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Rationale for the construction of centrifugal spreader of mineral fertilizers

Investigational construction features of rotor working organ and their influence on the high-quality
indexes of work of throwing about of mineral fertilizers.

The obtained formulae allow to determine the absolute velocity fat disk and angle of departure required
for determining the width of the lens cover. On the basis of analysis of motion of financial particle for the blades
of centrifugal working organ along a sending rib structural descriptions of the fourblade throwing about are
grounded.

Withdrawn simple enough for engineering application of the formula, giving an opportunity to
substantiate the design of the disk diffuser fertilizers, which is guaranteed to improve scattering.
mineral fertilizer spreader centrifugal type blades, centrifugal working body, disc, even distribution of
granules
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Analysis methods for measuring system by repeatability
and reproducibility

Then to the organization to ensure a stable market position, which leads to success in competition, must
focus their attention on all of their production processes with respect to the quality of its products supplied to its
customers. Measurement parameter of the products, their analysis and evaluation, is inherent to the production
process in organizations around the world. Whether the product meets the requirements of the customer depends
on the observed variance parameter of the product but also the variability of the measurement system itself. The
measurement plays a key role in scattering the monitored parameter of the product, so it must be analyzed. Tool
through which we can assess the accuracy and appropriateness of the measurement system is called a
measurement system analysis.
measurement variability, product, process, repeatability, reproducibility
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MeToabl aHATN3A J1JIsI H3MepPEeHHUs CHCTEM NMOBTOPSIEMOCTH M BOCIIPOM3BOIUMOCTH

IIpousBoauTenu, 4To0bl 00CCIICUNUTh CTAOMIBHOE MOJIOKEHUE HA PHIHKE, TOJDKHBI COCPEAOTOYUTh CBOS
BHUMAaHHC Ha TOJICPKaHUM KayecTBa CBOCH MPOJYKIIMM HAa BCEX IMPOU3BOJCTBCHHBIX 3Tamax. M3mepeHue
mapaMeTPOB MPOAYKTOB, UX aHAIU3 U OICHKA SBISCTCS HEOTHEMJIEMOM YacThIO MPOU3BOJICTBCHHOTO IpoIecca
Ha TPEINPUATHAX MO BCEMY MHUPY. ByIeT I MpOAyKT COOTBETCTBOBATH TPEOOBAHMSAM 3aKa3urKa 3aBHCHT HE
TOJIBKO OT OTKJIOHEHHSI KOHTPOJIMPYEMOr0 IapaMeTpa MpoAyKTa, HO M OT M3MEHUYMBOCTH CAMOW M3MEPHUTEILHON
cucTeMbl. MI3MepeHust UrparoT KIFOUYEBYIO POJib B PACCESHUM 3HAYCHUN KOHTPOIUPYEMOTO apaMeTpa MpoayKTa,
MO3TOMY OHO JIOJDKHO OBITh MPOAHATH3UPOBaHO. IHCTPYMEHT, Yepe3 KOTOPbI Mbl MOYKEM OIIEHHTh TOYHOCTh U
YMECTHOCTh M3MEPUTEIBHON CHCTEMBbI Ha3bIBACTCS aHAIM30M CHCTEMbI H3MEPEHUSI.

H3MepeHne H3MEHYHBOCTH, MPOAYKT, MPOLECC, TIOBTOPAEMOCTH, BOCITPON3BOINMOCTh

Introduction. The measurement system variability exists, which affects the measured
data and the decisions based on them ie., The variance of the endpoint of the product may be
caused by either the product itself but also the measurement system. The aim of the analysis
measurement system (MSA) is to verify the accuracy of the measurement system for
manufacturing processes, respectively. estimate that the measurement system contributes to
the total variance endpoint product.

Quality tools are an active part of the measurement process in the application,
development and continuous improvement of the effectiveness of the quality system (Hrubec,
J.- Zabér, P. - Pristavka, M. - Skarkova, K., 2008; Pristavka, M. a kol. 201 1). In application,
development and continuous improvement of the effectiveness of the quality system are an
active part of the analysis capabilities of instruments, production equipment and process
capability (Pristavka, M., - Hrubec, J., 2009).

