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ABSTRACT

The tractor driver spends most of his working time behind the wheel of the machine. The problem is that the
cabs of modern tractors are extremely susceptible to vibrations and noise. This causes a risk of being injured at work,
which leads to a decrease in labor potential, and naturally in company profits, as the company will have to find new
employees, and pay to injured drivers for medical treatment. In the end, expected profits will be lost. This is why this
article discusses the possibility of minimizing vibrations and noise inside the cabin. Methods used to achieve this goal
were methods of analysis, forecasting, and the finite elements method. This resulted in a special algorithm that allows

creating a design of special purpose machines with significantly reduced noise and vibration.

KEYWORDS: Tractor Cab Frame & Optimization in Design
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INTRODUCTION

Industry requirements for the construction of a rgameration of tractors are reduced to minimizisg |i
weight while maintaining the strength, stiffnesstloé cabin, the requirements of passive safetyit¢shinen the

cargo falls on the cabin and rollover), reduce @@isd vibrations in the cabin.

Special protection frames are also needed, singiyefergencies (ISO 3463: 2006; ISO 3449:2005;
Technical Regulation of the Customs Union 031/2012)

The problem of optimization of complex structurgselevant for many branches of modern industrg, an
tractor construction is no exception. At the stafjeesigning a new tractor, especially includingthloaded ele-
ments (for example, a cabin) with strict restrioimon the permissible mass, it is important toyasathe rational
distribution of the material in detail, that is, aptimize its topology. To solve such problems, thest effective

methods are finding the optimal topology by thétéirelement method using specialized software ppeka

Problems associated with the design and testitigactior cabs are described in the works of P. Drarimé
(2010; 2011; 2011b), JR Eterithon et al., (2008 ,Harris et al., (2000), etc. In these works, timdd element
method is widely used, but design optimizationesf@grmed manually based on the results of calaatiln the
works of A. Pituchin (1998) and Yu. Gerasimov, Sbuniev(1998)modeling and optimization of the desi
forest machines from the point of view of catasti®fheory are considered. They carried out a straicbptimiza-

tion of the welded frame of the cabin with respecthe stiffness of structural elements and econafficiency.

The process of optimizing the frame of the cabinpimtection against a falling object is descriliethe work of
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P. Dumitrahe (2014). A similar problem was alsosedlin (Sobieszczanski-Sobieski, Kodiyalam& Yan@Q2; Schramm,
2001;0Oljaca et al., 2015; Donati, 200X owever, in these works a simpler task is sohady parametric optimization is
performed (thickness of sections elements)ualsmaller number of elements in the finite eletmeadel, only one

case of the crash test (a drop of the object drg@abin) is considered.

In this paper, the authors proposed a multidistépli approach to the structural optimization of e/ generation
tractor cab with an improved design that will dgtighe requirements for vibro-acoustics and passsadety.
At the first stage of structural optimization, githl model of the original design of the tractaasadeveloped to determine the
layout constraints for the design, then an updateer surface, the beam structure of the cabinttamgosition of the beams
that define it are developed (Figure. 1). At thistfstage of structural optimization of the traatab, the objective function is
to minimize the mass, provided that the standafetys@onstraints are met. For this purpose, optition of the density-
based topology is used to solve the problem ofraelminimization at offsets and frequency constsaiiibe solution is then
interpreted manually to obtain the position of bieams. This first stage of the methodology is dale “classical approach”
to optimization. In the second stage, the authalkgeghe problem of shape optimization, the desapables of which are the
thickness of the beams, the purpose of which mitomize the mass with the limitations of displa@nupon impact and
overturning and limitations on the frequency regmonThe process, including the first and secondestais called

"multidisciplinary optimization."

New structure

Initial structurs

Figure 1: The Process of the Development of the NeBabin Design
The Software Systems and Methods

One of the widely used methods of topology optiriirais the SIMP-method (Solid Isotropic Materiaithw
Penalization), the purpose of which is to solvephablem of structural mechanics, which is assediatith the optimiza-
tion of the pseudo-density parameter—the scaltt freat describes the distribution of the mateiriathe volume allowed
for the placement of the part. This method is alsed to optimize the topology in commercial too[#iGstruct, MSC /
Nastran, Ansys, Tosca, Abacus, etc. and is widsddwabroad in various applications. The high coatmrtal complexity
of the optimization process requires mandatory Bfivation of the original CAD model of the workgie by removing
minor elements such as small-diameter holes aretothat do not have a significant effect on tigéiy and structural

strength of the part.

