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Uncertainty in coordinate metrology:
- Needs

- Standards

Standards ISME:D

- 1SO 14253-1: Rules for the acceptance and rejection
[taking into account the uncertainties.]

- IS0 14253-2: Guide for the calculation of uncertainty in industrial measurements.
- VDI/VDE 2617-8: Capability of verification processes (“capability”),
- VDA 5: Quality control in automotion

- ISO/TS 15530-3, 4, 2:
Methods to estimate measurement uncertainty

- EA-G17: Calibration of MCs [and with MCs]

VDI/VDE 2617-8: Prifprozesseignung
= “Capability of the measurment process”
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VDI/VDE 2617-8: “Capability of the

measurement/verification process”

Measurement process capability

Individual acceptable limit Opp <= G
(may be company specific)

In VDA 5 Anex 2 un Gpp of 0.2 - 0.4 is recommended
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Analyze uncertainties with the méthod of
calibrated objects.

(concept)

How to make master parts traceable? =
: ISM3D
The Virtual CMM Method =

Calibration of Master Part
ISO/TS 15530-4
ﬁ “simulation / Monte Carlo”

Suited Part

Master Part

CMM in production:

traceable according to ISO TS 15530-3
(Master Part Method)

Production Produced parts

g

Analyze uncertainty using

calibrated master parts |SM3_D
(example of such a master part)

(T

Analyze uncertainty with master parts.

Here an experiment using a calibrated
master part from sheet metal at VW Mexico

One analyzes points of interest




Analyze uncertainty using =
calibrated master parts |SM3_D

Formulas 1

Systematic error Standard deviation
(average deviation from when measuring the
the calibrated values
of the master part) individual feature
of the master part

Uncertainty of the .... as far as not
calibrated feature accounted for in

UnmeasProces s

I
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( Uncertainty of one specific feature / measurement result)

Analyze uncertainty using

calibrated master parts |SM3_D

Formulas 2

average of all deviations of results

E -\ «—|— Calibrated value _ of the measurand according
- y B ycalstd to the calibration certificate of the master part

. Uncertainty (k=2, 95%)
— of the measurand according to the
Ucgisg = U/k calibration certificate of the master part

Standard deviation _ of all
/ﬁeasurements made on real parts

Uneasprocess =

Analyze uncertainty using =
calibrated master parts |SM3_D
Formulas 3

Standard deviation from
spread of results
¢« (several different real parts

should be studied)

u\NorkPiece =
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Examples for Master Part Method

Example of masetr part:

ISM3D
“Tube Standard” -

Let's analyze the coordinate X of this node

Example of master part:

“Tube Standard”

PN

work piece influence workpiece 1 workpiece 2 workpiece 3 workpiece 4

cycle 1
cycle 2
cycle 3

cycle 4

5|
cycle 5 367.6296) 367.2312)
averages per orientation 'y

X-coordinates of one node




Example of masetr part:

ISM3D
“Tube Standard” -

X-coordinates of one node
of the master part (!)

Experiment 2

repeated measurement of master part

cycle 1 386.1977]

cycle 2 3671563

cycle 3 3669013

cycle 4 366 9640

cycle & 367629

cycle & 367 555

cycle 7 367 691

cycle & 367 321

cycle 3 367 612

cycle 10 367 6403

std uncert 0.62737|

cal lengths 367.43300| aver. er, E_
E -0.26617]

cal uncertainty u std 0.03300] u process [ 0Ga7d]

Example of master part:

ISM3D
“Tube Standard” -

Resulting uncertainty of feature

k

U (IS - <= ded uncertainty of the result, incl systerro  rs
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“Recommendations for how to start”
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1sm30 PROCEDIMIENTO PARA R-16-01
ASOCIAR INCERTIDUMBRES
A MEDICIONES CON MC
Preparado | Revisado | Autonizado |Edicion Pigma
17.072009 | 20072009 | 20.07.2009 1 3des
E-Trapet C Garcia JBaizin
6n de incerti lizados para

MC Zeiss Prismo 150907
Palpador: VAST Gold
Fecha de actualizacién: 20.07.2009

Referoncias y e Ta Medicion Tncert. U |Analisis | Analisis
Comentarios. umo  |Fecha  |Nombre
seql
0 12706705 | Trapet
0 T5/06/09 [ Trapet
0 12/06/09 [ Trapet
Substucin 12/06/09 | Trapet |
15/06/09 [ Trapet
atrén 30 mm, dismetro medio Substucien 5 12/06/09 [ Trapet
(Anguio entre pianos de alta pracision >30 mm, Medicion a mvarsion, minimo 20 puntos | 1- 12/06/09 [ Trapet
blogue patron angular) per cara
Didmetro de anilo o tampén patrén < 100 mm Substitucion, incertidumbre del pation |08 T206/09 | Trapet
todavia afiadir cuadraticamente
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PAMS Method ISMEI:D

There is a shortcut for implementing the master par ~ t method:

The “PAMS Method ”

The PAMS Method is a measurement software integrate  d
point wise correction and uncertainty estimation to ol

It requires a software option and it requires the p  oint wise calibration

of the master part

The PAMS Method can easier handle form deviationsa  nd CAD-
comparisons than the “classical” Master Part Method

Virtual CMM Concept:
Simulation for Uncertainty Calculation

ISM3D

(on line, measurement software integrated)

—_——— by bal pate — —
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The “food” for the Virtual CMM is the
exhaustive calibration of the CMM
- preferably by an accredited laboratory -

PRISMO navigaio

Validation of the Virtual CMM in each

case of such a calibration

functioning of the simulation

« One has to validate the reported uncertainty

using real parts with independently calibrated features.
Parts with very small form errors and small roughness:
cylinders, planes, ball plates, gage blocks, step gages

spheres,

« Different measurands must be meaured

- lengths, sizes

- angles (small, big)

- form (cylindricity, roundness, straightness, flatne ss)
- coaxiality, concentricity

« The results must correspond to the calibrated values within

ISM3D

ISO/TS 15530-4 and VDI/VDE 2617-7 describe possible metods to validate the proper

the limits set by the

calibration uncertainty of the features on the reference an d the uncertaintyyeported
by the Virtual CMM for the specific feature in each case y =T
-y S (Ue+ )
N
]
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Virtual CMM used by ISM3D for reporting
uncertainty in Spanish intercomparison
organized by SIL INGENIERIA SL

Virtual CMM used by ISM3D for reporting
uncertainty in Spanish intercompariso
organized by SIL INGENIERIA SL




We have to comply with ISO 14253-1 and includ  statements of
uncertainty in all measurements and verifications of parts

From all methods practised, the  master part method is the
easiest to use

We need an infrastructure to calibrate such master parts (ISO
17025 accredited laboratorios) that base their calibra  tions on
“absolute methods” to calculate uncertainty ( Virtual CMM ,
multi-position, expert method)

We need an assistance service to implement the concept of
master parts in the industrial practice




