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1. Introduction

The increasing worldwide interest in the produc-
tion of forging products leads the researchers to study on
forging technology. Net shape forming processes have a
special place in forging and it is one of the most important
goals for metal forming technology to achieve due to its
economical benefits.

The last thirty years have seen the development of
a wide range of computer programs for computer aided
design (CAD) and computer aided manufacture (CAM) in
order to improve the effectiveness and economics of each
function. The introduction of CAM techniques resulted in
productivity depending on the type of CAM technique in-
troduced. The most effective systems however are those
that combine CAD and CAM to form the centres for com-
puter integrated manufacture (CIM) and so take advantage
of the natural links between design and manufacture.

At present, the forging process is designed by en-
gineers with the knowledge and experience in this field.
There is as yet no general analytical method available for
the design of axisymmetric forging dies, which currently
relies mainly on engineers’ experience. This is however
often inaccurate and brings about some problems, such as
metal flow rate, excessive forging load, forgeable geome-
try and die wear and fracture in the product. But, several
approaches have been attempted to overcome these prob-
lems.

There are several studies for the two important
stages of forging die design which are the determination of
forgeable geometry and forging load. Anza et-al. [1] de-
scribed an application of axisymmetric forging pieces and
dies based on design rules and variational geometry to de-
sign. Yilmaz et. al. [2] developed a coding system to gen-
erate the forgeable geometry which is necessary pre-work
for geometry decomposition. They applied upper bound
technique in the calculation of forging load for the analysis
of axisymmetric forging. Choi et-al. [3] described some
developments of an automatic forging die design system
for two dimensional components and discussed several
applications of the system. Nategh and Bakhshi [4] devel-
oped a CAD program for rotational forgings, which can
design the forging, finishing dies and the punched and
trimmed parts, together with the calculation of forging pa-
rameters.

One of the early study was carried out by Kudo
[5, 6] for theoretical analysis of the experimental tests. It
was chosen for its simplicity. He described a general
method of analysis that could be used to analyse forging
and extrusion type processes to produce predictions of
forming loads. Kobayashi [7] suggested curved discontinu-
ity surfaces for the unit regions, which resulted in better

upper bounds for some axisymmetric problems. Lee et. al.
[8] developed an upper bound elemental technique pro-
gram to analyse the forging load, die cavity filling and ef-
fective strain distribution for forgings with and without
flash. They made an experimental study to determine the
forging load in axisymmetric and nonaxisymmetric parts.
Another forging load calculation study was made by Yil-
maz and Eyercioglu [9]. Geometry is recognised and sim-
plified in order to make the calculations easy. The forging
load estimation is then made for each region separately.
The results can be put into together in building block man-
ner to obtain the load required for the deformation of rather
complex axisymmetric forging. A one of final study was
carried out by Bramley [10] for upper bound elemental
technique. The tetrahedral upper bound analysis was pre-
sented which enables a more realistic flow simulation to be
achieved.

The main objective of this research is to put a ho-
listic design approach for axisymmetric forging dies. This
design process guides the engineers, who interact with the
forging die design, from final component geometry to pro-
posed die shape by reverse engineering methodology.

2. Knowledge-based framework

An Expert System (ES), also called a knowledge-
based system is an intelligent computer program that uses
knowledge and reasoning techniques to solve problems
that are difficult enough requiring significant human exper-
tise for their solution [11]. The key feature of the knowl-
edge based engineering application is that it integrates the
whole design process within one computer model. The
relational database encapsulates the design rules as well as
their complex interdependencies on material, production
unit and manufacturer’ capabilities [12]. The main compo-
nents of this system are; user interface, knowledge base,
inference engine and a knowledge acquisition mechanism.

2.1. User interface

The user interface is designed to provide a con-
venient means of two-way communication between the
user and the inference engine. The developed knowledge
based system, called EXFOR, provides an interface for
development. The menu interface provides menu support
for defining EXFOR objects and building applications.
Rule base menu provides structured menu support for en-
tering rules without programming syntax.

