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(57) ABSTRACT 

A die system for full enclosed die forging With an enclosed 
cavity (1a, 2a) is formed betWeen an upper die (1) attached 
to the side of a slide (6) and a loWer die (2) mounted to the 
side of a bolster (17). AWorkpiece stock (7) disposed in the 
cavity is pressurized to be diverted With an upper counter 
punch (8) in the upper die and a loWer counter-punch (22) 
in the loWer die and is thereby forged Within the con?nes of 
the cavity. Apressure means (11, 19) is disposed above the 
upper die (1) and/or beloW the loWer die (2) for applying 
pressure to at least one of the upper and loWer dies (1, 2) 
from at least one of their upper and loWer sides to act to 
enclose or close the cavity (1a, 2a) unilaterally or bilaterally. 
Aback pressure imparting means (12, 20) is disposed above 
the upper counter-punch (8) and/or beloW the loWer counter 
punch (22) for applying back pressure to at least one of the 
upper and loWer counter-punches (8, 22) to force the Work 
piece stock (7) being formed to be diverted unilaterally or 
bilaterally in the cavity. Aback pressure rernoval means (33, 
36) is associated With the back pressure imparting means 
(12, 20) to remove the back pressure upon the Workpiece 
stock ?lling the cavity. An ensuing intense force of enclosure 
provides a forged product that is free of void and is of high 
quality. 
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FIG. 1 



Patent Application Publication Nov. 8, 2001 Sheet 2 0f 5 US 2001/0037669 A1 

// u: 875 
an 

8 

fr 

é n, .M. .m . 8 |r 

mm) mm 

R 

T? KY lg El .IJ E 

8 " mm 
8% __ . T / 

_ i4 7 ,_ 

J 23 :i“ 0 T . hm... qm N _ m’ J_ ll“. O¢ 

w m _ “I llll ll|q \J/cIiIQIAVLWu 

O: __ _ _ -HW. 

: T. . i F 2 8 



Patent Application Publication Nov. 8, 2001 Sheet 3 0f 5 US 2001/0037669 A1 
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DIE SYSTEM FOR FULL ENCLOSED DIE 
FORGING 

TECHNICAL FIELD 

[0001] The present invention relates in general to a die 
system for full enclosed die forging and more particularly to 
a forging die system for particular use in a stock diversion 
(dif?uence) full enclosed die forging process in Which a 
Workpiece stock is alloWed to divert in a full enclosed die 
cavity formed With and by means of a pair of dies. 

BACKGROUND ART 

[0002] Machine components such as gears have custom 
arily be manufactured by a forging or extrusion process as 
knoWn in the art. Conventional techniques that fall in this 
genre are described, for example, in Japanese patent litera 
ture No. JP H5-154598 A and No. JP 2534899 B2. 

[0003] Patent literature No. JP H5-154598 A describes a 
forging method of manufacturing a spur gear that includes a 
?rst Working step of upsetting a Workpiece in a single die 
and forming it into a primarily Worked gear that is smaller 
in gear contour geometry than the spur gear to be obtained. 
The method includes a second Working step of compression 
molding the primarily Worked gear in a single die While 
permitting the Workpiece stock to freely ?oW (divert) in the 
area of it other than its gear forming area in the die to 
provide a fabricated gear. In the third Working step of the 
method, the fabricated gear is draWn With a single die and 
formed into the end gear product. The ?rst, second and third 
Working steps are advantageously performed each by cold 
forging to permit an appropriate draWing alloWance for the 
third Working process step to be provided With constancy 
and maintained, Which is described to alloW products spur 
gears to be obtained consistently With an increased accuracy. 

[0004] Patent literature No. JP 2534899 B2 describes a 
method for forming by extrusion a mechanical component in 
Which a Workpiece in a single die is extruded by means of 
a punch in the form of a holloW or bored cylinder to produce 
a raised portion of the mechanical component With the 
central bore of the punch. The Workpiece is further extruded 
in the die While an open end region of the raised portion is 
held under a given pressure and the pressure is then reduced 
or released prior to completion of the extrusion process. This 
method is described to have an effect of providing the ability 
to largely reduce the maximum load acting on the die in a 
region of the loWer dead point of the extrusion stroke. 

[0005] These conventional techniques are found to be 
unsatisfactory, hoWever, as having certain disadvantages. 

[0006] Thus, the forging method described in JP 
H5-154598 A in Which a Workpiece stock must be prelimi 
narily formed into a gear contour geometry that is smaller 
than that of a spur gear to be obtained, makes several process 
steps indispensable to perform including one or tWo sub 
steps for preparing a primarily molded gear, and three 
successive steps forging. Disadvantageously enough, there 
fore, the method makes the process time-consuming and is 
thus poor in productivity. 

[0007] Also, the need to replaceably use a number of 
different combinations of dies and punches for the different 
forging steps necessitates their troublesome or otherWise 
complicated exchanging procedures and requires prepara 
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tion not only of these dies and punches in combination but 
also their individual mandrels, thus making the method 
costly With respect to the die system expenditure as Well. 

