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Summary: This paper presents an expert system for machining fixture design. System provides new fixture construction design for specified input parameters on basis of adequate production guidelines. Paper provides applied methodology basic structure, specific systems segments review, and example of systems implementation in industrial production. In closing, there are conclusions, developed systems advantages and disadvantages, and directions for future research.
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1. INTRODUCTION
Fixture design process is complex, intuitive, and long-term and mostly depends on designer’s knowledge and experience. This inflicts the need for new technologies implementation in fixture design process. New technologies have the main aim to reduce time and costs in new fixture construction design and find optimal solutions for specific manufacturing conditions. This can be successfully solved by adequate fixture design system development [1, 7]. There are numerous examples of system appliance in world in field of fixture design where knowledge is presented in shape of regulations. Regulations can be understood as knowledge elements or as elementary amount of knowledge from specific fixture design domain. Regulations presents logic relation and it can be presented as:If X Then Y. This means: „If assumption X exists then Y can be concluded“. For example:

If locating surface is a hole Then locating element is long round pin
In other words, rule is logical expression with type If-Then with meaning if there is some kind of premise (or group of premises), then there is a conclusion (or group of conclusions), and then action (or group of actions) can be taken. This kind of knowledge expression is very natural and it suits the tendency for knowledge to become modular [8]. In addition, it satisfies requirement for easy knowledge base modification because new rules can be independently added from others and system is transparent, i.e. ways for making conclusions are easy to explain. Because of its shape, production rules are suitable way for presenting logic based knowledge. Conclusions are carried out by comparison of regulations group with group of facts or knowledge about the current situation.

Boerma and Kals [2] proposed a system for automatic selection of setups and datum based on feature tolerances for prismatic parts. The system automatically selects the positioning, clamping, and supporting faces for each setup. Dai et al. [3] described rule-based reasoning a modular element database creation method, which can be used effectively for integrating with a CAD system and for modelling fixture subassemblies. Darvishi and Gill [4] developed a fixture design expert system which is based on examining the design goals to be achieved and then creating rules to satisfy these imposed specifications. Lin and Yang [5] developed an expert system for a modular fixture. Sistem provide a fixturing procedure analysis for workpieces with different shapes such as L, I, T, and U types for face milling machining operation. Nee et al. [6] presented a feature-based classification scheme for fixtures using a 3D solid modeller, a feature extractor and an object-oriented expert system shell. Senthil Kumar et al. [8] developed expert fixture design system, which integrated setup planning and fixture design for an automated manufacturing environment. Senthil Kumar et al. [9] presented classification model and classification rule for conceptual design of fixture in milling and drilling operation, for prismatic part. Stampfer [10] discussed an automated setup and fixture planning method for machining box-shaped parts at horizontal machining centres.

The above mentioned expert and knowledge systems for fixtures design have some deficiencies in common. Production rules are developed mostly for locating and clamping elements. Elements can be chosen by repeating of regulations until all suitable elements are picked out from database. If large number of elements satisfies required demands, designer decides which solution will apply. Elements selection is done based on their functions. Whenever regulation is used, first is to check elements function and after that its geometrical characteristics. Main disadvantage of all the researches is that they only give conception or partial solution. Fixture concept solution is a solution that defines clamping or locating scheme, i.e. it defines locating and clamping surfaces, and locating and clamping elements position, not elements themselves. Fixture construction partial solution is a solution that defines actual locating and clamping elements.

