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UNITED STATES PATENT OFFICE. 
MORRIS C. WHITE AND OTHO C. DURYEA, OF CHICAGO, ILLINOIS, 

FoRGING-PRESS. 

1,063,632. Specification of Letters Patent. Patented June 3, 1913, 
Application filed January 7, 1910, serial No. 536,947. Renewed November 4, 1912, serial No. 729,471. 

To all whom it may concern 
Be it known that we, MoRRIs C. WHITE 

and OTHo C. DURYEA, citizens of the United States, residing at Chicago, in the county 
of Cook and State of Illinois, have invented a new and useful Improvement in Forging 
Presses, of which the following is a speci 
fication. - w 

Our invention relates to improvements in 
the construction of internal combustion 
power machines, and we show our improve 
ments embodied in a press designed for use, 
more especially, in the forging of metals. 
The machine as illustrated possesses the 

following characteristics: The forging tool, 
or hammer, rises and descends over a sta tionary anvil and is directly connected with 
a piston in a hydraulic cylinder. A con 
tinuously-rotating electric motor operates a 
rotary liquid pump and an air-compressor. 
An internal combustion cylinder contains a 
movable piston operating directly against 
a column of liquid, which may be a suitable 
oil, forming the power-transmitting medium 
between the said piston and that in the hy 
draulic cylinder. The pump operates to 
maintain the oil column and supplies oil 
under pressure, which, by the manipulation 
of a manually-operated valve, may be caused 
to enter the hydraulic cylinder below the 
piston to raise the forging hammer, or di 
rected into the said cylinder above the pis 
ton to lower the hammer against the work 
in advance of an explosion in the internal 
combustion cylinder. By means of a manu 
ally-operated lever the explosive mixture is 
directed from the compressor into the in 
ternal combustion cylinder and exploded 
against the movable piston therein, the force 
of the explosion being communicated to the 
forging-hammer piston through the oil-col 
umn. The distance of movement of the op 
erating-handle regulates the degree of com 
pression of the explosive mixture at the time 

; , of an explosion, thereby regulating the force 
of the explosion and therefore the pressure 
of the hammer against the work in each in 
stance. 

H 

The construction illustrated in the ac 
companying drawings, and hereinafter de 
scribed, may be variously modified in the 
matter of details and combinations of parts 
without departing from the spirit of our in 
vention as defined in the appended claims. 

Referring to the drawings Figure 1 is a 
partly sectional side elevation of our inter 

end thereof is a piston 28, 

nal combustion forging-press; Fig. 2, an en 
larged broken view of interlocking operat 
ing levers: Fig. 3, a section taken online 3 
in Fig. 2; Fig. 4, an enlarged broken partly 
sectional view of the power-generating por 
tion of the machine; Fig. 5, an ciga 
section, taken on line 5 in Fig. 1, showing 
the construction of the valve-mechanism for raising and lowering the hammer-piston; 
Fig. 6, a section taken online 6 in Fig. 5, 
on a Somewhat reduced scale; Figs. 7, 8 and 
9 plan:sections taken on lines 7, 8 and 9, 
respectively, in Fig. 5; and Fig. 10, a broken 
Section on irregular line 10, 10 in Fig. 4. 
In Figs. 1 and 4, 11 is the casing of an 

electric motor, the armature shaft g which 
carries a centrifugal pump in the casing 12. 
In the casing 
shaped into a double-crank to operate pis 
tons in the compressor-cylinders 14, 15 
der, containing a piston 16, and a stem 17 
Working through a stuffing-box 18. The pis 
ton 16, shown, is chambered and the stem 
17, which enters said chamber through a con 
tracted opening in the piston wall, has an 
enlarged end which prevents separation of 
the piston and stem. The piston may move 
upon the stem a distance limited by the 
depth of its chambered portion. Extend 
ing from the stuffing-box 18 is a pipe or 
cylinder 19 entering the top of a vertical 
cylinder 20. The stem 17 forms an oil-dis 
placing plunger in the pipe or cylinder 19. 
21 is an oil-reservoir communicating through 
a pipe 22 with the pump-chamber 12. 24 is 
a stationary anvil, and 25 a forging-ham 
mer, or Work-performing member, on a stem 
26. The stem 26 passes through a relatively 
stationary and suitably packed guide-ring 

