Key comparison APMP.L-K1

MEASURAND : Length of gauge blocks
TRAVELLING STANDARDS : 10 steel gauge blocks

X : average of the central length measured in two orientations by laboratory i
u; : combined standard uncertainty of x ;

Nominal value 0.5mm 1.01 mm 1.1mm 6 mm 7mm 8 mm 15mm 80 mm
Lab i X u; X u; X u; X u; X u; X u; X u; X u;

/nm /nm /nm /nm /nm /nm /nm /nm /nm /nm /nm /nm /nm /nm /nm /nm
NMIA 41.5 10.0 | -16.5 | 10.0 2.0 10.0 0.5 10.0 -3.0 10.0 | 32,5 | 10.0 145 | 100 | 47.0 | 14.0
NIM 26.0 9.7 -32.0 9.7 -13.5 9.7 -21.5 9.7 -25.5 9.7 3.5 9.7 21.5 9.8 33.0 | 134
SPRING Singapore 30.0 | 14.0] -20.5 | 14.0 -3.0 14.0 6.5 15.0 -8.0 150 | 275 | 16.0 185 | 17.0 ] 73.0 | 27.0
NMIJ 23.9 8.6 -43.8 8.6 -27.5 8.6 -35.4 8.7 -29.2 8.7 -5.4 8.7 6.2 8.8 105 | 12.6
KRISS 315 | 148 | -33.0 | 15.7 -1.5 16.9 -8.0 148 | -16.5 | 14.8 9.0 14.8 14.0 | 146 ] 20.0 | 19.2
NML-SIRIM 22.0 | 150 ] -335 | 15.0 -2.0 15.0 -2.5 15.0 -7.0 15.0 - - 13.0 | 15.0 - -
NIMT 36.0 | 11.0] -33.0 | 112.0| -20.5 | 1120 | -31.0 | 11.0 | -26.0 | 11.0 - - -32.0 | 11.0 - -
VMI-STAMEQ 14.0 | 140 ] -135 | 14.0 145 | 140 ] 950 | 14.0] 805 | 14.0 - - 27.0 | 14.0 - -
MSL 60.5 | 19.0 | -10.5 | 19.0 5.5 19.0 155 | 19.0 ] 30.0 | 19.0 - - 71.0 | 20.0 - -
NPLI - - -30.0 | 19.3 - - -13.0 | 21.0 155 | 214 - - -4.0 24.1 - -
Nominal value 90 mm 100 mm
Lab i X ui X uj Date of measurement

/nm /nm /nm /nm
NMIA -61.5 | 15.0 | -955 | 16.0 Mar 01
NIM -57.0 | 140 | -925 | 147 Apr - May 01
SPRING Singapore | -36.0 | 28.0 | -76.5 | 30.0 Jun 01 CMS/ITRI was unable to participate due to
NMIJ -67.1 | 13.4 ] -111.7 | 14.3 Jan 01, Jul - Aug 01, Jul - Aug 02 instrument failure.
KRISS 615 | 16,6 | -96.0 | 17.6 Sep 01 Two of the steel gauge blocks (8 mm and 80
NML-SIRIM -285 | 18.0 | -54.0 | 18.0 Oct 01 mm) were damaged in the course of the
NIMT -126.5 | 20.0 | -180.5 | 22.0 Nov 01 comparison.
VMI-STAMEQ -54.0 | 21.0 | -3785 | 22.0 Dec 01 - Jan 02
MSL -745 | 25.0 | -132.0 | 26.0 Mar - Apr 02
NPLI 207.0 | 49.6 | 176.5 | 53.0 May - Jun 02

The BIPM key comparison database, July 2009

1/16



Key comparison APMP.L-K1.1

MEASURAND : Length of gauge blocks
TRAVELLING STANDARDS : 10 steel gauge blocks

X 1 : average of the central length measured in two orientations by laboratory i
u; 1 : combined standard uncertainty of x; ;

Nominal value 0.5mm 1.01 mm 1.1 mm 6 mm 7mm 8 mm 15 mm 80 mm
Lab i Xi1 Uia Xi1 Uia Xi1 Uia Xi1 Uia Xi1 Uia Xi1 Uija X1 Uia X1 Uija

