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Abstract 


This work is a part of the project creating the technological database and e – lectures necessary for improvement of education of process planning and connection database (MySQL) and PhP by Internet environment. Here we have elaborated few problems of variants of machining in process plans, selecting tool machines and manufacturing processes on the basis of the chosen criterions. We have indicated the problems of selection and the possibility of working out a solution. We have especially emphasized interactions between cutting conditions of tools, part (geometry, raw material, dimensional accuracy, geometric tolerances, surface finish), chucking type, batch of size, time (machining time, down time), and production costs through process of machine tools selection.
Keywords: Database, Internet, Process Planning.

1. Introduction

Process planning determines how a product is to be manufactured and is therefore a key element  in the manufacturing process. In spite of the importance of process planning in the manufacturing cycle, there is no formal methodology, which can be used, or can help to train personnel for this job. Process planning activities are predominantly labor intensive, depending on experience and the skill and intuition of production labor. As different process planners have different experience, it is not wonder that for the same product, different process planners will create different processes. The experienced process planner usually makes decisions based on comprehensive data and intuition without thinking about individual parameters. There is no time to analyze the problem, and the result is an empirical solution without justification. On the other hand, understanding and a methodic thinking flow will improve the performance of the process planner. Creation and analysis of different process planns can improve process planning by fast and simple calculation of machining time and costs.

2. Selection of Manufacturing Processes


The basic characteristics of manufacturing processes provide sufficient detail for selection of processes at the conceptual or embodiment stages of design. In a very general sense the selection of a material determines a range of processes that can be used to produce parts from the material. The main characteristics are shape factors (two-dimensional, three dimensional, sheet, bulk, etc,), process factors (cycle time, quality, flexibility, materials utilization, operating cost). The array of manufacturing processes is vast and is not easily fitted into a few charts or tables [1, 4]. When process choice is based on the individual’s knowledge, close familiarity with one process or one class of processes can led to premanture process choice. Once technical feasibility is established, process choice is further narrowed by cost and availability. 
The decision tables give general guidelines only and are based on good standard practices. Each table has characteristics of part (material, shape, size of part, minimum section, minimum hole diameter, surface detail, uniformity of cross, section thickness, dimensional accurracy), cost (equipment, die, labor, finishing), production (operator skills, lead time, rates, pieces/machine, minimum quantity or length) for different processes. As the example we discuss different variants of process plans for forged and rolled raw material, case of workpiece spindle (Table 1, Table 2).

Table 1 Main phases of spinndle machining Variant 1

 

– 3D main shape change, raw material as rolled part

	Phase
	3D Picture
	Phase
	3D Picture
	Phase
	3D Picture

	10/30
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cutting off 1
	30/20
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turning θ 65x190 2
	30/30
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turning θ 58x181,3 3

	30/40
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turning θ 55x141,3 4
	30/50
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turning θ 50,7x64,3 5
	30/60
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turning θ 40,5x24,5 6

	30/70
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turning θ 40x25 7
	30/80
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turning θ 50,2x39,8 8
	30/90
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turning θ 55,2x76,8 9

	30/100
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turning θ58,2x38,8 10
	30/110
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turning edge 3/45º 11
	30/120
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turning edge 2/45 12

	30/130
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turning on θ 58  13
	30/140
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turning on θ 55 14
	30/150
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turning on θ 50 15

	30/160
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turning on θ 40 16
	30/170
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cutting screw threads M 40x1,5 17
	40/30
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milling on θ 58 18

	40/40
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milling on θ 50 19
	50/30
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grinding θ50j6x40 20
	50/40
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grinding θ55k6x70 21

	50/50
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grinding θ 58j6x40 22
	END
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finished part spindle 23
	
	


3. Process Planning

Process planning determines how a product is to be manufactured and is therefore a key element in the manufacturing process. It is one of the most important parts in determing the cost of components and affects all factory activities, company competitivenesses, production planning, production efficiency and product quality. A huge amount of preparation work has to be carried out before final decisions about a manufacturing plan are taken. Process planning can be defined by a sequence of activities. 

Table 2 Main phases of spindle machining Variant 2



– 3 D main shape change, raw material as forged part

	Phase
	3D Picture
	Phase
	3D Picture
	Phase
	3D Picture

	
	[image: image25.png]



Forged part
	10/30
	[image: image26.jpg]



milling and drilling of the ends 1
	20/30
	[image: image27.jpg]



turning (rough) 2

	20/40
	[image: image28.jpg]



turning (fine) 3
	20/50
	[image: image29.jpg]



turning edge 3/45º 4
	20/60
	[image: image30.jpg]



turning edge 2/45º 5

	20/70
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turning on θ 58 6
	20/80
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turning on θ 55 7

	20/90
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turning on θ 50 8


	20/100
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turning on θ 40 9
	20/110
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cutting screw threads M 40x1,510
	20/120
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milling on θ 58 11

	20/130
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milling on θ 50 12
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finished part spindle


	
	


