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[5 7] ABSTRACT 
A billet or slab shearing press is disclosed which in 
cludes an improved mechanical drive arrangement. 
The drive arrangement includes a linkage system in 
cluding a ?rst link pivotally connected between the 
press slide and a second link which is connected to a 
driven crank. A third link is pivotally connected be 
tween the press frame and the second link. The sev 
eral links are arranged to provide desirable kinematic 
and dynamic characteristics for a shearing press by de 
veloping a selected coupler curve at the pivot point 
between the ?rst and second links, which coupler 
curve de?nes the movement of the slide, and accord 
ingly the shearing blade, through the stroke of the 
slide. 

1 Claim, 8 Drawing Figures 
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PRESS AND DRIVE MECHANISM THEREFOR 

The present invention relates to presses and, more 
particularly, to an improved billet or slab shearing press 
drive mechanism. 
Presses have been provided heretofore for shearing 

relatively thick slabs or billets of metal ranging, for ex 
ample, between two to six inches in thickness. Such a 
billet or slab places a relatively constant load on a 
shearing blade during most of the working stroke 
‘thereof. Heretofore, constant force has been generated 
during the working stroke by use of hydraulic drives or 
slider-crank mechanisms. While such hydraulic drives 
and slider-crank mechanisms individually have certain 
advantages, both have disadvantages which are over 
come by the present invention in a manner whereby a 
reduction in blade cost may be realized and a reduction 
in maintenance cost is achieved without any sacri?ce 
in performance or reliability. 
Hydraulic drive systems are capable of developing a 

constant force over the entire shearing stroke of a 
press, but when designed to generate a required shear 
ing force, they are not physically capable of generating 
higher forces. In this respect, if a 2,000 ton shearing 
force is required, only a machine frame designed for a 
load of 2,000 tons can be used. Moreover, large shears 
of the character being considered herein make only a 
few strokes per minute. Accordingly, in operation large 
amounts of power are intermittently required. The 
most economical way of meeting this requirement is 
through the use of an energy accumulator which stores 
energy obtained from a relatively low-horsepower 
motor then releases the energy in a short time period. 
Hydraulic drive systems utilize a pressure vessel or ac 
cumulator partially ?lled with compressed gas. Liquid 
is pumped into the accumulator to further compress 
the ‘gas. The accumulator is valved, and when the valve 
is opened the pressurized gas expels the ?uid in the ac~ 
cumulator, thus to supply needed liquid to the hydrau 
lic drive at a high rate of speed. The hydraulic accumu 
lator system is relatively expensive and, moreover, 
maintenance costs are relatively high. Accordingly, the 
principle saving in the use of a hydraulic drive system 
in a shearing press is in frame cost since the frame of 
the shear can be designed for loads which do not 
greatly exceed the required shearing force. 
A slider-crank driven shear of the character being 

considered herein also requires the use of an energy ac 
cumulator. The energy accumulator for such a press is 
much simpler and less expensive than a hydraulic accu 
mulator system. In this respect, the mechanical energy 
accumulator is simply a ?ywheel designed driven to 
store sufficient energy for performance of the working 
or shearing stroke without a great loss of speed. Fur 
ther, the mechanical slider-crank mechanism is ex 
tremely simple and reliable in comparison with a hy 
draulically driven press. The slidencrank drive mecha 
nism, however, disadvantageously requires a frame of 
extremely high strength. The cost of providing such 
strength in a frame o?'sets the advantages of a slider 
crank mechanism over a hydraulically driven press hav 
ing a relatively complex power supply. With regard to 
the frame requirements for a slider-crank driven shear 
ing press, if a 2,000 ton shearing force is required over 
a 6 inch working or shearing stroke, the machine must 
have a frame that can withstand a force of at least 
21,000 tons in order to prevent damage to the shear in 
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the event of accidental overloading. In contrast to this, 
as mentioned above, a hydraulic shearing press having 
a 2,000 ton shearing force requirement requires a 
frame rated at a little more than 2,000 tons to provide 
the same factor of safety in operation. Another disad 
vantage related to the use of a slider-crank drive mech 
anism is that the latter has a relatively low mechanical 
advantage at the beginning of the working or shearing 
stroke, whereby the crank component of the mecha 
nism must be designed to withstand an extremely high 
torque. More particularly, for a slider-crank shearing 
press having a 2,000 ton force requirement, the crank 
would have to be designed to withstand a torque of 
18,000 ton-inches. 
Other mechanically driven shearing presses have 

