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SYSTEMS ENGINEERING DESIGN AND DEVELOPMENT
OF UNIVERSAL DIE SET FOR HYDRAULIC PRESSES

Purpose. Improvement of the universal die set (UDS) design for hydraulic presses based on system engineering and morpho-
logical synthesis of technical solutions.

Methodology. System engineering methods were used in the development of the universal die set. This approach made it pos-
sible to formulate requirements and choose high-quality technical solutions. Stages of analysis and step-by-step design of nodes
are identified and implemented. The stages of analysis and step-by-step design of nodes were identified and implemented. Classi-
fication of the types of connections of the construction elements of the UDS has been carried out. Contiguity matrices were con-
structed to describe the connections between elements of the UDS. This made it possible to formalize admissible combinations of
node construction. The stages of the structure’s operation are defined using a state diagram for the stamping process. Different
variants of the cycle of the press with varying ways of pushing the forgings out of the matrix are considered and given.

Findings. A set of subsystems for UDS was developed, taking into account the expansion of the technological capabilities of
hydraulic presses when implementing technologies with more complex kinematics than stamping processes that are usually used
on hydraulic presses. The process of selecting UDS elements has been formalized. The expansion of the technological capabilities
of universal hydraulic presses due to the adopted constructive decisions is shown.

Originality. The design of the universal die set for hydraulic presses is based on the application of systems engineering methods
is improved. The expansion of the technological capabilities of hydropresses was carried out on the basis of the proposed classifica-
tion of the types of UDS structural elements connections and presses. Matrixes of permissible combinations of element connec-
tions have been developed for the selection of connections between the elements of the UDS construction. State diagrams have
been developed for various options for the implementation of technological processes.

Practical value. A methodology for applying systems engineering methods to the design of a UDS for hydraulic presses has been
developed. It is shown that the application of system engineering methods allows for a guaranteed improvement of their techno-
logical capabilities. Based on this approach, the design of the UDS was developed to fit various work options. Using additional
locking mechanisms to temporarily limit the mutual movement of the block and press elements allows the use of the main cylinder
and the slave cylinder of the hydraulic press to perform various technological operations. This approach provides a more complex
sequence of technological operations for manufacturing parts. An example of the application of the developed design of the UDS

for the process of severe plastic deformation (SPD) by the method of reversible shear is presented.
Keywords: system engineering, universal die set, “press-die set” system

Introduction. Systems engineering technologies for creating
new technical objects based on models and design languages
allow generalizing approaches to product design. This ensures
the high quality of developed technical solutions and their justi-
fication. Production demand requires a transition to the devel-
opment of modular, upgradeable, and reconfigurable solutions
for hydraulic systems using modern technologies. Innovative
approaches are being developed to implement the concept of a
multi-agent control system for smart hydraulic presses [1].

To obtain deformed semi-finished products in small-scale
production, it is advisable to use a hydraulic press with univer-
sal technological equipment. It should allow the processing of
blanks from alloys of iron, titanium, copper, aluminum, and
other alloys for various purposes, as well as blanks from pow-
der materials. In view of this, the design of a promising instal-
lation should meet the requirements for ensuring the possibil-
ity of implementing a number of technological processes (TP)
with a different sequence of operations and extended tool ki-
nematics. However, universal presses, in this case, do not fully
satisfy the requirements for performing a sequence of techno-
logical operations. This is especially important if the opera-
tions must be performed at one technological position.
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Literature review. A significant amount of research has
been conducted in the field of technological processes of met-
al processing by pressure, the structure and properties of
workpieces obtained by various forming methods. At the same
time, the number of works devoted to the development of a
methodology for designing tools and equipment for perform-
ing technological processes is limited [2, 3]. Experimental and
industrial implementation of metal processing technologies by
pressure largely depends on the kinematic capabilities, quality
of design, and manufacturing of dies. These factors determine
the efficiency of the process of deformation and removal of
products from dies. In a number of technological operations,
especially when pressing powder materials, a large stroke of
the working tool is required. In addition, the stroke of the ejec-
tor cylinder is not always sufficient to perform technological
operations. Therefore, the press is selected with an excess of
the nominal force required for the technological process. With
an increase in the level of technological complexity of the pro-
cess, the kinematics of the movement of the working tool also
becomes more complicated.

