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(A) Summary

The habilitation thesis is a synthesis of scientific and professional results, obtained and
published after the completion, in 2003, of the doctoral thesis titledResearch on the
Dimensioning and Configuation of Flexible Manufacturing Systems fothe Machining of
RoundShafts” and obtaining the title of doctor engineer in the field of Industrial Engineering,
within TransilvaniaVoj wf st juz pg CsbBpw )tdjfowBpngg d dp
Gheorghsg.

Ui f I bcj mj wResegrcpam madelfing gnt sintilation of Flexible Production
Systems in the context of Industry 4.0 and Lean Management integration n b j omz qgs f
the achievements that attest the capabilities and performances in the field of teaching and
scientific research in the field oEngineering and management

The scientific research activity carried out during the entire period, in the academic
environment,is focused on two major research directions:

U Theoretical and applied research on the design, optimization and management of
flexible production systems. The research carried out both within the scientific research
projects and through the elaboration andublication of scientific articles had a complex,
interdisciplinary character and is in line with the current development trends in the
field, the flexible production system being a central element of Industry 4.0.
Mathematical models of dimensioning, cdiguration and simulation of these complex
systems have been developed on a scientific basis, models that make it possible to
know the behaviour and technicaéconomic performances as well as possible, even
before their physical realization. The applied search was carried out through the
simulations on graphieanalytical models and the experimental system carried out,
being extended by applying the Digital Twin conceppeak simulation in Industry 4.0.

U Research on production systems management and Learamagement integration in
Industry 4.0. Research conducted on the implementation of Lean tools and techniques
in operational production management involves their knowledge and use in specific
applications. Applicative research was approached, which is prthe current trend of
development of production and management systems, with sensible changes on the
factories, both in technology and in the socieconomic environment and in business
models, digitalization and connectivity being the key elements of ustry 4.0, along

with the development of the value creative chain, promoted by Lean management.
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The approach was also based on the promotion of the concept of sustainable
development in management, through scientific publications in the field. Also insthi
direction, the research was extended in related fields, towards a new approach of
strategic management at the level of Destination Management Organizations by
implementing Lean techniques to improve the processes of the organization, the
results being déseminated together with the research team through publication in
specialized journals.

The habilitation thesis is structured in 3 sections. The first section (B1) highlights the
scientific and professional achievements, presenting the main original sciBotresults
obtained by the author of the habilitation thesis after obtaining the title of doctor engineer.
The second section (B2) is dedicated to presenting the evolution and career development
plans (teaching, scientific and professional activity). Thierd section (B3) presents the
references associated with this habilitation thesis.

SectionB1.1 Scientific achievements structured in 4 chapters, as follows:

In Chapter 1A New concepts regarding advanced production systeqesents the basic
conceps of production systems, their evolution, the necessity and the opportunity to
develop flexible structures, intelligent manufacturing systems, in order to implement cyber
physical systems in production processes and their interconnectidnrelements specifc to
Industry 4.0. A conceptual model resulting from the research is also synthetically presented,
the model of flexible manufacturing systenk asynchronous system, which constitutes a
basis for further development through modelling and simulation.

Chapte 2 A Research on the modelling, simulation and management of flexible
manufacturing systems presents the results of the research on the dimensioning,
configuration and simulation of flexible manufacturing systems, focusing on the applicability
of the research:

o Design and construction of an experimental system for the simulation of the sequential
process in the manufacture of cylindrical parts, physically performed in the laboratory;

o Developing an original software package with two system management and ntoring
applications: a. Controlling and configuring the technological flow in real time, based on
the modelling of concurrent and asynchronous events in the flexible manufacturing
system, using Grafcet techniques; b. Monitoring, control and interventidnpoocessing.
The applications were developed using the Cx Supervisor Developer licendbe
OMRON package.
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o Dynamic modelling and simulation of the flexible manufacturing system using
simulation technigues and stateof-the-art software (Plant Simulation A
Tecnomatix/Siemens), specific to Industry 4.0. The structural analysis was performed,
cbtfe po Xijdi ui f nNbui fnbujdbm nbusjy
developed, on a case studjy a flexible robotic cell. Thus, it was possible to establish
the interactions between the component processing subsystems and the logistic
equipment, whose influences are decisive on the efficient operation of the entire
system. New simulation models were developed, and the results obtained allowed the
evaluation of the ystem's performance and the identification of bottlenecks in the
production processes, knowing their negative effects on the real production lines.

Chapter 3A Research on the integration of flexible production systems in Industry 4.0

presents the scientiic research, in particular, applied to make digital copies of the
experimental system using the Siemens Tecnomatk Simulate Process software. The
research was carried out within the ongoing scientific research contract, and the original
results obtained will be disseminated through publications in scientific articles with an
impact factor and extended through collaboration with third parties. The theoretical study
conducted on the Digital Twin (DT) concept laid the foundations of the developed applicatio
The aim was to create the virtual commissioning environment of the experimental SFF
system by applying another concept Virtual Commissioning (VC) perfectly integrated into the
current Industry 4.0. All stages and resources of digital copy creation hheen described in
detail. As a result of the simulation, several complex commissioning scenarios could be
tested (with collaborative robots, HMA Human Machine Interaction interfaces and AGV
Automated Guided systems). An important benefit is to redudbe actual (physical)
commissioning time and to resolve errors before connecting to the real equipment, with
minimal investment and favourable implications for competitiveness. The implementation of
the new technology (VC) allowed the system to test the leviour, a high flexibility and
greater precision for the simulation model, having a representation of the real process and
allowing an optimal decision to be made quickly. At the same time, the model can be
expanded into a real factory that wants to adapts processes through digitalisation. The
simulation also assessed the operational parameters of the system.

Chapter 4 A Research on the involvement of Lean instruments in production
management and integration in Industry 4.@ structured on five subchpters in which the

main results of the research are presented, disseminated through scientific articles and
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presented at prestigious international conferences or obtained within scientific research

projects:

o

The concept, techniques and tools of Lean Maramgent underlying the development of
any applications in the field of engineering and management.

Applying Lean techniques in production management by developing an improvement
project, the results being implemented within a company, through the scientific
research contract currently coordinated.

A new conceptual approach to interdependence between Lean Management in Industry
4.0 by developing a model for correlating 14.0 solutions with Lean principles. It was
based on the thorough research study on the lit@ure in the two fields, resulting in a
synthesis of "synergy".

The integration of the Lean management concept in sustainable manufacturing
provides a methodology for implementing the Lean & Green Manufacturing integrated
model, based on the analysis ohe two concepts.

The extension of the Lean concept, through a new strategic management approach at
the level of the Destination Management Organization (DMO) in the tourism industry,
the results being published in two scientific articles elaborated as-aathor and
correspondence author and disseminated at an international conference by the
members of the research team. As a novelty, a conceptual model of analysis of DMO
processes was proposed through SIPOC analysis (Lean Six Sigma tool) applied on a case
study. Based on the study and analysis of the DMO structure, the Lean implementation
methodology at DMO level was developed. This direction of research will be developed

in the future through collaboration within interdisciplinary teams.

Section B1.2 Profesional achievementsbriefly presents the studies and professional

experience of the author of the habilitation thesis, the didactic activity and the scientific

research activity.

Section B2. The career evolution and development plansesents the developmat

directions in the didactic activity and the scientific and professional research activity.

SectionB3. Bibliographycontains the list of bibliographic sources used in the elaboration

of this habilitation thesis.

The elaboration of the habilitation thesiwas based on the scientific results published in

9 scientific articles as main author (two as eauthor) and obtained in two scientific research

projects as project director, after obtaining the title of doctor engineer.
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BLSFBMJ[ ASJ bUJJOUJGJDF bJ QSPGFTJPOBM

c2/ 2 SFBMJ[ASJ bUJJOBJGJDF

Introducere

Df sdfuas)ymf fgfduvbuf To0o dbesvm uf {riobgre ef e
in domeniulsistemelor integrate de produg f - bm gspj fduasjj Bj nbol
produdie avansate.Astfel, prezenta €za de abiltareqsf { j oua qgsj ojdjj qBmnf |
rezultate ale autoarei o gqspj f dubsf b- rsipteamielon Bexilbild de Podudie ] n v mk
Bj j ouf hs b cdntepubadtiiat de mdustry 4.0p integndd B managementul Lean.

ntr-p mv n f bgmbua 1o gf snbofoua tdijncbsf -
ejwfstjuabjj uj gpmphj df dfbsj gbpmps f nBjs - q sqfsgf fc
gf sgpsnbobfmf bdftupsb- tf jngvo nvubbjj] Bj
gs pevAddstpab &k dvoptdvu T o0 vmujnjj boj p ejobnj
gsphsftvm bvupmbhdaij{ dojgjpsBjfbyifoij egpshigf Mmédoaue i o g mj
ej hj ubma- ef ovinj @fao ulsove vli us § b q \bd elf df sjobf mp:
dpngboj j mf g-bp e vwkeduyptbsuf tBjt uf nf mf ef gspevdl
caracteristici, fexibilitatea. Prinj ouf hsbsf b T0 tusvduvsb mps b
bsujgjdjbma- tjtufnf mf gmfyjcj mf e f gspevd
sfqsf{fouédoe p gspwpdbsf dgBpopustvVdpdpoghwvws i {nf
tdpgvm ef {wpmuasj j vops tjtufnf fgjdjfouf ef
modele de afaceriEf dj { j b tusbuf hjda ef ejhjubmj{bsf
sfgsf{joua mb psb bduvbma p bsj & coifplegitptsau b o u ¢
bdftups tjtufnf- dbsf bv spmvm ef b dsf Buf

gspevdbjfj- bm tdvsuasjj djdmvmv ef2llwj bba b
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Capitolull. Concepte noi privind sistemelavansate de produibe

~

Dezvolarea fabricii viitorului, ntvw o nf ej v joevtusjbm ejo df 1
tuvejvm Bj bobandi{fbj fv obpnsf fbraffntfuopusf t j t uf nf d
manageriale, tehp d f noW®atoarej considerabile.Fabrd | mf Wj jupsvmyj wWp S
interd pof dubuf -oanizacttwrin pamgmf nf oubsf b usafigmeua b
gbcsopxmdugtry 4.0d b s f ppowpmyh |joevt usj PBrin dplicarea muj n
principiilor Industry 40 se vor crea noi oppuv o Buaflgjspwpdas| e f sfu
sfmbot bsf b s poepwdab j ¥ jj g ffgsseojfgofudsu j w de dibitalizae & | gj
sistemelor actuale de pv e v d BLQE8a" A Usf df sfb mb dgbcsjdbb
nbovghbdwe pogate leadiza doar prin dsf bsf b vops sf-Bfungil j ou
Tousf hvmyvj mbob wbmpsjd- dbsf tf qgqpu dpouspi
joufsdpofdubsfb nNbBj o mps fiopud mpwhoubuf gepe
[FLO22]

Printemaff db bc¢¢ s@lbh uweldupteifod ab edcbm of sf b ugeu mv my
pot aminti catevaA [FOTOR- GPU19b- GPUZ23[BLO228 FLO2WEH LT 19h du v b
FLO18bFLO18c]t f T ot dsjv qgqf mjojb qsfpdvagdsiodps fvy
intr-vo epnfojv ef wasg - b dAudorbemiul 6fj { W posistesebgj g a
joufmjhfouf jefuf@gbbasj dbbijft uBjnfimpsl medimingustralj mf ¢
creat de Industria 5/ 1 - dpodpnjufou d v arbaetbhgicildr kehnbin B ]

managementulg s pevdbj fj/

1.1Dpoufyuvm bduvbm ef ef{wpmubsf b tjtufnfm
De-b mvohvm fwpmvDbjf] tjtufnfmps ef gspevd
gmf yj cj mf -bi oe pgwfcesjj udelndrg aituptdo e f mbsf ef spgfpodyj h

gmfyjcmjubudpoieovdqgsnpbe vdldff Buf sfb qgfsgpsndobfm
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eficientizareab d uj wj uabj | qus finop m@ilsaud § prdogséldr, inTscopus de a
satgvoef dfsj obd mpRap dimjg fow @] mpAl} Tnfg oveghs c\fGBWF b
eftgsf joevtusjbmj{bsfb 5/1 b dpnqgbojj mps ef
prin integrarea tehnologiilor noi digitale, sistemelor cyberfizice CyberPhisycal Systems\

CPS Bectivilapeaproceselor prin internetlifiternet of ThingsA 10T).

Opvm wbm To0o fwpmvbjb tjtufnfmps bwbot buf
efovnju Joevtusz 5/ 1 efufsnjoa uBju unsbbjot gypE
tjtufnf mf eifo qtsjptewfdmdfj f e f gbcsjdbbj f j ouf mj
digitalizare.Q f maoha <cfofgjdjj mf ejsfduf- qsfdvn p
gspevdbjf- dsfBufsfb gspevduj wjuabj jdes@ie sf ev
opj pgpsuvojuabj ef ef{wpmubsf b vovj nfejv

Jngbduvm hmpcbmj{asj|j b dsfbu p opva gspw
ef {wpmubsfb tjtfnf mpesbwrd ddw pjevudfbh § b bfdlu vibanf 7 d
diversgj dbsf b Bj dj Bidfvanbjbd jbj mmpp-e vea ff mppsmu b sf b uf i
de mun@a - fjwp nyjbf bfj ftuf ejo df BBd dfvnnbjf ejvgjm
lucrareade specialitate ABD2Q- j @le vt usj b e oa iqregistrat ingpsepertvod b j f |
dsf Buf sf ef ovnhjebd-hbu& hepowiplmmihdbfiio n3 HA9 ef d
inregistratth T o bovmAfgsbdHf étaoabfh vo fogdpagywbkejvidmus jbh ma
mai poate depindedoarde cererile constante &l qj f bf | /

Joevtusjb dposupaBlpc ddpaest¢ Inp@zentbgf dubua ef (
factorij ngpsubobj g f BOR2Y: ecorfoffbvp mMmp e b ma - dpreedvsfo
j opwbbj f Bj u f izbocpinegp gandemieb@OWVA®S mu f t g A8lUBBROAY m b o
concomitentdv. ej hjubmj {bsfb 1o dsf Butrarda [BOR2L]dsp o p n |
eviderb j bd{ aarin celaborarea noii strategii industriale 2020 [EUR21] pentru Uniwnea

Fvspgfiho@&vt usjb ftuf foda |jnfgBsfubdsfbgdfob Vdf
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beavhbua Bj m @dpvusb; eeff bngvsopdbaq f 2: & ejo dsfbs
nfobjofsfb b 47 ef nj mj pbof e f mpdvs|j e f n:
wf ef sf dsj{b qgboef nj dJdBOR2d. Astfenrs-t tef depfodtg B vssa
strategie industj b ma qgf ousv Voj vof brei Elereqpejchdieonéadeldreaf mb
joevtusjf] dpngf uijsubjow{fj bmmto ted bh gadobdandappdijibubigo<e v t
pentru industriile care contribuie la neutrdditea climei in Europaln acest senstot in studiul
[BOR21]suntevj ef o8 f muf Bbquf epnf ojj gvoebnf oubmf ¢
identificatt ef Dpnjtjb Fvspqgfboa \FVS32";

A Dsfbsfb dfsujuvejojj qfousv nhoje vetjuhsjjufb map<
A Construirea unei economii mai circulare, prin acordarea unor stimulente pentru

j oevtusj j mf dbsf sfwpmvbjpofb{a gspj fdul
df Bf v.sj mps
A Todpsgpsbsfb vovj tqjsju ef ijtempevdiimilefte j oev
pentrulMM-vsj qfousv Jjngmfnfoubsi#2D27) opwbDbj fj -
A Nf objofsfb vops dpfoeydy jgsybufok bws fmb hdmprefbsmh \
instrumentintf sobbj pobm ef bdij{jbjj qgqvcmjdf
A Dbmj gj dbsf Bj osftidbimp § pdbesff -0 pg gspgftijj-
ejhjubmj{asjj Bj ef{wpmuasjj joufmjhfobf]
A Tgsjkjojsfhb joevtusj fj dausf of shsbmdab u
fdpopnj fj Vomsdpygjfoffb Bjgs pevdb gall puneecd in gphiichren g a s
b gsjodjqgjjmps tusbufhjf] di jnjdf gfousv
A Jowftujbjob Bj g pewtrb ocbnistauifed unel sifdostrij &uropene
competitive, prin dezvoltarea unor scheme de sprijinire & b o { grirb rjoif pograme

de digitalizare.

Studiul Deloitte bazatpe modelul economic Oxford (OEMyo uj djGgftbf @aef s f

oj wfmvs) mps bovilmivjefefdgfsPeivddBR- Qi Gupv g8 p B
7-4& qgfousv 3131, ,d&gritad4- 1 ®@&sdfsovuyss|j Inp32 gspwpdbl
190 [DEI21]. In SUAj oevtusj b qgsfmvdsaupmbetif mb cspé¢wndhj
comenzilorfindoda tvc o] wf mvigjff cey s j3d 2e f-d mjod.vamyv |
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Conform acestu studiu,qsj wj oe uf oej obf mf e f fwpmvDbjf b ¢
intr-un mediu de incertitudinedb hj mj ubuf b bs gvuf b gj di fj |
g s f mv d stéhnolodiile digitale fiind pilonii principa] DEL21]

Concepte noi, pecum Digital Twirs A DT ar putea devenif mf nf ou f efi sf {]
flexibilitate pentru mediul fizic de proddi b j f / Vo qspevdauwppcetcugpbuf
produs,y 0o gqspdft tbv tBjtudinj ed tgjsrpwemkd bgffsgpsnboct
DTcrd b{a p sfqsf{foubsf wjsuvbma buédau b f mfnf
un produs conectat la oK Internet of Thingsgvodbj pof b{a Bj joufsbdb
g f gbsdvstvm 1 ousf h\{DBEM]] Priviiov la ezii@brmvw  anfb o bvy oD |
aprovizionare, f s n f mf gspevdaupbsf gpu bqgf mb Bj mb
dsf Bufsfb wj{jcjmjuabjj sfbf mf] ef bgspwj {]jp
p sfbfb ejhjubma ef bdgopwmfihpethsfi ogfugugyv st bp
p sfbfb ef b g s p Wénfry dezeoliaseh undr gl nf y a b | nbsij b
nvoda dpecagdbojppgenimjuabjnedbdb- s§psbbog{bnvoda

pentru a gestiona intreruperil Bj j odf suj uvejof b/

1.20pj pqpsuvojuabj ef ef{wpmubsf qsjo jnqmf
Dpodf quvm ef Joevtusjf 5/1 dsfb{a p opva
ejhjubmj {bsfb tjtuf@tmpsachkdjpwmbnié-alengultmpuyub gqbt b y
To tpdijpivulgwt Bjngsfoub btvgsb ef{wpmuasjj |joe
Joevtusjb b fwpmvbu T0 qbusv nbsj gf sjpbef

denumitegeneric@ f wp mv b j j jboeevvdtauosej bonpfj  j(Figpravd)b j j Bj uf

12
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o

A 4-arevolutieindustriald. INDUSTRY 4.0 —in prezent
Productia inteligentd: CyberPhisical Systems (CPS) & loT (Internetul tuturor lucrurilor)
Since 2010 - Today (Collaborative Robot- 2012)

