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MODELLING OF STANDS RIGIDITY
OF THE LONGITUDINAL-WEDGE MILL
TO RISE ACCURACY OF THE STRIPS

Abstract. In the article, the mill of new construction is suggested. MSC. VisualNastran 4D software was used
to calculate the stress-strain state of heavy duty details of the proposed mill. It is shown that the value of eclastic
deformation of the rolls elements and supporting frame is insignificant, which proves that rolls nodes of the working
stands have high rigidity. It grants receiving required transverse and longitudinal gage interference and flatness of the
rolled strips within the permissible tolerances. The conducted research also proves that reasonably high rigidity of
the roll assembly of the working stand and equivalent stresses, aroused in the heavy-duty elements, are not exceed
the maximum of the acceptable value of the stress limit for this material. At the same time, the rigidity of the stands
construction of the multifunctional longitudinal-wedge mill satisfies the requirements of the standards.

Keywords: mill, modelling, rolling, strip, rigidity.

Introduction. Last decades tolerance characteristics of the strips cross-section are decreased in world
production, it is connected with the general tendency of increasing requirements for sheet metal quality
[1]. It is relevant as for the majority thin strips with the width of 0.8-1.5 mm, which is exploited in
mechanical and civil engineering, and for the strips with the width of 1.8-3.0 mm, directed as the semi-
finished products on the mill of cold rolling for producing automobile sheets.

It should be noticed, that development of the world economy, implementation of the newest
innovation projects into the production require the usage of the materials with the complex of physical and
technological properties, as a high strength, electro- and heat conductivity [2, 3]. Such properties belong to
the strips made of brass, bronze, copper-nickel, aluminium alloys and precious metals with improved
geometrical parameters. The cold-rolled strips and tapes of these alloys can be used for the production of
electrical and instrument-making industry, as well as the goods of mass demand (heat exchangers, pipes,
radiators, etc.). Therefore, jewellery, electrical and other industries in many countries needs to produce
copper strips less than 1 mm thick, aluminium sheet with a thickness of 2—-0.5 mm, strips of precious
metals of less than 2 mm thick. In this regard, the development of theoretical foundations of production
strips and tapes of these alloys with high quality geometric shape is a priority.

The geometric shape (flatness, longitudinal, transverse unevenness) of rolled strips is one of the most
important indicators of the quality of sheet metal [4]. The formation of longitudinal unevenness at a fixed
position of the adjusting screws associated with the change of rolling conditions along the length of the
strip, thereby changing the pressure of the metal on the rolls, and hence the elastic deformation of the
stand and rolls elements, which ultimately leads to a change the gap between the rolls and the strip
thickness. In its turn, the formation of cross-sections unevenness's associated with the uneven conditions
along the width of the deformation zone, the reason of which is an elastic deflection of the rolls, thermal
bulge of the rolls, flattening and wear of the rolls drums, which are non-uniform along the strip width.
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Currently producing bands and strands made of iron, non-ferrous and precious metals with high-
quality geometric shape needs to be improved both by rolling equipment, and computer models, that
adequately describe the process of getting the flatbedbands and strands.

In small enterprises, where ferrous metals including noble and precious metals are rolled, in most
cases specialized low capacity sheet rolling mills are exploited [2, 3]. The conditions of sheet rolling are
characterized by the presence of various constructive schemes of working stands, featured by the maxi-
mum design simplicity and which are effective in a large range of products. The most often duo or quarto
stands are used, when rolling non-ferrous materials.

In [5, 6] it was found that during sheet rolling usually simultancous change of the cross profile and
flatness of band takes place. These parameters are interrelated. For example, as a result of the elastic ben-
ding of roller system, wear or heat convex of roll barrels the profile of the gap between the work rolls is
changed, which creates a different compression of sheet metal sections across its width. Areas, drafted
stronger tend to stretch out to a greater extent than less drafted parts, and draw them away, exerting in
them the longitudinal tensile stresses. As a result of delaying effect of the less drafted arcas in more draf-
ted zones the longitudinal compressive stresses appear. Thus, arcas of the sheet metal that receive less
drawing down will be elastically stretched, whereas areas with more drawing down will be elastically
compressed in the longitudinal direction. Described inequality of the longitudinal stresses will remain in
the sheet metal in the form of longitudinal residual stresses, which are unevenly distributed over the strip
width.