For example, in order not to destroy powder blanks after
pressing, a certain sequence of movements of the matrix and
punches is necessary. Another group of promising processes
for industry is SPD [4, 5]. Today, these processes are actively
studied and introduced into industry. The reason for the in-
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creased attention to them is the possibility of obtaining new
materials with high mechanical characteristics and a number
of other unique properties [6]. Large strains and SPD are two
widely known approaches to processing metal blanks, which
differently affect the microstructure and physical and me-
chanical properties of materials [5]. They also allow for the
implementation of energy-efficient and resource-saving tech-
nological processes for obtaining materials of different classes,
including high-gradient materials with an ultrafine-grained
structure [4, 7] and architectural materials [8]. A significant
part of the existing SPD methods uses various types of extru-
sion as the main metal forming process, namely equal-channel
angular pressing [9] and twisting [10]. Another group of SPD
processes is based on multiaxial forging (multidirectional forg-
ing) [11] and reverse shearing [12].

Analysis of the requirements for the kinematics of a number
of methods of metal processing by pressure shows that universal
hydraulic presses do not have a sufficient number of degrees of
freedom for their implementation. This leads to the need to de-
sign special expensive equipment and, thus, makes it economi-
cally impractical to introduce technologies based on SPD
methods in industry in conditions of single and small-scale pro-
duction. At the same time, a number of technical limitations
can be circumvented by improving the design of the UDS.

To assess the effectiveness of design solutions, the meth-
odology given in [13] can be used. The index (coefficient) of
the unification of design solutions can be calculated as the ra-
tio of the number of unified elements to the sum of additional
design elements for each of the technological processes. Ad-
ditional complexity of the design can be estimated as the ratio
of the number of additional design elements in the design to
the number of unified elements. The rational value of the uni-
fication coefficient for die tooling is a value greater than 0.6.

To automate the design of die equipment for MPP pro-
cesses, highly specialized CADs are used with an orientation
to individual processes, such as rolling, bending, straighten-
ing, and other sheet metal processing operations [14]. Much
less development is related to the design of die for volume
forging, trimming [15, 16], and extrusion operations. Some
CADs support equipment from individual manufacturers,
which significantly reduces modeling capabilities.

In recent years, there has been an intellectualization of
the design of die equipment for sheet metal processing pro-
cesses by building CAD using neural networks and other arti-
ficial intelligence methods [17, 18]. This makes it possible to
obtain more rational solutions and find promising combina-
tions based on the experience of past developments, combin-
ing the influence of parameters, the relationship between
which is not obvious.

The development of complex technical systems requires
the use of systems engineering to achieve well-designed solu-
tions [13]. In many situations, systems engineering includes
several stages: requirements definition, conceptual design, en-
gineering design, modeling, testing, and implementation in
production [19]. ISO offers several systems engineering stan-
dards, including important system life cycle stages, software
design processes, quality assurance, and process management
[20]. Depending on the type and specifics of the project,
MBSE (Model-Based Systems Engineering) approaches and
models developed by the OMG consortium can be used to
achieve the goal of systems engineering. Systems engineering
methods are applied when creating complex systems using
models based on the SysML language to support all life cycle
stages [21]. In particular, the Automotive SPICE model has
proven itself well in the automotive industry [22]. The CMMI
(Capability Maturity Model Integration) model is used in var-
ious areas [23]. The V-Model approaches software develop-
ment by performing verification and validation at each stage of
the project life cycle [24]. The Agile methodology is applied to
software development and emphasizes an iterative approach,
collaboration, flexibility, and rapid response to change [25,

26]. The Ad hoc model is suitable for developing systems char-
acterized by a lack of formal structure and processes [27].

In the design methodology proposed by the authors earli-
er, issues of choosing types of technical solutions for elements
of the designed system and their connections are considered
[13, 28]. Such a methodology for selecting elements is impor-
tant for any designed structure, as it ensures its operability and
reliability and reduces economic costs. The choice can be
made on the basis of creating classifications of technical solu-
tions for elements used in structures and determining the rules
for their selection in specific situations [28].