3. Atreiarevolutie industriald — jumdtateaa 2-a sec. XX

Mari descopeririin domeniulenergiei nucleare

Automatizarea productie: IT & telecomunicatii si Electronica

Fig.lIFwpmvbjb ef{wptdi8lsjj joevtusjbmf

Opvb g b s b edigtatizare B§d bc@j dbbj fefdpnffdwrb uioevt |
[ARN16] b e v d f usbotgpsnas| gs pg-po egfs p ke v vhdf $olfu a ¢ By $
b v up o@oncgptul de Industrie 40 dbsf efgjof Buf tubejvm bdu
b gptu mbotbu qgfousv qgqsjnb ebua To Fvspqgb-
programe guvernamentale[ITR16* Bj gj snf eBbch B jBigmens- g sjfodjvbnj b u

tjnj mbsf fGgjpbtobdoe e VB|BOWdaBRgur&®).qpoj b

Companies:

General Electric, IBM,
Intel, AT & T, Cisco

FRANCE
"Industrie
du future"

Companies:
Boch and Siemens

Figl2Joj bj buj wf ef ef {wpmubsf Joevt us:

13
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Studiul [GER15]lbqsf djb{a da qgqsjo ef{wpmubsfb b qgb
mari de date (Big Data Analitics)\g s pev dbj f,j duwfbsol dbruy&Es oo (Bumap n
Machine Interaction A HMI) B d p of @8-ajcentutatb cohceptul Industry 4.0.
Implementarea acestuia are la baza conexiunea intsestemele cyber-fizice (G/ber Phisical
Systems A CPS) Internetul tuturor lucrurilor (Internet of ThingsA 10T) Aoud computing,

spcpujdb- tjtufnf bwbgtohdimjedff oEiual8iif@IL]dd th{mb

Sisteme
Cyber-Fizice

Sisteme
Inteligente

de Product

tuturor
lucrurilor
\ (loT)

Inteligenta
Artificiala

Baze de
date mari &
Analitice

Interactiune
om-masina

Fig.1.3Dpngpof ouf mfefBjchu{fa oJp5iplhj j

Multe companii care au facut primul pas spre iniph f oub s f dpotjefsa
joevtusjfj ejhjubmj{buwj jdubp sgujnj ogeb cpsg pdsby f g & -b dk
ejsfdbjb JNesdwttwwpzs nbksil b dausf Joevtusz 5/ 1
tdi jncbsf b seHimbargardepbpdé&@jf hna 1T o np e fsohimbaiea e f b
tpdjbma- ejhjubmj{bsQb gmapbda pHé8upsvimt gf disén
t f bjoa dpou Bj ef b mbj gbdups| tqfdjgjdj d
calificat cu 1p | bcjmjuabj - njhsbbjb- fmbcpsbsfb vov]j

ef tfdvsjubuf ejhjubma- fmbcpsbsfb vops qgqsph

14
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Vo gbdups jngpsubou qgfousv wusfdfsfb amb Jo
gbdupsj mps tgfdjgjdj joevtusjfj sftqgfduj wf-
di fjf jngmj dbbj ) hvwf so- njojtufsf- jotujuv
dpngbojj j oevtusj bmf *A imbicajdb & Tneeput, dh mBcgactdvdaj b o
Bhfoeb fvspgf boa [FUHO48as v 1Joo equstfu{sfzouS5/flyjtua p
nNnbsj mps dpngbojj nvmuj obbj pobmf ej o Dbbsa- (
GFTUP- ebs Bj To epnflogwonf *u-f mg fdpumywj debdi sp
digitalizare[BAN16. Gpsvnvm JdE]j Apobmt Gprnbb&jho pshboj {btl
mb Cvdvsf Buj ef dausf Hvwf sovm Spnaojf] b b
concluziile Comisiei de lucrujfio e Q@liditalizarea este viitorul t p d j fByaBdzgngmiei
noastreo[DIG14.

Un pas important spre digitalizare in Roméanials gadvu qgsjo Togjjobb
Bvupsjuabj | gf ousv Ejhjubmj{bsfb Spnadjfj -
dej hjubmj{bsfb Spnéaojfj 1 otAubfnioobp nupshfjddfas-f bj ongb
Bj t gAUTAnS3pon 4 oj b bsf p dpngfujujwjubuf sfdvo
din industria autoA Ebdj b ) Sfobvmu* Bj Gpsgpbduf pcpbdbbf
Qsf {joua ef btfnfofb vo nbsf gpufbjbm ef b
nbovgbduvs) fs Bj bvupnpuj wf- Hfsnbojb gjjoe
Qf médoha bdf Buj gbdhlpfsjdbanfbjddfglb{sa B dosrfurfj tbaw
JU )Jogpsnbujpo Ufdiopmphz* <c¢jof ef {wpmubu
ejhjubmf- qgpbuf dpousjcv]j mb ej hjubmj {bsfb ¢
celemairigg dbuf ejo Fvspgb< fyjtufobb vojwfstjua
cercetaré\inovare prin participare la implementarea unor proiecte europene in domeniul

Industry 4.0.

15
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Usfdfsfb mb Joevtusjb 5/1 evga degdeziolavrem f v ¢
gf ousv basjmf Vojvojj Fvspgfof- dpousjcvjoe

sociovnboa- bjoadoe dpou ef dbsbdufsjtujdjmf gj

2/ 4 Dpodfquvm ef Tjtufn Gmfyjcjm ef Qspevdl

Dea luthvm fwpmvDbjfjtuffnf exp§ wpgmafaysjjgjnmfrma e f (
jngmf nfouasj|j Bj -gvopdoi wHorhts jug Wadff mfu ptsjbt uf nf
dbsf bv sf{pmwbu Jddp & wdaptabiitakbAj] os pieovudsyfjam@imfo y jf «
epnfojvm ufiopmphjjmps nfdbojdf Wjjupsvm 1T m
bdf btub cb{a ufiopmphjb gsjwjua db tjtufno \

Bebqubcj) mjubufb vov]j tjtufn e f gspevdbj f
gptjcjmjuabBjmfdfudji opfmmpfhj dhigvt f gspevdbj fj; €
nbsf - evshbua ef tfswjdjv nbsf - uf snfo ef m ]
gspevdbj f t f sfbmj {fb{a qsAiToo nbpdduvjjwsjfuba b\ o pgss f f
componente; reorganizareAt usvduvsb wbsjbcj ma- dompogepte j cj m
dintr-p tusvdueglargAnepeydj dbsf b vops gbsbnf usj gV o

Qspgsj fubufb ef gmfyjcjmjubuf btpdjrouua vov
ef gbcsjdbbjf Bj ef gmfyjcjmjubufb fmfnfoufn
jogmvfobbua ef wbsjbcjmjubufb nfejvmyvj fyuf
tjtufnvmvj ef gbcsj dbbj f revidibthin timp,cchuschiamprevinitdl 0 e v

dv dbsbdufs uf n(igwals, [ALO®2L]. ef evsbua

16
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Flexibilitate

Sistem de

Sarcina
de

fabricatie

productie

) )
Conflg?rat,n Volum de . . .
_ morfo- fabricatie A A L P ; .
dimensionale Configuratie Proces ] Statii de lucru u arametri ]

sistem tehnologic tehnico-

Echipamente economici

Fig.1.4Elemente de sociereb qgqspqsj fuabjj ef gmfyjcjmjut

Fygmjdbsfb dpodf quvmyvj e f etjjotinusliaerse gdhifdg j ¢ j m
cercetareir o gvodbjf ef fyqfsjfobb To qspj ftdwkBddbff
nbsj e f atbjgtmy fdrbfbmpg s g mf fyy jctj urff o weff Tgd copg WdWbjj d a -
b gpt u Apaliegnd defird | | mf | e litevatujagff dbagf dj bmj ubuf - 1T o
ef uj ngq- t f pctfswa p ufoejoba ef Vojgpsnj
dpodfquvm ef tjtuffhogmiypc pcomgeptblyi [fLHOP1lE o 8 b f

Vo wbt u Bj w b nyats get AbrudanviABRY6G s-fa gcbndretizat prin
tjtufnbuj {bsfb b 66 ef efgjojbjj ej o mjuf stk
Gbcsjdbbj f ) TGG* - gf ousv upbuf uj gvsj mf e f
efgjof Buf eqt¢gjtmf e mdpprop dbdby édf vagfmf gf cjdrhfmv enf
joufsdpofdubuf gsjo tjtufnf bvupnbuf ef usb
bvupsvm dpotjefsa da TGG ftuf (qp sfbfb ef t
cadrulSFFyj joe fm TotvBj vo tjtufn ef bBufqubsf o,

In monografiadin domeniu [BONO* 't f dpotjefsa da Qqtjtufn
dpotup dpmbdbj f ef qgptuvsj ef mvdsv- tubbjj
bvyjmjbsf- qgsfepmhpobbduowvbisgjojadvdfousf ef qgs

vuj mbkf tqgf dj bmf fj tgfdjbmj{buf - mf hbuf 1

17
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efgp{jubsf- bvupnbuf F] dpoevtf jfsbsij{bu n
programare, d t uj pobsf 1| nyn sigtenpistggratids ¢alculatpase ca wolsde
dpoevdf sf b Twywejsjjdfo bBf j odf sdf uasj mf fgfduvb
jngpsubouf epnfoj vmvj - qf ejsfdbjb pqgqwjnj{a
dinamice complexe.

Omvdshbsf ef sfgfsjoba 1 CAT®P debcdg ocomeptgl we s j d b
sistem flexibile f g s pAeCGtd Bjuff nvm gmfyjcjm ef qspewvdbj f
vofmuf- dfmf nbj nv muf dntr-ud gistetm combn de tvanspaostj d a -
nboj qvmbsf Bj - b qpt{jj tutbfsrf - d sy ® u * f nat vsbsf
tfnjgbcsjdbuf - g juh sigtem Bgmunt de wamducer®8, jorganizaj ierarfsc.
Tousfh bdftu bot bncmv ftwf v BWbgjbealnaminingde jsofudsp
joufswfobjf vnboa- mb tdijnechbsdpnfugdmmwps gelb

In lucrarea[BONO2* t f gsf{joua tjtufnvm gambamplcj m e
joufhsbu ef nbfjoj dv d pristaneadtomatizat degnanipdlaree f t f S
usbotqgqpsu T efgp{jubsf b tfnjgbcsjdbuf mps-
dv nj kmpbdf bvupnbuj {buf ef natvsbsf fj uf
dbmdvmbupsvmyj g btcwsd difbtsjfwa th nwonud ogj fttbfv ef U
bovnjuf gbnjymjj- To0 dpoejbj]j ef joufswfobjf
sfevij ol

Tjtufnfmf gmfyjcjmf ef qspevdbjf bv bgasvu
supeff ps b qgfsgpsnbobf mps Bj dbmj ubbjj gspevd]|
Tjtufnfmf gmfyfcpmbfef olyjpl &igteneldpgf efb mefgbdlac =jf

in figura 1.5fiind sintetizated & u f wb d s jensticduat¢ in @psidetaoedRLA21].

18
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B Flexibifiate Hridicata Hscazuta
B Nivel autornatizare o Oridicat Bscazut
B Diversitate tipologica '*E‘ Bmare %- Bf mica(1-2 Ry)
0 Seria de productie '_?U Omica/medie % Odmare
| BGradul de incdrcare | Bmare | Emic
E B Autonomie functionald % Hmare é Ofara
G| BSet-up % | Bprestabilit ,;‘::” Ovariabil
A Blocaje '-'E- Orare = Hfrecvente
B Rebuturs % Bputine 1| Bimpredictibile
B 7imp de depreciere | @5-10 ani Y @m2-4ani
B /nvestiti Hridicate Hscazute

Fig.l5Tjtufn Gmfyjcjm ef Gbcsjdbbjf )TGG* wt/

2/ 4/ 2 Tusvduvshb tjtufnfmps gmfyjcjf ef g

Analizand prin prisma teoriei siseslor dinamice mari [STA8R Sistemul Flexibil de
Gbcsj)dib&g*f gpbuf gj Tfodbesbu T0o dbufhpsjb t]
jngsfwj{jcjm- To0o ujnqg/ Vo t |t ma multgsualisigtgnrem e f
componenteinterconectate.

Structura unui sistem flexibil de fabrida jmfv b ucansidemarein etapele de configurare

Bj jngmfnf oubsfl oqpebpuwfa gnjp ebvoshimj { bu a

A.Tusvduvs b (KEdura & wquf jsahl ma dpoevdfsfb F|j dpr
gmfyjcj mf ef gbcsjdbbj f MUENA nfbaBjedjo by dod paruldojedéf
ovnfsj dd-pcpbhj j o ehvcentres feb prgluerare MHCFF/IFF/LFF/SFFA

moduld d f mvmaoOj ot wmd Oymjcg jnf.Cetfj tgbfcrs j db b f

B7Tusvduvsb @iguadshp{ pawgymabj b{a tvctjtufnf mf
TGG 1 j aemtibcarga ustibsisiemelor pe baza rolului logvodbj pob m; t vt

gsfmvdsbsf< tvctjtufn mphjtujd joevtusj bm< t
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LFF

IFF

CFF

MFF

—
MUCN, CP, LI, RI

a. Pshboj {bsfhhfjwebej fHdma

AStatii de lucru BSubsistemul de ﬂ

(5t) mamp.m?re BCIM (Computer
materiald
(SbManMat) Integrated
BPosturide lucru Manufacturing)
(PL) BSubsistemul de
transport/transfer BASubsistemul
DStatii de lucru (SbTp/T) informational
complementare
(St.) BSubsistemul de
“ stocare/depozitare
(Sb ST/Dep)
. 2 \ J .~ @@/

b. Pshboj{bsfhqt upsd{ipebmma
Fig.1.6 Structura Sistemenp s Gmf yj cj amf sd p.dS)d apeaoRbhjaf ;
Dbsbdufsjtujd gfousv ufoejobb ef ef{wpmubs
fmfnfouf mps dpngpofouf gf ousv upbuf f mf nf o
electronice alesisf nf mps Bj] Qsh®] obdifpbst u b -urmdze o hdapgabe q p b
pqujnbma mb wbsjbbjb tbsdjojj ef qspevdbj f/
Qsjo joufhsbsfb To0o tjtufnfmf gmfyjcjmf ef
Industriei40OAs pcpbj dpmbcpfsmjuhfwouf nbBhosj dqobj b bej
sfbmjubuf wjsuvbma Bj bvhnfoubua tf gpbuf s

gspevtfmps T0o nbta- mb dfsfsfb dmjfobj mps/
20
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1.3.2 Domenii de utilizare a structurilor flexibile

SFF

Oflexibilitate ridicata;

Dseria de productie mica/
medie;

Odiversitate tipologica
mare;

Onivel de automatizare
mare;

DOstructura reconfigurabila
complet;

Hconducere / planificare
proces la nivel global;

Hautomie in functionare;

Ostatii de lucru de diverse
tipuri;

Dorganizarea productiei
Lean

IFF

Oflexibilitate mare;

Odiversitate tipologica
mare;

DOserie de productie
mica/medie;

Onivel de automatizare
mare;

Breconfigurare completd;
Bautonomie complets;
Oproductiei pe loturi mici
cu schimbare frevcenta a
reperelor;

LFF

Aflexibilitate mare;
DOserie de productie mare;

Odiversitate tipologica
medie;

Hnivel de automatizare
foarte mare;

Astructuravariabilg;

Hconducere /planificare
procesla nivel zonal;
Hautonomiein functionare;
D statii de lucru si masini-
unelte
speciale/specializate;

Dorganizarea productieipe
loturi; sistem Lean

cpP

Oflexibilitate mare;

Hdiversitate tipologica
foarte mare;

Dserie de productie
mica/unicat;

Hnivel de automatizare
mediu/redus;

Hreconfigurare const;

Hdfara autonomie in
functionare;

Ofabricatie pe loturi

CFF

Bvolum de productie mediu;

DOserie de productie micd /
medie;

Odiversitate tipologica
foarte mare;

Hnivel de automatizare
mare / cerinte complexe de
prelucrare;

O masini de acelasi tip;

Hconducere/ planificare
praces la nivel global;

Ofard autonomiein
functionare;

Dorganizarea productiei pe
loturi; sistem Lean

MUCN

Oflexibilitate mare;

Odiversitate tipologica
foarte mare;

HOseria de productie
unicat/mica;

Hnivel de automatizare
redus;

Hreconfigurare constants;

Ofara autonomie in
functionare;

Ofabricatie pe loturi

Fig.1.7 Domenii de utilizare a structurilor flexibilg=LO 21]

Qspcmfnb

T ousfbhb

gbcsjdbbBjfj

gmfyjcj mf

ftuf

gpbsuf

greferitoaref lat bj ut judf an f mf

df sdf usibsjjgj dBujbjduvbmf ef

tjtufnf mps

gspwpdasj mps

gmf yj cj mf ef

bduvbmf - To0

21
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dmj f obj mps - To bm epjmfb sa&doe qsjo qgsfpdvqgl
tjtufnfmps- qgqsjo bvupnbuj {bsf gmfyjcjma- =ejh

Tjtufnvm gmf yfijind ygnwisteentompldxat s j dw P mv b p fimp,esjj ®@bh djad :
T ot anunBt¢ problemeil o df f b te dohfiguyasepBrdim®@nsionarea acestuia, precum
Bjn qis j wj o hbilor del impleamerare B jconducere SFF actuale, nu sunt abordate
intotdeaunaintrp nboj fsa hmpcbRrastfelof ddt § @jat ¢pj dbmjpsleds;
nfupef ef qgspjfdubsf- npefmbsf Bj tjnvmbsf [
ejo epnfojj mf johjofsjf j oevtusj bmaces8¢r, nbo
nNnbuf nbjujgdpas nbuj da \ GPU14~7/

Invedereacoyj hvsasjj bBjf ttupsvayvuudajfj- 1T0o qgsf{fou
dmbs a- vobojn bddfqgubum- nbwobkbujid roedin i s &
tjtufn Bj b mfhauvsjmps gvodujpobmf tByf hj oBjf ¢
nfejvm fyufsjps/ Ov bv gptu Toda sf{pmwbuf n
ar fi metodologia de anal@ tbbsdj oj j ef gbcsjdbbjf- db f mf
tjtufnfmps gmfyjcog afmodeldreaud bppdébj f/ t Qspfvptim
gbcsjdbpjfua Toda nvmuf T odfsdasj gf ousv ef ¢
ai sistemului.

