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1. Introduction

This report presents the results of the second Asia Pacific Metrology Programme (APMP)
supplementary comparison in the area of rotational speed, which in this case means
calibration of laser tachometers.

The participants have reached consensus and considered the weighted mean as the most
appropriate method for this particular comparison to compute the supplementary
comparison reference values (SCRVSs) and the degrees of equivalence (DoEs). Detailed
analysis and application of the method for use of the weighted mean in comparisons in
the field of vibration, is documented in the CCAUV.V-K1 report [1]. The calculation of
the SCRVs is also in accordance with the Guidelines for CIPM key comparisons [2].

The Technical Protocol, published in 2022 [3], specifies in detail the aim, the task of the
comparison, the conditions for the measurements, the transfer standard used,
measurement instructions, time schedule and other items. A brief survey of the Technical
Protocol is given in the following sections. Refer to Annex A for details of the TP.

It should be noticed that for this comparison, mechanical generators or optical simulators
are applied as rotational speed standard devices with the comparison range from 30 rpm
to 99 996 rpm. The previous comparison of APMP.AUV.V-S1 allows only mechanical
generators as rotational speed standard devices with the comparison range from 10 rpm
to 99 999 rpm [4]. The results of these two comparisons can support each other as direct
or circumstantial evidence.

2. Participants
Table 2.1: List of participants and schedule of APMP.AUV.V-S2

No. Participant Acronym | Country RMO Calibration
Laboratory period
(week/year)

. . 41/2022

1 Nat'ol\r/‘f;'tr'(;‘lsot't“te of NIM China APMP o
ay 42/2022
National Metrology Centre, 45/2022

2 Agency for Science, NMC Singapore APMP to
Technology and Research 46/2022
. 49/2022

3 Na“ﬁg%'o'?gte;;o'ogy NML | Philippines | APMP 0
y 50/2022
. . 01/2023

4 Nationa? Institute of NIMT | Thailand | APMP to
9y 02/2023
05/2023

5 | Kenya Bureau of Standards KEBS Kenya AFRIMETS to
06/2023
. . 09/2023

6 Nat'osngn'c;‘asrtc'jt:te of NIS Egypt | AFRIMETS o
10/2023
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Six metrology institutes (NMIs) from two RMOs participated in the comparison. They
are listed in chronological order of measurement in Table 2.1.

3. Task and purpose of the comparison

According to the rules set up by the CIPM MRA [5], the consultative committees of the
CIPM have the responsibility to establish Degrees of Equivalence (DoEs) between the
different measurement standards operated by the NMIs. This is done by conducting key
comparisons (KCs) on different levels of the international metrological infrastructure.

However, in the sub-field of rotational speed, there is no formal comparison either at
Consultative Committee (CC) level or Regional Metrology Organization Technical
Committee (RMO TC) level. Therefore, during the meeting of APMP TCAUV in 2021,
the decision was taken to make preparations for a supplementary comparison targeted at
rotational speed (constant acceleration).

This regional supplementary comparison is organized in order to compare primary
measurements of rotational speed in the range from 30 rpm to 99 996 rpm. It is the task
of the comparison to calibrate two laser digital tachometers at different rotational speed
values as specified in section 3 of [3]. The results of this APMP supplementary
comparison may serve as supporting evidence for the registration of ‘calibration and
measurement capabilities’ (CMCs) in the framework of the CIPM MRA. [5].

The measured value of rotational speed is calculated as the average of ten successive
measurement results at its reflective mark of a rotational speed standard device or upon
the optical flash of an optical simulator type. The measured value shall be given in
revolution per minute (r/min or rpm) for different measurement conditions specified in
section 3 of [3]. To avoid rounding error of the optical simulators, the measured values
for the comparison are exactly divisible by 60.

For the calibration of the laser tachometer, rotational speed standard device of mechanical
generator type or optical simulator type has to be applied. Specifically, NIM, NMC and
NIS use standard device of mechanical generator type. NML, NIMT and KEBS use
standard device of optical simulator type.

The reported measured values and associated uncertainties will be used for the calculation
of mean values of the supplementary comparison results and their associated
uncertainties, as well as the deviations to the mean values with associated uncertainties.

4. Transfer standard as artefacts

For the purpose of the comparison the pilot laboratory selected two laser tachometers of
which monitoring data for six months were available and not included in any published
international cooperation work.

e Two laser tachometers, EMT260C, SN: NLYZ-02 and NLYZ-03.
The investigation of the long-term stability was continued after the circulation period.
The results of the NIM stability measurements and other individual data of the transfer

standards are given in Section 6. Note that NLYZ-03 was deliberately customized with a
deviation of -0.1% from the nominal value.
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5. Circulation of the artefacts

The artefacts were circulated in a star type with a measurement period of two weeks
provided for each participating laboratory. At the beginning and the end of the circulation,
the artefacts were measured by the pilot laboratory in order to monitor the stability of the
transfer standard.

6. Results of the monitoring measurements

Starting with calibration data in April 2022, the artefacts were monitored during the
preparation period and at the end of the comparison when they were back at the pilot
laboratory. The measurements at five rotational speed values are presented in Figure 6.1
and Figure 6.2. These figures depict the stability of the artefacts over time for the duration
of the comparison.

Figure 6.1 Monitoring of the rotational speed of NLYZ-02 over the comparison period
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Figure 6.2 Monitoring of the rotational speed of NLYZ-03 over the comparison period
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A visual inspection of the above results indicates that the artefacts were sufficiently stable
during the whole period of the comparison. Note that NLYZ-03 was unfortunately opened

and its laser source fixed by NIS (Egypt), the last laboratory in measurement sequence.
Therefore, the monitoring data of NLYZ-03 after that was invalid even after it was delivered back
to the pilot laboratory and checked in May, 2023.

7. Results of the participants

The following tables report the results submitted by the participants for the comparison
to the pilot laboratory using the mandatory report spreadsheet. The pilot laboratory
submitted its set of results as official data to the executive secretary of CCAUV in
advance to the delivery of the artefact to the participating laboratory. The results
presented are in r/min for the measurement results.
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Table 7.1 Participants' results for NLYZ-02 with relative expanded uncertainties (k = 2)

NIM NMC NML
ro;:ltéggal mrs:sr“Tent rel. exp. Unc. maisr“Tent rel. exp. Unc. m::';ﬁ:em rel. exp. Unc.
in rfmin in rfmin % in rimin % in rfmin %

30 29.9998 0.0021 29.9996 0.13 30.0000 0.0020
300 300.000 0.0020 300.004 0.12 300.000 0.0019
3000 3000.00 0.0020 3000.06 0.12 3000.00 0.0019

30000 30000.0 0.0020 30000.2 0.12 30000.0 0.0019
99996 99995.0 0.00088 99997.0 0.12 99995.0 0.00058
NIMT KEBS NIS
rotational measurement measurement measurement
speed esult rel. exp. Unc. result rel. exp. Unc. result rel. exp. Unc.
in rfmin in fmin % in /fmin % in fmin %

30 30.0001 0.02 29.9990 0.0117 29.9992 0.19
300 300.000 0.01 299.990 0.0117 299.9938 0.020
3000 3000.00 0.01 2999.90 0.0117 2999.96 0.0035

30000 30000.0 0.01 29999.0 0.0117 29999.3 0.0035
99996 99995.0 0.01 99996.0 0.0116 99994.6 0.0011

Table 7.2 Participants' results for NLYZ-03 with relative expanded uncertainties (k = 2)

NIM NMC NML
rotational measurement rel. exp. Unc measurement el exp. U measurement I
speed result result result
in rfmin in rfmin % in rimin % in rfmin %

