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@ DEVICE FOR HYDRO-MECHANICAL FORMING OF ARTICLES.

@ A device for hydro-mechanical forming of arti-

cles comprising, all mounted coaxially, a multipier 2426 —————— I

(1), a power cylinder (2) and a demultiplier (3). On 27 5 s
the rod of the power cylinder (2) is mounted co- -3 =
axially to the latter a container (20) provided with a et %

chamber (21) in which is mounted a matrix (22) for 25 5;

the blank, and which at the moment of forming the 75K 34 1
blank is filled with a plastifying liquid. Between the 27— 75 Jg\@
container (20) and the rod (25) of the demultiplier (3) 22 79 =

is mounted a punch (34) sealing the chamber (21) 381 :/Zg

during the forming of the blank. The hydraulic line o //9 .
(29) connecting the low-pressure chamber (26) of 18 P
the multipier (3) to a source (12) for the working / 15

liqguid and to a receiver (13) for its discharge is 14~ §7 ;0

provided with a non-return valve (30), intended to

prevent the working liquid flow from the low-pressure %— P :
chamber (26) of the demultipier (3) to the receiver R g %—EU-UE
1t

(13) for the working liquid discharge, and with an l;: 5

accumulator (31) the hydraulic chamber (32) of

which is connected to a section (33) of the hydraulic 7 L ;g,djw

line (29), which is located between the non-return T3~ )

valve (30) and the low-pressure chamber (26) of the
demultiplier (3).
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Field of Engineering

The present invention relates to the art of plas-
tic metal working, to equipment for plastic deforma-
tion of metals under conditions of high hydrostatic
pressures, and, more specifically, to an apparatus
for hydromechanically shaping articles.

Review of the Prior Art

Industry makes an over spreading use of met-
als possessing high-temperature strength and a
high chemical resistance to attack by corrosive
media. However, many of these metals feature a
poor plasticity under plastic metal working con-
ditions. Therefore, there have been developed ap-
paratuses for plastic deformation of metals under
conditions of high hydrostatic pressures capable fo
deform low-plasticity metals. Amongst such ap-
paratuses, there is known in the prior art (SU, A 1
473 218) an apparatus for hydromechanically shap-
ing articles, which apparatus comprises: arranged
in a coaxial relationship, a step-up gear having its
low-pressure chamber communicated, via a hy-
draulic distributor, with a working fluid source and
with a reservoir adapted to receive discharged
working fluid; a power cylinder having its rod end
communicated, via a hydraulic distributor, with a
working fluid source and with a reservoir adapted
o receive discharged working fluid, while its piston
is arranged on the side of the step-up gear rod and
carries, coaxially secured with respect to the step-
up gear rod, a container provided with a chamber
accomodating a die adapted to receive a blank,
and intended to be filled with a plasticizing liquid
during the blank shaping operation; a stepdown
gear having its low-pressure chamber communi-
cated, via a hydraulic line, to a working fluid source
and to a reservoir adapted to receive discharged
working fluid; and a punch which is interposed
between the container and the rod of the step-
down gear and which has its high-pressure cham-
ber communicated to the chamber of the container
during the blank shaping operation. The hydraulic
line which serves to put in communication the low-
pressure chamber of the step-down gear with a
working fluid source and with a reservoir for dis-
charged working fluid, is provided with a hydraulic
distributor and a throttling valve.

Research has revealed that in the above-de-
scribed apparatus approximately 60% of total en-
ergy consumption per working cycle are required
to establish within the container chamber a pres-
sure needed for effecting plastic deformation of a
blank with a plasticizing liquid, and also to over-
come the resistance offered by the flow of the
plasticising liquid as it is forced out of the container
chamber into the high-pressure chamber of the
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step-down gear during the blank shaping operation.
In other words, the plasticizing liquid in the course
of the blank shaping process builds up a large
amount of energy so that by the end of this pro-
cess this liquid constitutes a power-intensive car-
rier. As the plasticizing liquid is forced out from the
container chamber into the high-pressure chamber
of the step-down gear and as the rod and piston of
the step-down gear fravel to assume their initial
position, the energy built up by the plasticizing
liquid is transferred to the working fluid in the low-
pressure chamber of the step-down gear and in the
hydraulic line whereby the low-pressure chamber
of the step down gear is communicated with a
working fluid source and with a reservoir adapted
fo receive drained-out working fluid. As the latter
passes through the throttling valve of this hydraulic
line, its energy is irretrievably lost, whereupon the
working fluid that has lost its energy is discharged
into a reservoir adapted to receive it. Consequently,
the plasticizing liquid energy built up during plastic
deformation of a blank is irrevokably wasted in the
throttling valve of the hydraulic line instead of be-
ing used in the next working cycle of the appara-
tus, This is one of the main reasons of the poor
efficiency of the art-known apparatus for
hydromechanically shaping articles.