Avand in vedereritreagaps pcmf nbuj da b gbcsjdbbj f ] gmf yj
f mvdj ebuidao Bljp ontvjaeofgs pmff e@fcthlswbtdvt - tf qgpbuf ¢
demarareaunod f sdf uaspefmpwf be Bj tjnvmbsf b t,jnt uf nf

tdpqgqvm fwbmvasjj qfsgpsnbobf mps

133Modeld podf quvbm/ Tjt ufAmsisteggnragingrpnc j m ef gbc s

Opbjvofb ef dbtjodspojtno bm vov]j tjtufn u
de multe ori termenul fiind utilizat in mod descriptivistP s j df tjtufn uBj of @

mod deosebit sistemul flexibil de fabridaj fft u f eftujobu fyfdvuas|
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evenimerte, in general, discretel o0 b df t u tilée [F®T4] ad fost drfentaie spre
bcpsebsfb Bj gvoebnfoubsf bMbdpoldf & u o wmv3ts j drfd
anterioare dezvoltate[BONO1, FOTOR incare sa definit evernimentuloarecare (g ca fiind
tdijncbsfb- npejgjdbsfb ef tula¢lfl) To ujng Bj
e =df <s, .5, .,f Dt; > (1.9
incare g, st vou t uasgjjnfh hjigeosjpbhbbenfa usbot gpsnbsf ) f
dbsbdufsvm bDishhot.ggseer& Spbjub- usbot gpsndfsjjjuilo
npnfoufmf ef ujng btjehobuf tuasjj jojbjbmf B
intr-vo tjtufn sefpotexdrutasmaidrinlfe proces RR, 1¢k ¢ x E r) sau chiar
un singur proces (k=ct), in perioada de timp:
T=3 D, (1.2)
Asincronisme n procesareX* - wbsj bcj mf 1 orperjurbatpri cafe apars j u a
To tjtufnfmf gmfyjcjmf efogdpepdbhj tbtuf dpus
Dt =t; - t,; =var (13)
Succesiunea de evenimente strict ordonate sf gsf { f oudoe usbot gr
materiale, g b d u v b mf - b w & dnereaaisuf apiect now pgicmpagmf y - gpsni
procesulBt ugf m- fyqgsftpght Bob wmj),pripcesdl Bilpdwefipt@intrsund
fjs tusjdu ps eqmopose resdectéhdvp @¢ jnbh olmfe:f gsf df efob
@ieilé igiéie) Bj sf isysgWinby ty);epva fwfojnfouf
btvgsb bdfmgpbirdppgydétduovhbj ebda tubsfb gjo

tvgsbgvof dv tubsfb jojhbl)bma b fwfojnfouvmvj
P(R,) =df(g @, 0. O.&,) (1.9

Ebuf jDfj bdpaifi ef sa jwo etfj tgubfens j glrbffpjfd gps b b juj
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de lucru(St):SFRZSt 1¢icgiped bs f t fn v mb jdnpfotsedH (R, 1¢ k ¢ r)}.
To gvodbjpobsfb sfbma- ejobnjdid b tjtufnvm
a Dpoej bjj ;
Fyfdvubsfb nvmbjRjlie k®rf}: RER¥VBEMRYP(RIR/BR(R),

bmdauvjuf ejo Bjsvm tusj:du psepobu bm pqgf

OTu YOT,YsRYOTy YaRYOT,, , OT YOTVaRYOT %RYOT,, - Ra YPWYRYOT ¥

RYOT,, .R RYDTYRYOT, %RYOT,,

bSftusjdbjj
Timpi:t, =var(START)pentrd’ St 1¢i ¢ q, t, =var(STOP)pentrd’ St;,
Asincronisme n procesaré&t; =t, - t,, =t

o —vard vt =Ctjcu |

Asincronisme in sistemele logistice de manipulargt =var ; t,, =Dt +Dt

Man .1 Man,

Qf sjpbeb djdmvmvT, :fl'rgfond*rq,,aimiyl\)/:\tarfpenglbﬁ gnpSMb b j f ;
Hs bef mf eh, =ivard dwdabilsctii).

Ebda tf sf bBmjs{fftlu{sg dibd fjt b u v oeabte asirgron.Bistemul m e f
gmfyjcjm ef gbcsjdbbjf afbtgudt RS hBp) pld t gf bt mi
grupe den b Bjmy)-j j bs pgfsbbjfjtubuopbmphijdtb fighr@SBj o n
este exemplificatmodelul grafic al flixului material rezultat in urma analizei pe studiul de caz
al unui sistem flexibil de prelucrare a pieselor cilindriggOT104].

SFE St 6 Sth0 St0 St RO Sty B Bta: Mai0mMa20ROMa 6RO M,

OTwasign m E St,a:, b1, g, -  REjCpa,pp, - (Rt gpotycj ma mb
ConcluzieSistemeledeg bcsj dbbj f bt ods p odfjOdondvj dgnmfdyfj cg vno d
sistenf gmfyjcj modff gaulvens jed b bjtff odspojtn efnpot
cuegf duf nNbkpsf bi vdBgb ndppdtmasy ¢imidr dirdtdefipist t j t

conceptulde sistem sincron/ciclicA clasag t uf nf mps sj hj ef,B@GND]L gbcsj d
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Fig. 1.8Modelul grafic al fluxului material intun SFF asincrofFOT04]
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Capitolul2Df sdf uaspefqmh svflope thj nvmbsf b

Sistemeps Gmfyjcjmf ef Gbcsjd

Dpodf gqgf sf b Bj Sstwerh HexipilfebFs € b | BlEHpiesupune dezvoltarea
d v o p &ar j ppiond stuctura sistemumv | - gsf dvn rdportuluit dintrec j mj s
dpngpofoufmf tusvduvsj ] gvodbj ppobmfsjBja dwdddf
jngvof dvopbBufsfb tuasjmps qsjo dbsf usf df
sfbmj{asjj gj{jdf/ Vsnfb{ed fogbldcixtabdriajpb babeinjb{ a
Bujjobjgjdf -bobmeptimtiimpef hgbpgpf dubsf [Tt ubc|
gsfdvn Bj tj nvmbef lvmaj abnijft did owb mp € b snf Prida @esvo d

f wbmvbsf b orbigegpls,inted B5ffh j] ngmf nf @iguia]). bdftuvj

Analiza sarcinii Dimensionarea si Simularea SFF Implementarea
de productie configurarea SFF si Validarea SFF
Fig. 21 Etapele de principiuale f b mj { 8F&j ] v ov]
P gspwpdbsf- To0o tqgqfdjbm T0o gspjfdubsfb tjt

da To0o gqgsf{fou ov fypjfdabpfntopepmphjufpeaf ggsr
gf ousv dpotujuvjsfb bdftupsb/ Mjgtb vops npe
dpogj hvsbsfb TGG gbdf ejgjdjma sfbmj{bsfb bd
dpoevdaoe mps bfibpspj bf v dpse drtiadph gufprecizie fygrgdale & o e v
flexibilitate optim. In cazul sistemedr dinamice complexe, precum sistemele flexibile de

g s p e vapds prdbleme relativ la dimensiunea modeluldioricat de mare ar fi acest model

elnugpbuf tvsqgsjoef wupbuf joufsbdbjowaocjfmfb dejtauu
mediul exterior [CALO2IDb vsnbsf- qsjo bmhpsjunj {bsfb qgsfg
b joufsbdbjvojmps ejousf tvctjt udsepandfectdap nq p ¢
bobmj{b- pqujnj{bsfb 1] f wblindadossftivdre-vgsfj s gepfs nvbnoub

hfofsbbjf- dv difmuvjf mj nbj njdj efdau 1To0o d
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2.1 Conceptul de modelarB§imularet o gbcsj dbbjb gmfyjcj ma

Metoda moe f ma s j | tjtufnfmps gmfyjcj mf ef gbcsj

elaborarea modelelor matematice, grafto o b mj uj d f t bv b bmhpsj un,

tjtufnfmps- dbsf vmuf s ps wWp s gj jouspevt f

cpogj hvsubfbnjvfmv j t jBj h atmbs fgbs pyong s1 f mp md b js jf bgbs

pquj nj { bsf pthda dercdraetprd @in sinNilare presupune inlocuirea unui sistem

ejobnjd sfbm dv npefmvm tav tbv ¥uijtmjn{ivhmbfsh

fgfduvbsfb ef fygfsjnfouf To wf efsfb pc
comportamentului sistemului, Tn timp real.
Cateva metode de modelare prezentén literatura despecialitate [GR®8, BOJ9J care

descriudpngpsubnf ouv npot fi jagliaate invsimulgrea Bigtemelor flexibile de

g s p e suhtfpreZentate sintetic in figura 2.2.

Modelarea prin
activitati

Hatribuirea unui obiect
de lucru la o statie de
lucru a SFF, prin
analizarea tuturor
activitatilor posibile;

Havantaj: metoda
facila de modelare si
programare a
activitatilor;

Hdezavantaj: rularea
programului necesita
un timp indelungat
datorita testarii
tuturor activitatilor.

Figo22Mpebmj uabj ef

Bmauvs| ef

hsbevm ef

Modelarea prin
evenimente

Hmodeleaza
evenimentele dintr-
un proces;

Havantaj: cea mai
flexibila metoda de
modelare;

Havantaj: ruleaza cel
mai rapid;

Hdezavantaj: necesita
implicare mare a
utilizatorului in
programare.

gpsnvmbsfb

bctusbduj { bsf

27

npef mbsf b

nbuf nbuj da

Modelarea prin
procese

HOmodeleazd procesele
si secventele
acestorain cadrul
SFF;

Bdezavanta;j: dificil de
aplicat pentru
procesele care contin
statiide lucrude o
diversitate tipologica;

O dezavantaj:
necesitatea efectuarii
unor testari
neproductive la
inceputul proceselor.

VOoVj

dpodf quvbma

b

tjtufn

b T s pc mi

npef mvm
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Npefmvm dsfbu wusfcvjf ta gjf vips ef vujmj{b

la sistemul real. Pentru aceasta,soj rui @odel i se impurcerinte de calitate(Figura 2.1)

Coerenta Corectitudine Consistenta Eficienta Completitudine

Fig.23Df sj obf mf vov]j npefm

oerenas f g s f dopatibiitatea reldy | mp s n b wdurobicejcard constitui@
modelul, corectitudinea- q s pgqsj fubuf b npef mvmyvj ef b hiov ef
reprezentate consisternta - caracterisi db gsj o joufsnfejvm dasfjb
au fost reprezentate e€omponentele procesului modelat prin refflle dintre acestea
eficienta- dbmj ubuf b ef b eb satgvot mb gspcmfnfn
dpot usvj s frelafivi micv aompfejtddibea f capacitatea modelului de a cuprinde
toate elementele eseff b mf Gike dintre d¢lefdkS94].

Cercetarmuf psfujda b tjtufnffimfpscigonfgj dj mfa edb
modele matematice puse la dispoze dej ngpsubouf sbnvsj b mf nbt
bobmj{b nbufnbug gdabmdbwmdpmms gghesbaj mppda nb
mulbmilor, teoria mubmilor vagi, teoria grafurilor, reele neuronale [ABR96, BOM].

Modelele utlizate in nvmbsfb tjtufnfmps gmfyj cinmf e
df sdf s asj [ROTOFa,g-OTOBLYHDTOBa, FLO15b, FLIOVscopul:

A gqgspjfduasjj ufiojdf- ejnfotjpodasjj Bj dpo

A fwbmvasjj gqgfsgpsnbobfmps tjtufnfmpsc

A mvasjj jewjdoje{ jjfnjgmfsnf oubsfb Fj fygmpbubsfb

In baza teoria sistemelorsbo v dpouvsbu usf | bt gf duf ftfobj
Agvodbijposbamdvsbm Bj jfsbsijd- sfqgsf{foubuf t

Modelarea unui sisterg mf yj cj m e f g b e Is ¢&af bgbmffd ufat wfj {g fvwfrf

usjejnfotjpobmaABRYgsb tjtufnf mps
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Fig24Wj { j vofb usjejnfotjpobma btvgsb vov]j

Modelele utilizate in etapa de configurare a unui sistem flexibil deriaade pot evaluao

bmuf sobuj wa ebua b t j t uf nvimmqgdele glenfewalpacej an e f

performantelorsauh f of sf b{ a

25).Qf ousyv

dpogj hvsasj|

Modele de
evaluare

performante/

0p]
Bj

b m @ifA snodklel de wdtimizfe (Fidyao g j h

f wikzamearabelpr matglen g mf y f

Modele de |
optimizare

Modele =i
Modele Modele Optimizare
alocare N :
s analitice simulare matematica
statica
Neglijare fenomene | (Analiza procese prin | [Evaluare performante| (Configuratie optima
de asteptarein SFF | | teoriaasteptarii | | dinamice ale SFF SFF

L Identificare "loc
ingust” in sistem

Determinarea

{parametrilor-cheie

asteptare

} (Analiza proceselor de

Restrictii si conditii

{ Evaluare

performante SFF

Alternative de
configurare a SFF

I

Indicatori chele de

performanta

Fig. 2.5Modele utilizate In etapa de configurare a SFF
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Df sdfuas)ymf bduvoenfghyf ed nplod & sfouufdav gj mj {
nbufnbujda tbv ef tjbovufbmyuhftojptdu fbns ug fg jurdrg & Mat j
sistemelor flexibile de fabricg f dbsf d G vu av oivg ejgsufjch  t f vsn
cerimA df ouevdlum@as bqj ea T | gsfdjta b bmufsobujw
performanfa s f mfMedelelel dnalitice folosite pentru estimate s b qj ea felorqf s gr
VOoV] tjtufn gfsnju fwbmvbsfb upu nbj gsfdjt
utilizarea unui model de simulare, ca instrument pentru detalierea investigar unei
configurdai de sistem flexibil de fabridae. La ficeput se pot folosi proceduri de evaluare a
performand mps dbsf sfbmj {fb{a sbaqjeborupuisisttmflexibd s f h
de fabricd§ f/ Btugfm- ftuf gptjcjm ta tf f mpinj of
nbj ef wsf nffg pfsju devf wvddbomdvm njd/ Qspdftvm ef |
sanao dauf iy ddoagjjhtvusfbn gaoark yoy fcstudiategrf detglib, prsnj d b b

intermediul modelelor de simulare.

2.1.1Etapele unui proiect de simulare

v

Pentrucaungs pj fdu ef tjnvmbsf ta gjf sfvBju- jl
gf ma o h a-urile gpgpaifigetusliZate cum ar fi Tecnomatix (Siemens ASJE15, TECI1

usfcvjftd tubcjmjuf Bj sftaqfdubulare@dumafed)b gb {

e N
B Decizia simularii.

\
O Definirea HFormatarea
obiectivelor si HOPlanificarea rezultatelor.
provocarilor. experimentelor de Hinterpretarea
OEstimarea simulare. rezultatelor.
efortului. D Executarea HDocumentarea
OPregitirea datelor. experimentelelor de rezultatelor.

simulare.
\ - \_ @Validarea simulsri.  _/ L-

Fig. 2.6Fazele studiului de simularf~LO21]
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Etapele desimulare[SIE18]suntsistemat { buf T o dfmf df wvsnfb{a

A Qsfhaujsfb npefmvmvj ef tjnvmbsf

)'I. Definirea problemei si telului

) 2. Analiza sistemului

) 4. Crearea modelului

|
|
) 3. Culegerea datelor |
|
|

)5. Validarea modelului

Fig.27Fubqgqf mf qsf hauj sj|j npef mvmvj ef t

La implementarea unui sistem flexibée f gbcsjdbbjf wusfcvjf hat]
tbujtgbda buéau dfsjobf mf fdpopnj df Validdafea T |
npefmvmvj ftuf ebua ef dpnqgbsbsfb sf{vmubufn
pctf swbDydfjs |tfbeabldnfjul faz&ldr de dezvoltare a unui sistem flexibil de
gspevdbjf- TodfgBp&oafi onbglg{stpj gdoabméd ef | nqg

nbobhfnfou tf bqgfmfb{a mb nf upeptimzBea.jj obj gj df

212Premisb ef { wpmuadsjj appéfilmpsfbeBj df sd¥ mbsf

P bobmj{ asugrampenffmyaas jbj t Bf ut phmmas gmf yj cj mf
gbdvua ef dausf bvupbsf T o bdf btrarea teeej def d b j
doctorat [FOTO3* - gsj odj gb mf mf sf {vmubuf : nufepsnfbusjfdof |
analizat bsdj oj j e f v guddrdeZvoitared mddeldor b o b mj wejalbifareaB |
programului software,qf ousv tjnvmbsfb tsbdjoj] @dtipgbcs|
arbori circulariutilizand mediul de programaré&/isual C++Figura 2.8)modelarea fluxului de
gbcsjnbufjsfi bm Bj npefgmsebbjtpobmf¢a dpodf quvbma
gbcsjtdbnbvjnibsf b ej obnj da bj dhplinudézvokarea ynui gashiety j c j
software original A programare Delphi(Fig. 2.9, cercar a s | mf  dgpf o ubj dofvbatovea e |
ulterior [FOT08a, FOT09&FOT12, FLOYY Bj 1 o q 8 FLO20bRLONX]GMP 3 1
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‘ Initializare elemente

STOP

Selectie clasa
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Initializare compozitie
ARBORE GENERALIZAT
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..., F.), BD
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ARBORE
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ARBORE CLIENT
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Elimina
element curent
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Adauga element
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‘ element_curent - 1 ‘

A 4
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element_curent = O

v
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element
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‘ Dim__maxima -- ‘
L

‘ Dim__maxima ++‘
T

s —
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L
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]

POSIBIL

‘element_curent + 1 ‘
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in poz
elemen_curent

T

Trasare
ARBORE
GENERALIZAT

- o)

HHE
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%]

Pointer:

T

Dimensionare
" Pozitiv
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]

lesire

Elimina element

ftp fra frs an f|:an fld fFI fRd rtd+|ch

f,

f ra
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|
Ll

| Tefen  fa faepF  fccecanste o frs

frg

Fig.28Tdi fnb mphjda b

qépliGs B wmwijs b) Wintod bjump @ H¢ p s f

32

dmj f ouo

ej [FOTOD { b

ef



Teza de abilitare Adriana Florescu

S

Fisiere Lanseaza piese

Catre T.T.
¥
¥
[+ — ;]
T e T A B e = =1 F
H Stiz-StRep, | Stl11 - StRd Re i _ATELIER RECTIFICARE CILINDRICA
@) HINE [ i St~ S
VRepp MEes MRes Rk v fRp 0
: o O _ED! 1 [ @ & L
' I TIFAD) MRS 5
VMRspg MRsps! MESS TRC4  iggs miRgs mrad N Rt R, | Eef
oz O O] 1= L 1d
O O OCL||E = = 1= ;
] o LTRspz  TRspylimEc MRe2_ MEd3 MRdz RO L R as Lt E 2
HET o IeR _ _ MeT O OUREOTTRE, |
=l
=
—— ————1
S SE + * ATELIER
iRz 4 T i3 FREZARI
—————— Tfe=—=———=
4 f I S - 1| Str-Strean g '
3 L[] e 3] F =t
= = U - R— il |_| D |:| N T
d | I ' 0
= | | g
. Manz [ ﬁ 5 :l—l :I::chanz | o
! | z - ATELIER DE S TRUHJIRE Sg-Stsev = Tl I:I I:I I:I N :
ATELIER DPERATI PREGATITOARE | | = —_— — = — STEEEIESE = = o i : i e 0 ==
= - = — = - = 1 Stz - Steg St - St [ | _| 1 Fdz 1 e ' ma
; [] S-S | L ! ma ~ 7 r e = e R e LSS ST o B e
f 1 H 0 Sdpy ! Sfe 1 . I Mseyy Mseys Meeys Msevpl = | MFg 4 il ! ; MF s
TRy Fez | | | i | =l ~ | LEEve Tieeve Tisevs Theevm = | il ! ; g
[ : | | 1 C|, 7~ N oo 5 I | V|
st 0l [ ] e L e R I I | Tétiz Birg 1 = ) g ;
F, T, 1Msdg Msds Msdg | Msfa =fs =51 ~ | Lo
O O ™ee ! —| Pl b Ut — Silg
[ Fep i 41 Msdz Msg D 1| Msrz Msf 0 | d | l—]_—|| 1 I: I:I I:I ----- I:I !
e =" e Vmp | E oA mh M S e 7//@@ _ R e mE_
T — ———1 — . —
4 I E
I 4 f
%:91 Y43
distart| @& (3 3 * B capsdrfinal.doc - Micras. .. | L3 Ci\Dacuments and Settin...||i3’Psm1 T e i mmia

Fig. 2.9Imagine de pe displayul calculatoruldii o uj ngvm sfbmj{asjj t] epereR & js:(sPsBatrendesdd[EQTPI t j nv mu
33



22Df s d f u a sinensipar¢agonfigurarceBj t j rSeteminlsi Fldxibil de Fabridee

Bcpsebsfb bdftuf] ufnf ef dfsdfubsf b gptu
CNCSIS tip IDBPN- 1l A IDEIA PCEA 2 - 2008, CodJ E- QDFDBSAFf Wasji uf ps
bgmj dbuj wf qgsj wjoe ejnfotjpobsfb- dpogj hvsb:s
pentrups f mv ds bsf b b FOTO8c]auntparea tezei fiind Wiredta gegproiect.ema
aavutdreptscoonpef mbsf b nbufnbujda To wfefsfb qspj
unuisit ufn sfbm -ef vgrmkkwg dbbj i h MBjyddwvbfmy ebsf b gv
Caracterul aplicativ a constat in realizarea iza b t j t u fumsistam ¢xpednentad, u s
denumit sistem SFF modularizatB | ef {wpmudmijf dbbvopst pguxbsf
proceselor prin automat programabil.

