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Patented Sept. 19, 1950 2,522,746 

UNITED STATES PATENT of FICE 
2,522,746 
PRESS 

Arthur A. Byerlein, Detroit, Mich., assignor, by 
mesne assignments, to Lima-Hamilton Corpo 
ration, 
Virginia Hamilton, Ohio, a corporation of 

Application August 22, 1947, Serial No. 770,002 
(C. 113-38) 15 Claims. 

This invention relates to presses, and more par 
ticularly to drawing, forming and stamping 
presses such as are used for forming metal sheets 
in the manufacture of automobile bodies and 
parts thereof, and the like. 
One of the objects of the invention is to pro 

vide a multiple action press which is simple in 
construction, highly accurate in operation, and 
which includes a plurality of relatively movable 
upper slides and a drive mechanism supported 
in the press bed for operating the slides through 
tic rods to provide proper operating pressures 
notwithstanding variations in the thickness of the 
sheets being fabricated thereby. 
Another object is to provide a multiple action 

press of improved construction including a blank 
holder operated through tie rods which are placed 
in elastic tension during the forming stroke or 
strokes of the die slide or slides of the press to 
provide the desired uniform pressure on the sheet 
being fabricated even though there are substan 
tial variations in thickness from one sheet to the 
next and within different portions of the same 
sheet. 
An additional object is to provide a multiple 

action press having a plurality of relatively mov 
able slides located above the bed and a drive 
mechanism supported in the bed and including 
a plurality of beams arranged for vertically re 
ciprocating movement and connected through tie 
rods with the slides to effect proper actuation 
thereof in the operation of the press 

It is also an object of the invention to provide 
a multiple action drawing press wherein the blank 
holder can be initially adjusted while in contact 
with the die against which it is to hold the sheet 
in the operation of the press and which will there 
after continue to provide proper operating pres 
sure without iurther adjustment irrespective of 
substantial variations in sheet thickness. 
Another object is to provide a multiple action 

toggle press wherein the toggle linkages for op 
erating a slide or slides in the upper part of the 
press are located in opposite ends of the press 
bett and have a closely coupled drive mechanism 
associated therewith free of complicated levers 
and long shafts subject to torsional stresses in 
Se. 

Cther objects and advantages of the invention 
will be apparent from the following description, 
the accompanying drawings and the appended 
claims. 
In the drawings, in which like characters of 

reference designate like parts throughout: 

0. 

5 

20 

3. 

40 

45 

50 

a perspective illustrating a triple action toggle 
preSS Constructed in accordance with the present 
invention, with parts being broken away and 
other parts shown in somewhat phantom outline 
in order to illustrate details of internal Construc 
tion and arrangement; 

Fig. 2 is a fragmentary view in longitudinal 
section through the bed of the press shown in 
Fig. 1, the view being taken approximately on the 
line 2-2 of Fig. 5; 

Fig. 3 is a detail view in elevation of One of the 
crankshafts of the press, the view being taken 
from the outer end of the crankshaft; 

Fig. 4 is a graph showing diagrammatically the 
relative sequential travel of the die slides of the 
press during a complete cycle thereof; 

Fig. 5 is a detail view of the toggle mechanism 
and associated structure for operating the blank 
holder of the press shown in Figs. 1 and 2, the 
view being taken approximately on the line - 
of Fig. 2 and showing the parts in their relative 
positions corresponding to the upper dead center 
position of the blank holder; 

Fig. 6 is a view in side elevation of the mecha 
nism shown in Flg. 5; 

Fig. 7 is a view similar to Fig. 5 but showing the 
parts in their relative positions corresponding to 
the lower dead center position of the blank 
holder, certain parts in this view being broken 
away and in section substantially on the line 
T-7 of Fig. 8; 

Fig. 8 is an enlarged detail view in horizontal 
section taken substantially on the line 8-8 of 
Fig. 7; 

Fig. 9 is a view similar to Fig. 5 showing the 
toggle mechanism and associated structure for 
operating" the inner slide or plunger of the press 
shown in Figs. 1 and 2, this view being taken sub 
stantially on the line 9-9 of Fig.2 and showing 
the relative positions of the parts corresponding 
to the upper dead center position of the plunger; 

Fig. 10 is a view in side elevation of the mecha 
nish shown in Fig. 9; and 

Fig. 11 is a view similar to Fig. 9 but showing 
the parts in their relative positions corresponding 
to the lower dead center position of the slide or 
plunger operated thereby. 
In the drawings, which illustrate the preferred 

embodiment of the present invention, and refer 
ring more particularly to Fig. 1, the press bed is 
designated generally by the reference character 
20, Spaced uprights or side frame portions 2 
are mounted on the bed and connected by an 
upper or arch portion designated generally by 

