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Institutions/laboratories that intended to particip ate in this 
inter-laboratory test 

EXOVA
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EMPA

QUALESPAÑA

LNEC

ITB

IMP

COT

QUALITAL

EMI

AAG

IFO GmbH

TESTAL

CORI

ARS

Laboratory

Bodycote Materials TestingUK & IRELANDBARRON, Lynda

1TSI – Turkish Standards InstitutionTURKEYAVCI, Beyazit

EMPA, Abtl. KorrosionSWITZERLANDWERNER, René

QUALESPAÑA - Ministerio de Vivienda Subdirección
General de Innovación y Calidad de la EdificaciónSPAINPAZ, Angel

2LNEC – Laboratório Nacional de Engenheira CivilPORTUGALSALTA, Manuela

ITB – Instytut Techniki BudowlanejPOLANDMOZARYN, Teresa

IMP – Instytut Mechaniki PrecyzyjnejPOLANDTOMASSI, Piotr

No resultsCOT bv – Centrum voor Onderzoek en Technisch
Advies bvNETHERLANDS*BOER, Albertus de

QUALITALITALYBOI, Riccardo

EMI – Institut für QualitätskontrolleHUNGARYJUHASZ, Péter

No resultsAAG Quality – EKANAL for Aluminium Ass. Of GreeceGREECE*VGONTZAS Manolis

2IFO GmbH – Institut für OberflächentechnikGERMANYHOLZ, Marc

TESTALFRANCEJOSEPH, Jean-Paul

CORI - Coatings Research InstituteBELGIUMGROMMEN, Marc

Aluminium Ranshofen Service GmbHAUSTRIAMEISSNER, Herbert

ParticipationNameCountryResponsible 

1) No results for weight loss chromium free test
2) Present falling sand test results
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Testing methods 

• EN ISO 2360:2003 - Non-conductive coatings on non-magnetic electrically conductive basis 
materials. Measurement of coating thickness. Amplitude-sensitive eddy current method 
(ISO 2360:2003)

• EN ISO 3210: 2010 – Anodizing of aluminium and its alloys – Assessment of quality of 
sealed anodic oxidation coatings by measurement of the loss of mass after immersion in 
phosphoric acid/chromic acid solution (ISO 3210: 2010). (Method 2)

• Chromic free test – Assessment of quality of sealed anodic oxidation coatings by 
measurement of the loss of mass after immersion in phosphoric acid solution (no standard).

• EN ISO 2931: 2010 – Anodizing of aluminium and its alloys – Assessment of quality of 
sealed anodic oxidation coatings by measurement of admittance (ISO 2931: 2010)

• EN ISO 2143: 2010 – Anodizing of aluminium and its alloys – Estimation of loss of 
absorptive power of anodic oxidation coatings after sealing – Dye-spot test with prior acid 
treatment (ISO 2143: 2010)

• BS 6161-18:1991 – Anodic oxidation coatings and its alloys. Part 18. Determination of 
surface abrasion resistance.

• EN ISO 8251: 2011 – Anodizing of aluminium and its alloys – Measurement of abrasion 
resistance of anodic oxidation coatings (ISO 8251: 2011). (Wheel wear test, falling sand)
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General characteristics of the test specimens

Surface for tests

140 x 70 x 1 mm Dimensions
STANDARD 
SPECIMEN

Three samples class 15, 
three samples class 25 and 
one sample class 20.

Thickness 
classes

200 mm x 50 mm
D 150 mm x 50 mm

Dimensions

Two specimens by each 
sample

Samples

A, B, C, D, E, F and G
Identification 
of samples

6063Type of alloy

SPECIMENS 
FOR TESTS
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Anodizing and sealing conditions used for the produ ction of 
test specimens

3 min/µmTime -1,35 A/dm2Current density

P3 Almeco Seal Additive18 ºCTemperature 

5,7pH 12,6 g/lAl content  

Demineralised water180,3 g/lFree H2SO4C

25

3 min/µmTime -1,35 A/dm2Current density

P3 Almeco Seal Additive18 ºCTemperature 

5,7pH 12,6 g/lAl content  

Demineralised water180,3 g/lFree H2SO4B

20

3 min/µmTime -1,35 A/dm2Current density

P3 Almeco SealAdditive18 ºCTemperature 

5,7pH 12,6 g/lAl content  

Demineralised water180,3 g/lFree H2SO4A

15

Hot water sealingAnodizingAnodic 
coating type
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Anodizing and sealing conditions used for the produ ction of 
test specimens (cont)