been designed in an effort to obtain the advantages of 
slider-crank presses while reducing the frame strength 
requirements. In this respect, a mechanically operated 
shearing press has been provided which operates to 
progressively shear a billet or slab of metal. Progressive 
shearing is achieved by making a series of short shear 
ing strokes through the billet or slab. A slider-crank 
mechanism is employed to drive the shear. If such a 
shearing press has a 2,000 ton shearing force require 
ment over a distance of 6 inches, as in the foregoing ex 
amples, the press frame only has to have a strength to 
resist 8,000 tons of force as compared to the 21,000 
tons of force which must be resisted by the frame of a 
conventional slider-crank shearing press. Such a pro 
gressive shearing press, however, is extremely complex _ 
and expensive. In this respect, an additional mechanism 
must be provided to accurately reposition the slider 
crank mechanism and slide after each short shearing 
stroke. Since the slider-crank mechanism and the slider 
are relatively heavy, and since shearing must be accom 
plished in a short time, the mechanism for adjusting 
these components must be capable of exerting a high 
force in a short period of time to reposition the slider 
crank mechanism. Further, the positioning mechanism 
must also provide a strong locking action for the slider 
crank mechanism during a shearing operation. Thus, 
the additional mechanism required is expensive and in 
troduces maintenance problems. Still further, it will be 
appreciated that requiring several strokes of the slide 
mechanism to achieve billet shearing may result in an 
increase in shearing time required and, consequently a 
loss in production rate. 
The present invention provides a mechanically 

driven billet or slab shearing press which overcomes 
the disadvantages of shearing presses heretofore known 
including the disadvantages pointed out in particular 
above. Thus, a shearing press is provided by the present 
invention in which the crank torque and frame strength 
requirements are greatly reduced to in turn achieve a 
reduction in weight, size and cost of the shearing press. 
Further, the press of the present invention employs a 
minimum number of moving parts, thus to reduce man 
ufacturing and maintenance costs, and to increase reli 
ability of operation. 
The foregoing advantages of the shearing press of the 

present invention are achieved by employing a me 
chanical linkage drive arrangement wherein three links 
are used to convert rotary crank motion to linear slide 
motion, rather than a single link as is employed in con 
ventional slider-crank shears. The particular linkage 
arrangement of the present invention provides for re 
ducing the peak crank torque by a factor of 3 in a 
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shearing press having a 2,000 ton force requirement. 
Further, frame strength is greatly reduced and, in this 
respect, in a shearing press having a 2,000 ton force re 
quirement, the frame strength is reduced by a factor of 
2.23 relative to the corresponding slider-crank shearing 
press. More particularly, a 2,000 ton shear made in ac 
cordance with the present invention requires a frame 
strength of 9,400 tons as compared to the strength of 
21,000 tons required for the corresponding slider 
crank shearing press. 

In accordance with the present invention there is pro 
vided a billet or slab shearing press capable of shearing 
metal billets or slabs which are in a range of approxi 
mately 2 to 6 inches in thickness. The press includes a 
frame and a slide member carried by the frame and 
mounted for reciprocable movement between ?rst and 
second positions. The slide, of course, carries a shear 
ing blade. Drive means are provided for reciprocating 
the slide member between the ?rst and second posi 
tions. The drive means includes a ?rst link member 
having ?rst and second end portions and having its ?rst 
end portion pivotally connected to the slide member. 
A crank member is rotatably mounted in the frame and 
a connecting link member has opposite end portions 
pivotally connected to the crank and the second end 
portion of the ?rst link member. A constraining link 
member has one end portion pivotally connected to the 
frame and another end portion pivotally connected to 
the connecting link member intermediate the end por 
tions of the connecting link member. During each cycle 
of operation the crank rotates 360° and the pivot axis 
de?ned by the connection between the second end por 
tion of the ?rst link member and the connecting link 
member travels along a path referred to herein as a 
coupler curve or coupler path. The coupler path is in 
dicative of the movement of the slide as a function of 
time and is de?ned by the lengths and arrangement of 
the several links of the system. 

