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Summary: Very frequently as decision makers we have to develop decision support for possibly answers/requests on some important requests for offers, generated for individual or batch production, for example: great number of requested offers for production of products at once, short deadlines of deadline of delivery, market demands for approaching prices of the individual or batch production near the prices of mass production etc. Purpose of this research was establishing possible connections between drawing/3D features and necessary production times/costs for manufacturing products. In our work is developed a classification system of rotational parts by means of group technologies. Developed application enabled the production time estimation, and consequently the production costs estimation.
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1. INTRODUCTION
Forming material removal is a most comprehensive process. The recommended process is not only a result of the process planner's experience, but also an outcome of the sequence of decisions made. 

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: pattern recognition, selection of datum, connection between machining surfaces and type of operations, machining tools, tools and positioning and  work holding, etc. Very frequently we must answer on some important requests for offers, generated for individual or batch production, for example: great number of requested offers for production of products at once, small batches with very rarely repetition, frequently changes of priorities during production, short deadlines of deadline of delivery, market demands for approaching prices of the individual or batch production near the prices of mass production etc. The goal was to define simple procedure for definition operations sequencing for every surface of the part. The main criteria was satisfaction of the requested geometrical and dimensional tolerance, roughness, etc.

Purpose of this research was establishing possible connections between drawing features (2D, 3D) and necessary production times for  manufacturing products. Research of the connection between production time and features of products give us as result technological knowledge base and regression equations. 
2. FEW APPROACHES OF OPERATIONS SEQUENCING AND ESTIMATION OF PRODUCTION TIMES
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: nature of the material, general shape of the part, required level of accuracy, blank size, number of parts
in the batch, possible choice of machine tools, etc. The expected difficulties in the process of solving operations sequencing can be: pattern recognition, selection of datum, connection between machining surfaces and type of operations, machining tools, tools, positioning and holding of workpiece etc. 

Few approache in sequence operations and production time’s estimation can be mentioned. 

First approach named Matrix method [1] can be described as operations defined by putting in certain order according to precedence relationship based on technical or economical constraints. 

Shape complexity approach as the second possible approach for production time’s estimation is defined through entropy as a measure of sample randomness [2]. The entropy is expressed as H=-Σpi.log2pi , where pi is the probability of a certain outcome (angle change along contour in this case). The ultimate goal is to calculate the shape entropy as a measure of shape complexity. 

Third approach named Variants of process planning [3, 4] can be explain as production time’s estimation. For example, estimation of production times & costs by web application for different variants of product production were developed. Selected variant of product production is result of product shape, way of tightening), roughness surface and kind of machine tools. 

Fourth approach named Operation sequencing [5] can be explain as development of original web application by Microsoft .net technology and Flash (http://ptp.fsb.hr). 

Fundamental idea for sequencing operations is shape recognition, determination between dimensional & geometrical tolerance with requested process roughness, calculation tolerance and cutting addition and final sequence operation. Web site for this application would be at http://ptp.fsb.hr. 

Fifth approach named Basic technological operations [5, 6] can be explain as development of the original knowledge base of fundamental, the most frequently operations. What can we put as the characteristics for the previous first four approaches for possible estimation production times? First, problems with the insufficient generalization level of the used procedure, too complicated calculation, insufficient level of automation of solutions generating in IT application, etc. In this paper would be discussed fifth , sixth and seventh approach by more details.
Sixth approach named Automatic assumption data from 3D model of the part [7] can be explain as development automatic process of receiving parameters from 3D models with low level of subjectivity, very fast and reliable process via CAD report to regression model. As result we have got clearly defined table of possible independent variables (number of features, finding out and counting dimensions with tolerances, counting of total number of dimensions, receiving additional parameters (mass, volume, superficial area). 

Seventh approach named Estimation of production times using code classification [8]. This developed application deals mainly with approach -  simplified combination geometric feature extraction and form feature identification in which all parts will be given a code digit which classifies them into a particular family of parts. To estimate the production time it is necessary to calculate the time required for the production of each basic shape, and the sum of all these times will give the production time per piece.
2.1. Influence of shape complexity

Relation between shape complexity, production time and costs, technology used to produce such part, group technology and some other would like to be researched with process attributes: shape, size, complexity, surface roughness, etc [2]. Each process occupies a characteristic area of the chart.. Shape complexity metrics will be targeted as an appraisal of the fundamental purpose of the manufacturing analysis. To do so we need some kind of criterion for part shape complexity. Aim is to compute the shape complexity number of a 2D shape (in future also for 3D surface).  Points belonging to certain "logical" segment are approximated by curves/lines. The result is that each "logical" segment is defined by mathematical equation. visually shows goodness of this approximation for our example shape. After the shape is defined by mathematical expressions the curvature change along the curve is then analyzed. Since the distance between adjacent sampling points is equal i.e. sampling is uniform, curvature change can be substituted with angle change between tangents on curve in each sample point.  An algorithm is used to analyze values of sampled angle changes and to find their probability distribution. Cluster analysis was used to group samples. 