1 min/µmTime -1,35 A/dm2Current density

P3 Almeco Seal Additive18 ºCTemperature 

5,7pH 12,6 g/lAl content  

Demineralised water180,3 g/lFree H2SO4G

25

1 min/µmTime -1,35 A/dm2Current density

P3 Almeco Seal Additive18 ºCTemperature 

5,7pH 12,6 g/lAl content  

Demineralised water180,3 g/lFree H2SO4F

15

3 min/µmTime -1,35 A/dm2Current density

P3 Almeco Seal Additive25 ºCTemperature 

5,7pH 12,6 g/lAl content  

Demineralised water180,3 g/lFree H2SO4E

25

3 min/µmTime -1,35 A/dm2Current density

P3 Almeco Seal Additive25 ºCTemperature 

5,7pH 12,6 g/lAl content  

Demineralised water180,3 g/lFree H2SO4D

15

Hot water sealingAnodizingAnodic 
coating type
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Point 1 
1

Point 2 Point 3

20 cm

10 cm
5 cm

15 cm

Identification

5 cm

2,5 cm

All samples

a)

Instructions 

• Laboratory code number

• Measuring points Scheme of the testing zones for 
thickness measurement 

Point 1 
1

Point 2 Point 3

15 cm

8 cm
4 cm

12 cm

Identification

5 cm

2,5 cm

D samples

b)
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Instructions 

Scheme of testing zones for 
sealing quality assessment 

Point 2 Point 3

20 cm

10 cm
5 cm

15 cm

All samples

5 cm

2,5 cm

2 pieces with 50 mm for weight
loss test (1 with and 1 without
chromic)

Abrasion
BS 6161

Admi
ttance

Dye-
spot 

Wheel wear test in one of the
specimens*
Falling sand test in the other
specimen*

a)

Identification

Point 1 
1
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Instructions 

Scheme of testing zones for 
sealing quality assessment 

Point 1 
1

Point 2 Point 3

15 cm

8 cm
4 cm

12 cm

D samples

5 cm

2,5 cm

Abrasion
BS 6161-18

Admittanc
e

Dye-spot

Wheel wear test in one of the specimens*
Falling sand test in the other specimen*

b)

* if only one test type is performed, please replicate in the 2 specimens of each
sample

Identification
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EXCEL Worksheets for data registration

Example for the registration of tests results for specimens of coating type A

Protocol for A sample

Laboratory identification Test conditions

Test laboratory: Temperature: 21 ± 2 °C

Sample type: A Date of the test: yyyy-mm-dd

Tested by: N Garcia Zero base 0,0 ± ηm

Date of report: Calibration standard 1 23,5 ± 0,5 ηm

Calibration standard 2 ± ηm

Calibration standard 3 ± ηm

REMARKS: Length +- 50 mm Perimeter: 0,155 m 2/m REMARKS: Length +- 50 mm Perimeter: 0,155 m 2/m

Test results

Thickness results (EN ISO 2360) Admittance results (EN ISO 2931) Weight loss results (EN ISO 3210: method 2) Weight l oss results (chromic free test)
Sample No. Sample No. Measurement Thickness Temperature Admittanc e Sample No. Length L Weight_0 Weight_1 Weigth loss Sampl e No. Length L Weight_0 Weight_1 Weigth loss

A15 1 2 3 A15 Ymes (ηm) (°C) Y20 A15 (mm) (g) (g) (mg/dm2) A15 (mm) (g) (g) (mg/dm2)

measure 1 21,6 15,0 24,6 21,2 20 measure 1 50,29 9,4563 9,4444 - measure 1 50,29 9,4563 9,4444 -

measure 2 22,0  Surface abrasion resistance results (BS 6161-18) measure 2 50,09 - - - measure 2 50,09 - - -

measure 3 21,3 Harder or S ofter H Method I  or II I measure 3 50,63 - - - measure 3 50,63 - - -

Average thickness 21,6   21,6  Dye spot results (EN ISO 2143) Average 50,34 9,4563 9,4444 15,25 Average 50,34 9,4563 9, 4444 15,25

Dye spot 0-1 Color Red

Sample No. Sample No. Measurement Thickness Temperature Admittanc e Sample No. Length L Weight_0 Weight_1 Weigth loss Sampl e No. Length L Weight_0 Weight_1 Weigth loss