In the last 15-20 years, some aspects of modeling of elastic flattening and thermal regime of bands
and rolls of hot rolling mills have been published [7]. However, comprehensive study, that allows to
calculate the output geometric parameters of the rolled sheets depending on the technological parameters
of the rolling process and control actions, are still missing. This is due to the complexity of the problem
and the need to carry out industrial research on a large, high-performance metallurgical equipment, where
there are very limited opportunities for scientific experiments.

Thus, improvement of power parameters, as well as the thermal regime of the rolling strip and coo-
ling system of the roll of hot rolling mills is an urgent task not only for hot rolling plants, but also in gene-
ral for rolling production [7-11]. An effective solution to this problem is possible on the basis of the im-
provement of the rolling equipment and the rolls systems, and development of automatic systems to
control thickness, profile and flatness of the rolled strips, creating new ways of rolling and roll systems for
their implementation.

In our opinion, the best method of control of the transverse gage interference and flatness is the
creation of the mill with rational design, optimization of draft modes and reductions of hot rolling force.
To this end, we have developed a new rolling mill construction [12], that allows to assign rational techno-
logical parameters of rolling.

The aim of the research: by using computer simulation to calculate the strength and elastic defor-
mation of the heavy-duty multifunction mill elements and to determine the possibility of obtaining thin
sheets of high quality.

Equipment, tools, materials and the method of the experiment. New multifunctional five-stands
longitudinal-wedge mill (LWM) for rolling thin strips with accurate geometrical dimensions with simple
construction was developed (figure 1).

Multifunctional LWM for rolling sheets of steel and alloy contains: motors, gearboxes, gear cage,
universal spindles, couplings, stands with working and back-up rolls. At this, there are two and four back
up rolls in the first three stands and in the last two stands respectively. Rotation of the working rolls,
which are decreased in the rolling direction, is carried out through the bearing cages by the five gear-
motors with angular velocity @ = »-R (where v - the rolling speed in each mill stand; R — the radius of the
work rolls in each mill stand). The distance between the stands is increased by the amount of forward
flow, and distance adjustment between the work rolls is made by the uniform worm push mechanisms
located above and below of the mill frame assembly and bearing cages.

It should be noted that working rolls in each stand have a constant diameter, and the diameter of rolls
in the sequentially arranged stands is reduced in the rolling direction. In output the thin strip is cut or
reeled.
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Figure 1 — Multifunctional longitudinal-wedge mill

In the work, a dynamic computer model for calculating deflection, vibration and stress-strain state
(SSS) of working and back-up rolls in the elastic formulation was developed. The main technological
nodes and parts, that make up the stands construction and perceiving rolling force, are non-driven back-up
rolls, drive working rolls, frame, pillows of stands, etc.

Components of the stress tensor, von Mises equivalent stresses, as well as elastic deformation and
vibration of rolls were calculated by using simulation modeling of stands elements and theoretical calcu-
lation based on the finite element method of the dimensional SSS [13].Strips rolling force of the multi-
function LWM was calculated by using the methodology for calculating energy-power parameters of
rolling. The methodology itself was developed by us [14].

Finite element analysis PATRAN NASTRAN software was used to implement the methodology for
SSS and ¢lastic deformation of stands parts calculation [15, 16]. PATRAN NASTRAN is computer mo-
deling system, that allows to explore kinematics, dynamics of mechanisms with the possibility of calcu-
lating the stress-strain and thermal states as individual units, and mill as a whole.

During design of working stands in PATRAN NASTRAN, to calculate SSS of the stands parts the
following operations were made [15, 16]:

- creation of a 3D geometric model of every detail in the COMPASS software according to the wor-
king drawings and assembling of the nodes of the working stands;

- import of the model in PATRAN NASTRAN pre-processor with the adopted kinematic con-
nections;

- selection of the materials for the details, their mechanical and physical properties (modulus of elas-
ticity, mass density, Poisson's ratio, tensile strength, etc.);

- formation of the kinetically and statically boundary conditions;

- modeling of the calculated mechanical circuit that includes load distribution across the width of the
rolling sheet;

- implementation of the delivery of the torsion torque to the rolls;

-input of the finite element mesh of new mill stands parts by using Mesh Seed option;

- definition of SSS of mill stands parts;

- modeling of the ¢lastic connection between nodes of the stand that was simulated by CBUSH spring
- damper element;

- assessment of thelevel of obtained elastic deformations and stresses in the volume of each part of
the stands on the required stiffness and strength criteria and introduction of relevant amendments to the
mill construction (solid model of the mill).

