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Abstract

The results of the fifth CIPM! key comparison (KC) in the area of vibration, here concerning sinusoidal
acceleration, are presented. This comparison was intended to build the foundation for subsequent regional
key comparisons over the extended frequency range from 10 Hz to 20 kHz. Measurement results reported
by 14 participants for magnitude and phase shift of complex charge sensitivity of single ended and back to
back accelerometers were compared. A key comparison reference value has been defined for each type of
artifact, and the respective Degrees of Equivalence are reported. The final report has been peer-reviewed
and approved for publication by the CCAUV?, according to the provisions of the CIPM Mutual Recognition
Arrangement (CIPM MRA).

!CIPM=International Committee for Weights and Measures
2CCAUV=Consultative Committee for Acoustics, Ultrasound and Vibration
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1 — Introduction

This report presents the results of the fifth CIPM key comparison (KC) in the area of vibration, which in this
case means sinusoidal acceleration. It has the status of a Final Report and was accepted by the participants
as well as subsequently reviewed by the the CCAUV Key Comparison Working Group and finally approved
by the CCAUV.

The comparison is supposed to build the foundation of subsequent regional key comparisons over the
coming years, thus, providing strong support for the CIPM MRA in the field of vibration metrology.

This report defines a key comparison reference value (RV) in terms of magnitude and phase of the
complex frequency response, and reports the Degrees of Equivalence (DoE) of the participants with respect
to this reference value (see Section 8). Following the resolutions of CCAUV no bilateral DoE are calculated.

The Technical Protocol (TP) (see Appendix A) specifies in detail the aim and the task of the comparison,
the conditions of measurement, the transfer standards used, measurement instructions and other items.
A brief survey is given in the following sections.

The monitoring data documenting the stability of the transducers are reported in part in Section 6.



2 — Participants

Fourteen national metrology institutes or designated institutes from 5 regional metrology organizations
(RMOs) took part in this comparison. They are listed in chronological order of measurement in Table 2.1.

Table 2.1: List of participants and actual schedule of CCAUV.V-K5.

Laboratory name Acronym Country Country RMO Calibration

Code week
Physikalisch-

k 7 2017

Technische PTB Germany DE EURAMET Weéiveek 0)
Bundesanstalt
Danish Primary Lab DPLA Denmark DK EURAMET 7
for Acoustics
Bundesamt fiir METAS Switzerland CH EURAMET 13
Metrologie
Centro Espariol de CEM Spain ES EURAMET 20
Metrologa
National Institute of
Stimmdlards and NIST United States US SIM 29
Technology
Centro Nacional de CENAM Mexico MX SIM 40
Metrologia
National Metrology NMILJ Japan JP APMP 51
Institute of Japan
National Institute of NIM China (PR) CN APMP 62
Metrology of China
National Metrology NMIA Australia AU APMP 72
Institute of Australia.
National Institute of
Metrology, Quality INMETRO Brazil BR SIM 82
and Technology
National Metrology .
Tastiiniie of Seuih NMISA South Africa 7ZA AFRIMET 90
Africa
D.I. Mendelejev
Tneiitie for VNIIM Russia RU COOMET 100
Metrology
National Metrology NMC, A*Star Singapore SG APMP 111
Center Singapore
SE )
STANDART




3 — Task and Purpose of the Compari-
son

In the field of vibration and shock, this fifth global key comparison (CCAUV.V-K5) was organized in order to
compare measurements of sinusoidal linear accelerations in the frequency range from 10 Hz to 20 kHz. The
previous vibration key comparison CCAUV.V-K2 was finished in the year 2014 under difficult conditions and
its results have presented sub-optimal conditions of measurement comparability. Therefore, it was decided
during the meeting of CCAUV in November 2015 that a new KC repeating the scope of CCAUV.V-K2 was
required. Later on, it was agreed by the participants to increase the upper frequency limit from 10 kHz to
20 kHz taking into account special precautions to improve the level of comparability at high frequencies.
The technical protocol of CCAUV.V-K5 was then formatted with this goal in mind.

During the circulation period from March 2017 to July 2019, fourteen national metrology institutes
(NMls) from five regional metrology organizations (RMOs) calibrated two accelerometers as transfer stan-
dards by primary methods. It was the task of the comparison to measure the magnitude and the phase of
the complex charge sensitivity of two accelerometer standards (one of single-ended design and one of back-
to-back design) at different frequencies specified in the technical protocol (TP) (c.f. Appendix A). The
magnitude of the complex charge sensitivity was calculated as the ratio of the amplitude of the accelerom-
eter output charge to the amplitude of the acceleration at its reference surface. The reference surface was
defined as the top surface of the mounting adapter (mounting surface) of the accelerometer of single-ended
design (SE), and the top surface of the accelerometer of back-to-back design (BB). The charge sensitivity
was given in picocoulombs per metre per second squared: pC/(m/s?). A calibrated charge amplifier was
used to measure the output charge of the accelerometer standards. This charge amplifier was not part of
the set of traveling artifacts but part of the participants’ laboratory inventory.

For the calibration of the two accelerometers, all NMls applied laser interferometry in compliance with
the international standards ISO 16063-1:1998 [1] and I1SO 16063-11:1999 [2], in order to cover the entire
frequency range chosen, within a specified range of the acceleration amplitudes with specified uncertainties.
Although the TP left the option to apply different methods with similar known uncertainties, no other
method (e.g. the reciprocity method) was applied.

Note: Originally it was planned to have a set of three accelerometers under calibration. However, the
characteristics of one of the artifacts proved to be unsuited for a KC during the calibrations at the first
three participants. It was therefore removed from the measuring program for the sake of more measuring
time for the remaining two artifacts. The change is recorded in the technical protocol in the appendix.

The sensitivities and associated uncertainties reported by the participants were used for the calculation
of the unilateral DoE between each NMI and the key comparison reference value. The results of this KC will
form the new basis for DoE derived in subsequent RMO key comparisons, and therefore be the foundation
for the registration of calibration and measurement capabilities (CMC) in the framework of the CIPM MRA.
Moreover, under the perspective of defining how far the light shines, we can enumerate a set of calibration
and measurement capabilities (CMCs) that can be supported by the results of this key comparison. Besides
the direct support to primary calibration of accelerometer complex charge sensitivity, the results might
also be used to support voltage sensitivity of accelerometers / acceleration measuring chains, under the
assumption that charge sensitivity depends on the calibration of voltage sensitivity of an acceleration
measuring chain and the sensitivity of the charge amplifier used. In addition, the uncertainty budgets
provided by the participants give supporting evidence about the contribution of the charge conditioner used
by each NMI. Therefore, this information can also be used to support future claims of CMCs related to
electrical calibration of charge and voltage sensitivity of vibration signal conditioners.



4 — Transfer Standards as Artifacts

For the purpose of the comparison, the pilot laboratory monitored two accelerometers which were kindly
provided by the manufacturer to the pilot laboratory for this KC for about one year prior to the start of the
comparison measurements.

e One transfer standard accelerometer (single-ended), type 8305-001 SN 1610153 (manufacturer: Briel
& Kjaer) named SE-transducer subsequently.

e One reference standard accelerometer (back-to-back), type 8305 SN 1483350 (manufacturer: Briiel
& Kjaer) named BB-transducer subsequently.

The SE type accelerometer was mounted on a mechanical adapter and this set was to be handled as a
single mechanical unit for mounting, following the guidelines in the technical protocol.

5 — Circulation of the Artifacts

A star type circulation was used for this comparison, i.e. between the measurements at each participant’s
laboratory the pilot laboratory checked the artifacts for stability (see Section 6) and general condition.

The investigation of the long-term stability was continued throughout the circulation period, whenever
the artifacts returned to the pilot laboratory. The results of the PTB stability measurements and other
individual data of the transfer standards are given in Section 6.



6 — Results of the Monitoring Measure-
ments

The artifacts were monitored by the pilot laboratory during the whole comparison. Due to the star-type
circulation, a monitoring measurement was performed between each of the participant’s measurements.
The subsequent diagrams depict the stability of the artifacts over time for the duration of the comparison
for some frequencies. The horizontal scale shows the participating institute which performed measurements
right before the respective monitoring measurements. Hence, the horizontal axis represents time during
the run of the key comparison (for details c.f. table 2.1). The first entry for PTB relates to the official
submitted results of the pilot lab. The vertical axis gives the deviation from the mean of all monitoring
measurements.
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Figure 6.1: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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Figure 6.2: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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Figure 6.3: deviation of sensors sensitivity magnitude vs. time during monitoring
(SE left column, BB right column)
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Figure 6.4: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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Figure 6.5: deviation of sensors sensitivity magnitude vs. time during monitoring
(SE left column, BB right column)
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Figure 6.6: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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Figure 6.8: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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Figure 6.9: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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Figure 6.10: deviation of sensors sensitivity magnitude vs. time during monitoring
(SE left column, BB right column)
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Figure 6.11: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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Figure 6.12: deviation of sensors sensitivity magnitude vs. time during monitoring
(SE left column, BB right column)
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Figure 6.13: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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Figure 6.14: deviation of sensors sensitivity magnitude vs. time during monitoring
(SE left column, BB right column)
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Figure 6.15: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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Figure 6.16: deviation of sensors sensitivity magnitude vs. time during monitoring
(SE left column, BB right column)
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Figure 6.17: deviation of sensors sensitivity magnitude vs. time during monitoring
(SE left column, BB right column)
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Figure 6.18: deviation of sensors sensitivity magnitude vs. time during monitoring
(SE left column, BB right column)
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Figure 6.19: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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Figure 6.20: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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Figure 6.21: deviation of sensors sensitivity magnitude vs. time during monitoring

(SE left column, BB right column)
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The visual inspection of the graphed results indicates that both artifacts were quite stable within the
resolution of the measurement uncertainty of the pilot lab. Between 8 kHz and 11 kHz the BB transducer
exhibits a strong dispersion in the results which is attributed to an interaction of the cross-sensitivity with
the cross-motion and a transverse resonance that is located in that frequency range. Similar dispersion can
be observed in several of the participants’ results.



{ — Results of the Participants

The following sections report the results submitted by the participants of the comparison to the pilot
laboratory using the reporting spreadsheet. The results presented are given as

quantity component variable unit
magnitude value X; fC/(m/s?)
exp. rel. uncertainty Uy x, %
phase value on 1°
exp. uncertainty Uy, 1°

where 7 is the index for the frequency.

7.1 Results for the Magnitude of the Complex Sensitivity

7.1.1 The Single-Ended Accelerometer (SN 1610153)
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CHAPTER 7. RESULTS OF THE PARTICIPANTS

Table 7.1: Reported participant’s results for the magnitude of the SE with relative
expanded uncertainties (k = 2)

f PTB DPLA METAS CEM NIST

in X; Urel, x; X; Urel, x; X Urel, x; X Urel, x; X Urel, x;

Hz | in &5 in% | in &5 in% | in £&; in% | in L& in% | in &5 in %
m/s m/s m/s m/s m/s

10 126.50 0.10 126.40 0.40 126.55 0.23 126.46 0.40 126.51 0.30

12.5 | 126.51 0.10 126.40 0.40 126.54 0.23 126.51 0.40 126.54 0.30

16 126.51 0.10 126.40 0.40 126.56 0.23 126.54 0.40 126.55 0.30

20 126.50 0.10 126.40 0.40 126.58 0.19 126.53 0.40 126.53 0.30

25 126.49 0.10 126.40 0.40 126.58 0.19 126.53 0.40 126.52 0.30

31.5 | 126.49 0.10 126.40 0.40 126.59 0.19 126.53 0.40 126.57 0.30

40 126.48 0.10 126.40 0.40 126.57 0.19 126.54 0.40 126.56 0.30

63 126.46 0.10 126.40 0.40 126.59 0.19 126.53 0.40 126.56 0.30

80 126.50 0.10 126.40 0.40 126.58 0.19 126.51 0.40 126.58 0.30

100 126.44 0.10 126.40 0.40 126.55 0.20 126.48 0.40 126.56 0.30

125 126.45 0.10 126.40 0.40 126.54 0.20 126.51 0.40 126.56 0.30

160 126.45 0.10 126.40 0.40 126.55 0.21 126.49 0.40 126.40 0.30

200 126.46 0.10 126.40 0.40 126.56 0.22 126.50 0.40 126.55 0.30

250 126.46 0.10 126.40 0.40 126.62 0.36 126.50 0.40 126.55 0.30

315 126.49 0.10 126.40 0.40 126.57 0.27 126.51 0.40 126.57 0.30

400 126.48 0.10 126.50 0.40 126.57 0.28 126.53 0.40 126.59 0.30

500 126.50 0.10 126.50 0.40 126.57 0.23 126.54 0.40 126.61 0.30

630 126.52 0.10 126.50 0.40 126.59 0.25 126.56 0.40 126.62 0.30

800 126.55 0.10 126.50 0.40 126.59 0.23 126.58 0.40 126.61 0.30

1000 | 126.61 0.10 126.60 0.40 126.65 0.26 126.62 0.40 126.72 0.30

1250 | 126.66 0.10 126.70 0.40 126.73 0.26 126.73 0.40 126.73 0.40

1500 | 126.79 0.10 126.80 0.40 126.81 0.25 126.78 0.40 126.87 0.40

1600 | 126.85 0.10 126.70 0.40 126.83 0.25 126.89 0.40 126.87 0.40

2000 | 127.02 0.10 127.00 0.40 126.99 0.26 127.02 0.40 127.09 0.40

2500 | 127.34 0.10 127.30 0.40 127.25 0.25 127.37 0.40 127.41 0.40

3000 | 127.70 0.10 127.60 0.40 127.60 0.25 127.73 0.40 127.78 0.40

3150 | 127.82 0.10 127.80 0.40 127.80 0.25 127.89 0.40 127.91 0.40

3500 | 128.14 0.10 128.10 0.40 128.02 0.25 128.19 0.40 128.17 0.40

4000 | 128.66 0.10 128.60 0.40 128.47 0.25 128.70 0.40 128.74 0.40

4500 | 129.20 0.10 129.10 0.40 129.01 0.25 129.24 0.40 129.36 0.40

5000 | 129.89 0.10 129.80 0.60 129.72 0.24 129.91 0.40 130.01 0.40

5500 | 130.61 0.30 130.50 0.60 130.32 0.69 130.69 0.80 130.81 0.50

6000 | 131.42 0.30 131.30 0.60 131.02 0.69 131.48 0.80 131.57 0.50

6300 | 131.94 0.30 131.90 0.60 131.70 0.69 132.04 0.80 132.12 0.50

6500 | 132.29 0.30 132.10 0.60 131.96 0.70 132.36 0.80 132.49 0.50

7000 | 133.21 0.30 132.90 0.60 132.65 0.69 133.38 0.80 133.50 0.50

7500 | 134.43 0.30 134.10 0.60 133.68 0.70 134.61 0.80 134.71 0.50

8000 | 135.50 0.30 135.10 0.60 134.81 0.73 135.79 0.80 135.83 0.50

8500 | 136.66 0.30 136.40 0.60 135.90 0.70 136.91 0.80 137.09 0.50

9000 | 137.86 0.30 137.70 0.60 136.81 0.75 138.01 0.80 138.56 0.50

9500 | 139.47 0.30 138.90 0.60 138.37 0.74 139.52 0.80 140.01 0.50

10000 | 140.92 0.30 141.30 0.60 140.03 0.72 141.08 0.80 141.54 0.50

10500 | 142.52 0.50 141.50 1.00 141.26 1.69 142.81 1.50 143.25 1.50

11000 144.27 0.50 143.40 1.00 143.08 1.73 144.46 1.50 145.03 1.50

11500 146.13 0.50 145.20 1.00 144.60 1.68 146.33 1.50 146.95 1.50

12000 148.25 0.50 147.30 1.00 146.46 1.69 148.51 1.50 148.98 1.50

12500 150.29 0.50 149.30 1.20 148.41 1.71 150.65 1.50 151.24 1.50

13000| 152.58 0.50 151.40 1.20 150.91 1.69 152.92 1.50 153.65 1.50

13500 155.18 0.50 154.00 1.20 152.99 1.72 155.49 1.50 156.14 1.50

14000| 157.85 0.50 156.00 1.20 155.02 1.76 158.17 1.50 158.81 1.50

14500 160.62 0.50 158.10 1.20 158.07 1.71 161.05 1.50 161.80 1.50

15000| 163.60 0.50 161.10 1.20 160.56 1.71 164.22 1.50 164.95 1.50

15500 166.85 1.00 164.30 1.20 163.99 1.70 167.61 2.00 168.13 2.00

16000| 170.24 1.00 167.50 2.00 166.43 1.72 171.08 2.00 171.70 2.00

16500 174.20 1.00 171.10 2.00 169.86 1.74 174.58 2.00 175.71 2.00

17000| 178.31 1.00 175.10 2.00 173.85 1.84 178.47 2.00 179.94 2.00

17500 182.11 1.00 179.00 2.00 177.17 1.76 182.85 2.00 184.00 2.00

18000| 185.66 1.00 182.50 2.00 180.85 1.82 185.59 2.00 188.11 2.00

18500 190.45 1.00 186.50 2.00 184.43 2.00 192.11 2.00 193.41 2.00

19000| 194.15 1.00 190.90 2.00 189.99 2.24 196.34 2.00 196.83 2.00

19500 200.50 1.00 195.90 2.00 194.21 1.76 201.73 2.00 202.84 2.00

20000 207.13 1.00 202.30 2.00 199.31 1.77 208.11 2.00 208.89 2.00
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(continued) Reported participant’s results for the magnitude of the SE with rel-

ative expanded uncertainties (k = 2)

f CENAM NMIJ NIM NMIA INMETRO
in X Uret,x; X Uret,x; X Uret,x; X Uret,x; X; Urel, x;
Hz | in &5 in% | in &5 in% | in £&; in% | in L& in% | in &5 in %
m/s m/s m/s m/s m/s
10 127.00 0.30 126.76 0.70 126.84 0.40 126.64 0.30 126.67 0.20
12.5 127.24 0.30 126.70 0.70 126.84 0.40 126.65 0.30 126.67 0.20
16 127.04 0.30 126.66 0.50 126.90 0.40 126.67 0.30 126.67 0.20
20 126.75 0.30 126.64 0.40 126.89 0.40 126.67 0.30 126.67 0.20
25 126.73 0.30 126.64 0.40 126.90 0.40 126.67 0.30 126.67 0.20
31.5 126.67 0.30 126.63 0.40 126.89 0.40 126.66 0.30 126.67 0.20
40 126.61 0.30 126.62 0.40 126.90 0.40 126.66 0.30 126.67 0.20
63 126.45 0.30 126.62 0.40 126.88 0.40 126.65 0.30 126.67 0.20
80 126.54 0.30 126.62 0.40 126.85 0.40 126.65 0.30 126.68 0.20
100 126.53 0.30 126.60 0.40 126.89 0.40 126.65 0.30 126.68 0.20
125 126.56 0.30 126.61 0.40 126.89 0.40 126.65 0.30 126.68 0.20
160 126.53 0.30 126.67 0.40 126.88 0.40 126.63 0.30 126.68 0.20
200 126.54 0.30 126.64 0.40 126.89 0.40 126.66 0.30 126.69 0.20
250 126.66 0.30 126.62 0.30 126.85 0.40 126.68 0.30 126.69 0.20
315 126.64 0.30 126.64 0.30 126.90 0.40 126.68 0.30 126.70 0.20
400 126.67 0.30 126.65 0.30 126.92 0.40 126.67 0.30 126.71 0.20
500 126.64 0.30 126.67 0.30 126.94 0.40 126.69 0.30 126.73 0.20
630 126.65 0.30 126.65 0.30 126.95 0.40 126.73 0.30 126.76 0.20
800 126.67 0.30 126.71 0.30 127.00 0.40 126.75 0.30 126.79 0.20
1000 | 126.71 0.30 126.76 0.30 127.06 0.40 126.81 0.30 126.85 0.20
1250 | 126.78 0.30 126.80 0.30 127.14 0.40 126.84 0.30 126.92 0.20
1500 | 126.93 0.30 126.92 0.30 127.22 0.40 126.96 0.30 127.02 0.20
1600 | 127.03 0.30 127.02 0.30 127.28 0.40 127.05 0.30 127.06 0.20
2000 | 127.17 0.30 127.19 0.30 127.48 0.40 127.18 0.30 127.25 0.20
2500 | 127.87 0.30 127.50 0.30 127.78 0.40 127.51 0.30 127.54 0.24
3000 | 127.59 0.30 127.91 0.30 128.15 0.40 128.01 0.30 127.90 0.24
3150 | 127.73 0.30 128.01 0.30 128.29 0.40 128.04 0.30 128.02 0.34
3500 | 127.41 0.30 128.28 0.30 128.57 0.40 128.36 0.30 128.32 0.34
4000 | 128.09 0.30 128.83 0.30 129.13 0.40 128.88 0.30 128.81 0.34
4500 | 128.67 0.30 129.44 0.30 129.70 0.40 129.45 0.30 129.37 0.34
5000 | 129.37 0.30 130.12 0.50 130.38 0.40 130.21 0.30 130.01 0.60
5500 | 129.87 0.50 130.67 0.50 131.13 1.00 130.86 0.30 130.72 0.60
6000 | 130.15 0.50 131.63 0.50 131.99 1.00 131.77 0.30 131.51 0.60
6300 | 131.11 0.50 131.99 0.50 132.42 1.00 132.39 0.30 132.02 0.60
6500 | 131.65 0.50 132.47 0.50 132.82 1.00 132.69 0.30 132.38 0.60
7000 | 132.39 0.50 133.33 0.50 133.83 1.00 133.73 0.30 133.33 0.80
7500 | 133.00 0.50 134.58 0.50 134.99 1.00 134.98 0.30 134.37 0.80
8000 133.91 0.50 135.79 0.50 136.08 1.00 136.21 0.30 135.51 0.80
8500 | 135.89 0.50 136.94 0.50 137.21 1.00 137.39 0.40 136.73 0.80
9000 137.14 0.50 138.78 0.50 138.86 1.00 138.76 0.50 138.05 0.80
9500 | 137.96 0.50 139.48 0.60 139.94 1.00 139.95 0.40 139.48 0.80
10000| 139.33 0.50 141.09 0.50 141.39 1.00 141.67 0.40 141.01 0.80
10500| 141.46 0.80 142.73 0.80 142.95 1.50 143.26 0.60 142.65 1.00
11000| 142.66 0.80 144.37 0.80 144.84 1.50 145.11 0.60 144.41 1.00
11500| 144.08 0.80 146.41 0.80 146.61 1.50 146.95 0.60 146.29 1.00
12000| 146.05 0.80 147.85 1.30 148.75 1.50 149.07 0.60 148.30 1.00
12500| 148.54 0.80 150.77 2.20 150.88 1.50 151.26 0.60 150.45 1.00
13000| 151.77 0.80 153.04 2.20 152.78 1.50 153.78 0.60 152.74 1.00
13500| 153.31 0.80 156.03 2.20 155.34 1.50 156.19 0.60 155.18 1.00
14000| 155.53 0.80 158.24 2.20 157.83 1.50 159.08 0.60 157.79 1.00
14500| 158.78 0.80 161.17 2.20 160.94 1.50 162.16 1.00 160.57 1.00
15000| 162.84 0.80 164.02 2.20 163.66 1.50 165.26 1.00 163.53 1.00
15500| 166.91 0.80 167.19 2.20 167.06 1.50 168.71 1.00 166.69 1.20
16000( 170.55 1.00 171.45 2.20 170.10 1.50 172.29 1.00 170.05 1.20
16500| 171.87 1.00 174.18 2.20 174.50 1.50 176.23 1.00 173.63 1.20
17000( 176.24 1.00 178.90 2.20 178.17 1.50 180.60 1.00 177.45 1.20
17500| 180.08 1.00 183.86 3.00 182.73 1.50 184.58 1.00 181.51 1.20
18000 | 182.97 1.00 188.30 2.50 187.48 1.50 188.28 1.00 185.84 1.20
18500| 186.12 1.00 192.36 2.50 190.79 1.50 194.05 1.50 190.45 1.20
19000( 193.27 1.00 195.04 2.50 195.66 1.50 195.82 1.50 195.36 1.20
19500| 202.53 1.00 200.13 2.50 201.35 1.50 204.03 1.50 200.58 1.20
20000| 208.90 1.00 208.53 2.50 207.45 1.50 211.09 1.50 206.15 1.20
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(continued) Reported participant’s results for the magnitude of the SE with rel-
ative expanded uncertainties (k = 2)

f NMISA VNIIM NMC,A*STAR UkrMet

in X; Urel, x; X; Urel, x; X Urel, x; X Urel, x;

Hz | in &5 in% | in &5 in% | in L& in% | in L& in %
m/s m/s m/s m/s

10 126.65 0.30 126.54 0.50 126.57 0.41 126.38 0.50
12.5 | 126.69 0.30 126.60 0.50 126.59 0.41 126.41 0.50
16 126.66 0.30 126.60 0.50 126.64 0.41 126.45 0.50
20 126.65 0.30 126.57 0.50 126.67 0.30 126.41 0.50
25 126.64 0.30 126.63 0.50 126.66 0.30 126.42 0.50
31.5 | 126.63 0.30 126.61 0.50 126.67 0.30 126.39 0.50
40 126.64 0.30 126.59 0.50 126.69 0.30 126.47 0.50
63 126.64 0.30 126.67 0.50 126.68 0.30 126.41 0.50
80 126.66 0.30 126.58 0.50 126.66 0.30 126.42 0.50
100 126.65 0.30 126.54 0.50 126.60 0.30 126.43 0.50
125 126.57 0.30 126.57 0.50 126.48 0.30 126.38 0.50
160 126.50 0.30 126.66 0.50 126.77 0.30 126.47 0.50
200 126.61 0.30 126.82 0.50 126.78 0.30 126.38 0.50
250 126.61 0.30 127.08 0.50 126.71 0.30 126.40 0.50
315 126.63 0.30 127.02 0.50 126.72 0.30 126.39 0.50
400 126.62 0.30 127.15 0.50 126.74 0.30 126.43 0.50
500 126.67 0.30 127.11 0.50 126.74 0.30 126.40 0.50
630 126.75 0.30 126.59 0.50 126.79 0.30 126.40 0.50
800 126.71 0.30 126.73 0.50 126.79 0.30 126.49 0.50
1000 | 126.79 0.30 126.94 0.50 126.80 0.41 126.52 0.50
1250 | 126.86 0.50 126.94 0.50 126.87 0.41 126.63 0.70
1500 | 126.91 0.50 127.06 0.50 127.03 0.41 126.67 0.70
1600 | 126.99 0.50 127.08 0.50 127.04 0.41 126.68 0.70
2000 | 127.15 0.50 127.39 0.50 127.21 0.41 126.86 0.70
2500 | 127.48 0.50 127.56 1.00 127.49 0.41 127.17 0.70
3000 | 127.74 0.50 127.88 1.00 127.81 0.41 127.62 0.70
3150 | 127.89 0.50 127.93 1.00 127.98 0.41 127.70 0.70
3500 | 128.24 0.50 128.17 1.00 128.26 0.41 128.09 0.70
4000 | 128.80 0.50 128.76 1.00 128.73 0.41 128.55 0.70
4500 | 129.42 0.50 129.24 1.00 129.36 0.41 129.20 0.70
5000 | 129.89 0.80 129.61 1.00 130.04 0.54 129.62 0.70
5500 | 130.64 0.80 130.61 1.50 130.79 0.54 130.31 1.50
6000 | 131.41 0.80 131.13 1.50 131.63 0.54 131.27 1.50
6300 | 132.03 0.80 131.29 1.50 132.07 0.54 131.51 1.50
6500 | 132.42 0.80 131.41 1.50 132.41 0.54 131.59 1.50
7000 | 133.20 0.80 132.60 1.50 133.45 0.54 132.65 1.50
7500 | 134.41 1.20 133.69 1.50 134.67 0.54 133.58 1.50
8000 | 135.62 1.20 134.71 1.50 135.80 0.54 135.24 1.50
8500 | 136.84 1.20 136.27 1.50 136.95 0.54 136.65 1.50
9000 | 137.85 1.20 137.53 1.50 138.25 0.54 137.18 1.50
9500 | 139.33 1.20 138.34 1.50 139.46 0.54 138.44 1.50
10000 | 140.81 1.20 139.28 1.50 141.03 1.19 139.96 1.50
10500 142.36 1.20 140.78 1.50 142.66 1.19 141.41 2.00
11000 144.05 1.20 141.65 1.50 144.29 1.19 142.94 2.00
11500 145.84 1.20 143.31 1.50 146.09 1.19 144.39 2.00
12000 147.81 1.20 145.02 1.50 148.08 1.19 145.54 2.00
12500 149.94 1.50 146.90 1.50 150.26 1.19 146.95 2.00
13000| 152.16 1.50 147.83 1.50 152.51 1.19 147.81 2.00
13500 154.61 1.50 151.93 1.50 154.97 1.19 150.48 2.00
14000| 157.25 1.50 154.46 1.50 157.64 1.19 153.51 2.00
14500 160.07 1.50 156.44 1.50 160.50 1.19 156.88 2.00
15000| 163.04 1.50 160.56 1.50 163.50 1.42 158.88 2.00
15500 166.17 1.80 163.49 2.00 166.77 1.42 162.30 3.00
16000| 169.63 1.80 165.15 2.00 170.29 1.42 165.20 3.00
16500 173.39 1.80 165.96 2.00 174.07 1.42 169.19 3.00
17000| 177.34 1.80 167.36 2.00 178.08 1.42 173.34 3.00
17500 181.09 1.80 173.31 2.00 182.02 1.42 176.79 3.00
18000 | 184.78 1.80 176.30 2.00 185.78 1.42 180.12 3.00
18500 190.26 1.80 178.70 2.00 189.82 1.42 185.36 3.00
19000| 194.24 1.80 191.17 2.00 194.36 1.42 190.11 3.00
19500 199.62 1.80 196.79 2.00 200.42 1.42 196.37 3.00
20000| 205.62 1.80 202.97 2.00 206.66 1.42 201.51 3.00
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7.1.2 The Back-to-Back Accelerometer (SN 1483350)
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Table 7.2: Reported participant’s results for the magnitude of the BB with relative
expanded uncertainties (k = 2)

f PTB DPLA METAS CEM NIST

in X; Urel, x; X; Urel, x; X Urel, x; X Urel, x; X Urel, x;

Hz | in &5 in% | in &5 in% | in £&; in% | in L& in% | in &5 in %
m/s m/s m/s m/s m/s

10 127.99 0.10 127.90 0.40 127.79 0.23 128.15 0.40 127.96 0.30

12.5 | 127.99 0.10 128.00 0.40 127.88 0.23 128.15 0.40 128.03 0.30

16 127.99 0.10 127.90 0.40 127.90 0.23 128.13 0.40 128.05 0.30

20 127.95 0.10 127.90 0.40 127.96 0.19 128.14 0.40 128.02 0.30

25 127.99 0.10 127.90 0.40 128.06 0.19 128.04 0.40 128.03 0.30

31.5 | 128.00 0.10 128.00 0.40 128.10 0.19 128.04 0.40 128.08 0.30

40 127.97 0.10 128.00 0.40 128.08 0.19 128.06 0.40 128.08 0.30

63 127.96 0.10 127.90 0.40 128.11 0.19 128.06 0.40 128.06 0.30

80 127.93 0.10 127.90 0.40 128.07 0.19 128.03 0.40 128.09 0.30

100 127.91 0.10 127.90 0.40 128.03 0.19 127.98 0.40 128.05 0.30

125 127.92 0.10 127.90 0.40 128.03 0.19 128.00 0.40 128.07 0.30

160 127.93 0.10 127.90 0.40 128.03 0.20 128.03 0.40 128.06 0.30

200 | 127.93 0.10 127.90 0.40 128.05 0.20 127.97 0.40 127.89 0.30

250 127.94 0.10 127.90 0.40 128.10 0.23 127.98 0.40 127.98 0.30

315 127.96 0.10 128.00 0.40 128.09 0.20 127.98 0.40 128.05 0.30

400 127.96 0.10 127.90 0.40 128.10 0.20 127.99 0.40 128.04 0.30

500 127.97 0.10 128.00 0.40 128.05 0.20 127.99 0.40 128.04 0.30

630 127.99 0.10 128.00 0.40 128.07 0.20 128.01 0.40 128.06 0.30

800 128.01 0.10 128.00 0.40 128.07 0.20 128.02 0.40 128.08 0.30

1000 | 128.03 0.10 128.00 0.40 128.14 0.23 128.06 0.40 128.12 0.30

1250 | 128.06 0.10 128.10 0.40 128.20 0.24 128.13 0.40 128.10 0.40

1500 | 128.10 0.10 128.20 0.40 128.26 0.23 128.15 0.40 128.25 0.40

1600 | 128.21 0.10 128.00 0.40 128.24 0.24 128.25 0.40 128.25 0.40

2000 | 128.24 0.10 128.40 0.40 128.47 0.25 128.36 0.40 128.39 0.40

2500 | 128.41 0.10 128.60 0.40 128.69 0.26 128.63 0.40 128.64 0.40

3000 | 128.67 0.10 128.80 0.40 129.03 0.28 128.88 0.40 128.92 0.40

3150 | 128.96 0.10 129.00 0.40 129.12 0.28 129.01 0.40 129.03 0.40

3500 | 129.07 0.10 129.30 0.40 129.36 0.31 129.24 0.40 129.18 0.40

4000 | 129.33 0.10 129.70 0.40 129.81 0.34 129.64 0.40 129.62 0.40

4500 | 129.77 0.10 130.50 0.40 130.30 0.44 130.04 0.40 130.11 0.40

5000 | 130.20 0.10 130.60 0.60 130.92 0.46 130.53 0.40 130.61 0.40

5500 | 130.78 0.30 131.10 0.60 131.46 0.88 131.08 0.80 131.23 0.50

6000 | 131.42 0.30 131.70 0.60 132.08 1.07 131.66 0.80 131.83 0.50

6300 | 132.53 0.30 132.30 0.60 132.72 1.22 132.12 0.80 132.18 0.50

6500 | 132.77 0.30 132.40 0.60 132.74 1.35 132.37 0.80 132.43 0.50

7000 | 133.71 0.30 133.20 0.60 133.64 1.72 133.24 0.80 133.23 0.50

7500 | 134.91 0.30 134.20 0.60 136.15 2.20 134.21 0.80 134.42 0.50

8000 | 134.90 0.30 133.00 0.60 133.59 2.25 134.61 0.80 134.35 0.50

8500 | 136.19 0.30 135.20 0.60 135.99 2.44 135.00 0.80 135.50 0.50

9000 | 137.43 0.30 136.50 0.60 137.13 2.64 136.60 0.80 134.13 0.50

9500 | 138.80 0.30 137.60 0.60 139.15 2.14 138.01 0.80 136.59 0.50

10000| 139.95 0.30 139.80 0.60 140.03 1.47 139.22 0.80 138.42 0.50

10500 141.22 0.50 139.80 1.00 141.47 2.02 140.88 1.50 140.16 1.50

11000 142.83 0.50 141.30 1.00 142.58 1.96 142.14 1.50 141.62 1.50

11500 144.44 0.50 142.80 1.00 144.53 1.80 143.85 1.50 143.06 1.50

12000 145.92 0.50 144.20 1.00 146.41 1.74 145.21 1.50 144.30 1.50

12500 147.59 0.50 145.70 1.20 148.33 1.75 146.90 1.50 146.21 1.50

13000| 149.49 0.50 147.40 1.20 150.18 1.71 148.59 1.50 147.92 1.50

13500 151.39 0.50 149.20 1.20 152.03 1.72 150.47 1.50 149.80 1.50

14000| 153.92 0.50 151.10 1.20 154.12 1.74 152.39 1.50 151.99 1.50

14500 155.40 0.50 153.20 1.20 156.66 1.75 154.11 1.50 153.32 1.50

15000| 157.81 0.50 156.20 1.20 158.99 1.83 156.46 1.50 154.79 1.50

15500 160.37 1.00 158.30 1.20 161.88 1.87 158.84 2.00 157.43 2.00

16000| 163.06 1.00 160.60 2.00 164.13 1.86 161.37 2.00 159.92 2.00

16500 165.83 1.00 163.00 2.00 167.85 1.93 164.18 2.00 162.59 2.00

17000| 168.96 1.00 165.80 2.00 170.56 1.82 166.90 2.00 165.51 2.00

17500 172.25 1.00 168.70 2.00 174.12 1.93 169.98 2.00 168.62 2.00

18000| 175.69 1.00 171.80 2.00 176.73 1.99 173.24 2.00 171.98 2.00

18500 179.51 1.00 174.90 2.00 181.55 1.95 176.79 2.00 175.55 2.00

19000| 183.54 1.00 178.30 2.00 185.11 1.97 180.72 2.00 179.41 2.00

19500 187.89 1.00 182.40 2.00 189.50 2.00 184.66 2.00 183.46 2.00

20000 192.47 1.00 186.20 2.00 194.40 2.06 188.51 2.00 187.83 2.00
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(continued) Reported participant’s results for the magnitude of the BB with rel-

ative expanded uncertainties (k = 2)

f CENAM NMIJ NIM NMIA INMETRO
in X Uret,x; X Uret,x; X Uret,x; X Uret,x; X; Urel, x;
Hz | in &5 in% | in &5 in% | in £&; in% | in L& in% | in &5 in %
m/s m/s m/s m/s m/s
10 128.20 0.30 128.01 0.40 128.26 0.40 127.90 0.30 128.12 0.20
12.5 128.20 0.30 127.97 0.40 128.28 0.40 127.94 0.30 128.10 0.20
16 128.17 0.30 127.98 0.40 128.31 0.40 128.01 0.30 128.07 0.20
20 128.16 0.30 127.92 0.40 128.25 0.40 128.04 0.30 128.03 0.20
25 128.09 0.30 128.09 0.40 128.28 0.40 128.04 0.30 128.02 0.20
31.5 128.07 0.30 128.03 0.40 128.23 0.40 128.03 0.30 128.00 0.20
40 128.06 0.30 127.97 0.40 128.23 0.40 128.03 0.30 127.98 0.20
63 128.08 0.30 127.98 0.40 128.21 0.40 127.98 0.30 127.97 0.20
80 128.03 0.30 127.92 0.40 128.18 0.40 127.98 0.30 127.96 0.20
100 128.19 0.30 127.99 0.40 128.35 0.40 127.99 0.30 127.95 0.20
125 127.99 0.30 127.94 0.40 128.17 0.40 127.99 0.30 127.92 0.20
160 128.00 0.30 127.96 0.40 128.17 0.40 128.00 0.30 127.93 0.20
200 128.02 0.30 127.90 0.40 128.14 0.40 127.93 0.30 127.94 0.20
250 127.86 0.30 127.89 0.30 128.26 0.40 127.98 0.30 127.93 0.20
315 127.91 0.30 127.91 0.30 128.24 0.40 127.98 0.30 127.95 0.20
400 127.92 0.30 127.91 0.30 128.22 0.40 127.96 0.30 127.96 0.20
500 127.95 0.30 127.93 0.30 128.25 0.40 127.99 0.30 127.96 0.20
630 128.24 0.30 127.96 0.30 128.39 0.40 128.03 0.30 128.00 0.20
800 127.99 0.30 127.97 0.30 128.26 0.40 128.04 0.30 128.02 0.20
1000 | 128.11 0.30 128.02 0.30 128.40 0.40 128.08 0.30 128.11 0.20
1250 128.32 0.30 128.09 0.30 128.42 0.40 128.14 0.30 128.14 0.20
1500 | 128.25 0.30 128.17 0.30 128.55 0.40 128.21 0.30 128.20 0.20
1600 128.28 0.30 128.18 0.30 128.58 0.40 128.28 0.30 128.24 0.20
2000 | 128.44 0.30 128.36 0.30 128.74 0.40 128.38 0.30 128.43 0.20
2500 | 128.91 0.30 128.63 0.30 128.94 0.40 128.60 0.30 128.65 0.24
3000 | 129.05 0.30 128.86 0.30 129.29 0.40 129.03 0.30 129.03 0.24
3150 | 128.99 0.30 128.93 0.30 129.36 0.40 129.07 0.30 129.04 0.34
3500 | 129.18 0.30 129.23 0.30 129.59 0.40 129.31 0.30 129.35 0.34
4000 | 129.70 0.30 129.66 0.30 130.07 0.40 129.71 0.30 129.78 0.34
4500 | 129.89 0.30 129.95 0.50 130.61 0.40 130.20 0.30 130.34 0.34
5000 | 130.12 0.30 130.70 0.50 131.19 0.40 130.75 0.30 130.68 0.60
5500 | 130.59 0.50 131.72 1.00 131.30 0.30 131.26 0.60
6000 | 130.68 0.50 132.50 1.00 132.02 0.30 131.91 0.60
6300 | 130.70 0.50 132.92 1.00 132.48 0.30 132.33 0.60
6500 | 130.85 0.50 133.15 1.00 132.82 0.30 132.62 0.60
7000 | 131.18 0.50 134.12 1.00 133.77 0.40 133.41 0.80
7500 | 132.02 0.50 135.11 1.00 135.28 0.90 134.27 0.80
8000 132.94 0.50 135.77 1.00 135.34 0.60 135.20 0.80
8500 | 134.00 0.50 136.56 1.00 135.58 1.00 136.21 0.80
9000 135.61 0.50 137.59 1.00 134.80 2.50 137.31 0.80
9500 | 136.56 0.50 138.75 1.00 137.14 1.60 138.48 0.80
10000| 138.32 0.50 139.83 1.00 138.54 1.10 139.74 0.80
10500| 139.08 0.80 141.07 1.50 139.70 1.20 141.20 1.00
11000| 139.60 0.80 142.91 1.50 141.99 0.60 142.66 1.00
11500| 141.21 0.80 144.77 1.50 143.97 0.60 144.27 1.00
12000| 143.44 0.80 146.48 1.50 145.75 0.60 145.78 1.00
12500| 144.82 0.80 148.11 1.50 147.70 0.60 147.42 1.00
13000| 145.73 0.80 149.72 1.50 149.50 0.60 149.34 1.00
13500| 147.85 0.80 151.77 1.50 151.37 0.60 151.37 1.00
14000| 149.82 0.80 153.89 1.50 153.57 0.60 153.47 1.00
14500| 153.15 0.80 155.70 1.50 155.42 1.00 155.49 1.00
15000| 155.72 0.80 158.01 1.50 157.36 1.00 158.05 1.00
15500| 158.49 0.80 160.49 1.50 160.02 1.00 160.72 1.20
16000( 161.02 1.00 163.04 1.50 162.62 1.00 163.30 1.20
16500| 165.29 1.00 165.89 1.50 165.45 1.00 166.66 1.20
17000( 168.89 1.00 168.94 1.50 168.65 1.00 169.39 1.20
17500| 170.85 1.00 172.00 1.50 171.87 1.00 172.53 1.20
18000( 175.35 1.00 175.59 1.50 175.03 1.00 176.08 1.20
18500| 181.69 1.00 179.05 1.50 179.10 1.50 179.73 1.20
19000( 186.73 1.00 182.65 1.50 182.71 1.50 183.74 1.20
19500| 190.77 1.00 186.95 1.50 187.05 1.50 188.33 1.20
20000| 193.75 1.00 191.48 1.50 191.63 1.50 192.58 1.20
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(continued) Reported participant’s results for the magnitude of the BB with rel-
ative expanded uncertainties (k = 2)

f NMISA VNIIM NMC,A*STAR UkrMet

in X; Urel, x; X; Urel, x; X Urel, x; X Urel, x;