Dpogj hvsbsfb vov] tjtufn gmfyjcjm ef qgspe\
specifice[FLC21]: divet j ubuf b uj gpmphjda b tbsdjoj]j ef ¢
eftfswju- sjunvm jngvt gmvyvmy,j nNbufsjbm- tc
transport. Vo spm jngpsubou To dbesvm dpoipilehe s asj
gbcsj dbbj & cuiodBereafngmartildi pubsistemelor de prelucrare, dispunereB
diversitatea acestora. Structura configufeei layout a sistemelor de prelucraréeB a
tvctjtufnvmyvj m wlile¢tat agujprd capasitfib dg progudie B adbpdabilit ib

prin reconfigurare.

22/ 2 Qs pj f d u boaS$FbexpBrimentalpentruisismyatea procesului secveriial

Dpoujovaoe ejsfdbjb ef df sainuddneriul sstenieldri j t a
gmfyjcj mf ef glpgdjdawvbmyvi- \iGPUudbBdsvmvgepbsfb b
intreg conceptul teoretic fundamentat, demonstran@ caracterul aplicativ prirconstruirea
gj {j daT @G vfoyvgf sj nf oubm Bj -ue g smulare, bnspfeluicraeed t p
pieselor cilindrce (@ s pd f t t f alimentale A lpmlucraré A verificare A control A

depozitare).
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La proiectare, sistemul de fabridaj f b a foshgefcompus inktv 0 ovnansA nj o]
strictnecesar bt ugfm Todau gjfdbsf tvcnposidtemultlea gj f
gsf mvdsbsf b gptu dpotjefsbu db tvctjtufn e
fyjtub wsf vo tjtufn ef gbcsjdbbj f/ Bapj b
industriale: alimentare/evacuare, manipulare, transport/transfer, @geziu b s f Bj t uk
bvyj mj bsufareamrtrol. & bmj { bsf b gvodbj f ] hmpc b mf e f
joufsbdbjvojmps 1Tousf tvectjtufnf mf dpragpofo
realizat prin integrarea unui automat programmc | m{ viBg mwelds f b b g nModklolb j f |
3D al sistemului a fostproiectatin SolidWorks

In Figura 2.10se pot vizualiza principalele subsisteme componente ale SFF proiectat:
stafa de almentare cu semifabricatesta b e f h av s sdtaba destryogkbj cssfj dBj

control semifabricate staba de depozitare piese finite.

Statia de alimentare Statia de gaurire

soiitabricnd semifabricat Statia de strunjire si

control semifabricat

Statia de depozitare
piese finite

am

1
. .
{

a
"

Fig. 210 Modelul 3D al sistemului automatizat proiectat. SHrRachetag j {[FLO0B]

Sistemul experimental SFFmachetan pev mb gs b @ @ u b uimpments b paj { b

un flux adomatdeoperdy j - evqga dvn vsnfb{a;
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1 Alimentare cu semifabricate cilindrice dirto magazie cu minim 5 pohi; piesele
dj mjoesjdf wusfrervjdj itrbf bg werain gnogimg. o j3nl 2 1

9 Transportul semifabricatului pe conveioiCV 1y 4 0 @ mb stgds prelucare pdnp
h a v sQorevdioul aremv o hj nf b nj anmnogad oatireptdd Jpdstului de
prelucrare.

1 Transferul piesein postul de prelucrare, prin dnea unui cilindru pneumatic;

T Qsf mvdsbsf b qjaf gerhifpbricatiduj cu pdsiBilv By &6 t f udsj j
dbmdvmbups b bedodjnjj ef havsjsf T[] b wj

1 Transferul piesei prelucrate pe coni@ prin intermedeiul unui cilindru pneumatic;

9 Transportul piesed ausff bt eb tjnvmbsf b gsfmvdsasj|j

T Tjnvmbsfbggsgbmevdsaojkj sf b tfnjgbcsjdbufm
nboesjoa 1] bousfobsfb tfnj gte@nchBdwmyv | d
/ min) pentru minim 10 sec.;

1 Verificarea dimensiunilor piesei prinprin intermediul unui senzor lasee f nat vsas
Prescrierea de la calculator a cotei de verificarag j F bsf b F j Tosfhjt
natvsbuf qgqf dbmdvmbupsc<

1 Transportul pieselorprelucrate, pe celdebm epj mf b dpowfjps ) DW:
produse finite;un canveior (min.200 mm lungime)d a u s f p ermpiede bnftgcti e
njol/ 2i1 qp{j b

1 Depozitarea pieselor in magazia de produse finite sau rejectarea pieselor rebut, care
ov tf T od b e s Eele {admisd, setahilep prih #termediul softwareilui

SCADA.
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Principaleleq d&asomponerte ale sistemuluiflexibil realizat(Figura 2.11, Figura 2.2

1 9 cilindrii pneumatici cu diametrul de minim 6mm (C1...C9);

T fmfduspwbmwf dv dpnboeb mb 35WED qgfousv b

T4 tfo{psj ef qgsf {foba ntarp24y0Cq31...83) v
1 un senzor laser (S4\ s f { pmv Dbj f njojn 1/ 12nn-
dpnvojdbbjf tfsjbma ST343<

T vo npups gbt dv qgbt ) TN* Bj esj wfs

joevduj

gf ous

bgfsfo

T gjmusv sfhvmbups ¥ j filindribupeepmabcmwf gqf ousv b

T epva dpowfjpbsf usbotgpsu qjftf )Dpow2- D

Bloc
Filon aer electrovalve
Swrsa de 2
alimentare Bormasina  SM c4

C1 s1

Conv 1

Automat P—

L E
= 1 Conv 2
£ - e
[pm— 1
F 1
l r T AY A Y
y 4 L A
7 1

WA B A\ /

comanda

Piese
finite
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C1...C9 — Cilindri pneumatici

SM — Motor pas cu pas

S1...8S3 — Senzori prezenta piesa

S4 — Senzor laser masurare deplasare
Conv1,Conv2 — Conveioare transport piesa

Fig. 2.1IN p e f mv mA cdnipdnent@a@lssistemului proiectat{FOTO08c, FLO1J7
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2.2.2 Componemma sistemului experimentakealizat fizic in laborator

Driver pentru
comanda MPP

Automat
programabil
(PLC)

Hg. 212 Componerta sistemul proiectatB |
simularea sistemelore f

Motor pas cu
pas pentru
controlul
avansului
nNbBj o0 j
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Intregul sistem este condusprin intermediul unui automat programabil (PLEu minim
41 e f j o u paeaee |fikcpnfrolaj min intdrmee j vm dbmdvmbupsvmyj
software de monitorizare (SCADASupervisory Control And Data AcquisitipfPentru analiza
gsjo pqujnj{bsf b tjtufnvmyv,j gspjfdubu b gp
oufsnfejvm tfo{ps]jmps dbsf bv g mtputut éfectbay h b b |
dpnboeb gspdftvmvj Softdgave-ukcde chaniforizarddezpltaf permite:c.l /
dpnf o{] dausf f nog;f wju{fwvid mj fosf pf d wagmnparea t f o {
parametrilor de lucru ai instalg f | ; ufngpsj{asj- wbmpsij-unt f ubu

gjfrjfs ef ebuf b wbmpsjmps tfubuf F|j nat vsbu

2.3 Modelareaevenimentelor concurentéBj b hejdionSFBppn tehniciGRAFCET

P g sfj mkq a zvéltarea acéstei aplicaii a constat in aplicareanodelelor grafe
analiticeanteriorf mbcpsbuf Bj vmufsjps ef {wpnbkdB§ i o c
rezultatele fiind disemirate [FOT09a, FOT13aQf ousv b qgsf dj {bie ddj d mv
funchonare a sistemului automatizaproiectatBj s fs-la otijizat bmbajul fun@onal grafic
GRAFCETGRAIcul Funchonal deQ n b oEape-Tranziti). Nf upep mphj b Hsbgdf
f wfojnfouf mf gspdftf mps tjtufmfvmef pebdbppo
gj fdasf | tuasj | gsj o db slfabazasnietbdologiej Graficéta stah ) e f
dpodf quvm ef Sf bnf[o 8Qf By begfmj vWhmu biuo Tnpef mbs

tjtufnfmps ejtdsfuf ef gbcjdbbj f/

2.3.1Proiectarea Grafceturilor pentrusistemul automatizatrealizay Bgmj dbbj b T

Utilizand teoria GRAFCET au fost proiectageafcet-v s ] mps dpsftgvo{aup
sistemului SFFexperimental (Fig. 213, Fig. 2.14 Fig. 2.5 - Gj h/ 3/ 27- )3) h/
[FOTO08c].B v gptu npef mbuf jouf sbdbj voj) mfpentrd wf o]

studiul de caz implementandu se modelele grafice
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To tdpgvm efufsnjobsij]j g s p = eféctuat bppimapasiza g v o d
modelului. Sau verificat blocajeleqsj o t j nvmbsfb sfbf mf]j gaob

gptjcjmf Bj sfwfojsfb mb tubsfb jojbjbmal

l P_First_Cycle

Starea0 Asteapta

—— Buton_Start sau cerere piesa

Stareat Comanda cilindru C1

—+— Senz1 - senzor avans C1

Starea2 Retragere cilindru C1

Tim1 —~ timp

Fig. 213 Grafcet magazie de piesg-OT08c]

l P_First_Cycle

Starea10 Asteapta

—— Piesa_Conv1

Starea11 Comanda comanda conveior 1

Senz2 - senzor detectie piesa in poz de prelucrare
Sau cond_stop_conv1

—t—

Starea12 Stop conveior 1

Piesa pe banda

Starea13 Start conveior

Neg Senz5 Tim30

Fig. 214 Grafcet conveior JFOTO08c]
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l P_First_Cycle

Starea40 Asteapta

—— Piesa_pe_conv2

Staread1 Comanda conveior 2

—— Senz12 - piesa la capat de banda

Starea42 Stop conveior 2

Tim8 — timp 0.1 sec

Fig. 215 Grafcet conveior 2FOTO08c]

{ P_First_Cycle

Starea20 Asteapta ‘ P_First Cycle
Starea30 Asteapta
=T Buton de start
—— Piesa_poz_t1
Starea 28 Origine =
Starea31 Comanda cilindru C5
£
Starea21 Comanda cilindru C2 —— Senz8 - limitator
Starea32 C ili
| senz 3-avans cilindru C2 Comanda c«llnggl; C4 (retragere
Starea22 Comanda bormasina si jos I~ Senz9 - senzor avans C4
bormasina Starea33 Comand cilindru C7 (retragere
T~ Dist_set - distanta setata C4)
Starea23 Comanda bormasina si sus —— Senz11 (senzor avans C7) si Senz10(senzor
b < C7 retras)
ormasina 34
i Starea Rotitre piesa si imregistrare
[~ Dist_ret - intoarcere bormasina in poz de 0 masura
St 24 T5—timde 0.1 sec _|__ X ’
area Stop bormasina si retragere -+ T4 —timp setabil
) cilindry €2 Starea35 Comanda cilincru C4 (retragre
T3-timde0.1sec _| c7)
i T4 - tim de 0.1 sec _'_
- C4
Starea25 Comanda cilindru C3 i L e
Starea36 Retragere cilindrii
—I—— Senz4 - senzor avans C3 4
Starea26 Retragere cilindru C3 SanEll ~SenRor 04 1w e
Starea37 Comanda cilindru C6
—— T2-timde 0.1sec
Starea27 Piesa pe banda —I— T7 ~tim 0.1 sec
Starea38 Piesa pe banda

]

Fig. 216 Grafcet-v m g s f mv d s a s Fig. 21@ Grafaet ulrc@ntrotuljui $nftimp real
[FOT 08c,FOT13]
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i P_First_Cycle
[
Starea50 Asteapta
—— Piesa_pe_conv2
Starea51 Verifica tip piesa
TIP 48 # TIP 49
Starea52 Retragere cilindrii C8 Starea54 Avans cilindrii C8
—— 8§12 - Senzor C8 refras l S1- Senzor C8 avans
|
Stareab3 | | Comanda C9 Starea55 Comanda C9
- m._-ijimQ ~timp 0.1 sec Tim10 - timp 0.1 sec

Fig. 218 Grafcetv m f mi piebei @nite[FOTO08c]

Bv gptu npef mbuf dpoej bjj mf dbsf usfcvj ft
fwfojnbehbho{Bjjbjj mf dbsf n p e {zim$i bafease proddce® numdi o u v r
ebda bv gptu Toefgmjojuf dpoej bjj mf jngvtf
nvmbj nf ef fwfojnfouf ejtujoduf bgfsfouf gs
transport-transfer, depoz ub s f Bj dpowsphh oif sbwmj bd j sdbmof 1
realizarea obiectivului general de preltare completa a unui reper. Evenimentele-au
gspevt tvddf tdgpemdefd sau ingepexdent, lmodelandse tote starile posibile

prin care trece sistemul

2.4 Dezvoltarea softwareuluipentrud poevdhpbé6pu@Bsj { bs fshnuldrecG/ Bq

Augptu ef{wpmubuf bgmj dbbj j mf cb{buf qf qb
programele software originalgFOTO08c]

- ProgramulCCSfw2 qf ousv dpouspmvm Bj dpogj hvsbsf

- Bgmj dbbjWgMN®IQWDNnpojupsj {bsfb- dpouspmvm

42



Teza de abilitare Adriana Florescu

2.4.1Aplicéha Program CCS®W2 q f o u s vi cahfigpurares fluruluirtehridlogic

Prin utilizarea medilui de progb n b s f Mbeefs b gptu qgptjcjn
diagramelor Grafcet speal concepute pentru sistemul proiectat, in vederea analizei
joufsbdbj voj mps Bj gsphsbnasjj g §rp avéntajvahyv | t
limbajului Ladde f t u f ebu ef tvgfsjpsjubufb jot-usvdb
uvoj oh Bj mppqt *- dbsf tvou T | nbj bef dwbuf
Pentru transformarea grafcetv s j mps 1 o d granwin CCSA4 teavoltatan fos] s p
vuj mj dbaBb mgf ou d WProgoammgr debld PNROM, yaceéau b j odmv { do e
complilator/translator Ladder [FOT08c]Qs phsbnvm sfbmj{bu btjhvsa
gptjcj mjubufb ef dpouspmuBg ) bmmBpowpng g Do u g
flexibil e f gsf mvdsbsf b qgjftfmpsegdpmjoadi;sdyfo b p @d

dezvoltat cu compilatoruLadder- T o uj nqvm jsvimdsf jggcphebbwanyv’

3= program PLC_V¥2 - CX-Programmer - [[Running] - NewPLC1.NewProgrami.Conveior_1 [Diagram]] _l=]x]
Fle Edit Wew Insert PLC Program Simulation Tools Window Help —|& x|

DFHE®R Sk +are 2 a=z2% 02 ||ziasltinsR a2 gE|swas |
aoad EscmEr|EEErvew | —ogEs L k|[Ese|evras B BERE
o s2rpaERre|jvsxs|ssslcsraapren||lasman ==

=l =l [Section Name : Conwaior_1] ZI
-4 NewProject Comanda conveyor 1
=1 NewPLC1[CP1E] Run Mode: EesaTaTee o Es
=1 Symbols
Settings Senfﬁ
By Error log —lt Bit_senzs
PLC Clack 10,07 24000
et Memary
I |
=% Programs —t il
T 100ms Timer (Timer) [BCD Type;
155 NewPragram. (00) Runining 24000 oS0 = D h73=]
o3 Symbals
i B Magazie 030 Timer number
(@ Conweior_1 10 Bed
i B Gaurre -
£ B strung #10 Set value
: Con 2
o )
i i Evacuare_plesa 1 P_First_Cycle E ; Stareall
< B Comenzi 45 | : B Asteanta
- B Comunicatie_cu_senzorul 420011 20010
15 Comenzi_driver Stareal Stareal
P o
1 B5 Condtie_start_stop 20010 20011
3 Enp Bit_Stop
20342
Stareals
20013 030
2 Bit_stop Fiesa_Con1
57 [ ——T} 11 Piesa pe conwelor 1
Tom | 20312 20401
I\ Project / [N} T - | _;rl
5{ 'WARNING: Duplicated output | %l PLC Mame | Mame | Address | Data Type  Format [ o] value [ value(B... | Comment |
T NG NewPLC1 [iF] CHARNNEL {Hex, Channel) 21000 00000, Wieza_... |
MewPLCT D1220 CHANNEL {Hex, Chaninel) 84092 0000 1.  Diametry
MewPLC1 Di2z1 CHARNNEL {Hex, Channel) a0 0000 0. 52
JATATETRT sheetl f, shest2 }, sheetd Kl |
For Help, press F1 il [WewPLE1{Net:0,Mode:0) - Run Mode [ 16ms [STHC [rung 1 {3, 0} - 100% [ [Classi [

Fig.2BJouf sgbbb g svyhdnprogramyw Cx Pgrdmeer avand compilatorul Ladder

W Startl (= C:\Documents and Settin... | @ program PLC_¥2 - CX-... "8 Cr-simulator Debug Con...

deschis pe monitofFOTO08¢
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In figura 2.20f t u f gsf{foubua jnbhjofb bvupnbuvmy
bvupnbuj {bu qspjfdubu Bj fyfdvudugbogdjoddshsj bs f
[FOT08¢.Spmvm bdftuvjb ftuf ef b gsfmvb dealé usvd
transfera mai departe spre componentele sistemulufp dbsf tf dpouspmfb{:
ef gbcBjj dtbfbj ff g f d u defsin{ilare.Qf g mmj bddBi®@TpPBoib v gpt u | ot
tfo{ps] Bj s f mfBfi qff dulemodesublipreab n edest mod,-a testat
fyfdvubsf b Bj svmbsf b qgsphsbnvmvj-auqgvlificats v Q¢

jousas | ndinPCt Bj sj mf 1T 00

Fig. 2.20Automat programabil PLO aboratorul VI2ZtNp e f mbsf b Bj tj nvmbsf b
gspevdbjf- Efgbsubnfouvm JNJA~

2.4.2Dezvoltareaplicaie software MCIPPGv1. Monitorizarea, controluF j j dda f s wf o
gsfmvdsasj j
Bgmjudpdyubbsfdepwpmpbbamat ve mjdf obb gsphsbnyv
din pachetul OMRON ef ovnjua dJdBwang dib® | ¢ s NDI QWQOmMjaef df
gptu dpodfgvuajjogsdpygdmj fvisB@pjoaspmoijjpupsgjt{ub
evenimentelor asinconed b s f gpuqgbpdstbmief gbcsjdbbj f g
timp real. Prin intermediul unui monitor de control, se poate uaTs | gvodbj pobsf

moduldt ub b j f , eehipament dinssistem,j bs pqgf sbupsvm vnbo- i

44



Teza de abilitare Adriana Florescu

problen f mp s  bpqafesnewedni-in proces pentru corectarea sau remedierea acestora.