Disclosure of the Invention

The present invention seeks to solve the prob-
lem such an apparatus for hydromechanically
shaping articles in which an appropriate change in
the design of its hydraulic drive would enable the
irretrievable energy losses of the plasticizing liquid
to be diminished, and thereby the efficiency of
such an apparatus for hydromechanically shaping
articles to be increased.

The above-formulated problem is solved by
that in an apparatus for hydromechanically shaping
articles, comprising the following components ar-
ranged in a coaxial relationship: a step-up gear
having its low-pressure chamber communicated,
via a hydraulic distributor, with a working fluid
source and with a reservoir adapted to receive
discharged working fluid; a power cylinder having
its rod end communicated, via a hydraulic distribu-
tor, with a working fluid source and with a reservoir
adapted to receive discharged working fluid, while
its piston is arranged from the side of the step-up
gear rod and carries, arranged coaxially with the
latter, a container provided with a chamber adapted
to accomodate a die for a blank and intended to be
filled up with a plasticizing liquid in the course of a
blank shaping operation; a step-down gear having
its low-pressure chamber communicated, via a hy-
draulic line, with a working fluid source and with a
reservoir adapted to receive discharged working
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fluid; and a punch which is interposed between the
containerand the rod of the step-down gear which
has its high-pressure chamber communicated with
the container chamber during the blank shaping
operation, in accordance with the present invention,
said hydraulic line for communicating the low-pres-
sure chamber of the step-down gear with the work-
ing fluid source and with the reservoir for dis-
charged working fluid is provided with a check
valve for the purpose of preventing mvoement of a
working fluid flow from the low-pressure chamber
of the step-down gear into the reservoir for dis-
charged working fluid, and with an accumulator
having its hydraulic chamber communicated with a
portion of the hydraulic line lying between the
check valve and the low-pressure chamber of the
step-down gear.

In such an apparatus for hydromechanically
shaping articles, in the course of the blank shaping
process, accompanied by forcing the plasticizing
liquid out of the container chamber into the high-
pressure chamber of the step-down gear, and also
accompanied by displacement of the rod and pis-
ton of the step-down gear to their initial position,
the energy accumulated by the plasticizing liquid is
transferred to the working fluid in the low-pressure
chamber of the step-down gear and in the portion
of the hydraulic line comprised between the check
valve and the low-pressure chamber of the step-
down gear. Energy is built up in this portion of the
line with the help of the accumulator. Upon com-
pletion of the blank shaping operation, the nergy
built up in the accumulator is passed to the work-
ing fluid filling the hydraulic line portion comprised
between the check valve and the low-pressure
chamber of the step-down gear, and also to the
working fluid filling the low-pressure chamber itself.
As a result, this working fluid displaces and retains
the piston and rod of the step-down gear in a
position in which the blank shaping operation takes
place. In other words, it became possible to pre-
vent irrefrievable wastage of the energy built up by
the plasticizing liquid, and to utilize this energy
during the subsequent working cycle of the appara-
tus of the invention for two purposes, namely: in
the first place, for causing the piston and rod of the
step-down gear to return to a position in which the
shaping of a blank takes place, and, in the second
place, for creating resistance to the outflow of the
plasticizing liquid from the container chamber dur-
ing the blank shaping operation. Preservation and
subsequent utilization of the energy of the plasticiz-
ing liquid reduce the energy consumption of the
apparatus and, thereby increase its efficiency.

Brief Description of Drawings

In what follows, the present invention will be
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explained with the help of a specific embodiment of
the apparatus for hydromechanically shaping arti-
cles, and with the help of an appended drawing
which schematically shows in a longitudinal section
the apparatus in accordance with the present in-
vention for hydromechanically shaping articles.