2.2. Knowledge acquisition mechanism

A knowledge acquisition mechanism is used to
acquire human expertise and transform into the knowledge



base. This module processes the data entered by the expert
and transforms it into a data presentation understood by the
system. The process of acquiring knowledge from a human
expert is an iterative process that requires close interaction
between the expert and the knowledge engineer. In another
way, knowledge acquisition is getting information from
human expert and codifying it within an expert system.
But, unavailability of a standard methodology used by ex-
perts to solve a domain problem is an important issue. If
there was an only one standard method for a problem there
would be no need to develop an expert system to solve the
problem.

2.3. Inference engine

The inference engine is the knowledge processor
that looks at the problem description and tries to find a
solution with the help of factual and meta-knowledge. An
inference engine is necessary to support intelligent agent
behaviour. One of the major functions of the inference
engine is the implementation of a procedure for reasoning
with the rules and data found in the knowledge base.

In EXFOR, both forward and backward chaining
methods are used. For forging die design process forward
chaining method is used while backward chaining method
is used for the verification.
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In this process, the agent uses a knowledge acqui-
sition mechanism to gather facts, then these facts and asso-
ciated sets of rules are supplied as input to the inference
engine. Then, the new facts that are produced by the en-
gine are fed to actuators, mechanisms that implement agent
reactions. Consequently, an agent framework should be
flexible enough to allow integration of one or more infer-
ence engines.

2.4. Knowledge representation for EXFOR

Knowledge representation in EXFOR is struc-
tured in the network representation. Parent frames such as
geometry, forging load, die geometry, die assembly and
material, are connected to the top frame. Each parent frame
has also child frames. Parent frames are used to describe
the general class of objects. In database, the data definition
of a record specifies how the data is stored so that the da-
tabase can search and sort through the data. To actually
enter the values into the system, child frame and instances
are formed to represent the specific objects. The geometry
frame is defined as a parent frame. All geometric proc-
esses, feature recognition and forgeable geometry determi-
nation are held in this parent frame. Child frame of geome-
try frame is shown in the following Fig. 1.
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Fig. 1 Child frame of geometry frame

2.5. Knowledge base

The knowledge base is a file that contains the
facts and heuristic that makes up an expert’s knowledge. A
knowledge base is different from a typical data file or da-
tabase.

In EXFOR, especially, material database has a big
amount of knowledge on material type and their properties.
There are 29 different material groups and 27 different
material properties for each material. Material database
entry is shown in Fig. 2.

3. Part geometry and feature recognition

The system consists of a user interface, a system
shell, and IF-THEN rules. The system shell has graphic

input and output modules. According to the given input,
the system gets drawing from CAD environment and ob-
tains DXF file for geometry manipulations. The algo-
rithmic techniques that are most effective in numerical
computations are used to perform geometry manipulation.

In order to simplify geometry manipulations, two-
dimensional cross sections are dealt with entities such as
lines and arcs. Since forgeable geometry is the crucial
stage for forging die design, the initially given input ge-
ometry of the final product is controlled whether it is
forgeable in a closed die or not. As an output module, by
removing undercuts, small steps and unforgeable fillets,
forgeable geometry is presented.

General outlines of the developed program are
shown in Fig. 3. It has four main parts. Once the final
product geometry is provided as input, the system obtains



lg Material Database g@@
[
GROUP MATERIAL e -
4 1 |Carbon Steels Standard
2 Low Alloy Steels ,7
3 HSLA Stedls Material Name
4 Gray Cast lions
5 Ductile Cast lIrons
§ | Mallaable Caz lrans Seach | MNewDats | 7 b |
7 Conosion-resistant Cast lrons 2 2 _
< >
AISI ASTH DIN BS MPIF -~
> 1006 1.0288, D5-2 970 030A04
1006 1.0288, D5-2 970 030A04
1008 1.0010.09 1449 3CR
1008 1.0010.09 1449 3CR
1010 1.0204.UQ5E36 1449 40F30
1010 1.0204.UQ5L36 1449 40F30
102 1.0439.RSD13 1449 12HS.12CS v
< >
FROFERTY NAME ‘FF\UFEF\TIES ~
¥ Tvpe of Processing HR:
|| Tensie Strength ( Mpa ) a0
I 0.2% ofzett Yield Strengthl Mpa ] 190
|_|Elengation in S0mm % 20
|_|Reduction Area % 55 -
o 0K fL Lancel

Fig. 2 Material database entry and material selection

the DXF file, extracts entities formed by arcs and lines and
puts them into order from top to bottom of the shape.