Qs f {f oub bqgmj d8upgrvisoryeContral Angl DataDABdtiitibr) b s f B vo |
hf of sbmjubuf qgqvuéaoe gj i ngmf nf oulbplus, sistemulb v u p 1
ef gbcsjdbbjf qgpbuf gj eftfswju ef dausf vo
eff duvbsjt-fugpej gj dasj| B gjf su fbstwfscab jejj ol ob qorg pddbfb
gsf { f ofigbrar2a21 1

ConcluziB d f bt d debeptedeosebitdev uj ma nbobhf nfouvmvj Bj
€j 0 (qs,paec\paohfey § nas | g s p cefedtua moenitogzarea® coatrolul in timp
sf bm Bj ov T0 vmujnvm saoe joufswfobjb sbqgj
ujngvm qgqsfmvdsasjj/

Un alt avantaj este dat de exiuf obb qpt j cjimodifidaabejajparanttrilor f u b s
pgf sbbj pobmj (Fiduja 2.21) t wif mv¥ fgn¥ j] e f ef gmbt bsf dv
tehnologic distb o bcéte<H  u p m pesifice defpiedlor prelucrate in sistemdin familia de
repere prelucrate 7T o gvodujf ef dfsjobfmf qspevdbj fj/

P btugfm ef tusvduvsa dpogj hvsbujwa gmfy]
gspcmfnb gmbojgjdasj|j hmpcbmf frokb farjpwsf ne fe fq skfu
ejwfstfmps sfqfsf Bj b jujofsbsjpjgmpalbBffjubdé
lucru/post e f e j b h o pde poatqreghiza ftantrolul oamj o f bm ) gsffrdy dg ds
dbmj ubuf b Bjv gnsvbbgsftbbf oepisdty j{gjfdbsf pgmtimpreabma b qgs

In lucrarea[FOT13Db] a fost dezvoltatmoe f mv m g mb o j guxuluérsajeiial, dump c b
aplicabilitate in conducered j t uf nf mps g mf.grogblemané deezie a qogspateiv d b j
stabilireasecvelb f mps j ouj of sbsjj mps uf i ¢R),mipehajildride qsp
usbotgpsu sKIg,fRs%) Bht uglifvimfi odau ta tf oatj oBjnj {
timpiide liviare 4* bj tj t uf nvmvj Perftrusguetarafiexdotab jdfp obgg bhmvjs{l
s-b bepqubu t usvduv sigurg2.22, bexizig ludrichsespe 8 nivelyriptaiiib ma )

de lucru (S A scule (G) A subsistem logistic industrial (SbL1I).

NIVEL 1 NIVEL 2 NIVEL 3
Decizie SFF Selectare Sty;, Selectare Sc., Selectare SblLl,
t“, ItTh: pr{Rk) pr{Sci) {tTp- tIi\.u tman)

Fig.222Tusvduvsb efdj{]j pobma
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[@]scapa_Bvy == x|
il
| e e [ 55 | | 2| 6B o

Status : STOP

."._.'_

E)'Startl a C\Documents and Setkin, .. I % Program PLC_%Z - Cx-Pr... I @ Cx-Simulator Debug Con... I * 1 PuiLhSHARE _TEMPIPo... | E CX-Supervisor - MAaIM.Pas ”E SCADA_BY - CX-Super...

<« IS 10:14 AM

Fig. 221 Apliccha MCIPP&/1L.Npoj upsj { bsf b- Bdpogspmvdcs asj[Forqy ROWEmps dj mj oesj d

46



Infigura2.23f t uf gsf{foubud tjoufujd tdifnb mphj
software create, denumite CCSFV1 B |MCIPPEVI B j ngmf n macbebauSFF g f

experimentalg j { ] d ,safub mgulfattalpeoiectuju ef df sdf ubsf]. Bujj ob

Senzor
masura cu s .
LASER enzort cilindrii
", / ’.——"’
Driver motor pas cu

Intrari digitale pas

PC pe care ruleaza CX
| Supervisor

Cablu USB Comenzi

Motoare conveioare

e

Svmfb{a tpguxbsf Svmf b{ad tpguxbsf
joufsgbba I NJ ) dpoevdfsfb tf duufi Wf
Joufsgbdf* ef {wpm nfejvm Mbeefs- ef
poate fi reconfigurat T0 gv dbsf qgpbuf gj sfd
pci fdui wfmf eiebd pcjfdujwfmf ejebd.]

= iz
[ O sevuto bubees el elalalm ¥ e
0 o 0 45 0 8] 1)) LA DTR[[EEN B A RAR A G BERE| 4 [Bd
i BaGitni | =0Tl || @f(pus WBERED
[CAERSF 2E08 BAE s48 (29 6 saranmueps [smanszuay
E T owcirors Tt 1 =
Coracn o
[——.
et
23 | wim
S | s e 0
| e
e
s | s
"_J:";f”’ S =-:'
Sl ety —_—
—
e e
Fan
St
—
e
m_!:w P Lot
i [ h | c
[ — (1] — | i
: B F B . Gt ]
m ama. wm
- i - P
> w am ﬁ
For b, pres L T e et el - i Mok Didw B pagith - [ o ||
e |/ Frpsene -, it v . | B[ =5

Fig.223Tdi fnb ef npojupsj {b[f®T1H] dpouspm b t
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25Wf sjgjdbsfb fj wbmjebsfb npefmfmps ef tjn
Aplicdiile A program desimulare dezvoltate [FOT08c]A @GR v1oB WCIPPEvloau
oferit qptjcj mjubufb tuvejvmyvj Bj bobmj {f] tuas
gvodDbjj peojaoshjnj df Bimjrmogo jbu mgssjp{dd s jfjmpmo 1T o eft gaB
Caracterun b gmj dbuj w bm dé& sohdretizatsprimppnsg mf gf dub b @t
dpogj snbsfb wbmbcj mj uabj j-anaitweganteriorgleziohate [FOD u f n b

04" - bebqubuf Bj tjngmjogfiggrb2Zd) qgf ousv qgsf {foub

Fig. 224 Comanda cu calculatorul a SFF piese cilind{le®T133]

Concluzie Qf tjtufnvm dpotusvj u- gsjo tjnvmbsi
bobmj{buf wbsjbcjmfmf ef jousbsf Bj df mf qf s
g v godobbjmf Tousf tubbj j mf Bj fdijgbnfouf mf dp
nNnbufsjbm Bj jogpsnbbj pobm- efdj {]j] mf ef j ou

npojupsj{asjj To ujng sfbm/

251Mpefm ef efdj {jf ©cesulwis nBbgmpddbjbypbsj { dsj j
Bgmj db b ] & consté NhPekaBorarea unui odelul de decizie pentru optimizarea
itinerariului de transport insistemulg mf yj cj m Tef w§ e p e ¥ ti rhofidbicde s & s j

optimizare au fostluate in cansiderare urmatoareledate de intrare:
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- reconfigurarea traseelorde transport disponibile ¢): j > )J)2- T R- gvodbj
gbcsjdbsfb vof] e j wf s (6 jfamidiibdg repeiegepenalzditg d f €
boufsjps tubcjmjuf qgsj o nFOIOG, W08 BATHBP]{ f j t

- gpoef sf b fgs ptefv ddbp ot ju=eVarpentruwitestgledanilii ohreper®

Modelul matematic de distriby s f b wpmvnvmy,j upubm bm qgs)|

g s p eev- eJppe rutele alternative ().

Ig
Pk :ZQk[ ,k - 1,...,}‘1
i=1

Ponderea @ s-a calculat [FLA6]infundy f ef sbgpsuvm ejousf ovn

2.1)

executate n unitatea de timp pe traseele de prelucrarerl | aw dedpiese de tip R

executate Tn unitatea de timpPrinvariabila Qt vou pquj nj {fb bqgf sjgapesjhdbpoubp

nbj tfnojgjdbujwj- sftgfdujw gqspevduj wjubufb
Mb ¢ b { amodbelul tiniab de optimiza f gf ousv efufsnjobsfb e

g s p e v diwieselprupa butele de individuale de transpofBOJ99. Sa consideratd a

sistt nvm mvdsf b{ daredde pieseo jolvysiapcj f duj wv maxpmga j nj {

gspevduj wj iadeasbciered piesepnpe difériterasee.

Se poate determine&Cgi A hsbevm e fmbil agd & sddddgtiu(q), pemttu fiecare
din rutele (i), cogps n s f mihkcard: DFA)NBMaxs* v m nf ej v efia(@gf sbt
pentru reperele (r), prelucrate pe traseeul @),; - timpul mediu de pelucrare a reperelor (r) la
t uid (@) pe ruta (i).

Nrqi — Tor‘qi ) T}‘qi (22)

q = 1, 2, éyx n; =r 1= 12,, 26,6 ¢€éR
Modelul de decizie este reprezentatrim functia obiectiv (2.3, variabilele de decizie fiind

ovnasvm ef sfqgfsf qsfimv ddsbbsuff tifo evfaltpmdidierffbb{ ae fq

maxQ (x) = Zfil ;ilxki (2.3
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Gvgdb pcjfdujw eftdsj fhitmréghwjmvjj{ kg fthufamqs e dyjc
dbsf ftuf tvnb ovnasvmvj nfejv ef qjftf dbsf
Variabilele in model suntgx)A productivitatea FFF }.Sbv j nqvt dpoej bjj mf

R I I
P Xok Bk X = 2K, X r=1,2..,Ry (2.9

Zﬁil ?;l.x,“- Nrgi = Ng g=12,..,n (25)
P tfdwffobvamwehimfiefLOlgic®d v s n b psnfsimplareadad¢lylui de
optimizare pentru sistemul anterior proiectat (figura 2.2}, in care sa luat in considerare

prelucrarea familieide repere (R...R)f t uf q s {alfell2.b u a

Tab.21Sf { v mu bjulf /p gryjnmvad

Reper R Ruta Variabile de Qi P«
decizie

R1 1 X11 0,0934 0,18
R2 2 X12 0,0866 0,11
R3 1 Xo1 0,0671 0,12
R4 1 X31 0,0818 0,16
R5 1 Xa1 0,0729 0,14
R6 2 Xa2 0,0671 0,12

Model de optimizared gj dj fobfj tvctjtufnvmvy mphjtujd

La baza analizei subsistemului logistic de transport, prin principatdicator de evaluare
(kb f g jiid fiste;ld &nakiat a stat modelul dezvoltat in [BONO1]

ejtadbob wjuf{d kbsdisobtuypbat gpyubua
I =Ly [m]*V; [m/h]® G; [daN] (2.6)
In locul G, poau f gj v uj mj { b utrarsporate simthouc,edzultdd arj alta b

indicator A ritmul transportului (Rrp):

V; [m/h]2 um{bud] = R; [daN m/h,buc m/h] I, [daN m? / h,umt m?/ h. (2.7)

F g/ @&gubsatbmului de transporii ST, se odane pentru:
-maxITpprinmaerpdf fb df nsﬁ$j/@lffﬁumefjj sfevdfsfb dvstf

L,

- mintTp =min df fb df rin{edurtarealungmiiae transport- LTp fj nasj sf

To

volumului transportat- V.
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252Testareaag f duf mps pqf sbbj pobmf

Df sdf uasj mfau beglinaf thbadrpl WwhboratoruluiGip ef mbsf b ¥ | t ]
tjtufnf mps o@i§.3/3¢® e B Hgey fhd v n3abéBgatoarele de@roiectare
btjtub-CAMyDJBID F j 0 ] fj Tj t uofdmfcadrel e f R Ppelyrdbg d v m
centrului de cercetare CO5BJ ohj of sjf Fdpopnjda Bj Tjtufnf

Usbotj mwboj b @27 Csbifpw )Gjhvshb

Fig.225Tj t ufn fygfsjnfoubm TGG- epubu [FOTO88pguxbsH
\Efgbsubnfou JNJ- Gbdvmubufb JUNJIJVoj wfstju

Fig. 2.26Simulator fizic MSP 50 FMS tip sistem FESTO didactic dotat cu software de programare
\Efgbsubnfou JNJ- Gbdvmubufb JUNJ- Voj wf s
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Fig. 2.Z LaboratorulVP20-Tj t uf nf e fDepprsamentviMIG-pcliltatea ITMUniversitatea

Usbotj mwboljb ejo CsbBpw

Saavuth vedae Bj gptjcjmjubufb wuftuas jmuluignkligabnf us
prin utilizarea unor softwareus j linfBaje de programa f tqgfdjgjdf gf ous\
simulare existente, dezvoltate de autoare\ GPU14b " B3] \eGPU1lnjdorbuf vn
participaf b mb dpogf sj-obdayfowld smfbdh jppdbndf bj,dj \ C
FOT12  pBi proiectul PN-1II-P1-1.1-MG 2017-1155, Nr. 253/ 2017 [FLO1g. Au fost
bgmjdbuf ®Bpguygbhksf upmf hjobm ef tjnvmbsf TGG
bgmj dbbjb ef tjnvmbsVisuabC [FEQT83¢)Bp j jb q &saoftwdea $§ mé b [
uri modernespecializate(SCADACX- Supervisor Developgr[FOTO08c].

Cercetarea ag pt u fyujota Bj gsj o uftubsfb bt gf
gsfmvdsasj mps gf nbBj oj mf Bj fdijgbnfouf mf
cercetare COBAJohj of sjf Fdpopnjda Bj Tjtufnf ef Qs
Voj wfstjuabjj Us b ebtvj menfblomjb{ benpxedpf Sudilf MijEledjs jT g s
uf t dearmterialepents v qj ftf ed pmfimf bdjcmpjs ¢ e Bjplddorareaf s v r
dv daufwb gjsnf epvwo {pob joevtusjbma Csbt

Rezultatelepc bj ovuf 1 o db e s vshau dodcietizatih yrmaaralizeilcu s d f u t
element finit [BAR11],find disf nj obuf 1T o b daucgre guitodrea 8 contijibbiib j g | d
calitate de coautor [BAR12,CAL1QB@§ f e j s bptinfizarba pwdeselor, cateva articole
gjj oe n {BARLZ, BUb9BAR11BAR15, BAR1SBAR22 FLO19k.
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26Modelaf b Bj tjnvmbsfb gvodbjpoasjj tjtufnvm

Cercetardd bduvbma ef svmbua cédrcau bslf e sBiFhQatipiggdysddbu v
budu p nfupepmphjf ef tjnvmbsf- dau Bj tpmveE
To tjtufnf mf b wbRribtrepu f o pevfa gbscppesvedbbsjff gpEjsWwjdd & |
gmfyjcjmf T o Joevt us z cé oblectivplscereetrinefectuatedfest B
gspgvta bobmj{b t us v-dnumodebmatmakic matficeal dare yemvit¢ q s j
pqujnj{bsfb gmvyvsjmps mblad. sj bmf Bj Jjogpsnbb

Prin utilizarea software-ului TecnomatixPlant SimulationV. 15 - Siemens[SIE1§ s-a
pututt ub cj mj digteangly- h vj sbbsb jgbs j o t j nv mibw f g Btj u befounf]
parametrii tehnice economici, specifici pentru fiecare capaait f ef qsf mvdsbsf T
mphijtujd/ Bv gptu fwbmvbuf bt ugf m- ejgfsjuf
tjnvmasj - To0o tdpqgvm dsfBufsjjTjogvmgpésbbobfgmp s
gf ousv b npef mbcomportpmgntnljsigtdmul®B analizat. A rezultat astfel, un
jotusvnfou joufsbdujw vujm To0o gspjfdubsfb Bj
firmele cu activitate Tn mediul industriaB g mj d bs f b s f { senfacdnhuypfinoigalsh p c b |
epnfojvmsijejf {twpptmwfanf mps jouf mjhfouf ef gbcsjd

tjnvmbsfb qfousv bobmj{b gbsbnfusjmps bduvbnm

261Bobmj { b tasemuligwmslym&jbn ef gbcsjdbbjf/ Tu
St uf nf mf gmfyjcjmf ef gbcsjdbbj f tvou tjtu
complexe [ABRO6" / Tuvejvm VoOV|j btugfm ef tjtufn dpoc
jousasjO0jffrjsj F] b usbotgfsvmvj ef jogpsnbb
T o mv[EGTE@MBON®EFNtr-omboj f sd& psj hj o bcongeptol degsisteru e f {
btj odspoObdjdmjd dbsf p 8 a Moaetul gafic falBSEFRdpgerdrg ynh v s a
tuvejv ef db{ sfbm T0 joevtusjb qgsfmvdsbupt

sensului fizc al diferitelor tipuri de variabile care intervin in sistermariabile exogeneA
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variabileb dasps dpngpsubsf ft ufimeat¢ ekterlmarasisteniuluigf op r
variabile endogeneA wb sj bcj mf mf b dasps dpngps uwinente f t uf
interioare sistemului, variabile care descriu dinamica acestuia. Complexitatea unui sistem

ftuf ebua ef ovnasvm fmfnfouf mps dpngpofou
bdf tufb- nvmbjnfb tuasjmps tjsymnymujsasympesr
Modelul conceptuah s bgj d bm tjtufnvmyvj dv ebufmf Bj wl

j f Beé¢zslthtinvsnb d f s 4] este prezentat rGfiguPa32.28

Model grafic al sistemului

Variabile
perturbatoare
Asincronism
P Perturbatii,
Date de intrare mediul extern aleatoriu Date de iegire
{Rk } - multimea reperelor
{Pr(Ry)} - multimea proceselor E——— J
Nipk - mdrimea lotului de \ Flux material  § Functii obiectiv
fabricatie i M) < &( Conducerea ) KPIs
Nk - numarul loturilor ‘?ﬂ  procesului  J eficientd
P1P - planul de productie (in 4 informational E‘ N o disponibilitate
perioada de timp T) L FI) ) Reboicatle /) grade de incdrcare
Fr+ - fondul real de timp disponibil \,—ﬂ optimizare layout
Rk - ritmul de fabricatie [ Flux de energic | | Legistica industriald investitie
Tc - cycle time | (FE) cost
T - timp de livrare necesar y . Control i
monitorizare
~ J
[ | ’
Electric Hidraulic Pneumatic Resursa umand “
() (H) ®) (HR) <

Fig. 2.28Model grafic al sistemului  E b u iabileRle intiatejs f Bg vsd d b | j[FL@26] f duj w

l o psjdf t |t mterachoechza tgiflexgriAdbdf §j bmf ) GN* - j o
(F)B de energie (FEJip t dpqgvm sfbmj{asj] gs peecondmiogp s g
impuse. Sistemulf t u f dbsbdufsj {bu Agssfitovsnd&s) nnas\gfnj |
tdpqvm- pcjfdujwfmf tjtufnvmvj Bj mf hauvsj
dpot jefsfbsf mb gspjfdubsfb Bj bobmj {ilbA vov]j
cmpdbkf mf gvodbj pobmf tbv pshboj {bupsjdf- d

gf sgpsnbobfBmfthftsufftn vimievgj/nj mps ef jousbsf Bj
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gsfdvn Bj ejnfotjpobsf b npefngnemascaintrangistemp q s p
gmfyjcjm ef gbcsjdbbjf \CPO127/

Analiza efectuata \ 2BdJIA fost ned f t b s a T ot uwept s/ p gptjc
implementare aunui sistem automat integrat (Hgura 229)7 o d p naynea linidléxibile

ef g b ¢dfj sddbflequiite incontractue f df sdf ubELO20BBuj j ouj gj da

Fig. 2.3 Sistem automat integratdeg b ¢ s jjCdTRlp j f

Sistemul bvupnbu j ouf hs b u asanblare qdim ffiguwvad 226 6 § f dB/ u a
tvddftjvofb ef pqf sbbjj; b/ ip fasafelipipedis flintrogq j f t f
magazie; b Alimentarea semifabricatelorritr-o masina de frezat CNC cu ajutorul unui robot
articulat; c. Prelucrarea piesei finite; d. Extragerea piesei finitdpunerea pe un conveior; e.

