Simulation results should have the required degree of accuracy and reliability, that is, a model should be investigated ad-
equately in the real process. Model of a "wheel" class was used as a standalone model for testing of the control algorithms for
ABS, as elements of the other, broader models, reproduced adequately the braking forces on the wheels of the car. Analysis
of the works of the domestic and foreign researchers shows that currently many different versions of models for calculation of
o x-S diagrams are used. However, there are no recommendations concerning selection and use of particular models in the study
of the braking process of the car wheels in various conditions. In this regard, the purpose of this study is analysis of the degree
of conformity of the values of the coefficient of adhesion to the road wheels, calculated by various dependencies, the values
obtained in experiments, and development of recommendations for determination of the optimal formula for calculation of the
diagrams depending on the type and condition of a road. The article describes various versions of the dependency of the co-
efficient of tire to the road coefficient of the longitudinal slip. It also presents the results of the road experiments for different
types and conditions of the road surface. The article presents an analysis of conformity of the values of the coefficient of friction
of a tire for calculation of various dependencies, and development of recommendations concerning search for the optimal for-
mula for calculation of ¢ x-s diagrams for various types and conditions of the road surface.

Keywords: car, brake, tire, mathematical modeling, coefficient of traction, ratio of the longitudinal slip, optimization of
@ x-S diagram according to the criterion of the road conditions

For citation:

Balakina E. V., Zotov N. M., Fedin A. P. Recommendations on
Selection of Models for Calculation of (¢ x-s)-Diagrams of Automo-
bile Tires by the Criterion of the Road Conditions, Mekhatronika, Avto-
matizatsiya, Upravienie, 2016, vol. 17, no. 2, pp. 128—133.

DOI: 10.17587/mau/17.128-133

References

1. Balakina E. V., Zotov N. M., Fedin A. P. Osobennosti komp ju-
ternogo modelirovanija v real’'nom vremeni processa tormozhenija avto-
mobil’nogo kolesa (Features of computer simulation in real time of the
braking process of automotive wheels), Mehatronika, Avtomatizacija,
Upravlenie, 2015, vol. 16, no. 3, pp. 174—182 (in Russian).

2. Balakina E. V. Raschet ¢-s-diagramm na osnove obobshhenija
rezuV’tatov zarubezhnyh jeksperimentov (The calculation of the ¢-s-
diagrams on the basis of generalization of the results of foreign ex-
periments), Automotive Industry, 2014, no 6, pp. 18—19 (in Russian).

3. Balakina E. V., Zotov N. M., Zotov V. M., Platonov 1. A.,
Fedin A. P. Problemy modelirovanija dinamicheskih processov v re-
al’nom vremeni (na primere tormoznoj dinamiki avtomobilja) (Prob-
lems of modeling dynamic processes in real time (for example brake
vehicle dynamics), S. V. Bahmutov ed., Moscow, Mashinostroenie,
2013, 300 p.

4. Revin A. A. Povyshenie jeffektivnosti, ustojchivosti i upravljae-
mosti pri tormozhenii avtotransportnyh sredstv (Improving the efficien-
cy, stability and controllability during braking of motor vehicles),
Dissertation ... D. Sc. (Engineering), Volgograd, 1983, 601 p.

5. Burckhardt M. Fahrwerktechnik: Radschlupf-Regelsysteme,
Wurzburg, Vogel, 1993, 432 p.

6. Canudas-de-Wit C., Tsiotras P., Velenis E., Basset M., Gis-
singer G. Dynamic Friction Models for Road/TireLongitudinal In-
teraction, Vehicle System Dynamics, 2002, vol. 39 (3), pp. 189—226.

7. Ir. I. J. M. Besselink, H. Nijmeijer, Ir. A. J. C. Schmeitz,
Ir. J. A. W. van Dommelen. Tyre models for steady-state vehicle han-
dling analysis, ing. R. T. Uil DCT, Eindhoven, December, 2007, 142 p.

8. Hakanen J., Kahara T. Tyre Characterisation on Ice and
Snow with a Measurement Vehicle, 24 International Colloquium on
Vehicle- Tyre-Road Interaction. Nokian Tyres, Florence, February
231 2001.