Hz | in &5 in% | in &5 in% | in L& in% | in L& in %
m/s m/s m/s m/s

10 128.04 0.30 128.29 0.50 127.82 0.41 127.75 0.50
12.5 | 128.13 0.30 128.26 0.50 127.90 0.41 127.76 0.50
16 128.00 0.30 128.24 0.50 127.94 0.41 127.76 0.50
20 127.99 0.30 128.24 0.50 127.96 0.30 127.74 0.50
25 128.00 0.30 128.23 0.50 127.96 0.30 127.74 0.50
31.5 | 127.99 0.30 128.23 0.50 127.97 0.30 127.75 0.50
40 127.98 0.30 128.21 0.50 128.00 0.30 127.72 0.50
63 127.97 0.30 128.10 0.50 127.96 0.30 127.74 0.50
80 127.98 0.30 128.13 0.50 127.93 0.30 127.73 0.50
100 127.99 0.30 128.10 0.50 127.89 0.30 127.73 0.50
125 127.88 0.30 128.10 0.50 127.93 0.30 127.72 0.50
160 127.82 0.30 128.12 0.50 127.95 0.30 127.73 0.50
200 127.85 0.30 128.14 0.50 127.89 0.30 127.74 0.50
250 127.87 0.30 128.16 0.50 127.96 0.30 127.74 0.50
315 127.87 0.30 128.24 0.50 127.96 0.30 127.73 0.50
400 127.89 0.30 128.28 0.50 127.98 0.30 127.72 0.50
500 127.90 0.30 128.33 0.50 127.96 0.30 127.76 0.50
630 127.94 0.30 128.42 0.50 127.98 0.30 127.79 0.50
800 127.99 0.30 128.41 0.50 128.02 0.30 127.80 0.50
1000 | 128.06 0.30 128.46 0.50 128.03 0.41 127.83 0.50
1250 | 128.09 0.50 128.49 0.50 128.08 0.41 127.95 0.70
1500 | 128.15 0.50 128.50 0.50 128.19 0.41 128.00 0.70
1600 | 128.20 0.50 128.53 0.50 128.20 0.41 128.06 0.70
2000 | 128.33 0.50 128.66 0.50 128.35 0.41 128.23 0.70
2500 | 128.62 0.50 128.77 1.00 128.63 0.41 128.52 0.70
3000 | 128.79 0.50 129.02 1.00 128.88 0.41 128.79 0.70
3150 | 128.97 0.50 129.21 1.00 129.02 0.41 128.85 0.70
3500 | 129.26 0.50 129.66 1.00 129.29 0.41 129.23 0.70
4000 | 129.74 0.50 130.02 1.00 129.62 0.41 129.57 0.70
4500 | 130.28 0.50 130.11 1.00 129.99 0.41 130.02 0.70
5000 | 130.67 0.80 130.59 1.00 130.45 0.54 130.40 0.70
5500 | 131.31 0.80 131.01 1.50 130.90 0.54 131.17 1.50
6000 | 131.98 0.80 131.79 1.50 131.41 0.54 131.83 1.50
6300 | 132.52 0.80 132.17 1.50 131.67 0.54 132.16 1.50
6500 | 132.91 0.80 132.57 1.50 131.86 0.54 132.41 1.50
7000 | 133.69 0.80 133.05 1.50 132.38 0.54 133.01 1.50
7500 | 135.52 1.20 133.90 1.50 133.05 0.54 133.68 1.50
8000 | 135.21 1.20 134.29 1.50 133.80 0.54 134.37 1.50
8500 | 137.05 1.20 134.84 1.50 134.66 0.54 135.24 1.50
9000 | 134.56 1.20 135.85 1.50 135.67 0.54 136.50 1.50
9500 | 141.42 1.20 137.64 1.50 136.92 0.54 137.73 1.50
10000| 140.03 1.20 138.42 1.50 138.63 1.19 138.92 1.50
10500 140.51 1.20 139.31 1.50 140.11 1.19 140.36 2.00
11000 142.55 1.20 140.00 1.50 141.75 1.19 141.18 2.00
11500 144.58 1.20 141.43 1.50 143.61 1.19 142.92 2.00
12000 146.38 1.20 142.61 1.50 145.67 1.19 144.37 2.00
12500 148.29 1.50 144.28 1.50 147.51 1.19 146.78 2.00
13000| 150.07 1.50 145.74 1.50 149.48 1.19 148.63 2.00
13500 151.92 1.50 147.19 1.50 151.55 1.19 150.71 2.00
14000| 154.18 1.50 148.60 1.50 153.54 1.19 152.44 2.00
14500 156.32 1.50 150.55 1.50 155.55 1.19 155.01 2.00
15000| 158.51 1.50 152.60 1.50 157.81 1.42 156.86 2.00
15500 161.12 1.80 154.52 2.00 160.33 1.42 159.05 3.00
16000| 163.82 1.80 156.74 2.00 162.97 1.42 160.99 3.00
16500 166.72 1.80 159.16 2.00 165.86 1.42 164.00 3.00
17000| 169.94 1.80 162.01 2.00 168.87 1.42 166.51 3.00
17500 173.20 1.80 165.08 2.00 172.12 1.42 169.91 3.00
18000| 176.75 1.80 168.33 2.00 175.64 1.42 172.89 3.00
18500 180.61 1.80 171.23 2.00 179.34 1.42 176.49 3.00
19000 184.68 1.80 173.10 2.00 183.38 1.42 179.91 3.00
19500 189.22 1.80 178.70 2.00 187.70 1.42 183.55 3.00
20000| 193.96 1.80 182.41 2.00 192.27 1.42 186.99 3.00
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7.2 Results for the Phase of the Complex Sensitivity

7.2.1 The Single-Ended Accelerometer (SN 1610153)
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Table 7.3: Reported participant’s results for the phase of the SE with expanded
uncertainties (k = 2)

f PTB DPLA METAS CEM NIST
in ©i I Uy, 4Pi| Uy, Pi I Uy, ‘Pil Uy, Pi I Uy,
Hz in ° in ° in ° in ° in °

10 (0.00| 0.20 |0.01| 0.30 [-0.01| 0.40 |-0.03| 0.50 [-0.02| 0.50
12.5 |-0.05| 0.20 | 0.01 | 0.30 |-0.01| 0.40 |-0.02| 0.50 |-0.01| 0.50
16 (-0.02| 0.20 | 0.01 | 0.30 [-0.00| 0.40 |-0.01| 0.50 [-0.01| 0.50
20 |-0.03| 0.20 | 0.00 | 0.30 | 0.00 [ 0.38 [-0.01| 0.50 | 0.00 | 0.50
25 |-0.02| 0.20 |-0.03| 0.30 |0.02 | 0.38 [-0.00| 0.50 |0.01 | 0.50
31.5 |-0.03| 0.20 [ 0.01| 0.30 |0.01| 0.38 [-0.00| 0.50 |0.02| 0.50
40 |-0.04| 0.20 (-0.02| 0.30 | 0.02| 0.38 [ 0.00| 0.50 |0.02| 0.50
63 |-0.03| 0.20 (-0.01| 0.30 |-0.03| 0.38 | 0.01| 0.50 |0.03 | 0.50
80 |-0.04| 0.20 [ 0.00| 0.30 |-0.04| 0.38 [ 0.01| 0.50 |0.03| 0.50
100 | 0.00 | 0.20 [ 0.00| 0.30 [-0.05| 0.38 [-0.01| 0.50 |0.01| 0.50
125 | 0.01| 0.20 [ 0.00| 0.30 |-0.07| 0.38 [-0.03| 0.50 [-0.00| 0.50
160 | 0.00 | 0.20 [ 0.00| 0.30 [-0.09| 0.38 [0.01| 0.50 |0.02| 0.50
200 (0.01| 0.20 | 0.00 | 0.30 |[0.02| 0.40 |-0.00| 0.50 |0.02| 0.50
250 [(0.01| 0.20 |-0.01| 0.30 |{0.01| 0.38 |-0.01| 0.50 |0.02 | 0.50
315 (0.01| 0.20 | 0.01 | 0.30 {-0.02| 0.42 |-0.02| 0.50 |0.02| 0.50
400 | 0.01| 0.20 |-0.02| 0.30 |-0.01| 0.38 |-0.03| 0.50 | 0.01| 0.50
500 |0.01| 0.20 |-0.04| 0.30 {-0.01| 0.38 |-0.04| 0.50 | 0.01| 0.50
630 |0.01| 0.20 |-0.05| 0.30 {-0.01| 0.38 | 0.02 | 0.50 [-0.00| 0.50
800 | 0.00| 0.20 |-0.06| 0.30 {-0.02| 0.38 | 0.01| 0.50 [-0.03| 0.50
1000 | 0.01 | 0.20 |-0.09| 0.30 |0.02 | 0.48 | 0.01| 0.50 |-0.02| 0.50
1250 | 0.00 | 0.50 |-0.08| 0.30 [0.01| 0.48 |-0.01| 1.00 |-0.03| 0.50
1500 | 0.00 | 0.50 |-0.16| 0.30 | 0.01| 0.48 | 0.00 | 1.00 |-0.04| 0.50
1600 | 0.00 | 0.50 |-0.15| 0.30 [0.01| 0.48 | 0.02 | 1.00 |-0.04| 0.50
2000 | 0.00 | 0.50 [-0.20| 0.30 |0.01| 0.48 [-0.00| 1.00 [-0.06| 0.50
2500 | 0.00 | 0.50 [-0.23| 0.30 [-0.01| 0.48 [-0.02| 1.00 [-0.08| 0.50
3000 |-0.01| 0.50 [-0.28| 0.30 |0.00| 0.48 [-0.02| 1.00 [-0.10| 0.50
3150 | 0.00 | 0.50 [-0.30| 0.30 [-0.01| 0.48 [-0.02| 1.00 [-0.10| 0.50
3500 |-0.01| 0.50 [-0.31| 0.30 [-0.00| 0.48 [-0.04| 1.00 [-0.11| 0.50
4000 | 0.00 | 0.50 |-0.40| 0.30 [0.01| 0.48 |-0.03| 1.00 |-0.15| 0.50
4500 (-0.01| 0.50 |-0.43| 0.30 [0.02| 0.48 |-0.02| 1.00 |-0.15| 0.50
5000 [-0.02| 0.50 [-0.47| 0.50 [-0.02| 0.48 [-0.05| 1.00 [-0.18| 0.50
5500 [-0.02| 0.50 [-0.59| 0.50 [-0.02| 0.86 [-0.07| 1.00 [-0.18| 1.00
6000 [-0.04| 0.50 [-0.59| 0.50 [-0.01| 0.86 [-0.09| 1.00 [-0.19| 1.00
6300 [-0.04| 0.50 [-0.49| 0.50 [-0.04| 0.86 [-0.08| 1.00 [-0.19| 1.00
6500 |-0.04| 0.50 [-0.63| 0.50 [-0.04| 0.86 [-0.09| 1.00 [-0.15| 1.00
7000 [-0.04| 0.50 [-0.68| 0.50 (-0.02| 0.86 |[-0.08| 1.00 (-0.17| 1.00
7500 [-0.01| 0.50 [-0.71| 0.50 [-0.01| 0.86 |[-0.07| 1.00 (-0.16| 1.00
8000 [-0.08| 0.50 [-0.77| 1.00 [-0.12| 0.86 [-0.19| 1.00 [-0.20| 1.00
8500 [-0.08| 0.50 [-0.85| 1.00 [-0.16| 0.86 |[-0.23| 1.00 (-0.23| 1.00
9000 |-0.26| 0.50 [-0.87| 1.00 [-0.40| 0.86 [-0.68| 1.00 [-0.29| 1.00
9500 [-0.06| 0.50 [-0.92| 1.00 [-0.15| 0.86 |[-0.16| 1.00 (-0.21| 1.00
10000(-0.09| 0.50 |-0.81| 1.00 [-0.17| 0.86 |-0.22| 1.00 [-0.23| 1.00
10500(-0.10| 1.00 | 1.01 | 2.00 |-0.21| 1.72 [-0.25| 1.50 [-0.25| 1.50
11000(-0.10| 1.00 |-1.07| 2.00 {-0.23| 1.72 |-0.25| 1.50 [-0.24| 1.50
11500(-0.08| 1.00 [-1.20( 2.00 [-0.23| 1.72 [-0.27| 1.50 [-0.24| 1.50
12000(-0.07| 1.00 |-1.21| 2.00 {-0.21| 1.72 |-0.26| 1.50 [-0.22| 1.50
12500(-0.08| 1.00 (-1.31| 2.00 [-0.27| 1.72 [-0.28| 1.50 [-0.22| 1.50
13000(-0.08| 1.00 |-1.25| 2.00 {-0.23| 1.72 |-0.30| 1.50 [-0.23| 1.50
13500(-0.07| 1.00 [-1.45| 2.00 [-0.29( 1.72 [-0.28| 1.50 [-0.23| 1.50
14000(-0.11| 1.00 |-1.73| 2.00 {-0.36| 1.72 |-0.30| 1.50 [-0.21| 1.50
14500(-0.11| 1.00 [-1.55| 2.00 [-0.20( 1.72 [-0.36| 1.50 [-0.22| 1.50
15000(-0.15| 1.00 |-1.50( 2.00 [-0.34| 1.72 |-0.38| 1.50 [-0.29| 1.50
15500(-0.16| 2.00 [-1.54| 2.00 [-0.59| 1.72 [-0.46| 2.00 [-0.27| 1.50
16000(-0.17| 2.00 |-1.60( 3.00 [-0.57| 1.72 |-0.55| 2.00 [-0.30| 1.50
16500(-0.22| 2.00 [-1.64| 3.00 [-0.53| 1.74 [-0.62| 2.00 [-0.36| 1.50
17000(-0.37| 2.00 |-1.75| 3.00 [-0.63| 1.72 |-0.71| 2.00 [-0.53| 1.50
17500(-0.64| 2.00 (-2.09| 3.00 [-0.88| 1.74 [-1.04| 2.00 [-0.81| 1.50
18000(-0.29| 2.00 |-2.22| 3.00 [-0.93| 1.82 |-1.06| 2.00 [-0.87| 1.50
18500(-0.86| 2.00 |-2.21| 3.00 |-1.10| 1.94 |-1.06| 2.00 |-1.04| 1.50
19000(-0.29| 2.00 |-2.21| 3.00 [-0.96| 1.74 |-0.79| 2.00 |-0.54| 1.50
19500(-0.19| 2.00 |-2.10( 3.00 |-0.75| 1.74 |-0.77| 2.00 [-0.50| 1.50
20000(-0.19| 2.00 (-2.18| 3.00 |-0.76| 1.72 [-0.79| 2.00 [-0.51| 1.50
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(continued) Reported participant’s results for the phase of the SE with expanded

uncertainties (k = 2)

f CENAM NMI1J NIM NMIA INMETRO
in @i | Upi | @i | Upi | @i | Upi | @i | Upi | @i | U,
Hz in ° in ° in ° in ° in °
10 | 0.00| 0.30 |-0.01| 0.50 [0.06 | 0.50 |-0.02| 0.30 |0.00| 0.20
12.5 | 0.00 | 0.30 |-0.04| 0.50 |0.05| 0.50 [-0.02| 0.30 |0.00 | 0.20
16 |0.00| 0.30 |-0.02| 0.40 [0.05| 0.50 |-0.01| 0.30 [0.00 | 0.20
20 |0.00| 0.30 |-0.02| 0.30 |0.04 | 0.50 [-0.01| 0.30 |0.00 | 0.20
25 |-0.01| 0.30 |-0.02| 0.30 |0.03 | 0.50 [-0.01| 0.30 |0.00| 0.20
31.5 | 0.00 | 0.30 [-0.03| 0.30 |0.02| 0.50 [-0.01| 0.30 |0.00| 0.20
40 |-0.00| 0.30 [-0.02| 0.30 |0.02| 0.50 [-0.01| 0.30 |0.00| 0.20
63 |-0.05| 0.30 ({-0.03| 0.30 | 0.01| 0.50 [-0.01| 0.30 |0.00| 0.20
80 |0.00| 0.30 {-0.03| 0.30 |-0.00| 0.50 [-0.01| 0.30 |0.00| 0.20
100 |-0.03| 0.30 [-0.04| 0.30 |0.01| 0.50 [0.00| 0.30 |0.00| 0.20
125 |-0.02| 0.30 [-0.05| 0.30 |0.01| 0.50 |[0.00| 0.30 |0.00| 0.20
160 |-0.02| 0.30 [-0.04| 0.30 |0.02| 0.50 |[0.00| 0.30 [-0.01| 0.20
200 (-0.03| 0.30 | 0.01| 0.30 [-0.04| 0.50 | 0.01| 0.30 [-0.01| 0.20
250 (-0.05| 0.30 | 0.01| 0.30 [0.00| 0.50 | 0.01| 0.30 [-0.01| 0.20
315 [-0.04| 0.30 | 0.01| 0.30 [0.01| 0.50 |0.01| 0.30 [-0.01| 0.20
400 |-0.02( 0.30 | 0.01| 0.30 |0.00 | 0.50 |0.03| 0.30 |-0.01| 0.20
500 |-0.01| 0.30 | 0.00| 0.30 [-0.00| 0.50 |-0.01| 0.30 |-0.01| 0.20
630 (-0.02| 0.30 |-0.02| 0.30 [-0.00| 0.50 | 0.02| 0.30 [-0.01| 0.20
800 |-0.03| 0.30 |0.02| 0.30 [0.02| 0.50 |0.02| 0.30 |-0.02| 0.20
1000 |-0.01| 0.30 | 0.01 | 0.30 [-0.02| 0.50 | 0.03| 0.50 [-0.02| 0.20
1250 [-0.02| 0.30 [-0.01| 0.30 |-0.03| 0.50 | 0.07 | 0.50 |-0.02| 0.20
1500 [-0.10| 0.30 |-0.06| 0.30 [-0.04| 0.50 | 0.04 | 0.50 [-0.03| 0.20
1600 [-0.08| 0.30 [ 0.01| 0.30 |-0.05| 0.50 | 0.00| 0.50 |-0.03| 0.20
2000 [-0.09| 0.30 | 0.04 | 0.30 [-0.05| 0.50 [0.03| 0.50 [-0.04| 0.20
2500 |-0.09( 0.30 | 0.01 | 0.30 [-0.08| 0.50 [0.04| 0.50 |-0.05| 0.24
3000 [-0.12| 0.30 [-0.01| 0.30 [-0.09| 0.50 [ 0.01| 0.50 [-0.06| 0.24
3150 {-0.20| 0.30 [ 0.03| 0.30 [-0.12| 0.50 |[0.03| 0.50 [-0.06| 0.34
3500 [-0.16| 0.30 | 0.01| 0.30 [-0.13| 0.50 [ 0.03| 0.50 [-0.07| 0.34
4000 |-0.20| 0.30 |-0.01| 0.30 |-0.15| 0.50 | 0.06 | 0.50 |-0.08| 0.50
4500 [-0.21| 0.30 | 0.02 | 0.30 [-0.17| 0.50 | 0.05| 0.60 [-0.09| 0.50
5000 {-0.32| 0.30 [-0.03| 0.40 [-0.20| 0.50 |[0.04 | 0.60 [-0.10| 0.50
5500 [-0.30| 0.50 | 0.01| 0.40 [-0.30| 1.00 [ 0.05| 0.60 [-0.11| 0.80
6000 {-0.39| 0.50 |[0.01| 0.40 [-0.26| 1.00 | 0.03| 0.60 [-0.12| 0.80
6300 [-0.45| 0.50 [-0.03| 0.40 [-0.27| 1.00 [ 0.03| 0.60 [-0.13| 0.80
6500 {-0.43| 0.50 [-0.02| 0.40 [-0.28| 1.00 | 0.05| 0.60 [-0.14| 0.80
7000 [-0.47| 0.50 | 0.02| 0.40 [-0.28| 1.00 [ 0.09 | 0.80 [-0.15| 0.80
7500 [-0.45| 0.50 [ 0.03| 0.40 [-0.29| 1.00 [ 0.06 | 0.80 [-0.16| 1.00
8000 [-0.44| 0.50 | 0.00 | 0.40 [-0.37| 1.00 |[0.02| 0.80 [-0.17| 1.00
8500 [-0.45| 0.50 [-0.06| 0.40 |-0.46| 1.00 [-0.04| 0.80 [-0.19| 1.00
9000 [-0.53| 0.50 [-0.16| 0.40 [-0.53| 1.00 [-0.35| 0.80 [-0.20| 1.00
9500 [-0.50| 0.50 [-0.05| 0.40 [-0.41| 1.00 [ 0.03| 0.80 [-0.22| 1.00
10000 (-0.49| 0.50 | 0.03 | 0.40 [-0.48| 1.00 | 0.02 | 0.80 [-0.23| 1.00
10500 (-0.55| 0.50 |-0.08| 0.40 [-0.52| 1.50 | 0.03 | 1.20 [-0.25| 1.20
11000 (-0.54| 0.50 | 0.04 | 0.50 [-0.56| 1.50 | 0.04 | 1.20 [-0.26| 1.20
11500(-0.58| 0.50 |-0.05| 0.40 [-0.56| 1.50 | 0.05| 1.20 [-0.28| 1.20
12000 (-0.63| 0.50 | 0.05| 0.40 [-0.53| 1.50 | 0.07 [ 1.20 [-0.29| 1.20
12500(-0.67| 0.50 |-0.04| 0.40 [-0.55| 1.50 | 0.07 | 1.20 [-0.31| 1.20
13000 (-0.64| 0.50 | 0.02 | 0.50 [-0.64| 1.50 | 0.14 | 1.50 [-0.33| 1.20
13500(-0.64| 0.50 |-0.06| 0.50 [-0.59| 1.50 | 0.13 | 1.50 [-0.34| 1.20
14000 (-0.72| 0.50 | 0.05| 0.50 [-0.60| 1.50 | 0.12| 1.50 [-0.36| 1.20
14500(-0.65| 0.50 |-0.10| 0.50 [-0.68| 1.50 | 0.17 | 1.50 [-0.38| 1.20
15000 (-0.65| 0.50 |-0.06| 0.50 [-0.77| 1.50 | 0.09 | 1.50 [-0.40| 1.20
15500(-0.70| 0.50 |-0.03| 0.50 [-0.73| 1.50 | 0.16 | 2.00 [-0.42| 1.20
16000 (-0.70| 0.50 |-0.18| 0.50 [-0.71| 1.50 | 0.05| 2.00 [-0.43| 1.20
16500 (-0.78| 0.50 |-0.08| 0.60 [-0.90| 1.50 | 0.13 | 2.00 [-0.45| 1.20
17000(-0.72| 0.50 |-0.41| 1.00 [-0.98| 1.50 |-0.10{ 2.00 [-0.47| 1.20
17500(-0.72| 0.50 |-0.50( 1.00 [-1.16| 1.50 |-0.21| 2.00 [-0.49| 1.20
18000 (-0.79| 0.50 |-0.73| 1.00 [-1.07| 1.50 |-0.27| 2.00 [-0.51| 1.20
18500(-0.93| 0.50 |-0.43| 1.10 [-1.08| 1.50 | 0.03 | 2.00 [-0.53| 1.20
19000 (-0.93| 0.50 |-0.66| 1.00 [-1.14| 1.50 |-0.20| 2.00 [-0.55| 1.20
19500(-0.93| 0.50 |-0.16| 0.60 [-0.92| 1.50 | 0.11 | 2.00 [-0.58| 1.20
20000(-1.04| 0.50 {-0.19| 0.60 |-0.98| 1.50 [ 0.19| 2.00 [-0.60| 1.20
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(continued) Reported participant’s results for the phase of the SE with expanded
uncertainties (k = 2)

f NMISA VNIIM NMC,A*STAR| UkrMet
in @i | Upi | @i | Up | @i | U, @i | Uy,
Hz in ° in ° in ° in °
10 [0.04| 0.20 | 0.04 | 1.00 [-0.00 0.32 -0.01| 0.50
12.5 | 0.02 | 0.20 | 0.02| 1.00 | 0.01 0.32 0.00 | 0.50
16 |[0.02| 0.20 | 0.04| 1.00 |0.01 0.32 -0.02| 0.50
20 [(0.02| 0.20 | 0.07 | 0.50 |0.02 0.36 -0.03| 0.50
25 |0.01| 0.20 |-0.04| 0.50 |0.03 0.36 -0.05| 0.50
31.5 | 0.01 | 0.20 [-0.08| 0.50 |0.03 0.36 -0.06| 0.50
40 |0.01| 0.20 [-0.01| 0.50 |0.04 0.36 -0.03| 0.50
63 |0.00| 0.20 [-0.07| 0.50 |0.03 0.36 -0.04| 0.50
80 |0.00| 0.20 [-0.06| 0.50 |0.03 0.36 -0.02| 0.50
100 | 0.00 | 0.20 [-0.08| 0.50 |0.02 0.36 -0.01| 0.50
125 | 0.00 | 0.30 [-0.02| 0.50 |0.18 0.36 -0.06| 0.50
160 |-0.03| 0.30 [ 0.05| 0.50 |0.04 0.36 -0.05| 0.50
200 (-0.02| 0.30 | 0.61 | 0.50 |0.07 0.36 0.18 | 0.50
250 [-0.02| 0.30 | 1.27| 0.50 | 0.03 0.36 0.19| 0.50
315 |-0.02| 0.30 | 0.25| 0.50 |[0.03 0.36 -0.02| 0.50
400 |-0.03| 0.30 | 0.01| 0.50 |0.03 0.36 0.01| 0.50
500 [-0.04| 0.30 | 0.04 | 0.50 |0.03 0.36 0.09 | 0.50
630 [-0.03| 0.30 | 0.10 | 0.50 | 0.05 0.36 0.13| 0.50
800 (-0.07| 0.30 | 0.09| 0.50 |0.02 0.36 0.15| 0.50
1000 |-0.08| 0.30 | 0.10| 0.50 | 0.06 0.62 0.17| 0.50
1250 |-0.09| 0.50 | 0.05| 0.50 |0.03 0.62 -0.09| 0.70
1500 |-0.10| 0.50 | 0.06 | 0.50 | 0.03 0.62 0.02 | 0.70
1600 |-0.11| 0.50 | 0.04| 0.50 |0.01 0.62 0.01| 0.70
2000 (-0.13| 0.50 [-0.02| 0.50 |0.03 0.62 0.01| 0.70
2500 [-0.14| 0.50 [-0.08| 0.50 |0.04 0.62 0.04 | 0.70
3000 (-0.18| 0.50 [-0.10| 0.50 |0.02 0.62 -0.02| 0.70
3150 |-0.21| 0.50 [-0.19] 0.50 |0.04 0.62 -0.07| 0.70
3500 [-0.21| 0.50 [-0.26| 0.50 |0.05 0.62 -0.02| 0.70
4000 |-0.25| 0.50 |-0.41| 0.50 | 0.08 0.62 -0.19( 0.70
4500 [-0.27| 0.50 |-0.56| 0.50 | 0.04 0.62 -0.18| 0.70
5000 |-0.32| 0.80 [-0.68| 0.50 |0.03 0.66 -0.36| 0.70
5500 (-0.34| 0.80 [-0.74| 1.00 |0.06 0.66 -0.36| 1.50
6000 |-0.35| 0.80 [-0.79| 1.00 |0.02 0.66 -0.62| 1.50
6300 [-0.40| 0.80 [-0.96| 1.00 |0.05 0.66 -0.43| 1.50
6500 |{-0.40| 0.80 [-0.94| 1.00 |-0.03 0.66 -0.54| 1.50
7000 (-0.48| 0.80 [-0.92| 1.00 |0.03 0.66 -0.51| 1.50
7500 (-0.53| 0.80 [-1.15| 1.00 |0.03 0.66 -0.47| 1.50
8000 (-0.51| 0.80 |-1.25| 1.00 [-0.03 0.66 -0.65| 1.50
8500 [-0.53| 0.80 |-1.38| 1.00 [-0.12 0.66 -0.68| 1.50
9000 | 0.00 | 0.80 |-1.30| 1.00 [-0.43 0.66 -0.69| 1.50
9500 (-0.64| 0.80 [-1.09| 1.00 |0.02 0.66 -0.69| 1.50
10000 (-0.63| 0.80 |-1.56| 1.00 [-0.05 1.22 -0.46| 1.50
10500 (-0.64| 0.80 |-1.12| 1.50 [-0.08 1.22 -0.71| 2.00
11000 (-0.69| 0.80 |-1.39| 1.50 [-0.09 1.22 -0.80| 2.00
11500(-0.75| 0.80 |-1.46| 1.50 [-0.08 1.22 -0.82| 2.00
12000 (-0.79| 0.80 |-1.22| 1.50 [-0.06 1.22 -0.99| 2.00
12500|-0.84| 1.20 |-1.34| 1.50 |-0.06 1.22 -0.81| 2.00
13000 (-0.89| 1.20 |-1.35| 1.50 [-0.09 1.22 -0.98| 2.00
13500(-0.93| 1.20 |-1.02| 1.50 [-0.08 1.22 -0.81| 2.00
14000 (-0.94| 1.20 |-1.35| 1.50 [-0.06 1.22 -0.03| 2.00
14500|-1.02| 1.20 |-1.31| 1.50 |-0.07 1.22 -0.12| 2.00
15000 (-1.01| 1.20 |-1.41| 1.50 {-0.13 1.66 -0.35| 2.00
15500 (-1.02| 1.60 |-2.07| 1.50 [-0.17 1.66 -0.82| 3.00
16000 (-1.03| 1.60 |-2.63| 1.50 [-0.18 1.66 -0.51| 3.00
16500 (-1.02| 1.60 |-2.50| 1.50 [-0.26 1.66 -0.22| 3.00
17000 (-0.92| 1.60 |-1.65| 1.50 [-0.46 1.66 -0.37| 3.00
17500 (-0.72| 1.60 |-1.48| 1.50 [-0.71 1.66 -1.01| 3.00
18000 (-0.63| 1.60 |-2.05| 1.50 [-0.94 1.66 -1.11| 3.00
18500(-0.92| 1.60 |-1.98| 1.50 [-0.60 1.66 -0.77| 3.00
19000 (-1.32| 1.60 [-0.82| 1.50 |-0.57 1.66 -0.67| 3.00
19500 (-1.23| 1.60 |-1.33| 1.50 [-0.47 1.66 -0.21| 3.00
20000|-1.27| 1.60 (-1.45| 1.50 |-0.35 1.66 -0.15| 3.00
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7.2.2 The Back-to-Back Accelerometer (SN 1483350)
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CHAPTER 7. RESULTS OF THE PARTICIPANTS

Table 7.4: Reported participant’s results for the
uncertainties (k = 2)

phase of the BB with expanded

f
in
Hz

PTB
Pi I Uy,

in °

DPLA
Pi I Uy,

in °

METAS
Pi I Uy,

in °

CEM
Pi I Up,

in °

NIST
Pi I Up,

in °

10

179.96| 0.20

179.97( 0.30

179.95| 0.40

179.96| 0.50

179.99( 0.50

12.5

179.93| 0.20

179.97| 0.30

180.10| 0.40

179.96| 0.50

179.99| 0.50

16

179.97( 0.20

179.98| 0.30

179.98| 0.40

179.96| 0.50

179.98| 0.50

20

179.97| 0.20

179.97| 0.30

180.02| 0.38

179.96| 0.50

179.99| 0.50

25

179.98( 0.20

179.95| 0.30

180.04| 0.38

179.96| 0.50

180.00| 0.50

31.5

179.96| 0.20

179.99( 0.30

180.01| 0.38

179.98| 0.50

180.00| 0.50

40

179.95| 0.20

179.96| 0.30

180.00( 0.38

179.98| 0.50

180.01| 0.50

63

179.96| 0.20

179.98| 0.30

179.95| 0.38

179.99| 0.50

180.01| 0.50

80

179.95| 0.20

179.98| 0.30

179.94| 0.38

179.98| 0.50

180.02| 0.50

100

179.98| 0.20

179.99| 0.30

179.93| 0.38

179.97| 0.50

180.01| 0.50

125

179.99( 0.20

179.98| 0.30

179.91| 0.38

179.96| 0.50

179.99( 0.50

160

179.99( 0.20

179.99| 0.30

179.89| 0.38

179.98| 0.50

179.99| 0.50

200

179.99( 0.20

179.99( 0.30

180.03| 0.38

179.98| 0.50

180.02| 0.50

250

179.99| 0.20

179.99( 0.30

180.00| 0.38

179.97| 0.50

180.02| 0.50

315

179.99( 0.20

179.99( 0.30

179.99| 0.38

179.96| 0.50

180.03| 0.50

400

179.99( 0.20

179.97| 0.30

179.97| 0.38

179.96| 0.50

180.01| 0.50

500

180.00( 0.20

179.96| 0.30

179.98| 0.38

179.95| 0.50

180.00| 0.50

630

179.99( 0.20

179.95| 0.30

179.97| 0.38

180.01| 0.50

180.02| 0.50

800

179.99( 0.20

179.92| 0.30

179.97| 0.38

180.01| 0.50

179.98| 0.50

1000

180.00| 0.20

179.91| 0.30

180.01| 0.48

180.01| 0.50

179.97| 0.50

1250

179.98| 0.50

179.89| 0.30

180.00( 0.48

179.98| 1.00

179.99( 0.50

1500

179.99| 0.50

179.77| 0.30

179.99| 0.48

180.01| 1.00

179.97| 0.50

1600

179.99( 0.50

179.71| 0.30

180.00| 0.48

180.00( 1.00

179.96| 0.50

2000

179.99| 0.50

179.75| 0.30

180.00| 0.48

180.00| 1.00

179.96| 0.50

2500

179.98| 0.50

179.74| 0.30

179.98| 0.48

179.98| 1.00

179.94| 0.50

3000

179.98| 0.50

179.72| 0.30

179.99| 0.48

179.98| 1.00

179.91| 0.50

3150

179.98| 0.50

179.67| 0.30

179.98| 0.48

179.97( 1.00

179.90( 0.50

3500

179.97| 0.50

179.68| 0.30

179.99| 0.48

179.97| 1.00

179.90| 0.50

4000

179.98| 0.50

179.68| 0.30

180.00| 0.48

179.97( 1.00

179.87| 0.50

4500

179.98| 0.50

179.46| 0.30

179.99| 0.48

179.99| 1.00

179.85| 0.50

5000

179.97| 0.50

179.58| 0.50

179.97| 0.48

179.96| 1.00

179.80( 0.50

5500

179.97| 0.50

179.45| 0.50

180.00| 0.86

179.95| 1.00

179.76| 1.00

6000

179.96| 0.50

179.44| 0.50

179.99| 0.86

179.93| 1.00

179.70| 1.00

6300

179.96| 0.50

179.38| 0.50

179.96| 0.88

179.98| 1.00

179.65| 1.00

6500

179.96| 0.50

179.35| 0.50

179.96| 0.90

179.97( 1.00

179.72| 1.00

7000

179.96| 0.50

179.29| 0.50

179.97| 1.02

180.04| 1.00

179.63| 1.00

7500

179.88| 0.50

179.20| 0.50

179.64| 1.26

179.75| 1.00

179.54| 1.00

8000

180.00( 0.50

178.99( 1.00

179.95| 1.44

179.83| 1.00

179.61| 1.00

8500

179.87| 0.50

179.09| 1.00

180.33| 1.78

180.28 | 1.00

179.38| 1.00

9000

179.95| 0.50

179.07| 1.00

180.09| 1.12

180.17| 1.00

179.25| 1.00

9500

180.10| 0.50

179.11| 1.00

180.16| 1.06

179.89| 1.00

179.48| 1.00

10000

180.22| 0.50

179.04| 1.00

180.15| 0.94

180.04| 1.00

180.04| 1.00

10500

180.24| 1.00

178.84| 2.00

180.07| 1.74

179.98| 1.50

179.85| 1.50

11000

180.11| 1.00

178.91| 2.00

180.09| 1.74

180.03| 1.50

179.76| 1.50

11500

180.00| 1.00

178.81| 2.00

180.12| 1.74

179.91| 1.50

179.60| 1.50

12000

179.98( 1.00

178.77| 2.00

180.16| 1.74

179.86| 1.50

179.55| 1.50

12500

179.96| 1.00

178.78| 2.00

180.05| 1.72

179.88| 1.50

179.52| 1.50

13000

179.95( 1.00

178.71| 2.00

180.00( 1.72

179.81| 1.50

179.43| 1.50

13500

179.94| 1.00

178.73| 2.00

179.89| 1.72

179.78| 1.50

179.39| 1.50

14000

179.88| 1.00

178.70( 2.00

179.86| 1.72

179.72| 1.50

179.05| 1.50

14500

179.76| 1.00

178.89| 2.00

179.92| 1.72

179.64| 1.50

179.28| 1.50

15000

179.89| 1.00

178.81| 2.00

179.89| 1.72

179.66| 1.50

179.31| 1.50

15500

179.89| 2.00

178.55| 2.00

179.80| 1.72

179.67| 2.00

179.29| 1.50

16000

179.89| 2.00

178.42| 3.00

179.79| 1.72

179.68| 2.00

179.28| 1.50

16500

179.90( 2.00

178.35| 3.00

179.72| 1.72

179.64| 2.00

179.28| 1.50

17000

179.89| 2.00

178.30( 3.00

179.61| 1.72

179.60| 2.00

179.27| 1.50

17500

179.91| 2.00

178.24| 3.00

179.60| 1.72

179.61| 2.00

179.25| 1.50

18000

179.92| 2.00

178.16| 3.00

179.55| 1.72

179.57| 2.00

179.23| 1.50

18500

179.94| 2.00

178.14| 3.00

179.52| 1.72

179.55| 2.00

179.24| 1.50

19000

179.95| 2.00

178.22| 3.00

179.48| 1.72

179.54| 2.00

179.24| 1.50

19500

179.95| 2.00

178.27( 3.00

179.43| 1.72

179.53| 2.00

179.22| 1.50

20000

179.97( 2.00

178.28| 3.00

179.38| 1.72

179.53| 2.00

179.24| 1.50
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(continued) Reported participant’s results for the phase of the BB with expanded