The structure of the UDS system can be represented as a
matrix of adjacency of structural elements. These elements are
moved by the working cylinders of the press or are mounted on
the frame. The cells of the table indicate the type of connec-
tion between the structural elements.

The main problem in developing a UDS is to ensure its
modification for different TP. Another problem is the selection
of element parameters, which take into account the require-
ments set by technological processes.

Purpose. The purpose of this work is to improve the design
of a universal die set for hydraulic presses based on systems en-
gineering and morphological synthesis of technical solutions.

Selection of design solutions for UDS. Analysis of the instal-
lation operation cycle when implementing the SPD processes,
extrusion with counterpressure, and pressing with active fric-
tion forces showed that the number of operations in these
cases exceeds the capabilities of their performance by power
cylinders of universal hydraulic presses. Therefore, when de-
veloping a UDS, it is of some interest to provide a temporary
connection of UDS elements with press elements. This allows
for the sequential performance of various operations by press
cylinders. In particular, the main press cylinder can be used
first for forging the workpiece and then for its ejection, taking
into account the necessary kinematics of the movement of the
lower punch of the die set.

To expand the functionality of the press, it is necessary to
implement a change in the structure of the connections of the
UDS elements to provide the possibility of temporary limita-
tion of the axial movement (fixation) of the UDS parts relative
to the moving parts of the press or the frame. For this, it is
necessary to switch the operation of the working cylinders
based on changing the connections between the elements of
the “press-die set” system. This will allow for the changing of
the kinematics and ensure the execution of a given sequence of
operations. Thus, the main principle of the design solution to
this problem is a temporary mechanical fixation of the parts of
the device relative to the moving parts of the hydraulic cylin-
ders or relative to the stationary press frame. The mechanical
connection with the hydraulic cylinders allows you to move
and load the elements of the UDS structure. In this case, some
structural elements are fixed in a given position relative to the
frame to move or transfer the load to other elements.

The choice of connections between structural elements is
carried out depending on the sequence of operations of the
technological cycle and the need to switch the drive. The drive
must perform both main and auxiliary operations. In particu-
lar, the ejector cylinder can create active friction forces when
pressing powders and then push out the resulting workpiece,
which expands the press’s capabilities.

Let us consider the transition from the TP operations se-
quence to the UDS design. It should be noted that depending
on TP, a number of design options for connecting UDS ele-
ments are possible. Therefore, a classification of the types of
connections between UDS elements and the press (Fig. 1) is
proposed according to the degree and nature of the restriction
of the movement of the elements relative to each other. All
loads from the drive side are carried out along one axis since
the cylinders are located symmetrically relative to the press
axis. In this regard, limiting the types of considered connec-
tions between the matrix elements and the press is possible.
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Fastening matrix elements

1. Rigid fixing, =0

2. Restricted axial displacement,
0<S<S

3. Unrestricted axial displacement

One-way mechanical connection

Two-way mechanical connection

2.1. Element tension (tension rod)

2.2. Element compression

2.3. Tension/compression element

(support foot)
Temporary connection -~ | N~ A
2.1.1. Tension rqd + Fixing 2.2.1. Spacer 2.2.2. Wedge 2.2.3. Workpiece 2.3.1. Tension rqd + Fixing
mechanism plate mechanism

Fig. 1. Taxonomy of types of connections of structural elements UDS and press:

S — the value of the relative displacement of the connected elements

The set of types of DC connections (structural constraints)
between the UDS structural elements and the press is a set of
sets DC = {{1},{2},{3}}, where the separation is performed ac-
cording to the principle of limiting the relative movements of
the UDS elements (Fig. 1).