Statistical methods are important in engineering practice group, which includes
analysis capabilities of instruments, production equipment and process capability. These tools
are an active part of the measurement process in the application, development and continuous
improvement of the effectiveness of the quality system (Pristavka, M., - Hrubec, J., -
Skiirkova, K., 2008).

The term MSA - Measurement System Analysis involves the following processes:
Verify that the correct value is measured and identified all the critical issues related to the
environment that are correlated with the measurement. Determine which statistical properties
of the measurement system must exhibit in order to be acceptable (Kredatusova, M. - Bujna,
M. 2010). The implementation of this provision, it is important to know how the data should
be used, because without this information it is not possible to determine the statistical
properties. Measurements must be carried out in random order, to ensure that any changes that
might occur, will be distributed at random measurements.

Materials and Methods. We have determined the verification tools to measure the
reference points and prepared the measurement procedure for verifying the dimensional
characteritics of door panels. The measuring equipment includes:

e  Mitutoyo micrometer (12.7-0.01 mm);
e measuring cylinders (¢ 1.00—10.00 mm);
o feeler gauge (0.05—1.00 mm).
Mitutoyo micrometer — basic information:
code number: 543-681B;
serial number: 10131238;
model: ID-S1012B;
measuring range: 12.7-0.01 mm;
identification number in the organisation: 57020;
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6. date of calibration: 16/01/2012;

7. date of next calibration: 16/01/2013.

The procedure of the survey based on the average and dispersion is as follows:

1. ensure the selection of n> 5 parts, which pose an actual or expected range of
variability of the process,

2. mark operators as A, B, C etc. and parts numbered 1 to n, so that operators could
not see the numbers,

3. convert calibration of the instrument, if it is part of the normal process of
measurement, the operator A measure n parts in random order, and writes the results to row 1,

4. operator B and C, measured the same number of parts, without having to subtract
the value of each show, and record the results in rows 6 and 11,

5. This cycle is repeated with another random measurement data will be entered in
rows 2,7,12, data is entered into the column, if it is measured as the first piece of item 7, then
record the result in the column labeled Volume 7, if necessary to convert three measurement
cycle is repeated and the data entered in rows 3,8 and 13

6. where operators work in a variety of changes, can be used an alternative method,
the operator A measure of all 10 parts of a value entered in line 1, the operator A repeat
measurement in a different order and writes the results in rows 2 and 3, the same transfer
operator B and C (MSA, 2009).

Additionally, the organisation must develop a control and management plan defining
all the methods used to control and manage the process and meeting the requirements set by
the customer.The organisation must have studies of the measurement system analysis, for
example repeatability, reproducibility (R&R) of gauge, partiality, linearity, stability for all
new or modified measuring and test gauges (PetraSova, 2006).

Repeatability — Commonly referred to as the variability of 'operator'. It is the variability
of measurements obtained with one measurement instrument that has been used several times
by the same operator when measuring the identical feature on the same part. The best term for
repeatability is the 'variability within the system', where the measurement conditions are
defined as follows:

e  defined part;

e device;

e gauge;

e method;

e  operation;

e environment and assumptions.
True
Value

Repeatability

-~ -

Inaccuracy

Figure 1 — Repeatability (Stamatis, 2002)

67



KoHcTpyroBaHHs, BHPOOHHIITBO Ta EKCILTyaTallisl CUTbChKOrocmoaapchkux Mamus, 2013, pum. 43, gacr. |
|

/\-‘ Qparator B

1 i Operalor C

/If\‘ Oparator A
Reproducibility
(a)
’ Trug
Value

"’slil'l -

s e} IrL.elq;-l,:ut.elqr

1
Inaccuracy
Reproducibility
(b

Where: a — shows a reproducibility situation with three operators; b — shows the general rule of
reproducibility when there is more than one measurement situation

Figure 2 — Reproducibility (Stamatis, 2002)

Results and Discussion. To determine a contribution of the measurement system to
an overall variability, it was necessary to verify the micrometer capability and thus to meet
the requirement for the measurement system for assembly of door panels. Measurements were
performed on the basis of the methodology described in the MSA reference manual. As
mentioned above, the Mytutoyo micrometer was used to measure the reference points on door
panels that are attached to the measuring device.

