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STATISTICAL EVALUATION OF IMPACT FACTORSTO THE ENERGY
CONSUMPTION OF MACHINE TOOLS

In this paper, a method for the evaluation of thergy consumption of machine tools is presented.tkis
purpose, the energy consumption of various mactooés has been investigated experimentally. In otde
increase the evaluation basis, measured values@fje consumption were also taken from literatdriee
evaluation contains an analysis of various factamscerning the productivity and the size of theestigated
machine tools. This analysis is capable of detgctime impact factors to increase the energy-effinye
of production systems. It can further reduce tHierefequired for data acquisition when various hiae tools
are compared.

1. INTRODUCTION

In the last decades, the demand for consumer goasl®een growing steadily, while
the amount of available resources has decrease@ wesult, there is a need for higher
resource-efficiency. One of the most crucial resesris energy. The need for the energy-
efficiency is even expressed in the directive a European Commission 2009/125/EC
“Ecodesign of Energy-related Products (ErP)” [1pnGidering the fact that the machine
tools play an important role in production, inciegshe energy-efficiency of machine tools
significantly contributes to more efficiency in tipeoduction. Thus, the production needs
processes, realized by energy-efficient machineschihe tools (MTSs) cause a substantial
amount of the industrial energy consumption. Theresf they will be focused by the
Ecodesign of Energy-related Products (ErP) Direcl009/125/EC [1] and have to become
more energy-efficient [18]. Moreover, with risingexgy prices energy-efficiency becomes
generally more important in economics.

The aim of this paper is to investigate the depeoéeof the energy consumption
of machine tools with regard to different techniparameters by using statistical analysis
[2]. This investigation can reveal potentials faprovement of the energy-efficiency on the
one hand, and, on the other hand, this investigatem set the basis for labels that enable
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a better comparison of machine tools regardingetiergy consumption. This paper only
focuses on machining centres for milling operations

Recently, many machine tools have been investigatadrms of energy-efficiency.
In order to generate a sufficiently large dataset the statistical analysis, results
of measurements of energy consumption of some meshihat were conducted at the
Institute for Machine Tools and Production Process# the Chemnitz University
of Technology are used in the dataset as well asuned results from literature [3-5]. The
statistical analyses performed in this paper hax@ goals. The first goal consists in the
reduction of the amount of technical parameters. this reason, a principal component
analysis is performed [6]. The second goal ismd BHut correlations and functions between
the energy consumption and the other technicalnpaters. For doing this, correlation
analysis and curve fitting are employed. The id@di functions build a basis for the
determination of energy labels for machine toojs [2

2. PREPARING THE DATASET

2.1. ENERGY CONSUMPTION

Electricity and compressed air are the main enesgyrces for machine tools.
Electricity dominates the environmental impact of dvat their entire life-cycle with a share
of more than 90 % [7]. Therefore, this paper oniysiders electricity as energy source.
Energy within material flows will be not regardeerré [8].

Energy consumption is the cumulated power consumpi a defined period of time.
Machine tools work in different operation modesl[8- Fig. 1 shows that the biggest share
of the operation time of machine tools in a proguctine is taken up by time for waiting
and moving operations without cutting [12],[13]. Mover, many studies reveal that the
majority of cutting processes do not increase tlwvgs consumption significantly
[3-4],[8-9],[14]. Thus, for many cases the energynsumption of a machine tool can be
evaluated approximately by the power consumptiorthat operation mode “ready for
operation” in a time period plus the power consuompbf the coolant system during an
estimated cutting time. Therefore, the power comdion is used as an indicator for the
energy consumption of a machine tool in this paper.
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Fig. 1. Workload of cutting machine tools in bagaid large-batch production [12],[13]
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The electric power consumption for this dataset wesmsured with current sensor
clamps and power analysers at the main power sugpliye MT. Furthermore, published
measuring results from literature were includedetdarge the dataset for the statistical
analyses [3-5].

