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MONTA ZOWO ZORIENTOWANE PROJEKTOWANIE Z ZASTOSOW ANIEM DFA EXPERT

ASSEMBLY-ORIENTED DESIGN USING DFA EXPERT © SOFTWARE

One of the most effective tools for reducing cassociated with assembling is currently the use of
methods of improving assemblability of productsdshen assembly-oriented design (DFA — Design for
Assembly).

The most known DFA-analysis methods are: Hitaclgehsblability Evaluation Method, Boothroyd
Dewhurst System [1], Lucas DFA Technique [2]. Basadthese methods, the following expert systems
have been implemente®esign for Assembly 9.@Boothroyd Dewhurst System) afdéamSET Software
(Lucas DFA Technique). However, even these, unalisrsecognized systems, are featured by a rativer |
automation level in particular due to the fact thalatost all initial data are input by user manually

A method of task-oriented redesigning an assemtagiyct and DFA Expeftsystem implemented on
its basis are presented in [3]. The use in thitesyof existing mathematical models of #msembly prod-
uct (AP) [4] and assembly process allowed, further asid analysis functions, implement integration of
DFA Experf with other product life cycle support systems.

Let us consider the use of the assembly-orientstydenethodology based on the above method for
the “Polimag” product (Fig. 1) manufactured by LBl&€h Ltd.

b)
Fig. 1. Product “Polimag”: @) photograph; b) three-dimensional model

Rys. 1. Przyrzd “Polimag”; a) fotografia, b) tréjwymiarowy model

The device is designed for finishing treatmentrafgular shape parts by contacting with the medium
in which metallic particles as free abrasive mateof low concentration move under the influenceanf
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alternating magnetic field created by mechanicthtion of permanent magnets. Initially the design i
cluded 280 parts. Cost for manufacturing of suctispdAH 1,191 (~$150). The product design was ana-
lyzed at the factory with the aim to reduce manufacg cost due to the assembly-oriented design.

The analysis included six stages.

At the first stage, the existing (baselpesign and Manufacturing Conce@®MC) [3] was formally
described and initial data were prepared.

Formation of thedesigninformation DMCOD was started from creation of a 3D-model of thedpobd

(Fig. 1b) based on which the data of decomposition, oveialensions of parts, weight, materials were ob-
tained. Information on physical properties, i.agflity, elasticity, etc. is determined by the usemually.

Formation of thegechnologicalinformation DMCg’I was started from importing data from the 3D-

model to the assembly sequence synthesis moduén ahmodel obinary relations of movement restric-
tion (BRMR) was synthesized [4gssembly sequen¢AS) was generated [5] and results were registered
a text file.

Formation of theeconomicinformation DI\/ICOE was started by importing the text file to the DFA
Experf environment [3]. Then the information on the pretpart manufacturing cost was input to the
system. All this allowed to link together engineeyri technological and economic data, i.e. bEXES)
was formed (Fig. 2).

& DFA Expert Q@

Pain Peaaktdposate Ananys [Napamerpel Mporokon Cnpaska
g T = 3 e - -
HESEE DB 1R +E%= A% ]
Lepesn BapHarToE ] 1 -1 ‘
= W 0 M Crpyetypa Wydp Kon-eo C. cym Coefi  Coyer C. zr.
e 0-1 0 = @ Polimag | THTREE. 1 14wz 24 000 1§00 OO0 : -

i 2 W Faney i 054 1 10900 00000 0450 0640 [ 4. i
2 W@ Bunr M4x1258 S TOCT 174, 4 39600 0000° 0950 0040 : s
o W Kpbiwka : 083 1 0 12483 0000: 0483 12.000 i :D 4.
4 @ Kpuka Lo 1 19083 000D 0483 1BE0D : :
Tl W Taika 38019 { FOCT 532.. 12 ¢ 16840 0000 1353 0.050
- W@ Waida cronopran 365.. - FOCT 104... 12 . 107200 0000 0853 0,040
7 W Bunr M3x12.58 | TOCT 174.. 12 0 16427 0000: 1339 0,030
g @ Croika kopnyca e 4 23778 0O00F 0944 5,000
9 g W Bunr M4x10.58 : TOCT 174, 4 3.960 0noo: 0350 0.040
10 ¢ @ Haknanka : 057 728 5.689 00000 0944 1.900
1 @ Nawensnepennan OS4CE 1 206877 3B 094 173450
T2 + @ Nnara ynpasneHA 103CE 1 5E500: 00000 0500 96,000
e @ Nnara nogcesTku 104CE 2 31,0000 0000% 0500 16,000
14 - @ Krorkaynpaener... - 108-001 CE 3 13,950 0000 0,950 3,700
15 : " i@ Krorkaynpaenena... - 106002 CE 1 4650 0000 0350 3,700

Fig. 2. Representation of AP “Polimag” in DFA Exper

Rys. 2. Widok montowanego wyrobu “Polimag3¥mdowisku DFA Expert
Analysis of joints and assembly cost determinatiothe DFA Expertenvironment showed that direct
cost for assembly processes amount to UAH 236 ($20 19.8% of the total direct costs. By inveatig

ing the structure of costs it was determined thatrhost labor-intensive in terms of assembly aocegsses
of case base installation and making threaded atioms (Fig. 3).
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Fig. 3. Distribution of operating time for assemBliMC,

Rys. 3. Struktura naktadow czasowych na mofi€dP — kontrukcyjno-technologiczne rogzranie) KTR

At the second stageDFA-analysis ofDMC; alternative was madéor this purpose, possibilities to
reduce the number of AP parts were identifieds kriown, that in terms of assembly, the ideal ¢agéhen
all parts of an assembly produtiare integrated into one part. There are, howegme restrictions of the
integration process of the functional and technickighature [6]. To account for such restrictionstally,

a procedure was used for searching groups of paiith may be integrated with regard to all resimits.

AP kinematics analysis and division of the set bfA® parts into subsets representing kinematic
chains showed that the set of all parts can beléivinto two subsets: 1 — motor shaft, kegsembly unit
(AU) “Inductor”; 2 — all other parts.

After that all parts requiring regular replacementadjustment were excluded from consideration.
The requirement to ensure easy access to assemitdy'illumination board”, “Control board”, “Contradr
board”, “Power module board” was established byciltomer and in this case is a restriction reltaetie
device operation. The said assembly units as wdilaadles, power and voltage switching connectuall s
be made as separate subassembilies.

By analyzing part materials it was found that péotsated above the AU “Inductor” shall be made of
a magnetically permeable material; front paneltef tlevice shall be made of a transparent material t
ensure smart backlighting.

At thethird stage, modifications to the device design were made.

In order to make decision on whether to modify &R, basic information for a ne®MC,.; was
created. New design of the “Bracket” part was prepoallowing to make connection of the AP “Illlumina-
tion board”, “Control board”, “Controller board”Pbwer module board” without thread joints while [xee
ing easy access during operation.
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New design of the “Cover” part was proposed: to lalenof acryl thus corresponding to magnetic
permeability restriction. It was also offered t@lexe metallic straps for blanking individual pastfsthe
front panel with film coating.

At the fourth stage, description ofDMC,_; was formalized. This stage differs from stage Iy om
that a portion of information is inherited from tharentDMC.

By carrying out thdifth stage implying comparative analysis 8MC, andDMC,; it was decided at the
sixth stageto perform one more analysis iteration with theeptielemenDMC_;.

At the second stageof the second iteration no solution on the reductid the number of parts of
DMC, ; was found, thus analysis of design and connecti@ssmade.

Based on the analysis of the connection designwsiastening of power and voltage switching con-
nectors was substituted for a more practicallyildasne in terms of assembly, flexible elementeamg,
screw fastening of the AP “Front panel” and “Backgla was substituted for a more practically feasibl
fastening with the use of rivet joints.

By performing thethird stage,DMCy.;.; (Fig. 4)with 151 components was obtained. BVCy.; 4,
the fourth stage was carried out that resulted in supplementinggesbmponent, and technological and
economic components were formed.

Fig. 4. DMG_1.; of AP “Polimag”

Rys. 4. KTR1., montowanego wyrobu ,Polimag”

At thefifth stage, comparative analysis @MC, andDMC,_,., design alternatives was made (Fig. 5).

At the sixth stageit was decided whether to make modifications. Nesigh alternative for the “Po-
limag” AP, the number of parts was 151. Assemblgt@nd total manufacturing cost BMC,_.;.; were
reduced by UAH 143 per unit (~$18) and UAH 212 prit (~$27) respectively. According to the DMC
comparison report, the repeated design resultdtkineduction (Fig. 6) of the number of parts byl46, of
the time and cost for assembly, by 60.7%, costrfanufacturing of parts, by 5.8%, total AP manufeoty
costs, by 14.9%.
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Fig. 5. Result®f comparative analysis of the manufacturing c¢gsand the total assembly
and manufacturing costs (b) for DM@nd DMCy.;.1

Rys. 5. Wyniki poréwnania KFIPKTP,_1.; @) porownanie kosztéw modtg b) poréwnaniedcznych
kosztéw wytwarzania i morita
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Fig. 6. A diagram of an effectiveness of the M€
Rys. 6. Wykres efektywitbnowego projektu

CONCLUSIONS

DFA Experf software presented in this paper is an efficiessigh support tool in assembly-oriented
design of a product enabling to assess new Desigrnvianufacturing Concept both in terms of assembly
processes and manufacturing processes.

The proposed method proved its efficiency in the EB&¢h company in engineering a new design of
the “Polimag” product. Estimated saving due to iempéntation of the new design is UAH 212,000
(~$27,000).
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ASSEMBLY-ORIENTED DESIGN USING DFA EXPERT © SOFTWARE

Abstract This paper presents the method of assembly-ededesign with the use of DFA Expert
computer software. The use of this method for aisabsd redesign of the assembly product “Polimag”

allowed to reduce the number of parts almost by &adf to cut the estimated production cost apprdgiab
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MATEMATYCZNE MODELE | PROCEDURY W ZADANIACH ANALIZY
| SYNTEZY PROCESOW MONTA ZU

MATEMATHYECKHUE MOJIEJIM 1 TPOLUEAYPHI B 3AJAYAX AHAJIN3A
N CMHTE3A MPOLHECCOB CBOPKH

B craree mnpezncrapieHa peanu3aunus IMNEPCIEKTUBHOM MOAETH KOMIIBIOTEPHO-UHTEIPUPOBAHHOIO
MPOU3BOJCTBA U YCIIOBHH THOKOTO COOPOYHOTO IMPOM3BOACTBA 0Aa3HMPYIOIIASCS HA B3aUMOCBSI3aHHBIX
MoOJIeNsIX 00beKTa COOPKH, Mpolecca MPOSKTUPOBAHUS TEXHOJIOTUH U MOJIENN MPOU3BOJICTBA.

