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Wprowadzenie

ZNACZENIE NORMALIZACJI W PROCESACH PROJEKTOWANIA | PRODUKCJI
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PROJEKTOWANIE MODULOWEJ STRUKTURY
URZADZEN DO AUTOMATYCZNEGO MONTAZU

®OPMHPOBAHME MOJAYJbHOM CTPYKTYPBI YCTPOVICTB
JJISI ABTOMATHYECKOI CBOPKH

BBEJIEHUE

Ilpu aBTOMaTHYECKOH cOOpke paspaboTaHHOE 00OpYIOBaHHME INPEIHA3HAYCHO, KAK IPABHJIO, IS OJHOTO
cobupaemoro y3ma. [1osToMy Ui €ro MCHONB30BaHMS MPH COOPKE APYTUX MOAOOHBIX H3IENUI IenecooOpa3sHo
MOJYJIBHOE MHCIIOJIHEHHE YKa3aHHOTO OOOpYZOBaHHS, YTO CYIIECTBEHHO MOXET COKPAaTHTh TPYAOEMKOCTb
TEXHOJIOTMYECKOH IOATOTOBKM IpOM3BOACTBA. /[l peanu3anMu Takoro Iojaxoga TpeOyercs Ha3Ha4yaTh
KOHCTPYKTUBHBIE U pabodre mapamMeTphsl COOPOYHBIX M BCIIOMOTATENIbHBIX YCTPOHCTB TakUM 00pa3oM, YTOOBI OHH
MOTJIH OBITh PeaIM30BaHbI IIPH 000 OpraHn3yeMoi KOMIIOHOBKH COOPOYHOTO 000pYHOBaHHSI.

FORMATION OF MODULAR STRUCTURE OF DEVICES FOR AUTOMATED ASSEMBLY

Abstract: We propose a systematic approach for the formation of modular technology and assistive devices au-
tomatic assembly of mechanical engineering products. The selection criteria of designing and operating parameters
for the continuous vibration and rotary assembly. This approach significantly reduces the complexity of technological
preparation for assembly production.



Vadim NIKOLAJEV
Uniwersytet Techniczny
Samara, Rosja

MECHATRONICZNY MODUEL. O STRUKTURZE ROWNOLEGLEJ DLA ELASTYCZNEJ PRODUKCJI
MONTAZOWEJ

MEXATPOHHBI MOAYJIb APAJJIEJABHOM CTPYKTYPBI 1JI5
I'MBKUX CBOPOYHBIX TPOU3BO/JICTB

BBEJEHUE

KoHmenmus MOIYIBHOTO TIOCTPOEHHS TEXHOJIOTHYECKOro 00OpyIdOBaHUA IpHBIEKaeT K cebe BcE
BO3pAaCTaroIlee BHUMAHUE CIECHUAUCTOB, OCYIIECTBIISIOMINX NPOEKTHpoBaHUe THOKUX coopounsix cucteM (I'CC) B
MAIIMHOCTPOEHHH.

HW3BecTHO, 4TO OCHOBHAsi Macca mpoOiieM mporpammHo-yrnpasisemoit coopkun (PROGRAMMABLE ASSEM-
BLY) cBsi3aHa He ¢ MaHMITYIHpPOBaHHEM COOMpaeMBIMH KOMIIOHEHTaMH, a ¢ (OPMHPOBAHUEM TaKHX ITapaMeTpOB
KOHTAaKTHBIX CBS3€H MEXHy JIeTalsIMH, KOTOpble TapaHTHPOBAaHHO OOECHEYHMBAIOT BO3MOXKHOCTH BBINIOJHEHHUE
Ka)XJI01l BHOBb COOpaHHOI cOOpPOYHOU eMHUIICH e€ CITy)KeOHOTO Ha3HAUCHHS.

