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Abgtract: The article we will present on the use of cohtliagrams (charts) of the production processgifipally to
assurance the quality on milling machine. Theamkeffectiveness in the application in the produmcprocess will be
evaluated by comparing the waveforms in the diagravarious types of diagrams, which operate oneckfiit
statistical characteristics, were selected astistital tool for regulating the detection and asseent of stability of the
manufacturing process.

1 Introduction monitored process operates only accidental catises,

The production process should be continuall@ll Polygon points in a control chart are betwe@t land
monitored and controlled. It is therefore necessary UCL, UCL and LCL lines define the scope permissible
know and use methodS, tools and techniques obstali variation Value, apprOXimately 9970/06Qa/alues will lie
process control to improve and maintain the quaﬁty within this zone. Then the process of Statistica”y
products and processes that allow us to monitorgpat controlled state, that is the statistical right.LU®&pper
on the process of quantification of image. Intragghrcof ~ Specification Limit) is the upper tolerance limitcaLSL
Statistical Process Control — SPC, using contralrtsh (Lower Specification Limit) is lower tolerance litsi
and associated with the detection capability of thgontrol charts work with the Type I error 0.0027.
manufacturing process is carried out in retaligtishich Control charts for measurable quality charactessti
are characterized by high accuracy. In generalfrabn required for the right application to verify four
charts used to improve the quality parameters @ssumptions: normality of data, constant mean yalue
production and in the prevention of errors in thgpat, in ~ Standard deviation and constant data independéture.
the production process. Help prevent unnecessalfje analysis of variable and attributive charactéresy
changeovers production lines, which could creafé@ve been developed various types of control chidris
downtime and will increase the cost of the procucti advisable to construct a pair of control chartse dor
process. monitoring the variability of the character and liya

Control chart indicates the possibility of the mrese Second to monitor the centring of the characterityua
of discrete causes in the process when the poitsideu [5], [6], [7], [8]. Into classification of controkharts is
the regulatory borders. It should also follow saymical engaged STN ISO 8258:1995 generally there are two
cluster points, none of which does not lie outdidese types of control charts:
limits, but which may also indicate the presenceaof * measurement control charts - data on measurable

discrete causes [1], [2]. variable obtained by measuring and recording the
The measured values of (product parameter) are character numerical values for each of the items

characterized by their mean value and variability. in the subgroup,

Wednesday to regulate the distribution of measured ¢ comparison of control charts - data obtained in

values is usedX -chart (control means selection means) recording the presence or absence of a specific

or Mediagram (regulation through the selection of the character for each of the items in the subgroup.

median). For controlling the variability in the tlibution For regulating measurement pairs are used:

of measured values is usBdchart(control by tendering » charts for the aveLagE and standard deviatian
variation margin) ois-chart (control via sample standard « chart for averageX and range R,

deviation). In general, the chart contains a celirierthat « chart for the median Me and range R.
represents the mean value for the in-control psoces
[3], [4]. Two other horizontal lines, called the pgp Control charts for data obtained by comparing

control limit (UCL) and the lower control limit (LQ, are  (qualitative and measurable quality characterisfics
also shown on the chart. These control limits dr@sen (Control Charts for Attributes) are:

so that almost all of the data points will fall it these e chart for the number of nonconformities, defects,
limits as long as the process remains in-contrfothé « chart for number of nonconformities per unit,
~9~
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» chart for the share of nonconforming units. 2 Process measurement evaluation
For e_ach of control charts, there are two different For monitoring capabilities metalworking lathe
situations: (milling machine) comply with setting and maintaigi

» core values are fixed (very unlikely in practice), the quality control charts were selected. Measwlgdct

» core values are not established, was sprocket with an internal diameter28f+ 0.05 mm

« core values are fixed (very unlikely in practice). The measurements were performed on a digital calipe

MITUTOYO.