Qsf mvbsf q]j fdaplneredpe copveia;d. jAshdblaijcu ajutorul unui robot SCARA;

g. Depunere ansamblu finalnitr-o magazie automad cu ajutorul unui robot cartezian.
Tjtufnvm tehoid favarssdte de &omol; gsfmvbsfb qjftfmps el
conveiorul de alimentareal v. t f nj gbcsj dbuf dj mjoesjdf tf whb
ujng df gj ftf mf t fA@gevyagadbijtff b g & p {(Uje@eodbpoiitads ¢ <
mjcfsfO pdvgbuf ejo nbhb{jb bvupnbua tvou jo

Tdi fnb t uscompy satsstemuluiintr-p  q s j n b-a élabtrajstherha
tusvduvsbmab etf jdtpinfgipowja gmfyjcjm ef gliSprej dbb
efptfcjsf ef mbzpvu- bdf bt ub dpobjof upbu
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reprezentate conv@ bj pobm gsj o esfquvohijvsj- ejtqgvtf
sfmbujwa sf bma- gsfdvn [ upbuf gmvyvsj mf
tvectjtufnf mf dpngpofouf - fygmjdjuf fj g f d é

df dpnqgp{bua dpsftqvo{aupbsf tjtuf 230y dipolmj

upbuf tvctjtufnfmf dpngpofouf- jousasjmf F|

+

Y X
Y?i xls . P.M
u Ae g . X Ya
S E E E
| ! | \ I
| ! i Yau Ixm YA1IXI‘. i !
I ! Y i i i
11 i i !
I P Y i
Ao | Kz |Xaz Xap . Xaz Y13 ,x‘u * X
+ ", I' Xaz X I' Xz "r 51
______ Yoo Xaz A «Xaa_ Xez o
K Y. Kas Y33 Y, Y.
St L Sf IR j:“m;—“s,m M 52 12 StTL
P, Kzq K3q 3 ‘ 36 Vaa A Kaa Ksa »5

b

Yig X7z StngP | Xa1 R,[Dg —
7 6
l =
Y73 Yis
FP- to the next FMS
Fig. 2.30Schemastructs b ma ef dpndr@2Gua b TGG
Tincpmj{bsfb gmugyebmpsejfpngdifhag @RRuUf qgsf

Tab.2.2 Simbolizarea fluxurilor

Tip flux Simbol
Gmvyvmigna@psnb —
Fluxul energetic (EF) ——
Fluxul semifabricatelor (SF)
Fluxul pieselor finite / piese pe flux (FF ==

Este reprezentat sche buj d Bj gmvyvm tdvmfmps- di j bs
dpotujuvjf vo pcj f duj Rezukajetimppriardeusb v mp ol ped v @ |
ejsfaoabjmp { ) gmvyvmyj t dvmf mps [BARLAtT cadrln f mf

contractuvj ef df sdf ubsf[F®0OJc]j obj gjda JEFJ 311:
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To tdifnda- qgqfousv tjngmjgjdbsf- gmvyvm fof
riguros reprezentat, dars fuj f da psjdf dpnqgpofouinkware t | tu
piesaesteprelucrah t bv usbotgpsubua tf sfbmj{fb{a qgs]j

Tf dpotjefsa jgpuf{b da tjtufnvm fofshfu
tvectjtufnfmf- fyjtua F|] gvodbj pofb{a/ Btugfn
a fost pus ¢ tfbnb gmvyvmv,j n bnusthemabdm figurp 2.28w dopts n b b |
numerotate de la 1 la 7, subsistemele componente ale SFF. Subsistemul de conducere
proces (GP* dppsepofb{a wupbuf tvctjtufnfmf dpnqgp
suntio bncfmf tfotvsj/ Vo jotusvnfou vujm To0o b

subsistemelor componentdFOT04- bgmj dbuavdéoesbvboufsjps qgsp

2.6.2Modelul matematicmatricealbo m dvgmasjj tjtufnf mps

Npef mvm nbuf nbhemal bloe dej repjefentdrel aaunui sistem, la care se
efgjoftd; wfdupsvm ef j ousbsf - wfdupsvm ef
efgfoefobb wfdupsvmvj ef jfrFjsf ef .Swdcdrapsvm
VOV] tjtufrd fotbwfvsbbuacejtufnfmps tbmf- ovna
sfmbbjjmps dbsf fyjtua Tousf tvctjtufnf/ Tou
df m gvbjo vob ejousf jffFjsjmf vovj tjtafn dj
tjtufnf sfgsf{joua mfhbuvsb tjtufnjda T ousf
tusvduvsbma ef dp30gpybapubpogfphdspmf ef nasj
in/din subsisteme:

-jousa’sq mfo )d&kbsf g ft uldiilwmaswm dymrgnbkifvony |

-jfFjgjFmio)dbsf r ftuf AowmaEswm dpmrggmdivanwy r

Dvgmbsfb tjtufnfmps tf gpbuf fgfduvb To tf
ef dvgmbsf b epvarmnjetodolbgreifantdrior elabbratgBONOI:d p o g p

y)q =X, (2.9
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Y1 = Ya(Ya1 Yaore-Yagre-Yn)

Xo = Xp(Xa1, X002, Xops-++¥on)

in care:p=1mqg=1n.

Matricele de cuplare a sistemelgro ej da j ouf sbdbjvojmf 1To tfo

S spre sistemul $) j f Fj smMmh b unfv ] mi ) Rrin sleinenteta fei, nmtrigea de

dvgmbsf fyqgsjna upbuf dwd mhksfvmfe pivdiujsdjplamd wa t

serial, matricea de cuplare ) e-j f F j- mtfare, va fi 0 matrice de dimenani (m x n) cu

vsnaupbsf BONM]e pobsf

ef

coloane_e_q_n (2.9)

lini i p m
Nb u s j dfElemgnilé madricei sunt variabile binare definited pogpsn: sf mbbj
eq=6 :B={01- B, (2.10)
Bdftuf fmfnfouf ebsdsijwvqgturégslindiupéfs f di¥ g
1.Ebda fyjtua mfhaéayawsjp=Ldivigatbkf * buvodj ;
22Ebda ov fyjtua mfehdow-vpiim¥f do=gmbkf * buvodj ;
S-au stabilit de asemenea segulile
1 e, =1cand legatura intrep- geste definita
1 ey=0candmf h a p-vesfbt uf of ef gj oj ua
Sf{vmua- btgufm sfmbbjb )5*;
ya=xpY eyq=1,"p=1mF jq=1n,
, (2.11
yDa, x(2pY €,,=0,
Pentru un sistem de rangr(* - d p oNb)jsubsisterme dp rangr(+1* - ovnasvm n

dvgmaei)y/ wkEf gpsf df nv muf dv gmd ujaredlitditanu | e

ovnasvm dvgmasj mps ftuf njd/ Tusvduvsb vovj

tvctjtufnfmps dpngpofouf- gsfdvn Bj ef ujqvm
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Dintre toate componentele unui sistem acelea care aele mai multe cuplaje sunt
componentele cele mai complexe. Din schemast duvsbmauaf d@inigpf BV ma a
cele mai complexe subsisteme componente sunt subsistemele de manipulare de tip robot
joevtusjbm/ Tousf epva,dsvfcml &juld meafi: dwfghribwvs & p

X(2) =K2&Y(1
X =Kl 2.12)
Y() =Tki2X(2)

Tdsjfsfb nbusjdfmps ef dvgmbsf tf qgpbuf gb
t bv gsj o tfgbsbsfb gj fdasvj tvectjtufn- ef

componentelor. Se utilizeag vsnaupbsfmf tjncpmvsj gf ousv t

intasf )j* tbv e33.)fBjsf )f*- )YUbcfm

Tab.23Tj ncpmv s gf ousv tvect
Tip subsistem Simbol
. . Xpi
Subsistem de intrare (¥ S

Y
Tvetjtufnaoef jf @,

Pentru scrierea méicelor de cuplare au fost desenate schemele bloc ale

componentelor, avand in vedere metodologia de descompunere a sistemului mare in
subsisteme [FOT04. Pentru sistemul analizat, SFF pentru prelucrare piese cilindrice au
rezultat 25 matricedecuplare @ - dbsf jousa To dpnqgpmWfobb nb
Nbusj drfb ef tusvdiuvsedf ubsnntjjotau f v mvgb{ b t d
decompozate a sistemului(Fig.2.28 fj fygsjna wupubmjubufb dvc
nbusjdf 1Tnqgqsfvoavdgdlvma deffapngrifstvagd { bt dsjfy g
SFF proiectatNbusj df b ef nhssyjddifvis abrhft ulasf | f mf nf o
cuplare(ke* b mf uvuvsps tvctjtufnfmps dpngpofouf

de dimensiuni(V.x N) cu diagonala zero:
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12 0 Ka Ky : : : Kl.SBS
26K 0 Ky : - Kasgy
3 ngl K O : : : Ks.ssg,
Ksw "¢ 0 u (2.13
e : : 0 : u
é u
538Ksa1 Ksaz Kszz - . : 0

Fmfnfoufmf nbusjdfj eefi,ykysvduvsa fyjtua ebda

De exempluig - i, Y Kp,e- isY Kisie, - ig Y Ky

Pentrusistemul analizato s f { vmubu nbusjdfb ef tusvdiuvsa e
Npefmvm nbusjdfbm bm dvgmas| jaliza grin sinfularé anp s d

tjtufnfmps gmfyjcjmf ef gbcsjdbbjf/

2.6.3Model de simulare é5FFutilizand software-ul Plant SimulatiorA Techomatix Siemens

Utilizarea software ului e f vrhdjofda bbj f Uf dopnbujy @ Tjf
Management Software Inc. (20108 modulul Plant Simulaj po T o0 qgspj fdubs:?
tjtufnfmps bwbotbuf ef qgspevdbjf sfqgsf{joua
integrarea acesteia in Indusa 4.0.

Prin simularea sistemului cu evenimente discreev. qvuvu (@] wj {vbmj.
gspdftf mf e Tn tingpweald Guituproshbsistemelor componente ale sistemului
gmf yj cj m, pehtru gildiclsd¢ chbdngidéat, B | J o nilé dinbreddopwnentele
sisuf nvmvj Bj nf @payimo fgphEpjpem\ GMEs|j dbbj i | gn
aplicate mai multe pachete software (Arena, Flexim, AutoMod, Simul 8, Enterprise Dycgmi
Matlab Simulink, ShowFlow) Alegerea softwareului de simuare Tecnomatix Plant
simulation [SIE18]b bwvu 1T o wfefsf gptjcjmjubufb bgmj
gbcsjdbbjf bobmj {bu/

Simularea a permisef gj oj sf b dpmej bjtjudpg mi ojdpngpof o
momentul de startalt j nvmagjjmf daphjghhofoufmps tjtufnvmv
tjtuf nletnale & igBiesdin sistem (Figura 2.3]LAstfel, sa putut realizacontrolul in

psjdf npnfou qf qgqbsdvstvm t jSRFanalga.| | btvgshb t
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Cf bsfb npefmvmvj ef tj-hjvetbvs ff ¢gBjd uvbnw nopfsd ubs v

confirma modelul teoreticd podf gvu 1 o gvodbj f e f f wfojnf

eftgarfrpbsa 1o tjtufn Bj dpostudsléechzft sj mf |j nqvt

|
Fig231Tf dwf obb ejo tjnvmbsf/ DpdgdelBDELOZ04 b t j t uf
Gmvyvm ei¢ a pptoogandibbd g f gsjodjqgjvm dpngbuj
gvodbj poilmpfs beft udvbdsv Bj iitatkrent Stuctura gents b ma g s r
tjtufnvmyv]j gmf yj c jalnd &bo e g potvialel énpry dlesupbjeobicel &
dpngpofouf b mf tvectjtuf nvmwvjj nepghijagsufjnlv disdbesvit

tubcj mjoe mfhauvsj mf g \&@ ddézyopabnbodeful de simulpre a f s e f

gvodhbifgimmés p t fidwjfrodpwam ¢snvwwpgagsjgje¢ s figfgdrd 2638.u b u a

Fig.232Tf dwf obb ej o fubgb jammodelslu 2Dea) sistendulieLD20d p ot u s v j
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Au fost setate in baza de date de intrare ig p s wldsdrg sjstemul analizat: volumul de
ppevdb f y gs | mbeupiest lprelwrategaplédtehnologice generalizate pentru
prelucrarea reperelor reprezentatives f { v mu b u f To vsnb bobmj {f]
[FOTO8b]l< e wf st j u laypieselor prelupnaterpsistend @ipurile subsistemelor de
gsf mvdsbsff- Bgmuniphdpgrugpof ouf t gf dj gj<dfg stfjdtwf fon
wj{jufmps psj da devde lucsufdip BigemBtbpul @ fo$t cealizafea delui mai
simplu model posibil al sistemului proiectat. Modelul sistemylu e f gspevdghbj f
gspqgvt t qgsff chbofbfddie fadntpife,colectate direct din procesue f gbcsj db
dintrr-ogj s na ef [FQR@eAnaidfajsd efectuat din punct de &dere tehnic, dtele
gsjwjoe dptuvsj mf- dpot vnmna fest luate dnf consigefare;B | g

analiza sa facut pentru un singur schimb de lucru.

2.6.4Rezultatenf t j nvmasij j

Jotusvnf ouf mf e f bobmj {a 4ul Tecronatixvam @esnig p g
joufsqsfubsfb sbgjea Bj vtpbsa b sf{vmubuf mp

ABobmj{b tjuvbbjfj fyjtufouf/ Jefoujgjdbsf
P jogmvfobb nbkpsa btvqgsb fwpmvbjfj tjtufn
organizatorice, timpii de blocarét,), timpii auxiliari (f.xa), timpii de adaptare (t* - ovnasyv
cauzelor blocajelor @ - gsf dwf obb ef ywh-gqbsymgdvrbh gmpubkfn
probabilitatea de blocare (p - nasjnfb bDiwoddlpoff thgmpsi o t |t
sfhatftd To0 f ypnf g.Detaliereq fasestor anditatorp de eyakidde a
ttjtufnvmyvj bn lugrpréalFLORY.Tdqeatv bed pi fcjsf ef nasj
tjtufn- b dasps | ogimdiversedngetode pfdctorii perguibatani puepbtfinb u a
npef mbbj fj j ogmv f o b{urhaod unedi dificih de rmdntrokatfdeoprécé j s f

tvou jngsfwj{jcjmj- bmfbupsj ] wbsjbcjmj To
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Diagrama dinfigura23qsf { joua sf {vmubhgymft dpwmhasujbjuf 4

Todbsdasjj tubbjjmps ef mvdsv ejo tjtufn Bj

£ Models.Model

Fig.28Jef oujgjdbsfb Ompdvsjmps Tohvtufo

Sbgpsuvm ef tubujtujdj ) Tubuj tujdt? pgf s

resurselor,gs pevtf mps Bj tubujtujdj mps ef dpoevdf

cadrului adiv. In diagramadin figura 2.34q pu g | b o bpmn dare irdce sisterdus | mf
bobmj {bu T o uj nqyvnmpregentate din coloriagsi p B u feef verblen ljical;f

galbenc mpdbuf Beg p Bv Abinocubstfussvwg u Bj hsbevm ef vujn

ef mvdsv Bj fdijgbnfoufmps mphjtujd ejo tjtu

M .Models.Model.Chart - O x
Resource Statistics

Warking
Sating-up
waitng

Stockad

Powaring UpCown
Faad

Stoppad

Pausad
Unpiannad

Percentaf 100

:
g

Fig.23d Tubuj tujdb qgsjwjoe Toddmnsdbsfb tubbjj
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Bobmj{b tubujtujda b gjfdasfj tubbjj ef mv
bsaubu da tvou vujmj{buf nifo endf eqEpmendds f 36 &
bgfdufb{a of hbujw gvodbj pobsfb nmdj dbv/mojuda vic 7tojc
epbs vob gjjoe Todasa@abuadidmpagmwmbesh b Ft gBjuiohwd
nf upef mf ef fdijmjcsbsf df § décefcttsaid[ELOR]bAItEd Bj|
fmfnfouf dbsf bgfdufb{amoefhbdjpoweydadb) mbbg fot
tvou sfgsf{foubuf ef cmpdbkf- Touas{j Pen - uj

vuj mj { bsf b QCpuumf o fadekte @&inclonismé fFiguoa2835F gpu bobm

| Sorted according to the sum of working time, set-up tme, fallre time and pause time
i root.Conveyor
| object real real red real real real s, Bottleneck Analyzer @J
| 1 2 3 i s 6 7
string resource working setup watng blocked poweringUpOown disrupted Navigate Help
1 tooLComeyo' 100.00 0,00 0.00 0.00 0.00
Analyze lCOnflgurel
2 root.Station 93.66 0.00 294 3.80 0.00
3 root.Stationl 8s5.19 0.00 11.01 3.80 0.00 0.
4 rootStaton2 %72 0.00 19.48 380 0.00 0 Biadel;
5 root.Station® £8.25 0.00 27.54 380 0.00 ) A1l charts —
6 root.Station3 %.78 0.00 36.41 3.80 0.00 0.
7 rootStatond 5132 0.00 “e 380 0.00 o Renkpg abie:
8 root.StationS 42,85 0.00 53.35 3.30 0.00
9  root.Statont 4.3 0.00 61.82 3.80 0.00. [}
root.PickAndPlace X X
10 1 2120 0.00 78.80 0.00 0.00 0. [ oK J [ Cancel ] [ Apply ]
11 root.Dran 0.00 0.00 100.00 0.00 0.00 0,
12 root.Source 0.00 0.00 0.00 100.00 0.00 0.00 ALy T
13
14

Fig. 2.35Analizablocajdor [FLO20a]

Upbuf pcjfduf mf gmvyvmyj e f nNnbufsj bmf Bj
statistice in JResource Statistics Tabte PréRuct Statistics Tablesau dfomplete Statistics
Tabler (Siemens AG. Plant Simulatiof5IEL8, TEC1]. Testele cae pot fi efectuate prin
tj nvmasj qdbne dd maehberhto ppmeuljnjj { bsf b gvodbBpohsiyg
la eliminare blocajelof Qsj ousf t pmvDbj | mf ef sf{pmwbsf B
dsf Buf sfb oV nas vemsarg, lueul In pnai fmulté sohimgum, amenajarea
gptuvsj) mps ef mvdsv T0 gbsbmfm- jngmfnfoubsf
bvupnbuj {as) mps- Bj ov 1T 0 vmujnvm saoe- b n
Production, probleme cee vor fi abordate in viitoargroiecte de cercetare.