30 29.9701 0.0021 29.9862 0.13 29.9700 0.0020
300 299.700 0.0020 299.921 0.12 299.700 0.0019
3000 2997.00 0.0020 2998.01 0.12 2997.00 0.0019

30000 29970.0 0.0020 29971.0 0.12 29970.0 0.0019
99996 99896.2 0.00092 996898.8 0.12 99896.0 0.00058
NIMT KEBS NIS
rotational measurement rel. exp. Unc. measurement rel. exp. Unc. measurement rel. exp. Unc.
speed result result result
in rfmin in rfmin Y% in rfmin % in rfmin %

30 29.9702 0.02 29.9700 0.0117
300 299.702 0.M 299.700 0.0117
3000 2997.00 0.01 2997.00 0.0117

30000 29970.0 0.01 29969.5 0.0117
99996 99896.0 0.01 99896.0 0.0116
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8. Degrees of equivalence with respect to the weighted mean

The evaluation of the results was performed using a weighted mean computed with the
following equations:

X;(n) 1\t
xwy(n) =X u2(m) (Z uiz(”)) @

1 \~1/2
wu(® = (X 705) 2)
where the WM was calculated using the results of the participants according to [1]. In the

equations above the following symbols were used:

xi(n) result of participant i at rotational speed n

ui(n) absolute standard uncertainty of participant i at rotational speed n

Xwm(n ) best estimate of the weighted mean (WM) at rotational speed n

uwm(n) estimated absolute standard uncertainty for the weighted mean (WM)
at rotational speed n

Consistency checks were performed for the measurement results of NLYZ-02 and NLY Z-
03. The test defined by Cox in [6, 7] was applied in order to determine the participants
that are members of the largest consistent subset (LCS).

The supplementary comparison reference values (SCRVs) were finally determined by the
WM using the participants that are members of the largest consistent subset (MoCS):

xscrv(n)  Dbest estimate of the SCRYV at rotational speed n
uscrv(n)  estimated absolute standard uncertainty of the SCRV at rotational
speed n

Table 8.1and 8.2 present the results of the consistency test for the NLYZ-02 and NLYZ-
03 results.

Table 8.1: Results of the consistency test applied to all the results
reported by the participants for NLYZ-02

rotational | number of ::g":::g eobe ¥inu) with
X . - <0,
speed in rfmin| participants freedom P = 0.05
20 B 5 048 11.07
300 5 5 0.32 11.07
3000 B 5 079 11.07
30000 ] 5 1.81 11.07
00006 ] 5 0.43 11.07
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Table 8.2: Results of the consistency test applied to all the results

reported by the participants for NLYZ-03

rotational | number of ::g"r‘g: “; oobs ¥{nu) with
- i - <0,
speed in rimin| participants freedom P < 0.05
30 5 4 0.70 9 .49
300 5 4 1.54 9.49
3000 5 4 033 9.449
30000 5 4 0.08 9.449
oooes 5 4 0.14 949

2024

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

discrv(n) = x;(n) — xgcgy (n) (3)
5 _ (ut(n) — uscry(n) for results within the LCS
u l',SCRV(n) - 2 2 il (4)
u®;(n) + uscpy (n) for results not within the LCS

These formulas were applied for both NLYZ-02 and NLYZ-03 results. In the subsequent
tables 8.3 and 8.4, Ui = 2ui and the results are marked using a light brown background
where |discrv(n)| > 2-uiscrv (n).

8.1 Results for NLYZ-02

Table 8.3: Unilateral degrees of equivalence for NLYZ-02 with absolute expanded uncertainties

(k=2)

SRV T TG 21|
r?,gne;al XSCFW U SCRV dI.SCFﬂl‘ Ul.s CRW d LECRY U LECRV dI.SCF['.I' U LECRY
in rimin rimin rimin rimin rimin

20 2995989 000043 -0.00002 0.00048 -0.00022 003500 0.00011 0.00042
300 295 9999 000408 0.00014 0.00442 0.00414 0.35588 0.00014 0.00400
2000 2950904 0.03Tez 0.00838 0.04880 D.088638 359087 0.00838 0.04258

30000 29595 20 037918 0.10293 0.45501 0.30293 3599824 0.10253 0.42580
29908 955952 54 044244 0.08324 0. 75084 208324 | 119959558 0.08324 0.37458

SLRY T REDS 13
T?;'rﬁ&;al xsn_‘:m.' U SCRY dl.sc'.m-' U LECRV dl.scm U L SCRY dl.-SL':Ft".l' U|.-S|:-R'|I'
in rimin rmin rimin rimin rmin

20 25.95989 0.000432 0.00020 000558 -0.00083 0.00345 -0.00068 0.05700
200 zoogoeos | o.o0408 | 000014 | opzevz | -oo0ses | 002488 | -0.00128 | 0.05%EE
3000 zzg8884 | oozFez | ooos3s | ozZsvse | -008382 | 034893 | -003382 | 0.057EM

30000 zeomoon | 02716 | o.102e2 | z2ovess | -osevor | 248034 | -059707 | oaTmz
s n L ] 2900s o4 0.44244 0.08324 28597 1.08324 11. 581092 | -0.23878 1.007032
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Figure 8.1 : Deviation of NLYZ-02 results from the SCRV for all rotational speeds of the
comparison with expanded uncertainties Uj scrv (k = 2)
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8.2 Results for NLYZ-03

Table 8.4: Unilateral degrees of equivalence for NLYZ-03 with absolute expanded uncertainties

(k=2)

SRV T TC T
r?pgrn&;al x.'! CRW US CRV d LECRY UI.S CRV dl.scr{u U LECRY dl.sc'.m-' U LECRY
in rimin rimin rimin rimin rimin

30 2997005 000042 0.00005 0.00048 0.01815 004022 -0.00005 0.00042
300 2807001 0.00408 -0.00008 0.00441 0.22084 D 357680 -0.,00008 0.00395
3000 2997.000 0.04082 0.00013 0.04408 1.00987 3.52880 -0.,00013 0.0399

20000 29980 99 0.40819 0.00858 0.44078 1.00858 35326589 0.00858 0.39907
o008 o9898 .08 0485910 0.14331 0. 77809 2.74331 12298981 -0.05862 0.31082

SCRV NIT REES nrs
rotational
Epaed xscmr U SCRY dI.SE.H!'.I' U LECRV dI.SE.H!'.I' U LECRY dl.sc:m-' UI.SE.R'.I'
in rimin rmin rimin rimin rmin
20 28997005 0.00043 0.00013 000556 -0.,00005 0.00348
300 2997001 0.00408 0.00184 0.02588 -0.00008 0.03483

2000 2527.000 0.04082 -0.00012 | 028652 | -000012 0.24829
20000 2558959 0.40519 0.00858 2896935 | -0.45342 348282
55505 99E95.08 0.48910 -0.0568659 | 94597782 | -0058689 | 11.5771
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Figure 8.2 : Deviation of NLYZ-03 results from the SCRV for all rotational speeds of the
comparison with expanded uncertainties Ui scrv (k = 2)
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9. Conclusion

The rotational speed APMP supplementary comparison APMP.AUV.V-S2 revealed the
current calibration capabilities of the 6 participants from 2 RMOs, APMP and
AFRIMETS.

All the participating laboratories provided their calibration results, which were all
consistent within their declared expanded uncertainties for the measurement results. Each
participant contributed to the SCRVs calculated for five rotational speed comparison
values of two laser tachometers, NLYZ-02 and 03, except that NIS’s measurement results
of NLYZ-03 is invalid.

NIM, NMC and NIS used mechanical generator for calibration, with expanded
uncertainties in the order from 10 to 10°. NML, NIMT and KEBS used optical simulator
for calibration, with expanded uncertainties in the order from 10 to 10°°.

