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, Duration: 2 Days Keep the microphone mute and Keep open mind to
or comments the self-learning at home
is important)

If you have have doubts or comments, please share with us
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Introduce yourself a1

» Name

% Position in your Company

>

Department

% Previous MSA training

% Training expectation
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What is MSA? BOCARYY)

1917
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What is measurement?

CRONOLOGIA DE GESTION DE LOS mos
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What is an analysis?
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MSA

BOCARQ_\J‘"’

GROUP

Measurement: the
assignment of numbers or
values to material things

System: is a set of
elements working together
(interacting or interrelated);
in order to form a whole

Analysis: a statistical study
to quantify or qualify the
factors that affect a
process

&)

S

Measurement System Analysis (MSA)

Measurement assurance, which uses statistical tools in order to demonstrate
that measurements have the accuracy / precision required to control of a feature

| process

/
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Measurement System SOCAE]

Only the
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High quality data BOCARY)

Environment

Gauge || wethod

Workforce

Measurement System

Best: Accuracy - Precision - Certainty - Performance
- Consistency - Capability, etc.

—

The Bias and Variance of measurement systems are the
most common statistical tools to evaluate data quality Gauge || Method ||Environment | | Workforce Parts

(Location y width variation)

Measurement System
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Exercise 1 — Measure the height / width BOSARY)
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Exercise 1 — Which is the part valug? BOCARY)
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With what kind of gauge was it measured? BOSARRY)Y
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Exercise 1 — Is the part good or rejected? ~ BOSARYY

21.2 21.3 214 21.2 21.3 21.4 21.2 21.3 21.4
Dial Caliper Digital Caliper 2 Digital Micrometer
| | | | | | | | |
8 I 10.0° l l 8 l l
| | | | | | | |
6 I 75 | I I 6 | I I
| | | | | | |
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231 22PB4
Ruler / line gauge Tape Measure
0 A
i 24 Average
1= 1 Dial Caliper 21.28
187 Digital Caliper2 [ 7 35
10 12— Digital Micrometer 21.40
Ruler 21.95
5 6 Tape Measure 21.10
0 I I I 0 I
> v D " v
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Appropriate gauge / equipment BOCARY)

Before you selecting the equipment, it is important to analyze:

What do you want to measure? Why (purpose)? Who? Requirements (method, environment, use
conditions, frequencies, qualified workforce, etc.) other variations?

- 3.612 -
- . 2.596 - l
- 1.359 ——— jE—— ] 2
NN = 2ad
1917 N\ 1975
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Appropriate gauge / equipment BOCIRY

,unit of measure?
m, cm, mm, Jm \
. . . . " . ‘%%a.*\ £
¢ Discrimination, readability, resolution? .
Tm
100cm=1m
1,000 mm=1m

1,000,000 pm=1m

Discrimination, readability, resolution: Smallest scale unit of measure or output for an instrument
10 to 1 rule of thumb

Apparent resolution: X. XXX (3 Digits / numbers)
Effective resolution: 0.005/0.010/0.001 / 0.002
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Number of Categories BOCARY)

ndc: With the number of categories we must to know if the equipment is the appropriate for the measure
(to detect the process variation)

Number of Categories‘ Control Analysis
Can be used for control only if:
e The process variation is small | e Unacceptable for estimating

when compared to the process parameters and indices
specifications e Only indicates whether the
o The loss fimction is flat over process is producing
| _ the expected process conforming or nonconforming
" | variation parts
1 Data Category ¢ The main source of variation

causes a mean shift

e (Can be used with semi- ¢ Generally unacceptable for
variable control techniques esfimating process parameters
based on the process and indices since it only
distribution provides coarse estimates

L Py |

e (Can produce insensitive
! variables control charts

"2 - 4 Data Categories

e Can be used with variables o Recommended
control charts

5 f::r more Data Categori:és
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The measure value - Is it real? BOCARY)

Reference value (Vg): also known as the accepted reference value or master value, is a value of an
artifact or ensemble that serves as an agreed upon reference for comparison.
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Calibration BOCARXNY)

Is a set of operations that establish, under specified conditions, the relationship between a measuring device and a
traceable standard of known reference value and uncertainty

Calibration may also include steps to detect, correlate, report, or eliminate by adjustment any discrepancy in accuracy of
the measuring device being compared.

The calibration system determines measurement traceability to the measurement systems through the use of calibration
methods and standards.
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Variations BOCARXNY)

High 2) Width Low

3) System

1) Location

s
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Test of Hypothesis BOCARNY)

Null hypothesis (H0)

?

It is an affirmation that you are testing in order to determine if it is true or not ‘
Example: (Variation = 0/ It is significant or not)

HO: =1 0 X \,».

Alternative hypothesis (Ha / H1)

There is a real effect and the observations are affected by some conditions and present some variation

Example:
Hitp# g or  Hyip>p, or  Hip<p
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To take decision, use p value

BOCAR

GROUP

)

» |f p<0.05 something is happen, therefore we reject the null hypothesis (HO0); and accept the alternative

hypothesis (H,).

» The Alternate Hypothesis (H,) is accepted based on data when them show a significant change, for this reason

our decision is reject the HO.

e |n others words we are approving with >95% certainty that something changed.

Examples:

P vaie= 0-035 - Rejected HO
P vae = 0.002 - Rejected HO
P yae = 0.051 - Accepted HO

=0.125 - Accepted HO

p value
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Location Variation BOCARXN)

GROUP

w= BIAS = Accuracy: The closeness of agreement between an observed value and the accepted
reference value.

Bias / Deviation: Difference between the observed average of measurements and the
reference value

Measurem;l System's
Average

Reference Value

LSL

usL
p . ' . Linearity: The change in bias over the normal operating
; : . I range
: AN i N i

Promedio del Sistema Promedio del Sistema Promedio del Sistema Promedio del Sistema Promedio del Sistema
de Medicion de Medicion de Medicion de Medicion de Medicion

= 2

u

: :

» . e Voden g
"

! Promedio del Sistema

Stability: The change in bias over time ]
Prmede i Ssins Time
Promedio del Sistema
de Medicion
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Conducting Study - Bias / Type 1 BOCARNY)

Test Hypothesis:

HO: Bias =0
H1: Bias # 0

1) Obtain a sample and establish its reference value(s) relative to a traceable standard.
1)  If one is not available, select a production part, that falls in the mid-range of the production measurements and designate
it as the master sample for stability analysis.
2)  Measure the part n >10 times in the gage or tool room (Example: Metrology Laboratory), and compute the average of the
n readings. Use this average as the “reference value.”

2) Have a single appraiser measure the sample n >10 times in the normal manner (suggestion: 50 times). With the same appraiser,
same gauge, with the same process (method) and in the same operative conditions.

3) Use a software or internal spreadsheet (In order to compute the results)
4)  Make the analysis: chart and numerical

9) Take actions in order to improve the measurement system (if it is necessary or standardize)
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Minitab BOCARX)

i Minitab - Untitled
| File Edit Data Calc |Stat Graph Editor Tools Window ™ OPEXSixSigmaMenu™ Help Assistant

ECIEIE @@ [veGesn DrT=ag [A]5=-= & & 4] 2]
[ [ B * =1 [ETooN - lad)
F AMOVA » =
L[ Session DOE y
Control Charts
Type 1Gag 3 funcrer.
Rehab|l|tyf§ur\rwa| |_E Pareto Chart...
Type 1 Gage 1 Multivariate ¥ | == Cause-and-Effect...
Fime eaks *| M\ Individual Distribution Identification...
Tebies ] ‘ ﬁ; lohnson Transformation...
Mmool Capability Analysis ’
Equivalence Tests oy Sk v
Power and Sample Size 4 i
1| Tolerance Intervals (Mormal Distribution)...
,ﬂ Tolerance Intervals (Nonnormal Distribution)...
E& Create Attribute Agreement Analysis Worksheet.., @ Create G{ Type 1 Gage Study
3.?. Attribute Agreement Analysis... |E Gage Ru Perform 3 _preliminary evaluation on the bias and
] . | repeatability of your measurement system. Use when one
Acceptance Sampling by Attributes... b Gage Lin| operator measures one reference part multiple times.
Aéiciptaiice Samphing by Narabies i E Gage R&R Study (Crossed)...
[¢d Gage R&R Study (Nested)...
o2 Multi-Vari Chart... H3 Gage R&R Study (Expanded)...
B GrosorCapa.MTW = Wil Symmetry Plot...
2 | s o | c3 ca | c5 6 | o s | o o | g Attr'tb-u'te Gage St}de (Analy‘tic Method)... ci6 | c
| Grosor | | | | | | | | | |
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Exercise 2 - Bias study / Type 1 SOCAES]

Measure the distance or width (of one part)

Take 50 measurements

Make the Bias analysis
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Exercise 2 — Bias study / Type 1