In this paper are used only control charts for According to the standards of construction Shewhart

measuring. control charts it is recommended to measure thdyats

Process capability reflects the ability of theof approximately equal intervals and in groups, aihi
manufacturing process or equipment to achieve tlensist of the same product to the same measunalite
prescribed quality requirements. To improve thecpss and the same number of values in each subgroup (STN
of stabilization is required, the stable procdss does 1SO 8258:1995).
not change the average or standard deviation sstatly There have been five measurements every hour and
controlled process means that the process is apgratincluded a total of 25 selections, ie the number of
only the effects of random and systematic causes sfibgroups is k = 25 and range of subgroups n k¥ Tifie
instability are eliminated. To evaluate the procass prescribed limits are 27.95 mm and 28.05 mm. Based
used different capability index which compare dhe measured values, the averages are evaluated. Th
prescribed allowable variability in a given tolecarlimits measured values were tested for nomality, from rfeidi
to the actual variability observed character adhdea it is clear that they have a normal Gaussian distion.
statistically controlled processs. For monitoringpgess Data normality was confirmed by the Shapiro-Wilestt
capability indices are use@ ,,C, andC,, who is p-value is 0,1513__it is probably nuII-hypothesi.s is
acceptedat the significance levep>0.05, the population

allowed to count only upon proof that the processni is normally distributed.

statistical mastery of state.
Capability indexC, is a measure of the potentia

ability of the process to ensure that the monitaredlity
feature lay within the tolerance limits. This work
describes the process variability. Its disadvanisagieat it |
does not consider the middle of the distributiontloé
measured values with respect to a desired tardeg,va
and to require the two tolerance limits. Take valfrem | 2
0 to 2, and of the numerical value to determine tF
process capability. While the indeg  is an indicator of

potential process capability, that is how the pssasould
be, so the index ,, is an indicator of the current process °

40

35
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.

- %
27,95 27,96 27,97 27,98 27,99 28,00 28,01 28,02 28,03

capability. Capability indexC ,, takes into account no

only the variability, but the location of the redece SW-W = 0,9841: p = 0,1513

values of tolerance mark of quality in the fieldaub Figurel Verify data normality
characterizes the true process capability to cormytly

the prescribed tolerance limits. The disadvantagtnie In Table 1 are calculated in the final group of tcain

index is that if the mean valyemoving away from the tendency and variability needed to construct céntro
target value, and does not change its deviaion charts.

deteriorating. The indeX, can take values from

(_00'00). Capability indexc . called Taguchi capability Table 1 Values for constructing control charts
. P . . Grou Average Range Standard Median
index, removes some of the shortcomings andexies p [mm] [mm] deviation [mm]
1 27,9854 0,0340 0,0148 27,9770
o ) 2 27,9968 0,0250 0,0114 27,9910
CpandC, . This index compares the maximurp
o o . o 3 27,9978 0,0280 0,0107 27,9950
permissible variation observed quality characteris 2 7 9944 0.0190 0.0081 27 9900
determined width of the tolerance band of the real i i i i
variability around the target value. The valuehi$tindex 5 27,9892 0,0320 0,0145 27,9800
will be calculated from the interv4D, ) . 6 28,0022 0,0290 0,0120 28,0050
7 27,9846 0,0170 0,0069 27,9820
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8 27,9906 0,0350 0,0132 27,9880 - Yx = R ys _ z Me

9 27,9828 | 0,0280 00117 27,9770 X=5 R= = ST M, = " 1)

10 28,0040 0,0390 0,0149 28,0010

11 27,9996 0,0410 0,0151 28,0030 a) Control charts for average and rangeX(, R)

12 28,0084 0,0270 0,0106 28,0050 « Centralline: CL, =X aCLg =R.

13 27,9992 0,0590 0,0267 27,9980 e Control limits:

14 27,9910 | 0,0280 00125 | 27,9940 UCL, =X+A,.R LCL,=X-AR

15 28,0032 0,0200 0,0076 28,0010 UCL; =D, R LCL, = DsR.

16 27,9964 0,0260 0,0109 27,9910 b) Control charts for average and standard

17 27,9904 0,0310 0,0122 27,9920 deviation (X ,s)

18 27,9896 0,0540 0,0204 27,9900 « Centralline: CL, =X a CL, =s.