1 2 3 Ymes (ηm) (°C) Y20 (mm) (g) (g) (mg/dm
2
) (mm) (g) (g) (mg/dm

2
)

measure 1  measure 1 - measure 1 -

measure 2 measure 2 - - - measure 2 - - -

measure 3 Harder or S ofter H Method I  or II I measure 3 - - - measure 3 - - -

Average thickness     Average  Average  

Dye spot 0-1 Color Red

Abrasion test results

Wheel wear test (EN ISO 8251) - Thickness measureme nts (EN ISO 2360) Final results summary

Standard Standard Sample No. Sample No. d1s-d2s 5,2

1 2 3 1 2 3 A15 1 2 3 B02 1 2 3 d1t-d2 t 5,1

measure 1 25,6 measure 1 20,2 measure 1 24,5 measure 1 19,4 WR 78,4

measure 2 25,4 measure 2 20,2 measure 2 24,6 measure 2 19,4 WRC 1,02

measure 3 25,3 measure 3 20,2 measure 3 24,5 measure 3 19,4 WI 0,98

Average thickness 25,4   Average thickness 20,2   Avera ge thickness 24,5   Average thickness 19,4   CWR 102

Standard Standard Sample No. Sample No. d1p-d2p

1 2 3 1 2 3 1 2 3 1 2 3 d1-d2

measure 1 measure 1 measure 1 measure 1 WR

measure 2 measure 2 measure 2 measure 2 WRC

measure 3 measure 3 measure 3 measure 3 WI

Average thickness    Average thickness    Average thi ckness    Average thickness    CWR

Falling sand test (EN ISO 8251: spot diameter metho d) - Thickness measurements (EN ISO 2360) Final results summary

Standard Standard Sample No. Sample No.

1 2 3 1 2 3 A15 1 2 3 A15 1 2 3 min 68

measure 1 25,6 Time (secunds) 68,0 measure 1 24,5 Time (seconds) 75,0

measure 2 25,4 measure 2 24,6

measure 3 25,3 measure 3 24,5

Average thickness 25,4   Average thickness 68,0   Avera ge thickness 24,5   Time 75,0   min 75

Standard Standard Sample No. Sample No.

1 2 3 1 2 3 1 2 3 1 2 3 min

measure 1 Time (secunds) measure 1 Time (seconds)

measure 2 measure 2

measure 3 measure 3

Average thickness    Average thickness    Average thi ckness    Time    min

LNEC

2008-07-17

Front side

Front side

After abrasion (d2 t)

After abrasion (d2 t)

After abrasion (d2s)

After abrasion (d2s) Before abrasion (d1 t)

Before abrasion (d1s) Before abrasion (d1 t)

Before abrasion (d1s) After abrasion Before abrasion 

Before abrasion (d1s)

Standard

Sample

After abrasion

Before abrasion (d1s) After abrasion Before abrasion After abrasion

Standard

Sample
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Results reported 

Test results of method EN ISO 2360 

Test results of method EN ISO 2143
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Results reported 

Test results of method EN ISO 3210 
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Results reported 

Test results of method Chromium free test 
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Results reported 

Test results of method EN ISO 2931 
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Precision analysis according to ISO 5725-2 

• Consistency tests

•Graphical consistency technique – Mandel’s h and k statistics

•Numerical outlier technique – Cochran’s and Grubb’s tests

• Calculation of the general mean and variances
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Thickness measurement (EN ISO 2360)
Within-laboratory Consistency Statistic (ISO 5725-2 )

0,0
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Thickness measurement (EN ISO 2360) 

Cochran’s test results

Laboratories outside critical value lines of 
Mandel’s statistics 

StragglerStragglerOutlierStragglerStraggler-StragglerClassification

Lab 7Lab 7Lab 7Lab 14Lab 7-Lab 7Mandel´s h-plot

StragglerStraggler--OutlierStragglerOutlierClassification

Lab 12,
Lab 14

Lab 15--Lab 14Lab 15Lab 14Mandel’s k-plot

GFEDCBALevel

-------Outlier Lab (C >CCr (1%))

------Lab 14Straggler Lab (C >CCr (1%))

CorrectCorrectCorrectCorrectCorrectCorrectStragglerClassification

0,3980,3350,2140,2220,5150,2980,560Cochran’s test statistic C

0,5150,5150,5150,5150,5150,5150,5155% Critical value CCr (5%)

0,6240,6240,6240,6240,6240,6240,6241% Critical value CCr (1%)

2222222Number of replicates n

13131313131313Valid laboratories p

GFEDCBALevel
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Single: test for one outlying observation; Double: test for two outlying observations

Thickness measurement (EN ISO 2360)

Grubb’s test results

-------Outlier Lab(Gsmalest<GCr (1%))