BWbsj boub pqgqujnj{bua 7o vsnb bobmj{fj qgsjo

64



Teza de abilitare Adriana Florescu

Evga svmbsfb tagmvmpaspfstijff pcfthBwj w nbsf b
tubbjj mps ef mvds®21l§d*o dbsdo hivelrepfsdjde Bilizake a
dbgbdjuabj mps ef gspevdbj f/ Qf ousv p gvodbj
211&- sftuvm gjjoe ujngj bvyj mjbsj/ Dv dau
nbsj btjodspojtnf mf Mo tgjvtowfbn pBpbsfi/ous ¥ ewuqifo:
nbobhfnfou gfousv b sfevdf ujngjj ef bBufqub

Qsjo svmbsfb tjnvmasj mps mvaoe 10 dagalse j ef s
pot pcbj of T ncvoauah jpssjyde jppmizare prapv t3a& protus efecte
gbwpsbcjmf To0o dffb df qgsjwfBuf fdijmjcsbsfb
gptuvsj mps ef mv ds v o Bjjowur j & s fop bbvddf Bojmffu &g riwk
simplificarea procesului, nu au fost luate froosiderare nici sursele de intrare ale pieselor din

sistem (SourceBj oj dj tvstfmf (@mn). f Bj sf bmf tjtufnv

.Models.Model.Bottleneckfnalyzer. Resourcestats

Sorted according to the sum of working time, set-up time, failure time and pause time
& Bottleneck Analyzer @
Navigate Help
object real real real real real Analyze | Conﬁgure]
1 2 3 4 5 6
string resource working set-up waiting blocked po .
1 |root.Conveyor 100.00 0.00 0.00 0.00 G
2 frootStation 90,50 0.00 0.00 wo| | 7 Ll
3 |root.Stationt 100.00 0.00 0.01 10.09 B2nking mbie
4 |root.5tation2 S97.00 0.00 0.01 10.09
5 |root.Station8 99.60 0.00 0.02 10.09
& [root.Station3 89.97 0.00 0.02 10.09 ok J[ conca [[ ooy |
7  [root.Station4 99.54 0.00 0.03 10.09 - —Uu
3 |root.Stations 100.00 0.00 0.04 10.09 0.00
3 |root.Stationd 100,00 0.00 0.04 10.09 0.00
[T .Models.Model.Chart - O X

Resource Statistics

g
:

Percertof 100
Boe 5 w2 2 8 o8
L n L L L 1 L L

Statan

Fig.28Tubujtujdj gsjwjoe wbBLP2Walub pqujnj {bu
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Concluziy,

Tjnvmbsfb ef wjof bt ugf msdfpubrsffupBga fjynugspfsnu be
dpoufyuvm bduvbm bm ejhjubmj{asjj tjtufnfmps
Qsjousf cfofgjdjjmf t\yDh36IB&BIj]potfi anintitg:n buf ef
- 31& ejo upbuf dptuvsjmf ef jowftujbjf qgpu
- Oraucerede2%5 & b dptuvs)mps ef jowftujbjf qgpb

- 05%2& ejo dptuvsjmf ef jowftujbjf tvou dpi

Vujmj{bsfb dpsfdua Bj $0gBdf $bhbhasbouboaoyvmasali
vovj tjtufn jOootj wh mhb B mdp@Bgmetd geltmcéeood Anj dj qsf {f o

figura 2.37[FLO21].

Btimpilor operationali

Butilizarea eficienta a resurselor/facilitatior
Cresterea

Htimpilor de livrare /"Throughput times"

_ Hresurselor necesare / cerintelor de depozitare
Scaderea

Bnumarului optim al echipamentelor logistice: stocatoarelor —tampon /

"buffer"; AGVS (Automated Guided Vehicle Systems)
Bplanului si secventelor de productie

Stabilirea . . -
Hoptimizarea strategiilor de planificare/control

Didentificarea blocajelor din sistem
Oreducerea WIP (work-in-process)

Hefectelor investitiilor si a modificarii proceselor
Evaluarea

Fig.237J ogmv f obb t | nv midrdehrico-éconentchbl) dhshurffnvmvj gmfyj
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Capitolul 3D f s d priuvirdd snjegrarea Sistemelor Flexibilde
Ps p e vid Ibdustry4.0

Jouf hsbsf-hohim®Bf oj mp$ mj hf ouf - b spcpbj mps
gspevdbjf- ef{wpmubsfbv®Bj e&fujmdbmbh bf e fah pejj u
gspdftf mps ef dranpgepvsdnbdjsfj dgpsopegwdo enib T o0 j oevt usj

Dsfbujwjubufb vnboa- dpsfmbua dv epsjobb e
dpotujuvjf cb{b ef{wpmuasjj vofj t pdgijfddbjjf/]j
conceptul Industry5/ 1 dsf b{ aulpufpgpfsusdbufi opmphj {bsf E
printr-p opva wj{jvof e f gf stqfdujwa b wvof]j gj
gspev@fbgddv b satqgvoef fgjdjfou opj mpsBjdfsj
sfhadaoef bt da Tebtisfaghsvprevgdptllft gsj o jngmfnfoub
Traot gpsnbsf b e hfdipmuaf unbu jiwn culdol@fNGBE- p § lob djd{f brib F |
1 0 u adejalliatea de a lua decizii optime.

D s ter®a avantajului competitivB | g fos g p s n lmropariilon,pirs spedial in sectorul
industrial impurej o pwbDbj j Bj bebquas| dpouj ovf bmf 1t
afaceri pentrunoi qspevt f Boersonaliate wlrid jdg¢zvoltarea unor platforme
inteligente care cuprind totalitatea opeb bj voj mps ej o mbobvm d:
joufsdpofdufb{a tjtufnfj-oepldnufsotfbp |joomBFdgiTub q
dezvoltare printrp Oqspevdbj f |j oufARNIG.f oua Bj bvupopnac

Fyqgf ajuhoo bmari companii industriale[TAO19 demonstreb { a gptj cj mj
j ngmf nf oua sjsiptemelardblyg § dbwffsj { buf aummatizareyflaycgrege mj u b
gpu beavhb 1T ocei gqpmgtijoju ®jpg mé pmuf oj v m Prededelg u b mj
jufsbuj wf Bj bhj) mf emitgesfiofavepprocebekricomplexejrscpdeul t f mp

tjtufnfmps gmfyjcjimb epogjhpjeji.ddf fj] bdvbot bwv e |
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3.1Df s d privirid BnplementareaconceptuluiDigital Twin

Qf ousv tjnvmbsf - dpousjcvbjb gsj oaddingteb ma  f
voj wfstvm sfbm Fj df m ejhjubm/ Gbquvm da pcj
gsjo ejhjubmj{bsf ftuf mb psb bduvbjmiv ndafsm m
bazate pe realitaa f b wj s uv b ma sunb tehndogii fcimeie énulidustia 4.0, care

gfsnju uftubsfb Bj tuvejfsfb opjmps qgspdftf

3.1.1 Conceptul Digital Twin

In literatura de specialitate NEG17,GE22, BEC20 t f sf hatftd nbj nv
conceptului Digital Twin (D@socidcudezp mubsf b Joevtusjfj 5/ 1 Bj
aplicare.Modelele digitaleA DTbgmj dbuf tjtufnf mps bwbot-buf e
fizcegpu phmjoej t ubsf blardatht-v au prsfbe By tqd fschjj guj d-j ni
controlul in timp real al procesdor, stand chiarmb cb{ b ef {wpmuasjj r
gsfejduj wf gsjo sfbmj{bsfb vopsprimnouwdcontept e f 0
Virtual Commisioning).Prin colectarea datelor relevante din sistemul analizptin simulare
Bj g s f atp debmopele wittufle, un@j f b m digitalbpoate bd bj pob T o upbi
dj dmv mvj ef wj b praiecthre laggsbpcesvjBgvbnbyj beqlf e fols mb B T ou
(Figura 3.1). Asftel, DHevine un instrumentavansat de simulare,vuj m 1T o wf sj g
uftubsfb wjsuvbma gasa v BECs-peghdijtnbjvuampsep uef
dpsfdubsfb fspsCethpsgasjmfgvaibywPodsdgmj { bsf b C
foda mb TodfgviwdBj wivabj) o dpridids ol ajpmijf sfwh j wob:
industriale relevante pentru a investiga | b efnpotasdmjhitbpbj mbBjh cf

acesteinoi tehnologii.
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Digital Twin. Aplicatii in mediul industrial

-~

Optimizare iterativa - modele virtuale de configurare statica si dinamica

\
“/' Y Asigurarea integritatii datelor
‘1 PROIECTARE ¥
\ { Evaluare si verificare virtuald - modele virtuale de inalta precizie ale ’

produselor; Prototipuri virtuale si testari
!

 Evaluarea proceselor si optimizari h \_)
Estimarea performantelor sistemului de fabricatie Q
\ Colaborare om-robot & Interactiune (HM/) )

FABRICATIE »
Monitorizare si control in timp real - decizii de optimizare

Planificarea productiei - Digital Twin Shop-floor (DT5)
\Gest/bnarea activelor - trasabilitate si vizibilitate

Punerea in functiune virtuald (Virtual Commissioning):
™ Mentenanta predictiva; Testarea virtuald
Detectarea si diagnosticarea defectiunilor, erorilor din proces;

//
SERVICE (( 5
A Monitorizarea starii produselor- DT reproduce starea obiectului fizic din

N 5 sy e : s 5w =
~v8 spatiul virtual cu identificator unic al produsului in orice locatie si la distanta

\Estimarea si optimizarea performantelor produselor prin DT

v

Fig.31Bgmj dbbjj EU To0o nfejvm joevtusj|
Inlucrarea [RAS2D ssbv f wjefobj-bufpfidpmphitjuinfv mb ck

mpef masijjjhjwdwj U oo ) Gj h/ 4/ 3*]

Modelare Modelare Cibrenetica S <
< = Infrastructura Interfataom —
bazata pe bazata pe datelor .
B . — platforme masina
fizica date mari 2

Fig. 3.2Tehnologii cheie Digital Twin

To gsbdujda tvou T ouamo(BM/fGeneraljElectriv, Massaultt p mv
Systemes, Anylogit[BEC2Q pentru implementareamodelelor DT,Siemens oferind cele mai
multe servicii pentru construirea digital twin(modulul Process SimulateTecnomatix
Siemens PLMI[SIE21b} Bj jodmvt | wwmb By o)oQusfpsdgfbtbta Tpjnn v mb
[WAN19. Avand in veere diferif mf bcpseas| fyjtuf exprimareai® o d
dpodf quvmvj dej hjubm uxj oo Bj mj c¢eopiilor digddale] nft
ftuf pgpsuvoa ef nbactuaegbf vbodpfsbt difas defjusafsdibj f -

deosebt spre caracterul aplicativ.
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3.2 RealizareacopieidigitaleB t j nvmbsf b e j /o bBq Bijackdb Bijhdjate u f n v mv

Df sdfuasjmf fgfduvbuf qf b adntattuuide eejcetdred b j f
Buj j oFh@204jinddéruldre, la care autoarea tezei este director de proiecu ca obiectiv
generalrealizarea copiei digitale aunui procesexperimental,in scopulq v o f s j | To gv
Wj s uv bra@nowgcercepth j suvbm Dpnnjttj poj dnhcadBljuneb g mj d
firme deq s p e vDdf bsj df f /efe&iteaiein® e pnf o) wmidj folurf shes a@igital] u b m
Twin)T o qgqspdf t f nefau iedeputgbdgitljzalda sistemului experimental SFF
bouf sjps qs pjekistemtbrulab@gtor) sifvb ngjs{pbdud t vi nezultateld difi o bj b

capitolul 2,diseminate prin publicarea o p s dewwrkdaditatg[FOT09a, FLOG, FLO1Y).

32INfupepmphj b |j nqgmbladsstendulijSFF expprijpgntalj ej hju

Bimportare si verificare model 3D al sistemuluiin modulul Process Simulate ]

B Definire dispozitive si echipamente pe baza modelulul sistemului fizic existent ]

3 BRealizare cinematica pentru echipamentele si componentele definte ale sistemului

BDefinire senzori

B Definire echipamente logistice, benzi transportoare

ORealizare simulare bazata pe timp

HRealizare simulare bazata pe evenimente sisemnale

B Conexiuni externe

BDezvoltari ulterioare

Fig. 3.3Etapele de realizare a copiei digitale pentru sisten8FF

Vo gsjodjqjv ef cb{a 7o bduvbmb gbcsjdbbjf
fabricii, prinej hj ubmj { bsf b gjfdasv]j ejtqp{jujw Bj f
wj suvbm ta gvodQyvjopfosff{bf Tdob bdvhénd Bgnfvgoonif/n fvp s b v a
Simulatef t uf lavreduceréa costurilor, a timpulude lansare a produselofB | b bmuj

sftvstf jngmjdbuf To0o gvofsfb To0o gvodbjvof sf
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3.22 Realizare copie digitale a sistemuf j g mf y j c j Dutalieréetageb c s j db b j

Etapa |. Importarea modelului 3D

Modelul CAD (3D) al sistemului automatiz§EOT08c| a fost preluat in format.STEPB |
jngpsubou To0 Qspdftt Tjnvmbuf gprmpto] edulog vdo d
Process Simulate (Figura 3.4). In acest fel, sa utilizat modelul original pentru a realiza

conversia n formatjt, formatul nativ recunosat de Process Simulate (Figura 3b).

TXE =& o+

Modeling Robot Operation Process Control Human
O s o) ] Ba o & h O
{ | Recent Files L - . EIB /‘V
S = =2 = cu "’ @

ibutes Robot Program Simulation Path Objects Rename | Standard Line Simulation
Disconnected Study » EWEr Viewer Panel Editor Viewer x Objects Mode Mode
Viewers Edit Study

@ Impart / Export =y

About

® Help b

JT
Convert and Insert CAD Files
Cptions
ITe EEJ’T Convert and Insert CAD Files

-
) Convert CAD files from various formats to COUT
B Evit format and insert to the study.
a | le Export Viewers to Excel
Convert and Insert CAD Files x
CAD Files
CAD Files

CA\PROIECTEUniversitatea Brasov'_Doc\IN\3D\003_UTBWA003_UTBV.STEP

< Target Folder >
Path: ‘C APROIECTE\Universitatea Brasov\Macheta SFF Library
Optior Class Types
Extern Base class: |Resource j
& S Compound class: |Ca\| ﬂ
C PO
c Prototype class: |Devlce j

Opticns Close

¥ Insert component
£t =
=]} [¥ Create a monclithic JT file
(¥ for each sub-assembly

of " for the entire assembly

b * o[ OK Cancel
. ol

Fig 34T f dwf ob b Qs p linportare moge3d mb u f
Etapa 2Defins f e j t q p { amentenpé badhjmodeldul giseemului fizic existent
Ev g a -aréalizat conversia modelului 3[a urmat etapa in cares-a izolat fiecare
echipament inteun dispozitiv individual. In Process Simulate, se pot crea resurse noi astfel

A

nAau ta qvuf n-usaog sat aoralist fietace wchipament (Figura 3)5
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TX WG & -

Modeling Robot Operation Process Control Human

A e T ey :
\ et )’ & e B gk @ g | Mm%

g o e i I s | % A
set Modeling Eng Insert Point Define oF gF | Cable - Create
Scope ng Studiu_Macheta_20210127 = | Component Cloud~ Component Type e Editor ol Frame »

Scope Components Cable Layout
o 5 -

Name T [AtachedTa || | MNodeType [~ 0K ]
=1 8 [#] Studiu_Macheta_20210127 F Clamp
O[3 Pans & Container

= B[] |Resources ik Conveyer

O g 3 utby & Device

=~ Bl g% CompoundResourcel E Dock_System
@ ClL_1 &, Equipment Prototype
-8 ClL2 ¥ Fisture
B ClL_3 H Fange
-8 L4 H Gripper
- 3 Gun
B E'?.E CiL_7 # Human
EF -

& [ SENZOR_IND_1 : I';llr;;aarss::\;n;wtyﬂangePIcHesource
B @@ SENSOR_IND_2 iy v

+- B g CIL & =
@ M B Navies

Fig. 3.5Crearea resurselor pentru fiecare echipament al sistemului
Qf ousv b sfgsf{foub gjfdbsVmwsjftgmsly$Egjom de
experimentala fost creata p s f t v s {a@d putatpgrangferaBlpmentele de geometrie

) DBE* ejo npefmvm jnqgqpsubu jojbjbm dausf sft

Fubgb 4/ Sfbmj{bsf djofnbujdada qfousv fdijgql
Gy fdbsf fdijgbnfou efgjoj u Timtun®sap ohdi mdlte Tj nv
dvgmf djobnbujdf/ Btugfm- ej{gp{jujwvm tf ¢

dispozitivelor realeComanda folosi a t f tedwnemftiBs Editor (Figura 3)6

Kinematics Editor - BORMASINA o x

Kinematics Editor - CIL_1 o x ﬁlé‘mﬁlﬂﬁlﬁlz‘@lg‘g
| &l=lxz] #le slx] e =@l =

Name:
FIX Lo} it i ]
Parentlink:  [FIX
chidink:  [MOBIL

Axis - Select two points:

- From:| [1.54  2]115.21 21308 3

Joint type:  |Revolute -
| I™ Lock joint
I~ Limits
I Limits type: [No limits hd
High lmit: 0.00000 =
Low lmit: 0.00000 =l
M {
| Speed: £00.00000 5

v
: g L | < 2| oK Cancel >
' ﬁ] [ Show colors Close | [¥ Show colors Close

v

Acceleraton: [1200.00000 & |

Fig. 36 Crearea cuplelor cinematice

Inacestedips tf qpu efgjoj gasbjmf gjyf Bj npcj|

nj Bdbsf ; spubbrjf Bd hgsfrikbjo®dhuiugfidkd b $§ bv dvgma -adj of n
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pututt f mf dub ujgvm nj Bdasjj ejo tfdbj vimtele Kpj
njojnf Bj nNbyjnf b mf mf BOas fjy-df gppub{ uj By mb|
gbsbnf usj nf obj pobb]j gpuQfgg u snw ed jgmjd didegnulji oq spf
gmfyjcjm ef -afolosg metddd pdef calaulf ab vite f tj nNbyjnf e f b

meobj pobua To ep@EBw@dloubbj b ufiojda

Maximum Piston Speed |

If an auto switch is set at mid-stroke, the electrical device to which it is
connected, may not operate if piston speed is too high.
Maximum allowable piston speed “V" is given by

Operating range of auto switch (mm)

V (mmis) = Response time of electrical device (ms)

x 1000

Un alt element important este reprezenat de Pose s | / Bdftufb tvou qr¢
bmf ej{qgp{]juj wvmyvj Tfo dbsf dvgmb djofnbujda
stabimj uf ef mjnjuasjmf nfdboj df bniff ebjdtdgfpt{fjbu{jaw
folosis f b dpnfo{]] Q7 aj. Aidr &jpabpussoj ¢c)vGj hovvsnbf mf  Bj \
djofnbujdf gf odissjvwag p {Efg jbo jssfftegd b d fgtpuopssu f f mfnrc

Tntrucat vor fi folosite in bate aspectele proiectului.