9. Kiencke U., Nielsen L. Automotive Control Systems — For
Engine, Driveline, and Vehicle. Second edition. Springer-Verlag
Berlin Heidelberg, 2005, p. 512.

10. Liukkula M. Tyre Characterisation on Summer and Winter
Surfaces, Presentation in Tire Technology Expo 2006, 3rd International
Colloquium on Vehicle-Tyre-Road Interaction. Nokian Tyres, available
at: http://www.vertec.hut.fi/P05_Tire_tests.pdf.

11. Denny M. The dynamics of antilock brake systems, European
Journal of Physics, 2005, vol. 26, no. 6, pp. 1007—1016.

12. Nordstrom O., Astrom H. Upgrading of VTI friction test ve-
hicle BV12 for combined braking and steering tests under aquaplan-
ing and winter conditions, 2nd International Colloquium on Vehicle-
Tyre-Road Interaction. Nokian Tyres, Florence, February 23" 2001.

13. Zotov N. M., Balakina E. V. Using the ¢-s, Nomogram in
Calculating the Dynamics of a Braked Wheel, Journal of Machinery
Manufacture and Reliability, 2007, vol. 36, no. 2, pp. 193—198.

YK 007.51

DOI: 10.17587/mau.17.133-137

J1. B. Maccenb, O-p TexH. Hayk, Nnpod., massel@isem.sei.irk.ru,
A. C. XXunses, acnmpaHT, anton@el.istu.edu, A. C. FloBopkoB, aoL. govorkov_as@istu.edu,
MpKyTCKMA HaUuMOHaNbHbIN NCCNeaoBaTeNbCKNUN TEXHNYECKUN YHUBEPCUTET

MeToauka nepexoaa oT TpeXMepHoOn mogenu
K OHTOJIOrM4eCKOMY NnpeaAcTaB/ieHnIo n3gennin aBuaumMoHHON TEXHUKN™

Ilpednacaemcsa memooduxa nepexoda om mpexmepHoll Mooeau u3deaus AGUAYUOHHOU MEXHUKU K OHMOA02UMECKOMY NPedcmasieHuro
u ee npakmuueckas peanuzayus. Paccmompensi éonpocel anaiuza npouzeoo0cmeeHHol mexHON0UMHOCU 6 A8UACMPOeHUU, a8momMa-
musayuu npoyecca npoekmuposanus. Ilpedroxcennas memoouxa npuzeana obaecuums npoyecc nepexooa mexncoy 8ajNcHeuuuUmMuy 3ma-
namu pazpabomku uzoeausi AUAUUOHHOU MEXHUKU — NPOeKMUPOBAHUEM U MeXHOA02UHeCKUM KOHMPOaAeM, YCKOpUms npoyecc npoex-
MUpoeanus, a maKice Yynpocmums 6HeceHue usmeneHuti 6 2omoayro 3D-modeas usdeaus.

Karoueevte caosa: onmonocuueckoe MO@éﬂupO@[lHLle, aHaius np0M3600C}116€HH011 MEexXHOA02UYHOCMU, UHMENN1eKm)d/bHble CUCMeMbl
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Beenenne

