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Measurement with Coordinate Measuring Machines (CMMSs) consists of determining the spatial coordinates of
measurement points on the surface of a measured object, and then calculations are performed to determine the best-
fitting geometrical elements [1]. From these elements, dimensions of the measured object are derived. Usually, a
contact measurement is completed with a stylus equipped with a ball tip maintaining the same distance between its
center and the measured surface in all directions [2]. Among many sources of uncertainty, determination of Part
Coordinate System (PCS) may affect all the subsequent measurement results. This study is devoted to the analysis of
PCS appointment accuracy. Figure 1a presents the machine used in experiments, and 1b shows the measured gage
block with PCS based on 4 probing points placed on each side. Their positions are shown with red circles on the visible

surfaces, but similar positions are in the plane YZ.

Figure 1. Experimental setup: a) CMM Mitutoyo Crysta-Apex C7106, b) measured gage block with appointed
Part Coordinate System

Theoretically, accurate identification of the probing points should provide accurate determination of the PCS
XYZ. However, when measuring such an accurate object as a gage block, the results appeared to be dependent on the
measurement method. Four methods were tested, defined as follows:
- method 1 involved coordinate X of the probing point placed on the gage block’s right surface (Fig. 1);
- method 2 involved measurement of the distance between two points between two face surfaces, right and left ones,
along the axis X;
- method 3 involved coordinate X of the probe ball tip center when touching right face surface minus ball radius;
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- method 4 involved measurement of the distance between ball tip center positions in two probing points placed on
right and left surfaces, along the axis X.

Dependent on the method and measurement settings, appointment of the as-defined Part Coordinate System
generated differences as high as even 10 um. The results indicated importance of the accurate determination of PCS
and related uncertainty estimation.
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MOXIMBICTh BUKOPHCTAHHS amapaTy HEYITKOl JIOTIKM B 3aBIaHHIX 1AeHTU(IKAI] HEMIHIMHUX AUHAMIYHUX
00'eKTIB 1 CUCTEM 0a3yeTbCsl Ha pe3yJbTarax JIOCIIKEHb TaKUX y4eHuX, ik Baur, Kacko, siki qoBenu, mo Oy/b-sika
MaTeMaTH4Ha CUCTEMa MOXKe OyTH alipOKCHUMOBaHa CHCTEMOIO, 3aCHOBAHOIO Ha HEYITKIH JIOTIIII.

OcoONMBOCTI CTBOPEHHSI HEUITKMX MOJENEW PO3IJsSHEMO Ha MPUKIIAAl BUPILIEHHS 3aBJaHHA 1leHTU(]IKawli
JIBOMACOBOI €JIEKTPOMEXaHIYHOI CUCTEMH YIPABIIHHS €1EKTPOINPUBOJOM MEXaHI3MOM IiIOMYy MOCTOBOI'O KpaHa 3
ypaxyBaHHSIM KiHIIEBOI >KOPCTKOCTI MHiAHOMHOro KaHaty. [[ns moOyqoBM HEUITKOI MOJeNll 3aCTOCOBAHO MaKeT
NpUKJIaTHUX porpam nakery Fuzzy Logic Toolbox cucremu MATLAB [1].

[Tpu mo6y10B1 Mojiesi cucTeMu chopMyeThCsl BX1THA MOCIIIOBHICTh HA OCHOBI MOTOYHOTO 3HAYEHHS BX1JHOTO

curnainy cucremu U (K) i BxigHoro curnaiy, 3aTpumanoro Ha omuu miax muckperHocti U (k-1), a Takox asa
3aTpMMaHUX Ha OJHUH 1 JBa KPOKHM BHUXiTHHX cUTrHAIiB, To0TO 0, (K-1) i @,(K-2) BigmoBigHo. BuxigHum curnamsom €
mBHAKICTE MexaHi3my @, (K). Touky MOBMHHI OXOIUTFOBATH BECh Jiala30H 3MiHM BXIJHOTO 1 BHXIJHOIO CHUTHAJIB

CUCTEMH.
[[InsxoM 3MiHHM THIMA 1 TapaMeTPpiB PYHKIIN MPUHATICKHOCTI, J1ala30Hy 1X 3MiHHU, KIJTBKOCT1 MPaBHJI HEYITKOTO
BHCHOBKY PO3p00JIeHa HEUITKa allpOKCHUMYI0Ya CUCTEMA JIJIsl BUPIIICHHS 3aBIaHHS 1IeHTU]IKAIlii JBOMACOBOT CUCTEMHU

yIpaBJIiHHSI MEXaH13MOM i HOMYy MOCTOBOTO KpaHa.

42