13 the armature shaft is 
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(Fig. 10) is an internal combustion cylin 
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27 in the cylinder 20, and fixed to the upper 
the stem 26 between the piston 28 and guide 
27 is a relatively yielding follower 29, inter 
posed between which and the piston 28 are 
the springs 30. At the side of the cylinder 
20 is a valve-shell 31 having a port or pas 
sage 32 communicating with the cylinder 20 
directly above the guide 27, and having a 
port or passage 33 communicating with the 
upper end of the cylinder 20. In one side of 
the shell 31 is an inlet-port 34 communicat 
ing through a pipe 35 with the pump-cham 
ber 12; and in the opposite side of the shell 
is an outlet port 36 communicating through 
a pipe 37 with the oil-chamber or reservoir 

Surrounding 
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21. Communicating at opposite ends with 
the pipes 35, 37, respectively, is a pipe or 
by-pass 38 fitted with a one-way plug-valve 
39, the stem of which carries a pinion 40, 
The ports or passages 32, 33 communicate 
respectively with lower and upper cham 
bers 41 and 42 in the valve-shell 31. Be. 
tween said chambers is a chamber 43 com 
municating with the outlet-port 36; above 
the chamber 42 is a chamber 44 communi 
cating with the inlet-port 34 and below the 
chamber 41 is a chamber 45 also communi cating with the inlet-port 34, Extending 
centrally through the valve-shell 31 is a stem 
46. Fixed to the stem 46 in the chamber 43 
is a collar 47, and below the shell the stem 
carries a stop 48. On the stem are the 
relatively-yielding valves 49, 50, 51 and 52, 

20 
41 and 43 and 41 and 45. 

which, when the stem 46 is in normal posi 
tion, close, respectively, communication be 
tween the chambers 42 and 44, 42 and 43, 

Upward move 
ment of the stem 46 from the normal posi 

25 
ition causes the stops 47, 48 to simultane 
ously open the valves 50, 52, and downward 
movement of the stem from normal posi 
tion causes a stop 

.. open the valve 49 and the stop 47 to open 

30 
the valve 51. It will be understood that 
while the stem 46 is in normal position 
the confined springs 54, 54 shown hold all 
the valves seated, and when the stem is 
raised the shoulder 55 on the sleeve of the 

... valve 50 locks the valve 49 closed. 56 is an 
operating handle or lever fulcrumed between 
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its ends at 57 and pivotally connected by 
means of a link 58 with the lower end of 
the stem 46. The lever 56 passes through 
a quadrant 59 and is equipped with a han 
dle-grip 60 and catch 61, actuated thereby, 
to release a notch in the quadrant to permit 
the handle to be swung, to raise or lower 
the stem 46 from the normal position de 
scribed. Fixed to the stem 46 is an arm or 
bracket 62 on the end of which is mounted 
a rack-bar 63 engaging the pinion 40. The 
parts are so constructed and arranged that 
when the lever 56 and stem 46 are heid, by 
the catch 61, in normal position, the plug 
valve 39 opens the by-pass 38 around the 
valve-casing 31; but when the stem 46 is 
either raised or lowered to open valves in 
the valve-shell 31, the valve 39 is turned 
to close the said by-pass. As before stated 
the motor and pump Work constantly, and 
when the lever or operating handle 56 is in 
normal position, and the by-pass 38 there 
fore open, the pump circulates oil from the 
pump-chamber through the pipe 35, by-pass 
38, pipe 37, reservoir 21 and pipe 22. To 
raise the forging-hammer from the position 
shown in Figs. 1 and 6, the operating handle 
56 is released from the quadrant notch and 
lowered to open the valves 52, 50, at the same 
time closing the by-pass 38. This causes oil 

