide. The coupler curve has a major axis 
132 which is the longest distance between any two 
points within the curve. In a linkage mechanism within 
the present invention, the major axis extends trans 
versely of the slide path 128 and generally perpendicu 
lar thereto. In FIG. 8, the path of crank arm 122 is des 
ignated in 20° increments and the corresponding path 
of pivot axis D is indicated along the coupler curve. It 
will be noted with regard to these position indicators 
that when the crank arm is rotating from approximately 
the 40° to approximately the 180° position thereof, that 
slide arm axis A is ascending, and that when the crank 
arm rotates from approximately the 180° position 
through approximately the 260° position that the slide 
arm axis A pases through the top dead center position 
thereof and begins to descend. The ascent of slide arm 
axis A is relatively rapid as is indicated by the coupler 
curve, and the descent occasioned by rotation of the 
crank arm to about the 260° position thereof is also rea 
sonably rapid. It will be noted, on the other hand, that 
?nal downward movement of slide arm axis A from ap 
proximately the 280° position of the crank arm through 
the 0 position and back to appfo‘ximately the 40° posi 
tion is extremely gradual. Accordingly, the velocity of 
the slide arm axis and thus the velocity of the slide is 
very low during the latter portion of rotation of the 
crank which corresponds to the portion of the total 
stroke in which the slide passes through the work por 
tion and bottom dead center positions of the stroke. 
The lengths of the several links and the points of cor 

rection therebetween can be varied to achieve the de~ 
sired dynamic and kinematic characteristics sought for 
a given press size. In the particular embodiment under 
consideration, the press is a 25 ton press having a total 
stroke of 3 inches and a working stroke of ‘A inch. The 
press is adapted to operate at a continuous speed of 
150 strokes per minute. To achieve such press opera 
tion and provide for the desired low impact velocity 
during the working stroke, the preferred lengths for the 
various linkage components are as follows: 
Crank arm 122; B-C distance = 4.753 inches 
Link 124; C-F distance = 9.506 inches 
Link 124; C-D distance = 12.477 inches 
Link 124; D-F distance = 2.971 inches 
Link 126; E-F distance = H.883 inches 
Slide Path Intercept; B-I distance = 15.345 inches 
Slide Path Inclination; Angle M = l39.5° 
Ground Link; distance B-E = l4.l64 inches 
Slide Arm 120; A-D distance = 21.237 inches 
It will be seen from the foregoing link dimensions 

that certain ratios exist with respect to the distances be 
tween axes of the link components of the drive linkage. 
For example, the distance between axes C and F along 
connecting link 124 is twice the distance between axes 
B and C of crank arm 122. Further, the distance be 
tween axes C and F along connecting link 124 is more 
than three times the distance between axes F and D 
along the connecting link. Moreover, the distance be 
tween axes E and F along constraining link 126 is more 
than twice the distance between axes B and C along the 
,crank arm. These ratios may, of course, vary within the 
present invention, but it should be noted that the par 
ticular ratios establish a linkage system capable of pro 
ducing the desired kinematic and dynamic characteris 
tics of press operation regardless of the particular 
lengths of the various links in the assembly. 
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FIGS. 9, 10 and 11 are charts illustrating compara 
tive requirements of a four-bar low-impact press made 
in accordance with the present invention and a me 
chanically driven slider-crank press having the same 
stroke and operated at the same number of strokes per 
minute, namely a 3~inch stroke and 150 strokes per 
minute. For example, it will be seen in FIG. 9 that at the 
beginning of the ‘A inch work stroke a slider-crank 
press has a crank torque requirement of better than 22 
ton inches while the lower impact press of the present 
invention has a crank torque requirement of approxi 
mately 8.25 ton inches. Moreover, during the total ‘A 
inch work stroke, the low impact press crank torque re 
quirement is substantially below that of the slider-crank 
press. 
The chart in FIG. 10 illustrates the relative slide ve 

locities of a slider-crank press and the low impact press 
of the present invention over the entire 3-inch stroke. 
It will be noted that the low-impact press has a higher 
velocity during the return and approach portions of the 
stroke and advantageously has a much lower velocity 
during the work portion of the stroke. The velocity re 
lationship during the work portion of the stroke is bet 
ter illustrated in FIG. 11 wherein the chart is an en 
largement of the circled portion of the chart of FIG. 10. 
It will be seen in FIG. 11 that at the beginning of the 
work stroke the low-impact press has a slide velocity of 
approximately 5.5 inch per second while the slider 
crank press has a slide velocity of more than 14 inches 
per second. Moreover, during the work stroke the slide 
velocity of the low-impact press is continuously lower 
as the two presses being compared approach the bot 
tom dead center positions of the slides. 
The following tabulation illustrates the decreases in 

slide velocity, impact energy and torque requirements 
of the low-impact press of the present invention when 
compared with the slider-crank press. The comparison 
is at increments of 1/32 inch during the % inch work 
stroke illustrated in the charts of FIGS. 9, l0 and 1 1 for 
the two presses. 

