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NUMERICAL SIMULATION OF TENSILE MECHANICAL BEHAVIOR OF LAP
WELDED REINFORCING STEEL BAR JOINTS

Ch.Alk. Apostolopoulos

D. Michalopoulos

L. Dimitrov

lubomir_dimitrov@tu-sofia.bg

Lap welded splices of reinforcing steel bars suffer from eccentricity problems and probable failures
of the surrounding concrete due to the kinematic behavior of the end connections. After compliance
with the demanding antiseismic regulations the adequacy and reliability of such splices and also
structural reinforced concrete members becomes questionable. In the present investigation the
tensile mechanical behavior of lap welded steel splices is examined, by applying loading up to the
yield point region of the reinforcing steel. The results of the numerical simulation and analysis raise

questions about the reliability of such types of joints.

1.Introduction

This article investigates the mechanical behavior
of welded splices between new and existing
reinforcement of concrete structures during addition
of new columns and beams, a practice which is very
common during building expansion. Common and
cost effective practices of connecting rebar during
reinforced concrete member expansion are:
a) by lap splicing the old with the new steel bars,
providing that there is adequate steel length, and
b) by use of mechanical connectors and welded
splices if the steel length is inadequate.
Mechanical connections are cost effective and they
are usually made with proprietary splice devices of
which the effectiveness and application is on a piece
meal basis, providing that they satisfy the code
requirements ™ . In Greece this procedure is
governed by the ELOT 971 the ELOT 1421-3
standards, and KTX 2008 code ™™, using lap welded
joints of new or new and pre-existing steel bars in a
vertical upward or overhead position. Properly
designed and well-executed splices are of vital
importance in the construction industry. Where space
limitations permit and when all requirements are
satisfied lap splice is generally the predominant
method of splicing and forming rebar connections.
When lap splices, are impractical, or when their use
is prohibited by the design codes, mechanical or
welded connections are used to splice the reinforcing
bars ! . The weldability of reinforcing steel is
encountered from the steel industry that produces

such steels. The codes are very specific about the
welding methodology, as shown in Fig. 1.

b 1
5d~4d

5d~4d

—
Fig. 1. Schematic of welded lap joint of reinforcing

steel specimens 71,

As it may be realized from Fig. 1 eccentricity
problems are likely to arise in lap joints which can be
intensified especially during the installation of
reinforcing steel bars, primarily in columns, where
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luck of contact with the stirrups is frequently
observed.

The luck of connectivity between the plain or
welded main rebar of a column and the stirrups is met
quite frequently. This is due to the extended use of
ready made rebar cages. Therefore it is often observed
that the distance between the main reinforcing bars
and stirrups exceeds 50 mm. For this reason it is
interesting to know the displacement of the ends of

welding direction

—

—A
Taanaa

the connections when the distance b has values
between 500-1000 mm.

2. Welding of Reinforcing Steel and Methods

In the present study non corroded B500, steel rebar
specimens were welded according to codes, as shown
in Fig. 1 and 2, with two welding beads on one side
only of 5d length and free space of a in between
them 71

welding direction
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Fig. 2. Welded specimens

Figure 3, shows typical splicing of rebar and
mechanical connectors.

Even though the traditional method of lap splicing
is quite popular for joining old with new steel, due to
its simplicity, it appears that it can create functional
problems due to:

a) unequal tensile and compressive behavior
of the joint and development of additional eccentric
stresses ), and

(a) Traditional lap splicring' |

b) side movement of the end connections in
the region of the welded joints.

Such connection errors of lengthwise rebar with
stirrups create reduced mechanical efficiency during
earthquakes and reduced structural safety.

(b) Mechanical splicing

Fig. 3. Rebar splicing
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In this article an investigation was conducted in order
to determine the mechanical and kinematic behavior
and merit, of the ends of the connections of the lap-
welded splices between new and existing B500c steel
reinforcing bars which is produced during the last 4
years as an improved steel and was initiated due to
the need for higher yield strength steel required in
seismogenic regions like Greece, Romania , Turkey,
and East Bulgaria. These types of joints are used in
concrete structures during addition of new elements
such as columns and beams. This is a practice very
commonly used during building expansion. A
numerical analysis was used in this process, and
loading of the elastic model of the lap welded steel
joint up to the point of yield strength (500 MPa) in
the outer steel fiber, was examined.

Parameters considered during the analysis were:

i) The rebar diameter,

ii) the welding bead length 4d and 5d between the
ends of the lap welded joints and the free length of the
bars, as shown in Fig. 1.

The analysis of the lap welded steel joint without
the influence of the concrete is legitimate since the
concrete cover is of small thickness and can not affect
the welded joint behavior. The eccentric loading
mode of lap welded steel reinforcing bars was the
incentive for further investigation of this issue %,

3. Numerical Simulation

In order to study the tensile mechanical behavior

of the lap welded joints, the influence of the various
geometric characteristics of the steel bars and of the
welds, along with the appearing sideways movements
of the ends of the bars, were examined through
linear and non-linear analyses.
For the geometric mesh discretization of the welded
bars, assuming smooth outer bar surface, the
SOLID45 element of the ANSYS finite element
analysis program (FEA) was used. This 8- nodes
element with 3-degrees of freedom at each node is
shown in Fig. 4a, while in Fig. 4b the 3-dimensional
beam element LINKS is presented , which was used
to discretize the stirrups.

A typical finite element model of the lap welded
rebar is presented in Fig. 5. The model sizes,
concerning the number of nodes and elements for
each case depend on the examined for each case
geometry. Thus the number of nodes ranged between
14000-33000 and the corresponding elements
between 12500-30000.

Element Coordinate
System (shown far
KEYOPIT{4)=1}

(Tetrahedral Option -
Tt recommended)

X

Fig. 5. Lap welded steel reinforcing bars finite
element model

The bar and weld material were assumed to be
steel with modulus of elasticity E = 210 GPa and
Poisson ratio v = 0.3. The boundary conditions
applied to the model concern the complete restraint of
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all the degrees of freedom of the nodes that are found
in the lower end of the bottom bar.

On the nodes of the upper end of the top bar,
restrictions were applied on all degrees of freedom
except of the vertical bar motion. At the same time on
these nodes the same displacement was assigned also
in the vertical direction. Figure 6 shows the boundary
conditions applied on the finite element model.

4. Results

In the case of normal tension of the lap welded
steel joints, the geometry is altered as it is expected,
resulting in the dislocation of the edges of the bars.
This dislocation is causing initially spot damage of
the concrete which will evolve as a local explosion of
the overlapped surrounding concrete. At this point it
is necessary to accept an elastic behavior from the
steel reinforcing bars until yielding of their external
fibers occurs.

Analysis No. 1

Figure 1 indicates the variation of the lap welded bar
ends of the maximum displacement for bar length | =
300 mm and welding bead length of 5d by varying
the dimension "a" between 8-80 mm.

A linear elastic analysis was implemented with
external tensile loading of 500 MPa in the model of
Fig. 1. A combination of values of the parameters (I,
d, a) of Table 1 were used and the results are

presented in Figures 7-9.
Table 1 shows the variables used for the geometry of
No1l analyses.
Table 1. Values of geometric variables for
analyses No. 1

variables Values (mm)
I 500, 750, 1000
d 8,10, 12, 16, 20, 24
a 8, 16, 24, 32, 40, 48, 56, 64, 72, 80
. 4S5 Length = 500 mm
d=10
d=12
1o
E 8
E d=16
% d=20 = _
= 4 _
d=24 "~ _ T \
a/d

Fig. 7. Maximum lateral displacements of the lap
welded bars as a function of the ratio a/d for different
diameter values d and bar length of 500 mm

45
d=8 Length =750 mm
40 ‘
35
q:lO
E,30 -------------------------
g
N
% __________________
520 d=16 S
> .
S15 d=20
" d24 oo S
5 - B
0 ) : ‘ ‘
0 2 ) 6 :

Fig. 8. Maximum lateral displacements of the lap
welded bars as a function of the ratio a/d for different
diameter values d and bar length of 750 mm.
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d= Length = 1000 mm
80 —
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Fig. 9. Maximum lateral displacements of the lap
welded bars as a function of the ratio a/d for different
diameter values d and bar length of 27000 mm.

The following conclusions are drawn from
the above analysis:
a) The use of ready made rebar cages, where the
length of the free length of the rebar may assume
values between 500-1000, it might create
considerable displacements of the ends of the lap-
welded splices of the rebar.
b) By increasing the free end of the larger diameter
(20-24 mm) bars even though the end displacement is
between 1-4 mm for 500 mm , or 3-13 mm for 750
mm, and 10-26 mm for 1000 mm, these types of
displacements may create undesirable failures of the
surrounding concrete of the column.
¢) By increasing the free end of the smaller diameter
(8-10 mm) bars even though the end displacement is
between 8-17 mm for 500 mm , or 25-42 mm for
750 mm, and 50-79 mm for 1000 mm, these types
of displacements will definitely cause great failures
to the surrounding concrete of the column. In addition
lack of bonding between concrete and steel rebar will
develop with all the negative consequences.

d) For the same length, the change of the above
mentioned  displacement values of the end
connections progresses diminishing by increasing the
value of the a/d ratio.

Analysis No. 2

Table 2 presents the values of the variables of the
geometry of analyses No. 2 that were used.

Table 2. Geometric variable values of analyses No. 2

Variables Values (mm)
I 300, 400, 500, 600, 700, 800, 900, 1000
d 8, 10, 12, 14, 16, 18, 20

In Fig. 10 and Table 3 the calculated maximum
lateral displacements of the ends of the lap welded
bars are presented as a function of the variables of
Table 2. It is noted that these values were equal both
for tension and compression.

w
o

[
o
I

—— 8mm Smm
E70 ———=—10mm /
g 12 mm / 10mm
5 14 7
K mm
250 +— .+ 16mm / / B
E 40— 18mm Tomm
E 30 . 20mm // /:l&nm
= ///'/ //ZDmm

(=]
o

\
-
o

e .
e el

o

200 400 600 800 1000

Bar Length (mm)

(=]

1200

Fig. 10. Maximum lateral displacements of the lap
welded bars as a function of the length of each bar
for different diameter values.

Table 3. Maximum lateral displacements of the ends of the lap welded bars (No.2 Analyses).

a=20mm Bar length (mm)

300 400 500 600 700 800 900 1000
T 8 mm 430 |940 16,28 24,88 35,19 47,21 60,93 76,36
£ 10mm 2,83 |6,63 11,83 18,39 26,31 35,59 46,22 58,20
i 12mm 198 |505 |935 14,84 21,50 29,31 38,28 48,41
2 14mm 138 |[385 |745 12,11 17,79 24,49 32,19 40,91
s 16mm 0,99 |297 6,03 10,07 15,04 20,92 27,70 35,39
° 18mm 081 |225 |4,.83 8,29 12,60 17,72 23,65 30,39
a 20mm 0,71 1,71 | 3,86 6,84 10,58 15,06 20,27 26,20
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The following conclusions (a=20mm) are drawn from
the above analysis:

For 300 mm bar length the end displacement
progresses diminishing

a) For 300 mm bar length the end displacement
progresses diminishing from 4.30-0.70 mm for 8-20
mm diameter areas accordingly.

b) On the other hand when the bar length becomes
1000 mm the end displacement jumps to a range of
values between 76.3-26.2 mm for 8-20 mm diameter
areas accordingly.

Analysis No. 3
Table 4 presents the values of the variables of the
geometry of analyses No. 3 that were used.

Table 4. Geometric values of the variables for No. 3

analyses
Variable | Values (mm)
[ 300,400,500,600,700,800,900,1000
d 8,10,12,14,16,18,20
a 20,30,40,50,60,80,100,150,200

Figures 11 and 12 present the calculated maximum
lateral displacements of the welded bars as function
of the variables of Table 4.

80

/'Bn:uu
—=—10mMm / 10mm
e / riun
—— 16 mm // 14mm
o S e

A

P =

0 200 400 600 800 1000 1200
Bar Length (mm)

Fig. 11. Maximum lateral displacements of the lap
welded bars as a function of the length of each bar for
different diameter values and 30 mm distance
between beads.
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Fig. 12. Maximum lateral displacements of the lap
welded bars as a function of the length of each bar for
different diameter values and 40 mm distance
between beads.
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The results of analysis No. 3 are similar to those of
analysis 2.

5. Conclusions

Lap welded splices of steel rebar are susceptible
to eccentricity problems and probable failures of the
surrounding concrete due to the kinematic behavior of
the end connections.
The mechanical characteristics of maximum sustained
load and elongation at maximum force between joints
of new and existing reinforcement of concrete
structures during addition of new columns and beams,
has shown that:
a) Lap welded joints of larger diameter bars appear as
a rule to cause smaller displacements of their end
sections versus the smaller diameter bars.
b) An increase in the “a/d’’ ratio creates as a rule a
decrease in the displacements of the ends of the same
diameter bars.
¢) A reevaluation of the existing design codes,
treating complex tensile or compressive behavior of
welded splices, is mandatory.

Further investigation is required on the welding
methods in order to promote and secure the safety of
reinforced concrete structures and especially during
expansion and addition of new elements.
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EXPERIMENTAL DETERMINATION OF TEST PIECE TEMPERATURE
INTENDED FOR STRENGTH TESTING AT INCREASED TEMPERATURES

Veselin Tsonev
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This article describes the methodology and presents the results of temperature measurement in different points
of atest piece, intended for strength testing at increased temperatures. The aimisto check the temperature field
homogeneity and the work temperature deviation from the given values in specialized device for strength
testing at increased temperatures. It is concluded that the device answers the requirements for making such

tests.

Key words. temperature measurement, high temperature strength test

L.Introduction

In order to estimate the material working
capacity, a test piece of the material is subjected to
strength testing in normal and extreme conditions. The
purpose is to determine the different strength material
properties, which are of utmost importance to the
exploitation —yielding limit, ultimate strength, creep
limit etc. These limits represent critical stress values
for the material, causing plastic strain or rupture. As
these phenomena are inadmissible in practice, the
details are designed with allowable stress, which is
part of the critical stress.

Various material strain properties are normally
defined in the course of the strength testing. More
often these are the Young’s modulus E of the material,
representing the relation between the normal stress and
the engendered by it longitudinal strain in the same
direction, and the coefficient of the transversal strain
M, (known as the Poisson’s coefficient), representing
the relation between the transversal and longitudinal
strains [1].

The main stress-strain properties of the materials
are standardized. So are also the requirements towards
the methods and the means for their definition [2]. In
the matter of strength testing at increased temperature,
the standard specifies the allowable deviations from a
specified test temperature 8. For the different
temperature ranges they are as follows:

+ 3°C for6 < 600°C

+ 4°C for600°C < 8 < 800°C

+ 5°C for800°C < 8 < 1000°C.

Three thermocouples, situated at equal distance
along its working length (the length of the test piece
part with minimal cross-section area), are enough to
control the test piece temperature. The thermocouples
shall make good thermal contact with the surface of
the test piece and their sensitive point shall be
screened from direct radiations from the furnace walls.

The temperature measuring device shall have a
resolution of at least 1°C and a precision of +2°C.

In order to be able to carry out strength testing at
increased temperatures, the "Strength of materials"
department of the Technical University - Sofia, has
designed and developed a special device, consisting of
a specialized furnace and clamping elements, made of
heat-resistant steel [3]. The device has been designed
to work together with a standard testing machine ZD
20, allowing a load of up to 20 tons (fig.1). The
purpose of the present research is to verify whether the
developed device can maintain the test piece working
temperature within the range, set by the standard.

2.Furnace's special features

The specialized furnace represents an enclosed
heat-insulated space with electric heater mounted on
its walls [4]. The maximum working temperature of
the furnace is 1100°C. There are 16 electric heaters in
total, grouped along the height of the furnace walls in
two sections, each with an active power of 1500 W. In
order to maintain the working temperature within the
required range, each section has got an independent
programmable temperature controller, receiving
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information about the working space temperature in
the corresponding section from a special type “K”
thermocouple. The operator can set the testing

The dimensions of the furnace's working space
are 170x330x230 mm. There are two cylindrical
apertures on the back side, letting pass the controlling
thermocouples. A cylindrical aperture on the upper
and one on the lower part, let pass the clamping
elements. A door on the front allows placing or
replacing the test piece. Next to this door there is a
rectangular opening, through which pass strain
measurement system elements. In our case these are
the control thermocouples, necessary for the present
research. All furnace apertures are made tight with
insulating wadding in order to reduce the heat losses.

working temperature, as well as the heaters’ switching
on and off temperatures.

Fig.2 Thermocouples pos

ition and numberiné

Fig.3 Temperature measurement device
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The clamping elements are details made of high-alloy
steel, ensuring the connection between the test piece,
placed in the middle of the furnace working space, and
the clamps of the testing machine. The material of the
clamping elements allows a maximum working
temperature of 1250°C at a relatively low thermal con-
ductivity. Nevertheless, as these elements are made of
steel and are in contact with the furnace working
space, as well as with the atmosphere and the cold
details of the testing machine, it is supposed that there
will be considerable heat losses through them. The
present research will verify whether these losses will
lead to inhomogeneous heating of the test piece, or
even to lower temperature of the test piece compared
to the furnace working space temperature.

3.Test piece temperature measurement

The experiment has been carried out in the
following sequence:

3.1. Holes 2 mm deep are driven in the working
part of the test piece.

3.2. The clamping elements and the test piece
are mounted in the furnace.

3.3. Three thermocouples type TSSB(K) -
NiCrNi (M7/M8) with work temperature up to 1100°C
are placed in the driven holes (Ne 3, 4 and 5 on fig. 2).

3.4. A thermocouple of the same type (Ne2 on
fig.2) is placed near the sensitive point of the
thermocouple, controlling the heaters’ upper section
(Nel on fig.2), in order to determine whether there is a
difference  between the indications of both
thermocouples.

3.5. The values of both temperature controllers
are set to the desired work temperature and the furnace
is put in operation.

3.6. After the work temperature in both sections
is reached, the furnace is left working for three hours
in order to steady the process.

3.7. Using a portable temperature measuring
device HS 700 (fig.3) the test piece temperature is
observed in the three points of its working part.

The measurement is made at a work temperature
of 1000°C. The temperature controllers are
programmed so that to switch on the heaters at 996°C
and switch them off at 1000°C. After reaching 1000°C
the temperature continues to increase, due to the
process inertness, and reaches 1001-1002°C before
decreasing again. The work temperature variations
lead to constant changes in the test piece temperature.

A periodicity of the furnace operation was
established in the course of the measurement. The

temperatures, measured with the five thermocouples
for one furnace working cycle are given in Table 1.
The curves of the five temperatures changes in time
are shown on fig.4.

Table 1. Measured temperatures

time, s [T, °C | Ty, °C |T3, °C [Ty, °C |Ts, °C
0 1000 | 993 996 996 997
10 1001 994 997 997 998
20 1002 | 995 997 998 999
30 1001 997 999 999 1001
40 1000 | 999 | 1000 | 1002 | 1003
50 1000 | 1001 | 1002 | 1003 | 1004
60 998 | 1003 | 1004 | 1004 | 1004
70 995 1004 | 1004 | 1003 | 1002
80 995 1004 | 1003 | 1001 | 1000
90 996 | 1001 | 1001 | 999 999
100 997 997 999 998 998
110 998 994 997 997 997
120 1000 993 996 996 996
m——
- — T2.°C
o — A T3.°C
. — o T4,°C
£ — 0 T5,°C

2 O
IRL LY

Time =

2 e
10U

T
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30
-"U
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Fig.4 Temperature variations with time

The results obtained show that there is little
difference and dephasing in the temperatures,
measured by both types of thermocouples. This is due
to the different construction of their bodies - that of
the controlling thermocouple has greater diameter,
which makes it more inert. That's why the measured
temperatures with thermocouple Nel are within the
range of 995-1002°C, and those measured with
thermocouple Ne 2 — are within the range of 993-
1004°C.
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The results obtained show that the highest test
piece temperature measured is 1004°C, and the lowest
—-996°C.

4.1nferences

1. The developed experimental device provides
test piece heating up to 1000°C.

2. The measured temperatures of the test piece
are within the allowable limits according to the
standard EN 10002-5.

3. For one heaters’ work cycle the test piece
temperature in the three controlled points does not
differ with more than 3°C. This difference follows the

References:

temperature variation cycle within the working field.
This shows that the temperature field in the vicinity of
the test piece has got the necessary homogeneity for
the needs of the planned strength testing at high
temperatures.

5.Conclusion

The developed experimental device answers the
necessary requirements for running tests at
temperatures within the range of 800-1000°C and it
can be used to determine the materials’ stress-strain
properties at such temperatures.
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temperature”. Proceedings of “TechSys 2009”, Plovdiv, Bulgaria, 2009.
[4] KoBaues I'., MNpaHros /1., Enektpotepmus, TexHuka, Sofia, Bulgaria, 1982.

Assist.Prof. Veselin Tsonev, Technical University- Sofia
Assist.Prof. Nikolay Nikolov, Ph.d, Technical University- Sofia

15



M. Jlenapos

MEI'AMETO/ ,,#OKYCW” 3A PELLUABAHE HA EBPNCTUNYHI 3A0AHN

Mwxaun Jlenapos
mleparov@tu-sofia.bg

EBPMCTUYHM 3adaumM ca TakMBa 3afauM, 3a pellaBaHeTO Ha KOUTO He ChleCcTBYBAT CTPOr METOAM.
ChbllUEBPEMEHHO CbLIECTBYBAT MHOXKECTBO EBPUCTUYHM HAuMHM 38 THAXHOTO pellaBaHe, KoUTO
npeAcTaBNsBaT CbBKYNMHOCT OT HacouBally CTHAKU. B HacTosAlWaTa paboTa ce npeaiara eUH MeTog,
HapeueH MerameTo[, 3a Cb3[jaBaHe Ha €BPUCTWUYHWM METOAM, Ypes KOMTO Aa Ce pPellaBaT TBOPYECKH

3agaun.

Knouvosn AyMU: eBpUCTUKa, EBPUCTUYHN METOAN, METAMET 04N, TBOPYECKN 3adayn

1. BbBegeHue

3agaumn, KOUTO He Morart fa ce copmanmsmnpar u
32 KOUTO He Ca W3BECTHU MeTOAM 3a peluaBaHe ce
HapuyaT eBpUCTMYHM 3agadn. Te ce peluaBaT Hali-
YecTo MO aHanorna C Apyru pelleHyW Bede 3afauu
bnarofapeHne Ha OnNWTa W WHTE/IMFEHTHOCTTA Ha
pelaBawms. CbLUeCcTBYBAT MHOXECTBO METOAM, ype3
KOWTO Ce MofnomMara peLlaBaHeTO Ha EeBPUCTUYHK
3agaun. Hakon paboTu, MOCBETEHN HA EBPUCTUYHUTE
meToam ca [1-3 n MH. apyru].

Llenta Ha HacToslwaTta pabota e ca Mpeasioxu
elMH HOB MeTO[, HapeyeH MerameTof, 3a Cb3faBaHe
Ha eBPUCTUYHW METOAM, Ype3 KOWUTO Aa Ce peluasat
TBOPYECKM 3afauu, CBbP3aHN C TEXHUYECKM 06eKTM
(TO).

B nmTepatypaTta nuncear uscnefBaHWs OTHOCHO
TakbB TN METOAN.

2. 13no>keHune

TepmMuHonorus

dOKyc- efjHa WM MOBeye AymW, U3passBaLLy
CbLLHOCTTa Ha Npob/ieMa Ha N3XO4HUSA OOEKT.

AHanor- efiHa WM noBeye LyMU, M3passBaLm
CbLLLHOCTTa Ha 06EKT, KOWTO CMYXW 3a aHann3 ¢ Len
[ia NOACKaXe naes 3a peLleHne Ha npobnema.

CpojaeH 06eKT- 06eKT, KOWTO MMa cbliaTa uau
CX04Ha rnasHa (YHKUuA (MpegHas3HayeHue), KakTo
Tasn Ha M3XOLHWSA 06EKT.

EBpucTMYeH  MeToA-  MeTof,  pasKpuvBaly,
MHOXECTBO MbTULa (6e3KpaitHO MHOI0) 3a peLlaBaHe
Ha eBpUCTUYHA 3ajaua.

OcCHOBHa 1aes Ha eBpUCTMYEH MeToa- (opma
(HaumH) Ha nNpeobpasyBaHe Ha M3xoAHa MHMoPMaLKS
B MbT 3a peLuaBaHe Ha npobnema.

MpomeH/IMBa Ha €BPUCTUYEH MeTOA- TN Ha
MPOMeH/IMBA OT OCHOBHATa WAes, BCEKM BUA OT KOATO
BOAM [0 HOBM MbTHLLA 3a THPCEHE HA PELLIEHME.

Tvn Ha nNPOMeHNMBa- HaVMeHOBaHMe Ha
npomMeHnmea p;, i=1,2,...,N.

Mpyna Ha nMpOMeH/MBA- KOHKPeTeH  Tvn
npomexnuea pj;, j=1,2,...N;.

Bug Ha npomeHnMBa - KOHKpeTHa rpyna

MPOMEHNNBA Pijk, k=1,2,...Nj;.

JetmHnumoHHa 061acT Ha TUN NPOMeHInBa
[p]- TN Ha npomeHnMBaTa WM KOHKPETHUTE
MPOMEH/IMBX OT TO3M TWUM, Hamp. 3a HacTOoAWMSA
MeTOf (BXK. Tabn.l) ,,aHanor” e TWUN NPOMEHNNBA;
Tasu NPOMEH/IBa nma BM[0BE, Hanp.
CbLUECTBUTENHO UME, NpUnaraTeNHo UMe U rnaron.

3a6. EpgHa  npoMeH/MBa  MMa  TOJSIKOBa
Je@UHULMOHHM  06n1acTM  KOMKOTO — Tuna T4
npuTeXasa.

JedrHnymoHHa o6nacT Ha rpyna npomeHnBa
[pi]- rpyma Ha npomeHnMBaTa W KOHKPETHUTE
MPOMEH/IMBK OT Tasm rpyna.

JethmHNUMOHHA 061acT Ha BWA NPOMEHINBA
[pi]- BUA Ha mMpomeHnMBaTA M KOHKPETHUTE
NMPOMEH/IMBA OT TO3W BUA.

CTOMHOCT Ha TWM MPOMEHNNBA- KOHKPETeH
npeacTaBuUTeS Ha MPOMEH/IMBA OT JafleH Tun.

CTOMHOCT Ha rpyna npoMeH/IMBa- KOHKPETeH
npefcTaBUTEN Ha NPOMEHNMBA OT [afieHa rpyna.

CTOHOCT Ha BWA MPOMEH/MBA- KOHKPETEH
npeacTaBmUTes Ha MPOMEH/IMBA OT JafleH BUA.
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Bpoit  cTOMHOCTM-  6pos
npeAcTaBUTENIN HAa NPOMEHNNBA.

PaHr Ha MeTof- Opoii Ha NPOMEHNMBUTE Ha
MeTO0fa, KOMTO ca C NPaKTUYeCKN HeorpaHuyeH 6poli
CTOMHOCTW Ha BUAa.

XapaKTepucTuKa Ha €eBpPUCTUYEH
OCHOBHa nzes, MPOMEH/IMBI U PaHT Ha METOZ

MeraeBpucTMYeH METOA;:

- MeToj, Mo KOWTO morat ga Cce Mojyyar MnoHe
HAKO/KO ((hamununs) eBpuCTMYHA METOLA U

- MeToA, KOWTO npuTexasa MOHe  [Be
MPOMEHNMBK, OT KOMTO NOHE efiHaTa € C NPaKTUYeCKu
HeorpaHuyeH 6poli CTOMHOCTH;

Ha  KOHKPETHUTE

MeTof-

ANropnTbM 32 NosyyaBaHe Ha MeramMeTos
3afiafieH: eBpPUCTUYEH METOL,

1. lNMpoBepKa Ha ycnoBusTa 3a ChlLECTBYBaHe Ha
eBPUCTUYEH MeTog (LepuHMuMA 3a  eBPUCTMYEH
MeTof).

2. OnpefensHe Ha XapakTepucTKarta Ha MeToza.

3. YTo4HABaHe Ha NPOMEH/NBUTE Ha MeToAa.

4. AHann3 Ha Bb3MOXHOCTUTE 3a yBe/inyaBaHe Ha
6posa Ha MPOMEHNMBUTE, Hamp. 4pe3 MeToja
. Knacudgmkauma™ [4].

5. 3a BCAKa NpoMeH/MBa:

5.1. OnpepensHe Ha AetUHULMOHHATA 11 06/1aCT.

5.2. AHanM3 Ha Bb3MOXHOCTUTE 33 pasLUMpeHue
Ha getMHULMOHHaTa 06/1acT.

6. CTpyKTypuvpaHe Ha MerameTofg, KOeTo
npeacrasnfBa  KnacUuKaumMs MO CbLUECTBEHU
Nnpu3HaLM Ha MPOMEH/IMBUTE Ha MerameTosa.

7. Cb3faBaHe Ha anroputbm 3a NPUIOXKEHWe Ha
mMerameTofa upe3 Cb3faBaHe Ha (amwuang ot
KOHKPETHM eBPUCTUYHM METOLN.

B MHOXecTBO eBpUCTUYHM MeToam [1-3 n gp.] ce
13M0/13yBa efHa UK NoBeYe LyMu, KOUTo okycupar
MUCIUTE BbPXY Npobniema v efHa Uan rnoseye Aymu,
KOWUTO YCNOBHO Mmorart fa 6bgaT HapeyeHW aHasor,
CMy>Kelll 3a MOACKaXe MbT 33 ThPCEHEe Ha peLleHre Ha
npo6nema. MbupBuTe AymMn morat fa 6baaT HapeyeHu
YCNOBHO (hOKYC. Haii- TunuueH npeactasuten e
MeTOAbT ,,POKyCHM 00eKTU”. [pyrn MeToAM, HAKOU
OT MOZY/IUTE Ha KOMTO Ce OCHOBaBaT Ha Bpb3kara
(hOKyC- aHafior Npu TbpCceHe Ha MbTULLA 33 PeLLeHne
6e3 cneymasiHO Aa Ce M3NON3ysaT Te3u TePMUHU ca
[1]: ,» 1 OT/THA aHanorunsa”, »CUHEKTMKA”,
»Mogaunpukaums ngesa”, ,Mo3byHa araka”,
»AHanorua” u ap.

B HacTofwwaTa pabota ce pasrfiexpga mMerameto[
,POKyCn”, KOWTO npuTexaBa [ABe MNPOMEH/NBY
(thokyc n aHanor). Tbid KaTo aHasorbT, KOUTO Mpw
metoda ,,POKyCHM  06eKTM” e  MPOU3BOJSIHO
npunaratenHo MMe, MOXe fa npvema npakTUYecku
HEOrpaHMYeHO Pas/IMYyHK CayyaliHW CTOMHOCTM, TO
cbrnacHo TebpaeHuve 1 e HaUUe MerameTos.
OcHoBHa wnaeda: PasnnyHuTe (OKYyCU M aHanosm
Mo3Bo/ABaT fa Ce MornegHe BbpXy npobrema ot

Ha

pas/IMyHN  [IefHN  TOYKWM, KOUTO  MOofACKa3saT
pas/IMyHN NbTULLA 38 ThPCEHE Ha PeLLeHMe.
Knacngmkaums

B Tabnmua 1 e npeanoxeHa Knacudukaums Ha
aHasora ¥ (hokyca MO Pas/IMYHM  CbLLECTBEHN
KNacu(uMKaLMOHHN NPU3HaLN.

