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Rezime: U eri izražene tržišne konkurencije proizvodne firme su primorane da smanjuju troškove razvoja i proizvodnje, uz očuvanje visokog tehničko-tehnološkog i funkcionalnog nivoa novog proizvoda. Pored savremenih proizvodnih tehnologija, visokog nivoa upravljanja kvalitetom proizvoda i organizacije rada, neizostavna je upotreba Computer Aided tehnologija, koje omogućavaju primjenu hardverskih i softverskih inžinjerskih pomagala kroz sve faze životnog ciklusa jednog proizvoda. 
U ovom radu primjenom softverskog paketa CATIA V5 ostvarena je automatizacija velikog broja projektnih operacija u procesu projektovanja mosnog krana. Time se ubrzava proces razvoja proizvoda, pojava greške svodi na minimum, smanjuje broj različitih varijanti proizvoda, što doprinosi smanjenju troškova razvoja, povećanju kvaliteta proizvoda te boljoj konkurentnosti preduzeća na tržištu.   
AUTOMATION AND OPTIMIZATION OF PROJECT OPERATIONS IN THE BRIDGE CRANE DESIGN PROCESS
Abstract: In an era of marked competition production companies are forced to reduce development and production costs, while maintaining high technological and functional level of the new product. In addition to modern production technologies, higher levels of product quality management and work organization, use of Computer Aided technologies is indispensable, which allow hardware and software engineering tools throughout all phases of a product life cycle. In this paper, using the software CATIA V5 is realized automation of a large number of project operations in the design process of bridge crane. This procedure will speed up product development process, the occurrence of errors bring to a minimum, reduces the number of different product variants, which helps to reduce development costs, increase product quality and improved competitiveness of production company in the market.
1. INTRODUCTION
Bridge cranes are complex crane machines intended to carry cargo in the horizontal and vertical planes. Bridge cranes are mobile cranes with one or two major beams, depending on size and load range. Can be performed standing or hanging. For the design and construction of bridge cranes are of special importance of the following characteristics: functionality, operational safety, technical protection, low cost, easy interchangeability of damaged parts, esthetic form, easily inspected and handling, the use of the simpler technologies in production and installation. Using CATIA V5 software package was developed families of standard parts catalog, of mechanical parts which are typical of crane machines, which are not found in existing libraries in  CAD/CAM softwares. Automation of the design procedure for 3D models of mechanical parts and assemblies, can be achieved by  parameterization methods, based on input values needed for a few basic parameters. This greatly reduces the time of development of new bridge crane project, which also results in substantial reduction in product development costs.
2. DEVELOPMENT AND APPLICATION OF BRIDGE CRANE STANDARD PARTS LIBARY IN CATIA V5 SOFTWARE
Parametrization of standard parts family in CATIA V5 begins by defining the Excel design table for the family. Excel design table of the standard parts family shall contain the names and length parameters of all members of the family. Whole family of standard parts should be dimensioned by these parameters. Excel design table is imported into CATIA V5 Part Design workbench, and from Excel design table are added length parameters into set of parameters of 3D model of standard part. Using these parameters are dimensioned 3D model of standard part of family.   
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Img.1 Generating parametric 3D model for member of standardized hook family of bridge cranes

This 3D model is imported into the library of standard parts of bridge crane, using CATIA V5 Catalog Editor workbench. The big advantage of this procedure is that a single parametric 3D model provides to the library  information on all family members. Therefore, it is not necessary to model all the family members of standard parts of bridge cranes.  
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Img.2 Use of catalog in Assembly Design CATIA V5 workbench
Image 2 shows the procedure of using CAD catalog of standard parts in CATIA V5 Assembly Design workbench, where one *.CATProduct contains several members of the families of hooks, traverses and hook-nuts, which were added from catalog into the assembly.   
Using of CAD catalog of standard parts achived great speed of modeling assemblyes that contain a large numbers of standard parts. Occurrence of errors is low.  It is possible to change the shape of standard parts by adding new features into the parametric structure of parts. Catalog of standard parts is easy and simple to adept by editing Excel design tables of families of standard parts.   