Distance 
from Slide Impact 
Stroke Velocity Energy Torque 
Bottom in Reduction Reduction Reduction 
inches ‘7a 
[/32 5O 75 50 
H16 59 83 59 
3/32 66 88 66 
H8 72 92 72 
5/32 73 93 73 
3/l6 7| 92 71 
7/37 67 88 67 
[/4 61 85 61 

It will be appreciated from the foregoing that the low 
impact press of the present invention materially re 
duces slide velocity and impact energy during the work 
stroke, thus to achieve a considerable reduction in 
noise level and longer tool life and that these character 
istics are achieved with a considerable reduction in the 
crank torque requirement which facilitates economical 
construction of the press. 

It will be appreciated that by varying the lengths of 
the several links of the press described that other low 
impact presses can be produced having the desired low 
impact velocity during the work stroke and a high re 
turn and approach velocity thus to permit the press to 
operate at a desirable high stroke per minute rate While 
maintaining the noise level caused by impact of the 
press tool with the workpiece at a desired low level. 
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10 
The present invention has been described in conjunc 

tion with certain preferred embodiments; however, var 
ious changes in these embodiments, and other embodi 
ments of the present invention, will be obvious to those 
skilled in the art upon reading and understanding of the 
foregoing description. It is our intention to include all 
such embodiments and modi?cations of the present 
embodiments within the present invention insofar as 
they are within the scope of the appended claims. 
We claim: . 

1. A press including: a frame, a slide member carried 
by said frame for reciprocable movement along a path 
between ?rst and second positions, drive means for re 
ciprocating said slide member between said ?rst and 
second positions, said drive means including a ?rst link 
member having ?rst and second end portions with the 
?rst end portion pivotally connected to said slide mem 
ber, a crank member rotatably mounted in said frame, 
a connecting link member having opposite end portions 
pivotally connected respectively to said crank member 
and the second end portion of said ?rst link member, 
and'a constraining link member having a ?rst end por 
tion pivotally connected to said frame intermediate 
said path and the axis of said crank and a second end 
portion pivotally connected to said connecting link 
member intermediate said opposite end portions 
thereof. 

2. The press as de?ned in claim 1, wherein said ?rst 
end portion of said constraining link member is pivot 
ally connected to said frame on an axis spaced below 
said axis of said crank member. 

3. The press as de?ned in claim 1, and a second con~ 
straining link member parallel to said ?rst constraining 
link member. 

4. The press as de?ned in claim I, wherein said ?rst 
end portion of said constraining link member is pivot 
ally connected to said frame at a point intermediate 
said axis of said crank member and the adjacent end of 
said path. 

5. The press as de?ned in claim 1, wherein the angle 
between said constraining link member and said con 
necting link member is at least 40° at all times during 
rotation of said crank member 360°. 

6. The press as de?ned in claim 1, wherein the dis 
tance between the pivot axis of said crank member and 
connecting link member and the pivot axis of said con 
necting link member and constraining link member is 
more than three times the distance between the pivot 
axis of said connecting link member and constraining 
link member and the pivot axis of said connecting link 
member and said ?rst link member. 

7. The press as de?ned in claim 6, wherein the dis 
tance between the pivot axes at opposite ends of said 
constraining link member is more than twice the dis 
tance between the pivot axis of said crank member and 
frame and the pivot axis of said crank member and con 
necting link member. 
8.-The press as de?ned in claim 7, wherein the dis 

tance between the pivot axis of said crank member and 
connecting link member and the pivot axis of said con 
necting link member and constraining link member is 
approximately twice the distance between the pivot 
axis of said crank member and frame and pivot axis of 
said crank member and connecting link member. 