[0008] On the other hand, in the extrusion method 
described JP 2534899 B2, use is made of a pressure member 
associated With an upper punch to apply a pressure to the 
Workpiece to cause it to be extruded rearWards With the 
Workpiece stock ?oWing as in part constricted (diverting). 
The pressure member described is designed to apply to the 
Workpiece stock a pressure that remains high until the 
extrusion process is almost complete and then it is reduced 
or removed, Which may adversely act on a die to the extent 
that the die can inconveniently seiZe or become quickly 
unusable. 

[0009] Also, the construction in Which such a pressure 
member is only associated With the upper punch tends to 
cause an imbalance in pressure betWeen the upper and loWer 
punches. Then, causing a stock material to divert or How 
only in one direction, this system may give rise to an 
unevenness of ?ber ?oWs in an end product, thus inconve 
niently reducing its strength and tending to develop a defect 
such as a crack or a surface sink in it. 

SUMMARY OF THE INVENTION 

[0010] It is accordingly an object of the present invention 
to overcome these inconveniences in the prior art by pro 
viding a die apparatus for full enclosed die forging process 
in Which a pressure means produces an intense force of 
enclosure and Whereby mechanical components that are free 
of defect and excellent in quality can readily be obtained. 

[0011] This and other objects are attained in accordance 
With the present invention by a die system for full enclosed 
or closed die forging in Which an enclosed cavity is formed 
betWeen an upper die attached to the side of a slide and a 
loWer die mounted to the side of a bolster, and a Workpiece 
stock disposed in the cavity is pressuriZed to be diverted 
With an upper counter-punch in the upper die and a loWer 
counter-punch in the loWer die and is thereby forged Within 
the con?nes of the cavity, Which system comprises: a 
pressure means disposed in at least one of a ?rst region 
above the said upper die and a second region beloW the said 
loWer die for applying pressure to at least one of the said 
upper and loWer dies from at least one of their upper and 
loWer sides to act to enclose or close the said cavity at least 
unilaterally; a back or backing pressure imparting means 
disposed in at least one of a third region above the said upper 
counter-punch and a fourth region beloW the said loWer 
counter-punch for applying back pressure to at least one of 
the said upper and loWer counter-punches to force the said 
Workpiece stock being formed to be diverted at least uni 
laterally in the said cavity; and a back pressure removal 
means associated With the said back pressure imparting 
means for removing the said back pressure upon the said 
Workpiece stock ?lling said cavity. 

[0012] In performing the process of forging a Workpiece 
stock using the arrangement described, the upper die may be 
loWered With the slide to bring the upper and loWer dies into 
close and ?rm contact. An enclosed cavity that accommo 
dates the Workpiece stock in it is formed thereby. Apressure 
applied to at least one of the upper and loWer dies tends to 
enclose or close the cavity at least unilaterally. Under a back 
pressure then exerted to at least one of the upper and loWer 



US 2001/0037669 A1 

counter-punches, the workpiece stock is forced to be 
diverted at least unilaterally and How out Within the cavity. 
Upon the workpiece stock as the result of diversion ?lling 
the cavity, the back pressure on the at least one of the upper 
and loWer counter-punches is removed. An abnormal rise of 
pressure in the cavity is thereby prevented. The ability by the 
pressure rneans under an elevated pressure to readily achieve 
an intense force of enclosure or closing makes the system 
particularly advantageous in producing a large rnachine part 
by forging. As any adverse build-up of high pressure after 
the cavity is ?lled up With the Workpiece stock is avoided by 
the back pressure rernoval means, any consequential adverse 
effects such as a damage to a die or disadvantage of the die 
becorning quickly useless are effectively prevented. 

[0013] Also, the ability of the system to maintain a large 
and suf?cient force of enclosure or closing until the slide 
reaches its loWer dead point ensures yielding a forged or 
formed product that is free of void and is excellent in quality. 
Also, since a product yielded is free of burr, any Work 
required to perform burr rernoval that is typical in a con 
ventionally forged product is dispensed With. 

[0014] Further, hydraulic or ?uid pressure only needs to be 
produced during each forging operation alone. This alloWs 
die rnounting components to be smaller in siZe, thus ren 
dering the entire die systern less costly. 

[0015] Preferably in the system described, the said pres 
sure means comprises a ?rst pressure rneans disposed above 
the said upper die for applying pressure to the said upper die 
from its upper side and a second pressure rneans disposed 
beloW the said loWer die for applying pressure to the said 
loWer die from its loWer side, the said ?rst and second 
pressure rneans pressuriZing and thereby acting to enclose or 
close the said cavity bilaterally; the said back irnparting 
pressure means comprises a ?rst back pressure irnparting 
rneans disposed above the said upper counter-punch for 
applying back pressure to the said upper counter-punch from 
its upper side and a second back pressure irnparting rneans 
disposed beloW the said loWer counter-punch for applying 
back pressure to the said loWer counter-punch from its loWer 
side, the said ?rst and second back pressure irnparting rneans 
forcing the said Workpiece stock being formed to be diverted 
bilaterally in the said cavity; and the said back pressure 
rernoval means is adapted to act on the said ?rst and second 
back pressure irnparting means for removing each said back 
pressure upon the said Workpiece stock ?ling the said cavity. 