[ponecc hopMupoBaHMS KOHTAKTHBIX CBS3€H MEXTY IOBEPXHOCTSIMU CONPSDKEHMS (QH3HUECKH peannu3yeTcs
MyTEM COOOIIEHHUSI COETUHAEMBIM JETalsIM OT BBIXOJHBIX 3BEHBEB COOPOUHBIX MOJIYJEH LielCHANpaBICHHBIX, T.€.
obnaaromux HeoOXOJUMBIMU CBOICTBaMH, ABMKeHUH. K TakuM cBOMCTBaM OTHOCATCA: BUJ TPACKTOPUH IBHKEHNUS,
3HAYEHUs] CKOPOCTH, YCKOPEHHs (3aMEAJIeHHs) Ha y4acTKaX TPAeKTOPHHM, BEMMUMHBI YIPABISAIOMUX CHI U PeaKuuii
KOHTAKTHBIX CBSI3€H, YaCTOTHBIE XapaKTePUCTHKU. [IpHHINNNAIBHO BaKHO, YTO B Pe3yNbTaTe ACHCTBHA OOIBIIOTO
YHCNIa BHEIIHUX W BHYTPEHHUX (haKTOPOB HEONPENeNEHHOCTH, HEOOXOJUMBbIE CBOHCTBA JIBIDKCHHUH (hOPMHUPOBAHHMS
KOHTAaKTHBIX CBsI3€fl MOT'YT OBITH OINpPENENCHHI TOJBKO B CBSI3M C HaOJIIOJaeMOW TEXHOJOTHMYECKOW CHTyalued B
KOXI0H M3 peanu3anuii cOopoyHoii onepanuu. TpaauiliOHHBIE YCTPOICTBA COSIMHEHHST JieTaliell, HOCTPOCHHbIe Ha
OCHOBE MPOrPaMMHOTO YIPaBJIECHHs IPHBOJAMH OJHOKOOPAWHATHBIX INEepEeMENIeHHH, TAKMMH BO3MOXXHOCTSIMH HE
00J1a1atoT.

Heo0xoanMo cosnaHue MHTEIUIEKTYyalbHBIX MeXaTpoHHBIX Monyieid (MMM) [1], mocTpoeHHBIX Ha OCHOBE
MHTETPAllU¥  NPENM3HOHHBIX MEXaHM3MOB IApajUleIbHOM  CTPYKTYphl [2] ¥  ammapaTHO-IPOrpaMMHBIX
OBICTPOJCHCTBYIOINX CPEACTB BBIYMCIUTENLHOM TEXHHKH, BBHIONHAIONIMX pEIICHHe 337ad  yHIpaBICHUS
TEXHOJIOTHYECKUMH CHTYalHsIMH.

MECHATRONIC MODULE OF PARALLEL STRUCTURE
FOR FLEXIBLE ASSEMBLY SYSTEMS

Abstract. Factors defining the efficiency of standard modules regulating the movement reproduction in flexible
assembly systems are considered. The mechatronic module of parallel structure is characterized by the specific
connection of its target link with the basis by means of two kinematical chains each of which contains a complete
electric drive. The required movements are reproduced by computer management of engine rotation frequencies. The
identification of technological situations is realized on representing trajectories Technical characteristics of the
module are provided.
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CECHY CHARAKTERYSTYCZNE PROJEKTOWANIA ELASTYCZNYCH
MODULOW PRODUKCYJNYCH O KONSTRUKCJI RAMOWEJ

DESIGN FEATURES OF FLEXIBLE MANUFACTURING
MODULES IN FRAME CONSTRUCTION

INTRODUCTION

Modular technology is based on the end-to-end application of modularity in design and technologi-
cal preproduction, when the product is introduced by a set of modules with a technological process, equipment and
accessories being specially developed for manufacturing these modules. The resulting modular manufacturing pro-
cess combines the advantages of single, standard and group technology, and on a modular level al-
lows each company to organize an elemental base for technological processes, equipment and accessories and im-
plement the production of some product by assembly method [1].

The existing technological equipment modules differ in a great variety of assemblies that: 1) complicates
the creation of virtual plants for digital display, virtual testing and simulation of all production stages [2], 2) requires
significant costs on their introduction into the technological process, upgrade, and/or re-equipment in compliance
with the new production requirements.