The method of the parameterization of the geometrical sizes of the construction was used in order to
automatically correct the model of the mill. This method allows to make appropriate changes in the design
of a new multi-function mill stands based on the calculations of strength.
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Six and eight nodes of dimensional finite elements were exploited to simulate construction of the new
mill. In addition, twelve types of the stiffness were considered to define the main characteristics of the
stiffness of the mill stands.

It has to be noted that the steadier of the roll node of the stands was modelled in more detail. The
computational model of each spherical roller bearing includes three types of components: an outer, an
inner ring and two rows of rollers by 18 in each.

During developing of the design scheme the condensed finite element mesh was used in the places of
the supposed stress concentration.

Stress state of heavy duty components of the stands (back-up rolls and working rolls, frame, bearings,
pads, bushings) was calculated by applying the rolling force and the effects of thermal stresses.

The kinematic connection between the heavily loaded elements was simulated by the rotating and
sliding kinematic pairs for the common surfaces of interface. At the same time, the collision and friction in
the rolls, pads, bearings, etc. weretaken into account.

In PATRAN NASTRAN heavy duty elements are supposed to be absolutely rigid and ensure the
properties of thermal conductivity and heat transfer, i.e., thermal conductivity, specific heat and density
are taken into consideration. For the material of stands parts the density and thermal properties were
designated by default.

In the process of modeling the contact conditions are constantly updated to reflect the rotation of the
rolls, and the deformation of the material, which allows to simulate the sliding between the back-up and
working rolls, as well as between the work piece material. Contact between the working rolls and a thin
sheet is modeled by Coulomb friction with the coefficien to f 0.5. In this case, the friction force between
the rolls taken equal to 0.0868.

Temperature conditions during rolling in the multifunctional LWM consists of heat exchange
between the rolls, the thin work piece and the environment, as well as a thermal effect due to metal de-
formation. The rolling process took place at a temperature of 300 °C. However, the initial temperature of
the rolls taken was equal to 20 °C.

It should be noted that the rolls were assembled on the supporting necks of the bearing box by three
degrees of freedom T, 7y, 7,. The material of the rolls has been accepted 9X1 steel with the following
mechanical properties: modulus of elasticity — 2.1+11 Pa; Poisson's ratio - 0.283; shear modulus -
8.1839+10 Pa. The material of the frame stands is 40HS steel with the modulus elasticity 214-10° MPa

and a tensile strength o = 981 MPa. Punches factor of 40HS steel equals to 0.3. The material of the

other parts of the mill is 45 steel with the following mechanical properties: modulus of elasticity —
2,034E+11 Pa; Poisson's ratio — 0.29; density — 7833.394 kg/m’.

The strength and stiffness of working and backup rolls of the multifunctional mill were studied
during hot rolling of the strips made of D16 alloy with the size of 0.7-400 mm. As the initial preform the-
semi-finished rolled stock with the thickness hy = 3.5 mm was used.

For rolling the strip in the first, second, third, fourth and fifth stands the rational modes for rolling
was used.

Results and discussion. The calculations of the new mill stands, made by using the finite element
models, have shown that:

-maximum equivalent von Mises stresses of the first, second, third, fourth and fifth offered
mill stands are equal to, respectively: in the bodies of the backup rolls - 12.9 MPa; 21.3 MPa; 6.95 MPa
20.59 MPa; 395 MPa, and in the neckoftheback-up rolls - 27.49 MPa; 62.83 MPa; 20.52 MPa;
0.2197 MPa; 0.3990 MPa;

- maximum equivalent von Mises stresses of the first, second, third, fourth and fifth offered mill
stands are equal to, respectively: in the bodies of the of the working rolls — 22.14 MPa; 21.32 MPa;
13.02 MPa; 67.35 MPa; 52.89 MPa, in the neck of the working rolls — 36.90 MPa; 106.6 MPa; 39.05 MPa;
112.3 MPa; 88.16 MPa;

- under the influence of applied vertical forces (Y - direction) the rolls bend along the direction of
forces action, i.e. maximum forces, arising in the Y-axis direction, lead to a maximum deflection in the
same rolling direction;
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- during rolling in the first, second, third, fourth and fifth stands of the multifunction LWM toward
the Y-axis the following maximum values of displacement arise, accordingly: in the middle of the backup
rolls body - 0.000106 mm; 0.0002792 mm; 0.00006738 mm; 0.00003579 mm; 0.00006721 mm, and in the
neck of theback-up rolls - 0.00005351 mm; 0.0001275 mm; 0.00002573 mm; 0.00003161 mm;
0.00004161 mm;