BOCARQ-ET

GROUP

Estudio tipo 1 del sistema de mediciéon para Sistema 1

Nombre del sistema de medicion :
Fecha del estudio:

Notificado por:
Tolerancia: 0.2
Misc:

Gréfica de corridas de Sistema 1

Nombre del sistema de medicion :
Fecha del estudio:

Estudio tipo 1 del sistema de medicion para Sistema 2

Notificado por:
Tolerancia: 0.2
Misc:

Grafica de corridas de Sistema 2

Als ' Ref +0.05 x Tol
/\ Ref 21.42
234 [\
Ref - 0.05 x Tol
- n 240
© ©
E an E s A
k) a R
@ 2130 @ /‘4\‘
21.36
Ref +0.05 x Tol
N4 | S y e
21.28 21.34 | v Ref - 0.05 x Tol
s
1 6 n 16 21 26 31 36 41 46 1 6 n 16 21 26 31 36 41 46
Observacion Observacion
Estadisticas basicas Sesgo Capacidad Estadisticas basicas Sesgo Capacidad
Referencia 21.347 Sesgo -0.04080 Cg 0.24 Referencia 21.347 Sesgo 0.03080 Cg 0.14
Media 21.30620 T 20.635063 Cgk -0.73 Media 2137780 T 9.166919 Cgk -0.29
Desv.Est. 0.013981 ValorP 0.000 Desv.Est. 0.023758 ValorP 0.000
6 x Desv.Est. (VE) 0.083886 (sesgo de la prueba=0) %Var(Repetibilidad) 41.94% 6 x Desv.Est. (VE) 0.142549 (sesgo de la prueba=0) %Var(Repetibilidad) 71.27%
jlolerancial(Toh 2 %Var(Repetibilidad y sesgo) -13.62% jlolerancialol vz %Var(Repetibilidady sesgo) -34.27%
Estudio tipo 1 del sistema de medicion para Sistema 3 Estudio tipo 1 del sistema de medicion para Sistema 4
Notificado por: Notificado por:
Nombre del sistema de medicion : Tolerancia: 0.2 Nombre del sistema de medicion : Tolerancia: 0.2
Fecha del estudio: Misc: Fecha del estudio: Misc:
Grafica de corridas de Sistema 3 Gréfica de corridas de Sistema 4
21.390 216
21375 214
Ll < Ref +@85 Tl
g g
g % Ref +0.05 x Tol g 22
2 %
21345 Ref
210
Ref - 0.05 x Tol
21.330
1 6 n 16 21 26 31 36 41 46 1 6 n 21 26 31 36 41 46
Observacion Observacion
Estadisticas basicas Sesgo Capacidad Estadisticas basicas Sesgo Capacidad
Referencia 21347 Sesgo 0.02320 Cg 037 Referencia 21.347 Sesgo -0.01240 Cg 0.02
Media 21.37020 T 18.392896 Cgk -0.49 Media 21.33460 T 0.618725 Cgk -0.01
Desv.Est. 0.008919 ValorP 0.000 Desv.Est. 0.141713 ValorP 0.539
$ ); Desv:Es;: (?IE) 8.(2]53515 (sesgo de la prueba=0) 9%Var(Repetibilidad) 26.76% $ ); Desv:Es:: (?IE) 8.250276 (sesgo de la prueba=0) 9%Var(Repetibilidad) 42514%
AEETERE) O %Var(Repetibilidad y sesgo) -20.27% GEETEE) O 9%Var(Repetibilidad y sesgo) -1771.41%
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Exercise 2 - Bias study / Type 1 BOCARY)

Estudio tipo 1 del sistema de medicion para Sistema 5 Estudio tipo 1 del sistema de medicion para Sistema 6
Notificado por: Notificado por:
Nombre del sistema de medicion : Tolerancia: 0.2 Nombre del sistema de medicion : Tolerancia: 0.2
Fecha del estudio: Misc: Fecha del estudio: Misc:
Grafica de corridas de Sistema 5 Gréfica de corridas de Sistema 6
21.360 21.360

Ref +0.05 x Tol

Ref +0.05 x Tol

21.355 21355
n ©
@ 21.350 @ 21.350
£ =
@ Ref @ d
k) 7}
21340 21340
Ref - 0.05 x Tol Ref - 0.05 x Tol
1 6 1 16 21 26 31 36 4 46 1 6 n 31 36 41 46
Observacion Observacion
Estadisticas basicas Sesgo Capacidad Estadisticas basicas Sesgo Capacidad
Referencia 21.347 Sesgo -0.00196 Cg 6.76 Referencia 21.347 Sesgo -0.00090 Cg 0.55
Media 21.34504 T 28.099655 Cgk 5.43 Media 2134610 T 1.052194 Cgk 0.50
Desv.Est. 0.000493 ValorP 0.000 Desv.Est. 0.006048 ValorP 0.298
6 x Desv.Est. (VE) 0.002959 (sesgo de la prueba=0) %Var(Repetibilidad) 1.48% 6 x Desv.Est. (VE) 0.036290 (sesgo de la prueba=0) 9%Var(Repetibilidad) 18.14%
jokiancialel g2 %Var(Repetibilidad y sesgo) 1.84% jlolerancialtel vz %Var(Repetibilidad y sesgo) 19.94%
Estudio tipo 1 del sistema de medicion para Sistema 7 Estudio tipo 1 del sistema de medicion para Sistema 8
Notificado por: Notificado por:
Nombre del sistema de medicion : Tolerancia: 0.2 Nombre del sistema de medicion : Tolerancia: 0.2
Fecha del estudio: Misc: Fecha del estudio: Misc:
Gréfica de corridas de Sistema 7 Gréfica de corridas de Sistema 8
21.360 21.360
Ref +0.05 x Tol Ref +0.05 x Tol
21.355 21.355
~ ©
o 21.350 ®© 21.350
£ £
% Ref g Ref
21345 o 21345
21.340 21.340
Ref - 0.05 x Tol Ref - 0.05 x Tol
1 6 n 16 21 26 31 36 41 46 1 6 1 16 21 26 31 36 41 46
Observacion Observacion
Estadisticas basicas Sesgo Capacidad Estadisticas basicas Sesgo Capacidad
Referencia 21.347 Sesgo 0.00016 Cg 1.01 Referencia 21.347 Sesgo 0.00012 Cg 1.66
Media 21.34716 T 0.344421 Cgk 1.00 Media 21.34712 T 0.422885 Cgk 1.64
Desv.Est. 0.003285 ValorP 0.732 Desv.Est. 0.002007 ValorP 0.674
6 x Desv.Est. (VE) 0.019709 (sesgo de la prueba=0) 9%Var(Repetibilidad) 9.85% 6 x Desv.Est. (VE) 0.012039 (sesgo de la prueba=0) 9%Var(Repetibilidad) 6.02%
TeEEEn ) 02 %Var(Repetibilidad y sesgo) 10.01% ellEEmER () - 02 9%Var(Repetibilidady sesgo) 6.09%
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Minitab Analysis BOCARXN)

Type 1 Gage Study for Grosor

Reported by:
Gage name: Tolerance: 0.0007
Date of study: Misc:

Run Chart of Grosor

Ref +0.10 x Tol

A A s A b

 RAUANRIIN

0.02505

Grosor

0.02490

The Bias value must 1 6 11 16 21 26 31 36 41 46

be compare with the Observation Cgy Cgk must be

confidence bounds Basic Statistics b Capability upper :h6a7n 1.33/

—1 ifi ~  Reference 0.025 Bias >C-0.000015 Cg 0.53 .

IS accept_ab_le if it Mean 0.024985 T 2.3847019 Cgk 0.42
falls within StDe 0-0000438 PValue
confidence bounds 6 x StDev (SV)  0.0002625 (Test Bias = 0) %Var(Repeatability) e
Uebsizzs (el L %Var(Repeatability and Bids) 47.52%
P value must be less % Repeatability and
than 0.050 to reject Bias must be less
the HO than 10%**

Interpretation (Example): the repeatability of the measurement system is significant (high variation); therefore we reject H0. Considering the tight tolerance:
0.0007
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Minitab Interpretation BOCARXNYY

* Inthe run chart, most of the thickness measurements fall within the = 10% tolerance range. However, some of the
measurements are lower than expected (lower than the reference - 10% tolerance limit). The lower measurements
may indicate a problem with the measurement system.

«  The mean value of the thickness measurements is 0.024985, which is slightly lower than the reference value of 0.025.
The standard deviation is 0.0000438, which is very small. However, because the tolerance range of 0.0007 is also
very small, not much variation is allowed in the measurements

«  The following results indicate that the measurement system should be improved because it cannot measure parts
consistently and accurately

«  P-value for bias = 0.021. Because the p-value is less than a significance level of 0.05, the null hypothesis for the test
of bias=0 must be rejected. The engineer can conclude that there is statistically significant bias present in the
measurement system.