The product of the number of repetitions and measured samples must be higher than

15. The said criterion is met in this case because we have chosen 10 samples and 2 repeated
measurements.

Table 1 — Data collection sheet

Gauge Repeatability and Reproducibility Report
(standard method)

|l_°art NO & name Front Right FBage name Date
Characteristics] 1A01  J8 (X) (Gage no
Specification |Th 2|Td -2|Gage type
Operator/ Part
M.no| 1 2 3 4 5 6 7 8 9 10 JAverage
A 1.79 1.82 1.70 1.88 1.81 1.82 1.82 177 1.87 1.89
1.80 1.83 1.70 1.88 179 1.83 1.81 178 1.86 1.91
x | 1.795[1825] 1.7 1.88 18 [1825)1.815|1775]1.865[ 19 |Xa= 1.818
R | 0.01 | 0.01 0 0 0.02 [ 0.01 | 0.01 | 0.01 | 0.01 [ 0.02 JRa= 0.01
6] B 178 1.81 1.70 1.88 179 1.82 1.84 179 1.87 1.88
7 1.80 1.82 1.71 1.87 1.80 1.82 1.84 177 1.87 1.88
8
9 X 179 [ 1.815]1.705]1.875| 1.795] 182 [ 184 | 1.78 | 1.87 | 1.88 |Xb= 1.817
10 R | 0.02 | 0.01 [ 0.01 | 0.01 | 0.01 0 0 0.02 0 0 |Rb= 0.008
C 179 1.83 1.70 1.90 1.82 1.83 1.84 178 1.85 1.90
178 | 1.80 | 172 | 1.90 | 183 | 1.82 | 184 | 1.79 | 1.86 | 1.88
x | 1.785[1815] 1.71 19 |1825]|1825| 184 | 1.785[ 1.855| 1.89 |Xc= 1.823
R | 0.01 | 0.03 [ 0.02 0 0.01 | 0.01 0 0.01 [ 0.01 | 0.02 |Rc= 0.012
16| X = 1.81933
1.79| 1.818( 1.705] 1.885| 1.807| 1.823[ 1.832| 1.78 1.863| 1.89|Rp = 0.185
7 [Ra= 001 ]+[ Rb= 0008 ] +[ Roc= 0012 1/ 3 R= 0.01
18 [MaxX= 1823 |-[MinX= _ 1.817 1= Xorr Xorr=  0.006
19 [UCLg=D4*R]= 327 *  0.01 0.0327
20|  [LCLr=D3"R]= 0 * 0
21 [UCLx =X +A2'R] = 1.819 + 0.01 * 1.88 1.83813
22| [LCLx=X-AZR]=_ 1819 - 0.01 ¥ 188 7.80053

For information on the theory and constants used in the form see MSA Reference Manual, Third edition .
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Figure 3 — Control chart for range

Based on the control chart for range, it is clear that no value within the range does
exceed the upper control limit. Therefore, we could continue with following calculations, as
stated in the repeatability and reproducibility report.

Gauge Repeatability and Reproducibility Report
(standard method - T)

Part NO & name Gage name Date:
Characteristics Gage no
Specification Th= 2 |Td= -2 |Gage type
From data sheet: R= 0.01 Xoirr = 0.006 Rp = 0.185
Repeatability - Equipment variability (EV)
> %EV =100 x [EV/(T/6)]
EV = RxK, = 100 x [0.009/(4.000/6)]
= 0.01 x 0.8862 = 1.33%
= 0.0089 No. Ky
2 0.8862
3 0.5908
Reproducibility - Operator Variation (AV)
—. (X 2 %AV =100 x [AV/(T/6)]
AV=XypeK) (EV/m) =100 x [0.002/(4.000/6)]
= 0.0024 = 0.37%
= 10
r= 2
k = 3 Operator 2 3
Kz 0.707 | 0.5231
Repeatability & Reproducibility (R&R)
R&R=-EV*+A4V? %R&R =100 x [R&R/(T/6)]
=100 x [0.009/(4.000/6)]
= 0.0092 Parts K3 = 1.38%
2 0.7071
3 0.5231
Part variability (PV) 4 0.4467
5 0.403 %PV =100 x [PV/(T/6)]
PV =Rp x Ks 6 0.3742 =100 x [0.0582/(4.0000/6)]
= 0.185 x 0.3146 7 0.3534 = 8.73%
= 0.0582 8 0.3375
9 0.3249
Total variability (TV) 10 0.3146 |Resolution of measuring device
V= /(R&Rz +P1) N = [PV/R&R] x 1.41
N= 9 categories
= 0.0589 (min. 5 categories)
D Refused