Smaller measurement uncertainties than the order of 10 for the calibration of laser
tachometers are difficult to achieve for either mechanical generators or optical simulators
with the current technology of rotational speed standard devices and laser tachometers.
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Annex A - Technical protocol

Technical Protocol of the APMP Supplementary comparison
APMP.AUV.V-S2

1 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) at different levels of the international metrological infrastructure.

However, in the sub-field of rotational speed, there is no formal comparison completed
so far either at Consultative Committee (CC) level or Regional Metrology Organization
Technical Committee (RMO TC) level. Therefore, during the meeting of APMP TCAUV
in 2021, the decision was taken to make preparations for a supplementary comparison
targeted at rotational speed (constant acceleration).

This regional supplementary comparison is organized in order to compare primary
measurements of rotational speed in the range from 30 rpm to 99 996 rpm. It is the task
of the comparison to calibrate two laser digital tachometers at different rotational speed
values as specified in section 3. The results of this APMP supplementary comparison may
serve as supporting evidence for the registration of ‘calibration and measurement
capabilities’ (CMCs) in the framework of the CIPM MRA.

The measured value of rotational speed is calculated as the average of ten successive
measurement results at its reflective mark or upon the optical flash. The measured value
shall be given in revolutions per minute (rpm) for different measurement conditions
specified in section 3.

For the calibration of the laser tachometer, rotational speed standard device of mechanical
generator type or optical simulator type has to be applied.

The reported measured values and associated uncertainties will be used for the calculation
of mean values of the supplementary comparison results and their associated
uncertainties, as well as the deviations to the mean values with associated uncertainties.
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2 Pilot Laboratory
Pilot laboratory for this regional supplementary comparison is

Vibration and Kinematics Parameters Laboratory
Mechanics and Acoustics Metrology Division
National Institute of Metrology, P.R. China

Contact Persons are

Sun Qiao Du Lei
Tel.: +86 10 64524651 Tel.: +86 10 64524648
e-mail: sung@nim.ac.cn e-mail: dulei@nim.ac.cn

3 Device under Test and Measurement Conditions

For the calibration task of this comparison two laser tachometers will be circulated
between the participating laboratories. The laser tachometers are two EMT260C (SN:
NLYZ-02 and NLYZ-03).

Optical Spot

The measurement value of the laser tachometers is to be calibrated according to those
procedures and conditions implemented by the laboratory. The measurement values
reported shall be the average of ten successive measurement results at its reflective mark
of a rotational speed standard device or upon the optical flash of an optical simulator type.

The rotational speed range of the measurements was agreed to be from 30 rpm to 99 996
rpm. Specifically, the laboratories are supposed to measure at the following rotational
speeds (all values in rpm).

30, 300, 3 000, 30 000, 99 996.

The measurement conditions should be kept according to the laboratory's standard
conditions for calibration of customers’ laser tachometers for claiming their best
measurement capability.

Specific conditions for the measurements of this comparison are:

Measurement distance is within 0.1 to 1 m.

Ambient temperature during the calibration: (23 £ 3) °C.

Relative humidity: max. 75 % RH.

No flash of background light affects the measurement.
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4 Circulation Type, Schedule and Transportation

The artefacts are circulated in a star type fashion with a measurement period of two weeks
provided for the participating laboratory. At the beginning and the end of the circulation,
the laser tachometers are measured at the pilot laboratory in order to monitor the stability.

The schedule is planned as follows:

M Transportation
. easurement to next
Participant (calendar week) Participant
(calendar week)
NIM 41-42/2022 43-44/2022
NMC 45-46/2022 47-48/2022
NIML 49-50/2022 51-52/2022
NIMT 01-02/2023 03-04/2023
KEBS 05-06/2023 07-08/2023
NIS 09-10/2023 11-12/2023
NIM 13-14/2023

The cost of transportation to the next laboratory shall be covered by the participating
laboratory. The laser tachometers should be delivered by an international logistic service
with on-line tracking system. The transportation has to include an insurance covering a
value of USD 500 in case the artefacts get damaged or lost during transportation. Hand-
carry can be used as an option.

5 Measurement and Analysis Instructions

The participating laboratories have to observe the following instructions:

e The motion of the rotational output disc of mechanical generator should be measured
at the reflective mark surface in perpendicular direction.

e The optical flash of the optical simulator should be measured in line with the
tachometer.

e Atripod is recommended for installation of the laser tachometer.

e 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 laser tachometer is remounted. The standard deviation of
the subsequent measurements should be included in the report.

6 Communication of the Results to Pilot Laboratory

The participating laboratory will submit one printed and signed calibration report (a

scanned copy sent by email to the pilot laboratory) for each laser tachometer including

the following:

e adescription of the calibration system used for the comparison with a photo of the
system, preferably when the laser tachometer is installed,

e adescription of the calibration method used and the mounting techniques for the laser
tachometer,

e documented records of the ambient conditions during measurements,
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e calibration results, including the relative expanded measurement uncertainty, and the
applied coverage factor for each value,

e adetailed uncertainty budget for the system covering all components of measurement
uncertainty (calculated according to GUM [1,2]). Including, among others,
information on the type of uncertainty (A or B), assumed distribution function and
repeatability component.

In addition, 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 laboratories. The data submitted in the
electronic spreadsheet shall be deemed as official results submitted for the comparison.

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

References

[1] ISO/IEC Guide 98-3:2008 ‘Uncertainty of measurement -- Part 3: Guide to the
expression of uncertainty in measurement (GUM:1995)

[2] ISO/IEC Guide 98-3:2008/Suppl 1:2008 “Propagation of distributions using a Monte
Carlo method’
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Results sheet for APMP.AUV.V-S2

‘Spreadsheet’ for EMT260C (NLYZ-02 and NLYZ-03)

Results sheet forAPMP AUV . V-52

2024

NI
Contact Person
email

1 T aorfitmn that the data reported here has been

checked ageinst the data reported in the MM
certificate issued for the tachometer

rotational speed

measurement result

rd. expanded
Uncertainty

in rpm

in rpm

in %o

30

300

3000

30000

09996

Mote 1. measurement results should be in 6 effective digitals.
Mote 2 relative expanded uncertainty should be in 2 effective digitals.
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Annex B : Measurement uncertainty Budget (MUB)

1-NIM
NLYZ-02
j | Yneertainty ) Probability | 5y yin 1 300 ymin | 3000 r/min
Components Distribution
y | Repeatability |00 | 13x10% | 0.0x103 | 0.0x10°
of tachometer
2 R;i%';‘rtr']‘;[‘eff Rectangular | 2.9x10* | 2.9x10% | 2.9x10?
3 U”;gﬂ;‘%’ Of | Normal | 50x105 | 50x10% | 5.0x107
Combined measurement uncertainty 3.2x10* 2.9x103 2.9x10%2
Coverage factor 2 2 2
Expanded measurement uncertainty 6.4x10* 5.9x10° 5.9x10%
Expanded relative uncertainty 2.1x10° 2.0x10° 2.0x10°
. Uncertainty Probability . .
! Components Distribution e
y | Repeatability | o0 | 0ox102 | 0.0x10%
of tachometer
2 RIESOIIUTE Rectangular | 2.9x107? 2.9x10%
tachometer
g | Uncertaintyof | normal | 10x10t | 33x10°
Standard
Combined measurement uncertainty 3.0x10? 4.4x10*
Coverage factor 2 2
Expanded measurement uncertainty 6.1x101 8.8x101
Expanded relative uncertainty 2.0x10° 8.8x10®
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NLYZ-03
j | Uncertainty -~} Probability | a0 iy | 300 ymin | 3000 Hmin
Components Distribution
y | Repeatability |00 | 10x10% | 0.0x103 | 0.0x10°
of tachometer
2 R;i%';‘;‘;[‘e?f Rectangular | 2.9x10* | 2.9x10% | 2.9x10?
3 U”gf;ﬂ;‘%’ Of | Normal | 50x105 | 50x10% | 5.0x107
Combined measurement uncertainty 3.1x10* 2.9x1073 2.9x107
Coverage factor 2 2 2
Expanded measurement uncertainty 6.2x10* 5.9x10°3 5.9x10%
Expanded relative uncertainty 2.1x10° 2.0x10° 2.0x10°
. Uncertainty Probability . -
! Components Distribution ST | EED Bl
y | Repeatability | o0 | 0ox102 | 1.3x10%
of tachometer
2 RSO Rectangular | 2.9x107? 2.9x10%
tachometer
g | Uncertaintyof | \oimal | 1ox10t | 3.3x10t
Standard
Combined measurement uncertainty 3.0x10?! 4.6x10*
Coverage factor 2 2
Expanded measurement uncertainty 6.1x101 9.2x101
Expanded relative uncertainty 2.0x10° 9.2x10®