«  Cg=0.53 and Cgk = 0.42. Both capability indices are less than the commonly used benchmark value of 1.33, so the
engineer concludes that the measurement system is not capable and needs improvement.

«  %Var (Repeatability) = 37.50% and %Var (Repeatability and Bias) = 47.52%. These values are much larger than 15%
(a commonly used benchmark), and indicate that the variation due to the measurement system is large.
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Minitab Interpretation BOCARXNYY

» Tolerance (Tol): Is the difference between the upper specification and the lower specification

» The bias is a measure of a measurement system's accuracy. Bias is calculated as the difference between the known
standard value of a reference part and the observed average measurement. |deally, the bias value is close to 0.

»  Values other than 0 indicate the following:
* Apositive bias indicates that the gage measures high.
* Anegative bias indicates that the gage measures low.
» For a gage that measures accurately, the %bias will be small.
» To determine whether the bias is statistically significant, use the p-valu

» The t-statistic for testing the null hypothesis that bias = 0 versus the alternative hypothesis that bias # 0.
 tfollows the t-distribution with y degrees of freedom, where y =n —1.

» The p-value is associated with the t-statistic. It is the probability of obtaining a t-statistic as large or larger than the
calculated one, assuming that the bias is zero. As the t-statistic increases, the p-value decreases. The smaller the p-
value, the greater the evidence against the null hypothesis that the bias = 0.

* A guideline for the resolution is that it should not be greater than 5% of the tolerance. So, if you specify both the
resolution and the tolerance, Minitab calculates whether the resolution is less than, greater than, or equal to 5% of the
tolerance.
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Interna

| spreadsheet

BOCAR

GROUP

)

ELEGIR UNA RAZON SOCIAL
ELEGIR UNA PLANTA
E STUDIO DE LOCALIZACION Y AMPLITUD GENERAL

ELEGIR UNA RAZON SOCIAL
ELEGIR UNAPLANTA
RECOLECCION DE DATOS

BOCARY)

METROLOGIA

BOCAR

GROUF @

VETROLOGIA

Fecha: O D/MMIAAAS

Fecha: DD/MAAAAA

R g bl oty o Recalusain de dakis Lnealidad y Bas
Frecuence 3 Temperarra F
Pas 1 2 3 ] 5
[ Amea der s ermpresn Pranima esuda = : x
T ——— 0
Rezducin [Alcames : e
Taferancia Sum Taleanca ' a 5 =
Evaluncién det o = ajusis Imspeceidn wisual 1 4 A1
- ™ n . 06
Acividad Cumglmierea 2
Si | Mo | MoAgica i - %
Musie a cero (exdas ongiadnges yio Egules) 0 W] 0 : = B
Caibmdn y ajpeie ek i ] B}y 3 s
a Furcanamion o del Fea | m] m a - A
Desplazamiena suave da! krila @ gus (] ] 0 s 2 5
Gmbany gralmoaes s deech i [ ] i i Jor
[ | [ L e
Fe B uitado: Lisnar Datos Heligura uriforme enve olindra y ambar | ez O 12 Qo
Funcanamierio de @ménr de Fiecdn o Trimquss . J . Promiedia 0000833
Superioes de medicdn o sdpadoms Sn golpes ] [} W] Bias 9000333
Litre de iguidns y sucedad msror L (W]
Funcianaminnis def plain graduads ..I_ =}
Libres deiazamienio ded phate gradusdn O fon §
Pl graduada sujela fene al plag mivi [ =)
Desplizamienis siave y libre rotaddn de las aguas i Lt Daners gara cicuio de Bas
Limaidad de | valrder Jamz | m=[12 | w1 | =12 | dz=]aasois | di=]a |
4Dy 01 % L 233% . i
i SEas S [ Ve demimza | Weds | i I = = [ Eoudmmr |
I a (93333 | 0000933331 | 005%6sEed1 | ogtr2 | agsaz |
% de lineulidad= wada de inealidad Rac hazado
Has dal hsrummia
Media 0,001 an wstinda 00597 Desviacin estindar el tiz 4.0172
003052 T0< 003518 Resultady de Bas Acapldo 2 a p p y
Inceridurtbre del Instumnesnto
Vedge  |eerSdumEis]  Tipode iceridumire | Cosfcmntsde | oL Gradas de u
orignal ik astirday senshidad tertad
000 00.00 mm 00000 1 00000 100
Dl Tempemura arc 0.5774 0.0002 12
Lt de comprabaciin e e
Canmr || [Faner sigusa]d ] Copuras samms [l |
Trazsiicad a )
Resuliads geneal d Rechazsdp 4 2
Dimeradoes -
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Internal spreadsheet BOCARXNYY

ELEGIR UNA RAZON SOCIAL BOCAR@ s BOE,&?@'

ELEGIR UNAPLANTA GROUP ELEGIR UMNA PLANTA
RECOLECCION DE DATOS i ESTUDIO DE LOCALIZACION Y AMPLITUD GENERAL METROLOGIA

Fecha: 1002/2020

Fecha DD/MIMAAAA _ . ——
Facaies i e s Ll e Heimern de Equan X300 1002000001 Duswripeiin Equizn VERMIER
Fracuerea 1 Tempeatea 20
Pana 1 ol 3 1 5
- Ama de b armerasa MAGUINADO Préwma asuida 15032020
Refrenca 3
3 = Resducdn 01 Al
3 i3 Tabwranca S 10 Talranca Ind [
3 53
I s cidn de ervor in ajusie Iresacidn wisual
o 3 53
f 5 & Pt Cramgi
“ [} 54 Si | Mo |MoAgia
n 7 ] Apusie a coro {esc das ngiudnales yo dngufos) 1 1 1
t ] (3] Catmda y ajume dncsan ] (] |
: B [ a Funcaramieni del feng ] m] ]
10 65 @ Desalzamioni suave del mrillo o gas | ] 0
" E [ Eror [ 6a0m Grabida y graduscones sn delecia [ | [m} (|
12 Litvw e mayavcuras y enmahacmiema [ ] .
Pramedia / Fe s uitaco: Lianar Dstos Hedgura uriorme wxe cindra ¥ @mecr O a
Hia= 405000 Funcanamenio de tambar de kogan o Trnquels O ] 0
Superiices de medican o papadoms sn galpes [ ] N
Litre de iquidos y sucedad imerior i} [} (]
Fundaramisnis del dake gaduada o
Litre desplazamienia del pima gradusda o) =} U
D= para e de Bim T
Plado graduaa sujein Erne al plin no g ¥ O
[ Malrder= [2:2 | =12 [ =1 [ m=|12 [ da=faasats | di=[3 | D=l camenin suave yhitre rtacan de las aguas -
[ War de mbsronca | Mada | Bias | = | = [ Estadisieat | Lirmaialad dal insirumerta
I [l | 6.05 [ 0.05 | o20ma [ 00603 | [EETH a dBas 0.500%
22281
Rec hazeoo
Eea= dal hizrumant
ks .2083 o dn wsidndar dal bis 0.0603
0186447 | adka de Bas: Acapldo

lcenidumbre dal Insiumenia

Vo |mesidimbel  Tipo da et Pkt Gradas de
et arigna disibeide st i) [
0100 0010 mm | &, Unifeme 0.0285 1 0.028 100
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Possible variation causes (Bias / Type 1) BOSARY)

If the bias is statistically non-zero, look for these possible causes:

o Instrument needs calibration
o Worn instrument, equipment or fixture “,;rw-;ﬁ*ﬂ 2]
o Worn or damaged master, error in master ’ f

o Improper calibration or use of the setting master
o Poor quality instrument — design or conformance
o Linearity error

o Wrong gage for the application
O

O

O

O

O

O

Método incorrecto de medicion Método correcto de medicion

Different measurement method — setup, loading, clamping, technique

Measuring the wrong characteristic

Distortion (gage or part)

Environment — temperature, humidity, vibration, cleanliness

Violation of an assumption, error in an applied constant

Application — part size, position, operator skill, fatigue, observation error (readability, parallax).
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Conducting the Linearity Study BOCARXN)

Test of Hypothesis: over the operating range (Tolerance / fit line)

HO: Z =ax.+b =0 Whereayb=0 (Slope and intercept)
Hi:y,=ax,+b #0 Whereayb#0 (Slope and intercept)

1) Select g > 5 parts whose measurements, due to process variation, cover the operating range of the gage.
1) Have each part measured by layout inspection to determine its reference value and to confirm that the operating range of
the subject gage is encompassed.
2) Have each part measured m > 10 times on the subject gage by one of the operators who normally use the gage (same

conditions).
Linearity Example
3) Use a software or internal spreadsheet (In order to compute the results) Y- 07368 -2 e

Rog=T14%

4)  Make the analysis: chart and numerical

9)  Take actions in order to improve the measurement system

1) (if itis necessary or standardize) Bias = 0

Bias

3 4 g B 7 & a L

Reference Values
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Example - Linearity Study