The concept of structural optimization usually ud#s three types of different tasks: optimizatidnsiaes,
shapes, and topologies. The last and most diffigypke of task involves determining an efficientday of a material or

some type of structural anisotropy within a certd@sign domain of space given boundary conditidhsst often the

Impact Factor (JCC): 7.6197 SCOPUS I ndexed Journal NAASRating: 3.11
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problem of the best placement of material in a giaeea is formulated as minimizing compliance (nmmazing the overall
stiffness) of the structure for a given system cfrey loads, restrictions on displacements andesources (mechanical
properties and material volume, size of the desigrma, etc.) (Oganesyan & Shevtsov, 20%darlett, 2001; Moreda,
Mufioz-Garcia& Barreiro, 2016)

In this paper as a tool for topology optimizatiéitair Opti Struct is used. For NVH analysis MSCdtfan is

used. LSTC LS-DYNA crash tests are used to cheelptbtective structures against objects falling faath overturning.
The Classical Approach to the Design Process

The classical approach to design is based on thétseof topology optimization (Bendsoe & Sigmu2®04).
The process of the classical approach to optingimas shown in figure 2. The objective of the tagmptal optimization -

reducing the weight of the power frame of the catmstraints are shown in figure 3.

Design space/Boundary Topology Beam
optimization interpretation

CAD interpretation /‘///

conditions

ROPS Front - European requirements \\\f
*  ROPS Rear - European requirements
*  ROPS Side - European requirements
FOPS 1% level - European requirements
FOPS 2" level - European requirements
Modal analysis of Longitudinal mode
Modal analysis of Transverse mode

foor

AL
Figure 2: The Classical Approach t®ptimization Figure 3: Model @nstraints

First of all, the analysis of layout and style sod is carried out and the scope of the desigaterighined, that is,
the volume in which the structural elements of streicture can potentially be located (Figure. 4fteAthis, topology
optimization is carried out. Its results determihe main force paths of the power frame (Figure.The dimension of a
solid model is 540 thousand nodes and 2 million B@usand elements. Topology optimization was peréal with the
following parameters: a maximum number of iteradiqDESMAX)-100; pseudo-density of material at zéeration
(MATINIT) — 90%; objective tolerance (OBJTOL) — 045 Structural steel 09G2S (GOST 380-2005) in tHeutations

are used, the mathematical model of this steeldeseloped as a result of laboratory teBtsrévkov et al., 2017)

Figure 4: Design Volume Figure 5:ésults of Topology Optimization

Then a beam frame model is constructed by manugfilacing load paths with beams, and parametricnigs-

tion of the beam cross-sections is performed (feigb). The dimension of a beam model is 90 thousadés.

Thus, a section map was constructed and then puthtathematical model built up for a prototype. @akign
was modified on two bases — it must ensure vibaustic comfort and provide passive protection. VEitch requirements

being imposed, construction design will take coasittle time.
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The Process of Multidisciplinary Optimization

Multidisciplinary optimizatior looks just like a classical approach, but its fisi@gediffers. Instead of manual re-
finement of the design, optimization is used aheiseration to anaze both vibroacoustic parameters, such as the gl
natural frequencies of the design and the paramefepassive safety, such as the penetration oftsiral elements int
the cabin inner space. &te end of each iterati the engineer determines whether tloastraiits are met. If the require-

ments are not fulfilled, the optimization variabdre altered and the next iteration is perfor (Figure. 7).

Figure 6: Beam Model of the Tractor Cab

Design space/Boundary Topology Beam

conditions optimization interpretation CAD interpretation

Multidisciplinary
optimization saves time
on each designing stage

Targets for nonlinear
optimization haven't to be
developed specially

Multidisciplinary structure
optimization with respect to Crash and
MNWVH performance. This method allows

to take into account linear and
nonlinear behavior of the structure
simultaneously

Figure 7: The Process of Multidisciplinary Optimization

An automatic multidisciplinary optimization processstsown in figure8.

Optimal
structure

| :v".l*i;h(;'y'ﬂ-
ranalysis’

Figure 8: Automatic Multidisciplinary Optimization Process

The objective of this task ihe mass reductionThe goal of multidisciplinary optimization is todece weigh
when performing restrictions on the parametershefNVH cabin (linear analysia solution in Nastran) and cab shi
during impact and tilting (notinear analysisa solution in LS-DYNA). Bssible design parameters (129 parameters
thickness of the cabin parts, the shape of thencalhe materials of the cabin parts. Optimizat®ransidered converge

if all constraints are met.

