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Giris
Yillar icinde gelisen sanayi ile birlikte, bir parcanin Gretiminin hizli yollari
gelistirilmistir. Fakat, Uretilen bu parcalarin boyut ve formlarinin dogru
uretildiginden emin olmak icin kontrolleri uretimden daha uzun surede
vapilmaktaydi. Bu zaman kaybi, yillar icinde 3 Boyutlu Olcim Cihazlarina
olan ihtiyaci ortaya cikarmistir.

3 Boyutlu Olcum Cihazlari, dlciimleri otomatize edilebilen ve ¢ boyutta
hassas dlcumler yapan cihazlardir. CMM cihazlari, G¢ boyutta hassas 6lcum
yapabilen tek boyutlu cihazlar ile 6lcimui yapilamayan, ayni anda farkl
eksenlerde 6lcium gerektiren karmasik parcalarin élcimlerinde kullanilan
cihazlardir.
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(MM Olciim Sistemi
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3D Ol¢iim Cihazi (Coordinate Measuring Machine)



(MM Olciim Sistemi

OLCUM SISTEMI
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(MM Olciim Sistemi

UME CMM Laboratuvari

Form ve boyut olcimlerinin birlestiriimesi ile olusan endustriyel Uretim talepleri
nedeniyle koordinat metrolojisi daha 6nemli hale gelmistir. Bu konudaki UME CMM
Laboratuvari aktiviteleri; silindir standartlarin, konik mastarlarin, vida, konik vida, disli

cark mastarlarinin, kanat parcalari (blade) ve 06zel mastarlarin kalibrasyonlari, is
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parcalarinin dlcumleri ve konu ile ilgili arastirmalardan olusmaktadir.




(MM Olciim Sistemi

3 Boyutlu Olgiimler (Coordinate Metrology)

ZEISS CMM (Prismo 7 SACC Gold Head)
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(MM Hatalar
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(MM ile Yapilan Olciimlerde Kullanilan Standartlar

GUnumuz enddustrisinde, 6zellikle boyutsal alanda, muayene ve kontrol icin
koordinat metroloji oldukca popdiler bir dlcim yéntemi olmustur. Sonuclarin
dogru degerlendirilmesi ve uygun olmayan parcalarin dogru bir sekilde
ayrilabilmesi icin belirsizlik degeri 6nemli ve vazgecilmez bir kriter haline
gelmistir. Yanlis verilen bir karar, uretim bantlarinin gereksiz yere
durdurulmasindan, ucak kazalarina kadar genis bir yelpazede sonuclar
dogurabilmektedir. Bu proje ile amac¢ koordinat olcimleri icin, endustriyel
Olcimlerde rahatlikla kullanilabilecek ve vyetkili kurumlari destekleyecek
sekilde, mevcut basili standartlarin (ISO 15530 serisi) gelistiriimesine yardimci
olacak 2 farkli belirsizlik hesabi yontemi gelistirmektir.
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lgili Standartlar

 BS EN ISO 14253-1 Geometrical product specifications (GPS) — Inspection by measurement of workpieces and measuring
equipment — Part 1: Decision rules for verifying conformity or nonconformity with specifications (ISO/FDIS 14253-1:2017;
approved, awaiting publication)

 ENISO 14253-2:2011 Geometrical product specifications (GPS) — Inspection by measurement of workpieces and
measuring equipment — Part 2: Guidance for the estimation of uncertainty in GPS measurement, in calibration of
measuring equipment and in product verification (ISO 14253-2:2011)

 ENISO 14253-3:2011 Geometrical product specifications (GPS) — Inspection by measurement of workpieces and
measuring equipment — Part 3: Guidelines for achieving agreements on measurement uncertainty statements
(1ISO 14253-3:2011)

 ENISO 14253-5:2015 Geometrical product specifications (GPS) — Inspection by measurement of workpieces and
measuring equipment — Part 5: Uncertainty in verification testing of indicating measuring instruments (ISO 14253-
5:2015)

* ISO/TR 14253-6:2012 Geometrical product specifications (GPS) -- Inspection by measurement of workpieces and
measuring equipment -- Part 6: Generalized decision rules for the acceptance and rejection of instruments and
workpieces
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lgili Standartlar