[0016] This arrangement perrnits ?uid pressure to be 
applied to the upper and loWer pressure rneans simulta 
neously to actuate both the upper and loWer dies to enclose 
and hence rnakes only a single unit of ?uid pressure supply 
sufficient to actuate thern. Areduction in the equipment cost 
can thereby be achieved. 

[0017] It is also advantageous: if the said pressure means 
is disposed beloW the said loWer die for applying pressure to 
the said loWer die from its loWer side to act to enclose or 
close the said cavity unilaterally; the said back pressure 
irnparting means comprises a ?rst back pressure irnparting 
rneans disposed above the said upper counter-punch for 
applying back pressure thereto and a second back pressure 
irnparting rneans disposed beloW the said loWer counter 
punch for applying back pressure thereto, the said ?rst and 
second back pressure irnparting rneans forcing the said 
Workpiece stock being formed to be diverted bilaterally in 
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the said cavity; and the said back pressure rernoval means is 
adapted to act on the said ?rst and second back pressure 
irnparting means for removing each said back pressure upon 
the said Workpiece stock ?lling the said cavity. 

[0018] It is also advantageous if: the said pressure means 
is disposed above the said upper die for applying pressure to 
the said upper die from its upper side to act to enclose or 
close the said cavity unilaterally; the said back pressure 
irnparting means comprises a ?rst back pressure irnparting 
rneans disposed above the said upper counter-punch for 
applying back pressure thereto and a second back pressure 
irnparting rneans disposed beloW the said loWer counter 
punch for applying back pressure thereto, the said ?rst and 
second back pressure irnparting rneans forcing the said 
Workpiece stock being formed to be diverted bilaterally in 
the said cavity; and the said back pressure rernoval means is 
adapted to act on the said ?rst and second back pressure 
irnparting means for removing each said back pressure upon 
the said Workpiece stock ?lling the said cavity. 

[0019] It is also advantageous if: the said pressure means 
comprises a ?rst pressure rneans disposed above the said 
upper die for applying pressure to the said upper die from its 
upper side and a second pressure rneans disposed beloW the 
said loWer die for applying pressure to the said loWer die 
from its loWer side, the said ?rst and second pressure rneans 
acting to enclose or close the said cavity bilaterally; the said 
back pressure irnparting means is disposed above the said 
upper counter-punch for applying back pressure thereto to 
force the said Workpiece stock being formed to be diverted 
unilaterally in the said cavity; and the said back pressure 
rernoval means is adapted to act on the said back pressure 
irnparting means for removing the said back pressure upon 
the said Workpiece stock ?lling the said cavity. 

[0020] It is also advantageous if: the said pressure means 
comprises a ?rst pressure rneans disposed above the said 
upper die for applying pressure to the said upper die from its 
upper side and a second pressure rneans disposed beloW the 
said loWer die for applying pressure to the said loWer die 
from its loWer side, the said ?rst and second pressure rneans 
acting to enclose or close the said cavity bilaterally; the said 
back pressure means is disposed beloW the said loWer 
counter-punch for applying back pressure thereto to force 
the said Workpiece stock being formed to be diverted 
unilaterally in the said cavity; and the said back pressure 
rernoval means is adapted to act on the said back pressure 
irnparting means for removing the said back pressure upon 
the said Workpiece stock ?lling the said cavity. 

[0021] It is also advantageous if: the said pressure means 
is disposed above the said upper die for applying pressure to 
the said upper die from its upper side to act to enclose or 
close the said cavity unilaterally; the said back pressure 
irnparting means is disposed above the said upper counter 
punch for applying back pressure thereto to force the said 
Workpiece stock being formed to be diverted unilaterally in 
the said cavity; and the said back pressure rernoval means is 
adapted to act on the said back pressure irnparting means for 
removing the said back pressure upon the said Workpiece 
stock ?lling the said cavity. 

[0022] It is also advantageous if: the said pressure means 
is disposed beloW the said loWer die for applying pressure to 
the said loWer die from its loWer side to act to enclose or 
close the said cavity unilaterally; the said back pressure 
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imparting means is disposed below the said lower counter 
punch for applying back pressure thereto to force the said 
workpiece stock being formed to be diverted unilaterally in 
the said cavity; and the said back pressure removal means is 
adapted to act on the said back pressure imparting means for 
removing the said back pressure upon the said workpiece 
stock ?lling the said cavity. 

[0023] It is also advantageous if: the said pressure means 
is disposed above the said upper die for applying pressure to 
the said upper die from its upper side to act to enclose or 
close the said cavity unilaterally; the said back pressure 
imparting means is disposed below the said lower counter 
punch for applying back pressure thereto to force the said 
workpiece stock being formed to be diverted unilaterally in 
the said cavity; and the said back pressure removal means is 
adapted to act on the said back pressure imparting means for 
removing the said back pressure upon the said workpiece 
stock ?lling the said cavity. 