The current program can handle rotational axi-
symmetric geometries. Moreover, since the program struc-
ture has individual rules for each entity and geometry, it is
possible to regenerate the system by adding new rules and
knowledge to get forgeable geometry for different geomet-
ric shapes without modifying the system shell.

In this system a new coding system is generated.
Each entity is coded by a number from 1 to 9. The devel-
oped software eliminates undercuts and small steps which
can not be forgeable by using IF-THEN rules. This section
of study differs itself from the previous studies in that it is
not only determining geometry feature, but also it deter-
mines which section is unforgeable and how it can be con-
verted into forgeable one.

3.1. Feature recognition module (FRM)

The main deficiency with feature-based modelling
is associated with the difficulty in representing composite
features with complex curves and surfaces.

Lee et. al. [13] proposed a methodology for over-
coming this deficiency by using complex features from
basic geometrical features and entities. These geometric

Geometry
« Draw Part
* Obtain DXF
* Extract Entities
Put into Order

Forging
8 ° shape Generate 5
o) ' * Coding s
o | ¢ Forging System 35
L Direction O

. Rules for
Entities

* Rules for Geometry

Fig. 3 General outlines of future recognition
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features for each entity are structured in a knowledge base.
The knowledge base contains the required data to execute
the program and it is available for new geometric shapes to
generate the knowledge base without modifying the overall
system shell. Knowledge within the system is not stored in
memory locations. Knowledge is distributed throughout
the system and it is dynamic response to the inputs. Since
the knowledge is distributed, the system uses many con-
nections to retrieve solutions to particular problems.

Feature Recognition Module is designed to inter-
pret the part geometry from DXF file of the drawing.
Drawing entities of lines and arcs can be drawn in different
ways. Each line and arc is named and a code number is
given individually according to its property. These codes
are used for the determination of part feature.

3.2. Forgeable geometry

From input geometry of the final product, each
LINE and ARC entity is coded. These codes can be seen in
Fig. 4. This coding system is used for eliminating under-
cuts and small steps which can not be forgeable in closed
die. Undercut means; unforgeable area in near net shape
forging. Since each code represents an entity, prepared
program, which is formed by IF-THEN rules, evaluates
these codes. Then, program tries to find the unforgeable
section. Program provides not only the determination of
unforgeable sections, but also elimination of unforgeable
area. Finally, program recommends the forgeable geome-
try.

In Fig. 5, only one sample for undercut section is
given. The generated rule “RULE-52-B” eliminates this
section. There are lots of alternatives for undercut but,
EXFOR overcomes the deficiencies from all of the differ-
ent shapes. In coding system, the outer and inner sides of
the shape are investigated individually since their forgeable
rules are slightly different. For the outer side, the entities
coded by 3-5-7 and 9 may cause some problems. Maxi-
mum diameter side of the shape must be at the top for uni-
lateral shapes. Therefore, the shape geometry gets small
from top to bottom. For bilateral shape the maximum di-
ameter is neither the top nor the bottom portion of the
shape.

4. Forging load estimation

Vazquez and Altan [14] stated that the goal in
forging operation starts with the optimisation of part ge-
ometry to achieve the smallest load to fill the die cavity
without causing defects. The estimation of forging load
and necessary forging energy has vital importance. To de-
termine the forging energy, the forging load at various
stroke positions must be estimated.

Many methods have been used to predict the forg-
ing load for axisymmetric forging. As compared to other
methods used in the calculation of the forging load for the
analysis of axisymmetric forging, upper bound elemental
technique is one of the most appropriate methods [15].
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IF 5sx > 2ex
THEN

e Remove codes from 5 to 2 (except 5) AND
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e Change ex and ey value of code 5 by the fol-
lowing:
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Fig. 5 A sample rule for undercut elimination

The seed corn study of Kudo’s approach was re-
stricted to subdividing the deforming regions into elements
of rectangular cross-section thus limiting the range of
forming geometries that could be analyzed. However, the
metal forming industry was recognizing the requirement
for a general and reliable method of predicting loads and
the associated benefit of enabling press overload [2]. The
upper bound technique is essentially applied to the analysis
of axisymmetric forging and bases on the subdivision of
geometry into eight basic simple regions as shown in
Fig. 6.