B coBpeMeHHOM aBMacTpoeHUU 0O0JblIOe BHHUMA-
HUE YIEIeTCS COKPAIIEHUIO TTPOU3BOJCTBEHHBIX W3-
JIep>KeK U MOBBILIEHUIO BCAEACTBUE 3TOrO0 KOHKYPEH-
TOCHOCOOHOCTU KOMITAaHUM Ha pblHKe. C 3TOH 1ieblo
B Ipoliecce MPOeKTUPOBAHUS CaMOJIETa WX BEPTOJIETa
00s13aTeJIbHBIM CTaJIO MPOBEACHUE TEXHOJIOTUUYECKOTO
KOHTPOJII U3AeNusi — IOoKUCKa HauboJjiee BBITOAHOTO
cnocoba mpousBoacTBa uznenus [1]. JlaHHbIA 3Tan
TpeOyeT OT 3KCIepTa 3HaYMTEIbHOTo Oaraxka 3HaHUM U
OIIbITa, TaK KaK HEOOXOAUMO BBHIOpaTh, HA KAKOM 000-
PYIOBaHWU U KaKUM CIOCOOOM M3TrOTaBIMBAThH Ty WIU
WHYIO NleTaJlb. YUUTbIBasi CJIOXHOCTb COBPEMEHHOTO
camosieTa (TUMOBOM MACCAXXUPCKUIN JIalfHEp COCTOUT
M3 IpUMEpHO 3 MJIH AeTajieil), MOXHO OTMETUTh, UYTO
MPOBEJCHNE MOJHOLIEHHOIO aHaJIu3a ISl KaXa0u ne-
Taju TpeOyeT 3HaYUTEeNbHbIX TpyAo3aTpat. Beaencteue
9TOTO Ha MPAKTUKE UCTIOJIb3YIOTCS TUITOBbBIE, IIA0JIOH-
Hble pelleHus, KOTOpble HE MEHSIIOTCS OeCSITUIETHS -
MU [2]. DTO MO3BOISET 3HAYUTEIBHO COKPATUTh TPY-
J03aTpaThl Ha 3Tare TEXHOJOTMYECKOro KOHTPOJIS
U3IeJINi, HO, KaK CJIeCTBUE, CTpaJaeT KauyeCTBO Mpu-
HUMaeMbIX pelneHuii. Takum oOGpa3om, mpobiema,
B 1LIIMPOKOW MOCTAaHOBKE, 3aKJI0UaeTCs B TOM, YTO CY-
LLIECTBYIOIIME MPAKTUKU TEXHOJOTMYECKOTO KOHTPOJIS
U3JEMIA HE CIIOCOOHBI O0ECHeYuTh CHUXXEHUE cede-
CTOMMOCTH TIPOU3BOJICTBA, B TO BpeMsl Kak Ojarogaps
KUCIIOJIb30BAHUIO COBPEMEHHOIo O0OpYyIdOBaHUS Ha
MPOMU3BOJICTBE O0Opa30Bajcd 3aAej] IO COKPAIIEHUIO
U3IEPXKEK.

IMon nHdopMaIMOHHON MOJE/IbIO TIOHUMAETCS OIU-
CaHMe TOCJIENOBaTEIbHOCTU: COOpKa, JeTajlb, KOHCTPYK-
TUBHBIN 3JIeMEHT, Mnoyiyadbpukar, TexHoJorndeckas
orepanusi, CpeacTBO TEXHOJIOTMYECKOrO OCHAILEHUS,
obopynoBaHue. JlaHHas 1iertoyka 00J1agaeT CBOMCTBOM
MH(OPMAIITMOHHOM JOCTaTOYHOCTU, HEOOXOAUMBIM IS
MPOBEIEHUST TEXHOJIOIMIECKOrO KOHTPOJIS m3nenus [6].
ITon oObekTaMu MPOM3BOACTBEHHON Cpeabl MOHMMa-
eTcsl Habop BJEMEHTOB JIJIs KaXA0H CYIIHOCTU M3 OH-
TOJIOTUM, NIpeacTaBieHHON Ha puc. 1. Habop anemeH-
TOB XapaKTepU3YyeT TEXHOJIOTUYECKHE BO3MOXHOCTU
MPEANPUATHS.

B pabote mpeacraBieHO pellleHue M0 YaCTUYHON
aBTOMAaTU3allMM HEKOTOPBIX COCTABJSIOINX TEXHOJIO-
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Puc. 1. Onrosnorus nudopMANMOHHOH MOJEN U3/eNus