Impact Factor (JCC): 7.6197 SCOPUS I ndexed Journal NAASRating: 3.11
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Despite its advantages, multidisciplinary optimizathas a number of limitations: the design topgldges not

change during optimization, and the shape changaglaptimization is limited.

Analysis of the NVH main requirements and theithar cascading showed that one of the main parasnate
global natural frequencies of the cabin on its @uepension. Requirements for these indicatorsiegetly related to the
excitation frequencies from the power unit. Eigesgfiencies of the cab should be different fronfitaguency of idling of

the tractor’s engine not less than in the 1.4 Hz.

Values for natural frequencies were calculated dbasethe frequency of the dominant motor harmofacghe
internal combustion engine according to the equatig. The project took into account the charastiexs of the engines
YaMZ 238.

For V-type engine frequency of the dominant motmtonic is determined by the equation:

0.5 n-i

f= 60T ’ 1)

Where + the number of cylinders, — the number of revolutions of the engine crankshaft/minz = 1 for a

two-stroke engineg = 2 for a four-stroke engine. For YaMZ288= 20.5 Hz.

The selected constrains values are guaranteedstwezoompliance with the requirements for vibrowestizc com-
fort:

» Afrequencies of the torsional vibrations of theexsbled tractor cab roof relative to the floor angdports around

the Y axis were set in the range of more than 2%kt more than 30 Hz, respectively;

* Frequency of natural oscillations of the assembhiactor cab in the longitudinal direction - in trenge from 11
to 18 Hz and more than 25 Hz;

» Natural frequencies of the assembled tractor caheartransverse direction - in the range from 168dHz and
more than 25 Hz.

Analysis of the basic requirements for passivetgadad their cascading showed that the main indisaare the

maximum displacement of the structural elementh®tabin under the impact of shock loads.

Thus, the optimization objective is to reduce theessy while limiting the lowest global natural freqay of the
cabin's power frame, according to the maximum patieh of the pendulum with lateral (not more tf28® mm) and rear

impacts(not more than 220 mm).

The design optimization variables are the thickessd all the beams (Figure. 9) that make up thveepdrame of
the cabin. In addition to this, the shape of theités a design variable as well. Variables arewidth, length, a height of

the cabin, the angle of inclination of the winddthi@s well as the angle of inclination of the sidkls of the cabin.
RESULTS OF MULTIDISCIPLINARY OPTIMIZATION

During the optimization process, 57 iterations weagied out. It took 136 hours. Optimization wasried out on
the HPC of SPBPU, which is on the third place irs&a in terms of performance and is the most pawedmputer in
Russia, which is used to solve applied problemgaoious industries. The performance of the HPC.3H flops. As a

result, the design of the tractor cab which sasséill the requirements was obtained.

www.tjpre.org SCOPUS Indexed Journal editor @tjprc.org
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Classical approach Multidisciplinary approach

10
14
13
23
28
32

=2

Thickness

41
45

5.0

Figure 9: Comparison of Optimized Power Frame

Figures 10 and 11 shatlve results of side and rear ROPS c-tests for cabs, optimized wia classical approach

and multidisciplinarylnternal displacement at a lateral impact decre by 17.6%, with a rear impaby 5%.

Rear ROPS

Multidisciplinary | Classical

\ Multidisciplinary
approach approach

approach

Classical {

approach

intrusion,

mm 194.31 204.12

mm

‘ intruston, 215.23 ‘ 261.05

Figure 1®Results ofLateral Crash Tests Figure 11Results of Back Crash Tes!
CONCLUSIONS

The process of multidisciplinary optimization oethdesign of special purpose cabs, minimizing vibnaand ds-
placement from impacts in the working space, has loeveloped. The process is fully automated dodslyou to simua-
neously ofimize the work of NVH & Crash. The result multidisciplinaryoptimization is the structure of the tractor ¢

which has a lower weight (by#8), satisfies the requirements of vi-acoustics and passive safety requirem

A multidisciplinary optimization approach to protien frame design allows reducing production castd time

required for the design.
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Ooknap Ha Temy «OnNTUMM3aUMA KOHCTPYKLIMM CUNOBOIroO KapKaca
u3genua ¢ y4eTom TpeboBaHUM NO BUOPOAKYCTUUYECKOMY KOMGOPTY U
yAapHOM CTOMKOCTU»

