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1. Introduction

This report presest he results of the APMP compari so
here refes to the calibration of the accelerometer standards set in compliance with method 1 or
method 3 as recommended in the international standard 1SO-1608299.

The participants have reached a consensus and considered the most appropriattherethod
refered to CCAUV.V-K3 report [1], theweightedmean and thelegrees ofquivalence were
evaluated for this particular comparison. The calculation of thewaghted meanwas in
accordance with the Guidelines for CIPM key comparisons [2].

The Al i nkiewasappliedtestablighuthe relationship between the results of the
participants and those of t#PM comparison in the field of vibratipwhichwasCCAUV.V-K3.
Only one pilot laboratoryNIM, acted as the linking laboratoryhelinking factos weredefined
astheratio and difference for magnitude and phase shift respectively thitbegidIM results in
CCAUV.V-K3 and APMP.AUV.V/K3.1. Using the linking factey this RMO results of six
participants were directly compared with the results of CCAUN3V/

The Technical Protocgiresentedn Annex A, shows the airandthe taskthe conditions
for the measurements, the transfer standard used, the measurement instructions and the time
schedule of this comparison.

2. Participants

Six national metrology instituse(NMIs) from Asia Pacific Metrology Programme (APMP),
and IntraAfrica Metrology System (AFRIMETS) participated in the comparison. Hrnelysted
in the chronological order of measurement in Table 2.1.

3. Task and purpose of the comparison

According to theules set up by the CIPM MRA, the consultative committees of the CIPM
have the responsibility to establidegrees okquivalence between the different measurement
standards operated by the NMIs. Tlasdone by conducting key comparisons (KC) on différe
levels of the international metrological infrastructure. The previous key comparisons
CCAUV.V-K1, CCAUV.V-K2, and CCAUV.V¥K3, in the frequency range 40 Hz to 5 kHz,
10Hz to 10 kHz and 0.1 Hz to 40 Hz were completed in the year 2001, 2014 and 2016,
respectively.

Recently, the APMP NMIs had improved the calibration capabilities anddedehé low-
frequency vibration limit down to 0.1 Hz. Thus, the decision was tekiaunch thereparation
of comparison during the meeting of APMP TCAUV in 2017. The task afdhgarisorwasto
compare measurements of linear vibration calibration within the frequency0dnige to40 Hz.
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The results of this APMP comparison willitex approval by CCAUV serve assupporting
evidence for "calibration and measurement capabilities” (CMCs)v vibration frequency

Table 2.1List of participants and schedule of APMP AUVKAB.1

Participant Calibration
No. Laboratory Acronym Economy period Remark
(Y/M/D)
Center for Measurement Chinese | 2018/0521
1 |standards Industrial Technolog CMS-ITRI Taipei to Pilot institute
Research Institute 2018/05/27
: . 2018/06/05 L
5 | National Institute of Metrology v China to Coordinating
China 2018/07/08 institute
_ _ 2018/07/16
3 | National Institute of Metrology  NMmT Thailand to
(Thailand) 2018/07/29
_ _ 2018/08/06
4 Korea Research Inst_ltute of KRISS Republic of to
Standards and Science Korea 2018/08/19
- . 2018/08/27
5 Natlonalfl\/lsetrct)rllog}/_lnstltute NMISA | South Africa 0
of South Alrica 2018/09/09
_ _ 2018/09/17
6 CSIR- National Phy_S|caI CSIR-NPLI India to
Laboratory of India 2018/09/28

The results of this comparisamneexpected to provide direct support to CMCs related to the
primary calibration of complex voltage sensitivity of both acceleration measuring chains and
accelerometers at low frequencies. This suppodld be extended to a wider scope of
measurements, inadling primary calibration of complex voltage sensitivity and current
sensitivity of accelerometers.

For the calibration of the accelerometer standardmssthod 3 of the international standard
ISO 1606311:1999 had to be applied fibre entirefrequency ange. Specifically, the magnitude
of the complex voltage sensitivity had to be given in millivolts per meter per second squared
(mV/(m/s3) and phase shift in degrees (°) for the different measurement conditions specified in
the Annex A.The reported compk voltagesensitivities and associated uncertaintiese used
for the calculation of the degrees of equivalence betweepdrticipating NMI antb the KCRV
computed for CCAUV.VK3.

Pagleo f7 0


http://www.kriss.re.kr/
http://www.bipm.org/en/about-us/member-states/kr/
http://www.nmisa.org/
http://www.nmisa.org/
http://www.nmisa.org/

APMP. AWKN.. 1 Ju@ge?23

4. Transfer standard used as artifact

For the purpose of the comparistime pilot laboratory selected one accelerometer for which
the monitoring data during the interval of ten months were available and not included in any
published international cooperation work.

1 One transfer standard accelerometer (sheglded), type SA7Q45/N 1054 (manufacturer:

NIM).

1 One signal conditioner, type MSIAS/N 131211 (manufacturdgiM).

The artifact set was monitored by the pilot laboratory at least once a month before and after
the circulation. Thenonitoringresuls show the artifact was in controlled condition based on the
collected data.

5. Circulation of the artifact

The transducer sewas circulated between the participating laboratories considering a
measurement period of two weeks provided for each participating laboratory and one week for
the pilot laboratoryAny careless drop could change its sensitivity or even daitiagerefore,
the artifact setvashandcarried during transportation between participants with great caution.

6. Results of the monitoring measurements

Starting with calibration data in July 2017, the accelerometer standard set was measured by
the pilot laboratory beforand after the circulation of the artifact. As a representative of the overall
variation during the monitored period, the measurements at several sample frecquesb@sn
in Figure 6.1 and Figure 6.2

The stability of the artifact was monitored througberie®f monitoring measurements. The
measurement resuldse summarized by the statistical propertiesaedshown in Tabk6.1 and
6.2. This analysis indicates that the stability of the artifacts was acceptable considering the
standarduncertaintyclaimed.It is worth noting thathe optionof gain 100was selectedn the
conditionerfor frequengesfrom 0.1 Hz to 0.4 Hz. To allow direct comparison with thagnitude
of sensitivity result$or the frequencies higher than 0.4 Hz, tlhemalizationof 1/100wasused
to describe thenonitoring results.

Pag3eo f7 0



APMP. AWKN.. 1

Ju@ge?23

Table 6.1 Mean and its relative standard deviatiorotihgesensitivity of the artifacts

calculated from the monitoring measurements

Frequency Long term mean rel. std. dev. rel. std unc.
(H2) (MV/(m/sY)) (%) (%)
0.1 131.08 0.02 0.15
0.5 131.03 0.02 0.15
1 130.98 0.03 0.15
1.6 130.96 0.03 0.15
6.3 130.97 0.02 0.15
10. 130.97 0.02 0.15
16 130.98 0.02 0.15
40 131.68 0.02 0.15

Table 6.2 Mean and its standard deviation of pkageof the artifacts calculated from the
monitoring measurements

Frequency Long term mean abs std. dev. abs.std unc.
(H2) (°) (°) (%)
0.1 -0.37 0.01 0.15
0.5 -0.02 0.01 0.15
1 -0.07 0.01 0.15
1.6 -0.09 0.01 0.15
6.3 -0.24 0.01 0.15
10 -0.41 0.02 0.15
16 -0.66 0.02 0.15
40 -1.90 0.02 0.15

Pagleo f7 0
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/. Results of theparticipants

The following sectionsre presenting the results from the participants submitted to the pilot
laboratory using the mandatory report spreadsheet. The results presentechV/(m/s?3 and
degreq®) for the magnitude and phase shift, respetyi The vibration excitation was horizontal
for CMSITRI, NIM, KRISS, NMISA and CSIRNPLI, and vertical for NIM and NIMTWhether
thecalibrationwas performedh vertical or horizontal direction at or below 0.4 Hz, the bias from
earth gravitational accelerationmas compensated to zero by adding offset with the signal
conditioner in actual measurement by participaisrmalization of 1/100 was appliedto
compersat forthe gain settingf 100 on the conditionerfor frequenciesrom 0.1 Hz to 0.4 Hz.
That means in this frequency rangee reportedmagnitude of sensitivitywvasdivided by 100for
each participant

7.1 Results for the magnitude of the complexoltage sensitivity

Results forte horizontal and the verticakcitationandfor frequency rangéom 0.1 Hz to
40 Hzare shown in Tables 7.1.1 and 7.1.2, respectively.