CorrectCorrectCorrectCorrectCorrectCorrectCorrectClassification (two smallest)

-------Outlier Lab(Glargest<GCr (1%))

CorrectCorrectCorrectCorrectCorrectCorrectCorrectClassification (two largest)

0,48910,48970,33390,51390,48360,64640,3667Double low Gsmalest

0,49200,47550,70870,54800,49160,51100,6696Double high Glargest

0,28360,28360,28360,28360,28360,28360,2836Double GCr (5%)

0,20160,20160,20160,20160,20160,20160,2016Double GCr (1%)

-------Outlier Lab (G1 >GCr (1%))

CorrectCorrectCorrectCorrectCorrectCorrectCorrectClassification (low)

-------Outlier Lab (Gp >GCr (1%)) 

CorrectCorrectCorrectCorrectCorrectCorrectCorrectClassification (low)

1,9002,1642,2821,7482,0361,4962,225Single low G1

1,6901,7271,3011,8481,6231,7331,463Single high Gp

2,4622,4622,4622,4622,4622,4622,462Single GCr (5%)

2,6992,6992,6992,6992,6992,6992,699Single GCr (1%)

13131313131313Valid laboratories p

GFEDCBALevel
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Thickness measurement (EN ISO 2360) 

Results of precision analysis 

Outlier type: Mh – Mandel’s h ;Mk – Mandel’s k ; C - Cochran’s ; G(I) – Grubs (one outlying 
observation) ; G(II) – Grubs (two outlying observations)

--Lab 7-Lab 14-Lab 14Outlier laboratories

--Mh-Mk-MkOutlier type

0000000Number of excluded outliers

0010101Number of outliers

7,6 %8,8 %3,3 %9,2 %6,4 %7,7 %9,2 %Reproducibility COV (sR/m)

4,7 %3,4 %2,0 %4,9 %3,5 %5,0 %7,5 %Repeatability COV (sr/m)

1,941,331,262,031,641,541,38Reproducibility std. dev. s R

1,210,510,731,080,901,011,13Repeatability std. dev. s r

3,7591,7821,5794,1112,7062,3611,902Reproducibility variance sR
2

2,3031,5221,0402,9341,8951,3510,631Between-lab variance sL
2

1,4560,2600,5391,1770,8101,0111,271Repeatability variance sr
2

25,6615,1837,5122,0825,5919,9415,05General mean  m / µm

13131313131313Valid laboratories p

2222222Number of replicates n

GFEDCBALevel
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Between-laboratory Consistency Statistic (ISO 5725- 2)
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Sealing quality assessment by mass loss (EN ISO 321 0)
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Sealing quality assessment by mass loss (EN ISO 321 0)

Laboratories outside critical value lines of Mandel ’s statistics 

Cochran ’s test results

1Outlier
2Straggler

Outlier-Straggler
1Straggler 

2Outlier
OutlierClassification

Lab 11

Lab 72Lab 1-Lab 1
Lab 11 Lab 

102Lab 1Mandel´s h-plot

StragglerStraggler-StragglerStraggler
1Outlier

2Straggler
Classification

Lab 12Lab 11, 13-Lab 1, 10Lab 11
Lab 131 Lab 

12Mandel’s k-plot

GFECBALevel

------Outlier Lab (C >CCr (1%))

CorrectCorrectCorrectCorrectCorrectCorrectClassification

0,4100,3280,2100,3900,3010,446Cochran’s test statistic C

0,5150,5150,5150,5150,5150,5155% Critical value CCr (5%)

0,6240,6240,6240,6240,6240,6241% Critical value CCr (1%)

222222Number of replicates n

131313131313Valid laboratories p

GFECBALevel
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Sealing quality assessment by mass loss (EN ISO 321 0)

Grubb’s test results

Single: test for one outlying observation; Double: test for two outlying observations

------Outlier Lab(Gsmalest<GCr (1%))

CorrectCorrectCorrectCorrectCorrectCorrectClassification (two smallest)

-----Lab 1Outlier Lab(Glargest<GCr (1%))

CorrectCorrectCorrectCorrectCorrectStragglerClassification (two largest)

0,58270,64540,69870,51930,38510,8660Double low Gsmalest

0,32730,29760,50560,50980,50940,2295Double high Glargest

0,28360,28360,28360,28360,28360,2836Double GCr (5%)

0,20160,20160,20160,20160,20160,2016Double GCr (1%)

----Lab 1-Outlier Lab (G1 >GCr (1%))

CorrectCorrectCorrectCorrectStragglerCorrectClassification (low)