Tabnuua 1

KnacugrKaLyoHeH Npr3HaK

BuaoBe (hoKycy 1 aHanosu

1. MpamaTnyHa Kateropus Ha

1.1. CouectsutenHo nve 1.2. MpunaratenHo nve 1.3. Fnaron

U Heroea CbCTaBHa YacTt

(hokyca

1’. 'pamaTnyHa Kateropusa Ha | 1.1°. ColuecTBUTENHO MMe 1.2°. MNpunaratenHo nve 1.3°. naron

aHanora

2. Bug gokyc 2.1. TO 2.2. TO 1 pelwlaBaHa 3aga4a

2’. Bupg ananor 2.1’. CpogeH TO 2.2°. OkofiHa TexHuuecka cpega (OTC) 2.3°. CnyuaeH
06€eKT

3. dokycbT e uenms o6ekt | 3.1. Uema TO 3.2, ChctaBHa 4acT Ha TO 3.3. CobliecTBeH

KnacuuKaLMoHeH npu3Hak Ha TO

3’. AHanorsT e uenua o6ekT
WM Heroea CbCTaBHa YacT

3.1’. Uenna obekt 3.2°. CbcTaBHa 4yacT Ha o6ekta 3.3’. CblUeCTBeH
KnacuuKaLMoHeH NpmnsHak Ha 06ekTa

4. PelllaBaHa 334a4a

4.1. Npasa 4.2. O6paTHa (pa3msHa Ha (hOKyC 1 aHanor)

5. bpoii okycu

5.1. EgmH 5.2. 1Ba 5.3. IoBeye oT ABa

5’. bpoii aHano3un

5.1’ EgmH 5.2°. [iBa 5.3’. I'oBeye OT ABa

6. HacouBaHe Ha TbpCeHeTo

6.1. He (nmncea) 6.2. [a (Hanp. No OTHOLUIEHWE Ha: KnacuuKaunoHeH
Mpu3HaK, CbCTaBHa YacT v ap.)
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3ab. 3non3yBaHeTO Ha HAKOW OT BUA0BETE (hOKYCW U3MCKBA TAXHOTO MpPesBapuTeNHO OnpesensHe,
Hanp. cpogHu TO, OTC, cnyyaitHy TO, CbLLECTBEHN KNACUMUKALMOHHN NPU3HaLM 1 ap

POKyCbT WM aHanorbT Mmorat pfga Obgar
npescTaBeHnW OT rpamMaTvyHa rnejHa TOYKa Karto:
cbliecTBMTeNnHo mme (T.1.1 1 1.1’ ot Tabn.l), kato

POoKyCbT MOXe fa bbfe u:
- Ayma oT npobnema- camuat 06ekT (T.2.1 1 3.1)
WK 4yact oT Hero (7.3.2), Hanp. 0TBepKa, APb>KKa,

TOBa 0OMKHOBEHO € HavMeHOBaHMETO Ha TO UNM Ha  HakKpalHWUK, WM CbLUeCTBEH  K/laCU(UKALMOHEH
OCHOBHA HeroBa 4acCT, Hamp. XWMWKaika, KOpMyc;  MpU3HaK Ha Heroea cbCTaBHa 4acTt (T1.3.3), Hanp. no
npunaratenHo uve (1.1.2 n 7.1.2°) n rnaron (t.1.3 1  OTHOLWEHWE HA MaTepuasa Ha KpakaTa, Mo
1.1.3”), KOiTO M3passBa AENCTBMETO HA TO nM Ha  OTHOLUEHWE Ha 6pOs Ha KpaKaTa;
Herosa OCHOBA 4acT, Hanp. NuLa, CbXxpaHABaM.
Tabnuua 2
TO,,CTon”
CbcTasHa | Knacudmkaum PeLueHns Bpoit
yacT OHEH NpU3HaK peLleHns
Kpaka mMaTepuan [bpBO, MeTan, nnacTmMaca 3
thopma MpeceyeH KOHyc, napanenenunes, UMaMHABLP, YeTUpMbLIbIHA | 5
npu3Ma, TPUBLIbLAHA NpU3Ma
npasuIHOCT npasu, U3KPUBEHU 2
UBAT YepeH, 3efleH, YepBEeH, OpaH>KeB, 651, CUH, 4p. 6"
pasmepu KbCW, CPefHU, Ab/ru 3
pasnono>keHne | no cpejaTa, B bruTe 2
6poii 1,2,3,4 4
Ob6neraska maTepuan nnaT, MeTan, AbPBO, NnacTMaca, KoMouHaLums 5
Ha/mune Ha | Aa, He 2
obneranka
thopma KBagpaT, NPaBObIb/IHUK, OKPBXKHOCT, eunca, Tpaney 5
UBAT 05N, YepeH, XK bAT, CUH, 3e/1eH, KOMOUHaLus, apyr 6"
CTPYKTYpa pamka 1 2 0TBOpa, paMka U 1 0TBOp, Mpe>ka, pelleTka, | 5
6e3 pamka
Cepanka thopma BAMbOHATA, PaBHMHHA, penedHa 3
mMaTepuan nnaT, MeTal, AbPBO, NnacTmaca, KoMonHaus 5
UBAT 05N, YepeH, XKbAT, CVH, 3eNeH, KOMOnHauwus, apyr 6"
CTPYyKTYypa pamka 1 1 0TBOp, Mpe>Kka, pelleTka, 6e3 pamka 4
Tanuuepus | MaTepua JyHanpeH, CWIMKOH, Bb3fyllHa Bb3rnasHuua, nyx, ryma, | 6
Ko>Ka
MOBBbPXHWUHA XNb3raea, rpanasa 2
Ha/nmune [a, He 2
Konenua 6poii 3,4 2
Hannyme [a, He 2
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Tabnuua 3
M3xopeH CpopeH oTC Cny4vaiHu
T0 06eKT (CbCTaBHM TO npunara- rnaronm Cbo3n npeanosu
(CbCTaBHM 4acTh) (cbcTaBHU |  TenHK
4acTm) YacTm)
Cton Meiika Maca Xvmukanka | CuyneH, N3mepBam, | u, B,
(cepanka, (nnoT, (kopnyc, LIBETEH, Mucns, nnm, [o,
obneranka, | Kpaka) MbAHUTEN, | 4BOEH, cMaTam a, 3af,
Kpaka) apaepob Kanauka), CUNEH, HO, npes,
ETaxkepka | (Kpaka, Namna CTYfeH HUTO, nog,
(nnoT, CTEHM, ue, Hag,
Kpaka) pacgToBe, Ty, npes,
BpaTw) KOWTO, BBPXY,
Nerno KbETO, | Me>Kay,
(Kpaka, KoraTo cpen
mMaTpak,
Tabnm)

- camus npobnem (pelsaBaHa 3afaya) Ha WU3XOAHWS
TO (1.2.2) (Hanp.”’BbHLUeH BMA Ha...”,
,»JOMbHUTENHA (hyHKUMA Ha...”, ,,[pyra peaimsauus
Ha...”)

Hai-uecTo peluaBaHUTe 3a4a4un NPy NPOEKTUPaHe
Ha TO ca:

e HOB BLHLLEH BMA Ha u3xoaHusa TO;

e 10Mb/IHUTENHA yHKLMA HA TO;

e pyra peanusauma Ha (QyHKUuMA (rnaBHa wnu

OCHOBHa (hyHKLMA);

® AipyT onepaHf;

e ipyra peasin3aums Ha oneparop;

e IpYT (M3NYECKM NPUHLMIN Ha AEACTBUE;

o IpYT VIHXXEHEPEH e(eKT;

e ipyra OCHOBHa (hYHKUMSA (OCHOBHU (DYHKLUN);

e ipyra MaTepuanunsaLma Ha MHXeHepeH eqexT;

e ipyra MaTepuann3aumns Ha OCHOBHa (DYHKLNS;

e ipyra MaTepuann3aums Ha CbCTaBHa 4acT;

e ipyra MaTepuanunsaLma Ha CbeViHeHue;

e HOB BbHLLUEH BWJ Ha CbCTaBHaA YacT;

e ipyra peasim3aums Ha CbCTaBHa 4acT;

e OMNpefesisiHe 1 OTCTPaHsBaHe Ha HeLoCTaTbLUM Ha

TO;

e rpricnocobssaHe Ha TO KbM HOBM YCNOBUS;

e Cb3/laBaHe Ha napameTpuyeH pea;

e MOAumKauun Ha naxogHata CE;

e MOAM(MKALMM HA CbCTaBHA YacT;

® MOAW(MKALMN Ha feTaiin;

® BPb3KM C OKOMHATa TEXHMYECKA cpeaa,;
- eyH 6poit (1.5.1), Hanp. ,,CTon”, aBa 6pos, Hanp.

,,CTon” un ,,Obnerasika Ha cTona” ww ,,CTon” u
,,Ba3a” (e4HOBPEMEHHO pellaBaHe Ha ABe 3ajaun)
NN NoBeye 6pos;

OcBeH BbB  BW Ha  CbLUECTBUTENHO,
npunararesiHo UMe 1 r1aron aHanorsT MoXxe fa 6bae:

- cpofieH TO (1.2.1°), Hanp. 3a TO ,,Ba3za” cpoaHu
TO ca: neiika, Maca, rapaepob, eTaykepka, nerno,
pesepsoap, Ky TUs, YAHUS, ONaKoBKa 1 T.H.

- 06ekT 0T OTC Ha u3xogHusa TO (1.2.2%), Hanp.
TO ,,Baza” OTC Bknoyea Maca, CTeHa, KapTuHa U
ap.

- cnyyaeH TO (1.2.3’), Hanp. nepdopaTop,
HOLLHa namna, pagmo, XMMuKaska, CaMoneT U T.H.

- @aHaI0rMYHO Ha (hoKyca aHaforsT MOXe fAa 6bae
uenna obekt (T.3.1°), CbCTaBHa 4acT Ha 06eKkTa
(1.3.2°) M CbLECTBEH KacU(hMKaLMOHEH NPU3HaK
(1.3.3”), a 6poAT Ha aHano3UTe MOXe Aa 6bae efuH
(1.5.17), Hanp. nepcopaTop, nam gga (1.5.2°), Hanp.
nepchopaTop W HOLLHA Namna, KakTo 1 noBeye OT JBa
(1.5.3");

PeluaBaHata 3afjaya 6wBa npasa (T.4.1) u
obpatHa (T.4.2), Npu KOATO (hOKYCHLT CTaBa aHasor, a
aHanorsT- (HhoKyc.

Mpy peluaBaHeTo Ha 3afja4aTa € Bb3MOXHO Aa He
Ce Haco4Ba TbPCEHETO Ha KOHKPETEH MbT 3a peLUeHme
(1.6.1), Hanp. MbTHa Yalla unn ga ce Hacouysa (T.6.2),
Hanp. MbTHa Yalla No OTHOLIEHWe Ha MaTepuasia Ha
yawara.

Bpoli Ha BCUMYKM KOMOGMHaumK oT Tabnmua 1 e 3.
3.2.3.3.3.2.3".3"2=17496". ToBa ca BCbLYHOCT
pasfIMYHN HauYMHM 3a TbPCEHE Ha MbTULLA 3a PeLleHNns
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upe3 hoKyc 1 aHanor. Mo Tasn NpuuMHa METOALT  ,,Bb3MOXHM (hOKYCK™ ce siIBsIBa MEramMeTof,

Tabnuua 4
MeTon doKyc AHanor (tabn.l) PewaBaHa 3agaya | HacouBaHe Ha
Ne (Tabn.l) (Tabn.l) TbpceHeTo (Tabn.1)
1 1.1, 21, 31,|11,21,31,51 4.1 6.1
2 51 11°,21°,3.2’,5.1"
3 11°,21’,33,5.1’
4 11°,22’,3.1’, 5.1’
5 11°,22’,32’, 5.1’
6 11°,2.2°,33,5.1
7 1.1°,23,3.1’,5.1’
8 11°,2.3,3.2’, 5.1’
9 1.1°,2.3,3.3,5.1’
10 12°,21’,31,51
11 1.2°,21’,32’, 5.1’
12 1.2’,21,33,5.1
13 13, 21, 31,|13,23,31,51
5.1

14 12, 21, 31,|13,21,31,51 6.2
5.1

15 11, 22, 31,|11°,21,3.1,51 6.1
5.1

16 11, 22, 32,|13,21,31,51
51

17 11, 21, 31,|11°,21,32’,5.2°
5.2

18 11, 21, 31,|12’,21,32’,52

19 5.1 1.3,23,3.1’,5.1’

20 1.1’,23,32’, 5.1’

21 12, 21, 31,|11,23,3.1,51

5.1

22 11, 21, 31,|11,21,31,51 4.2

23 51 11°,21’,3.2’,5.1°

24 1.2°,21’,3.1,51

25 1.1’,22’,3.1’, 5.1’

Bcekn einMH OT Te3u METOAM Ce MOMyyaBa upes P11 € [CbLUECTBUTENHO, NpUnaraTesiHo, rnarony;
B3eMaHe MO eAHO peLleHMe OT BCeKU pen Ha Tabn.l: P12 € [cpogeH TO, OTC, cnydyaeH 06eKT];
(hokyc- pefose 1, 2, 3, 5; aHanor- pegose 1°, 2°, 3’, 5" u pis € [uenma TO, cbcTtaBHa 4act Ha TO,
BUJ 3afaya- peq 4. Kato npumep B 1abn.4 ca fageHn 25 KnacupurKaumoHeH npusHak Ha TO];

Bb3MOXHW METOAN. P14 € [e4MH aHanor, fBa aHalora, noseye OT [Ba
3a merameToga ,,POKycH”- MPOMEH/IMBU Ca aHa/lora aHasnoraj;

p1 1 okyca p,; Mbpsata AeMHULMOHHA 06/1acT 3a P21 € [CBLLECTBUTENHO, NpUaratesiHo, rnaronj;

aHanora BK/OYBA CTOMHOCTMTE: CbLLECTBUTESHO, P22 € [TO, TO n pewasaHa 3aga4a];

npunaratesiHo W rnaron, T.e. Pi; € [CbLUECTBUTENHO, Ps € [uenms TO, cbcTaBHAa uyacT Ha TO,

npunaratenHo, rnaron]. Mo- gony ca AafeHn BCUYKM KnacuhUKaumoHeH npusHak Ha TOJ;
JeUHMULMOHHI 061aCTW Ha aHanora u (okyca.
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P24 € [eAuH hoKyc, ABa (pokyca, noeeye OT fABa (hHokyca];

Tabnuua 5
MeTog | Pokyc (Tabn.3) Bpb3ka AHanor (Tabn.3) HacousaHe
No
(Ta6n.4)
1 cTon KaTo neiika
2 BbB B/, HA cefla/ika (Ha nerika)
3 thopma (Ha neika)
4 B maca
5 c nnoT (Ha maca)
6 c pasvepu (Ha noT
Ha Maca)
7 BbB BUA Ha XUMUKa/IKa
8 KaTo Kopnyc (Ha
XUMUNKaIKA)
9 KaTo maTepuan (Ha
Kopnyc Ha
XUMUKa/IKa)
10 cuyneH (0T nelika)
11 n3BMT (0T cefaka)
12 .0 bpBeH”’ (Ha
cefla/ika Ha neiika)
13 cafaHe npu Mb/IHEHE
14 cTon ,,CUynen” no OTHOLLEHNE Ha
maTepuan
15 BbHLUEH BWA HA CTON KaTo eTadKepka
16 AOMbHATENHA upes nocTassHe (Ha
(pyHKLWS HA cTON KHUIN)
17 CTON N Maca KaTo nelika n eTa>kepka
18 cTon KOWTO e peLleTbyeH "
eTa>KeH
19 KONTO n3mepBa
20 KaTo MbAHNTEN
21 CTO/I0Ba eTadKepka
22 neika KaTo cTon
23 cefanka (Ha neika) BbB BU[, Ha cTon
24 XMMWKa/IKOB CTON
25 maca ypes CTON

3a6. 3a KOHKpeTeH MeToZ NPOMEHNNBKM ca aHasiora U Bpb3KaTa. 3aMeCTBaHETO Ha MPOMEHINBUTE C pas/IYHU
KOHKPETHN CTOMHOCTYU [oBeXaa no nNpakTn4yeckn HeorpaHUYeH eBPUCTUHHN METOOMN.

PaHrsT Ha meToga e 1.

MpeanoXeHNAT — MerameTog MoXe Ja  ce 3.YTouHsBaHe Ha CbLLECTBEHUTE
13M0N3yBa Mo CNeaHNS aNropuTbM: KnacMrKaLMoHHN NpU3HaLM Ha U3X0AHWS 06eKT. 3a

1. YTouyHsBaHe Ha npobnema. Tasu Len MOXe fJa ce M3Mon3yBa MopgonornyHara

2. OnpepfensiHe Ha OCHOBHWTE CbCTaBHM YacTU Ha  Tabnuua oT MeTog ,,MopdonornyeH aHanm3 u cuHTes”
N3X0[HUA 0BEKT. [1-3].
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4. 36op Ha ocTaHanuTe enemMeHTW OT Tabn.l,
KaTO OT BCEKU pef, Ce B3eMe M0 efJHO peLleHue.

5. CBbp3BaHe Ha (hokyca ((pokycute) ¢ aHanora
(aHano3mnTe) B CbLOTBETCTBME C  M3bpaHaTta
KOMOMHaLMA Ha eleMEHTN.

6. Moandmkaumm Ha CBbP3BaHETO OT T.5 upes
N3Mon3yBaHe Ha CbIO3 (4pYr CbiO3) WM npegnor
(&pyr npegnor), UM No Apyr HaumH.

7. TbpceHe Mo acouuaums WM aHalorua Ha
peLLeHre Ha npobriema.

Tpsbea fa ce oTb6enexu, Yye MeTOALT ,,POKYCHU
06ekTn” [1-3] ce fBfiIBA 4YaCTeH Cny4ail Ha
mMerametoga ,,dokycu”.

[MoN0OXKMTENHOTO HAa W3NON3YyBaHeTO Ha OTAeNeH
eBPUCTUYEH MEeTOo[, OT MerameTof e, Ye ycunusaTa ce
CbCpefoTOYaBarT B efJMH onpefenieH MbT 3a TbPCeHe Ha
peweHve. To3n MbT Ce pasrnexia BCECTPaHHO W
3aabn6oyveHo. Cnef HeroBoTO M3ueprBaHe MOXe [a
Cce MpeMuHe KbM ApYyr MbT.

CoblueBpeMeHHO 3a Merametofa MOXe fa ce
peasmM3avMpa KOMMIOTLPHO MoAnomaraHe, KOeTo fja
MO3B0OJIN aBTOMATU3MPAHO [BMXKEHME MO NPUET HauMH
cpes aMunHUTe MeToan. 3a KOHKPETHUA MerameTtoq,
npyv NpeLBapuTeNIHO NOAroTBeHa Tabn.3 nporpamara
MOXXe [a Nnojasa pas/IMyHy KOMOUHaLUMm oT (oKycu u
aHas03n Ha BUAEOCTEHa Mpe3 OMpeAesieH nepuog ot
BpeMe, KOATO KOMOMHaumA pellasallms uam rpyna ot
pellaBalliy [a W3MNonsyBa Kato MbT 3a pellaBaHe Ha
npo6nema.

Mpumepw 3a Nony4vaBaHe Ha BPUCTUYHWN METOAU

(TO- cTon)

1. Topcu ce HOB BWA CTOM, HOBa Herosa
peasmsauns, Uan LOMbJHUTENHA YHKLMS.

2. Cepanka, kpaka, obneraska

3. MopdonornyHaTa Tabnmua e fageHa B
Tabn.2. OCHOBHUTE KnacuuKaumoHHW npusHauy 3a
OT/e/HATe CbCTaBHU YaCTW Ha CTO/a ce BMKAaAT
oT TabmuaTa.

KoHkpeTHUTE enemedTn 3a TO ,,Cton”,
Heobxo4umy 3a u3non3yBaHe OT MerameToga ca
fafeHn B Tabn.3.

4-7. B Tabn.4 ca gageHn 25 Bb3MOXKHN METOAN,
nonyyeHn OoT merameToga ,,Pokycn”. Bceku eauH
OT TAX e npefcTaseH B Tabn.5 upes naocTpupaly
npumep 3a TO ,,CToON™.

MeTop 1.1,2.2,3.2,5.1; 1.2°,2.3’,3.1°,5.1’; 4.1;
6.1

®dokKycC ,,BbHLUEH BUA Ha cTOoN”,

,,PafloCTeH”  BLHWEH BWA Ha  CToOna
(,,npunosaurHaTa” hopma Ha cTona (cefankara e
M0 BWCOKO pasnofiodKeHa M uUMa CTbnanio 3a
KpakaTa), CAKall CTO/MbT € B 400P0 HAaCTPOeHNe);

,,CUynNeH”” BbHLUEH BUA Ha cefanka (CTon, KOWTOo
npuIMya Ha CyyneH, HO BCHLLHOCT CU (DYHKLMOHMPA,
Hanp. cefjankaTa e 3aBbpTAHA CNPAMO efHaTa Cu
ornopa; cefankaTa e CbCTaBeHa 0T HAKO/KO YacTHu);

,,BB/HACTO CMH” BbHWEH BWA Ha obneranka
(dbopmaTa Ha obrnerankaTa WM LeaMs CTON UMaT
Bb/IHOOOpa3Ha hopma);

[ 104rbHAT™” BBHLUEH BUA Ha Kpaka (kpakaTa
My He ca npasu, a MOArbHAaTW HaBbH, HABLTPE WK
KOMOWHMpaHO);

,»3aBbPTAH” BbHLUEH BWUA Ha obrneranka (cTon,
unaTO obneranka € 3aBbpTHAHA CMPAMO e4UHMA CU
BUHT W B TOBA MOJIOXKEHME € 3aKpeneHa );

dokyc ,,[onbHMTEeNHA YHKUUA Ha cTona™;

,,CUyneHa” [ONMb/HUTENHA (PYHKUMA Ha cTona
(cTONbT ce npersBa Ha /iBe WK NMoBeYe YacTHn);

,,10NNa” AOMb/HUTENHA (PYHKUMA HAa CTON (CTON
C TMpWrofeHo KbM Hero efekKTPUYecKo Ofesrno;
OLBeTEH B” TONNNU” LBETOBE);

,[10ABM>KHA™”  AONbAHWUTENHA  (YHKUMS  Ha
cefjasika (CTON C NOABM>KHA Ceflasika, KaTo MOXKe Ja
Ce nocTasu No-Abira Unn Apyr Bug cefaska);

BapuaHT: cTONOBETE KbM MacaTa ca /ofKu,
KOUTO BUCAT OT Hef; MO BPeMe Ha XpaHeHe 4Y0BeK
MO>Ke 1 [la ce Nontonsea;

®dokyc ,,[pyra peanunsayma Ha cTona”

,»Aebena” gpyra peanmsauyus Ha cTon (cTon,
KOWTO e HanpaeeH KaTo ,,AbHep”);

,,BofHa” Apyra peanmsauusa Ha cegaika
(cepankaTa e rymeH 6aoH, MbeH ¢ BOAA);

,104rbHaTa” Jpyra peamsaumMs Ha CcTON
(CTONBT € M3Mb/IHEH OT OrbHAT AMCTOB MaTepuan);

,,Bb/HEHO Meka’ pgpyra peanusaums Ha cTofia
(cTONMBLT e TanuumMpaH ¢ 0BYa KoXKa);

,»MPBCHO ronama’ gpyra peanusauus Ha cepaska
(cTon, KOMTO npu cagaHe cepankaTa nponaja
Ma/lKo, T.e. NnpaBu Homepa);

Metog 1.1, 2.1,3.1,5.1; 1.1°,2.2°,3.1’,5.1’; 4.1;
6.1

TO o1 OTC: valua, Ba3a, Maca

CTon KaTo yalla; cTon c yawa;

CTon-Ba3a; CTO/ BbB Ba3a,

CTon cbe Maca; CTon 3a4 maca,;

PelueHus:
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(yawa) - Ha obnerankaTa Ha cTona fga mma
nocTaskKa 3a Yala;

(aza) - cTOMLT € BbB (popmMaTa Ha Basa,
NOAXOAALLO CpA3aHa 3a CAfaHe;

(Maca) - B CTONa Ce NOCTaBs YeKMeKe;

MeTtog 1.1,2.1,3.1,5.1; 1.1°,2.3°,3.1",5.1°; 4.1;
6.1

Cnyyaitin TO: uun, Ternmnka, 4YaCcoBHUK

CTon c uun, cTon-uun;

CTon C Ternuika; CTon KaTo Ternuka;

CTO0n-4aCoBHUK; CTO/ C YACOBHUK;

PeLueHus:

(umn) - cTOMBLT fJa ce Tanuuupa, KaTo 3a
O6bp30TO CBalAHE Ha TanuuuposkaTa fa ce
13M0/13yBa CBbP3BaHE Ypes3 uun;

(Ternunka) - Ha CTONA € MOHTUPAHO TErNnKa,
KOSITO yKa3sa TerjoTo npu cajaHe;

(4aCOBHMK) - MOHTVPAHMAT B CTO/MA YaCOBHUK
nokassa KOJKO BPeMe CW Mpekapas HenofBu>KHO B
Hero;

Metopg 1.1,2.1,3.1,5.1; 1.3°,2.3’,3.1°,5.1’; 4.1;
6.1

CnyyaitHn  rnaronn:  U3MepBam,
3aknoyBam, CMes ce, MIUCNA, NpeLcKassam

CTon, KOWTO 13Mepsa Hewo (1M3Mepsa TernoTo
WM TefecHaTa TemnepaTypa WM MNCUXMYECKOTO
CbCTOSHNE);

CTon, KOWTO nokassa Helwo (KPbBHOTO THU
HandraHe, cnej KaTo cu  obrnerHan pbka Ha
noAnaKkb THUKA);

CTon, KOTO 3aknoyBa Hewo (He no3gonisiea Ha
Ma/KOTO [eTe [a Ce U3MbKHe OT Hero U Taka To
0CTaBa ,,3aK/0YeH0’ OKATO Ce XpaHw);

CTon, KONTO ce cMee (CTO/, KONTO M3byxBa B
CMAX Npu cagaHe);

CTon, KoiiTo mucnu (CTOMbT no3apasssa npu
csaflaHe 1 cu B3eMa ,,[0BM>KAaHe” Npu cTasaHe);

MnokKassam,

CTon, KOWTO npeAckassa Ha cagawms (B
3aBUCMMOCT OT BbBEfEHM [aHHW Ce rosBsBa
XopocKon);

MeTop 1.1,2.1,3.1,5.1;1.3’,2.1,3.1°,5.1°, 4.1;
6.2

TO ,,"Yawa”

“enuncoBuaHa’ vawa /N0 OTHOLEHWE Ha
thopmaTa Ha TA10TO0/ (OTBOPBLT I € eNUNCOBUAEH, &
CTpaHMyHaTa MOBbPXHMHA-  UWAMMHAPUYHA UK
06paTHOTO);

“[BOMHA’ Yalla /Mo OTHOLLEeHWe Ha hopmaTa Ha
ObHOTO/ (4BHOTO € No cpefaTa Ha vawaTa, a 0T
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[BeTe My CTpaHu uMa pasinyHu no dopma u obem
BbTPELUHU U Pa3NINYHN BBHLUHW NOBBbPXHUHN);
“MHOrObrb/HA”  vawa /N0 OTHOLWEHWe Ha
thopmaTa Ha TANOTO/ (OCHOBATA Ha vawaTa e
TPUBLIbIHUK; BapyaHT: TpareL);
“npallHa’ Yalla /no OTHOoLWeHWe Ha MaTepuana/
(yawaTa e HanpaseHa OT [Byn1acTOB MpO3payeH

mMaTepuan, KaTo MedKay nnacToseTe uma
MPOCTPAHCTBO, 3aMb/HEHO C LUBETEH npax Wum
TEYHOCT, KOATO Cce ABMDKM MNpU NpemMecTBaHe Ha
yawaTa);

“cBedKa”  vawa /M0 OTHOWeHWe  Ha
JOMbHATENHN  akcecoapw/ (B vawarta uvma
CrneunanHo OTAeneHne, B KOETO e MoCTaBeH TBbpA
apomaTwusaTop);

“CTpaHMyHa” yYawa /no OTHOLWIeHWMe Ha
pasnono>keHne/ (CTpaHM4yHaTa MNOBbPXHMHA Ha
yallaTa e HaK/OHeHa CnpsMOo OCHOBATa);

““BoeHHa” yawa /no OTHOLLEHWe Ha
JOMbAHATENHN  akcecoapw/ (KbM vawaTa uMma

OKa4eHo MasKo 3HaMeHLe); );

“TpbbHA” uawa /N0 OTHOWeHWe Ha dopma/
(YawaTa e n3rpajieHa KaTo rBkasa TPbOUUKA);

“ocTpa” vawa /no OTHOLUeHWe Ha dopma U
pas3nonoXkeHune/  (BbHWHaTa  MOBLPXHOCT 7
BbTpelwHaTa Takasa MpeAcTasndsaT eLHOOCHU
KOHyCW (NpeceyeHn KOHycW), KaTO BbpPXOBETE UM
mMoraT Aa 6b4aT PasHOMOCOYHW UM eL4HOMOCOYHN);

“CTeHHa” vawa /no OTHOLeHWe Ha dopma/
(yawa c KyxuHa 3a 3aKperneaHe 3a CTeHaTa W
rnpespbLLaHe BbB CTEHHA Basa);

“nnocka” vawa /no OTHolWeHWe Ha dopma/
(ocHoBaTa Ha valaTa npeAcTasndBa TeCeH Ab/ibr
MPaBObLIb/HUK);

“My3ukanHa” vawa /N0 OTHOLWeHWe Ha
JOMb/HATENHN akcecoapw/ (MpW MpemMuHaBaHe Ha
onpefieNieHO BpeMe, a vallaTa He e HaknaHsHa (3a
OTNMBaHe) yallaTa Npomn3Haca Hakakea gyma, Hanp.
“Hasgpase”, “‘npobnem?”’ n ap.);

“pasubTana’” yawa /no oTHoeHKe Ha hopma/
(vawa nog hopmaTa Ha pasubTANO LBETE);

““pasknoHeHa” yvawa /no oTHoLeHWe Ha dhopma/
(vawa ¢ MHOXXeCcTBO [APbXXKW, AONeneHn efHa Ao
Jpyra, Taka 4e Ce nofyyasa poTauuOHHA
MOBbPXHVHA, MONyYeHa OT 3aBbpTBaHe Ha cuiyeTa
Ha Apb>XKaTa Ha 180°);

““cyxa’” vyawa /no OTHOLLEHNE Ha AOMbAHUTENHN
akcecoapu/ (Yalla, B YASTO BbHLUHA NOBBLPXHOCT ca
BrpajeHn Cyxu IMCTa U KIOHYeTa);

PaHrst Ha  pasrfiefaHuTte  amunng
€BPUCTUYHN MeToaM e 1, Tbil KaTO BCUYKM Te Mmar
Camo efiHa NPOMeH/1Ba- aHanora.
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MEGAMETHOD “FOCUSES” FOR HEURISTIC TASKS SOLVING
M. Leparov

Abstract

Problems, that cannot be formalized and for what no methods to solve them are known, are called heuristic
problems. There are many heuristic methods for solving them, which represent a set of guiding steps. The
objective of the present work is to propose a new method named megamethod designed for the cteation of
heuristic methods through which heuristic problems can be solved.

Key words: heuristics, heuristic methods, megamethods, heuristic tasks
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C.Hwukonos

N3CNEOBAHE HA SABAPEHU KOHCTPYKUWMK C SOLIDWORKS SIMULATION

CtnnunsiH Hukonos
stiliyan _nik@yahoo.com

3aBapeHnTe KOHCTPYKLUM HaMUpaT LUMPOKO MPUIO>XKEHWE B KOHCTPYKUMATA Ha PasMyHi MaLlun-
HOCTpOUTENHN uU3genns. B HacToswaTa paboTa ca pasrnegaHn Bb3MOXKHOCTUTe, KouTo CAD
cUCTEeMMTE MNpefocTass Ha NOTpebuTenMTe 3a MOZeNMpaHe Ha 3aBapbyHK LUEBOBE Npu paspa-
60TBaHeTO Ha 3D mogennTe Ha ugenusTa. MscnegsaHun ca npousTuyalymMTe 0T TOBa PasinKu
npy N3BbPLUBAHE HA CTaTWYeH aHa/M3 Ha 3aBapeHn KOHCTpyKumn ¢ CAE cucTemaTa SolidWorks

Simulation.