uncertainties (k = 2)

f
in
Hz

CENAM
$i I Uy,

in °

NMIJ
$i I Uy,

in °

NIM
Pi I Up,

in °

NMIA
Pi I Up,

in °

INMETRO
Pi I Up,

in °

10

180.00( 0.30

180.01| 0.30

180.08| 0.50

179.95| 0.30

179.97( 0.20

12.5

180.00| 0.30

179.98| 0.30

180.05| 0.50

179.96| 0.30

179.97| 0.20

16

180.00( 0.30

179.98| 0.30

180.04| 0.50

179.97( 0.30

179.97( 0.20

20

180.00| 0.30

180.01| 0.30

180.00| 0.50

179.96| 0.30

179.97| 0.20

25

180.00( 0.30

179.98| 0.30

180.02| 0.50

179.96| 0.30

179.97( 0.20

31.5

180.00| 0.30

179.99( 0.30

179.97| 0.50

179.96| 0.30

179.97| 0.20

40

180.00( 0.30

179.96| 0.30

180.01| 0.50

179.96| 0.30

179.97( 0.20

63

179.96| 0.30

180.02| 0.40

180.01| 0.50

179.97( 0.30

179.97| 0.20

80

179.91| 0.30

179.97( 0.30

179.99( 0.50

179.97( 0.30

179.97( 0.20

100

179.95| 0.30

179.95| 0.30

179.99| 0.50

179.98| 0.30

179.97| 0.20

125

179.99( 0.30

179.95| 0.30

180.00| 0.50

179.98| 0.30

179.97( 0.20

160

179.98| 0.30

179.95| 0.30

180.00| 0.50

179.98| 0.30

179.97| 0.20

200

179.97( 0.30

179.99( 0.30

180.03| 0.50

179.97( 0.30

179.97( 0.20

250

180.00| 0.30

180.02| 0.30

179.99| 0.50

179.99( 0.30

179.97| 0.20

315

179.98| 0.30

180.02| 0.30

179.99( 0.50

180.00( 0.30

179.96| 0.20

400

179.94| 0.30

180.02| 0.30

180.00| 0.50

180.03| 0.30

179.96| 0.20

500

179.92| 0.30

179.99( 0.30

179.99( 0.50

179.98| 0.30

179.96| 0.20

630

179.93| 0.30

179.99( 0.30

179.97| 0.50

180.01| 0.30

179.96| 0.20

800

179.89| 0.30

179.99( 0.30

179.97| 0.50

180.01| 0.30

179.96| 0.20

1000

179.87| 0.30

180.00| 0.30

179.95| 0.50

180.02| 0.50

179.95| 0.20

1250

179.76| 0.30

180.00( 0.30

179.96| 0.50

180.06| 0.50

179.95| 0.20

1500

179.85| 0.30

179.99| 0.30

179.94| 0.50

180.03| 0.50

179.94| 0.20

1600

179.80( 0.30

180.00( 0.30

179.90( 0.50

179.98| 0.50

179.94| 0.20

2000

179.74| 0.30

180.01| 0.30

179.88| 0.50

180.02| 0.50

179.94| 0.20

2500

179.76| 0.30

179.99( 0.30

179.86| 0.50

180.02| 0.50

179.93| 0.24

3000

179.75| 0.30

179.99| 0.30

179.86| 0.50

180.00| 0.50

179.92| 0.24

3150

179.68| 0.30

179.98| 0.30

179.81| 0.50

180.00| 0.50

179.92| 0.34

3500

179.51| 0.30

180.03| 0.30

179.81| 0.50

180.03| 0.50

179.91| 0.34

4000

179.42| 0.30

180.01| 0.30

179.80( 0.50

180.05( 0.50

179.90( 0.50

4500

179.51| 0.30

180.02| 0.30

179.78| 0.50

179.98| 0.60

179.89| 0.50

5000

179.31| 0.30

179.95| 0.40

179.68| 0.50

180.03| 0.60

179.89| 0.50

5500

179.23| 0.50

179.64| 1.00

180.05| 0.60

179.88| 0.80

6000

179.32| 0.50

179.60( 1.00

180.03| 0.60

179.87| 0.80

6300

179.30( 0.50

179.63| 1.00

180.03| 0.60

179.87| 0.80

6500

179.12| 0.50

179.62| 1.00

180.06 | 0.60

179.86| 0.80

7000

179.02| 0.50

179.69| 1.00

180.02| 0.80

179.86| 0.80

7500

179.02| 0.50

179.52| 1.00

180.03| 0.80

179.85| 1.00

8000

179.16| 0.50

179.51| 1.00

180.00( 0.80

179.84| 1.00

8500

179.07| 0.50

179.49| 1.00

179.65| 0.80

179.84| 1.00

9000

179.08| 0.50

179.36| 1.00

179.56| 0.80

179.83| 1.00

9500

178.79| 0.50

179.51| 1.00

180.45| 0.80

179.82| 1.00

10000

178.86| 0.50

179.55| 1.00

180.12| 0.80

179.82| 1.00

10500

178.75| 0.50

179.56| 1.50

180.33| 1.20

179.81| 1.20

11000

178.70| 0.50

179.50| 1.50

180.71| 1.20

179.80( 1.20

11500

178.60| 0.50

179.55| 1.50

180.57| 1.20

179.80| 1.20

12000

178.43| 0.50

179.40( 1.50

180.45| 1.20

179.79| 1.20

12500

178.37| 0.50

179.34| 1.50

180.31| 1.20

179.79] 1.20

13000

178.38| 0.50

179.28| 1.50

180.24| 1.50

179.78| 1.20

13500

178.25| 0.50

179.26| 1.50

180.19| 1.50

179.77| 1.20

14000

178.33| 0.50

179.32| 1.50

180.15| 1.50

179.77| 1.20

14500

178.36| 0.50

179.10| 1.50

179.90| 1.50

179.76| 1.20

15000

178.11| 0.50

179.12| 1.50

180.14| 1.50

179.76| 1.20

15500

178.22| 0.50

179.13| 1.50

180.14| 2.00

179.75| 1.20

16000

178.06| 0.50

179.11| 1.50

180.21| 2.00

179.75| 1.20

16500

178.20| 0.50

179.21| 1.50

180.14| 2.00

179.74| 1.20

17000

178.08| 0.50

179.17| 1.50

180.15| 2.00

179.74| 1.20

17500

178.10| 0.50

179.08| 1.50

180.15| 2.00

179.73| 1.20

18000

178.00( 0.50

178.95| 1.50

180.22| 2.00

179.73| 1.20

18500

177.80| 0.50

179.04| 1.50

180.27| 2.00

179.72| 1.20

19000

177.70| 0.50

179.02| 1.50

180.12| 2.00

179.72| 1.20

19500

177.70| 0.50

178.95| 1.50

180.28 | 2.00

179.71| 1.20

20000

177.56| 0.50

178.96| 1.50

180.14| 2.00

179.71| 1.20
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CHAPTER 7. RESULTS OF THE PARTICIPANTS

(continued) Reported participant’s results for the phase of the BB with expanded
uncertainties (k = 2)

f NMISA VNIIM NMC,A*STAR UkrMet
fim i | Ups | 0i | Ups | @i | Uss wi | Uy,
Hz in ° in ° in ° in °

10 |180.05| 0.20 |179.91| 1.00 [179.99| 0.32 |179.93| 0.50
12.5 |180.05| 0.20 |[179.88| 1.00 [179.99| 0.32 [179.99| 0.50
16 |180.09| 0.20 |179.90| 1.00 [179.98| 0.32 |179.91| 0.50
20 |180.04| 0.20 |179.91| 0.50 |180.00 0.36 [179.95| 0.50
25 [180.03| 0.20 {179.89| 0.50 [180.01| 0.36 [179.94| 0.50
31.5 [180.03| 0.20 [179.89| 0.50 [180.01| 0.36 [179.95| 0.50
40 [180.04| 0.20 [{179.92| 0.50 [180.01| 0.36 [179.95| 0.50
63 |180.03| 0.20 |179.92| 0.50 |180.00 0.36 [179.95| 0.50
80 [180.02| 0.20 [{179.92| 0.50 [180.01| 0.36 [179.94| 0.50
100 |180.02| 0.20 [179.93| 0.50 [180.02| 0.36 [179.93| 0.50
125 |180.02| 0.30 [179.97| 0.50 [180.04| 0.36 [179.97| 0.50
160 |180.04| 0.30 [180.02| 0.50 [180.01| 0.36 [180.01| 0.50
200 |180.01| 0.30 |180.06| 0.50 [180.02| 0.36 |180.09| 0.50
250 |180.00| 0.30 |180.09| 0.50 [180.02| 0.36 |180.10| 0.50
315 (179.99( 0.30 |180.00| 0.50 |180.02| 0.36 |179.95| 0.50
400 [179.99| 0.30 |180.11| 0.50 |180.02| 0.36 |179.96| 0.50
500 |179.98| 0.30 |180.10| 0.50 [180.01| 0.36 |179.98| 0.50
630 (179.97| 0.30 |180.08| 0.50 |180.04| 0.36 |179.95| 0.50
800 (179.96| 0.30 |180.09| 0.50 |180.02| 0.36 |180.08| 0.50
1000 [179.93| 0.30 [180.19| 0.50 |180.03| 0.62 [180.18| 0.50
1250 (179.92| 0.50 [180.13| 0.50 [180.02| 0.62 [179.78| 0.70
1500 [179.89| 0.50 [180.00( 0.50 [180.02| 0.62 [179.99| 0.70
1600 [179.90| 0.50 [180.16| 0.50 [180.02| 0.62 [179.98| 0.70
2000 |179.88| 0.50 [180.16| 0.50 [180.03| 0.62 [179.94| 0.70
2500 |179.86| 0.50 [180.17| 0.50 [180.03| 0.62 [179.80| 0.70
3000 |179.82| 0.50 |180.10| 0.50 |180.02| 0.62 |179.85| 0.70
3150 |179.80| 0.50 |180.08| 0.50 |180.03| 0.62 |179.97| 0.70
3500 |179.80| 0.50 |179.92| 0.50 |180.06| 0.62 |179.99| 0.70
4000 |179.76| 0.50 |179.85| 0.50 |180.07| 0.62 |179.76| 0.70
4500 [179.74| 0.50 [179.83| 0.50 [180.02| 0.62 |179.73| 0.70
5000 |179.69| 0.80 [179.74| 0.50 [180.02| 0.66 [179.72| 0.70
5500 |179.67| 0.80 [179.65| 1.00 [180.02| 0.66 [179.61| 1.50
6000 |179.64| 0.80 |179.69| 1.00 |179.99| 0.66 |179.55| 1.50
6300 |179.60| 0.80 |179.67| 1.00 |180.03| 0.66 |179.63| 1.50
6500 |179.60| 0.80 |179.49| 1.00 |179.96| 0.66 |179.64| 1.50
7000 |179.56| 0.80 [179.49| 1.00 [179.99| 0.66 [179.63| 1.50
7500 |179.58| 0.80 [179.45| 1.00 [179.90 0.66 [179.39| 1.50
8000 |179.55| 0.80 |179.30| 1.00 |179.77| 0.66 |179.58| 1.50
8500 [179.99| 0.80 [179.46| 1.00 [179.46| 0.66 |179.33| 1.50
9000 |180.00| 0.80 |179.69| 1.00 |178.67| 0.66 |179.34| 1.50
9500 [178.92| 0.80 [179.83| 1.00 [180.15| 0.66 |179.55| 1.50
10000(179.21| 0.80 |179.44| 1.00 |180.30| 1.22 |179.80| 1.50
10500(178.90| 0.80 [179.53| 1.50 [180.42| 1.22 |179.52| 2.00
11000(178.68| 0.80 |179.67| 1.50 |180.44| 1.22 |179.57| 2.00
11500(178.72| 0.80 [179.69| 1.50 [180.43| 1.22 |179.92| 2.00
12000(178.83| 0.80 |179.91| 1.50 |180.39| 1.22 |180.10| 2.00
12500(178.91| 1.20 [179.80| 1.50 [180.21| 1.22 |180.08| 2.00
13000(178.93| 1.20 |179.76| 1.50 |180.22| 1.22 |179.69| 2.00
13500(178.97| 1.20 [179.97| 1.50 [180.07| 1.22 |179.66| 2.00
14000(179.00( 1.20 |180.07| 1.50 |180.03| 1.22 |179.78| 2.00
14500(179.06| 1.20 [180.34| 1.50 [179.89| 1.22 |179.73| 2.00
15000(178.92( 1.20 |180.40| 1.50 |179.92| 1.66 |179.51| 2.00
15500(178.89| 1.60 [180.55| 1.50 [179.94| 1.66 |179.63| 3.00
16000(178.86( 1.60 |180.67| 1.50 |179.92| 1.66 |179.55| 3.00
16500(178.84| 1.60 [180.83| 1.50 [179.89| 1.66 |179.69| 3.00
17000(178.80( 1.60 |181.05| 1.50 |179.88| 1.66 |179.80| 3.00
17500(178.78| 1.60 [181.21| 1.50 [179.87| 1.66 |179.73| 3.00
18000(178.73| 1.60 |181.25| 1.50 |179.84| 1.66 |179.59| 3.00
18500(178.70| 1.60 [181.25| 1.50 [179.83| 1.66 |179.74| 3.00
19000(178.66( 1.60 |181.26| 1.50 |179.77| 1.66 |179.82| 3.00
19500(178.64| 1.60 |182.28| 1.50 |179.77| 1.66 |179.68| 3.00
20000(178.62| 1.60 [181.81| 1.50 (179.74| 1.66 |[179.66| 3.00




8 — Degree of Equivalence with Respect
to the KC Reference Value

8.1 Analysis

The measurement results were reported by the participants using the mandatory report spreadsheet (Excel-
file). For this file the displayed resolution of the data was limited, however, sometimes the resolution of the
data stored in the file was representing many more significant digits. In order to comply with the resolution
implied by the measurement uncertainty and to generate a consistent picture in this report, all input data
were rounded before further calculation in the following way:

quantity unit | representation
magnitude of complex sensitivity n‘:gz 0.XxXXX
relative uncertainty % X.XX
phase of complex sensitivity 1° X.XX
uncertainty of phase 1° X. XX

The resulting reference values are represented with one more digit resolution in order to take the effect
of weighing and averaging into account.

As in previous key comparisons in the area of vibration calibration, the evaluation of the results was
performed using a weighted mean of the form

-1
Yol = X 355 (Z U?tf)> (8.1)

Contributing to the weighted mean were all participants’ results who were not identified as outliers according
to [3]. In the subsequent charts these are labeled as member of consistent subset (MoCS). Outliers (non
MoCS) were not included in the calculation of the weighted mean.

The variance of the weighted mean takes the following form

-1
uko(f) = (Z u%f)) (8.2)

In the equations the following shortcuts were used:

Xi(f) Result of participant i of the largest consistent subset at frequency f
u;(f)  absolute standard uncertainty of participant i of the largest consistent subset at frequency f
Xkc(f)  best estimate of the key comparison reference value (KCRV) at frequency f
ugc(f)  estimated absolute standard uncertainty of the KCRV at frequency f
For the further evaluation of the KC the degrees of equivalence with respect to the KCRV are calculated
as:
Di(f) = Xi(f) — Xkc(/f) (83)
2 2
9 ) uwi(f) —uge(f) for MoCS
up,(f) = { u?(f) + u%(C(f) for non MoCS (8.4)

The formulas are applicable to the magnitude as well as to the phase measurement results.
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8.2 The Mode of Presentation of the Results

In the subsequently presented tables results with |D;(f)| > Up,(f) where Up,(f) = 2-up,(f) are marked
by a yellow background.

Results which were excluded from the largest consistent subset (non-MoCS results) according to the
result of the consistency check, and which therefore did not contribute to the KCRV are (in addition)
marked with an asterisk (*). In the subsequently presented diagrams the points for the participant results
are color coded to express whether the result is MoCS or non-MoCS.

For details of the calculations concerning consistency and the related reasoning the reader is referred
to the original publication [3].



8.3. MAGNITUDE OF THE COMPLEX SENSITIVITY OF THE SE

8.3 Magnitude of the Complex Sensitivity of the SE
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Table 8.1: Unilateral degrees of equivalence for the magnitude of the SE

f KCRV PTB DPLA METAS CEM NIST
in Xkc l Ukc | D; | Up, D; | Up, D; | Up, | Dy | Up, | D; | Up,
HZ il’l W in W in W iIl m in W in W
10 126.571| 0.085| -0.07 | 0.09 | -0.17 | 0.50 | -0.02 | 0.28 |-0.11| 0.50 |[-0.06| 0.37
12.5 | 126.594| 0.085| -0.08 | 0.09 | -0.19 | 0.50 | -0.05 | 0.28 |-0.08| 0.50 |[-0.05| 0.37
16 126.590| 0.084| -0.08 | 0.09 | -0.19 | 0.50 | -0.03 | 0.28 |-0.05| 0.50 |[-0.04| 0.37
20 126.574| 0.081]| -0.07 | 0.10 | -0.17 | 0.50 0.01 0.23 (-0.04| 0.50 |-0.04| 0.37
25 126.569| 0.081| -0.08 | 0.10 | -0.17 | 0.50 0.01 0.23 |-0.04| 0.50 [-0.05| 0.37
31.5 | 126.568| 0.081| -0.08 | 0.10 | -0.17 | 0.50 0.02 0.23 (-0.04| 0.50 | 0.00| 0.37
40 126.561| 0.081| -0.08 | 0.10 | -0.16 | 0.50 0.01 0.23 |-0.02| 0.50 [-0.00| 0.37
63 126.546| 0.081|-0.09 | 0.10 | -0.15 | 0.50 0.04 0.23 (-0.02| 0.50 | 0.01| 0.37
80 126.565| 0.081| -0.06 | 0.10 | -0.16 | 0.50 0.02 0.23 |-0.05| 0.50 [ 0.02 | 0.37
100 | 126.531| 0.082| -0.09 | 0.10 | -0.13 | 0.50 0.02 0.24 (-0.05| 0.50 | 0.03| 0.37
125 | 126.527| 0.082| -0.08 | 0.10 | -0.13 | 0.50 0.01 0.24 |-0.02| 0.50 [ 0.03 | 0.37
160 | 126.532| 0.082| -0.08 | 0.10 | -0.13 | 0.50 0.02 0.25 (-0.04| 0.50 |-0.13| 0.37
200 | 126.554| 0.083|-0.09 | 0.10 | -0.15 | 0.50 0.01 0.27 |-0.05| 0.50 [-0.00| 0.37
250 | 126.563| 0.084| -0.10| 0.09 | -0.16 | 0.50 0.06 0.45 [-0.06| 0.50 |-0.01| 0.37
315 | 126.579| 0.083| -0.09 | 0.10 | -0.18 | 0.50 | -0.01 0.33 |-0.07| 0.50 [-0.01| 0.37
400 | 126.585| 0.083| -0.11| 0.10 | -0.09 | 0.50 | -0.02 | 0.34 |-0.06| 0.50 |0.00 [ 0.37
500 | 126.599| 0.082| -0.10| 0.10 | -0.10 | 0.50 | -0.03 | 0.28 |[-0.06| 0.50 | 0.01 | 0.37
630 | 126.612| 0.083|-0.09 | 0.10 | -0.11 | 0.50 | -0.02 | 0.31 |-0.05| 0.50 |0.01 | 0.37
800 | 126.636| 0.082| -0.09 | 0.10 | -0.14 | 0.50 | -0.05 | 0.28 |[-0.06| 0.50 [-0.03| 0.37
1000 | 126.696| 0.084(-0.09 | 0.09 | -0.10 | 0.50 | -0.05 | 0.32 |-0.08| 0.50 | 0.02| 0.37
1250 | 126.752| 0.087(-0.09 | 0.09 | -0.05 | 0.50 | -0.02 | 0.32 [-0.02| 0.50 |-0.02| 0.50
1500 | 126.868| 0.086| -0.08 | 0.09 | -0.07 | 0.50 | -0.06 | 0.31 [-0.09| 0.50 | 0.00 | 0.50
1600 | 126.921| 0.086| -0.07 | 0.09 | -0.22 | 0.50 | -0.09 | 0.31 [-0.03| 0.50 |-0.05| 0.50
2000 [ 127.097| 0.087| -0.08 | 0.09 | -0.10 | 0.50 | -0.11 0.32 |-0.08| 0.50 [-0.01| 0.50
2500 | 127.418| 0.089| -0.08 | 0.09 | -0.12 | 0.50 | -0.17 | 0.31 |-0.05| 0.50 |[-0.01| 0.50
3000 | 127.749| 0.089| -0.05| 0.09 | -0.15 | 0.50 | -0.15 | 0.31 |-0.02| 0.50 |0.03 | 0.50
3150 | 127.870| 0.091| -0.05| 0.09 | -0.07 | 0.50 | -0.07 | 0.31 |0.02 | 0.50 | 0.04 | 0.50
3500 | 128.137| 0.092| 0.00 | 0.09 | -0.04 | 0.50 | -0.12 | 0.31 | 0.05| 0.50 |0.03 | 0.50
4000 | 128.662| 0.092| -0.00 | 0.09 | -0.06 | 0.51 | -0.19 | 0.31 |0.04| 0.51 |0.08 | 0.51
4500 | 129.218| 0.092| -0.02 | 0.09 | -0.12 | 0.51 | -0.21 0.31 |0.02| 0.51 |[0.14| 0.51
5000 | 129.886| 0.098| 0.00 | 0.09 | -0.09 | 0.77 | -0.17 | 0.30 | 0.02| 0.51 |0.12 | 0.51
5500 [ 130.637| 0.184|-0.03 | 0.35 | -0.14 | 0.76 | -0.32 | 0.88 [0.05| 1.03 | 0.17| 0.63
6000 | 131.427| 0.185|-0.01| 0.35 | -0.13 | 0.77 | -0.41 0.88 |0.05| 1.04 [0.14| 0.63
6300 | 131.997| 0.186| -0.06 | 0.35 | -0.10 | 0.77 | -0.30 | 0.89 | 0.04 | 1.04 |0.12 | 0.63
6500 | 132.348| 0.187| -0.06 | 0.35 -0.25 0.77 | -0.39 0.90 |0.01| 1.04 [0.14| 0.64
7000 | 133.278| 0.190| -0.07 | 0.35 | -0.38 | 0.77 | -0.63 | 0.90 [ 0.10| 1.05 | 0.22 | 0.64
7500 | 134.569| 0.202| -0.14 | 0.35 -0.47 | 0.78 -0.89 0.91 |0.04| 1.06 |[0.14 | 0.64
8000 | 135.717| 0.205| -0.22 | 0.35 | -0.62 | 0.78 | -0.91 0.96 | 0.07| 1.07 [0.11| 0.65
8500 | 136.750| 0.208| -0.09 | 0.35 -0.35 0.79 -0.85 0.93 |0.16 | 1.08 [ 0.34 | 0.65
9000 | 138.133| 0.228| -0.27 | 0.35 | -0.43 | 0.79 -1.32 1.00 [-0.12| 1.08 | 0.43 | 0.65
9500 | 139.496| 0.227| -0.03 | 0.35 -0.60 0.80 -1.13 1.00 | 0.02 | 1.09 | 0.51 | 0.66
10000| 141.106| 0.234|-0.19 | 0.35 0.19 0.81 -1.08 | 0.98 [-0.03| 1.10 | 0.43| 0.67
10500| 142.449( 0.360| 0.07 | 0.62 -0.95 1.37 | -1.19 2.36 |0.36 | 2.11 | 0.80| 2.12
11000| 144.125( 0.364| 0.14 | 0.62 | -0.73 1.39 | -1.05 2.45 |1 0.33| 2.14 [0.90| 2.14
11500| 146.132| 0.389( -0.00 | 0.62 -0.93 1.40 -1.53 2.40 | 0.20 | 2.16 | 0.82| 2.17
12000| 148.135( 0.409| 0.11 | 0.62 | -0.84 1.42 | -1.68 | 2.44 | 0.37| 2.19 |0.84 | 2.20
12500| 150.405| 0.439( -0.11 | 0.61 -1.10 1.74 | -1.99 2.50 | 0.25 | 2.22 [0.84 | 2.23
13000| 152.679| 0.422|-0.10 | 0.64 | -1.28 1.77 | -1.77 | 2.52 | 0.24 | 2.25 | 0.97 | 2.27
13500| 154.653| 0.472| 0.53 | 0.62 | -0.65 1.79 | -1.66 | 2.59 | 0.84| 2.28 |1.49| 2.29
14000| 157.489| 0.526| 0.36 | 0.59 | -1.49 1.80 | -2.47 | 2.68 | 0.68 | 2.31 |1.32| 2.32
14500| 160.643| 0.527|-0.02 | 0.61 | -2.54* | 1.97* | -2.57 | 2.65 | 0.41 | 2.36 | 1.16 | 2.37
15000| 163.140| 0.503| 0.46 | 0.65 -2.04 1.87 | -2.58 | 2.70 | 1.08 | 2.41 | 1.81 | 2.42
15500| 166.270| 0.647| 0.58 | 1.54 -1.97 1.86 | -2.28 | 2.71 | 1.34| 3.29 |1.86 | 3.30
16000| 170.484| 0.695| -0.24 | 1.55 | -2.98 | 3.28 | -4.05* | 2.95* | 0.60 | 3.35 | 1.22 | 3.36
16500 173.198| 0.749( 1.00 | 1.57 | -2.10 | 3.34 -3.34 | 2.86 | 1.38 | 3.41 |2.51| 3.43
17000| 177.296| 0.770| 1.01 | 1.61 | -2.20 | 3.42 -3.45 | 3.10 | 1.17 | 3.49 | 2.64 | 3.52
17500 181.191| 0.792| 0.92 | 1.64 | -2.19 | 3.49 -4.02 | 3.02 [ 1.66 | 3.57 | 2.81| 3.59
18000| 186.221| 0.836| -0.56 | 1.66 -3.72 | 3.55 | -5.37*| 3.40* |-0.63| 3.62 | 1.89 | 3.67
18500 190.704| 0.908( -0.25 | 1.67 -4.20 | 3.62 | -6.27*| 3.80* | 1.41 | 3.73 |2.71 | 3.76
19000| 194.124| 0.802| 0.03 | 1.77 | -3.22 | 3.73 | -4.13 | 4.18 [ 2.22 | 3.84 | 2.71 | 3.85
19500| 201.057| 0.865| -0.56 | 1.81 | -5.16* | 4.01* | -6.85* | 3.53* | 0.67 | 3.94 | 1.78 | 3.96
20000 | 206.819| 0.906| 0.31 | 1.86 -4.52 | 3.94 | -7.51*| 3.64* | 1.29 | 4.06 | 2.07 | 4.08




8.3. MAGNITUDE OF THE COMPLEX SENSITIVITY OF THE SE

(continued) Unilateral degrees of equivalence for the magnitude of the SE

f KCRV CENAM NMIJ NIM NMIA INMETRO
in Xkc l Ukc| D;i | Up, | Di| Up, | Di | Up, | Di | Up, | D;| Up,
HZ in m il’l m in m in W il’l m in W
10 126.571| 0.085| 0.43 0.37 | 0.19 | 0.88 |[0.27| 0.50 | 0.07 | 0.37 | 0.10 | 0.24
12.5 | 126.594| 0.085| 0.65 0.37 | 0.11 | 0.88 [ 0.25| 0.50 | 0.06 | 0.37 | 0.08 | 0.24
16 126.590| 0.084| 0.45 0.37 | 0.07| 0.63 [0.31| 0.50 | 0.08 | 0.37 | 0.08 | 0.24
20 126.574| 0.081| 0.18 0.37 | 0.07| 0.50 [0.32| 0.50 | 0.10 | 0.37 | 0.10 | 0.24
25 126.569| 0.081| 0.16 0.37 | 0.07| 0.50 |[0.33| 0.50 | 0.10 | 0.37 | 0.10 | 0.24
31.5 | 126.568| 0.081| 0.10 0.37 | 0.06 | 0.50 [0.32| 0.50 | 0.09 | 0.37 |0.10 | 0.24
40 126.561| 0.081| 0.05 0.37 | 0.06| 0.50 |0.34| 0.50 | 0.10 | 0.37 | 0.11| 0.24
63 126.546| 0.081| -0.10 | 0.37 | 0.07| 0.50 [ 0.33 | 0.50 | 0.10 | 0.37 | 0.12| 0.24
80 126.565| 0.081| -0.02 | 0.37 | 0.06 | 0.50 [ 0.29 | 0.50 | 0.09 | 0.37 |0.12| 0.24
100 | 126.531| 0.082( -0.00 [ 0.37 | 0.07| 0.50 | 0.36 | 0.50 | 0.12 | 0.37 | 0.15| 0.24
125 | 126.527| 0.082| 0.03 0.37 | 0.08| 0.50 [0.36 | 0.50 | 0.12 | 0.37 | 0.15| 0.24
160 | 126.532| 0.082( -0.00 | 0.37 | 0.14| 0.50 | 0.35| 0.50 | 0.10 | 0.37 | 0.15| 0.24
200 | 126.554| 0.083| -0.01 0.37 | 0.09| 0.50 |[0.34| 0.50 | 0.11 0.37 | 0.14 | 0.24
250 | 126.563| 0.084| 0.10 0.37 | 0.06 | 0.37 [ 0.29| 0.50 | 0.12 | 0.37 | 0.13 | 0.24
315 | 126.579| 0.083| 0.06 0.37 | 0.06 | 0.37 |0.32| 0.50 | 0.10 | 0.37 | 0.12| 0.24
400 | 126.585| 0.083| 0.08 0.37 | 0.06 | 0.37 [ 0.33| 0.50 | 0.08 | 0.37 |0.12| 0.24
500 | 126.599| 0.082| 0.04 0.37 | 0.07| 0.37 |0.34| 0.50 | 0.09 | 0.37 | 0.13| 0.24
630 | 126.612| 0.083| 0.04 0.37 | 0.04| 0.37 [ 0.34| 0.50 | 0.12 | 0.37 | 0.15| 0.24
800 | 126.636| 0.082| 0.03 0.37 | 0.07| 0.37 [0.36 | 0.50 | 0.11 0.37 | 0.15| 0.24
1000 | 126.696| 0.084( 0.01 0.37 |1 0.06 | 0.37 |0.36 | 0.50 | 0.11 0.37 | 0.15| 0.24
1250 | 126.752| 0.087| 0.03 0.37 | 0.05| 0.37 [0.39| 0.50 | 0.09 | 0.37 | 0.17| 0.24
1500 | 126.868| 0.086| 0.06 0.37 | 0.05| 0.37 |0.35| 0.50 | 0.09 | 0.37 | 0.15| 0.24
1600 | 126.921| 0.086| 0.11 0.37 | 0.10| 0.37 |0.36 | 0.50 | 0.13 | 0.37 | 0.14| 0.24
2000 | 127.097| 0.087| 0.07 0.37 |1 0.09| 0.37 |0.38| 0.50 | 0.08 | 0.37 | 0.15| 0.24
2500 | 127.418| 0.089| 0.45 0.37 | 0.08 | 0.37 [0.36 | 0.50 | 0.09 | 0.37 | 0.12| 0.29
3000 | 127.749| 0.089| -0.16 | 0.37 | 0.16 | 0.37 | 0.40 | 0.50 | 0.26 | 0.37 | 0.15| 0.29
3150 | 127.870| 0.091| -0.14 | 0.37 | 0.14| 0.37 [ 0.42| 0.50 | 0.17 | 0.37 | 0.15| 0.43
3500 | 128.137| 0.092| -0.73 | 0.37 | 0.14| 0.37 |0.43| 0.51 | 0.22 | 0.37 | 0.18 | 0.43
4000 | 128.662| 0.092| -0.57 | 0.37 | 0.17 | 0.38 | 0.47 | 0.51 0.22 | 0.38 | 0.15| 0.43
4500 | 129.218| 0.092| -0.55 | 0.37 | 0.22 | 0.38 [ 0.48| 0.51 | 0.23 | 0.38 |[0.15| 0.43
5000 | 129.886| 0.098| -0.52 | 0.38 | 0.23 | 0.64 | 0.49 | 0.51 0.32 | 0.38 |0.12| 0.77
5500 | 130.637| 0.184| -0.77 | 0.62 | 0.03| 0.63 | 0.49| 1.30 | 0.22 | 0.35 | 0.08 | 0.76
6000 | 131.427| 0.185| -1.28 | 0.62 | 0.20| 0.63 | 0.56 | 1.31 0.34 | 0.35 |0.08| 0.77
6300 | 131.997| 0.186| -0.89 | 0.63 |-0.01| 0.63 | 0.42| 1.31 0.39 | 0.35 | 0.02| 0.77
6500 | 132.348| 0.187| -0.70 0.63 | 0.12 | 0.64 |0.47| 1.32 0.34 0.35 | 0.03| 0.77
7000 | 133.278| 0.190| -0.89 | 0.63 | 0.05| 0.64 | 0.55 | 1.32 0.45| 0.35 | 0.05| 1.05
7500 | 134.569| 0.202| -1.57*| 0.70* | 0.01 | 0.64 | 0.42| 1.33 0.41 0.35 |-0.20| 1.06
8000 | 135.717| 0.205| -1.81*| 0.70* | 0.07 | 0.65 | 0.36 | 1.35 0.49 | 0.35 |-0.21| 1.06
8500 | 136.750| 0.208| -0.86 0.65 | 0.19 | 0.65 | 0.46 | 1.36 0.64 0.51 |-0.02| 1.07
9000 | 138.133| 0.228| -0.99*| 0.72* | 0.65| 0.66 | 0.73 | 1.37 | 0.63 | 0.66 |-0.08| 1.08
9500 | 139.496| 0.227| -1.54* | 0.73* |-0.02| 0.81 | 0.44 | 1.38 0.45 0.51 |-0.02| 1.09
10000| 141.106| 0.234| -1.78*| 0.73* [-0.02| 0.67 | 0.28 | 1.39 0.56 | 0.52 |-0.10| 1.10
10500 | 142.449| 0.360| -0.99 1.07 [ 0.28 | 1.08 [ 0.50 | 2.11 0.81 0.78 | 0.20 | 1.38
11000| 144.125| 0.364| -1.47 | 1.08 | 0.24| 1.10 |[0.71 | 2.14 0.98 | 0.79 | 0.28 | 1.40
11500 | 146.132| 0.389| -2.05*| 1.22* [ 0.28 | 1.10 | 0.48 | 2.16 0.82 0.79 | 0.16 | 1.41
12000| 148.135| 0.409| -2.09* | 1.24* [-0.29| 1.88 | 0.61 | 2.19 0.93| 0.80 | 0.16 | 1.43
12500 | 150.405| 0.439| -1.86* | 1.27* [ 0.37 | 3.29 | 0.48 | 2.22 0.86| 0.79 [0.05| 1.44
13000| 152.679| 0.422| -0.91 1.14 [ 0.36 | 3.34 [ 0.10 | 2.25 1.10 | 0.82 [ 0.06 | 1.47
13500 154.653| 0.472| -1.34 1.13 | 1.38 | 3.40 [ 0.69| 2.28 | 1.54*| 1.05* | 0.53 | 1.48
14000| 157.489| 0.526| -1.96*| 1.35* | 0.75 | 3.44 [ 0.34 | 2.31 | 1.59*| 1.09* | 0.30 | 1.49
14500| 160.643| 0.527| -1.86* | 1.38* [ 0.53 | 3.51 | 0.30 | 2.36 1.52 1.53 [-0.07| 1.52
15000| 163.140| 0.503| -0.30 1.20 [ 0.88 | 3.57 | 0.52| 2.40 | 2.12*| 1.73* [ 0.39 | 1.56
15500 | 166.270| 0.647| 0.64 1.17 [ 0.92| 3.62 | 0.79| 2.42 | 2.44*| 1.81* | 0.42 | 1.89
16000| 170.484| 0.695| 0.07 1.56 | 0.97 | 3.71 [-0.38| 2.45 1.81 1.58 |-0.43| 1.92
16500 | 173.198| 0.749| -1.33 1.55 [ 0.98 | 3.76 | 1.30| 2.51 | 3.03*| 1.92* [ 0.43 | 1.94
17000| 177.296| 0.770| -1.06 1.59 [1.60| 3.86 | 0.87| 2.56 | 3.30*| 1.96* [ 0.15 | 1.99
17500 181.191| 0.792| -1.11 1.62 [2.67| 546 | 1.54| 2.62 | 3.39*| 2.01* [ 0.32 | 2.03
18000 | 186.221| 0.836| -3.25*| 2.01* | 2.08 | 4.63 | 1.26 | 2.69 2.06 1.69 |-0.38| 2.07
18500 | 190.704| 0.908| -4.58*| 2.07* | 1.66 | 4.72 | 0.09 | 2.71 3.35 | 2.77 [-0.25| 2.10
19000| 194.124| 0.802| -0.85 1.76 | 0.92 | 4.81 | 1.54 | 2.82 1.70 | 2.83 [ 1.24| 2.20
19500 | 201.057| 0.865| 1.47 1.83 [-0.93| 4.93 [ 0.29 | 2.89 297 | 2.94 |-0.48| 2.25
20000| 206.819| 0.906| 2.08 1.88 [ 1.71 | 5.13 | 0.63 | 2.98 | 4.27*| 3.29* [-0.67| 2.30
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CHAPTER 8. DEGREE OF EQUIVALENCE WITH RESPECT TO THE KC-RV

(continued) Unilateral degrees of equivalence for the magnitude of the SE

f KCRV NMISA VNIIM NMC,A*STAR UkrMet
in XKkc l Ukc | D; | Up, D; | Up, | Di| Up, D; | Up,
HZ il’l W iIl m in W iIl m iIl m
10 126.571| 0.085| 0.08 | 0.37 -0.03 0.63 |-0.00 0.51 -0.19 | 0.63
12.5 | 126.594| 0.085| 0.10 | 0.37 0.01 0.63 |-0.00 0.51 -0.18 | 0.63
16 126.590| 0.084| 0.07 | 0.37 0.01 0.63 | 0.05 0.51 -0.14 | 0.63

20 | 126.574| 0.081| 0.08 | 0.37 | -0.00 0.63 | 0.10 0.37 -0.16 | 0.63
25 | 126.569| 0.081| 0.07 | 0.37 0.06 0.63 | 0.09 0.37 -0.15 | 0.63
31.5 | 126.568| 0.081| 0.06 | 0.37 0.04 0.63 | 0.10 0.37 -0.18 | 0.63
40 | 126.561| 0.081| 0.08 | 0.37 0.03 0.63 | 0.13 0.37 -0.09 | 0.63
63 | 126.546| 0.081| 0.09 | 0.37 0.12 0.63 | 0.13 0.37 -0.14 | 0.63
80 | 126.565| 0.081| 0.10 | 0.37 0.02 0.63 | 0.10 0.37 -0.14 | 0.63
100 | 126.531| 0.082| 0.12 | 0.37 0.01 0.63 | 0.07 0.37 -0.10 | 0.63
125 | 126.527| 0.082| 0.04 | 0.37 0.04 0.63 |-0.05 0.37 -0.15 | 0.63
160 | 126.532| 0.082|-0.03| 0.37 0.13 0.63 | 0.24 0.37 -0.06 | 0.63
200 | 126.554| 0.083| 0.06 | 0.37 0.27 0.63 | 0.23 0.37 -0.17 | 0.63
250 | 126.563| 0.084| 0.05 | 0.37 0.52 0.63 | 0.15 0.37 -0.16 | 0.63
315 | 126.579| 0.083| 0.05 | 0.37 0.44 0.63 | 0.14 0.37 -0.19 | 0.63
400 | 126.585| 0.083| 0.03 | 0.37 0.56 0.63 | 0.15 0.37 -0.16 | 0.63
500 | 126.599| 0.082| 0.07 | 0.37 0.51 0.63 | 0.14 0.37 -0.20 | 0.63
630 | 126.612( 0.083| 0.14 | 0.37 | -0.02 0.63 | 0.18 0.37 -0.21 | 0.63
800 | 126.636| 0.082| 0.07 | 0.37 0.09 0.63 | 0.15 0.37 -0.15 | 0.63