2.2. IMPACT FACTORES

The characteristic of a machine tool can be expredsy using many technical

parameters that can be classified into the follgvgroups:

a) General data (e.g. machine type, manufacturinggsses, year of manufacture):
The machine type yield information about the pdssitealized manufacturing
processes (e.g. turning or milling) and featurede®$, pockets, 3-D-surfaces, etc.).
Machines are comparable if they can realize theesige of machining processes
[15], i. e. the machines are approximately of tame type. Furthermore, the year
of manufacture can be linked up with the instakdectric power, like shown in
Fig. 2 on an example of the lathes installed ak$whgen factories over 80 years
[16]. The installed electric power has been rissteeply for the last decades. The
significant increase of the installed electric powe the 1980s is related to the
upcoming automation caused by the advance in canpaethnology.
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Fig. 2. Installed power of lathes in Volkswagentdaies since 1930 [16]

b) Size (e.g. mass, dimensions of workpieces, machines
Generally, the size of a MT corresponds to the maxrn dimensions and the
maximum mass of the workpiece. The space requoednbchining also needs to
be considered. In literature [3], an approach txdjmt the energy consumption by
using the work area is suggested. Thereby, the &l is defined by the length
of the x and y axes for milling machines and by ldegth of x and z axes for
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d)

lathes. In literature [3], the work area is classif into three sizes: small
(A <0.1 m?), medium (0.1 < A< m? and large (A>n?). Within each class, the
energy consumption is expected to depend on thelesity of the MT, i.e. more
complex MTs are expected to consume more energy.

The approach of classification was extended to #ferdnt MTs by own
experimental measurements and values taken froer ttarature. Results of this
approach are shown in Fig. 3. The power consumptiothe operation mode
"ready for operation” is taken as a measure. The lTthe sample are sorted in
ascending order of the energy consumption of eadlvidual MT. It is obvious
that the correlation to the work area is not dtithough there is a general trend
of larger MTs consuming more energy.

In the presented study the complexity is expresgethe number of servo axes. It
is interesting to note that the number of servoesad@es not increase continuously
with the power consumption order. Therefore, thepeeked higher energy
consumption of more complex MTs is not generallyetfor the given sample.
Another measure is the mass of the MTs. Bongaal. ¢12] detected a quadratic
relation between the mass and the installed eteptriver for horizontal lathes.
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Fig. 3. Machine size categories and number of sares as impact factors to power consumption

Productivity (e.g. speed, acceleration, power aodjue of spindle and feed
drives):

An important property of MTs is the productivityathcan be expressed by speed,
power and torque of the spindle, maximum feed aatkacceleration of the axes.
Accuracy (e.g. positioning or machining accuracy):

The evaluation and comparison of the accuracy o fidm datasheets is difficult,
as there are many different standards applied. Mhufacturers publish different
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declarations regarding the accuracy, for instanositipning or machining
accuracy. Furthermore, thermal stability is becagmmore important for MTs
aiming for high precision. In this paper, the piosiing accuracy is considered as
a comparable and available parameter influencing émergy consumption.
Additionally, the positioning accuracy is combinedth the arithmetic mean
of linear axes travel to define a parameter thptagents the relationship between
the accuracy and the machine size.

e) Auxiliary systems (e.g. coolant, air cleaning, @@/ lubrication, control):
Auxiliary systems work process-dependent (e.g.amolair cleaning) or process-
independent (e.g. drive cooling, lubrication, cohtdight, hydraulic). Process-
independent systems run most of the time, even \leemachine is waiting. It is
widely accepted that these systems inevitably causggnificant part in the
measured power consumption in operation mode “rdadyperation”. Process-
dependent systems like coolant pumps account farge portion of the energy
consumed while machining. However, the contributadrnthe process-dependent
systems can only be determined under certain dgonditduring a manufacturing
process. Standards like the Japanese TS B 0024} Aftl the upcoming 14955-3
[1] might offer solutions for this problem.
In fact, the power consumption of coolant systears differ in a wide range. This
is due to the fact that high and low pressure puanpsoften installed in the same
machine. The energy consumption of these systemisefudepends on the tool
used. For the reason of simplicity, this paper doasregard process-dependent
auxiliary systems and machining operations.

f) Environmental conditions (e.g. forms and quality nfeded energy, climate in
workshop):
Environmental conditions for MTs are difficult testcribe by suitable values for
an analysis of the energy consumption and are oioiggio be considered in the
following analysis.

2.3. STATISTICAL DATASET

The dataset is represented byrarby-p matrix X of m observed objects (measured
machine tools) and parameters (potential impact factors) in the fofm

(1)

The observed objects contain 21 machining centreghwvare capable of milling
operations (18 milling and turn-mill machines anahBl-turn centres, [2-5]) Furthermore,
the dataset provides 45 technical parameters imgudll allocable information from
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machine documentations. From these 45 parametepaidineters are selected for further

evaluation. The set of 21 parameters consists efpthwer consumption and 20 potential

impact factors (see Table 1). The selection ofghmmeters was performed on the basis
of the estimated impact, the comparability andrtbenber of available values (more than

50 %) of each parameter within the sample of MTs.