- maximum values of the displacement in Y-direction of the first, second, third, fourth and fifth mill
stands, respectively: in the body of the working rolls - 0.00009316 mm; 0.0002064 mm; 0.00005269 mm;
0.0002035 mm; 0.0001711 mm, and in the neck of the working rolls - 0.00006158 mm; 0.0001327 mm,;
0.0000246 mm; 0.00009611 mm; 0.0001125 mm;

- little effort, arising in the direction of rolling axis, i.¢., X-axis, give rise to small elastic movements
of the rolls material in the same direction;

- during rolling in the first, second, third stands of the proposed mill, following maximum
displacement values arise in the X-axis direction from the opposite drive of the stands: at the edges of the
backup rolls body - 0.00002788 mm; 0.00006604 mm; 0.00001945 mm, respectively, while the same
displacement values arise in the neck of the respective backup rolls;

- during rolling in the first, second, third stands in the direction of X-axis the maximum value of the
displacement occur in the body and neck of the working rolls at the opposite side of the drive of the mill
stands with the value of: 0.00002555 mm; 0.00006126 mm; 0.00002087 mm;

- during rolling in the fourth and fifth stands of anew mill in the direction of X-axis the maximum
displacement occurs in the middle of the body of the backup and working rolls with a value equal to,
respectively: 0.0001251 mm; 0.00005497 mm, and for the neck of these rolls - 0.00008638 mm;
0.00004047 mm;

- in the body of the backup rolls of the last two stands of the LWM in the X-axis direction following
maximum values of the displacement arise, respectively: 0.00006695 mm; 0.00009568 mm and in the
neck of the backup rolls - 0.00005204 mm; 0.00006797 mm;

- small forces, occurring in the perpendicular direction to the rolling axis, i.e. Z-axis, lead to the
appearance of elastic displacements of the rolls material in the same direction;

- during rolling in the fourth and fifth stands of the proposed mill in Z-axis direction the maximum
values of the displacement were equal to 0.000003809 mm; 0.000008941 mm respectively, occured from
the side of opposite drive of the stands, at the edges of the backup rolls, while the same displacements
arise in the necks of the respective backup rolls;

- during rolling in the fourth and fifth stands of the new mill in Z-axis direction the maximum value
of the displacements in the working rolls also occurs at the opposite side of the drive of the mill stand.
Their values for the body and neck of the working rolls for the fourth and fifth stands are equal to,
respectively: 0.00003221 mm; 0.000026555 mm;

- during rolling in the first, second and third stands of the new mill in the Z-axis direction the maxi-
mum values of the displacement arise in the body of the backup rolls with the values of displacement for
the body of the backup rolls are: 0.0004572 mm; 0.00127 mm; 0.0003196 mm, and for the neck of the
working rolls — 0.0005040 mm; 0.001413 mm; 0.0003587 mm, respectively;

-in the first three stands along Z-axis direction following maximum values of the displacement
occur: in the body of the working rolls — 0.0004106 mm; 0.001160 mm; 0.000363 mm, and in the neck of
the working rolls — 0.0003736 mm; 0.001064 mm; 0.0002715 mm, respectively.

It has to be noted that obtained calculations of the equivalent von Mises stresses not exceed the
maximum values of the permitted limits of the strength of the roll material and the upper boundary of the
contact fatigue stresses. It means that slight deviation from the process does not lead to the destruction and
the appearance of defects on the surface of the rolls: cracks, pitting, spalling.

In general, the total value of the elastic deformation of the roll elements is small (figure 2), indicating
a relatively high rigidity of the rolls unit of working stand. This guarantees a transverse polythickness and
flatness of rolled strips within the required tolerance.