TMIeCKOTO0 KOHTPOJSA, a UMEHHO — TIPOESKTUPOBAHUS
monenu B CAD-cucreme (Siemens NX) u riepexona oT
MPOEKTUPOBAHMSI K TEXHOJIOTMYECKOMY KOHTPOJIIO 13-
nenust (Siemens Teamcenter). Dramnbl MpPOeKTUPOBaA-
HUS U TeXHOJOTMYECKOTO KOHTPOJIS CBSI3aHBI MEXIY
co0oi1 HeOOXOMMMOCTBIO Tepenadyu JaHHbIX U3 NX B
Teamcenter. [lepexon oT Moaeau, MpeaACTaBIEHHON B
Buzae 3D-Momenu, K mpeacTaBIeH!IO B BUAE OHTOJIOTUH,
BKJIIOUAIOIIIEH 1IETTOYKM 00BEKTOB IIPOU3BOACTBEHHO
cpenbl, Ha3biBaeMble MTHOOPMAIIMOHHON MOJEJIbIO 13-
memms (cM. puc. 1), compspkeH C OIpeneIeHHBIMU
cinoxHoctamu. Kaxnomy anementy 3D-Moaenu coot-
BETCTBYET KOHCTPYKTUBHBIN 37eMeHT (K3B). Benencr-
BHE pa3IMYHOTO (hopMaTa MpeacTaBICHNI TaHHBIX aB-
TOMaThyecKass KOHBEpTallds 3aTpydHeHa, IT03TOMY
MpUMeHsieTcsl pyyHoe aobaBiaeHue KD misa kaxmoro
anemeHTa 3D-Moaenu. [1pennaraemasi aBTopamu uzaest
3aKJIIOYaeTCs B OpraHM3alny 0a3bl JaHHBIX OOBEKTOB
MPOU3BOJICTBEHHOM CpEObl, BKIIOYAIOIIEN KaK Tpex-
MepHOE TIpeICTaBlIeHNe, TaK M TeXHOJOTMUECKYIO MH-
¢dopmalno. DTO MO3BOJUT OOJIETYUTH IIPOLIECC Mepe-
XoIa MeXIy 3TalaMM, YCKOPUTD MPOLeCcC MPOSKTUPO-
BaHUS 32 CYET MCIMOJb30BAHUST TUTIOBBIX 2JIEMEHTOB U
VIIPOCTUTh BHECEHWE M3MEHEHWI B roToByio 3D-Mo-
JIeTb N3N,

0030p CyHmECTBYIOIMHUX MOIXO0I0B
K pacno3HaBaHuio 3jeMeHToB 3D-monenu

CraHpapToM Je-(akTo AJisl TIPOeKTUPOBaHUS B 00-
nmacti MammHocTpoeHnst B PO asistercss CAITP Sie-
mens NX. McTopust mporpaMMbl HaCUUThIBAET OoJiee
30 set. 3a 3TO BpeMsI cHMCTeMa IIpoliuia MyTh, IO CYTH,
OT aBTOMaTHM3UPOBAHHOIO YePTEXKHOTO CTOJIa 10 MHO-
ro()yHKIIMOHAJIBLHOTO IMPOrpaMMHOr0 KOMILIEKCa, I0-
3BOJISIIOLLIETO PACCYMTATh KMHEMATUKY HArpy30K MoO-
JeJId ¥ co3laTh MporpaMMy oOpabOTKM [Jisl CTaHKa C
YUCJIOBLIM TIPOrpaMMHBIM yIipaBiieHueM. OgHOI U3
Bo3MoxkHOcTeil NX sBJIsieTcsl 3aJaHue I10JIb30BaTeIb-
ckux anemeHtoB — UDF (user defined feature). UDF
MPEJICTaBISIET CO00 MMEHOBAHHYIO IOCJIEAOBATEb-
HOCTb JA€HCTBUIA, MPUMEHSIEMBIX ITPU MOJIETUPOBAHUN
n3nenusi. Ucnonbdysgs UDF, KOHCTPYKTOp MOXET M3-
0aBUTBLCS OT PYTUHHOM pabOThI M CO3/1aBaTh MOJAEIb U3
TOTOBBIX 3JIEMEHTOB, BBOMS TOJIbKO UX MapaMeTphl.