1. BBegeHue

B HacTosilLee BpeMs HxXeHepbl NpeanpusaTun Bce bonblue BHUMAHUS yaEensaoT
npobnemam akyCTuk/ 1 BUGpaLmi Npu NPOEKTMPOBaHNN N3OENUIN, KOTOPbIE, BO BPEMS
paboThl, NpeanonaratT B3auMogencTBme ¢ YenoBekoM. [NoBbILEHNE NHTepeca K 3TON
Teme NPoANKTOBaHO MHOMMMU (hakTopamMm, OCHOBHbLIMU N3 KOTOPbIX ABMNAOTCS:

e CTpemreH1e K MOBbILLEHWNIO NOTPEOUTENBCKUX XapakTepUCTUK U Kak crieacTeune
KOHKYPEHTOCNOCOGHOCTM NPOAYKTA;

e yBenuYyeHue BbIYUCITUTENbHBIX MOLLHOCTEN COBPEMEHHbBIX KOMMBIOTEPOB, YTO
NO3BOMNUIO pellaTh MaclwTabHble 3a4a4n, pelleHne KOTOPbIX paHee YUCIEeHHbIMU
mMeToAamMu ObINo 3aTpyaHUTENBHO.

2. OnucaHue npobnemsbl

TpakToOpOCTPOEHME HE CTaro UCKIIOYEHMEM M B 3TOM 00NacTun Takke pacTteT MHTepec
K npobnemam NVH. MexaHunsaTop, paboTtalwmin Ha TpakTope, npoBoauT B kabuHe 80%
paboyero BpeMeHU 1 NoaBeEPXKEH MOCTOSAHHOMY HEraTUBHOMY BO34EMCTBUIO BUOpaumii n
wyma. B cBa3u ¢ 3TMM, NoKynas HOBYH TEXHUKY, OyayLume BnagenbLbl TpakTopa
obpaluatoT ocoboe BHUMaHME Ha BUBpoaKyCcTU4eckum komopTt kabuHebl. NMNoatomy
KOMMaHMsM NPOn3BOAUTENSM CreunanbHON TEXHUKM HEOBXOANMO yUNTbIBATb NOXENaHUs
noTpeduTenen n CTPEMUTLCS K CHXKEHUIO YPOBHS LWyMa 1 BUBpauum cBOen NpoayKumn.

[dpyrum HemanoBaXHbIM TpeboBaHNEM, NpeabsaBAsSEeMbIM K kKabuHe cneumanbHOn
TEXHUKU, ABNSAETCA Hann4mMe 3alnTHOW CTPYKTYpbl. Y4OBNEeTBOpEHMe JaHHOMY
TpeboBaHuio obecnevnBaeT 6€30NacHOCTb MexaHM3aTopa Npyu BO3HMKHOBEHUM ONACHbIX U
aBapUNHbBIX CUTYyaLMIA: NepeBopaYnMBaHne TpakTopa, NageHne Ha KpbIly TSKenbiX
npeameToB. [laHHble TpeboBaHNA pernameHTUPOBaHbl MEXAYHAPOAHbIMU CTaH4apTaMu, a
TakKe TEXHUYECKMM perriameHToM TaMOXXeHHOro coto3a, ctaHgaptamu TOCT n aBnatTcs
obs13aTenbHbIMU ANS BbIMNOIHEHUSA BCEMW NPON3BOAUTENSAMM CNELNanbHON TEXHUKN.

MoaTomy pa3paboTymkm HOBON TEXHUKM, B NOMbITKAX NOBbILLIEHUS]
BMOpOaKycTU4ecKkoro komgopTa, a Takke NoBbILLEHMS MAacCMBHON 6e3onacHocTy,
3a4acTyto CTanknBatoTCsl C HEOOXOANUMOCTbLIO YAOBETBOPEHUS B3aMMOUCKITIOHAIOLLMX
TpeboBaHMIN NpeabaBnsieMblX K KOHCTPYKUUN. Hanpumep, kabrHa Tpaktopa AOmKHA ObITb
)KECTKOM ANs1 NOBbILLEHMS HU3LWEN YacToTbl COBCTBEHHbIX kKonebaHuii 1 0 4HOBPEMEHHO C



3TUM OHa J0JKHa ObITb JOCTATOYHO NOAATNIMBOW ANA MakCUMarbHOro MOrnoLeHus
3Heprun yaapa npv nepesopavynmBaHum.