* CENISO/TS 15530-1:2013 Geometrical product specifications (GPS) — Coordinate measuring machines (CMM): Technique
for determining the uncertainty of measurement — Part 1: Overview and metrological characteristics (ISO/TS 15530-
1:2013)

* 1SO/DTS 15530-2 Geometrical Product Specifications (GPS) — Coordinate measuring machines (CMMs): Techniques for
evaluation of the uncertainty of measurement — Part 2: Use of multiple measurement strategies in measurements of
artefacts (2008, unpublished; see documents ISO/TC213/WG10 N727-1, 1ISO/TC213/WG10 N727-2,

ISO/TC213/WG10 N727-3)

 ENISO 15530-3:2011 Geometrical product specifications (GPS) — Coordinate measuring machines (CMM): Technique for
determining the uncertainty of measurement - Part 3: Use of calibrated workpieces or measurement standards
(1ISO 15530-3:2011)

* ISO/TS 15530-4:2008 Geometrical Product Specifications (GPS) — Coordinate measuring machines (CMM): Technique for
determining the uncertainty of measurement — Part 4: Evaluating task-specific measurement uncertainty using simulation
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EUCoM

Mevcut standartlarda tavsiye edilen yontemler her délcim alani icin uy%ulamam
mumkin olmadigindan ve CMM ile yapilan dlcimlerde belirsizlik hesaplamalarindaki
acigin kapatilmasi icin calismalar baslatilmistir.

12 farkh Ulusal Metroloji Enstittleri, Universiteler ve Uretici Firmalardan olusan bir
konsorsium  kurulmus ve Italya Ulusal Metroloji . Enstitistd  (INRIM)
koordinatorlugliinde Avrupa Birligi (AB) Metroloji Arastirma ve Inovasyon Programina
sunmak tzere 18NRMO3 EUCoM kisa isimli proje hazirlanmis, 2017°de desteklenmesi
kabul edilmis ve Haziran 2018’de proje calismalarina baslanmistir.

o EUCEM

Evaluating Uncertainty in Coordinate Measurement

EURAMET EMPIR Project 18NRMO03 EUCoM: “Standards for The Eyaluati
Coordinate Measurements in Industry”
http://eucom-empir.eu/
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http://eucom-empir.eu/consortium-item/inrim/
http://eucom-empir.eu/consortium-item/inrim/
http://eucom-empir.eu/consortium-item/ik4-tekniker/
http://eucom-empir.eu/consortium-item/ik4-tekniker/
http://eucom-empir.eu/consortium-item/metrosert/
http://eucom-empir.eu/consortium-item/metrosert/
http://eucom-empir.eu/consortium-item/nmij-aist/
http://eucom-empir.eu/consortium-item/nmij-aist/
http://eucom-empir.eu/consortium-item/cmi/
http://eucom-empir.eu/consortium-item/cmi/
http://eucom-empir.eu/consortium-item/dti/
http://eucom-empir.eu/consortium-item/dti/
http://eucom-empir.eu/consortium-item/npl/
http://eucom-empir.eu/consortium-item/npl/
http://eucom-empir.eu/consortium-item/ptb/
http://eucom-empir.eu/consortium-item/ptb/
http://eucom-empir.eu/consortium-item/tubitak/
http://eucom-empir.eu/consortium-item/tubitak/
http://eucom-empir.eu/consortium-item/ath/
http://eucom-empir.eu/consortium-item/ath/
http://eucom-empir.eu/consortium-item/gum/
http://eucom-empir.eu/consortium-item/gum/
http://eucom-empir.eu/consortium-item/unipd/
http://eucom-empir.eu/consortium-item/unipd/

EUCoM Konsorsium
PAYDASLAR/ALTYUKLENICILER

Metroloji Enstitiileri; INRIM (Italya), CMI (Cek Cumhuriyeti),
PTB (Almanya), NPL (Ingiltere), GUM (Polonya), AIST (Japonya)
ve Metrosert (Estonya).