BOCAR

GROUP

)

Mimero de Equipo Vernier-00235 Descripcion Equipo Vernier
Frecuencia Anual Temperatura 23
Area de la empreza Maguinado Proximo estudio 1500602021
Resolucion 0.01 Alcance
Tolerancia Sup. 12.5 Tolerancia Inf. 123
Recoleccion de datos Linealidad y Bias
Parte 1 2 3 4 5
Referencia 12.33 12.38 12.41 1244 125
1 1233 12.37 124 1244 125
2 12.34 12.37 124 1243 12.51
3 12 34 12.38 124 1245 1251
; 4 12.34 12.38 124 1244 125
i 5 1232 12.39 1241 1244 125
e 6 12.32 12.38 1242 12.45 12.51
n 7 12.33 12.37 124 1244 1249
: 8 12.34 12.36 1241 1243 125
(o]
i 9 12 34 12.37 124 1244 125
10 12.33 12.37 124 1243 12.51
11 1232 12.37 1242 1243 1249
12 12.33 12.37 12.41 1244 125
Promedio 12332 12 373 12 406 12.438 12 502
Bias 0.0017 -0.0067 -0.0042 -0.0017 0.0017
001 L ] X = & =
oas
1} W 1252
oo0s
001 L] = = L]

0015 |

002 | =

Series1

Series2

.
[ ]

A Series3
% Sefiesd
£ Seriess

®  Series

+ Series?

- Seriesg

- Serles

Series10

e

Seriesil
Series12
Series13
Series1d

Series1s

Linear (series13)
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Example - Linearity Study BOCARXY)

Linealidad dei instrumento
Pendiente: 0.0114 Interseccion: -0.1429 btBias 3.333%

ta (ab=soluta). 0.815 tblab=oluta). 0.523 .
%o de Iinealidad=|ﬂ.ﬁ4?“.-ﬁ Rezultado de linealidad: Aceptado

Bias del Instrumento

Media: 12.373 eswviacion estandar: 0.0080 esviacion estandar del bias: 0.0028

0012514 [=0<| -0.000819 Resultado de Bias: Rechazado
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Conducting the Stability Study BOCARY)

1) Obtain a sample and establish its reference value(s) relative to a traceable standard. If one is not available, select a production
part that falls in the mid-range of the production measurements and designate it as the master sample for stability analysis. The
known reference value is not required for tracking measurement system stability.

2)  On a periodic basis (daily, weekly), measure the master sample three to five times. The sample size and frequency should be
based on knowledge of the measurement system. Factors could include how often recalibration or repair has been required, how
frequently the measurement system is used, and how stressful the operating conditions are. The readings need to be taken at
differing times to represent when the measurement system is actually being used. This will account for warm-up, ambient or
other factors that may change during the day.

3) Plotthe data on an X &R or X & S control chart in time order.

Xbar/R Chart for Stabili
4)  Make the analysis: chart and numerical = bl .

B3 — o LI =5 267
F 62 — 7 .
5) Take actions in order to improve the measurement system = i L. A st
1)  (ifitis necessary or standardize) Bt ¥ o *
” i“: : --------------------------- LCL=5.T46
SUbTRD D i0 70
| | |
L st (i i i ) R i e e i R UCL=11010
& '
£ n i
] k) LS I 1
5 05 — —— .-'lll et ;'I.\v’ o T LA
- g OV \
5 .
00 == s o o o o LCL=1
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Possible causes for instability and linearity error: BOCAR

)

Possible causes for instability include:

Instrument needs calibration, reduce the calibration interval

Worn instrument, equipment or fixture

Normal aging or obsolescence

Poor maintenance - air, power, hydraulic, filters, corrosion, rust, cleanliness
Worn or damaged master, error in master

Improper calibration or use of the setting master

Poor quality instrument — design or conformance

Instrument design or method lacks robustness

Different measurement method - setup, loading, clamping, technique
Distortion (gage or part)

Environmental drift — temperature, humidity, vibration, cleanliness

Violation of an assumption, error in an applied constant

Application — part size, position, operator skill, fatigue, observation error (readability, parallax)

O 0O 0O O O O O O o o0 o 0o O
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Doubts or comments BOCARXNY
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Width variation BOCARNY

Precision: “Closeness” of repeated readings to each other

A~ Repeatability: Variation in measurements obtained with one measuring instrument when
) used several times by an appraiser while measuring the identical characteristic on the same
= P - p 3 I’t

Commonly referred to as E.V. — Equipment Variation

Reproducibility: Variation in the average of the measurements made by different appraisers using the same gage
when measuring a characteristic on one part

Commonly referred to as A.V. — Appraiser Variation

. Reproducibility
I 1

[ B
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Width variation BOCARNY

| | |
! | |
] | |
| | |
| A C B |
! |

Gage R&R / GRR: Gage repeatability and reproducibility: the combined estimate of measurement system repeatability and
reproducibility

The Variable gage study can be performed using three methods:

v Range Method (5 Parts, 2 Appraisers and measure each part once)
= (age study which will provide a quick approximation of measurement variability
= |t does not decompose the variability into repeatability and reproducibility

v" Average and Range method (including the Control Chart method) (10 parts, 3 Appraisers, and measure each part 3 times)
= |s an approach which will provide an estimate of both repeatability and reproducibility for a measurement system
= Analysis of Results — Graphical
= However, variation due to the interaction between the appraiser and the part/gage is not accounted for in the analysis.

v ANOVA method
= (Can be used to determine the interaction between the gage and appraisers
= The ANOVAtable is used to decompose the total variation into four components: parts, appraisers, interaction of appraisers
and parts, and repeatability due to the instrument.

02.01.2021 Developed by Bocar Group Version # 2 / Suppliers MSA 39



Analysis of the Results (Width)

BOCAR

GROUP

)

Caution: it is important to analyze the measurement system application.

GRR

Decision

Conunents

Under 10
percent

Generally considered to be an
acceptable measurement system.

Recommended. especially useful when trying to sort or
classify parts or when tightened process control is
required.

10 percent to
30 percent

May be acceptable for some
applications

Decision should be based upon. for example. importance
of application measurement, cost of measurement device,
cost of rework or repair.

Should be approved by the customer.

Ovwver 30
percent

Considered to be unacceptable

Every effort should be made to improve the measurement
system.

This condition may be addressed by the use of an
appropriate measurement strategy: for example. using the
average result of several readings of the same part
characteristic in order to reduce final measurement
variation.

Another statistic of the measurement system variability is the number of distinct categories (ndc)

Graphical Analysis
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Conducting the Study - R&R ANOVA

BOCARQ_\J"

GROUP

[l Minitab - Untitled

File Edit Data Calc | Stat Graph Editor Tools Window ** OPEX Six Sigma Menu** Help Assistant

=22 Basic Statistics ' 2@ ermhno [l Minitab - Untitled - [Worksheet 1 %]
Regression » i = 3 ::
— ANOA > | File Edit Data Calc Stat Graph Editor To
D Session DOE » - - p——isy
Control Charts » Ll |
o+ Runcrar. | m
Reliability/Survival ¥ | [k Pareto Chart..
Multivariate » 3% Cause-and-Effect. L C.I CZ T C3 T C4
Ll > I\ Individual Distribution Idertification.. '
Jablcs > k Johnson Transformation...
Betipataiiciis > Capability Analysis >
Equivalence Tests » Capability Sixpack > 1
Power and Sample Size Ll
Tolerance Intervals (Normal Distribution) 2
"l Tolerance Intervals {Nonnormal Distribution)... 3
3 Tyoe 1 Gage sty
"8 Create Attribute Agreement Analysis Warksheet. [q Create Gage R&R Study Worksheet... ] 4
== | o& Attribute Agreement Analysis... Gage Run Chart.. Create Gage RR Study Worksheet 5
* 5 c2 = c4 CEE Acceptance Sampling by Attributes... 1 Gane Lineanty.dnd Biasotudy. Plan a gage R&R study and create a cus
Acceptance Sampling by Variables » 4-‘1 Gage R&R Study (Crossed) L E
1 21 Gage R&R Study (Nested)..
2 Multi-Vari Chart 7
2 3 Gage R&R Study (Expanded)..
i Symmetry Plot..
3 ,;ﬂ Attribute Gage Study (Analytic Method)... 8
a
9
10
11 Pablo
Create a WO rksheet Create Gage R&R Study Worksheet 12 Pablo
|
¥| Number of parts: |10 i‘ Number of aperators: | 3 il -I 3 F-‘abl;:]
+ 10Parts — >
ar S Part P; Operator oOperator Nan| 14 Pa b i Q
s o 1 Pedro
. - h 2 Pablo 15 Pablo
« 3 Appraisers, — 2 — olc
: ot 16 Pablo
« 3Trial «
rla S 7 7 17 Pablo
8 8
0 18 Pablo
0 |10
\ 19 Pablo
Number of replicates: 3 il a0
oK
Help Cancel
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Conducting the Study - R&R ANOVA