It is a primary object of the present invention to pro 
vide a billet or slab shearing press and mechanical drive 
arrangement which permits highly desirable kinematic 
and dynamic slide characteristics to be obtained. 
Another object is the provision of a press having a 

mechanical drive arrangement which is especially 
suited for slab and billet shearing presses and which 
creates a slowdown of the slide during the shearing or 
working portion of the slide stroke. 
Yet another object of the present invention is the 

provision of a mechanically driven billet and slab shear 
ing press capable of producing substantially constant 
slide forces throughout the working or shearing portion 
of the stroke for a constant crank torque. 
A further object is the provision of a billet and slab 

shearing press having a relatively low crank input 
torque requirement during the shearing or working 
portion of the stroke, whereby a clutch having a rela-‘ 
tively low torque rating may be used. 

Still a further object of the present invention is the 
provision of a slab and billet shearing press which, 
when compared to prior mechanically driven presses, 
permits use of a lighter weight frame construction. 

Still another object of the present invention is the 
provision of a linkage system for driving a billet and 
slab shearing press, which system generates a coupler 
curve disposed with respect to the slide path in a man 
ner to reduce side thrust, reduce slide speed during the 
shearing portion of the slide stroke and increase the 
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4 
slide speed during advance and return portions of the 
slide stroke. 
A further object is the provision of a billet and slab 

shearing press which will considerably reduce the cost 
of such presses operating at current production rates. 

These objects will in part be obvious and in part more 
fully pointed out in the following description of the ac 
companying drawings in which: 
FIG. I is an end elevation view, partially in section, 

of a shearing press made in accordance with the pres 
ent invention; 
FIG. 2 is a side elevation, partially in section, of the 

press of FIG. I, the section being taken along line 2-2 
in FIG. ll; 
FIG. 3 is a detail plan view of the drive system for the 

press of FIGS. l and 2; 
FIGS. 44' are schematic diagrams illustrating the 

drive linkage at various points in a complete cycle of 
the embodiment shown in FIGS. l~3; and 
FIG. 8 is a schematic illustration of the coupler curve 

generated by a drive linkage arrangement within the 
present invention. 

Referring now to the drawings wherein the showings 
are for the purpose of illustrating a preferred embodi~ 
ment of the invention, and not for the purpose of limit 
ing the same, FIGS. 1 and 2 illustrate a slab or billet 
press formed in accordance with the present invention. 
The press shown is comprised of a vertically extending 
main frame assembly A, a drive unit B, and a mechani 
cal drive linkage assembly C. 
Frame assembly A could be of a variety of construc 

tions. In the preferred embodiment, however, it is 
shown as a vertical straight-side steel frame. The frame 
is comprised of a base or bed portion 10, two uprights 
l2, and a crown section 14. Base 10 rests on a floor or 
the like and is suitably secured thereto. Uprights 12 ex‘ 
tend vertically from base I0 and are joined at their 
upper ends by crown portion M. 
Base T0 is provided with run out table guide means 

16 and wear blocks or bolster plates 18 for transfer and 
support of a workpiece W which is fed through the 
press for shearing thereof into suitable lengths. The bed 
portion of the frame may also be provided with suitable 
means indicated generally at 20 for aligning slabs fed 
through the press. Mechanical work transfer equip 
ment, not illustrated, is disposed in bed cavities which 
further provide for scrap removal from the press. 
Uprights 12 are positioned so as to de?ne the slide 

way or path of movement for the press slide 22. The up 
rights are provided with suitable gibbing 24 for guiding 
slide 22. Slide 22 carries a removable shearing blade 26 
having a cutting edge 28 which is inclined relative to 
the press bed. The bottom surface of slide 22 may be 
provided with a pair of spring loaded hold-down de 
vices 30 which normally project below the cutting edge 
28 of blade 26 to engage workpiece W and hold the lat 
ter against wear block 18 during shearing of the work 
piece by blade 26. It will be appreciated that a pneu 
matically or hydraulically actuated hold-down means 
may be employed rather than the spring loaded devices 
shown. I 