Mamemamuueckaa mooenv coopounozo uzdenus (CH). Tlpy uHGOPMAIMOHHON IOIIEPIKKE
kun3HeHHoro 1nukna CH BO3HHMKaeT LeNbI psAA 3aJad, pPELICHHE KOTOPBIX OasMpyeTcss Ha aHalu3e
OIIPEIENICHHBIX CBOHCTB KOHCTPYKIMH caMoro u3zenus. I1o3ToMy HOHATHO JKeJlaHWe CO3/4aTh CAUHYIO,
YHHUBEpPCAIBHYI0 MO ¢(opMe IpeAcTaBIeHHs MaTeMaTHYeCKyl0 MOJeNb, INPHUTOMHYI0 IS DEIICHUS
GOJBLIMHCTBA 3324 (B Mpejesiax paccMaTpuUBaeMoil Teopuu). B 3THX 3aJadyaX MMEIOT MECTO HECKOJIBKO
CYIIHOCTEH, ¥ KIIOYEBYIO POJb UI'paeT MOHSITHE CBSI3H MEXIy HUMH. PazymeeTcs, B KauecTBE CYIIHOCTEH
BBICTYIIAIOT CBOWCTBA PEANbHBIX OOBEKTOB (HAmpHMep, AeTanell M3IeNHs, TEXHOJIOTMYECKOM OCHACTKH,
060pyI0BaHHS U T.I1.), @ CBSI3HM — CBOETO PO ACCOLIMALIMS MEXKAY OTACIbHBIMU CBOMCTBAMH YITOMHHAEMBIX
00beKTOB. B MaTemaTuke Takue CBA3M NPUHATO Ha3bIBaTh OTHOIICHUSMH U NIPEICTABIATH B BUE JEKapTOBa
npousBeieHUs MHOxecTB. Hampumep, ecnu moj oObeKTaMH I[OHMMAaThb AETAIH KOHCTPYKLMH, TO
OTHOLIECHHEM (CKakeM, CBOMCTBO "HaJMYHE KOHTAaKTa) SBJISETCS IMOAMHOXKECTBO YIOPSAOYCHHBIX Map
R [T AXAX..., ne & LA, &Py u T. 1. —HOMEpA J€TalEH U3Neusl.

OTHOCHUTENIBHO CTEIIeHH OTHOIIeHus. Ecim N — ofmmiee konmdecTBO Jeraned, To, KOHEYHO, JOJDKHA
BBINOJIHATHCS paBeHCTBO Ay =A; =..= A, =A. Onnako paccmarpuBath R [/ A, He 1esnecoo0pa3Ho, TOCKOIbKY
000 Tporecc COOPKH MOXKHO CBECTH K IMOACTAIbHOMY (YCTAHOBKA MO OJHOM [ETald Ha KakIOW
oreparyu). DTO MO3BOJISET CACNATh BBIBOJ, YTO OCHOBHOE CBOMCTBO TAKOI'O IPEACTABICHUS — & cledyem
3a g — XapaKkTEpU3yeT CBA3b MEX/1y NApo JeTaieH, T.e. OMHapHOE OTHOILEHHE RJA?= AXA.

CoOCTBEHHO, JUII TEOPETHYECKOTO PACCMOTPEHHS] MAaTeMAaTHIEeCKOH Mozenu COOpOYHOro M3eiust
JIOCTaTOYHBIM SIBIIICTCSI €€ OIMCaHHe B TEPMHUHAX TEOPHM MHOXKeCTB. OIHAKO HMpaKTHYECKas pear3arus
B CAIIP Tpebyer oT pa3pabdOTYMKOB MaTEMaTHYECKOro OOecreueHUs] MOAPOOHOH (OpPMBI MpEACTaBICHUS
nauHbIx. M3BectHO [1], uto rpaduuecknm n300pakeHneM OHHAPHOTO OTHOIICHHS sBisiercst rpad (puc. 1,q).

Ha ceropnsmuuii neHp nporpaMMHOe o0eclieueHHe, KOTOopoe palboTaer ¢ MOJOOHBIM BHAOM
uHpopMaln — 0ObeKTHBIME MoOjelssMu Ha ocHoBe si3bika UML (amrn. — Unified Modeling Language
aKTUBHO pa3BuBaeTcs. [Ioka 4TO 3TO pa3BUTHE HIET B HANPABICHHU YIPABICHYECKHX M KOHOMHUYECKUX
Mozenei, HO MOXKHO HaJeaThCs, 4TO B OyIymeM pedb Ipad)HuecKkoro ONUCAHHS OOBEKTHBIX MOAeNeH
3aiiMeT Bexymiee MecTo. ORHOHN U3 caMbIX pacHpOCTPAHCHHBIX SIBIIsICTCS TabianuHas Gopma mpencTaBiIeHus
otHouleHuit (puc. 1,6). B ciyyae OMHApHBIX OTHOLICHHMIT — 3TO OOBIYHAS KBajpaTHas TabiMIa, B ciiydae N-
apHBIX — MHOKECTBO CBSI3aHHBIX TaGIHI[ (BpoJe PEAUMOHHBIX 0a3 maHHbIX). TabmuuHas ¢popma ynobHa
TeM, 4TO BEIMONHEHHME & R § ob6o3HauaeTcs HaMMUMEM IIEPEMEHHOM € C MOMOIIBIO KOTOPOH MOMKHO
KOJIMIECTBEHHO OXapaKTepH30BaTh CBOMCTBO OTHOLICHHsS (HAIpHMeEp, BEIMUYMHY 3a30pa NPH HAIMYHN
COEIMHEHUS).
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Pesxe ucnonb3yroTcest HOpMBI IIPEACTABICHHS OTHOLICHUIT B BUe nepeyns Ayr (puc. 1,6) u dakrop-
mHOXkecTB (puc. 1,2). C TOYKHM 3pEHHS] TPOTPAMMHPOBAHHS — 3TO OOBIYHBIC CNHCKH. J[Jisi perieHus
MOCTAaBICHHOW  3ajaud  Takoe INPEACTaBICHHE MaJIOMHOOPMATHBHO M  JIOCTaTOYHO  HEYJOOHO
B UCIIOJIB30BAHHH.

48 && - A=(a.aa.4..)
- ] ak Qs <a| ak>
- _J(aa)
& R= <ak,aj>

P oo

a) 0) 6)

<ak 'as> <aj> 2)

Puc. 1. Dopmvr npedcmasnenus ommouienuil

Rys. 1. Sposob prezentacji zal&ci

JIorMYHBIM €CTh BONPOC OTHOCUTENBHO COJCpKaHWs WM CEMAaHTUKH OTHOIICHHS. Beime yxke
YIIOMHHAJINCE JIBa CBOHCTBA: KOHTAKT U cienoBaHus. OIHAKO IPH aBTOMATH3UPOBAHHOM IIPOCKTHPOBAHUH
OCHOBHOM HMCXOIHON HH(OpMaIue# SBISCTCA reoMeTpudeckast HHGOpMANUsA O TOMOJOTHH MMOBEPXHOCTEH
Jeraned, kortopas MoxeT ObiTh nosydeHa u3 CAD, u CBOWCTBO cliejoBaHMS, KOTOpas HE NPUCYTCTBYET
B 3D-MozensiX B SIBHOM Buze. [109TOMy CBOWCTBO OTrpaHHYCHHS IepeMelieHus (IIOABIKHOCTH), HA OCHOBE
KOTOpOit Oyner fenatbest BBIBOJ 00 O4EPEHOCTH YCTAHOBKHU JeTaleid, 1o/DKHA ObITh (opManbHOM. HTaK,
B JanbHeleM, BhIpakeHHe (&;,8/)[R Oyaer o3HauaTh, 4YTO BBICKA3bIBAHUE ,0emalb & Ozpanuyusaent
603MOJICHOE hepemeujenue & — UICTUHHOE.

Crnoco0bl IPOBEPKU YCIOBHH JOCTYINA SIBISIETCS CBOETO POJA MHCTPYMEHTOM Uil (pOpMHpOBAHHS
MaTEeMaTHIECKOTO MPEJCTABICHUs] TeoMeTpudeckoil cocraBmomeii P moxemn CB. OObraHO 3TOT
OTHOCHTCS K 33]a4aM CHCTEM KOMITBIOTEPHOH MOIEP>KKH MPOU3BOJICTBA.

MaremaTndeckoe IpecTaBiIeHe IapaMeTpoB MPOCTPAHCTBEHHOTO IOJIOXKEHHS JieTallell JOCTaTOYHO
pa3sHoOOpa3HO, OIHAKO UX 00LIel OCOOEHHOCTBIO SBISIETCS TO, YTO OHHM YYHTHIBAIOT TOJIBKO CBOMCTBa
KOHKPETHOM KOHCTPYKLIMH.

Ipennaraercs [2] matematuueckyto Mozenb CB npeacTaBuTh Kak coueTaHdue (yHKIHIA:

Fo: RXT—0 — JieTalb & OrpaHMYMBAET BO3MOXKHOE Iepemellenue g mo Tpaekropuu tOT Ha
paccrosunn 00O (3mech mox t ciemyer MOHHMAaTh HPOM3BOJBHYIO KPHUBYIO, Kak
MPOCTEHIINNA M CcaMblil YacTblil cilydail — IOCTYNAaTeIbHOE IEPEMEILEHUE BIOJb
KOOPAMHATHOTO HAMPABJICHUS WK TOBOPOT BOKPYT OCH);

Fp: RXH—Q — COEIMHEHNE & M &j NPUHAIICHKUT ONPEIETCHHOMY THITYy COeMHEHHH H ¢ N3BeCTHOM
xapakTepuctukoit wIQ;

Fe: RxO—Z — COEJMHEHHE & U & MOXET ObITh NOIy4eHO Ha obopynoanuu ollO ¢ (usnueckum
(TexHOMOrNYECKNUM) TIPHHIMITAMH (QYHKIMOHUpOoBanus {[1Z.
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Oyakiust Fg  ycTaHaBIMBaeT COOTBETCTBHE MEXIy MHOXECTBAMM JIeTaJIeH M TpaeKTopuit
nepeMenieHnidi. B o0mem ciydae 3TO N-apHOE OTHOLICHHE, IOCKOJIBKY TPAGKTOPUH MOXET OBITh
MHOXECTBO.