/fom  /nm )| /om J/nm | /aom /nm | /am /oam | /am /nm | /nm /nm ] /nm /nm ] /nm /nm
MSL 11.0 | 200 ] 42.0 | 20.0 -1.0 20.0 | 24.0 | 20.0 -7.0 20.0 | 170 | 200 ] 23.0 | 20.0 ] -88.0 | 24.0
NIMT -1.0 11.0] 270 | 11.0| -240 | 11.0] 17.0 | 11.0] -39.0 | 11.0 5.0 110 ] 21.0 | 11.0] -67.0 | 19.0
NML-SIRIM -12.0 | 15.0 ] 25.0 | 15.0 | -25.0 | 15.0 6.0 15.0 | -38.0 | 15.0 -9.0 150 ] 10.0 | 16.0 ] -92.0 | 21.0
NMIJ -2.0 8.6 40.0 8.6 -18.0 8.6 18.0 8.6 -19.0 8.6 5.0 8.6 22.0 8.8 -80.0 | 12.5
CMS/ITRI -24.0 | 14.0 9.0 140 ] -27.0 | 140 | 130 | 140 | -36.0 | 140 ] -22.0 | 14.0 | -15.0 | 14.0 ] -109.0 | 17.0
VMI-STAMEQ 2.5 140 ] 415 | 14.0 7.5 140 ] 455 | 15.0 | -145 | 15.0 -9.0 16.0 | 425 [ 17.0 ]| -67.5 | 29.0
NPLI -18.0 | 154 ] 620 | 155 ]| 250 | 157 ] 510 | 17.1 6.0 17.4 -8.0 17.7 ] 11.0 | 19.9 | -33.0 | 40.0
Nominal value 90 mm 100 mm

) Date of
Lab i Xi1 Uija Xi1 Uija
measurement

/nm /nm | /nm /nm
MSL -62.0 | 25.0 ] 66.0 | 26.0 Jun 05 . _
NIMT 250 | 2101 710 | 220 Jul 05 ll\)/lea_sur_emerflttshwere also_ carrled;lfjt at leIJ |tn I\;I\ay ZO?géSGeforf? tht(; o
NML-SIRIM 500 | 2201 290 | 230 Aug 05 eginning of the comparison) and from June to Augus (a ertheend o

the comparison). They are not reported here. The degrees of equivalence of

NMIJ 450 | 1341 650 | 143 Sep-Oct 05 NMIJ are computed using the measurement results obtained in September
VMI-STAMEQ 56.5 | 31.0 | 103.5 [ 33.0 Dec 05
NPLI -104.0 | 43.1 | 235.0 | 46.2 Feb-May 06
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Key comparison APMP.L-K1

MEASURAND : Length of gauge blocks
TRAVELLING STANDARDS : 10 steel gauge blocks

For each nominal value, the APMP.L-K1 reference value, X g, is obtained as the weighted mean excluding outliers and MSL results (see Section 4
of the APMP.L-K1 Final Report). The standard uncertainty, u g, of x g is computed as the internal standard deviation of the weighted mean.

Nominal

value 0.5 mm 1.01 mm 1.1 mm 6 mm 7 mm 8 mm 15 mm 80 mm 90 mm 100 mm
Xr/Nm 28.9 -29.9 -10.2 -17.2 -17.5 10.4 14.5 30.6 -55.8 -98.1
Ug/nNm 4.0 4.0 4.1 4.2 4.2 49 4.4 6.9 6.3 7.5
Uas/nm 3.2 10.4 8.3 11.8 4.5 10.1 2.2 8.2 12.0 6.6

For each nominal value, the degree of equivalence of each laboratory i participant in APMP.L-K1 with respect to the APMP.L-K1 reference value is
given by a pair of terms:

D; =X, - Xg, and U, its expanded uncertainty (k = 2) with U; =2(u;%-ug’+ u L)

No pair-wise degrees of equivalence are calculated.