Rigid fastening / (Fig. 1) assumes no movement of ele-
ments along the axis of the die. In this case, the value of the
relative movement of the elements being connected is S = 0.
Limited axial movement 2 allows you to coordinate the kine-
matics of the movements of the elements connected to the
drive and the die. For example, usually, the stroke of the main
cylinder is much longer than the stroke of pressing and push-
ing, so it must be limited if the working cylinders are used to
move the lower punch and push the stamped product out of
the die. One-sided and two-sided mechanical connection
transmits the load in one or two directions, respectively. The
possibility of unlimited axial movement 3 is implemented, for
example, between the columns and the bushings of the block,
while axial loads do not arise.

The connection between two UDS elements can be imple-
mented using various designs. When making a one-sided or
two-sided connection, the elements that provide the transmis-
sion of axial loads can work in compression or tension. Various
rods 2.1 (Fig. 1) work in tension; they are equipped with
mechanisms for fastening UDS parts 2.1.1: clamps and nuts
that transmit tensile forces. The compressive load is perceived
by the pressing stroke limiters 2.2: adjustable spacer plates,
wedges, or blanks. During compression, the force is usually
transmitted by the end surfaces of the structural elements or
locked between them.

For example, in addition to pushing out the forging by a
separate cylinder, the design of presses and dies also uses a
method for pushing out forgings using a frame structure 1—4
(Fig. 2) [14]. In this case, rod 4 connects the upper / and low-
er 3 movable die plates and forms a movable frame.

When pushing out forgings using a frame structure, the
lower movable plate 3 of the frame is installed under the press
Table 2, on which the die 5 is installed, and is connected by
rods 4 to the press slider /. The ejector 6 is installed on the
movable plate 3. After stamping the forging & with punch 7,
slider 7 moves up and pushes the forging out of die 5. In this
case, the ejector cylinder is not used.

Let us consider the behavior of the “press-stamp” system
for the stamping process using a frame structure for pushing
out forgings [14]. In this case, the system’s operation can be
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represented in the form of a state diagram, which demonstrates
the sequence of stamping operations and the transitions be-
tween them (Fig. 3).

In this case, several system (states 0, A — D) associated
with the movement of the moving parts of the press can be
distinguished. The work begins in an arbitrary position of the
moving parts of the press (states 0.1 and 0.2). Then the slider

.1

(1)

Fig. 2. Scheme of installing the ejector on a moving frame:

1 — slider, 2 — press table; 3 — lower moving frame plate; 4 — rods;
5 — matrix; 6 — ejector, 7— punch; 8 — forging; 1, 2.1, 3 — indices
of types of connections of structural elements, shown in Fig. 1

B Ty

i)
.
.

@/

Fig. 3. State diagram for TP stamping using a frame for ejecting
forgings. Indices:

\

1 — slider with frame; 2 — ejector; states: A — slider movement to
the starting position; B — stand for installing the workpiece; C —
stamping; D — slider movement up, ejecting the forging from the
die; a—g — events that initiate transitions between UDS states
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and the ejector move (event a, state A) to the starting position
and stop to load the workpiece (state B). The TP cycle is pre-
pared. Then, according to the command d, the slider moves
down, and stamping is performed (state C). The ejector is in
the lower position (state B.2). When the press slider moves up
(event e, state D), the matrix opens, then the ejector starts to
move up (state D.2). Due to the kinematic connection be-
tween the slider and the movable frame cross member, the
forging is pushed out of the die. After this, another partial
stroke of the slider with the frame down is performed (event 4,
state A) to return the slider and the ejector to the starting posi-
tion for loading a new workpiece (state B) and repeating the
cycle. Thus, the full stroke of the slider must be longer than or
equal to the sum of the working stroke and the ejector stroke.

Let us depict the structure of the UDS in the form of an
adjacency matrix A = {a,}, which is used to represent finite
graphs G = (V, E), where V is the set of nodes — structural
elements, F'is the set of element links, in this case, ordered in
the form of a taxonomy (Fig. 1). The adjacency matrix of the
frame structure of the forging extrusion (Fig. 2) is given in
Table 1; it shows the main structural elements of the press
and the UDS (V}), as well as their connections.