Kntouosu gymu: 3aBapeHn KOHCTPYKLUMK, cTaTudeH aHanm3, CAD, CAE, SolidWorks Simulation

1.06LLM NoNo>KeHUs

3aBapeHMTe KOHCTPYKUMWM HaMupaT LUMPOKO
NPUNOXKEHNE B KOHCTPYKLMATA HA Pa3IUYHU MaLlK-
HOCTPOUTENHN n3aenus. Te N03BONABAT CBbP3BAHETO
Ha eHOPOLHU ¥ Pa3HOPOLHM MeTanun 1 cnnasun. Ypes
3aBapsBaHe MoraT fa ce m3paboTBaT pas/UYHKU Mo
rabapuTi 1 CNOXHOCT AeTainv 1 Bb3NN.

C HaBnusaHeTto Ha CAD/CAE cuctemnte B
WHXXeHepHaTa MpakTUKa BCe MO-TONSMO 3HauYeHue
npuaobmeaT BbLMPOCUTE CBbP3aHN C KOMMNIEKCHOCTTA
Ha 13Mon3BaHuTe B pasnnyHUTe aHannsn 3D mogenw
N BAUSHMETO, KOETO Te OKa3BaT Ha MNony4vaBaHWUTe
npu Te3n aHann3n pesynTaTu.

LenTa Ha paboTaTa e fa ce U3cneLsa BAUAHK-
€70, KOETO NpeAcTaBsHETO Ha 3aBapbyHUTE LLEBOBE B
nscneasaHuTe 3D Mofenn okasBa BbpXy pesyntaTu-
Te, NonyyaBaHW MpW CTaTUYEH aHaM3 Ha 3aBapeHu
KOHCTPYKLMN.

Bb3MOXHOCTUTE 3a MpeAcTaBsHe Ha 3aBa-
pbyHUTE LWeBoBe B 3D mMofenuTe Ha pasfinyHu 3aBa-
PEHWN KOHCTPYKL MK Ca CnefHnTE:

-yC/MOBHO - 3aBapbyHMTE LUEBOBE CaMO Ce O3Ha-
yaBaT B MO/IefNa Ype3 CbOTBETHUTE CTaHAAPTU3NPaAHN
CMMBONY;

-0MpoCTEHO - (hopmaTa Ha 3aBapbyHUTE LLEBOBE
ce npefcTaBs C ONPOCTEHU Mofenu 6e3 fJa ce Moje-
nvpa NPOHMKBaHETO HA MaTepuana OT LUeBa B 3aBa-
psiBaHUTE JeTainu,

-Mb/HO - (hopmaTa Ha 3aBapbyHUTE LUEBOBE Ce
MoAennpa MakCUManHO peaiMCTUYHO, KaTo ce Moje-

Nnpa 1 NPOHNKBAHETO Ha MaTepuaa OT LLUeBa B 3aBa-
psBaHWTe AeTannu;

3a [eMOHCTpMpaHe Ha Te3n Bb3MOXHOCTU Lue
6bae usnonsgaHa CAD cuctemata SolidWorks [3].
3a nposexzaHe Ha W3CMefBaHeTo Lie Ce M3Mon3Ba
CAE cuctema SolidWorks Simulation [4]. T e u3-
usno uHTerpupaHa B cpegata Ha CAD cuctemara
SolidWorks 1 no3sonsiBa M3BbpLUBaHe Ha PasNyHK
n3cnefBaHUs CbC Cb3gafeHNTe moaenn. B Tabn.l ca
nokasaHu pa3nnyHWUTe BUAOBE NPeACTaBAHWUA Ha 3a-
BapbyHMTE WeBoBe B 3D mogennTe u pasnpeaeneHn-
eT0 Ha MoslyyaBaHWTe B MOJeNa HarpexeHus npu
M3BbPLUBaHE Ha CTaTUYeH aHa/In3.
Ha dur.1 e nokasaHO CpaBHeHME Ha MOJSyYeHUTe pe-
3yNnTaty OT CTaTUYHUA aHain3 3a TpuTe pasrfiefaHu
CNyyast Ha npeAcTaBsHe Ha 3aBapbyHUA LIEB, AafeHN
B Tabn.l. OT nokasaHoTO B Tabn.l v gaHHUTE OT
¢ur.1 n e BUAHO, Ye HauMHa Ha NpeLCcTaBsHe Ha 3a-
BapbyHMAT LUEB B M3CNeABaHMA MOAEN OKasBa BANS-
HVE Ha NoJslyyaBaHWTE OT aHa/in3a pes3ynTaTy KakTo
crnenga:

3a Hanpe>KeHVATa pasNKnTe ca B pasnpesene-
HMETO W B NOJlyYyaBaHUTE MaKCUMAaSIHU CTOMHOCTMU.
ToBa Ce Ab/MKM Ha NPOMsiHATa B reOMeTpuUsaTa Ha u13-
cnefiBaHVs MoOfeNl B 30HaTa Ha 3aBapbyHus LeB. B
oCTaHa/iMTe 06/71aCTM Ha Mojena MpPOMeHUTe ca B
pamKnTe Ha [OMyCTUMUTE OT WHXXEHepHa reAHa
TOUKa.

3a eflacTUYHUTE NpeMecTBaHUA Pas/IMKUTE ca
B MOJlyYaBaHNTe MakCUMaJHX CTOMHOCTK. Mpwn ToBa
pasfIMK1TE ca MeXZay YCN0BHOTO npefcrassHe (1) u
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[pyruTe Age - onpocTeHoTo (2) 1 nbaHo (3) npeac-
TaBsHe.

Tabnuua 1 Buaose NpeAcTaBsiHe HA 3aBapbYHNA LLEB B M3CNeBaHWs MO

Bupa Ha npeAcTaBaAHETO [MonyyaBaHN HanpeXxeHus Hanpe)keHnsa B LWweBa

wvon Mises (N/mm=~2 (MPa))
113.8

104.3

YcnoBHo
npeacTaBsHe

)

P 474

) g L 379
ZON Max: 113.8 - 784
| / 4 95

) 0.0

Von Wises (Vmm2 (WPa))

1182

1084
L 985
_ 887

_ 188

OnpocTeHo
npeacTassHe

)

_ 69.0

L 394

59.1

493

206

—
won lises (N/mm*2 (MP a})
1512
1386
- 1260
- 1134

- 1008

MbnHo
npeLcTassHe

@)

. 882

s Max: 151.2
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lMonyyasaHu MaKCUMAAHU HaNpeXeHUsa

no von Misses [MPa]
151,2

13,8 1182

MonyuaeaHu MAKCUMAAHU enacmuyHu
npemecmeaHus [mm]

0,227

0,201 o
r

1 2 3

1 2 3

1-YcnosHo npeacTasaHe 2-OnpocTeHo npeacTassaHe 3-MbAHO npeacTassHe
®ur.1 CpaBHeHVie Ha NONyYeHNTE pesynTaTy 0T aHanmsa

2.MNocTaHoBKa Ha 3ajayaTa

OTunTalikM HanpaBeHUTe B TOYKa 1 pasrnexpa-
HUA We 6bae M3CNeaBaHO BNUAHWETO, KOETO OKa3Ba
BK/1HOYBAHETO Ha OMPOCTEHOTO NPeACTaBsAHe Ha 3aBa-

Mogen 1

(6e3 3aBapbUHMN LLIEBOBE)

pbyYHUA LWeB B n3cneasaHusa 3D Mogen Bbpxy pesyn-
TaTuTe OT CTATUYHUA aHaN3.

Ha dwr.2 ca nokasaHu unscnefsaHuTe mMogenu ¢
reHepuypaHarta MpeXxa OT KpailH1 eneMeHTW 1 Npuno-
YXeHWTe orpaHUYeHna 1 HaToBapBaHus.

Mogen 2

(cbC 3aBapbUHM LLEBOBE)

oo

RISES2So

AT s
fresos=

SEE
s

®ur.2 N3cnegsaHy mogenm

OtunTalikn npegocTaBsHM oT SolidWorks
Simulator Bb3MOXXHOCTV 3a HajlaraHe Ha yC/ioBMs Ha
KOHTaKT MeXay OTAeNHWUTe AeTainn n HanpaBeHWTe
B [1] pasrnexxgaHus npu aHanmsa we 6bae 1U3non3sa-
HO YCNOBMETO 3a rfiobasieH KOHTakT - Cebp3aH
/HecvBmecTuMa mpe>ka (Bonded / Incompatible
mesh).

3.Mony4yeHn pesynrTaTu

Ha dur.3 v ¢ur.4 ca nokasaHu pesynrature 3a
Mnosly4yaBaHNTE EKBMBASIEHTHW HAMPeXXeHnsa no von
Misses npy u3BbpLUBaHE Ha CTaTUYHWUA aHaiu3. Ha
rpagmknTe e NokasaHo M3MEeHEHNETO Ha eKBUBa/IEH-
THOTO HanpeXeHue B NOCOYeHUTe pbOOBE Ha Mogena.
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Study name: Study 1
Plot type: Static nodal siress Stress1

won Mises [Nimm"2 (MPa]|

00 02 04 06 08

Parametric Distance

—+— von Mises (Njmm™2 (MPa))

Study name: Study 1
Plot type: Static nodal stress Stress1

g
£

@
=]
=]
=
s

von Mises (N/'mm*2 (MPa))

750.0

won Mises (N/mm*2 (MPa||
=
=]
2
=
s

w
s
5]
=
=]

687.5

. 625.0

0z 04 06 038 10

Parsmetric Distance - 5625

- 500.0

—+— von Mises (N/mm"2 (MPa)) 4375
375.0

| 3125

2500

. 1875

1250
62.5
0o

®ur.3 MNonyyaBaHn eKBMBaNeHTHU HanpeXkeHus no von Misses 3a Mogenl

Study name: Study 1
Plot type: Static nodal stress Stress 1

won Mises [Nimm*2 (MPal|

00 02 04 08 08

Parametric Distance

von Mises (N/mm 2 (MPa])

won Mises (Nimm*2 (MPa| |

Study name: Study 1
Plot type: Static nodal stress Stress1

0.0 0z 04 06 0.8

Parametric Distance

0 von Mises (N/mm~2 {MPa))
800.0

——  von Mises {N/mm"2 (MPa)} 133
| 666.7
_ 600.0
_ 5333
4667

400.0

. 3333

Max: 3469.7

. 266.7

. 200.0

133.3
66.7
0.0

®ur.4 MNonyyasaHn eKBMBAIEH THY Hanpe>keHus no von Misses 3a Mogen2

OT rpathmkuTe e BULHO,Ye:

- NonyyaBaHNTE MakCUMaHN EKBMBAIEHTU Har-
pexxeHus ca 761,2 [MPa] 3a ,,Mogen 1”7 wun 3469,7
[MPa] 3a ,,Mopgen 2”, KaToO CTOWHOCTW Ce Mony4YaBaTt
B pPasMYHM 30HN Ha Mogena. ToBa e pe3ynTar oT f0-
6aBAHETO Ha 3aBapbyHWTE LUEBOBE B 30HaTa C MNosy-
yaBaHVTe MakCUMaIHN CTOHOCTK 3a ,,Mogen 2”.

- B 06nacTTa Ha MakCUMa/IHUTE HamnpeXeHus 3a
»-Mopen 1”(761,2 [MPa]) npu ,,Mopaen 2” ce nonyua-
Ba 826,3 [MPa]. Pasnukara B criyyadr e 8,5%.

- B obnactTa Ha ,,Pb6 1” cTOiMHOCTUTE 1 pa3npe-
JENeHNeTO Ha NosyYaBaHWUTE €KBMBAIEHTHWU Harpe-
XKEHVS € MOYTW MAEHTUYHO, pa3nnKuTe ca nog 4%.

- B obnactTa Ha ,,P16 2”7 pa3nuknTe B nosyyasa-
HWUTE eKBMBAIEHTHN HaMNpPeXeHUs ca 3HAYUTENHU.
ToBa Hali-ACHO /IMuM B ABaTa Kpas Ha pbba, KbaeTo
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pasnunkarta e Haf 2 nbTn (290/420 [MPa] 3a ,,Mogen
1” 1 750/910 [MPa] 3a ,,Mogen 2”).

Mogen 1

URES (mm)
1548

1419

L 1200
- 1461
- 10:
. 0903
L0774
L 0645
L 0516
L0387
0258

0129

0.000

Ha cur.5 ca nokasaHu nonyyaBaHWTE B WU3Ces-
BaHUTE MOJENN eNacTUYHN NPeMecTBaHUs 3a U3BbP-
LIEHUAT aHaNu3.

Mogen 2

URES (mm)
1214
.
L1062

- 09%

_ 0850
L0z
L0637

| 0531
L0425
L0319

0212

0.106

®ur.5 MonyyaBaHK enacTWUYHN NPEMeCTBaHUS

OT ¢ur.5 e BMAHO, Ye pasnpefeneHMeTo Ha no-
NyyaBaHWTe enacTUYHM MPeMecTBaHus B [BaTa M3c-
NefiBaHW cnyyas e UAaeHTMYHo. Pasnukara B nonyya-
BaHMTE MaKCUMaJIHW CTOMHOCTM e oKono 20% (1,548
[mm] 3a,,Mogen 1” n 1,274 [mm] 3a ,,Mopgen 27).

BK/OUBAHETO B M3UYUCNUTENTHUA MOJEN Ha 3aBa-
PbYHMTE LLIEBOBE YBe/NYaBa CbLLECTBEHO HEOOXOAN-
MOTO Bpeme 3a W3BbLPLUBAHe Ha W3YMCMEHWUATA OT
cuctemara. py NO-CMOXHW MOJENU, CbAbpXKaLiu
CTOTMLWM OTAE/HW 3aBapbyHU LLIEBOBE, TOBA MOXe [a
foBefle [0 cpuB B paboTa Ha cuctemata (3aBuCK B
ronsmMa CTeneH OT XapfyepHarta nnatgopma Ha KOATo
e MHCTaJIpaHa cucTemara).

OT M3M10)KeHOTO A0 TYK Crnefga, Ye npu nscnes-
BaHETO Ha 3aBapeHy KOHCTPYKLM, 3a MOCTUraHeTo Ha
MO-TOYHW pe3ynTaTy e NoAXoAsLLo Aa ce paboTu Ha
OTAeNHW CTbMKW. KaTo nbpBarta e aHain3 Ha KOHCT-
pyKuuaTa no npegnaraHata B [2] MeToauKa, a
BTOpaTa e BK/IlOYBAHe B aHa/M3a 1 Ha BUCUYKM UK
OTZE/HU 3aBapbYHU LLIEBOBE.

4.138041

OT nonyyeHWUTe MpWY W3CNeLBaHeTO pe3ynTatu
MoraT fa Ce HanpasAT CNefHUTe U3BOAN:

e Bk/0YBaHETO Ha 3aBapbYHUTE LLIEBOBE B W3-
UMNCMINTENHNA MOfEN, OKa3Ba 3HAYMTENHO BAUAHUE
BbPXY pe3y/nTaTuTe OT CTAaTUYHUAT aHA/INS.

e B 3aBMCMMOCT OT C/IOXHOCTTa Ha n3cnenBa-

HVS MOZEN, BK/IHOUYBAHETO Ha 3aBapbyHUTE LLUEBOBE B
N3YNCNIUTENHNUA MOZES, MOXE [a A0Befe A0 YBenu-
yaBaHe Ha Heob6XOAMMOTO 3a M3BBLPLLIBAHETO Ha aHa-
N13a BPeME 1 3HAUMTE/THO [a YBEINYMN U3NCKBAHMATA
KbM XapfyepHara 4acT Ha U3non3BaHara cUcTema.
CTaTUYHMAT aHasIM3 Ha 3aBapeHn KOHCTPYK-
LM1 MOXE Aa Ce M3BbPLUK Ha ABa eTarna: MbpBoHava-
NeH 6e3 BK/OYBAaHe He 3aBapbYHWTE LUEBOBE; U
OKOHYaTesfleH C BK/IHOYBAHe Ha BCUYKW WNN CaMo Ha
HAKoM (B Hai-3acTpalleHuTe 061acTu) 3aBapbyHU
LLEeBOBE.

e [Tb/HOTO NpefCcTaBsAHE Ha 3aBapbYHUA LLEB B
N34YNCNNTENHNA MOAEN MOXe Aa Ce M3Mon3Ba 3a U3c-
NefjBaHe Ha HarpeXeHuaTa U NpeMecTBaHusATa B Ca-
MUWSAT LLEB 1 30HATa OKO/O Hero.

5.3aknoyeHve

B paboTtata e HanpaseHa cuTemMaTum3aums Ha Bb3-
MOXHOCTUTe 3a NpeicTaBeHe Ha 3aBapbyHUTE LLEBO-
Be B 3D MoAenvTe Ha pasIyHN MaMHOCTPOUTENHM
n3genusa. WscnegBaHo e BAMAHWMETO, KOETO TOBa
npescTaBsAHe OKa3Ba MpuW NPOBeXJaHe Ha NHXeHepHU
aHanu3 no MKE. [ageHun ca npenopbKu 3a noBuLLIa-
BaHe Ha e(peKTMBHOCTTA MpY M3BbLPLUBAHE HA CTaTu-
YeH aHa/IM3 Ha 3aBapeHn KOHCTPYKLmMn no MKE.
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STUDYING WELDED CONSTRUCTIONS BY SOLIDWORKS 3D SIMULATION
S. Nikolov

Abstract

Welded constructions find wide application in different engineering products. The possibilities of 3D
welds introduction given by CAD systems when 3D modeling parts is considered in this paper. The differences
which result from that when making static analysis of welded constructions by the CAE system SolidWorks
Simulation are studied.

Keywords: welded constructions, static analysis, CAD, CAE, SolidWorks Simulation
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CAD 4OKYMEHTUPAHE HA MEXAHWYHO N3OEJTIME 3A ABTOMATUN3NPAH
MOHTAX

eoprn OvHes
gdinev@tu-sofia.bg

XpucTto Hepes
hnn_mf@abv.bg

Emunua Yanbkosa
e _chalakova@tu-sofia.bg

B cTaTusaTa ce npeacTassd MeTOLONOMMYHO pa3paboTBaHETO Ha KOHCTPYKTOPCKaTa JOKYMEH-
Tauus Ha MexaHU4yHO u3fdenve 3a LenuTe Ha aBTomaTusnpaHo crnobssaHe B CAD cpega. Ha 6a-
3aTa Ha npefBapuTeNnHo M3bpaH BapuaHT 3a aBTOMaTuU3UpaH MOHTa>K Ha 3b6HA XuApaBnMyHa
nomna nocpeacTBOM poboT e paspaboTeH 3D reomeTpuyeH mogen. Hakom oT CbCTaBHUTE fe-
TalinM Ha crnobeHaTa efuHuLa ca MOAMGUUMPaHU Cropes U3MCKBaHMATA 3a 3axsallaHe OT 3a-
pe>kjaluTe nafeTu Ha aBToMaTuMpaHaTa cucTema. PaspaboTeHn ca coopeH 1 paboTHN yep-
Te>KN Ha 6a30BMA BapuaHT W ONTUMaHUA BapMaHT 3a aBTOMaTU3MPpaH MOHTa>K Ha MNpPoeKT U-

paHOTO MEXaHWUYHO U3nenne.

Kntouosn gymn: CAD, KOHCTPYKTOPCKO, AOKYMEHTUPAHE, MEXaHUYHO M3fenune, 3bbHa XuapasnMyHa nomna, a.-

TOoMaTu3NpaH MOHTa>K

1.YBog

EAVMH OT akTyanHMTe BbMPOCKM B MalUMHOCTPOe-
HETO e aBTOMaTM3auMa Ha MoHTaxa [1,6]. Mpu asTo-
MaT131PaHOTO CriobsiBaHe Ha MexaHWYHO U3Lenune B
CAD cpepa ce 13nos3sar MaTeMaTUY4eCKu MOLeNu 3a
1360p Ha ONTUMa/IEH CTPYKTYPEH BapuaHT Cropes
JeduHupaHn  Kputepumn [8] m  paspaboTBaHe Ha
CTPYKTYPHWN TEXHOMOTUYHM CXEMW 32 KOHKPETHUSA
06€eKT, KOUTO ca npefcTaBeHn B [5]. B To3u cnyyaii ce
pasrnexzaa MexaHW4yHO u3fenune-xugpasnnyHa 3boHa
nomna, CbCTaBHWTE N fAeTaliiM W NpeAcTaBs Hai-
pauMOHa/IHNA BapyaHT M CUCTeMa 3a aBTOMaTuU3MpaH
MOHTaX [4]. Te3n ob6CTOATENCTBA Hanarat TbPCEHETO
Ha NoAXOAALLM KOHCTPYKTUBHYM PeLeHNs npu Npoek-
TUPaHETO M KOHCTPYKTOPCKOTO [OKYMEHTMpaHe Ha
crnobeHaTa eivHULIA N CbCTaBHUTE AETaiM Ha Me-
XaHUYHOTO M3fenne. B HAKOM crydan TbPCEHETO Ha
peLLeHne ce 6asupa Ha moaMdUKauma Ha crnobeHaTa
efVHULIA N CbCTaBHMTE 1A JeTalinn KOeTo e AafeHo B

[71

3a reoMeTpMYHOTO MOJeNMpaHe Ha NPOeKTyU-
paHus 06eKT B [9] ca 13non3BaHM Makpocu, KaTo ce
B3eMa npenBuz 6asnpaHeTo Ha AeTainnnTte nam paspa-
60TBaHETO Ha KOHCTPYKTOPCKM MOZE/T OCHOBOBaLL, Ce
Ha CUCTEMHMS NOAX0A, KOMNTO OTuMTa 6asmpaHeTo Ha
JeTannuTe 1 TAXHaTa Bpb3Ka Mpy aBTOMaTU3MpaHUA
moHTax B CAD cpepa [2].

Llenta Ha HacTosiLaTa paboTta e fa ce U3MbJIHU KOHC-
TPYKTOPCKaTa AOKYMeHTaumMs Ha 3b6Ha XugpasnvyHa
nomna 3a LesmTe Ha aBTOMaTM3nPaHoTo 1 crinobsBsa-
He nocpeacTeom poboT B CAD cpefa.

OcHOBHMTE 337a4n ca:

e paspaboTBaHe Ha 3D reoMeTpuyHM mMofenu Ha 6a-
30B BapuaHT 3b0OHa XMApas/MyHa NomMmna 1 BapuaHT 3a
aBTOMaTM3NpaH MOHTaX;

e pa3paboTBaHe Ha KOHCTPYKTMBHU peLleHus 3a Mo-
AnuKaumMa Ha CbCTaBHM [eTalinm OT crnobeHata
efnMHMLa;

® U3Mb/IHEHNE Ha 2D c6opeH YepTexX Ha criobeHaTa
eaMHMLA 33 aBTOMATMU3MPaH MOHTaX M CbCTaBHUTE I
Jetaninm.

3a KOHCTPYKTOPCKOTO [OKYMEHTUpaHe Ha reomert-
PUYHNSA 0GEKT ca M3M0M3BaHN rpauyHUTE CUCTEMM
AutoCad 1 SolidWorks.

2.KOHCTPYKTOPCKO AOKYMEHTUpPaHE Ha Mexa-
HWYHO U3fenve 3a aBToMaTu3npaH MOHTa>XK

OGeKT Ha KOHCTPYKTOPCKO [OKYMeHTupaHe e
3bOHa XMApaBnMyHa Mommna KOoATO ocurypssa Lebut
0,25m*h n HanaraHe 16MPa. Ta3u KOHCTPYKUMS
romna B WU3C/IefilBaHETO € NPUeTo fa ce Hapuya 6a30B
BapuaHT, YAATO TPMMEPEH FeOMeTPUYEH Mogen e Aa-
[leH Ha dur.1, a moamdmumnpaHms BapmaHT 3a aBToma-
TU3MPaH MOHTAX e MoKasaH Ha ¢ur.2.
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3a reHepupaHe Ha 6a30BMs BapuaHT criobeHa
eamHnua B8 CAD cpepa ce wu3nonssa rpad Ha
BPb3KNTE MEXAY KOHCTPYKTOPCKUTE €/IEMEHTM Ha
CbCTaBHUTE I fieTaiinn, KOMUTO e AajeH B [3].

AKO KOHCTPYKTOPBLT CpelHe npo6nemun npwu
reHepypaHeTo Ha Mofena Ha crnobeHata efuHMLA,
nopagn  HeCbOTBETCTBMA  Ha  FeOMETPUYHUTE
napameTpu Ha CrnobsBaHuUTe LeTainin Te MOXe Aa ce
npeojenesT upe3 3aflaBaHe Ha OrpaHUYeHUs BbPXY
pasmepuTe Ha geTannure.

dur.l

dur.2

Toin Moke fa HabnogaBa  AMHAMWUYHO
M3MeHsLWara ce cTpaterMs npy  TBbPLOTENHOTO
MOAenupaHe, MOMyYeHWs  pe3ynTar  Kakto U
13Mon3saHuTe onTUManHy napametpu [10].
KpaliHnaT pe3ynTar OT reHepupaHeTo Ha crnobeHarta
eauHULA M3NbAHeH Ype3 3D reoMeTpUYHUSA M Mogen
e npeAcTaBeH mnocpeActBoM 2D cbopeH uepTex
M3MbAHEH ype3 rpagmyHaTa cuctema AutoCad. Mpu
Cb3[aBaHeTO  Ha  MexaHW4yHo  u3genne  3a
aBTOMaTU3MpaH MOHTaX Cnej Kato e 060CHOBaH U
n36paH Mo KPUTEPUU ONTUMaIEH BapuaHT, KOETO e
fJafeHo B [4] mMoxe pfa ce wu3nosi3ea MOAXOL,
OCHOBaBall Ce Ha Moaupukaums Ha crnobeHa
eauHMLa. B KOHKpeTHWS ciyyail 3a moguduumpaHe
Ha crnobeHata efuHMLA Hail- NOAXOAsAL, e meTofa
“EXTRUDE”. MNpegumcTBoTO Ha TO3M METO[ €, 4e
nossonssa 4pe3 CAD cuctema fa Ce Hanpasu
HeobxogumaTa TMpOMAHA Ha KOHCTpyKuMsATa Ha
CbCTaBHMA feTaiin. ToBa e WIOCTPUPAHO upe3
Cb3/aBaHETO Ha HOB [eTaliN reHepypaH NocpesCTBOM
[Ba CbCeAHW feTailna OT 6a30BMSi BapuaHT, KOMTO e
fageH Ha dur.3.

dur.3

To3u feTaiin e BULOWU3MEHEH U [JOKYHCTPYMPaH Taka,
ye [Ja OTroBapfd Ha W3MCKBaHMATA 38 MOHTaX
MnocpeAcTBOM aBTOMaTM3MpaHa CUCTeMa 33 MOHTaX
(ACM). Ypes reHepupanuns 3D reomeTpuyeH Mojen e
M3NbHEH  paboTHWA  4YepTeX  Ha  JeTailna
nocpeacTBoM rpadmyHaTa cuctema AutoCAD, KoiiTo
e fafieH Ha ur.4.
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Ha 6a3aTa Ha reHepupaHuTe reoMeTpUYHN MOLENN Ha
CbCTaBHUTE AeTal/Iv U eKCNN03MBEH YepTeXx ((ur.5),
Cbo6pa3HO nocnefoBaTeNHOCTTa Ha aBToMaTu3upa-
HUA MoHTaxX B CAD cpepa e paspaboTeH rpad Ha
BPBb3KUTE MEXAY KOHCTPYKTOPCKUTE €e/IeMEHTU Ha

crnobeHarta eiMHNLA, KOWTO € NoKasaH Ha (ur.6. Bb3
OCHOBA Ha Cb3JafileHus TBbPAOTENleH Mogen u rpag
MOJena e U3Mb/HeH CO0peH YepTeXx Ha MoauduLM-
paHaTa 3b6Ha Nomna, KOMTO e nokasaH Ha gur.7.

I Hemocoseme saxpsrrenms ¢ R 3
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3.3aK/oueHmne eavHMLa, CbobPa3HO Haii-paLMoHanHUTe TeXHOMO-
Pa3paboTeHn ca TPMMEPHM FEOMETPUYHN MOAE-  TUYHM PELLUEHWS! 3a aBTOMAaTM3MpaH MOHTaX. Pesyn-
N 38 KOHCTPYKTUBHW PELLEHNA Ha MEXaHNYHO U3[e- TaTuTe MOXKe Aa ce M3nos3eart 3a o6yqu|/|eTo Ha CTy-

Nne-3b0Ha XMapaBAMyHa NOMMa U KOHCTPYKTOPCKUTE  AEHTW, JOKTOPaHTU U creuymannctu no OCHOBM HO
UM [OKYMeHTW. Ha 6asaTta Ha Cb3dafeH rpad Ha KOHCTpyupaHeto 1 CAD 1 ABTOMaTM3auusi Ha MOH-
BPBb3KUTE MEXAY KOHCTPYKTOPCKUTE efIEMEHTU U U3-  Taxa.
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CAD DOCUMENTATION OF MECHANICAL PRODUCT FOR AUTOMATED

DESIGN
G. Dinev H. Nedev E. Chalakova
gdinev@tu-sofia.bg hnn_mf@abv.bg e _chalakova@tu-sofia.bg

Abstract

A methodological work out of constructural documentation of mechanical product for the purpose
of automatized assembly in Cad medium was prwsented in the paper. Base on premilinary chosen
variant for automatized assembly of gear hydraulic pump througth robot is worked out a 3D geo-
metrical model. Some 09f component details of the assembled unit were modified according the re-
cuerements for clamp by supplying boxes of automatized system. A assembly and work drawings of
the base variants for automatized assembly of designed mechanical product werw developed.

Keywords: CAD, constructional, documentation, mechanical product, gear hydraulic pump, auto-
matized assembly
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N3MEPBAHE HA NMOKPUTUNA

[Hukona Liores| BanteHTuH Vsatos

vgi@tu-sofia.bg

®octhaTHUTE KOHBEPCMOHHN MOKPUTUS HA PAs3MUYHU METANM U CNiaBK Ce M3MON3BaT LUMPOKO 3a 3a-
WMTa 0T KOPO3usl, eNeKTPOoU30NaLms, NoBMLLIABAHE HA aH TU(PUKLMNOHHUTE CBOMCTBA, KATO OCHOBA 3a
HaHacsiHe Ha nakoBe 1 Gou 1 np. OCHOBEH NOKa3aTeN 3a Ka4yeCTBOTO Ha NOAOGHM NOKPUTUSA € TAxHaTa
HenpeKbCHATOCT. MocneAHaTa MOXKe fla Ce M3M0N3Ba U KaT0o KPUTEPUA Npu yTOUHsABaHE Ha TeXHONO-
rMsTa 3a oTnaraHe Ha qocthaTHUTE NOKPUTUSA. 3a ONPeaensiHeTO Ha TO3M NoKa3aTen HAMa Bb3npu-
eTV eauHHM MeToau. B pa6oTaTa, Ha OCHOBATA Ha IMTEPATYPHN MPOYYBAHUS U HA U3BECTEH ONUT
Ha aBTopWTe, € aHa/M3MpaHa NPUICXKMMOCT Ta Ha NPOoMIOMETPUYHIS METOZ 3a OLeHKa Ha Henpe-
KbCHATOCTTA Ha (hochaTHNTE NOKPUTWS. HanpaseHn ca NPenopbKy 3a W3N0A3BaHeTO Ha TO3N Me-
TOof NpU YTOYHSIBaHe Ha PE>KMMA Ha OTnaraTe Ha CbOTBETHUTE NOKPUTUS.