B cooTBeTCTBMM C 3TUM BO3HMKAET HEOOXOAMMOCTb pa3paboTkM UHCTPYMEHTA,
KOTOPbI NO3BONUT HAXOAWTb ONTMMAaIbHOE pelLleHNe B aBTOMaTUYECKOM pexnme,
koTopoe byaeT yAoBNeTBOPSATL B3aUMOUCKIOYaoLWmMM TpeboBaHNsIM No BUBPOaKyCcTrKe U
Mo NaccuBHo 6e30MacHOCTW.

3. Uenu n 3apaum

B pamkax npoekTa, hMHaHCMpyeMoro MMHUCTEPCTBOM 0Bpa3oBaHnsa Poccumnckon
depnepaumum, Mbl NOCTaBUNK Lenb pa3paboTaTb AaHHLIN UHCTPYMEHT Ha NpuMmepe
NPOEKTUPOBAHWS TPaKTOpa HOBOMO NMOKOMEHUS C YNYyYLEeHHbIM AN3aiHOM, YIyYLleHHbIMU
nokasaTensamMmum 0630pHOCTU, APrOHOMMKK, BUBPOAKYCTUYECKOTO N KNMMaTUYECKOro
KomdopTa.

Ha nepBbix aTanax npoekTa 6bina paspaboTaHa umdpoBas MoLenb MCXOAHOWN
KOHCTPYKUMW TpakTopa 4515 onpeferieHns KOMNOHOBOYHbIX OrpaHNYeHnI Ha
npoektuposaHue. Nocne aToro 6buina paspaboTaHa 0OHOBNEHHAsA cTUeBas NOBEPXHOCTb,
pa3paboTaH CMNoBOW KapKac KabuHbl 1 B HacTosiLee BpeMsi BeayTcsa paboTbl No 4oBoAKe
KOHCTPYKLMN N KOMMOHOBKM KabuHbl (puc. 1).

-

New structure

New style

Initial style
E’ b,

PucyHok 1 — Co3gaHne HOBOWM KOHCTPYKLUMKN KabuHbI TpakTopa

[na 0ocTUXeHNs NocTaBnNeHHoN Lenu Heobxoanmo GbINo peLunTb crieaytoLme
3agauu:

° PaCCMOTpeTb Knaccu4yeckmne noaxodbl K NpoeKTnpoBaHMIO KabuH cneunanbHon
TEXHUKN,



e CdopmupoBatb Lenu 1 orpaHU4eHns ansg onTMMmM3aumm OCHOBbIBAsACh Ha
KackaguMpoBaHUM LereBbiX NokasaTtenen u orpaHM4eHuin HauymHas ot
CyOBbEKTMBHbIX NOXENaHUN 3aKasynka 1 3aKkaH4MBasi TEXHUYECKMMHU
TpeboBaHUAMM K y3riaM N KOMMOHEHTaM;

e BbipaboTaTb anroputm MynbTUAMCUUNIIMHAPHON KpoccnnaTdopMeHHOM
CTPYKTYPHOM ONTUMM3aLnu;

e [lpoBecTn MyNnbTUONCUUNIIMHAPHYIO KPOCCNIaTOPMEHHYO ONTUMU3aLINIO
CWNOBOro Kapkaca kabvHbl TpakTopa.

4. Knaccuueckuit noaxopn K NpoeKTMpPOBaHUIO

B HacTosLee Bpems KnaccuyeckMM nogxoaoM siBMAsSeTCS NpoekTUpoBaHUWe Ha OCHOBE
pe3ynbTaToB TOMOSOrMYeCcKon onTuMmmnsaummn. B nepByto ovepeab NPOBOAUTCSA aHanm3
KOMMOHOBKMW, CTUNEBOWN NOBEPXHOCTUN N onpeaenseTcss 06bem NPOEKTHON NEPEMEHHON, TO
€CTb 06BbEM B KOTOPOM MOTEHLMANbHO MOFYT pacnonaratbCs CUMOBbIE 3NIEMEHTbI
KOHCTpYKUMK (puc. 2).