Fig. 1 is a diagrammatic view in the nature of 55 the reference character 22, these side and upper 
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frame portions supporting and guiding the two 
upper slides for reciprocating movement with re 
spect to the led and the bolster plate 25 thereon. 
The bed includes laterally projecting portions 26 
which are adapted to rest on suitable supporting 
columns or the like, with the floor line being rep 
resented by the dotted line 27 in Fig. 2 and pass 
ing substantially just below the bolster plate as 
ShOWn. 
The outer slide or blank holder of the press is 

designated generally by the reference character 
30 and is provided with four tie rods 3, which are 
connected to the slide adjacent each corner there 
of and extend downwardly to positions below the 
upper level of the bed 20. The inner slide is des 
ignated by reference character 33, and it is simi 
larly provided with four tie rods 34 extending 
downwardly to positions within or below the bed. 
The lower Slide 35 is located within the bed and 
below the bolster plate 25, as indicated in Figs. 
1 and 2, and it will be understood that the bolster 
plate is shown diagrammatically and in practice 
is provided with the usual holes for accommodat 
ing the pressure pins through which the action 
of the lower slide is transmitted to the work. 
The connections between the tie rods and slides 

preferably provide for axial adjustment in order 
to vary the starting position of each slide and 
hence its denth of draw. A suitable such adjust 
able connection is one similar in construction to : 
that illustrated in Patent No. 2,378,062, issued June 
12, 1945 to A. A. Byerlein and assigned to the same 
assignee as this application, which includes a 
cylindrical nut threaded on the tie rod and rotat 
ably mounted in a suitable housing on the slide. 3 
When such nuts are rotated, as through Worm 
gears and suitable drive connections to a common 
motor as described in said Patent 2,378,062, corre 
sponding axial adjustment between the nuts and 
tie rods will take place. Fig. illustrates each 
upper slide as having such adjustable connections 
for the tie rods, cylindrical housings for the ad 
justing nuts being shown at 36 on slide 30 and at 
37 on slide 33, and a motor for operating these 
nuts on the inner slide being shown at 38, there 
being a similar motor, not shown, for operating 
there nuts on the outer slide. 
In the working operation of this press, the 

upper slides 30 and 33 are mounted for recipro 
cating movement with respect to each other and 
to the bed and bolster plate, and the drive mech 
anism is so constructed and arranged that the 
outer slide 3 or blank holder performs its work 
ing stroke first, during which it descends to a 
predetermined position above the bed and then 
dwells in that position to serve as a blank holder 
with respect to the die or dies mounted on the 
bolster plate. The inner slide or plunger 33 oper 
ates in timed relation with the blank holder, de 
scending after the blank holder and performing 
its drawing operation during the period of dwell 
of the blank ho'der. After this drawing stroke 
is competed, the slide 33 also dwels and acts as 
a blank holder, and during this dwell period of 
both upper slides, the lower slide 35 rises to per 
form its drawing operation, which will be a re 
verse draw relative to the operations of the first 
two slides and which is effected through pressure 
pins traversing the bolster plate 25, as already 
pointed out. Thereafter the cycle is completed 
by the return of all three slides from their work 
ing positions to their original or upper dead cen 
ter positions. These operations are illustrated 
by and will be readily understood from the curves 
shown in Fig. 4, which illustrate the relative 

s 

4 
sequential movements of the three slides during a 
complete cycle of the press, the curve A repre 
senting the blank holder 30, curve B the plunger 
or inner slide 33 and curve C the lower slide 35. 
The main drive system for the press is shown 

in Figs. 1 and 2. There are two identical crank 
shafts 40 mounted at opposite ends of the bed 
and each carrying a large gear 4?. Each crank 
shaft is supported at its inner end by a beam 42 
which is bolted or otherwise secured to the frame 
of the bed as indicated at 43 in Fig. 2, and each 

O 

5 

() 

crankshaft is also supported adjacent its mid 
portion by means of a bearing bracket shown 
fragmentarily at 44 and secured to the frame por 
tion 45 by means such as bolts 46. The main 
power Source for the press has been removed from 
Fig. 1 in order to show parts which would other 
wise be concealed behind it, but the mounting 
bracket and cover for the drive are indicated 
fragmentarily at 49. Also, a fragment 50 of the 
power drive shaft is shown and carries a pinion 
5 meshing with intermediate gear 52 which in 
turn meshes with the pinion 53 on an inter 
mediate shaft 54. There are two smaller pinions 
55 on this shaft 54, and each meshes with one of 
the spur gears 56 on the two intermediate shafts 
57, each of which in turn carries a pinion 58 
meshing with the large gear 4 on the adjacent 
crankshaft 40. The motor bracket and these 
various intermediate shafts are all supported by 
the beams 42 and by the bearing brackets 44, 
and this construction thus provides for transmis 
sion of the drive from the drive motor equally 
to each of crankshafts 40 to cause rotation of the 
crankshafts and the parts carried thereby about 
the axis indicated by the dotted line 59 in Fig. 2. 
The toggle linkages and driving connections for 