OOBIYHO MHOXXECTBO T COZEPKHUT A0 6 IIEMEHTOB, KOTOPHIM OTBEYaTh 6 MAaTpHIl MepeMelieHUi
1 oBopoToB. M,, M,,...,R. BaxHo, 4T0 5T MaTpHIBI MOXKHO c(OPMHUPOBATH HE BPYUHYIO, YTO ABIAETCH
HETIPOJYKTHBHBIM U MOJXET COJEepKaTh OOJBIIOE KOJMYECTBO OIIMOOK, a aBTOMATHYECKU depe3 aHaIH3
TpexmepHoit Mojenu, co3nannoil B CAD [3, 4], ¢ obecrieueHreM UX MOIHON HHPOPMATHBHOCTH. PUCYyHOK 2
WUTIOCTPUPYET BEISBICHHE OTpaHHdIeHHi nepemenenus neraieii B CE.

anpaenenue ‘
KBUPMYATIbHBLX» |
nepemeujeHuil

Ced nepemewjerus demanu Obnacmb nepeceyenus npoexyutl
a) o, | 6) wecmepHu u 6MyIKuU

Obnacmv nepeceuenus
Odemanetl — He@bINOIHEHUE
yenosuti docmyna

Puc. 2. Bosnuknosenue u gvisgienue ocpanuienuti noogusicnocmu demaiei ¢ CE

Rys. 2. Tworzenie i identyfikacja ogranicpezemieszczaniagzi w jednostce monsawej (zespole)

Jliist obmiero aHanu3a J0CTaTouyHO uMeTh 3Hauenne O0]O Qynkuum Fg kak yormdeckoe 3HaUCHHE
HAJIMYHs WIK OTCYTCTBUS TOTO MJIM MHOTO CBO¥cTBa. [[si Gosiee neTanbHOrO aHajin3a, B 4aCTHOCTH IS
Pa3MepHOro aHajn3a, MOXKHO MO/ 3HaueHHeM O IOHMMAaTh pa3MEpHY0 HHOpMALHIO.

Conepxanne ¢GyHkuMd Fp HOMWKHO oOTpakaTh, B IEpBYIO od4epelb, (QHU3NYECKUl MPUHLMII
(DYyHKIMOHUPOBAHUS COCIWHEHUS W, BO BTOPYIO OYepeib, IMOJUYMHEHHO — KOHCTPYKTHBHOE HCIOIHEHHE
coenuHeHMs. Takas TOCTaHOBKAa OOBSCHAETCS TeM, 4TO (PU3MUECKHH NPHUHOUI (YHKIHOHHPOBAHHS
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COCIMHEHHUS, KaK IIPaBWJIO, SIBISICTCS HEW3MEHHBIM, B TO BpeMsl KOTJa KOHCTPYKTHBHAs peaan3arus
COCIIMHEHHUS B TIpoLecce KOHCTPYUPOBAHHUSA U OTPAOOTKH KOHCTPYKLMHM CU Ha TEXHOJOTMYHOCTH MOXKET
HOJIBEPraThCsl CYLIECTBEHHBIM N3MEHEHUSM.

Conepxanne ¢yHkumn Fg  nomkHO comepxarh, B IEpBYIO ouepenb, (GU3HYSCKHH WM
TEXHOJOTMYCCKHil NpHHIMI (HAaGOp NPHHLMIIOB) pealU3aldil COCAWHCHHS H, BO BTOPYIO OYCPEnb,
TIOJJYMHEHHO — TEXHOJIOTHYEeCKOe 000PyI0BaHUE, peaIn3yIomiee STOT IPUHITHIL.

MATEMATHYECKAA MOAEJ/Ib ITPOLJECCA IIPOEKTUPOBAHHUA TEXHOJIOT'H

MaHunynupoBaHuss ¢ MOAEIAMH M3IEIMH — IpeporarMBa MaTeMaTHYeCKUX MOJeENel Ipolecca
MPOEKTUPOBAHKs TEXHONOTMH. OTO HauMeHee (DOpManM30BaHHAs COCTAaBISIOINAs —BCEro  Ipolecca
MIPOEKTUPOBAHHS, TIOCKOJIBKY OHA B OMPEAETICHHON CTENeHH JOJDKHA BOCIPOM3BOIUTH MBIIUICHHE UETOBEKA.
37eck JIOCTaTOYHO XOpOLIO TPHMEHMM CHCTEMHBIM moaxonx. Tak, Hampumep, TIpolecC CHUHTe3a
texHonoruyeckoro mporecca coopku (TTIC) moxer GbITh YHU(MHIMPOBAH U CBEACH K HECKOJBKUM THIIOBBIM
MOJIIpoLieccaM  JalIbHEeHIel 1popaboTKH IpuHMMaeMblX pemeHnid [5]. Muade rosopst, mnpouecc 17
npoektupoBanuss  MapuipytHoro TIIC BO3MOXKHO IIpeICTaBUTh KaK peald3alyi0  II0C/IEN0BATEIbHOCTH
MOAPOLECCOB /1;, Ha Ka)kKIOM U3 KOTOPBIX aBTOHOMHO PEILIAETCs Pl 3a1a4:

f
Uritlemj)-6
j=1

UP#(G.D.W) - R
t=1
CorjacHO JAHHOTO YTBEPXKACHHUS, KaxIplii mommnpouecc [, mpencrasiser co0oii -l ypoBeHb

k
i=1

MPOCKTHUPOBAHU, HA KOTOPOM BBIITOJIHAIOTCSA HPOLEAYPBI Prjl' CHUHTE3a IMPOCKTHBIX pemeHI/Iﬁ. Pe3yJ'IbTaTOM

BbinonHenus I1;... [T 6yaer MuoxectBo G Bcex JOMYCTUMBIX pelieHui. JJaHHOe MHOXKECTBO COZEPIKUT TOJIBKO
yacth ROG poMuHMpYOIMX BapHaHTOB, a II09TOMY JUIl HexomycruMoct cuHTesa RN G 3aBemomo

HEINEePCIICKTHBHBIX BAPHAHTOB HA KaXIOM YPOBHE HPOEKTHPOBAHHS BBOASTCS HPOLELYPHI Prt2 aHanM3a

U OLICHKH MPOCKTHBIX pemeHHﬁ. Hpoueuypm Pr}' BBITIOJIHAKOTCS HaJl 00BEKTOM MOJCIIMPOBaHUA Q Ha OCHOBC

MHOXecTBa mpaBui M, a Pri2 —Ha OCHOBE UCXOHBIX TaHHBIX D u Habopa orpanmycHuit W,.

CornacHo CKa3aHHOMY, MOJXKHO BBIICIUTH CIEAYIOLIUE IOANPOLECCHl aBTOMATH3UPOBAHHOIO
npoekruposanust TIIC (puc. 3).

[Mognpoueccet [I; ... I3 COOTBETCTBYIOT TPaJULIMOHHOMY IPOEKTHUPOBAHUIO, IPU KOTOPOM
MPEABAPUTENIFHO M3 COCTaBa M3JENUS BBIICIAIOTCS TEXHOJOTMYECKHM HE3aBUCHMBIE YacCTH, AT KOTOPBIX
3ateM mnpoeuupyiorcss otaensHble TIIC. Takoit moaxox mo3BossieT paccmarpuBaTh TIIC m3nmenust kax
COBOKYITHOCTh IPOLIECCOB COOPKH OTAENBHBIX €r0 JICMEHTOB, a KOJIMUECTBO UTEPAINil BHIIOIHEHNS [1; ...
II; paBHO KOJMYECTBY CTPYKTYPHBIX JJIEMEHTOB, BXOJSIIMX B cocTaB u3zxenus. JlaHHas 0coOEHHOCTh
TEXHOJIOTHH COOPKH II03BOJISICT OTPAHHUHUTHCS Pa3pabOTKOIl aJrOpUTMOB HPOCKTUPOBAHMS TOJBKO IS
OJHOTO OTJAEGJIBHOTO DJIEMEHTa, 4eM OO0ECHEeYMBACTCS YHUBEPCAIBHOCTh AJITOPUTMHUYECKOrO IIporecca
OTHOCHUTEJIBHO CIIOKHOU CTPYKTYPbI U3JEIHS.

Jlys MaTeMaTHYeCcKOro OMMCaHMs HOANPOLECCOB, CYIIECTBYIOT ABA IIyTH:

*  GepOAMHOCMHbINI — IO3BOJAET C IIOMOIIBIO CpPaBHUTEIBHO MPOCTBIX IIPOEKTHBIX IMPOLELYp
U ¢ MUHUMAaJIbHOM TPYAOEMKOCTBIO BBIYUCICHUH MOyYUTh IPUEMIIEMbIE Pe3yIbTaThl, OHAKO HE JaeT
TapaHTUH TOTO, YTO OINpEIeSICHHbIC MOPSIKUA COCTABICHUS SABIAIOTCS JIYYIIMMH Ha MHOXECTBE BCEX
BO3MOXKHBIX alIbTCPHATUB,

e Joeuueckuli — Gazupyercss Ha (HOPMAIM30BAHHBIX METOAAX PEIICHUS TEXHOJOTHYECKHX 3agad, 4eM
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01

obecreynBaeT MpeICKa3yeMOCTh Pe3ysibTaToB (000CHOBAaHHOCTh MPOSKTHBIX perieHuil). OqHaKko u3-3a
HEOOXOJMMOCTH aHalU3a MOJHOTO MPOCTPAHCTBA pEIIEHMI 3amadd, JUINTENbHOCTh PAacdyeToB IPH
COBPEMEHHOM YPOBHE Pa3BHUTHs BBIUHCIUTEIBHON TEXHHUKH Jaxe AT HECIOMXKHBIX H3ACTHH MOXKET

OBITh 3HAYMTEIILHOM.

C ToukHu 3peHHs] TeXHoJoruu cOopku, (yHkims Fg Hecer HMHPOPMALMIO O TEOMETPUYECKOit
3aMKHYTOCTb OOBEKTOB, TO €CTh OHH MOKAa3bIBAIOT, KaKHE 3JIEMEHTHl KOHCTPYKIUH IPENSTCTBYIOT
MEepEeMELICHUIO I-i IeTaay 110 TOU WK UHOW TPaeKTOpUH.

® OIpe/esICHNe MHOXKECTBA COUeTaHUI
9JIEMEHTAPHBIX CTPYKTYPHBIX CIUHHUII.

I, TMoampoiecc onpeeeHusi TEXHOIOTHYECKOH CTPYKTYPbI U31eust
Ipoexmmuuvie npouedypor. DyHKyUA RPOCKMUPOSAHU.
" BBIIBJIICHHUE DJIEMCHTAPHBIX CTPYKTYPHBIX . j
; P PYKTYp A~ (S-8')
CAUHMUII, !