Atanmis Enstitliler; DTl (Danimarka) ve AHT (Polonya).
Firma; IK4-Teknikel (Ispanya).
Universite; UNIPD (italya).
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EUCOM Bilg

TAKVIM
Proje baslangic tarihi: 01/06/2018

Proje bitis tarihi: 01/06/2021 (Covid-19 sebebiyle 6 ay uzatildi)

YONETICILER

Proje Yoneticisi: Alessandro Balsamo, INRIM, ITALYA

PROJE BUTCESI

Blitce: 706 k€
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EUCoM Hedefler

" Traceable and _,
standardlsed a posteriori

Simplified and validated |

a priori methods

Demonstration of the
validity of the methods

in industria eonditions, >

Revisions of normative
and dissemination of

nll - EUCoM

EMPIR Bl -

Standards for the evaluation of the uncertainty of
coordinate measurements in industry

-flhllnhhhﬁr

*  Digaloniested, wrsrsting dearly poim mpling from dees
rediscrion

'I-Elml!ﬁﬂuhﬂ

[T p— Limkations Apgplicability
L l.‘.—l.nllqpo-ﬁhﬂunf — ENISO e &
o - r— 0.3 M
=1 umun--mnu:m- H = _ﬂ—-"ﬂ
a L 15075 e — Calibration or higs and F
= The uncertainty ks very necded: = 155304 :i-ln-l—-lli L 3‘
w
2- m-mum-lqi--l-uh-—un-ﬁ-h = 2 o
Lﬁ deci2e caniarmits or A cIndTT — A pasteriori [type A) method ]
The uncertalniy s very difficult to estimate for = fmazire s, them akare) H —
crams: he . LY, o —
= The pouils [ —— |F /fﬁ.."- )
oS il =] g
« Faaturen arm compated herachvaly acnsdical des-fem + /4_ o A priari (type B) method i=
*  The srror saremessn o 5 OWM are many [200:] \{"\ A, freahoaer Nt than mea ) M 5
* Thisi s recognisss SFcsk wantil pestln Rl = =
= 1] o E ELICob seminars:
E g E + 1 abA namnars o il comtamt
S # = Eachin u ci¥erens couniry, o2 be clow i seen.
® Esch in ksl magen, 1 CearoeTas A age barmisen
o = o :
= = i
I Ll
(]
f1%]
j=1
E Strong relation to the 0 TC2 13 WELD: [Fsur IRP mMemibiers are:
- Tha moogamsd v Log randing peTTaneT Time gap:
membenal ihe * Develagrg nasdariy
* Tha D 15533 wrisy (Mssaareren: urcensiny bor CHbds)
thiv B9 e A Babarma] ‘tham & BF trres ipan
a0 B0 LYSI0-2 and -5, respcihuk] caardingy of BT v Sundari e leag
cfths BOMND 155300 Sieed For warky mgaci
The I50/TC213 /WG 1D Is open and e e e
oM owiputs e}

Implementation

®  Thaskidstion procem mett e o legs 5 dhers 5

B -PTBNPLI_.ﬁu_(E
UME

Sl [—

BTHOKER

...... .IMHT& ars) ST Lo ArrH
Unhwersity

of Bielsko-filals

Foraran '.."rrl'r*ﬂ ‘@' F‘!‘“.Ln ﬂ,ﬂjﬂ" L fdm c-

. LTE

= —TiBiTAK—

o UME




1.

2.

EUCoM Proje Amaglari (Objectives)

A tipi degerlendirme kullanarak koordinat dlcimiunun belirsizligini degerlendirmek
icin izlenebilir ve standartlastirilmis yontemler gelistirmek.

B tipi degerlendirmeyi kullanarak koordinat o6lcimlerinin belirsizligini énceden
tahmin etmek icin basitlestirilmis ve dogrulanmis bir yontem gelistirmek.

Mevcut yontemlerin ve 1&2 numarali endustriyel sartlarlada yer alan kriterlerin
gecerliligini gostermek ve Guide to the Expression of Uncertainty in Measurement
(GUM) ve eklerine olan tutarliligini ve dogrulugunu degerlendirmek.

Gerekli veri, yontem, kilavuz ve tavsiyeleri ilk firsatta standartlara dahil edilebilecek
sekilde saglayarak EN ISO 15530 ve EN ISO 14253 2 revizyonlarina katkida
bulunmak. Ek olarak, CEN/TC290 ve ISO/TC213/WG10 teknik komiteleri ve
gelistirdikleri standartlarin kullanicilari ile proje glktllarlnln kendi ihtiyaclari_ve
tavsiyeleri ile uyumlu olmasini saglamak icin bu hilgj |_sic da@
dahil edilmesi icin isbirligi yapmak. Gelistirilen
tesvik etmek.