Crown M houses the main drive unit 8 and mechani 
cal drive linkage assembly C. The main drive assembly 
is best illustrated in FIG. 3 and is comprised of a main 
motor 32, flywheel M and a gear train leading to main 
drive pinion 356 and main drive gear 38. Motor 32 is 



mounted on frame A by means of a suitable support 
platform 40 extending from one side of the frame. 
Motor 32 is a standard industrial AC or DC motor and 
is operable to rotate ?ywheel 34 by belt or chain drive 
means 42 which extend around ?ywheel 34 and be 
tween the flywheel and a pulley device 44 attached to 
the motor shaft. The ?rst gear 46 of the gear train lead 
ing to the main drive pinion 36 is keyed or otherwise 
secured to a shaft 48 which is suitably supported for ro 
tation relative to the frame. Flywheel 34 is mounted on 
one end of shaft 48 in a manner whereby the flywheel 
is rotatable relative to the shaft, and clutch means 56 
is provided for selectively interconnecting flywheel 34 
with shaft 48 so that the shaft is driven by the flywheel. 
It will be appreciated, however, that the press may be 
continuously driven as opposed to being selectively in 
termittently driven and that for the purpose of a contin~ 
uous drive arrangement flywheel 34 may be keyed or 
otherwise secured to shaft 46 and the clutch mecha 
nism eliminated. 
Pinion 46 is in driving engagement with a gear 52 

which is keyed or otherwise secured to a shaft 54 hav 
ing its opposite ends suitably supported for rotation of 
the shaft relative to the frame. A second pinion 56 is 
also keyed to shaft 54 and thus rotates at the same rota 
tional speed as gear 52. Pinion 56 is in driving engage 
ment with a second gear 58 which is keyed or otherwise 
secured to a shaft 60 which is also suitably supported 
For rotation relative to the press frame. Main drive pin 
ion 36 is keyed or otherwise secured to shaft 66 for ro 
tation therewith and, accordingly, at a rotational speed 
which is the same as that of gear 56. Suitable brake 
means 62 is associated with one end of shaft 60 and is 
actuable by means not illustrated to apply a breaking 
force to shaft 60 and thus to the main drive pinion 36. 
Main drive pinion 36 is in driving engagement with 
main drive gear 38. Gear 38 is keyed or otherwise se 
cured to shaft means 64, which shaft means is suitably 
supported for rotation relative to the press frame. it will 
be appreciated that, through the gear train, main drive 
gear 38 is rotated at a speed considerably less than the 
speed of the ?rst pinion 46 of the gear train. The reduc~ 
tion in speed will, of course, depend on the particular 
gear ratio employed. 

Shaft 64 of main drive gear 3 also de?nes the shaft 
of a crank member which is included in the mechanical 
drive linkage assembly C. The crank member includes 
offset shaft portions 66 rigidly interconnected with 
shaft 64 for rotation therewith by crank amrs 6. Drive 
linkage assembly C is further comprised of twin linkage 
assemblies disposed on opposite sides of main gear 36 
and driven simultaneously by the crank member. Each 
of the linkage assemblies includes a pair of connecting 
links 70. Corresponding ends of the links 76 are pivot 
ally interconnected with the corresponding shaft 66 of 
the crank member. Suitable sleeve bearings 72 are in 
terposed between links 76 and shafts 66.. The other 
ends of connecting links 70 are pivotally intercon 
nected with corresponding slide member links 74. in 
this respect, each of the slide members 74 is provided 
with a shaft 76 extending through the corresponding 
connecting links 70. Suitable bearihg means 76 are in 
terposed between each of the links 70 and the corre 
sponding shaft 76. The lower end of each of the slide 
member links 74 is pivotally interconnected with slide 
member 22 by means of pins 86 attached to the slide 
links and connector assemblies 82 attached to the top 
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surface of slide member 22. Each. connector assembly 
is comprised of a housing in which pins 84 of links 
74 are disposed, and block means 86 and 88 having op 
posed cooperating recesses which. receive pins 80 and 
support the pins for pivotal movement relative to slide 
member 22. Blocks S6 and 66 are separable and are 
suitably interconnected with one another and with 
housing 64. 
Each of the linkage assemblies further includes a pair 