®dopmar mpencrabiieHUsT Mozaesieii B NX OCHOBaH
Ha MOJIMTOHAaX M CIUIaiiHax, 4To ynoOoHo 1pu 3D-mo-
JeTUPOBAaHUU, HO 3aTpyOHSIET paboTy C MOIENbI0O Ha
JaJibHEMIIMX 3Tanax, BhIIOJHSIOIIMXCS, KaK TPaBuio,
B PLM-cucreme Siemens Teamcenter, MCITOJb3yIO-
LIeicsa s aBTOMaTU3aldu JTOKYMEHTOOO0OpoTa U
yIpaBlIeHUs! XU3HEHHBIM LMKIOM usfenus (PLM).
ITocne 3aBepileHMSI MOACIAUMPOBAHUSI HEOOXOAUMO
BECTHU pabOTy He C TeoMeTpueit MoJIein, a CO CITUCKOM
1 napaMmerpamu KB, u3 KoTopbIXx oHa cocTouT. s
nepexona oT 3D-monenu kK ciucky KO B cylecTByio-
LLIeH MpakKTUKe He MCIOIb3YIOTCSI CpeJcTBa aBTOMATH -
3alMU, TEXHOJIOTY IIPUXOIUTCSI BBOIUTDL COCTAB IETAIN
U pasmepbl KO B pydHOM peXume, OCHOBBIBAsSICb Ha
aHanu3e Mojeiu. Takoit nmpoiiecc TpedyeT 3HAUUTEb-
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HBIX Tpyao3aTpaT U YCIOXHSET BHECEHUE M3MEHEHUI
B MOJIeJIb, UYTO OTPULIATEIbHO CKa3biBaeTCsl Ha d¢hdek-
TUBHOCTU PabOTHI KOHCTPYKTOpPA M TEXHOJIOTA.

st perieHUsT yKa3aHHOM ITPOOJIeMBI CYILECTBYIOT
pelleHus IO aBTOMaTUYeCKOMY PacIlo3HABaHUIO dJIe-
MeHTOB (Automatic Feature Recognition) [3]. Ha naH-
HBIi MOMEHT OJHMM M3 CaMbIX (PyHKIIMOHAJIBLHO 00-
raTeIx pelreHui sBisiercs rarmH DFM pro xomma-
Hun Geometric Ltd., Takke MCIOJB3YIOTCSI MOIYJIU
pacno3naBaHusi B CAIIP ADEM, Feature CAM u np.
DFM pro mno3BoJisieT pacro3HaBaTb MUHUMAaJbHbIE
reoMeTpuyeckue Gurypbl B Moneau (OTBepCTUSI, CKPYT-
JIEHUS U T. 1.) ¥ OIPeAeisIiTh HETEXHOJOTMUHBIE Coue-
TaHUS, KOTOPble HEBO3MOXHO WJIW CJUILIKOM J0POro
M3rOTOBUTHh Ha UMeroleMcs obopynoBaHuu. OmHaKO
JUIST TIOJTHOLIEHHOW WHTETpaliuy ¢ APYTMMM 3TaraMu
MPOMU3BOACTBA HEOOXOAUMO pacIio3HaBaHUE HE Teo-
MeTpuueckux ¢uryp, a cpady KO ¢ npuBsiskoii K 06aze
JIAaHHBIX OOBEKTOB IPOM3BOACTBEHHOM CpeAbl. DTOrO
CYIIECTBYIOILLIUE pelIeHs] 00eCIIeYUTh HE MOIYT, B CUITY
HCIOJIb3YEMbIX TEXHOJIOTUI pacro3HaBaHUE BBIMOJI-
HSIETCS C MCMOJIL30BAaHMEM JepeBa pellieHUi, B KOTOPOM
B POJIM YCJIOBMI BBICTYMAIOT OMNEpalMu MOCTPOCHMUS
JeTaqd UM reomerpuueckue durypol [4, 5]. Takas
CHCTEMA HE MOXET pacIlupsThCs MOJIb30BaTeIeM U He
COOTBETCTBYET COBPEMEHHBIM TpPEOOBaHMSIM K IPO-
rpaMMHOMY OOECIEYEHUIO.