[0024] It is further advantageous if: the said pressure 
means is disposed below the said lower die for applying 
pressure to the said upper die from its lower side to act to 
enclose or close the said cavity unilaterally; the said back 
pressure imparting means is disposed below the said lower 
counter-punch for applying back pressure thereto to force 
the said workpiece stock being formed to be diverted 
unilaterally in the said cavity; and the said back pressure 
removal means is adapted to act on the said back pressure 
imparting means for removing the said back pressure upon 
the said workpiece stock ?lling the said cavity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The present invention will better be understood 
from the following detailed description and the drawings 
attached hereto showing certain illustrative embodiments of 
the present invention. In this connection, it should be noted 
that such embodiments as illustrated in the accompanying 
drawings hereof are intended in no way to limit the present 
invention but to facilitate an explanation and understanding 
thereof. 

[0026] 
[0027] FIG. 1 is a cross sectional view illustrating a die 
system for full enclosed die forging representing a ?rst form 
of embodiment of the present invention; 

[0028] FIG. 2 is a circuit diagram for a ?uid pressure 
generating apparatus for use with the die system for full 
enclosed die forging illustrated in FIG. 1; 

[0029] FIG. 3 is a cross sectional view illustrating a die 
system for full enclosed die forging representing a second 
form of embodiment of the present invention; 

[0030] FIG. 4 is a cross sectional view illustrating a die 
system for full enclosed die forging representing a third form 
of embodiment of the present invention; and 

[0031] FIG. 5 is a cross sectional view illustrating a die 
system for full enclosed die forging representing a fourth 
form of embodiment of the present invention; 

In the accompanying drawings: 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

[0032] Hereinafter, suitable embodiments of the present 
invention implemented with respect to a die system for full 
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enclosed die forging are set out with reference to the 
accompanying drawings hereof. 

[0033] Referring now to FIGS. 1 and 2, a ?rst form of 
embodiment will be described in detail. 

[0034] A die system for full enclosed die forging shown in 
cross section in FIG. 1 is operable to effect bilateral enclo 
sure and bilateral diversion and may be operated with a ?uid 
pressure generating circuit arrangement shown in FIG. 2. 
Typical mechanical components produced by a forging 
process performed using such a die system include inner 
races for even speed joints, bevel gears, ?ange parts and so 
forth. 

[0035] In FIGS. 1 and 2 an upper and a lower die are 
designated by reference numerals 1 and 2, respectively. The 
upper die 1 is detachably attached, by means of an upper die 
holder 3, to the lower surface of an upper die support 
member 4. The upper die support member 4 is attached, by 
means of an upper cylinder block 5, to the lower surface of 
a slide 6 provided in a conventional forging press. 

[0036] The upper die 1 is formed in its lower central area 
with a cavity half 1a while the lower die 2 is formed in its 
upper central area with a cavity half 2a, the cavity halves 1a 
and 2a together constituting a cavity for forming a work 
piece stock 7. 

[0037] Extending centrally through the upper die 1 and 
slidably supported thereby is an upper counter-punch 8 that 
is movable vertically to have its tapered lower end 8a 
entering and leaving the cavity half 1a as it is moved 
downwards and upwards. 

[0038] The upper die support member 4 accommodates an 
elevating member 4a movable vertically to move the upper 
die 1 upwards and downwards. The upper die 1 is attached 
to the lower surface of the elevating member 4 by means of 
the die holder 3. The elevating member 4a has its outer 
peripheral surface provided with a step formation 4b, and a 
stop ring 4c is securely ?tted in the lower end of the upper 
die support member 4a to hold the stepped formation 4b and 
thereby to prevent the elevating member 4a from coming off 
within the upper die support member 4. A plurality of 
operating pins 10 are arranged having their lower end 
surfaces in contact with the upper surface of the elevating 
member 4a. 

[0039] The operating pins 10 are arranged to vertically 
pass through the end plate 11a of an outer cylinder 11 
provided in the cylinder block 5. The operating pins 10 have 
their upper end faces arranged in contact with the lower end 
face of a piston 11b that is slidably received in the outer 
cylinder 11 so as to be movable upwards and downwards. 

[0040] The upper side of the piston 11b de?nes a ?uid 
pressure chamber 11c that is connected via a ?uid passage 5a 
formed in the cylinder block 5 and then via a pipe conduit 
29 to a ?uid pressure generator 25 shown in FIG. 2. 

[0041] Inside of the outer cylinder 11 an inner cylinder 12 
is arranged concentrically therewith. A piston 12a is 
received slidably in the inner cylinder 12 so as to be movable 
upwards and downwards and has its lower end face held in 
contact with a pusher member 13 whose lower end face is in 
turn held in contact with the upper end face of the upper 
counter-punch 8. Centrally of the piston 12a, a pin 24 is 
slidably received so as to be movable vertically there 
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through, the pin 24 representing a knock-out pin of a slide 
knock-out (not shown) typically provided in the slide 6. 

