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Abstract

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. Purpose of this research was establishing possible connections between sketch features 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.

1. INTRODUCTION

Process planning could be presented like a balance between producing a part meets functional requirements, minimal production time and minimal production cost. Relation between part manufacturing, production time and cost certainly exists but is not always very clear.

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) blank size,

e) number of parts in the batch,

f) 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.

2. SEQUENCING OF OPERATIONS AND ESTIMATION OF PRODUCTION TIMES
Few approaches in sequence operations and production time’s estimation can be mentioned. 
First approach named Matrix method [1, 2] 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 [3]. 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. Shape shown in Figure 1 has the entropy of H=2,052. Of course, there is very complex question. How to connect in unique manner shape complexity with technological procedure and production times/costs?

Third approach named Variants of process planning [4, 5] 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 (Figure 2a, 2b). Selected variant of product production is result of product shape (Figure 3), way of tightening (Figure 2a, 2b), roughness surface and kind of machine tools. Thus, production times and costs are result of observed process planning variant.

Fourth approach named Operation sequencing [1] can be explain as development of original web application by Microsoft .net technology and Flash (temporary site http://www.igorm.net/studadmin/). The goal was to define simple procedure for definition operations sequencing for every surface of the part. The main criteria were satisfaction of the requested geometrical and dimensional tolerance, roughness, etc. 

Fundamental idea for sequencing operations (Figure. 4, 5, 6) is shape recognition, determination between dimensional & geometrical tolerance with requested process roughness, calculation tolerance and cutting addition and final sequence operation (Figure 4). Web site for this application would be at http://ptp.fsb.hr.

Fifth approach named Basic technological operations [6, 7, 8] 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 approach by more details.
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Figure 1 Contour of a valvet approximated by splines & lines
3. SKETCH FEATURES AND TECHNOLOGICAL DATE – BASE FOR PRODUCTION'S TIMES ESTIMATION 

Very frequently (especially in domain of SME company) we must fast answer on some important requests for offers, generated for individual or batch production, for example: 
1) great number of requested offers for production of products at once, 

2) small batches with very rarely repetition,

3) frequently changes of priorities during production,

4) short deadlines of delivery, 
5) market demands for approaching prices of the individual or batch production near the prices of mass production etc. 
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 Figure 2a Selection of machine tools - case for conical machining
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Figure 2b Selection of machine tools - case for conical machining
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Figure 3. Phase - turning of threads with selection shape part, cutting parameters and times

[image: image6.jpg]SeqOp - Windows I Explorer

SeaOp  (00:09/03:37 ) | tzlaz.

Zadatak

Zavod 2a industrijsko inZenjerstvo / Katedra za projektiranje proizvodnje

% Za povrginu ozna&enu debljom linijom na slici odredite vrste
obrade odvajanjem &estica, dimenzije na koje se obraduje,
tolerancije i kvalitetu povrsine (Ra) za svaku obradu.
Koristiti se tablicama 1-3.

a= 0,5 Ra; b = 0,0009mm; ¢ = 90mm, d = + 0,015.
c#d

— R

aRg,





Figure 4 Example of development sequencing operations
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Figure 5 Determination of tolerance equivalent

Very important factor for good company competitiveness on the market is technological flexibility. 

For successful company running a business, necessary condition is existence of process planning for every product in saleable process and activities of evaluation of requests of potential customers. 
It must be stress that often technological knowledge and speed of process planning would be more important than technological level of equipment, skills and knowledge of people who technology realized. 

So, we can be faced in practice very often by one of two undesirable cases: 
a)
great amount of used time for definition process planning of products without agreement of order for production products, 

b) signing an agreement without estimated precise machining times/costs necessary for products manufacturing and realization agreed upon products.
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Figure 6 Final solution of sequencing operations
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Figure 7 Connection sketch features with technological date

4. DEVELOPMENT OF TECHNOLOGICAL DATEBASE 

Basic technological processes must give requested date to sales department as the most important date for defining product costs/price and deadline of delivery. Also, basic technological processes can be very useful as the base for detailed process planning or optimization of process planning. We can be faced by few approaches in process planning. For example, definition very precise IF THEN procedure for creation technological knowledge database. Or, we can be faced by use of fuzzy logic and certainties of possible solutions. Or, we can try to solve restricted area of problem by heuristic approach. 