1000 | 126.696| 0.084| 0.09 | 0.37 0.24 0.63 | 0.10 0.51 -0.18 | 0.63
1250 | 126.752| 0.087| 0.11 | 0.63 0.19 0.63 | 0.12 0.51 -0.12 | 0.88
1500 | 126.868| 0.086| 0.04 | 0.63 0.19 0.63 | 0.16 0.51 -0.20 | 0.88
1600 | 126.921| 0.086| 0.07 | 0.63 0.16 0.63 | 0.12 0.51 -0.24 | 0.88
2000 | 127.097| 0.087| 0.05 | 0.63 0.29 0.63 | 0.11 0.51 -0.24 | 0.88

2500 | 127.418| 0.089| 0.06 | 0.63 0.14 1.27 | 0.07 0.52 -0.25 | 0.89
3000 | 127.749| 0.089(-0.01| 0.63 0.13 1.28 | 0.06 0.52 -0.13 | 0.89
3150 | 127.870| 0.091| 0.02 | 0.63 0.06 1.28 | 0.11 0.52 -0.17 | 0.89
3500 | 128.137| 0.092| 0.10 | 0.63 0.03 1.28 | 0.12 0.52 -0.05 | 0.89
4000 | 128.662| 0.092| 0.14 | 0.64 0.10 1.28 | 0.07 0.52 -0.11 | 0.90
4500 | 129.218| 0.092| 0.20 | 0.64 0.02 1.29 |0.14 0.52 -0.02 | 0.90
5000 | 129.886| 0.098| 0.00 | 1.03 | -0.28 1.29 |0.15 0.70 -0.27 | 0.90
5500 | 130.637| 0.184| 0.00 | 1.03 | -0.03 1.95 | 0.15 0.68 -0.33 | 1.95
6000 | 131.427| 0.185|-0.02| 1.03 | -0.30 1.96 | 0.20 0.69 -0.16 | 1.96
6300 | 131.997| 0.186| 0.03 | 1.04 | -0.71 1.96 | 0.07 0.69 -0.49 | 1.96
6500 | 132.348( 0.187| 0.07 | 1.04 | -0.94 1.96 | 0.06 0.69 -0.76 | 1.97
7000 | 133.278| 0.190(-0.08| 1.05 -0.68 1.98 | 0.17 0.70 -0.63 | 1.98
7500 | 134.569| 0.202(-0.16| 1.60 | -0.88 2.00 |0.10 0.70 -0.99 | 1.99
8000 | 135.717| 0.205(-0.10| 1.61 -1.01 2.01 | 0.08 0.70 -0.48 | 2.02

8500 | 136.750( 0.208| 0.09 | 1.63 | -0.48 2.03 |0.20 0.71 -0.10 | 2.04
9000 | 138.133| 0.228|-0.28| 1.64 | -0.60 2.05 |0.12 0.71 -0.95 | 2.05
9500 | 139.496| 0.227|-0.17| 1.66 | -1.16 2.06 [-0.04 0.72 -1.06 | 2.06

10000( 141.106( 0.234(-0.30| 1.67 | -1.83 2.08 [-0.08 1.66 -1.15 | 2.09
10500 | 142.449( 0.360|-0.09| 1.67 | -1.67 2.08 [0.21 1.66 -1.04 | 2.81
11000 144.125| 0.364(-0.08| 1.69 -2.48 2.09 | 0.16 1.68 -1.19 | 2.84
11500| 146.132| 0.389|-0.29| 1.71 -2.82 2.11 [-0.04 1.69 -1.74 | 2.86
12000 148.135| 0.409(-0.33| 1.73 -3.12 2.14 |-0.06 1.71 -2.60 | 2.88
12500| 150.405| 0.439|-0.46| 2.21 | -3.50* | 2.25* [-0.14 1.73 -3.45 | 291
13000| 152.679( 0.422|-0.52| 2.24 | -4.85" | 2.26* [-0.17 1.77 -4.87% | 2.99*
13500| 154.653| 0.472|-0.04| 2.27 -2.72 2.23 1 0.32 1.78 -4.17*| 3.05*
14000| 157.489( 0.526|-0.24| 2.30 | -3.03* | 2.38* | 0.15 1.80 -3.98 | 3.02
14500| 160.643| 0.527|-0.57| 2.34 | -4.20* | 2.41* [-0.14 1.84 -3.76 | 3.09
15000( 163.140( 0.503(-0.10| 2.39 -2.58 2.36 | 0.36 2.27 -4.26* | 3.22*
15500| 166.270( 0.647|-0.10| 2.92 -2.78 3.21 | 0.50 2.28 -3.97 | 4.83

16000| 170.484( 0.695|-0.85| 2.97 | -5.33* | 3.38* [-0.19 2.32 -5.28 | 4.91
16500| 173.198| 0.749| 0.19 | 3.03 | -7.24* | 3.40* | 0.87 2.36 -4.01 | 5.02
17000| 177.296( 0.770| 0.04 | 3.10 | -9.94* | 3.43* | 0.78 2.41 -3.96 | 5.14
17500| 181.191| 0.792|-0.10| 3.16 | -7.88" | 3.56" | 0.83 2.46 -4.40 | 5.24
18000 | 186.221( 0.836|-1.44| 3.22 | -9.92* | 3.62* [-0.44 2.50 -6.10 | 5.34

18500| 190.704( 0.908|-0.44| 3.30 | -12.00* | 3.69* [-0.88 2.54 -5.34 | 5.49
19000 194.124| 0.802( 0.12 | 3.40 | -2.95 3.74 |0.24 2.64 -4.01 | 5.65
19500| 201.057| 0.865|-1.44| 3.49 -4.27 | 3.84 |-0.64 2.71 -4.69 | 5.83
20000| 206.819| 0.906|-1.20( 3.59 | -3.85 3.96 |-0.16 2.79 -5.31 | 5.98
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Figure 8.1: deviation of the magnitude for the frequencies 10 Hz and 12.5 Hz for
the SE
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Figure 8.2: deviation of the magnitude for the frequencies 16 Hz and 20 Hz for
the SE
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Figure 8.3: deviation of the magnitude for the frequencies 25 Hz and 31.5 Hz for

the SE
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Figure 8.5: deviation of the magnitude for the frequencies 80 Hz and 100 Hz for
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Figure 8.7: deviation of the magnitude for the frequencies 200 Hz and 250 Hz for

the SE
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Figure 8.8: deviation of the magnitude for the frequencies 315 Hz and 400 Hz for
the SE
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Figure 8.9: deviation of the magnitude for the frequencies 500 Hz and 630 Hz for
the SE
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for the SE



8.3. MAGNITUDE OF THE COMPLEX SENSITIVITY OF THE SE

fc
m/s?

deviation from KCRV in

fc
m/s?

deviation from KCRV in

fc
m/s?

deviation from KCRV in

2500 Hz 3000 Hz
2.0 2.0
¢ MoCS ¢ MoCS
1.54 1.54
1.0 ¢ 10
£
0.5 1 Z 05
NEEREEREEEN Sl et
AARRAREEREEA RN SRS NRRARRENN
~05 S -051
k]
-1.04 3 -1.0-
o
-1.54 -1.54
-2.0 T T T T T T T T T T T T T T -2.0 T T T T T T T T
R I WP DSOS WO R D IS A I AR N NS N &
TR TS E TLEE EF TITITEF S
N ¥ N @
é*“ &“
Figure 8.13: deviation of the magnitude for the frequencies 2500 Hz and 3000 Hz
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Figure 8.14: deviation of the magnitude for the frequencies 3150 Hz and 3500 Hz

for the SE
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Figure 8.16: deviation of the magnitude for the frequencies 5000 Hz and 5500 Hz
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Figure 8.18: deviation of the magnitude for the frequencies 6500 Hz and 7000 Hz
for the SE
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Figure 8.21: deviation of the magnitude for the frequencies 9500 Hz and 10000 Hz
for the SE
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for the SE




8.3. MAGNITUDE OF THE COMPLEX SENSITIVITY OF THE SE

fc
m/s?

deviation from KCRV in

fc
m/s?
IS

ic
m/s?

deviation from KCRV in

deviation from KCRV in

15

o 13500 Hz 14000 Hz

4 MocCs +  MocCs
64 ¢ non-MoCS 4 ¢ non-MoCS

fc
m/s?
IN

~
N
_
—_—
deviation from KCRV in
|
~
S —
—_—
—_

&

T e T AT e ST e s e e S ARSI\
FLEFS T T T E I CLFEFS EFT ST E IS
~ (@ é\‘\é DI\ ~ (@ %“\e v
N V“‘ N @

N

&

Figure 8.25: deviation of the magnitude for the frequencies 13500 Hz and 14000 Hz
for the SE
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Figure 8.26: deviation of the magnitude for the frequencies 14500 Hz and 15000 Hz
for the SE
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Figure 8.27: deviation of the magnitude for the frequencies 15500 Hz and 16000 Hz
for the SE
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Figure 8.28: deviation of the magnitude for the frequencies 16500 Hz and 17000 Hz
for the SE
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Figure 8.29: deviation of the magnitude for the frequencies 17500 Hz and 18000 Hz
for the SE
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Figure 8.30: deviation of the magnitude for the frequencies 18500 Hz and 19000 Hz
for the SE
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8.4. MAGNITUDE OF THE COMPLEX SENSITIVITY OF THE BB

Table 8.2: Unilateral degrees of equivalence for the

magnitude of the BB

f KCRV PTB DPLA METAS CEM NIST
in Xk l Ukc| D;i | Up, D; | Up, | Dy | Up, | D; | Up, D; | Up,
HZ in W in W in W il’l m il’l m in m
10 128.001| 0.085| -0.01 | 0.10 | -0.10 | 0.50 |-0.21| 0.28 | 0.15| 0.51 | -0.04 | 0.37
12.5 | 128.020| 0.085| -0.03 | 0.10 | -0.02 | 0.50 |-0.14| 0.28 | 0.13| 0.51 0.01 0.37
16 128.013| 0.085| -0.02 | 0.10 | -0.11 0.50 |-0.11| 0.28 [ 0.12 | 0.51 0.04 0.37
20 127.991| 0.082| -0.04 | 0.10 | -0.09 | 0.50 |-0.03| 0.23 | 0.15| 0.51 0.03 0.38
25 128.018| 0.082| -0.03 | 0.10 | -0.12 | 0.50 [ 0.04 | 0.23 | 0.02| 0.51 0.01 0.38
31.5 | 128.025| 0.082| -0.03 | 0.10 | -0.03 | 0.51 | 0.07 | 0.23 [ 0.01 | 0.51 0.05 0.38
40 128.007| 0.082| -0.04 | 0.10 | -0.01 0.51 | 0.07| 0.23 | 0.05| 0.51 0.07 0.38
63 127.996| 0.082| -0.04 | 0.10 | -0.10 | 0.50 | 0.11 | 0.23 | 0.06 | 0.51 0.06 0.38
80 127.974| 0.082| -0.04 | 0.10 | -0.07 | 0.50 | 0.10| 0.23 | 0.06 | 0.51 0.12 0.38
100 | 127.969( 0.082| -0.06 [ 0.10 | -0.07 | 0.50 | 0.06 | 0.23 | 0.01 | 0.51 0.08 0.38
125 | 127.953| 0.082| -0.03 | 0.10 | -0.05 | 0.50 | 0.08 | 0.23 | 0.05 | 0.51 0.12 0.38
160 | 127.958( 0.083| -0.03 [ 0.10 | -0.06 | 0.50 | 0.07 | 0.24 | 0.07 | 0.51 0.10 0.38
200 | 127.946| 0.083| -0.02 | 0.10 | -0.05 | 0.50 | 0.10| 0.24 | 0.02 | 0.51 | -0.06 | 0.37
250 | 127.956| 0.083| -0.02 | 0.10 | -0.06 | 0.50 |[0.14 | 0.28 | 0.02 | 0.51 0.02 0.37
315 | 127.978| 0.082| -0.02 | 0.10 0.02 0.51 | 0.11| 0.24 | 0.00 | 0.51 0.07 0.38
400 | 127.979| 0.082| -0.02 | 0.10 | -0.08 | 0.50 |[0.12 | 0.24 | 0.01| 0.51 0.06 0.38
500 | 127.986| 0.082| -0.02 | 0.10 0.01 0.51 | 0.06 | 0.24 | 0.00| 0.51 0.05 0.38
630 | 128.026| 0.082| -0.04 | 0.10 | -0.03 | 0.51 | 0.04 | 0.24 |-0.02| 0.51 0.03 0.38
800 | 128.028| 0.082| -0.02 | 0.10 | -0.03 | 0.51 | 0.04| 0.24 |-0.01| 0.51 0.05 0.38
1000 | 128.073| 0.084| -0.04 | 0.10 | -0.07 | 0.51 | 0.07| 0.28 |-0.01| 0.51 0.05 0.38
1250 | 128.122| 0.087| -0.06 | 0.09 | -0.02 | 0.50 |0.08 | 0.30 | 0.01 | 0.51 | -0.02 | 0.50
1500 | 128.173| 0.087| -0.07 | 0.09 0.03 0.51 | 0.09 | 0.28 [-0.02| 0.51 0.08 0.51
1600 | 128.232| 0.087| -0.02 | 0.09 | -0.23 | 0.50 | 0.01 | 0.30 | 0.02 | 0.51 0.02 0.51
2000 | 128.342| 0.087| -0.10 | 0.09 | 0.06 0.51 | 0.13| 0.31 |[0.02| 0.51 0.05 0.51
2500 | 128.550| 0.090| -0.14 | 0.09 | 0.05 0.51 | 0.14| 0.32 [ 0.08 | 0.51 0.09 0.51
3000 | 128.824| 0.091| -0.15| 0.09 | -0.02 | 0.51 [0.21| 0.35 | 0.06 | 0.51 0.10 0.51
3150 | 129.001| 0.093| -0.04 | 0.09 | -0.00 | 0.51 |[0.12| 0.35 | 0.01| 0.51 0.03 0.51
3500 | 129.178| 0.094| -0.11 | 0.09 | 0.12 0.51 | 0.18 | 0.39 | 0.06 | 0.51 0.00 0.51
4000 | 129.516| 0.094| -0.19 | 0.09 | 0.18 0.51 [0.29| 0.43 [ 0.12| 0.51 0.10 0.51
4500 | 130.184| 0.147| -0.41*| 0.20* | 0.32 0.50 | 0.12 | 0.55 [-0.14| 0.50 | -0.07 | 0.50
5000 | 130.614| 0.164| -0.41*| 0.21* | -0.01 0.77 | 0.31 | 0.58 [-0.08| 0.50 | -0.00 | 0.50
5500 | 131.061| 0.194| -0.28 | 0.34 0.04 0.76 |0.40| 1.14 |[0.02 | 1.03 0.17 0.63
6000 | 131.655| 0.196| -0.23 | 0.34 0.05 0.77 |0.43| 1.40 |[0.01 | 1.03 0.18 0.63
6300 | 132.368| 0.207| 0.16 0.34 | -0.07 | 0.77 [ 0.35| 1.61 |-0.25| 1.04 | -0.19 | 0.63
6500 | 132.630| 0.208| 0.14 0.34 | -0.23 0.77 |0.11| 1.78 [-0.26| 1.04 | -0.20 0.63
7000 | 133.447| 0.227| 0.26 0.33 | -0.25 | 0.77 [ 0.19| 2.29 |-0.21| 1.04 | -0.22 | 0.63
7500 | 134.680| 0.269| 0.23 0.30 | -0.48 0.76 | 1.47| 2.98 [-0.47| 1.04 | -0.26 0.62
8000 | 134.734| 0.258| 0.17 0.31 | -1.73*| 0.84* [-1.14| 2.99 |-0.12| 1.05 | -0.38 | 0.62
8500 | 135.862| 0.273| 0.33 0.30 | -0.66 0.76 |0.13| 3.31 [-0.86| 1.04 | -0.36 0.62
9000 | 136.017| 0.355| 1.41* | 0.54* | 0.48 0.74 (1.11| 3.60 | 0.58 | 1.03 | -1.89*| 0.76*
9500 | 137.684| 0.400| 1.12* | 0.58* | -0.08 0.72 (147 2.95 |0.33| 1.03 | -1.09*| 0.79*
10000| 138.981| 0.323| 0.97* | 0.53* | 0.82 0.77 | 1.05| 2.03 [ 0.24 | 1.07 | -0.56 | 0.61
10500| 140.472| 0.407| 0.75 0.58 | -0.67 1.34 [ 1.00| 2.83 | 0.41| 2.07 | -0.31 2.06
11000| 142.219| 0.403| 0.61 0.59 | -0.92 1.35 [ 0.36 | 2.77 |-0.08| 2.09 | -0.60 | 2.09
11500| 143.951| 0.407| 0.49 0.60 | -1.15 1.37 | 0.58 | 2.57 [-0.10| 2.12 -0.89 2.11
12000| 145.538| 0.411| 0.38 0.60 | -1.34 1.38 [ 0.87 | 2.51 |-0.33| 2.14 | -1.24 | 2.13
12500| 147.326| 0.426| 0.26 0.60 | -1.63 1.70 | 1.00 | 2.56 [-0.43| 2.16 -1.12 2.15
13000| 149.148| 0.431| 0.34 0.61 -1.75 1.72 | 1.03 | 2.53 |-0.56| 2.19 | -1.23 | 2.18
13500| 151.198| 0.445| 0.19 0.61 -2.00 1.73 | 0.83 | 2.58 |-0.73| 2.21 | -1.40 | 2.20
14000| 153.445| 0.452| 0.48 0.62 -2.34 1.76 | 0.68 | 2.64 |-1.05| 2.24 | -1.45 2.23
14500| 155.191| 0.497| 0.21 0.60 -1.99 1.77 | 1.47 | 2.70 |-1.08| 2.26 | -1.87 | 2.25
15000| 157.253| 0.472| 0.56 0.63 | -1.05 1.81 [ 1.74| 2.87 |-0.79| 2.30 -2.46 | 2.27
15500| 159.643| 0.599| 0.73 1.49 | -1.34 1.80 | 2.24| 297 |-0.80| 3.12 | -2.21 3.09
16000| 162.409| 0.658| 0.65 1.49 | -1.81 3.14 | 1.72 | 2.98 [-1.04| 3.16 | -2.49 | 3.13
16500| 165.548 | 0.672| 0.28 1.52 | -2.55 | 3.19 | 2.30| 3.17 |[-1.37| 3.21 | -2.96 | 3.18
17000| 168.651| 0.683| 0.31 1.55 | -2.85 | 3.25 [ 1.91| 3.03 |-1.75| 3.27 | -3.14 | 3.24
17500| 171.640| 0.697| 0.61 1.58 | -2.94 | 3.30 | 2.48| 3.29 |-1.66| 3.33 | -3.02 | 3.30
18000| 175.171| 0.712| 0.52 1.61 -3.37 | 3.36 | 1.56 | 3.44 |-1.93| 3.39 | -3.19 | 3.37
18500| 178.903| 0.842| 0.61 1.59 -4.00 | 3.40 | 2.65| 3.44 |-2.11| 3.43 | -3.35 | 3.41
19000| 182.752| 0.861| 0.79 1.62 -4.45 | 3.46 | 2.36 | 3.54 |-2.03| 3.51 | -3.34 | 3.48
19500| 187.354| 0.909| 0.54 1.64 | -4.95*| 3.76* | 2.15 | 3.68 |[-2.69| 3.58 -3.89 | 3.55
20000 192.170| 0.840| 0.30 1.73 | -5.97*| 3.82* [ 2.23 | 3.92 |-3.66| 3.68 -4.34 | 3.66
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CHAPTER 8. DEGREE OF EQUIVALENCE WITH RESPECT TO THE KC-RV

(continued) Unilateral degrees of equivalence for the magnitude of the BB

f KCRV CENAM NMIJ NIM NMIA INMETRO
in Xkc l Ukc| D;i | Up, | Di| Up, | Di | Up, | Di | Up, | Di | Up,
HZ in m il’l m in m in m in W il’l m
10 128.001| 0.085| 0.20 0.38 | 0.01| 0.50 |0.26 | 0.51 [-0.10| 0.37 | 0.12 | 0.24
12.5 | 128.020| 0.085| 0.18 0.38 |-0.05| 0.50 [ 0.26 | 0.51 |-0.08| 0.37 | 0.08 | 0.24
16 128.013| 0.085| 0.16 0.38 |-0.03| 0.50 | 0.30 | 0.51 [-0.00| 0.37 | 0.06 | 0.24
20 127.991| 0.082| 0.17 0.38 |-0.07| 0.51 [0.26 | 0.51 | 0.05| 0.38 | 0.04 | 0.24
25 128.018| 0.082| 0.07 0.38 | 0.07| 0.51 |0.26 | 0.51 |[0.02| 0.38 | 0.00 | 0.24
31.5 | 128.025| 0.082| 0.04 0.38 | 0.00| 0.51 |0.20| 0.51 |[0.00| 0.38 | -0.03 | 0.24
40 128.007| 0.082| 0.05 0.38 |-0.04| 0.51 |0.22| 0.51 |[0.02| 0.38 | -0.03 | 0.24
63 127.996| 0.082| 0.08 0.38 |-0.02| 0.51 |[0.21| 0.51 |-0.02| 0.37 |-0.03 | 0.24
80 127.974| 0.082| 0.06 0.38 |-0.05| 0.51 |0.21| 0.51 |[0.01| 0.37 | -0.01| 0.24
100 | 127.969| 0.082| 0.22 0.38 | 0.02| 0.51 |0.38| 0.51 [0.02| 0.38 | -0.02 | 0.24
125 | 127.953| 0.082| 0.04 0.38 |-0.01| 0.51 |0.22| 0.51 |[0.04| 0.38 | -0.03 | 0.24
160 | 127.958| 0.083| 0.04 0.37 | 0.00 | 0.51 [0.21| 0.51 |0.04| 0.37 |-0.03 | 0.24
200 | 127.946| 0.083| 0.07 0.38 |-0.05| 0.50 | 0.19| 0.51 [-0.02| 0.37 | -0.01 | 0.24
250 | 127.956| 0.083| -0.10 | 0.37 |-0.07| 0.37 [ 0.30 | 0.51 | 0.02| 0.37 | -0.03 | 0.24
315 | 127.978| 0.082| -0.07 | 0.37 [-0.07| 0.37 | 0.26 | 0.51 | 0.00| 0.38 | -0.03 | 0.24
400 | 127.979| 0.082| -0.06 | 0.37 |-0.07| 0.37 | 0.24 | 0.51 |-0.02| 0.38 | -0.02 | 0.24
500 | 127.986| 0.082| -0.04 | 0.37 |-0.06| 0.37 [ 0.26 | 0.51 | 0.00| 0.38 | -0.03 | 0.24
630 | 128.026| 0.082| 0.21 0.38 |-0.07| 0.38 | 0.36 | 0.51 [ 0.00| 0.38 | -0.03 | 0.24
800 | 128.028| 0.082| -0.04 | 0.38 [-0.06| 0.38 | 0.23| 0.51 |0.01| 0.38 |-0.01 | 0.24
1000 | 128.073| 0.084( 0.04 0.38 |-0.05| 0.37 |0.33| 0.51 [0.01| 0.37 | 0.04 | 0.24
1250 | 128.122| 0.087| 0.20 0.37 |-0.03| 0.37 |0.30| 0.51 |[0.02| 0.37 | 0.02 | 0.24
1500 | 128.173| 0.087| 0.08 0.37 |-0.00| 0.37 |0.38| 0.51 [0.04| 0.37 | 0.03 | 0.24
1600 | 128.232| 0.087| 0.05 0.37 |-0.05| 0.37 [ 0.35| 0.51 |[0.05| 0.37 | 0.01 0.24
2000 | 128.342| 0.087| 0.10 0.38 | 0.02| 0.38 |0.40| 0.51 [0.04| 0.38 | 0.09 | 0.24
2500 | 128.550| 0.090| 0.36 0.38 | 0.08| 0.38 [0.39| 0.51 [0.05| 0.38 | 0.10 | 0.30
3000 | 128.824| 0.091| 0.23 0.38 | 0.04| 0.38 |0.47| 0.51 [0.21| 0.38 | 0.21 0.30
3150 | 129.001| 0.093| -0.01 0.38 |-0.07| 0.38 | 0.36 | 0.51 |[0.07| 0.38 | 0.04 | 0.43
3500 | 129.178| 0.094| 0.00 0.38 | 0.05| 0.38 |0.41| 0.51 [0.13| 0.38 | 0.17 | 0.43
4000 | 129.516| 0.094| 0.18 0.38 | 0.14| 0.38 | 0.55| 0.51 [0.19| 0.38 | 0.26 | 0.43
4500 | 130.184| 0.147| -0.29 | 0.36 |-0.23| 0.63 | 0.43 | 0.50 | 0.02 | 0.36 | 0.16 | 0.42
5000 | 130.614| 0.164| -0.49 | 0.35 | 0.09| 0.63 | 0.58| 0.50 | 0.14 | 0.36 | 0.07 | 0.77
5500 | 131.061| 0.194| -0.47 | 0.62 0.66 | 1.30 [ 0.24 | 0.34 | 0.20 | 0.76
6000 | 131.655| 0.196| -0.97 | 0.62 0.85| 1.31 | 0.37| 0.34 | 0.26 | 0.77
6300 | 132.368| 0.207| -1.67*| 0.69* 0.55| 1.31 [0.11| 0.34 | -0.04 | 0.77
6500 | 132.630| 0.208| -1.78*| 0.69* 0.52 | 1.32 | 0.19| 0.34 | -0.01 | 0.77
7000 | 133.447| 0.227| -2.27*| 0.69* 0.67 | 1.32 [ 0.32| 0.48 | -0.04 | 1.04
7500 | 134.680| 0.269| -2.66*| 0.71* 0.43| 1.32 [ 0.60 | 1.19 | -0.41| 1.04
8000 | 134.734| 0.258| -1.79*| 0.71* 1.04 | 1.33 | 0.61| 0.77 | 0.47 1.05
8500 | 135.862| 0.273| -1.86*| 0.72* 0.70 | 1.34 |-0.28| 1.33 | 0.35 | 1.05
9000 | 136.017| 0.355| -0.41 0.58 1.57| 1.33 (-1.22| 3.35 | 1.29*| 1.15*
9500 | 137.684| 0.400| -1.12*| 0.79* 1.07 | 1.33 |-0.54| 2.16 0.80 1.03
10000 | 138.981| 0.323| -0.66 | 0.61 0.85| 1.36 [-0.44| 1.49 | 0.76 1.07
10500 140.472| 0.407| -1.39 1.04 0.60 | 2.08 [-0.77| 1.63 0.73 1.35
11000 | 142.219| 0.403| -2.62*| 1.19* 0.69 | 2.11 [-0.23| 0.75 | 0.44 1.37
11500 | 143.951| 0.407| -2.74*| 1.20* 0.82 | 2.13 | 0.02| 0.76 | 0.32 1.38
12000 | 145.538| 0.411| -2.10*| 1.22* 0.94| 2.16 [ 0.21| 0.77 | 0.24 1.40
12500 | 147.326| 0.426| -2.51*| 1.23* 0.78 | 2.18 | 0.37| 0.78 | 0.09 1.41
13000 | 149.148| 0.431| -3.42*| 1.24* 0.57 | 2.20 [ 0.35| 0.79 | 0.19 1.43
13500 | 151.198| 0.445| -3.35* | 1.26* 0.57 | 2.23 | 0.17| 0.79 | 0.17 1.45
14000| 153.445| 0.452| -3.62*| 1.28* 0.45| 2.26 [ 0.13| 0.80 | 0.03 1.47
14500 | 155.191| 0.497| -2.04*| 1.32* 0.51 | 2.28 | 0.23 | 1.47 | 0.30 1.47
15000| 157.253| 0.472| -1.53 1.15 0.76 | 2.32 [ 0.11 | 1.50 | 0.80 1.51
15500 159.643| 0.599| -1.15 1.12 0.85| 2.33 | 0.38 | 1.48 1.08 1.83
16000| 162.409| 0.658| -1.39 1.47 0.63 | 2.36 [ 0.21 | 1.49 | 0.89 1.85
16500 | 165.548 | 0.672| -0.26 1.51 0.34 | 2.40 |-0.10| 1.51 1.11 1.88
17000| 168.651| 0.683| 0.24 1.54 0.29 | 2.44 [-0.00| 1.54 | 0.74 1.91
17500 | 171.640| 0.697| -0.79 1.56 0.36 | 2.48 | 0.23| 1.57 | 0.89 1.95
18000| 175.171| 0.712| 0.18 1.60 0.42 | 2.54 [-0.14| 1.60 | 0.91 1.99
18500 | 178.903| 0.842| 2.79* | 2.00* 0.15| 2.55 [ 0.20 | 2.55 | 0.83 1.99
19000| 182.752| 0.861| 3.98* | 2.06* -0.10| 2.60 |-0.04| 2.60 | 0.99 | 2.03
19500 | 187.354| 0.909| 3.42* | 2.11* -0.40| 2.65 |-0.30| 2.65 | 0.98 | 2.07
20000| 192.170| 0.840| 1.58 1.75 -0.69| 2.75 |-0.54| 2.75 | 0.41 2.15




8.4. MAGNITUDE OF THE COMPLEX SENSITIVITY OF THE BB

(continued) Unilateral degrees of equivalence for the magnitude of the BB

f KCRV NMISA VNIIM NMC,A*STAR UkrMet
in Xkc l Ukc| Di | Up, D; | Up, D; | Up, D; | Up,
HZ in W in W in W in W il’l m—S‘;
10 128.001| 0.085| 0.04 | 0.37 0.29 0.64 | -0.18 0.52 |-0.25| 0.63
12.5 | 128.020| 0.085| 0.11 | 0.37 0.24 0.64 | -0.12 0.52 |-0.26| 0.63
16 128.013| 0.085| -0.01 | 0.37 0.23 0.64 | -0.07 0.52 |-0.25| 0.63
20 127.991| 0.082| -0.00 | 0.38 0.25 0.64 | -0.03 0.37 |-0.25| 0.63
25 128.018| 0.082]| -0.02 | 0.38 0.21 0.64 | -0.06 0.37 |-0.28| 0.63
31.5 | 128.025| 0.082]| -0.04 | 0.38 0.20 0.64 | -0.06 0.37 |-0.28| 0.63
40 128.007| 0.082| -0.03 | 0.37 0.20 0.64 | -0.01 0.38 |-0.29| 0.63
63 127.996| 0.082| -0.03 | 0.37 0.10 0.64 | -0.04 0.37 |-0.26| 0.63
80 127.974| 0.082| 0.01 | 0.37 0.16 0.64 | -0.04 0.37 |-0.24| 0.63
100 | 127.969| 0.082| 0.02 | 0.38 0.13 0.64 | -0.08 0.37 |-0.24| 0.63
125 | 127.953| 0.082| -0.07 | 0.37 0.15 0.64 | -0.02 0.37 |-0.23| 0.63
160 | 127.958| 0.083| -0.14 | 0.37 0.16 0.64 | -0.01 0.37 |-0.23| 0.63
200 | 127.946| 0.083| -0.10 | 0.37 0.19 0.64 | -0.06 0.37 |-0.21| 0.63
250 | 127.956| 0.083| -0.09 | 0.37 0.20 0.64 0.00 0.37 |-0.22| 0.63
315 | 127.978| 0.082| -0.11 | 0.37 0.26 0.64 | -0.02 0.38 |-0.25| 0.63
400 | 127.979| 0.082( -0.09 | 0.37 0.30 0.64 0.00 0.38 |-0.26| 0.63
500 | 127.986| 0.082| -0.09 | 0.37 0.34 0.64 | -0.03 0.38 |-0.23| 0.63
630 | 128.026| 0.082| -0.09 | 0.37 0.39 0.64 | -0.05 0.38 |-0.24| 0.63
800 | 128.028| 0.082| -0.04 | 0.38 0.38 0.64 | -0.01 0.38 |-0.23| 0.63
1000 | 128.073| 0.084| -0.01 | 0.37 0.39 0.64 | -0.04 0.52 |-0.24| 0.63
1250 | 128.122| 0.087| -0.03 | 0.63 0.37 0.64 | -0.04 0.52 |-0.17| 0.89
1500 | 128.173| 0.087| -0.02 | 0.63 0.33 0.64 0.02 0.52 |-0.17| 0.89
1600 | 128.232| 0.087| -0.03 | 0.64 0.30 0.64 | -0.03 0.52 |-0.17| 0.89
2000 | 128.342| 0.087| -0.01 | 0.64 0.32 0.64 0.01 0.52 |-0.11| 0.89
2500 | 128.550| 0.090| 0.07 | 0.64 0.22 1.28 0.08 0.52 |-0.03| 0.90
3000 | 128.824| 0.091| -0.03 | 0.64 0.20 1.29 0.06 0.52 |-0.03| 0.90
3150 | 129.001| 0.093| -0.03 | 0.64 0.21 1.29 0.02 0.52 |-0.15| 0.90
3500 | 129.178| 0.094| 0.08 | 0.64 0.48 1.29 0.11 0.52 0.05 | 0.90
4000 | 129.516| 0.094| 0.22 | 0.64 0.50 1.30 0.10 0.52 0.05 | 0.90
4500 | 130.184| 0.147| 0.10 | 0.63 | -0.07 | 1.29 | -0.19 0.51 |-0.16| 0.90
5000 | 130.614| 0.164| 0.06 1.03 | -0.02 1.30 | -0.16 0.69 |-0.21| 0.90
5500 | 131.061| 0.194| 0.25 1.03 | -0.05 1.96 | -0.16 0.68 0.11 | 1.96
6000 | 131.655| 0.196| 0.33 1.04 0.14 1.97 | -0.24 0.68 0.18 | 1.97
6300 | 132.368| 0.207| 0.15 1.04 | -0.20 1.97 -0.70 0.68 |-0.21| 1.97
6500 | 132.630| 0.208| 0.28 1.04 | -0.06 1.98 -0.77 0.68 |-0.22| 1.98
7000 | 133.447| 0.227| 0.24 1.05 | -0.40 1.98 -1.07 0.68 |-0.44| 1.98
7500 | 134.680| 0.269| 0.84 1.60 | -0.78 1.99 | -1.63*| 0.77* |-1.00| 1.99
8000 | 134.734| 0.258| 0.48 1.60 | -0.44 | 2.00 -0.93 0.67 |-0.36| 2.00
8500 | 135.862| 0.273| 1.19 1.62 -1.02 2.00 | -1.20*| 0.78* [-0.62| 2.01
9000 | 136.017| 0.355| -1.46 | 1.58 | -0.17 | 2.01 | -0.35 0.64 0.48 | 2.02
9500 | 137.684| 0.400| 3.74*| 1.74* | -0.04 | 2.03 -0.76 0.62 | 0.05| 2.03
10000| 138.981| 0.323| 1.05 1.65 | -0.56 | 2.05 | -0.35 1.62 |[-0.06| 2.06
10500| 140.472| 0.407| 0.04 1.64 | -1.16 2.05 -0.36 1.62 |[-0.11| 2.78
11000| 142.219| 0.403| 0.33 1.66 -2.22 2.06 | -0.47 1.64 |-1.04| 2.79
11500| 143.951| 0.407| 0.63 1.69 -2.52 2.08 | -0.34 1.66 |[-1.03| 2.83
12000| 145.538| 0.411| 0.84 1.71 -2.93 | 2.10 | 0.13 1.68 |[-1.17| 2.86
12500| 147.326| 0.426( 0.96 | 2.18 -3.05 212 | 0.18 1.70 |-0.55| 2.90
13000| 149.148| 0.431| 0.92 | 2.21 -3.41 2.14 | 0.33 1.73 |-0.52| 2.94
13500| 151.198| 0.445| 0.72 | 2.23 | -4.01* | 2.25* | 0.35 1.75 |[-0.49| 2.98
14000| 153.445| 0.452| 0.74 | 2.27 | -4.84*| 2.27* | 0.10 1.77 |-1.00| 3.02
14500 155.191| 0.497| 1.13 | 2.29 | -4.64* | 2.31* | 0.36 1.78 |[-0.18| 3.06
15000| 157.253| 0.472| 1.26 | 2.33 | -4.65* | 2.34* | 0.56 2.19 [-0.39| 3.10
15500 159.643| 0.599| 1.48 | 2.84 | -5.12* | 3.15* | 0.69 2.20 [-0.59| 4.73
16000| 162.409| 0.658| 1.41 2.87 | -5.67*| 3.20% | 0.56 2.22 [-1.42| 4.78
16500| 165.548| 0.672( 1.17 | 2.92 | -6.39* | 3.25* | 0.31 2.26 |[-1.55| 4.87
17000| 168.651| 0.683| 1.29 | 2.98 | -6.64*| 3.31* | 0.22 2.30 [-2.14| 4.95
17500| 171.640| 0.697| 1.56 | 3.04 | -6.56*| 3.37* | 0.48 2.34 [-1.73| 5.05
18000| 175.171| 0.712| 1.58 | 3.10 | -6.84* | 3.44* | 0.47 2.39 [-2.28| 5.14
18500| 178.903| 0.842| 1.71 3.14 | -7.67*| 3.53* | 0.44 240 [-2.41| 5.23
19000| 182.752| 0.861| 1.93 | 3.21 | -9.65*| 3.57* | 0.63 2.46 |[-2.84| 5.33
19500| 187.354| 0.909| 1.87 | 3.28 | -8.65* | 3.69* | 0.35 2.51 [-3.80| 5.43
20000| 192.170| 0.840| 1.79 | 3.39 | -9.76*| 3.74* | 0.10 2.60 [-5.18| 5.55
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Figure 8.41: deviation of the magnitude for the frequencies 800 Hz and 1000 Hz
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Figure 8.42: deviation of the magnitude for the frequencies 1250 Hz and 1500 Hz
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Figure 8.43: deviation of the magnitude for the frequencies 1600 Hz and 2000 Hz

for the BB
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Figure 8.44: deviation of the magnitude for the frequencies 2500 Hz and 3000 Hz
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Figure 8.45: deviation of the magnitude for the frequencies 3150 Hz and 3500 Hz
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Figure 8.46: deviation of the magnitude for the frequencies 4000 Hz and 4500 Hz
for the BB
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Figure 8.47: deviation of the magnitude for the frequencies 5000 Hz and 5500 Hz
for the BB
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Figure 8.48: deviation of the magnitude for the frequencies 6000 Hz and 6300 Hz
for the BB
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Figure 8.49: deviation of the magnitude for the frequencies 6500 Hz and 7000 Hz
for the BB
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Figure 8.50: deviation of the magnitude for the frequencies 7500 Hz and 8000 Hz

for the BB
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Figure 8.51: deviation of the magnitude for the frequencies 8500 Hz and 9000 Hz
for the BB
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Figure 8.52: deviation of the magnitude for the frequencies 9500 Hz and 10000 Hz
for the BB
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Figure 8.53: deviation of the magnitude for the frequencies 10500 Hz and 11000 Hz
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Figure 8.54: deviation of the magnitude for the frequencies 11500 Hz and 12000 Hz
for the BB
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Figure 8.55: deviation of the magnitude for the frequencies 12500 Hz and 13000 Hz

for the BB
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Figure 8.56: deviation of the magnitude for the frequencies 13500 Hz and 14000 Hz

for the BB
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Figure 8.57: deviation of the magnitude for the frequencies 14500 Hz and 15000 Hz

for the BB
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Figure 8.58: deviation of the magnitude for the frequencies 15500 Hz and 16000 Hz

for the BB
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Figure 8.59: deviation of the magnitude for the frequencies 16500 Hz and 17000 Hz
for the BB
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Figure 8.60: deviation of the magnitude for the frequencies 17500 Hz and 18000 Hz
for the BB
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Figure 8.61: deviation of the magnitude for the frequencies 18500 Hz and 19000 Hz