25/41



2024

APMP.AUV.V-S2

2-NMC

NLYZ-02

AN AN AN AN ELD (%) Auneszoun papuedx3
z z z z z 1o3y0e} abelanog
t54819E52T BE0LEELL CIZELBLGLL 9/9LE8Y S9EEL wopaay jo aa1bap anjaayg
Z900 65070 85070 650°0 1800 fquielaoun JusWRINSEaW anje(al PaUIGWIDY
o . . o e (S1) Wdy Jojesgien
Z0-31Z'9 Z0-368°S Z0-358°5 Z0-368°S Z0-345°9 [EWOU e g 9
— - — - — sejnBuess) (w0EZES WbisAzy) prepuels
L3205 =T L3045 L3225 L3S _ aoualajal jo AoeInaoy 5
¥0-368°Z ¥0-329°6 ¥0-329°6 ¥0-329°6 70-329°6 1e|nbueial c0 ¥
-ZATN) 1N Jo uonnjosay
B B B B . B plepuels
50-368°Z 50-329°6 50-329°6 50-329°6 50-329°6 1ejnBueial et £
{z0
= - - 3 = il - N - F ELLIOL
F0-3F6 T £0-360°L F0-3FF5 £0-38LT Z0-340°L I 24 10N 10 Augieaday z
=1k3 - y -36E" - " - g ELLIOU PIEPLEAS
50-3L8T 90-349°9 50-36E°6 F0-3LEE £0-36EE I aouaial jo Ayjgieaday b
(%) Y 96666 (%) ™ D000E (%) W™ 000E (%) NdH o0E (26) i o uonnguisig Anpgegold | sjusuodwog Auielsoun i

uopnquIuCD NN Juspuadaq - paads [EUOHEIOY JO UOREIN[ED

(20-ZAIN) 2d-A"ANY dINdY 40} Juswainses|y Ndy Jo) }ebpng Aurelssoun -ONN

26/41



2024

APMP.AUV.V-S2

NLYZ-03

ZL0 ZL0 ZL0 ZL0 ELD (24) funesaoun papuedxg
Z z Z Z Z 1ojoey abiesanon
GO5ELES66L E0BLFLIBL 158%5 BESIL 6695 wopaay jo aaibap anjoayg
Z90°0 65070 5070 090°0 190°0 Munelaoun JusWaINSEaW aANE[R) PaUIGIOD
20-312°9 20-368°C 20-358°G 20-368°S 20-315°9 [ewiou (SW 9
lojeigieD) Jajawoyde] 4o Agels
. . . . . (woezes whishay)
=TI =TI (=TI (=Y L322 Je|nbueya. e I e g
¥0-368°Z ¥0-3E9°6 ¥0-3£9°6 F0-3£9°6 ¥0-3£9°6 JejnBueas (£0-ZATIN) LN 4o uonnjosay i
50-368°Z 50-329°6 50-329°6 50-379°6 50-379°6 Je|nbueya. PIEPUEIS B3UBIBJEI JO UDIN|0SEY £
70-365 € 70-319°8 £0-399°9 £0-30L 6 Z0-3rEL [ELLIOU (£0-ZATM) 1NN Jo Aupgeleaday Z
. . . . ) _u:m_ur_m:m
50-355°5 90-358°5 S0-3L8°F #0-385°E £0-3tF T [Ewiou aousmel 0 Amqereaday l
(%) NdY 96666 (26) WdY 0000E (26) WY o00E (26) WY 00E (26) Y 0F uoingusig Ayjigegold sjuauodwon Aunesadun !

uognqLiuoD N 3uspuadag- paads [euone}oy Jo UoHE|NIED

(£0-ZATIN) Zd-N" ANV dINdY 10} Juswainsealy Ndy Joj 32bpng Ajurersaoun -DINN

27141



APMP.AUV.V-S2

2024

3-NML
NLYZ-02
Test point 30 r/min 0.5 Hz
‘ L - Distribution ;
Source of Uncertainty Uncertainty Value | Sensitivity Coeeficient Factor Standard Uncertainty
Pulsed light frequency (from Cesium
Primary Frequency Standard); 1 part
in 10% accuracy 5.00E-13|Hz 60](r/min)/Hz 1.732 1.73E-11|r/min
Short term tachometer reading
variations; + 3 digits 0.000075|r/min 1 1 0.000075|r/min
Day to day tachometer reading
variations 0fr/min 1 1 0.000000|r/min
Effect of distance of tachometer to
pulsed light source 0]r/min 1 1 0.000000]r/min
Stray light nil* r/min 1 1 0.000000|r/min
Tachometer resolution; 0.001 r/min 0.0005]r/min 1 1.732 0.000289(r/min
Combined Uncertainty, convolved] 0.000298 r/min
Expanded Uncertainty, convolved, k = 1.73] 0.00052 r/min
Test point 300 r/min 5 Hz
] ) e - Distribution :
Source of Uncertainty Uncertainty Value | Sensitivity Coeeficient Factor Standard Uncertainty
Pulsed light frequency (from Cesium
Primary Frequency Standard); 1 part
in 10 accuracy 5.00E-12]|Hz 60|(r/min)/Hz 1.732 1.73E-10|r/min
Short term tachometer reading
variations; + 1 digit 0.00035|r/min 1 1 0.00035|r/min
Day to day tachometer reading
variations Ofr/min 1 1 0.000000{r/min
Effect of distance of tachometer to
pulsed light source 0]r/min 1 1 0.000000{r/min
Stray light nil* r/min 1 1 0.000000{r/min
Tachometer resolution; 0.01 r/min 0.005]r/min 1 1.732 0.002887|r/min
Combined Uncertainty, convolved]| 0.002908 r/min
Expanded Uncertainty, convolved, k = 1.67 0.0049 r/min
Test point 3000 r/min 50 Hz
] e ) Distribution :
Source of Uncertainty Uncertainty Value | Sensitivity Coeeficient Factor Standard Uncertainty
Pulsed light frequency (from Cesium
Primary Frequency Standard); 1 part
in 10" accuracy 5.00E-11|Hz 60](r/min)/Hz 1.732 1.73E-09|r/min
Short term tachometer reading
variations; t 1 digit 0.0035|r/min 1 1 0.0035|r/min
Day to day tachometer reading
variations 0]r/min 1 1 0.000000}r/min
Effect of distance of tachometer to
pulsed light source 0]r/min 1 1 0.000000|r/min
Stray light nil* r/min 1 1 0.000000]r/min
Tachometer resolution; 0.1 r/min 0.05)r/min 1 1.732 0.028868|r/min
Combined Uncertainty, convolved] 0.029079 r/min
Expanded Uncertainty, convolved, k = 1.67 0.049 r/min
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Test point 30000 r/min 500 Hz
) ) e - Distribution
Source of Uncertainty Uncertainty Value | Sensitivity Coeeficient Factor Standard Uncertainty
Pulsed light frequency (from Cesium
Primary Frequency Standard); 1 part
in 107 accuracy 5.00E-10|Hz 60](r/min)/Hz 1.732 1.73E-08|r/min
Short term tachometer reading
variations; + 1 digit 0.035|r/min 1 1 0.035|r/min
Day to day tachometer reading
variations OJr/min 1 1 0.000000|r/min
Effect of distance of tachometer to
pulsed light source OJr/min 1 1 0.000000{r/min
Stray light nil* r/min 1 1 0.000000{r/min
Tachometer resolution; 1 r/min 0.5]r/min 1 1.732 0.288675(r/min
Combined Uncertainty, convolved| 0.290789 r/min
Expanded Uncertainty, convolved, k = 1.67 0.49 r/imin
Test point 99996 r/min 1666.6 Hz
s . . e - Distribution| )
ource of Uncertainty Uncertainty Value | Sensitivity Coeeficient Factor Standard Uncertainty
Pulsed light frequency (from Cesium
Primary Frequency Standard); 1 part
in 1olzaccuracy 1.67E-09 Hz 60 (r/min)/Hz 1.732 5.77E-08 r/imin
Short term tachometer reading
variations; * 1 digit 0.035 r/min 1 1 0.0350 r/min
Day to day tachometer reading
variations 0 r/min 1 1 0.000000 r/min
Effect of distance of tachometer to
pulsed light source 0 r/min 1 1 0.000000 r/min
Stray light nil* r/min 1 1 0.000000 r/min
Tachometer resolution; 1 r/min 0.5 r/min 1 1.732 0.288675 r/min
Combined Uncertainty, convolved| 0.290789 r/min
Expanded Uncertainty, convolved, k = 1.67 0.49 r/imin
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NLYZ-03
Test point 30 r/min 0.5 Hz
) ) S .- Distribution :
Source of Uncertainty Uncertainty Value | Sensitivity Coeeficient Factor Standard Uncertainty