So, the greatest displacements for all working rolls of mill stands are along the rolling force appli-
cation, in other words in the direction of rolling force action (along Y-axis). Displacements along the X
and Z axes are virtually equal. For the backup rolls substantial is deformations along the Y and X axes,
while for the working rolls and bearings is along Y and Z axes.
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Figure 2 — The picture of the total field of elastic deformation movements
in the backup and working rolls of the first (a) and the fifth (b) stands of the multifunctional mill

During rolling in the stands of new mill due to adecrease of the biting arc length during transmission
from the first to the last stands, the length of the deformation area decreases. Such decrease of the defor-
mation area length gives anadvantage for the proposed rolling process over the traditional rolling process.
The advantage of the rolling on the new mill is significant (from 2 to 10 times) reduction of the metal
pressure on the working rolls. From one side it allows significantly decrease elastic bend especially of the
last stands rolls of the mill, and consequently to cut transverse gage interference and to improve the
flatness of the rolled strips, on the other side to reduce the metal intensity of the rolling equipment during
design and actuation of the rolling mills of new construction.

With an increase of the rolling speed on the mill of new design relatively small increase of dynamic
loads in the main nodes of the stands and of the drive line occur. Mechanical vibrations of the stands
nodes and line drive units can become a cause of small vibration magnitude. Studies have shown that in
comparison with the last two stands relatively large vibration in magnitude appears in the first three stands
of new mill. This is connected with the fact that two backup rolls are used in the first three stands, and
four backup rolls are used in the last two stands.

Figure 3 and 4 show the calculation results as a distribution pattern of the equivalent stresses, elastic
displacements, the stress tensor components in the power components of the multifunctional LWM stands.

Carried on the finite element model calculations showed that:

- received maximum values of equivalent stress (the first stand - 63.39 MPa; the second stand - 114.4
MPa; the third stand - 52.74 MPa; fourth stand - 59.86 MPa; fifth stand - 47.74 MPa, Figure 3) are not
exceeded the maximum permissible value of the tensile strength of 98.1 MPa for the material. In this case,
the maximum values of the stresses are observed at the bottom of the frame crossmember;
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Figure 3 — Pictures of Mises equivalent stresses field distribution in the first (a) and the fifth (b) stands of multifunctional mill
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Figure 4 — Pictures of the total elastic deformations displacement field distribution
in the first (a) and the fifth (b) stands of the multifunctional mill

- during rolling in the first, second, third, fourth and fifth stands of the multifunctional LWM in the
housing post in the vertical direction (Y-axis) the maximum by the value displacements occur. Their
values for the first, second, third, fourth and fifth mill stands are equal, respectively: 0.0000925 mm:;
0.0002661 mm; 0.00007282 mm; 0.00003479 mm; 0.00004188 mm;

- small forces, occurring along the axis of rolling direction, i.e. X-axis, give a rise to small elastic
displacements of the frames material in the same direction. Wherein during rolling in the first, second,
third stands of the proposed mill the maximum displacements by the value occur in entablature of the
frame from the side of opposite drive of the stands. The values are equal to: 0.00005183 mm; 0.00001602
mm; 0.00005027 mm, respectively.

- during rolling in the fourth and fifth stands of new mill the ¢lastic displacements in X-axis direction
is uniformly distributed in the frame, as well as in the upper and lower cross pieces of the frame, wherein
the maximum value of the displacement equals to: 0.00005015 mm (the fourth stand); 0.00008168 mm
(the fifth stand);

- small forces, occurring in a perpendicular direction to the rolling axis, i.e. Z-axis, lead to the
appearance of the elastic displacements of the frame material in the same direction. Wherein during rolling
in the fourth and fifth stands of the proposed mill in the upper crosspiece of the frame from the opposite
drive of the stands the maximum values of the displacements arise, that are equal to 0.00002995 mm;
0.00005795 mm, respectively.

- during rolling in the first, second and third stands of thenew mill the largest maximum displacement
in Z-axis direction occurs in the lower crosspiece of the frame. In this case, the maximum values of
displacement for the lower cross member of the frame are equal to 0.000005111 mm; 0.000001516 mm;
0.000004097 mm;

- total displacement distribution pattern in three directions corresponds with the deformed shape of
the construction shown in figure 4. The maximum displacement observed in the upper cross frame of the
mill stands (0.0007597 mm - first stand; 0.002182 mm - second stand; 0.0005997 mm - the third stand;
0.0001074 mm - fourth stand; 0.0001041 mm - fifth stand);

- as a whole, distribution of safety margin for the housing post satisfies the condition of strength at
the safety factor adopted as 10. The weakest point of the frame is the upper cross member.

