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Abstract. Statistical process control (SPC) can help manufacturers improve the quality of their products. This paper
describes a relatively simple and effective method and algorithm to adjust the accuracy of parts produced on CNC
machine tools using the methods of statistical process control. Examined the possibilities of the proposed method by
computer simulation of the process. By using the proposed algorithm scattering of size is placed in the middle of the
tolerance zone. Various variants carrying out the method are proposed adequate on the machining time during
processing details in the sample. This can optimize the total time for processing of the batch.
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I. INTRODUCTION the measurement results provides information about

CNC machine tools ¢ used in modern engineeringthe technological process stability [6]. The aintlo$
production has increased radically over the last fe article is to create a method and algorithm to stdju
decades. Manufacturing requirements along withthe accuracy of parts produced on CNC machine tools
quality requirements have become progressivelyusing the methods of statistical process control.
more stringent for achieving high-quality products
[3]. Oneway to improve accuracy in the production Il. METHODOLOGY
of machines parts is to use methods of statistical In the process of making a series of identicalgart
process control. These methods allow to apply inare controlled the dimensional accuracy, the locati
process control systemStatistical Process Control of the surfaces and material properties. These are
(SPC) has traditionally been used in manufacturingindicators for the accuracy of the products. Fahea
systems to analyses and interpret measurementsesuiis given norms of accuracy and limits deviations.
and to provide compensation paramet8is$PCcan  These characteristics are controlled by their sttaél
help manufacturers improve the quality of their evaluations [1].
productslt is effective in controlling the fluctuations Before the processing of each batch is carried
of the manufacturing process. SPC utilizes stadibti dimensional setting. This is done in order to get a
methods to monitor manufacturing processes with arclose to the working adjusting sizg, . Where the
aim to maintain and improve the product quality
while decreasing the variance [ 4 ].

Many researchers as Falsone [5], Nani [6] and
Ramamoorthy and Radhakrishnan [7], develop and
implement schemes for statistical control of
production quality improvement and productivity.
SPC helps define the capability of the stable gsce where: 4 is the nominal size of surfacd; is the
to judge whether it is operating at an acceptabletolerance sizeEM is the average deviation of the
Although in modern information technology is tolerance zonew, . is error of the measurement at

. usm
accumulated a huge amount of databases from pr'oéetup;a) is field of scattering. The ““refers to the
processing of shafts; the sign “+" refers to the

production experience, any new device is requiced t
processing of holes.

provide initial information for carrying out the
From equation (1) that to determing, need to

rate of tool wear has a great influence, the size i
determined by the expression:

U3J

A, = A+ EMZ(0,5T - a,,, — 0,5), 1)

process and control the qualitAutomated data
collection, low cost calculation, and demands for
higher quality, lower cost, and greater reliabiltge ~ know the field of scattering of the upcoming
the cause of using SPC [4]he statistical analysis of manufacturing process. Unlike mass and large series
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production in small batch production and small _ o1& _
amount of batch thus information is not available. '%:EZ A, Aya=4, A
For determination oA, , apply different solutions. i=1

Classical approach is the use of small sample test *° Step 4. If|A, /> 0,1,
details. The method of small sample apply to  Then made a correction on to the initial setting
processes that are scheduled rarer setups. ltith AA, =A,q
successfully applied in large series and mass
production. Then the statistical characteristicdhaf
process are known, including the dispersion cause
by random factors. It is used primarily to assées t
accuracy of the initial static dimensional settiny-
When using CNC machine tools, the method of
the small samples has a different implementatign [9
Carry out initial dimensional setting trial chipse t
sized;, = A+ EM . The scattering of the size at the

Otherwise, the process continues without
&orrection.

Processing new sample with sizéhe workpiece,
and are carried out the same actions as described
above.

Whatever is the process, at the implementation of
the proposed algorithm is achieved scattering ef th
sizes of processed details around the averagelsize.
is the most favorable location at the accuracy rdiag
finish machining is considerably less than thein the tolerance zone.
tolerance size, so the initial setting has to emshe To study the effect of the proposed algorithm is
production of workable parts. But the initial segfis  carried out computer simulation of processes with
not optimal in terms of the process to the firdtisg- and without dominant systematic factor. The factors
up. The test sample contains a small number o6 partwhich influence on the accuracy of machining of
sufficient to an indicative evaluate the dispersion parts are tool wear, thermal deformation, changing
and the working adjusting size. After making the the cutting conditions and setting the technoldgica
adjustment to the initial setting are controlled #ize  system.
of each of the following processed details and the
accumulating information with appropriate statiatic [ll. RESULTS AND DISCUSSION
analysis allows for more precise dimensional sgitin Table 1 shows a part of the numerical results
A different approach for dimensional setting used i obtained from the testing of the algorithm with
[2]. The initial setting is static. Each workpiet®  dominant systematic factor at turning of a shathwi
measured and is corrected the dimensional size t@izeD =35 .
stabilize the process. For dimensional control is '

