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computer-aided architectural design — CAIIP mnpenHa3Ha4eHHBIX s CQeps
aApPXUTEKTYPhI U CTPOUTENHCTBA 3IaHUM.

I'OCT 23501.108-85 mpenocTaBisieT CIAEAYIOMINE XapaKTEPUCTUKH ISl KIACCH-
dbuxanuu CAIIP:

® THUII U CJIOKHOCTb MPOEKTUPOBAHMUS;

® YPOBEHb ABTOMATU3AIIMHU IPOCKTUPOBAHUSI;

® XapakTep BHITYCKAEMBIX TOKYMEHTOB;

® KOJHMYECTBO YPOBHEU B CTPYKTYpPE TEXHUUYECKOTO 00ECIIeUeHUsI.

Jns toro utoObl BhIOpaTh i ceOs HyxHoe I[IO HeoOX0auMO MOCTaBUTH
KOHKpETHBIE 3aJlayd MOTOMY, YTO Ha JaHHBI MOMEHT CYIIECTBYET O€3rpaHM4HOE
MHOKECTBO MPOTPAMM.

Bce CAIIP nogpa3aensitoT Ha Tpy YPOBHSL:

— nerkuii ypoBeHb. K Takum CAIIP moxuo otnectn AUtoCAD, MasterCAM,
T-FlexCAD, Kommac.

— cpennuii ypoBenb. D10 Takue CAIIP xak Solid Edge, SolidWorks, SolidCAM,
Autodesk Inventor, DesignSpace, ArchiCAD u np.

— TspKeNbIA ypoBeHb. [IpencraBurensmu 3Toro ypoBHs sABistorcs takue CAIIP,
kak ADAMS, ANSYS, CATIA, EUCLID3, Pro/ENGINEER, UniGraphics.

Benercs Takas ypoBHEBas rpajauus Mo psay NPUYHAH U MOMYJISIPHOCTH B TOM
yucsie. B OCHOBHOM CIIOKHOCTBH OINpEAeiseT BO3MOXKHOCTU JaHHbIX 110 u KoHEUHO
K€ MOIIHOCTB MOTPEOIIEMbIX pecypcoB. Bbl He cMOXeTe TPOBECTH CIIOKHBINA pacyeT
neaukoM umes y cedst 110 Hu3Koro ypoBHS M JICHIEBYIO CTAllMOHAPHYIO CHUCTEMY,
npuaeTCs pa3dUBaTh BCE yUAaCTKH HA OTICIbHBIC Pa3/eibl U BHICYUTHIBATH MOCTIE BCIO
CUCTEMY CaMOMY.

YtoObl HE pUCOBATH YepTeXK B OAHOM, nenaTh 3D-Busyanuzaiuio B Apyrom, a
IIPOBOAUTH MHKEHEPHO-PACUETHBIM aHamn3 B Tpere. MHorue 110 coBmemaror B
ce0e KOMIUIEKCHOE pelIeHHEe 3aJad, OTHOCAIIUXCA K TEM WM HHBIM acleKTam
MPOEKTUPOBAHMS U aHAJIM3a, YTO MO3BOJISET JiesaTh Bce B oaHoM [10.
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CHARACTERISTIC FEATURES AND STRUCTURE
OF THE MARTENSITE

In most general terms, martensite is a set of acicular shape crystals in
microstructure of metal, constituting a supersaturated solid solution of carbon in the
alpha iron. Such a structure is typical for steels undergoing the procedure of
hardening, as well as for some polymorphic pure metals [2].

The martensite crystal latitude, emerging in the structure of the hard-tempered
metal, is not tesseral, but tetragonal. Each of its elements takes the form of a rectangular
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parallelepiped. The central part of such a kernel (as well as its apex) is occupied by iron
atoms, in the interior space between which are occupied by carbon atoms.

Fig. 1. The martensite crystal latitude [3, p. 12]

For martensitic steel is typically high hardness and strength, but due to its
structure, and to the fact of being non-equilibrium, martensite is characterized by the
presence of strong subsurface stresses. In martensitic steels, upon the application of
heat, carbon atoms are divided. Inherently, this phenomenon is of diffusive nature. As
a result of such structure division of steel two phases appeared. Thus, each phase is
different in carbon content and the shape of its crystal latitude. The more steel and
martensite carbon, the higher the degree of tetragonal distortion of its crystal latitude,
the greater plastic deformation resistance, and therefore much higher is hardness and
strength of the steel [4].