Table 7.1.1Reported participants' results for the magnitude of the accelerometer ggnsitiv
with relative expanded uncertaintids<2) for horizontakxcitation

Horizontal CMS-ITRI NIM KRISS NMISA CSIR-NPLI
magnitude of maghnitude of magnitude of magnitude of magnitude of

actual rel.exp. rel.exp. rel.exp. rel.exp. rel.exp.

fequency | Y0208 | Ty | voiege | TG T | votage | R T votage | TG T volage | T
sensitivity sensitivity sensitivity sensitivity sensitivity

(Hz) (mVI(mis?) (%) (mV/(mis?)) (%) (mVI(mis?) (%) (mVi(mis?)) (%) (mV/(m/s?) (%)
0.1 131.07 0.3 131.19 0.3 132.40 1.3 131.27 0.8 131.24 1.0
0.125 131.01 0.3 131.19 0.3 131.91 1.0 131.28 0.8 131.21 1.0
0.16 131.02 0.3 131.19 0.3 131.67 0.8 131.35 0.8 131.19 1.0
0.2 130.99 0.3 131.19 0.3 131.51 0.5 131.29 0.8 131.22 1.0
0.25 130.97 0.3 131.18 0.3 131.42 0.5 131.26 0.5 131.18 1.0
0.315 130.95 0.3 131.17 0.3 131.32 0.3 131.25 0.5 131.16 1.0
0.4 130.96 0.3 131.16 0.2 131.22 0.3 131.21 0.5 131.14 1.0
0.5 131.01 0.3 131.02 0.2 131.08 0.4 130.98 0.5 131.14 0.7
0.63 131.00 0.3 131.08 0.2 131.07 0.4 130.99 0.5 131.15 0.7
0.8 130.97 0.3 131.01 0.2 131.11 0.4 130.99 0.5 131.15 0.7
1 130.94 0.3 131.00 0.2 131.13 0.4 130.98 0.3 131.06 0.7
1.25 130.93 0.3 130.99 0.2 131.13 0.4 131.00 0.3 131.14 0.7
1.6 130.94 0.3 130.98 0.2 131.09 0.3 131.01 0.3 131.14 0.7
2 130.94 0.3 130.99 0.2 130.98 0.3 131.01 0.3 131.09 0.7
2.5 130.94 0.3 131.00 0.2 130.97 0.3 131.01 0.3 131.14 0.7
3.15 130.93 0.3 131.02 0.2 130.98 0.3 131.01 0.3 131.15 0.7
4 130.95 0.3 130.99 0.2 130.95 0.3 131.01 0.3 131.10 0.7
5 130.94 0.3 130.99 0.2 130.96 0.3 131.03 0.3 131.10 0.7
6.3 130.96 0.3 131.00 0.2 131.01 0.3 131.01 0.3 131.17 0.7
8 130.97 0.3 131.01 0.2 131.02 0.3 130.98 0.3 131.10 0.7
10 130.97 0.3 131.02 0.2 131.03 0.3 130.98 0.3 131.10 0.7
12.5 131.00 0.3 131.04 0.2 131.05 0.3 130.98 0.3 131.19 0.7
16 131.04 0.3 131.07 0.2 131.13 0.3 130.99 0.3 131.20 0.7
20 131.06 0.3 131.12 0.2 131.17 0.3 130.96 0.3 131.23 0.8
25 131.11 0.3 131.20 0.2 131.23 0.3 130.95 0.3 131.25 0.8
31.5 131.27 0.3 131.35 0.2 131.36 0.3 131.03 0.3 131.42 0.9
40 131.68 0.3 131.70 0.2 131.53 0.3 131.23 0.3 131.59 0.9
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Table 7.1.2 Reported participants' results for the magnitude of the accelerometer sensitivity

Vertical NIM NIMT
magnitude of magnitude of

actual rel.exp. rel.exp.

frequency voltg_gg unc. VOIta.g? unc.
sensitivity sensitivity

(Hz) (mV/(m/s?)) (%) (mV/(m/s?)) (%)
0.1 131.09 0.3 131.14 0.60
0.125 131.10 0.3 131.19 0.60
0.16 131.11 0.3 131.10 0.60
0.2 131.15 0.3 131.16 0.60
0.25 131.14 0.3 131.16 0.60
0.315 131.15 0.3 131.14 0.60
0.4 131.16 0.2 131.13 0.60
0.5 131.15 0.2 130.95 0.60
0.63 131.07 0.2 130.97 0.60
0.8 131.03 0.2 130.94 0.60
1 131.02 0.2 130.96 0.51
1.25 131.01 0.2 130.96 0.51
1.6 131.00 0.2 130.93 0.51
2 131.00 0.2 130.93 0.48
2.5 130.99 0.2 130.91 0.48
3.15 130.98 0.2 130.95 0.48
4 130.99 0.2 130.93 0.48
5 130.98 0.2 130.93 0.45
6.3 130.99 0.2 130.93 0.41
8 130.99 0.2 131.00 0.41
10 131.01 0.2 131.00 0.38
12.5 131.03 0.2 131.01 0.38
16 131.07 0.2 131.05 0.38
20 131.10 0.2 131.10 0.38
25 131.15 0.2 131.18 0.38
31.5 131.28 0.2 131.32 0.38
40 131.50 0.2 131.52 0.38
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7.2 Resultsfor the phase shift of the complexoltage sensitivity

Table 7.2.1Reported participants' results for the phase shift of the accelerometer sensitivity
with expanded uncertaintiek £ 2) for horizontakxcitation

Horizontal CMS-ITRI NIM KRISS NMISA CSIR-NPLI
actual BTEEC Cf abs.exp. £ G abs.exp. L1255 0 abs.exp. E1E20 O abs.exp. ETEEC Gf abs.exp.
frequency VOII?Q? unc. "0"‘?‘9‘? Unc. VOII?.Q? Unc. voltz.a.g.e Unc. V""?".g? Unc.
sensitivity sensitivity sensitivity sensitivity sensitivity
(H2) (3)s (3)s (3)s (3)s (3)s (3)s (3)s (3)s (3)s (3)s
0.1 -0.35 0.3 -0.34 0.2 -0.34 0.2 -0.36 0.2 -0.37 1.0
0.125 -0.42 0.3 -0.42 0.2 -0.42 0.2 -0.43 0.2 -0.44 1.0
0.16 -0.55 0.3 -0.54 0.2 -0.53 0.2 -0.54 0.2 -0.53 1.0
0.2 -0.68 0.3 -0.68 0.2 -0.67 0.2 -0.68 0.2 -0.64 1.0
0.25 -0.85 0.3 -0.85 0.2 -0.83 0.2 -0.85 0.2 -0.83 1.0
0.315 -1.07 0.3 -1.07 0.2 -1.04 0.2 -1.07 0.2 -1.10 1.0
0.4 -1.35 0.3 -1.36 0.2 -1.33 0.2 -1.35 0.2 -1.33 1.0
0.5 -0.02 0.3 -0.02 0.2 -0.01 0.2 -0.01 0.2 -0.32 0.7
0.63 -0.02 0.3 -0.02 0.2 -0.01 0.2 -0.01 0.2 -0.27 0.7
0.8 -0.03 0.3 -0.04 0.2 -0.01 0.2 -0.02 0.2 -0.24 0.7
1 -0.04 0.3 -0.05 0.2 -0.02 0.2 -0.02 0.2 -0.20 0.7
1.25 -0.05 0.3 -0.06 0.2 -0.03 0.2 -0.02 0.2 -0.18 0.7
1.6 -0.06 0.3 -0.07 0.2 -0.05 0.2 -0.03 0.2 -0.17 0.7
2 -0.07 0.3 -0.09 0.2 -0.06 0.2 -0.04 0.2 -0.19 0.7
2.5 -0.09 0.3 -0.12 0.2 -0.09 0.2 -0.04 0.2 -0.20 0.7
3.15 -0.12 0.3 -0.13 0.2 -0.12 0.2 -0.05 0.2 -0.22 0.7
4 -0.15 0.3 -0.18 0.2 -0.16 0.2 -0.07 0.2 -0.23 0.7
5 -0.22 0.3 -0.22 0.2 -0.21 0.2 -0.09 0.2 -0.27 0.7
6.3 -0.25 0.3 -0.28 0.2 -0.27 0.2 -0.14 0.2 -0.43 0.7
8 -0.33 0.3 -0.36 0.2 -0.34 0.2 -0.15 0.2 -0.40 0.7
10 -0.38 0.3 -0.45 0.2 -0.43 0.2 -0.17 0.2 -0.48 0.7
12.5 -0.53 0.3 -0.56 0.2 -0.54 0.2 -0.22 0.2 -0.58 0.7
16 -0.69 0.3 -0.72 0.2 -0.69 0.2 -0.28 0.2 -0.76 0.7
20 -0.85 0.3 -0.90 0.2 -0.88 0.2 -0.35 0.2 -1.03 0.8
25 -1.02 0.3 -1.14 0.2 -1.11 0.2 -0.42 0.2 -1.37 0.8
31.5 -1.35 0.3 -1.47 0.2 -1.42 0.2 -0.51 0.2 -1.84 0.9
40 -2.05 0.3 -2.07 0.2 -1.83 0.2 -0.70 0.2 -1.99 0.9
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Table 7.2.2 Reported participamssults for the phase shift of the accelerometer sensitivity