53, at its upper end, to passage 65. 
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from the pump-chamber 12 to be forced 
through the valve 52 and port 32 against the 
under side of the follower 29 and raise the 
Same, the piston 28, the stem 26 and the ham 
mer 25. Oil above the piston 28 is forced 
outward through the port 33, valve 50 and 
pipe 37 to the reservoir 21. When the ham 
mer is raised to the desired extent the op 
erating handle 56 is again moved to normal 
position. To lower the hammer against the 
work on the anvil the operating handle 56 
is raised to open the valves 49, 51, when oil 
will be forced through the port 33 and with 
drawn through the port 32. When the ham 
mer has been lowered to the desired posi 
tion, the operating handle 56 should be 
moved to normal position again to open the 
by-pass. 
The internal combustion power mecha 

nism herein shown is very similar to that 
illustrated in reissue Letters Patent No. 
12,957, granted to us May 18, 1909. The 
induction ports of the compressor 14 com 
municate with a chamber or passage 64 
(Fig. 10) and the eduction ports of the 
compressor communicates with a chamber or 

In the chamber 64 is an air 
inlet port 66 fitted with a valve 67 which 
may E. opened or closed by means of a 
thumb-nut. 68 or otherwise, by the operator, 
when desired. Also in the chamber 64 is a 
port 69 communicating at 70 with a suitable 
carbureter, not shown. The port 69 is fitted 
with a valve 71 on a stem 72. The chamber 
65 communicates through a check-valve 73 
with the chamber of the internal combustion 
cylinder. 
communicates through a valve device 74 
with a reservoir 75 which in turn communi 
cates with the interior of the cylinder 15 at 
76. In the valve-device 74 is a pressure 
regulating valve 77, the stem of which car 
ries the valve 78 and is connected with a 
flexible diaphragm 79. The diaphragm is 
held normally in position of opening the 
valve 78 by a spring 80 tensioned by means 
of a screw-plug 81. The object of the reser 
voir 75 is to provide air-pressure for re 
turning the piston 16 to initial position and 
the Spring 80 may be tensioned to regulate 
the minimum pressure to be maintained in 
the tank 75. It may be stated here that be 
fore starting forging operations, and after 
the motor has been started, the valve 67 may 
be opened to cause the compressors to pump 
the desired amount of air-pressure into the 
cylinder 75, after which the valve 67 may 
be closed. As the intake-valve 71 from the 
carbureter is normally closed, the compres 
sor pistons will draw against a vacuum and 
do no compressing except when the car 
bureter valve 71 is opened, as hereinafter ex 
plained. On the side of the internal com 
bustion cylinder 15 is a box or casing 82 
containing a piston chamber S3, in open 

The eduction chamber 65 also : 
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communication with the interior of the 
cylinder, and an exhaust-passage 84, for 

other may be moved, but both cannot be out 
of normal position at the same time. 

the cylinder, fitted with an exhaust-valves. When the forging-hammer has been low 
85 having a stem 86. In the chamber Or 

5 cylinder 83 is a plunger 87 exposed to the 
pressure in the main cylinder and having a 
stem 88, 

89 is a slotted extension of the cylinder 
83 containing a bifurcated sliding plug 90. 

to Confined between the inner end of the plug 
90 and the piston 87 is a regulating ES 9. 

92 is a swinging contact-lever pivoted at 
93 and extending through the bifurcated 
parts of the cylinder-extension. 89 and plug 

1590. A spring 94 in the sliding-plug tends 
normally to maintain the lever 92 against 
the end of the stem 88. Between its ends 
the lever 92 has a lug-portion 95 and at its 
lower end it is bifurcated to receive the 

20 stem 72, being engaged by a sliding spring 
- pressed collar 96 on the said stem. Ful 
scrumed between its ends in the box 82 is a 
lever 97 contacting at the end of its long 
arm with the end of the stem 72. The end 

25 of the motor-shaft, in an extension 98 of the 
pump-casing 12, is geared through a Worm 
or other gearing with a shaft 99 carrying a 
bevel-pinion 100. 