9. In a power press comprising a frame, a slide mem 
ber carried by said frame for reciprocable movement 
along a substantially straight slide path between ?rst 
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and second positions relative to said frame, and a link 
age drive means for reciprocating said slide member 
between said ?rst and second positions, the improve 
ment comprising: said linkage drive means including a 
?rst link having ?rst and second end portions with said 
?rst end portion pivotally connected to said slide at a 
?rst axis, a crank member rotatably mounted on said 
frame at a second axis, a second link having one end ' 
thereof pivotally connected to said crank member at a 
third axis spaced from said second axis and having the 
other end thereof pivotally connected to said second 
end portion of said ?rst link at a fourth axis, and a third 
link having one end thereof pivotally connected to said 
frame at a ?fth axis and the other end thereof pivotally 
connected to said second link at a sixth axis, said sixth 
axis being spaced from said third and fourth axes and 
being closer to said fourth axis than said third axis, said 
fourth axis de?ning a generally elliptical coupler path 
when said crank member is rotated 360° about said sec 
ond axis, said coupler path having a major axis de?ned 
by the longest line between two points inside said cou 
pler path, said major axis extending generally trans 
versely of said slide path. 

10. The press as de?ned in claim 9, wherein said cou 
pler path includes portions disposed on opposite sides 
of said slide path. 

1 l. The press as de?ned in claim 9, wherein the angle 
between said second link and said third link is at least 
40° at all times during rotation of said crank member. 

12. The press as de?ned in claim 11, wherein the dis 
tance between said third and sixth axes is more than 
three times the distance between said sixth and fourth 
axes. 

13. The press as defined in claim 12, wherein the dis 
tance between said ?fth and sixth axes is more than 
twice the distance between said second and third axes. 

14. The press as de?ned in claim 13, wherein the dis 
tance between said third and sixth axes is approxi 
mately twice the distance between said second and 
third axes. 

15. The press as in claim 10, wherein said slide path 
substantially bisects said major axis of said coupler 
path. 

16. A power press comprising a frame, a slide mem 
ber carried by said frame for reciprocable movement 
along a generally straight path between ?rst and second 
positions relative to said frame, and a linkage drive 
means for reciprocating said slide member between 
said ?rst and second positions with a predetermined 
velocity-time relationship, said linkage drive means in 
cluding a ?rst link member having ?rst and second end 
portions with said ?rst end portion pivotally connected 
to said slide at a ?rst axis, a crank member rotatably 
mounted on said frame at a second axis, a second link 
member pivotally connected at one end thereof to said 
crank member at a third axis and pivotally connected 
to the second end portion of said first link member at 
a fourth axis, and a third link member having one end 
thereof pivotally connected to 'said frame at a ?fth axis 
and a second end pivotally connected to said second 
link member at a sixth axis, said sixth axis being spaced 
from said third and fourth axes and being closer to said 
fourth axis than said third axis, said slide member mov 
ing from said one position thereof through said second 
position and back to said one position thereof in re 
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sponse to rotation of said crank member 360° about 
said second axis, said third link member constraining 
said fourth axis to follow a generally elliptical coupler 
path in response to rotation of said crank member, said 
coupler path having a major axis de?ned by the longest 
distance between two points within said path, said 
major axis extending substantially transverse to said 
slide path, said movement of said fourth axis along said 
coupler path being de?nitive of movement of said slide 
from said ?rst position through said second position 
and back to said ?rst position thereof in a manner 
whereby said slide member moves with high velocity 
during a substantial portion of movement thereof and 
at a much lower velocity during the remaining portion 
of the movement thereof. 

17. The press as de?ned in claim 16, wherein the dis 
tance between said third and sixth axes is more than 
three times the distance between said sixth and fourth 
axes. 

18. The press as de?ned in claim 17, wherein the dis— 
tance between said ?fth and sixth axes is more than 
twice the distance between said ‘second and third axes. 

19. The press as de?ned in claim 18, wherein the dis 
tance between said third and sixth axes is approxi 
mately twice the distance between said second and 
third axes. 

20. A power press comprising a frame, a slide mem 
ber carried by said frame for reciprocable movement 
along a generally straight path the length of which de 
?nes a stroke and which stroke includes a return and 
advance portion and a working portion, and a linkage 
drive means for reciprocating said slide member 
through said return and advance portion and said work 
ing portion, said linkage drive means including a first 
link member having one end thereof pivotally con 
nected to said slide member, a crank member rotatably 
mounted on said frame and having a crank arm rotat 
able about the axis of said crank member, a second link 
member having one end thereof pivotally connected to 
the second end of said ?rst link member and having the 
other end thereof pivotally connected to said crank 
arm on an axis spaced from said crank axis, and a con 
straining link member having one end thereof pivotally 
connected to said frame and the other end thereof piv 
otally connected to said link member at a point inter 
mediate the opposite ends of said second link member, 
said slide member moving through said stroke thereof 
in response to rotation of said crank member 360°, said 
constraining link member operating during rotation of 
said crank member to constrain movement of said slide 
member through said stroke thereof in a manner 
whereby said return and advance portion of said stroke 
is at a higher velocity than said working portion of said 
stroke. 
21. The press as de?ned in claim 20, wherein said 