D Accepted with a reserve

Accepted

For information on the theory and constants used in the form see MSA Reference Manual, Third edition .

Figure 4 Repeatability and reproducibility report of the gauge, J§ point
In this section, we have focused on the evaluation of measurement for the assembly of
door panels by the repeatability and reproducibility method. We followed the procedure
provided in the MSA reference manual. All measured values were entered into the data
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collection sheet and individual ranges were displayed in the control chart for range. No range
does exceed the upper control limit; therefore, we could proceed with another calculation.

The results obtained are as follows: repeatability EV = 0.0089, reproducibility AV =
0.0024, combined value R&R = 0.0092, compoment variability PV = 0.0582 and total
variability TV = 0.0589.

The required process variability (precision reference quality indicator) is given lower
tolerance limits LCL and UCL upper specification limit, because with it we count in further
calculations. The resulting percentage % R&R = 1.38 %, and the number of different
categories ndc = 8.

Conclusion. We followed the procedure that gives reference guide MSA. All
measured values were entered into the worksheet to collect data and then the individual
margins shown in the control chart margins. No margin does not exceed the upper regulatory
limit. The repeatability and reproducibility of the percentage of the variability of the
measurement system to the total variability of the process or. to the width of the tolerance
field. The method can distinguish between variability caused by handling and measuring
equipment. We can conclude that the system is capable to measure because the conditions
R&R <10 % and ndc ~ 5 were met.
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Metoan aHaizy 1/l BUMIPIOBAHHS CHCTEM IOBTOPIOBAHOCTI i BIITTBOPIOBAHOCTI

BupoOHukw, 11100 3a0e3meynTy cTabiibHEe MMOJIOKEHHS HA PUHKY, MMOBHHHI 30CEPEIUTH CBOIO yBary Ha
MiATPUMAaHHI SIKOCTI CBO€i MpOAYKIii Ha BCIX BUPOOHMYMX eTarnax. BuMiploBaHHs mapameTpiB MpPOIYKTIB, iX
aHaJIi3 Ta OI[IHKA € HEeBII'€MHOIO YACTHHOK BHPOOHHYOI0 MPOIIECY Ha ITiIIPUEMCTBAX MO0 BChOMY cBiTy. Un Oye
NPOJYKT BiANOBIAATH BUMOTraM 3aMOBHHKA 3aJIS)KUTh HE TUIBKU BiJl BIIXWIEHHS KOHTPOJIBOBAHOTO Mapamerpy
NPOJYKTY, a i BiJ] 3MIHHOCTI caMOi BUMIpIOBaJIbHOI cucteMu. BuMiproBaHHS rpae KIIIOYOBY pOJIb B PO3CiIOBaHHI
3Ha4Y€Hb KOHTPOJILOBAHOT'O Mapamerpy IMPOAYKTY, TOMYy BOHO Mae OyTH NpoaHaiizoBaHe. [HCTpyMeHT, 4yepe3
KA MU MOXEMO OI[IHUTH TOYHICTH 1 JOPEYHICTh BHMIiPIOBAJIFHOI CHCTEMH HAa3MBAETHCS aHAIII30M CHCTEMH
BUMIpIOBaHHS.

BUMIpIOBaHHSA 3MIiHHOCTI, IPOAYKT, IpoLec, IOBTOPIOBAHICTD, BiATBOPIOBAHICTH
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