[0042] The upper side of the piston 12a de?nes a ?uid 
pressure chamber 12b ?lled preliminarily With a ?uid. The 
?uid pressure chamber 12b is connected via a ?uid passage 
5b formed in the cylinder block 5 and then as shoWn in FIG. 
2 via a pipe conduit 34 in Which a ?rst electromagnetic valve 
32 and a relief valve 33 are connected in parallel to a ?uid 
reservoir 35 for the ?uid pressure generator 25. 

[0043] On the other hand, the loWer die 2 is mounted by 
means of a loWer die holder 15, on the upper surface of a 
loWer elevating member 14a that is received in a loWer die 
support member 14 so as to be movable vertically. The loWer 
die support member 14 is mounted on a loWer cylinder block 
16 that is in turn mounted on the upper surface of a bolster 
17 in the forging press. 

[0044] The elevating member 14a has its outer peripheral 
surface provided With a stepped formation 14b, and a stop 
ring 14c is securely ?tted in the upper end of the loWer die 
support member 14a to hold the stepped formation 14b and 
thereby to prevent the elevating member 14a from coming 
off upWards. A plurality of operating pins 18 are arranged 
having their upper end surfaces in contact With the loWer 
surface of the elevating member 14a. 

[0045] The operating pins 18 are arranged to vertically 
pass through the end plate 19a of an outer cylinder 19 
provided in the cylinder block 16. The operating pins 18 
have their loWer end faces arranged in contact With the upper 
end face of a piston 19b that is slidably received in the outer 
cylinder 19 so as to be movable upWards and doWnWards. 

[0046] The loWer side of the piston 19b de?nes a ?uid 
pressure chamber 19c that is connected via a ?uid passage 
16a formed in the cylinder block 16 and then via a pipe 
conduit 29 to a ?uid pressure generator 25 shoWn in FIG. 2. 

[0047] Inside of the outer cylinder 19 an inner cylinder 20 
is arranged concentrically thereWith. A piston 20a is 
received slidably in the inner cylinder 20 so as to be movable 
upWards and doWnWards and has its upper end face held in 
contact With a pusher member 21 Whose upper end face is in 
turn held in contact With the loWer end face of a loWer 
counter-punch 22. 

[0048] The loWer counter-punch 22 is arranged to be 
movable vertically to have its tapered upper end 22a enter 
ing and leaving the cavity half 2a as it is moved upWards and 
doWnWards. Centrally of the piston 20a, a pin 23 is slidably 
received so as to be movable vertically therethrough, the pin 
23 representing a knock-out pin of a bed knock-out (not 
shoWn) typically provided in the bed of the forging press. 

[0049] The loWer side of the piston 20a de?nes a ?uid 
pressure chamber 20b ?lled preliminarily With a ?uid. The 
?uid pressure chamber 20b is connected via a ?uid passage 
16b formed in the cylinder block 16 and then as shoWn in 
FIG. 2 via a pipe conduit 38 in Which a second electromag 
netic valve 36 and a relief valve 37 are connected in parallel 
to the ?uid reservoir 35 for the ?uid pressure generator 25. 

[0050] The ?uid pressure generator 25 comprises a mod 
erate pressure generating means 26 having a pair of cylin 
ders 26a and 26b Which vary in diameter and a high pressure 
generating means 27 having a pair of cylinders 27a and 27b 
that vary in diameter. The cylinders 26b and 27b that are 
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smaller in diameter are operable With pressure ?uid supplied 
to produce a moderate and a high pressure in the cylinders 
26a and 27a, respectively, that are larger in diameter. 
Pressure ?uid ?oWs at a moderate and a high pressure 
produced in the moderate and high pressure generating 
means 26 and 27 are supplied via the pipe conduit 29 into the 
?uid pressure chamber 11c for the outer cylinder 11 in the 
upper die 1 side and the ?uid pressure chamber 19c for the 
outer cylinder 19 in the loWer die 2 side. 

[0051] A residual pressure that may remain in each of the 
moderate and high pressure generating means 26 and 27 is 
removed into the ?uid reservoir 35 through a residual 
pressure removal valve indicated at 40 in FIG. 2. 

[0052] An explanation is noW given of an operation of the 
die system for full enclosed die forging With the construction 
above described. 

[0053] With the slide 6 held standstill at its upper dead 
point, a Workpiece stock 7 is introduced into the cavity 2a 
in the loWer die 2 using a suitable transfer means (not 
shoWn). Then, the upper die 1 is alloWed to descend by 
loWering the slide 6 to bring the loWer surface of the upper 
die 1 into a ?rm contact With the upper surface of the loWer 
die 2. In this state, pressure ?uid is supplied from the 
moderate pressure generating means 26 or high pressure 
generating means 27 into the ?uid pressure chambers 11c 
and 19c for the upper and loWer outer cylinders 11 and 19 
simultaneously to pressuriZe the upper and loWer dies 2 from 
their upper and loWer sides and thereby to act to enclose or 
close the cavity 1a, 2a from the both sides, in this case, to 
bilaterally act to enclose or close the cavity. 