applied original method by touching the tool wittet (A, =34,98mm;  0,1T= 0,004 mr)
workpiece. Table 1
The experience accumulated for initial Ne A AtA, Ao Ay
dimensional setting warrants the conclusion that at 1 | 34998 34,998
CNC machine tools is appropriate after the initial 5 35,001 | 35,001
static setting to exercise ongoing .control _of a!l 3 35006 | 35,006
processed parts. The obtained information is
processed at real-time statistically. As a restithe 4 34998 | 34,998
analysis is precise dimensional adjustment. 5 | 34,997 | 34,997 35 -0,02
For the realization of this idea was developed 6 35,008 | 34988
following algorithm that has a simple software 7 | 34991 | 34971
implementation of the discussed above solutions. 8 35,005 | 34985
The algorithm is given below. 9 35,002 | 34982
o S.tep 1._Stat|c or.tnal chips is car.ned out iditia 10 34,99 | 34970 34979 0,001
dimensional setting of average size: 34.986
) 11 | 35,006 '
Ap=A+EM; 12 | 3400 | 34972
e Step 2. Starts batch processing, as measured 13 | 35007 34987
after processing every detail and fills a 14 | 3a997| 34977
database of informationd; Ay. As...; 15 | 34998| 34978 | 3408 0.000
e Step 3. After processing the small sample with 16 | 35002 34982

size n (at least pieces) started statistical

?nformation _processing in parall_el with the In figure 1 shows the diagrams of the process

Ca&ﬂgn:tnrtggﬁgrﬁgtthhirgsgfgagtl;g&g Feros?zesznwithout dominant systematic factor. Above located

X . X 9 pie sl giagram is computer-generated Gaussian distribution
corrections of the dimensional setting to mainthie with standard deviationr = 3,5 zm compared to the

size-adjustin = A+ EM = const:
) 94”” _ nominal size D=35 mm. The second diagram located
After the firstn details:
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below the first one presents the results afteryapgl
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the algorithm for dimensional setup.

Table 2

No A A+A, Ay A, A,

1 34,998 34,998

2 35,003 35,003

3 35,01 35,01

4 35,004 35,004

5 35,005 35,005 35,004 -0,024 0,024
6 35,018 34,994

7 35,003 34,979

8 35,019 34,995

9 35,018 34,994

10 | 35008 34,984| 34,989 -0,009 0,033
11 | 35026 34,992

12 | 35014 34,981

13| 35031 34,998

14 | 35023 34,99

15 | 35,026 34,993 34,991 -0,011L -0,044
16 | 35032 34,988

dominant systematic factor at turning of a shathwi
SIZED = 35_0’04.

(A, =34,98mm; 0,1T= 0,004mrn)

In figure 2 shows the diagrams of the process with
dominant systematic factor. Above located diagram i
computer-generated Gaussian distribution  with
standard deviationo =3,5um compared to the

nominal sizeD=35 mm The second diagram located
below the first one presents the results afteryapgl
the algorithm for dimensional setup.

The figures 1 and 2 shows that and when there is a
systematically increase in the dimensions of the
machined parts caused by the tool wear, the algorit
successfully maintains the dimensional settinghen t
average value of size. Moreover, the accuracy ef th
process is increased considerably. For the specific
example, at tendency to increase in size up t020,00
mm/pcs and field of scattering around the centes li
w=23um ; without applying of the algorithm the

size scatter iso =100um. When used the algorithm,
the size scatter i& = 26um .

Table 2 shows a part of the numerical results

obtained from the testing of the algorithm with

1 35 7 911131517192123252729313335373941434547
detail

Fig.1. Diagrams of the process without dominantesysatic factor

When the processing detail of the algorithm, thesize is verified through a larder time interval frher
sample sizes comply with manufacture time duringdetails). It is possible be made for time interiral
processing of the workpiece. As already mentionedalgorithm, during which the sequence of n workpiece
the minimum sample size
manufacture time is less and dimensional wear doesamples will be used. This will shorten the tobalet
not occur dynamically during the process, the ayera for the control of parts that are processed.

is 3 details. Whento be measured. So the principle of small current
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Fig. 2. Diagrams of the process with dominant systé factor

IV. CONCLUSION

Statistical process control

(SPC) can help

manufacturers improve the quality of their products
Proposed is a relatively simple and effective métho [4] A..R Fazeli and E. Sharifi, Statistical Contenid Investigation

and algorithm for computer control accuracy

in

turning CNC machine toolsising the methods of
statistical process contrdExamined the possibilities

of the proposed method by computer simulation of[s]
It shows good performance as in
processes without systematic dominant factor and
expressed systematically varying the dimensions of

the process.

tool wear. By using the proposed algorithm scattgri

of size is placed in the middle of the toleranceezdt
is optimal to abtaining of minimal probability
rejects, both the upper and the lower limit of

tolerance zone. Various variants carrying out the
method are proposed adequate on the machining time

can[s]

during processing details in the sample. This
optimize the total time for processing of the batch
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