BOCAR

GROUP

)

1 Minitab - Gauge R&R Practica.MPI
File Edit Data Calc |Stat Graph Editor Tools Window ** OPEX Six Sigma Menu** Help Assistant

EH S xh

Worksheet
“ Worksheet 1
B Worksheet 2

Elr [ e &

Basic Statistics '@ o UREONAE NI ELE 1 #
Regression » ﬁ x
ANOVA »
DOE 3
Control Charts » c3-T c4 | G5 | C6 c7 c8 | C_9 c10 cn C12
A4 Run Chart.. Pieza | stdhl  stdh2 | stdh3 |
Reliability/Survival » L Pareto Chart... 1) 187453 18.7447 18.7459
Multivariate » |33 Cause-and-Effect.. 2 189175 189179 18.9180
: : 3 188039 18.8045 18.8021
Time Series » i T i G
\ Individual Distribution |dentification...
Tbles 31 ndividual Distribution |dentification il $e g Gansl AneTEe
yi Joh Transf tion...
Nonparametrics » PR L 5/ 18.8768 18.8769 18.8759
Capability Analysis »
- » 6/ 18.8998 18.8967 18.8986
Equivalence Tests Capability Shpack >
Power and Sample Size ¥ = 7 18.6067 18.6016 18.6154
g . Tolerance Intervals (Normal Distribution)... a8 189076 18.8989 18.9073
9 71 Tolerance Intervals {Nonnormal Distribution)... 9 186680 186642 186787

Gage Study r ? Type 1 Gage Study...

Symmetry Plot...

I & Create Atiribute Agreement Analysis Worksheet... ’q Create Gage R&R Study Worksheet...
12 : 5
o Attribute Agreement Analysis... == Gage Run Chart...
13 S "
14 [ﬂ} Acceptance Sampling by Attributes... 3t Gage Linearity and Bias Study..
15 Acceptance Sampling by Variables » r_ﬂ Gage R&R Study (Crossed)...
[23 Gage R&R Study (Nested)...

16 ['=2 Multi-Vari Chart... =

- {13 Gage R&R Study (Expanded)..

o? Attribute Gage Study (Analytic Method)...

18

19 8.90 :

20 206 2 1895 1893  18.93
| 216 3 1881 18820 1881
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Conducting the Study - R&R ANOVA

BOCARQ_\J‘"’

GROUP

Gage R&R Study (Crossed) X

Part numbers: @ I

Operators:
Measurement dat

Method of Analy5|s

Gage Info...

Options...

Conf Int...

Storage...

1. In Part numbers, enter the column that contains the part
names or numbers.

2. In Operators, enter the column that contains the operator
names or numbers.

3.  In Measurement data, enter the column that contains the
observed measurements

4.  Hagaclicen OK

Select the R&R ANOVA method

-:'" Xbar and R

OK
Help Cancel
Estudio R&R del sisterna de medicidon (cruzado): opciones de ANOVA x

Variadién de estudio: |3 nimero de desviaciones estandar)
Tolerandia del proceso

{+ Ingresar por lo menos un limite de especificacién

Espec. inferior: ’—
Espec. superior: l—
(" Espec. superior - Espec. inferior: ’—
Desviacién esténdar histdrica: l—
|L=lii£-:e la des n estandar a para estimar la variadon del proceso J
Término de interaccion alfa a retirar: 0.05

[¥ Mostrar probabilidades de dasificacidn errada

[ Mo mostrar contribucién porcentual
™ Mo mostrar variacidn porcentual del estudio

[ Dibujar graficas en graficas separadas, una grafica por pagina

Titulo: |

Ayuda

Cancelar

Aceptar

A. Select 6S (The standard deviation )

B. Enter the specification limits or the tolerance range to
compare the measurement system variation to customer
specifications
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Graphs - R&R ANOVA BOCARXN)

Gage R&R (ANOVA) Report for ht

Reported by:

Gage name: Tolerance:
Date of study: Misc:
Components of Variation h1 by Parts
100 [ % Contribution
I % Study Var 19.0
=
f=
(7]
£ %0 18.8
o
Gage R&R Repeat Reprod Part-to-Part 1 2 3 4 5 6 7 8 9 10
Parts
R Chart by Operators
1 2 3 h1 by Operators
@ 010 | {
5 1\ ! 19.0 |
o 1 1
0.05 | |
2 o - ; UCL=0.0386 e—— |
5 &&%m R 182
& 000 ] : LCL=0 ‘

NUDES0AB9081LH 5642908 Y% 601 09

Parts e 1 S 5

Xbar Chart by Operators Operators

19.0 ! 2 = Parts * Operators Interaction

- 1 1
5 | ASTR e ifrery
Q 1 ! = 1
= ey | e -l
v 188 ¢ : P v
- -4--3
S ; ; o *
£ w w 5 188
A i i >
“ 186 . ! <

NUZ X0 ARNY L BEH6AB9DNYS Kb 0A 09
18.6
Parts 1 2 3 4 5 6 7 8 9 10
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Analysis of the Results - R&R ANOVA

BOCAR

GROUP

)

Gage R&R Study - ANOVA Method

Two-Way ANOVA Table With Interaction

Source DF SS MS F P
Parts 0.92407 0.102675 25.3997 0.000
Operators 2 0.02673 0.013363 3.3058 0.060
Parts * Operators 18 0.07276 0.004042 17.0803 0.000
Repeatability 60 0.01420 0.000237

Total 89 1.03776

a to remove interaction term = 0.05

Gage R&R
Variance Components

%Contribution
Source VarComp (of VarComp)
Total Gage R&R 0.0018159 14.21
Repeatability 0.0002367 1.85
Reproducibility 0.0015793 12.36
Operators 0.0003107 243
Operators*Parts 0.0012686 9.93
Part-To-Part 0.0109591 85.79

Total Variation 0.0127751 100.00

Gage Evaluation
Study var  %Study Var

Source StdDev (SD) (6 x SD) (36SV)

Total Gage R&R 0042614 0.255682 e )

Repeatability 0.015384 0.092304 13.61
Reproducibility 0.039740 0.238439 35.16
Operators 0.017627 0.105760 15.60
Operators*Parts 0.035617 0.213701 31.51
Part-To-Part 0.104686 0.628115 92.62

Total variation 0.113027 0.678161 100.00

Number of Distinct Categories = 3
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Analysis of the Results (Width) BOCARXN)

Average Chart

Approximately one half or more of the averages should fall outside the control limits. If the data show this pattern,
then the measurement system should be adequate to detect part-to-part variation

If less than half fall outside the control limits then either the measurement system lacks adequate effective resolution
or the sample does not represent the expected process variation.

The points for each appraiser average measurement per part are connected to form k (number of appraisers) lines.
The way to interpret the graph is if the k lines are parallel there is no interaction term. When the lines are nonparallel,
the interaction can be significant

-4 ucL
== LOL

Average

—o—ApA

—O—ApB
—-d—- ApC
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Analysis of the Results (Width) BOCARXN)

Range Chart
The range control chart is used to determine whether the process is in control. The reason being that no matter how
large the measurement error may be, the control limits will allow for that error. That is why the special causes need
to be identified and removed before a measurement study can be relevant
If all ranges are in control, all appraisers are doing the same job.

If one appraiser is out-of-control, the method used differs from the others.

If all appraisers have some out of control ranges, the measurement system is sensitive to appraiser technique and
needs improvement to obtain useful data

| e A ucCL
: /\/ \/\
3 @)

X C 05 — /
—0—ApprA & . It

. —DO—ApprB
VAN MN

i 0.0 ~—
12 3 4 5 6 7 8 9 10
Part Appr A Appr B Appr C
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Example 3 — R&R Anova method BOCARY)

Use Minitab software
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Example 3 - R&R Anova method

BOCAR

GROUP

)

Appraizer i

Trial = 1 2 3 4 5 6 7 g 9 10
L& ! 029)|-056| 1.34| 047|-080| 002| 059|031 228| -1.38
2 2 D.41|-068| 1.17| 050|092|-011| 075|020 199| -1.35
3 3 064|-058| 1.27| 064 | 084|-021| 0668|017 201| -1.31
4 Average
5 Range

B 1 0.08|-0.47| 1.19| 0.01|-056|-020| 0.47|-063| 1.80| -1.68

7 2 025|-122| 0.94| 1.03|-120| 022| 055| D.0B| 212| -162
8 3 0.07|-0.68| 1.34| 020|-128| 006| 0.83|-0.34| 219| -150
? Average
10 Range
1) c 1 0.04|-1.38| 088| D14|-146|-029| D02 |-D46| 177 -1.49
Lz 2 0.11|-1.43| 1.09| 020|-107|-067| D01|-056| 145| 177
13 3 0.15|-096| 067( 0.11|-145|049| 021|049 187 -2.16
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Example 3 - R&R Anova method