operating the outer slide 30 are mounted in the 
frame portions 45 which form the ends of the bed, 
and they are shown in detail in Figs. 2 and 5 to 8. 
The lower ends of the tie rods 3 are connected 
as shown in Fig. 5 to a beam 60 extending across 
the outer end of the press from front to back, it 
being understood that there are two of these 
beams 60 as shown in Fig. 1 and that the struc 
ture described in connection with Figs. 5 to 8 is 
duplicated at opposite ends of the press. Each 
of these beams 60 is formed adjacent opposite 
ends of its upper portion with a yoke 6 to which 
is pivotally connected one end of one of a pair 
of elongated links 62. The upper end of each of 
these links is pivotally connected to the bifurcated 
end of one arm 63 of a bell crank lever 64 which 
in turn is pivotally mounted on a pin 65 mounted 
at its outer end in the frame portion 6 S and 
its inner end in a boss 67 on frame portion 45. 
The other arm 68 of the bell crank ever 64 is also 
bifurcated and pivotally connected to one end of 
a link 69 which has its other end pivoted to a 
member 70 mounted for vertical sliding move 
ment on the frane portion 66, the sides of this 
sliding member 70 being bifurcated at 7 to re 
ceive the links 69 as shown most clearly in Fig. 1. 
The construction of the sliding member 70 and 

the parts carried thereby is shown most clearly in 
Figs. 2, 7 and 8. The inner face of the frame 
portion 66 is formed with a vertical channel 74, 
and the sliding member 70 enga?es in this chan 
nel and is supported for sliding movement trerein 
by gibS 75 which are bolted or otherwise secured 
to the frame portion 66 adjacent the channel 74 
and extend into complementary grooves 77 in the 
sides of sliding member 70. This construction 
provides for vertiral reciprocal movement of the 

75 sliding member 70 relative to frame portion 66, 
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and this sliding movement is transmitted through 
the links 69 to bell crank levers 64 and thence to 
the elongated links 62 and beams 60 to operate 
slide 30 through tie rods 3. The driving con 
nection for such reciprocal movement of sliding 
member 70 is shown most clearly in Figs, 2, 7 
and 8. 
The upper portion of sliding member 70 is hol 

low and the upper end of a link 78 is pivotally 
mounted therein by a pin 79, the lower end of 
this link 78 being pivoted at 8 to the bifurcated 
upper end of a somewhat longer link 80. This 
link 80 is in turn pivotally mounted on a pin 82 
supported for vertical sliding movement in the 
sliding member 70. As shown most clearly in 
Figs, 7 and 8, the pin 82 has its opposite ends re 
ceived in rectangular blocks 83 and 84, and these 
blocks 83 and 84 are in turn supported for sliding 
movement in a casing 85 which is bolted or other 
wise secured to the sliding member 70. As shown 
in Fig. 8, the blocks 83 and 84 are positioned be 
tween pairs of vertical gibs 86 and 87 which are 
bolted to the casing 85, the bolts 88 which secure 
the gibs 87 to casing 85 being shown as also Se 
curing this casing to the sliding member 70. The 
lower end of the link 80 is pivotally connected to 
a crank pin 90 set in a crank arm portion 9 in 
tegrally formed or otherwise secured to the outer 
end of the crankshaft 40. 

In operation, rotation of crankshaft 49 will 
cause similar rotation of the crank pin.90 about 
the axis 59 of the crankshaft, thus causing ro 
tational movement of the lower end of link 80 
which will be translated into reciprocal move 
ment of the siding member 70 to operate slide 
30 through the toggle linkages with a prolonged 
dwell in its movements. Fig. 5 illustrates the po 
sitions of these parts when the slide is in its upper 
dead center position, and as the crankshaft ro 
tates from this position, link 80 Will be drawn 
downwardly and will pull the sliding member 70 
similarly downwardly to its lowermost position as 
shown in Fig. 7. During this downward move 
ment, member 78 will operate through links 69 
to rock levers 64 downwardly and outwardly, thus 
straightening the linkages composed of lever 

3) 

55 

arms 63 and the elongated links 62 until they are 
in substantial alignment and parallel with tie 
rods 3 f, as shown in Fig. 7. This straightening 
movement of linkage 62-63 results in pushing 
downwardly on beams 60, and since these beams 
are secured to the lower ends of tie rods 3, the 
downward movement of the beams will place 
tension on the tie rods, pulling them downwardly 
and thus causing operating movement of the 
upper slide 30. Beams 60 also provide for ready 
connection between slide 30 and the air cushions 
95, such connection being shown as formed by the 
rods 96 secured to beams 60 and extending into 
the air cushions as illustrated in Fig. 1. 
The arrangement of toggle links and leversis 

such that beams 60 and slide 30 will reciprocate 
with a prolonged dwell in their movements, as 
illustrated by the curve A in Fig. 4. As shown by 
this curve, the movement of the slide is first rel 
atively rapid, but is then retarded as the crank 
shaft and member 70 approach their lower dead 
center positions until it stops completely as the 
slide enters its dwell period. which corresponds 
to the flattened middle position of curve A. It 
will also be noted that prolongation of this dwell 
is facilitated by the slidable mounting of the pivot 
pin 82 for link 80 in member 70, which permits ap 
preciable upward movement of link 80 before 
member 70 begins its upward travel. 