MeTtonuka noctpoeHusi nnGopMANMOHHOI Moe M
Ha OCHOBE TPEXMEPHOro NMpeACTABJICHU
U371e/Insl ABUALMOHHONW TEXHUKH

OnHoit 13 OCHOBHBIX TIPUYMH HEBBICOKOTO YPOBHS
aBTOMAaTM3allMM Ha 3Talle TEeXHOJOTMYECKOTO KOHTPOJIS
WU3IEINs SIBJISIETCSl KpailHe HU3KUI ypoBeHb (hopma-
JIN3ALUH TIPOIIecca TEXHOJIOTMIECKOTO MPOEeKTHPOBa-
Hus. KomiekTiBoM aBTOpPOB BeAeTcs paboTa 1mo ¢op-
MaJIi3alMy 3TOro mpoiecca [6, 7], pe3yabTaToOM KO-
TOpOil cTajla WHGOPMALIMOHHAS MOIEIb W3IETHUS
aBualMoHHoU TexHuKu (AT), MeToauka OLUEHKU W3-
memuii AT Ha TEXHOJOTMYHOCTb, a TakKKe IpaKTh4de-
cKasg peanuzanus npemjioxeHHoro noaxona B CIITTP
"Cucrema ananmsa TKM". B manHoii padborte BbIITOJ-
HEHBI pa3BUTHE aBTOPCKOIO IMOAXOMa K aHaIu3y TeX-
HOJIOTMYHOCTH M pa3paboTKa METOIMKM Tepexoma OT
TpexMepHoro npenacrabieHus uzneaust AT K ero vH-
¢opMaLIMOHHOMA MOJEIN.

IIpennaraeMblii MOAXOMN 3aKJIIOYAETCS B IPUBSI3KE
UDF, gBnsdiommxcss TpexXMEpHbIM MpeacTaBIeHUEM
K9, x oobekram KD 13 6a3bl 1TaHHBIX OOBEKTOB IPO-
U3BOJACTBeHHOM cpeanl. IIpu pabore B Siemens NX
KOHCTPYKTOP CO3IAeT TPEeXMEPHYIO MoIeb u3nenust AT
¢ momouipio UDF, mmnoptupoBanHbix n3 "CHCTEMBI
anamu3a TKM" wnmm Siemens Teamcenter mocpenct-
BOM pa3paboTaHHOro IjiaruHa. Ha cienytoiiem 3tare
TexHojor coznaer B "Cucreme aHanuza TKH" wim
Teamcenter HH(MOPMALIMOHHYIO MOAEIb U3ACAUS IJIsI
MIPOBEPKH €€ Ha TeXHOJOTUYHOCTh. biraromapst paspa-
0OTaHHOMY TIUIarMHY TEXHOJIOI MMEET BO3MOXKHOCTb
JI00aBUTH BCE KOHCTPYKTUBHBIE 3JIEMEHTHI C pa3MepamMu
u3 moaesiui NX B UH(hOPMALIMOHHYIO MOJIEJb U3ACIIUS

B aBTOMATUYECKOM PEXMMeE, a KOHCTPYKTOpP MoJydyaeT
BO3MOXHOCTb BHOCUTb M3MeHeHUs B 3D-Moenb B 1o-
JlyaBTOMaTu4yeckoMm pexume. Takum oOpa3om, BMECTO
pacrno3HaBaHUs 3JEMEHTOB TMPUMEHsSIETCS CJIOBapb
UDF, xoTopsblii NpUBOAUTCS B COOTBETCTBUE C 0a30i
JAHHBIX OOBEKTOB MPOU3BOACTBEHHOM CPEbl U MOXET
paciupsThCs MoJib3oBaTeneM. biarogapsi nmpumeHe-
HUIO YKa3aHHOTO MOAX0/a pealnu3yeTcsi OAHO3HAYHOE,
a He BeposITHOCTHOe pacrno3dHaBaHue KO 3D-mopenu,
YTO SIBJSIETCSI HEOOXOAMMBIM YCJIOBUEM Ha MOCIEIyIO-
IIMX dTanax MpoeKTUupoBaHus usaeauii AT.