Lab 1----Lab 1Outlier Lab (Gp >GCr (1%)) 

StragglerCorrectCorrectCorrectCorrectStragglerClassification (high)

2,0101,4811,4281,6942,5050,836Single low G1

2,6152,4431,6282,0482,1082,663Single high Gp

2,4622,4622,4622,4622,4622,462Single GCr (5%)

2,6992,6992,6992,6992,6992,699Single GCr (1%)

131313131313Valid laboratories p

GFECBALevel
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Sealing quality assessment by mass loss (EN ISO 321 0)

Results of precision analysis 

Outlier type: Mh – Mandel’s h ;Mk – Mandel’s k ; C - Cochran’s ; G(I) – Grubs (one outlying 
observation) ; G(II) – Grubs (two outlying observations)

Lab 1Lab 1--Lab 1
Lab 1 1

Lab 13 2
Outlier laboratories

MhMh--Mh1Mh, 2MkOutlier type

0000 00Number of excluded outliers

110012Number of outliers

15,4 %18,2 %18,6 %16,7 %27,6%12,5 %Reproducibility COV (sR/m)

10,3 %8,9 %15,6 %9,3 %9,4%4,5 %Repeatability COV (sr/m)

2,282,5416,762,193,361,61Reproducibility std. dev. s R

1,531,2414,081,211,150,59Repeatability std. dev. s r

5,2176,454280,864,79011,2872,595Reproducibility variance sR
2

2,8884,92582,7043,3199,9682,249Between-lab variance sL
2

2,3291,529198,161,4711,3190,345Repeatability variance sr
2

14,8313,9390,2313,1012,1912,92General mean  m / g.dm-2

131313131313Valid laboratories p

222222Number of replicates n

GFECBALevel
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Sealing quality assessment by mass loss (Chromium fr ee)

Between-laboratory Consistency Statistic (ISO 5725- 2)
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Sealing quality assessment by mass loss (Chromium fr ee)

Laboratories outside critical value lines of Mandel ’s statistics 

Cochran ’s test results

OutlierStragglerStragglerStragglerOutlier-Classification

Lab 1Lab 1Lab 1Lab 1Lab 1-Mandel´s h-plot

StragglerStragglerStragglerStragglerOutlierOutlierClassification

Lab 10, 14Lab 10, 11Lab 15Lab 11, 14Lab 3 Lab 11Mandel’s k-plot

GFECBALevel

----Lab 3Lab 11Outlier Lab (C >CCr (1%))

CorrectCorrectCorrectCorrectOutlierOutlierClassification

0,4320,3640,2860,3600,7130,655Cochran’s test statistic C

0,5410,5410,5410,5410,5410,5415% Critical value CCr (5%)

0,6530,6530,6530,6530,6530,6531% Critical value CCr (1%)

222222Number of replicates n

121212121212Valid laboratories p

GFECBALevel
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Sealing quality assessment by mass loss (Chromium fr ee)

Grubb’s test results

Single: test for one outlying observation; Double: test for two outlying observations

------Outlier Lab(Gsmalest<GCr (1%))

CorrectCorrectCorrectCorrectCorrectCorrectClassification (two smallest)

------Outlier Lab(Glargest<GCr (1%))

CorrectCorrectCorrectCorrectCorrectCorrectClassification (two largest)

0,30820,36060,48820,37000,37300,3540Double low Gsmalest

0,72190,74040,54690,59900,57260,6130Double high Glargest

0,25370,25370,25370,25370,25370,2537Double GCr (5%)

0,17380,17380,17380,17380,17380,1738Double GCr (1%)

Lab 1-----Outlier Lab (G1 >GCr (1%))

StragglerCorrectCorrectCorrectCorrectCorrectClassification (low)

------Outlier Lab (Gp >GCr (1%)) 

CorrectCorrectCorrectCorrectCorrectCorrectClassification (high)

2,4282,1752,0732,0362,2741,735Single low G1

1,1361,1531,6581,8061,6581,581Single high Gp

2,4122,4122,4122,4122,4122,412Single GCr (5%)

2,6362,6362,6362,6362,6362,636Single GCr (1%)

121212121212Valid laboratories p

GFECBALevel



M. Salta, R. Fontinha, N. Garcia

Sealing quality assessment by mass loss (Chromium f ree)

Results of precision analysis 

Outlier type: Mh – Mandel’s h ;Mk – Mandel’s k ; C - Cochran’s ; G(I) – Grubs (one outlying 
observation) ; G(II) – Grubs (two outlying observations)