1/2,

Results of key comparison APMP.L-K1 are not linked to any other key comparison results.
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Key comparison APMP.L-K1.1

MEASURAND : Length of gauge blocks
TRAVELLING STANDARDS : 10 steel gauge blocks

For each nominal value, the APMP.L-K1.1 reference value, X g 4, is obtained as the weighted mean excluding outliers and CMS results (see Section
5 of the APMP.L-K1.1 Final Report). The standard uncertainty, u g4, of X g1 is computed as the internal standard deviation of the weighted mean.

\I:I;)IT;nal 0.5 mm 1.01 mm 1.1 mm 6 mm 7 mm 8 mm 15 mm 80 mm 90 mm 100 mm
Xgr1/Nm -3.3 38.2 -11.0 23.2 -22.2 1.4 21.7 -77.4 -48.7 66.7
Ugs/Nm 51 51 51 5.2 572 53 55 8.2 9.1 9.4
Uas/Nm 6.4 5.8 17.0 9.0 7.6 55 3.6 55 5.5 1.0

For each nominal value, the degree of equivalence of each laboratory i participant in APMP.L-K1.1 with respect to the APMP.L-K1.1 reference
value is given by a pair of terms:

D,;=X;1-Xgr1, and U, ,, its expanded uncertainty (k = 2) with U; 1 = 2(u; 1% - Ur4> + U A19)"% U o, is the uncertainty linked to the artefact.

The pair-wise degrees of equivalence are not calculated.

Results of key comparison APMP.L-K1.1 are not linked to any other key comparison results.
However, for each common nominal value, the APMP.L-K1 and APMP.L-K1.1 graphs of equivalence are shown side by side.
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Key comparison APMP.L-K1
MEASURAND : Length of gauge blocks

TRAVELLING STANDARDS : 10 steel gauge blocks

Degrees of equivalence relative to the APMP.L-K1 reference value

Nominal value 0.5mm 1.01 mm 1.1 mm 6 mm 7 mm 8 mm 15 mm 80 mm 90 mm 100 mm
Lab i ﬂ pb u |bo u |Db u |b u|b u|b u|b u||b u|b u|b
/Inm /nm ] /nm /nm ] /nm /nm || /nm /nm ] /nm /nm ] /nm /nm||/nm /nm ] /nm /nm | /nm /nm | /nm /nm
NMIA 13 19 13 28 12 25 18 30 14 20 22 27 0 19 16 29 -6 36 3 31
NIM -3 19 -2 27 -3 24 -4 29 -8 20 -7 26 7 18 2 28 -1 35 6 29
S.P RING 1 28 9 34 7 31 24 37 9 30 17 37 4 33 42 55 20 60 22 60
Singapore
NMIJ -5 16 -14 26 -17 22 -18 28 -12 18 -16 25 -8 16 -20 27 -11 34 -14 28
KRISS 3 29 -3 37 9 37 9 37 1 30 -1 34 -1 28 -11 39 -6 39 2 34
NML-SIRIM -7 30 -4 36 8 33 15 37 10 30 - - -2 29 - - 27 41 44 35
NIMT 7 21 -3 29 -10 26 -14 31 -9 22 - - -47 21 - - -71 45 -82 43
VMI-STAMEQ -15 28 16 34 25 31 112 36 98 28 - - 12 27 - - 2 47 | -280 | 43
MSL 32 38 19 43 16 41 33 44 47 38 - - 56 39 - - -19 54 -34 52
NPLI - - 0 43 - - 4 a7 33 43 - - -19 48 - - 263 | 101 | 275 | 106
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Key comparison APMP.L-K1.1
MEASURAND : Length of gauge blocks