with expanded uncertaintiek £ 2) for vertical excitation

Vertical NIM NIMT
actual ALl abs.exp. S abs.exp.
frequency voltq_g g unc. voltggg unc.
sensitivity sensitivity
(H2) (3)s (3)s (3)s (3)s
0.1 -0.30 0.2 -0.34 0.83
0.125 -0.41 0.2 -0.46 0.83
0.16 -0.54 0.2 -0.55 0.83
0.2 -0.67 0.2 -0.70 0.83
0.25 -0.84 0.2 -0.86 0.83
0.315 -1.07 0.2 -1.09 0.83
0.4 -1.35 0.2 -1.38 0.83
0.5 -0.01 0.2 -0.03 0.83
0.63 -0.02 0.2 -0.04 0.83
0.8 -0.02 0.2 -0.04 0.83
1 -0.04 0.2 -0.04 0.61
1.25 -0.06 0.2 -0.06 0.61
1.6 -0.07 0.2 -0.07 0.61
2 -0.09 0.2 -0.08 0.54
2.5 -0.11 0.2 -0.10 0.54
3.15 -0.14 0.2 -0.13 0.54
4 -0.18 0.2 -0.16 0.54
5 -0.23 0.2 -0.20 0.47
6.3 -0.29 0.2 -0.26 0.47
8 -0.37 0.2 -0.34 0.47
10 -0.46 0.2 -0.43 0.45
12.5 -0.58 0.2 -0.55 0.45
16 -0.74 0.2 -0.71 0.45
20 -0.93 0.2 -0.90 0.45
25 -1.16 0.2 -1.13 0.45
31.5 -1.43 0.2 -1.45 0.45
40 -1.89 0.2 -1.87 0.45
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8. Degrees of equivalencewith respect to theRMO weighted mean value

The evaluation of the results was performed using a weightsh computed with the
following equations3]:

w Q B—OB— (1)
7
6o Q B— (2)
where
x(f) result of participant atfrequencyf
u(f) absolute standard uncertainty of participiaait frequency

Xwm( T) best estimate of the weighted mean sensitivifyeguencyf uyy( )
estimated absolute standard uncertainty for the weighted mean
at frequency

Consistency claks were performed fanagnitudeand phaseshift of the complexvoltage
sensitivity. The test defined by Co4, [5] was appliedto determine the participants thatre
members of théargest Consistent Subse(LCS). The weighted meanvas finallydetermined
through the participants in tieembers of the consistesiibset.Tables 8are the consistency test
results for both magnitude and phabét respectively Cellsare highlighted in yellow and with
an asterisk (*) wher?ns> {8). Cells in Table 8(a) highlighted in yellow and marked with an
asterisk (*) were considered as not within the LCS and were excluded from the calculation of the
weightedmean.t shoul d be noted that, NMISAG6s resul
to the calculation of theveighted mearfor phase shiftTables 8§) and &b) present the results of
the consistency test applied to the horizontal and vesidatationresults reported by the LCS
for magnitude (left) and phasaift (right), respectively.
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Table8 Resultsof the consistency test applied to all the horizoexaitationresults reported by
the participants respectively for magnitude (left) and pbhsg(right)

Number of 2 Number of 2
Frequency (Hz) g::ct:e;;fs Degrees of Sobs i Frequency (Hz) Number of Degrees of obs o)
i Freedom with p<0.05 PN PRI Freedom with p<0.05

0.1 5 4 2.31 9.49 0.1 5 4 0.02 9.49
0.125 5 4 1.93 9.49 0.125 5 4 0.01 9.49
0.16 5 4 1.56 9.49 0.16 5 4 0.02 9.49
0.2 5 4 1.94 9.49 0.2 5 4 0.01 9.49
0.25 5 4 1.62 9.49 0.25 5 4 0.03 9.49
0.315 5 4 1.82 9.49 0.315 5 4 0.06 9.49
0.4 5 4 1.03 9.49 0.4 5 4 0.04 9.49
0.5 5 4 0.13 9.49 0.5 5 4 0.76 9.49
0.63 5 4 0.20 9.49 0.63 5 4 0.54 9.49
0.8 5 4 0.26 9.49 0.8 5 4 0.43 9.49
1 5 4 0.35 9.49 1 5 4 0.28 9.49
1.25 5 4 0.45 9.49 1.25 5 4 0.23 9.49
1.6 5 4 0.40 9.49 1.6 5 4 0.21 9.49
2 5 4 0.12 9.49 2 5 4 0.27 9.49
2.5 5 4 0.20 9.49 25 5 4 0.42 9.49
3.15 5 4 0.26 9.49 3.15 5 4 0.50 9.49
4 5 4 0.15 9.49 4 5 4 0.79 9.49

5 5 4 0.19 9.49 5 5 4 1.21 9.49
6.3 5 4 0.19 9.49 6.3 5 4 1.64 9.49
8 5 4 0.10 9.49 8 5 4 2.93 9.49
10 5 4 0.11 9.49 10 5 4 4.90 9.49
12.5 5 4 0.21 9.49 12.5 5 4 7.83 9.49
16 5 4 0.35 9.49 16 5 4 13.16* 9.49
20 5 4 0.72 9.49 20 5 4 20.71* 9.49
25 5 4 1.34 9.49 25 5 4 35.28* 9.49
31.5 5 4 2.05 9.49 31.5 5 4 62.09* 9.49
40 5 4 4.07 9.49 40 5 4 117.00* 9.49

Note:we&€mkeé gl i ghted in yell owgoanda3fwi th an as

Table 86) Results of the consistency test applied to alhibrézontalexcitationresults reported
by the largest consistent subset respectively for magnitude (left)
and phasshift (right)

Number of 2 Number of 2
Frequency (Hz) g:rlt;e;ii Degrees of i EE Frequency (Hz) Number of Degrees of Gtz o)
p Freedom with p<0.05 Participants Freedom with p<0.05

0.1 5 4 231 9.49 0.1 5 4 0.02 9.49
0.125 5 4 1.93 9.49 0.125 5 4 0.01 9.49
0.16 5 4 1.56 9.49 0.16 5 4 0.02 9.49
0.2 5 4 1.94 9.49 0.2 5 4 0.01 9.49
0.25 5 4 1.62 9.49 0.25 5 4 0.03 9.49
0.315 5 4 1.82 9.49 0.315 5 4 0.06 9.49
0.4 5 4 1.03 9.49 0.4 5 4 0.04 9.49
0.5 5 4 0.13 9.49 0.5 5 4 0.76 9.49
0.63 5 4 0.20 9.49 0.63 5 4 0.54 9.49
0.8 5 4 0.26 9.49 0.8 5 4 0.43 9.49
1 5 4 0.35 9.49 1 5 4 0.28 9.49
1.25 5 4 0.45 9.49 1.25 5 4 0.23 9.49
1.6 5 4 0.40 9.49 1.6 5 4 0.21 9.49
2 5 4 0.12 9.49 2 5 4 0.27 9.49
2.5 5 4 0.20 9.49 2.5 5 4 0.42 9.49
3.15 5 4 0.26 9.49 3.15 5 4 0.50 9.49
4 5 4 0.15 9.49 4 5 4 0.79 9.49
5 5 4 0.19 9.49 5 5 4 1.21 9.49
6.3 5 4 0.19 9.49 6.3 5 4 1.64 9.49
8 5 4 0.10 9.49 8 5 4 2.93 9.49
10 5 4 0.11 9.49 10 5 4 4.90 9.49
12.5 5 4 0.21 9.49 12.5 5 4 7.83 9.49
16 5 4 0.35 9.49 16 4 3 0.08 7.81
20 5 4 0.72 9.49 20 4 3 0.21 7.81
25 5 4 1.34 9.49 25 4 3 0.82 7.81
31.5 5 4 2.05 9.49 315 4 3 1.25 7.81
40 5 4 4.07 9.49 40 4 3 3.17 7.81
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Table &b) Resultsof the consistency test applied to all the verteoalitationresults reported
by theparticipants respectively for magnitude (left) and plsdsk (right)