Pulsed light frequency (from Cesium
Primary Frequency Standard); 1 part
in 102 accuracy 5.00E-13|Hz 60| (r/min)/Hz 1.732 1.73E-11|r/min
Short term tachometer reading
variations; + 3 digits 0.000075|r/min 1 1 0.000075(r/min
Day to day tachometer reading
variations 0Jr/min 1 1 0.000000{r/min
Effect of distance of tachometer to
pulsed light source OJr/min 1 1 0.000000|r/min
Stray light nil* r/min 1 1 0.000000{r/min
Tachometer resolution; 0.001 r/min 0.0005{r/min 1 1.732 0.000289|r/min

Combined Uncertainty, convolved

0.000298 r/min

Expanded Uncertainty, convolved, k = 1.73

0.00052 r/min

Test point 300 r/min 5 Hz
] ) e —_ Distribution .
Source of Uncertainty Uncertainty Value | Sensitivity Coeeficient Factor Standard Uncertainty
Pulsed light frequency (from Cesium
Primary Frequency Standard); 1 part
in 10 accuracy 5.00E-12|Hz 60](r/min)/Hz 1.732 1.73E-10|r/min
Short term tachometer reading
variations; * 1 digit 0.00035|r/min 1 1 0.00035]|r/min
Day to day tachometer reading
variations 0]r/min 1 1 0.000000{r/min
Effect of distance of tachometer to
pulsed light source 0]r/min 1 1 0.000000{r/min
Stray light nil* r/min 1 1 0.000000{r/min
Tachometer resolution; 0.01 r/min 0.005r/min 1 1.732 0.002887|r/min
Combined Uncertainty, convolved| 0.002908 r/min
Expanded Uncertainty, convolved, k = 1.67 0.0049 r/min
Test point 3000 r/min 50 Hz
] ) S .- Distribution :
Source of Uncertainty Uncertainty Value | Sensitivity Coeeficient Factor Standard Uncertainty
Pulsed light frequency (from Cesium
Primary Frequency Standard); 1 part
in 102 accuracy 5.00E-11|Hz 60| (r/min)/Hz 1.732 1.73E-09|r/min
Short term tachometer reading
variations; + 1 digit 0.0035(r/min 1 1 0.0035(r/min
Day to day tachometer reading
variations OJr/min 1 1 0.000000{r/min
Effect of distance of tachometer to
pulsed light source OJr/min 1 1 0.000000|r/min
Stray light nil* r/min 1 1 0.000000{r/min
Tachometer resolution; 0.1 r/min 0.05]r/min 1 1.732 0.028868|r/min
Combined Uncertainty, convolved| 0.029079 r/min
Expanded Uncertainty, convolved, k = 1.67 0.049 r/min
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Test point 30000 r/min 500 Hz
) ) e .- Distribution :
Source of Uncertainty Uncertainty Value | Sensitivity Coeeficient Factor Standard Uncertainty
Pulsed light frequency (from Cesium
Primary Frequency Standard); 1 part
in 107 accuracy 5.00E-10|Hz 60| (r/min)/Hz 1.732 1.73E-08|r/min
Short term tachometer reading
variations; + 1 digit 0.035|r/min 1 1 0.035|r/min
Day to day tachometer reading
variations 0]r/min 1 1 0.000000({r/min
Effect of distance of tachometer to
pulsed light source 0]r/min 1 1 0.000000({r/min
Stray light nil* r/min 1 1 0.000000({r/min
Tachometer resolution; 1 r/min 0.5|r/min 1 1.732 0.288675|r/min
Combined Uncertainty, convolved| 0.290789 r/min
Expanded Uncertainty, convolved, k = 1.67 0.49 r/min
Test point 99996 r/min 1666.6 Hz
] . L . Distribution .
Source of Uncertainty Uncertainty Value | Sensitivity Coeeficient Factor Standard Uncertainty
Pulsed light frequency (from Cesium
Primary Frequency Standard); 1 part
in 1012accuracy 1.67E-09 Hz 60 (r/min)/Hz 1.732 5.77E-08 r/imin
Short term tachometer reading
variations; + 1 digit 0.035 r/min 1 1 0.0350 r/min
Day to day tachometer reading
variations 0 r/min 1 1 0.000000 r/min
Effect of distance of tachometer to
pulsed light source 0 r/min 1 1 0.000000 r/min
Stray light nil* r/min 1 1 0.000000 r/min
Tachometer resolution; 1 r/min 0.5 r/min 1 1.732 0.288675 r/min
Combined Uncertainty, convolved| 0.290789 r/min
Expanded Uncertainty, convolved, k = 1.67 0.49 r/min
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4 -NIMT
NLYZ-02
Table 1 The example of uncertainty budget for comparison of tachometer (Model:
EMT260 s/n: NLYZ-02) at the frequency setting 0.5 Hz in the nominal RPM at 30 r/min.
Symbol | Type | Sources of Uncertainty Standard Sensitivity | Relative Vet
Uncertainty | Coefficient | Uncertainty
(26) G Contribution (%)
Uy A | Repeatability of measurement 0.00018 1 0.00018 9
U, Resolution of tachometer 0.00096 1 0.00096 oo
Us B | Accuracy of frequency of Multi 0.00866 1 0.00866 oo
Calibrator
Ue - Combined uncertainty 0.0087
Ulk=2) - | Expanded uncertainty 0.0174
Uncertainty report 0.02
Table 2 The example of uncertainty budeet for comparison of tachometer (Model: EMT260
s/n: NLYZ-02) at the frequency setting 5 Hz in the nominal RPM at 300 r/min.
Symbol | Type | Sources of Uncertainty Standard Sensitivity | Relative Vs
Uncertainty | Coefficient | Uncertainty
(96) G Contribution (9)
Uy A | Repeatability of measurement 0.0000 1 0.0000 9
s B Resolution of tachometer 0.00096 1 0.000%96 oo
Us B Accuracy of freguency of Multi 0.00087 1 0.00087 oo
Calibrator
Ue - Combined uncertainty 0.0013
Ulk=2) - | Expanded uncertainty 0.0026
- Uncertainty report 0.01