K/l040BK AymMU: KayecTBO Ha MOKPUTUS, 3MepBaHe Ha napaMeTpu Ha NOKpUTUs, NpodunomeTpudeH MeTog,

1.BbBefeHune

EAVH OT OCHOBHMWTE MOKa3aTe/IM Ha KayecT-
BOTO Ha MOKPUTUATA € HerpekbcHaTocTTa (LANoCT-
HOCT) Ha NOKpUTMeTO. of HeMpPeKbCHATOCT Ha NOK-
pUTMETO Cce pa3bupa OTCHCTBMETO HA HEMOKPUTU
MecTa OT MOKpMBaHaTa NMoBbPXHWHA, BKIKOUUTENTHO U
Ha XapakTepHWUTe 3a (hoCthaTHUTE NMOKPUTUSA LedeKTn
KaTo Mexypu, MyKHaTUHW, MOpPY U TOYKOOBPa3HM OT-
BepcTus (MUTUHIM). He MOXe Aa ce TBbPAW efHO3-
Ha4yHo, Ye NoAo6HM AeeKTM OKasBaT caMO Hebna-
FONPUATHO B/IUSIHNE BbPXY (DYHKLMOHA/IHUTE Xapak-
TEPUCTUKN HA MOKPUTUATA. Taka Harnpumep, ako
MOKPUTWETO Ce M3M0/13Ba CaMOCTOATE/IHO KaTo efleK-
TPOM30/1aLMOHHO WM 3a 3aliuTa OT Koposus, npe-
KbCHATOCTUTE, [OKO/IKOTO HapyluasaT LenocTTa Ha
(hochaTHMA CNOW, CHUXKABAT 3HAYMTETHO NPOGUBHO-
TO HanpeXeHvie 1 yNecHsABaT JOCTbMNa Ha arpecuBHM
areHTV 40 MOBbPXHWHATA Ha OCHOBHWA MeTasl, T. €.
B/OLLIABAT M30/1aLMOHHNTE W 3alWMUTHWN CBOMCTBA Ha
nokputneto. OT fpyra cTpaHa HaNMYMETO Ha Mopwu
Hanpumep, NogobpsBa aaxe3uata KbM 60V 1 NakoBe,
GnaronpuATcTBa WMMPETHUPAHETO C NyOpUKaTh W
np., MOBMLIABAKM MO TakbB HAYMH CbLOTBETHUTE
(DYHKLMOHA/IHN XapaKTepUCTUKWU. BbB BCUYKK CIly-
yau e B&XXHO fJa ce Nno3Hasa BUABT, (popmarta, pasme-
puUTE, KOMIMYECTBOTO W pas3NpefefieHneTo Ha Heus-
noctHocTtuTe (HLU) Ha docaTHWTE NOKPUTUSA, KOETO

e CBbP3aHO KakKTO C ONpefensHeTo Ha ekcnoaTauu-
OHHWTE XapaKTEPUCTMKN Ha caMuTe MOKpUTuA (npo-
M3BOACTBEH W KpaeH KOHTPO/) , Taka U C YTOYHsABa-
HETO Ha TEXHONOTUYHUTE PEXMMY 3a NOJyYaBaHe Ha
NOKPUTUSA C OnpefeNieHn CBOCTBa (ynpaBfeHue Ha
KayeCTBOTO). 3a peLuaBaHeTO Ha Te3n 3a/jauu Chluec-
TBYBaT peAuua Bb3MOXHOCTWU. B npakTukaTta, 3a yc-
TaHoBABaHe Ha HL, npu oTnaraHe Ha NOKPUTUSA, KaTo
MPUCBLLM Ce NPeanoYnTaT pas/iMyHM XUMUYHW ©
eNeKTPOXMMUYHY MeToaW. Hama o6aye MeTog, KOMTO
[a fjaBa OTroBOP Ha BCMYKM MOCTaBEHW NO-rope BbI-
poCK, KOETO Hasiara M3ros3BaHeTo W Ha Apyru, He-
XVIMWUYHW, METOAM U CPeACTBa.

2./13no>keHune

Ha ¢ur. la e nokasaHO CxeMaTW4HO ¢oc-
(haTHO NOKpUTWE, NpeAHasHa4YeHO 3a KOPO3MOHHA
3awmTa [2]. Mpy oTnaraHe Ha NOKPUTMETO ocaT-
HUTE MOHOKPWUCTaN 2 M3pacTBaT BbpXY OCHOBHWUS
MeTan 1 Mo pasIMYHN KpUCTann3aLnoHH Hanpasne-
HUSA, OPOPMAKM MEXAYKPUCTIHN MYKHAaTUHK 3, 3a
KOeTO CbeiicTBa 1 OTAENAWMUAT ce razoobpaseH BO-
fopod. Yecto nmoBbpxHOCTTA 4 Ha MeTana Mexay
Kpuctasmte ce nacvsupa, a obpasyBaHUTe NyKHaTW-
HW ce 3anb/fiBaT YaCTUYHO OT APYrn npoayktn 5. Ha
(ur. 1b e nokasaH yBenuueH usrneg [1] Ha docda-
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TUpaHa MOBbPXHUHA (ZNnph) ¢ MeXayKpucTasHu
NYKHaTUHW.

7N

our. 1 CxemaTUYHO NpeAcTaBsHe Ha MOHOKpUC-
TanHn hocdaTHU NOKPUTUSA C MEXKAYKPUCT /THU
MyKHATUHK

3a amopHuTE MM Ope6GHO3bPHECTUTE MO-
NMKPUCTaNHM  (pocthaTHU MNOKPUTUA MO-XapaKTepHU
ca HL, oT TMna Ha nopuTe M NUTUHrUTE. Ha dur.
2.a+C Cca NpefACTaBeHN CXeMATUYHO MOPW N MUTUHIW
[8], KouTO NpemuHaBaiiku nNpe3 NOKPUTUETO 2, fOC-
TuraT o ocHoBHus MeTan 1 (a,b) unm He gocturar o
Hero (C); ¢ KOHycoob6pasHa (a,c) UAn UUANHAPUYHA
(b) dopma; BepTMKanHu (a,c) nnm HaknoHeHu (b); Ta-
KnBa, MPUYMHEHWN OT HEUANOCTHOCTW B MeTasHaTa
0CHOBa (C), WM OT eKpaHupaHe Npw OTAENAHETO Ha
rasoobpaseH Bogopog (a,b).

ol

®.

Zy ]2

®ur. 2 Buiose HeUsano0CTHOCTM NPy aMOPAOHM 1 Mno-
NMKPUCT&HN (pocthaTHM NOKPUTUA

3.M3mepBaHe

Mpn npounOMETPUYHNA MeTOL Ce Wu3cnenBa
MWKPOreoMeTpumATa Ha NMOBbPXHMHATA Ha MOKpPUTUE-
TO Karo Ce M3MepBa Y4yaCTbK OT npoduia wunm ce
CKaHupa onpeseneHa Mol ¢ NOMOoLTa Ha KOHTaKT-
HW 1K BGe3KOHTaKTHK ypeaun. W B aBaTa cnydas HL,
TpsbBa Aa ca AOCTbNHW (OTBOPEHW OT BbHLUHATA
CTpaHa Ha MOKPUTUETO, NPaBu U HEPa3KOHEHN).

OT KOHTaKTHUTe Hal-nonynspHu ca ypeaute ¢
e/IEKTPOHHA UI/1a U eNeKTPOHHUTE MHAYKTUBHU KOM-
naparopu ¢ urna. Te 06MKHOBEHO ca CHabaeHu C yc-
TPOWCTBO, NO3BONSABALLO Aa Ce 3anuLle BUAbLT Ha U3-

cnefiBaHVs npogun Npu M3BeCTHU Malwabu Ha yBe-
NINYeHMe N0 BMUCOYMHA U Ob/DKMHA, KOETO npegnosna-
ra Bb3MOXKHOCT 3a M3ACHABaHe Ha (popmaTta u pasme-
puTe Ha HL. Mo npuHUMN pasfenvTenHara cnoco6-
HOCT Ha KOHTaKTHUTe NpPo(UIIOMETPU € BUCOKa —
Hanp. mexay 0,01 n 0,1 uym. B Tasn Hacoka Tpsi6ea
[ ce mar npeaBuA N3BECTHY OrpaHnNYeHNs.

BbpxbT Ha onuneallata npotuaa urna 06uKHO-
BEHO e KOHYCeH 1nun nupaMuganeH, ¢ vroa 90° u pa-
OMYyC Ha 3aKpbrieHve r mexxay 2 ym v 50 pm, Koeto
O3HayaBa Ye (popmata M pasmepuTe Ha 3anucaHus
npotun B peguua crnyyam HAMa fa OTroBapAT Ha
JelcTBUTENHWTE. 3a BAPHO MpeACTaBsAHE Ha pa3me-
pute Ha HL, He06X04MMO e OTHOLLEHWNETO Ha pasme-
pa a Ha HL, Ha noBbpxHOCTTa Ha MOKPUTMETO (hur.
3.2) KbM Ob/I60YMHaATA i1 h ga 0TroBaps Ha YCNOBUETO

2504+164" (1)
h a

KOeTo cnefga OT MPOCTU reOMeTPUYHN 3aBUCUMOCTH.
ToBa OTHOLLEHME Hama/siBa C HaMansiBaHe Ha brb/a
Ha urnara, Ho NOCMeAHOTO CbLUECTBEHO BNOLLABA KU-
HeMaTUYHUTE XapaKTePUCTUKN Ha ypeaa 1 He ce U3-
nosi3Ba. BANAHMETO Ha r BbPXY CHLLOTO OTHOLLEHWE e
MHOr0 Mo-ciabo u3paseHo, HO BCe MaK Mpernopbyu-
TENHO e PaguyCbT Ha 3aKpbI/IeHVE Ha BbpXxa Ha Wr-
nata ga 6bAe MUHUMaNeH. 3a BAPHO NpeAcTaBsHe Ha
thopmata Ha HL, 4ONbAHUTENHO € HEOOXOAUMO bl b-
NbT HA HakKNOHa O Ha OMUMBaHUTE CTEHW CMPAMO
Hanpas/IeHVETO Ha OCHOBHOTO [BVKEHWE Ha AaTumKa
[a 6b/e He No-ronsam ot 45°,

Makap M3MepBaTe/IHMAT HATUCK Ha onumnsaLlata
urna ga e mansk (ABWXKK ce B rpaHuumTe ot 0,7 mN
40 10 mN npu n3meHeHune Ha r oT 2 um o 50 pm),
MpakTuKarta rnokassa, Ye MHOrO OT (hochaTHUTE NOK-
puTna (Znph, Mnph) B 3HauMTenHa CTeMNeH ce Hapy-
LLaBat OT NoA06HN ycuims.

Tesn orpaHNYeHNs He Ce OTHACAT 3a 6e3KOHTaKT-
HWUTe ypeau, U3mepBallM yyacTbK OT npoduna unm
CKaHupalln ornpefesnieHa now, OT MOBbPXHMHATa—
0BGMKHOBEHW OMTUYHM UMW NAa3ePHU NPOMUIOMETPU U
e/TeKTPOHHW MUKPOCKOMMW.

MpeaBuA LWIMPOKWSA AManas’oH Ha WM3MEHeHWe Ha
pasmepuTe, (hopMata M KOMMYECTBOTO Ha eAuHMLA
nnowy, Ha HLL, abmknHata Ha n3mepBaHus yqacTsK |y,
pascTtosHuATa Mexay ydactsumte | n I, (ur. 3.b)
npy M3mepBaHe Ha Npoguia NN pasMepuTe Ha CKa-
HMpaHaTta n/ow, Kakto u 6poAT Ha u3MepBaHWATa
Tpsi6Ba fJa 6be NoAXoAsLl0 CbobpaseHn 3a nonyya-
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BaHe Ha [o6pa NpeAcTaBUTENHOCT. EAHA Bb3MOX-
HOCT B Tasn HACcOKa e fla Ce W3MoN3BaT KapTuTe 3a

HAMPEE NEHWE HE OCHOEHOTO
ABWHEHWE HA JATHHKS QMMM E S UL

Wrna

DD

CTaHAapTHa OLUEHKa Ha KOpPo3nAaTa Ha MeTaJin U HEOP-
raHW4YHU NOKPUTUA.

npodin Ha
HELANDCTHOCT TS

| - —

[T S

(&)

®ur. 3 VI3amepBaHe Ha HeUsNoCTHOCTY Upe3 KOHTaKTHM NPotnIoMe TPUYHI Ypeau

AKO UenTa e fa Cce rnonyym KoMMyecTBeHa OLeHKa Ha
BcMukn HL|, MHOro fo6pv napameTpu BEpOSTHO ca
OTHOCWTE/IHaTa OMopHa Kpusa Ha npocuna t, 1 0THO-
cuTenHaTa OrnopHa NJoLLy, Ha MNoBbpPXHUHaTa ty'. [bp-
BUAT MapaMeTbp MOXe Aa 6bje onpefeneH ¢ ypeau
3a M3MepBaHe Ha npodmna. Ha dur. 4a e nokasaH
y4yacTbK C Ab/KWHa |, OT npodmna Ha NOKpUTKe,
BkntoysaL, HL,. Ha HuBo p = 30 % oT makcumManHaTa
BMCOYMHA Ha npouna Rma. € npekapaH paspes, ek-
BUAMCTAHTEH Ha cpeaHaTa nvHWUA. Cymarta Ha Abn-
XXUHUTE Ha OTceukuTe b;, OTHECeHU KbM |y, U YMHO-
XeHa no 100 onpefens Konn4yecTBOTO Mmartepuan B
MPOLEHTK, KOMTO Ce cpeLla Ha HMBOTO p. Ha dur. 4b
e MnokKasaHa OTHOCUTE/IHAaTa OMopHa KpuBa Ha KOHK-
PeTHWSA NpoduI, onpeseneH Ypes n3pasa

L

:&.100, %

b

()

Bwxpa ce, ye tz = 37,5 %. [lo6pe nnumM 3Ha4YMTENHO
NO-CTPBMHUAT YYaCTbK OT KpuBata (3aKNioueH Mex-

Ly BepTUKa/IHUTE NPeKbCBaHW IMHWUK), ONpesesieH oT
HLI, konnyecTBeHO M3passBaHW OT CTOWHOCTTA, A0-
nbniBawla t, 4o 100 % 3a BCAKO HUBO p.

Mo-po6pa KonnyecTeeHa oueHka Ha HL, aaga
MUKPOTOMOrpagiCKMAT ~ napaMeTbp  OTHOCUTE/HA
OMopHa Mol Ha NOBbLPXHMUHATA t,, KOWTO MOXeE fa
Oble onpefeneH aHallorMyHo Ha t,, HO Ype3 CKaHu-
paHe Ha onpefefieHa naoL OT MOBLPXHOCTTA Ha NOK-
putmeTo. Ha ur. 5a e nokasaH y4acTbK OT NOBbPX-
HMHaTa ¢ pasmepu b x b, paspsisaH Ha HuBa p' npe3 25
% OT MakcumanHara gbnéounHa Ha HLL. Ha dwur. 5b
e npeAcTaBeH MapameTbpbT t,' 3a KOHKpeTHaTa ro-
BbpXHUHA (ts = 44 %), n3passaBall, KONNYECTBEHO
niowta Ha HL, cnpamMo ugdnata cKaHMpaHa nioLL, 3a
BCAKO HMBO P’

HoBM Bb3MOXHOCTM 3a MMKpOTOMoOrpagdcka
OLleHKa Ha NOBbPXHWMHATA AaBa T. Hap. “gpakTaneH”
aHanun3 npy KoUTo cnep ckaHupaHe Ha NoBbpXHMHATA
ce CTpou marematuyeH Mogfen, no3Bo/fifBall, ja ce
JedmHMpaT napameTpy 3a KOIMYECTBEHOTO pasnpe-
[lefieHne Ha MaTepmana no BUCOYMHa.

j— b1y = b = — by —eeby L%
— MRAMSEOCT HA NOKPUTHETD T = AL ] 7
T | WA . P
k! : 30— W
1'1 J;'r II‘-. Nopa (MATHHT /.“" Rmax S0 : b :
1 < 1 el 1 o 1
L ' vi T
o Mn 100 . “.-i""'l-.-‘_-,
N MENaE0GT Ha OCHOEHWA METEM 0 50 100
a7s tp, 2%

@

®

®ur. 4 3mepBaHe Ha 0THOCUTENHATA OMopHa KpuBa Ha npoduna
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m, % Hupaly, npogunomeTsp 1 160 000 ToukmM 3a nsow, oT
0 /‘ 100 ym? npu CKaHMpaLL, TyHeneH MUKPOCKOT.
25
4. 3aKnoyeHme

b a0 MpoMNIOMETPUYHMAT METO[, OCOGEHO NPWU U3Mon3-

751 BaHe Ha 6e3KOHTAKTHa CKaHupalla TEXHWKa, MOXe

100 yCrewHo fa fomb/Ba ApYrute 13non3saHu MeTomm

u 44?‘50 tjDD 3a KayeCTBeHa W KO/MMYeCTBeHa OLEeHKa Ha BbHLUHO

@ @ p,% [OCTBIMHWTE, NpaBu U HepaskioHeHW HL, (mMexxayk-

PUCTa/IHX MYKHATWHW, NOPW, MUTUHTW, HEMOKPUTK
yyacTbUM K np.) Ha dochaTHUTE U peauua apyru
NOKpMTUSA. Bbp3nHaTa U TOYHOCTTA Ha OLieHKaTa Nnos-
BO/ABAT M3M0N3BaHETO Ha METOAa M NPW YTOYHABaHe
Ha TEXHOIOMMYHUA PEXMM 3a OTnaraHe Ha gochaTHu
NOKPUTUS.

our. 5. MiamepsaHe Ha 0THOCUTENHATa OnopHa
nioLy,

PasgenuTenHara cnocobHOCT Ha ypeauTe 3a
CKaHupaHe e Bucoka — Hanpumep 50 000 ToukM 3a
naowy ot 196 mm?2 npu 13Non3BaHe Ha fla3epeH cKa-
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MEASUREMENT OF COATINGS

N. Tsonev V. Ivanov

Abstract

The phosphate conversion coatings of different metals and alloys are use wide for protection of corro-
sion, electric isolation, rising on the antifriction characteristics, like base for lay of varnishes and paints and etc.
Basic index of the quality on like coatings is their uninterrupted. It can to use and like criterion to define of the
technology for plating on phosphate coatings. Those indexes don’t accepted united methods.

The authors on the base literary studying and known experience, in the report are analyzing the applica-
bility of profilometric method for valuation on the uninterrupted of the phosphate coatings. Recommendations
are made for the used of that method to define regime of plating on the duly coatings.

Keywords: quality of coatings, measurement on quantities on coatings, profilometric method
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N3CNEABAHE HA TbBKABUA TPBBEOTMNPOBO4 HA NMEPUCTANTUYHUTE
NoMnMmM

BaneHTuH VIBaHOB

vai@tu-sofia.bg

B paboTaTa e pasrnefaHo YCTPOACTBOTO ¥ MPUHUMNBLT Ha AEACTBME HA NepucTanTUYHUTE
nomnu. M3cnefBaHo e M3HOCBAHETO M HATOBapPBAHETO Ha IbBKaBMUS TPbHOONPOBOL, KONTO € OCHOB-
HUA paboTeH opraH, BAu3all, B KOHTaKT ¢ uynaa, KOWTO ce TpaHcnopTupa.

K/to4oBK gymu: nomna, nepucTanTuka, 06eMeH 03aTOpP, MHY3Ws, FbBKaB TPLEONPOBOA

1.BbBefieHme

MMepucTafTUYHWTE MOMMW HAMepuxa MpUoXxe-
HWe npe3 nocnefHWUTe AeceTUNeTUs B MHOro 06/1actu
Ha yoBelLKaTa AenHoCT. ToBa ca anapaty 3a ToYHa
[03MpOBKa M TpaHCMopTUpaHe Ha pasMyHW Mo Cb-
ObpXKaHWe TEeYyHOCTM C Pas/IMyHO NpefHasHaveHue,
Mpy KOETO MofaBaHUAT Aeb6UT MOXe [a ce pery-
Nvpa B LUMPOKKW rpaHuum . ToyHaTa A03MPOBKa npu
BEHO3HOTO B/MBaHe Ha MeAMKaMeHTW Cce fABfBa
4yaCcT OT OCHOBHOTO JIeYeHWe Ha MHOro 3abosnsd-
BaHuA. MNpn ToBa TO TpsbBa fa cTaBa B TOYHO Of-
pefieneHa [03a M 3a NPOABL/HKUTENHO Bpeme (OT
HAKONKO Yaca [0 HAKONKO [eHOHowws). Bavsar
Ce BOAeH pa3TBop Ha Hatpwe xnopug (0,85%),
pa3TBOPM Ha INMKO3a, BUTAMWUHW, aHTUOMOTMLW,
MeAVKaMeHTW 3acu/Bally CbpAeyHaTa WM MaToyHa
[eNHOCTN, MefMKaMeHTU BAWSELLM Ha npoLecuTe
Ha KpbBOCLCUPBaAHETO ((MOGPUHOreH), pasTBOPU C
aMUHOKVCENVHY 1 peareHTu 3a 1abopaTopHu n3cnes-
BaHMA Mp. [py MHOro cyyaym OCHOBHOTO JieYeHue
Ce CBeXfJa [0 KpbBOMpenuBaHe (BfMBaHe) Ha Me-
OVKAMEHTM C nomoLyTa Ha MNepucTanTUYHU UHAQY-
3MOHHM momnu [1].

MepucTanTUyHUTE WHQY3VOHHW MOMMNW MpUTe-
)KaBaT efIeKTPOMOTOPHO 3afiBMXKBaHe C MPEXO0BO
WNM  aKyMynaTopHo  3axpaHBaHe. Mpu Tax BnvBa-
HaTa BbB BeHaTa Ha MauMeHTa TeYHOCT ce M3T-
nacksa no npuHyauteneH nbT. OCHOBHUTE MpefuM-
CTBa Ha TO3M HAYMH Ha B/IMBAHE Ce CBEXAAT [0:
Bb3MOXHOCT 33 TOYHO [j03MpaHe Ha Maslku 06emu
pa3TBOpMW; OCUrypsBaHe Ha HerpekbCHAT MOTOK

Ha pasTBopa MO MOCOKa OT Momnara KbM nauu-
eHTa, C KOeTo Cce MpeAoTBpaTsBa 3aryLIBaHETO Ha
urnata OT KPbBHWU CbCMPeLM, FNINKo3a, nnasma,
pas/fIMYyHN pas3TBopM 3a flabopaTopHun Lenn. ebutst
Ha nomnata He 3aBUCW OT AOMNWpa Ha wrnara fo
BbTpeLLHaTa MOBLPXHOCT Ha BeHaTa. CMsHaTa Ha
JebuTa ce M3BbpWBA NEecCHO WU 6bp3o. Ctabun-
HOCTTa Ha MeToja ro npaBu OCOGEHO MOAXOAALL
3a BCWYKW 34paBHW 3aBefeHWUs U nabopatopuu 3a
13CrefiBaHNA, KaKTo ¥ 3a NPOMULLNEHN HYXAW 3a ro-
NAM [ebUT 1 TOYHA J03UPOBKa.

OCHOBHMW NPOW3BOAMTENN HA MEPUCTANTUYHU
nomnn ca  upmute MASTERFLEX, Watson-
Marlow n ISMATEC. lNpown3sexxaaHnTe nomnu ca
obla xapakrepuctuka Ha aebuta 0.06-3400 mi/min.
MepucTaITUYHNUTE MOMMNY HAMUPAT NPUNOXKEHUE He
camo B MeauLMHaTa, HO 1 B Apyru obnactu [3].

2.YCTPOMCTBO U NPUHLMN Ha feCcTBUe

MepucTanTMyHMTe NOMNK cnajaT KbM rpynara
Ha 06eMHWTe NOMMK, KOUTO paboTAT no T. Hap. obe-
MEH MPUHUMN Ha AecTBUe, NPY KOMTO TeYHOCTTa ce
3aCMyKBa OT pabOTHOTO MPOCTPaHCTBO MOpagun Mpo-
MsAHaTa Ha Heromsi 06eM. CMyKaTe/IHOTO U HarHeTa-
TE/IHOTO NPOCTPAHCTBA Ca XEPMETUYECKMN M30/11MpaHu
C MOMOLLTA Ha KnanaHw, nnacTuHW, Wnbbpw, pasnpe-
LenuTenu v ap.

O6o6uleHaTa 6/10KOBa CxXema Ha nepuctan-
TMYHA NOMMa e nokasaHa Ha gur.1.
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3b
Yb B> EO B> M B> NI B> WL
EKCB<:

dur. 1. O606LeHaTa 610KOBa Cxema Ha nepucTanTuyHa nomna

Momnarta ce 3agBWKBa OT eNeKTpoaBuUraTen
(EL). Tol ce 3axpaHBa OT 3axpaHBaly, 610K (3B) n
650K 3a ynpaBneHue (¥YbB), KONTO OCBEH TOBa pery-
NMpa Heroeara 4YectoTa Ha BbpTeHe. BbpTenneoTo
[BWXEHWe OT efleKTpoABuraTens ce nofasa Ha npe-
fasateneH MexaHusbm (MM), KoiTo pegyuupa unu
npegasa ToBa ABWKeHMe Ha nomneHata rnasa (MI).
Cnep TOBa ce npefasa ABVXXEHNETO Ha eaCTUYHUAT
wnayx (LLIS1.) 3a fa ce nonyyn Heobxoanmus 4ebut un
HansraHe. 3a fa ce rapaHTupa BMCOKaTta CUrypHoCT U
eKcnnoarauvoHHN yao6eTea B cucTemMara e BKIOYeH
6N0OK 3a KOHTPO/, CUrHanM3aums U BGI0KMPOBKA
(BKCB), koWTO eaHa CTpaHa npefnassa MauueHTa
(ako nomnara e npefHasHaveHa 3a MeguLmMHaTa), a ot
[pyra cTpaHa nepuctaatmyHara nomna. To3m BKCB
rnosilyyaBa CUrHaaun OT onpegeneH 6poi fatumum, Ko-
UTO ca MOCTaBeHW C Uen Aa ce KOHTponmpaT o6opo-
TUTE Ha [BuUraTens U Janu TOM He e Cnpsn Nno HAKak-
Ba NpuuyMHa, 060pPOTUTE HA POTOpa Ha MoMreHarta
rnaea, HIMYMETO MM OTCHCTBMETO Ha LNayX, Aanu
e 3aTBOpeHa NomreHara rniasa u gp.

Ha ¢ur.2 e nokaszaHa NpUHUMMNHATA CXeMa Ha
nepucTasTUyYHa Nomna ¢ YeTupm ponkun. EnactmyHara
Tpbba 5 e noctaBeHa B ckobaTa 1, KOATO A NpuTmCKa
C nomouTa Ha npyxuxuTe 3. o enactnuyHara Tpbba
Ce TbPKaIAT POMKnTe 4, KOUTO Ce 3aBVKBaT Haii-
4eCTO AVPEKTHO OT enekTpoasuraTen. Mpu ABMXEHN-
eTO0 CU POJIKUTE NPUTUCKAT eflacTUUHaTa Tpbba U Ka-
TO Ce [ABMXXAT N0 Hanpas/ieHne Ha 0CcTa i NpemecTsat
TeYHOCTTa OT Kofbata 4 B ykazaHaTa Nnocoka.

3.I'bBKaB TpbOOMPOBOA (LLNAyX)

4

®ur. 2. MpUHYMN Ha felicTBME Ha NepUCTanTUYHa-
Tanomna

Korarto nbpBaTa posika folfe A0 cpefaTta Ha KaHana,
BTOpaTa npuTMCcKa TpbbaTa B Ha4as0To U OTCHUYa [0-
3aTa. 3a npaswnHaTa paboTa Ha nommnara OT ronfamMo
3HauyeHWe e xylabuHata MeXay PoskuTe K cKobaTta.
Mpu no-rondaMa xnabuHa Ae6UTHLT Hamansea, a npwu
Mo-Masika eflactTmyHata Tpbba 6bp30 ce n3Hocea. [e-
OMTHT Ha NepucTaNTUYHATa NoMna ce perynupa vpes
M3MeHeHMe Ha YecToTaTa Ha BbPTEHe Ha posikuTe 2
npy UKCUpaH AuameTbp Ha TpbbaTa v cuia Ha npu-
TUCKaHe [2].

OCHOBHUST paboTeH OpraH Ha NepucTanTUUYHUTE
MOMNK, BAU3aLL B KOHTAaKT C qlyunaa, KOIMTo ce npe-
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Hacs e rbBkaBma Tpb6ONPOBOA. Toli ce n3paboTsa OT
pasMYHM MaTepuanmn B 3aBUCUMOCT OT cpefara, Kosi-
TO ce TpaHcnopTupa. M3non3sar ce NONMMEpPHU Ma-
Tepyanu ¢ NPUMECK B Pa3INYHN CbOTHOLLIEHUS.

Mpu paboTa LNayxXbT e HaTOBApPeH Ha LMK/INYHO Ha-
TOBapBaHe B pe3yNnTaT Ha CMayKBaHETO OT KOHTaKTy-
BalLMTe C HEero posiku. AbAroTpariiHOCTTa Ha rbBKa-
BUS TPHOONPOBOS, Ce onpesens oT 6pos LMKIN BOAe-
LW [0 pa3pyLLaBaHeTo My, Mo crefHaTa hopmyna:

U

=— )
n.n,.60

KbAeTo T e Ab/roTpariHOCTTa Ha Wwnayxa (B YacoBe);
U — 6poli UMKy Ha HaToBapBaHe, BOAELLM L0 pa3py-
LLeHMe Ha MbBKaBUA TPbO0NPOBOL,
N — 4YecToTa Ha BbPTEHe Ha poTopa Ha nomnara (B
0060pOTU 32 MUHYTA);
Np — BPOVA Ha PONIKNTE, KOUTO AethopMmpaT Lwnayxa.

Ha ¢wur. 3 e nokasaHo BNINAHMETO Ha 6pos pon-
KWUTe 1 BbPXY AbArOTpaiHOCTTa Ha Lwnayxa. KonkoTo
noBeye POSiKM AehopMmMpaT Lnayxa, TOSIKoBa noseye
Cce Hama/fBa Ab/IroTpaHocTTa My.

Ha crnepgpawara gurypa 4 e gafeHo BIMSHUETO
Ha YecToTaTa Ha BbPTEHE BbPXY Ab/roTpaiHoOCTTa Ha
r'bBKaBums TpbbonpoBog. Tyk ce 3abenssga , Ye C yBe-
NINYeHMe Ha 4YecToTaTa Ha BbPTEHe Ha poTopa Ha
nomnara AbAroTpaiHocTTa HamansBa.

bpos Ha uuknWTe, BOAELLM [0 paspyLUeHue ce
onpesensT OT MHOro (hakTopW, rMaBHUAT OT KOUTO €
Hanpe>XeHVeTo, Bb3HMKBALLO B CTEHWUTE Ha TpbbOM-
poBofa. HamaneHve Ha HanpexxeHVeTo B Luiayxa
MOXe [ja Cce MOCTUrHe Ype3 HamaseHue Ha Aeopma-
LmATa My B HanpeyHo ceyveHwue (ur.5).
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®ur. 3. AbAroTpanHoCcT Ha Lnayxa B 3aBUCUMOCT
0T 6pos Ha ponkuTe

dur. 4. AbnroTpanHocT Ha Lunayxa B 3aBUCUMOCT
0T YeCTOTATAa Ha BbPTEHE HA pOTOpa Ha nomnaTa

@ur. 5. Hanpe>keHue Ha cMayKsaHe Ha Lunayxa

W3non3Bsa ce nbaHo (z=0) nnn HenbaHO (z>0) cMauk-
BaHe Ha r'bBKaBus TPbLOOMPOBOA, KbAETO Z e Xnabu-
HaTa MeXJy CTeHUTE B HarpeyHo ceyeHue. OT KOM-

MIOTHPHOTO MO/ENIMPaHe Ha HAMPEXeHUETO B CTEHU-
Te Ha Lufayxa CW BUDKAA, Ye TO HamansiBa YyBCTBU-
TeNHO NpW HamansiBaHe Ha aedopmauusTa. Mpu yBse-
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NINYeHMe Ha xnabuHaTa z ce HamansBa fAebuta Ha YBeNMYeHNETO Ha XMBOTA Ha MBKaBUs TpbOOM-
nomnarta Mnpu efHO W CbLLIO HansraHe T.e. TPs6Ba Aa  POBOA MOXKE Aa Ce NOCTUrHe rNaBHO Ype3 HamaneHue
ce TbpPCU KOMMPOMMCEH BapuaHT, 3a [ja Ce YAb/DKM  Ha 6posi Ha PO/IKMTE, HamMasleHKe Ha YecToTaTa Ha

AbAroTPanHOCTTa Ha MbBKaBus TPbOOMNPOBOS, BbpPTEHE Ha poTopa Ha nomnara ¥ HamaneHue Ha fe-
(hopmaumaTa My B HarpeyHo ceyeHue T.e. HamansBa-
4. 3aknoyeHve He Ha HamnpeXXeHNeTo Ha CMaYyKBaHe B CTEHUTE MY.
NuTepaTypa:

1. VieaHoB B. Oco6eHOCTM Ha nepuctantuyHute nomnu, Cn. MawmMHOCTPOEHE N eNEKTPOTEXHUKA — HayueH
6poi1, 7-8/2005, cTp. 26-29 c.
2. ViBaHoB B., OnpenensiHe Ha 06eMHWs pasxof Ha NepucTanTuyHuTe nomnu, XVI- Tn HaumoHaneH Hay4eH
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RESEARCH OF FLEXIBLE TUBE IN PERISTALTIC PUMPS

V. lvanov
Abstract
In this work are examine design and principle of peristaltic pumps. Wear and pressure was
investigated of the flexible tube.