The elements of the die, such as the matrix 5 (Fig. 2), can
be installed either stationary relative to Table 2 of the press or
connected to the movable elements of drive 1, 3, 4, 6, 7. In
particular, the upper punch 7is rigidly connected (connection
type /) (Fig. 1) to plate / and the slider, which is driven by the
main cylinder of the hydraulic press. The matrix 5 is installed
stationary (connection type /) relative to the table and the
press frame 2. The ejector 6 is installed on the lower movable
plate 3, which moves upward together with the slider of press /
during the return stroke. The movement of the ejector 6 with
plate 3 occurs due to the presence of rods 4 connected to the
slider (connection type 2. 7). The lower movable plate 3 is lo-

Table 1

Adjacency matrix for UDS with a frame structure of forging
extrusion

Structural elements Types of relationships a; (Fig. 1)

cated under Table 2 with a gap . Therefore, it has limited
movement (connection type 2.2).

To provide information for this conceptual design stage, we
present a generalized adjacency matrix, which includes a set of
possible types (variants) of connections between elements (Ta-
ble 2). The matrix is filled in according to the results of expert
assessment and includes a set of permissible connections that
can be applied. The elements of the “press-die set” system in
the detailing process are supplemented with additional UDS
plates (upper movable plate V5, lower and upper fixed plates
V7, V9, lower cylinder rod V6, and central rod V4. For example,
the latter is part of the working tool when deforming tubular
blanks or powder materials. The rod does not transmit vertical
force but only limits the working cavity of the matrix.

Construction of parametric and geometric models UDS. At
the next design stage, solid models are built, and design op-
tions for a specific die and TP are checked, considering the
specified constraints. Then, a parametric UDS model is devel-
oped, and the equipment’s capabilities for performing TP op-
erations, ensuring the specified values of tool movement, force
mode of deformation, dimensions of the press workspace, and
other constraints are checked. If necessary, alternative UDS
design solutions and types of element connections or another
press are selected.

UDS development results for universal hydraulic presses.
The developed design is based on practical experience in de-
signing and operating similar installations [10]. To ensure the
reliable and durable operation of the UDS, a number of new
technical solutions and modifications of the main subsystems
were applied [12, 29]. This die set significantly expands the
technological capabilities of hydraulic presses by modifying
the connections of elements with their moving parts. The gen-
eral view of the proposed UDS for several processes of defor-
mation of workpieces is shown in Fig. 4. The die set design is
designed considering the possibility of processing high-
strength aluminum and titanium alloys.

The die set includes four paired plates: 7, 4, and 2, 3. The
upper movable plate / is fixed on the press slide. The fixed
lower plate 2 is installed on the press table and is connected
through supports 5 to plate 3. Thus, plates 2and 3 form a fixed
base of the die set. The connection and arrangement of plates

(Fig. 2) 123 |4]5]6] 7 1 and 3 relative to each other and the working tool is carried
1. Slider and upper o laal — T2l =] = 1 out using rods 6 and bushings 7. The rods provide centering of
movable plate the working tool independently of the press.
On plates / and 3, there are universal mounting points for
2. Press table — 022 )3 -1 - - the upper punch 8 and the matrix 9, respectively, which en-
3. Lower movableplate | — | — | 0 1 a; | 1 — sures quick tool change. Plates /, 4, and rods 6 form a power
4 Tic rods 1T -Tol=-1T< _ frame for moving the lower punch, placed on plate 4, with the
- . help of which the forging is pushed out of the matrix.
5. Matrix - |- ] —-10]22|223 In addition, the UDS contains a mounting assembly for the
6. Ejector S I R ) _ ejector on rod 70 of the lower cylinder of the press. Temporary
fixation of the position of the movable plate 4 relative to other
7. Punch il el Ml Ml Ml Ml B structural elements is carried out by wedges 77, stops /2, and fix-
Table 2
The adjacency matrix of permissible options for connecting UDS elements to the press
Structural elements \%! V2 V3 V4 V5 V6 V7 V8 V9
V1 Matrix 0 2,3 2,3 3 — — 1 1 1,22
V2 Upper punch — 0 2.2 3 1 - — - —
V3 Ejector - - 0 - - 1 - 1,2.2 2.2
V4 Center rod — - — 0 — 1 - 1 -
V5 Slider and upper movable plate - - — — 0 2.2 2.2 2 2.2
V6 Lower cylinder rod - - — - — 0 - 1,2,3 —
V7 Table and lower fixed plate — - — - — - 0 2.2 1
V& Lower movable frame plate - - - - - - - 0 2.2
V9 Upper fixed plate — - — - - - - — 0
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Fig. 4. General view of UDS hydraulic presses:
1, 4 upper and lower movable plates; 2, 3 — upper and lower fixed
plates; 5 — supports; 6 — rods; 7— bushings; 8, 9, 10— fastening
units of the upper punch, matrix, and ejector, respectively; 11, 12 —
wedges and stops for fixing the plate 4 in the upper and lower positions,
respectively; 13 — fastening elements of the plate 4 on the rods 6