for the BB
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for the BB
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8.5 Phase of the Complex Sensitivity of the SE
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Table 8.3: Unilateral degrees of equivalence for the phase of the SE

f KCRV PTB DPLA METAS CEM NIST
in | Xgc| Ukc| Di | Up, | Di | Up, | Di | Up, | D; | Up, | D;y | Up,
Hz in ° in ° in ° in ° in ° in °
10 0.006 | 0.083|-0.01| 0.18 | 0.00 | 0.29 |-0.02| 0.39 |-0.04| 0.49 [-0.03| 0.49
12.5 | -0.006| 0.083|-0.04| 0.18 | 0.02 | 0.29 |-0.00| 0.39 |-0.01| 0.49 [-0.00| 0.49
16 0.000 | 0.082(-0.02| 0.18 | 0.01 | 0.29 [-0.00| 0.39 |-0.01| 0.49 |-0.01| 0.49
20 -0.001| 0.081(-0.03| 0.18 | 0.00 | 0.29 | 0.00 | 0.37 |-0.01| 0.49 | 0.00 | 0.49
25 -0.006| 0.081(-0.01| 0.18 |-0.02| 0.29 |[0.03| 0.37 |0.01| 0.49 |0.02| 0.49
31.5 | -0.006| 0.081|-0.02| 0.18 | 0.02 | 0.29 [ 0.02| 0.37 | 0.01| 0.49 |0.03| 0.49
40 -0.006| 0.081(-0.03| 0.18 |-0.01| 0.29 |[0.03| 0.37 |0.01| 0.49 |0.03| 0.49
63 -0.013| 0.081(-0.02| 0.18 | 0.00 | 0.29 [-0.02| 0.37 | 0.02| 0.49 |0.04| 0.49
80 -0.011| 0.081(-0.03| 0.18 | 0.01 | 0.29 [-0.03| 0.37 | 0.02| 0.49 |0.04 | 0.49
100 | -0.008| 0.081| 0.01 | 0.18 | 0.01 | 0.29 [-0.04| 0.37 |-0.00| 0.49 |0.02 | 0.49
125 | -0.000| 0.084| 0.01 | 0.18 | 0.00 | 0.29 |-0.07| 0.37 |-0.03| 0.49 | 0.00 | 0.49
160 | -0.010| 0.084| 0.01 | 0.18 | 0.01 | 0.29 |-0.08| 0.37 | 0.02 | 0.49 | 0.03| 0.49
200 0.024 | 0.085|-0.01| 0.18 [-0.02 | 0.29 |-0.00| 0.39 |-0.02| 0.49 [-0.00| 0.49
250 0.003 | 0.086| 0.01 | 0.18 [-0.01| 0.29 | 0.01| 0.37 |-0.01| 0.49 | 0.02| 0.49
315 0.005 | 0.085| 0.00 | 0.18 | 0.00 | 0.29 [-0.03| 0.41 |-0.03| 0.49 | 0.01 | 0.49
400 | -0.001| 0.084| 0.01 | 0.18 |-0.02 | 0.29 [-0.01| 0.37 |-0.03| 0.49 | 0.01 | 0.49
500 | -0.004| 0.084( 0.01 | 0.18 |-0.04| 0.29 |-0.01| 0.37 [-0.04| 0.49 | 0.01| 0.49
630 0.001 | 0.084| 0.01 | 0.18 [-0.05| 0.29 |-0.01| 0.37 | 0.02 | 0.49 [-0.00| 0.49
800 | -0.006| 0.084| 0.01 | 0.18 [-0.05| 0.29 |-0.01| 0.37 |0.02 | 0.49 [-0.02| 0.49
1000 | -0.007| 0.089| 0.02 | 0.18 |-0.08 | 0.29 |[0.03| 0.47 | 0.02| 0.49 |-0.01| 0.49
1250 | -0.021| 0.104| 0.02 | 0.49 |-0.06 | 0.28 | 0.03 | 0.47 | 0.01 | 0.99 |-0.01| 0.49
1500 | -0.048| 0.104| 0.05 | 0.49 |-0.11| 0.28 [ 0.06 | 0.47 | 0.05| 0.99 |0.01 | 0.49
1600 | -0.040| 0.104| 0.04 | 0.49 |-0.11| 0.28 [ 0.05| 0.47 | 0.06| 0.99 |0.00 | 0.49
2000 | -0.049| 0.104| 0.05 | 0.49 |[-0.15| 0.28 | 0.06 | 0.47 | 0.05| 0.99 [-0.01| 0.49
2500 | -0.066| 0.109| 0.07 | 0.49 |[-0.16 | 0.28 | 0.06 | 0.47 | 0.05| 0.99 [-0.01| 0.49
3000 | -0.088| 0.109| 0.08 | 0.49 [-0.19| 0.28 | 0.09 | 0.47 | 0.07 | 0.99 [-0.01| 0.49
3150 | -0.108| 0.115| 0.11 | 0.49 [-0.19| 0.28 | 0.10| 0.47 | 0.09 | 0.99 | 0.01 | 0.49
3500 | -0.111| 0.115| 0.10 | 0.49 [-0.20| 0.28 | 0.11| 0.47 | 0.07 | 0.99 | 0.00 | 0.49
4000 | -0.152| 0.118( 0.15 | 0.49 |-0.25| 0.28 | 0.16 | 0.47 [ 0.12| 0.99 | 0.00 | 0.49
4500 | -0.170| 0.119( 0.16 | 0.49 |-0.26| 0.28 | 0.19| 0.46 [ 0.15| 0.99 | 0.02 | 0.49
5000 | -0.208| 0.134| 0.19 | 0.48 [-0.26 | 0.48 | 0.19| 0.46 |0.16 | 0.99 | 0.03 | 0.48
5500 | -0.170| 0.176| 0.15 | 0.47 |-0.42| 0.47 | 0.15| 0.84 | 0.10 | 0.98 [-0.01| 0.98
6000 | -0.194| 0.176| 0.15 | 0.47 |-0.40| 0.47 | 0.18 | 0.84 [ 0.10 | 0.98 | 0.00 | 0.98
6300 | -0.201| 0.176| 0.16 | 0.47 |-0.29 | 0.47 | 0.16 | 0.84 [ 0.12| 0.98 | 0.01| 0.98
6500 | -0.219| 0.176| 0.18 | 0.47 |[-0.41| 0.47 | 0.18 | 0.84 | 0.13 | 0.98 | 0.07 | 0.98
7000 | -0.229| 0.180( 0.19 | 0.47 |-0.45| 0.47 | 0.21| 0.84 [ 0.15| 0.98 | 0.06 | 0.98
7500 | -0.237| 0.181| 0.23 | 0.47 | -0.47| 0.47 | 0.23| 0.84 | 0.17| 0.98 | 0.08 | 0.98
8000 | -0.230| 0.191| 0.15 | 0.46 |-0.54| 0.98 | 0.11 | 0.84 [ 0.04 | 0.98 | 0.03| 0.98
8500 | -0.274| 0.191| 0.19 | 0.46 [-0.58 | 0.98 | 0.11| 0.84 | 0.04 | 0.98 | 0.04 | 0.98
9000 | -0.379| 0.191| 0.12 | 0.46 |-0.49| 0.98 |-0.02| 0.84 [-0.30| 0.98 | 0.09 | 0.98
9500 | -0.254| 0.191| 0.19 | 0.46 |[-0.67| 0.98 | 0.10| 0.84 | 0.09 | 0.98 | 0.04 | 0.98
10000| -0.274| 0.197| 0.18 | 0.46 |-0.54| 0.98 [ 0.10 | 0.84 | 0.05| 0.98 |0.04 | 0.98
10500| -0.283| 0.239| 0.18 | 0.97 | 1.29 | 1.99 | 0.07 | 1.70 [ 0.03 | 1.48 | 0.03 | 1.48
11000| -0.329| 0.256| 0.23 | 0.97 |-0.74| 1.98 [0.10| 1.70 | 0.08 | 1.48 |0.09 | 1.48
11500 -0.332| 0.239| 0.25 | 0.97 |-0.87| 1.99 |[0.10| 1.70 [ 0.06 | 1.48 | 0.09 | 1.48
12000| -0.304| 0.239| 0.23 | 0.97 |-0.91| 1.99 [0.09| 1.70 | 0.04| 1.48 |0.08 | 1.48
12500| -0.330| 0.245| 0.25 | 0.97 |-0.98| 1.98 |[0.06 | 1.70 [ 0.05| 1.48 | 0.11| 1.48
13000| -0.365| 0.266| 0.29 | 0.96 |-0.88| 1.98 [0.14 | 1.70 | 0.07| 1.48 |0.14 | 1.48
13500| -0.379| 0.266| 0.31 | 0.96 |-1.07| 1.98 [0.09| 1.70 [ 0.10 | 1.48 | 0.15| 1.48
14000| -0.378| 0.266| 0.27 | 0.96 |-1.35| 1.98 [0.02| 1.70 | 0.08 | 1.48 |0.17 | 1.48
14500| -0.402| 0.266| 0.29 | 0.96 |-1.15| 1.98 [0.20| 1.70 [ 0.04 | 1.48 | 0.18 | 1.48
15000| -0.421| 0.269| 0.27 | 0.96 |-1.08| 1.98 [0.08 | 1.70 | 0.04| 1.48 |0.13 | 1.48
15500| -0.476| 0.286( 0.32 | 1.98 |-1.06| 1.98 |-0.11| 1.70 | 0.02 | 1.98 | 0.21 | 1.47
16000| -0.537| 0.288( 0.37 | 1.98 | -1.06 | 2.99 (-0.03| 1.70 |-0.01| 1.98 |0.24 | 1.47
16500| -0.587| 0.303| 0.37 | 1.98 |-1.05| 2.98 |0.06 | 1.71 [-0.03| 1.98 | 0.23 | 1.47
17000| -0.692| 0.332| 0.32 | 1.97 |-1.06| 2.98 [0.06 | 1.69 |-0.02| 1.97 |0.16 | 1.46
17500| -0.760| 0.332| 0.12 | 1.97 |-1.33| 2.98 |[-0.12| 1.71 [-0.28| 1.97 |-0.05| 1.46
18000| -0.846| 0.332| 0.56 | 1.97 |-1.37| 2.98 [-0.08| 1.79 |-0.21| 1.97 |-0.02| 1.46
18500| -0.897| 0.336| 0.04 | 1.97 |-1.31| 2.98 (-0.20| 1.91 |-0.16| 1.97 |-0.14| 1.46
19000| -0.831| 0.332| 0.54 | 1.97 |-1.38| 2.98 |-0.13| 1.71 [ 0.04 | 1.97 | 0.29 | 1.46
19500| -0.659| 0.303| 0.47 | 1.98 |-1.44| 2.98 (-0.09| 1.71 |-0.11| 1.98 |0.16 | 1.47
20000| -0.713| 0.303| 0.52 | 1.98 |[-1.47| 2.98 |-0.05| 1.69 |[-0.08| 1.98 | 0.20 | 1.47




8.5. PHASE OF THE COMPLEX SENSITIVITY OF THE SE

(continued) Unilateral degrees of equivalence for the phase of the SE

f KCRV CENAM NMIJ NIM NMIA INMETRO
in | Xgkc| Ukc| Di | Up, | Di | Up, | D; | Up, | Di | Up, | D; | Up,
Hz in ° in ° in ° in ° in ° in °
10 0.006 | 0.083|-0.01| 0.29 (-0.02| 0.49 | 0.05| 0.49 |-0.03| 0.29 [-0.01| 0.18
12.5 | -0.006| 0.083| 0.01 | 0.29 |-0.03| 0.49 |0.06 | 0.49 [-0.01| 0.29 | 0.01| 0.18
16 0.000 | 0.082|-0.00| 0.29 (-0.02| 0.39 | 0.05| 0.49 |-0.01| 0.29 [-0.00| 0.18
20 -0.001| 0.081| 0.00 | 0.29 [-0.02| 0.29 | 0.04| 0.49 |-0.01| 0.29 | 0.00 | 0.18
25 -0.006| 0.081(-0.00| 0.29 [-0.01| 0.29 |0.04| 0.49 [-0.00| 0.29 |0.01 | 0.18
31.5 | -0.006| 0.081| 0.01 | 0.29 [-0.02| 0.29 | 0.03| 0.49 |-0.00| 0.29 [ 0.01 | 0.18
40 -0.006| 0.081| 0.01 | 0.29 [-0.01| 0.29 | 0.03| 0.49 [-0.00| 0.29 |0.01 | 0.18
63 -0.013| 0.081(-0.04| 0.29 [-0.02| 0.29 |0.02| 0.49 |[0.00| 0.29 |[0.01 | 0.18
80 -0.011| 0.081| 0.01 | 0.29 [-0.02| 0.29 |0.01| 0.49 |0.00| 0.29 |[0.01 | 0.18
100 | -0.008| 0.081(-0.02| 0.29 |-0.03| 0.29 | 0.02 | 0.49 |0.01| 0.29 |0.01 | 0.18
125 | -0.000| 0.084|-0.02| 0.29 [-0.05| 0.29 | 0.01| 0.49 |0.00 | 0.29 | 0.00| 0.18
160 | -0.010| 0.084|-0.01| 0.29 [-0.03| 0.29 | 0.03 | 0.49 |0.01 | 0.29 [-0.00| 0.18
200 0.024 | 0.085|-0.05| 0.29 (-0.01| 0.29 |-0.06| 0.49 |-0.01| 0.29 [-0.03| 0.18
250 0.003 | 0.086|-0.05| 0.29 [0.01 | 0.29 |-0.00| 0.49 |0.01 | 0.29 [-0.01| 0.18
315 0.005 | 0.085(-0.05| 0.29 | 0.00 | 0.29 | 0.00 | 0.49 | 0.00 | 0.29 |[-0.02| 0.18
400 | -0.001| 0.084|-0.02| 0.29 | 0.01 | 0.29 [0.00 | 0.49 |0.03| 0.29 |-0.01| 0.18
500 | -0.004| 0.084|-0.01| 0.29 | 0.00 | 0.29 [0.00 | 0.49 |-0.01| 0.29 |-0.01| 0.18
630 0.001 | 0.084|-0.02| 0.29 (-0.02| 0.29 |-0.00| 0.49 |0.02 | 0.29 [-0.01| 0.18
800 | -0.006| 0.084|-0.02| 0.29 | 0.03 | 0.29 [0.03| 0.49 |0.03| 0.29 |-0.01| 0.18
1000 | -0.007| 0.089|-0.00| 0.29 [0.02 | 0.29 |-0.01| 0.49 |0.04 | 0.49 [-0.01| 0.18
1250 | -0.021| 0.104| 0.00 | 0.28 [0.01 | 0.28 |-0.01| 0.49 |0.09 | 0.49 |[0.00| 0.17
1500 | -0.048| 0.104|-0.05| 0.28 [-0.01| 0.28 | 0.01 | 0.49 |0.09 | 0.49 |0.02| 0.17
1600 | -0.040| 0.104|-0.04| 0.28 [0.05| 0.28 |-0.01| 0.49 |0.04 | 0.49 |[0.01| 0.17
2000 | -0.049| 0.104(-0.04| 0.28 [ 0.09 | 0.28 |-0.00| 0.49 |[0.08 | 0.49 |0.01 | 0.17
2500 | -0.066| 0.109(-0.02| 0.28 [ 0.08 | 0.28 |-0.01| 0.49 |[0.11 | 0.49 |0.02 | 0.21
3000 | -0.088| 0.109(-0.03| 0.28 | 0.08 | 0.28 |-0.00| 0.49 [ 0.10 | 0.49 | 0.03| 0.21
3150 | -0.108| 0.115(-0.09| 0.28 | 0.14 | 0.28 |-0.01| 0.49 [0.14 | 0.49 | 0.05| 0.32
3500 | -0.111| 0.115(-0.05| 0.28 | 0.12 | 0.28 |-0.02| 0.49 [0.14| 0.49 | 0.04| 0.32
4000 | -0.152| 0.118(-0.05| 0.28 | 0.14 | 0.28 | 0.00 | 0.49 [ 0.21 | 0.49 | 0.07| 0.49
4500 | -0.170| 0.119(-0.04| 0.28 | 0.19| 0.28 |0.00 | 0.49 [0.22 | 0.59 | 0.08 | 0.49
5000 | -0.208| 0.134(-0.11| 0.27 [ 0.18 | 0.38 | 0.01 | 0.48 [0.25| 0.58 [ 0.11 | 0.48
5500 | -0.170| 0.176|-0.13| 0.47 [ 0.18 | 0.36 |-0.13| 0.98 |0.22 | 0.57 | 0.06 | 0.78
6000 | -0.194| 0.176(-0.20| 0.47 | 0.20 | 0.36 |-0.07| 0.98 [ 0.22 | 0.57 | 0.07| 0.78
6300 | -0.201| 0.176(-0.25| 0.47 | 0.17| 0.36 [-0.07| 0.98 | 0.23 | 0.57 |0.07 | 0.78
6500 | -0.219| 0.176(-0.21| 0.47 | 0.20| 0.36 |-0.06| 0.98 [ 0.27 | 0.57 | 0.08 | 0.78
7000 | -0.229| 0.180(-0.24| 0.47 | 0.25| 0.36 |-0.05| 0.98 [0.32| 0.78 | 0.08 | 0.78
7500 | -0.237| 0.181(-0.21| 0.47 [ 0.27 | 0.36 |-0.05| 0.98 [0.30 | 0.78 | 0.08 | 0.98
8000 | -0.230| 0.191(-0.21| 0.46 | 0.23 | 0.35 [-0.14| 0.98 | 0.25| 0.78 | 0.06 | 0.98
8500 | -0.274| 0.191(-0.18| 0.46 | 0.21 | 0.35 |-0.19| 0.98 [ 0.23 | 0.78 | 0.08 | 0.98
9000 | -0.379| 0.191(-0.15| 0.46 | 0.22 | 0.35 [-0.15| 0.98 | 0.03 | 0.78 |0.18 [ 0.98
9500 | -0.254| 0.191(-0.25| 0.46 | 0.20| 0.35 |-0.16| 0.98 [ 0.28 | 0.78 | 0.03 | 0.98
10000| -0.274| 0.197|-0.22| 0.46 |0.30 | 0.35 |-0.21| 0.98 | 0.29 | 0.78 | 0.04 | 0.98
10500| -0.283| 0.239|-0.27| 0.44 | 0.20 | 0.32 [-0.24| 1.48 |0.31| 1.18 | 0.03 | 1.18
11000| -0.329| 0.256(-0.21| 0.43 |0.37 | 0.43 |-0.23| 1.48 |0.37 | 1.17 | 0.07 | 1.17
11500| -0.332| 0.239|-0.25| 0.44 | 0.28 | 0.32 [-0.23| 1.48 |0.38| 1.18 | 0.05| 1.18
12000| -0.304| 0.239(-0.33| 0.44 | 0.35| 0.32 |-0.23| 1.48 |0.37 | 1.18 [ 0.01 | 1.18
12500| -0.330| 0.245|-0.34| 0.44 | 0.29 | 0.32 [-0.22| 1.48 |0.40| 1.17 |0.02 | 1.17
13000| -0.365| 0.266(-0.27| 0.42 [0.39 | 0.42 |-0.27| 1.48 |0.51 | 1.48 [0.04 | 1.17
13500| -0.379| 0.266|-0.26| 0.42 | 0.32 | 0.42 [-0.21| 1.48 | 0.51 | 1.48 |0.04 | 1.17
14000| -0.378| 0.266(-0.34| 0.42 | 0.43| 0.42 |-0.22| 1.48 |0.50 | 1.48 [ 0.02 | 1.17
14500| -0.402| 0.266|-0.25| 0.42 | 0.30 | 0.42 [-0.28| 1.48 | 0.57 | 1.48 |0.02 | 1.17
15000| -0.421| 0.269(-0.23| 0.42 |[0.36 | 0.42 |-0.35| 1.48 |0.51 | 1.48 [0.02| 1.17
15500| -0.476| 0.286(-0.22| 0.41 | 0.45| 0.41 [-0.25| 1.47 | 0.64| 1.98 |0.06 | 1.17
16000| -0.537| 0.288(-0.16| 0.41 |0.36 | 0.41 |-0.17| 1.47 |0.59 | 1.98 |[0.11| 1.17
16500| -0.587| 0.303|-0.19| 0.40 | 0.51 | 0.52 [-0.31| 1.47 |0.72| 1.98 |0.14 | 1.16
17000| -0.692| 0.332|-0.03| 0.37 [ 0.28 | 0.94 |-0.29| 1.46 |0.59 | 1.97 | 0.22| 1.15
17500| -0.760| 0.332| 0.04 | 0.37 | 0.26 | 0.94 [-0.40| 1.46 | 0.55| 1.97 |0.27 | 1.15
18000| -0.846| 0.332| 0.06 | 0.37 | 0.12 | 0.94 |-0.22| 1.46 |0.58 | 1.97 [0.34| 1.15
18500| -0.897| 0.336(-0.03| 0.37 |0.47 | 1.05 |-0.18| 1.46 |0.93 | 1.97 [0.37| 1.15
19000| -0.831| 0.332|-0.10| 0.37 | 0.17 | 0.94 [-0.31| 1.46 |0.63| 1.97 |0.28 | 1.15
19500| -0.659| 0.303|-0.27| 0.40 |0.50 [ 0.52 |-0.26| 1.47 |0.77 | 1.98 | 0.08 | 1.16
20000 -0.713| 0.303(-0.33| 0.40 | 0.52| 0.52 |-0.27| 1.47 {090 | 1.98 | 0.11| 1.16
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CHAPTER 8. DEGREE OF EQUIVALENCE WITH RESPECT TO THE KC-RV

(continued) Unilateral degrees of equivalence for the phase of the SE

f KCRV NMISA VNIIM NMC,A*STAR UkrMet
in | Xgkc| Ukc| Di | Up, | Di | Up, | Di| Up, D; | Up,
Hz in ° in ° in ° in ° in °

10 0.006 | 0.083| 0.03 | 0.18 | 0.03 | 1.00 |-0.01 0.31 -0.02| 0.49
12.5 | -0.006| 0.083| 0.03 | 0.18 | 0.03 | 1.00 | 0.02 0.31 0.01 | 0.49
16 0.000 | 0.082| 0.02 | 0.18 | 0.04 | 1.00 | 0.01 0.31 -0.02| 0.49
20 | -0.001| 0.081| 0.02 | 0.18 | 0.07 | 0.49 | 0.02 0.35 -0.03| 0.49
25 | -0.006| 0.081| 0.02 | 0.18 |-0.03 | 0.49 | 0.04 0.35 -0.04| 0.49
31.5 | -0.006| 0.081| 0.02 | 0.18 | -0.07 | 0.49 | 0.04 0.35 -0.05| 0.49
40 | -0.006| 0.081| 0.02 | 0.18 | -0.00 | 0.49 | 0.05 0.35 -0.02| 0.49
63 | -0.013| 0.081| 0.01 | 0.18 | -0.06 | 0.49 | 0.04 0.35 -0.03| 0.49
80 | -0.011| 0.081| 0.01 | 0.18 | -0.05 | 0.49 | 0.04 0.35 -0.01| 0.49
100 | -0.008| 0.081| 0.01 | 0.18 |-0.07 | 0.49 | 0.03 0.35 -0.00| 0.49
125 | -0.000| 0.084| 0.00 | 0.29 |-0.02 | 0.49 |0.18 0.35 -0.06| 0.49
160 | -0.010| 0.084(-0.02| 0.29 | 0.06 | 0.49 | 0.05 0.35 -0.04| 0.49
200 | 0.024 | 0.085]|-0.04| 0.29 | 0.59 | 0.49 | 0.05 0.35 0.16 | 0.49
250 | 0.003 | 0.086(-0.02| 0.29 | 1.27*| 0.51* | 0.03 0.35 0.19 | 0.49
315 | 0.005| 0.085(-0.03| 0.29 | 0.24 | 0.49 | 0.02 0.35 -0.03| 0.49
400 | -0.001| 0.084(-0.03| 0.29 | 0.01 | 0.49 |0.03 0.35 0.01 | 0.49
500 | -0.004| 0.084|-0.04| 0.29 | 0.04 | 0.49 | 0.03 0.35 0.09 | 0.49
630 | 0.001 | 0.084|-0.03| 0.29 | 0.10 | 0.49 | 0.05 0.35 0.13 | 0.49
800 | -0.006| 0.084|-0.06| 0.29 | 0.10 | 0.49 | 0.03 0.35 0.16 | 0.49
1000 | -0.007| 0.089|-0.07| 0.29 | 0.11 | 0.49 | 0.07 0.61 0.18 | 0.49
1250 | -0.021| 0.104|-0.07| 0.49 | 0.07 | 0.49 | 0.05 0.61 -0.07| 0.69
1500 | -0.048| 0.104|-0.05| 0.49 | 0.11 | 0.49 | 0.08 0.61 0.07 | 0.69
1600 | -0.040| 0.104|-0.07| 0.49 | 0.08 | 0.49 | 0.05 0.61 0.05 | 0.69
2000 | -0.049| 0.104|-0.08| 0.49 | 0.03 | 0.49 | 0.08 0.61 0.06 | 0.69
2500 | -0.066| 0.109(-0.07| 0.49 | -0.01 | 0.49 |0.11 0.61 0.11 | 0.69
3000 | -0.088| 0.109|-0.09| 0.49 | -0.01 | 0.49 |0.11 0.61 0.07 | 0.69
3150 | -0.108| 0.115(-0.10| 0.49 | -0.08 | 0.49 | 0.15 0.61 0.04 | 0.69
3500 | -0.111| 0.115|-0.10| 0.49 | -0.15 | 0.49 | 0.16 0.61 0.09 | 0.69
4000 | -0.152| 0.118(-0.10| 0.49 | -0.26 | 0.49 | 0.23 0.61 -0.04| 0.69
4500 | -0.170| 0.119|-0.10| 0.49 | -0.39 | 0.49 | 0.21 0.61 -0.01| 0.69
5000 | -0.208| 0.134(-0.11| 0.79 | -0.47 | 0.48 | 0.24 0.65 -0.15| 0.69
5500 | -0.170| 0.176|-0.17| 0.78 | -0.57 | 0.98 | 0.23 0.64 -0.19| 1.49
6000 | -0.194| 0.176(-0.16| 0.78 | -0.60 | 0.98 | 0.21 0.64 -0.43| 1.49
6300 | -0.201| 0.176|-0.20| 0.78 | -0.76 | 0.98 | 0.25 0.64 -0.23| 1.49
6500 | -0.219| 0.176(-0.18| 0.78 | -0.72 | 0.98 | 0.19 0.64 -0.32| 1.49
7000 | -0.229| 0.180(-0.25| 0.78 | -0.69 | 0.98 | 0.26 0.64 -0.28] 1.49
7500 | -0.237| 0.181|-0.29| 0.78 | -0.91 | 0.98 | 0.27 0.63 -0.23| 1.49
8000 | -0.230( 0.191|-0.28 | 0.78 | -1.02| 0.98 | 0.20 0.63 -0.42| 1.49
8500 | -0.274| 0.191(-0.26| 0.78 | -1.11| 0.98 | 0.15 0.63 -0.41| 1.49
9000 | -0.379| 0.191| 0.38 | 0.78 | -0.92 | 0.98 [-0.05 0.63 -0.31] 1.49
9500 | -0.254| 0.191(-0.39| 0.78 | -0.84 | 0.98 | 0.27 0.63 -0.44| 1.49
10000 | -0.274| 0.197|-0.36| 0.78 | -1.29| 0.98 | 0.22 1.20 -0.19] 1.49
10500 -0.283| 0.239(-0.36| 0.76 |-0.84 | 1.48 | 0.20 1.20 -0.43| 1.99
11000| -0.329| 0.256|-0.36| 0.76 | -1.06 | 1.48 | 0.24 1.19 -0.47| 1.98
11500 -0.332| 0.239(-0.42| 0.76 |-1.13 | 1.48 | 0.25 1.20 -0.49| 1.99
12000| -0.304| 0.239(-0.49| 0.76 | -0.92 | 1.48 | 0.24 1.20 -0.69| 1.99
12500 -0.330| 0.245(-0.51| 1.17 |-1.01 | 1.48 | 0.27 1.20 -0.48| 1.98
13000| -0.365| 0.266|-0.52| 1.17 | -0.98 | 1.48 | 0.28 1.19 -0.61| 1.98
13500 -0.379| 0.266(-0.55| 1.17 |-0.64 | 1.48 | 0.30 1.19 -0.43| 1.98
14000 | -0.378| 0.266|-0.56 | 1.17 | -0.97 | 1.48 | 0.32 1.19 0.35 | 1.98
14500 -0.402| 0.266(-0.62| 1.17 |-0.91 | 1.48 | 0.33 1.19 0.28 | 1.98
15000| -0.421| 0.269(-0.59| 1.17 | -0.99 | 1.48 | 0.29 1.64 0.07 | 1.98
15500 -0.476| 0.286(-0.54| 1.57 | -1.59| 1.47 | 0.31 1.64 -0.34| 2.99
16000 | -0.537| 0.288(-0.49| 1.57 | -2.09| 1.47 | 0.36 1.63 0.03 | 2.99
16500 -0.587| 0.303(-0.43| 1.57 | -1.91| 1.47 | 0.33 1.63 0.37 | 2.98
17000| -0.692| 0.332{-0.23| 1.57 | -0.96 | 1.46 | 0.23 1.63 0.32 | 2.98
17500 -0.760| 0.332| 0.04 | 1.57 |-0.72 | 1.46 | 0.05 1.63 -0.25| 2.98
18000 | -0.846| 0.332| 0.22 | 1.57 | -1.20 | 1.46 |-0.09 1.63 -0.26 | 2.98
18500 | -0.897| 0.336|-0.02| 1.56 | -1.08 | 1.46 | 0.30 1.63 0.13 | 2.98
19000 -0.831| 0.332(-0.49| 1.57 | 0.01 | 1.46 | 0.26 1.63 0.16 | 2.98
19500| -0.659| 0.303|-0.57| 1.57 | -0.67 | 1.47 | 0.19 1.63 0.45 | 2.98
20000| -0.713| 0.303|-0.56| 1.57 |-0.74 | 1.47 | 0.36 1.63 0.56 | 2.98




8.5. PHASE OF THE COMPLEX SENSITIVITY OF THE SE
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Figure 8.63: deviation of the phase for the frequencies 10 Hz and 12.5 Hz for the
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Figure 8.65: deviation of the phase for the frequencies 25 Hz and 31.5 Hz for the
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Figure 8.66: deviation of the phase for the frequencies 40 Hz and 63 Hz for the
SE
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Figure 8.67: deviation of the phase for the frequencies 80 Hz and 100 Hz for the
SE
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Figure 8.68: deviation of the phase for the frequencies 125 Hz and 160 Hz for the
SE
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Figure 8.69: deviation of the phase for the frequencies 200 Hz and 250 Hz for the
SE
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Figure 8.70: deviation of the phase for the frequencies 315 Hz and 400 Hz for the
SE
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Figure 8.71: deviation of the phase for the frequencies 500 Hz and 630 Hz for the
SE
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Figure 8.72: deviation of the phase for the frequencies 800 Hz and 1000 Hz for
the SE
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Figure 8.73: deviation of the phase for the frequencies 1250 Hz and 1500 Hz for
the SE
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Figure 8.74: deviation of the phase for the frequencies 1600 Hz and 2000 Hz for
the SE
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Figure 8.75: deviation of the phase for the frequencies 2500 Hz and 3000 Hz for
the SE
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Figure 8.76: deviation of the phase for the frequencies 3150 Hz and 3500 Hz for
the SE
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Figure 8.77: deviation of the phase for the frequencies 4000 Hz and 4500 Hz for
the SE
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Figure 8.78: deviation of the phase for the frequencies 5000 Hz and 5500 Hz for
the SE
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Figure 8.79: deviation of the phase for the frequencies 6000 Hz and 6300 Hz for
the SE
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Figure 8.80: deviation of the phase for the frequencies 6500 Hz and 7000 Hz for
the SE
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Figure 8.81: deviation of the phase for the frequencies 7500 Hz and 8000 Hz for
the SE
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Figure 8.82: deviation of the phase for the frequencies 8500 Hz and 9000 Hz for
the SE
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Figure 8.83: deviation of the phase for the frequencies 9500 Hz and 10000 Hz for
the SE
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Figure 8.84: deviation of the phase for the frequencies 10500 Hz and 11000 Hz for
the SE
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Figure 8.85: deviation of the phase for the frequencies 11500 Hz and 12000 Hz for
the SE
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Figure 8.86: deviation of the phase for the frequencies 12500 Hz and 13000 Hz for
the SE
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Figure 8.87: deviation of the phase for the frequencies 13500 Hz and 14000 Hz for
the SE
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Figure 8.88: deviation of the phase for the frequencies 14500 Hz and 15000 Hz for
the SE
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Figure 8.89: deviation of the phase for the frequencies 15500 Hz and 16000 Hz for
the SE
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Figure 8.90: deviation of the phase for the frequencies 16500 Hz and 17000 Hz for
the SE
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Figure 8.91: deviation of the phase for the frequencies 17500 Hz and 18000 Hz for
the SE
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Figure 8.92: deviation of the phase for the frequencies 18500 Hz and 19000 Hz for
the SE
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deviation in 1°
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Figure 8.93: deviation of the phase for the frequencies 19500 Hz and 20000 Hz for
the SE
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8.6 Phase of the Complex Sensitivity of the BB



8.6. PHASE OF THE COMPLEX SENSITIVITY OF THE BB

Table 8.4: Unilateral degrees of equivalence for the phase of the BB

f KCRV PTB DPLA METAS CEM NIST
in Xkgc | Uke| Di | Up, | Di | Up, | D;i | Up, | Dy | Up, | D; | Up,
Hz in ° in © in ° in © in ° in °
10 179.987| 0.081|-0.03| 0.18 |-0.02 | 0.29 [-0.04| 0.39 |-0.03| 0.49 |0.00 | 0.49
12.5 | 179.988| 0.081|-0.06| 0.18 [-0.02 | 0.29 | 0.11| 0.39 |-0.03| 0.49 | 0.00 | 0.49
16 179.994| 0.081|-0.02| 0.18 |-0.01 | 0.29 [-0.01| 0.39 |-0.03| 0.49 [-0.01| 0.49
20 179.988| 0.081(-0.02| 0.18 |-0.02| 0.29 [ 0.03 | 0.37 |-0.03| 0.49 | 0.00 | 0.49
25 179.986| 0.081|-0.01| 0.18 |-0.04 | 0.29 |0.05| 0.37 |-0.03| 0.49 |0.01 | 0.49
31.5 | 179.985| 0.081(-0.02| 0.18 | 0.01 | 0.29 | 0.03 | 0.37 |-0.00| 0.49 |0.02 | 0.49
40 179.982| 0.081|-0.03| 0.18 |-0.02| 0.29 |0.02| 0.37 |-0.00| 0.49 |0.03 | 0.49
63 179.982| 0.082(-0.02| 0.18 |-0.00| 0.29 [-0.03| 0.37 | 0.01| 0.49 |0.03 | 0.49
80 179.972| 0.081|-0.02| 0.18 | 0.01 | 0.29 |[-0.03| 0.37 | 0.01| 0.49 |0.05| 0.49
100 | 179.979| 0.081| 0.00 | 0.18 | 0.01 | 0.29 |-0.05| 0.37 [-0.01| 0.49 | 0.03 | 0.49
125 | 179.981| 0.084| 0.01 | 0.18 |-0.00 | 0.29 |-0.07| 0.37 [-0.02| 0.49 | 0.01| 0.49
160 | 179.983| 0.084| 0.01 | 0.18 | 0.01 | 0.29 |-0.09| 0.37 [-0.00| 0.49 | 0.01| 0.49
200 | 179.995| 0.084|-0.01| 0.18 [-0.01| 0.29 | 0.03 | 0.37 |-0.02| 0.49 | 0.02| 0.49
250 | 179.999| 0.084|-0.01| 0.18 [-0.01| 0.29 | 0.00| 0.37 |-0.03| 0.49 | 0.02| 0.49
315 | 179.988| 0.084| 0.00 | 0.18 | 0.00 | 0.29 | 0.00 | 0.37 |-0.03| 0.49 | 0.04 | 0.49
400 | 179.988| 0.084| 0.00 | 0.18 |-0.02| 0.29 |-0.02| 0.37 [-0.03| 0.49 | 0.02 | 0.49
500 | 179.980| 0.084| 0.02 | 0.18 [-0.02 | 0.29 | 0.00 | 0.37 |-0.03| 0.49 | 0.02| 0.49
630 | 179.981| 0.084| 0.01 | 0.18 [-0.03| 0.29 |-0.01| 0.37 |0.03 | 0.49 | 0.04| 0.49
800 | 179.976| 0.084| 0.01 | 0.18 [-0.06 | 0.29 |-0.01| 0.37 |0.03 | 0.49 | 0.00| 0.49
1000 | 179.976| 0.089( 0.02 | 0.18 |-0.07| 0.29 | 0.03 | 0.47 |[0.03| 0.49 |-0.01| 0.49
1250 | 179.942| 0.104| 0.04 | 0.49 |-0.05| 0.28 | 0.06 | 0.47 [0.04 | 0.99 | 0.05| 0.49
1500 | 179.929| 0.104| 0.06 | 0.49 |-0.16 | 0.28 | 0.06 | 0.47 [ 0.08 | 0.99 | 0.04| 0.49
1600 | 179.920| 0.104| 0.07 | 0.49 |-0.21| 0.28 | 0.08 | 0.47 [ 0.08 | 0.99 | 0.04| 0.49
2000 | 179.918| 0.104| 0.07 | 0.49 [-0.17| 0.28 | 0.08 | 0.47 |0.08 | 0.99 | 0.04 | 0.49
2500 | 179.906| 0.109| 0.07 | 0.49 |[-0.17| 0.28 | 0.07| 0.47 |0.07| 0.99 |0.03| 0.49
3000 | 179.893| 0.109| 0.09 | 0.49 [-0.17| 0.28 | 0.10 | 0.47 |0.09 | 0.99 | 0.02 | 0.49
3150 | 179.869| 0.115| 0.11 | 0.49 |[-0.20| 0.28 | 0.11| 0.47 |0.10| 0.99 | 0.03 | 0.49
3500 | 179.846| 0.115| 0.12 | 0.49 [-0.17| 0.28 | 0.14| 0.47 |0.12| 0.99 | 0.05| 0.49
4000 | 179.812| 0.118| 0.17 | 0.49 [-0.13| 0.28 | 0.19 | 0.47 |0.16 | 0.99 | 0.06 | 0.49
4500 | 179.778| 0.119| 0.20 | 0.49 | -0.32| 0.28 | 0.21 | 0.46 |0.21 | 0.99 | 0.07 | 0.49
5000 | 179.739| 0.134| 0.23 | 0.48 [-0.16 | 0.48 | 0.23| 0.46 |0.22| 0.99 | 0.06 | 0.48
5500 | 179.727| 0.196| 0.24 | 0.46 |[-0.28 | 0.46 | 0.27| 0.84 |0.22 | 0.98 [ 0.03 | 0.98
6000 | 179.726| 0.196| 0.23 | 0.46 [-0.29 | 0.46 | 0.26 | 0.84 | 0.20 | 0.98 [-0.03| 0.98
6300 | 179.715| 0.196| 0.25 | 0.46 [-0.33 | 0.46 | 0.25| 0.86 | 0.27 | 0.98 [-0.06| 0.98
6500 | 179.673| 0.197| 0.29 | 0.46 |[-0.32| 0.46 | 0.29 | 0.88 |0.30 | 0.98 [ 0.05| 0.98
7000 | 179.624| 0.202| 0.34 | 0.46 |-0.33| 0.46 [0.35| 1.00 | 0.42| 0.98 |0.01 | 0.98
7500 | 179.539| 0.206| 0.34 | 0.46 |-0.34| 0.46 [0.10 | 1.24 |0.21| 0.98 |0.00 | 0.98
8000 | 179.620| 0.222| 0.38 | 0.45 [-0.63 | 0.98 | 0.33 | 1.42 |0.21 | 0.98 [-0.01| 0.98
8500 | 179.569| 0.223| 0.30 | 0.45 [-0.48 | 0.97 |0.76 | 1.77 |0.71| 0.97 [-0.19| 0.97
9000 | 179.493| 0.220| 0.46| 0.45 [-0.42 | 0.98 | 0.60| 1.10 | 0.68 | 0.98 [-0.24| 0.98
9500 | 179.841| 0.244| 0.26 | 0.44 |[-0.73 | 0.97 | 0.32| 1.03 |0.05| 0.97 [-0.36| 0.97
10000| 179.873| 0.255| 0.35 | 0.43 |-0.83 | 0.97 | 0.28 | 0.90 | 0.17| 0.97 | 0.17| 0.97
10500| 179.380| 0.298| 0.86 | 0.95 |-0.54| 1.98 |[0.69 | 1.71 | 0.60 | 1.47 | 0.47 | 1.47
11000| 179.707| 0.372| 0.40 | 0.93 |-0.80| 1.97 | 0.38 | 1.70 [ 0.32| 1.45 | 0.05| 1.45
11500| 179.684| 0.372| 0.32 | 0.93 |-0.87| 1.97 |0.44 | 1.70 | 0.23 | 1.45 |-0.08| 1.45
12000| 179.693| 0.372| 0.29 | 0.93 |-0.92| 1.97 | 0.47 | 1.70 [ 0.17 | 1.45 |-0.14| 1.45
12500| 179.764| 0.396| 0.20 | 0.92 |-0.98| 1.96 |0.29 | 1.67 |[0.12 | 1.45 |-0.24| 1.45
13000| 179.697| 0.404| 0.25 | 0.91 |-0.99| 1.96 | 0.30 | 1.67 [0.11 | 1.44 |-0.27| 1.44
13500| 179.681| 0.404| 0.26 | 0.91 |-0.95| 1.96 |0.21 | 1.67 |[0.10 | 1.44 |-0.29| 1.44
14000| 179.652| 0.404| 0.23 | 0.91 |-0.95| 1.96 | 0.21 | 1.67 [0.07| 1.44 |-0.60| 1.44
14500| 179.127| 0.314| 0.63 | 0.95 |-0.24| 1.98 |[0.79 | 1.69 [ 0.51 | 1.47 | 0.15| 1.47
15000| 179.635| 0.415( 0.26 | 0.91 |-0.82| 1.96 | 0.26 | 1.67 [ 0.03 | 1.44 |-0.32| 1.44
15500| 178.937| 0.349( 0.95| 1.97 |-0.39| 1.97 |0.86| 1.68 [0.73 | 1.97 | 0.35| 1.46
16000| 179.654| 0.494| 0.24 | 1.94 |-1.23| 2.96 |0.14 | 1.65 [ 0.03| 1.94 |-0.37| 1.42
16500| 179.666| 0.494| 0.23 | 1.94 |-1.32| 2.96 |0.05| 1.65 [-0.03| 1.94 |-0.39| 1.42
17000| 179.669| 0.494| 0.22 | 1.94 |-1.37| 2.96 |-0.06| 1.65 [-0.07| 1.94 |-0.40| 1.42
17500| 179.668| 0.494| 0.24 | 1.94 |-1.43| 2.96 |-0.07| 1.65 [-0.06| 1.94 |-0.42| 1.42
18000| 179.641| 0.494| 0.28 | 1.94 |-1.48| 2.96 |-0.09| 1.65 [-0.07| 1.94 |-0.41| 1.42
18500| 179.650| 0.494| 0.29 | 1.94 |-1.51| 2.96 |-0.13| 1.65 [-0.10| 1.94 |-0.41| 1.42
19000| 179.632| 0.494| 0.32 | 1.94 |-1.41| 2.96 |-0.15| 1.65 [-0.09| 1.94 |-0.39| 1.42
19500| 179.732| 0.494| 0.22 | 1.94 |-1.46| 2.96 |-0.30| 1.65 [-0.20| 1.94 |-0.51| 1.42
20000| 179.668| 0.494| 0.30 | 1.94 |-1.39 | 2.96 [-0.29| 1.65 |-0.14| 1.94 |-0.43| 1.42
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(continued) Unilateral degrees of equivalence for the phase of the BB

f KCRV CENAM NMIJ NIM NMIA INMETRO
in Xkgc | Uxke| Dsi | Up, | Di| Up, | Di | Up, | D; | Up, | Di | Up,
Hz in ° in ° in ° in ° in ° in °