[0054] Then, a back or backing pressure is imparted to 
each of the upper counter-punch 8 projecting into the upper 
cavity half 1a and the loWer counter-punch 22 projecting 
into the loWer cavity half 2a to compress the Workpiece 
stock 7 in the bilaterally enclosed die cavity 1a, 2a betWeen 
the tapered loWer and upper ends 8a and 22a of the upper 
and loWer counter-punches 8 and 22. The Workpiece stock 7 
is thus forced to be diverted, here to be bilaterally diverted, 
into vacant spaces Within the enclosed cavity 1a, 2a, thereby 
to alloW the Workpiece stock 7 to be forged in it. 

[0055] Then, upon the Workpiece stock 7 ?lling the cavity 
1a, 2a as a result of diversion and immediately before its 
internal pressure rises, the ?rst and second electromagnetic 
valves 32 and 36 are opened to permit the pressure ?uid in 
the ?uid pressure chambers 12b and 20b for the upper and 
loWer inner cylinders 12 and 20 to drain into the ?uid 
reservoir 35. 

[0056] The back pressures on the upper and loWer counter 
punches 8 and 22 are thereby removed, thus terminating 
compression and diversion of the Workpiece stock 7. Since 
the internal pressure no longer rises in the cavity, any 
damage to the dies and like disadvantages that may result 
from an abnormal pressure therein are here avoided. 

[0057] After forming of the Workpiece stock 7 by forging 
has been completed in this manner, the slide 6 is raised to lift 
the upper die 1. To commence lifting the upper die 1, the 
slide knock-out is actuated to push the knock-out pin 24 
doWn, permitting the forged Workpiece 7 adhered to the 
upper die 1 to be knocked out. While the formed Workpiece 
7 is further ascending, the bed knock-out is actuated to push 
the knock-out pin 23 up, permitting the Workpiece 7 to be 
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knocked out from the lower die 2. The product workpiece 7 
is then removed from the system using the Workpiece 
transfer apparatus. 

[0058] The die system described that permits the forged 
Workpiece products 7 to be obtained by repeating the 
foregoing operation. The forged products are free of defect 
and excellent in quality by virtue of the fact that forging is 
carried out With the upper and loWer dies 1 and 2 forced to 
bilaterally enclose or close the die cavity and at the same 
time With the upper and loWer counter-punches 14 and 22 
acting to bilaterally divert the Workpiece stock 7. 

[0059] While the ?rst form of embodiment of the inven 
tion described is shoWn to effect bilateral enclosure or 
closing by applying pressure simultaneously to the upper 
and loWer dies 1 and 2 and exerting pressure simultaneously 
to the upper and loWer counter-punches 8 and 22 from both 
the upper and loWer sides, it is also advantageous if the 
present invention is embodied in any of alternative forms, 
i.e., by adopting unilateral enclosure or closing and bilateral 
diversion as shoWn in FIG. 3, bilateral enclosure and 
unilateral diversion as shoWn in FIG. 4 and unilateral 
enclosure and unilateral diversion as shoWn in FIG. 5. 

[0060] In these alternative forms of embodiment shoWn 
Which are explained beloW, it should be noted that the same 
reference characters are used to designate the same parts or 
components as used in the illustration and description of the 
?rst form of embodiment shoWn in FIGS. 1 and 2. 

[0061] In the second form of embodiment of the invention 
shoWn in FIG. 3, pressure is applied only to the loWer die 
22, viZ. With the piston 19b for the loWer outer cylinder 19 
from its loWer side, to unilaterally act to enclose or close the 
cavity and simultaneously backing pressure is exerted to the 
upper and loWer counter-punches 8 and 22 from their 
respective upper and loWer sides to effect bilateral diversion 
in the Workpiece stock 7. The feature that upon the Work 
piece stock ?lling the cavity 1a, 2a in Which bilateral 
diversion on the Workpiece stock 7 has been effected the 
back pressure on both of the upper and loWer counter 
punches 88 and 22 is removed by opening the ?rst and 
second electromagnetic valves 32 and 36 is the same in this 
form of embodiment as in the ?rst form of embodiment. 

[0062] In a modi?cation of this second form of embodi 
ment that is also advantageous, pressure is applied to only 
the upper die 1, viZ. With the piston lib for the upper outer 
cylinder 11 to unilaterally act to enclose or close the cavity 
and simultaneously back or backing pressure is exerted both 
to the upper and loWer counter-punches 8 and 22 from their 
respective upper and loWer sides to force the Workpiece 
stock to be diverted bilaterally. 