EUCoM Belirsizlik Hesap Yontemleri

Projenin temel amaci CMM belirsizlik hesaplamalari

inceleyerek, yeni ve uygulanabilir iki farkli yontem gelistirmektir.

. lzlenebilir standartlastirilmis yéntem
gelistirmek (Posteriori Type-A)

Il. Basitlestirilmis ve onaylanmis yontem
gelistirmek (Piriori Type-B)

17

EN ISO
15530-3

ISO/TS
15530-4

EUCoM

Limitations

A calibrated workpiece and a
long experimental
investigation

Initial experimental effort,
time consuming simulations,
not all components included

The EN ISO 15530 series:

* Guiding standards exist on the CMM uncertainty evaluation
* The EN ISO 15530-3 Use of calibrated workpieces

* The ISO/TS 15530-4 Simulation (Monte Carlo)

* Both suffer severe limitations in their applicability

Applicability

laboratories

A posteriori (type A) method

(measure first, then evaluate)

A priori (type B) method

(evaluate first, then measure)

ez

-
r

Serial measurements, e.g. at
the end of a production line

Calibration or high end

Possible

Possible
1SO 15530-5

1SO 15530-2

konusunda mevcut yontemleri

.....................
o Sty

Evaluating Uncertainty in Coordinate Measurement

—TUBITAK _

UME



EUCoM Belirsizlik Hesap Yontemler

I. Type-A: Onceden tanimlanmis prosediirler kullanilarak élciimler yapilir ve bu
dlciumlerden elde edilen veriler ile hesaplamalar yapilir.

Il. Type-B: Belirsizlik hesaplamalari; asagida siralanan, 6nceki (Priori) bilgilerden
yararlanarak ve 6lcim yapilmadan hesaplayan bir ydontem gelistirilmesiyle yapilmasi.

i. CMM kabiliyetinin, 6zellikle EN ISO 10360 standardina gore yapilan testler
sonucu elde edilen MPE (Maximum Permissible Error, maksimum izin verilen
hata) degerleri,

ii. CMM'in kendine has 6zel (durumunun) temel modeli,

iii. Benzer 6lcimlerden elde edilen sonuclar ve

iv. Uzman gorusu vs.

Bu iki ydntemin validasyonu, laboratuvarlar 6lcim kapasitelerine gére kendi ortamlarmc@
ve farkli CMM’ler ile 6lciimler yapacak ve bu 6lcim sonug
yapilacaktir.

Evaluating Uncertainty in Coordinate Measurement U M E



EUCoM Proje Kapsaminda Olgiimii Yapilacak Pargalar

Proje Kapsaminda Ol¢iimii Gerceklestirilen/Gerceklestirilecek Referans Parcalar
3 Adet Freeform standard

3 Adet Cok ozellikli kontrol mastari (multi-feature check (MFC))
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_I.‘ __TiBiTAK _
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EUCoM Proje Kapsaminda Olgiimii Yapilacak Pargalar

Sphere 3
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EUCoM Proje Kapsaminda Olgiimii Yapilacak Pargalar

Hyperbolic Paraboloid



EUCoM Proje Kapsaminda Olgiimii Yapilacak Pargalar

Circle 1 Origin

i A ] I

Datum plane

Involute:
r,= 20 mm
0,=90°

_‘ Circle 1

Involute:
r,= 20 mm
Moo= 124,024 mm

- &
il

. Involute Gear
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EUCoM Proje Kapsaminda Olgiimii Yapilacak Pargalar

A1 W A2

L2 U @
—I} .
ing inty i [
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EUCoM Proje Kapsaminda Oleiimii Yapilacak Pargalar

||||||||

cylinder 5A, 5B

- Y

Steering Knuckle (Mafsal) Evaluating Uncertainty in Coordinate Measurement U M E
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EUCoMmj_eﬁp_ammda Ol¢iimii Yapilacak Parcalar

Plane 1
| | —— Cylinder 2
T Line 1
W —— Datum ——
xOrigin : plane
!y z T ——Cylinder 1 —
I
32 | 340