Number of N 22l @ GZ( ) Number of L0 GZ( )
Frequency (Hz) Particpants Degrees of qubs g Frequency (Hz) Partichants Degrees of Gzobs J

Freedom with p<0.05 Freedom with p<0.05
0.1 2 1 0.02 3.84 0.1 2 1 0.01 3.84
0.125 2 1 0.04 3.84 0.125 2 1 0.01 3.84
0.16 2 1 0.00 3.84 0.16 2 1 0.00 3.84
0.2 2 1 0.00 3.84 0.2 2 1 0.00 3.84
0.25 2 1 0.00 3.84 0.25 2 1 0.00 3.84
0.315 2 1 0.00 3.84 0.315 2 1 0.00 3.84
0.4 2 1 0.00 3.84 0.4 2 1 0.00 3.84
0.5 2 1 0.22 3.84 0.5 2 1 0.00 3.84
0.63 2 1 0.05 3.84 0.63 2 1 0.00 3.84
0.8 2 1 0.05 3.84 0.8 2 1 0.00 3.84
1 2 1 0.03 3.84 1 2 1 0.00 3.84
1.25 2 1 0.01 3.84 1.25 2 1 0.00 3.84
1.6 2 1 0.04 3.84 1.6 2 1 0.00 3.84
2 2 1 0.04 3.84 2 2 1 0.00 3.84
2.5 2 1 0.06 3.84 2.5 2 1 0.00 3.84
3.15 2 1 0.01 3.84 3.15 2 1 0.00 3.84
4 2 1 0.03 3.84 4 2 1 0.00 3.84
5) 2 1 0.03 3.84 5) 2 1 0.01 3.84
6.3 2 1 0.03 3.84 6.3 2 1 0.01 3.84
8 2 1 0.00 3.84 8 2 1 0.01 3.84
10 2 1 0.00 3.84 10 2 1 0.01 3.84
12.5 2 1 0.00 3.84 12.5 2 1 0.01 3.84
16 2 1 0.00 3.84 16 2 1 0.02 3.84
20 2 1 0.00 3.84 20 2 1 0.01 3.84
25 2 1 0.01 3.84 25 2 1 0.01 3.84
31.5 2 1 0.01 3.84 315 2 1 0.00 3.84
40 2 1 0.01 3.84 40 2 1 0.00 3.84

8.1 Results for the magnitude of the complexoltage sensitivity

For the further evaluation of the comparison, the unilateral degrees of equivalence with
respect to theveighted meamvere calculated according to:

Qn Q 0w o N ( 3)
, . 6 Q 6 Q AEOAOREOGERM3
o @ L o e (4)
6 Q 6 Q AEAOAOCOIOOOBER 3
These formulas were applied for both magnitadd phasshift results.Unilateraldegrees
of equivalenceobtained from results which were excluded fromlie& and which therefore did

not contribute to the calculation of thheighted mean
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Table 81.1 Unilateral degrees of equivalence for the magnitude (horizontal) of sensitivity with
absolute expanded uncertaintiks-(2)

Horizontal | Weighted Mean CMS-ITRI NIM KRISS NMISA CSIR-NPLI
Frequency | Xwwm | Uwm diwm | Uwm | dwm | Uwwm | diwm | Uwm | dwm | Uwm | dwm | Uiwm
(Hz2) (MVI(m/'S)) (MVI(m/S)) (MVIM/S)) (MmVI(m/<)) (MVI(m/'S)) (MVI(m/S))
0.1 131.17| 027 | -010] 031 | 002 [ 031 | 1223 [ 1.8 | 010 [ 11 | 007 | 1.3
0.125 131.15| 027 | -014 | 031 | 004 | 031 | 076 | 1.3 | 014 | 11 | 006 | 1.3
0.16 131.16| 026 | -0.14 | 031 | 003 | 031 | 051 | 122 | 019 | 11 | 004 | 1.3
0.2 131.16| 025 | -0.17 | 032 | 002 | 032 | 035 [ 062 | 013 | 1.1 | 006 | 1.3
0.25 131.15| 024 | -018 | 033 | 003 | 033 | 027 | 062 | 011 | 062 | 003 | 1.3
0.315 131.16| 022 | -021 | 034 [ 002 | 034 | 0.16 | 034 | 0.00 | 063 | 000 | 14
0.4 131.13| 019 [ -017 [ 036 | 003 | 021 | 0.09 | 0.36 | 007 | 064 | 0.01 | 1.4
0.5 131.03| 020 | -002 | 035 | -001 | 0.20 | 0.05 | 051 | -0.05 | 0.64 | 0.11 | 0.90
0.63 131.06| 020 | -0.06 | 0.35 | 003 | 0.20 | 0.01 | 051 | -0.07 | 0.64 | 0.09 | 0.90
0.8 131.02| 020 | -005 | 035 | -001 | 0.20 | 0.09 | 051 | -0.03 | 0.64 | 0.13 | 0.90
1 131.00| 019 | -0.06 | 036 | 0.00 | 022 | 013 | 051 | -0.02 | 0.36 | 0.06 | 0.91
1.25 131.00| 019 | -0.07 | 036 | -0.01 | 022 | 0.13 | 051 | -0.01 | 0.36 | 0.14 | 0.91
1.6 131.01| 018 | -007 [ 036 | -002 | 022 | 0.08 | 0.36 | 0.00 | 036 | 0.14 | 0.91
2 130.98| 0.18 | -0.04 | 036 | 0.00 | 022 | 0.00 | 0.36 | 002 | 0.36 | 0.11 | o0.91
25 130.99| 0.18 | -005 | 036 | 001 | 022 | -002 | 036 | 002 | 036 | 0.16 | 0.91
3.15 131.00| 018 | -007 [ 036 | 002 | 022 | -002 | 036 | 001 | 036 | 0.15 | 0.91
4 130.98| 0.18 | -003 | 036 | 001 | 022 | -003 | 036 | 003 | 036 | 0.11 | o0.91
5 130.99| 0.18 | -005 | 036 | 001 | 022 | -003 | 036 | 004 | 036 | 0.11 | o0.91
6.3 131.00| 018 | -0.04 | 036 | 000 | 022 | 0.01 | 036 | 001 | 0.36 | 0.17 | 0.91
8 131.00| 0.18 | -003 | 036 | 001 | 022 | 0,02 | 0.36 | -0.02 | 0.36 | 0.10 | 0.91
10 131.01| 018 | -004 [ 036 | 001 | 022 | 0,02 | 0.36 | -0.03 | 0.36 | 0.00 | 0.91
12.5 131.03| 018 | -003 | 036 | 001 | 022 | 0,02 | 0.36 | -0.05 | 0.36 | 0.16 | 0.91
16 131.07| 018 | -003 | 036 | 000 | 022 | 0.06 | 0.36 | -0.08 | 0.36 | 0.14 | 0.91
20 131.09| 018 | -003 | 036 | 003 | 022 | 0.08 | 0.36 | -0.13 | 036 | 014 | 1.1
25 131.14| 018 | -003 | 036 | 006 | 022 | 0.09 | 0.36 | -0.19 | 0.36 | 011 | 1.1
31.5 131.27| 018 | 000 | 036 | 007 | 022 | 0.09 | 036 | -025 | 036 | 015 | 1.2
40 13157 | 018 | 011 | 0.36 | 013 | 022 | -0.04 | 036 | -034 | 036 | 0.02 | 1.2

Paglédof70



APMP. AWKN.. 1

Ju@ge?23

Table 8.1.2: Unilateral degrees of equivalence fonthgnitude (vertical) of sensitivityith

absolute expanded uncertaast K = 2)