While increasing the concentration of carbon in the steel to 0.6... 0.7% their
hardness Extends up to 65... 66 HRC. The stress limit (ultimate resistance ov) of
martensite under such conditions reaches 2400... 2600 MPa. This is 2.5 times higher
than strength of low carbon martensite, which contains 0.015% carbon (up to
1000 MPa). However, martensite has low ductility properties. With increasing carbon
content, its propensity to fragile destruction also increases; eligibility tests show that
stretching steel collapses already with a carbon content of more than 0.35%.
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Fig. 2. The concentration level of carbon [1, p. 87]

It is critical to underscore that all martensite steels (upon the application of heat)
can be characterized by two main phases:

e cementite (iron cabride), in which the carbon content is much higher — up to
6.67% (rhomb-shaped crystal latitude of cementite is formed by elementary kernels
that have the shape of a rectangular parallelepiped);



M. Yxropon, 23-24 arororo 2018 p.| 53

e ferrite metal, which has in its content a fairly small number of carbon — to
0.02% (elemental kernel of the ferrite crystal latitude have the cubic shape, the
apexes and nucleus of which form iron atoms, all other space in kernels is occupied
by carbon) [3, p. 14].

According to the first phase, an elementary kernel is described by a rhombic
structure, while the second phase presupposes body-centred structure. The latitude of
the initial structure of austenite is bound by crystallographic constant relations with
the martensite latitude. That is, the flats with clearly specified crystallographic
indices of austenitic and martensitic structure are parallel to each other [2].

Martensite, which forms steels microstructure, can be presented in it in following
two forms:

1. Lamelar (twinned) martensite: this structure is formed at a temperature below
2000. It is typical for carbon and alloy-treated steels.

2. Lath (deformation) martensite. This formation is prevalent in the structure of
steels, which belong to highly alloyed, law— and medium-carbon. The temperature
threshold at which the formation of a martensitic structure takes place in such steels
Is above the 3000 mark.

Fig. 3. Types of martensite [2]

Under certain conditions (particularly, when the temperature interval of the start
and the end of the martensitic transformation is too large), both types of martensite
can be formed in the steels. A high temperature results in strength retrogression of
austenite, so the structure of martensite, which simultaneously is formed in the alloy
combination, has a lath shape. In case when temperature drops (and when the
austenite strength increases), lamelar martensite is formed in the steel. Such
chromium steel has fairly high carbon content in its composition. Additionally, they
often alloyed with molybdenum, niobium, tungsten and other components that
provide high heat-resistant end-metal performance [2].

There is a certain category of low-carbon steels, in which there is virtually no
retained austenite, and the formed martensite has only a lath shape. The temperature at
which such martensite transformations are take place in these steels is about 4000 C.

There are following features of steels related to the martensitic class:

e high corrosion resistance in alkaline solutions, some acid solutions, in high
humidity conditions;
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¢ high heat resistance: this useful property of martensite metal is obtained when its
hardened at temperatures around 1050 degrees, and then obtains troostite or sorbitol;

o the ability to self-seal;

¢ low plasticity with a high hardness index, which has no effect, are additionally
introduced into alloying elements;

¢ high water resistance inherent in such steel grades as X5VF, X5M, X9M;

e processing complexity of martensite steel by cutting action [4].
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AITPOKCUMALIA ITOBEPXHI BIAT'YKY
3ACOBAMM HITYYHOTI'O IHTEJIEKTY

B 3agavax onmTumizaiii CKIagHUX TEXHIYHUX CHCTEM 3 METOK MOXKIIUBOCTI iX
peanbHOi peanizalli BUHUKAa€ HEOOX1IHICTh 3aMIHUTH TOYHY, TPOTE€ OOYUCITIOBAIILHO
CKJIaJJHy MaTeMaTH4Hy MOJeJdb Ha 3HA4YHO OUIbIl MpPOCTy — cyporatHy [1].
CyporatHa MOJAEIb € amnpOKCUMAIlIEI0 3 HEOOXIJHOK TOYHICTIO TEPBUHHOI
MaTeMaTU4YHOI MoJIeNl 1 OyyeThCs Ha OCHOBI 3HAYEHb ii BUXIJTHUX XapAKTEPUCTHUK.

IToGynoBa MeTamojiesli B 3arajlbHOMY BHIAJKy Mnependadae BUPIIIEHHS JIBOX
B3a€MOIIOB’A3aHUX 3aBJaHb: IUIAHYBAaHHS OOUYUCIIOBAIBHOIO €KCIIEPUMEHTY 1 BIIACHE
noOynoBu perpeciiHoi mozeni. BupimenHs mnepmoi 3a0e3neyye MiHIMaIbHY
KUIBKICTh TOYOK B 0araToBUMIPHOMY TIPOCTOpl TIOIIYKy, B SKHX IOTPIOHO
OOYMCIICHHS IIJIbOBOT (DYHKINT 3 BUKOPHCTaHHSM TEPBUHHUX MOJENEH Ta sKi