Spre exemplificare,ni figura 3.7b sunt setate valorile pentru cilindrul pneumati 7 din
sistemul SFF experimenta) d bq/ 3 * / Tj nj mbs bv gptu pwaf gj o]
djofnbujda b tjtufnvmvj/

3 o= am m Pose Editor - CIL_T
s | & @g JE M| Ty 9% Gk B R
s v = Char: B
e "o" Kinematics Pose Tool Set Gripped MNotes Labels Create
“ Editor  Editor Definition Objects List N »  Dimensionv | Font = [rrey
WO
Entity Level Kinemat tic Device MNote PMI I HOME
(£ 1 Pose Editor
—
.8 .| . 4 A -
& Ly .
u ¥ . © Define and edit poses for a device or robot. A pose DT = LT =
T rem

embers each joint's value. % = @ ‘
===
L

Jaints tree Steering/Pozes Value Lower Limit | Upper Limit i
- ) WORK -
= LS & i1 I 4|].|]|] < 0.00 40.00

Pose name:

Reset | Ok | concel |

a. b.
Fig.3.7Sf bmj { bsfb djofnbujda Hfotdwfo6Bbj gbphshbh
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Etapa 4. Definire senzori

In Process Simulate senzorii sunt resurse care aosjpif buf b ef b ednuif dub
pcjfdu tbv p gspqsjfubuDfighdedjgjedd mgejmpdy\bm
gspyjnjubuf OBjpygpmu pufzihdthelestipdensos

Ejo qvodu ef wfefsf brintrgoodpjep @lprmjswdbjtjj nfjj
gjjoe da To0o db{vm tfo{psvmyvj ef qspyjnjubuf
dbsf pcjfduvm aeff thubrmndamlefpthofmjsy jbs To db
bt pdjbu tf b douy wh bi{@ dmsfnpmdj fduvm jousa 1o
luminos. Tf o{ psj | ef qgspqsjfubuf )Qspqgqfsuz Tfotps
dbsbduf sfjdtuubjudaa pgcsjpfj® u Binygsy an B préutate, culoare, tip, coeéd
bare, etc.O analogie cu realitatea ar fi sistemele RF{Badio Frequency IDentification), in

dbsf p fujdifua tqgfdjbma gpbuf gj tdsjta tbv

B EHEE o Proce!

Home View Maodeling Robot Operation Process Control

W e o D s SO|RE e P I
ie: et B = 5 2 S e - -
SCL  Edit Logic Create Logic Connect & ic .., = Sensors Edit N Define o Import Connection  Signal Sit
Editor Fesource  Resource  Signals to Res ce = Sensor ik &’ Conveyor ok = signals Mapping Mapping Maon

Resource m‘ Cr Joint Distance Sensor Conveyor Mapping
Object Tree A Create Joint Value Sensor Fl X
B@ ﬁ v %‘ Create Proximity Sensor
-0 5 103 _uitbv 'gﬁ Create Photoelectric Sensar ;I
= B g% CompoundResourcel .
'é‘ = EIL 1 Create Property Sensor %‘ Create Proximity Sensor
ull -~ el ] Create a sensor that is activated when objects enter
+- B @ ClL_3 within a specified distance from a given resource
o object. A proximity sensor exists only in the instance
| E:t—; form, without a prototype. The sensor itself does not
i = appear in the Graphic Viewer and does not affect the
[+ B a7 appearance of its resource object,
+- 7 CIL8

Edit Proximity Sensor

Mame: I SENZOR_IND_1

Graphic Representation:
|SENZOR_IND_1

Check Interference With:

Objects
UTEY_RO5E PIESA

5.00

Detection Range:

¥ Nomally False Signal

Fig. 3.9Setarea aracteristicilor senzorilor
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Etapa 5. Definire benzi transportoare

Benzile transportoare, similar ca in realitate, sunt folosite Th cadRiocess Simulate

pentru a deplasaiferite obiecte dintrun punct in altul.

e &
f % P &R
_f)‘ —< 1 =8

File lome i
T oo
e

es Signal ]
Robot Operation Signals

Object Tree

aemee—— e AN it B L
| =
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@& 0K

B B & NOK Curve: [Curve

@ @ SENZOR_IND_3

@ S BORMASINA_AXA_Z Start Point: [8304, -107.8, -154.06 [

B fﬁxfw‘“ End Point: | 7919, 3352, -1705

 ® @& MOBL

@ & Rulment 6000 10«8x26_SKF - 6000 - 8 DE,NC 8_68

@
=
El
=
el
g
b
-1
el

003_UTBV_R054 Suport motor banda_B2
motor stengator

D03_UTBY_R053 Rola antrenare
003_UTBV_R051 Lagar Rola

Rulment 6000 10x8x26_SKF - 6000 - 3, DE,NC.8_68 inear:
DD3_UTBY _R052 Rola intindere
003_UTBV_R051 Lagar Rola I™ Skid Conveyor
Rulment 6000 10x8x26_SKF - 6000 - 8, DE,NC 8_68
003_UTBY_R055 CUREA

003_UTEV_ROSD Profil 30:30 _125 E

ancel
Simulation Panel  Object Tree  Logical Collections Tree - 00
Operation Tree - B X £

il
= B [} Operations
B §i LineOperation

IEEEEEEE BB
eseoeeeeae

Fig 3.10Crearea benzilor transportoare Tf dwf obb ej o gsphsbn

Qf ousv b s f b sporfodre ipPracdsoIndulatess btof mf dubu -aft vs:
utlizau dpnboeb QETf $pjeexempliipapewf 2 f sl ovifiguia B.10s-a definit
una din benzile transportoare a sistemulurepectivod v s c a d b sefj se jddy fbb {Bj
ef usbotqgqpsuvm- vmuj nb dBawsethtscardcterjstitie begaii u & o e
transportoare:

- tpmfsbobb cfof{j]j ef usbotgpsu dpoteaeoupej f q

t v gs bagestbidy b
- viuf{b ef usbotqgpsu ftan/s]Bjf gf { fophbwufa § di jvmoq

gvobjf ef qgqspdft/

Vmujnb pqgqbjvof gf ousv c¢cfo{) mf ef usbotgps
qTl je Dpowfzfso/ Ebda paonbejorulod thansgodtanddar fesurge t f mi
ef ujgvm QQbsu Qspupuzgfo/ Ebda pgbjvofb ftu
ef ujgvm QTljeo- dbsf tvou- ef gbgqu- qgbmfuf
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Fubgb 7/ Sfbmj{bsf tjnvmbsf cb{bua gf ujng

Simulareabazaa qf ujnqg )Ujnf Cbtfe Tjnvmbujpo*
ef pqgfsbbjj gsfefgjojuf qfousPgbsihBjf { mbubujs
tj ngmf Bj gsfefgjojuf Bj bvp dgbp {tj dP o n jri Boai tolosnif uitob
gj ftfmps gpmptjoe Pentwws bg ffbdmnjp{sh sff bq sldud dtilibacfj jmj tu

comenzi precumdOf x Ef wj dft bRq fOOHd G Mok fPAQUE s buj poo ) Gj

& HSE o
File Home View Modeling Robot Operation Process Control Human
| 1 1 ] 1o L o
W i *2 A 3 W g “
5= =] & = 1 T < &
Set Current New Add Location Add Location Add Current Add Location  Add Multiple  Add Location lanipulate ~
Operation Operation ~ Before Afte Location By P Locations By Pick  Interactively Location &
Creaty .. Add Location
™ MNew Compound Operatio
ObjectTree @@
i
3
B0 S [l
2B mE
---E S: Mew Object Flow Operation
E| F
B ' :
H E Mew Device Cperation
E
L New Device Operation
E # Mew Gripper Cperation P
E Create a device operation for moving a device from
E .3}(‘ one pose to another,
. B Trea Mew Device Control Grot
[ |

Fig. 311 Comenzi pentru simulare
Pqf sbbjjmf mfm uj qj Bl&bsf df wovg opd{ijjbgnbatiaf )oQp te
intr-un timp predefinit, setat in figura 3.120vnf mf f t uf bscjusbs- jbs

gj npejgjdbbj To0o psjdf npnfoul/

Mew Device Operation x

Name: | CIL_1_HOME->WORK

' — Device: IClL__I
Scope: ISOF‘ j
From pose: IHOME vl

To pose: WORK -

Description:

1.00

Duration:

Fig.3.12Tf ubsf b gbsbnfusjmps nj Bdasjj

76



Teza de abilitare Adriana Florescu

Pqgf sbbj jdljed-&lowotufi qasnf f b { & 1jog fnspfeoddtdy rigqg njhooxkef t e
p qgf s b bdelbaptfo traiettoie pe care obiectul selectat va urma. Se pot defini punctele

ef Todfqvu Bj tgastju lectabtby sfbdjufpdsy ofs jgpsiBpest gtj boy

Mew Object Flow Operation

— Name: | PIESA_Op_1

Object: |UTBV_RO58 PIESA

Scope: |SOP |

% Create Object-Flow Path:

Startpoint; |Curent Location ]

Endpont: [N 5] q
" Use Existing Path:

Path: I I w
Description:

Grip Frame: IGeometric ce vI flj

Duration: 0.05 ﬂ

2|

|'

oK | Cancel |

I

Fig. 313 Setare traiectorie
Tvgmjnfoubs- tf qgpbuf gpmptj fejupsvm dQbu

qPdlkuf Gmpxo btugbmavodad ga&dogqphPulbpgj ) Gj hvshb ¢

Placement Manipulator x

Translate: Step Size: 1.00mm

AT Y e

@g Blank

@5 Display Alt=D
-g;g Display Only L Rotate: Step Size: 10.00dex
@) zoomto Selection Alt=S EMEI :Ii”n—llﬁl

P Play From This Location Frame of Reference:

| Geometic center E| EH

N Initial manipulator position:

3 Add Location Interactively [Geometic certer B f:l
ﬁ Add Current Location
<
#Z Add Location After X ¥ _Fed | dee |
¥ acation Before :
ation .
L s

;
L [ CIL_1_HOME->WORK v B> 1.00 - : I
. - i |

kel Play Selected Location From Current Robot Position

A Add Location By Pick

e )

——op obof
Editor
I-QMMMWQ ;
=" PlEE 0.00) = ———{F——— +[0.01
18 & Locatiol 5 Re peration | Motion Type Zone Path # Attachment X Y z RX RY RZ Duration Robot
L PIESAL 0 | i 0.05
‘B loc 8254 -17.65 137.77 90.00 0.00 000 0.00
B 061 E5] 1 mi0ad 16 Fobs 8254 2891 13777 50.00 0.00 000 0.03
‘;lkm B — J 82.54 53,66 12527 90.00 0.00 0.00 0.03

Fig.314Tf dwf oba/ Npej g] taesparametrilerbj f dupsj fj Bj

Astfel, sapututs f bmj { b ef tpgiwvs objaj dp napinfmpdiientcf wb

procesul real (Figura 3.15
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SIEMENS

é FIPPPES FPPF = PP PP PP Pred O P ¢

Fig.315Dpqj b

dj hymbméb

yPlerd 000

cht{fbdaf qqf b uQaamdf tt Tj nvi

To ubcf mvm 4imdidebwWdy peofbtsds juBjpsf uj dj gf ousv

wjuf{b ef bdbjpobsf

ef

2611nn0t/

Tab.31Ef t dsj fsf ujngj ef

bdbj pobsf qgf

Nume Descriere Timp
Cilindru 1 SMC C85N1650 0.37s
Cilindru 2 SMC C85N2680 0.46s
Cilindru 3 SMC C85N20100 0.52s
Cilindru 4 SMC C85N1630 0.44s
Cilindru 5 SMC C85N1630 0.46s
Cilindru 6 SMC C85N16150 0.63s
Cilindru 7 SMC C85N2e40 0.34s
Cilindru 8 SMC C85N1660 0.40s
Bdbj pobsiiaAXAZs|Sb mvbu To0o dpotjefsbdfj|l0s
B ddmare motor strunjire 5s

In total, timpul de ciclu teoretic pentru realizarea unui gtd t

o dbmdvm pqgfsbbjj mf

ef

havsjsf -

dpngmf-auwluate v q a

tusvokjsf Bj

DvopbBufsfb Bj hftupdpebsgfbej glgph piipysv nmpvso u

desfaBvsbsfb gb{f]
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Smulareac b { bu a bq fd puojenvgt mb vsnaupbsfmf sf{vmub
T Upbuf gfstpbofmf jngmjdbuf 1 o qasluyejshulioiei gp u
ef gbcsjdbbjf/ Sf{vmua p Tobfmfhfsf nbj cvc
1 Sau puut observa mai bineinte bdbj voj mf 1 oufsw) &fdd g jgh{nd owmg
dpmj {]j voj Bj t f gpbudud mdthfb dimb -&@iedlizato/v odp v
validare a echipamentelor in termeni de dimensiuni;
1 Au fost simulatemai multe variante de proces pentraleges f b t pmv b f | pguj n

1 S-a pututdeterminatimpul de ciclu al sistemului.

Rezultatesimulare. Identificareainu f s b kbrfimjecardcgh coliziunile di sistem

Pentru a vizualiza posibililele columi intre echipamente, un instrument importandin
Qspdftt Tjnvmbuf dbsf qgpbuf eftf Bnj gldOfBptlb,j
dpmmjtjpo t)fuo )Gjhvsb 4/ 27

Un set de coliziune este definit danul sau mai multe echipamente din studiu pentru
dbsf t f gbdf p npojupsj {bsf dpotuboua 1o wu

echipamente sunt in proximitate sau in coliziune.

Collision Viewer

3 3 3¢ A o) e 2 W, ~ ListColliging Pairs =
New Collision Set Mear Miss| Contact - Alowed Penetration || Part With Parts Collision Status * Distance

0 (Defaul] 0 {Default)

[~ Al Displayed Objects

Sequence Editor Path Editor  Collision Viewer

Collision Set Editor *

Check: With:
Objects Objects

J 003 _utbw_1
L]

L5 s
0K | Cancel |

CIL_4

Fig. 316 Vizualizarea coliziunilor intre echipamente
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Inmomentull o dbsf fdijgbnfoufmf tvou mb p ejtul
bdftufb tf wps dpmpsb dv OO®mm),fechipamentele sedvéroe e
dpmpsb Bddv tsug Buw/f uasj @ptiongpQollisiope) G Mbsbj o/ 28

General

Units s

Appearance MNear-Miss Default Value: W {mm}) ...I:I
Collision Colision Contact:

Graphic Viewer Contact objects color: m
Performance Allowed Penetration Value:  |0.00 il {mm}
Motion

Simulation [ lgnore wireframe entities

Continuous Collision Report Level

Weld + Component level

PLC " Lowest available level

Disconnected
Collision Options

[ Stop Simulation when a Collision is Detected
|¥ Play a Sound when a Collision is Detected

Callision Sound File to Play: Browse

Advanced
oK | cancel |

Fig.3177Fgf duvbsfb tfuasj mps
Efufdbjb fgfdujwa tf wb sfbma{bpepmsmiefne

coliziuni(Figura 3.18.

Bl E"Xc o ] T, v ListColliding Pairs | B |58
Part Status * Distance
CIL_4

003 _utbv_1

Collision Mode n\OFf

Fig.318Bduj wbsf npe efufdbjf dpmj{]jvec

Pentru studiul de caz realizain urma simularii sa identifica o coliziune ntre cilindrul

gf of vnbuj d ef bd platiporodde Supgt echmpantertedoy (Fidura 3.1
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SIEMENS

Cotton Viewsr

I~ Al Dsplayed Otiacts

sk B8 e E¥ Y- uncCaidngPin | BE (N
o Se Name. | Ve M Corct - Howed Pencrtin | Pas Ve Pars | Coligon Sshs Dt oo Grves
[#cee 0Dt 0 k) e
3 003 e 1

Sequence Eaitor Path Eattor  Collsion Viewer

Snwp Bk Inkert _ Component Pick Level < 20094 41975, 16945 Standard Mode

Fig.319Jef ouj gjdbsf dpmj{jvof

Up u p estavedificaae j t u b o b dintrd eghipdmeite folosind funb |

In exemplul de maijosag p mpt j u og vcobdd jEb tARBjd f Gj)h Gj &4/ 3 2

h _F B

..O?.

€04 TR @R 0

Minimal Distance

Calculate the minimal distance between two objects.

To0

j sarbre.n a

Fig.3.20Wf sj gj dbsf b

ejtubobfj

e
¥

Minimal Distance

4 By

ejousf f

First object:

Iﬂ 98.94, 343.46. -197.96)
Second object: |001_Univ_R33Tabla 10
(198.94, 350.70, -197.96)

Result
Distance: 224 {mm)
(.4 IDDD (mm)
dr: 222 (mm) [ ‘
dz: Iﬂ.DD (mm)
[~ Show dX, dY, dZ lines in the Graphic Viewer
™ Show values along with lines

Create Dimension | Close | ”

a N I
[

s
1

Fig.3.2Dbmdvmbsfb ejtubobf ]
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~

l o gmvt- qgsjn Gsafttwsff bEjcrvfuptojvpnrg t f  wb sf b

b natvsaupsjj dbsdadhbtjff mgbfb bgdpd{ivjjo np §f bo 4 fompsv- e

mm) la echipanentul de strunjire (Figura 3.2

Joint Jog - CIL_4

I
I

R &
Joints tree Steering/Poses Walue Lower Limit | Upper Limit

& i | 524 - 000 80.00

Fig.3.2Sf qsf {foubsfb hsbgjda b natvsasjj

in fio b m- gpmptjoe gvodfbg | Bjf @Tf WUNDPpimmmjpthagEg ¢ u
modelul 3D pentru cilindrul 4 este in coliziunal @lte elemente alesistemului automatizat

(Figura 3.23.

Joint Jog - CIL 4
R &

Jaints tree Steering/Pases | Value

& i 1

=

T

Callision Viewer

o oF ag |0 | ’E\ |’:$I¢’E| o o8 - =] % | W, v ListColiding Pairs | E
Colision et Name | Near M Contact - Alowed Penetration || Part Wih Pats | Collsion Siatus \ Distance
cL4 3 (Defaui| 0 (Defaut) ciLg

003 _utbv_1

I~ All Displayed Objects

Sequence Editor Path Editor  Collision Viewer

Fig.3.23Tf dwf obb ejo tjnvmbsf/ Jefoujgjdbs
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Sovbjb ef pqujnj{bsf

Qspdfevsbm- tpmvbjb dpsfdua ftuf tfnobmbsf
sfgbdfsfb npef mvmyvj DBE- sfjouspevdfsfb npef
acestuia.Concret, se poate limita cursa cilindrului pneumg d B npej gjidibsf b

d b g i&ijeieilindrului (Figura 3.24

Fig.324Tpmvbjb ef pqujnj{bsf/ Dpsfdubsfb dp

Fubgb 8/ Sfbmj{bsf tjnvmbsf cb{bua qf fwfoj

Avand capunctde plecare j nvmbsf b c-b{waurma ygds wmngbt dpot
tjnvmasj j cb{bua qf fwfojnfouf/ Bdftu mvdsyv
din Process Simulate vimca urmare a trecerii de la o stare la alta.

Process Simulate dispunte de un evaluator intern deenimente CEEA Cyclic Event
Fwbmvbups* df wfsjgjda mb vo joufswbimf qbdmatk
resursele din simulare (Figura 3.35Astfel, a pututg | svmbua tjnvmbsfb qf
ef pgfsbbjj ogssatlidehtfidateverjinemdefj s Bdvn ef dmboBbupbs

ef tfnobm B) ef tubsf gfousv b usfdf ef mb p
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