ing elements /3. These elements are used depending on the im-
plemented TP. The presence of two options for ejecting the work-
piece and several fixing mechanisms allows you to create variants
of the UDS design for a number of metal processing processes by
pressure, including for SPD processes of workpieces.

The transmission of the working force to the lower plate 2
and the press table is carried out through the intermediate
plate 3 and vertical supports 5, which makes it possible to re-
move the workpiece from the bottom of the matrix (above the
lower plate 4). The rods 6 act as guide columns between the
upper movable plate / and the fixed plate 3. The installation of
the sleeves 7 significantly improves the positioning of the
working tool. The design of the elements that provide tempo-
rary fixation of the UDS elements allows you to automate their
installation and removal. These solutions improve the produc-
tivity of the UDS.

Example of using UDS for SPD by reverse bias method. The
application of the described design algorithm is shown in the
example of developing a UDS that allows the implementation
of SPD processes on universal hydraulic presses. Let us con-
sider an example of using UDS to implement SPD by the re-
verse shear (RS) method [12]. This process includes a number
of repetitions of the workpiece deformation in the die to obtain
an accumulated degree of deformation e = 3 and more. For its
implementation, deformation with the return of the workpiece
directly in the die cavity is used. This approach improves the
temperature regime of the die and the workpiece, automates
the cycle, and increases productivity.

The state diagram for the RS process with a given number
of operations (Fig. 5) shows the sequence of the primary pro-
cess states (4, B, C, D), similar to the TP of stamping using a
frame structure for pushing out forgings (Fig. 3). This indicates
the generalizability of the TP implementation using UDS.

An example of the constructive implementation of UDS
for SPD by the RS method is shown in Fig. 6. The process is
performed in a series of stages of deformation and rotation of
the workpiece /7 in the cavity of matrix /2. The rotations are
carried out by the side ejector /5 mounted on the movable
plate 4. After n compressions, the workpiece is removed from
matrix 1 by the lower workpiece ejector 16, which is fixed on
the rod of the lower cylinder /0 of the press. The side ejector
15 is also in the upper position, which allows you to install and
hold a new workpiece in the desired position when moving the
slider down. Thus, during operation, ejector /5 has two upper
positions: after the workpiece is rotated in the matrix and after
the workpiece is removed at the end of processing.

The operation of the press is similar to the previous case
considered earlier (Fig. 3) with the exception of the use of an
additional lower ejector 16 connected to the lower cylinder 70.
During operation, the UDS passes through a series of succes-
sive states A—D. After n stages of deformation of the work-
piece, the slider, the upper plate /, the punch 13, and the side
ejector 15 move (event e, state D) upwards. The ejector 76 also
moves upwards (event k, state 5.3) and removes the forging /7
from die /. After that, the system returns to its original state
(event n, state A).

The coefficient of unification of design solutions for the
given example of UDS for the implementation of the RS pro-
cess, calculated according to the method [13], is 1.2. The value
ofthe coefficient of additional complication of the UDS struc-
ture when implementing screw extrusion is 0.2. The calculated
values of the coefficients confirm a sufficient level of unifica-
tion of the developed UDS design.