TRAVELLING STANDARDS : 10 steel gauge blocks

Degrees of equivalence relative to the APMP.L-K1.1 reference value

Nominal value 0.5mm 1.01 mm 1.1 mm 6 mm 7 mm 8 mm 15 mm 80 mm 90 mm 100 mm
Lab i ﬂ Dii Uia | Dix Uig | Dix Uit} Dix Uig | Din Uia | Dia Uia | Dix Uig | Din Uir ] Din Uig | Dix Uiy
/Inm /nm ] /nm /nm ] /nm /nm || /nm /nm ] /nm /nm ] /nm /nm||/nm /nm ] /nm /nm | /nm /nm | /nm /nm
MSL 14 41 4 40 10 51 1 43 15 42 16 40 1 39 -11 46 -13 48 -1 49
NIMT 2 23 -11 23 -13 39 -6 26 -17 25 4 22 -1 20 10 36 24 39 4 40
NML-SIRIM -9 31 -13 30 -14 44 -17 33 -16 32 -10 30 -12 31 -15 40 -11 42 -18 42
NMIJ 1 19 2 18 -7 37 -5 23 3 20 4 17 0 16 -3 22 4 23 -2 22
CMS/ITRI -21 29 -29 28 -16 43 -10 32 -14 30 -23 28 -37 27 -32 32 -6 33 -32 31
VMI-STAMEQ 6 29 3 28 18 43 22 33 8 32 -10 32 21 33 10 57 105 60 37 63
NPLI -15 32 24 31 36 45 28 37 28 37 -9 36 -11 39 44 79 -55 85 168 90
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APMP.L-K1 APMP.L-K1.1
Steel gauge block, nominal length 0.5 mm Steel gauge block, nominal length 0.5 mm
Degrees of equivalence: D; and expanded uncertainty U; (k =2) Degrees of equivalence: D, ; and expanded uncertainty U; ; (k =2)
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APMP.L-K1

Steel gauge block, nominal length 1.01 mm
Degrees of equivalence: D; and expanded uncertainty U; (k =2)
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Degrees of equivalence: D; ; and expanded uncertainty U; ; (k =2)

APMP.L-K1.1

Steel gauge block, nominal length 1.01 mm
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APMP.L-K1
Steel gauge block, nominal length 1.1 mm
Degrees of equivalence: D; and expanded uncertainty U; (k =2)
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Degrees of equivalence: D; ; and expanded uncertainty U; ; (k =2)

APMP.L-K1.1

Steel gauge block, nominal length 1.1 mm
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160

APMP.L-K1

Steel gauge block, nominal length 6 mm
Degrees of equivalence: D; and expanded uncertainty U; (k =2)
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Steel gauge block, nominal length 6 mm

APMP.L-K1.1

Degrees of equivalence: D; ; and expanded uncertainty U; ; (k =2)
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APMP.L-Kl APMP.L-K1.1
Stgel gauge block, nominal length 7 mm Steel gauge block, nominal length 7 mm
Degrees of equivalence: D; and expanded uncertainty U; (k = 2) Degrees of equivalence: D; ; and expanded uncertainty U, ; (k = 2)
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APMP.L-K1 APMP.L-K1.1

Steel gauge block, nominal length 8 mm Steel gauge block, nominal length 8 mm
Degrees of equivalence: D; and expanded uncertainty U; (k =2) Degrees of equivalence: D; ; and expanded uncertainty U; ; (k = 2)
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APMP.L-K1

Steel gauge block, nominal length 15 mm

Degrees of equivalence: D; and expanded uncertainty U; (k =2)
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APMP.L-K1.1
Steel gauge block, nominal length 15 mm
Degrees of equivalence: D; ; and expanded uncertainty U; ; (k =2)
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APMP.L-I.(l APMP.L-K1.1
Steel gauge block, nominal length 80 mm Steel gauge block, nominal length 80 mm
Degrees of equivalence: D; and expanded uncertainty U; (k = 2) Degrees of equivalence: D, ; and expanded uncertainty U; ; (k = 2)
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APMP.L-K1

Steel gauge block, nominal length 90 mm
Degrees of equivalence: D; and expanded uncertainty U; (k =2)
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Degrees of equivalence: D; ; and expanded uncertainty U; ; (k = 2)

APMP.L-K1.1

Steel gauge block, nominal length 90 mm
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APMP.L-K1 APMP.L-K1.1
Steel gauge block, nominal length 100 mm Steel gauge block, nominal length 100 mm
Degrees of equivalence: D; and expanded uncertainty U; (k =2) Degrees of equivalence: D, ; and expanded uncertainty U; ; (k = 2)
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