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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 (SCRVs) 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 

Laboratory 
Acronym Country RMO Calibration 

period 
(week/year) 

1 National Institute of 
Metrology NIM China APMP 

41/2022 
to 

42/2022 

2 
National Metrology Centre, 

Agency for Science, 
Technology and Research 

NMC Singapore APMP 
45/2022 

to 
46/2022 

3 National Metrology 
Laboratory NML Philippines APMP 

49/2022 
to 

50/2022 

4 National Institute of 
Metrology NIMT Thailand APMP 

01/2023 
to 

02/2023 

5 Kenya Bureau of Standards KEBS Kenya AFRIMETS 
05/2023 

to 
06/2023 

6 National Institute of 
Standards NIS Egypt AFRIMETS 

09/2023 
to 

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.  
 
• 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) 
 

 
 

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

𝑥𝑥𝑊𝑊𝑊𝑊(𝑛𝑛) = ∑ 𝑋𝑋𝑖𝑖(𝑛𝑛)
𝑢𝑢𝑖𝑖2(𝑛𝑛) ∙ �∑

1
𝑢𝑢𝑖𝑖2(𝑛𝑛)�

−1
                          (1) 

𝑢𝑢𝑊𝑊𝑊𝑊(𝑛𝑛) = �∑ 1
𝑢𝑢𝑖𝑖2(𝑛𝑛)�

−1/2
                 (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 NLYZ-
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)  best estimate of the SCRV 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  
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Table 8.2: Results of the consistency test applied to all the results  
reported by the participants for NLYZ-03  

 

 
 

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

𝑑𝑑𝑖𝑖,𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑛𝑛) = 𝑥𝑥𝑖𝑖(𝑛𝑛) − 𝑥𝑥𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑛𝑛)                                           (3) 
  

𝑢𝑢2𝑖𝑖,𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑛𝑛) = �𝑢𝑢
2
𝑖𝑖(𝑛𝑛) − 𝑢𝑢2𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑛𝑛)         for results within the LCS        

𝑢𝑢2𝑖𝑖(𝑛𝑛) + 𝑢𝑢2𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑛𝑛)        for results not within the LCS
                (4) 

   
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 |di,SCRV(n)| > 2·ui,SCRV (n). 
 
 
8.1 Results for NLYZ-02 
 
Table 8.3: Unilateral degrees of equivalence for NLYZ-02 with absolute expanded  uncertainties 
(k = 2) 
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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 Ui,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) 
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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 10-3 to 10-5. NML, NIMT and KEBS used optical simulator 
for calibration, with expanded uncertainties in the order from 10-4 to 10-5. 
 
Smaller measurement uncertainties than the order of 10-5 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: sunq@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). 

Interface

Tachometer

Rotating Shaft

Indication

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) ºC. 
• 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: 

Participant Measurement 
(calendar week) 

Transportation 
to next  

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: 
• The motion of the rotational output disc of mechanical generator should be measured 

at the reflective mark surface in perpendicular direction. 
• The optical flash of the optical simulator should be measured in line with the 

tachometer. 
• A tripod is recommended for installation of the laser tachometer. 
• 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: 
• a description of the calibration system used for the comparison with a photo of the 

system, preferably when the laser tachometer is installed, 
• a description of the calibration method used and the mounting techniques for the laser 

tachometer, 
• documented records of the ambient conditions during measurements, 
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• 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 [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 
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Annex B : Measurement uncertainty Budget (MUB) 
 
1 – NIM 
 
NLYZ-02 
 

i Uncertainty 
Components 

Probability 
Distribution 30 r/min   300 r/min   3000 r/min 

1 Repeatability 
of tachometer Normal 1.3×10-4 0.0×10-3 0.0×10-3 

2 Resolution of 
tachometer Rectangular 2.9×10-4 2.9×10-3 2.9×10-2 

3 Uncertainty of 
Standard Normal 5.0×10-5 5.0×10-4 5.0×10-3 

Combined measurement uncertainty 3.2×10-4 2.9×10-3 2.9×10-2 
Coverage factor 2 2 2 

Expanded measurement uncertainty 6.4×10-4 5.9×10-3 5.9×10-2 
Expanded relative uncertainty 2.1×10-5 2.0×10-5 2.0×10-5 

 

i Uncertainty 
Components 

Probability 
Distribution 30000 r/min 99996 r/min 

1 Repeatability 
of tachometer Normal 0.0×10-2 0.0×10-1 

2 Resolution of 
tachometer Rectangular 2.9×10-2 2.9×10-1 

3 Uncertainty of 
Standard Normal 1.0×10-1 3.3×10-1 

Combined measurement uncertainty 3.0×10-1 4.4×10-1 
Coverage factor 2 2 

Expanded measurement uncertainty 6.1×10-1 8.8×10-1 
Expanded relative uncertainty 2.0×10-5 8.8×10-6 
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NLYZ-03 
 

i Uncertainty 
Components 

Probability 
Distribution 30 r/min   300 r/min   3000 r/min 

1 Repeatability 
of tachometer Normal 1.0×10-4 0.0×10-3 0.0×10-3 

2 Resolution of 
tachometer Rectangular 2.9×10-4 2.9×10-3 2.9×10-2 

3 Uncertainty of 
Standard Normal 5.0×10-5 5.0×10-4 5.0×10-3 

Combined measurement uncertainty 3.1×10-4 2.9×10-3 2.9×10-2 
Coverage factor 2 2 2 

Expanded measurement uncertainty 6.2×10-4 5.9×10-3 5.9×10-2 
Expanded relative uncertainty 2.1×10-5 2.0×10-5 2.0×10-5 

 

i Uncertainty 
Components 

Probability 
Distribution 30000 r/min 99996 r/min 

1 Repeatability 
of tachometer Normal 0.0×10-2 1.3×10-1 

2 Resolution of 
tachometer Rectangular 2.9×10-2 2.9×10-1 

3 Uncertainty of 
Standard Normal 1.0×10-1 3.3×10-1 

Combined measurement uncertainty 3.0×10-1 4.6×10-1 
Coverage factor 2 2 

Expanded measurement uncertainty 6.1×10-1 9.2×10-1 
Expanded relative uncertainty 2.0×10-5 9.2×10-6 
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2 –NMC 
 
NLYZ-02 
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NLYZ-03 
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3 –NML 
 
NLYZ-02 
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NLYZ-03 
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4 –NIMT 
 
NLYZ-02 
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NLYZ-03 
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5 –KEBS 
 
NLYZ-02 
 
30 r/min 

 
 
300 r/min 

 
 
3000 r/min 

 
 
30000 r/min 

 
  



APMP.AUV.V-S2 2024 

 37 / 41 
 

 
99996 r/min 
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NLYZ-03 
 
30 r/min 

 
 
300 r/min 

 
 
3000 r/min 

 
 
30000 r/min 
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99996 r/min 
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6 –NIS 
 
NLYZ-02 
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NLYZ-03 
 
Not available. 
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