Lab 1 ---
Lab 1 1

Lab 3 3,4Lab 11Outlier laboratories

Mh---
1Mh, 

3Mk, 4C 
Mk, C Outlier type

000011Number of excluded outliers

100011Number of outliers

21,923,316,818,719,122,4Reproducibility COV (sR/m)

11,58,014,15,39,78,2Repeatability COV (sr/m)

4,084,2116,253,133,023,59Reproducibility std. dev. s R

2,141,4413,610,901,531,32Repeatability std. dev. s r

16,64017,700264,0179,7869,10612,857Reproducibility variance sR
2

12,07915,61378,7448,9846,76111,117Between-lab variance sL
2

4,5602,087185,2720,8022,3451,740Repeatability variance sr
2

18,6118,0296,5716,7415,7916,00General mean  m / g.dm-2

121212121111Valid laboratories p

222222Number of replicates n

GFECBALevel
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Between-laboratory Consistency Statistic (ISO 5725- 2)
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Sealing quality assessment by measurement of 
admittance (EN ISO 2931 )

Laboratories outside critical value lines of Mandel’s statistics 

Cochran’ s test results

OutlierStragglerOutlierStragglerStraggler-StragglerClassification

Lab 13Lab 8Lab 13Lab 13Lab 13-Lab 4Mandel´s h-plot

StragglerStragglerOutlierOutlierOutlierOutlierOutlierClassification

Lab 1, 4Lab 4, 11Lab 7Lab 11Lab 12Lab 4Lab 4 Mandel’s k-plot

GFEDCBALevel

--Lab 7, 13Lab 7-Lab 7Lab 4Outlier Lab (C >CCr (1%))

CorrectCorrectOutlierStragglerCorrectStragglerOutlierClassification

0,4340,3640,6730,5330,4710,5540,662Cochran’s test statistic C

0,5150,5150,5150,5150,5150,5150,5155% Critical value CCr (5%)

0,6240,6240,6240,6240,6240,6240,6241% Critical value CCr (1%)

2222222Number of replicates n

13131313131313Valid laboratories p

GFEDCBALevel
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Sealing quality assessment by measurement of 
admittance (EN ISO 2931 )

Grubb’s test results

Single: test for one outlying observation; Double: test for two outlying observations
n. a. – not applied

-------Outlier Lab(Gsmalest<GCr (1%))

correctcorrectcorrectcorrectcorrectcorrectcorrectClassification (two smallest)

Lab 13------Outlier Lab(Glargest<GCr (1%))

Stragglercorrect-correctcorrectcorrectcorrectClassification (two largest)

0,78920,65070,88820,51590,64600,56710,6427Double low Gsmalest

0,25980,5407-0,47180,37370,61260,4192Double high Glargest

0,28360,28360,28360,28360,28360,28360,2836Double GCr (5%)

0,20160,20160,20160,20160,20160,20160,2016Double GCr (1%)

-------Outlier Lab (G1 >GCr (1%))

correctcorrectcorrectcorrectcorrectcorrectcorrectClassification (low)

Lab 13-Lab 13----Outlier Lab (Gp >GCr (1%)) 

StragglercorrectOutliercorrectcorrectcorrectcorrectClassification (high)

1,0351,6220,8891,7251,5641,6081,670Single low G1

2,6921,9472,7522,0682,1481,5282,233Single high Gp

2,4622,4622,4622,4622,4622,4622,462Single GCr (5%)

2,6992,6992,6992,6992,6992,6992,699Single GCr (1%)

13131313131313Valid laboratories p

GFEDCBALevel
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Sealing quality assessment by measurement of admitt ance 
(EN ISO 2931)

Results of precision analysis 

Outlier type: Mh – Mandel’s h ;Mk – Mandel’s k ; C - Cochran’s ; G(I) – Grubs (one outlying 
observation) ; G(II) – Grubs (two outlying observations)

Lab 13-
Lab 73,4

Lab 131,2,4Lab 11 Lab 12Lab 4 Lab 4 Outlier laboratories

Mh-
Mh1, G(I)2, 

Mk3, C4MkMkMkMk, COutlier type

0020001Number of excluded outliers

1021111Number of outliers

32,7 %18,9 %31,4 %21,7 %24,9 %19,1 %16,5 %Reproducibility COV (sR/m)

17,5 %7,7 %10,2 %12,4 %8,9 %13,7 %9,7 %Repeatability COV (sr/m)