3. PARAMETERIZATION OF BRIDGE CRANE PARTS AND ASSEMBLIES
All the characteristic of 3D modeles in CATIA V5 are defined by parameters. These include: part numbers, dimensions, geometric constraints, tolerance, material properties, area, volume, mass, inertia moments, etc.  
The parametrization represents use of tools and designing techniques which is achieved simplicity and flexibility in manipulation of dimensions and other features of parts or assmbly 3D modeles. Parametrization provides automatic dimensioning and positioning of parts in assembly, based on values of few main assembly parameters. For example, dimensions and position of all parts of rope drum assembly are determined by the values of few parameters: rope diameter, crane tackle ratio, lifting height, rope drum sheet metal thicknes etc.     
[image: image4.png]Osovina

Osovina.xls

.
Q Poklopac



                     

Img.3 Defining of parameters via Excel design table for dimensioning crane tackle parts
Crane tackle assembly contains considerable number of standard parts, which are added from developed standard parts libary: hook, hook nut, traverse, axial bearing, plain bearing etc. That is why other parts of crane tackle are parameterized via Excel design tabeles. Image 3 show how one Excel design table can be used for parametrization of more crane tackle parts. In such a way it is posible to use Excel design tables of standard crane tackle parts for parametrization of non-standard crane tackle parts. This procedure allows automatic dimensioning of non-standard parts depending on the values of parameters of standard crane tackle parts, and of  parameters of crane tackle main parts: tackle axis and tackle wheel.   

During parameterization of the other bridge crane assemblies, parameters are created internally in CATIA V5, via Formula dialog box. Formula dialog box allows the generation of new parameters, deleting and editing, add formulas in values of parameters etc.    
The folowing techniques and tools in CATIA V5 were used for achieve automatic dimensioning and positioning parts in bridge crane assemblies, in depending on values of  main parameters:  
· formulas
· parametric links
· geometric links
· laws
· rules
· measurements
Most of these tools are part of CATIA V5 Knowledgeware workbenches that are among the KBE (Knowledge-based Engineering) Computer Aided Technology.  Using these techniques, we created a special datbase of parametric 3D models of bridge crane assemblyes. Images 4 and 5 shows how these assemblyes adapt and implement into the current bridge crane product. Parametric 3D model of current project bridge crane is completed in four phases in image 4.      
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2. Prilagodavanje dimenzija podsklopova tekuéem
projektu, izmjenom osnovnih parametara 3D
modela
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V5 biblioteke standardnih dijelova
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opreme, koji se preuzimaju u univerzalnom
formatu (*.iges, *.step ...) sa web stranica
proizvodaca





Img.4 Modeling the wagon assembly of current bridge crane project 
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Img.5 Modeling parametric 3D model of current bridge crane project
4. ACCELERATE OF DEVELOPMENT OF DRAFTS, FEM ANALYSIS, CAM PROCESSES AND OTHER PROJECT TASKS
High level of standardization and unification of bridge cranes parts and assemblyes allows the use of the same 3D modeles in multiple bridge cranes products.  CATIA V5 allows associativity between diferent CATIA V5 extensions via external references – links. This fact allows the use of the one extension (*.CATDrawing, *.CATAnalysis or *.CATProcess) in multiple bridge crane projects.   
Once made a drawing of part  is transferred to multiple folders of bridge crane projects, via CATIA V5 Save Management. Then, in the copy of drawing that is located in current project folder, done link replace. New link must lead to *.CATPart which is located in current project folder.
During update of drawing, software doing changes of a contour of part and generate new values of dimensions, depending of dimensions of current project *.CATPart. All annotations, tolerances, notes, symbols etc.  that are created at first time  in drawing were kept in copy of drawing.  Designer of drawing has less work that is related to amending of existing elements of drawing.  
Procedure is identical for other CATIA V5 extensions: *.CATAnalysis or *.CATProcess.

5. CONCLUSION 
In addition to the described  advantages of  associativity between diferent extensions of CATIA V5 software, associativity between software extensions allows realize of concurrent engineering. Teams of experts responsible for different phases of product lifecycle management can work parallel in the same time. This reduce the elapsed time required to bring a new product to the market. 
Use of the CAD/CAM/CAE software brings many advantages at economic-marketing field. Rendered photorealistic images and animations, 3D print or 3DVIA online enviroment can represent new product without providing an real prototype of product.   
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Img.6 Photorealistic image of bridge crane
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