of constraining links 96. Links 96 of each pair have one 
end thereof interconnected by shaft means 92. Each 
shaft 92 is supported for rotation relative to the press 
frame by corresponding support means 94 through 
which the shaft extends. Suitable bearings ‘26 are inter 
posed between shafts 92 and support means 94. The 
other ends of each pair of constraining links 916' are piv 
otally interconnected with an adjacent one of the cor 
responding pair of connecting links 76. in this respect, 
constraining links 66 are provided with axially aligned 
pins Sid which project through openings in the adjacent 
connecting link 76. Sleeve bearings 1166 or the like are 
interposed between each of the pins 96 and a corre 
sponding connecting link 76. it is to be noted that con~ 
straining linlm 96 are pivotally interconnected with 
connecting links 76 at a point intermediate the oppo 
site ends of the connecting links, which point is closer 
to the end of the connecting link attached to the slide 
link than to the end thereof connected to the crank 
member. it will be further noted that the pivot axis of 
constraining links W defined by shafts 92 are disposed 
above and in vertical alignment with the axis of rotation 
of the crank member defined by shaft 64. 

ln operation of the apparatus thus far described, the 
crank member is rotated counterclockwise, as viewed 
in MG. 2, whereby offset shaft portion 66 thereof is ro 
tated about the crank axis defined by shaft 64. Move 
ment of shaft 66 imparts movement to connecting link 
76 which in turn imparts movement to slide link 74 at~ 
tached thereto. The movement imparted to slide link 
74 causes reciprocation of slide member 22 vertically 
relative to the press frame, and the speed at which the 
slide moves in response to constant speed rotation of 
the crank member is controlled by constraining links 
Wl. This movement is discussed in more detail hereinaf 
ter. 

The movement of slide member 22 through the entire 
stroke thereof will be more readily understood by refer 
ring to the schematic diagrams of lF'llGS. 4-7 which dia 
gramatically illustrate the link assembly as it passes 
through one complete cycle. The various link elements 
of these ?gures are identi?ed with the same reference 
numerals used to identify the corresponding elements 
in FIGS. 1-3. Since the elements are shown only dia 
grammatically, however, a prime su?ix is added to 
avoid confusion. 
FM). 4 illustrates the linkage when the slide connec 

tion point e is at the bottom dead center position 
thereof. The crank is rotating in the counterclockwise 
direction and with the particular linkage position 
shown, the bottom dead center for point e occurs when 
the crank is approximately 320° of‘ rotation from verti 
cal. As the crank continues to rotate counterclockwise, 
the linkage is displaced such that slide connection point 
e is elevated. en the crank reaches the point corre 
sponding to approximately 70° of rotation from verti 
cal, the linkage is disposed in the position illustrated in 
FIG. 5 wherein the slide point e is at top dead center. 
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Continued counterclockwise rotation of the crank 
causes slide point e to descend, which descent contin 
ues until slide point e again reaches the bottom dead 
center position thereof corresponding to approximately 
320° of rotation of the crank. During this movement of 
slide point e, the linkage sequentially passes through 
the dispositions thereof illustrated in FIGS. 6 and 7. 
During rotation of the crank member counterclock 

wise from the position of approximately 185° to the po 
sition of approximately 15° from vertical, slide connec 
tion point e moves downwardly through the work por 
tion of the total stroke of the press, then upwardly. The 
work portion of the total stroke includes a shearing 
portion de?ned by downward movement of the slide 
connection point e from the beginning of the work 
stroke to bottom dead center of the slide. During rota 
tion of the crank member counterclockwise from the 
position of approximately 15° to the position of approx 
imately 185°, slide connection point e is moved up 
wardly and downwardly through the return and ad 
vance portions of the total stroke of the press. 