Table 1. Technical parameters for the statistinalyses

Class

©

Description

electric power consumption in operation modadsefor operation” [KW]
number of servo axes

installed electrical power [KVA]

maximum work piece mass [kg]

machine mass [kg]

arithmetic mean of table size [mm]

table area [m?]

linear axis travel x [mm]

linear axis travel y [mm]

linear axis travel z [mm]

10 | work area of linear axis x-y (milling) or x-z {fixturn) [m?]

11 | work volume of linear axis x-y-z [m3]

C) 12 | arithmetic mean of maximum feed rate (mhin

13 | arithmetic mean of maximum acceleration in lireeees x-y-z [m-§]
14 | maximum tool mass [kg]

15 | maximum spindle power 100% ED [kW]

16 | maximum spindle torque 100% ED [Nm]

17 | nominal spindle speed [niih

18 | maximum spindle speed [rfih

d) 19 | position accuracy [um]

20 | arithmetic mean of linear axes travel / posiagouracy [mm-pif

b)

olo|N|olu|dw/N ROz

As aresult, a 21-by-21 matrix for statistical asalg is achieved. In this matrix, there
are some empty cells represented by NaN (Not a Mumbhe NaN-values arise due to the
missed information from the literature. Some statid methods are not able to work
(ignore) with NaN-values. In order to overcome tfast, the NaN-values were substituted
in two ways, either using mean values of the exgstiet of data or by “expert” estimations.

3. STATISTICAL EVALUATION

In this chapter, a method for the evaluation of émergy consumption of machine
tools is presented. It contains three tools ofigteal analysing which are carried out with
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the dataset of machine parameters. In order targeverview about the correlation between
impact factors and the power consumption, corredipgn correlation coefficients are
computed as the first step. In a second step, tineipal Component Analysis (PCA) can
show the parameters with significant impact on &ask. This can help to reduce the
number of parameters and thus the effort requiveddta acquisition and evaluation. In the
last step, curve-fitting is performed to obtain athematical function between the impact
factors and the power consumption. This can allmsmalizing power consumption in
order to compare different MTs.

3.1. CORELLATION ANALYSIS

The empiric correlation coefficieiR describes the linear relationship between data
andy by the following equation:
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Fig. 4. Scatter plots of 20 impact factors (abssssvith power consumption (ordinates) and corietatoefficients
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The range is -1<R<1 where -1 means “perfect”’ limeagative dependence, 1 “perfect”
linear positive dependence and O no linear depamdenfhe results of 20 correlation
analysis are depicted in Fig. 4. In this scattest,peach abscissa and every ordinate
represent a selected impact factor and the powasuroption, respectively. The numbers
of the parameters correspond to the numbers ineTAbThis visualization allows a better
understanding of the calculated correlation coigfits. Moreover, a non-linear relation can
be recognized. Based on this, some impact factersedected for the curve-fitting.

The evaluation shows the highest correlation coeffit R=0.811 for the impact
factor number 2 (installed electrical power) witegard to the power consumption.
The second largest correlation coeffici€éht 0.805 is found for parameter 15 (maximum
spindle power 100% ED). That is, the installed #leqpower and the maximum spindle
power can be expected to have the biggest impattteoanergy consumption of a MT.

3.2. PRINCIPAL COMPONENT ANALYSIS

Principal Component Analysis (PCA) is a tool of thaultivariate statistics and
describes linear relations between parameters dataset assuming a normal (Gaussian)
distribution of the parameters. The idea of PCAstsis in the fact that data are a cloud
of points in ap-dimensional space and the line with the best appration for those points
is the first “principle component”. It could be igiaed like transforming the first axis of the
p-dimensional space into the direction with the dmtgvariance. The second axis (second
principal component) stands orthogonal to the fomse and have the second largest
variance, and so on. The number of componentsualéq the number of parameters. For
performing the PCA, @-by-p covariance matrix is defined. The values of eaxh vector
in this matrix have to be centered regarding tharmalue of the corresponding row vector.
Furthermore, the values of each parameter were al@®d to its arithmetic mean as the
large-scale differences between parameters woldiiyfshe PCA results (e.g. the parameter
regarding the acceleration contain values in rangm 5 to 14 mé and the parameter
spindle speed is in range of 5000 to 60000MiThe PCA cannot calculate with NaN-
values, which are present in the original datasetmentioned above, the NaN-values were
replaced either by arithmetic mean values or bypéek estimations”. Subsequently, the
PCA computes the covariance matrix from the matcixn the results of both PCA in form
of the eigenvalues of the covariance matrix areréasd. The eigenvalues express the parts
of a component in the total variance of the datashe variance-vectors (VarVect and
VarVectCumul) show this in relative and cumulatway. Only 7 components represent
approximately 95% of the total variance of the dataThis implies that only 7 components
should be considered in the next investigation i@eg by the bold lines) at which the other
components can be neglected.