What can it means? Technological processes are basically based upon product sketches with adequately dimensions, tolerance (dimensional and geometrical), surface roughness, batch size, shape and kind of material, heat treatment, requested delivery, disposable equipment, tools, etc. At the same time, process plans is primary results of planner experience, intuition and decision support. Very often, process planners work under high level of pressure or lack of time. 

Process planner can establish possible connections between sketch features and necessary machining times for products manufacturing. Defined hypothesis says that established connections we can express, except methods of AI, with regression equations. Established purpose is to define basic process planning with satisfactory precision.

So, fundamental idea in fifth approach [6, 7, 8] 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, production times, etc. (Figure 7).

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 30 potential basic technological processes. Parameters of basic technological processes can be: 
· shape and kind of raw material (features of sketch, knowledge base),

· type of workpiece (features of sketch, shape and dimensions of raw material),

· necessary operations for treatment (features of sketch, expected production time, knowledge base).

· operations sequencing (features of sketch, necessary operations of treatment, knowledge base),

· necessary production times (features of sketch, based on equations).

So, it have to be establish features of sketch (independent variables), possible dependent variables, size and criteria for sample homogenization (principles of group technology) for analysis of variance and regression analysis. Relation between tables (Figure 9) (Marks of parts, Realized technological processes, etc) are elements of realized technological processes and procedure.

5. PREVIOUS RESEARCH OF ESTABLISHED HYPOTHESIS

As the precedence work we have to define domain borders of independent variables (less than 40), reduction number of variables by correlation/factor analysis and definition type of smoothing curve with high index of determination. Of course, desired level of generalization in regression analysis would be important indicator for the quality of regression equation. 

Group of rotational parts with heat treatment (Table 1), as example of multiple linear regressions (four variables) was selected. Observed multiple linear regression Y = f(X1, X2, X3, X4) (1) has index of determination R2 of 0,969211 (Table 2):

Y = -30.4632 +  0,000489X1 + 7,553821X2 + 0,560182X3 + 124,5732X4


(1)

Y = production time

X1 = workpiece volume

X2 = number of marks for locations and roughness

X3 = number of dimension lines

X4 = requests for locations.
Table 1. Sample of sketches and features for 4 independent variables and 1 depend variable
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	Table 2 Index of determination for ANOVA

	Regression Statistics

Multiple R

0,984485

R Square

0,969211

Adjusted R Square

0,962369

Standard Error

31,43457

Observations

23




For different group of values of parts (same group) with the significant level of homogeneity were established 8 multiple linear regression equations. The next steps of research were conducted in the way of automatic recognition and joining part to the adequate group of parts (logical operators in database). 

Research as the second request has included more precise measurement and calculation production times of parts. As the third request was procedure for estimation multiple linear regression with the least variables, the greatest index of determination and good coincidence calculated and predicted values of dependent variable. 
6 HOMOGENIZATION OF THE SAMPLE, CLASSIFIERS SELECTION AND SIGNIFICANCE OF VARIABLES 

Blank material may be expressed by three basic groups: quality, shape and dimensions. Investigation of the connection between production time and features of product (through four groups of independent variables) can give as result regression equation. All elements of the sample are records for created database (Figure 9).

Considered sample consists of original production documentation of one Croatian company for manufacturing machine tools. For establishing potential high quality relationship between features of sketch and production time we have to execute two actions. One action can be explain as exploring measures for reduction number of independent variables for regression analysis. Method of analysis of variance (ANOVA procedure) and stepwise multiple linear regression (Excel, MatLab) were very helpful in process reduction of number of independent variables.