It will thus be seen that the mechanism shown 

55 

60 

in Figs. 5 to 8 provides for the transmission of a 
balanced operating force to the blank holder. 
The arrangement of toggle links and levers is 
highly compact and requires only relatively short 
connecting shafts at Opposite ends of the bed, and 
these shafts are substantially free of torsional 
stress since they serve merely as pivotal Supports 
for the levers 64, the drive being transmitted to 
the lever arms 68 at points radially spaced from 
shafts 65 through the sliding member 70 and 
links 69, and each lever arm 68 being closely 
spaced axially from its associated lever arm 63. 
Also, the toggle linkages, tie rods and beam 69 all 
have their central planes in substantially the 
same vertical plane, and since the angularly di 
rected forces in the linkages are absorbed in the 
beam and press frame, the only forces applied to 
the slide are substantially directly in line with the 
tie rods 3, and are applied equally to each tie 
rod and hence equally to each corner of the slide, 
thus causing its operating movement to follow a 
straight line course with minimum side thrust, 
even under conditions of unbalanced loads on the 
die carried thereby. 

In addition, since the tie rods 3 are free and 
unstressed except for the tension developed in 
them during the downward stroke and dwell pe 
riod of the blank holder, they are capable of 
stretching individually or collectively as required 
to adjust the pressure of the blank holder on the 
sheet and to prevent tearing or wrinkling of the 
sheet during the forming operation as a result of 
improper pressure and even though there are 
Substantial variations in sheet thickness from 
One sheet to the next and within different por 
tions of the same sheet. In presses of this type 
as heretofore constructed, and wherein the blank 
holder is operated mechanically through screws 
which are in compression during the dwell period, 
the operating mechanism for the blank holder 
commonly requires highly accurate adjustment 
in accordance with the thickness of the sheets to 
be drawn, and unless this adjustment is properly 
controlled to compensate for variations in sheet 
thickness as they occur, spoilage of the sheet may 
result. Thus if a sheet should be run which is as 
little as 0.005 inch over the thickness for which 
the blank holder is set, it may be torn during the 
forming stroke or strokes of the press as a result 
of too great pressure by the blank holder to per 
mit proper drawing. Conversely, a sheet which 
is as little as 0.005 inch under the thickness to 
which the press is adjusted may be drawn in too 
easily and wrinkled as a result of insufficient pres 
Sure by the blank holder. Thus in the absence of 
constant attention to the adjustment of the blank 
holder of such a press relative to the sheet thick 
ness, a substantial amount of spoilage may result. 

In the operation of the present press as de 
scribed and shown in Figs. 1 to 8, when the pres 
sure on the sheet between the blank holder and 
the lower die or dies is greater than that for 
which the press is initially set, it will be com 

65 

70 

75 

pensated for by elastic stretching of the tie rods 
8. For example, in the manufacture of auto 
mobile bodies, this press will usually handle 
sheets of the order of 0.040 inch in thickness, and 
for such use highly satisfactory and uniform re 
sults have been obtained with the tie rods 3 
formed of a good grade of steel having a high 
yield point, an example being a rod 5 inches in 
diameter and approximately 20 feet in length 
capable of elastic stretch up to a total of ap 
proximately 0.125 inch without rupture or per 
manent deformation. 
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In the initial adjustment of the press with tie 
rods 3 of such elasticity and for handling sheet 
of approximately 0.040 inch in thickness, the 
blank holder can be set down squarely on the 
lower die without adjustment of the individual 
tie rods at each corner and then operated in that 
setting, or if desired the blank holder can be 
backed off a fraction of the average sheet thick 
ness, i. e., less than the minimum thickness ex 
pected. In operation, the tie rods 3 will thus 
adjust themselves by elastic deformation, either 
individually or collectively as required, to the 
thickness of each sheet, and they will accord 
ingly provide the desired uniform pressure of the 
blank holder over the whole sheet without fur 
ther individual adjustments. 
The toggle linkages and drive connections for 

operating the inner slide or plunger 33 are also 
mounted in the frame portions 45 of the bed and 
closely adjacent the corresponding mechanism 
for the outer slide or blank holder 30 as shown 
in Fig. 2, and they are shown in detail in Figs. 
9 to 11. The lower ends of the pair of tie rods 
34 at each end of the press are connected to a 
beam 00 extending from front to back across 
the press and parallel to but inwardly of the ad 
jacent beam 60, there being one of these beams 
f00 at each end of the press as shown in Fig. 1. 
Each of beams 00 includes a pair of yoke por 
tions 0 providing pivotal connections to the 
lower ends of a pair of elongated links O2 simi 
lar to the links 62 and similarly lying in the same 
vertical plane with the beam 00 and tie rods 34. 
The upper end of each link O2 is pivoted to the 
bifurcated end of the arm 03 of one of a pair 
of levers (4 mounted for rocking movement On 
the pins 65 which also support the bell Crank 
levers 64. The other arm 05 of each lever 04 
is similarly bifurcated and pivotally connected 
to one end of a link 06, the lever arms 03 and 
05 being axially offset as shown in Fig. 10 to 

provide for Operating clearance of the parts Con 
nected therewith. 
The two links 06 are each pivotally connected 

to a sliding member 0, which has yoke portions 
formed on each side thereof to receive these 