Connecting Rod (B|ye| K0|u) Evaluating Uncertainty in Coordinate Measurement



—TUBITAK _

Yapilacak Parcal

cumu

Pozisyonlari

saminda Ol

® " Biyel Kolu (Connecting Rod) Ol¢

\

e Ka

Pro

EUCoM



EUCoM Proje Kapsaminda Hesaplama Yontemleri

B C D E F G H I J K L M

1 TH STANDARD MEASUREMENT DIAMETER STANDARD MEASUREMENT
2 | Cycle X Y Z Cycle Probe 1 Probe 2 Probe 3 Probe 4 Probe 5
AR 1

a4 2 Measuremet results of diameter 2

5 3 standard 3

6 4 4

7 5 5

3 Lc Calibrated value Dc

9 ULc Expanded calibration uncertainty UD,c
14 EL 0,000 000 000 Probe size error ED 0,000 000 000
17 ulL 0,000 000 000 Probe size error uncertainty ubD 0,000 000 000
18 Multi-stylus measurement Mo
19 Probe location error ED,Loc 0,000 000 000
20 Probe location error uncertainty | uD,Loc 0,000 000 000

. CUUTUTITATES UT LIIWT SPTTETES
21 . Coords Probe 1 Probe 2 Probe 3 Probe 4 Probe 5
22 X
23 Cycle 1 ¥
24 z
25 X
26 Cycle 2 y
27 z
28 X
29 Cycle 3 ¥
30 z
31 X
32 Cycle 4 Y
33 z
34 X
35 Cycle 5 ¥
36 z
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EUCoM Proje Kapsaminda Hesaplama Yontemleri

A B C D E F G H 1 J K L M N Q P Q R 5 T U W W AE AF AG AH

1 CONNECTING ROD MEASUREMENT
o Expanded Uncertai
easuremen combined | Calibrated nce. inty En
Coverage factor k 2 Cycle1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 t standard value of calibrated number
value E value
2 uncertainty
3 |Measured feature 11y 12y 13y 14y 21y 22y 23y 24y 31y 32y 33y 34y a1y A2y 43y Ay 51y 52y 53y 54y Yy U y ref U ref En
4 ICircIe 3 diameter 2.5.1] 0,000 00 0,000 00 50,607 21 0,00055 ---
5 |Circle 4 diameter 2.5.1 0,000 00 0,000 00 19,015 38 0,00052 ==
6 |Centre 3 - Centre 4 distancg2.5.2 0,000 00 0,00000| 140,006 42 0,000 64 -—-
7 |Axis 1- Axis 2 parallelism |2.5.3 0,000 00 0,000 00 0,001 79 0,000 70 -——
8 |Cylinder 1 diameter 2.5.4 0,000 00 0,000 00 50,611 33 0,00065 ---
5 |Cylinder 2 diameter 2.5.4 0,000 00 0,000 00 19,025 22 0,000 62 ==
12
13 2 2
14 U=k [E2+E3+E} 0+ —2+ 22 +ul +ud +ud,,,
15 ’ ny na
16
i; Uncertainty contributions £ Subtracted deviations and uncertainty U
. = 20
12'3 E =} = 0 - - - - -
( £ o £ -20 = m
2L £ g -40
22 > 0 m L]
= g ‘_i -B0
24 z : -100
i: ',J 0,300 00 gut :: -120
5 0,20000 uD g -140 =
2 mu considered 'j -160
28 0.00000 £ Crcle3  Grde4  Centre34  Axsl2  Cylinderl Cylinder2
29 ' Cirde 3 o d oyl “ diameter diameter distance parallelism  diameter diameter
23 dizmeter fiamete dia s [EfEFEACE  —— ] ref  — U ref B y-yref En
* L L ’ L e ee [ L] ege oo (L] L
Covid-19 sebebiyle UME’de sadece Connecting Rod ol¢limii yapilmistir. Planlama dahilinde dl¢iimler devam etmektedir.
—JUBITAK _
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EUCoM Proje Kapsaminda Hesaplama Yontemleri

Dlizeltme i¢cin Kullanilan Standartlar:
Uzunluk Standardi: 125 mm Uzun Mastar Blok