3.1 Methodology of Process Planning

Process planning determines the sequence of operations and utilization of machine tools, cutting tools, fixtures, gauges and the other accessory. Feeds, cutting speeds, RPM, depth of cut, number of passes, tool angles, lubrication and other machining parameters of the metal cutting are determined. The machining parameter values for each operation and phases are calculated to practical values or from experience. The recomended process is not only a result of the process planner’s experience, but also an outcome of the sequence of decisions made. Using classification of basic processes by shape of part groups, surface roughness range of basic processes, conversion of dimension tolerance to surface roughness, geometric tolerances capability of basic processes, accuracy of primary basic processes and manufacturing costs, process plannner can select type of primary process (raw material in rolled or forged shape in our case Table 1, Table 2).
3.2 Sequencing the Operations


The operations defined in process planning have to be put in certain order according to precedence relationships based on technical or economical constraints. Operations sequencing depends on many influences like: a) nature of the material, b) general shape of the part, c) required level of accuracy, d) size of the raw material, e) size of the batch, f) possible choice of machine tools and tools, etc [5, 6]. To achieve the nominated goal for definition of sequencing the operations is very complicated, multi-level, particular problem. Therefore, the expected difficulties in the process of solving this problem can be: a) pattern recognition, b) selection of datum, c) connection between machining surfaces and type of operations, machining tools, tools, positioning and  workholding, etc. 

3.3 Variants of Machining in Process Plans

Process of solution selection between possible process plans (rolling, Table 1 or forging Table 2 as the primary process for the spindle workpiece, different machining conditions, times and costs) can guide the user toward the best result (Fig. 1). Here we emphasized the role of the selected primary process on the machining time. Machining time for the forged and rolled raw material, for the mentioned case, are (turning operation) (Table 3): 

Table 3 Comparison for two variants of turning

	Primary process
	Machining time

	rolling
	6,48 min

	forging
	5,69 min

	Difference (%)
	12,19 %


4. Machine tool and tools selection

For the criteria of selection machine tools we have chosen: in the first phase the way of tightening and processing, the required quality of the treated surface, the dimensions of the workpiece and the technological data, including performance (n, s, P) which together form the basis for further elaboration in the following phases of the database development. All selected machine tools have possible intervals of cutting condition values (feeds, cutting speeds, revolutions per minute). The values which would be outside of the mentioned intervals would be red colored (Fig. 1).

As the first, we choose between the basic turning (longitudinal and transversal turning, conical turning, sphere turning, etc.) and additional turning (groove turning, cutting screw threads on the lathe, cutting off, etc.) on the basis of the geometrical shape of the product. This application displays the descriptive and the pictorial illustration of the processing so that the user decides for the shape best corresponding to his own product. 
By choosing a way of turning (internal or external) the window based on the multiple choice questions opens (Fig. 1. The questions referred to the way of tightening, to the required quality of the treated surface and to the basic and additional processing. It is important to stress that it is possible to choose only one from the given options about the way of tightening (tightening 3 or 4-jaw universal chuck with hard or soft jaws, segmented head, etc.) [3].

Furthermore, geometrical properties of the machine tools would be next step in the selection process (max. radius of turning, max. length of turning, etc).
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Figure 1. Calculation of machining conditions and times, selection of machine tools;

 

Case - machining spindle (operation turning 20 /110 phase cutting screw threads)
Size of the batch influences very critically the choice of machine tools and associated equipment. So, we come to the final choice of the machine through economic analysis, which consists of the synthesis of the price of the machining work (price of machine tool, profit rate during a given period of time, the price of the human resource, indirect expenses) and the price of the tools.

The outcome of the first phase is the display of the resulting groups of the machines with the ponderated values of the criteria (excelent - 5, very good - 4, good - 3, accepted - 2). From the window of the tool machine displayed in the Figure 1, which is the machine identification map, we can see the data about the manufacturer, the type of the machine, the number of revolutions and feed, and other data necessary for the formation of the technological process together with its pictorial and schematic representation.

5. Estimation of machining time and costs

Calculation of the direct machining times, preparation times for batch size, times necessary for machining  each member of the batch size is very important for the selection of the best variant of the process plans. In the near future, the next step of the program solution, calculated times would be direct result of the selected tools (and cutting conditions for each operation). With all calculated times and cost per hour for every selected machine tool we can very fast calculate manufacturing costs for every variants of process planning. Graphical review of the direct machining times (Tt)(chart pie Fig. 1) represent preparation time (Tpzs) for the whole batch size and the cumulative value of the direct machining times (Tt) and adjusting times (Tp) for each member of the batch size in the observed operation (until phase 20/110 cutting screw threads). 

6. Conclusion

The considered work presents the development of the variants of the technological process through the criteria of selection, the mechanism of processing, logical approach  and database. The accent is placed on the selection of the tool machines with the use of the ponderable criteria of selection (selection of the primary manufacturing process, the way of tightening and processing, the quality of the treated surface, depth of cutting, conditioned by the geometry of the workpiece, the dimensions of the part, the cutting data, the times and costs of the operations processing).

Next phase of project would include implementation criteria of selection in decision support and ponderable multiple solutions of process plans variants for automatic generating variants of process plans.
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