MeTtoauka nepexoaa oT TpeXMEpPHON MOoJeIN U3Je-
JIMSI aBUALIMOHHOM TEXHMKM K OHTOJIOTMYECKOMY Ipe.i-
CTaBJICHUIO, OCHOBaHHasi Ha pabote [8], BKJIOYaeT
cJenyoume 1aru:

1. CmoaenupoBars UDF, npeacrasisitoiue KO, u
3aHECTU UX B 0a3y JaHHBIX OOBEKTOB MPOU3BOICTBEH-
HOM Cpelibl.

2. YCTaHOBUTbH COOTBETCTBME MEXIY MapaMeTpaMu
K3 u mapamerpamu UDF.

3. CMmouenupoBaTh TpeXMEpHOE W3JeJUe aBUallu-
OHHOII TeXHUKU, ncnojb3ysd Haoop UDF u3 6a3br maH-
HbIX OOBEKTOB MPOU3BOJCTBEHHON CPE/IbI.

4. YcranoButhb cooTBeTcTBUE Mexny UDF Monenun
usaenus u UDF 6a3bl jaHHBIX, COOPMUPOBAB, TAKUM
obpaszom, criucok KD ¢ mapamerpaMu, U3 KOTOPBIX CO-
CTOUT TpeXMEpHasl MOMIEIb MU3IEus.

5. Iloctpoutk Ha ocHOBe crnrcka KO nmHdpopMaim-
OHHYIO TPEXMEPHYIO MOICIb U3IEIIHS.

Peanu3anysa MeToauku

Ha ocHoBaHMM MeTOAMKM pa3pabOTaH IJIarvH JJIs1
SiemensNX, ynpoialoliuii paboTy KOHCTpYKTopa u
TexHojyiora. Mcrionap3oBaHue TIIarMHa TIpearioaracT
chenytolue maru (puc. 2):

1) no6asnenne UDF B 6a3y KB "Cucremnl aHa-
nu3a TKN";

1.1) Texnonor npu mobapireHun KO B "Cucremy
aHanu3a TKH"/Teamcenter BHOCUT HE TOJbKO WH-
dopmannio o pazMepax, HO TaKKe 1 10o0aBiseT daila
UDF, cootBeTcTBYyOILINUI TpexMepHoit Moaenu K3;

1.2) agpyroii BapuMaHT HCIIOJb30BAaHUS IO3BOJISIET
KOHCTPYKTOpY Ipu pabore B Siemens NX OTKpPBITh
wrarud 1 nodasuth UDF u3 6a3e1 NX B 6a3y K9;

2) nooasnenne UDF B 6a3y Siemens NX;

3) npoexktupoBaHue uzaenaus B Siemens NX ¢ 1o-
mompio UDF;

4) no6asiaenue UDF B nuHpopMallMOHHYIO MOIEIb
U3Ieus;

5) mpu HEeoOXOOMMOCTM BHECEHHE WM3MEHEHUIl B
3D-Mopeb.

IIpu pa3zpaboTrke wucHoIb30BaH $3bIK Java,
NXOpenAPI mins cazu ¢ CAITP NX u CYB/I Mari-
aDB m1g xpaHeHUsI OHTOJIOTMYECKOTO MpelCTaBIeHUS
00BEKTOB MPOU3BOICTBEHHOM cpeabl. PparMeHT rpa-
(pnueckoro nHTepdeiica nmaaruHa U TUMOBasl MOJEJb
usaenust AT npeacraBneHbl Ha puc. 3. CTpyKTypa OH-
TOJIOTMY B BUZI€ OPUEHTUPOBAHHOTO rpacda mepeHece-
Ha B peJIILIMOHHYI0 0a3y JaHHbIX [9]. MHTerpauust Mmo-
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Puc. 2. UML nnarpamma nocienoBarebHoCTed 1 miaruaa NX

JIeJIM OHTOJIOTUM B pa3paO0TaHHbIN TUIaTMH BBIITOJIHEHA B
COOTBETCTBUM C METOAMKOM, onurcaHHOU B padote [10].