19 27,9974 0,0370 0,0158 27,9900 * Control limits:

20 27,9994 | 00210 00079 | 28,0010 UCL, =X+A;8 LCL,=X-AgS

21 27,9988 0,0290 0,0144 27,9900 UCL, =B,s LCL, =B;s.

22 27,9892 0,0420 0,0169 27,9830 c) Control charts for median and range (Me, R)

23 27,9968 | 0,0270 0,0120 27,9950 - Centralline: Clye=Me aClg =R.

24 27,9968 0,0340 0,0127 27,9930 *  Control limits: o B

25 27,0958 | 0,0520 00216 | 28,0010 UCLye = Me+ AR LCLy, = Me-A4R
Average | 27,9952 0,0326 0,0134 27,9925 UCLg = D4.§ LCLg = D3.§ .

CoefficientsA,, A;, A,, B3, B, D3, D4, d,, C,
it is necessary to calculate the central tendermd ai; isTable 2.
variability - each choice means range R, standard
deviation and median. Consequently, for these galite Table 2 Coefficients for calculating regulatory lisfor
calculates the average sample mean, the averagec@r the scope of subgroup n =5
E:Se.: average standard deviation and the averagemgdi A, | A | A | BB, | D;s| D, | d, | C,

0,577 | 1427| 0,690 0,00 2,089 0,000 2114 2,326 400/9

_1n Statistical stability, we research it by controbdt the
X=—2 %, R=Xpu control chart, we find signs of instability: pointeyond
ni=1 regulatory limits, 7 consecutive points above tleater
line, 7 consecutive points below the central ling,
Me=x, .\ OF Mezl N consecutive points in a rising line, 7 consecufivents in
(7] 2 (E] (7] descending row.
Table 3 The regulatory limits and central lines foX , R)
Control chart for average [mm] Control chart for range [mm]
CL 27.9952 CL 0,0326
LCL 27.9764 LCL 0
UCL 28.0140 UCL 0,0688
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Figure 2 Control charts X , R)
In Figure 2 are displayed one below the other cbrainarts, and the range of diameters, and holwesange of
diameters diagrams seen that the process is stibl all points are between the upper and lowemndaries of
regulatory.

Table 4 The regulatory limits and central lines foX ,Ss)

Control chart for average [mm] Control chart for standard deviation [mm]
CL 27.9952 CL 0,0134
LCL 27.9760 LCL 0
UCL 28,0143 UCL 0,0280
~12 ~
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Figure 3 Control charts X , s)
In Figure 3 are shown below each other control tshareans and sample standard deviations. Neithiat po

calculated exceeded regulatory limits, so the @®é® stable. When analyzing control charts fongiéability of the
manufacturing process using statistical charattesisf theR ands can state a similar pattern of these curves.

Table 5 The regulatory limits and central lines {bte, R)

Control chart for median [mm] Control chart for range [mm]
CL 27.9925 CL 0,0326
LCL 27.9701 LCL 0
UCL 28.0150 UCL 0,0688
~13 ~
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Figure 4 Control charts (Me, R)

In Figure 4 are shown below each other controltshfar median and range. As shown in the figureetee not
visible from a trend or a group of points that wbaignal the presence of a discrete causes ofticerid he process is

stable.

Indicators for capacity control charsX , R) (2) are:
d, (USL-LSL)

. =11906

C s mm{dz(US_L—i)’ d, (% —_LSL)} 2
3R 3R

C = min{13051,1076} = 10761

The index valueC,>1, C,>1 say that it is the

compliance of the production process. Vali,, < 125

account of the process is a good fit for standaod yicts.

Conclusion

Identification of the problems associated with poor
quality products, identifying the causes of and
continuous improvement is key to maintaining and
improving the quality of processes and products are
essentiallhe article is an example of using control charts
for monitoring capabilities milling machine comphjith
setting. Control charts are used to routinely namnit
quality. A control chart represents a picture gfracess
over time. A control chart tells you if your preseare in
statistical control. The ideas above apply to ntbes just
manufacturing processes. We can use run charts and
control charts to monitor waiting times for bank

~ 14 ~
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customers, numbers of complaints, customer satisfac [3]
ratings, delivery times, and so on.

[4]
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