Cap Standardi: 50 mm Halka Mastar

v
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EUCoMmj_eﬁp_ammda Hesaplama Yontemleri

30

Olciimlerde Kullanilan Prob
-X Ekseni Yonunde
+Y Ekseni Yonunde
-Z Ekseni Yonlunde

CMM Referans Kiire
Cap: 29,98597 mm
Belirsizlik: 0,25 um

v
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EUCoM Proje Kapsaminda Hesaplama Yontemleri

(R R O R )

[ = T = R Y R BN =

= e
s

fed fed

]

{6 I 6 6 G O K N o I N L I I I )

31

LEMNGTH STANDARD MEASUREMENT DIAMETER STANDARD MEASUREMENT
Cycle x Y Z Cycle Probe 1 Probe 2 Probe 3 Probe 4 Probe 5
1 124559 42 124 959 90 125,000 01 1 50,001 510 0 50,001 470 0 50,001 480 0
Measuremet results of 2 124,993 40 124,995 BE 125,000 02| |Measuremet results of 2 50,001 500 0 50,001 490 0 50,001 400 0
length standard 3 124,559 43 124,999 79 125,000 06| |diameter standard 3 50,001 630 0 50,001 510 0 50,001 420 0
4 4
5 5
Calibrated value Lc 124999 73 Calibrated value D 50,001 41
Expanded calibration uncert ULt 0,000 08 Expanded calibration uncert U D,c 0,000 1
4 | 5cale error EL 0,000 042 778 Probe size error ED 0,000 080 000
7 |Scale error uncertainty ul 0,000 187 225 Probe size error uncertainty ul 0,000 060 341
B Multi-stylus measurement Mo
9 Probe location error E D,Loc 0,000 000 000
0 Probe location error uncertainty| u D,Loc 0,000 000 000
1 Coordinates of LSM spheres | Coords Probe 1 Probe 2 Probe 3 Probe 5
2z X 0,000 D00 D_ 0,000 000 O 0,000 000 O
3 Cycle 1 ¥ 0,000 000 O 0,000 000 O 0,000 000 O
4 r 0,000 000 O 0,000 000 O 0,000 000 O
5 X 0,000 100 0 0,000 500 0 0,000 100 0
& Cycle 2 ¥ -0,000 200 O 0,000 100 0 -0,000 300 0
7 r 0,000 100 0 0,000 300 0 -0,000 200 0
B X -0,000 100 0 0,000 &00 0 0,000 100 0
9 Cycle 3 ¥ -0,000 200 O 0,000 100 0 -0,000 400 0
0 r 0,000 200 0 0,000 200 0 0,000 200 0
1 X
2 Cycle 4 ¥
3 Z
4 X
5 Cycle 5 ¥
& Z
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EUCoM Proje Kapsaminda Hesaplama Yontemleri