PucyHok 2 — O6bem NPOEKTHON NEPEMEHHOM

Mocne aToro npoBoanTCAd Tononornvyeckad onTtmuMmn3auund, no pesyrbrtatamMm KOTOpOIZ
onpenendarnT OCHOBHbIE CUITOBbIE NMYTU OJTA CAJTOBOIo Kapkaca (pI/IC. 3)

PlllcyHOK 3- Pe3yanaTb| TONONOrnM4Yeckon onTuMmsaumn



3aTtem cTpoutcsa 6anoyHas MoAenb Kapkaca n genaeTtcs napaMmeTpudeckas
ONTUMM3aLMsA NonepeyHbIx ceveHnn 6anok (puc. 4).

PucyHok 4 — banodHast Mmogenb kabvHbl TpakTopa

B pesynbTaTe cTpouTcsa KapTa CeYeHui, Ha OCHOBE KOTopou npopabaTtbiBaeTcs
MaTemaTuyeckass Moaenb NPoTOoTMNa CUITOBOro Kapkaca. [lanee npoBoanTcs
MHOroBapuaHTHasa gopaboTka KOHCTPYKLMM OTAENbHO NO BUOPOaKyCTUYECKOMY KOMGOPTY
N OTAENbHO MO NaccnBHOM 6Ge3onacHOCTU. 3a4acTyto Te€ KOHCTPYKTUMBHbIE peLLeHUs
KOTOpbl€ NONOXUTENBbHO OTPaXakTCca Ha BUBpoaKyCcTMYeCKoOM KomdopTe aatoT
oTpuuaTenbHbIM 3dEKT Ans naccuBHoM 6esonacHoCT N HaobopoT. Takum obpasom
npoLecc Co34aHNA KOHCTPYKLMM YAOBNETBOPSAIOLLEN NOCTABNEHHBIM LIENAM ABMNSETCA
MHOrOUTEPALMOHHBIM 1 3aHUMAET MHOIO BPEMEHM.

Takum obpasom knaccunyecknn nogxon TpebyeT GonbLIOro KonMyecTea
BbICOKOKBaNMMuLUMpOBaHHOIo nepcoHana, TpebyeT 60MbLIOro Konmy4ecTsa BpEMEHN U HE
AaeT onTMManbHOro pesynbTaTta.

5. ARroputMm mMynbTUAUCLMNIIMHAPHOW KpoccnnaTtopMeHHOW onTuMmU3aumm

Mpouecc HaxoXaeHNs ONTUMarnbHOMO peLeHns C UCNONb30BaHNEM
MYNbTUONCUUNIIMHAPHOW KpoccnnaTdopMeHHON onTumMmM3aunmn no 6onbLien Yyactum
BbIrNSAUT aHanorm4yHo Npoueccy Knaccnyeckoro noaxoaa, ogHako MMeeT KapauHanbHble
OTNN4YMS Ha aTane 4opaboTKn KOHCTPYKUMK. BMmecTo pydHom JopaboTKkM KOHCTPYKL MK
NCNonb3yeTcs ONTUMU3aLMS Ha KaxXaon utepaumm KOTopon NPOBOAUTCA aHaNM3 Kak
BUBPOAKYCTUYECKUX NapamMeTpoB, Takux Kak rinobasnbHble CO6CTBEHHbIE YaCTOThI
KOHCTPYKLMW, TaK U NapamMeTpoB NaccMBHOW 6€30MacHOCTH, TaKUX Kak NPOHUKHOBEHME
3N1EMEHTOB KOHCTPYKLUMN B XXM3HEHHOE NPOCTPAaHCTBO MexaHu3aTtopa. [locrne okoH4YaHus
KaXxgowu ntepauum ontuMmmnsaTop onpegenseT JOCTUTHYTbI N uerneBble rnokasarenu. B
cny4yae ecnu ueneBble Nokasatenu He JOCTUTHYTbl MPOUCXOANT U3MEHEHNE NepPEeEMEHHbIX
onTMMU3aLMM N NPOUCXOONT pacyeT crieayrowen ntepauum (puc. 5).
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Multidisciplinary cross-platform structure
optimization with respect to Crash and NVH
performance. This method allows to take into
account linear and nonlinear behavior of the
structure simultaneously

Multidisciplinary optimization
saves time on each designing
stage

Targets for nonlinear optimization
haven't to be developed spesially

PucyHok 5 — npouecc MynbTUANCUMMINMHAPHOWN KpoccnnaTopMeHHON onTuMmnsaumnm

OnTumMmnsauma cumtaeTcs coleqwencs B Clnydae eclin BCe uerieBble nokasartesin
OOCTUTHYTHI.