10 | 179.987| 0.081| 0.01 | 0.29 |0.02| 0.29 [0.09 | 0.49 [-0.04| 0.29 |-0.02| 0.18

12.5 | 179.988| 0.081| 0.01 | 0.29 [-0.01| 0.29 [0.06 | 0.49 |-0.03| 0.29 |-0.02| 0.18

16 | 179.994| 0.081| 0.01 | 0.29 [-0.01| 0.29 [0.05| 0.49 [-0.02| 0.29 |-0.02| 0.18

20 | 179.988| 0.081| 0.01 | 0.29 |0.02 | 0.29 | 0.01 | 0.49 [-0.03| 0.29 [-0.02| 0.18

25 | 179.986| 0.081| 0.01 | 0.29 [-0.01| 0.29 | 0.03 | 0.49 |-0.03| 0.29 |-0.02| 0.18

31.5 | 179.985| 0.081| 0.02 | 0.29 |0.01| 0.29 |-0.01| 0.49 |-0.02| 0.29 |-0.01| 0.18

40 | 179.982| 0.081| 0.02 | 0.29 |-0.02| 0.29 | 0.03| 0.49 [-0.02| 0.29 [-0.01| 0.18

63 | 179.982| 0.082| -0.02 | 0.29 | 0.04 | 0.39 | 0.03 | 0.49 [-0.01| 0.29 [-0.01| 0.18

80 | 179.972| 0.081| -0.06 | 0.29 [-0.00( 0.29 | 0.02 | 0.49 |-0.00| 0.29 |-0.00| 0.18

100 | 179.979| 0.081| -0.03 | 0.29 |-0.03| 0.29 | 0.01 | 0.49 | 0.00 | 0.29 |-0.01| 0.18

125 | 179.981| 0.084| 0.01 | 0.29 [-0.03| 0.29 | 0.02 | 0.49 |-0.00| 0.29 |-0.01| 0.18

160 | 179.983| 0.084| -0.00 | 0.29 |-0.03| 0.29 | 0.02 | 0.49 |-0.00| 0.29 |-0.01| 0.18

200 | 179.995| 0.084| -0.03 | 0.29 (-0.01| 0.29 [0.03 | 0.49 [-0.03| 0.29 |-0.03| 0.18

250 | 179.999| 0.084| 0.00 | 0.29 [0.02| 0.29 [-0.01| 0.49 [-0.01| 0.29 |-0.03| 0.18

315 | 179.988| 0.084| -0.01 | 0.29 [0.03| 0.29 [0.00 | 0.49 |0.01 | 0.29 |-0.03| 0.18

400 | 179.988| 0.084| -0.05 | 0.29 | 0.03 | 0.29 | 0.01 | 0.49 | 0.04| 0.29 |-0.03| 0.18

500 | 179.980| 0.084| -0.06 | 0.29 [0.01 | 0.29 [0.01 | 0.49 |0.00 | 0.29 |-0.02| 0.18

630 | 179.981| 0.084| -0.05 | 0.29 [0.01 | 0.29 [-0.01| 0.49 |0.03 | 0.29 |-0.02| 0.18

800 | 179.976| 0.084| -0.09 | 0.29 [0.01 | 0.29 [-0.01| 0.49 |0.03 | 0.29 |-0.02| 0.18

1000 | 179.976| 0.089| -0.11 | 0.29 | 0.02 | 0.29 [-0.03| 0.49 | 0.04 | 0.49 |-0.03| 0.18

1250 | 179.942| 0.104| -0.18 | 0.28 | 0.06 | 0.28 [ 0.02 | 0.49 |0.12 | 0.49 | 0.01 | 0.17

1500 | 179.929| 0.104| -0.08 | 0.28 | 0.06 | 0.28 | 0.01 | 0.49 |0.10| 0.49 [0.01| 0.17

1600 | 179.920| 0.104| -0.12 | 0.28 | 0.08 | 0.28 |-0.02| 0.49 | 0.06 | 0.49 |0.02| 0.17

2000 | 179.918| 0.104| -0.18 | 0.28 [ 0.09| 0.28 [-0.04| 0.49 |0.10| 0.49 | 0.02 | 0.17

2500 | 179.906| 0.109| -0.15 | 0.28 | 0.08 | 0.28 [-0.05| 0.49 | 0.11| 0.49 | 0.02 | 0.21

3000 | 179.893| 0.109| -0.14 | 0.28 |[0.10| 0.28 [-0.03| 0.49 |0.11| 0.49 | 0.03 | 0.21

3150 | 179.869| 0.115| -0.19 | 0.28 [ 0.11| 0.28 [-0.06| 0.49 |0.13 | 0.49 | 0.05| 0.32

3500 | 179.846| 0.115| -0.34 | 0.28 [ 0.18 | 0.28 [-0.04| 0.49 |0.18 | 0.49 | 0.06 | 0.32

4000 | 179.812| 0.118| -0.39 | 0.28 [ 0.20 | 0.28 [-0.01| 0.49 |0.24| 0.49 | 0.09 | 0.49

4500 | 179.778| 0.119| -0.27 | 0.28 [0.24| 0.28 [0.00| 0.49 |0.20| 0.59 | 0.11 | 0.49

5000 | 179.739| 0.134| -0.43 | 0.27 [ 0.21| 0.38 [-0.06| 0.48 |0.29 | 0.58 | 0.15 | 0.48

5500 | 179.727| 0.196| -0.50 | 0.46 -0.09| 0.98 |0.32 | 0.57 | 0.15| 0.78
6000 | 179.726| 0.196| -0.41 | 0.46 -0.13| 0.98 | 0.30 | 0.57 | 0.14 | 0.78
6300 | 179.715| 0.196| -0.41 | 0.46 -0.08]| 0.98 [0.32| 0.57 [0.16 | 0.78
6500 | 179.673| 0.197| -0.55 | 0.46 -0.05| 0.98 |0.39 | 0.57 | 0.19 | 0.78
7000 | 179.624| 0.202| -0.60 | 0.46 0.07| 0.98 [0.40| 0.77 | 0.24 | 0.77
7500 | 179.539| 0.206| -0.52 | 0.46 -0.02| 0.98 | 049 | 0.77 | 0.31| 0.98
8000 | 179.620| 0.222| -0.46 | 0.45 -0.11] 0.98 [0.38 | 0.77 [ 0.22 | 0.98
8500 | 179.569| 0.223| -0.50 | 0.45 -0.08| 0.97 | 0.08 | 0.77 | 0.27 | 0.97
9000 | 179.493| 0.220| -0.41 | 0.45 -0.13] 0.98 [0.07| 0.77 [ 0.34 | 0.98
9500 | 179.841| 0.244| -1.05* | 0.56* -0.33| 0.97 | 0.61| 0.76 |-0.02| 0.97
10000| 179.873| 0.255| -1.01* | 0.56* -0.32] 0.97 [0.25| 0.76 [-0.05| 0.97
10500 179.380| 0.298| -0.63 | 0.40 0.18| 1.47 [095| 1.16 [ 0.43 | 1.16
11000| 179.707| 0.372| -1.01* | 0.62* -0.21| 1.45 [1.00| 1.14 | 0.09 | 1.14
11500| 179.684| 0.372| -1.08* | 0.62* -0.13| 1.45 [0.89| 1.14 [0.12 | 1.14
12000| 179.693| 0.372| -1.26* | 0.62* -0.29| 1.45 [0.76 | 1.14 | 0.10 | 1.14
12500| 179.764| 0.396| -1.39* | 0.64* -0.42| 1.45 [0.55| 1.13 [ 0.03 | 1.13
13000| 179.697| 0.404| -1.32* | 0.64* -0.42| 1.44 | 0.54| 1.44 [ 0.08 | 1.13
13500| 179.681| 0.404| -1.43*| 0.64* -0.42| 1.44 |0.51| 1.44 [0.09 | 1.13
14000| 179.652| 0.404| -1.32* | 0.64* -0.33| 1.44 [0.50| 1.44 |[0.12 | 1.13
14500 179.127| 0.314| -0.77 | 0.39 -0.03| 1.47 | 0.77 | 1.47 | 0.63 | 1.16
15000| 179.635| 0.415| -1.52* | 0.65* -0.51| 1.44 [0.51| 1.44 [0.13 | 1.13
15500 178.937| 0.349| -0.72 | 0.36 0.19| 1.46 |1.20| 1.97 | 0.81 | 1.15
16000 | 179.654| 0.494| -1.59* | 0.70* -0.54| 1.42 | 0.56 | 1.94 | 0.10 | 1.09
16500| 179.666| 0.494| -1.47*| 0.70* -0.46| 1.42 | 047 | 1.94 | 0.07 | 1.09
17000| 179.669| 0.494| -1.59* | 0.70* -0.50| 1.42 |[0.48 | 1.94 |0.07 | 1.09
17500| 179.668| 0.494| -1.57*| 0.70* -0.59| 1.42 | 048 | 1.94 | 0.06 | 1.09
18000 | 179.641| 0.494| -1.64* | 0.70* -0.69| 1.42 | 0.58 | 1.94 | 0.09 | 1.09
18500| 179.650| 0.494| -1.85*| 0.70* -0.61| 1.42 | 0.62| 1.94 | 0.07 | 1.09
19000| 179.632| 0.494| -1.93* | 0.70* -0.61| 1.42 | 0.49 | 1.94 | 0.09 | 1.09
19500| 179.732| 0.494| -2.03*| 0.70* -0.78| 1.42 | 0.55| 1.94 |-0.02| 1.09

20000| 179.668| 0.494| -2.11*| 0.70* -0.71| 1.42 | 047 | 1.94 |0.04 | 1.09




8.6. PHASE OF THE COMPLEX SENSITIVITY OF THE BB

(continued) Unilateral degrees of equivalence for the phase of the BB

f KCRV NMISA VNIIM NMC,A*STAR UkrMet
in Xxc | Uke| Di | Up, | Di| Up, | Di | Up, D; | Up,
Hz in © in © in ° in ° in °
10 179.987| 0.081| 0.06 | 0.18 |-0.08| 1.00 | 0.00 0.31 -0.06| 0.49
12.5 | 179.988 | 0.081| 0.06 | 0.18 [-0.11| 1.00 | 0.00 0.31 0.00 | 0.49
16 179.994| 0.081| 0.10 | 0.18 |-0.09| 1.00 |-0.01 0.31 -0.08| 0.49
20 179.988| 0.081| 0.05 | 0.18 |[-0.08| 0.49 | 0.01 0.35 -0.04| 0.49
25 179.986| 0.081| 0.04 | 0.18 |-0.10| 0.49 | 0.02 0.35 -0.05| 0.49
31.5 | 179.985| 0.081| 0.05 | 0.18 |-0.09| 0.49 | 0.03 0.35 -0.03| 0.49
40 179.982| 0.081| 0.06 | 0.18 |-0.06| 0.49 | 0.03 0.35 -0.03| 0.49
63 179.982| 0.082| 0.05 | 0.18 |-0.06| 0.49 | 0.02 0.35 -0.03| 0.49
80 179.972| 0.081| 0.05 | 0.18 |-0.05| 0.49 | 0.04 0.35 -0.03| 0.49
100 | 179.979| 0.081( 0.04 | 0.18 |-0.05| 0.49 | 0.04 0.35 -0.05| 0.49
125 | 179.981| 0.084( 0.04 | 0.29 |-0.01| 0.49 | 0.06 0.35 -0.01| 0.49
160 | 179.983| 0.084( 0.06 | 0.29 | 0.04 | 0.49 | 0.03 0.35 0.03 | 0.49
200 | 179.995| 0.084| 0.01 | 0.29 | 0.06 | 0.49 | 0.02 0.35 0.09 | 0.49
250 | 179.999| 0.084| 0.00 | 0.29 | 0.09 | 0.49 | 0.02 0.35 0.10 | 0.49
315 | 179.988| 0.084| 0.00 | 0.29 [ 0.01 | 0.49 | 0.03 0.35 -0.04| 0.49
400 | 179.988| 0.084| 0.00 | 0.29 [ 0.12| 0.49 | 0.03 0.35 -0.03| 0.49
500 | 179.980| 0.084| 0.00 | 0.29 | 0.12 | 0.49 | 0.03 0.35 0.00 | 0.49
630 | 179.981| 0.084| -0.01 | 0.29 [ 0.10| 0.49 | 0.06 0.35 -0.03| 0.49
800 | 179.976| 0.084| -0.02 | 0.29 [ 0.11| 0.49 | 0.04 0.35 0.10 | 0.49
1000 | 179.976| 0.089( -0.05 | 0.29 | 0.21 | 0.49 | 0.05 0.61 0.20 | 0.49
1250 | 179.942| 0.104( -0.02 | 0.49 | 0.19| 0.49 | 0.08 0.61 -0.16| 0.69
1500 | 179.929| 0.104( -0.04 | 0.49 | 0.07 | 0.49 | 0.09 0.61 0.06 | 0.69
1600 | 179.920| 0.104( -0.02 | 0.49 | 0.24 | 0.49 | 0.10 0.61 0.06 | 0.69
2000 | 179.918| 0.104| -0.04| 0.49 | 0.24| 0.49 | 0.11 0.61 0.02 | 0.69
2500 | 179.906| 0.109| -0.05| 0.49 | 0.26 | 0.49 | 0.12 0.61 -0.11| 0.69
3000 | 179.893| 0.109| -0.07 | 0.49 | 0.21| 0.49 | 0.13 0.61 -0.04| 0.69
3150 | 179.869| 0.115| -0.07 | 0.49 | 0.21| 0.49 | 0.16 0.61 0.10 | 0.69
3500 | 179.846| 0.115| -0.05| 0.49 | 0.07 | 0.49 | 0.21 0.61 0.14 | 0.69
4000 | 179.812| 0.118| -0.05| 0.49 | 0.04 | 0.49 | 0.26 0.61 -0.05| 0.69
4500 | 179.778 | 0.119| -0.04 | 0.49 [ 0.05| 0.49 | 0.24 0.61 -0.05( 0.69
5000 | 179.739| 0.134| -0.05| 0.79 | 0.00 | 0.48 | 0.28 0.65 -0.02| 0.69
5500 | 179.727| 0.196| -0.06 | 0.78 |-0.08| 0.98 | 0.29 0.63 -0.12| 1.49
6000 | 179.726| 0.196| -0.09 | 0.78 |-0.04| 0.98 | 0.26 0.63 -0.18| 1.49
6300 | 179.715| 0.196| -0.11 | 0.78 |-0.04| 0.98 | 0.32 0.63 -0.08| 1.49
6500 | 179.673| 0.197| -0.07 | 0.78 |-0.18| 0.98 | 0.29 0.63 -0.03| 1.49
7000 | 179.624| 0.202| -0.06 | 0.77 |-0.13| 0.98 | 0.37 0.63 0.01 | 1.49
7500 | 179.539| 0.206| 0.04 | 0.77 |-0.09| 0.98 | 0.36 0.63 -0.15| 1.49
8000 | 179.620| 0.222| -0.07 | 0.77 |-0.32| 0.98 | 0.15 0.62 -0.04| 1.48
8500 | 179.569| 0.223| 0.42 | 0.77 |-0.11| 0.97 |[-0.11 0.62 -0.24| 1.48
9000 | 179.493| 0.220| 0.51 | 0.77 | 0.20 | 0.98 | -0.82 0.62 [-0.15| 1.48
9500 | 179.841| 0.244| -0.92| 0.76 |-0.01| 0.97 | 0.31 0.61 -0.29| 1.48
10000 | 179.873| 0.255( -0.66 | 0.76 [-0.43| 0.97 | 0.43 1.19 -0.07| 1.48
10500| 179.380| 0.298| -0.48 | 0.74 | 0.15| 1.47 | 1.04 1.18 0.14 | 1.98
11000| 179.707| 0.372| -1.03| 0.71 [-0.04| 1.45 | 0.73 1.16 -0.14| 1.97
11500| 179.684| 0.372| -0.96| 0.71 | 0.01 | 1.45 | 0.75 1.16 0.24 | 1.97
12000 179.693| 0.372| -0.86( 0.71 | 0.22 | 1.45 | 0.70 1.16 0.41 | 1.97
12500| 179.764| 0.396| -0.85 | 1.13 | 0.04 | 1.45 | 0.45 1.15 0.32 | 1.96
13000 179.697| 0.404|-0.77 | 1.13 | 0.06 | 1.44 | 0.52 1.15 -0.01| 1.96
13500| 179.681| 0.404|-0.71 | 1.13 [ 0.29 | 1.44 | 0.39 1.15 -0.02| 1.96
14000 179.652| 0.404|-0.65 | 1.13 | 0.42| 1.44 | 0.38 1.15 0.13 | 1.96
14500| 179.127| 0.314| -0.07 | 1.16 | 1.21 | 1.47 | 0.76 1.18 0.60 | 1.98
15000 179.635| 0.415( -0.71 | 1.13 | 0.77 | 1.44 | 0.29 1.61 -0.12| 1.96
15500| 178.937| 0.349| -0.05| 1.56 | 1.61| 1.46 | 1.00 1.62 0.69 | 2.98
16000 | 179.654| 0.494| -0.79 | 1.52 | 1.02 | 1.42 | 0.27 1.58 -0.10| 2.96
16500| 179.666| 0.494| -0.83 | 1.52 | 1.16 | 1.42 | 0.22 1.58 0.02 | 2.96
17000| 179.669| 0.494( -0.87 | 1.52 | 1.38 | 1.42 | 0.21 1.58 0.13 | 2.96
17500| 179.668| 0.494| -0.89 | 1.52 1.54| 1.42 | 0.20 1.58 0.06 | 2.96
18000 | 179.641| 0.494|-0.91 | 1.52 1.61| 1.42 | 0.20 1.58 -0.05| 2.96
18500| 179.650| 0.494| -0.95| 1.52 1.60| 1.42 | 0.18 1.58 0.09 | 2.96
19000 | 179.632| 0.494| -0.97 | 1.52 1.63| 1.42 | 0.14 1.58 0.19 | 2.96
19500 179.732| 0.494|-1.09 | 1.52 | 2.55| 1.42 | 0.04 1.58 -0.05| 2.96
20000 | 179.668| 0.494( -1.05| 1.52 | 2.14| 1.42 | 0.07 1.58 -0.01| 2.96
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deviation in 1°

CHAPTER 8. DEGREE OF EQUIVALENCE WITH RESPECT TO THE KC-RV
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Figure 8.94: deviation of the phase for the frequencies 10 Hz and 12.5 Hz for the
BB
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Figure 8.95: deviation of the phase for the frequencies 16 Hz and 20 Hz for the
BB
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Figure 8.96: deviation of the phase for the frequencies 25 Hz and 31.5 Hz for the
BB
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deviation in 1°

deviation in 1°

PHASE OF THE COMPLEX SENSITIVITY OF THE BB
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Figure 8.97: deviation of the phase for the frequencies 40 Hz and 63 Hz for the
BB
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Figure 8.98: deviation of the phase for the frequencies 80 Hz and 100 Hz for the
BB
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Figure 8.99: deviation of the phase for the frequencies 125 Hz and 160 Hz for the
BB
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Figure 8.100: deviation of the phase for the frequencies 200 Hz and 250 Hz for
the BB
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Figure 8.101: deviation of the phase for the frequencies 315 Hz and 400 Hz for
the BB
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Figure 8.102: deviation of the phase for the frequencies 500 Hz and 630 Hz for
the BB
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Figure 8.103: deviation of the phase for the frequencies 800 Hz and 1000 Hz for
the BB
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Figure 8.104: deviation of the phase for the frequencies 1250 Hz and 1500 Hz for
the BB
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Figure 8.105: deviation of the phase for the frequencies 1600 Hz and 2000 Hz for
the BB
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Figure 8.106: deviation of the phase for the frequencies 2500 Hz and 3000 Hz for
the BB
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Figure 8.107: deviation of the phase for the frequencies 3150 Hz and 3500 Hz for
the BB
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Figure 8.108: deviation of the phase for the frequencies 4000 Hz and 4500 Hz for
the BB
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Figure 8.109: deviation of the phase for the frequencies 5000 Hz and 5500 Hz for

the BB
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Figure 8.110: deviation of the phase for the frequencies 6000 Hz and 6300 Hz for
the BB
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Figure 8.111: deviation of the phase for the frequencies 6500 Hz and 7000 Hz for
the BB
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Figure 8.112: deviation of the phase for the frequencies 7500 Hz and 8000 Hz for
the BB
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Figure 8.113: deviation of the phase for the frequencies 8500 Hz and 9000 Hz for
the BB
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Figure 8.114: deviation of the phase for the frequencies 9500 Hz and 10000 Hz for
the BB
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Figure 8.115: deviation of the phase for the frequencies 10500 Hz and 11000 Hz
for the BB
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Figure 8.116: deviation of the phase for the frequencies 11500 Hz and 12000 Hz
for the BB
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Figure 8.117: deviation of the phase for the frequencies 12500 Hz and 13000 Hz
for the BB



106 CHAPTER 8. DEGREE OF EQUIVALENCE WITH RESPECT TO THE KC-RV

13500 Hz

14000 Hz
t Mocs t  MoCs
41 { non-MoCS 41 {  non-MoCS
2 24 I
£ £
s o |l | ‘ l | | ‘ I | ‘ \ ‘ S o ! | l | | | ‘ I | ‘ \
RENRRRREREE RENRRRRRREE
© ©
-24 -2
-4 -4
RIS TS FLF K RIT PSS ITDS L F S
CTEEE T TS EEI S TEE T TS EEISE
N V“‘ N @L
S S
Figure 8.118: deviation of the phase for the frequencies 13500 Hz and 14000 Hz
for the BB
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Figure 8.119: deviation of the phase for the frequencies 14500 Hz and 15000 Hz
for the BB
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Figure 8.120: deviation of the phase for the frequencies 15500 Hz and 16000 Hz
for the BB
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Figure 8.121: deviation of the phase for the frequencies 16500 Hz and 17000 Hz
for the BB
17500 Hz 18000 Hz
t  MocCs t  MoCs
41 '} non-MoCS 41} non-MoCS
24 2
5 o 5 o
3 =
3 3
kel ©
-2 =2
4 -4
RN NN RN NN
&S 620;& & e\”&e" &S e“‘\v\é&e@% & :;\2@” PN @Y\@v & @c)&g NS e@\\(ég SN *(;\:@‘@
N K S ¥
& N
Figure 8.122: deviation of the phase for the frequencies 17500 Hz and 18000 Hz
for the BB
18500 Hz 19000 Hz
t  Mocs t  Mocs
41 '} non-MoCS 4 }  non-MoCS
| \ ] I
c £
S o | | ’ | | | | \ s 5 | | ’ | | | | \
a B |
F 3
© ©
-2 | -2 ’
-4 4
%‘ ‘ ‘7‘ ‘ &‘ Q\‘ \\‘ %“‘ ‘?~‘ O‘ ‘?*‘ w“‘ Q*‘ "‘ g I < &I e\l \\I V\I vl C)I ‘?I v“l O "I
& éxiév & é\%&g S é\xx\\\é&@\e B *4\:@0 &S 6‘{«’\? & é\e&& S e*\\,\é& SN 4\:@@
S %2 S Y
N S A S
N

Figure 8.123: deviation of the phase for the frequencies 18500 Hz and 19000 Hz
for the BB
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Figure 8.124: deviation of the phase for the frequencies 19500 Hz and 20000 Hz
for the BB



9 — Conclusion

In the field of vibration and shock, this fifth global key comparison (CCAUV.V-K5) was organized in
order to compare measurement capabilities of national metrology laboratories for primary calibration of
accelerometers by laser-interferometry. With its scope of calibration of magnitude and phase response in
the frequency range from 10 Hz to 20 kHz, it challenged the technical boundaries of the field. During
the analysis and comparison of results, it turned out that both artifacts circulated for the task had their
individual problems.

With the experience and lessons understood from the former comparison CCAUV.V-K2 the CCAUV had
decided to mount and fix the single-ended artifact onto a steel-adapter for the calibration measurements in
order to ensure identical mounting conditions for all participants. The goal behind this was to avoid effects
as variation on mounting torque, inappropriate reflective surface of shaker mounting surface and different
conditions caused by stiffness, roughness and modal behavior of shaker armatures or by any adapter usually
used by the NMIs. Even if the adapter circulated with the SE accelerometer did not present infinite
stiffness, it was very probably stiffer than most shaker armatures available and consequently provided a
more homogeneous and controlled measurement condition among participants. Therefore, it was expected
that it would ultimately help to improve the level of comparability between results at high frequencies.

It turned out however, that owing to the geometry of the adapter, the measurement results showed a
strong position dependence related to the target point of the Laser interferometer. Deviations could be
observed as large as 12 % at 20 kHz and 6 % at 16 kHz between individual Laser target points, which is
evidence for a strong dynamic deformation of the adapter. Unfortunately, the TP did not include strict
guidance on the selection and number of target points but left this to be decided by the participating lab
according to the lab’s procedures. The problem of the position dependence was mitigated to a large extent
by averaging of multiple positions as requested by the TP. Due to this effect the results of most laboratories
became consistent. However, this was not always the case and the larger spread of the SE results at high
frequencies gives evidence of this systemic problem. It is clear, that the question of relative motion and
how to calibrate SE accelerometers beyond 10 kHz is still open for investigation and discussion.

The back-to-back transducer revealed a strong transverse resonance between approximately 8 kHz to
11 kHz, which led to an increased spread of the results for different Laser positions and deteriorated
repeatability in this sub-range of frequencies. In addition, the optical quality of the reference surface was
refurbished in February 2017 with the (unintended) consequence of an slightly oblique and uneven target
for the Laser afterwards. This also challenged the optical adjustment for the calibration.

The above mentioned complications were to the largest extent related to the magnitude results for
the complex sensitivity. In contrast the phase results exhibited a large amount of consistency between the
participants over the whole scope. This demonstrates that phase calibration has reached the state of being
a well established standard service on the level of national metrology institutes.

One aspect of the comparison task was the complementation of the measurement chain with a local
charge amplifier calibrated by the participant. Due to this requirement the consistency of the KC results
demonstrate the participants’ associated capability of calibration of magnitude and/or phase of the complex
transfer function of charge amplifiers. In addition, and in terms of how far the light shines this capabilitiy
could then be expected to be valid for other kinds of measuring amplifiers as well, including voltage
amplifiers.

Despite these challenges the Key Comparison CCAUV.V-K5 can be considered successful for most
participants, the represented RMOs and the CCAUV as a whole. It establishes many new consistent
degrees of equivalence. It will in any case help to improve the quality of vibration and shock metrology on
the global scale, in part by highlighting areas where additional action is needed in order to support global
equivalency.

We must highlight that this was the first CIPM key comparison capable to determine KCRVs and
DoEs for both SE and BB accelerometers in the extended frequency range from 10 Hz to 20 kHz. It is
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important to note that this scope includes some challenging frequencies, which refer to transverse and case
resonances of the artifacts circulated. Further improvements can be implemented, and the outcome of
this KC and the gain in knowledge provided by it will certainly help to achieve even better results in the
future. The design of the mechanical adaptor might need to be reviewed in order to have radial symmetry
and/or the requirement to perform laser measurements on some specific points can be added in technical
protocols of future comparisons. Some new requirements might need to be considered in order to improve
comparability at frequencies higher than 20 kHz. It should be noted that normal calibrations carried out
by the participants use different shakers, and adaptors, which are prone to larger effects of mounting
differences. The mounting conditions used at the calibration laboratories and by customers’ applications
might present even larger measurement differences. Therefore, estimated uncertainties at high frequencies
shall consider the effect of mounting conditions with care. The results of this comparison can provide the
basis for the comparability currently achievable by NMIs under very well controlled conditions.
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Technical Protocol of the CIPM Key Comparison

CCAUV.V-K5
2017-03-06
revised 2018-02-13 (changed schedule)

Task and Purpose of the Comparison

According to the rules set up by the CIPM MRA the consultative committees of the CIPM
have the responsibility to establish “degrees of equivalence” (DoE) between the different
measurement standards operated by the national NMIs. This is done by conducting key
comparisons (KC) on different levels of the international metrological infrastructure. The
previous top level KC in the field of Vibration metrology, CCAUV.V-K2 was finished in the
year 2014 under difficult conditions and its results have since been then the foundation of
many established DoE in the field.

Due to the fact, that the conditions of measurement comparability were sub-optimal during
CCAUV.V-K2 the meeting of CCAUV in November 2015 took the decision to start to
prepare the next KC with a scope covering that of CCAUV.V-K2 and more.

The results of this KC will, after approval for equivalence, form the new basis for DoE
derived in subsequent RMO key comparisons, and therefore be the foundation for the
registration of “calibration and measurement capabilities” (CMC) in the framework of the
CIPM MRA.

The specific task of the KC is to measure the complex charge sensitivity of three different
accelerometers at specified frequencies with primary means /.e. according to

ISO 16063-11 “Methods for the calibration of vibration and shock transducers -- Part 11:
Primary vibration calibration by laser interferometry”.

The reported sensitivities and associated uncertainties are then supposed to be used for
the calculation of the DoE between the participating NMI and the key comparison
reference value.

Pilot Laboratory
Pilot laboratory for this Key Comparison is

Physikalisch-Technische Bundesanstalt (PTB)
Working Group 1.71 “Acceleration”
Bundesallee 100

38116 Braunschweig

Germany

This is the delivery address for the set of artefacts and the written and signed reports.
Contact Persons are

Dr. Thomas Bruns Denis Nordmann

Tel.: +49 531 592 1700 Tel.: +49 531 592 1226
e-mail (both): ccauv.v-k5@ptb.de
Fax: (49) 531 592 69 1248




Terms of participation

According to the recently published “Recommendations from the Working Group on the
Implementation and Operation of the CIPM MRA” [1] the number of participant in a KC like
this “should typically be limited to the minimum number of institutes necessary to provide
effective linkage in each region, (typically no more than three institutes per RMQ).”

This is a recommendation to keep the consumed time for the KC from start of
measurement to final publication within reasonable limits.

Following this recommendation, this technical protocol is distributed to the chairman of the
technical committees of Acoustics, Ultra sound and Vibration (AUV) of all regional
metrology organizations with the request to nominate up to three participating institutes of
the respective RMO.

Beyond the obvious necessity to cover the scope of the KC (see below) with a sufficiently
low measurement uncertainty, the willingness to coordinate a subsequent RMO-
comparison is required from the nominated participants.

Devices under Test and Measurement Conditions

For the calibration task of this KC a set of three two piezoelectric accelerometers will be
circulated among the participating laboratories. The individual transducers being

* a BruUel & Kjaer 8305-001 (SN: 1610153) “single ended” (SE) type
* aBruel & Kjaer 8305 S (SN: ...) “back to back” (BB) type.
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The twe SE type accelerometers-are-each is mounted on a mechanical adapter, which was
designed and manufactured according to the drawing below:
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The adapter is made of stainless steel 1.4404 (AlISI 316L) and has a weight (calculated) of
41 g. Its top surface is polished in order to provide mirror-like reflectivity for the Laser.

The accelerometers are to be calibrated for magnitude and phase of their complex charge
sensitivity according to those procedures and conditions implemented by the NMI in
conformance with ISO 16063-11 which provide magnitude and phase information of the
artefact. The sensitivities reported shall be for the accelerometers alone, excluding any
effects from the charge amplifier.

The frequency range of the measurements was agreed to be from 10 Hz to 20 kHz.
Specifically the laboratories are supposed to measure at the following frequencies (all
values in Hz).

10, 12.5, 16, 20, 25, 31.5, 40, 63, 80, 100, 125, 160, 200, 250, 315, 400, 500, 630, 800,

1 000, 1 250, 1 500, 1 600, 2 000, 2 500, 3 000, 3 150, 3 500, 4 000, 4 500, 5 000, 5 500,
6 000, 6 300, 6 500, 7 000, 7 500, 8 000, 8 500, 9 000, 9 500, 10 000, 10 500 11 000,

11 500, 12 000, 12 500, 13 000. 13 500, 14 000, 14 500, 15 000, 15 500, 16 000, 16 500,
17 000, 17 500, 18 000, 18 500, 19 000, 19 500, 20 000.

Note: this set does deviate from the standard frequencies of ISO 266.

The participating laboratories should be able to provide magnitude results over the whole
frequency range with their systems and to provide phase results at least for the range from
10 Hz to 10 kHz.

The charge amplifier (CA) used for the calibration is not provided within the set of the
artefacts, it must therefore be provided by the individual participant. By this measure, the
capability of the participating laboratory to calibrate charge amplifiers is implicitly verified.

The measurement condition should be kept according to the laboratory's standard
conditions for calibration of customer accelerometers for claiming their best measurement
capability or CMC where applicable. This presumes that these conditions comply with
those defined by the applicable ISO documentary standards [2,3,4], simultaneously.

Specific conditions for the measurements of this KC are:

e acceleration amplitudes: preferably 50 m/s? to 100 m/s?
a range of 2 m/s? to 200 m/s? is admissible.



e ambient temperature and accelerometer temperature during the calibration:
(23 £ 2) °C (actual values to be stated within tolerances of £ 0.3 °C). The
accelerometer temperature should be measured and reported.

e relative humidity: max. 75 %RH

e mounting torque of the accelerometer: (2.0 £ 0.1) N-m

Circulation Type, Schedule and Transportation

The transducers are circulated in a star type fashion with a measurement period of three
weeks provided for each participant. In between two subsequent measurements at any
participants laboratory the transducers are measured at the pilot lab in order to monitor the
long term stability. The schedule is planned as follows:

13.02.2017 05.03.2017 06.03.2017 13.02.2017 26.03.2017
27.03.2017 03.04.2017 23.04.2017 24.04.2017 01.05.2017 04.06.2017

METAS CH 08.05.2017 15.05.2017 04.06.2017 05.06.2017 12.06.2017 16.07.2017
CEM ES 26.06.2017 03.07.2017 23.07.2017 24.07.2017 31.07.2017 03.09.2017
NIST us 28.08.2017 04.09.2017 24.09.2017  25.09.2017 02.10.2017 05.11.2017

CENAM MX 13.11.2017 20.11.2017 10.12.2017 11.12.2017 18.12.2017 21.01.2018
NMU JP 29.01.2018 05.02.2018 25.02.2018  26.02.2018 05.03.2018 18.03.2018
NIM CN 19.03.2018 26.03.2018 08.04.2018 09.04.2018 16.04.2018 29.04.2018

INMETRO BR 30.04.2018 07.05.2018 20.05.2018  21.05.2018 28.05.2018 10.06.2018

NMIA AU 11.06.2018 18.06.2018 01.07.2018 02.07.2018 09.07.2018 22.07.2018

NMC/A*Star SG 23.07.2018 30.07.2018 12.08.2018  13.08.2018 20.08.2018 02.09.2018

NMISA ZA 03.09.2018 10.09.2018 23.09.2018  24.09.2018 01.10.2018 14.10.2018

VNIIM RU 15.10.2018 22.10.2018 04.11.2018 05.11.2018 12.11.2018 25.11.2018

UkrMet UA 26.11.2018 03.12.2018 16.12.2018 17.12.2018 24.12.2018 06.01.2019

The cost of transportation to and from a participating laboratory shall be covered by the
participating laboratory.

For transportation, the artefacts are packed in a protective aluminium box, which in turn is
put into a card-board container. The dimensions are 35 cm x 40 cm x 29 cm, the weight is
approximately 3 kg.

The accelerometers have to be send by an international logistic service providing a
tracking system. The transportation has to include an insurance covering a total value of
12 000,- € in case the set of accelerometers gets damaged or lost during transportation.
As an alternative the artefact may be hand carried by a member of the participating
laboratory.

Handling, Measurement and Analysis Instructions
The participating laboratories have to observe the following instructions:

e The charge amplifier used for the measurement of the accelerometer's response
has to be calibrated with equipment traceable to national measurement standards.

e The motion of the BB accelerometer should be measured with the laser directly on
the (polished) reference surface of the transducer without any additional reflector or
dummy mass (c.f. picture on page 2).

e The SE accelerometers shall be mounted together with the mounting adapter,
that comes attached to them. The combined SE accelerometer with adapter should
be handled as a single mechanical unit for mounting. The mounting adapter must
not be adjusted, loosened or removed. The mounting or dismounting torque



between the adapter and the shaker shall be applied to the unit via the mounting
adapter. An appropriate crowfoot wrench with 3/8” square drive adaptation and
19 mm span is provided within the set.