Conclusions. The analysis of the experience of operating
similar installations showed that the complexity of the work-
piece deformation schemes is due to the use of backpressure,
active friction forces, execution of the stamping cycle at one
technological position, etc. This analysis made it possible to
determine the directions of UDS improvement, as well as to

Fig. 5. State diagram for TP by RS method with a decomposi-
tion of basic states:
1 — slider with a frame; 2 — side ejector, 3 — bottom ejector; 0,
A — D - states; a—n — events

Fig. 6. General view of UDS for SPD blanks according to the
scheme of reversible cutting on hydraulic presses:

1, 4 — upper and lower movable plates; 2, 3 — upper and lower
fixed plates; 5 — supports; 6 — rods; 7 — sleeves; 8, 9, 10 — fasten-
ing units of the upper punch, matrix, lower ejector, respectively;
11 — stops; 12 — matrix; 13, 14 — upper and lower punches, 15 -
lateral ejector of the workpiece rotation; 16 — lower ejector; 17 —
workpiece
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justify the need to change the connections in the “press-die
set” system for the implementation of various metal process-
ing processes by pressure. As a result, a set of subsystems for
UDS was developed in order to expand the technological ca-
pabilities of hydraulic presses. This is important when imple-
menting technologies with more complex kinematics than for
stamping processes that are usually used on hydraulic presses.

The developed state diagrams show that UDS allows the
implementation of the specified working cycle, the required
kinematics of the tool movement, and the force mode of de-
formation for a group of technological processes, which ex-
pands the capabilities of universal hydraulic presses.

The process of selecting the structures of UDS elements
is formalized. Their selection is proposed to be based on the
construction of a taxonomy of constructive solutions for the
connections of block and press elements. For information
support of the project at the conceptual level, an expert as-
sessment of constructive options for connections between
UDS elements is used. Permissible types of connections be-
tween UDS elements are presented in the form of an adja-
cency matrix.

The design of the developed UDS for different work op-
tions is presented, and the design solutions are justified. The
use of additional supports and locking mechanisms for tempo-
rary limitation of the mutual movement of the block elements
allows the use of the working and lower cylinders to perform
various technological operations. This approach provides a
more complex sequence of technological operations for man-
ufacturing complex parts. An example of using the developed
die design for the SPD process using the RS method and vari-
ous options for pushing parts out during stamping is presented.
Thus, the design methodology is presented, and an example of
expanding the technological capabilities of universal hydraulic
presses due to the adopted design solutions is shown.
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Mera. YinockoHalleHHSI KOHCTPYKLil YHiBepCaJbHOIO
wramrioBoro 6joky (YILIB) misg rigpaBiaiyHOro rnpeca Ha
OCHOBi CHCTeMHOI iHXeHepii Ta MOpP(OJIOTIYHOTO CHHTE3y
TEXHIYHUX pillleHb.

Mertoauka. [1pu po3pob1i yHiBepcaabHOIrO IITAMIIOBOTO
0JIOKY BUKOPHMCTaHi METOIM CHUCTeMHOI iHxXeHepii. Takuit
Miaxia 703BOJMB C(HOPMYJTIOBATH BUMOTH 1 BUOpATH SIKiCHI
TeXHIYHi pilneHHs. BunineHi it peanizoBaHi eranu aHaii3y Ta
TMOKPOKOBOTO MPOEKTYBaHHS By3JiB. BukoHaHa knacudika-
11is1 TUITIB 3’€IHaHb eJeMeHTiB KoHCcTpyKii YIIB. s onu-
cy 3B’13KiB Mix eemeHTamu Y1 b mobymoBaHi MaTpuili cy-
mixkHocTi. Lle namo MoXIuBICTb hopMatizyBaTH AOMYCTUMI
KoMOiHallil KOHCTPYKIlii By3JiB. ETanmu poOoTu KOHCTPYKILii
BU3HAYEHi 3 BUKOPUCTAHHSIM JiarpaMy CTaHiB Ul TEXHOJIO-
TiYHOTO Tpolieca mTaMItyBaHHs. Po3risgHyTi i1 HaBeaeHi pi3-
Hi BapiaHTH LIMKJIY POOOTHU Mpeca 3 pi3HUMU CITOcOOaMU BU-
ILITOBXYBaHHSI TTOKOBOK i3 MaTpUIIi.