Table 3 comprehends the matrix of coefficients fué first 7 components for the
matrix with mean values as well as with expertreations. The values in the first column
imply the contribution of the corresponding paraendo the first principal component; the
second column corresponds to the second princgrmaponent, and so on. If the matrix with
mean values is used, it is obvious thatcth@ribution of the parameter 19 (position
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Table 2. Eigenvalues of the covariance-matrix

No. of | dataset with arithmetic mean values dataset with estimated values
Comp. | Eigenvalue | VarVect | VarVectCumul | Eigenvalue | VarVect | VarVectCumul
1 6.09 60.67 % 60.67 % 7.24 60.97 % 60.97 %
2 0.88 8.77 % 69.44 %| 1.22 10.26 % 71.24 %
3 0.81 8.08 % 77.52 %| 0.99 8.32 % 79.56 %
4 0.70 7.01 % 84.53 %| 0.78 6.55 % 86.11 %
5 0.51 5.03 % 89.56 %| 0.60 5.09 % 91.20 %
6 0.34 3.38 % 92.94 %| 0.39 3.24% 94.45 %
7 0.31 3.12% 96.07 %| 0.24 2.04 % 96.49 %
8 0.15 1.48 % 97.55 %| 0.16 1.37 % 97.86 %
9 0.10 1.00 % 98.55 %| 0.08 0.63 % 98.49 %
10 0.05 0.54 % 99.08 %| 0.06 0.50 % 99.00 %
11 0.04 0.35 % 99.44 %| 0.05 0.43 % 99.42 %
12 0.02 0.18 % 99.62 %| 0.03 0.21 % 99.64 %
13 0.01 0.14 % 99.76 %| 0.02 0.15 % 99.79 %
14 0.01 0.09 % 99.86 %| 0.01 0.10 % 99.89 %
15 0.01 0.06 % 99.92 %| 0.01 0.06 % 99.94 %
16 0.00 0.04 % 99.97 %| 0.00 0.03 % 99.97 %
17 0.00 0.02 % 99.99 %)| 0.00 0.02 % 99.99 %
18 0.00 0.01 % 100.00 % 0.00 0.01 % 100.00 %
19 0.00 0.00 % 100.00 % 0.00 0.00 % 100.00 %
20 0.00 0.00 % 100.00 % 0.00 0.00 % 100.00 %
21 0.00 0.00 % 100.00 % 0.00 0.00 % 100.00 %

accuracy) is negligible. A similar statement camimle for parameters 1 (number of servo
axes), 13 (arithmetic mean of maximum acceleratidmear axes x-y-z) and 20 (arithmetic
mean of linear axes travel / position accuracy)s Tiwther implies that these parameters are
irrelevant for the statistical investigation. Ore tbther hand, the largest contribution to the
first component makes parameter 11 (work volumépvieed by the parameters 10 (work
area) and 16 (maximum spindle torque). Additionalhe parameter 16 and parameter 6
have the most significant impact on the secondthind component.

If the matrix with expert estimations is analyseg contribution made by parameters
1, 13, and 19 is negligible. In contrast, the pat@ms 10, 11, and 16 contribute to the
principal components significantly. In conclusidgingan be said that parameters 1, 19, and
20 do not have to be regarded in the further arsalyse coefficients of the parameters over
the components scatter in a wide range. For tlaisom, it is not possible to make a cluster
of many parameters in order to reduce their nunDaly the above mentioned parameters
can be neglected, i.e. parameters 1, 13, 19, and®9scatter plots for these parameters
(see Fig. 4) confirm this finding despite the cepending correlation coefficients. It is
surprising that the parameter concerning acceterat(No.13) does not play an important
role. In this case, the arithmetic mean of aaeions in all linear axes is not adequate. It
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Table 3. Machine parameters and first 10 comporafritee PCA matrix

mean value expert-estimation
Component 1 2 3 4 5 6 7 1 2 3 4 3 6 i

PO |power consumption 0.170| -0.345| -0.091| -0.234| 0.117| 0.324) -0.444] 0.158 0.189] -0.252| 0.245| 0.343| -0.047| 0.280
P1 |number of servo axes 0.049| -0.094| -0.116| -0.067| 0.169| -0.027) 0.011] 0.039| 0.070] 0.012] 0.178| 0.036] 0.146| 0.017
P2 |installed electrical power 0.166| -0.241| -0.400| -0.146| 0.193| -0.079| -0.063| 0.166| 0.127| -0.083| 0427