One-storey factories are generally characterized by a large extent of industrial areas and their communica-
tions in urban development, strained freight through the city streets and highways, and as a consequence, significant
economic losses. Therefore, at present more and more often multi-storey factories are built, where the weight
and dimensions of modular technological equipment (MTE)usedis very important[3]. The currently
used technological equipment modules are generally bulky and metal-intensive, which is not always justified
and hinders their efficient application in flexible multi-storey automated factory complexes.

Grounding on the foregoing analysis, there occurs a necessity for further development of MTE architecture
based on flexible manufacturing modules in frame construction (FMMFC) [4], allowing to eliminate the above-
mentioned drawbacks.

The aim of the research is to review the development features for FMMFC, ensuring their high performance by
simultaneous multi-tooling and installing them in a flexible, multi-storey automated factory complexes.

OCOBEHHOCTH PA3PABOTKH 'MBKUX TPOU3BOJCTBEHHBIX
MOJYJIEM PAMHOM KOHCTPYKLIUU

Annomayusn. Paccmompenvl ocobenHocmu paspabomku  2UGKUX RPOU3600CMEEHHbIX MOOYVIEU PAMHOU
KOHCMPYKYUU, C65A3aHHbIe C 6blOOPOM UX KOMHOHOBOK U MUNOPA3MEPO8 HA OCHOGe uHpopmayuu 06
obpabamvisaemvlx  3a20moekax.  IIpeodnojcenvt  NpUHYUNLL  PACNONOJCEHUs — MUNOPA3Mepo8  2UOKUX
NPOU3B00CMBEHHBIX MOOYell PAMHOU KOHCIMPYKYUU 8 MHO20IMANCHOM 30aHUU 348004d.
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MODEL MATEMATYCZNY DYNAMIKI ZROBOTYZOWANEGO MONTAZU
NA BAZIE SRODKOW ADAPTACIJI

MATEMATHYECKAS MOJEJIb JUHAMUKHA POBOTU3UPOBAHHOM CBOPKH
HA OCHOBE CPEJACTB AJAIITALIUU

IIpu ucnons3oBaHuKM B COOPOYHBIX ONEPANUSAX MPOMBINUICHHBIX POOOTOB C MPOTPAMMHBIM YIIPABICHHEM H
MACCUBHOM ajanTaiueil, 4acTo He YyOaeTcsl JOCTUYh BEJIMYMHBI MOTPEIIHOCTH IMO3MLUOHHPOBAaHHA pOOOTa,
YIOBIETBOPAIOIIEH YCIOBHAM coOupaeMocTH. B 3ToM ciydae 1enecooOpasHbIM —SBISIETCS  HCIIOJIb30BaHHE

JOTIOJIHUTEIBHBIX  CICLMAIN3UPOBAHHBIX  YCTPOWCTB,  YMCHBINAIOIIMX  IE€PBOHAYAJIBHYIO  IOTPELIHOCTh
MO3ULHOHNPOBAHMA POOOTA...

THE MATHEMATICAL MODEL FOR ROBOTIC ASSEMBLY DYNAMICS
BASED ON ADAPTATION TECHNIQUES

Abstract. Nowadays the problem of mathematical models for assembly dynamics still remains actual. Though a
lot of problems at this field have been already studied, including the model of dynamics for cylindrical parts assembly
(E.I Kolchugin's PhD thesis, MSTU "MAMI") and the model of dynamics for shaped parts assembly (J.C. Bakena's
PhD thesis, MSTU "MAMI").

The question about process dynamics after the contact of conjugated parts is still opened and have been study-
ing intensively.

This paper gives a deduction of the mathematical model for a barycentre motion dynamics for robotic assem-
bly, and proof actuality of the problem.
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ZASTOSOWANIE TEORII KWATERNIONOW DO PROJEKTOWANIA
FUNKCJONALNYCH MODELI CHWYTAKOW ROBOTOW PRZEMYSLOWYCH