Vertical Weighted Mean NIM NIMT

Frequency | Xwm | Uwwm diwm | Uwm | diwm | Uiwm
(H2) (MV/(/s)) (mV/(m/s)) (MV/(m/S))
0.1 131.10 0.36 -0.01 0.18 0.04 0.72
0.125 131.12 0.36 -0.02 0.18 0.07 0.72
0.16 131.11 0.36 0.00 0.18 -0.01 0.72
0.2 131.16 0.36 0.00 0.18 0.01 0.72
0.25 131.14 0.36 0.00 0.18 0.02 0.72
0.315 131.15 0.36 0.00 0.18 -0.01 0.72
0.4 131.16 0.27 0.00 0.10 -0.03 0.76
0.5 131.13 0.27 0.02 0.10 -0.18 0.76
0.63 131.06 0.27 0.01 0.10 -0.09 0.76
0.8 131.02 0.27 0.01 0.10 -0.09 0.76
1 131.01 0.26 0.01 0.11 -0.05 0.63
1.25 131.00 0.26 0.01 0.11 -0.04 0.63
1.6 130.99 0.26 0.01 0.11 -0.06 0.63
2 130.99 0.26 0.01 0.12 -0.06 0.59
2.5 130.98 0.26 0.01 0.12 -0.07 0.59
3.15 130.98 0.26 0.01 0.12 -0.03 0.59
4 130.98 0.26 0.01 0.12 -0.05 0.59
5 130.97 0.26 0.01 0.12 -0.05 0.55
6.3 130.98 0.25 0.01 0.13 -0.04 | 0.48
8 130.99 0.25 0.00 0.13 0.00 0.48
10 131.01 0.25 0.00 0.14 -0.01 0.44
12.5 131.03 0.25 0.00 0.14 -0.01 0.44
16 131.06 0.25 0.00 0.14 -0.01 0.44
20 131.10 0.25 0.00 0.14 0.01 0.46
25 131.16 0.25 -0.01 0.14 0.02 0.46
31.5 131.29 0.25 -0.01 0.14 0.03 0.46
40 131.50 0.25 -0.01 0.14 0.02 0.46
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Figure 8.1.1 Deviation of the magnitude (horizontal) fromvileeghted mearfor all frequencies
of the comparison with expanded uncertaintiegv (k = 2).
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Figure 8.1.1 Deviation of the magnitude (horizontal) fromvileeghted mearfor all frequencies
of the comparison with expanded uncertaintiegm (k = 2). (Cont.)
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Figure 8.1.1 Deviation of the magnitude (horizontal) fromvileeghtedmeanfor all frequencies
of the comparison with expanded uncertaintiegy (k= 2). (Cont)
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Figure 8.1.Deviation of the magnitude (vertical) from tiveighted mearfor all frequencies of

the comparison with expanded uncertaintiegy (k= 2).
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Figure 8.12 Deviation of the magnitude (vertical) from tiveighted meairfor all frequencies of
the comparison with expanded uncertaintiegm (k = 2). (Cont)
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Figure 8.12 Deviation of the magnitude (vertical) from tiveighted meairfor all frequencies of
the comparison with expanded uncertaintlegy (k= 2). (Cont.)
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Table 8.2.1Unilateral degrees of equivalence for the prsksg (horizontal)of sensitivity with

absolute expanded uncertaintiks-(2)

Horizontal Weighted Mean CMS-ITRI NIM KRISS NMISA CSIR-NPLI
Frequency | Xwm Uwm dwm | Uiwm | diwm | Uiwm | dwm | Uiwm | dwm | Uiwm | dwm | Uiwm
(H2) () () () () () () () () () () () ()
0.1 -0.35 0.11 0.00 0.29 0.006 | 0.17 0.01 0.17 -0.01 0.17 | -0.02 1.0
0.125 -0.42 0.11 0.00 0.29 0.000 | 0.17 0.00 0.17 -0.01 0.17 | -0.02 1.0
0.16 -0.54 0.11 -0.01 0.29 | -0.004| 0.17 0.01 0.17 0.00 0.17 0.01 1.0
0.2 -0.68 0.11 0.00 0.29 | -0.002| 0.17 0.01 0.17 0.00 0.17 0.04 1.0
0.25 -0.84 0.11 -0.01 0.29 | -0.006| 0.17 0.01 0.17 -0.01 0.17 0.01 1.0
0.315 -1.06 0.11 -0.01 0.29 | -0.009| 0.17 0.02 0.17 -0.01 0.17 -0.04 1.0
0.4 -1.35 0.11 0.00 0.29 | -0.013| 0.17 0.02 0.17 0.00 0.17 0.02 1.0
0.5 -0.02 0.11 0.00 0.29 | -0.003| 0.17 0.01 0.17 0.01 0.17 | -0.30 0.7
0.63 -0.02 0.11 0.00 0.29 0.000 | 0.17 0.01 0.17 0.01 0.17 | -0.25 0.7
0.8 -0.03 0.11 0.00 0.29 | -0.012| 0.17 0.02 0.17 0.01 0.17 -0.21 0.7
1 -0.03 0.11 -0.01 0.29 | -0.012| 0.17 0.01 0.17 0.01 0.17 -0.17 0.7
1.25 -0.04 0.11 -0.01 0.29 | -0.015| 0.17 0.01 0.17 0.02 0.17 -0.14 0.7
1.6 -0.05 0.11 -0.01 0.29 | -0.017| 0.17 0.00 0.17 0.03 0.17 -0.12 0.7
2 -0.07 0.11 0.00 0.29 | -0.023| 0.17 0.01 0.17 0.03 0.17 -0.12 0.7
2.5 -0.09 0.11 0.00 0.31 | -0.032| 0.17 0.00 0.17 0.05 0.17 | -0.11 0.7
3.15 -0.11 0.11 -0.01 0.31 | -0.025| 0.17 -0.01 0.17 0.06 0.17 | -0.11 0.7
4 -0.14 0.11 -0.01 0.31 | -0.041| 0.17 -0.02 0.17 0.07 0.17 -0.09 0.7
5 -0.18 0.11 -0.04 0.31 | -0.041| 0.17 -0.03 0.17 0.09 0.17 -0.09 0.7
6.3 -0.24 0.11 -0.01 0.31 | -0.045| 0.17 -0.03 0.17 0.10 0.17 -0.19 0.7
8 -0.29 0.11 -0.04 0.31 | -0.068| 0.17 -0.05 0.17 0.14 0.17 -0.11 0.7
10 -0.36 0.11 -0.02 0.31 | -0.092| 0.17 -0.07 0.17 0.18 0.17 -0.12 0.7
12.5 -0.45 0.11 -0.08 0.31 | -0.108| 0.17 -0.09 0.17 0.24 0.17 | -0.13 0.7
16 -0.70 0.13 0.01 0.30 | -0.016| 0.16 0.01 0.16 0.43 0.24 | -0.06 0.7
20 -0.89 0.13 0.04 0.30 -0.015( 0.16 0.01 0.16 0.54 0.24 | -0.14 0.8
25 -1.11 0.13 0.09 0.30 -0.025( 0.16 0.00 0.16 0.70 0.24 | -0.26 0.8
31.5 -1.44 0.13 0.09 0.30 -0.033( 0.16 0.02 0.16 0.93 0.24 | -0.40 0.9
40 -1.97 0.13 -0.08 | 0.30 -0.102( 0.16 0.14 0.16 1.27 0.24 | -0.02 0.9
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Table 8.22 Unilateral degrees adquivalence for the phasaift (vertical) of sensitivity with

absolute expanded uncertaintiks=(2)