3,331,617,343,313,202,221,74Reproducibility std. dev. s R

1,790,652,381,881,141,581,02Repeatability std. dev. s r

11,1192,58753,88210,96210,2534,9103,042Reproducibility variance sR
2

7,9262,16348,2007,4238,9462,4102,000Between-lab variance sL
2

3,1920,4235,6823,5381,3082,5001,042Repeatability variance sr
2

10,198,5023,4115,2312,8511,5810,54General mean  m / Y

13131113131312Valid laboratories p

2222222Number of replicates n

GFEDCBALevel
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Dependency analysis of 

precision (repeatability and reproducibility)  with the mean

y = 0,0231x + 0,4963
R² = 0,194

y = 0,0466x + 0,6841
R² = 0,5984
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Dependency analysis of 

precision (repeatability and reproducibility)  with the mean

y = 0,1684x - 1,1132
R² = 0,9978

y = 0,1866x - 0,0984
R² = 0,9881
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Precision analysis results 2011

Sealing/mass 
loss
Repeatability=1
Reproducibility=2

Sealing/mass 
loss Cr free
Repeatability=2
Reproducibility=4

Admittance
Repeatability=2
Reproducibility=3

2011
Thickness
Repeatability=1
Reproducibility=2

(standard :
1 µm (until 10 µm or 10%)

SR = 0,3687 m – 1,6099  (R2≈0,9) or SR = 2,6 (if m < 20 µS)Global reproducibility std. dev.

Sr = 1,5Global repeatability std. dev.

3,331,617,343,313,202,221,74Reproducibility std. dev. sR

1,790,652,381,881,141,581,02Repeatability std. dev. sr Lab 4: A
Lab 7: E

Lab 13: E

10,28,523,415,212,911,610,5General mean  m / Y

GFEDCBA

Excluded data
lab: anodic coating type

Anodic coating typeEN 2931 - Sealing quality by  
admittance

SR = 0,1592 m – 0,8884  (R2≈1) or SR = 3,6 (if m < 30 mg/dm2)Global reproducibility std. dev.

Sr = 0,1528 m – 1,1379  (R2≈1) or Sr = 1,5 (if m < 30 mg/dm2)Global repeatability std. dev.

4,084,2116,3-3,133,023,59Reproducibility std. dev. sR

2,141,4413,6-0,901,531,32Repeatability std. dev. sr

Lab 11: A
Lab 3: B

18,618,096,6-16,715,816,0General mean  m / g.dm-2

GFEDCBA

Excluded data
lab: anodic coating type

Anodic coating typeChromium free test - Sealing 
quality by mass loss

SR = 0,1879 m – 0,217  (R2≈1) or SR = 2,3 (if m < 30 mg/dm2)Global reproducibility std. dev.

Sr = 0,1682 m – 1,0969  (R2≈1) or Sr = 1,1 (if m < 30 mg/dm2)Global repeatability std. dev.

2,282,5416,8-2,193,361,61Reproducibility std. dev. sR

1,531,2414,1-1,211,150,59Repeatability std. dev. sr

None

14,813,990,2-13,112,212,9General mean  m / g.dm-2

GFEDCBA

Excluded data
lab: anodic coating type

Anodic coating typeEN ISO  3210 - Sealing quality 
by mass loss

SR = 2,0Global reproducibility std. dev.

Sr = 1,2Global repeatability std. dev.

1,941,331,262,031,641,541,38Reproducibility std. dev. sR

1,210,510,731,080,901,011,13Repeatability std. dev. sr

None

25,715,237,522,125,619,915,1General mean  m / µm

GFEDCBA

Excluded data
lab: anodic coating type

Anodic coating typeEN ISO 2360 – Thickness 
measurement
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Precision analysis results 2009

Sealing/mass 
loss

Repeatability=1
Reproducibility=4

admittance
Repeatability<0.5
Reproducibility=1

If the sealing is bad the
repeat and reprod. In the 2 
methods are very high and
these statistical
parameters must be
calculated using the
equations

2009
Thickness
Repeatability=0,87
Reproducibility=1,82

(standard :
1 µm (until 10 µm or 10%)

SR = 0,3714 m – 1,8233  (R2≈1)Global reproducibility std. dev.

SR = 0,094 m – 0,2968  (R2≈1)a

SR = 0,2137 m – 1,421  (R2=1)bGlobal repeatability std. dev.

1,0011,860,470,67Reproducibility std. dev. sR

0,586,410,270,20Repeatability std. dev. sr

Lab 7: A
Lab 7: B
Lab 7: D

9,436,65,75,6General mean  m / Y

DCBA

Excluded data
lab:coating type

Coating typeEN 12373-5 - Sealing quality 
assess. by  admittance

SR = 0,2413 m – 0,9065  (R2≈0,8)Global reproducibility std. dev.