[0063] In the third form of embodiment of the invention 
shoWn in FIG. 4, pressure is applied simultaneously to the 
upper and loWer dies 1 and 2 With the pistons lib and 19b for 
the upper and loWer outer cylinders 11 and 19 to unilaterally 
act to enclose or block the cavity 1a, 2a and simultaneously 
back or backing pressure is exerted only to the upper 
counter-punch 8 from its upper side to force the Workpiece 
stock to be diverted into free spaces Within the cavity 1a, 2a. 
Then, an electromagnetic valve arrangement of the type 
described may be used to remove the backing pressure on 
the upper counter-punch 8 upon the Workpiece as a result of 
diversion ?lling the cavity 1a, 2a to prevent a rise in the 
internal stress in the cavity 1a, 2a. 
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[0064] In a modi?cation of this third form of embodiment 
of the invention that is also advantageous, pressure is 
applied simultaneously to both the upper and loWer dies 1 
and 2 With the pistons 11b and 19b for the upper and loWer 
outer cylinders 11 and 19 to bilaterally act to enclose or 
block the cavity and simultaneously back or backing pres 
sure is exerted only to the loWer counter-punch 22 from its 
loWer side to force the Workpiece stock to be diverted 
unilaterally. 
[0065] In the forth form of embodiment of the invention 
shoWn in FIG. 5, pressure is applied only to the upper die 
1 With the piston 11b for the upper outer cylinder 11 to 
unilaterally act to enclose or close the cavity 1a, 2a and 
simultaneously back or backing pressure is exerted only to 
the upper counter-punch 8 from its upper side to force the 
Workpiece stock to be diverted into free spaces Within the 
cavity 1a, 2a. Then, an electromagnetic valve arrangement 
of the type described may be used to remove the backing 
pressure on the upper counter-punch 8 upon the Workpiece 
as a result of diversion ?lling the cavity 1a, 2a to prevent a 
rise in the internal stress in the cavity 1a, 2a. 

[0066] In a modi?cation of this fourth form of embodi 
ment of the invention that is also advantageous, pressure is 
applied only to the loWer die 2 With the pistons 19b for the 
loWer outer cylinder 19 to unilaterally act to enclose or close 
the cavity 1a, 2a and simultaneously back or backing 
pressure is exerted only to the loWer counter-punch 22 from 
its loWer side to force the Workpiece stock to divert unilat 
erally. In another modi?cation of this fourth form of embodi 
ment of the invention that is also advantageous, pressure is 
applied only to the upper die 1 With the pistons 11b for the 
loWer outer cylinder 11 to unilaterally act to enclose or close 
the cavity 1a, 2a and simultaneously back or backing 
pressure is exerted only to the loWer counter-punch 22 is 
exerted only to the loWer counter-punch 22 from its loWer 
side to force the Work piece stock to be diverted unilaterally. 

[0067] In any of the forms of embodiment of the invention 
described, a formed product that is free of void or defect and 
excellent in quality is obtained. 

[0068] While the present invention has hereinbefore been 
set forth With respect to certain illustrative embodiments 
thereof, it Will readily be appreciated by a person skilled in 
the art to be obvious that many alterations thereof, omissions 
therefrom and additions thereto can be made Without depart 
ing from the essence and the scope of the present invention. 
Accordingly, it should be understood that the invention is 
not intended to be limited to the speci?c embodiments 
thereof set out above, but to include all possible embodi 
ments thereof that can be made Within the scope With respect 
to the features speci?cally set forth in the appended claims 
and encompasses all the equivalents thereof. 

What is claimed is: 

1. A die system for full enclosed die forging in Which an 
enclosed cavity is formed betWeen an upper die attached to 
the side of a slide and a loWer die mounted to the side of a 
bolster, and a Workpiece stock disposed in the cavity is 
pressuriZed to be diverted With an upper counter-punch in 
the upper die and a loWer counter-punch in the loWer die and 
is thereby forged Within the con?nes of the cavity, the 
system comprising: 
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a pressure means disposed in at least one of a ?rst region 
above said upper die and a second region below said 
loWer die for applying pressure to at least one of said 
upper and loWer dies from at least one of their upper 
and loWer sides to act to enclose said cavity at least 
unilaterally; 

a back pressure irnparting rneans disposed in at least one 
of a third region above said upper counter-punch and a 
fourth region beloW said loWer counter-punch for 
applying back pressure to at least one of said upper and 
loWer counter-punches to force said Workpiece stock 
being formed to be diverted at least unilaterally in said 
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said back pressure irnparting means comprises a ?rst back 
pressure irnparting rneans disposed above said upper 
counter-punch for applying back pressure thereto and a 
second back pressure irnparting rneans disposed beloW 
said loWer counter-punch for applying back pressure 
thereto, said ?rst and second back pressure irnparting 
rneans forcing said Workpiece stock being formed to be 
diverted bilaterally in said cavity; and 

said back pressure rernoval means is adapted to act on said 
?rst and second back pressure irnparting means for 
removing each said back pressure upon said Workpiece 
stock ?lling said cavity. 

Cavity; and 5. A die system for full enclosed die forging as set forth 
a back pressure rernoval rneans associated With said back in Claim 1 in WhiChI 

pressure irnparting means for removing said back pres 
sure upon said Workpiece stock ?lling said cavity. 