Vertical Weighted Mean NIM NIMT
Frequency | Xww Uwvm | dwm | Uiwm | diwm | Uiwm
(Hz) ) *) %) ) *) )
0.1 -0.30 0.20 0.00 0.05 | -0.04 | 0.82
0.125 -0.41 0.20 0.00 0.05 | -0.04 | 0.82
0.16 -0.54 0.20 0.00 0.05 | -0.01 | 0.82
0.2 -0.67 0.20 0.00 0.05 | -0.03 | 0.82
0.25 -0.84 0.20 0.00 0.05 | -0.02 | 0.82
0.315 -1.07 0.20 0.00 0.05 | -0.02 0.82
0.4 -1.35 0.20 0.00 0.05 | -0.02 0.82
0.5 -0.01 0.20 0.00 0.05 | -0.02 | 0.82
0.63 -0.02 0.20 0.00 0.05 | -0.02 0.82
0.8 -0.03 0.20 0.00 0.05 | -0.01 | 0.82
1 -0.04 0.20 0.00 0.07 0.00 0.60
1.25 -0.06 0.20 0.00 0.07 0.00 0.60
1.6 -0.07 0.20 0.00 0.07 0.00 0.60
2 -0.09 0.19 0.00 0.07 0.01 0.51
2.5 -0.11 0.19 0.00 0.07 0.01 0.51
3.15 -0.14 0.19 0.00 0.07 0.01 0.51
4 -0.18 0.19 0.00 0.07 0.02 0.51
5 -0.22 0.19 0.00 0.08 0.02 0.45
6.3 -0.28 0.19 0.00 0.08 0.02 0.45
8 -0.36 0.19 0.00 0.08 0.02 0.45
10 -0.46 0.19 0.00 0.08 0.02 0.43
12.5 -0.57 0.19 0.00 0.08 0.03 0.43
16 -0.74 0.19 -0.01 0.08 0.03 0.43
20 -0.92 0.19 0.00 0.08 0.03 0.43
25 -1.16 0.19 0.00 0.08 0.03 0.43
31.5 -1.43 0.19 0.00 0.08 | -0.01 0.43
40 -1.89 0.19 0.00 0.08 0.01 0.43
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Figure 8.2.1 Deviation of the phaskift (horizontal) from theveighted mearfor all frequencies
of the comparison with expanded uncertaintiegy (k= 2)
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Figure 8.21 Deviation of the phasghift (horizontal) from theveighted mearfor all frequencies
of the comparison with expanded uncertaintiegy (k= 2) (Cont)
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Figure 8.21 Deviation of the phasghift (horizontal) from theveighted mearfor all frequencies
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Figure 8.2.2 Deviation of the phasiift (Vertical) from theweighted mearor all frequencies of
the comparison with expanded uncertaintiggy (k= 2)
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9. Linking procedure and degrees of equivalencewith the KCRV

The linking procedure to the relevant CC comparison and calculatiore @RV are
described in thichapter.Ilt was recommended to consider the influence of correlation of the
results of the linking laboratory(ies) based on the procedure described in the previous publication
by Clemens Elster et &][ The linking transformshe resultsy, u(y:)) of the participants of this
comparison to scaled values and their respective uncertasgg u(z), which are directly
comparable to the relevant CC comparison results of CCALRBVThe scalingvasdone with
the so-calledlinking factorr. Then,r is defined by twocomplexvoltagesensitivities Xnim and
yniv) in the CIPM and RMO comparisons of NijWinking laboratory as follows

9.1 Degrees of equivalencdor the magnitude of the complexvoltage
sensitivity

The inking factor formagnitude between CIPM and RMO comparisons was defined as
following.

i —_— (5)
where the uncertainty associatedsdescribed as
o i — 0 W — 0 W

C 6 660 1w o 6)

Considering the correlation coefficient of uncertainty in two comparisots  hw
was equal td, equatio (6) can be written as equation)(

0 i — 0 W — 0 W

6d 60 7)

Then APMP.AUV.V-K3.1 result can be transformed to the scaled vafue of
CCAUV.V-K3 employingi as follows

@ 1o —a ©)

Thus, the degrees of equivalerare given as the differences between the scat@dplex
voltagesensitivities in theAPMP.AUV.V-K3.1 and the KCRV of th€ CAUV.V.K3.

Qp o @ —w0 9)
Hereyim is independent ajther variables,rad the squared standard uncertainties associated
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with these differenceare described as folloss

¢ —— poé Mo ¢ —— poéw Mo (10)

9.2 Degrees of equivalence forthe phase shift of the complexvoltage
sensitivity

The inking factorfor phase shiftoetweenCIPM and RMO comparisonsas defined as
following.
i ") (11)

where the uncertainty associatedsdescribed as

O i — 0 W — 0 W

C 0w 0 W I o ho (12)
Considering the correlation coefficient of uncertainty in twoparisons & o
was equal td, equation12) can be written as equatiof3).
o i p 6 W p 6 W O W 0 W (13)
APMP.AUV.V-K3.1 comparison participant result can be transformed to the scaled value
& of CCAUV.V.K3 comparison employingas follows
Q W i W W W 14

Thus, the degrees of equivalerare given as the differences between the scatedptex
voltagesensitivities in théAPMP.AUV.V-K3.1 comparison and the KCRV of tiiCAUV.V.K3
CIPM comparison.

Qr & o ® @ @ (15)

Hereyp isindependenof other variablesand the squared standard uncertainties associated
with these differenceare described as follows
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0 Qj 0 W 0 W p O W P O W
¢ po6 ® w ¢ po6 ® Iw o ® I
(8
9.3 Result
Both in equation(10) and (®B), the same processes were performed as bd&ewause
i o ho isequalto 1, heitemo & o isequalto 6 @ 0 W
The itemi & ho wascarried out as follows.
~ 77
[V ) a7)
The transformatiorof 6 & o 6w 60 1w was rewritten
asfollows.
6w Mo 0w 0w 0 w (9
Also, the transformation 06 & ho 60 66 1w ho can be
given as equatiorl9) same as equatiofiq) becausé & ho p.
\ ’ > 77 h roN ~
I w ho 0w M
P hh — 1o o ho i o o @ay
Finally, the transformation can lewritten as
6w ho 0w 0w 6w Tow
(20)

0 W ow 7Tow

The value of equatiorll8) at each frequendg shown in Tablé.3.1.
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Tabidl 8. 1 Correlation coefficients of e&®Bmbi
and APMPK3AUY. Vntceormmpaatfioosnoama gni t ud e h((Ifd)fgth)t
Frequency |  U(%crv) UOim) | rOims Xkerv) | Frequency [ u(%crv) uGim) | vy Xerv)
(Hz) (MV/(/S)) | (mVI(m/s)) (Hz) ) ()
0.1 0.08 0.35 0.23 0.1 0.02 0.10 0.20
0.125 0.08 0.35 0.23 0.125 0.02 0.10 0.20
0.16 0.08 0.35 0.23 0.16 0.02 0.10 0.20
0.2 0.06 0.35 0.17 0.2 0.02 0.10 0.20
0.25 0.06 0.35 0.17 0.25 0.02 0.10 0.20
0.315 0.06 0.35 0.17 0.315 0.02 0.10 0.20
0.4 0.05 0.14 0.36 0.4 0.02 0.10 0.20
0.5 0.04 0.14 0.29 0.5 0.02 0.10 0.20
0.63 0.04 0.14 0.29 0.63 0.02 0.10 0.20
0.8 0.04 0.14 0.29 0.8 0.02 0.10 0.20
1 0.04 0.14 0.29 1 0.02 0.10 0.20
1.25 0.04 0.14 0.29 1.25 0.02 0.10 0.20
1.6 0.04 0.14 0.29 1.6 0.02 0.10 0.20
2 0.04 0.14 0.29 2 0.02 0.10 0.20
25 0.04 0.14 0.29 25 0.02 0.10 0.20
3.15 0.04 0.14 0.29 3.15 0.02 0.10 0.20
4 0.04 0.14 0.29 4 0.02 0.10 0.20
5 0.04 0.14 0.29 5 0.02 0.10 0.20
6.3 0.04 0.14 0.29 6.3 0.04 0.10 0.40
8 0.04 0.14 0.29 8 0.04 0.10 0.40
10 0.04 0.14 0.29 10 0.04 0.10 0.40
12.5 0.04 0.14 0.29 12.5 0.04 0.10 0.40
16 0.04 0.14 0.29 16 0.04 0.10 0.40
20 0.04 0.14 0.29 20 0.04 0.10 0.40
25 0.04 0.14 0.29 25 0.04 0.10 0.40
315 0.04 0.14 0.29 315 0.04 0.10 0.40
40 0.04 0.14 0.29 40 0.04 0.10 0.40
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Thesedegrees of equivalencd the Acceleratiorare each a pair of valued the difference
dikcrv between the respective corresponding participarasd KCRV with the expanded
uncertaintyU; kcrv Of this difference. (See Talb$e.3.2 9.3.3 and Figure9.3.1, 9.3.2 These
valueswerecalculated with a coverage factorlkof 2 for each frequency according to:

Qf a (21)
Y, ™ o6 Qf (22)

Table9.3.2 Degrees of equivalence to the KCRV of CCAUXKS for the magnitude of
sensitivity with absolute expanded uncertainties @)