MynbTuamcumnnnHapHas KpoccnnatopMeHHas onTUMn3aumus Ha psagy ¢
npenmyLLLecTBaMm UMEET psi OrpaHNYEeHNIA:

e B npouecce ontuMmn3aunn He nponcxognt NaMeHeHme TonoJsiornn
KOHCTPYKUWNNA;
e /3ameHeHue C*)OprI B npouecce ontnMmm3aumnm orpaHM4eHoO

6. ﬂepemeHHble, rpaHU4HbIE YCIoBUA U orpaHnvdeHus and ontuMmn3aummn

AHanm3 ocHoBHbIX TpeboBaHu No NVH 1 nx ganbHenwee kackagnpoBaHue
nokasano, YTO OJHMMW U3 OCHOBHbIX NMOKa3aTenen ABNATCs rnobanbHble COOCTBEHHbIE
YacToTbl KabnHbl Ha cobcTBEHHOM noaBecke. TpeboBaHMA K AaHHbIM NOKasaTensam
HaNpPsAMY CBSA3aHbl C YacToTamMu BO30Y>XAeHNsA 0T cunoBoro arperata. CobCTBEHHbIE
YacToTbl KabWHbI AOSTKHbBI B KOPEHb U3 ABYX OTANYATBLCA OT YaCcTOTbl XONOCTOro Xxoaa
aBuraTens, ycTaHaBnMMBaeMoro Ha TpakTop.

LleneBble 3HayeHUs1 N0 cOB6CTBEHHbLIM YacToTam Oblnn BbIYMCIIEHbI UCXOAS U3
pacyeTa YyacToTbl AOMUHMpPYOLWEN MOTopHOM rapmoHukun gnsa ABC no gopmyne (1). B
paMKax NpoeKTa y4nTbiBanucb xapakrepuctuku asuratenen AM3 238 n TM3 84;

[na V-obpasHoro gsuratens:

f _ 0.5 ni roe (1)

60T ’




i - KONIMYECTBO UMNNHAPOB, T=1 ANs ABYXTAKTHOro ABUratens, 1=2 ons
YyeTblpeXTaKTHOro ABUraTens.

BbibpaHHble LueneBble 3HaYeHUss rapaHTUPOBaHHO obecneyat BbINofHeHWe
TpeboBaHMIn N0 BUGPOAKYCTUYECKOMY KOMKOPTY:

e LlerneBble 3HaYeHUS YacTOTbl COBCTBEHHbIX KPYTUIbHbIX KONebaHnn Kpbiwn
kKabuHbl TpakTopa B cbope OTHOCUTENBHO Nofia u onop BOKpYr ocu Y Obinu
yCTaHoBMeHbl B agnanasoHe 6onee 25 Ny n 6onee 30 Ny COOTBETCTBEHHO;

e Y4acToTbl COBCTBEHHbIX KONebaHuin kabuHbl TpakTopa B cbope B NPOA0SIbHOM
HanpaeneHun — B ananasoHe oT 11 oo 18 'y u 6onee 25 ly;

e 4acToTbl COBCTBEHHbIX kKONebaHn kabuHbl TpakTopa B cObope B NonepeyHom
HanpasfeHun — B AnanasoHe oT 16 go 18 'y n Gonee 25 I'y.

AHann3 OCHOBHbIX TpeboBaHUKM MO NaccuBHOM 6€30MacHOCTU N UX KackagupoBaHue
nokasaro, YTO OCHOBHbLIMW MOKa3aTeNnsaMm ABAa0TCA MakCUMarbHbIe NepeMELLEHNS
9N1IEMEHTOB KOHCTPYKUMN KabUHbI Nog AENCTBUEM yOapHbIX HArpy3okK.

Taknum obpasom, Lenbio oNTUMMU3aUUKn SBISIETCA CHUXXEHNE MacChl, NPU 3TOM
3a4atoTCcs OrpaHNYeHnst No HM3LWen rnobanbHon COGCTBEHHOM YacToTe CUNOBOMO Kapkaca
KabuHbl, N0 MakCcMMarnbHbIM NPOHUKHOBEHUAM MasiTHMKa Npy 6OKOBOM U 3agHeM yaapax.