In the embodiment under consideration, the shearing 
press is designed to have a total stroke of 16.0 inches 
and a working stroke of 6.0 inches against a constant 
load resistance of 2,000 tons during the shearing 
stroke. To achieve this, the preferred lengths for the 
various links of the drive assembly are as follows: 
member 68' (crank throw) 0 to a distance = 9.25 

inches 
member 90" (constraining link) distance b-d 

27.75 inches 
member 70’ (connecting link) distance 0-0 = 18.50 

inches 
member 70' (connecting link) distance a-b = 14.00 

inches 
member 70’ (connecting link) distance b-c = 4.50 

inches 
member 74' (slide link) distance c-e = 34.50 inches 
0-d distance = 27.50 inches 
distance g = l 1.10 inches 
A shearing press having the above link length rela 

tionships is adapted to operate at a rate of 4 strokes per 
minute. The maximum torque required over the 6 inch 
working stroke equals approximately 6,000 ton-inches. 
Further, the press frame needs to have a resistance 
without yielding of only 9,400 tons. These particular 
requirements are ‘considerably lower than those of a 
conventional slider-crank mechanically driven shearing 
press capable of performing the same functions. In this 
respect, such a slider-crank driven press would require 
3 times greater torque and a frame 2.23 times stronger. 
To more fully appreciate the operation of the present 
invention, reference is made to FIG. 8 which is a sche 
matic representation of a drive system proportioned in 
accordance with the foregoing dimensional relation 
ships within the linkage system. To facilitate the discus 
sion of FIG. 8 the various links and axes are identi?ed 
in accordance with the following legend: 

First link —- link 74’ 

Second link — link 70' 

Third link — link 90' 

Crank member -— crank 68' 

First axis -- axis e 
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8 
Second axis — axis 0 

Third axis — axis a 

Fourth axis -— axis 0 

Fifth axis — axis d 

Sixth axis —- axis b 

Referring now to FIG. 8, as crank 68' rotates coun 
terclockwise about axis 0, the fourth axis c moves along 
a path or coupler curve which de?nes the movement of 
the ?rst axis 2 along the slide path f. The con?guration 
of the coupler curve is de?nitive of the fact that the 
slide moves rapidly in approaching the working stroke, 
moves slowly through the shearing portion of the work 
ing stroke and then rapidly toward the top dead center 
position thereof. Rotation of crank member 68’ 360° 
imparts reciprocating motion to the slide member to 
move the latter through one full stroke thereof. 
As carnk 68’ rotates counterclockwise, third axis a is 

rotated in a circular path about the second or crank 
axis 0. The path of third axis a is illustrated in incre 
ments of 20° starting at a point vertically above crank 
axis 0. The movement of fourth axis c along the coupler 
curve in response to rotation of crank member 68' is 
illustrated in increments corresponding to the 20° 
increments of rotation of third axis 0. Further, the re 
ciprocating movement of the slide connection point or 
?rst axis e through the full stroke thereof as dictated by 
the coupler curve is illustrated in increments corre 
sponding to the increments of rotation of third axis a. 
In order to more clearly demonstrate the controlled 
movement of the shear slide through the working por 
tion of the stroke, the positions of ?rst axis e at the be 
ginning and end of the work stroke are designated Wu 
and We, respectively. The beginning and ending points 
of the work stroke are also identi?ed W1, and We, re 
spectively, on the coupler curve and the path generated 
by third axis a as it rotates about crank axis 0. 
With the foregoing designations in mind, it will be 

seen that the working stroke begins at approximately 
185° of crank rotation counterclockwise from vertical 
and ends at approximately 15° of crank rotation coun 
terclockwise from vertical. Thus, the working stroke 
requires rotation of the crank approximately 190°. 
Counterclockwise rotation of the crank from the point 
corresponding to bottom dead center of the slide to 
point Wb corresponding to the beginning of the next 
working stroke moves slide connection point e 
upwardly through the top dead center position thereof 
and thence downwardly towards point W, at which the 
next working stroke begins. The latter movement of 
slide connection point e de?nes the return portion of 
the work stroke and the return and advance portions of 
the total stroke. 
The spacing of the indicator points along the coupler 

curve is indicative of the velocity of fourth axis 0 during 
one complete cycle of rotation of crank member 68’. 
Similarly, the indicator points illustrated along slide 
path f are indicative of the velocity of slide connection 
point or ?rst axis e during one full working stroke 
thereof. The velocity of ?rst axis e is, of course, equal 
to that of the slide member and the shearing blade car 
ried thereby. 
As is illustrated in FIG. 8, the top dead center posi 

tion of ?rst axis e occurs at approximately 70° of crank 
rotation from vertical. Further, the bottom dead center 
position of ?rst axis e occurs at approximately 320° of 