A - MHOXKECTBO JeTajel M3eus;
S' - cTpyKTypHBI sneMenT (rpymma aeTanel,

00BbEIMHEHHBIX 110 ONpeeIEHHbIM
KOHCTPYKTHBHBIM MPH3HAKAM).

U

11, IHoanponecc cMHTE3a MHOXKECTBA MOPSIKOB MOCJIe10BaTebHO-
napaJieJbHOi cOOPKHU CTPYKTYPHBIX 31eMeHTOB H3/1eJusl

IIpoexmmuvie npouedyper.
= cunte3a [IC cOOpOYHBIX CMUHHUII;
= cunresa [IC KOMIUIEKTOB;
= cunresa [IC coennnHenui,

00ecreynBarouX 1EI0CTHOCTD,
= cunre3a [IC nceBnoHepaneMHBIX
COCJIMHCHHM.

DynKuua nPOEeKMUpPoOGAnUA’
OZ<S)SJ> - RDis - RAsm,

Rois 0 AxA=((a,a) /& DA 2 DA) - MHOKECTBO
[OCTIEI0BATENLHOCTEN pa30OpKH;

Rasm = Rpis - MHOKECTBO TIOCIIEAOBATEIBHOCTEN
cOopku.

U

78 IMoanpouecc popMUPOBaHUS MHOKECTBA TEXHOJOTHYECKHX ONMEPALHA M0 KaKIOMY
BapHAHTY MOCJe10BaTEILHOCTEN COOPKHU H UX OLIEHKA

IIpoexkmmuvie npoyedypui.

" OIpeneneHre TEXHOIOTHIECKHX
[IapaMeTpoB YCTAHOBKH JJIEMEHTOB
u3aenus,

* (hopmMHpOBaHHE MHOXKECTBA
TEXHOJIOTUYECKUX TIEPEXOO0B,;

" ompejesieHue KOJIMYeCTBa U COCTaBa
TEXHOJIOTUYECKUX ONepanui
mapuipytHoro TIIC.

DynKyua nPOEeKMUpPoCaAnUA .
OS : RAsm - <pl pm> ,
O, {Pr-Pm) » (Q--Q) |

Pm - TEXHOJIOTUYECKUN NIEPEXON;
Q« - TEXHOIIOTUYECKAsl OTepaIys.

Puc. 3. Crpykrypa npouecca cunre3a MapmpyTasix TIIC n3nennit

Rys. 3. Struktura procesu syntezy marszrut proopesutau wyrobu
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Ha ocHoBe naHHOro cBoiicTBa B [6, 7] ObUI NpemIOkKEH METOJ aBTOMATH3UPOBAaHHOTO CHHTE3a
HOCJIeJOBaTeIbHOCTeH COOPKM, MOJYYMBHIMH Ha3zBaHue "0OpaTHOro". Ero OCHOBHBIM MPEHMYIIECTBOM
cTaja JMHEeiiHas 3aBHCHMOCTh KOJIMYECTBA apu(PMETHYECKHX ONlepaliii OT Yucia AeTalield m3nenus. JTo
OJHa M3 BXHEHIIMX OCOOCHHOCTEH, YTO MO3BOJISIET aHAJIM3UPOBATh KOHCTPYKLUMHM MPAKTUUECKH JIEOOON
CIIOXKHOCTH (B CpaBHECHHE, APYrHE H3BECTHBIE METOIbI CHHTE3a MO3BOJLSIIOT PAaCcCMAaTPHBATBH COOPKY OO
15+20 peraseif, IOCKOIbKY CIIOKHOCTD BBIYHUCIUTEIBHOMN 3a4a4l ISl HUX CTENCHHOM 3aBHCHMOCTBIO OT N).

Wnesa onpenenenus texuudecku pomyctumoi IIC cocrout B ToM, uto ans CU, xoTopslil sBiasercs
HepapXUUecKUM CTPYKTYPHPOBAHHBIM OOBEKTOM C BIIOXKEHHBIM JIPYr B Apyra COOPOYHBIMH €IUHUIIAMH
(CE), cnavyana mopenupyercsi mporecc HX pa3bopKH, MPU KOTOPOM TapaHTUPOBAHHO BBIIOJHSIOTCS BCE
YCIOBHSL JOCTyIa JAeTajgedl B 30HYy COOpKH, IOCIE Yero HWHBEPTUPOBAHHEM MOXKET OBITh IIOJIydeHa
HOCJIEI0BATEIBHOCTH COOPKH (pHC. 4).

OrmeruM, 4Tto MHOpPMALMU TOJNBKO O (pakTe OrpaHMYEHUs BO3MOXKHOTO INEpEMEIICHUs JeTaieil
HEJIOCTaTOYHO I BBIABICHHSA CaMbIX COOpDOYHBIX COWHMI[, II09TOMY BO3HHMKAeT HEOOXOAUMOCTh
B Hcroyib30Bann GyHKin Fp. OKkpiM HasSBHOCTI KOHTaKTy JaHa (YHKLIS CTaBUTh Y BiANOBIAHICTH mapi
neranei meBHUH THN 3'enHaHHA. C TOYKM 3pEHHS TEXHHYECKOH pean3allid — 3TO COBEPIICHHO Pa3HBIC
coequHeHust (pe3bOOBBIC, IPECCOBBIC, CBAPHBIC M T.J.), OJHAKO C TOYKH 3PCHHS HX IPEACTABICHUS
B MaTeMaTHYECKOH MOJENH, BCe OHHM MMEIOT OJHO 00Inee CBOWCTBO — 3TO coeduHenusi, obecneuusaroujue
nepacnaoaemocms (COH) crpykrypHo#t emunuipl [8]. OnHO Takoe cOeIMHEHHE, a TaKKe ACTalH,
YCTaHOBKa KOTOPBIX NPEALIECTBYET €ro 00pa30BaHMUIO, ONPEAEISIOT MIEMEHTAPHYI0 COOPOYHYIO CIUHUILY
(puc. 4,a). KomOunupys Mexay co0oif Takoro poga "KHPIHYMKA" MOXHO CO3/aBaTh JIIOOYIO U3
TexHH4YeCKH BO3MOXHBIX CHU (puc. 5,6), T.e. pa3mensiTh BCIO KOHCTPYKLHIO HA LEJIOCTHBIC COOPKH IO
TEXHOJOTMYCCKUM NIPUHIHIAM (HalpuMep, BpeMsi COOPKH, KOJTHYECTBOM AeTaje 1 T.1.).

2) a3 (-X)

Puc. 4. Ilpumenenue "obpamnozo" cunmesa 0nsa paz6opku-coopKu:
pazbopka: a (-X) » as (-X) » ay (-X) » as (-X) P ag;
coopka: a; 4 as (+X) A ay (+X) € az (+X) € a; (+X)

Rys. 4. Zastosowanie ,odwrotnej” syntezy dla demantaontau:

az (-X) > az (-X) P as (-X) » as (-X) » ay;
monta: a; A as (+X) € ay (+X) € a3 (+X) € ay (+X)
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Haumnas c¢ wmomemu CU  pa3paboTka TEeXHOJNOTHMH JODKHA BBIIONHATECE CAM  cucremoil.
K coxxanenuto, ceifuac B 3TUX CHCTEMaX IMOCIEI0BATEIHOCTD BBINOIHEHUS ONEPALMH 3a1a€TCsI YETOBEKOM
BpY4YHYI0, TO ecTb, pa3pbiBaercs cBi3b CAD o~ CAM. B 3Ty menouky BMEHMIMBAeTCS TEXHOJOT, OOBITHO
NPUBOJUT HE TOJILKO K YBEJIIMYECHHMIO BPEMEHM IPOCKTHBIX pabOT, HO M CaMOE€ IJIaBHOEC K YXYIIICHHIO
KauecTBa NMPOEKTHBIX PELIEHHH 3a HEBO3MOXKHOCTH OLEHKH MX MOJIHOTO MHOXECTBA M BbIOOpA HAMITYUILETO
BapHMaHTA, a TAKXKE OOBIYHBIX OLIMOOK. FIMEHHO MO3TOMY CHCTEMBI Ul peleHHs ci1abo HopMaH30BaHHBIX
TEeXHOJIOTHYECKHX 3ajad BbIENeHO B otraensHyto rpymmy: CAPP  — cucTeMBl KOMITBIOTEPHOTO
MIPOEKTHPOBAHUS TEXHOJIOTUUECKUX TIPOIECCOB B TEXHOJIOTHIECKOH IMOTOTOBKE MPOHU3BO/ICTBA.

CoenMHEHNs 00€CIIeUNBAIOLIIE

nepacnagaemocts CE CE I-ro ypoBHs

JCKOMITO3UIIUK

CE II-ro ypoBHs
JIEKOMITO3HIINH

Cocras CE

Puc. 5. Cxemamuueckoe uzobpadicenue cmpyKmypHuix 21eMeHmMo8 u30enus.
a —oounoyposnesasa CE; 6 —osyxyposuegas CE

Rys. 5. Schematyczne przedstawienie strukturaligoieaetéw wyrobu:
a) jednopoziomowa jednostka maitt&a, b) dwupoziomowa jednostka

KoHeuHBI# pe3yNbTaT MPpOEeKTHPOBAHKS 3/1eCh JOBOJIBHO YacTO MPEJCTABIACTCS B BHe rpados (wiu
TakhX, KOTOPBIE MOTYT OBITh CBEIEHBI K Tpadam) — CBOEro pojia aHAJOTOB TPAJHIHOHHBIX CXeM COOPKH.
OnHAaKo MO CHX TOp He PEIICHBI BOMPOCH aBTOMATH3MPOBAHHOTO BBOXA M 00pabOTKH WH(OpMaimun
TEXHOJIOTHYECKOTO  comepkanusi  (pecypcsl ¥ Bpems). Hampumep, OCTpO  CTOST — BOIIPOCHI
ABTOMATH3MPOBAHHOTO BHIOOPA TEXHUYECKUX CPEICTB; MOYTH OTCYTCTBYIOT CBS3H MEK/Y TEOPETUYECKHUMH
MOJEJISMH TEXHOJIOTHYECKUX [POLECCOB COOPKM M IIONYYECHHBIMH W3 OMBITOB MOJEISIMH OTACIBHBIX
HOJMPOLIECCOB OPUEHTUPOBAHMSI MIIM COCAMHEHHs jeTaneii. BBuIy 3TOro, MOZEIM TEXHOJOTMH HOCST
[JIaBHBIM 00pa3oM TabmuuHbIi Xapakrep (puc. 6).