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Table 3 The example of uncertainty budget for comparison of tachometer (Model: EMT260
s/n: NLYZ-02} at the frequency setting 50 Hz in the nominal RPM at 3000 r/min.
Symbol | Type | Sources of Uncertainty Standard Sensitivity | Relative Vet
Uncertainty | Coefficient | Uncertainty
(%6) G Contribution (%)
Uy A | Repeatability of measurement 0.00000 1 0.00000 9
s B Resolution of tachometer 0.000962 1 0.000962 oo
s B | Accuracy of frequency of Multi 0.000087 1 0.000087 oo
Calibrator
Ue - Combined uncertainty 0.0010
Ulk=2) - | Expanded uncertainty 0.0019
- Uncertainty report 0.01
Table 4 The example of uncertainty budeet for comparison of tachometer (Model: EMT260
s/n: NLYZ-02} at the frequency setting 500 Hz in the nominal RPM at 30000 r/min.
Symbol | Type | Sources of Uncertainty Standard Sensitivity | Relative Vert
Uncertainty | Coefficient | Uncertainty
(%6) G Contribution (%)
Uy A | Repeatability of measurement 0.00000 1 0.00000 9
(WP B Resolution of tachometer 0.00096 1 0.00096 oo
s B | Accuracy of frequency of Multi | 0.0000087 1 0.0000087 oo
Calibrator
Ue - Combined uncertainty 0.0010
Ulk=2) - | Expanded uncertainty 0.0019
- Uncertainty report 0.01
Table 5 The example of uncertainty budget for comparison of tachometer (Model: EMT260
s/n: NLYZ-02) at the frequency setting 1666.6 Hz in the nominal RPM at 99996 r/min.
Symbol | Type | Sources of Uncertainty Standard Sensitivity | Relative Ve
Uncertainty | Coefficient | Uncertainty
(%) G Contribution (%)
Uy A | Repeatability of measurement 0.00000 1 0.00000 9
U, B Resolution of tachometer 0.003176 1 0.003176 oo
Us B Accuracy of frequency of Multi 7.10E-05 1 7.10E-05 oo
Calibrator
Ue - Combined uncertainty 0.0032
Ulk=2) - | Expanded uncertainty 0.0064
- Uncertainty report 0.01
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NLYZ-03
Table 6 The example of uncertainty budeet for comparison of tachometer (Model: EMT260
s/n: NLYZ-03) at the frequency setting 0.5 Hz in the nominal RPM at 30 r/min.
Symbol | Type | Sources of Uncertainty Standard Sensitivity | Relative Ver
Uncertainty | Coefficient | Uncertainty
(96) G Contribution (%)
Uy A Repeatability of measurement 0.00020 1 0.00020 9
Uy B Resolution of tachometer 0.00096 1 0.00096 oo
Us B | Accuracy of frequency of Multi 0.00866 1 0.00866 oo
Calibrator
Ue - Combined uncertainty 0.0087
Ulk=2) - | Expanded uncertainty 0.0174
- Uncertainty report 0.02
Table 7 The example of uncertainty budget for comparison of tachometer (Model: EMT260
s/n: NLYZ-03) at the frequency setting 5 Hz in the nominal RPM at 300 r/min.
Symbol | Type | Sources of Uncertainty Standard Sensitivity | Relative Ve
Uncertainty | Ceefficient | Uncertainty
(96) G Contribution (%)
Uy A | Repeatability of measurement 0.00032 1 0.00032 9
Uz B Resolution of tachometer 0.00096 1 0.00096 oo
Us B Accuracy of frequency of Multi 0.00087 1 0.00087 oo
Calibrator
Ue - Combined uncertainty 0.0013 oo
Ulk=2) - | Ixpanded uncertainty 0.0027
- Uncertainty report 0.01
Table 8 The example of uncertainty budeet for comparison of tachometer (Model: EMT260
s/n: NLYZ-03) at the frequency setting 50 Hz in the nominal RPM at 3000 r/min.
Symbol | Type | Sources of Uncertainty Standard Sensitivity | Relative Ve
Uncertainty | Ceefficient | Uncertainty
(96) G Contribution (%)
Uy A | Repeatability of measurement 0.00000 1 0.00000 9
Uy B Resolution of tachometer 0.00096 1 0.00096 oo
Us B Accuracy of frequency of Multi 0.000087 1 0.000087 oo
Calibrator
Ue - Combined uncertainty 0.0009 oo
Ulk=2) - | Expanded uncertainty 0.0019
- Uncertainty report 0.01
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Table 9 The example of uncertainty budeet for comparison of tachometer (Model: EMT260
s/n: NLYZ-03) at the frequency setting 500 Hz in the nominal RPM at 30000 r/min.

2024

Symbol | Type | Sources of Uncertainty Standard Sensitivity | Relative Vs
Uncertainty | Coefficient | Uncertainty
(%6) G Contribution (%)
Uy A Repeatability of measurement 0.00000 1 0.00000 9
Uz Resolution of tachometer 0.00096 1 0.00096 oo
Us Accuracy of frequency of Multi | 0.0000087 1 0.0000087 oo
Calibrator
Ue - Combined uncertainty 0.0009 oo
Ulk=2) - | Expanded uncertainty 0.0019
- Uncertainty report 0.01
Table 10 The example of uncertainty budget for comparison of tachometer (Model: EMT260
s/m: NLYZ-03) at the freguency setting 1666.6 Hz in the nominal RPM at 99996 r/min.
Symbol | Type | Sources of Uncertainty Standard Sensitivity | Relative Vgt
Uncertainty | Coefficient | Uncertainty
(90) G Contribution (%)
Uy A | Repeatability of measurement 0.00000 0.00000 9
Uy B Resolution of tachometer 0.003179 1 0.003179 oo
Us B | Accuracy of frequency of Multi 7.10E-05 1 7.10E-05 oo
Calibrator
Ue - Combined uncertainty 0.0032 oo
U(k=2) - | Expanded uncertainty 0.0064
- Uncertainty report 0.01
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5-KEBS