Best Embodiment of the Invention

The present apparatus for hydromechanically
shaping articles comprises the following compo-
nents, arranged therein in a coaxial relationship: a
step-up gear 1, a power cylinder 2, and a step-
down gear 3. The step-up gear 1 has a housing 4
which accomodates a piston 5 with a rod 6, for-
ming thereby a low-pressure chamber 7 of the
step-up gear 1, a high-pressure chamber 8 of the
gear 1, and a rod-end chamber 9. The low-pres-
sure chamber 7 of the step-up gear 1 is commu-
nicated by a hydraulic line 10, via a hydraulic
distributor 11, with a working fluid source 12 and
with a reservoir 13 for discharged working fluid.
The power cylinder 2 has a housing 14 which
accomodates a piston 15 with a rod 16, thereby
forming a piston chamber 17 and a rod chamber
18. The rod chamber 18 of the power cylinder 2 is
communicated by a hydraulic line 19, via a hydrau-
lic distributor 11, with a working fluid source 12 and
with a reservoir for 13 discharged working fluid.
The piston 15 of the power cylinder 2 is disposed
on the side of the rod 6 of the step-up gear 1. The
rod 16 of the power cylinder 2 carries, secured
coaxially to the latter, a container 20 having a
chamber 21 which accomodates a die 22 adapted
o receive a blank and which becomes filled with a
plasticizing liquid during the blank shaping opera-
tion. The step-down gear 3 has a housing 23 which
accomodates a piston 24 with a rod 25, thus for-
ming a low-pressure chamber 26 of the step-down
gear 3, a high-pressure chamber 27 of the gear 3,
and a rod-end chamber 28 of the gear 3. The low-
pressure chamber 26 of the step-down gear 3 is
communicated via a hydraulic line 29 with the
working fluid source 12 and with the reservoir 13
for discharged working fluid. The hydraulic line 29
which serves to put the low-pressure chamber 26
of the step-down gear 3 in communication with the
working fluid source 12 and with the reservoir 13
for discharged working fluid is provided with a
check valve 30 designed to prevent an outflow of
the working fluid from the low-pressure chamber 26
of the step-down gear 3 into the reservoir 13 for
discharged working fluid, and further provided with
an accumulator 31 whose hydraulic chamber 32 is
communicated with a hydraulic line 29 portion 33
comprised between the check valve 30 and the
low-pressure chamber 26 of the step-down gear 3.
A punch 34 is mounted on the rod 16 of the power
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cylinder 2 between the container 20 and the rod 25
of the step-down gear 3 in a coaxial relationship
with the latter. Channels 35 are formed in the
punch 34 for the purpose of communicating the
high-pressure chamber 27 of the step-down gear 3
with the container 20 chamber 21 during the blank
shaping operation. A shroud 37 is mounted on the
outside surface 36 of the housing 14 of the power
cylinder 2. The outside surface 38 of the container
20 also carries a shroud 39. The working fluid
source 12 is provided with a safety valve 40.

The above-described apparatus is operated in
the following manner:

Prior to starting a first working cycle, a blank is
placed on the die 22 and the chamber 21 of the
container 20 is filled up with a plasticizing liquid.
The hydraulic distributor 11 is switchedover o a
position in which the working fluid source 12 is
communicated with the low-pressure chamber 7 of
the step-up gear 1, while the rod-end chamber 18
of the power cylinder 2 is communicated with the
reservoir 13 for discharged working fluid. There-
upon, the working fluid is fed along the hydraulic
line 10, via the hydraulic distributor 11, from the
working fluid source 12 into the low-pressure
chamber 7 of the step-up gear 1. Under the effect
of pressure exerted by the working fluid within the
low-pressure chamber 7 of the step-up gear 1, the
piston 5 with the rod 6 are caused to move and, as
a result, the rod 6 compresses the working fluid in
the high-pressure chamber 8 of the step-up gear 1
and in the piston chamber 17 of the power cylinder
2. The pressure exerted by the working fluid in the
high-pressure chamber 8 of the step-up gear 1 and
in the piston chamber 17 of the power cylinder 2
causes to move the piston 15 with the rod 16 of the
power cylinder 2, and their movement is transmit-
ted to the container 20 with the die 22 and a blank
placed into the die 22 towards the punch 34. As
the piston 15 travels, the volume of the rod-end
chamber 18 is reduced, and this causes an outflow
of the working fluid filling the chamber 18 along the
hydraulic line 19 and via the hydraulic distributor
11 into the reservoir 13 for discharged working
fluid. Simultaneously, the working fluid is supplied
along the hydraulic line 29 via the check valve 30
into the low-pressure chamber 26 of the step-down
gear 3. Under the effect of the pressure exerted by
the working fluid in the low-pressure chamber 26 of
the step-down gear 3, the piston 24 with the rod 25
are caused to move towards the punch 34. As a
result of the above-described movements of the
components of the apparatus for hydromechanical-
ly shaping articles and of the working fluid in its
hydraulic drive, the punch 34 enters the chamber
21 of the container 20, thereby sealing the latter
and reducing the volume of the chamber 21. As a
result, the pressure exerted by the plasticizing lig-
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uid in the chamber 21 of the container 20 exceeds
the yield point of the metal constituting the blank,
and this, ultimately, leads to a change in the shape
of the blank which is definitively shaped by the
configuration of the die 22 and by that of the punch
34. As the volume of the container 22 chamber 21
diminishes, the plastizing liquid is forced out of the
container 22 chamber 21 through the channels 35
formed in the punch 34 into the high-pressure
chamber 27 of the step-down gear 3. This leads fo
an increase in the volume of the high-pressure
chamber 27 of the step-down gear 3 and to a
movement of its piston 24 with the rod 25 away
from the punch 34. The energy accumulated by the
plasticizing liquid is transmitted to the working fluid
filling the low-pressure chamber 26 of the step-
down gear 3 and the hydraulic line 29 portion 33,
wherein energy build-up takes place with the aid of
the accumulator 31. It is necessary to note that the
check valve 30 prevents an outflow of the working
fluid from the low-pressure chamber 26 of the step-
down gear 3 into the reservoir 13 for discharged
working fluid, whereby the accumulator 31 is en-
ables to build up the energy of the plasticizing
liquid. Thereupon, the hydraulic distributor 11 is
switched-over to a position in which the working
fluid source 12 is put in communication with the
rod-end chamber 18 of the power cylinder 2, while
the low-pressure chamber 7 of the step-up gear 1
gets communicated with the reservoir 13 for dis-
charged working fluid. As a result, the piston 5 and
the rod 6 of the step-up gear 1, and the piston 15
with the rod 16 of the power cylinder 2 are caused
to move away from the punch 34. The latter leaves
the chamber 21 of the container 22, thereby break-
ing the seal, and a finished article is taken out of
the chamber 21 of the container 22. Thus, the first
working cycle of the apparatus is terminated. Each
subsequent working cycle is conducted following
the procedure described for the first working cycle,
with the only difference that the energy built up by
the accumulator 31 is transferred to the working
fluid filling the hydraulic line 29 portion 33 com-
prised between the check valve 30 and the low-
pressure chamber 26 of the step-down gear 3, and
also to the fluid filling the low-pressure chamber 26
of the step-down gear 3. As a result of this ar-
rangement, the working fluid moves and retains the
rod 25 and the piston 24 of the step-down gear 3 in
such a position in which the shaping of a next-in-
turn blank takes place. In other works, it became
possible to avoid any irretrievable wastage of the
energy of the plasticizing liquid. This energy is
thus utilized in each subsequent working cycle of
the apparatus of the invention for two purposes,
namely: in the first place, for causing the piston 24
and the rod 25 of the step-down gear 3 to return
back to their blank shaping position, and, in the
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second place, for offering resistance to a flow of
the plasticizing liquid from the chamber 21 of the
container 22 during the blank shaping operation.
Storage and subsequent re-use of the energy of
the plasticizing liquid bring down the energy con-
sumption for running the apparatus and, thereby,
increase its efficiency.