2. A die system for full enclosed die forging as set forth 
in claim 1 in Which: 

said pressure means comprises a ?rst pressure rneans 
disposed above said upper die for applying pressure to 
said upper die from its upper side and a second pressure 
rneans disposed beloW said loWer die for applying 
pressure to said loWer die from its loWer side, said ?rst 
and second pressure rneans acting to enclose said cavity 
bilaterally; 

said pressure means comprises a ?rst pressure rneans 
disposed above said upper die for applying pressure to 
said upper die from its upper side and a second pressure 
rneans disposed beloW said loWer die for applying 
pressure to said loWer die from its loWer side, said ?rst 
and second pressure rneans acting to enclose said cavity 
bilaterally; 

said back pressure irnparting means is disposed above 
said upper counter-punch for applying back pressure 
thereto to force said Workpiece stock being formed to 

_ _ _ _ be diverted unilaterally in said cavity; and 
said back irnparting pressure means comprises a ?rst back 

pressure irnparting rneans disposed above said upper 
counter-punch for applying back pressure to said upper 
counter-punch from its upper side and a second back 
pressure irnparting rneans disposed beloW said loWer 
counter-punch for applying back pressure to said loWer 
counter-punch from its loWer side, said ?rst and second 
back pressure irnparting rneans forcing said Workpiece 
stock being formed to be diverted bilaterally in said 
cavity; and 

said back pressure rernoval means is adapted to act on said 
back pressure irnparting means for removing said back 
pressure upon said Workpiece stock ?lling said cavity. 

6. A die system for full enclosed die forging as set forth 
in claim 1 in Which: 

said pressure means comprises a ?rst pressure rneans 
disposed above said upper die for applying pressure to 
said upper die from its upper side and a second pressure 
rneans disposed beloW said loWer die for applying 
pressure to said loWer die from its loWer side, said ?rst 
and second pressure rneans acting to enclose said cavity 
bilaterally; 

said back pressure rernoval means is adapted to act on said 
?rst and second back pressure irnparting means for 
removing each said back pressure upon said Workpiece 
stock ?ling said cavity. 

3. A die system for full enclosed die forging as set forth 
in claim 1 in Which: 

said back pressure means is disposed beloW said loWer 
counter-punch for applying back pressure thereto to 
force said Workpiece stock being formed to be diverted 

said pressure means is disposed below said loWer die for unilaterally in Said Cavity; and 
applying pressure to said loWer die from its loWer side 
to act to enclose said cavity unilaterally; said back pressure rernoval means is adapted to act on said 

back pressure irnparting means for removing said back 
pressure upon said Workpiece stock ?lling said cavity. 

7. A die system for full enclosed die forging as set forth 
in claim 1 in Which: 

said back pressure irnparting means comprises a ?rst back 
pressure irnparting rneans disposed above said upper 
counter-punch for applying back pressure thereto and a 
second back pressure irnparting rneans disposed beloW 
said loWer counter-punch for applying back pressure 
thereto, said ?rst and second back pressure irnparting 
rneans forcing said Workpiece stock being formed to be 
diverted bilaterally in said cavity; and 

said pressure means is disposed above said upper die for 
applying pressure to said upper die from its upper side 
to act to enclose said cavity unilaterally; 

said back pressure irnparting means is disposed above 
said upper counter-punch for applying back pressure 
thereto to force said Workpiece stock being formed to 
be diverted unilaterally in said cavity; and 

said back pressure rernoval means is adapted to act on said 
?rst and second back pressure irnparting means for 
removing each said back pressure upon said Workpiece 
stock ?lling said cavity. 

4. A die system for full enclosed die forging as set forth _ _ _ _ said back pressure rernoval means is adapted to act on said 
in claim 1 in Which: back pressure irnparting means for removing said back 

pressure upon said Workpiece stock ?lling said cavity. 
8. A die system for full enclosed die forging as set forth 

in claim 1 in Which: 

said pressure means is disposed above said upper die for 
applying pressure to said upper die from its upper side 
to act to enclose said cavity unilaterally; 
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said pressure means is disposed below said loWer die for 
applying pressure to said loWer die from its loWer side 
to act to enclose said cavity unilaterally; 

said back pressure irnparting means is disposed beloW 
said loWer counter-punch for applying back pressure 
thereto to force said Workpiece stock being formed to 
be diverted unilaterally in said cavity; and 

said back pressure rernoval means is adapted to act on said 
back pressure irnparting means for removing said back 
pressure upon said Workpiece stock ?lling said cavity. 

9. A die system for full enclosed die forging as set forth 
in claim 1 in Which: 

said pressure means is disposed above said upper die for 
applying pressure to said upper die from its upper side 
to act to enclose said cavity unilaterally; 

said back pressure irnparting means is disposed beloW 
said loWer counter-punch for applying back pressure 
thereto to force said Workpiece stock being formed to 
be diverted unilaterally in said cavity; and 
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said back pressure rernoval means is adapted to act on said 
back pressure irnparting means for removing said back 
pressure upon said Workpiece stock ?lling said cavity. 

10. A die system for full enclosed die forging as set forth 
in claim 1 in Which: 

said pressure means is disposed beloW said loWer die for 
applying pressure to said loWer die from its loWer side 
to act to enclose said cavity unilaterally; 

said back pressure irnparting means is disposed above 
said upper counter-punch for applying back pressure 
thereto to force said Workpiece stock being formed to 
be diverted unilaterally in said cavity; and 

said back pressure rernoval means is adapted to act on said 

back pressure irnparting means for removing said back 
pressure upon said Workpiece stock ?lling said cavity. 