Main aim of this paper is development of an expert system for fixture design that will secure fixture elements selection from all the elements functional groups. This includes selection of clamping and locating elements, fixture body elements, tool guiding elements, tool adjustment elements, connection elements, and additional elements. With this, overall fixture design process would function with expert system support.
2. GLOBAL SYSTEM STRUCTURE
Fig. 1 shows basic structure of an expert system for fixture design. Basic structure consists of knowledge base, inference engine, working memory, user interface, knowledge acquisition subsystem, special interfaces and explanation subsystem.
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Fig.1 Structure of an expert system for fixture design
Knowledge base has expert's knowledge from fixture design field. Knowledge input goes through knowledge acquisition subsystem. During the system functioning knowledge is not changing, its only changing before and after system exploitation. Working memory consists present data of characteristics that expert system solves. This data is variable and its values reflect present state in problem solving process. Inference engine is a program that solves the problem based on variable data and knowledge that is built in knowledge base, so it carries out systems assignment. Communication and result presentation (fixture elements) between system and user (designer) goes through user interface. During the processing there are facts, propositions, conclusions and other relevant data in working memory connected to description of workpiece and manufacturing characteristics performed on workpiece. These data can change, generate, and they can lose its importance during the working time. In systems based on rules, data in working memory are organized in form of statements, very similar to rule clauses. At the basis of initial data in working memory and rules in knowledge base, expert system can bring out conclusions in relation with selection of adequate fixture elements. In conclusion process, inference engine attempts to find a solution based on initial data in working memory and knowledge in knowledge base. User inputs initial data and they are stored in expert systems working memory. Inference engine applies knowledge from knowledge base to those data, and generates new data in working memory. With this, group of data in working memory is expanded. New condition in working memory can be enough to solve a problem and in that case, conclusion process is finished. Opposite to that, expanded group of data is processed again with usage of knowledge from knowledge base, and this leads to new change in working memory condition. Process is continuing with iterations until working memory condition is adequate for solution or until solution cannot be found. Inference engine can require input of additional data from user, if this is necessary, during the search for solution.
3. SYSTEM FUNCTIONING
Expert systems structure for automated fixture design is explained in previous chapter and to fulfil this explanation it is necessary to show how system works in real conditions. In this chapter example of system testing is shown with real manufacturing workpiece example. Workpiece for which was necessary to design fixture is shown on Fig. 2. Drilling operation is performed on workpiece for two holes ø30mm at vertical drilling machine.
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Fig.2 Workpiece
First step in system apply is input information coding and with that selection of individual fixture elements can be done. Factors that have influence on fixture construction can be joined with correct defining of input information. Input information's can be divided into two general groups:

· manufacturing characteristics (type of machining, main machine tool group, machine tool sub-group, type of machine tool, specific machine tool which is selected for machining, number of workpieces being machined at the same time, number of tools, number of machining surfaces, method of connecting fixture with machine tool, batch size, forces and moments acting during machining process),

· workpiece characteristics (workpiece shape, overall workpiece dimensions, number of degrees of freedom arrested with locating elements, workpiece locating method, shape of locating surfaces, integrality of locating surfaces, quality of locating surfaces, type of locating surfaces, characteristic dimensions of locating surfaces, shape of clamping surfaces, clamping scheme in particular directions, clamping drive in particular directions, intensity of clamping force in particular directions, types of clamping surfaces by particular directions, characteristic dimensions of clamping surfaces).

Segment of forms (computer reviews) how coding can be done is shown on Fig. 3. At basis of input information's labels are generated from needed fixture for observed workpiece manufacturing operation. Label consists of certain number of codes and it presents the key for searching of fixture elements database. Locking mechanism selects adequate fixture elements that will be used for final fixture structure and it represents them with a specific form (Fig. 4).
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	Fig.3 Coding of input information
	Fig.4 Fixture elements form


Element list is form based on choice decision developed criteria (production rules) for every element from individual functional groups. Label, and its individual attributes carry appropriate information - choice criteria. At basis of these criteria selection of fixture elements from all functional groups is done. After data base search potential fixture elements preview is generated if they exist. When several specific fixture elements solutions are obtained for the observed workpiece manufacturing operation, technological and economical analysis is being conducted for offered solutions. For goal functions, it is possible to set different parameters. It is suitable to chosen production, accuracy and price for parameters. It is expected that fixture has highest productions and accuracy, and lowest costs (price). Outputs are certain fixture elements for fixture assembling. After fixture assembling fixture structure is obtained, as it is shown on Fig. 5. After fixture analysis and fixture that can do the function is being identified, procedure for generation of certain technical documentation is carried out.
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Fig.5 Output results – fixture for drilling operation
4. CONCLUSION
Suggested system verification is carried out in several manufacturing systems. System provides selection of fixture elements and new fixture design. System provides quick fixture solution when there is need for new products, and with that, it improves technical and economical parameters of the completely manufacturing process. System provided satisfactory results for prismatic and rotating workpieces for milling and drilling operations. In following research stages system will be developed for other manufacturing operations (turning, grinding etc.). Author's idea was to implement system in it first stage for manufacturing operations of drilling and milling. This was not without of reason. Particularly for these manufacturing operations, it is often necessary to design fixture. For other manufacturing operations, (turning, grinding, etc.) most of the operations can be done with usage of universal fixtures that are delivered together with machine tool.
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