MATEMATHYECKAS MOJEJb MEXAHOCBOPOYHOI'O TIPOU3BOJACTBA

Cerogus nanbonee BocTpeboBansl CAIIP mius skcrpecc-aHanm3a W OLEHKH CTOMMOCTH H CPOKOB
BBIMIOJIHEHUS 3aKa3a. Pa3BuTHEe Takoro poja MPOrpaMMHBIX INPOAYKTOB BO3MOXKEH JIHIIb Ha OCHOBE
Mamemamuueckux Mmooenei npousgodcmea. Pa3paboTaHHbIE MOJETM TNPOH3BOACTBA IpEAHA3HAUEHBI,
B OCHOBHOM, [UIsl pEIICHHS 3afad OpraHU3alUM M IUIAHUPOBAHHUs, B KauyeCTBE WCXOAHBIX JAHHBIX
ONMUPAIOTCS Ha MHGOPMAIMIO O TEXHOJOTMH M3rOTOBICHHMs u3jenuil. Kak cieactsue, HenocratodHas
(dopmManm3anys TEXHOJIOTMYECKHX 3HAHWH OKa3blBAaeTCS EIWHCTBEHHBIM 3BEHOM, KOTOpPOE pa3phIBacT
LEJIOCTHYI0 HH(OPMAIIMOHHYIO LEMOYKy MeXIy IOArOTOBKOH IIPOM3BOJACTBA, C OJHOM CTOPOHEI,
U IUTAHUPOBAHHUEM U YIIPABJIEHHUEM, C APYTOH.

Bomnpockl mianupoBaHus U yHIpaBlIeHUs POU3BOJICTBOM OTOLLIM B Pa3psiji YUCTO MATEMATUYECKHX,
YTO TO3BOJMJIO MEHEIKEpaM IPOBOAUTH SKCHEPUMEHTHI C Da3JIMYHBIMU CLEHApUSAMH, pa3padaTbiBaTh
JIONTOCPOYHON CTpaTeruH, BBIMONHATH AaHAIM3 M yMEHbINATh PHCKU. lImaHMpoBaHWe, KOOPAMHALUS
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TPYJOBBIX, (PMHAHCOBBIX M MaTepUaIbHO-TEXHHYECKHX PECypCOB BBIIOIHSACTCS Ha INPOTSHKEHHH BCETO
HPOEKTa ¥ MO3BOJSIET aBTOMAaTH4eCKH (HOPMHMPOBATH 3aKasbl, Pe3ePBHPOBATH HEOOXOAMMBIC MaTepHUalsbl,
ABTOMATHYECKH KOHTPOJIUPOBATH JOCTYIHOCTh (PUHAHCOBBIX CPEACTB, BO3MOXKHOCTEH HJIM MaTEpHANIOB,
HEOOXOIMMBIX ISl U3TOTOBJICHUS U3/IEIHS.

PaccMOTpeHHbIE paHee METOAbl IO3BOJIAIOT IOJNY4YUTh JIIOOYI0 TEXHHYECKH JIOMYCTUMYIO
TIOCJIeIOBATENEHOCTE cOOpKH. OfHAKO B MX OCHOBY IOJIOXKEHBI JIMIIb T'€OMETPHYECKHe M (pu3mdueckue
TIPUHIUITEL TOCTPOCHUSI OOBEKTOB M, KaK CIIEJCTBHUE, KOJMYECTBO TAaKUX IIOCIEOBATSILHOCTEH OyIeT XOTsI
W KOHEYHBIM, OJHAKO CIIMIIKOM OOJBIIMM, 4TOOB! OBITH NPUTOAHOW I aHanu3a. I103TOMy BO3HHKAeT
HEOOXOAUMOCTh BBEJICHHS OIPAaHMYCHHH TEXHOJOrMYeckoro xapakrepa [9]. Bce a3tM orpaHunueHus
SIBJISIFOTCS SMIIMPUYECKUMH M TIO3BOJIAIOT CBECTH OKOHYATEIBHOE YHCIIO 110 HECKOJILKMX BAPUAHTOB COOPKH.
3a BBINIOJIHEHHE ATOH 3a1a4un oTBe4aeT QyHKuus Fe.

CTpyKTypa B3aUMOAEICTBUS 3JIEMEHTOB NMPOU3BOJCTBA, MHTEIPUPOBAaHHAs C I'MOKOWH TeXHOJOTHEil
COCTaBJICHUS IIPUBE/ICHA Ha puc. 7.

IIpeocmasiaenue nociedogamenvHocmu | | , , } } !
cOopku usdenus S, 6 sude epagha. ‘ ‘ ‘ ‘ ‘ ‘ ‘
Ocywecmeuma 3a k=6 wazos

(cumsonom S' obosnaueno i-ii cbopounsiii r$ LS .S Sk Sie
S

anemenm, npunaonedxcawuii j-i CE)

S
0 § 0
«— —
iS"SgO 41 '526 S100 ' 527 S101
[ S SO —
102
Modens gbinonnenus npoyecca coeouHenus F,F F, F;, F
(vemanosxu snemenmay) sadaemcs 6 6ude
i — cBeplieHHE .
dexapmosa npousgedenus T XF |
n - BaH! .
20e T ={1,,...,T\} —MmHodICECME0 MexHONO- 2 SCHKCPOBAHHE
2UYECKUX ONepamopos, Xapakmepuszyoujux B cutHe dacku °
npoyecc npoussodcmea (onepayuu, nepexoosl); 7y — ycraHoBKa Gonra .
F — nonsimue «xonmypa» xax cosokynnocmu T — yCTAHOBKA MIAHOBI .
ceolicme onpe()e,'leumzzo Ha3HaueHus 6 uz0enuu % — ycrasosxa raiiu R
WU MEXHONO2UYECKOU CUCmenme.
T;  — KepHEHHe .
st onucanus mexHono2uueckoi cucmemvl Se & — cBepno .
Yenom, 8600UMCs MHONCECHBO ONEPANOPO8 75— 3eHKep .
I7 :{7{1,,,,,71'1} , Xapaxmepuzyowux 7Ho — cBepio .
Mmamepuanvsie obvexkmol (0bopydosanue, 76, — WHCTPYMEHT JUIf
.
UHCMPYMeHm, OCHACMKY u m.n.). B makom ciyuae: YCTaHOBKH 6onTa
S=TUII 7§, — HWHCTPYMEHT JUIst .
YCTaHOBKU TaiiKu
T3 — WHCTPYMEHT JUIst
Mampuya koumypos: BBINOJTHEHHS N
P ) Y op . o | I'pag ezaumocssseii onepamopos
F1 —omeepcmus; Fo —nonoscenus 6onma, orepanun
N N T; U 21eMeHmo8
F3 —nonooicenus wiaiiowr; F4— nonosicenus eatiku KepHEHHs N
npou3600CMBEHHOU cucmemvl 7

Puc. 6.IIpedocmasnenue pezynomamos modenuposanus TIHC

Rys. 6. Uwidocznienie wynikbw modelowania proceswuntdoficznego monta
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IIpoexTt \

Homenkiarypa Texnonornvec-
Ba3a nanHbIX ex TYP M,
nerajei Kuii nponecc
CTAHKOB
: IInanupoBanue

OnTumMu3anus

Puc. 7. Cmpyxmypa 63aumooeticmaust s1emennos npou3go0cmed

Rys. 7. Struktura wspotoddziatlywania elementéw prgjduk

I[aHHbIe, HCO6XOZ[I/IMI)IG JUISL ONTMCAHUS B3aWMOJICHCTBUS ATAIMlOB TEXHOJIOTHYECKOTO IHOATOTOBKE H,

B YaCTHOCTH, NOJy4YeHHOH uepe3 aHanu3 bBOP MHOXecTBa BapHaHTOB IOCIEIOBATEIbHOCTEH
MOJIETATbHOTO TOCNEN0BATENPHOTO U TapauIebHO-TIOCTIEA0BATENBHON COOPKM JOMKHBI OMMCHIBATHCS
COBOKYIHOCTBIO!

07151 MEXHON02UYECK020 0O0PYOOBAHUS
M;—unnekc o6opynosanus (i = 1...m rxe M—oliee KOIMIecTBO 060PyA0BaHHS);

M;.type— tun oGopynoanus (type= [ manunyramop, npecc, eunmogepm, ceapounvlii annapam] );

07151 HOMEHKIamypbl COOPOUHBIX eOUHUY
8 —nanmenosanue CE (j = 1...n, rae N —obmiee KOIM4ECTBO HAMMEHOBAHMIA);
8;.N — obmee xonuuectBo (nporpamma eeinycka) CE &;
8;.p — KOIIMYECTBO NApTHii &;
a;.priority —puopureT cOopku s &j;

ons mexuonoauu coopku CE &;
a; .Matrix — maTpuia orpaHHUEHIH II0CIEN0BATEIEHOCTH TeXHOonornyeckux onepanuii (TO);
a;.v — Bapuant TPII j-oii CE (v —BapuanTs! TII),
a.v.P, — TO cbopxu mua & (k=1...q, rae g, — obmee xomuuecTBo TO, IpenHA3HAYEHHEBIX IS
coopku nauHoit CE jyist V-ro BapuaHTa TEXHOJIOTHH);
a.v.P.type — tun onepaumn &.P, (type = ycmanosounas, npeccosas, pesvbo3asunuusaowas,
ceapounas);
8;.V.P,.time—Bpems1, HEOOX0AMMOE JUIsl BBIIIOJHEHHUs OLEPALUH &P,
a;.v.P,.dodtime— BcriomorarenbHOE BpeMsl, HE0OX0IMMOE JUIsl BBIOJHEHUs ONEpaLuy &.Py;

ons pacnpedenenus (Oucnemuepusayuu) CE no obopydosanuio
8;.V.P,.ID —HoMep 06opynoBaHus, Ha KOTOPOM BbinonHseTcs K-as onepauus coopku j-oit CE;
M;.T, — TO, xoTopasi BbIIOJHSETCS Ha i-M obopynoBanuu (r=1...€ rme € — ofliee KOJIMYECTBO
orneparuii Ha i-M 000pyJOBaHHH);
Mi.Tr.aj —Homep CE, cootBercTBytomeii r-it TO, BeimonHsIeMo Ha i-M 000pyI0BaHUHY;
M;.T,.StartTime— Bpemst Hauaina BbinonHeHus r-oif TO Ha i-M 060pyIOBaHHY;
M;.T,.EndTime— Bpems 3aBepiueHus r-oit TO Ha i-M 060pyI0BaHHH;
OTMeTHM, YTO Ba)KHBIM Ha JJAHHOM 3TaIle SABJIACTCS He MOJIyYeHHEe OJHOTO BapuaHTa COOPKU M3,

a TMOJNydeHHE MMEHHO aIbTEPHATHBHBIX, OJHAKO TEXHHYECKHM JOMYCTUMBIX M TEXHOJOTHYECKU
1EeNeCO00PasHbIX BAPHAHTOB COOPKH, KOTOPBIE MOXKHO ONUCAMb O2PAHUYEHUSMU NOCACO06aMENbHOCHIU
mexnonozuueckux onepayuil (OTITO):
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rae | —snement OIITO, otpakaromuii CBsi3b MOCIEIOBATEIBHOCTH oneparuii. MoXXeT UMeTh OJIHO U3 JBYX
3HAYCHMIA:

“0” — nmBe omepanyy He HAKJIAABIBAIOT OTPAHUYCHHUS HA MOCIIEC0BATEIBHOCTD BBIIIOJIHEHHS IPYT APYTa, T.C.
B BapuanTax TII B¢ onepauuy MOryT ObITh 3anKCcaHbl, KaK (&.V.P. [7&.V.P,);

“1" — CyIIeCTBYyeT TEXHOJIOTHUECKH OOYCIIOBICHO OIpaHWYCHUE MOCICAOBATEIBHOCTH OIEPaldii, KOTOpOe
OIIpEZIENISET XKECTKHUEL OPSAIOK BBIIOTHEHUS onepanuii (8.v.P; [/g.V.P,).