BOCAR

GROUP @@)

Informe de R&R del sistema de medicion (ANOVA) para Valor

Nombre del sistema de medicion :

Fecha del estudio:

Componentes de variacion

100

Notificado por:

Tolerancia:
Misc:

Valor por Pieza

[ % Contribucion 2
" Il % Var. estudio
o
g 50 Y
4
[
.= _m
- 2
0 ) 2 3 4 5 6 7 9 10
R&R del sistema de medicion Repetib Reprod Parte a parte Pi
l1eza
o Gréfica R por Operador : - d
= A Valor por Operador
3 10 : I
= . T LCS=0.880 2
: | | |
< 05 : :
I -
o W p R=0.342 . P o il
o A
o 0.0 LCI=0 |
5 \"l«”:v%b’\‘bq,@\ﬁ,”:V‘ob’\‘b%,@\'\,”:bt‘ob’\‘b‘b\b ‘
-2
Pieza A B c
2% Operador
Grafica Xbarra por Operador P
g , : C Interaccion Pieza * Operador
Q I 1
3 ! ! Operador
S A: A: ] -
e} ) ./'\ I EE :(%)151 e} -m--
g’ v \‘ V V Cl=-0.348 o B
i VvV s
e 2
o -2 o
= ’\’1«’5v%b’\%q@’\’b’hv‘ob’\%q@\’b":bt‘ob’\‘bq@
Pieza
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Analysis of Results — Graphical R&R  BOCARY)

Gage R&R (Xbar/R) for Response

Reported by:
(Gage name- Tolerance:
Date of study: Misc

Components of Variation

] [a]
s

The components of variation chart is a graphical summary of the results of a gage R&R study. ! EI] :I]

The sources of variation that are represented in the graph are: e T T
. Total Gage R&R: The variability from the measurement system that includes multiple operators using the same gage.
. Repeatability: The variability in measurements when the same operator measures the same part multiple times.

. Reproducibility: The variability in measurements when different operators measure the same part.

. Part-to-Part: The variability in measurements due to different parts

Interpretation - Separate colored bars represent:

%Contribution: is the percentage of overall variation from each variance component. It is calculated as the variance component for each source divided by
the total variation, then multiplied by 100.

%Study Variation: is the percentage of study variation from each source. It is calculated as the study variation for each source divided by the total study
variation, then multiplied by 100.

%Tolerance: compares measurement system variation to specifications. It is calculated as the study variation for each source divided by the process
tolerance, then multiplied by 100. Minitab calculates this value when you specify a process tolerance range or specification limit.

%Process: compares measurement system variation to the total variation. It is calculated as the study variation for each source divided by the historical
process variation, then multiplied by 100. Minitab calculates this value when you specify a historical standard deviation and select Use parts in the study to
estimate process variation.

In an acceptable measurement system, the largest component of variation is part-to-part variation.
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Analysis of Results — Graphical R&R  BOCARY)

R Chart by Operators
1 2 3

g o010 A : :
c I I
I I
5 \ |
0.05 ! !
é_ ! ! UCL=0.0386
I | —_
R=0.015
& o0.00 ! ! = = ‘eo® (cl-0

NY DO O0ADOONLYIBEH0ADBOONYLY S 0A 0,9

Parts

The R chart is a control chart of ranges that displays operator consistency.

Plotted points
For each operator, the difference between the largest and smallest measurements of each part. The R chart plots the points by operator so you
can see how consistent each operator is.

Center line (Rbar)
The grand average for the process (that is, average of all the sample ranges).

Control limits (LCL and UCL)
The amount of variation that you can expect for the sample ranges. To calculate the control limits, Minitab uses the variation within samples

Note: If each operator measures each part 9 times or more, Minitab displays an S chart instead of an R chart

Interpretation

A small average range indicates that the measurement system has low variation. A point that is higher than the upper control limit (UCL)
indicates that the operator does not measure parts consistently. The calculation of the UCL includes the number of measurements per part by
each operator, and part-to-part variation. If the operators measure parts consistently, then the range between the highest and lowest
measurements is small, relative to the study variation, and the points should be in control.
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Analysis of Results — Graphical R&R  BOCARY)

Xbar Chart by Operators

1 2 3
190 - '
c L I '\ " o ¢ | B o » o [USEiHET
g -“"‘ b / \ N % » ’ i ' I\ / ® /\ 1\ =
=g : —h = = | X=18.8593
U 188 Ve g W oo i ¢ | /1
-E_ = & \/oL Ll | [ | |LcL=18.8440
V] [ ] ! \ v \
| Ve
L% ‘ / L4 I“-“"
. ®

18.6 !
AL hH0ABOOANTL Y NG 0AB90NLY O 0OA DD

Parts

The Xbar chart compares the part-to-part variation to the repeatability component

Plotted points
The average measurement of each part, plotted by each operator

Center line (Xbar)
The overall average for all part measurements by all operators.

Control limits (LCL and UCL)
The control limits are based on the repeatability estimate and the number of measurements in each average..

Interpretation
The parts that are chosen for a Gage R&R study should represent the entire range of possible parts. Thus, this graph should indicate more

variation between part averages than what is expected from repeatability variation alone.

|deally, the graph has narrow control limits with many out-of-control points that indicate a measurement system with low variation.

02.01.2021 Developed by Bocar Group Version # 2 / Suppliers MSA 53



Analysis of Results — Graphical R&R

BOCAR

GROUP

)

h1 by Parts
19.0
18.8
18.6
1 2 3 4 5 6 7 8 9 10
Parts
h1 by Operators
19.0 ‘
o
18.8 ‘
18.6
1 2 3
Operators
Parts * Operators Interaction
19.0 Operators
—o— 1
—m 2
-¢- 3

18.6
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Analysis of Results — Numerical R&R

BOCAR

GROUP

)

Gage R&R Study - ANOVA Method

Two-Way ANOVA Table With Interaction

Source DF SS MS F P
Parts 0.92407 0.102675 25.3997 0.000
Operators 2 0.02673 0.013363 3.3058 0.060
Parts * Operators 18 0.07276 0.004042 17.0803 0.000
Repeatability 60 0.01420 0.000237

Total 89 1.03776

a to remove interaction term = 0.05

Gage R&R
Variance Components

%Contribution
Source VarComp (of VarComp)
Total Gage R&R 0.0018159 14.21
Repeatability 0.0002367 1.85
Reproducibility 0.0015793 12.36
Operators 0.0003107 243
Operators*Parts 0.0012686 9.93
Part-To-Part 0.0109591 85.79

Total Variation 0.0127751 100.00

Gage Evaluation
Study var  %Study Var

Source StdDev (SD) (6 x SD) (36SV)

Total Gage R&R 0042614 0.255682 e )
Repeatability 0.015384 0.092304 13.61
Reproducibility 0.039740 0.238439 35.16

Operators 0.017627 0.105760 15.60
Operators*Parts 0.035617 0.213701 31.51
Part-To-Part 0.104686 0.628115 92.62
Total variation 0.113027 0.678161 100.00
Number of Distinct Categories = 3
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Analysis of Results — Numerical R&R

BOCAR

GROUP

)

Gage R&R Study - ANOVA Method

Two-Way ANOVA Table With Interaction

Source DF SS MS F P
Parts 0.92407 0.102675 25.3997 0.000
Operators 2 0.02673 0.013363 3.3058

Parts * Operators 18 0.07276 0.004042 17.0803 0.000
Repeatability 60 0.01420 0.000237

Total 89 1.03776

a to remove interaction term = 0.05

Measurements are not
significantly between
appraisers (different)

Measurements between appraisers

Gage R&R
Variance Components

%Contribution
source VarComp (of VarComp)
Total Gage R&R 0.0018159 14.21
Repeatability 0.0002367 1.85
Reproducibility 0.0015793 12.36
Operators 0.0003107 243
Operators*Parts 0.0012686 9.93
Part-To-Part 0.0109591 85.79

Total Variation 0.0127751 100.00

Gage Evaluation
Study Var  %Study Var

Source StdDev (SD) (6 x SD) (36SV)

Total Gage R&R 0042614 0.255682 Lz )

Repeatability 0.015384 0.092304 13.61
Reproducibility 0.039740 0.238439 35.16
Operators 0.017627 0.105760 15.60
Operators*Parts 0.035617 0.213701 31.51
Part-To-Part 0.104686 0.628115 92.62

Total variation 0.113027 0.678161 100.00

Number of Distinct Categories = 3

and parts are different
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Analysis of Results - Numerical R&R ~ BOCARY)

DF: The degrees of freedom (DF) for each SS (sums of squares). In general, DF measures how much information is available to
calculate each SS.

SS: The sum of squares (SS) is the sum of squared distances, and is a measure of the variability that is from different sources. Total SS
indicates the amount of variability in the data from the overall mean. SS Operator indicates the amount of variability between the average
measurement for each operator and the overall mean.