Industrial Applicability

Research has been conducted to assess en-
ergy requirements for hydromechanically shaping
articles with sophisticated external configurations,
necessitating the use of split dies, such as, e.g.
axle boxes of railway cars, by the above-described
apparatus for hydromechanically shaping articles
and by using the above-described process which
makes provision for complete retrieval by the hy-
draulic drive of the apparatus of the energy losses
fo increase the pressure of the plasticizing liquid.
The results of this research show that, as com-
pared to similar art-known apparatuses, the present
apparatus makes it possible to reduce the power
input required for hydromechanical shaping by
more than one half.

Claims

1. An apparatus for hydromechanically shaping
articles, which apparatus comprises, arranged
in a coaxial relationship therein, the folowing
components: a step-up gear (I) having its low-
pressure chamber (7) communicated, via a hy-
draulic distributor (11), with a working fluid
source (12) and with a reservoir (13) adapted
to receive discharged working fluid; a power
cylinder (2) having its rod-end chamber (18)
communicated, via a hydraulic distributor (11),
with a working fluid source (12) and with a
reservoir (13) adapted to receive discharged
working fluid, while its piston (15) is disposed
on the side of the rod (6) of the step-up gear
(I) whose rod (16) carries, arranged coaxially to
the latter, a container (20) having a chamber
(21) which houses a die (22) adapted to re-
ceive a blank and which is filled up with a
plasticizing liquid during the blank shaping pro-
cedure; a step-down gear (3) having its low-
pressure chamber (26) communicated, via a
hydraulic line (29), with said working fluid
source (12) and with said reservoir (13) adapt-
ed to receive discharged working fluid; and a
punch (34) interposed between said container
(20) and the rod of said step-down gear (3)
whose high-pressure chamber (27) is put in
communication with the chamber (21) of said
container (20) during the blank shaping proce-
dure, characterized in that said hydraulic line
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(29) which serves to put the low-pressure
chamber (26) of said step-down gear (3) in
communication with said working fluid source
(12) and said reservoir (13) for discharged
working fluid is provided with a check valve
(30) intended to prevent an outflow of the
working fluid from the low-pressure chamber
(26) of said step-down gear (3) into said reser-
voir (13) for discharged working fluid; and is
further provided with an accumulator (31) hav-
ing its hydraulic compartment (32) commu-
nicated with a hydraulic line (29) portion (33)
comprised between saud check valve (30) and
the low-pressure chamber (26) of said step-
down gear (3).
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