links and which is mounted similarly to member 
70 for vertical reciprocating movement between 
the gibs or guides 2 which are bolted to the 
frame portion 45. This member O is partially 
hollow, as shown in Fig. 11, and is pivotally con 
nected at 3 to the end of an eccentric strap 
5 rotatably mounted on an eccentric portion 
4 of the crank shaft 40, this construction thus 

providing for translating the rotary motion of 
the crankshaft into vertical reciprocal move 
ment of the siding member 0. As shown in 
Fig. 9, the eccentric ft 4 and crank 9 are rela 
tively angularly arranged, to provide for a prop 
erly timed relation between the operation of the 
two slides 30 and 33 as shown in Fig. 3, the lines 
connecting the crankshaft axis 59 with the cen 
ters of Crank pin 90 and eccentric 4, respec 
tively, forming an angle of substantially 147 with 
each other. 
The operation of this mechanism to cause 

operating movement of slide 33 is similar to that 
of the mechanism shown in Figs. 5 to 8, as de 
Scribed. Fig. 9 illustrates the positions of these 
parts when the slide 33 is in its upper dead cen 
ter position. It will be noted that the sliding 
member O is then in its lowermost position, 
and also that crank pin 90 is beyond its upper 
dead center position, this result being due to the 
angular relation between the eccentric 4 and 

20 

30 

35 

40 
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8 
the crank 9, as described, and being also illus 
trated by the relation between the uppermost 
parts of the curves A and B in Fig. 4. As the 
crankshaft rotates from the position shown in 
Fig. 9, the eccentric ft 4 will rise and force sliding 
member 0 upwardly, thus causing rocking 
movement of levers 04 through links 05 with 
resultant straightening of the linkages composed 
of lever arms 103 and links 02 into substantial 
parallelism with tie rods 34 as illustrated in Fig. 
11. This straightening movement of the link 
ages 02-03 will produce downward thrust on 
the beams 00, with accompanying tension on tie 
rods 34 to pull the slide 33 downwardly towards 
the bed. As described in connection with slide 
30, slide 33 may also operate during its working 
stroke against suitable air cushions 6 through 
rods extending downwardly from beams 00 
to each of the air cushions. 
The operating cycle of slide 33 is illustrated by 

curve B in Fig. 4, and as shown, the drawing 
stroke of the slide is similar to that of slide 30 
but is in timed relation therewith in accordance 
with the angular offset of crank 9 and eccentric 

4. The slide 30 can thus complete its down 
ward stroke and begin to dwell as the slide 33 be 
gins the forming part of its downward stroke, 
So that slide 30 can thus serve as a blank holder 
for slide 33. Also, the arrangement of toggle 
links and levers is such that after slide 33 com 
pletes its working stroke, it also can dwell for a 
Substantial period as shown by the flattened 
middle portion of curve B in Fig. 4, and it is dur 
ing this combined dwell period of the two upper 
slides that the forming stroke of the lower slide 
35 takes place. Thereafter the two upper sides 
return to their upper dead center positions, and 
as shown by Fig. 4, the angular relation between 
the eccentric 4 and crank 9 is such that these 
return strokes being substantially simultane 
Ously. 

It will thus be seen that the operation of slide 
33 will be similar to that of slide 30 as described, 
with similar advantages. Since the forces ex 
erted on linkages fo2-03 are resolved into 
straight vertical movement of beams OO, the ten 
Sion on tie rods 34 will be similarly vertical and 
will result in a straight and equally balanced pull 

50 

55 

(BO 

70 

75 

on slide 33 with minimum tendency to side thrust 
or other conditions of improper balance such as 
might cause cocking or jamming of the slide dur 
ing working movement. However, instead of leav 
ing these tie rods free and unstressed as is the 
case with the tie rods 3 for the blank holder, the 
tie rods 34 for the inner slide are preferably pre 
stressed and encased in suitable sleeves to pre 
vent them from such stretching in use as would 
be likely to cause non-uniform results. This is 
illustrated in Figs. 2, 9 and 10 by showing the tie 
rods 34 as composed of an inner core 18 and an 
outer sleeve 9. It will also be noted that the 
drive is initially transmitted to the toggle linkages 
for the plunger through the sliding member 10 
and links fos without torsional stress on the 
shafts or pins 65, in the same manner as described 
in connection with the operation of the blank 
holder. 
As pointed out, the lower slide 35 performs its 

working stroke during the dwell periods of the 
upper slides and in the opposite direction, so that 
both upper slides can serve as blank holders rela 
tive to the die operated by the lower slide. This 
lower slide 35 is mounted for vertical reciprocal 
movement within the bed as shown in Figs. 1 and 
2, and it is operated by connecting rods 20 and 
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a crank portion 2 of crankshaft 40. As shown 
in Fig. 2, each connecting rod 20 has its upper 
end pivotally connected to an adjusting screw 22 
threaded in a nut 23 which is rotatably mounted 
in the lower slide 3, this construction being 
similar to the adjustable connections between the 
tie rods 3 and 34 and slides 30 and 33 as de 
scribed. That is to say, the nut 23 can be 
rotated relative to screw 22 to raise or lower the 
position of the lower slide in the bed in accord 
ance with the desired depth of draw. This ad 
justing movement of nuts 23 can be carried out 
through worms 24 driven by motor 25 through 
the gearing indicated generally at 26. 