Keywords: pump, peristaltic, volume proportioning device, infusion, flexible tube
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In this paper, the important error induced by wheel suspending mechanism from rolling movement is
reduced by means of solution proposed. The cinematic model, the dynamic one and mathematical
models the dynamic behavior of the vehicle at the moment of passing to the another way of driving
and the turning motion. The results data accomplished by theoretical and experimental tests confirm
all the hypothesis refers to the dynamic behavior of the vehicle.

Key words:. control, hydraulic system, stability, maniability.

1. Introduction

The active influence of stabilizers, who must be
compatible with this principle of action, must be
realized by stabilizer mechanism or by an equivalent
system.

Accordingly, stabilizers’ active influence, which
must be compatible with this driving principle, should
be achieved in the stabilizer, steering mechanism unit
or in an equivalent constructive solution.

The operation of stabilizer bar doesn’t produce
stress between body structure and bar, because these
bars are mounted on the body by means of rolling
bearing. In this way we are sure that stabilizer bars
react only on perturbation resulting from the road and
from unequal action of suspension.

One must also take into consideration the fact that
the output regulator used to correct angular lags based
on constructive achievement conventional elements is
achieved quite easy and cost-effectively, with the use
of the electro-mechanical and mechatronic devices

[2].

2. The influence of stabilizer bars on dynamic
behavior
The most convenient solution for safety in motion
of the vehicle would be the transfer of an angular
difference of rotation A between two positions of
action, compress-detent, of the spin bar. It must be
direct that one element of angular differences
correction who has basics on the conventional
elements structures, may be realized with very low
costs, by means of electro-mechanics and
mechatronics elements.

To fulfill of the angular differences Ao as a result
of spinning of the stabilizer, lead on angular
displacement of the stabilizer end proportionate to

Ao, that is AC=C,-A¢g, based on the longitudinal

axis of the wvehicle. This dimension combines
geometrical parameters of suspension mechanism and
stabilizer bar and is adequate to the next approach,
figure 1. Following the findings on analyzed rolling
movement, and taking account to the rebound
movement, the result of rolling k® of the vehicle is:

Ktk ksz[hg_h”+h29 }.,my &)

K, k,+k, CE?/2

Where k, k; and k; are elastic characteristic of
the suspension, stabilizer bars and wheels, for front
and rear axle respectively, figure 1.

If we want to totally reduce the
movement, the ends of stabilizers
rearranging, taking account on the Ac.

On suppression the rolling movement, is
necessary to know only the change of transversal
acceleration of the vehicle a,. To realize a minimum
of shimming, 1 — 2 Hz, and high dumping of the
transversal oscillatory movement, the parameters of
work must be in the prescribed field [1].

The strategy of mathematical model for adaptive
suspension mechanism, vary depending on design
process of the control law, from using a simplified
model of movement, with only one degree of freedom
for testing algorithms of control with high degree of
complexity, to drawing up a extended model of
movement, with seven and more degree of freedom,
for representing much better the comfort

Ak(ay)

rolling
must  be
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performances and safety for the development results.
In the next sections, I’ll analyze the basic models,

mgylv

Figure 1

3. Modd with two degree of freedom

The most common model used remains the model
of suspended axle, named quarter of the vehicle, with
two degree of freedom, figure 2. This model doesn’t
contain any representation of the fact that vehicle has
four wheels: doesn’t offer the possibility of studying
for the longitudinal interconnection, neither study of
rolling or pitching movement, neither using, by
control, of data refers to the suspension mechanism
state for the rear axle to utilize on the front axle
suspension. Therefore, that model contains the basic
principle to analyze the solution according to the
experimental tests.

More, the model has the advantage of o relative
small parameters.

SA - active servomechanism, CC - conventional
compensatory.

Technical considerations  regarding  the
introduction of the roundabout lines are the necessity
to find the servomechanism equations in the state
system of equations. Numerical considerations are
made to resolve the Riccati matrix equations. Another
variant with five states is obtained by ignoring the
dynamics of electro hydraulic element; indeed, it
must be possible to assess, by comparison, sharing of
actuator dynamics within the model with two degrees
of freedom.

M, +C,(Xy — X, )+ K (Xy =X, )+u=0 )
1, 6,6~ %,) K, )k, -8)=0
Eva=w

4. Basicsfor semi active control

The cycle of evolution for semi active control is
ended by appearance the sequential logics of
balancing forces, named balance logic. By this

both physical and mathematical, of the movement
equations.

Figure 2

technique is possible to balance the elastic force from
elastic elements by controlling the angular differences

from the ends of stabilizer bars (]t//s —y/d|) from

figure 3. Considering the system with two degrees of
freedom, presented in figure 2 end described by (2).

The fundamental principle for semi active control
is:

u(x, —%,)>0
IM%,, | = [c(Xy — %)+ k(X = X )

Like modus operandi, the semi active control
strategy is consistent in all four variants, taking
account to definition (4), but overstressing the
following reasoning is risky.

Because the harmonically evolution of dissipative
force F, =c-(X, —X,) and elastic
F.=k-(x, —X,), illustrates in figure 3 and

equation, in absence of control u, the quadrant 1 and 3
is distinguished from quadrant 2 and 4, from the point
of view of contribution of those two forces to
increasing, respectively decreasing of the acceleration

@)

modulus  X,,, who is an indicator of
comfort [1].
Fy Fs
=t
4 1 2 3 4
Ws
. "t
Figure 3
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5. Experimental analysis good robustness, in the case of solution proposed,

The two sets of weights mentioned - the control having the evidence on self values of the system in
weight being equal to the unit each time - illustrate closed loop, if this robustness depends more on
the flexibility if the focus is on improving Safety. model.

In this hypothetical case, to decreasing the The detailed researches on RHLP hydraulic
acceleration modulus, so that improving the comfort regulator accentuate interesting facts, figure 4 a, b.
performance, generally, and safety in particular, is The incidence of prevision data exclusively on the
proposed the strategy of induction in system of a rear axle assure to the system important advantages
resistive force, which has the evolution from figure 3: referring to the classical suspension as reference
the diminution to a maximum possible of the guide. The simultaneous reception of data for both
rebounds, by alteration the angles from the ends of axles doesn’t seem to assure a real advantage to
stabilizer bars w_and w,, in quadrant 1 and 3, situation when those data are received only from the
front axle. All the data are obtained from mean results
of two simulations, with different sampling rate for
three sets of noise data, one on the state and two on
the measured values, displacement and velocity of the
suspension.

respectively by modulation of this force, like in
guadrant 2 and 4.

6. Conclusions
It may be concluded that the linear-squared
compensator from hydraulic regulator RHLP has a
0,4, : 0,6
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i
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Abstract: In this paper is presented a structure solution of elastic element from el ectromagnetic valve
that has the roll to reduce the noise and vibrations from brake pedal. At the same time, this solution
improve the dynamic of ABSregulator of the vehicle, allowing an increase of frequency of work and,
implicit the reducing the braking space. The performances of constructive solution depending on
achieving own resonance frequency are presented and confirmed in this paper by means of results

obtained experimentally.
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1. Introduction

In construction of braking systems, beside
technical, functional and the reliability parameters,
must be taking account of the influence of braking on
the stability of the vehicle, occupants and goods
transported [2].

The braking, with or without locking the wheels, is
strictly relate to complex system driver-vehicle-road-
environment.

The assessment and comparison of braking quality
of the vehicles are realized by means of maximum
deceleration both absolute and relative, time and
minimum braking space, as function of velocity state
of movement of the wheel.

Braking system influence the active safety of the
vehicle.

Braking process by achieving a minimum of
braking space is optimal in the moment when the
sideslip of the braked wheel would have the values
corresponding to maximum of drag factor [3].

2. Independent adjustment

In figure 1 is presented the main loop of
adjustment for braking system with ABS, from the
point of view of wheel. The longitudinal sideslip of
the wheel sy is replaced by wheel speed ., but it
may be used another variable, who characterize the
wheel speed as command parameter. The variable Sy
is generated by the superior stage of ABS adjustment
strategy, which has the objective the dynamic
behavior of the vehicle during braking [3].

M,
.
PPy Ma
ABS tu, U Valve v Hydraulic M Wheel S
regulator network dynamics
V., A, ‘m
v,vy ,F;
Y Forces from
u road-wheel
Data o contact
processing
Figure 1

The adjustment loop, particular to the wheel, is
composed by an ABS automat regulator (controller)
with high dynamicity, who generate the measures for
command, like electrical signals +u(t), -u(t) for the
electromagnetic valves, with the aim of increasing or
decreasing of the pressure in the system.

2.1 The physical modeling of the valve

By electromagnetic dynamics of the valve,
described by equations (1), (2) the command signals
are transcribed in corresponding opening of the valve
[2].

In the contact track are dissipated the effects of the
pulling moment of the wheel M,, received by means
of drive train from the engine M., longitudinal and
transversal velocity of the tyre v, vy, the momentary
load on the wheel F, and the drag factor . The wheel
speed w and velocity v are acquired by means of
measures elements and introduced in the adjustment
loop, after a previous analyses and processing of the
signal in real time, resulting the reference velocity v e
and the error &.
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To exemplifying the electromagnetic properties, in
figure 2 is presented the ABS valve response from a
perturbation like impulse form with fixed time.
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The passing section is maximum only in the case
when magnetic force Fy surmounts the toughness of
the elastic element of the valve and another force who
lead on sitting of the mobile element on his seat. This
is the reason why the opening of the valve a(t)>0 is
realized with a time delay t;, but reach quickly his
maximum value o, Mmeanwhile the electromagnetic
force Fy, is still rising. The response characteristic on
the closing stage of the valve, results from cutting the
command signal u(t) — 0, would be distortional and
delayed because of inertia, in the same way like the
opening stage a(t) > 0.

The relationship between acting voltage of the
valve u(t) and the passing section resulting from
displacement of the valve a(t) are analyzed taking
account by electromagnetic components of the valve.

In figure 3 are represented the construction and
important parameters of the electromagnetic valve,
proposed for the ABS system. The dynamics of
opening electromagnetic valve is described by means
of a equivalent system, electro-mechanical, nonlinear
of the hydraulic element 3/2 (two ways and three
positions).

The construction and dynamic characteristics for
the electromagnetic valve with diaphragm like elastic
element.

Because of technical limitations of the input and
output measures, the modeling of the valve dynamics
would be described integrally by means of references
measures:

T e f,-u'(t); u*(t):ﬂ
Wy umax (1)
f.a+ f,a+ fa+fy-sign(a)+ f,=f;

X(t) 2

a(t) =

ax

u*(t) represent the voltage of the command
measure for the valve, who is in the range
0< u*(t) <1. The f, parameter is used in studying of
different amplitudes of voltage for command,;
generally f, 1. The characteristic value
o, =R, /L, describe the inertial delay of electrical
circuit. From experimental research and speciality
reviews results an existence between nominal
magnetic force f(t)=F,, (t)/ F,, .. and the opening
state o of the valve. The effect is generated by the
inductivity alteration on opening, and in this case
must act by altering the frequency parameter @, .

The parameters from mechanical differential
equations may be identical with the ones on the
opening stage, 0<a«<1, Where fu describe the mass
inertia, fq — te viscous damping (generally neglected)
and f. the characteristic factor for the elastic element,
fr — frictions between valve, fq — pre-tensioning of
elastic element.

3. Experimental analysis

The closing and opening times of the
electromagnetic valve depend on the commuting
mode, pressure, the necessary flow used in braking
process, depend also with liquid temperature. These
times may be modified by changing the characteristic
of elastic element, the work section, etc.

The sealing up from the rod and the cap piece of
the electromagnetic valve is realized with special
adhesive and O-ring element, to eliminate the
influence on the dynamics of commuting process. The
pieces in movement were carefully accomplished (rod
coupling mobile element, cylinder bore act element
sensor).
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For the proposed electromagnetic valve, the forces
of liquid jet for a certain displacement z of the
mobile element, between 0 1 mm have a
maximum. For these reason the resultant force on the
mobile element increases to the end of displacement
of the closing event.

For the opening event, notice the small
dependency from stiffness of the elastic element. If
consider the closing event, it may be noticed a clearly
reduction of that, together with increasing the force of
spring. This is the result of importance of the spring
forces, noticed above, in closing process, representing
at the beginning an important part from main forces
for the acceleration phase of the mobile element. As a
result form testing the system, is obtained the next
characteristic, figure 4.
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4. Conclusions

These solutions proposed for elastic element
construction is realized for increased of efficiency of
braking process.

Frequently, besides commutation functions of
elastic elements, like closing maintains of
electromagnetic forces, the opening forces due that,
will be done by corresponding choice of stiffness of
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Abstract: The dynamic behaviour of pneumatic actuator systems is dominant by nonlinear functions.
First, a mathematical model for the pneumatic system is derived. Secondly, we investigate the
mathematical properties of this model and show boundedness and positiveness of certain variables.
Thirdly, we prove that a proportional output feedback controller with saturation achieves practical
tracking a wide class of reference trajectories. We verify the theoretical results and the effectiveness of

the control by experiments.

Key words: pneumatic cylinder, modeling, force control.

1. Introduction

x(t)
L, L 0 L L
— 1 —
— Fp(t) F (t)
——>
p(t) ==
P(t)
]—l L |—r
1=
u(t)
tot
Po Py Po
Figure 1

In this paper, we model, analyse, and control an
experimental set-up of a pneumatic actuator as
illustrated in Figure 1.

Up to now, adequate applications are mostly
control tasks with modest requirements on position
and force accuracy; the configuration consists of
binary switching valves with pneumatic cylinders
without any sensor elements. To enlarge the field of
applications and allowing for higher accuracy, servo
pneumatic valves and sensor for pressure position
have been introduced.

However, if more accuracy on the performance is
required, then nonlinear behaviour has to be taken

into account. Most contributions in this context focus
on position control: Feedback linearization as control
design method is broadly used [1; 7; 8], and since in
this case the relative degree is lower than the system
order, the cylinder chamber pressure has to be
measured or the zero dynamics have to be
compensated by feedforward compensation [4].

Fewer contributions focus on force control [2].
However, no matter whether position or force control
is considered, the dominant nonlinearities are in the
pneumatic part, and not in the mechanical part of the
system. There is a fundamental need for a detailed
modeling of the dynamic behaviour of the pneumatic
actuator system.

This allows deriving system theoretic properties
of the model which then lead to effective control
strategies for the force control, such as force control
of the inner part of the cascaded control concept.

The meanings of the symbols in Figure 1 are:

p,(t), p,(t)-pressure at time t>0 in left/right
chamber, resp., x(t)-position of the piston at time
t>0, Fp(t)-pressure force on the piston at time
t>0, Fr(t)—resulting force at time t>0, p,-
supply pressure, p,-ambient pressure, be(O,l)—

critical pressure fraction, L > 0 [-L, L]-normal
operation range of the cylinder, L, > 0 - additional
length of piston, zone of end of travel absorbers

2. Modd of a pneumatic actuator system
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The aim of the present note is to control a desired
force F, on the piston rod by the pressures p; and p,
in two cylinder chambers, see Figure 1. The pressures
p: and p, are measured by two pressure sensors. The
force on the piston F, depends on the effective cross
section areas A; and A, < A; in the cylinder chambers,

i.e.
Fp (t) =A pl(t)_ A, pz(t)'

Note that due to friction effects, the resulting
force F, on the piston rod is not identical to the force
Fo. However, in this paper we focus on the pneumatic
dynamics and on controlling Fy,.

To control the force F, i.e. the pressure

difference, the differential cylinder is connected with
| | | |

u
>
-1

L
AR I_"‘ITI_T

pv pO

a 3/5-servo-valve. The notation of 3/5 means, that the
valve has three different modes of operation and five
ports (one for the supply pressure p,, two for the
ambient pressure po, and two for the chambers of the
cylinder). Between these three modes one may
change continuously. The first mode is the zero-
position of the valve as depicted in Figure 1; the
second mode is filling chamber 1 and exhausting
chamber 2 simultaneously; the third operation mode
is deaerating chamber 1 and filling chamber 2. It will
be assumed that the control input u is standardized
such that u = -1 corresponds to maximum flow-rate
filling chamber 2 and for u = 1 vice versa, Figure 2.

L" 1 TL s
| | | |FI

—_

Figure 2

The mechanical dynamics are described by
X=V X(O):X0 e[— L, L],
v=a Vv(0)=v,eR }

where x is the position, v the velocity and a the

acceleration of the piston. We assume that the force

compensation, which determines a, is realized such
that

1)

x(t)e[-L, L] vt>0.

This assumption may be justified by the size of
the cylinder and - possibly - an action of an external
position controller; which is typically satisfied in such
applications as assembling by force fitting.

The pressure in the cylinder chambers can be
modeled [1; 3], invoking the principles of constant
mass and conservation of energy, by the following
differential equation:

L Kk . o
pl——Al(LO+L+X)(RTm(p1,U) P AX), ”
o K o .

p2 - AZ(LO + L_X)(RTm(pZ’ u)+ pZAZX)

The mass flow rate m" depends on the flow rate
function of the servo valve. The mass flow can be
assumed to be a flow of a compressible fluid in a
turbulent regime through a conical nozzle. In case of
filling the cylinder chamber, a characteristic

depending on the pressure ratio and gas flow rate is
described by a square root function. Let b € (0, 1) be
the critical pressure fraction and define

1, q<b,
Y, :10,1{— (0,1}, - _h)\?
Aol 4 Frany
1-b
mA u=1
0 >
P
u=-1
Po Py
Figure 3

Neglecting the leakage of the valve, the mass
flow rate can be described by the following equation
[4, 5], Figure 3:
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—p,C. 0%, (p, /pu, if u>0,p=p,

pOCm pv\Pb(p/pv)u’ If u >O1 pS pv
m:R>0-11]—-R, (p,u)—10, if u=0, 3)
poCrP¥y(Po/ P, if U<O,p=>p,

3. Force control
In this section, it will be shown that the

output, for cross sectional areas A, A, >0 of the
piston,

y(t) =A pl(t)_ A, pz(t) vVt=0, 4)
in combination with the simple proportional feedback
controller, for k > 0, with saturation

u(t) = sat;, (- ke(t)) with

et):=y(t)- v (t) vt=0, 5)
achieves practical tracking in the following sense.

4. Experimental set-up and measurement results

The results of the previous sections have been
verified by measurements using the experimental set-
up depicted in Figure 5. A pneumatic cylinder of the
manufacturer Festo has been used; the constants given
in the table at the end of the Introduction are for this
cylinder as follows: p, = 6000 hPa, p, = 1000 hPa, b
=0.3,L=50mm, L, =5mm, A =z(d,/2)and
A=A —7z(d1/2)2, (where d; = 25 mm and d, =
10 mm), C,, = 2.64 107° l/(sPa), p = 1.185 kg/m®, k
=1, R =287 Nm/(kg K), T = 293 K.

Two pressure sensors measure the chamber
pressure p; and py; the position x of the piston rod is
measured by a potentiometer. According to (5), the
output y(t) is a linear combination of the two
pressures. Since the pressure measurement is
corrupted by measurement noise, we implemented a
low-pass filter of first order with the transfer function
s — (1 + 2s/(xzf))™" and cut-off frequency f = 20 Hz.
Control and measurement data processing is
implemented in Matlab/Simulink. The Simulink
structure is downloaded via the Realtime Workshop
to the controller board DS1103 of the manufacturer
dspace.

All experiments illustrate how the feedback
controller (4), (5) achieves tracking of given reference
trajectories. Moreover, we also show how the
controller compensates disturbances on the position

_pocmpoqu(p/po)u' if u<0,p<p,

of the piston rod and how it follows piecewise
constant reference forces; note that the latter cases are
not covered by the theoretical results.

We apply the force control law (5) with gain
parameter k = 0.02, i.e. 4 =50, and the experiments
have a duration of 40 seconds. Certainly, the figures
also show that the measurement data contain “real
world” noise.

In the experimental test, a continuously
differentiable reference signal y.s as depicted in
Figure 5 is used. The piston rod is fixed mechanically
and so its position is constant (i.e. the piston velocity
v = 0). As can be seen in Figure 5, whenever there is
a continuously differentiable but fast change of the
reference signal with 5 N or 40 N difference (for
example at t = 8 or t = 20), the magnitude of the error
between the output and the reference force is 4 N at
most, and the control input has peaks about 0.08 large
at most. However, within 1 second the error is close
to a steady state; note that this steady state is positive,
which may be due to the experimental set-up depicted
in Figure 4, where:

1 is pneumatic cylinder, 2 - pressure sensor, 3 -
servo valve, 4 - stroke sensor, 5 - force transducer.
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SIMULATION OF THE BRAKING PROCESS AT THE STROKE END OF LINEAR
HYDRAULIC MOTORS
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Abstract. The paper analyzes the transitory phenomena, which encounters at the braking at the
stroke end of the hydraulic actuators from the structure of the hydraulic driving of the machines
and industrial robotics. In order to point out, by numerical simulation, the transitory phenomena,
which encounters at the braking at the stroke end of the hydraulic actuators, the mathematical
model of the hydraulic actuator, in braking status, is first deduced. As a conclusion of the
numerical simulation the motor response is analyzed and presented, for the particular case, when
the braking is carried out by a hydraulic resistance.

1. Introduction

The structure of many hydraulic driving of
machine tools and industrial robots contain linear
hydraulic motors, with simple or double driving. In
order to prevent mechanical shocks occurred upon the
piston hitting the side covers of the motor, it is
recommended to provide a braking system at the
stroke end. The most frequent solutions [4, 5, 6] are
the use of braking throttles placed on the side cover
and braking through the play between the cover bore
and braking dowel which continues the motor piston.

The braking of the hydraulic motor at the stroke
end is accompanied by pulsation of the pressures of
its two chambers. Consequently, by knowing transient
phenomena related to the hydraulic motor braking is
necessary to establish the size of the braking throttle
able to provide the fast loss of pressure pulsations, a
small overshot of this pressure and adjustment of the
interval required for braking

2. Mathematical modeling of the hydraulic
motor braking process

The linear mathematical model of the hydraulic
motor under braking will highlight, as output size, the
pressure Pg of the motors counter motor chamber.
This will be done by accepting the following work
hypothesis:

e the linear
symmetrical,

hydraulic motor is considered

o the adjustment of the hydraulic motor speed is
done through the throttle Dr (Fig.1) located at
the exit,

e the force resistant to motor, prior and during
braking, is null Fgyy = 0:

o the clearance between cover and braking dowel is
null, the braking is exclusively provided by the
braking resistance DrF,

o to simplify the problem, both the motor speed
adjustment throttle and the braking throttle are
considered as being represented by flow laminar
resistances,

e internal and external motor leakages are
considered null apy = 0:
e The motor is considered fed at constant

pressure Py =~ const.

e The return pressure
Pro = const.

e The reference position of the motor is considered
the position immediately near the point where the
braking dowel which continues the piston enters
the side cover. At this position the hydraulic
motor speed is constant.

In Fig.1a the hydraulic motor is represented in the
stage before braking, and in Fig.1.b the motor is
represented in braking regime.

is considered constant
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Fig.1 Braking stages

We will consider that prior the start of the braking
process the motor is steady-state. Under these
circumstances the flow through the braking throttle is
null, and the flow crossing through the adjustment
throttle is equal to the flow exiting from the hydraulic
motor.  Consequently the piston steady-state
equilibrium and continuity of the flow to the motor
and through the adjustment throttle:

CMVMm =Am Po — Av Pg
Qa=Q¢ =AuVy
Qe =YHa (P8 — Pro)

Allow the calculation of the pressure steady-state
values from the chamber of the counter motor and
motor speed:

2
R = A Po +Crm YHd Pro

D)

5 2
Av +CrM YHd
vir =M (R, - B3) ©
CrRM

In this relations Ay, is the useful area of the
hydraulic motor, Q4 - is the flow entering the motor
chamber of the hydraulic motor, cgpy - low viscous
friction coefficient of the hydraulic motor, and

Y :}/RHd , Where Ryyq is the hydraulic resistance

of the adjustment throttle. The asterisk marks the
steady-state values of the variables in question.

When the braking dowel enters the suitable cavity of
the motor side cover, starts the braking process,
which is characterized by the following equations:
— the dynamic equilibrium equation of the motor:

A, B,—a, P;—aP-=my, v,, +C,, v,
- the equation of displacement of the motor piston,

(4)

ZMm ZIVM dt (5)
— expression of calculation of the flow rate which
enters the hydraulic motor,

Qa=Au VM (6)
— continuity equations of the flow associated to the
counter motor chamber and cavity where braking
dowel enters, respectively the knot upstream the
adjustment dowel:

_QB =—ay Vy +CHB IjEs
_QF —avy +CHF I:."F
Qe = QB +Q|:

— expression of the laminar flow crossing through the
adjustment dowel:

QF =Yur (PF —Pg) ®)
where a,, is the area of the counter motor chamber
at braking stage, a- area of braking cavity, C,g-

hydraulic capacity of the counter motor chamber,
CnE - hydraulic capacity of the braking chamber,

(7)

Yoe =%HF , Where Ry is the hydraulic resistance

of the braking throttle, Qg - laminar flow through the

braking throttle.

With these considerations, the dynamic, in terms of
time, of the hydraulic motor is described by the
following equations:

Mgy VY +Cy Vi =Ay Py—ay, Ps—aPs
Z,, :_|‘vM dt

Qa=AuVu

C..P- =(a, +a)v,, —C,s P, —Q,

Cos Ps + Y Po=a,, V,, +Y,e P-—Q,

When speaking of the linear hydraulic motor system —

9)
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adjustment throttle, to the above equations the
expression of adjustment throttle located on the exit is
added:

Qe =YHd (P8 = Pro) (10)
One can note that the dynamic of the linear hydraulic
motor — adjustment throttle, in the field of time, is

N e T T

MHL Bl DrR

QA<— [ —— > Qe
a)

described as a system of six equations. At the same
time, in the structural diagram of Fig.2a, one can note
the flow feedback transmitted to the throttle over the
hydraulic motor.

o MHL+ DrR

P,
Qp=—oi DrF <_\ Pro
b)

Fig.2 System structural diagrams

By replacement of the relation (12) in the system of
equations (11), the number of variables and implicitly
the number of equations describing the system
dynamics is decreased:

MemVin +CuVm =Au R —ay Ry —ak:

Zy, =_|.vM dt

Qu =AuVm (11)
CheP-=(@y +2) Vi —CiisPs ~Yiig Py HYiig Poo

CroPs HYur Y1) Py =8y Vi Yo P Y44 Pog

According to the structural diagram of Fig.2.b, drawn
up based on these equations, the previous flow
feedback was replaced by the return pressure
feedback Pgg.

By applying the Laplace transformation, the
dynamics, in complex, of the system hydraulic motor
— speed adjustment throttle is described by the
following system of equations:

K7
M T Tas+1

20 =)
QA(S) = K8V|\/| (S) . . (12)
PF(s)—va( )2 Ry (o) i “Frol®)

Ra(s )— [ngM (s)+KloPF(s)+K11PRo<s)]
Qe(s)—Klz[PB(s)—PRo@]

where:

K5=a_|\/|, Ks:i, K7:A_|V|,
Aw Aw CMm
am
Ke=Au;: Kg=c"-—;
8 M * Ve +YHd
YHF Yhd
Kip= Ki1= Kio=Yyq;
R AR Hd
Ty=MRM . T, _ Che . TSZCHB;
Cm day +a YHd
Tg = CHE . T, = Chs
YHd YHF +YHd

The block-diagram disclosed by Fig.3 reveals the
internal connections within the system. One can note
that in the case of the hydraulic motor controlled by
the throttle placed at exit, the input size in the
hydraulic motor is represented by the feeding pressure
Py of the hydraulic motor, as a difference from the

case the motor is controlled by servovalve and the
input size is represented by the motor input flow.
Moreover the speed vy, influences both directly and

indirectly the counter- motor pressure Pg, which

leads to the emergence of two direct ways of
transmission of the information.
0, |K—| Yu
= [T,

Tys

K,
P+ Y | K; |vy 1] + )+_
_ |Tis+1 4 T,s -

Tys+1
T;s
K, 3

Fig.3 System block diagram
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3. Simulation of the braking transient process

Based on the above and on the mathematical
model of the linear hydraulic motor for the stage prior
the braking [2] the simulation diagram was done,
using Simulink language within the programming
environment Matlab. Fig.4 discloses the evolution,
prior and during braking, of pressure P, from the

motor’s counter motor chamber, of speed v,, of the

hydraulic piston and its position z), . The following
constructive - functional parameters of the hydraulic
motor were considered: Dy, = 62 [mm], dy = 40
[mm], Ly = 400 [mm], Lp= 0,355 [mm], Lg=
0,050 [mm], Lg= 0,040 [mm], ajy =0, D=1
[mm], Dgg = 0.5 [mm], Py = 50 [bar], Py = 3
[bar].
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Fig.4 Numerical simulation of braking process
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Abstract: This paper is focused on the development of applicable software with C++ language, to
process the database of the compensating device in L form. The compensating device for
construction of heat networks approached by this paper takes the form L. The main objective of the
project is to create a database, to prepare the application with all the calculus, to design the
relation between the sketch and the data. The initial sketch, drawn in AutoCAD, called pattern
sketch, for the compensating device form L, was associated to some groups of compensating device.
Finally, the final drawings result, for the given compensating device. C++ is the best example to
organize the database for reading, for improving and processing.

Key Words: C++, Script file, AutoCAD, compensating device, elastic configuration.

1. Introduction

The processing of useful database in constructive
design needs an intense management and supervision
activity. For this purpose it was necessary to use a
complex and modern programming language such as
C++, that allowed the database reading, its
processing, the achievement of decision blocks,
results interpretation, print of results on the screen or
printer, as list for one item or as table for several
items [1].

This paper develops a C++ application for
compensator’s database processing, intended to
calculate all configurations for natural elastic
compensators in ,L” form. Besides all related
calculation, necessary to determine a compensator,
the maximum bending tensile stress for the elastic
configuration is checked resulting in a Script file
necessary to obtain the detail engineering for the
processed compensator.

2. About the compensating device

Compensators are used to take over pipes’
dilatation due to variations in temperature of the
heating agent. Generally, for heat networks
construction the following compensators are used:
curved "U” shape (Fig.1), equipped with stuffing box,
natural elastic and lenticular.

Natural elastic compensators are made by
changing the direction of the heating pipes lay-out.
These are delimited by fixed arresters on both sides of
the direction change, at convenient distances from the

angle vertex point. Thus, compensators of ”L” or ”Z”
form, able to contort in elastic field under influence of
the heating agent’s temperature variations, can be
delimited.

The following recommendations are valid for
delimiting such configurations:
- sides ratio: L2/L1 =1...5;
- o = 90...135° material dilatation coefficient;
- for a =90°; L2max = 70...80 m;
- for a > 90°; L2max = 35...40 m;

After choosing the length of the arms, the
configurations are checked by calculations.