Horizontal CMS-ITRI KRISS NMISA CSIR-NPLI
Frequency| dikcrv | Uikcrv | dikcrv | Uikerv | dikcrv | Uikerv | dikerv | Uikcry
(H2) mV/(m/s) mV/(m/s”) mV/(m/s) mv/(m/s)
0.1 -0.74 0.51 0.64 1.9 -0.53 1.2 -0.57 15
0.125 -0.60 0.51 0.34 1.5 -0.31 1.2 -0.39 1.5
0.16 -0.45 0.51 0.23 1.2 -0.10 1.2 -0.27 1.5
0.2 -0.44 0.51 0.10 0.75 -0.12 1.2 -0.20 15
0.25 -0.37 0.51 0.10 0.75 -0.06 0.75 -0.15 1.5
0.315 -0.34 0.51 0.05 0.51 -0.03 0.75 -0.12 1.5
0.4 -0.28 0.43 -0.01 0.43 -0.02 0.70 -0.09 1.4
0.5 0.04 0.43 0.11 0.57 0.01 0.70 0.18 1.0
0.63 0.00 0.43 0.07 0.57 -0.02 0.70 0.15 1.0
0.8 0.00 0.43 0.14 0.57 0.02 0.70 0.18 1.0
1 -0.01 0.43 0.19 0.57 0.03 0.43 0.12 1.0
1.25 -0.03 0.43 0.18 0.57 0.04 0.43 0.19 1.0
1.6 -0.02 0.43 0.13 0.43 0.05 0.43 0.19 1.0
2 -0.07 0.43 -0.03 0.43 0.00 0.43 0.09 1.0
2.5 -0.04 0.43 -0.01 0.43 0.03 0.43 0.17 1.0
3.15 -0.06 0.43 -0.01 0.43 0.02 0.43 0.17 1.0
4 -0.03 0.43 -0.03 0.43 0.04 0.43 0.12 1.0
5 -0.08 0.43 -0.06 0.43 0.01 0.43 0.09 1.0
6.3 -0.06 0.43 -0.01 0.43 -0.01 0.43 0.16 1.0
8 -0.02 0.43 0.03 0.43 -0.01 0.43 0.12 1.0
10 0.01 0.43 0.07 0.43 0.02 0.43 0.14 1.0
12.5 0.03 0.43 0.08 0.43 0.01 0.43 0.23 1.0
16 0.13 0.43 0.22 0.43 0.08 0.43 0.30 1.0
20 -0.21 0.43 -0.10 0.43 -0.32 0.43 -0.04 1.2
25 -0.19 0.43 -0.07 0.43 -0.36 0.43 -0.05 1.2
31.5 -0.03 0.43 0.06 0.43 -0.29 0.43 0.13 1.3
40 0.07 0.43 -0.09 0.43 -0.40 0.43 -0.02 1.3
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Table9.3.3 Degrees of equivalence to the KCRV of CCAUNKY for the phasshift of

sensitivity with absolute expanded uncertainties @)

Horizontal CMS-ITRI KRISS NMISA CSIR-NPLI
Frequency| dikcrv | Uikcrv | dikcrv | Uikerv | dikerv | Uikerv | dikerv | Uikery
(Hz) (°) (°) (°) (°) (°) (°) (°) (°)
0.1 -0.02 0.31 -0.01 0.21 -0.03 0.21 -0.04 1.01
0.125 -0.01 0.31 -0.01 0.21 -0.02 0.21 -0.03 1.01
0.16 -0.02 0.31 0.00 0.21 -0.01 0.21 0.00 1.01
0.2 -0.01 0.31 0.00 0.21 -0.01 0.21 0.03 1.01
0.25 0.00 0.31 0.02 0.21 0.00 0.21 0.02 1.01
0.315 0.00 0.31 0.03 0.21 0.00 0.21 -0.03 1.01
0.4 0.01 0.31 0.03 0.21 0.01 0.21 0.03 1.01
0.5 0.02 0.31 0.03 0.21 0.03 0.21 -0.28 0.71
0.63 -0.01 0.31 0.00 0.21 0.00 0.21 -0.26 0.71
0.8 0.06 0.31 0.08 0.21 0.07 0.21 -0.15 0.71
1 0.03 0.31 0.05 0.21 0.05 0.21 -0.13 0.71
1.25 0.03 0.31 0.05 0.21 0.06 0.21 -0.10 0.71
1.6 0.03 0.31 0.04 0.21 0.06 0.21 -0.08 0.71
2 0.03 0.31 0.04 0.21 0.06 0.21 -0.09 0.71
2.5 0.05 0.33 0.05 0.21 0.10 0.21 -0.06 0.71
3.15 0.04 0.33 0.04 0.21 0.11 0.21 -0.06 0.71
4 0.06 0.33 0.05 0.21 0.14 0.21 -0.02 0.71
5 0.03 0.33 0.04 0.21 0.16 0.21 -0.02 0.71
6.3 0.05 0.33 0.03 0.22 0.16 0.22 -0.13 0.71
8 0.03 0.33 0.02 0.22 0.21 0.22 -0.04 0.71
10 0.08 0.33 0.03 0.22 0.29 0.22 -0.02 0.71
12.5 0.04 0.33 0.03 0.22 0.35 0.22 -0.01 0.71
16 0.04 0.33 0.04 0.22 0.45 0.22 -0.03 0.71
20 0.09 0.33 0.06 0.22 0.59 0.22 -0.09 0.81
25 0.19 0.33 0.10 0.22 0.79 0.22 -0.16 0.81
31.5 0.21 0.33 0.14 0.22 1.05 0.22 -0.28 0.91
40 0.05 0.33 0.27 0.22 1.40 0.22 0.11 0.91
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Figure9.3.1Deviation of the magnitude from the KCRYV for all frequencies of the comparison

with expanded uncertaintié xcry (K= 2)
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with expanded uncertaintiés xcry (K= 2)

Pagidof70



AP MP.

AHN.. 1

Ju@ge?23

0.63 Hz 0.8 Hz
12 12
10 10
08 08
= 06 = 06
=04 =04
o o
Y %02
E 00 F---m-mgmmmmm- % ------- + --------------- E 00 Fo------% Yy
£ 02 £ 02
e =
HEE g
-0.6 -0.6
08 0.8
10 10
12 2
CMS-ITRI KRISS NMISA  CSIR-NPLI CMS-ITRI KRISS NMISA  CSIR-NPLI
1 Hz 1.25Hz
12 12
10 10
08 08
E 06 = 06
E 04 204
o o
Y %02
E 00 po-em---Bo % -------- *— --------------- E 00 fo----o- % ------------------------
£ 02 £ 02
| 3
z 04 z 04
=1 =
-0.6 -0.6
08 0.8
10 10
12 2
CMS-ITRI KRISS NMISA  CSIR-NPLI CMS-ITRI KRISS NMISA  CSIR-NPLI
1.6 Hz 2 Hz
12 12
10 10
08 08
E 06 = 06
E 04 204
o o
Y %02
E 00 - S + -------- E 00 fo-mme o + ------------------------
£ 02 £ 02
Z 04 S04
=1 =
-0.6 -0.6
08 0.8
10 10
12 2
CMS-ITRI KRISS NMISA  CSIR-NPLI CMS-ITRI KRISS NMISA  CSIR-NPLI
25Hz 3.15Hz
12 12
10 10
08 08
E 06 = 06
E 04 204
o o
Y %02
E 00 po------® . % ------------------------ E 00 fo-----® + ------------------------
£ 2 g 02
S 04 S04
s © s
08 0.8
10 10
12 2
CMS-ITRI KRISS NMISA  CSIR-NPLI CMS-ITRI KRISS NMISA  CSIR-NPLI
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10. Conclusion

The key comparison APMP AUVX3.1 in vibration revealed the current calibration
capabilities of the six participantsom APMP and AFRIMETS. All of the participating
laboratories provided their calibration results, which were mostly consistent with each other
within their declared expanded uncertainties for magnitude and phase fesulbe phase shift,
only one participant failed to carfiute to theweighted mearvalues calculated for five
frequencies out of a total of twersgven comparison frequencies.

The RMO key comparison in vibration APMP.AUVK3.1 hal been successfully finished.
All participating laboratories had their resuitsked to the KCRV of the relevant CIPM level key
comparison, namely CCAUV X3, via linking laboratory NIMThe degrees of equivalence of
the participants to the KCRV can be used to support their calibration and measurement
capabilities.
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Annex A : Technical protocol

Techni cal threotAdPdUPl Kefy Compar i

APMP. AKS .V1

Task and Purpose of the Comparison

Since recent improvements at the APMP NMiIs have extended thrdquencyvibration limit

of calibration capabilities down to 0.1 Hz, the decision was taken to make a preparation of
comparison during the meeting of APMP TCAUV in 2017. The task of the comparison is to
compare measurements of linear vibration calibration witherfriequency range from 0.1 Hz to

40 Hz. The results of this APMP comparison will, after approval by CCAUV, serve as evidence
at |l ow vibration frequency for the registrat
for NMls in the framework of ta CIPM MRA.