BbIBO/IbI

DddexTrBHAS peanusanys KOMIBIOTEPHO-HHTETPUPOBAHHOIO MEXaHOCOOPOYHOrO MPOHM3BOACTRA
JIOJDKHA ONUPATHCS HA COBOKYMHOCTh MAaTEMaTHYECKUX MOJiesiell COOPOYHOTO H3/IeNHsl, TEXHOJIOTHH COOPKH
W TPOM3BOJICTBA, KaX/asi M3 KOTOPBIX JIOJDKHA YTOYHATH MPENbIAyInyro. Mozeiab H3Ienus, Kak crocod
MPEJCTABICHHS BHPTYaJbHOTO OOBEKTa MPOHM3BOJACTBA, JOJDKHA YUYUTHIBATH BCE 3HAYMMBIC CBOMCTBa
U QYHKIOMHA MaTepualibHOTO 00BekTa. Mojenbh TEXHOJOTHH JOJDKHA  (DOPMAaNbHO — ONPEACIATH
TEXHOJIOTHYECKUE BO3MOXKHOCTH H CITOCOO M3TOTOBJICHUS MaTepUaILHOTO 00bekTa. Mojenb mpou3BoCTBa
JOJDKHA (GOPMAJIBHO YIHUTHIBATH TEXHOIOTHYECKHE BO3MOXKHOCTH U PEANIbHYIO 3arPy3Ky TEXHOJIOTHYECKOTO
obopynoBanus. Bce MaTeMaTH4YecKie MO JTODKHBI MIMETh COBMECTHMYIO, @ B JIy4IIeM Cily4dae, CUHYI0
MaTeMaTHYeCKyl0 OCHOBY, YTO IO3BOJIUT HCKIIOYHTH OMIMOKK TpaHchopMaluu W IepeAadyd AaHHBIX,
CYIIECTBEHHO YCKOPHT TMpOIECC IMPOSKTUPOBAaHMUS TEXHOJOTMHM W OpraHM3allid  HPOU3BOACTBA
W TapaHTHPOBATh €r0 KOPPEKTHOCTb.
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MATHEMATICAL MODELS AND PROCEDURES IN TASKS OF ASSEMBLY UNITS
ANALYSIS AND ASSEMBLY PROCESSES SYNTHESES

Abstract The article presents the implementation of a pestive model of computer-integrated
manufacturing for a flexible assembly manufactueseal on the interconnected model of the object
assembly process design technologies and productamels.
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MODELOWANIE PROCESU ZROBOTYZOWANEGO MONTA ZU PROFILOWANYCH
WALOW Z POMOC A WIBRACJI

MOJEJHAPOBAHHUE IMPOIIECCA POBOTU3UPOBAHHOM CBOPKH INPOPUJIbHBIX
BAJIOB HA OCHOBE IPUMEHEHMUS BUBPAIIUOHHBIX KOJTEBAHUU

ABTOMaTH3UPOBATh COOPKY NPOQHUIBHBIX COCANHEHHH TPYIHO, TOCKOIBKY HEOOXOANMO 00eCeInTh
pelieHre TpeX CIOXHBIX TEXHHYECKHX 3anad. HyXHO HOCTHTHYTh COBHAIEHHS OCEil CONpsraeMbIX
MOCaJOYHBIX NWIMHIAPHIECKUX ITOBEPXHOCTEH MNPOQWIBHEIX BajlOB, HUX OTHOCHTEIBHOTO YIJIOBOTO
MOJIOKEHUSI B CEUEHUH, TEPIEHIUKYIIPHOM OCH COOPKHM M TOYHOCTU OCEBOTO IOJOXKEHUSI COOMpPaeMBIX
neraneidl. ABTopamu paspaboTaH MeToA pOOOTH3UPOBAaHHOW COOpKM MPOUIBHBIX OechacouHbIX
coeMHEHHH ¢ 3a30poMm [1]. MbI monaraem, 4To HaJU4YKe BUOPALMI U YIPYroi MOAATIMBOCTH 3aKPEILICHHS
mpoduIBHOrO Bajga MOTYT KOMIEHCHPOBATH OTPELTHOCTH TIOJI0XKEHHUS JeTalel.

B pesynaprare sSTOrO,  BHOpalMOHHOE COOPOYHOE YCTPOICTBO OymeT IpeACTaBIsATh COOOM
TPEX3BEHHBII MaHUITYJISTOP, KAKI0€ 3BEHO KOTOPOTO IIPUBOJUTCS B JBIKEHHE OT OTAEIHHOTO IIPUBOJIA.

3amgadeil naHHOI pabOTHI SBISETCS W3YYCHHE BIMSHMS BHOPAIMOHHBIX KOJICOAHWH W BpaleHUS
cOOpPOYHOTO YCTPOMCTBA HA XapaKTep IBIDKEHHS LEHTpa MacC IMIMHIPUYECKOH MpodmIbHON nerand mo
OTHOILICHHMIO K BTYJIKE (TO €CTh IT0 OTHOLICHHIO K MOABIKHOM cucteme koopauHat). Heobxomumo Taroke
OTPENENUTh BIMSHUE HAa XapaKTep IBMKEHMS LEHTpa Macc YCTaHABIMBAEMOH JeTalll psifa MapaMeTpoB,
a HMEHHO: KOHCTPYKTHBHBIX I1apaMeTPOB BHOPALMOHHOIO YCTPOWCTBA; KOI()(OHUIHEHTOB KECTKOCTH
YHPYTUX 3JIEMEHTOB CXBarTa; Ko3(pQuUUUeHTa TPEeHUs MEXIy NCTAIAMH; aMIUINTY/Ibl U KPYTOBOH 4acTOTHI
BUOpPAIIMOHHBIX KOJEOAaHWU YCTPOMCTBA, a TalkKe BENIUYUHBEI YIJIOBOM CKOPOCTH BpalieHHs: cOOpPOYHOTO
yCTpoIicTBa.

C a10i1 menbro Hamu ObUTa pa3paboTaHa MaTeMaTHUECcKas MO AMHAMUKH JBIYKEHHS LIEHTpa Macc
HPHCOeIUHIEMON eTanu K ocu 6a3oBoil geranu [1].

UroObl BBIIEIUTH PEXUMBI BHOpaMM W  IOJMYYUTH OOJIACTh WM3MEHEHHS JAWHAMHYECKUX
1 KOHCTPYKTHBHBIX MapaMeTpOB, IIPU KOTOPBIX LEHTP Macc MPHCOEAUHAEMON AeTanu JOCTaTOUHO OBICTPO
aCHMIITOTHYECKH MpHONMKaeTcs K ocu 6a30BOil feTany, ObLI0 MPOBEAEHO KOMIIBIOTEPHOE MOJETHPOBAHHUE
mporecca.

KoMmbloTepHOE MOJEIMpPOBAaHKME SBISETCS B HACTOSAIIEE BPEMs OJHUM M3 OCHOBHBIX CIIOCOOOB
HCCIIEOBAaHUSl JMHAMHUKH CJIOKHBIX MeXaHW4eckux cucreM. OHO cTajJo HEOTHEMJICMBIM JTalloM
MIPOEKTHPOBAHUS KOHCTPYKUHMI, ONTHMH3AIMM WX IApaMeTpoB W IIMPOKO IPHMEHSCTCS B PA3IMYHBIX
o0J1acTsX HAYKN U TEXHUKH, TAKAX KaK pOOOTOTEXHUKA U TIp.

ITporpaMmMbI MOAEIMPOBAHUS PEATU3YIOT METOABI IIOCTPOSHHS M aHAIN3a MaTeMAaTHIECKUX MOJEIICH
00BEKTOB, pa3padOTaHHBIE Ha OCHOBE OOOOIIEHHBIX MOAXOJOB K ONHCAHUIO Pa3HOOOPa3HBIX
KOHCTPYKTHUBHBIX 3JIEMEHTOB, YCJIOBHH HMX B3aUMOJACHCTBHA M (yHKUHOHMPOBaHMSA. O(PPEKTUBHOCTH
MaTeMaTHYeCKHX MOJeNell ompenensercss NOMYLIEHUSIMH, KOTOpble NPHHUMAIOTCS B paMKax TaKuX
MOJXO/OB.

Ha ocHoBe MaTemaTHdeckoit MoeNl OBLT pa3paboTaH MaKeT IPOrpaMM, PETU3YIONIHH IO 3aJaHHBIM
HCXOIHBIM MapaMeTpaM aHAINTHIECKOe PEIICHHe MOTyYeHHBIX YPaBHEeHHUH.

IMporpaMMHEIIf TakeT MO3BOJSIET IIOJB30BATENIO 3a4aBaTh pPA3IMYHBIC IapaMeTphl MOJEIH
U UCCIIEZIOBATh UX BIIHSHKC Ha pe3ybrar. MHTepdeiic uMeer cieayromuii Buy (pHCyHoK 1).
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TIprMepsl BBIBOJA JaHHBIX B TpauueckoM peKMMe MOKa3aHbl Ha pUCYHKax 2, 3, 4, 5gBnsionmecs
TPAaeKTOPHMSMH ABIKSHHS LICHTPA MacC YCTAHABINBAEMO# IETAIH 10 OTHOLICHHIO K 6a30BOii.