It should be noted that the use of only two backup rolls has a certain influence on the clastic
deformation of the bearing. However, the use of four backup rolls in the last two stands of the mill reduces
both the magnitude (changing from 0.0008 to 0.0009 mm) and the area of the ¢lastic deformation of roller
bearings. An outer bearing rings have the maximum deformation, at this with the decreasing diameter of
the rolls and increasing the number of backup rolls the area with the most elastic deformation of the
bearing is shifted into the inner side of the roll neck. This is due to the change of load application schemes
in the roll node of the multifunctional LWM.
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Roll carriage, inside which the necks of the roll are placed, can elastically deform in the vertical and
horizontal planes, as well as rotate relative rolling axis. The elastic displacement in the direction of load
action for the roll carriage, located from the side of roll drive, is 1.2 times greater than for roll carriage,
arranged at an opposite side to the roll.

Thus, the strength of heavy duty components of the stands complies with the technical requirements
applicable to the mills. With this, new multifunctional LWM has enough high rigidity of the stands
construction. Based on the research results it can be noted that rolling strips on the proposed mill will not
lead to the production of finished steel with longitudinal and transverse gage.

According to the conducted research in the work, the measures for the multifunctional LWM stands
modernization were developed. It is shown that it is required to install hydraulic pressure device for
controlling the roll gap of the work rolls in the fourth and fifth stands of the proposed mill. To ensure
uniform distribution of the load and increase the life of the bearing it is offered to strengthen the rolls by
the freely floating rolls carriage. It is suggested to replace the double row spherical roller bearings on a
tapered roller bearing by larger capacity in the fourth and fifth stands of the mill. The proposed design
solutions will reduce the strain level of the stands.

Conclusion.

1. Based on the simulation results it is proved that the stresses, arising in the details of the construc-
tion of multifunctional LWMstands during the rolling process, does not exceed the maximum allowable
stress.

2. By the calculation it is established that the reduction of the diameter of the rolls in the direction of
rolling has a significant impact on the reduction of the elastic deformation of the heavy-duty elements of
the multifunctional LWMstands, with the use of four backup rolls in the last two stands of the mill, that
reduces both the magnitude and the elastic deformation area of the bearing of the mill rolls node.

3. It is shown that the value of the elastic deformation of the rolls and frame elements is small, and it
proves that the nodes of the rolls of the working stands have enough high rigidity. It assurances producing
of the rolled strips with the transverse and across interference gage and flatness within the required
tolerances;

4. It is proved that the strength characteristics of the new mill stands satisfy the strength condition of
the mills. At this rigidity of the stands of multifunctional LWM construction meets the requirements of the
standards.
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'Carmaes yruBepcureti, Amvatsr, Kazakcran,
0. B. BeKkTypOB aThIHIAFEI XHMHA FRUIBIMAAPH HHCTHTYTHI, Anvatsl, Kasakctan

METAJIIAP MEH KOPBITIIAJTAPJAH JKACAJIFAH JKYKA KOJAKTAPBIH,
JOJIIITTH ) KOFAPJIATY MAKCATBIMEH BOMJIBIK-CBIHAJTEI
OPHAKTEIH KATAHJLIFBIH MOJEJLAEY

AnHoTtammsi. Makanaga KypbUTbIMBL JKaHA OPHAK YCHIHBLUIFAH. Metanmapasl KbICBIMMEH 6HJCY NPOICCTEPiH
ecemnTey YIIH KOJIAHBLIATHIH IIETKI 3IEMEHT daicremeci 6armapmamacel MSC.visualNastran 4D maiinaiaHsmr, yCbl-
HBLUIBIN OTBIPFAH OPHAKTBIH KATTHI )KYKTEJITCH 3IEMCHTEPIHIH KepHEyIi-aedopmanmsel kyii ecenrenai. OpHAKTHIH
MHIIHOLTIr] MEH TYFBIPBI JJIEMEHTEPIHAC Maifaa OOJIaThIH cepmiMai Ae(opManys MeIepi K6l eMeC EKEHI )KyMbICTa
KepceTinai. by xympIcnmbl Kanac minmHOMT! TOPAOBIHBIH KAaTAHIBIFBI JKETKLIIKTI JKOFAPBI CKCHAITIH JomeIeimi.
OcwIHBIH 00pi, Tajam CTIICTIH AYBITKY IICTiHAC OOUIBIK JKOHC KOIACHCH OAFBITTAFBI ANAKAJIBIHIBIK NCH IUIAHIIC-
TITKTI WIACMACTICTIH >KOJAKTATyFa MYMKIHmIK Oepemi. JKaHa OpHAK KamacTapblHBIH OCPIKTIKTIK CHIATTAMACHI
OpHAKTapFra KOMBUIATHIH OCPIKTIK IMAPTHIH KAHAFATTAHABIPATHIHIBIFEI XKYPTi3LITeH 3epTTeyIepMeH aaaenaeHal. Ochl
OPHAKTBHIH aybIP XYKTEME TYCCTIH 3JIEMEHTEPiHAC Maifga OONATHIH SKBUBAJICHTTI KEPHEYJIEP, OCHI IJICMEHTTEP
JKacalFaH MATCPHATAAPABIH OCPIKTIK MCTiHIH PYKCAT CTLMCTIH MAKCHMAITHIBI MOHIHCH ACTIAHTHIHIBIFBI AHBIKTAJIIBL.
OcbI ke3¢ KOMKBI3METTI OOHIIBIK-CHIHAIIBI OPHAK KanacTapbsIHbH KaTaHAbiFbl MECT-aiH Tana0bIHA COHKEC KEE.