[MpOEKTHBIMU NepeMEHHBIMU ONTUMMU3aLMK ABIISKOTCA TOSMWMHBLI Bcex 6anok (puc. 6),
COCTaBMSAOLLMX CUNOBON Kapkac KabuHbl, KDOME TOro NPOEKTHON NePEMEHHON TaKkkKe
aBnseTca n popma kabuHbl. I3MeHsieMbIMn ABNAIOTCS LWUMPUHA, ANMHA, BbiCOTa KabWHbI,
yron HakrioHa NnoboBOro CTekna, a Takke yrosnl HakrnoHa 60KOBbIX CTEHOK KabMHbI.

Thickness

1.0
1.9
2.3
2.8

N
3.7

a1

4.6

Pl/lcyHOK 7 — Oetanu, TONWMHbI KOTOPbIX UBMEHAIOTCA B npolecce ontnmmlaumnm

7. PesynbTaTbl MynbTUAUCLUNIIMHAPHOW KpoccnnaTopMeHHON oNnTUMMn3aLmm



B npouecce ontumnsaumm 66110 nposBeaeHo 57 ntepauuin, kotopble 3aHsanm 136
4YacoB pacyeTHOro BpemeHu. B pesynbTaTe Gbina nony4YeHa KOHCTPYKLMA KabuHbI
TpakTopa, KoTopas y4OBMeTBOPSAET BCEM NpeabsBnsemMbiM TpeboBaHuam (puc. 8,9):

e [lepBas rnobanbHas cobcTBeHHas YacToTa Beipocna ¢ 19,8 Ny go 25,2 Ny,

e Bropas rmobanbHas cobcTBEHHada YacToTa Bblpocna ¢ 22,6 'y oo 28,5 Iy,

e TpeTbsa rmobanbHasa cobcTBEHHaAsA YacToTa Bblpocna ¢ 26,3 'y go 32 Nu;

e [IpOHMKHOBEHNE MaATHMKA Npu BOKOBOM yaape cHM3unock ¢ 261 mm go 215
MM;

e [lpoHMKHOBEHME MasTHUKA Npu 3agHeM yaape cHusmnnock ¢ 204 mv go 194
MM;

e Macca cunoBoro kapkaca cHusunacbe ¢ 709,6 kr go 656,2 Kr.

Side ROPS

Optimized | Initial

Intrusion,
mm

215.23 261.05

PucyHok 8 — CpaBHeHMe ONTUMU3NPOBAHHOW U HEONTUMU3NPOBAHHOW KOHCTPYKLMI
no 6okoBoMy yaapy

Rear ROPS

Optimized | Initial

Intrusion,
mm

194.31 204.12

PucyHok 9 — CpaBHeHMe oNTUMU3NPOBAHHOW U HEONTUMU3NPOBAHHOW KOHCTPYKLMI
no 3agHemy yaapy



8. TexHMYecKue XxapaKTepUCTMKU pacyeTHOro cepeepa

OnTMmunsaums nposoamnachk B cynepkomMmnbtoTepHom LeHTpe CIBIY, koTopbin
HaxoguTcs Ha TpeTbeM MecTe B Poccum nNo BbIMMCNNTENBHOM MOLLHOCTU N SBMSETCS
CaMblM MOLLHbLIM KOMMNbIOTEPOM B Poccumn, KOTOpbIN MCNOMb3yeTCa AN peLleHns
npuKNagHbIX 3agad pasnuyHbix otpacnen Poccunckon ®epepauun. MowHocTb
cynepKkoMnbloTePHOro ueHTpa coctasnseT 1,3 Ndnonc (puc. 10).

|

XEONPHIT  XEON' SERVER

Cynepkomnbtotep B Cl16I1Y:
PCK Topxano - 830 TONONC

RSC PetaStream - 270 T®NOMNC

OBian CXA - 1 N6 (Lustre) + 0,5 NG (O6nako)

PucyHok 10 — cynepKoMMbOTEPHbIN LIEHTP

9. bnaropgapHocTu

PaboTa BbinonHseTca npu pnHaHcoBon nogaepxke MnHobpHaykm Poccumn B pamkax
®LIM "NccnepoBaHnsa n pa3paboTky MO NPUOPUTETHBIM HAaNPaBEHNUSIM Pa3BUTUS HAY4YHO-
TexHonormnyeckoro komnnekca Poccum Ha 2014-2020 rogbl", MeponpusTtne 1.3.,
CornaweHue o npegoctasneHnn cybcmnanm Ne14.578.21.0206 ot 03.10.2016, yHUKanNbHbIN
noeHtndukatop NMNHNSP: RFMEFI57816X0206.