W3 pucyHka 2 BHIHO, YTO MpH OOJBIIOM 3Ha4YeHHH amIuTTyAbl (puc. 2a u 20) Habmomaercs
IBIDKCHHE MPUCOCOUHACMOM NeTand HE YAOBJICTBOPSIOLIME IIOCTABICHHBIM YCIOBHSM, a IPH MaIoH
amruatyae (A=0,00%pan) Habmrogaercst aCHMITOTHYECKOE BUKCHHE MPUCOCAHHACMOM JETald K OCH
6a30BO1A.

U3 pucyHka 3 BHIHO, YTO CYLIECTBYET 00JAaCTh M3MEHEHHS JKECTKOCTH YHPYTHX 3JIEMEHTOB, MpU
KOTOPBIX JBH)XCHHE LICHTPa Macc MPUCOCAMHACMOM feTaiu He 1oxXoauT (puc. 3a) win npoxoaut (puc. 3s)
och 0a30BOl AeTaNy, a MpU APYTHX 3HAYCHUSIX LIEHTP MAcc NMPUCOCAUHACMOMN IETald aCUMITOTHYCCKU
JOXOZUT J10 OCH 0a30BOIl AETAIIH.

U3 pucyska 4 BHAHO, YTO HPH H3MEHEHHH Kod(duimeHTa TpeHus (B 3aBUCHMOCTH OT THIA
MaTepHaja MPUCOCINHACMbIX ASTaleH) IS MOMydeHUs MOCTABACHHBIX PE3yJIbTaTOB HYXKHO BapbUPOBATH
c6OPOYHOE YCUITHE H JKECTKOCTD YIIPYTUX HJIEMEHTOB.

U3 pucyHka 5 BHAHO, YTO mpH JIF0OOM M3MEHEHHMH YacTOTBI LEHTP MAcC MPUCOCAHHACMOH erain
npubIIIKaeTes K 0cH 0a30Boii. Pa3HULA COCTOUT JIMIIL B CKOPOCTH MIPUOIIHIKCHUS.

Hcxonnbie 1anHbIe:

Macca geraneii - 0,13kr;

Pasmep (h) - 0,04m;

Pamunyc npucoenunsiemoii aeranu (r) - 0,005m;

Jnuna npucoenunsiemoii neramu (1) - 0.1wm;

Co6opounoe ycuiue (P) -51 u 10;

Bo3bMeM caMyr0 MUHUMAIIbHYIO YIIIOBYIO CKOPOCTB!

ARNAMTULE KonedaHii [paa): Macca sana [kr]:

YacTora konesaHui [Mu] Pazrep h [r]:

F.C3 PPHUMEHT TPEHMS: Pazrep | [m]:

Hectrocte [Hm]: Paguyc aucka [M]:

ChopoyHoe yokme [H:

Yrnoean ckopocTe [pan/c]:

HarEHABMBIA NapareT o OT: |D | Oo: |D | W ar: |D |

[ Crapr J

Yrnosan

ApnauTyna YacTora Koadg. TpeHua KecTrooTe e ——

Puc. 1. Uumepgetic npocpammnozo nakema

Rys. 1. Okno widokowe pakietu programowego
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01

Annmaryza A = 0.01 [pag]
Yacrorak = 15 [panic]

Koath. 1pennaf=0.4
Hectkoctb ¢ = 70 [HM]
Yrnosast cropocts w = 0 [pag/c]

-0.005

-0.004

Annnutyna A =0.003 [pag]
Yactora k = 15 [papic]

Koadp. penms f= 0.4
KecTrocts ¢ = 70[Hm]
¥rnoeas ckopocTe w = 0 [pag/c]

-0.008

-0.004

0.002

0.002

-0.004

N

t
1.008 -0.007 000G -0.005 -0.004 0003 -D.002 Liseg®U01 0002 0003 0004 0005 0006

a)

Aunnuryna A = 0.001 [pan]

Yacrota k = 15 [pag/c]

Koadh. pexnaf=0.4
Hectkocts ¢ = 70 [Hin]
Yrnoas ckopocts w =0 [panic]

[-0.005

[-0.004

[-0.003

[ -0.002

[-0.001

0008 0007 0006 0005 0004 0003 0002 -0

il

B)

a
0 0001 0002 0003 0004 0005 0006 (

[o.001
[o.002
[o.003

[0.004

g +
0.001
0.002

000z

0.004

+ t + + + t
0001 0002 0003 0004 0005 0006

Puc. 2 Bruanue amnaumyovl Ha xapakmep mpaeKmopuu O8UNICEHUSI YeHmp MACC 8Ad K OCU 8MYIKU

Rys. 2. Wplyw amplitudy na trajekteruchusrodka mas wzgtiem osi tulejki
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AnnnuTyaa A = 0,001 [paa]
Yacrora k=15 [pagfc]

Koady. tpermaf =04
KectvocTb ¢ = 50 [Hi]
Yrnosas ckopocts w =0 [paic]

-0.008

-0.004

0003

-0.002

-0.001

Awnnutypa A = 0.001 [pan]

0005

Uacrora k = 15 [pagic]

Koad. ipeHua f=04 0004

HectkocTs ¢ = 70 [Him]

Yrnosas cropoctb w =0 [panic] 0002
0002
0001

0008 0007 0008 0008 0004 0003 0002 0

]
o 0001 0002 0003 0004 0005 0006 O

0.001
0002
0.003

0.004

a)

Avnmimyga A = 0,001 [paa]
Yacrora k = 15 [pag/c]

Koadp. ipermaf=0.4
KecTkoctb ¢ = 90 [HiM]
Yrnosas ckopocts w =0 [papic]

0
0008 0007 0006 -0.005 -0.004 -0.003 D002 -0081 0 0001 0002 0003 0004 0005 0.008

0.001
0.002
0.003

0.004

0)

T-oo0s
Too0e
T-o00z

T-oo02

0008 0007 000G 0005 0004 0003 -0002 O

0
i} 0004 0002 0003 0004 0005 0005

To.oo1
Tooz
Tooz

Too04

B)

Puc. 3 Bauanue sicecmxocmu ynpyaux 21emMeHmos Ha xapakmep mpaeKmopuu
0BUIICEHUSL YEHMP MACC 8AA K OCU 6MYIKU
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01

Aunnutyna A = 0,001 [pan]

Yacrora k = 30 [pan/c]

Koady. ipenmaf=0,1

KecTkocTs € = 36 [Hi]

‘Yrnoaa ckopocts w = 0,005 [pan/c]

Aunniryaa A = 0,001 [paa]

007 -
Yacrora k =30 [paa/c]
0,008 Koach. ipesmaf=0,1 oo
HKecrkoctb ¢ = 18 [Hm]
0005 Y¥rnosas ckopocts w = 0,005 [panic] 0
0004 e
0003
0003
0002
0002
0001
0001

0008 0008 0007 0006 0005 0004 0003 0002 0001/[0

a) P=1G«

0001 0002 0003 0004 0006 0006 0007 0008 t T
0009 0008 0007 D00 D005 0004 0003 0002 001 |0

0001
(i)

0002
00z

0.003
003

6) P=51

00

0002 0003 0004 D005 DODE 0007 0008

v
Aunnumyza A =0,001 [pag] .
Yacrora k = 30 [paafc] Aunsniyaa A = 0,001 [pag] 0007
Koach. Tpenusf = 0,15 Yattora k- 30 [panic]
o008 -
MECTHOCTE € = 55 [Hi] Koath. penun = 0,15 o008
Yrnoeas ckopocts w =0,005 [an/cl Hecrocts ¢ =28 [Hid]
0008 Yrnoeas cxopoct w = 0,005 [pas/c] 0005
1004
0004
0003
0003
0002 a0m2
Er 0001
0008 0008 0007 0008 0005 0004 0003 0802 00010 001 000z 0003 D004 0005 0008 0007 0008 0008 0008 0007 000G 0005 0004 0003 00 00030 0OV 000z 00N 0404 D0S 0008 0007 0OGE
0001 0,001
000z 0.002
0,003 oo0e
Aunniyza & =0,001
VA [naa] 0007
Yactorak = 30 [nanic]
Aunnuryaa A= 0,001 [paa]
Koatp. 1peHuAf=0,2 0007
. 20 0008 UYacrora k = 30 [pan/c]
ECTHOCTE € =
Tl Koa. pena = 0,2 o008
Yrnoeas cropocts w = 0,005 [papic] aoos ectactb ¢ = 37 [H] !
¥rnosas ckopoct W = 0,005 [panic] 0005
0004
0,004
0,003
0002
0002
0002
0001
0001
0
1003 0008 0007 0006 0005 0004 003 000Z 000LP 00D 0M02 0003 0004 D005 QOB 0007 0008
0008 000 0007 0005 0005 0004 DOOZ 0002 00010 0001 OO 00D 0004 0005 0008 0007 0008
0001 o001
000z 000z
0,003 0,003

1) P=101

e) P=%

Puc. 4 Bauanue xoapghuyuenma mpenus Ha xapaxmep mpaeKmopuu O8UICEHUsL YeHMP MACC 8and
K ocu 8MynKu

Rys. 4. Wplyw wspétczynnika tarcia na trajektatichusrodka mas watu wzgllem osi tulejki
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Aunnuryaa A = 0,001 [pan]
0.007 Awnnuryaa A = 0,001

Yacrora k =40 [pap/c] ‘Jacml':: “m [Fw;w‘] 0,007

Koadp. penwa f =025 omwe Koo, menmf =025

Mecrwects c= &0 [Hk] IKeCTHOCTH ¢ = 45 [HM] o

YInoBas ckopocts w = 0,005 [paaic] oo Yonosas ckopocts w - 0,005 ] oo
004 0.004
0003 0,003
0002 oo

oo 0,001

000z 0003 0004 0005 0008 0007 0008 )00 .0008 0,007 0006 0005 0004 D003 -0,002 -0,004/0 0001 0002 0003 0004 0005 0006 0007 0008

oome 005 0017 005 0015 0004 0ome oomz g oom
0001 0001
0002 0002
0003 0003

x) P=101 3) P=51

Aunmyza A= 0,001
YA [naa] 0007
Yacrorak = 40 [pag/c]
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PazpaboranHble JUHAMHYECKHE MOJIENHM, IIO3BOJIMUIM TEOPETHYECKH OOOCHOBAThH BO3MOXKHOCTH
UCHOJIb30BaHUS. BUOPALIMOHHBIX KOJEOAHMH IJI1 OTHOCHTEIBHOTO OPMEHTHPOBAHHSA NMPOGHIBHBIX BaJOB
C ynpyruM 3akperuieHneM. KoMmbloTepHOe MOAENMpOBaHME II0Ka3alo, YTO CyLIECTBYeT 00JacTh
U3MCHEHUS [MHAMUYECKHX U KOHCTPYKTHBHBIX I1apaMETPOB, IPH KOTOPBIX LIEHTP MAacc NPHUCOCANHAESMON
JIeTally 10CTaTOYHO OBICTPO aCUMITOTHYECKH NpUOIMKaeTcs K ocu 6a30Boil neranu.
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COMPUTER SIMULATION OF THE METHOD OF ROBOTIC ASSEMBLING PROFILE = DE-
TAILS WITH A BACKLASH WITH PASSIVE ADAPTATION AND LOW FREQU  ENCY

Abstract The result of computer simulation of robotic asbéng profile details with passive adapta-
tion and low frequency is represented.
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MODELOWANIE TECHNOLOGII MONTA ZU PRZYRZADOW
W SRODOWISKU AsCAM

INSTRUMENT ASSEMBLY METHOD SIMULATION
IN THE AsSCAM SOFTWARE ENVIRONMENT

Accelerated method of preparation for assembling simall-scale instrument engineering imple-
mented in a new software environment ASCAM has lpgesented. It has been demonstrated that thefuse o
such software environment with relatively small amboof input data allows to get a solid solutiord an
furthermore to reduce the preproduction preparatioa.