I—Q

Fig. 1 Natural elastic compensators in U shape
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Fig. 2 Natural elastic compensators in ”L” and ”Z”
shape

3. Preparing the pattern drawing in AutoCAD
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According to the information supplied the figure 3
drawing was made, representing the calculation
diagram of the elastic configuration in ”L” shape.
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Fig. 3 Calculation diagram of elastic configuration in
”L” shape

Input data for natural elastic compensators in

form L are presented below:

- the duct is in steel pipe (OL38, OL42, OLT45);

- duct’s diameter Dn;

- length of the arms of the configuration L1, L2;

- sides of the configuration ratio (n = L,/L,);

- fi, beta angles, the shape of the elastic compensator
- heating agent temperature tf [degrees];

- assembly temperature t0 [degrees];

- alpha — coefficient for dilatation of the material
employed [mm/mm-K] is enclosed in the tables.

The figure 4 is transformed in pattern drawing by
exploding sizes and erasing their values. Each size
coordinates will be written down for the purpose of
developing a Script files in C++ application,
completing all unknown data of the pattern drawing.
3. CNE application
The application called CNE in C++ programming
language was made to calculate natural elastic
configurations, according to the specific formula.
This program reads the input data of the table
CNE.txt, processes the data, lists the data, checks the
maximum bending tensile stress for the elastic

configuration under observation and generates the
script.scr. file.

y
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Fig. 4 Pattern drawing

Script files complete the pattern drawing for the
calculation diagram of the elastic ,L” form
configuration, made in AutoCAD. The calculation
refers to the following output data:

- Components of point A displacement because of
detlax, deltay heat deformation;

- Static moments of the system in relation to axes x
and y Msx,Msy [cm?];

- Maximum side displacements in the area of bend
ducts D1, D2 [cm];

- Gravity center coordinates of the system GX,GY
[em];

System’s moments of inertia in relation to x and y
axis Ix,ly [cm?];

- System’s moments of inertia in relation to xG and
yG axis, IXG, IYG, IXYG [cm?];

- Bending moments at A, B, C points, MA, MB, MC
[daN-m].

CNE application creates an optimal calculation
technology for natural elastic configurations. Several
goals were considered for this purpose:

- A pattern drawing was made in AutoCAD,
representing the calculation diagram of ,L” shape
elastic configuration, valid for several dimensions. In
this drawing a layer text and a text style 1SO were
created.

- Definition of a CNE.txt file with fixed datas (Fig.
5);

- Running the program and creation of SCRIPT files;
-Completion of the template with variable
dimensions, processed in C++ application by opening
the SCRIPT file;
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| CNExt - Notepad = | )
| Eile Edit Format View Help |
V500 521 0.8 3000 3000 30 165 10 0.000012 .
V600 620 0.8 4000 4000 20 150 0 0.000012
V700 720 0.9 5000 5000 20 150 5 0.000012
V800 835 0.9 5500 5500 25 155 5 0.000012 -~

Fig. 5 CNE.txt file

- The pattern drawing was made in AutoCAD
according to standards in force. In the end, specific
dimensions are completed in AutoCAD, in the pattern
drawing by loading the adequate Script file [1,2].

In achieving this application several functions C++
specific participate, suggestively named and allowing
input data entering, reading of the existent database,
and choice of work branches by summarizing the
decision blocks, printing of results and creation of
Script files adequate to the chosen branch.

The structure of CNE application is schematically
presented by captures from figures 6 and 7.

g}‘ Borland C++ - [D:\PROIECT CNE\PROGRAM CNE C++.CPP]
[ File Edit Search View Project Script Tool Debug Options Window Help

28] B €1l o] @l SIX(e

| FiEds R |

//CNE. txt

//Vn Dn, g, L1, L3, beta, tf, t0, alfa;
//VB00 521 8 30 30 30 165 10 0.000012
main ()

i

password() ;

help():

int ml;

ifstream fp("CNE.txt"); //tabel de date

1f (fp==NULL) {cerr<<"\r\n Nu se poate deschide":return 1:}
cout<<"\r\n ";

cout<<"\r\n Introduceti date:":
cout<<"\r\n
cout<<"\r\n Reper teava:"; cin>>Vn;

cout<<"\r\n Material teawva:"; cin>>Mat:

cout<<"\r\n Coef. de dilatare liniara alfa :"; cin>>alfa;
cout<<"\r\n Momentul de inertie I(cm4):"; cin>>I;

cout<<"™\r\n Modulul de elasticitate longitudinala E(daN/cmZ):";
cout<<"\r\n Modulul de rezistenta al sec. conductei(cm3)W:";

// date intrare

cin>>E;
cin>>W:

do{ fp>>Vna>>Dn>>g>>L1>>L2>>beta>>ti>>t0>>alfas //eitire tabel
//bucla do, while pentru verificarea datelor din prima
ml=memcmp (Vn,Vna, §); //compara datele introduse cu
i1f (fp.eof())
{cout<<"\r\n NU sunt valori din fisier!
cout<<"\r\n Doriti sa continuati ascfel
cout<<"\r\n (d/n)";
1f (getche ()=='d')

coloana

cele din tabel

oz

{cout<<"\r\n Val Dn:"; cin»»Dn;
cout<<"\r\n Val g:" cind>>g;
cout<<"\r\n Val L1 cin>>L1;
cout<<"\r\n Val L2:"; cin»>L2;
cout<<"\r\n Val beta:"; cin>>betar
cout<<"\r\n Val tf:"; cin>>tf;
cout<<"\r\n Val t0:"; cin>>t0;
cout<<"\r\n Val alfa:"; cin>>alfa;
fisier():

calcule () ;

rezultate();

alegerescript():

if (sfarsit()==0) return 0; }

else return 0:}

}while (m1!1=0);
calcule():
rezulvace();

Fig. 6 CNE application capture — function main ()

[P File Edit Search View Project Script Tool Debug Options

2Blm:] melemlem) &1l | @l
cout<<"\r\n s
1F (Mmax/W <10
else

Window Help
EAE R AT ]
<<sigma;

cout<<"\r\n Conducta REZ
"\r\n ATENTIE Conducta NU rez:

vold fisier (void) //completeaza datenoi.txt

{ FILE

fr—fopen "a");

1f (fr==NULL) {printf("\r\n Nu se poate scrie in date.txt"); return;}

fprintf (fr, "\r\ni5s 32.1f 32.1f 32.1f 32.1f $2.1f 3d 3d %2.1f",Vn,Dn,q,L1,L2,beta, tf,t0,alfa);
cout<<"™\r\n Ati completat tabelul datenoi.txt":
fclose (fr);

void alegerescript (vold)

do{eout<<™\r\n Alegeti generarea fisierelor SCRIPT";
cript,\r\n Z-Renuntare”;

switch (scr)

{ case'l':cout<<"\r\n Fisiere Script":
case'2':cout<<"\r\n Renuntare"; bre
}while (scr!='1" &g scr!='2");

seript(); break;
k:)

volid script(veid)

{ cout<<"\r\n Se creaza fisiere SCR pentru fiecare desen de executle";

fprintf (b1, ™

cout<<"\r\n Sa creat fisierul scriptl.scr”
getche ()

fclose (b1):)

Fig. 7 CNE application capture — function script ()

The function calculus() covers all calculus
necessary for the development of script.scr file and
for the maximum bending moment. A part of calculus
() function is presented below:
voi d cal cul us(voi d)
{n=L1/L2; fi=90+bet a;
bet ar =( bet a/ 180) * pi ;
Dl=al fa*(tf-
t0) *L1*(n+sin(betar))/cos(betar);
D2=al fa*(tf-
t0)*L1*(1+n+sin(betar))/cos(betar);
del tax=al fa*n*L1*cos(betar)*(tf-t0);
deltay=al fa*L1*(1+n*sin(betar))*(tf-
t0);

AA=del t ax*del t ax+del t ay*del t ay;

X0= n*L1*cos(beta);

Y01l= n*L1*si n(beta);

xGl=0; yGl=L1/?2;

Xx@&=0. 5*n*L1*cos(betar);

y&=L1+0. 5*n*L1*si n(betar);

Msx=yGl* L1+y&* L2,

Msy=xGLl* L1+x@&2* L2,

GX = Msy/ (L1+n*L1);

GY= Msx/ (L1+n*L1);

ly=1/3*(powm L1, 3) *pow(n, 3)*cos(betar)*
cos(betar));

| XG=I x- ((L1+L2)*pow GY, 2));

| YG=I y- ( GX* GX* (L1+L2));

I XYG=I xy- (GY*GX* (L1+L2));

NunX=E* | * (del t ax*1 YG +del t ay* | XYG) ;

X=NumX/ (1 XG*1 YG- (| XYG* | XYG)) ;

MA = (X*GY- Y*GX) *0. 01;

MB = (X*(GY-L1)-Y*GX)*0.01;

fir=(fi/180)*pi;
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MCl= Y*(n*L1l*cos(betar)-GX)*0.01;

M2 = X*(L1*(1+n*sin(betar))-GY)*0.01;
MC= MC1- MC2;

cout<<"\r\n MC (daN.m:" <<M

z = max(MA, MB); Mmax = nmax (z, MO);
sigm = Mrax/ W}

3.1 Running CNE.CPP application

The CNE application is focused on the
organization of database for reading, for organizing,
for improving and processing the database of the
compensating device form L (Fig. 3) using C++
language.

The variable data will be entered during the
running of user-friendly programs, most of which
are elaborated by means of high level languages
such as C++. Especially designed to process data,
these programs work with a part of the constant
data and make calculations, have decisional
blocks, provide information and lists on the screen
or prints data. The final step is to generate a script
file.

The script file loaded in AutoCAD in the adequate
pattern drawing completes the variable dimensions
resulting in the detail engineering for the calculus
diagram of the L-form elastic configuration.

Upon running, the program requests a password to
open the program, calls the database, with the
possibility to enter data in the case of new items. The
program initially includes information concerning
how data are entered and how decision blocks are
completed.

To provide an example, one presented captures
during CNE.exe file running in the case of item V600.

Fig. 8 displays the input data window, in this case,
data for item V600.

E¥ D:\MIHAELA URDEA\CLAMPS\PROGRAM CNE\PROGRAM CNE C++.exe li‘ﬂ‘g
INFORMATIT :n -

Introduceti date:

Reper teava:U680

Material teava:OL38

Coef. de dilatare liniara alfa :0.8800012

Momentul de inertie I<{cm4>:71895.%6

Modulul de elasticitate longitudinala E{daN/cm2):1878088
Modulul de rezistenta al sec. conducteidcm3>¥W:1625.6
Cheta):=2@

(hetar):9.3496866

sinChetar):0.34202

cos¢hetar):0.939693

deltax{cm}:6.7657%
deltay{cm>:9.66255 hd

Fig. 8 Input data

If the program running window displays the
warning "Data file cannot open!", means that the
CNE.txt file is not in the catalogue that generated the
file CNE.exe.

The next capture (Fig. 9) represents the results

print. Input data are listed from the data table CNE.txt
and the calculated data too.
B DAMIHAELA URDEANCLAMPS\PROGRAM CNE\PROGRAM CME C++.exe

Date de calculate:

Deplasarile laterale maxime in zona cotului conductelor
cm): 2827

D2¢cm>:17.9447

Deplasarea AA:1397.141

deltax (cm):6.76579

deltay (cm>:9.66255

Coordonatele centrelor de greutate ale tronscanelor AB si BC

xG1:8

uGl:26008

xG2:1879.3%

yG2:4684.84

Momentele statice ale sistemului n raport cu axele x =i y

Msx <cmp?:2.67362e+B7

Msy <cmp>:7.51754e+B6

coordonatele centrului de greutate al sistemului:

GX (cm) = Mey/(L1+n=xL1>:93%_693

GY (cmd>= Msx/C(Li+n*L1>:3342.82

Momentele de inertie ale sist. “n raport cu axele x si y

Ix <{cmcub’>:1.8%9716e+11

Iy:1.8835%e+18

Ixy:3.6925%e+10

Momentele de inertie ale sist.

IXG {cmp)>:2.8363e+18

I1¥G:1.17717e+18

IXYG:1.18021e+18

Componentele fortei de reactiune elastica daMN

H{daM>:259.315

Y<{daN>:370.34

Momentele de “ncovoiere “n punctele A. B. G:

MA{daN.n>:5186.2%

MB{daN.n>:-5186.29

MC{daN.n>:5186.29

Momentul de incovoiere maxim:5186.29

sigma:3.19683%9

Conducta REZISTA

in raport cu axele xG si uG

Fig. 9 Data listing

The Script decision block allows the generation of
the script file. Scriptl.scr file is obtained. This file
contains a sum of Layer and Text commands, writing
the calculated values in the defined positions.

B DAMIHAELA URDEANCLAMPSYWPROGRAM CNEYPROGRAM CME C+ +.exe

Momentul de incovoiere maxim:5186.29

sigma:3.19839

GConducta REZISTA

Alegeti generarea fisierelor SCRIPT

1-Fisiere Script.

2-Renuntare

Fiziere Script

Se creaza fiziere SCR pentru fiecare desen de executie
Sa creat fisierul scriptl.scr_

Fig. 10 The dialog box for script file

Figure 11 displays the script file obtained when
running the program. These files could be recognized
by AutoCAD or other CAD programs. The Script
files are text files and this method could be used to
the simple representations without scale [1,2].

_ | scriptlscr - Notepad |
File Edit Format View Help
LAYER 5 text

TEXT 5 R5 33,1539.8 90 4000
TEXT 5 R5 148,223.5 11 4000
TEXT 5 R5 124,143 0 939,69
TEXT 5 R5 186,142 90 3342.02
TEXT 5 RS 64,134 0 6.77

TEXT 5 R5 117.32,76 90 9.66
TEXT 5 R5 120,167 51 110
TEXT 5 RS 210,192 276 20
TEXT 5 R5 156,240.5 0 1632.33
TEXT 5 R5 53,194 90 3651.78
TEXT 5 RS 377,12.6 0 ve00

Fig. 11 Scriptl.txt file

61



Mihaela Urdea, Emilia Scheibner

In case the data proposed by the user are not in the
CNE.txt database, there is the possibility to enter data
from the keyboard. Figure 12 capture displays this
possibility.

EN D:\PROIECT CNE\PROGRAM CME C++.exe

Introduceti parola:CNE
Corect *
Doriti informatii despre program 7

n — HU
INFORMATII:n

Introduceti date:

Reper teava:U488

Material teava:0L3B

Coef. de dilatare linjiara alfa :8.888012

Momentul de inertie I(cm4>:7189%5.96

Modulul de elasticitate longitudinala E{daN-cn2):18700008
Modulul de rezistenta al sec. conducteidcm3>W:1625.6
HU sunt valori din fisjiert

Doriti sa continuati astfel ?

<d-n>d

Val Dn:418

Val g:8.7

Ual Li:2588

Val L2:2588

Ual beta:38

Val tf:168

Val tB:18

Ual alfa:@.000812

Ati completat tahelul datenoi.txt

Fig. 12 Data not existent in the CNE.txt database

A newdatas.txt file results when the program is
run, including all the new data proposed by the users.

Figure 13 displays the newdatas.txt. file
| newdata.txt - Notepad |EIEI£_hJ

[ Eile Edit Format View Help |
V400 410.0 0.7 2500.0 2500.0 30.0 160 10 0.000012
|

Fig. 13 Newdatas.txt files

3.2. Generation of thefinal drawing

Using the SCRIPT command activated in
AutoCAD in the pattern drawing, the missing
References:

dimensions are completed with value. At the end, the
final drawings result (Fig. 14) for V600, conduct’s
diameter D=600.
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Fig. 14 The final drawing

4.Conclusion

The use of computers in the conception activity
and the achievement of technological processes
confers numerous material advantages:
- reducing the costs of preparing the manufacture,
either directly or indirectly, by significantly saving
the time for planning the technological process,
special devices;
- high quality design work by accelerating the flow of
information and eliminate routine;
- possibility to store a large amount of information
and accessing such in a short time;
- coordination with other sectors of design, using
network connected common database;
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Abstract: The calculus of the deep drawing force is one important stage in the manufacturing design
process. This paper aims to offer a new method for an accurate calculus of the force, based on the
experimental data, collected during real experiments conducted by the authors. The values of the
force were recorded with digital measurement equipment, together with the corresponding values of
the punch stroke. After the experiments, a mathematical modeling in MathCAD was done, based on
four types of regressions, most used in the field. There were considered three main parameters on
which the force depends, namely the part’s diameter and thickness and the deep drawing coefficient.
The comparative analysis of the mathematical model with the experimental data has shown its

accuracy.

1. Introduction

The manufacturing process by deep drawing is
very useful in industrial fields such as automotive,
home appliances, electrical equipment, due to its very
high efficiency. On the other part, the optimization of
the process is hard, because of the many parameters
of influence, which often create instability.

In the case of deep drawing of cylindrical
products have been carried out many studies
regarding the variables of the deformation process.
One of them is the forming force, usually called the
punch load [1], [2], [8].

The correct estimation of the forming forces is
one important issue which leads directly to the
success of the manufacturing process. These values
decide the type of press which will drive the forming
die and also will be used for the strength calculus of
the die components.

Most of the technical literature [1], [2], [4], [8].
[10] present for the calculus of the deep-drawing
forces both analytical and empirical equations, but
still, their results are not as accurate as needed.
Usually, the results of these equations give higher
values than the real ones, conducting to an overload
prediction of the forming device. The fact imposes
researches in the field to try to establish some more
accurate equations for the calculus of those forces.

This paper uses a new method for assessing the
correct mathematical model for the calculus of the

punch load by using experimental data which are
modeled with suitable regressions. The accuracy of
the method is high and the equations proposed are
easy-to-use for manufacturing design and simulation
purposes.

A modern equipment for experimental research
was used, including a digital system for measuring
and recording the process parameters, as well used in
today modern experimental research, [3], [4], [6], [9].
Such a system was developed by the authors of this
paper, under the frame of the national research
platform PlaDeTIno [9], developed in the authors’
department.

The experimental data was then modeled in
MathCAD software, with the most appropriate
regressions and a mathematical model is proposed, in
the case of soft steel, named DC04 Am, SR EN
10130+ Al.

2. The experimental methodol ogy

The experiments were realized in the research lab
of “Cold Forming Technologies”, at Transilvania
University of Brasov. The manufacturing equipment
(fig.1) was driven by a hydraulic press (pos.1), with
the nominal force F,=100 kN. The deep-drawing die
(pos.2) is provided with several sets of tools, having
different values of the die hole diameter d. Each die
has a set of punches, according to the sheet thickness,
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to assure the same punch-die clearance for all the
tests.

The recording and measuring system is
composed by a resistive transducer  for
tensile/compressive forces (pos.3) with the range
0...250 kN, an inductive transducer for movements
(pos.4), with the range 0...200 mm and a digital
measurement unit for data acquisition (DAQ), type
HBM® Spider 8, with four channels. The unit was
connected to a computer, which recorded the
experimental data.

The measurement tasks with the Spider Pack
system are relatively easy to carry out. The
specialized  software, catman® Easy, quickly
recognizes the measuring devices connected to the
computer and offers a wide range of visualization,
recording and analysis of the data. The software can
manage two major types of projects: data acquisition
(DAQ) or data analysis. For each type, one can design
its own configuration of the tasks and their
visualization or can use previous designed ones.

Sz

Fig.1 Experimentalquipment used for the tests

¥ o,y
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Fig.2 Principle of deep drawing of cylindrical parts,
using planar blank holder

The  experiments were realized when
manufacturing cylindrical flangeless parts, made of
soft steel sheet, type DC 04 Am, SR EN 10130+ Al.
The range of the parameters used is the following:

- for the part’s diameter d: 30, 40, 50 and 60 mm;
- for the sheet thickness g: 0.6, 0.8, 1.0 and 1.2 mm;

- for the drawing coefficient m: 0.5, 0.6, 0.7 and 0.8.

The notations are according to fig.2, where the
deep-drawing principle is presented. The deep
drawing coefficient was calculated with the well-
known equation:

m=—
D

1)

The working die had a planar holding ring and
mineral oil was used as lubricant. The blank holder
force was supposed invariant as it was realized by
clamping with a screw-nut system.

The catman® Easy software can display the
recorded data in several ways, such as table of all
values or special ones like min, max or average or
under the shape of graphs F=f(time) or F=F(h),
where h is the punch travel. For example, for a certain
test, the recorded data is presented such in fig.3.

In fig.4 there are presented some of the parts
which were manufactured, having different values of
the geometrical parameters.
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Fig.3 Dependence of punch load on the punch stroke,
recorded with catman® Easy software

Fig.4 Parts manufactured during the experiments

The experimental data was analyzed by drawing
some graphics, to present the laws of variation of the
maximum values of the deep drawing force,
depending on the main process parameters.

As shown in figs. 5 and 6, the values of the
forces rise with the thickness g and with the diameter
d, due to cross-sectional area increase of the part.

80

F [kN]

—=—g=0.6 mm

70 1 ——g=0.8 mm

——g=1.0 mm

60

——g=1.2 mm

50

40 ]

L ANN

30

/
4
/

% Y

20

¥
=

10

0

20 30 40 50 60 70

d [mm]
Fig.5 Deep drawing force depending on the diameter
d, for several values of the thickness g, for m=0.6
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Fig.6 Deep drawing force depending on the thickness
g, for several values of the diameter d, for m=0.6

The influence of the deep drawing coefficient is
as expected, meaning the force increases with the
decrease of m, which intensifies the deformation
process. The law of variation is presented in fig.7.

As the digital equipment records also the punch
stroke variation in time, the punch load depending on
the punch stroke can be analyzed. A comparison
between the different shapes of this diagram, for
different values of the deep drawing coefficient, in a
certain case of part’s diameter and thickness, is
presented in fig.8.

The use of diagrams presented in figs.5 to 7 for
estimating the deep drawing force during the design
stage of the manufacturing process is rather difficult.

Technical literature, [1], [2], [7], [10] propose
empirical equations, using a correction coefficient
to adjust the theoretical model of the maximum strain
values which determines the values of the deep
drawing forces.

This paper proposes a new approach, the
mathematical modeling of the experimental data by
regressions, aiming to obtain a simple, but more
accurate equation for the calculus of the maximum
value of deep drawing force.
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Fig.7 Deep drawing force depending on the deep
drawing coefficient m, for a certain diameter,
d=50 mm
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Fig.8 Punch load depending on the punch stroke, for
d=40 mm and g=0.8 mm

3. Mathematical modeling of the experimental
data

Usually, the dependence between the parameters
of a manufacturing process can be represented [5] like
a matrix:

X1 Y t

1% Y2 t @)
X3 Y3 ts
X4 Ya t,

meaning that parameter T is depending on the
parameters x, y,...and t.

In the case of the present research, the values of
the deep drawing force F is considered to depend on
the part’s diameter d and thickness g and the drawing
coefficient m, calculated with the equation (1),
meaning three parameters of influence.

To assess the mathematical equation which stays
behind the matrix (2), a method of modelling with a
suitable software can be used.

For the present research an application created
under the MathCAD® environment [5], specially
designed for the task was created. The application can
test four types of regressions, the power, the
exponential and the 2™ and 3" degree polynomial
ones.

The application calculates the parameters of each
type of regression and the correlation ratio,
n-1
Z(Wi - f(Xi,Yi,Zi))Z
i=0

n-1

Y- (- m(u)?

i=0
where w; are the data values to be modelled and m(w)
is the mean value of the data series.

As shown during the experiments, the deep
forces depend on three parameters,

F=f(d.gm) @

After running the MathCAD application, the
results were analyzed, considering a minimum
acceptable value of the correlation ratio

Remin =0.95 (5)
which is usually recommended in such situations [4].
Among the four types of regressions analyzed,
there was chosen the power type, as it passed the
correlation ratio test and it is enough simple to be
used by specialists during the design stage of the
manufacturing process.
The general shape of the power regression is:
F(d,g,m)=c,-d®?-g®*-m® +c, (6)
and considering the values of the coefficients
C1, Cy ..., Cs, given by the MathCAD modeling, the
equation is
F(d,g,m)=0.083-d"*%. g% .m2% 102515 (7)
To check the precision of the egn.(7), a
comparative graphical representation was done,
between the experimental and the modelled data, for a
certain set of parameter values. As shown in fig.9, the

R. = [1- (3)
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modelled values are quite near to the experimental accurate than the empirical equations given by the

ones. most technical literature.
Z % - + -g=0.6 mm EXP 4. Conclusions

L 70 —e—g=0.6 mm MOD|| The correct calculus of the deep drawing force is
\‘\‘ - & -g=1.0 mm EXP an important issue during the design stages of a

€0 VS —e—g=1.0 mm MOD| manufacturing process by cold forming.
50 \ The method of determination of a suitable model
2 for this calculus, proposed in this paper, gives more
40 . accurate results, also easy to apply in industrial

\ R environment.

80 A C U N The eqn.(6), assessed for DC 04 Am SR EN
20 8o \\_ 10130+ A1 steel sheet, can be surely and successfully
\‘N used by the design engineers to calculate the
10 o estimated value of the deep drawing force. The

equation was determined by mathematical modeling

with regressions of the experimental data, recorded

during the tests conducted by the authors.

Fig.9 Comparative values of the experimental and the  Further research can assess similar equations for
modelled data, for d=50 mm different sheet materials or for different types of the

blank holder system.
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The use of eqn.(7) is more convenient than using
the diagrams presented in figs.5 to 7 and surely more
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IMPROVING ENERGY EFFICIENCY OF THERMAL TO THE NEIGHBORHOOD
BY MOUNTING OF SOLAR COLLECTORSINTENDED FOR THE DOMESTIC HOT
WATER

Cristian Mugea

Buzatu Constantin

Lepadatescu Badea

Abstract: The paper presents a simple and efficient solution to reduce energy consumption (gas) for
producing hot water in the neighborhoods of blocks. It is proposed mounting points on the roof of
solar panels heat the neighborhood, which through a heat exchanger plate, will perform pre-heating
water from network entry in the boiler water heating. In this way is done during a year savings in

gas consumption by up to 60%.

1. Actual State

Expanding use of renewable energy is a major
component of EU energy policy, aimed at reducing
dependence on imports and reduce greenhouse gas
emissions with greenhouse effect.

In 2020, the share of renewable energy resources
in the balance of primary resources should reach 20%
compared to 8% today.

It can accurately calculate that by investing and
implementing water heating systems using solar
radiation may be a fuel economy that can exceed 60%
of current consumption.

Romania, in terms of energy from the sun, is 6.1
kWh/m2/zi summer, up from 5.5 kWh/m2/zi, which
is the average energy received from Germany and
Austria, countries that have implemented wide-scale
use of solar collectors.

e

Fig. 1 Solar collectors mounted on a flat roof.

2. Description of functional and technological
solutions proposed

On the flat roof of the heating stations will be
mounted on concrete plates which provide some
stability for wind, solar collectors are a number of 80-
90, which will circulate a fluid mixture anitigel.

This circuit called "primary circuit, is coupled to a
plate heat exchanger, which transfers to solar heat
received from the network and stores water in hot
water accumulation tanks menajera. Masa total roof-
mounted solar installation will be 3150 kg for solar
(90 panels x 35 kg / panel), which will add weight
concrete props needed fixing their roof. Manufacturer
of solar collectors installed, depending on the surface
is roof assembly plant and the conditions to ensure the
best conditions for exposure to ami direction "South".
Thus, the collector works in a good yield and spread
radiation of the sun, which represents 50% of the total
radiation.

Figure 2 presents a diagram of principle of how
the installation operates with the ACM preparation
with solar energy.

The primary circuit of solar collectors, circulating
an antifreeze liquid, which the pumping system is sent
to the primary circuit of a heat exchanger plates.
Water from the network is passed through the
secondary circuit of the shift to peace, where the
thermal energy received over the hotel roof-mounted
solar collectors.
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Fig.2 The principle scheme of the installation of solar-DHW preparation

The plant became operational at the time when
the primary in solar collector temperature is 50C
higher than that of the storage tank. Instalataia is
designed to secure solar DHW temperature of 550 C,
which will be stored in existing storage tanks to some
large hotels.

To be effective as a large installation by secondary
flow, water storage tanks will be recycled during the
sunlight through plate heat exchangers, which are
mounted separately from existing now.

References

The moment when the collector temperature is
lower than that of storage tanks, pump stops and the
recirculation of the primary circuit. In these
conditions, will start in automatic heating system for
DHW preparation.

Should be mentioned that during the summer and
diffuse radiation from the sun get 50% of the total
radiation received, can provide pre-heating water in
good conditions in the network.
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Energy Efficiency and Sustainable Development
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1. Planning the first romanian passive office  the sustainable efficient energy concept was put in
building. value in this first passive romanian office building.

We have demonstrate that it is possible to create ~ What should be emphasized here is that we
an innovative, sustainable office building by considered all conditions of the real estate for
respecting the passive house standard with a very maximum benefit of its advantages. We wish to share
easy to build efficient energy technology. That means our experience with all the specialists who are
neopor insulated concrete forms -ICF- produced in interested to get to know this concept. Further we
Romania, at Bragadiru, for the envelope and excellent ~ want to point out that the passive house standard is an
work areas for headquarters of Amvic Group. This  ongoing success story if you know how to take it into
building is the first passive office building in account in an intelligent way. Starting from the
Romania which was planned in year 2007 and built planning of an energy efficient and sustainable
in 2008, in BRAGADIRU. We want to give an solution and continuing with the building process
example for everyone, most of all for romanian  which was very simple, we have obtained an
people and authorities, to show in reality the very big environment- friendly result by using the ICF energy
advantages of the passive house standard. We have efficient building system. The PHPP was a real help
the hope that this will increase the courage of the  for planning.
romanian architects, engineers and especially of
authorities to follow our example. For the participants
at the 13 Conference we want to present how good

Fg.l — Plain view of Amvic Building Fig.2 — Facade of Amvic Building
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2. Energy Efficient Solutions

We try to put in value and speculate the local
conditions in our advantage, to make the most
efficient possible the energy saving for all the
processes in this building.

The insulated concrete forms —ICF- fabric offer
partial protection for this building. We have a heat-
earth recovery in the garden who offer preheating or
precooling of the fresh air for the entire building. The
building is oriented with its main facade towards
South. Within the space of the building with
commercial and office purpose, the cold and hot
water consumption being usually reduced. The
lighting will be made by electric lamps with reduced
consumption and sensitive system related to the
illumination opportunity. Equipments like heating
pumps, regenerative heat exchangers (between
introduced air and evacuated air, fresh earth-air), solar
panels and all equipments are with a low energy
consumption (fans, pumps).

o ——

Fig.3 — Site plan

The heating system of the building is made
with hot air generally prepared with unconventional
sources: soil heating taking over, pre-heating in a
battery with heat carrier from a surface of solar
receptor from an industrial process, heating recovery
from the air exhausted, final heating being
accomplished with heating pump water - water.

During summer, the interior air —conditioning is
accomplished, that is its cooling by means of a
reversible heating pump. The electric power
necessary to generate the cooling task will be

approximately three times lower than the heating
effects.

For the air-conditioning dimensioning and the hot
water preparation necessary for the functioning of the
building, an assessment of the necessary heating and,
respectively, of cold for the administrative house was
accomplished under different challenging climatic
conditions , summarized under the form of some
equivalent temperatures.

In wintertime we use steam from the production
process of insulated concrete forms as a source for the
additional heating system. This offers gratis energy to
be used in the building.

Other important aspects are:

-for envelope and structure of the building we
have used Neopor ICF with an additional thermal
insulation of Polystyrene (24kg/m3) to the exterior
and Thermofloc to the interior

-for the thermal insulation of the roof we used
Thermofloc and Polystyrene

-the U-value of glazing is 0,5 W/ (m2 K),of
the whole window (incl.aluframe)0,8 W/ (m2 K)

-jalousie for solar protection

-for preheating/ precooling of the fresh air we
have a awaduct (Rehau) in the garden nearby

-the building has a good protection on the
north side , consisting of the production hall

-using renewable energy of sun
-heatpumps for floor heating system

Due to the technological processes within the
plant that is located close to the passive house the
flow of hot technological water with an approximate
temperature of 70 °C that totalize a maximal volume
of 120 mc for a three hours interval, for the day
period and for approximately 9 months each year.
During the very cold period of the year, this heating
source is reduced as a consequence of the reduction of
the technological process for producing expanded
polystyrene. This source of energy is used in order to
increase the temperature of the fresh air at the output
of the switch with soil and before entering the
filtration stage. The heating pump is the key
equipment of this appliance and it functions in the
cooling mode or in the heating mode, according to the
season.
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Fig.4 — Solar vacuum installation on Amvic Building Fig.5 — Solar vacuum panels on the roof

Waste energies represent the energy sources of the
heating pump; these types of energy can be renewable
or with low heat potential and they are freely disposed
in the nature.