101 is a shaft carrying a loose sleeve and 
clutch-member 102 provided with a bevel 
gear 103 which is engaged and constantly 
driven by the shaft 99 through the bevel 
gear 100. On the end of the shaft 101 with 
in the box 82 is a head 104 having an annu 

... lar cam-face 105 bearing against the stem 86, 
of the exhaust-valve, and an annular cam 
face 106 engaging the short arm of the lever 
97. Feathered upon the shaft 101 is a slid 
ing clutch-member 107 equipped with a cam 

40, head 108. 
109 is an operating-handle or lever full 

crumed. at 110 (Fig. 1). The lever 109 
extends through a quadrant 111 and is 
equipped with a handle-grip 112 operating a 
catch to engage a notch in the quadrant. On 
the lever 109 near its upper end is a lug 113 
contacting with a plunger 114 movable 

30. 

A 5. 

end of the plunger 90 therein. 
121 is a bell-crank lever fulcrumed against 

the side of the cylinder 15 and provided at 
one end with a hook 115 to engage the can 
108 and a cam-lug 116 engaging the top of 
the handle or lever 109. The other end of 
the bell-crank lever carries a spring-plunger 
117 to engage...the clutch-member-107. 
One part of the operating handle 56 is 

curved to correspond with the are of a circle 
drawn from the fulcrum 110 of the lever or 
handle 109, and the latter along its lower 
end describes the segment of a circle 
from the fulcrum 57 of the lever or handle 
56. The two operating levers 56,109 are 
coincidently notched, as indicated in Fig. 2, 

5 so that when one is in normal position the 

5.5 

60 

ered against the work, as before described, 
and the lever 56 returned to normal position, 
the operator moves the operating handle 109 

70 

at its lower end in the direction to the left 
in Fig. 1, causing the upper end of the lever 
to turn the bell-crank lever 121 and slide . 
along the under surface of the lug 116. 
This Swinging of the bell-crank lever turns 
its hook-portion 115 out of engagement with 
the cam 108 and causes the arm at the yield 
ing plunger E17 to slide the clutch-member 
107 into engagement with the clutch-mem 
ber 102. This causes the shaft 101 to be ro 
tated at comparatively slow speed by the 
shaft 99. In the movement described of the 
lever 109 the lug, or finger, 113 carried there 
by, presses the plunger 114 against the plun 
ger 90. Initial turning of the shaft 101. 
causes the cam-face 106 carried by the head 
104 to swing 
stem 72, to open the inlet-valve 71 from 
the carbureter. The plunger 90 is pressed 
against the spring 91 and the degree of con 
pression of the said spring depends upon 
the distance to which the lever 109 is swung 
in that direction by the operator. The mix. 
ture drawn in by the compressor is dis 
charged therefrom through the chamber or 
passage 65 and valve 73 against the piston 
16, moving the latter against the resistance 
of the air from the cylinder 75 along the 
plunger 17 until stopped thereby. The 
chamber 83, as aforesaid, is in open commu 
nication with the cylinder 15, and when 
the pressure of explosive mixture in the cyl 
inder against the piston 16 and consequently 
in the chamber 83 against the piston 87 is 
sufficient to overcome the resistance of the 
spring 91, the stem 88 is moved to swing the 
lever 92 to cause its lug portion 95 to move 
the spring plunger terminal 118 of an elec 
trical contact device. The said contact de 
vice is in circuit with a spark-plug 119 in 

e the cylinder, the same being a shunt-circuit 
through a guide in the-box 82 to engage the from the motor-circuit wires 120. 