Tyiiin ce3aep:OpHAK, MOICIBACY ,JKaliMamay, JKOIAK, KaTaHABIK.

C. A. Mamexog', A. E. Hyprazaes', A. C. Mamexora', b. H. AGcapikor?, E. 3. Hyrman'

'Carnaes yrmBepcuteri, Anmvatsr, Kasaxcran,
*MHCTHTYT XUMIUECKHX Hayk uM. A. B. Bekryposa, Amvatsr, Kazaxcran

MOJAEJUPOBAHME )KECTKOCTH KJETEXA MPOJ0JIbHO-KJINHOBOI'O CTAHA
C IIEJBIO TOBBIINEHUA TOYHOCTHU TOHKUX ITOJOC U3 METAJIJIOB M CILUTIABOB

Amnnoramust. B cratee npeanokeH ctaH HOBOH KOHCTpYyKuuH. C HCIONMB30BAHHEM MPOTPAMMHOTO MPOIYKTa
KoHeuHO-3MeMeHTHoro (K3) aHammsa, crenmaTM3upOBAHHOTO I pacyeTa MpOUEecCoB 0OpabOTKH METAIIOB JAaB-
neameM MSC.visualNastran 4D, paccunTano HANPSHKCHHO-AC(HOPMHPOBAHHOS COCTOSHHC THKCIO HATPYKCHHBIX
3JICMCHTOB MMPEIIaracMoro craHa. [10ka3aHO, 4TO BEIHYMHA YOPYro#l aedopMaly 3JICMCHTOB BAJIKOB H CTAHHH
HCBEJIMKA, YTO CBHACTEIBCTBYET O JOCTATOYHO BBICOKOH JKECTKOCTH y3JIa BAIKOB PAOOUHX KJICTCH. DTO rApaHTHPYCT
N0 TY4YCHHUC r[or[epequfI H HpOI[OJ'IBHOfI PasHOTOMIAHHOCTH M IJIAHIICTHOCTH MPOKATBIBACMBIX MOJOC B NMpEaciax
Tpe6yeMI>IX A0y CKACMBIX OTKJIOHCHHI. HpOBeI[eHHBIM HCCICAOBAHUCM TAKKE OJOKA3AHO, YUTO MPOTHOCTHBIC XapaK-
TCPUCTUKH KJICTCH HOBOTO CTAHA YAOBJICTBOPSIOT YCIOBHIO MPOYHOCTH CTAHOB M BOZHHKAIOIIKUC B TKSIO HATPY-
JKCHHBIX 3JICMCHTAX 3KBHBAJICHTHBIC HAMPKCHHUA HE MPEBBIIIAOT MAKCHMAIBHO AOOIYCTHMOC OJIA JAHHOTO MATC-
pHana 3HAYCHUE MPEICIa MPOYHOCTH. [IpH ITOM MKECTKOCTh KOHCTPYKIHH KJICTCH MHOTrO(YHKIHMOHAJIHHOTO IPO-
JTOJTEHO-KJIMHOBOTO CTaHA COOTBETCTBYCT TpeboBanmsM ['OCTos.

Kirouepnie cjioBa: CTaH, MOACTHPOBAHHE, MPOKATKA, TIOJIOCA, JKECTKOCTb.
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