Pesyabratn. Po3pobiieno Habip mincucrem mis YIIDB 3
ypaxyBaHHSIM PO3IIMPEHHS] TEXHOJOTIYHMX MOXJIMBOCTEN
TiapaBliyHUX MpeciB MpW peasizallii TeXHOJOrii i3 Oinbli
CKJIAIHOIO KiHEMATUKOIO, HiX [JIs1 MPOLIECIB IUTAMITyBaHHS,
110 3a3BMYaii BUKOPUCTOBYIOThCSI Ha TilpaBIiyHUX IMpecax.
dopmanizoBaHo npoliec Bubopy enemeHTiB YILB. [Tokazane
PO3IIMPEHHS TEXHOJOTTYHUX MOXJIMBOCTEN YHiBepCaTbHUX
riIpaBJiyHUX MPECiB 32 paXyHOK MPUUHITUX KOHCTPYKTUB-
HUX pillleHb.

HaykoBa HOBM3HA. YOCKOHaJIeHA KOHCTPYKIisl YHiBEp-
CaJIbHOTO ITAMIIOBOTO OJIOKY TiipaBlidYHUX MPECIB HA OCHO-
Bi 3aCTOCYBaHHSI METO/iB CUCTEMHOI iHXeHepii. Po3iupeH-
HSI TEXHOJIOTIUHUX MOXJIMBOCTEH TiApOIpeciB 3/1iiICHIOBaIO-
cs Ha OCHOBI 3aIpOITOHOBaHOI K1acudikarlii TuImiB 3’e1HaAHb
enemeHTiB KoHcTpykuii YLD i nmpeca. [lyist BuUGopy 3B’3KiB
MiX enemeHTamu KoHcTpykiii YILIDB po3pobieHi marpuili
JIOMyCTUMMX KOMOiHalliil 3’eqHaHb eaemMeHTiB. Po3polbieHi
JiarpaMM CTaHiB ISl PI3HUX BapiaHTIB peastizallil TeXHOJO-
TYHUX MPOLIECIB.

IIpakTyna 3naunmictb. Po3pobiieHa MeToaMKa 3aCTOCy-
BaHHSI METOJIiB CUCTEMHOI iHXKEHepii CTOCOBHO MPOEKTYBaH-
HS1 YHiBEpPCAJIbHOIO ILITAMIIOBOTO OJIOKY IJIs1 TiZpaBaidvHMX
npeciB. [lokazaHo, 1110 3aCTOCYBaHHSI METOMIB CUCTEMHOI
IHXeHepii 103BOJIsSIE TapaHTOBAHO TMOKPAIIUTU 1X TEXHOJIO-
riudi MoxJiuBocTi. Ha ocHOBI 11boro miaxomy po3pobJieHa
koHcTpyKuist YD nst pisHux BapiaHTiB poOOTH. 3acToCy-
BaHHS ONATKOBUX MeXaHi3MiB ikcallii 1Jisd TMUMYacoBOIro
OOMEXEHHS B3a€EMHOIO TEPEMILICHHS €JIEMEHTIB OJIOKY i
rpeca 103BOJIsSIE BAKOPUCTOBYBATU POOOUMI LIUIIHAP i HUX-
Hilt LAJIHAD rigponpeca Ajisl BAKOHAHHS Pi3HUX TEXHOJIOTiU-
Hux onepariiii. Takuit miaxin 3a06e3nedye OUIbILI CKIAIHY MO~
CJIIIOBHICTb TEXHOJIOTIYHUX OIepaliii BUTOTOBJIEHHS JeTa-
neii. HaBeneHO mpuKian 3aCTOCYBaHHSI pO3pOOJIEHOI KOH-
crpykuii YIIDB nns nmpouecy iHTEHCUMBHOI TJIACTUYHOI Jie-
(opmatlii METOIOM PEBEPCUBHOTO 3CYBY.

KiouoBi canoBa: cucmemua indcenepis, yHieepcanbHuil
wWmamnoeuil 610K, cucmema «npec-uimamn»
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