The operation, when the lug 95 moves the 
plunger contact 118, is to produce an elec 
tric spark in the cylinder to ignite the 
charge, all in a common manner. The ex 
plosion drives the piston 16 in the direction 
in the left in Fig. 10, thereby exerting a 
blow through the plunger 17 against the 
oil-column, which is exerted against the pis 
ton 28 and transmitted through the hammer 
25. It will be noted that the springs 30, 
which are capable of upholding the hamme 
25 and attendant parts without material 
compression, will yield under the blow ex 
erted through the oil-column. Following 
the explosion the operator moves the handle 
109 back to normal position, thereby releas 
ing the bell-crank lever 121 and causing the 

75 
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the lever 97 and thrust the 
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hook 115 to engage the cam 108 and stop ro 
tation of the shaft 101 by separating the 
clutch-members. In the final turning move 
ment of the shaft 101 and cam-head 104, the 
cam 105 opens and then permits closure of 
the exhaust valve 85, and while the same is 
open the air pressure from the cylinder 75 
returns the piston 16 and attendant parts to 
initial position to scavenge the internal com: 
bustion cylinder. Every time the lever 109 
is moved from normal position, as described, 
a blow will be struck, or pressure will be 
exerted, through the oil-column against the 
piston 28 and the work, and a plurality of 
blows may be thus exerted against the work 
without changing the location of the ham 
mer, through the medium of the lever 56 and 
attendant parts. The hammer, however, 
may be raised and lowered with reference to 
the work at any time, while the lever 109 is 
in normal position, at which time, as ex 
plained, the internal combustion mechanism is out of operation. As the strength of each 
blow depends indirectly upon the degree of 
compression of the explosive mixture pre 
vious to the explosion, the operator may in 

30 
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crease or diminish the force of the blows by 
the extent of movement he gives to the lever 
109, and consequently the amount of tension 
he gives to the spring 91. When the work 
performing member 25 rests against the 
work on the anvil, its travel, under the force 
of an explosion, in each instance, will, of 
course, be but slight; but the areas of the 
pistons 16 and 28 are so great with reference 
to that of the liquid-displacing plunger 17, 
that the travel of the piston 16 exceeds many 
times that of the piston 28, with proportion 
ate increase in the transmitted pressure. 
While we have shown and described our im 

provements, as we prefer to embody them in 
a forging machine, they may, in the Same 
or modified form, be applied to power 
presses constructed for purposes other than 
the forging of metals, such, for example, as 
die-operating, punching, shearing, briquet 
ing, and pressing machines generally. It is 
quite common practice, where pistons and 
cylinders are employed, to cause either or 
both to be movable one with relation to the 
other and constitute or carry the movable 
work-performing members of the machines; 
therefore, although in the present machine 
both the internal combustion and hydraulic 
cylinders are stationary and the pistons 
therein movable, we wish the claims to in 
clude, as an equivalent, a construction where. 
in a cylinder is movable with reference to 
its piston to actuate the work-performing 
member, should such modification be deemed 
desirable. - 
What we claim as new and desire to se 

cure by Letters Patent is 
1. In a machine of the character de 

scribed, the combination of a hydraulic cyl 
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inder, a confined liquid column communi 
cating therewith, a piston in said cylinder, a 
work-performing member operated by said 
piston, and an internal combustion power 
generator having a cylinder, a plunger, a 
piston connected with the said plunger and 
having limited independent motion with re 
lation thereto, the piston operating, under 
the force of an ision in the generator 
cylinder, to force the plunger against the 
said column to actuate the work-performing 
member, and means for returning the piston 
to scavenge the cylinder. 

2. In a machine of the character de 
scribed, the combination of a hydraulic cyl 
inder, a confined liquid column communicat 
ing therewith, a piston in said cylinder, a 
work-performing member operated by said 
piston, an internal combustion power 
generator having a cylinder and a piston 
operating against the said column, under 
the force of an explosion in the generator 
cylinder, to actuate the work-performing 
member, and means for moving said hy 
draulic cylinder-piston to position the work 
performing member away from and toward 
the work, said means being independent, for 
its control, from said generator. 