In the previous studies, regions do not contact
each other completely. In Fig. 7, for example, a part of
region IV contacts with the die while the other part con-
tacts with the material [15]. Since metal flow is directly
related with the friction of the regions, geometry must be
divided in such a manner that one of its side should contact
with the die or material.

Flow inward Flow Outward
\ 7 \ 7

1 Q | Rectangular \ // 2

3 & % Triangular § % 4

5 % % Cpnvex § % 6
circular

7 N % Cpncave y % 3
circular

Fig. 6 Basic elemental regions
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Fig. 7 Divided geometry [15]

The present approach overcomes this problem.
Firstly, outer cross-section of the forging is examined. Tri-
angular and circular regions are removed from the forging
whether it is inward or outward flow. And then, all their
coordinates are transferred into related table. By this way,
forging remains with only rectangular regions.

A one of comparative divided geometry between
the latest approach [10] and the present work is illustrated
in Fig. 8, respectively. It is obviously seen that the number
of divided regions are less than previous work. As it is
seen from Fig. 8, there are 88 different regions. But in the
new approach, arcs and triangular regions are removed and
therefore, remaining same shape has only 36 regions. It is
almost one third of the previous study. This ratio changes
with complexity of the shape. This means that the less
number of regions require shorter computation time and
provides more correct estimation for forging load.

R
A
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where, m is the coefficient of friction and the term;

[

Equivalent load is: P=7Z'RZO'(1+

A

Based on upper bound the remaining part; 7R*c
is the calculated load. These equations are derived from
velocity fields of regions [16].

Ej 7R*c resembles the effect of friction.

5. Die stress

The stresses in dies arise mainly from the high
level of internal pressure during forging. However, the
pressure is not constant over the whole length of the die.
Since it is concentrated in the portion of the die, the pres-
sure will vary during forging. The dimension of forging is
different from the die because of the following factors [17-
19]:

a) Elastic Die Expansion (Ug). Under a forging load
the die will expand elastically and the final forging radius
Ry, will be greater than original die radius Ry, by an
amount Ug,

R1:R0+Ue
U~ a(a’ (1-v,,)+b* (1+0,, -2n))28, -2ab’P, .
Edl(bz—az)
L 25,a+ra, (T, -T,)

W



69

oy |
o
o]
00|

24 | 25 |26 (27|28 29 |30] 31 |32 33 11

34 | 35 |36 (37)38 39 {40 41 [42]43
44 | 45 |46 |47 /48[ 49 |50] 51 1920 | 21 P2 23 halR2
53| 54 | 55(56|57 58 [59|

61 | 62 | 63 (64|65 66
67 | 68 |69 |70|71

25| 26 | 27 28|29

y 3

73 | 74 | 75|76 ) | 30 | 31 | 32

78 79 | 8081 33| 34 3

82 | 83 |84 3

36
86 |8
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b) Thermal Die Expansion (U,). For forging at ele- d) Spark Gap. Die cavities for precision forging are

vated temperatures, dies are preheated. Therefore, the die  normally produced by electrodischarge machining and

will expand by an amount U, compared to its original size  electrode dimensions are different from that of the die cav-

and the workpiece radius R,, is given by ity due to the spark gap. Therefore, electrode radius Ry,
should be smaller than the die cavity by an amount of G

R,=Ry+U.+U; R,= RytU+U-U, -G

4 é—r C
U =ra, (T,-T |+—2—x
T b
a
—(1+v,)a’b? 1-v,)(b’-a’
x —( ) l+(20d—1)r2+—( dz)( - )
a+b r b°-a &K /
. Shrink ring Die insert
¢) Thermal Product Contraction (U.). In warm and
hot forging the product will shrink during cooling and its Fig. 9 Die insert and shrink ring notations
final radius will be decreased by an amount U,. Final prod-
uct radius R;, is given by Hence, to obtain the desired accuracy in forged
product, each of the geometrical variations listed above has
R;= Ry+Ue+U; - U, to be estimated and the die geometry has to be corrected