Shape complexity is defined through entropy as a measure of sample randomness. The entropy is expressed as H=-Σpi.log2pi , where pi is the probability of a certain outcome (angle change along contour in this case). 
The ultimate goal is to calculate the shape entropy as a measure of shape complexity. Entropy with greater measure presented more complex observed shape.
2.2. Variants of process planning

Third approach named Variants of process planning [3, 4] can be explain as production time’s estimation. For example, estimation of production times & costs by web application for different variants of product production were developed. Selected variant of product production is result of product shape, way of tightening), roughness surface and kind of machine tools. 

2.4. Operations sequencing

The first decision should be to select the types of materiall removal processes from among the many basic processes. To assist in making this decision, the basic material removal processes are classified according to their capability to machine a group of parts to a required shape (round symmetrical, prismatic,  superimposed – holes and threads) shapes. The final selection of the basic processes depends on the accuracy of the part. Concerning selection of machining technology the most important parameter is the surface roughness required, followed by the geometrical and dimensional tolerances Our developed web application can give users within closed interval of tolerance, surface roughness and geometric tolerances, fast and precise, sequence operations for observed dimensions. Next steps of develoment web application would be use additional criterions (influence of the primary process, miminal change of machine tools, chucking, connections between dimensions, etc) to make intersection of the solutions.

3. BASIC TECHNOLOGICAL OPERATIONS
So, fundamental idea in fifth approach [6] of production time’s estimation is investigation of existence kind of relationship between shape and date from sketch and process type, process sequencing, primary process, way of tightening, selection of tools, machine tools, etc.  The greatest challenge is to establish (or investigate) the most important factors from sketch for useful, easy, fast and very exact estimation of production times. It is necessary in process of offers definition for better estimation terms of product delivery, production times and costs, manufacturing management and last but not the least important, product price. As one of the first step in our project research, we have defined possible shapes of raw material and 12 basic technological processes. 

Shape product dependent variable as the most important criteria were established for 5 different product types. As result of development we have developed 5 regression equations. Size samples are results of sample homogenization and .query of logical operators (classifiers) for 12 basic technological operations (OTP). So, as the first phase have to be establish technological knowledge base, features of drawing (independent variables)
and possible dependent variables for production times estimation (Figure 1), size and criteria for sample homogenization (principles of group technology) for analysis of variance and regression analysis. 

As the result of previous research, sample homogenization, classifier selection and multiple stepwise linear regression we obtained. (Figure 2) the best regression for Model AC102 GRINDED DISCS with index of determination r2 = 0.9776.
4. AUTOMATIC ASSUMPTION DATA FROM CAD 3D MODEL OF THE PART

As the second phase in research was investigated possibility for easy automatic, directly receiving 3D features of axial symmetric product to regression model. Defined request is resulted with development process of receiving parameters from 3D models with low level of subjectivity, very fast and reliable process via CAD report to regression model [7]. As result we have got clearly defined table of possible independent variables (number of features, finding out and counting dimensions with tolerances, counting of total number of dimensions, receiving additional parameters (mass, volume, superficial area). So, with these additional new independent variables we can: compare precision and reliability of ‘classical’ and ‘automatic’ estimation of production times, estimate competitiveness different competitors and suppliers and develop some aspects of decision support for management through use tools of optimization (genetic algorithm). With these ‘tools’, we can use some aspects of competitive intelligence and please some requests of virtual manufacturing. 