NLYZ-02

30 r/min

2024

Uing:ertal nty Degrass
PProba bty Standard B ns ity Uing:ertal nty
Symbol | Description Uncaringy Sourcs Estmats [Ty pe| Distripution | DTEOT Uncariinty units cosMclent units contbutor Rellabilty o Significancs
ke Fraadom
NRT ufx ) <, 6y} % ¥, wip ) i)
Sag  |SreRRER From calbEtien E0S B 2 2 7.00¢ 2.0000 003 - 0.00% 7.00¢ 0E
] - [ - 143405 B Nommal 25 2 0.0000 mm 1 mm 0.0000 100% nfnke 200% 0.0000 0E+00
R From manaue s
Res T tion ef specifications. Semi- Q.0005 B |Rectangular | 1.7321 00003 mm 1 mm 2.0003 100% nfnke 270% BRUE
- =nge ussd
P—— FIOm ANt R
Acc - p— specifications 0.01%of 0003 B |Rectangular | 1.7321 00017 pm 1 pm Qo7 8% 125 9730% 0000003 SEAZ TE13
SN2 Jvake), sembangeused
Rep |Repeataviiky |=t=tEtea ) nalse A Normal 15 1 00000 pm 1 pm 20000 - 2 200% 14024 196678E60 1E-60
u. ) 0.001755357 308338606 900694
Vo 1320452614
LevelofConfidence [ o5 45%
CoveEge Boor F
Em;’“‘"‘""-" [XeEEREI pm
R aladive Uncermingy DaNT 1% k3 |
Uing:ertal nty Degrass
PProba bty Standard B ns ity Uing:ertal nty
Symbol | Description Uncariingy Source Estmats [Ty pe| Distripution | P#ECT Uncariinty units cosMmclent units contbutor Rellabily of Significancs
ke Fre=dom
NRT afx ) <, 6y} % . wip ) wiy)
gy |WneEmERg OT R czlbEton B 2 2 7.00¢ 2.0000 003 - 0.00% 0.00¢
i - [ - B Nommal 25 2 0.0000 mm 1 mm 0.0000 100% nfnke 200% 00000
Resolmonor  |TOM MANAACRR
Fes T : specifications. Semi- 0005 B | Rectangular | 1.7321 00029 mm 1 mm Q.0029 100% nfnke 270% BR4UEN QE+00
- =nge ussd
P—— FIOM MaAnT A R
Ao - —— |specifications 0.01% of 0 B | Rectangular | 1.7321 M3 pm 1 pm am73 100% nfnke 9730% 20003 200000009 QE+00
SN020HOT_ vawe) Sembmnge used
Ren  |Repestablify |==tEtcal anal sk A | Normalis 1 00000 pm 1 pm 00300 - 2 a0d%s 3580185-25 | 125855565 BE-SE
u. ) Q017558457 0000308335 900694E03 6E-56
Vo IEEET
LevelofConfigence | 25 45%
CoVEEgE fBonr F
Em;’“‘"‘""-" [XE3TEE pm
R aative Uncermingy DaNT 1% k3
Uing:ertal nty Degrass
PProba bty Standard B ns ity Uing:ertal nty
Symbol | Description Uncaringy Sourcs Estmats [Ty pe| Distripution | DTEOT Uncariinty units cosMclent units contbutor Rellabilty o Significancs
ke Fraadom
NRT ufx ) <, 6y} % ¥, wip ) i)
Sag  |SreRRER From calbEtien £05 B 2 2 7.00¢ 2.0000 003 - 000 211048 7.00¢ 0E
] - [ - 6.96E05 B Nommal 25 2 0.0000 mm 1 mm 0.0000 100% nfnke 200% 121104209 0.0000 0E+00
Resolmn o |70 MARAaER
Res T : specifications. Semi- a0s B |Rectangular | 1.7321 0028 mm 1 mm 00289 100% nfnke 270% Q000833333 | BOMUE. QE+00
- =nge ussd
P—— FIOm ANt R
Acc - p— specifications 0.01%of a3 B |Rectangular | 1.7321 Q1732 pm 1 pm Q1732 100% nfnke 9 o 0 00009
SN2 Jvake), sembangeused
Rep |Repeataviiky |=t=tEtea ) nalse 151582613 A Normal 15 1 00000 pm 1 pm 20000 - 2 200% IES2
u. ) 0175594233 0030833335 0000900634 IES2
Vo 3B0143E+48
LevelofConfidence [ o5 45%
CoveEge Boor F
Em;’“‘"‘""-" 0351155485 pm
R aladive Uncermingy DaNT 1% k3
Uing:ertal nty Degrass
PProba bty Standard & ns Ity Uing:ertal nty
Symbol [ Description Uncariingy Source Estmats [Ty pe| Distripution | P#ECT Uncariinty units cosMmclent units contbutor Rellabily of Significancs
ke Fre=dom
NRT afx ) <, 6y} % v wip ) wiy)
From calbEtn _ - N - 00003 0 il 00 P aE
Su [ - B.95EQ4 B Nommal 25 2 0.0003 mm 1 mm 0.0003 100% nfinke 200% 12110, 0.0000 0E+00
Resolmon oy |YOM MANMAGRRS
Res T : specifications. Semi- as B | Rectangular | 1.7321 02887 mm 1 mm 02887 100% nfinke 270% 0083333333 | 0006944444 QE+00
- =nge ussd
P—— FIOM MaAnT AR
Ao - —— |specifications 0.01% of 3 B | Rectangular | 1.7321 17321 pm 1 pm 17321 100% nfinke 9730% 3 9 QE+00
SN020HOT_ vawe) sembmngeused
Rep |Repestaniify |=t=tEtea ) nalse 118424E-15 A Normal 15 1 00000 pm 1 pm 20000 - 2 200% 1402426-30 | 196678E60 1E-60
u. ¥} 3083333454 900884444 1E60
Vor
Level of Configence
CovEEgE fEonr H
Em;’“‘"‘""-" 3511354853 pm
R aative Uecermingy DaNT 1% k3
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99996 r/min

2024

Level of Confidence

T H
Em:.’“"“i"-" 1156098883 | rpm
Relae Dncermmg | 0011565 3

377141

Uing:ertal nty Degrass
symbol| Description | Uncerfiny Sourcs Estimats Ty pel ;"i":,m" Divis or u’":':‘“hm“b units :;o:nm:hnt units Hw"’"““k:ﬂ Reiabmy | of | signitcance
k) Fres dom
NRT uix) - ) 5% v, =y wy 2R
o |ET e [ cabee P =] 2 | oo P o |imnEm] om e
su |SErE e eesas | 5 [ nomazs | 2 00000 | 1 e 2.0000 100% | nmme | ooow | 121104509 | 00000 0EHN
= ution of From mamfacues
Res et speciications. Sem- as 5 |mestaguar | 17321 | ozE | mm 1 wn | azms7 o | nmme | o2sn | comsasd:s | oomessss | ossm
- Bnge used
P—— FrOm ManTatl e R
P wisiei speciications Q.01%ef | 9.9996 5 |mestanguer | 17321 e 1 e oo | nmme | sersw | s3asosserz| tviosssa | ossm
SN2 vane) Semimnge usen
Ren [mepemizoly  |Smeresiznahse A | Momaitz [ 1 00000 | mom 1 mm | oo - F Qoge | 1wmEw =
=.6) BETTH 41400005 1110840285 150
= .
=
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NLYZ-03