Fig.6 — Interior optimal confort in Amvic Building Fig.7 — current level plan

Moreover, in order to increase the energetic means of free cooling phenomenon the next day the
efficiency of the building, by means of reducing the cooling unit being only used to eliminate the heating
power consumption in the warm period of the year, and humidity gains due to human activity as well as
the cooling down the space with external air (free to the heating gains due to the equipment used. It is
cooling) can be accomplished, according to the not recommended to accidentally open the windows
necessities; the flow of air can increase for a greater ~ for a natural ventilation because this action must be
efficiency of the cooling process until a maximal very well correlated with the external temperature as
value of 150% of the value of the nominal flow. a random usage can lead to supplementary energetic

Thus, heating accumulated over a day in the consumptions.

inertial elements of the building will be evacuated by
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4.Conclusions

Graphic 1 presents the energy saving for each
equipment as well as the global saving that is
accomplished using the energetic loops developed in
the functional scheme. Moreover, an approximate
value of 50% is represented by the energy recovered
from the environment (soil, sun) and from the energy
of the interior air, thus resulting only the necessary
quantity for producing 50% of the total power. The
isolation degree is highlighted once again by the
energy need for the heat pump 3 that only covers the
power losses to the exterior.

At the present, the building described is finished and
Passivhaus Proiect and Amvic Ltd are doing theirs
activities as well inside of the very beautiful building;
during cold period and also warm period ,the building
is in process to monitoring of the energetic
consumptions and to the analysis of their
improvements.

[m] Energii
Rec/Prod; PC3;
17%

] Energii
Rec/Prod; PC2;
17%
[m] Energii
Rec/Prod; PC1;
17%

Energii Recuperate/Produse (kW)

= Energii
Rec/Prod; SCS;
16% mSCS
=] Energii mPr
Rec/i’;g/;j; Pr; O SCR
gPC1
mPC2
) Energii mPC3

Rec/Prod; SCR;
16%

Graphic 1. Recovered energy/ Products for attaining the indoor heat comfort

This monitoring as well as the entire building is part
of the program “INOVARE”, in collaboration with
Politechnical University of Bucharest based on the
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The actual increasing demand for energy requires a lot of research efforts to be invested in finding of
better solutions. One way is to optimize the existing resources and equipment based on new IT
tehnologies. This paper presents an algorithm for optimization of a power distribution network by
taking into account more parameters than the classical approach of the problem being closer to the
real practical aspects which occur in such networks.

1. Introduction

The optimization of the power transportation and
distribution networks is one of the most important
research directions of our society in the actual
increasing demand for energy. In this context, the
optimization means the obtaining of the minimum
power losses between sources and consumers, having
all other quality aspects fullfilled.

The aim is to increase the exploitation
performances of the existing networks based on the
same resources or less, and to find the best solution
when further development is necessary. For that
reason, an algorithm for calculation of a dynamic
network was developed and adapted to the specifical
characteristics of these networks.

For greater networks the distributed calculation is
also possible by dividing the original network in
several subnetworks and each one of them can be
viewed as a calculation cell.

2. TheOptimization Algorithm

2.1. The calculation of the network

The network is calculated when all electrical sizes
are known (currents, voltages, powers). In the real
cases of the distribution networks, the voltages of the
nodes corresponding to the stations are known, and all
the other sizes must be calculated.

The network can be associated with an oriented
graph in which the nodes are the stations and,
respectively, the transformation posts. Each line
represents an edge of the graph. The best way of the
graph representation in mathematical form is the
matrix representation.

A matrix based method for solving the networks
is the nodes potentials method[1]. This method is
based on the first Kirchhoff theorem and uses the A
matrix, the admitance matrix Y and the sources matrix
u.

The A matrix is called the reduced incidence
matrix of the graph and its lines correspond to the
node whereas the columns correspond to the edges.
The terms can have the values:

+1 - if the edge leaves the node;

-1 - if the edge enters into node;

0 - if the edge does not belong to the node.

The Y matrix is called the admitance matrix and it
is a square matrix in which the diagonal contains the
complex admitances of the edges. The U matrix
contains the voltages of the sources, in this case the
voltages from the secondary windings of the
transformers from power stations.

This method has the advantage that the matrix A
of the graph can be modified automatically very easy
according to the modification of the network, thus it
is suitable for dynamic networks.

The matrix of the currents | can be calculated
with the following formula:

=Y -U+Y- AV’ (1)

where the V’ matrix is a column matrix called the

nodes potentials matrix. If one replaces the above
formula in the first Kirchhoff theorem:

A-1=0 2
some substitutions can be made:
I'=A-Y-U
) t (3)
Y'=A-Y- -A

and one can obtain the following equivalent
equation system:
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-Y'V'=1I 4)
The system can be solved by using the specific
numerical methods such as Gauss elimination method
or Gauss-Seidel method[2], and the V’ column matrix
is obtained. After that one can evaluates the voltage
drops, the currents, the powers and the power
losses[1].
Each line of the network can be considered as in
the following figure:

A by 1 by by el o
RI,X R,X,| R l,X :l R,X»l
ble? e M Hle 0

lc Iz: lc =3
U 1 2 n-1 fn
= U
___________________ .— _'.
0

Figure 1. Electrical schema of a distribution line

For each transformation post the charge is
variable during the day, according to the type of
consumers, and one possible current vs. time charging
characteristic is represented in the following figure:

L]

m 7

]|

N i
o

20

20

20 24

ih]

Figure 2. The load characteristic in a transformation
post (current vs. time)

2.2. The Basics of Optimization Algorithm

The function that must be kept to its minimum
value is the total power losses. An example of a
distribution network in which all possible links
between nodes are made is presented in the figure 3.

The empty nodes are the sources nodes, whereas
the others are the nodes corresponding to the posts.
Some of the lines are active and some of them are not
active.

il

Figure 3. The Network

The optimized schema will contain only those
lines that will supply all the nodes with the minimum
of the power losses. An example of such a network
can be seen in the next figure:

- A

Figure 4. The Optimized Network

One can see that the power losses in the lines are
proportional with the length of the lines if the level of
the voltage is already established. According to this
rule, the mathematical condition that must be satisfied

is:
> I, =min (5)
Another factor that has a great influence is the

square of the current I. Using the classical approach
of the network optimization methods, this factor
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influence is neglected because it is very difficult to
predict the values, as in figure 2. If the currents are
taken into account better results will be obtained. The
new approach lead to the following formula:

D121, =min

2.3. Results

A comparison will be made between three
configurations of the same network:
A. in the first case the network was optimized using
(5) as optimization condition and is presented in
figure 4.
in the second case the network was optimized
using optimization condition {6}, but condition
(5) was neglected — figure 5.

(6)

Figure 5. The optimized network using condition {6}

C. lin the third case both conditions {5} and {6}
were used for optimization of the network -

figure 6.

Figure 6. The optimized network using both
conditions {5} and {6}.

The results of the comparison are presented in the
table 1.

Table 1
Network A B C
Power [kVA] 14872.26 15172.82 15000.82
Power Losses [kV] 820.23 236.81 710.80
Power Losses [%] 5.52 1.56 4.74

From the above table the case B can lead to the
less power losses, but, because the condition {5} is
not satisfied, this case is more difficult and more
expensive to be implemented. The case C can lead to
better results for a longer period regarding the power
losses than the case A.

3.Summary

References:

An algorithm and a computer program for
optimization of a power distribution network which
takes into account more parameters than the classical
approach was presented. In this way more parameters
than the classical approach of the problem were
involved, and the situation became closer to the real
power distribution networks.

[1] N. Balabanian. Electrical Network Theory. John Wiley and Sons Inc, New York, 1969.
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[2] M. N. Sadiku. Numerical Techniques in Electromagnetics - 2nd. ed. CRC Press LLC, Boca Raton, 2001.

Gheorghe Dan SOREA - Lecturer ,PhD ,Engineer, “Transilvania” University of Brasov
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NHXXEHEPEH AHAJTI3 1 CUMY TAUNA HA 3D MOJEJT HA CTUDUNPALLA
MALLUVNHA, KATO HACT OT AJ1 3A APEBHOI ABAPUTHW BETOHOBW
N3OENTNA

MBo HAHakunes
ivoianakiev@mail.bg

B paboTaTa e n3BbpLieHa cuMynaumusa ABu>KeHnsTa Ha 3D Mogen Ha cTudmpalla MallvHa KaTo vyacT
0T AJl 3a ipebHorabapnTHY 6eTOHOBU M3genms. 36paHu ca onTUMaHN — XO4, CKOPOCTY U YCKOPEeHUs
Ha M3NBLAHWTENHUTE 3BeHA Ha MalumHaTa. VI3BbplUeH e CUNOB WHXKEHEPEH aHain3 Npu OnpeseneHu
CTaTWUYHN NONOXKEHNS HA [JafeHUTe enemMeHTU. YacT OT KOHCTPYKUMATA, KOSTO MbpPBOHAYaNHO €
6una npeano>keHa e NPOMeHeHa C Lien M3barsaHe Ha HempeBMAUMU KOU3UM MO BPeMe Ha paboTa MedK-

Oy OT[ENHNTE MEXaHNU3MN.

Kntouosn gymn: CAD/ CAE, 3D mogen, cumynaums, cTugupatia malmHa

1.BbBegeHue

Npeata 3a nofgnomaraHe aeBTOMaTM3aumaTa Ha
MPOEKTMPaHeTO B MalUMHOCTPOEHETO C NOMOLLTA Ha
KOMMIOTLP Ce 3apaXkia HernocpefCcTBEHO Cref Hero-
BOTO M306peTsaBaHe. 1o cpefaTa Ha 70 roamMHn Ha XX
BeK ca pa3paboTeHn HeMa/IKO Teopun 3a aBTOMaTU3N-
paHO NPOeKTMpaHe C NOMOLLTa Ha KOMMIOTbPHA Tex-
HWKa. TloCcTUrHatM ca 4YacTUYHM YCMexu B pefuua
[ObpXasu, KaTo ca cb3gageHn CAD nporpamu 3a npo-
eKkTupaHe. lMapanenHo, NO CbLLOTO BpPeEMe, 3a MbPBU
MbT € U3MON3BaH KOMMIOTHP 3a MPOBEPKa Ha n3genve
no MeTtofa Ha KpainHuTte enemeHTn (MKE) [1,2].

B cuBpemeHHuTe CAD cuctemn 3a 3D npoekTu-
paHe HEOTMEHHO MPUCHLCTBA MPOrpamMHo A4PO 3a CTa-
TUYHO M3CMefBaHe Ha W3roTBAHWUTE Mogenn.. VHxe-
HepHWUTE aHaNM3n ca 3afb/DKUTENEH eTan B XXU3HeHs
LMKbN Ha BCAKO M3fenne, MeTo4bT N03BONABA aHa/MU-
31 1 ONTMMU3ALWA Ha pasfvyHK Mo BUAa CU Mexa-
HUYHN KOHCTpyKumn. MKE npeaoctaBa HagexaHu
UMCMIOBW TEXHWMKW 33 aHAIM3 Ha WHXEHEPHW MPOEeKTH
[5,8]. Toi1 ce npunara KaTo YHMBEpPCa/HO CPeACTBO 3a
npecMsTaHe 1 aHanM3 Ha NOBELEHMETO Ha MeXaHUYHU
KOHCTPYKUMM MpWY CUNOBM M TOMINHHW HATOBapBa-
HMS, a CbLO M 3a peLlaBaHeTO Ha NpobieMuTe B mMe-
XaHuKata Ha (ynanTe, TONNOTEXHMKATa, TeopusTa
Ha eNeKTPUYECKUTE U MarHUTHUTE MoJeTa, aKycTmKa-
Ta, fApeHata (u3nkKa M T.H. B MalIMHOCTPOEHETO
06uKHOBeHO ce u3nonssat 3D (06emHu) unm 2D (no-

BbPXHUHW) KPaHW efleMeHTMN 3a CTaTUyeH, AUHaMU-
YeH, KUHEMaTUYEH WHXEHEPHW aHanum3u, a Cbluyo ce
npecMsATa ymopa Ha mMatepuana, onpegensHe Ha cob-
CTBEHWTE YeCTOTM Ha W3AEeNVeTo, TOMIONPOBOAM-
MOCT, 06TuYaHe C nyman, 3anb/iBaHe WM aHain3 Ha
maTtpuuara fnpu fieeHe, LWaMnosaHe, NNacTUYHWU fJe-
(hopmaumu 1 T.H. [9,10] .

CobluecTBYBaT pasMyHM NyonmMKaumm n umscnep-
BaHUA, C HACOYEHOCT KbM MHXXEHEPHW W3C/efBaHus,
npv NPoeKkTUpaHeTo Ha AJl, KaKTO 1 TEXHWUTE B3NN U
MoABB3/IN, B YaCTHOCT - CUMynauun Ha ABMKeHuATa/
TPENTEeHNs Ha WU3MbJHUTENHUTE OpraHy (MpPoMuLLIe-
HW po6oTn) [4], pasMyHnm KoMnaHoBKM Ha 3D
MOZE/NM  Ha  TEeXHONOTMYHUTE  eauHuum  [7],
npourpasaHe Ha pas/INYHK CLEHapUX Ha pasnonaraHe
Ha eguHuumTe B AJT 1 T.H. [6,7].

2./13n0>keHue

ABTOMaTU4Ha  INHUA 3a  ApebHo
rabaputHmn 6eToHOBU n3genuna [4]. ageHata Al e
CbC CNefHUTE XapaKTepPUCTUKMW: MPOWU3BOAUTENTHOCT
80-90 umKba Ha yac unm okono 30-35 M n3genus
cropeg, 3aBUCMMOCT OT MOAena Ha 6eTOHOBUTE n3fe-
. MalmHata MMa Bb3MOXHOCT 32 CMEHSIHE Ha
TEXHO/IOTMYHUTE MPUCTNOCOBEHNS, T.e. [a Ce CMeHs
TUNa Ha KpaHOTO n3genve. MNMpon3BoAMTENHOCTTa Ha
MalLMHaTa e 0Koio 280 M? npu 0CeM yacoBa CMsHa,
WAV 3a efjHa paboTHa cegmuua e 1400 M2 HeitHuat
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y/a N . N . N 4.\

/)

N2

~7)

®ur.1 3D mojen Ha aBToOMaTUYHA IMHWA 3a ApebHo rabapuTHY 6eTOHOBY n3genvs [4]

3D mogen e gageH Ha qur.l. C undpn ca 03Ha4YeHM
OTLeNHWUTE W3Mb/IHABALLM 3BeHa, Kato Mo fJony e
[afleHo KpaTKo onucaHue Ha pabotarta Ha AJl.
MoToKap B3emMa HapefeHWTe Ha  CTenax
OT/IeXann u3genuMs U rM oTkapea A0  acaHCbop
O3HayeH C umpa 1 Ha no ropHata urypa.
AcaHCbOpbT € 3afBWKBaH OT [JBa XWAPaBINYHM
umnnHabpa. OT Hero C LWeliHa Cblo 3afBMKBaHa OT
XUAPOLUMNUHABP MNpuabprnea TabsmTe C HapedeHu
BbpPXY TAX W3[enus, Kato camute Tabnu nonagat
BbpPXY BEPWXKEH TPaHCMOPTbOP, 3afBWKBaH OT
eNleKTpoaBuraTenu. Cnefpawata  CTbka e
nonagaHeTo B 30HaTa Ha CTU(MPALLIO YCTPOMCTBO (2),

KOeTO MMa 3a 3ajaya, fa noapean U um3genusata
6/113K0 efjHO A0 Apyro. Mo HaTaTbK e 4OCTUraHeTo Ha
MaHunynatop (3) KOWTO e ¢ Tp1 CTeneHn Ha cBoboaa.
MaHunnynaTopbT € 3af4BWXKBaH OT XMUAPOLMANHAPK W
OT faBa 6pos enekTpoasuratenn. ToW uma Tpw
CTeneHM Ha cBo6ofda. MaHunynatopbT OT CBOS
CTpaHa 3axBawa Beye CTU(MpPaHWTe 6ETOHOBU
M34enns U T NO3NLMOHMPA BbPXY POJIKOB KOHBeiep.
PefieHeTO Ha eneMeHTUTe Ce M3BbPLLIBA NOCPEACTBOM
MHOXECTBO AaTUMLM W Pa3NNyHX TUMOBE MPOrpamu,

KOUTO ca BKapaHM B  YMNpaBfeHMETO  Ha
MaHunynatopa. Cnef Kato AOCTUrHe Heobxoaumarta
Opolika rOTOBM  €/leMeHTM  eBponaseTata ce
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npeMecTBa C efiHa nosuums u nonaga B obxearta Ha
CTpeumpaulata MalimHa. C o3HayeHne 7 Ha urypara
e [JadeHa J/HMATA 33 TPaHCropTMpaHe  Ha
eBponasieTTara KbM CTpeympallara MaLlmHa.

Camara Tabna, Ha KOATO ca OWIM HapefeHu
n3genuaTa npoab/hkaBaT CBOS MbT MO PONKOBUAT
KoHBeiep. [lo HataTbk Tabnata, OT KOMTO ca
npeMaxHatm JpebHorabapuTHUTeE n3genus,
MPOABL/IKaBa CBOA MbT U JOCTUraT L0 3BEHOTO YeTka
(4). Yerkata wmMa 3a (YHKUMA & NOYUCTM
eBeHTya/lHATe napyeTa WM  TPOXWU, KOUTO €
Bb3MOXHO [Ja Ce MOfABAT OLWe npu mnpoueca Ha
CTU(MPaHETO, TA € 3a[BMXKBAHA OT €/IEKTpoABUraTes
M B ropHara Cu 4acT uMma npaxo ynosuten. Crnep
MoOYMCTBAHETO CY TabaTa NPoAb/HKasa CBOS MbT KbM
3BeHOTO omacnuten (5). OMacnuTenaT HaHacs (uH
CNoON Mano BbPXY AbpBeHuTe Tabnu. ToBa e
TEXHO/IOTMYHO WU3MNCKBAHE, KOETO e HY)XHO, 3a [a ce
HaMann NPOLEeHTbT Ha  fedektupann  apebHo
rabaputHun nsgenus. Cnefsawoto 3BeHO OT Bepurara
e poTupaw, MexaHuM3bM. TON 3axBawja Beuye
MOYMCTEHUTE 1 OMac/eHy Tabnn, KOUTO ca roToBm 3a
nofpexaHe 1 0THOBO MofasaHe KbM BMOPO npecara.

3afjayata e pga ce TMpOeKTMpa, CUMynupar
OBWKEHMATA U UHXEHepeH aHain3 Ha nocnefjHara
nosvumsa OT cbulecTeysallata AJl1 — T.e. marasuH-
cbbupaten. HeroBmAT LMKbLA Ha paboTa, TpsibBa Aa e
CbobpaeH ¢ To3n Ha AJl.

Cumynauma gewmxeHmata Ha 3D mogen Ha
cTugunpallaTa MmallmHa.

Bcekn oTgeneH  Bb3en MalimHata e
npoektmpaH B CAD cpefa, W3N0M3BaHU ca
CTaH4apTU3MpPaHN CKPenuTesHn enemeHTn ot 3D
61bmMoTekn (MeTaIHU NPOMUAN C Pa3INY0 CeYveHwe,
6onTOBE, ramkm W T.H.), KAKTO U MOKYMHW TakKuBa
(XvapounnuHApK, HakpalHUUKW, AaTynumM, KpanHm
N3K/TIOYBATENN U T.H.).

Ha dwr. 2 e pageH paspaboTeHusi U n3cnefBaH
MarasuH cbouparten (CTudumpalla mMallnHa), HaKpaTko
e onucaHo [eicTBMETO My Ha paboTa, Kato C
nosuuMnm ca  [afeHNn OCHOBHWUTE  MexaHW3Mu
yyacTsBawy B ABvxeHuaTa. OnucaHneTo Ha paboTara
Ha Bb3efla e C LUen — ajfekeaTHa cumMynauus Ha
NOABVKHTE MY Bb3/IM MPU MHXKEHEPHNA aHaN3.

MnockocTTa ce nofasa A0 MeTasiHaTa LueiHa (2),
CbC 3aKperneHa Bbpxy Hes rymeHo nokputve. Crepg
rnonagaHeTo Ha M0CKOCTTa, Ha XuapounnnHabp (7)
ce nofasa CUrHan U TOI 3amno4yBa CBOETO OTBapsiHe,
KaTo 4pe3 Hero LweiHa (2) ce npuagswkea nNo
XOpW30HTaNa 0 JOCTMUraHe Ha KpaiHo.

Ha

MonoXKeHWeTo 3a MnosAuraHe e feUMHUPAHO OT
OrpaHuunTeNy, KOWUTO Ca 3aBapeHW Ha TOYHO
onpefeneHn Mecta U OT MHAYKTMBHM datunum. Cnep,
3arnoysBaHe Ha M34MraHeTo Ha LweliHa (5), ce nogasa
CUrHan Ha xuapounnuHabp (7), KOWTO OT CBOS
CTpaHa 3amnoysa fAa ce npuémpa B U3X0AHA MO3ULUS.
Ha xwuppouunuHgbp (6) ce faBa CUrHan u TOM
3anoysa fa ce oreapd. XoAbT Ha Hoxuua (5) e
OrpaHMyeH - 3a [AOCTUraHe [0 TOYHO oOpefeneHa
no3uuus - 40 TOIKOBA Ye M/I0CKOCTTa Aa npeogosee
cunaTa Ha TexecTTa Ha 316 (3), KoinTo Texxu 10,2 Kr.

Crnep kato e HapefeHa W nocnefHarta Tabna,
HOXMLA MOCPeACcTBOM UunHALP (6) ce Bpblwa B
n3xofHa nosvumsa. Lignata TexecT naga BbpXy
MeTa/IHUTe 3b6W, KOUTO Ca B 3aTBOPEHO CHCTOSHME.
Mpwv HapexzaHe Ha onpegeneH 6poit Tabnu (B8 cnyyas
- 12), ce nofasa ce CBET/IMHEH CUMHaN, C/ef KOETO
yeneH TOBapay HaB/M3a B palioHa Ha aBTOMaTUyHaTa
NVHUA M 38 MOMeHT paboTara Ha 3BeHaTa OKO/Oo
POTATUBHUAT pasnpefenvTen U marasuH oTcekarens
crnupa. C ToBa Ce 3aBbpLUBa LeNMAT LUKB/ Ha paboTta
Ha "MarasuH-cbbupaTen”-.

durypa 2. 3D mogen Ha paspaboTeHaTa
cTudupallaTa MalnHa Ha naneTu (N1ocKocTwH)

B cpefa Ha NpoAyKT 3a MHXEHepeH aHau3 e
cuMynMpaHa pabotaTa Ha onucaHusa Bbv3en (gur. 3) —
B cnyyas — CosmosMotion 2008. WN36upaTt ce
maTepuannTe 0T KOUTO ca U3rpageHy aetainute u ce
NMpeMvHaBa KbM OMNpefensHe Ha MNOABWKHU U
HEMoABWXHM Bb3IM W feTalnu. [Npecmatatr ce
CTeneHWTe Ha cBOOOAAa Ha Bb3ena ,,CcTuupayara
malmHa”. 3ajasaT Ce 3aKOHM 3a [BWKEHVe B
XVAPOUMINHAPUTE. V3BbpLUBA Ce AMHAMWUYEH aHaIn3
Ha Bb3efla U ce 13bupar ONTUMAIHW CKOPOCTTU Ha
OBVDKEHUATA Ha XWAPOUMNUHAPUTE, OMpefensaT ce
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cunmTe HeO6XOAMMM 38 MPEOAO0/IABAHETO Ha TEXeCTTa
Ha nanetute. lNMpy cumynauuaTa Ha BUXKeHuATa Ha
N3MbIHUTENTHUTE opraHu, 6sxa OTKPUTY
HepernamHeTMpaHW HaBMW3aHUA Ha efHW [eTaunin B
Opyrn — 3aToBa Ce MPOMEHMXa Pa3nonoXeHuaTa Ha
HSAKOW CKpenuTeNnHu enemeHTU. M3ebpLueHa 6e CbLLo
Taka W ONTUMM3aUMA  Ha  MOMKEHWeTo  Ha
xugpounnuHgpute. Ha dwmr. 4 ca BuU3yanmsMpaHu
HauMHWUTE 3a JedmHMpaHe Ha pas/IMYHK 3aKOHWU 3a
[BWKEHWe Ha MOABb3NNTE B U3AENNeTO — “MarasuH-
cbbupaten”.

3afjaBaHeTO Ha LMKb/IA € NO eTarnHo — cumynmpa
Cce MbpBO eAWH 3aKOH 3a ABWKEeHWe Ha LAnoTo
pabOTHO CbLOPLXEHWE MO BPEME Ha LMKbAA,
oCTaHa/IMTe BPBL3KM ce pukempat. EAvH, cneg apyr ce
[06aBAT 1 ApyruTe (YHKUMW 33  [BWDKEHMA W
JelictBawy cunn. Cnef cUMynaums Ha Lenvs LKbA,
3arnoysa fa ce HamansBa CTbMKarta Ha CUMY/NPaHETO,
3a npewesnpaHe Ha pesynratuTe.

MpoBefeHw ca peguiia cumynaLmmn ,4pes npoMsaHa

ype3 KoHBepTMpaHe paHHWTe B FFE (KE) CAE
cuctema (CosmosWorks 2008) M no metofa Ha
KpaliHUTe eneMeHTW, AeTainuTe ce u3cneaBaT BbB
BCEKU eJMH MOMEHT OT PabOTHUAT LUKbA, [0 KOMKO
ca NOAJIOXKEHW Ha CTPeCOBM HAaTOBapBaHMS.

Morart fa 6b4aT NpoBefeHN TakmBa CUMYynaumu,
KOMTO B MpakTVKaTa, fja foBejaT [0 paspyLuaBaHe Ha
CbOPBXXEHMETO, KAaKTO W [0 MaTepuasHu 3arybm,
pokato B cpepata Ha CAE, Te e ce oTyeTar, HO
MPaKTUYeCKN TOBa HAMa fa Ce C/yuu.

3. PesynTaTwu

B pabotrata e wu3BbpweHa  cuMynauus
ABVXeHMsATa Ha 3D Mojden Ha cTudupalla MalivHa
KaTo 4act oT AJ1 3a gpe6bHOrabaputHM 6eTOHOBU
n3genns, Kato ca wu3bpaHM ONTUManeH Xof Ha
XVAPOUMIUHAPWTE, CKOPOCTTM U YCKOPEeHUs Ha
M3NBHUTE/IHATE 3BEHA HA MallumHaTta. V3BbplueH e
CW/0B MHXXEHEPEH aHaNM3 NPU OMpeaeneHn CTaTUYHM
NONOXEHMWA Ha AafeHNTe eneMeHTu. MNpefoTBBpaTeHN

Ha CKOpOCTTUNTE Ha ABWXeHne Ha ca Henpeapugnmm KoOnmsnmnnu no BpPeME Ha pa60Ta
XnapounnnHppure, TAXHOTO pas3nonoxxeHune n Mexay OTAeNHUTE MeXaHU3MK, 4Ype3 MpoMsHa
NpPoMsHa Ha KWHEMATUKaTa Ha  NOABMXHUTE (popmaTa Ha 4aCT OT NoABb3/INTE.
noABb3NK. MonydyeHnTe pe3ynTaTu, ca NPexXBbp/IeHN,
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ENGINEERING SIMULATION AND ANALYSIS 3D MODEL OF GATHER MA-
CHINE AS A PART OF AUTOMATIC LINE FOR CONCRETE PARTS

I. lanakiev

Abstract

In the present work are made simulation of the movement on a 3D model of gather machine as a part of
automatic line (AL) for concrete parts. There are chosen optimal displacement, velocity and acceleration for the
flexible parts of the machine. There are made force analysis of particular mechanisms on the determinately
static positions. Part of construction is modified to avoid collision between parts during the work.

Keywords: CAD/ CAE, 3D model, simulation, gather machine

Assist.prof. Ivo lanakiev, Ph.D, Technical University-Sofia
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CUHTE3UPAHE HA CUCTEMA OT I'PA®UYHU CUMBOJIA 3A
PAIIMOHAJIN3UPAHE ITPOEKTUPAHETO HA
MMPOU3BOACTBEHN CUCTEMH

Panka IletkoBa
petkova@tu-sofia.bg

Ananuzupan e

cucCmeMHuUsIm nooxoo npu u360p Ha onmumaien eapuanm Ha npou3eodcmeeuu

cucmemu  3a  A6MOMAMU3UPAHO HaHAcAne Ha nokpumus. Hanpaeena e xnacugpuxayus na
yecmpotiicmeama 3a UsnwviaHeHue Ha yacmuunu Qyuxkyuu. Paspabomena e 6ubnuomexa om epapuynu
CUMBOU 3G NOCPOSIBAHE CXEMU HA NPOU3BOOCBEHU KIEMKU 30 HAHACSAHE HA NPAXO8U MAMEPUATU.
Ipunazanemo il no360as6a 0a ce payuoOHAIUUPAM NPoYecume Ha AHAIU3 U CUHMES..

Knrouoeu oymu: cucmemen nooxoo, npou3go0CmeeHu CUChmemu, UsNbIHABAWU YCMPOUCMEd, spaduuHy CUMBOIU,

asmomamu3upano HaHacsaHe Ha NOKPpUmusl.

1.Bveeoenue

CbBpPEeMEHHOTO IPOU3BOICTBO C€ XapaKTepU3upa
C HENPEeKbCHATO TOBWINABAaHE CTCICHTA  HA
aBTOMaTu3alusA. ToBa ce OTHACS W 3a MPOLIECUTE 3a
HaHACSHE Ha IMOKPUTHS, KOUTO CE OCBIIECTBIBAT KAaTO
KpaiHH, 3aBbPIIBAIIH ITPOLIECH B MPOU3BOJICTBOTO HA
MPaKTUYECKU TOYTH BCUYKHU HM3Neivsl. B To3u acnekT
€ OT 0COOEHO 3HAYCHHWE J1a CE ThPCH ONTHUMAIIHO
pelIeHne TpU CH3AaBAHETO HA MPOU3BOACTBEHU
CUCTEMH 3a OCBIIIECTBIBAHE HA TE3U MPOIICCH.

[Ipu mpoeKTHUpaHETO HAa KOMIUICKCHU WM JIHHUH
3a aBTOMATHU3MPAHO HAaHACSIHE Ha IIOKPUTHUS Ype3
ABTOMAaTUYHA /M PHUHW/ ypeAW 3a HaHACSIHE ¢©
CBINECTBEHO JIa CE OIPEJCIH ONTUMAIHUAT BapUAHT
Ha ChOPBKEHUETO, B KOETO CE M3BBHPIIBAa OCHOBHATA
TEXHOJIOTMYHA ONepalus, B CiIydas — HaHACSHE Ha
MOKPUTHE OT TEYCH WIIM TMPaxXxOB MAaTEPHall BHPXY
o0eKTa Ha IPOM3BOACTBO. TOBa JaBa Bb3MOKHOCT U €
MpearocTaBka 3a ONTHMH3UpPaHE Ha ISUIOCTHATA

MPOM3BOJCTBEHA CHCTEMa, 32 MOBUIIIABAHE Ha
TEXHOJOTMYHOCTTA W Ha HKOHOMMYECKaTa M
¢(EKTUBHOCT.

2.U3znoocenue

2.1. Knacudukanusi Ha rpajiMBHUTE eJIEMEHTH
HA MPOM3BOJICTBEHA CHCTEMA.

3a menta 00EKTHT HAa MPOCKTUPAHE — MPOU3BO/IC-
TBeHaTa cuUcTeMa (KJIEeTKa, YJacThK, JTUHUS) Ce pasr-
JIeXIa KaTo “TexHmdecka cucrema’ [1], mpurexapa-

nia omnpeneneHa GyHKIUS, CTPYKTypa U JeUHUPAHU
OTHOIIIEHUS ChC CBOSITA OKOJTHA CpeJia.