P3 |max. work piece mass 0.256| 0.291| 0.162) 0.003| 0.047| 0.295) -0.366| 0.266) -0.117| 0.194] -0.322|

P4 |machine mass 0.248| -0.209| -0.021| 0.037| -0.070| 0.172] -0.101] 0.229| 0.164| -0.097| 0.065

PS5 |arith. mean of table size 0.120[ 0.249| -0.072| -0.018| 0.079| -0.141] -0.109] 0.108| -0.158| 0.171| 0.010

P6 |table area -0.132] 0.018| 0.374| -0.352] -0.174] 0.207 —0.272 0.019

P7 |linear axis travel x 0.198| 0.007| 0.076) 0.016| -0.154| -0.107] -0.115] 0.183] 0.026] 0.019] -0.107| -

P8 |linear axis travel y 0.208| 0.006| 0.121) 0.038| -0.247| -0.019| -0.254] 0.197| 0.019] -0.020| -0.182

P9 |linear axis travel z 0.208| -0.177| -0.420| -0.067| 0.150| 0.007] 0.211] 0.188 0.077 0.016

P10 |work area
P11 |work volume

0.138| 0.045| -0.103) 0.159] 0.325| 0.095| 0.168 0.301
-0.293 0.211| 0.325] -0.179
P12 |arith. mean of max. feed rate -0.335 0.102| 0.100| -0.314| -0.145
P13 |arith. mean of max. accelerationl -0.013] -0.112] 0.030| -0.062| -0.104| | -0.013| 0.055| -0.115| -0.018
P14 |max. tool mass 0.172| -0.030| 0.204| 0.219 0.304 0.501| 0.301| -0.003| 0.141| -0.074
P15 |max. spindle power (ED 100%) | 0.216] -0.152] -0.014] -0.105| -0.138 0.200| 0.145| -0.290, 0.005

P16 |max. spindle torque (ED 100%)| 0.342 0.011 -0.367| 0.341 0.342) 0.091] -0.421| -0.378

P17 |nominal spindle speed -0.171] -0.095| -0.031) 0.462| 0.123 —0.226 USR]l 0.340] -0.062
P18 |max. spindle speed -0.144[ -0.473] 0.329| 0.272 -0.148| 0.575| 0.125| -0.177
P19 |position accuracy 0.000] 0.019] 0.005| 0.005| 0.015 0.015) -0.094] -0.013| 0.001

P20 |axes travel / position accuracy 0.041] -0.008] -0.028| 0.000| 0.106 0.178| 0.102] 0.001) 0.109

would be reasonable to make such parameter by tlsgngnaximum value or product of the
values. This can be seen on the example of parafmé¢aeithmetic mean of table size) and 6
(table area). While the parameter 6 is stronglyirti§ the variance of the parameter 5 is
reduced by the calculation of the arithmetic meamithermore, the contribution of the
power consumption is not as significant as somesrogfarameters though its variance
cannot be neglected.

3.3. CURVE-FITTING AND COEFFICIENT OF DETERMINATION

In order to obtain a mathematical description fbe tdependence of the power
consumption on the other parameters the curveditis performed in this chapter.
Additionally, the coefficient of determinatioiR9) is simultaneously evaluated to assess the
guality of the mathematical function regarding teal parameter values.

Based on the facts resulting from the PCA, theetation coefficients and the scatter
plots (see Fig. 4) the parameters 2, 4, 9, 1013416, and 17 (see Table 4) are selected for
the curve-fitting.

The mathematical functions that parameter are astianby the curve-fitting are
chosen so that the trends in the scatter plotsbeareproduced. In order to reproduce the
trends in the scatter plots the following matheoatiunctions are chosen:

1. Linear function in the formy =ax+b
2. Exponential function in the formy = aexg™+ cexp™
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3. Quadratic polynomial function in the forny:= ax® + bx+c
4. Power function in the formy =ax’ +c

The coefficients of these functions estimated bg turve-fitting are assorted
including the coefficients of determinati&i in Table 4.