SR = 0,148 m – 1,0654  (R2≈1)Global repeatability std. dev.

4,056,051,040,92Reproducibility std. dev. sR

0,983,370,540,46Repeatability std. dev. sr Lab 4 and 8: A
Lab 4: B
Lab 8: C

Lab 12: D

13,929,89,611,7General mean  m / g.dm-2

DCBA

Excluded data
lab:coating type

Coating typeEN  12373-7 - Sealing 
quality assessment by mass 

loss

SR = 0,0327 m + 0,8697  (R2≈0,8)Global reproducibility std. dev.

SR = 0,0233 m + 0,1573  (R2≈0,9)Global repeatability std. dev.

1,781,821,681,40Reproducibility std. dev. sR

0,790,870,600,64Repeatability std. dev. sr

None

28,329,321,319,0General mean  m / µm

DCBA

Excluded data
lab:coating type

Coating typeEN ISO 2360 – Thickness 
measurement
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Precision analysis results 2006

SR = 0,1932 m (R2=0,8218)Global reproducibility std. dev.

0,51Global repeatability std. dev.

1,383,12n.a1,72Reproducibility std. dev. sR

0,340,86n.a0,34Repeatability std. dev. sr

Lab 12:P
Lab 8:A

9,8815,29n.a8,98General mean  m / Y

AIIPP

Excluded data
lab:coating type

Coating typeEN 12373-5 - Sealing quality 
assess. by  admittance

SR = 0,0294 m + 2,7398  (R2≈1)Global reproducibility std. dev.

SR = 0,0234 m + 0,6738  (R2≈1)Global repeatability std. dev.

2,813,1916,82,96Reproducibility std. dev. sR

0,660,6811,90,65Repeatability std. dev. sr
Lab 10:P
Lab 8:I
Lab 8:A

13,217,9477,515,9General mean  m / g.dm-2

AIIPP

Excluded data
lab:coating type

Coating typeEN  12373-7 - Sealing 
quality assessment by mass 

loss

SR = 0,051 m (R2=0,7338)Global reproducibility std. dev.

0,56Global repeatability std. dev.

0,891,511,120,92Reproducibility std. dev. sR

0,540,560,570,58Repeatability std. dev. sr

None

21,427,819,518,6General mean  m / µm

AIIPP

Excluded data
lab:coating type

Coating typeEN ISO 2360 – Thickness 
measurement

Sealing/mass loss
< 30
Repeatability=1
Reproducibility=3

Thickness
Repeatability=0.56
Reproducibility=1.51

(standard :
1 µm (until 10 µm or 10%

Sealing/admitance
Repeatability=0.51
Reproducibility=3.12

2006
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Analysis of qualitative results

Estimation of loss of absorptive power of anodic ox idation 
coatings after sealing by dye spot test (EN ISO 214 3)

Frequency distribution of the results

NoneNone0 to 1-20-10G

NoneNone0 to 211F

NoneLab 4, Lab 50 to 1 and 311E

NoneLab 110-1 to 1 and 211D

NoneLab 130 to 10-10C

NoneLab 70-1 to 21-22B

Lab 13 (one result)Lab 7, Lab 130-1 to 211A

Labs with results less 
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MedianModeAnodic coating type
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Analysis of qualitative results

Anodic oxidation coatings and its alloys. Part 18. Determination of 
surface abrasion resistance. (BS 6161-18)

Frequency distribution of the results

nonenonenonenonenonenoneLab 8
Laboratories with results  
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Sealing/mass loss
Repeatability = 1
Reproducibility = 4

Thickness
Repeatability = 0,87
Reproducibility = 1,82

(standard :
1 µm (until 10 µm or 10 %

Sealing/mass loss
Repeatability = 1
Reproducibility = 3

Thickness
Repeatability = 0.56
Reproducibility =1.51

(standard :
1 µm (until 10 µm or 10 %

Sealing/admittance
Repeatability = 0.51
Reproducibility = 3.12

2006 2009

Sealing/admittance
Repeatability < 0.5
Reproducibility = 1

Thickness
Repeatability = 1
Reproducibility = 2

(standard :
1 µm (until 10 µm or 10 %)

2011

Sealing/mass loss
Repeatability = 1
Reproducibility = 2

Sealing/mass loss 
Cr free
Repeatability = 2
Reproducibility = 4

Sealing/admittance
Repeatability = 2
Reproducibility = 3
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