3,817,139 
9 , 

crank rotation from vertical. The positions of ?rst axis 
e during movement of the latter from the top dead cen 
ter position to the bottom dead center position thereof 
are designated by the indicators appearing on the left 
side of slide path f. The positions of ?rst axis e during 
movement thereof from the bottom dead center to the 
top dead center position thereof are designatedby the 
indicators appearing on the right side of the slide path. 
f. The crank member is rotated at constant speed and, 
therefore, the spacings between the indicators are in 
dicative of the velocity of axis e and thus the shearing 
slide member. In this respect, larger spacings between 
two given indicators is indicative of higher slide veloc 
ity than smaller spacings. 
Considering a full stroke of ?rst axis e beginning at 

the top dead center position thereof, it will be seen that 
after axis e passes through the top dead center position 
the velocity thereof as it approaches the beginning of 
the working stroke W’, is relatively high. As axis e 
enters the shearing portion of the work stroke, how 
ever, the velocity thereof is considerably reduced and 
continues to be reduced as axis e moves through the 
bottom dead center position thereof. After passing 
through the bottom dead center position the velocity of 
axis e is again increased considerably as it moves up 
wardly toward the top dead center position thereof. It 
is to be noted that the velocity of ?rst axis e increases 
substantially immediately upon passing through the 
bottom dead center position thereof, whereby the re 
turn stroke of axis e and the slide member is at an ex 
tremely high velocity compared to the velocity during 
the shearing portion of the working stroke, and is at a 
velocity which is higher than the velocity thereof dur 
ing the portion of the stroke in which the axis is advanc 
ing toward the shearing or work stroke. 
The above velocities are imparted to ?rst axis 2 as a 

result of the particular lengths, arrangement and coop 
eration of the various links of the linkage drive assem 
bly. In this respect, as previously explained, crank 68' 
rotates about axis 0 which is laterally offset from slide 
path f. Constraining link 90' pivots about an axis d in 
a downward arcuate path. Axis 0 of the crank and axis 
d of the constraining link are in vertical alignment, 
whereby the constraining link is driven along a path 
substantially corresponding to the coupler curve of the 
linkage system. Connecting link 70’, by being con 
nected to crank 68’ is thrust to and fro laterally in re 
sponse to rotation of the crank. The constraining func 
tion of link 90' on connecting link 70' resulting from 
their interconnection at axis b provides an ef?cient mo 
tion and force transmission operation for slide link 74'. 
Because of link dimensions and orientation during the 
work stroke, high force can be generated some distance 
from point e through use of nominal crank torque. 

It will be further noted with regard to FIG. 8 that the 
coupler curve is divided into ?rst and second sections 
by the intersection of slide path f therewith. The ?rst 
section corresponds substantially to movement of ?rst 
axis e through the shearing portion of the work stroke 
de?ned by movement of axis e along the coupler path 
from point We to bottom dead center, and the second 
portion corresponds substantially to the movement of 
first axis e from the bottom dead center position 
thereof through the top dead center position thereof 
and back toward the point W,, at which the shearing 
portion of the work stroke begins. Accordingly, the 
second section corresponds to the faster motion of the 
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?rst axis and shearing slide, while the ?rst section cor 
responds to the slower movement of the ?rst axis and 
slide. The disposition of the coupler curve with respect 
to slide path f is also indicative of side thrust imposed 
on the slide during movement thereof through the total 
stroke. In this respect, when fourth axis 0 is disposed in 
the second section of the coupler curve at a point cor 
responding substantially to the top dead center position 
of ?rst axis e, side thrust is imposed on the slide due to 
the angular relationship between slide links 74' and 
slide path f. On the other hand, when fourth axis 0 is ei 
ther in the position corresponding substantially to the 
bottom dead center position of ?rst axis e, or the posi? 
tion indicative of the beginning of the shearing stroke, 
slide link 74' is in substantial alignment with slide path 
f, whereby little or no side thrust is imposed on the 
slide. Moreover, it will be appreciated that as fourth 
axis 0 moves through the ?rst section of the coupler 
curve corresponding generally to the shearing stroke 
that very little side thrust is imposed on the slide during 
the shearing operation. In fact, in the particular em 
bodiment of shearing press being considered, the maxi 
mum side thrust generated by the linkage during the 
shearing stroke is 111 tons. This ?gure is many times 
below the maximum side thrust which would be real 
ized with a slider-crank press having the 2,000 ton 
working force. 
Another characteristic of the linkage system of the 