It is the task of the comparison to measure the compbitage sensitivity of one standard
acceleration measuring chain or simply calling an accelerometer standard set (including-a quartz
flexure serveaccelerometer of singlended type andsignal conditioner) at different frequencies

with acceleration amplitudes as specified in section 3. The voltage sensitivity is to be calculated
as the ratio of the amplitude of the output voltage of the accelerometer standard set to the
acceleration at st reference surface. The magnitude of the comyddtage sensitivity shall be

given in millivolt per metres per second squared (mVAh&nd the phase shift in degrees.

For the calibration of the accelerometer standard set, laser interferometry ilaccmpvith
method 1 or method 3 of the international standard ISO 1606®99 has to be applied, in order
to cover the entire frequency range.

The reported complexoltage sensitivities and associated uncertainties will be used for the
calculation of he degrees of equivalence between the participating NMI and wetbtedmean
link to CCAUV.V-K3.
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Pil ot Laboratory

Pilot | aboratory for this regional key compa

Precision and Dynamic Engineering Metrolog
Measur ement TSetcahnndoalrodgsy abidvi si on

Center for Measurement Standards (CMS), I n
Buil ding 16, No. 321, Section 2, Kuang Fu

This is the address for delivang efghbkd cepo
Contact Persons are

TU TsHsngen WANG SHamg
Tel .: +886 3 Tel.: +886
emai |l :thtu@ shwango@i t i

Fax: +886 572 644

CePil ot | aboratory for this regional key com
Vi bration and Gravity Laboratory

Mechanics and Acoustics Metrology Divisior

National Institute of Metrology, P.R. Chin
Bei SanHuanDongLuU 18, ChaoYang District, 1C
Contact Person is

YANG Lifeng
Tel :1408 66452 4 6§
emai |l : yangl f

Fax: +86 10 10
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Device under Test and Measurement Cond

For the calibration task of this key comparison, one gifaxzre accelerometer set will be
circul ated between participati negndlead®or(a3b)r i
accelerometer, namely a SA 704 (SN: to be decided), with a signaticoed namely MSAl

(SN: to be decided) and a power supply for the conditioner.

The complexvoltagesensitivity of the accelerometer set shall be calibrated according to those
procedures and conditions implemented by the laboratory in conformanc&@it6D6311. The
complexvoltagesensitivities reported shall be for the complete accelerometer set (or acceleration
measuring chain), including all effects from the signal conditioner. The frequency range of the
measurements is from 0.1 Hz to 40 Hz. Sieddly, the laboratories are supposed to measure at
the following frequencies (all values in Hz):

0.1, 0.125, 0.16, 0.2, 0.25, 0.315, 0.4, 0.5, 0.63, 0.8, 1, 1.25, 1.6, 2, 2.5, 3.15, 4, 5, 6.3, 8, 10, 12.5,
16, 20, 25, 31.5, 40.

Depending on the strokénlitation of the shaker used in the NMI, some frequencies can be
considered optional as listed below.

0.1 ¢to 0.5 to 25 to

opti orn mandat d opti on

The measurement conditions should be kept according to the laboratory's standard conditions for
cali bration of customersdé accelerometers for
applicable. This presumes that these conditions comply wodettefined by the applicable ISO
documentary standards [1, 2, 3], simultaneously.

Specific conditions for the measurements of this KC are:
Accelerationamplitudes: a range of 0.05 rafe 30 m/$ is recommended.
Ambienttemperature and accelerometenperature during the calibration:

(23 £ 2) (actual values to be stated within tolerances of + 0)3
Relativehumidity: max. 75 %RH.

Theinput line voltage of the power supply for the signal conditioner is 220 V.

= =4 =4 -4
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Circul ation Schedul e and Transpo

Type,

The transducer set will be circulated between the participating laboratories considering a
measurement period of two weeks provided for each participating laboratory and one week for the
pilot laboratory.

At the beginning and the end of the circulation as well as between certain subsequent
measurements of participating laboratories, the transducer set is measured by the pilot laboratory
in order to check reference values and to monitor the stability of tisxltreer set.

The £hedule is planned as follows:

Participant Measurement Transportation to next Participant
CMS-ITRI 2018/05/21- 2018/05/27 2018/05/28 2018/06/04
NIM 2018/06/05 2018/07/08 2018/07/09 2018/07/15
NIMT 2018/07/16- 2018/07/29 2018/07/30- 2018/08/05
KRISS 2018/08/06- 2018/08/19 2018/08/20- 2018/08/26
NMISA 2018/08/27- 2018/09/09 2018/09/10 2018/09/16
CSIRNPLI 2018/09/17- 2018/09/28 2018/09/29 2018/10/07
CMS-ITRI 2018/10/08 2018/10/12

The cost of transportatidn the next participating laboratory shall be covered by the participating
laboratory. The transducer set has to be famded with great caution. In case the transducer set
gets damaged or lost during transportation, the participating laboratory riéspéorshe delivery

should pay 6,000 u to the pilot | aboratory.

Measurement and Analysis I nstructions

The participating laboratories have to observe the following instructions:

1  The motion of the quartitexure accelerometer shall be measured on thanggart of the
horizontal vibration exciter, close to the accelerometer's mounting surface, since the
mounting (reference) surface is usually not directly accessible.

1  The mounting surface of the accelerometer and the moving part of the exciter ntigsitlye s
lubricated before mounting.

1 The cable between accelerometer and signal conditioner should be taken from the set
delivered to the laboratory.
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1 Itis advised that the measurement results should be compiled from complete measurement
series carried duat different days under nominally the same conditions, except that the
accelerometer is remounted and the cablattieched. The standard deviation of the
subsequent measurements should be included in the report.

1 Participants should not perform any empeents other than comparison measurements
stipulated in this protocol with the artifact.

Communication of the Results to Pil ot

Each participating laboratory shall submit one printed and signed calibration report for the
accelerometer set the pilot laboratory, including the following:

1 A description of the calibration systems used for the comparison and the detailed information
about the mounting of the accelerometer

1 A description of the calibration methods used
1 Documented record of thendient conditions during measurements

1  The calibration results, including the relative expanded measurement uncertainty, and the
applied coverage factor for each value.

1 A detailed uncertainty budget for the system covering all components of measurement
uncertainty (calculated according to GUM [4, 5]). Including, among others, information on
the type of uncertainty evaluation (A or B), assumed probability distribution and repeatability
component.

In addition, the use of the electronic spreadsheets thabevgrovided by the pilot laboratory for
reporting is mandatory. The consistency between the results in electronic form and in the printed
and signed calibration report is responsibility of the participating laboratory. The data submitted
in the electronispreadsheet shall be deemed the official results submitted for the comparison.

The results have to be submitted to the pilot laboratory within six weeks after the measurements
have been completed.

The pilot laboratory will submit its set of results to the executive secretary of CCAUV in advance
to start the circulation for measurements by the other participating laboratories.
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Remar ks on post processing

Presuming consistency of the results, thereleg) of equivalence will be calculated according to
the established methods agreed upon already for CCAWLV his regional key comparison is
to be linked to the CIPM key comparison CCAUVK3. The degrees of equivalenceill be
determined in reference the key comparison reference value (KCRV) calculated for CCAUV.V

KS.
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Annex A

I. Items List and Settings of Conditioning Amplifier

The setincludesasiegdedd ( SE)
signal conditioner, namely MSA(SN:131211) and a power supply for the conditioner.

Sservo

NO. I t em Quant i
1 Servo acce 1
2 Signal <co 1
3 Signal ¢ 1
4 Poweaor d 1
5 Techni cal 1

Ju@ge?23

accel erometer

Ser e eA er «
SA 704 (SN

Signal
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Front si de
Coar Fine

\Gain
\Filter

Rear si de

N\

Current

\

Power ing Power

Procedure of zer o asmeptltiifnigeroof conditioning

1. Using the knob of fisSoarseb6 to adjust to ze
2. Using the knob ofpretifelyned t o adjust to zerc
3. Setting the gain to 100 and repeat steps 1 and 2, to get more precisaf vahaoeif

necessary.
4. "Input selection" switch on the MSAconditioning amplifier should be on "Current

input”.
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