SS Total = SS Part + SS Operator + SS Operator * Part + SS Repeatability

MS: The mean squares (MS) is the variability in the data from different sources. MS accounts for the fact that different sources have
different numbers of levels or possible values.

MS = SS/DF for each source of variability

F: The F-statistic is used to determine whether the effects of Operator, Part, or Operator*Part are statistically significant. The larger the F
statistic, the more likely it is that the factor contributes significantly to the variability in the response or measurement variable.

P: The p-value is the probability of obtaining a test statistic (such as the F-statistic) that is at least as extreme as the value that is
calculated from the sample, if the null hypothesis is true.

Interpretation

Use the p-value in the ANOVA table to determine whether the average measurements are significantly different. Minitab displays an
ANOVA table only if you select the ANOVA option for Method of Analysis.
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Analysis of Results - Numerical R&R ~ BOCARY)

A low p-value indicates that the assumption of all parts, operators, or interactions sharing the same mean is probably not true.

To determine whether the average measurements are significantly different, compare the p-value to your significance level
(denoted as a or alpha) to assess the null hypothesis. The null hypothesis states that the group means are all equal. Usually, a
significance level of 0.05 works well. A significance level of 0.05 indicates a 5% risk of concluding that a difference exists when it
does not.

P-value < a: At least one mean is statistically different
If the p-value is less than or equal to the significance level, you reject the null hypothesis and conclude that at least one of the
means is significantly different from the others. For example, at least one operator measures differently

P-value > a: The means are not significantly different
If the p-value is greater than the significance level, you fail to reject the null hypothesis because you do not have enough evidence
to conclude that the population means are different. For example, you can not conclude that the operators measure differently.

However, you also cannot conclude that the means are the same. A difference might exist, but your test might not have enough
power to detect it.
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Analysis of Results - Numerical R&R ~ BOCARY)

VarComp
VarComp is the estimated variance components for each source in an ANOVA table.

Interpretation

Use the variance components to assess the variation for each source of measurement error.

In an acceptable measurement system, the largest component of variation is Part-to-Part variation. If repeatability and reproducibility
contribute large amounts of variation, you need to investigate the source of the problem and take corrective action.

%Contribution (of VarComp)
%Contribution is the percentage of overall variation from each variance component. It is calculated as the variance component for
each source divided by the total variation, then multiplied by 100 to express as a percentage.

Interpretation

Use the %Contribution to assess the variation for each source of measurement error.

In an acceptable measurement system, the largest component of variation is Part-to-Part variation. If repeatability and reproducibility
contribute large amounts of variation, you need to investigate the source of the problem and take corrective action.

StdDev (SD)
StdDev (SD) is the standard deviation for each source of variation. The standard deviation is equal to the square root of the variance
component for that source.

The standard deviation is a convenient measure of variation because it has the same units as the part measurements and tolerance.
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Analysis of Results - Numerical R&R ~ BOCARY)

Study Var (6 * SD)
The study variation is calculated as the standard deviation for each source of variation multiplied by 6 or the multiplier that you specify
in Study variation.

Usually, process variation is defined as 6s, where s is the standard deviation as an estimate of the population standard deviation
(denoted by o or sigma). When data are normally distributed, approximately 99.73% of the data fall within 6 standard deviations of the
mean. To define a different percentage of data, use another multiplier of standard deviation. For example, if you want to know where
99% of the data fall, you would use a multiplier of 5.15, instead of the default multiplier of 6.

%Study Var (%SV)
The %study variation is calculated as the study variation for each source of variation, divided by the total variation and multiplied by
100.

%Study Var is the square root of the calculated variance component (VarComp) for that source. Thus, the %Contribution of VarComp
values sum to 100, but the %Study Var values do not.

Interpretation

Use %Study Var to compare the measurement system variation to the total variation. If you use the measurement system to evaluate
process improvements, such as reducing part-to-part variation, %Study Var is a better estimate of measurement precision. If you want
to evaluate the capability of the measurement system to evaluate parts compared to specification, %Tolerance is the appropriate
metric.
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Analysis of Results - Numerical R&R ~ BOCARY)

%Tolerance (SV/Toler)
%Tolerance is calculated as the study variation for each source, divided by the process tolerance and multiplied by 100.

If you enter the tolerance, Minitab calculates %Tolerance, which compares measurement system variation to the specifications.

Interpretation
Use %Tolerance to evaluate parts relative to specifications. If you use the measurement system for process improvement, such
as reducing part-to-part variation, %StudyVar is the appropriate metric.

%Process (SV/Proc)

If you enter a historical standard deviation but use the parts in the study to estimate the process variation, then Minitab
calculates %Process. %Process compares measurement system variation to the historical process variation. %Process is
calculated as the study variation for each source, divided by the historical process variation and multiplied by 100. By default,
the process variation is equal to 6 times the historical standard deviation.

If you use a historical standard deviation to estimate process variation, then Minitab does not show %Process because
%Process is identical to %Study Var.
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Analysis of Results - Numerical R&R ~ BOCARY)

IC/ C1 95%

95% confidence intervals (95% Cl) are the ranges of values that are likely to contain the true value of each measurement error
metric.

Minitab provides confidence intervals for the variance components, the %contribution of the variance components, the standard
deviation, the study variation, the %study variation, the %tolerance, and the number of distinct categories.

Interpretation

Because samples of data are random, two gage studies are unlikely to yield identical confidence intervals. But, if you repeat your
studies many times, a certain percentage of the resulting confidence intervals contain the unknown true measurement error. The
percentage of these confidence intervals that contain the parameter is the confidence level of the interval.

For example, with a 95% confidence level, you can be 95% confident that the confidence interval contains the true value. The
confidence interval helps you assess the practical significance of your results. Use your specialized knowledge to determine whether
the confidence interval includes values that have practical significance for your situation. If the interval is too wide to be useful,
consider increasing your sample size.

Suppose that the VarComp for Repeatability is 0.044727 and the corresponding 95% Cl is (0.035, 0.060). The estimate of variation
for repeatability is calculated from the data to be 0.044727. You can be 95% confident that the interval of 0.035 to 0.060 contains the
true variation for repeatability.
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Analysis of Results - Numerical R&R ~ BOCARY)

Number of distinct categories

The number of distinct categories is a metric that is used in gage R&R studies to identify a measurement system's
ability to detect a difference in the measured characteristic. The number of distinct categories represents the number of
non-overlapping confidence intervals that span the range of product variation, as defined by the samples that you
chose. The number of distinct categories also represents the number of groups within your process data that your
measurement system can discern.

Interpretation

The Measurement Systems Analysis Manual1 published by the Automobile Industry Action Group (AIAG) states that 5
or more categories indicates an acceptable measurement system. If the number of distinct categories is less than 5,
the measurement system might not have enough resolution.

Usually, when the number of distinct categories is less than 2, the measurement system is of no value for controlling
the process, because it cannot distinguish between parts. When the number of distinct categories is 2, you can split the
parts into only two groups, such as high and low. When the number of distinct categories is 3, you can split the parts
into 3 groups, such as low, middle, and high.
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Analysis of Results - Numerical R&R ~ BOCARY)

Probabilities of misclassification

When you specify at least one specification limit, Minitab can calculate the probabilities of misclassifying product. Because of the gage
variation, the measured value of the part does not always equal the true value of the part. The discrepancy between the measured
value and the actual value creates the potential for misclassifying the part.

Minitab calculates both the joint probabilities and the conditional probabilities of misclassification.

Joint probability

Use the joint probability when you don't have prior knowledge about the acceptability of the parts. For example, you are sampling from
the line and don't know whether each particular part is good or bad. There are two misclassifications that you can make:

«  The probability that the part is bad, and you accept it.

«  The probability that the part is good, and you reject it.

Conditional probability

Use the conditional probability when you do have prior knowledge about the acceptability of the parts. For example, you are sampling

from a pile of rework or from a pile of product that will soon be shipped as good. There are two misclassifications that you can make:

«  The probability that you accept a part that was sampled from a pile of bad product that needs to be reworked (also called false
accept).

«  The probability that you reject a part that was sampled from a pile of good product that is about to be shipped (also called false
reject).