Table 4. Values for the variables of the curverfgtfunctions including coefficients of determiraati

curve-fitting typ linear functions exponentiel functions

variable a b R2 a b c d R
P2 |installed electrical power 5.42E-02| 3.80E-01 0.658 - - - - -
P4 |machine mass 1.93E-04| 8.40E-01 0.536 - - - - -
P9 |linear axis travel z 2.56E-03| 1.28E+00 0.373 - - - - -
P10 jwork area 2.48E+00| 1.86E+00 0.334| 2. 74E+04| -9.70E-01| 2.74E+04| -9.70E-01 0.564
P14 jmax. tool mass 1.00E-01| 1.74E+00 0.372]| 1.23E+00| 5.50E-02 - - 0.000
P15 max. spindle power (100%) | 1.80E-01| 4.30E-01 0.649| 5.75E+00| -4.79E-04 - - 0.590
P16 |max. spindle torque (100%) | 6.13E-03| 1. 77E+00 0.350 - - - - -
P17 nominal spindle speed 8.60E-04| 4.38E+00 0.260 0.305

curve-fitting typ quadratic functions power functions

variable a b c R? a b c R?
P2 |installed electrical power 4.33E-04| 1.10E-01]| -8.70E-01 0.742( 2.45E+00| 3.20E-01| -5.05E+00 0.718
P4 |machine mass - - - - -5.58E+01| -8.40E-02| 2.92E+01 0.655
P9 |linear axis travel z - - - - -1.61E+03| -1.50E-03| 1.60E+03 0.473
P10 \work area - - - - 8.21E+00| 1.90E-01| -3.56E+00 0.459
P14 imax. tool mass -4.69E-03| 3.00E-01| 5.10E-01 0.428( 2.39E+00| 3.00E-01| -1.82E+00 0.416
P15 max. spindle power (100%) | -2.20E-03| 2.40E-01| 140E-01 0.654| 2.10E-01| 9.50E-01| 3.40E-01 0.649
P16 |max. spindle torque (100%) - - - - 1.78E+00| 2.20E-01| -1.98E+00 0.523
P17 |nominal spindle speed - - - - -7.00E-01| 2.90E-01| 8.65E+00 0292
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Fig. 5. Curve-fit of selected parameters and paeasumption
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If the coefficients of determination are evaluatedan be said that the dependences
of the power consumption on the parameters 2, 4130and 16 are approximated best way
by the quadratic polynomial function, the power dion, the exponential function, the
guadratic polynomial function and the power fungtiorespectively. For the other
parameters a mathematical expression does not sedma very reasonable due to the
coefficients of determination lower than 0.5. Fagdepicts the plots of the real values and
corresponding fitted functions. This figure impliteat especially installed electric power
(parameter 2), machine mass (parameter 4) and éixamal spindle power (parameter 15)
can be recommended for the estimation of the p@arsumption of machining centres for
milling operations under using the fitted functiont the labeling of machine tools is
addressed, the most appropriate parameters anadtadled electric power (parameter 2)
and the maximal spindle power (parameter 15). Th@sgarameters can be normalized by
the coefficients from the Table 4 with a suffici@gcuracy in a simple way.

4. CONCLUSION

In this paper a methodology for the statisticallea@on of the energy consumption
of machine tools is presented. Especially, the deépeces of the energy consumption on
various technical parameters of a machine toohddzessed whereby machining centres for
milling operations are regarded. The power consigngh the operation mode “ready for
operation” is used as the indicator for the ovemalkergy consumption. The dataset is
represented by am-by-p matrix of m observed objects (measured machints)t@nd p
parameters (potential impact factors). A corretagmalysis between 20 impact factors and
the power consumption is carried out. Moreover,Rnacipal Component Analysis (PCA)
is performed to find out parameters with significampact on a dataset which allows
reducing the number of parameters. Finally, curiterg is applied to derive mathematical
functions between the impact factors and the pow@nsumption. By use of this
methodology, the number of parameters is reducetl five parameters feature a relation
to the power consumption that can be described enalically with sufficient accuracy.
From these five parameters, three parameters sheulded for the estimation of the power
consumption of machining centres for milling opernas. Furthermore, two parameters are
suitable for normalizing the power consumption. Foemalizing is enormously important
for the intended labeling of MTs due to the divigrsif their technical parameters.

The future work will focus on the enlargement ofe tldataset. Furthermore,
supplemental parameters are investigated in oocdegpresent the features of machine tools
in an appropriate way.
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