The other action was process of sample homogenization (Figure 10) for example, elimination of too big or small value of members of sample. Shape product dependent variable as the most important criteria were established for 8 different product types. As result of development we have developed some regression equations. Size samples are results of sample homogenization and .query of logical operators (classifiers) for 12 basic technological operations (OTP). (Figure 8).
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Figure 8: Partial regression leverage plot for X43

7. DEVELOPMENT STEPWISE LINEAR MULTIPLE REGRESSIONS

As the precedence work we have to define domain borders of independent variables (less than 40), reduction number of variables by correlation/factor analysis and definition type of smoothing curve with high index of determination.

Of course, desired level of generalization in regression analysis would be important indicator for the quality of regression equation. One of the most important problems was process of homogenization of sample of products. Adequate method for this action was one of methods of group technology. 

Logical operators during query process in database Access (Figure 9) were very helpful in process of homogenization of sample of products. As the result of previous research, sample homogenization, classifier selection and multiple stepwise linear regression we obtained: (Figure 11): 7 independent selected variables, basic sample of 320 parts, constraints for data parts, 8 regression equations, percentage of explained effects, relative error (7-30%), etc.. 
The other approaches were critical analysis values of dependent variables and excluding the extreme values. 

As example of multiple linear regression (seven variable), after classifiers actions and stepwise multiple regression was selected group of metal rod with 221 parts in a sample. 
Observed multiple linear regression Y = f(X43, X40, X11, X50, X8, X33, X1) (2) has index of determination R2 = 0,742471 for X43 residuals. (Figure 8):
Y = machining time

X1 = tolerance external diameter of workpiece

X8 = surface roughness

X11 = internal diameter of workpiece

X33 =ratio length/diameter of workpiece

X40 = complexity of workpiece

X43 = superficial area of raw material

X50 = difference of length workpiece and raw material

Y= 36.419+13.649 X43 + 0.099 X40 + 0.459 X11 + 2.023 X50 – 4.080 X8 – 0.655X33 + 0.712 X1.










(2)

For different group of values of parts (same group) with the significant level of homogeneity were established 8 multiple linear regression equations. 
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Figure 9 Relation between tables [6] 
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Figure 10 Regression models
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Figure 11 Result of classifiers activities in technological knowledge base [6]

8. CONCLUSION

Hypothesis about relationship from one side between sketch features and from the other side production times and parameters of technological processes is confirmed. Result of research is fact that possible initial shape of material raw can be automatic defined on the base of the sketch features. 

Process of the previous classification parts in defined types of parts based primarily on geometric features is not so important in the process planning. Solution can, indeed, find not in determination type of part but in parts joining to specific, in advance, type of defined fundamental technological processes (OTP) based on sketch features and selected classifiers. 

Logical operators during query process in database Access were very helpful in process of homogenization of sample of products. 

For establishing potential high quality relationship between features of sketch and production time we have to execute two actions.
One action can be explain as exploring measures for reduction number of independent variables for regression analysis. Method of analysis of variance (ANOVA procedure) and stepwise multiple linear regression (Excel, MatLab) were helpful in process reduction number of independent variables.

The other action was process of sample homogenization, for example, elimination too big or small value of sample members. Shape products as the most important criteria were established for 8 different product types.  Results of classifiers activities in technological knowledge base are: 8 recognized homogeneous groups of parts, 7 independent different variables, high percentage of explained effects, relative error (7-30%), etc.

As result of development we have developed 8 regression equations. Size samples are results of sample homogenization and .query of logical operators (classifiers) for 12 basic technological operations (OTP).
Research work would be continued by development user friendly web application for estimation production times, looking for adequate model for optimization (minimum of production time, maximum occupied capacity, maximum profit for assortment of selected products), etc. Implementation of the genetic algorithm can be one of possible methods for solving optimization problems. 
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