U, =re, (Tf _Tr) accordingly

ala’(1-v,, )+b*(1+v,, —2n))2S, —2ab*P, _ - 2p2 1- b’ -a’
R =R, + ( (1=0) (10 )) d P+ a,8T | ~(1+0)a’d l+(20d—1)r2+—( Udz)( CI— ) +
E, (b -2a) 3(b-a) a+h r b’ -a
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It is assumed that dimensional changes of the [16, 19]
forging takes place in radial direction. Also, from the fore-

going theory, for a given forging condition the extent of b= a
this movement is proportional to the magnitude of that 1 Syring P
radius [18]. B % 5
Using the above analysis, the parameters affecting ydie
forging dimensions were calculated and for a given condi-
tion the profile of the die was determined. A program has c= a
been written to make these calculations and to create the 1 Synng P Sydie
corrected die dimensions. Die insert and shrink ring nota- 2 I+ Sydie | S, )\ Syring

tions are stated in the following Fig. 9.

The determinations of die insert and shrink ring
dimensions have vital importance in die design. The fol-
lowing equations give the formulae for these dimensions

where a is the die insert inner radius, b is the die insert
outer radius, C is the shrink ring outer radius and P; is the
inner pressure.



6. Case study

In this section, a rotationally axisymmetric part
has been considered as a case study. The procedure of the
analysis will be completed within several steps. These
steps start with the drawing of finished product and con-
tinue with the transfer of geometry into DXF format, rec-
ognition of the product, development of the forgeable ge-
ometry, forging load calculation, die stress calculation and
drawing of die assembly.

Within this knowledge based tool, generated DXF
table is perceived and entities are extracted by pressing
“Recognise Product” button, located at the top of the “Ge-
ometry” screen.

Once this button is pressed, “Feature Recognition
is Completed” response appears and all data are recorded
in database. As it is seen from Fig. 10, final product has
unforgeable section for closed die forging operations.
“Make Forgeable Geometry” button must be activated to
eliminate the unforgeable area and to propose the forgeable
product. Product shape, forgeable geometry and final
product can be seen by pressing “Show Forgeable Geome-
try” button. Fig. 10 shows the geometry and presents rea-
soning strategy. “Explain” button is used for this purpose.

Recognuse Product | Forging Diection | Make Forgeable Geameny | [

Product Shape Forgeable Goometry

L l

=

FINAL PRODUCT

Fig. 10 Feature recognition screen

The next step is the calculation of forging load.
Fig. 11 shows that geometry is divided into basic regions.
Required load is calculated for each region individually
and summation of them gives the total amount of load.

12 b
g
3 4 5 6 _"‘\)
71819 V w
1112

Fig. 11 Geometry division for load calculation
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Flow stress of the material is taken about 30 MPa
at room temperature condition. Fig. 12 shows forging load
print screen diagram with average lubrication condition. In
Fig. 12, it is shown that total forging load is calculated
about 292.6 kN and experimental result, which is almost
the same with theoretical result, is obtained about 295 kN.

Load calculation is also verified with Deform
program. Metal flow at different stroke and load values are
shown in Fig. 13.
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Fig. 12 Program output for total forging load

Fig. 13 Die filling and load calculation

Die is completely filled with 304 kN. As it is
seen, calculations, experimental result and FEM simulation
results are very close and verifies to each other.

After calculation of the forging load, corrected die
radius, dimensions of the die insert and shrink ring are cal-
culated. Drawing of die assembly forms the final step of
the program. “Die Drawing” pull down menu enables the
user to see the die assembly. Fig. 14 shows the print screen
of die drawing.

Each part of the die can be seen individually only
by pressing related button of left sided ones. Lower right
hand side of the screen presents the dimensions of each
part In this section, dimensions of the whole assembly can
be seen by checking the “Show With Assembly” check
box. Making empty of this box enables the user to see the
part geometry and only its dimension.
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Fig. 14 Drawing of die assembly screen

7. Conclusion

In this paper, a study on knowledge-based reverse
engineering tool for axisymmetric forging dies has been
performed. Apart from the previous studies, a holistic ap-
proach for rotational axisymmetric parts was carried out.

Closed die forging is a very complex forming
process from the point of view of the mechanics of defor-
mation or metal flow. It is difficult to analyse, because of
such factors as nonsteady state and nonuniform metal flow,
the variable interface friction, and heat flow between the
material being deformed and the dies, all of which present
a real challenge to the evaluation.