It will be seen that by means of the above con 
struction, rotary movement of the crankshaft 40 
will be translated through the connecting rods 
f2O and crank portions 2 into vertical reciprocal 
movement of the lower side 35. Also, this oper 
ation of the lower Slide can be controlled in timed 
relation with the movements of the upper slides 
by suitable angular positioning of the crank por 
tion 12 relative to crank 9 and eccentric flk. 
As shown in Fig. 3, the line connecting the crank 
shaft axis 59 with the center of the crank portion 
f2 is angularly arranged relative to both of the 
similar lines to the centers of crank pin 90 and 
eccentric 14, for example at an angle of 30° rela 
tive to the line to the center of eccentric 4. 
With this construction, the operating stroke of 
the lower slide 35 will take place during the dwell 
periods of both of the upper slides, as is illus 
trated by curve C in Fig. 4, which shows that the 
lower slide 35 reaches its upper dead center posi 
tion towards the end of the dwell periods of the 
upper slides, i.e., just after the eccentric has 
passed its upper dead center position shown in 
Fig. 1, and then moves downwardly, as the upper 
slides begin their return strokes in preparation 
for the next operating cycle of the press. 
The present invention accordingly provides a 

simple, highly effective and advantageous drive 
system for a multiple action drawing press. The 
drive mechanisms are highly compact and are so 
arranged in the frame as to provide balanced 
operating forces with comparatively short shafts, 
and without complicated levers or rock shafts 
which are required to withstand and transmit 
torsional forces in the operation of the press. In 
addition, the angularly directed forces incident 
to operation are absorbed before the drive is 
transmitted to the tie rods which Operate the 
slides, thus providing for direct pull on the tie 
rods during the operating stroke of each upper 
slide, and this results in operating the slide with 
minimum lateral thrust even under conditions of 
unequally distributed load over the work areas 
of the die or dies carried thereby. In addition, 
these advantages are obtained in a press having 
its entire drive system located in or below the 
bed, thus permitting a lighter and better balanced 
construction in the upper portion of the frame 
while providing also for improved absorption of 
operating stresses in the bed. 
While the form of apparatus herein described 

constitutes a preferred embodiment of the inven 
tion, it is to be understood that changes may be 
made therein without departing from the scope of 
the invention which is defined in the appended 
claims. 
What is claimed is: 
1. A drawing press of the character described 

comprising, in combination, a frame including a 
bed, a slide mounted in said frame for vertical 
reciprocating movement above said bed, a pair of 
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10 
tie rods adjacent each end of said frame and con 
nected at their upper ends with said slide, a beam 
connected to the lower ends of each said pair of 
tle rods, and drive means mounted in said frame 
and including toggle linkages mounted above 
each said beam and connected thereto and to said 
driving means for straightening movement effec 
tive to push said beams downwardly and to de 
velop tension in said tie rods pulling said side 
toward said bed. r 

2. A drawing press of the character described 
comprising, in combination, a frame including a 
bed, a slide mounted in said frame for vertical 
reciprocating movement above said bed, tie rods 
connected to said slide adjacent each corner 
thereof and extending into said bed, a pair of 
beams positioned one adjacent each end of said 
frame and extending horizontally across the ends 
of said frame, means connecting each of said 
beams to the adjacent pair of said tie rods, toggle 
linkages mounted in each end of said bed above 
said beam therein, means connecting two of said 
toggle linkages to each of said beams, and drive 
means for straightening said linkages to force 
down said beams and said tie rods and to pull 
said slide toward said bed. 

3. A drawing press of the character described 
comprising, in combination, a frame including a 
bed, a slide mounted in said frame for vertical 
reciprocating movement above said bed, tie rods 
connected to said slide adjacent each corner 
thereof and extending into said bed, rigid means 
interconnecting the lower ends of said tie rods 
in pairs, a plurality of toggle linkages mounted in 
said bed, means connecting the lower ends of 
said linkages to said rigid means, a sliding mem 
ber mounted for vertical reciprocating move 
ment in Said bed, drive means for causing said re 
ciprocating movement of said sliding member, and 
means connecting Said sliding member to the 
upper ends of said linkages and effective upon 
reciprocating movement of said sliding member 
to straighten said linkages and to cause down 
Ward movement of the lower ends thereof, and 
of said tie rods to pull said slide toward said 
bed. 

4. A drawing press of the character described 
comprising, in combination, a frame including a 
bed, a plurality of separate slides mounted in 
said frame for vertical reciprocating movement 
above said bed, a pair of beams located adjacent 
each end of Said bed, tie rods connecting one 
beam of each said pair to One of said slides and 
the other said beam of each said pair to the other 
said slide, toggle linkages for causing vertical re 
ciprocating movement of said beams to operate 
said slides, each said linkage including a link con 
nected to one of said beams and a lever mounted 
for pivotal movement in said bed about an axis 
above and substantially perpendicular to said 
beams, each said lever having two arms in closely 
spaced axial relation, one of said arms being 
connected to said link, drive means in said frame, 
and means operatively connecting the other arm 
of each said lever with said drive means effective 
to cause relative straightening movement of each 
said link and said first named arm of each said 
lever to force said beams downwardly and to 
develop tension in said tie rods pulling said slides 
toward said bed. 