As example of multiple linear regression, after classifiers actions and stepwise multiple regression was selected group of rotational parts with 9 parts in a sample for 2D paper drawing. Observed multiple linear regressions for 6 independent variables, for the same sample and 3D model is Y = f (Kt, Ks, fea, m, V, P) (2) has index of determination R2 = 0.9918 and regression equation:

Y = 28.77308 + 8.277896Kt – 0.16359Ks – 1.46341fea – 50.8704m + 0.000324V + 0.002462P

(1)

2.00 < Kt < 8.00– tolerance dimension line of the part

13.00 < ks  < 46.00 – all dimension line
9.00 < fea < 25.00 – features of 3D

0.174 < m < 0.584– mass of the part

 4,063.80 < V < 74,724.50 – volume of the part

6,660.70 < P < 28,131.30 – superficial area

45.00 < Y < 111.00 – production time
Error between estimation by regression and calculated production time for each part (-5.64%;+ 4.32%)
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Figure 1 Connection drawing features with technological data [6]


As the result of regression analysis, we’ve got regression equation (1) and comparison between measured production time (sample) and predicted TO by regression equation. Results for predicted values of estimated production times by comparison with measured production times (sample) can approve about high degree precision of regression method. But, the most important independent variables by use linear multiple stepwise regression are Ks (number of all dimension lines) and P (superficial area).

This fact is very interesting against results from the other part of regression analysis: difference between initial and final mass and volume of the part are not important. It can be very useful in the further research of anticipation important factors for production time’s estimation. The main idea is that results of regression analysis and possible optimization of regression equation can be very useful in process of selection the most profitable parts, the most profitable technologies and equipment, etc. 
5. ESTIMATION OF PRODUCTION TIMES USING CODE CLASSIFICATION
The application presents here is developed for the production time estimation for product. Here presents example of developed application for the shafts. Our work deals mainly with approach -  simplified combination geometric feature extraction and form feature identification in which all parts will be given a code digit which classifies them into a particular family of parts (Figure 3). 
In the application model the idea was to divide the shaft into basic shapes [8] as it is not easy to estimate the time required for the production of a shaft.
This part of classification  (Figure 3) refers to the fine and rough profiling machining because the number of passes during turning is not the same; therefore, the division of the shaft into basic shapes makes this process of production time estimation easier. To estimate the production time it is necessary to calculate the time required for the production of each basic shape, and the sum of all these times will give the production time per piece. The application was tested by using the CAMWorks software to calculate the production time per piece required for the manufacture of 20 shafts. This production time per piece was then compared with the estimated production time per piece obtained by the own Excel application (differences between the production times per piece obtained by the Excel and CAMWorks, Figure 4) [8]. In addition to the above mentioned application for the calculation of the production time per piece, an application for the calculation of the following cutting conditions was developed using 
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Figure 2 Result of classifiers activities in technological knowledge base [6]
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Figure 3 Classifier of rotational parts
Microsoft Office Excel: Spindle speed – n [RPM], Cutting speed – vc [m/min], Surface roughness – Ra [μm], Required machine power – Pc [kW], Metal removal – V [cm3/min].
The application for the calculation of the production time per piece for shafts is made by using Microsoft Office Excel. This application consists of the following 10 worksheets, i.e. the typical turning processes with respect to the surface: Machine data, Face machining, Machining of centre hole, Profiling – straight, Profiling – tilt, Slot machining, Radius machining, Threading, Support time, Production time per piece t1. The order of worksheets in the application follows the order of operations in the technological process. The production time per piece comprises the following times: Machining time, Rapid time, Support time.

For the calculation of production times, one uses the formulae which are used in the standard process of creating a technological process. The application model has the following limitations:

· The model can be applied to rotational work pieces, i.e. shafts and is limited only to external turning; 

· The operations of milling, grinding, etc., have not been taken into account in the model. 

· Profile machining, or more precisely, radius machining is included into the application as part of the profiling – straight. Approximately, the error would be less than 0.1 % since it is a small segment of the shaft and its influence on the production time per piece is negligible.
· Another limitation is the x-axis machining which is not taken into consideration in this application. It can be accounted for by the fact that the sequence of basic shapes in fine and rough profiling should be defined. 
Thus, the time required for the estimation of production times is reduced; as a result, the price is also reduced.
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Figure 4 Average difference in production times per piece (Excel application and CAMWorks)
3. CONCLUSION
Purpose of this work was to establish possible connections between sketch features and necessary production times for products manufacturing. Research of the connection between machining time and features of product  gave as result regression equations. Automatic assumption from 3D model get objective observed  variables with correct values of variables. Assumption from 3D model instead classical ‘’manual’’ assumption from 2D paper introduce new variables which are important in process of 3D modelling.
The estimation of production times per piece by using own Excel application takes 15 minutes regardless of what is used as the basis: a 2D drawing or a 3D model. Savings in time are 4 times greater with respect to the CAMWorks when a 3D model is involved and 5 times greater when a 2D drawing is involved. If CATIA, less user-friendly and more complicated than CAMWorks, is used as the CAM software, savings in time are 6 times greater for the 3D model and 7 times greater for the 2D drawing.
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