INTRODUCTION

High precision and reliability of modern deviceggenerally a result of the use of a large number of
high-precision instrumentation and performance arious adjustments, fine-tuning and setting-up aper
tions. Thus the instrument assembly process ib@mtensive one and in most cases comes up 806%-
of the total labor content for the manufacture mfirsstrument as a whole. Such high labor conteatesbf
assembly operations makes the organization andqahegtion preparation more sophisticated and reguir
transition to a new manufacturing process arrangerbased on group assembly workplaces with their
differentiation and specialization.

It is known that these issues can be solved bygiatang all manufacturing stages with the use of
computer-aided design (CAD) systems. However, tivejmal obstacle is currently inconsistencies betwe
high development level of the instrument computde@ design systems and virtually total absencéhen
world market of computer-aided design and preprbdncpreparation systems for instrument assembly
which would account for a specific character of sheall-scale manufacture. All this impedes integrabf
the manufacturing cycle stages and drastically cesdunanufacturing efficiency. This paper addresses
developed mathematical models of assembly produitts regard to instrument specificity allowing to
develop procedures for their analysis and furtlymthesis of the assembly method and creation an thi
basis of new computer-aided design systems fondsgeprocess.

MODEL OF AN ASSEMBLY PRODUCT IN INSTRUMENT ENGINEERING

Hierarchical structure of an assembly object carptasented as amssembly composition diagram
(ACD) of a product determining which structural componrdyglong to which separaassembly unitéAU).
The following reference designations are introdufdfurther discussion of the assembly object ford
mal description of its structure:

Ek = {Ek} — elements of the construction;

35



2011 TECHNIKATECHNOLOGIA MONTA ZU MASZYN

AP -assembly products
AU -assembly units
P - parts = FEk
Psp —standard products
Ppp — purchase product

Product component structure description ma@sCSDM) can be presented as follows:

Eki.K .n.T(;iI 1)

where:

i is the sequence numberf at the decomposition levistl..m, mLIN;
K is the name ofk;

nis the number ofk n=1..1, ILIN;

T is the type of:k, T= (AP,AU,P,RpPpp);

dl is the decomposition level @k, dI=1..k, K.IN;

i is the inclusion index afk, iv=1..m, mLIN.

For express analysis, the mathematical model {2peaused in a simplified form:
Eki dl @)

Generally accepted construction of ACD for a prodsicitarted from division of the assembly product
(AP) into AU and parts. AU formed after the firstidion of the product will be referred to as th&drder
AUs. ™ order AUs in turn can have complex structure amdimken up into simpler independefit @rder
AUs. Such ¥ order AUs are similarly divided further t& ®rder ones and so on till nth order AUs composed
of individual indivisible elements, parts. Thusg #tructure of any instrument can be presentecyespd with
the instrument in its root and separate parts ddsliA its nodes, whose number increases and desigmes
simpler with an increase of the division level [Hierarchical structure of a product divided in&parate
elements, with regard to the above designatiomsbegresented as follows (fig. 1).

PCSDM can be presented as a table, list of grajphatowing to:

- get information on the number of parts, their eamAUs, number of decomposition levels, where
AUs are identified by whether other parts make freteof,Psp, other AUs.

- when a product is divided into AUs, the whole e®f assembly operations can be divided into
separate parts and performed simultaneously tmsiderably reducing the assembly cycle duration;

- form assembly sequen¢AS) in view of the fact that AUs at the same dimislevel not related by
the presence of common loops (common mounting &erfzan be assembled in any sequence.

Description of the mathematical model of the “PuessRegulator” (fig. 2) component structure can
be presented as a graph (fig.3) or list (fig. 4.).

Description of an assembly product in the exparfded (according to 1) allows a complete descrip-
tion of links and subordination of components ie #tssembly product. For products composed of & larg
number of elements such detailed description isdvewextremely labor-intensive.

For example, for an adjusted gyrocompass “CRUISE"gmsad of over 300 components, express de-
scription (according to 2) can be employed at tiigal design stage which can be subsequently sdppl
mented [2].

Such abbreviated description of an assembly unihefadjusted gyrocompass “CRUISE” “Gimbal”
(fig. 5) is as follows (fig. 6).
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Fig 1. Decomposition of assembly product

Rys. 1. Dekompozycja montowanego wyrobu
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Fig 2. Assembly unit “Pressure regulator”
Rys. 2. Wyr6b montowany “Regulatofrienia”
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Fig 3. Description of the assembly structure ofdarct "Pressure regulator" in a graph

Rys. 3. Przedstawienie wyrobu “Regulatoinéénia” w postaci grafu

Ek.Llpressureegulator.1.CB,; Ek.1.Body.1.CO?; Ek.1.Body.1.7;; Ek.2.Sealingl. 43;
Ek.3.R0d.1.CC}; Ek.1.Rod.1. 73EK.2.Sealingl. 73, Ek.3.Saddlel. 73;
Ek4.Sealingl. /7}; Ek 5.Spring.1. /7;; Ek.6.Cover.l. /T;; Ek 2.Diaphragml. /.
Ek.3.Sealingl. /I_; Ek 4.Step- bearing.1.CO?; Ek.7Washerl. /;; Ek 8.Flangel. 5
Ek.9.Step- bearing.l./75; Ek 5.Spring.1. 7°; Ek.6.Saddlel. 77; Ek.7.Cover.1.CO?;
Ek10.Coverl./]; Ek 11.Drivescrewl.CO; Ek.4.Handlel 72 Ek 5.5crewl. 7 3
Ek6.Nut.1. 4,5 Ek12.Screwl. [, Ek.8.Screws. /7,

Fig 4. Description of the assembly structure ofdarct "Pressure regulator” in a list

Rys. 4. Przedstawienie wyrobu “Regulataiiénia” w postaci wykazu

Based on the PCSDM discussed above, procedurgsufliing the assembly composition diagram
and assembly process flow diagram and special acdtwsCAM have been developed [3, 4].

Process design in the ASCAM software environmemstasted from formation of an information file
about the product. Information about the productdesign purposes can be prepared by using two me-
thods. The first one is based on the manual inpuhe overall information about the product, ané th
second one is based on the automatic input by wsdegdicated macros [5].

Product assembly process design according to therfiethod can be implemented in two modes:
a) based on the generation of new design solutionsased on existing design solutions (from archive

Product assembly process design according to tendemethod is based on the use of a dedicated
software module processing electronic version efdasign documents for the product (specificati@ms)
creates PCSDM automatically.
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Fig 5. Assembly unit «Gimbal» by product of “CRUISE

Rys. 5. Jednostka moatava “Zawie” z zestawu wyrobu montowanego KGK “KRUIZ”
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EKlo; EKIY; Ekth; EKib; Ek2b; EK3Y; Ek2b; Ek3b; Ek4b; EKSY; EK63; EK7%; EKBS; EK93; EKLOS;
Ek430: EK5LY: Ek65; EK720; EKBL; EK95; EkL15; EKLOS: EKL BT, EK125; EKL 252 Ek1 32 Ek3D;
EKL33; EK143; EkaD; EKLS3; EKLES; EKSY; EK6Y; EK7Y; EKeY; Eka?; Exad?; Ek11d; Eki2d; Ead;
Ek14g; Ekl@; Eklﬁ?; EId.??; Ek18?; Eklf; Ek20g; EKZJ:?; Ek2ﬁ; Esz; Ek24g; Esz; Ek2él);
Ek27Y; Ek28).

Fig 6. Description of the assembly structure ofdaret "Gimbal" in a list

Rys. 6. Przedstawienie jednostki madnteej “Zawies” w postaci wykazu

Automated generation of the design solution ofakeembly composition diagram for the AU of the
adjusted gyrocompass “CRUISE” “Gimbal” (fig. 7) aagsembly process flow diagram are shown (fig. 8).
AsCAM software for preproduction preparation of tlRUISE” product proved to be highly efficient.

4 ASCAM D:\AsCAM\Tligsic.tps oy [=] |
®afin Basa AaHHkx  Apxis [P Kopuctysadi  Aosiaka

Miasic

Fig 7. Output of simulation of assembly compositiGagram for AU «Gimbal»

Rys. 7. Okno program SSS dla jednostki niontej ,Zawies™”
CONCLUSIONS

Assembly product structure information descriptioethod presented in this paper allows to set up
a mathematical model for the product structure dgion and on this basis considerably speed up the
preparation of product data at the initial stagehsf assembly process design. Novel software AsCAM
implemented on the proposed method proved its kffjniency in solving various design issues in the
instrument assembly technology.
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< | H 4

Fig 8. Output of simulation of assembly procesw fittagram for AU «Gimbal »

Rys. 8. Okno program schematu technologicznegoahodta jednostki montawej “Zawies”
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INSTRUMENT ASSEMBLY METHOD SIMULATION
IN THE AsSCAM SOFTWARE ENVIRONMENT

Abstract Accelerated method of preparation for assembfirgsmall-scale instrument engineering
implemented in a new software environment AsCANbleas presented. It has been demonstrated that the
use of such software environment with relativehalsmmount of input data allows to get a solid g@n
and furthermore to reduce the preproduction preparatime.
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