end of said constraining link pivotally connected to said 
frame is connected to said frame at a point intermedi 
ate the path of said slide and the axis of said crank 
member. 
22. The press structure as de?ned in claim 21, 

wherein said constraining link pivot point is disposed 
below said axis of said crank member. 
23. The press of claim 22, wherein said constraining 

link constrains the pivot axis between said ?rst and sec 
ond link members to follow a generally elliptical cou 
pler path de?nitive of high velocity return and advance 
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portions of said stroke and low velocity work portion 
of said stroke. 

24. The press structure as de?ned in claim 22, 
wherein the angle between said second and third link 
members is greater than 40° at all times during rotation 
of said crank member 360°. 

25. The press as de?ned in claim 24, vwherein the dis 
tance between the pivot axis of said crank member and 
connecting link member and the pivot axis of said con 
necting link member and constraining link member is 
more than three times the distance between the pivot 
axis of said connecting link member and constraining 
link member and the pivot axis of said connecting link 
member and said ?rst link member. 

26. The press as de?ned in claim 25, wherein the dis 
tance between the pivot axes at opposite ends of said 
constraining link member is more than twice the dis 
tance between the pivot axis of said crank member and 
frame and the pivot axis of said crank member and con 
necting link member. 
27. The press as de?ned in claim 26, wherein the dis 

tance between the pivot axis of said crank member and 
connecting link member and the pivot axis of said con 
necting link member and constraining link member is 
approximately twice the distance between the pivot 
axis of said crank member and frame and the pivot axis 
of said crank member and connecting link member. 

28. In a low-impact metal cutting power press com 
prising a frame,'a slide member carried by said frame 
for reciprocable vmovement along a generally straight 
path the length of which de?nes a stroke for the slide 
member and which stroke includes a short working 
portion and a relatively longer return and advance por 
tion, the improvement which comprises: a linkage drive 
means for reciprocating said slide member through said 
working portion at a low velocity to achieve low-impact 
force between a tool carried by said slide member and 
a workpiece engaged by said tool during said work por 
tion of said stroke, said linkage drive means including 
a ?rst link member having one end thereof pivotally 
connected to said slide member, a crank member rotat 
ably mounted on said frame and having a crank arm ro 
tatably 360° about the axis of said crank member, a sec 
ond link member having one end thereof pivotally con 
nected to the other end of said first link member and 
having the other end thereof pivotally connected to 
said crank arm on an axis spaced from said crank axis, 
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and a constraining link member having one end thereof 
pivotally connected to said frame and the other end 
thereof pivotally connected to said second link member 
at a point intermediate the opposite ends of said second 
link member, said constraining link member operating 
during rotation of said crank member to constrain 
movement of said slide member through the stroke 
thereof so that said slide member moves through said 
work portion of said stroke at a low velocity to achieve 
low-impact force between said tool and workpiece. 
29. The improvement of claim 28, wherein said end 

of said constraining link pivotally connected to said 
frame is connected to said frame at a point intermedi 
ate the path of said slide and the axis of said crank 
member. 
30. The improvement of claim 29, wherein said con 

straining link pivot axis is disposed below said axis of 
said crank member. 

31. The improvement of claim 30, wherein said con 
straining link constrains the pivot axis between said 
?rst and second link members to follow a generally el 
liptical coupler path de?nitive of high velocity return 
and advance portions of said stroke and a low velocity 
work portion of said stroke. 
32. The improvement of claim 31, wherein the angle 

between said second and constraining link members is 
greater than 40° at all times during rotation of said 
crank member 360°. 

33. The improvement of claim 32,.wherein said angle 
is at least 45° at all times during rotation of said crank 
member. 
34. The press as de?ned in claim 2, wherein said axes 

of said crank member and said constraining link mem- _ 
her are spaced apart along a line which intercepts said 
path of said slide member at an angle of approximately 
139.5". 
35. The press as de?ned in claim 22, wherein said 

axis of said crank member and said pivot point of said 
constraining link are spaced apart along a line which 
intercepts said path of said slide member at an angle of 
approximately l39.5°. 

36. The improvement of claim 30, wherein said axes 
of said crank member and constraining link are spaced 
apart along a line which intercepts said path of said 
slide at an angle of approximately 139.5°. 

* * * * * 
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