5. A drawing press of the character described 
comprising, in combination, a frame including a 
bed, a plurality of separate slides mounted in 
said frame for vertical reciprocating movement 
above said bed, tie rods connected with each said 
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side adjacent each corner thereof and extending 
into said bed, four beams positioned below the 
top of said bed, two of said beams being posi 
tioned adjacent each end of Said frame and each 
being connected with two of said tie rods from One 
of said slides, separate pairs of toggle linkages 
mounted in said bed above said beams therein 
and respectively connected to each said beam, 
each of said beans and the tie rods and linkages 
connected therewith having their respective cen 
tral planes in substantially the same vertical 
plane to minimize angularly directed forces trans 
mitted to said tie rods and slides, and drive 
means effective to straighten said linkages into 
substantial parallelism with Said tie rods to 
force said beams downwardly to develop tension 
in said tie rods pulling said slides toward said 
bed and Operating said slides in timed relation 
With dwells in their movements. 

6. A drawing press of the character described 
comprising, in combination, a frame including a 
bed, a plurality of separate slides mounted in 
said frame for vertical reciprocating movement 
above said bed, tie rods Connected with each said 
side adjacent each corner thereof and extend 
ing into said bed, four beams positioned below 
the top of said bed, two of said beams being posi 
tioned adjacent each end of Said frame and each 
being connected With two of Said tie rods from 
One of said slides, a plurality of pairs of toggle 
linkages mounted in the ends of said bed above 
said beams therein, one of said pairs of linkages 
being connected to each said beam, parallel shafts 
extending lengthwise of Said frame and forming 
common pivotal mountings for a linkage of each 
said pair and a linkage of the adjacent pair, and 
drive means effective to cause straightening 
movement of said linkages about said shafts to 
force said beams downwardly to develop tension in 
Said tie rods pulling Said slides toward said bed 
and operating said slides in timed relation with 
dwells in their movements. 

7. A drawing press of the character described 
comprising, in combination, a frame including 
a bed, a plurality of Separate slides mounted in 
said frame for vertical reciprocating movement 
above said bed, a pair of beams located adja 
cent each end of said bed, tie rods connecting one 
beam of each said pair to one of said slides and 
the other said beam of each said pair to the other 
said slide, a plurality of sliding members mounted 
for vertical reciprocating movement in said bed, 
drive means for reciprocating Said sliding mem 
bers, toggle linkages mounted in said bed, each 
said linkage being positioned above one of said " 
beams and connected therewith, and means con 
necting Said linkages with said sliding members 
effective in response to movement of Said Slid 
ing members to straighten said linkages into sub 
stantial parallelism with said tie rods to force 
said beams and tie rods downwardly and to op 
erate said slides through said tie rods. 

8. A drawing press of the character described 
comprising, in combination, a frame including a 
bed, a plurality of separate slides mounted in 
said frame for vertical reciprocating movement 
above said bed, a pair of beams located at each 
end of Said bed and below the top of said bed, 
tie rods connecting one beam of each said pair 
to one of said slides and the other Said beams 
to the other said slide, a crankshaft mounted in 
said bed, a plurality of sliding members in the 
ends of Said bed, means connecting Said sliding 
members with Said crankshaft for vertical re 
ciprocating movement in response to rotation of 
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Said crankshaft, means including toggle link 
ages in the ends of said bed interconnecting one 
beam of each said pair and One of Said sliding 
members and effective upon downward movement 
of said sliding member to force said intercon 
nected beam downwardly, and means including 
toggle linkages in the ends of Said bed intercon 
necting the Cthers of said sliding members and 
the other said beam of each said pair and ef 
fective upon upward movement of said other slid 
ing member to force said other beams down 
Wardly. 

9. A drawing press of the character described 
Comprising, in combination, a frame including a 
bed, a plurality of separate slides mounted in 
Said frame for vertical reciprocating movement 
above Said bed, a pair of beams located adjacent 
each end of said bed, tie rods connecting one 
beam of each Said pair to one of Said slides and 
the other said beam of each said pair to the other 
said slide, a crankshaft mounted in said bed, a 
plurality of Vertically reciprocable sliding mem 
bers in said bed, means connecting said sliding 
members With said crankshaft for reciprocating 
movement in response to rotation of said crank 
Shaft, toggle linkages mounted in said bed and 
each connected with one of said beams, each 
said toggle linkage being mounted above and in 
Substantially the same vertical plane as said beam 
connected therewith, means connecting said link 
ages with said sliding memb3rs effective in re 
Sponse to movement of Said sliding members to 
Straighten said linkages into substantial paral 
lelism with Said tie rods and force said beams 
downwardly and to Operate said slides through 
said tie rods with dwells in their movements, a 
third side mounted in said bed for vertical re 
ciprocating movement, and means including a 
connecting rod operated by said crankshaft for 
operating said third slide in timed relation with 
said first named SideS. 