present invention is the angle q between connecting 
link 70' and constraining link 90'. Angle q is referred 
to as the transmission angle of the lever system. When 
the transmission angle is approximately 90° the most 
efficient force transmission takes place. When the 
angle is relatively small, the most efficient motion 

transmission is achieved. As illustrated in FIGS. 4-7, 
the transmission angle q is the greatest when the shear 
slide is moving through the working stroke toward the 
bottom dead center position. This, of course, is when 
the best force transmission characteristics are required. 
The transmission angle q is the smallest when the fourth 
axis 0 is moving through the second section of the cou 
pler curve which is indicative of movement of the shear 
slide toward the top dead center position. This, of 
course, is when the most efficient motion transmission 
is desired. in accordance with the preferred embodi 
ment of the present invention, the transmission angle q 
should not be less than 40° in order to assure smooth 
linkage operation. 
As many possible embodiments of the present inven 

tion may be made and as many possible changes may 
be made in the embodiment herein set forth, it is to be 
distinctly understod that the foregoing description is to 
be interpreted merely as illustrative of the present in 
vention and not as a limitation thereof. 
We claim: 
1. in a billet or slab shearing press comprising a 

frame, a slide member carried by said frame for recip 
rocable movement along a generally straight slide path 
between ?rst and second positions de?ning a total 
stroke for said slide member including advance, work 
and return portions, said work portion including a 
shearing portion, said slide carrying a shearing blade, 
and a linkage drive means for reciprocating said slide 
member and shearing blade between said ?rst and sec 
ond positions with a predetermined velocity—time rela 
tionship for said blade during the shearing portion of 
the work portion of the total stroke to sever a slab or 
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billet or substantial thickness disposed across said slide 
path and beneath said blade, the improvement com 
prising: said linkage drive means including slide link 
means having ?rst and second end portions, said ?rst 
end portion being pivotally connected to said slide 
member at a ?rst axis, a crank member rotatably 
mounted on said frame at a second axis laterally spaced 
from said slide path in a ?rst direction, connecting link 
means pivotally connected to said crank member at a 
third axis spaced from said second axis and pivotally 
connected to said second end portion of said slide link 
means at a fourth axis, and constraining link means 
having one end pivotally connected to said frame at a 
?fth axis and a second end pivotally connected to said 
connecting link means at a sixth axis between said third 
and fourth axes, said ?fth axis being spaced above and 
in vertical alignment with said second axis, said second 
axis being spaced from said slide path a distance 
greater than the distance between said second and third 
axes, the distance between said third and fourth axes 
being approximately two times the distance between 
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12 
said second and third axes, the distance between said 
fifth and sixth axes being approximately three times the 
distance between said second and third axes, the dis 
tance between said third and sixth axes being approxi 
mately three times the distance between said fourth 
and sixth axes, said fourth axis de?ning an elongated 
generally elliptical coupler path when said crank mem 
ber is rotated 360° about said second axis at substan 
tially constant speed, said coupler path having major 
and minor axes intersecting in a point spaced laterally 
of said slide path in the direction opposite said ?rst di 
rection, said slide path intersecting said coupler path to 
de?ne a ?rst section of said coupler path on the side of 
said slide path in said ?rst direction and generally indic 
ative of low velocity movement of said slide member 
through the shearing portion of the work portion of the 
total stroke and a second section generally indicative of 
high velocity movement of said slide member through 
said return and advance portions of the total stroke. 

* * * * * 