In the present study, geometric design of near net
shape forging operations are developed by modifying final
component shape to a forgeable geometry using some cer-
tain rules. After the identification of geometry, the design
rules have been stored in the knowledge base in such a way
that every industry (designer) can define and add its own
values.

In order to determine the forging load and die
stress values Upper Bound Elemental Technique (UBET)
was used and verified by FEM. Although many researchers
have investigated the forging load, there is no exact em-
piric solution which can be applicable to all axisymmetric

forgings. Due to the complexity of its nature, instead of
considering the whole part, subdivision of the geometry,
prediction of load for each part and summing them to find
final load gives the more accurate results. It is seen that,
geometry decomposition in correct way takes an important
place in the prediction of forging load. UBET subdivision
incorporates a substantial degree of generality in the gen-
eration of its velocity fields. At this point, this study differs
from the previous studies in that, elemental regions are
taken into account so that each element contacts to each
other or to die completely.

Yield stress of forging material plays an important
role in plastic deformation. When the punch pressure be-
comes equal to the yield stress of forging material, the de-
formation from elastic to plastic starts and simple com-
pression continues until the workpiece touches the die in-
sert. At this stage radial pressure applied to the die insert
increases with an increase in the punch pressure.

Since the flash gutter formation is not allowed, an
important feature of completely closed dies was found that
volume constancy must be maintained between the die
cavity and forging workpiece. Size determination of the die
insert was carried out after several calculations. Outside
diameter of each section of finished product was recorded,
and then, geometry correction factors such as; elastic die



expansion, thermal die expansion, thermal product contrac-
tion and spark gap are evaluated and added to the finished
product size.
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ZINIU BAZE PAREMTAS ASIAI SIMETRINIO
KALIMO STAMPO, SKIRTO GALUTINEI FORMAI
ARTIMAI DETALEI GAMINTI, ATVIRKSTINIO
PROJEKTAVIMO BUDAS

Reziumé

Naudojant Stampus, kuriais galima gaminti deta-
les, kuriy forma artima galutinei formai, taupomos me-
dziagos, spartéja gamyba, geréja gaminiy kokybé. Kalimo
operacijoms atlikti reikia turéti nemaza patirties ir laikytis
tam tikros operacijy sekos. Siame darbe normomis besire-
mianciai sistemai, skirtai projektuoti Stampams, kuriais
galima gaminti detales, kuriy forma artima galutinei for-
mai, ir jai pritaikytai ziniy bazei plétoti naudojama EXFOR
sistema. Si sistema leidzia, §tampa, skirta gaminti detales,
kuriy forma artima galutinei formai, projektuoti atvirksti-
niu budu, naudojant visiskai uzbaigtos gaminamos detalés
geometrija, ivertinant jos atskirus techninius elementus,
galima kalimo budu suformuoti geometrija, skaiCiuoti me-
dziagas ir kalimo apkrovas. Kalimo apkrovos, kuriy reikia,
kad visos idubos biity visiSkai uzpildytos, skai¢iuojamos
naudojant stichini virSutinés ribos (UBET) metoda. Siame
etape taip pat nustatyta kalimo jéga ir energija, reikalinga
gaminiui pagaminti. Stampe atsirandan¢ios jrazos skai-
¢iuojamos po Sio etapo. Véliausiai nustatoma Stampo for-
ma. Siam tikslui pasiekti jvertinamos $iluminés deformaci-
jos, atsirandancios dél ruosinio ir Stampo temperatiiry skir-
tumo, tamprusis ir terminis Stampo plétimasis, terminis
gaminio susitraukimas ir jo apsauga nuo kibirks$¢iavimo.