CONNECTING ROD MEASUREMENT

Expanded .
M t| combined Calibrated Uncertainty En
Coverage factor k 2 Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 casuremen of calibrated
value standard value number
. value
uncertainty
Measured feature 11y 12y 13y 14y 21y 22y 23y 24y 51y 32y 33y 34y 41y 42y 43y 44y 51y 52y 53y 54y ¥ u y ref U ref En
Circle 3 diameter 25.1| 50,6106| 50,6100| 506104 50,6105 50,6106| 50,6100| 50,6101| 50,6105| 50,6105| 50,6101| 50,6101 50,6106 50,6104| 50,6100| 50,6100) 50,6105| 50,6107| 50,6100 50,6103| 50,6107 50,610 33 0,000 52| 50,607 21 0,000 55| 4,13
Circle 4 diameter 251| 190156| 19,0151| 190155 19,0158 19,0155 19,0152| 19,0154| 190156| 19,0155| 19,0152| 19,0154 19,0157 19,0157| 19,0152| 190154| 190156 19,0157 19,0152 19,0154| 19,0157 19,015 47 0,000 49| 19,015 38 0,000 52| 0,13
Centre 3 - Centre 4 distanq2.5.2| 140,0070| 140,0063 | 140,0058| 140,0066| 140,0067 | 140,0063 | 140,0059 | 140,0066| 140,0058| 140,0061 | 140,0058| 140,0067 | 140,0066 | 140,0062 | 140,0059| 140,0065| 140,0063 | 140,0064 | 140,0059| 140,0069 140,006 37 0,000 56| 140,006 42 0,000 64| 0,06
Axis 1 - Axis 2 parallelism|2.5.3] 0,0021| 00044 00032 00032) 00027] 00041| 00032 00031 00027 00042 00032 00032 00031 O,0043| 00036 00031 00034 00042] O00038] 00032 0,003 41 0,000 76 0,001 79 0,000 70| 1,56
Cylinder 1 diameter 254| 50,6151| 50,6141| 50,6161| 50,6145 50,614%| 50,6143| 50,6157| 50,6147| 50,6148| 50,6142| 50,6154 50,6149 50,6144 50,6144| 50,6147| 50,6147| 50,6150 50,6143| 50,6170| 50,6147 50,614 91 0,000 85| 50,611 33 0,000 65| 3,35
ID,'Iinder 2 diameter 254| 19,0251| 19,0269| 190268 19,0268 19,0251| 19,0265| 19,0263| 19,02k6| 19,0261| 19,026k| 19,0263 19,0265 19,0265| 1502721 19,0265| 190264 19,0263| 19,0262 19,0262| 19,0266 19,026 37 0,000 67| 19,025 22 0,000 62| 1,27
f - E
us U
U=k|E§+E§+E§“c+ P BT 4 uf +ud + ud g,
\| ny L
Uncertainty contributions £ Subtracted deviations and uncertainty U
0,000 70 E; 0,01
L,u00 S0 —
: o|E = - 4,13 0,13 0,06 56 3,35 1,27
= 0,000 60 M M e 0,008
5 H|ED 3
- [ =
o 0,000 50 2 0008
: 2
l 000 20 tconsidered £ 0,004 {
§
£ 0,000 30 ¥ pom
E mu o g g
£ 0,000 20 o o _——'!"— i
3 —‘ uD ®
0,000 10 Eu OLoc - not considered é -0,002
0.000 00 i Circle 3 Circled Centre 3-4  Awis 1-2 Cylinderi  Cylindar2
~ diameter diameter distance  parallelism  diameter diameter
- : e [OfEMEN 08— L TEf  —t U rEf B oy-yref En
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Olcumler; her eksende ve dizlemde, eksenden ve diizlemden gelen hata degerlerinin
degismesine bagli olarak degismektedir. Ayrica, Olcimler her tekrar icin parca
sokulilerek yeniden baglanmis ve dlcumler gerceklestirilmistir.

Olciimler sirasinda, en cok dikkat edilmesi gereken nokta olcilen parcanin
sikistirllmasi ile yasnmistir. Biyel kollarinin sabitleme noktalari olmadigl icin,

sikistirmalar 6lcim parametrelerini etkilemis ve en biyuk degiskenlik paralellik
Olcimlerinde gorulmauistar.

Yontem, CMM hacmine gore klcuk ve orta buyuklikteki parcalar icin dogrulanmistir.
Blyuk ve agir parcalarin ayni sekilde dlcimlerini gerceklestirmek mumkin olmayabilir.
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Standartlarin revizyonu ve metotlarin yayilmasiyla;

* CMM belirsizlik hesaplarindaki bilinmezlerin ortadan kaldirilmasi ve daha glivenilir 6lgiim belirsizligi hesaplayacak
yontemlerin gelistirilmesi,

* Seri sekilde Uretim yapilan durumlarda, Giretimin sonunda bir defa belirsizlik hesaplanabilmesi ve bitiin tGretim
boyunca kullanilabilmesi,

 Standartlarin, CMM alaninda farkl belirsizlik yontemleri ve uygulamalariyla tamamlanmasi ve CMM kullanicilarina
daha genis uygulama alaninda daha genis imkanlar saglamasi,

e Olctimleri kabul veya ret icin karar verme platformu olarak kullanan treticiler icin, uluslararasi standartlar ile
tanimlanmis givenilir ve uygulanabilir belirsizlik hesabi yontemlerini kullanabilmesi mimkuin olacaktir.
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Proje EURAMET EMPIR tarafindan fonlanmaktadir.

* X % /\.
EMPIR H <

The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and innovation programme and the EMPIR Participating States
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