THE USE OF THE THEORY OF QUATERNIONS FOR FORMING
THE FUNCTIONAL MODELS OF INDUSTRIAL ROBOTS’ GRIPPERS

HCNOJIb30BAHUE TEOPUHU KBATEPHUOHOB U151 ®OPMHUPOBAHHUS ®YHKIIMOHAJIBHBIX
MOJEJIEU CXBATOB ITPOMBIIIJIEHHBIX POBOTOB

Annomayusn. Ha ocnoge onpedenennvix KOMNOHEHMO8 U NAPAMEMPOS MEXHOIOSUYECKO20 83AUMOOCLICMEUsL CXBAMO8
NPOMBIUTIEHHBIX  POOOMO8 ¢  00beKmamu MAHUNYIupo8anusi 0bOCHO8AHA YenecoobpasHocmy  Gopmuposanue

¢yHKHuOHa]ZbelX MoOenel  cxeamos NPOMBIUITIEHHbIX p060m06 C UCnOJIb306aAHUEM D]IEMEHMOE meopuu
KeamepHUuoHOe6.

THE USE OF THE THEORY OF QUATERNIONS FOR FORMING
THE FUNCTIONAL MODELS OF INDUSTRIAL ROBOTS’ GRIPPERS

Abstarct. For the first time the approach to the forming of the functional models of IR Gr based on the elements
of the theory of quaternions has been reviewed. The representation of rotational and linear movements of Gr's jaws
has been formed. Using the common mathematical apparatus (the theory of quaternions) for forming descriptions of
IR's manipulate system and Gr, makes it possible to create an integrated IR's functional model that will be used in the
future to solve a number of functional tasks of T1 for AS of RMAT developed in Zhytomyr State Technological Univer-
sity, Ukraine.
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MODULOWE PODEJSCIE DO KONSTYTUOWANIA TYPOWYCH INFORMATYCZNO-
TECHNOLOGICZNYCH UKLADOW SEKWENCYJNYCH

MOJYJBHBIN MOAXO0J K ®OPMHAPOBAHHIO THITIOBBIX
NHO®POPMANIMOHHO- TEXHOJIOI'MYECKUX IIAT'OBBIX CUCTEM

BBEJEHUE

HpI/I MOAYJBHOM NOAXOAEC K MPOCKTHPOBAHUIO KOHCprKIII/Iﬁ U TEXHOJIOTHUYCCKHUX ITPOLECCOB Ba)KHECH-IITUM
TCOPETHUUCCKUM DJIEMEHTOM SABJIACTCA THUIIOJIOTUS KOHCTPYKTUBHBIX HOCTpOCHI/Iﬁ TEXHOJIOTUYCCKOT'O OﬁOpyﬂOBaHI/IH,

npucnocobiaeHuii, HHCTpyMeHToB. K TakuM 0OBEKTaM OTHOCATCS MH()OPMAIOHHO- TEXHOJOTMYECKHE CHUCTEMBI-
HaKJIaJHbIe m1aroBble cucteMsl U poootsl (HIICuP) (puc.1) [1].

MODULAR APPROACH TO FORMATION OF STANDARD INFORMATION
TECHNOLOGICAL STEP-BY-STEP SYSTEMS

presented.

Abstract. In article the typology of constructive creation of processing equipment, adaptations and tools on the
basis of modules and schemes of unprofitable step-by-step systems and robots and technology of their application is
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MODULOWE PODEJSCIE DO PROJEKTOWANIA FREZAREK STOLOWYCH
STEROWANYCH NUMERYCZNIE