CrpykTypata  Ha  TEXHHYECKara  CHCTEMa
MpE/ICTaBIsiBA MHOXKECTBO HAa  TpaJuBHUTE
€JIeMEHTH W OTHOIICHHWATa MEXIy TiIX. 1oBa

MHOKECTBO B 3aBHCHMOCT OT HHBOTO Ha CIOKHOCT
MOXE Ja BKIIOYBA pas3iIUyHU eleMeHTH. [Ipu mo-
CJIOKHHATE TIPOU3BOJICTBEHH CHCTEMH T'PaIUBHH
€JIEMEHTH Ca OTACTHHUTE IPOU3BOJCTBEHU KIICTKU
(ChOpBKEHHETO, B KOETO C€ H3BBpIIBA OCHOBHATA
TEXHOJIOTHYHA OTEpaIwsi), TPAHCIIOPTHUTE CPEICTBA
U Jp. TEXHOJIOTHYHH CHOPHKCHHUS.

3a ga ce ompeneNnaT TPaIuBHUTE CICMEHTH Ha
OTJIC]THA TIPOM3BOJICTBCHA KIJIETKA 32 HAaHACSHE Ha
MOKpUTHE, IBpBO ce (opMyaupa HelHata oOIIa
(hyHKIHS, KOSATO Ce pasyiara Ha YaCTHYHU (YHKIINH.

O0mara QyHKOUS Ha Ta3Ww MPOU3BOICTBEHA
KJICTKa €: HaHaCsSHE Ha OMPEICICH MaTrepuail Karo
MOKPUTHE ChC  3aMajcHH  IMapaMeTphd  BBPXY
KOHKPETeH OOCKT, TpH JaJCHU W3HCKBaHHUS 3a
KadeCTBO U MPOU3BOIUTEITHOCT.

B TabOmuma 1 ca 0000meHn (GopMyTHpaHUTE
YaCTHYHU  (YHKIUH I, pecnexTuBHO ca
KIIACU(UIIMPAHU CHOTBETHHUTE YCTPOWCTBA/ CHCTEMH,
KOUTO TH M3nbiaHsaBat — II.
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Tabmunal . Kinacudukanus Ha ycTpoiicTBaTa U3MBIHIBALIM YaCTHYHHI (QyHKLINH.

L. 1L
YACTUYHHU BUJIOBE M3ITbJITHABAIINA YCTPOMCTBA / CHACTEMHA
OYHKIIMHU
1 2 3 4
1 3apexIaHe ¢ Bubpomaca cne Cucrema BIG- | IIpaxoB nieHTBp
HOB / CBEX Ipax COHJA BAG
2 IIpecsABaHE HAa HOBUS Bubpocuro Poranmonso curo | bapabanHO cuTo
npax
3 ¢nynnusupane Ha npaxa | Omynausupani cb Bubpo-®nynam- Ceac
3Hpall ChbJl pa30bpKBaHe
4 TpaHcnopTupaHe Ha cBex | IIpaxosa momma Bakyymen “Dense-Phase”
npax TPaHCHIOPTHOP TPaHCHIOPTHOP
5 CMECBaHE Ha CBEX U Bynxkep/cpn 3a mpax
0TpaboTeH Mmpax
6 TPaHCIIOPTUPAHE Ha HNuxexTop Huxexrtop ¢ Buntos
CMECEH IIpaxoB MaTepHall aBTOMaTHYEH TPaHCIOPTHOP
KOHTPOJI
7 €JIeKTPOCTaTUIHO Enextpocratnuen “Tribo” — Aerobell
3apekaaHe Ha mpaxa “Kopona” mucTosier | mMucTonet
8 HaHACSHE yCTOWYUB
MIPAaxoB CIOH
9 KOHTPOJI/yIpaBlieHHE CboTBeTHH yIpaBisBaIlIX yCTpoOHCTBa u o0ma cucTema
npolieca Ha HaHACsIHE 33 KOHTPOJI U YIPAaBJICHUE
10 | MaHuMmynHMpaHe HaHA- Masnunynarop Manunynarop PobGot
CATITUTE YCTPOUCTBA 1 oc 2 ocu ...
11 | coOupane/oTBekaane Ha | TpaHcnoprTuparia Cucrema’paken” Kabunu ¢ kon- ctp. | Kombu-
HETIOJICTTHAIINSI BBPXY JIeHTa ¢ Guyna. kaHan Haxnonu HUpaHa
obOekTa mpax CUCTEMA
12 | pa3nensiHe Ha BB3A. - MynTHIMKIOH Munu- JlentoBu ¢untpu OuUnTHp-
IpaxoBaTa CMec - pe- /MOHOIMKIIOH NaTpOHU
LIMKJIMPaHe Ha Ipax
13 | mpecsiBaHe 0TpabOTEH Bubpocuto PoranmonHo curo | bapabanHO cuTo
/penKnInpan/ mpax
14 | ¢nyunusupane Ha dnynnnsupai b Bubpo- Ceoc
0TpaboTeH /peunKinpan/ Onynauzupai cpa | pa30ObpKkBaHe
npax
15 | TpaHCnOpTUpaHE Ha IIpaxoBa nommna Bakyymen “Dense-Phase”
0TpaboTeH /penekanpan/ TPaHCIOPTHOP TPaHCIIOPTHOP
npax

2.2. bnoanoreka oT rpagUuYHA CHMBOJIM 32

CUHTE3MPaHE HA MPOU3BOJACTBCHU CUCTECMHU

ITocouenure yCTpOﬁCTBa 3a HU3rpaxJaaHce Ha

MIPOU3BOACTBCHU KJIETKM 32 HAHACSAHE HA MPaXOBU
MOKPUTHUS C€ TPeJiaraT B MpakTUKaTa OT Pa3IHIHU

(bUPMH-TIPOM3BOIUTENIA U MOTAT JIa CE MPEICTABSAT C
0000mIeHn TpadUIHN CUMBOJIM, Oa3upaHd Ha Hai-
pa3mpoCTpaHEHUTE 3a TIX KOHKPETHH (QUPMEHH
CXEMHHU U300paKeHUsl.
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Pa3paboTenute mo TO3M HAYWMH Ype3 MPOIYKTa
AutoCAD 00600111eHr rpaguHd CUMBOJIH, H3pa3si-
BaT HaW-CBHIIECTBCHUTE  XapaKTePHU OTIHYUS Ha
YCTpOWCTBATA, C OTJE] YaCTUYHUTE (PYHKIIUU, KOH-
TO M3MBIHABAT. Taka e pa3zpaboreHa exna OUOIHO-
TeKa OT YHU(PHUIIMPAHU CHMBOIU, KOUTO MOTAT Jia ce
M3IIOJI3BAT OT PA3IMYHU MOTPEOUTENN — TIPOCKTAHT-
CKU OpPTraHW3alliy WU €K, KOHCTPYKTOPH U T.H.
HE3aBUCHMO OT (UpMeHara WM MPHHAIICIKHOCT.
ToBa 103BOJIsIBA 3HAYMTEIHO ChKpalllaBaHe Ha Bpe-
METO M Pa3XxOuTe 3a MPOCKTUPAHE Ha MPOU3BOACT-
BEHUTE KIICTKH.

Ha ¢ur. 1 ca mokazanu rpaguyHu CUMBOIU OT
OmOIMoTeKaTa HAa  YCTPOMCTBA, H3MBIHABAIIH
gacThuHa GyHKIMS 1 — “3apekgaHe ¢ HOB/CBEX
npax”: 1.1 — Bubpomaca cbc conaa; 1.2 — cucrema
“BIG-BAG”; 1.3 — nmpaxoB IIEHTBD.

I'paduunn cumBonm 3a QyHKIMS 12 — “pazmens-
HE Ha BB3AYIIHO-TIPaxoBaTa cMec (pelHKIUpaHe Ha
mpax)” ca mpexactaBeHd Ha ¢ur.2: 12.1 — mynTu-
IUKIIOH; 12.2 — MOHO-IUKIIOH; 12.3 — TeHTOBYU (uII-
TpH; 12.4 — GUNTHP-IATPOHHU.

1.1

1.2

1.3

Que. 1 I'paguunu cumseonu na yempoiicmea 3a yacmuuna Qyuxyus 1.

YcrpoiicTBara, mokazanu Ha (Ur.3 H3MBIHIBAT
noBeye OT eaHa GyHKUUS — ¢GyHKUMM 7 u 8§,
ChOTBETHO  “‘€JIEKTPOCTATUYHO  3apek/laHe Ha
mpaxa” U “HaHacsHE Ha YCTOMYMB NpPaxoB CJION™:
|7&8|.1 — enexrpoctarnueH “KopoHa” mMHUCTONET;
|7&8|.2 — “Tribo” nucroner; |[7&8|.3 - Aerobell.

Taka mpennaranata OMOJIMOTEKa OT TpapUIHH
CHUMBOJIM MOKe Ja ObJie JOIbJIBaHa U J1a C€ Pa3Iiu-
psiBa MOCTOSTHHO, CHOOPA3HO HENPEKBCHATO MOSBSI-
BaIllUTE C€ B MpPaKTUKaTa HOBM YCTPOMCTBA 3a M3-
'BJIHEHME HA JaJicHa YacTUYHa (QYHKIHS WU MpH
(dbopMynIHMpaHeTO Ha HOBAa TaKaBa — IPH PAa3BUTHETO
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Ha KOHKPETHUS TEXHOJOTHYCH MPOIEC 32 HAHACSHE
Ha TIOKpUTHE.

Tyx TpsiOBa 1ma ce oTOEIekKH, Ue B OMOIMOTEKAaTa
ca BKIIFOUCHH U TpaUvHN CUMBOIIU 32 PeIulla CIo-
MaraTtejgHH yCTPOWCTBA, BKJI. 32 CHOTBETHH €HEp-
TMAHU WA MAaTEPUAIHU BPB3KU MEXIY YCTPOMCT-
Bara, OCUTYpsIBaIld OOMEH Ha MaTepHalu, CHEePrus

O

j
i
@)

12.1

12.2

u uHOpMaIys, KaTo HalmpuMep KaOelud M CBBP3-
Ballll eJIeMEHTH (CHOTBETHO YIPABISBAIIN YCT-
poiicTBa) 3a BHCOKO M YINPABISBAIIO HAMPEKEHHE,
MapKy4d ¥ ChOTBETHUTE CBPB3KH 3a MaTepHaja WiH
3a THEBMO-/ ¥ XHJ[PO-CUCTEMHUTE U T.H.

M
N

12.3 12.4

Que. 2 [ paguunu cumeonu na yempoucmea 3a yacmuuna Gyukyus 12.

3. 3axknwuenue

Wsnom3Banero Ha  TpynmupaHun B 0asm
naHHW  yHEUIMpaHun — TpaQuuHA  CUMBOJIH
paloHaNIM3upa NPOIECUTE Ha aHAIW3 U CHHTE3 Ha
pa3IMYHU MO MEepapXWYHO HHBO Ha CIOKHOCT
MPOW3BOJICTBEHN CHUCTEMH 32 HaHACSIHE Ha
mokputus. T.e. TmpemtokeHara  OumOIMOTEKa,
CHOTBETHO [IONMBIHEHA W 00OTraTeHa MOXe Ja ce
W3M0N3Ba W TPH TPOCKTHPAHETO HA IISJIOCTHH
MPOU3BOJICTBEHH CUCTEeMH  —  Ha HHUBO
ABTOMATU3MPAHU KOMIUIGKCH W JIMHUH WIH Ja
CIIy’)KH KaTO OCHOBa 3a Ch3JIaBaHETO Ha I10-001Ia
0a3a 3a OCBIECTBABAHETO HA Ta3H 33j1a4a.

CrmieBpeMeHHO  (OpMyJUpaHaTa  OCHOBHA
(hyHKITHSI Ha TPOU3BOICTBEHATA KJIETKA 32 HAaHACSHE
Ha MOKPUTHS € BaJWIHA BHOOIIE, BKIFOUUTEITHO H
32 TPOM3BOJCTBCHUTEC CUCTEMH 32 HaHACsSHE Ha
MOKPUTUS OT TEYCH MaTepuall BbpPXY OOCEKTa Ha
npou3BOJCTBO. ToBa  o3HauaBa, 4Ye  Clie]
dbopMmynupaneTro Ha YaCcTHMYHA (QYHKIUHA 32
MTPOU3BOCTBCHUTE KIICTKA B TE3U CHCTEMH, KOUTO
HE CE OTJIMYaBaT MHOTO CBHIIIECTBEHO W TIO MPHHIIHIT
ca Mmo-MaJloOpoitHN OT Bede MmoKazaHuTe B Tadimia
1, aHaJOTMYHO MoOTraT Ja Cce KiIacHupUImpaT
CHOTBETHHUTE W3ITHIHSABAIIY T YCTPOICTBA.
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17&8l.1

1788l.2

)

178813

Que. 3 I'paguunu cumsonu na ycmpoucmea 3a
yacmuuna Qyukyuu 7&8.

Jlumepamypa:

I[lo ToO3M HayWmH Moratr Jia ce Ch3JaBar
0000mIeHn, yHU(UUIUPAHH TpadUIHH CHUMBOJIH,
PECICKTUBHO W  OMONMOTEKa W 32  Te3u
MPOM3BOJICTBEHU CUCTEMH.

Karo 1o TakoBa panuoHANU3UpaHEe IPH
MPOEKTHUPaHe HA MHIyCTPHUAIIHU CHCTEMH, OCHOBAHO
Ha YHU(UIUpaHE U ONTHUMHU3HPAHE Upe3 Ch3JaBaHE
Ha Pa3NUYHM MPOJYKTH Ha WH)KEHEpHaTa rpaduka,
pasmmpsiBa BB3MOXHOCTUTE M OTKpUBA HOBH
TakWBa 3a MPSKO MOANOMAaraHe Ha MPaKTUYECKOTO
MPOM3BOJICTBO OT HAYYHUTE U3CIICIBAHHS.

[1]Pahl G. & Beitz W., Engineering Design — A Systematic Approach, Springer-Verlag London Limited. 1996,

3 rd printing 2001.
[2]www.itwgema.com
[3] www.nordson.com
[4]www.wagner.de
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SYNTHESYS OF A SYSTEM OF GRAPHICAL SYMBOLS FOR RATIONALIZING
THE DESIGN OF MANUFACTURING SYSTEMS

Radka Petkova,

Abstract

Analyzed is the systematic approach in choosing the optimal variant of manufacturing systems for
automated coating. A classification of the devices for performing sub-functions is made. Developed is a library
of graphical symbols for constructing schemes of production cells for coating with powder materials. Its
application allows the processes of analysis and synthesis to be rationalized.

Keywords: systematic approach, manufacturing systems, performing devices, graphical symbols, automated

coating.

Assoc.prof.Radka Petkova, Ph.D, Technical University-Sofia
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AHATN3 HA AMHAMWNYHOTO NOBEJEHVE HA CUCTEMATA "MOCTOB

KPAH-CIPAJA"™ C METOAA HA KPAVNHUTE ENEMEHTU

KanvH Pagnos
kradlov@abv.bg

Hukonaii Koues
nkotzev@tu-sofia.bg

HacToAwaTa paspaboTka e NOCBeTEHA Ha aHanmsa Ha [AMHAMWUYHOTO MOoBeAeHue Ha
HocellaTa KOHCTPYKUMS Ha cucTemMaTa ‘““MOCTOBM KpaH-crpaga”. Pa3paboTeHu ca fgga
BapuaHTa Ha usumcinTenHu 3D KOMMTBPHW MOJeNna Ha cucTemMaTa MOCTOB KpaH- crpaja,
KaTO e HanpaBeHa OLUEHKa Ha afeKBaTHOCT Ha BCeKM OT TAX, MO KPUTEPUM CTeneH Ha
CbBMafleHNe Ha TAXHOTO [MHAMWUYHO MOBefeHWe C AWHAMUYHOTO MOBELEeHWe MOMyYeHO npu
EKCNnepuMeHTaHN u3cnegBaHnda. HanpaseH e mopasneH aHaam3 Ha 3D KomnoTbpHaTa
KOHCTPYKUMSA, NpW KOWTO ca yCcTaHOoBeHM mbpBuTe 12 CO6CTBEHW YeCTOTU U (hOPMU Ha
TpenTeHe Ha KOHCTPYKUMATA "MOCTOB KpaH- crpaga”. HanpaseH € XapMOHWYEH aHanu3 Ha
YeTUPU U3CNeBaHN BENMUMHN- HaNpPeXKeHWUs B CPEAHO CeYeHne Ha rnaBHa rpefa; HanpeXkeHus B
KpaiiHo CeyeHue Ha rnaBHa rpeda; YCKOPEHMEe Ha TOYKa B CPeAHO CeyeHue Ha rnasHa rpega U

YCKOPEHME Ha TOYKa Ha KOTa NoAKPaHOB NbT MPU XapMOHWYHO MHEPLUNOHHO CMYLLIEHNE.

Knoyosu gymu: MocTOB KpaH, METO/ Ha Kpal7|HMTe €NeEMEHTN, KOMMKTBHPEH MOAEN

1.BbBefieHne

ANSYS e MHorouenesa nporpama, 6asupaHa Ha
MeTofa Ha KpalnHUTe efleMeHT, KOATO Ce U3Mon3Ba
38 pelleHMe Ha LUMPOK CrMEKTbp OT WHXKEHEpPHU
npobnemu. [poBexaa Cce aHanW3 B  CrefHWTe
VNHXXEHEePHW HanpasfieHWsA: KOHCTPYKLMKW, TOMIMHHK
npoLecK, enekKTpUYecKn Noneta, MarHUTHW noneta u
(hnynan. KOMMOTHPHUAT aHan3 Ha KOHCTPYKLMUTE
nocpeactsoM  ANSYS  BKIoYBa  CTaTMYECKO,
CTabWUNTETHO M OUHAMUYECKO  WU3YUC/IEHME.
[JVHaMMYECKOTO  M3YWCeHVe BK/OYBA MOLasieH
aHanMs3,  XapMOHWYeH  aHanu3, aHanM3  npu
HaToBapBaHe BbB PYHKLMA HA BPEMETO U Ap.

EanH ot Mogynute, kouto nporpamara ANSYS
npegra, Toea e mogyna ANSYS WORKBENCH,
KOWTO e yno6eH 3a 6bp30 1 e(iMKacHO pelliaBaHe Ha
VHXXEHepHW npobnemMn B 06nacTTa Ha MOLEMHO-
TpaHcnopTHara TexHuka [3].

2./13n0>KeHme
B cpegata Ha ANSYS WORKBENCH e u3rpa-
JeH 3D KOMNKOTbLPEH MOAen Ha cucrtemarta ,,MOCTOB
KpaH-crpaga” ymaneHa 10 nvtn. Mogena ce CbCToM
0T 06110 196 oTaenHn geTaiina. Ha 6a3a Ha To3n 3D

KOMMIOTbPEH MOZEN ca W3rpafeHn fea 6pos usumc-
NTE/THN KOMMIOTLPHN MOEeNa.

- nbpBuAT 3D KOMMIOTbPEH MOAEN MpeAcTass
peasiHaTa KOHCTPYKLWSA Ha cucTemara ,,MOCTOB KpaH-
crpafa” CbC BK/NHOYEHN BCUYKN EIEMEHTU U Bb3/N-
Gur. 1.

1,000 {m)

0.500

tur.1

3a nonyyaBaHe Ha afeKBaTHO AVHAMUYHO NOBEfEHNE
Ha To3u 3D Mofen 4pes mMeTofa Ha KpaliHuTe efe-
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MEHTW, TO BPb3KaTa MeX/y XOA0BO KO/ENo Ha MocTa
Ha KpaHa W pencata e 3afjafieHa OoT Tun ,TpueLla
Bpb3Ka” (frictional)- dur.2

0.035

thur.2

- BropuaT 3D KOMMIOTLPEeH_Mofen NnpeacTass
cuctemata ,,MOCTOB KpaH- crpafa” B OMNPOCTEH

BapuaHT, npwu KOWTO MeTanHata KOHCTPYKLUWA Ha

MOCTOBUS KpaH e npeAcTaBeHa Bbpxy 3D
KOMMIOTbPHMS  Mofen Mo  (opmata Ha ABe
CbCPEOTOYEHM  Mach, MPUIOXKEHU KbM  [BeTe

noaKpaHoBM rpegn. Tbii Kato B Ciyyas 06LLOTO
TErn0 Ha MOCT Ha KpaH + KO/MMYKa e 65 Kr., TO
MOCTOBMSI KpaH Ce MpeAcTasa Nof gopmara Ha fBe
CbCpefoToYeHn Macum oT no 32,5 Kr.- qur.3.

0000 o500

1,000 (m)

0250 7%

(ur.3

OueHkaTa 3a afleKBaTHOCT Ha Taka u3rpageHuTe
3D KOMMIOTbPHM Mofenu uie 6bAe M3BbPLUEHA MO
KpUTEpUN ,,CTeNeH Ha CbBMafaHe” Ha TAXHOTO
[LVNHAMWYHO NOBefeHWe CbC AMHAMUYHOTO NOBEAEHMe
YCTaHOBEHO NPW eKCNepUMeHTa/IHW U3cneasaHnsa [2]

OT eKCnepUMeHTa/HN U3CeABaHUS BbPXY eKcre-
PUMEHTasIeH CTeH/, NpeacTaB/sBaLl ChljaTa cMcTeMa

\O
)

,MOCTOB KpaH- crpaja”, KakTo Ha KOMMIOTbPHUS MO-
[eN, e YCTaHOBeHa CfiefHaTa OCHOBHA 4ecToTa Ha
TpenTeHe Ha cucTemarta ,,MOCTOB KpaH- crpaga” no
XOPM30HTA/IHO HamnpaB/eHMe HampeyHo Ha Mogkpa-
HOBMSA MbT Tabnmua 1.

Tabnnua.l. EkcnepumeHTanHo yCTaHOBEHN
COGCTBEHN YeCTOTH

XOpU30HTaNTHO MbpBa co6CTBEHA YecToTa Ha
HanpasfieHVe Ha | TpenTeHe  Ha  cucTemara
TpenTeHnsaTa ,,MOCTOB KpaH- crpaga”
HanpeyHo Ha 8.8 Hz
KpaHOBWA pescoB

OT Agpyra ctpaHa nosyyeHute B cpedata Ha ANSYS
WORKBENCH 0CHOBHW 4YecTOTK Ha TpenTeHe Ha
3D KOMMIOTbPHUS MOAeNn Ha cucTemara ,,MOCTOB
KpaH-Ccrpaga” mno XOPW3OHTa/IHO Harpas/ieHMe Harl-
PeYHO Ha MOAKPaHOBUA MbT Ca CNefHUTE.

- NbpBeu 3D KOMNIOTHLPEH MOAEN

OcHoBHaTa 4YecToTa Ha TpenTeHe Ha NbpBu 3D KoM-
MOTbPEH MOAEN Ha cucTemara ,,MOCTOB KpaH- Ccrpa-
fJa” e fafleHa B Tabnuua 2 1 e BM3yasiM3mpaHa Ha
tur 4.

Tabnmua.2. OCHOBHA COGCTBEHA YeCcTOTa Ha
MbPBY KOMMIOTBPEH MOAEN

XOpU30HTaNHO MbpBa cO6GCTBEHA 4YecToTa Ha

HanpasfieHVe Ha | TpenTeHe  Ha  cucTemara
TpenTeHusaTa ,,MOCTOB KpaH- crpaga”
HanpeyHo Ha 14.92 Hz

KpaHOBWS PescoB
nbT- ur.4

,043787
0,03284

0,021894
0,010947
0Min

0.000

1.000 (m)

0.500

tur.4
- BTOpW 3D KOMMIOTHPEH MOAEN
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OcHoBHaTa 4ecToTa Ha TpenTeHe Ha BTOopu 3D
KOMMIOTbPEH MOeN Ha cucTemara ,,MOCTOB KpaH-
crpaga” e jafeHa B Tabnuua 3 v e B1U3yanmanpaHa Ha
¢ur.5.

Tabnnua.3. OcHOBHa COGCTBEHa YeCTOTa Ha
BTOPW KOMMIOTBPEH MOJEN

HWUTe QUHAMWYHW aHann3mn e n3bpaH nbpsusd 3D Kom-
MOTbPEH MOAEN, KOWTO NpefcTaBs peasiHata KOHCT-
pyKumMa Ha cuctemara ,,MOCTOB KpaH- crpaga” CbC
BK/IHOUYEHW BCUUKW €/IEMEHTU 1 Bb3/IN.

OT nposefeHVs MOA&IeH aHa/M3 € MomMolla Ha
ANSYS WORKBENCH ca nonyyeHn cnefgHute
COOCTBEHM YECTOTM Ha cucTemaTa MOCTOB KpaH crpa-

XOpU30HTA/THO MbpBa CO6GCTBEHA 4YecToTa Ha a- 13615
Hanpas/ieHue Ha TpenTeHe Ha cucTemara ,,MoC- A e
TpenTeHnsTa TOB KpaH- crpaga” Tabnmuya 5.CobCTBEHN YECTOTH
HanpeuHo Ha Kpa- 13.34 Hz CobcTBeHa vectoTa CroiiHocT B [Hz]
HOBWS PE/ICOB MbT- No
(pur.6 1. 347
2. 10,69
3. 12,32
] 4. 14,92
i 5. 26,4
6. 29,74
;i 7. 34,10
V 8. 34,76
dur.5 0. 37,60
CreneHTa Ha CbBMnajaHe Ha AMHaMUYHaTO NoBeeHVe 10. 38,74
Ha cuctemara ,,MOCTOB KpaH- crpaja” Ha ABaTta KoM- 11. 61,29
MOTBPHU MOAENa CbC AUHAMUYHOTO NOBELEHMWE Mo-
NYYEHO OT pe3ynTaTuTe OT eKCNepuMeHTaIHUTE K3C- 12. 72,16

nefiBaHVsA e afieHo B loNHaTa Tabnuua 4.

Tabnmua.4. CTeneH Ha CbBNajaHe Ha AMHaMuY-
HUTE NoBeAEHNS HA KOMNIOTbPHUTE MOAEnu ¢
pesynTaTuTe OT EKCNEPUMEHTaNHUTE U3Cnes-

BaHWS
KomnioTbpeH mMo- CrteneH Ha CcbBMnagaHe
nen No
1 59%
2 66%

Bwkpga ce, Ye v fABata KOMMIOTbPHM Mofena umar
Npn6IN3NTENIHO eflHaKBa, HO He3a[0BOJITE/IHO HUC-
Ka CTereH Ha CbBMajeHvie Ha PesynTaTUTe MosyyeHu
ypes TAX W Pe3ynTaTuTe OT eKCrEepPUMEHTASTHUTE U3C-
neABaHus. Hali- BepoATHY NpUUMHM 3a TOBa MoraT fa
6bAaT HETOYHOCTM M MPOMYCKWU MPU KOMMIOTHPHOTO
MofenupaHe Ha 3D KOMNIOTLPHUTE MOAENN Ha CUC-
Temara ,,MOCTOB KpaH- crpaga”. [lpu no Hartarbl-

CobcTBeHUTE (hopMKM Ha cucTemaTa ,,MOCTOB KpaH-
crpaga” 3a BCsika OT NOCOYEHNUTE COOGCTBEHM YeCTOTU
ca NnokasaHu Ha fonHata gur.6.
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thur.6

MpoBefeH e XapMOHWYEH aHaIn3 3a AWHaMWUYHO
Bb3/EeNCTBYE MO NOCOKa Ha oc "'y"- ¢our.7

0.000 1,000 ()

0.500

twur.7

3afafleHo e XapMOHWYHO WMHEPLIMOHHO CMYyLLe-
Hve wur.7.-yckopeHve ¢ amrumtyga a=0,25g=
2,45[m/s?], kaTo 4ecToTaTa Ha TOBa XapPMOHUYHO
CMYLLEHWe e BapupaHa B WHTepsana ot 3 Hz fo
80Hz. OtTmam B nporpamHua npofdykt ANSYS
WORKBENCH ca nonyyeHu OMPeKTHO KpUBMTE Ha
YECTOTHO pearvpaHe Ha YeTVUpW WU3CeABaHN BENNYN-
HU ¢ur.5:

- 1. HanpexxeHns B CpefHO CeyeHWe Ha rnasHa
rpega- 1,

- 2.HarpeXeHus B KpalHO CeYyeHWe Ha rnaBHa
rpega- 2;

- 3.yCKOpeHVe Ha TOYKa B CpefHO CeyeHue Ha
rnaBHa rpega- 3;

- 4. yCcKOpeHMe Ha TOYKa Ha KOoTa MOoAKpaHOB
neT- 4.

O
o

Ha ¢wur.8, ¢ur.9, ¢ur.10 n ¢mr.11 ca nokasaHu
amnanTYy[o- YeCTOTHUTE U (ha30- YeCTOTHU XapaKTe-
PUCTVKN Ha U3CNeABaHNTE BENINYNHM.

Frequency Response
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Frequency Respanse KOMMIOTbPHYW MOfena Ha cucTemara MOCTOB KpaH-
5 crpafa, kato e HarnpaBeHa OLeHKa Ha afjeKBaTHOCT Ha
e 7 BCEKW OT TAX, MO KPUTEPUM CTeneH Ha CbBnajeHve
15 4 Ha TAXHOTO AMHAMWYHO MOBEfEHMe C AMHAMUYHOTO
Eos2 nosefieHne  Mosiyd4eHO  MNpU  eKCrnepuMeHTaTHU
€% = , a0, s, 60, 7, n3cnefBaHus. HanpaseH e MofaneH aHann3 Ha 3D

Frequency (Hz) KOMMNIOTbPHaTa  KOHCTPYKUMS, MNpU  KOMTO ca

YCTaHOBEHN MbpBUTE 12 COOGCTBEHM YECTOTU W
(hopMm Ha TpenTeHe Ha

KOHCTPYKUMATa "MOCTOB KpaH- crpafa”. HanpaseH e
XapPMOHWYEH aHaM3 Ha  YeTUpU  U3CnefBaHn
BE/IMUMHUN- HaMpexXeHns B CPeAHO CeveHne Ha

Phase Angle (°)
T I
[ I (VT B B A |
g R gd o
>

11,2 20, 3o, 40, s0, 60, 70, as,

Frequency (Hz) rnaBHa rpefa; HanpeXXeHns B KpaliHO CeyeHue Ha
rnaBHa rpefa; YCKOpeHWe Ha TOUKa B CpeAHO ceyeHue
Gur.11 Ha rfnaBHa rpefga W YCKOPeHMe Ha ToYykKa Ha KoTa
MOAKPaHOB MbT MPU  XapMOHUYHO WHEPLMOHHO
3. N3Bogm CMYLLEHNe.

HacToswara pa3paboTka e NoCBeTeHa Ha aHann3a
Ha  [AMHaMW4YHOTO MOBEAEHMEe Ha  Hoceularta BnarogapHocTM
KOHCTPYKLMA Ha cucTemaTa “MOCTOBW KpaH-crpafa’. PaspaboTkata ce (puHaHcupa ot HAC npu TY- Co-
Pa3paboTeHu ca ABa BapuaHTa Ha usumcnutensu 3D (s, upes npoekt 091HN021-06.
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SYSTEM “GIRDER CRANE- BUILDING” DYNAMIC ANALYSIS BY USING THE
FINITE ELEMENTS METHOD

K. Radlov N. Kotzev

Abstract

The present work suggests dynamic analysis of the system “girder crane- building” by using the finite ele-
ment method. There are developed two kinds of system “girder crane- building” 3D computer models, and an
correctivity estimation is performed for each of them, by criteria “correspondation to the results from an ex-
perimental researchment”. There are alaso modal analysis performed and the first 12 frequences and modal
forms are obtained. There is a harmonic analysis performed for four parameters: stresses in the main beam mid-
dle section; stresses in the main beam end section; acceleration in the main beam middle point; acceleration in
the main beam end point in case of external harmonic accelerative actuation.
Keywords: girder crane, finite element method, computer model
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