Necip Fazil Yilmaz, Omer Eyercioglu

KNOWLEDGE BASED REVERSE ENGINEERING
TOOL FOR NEAR NET SHAPE AXISYMMETRIC
FORGING DIE DESIGN

Summary

Near net shape forging is quite important with the
meaning of material saving, shortening the design time and
quality improvement of forged products. Forging opera-
tions require high level of experience and therefore some
certain procedures should be followed. In this paper, the
application of a rule based system to the near net shape
axisymmetric forging die design, and development of
knowledge base for it, is carried out (EXFOR). This sys-
tem enables the reverse engineering tool for forging die
design from final component geometry by incorporating
the feature recognition, forgeable geometry, material and
forging load calculation. The required forging load is cal-
culated by using Upper Bound Elemental Technique
(UBET) so as to fill the die cavity completely. The power
and energy requirements for making the finished forging
are also determined at this stage. Die stress calculation



comes after this process and the final section covers die
shape determination. For this purpose, amount of thermal
shrinkage due to temperature difference between work-
piece and die, elastic die expansion, thermal die expansion,
and thermal product contraction and spark gap are taken
into account.

Heuun ®azun Nunmas, Omep Enennorny

[TPOEKTUPOBAHUE OCH CUMMETPUYHOI' O
KY3HEYHOI'O IIITAMIIA IIPEJITHASHAYEHHOI' O
JIJ1S1 USTOTOBJIEHMSA JIETAJIEN BJIM3KOM K UX
KOHEYHOI ®OPME OBPATHBIM METOJIOM C
HCTIOJIb30BAHUEM BA3bI 3HAHUIA

Pesmome

MeTton KOBKM AeTalu 40 OJIM3KON K €€ KOHEYHOM
(hopMe sBIsIETCS BaXXHBIM (PaKTOPOM IIPH SKOHOMHUHU MaTe-
pHanoB, COKpAIlEHUH BPEMEHU NPOM3BOACTBA M YIIydIIe-
HUU KadecTBa n3znenus. KoBka TpedyeT GOIBIIOro OnbITa U
co0JTI0/IeHHs ONPEIEIEHHOM 0oYepeTHOCTH onepanuii. B
3TOH CTaThe JJIsl yCOBEPLICHCTBOBAHUS CUCTEMBI, KOTOpast
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OMHPAIOTCS HAa HOPMBI, IIPeAHA3HAYEHHBIE IS IPOSKTHPO-
BaHUS Ky3HEYHOTO INTaMIla, W3TOTOBIIIOLIETO JAETald
OJIM3KOM K MX KOHEUHOW (opMe, U yCOBEPIICHCTBOBAHUS
0a3pl 3HaHM ucmonb3oBanack EXFOR cuctema. O1a cuc-
TeMa IMO3BOJICT MPHUCIIOCOOUTh OOPATHBIH METOJ MPOCK-
THPOBAHUS KY3HEYHOTO INTaMITa, TPEAHA3HAYCHHOTO IS
W3TOTOBIICHHS JeTaiel ONM3KOW K WX KOHEYHOH (opme
HCTIONB3Ysl TCOMETPHIO TIOJTHOCTHIO 3aBEPIICHHON JCTaNH,
OIICHMBAS €€ pa3HbIe TEXHUIECKUE DIIEMEHTHI: TE€OMETPHIO,
MaTepHalbl M pacdeT Harpy3kd. HeoOxoanMmeie Harpy3ku
JUTS KOBKH OTIPE/ICIICHBI HCIIONB3YsI METOJ BEPXHEW CTH-
xuitHoi rpanunbl (UBET) mpu ycnoBuu, 3amoiHeHUsT Me-
TaJIOM BceX BmaauH. Ha 3TOM 3Tame NpoeKTHpOBAHHUS
TaKXKE OINPEJENIACTCS CHJIa U SHEPIHs, HCOOXOAUMBIC IS
W3TOTOBJICHHS JCTAIH. Y CHIIHS, ICHCTBYIONINE B IITAMIIC,
OTMpENICICHBl TIOCNIe 3aBEepIICHUS 3TOro drama. [lo3aHee
BCEro ycraHapimBaeTcs (opma mramma. Jius sTod memn
YYHATBHIBAIOTCS TEIIOBEIC e(OpMAalii, BOSHUKAOIIIE W3-
3a TEMIIEPATypHOW pa3HUIEI MEXIy 3aroTOBKOM W JeTa-
JBIO IITaMIIa, YIIPYroe M TEIUIOBOE PACHIMPEHHE IITaMIa,
TEIUIOBOE CHKATHE M3ENUS U ero 3aIluTa OT UCKD.
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