MOJIYJIbHBII MOIXO/ TP CO3JAHNU HACTOJIBHBIX
®PE3EPHBIX CTAHKOB C YITY

BBEJEHUE

AKTHBHOE BHEJIpEHHME HHHOBALUOHHBIX KOMIIBIOTEPHBIX TEXHONOTHH B Yy4eOHBII Ipomecc sBIAETCS
HEOOXOJMMBIM YCIOBHEM Pa3BUTHSI CUCTEMbI 00pa3oBaHMs rocynapcTBa. CerofHs B HEKOTOPBIX BBICIIMX y4eOHBIX
3aBEICHUSIX HA4Yalld YBIEKaThCd BHPTYaIbHBIMU JTa0OpaTOPHBIMH paboTaMu, CBEAsS H3YyYCHHE H HCCIEHOBAHHE
noporocrosimux craHkoB ¢ YIIY k MonmenupoBaHuI0 Ha KoMIblOTepe. B pesynbrare CTyNEHT-BBIIYCKHUK MMEET
JIOBOJIGHO OTPAaHMYEHHOE IIPEICTABICHUE O PEalbHOM COBPEMEHHOM O0OPYIOBaHUH M HE UMEET HAaBBIKOB PabOTHI C
HUM. [IpuMeHeHHe MOIyJIBHOTO HpUHIOMNA co3naHus craHkoB ¢ UYIIY [1] mo3BoiseT CyLIECTBEHHO CHH3HTH
MaTepHaNbHBIE PACXOJBI Ha U3TOTOBIEHHE MOJEIBHOTO PsAJa CTAHKOB, COKPATUTh BPeMsI HX COOPKH WM HalaikH, a
TaKke PACIINPHUTH KOJNMYECTBO BO3MOXKHBIX KOMIIOHOBOK M3 OTPAHHYEHHOTO KOJIHMYECTBA MOIyNeH, uto Oymer

[POWUIIOCTPHUPOBAHO HA CTAHKAX TPAIAULHMOHHON KOMIIOHOBKU M HOBOTO MOKOJICHHS C IIPUMEHCHHEM MEXaHH3MOB
napauienbHoit crpykrypsl (MIIC) [2].

THE MODULAR APPROACH TO CREATE A DESKTOP CNC MILLING MACHINES
Abstract. Presented a modular approach to build milling machines working on the computer. As an example,

offered a desktop milling machine pyramidal configuration, consisting of a main module of motion and the motion
innings. Modules are offered original solutions of linear movement and self-spindle motor.
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ADAPTACJA STEROWNIKA NUMERYCZNEGO ,,MIKROS-12T”
DO SYSTEMU ZINTEGROWANEGO SAPR TP ,,ADEM”

AJANITAIUA YUITY «<MUKPOC - 12T» B MHTETPUPOBAHHYIO CAIIP TII «<ADEM»

BBEJEHUE

ABTOMaTH3aIUsl IPOEKTUPOBAHUS peall3yeTcsa ¢ MOMOIIbI0 CUCTEM aBTOMAaTU3MPOBAaHHOI'O NPOEKTHPOBAHMS
(CAIIP). CAIIP — 370 pa3yMHOEe cOYETaHHE BO3MOXKHOCTEH dYenoBeka m DBM, rne moip30BaTellb BBITONHSACT
He(hopManu30BaHHBIE OIEpalyy, TPeOyIOIIe HHTeIUICKTyalbHBIX criocoOHocTel, a OBM mopywarorcs 3amaun,
TpeOylomue BHICOKOH CKOPOCTH BBIYHCIICHUI, BU3YaJIbHOTO OTOOpaXkeHHs MH(QOPMAIMU M 3aOMUHAHMS OOJIBIINX
00BEMOB JTaHHEBIX.

K HacrosimeMy BpeMeHH BBIACIMIMCH [Ba HAlpaBJICHUS NPUMEHEHUS CPEJCTB BBIYUCIUTEIBHOM TEXHUKU
B MAlIMHOCTPOECHUH: aBTOMATH3alMsl IPOM3BOJICTBEHHBIX IIPOLIECCOB U aBTOMAaTU3allK HHKEHEepHOro Tpya. Ilepsoe
HarmpaelicHue — 3To obopynoanue ¢ YITY, rubkue mpou3BOACTBEHHBIC KOMIUICKCH M cucTeMbl. Bropoe — CAIIP,
ABTOMATU3UPOBAHHBIC CUCTEMBI YIIPABICHUsI TEXHOJIOTMYECKUMHU IIPOLIECCAMU U IIPOU3BOICTBOM.

Oupma «Muxpocy (r. Hormack MockoBcko#t 061acTH) cenana OrpOMHBIN IIar B Pa3BUTHH MATHHOCTPOCHUS
B Poccun, BeimyctuB cuctemy UITY «Mukpoc-12». Ceiivac ata YUITY ycremHo paboTaeT Ha MHOTHX IIPEAIPHUSITHIX
Poccun.