3. In is a machine of the character de 
scribed, the combination of a hydraulic cyl 
inder, a confined liquid-column communi 
cating there with, a piston in said cylinder, 
a work - performing member operated by 

I said piston, an internal combustion power 
generator having a cylinder and a piston 
operating against the said column, under 
the force of an explosion in the generator 
cylinder, to actuate the work - performing 
member, and fluid-pressure means for mov 
ing said hydraulic - cylinder-piston to po 
sition the work-performing member away 
from and toward the work, said means b 
ing independent, for its control from the 
said generator. 

4. In a machine of the character de 
scribed, the combination of a hydraulic cyl 
inder, a confined liquid-column communicat 
ing there with, a piston in said cylinder, a 
work-performing member operated by said 
piston, an internal combustion power-gen 
erator having a cylinder and a piston op 
erating against the said column, under the 
force of an explosion in the generator-cyl 
inder, to actuate the work-performing mem 
ber, and hydraulic means for moving said 
hydraulic-cylinder-piston to position the 
work-performing member away from and 
toward the work, said means being inde 
pendent, for its control, from the said gen 
erator. 

5. In a machine of the character de 
scribed, the combination of an internal com 
bustion power-generator having a cylinder 
and piston, a work-performing member op. 
erated by said piston, under the force of an 
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explosion in said cylinder, and means for 
pisitioning the work - performing member 
against the work prior to an explosion in 
the cylinder, said means being independent, 
for its control, from said generator. , 

6. In a machine of the character de 
scribed, the combination of an internal com 
bustion generator having a cylinder and pis 
ton, forming parts movable one with rela 
tion to the other, a work-performing mem 
ber operated from said moving part under 
the force of an explosion in the cylinder, a 
compressed-explosive-mixture supplier for 
the cylinder, a charge-igniter, a cylinder 
exhaust-valve, normally inactive power-op 
erated means governing the introduction of 
explosive mixture into the cylinder and the 
exhaust; thereof, and a lever movable to 
bring the said power-operated means into 
action and operating, by the extent of its 
movement, to regulate the degree of com 
pression of the mixture, in the cylinder, 
prior to the ignition thereof. 

7. In a machine of the character de 
scribed, the combination of a hydraulic cyl 
inder, a confined liquid-column communi 
cating therewith, a piston in said cylinder, 
a work-performing member operated by said 
piston, fluid-pressure means for moving said. 
hydraulic cylinder piston to position the 
work-performing member away from and 
toward the work, an operating lever moy 
able from normal position to bring, said fluid-pressure means into action, an inter 
nal combustion power-generator having a 
cylinder and a piston operating against the 
said liquid-column, normally-inactive power 

5 

operated means on the generator controlling 
the introduction of explosive mixture into 
the internal combustion cylinder, the igni 
tion of the mixture and the exhaust after 
an explosion, and a lever movable from nor 
mal position to bring said power-operated 
means into action. 

8. In a machine of the character de 
scribed, the combination of a hydraulic cyl 
inder, a confined liquid-column communi 
cating therewith, a piston in said cylinder, 
a work-performing member operated by said 
piston, fluid-pressure means for moving said 
hydraulic-cylinder-piston to position the 
work-performing member away from and 

40 
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toward the work, an operating lever mov 
able from normal position to bring said 
fluid-pressure means into action, an inter 
nal combustion power-generator having a 
cylinder and a piston operating against the 
said liquid-column, normally-inactive power 
operated means on the generator control 
ling the introduction of explosive mixture 
into the internal combustion cylinder, the 
ignition of the mixture and the exhaust 
after an explosion, a lever movable from normal position to bring said power-op 
erated means into action, said levers inter 
locking with each other so that one can be 
moved only when the other is in normal po 
sition, substantially as set forth. 

MORRIS C. WHITE. 
OTHO C. DURYEA. 

In the presence of - 
CHAs. E. GAYLORD, 
RALPH SCHAEFER. 
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