10. A drawing press of the character described 
Comprising, in combination, a frame, including 
a bed, a plurality of separate slides mounted in 
said frame for vertical reciprocating movement 
above said bed, a pair of beams located adjacent 
each end of Said bed, tie rods connecting one 
beam of each said pair to one of said slides and 
the other said beam of each said pair to the 
other Said slide, Separate pairs of toggle linkages 
connected to each said beam and each including 
a lever mounted for pivotal movement in said 
bed, means in Said frame providing a coaxial piv 
otal axis above and Substantially perpendicular 
to said beams for one said lever associated with 
One beam of one of said pairs of beams and one 
lever associated with the other beam of said 
pair and providing for relative coaxial movement 
of Said levers, and drive means for causing 
straightening movement of said linkages to force 
said beams downwardly and to operate said slides 
through said tie rods. 

11. A drawing press of the character described 
comprising, in combination, a frame including 
a bed, a plurality of Separate Slides mounted in 
said frame for vertical reciprocating movement 
above Said bed, a pair of beams located adjacent 
each end of said bed, pairs of tie rods connecting 
One beam of each said pair to one of said slides 
and the other said beam of each said pair to the 
other said slide, separate pairs of toggle link 
ages Connected to each said beam and each in 
cluding a lever, each Said pair of toggle linkages 
being arranged above said beam connected there 
to and in Substantially the same plane with said 
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beam and said tie rods connected thereto, parallel 
shafts mounted in said bed lengthwise of Said 
frame for supporting said levers, each said link 
age connected to one beam of one of said pairs 
of beams having said lever therein mounted for 
relative rotational movement on the same one 
of said shafts as said lever in one of said link 
ages connected to the other beam of said pair 
of beams, drive means in Said frame, and means 
operatively coupling said drive means to each of 
said levers for rocking said levers on said shafts 
and causing straightening movement of said link 
ages to force said beams downwardly and to op 
erate said slides through said tie rods. 

12. A drawing press of the character described 
comprising, in combination, a frame including a 
bed, a slide mounted in said frame for vertical 
reciprocating movement above said bed, drive 
means mounted in said frame and including 
toggle linkages for actuating said slide with dwell 
in its movements, a pair of tie rods adjacent each 
end of said frame and connected at the upper 
ends thereof with said slide, means below said 
linkages interconnecting the lower ends of said 
tie rods, and means also connecting said inter 
connecting means to the lower ends of said link 
ages for downward movement thereof in response 
to straightening movement of said linkages to 
effect balancing of transverse forces developed 
in said linkages and to place said tie rods in ten 
sion in pulling said slide toward said bed. 

13. A drawing press of the character described 
comprising, in combination, a frame including 
a bed, a slide mounted in said frame for vertical 
reciprocating movement above said bed, a bean 
extending across each end of said bed, tie rods 
adjacent each end of said frame and connected 
at their upper ends with said slide and at their 
lower ends with one of Said beams, drive means 
mounted in said frame, and toggle linkages above 
each of said beams connecting the adjacent said 
beam with said drive means to effect reciproca 
tion of said beam with a dwell in its movements 
causing said tie rods to be placed in tension upon 
downward movement of said beam to actuate 
said slide in substantially direct relation with 
said movement of said beams. 

14. A drawing press of the character described 
comprising, in combination, a frame including 
a bed, a slide mounted in said frame for vertical 
reciprocating movement above said bed, a pair 
of tie rods adjacent each end of said frame and 
having their upper ends connected with said 
slide and their lower ends extending into the 
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ends of said bed, a beam extending across each 
end of said bed and connected to the lower ends 
of the adjacent said pair of tie rods, a pair of 
toggle linkages mounted in each end of Said 
bed above said beam therein and between Said 
pair of tie rods therein for movement in sub 
stantially the same vertical plane as said beam 
and tie rods, means connecting each said pair 
of toggle linkages to the adjacent said bean, 
and drive means for straightening said toggle 
linkages to push said beams downwardly and to 
develop tension in said tie rods pulling said slide 
towards said bed. 

15. A drawing press of the character described 
comprising, in combination, a frame including 
a bed, a slide mounted in said frame for vertical 
reciprocating movement above said bed, a beam 
located at each end of said bed and below the 
top of Said bed, tie rods connecting said slide 
with said beams, a pair of sliding members 
mounted for vertical reciprocating movement in 
said bed, a pair of toggle linkages mounted in 
each end of Said bed, means connecting One end 
of each of Said linkages to the adjacent said beam, 
means connecting the other ends of said linkages 
to the adjacent said sliding member, means 
mounted for vertical reciprocating movement in 
each of said sliding members, a first link pivotally 
mounted in each said sliding means, a second 
link pivotally connected to one end of each said 
first link and to the adjacent said sliding member, 
and means for causing rotational movement of 
the other end of each said first link in a substan 
tially vertical plane to cause said sliding members 
to reciprocate with a dwell in their movements, 
said connecting means between said sliding mem 
bers and said linkages being effective upon down 
Ward movement of Said sliding members to 
straighten said linkages into substantial paral 
lelism with said tie rods to force down said beams 
and tie rods and to operate said slide with a 
dwellin its movements. 
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