"ADAPTATION NC" MICROS - 12T "IN AN INTEGRATED CAD / CAM / CAPP «<ADEM»

Abstract. Adaptation of CNC "MICROS-12T" in an integrated CAD / CAM / CAPP «ADEM» enabled the company to
equip the new control system of CNC equipment and automate the development process control programs.
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KOMPUTEROWO WSPOMAGANA ANALIZA EANCUCHOW WYMIAROWYCH
ZWYKORZYSTANIEM PROGRAMU AUTOCAD

COMPUTER AIDED ANALYSIS OF DIMENSION CHAINS WITH THE USE OF AUTOCAD

Projektowanie proceséw technologicznych montazu musi sprosta¢ wymogom szybkiego reagowania
w dostosowaniu technologii do czesto zmieniajacych sie uwarunkowan produkowanych wyrobéw, ich
modernizacji i konkurencyjnosci. Powoduje to konieczno§é opracowania takich narzedzi, ktore w szybki
sposob, przy niewysokich kosztach projektowania i analiz pozwola rozpatrzy¢ wiele wariantéw dopuszczal-
nych rozwiazan i wybraé korzystne z uwagi na koszty. Opracowany przez autora system projektowania
i analizy procesu technologicznego montazu [1] umozliwia w jednym ze swoich modutéw programowych
dokonywanie analizy doboru cech geometryczno-wymiarowych czgsci i zespotow maszyn. Analiza wza-
jemnego potozenia czgsci oraz zadanych luzéw oparta jest na tancuchach wymiarowych majacych kluczowe
znaczenia w montazu. Zadania identyfikacji rownania fancucha wymiarowego realizuje program analizy
i syntezy wymiarowej. Jest on opracowany dla potrzeb analiz w przypadku postugiwania si¢ systemami
AUTOCAD firmy Autodesk korzystajac dla odczytania informacji z pliku typu DWG, zawartych w blokach
wymiarowych.

Jednym z gléwnych etapoéw projektowania procesu technologicznego montazu jest opis struktury
montowanego przedmiotu za pomoca tancuchéw wymiarowych, ktorych rodzaje i metody obliczania sa
powszechnie znane. Opis ten pozwala na okre$lenie wzajemnego potozenia elementéw danego wyrobu oraz
wyznaczenie wystepujacych miedzy nimi luzéw i wciskow. Szeroka wiedza na temat analizy i syntezy jako
narz¢dzi wspomagajacych wyznaczanie tolerancji to proces, ktory nadal stanowil jeden z trudniejszych
elementéw pracy inzynierskiej. Obliczenia z nim zwigzane nie sprawiaja zbytnio klopotu w przypadku
tancuchéw dwuwymiarowych o matej liczbie ogniw. Wiele trudno$ci natomiast sprawiaja tancuchy prze-
strzenne, przy jednocze$nie duzej liczbie ogniw sktadowych, gdyz obliczenia te wymagaja wielu skompli-
kowanych i czasochtonnych przeksztatcen.

Potrzeba CAT w postaci dodatkowego modutu wspomagajacego dobor tolerancji sprawita, ze produ-
cenci oprogramowania CAD/CAM zintegrowali aplikacje CAT w nowoczesnych systemach CAD/CAM
jak: PRO/ENGINEER, I-DEAS. Wsrdd programoéw ze zintegrowanym modulem CAT nie znalazto sig
srodowisko CAD firmy AUTODESK. Producent z niewiadomych przyczyn nie dolaczyt go do jednego
z najpopularniejszych systemow wspomagania prac projektowych, jakim jest program AUTOCAD.

COMPUTER AIDED ANALYSIS OF DIMENSION CHAINS WITH THE USE OF AUTOCAD

Abstract. In process of constructing the units of machine the designer should decide the problem of
selection of geometrical dimensioning features of units and unit sets of machine. The analysis of mutual
position of units, the demanded clearance based on dimension chains having the key meanings in assembly.
Article presented the solution of problem of identification of dimension chain equation by program of anal-
ysis and synthesis in case of using CAE systems like: AutoCad.