The motion of the SE accelerometers shall be measured on the top surface of the
polished mounting adapter that comes attached to each, close to the
accelerometer's housing (c.f. picture on page 2).

The mounting surface of the BB accelerometer or the adapters in case of the SE
accelerometers and the moving part of the exciter must be slightly lubricated before
mounting.

The cable between accelerometer and charge amplifier should be taken from the
set of DUT delivered to the laboratory. It is a B&K super low-noise, 10-32 UNF (M)
to 10-32 UNF (M), 1,2 m cable.

In order to reduce the influence of non-rectilinear motion, the measurements should
be performed for at least three different laser positions which are symmetrically
distributed over the respective measurement surface.

It is advised that the measurement results should be compiled from complete
measurement series carried out at different days under nominally the same
conditions, except that the BB accelerometer or adapter in case of an SE
accelerometer is remounted and the cable reattached. The standard deviation of
the subsequent measurements should be included in the report.

For acceleration signals a(¢) of the form
a(t)=a-cos(wt+e,) (1)

and the respective charge output signal of the transducer ¢(z) of the form
q(t)=g-cos(wt+,) (2)

the phase is defined according to ISO 16063-1 as
Ap=¢,—,. (3)

For the measurement of the phase of the sensitivity the delay or phase
characteristics of the interferometer channel(s) has to be taken into account, since
the photo-diode-amplifier-system typically has a non-negligible influence on the
result.

Communication of the Results to the Pilot Laboratory

Each participating laboratory will submit one printed and signed calibration report for each
accelerometer to the pilot laboratory® including the following:

a description of the calibration systems used and the mounting techniques for the
accelerometer,

a description of the calibration methods used, including information about the
demodulation scheme,

a documented record of the ambient conditions during measurements,

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

a detailed uncertainty budget for the system covering all components of
measurement uncertainty (calculated according to GUM, [5, 6]). Including among
others information on the type of uncertainty (A or B), assumed distribution function

1 Ascanned copy sent by Email should suffice.



and repeatability component. (These information are necessary for the evaluation
and linking of subsequent RMO KC).

In addition each participating laboratory will receive three electronic spreadsheets
prepared by the pilot laboratory, where the calibration results have to be filled in following
the structure given in the files. The use of the electronic spreadsheets for reporting is
mandatory. The consistency between the results in electronic form and the printed and
signed calibration report is the responsibility of the participating laboratory. The data
submitted in the electronic spreadsheet 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.

The pilot laboratory will submit it's set of results to the executive secretary of CCAUV in
advance to the first measurement of a participating laboratory.

Remarks on the Post Processing

e Presuming consistency of the results, the key comparison reference values and the
degrees of equivalence will be calculated according to the established methods as
a weighted mean as agreed upon already for CCAUV.V-K1.

¢ In case of damage or loss of any of the artefacts the KC will be evaluated as far in
the schedule as possible, all further action concerning continuation will be decided
in coordination with the participants.
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MEASUREMENT UNCERTAINTY BUDGETS OF THE PARTICIPANTS

APPENDIX B.
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B.9. NMIA

B.9 NMIA

B.9.1 single-ended

Magnitude uncertainty components for determining
accelerometer calibration by interferometry.

Drive frequency.
Drive amplitude 100 m-s™ for 80 Hz and higher.

2 ° ° ) e e e
= = EN <9 N ~ N N N N N
2 2 = N T CE =z Z = = = ==
Description £ 2 & Eg - 2Z = = = 2 =
o & £ 2% | §® | = g% | 2% | gV
Acceleration Magnitude Sensitivity N o o o N o
(AUVVPO03 Uncertainty) - % 5 % " »
Digitiser voltage resolution of nterferometer signal 11(Sa) Rect 30 0.010 0.020 0.031 0.061 0.101 0.125
Digitiser voltage resolution of acelerometer signal 1y(S,) Rect 30 0.022 0.022 0.022 0.022 0.022 0.022
Digitiser voltage acauracy of accelerometer signal 3(Ss) Rect 30 | 0.058 0.058 0.058 0.058 0.058 0.058

Effect of interferometer quadrature output signal

disturbance on displacement phase measurement u(S,) Rect 30 | 0.017 0.017 0.017 0.017 0.017 0.017

Residual uncertainty associated FFT Tone Detect method
used for sine approx., determining reference acceleration
from displacement data, frequency accuracy and stability
of drive motion.

us(S,) Rect 30 | 0.029 0.029 0.029 0.029 0.029 0.029

xgz‘s"lﬁ;g'e'::‘("fi:‘ifc‘y’“b:flzel'i‘::i’t':;f;)"“‘p“‘ phase u(S) | Rect | 30 | 0.006 | 0006 | 0.006 | 0.006 | 0.006 | 0.006

Effect of voltage disturbance on accelerometer voltage

measurement (e.g, hum and noise) u(S,) Norm | 30 | 0.015 0.015 0.015 0.015 0.015 0.015

Effect of transverse, rocking, and bending acceleration on

accelerometer output voltage measurement (transverse s(S,) Norm | 30 | 0.052 0.052 0.052 0.052 0.052 0.052
sensitivity)

Effect on voltage disurbance on displacement

measurement (e.g. random noise in photoelectric 9(Sy) Rect 30 | 0.006 0.006 0.006 0.006 0.006 0.006

measuring chain)

Effect of motion disturbance on displacement phase

measurement 10(Sa) Rect 30 | 0.001 0.001 0.001 0.001 0.001 0.001

Errors relating to relative motion between reference

surface and spot sensed by interferometer., u(Sa) Rect 30 | 0.006 0.006 0.006 0.006 0.006 0.006

Effect of phase disturbance on displacement phase

measurements (interferometer function) u12(Sa) Rect 30 | 0.001 0.001 0.001 0.001 0.001 0.001

Residual interferometric effects on displacement phase

measurement (interferometer function) 113(S,) Rect 30 | 0.030 0.030 0.030 0.030 0.030 0.030

Residual error between Heterodyne and Homodyne 4(S)) Nom | 30 0.000 0.000 0.000 0.100 0200 0.500

comparisons

Combined TYPE B uncertain

Acceleration sensitivity, uc %ty uc(S,) ) 0.09 - 0.10 0.10 0.15 0.24 0.52
Effective degrees of freedom TYPE B 120 127 138 114 61 36

Rounding error u(Sr) Rect 30 0.029 0.029 0.029 0.029 0.029 0.029
5:;‘1?:(‘1 e e macepesents -y pios w(S) | Norm | 30 | 0010 | 0050 | 0100 | 0.100 | 0300 | 0400

Combined TYPE B uncertainty for

Voltage acceleration sensitivity, uc % Hets) 0.10 0.1 0.14 018 039 0.66
Effective degrees of freedom TYPE B 141 175 105 143 69 64
Coverage or k factor 2.0 2.0 2.0 2.0 2.0 2.0
Expanded uncertainty for
voltage acceleration sensitivity (%), Uc for k=2 Ueas) 020 022 028 036 0.77 131
Charge Amplifier Magnitude Sensitivity
(AUVVP04 Uncertainty)

Digitiser voltage resolution 11(Sq) Rect 30 0.002 0.002 0.002 0.002 0.002 0.002
Digitiser voltage accuracy uy(Sq) Rect 30 | 0.012 0.012 0.012 0.012 0.012 0.012

Ref: RN181377 File: MC/18/1006 Checked: /H Date: 16 August 2018
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Continuation of Measurement Report

Drive frequency.
Drive amplitude 100 m-s~ for 80 Hz and higher.
= 5 e N 3 Sy 2 N 8 N & N
S = = o N N N
2 3 = N = K == ZE = E =z
Descripti E g L Teo = == = = =
escription # | £ |7 =% | 8| w2 |9z | 9= 4]
&~ *© - b -
Residual uncertainty associated FFT Tone Detect method
used for sine approx., frequency accuracy and stability of 13(Sq) Rect 30 0.029 0.029 0.029 0.029 0.029 0.029
drive voltage.
Effect of voltage disturbance on voltage measurement
(e.&. hum and noise) us(Sq) Norm | 30 | 0.005 0.005 0.005 0.005 0.005 0.005
Calibration and stability of reference capacitor us(Sq) Rect 30 | 0.006 0.006 0.006 0.006 0.006 0.006
Frequency stability of reference capacitor 16(Sq) Norm 30 0.000 0.001 0.001 0.001 0.001 0.001
Effect of cabling on reference capacitor 13(Sq) Norm | 30 0.011 0.086 0.086 0.122 0.158 0.176
Combined TYPE B uncertainty for
Charge amplifier uc % uc(Sq) 0.03 0.09 0.09 0.13 0.16 0.18
Effective degrees of freedom TYPE B 54 38 38 34 32 32
Combined TYPE B uncertainty for
Charge acceleration sensitivity, uc % Hetsaa) 0.1 0.15 d 022 0.42 0.68
Effective degrees of freedom TYPE B 169 160 143 160 89 73
Coverage or k factor 2.0 2.0 2.0 2.0 2.0 2.0
Expanded uncertainty for
charge acceleration sensitivity (%), Uc for k=2 Uess 021 029 0.34 0.4 083 136
Minimum expanded uncertainty for
charge acceleration sensitivity quoted in report, % Uesao 03 03 04 0.6 19 15
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Phase uncertainty components for determining
accelerometer calibration by interferometry.

Drive frequency.
Drive amplitude 100 m-s for 80 Hz and higher.

Description

Symbol
Probability
DoF
10 Hz to
800 Hz
1 kHz to
4 kHz
4.5 kHz to
6.5 kHz
7 kHz to
10 kHz
10.5 kHz to
12.5 kHz
13 kHz to
15 kHz
15.5 kHz to
18 kHz
18.5 kHz to
20 kHz

Acceleration Phase Sensitivity
(AUVVP03 Uncertainty)

Digitiser voltage resolution for

interferometer quadrature angle y(a) Rect 30 | 0.036 0.036 0.047 0.112 0.175 0.252 0.363 0.448

Digitiser voltage resolution for 1((a) Rect | 30 | 0079 | 0079 | 0079 | 0079 | 0079 | 0079 | 0079 | 0079

accelerometer signal

Digitiser Phase Resolution (Degrees) u3(,) Rect 30 [ 0.017 0.094 0.135 0.208 0.260 0312 0.374 0.416
Digitiser pre-trigger resolution 3(Qa) Rect 30 | 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Uncertainty associated with pre-

digitisation phase delay (interferometer us(9a) Rect 30 [ 0.009 0.049 0.070 0.108 0.135 0.162 0.194 0.216
head / homodyne)

Uncertainty associated with pre-
digitisation phase delay (Heterodyne LDV 16(a) Rect 30 | 0.017 0.094 0.135 0.208 0.260 0312 0.374 0.416
processor)

Effect of interferometer quadrature output
signal disturbance on displacement phase 17(a) Rect 30 | 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
measurement

Sine-Approximation using FFT residual

uncertainty 1s(,) Rect 30 | 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003

Voltage filtering effect on accelerometer

output phase measurement us(s) Rect 30 | 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006

Effect of voltage disturbance on

accelerometer output phase measurement 110(a) Norm | 30 | 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034

Effect of transverse, rocking, and bending
acceleration on accelerometer output un(Qa) Rect 30 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017
phase measurement

Effect on voltage disurbance on

displacement phase measurement 1012(Qa) Rect 30 | 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003

Effect of motion disturbance on

displacement phase measurement 113(9,) Rect 30 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Effect of phase disturbance on

displacement phase measurements 114(pa) Rect 30 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Residual interferometric effects on

displacement phase measurement 115(pa) Rect 30 | 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Combined TYPE B uncertainty

(acceleration sensitivity), uc deg uc(a) 0.10 0.17 0.23 0.34 0.44 0.54 0.68 0.78
Effective degrees of freedom TYPE B 68 126 108 104 106 108 108 106
Rounding error u(or) Rect 30 | 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029

Residual effects on phase shift
measurements -Typical expected TYPE A ua(p) Norm | 30 | 0.100 0.100 0.100 0.100 0.200 0.200 0.200 0.200
repeat uncert .

Combined TYPE B uncertainty for 04 | 020 | 025 | 036 | 048 | 058 | 071 | 080

voltage acceleration sensitivity, uc deg uc(9a)

Effective degrees of freedom TYPE B 108 172 144 121 140 134 126 119
Coverage or k factor 20 20 20 20 2.0 2.0 2.0 20
Expanded uncertainty for

voltage acceleration sensitivity (deg), Uc Uc(a) 0.28 0.39 0.49 0.71 0.95 1.14 1.39 1.58
for k=2

Charge Amplifier Phase Sensitivity

(AUVVP04 Uncertainty)

Digitiser voltage resolution 11 (9g) Rect 30 | 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
Digitiser Phase Resolution (Deg) 12(Qq) Rect 30 | 0.017 0.062 0.090 0.139 0.173 0.208 0.249 0.277

Digitiser channel synchronization, and )
master clock accuracy (@

Rect 30 | 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006

Ref: RN181377 File: MC/18/1006 Checked: /ﬂ Date: 16 August 2018
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Continuation of Measurement Report

Drive frequency.
Drive amplitude 100 m-s~ for 80 Hz and higher.

- z ) e e e 2 N £ i 8 £ £

.S = e - - N N -
Description E E a8 £8 gs Eg gE i"l ig ig %g

@n E S® iy : ° -~ g o 0= E — ; a
Reference Capacitor frequency response uy(Qq) 30 [ 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.001
Elff;fi‘ﬁ‘:fr;;‘zs‘:fe"s;‘:;?:’"°° oy us(9,) 30 | 0.003 | 0037 | 0055 | 008 | 0.109 | 0131 | 0158 | 0.176
3;‘;?;;}:{;”“"“’“°“ Wing T Sioenl u(@) | Rect | 30 | 0003 | 0.003 | 0003 | 0003 | 0003 | 0003 | 0003 | 0.003
x‘e’:“:ug;g:::i“g efbcton phase uw(oy) | Rect | 30 | 0.006 | 0006 | 0006 | 0.006 | 0006 | 0.006 | 0006 | 0.006
E}ff;‘ (‘;2‘1’5":';‘5: :l'l;'")"’a“"e e 9 | Norm | 30 | 0034 | 0034 | 0034 | 0034 | 0034 | 0034 | 0034 | 0034
S&Tg";“‘;ﬂp?éi - i‘;‘g“"“‘y - uc(9g) 004 | 008 | o011 | 017 | 021 | 025 | 030 | 033
Effective degrees of freedom TYPE B 56 72 61 55 54 53 52 52
Combined TYPE B uncertainty for
hacts Rebuisiton semdiiviy, medes —_ 015 | 022 | 027 | 040 | 053 | 063 | 077 | 087
Effective degrees of freedom TYPE B 125 220 189 163 180 173 162 153
Coverage or k factor 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Expanded uncertainty for charge
acocleration semitiviy (deg), U for k=2 Ustenay 030 | 043 | o054 | 078 | 104 | 124 | 151 171
Minimum expanded uncertainty for
charge acceleration sensitivity quoted in Ucigaq) 0.3 0.5 0.6 0.8 12 15 2.0 2.0

report, Degrees
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B.9.2 back-to-back

Magnitude uncertainty components for determining
accelerometer calibration by interferometry.

Drive frequency.
Drive amplitude 100 m-s for 80 Hz and higher.

3 E SN = S 8 N : N - N
> = = N N N N
2 3 = N = Nz == =T = E = =
Description E g 2| Eg = =2 = . ==
escrip z E = =R a ® “ ] g A 2 ] ; &
Acceleration Magnitude Sensitivity N N o o o N
(AUVVP03 Uncertainty) - * » = N ”
Digitiser voltage resolution of nterferometer signal 1)(Sa) Rect 30 | 0.010 0.020 0.031 0.061 0.101 0.125
Digitiser voltage resolution of acelerometer signal u>(Sa) Rect 30 0.022 0.022 0.022 0.022 0.022 0.022
Digitiser voltage acauracy of accelerometer signal u3(Sa) Rect 30 | 0.058 0.058 0.058 0.058 0.058 0.058
Effect of interferometer quadrature output signal ui(Sy) Rect 30 0017 0.017 0.017 0.017 0.017 0017

disturbance on displacement phase measurement
Residual uncertainty associated FFT Tone Detect method
used for sine approx., determining reference acceleration
from displacement data, frequency accuracy and stability us(Sa) Rect 30 0.029 0.029 0.029 0.029 0.029 0.029
of drive motion.

i t t
xg;‘:lieeg'e‘;{'("fiﬁic;“&?}ﬁ;‘:{:ﬁfgf“ put phase w(S) | Rect | 30 | 0006 | 0006 | 0.006 | 0006 | 0.006 | 0.006
Effect of voltage disturbance on accelerometer voltage
measurement (e.g. hum and noise)
Effect of transverse, rocking, and bending acceleration on

47(Sa) Norm | 30 | 0.015 0.015 0.015 0.015 0.015 0.015

accelerometer output voltage measurement (transverse us(Sa) Norm 30 0.052 0.052 0.052 0.052 0.052 0.052
sensitivity)

Effect on voltage disturbance on displacement

measurement (e.g. random noise in photoelectric 19(S,) Rect 30 | 0.006 0.006 0.006 0.006 0.006 0.006

measuring chain)
Effect of motion disturbance on displacement phase

10(Sa) Rect 30 | 0.001 0.001 0.001 0.001 0.001 0.001

measurement
f:r?;:e“;':‘;‘gggfs:ﬂ:;gﬁ;‘;:‘e‘;}‘e‘:gx:‘: reference un(S) | Reet | 30 | 0006 | 0.006 | 0006 | 0.006 | 0006 | 0.006
Effect of phase disturbance on displacement phase w(S) | Rect | 30 | 0001 | 0001 | 0001 | 0001 | 0001 | 0.001

measurements (interferometer function)

E:ﬁ;;’;fnzzﬁfg‘;fg“rfi‘;;f;ﬁ:c‘:i‘i‘ns)p‘"°°“‘°“‘ phase w(S) | Rect | 30 | 0030 | 0030 | 0030 | 0030 | 0030 | 0030

Residual error between Heterodyne and Homodyne wi(S) | Nom | 30 | 0.000 | 0.000 | 0000 | 0100 | 0200 | 0.500
comparisons

Combined TYPE B uncertainty

Acceleration sensitivity, uc % uc(Ss) 0.09 0.10 0.10 0.15 0.24 0.52
Effective degrees of freedom TYPE B 120 127 138 114 61 36
Rounding error u(Sr) Rect 30 0.029 0.029 0.029 0.029 0.029 0.029
Residual effects on magnitude measurements -Typical

expected TYPE A u4(S) Norm | 30 | 0.010 0.050 0.100 0.100 0.300 0.400

Combined TYPE B uncertainty for

Voltage acceleration senstivity, uc % e 0.19 0.1 el D58 039 0.66
Effective degrees of freedom TYPE B 141 175 105 143 69 64
Coverage or k factor 2.0 2.0 2.0 2.0 2.0 2.0
Expanded uncertainty for
voltage acceleration sensitivity (%), Uc for k=2 Ues) 020 22 028 036 .77 e
Charge Amplifier Magnitude Sensitivity
(AUVVP04 Uncertainty) ) )

Digitiser voltage resolution 11(Sq) Rect 30 [ 0.002 0.002 0.002 0.002 0.002 0.002
Digitiser voltage acauracy 1x(Sq) Rect 30 | 0.012 0.012 0.012 0.012 0.012 0.012

Ref: RN181376 File: MC/18/1005 Checked: A Date: 16 August 2018
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Continuation of Measurement Report

Drive frequency.
Drive amplitude 100 m-s for 80 Hz and higher.
z ° o ) e e 8}
] = = <N pegi] N N NN N N
2 2 |w| S8 | 58| 25| 88| 88 | £5
- = Z =2 = 2 = ~

Description g 3 g =g == = = » =

n E Sw 2 «° :; — 2 — g - 2’ a
Residual uncertainty associated FFT Tone Detect method
used for sine approx., frequency accuracy and stability of u3(Sq) Rect 30 0.029 0.029 0.029 0.029 0.029 0.029
drive voltage.
Effect of voltage_ disturbance on voltage measurement us(Ss) Norm 30 0.005 0.005 0.005 0.005 0.005 0.005
(e.g. hum and noise)
Calibration and stability of reference capacitor us(Sq) Rect 30 0.006 0.006 0.006 0.006 0.006 0.006
Frequency stability of reference capacitor us(Sq) Norm 30 0.000 0.001 0.001 0.001 0.001 0.001
Effect of cabling on reference capacitor u7(Sq) Norm 30 0.011 0.086 0.086 0.122 0.158 0.176
Combined TYPE B uncertainty for
Charge amplifier uc % uc(Sq) 0.03 0.09 0.09 0.13 0.16 0.18
Effective degrees of freedom TYPE B 54 38 38 34 32 32
Combined TYPE B uncertainty for
Charge acceleration sensitivity, uc % Hetsao - 013 - 023 hae 0.68
Effective degrees of freedom TYPE B 169 160 143 160 89 73
Coverage or k factor 2.0 2.0 2.0 2.0 2.0 2.0
Expanded uncertainty for ;
charge acceleration sensitivity (%), Uc for k=2 Ussso 021 029 0.34 0.44 0.83 126
Minimum expanded uncertainty for
charge acceleration sensitivity quoted in report, % Uesao 3 i 4 0.6 10 15
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Continuation of Measurement Report

Phase uncertainty components for determining
accelerometer calibration by interferometry.

Drive frequency.
Drive amplitude 100 m-s~ for 80 Hz and higher.

2 e e o) e e
- = ) ) < N ] N S =
] = N SN E N N N N N N N
f | % |5| 25| z2 |83 | 32|82 23|22 24
Description g 3 8 o = =3 z 25 =
» S =3 = w S Yoo ] n X w &
w = — - ae ~ =9 ac} w o N
- = o =

Acceleration Phase Sensitivity
AUVVP03 Uncertainty)

Digitiser voltage resolution for

interferometer quadrature angle 11(a) Rect 30 | 0.036 0.036 0.047 0.112 0.175 0.252 0.363 0.448

Digitiser voltage resolution for

accelerometer signal () Rect 30 | 0.079 0.079 0.079 0.079 0.079 0.079 0.079 0.079

Digitiser Phase Resolution (Degrees) u3(9a) Rect 30 0.017 0.094 0.135 0.208 0.260 0.312 0.374 0416
Digitiser pre-trigger resolution ACN) Rect 30 | 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Uncertainty associated with pre-

digitisation phase delay (interferometer us((a) Rect 30 [ 0.009 0.049 0.070 0.108 0.135 0.162 0.194 0.216
head / homodyne)

Uncertainty associated with pre-
digitisation phase delay (Heterodyne LDV u6(9a) Rect 30 | 0.017 0.094 0.135 0.208 0.260 0312 0.374 0.416
processor)

Effect of interferometer quadrature output
signal disturbance on displacement phase u7(p) Rect 30 | 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
measurement

Sine-Approximation using FFT residual

uncertainty g(a) Rect 30 | 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003

Voltage filtering effect on accelerometer

output phase measurement 9(@a) Rect 30 | 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006

fgife‘r‘:;nve":;f5&2;5:";:1’:5":;‘;:5“rement wo(@s) | Norm | 30 | 0034 | 0034 | 0034 | 0034 | 0034 | 0034 | 0034 | 0034

Effect of transverse, rocking, and bending
acceleration on accelerometer output 11((a) Rect 30 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017
‘phase measurement

Effect on voltage disturbance on

displacement phase measurement 12(a) Rect 30 | 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003

Effect of motion disturbance on

displacement phase measurement 13(a) Rect 30 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Effect of phase disturbance on

displacement phase measurements 14(pa) Rect 30 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Residual interferometric effects on

displacement phase measurement 5(@a) Rect 30 | 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Combined TYPE B uncertainty

(acceleration sensitivity), uc deg uc(9,) 0.10 0.17 0.23 0.34 0.44 0.54 0.68 0.78
Effective degrees of freedom TYPE B 68 126 108 104 106 108 108 106
Rounding error u(r) Rect 30 | 0.029 0.029 0.029 0.029 0.029 0.029 0.029 0.029

Residual effects on phase shift
measurements -Typical expected TYPE A () Norm | 30 0.100 0.100 0.100 0.100 0.200 0.200 0.200 0.200

repeat uncert

Combined TYPE B uncertainty for

voltage acceleration sensitivity, uc deg uc(ps) 0.14 20 " 0.36 i 0.58 0.71 0.80
Effective degrees of freedom TYPE B 108 172 144 121 140 134 126 119
Coverage or k factor 20 20 20 2.0 2.0 20 20 2.0
Expanded uncertainty for

voltage acceleration sensitivity (deg), Uc Uc(9s) 0.28 0.39 0.49 0.71 0.95 1.14 1.39 1.58
for k=2

Charge Amplifier Phase Sensitivity

(AUVVP04 Uncertainty)

Digitiser voltage resolution 11(Qq) Rect 30 | 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
Digitiser Phase Resolution (Deg) 1:(g) Rect 30 | 0.017 0.062 0.090 0.139 0.173 0.208 0.249 0.277
Digitiser channel synchronization, and w(9) | Rect | 30 | 0006 | 0006 | 0.006 | 0006 | 0006 | 0006 | 0006 | 0006

master clock accuracy

Ref: RN181376 File: MC/18/1005 Checked: A4 Date: 16 August 2018
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Continuation of Measurement Report

Drive frequency.
Drive amplitude 100 m-s™ for 80 Hz and higher.

E g -} E N 2N N 5 i 2N E g é g
= = N N £ E E N E

Description £ s L = Z = v Z =

rip £ g 2| 28 % - | 08 § S 2g | = 4 2 = 3 ]

Reference Capacitor frequency response us(9q) 30 | 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.001

Enff;fi‘ﬁ"efr;i?s ':f;;f;’n"s':a“"‘ on charge us(9q) 30 | 0003 | 0037 | 0055 | 008 | 0109 | 0131 | 0158 | 0.176

ﬁ:l:‘t“a‘i’l‘:{y°"""““°“ using FFT residual u(p) | Rect | 30 | 0003 | 0003 | 0003 | 0003 | 0003 | 0003 | 0003 | 0.003

S W [EE i g u(9) | Rect |30 | 0006 | 0006 | 0006 | 0006 | 0.006 | 0.006 | 0.006 | 0.006

IE‘EZ? (‘l’lf)‘l's";‘;]g: :&;‘“;"“""‘ e uso) | Norm | 30 | 0034 | 0034 | 0034 | 0034 | 0034 | 0034 | 0034 | 0034

fl:’a':';e“‘aﬂ;i}(: fl?c‘;';?“"‘"‘y el uc(®g) 004 | 008 | o011 | 017 | 021 | 025 | 030 | 033

Effective degrees of freedom TYPE B 56 72 61 55 54 53 52 52

Combined TYPE B uncertainty for

o4 L scnsitivity‘f’uc . Naie 015 | 022 | 027 | 040 | 053 | 063 | 077 | o087

Effective degrees of freedom TYPE B 125 220 189 163 180 173 162 153

Coverage or k factor 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Expanded uncertainty for charge

acuteration semsitivir (dog), Ly for ke B 030 | 043 | 054 | 078 | 104 | 124 | 151 171

Minimum expanded uncertainty for

charge acceleration sensitivity quoted in Ucgag) 0.3 0.5 0.6 0.8 12 15 2.0 2.0

report, Degrees




149

INMETRO

B.10.

B.10 INMETRO

(‘uoneyw
. . ] . . . . . ‘paidde | pueq Aouanbau} ) Juswainsesw -
100 100 100 100 100 100 100 8G‘0 |seinbuejoal Buvey Bojeue oN opnydwe aseyd uo 180 (A Np)n
Buusyy jeubis Jsypwolapaiul
(eouaiayip 9|bue
c=1ul [eUlWOU 40 WOI4 UoleIASp
¢ ‘ ‘ ‘ ‘ ‘ . papnjoul Apealje «mwtm fo:m;oc. .u,_oE__QEm obeyjon o9
000 000 000 000 000 000 000 [enpisay ‘pejuawa|duw] sjesyo ‘6'9) yuswaunsesw | (O N )n
c.o;omtoo W mwa___m. apnydwe aseyd uo adsuequnisip
; - ; jeubis 1ndino ainjeipenb
Ja)}swolaualul JO 10848
ueyy (Aunisues
$S9| 9 0} SI Ydiym 9SJaASUEY)) JuUBWaINseaw
60°0 ZL'o zL'o zL'o 900 000 00'0 | 8G°'0 |‘einbueyoas | ‘W 97 e oy Joud 8y} Aq obey|jon Jejewols|sooe (Lm)n
pajewnsa si AlARISUSS uo uopjela|ed2e Buipusq pue
uo 10848 [enpisal 8y | Bupyool ‘esiaAsuel) JO 1089
S|SuUBYD [900€ juswiainseaw
900 | 900 | 900 | so0'0 | so'0 | so'0 | So0 | _Mﬁwc b0 o510 porons | 2DENOAINdIN0 JajowoselR00E | (41)
_m.cow uo «omt.m uo adueqJnisip wmmu_o> JO 108))°
Juswainseawl
10°0 10°0 100 100 100 100 L0'0 | 8S°0 |Jenbuejoau Buuely mo_mmwgmm apnyiidwe jndino Iejewois|edde (dm)n
’ uo 109y8 Buuayy abeyjon
(z=%) V0zZ.S @n|4 isuiebe ( Ayuesul ebuel pya +
80°0 800 S0‘0 G0'0 S0‘0 G0'0 S0‘0 G0 painseaw suopelqied | uoynjosal DAY ) Juswainseswl (Am)n
leutiou JuaJayIp JO S)nsal abejjon ndino Jsyewolslgooe
00002 | 000SL | 0000L | 000.> | 0O0StY 000¢ 0002 X [spow uonduosep Ayurepsoun Jo 8dinog (on
0} 0} 0} 0} 0) 0) 0) Jojoe4 [ uonnquisip jusuodwod
Ajjigeqold Aurepaosun
000GL< | 0000L< | 000L | 00SP< | 000E< | 000Z< (o]% piepuels
(zH) Aouanbauy

(%) (O)ren uonnguuoo Ajuiepaoun anle|ey

Aunnisuas abieyo xajdwod siajowolaja99e 35 pue g19g 9y} jo apnjubew Joj 3@b6png Auienaosun — € ajqel




APPENDIX B. MEASUREMENT UNCERTAINTY BUDGETS OF THE PARTICIPANTS

150

(zs/wi ool 0y dn

Jaydwe aoualsyel

100 100 10°0 100 10°0 100 100 | 850 |Jeinbuejoal mwmw_ wmwh_mwmﬁww 10 uieb uo joaye epnydwe | " | 6L
uoela|e00e Jajswols|adde
‘ ‘ ¢ ‘ ‘ ‘ ‘ N 90ualajal JO dlisusioeleydo o
000 | 000 | 00'0 | 000 | 000 | 000 | 00 Jndul su) Yum pariode ouonbonopmidue| 12| 8L
synsay "a|qeoldde JoN :
JUBJISUOD WOJ} UoeIASp
ww_ocmsvw.c Ie QJualajal Jo o:w:..@%%m.w“w
000 00°0 00°0 000 000 000 00°0 e Em._u__%mw ___MW_WMN fousnbouy-opnydwe | 7 | Lb
: JUBJSUOD WOJ} UoleIAap
Bumes uieb paxiy (sbumas uoneoydwe
000 000 000 000 000 000 000 e ]e pasn Joyldwy | juateyip Joj uleb ul suoneinsp) (Via)n 9l
‘g|qeoljdde JoN Bupjoely sianyldwe aoualaal
(z=) ndui abieyo
€00 €00 €0°0 €0°0 €0°0 €0°0 €00 | G0 | |guuou | MUEISUOO UNM 0GIZ g uoneqied utef Jeyydwe | (|22 p)n | G
Jaiydwe jo uonelqied
(s00160p GZ 01 |2 (% 0Z -+ = @v ‘edu 02
‘ ‘ ‘ ‘ ‘ h ‘ ‘ -+ =dP ‘O € -/+= Lp) Uey} ss9| a0
000 000 00°0 00°0 00°0 00°0 000 | 85°0 |Jeinbuejoal Eo%_u, wwum_owwwwﬁwm oq 0 pajeunsy - wbuopnem | 1" 145
: Jase| U0 s}0a)jo |ejusluoliAue
‘ ‘ ‘ ‘ ‘ ] . . = z IMpue .
000 | 000 | 000 | 000 | 000 | 00'0 | o000 | g0 | (&b | FHNOOZYMPWMRNSS | uopeiqueo wbuslenemsesel | (2ov)n | gl
(‘'ueaw onawye JO
) ) _ ) ) ) _ ) AAZVtUwV A:mm_.: 8U3 JO ABP PIS C.O:m_>®_u plepuels _ECGE_‘_anm
90°0 90°0 90°0 G0'0 100 100 100 | V0| ewiou ‘9= J0y) peinseew | ‘StuewaInseaw jeadaluipays | (Fug)n | 2L
- wopuel ‘69 ) Juswainseaw
AJIAISUSS UO S}08Y8 [enpisal
h h _ : : . h ) (il paepuels) uewy Llowolpul pue ojeioust |
000 000 | 000 | 000 | 000 | 000 000 | S0 | jewmou $59] 64 0] PoIELINST ouenbaly ) jueweinsesw | (94)1n | ||
; Aouanbauy uoneiqin
juswalinseaw
. ‘ ‘ ‘ ‘ ‘ . . bs ue _—_
200 | 200 | 200 | 200 | zo0 | zo0 | zo0 |ogo| WS o pereia epnyjdwe eseyd uo | (11 %p) | o)
i S}J08)J9 dljaWOoIaBIUl [BNnpISal
‘ ‘ ‘ . ¢ ¢ P . ueyy | juswalinseaw apnyjdwe aseyd .
€0'0 €0°'0 | €00 | €00 | €00 | €00 €0°0 | 8S'0 [seinbueronl| o o0 o pejewnsy | uo souequmsip sseud jo e | - P | 6
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ue uswaJnsesw apnjjdwe aseyd ‘
€00 €00 €00 €00 €00 €00 €00 850 ‘_m_smcmuow'_ S§S9| 8q 0] Uw«mrc_«mcmu «co aouequnisip Wo_«uWE jo Howum (@ W) 8
200 20'0 | 200 | 200 | 200 | 200 20'0 | 850 |teinbueai uey | Juswainsesw aspnydwe eseyd | (g, ), |,

$S9| 94 0} pajewsy

uo aoueqJn)sip abe)|oA Jo Joaye




151

B.10. INMETRO

z' 0l 080 090 ve'0 ¥Z'0 0z'o |(z=A)
AjIAnIsuas Jajowo19|999e. 10} Alulensoun papuedxa aAlje|al pauoday
0000Z | 000SL | 0000L | 000L> | 00SY 000¢ 000¢
0} 0} 0} 0} 0} 0} 0)
000SL< | 0000L<| 000 | 00S¥< | 000E< | 000C< ol
(zH) Aouanbauy
0z'L 860 990 8€0 120 610 6L°0 |(z=x) Aunyisues %S/(Z$)N
19)2WO0l9|929e 10} (%) Alulenaoun papuedxs aAljejal pajewsy
090 610 ee’o 610 0L’0 600 60°0 | (1=Y) AyAnisuss Jajowols|eooe % S/(2§)’n
10} (%) Ayuren)ooun piepuels paulquiod SAlle[as pajewnsy
850 | 9v'0 | 620 | zV'0 | 000 | 000 | 000 |[8G0 |smnbuepal| (oo e (Auapnpoidar) sope Aises | (s | 6z
-1s hco;mB_A_wM\ Nocm%sw 19}2Wol19|900. 92Ul .
100 100 10‘0 100 10°0 100 L0'0 | 8G'0 |seInBuejoas | © Y L /4= 1p) UEY J0 (spnyiubew) Ananisues (492)n 14
mwm_omn o wmumE_«mm UO S}09Y48 |ejJUSWUOIIAUD
(uoneiqies
. p . . . . . . 9)a|dwod auo Buunp Jayidwe souaisal .
100 100 100 100 100 700 #0'0 | 8G'0 |einbueyoau 30 | -/+= 1P) UBY} | O UIEB UO S]08Ya [EJUSWLOLIAUS (Ya2)n €C
SS9| 9q 0} pajew}s]
uey Jajswols|adde
100 100 100 100 100 100 L0'0 | 8G°0 |teinBueyoau $$9] 89 0} parEWNST aouaJajau Jo (apnyubew) (412)n 144
Ayanisues jo Ajjigeisul
uey ureb uo aouepadwi .
200 20’0 | 200 | 200 20’0 | 200 200 | 8S°0 |JeinbBuepal| (o o0 o) parewnsg o 0_858 jojoeye m:m ueb|  (Vio)n | g
iyidwe aoualajal Jo Ajjigelsul
(zs/w 001 03 dn IOENOEERRE]
100 100 100 100 100 100 L0'0 | 8G°0 |JeinBueyoas | obuel apnydwe) ueyy souaJgel Jo (epnyubew) | (4712)n | og
$S9| 9q 0} pajewnsy Ajanisuas uo 108ys apnydwe




APPENDIX B. MEASUREMENT UNCERTAINTY BUDGETS OF THE PARTICIPANTS

152

("uoneyiwuy
. . . . . . . . ‘paidde | pueq Aouanbay} ) Juswainsesw .m
100 100 100 100 100 100 100 8G‘0 |Jenbuejoal Buveyy Bojeue on | aseyd jusweoe|dsip o 10840 (#sp)n
Buniayly |eubis Jajowolapalul
[ERVEYEITS)
a|bue |euiwou saaibap
c=/ul 06 WOl UONBIABP ‘UOIjBIASP
. . . . . . . papnjoul Apealje J0a0 apnjiidwe a6e}|0A ‘s}osyo o's
000 000 000 000 000 000 000 |enpisay ‘pajuswajdwii ‘6°9) Juswalinsesw aseyd ©5)n
uoi308.109 iy asdij|3 Juswaoe|dsip uo soueqIn)sIp
Jeubis indino ainjelpenb
19}oWO0IBMB)UI JO 10840
ueyy (Aunisues
$S9| 89 0} SI YoIym 9SIaASURY)) JUBWaINSEaW
0€0 00 | 0€0 .10 /00 | GO0 | 200 | 8S‘0 |teinbueyoas| ‘yy g7 e 0}Joud ay}Aq aseyd jndjno Jsjewolsieooe | (L7p)n
pajewnss si AlAnISuss uo uoljels|ooe Bulpusaq pue
Uo 089 [enpisal 8y Buijoos ‘@siaAsuel) JO J08Y0
sjauueyo |90oe .
(1=x) pue Jajawoliapajul (stou pue wny 6°e)
0z0 0z'0 | 0zZ0 0L0 0L‘0 | S0°'0 | SO0 I _msu_oc U0 BSI0U pajejnuIS Juswainsesw sseyd ndino | (9" )
Aq b_>;_w.cmw o ﬂomt.w uo aoueqJnysip abejjoa Jo Joaye
BRENE)
a|qibi6au sey 18y juswiaInsesw .
000 000 000 000 000 000 000 8G°'0 |Jenbuejoal [enbip _.m_.omaw .uo__aa.m aseyd jndino Jejewoia|a00e (" )n
e : uo jo9ys Buuayy abejon
Buuayy Bojeue oN
|eubis
. . . . ] . . (1=x) aoualajal e jsuiebe juswiainseaw A
010 €00 €00 €00 €00 €00 €00 b JewJou painsesw suopelqied aseyd jndjno Jsjewols|eooe "op)n
JuBJayIp JO Ss)nsal
0000Z | 0000L | 00OZ 0005 000%> | 000€ | 000¢C X [epow uonduosasp Aurepsoun jo 82in0g (mgn
0] 0] 0] 0] 0] 0} 0} Jojoe | Uonnquisip Mm_cmﬁ”._amrmmm
0000L< | 000Z< |000S<| 000¥ | 000€< |[000Z<| O Aungeqoud 1epUE
plepuels
(zH) Aousnbauy

(o) (@) uonnqIUOd Aurensoun i

Ayanisuss abieyd xajdwod sia)awoldjadoe JS pue g19g ayl jo yiys aseyd Joj 19bpnq Ajutepasoun — ¢ a|jqel




153

INMETRO

B.10.