PaccmoTpum nmoapoGHee mpoluecc padboThl C Miaru-
HoM. B Siemens NX KOHCTPYKTOp CO3aET C TTIOMOIIBIO
UDF TpexmepHy1o MOAEIb U3ACIUS, IIPUIEM KaKIbli
UDF cooTBeTCTBYeT KOHCTPYKTUBHOMY 3JIEMEHTY.
Manee ¢ uCHoJIb30BaHMEM pa3pabOTAaHHOTO ILIarkHa
3arpyxaetcst cnicok KB u3 6a3bl JaHHBIX 0OBEKTOB
MPOM3BOACTBEHHOUN Cpenbl M 3aJaeTcCsl COOTBETCTBUE
Mexnay oobekramu U nmapamerpamu UDF u KO B pyu-
HoM pexume. ITocie atoro nonydyeHHslii UDF 3anu-
CbIBaeTcsd B 0a3y NaHHBIX OOBEKTOB MPOM3BOJCTBEH-
HOH cpenbl IS MOCJEAYIOIIEero UCMOJb30BaAHUS TEX-

.| B

Puc. 3. ®@parmenT rpaduueckoro uarepdeiica miaruHa M THNOBAs
moznenb m3nemus AT

HOJIOTOM TIpU OBICTPOM TIocTpoeHuu 3D-Momenu 1o
UHGOPMALIMOHHON MOAEIN U3NETUSI.

3aKkmouyenue

B cratbe mpoaHanuM3MpoBaHbl COBPEMEHHbIE MPO-
TpaMMHBIE CPEICTBAa aBTOMATUUECKOTO PAacIiO3HABAHUS
BJIEMEHTOB, HaWJIeHBbl MYyTU WX COBEPIIEHCTBOBAHMUSI.
Ha ocHoBaHuM NpoOBeAEHHOro aHaau3a MPeTOXKEHbI
MEeTONMKA TIepexoa OT TPEXMEPHOU MO M3IETHS
aBUAIIMOHHOM TEXHUKU K OHTOJIOTUYECKOMY Ipe.-
CTaBJICHUIO U pa3pabOTaHHBINI Ha €e OCHOBE IUIaruH
anst Siemens NX. Pe3ynbraTel paOOThI IIPU3BaHbLI 00-
JIETYUTDb MPOLECC Nepexoaa MexX1y BakHEHILIMMU 3Ta-
mamMu pa3padbotku uzaeians AT — MpoeKTUpOBaHUEM U
TEXHOJOTUUYECKUM KOHTpOJIEM, YCKOPUTH ITpoliecc
MPOEKTUPOBAaHUS, a TaKXKe YIMPOCTUTh BHECEHUE W3-
MeHeHu#l B rotoBylo 3D-monenb uzgenus AT.
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Modern aircraft industry focuses, among other things, on reduction of the production costs in accordance with the market
demands. Cost reduction can be achieved due to design for manufacturability (DFM) process. DFM practices are aimed to
develop products of the same quality, but more cost efficient. This process requires additional knowledge and sufficient ex-
perience in selection of the appropriate equipment and technologies for the parts’ production. Given the complexity of a modern
airplane design (3 million parts for Boeing 767), it’s hard to develop the right technology for each part, and, as a consequence,
the design engineers often utilize the patterns, which have not changed for decades. The problem is that common practice does
not exploit fully the potential of the modern equipment. One of the reasons behind the low automation level in the DFM process
is a poor formalization of the DFM process. The authors of this paper did some work for formalization of the DFM process,
which resulted in development of an information model, a method of the DFM process and their implementation in DSS, "DFM
analysis system". This paper proposes a method for transition from a 3D model to its ontological presentation and describes
its usage in the aircraft design process. The problems of the design for manufacturability and design automation are also dis-
cussed. The proposed method is aimed to ease the process of the data exchange between important aircraft design phases,
namely engineering and design control. The method is also intended to increase the speed of designing and 3D model cus-
tomizability. The author’s plug-in for Siemens NX is based on the method of transition from a 3D model to its ontological pres-

entation and focuses on simplification of the work of the design engineers and technologists.
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