Interpretation

Three operators measure ten parts, three times per part. The following graph shows the spread of the measurements compared to the
specification limits. In general, the probabilities of misclassification are higher with a process that has more variation and produces
more parts close to the specification limits.
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Possible causes — Width Variation BOCARXN)

o Within-part (sample): form, position, surface finish, taper, sample consistency

o Within-instrument: repair; wear, equipment or fixture failure, poor quality or maintenance

o Within-standard: quality, class, wear

o Within-method: variation in setup, technique, zeroing, holding, clamping

o Within-appraiser: technique, position, lack of experience, manipulation skill or training, feel, fatigue
o Within-environment: short-cycle fluctuations in temperature, humidity, vibration, lighting, cleanliness
o Violation of an assumption - stable, proper operation

o Instrument design or method lacks robustness, poor uniformity

o Wrong gage for the application

o Distortion (gage or part), lack of rigidity

o Application — part size, position, observation error (readability, parallax)
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Variations BOCARXNY)
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System variation BOCARXN)

Capability: Variability in readings taken over a short period of time

o’ =0° +0°

capability bias (linearity ) GRR
Performance: Variability in readings taken over a long period of time

Based on total variation

o =0° +0° +0°

performanc e capability stability consistency

Uncertainty: An estimated range of values about the measured value in which the true value is believed to be
contained

Uncertainty is a quantified expression of measurement reliability

The range expected to contain the true measurement result

Experimental procedure that gives us the value of a magnitude
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Attribute Measurement Systems Study BOSARY)

LSL USL

I I 1 |1

4+ < I g4 —»

Ta fg et

The attribute gage have “Gray” areas where wrong decisions can
be made
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Attribute Measurement Systems Study BOSARY)

The most common of these is a go/no-go gage

Other attribute systems, for example visual standards, may result in five to seven classifications, such as very good,
good, fair, poor, very poor.

Risk Analysis Methods:
O Hypothesis Test Analyses
O Cross-Tab Method (50 parts, 3 Appraisers, 3 times - VR)
O Use the (Cohen's) kappa which measures the agreement between the evaluations of two raters
when both are rating the same object. A value of 1 indicates perfect agreement.
O The process team then calculated the effectiveness of the measurement system.

Decision Effectiveness Miss Rate False Alarm
Rate LSL usL
Measurement system
Acceptable for the appraiser >00% < 2%, < 504 I II IEH I1 [
-+ Ing —‘—P —»
Marginally acceptable for the £ b Target 1
appraiser — may need =80% <5% < 10% drs dust
improvement

Unacceptable for the appraiser
— needs improvement < 80% >5% > 10%

O Signal Detection Theory
O Use Signal Detection theory to determine an approximation of the width of the region |l area.

Used when there is not significant sample of process (with known values)
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Attribute Measurement Systems Study BOSARY)

Analytic Method:

Is used to assess the amount of repeatability and bias of the measurement system. This analysis can be used on both
single and double limit measurement systems. For a double limit measurement system, only one limit need be
examined with the assumptions of linearity and uniformity of error.
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Conducting the Study / Cross-Tab Method BOCARXN)

1) Obtain a sample and establish its reference value(s) relative to a traceable standard (n =50 parts).
1) Ahigh percentage of the parts must be close to the specification limits (gray areas). The reason is to evaluate the
performance gauge in the critical process areas.

2) Ifitis not possible to make parts close to the specification limits the team should reconsider the use of attribute gaging for
this process.

2) Measure the parts 3 times with each appraiser. An acceptable decision was designated with a one (1) and an unacceptable
decision with zero (0).

3) Putin table every reference decision and variable reference
4)  Use a software or internal spreadsheet (In order to compute the results)

9) Take actions in order to improve the measurement system (if it is necessary or standardize)
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The results - presented in a matrix format BOCARXY)

Trials /Appraisers
PmrA-IIA-IIA-.}IB-IIB-IIB-.lIC-IIE-.‘: [.—.1‘ Ref Valna
1 ] 1 1 1 1 1 1 1 ] 0.-376901 L.
e BN JUECIEN | Put the decisions on the each part
S T O s (W50 according to the reference value
[ 1 1 [1] 1 1 0 1 0 0 0.544051 x
T 1 1 1 1 1 1 1 0 1
B 1 1 1 1 1 1 1 1 1 U0 _
e o T T T T o o Taerh— 1/ Ok= acceptable
) ) O o (255113 0/ No Ok = unacceptable
13 1 1 1 1 1 1 1 1 1 0522704 +
[} 1 1 0 1 1 1 1 0 0 0454518 x
15 1 1 1 1 ] 1 1 1 1 0517377 -
16 1 1 1 1 1 1 1 1 1 0531939 -
L7 1 1 1 1 1 1 1 1 1 0510604 -
m * 1 1 1 1 1 1 1 1 0.-!24!& :
Take the decisions onthe +——++++++++++++1 e
1 0 1 0 1 0 1 [1] 0452310 x
each part I Y W LR the reference value
1 1 1 1 1 1 0.514192 +
[1] 0 0 0 0 0 0 0.590581 -
1/ Ok= acceptable T s (%5
1 1 1 1 1 1 1 1 0521642 -
0/ No Ok = unacceptable S S S S , , ,
— CECSER | Code according to the inspection
N 0 0 0 o agreement
34 [1] 0 1 0 0 1 0 1 1 ) 0.420606 %
13 1 1 1 1 1 1 1 1 1 0.498608 -
312 1 1 [1] 1 1 1 1 0 1 0.543077 E .
2 z E 32 z E E z z E §j§§§§ = + When all appraisers accepted the
427687 -
R W O I W : B parts
41 1 1 1 1 1 1 1 1 1 0.51377 - . .
{73 I N A O EECST | - When all appraisers rejected the
43 1 0 1 1 1 1 1 1 0 O:g.g;? :
ﬂ €]J ; ; <IJ é (l) 013 é é y 'g':n"z-a""si = parts N
o o S S B B e e o o e X When at least one of the decisions
48 [1] 0 0 0 0 0 0 0 0 0.587893 - .
O A S I W O ECET | was different to the others
50 . 0 0 Q 0 0 0 0 J [1] 0426607 -
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Example - spreadsheet
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Analysis of Results - Numerical R&R ~ BOCARY)

Kappa analySIS To Determine the level of agreement

that team uses. Measures the
agreement between the evaluations of
two raters when both are rating the
same object.

A B C
kappa 25 22 T

A general rule of thumb is that values of kappa greater than 0.75 indicate good to excellent
agreement (with a maximum kappa = 1)

This analysis indicates that all the appraisers show good agreement between each other.
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Analysis of Results — Numerical R&R

BOCAR

GROUP

)

The effectiveness analysis

% Appraiser’ % Score vs. Attribute”
Source Appraiser A Appraiser B Appraiser C | Appraiser A Appraiser B Appraiser C
Total Inspected 50 50 50 50 50 50
# Matched 42 45 40 42 45 40
False Negative (appraiser biased toward rejection) 0 0 0
False Positive (appraiser biased toward acceptance) 0 0 0
Mixed 8 5 10
95% UCI | 020/ ] n7o/ | Qno/s 020/ Q7o/ ano/
Calculated Sco e 84% 90% 80% 84% 90% 80%
95% LCI | (%] (8% ©67| 1%l| (3% BB
Effectiveness Criteria Guidelines
Decision Effectiveness Miss Rate False Alarm
Measurement system Bt

Acceptable for the appraiser I = 90% <2% < 5% ]

Marginally acceptable for the

appraiser — may need =80% <5% < 10%

improvement

Unacceptable for the appraiser

— needs improvement < 80% >5% >10%
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Example

BOCAR

GROUP

)

Tabulacion Cruzada AB

B
NG DK Total
B NG Cuenta 27 3 30
Cuenta esperada 0150 0.020 0.200
OK Cuenta 2z 118 120
Cuenta esperada 0.013 0.787 0.5800
Total Cuenta 23 121 150
Cuenta esperada 0.133 0.807 1.000
Tabulacidn Cruzada BC
C
NG 0K Total
B NG Cuenta 23 0 23
Cuenta esperada 0.193 0.000 0.193
OK Cuenta z 113 121
Cuenta esperada 0.013 0.733 0.807
Total Cuenta 31 113 120
Cuenta esperada 0.207 0.733 1.000
Tabulacion Cruzada AC
C
NG 0K Total
A NG Cuenta 20 Z a0
Cuenta esperada 0157 0.3 0. 200
OK Cuenta 3 7 120
Cuenta esperada 0.0z20 0. 780 0.800
Total Cuenta 31 113 150
Cuenta esperada 0207 [ 0.793 1,000
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BOCAR ;\j
Exam ple GROUP N
T S o
fectividad Taza perdida Taza
A 3d.05 o R
B d2. 0% 127
5 6.0 6.1

Encelente

Fechazado

Excelent

Rejected Excelent
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Non-Replicable Measurement Systems  BOCARY)

Destructive measurement systems: When the part (characteristic) being measured is destroyed by the act of
measuring the process is known as destructive measurement.

Example: destructive weld testing, destructive plating
testing, salt spray/humidity booth testing, impact
testing (gravelometer) or mass spectroscopy and
other material characteristic testing processes

Systems where the part changes on use/test: the part is not harmed by the measurement process but the
characteristic being measure will change.

Examples of this are: leak tests with qualitative data,
testing using engine test stands, transmission test
stands, vehicle dynamometers, etc.
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Doubts or comments BOCARXNY
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BOCAR\\'\_-J@’

GROUP

Thank You!
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