‘ ‘ ‘ ‘ . ‘ . ‘ ueyy Jaidwe aduaisjal Jo 0
100 100 100 100 100 100 100 8G'0 |Jenbuejoal ss9] 99 0} parewns3 | wius aseyd uo 10eye spnyjduie (Y7 12)n 9l
(z=3) ueaw ay} 19}5W 018|900 9oUdIB)al
€00 €0°0 €00 €00 €00 €00 | €00 G0 eLLIOU JO UOljEINSD plepue)ls Jo onstispoeleyd Aousnbay | (|EOY)7 Gl
! 8y} Ul papnjoul Joay3 |  -aseyd Jeaul| Woiy SUOLEIASD
‘pasn si Bues Jaydwe aouaisjal
000 000 000 000 000 000 000 8G‘0 |seinbuejoal pajelqieo a|buls Jo onsusyoeteyd Aousnbalyy | (VI 1la)n vl
V ‘9|qeoidde JoN -aseyd Jeaul| wolj SuoielInap
‘pasn s bumes | (sbumes uonesydwe juaiayip
000 000 | 000 000 000 | 000 | 000 | 8S'0 |teinbueyoal pajelqiied s|buls Joy aseyd ur suopeinsp) | (Vo) €l
V ‘9|geoldde JoN Bunjoely Jayldwe asuaissel
B indur abieyd
€00 €00 | €00 €0°0 €00 | €00 | €00 G0 _Mm:._wc JUEJSUOD UM 0G9Z MQ | uoneiqiied yiys sseyd sayldwe | (Vo v)n | z|
Jaiyidwe jo uoneiqies
(‘'ueaw dBWY}LIE JO UONEIASD
d
600 600 | $0% ¥0'0 200 | zoo | zoo | svo ((N)ubs) (UBsw B JO AP PIS | ) o h%w%ﬂ%%m_mmﬂ @ovin | 1}
|ewJou ‘9=N 10}) painses|y | . :
wopuel ‘679 ) juswainsesw
Ylys aseyd uo sjoays [enpisal
juswainseaw
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ bs ue .
20'0 | 200 | 20'0 | 200 | 20'0 | 200 | 200 | O€O Aﬂw_wuocv 6555 0 peTEWIn eseyd juswsoeidsip uo | (@)1 | o)
; S]09)48 OL}BWOIBH8UI [ENpISal
(sjeubis
J8)aWoIaI8)ul 8y} JO asiou
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ueyy o .
€00 €00 €00 €00 €00 €00 €00 8G'0 | Jenbuejoau ss9| 89 0} peleWNST aseyd '6-9) uswainsesw | (945 )n 6
aseyd juswaoe|dsip
uo aoueqgJn)sip aseyd jo 1088
(1818Wo018p8 Ul BY)
Aq pasuas jods ay) pue aoeuns
90UBl9}a1 I8)BW0IB|800.
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ueyy .
€00 €00 €00 €00 €00 €00 €00 8G'0 |Jenbuejoal usemjeq uofow aapelas | (IVsp)n 8
SS91 89 0} pajewlisy ‘Jup “6°8) Juswainseaw
aseyd juswaoe|dsip
UO 92UEQIN]SIP UOKOW JO }08)8
(sureyo Buunseaw
ouyos|eojoyd ay) ul asiou
200 | 200 | 200 | 200 | Z0'0 | 200 | 200 | 850 |!embueies YU wopues B'8) Juswainseaw | ()| g

$s9| 8q 0} pajewnsy

aseyd juswaoe|dsip
uo aduequnisip abejjoa Jo Joays




APPENDIX B. MEASUREMENT UNCERTAINTY BUDGETS OF THE PARTICIPANTS

154

z' 0F [080] 050 [ ¥€0 [ ¥2'0 | 020 |(z=) Wus aseyd isjowoisjeooe Joj (,) Ajulensoun papuedxs papoday
0000Z | 0000} | 000Z | 000S | 000¥> | 000€ | 000Z
0} 0} 0} 0} 0} 0} o)
0000}< | 000Z< |000S<| 000¥ | 000E< |000Z<| O}
(zH) Aousnbaly
v0'L | €80 | 8.0 | 6¥0 le'o | zzg'o | oz'o |(z=4) @V
Hys aseyd Jajawousj@ooe 1o} (,) Ajulenaoun papuedxs pajewnsy
Zé'0 | zv'o | 6€0 | ST0 GL'0 | L0 | o0 [(1=4)muys @V)yn
aseyd Jajawola|@29e 10} (,) AJulelaoun piepuels pauiquiod pajewnsy
S€0 | 210 | zi'o | 20 | 900 | €0'0 | 00'0 | 8GO |senbueioer| oo oo =R (Augnpoide) jope Riejes | (Sov)n | zz
=1S .co:mE_A_wM\Mvcw%mw 19j9u0I9|920E .
l0'0 | 100 | LO'0 | 100 L0'0 | 100 | 100 | 8S'0 [JemnBuejosl 5 | 4= 1p) UEL) souasejeljo s | () |1
wwm_own 01 poleLNsT aseyd uo S}08Yd |BJUSWUOIIAUD
(UonelqIfed
. _ . . h : h , d 6 d
100 | 100 | 100 | L00 | 100 | 100 | b0 | 850 |embumoes| L0 S e s mmaone| (| 0z
SS9| 8q 0} pajew}sy
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ uey) Hlys aseyd Jajowo.s|900e »
l0'0 | L0'0 | LO'0 | 100 L0'0 | 100 | LO'0 | 8S'0 |senbuepar| (o oo aielnsg oouajel o Amqeisur | 7| 6L
Bys
_ ; _ _ . _ . . d d :
20'0 | 200 | 200 | 200 | 200 | 200 | 200 | 85’0 |sembuewar| oot T ame pub s peond | | 8t
Jayidwe aoualajal Jo Aljigelsul
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ (¢8/W 001 01 dn Ja)awWoIa|920. 9oualsjal JO
l0'0 | 00 | LO'0 | 100 L0'0 | 100 | 100 | 8G°0 |JenBuejosi| abueispnydwe) uew |\, T 4 isons sonudwe | 7 | b
SS8| 8 0} pajewl}s3y




155

NMISA

B.11.

B.11 NMISA

; ; ; : - ; : : % 5756
002 8L [ z 8'0 S0 €0 S0 80 Zex Aurepsoun papuedxy (uonnquyuod
ewo]
R A 288'0 zeL'0 6850 s8e'0 | evz'0 | Lhi'o 5620 e A[oAS7 80UBPIUOD & b:_m:m,_uz n n_m‘—\.ﬁEo 5 Lnn Buipniou)) Juswainsesy jo Auepsoun
. ; ; 0 : : : 7 : % 5756
002 =y ov't [N 60 59'0 2£'0 020 €2°0 82'0 zy Aurepsoun papuedx3y (uonnquyuod
:Ag panoaddy pue payosuo apuyul A 8690 €650 890 szeo | vero | Lovo 0o 1’0 AloreT 90UsPYUOD A& AQUiELBHUN POUAWOD Lnn BUipnpx3) Anpiqede) juswainsesy ysog
ALNIVLYIONN G3ANIGNOD TV10L Wan inoay
sjuiod  Buisn uoe|njea Ayanisuss Joy NASI L 0050 05t'0 0S€E'0 002'0 054'0 0010 002'0 00€'0 abejjon Jndino 208 UO UOIEIASP . °p
108})0 oUjosle-0quUL|  BULUI 004 0500 050'0 050'0 §20'0 S€0'0 §20'0 s20'0 5200 JusweInseaw a6e}(0A INdIN Jejeww0Is|ed. O Sjo8Y8 [EnpISey =g
%1 Jo A USS 9SI9ASUE) B IO J0LIS 8SJaAsSUe) | ayuyul 00l szL'o GzL'o 0500 0v0'0 G200 G200 GL0'0 §20'0 juswainseaw abe)|oA JndiNo 18}aW0IS|809. UO UOIOW 8SISASUBI) JO 108))T L
£9091 OSI Aq pamolje wnwixel :(00L/P)% = Fin|  epuyul 00l 0s1'0 004'0 s20'0 §20'0 0£0'0 5100 520'0 S€0'0 Juswainseaw a6e}(oA Indino Jejeww0.a|eoe Uo SouBqINISIP 3Be) oA J0 108)3 an
A (pajejaniosun) uonelqied /3sal Japun Jun A
Aurepaoun Jaydwe Buonipuod ayuyul 0oL 00L'0 00L'0 00L'0 00L'0 00L'0 0500 00L'0 00L'0 Koeinooe uieb seydwe abiey vo9
A*m=a|  epuyu 00} 1620 SkLo Sk'o SkLo 8500 8500 9v0'0 90'0 JusWeINseaW AANISUSS U0 1038 Buuial|iy &S
abuel A | Uo 9sED 9SI0M UONedlI0ads S Janjoejnuepy apuyul 00k GE0'0 §€0'0 §€0'0 S€0°0 S€0°0 8500 S€0'0 1800 (Aoeinooeyuonnjosal OQYy) Juswainseaw abejjoA Jndino J8jewoIajeooy An
jeoyiied uo pajonb Auiepsoun | - apuyul 004 0000 0000 0000 0000 0000 0000 0000 000'0 Juswainseaw ylbuajanem Jase| uo Aurepaoun ny
Buipeai Jo % G0'0 5 Juewannbai |L-€909) OSI|  dNuLUl 00} €210 L0 SLL'0 1800 000 6200 9000 9000 AKoeinooe Juswainseaw Aousnbayy uoneiqin o7
Aue jo azeme JoN|  apuyul 004 ShLo 8500 620'0 8500 9000 9000 z10'0 zi0'0 Jusweinseaw spnydwe aseyd uo s}oa)ye dujRWOIBLIBUI [BNPISY 30
ainpaosoid uonoa110d uuewapAaH Buisn Joj pajoauo) ayuyul 00} 6820 SLL'0 8500 8500 6200 9000 9000 9000 juswainsesw apnyjdwe aseyd uo souequnisip aseyd Jo 10943 Qad gy
oore i o Yote Bulsuen veewed vam oo | SHULI 00l z9v'0 2970 Yor'o 1€2'0 SLL'0 | 6000 900'0 z10'0 Juewainseaw epnyjdwe eseyd UO SOUEGINISI UOHOW JO 198)3 ang
e e e 004 2000 100'0 100'0 1000 | 0000 | 0000 0000 0000 Juswainseaw apnyjdue aseyd uo soueqinisip obejon jo paya| o
106 <> Suommmon e ot e ool auyul 004 682°0 €110 SLL0 sio | sso0 | 9000 9000 9000 spnyduwie sseyd Uo soUBGINSIP [BUBIS JNdJNC JejeWoIBLIBIY] 0
A % % % % % % % % % A (pajejaiiooun) Juswdinbg asuaiajey pue spiepuels A n
ZHHO0ZO) | ZHAGLO} | ZHAZLO} | ZHHLO) | ZHNG> [ZHHLO} | ZHL> ZHZ'0
Seway BRI . b
ZHAGL< | ZHMZL< | ZHML< ZHAS | ZHML< | ZHL ZHZ0< ZH L0
wopaaig (Aurepasun jo 824n0Sg)
1o seaubaeq Angeney (A)1n uonnquuoy Auiensdsun piepuels fnueny ndup loquAg
p,(4uz)/n=e/m=5 1opO [EonEWaLIEN
“Toquiny
uewpja/ ue| enos
. ZH4 0Z 0V ZH L'0 -obuey S5ASDUT 6B € PoylaW | 1-€9091 OS| Jad se (sninpow) uoneiqed Aanisues wuopduoseq
1si6ojool ey g jorug B AN
(6-88101-29-26 NGSI) 5661 OSI - IO ‘dvdNI ‘OVdNI ‘08I ‘0041 ‘031 'Wdig £q penss| ‘Juswainsesiy ul Ajurepsoun Jo uojssaidx3 ay) 0} 9pINY :80uaiajey
LO00-SAAY ON 8inpadoid

€/2ELE-SAVY

ON 3jedyiad

(wan) XidLvw 139ang ALNIVLYIONN




MEASUREMENT UNCERTAINTY BUDGETS OF THE PARTICIPANTS

APPENDIX B.

156

5556
002 = 9l [ 80 ] €0 z'0 ..Nu., ¥ Aurensoun papuedx3y (uonnqujuod
ajuyul #A 08°0 09°0 6€'0 vZ'0 €10 oL'o Al2A37 20UBpYUOD A [(JEWON) Ajurepieoun pauiquio) 1nn Buipnjou)) Juswainsesy jo Ajutensasun
00z =y siL VL 70 0 0z'0 z0 % Sv'56 fyurepoun papuedx3
z=y ' (uonnquyuod
:Ag panoiddy pue paxosyd sjuyul #p 850 $G'0 9e'0 220 oL'o 600 AleneT ouspyuon A |(JEWION) Ajuip@oun paulquio)d 1nn Buipnpx3) Ayjiqede) juswainsea ysag
ALNIVLY3IONN A3NIGWNOD TV.LIOL Wan inogy
wnwiuw sejoko G Buisn uone|nied Ay 00l 0550 0S2'0 0510 00L'0 060'0 0500 jJusWaINsSeaW Yiys aseyd J8}eLioIajedoe UO UOHBIASP PIEPUBIS s p
10949 0LJ99je-0qUL [ Spulul 00l 8500 5200 5200 §20'0 0L0'0 $00°0 jJuswainseaw ab6e) oA INAIN0 18)aWOIB[8I0. UO S}08))d [BNPISaY sHip
%1 30 AYANISUSS BSIBASURJ} B 10} JO1IS BSIOABSUEI | ajuyul 00} 8500 850'0 850'0 6200 1100 Z10'0 juswainsesw aseyd Jndino Je}awWoIs|829k U0 UOIOW 8SISASUE] JO 1093 Lh
€909} 08I Aq pamoyje wnwixep Z(00L/P)% = LN |  anuyul 0oL 682'0 L€2'0 rL'0 690°0 £€20°0 ZL0'0 jJuswainsesw aseyd Indino Js}eWoIa|e00. UO 8aUBqINiSIp 86E}0A JO 108YT an
A (pajejauiooun) uoyeiqied /3sa) 19pun Jun A
onjeA payis)y 00} zi1'o z1'0 21’0 050°0 0v0'0 S€0°0 Aoeinooe aseyd Jaydwe abiey)n Voo
Z(dHm)=e|  eyuyul 001 682°0 682'0 1€2°0 180'0 620°0 620'0 Juswainseaw aseyd Indino 1a}oW0I8|809€ U0 Joaye Bulalid e
Aoeinooe uonenojes aseyd WvS|  djuLul 00k S.1'0 00Z'0 0SL'0 00L'0 5200 5200 (Aoeinooejuonnjosal DQY) Juswainseaw aseyd Jndino Ja}ewoIs]a0oy! AT
Buipeal Jo % G0'0 5 Juswalnbal |L-¢9091 OSI|  8juyul 00l 2800 SLi'o 850'0 6200 1100 1100 jJusWaINSeaW Pys aseyd Uuo Sjoays [ejusWUOIAUT Py
Aue jo eremejoN|  spubul 00l €210 €10 850'0 9%0'0 z10'0 zL0'0 juswainseaw aseyd Juswade|dsIp UO S}0aYd JL}SI0IBBIUI [ENPISSY RS
2inpao0ud uoi.1100 uuewspAsH Buisn Joj pejoeLI0) ajuyul 00} €210 rL0 2800 SLL'o 00’0 0v0'0 juswainseaw aseyd juswaoe|dsip uo aouequnisip aseyd Jo 08y ad's ¢y
Papus 8|qnop Wwig} 10} EEESETY ) . . " . . an's
“JajeLLI0IB|B00E PUB JaXe J0ds BUISUBS UBBM|Sq UOKOL SARIaY 00k L€2'0 SLL'o 6900 8500 6200 6200 Juswainseaw aseyd Juswaoe|dsip U0 oUeqIN]SIP UOKOW JO 08T s ¢y
%01= % d a0 = . . : . . .
000L/%0}= 8552 8810M a_w,,,u\qm_hmhu:w Y M_m_mm.”_ommh_mﬂﬂwuz__ m_auuo 004 202’0 L0 690°0 8500 0v0°0 6200 Juswainseaw aseyd juswade|dsip uo aoueqInisip abe)oA Jo Joay3 ()
06 .mzhu.“__Hwohnhmmwc%u,%ﬁﬂﬂﬁw ajuyul 00l 202'0 1€2'0 SLL'0 S20'0 9%0'0 G€0'0 Juswainseaw aseyd Juawaoe|dsip uo aoueqnysip [eubis INdino Jajewolapsu| A
A % () () () () () (o) A (pajejauiooun) Juswdinb3 aouaiajey pue spiepuels A n
apuul ZHY 0Z 0} | ZHYSGL O} | ZHH 2L O} | ZHHG > ZHY L 9 ZH 001 03
syieway e ZHYSL< | ZHMZL < ZHY S ZHY L < ZH 001 < ZH L0
wopaalg (A&urepsasun jo asunog)
Hiqena A N
Jo seaibaq Aunqenay (K)1n uonnquyuo9 Ajurensaun plepuels fanuenp snduy loquAg
>m_wn_&mﬁ_ - wmm__n_ﬁ_nuy< - >m_mnmwm - amm:nmwm - wmm—_n_._.D_J 5 amm:aw :|opOW |eonewWwayeN
Lsquinu
UBWP[aA UE| ez .
ZHY 0Z 0} ZH L0 :oBuey T € poylew | L-9091 OS] Jed se (aseyd) uoneiqied Aanisuss xa|dwod :uopduosaq
sibojonan pu3z
Jeely ' g
(6-8810L-29-26 N8SI) $661 OSI - TNIO ‘dVdNl ‘OVdNI ‘0S| “004I *03| ‘WdI8 Aq panss| ‘uawainseajy ul Aulepasun Jo uoissaidx3 ay) 0} 8ping :9ouasaleYy
L000-SA\Y ON ainpadold

€ 8 CELE-SA\V

ON ®jesuIa)

(wan) xidLvw 139ang ALNIVLYIONN




157

VNIIM

B.12.

VNIIM

B.12

17N} LEL 8.0 €70

180 990 6€'0 [4 4]

050°0 0S0°0 050°0 050°0 \4 0002
£00°0 £00°0 £00°0 £00°0 g zeL'L
0100 0L00 0100 0100 \4 000
0020 00S°0 00€°0 00L‘0 S| zeL'L
6200 §20°0 6200 6200 g zeL'L
050°0 0S0°0 050°0 050°0 g zeL'L
0100 0L0‘0 0100 0100 <l zeL'L
0€0°0 0€0°0 0€0°0 0€0°0 <l zeL'L
005°0 00¥°0 00Z°0 00L°0 \4 0002
0v0°0 $50°0 ¥80°0 00L°0 g zeL'L
0200 000 0200 0,00 g zeL'L
0200 000 0,00 0,00 g zeL'L

ZHN0ZSN>ZHASL ZHAGLSN>ZHAG ZHASSN>ZHAZ ZHMZSN>ZHOL Ajurensoun

Jo adA| 03084

9% ‘Ajurepsaoun piepuejs aAige|oy

|ewJoN

Je|nbuejoal
lewloN

Je|nbuejoal

Jeinbueyoal

Jeinbueyoal

Jeinbueyoal

Jeinbueyoal

lewoN
Jejnbueyoal
Je|nbuejoal
Je|nbuejoal

uonnquisip

AjAisuas ay} Jo Juswainseaw Jo Ajurepsasun papuedxa aAne|as ay L
Ajurepaoun piepuejs

uoielqieo Jayldwe abieyd sy} Jo JUBWBINSEAW BU} UO S}OaYd [enpisay

(a01n8p Bunesipul pue Jojelausab Aousnbauly) Juswainseaw Aouanbauy uoneiqip

(uonouny Js)oWwoIBHBUI)

uolienpow aseyd jo apnyijdwe 8y} JO JUSWAINSEAW 3Y) UO S}08))0 90UBISHB)UI [enpisay

(leubis JayowoiapadIUl BY) Jo asiou aseyd

ay3) uone|npowap aseyd ay} jJo apnjiidwe sy} JO JUBWINSESW dY} U0 uolo)sip aseyd Jo Joay3
(€T

3y} Jo Jods Jase| 8y} pUB S0BLINS S0USISJD JS}BWO0IB|900. U} USBMIS] UOOW SAlE|D]

ay}) uone|npowap aseyd jo apnyjdwe 8y} JO JuUsWAINSEAW S} UO UOILO)SIP UOOW JO J08)3
(synauaio Buunsesw ou3o8j20j0yd Ul 8SI0U

wopuel) uonejnpowsap aseyd jo apnjijdwe sy} JO JUsWaINSeaW dy} UO UOILOISIP 36E.}|OA JO 108)]
(uoneyiwn| pueq) uone|npowsp

aseyd ayj Jo sapnyjdwe ay} Jo Juswainseaw ayj uo [eubis Jajawolapajul ay) Buusyy Jo 1083
(s|euBis ainjelpenb ay) Jo 8oualayip aseyd |euiwou

3y} Jo , 06 wouy uoneirap ‘epnyiidwe abejjoA auyj Jo uoleIAap ‘YIys 019z) uoleinpowap aseyd auyy
JO JuBWIBINSEAW BU) UO Jajawoiapaiul 8y} Jo sjeubis indjno ainjespenb ay) jo uoiuolsIp JO 10943
(AjIAISUSS BSIaASUEI)) 19)}OW0IB|900E

ay} Jo abeyjoA Indino 8y} JO JusWaINSEaW By} UO SUOIEIS|800k Jejnbue pue asiaAsuel} Jo Joay]
(3IN2419 U} Ul BSIOU [BD1}O8]S PUB SUBIBHBIUI)

Ja)owoIaja29e ay} Jo abe}jon Indino ay) Jo JuswainNseaw ay} Uo UoILO}sIp a6e}|oA Jo 1083
(uoisianuod [eybip-Hojeue ay jo ssaujeyy)

J13)2WOIa]229k 8y} Jo abeyjon Indino ay} Jo spnjiidwe sy} Jo Juswainseaw ay} uo Bula)y Jo 1093
(uoisianuod

|enbip-6ojeue ay} jo AoeINOE) J8)oW0I8|999. By} JO abe)joA Jndino ay) Jo Juswainses|y

Ajurepasun jo 82inog

(3y's)n

(94N
[EXy

(ad‘wo)n

(aw‘noé)n

(an‘mo)n

[ERL

(O'Wd)n

(L'n
(a'nn
(4'n)n
(A'm)n
jusuodwood

fyurepasun
piepuels

cl

L

ol

-~



MEASUREMENT UNCERTAINTY BUDGETS OF THE PARTICIPANTS

APPENDIX B.

158

av'L 860 0s‘o 280

€L'0 6v°'0 sz'0 w'o

00€‘0 00€°0 00L°0 002'0 v 000
00€‘0 00z'0 00L'0 00L‘0 v 000
00v'0 00z'0 00L'0 002'0 <l zeL'L
050°0 0500 050'0 050'0 <l zeL'L
050°0 0500 0€0°0 050°0 <l zeL'L
00Z°0 00L‘0 0500 050'0 <l ceL'L
00€°0 00Z°0 00L°0 00L°0 g zeL'L
00Z°0 0500 050°0 00L°0 v 0002
050°0 0500 050°0 00Z°0 a 000
050°0 0500 050°0 050°0 a 000
00L‘0 00L‘0 00L‘0 00L‘0 a 000

ZHYO0ZSN>ZHNOL ZHMO0LSN>ZHAG ZHASSN>ZHIL ZH9LSN>ZHOL Ajutepasun

jo adA) 103084

aaibap ‘Ajulepasun piepuels aApedy

|ewLoN

|ewoN

Jeinbueyoal

Je|nbueyoal

Jeinbueyoal

Je|nbueyoal

Jejnbueyoal

|ewIoN
|ewIoN
|ewJoN
|ewJoN

uonnquisip
Aunqeqoud

AjAnIsuas ay} jo Juswainseaw Jo Ajurepraosun papuedxa dAje|ds dYL
Aurensoun piepuejs

(ueBW oREWYILE JO UOHEBIASD pJEpUE)S [Bjuswadxe
sjuswaINseaw jeadal uj Joayd Wopuel) Juswainsesw Jiys aseyd Uo sjosys [enpisay

JuswaInseaw aseyd JusWwade|dsIp UO S}O9)8 JLJOWOIBHSUI [enpisay

(s|eubis JayowolapaUl
ay} Jo asiou aseyd) Juswainsesw aseyd juswade|dsip uo aouequnisip aseyd Jo J0ay3

(19)oWolaBIUl BY) AQ pasSUas J0ds 8y} pue d0BLNS 90UBIB)BI J8}8W0IS|800. U}
U99M}aq UOIOW dANE[a) ‘YUp) Juswainseaw aseyd Juswade|ds|p Uo 80UegINISIP UOHOW JO 1081 F

juswalnseaw aseyd juswaoe|dsip uo soueqIN}sIp 86.}OA JO 108YT

juswalnseaw aseyd juswade|dsip uo joaye Buusyy [eubls Jejewolapau|

Juswainseaw aseyd juswasoe|dsip uo soueqinisip [eubis Jndino ainjespenb JejeWoIBKBIUI JO 108YT

JuswaInseaw
aseyd Indino JajewoIs|a00. Uo uoljels|aooe Bulpuag pue Bupjo0. ‘9SIaASURY} JO J0aYyT

juswalinseaw aseyd Jndino J8}ewo.s|809. U sdueqnisip abeyjjoA Jo Joay3
juswainseaw aseyd ndino Js}awoIa]20e Uo Joaye Buliayy abejop

Juswainseaw aseyd ndino J8}oWoIa|800y

fyurepasun jo asinog

(39'dv)n

(3y'sb)n

(ad'sd)n

(anw'sd)n

(@n'so)n

(d'sd)n
(o'sd)n
(L'nd)n
(a‘'nd)n
(4'nd)n

(A'nd)n
juauodwod
furepasun

piepuelg

ol



159

B.13. NMC, A*STAR

B.13 NMC, A*STAR,

cFl 6L°1 ¥5°0 170 0E0 L¥0 [36] Arensoun papuedx3
00'e 0oe no'e 00°¢ no'e o0'e Joyoey sbelano)

G0+301°8 90+32E¢ S0+3L9F 90+309°F S0+368°C G0+3F0°€ wopasy yo saibap anoayg

E0-3LL L £0-316°5 £0-369°C £0-350°C E0-3e5t E0-390°¢ Auiepsun JUAWAINSESW PIEPUELS SAE[S) PAUIGWIDD

FO-35E°E F0-39L°C F0-39% | 50-3¥E9 S0-3L2°6 FO-3LE°1 w adA|

E0-300°5 £0-300°5 £0-300°C £0-300°L #0-300°5 70-300°L 1e|nbuejaay §13aya |enplsay

F0-300°1 F0-300°+ F0-300°+ F0-300°+ F0-300°+ £0-300°1 Je|nBueloay splay anaubiew jo sauanyu|

F0-3IF0°F F0-3LET F0-3LET FO-3ELL FO-3EL L 70-368°C Je|nbuejaey uun josju02 jo Aupgels wisg Buo

S0-300°1 S0-300°L 50-300°k S0-300°L 50-300°k S0-300°L JejnBuepoay Mueau-uop

G0-305°1 S0-305°1 G0-305°1 S0-305°1 G0-305°k G0-305°1 Je|nBueloay uoneues ainjessdws |

E0-300°L £0-300°L £0-300°k £0-300°L £0-300°L E0-300°L 1e|nbueiaay 1a]1axa g 13SE| Uaamiaq uonow ale|ay

00+300°0 00+300°0 00+300°0 ¥0-300°C F0-300°€ £0-300°1 Je|nBueyoey node| ajgeD

E0-300°E £0-300°L #0-300°5 ¥0-300°5 50-300°C S0-300°€ 1e|nbuejaey Bununow Jejewois|aaoy

E0-300°E £0-300°C F0-300°5 ¥0-300°G F0-300°¢ v0-300°1 JejnBueyosy 18SE| JO UDIJEDD| [EDU}SWO0SL)

G0-300°1 S0-300°k G0-300°k S0-300° 1 G0-300°k G0-300°1 te|nBueroey asiop

r0-300°1 F0-300°L F0-300°+ F0-300° L F0-300°L F0-300°1 JejnBueioay wny

F0-300°1 ¥0-300° 1 #0-300° 1 F0-300° 1 #0-300° 1 F0-300°1 Je|nBueloay SJluowieH

E0-300°L £0-300°L £0-300°L £0-300°L #0-300°5 F0-300°1 1e|nbuejaay uonow sslassuel |

. . ) ) ) . (asuodsal Aouanbay

E0-350°2 £0-309°L #0-300°9 ¥0-300°9 #0-300°9 ¥0-300°9 JejnBueyosy 2 uieb Jaydwe ‘afeyjos) juswainseaw [Baw}os|g

£0-300°1 £0-300°1 #0-300°5 ¥0-300°5 #0-300°5 F0-300°G [ELLION 13sET @qualaEy
ZHY 02 01 ZH4 Gl g > aNﬁMIi 0l oL = M_M_W_..IU._ 5 g MTMIU._ L ZHY L= 03ZH 02 | ZH 0€ > 91 ZH O} ot M_N___ﬂ_mmm%_n__u sjuauodwod Auiepasun

apnjubey Joy 3abpng Ajulepasun Juswainseayy s,JMN




MEASUREMENT UNCERTAINTY BUDGETS OF THE PARTICIPANTS

APPENDIX B.

160

59°) 1z 59°0 Z9°0 950 ZED [.] Awiepaoun papuedxg
00z 002 00Z 00Z 00Z 002 10108} sbelanon
60+3FC ¥ 0L+3581 £0+359'L 80+385 | 90+3576 50+356F wopasy jo saibap anday]

9280 909°0 IZED BOE0 0810 1910 [.] fuiepaoun wswainsesw piepuEls pauIqWo)

5000 2000 2000 #00°0 5000 6000 v adA|

0020 0020 0000 0000 0000 0000 sejnbueraay s108ye [enpisay

180°0 690°0 0%00 5£0°0 ZLo0 9000 sginfiueiaay Jun 013u02 jo ANjige)s wia) buo

0L00 0L00 0L00 0L00 0L00 0L00 sejnfiuelasy Ruesui-uoy

0L00 0L00 0100 0L0°0 0100 0L00 seinbueiaay uoieleA ainjesaduwa |

0010 0040 0010 0040 0200 0200 sejnfiueraay uonow ane|ay

0010 0040 0010 0800 0800 0L00 sejnbueraay uonedo| [EIBWORD

0100 0L00 0100 0100 0100 0100 sginfiueiaay asioN

0L00 0L00 0100 0L00 0100 0L00 sejnfiuelasy wny

0000 000°0 0000 000°0 0000 0000 sgnfiueiaay soluoWIEH

0020 0020 0010 0500 0500 0500 sejnfiueiasy asuodsal Aouanbaig

0040 0040 0010 0040 0010 0040 reinbueraay uteb sayduy

0500 0500 0500 0500 0500 0500 sginfiueiaay wawainseaw abejjop

0000 0000 0000 0000 0000 0000 sejnbueraay Aauanbay senbuy

05L°0 0050 0520 0520 0010 0040 [ewioN piepuels ausiajay
2491 02 01 2104 51 5| > M:u_.z 0L 0L vwﬁ_ﬁ 5 g Mﬂ.z Lo TH >01ZH0Z | ZH 02> 01 ZH 01 e ﬂa_ﬁw“m_n__u Siuauoduion fueuaaun

ylys aseyd Joj J@bpng Ajuienasun juswainseap s, NN




161

UKRMET

B.14.

B.14 UkrMet

0‘c 0 S‘L 10 S0 (Z=Y) M1AnIsuas 19)8wWo013|3298 104 ‘9, ‘AJuiepsasun pepuedxa aAne|al papoday
12T 65l 9Z'L 69°0 810 (z=y) AiAnIsuas 1a)awoia|a29k 10} ‘9, ‘Ajuleniaoun papuedxa aAljejal pajewi}sy
Ll 6.0 £9°0 Ge'0 vZ'0 Aanisuas iajowdiajeode 1oy ‘9, ‘Ajuieliadsun piepuels paulquiod aAlje|al pajewisy
20 ¥'0 €0 L0 S0°0 A 0002 [eW.ON (uoeinap pJepueys) sjuswainseaw jeadal ul Joaye wopuey (3y's)n 4}
1000 1000 1000 1000 1000 q 2€.‘L | 4einbueroal (e21nap Buneoipul pue Jojessusb Aousnbaly) Juswainsesw Aousnbaly uoneiqgip (94N L
z0 20 z0 (0] 500 | zeL'L | seinbuepoal (iogoun; sejaiossy 2jul) (3¥'nd)n oL
uonenpow aseyd Jo apnjiidwe ay) JO JUSWSINSEAW U} UO S}08)J9 90USIoUSlUI [BNPISOY
. . ‘ . . . (leubis Jsjowolapalul 8y} Jo asiou aseyd .
Lo §0 vo o o 4 zeLL | seinbuesoss ay}) uoneinpowsap aseyd ay} Jo apnyjdwe sy} JO JUSWIBINSESW Y} UO UOILO)SIP aseyd Jo 10ay] (@d'wén 6
‘ . . . . . 5 (Jojowolapalul BY) JO J0dS JoSE| 8Y) PUB 90BLINS 90USISJSI JJOWIO0IS[900. BU) USaM}aq Uuoljow .
v0'0 v0'0 ¥0'0 v0'0 v0'0 8 CELL | deinbuesos oANe|2. 8Y)) Uolenpowsap aseyd Jo apnyjdwe sy} JO JUSWIBINSESW U} UO UOILO)SIP UOHOW JO 1083 (@wwén 8
£0'0 £0'0 €0'0 €0'0 £0'0 g zes'1 | senBueoss (synou1d Buunsesw oujoaje0j0yd Ul asiou QAW J
wopuei) uonenpowap aseyd Jo spnjiiduwe ay} Jo JusWwaInNseal ay) Uo UoILOo}SIp a6B)|0A Jo 108)T an'w
‘ . . . . . 6 (uoneywi| pueq) uone|Npowap .
€00 €00 €00 €00 €00 8 CELL | deinbueiosd aseyd ay) Jo apnyijdwe sy} Jo Juswainseaw sy} uo [eubis Jajewoapalul 8y} Buudyy Jo 1083 (FWon 9
TSTouT TP SiF P oo
+0'0 00 00 00 00 g z€l'l | seinbuejoal ay} Jo , 06 Woy uonelrap ‘apnyijdwe abe)joA sy} JO UOHEBIASP ‘YIys 019Z) uole|npowap aseyd (O'We)n ]
10 A INSPALL AN LN 1IMAlIn AN AN 10 eipnfie Indina aimpinenh AN 10 AN IAISIN 1N 19AUT
¢ . . . . . (ANAnIsuas aslansuel)) 19}oW0I8|900. .
S0 vo €0 ¢o 1o 8 geL' | senbuetoes 3y} Jo abe)jjoA Jndino 8y} Jo JusWAINSESW Sy} UO SUOIEIS|900k JBjnBUE pue 9SISASUEI) JO 108)T (L'mn v
20 20 10 0 10 s — (unoJid BY) Ul BSIOU [BOLIJOS[S PUB SOUISHBIUI) (@nn
00 00 00 00 00 8 ceL} ! 19)9W019[999k 8y} Jo abe}joA INdinNo By} JO JUBWSINSEAW Y} UO UOIO}SIP 96E)}|OA JO 1083 a €
100 100 100 100 100 g zel'L | senbuejoas (uoisiaauoo |eybip-Bojeue ay) jo ssaujeyy) (4'n)n 4
J9)ewols|e0e 8y} Jo abeyjon Jndino ay) Jo epnyjduwe ay) Jo Juswainsesw ay) uo Buus)|y Jo 108y 4
100 100 100 100 100 g zelL Jejnbueyoal [(uoisienuod [eybip-Bojeue ay) jo Aoeinooe) JajeWwoIa|ad0e ay) Jo 86e}|0A JNdiNo By} JO JusWaINSEs|\ (A‘n)n 1
1NI| INzwcgmF m:: nnxnocom le S Aurepsoun uonnqujsy| jusuodwod
00002 545 L00SL| 545 1L000L  |0000) 545 L00S| 545 L0OL 000L 545 01 | Ky . “i 103084 quIsip Rurepsoun Jo 99In0g Rurepsoun '
% ‘Ajuieniaoun paepuejs anlje|ay 4 L piepuejs

LYVANVLSLISILYLINENN

JANLINOVI - ALIAILISNIS 3O8VHD




MEASUREMENT UNCERTAINTY BUDGETS OF THE PARTICIPANTS

APPENDIX B.

162

0‘c 0 S‘L L0 50 (z=Y) Wys aseyd 13y 1 10} ‘saaibap ‘Ajuieyaoun pepuedxa aAljejal payoday
60 2s'L 60°L §6°'0 9%'0 (z=%) Biys eseyd 1ajawoua|ad9e 10} ‘saaibap ‘Ajuienaoun papuedxa aAljejas pajewn}s3y
S0°L 9.0 GS‘0 120 €Z'0 Hiys aseyd Jajawdiajaoaoe 1oy ‘seaibap ‘Ajuieliaoun piepuels pauiquiod aAlje[al pajewi}s3
. . . . . . (ueaw opdBWUYLIE JO UOHEIASP pJepue)s [ejuswiiadxa .

o 8e0 ¢eo o 80°0 v 000z euLoN ‘sjuswiainseaw jeadal Ul J0a)e Wopuel) Juswalnseaw Yiys aseyd uo sjoays [enpisey Fy'évn b
¥'0 €0 20 10 S0°0 g zeL'L | seinbuejosl Juswainseaw aseyd Juswaoe|dsip UO S}08)e JLIBWOISUSIUI [enpisay (3y‘sh)n oL
v0 €0 z0 ) 500 g zeL'L | senBueoel (sieubls sjewouspsIu (ad'sd)n 6

ay) Jo asiou aseyd) Juawainseaw aseyd Juswaoe|dsip uo adueq.nisip aseyd Jo 0843 ad
(1o10WoOlBpBYUI B} AQ pasuas Jods U} pue S90S 80U JOJAIOIS|9OJE BY)}
Lo 500 00 S0°0 00 g CELL | JBInbugioss USaM}aq UOIOW SANE[a1 ‘Ylp) Juswainsesw aseyd juswade|dsip uo aoueqIn)sIp UOKOW JO 10843 (aw'sd)n 8
10 ‘o G0'0 S0'0 G000 q ze.‘L | Jeinbuejoal juswalnseaw aseyd Juawaoe|dsip UO aoueqn}sip abey|oA Jo 1083 (an‘sd)n A
€0 z'0 L0 500 S0°0 g z€L'L | seinbuejoal Juswainseaw aseyd juswade|dsip uo 10ays Bulsyy [eubis Jsjawolapau| (4'sd)n 9
€0 0 10 500 S00 g 2€.‘L | Jenbuejoas | juswalinsesw aseyd Juswaoe|dsip uo aduequnisip [eubis Jndino ainjelpenb Jsjawolapalul JO J08HT (O'sd)n []
0 z0 €0 1o 10 g zes'L | senbueyes Juswainsesul (L'né)n b
aseyd jndino JajawoIs|a09e Uo UoleIs|ad9e Buipuag pue Buool ‘@sIaAsUel) JO 1083
z'o SL'0 10 1'0 10 q z€L'L | seinbuejoal juswalinseaw aseyd Jndjno Js}awoIs|820. UO SoueqIn}sIp abe}|oA Jo 1083 (a‘nd)n €
Gl'o ‘o 100 S0°0 G0°0 g zel‘L | Jenbuejoau juswainseaw aseyd ndino JajewoIa|a00e Uo Joaya Bula)|ly abeyop (4‘nd)n z
S0 €0 z'0 (0] 10 g zel'L | senBueoal Jswainsesw sseyd Indino 18}eWoI8[820y (A‘nd)N 1
|NI|ooocN |NI| MIl |NI|ooom NlI _ furepsoun uopnquysIp jusauodwod
545 1L00SL |000SL 545 L000L|{0000L 545 L00S| 545 L0OL 0001 545 01 lojoe4 Ajurepaoun jo aounog furepasun 1
j0 adAy Aungeqoud
saaibap ‘Ajuiepasun piepuels aAe|ay piepuels

LAVANVLISLSILALINAENN

1dIHS 3SVHd - ALIALLISNIS I9¥VHO