30 r/min

2024

Uing:ertal nty Degrass
PProba bty Standard B ns ity Uing:ertal nty
Symbol | Description Uncaringy Sourcs Estmats [Ty pe| Distripution | DTEOT Uncariinty units cosMclent units contbutor Rellabilty o Significancs
ke Fraadom
NRT uix ) . uly.) % iy i)
Unceiaid of  [From calbEton ES B 2 2 7.00¢ 2.000¢ 003 - 000 5 9T9EE- 7.00¢ 0E
] - [ - 143405 B Nommal 25 2 0.0000 mm 1 mm 0.0000 100% nfnke 200% 5.09796E-11 0.0000 0E+00
Resolmn o |70 MARAaER
Res T : specifications. Semi- Q.0005 B |Rectangular | 1.7321 00003 mm 1 mm 2.0003 100% nfnke 270% 833333508 | GOMUES QE+00
- =nge ussd
P—— FIOm ANt R
Acc - p— specifications 0.01%of 0003 B |Rectangular | 1.7321 00017 pm 1 pm Qo7 8% 125 9730% 0000003 SEAZ
SN2 Jvake), sembangeused
Rep |Repeataviiky |=t=tEtea ) nalse A Normal 15 1 00000 pm 1 pm 20000 - 2 200% 1402425-30 | 196675E60 1E-60
u. ) 0.001755357 308338206 90084E-12
Vo 1320452614
LevelofConfidence [ o5 45%
CoveEge Boor F
Em;’“‘"‘""-" [XeEEREI pm
R aladive Uncermingy 0oNTFR k3 |
Uing:ertal nty Degrass
PProba bty Standard B ns ity Uing:ertal nty
Symbeol [ Description Uncaringy Sourcs Estmats | Ty pe| Distripution | DTEOT Uncariinty units cosMclent units contbutor Rellabily o Significancs
ke Fraadom
NRT uix ) . uly.) % ElAy i)
5 From calbEtien £05 B 2 2 2.0000 003 - 0.00% 0E
s [ - 6.96E05 B Nommal 25 2 0.0000 mm 1 mn 0.0000 100% nfnke 200% 1 0.0000 0E+00
From manaue s
Res specifications. Semi- 0005 Rectangular 00029 mm 1 mn 100% nfnke B UEAT
used
P—— FIOm ANt R
Acc - —— specifications 0.01%of 0 B |Rectangular | 1.7321 M3 pm 1 pm am73 100% nfnke 9730% Q0003 200000008 QE+00
SN020HT_ vawe) Sembmngeused
Rep  |Repestadiify |=t=tEtea ) nalse A Normal 15 1 00000 pm 1 pm - 2 200% 359019€-28 | 128895E65
u. ) Q000308335 9.00594E03
Yor
Level of Confidence
CoveEge o F
Em;“"“""-" [XE3TEE pm
R alative Uncersie sy 0oNTFR k3
Uing:ertal nty Degrass
PProba bty Standard B ns ity Uing:ertal nty
Symbol | Description Uncaringy Sourcs Estmats [Ty pe| Distripution | DTEOT Uncariinty units cosMclent units contbutor Rellabily o Significancs
ke Fraadom
NRT ufx ) <, 6y} % ¥, wip ) i)
UnceRarey of  |From calbion . - - 500 000 0 - 00 500
e [ - 6.96E05 Nommal 25 2 0.0000 mm 1 mm 0.0000 100% nfnke 200% 0.0000
R From manaue s
Res T s ot specifications. Semi- Rectangular 0028 mm 1 mm 00289 100% nfnke LEEREE
- =nge ussd
P—— FIOm ANt R
Acc - —— specifications 0.01%of a3 Rectangular Q1732 pm 1 pm Q1732 100% nfnke 9730% 0 00009
SN020HT_ vawe) Sembmngeused
Rep |Repeatanliny |=t=tEtea ) nalse 151582613 A Normal 15 1 00000 pm 1 pm 20000 - 2 200% e S2TIMESL IES2
u. ) 0175594233 0030833335 0000900634 IES2
Vo 3B0143E+48
LevelofConfidence [ o5 45%
CoveEge Boor F
Em;’“‘"‘""-" 0351155485 pm
R aladive Uncermingy 0oNTFR k3 |
Uing:ertal nty Degrass
PProba bty Standard B ns ity Uing:ertal nty
Symbol | Description Uncaringy Sourcs Estmats [Ty pe| Distripution | DTEOT Uncariinty units cosMclent units contbutor Rellabily o Significancs
ke Fraadom
NRT ufx ) <, 6y} % ¥, wip ) i)
5 : From calbEton £+ B 2 2 0.0003 003 - 000 4L 0E
e [ - B.95EQ4 B Nommal 25 2 0.0003 mm 1 mm 0.0003 100% nfnke 200% 121104 0.0000 0E+00
Ltonor YO ManfaiER
Res : specifications. Semi- as B |Rectangular | 1.7321 02887 mm 1 mm 02887 100% nfnke 270% 0083333333 | 0006944444 QE+00
- =nge ussd
P—— FIOm ANt R
Acc - —— specifications 0.01%of 3 B |Rectangular | 1.7321 17321 pm 1 pm 17321 100% nfnke 3 9 QE+00
SN020HT_ vawe) Sembmngeused
Rep |Repeatanliny |=t=tEtea ) nalse A Normal 15 1 00000 pm 1 pm 20000 - 2 200% 1402425-30 | 196675E60 1E-60
u. ) 1.755942327 3083333454 2008344444 1E60
Vo o EETEIEE0
LevelofConfidence [ o5 45%
CoveEge Boor F
Em;’“‘"‘""-" 3511354853 pm
R aladive Uncermingy 0oNTFR k3
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99996 r/min

Uing:ertal nty Degrass
symbol| Deseription | Uncsriingy Sourcs Estimats Ty pel ;"i":,m" Divis or u’":':‘“hm“b units :;o:nm:hnt units Hw"’"““k:ﬂ Remzbaty | of | sigiscance
k) Fres dom
nRT ) = ) s | - gy ay, )
Bl e e eesas | 5 [ nomazs | 2 00000 | rpm 1 wn | o000 100% | nmme | 000k | 12110 0.0000
| Standard carnimnc:
= Ltion o From mamfacues
Rez [TEEOLE spectications. Semi- 03 5 |mestenguer| 17321 | 028 | e 1 om | azss7 100 | neeme | 02%% | 0083333333 | D00ERttat | 0EsD0
- Bnge used
PRS——— From manfau R
[EE i) spectcations pO13eor | o.we0s B |mesteguer| 1732t | 577 | e 1 rom 100t | neeme | se7sw | 3333088672 | 1110833344 | 0EsD0
SN0-20HT |vaie) sombmngs used
Reo |Repestwollyy |swiktcalsnahse TiataEs | A | hemaits |1 00000 [ rom T mm | oo B 7 Qomw | 1 4oziz=0 | 19eeTEE S0
=.6) BETNH A0S 1110940288  1ES0
v Ti35sEeEs
Level of Confidence 95.45%
Covemge oot FH
Em;’“‘"‘""-" ESCE pm
Relae Dncermmg | 0011579 3
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6 -NIS

NLYZ-02

reading 1 30.000 299.99 3000.0 29999 99994
reading 2 30.003 300.01 3000.0 30000 99995
reading 3 20.997 20909 3000.0 30000 99995
reading 4 30.003 209.99 3000.0 20098 99994
reading 5 30.001 300.00 2999.9 29998 99994
reading 6 29.996 300.00 3000.0 30000 99995
reading 7 30.003 300.00 29999 29999 99995
reading 8 29.998 300.01 2999.9 29999 99995
reading 9 20.095 299.99 2009.9 20099 99995
reading 10 20.995 300.00 3000.0 20098 99994

N 10 3 10 10 10 10
stdv 0.003100263 | 0.007888106 0.051639778 0.48304589 [ 0.516397779
Ua 0.00100885 0.002494438 0.016329932 0.15275252 | 0.163299316
UresTACHO 0.000288675 0.002886751 0.028867513 0.28867513 | 0288675135
Uexp REF TIS Calibrator (in rpm) 5.8E-02 5.9E-02 8.3E-02 8.4E-01 8.4E-01
Ustd REF TI§ Calibrator Iin riml 2.9E-02 0.0295 0.0415 0.42 0.42
Standard Uncertainty {rpm) 2.9E-02 3.0E-02 5.3E-02 5.3E-01 5.4E-01
Uexp (in rpm) (k=2) 5 8E-02 5.0E-02 1.1E-01 11 11
Uexp (in %) (k=2) 1.9E-01 2.0E-02 3.5E-03 3.5E-03 1.1E-03
REF TI§ calibrator actual value (in rpm) 30.0 300.0 $5000.0 30000.0 99996.0
REF TIS calibrator error (in rpm) 0.0 0.0 0.0 0.0 0.0

REF T8 calibrator correction (in rpm) 0 0 0 0 0
TACHO actual measured value (in rpm) 25.9992 289.998 2899.96 28999.3 989%4.6
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NLYZ-03

Not available.
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