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1 Organization 
The choice and the provision of the gear measurement standards were executed by the 

National Scientific Center (NSC) Ukraine. The list of participants and the circulation scheme 

were made by the Physikalisch-Technische Bundesanstalt (PTB) Germany. With this 

information a technical protocol was written by the pilot National Metrology Institute (NMI), 

PTB, [1] and sent to the participants. 

1.1 Participants 

From the beginning 4 NMIs with worldwide reputation for gear metrology participated at this 

international comparison.  

 

No. COUNTRY CONTACT PERSON / ADDRESS 

1 GERMANY (Pilot) 

PTB 

Karin Kniel 

Department Coordinate Metrology  

Physikalisch-Technische Bundesanstalt (PTB) 

Bundesallee 100 

38116 Braunschweig 

Germany 

Fon +49-531-592-5300 

Fax +49-531-592-695300 

Karin.Kniel@ptb.de 

2 UKRAINE 

National Scientific 

Center (NSC) 

Institute of Metrology 

Vladimir S. Kupko 

Kharkov State Research Institute of Metrology 

(KhSRIM) 

42 Mironositskaya St. 

61002 Kharkov 

Ukraine 

kupko@metrology.kharkov.ua 

3 REPUBLIC OF 

BELARUS 

Belarussian State 

Institute of Metrology 

(BelGIM) 

Makarevich Vladimir Bronislavovich 

Production and research department of 

measurements of geometric quantities 

Starovilensky trakt, 93,  

Minsk 220053 

Republic of Belarus 

Tel.: +375 (17) 233-35-82 

Fax:  +375 (17) 288-09-38 

E-mail: makarevich@belgim.by 



COOMET Comparison: Involute gear measurement 
standards“  4
  
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

4 RUSSIA 

Russian Research 

Institute For Metrological 

Service  

Prof. Valeriy Lysenko 

VNIIMS, Russian Research Institute For 

Metrological Service  

46, Ozernaya st. 

Moscow 119361 

Russia 

Tel.: +7 495 781 86 53  

Email: lysenko@vniims.ru  

Table 1: List of all participants 

 

 

1.2 Schedule 

An initial time schedule was drawn as shown in Table 2. The circulation of the standards was 

scheduled for 12 months starting on October 2016 with the participation of 4 NMIs . 

 

 NMI Country Period 

1 PTB Germany before project start 

2 NSC Ukraine 2016-02-29 – 2016-05-30 

3 BelGIM Republic of Belarus 2016-06-03 – 2016-08-03 

4 VNIIMS Russia 2016-08-07 – 2016-10-10 

Table 2: Initial timetable 

 

The measurement results were given partly delayed and only on demand. Furthermore, the 

evaluations were partly not made according to the determined standard (ISO 1328-1) as the 

effective guidelines and standards were clearly defined in the technical protocol. This led to 

false results. The participants were asked to check their results and give a feedback. 

Because the PTB (Germany) is the only participant in the present comparison who has 

successfully participated in the latest international comparison on gears EURAMET.L-S24, 

the calibration values of PTB will be used as reference values for this comparison. By this 

procedure, the results of this comparison can also be linked to the results of the prior 

comparison EURAMET.L-S24. 

A check for statistical consistency of the results with their associated uncertainties will be 

made by calculation of the normalized error nE  for each laboratory and for each measurand. 

It must be pointed out that the gear parameters must be entered with the accuracy stated in 

the particular table of the measurement standards to avoid deviations due to rounding errors. 
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2 Description of the measurement standards 

2.1 Profile measurement standard 

 

Figure 1: Profile measurement standard (Involute): d1 = 120 mm and d2 = 300 mm, right 

flanks 

 

Gear Parameter: 

Profile measurement 

standard 
d1 = 120 mm d2 = 300 mm 

Helix angle  0° 0° 

Modul mn 6.0977 mm 7.9827 mm 

Number of teeth z 21 40 

Pressure angle n 20° 20° 

Facewidth b 15 mm 15 mm 

Measurands 

The chosen measurands according the respective standards [2, 3] were: 

• Profile slope deviation fH in μm 

• Profile form deviation ff in μm 

• Profile total deviation F in μm 

Measurement procedure 

The right flank profile had to be measured in the centre of the tooth flank. The measurement 

points should be distributed equidistantly over the length of roll. The stylus sphere used for 

probing should be close to 3 mm in diameter. The evaluation referred to the following 

parameters. 

d1: Length of roll foot LαStart: 13.78 mm 

  Length of roll tip LαEnd: 41.34 mm 

d2: Length of roll foot LαStart: 32.0 mm 

  Length of roll tip LαEnd: 64.0 mm  
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References 

The datum face of the measurement standard was marked by the serial number (3-0). The 

reference axis of the measurement standard should be numerically determined. For this 

purpose, the reference bands (diameter approx. 20 mm for the upper circle and 36 mm for 

the lower circle) of the gear measurement standard should be probed in the centre. In each 

of these transversal planes at least 36 points, which were distributed equally spaced over the 

circumference, should be recorded. Through the points, a circle should be fitted using the 

least squares method to define the centre of the circle. The axis of the gear measurement 

standard should be defined from the centers of the two circles. The reference point for the 

height of the profile measurement should be determined on top of each of the tooth, 2 mm 

from the tip circle in the direction of the reference axis.  

During the measurement, the temperature should be as close to the reference temperature 

20°C as possible. 

 

2.2 Helix measurement standard 

 

Figure 2: Helix measurement standard (0°, 15°, 30°, left- and right-hand, left flanks) 

 

Gear parameter: 

Helix angle  0° 15° l+r 30° l+r 

Modul mn 4.0 mm 3.8637 mm 3.4641 mm 

Number of teeth z 25 25 25 

Pressure angle n 20° 20° 20° 

Facewidth b 70 mm 70 mm 70 mm 
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Measurands 

The chosen measurands according the respective standards [2, 3] were: 

• helix slope deviation fHß in μm 

• helix form deviation ffß in μm 

• helix total deviation Fß in μm 

Measurement procedure 

The helix measurements should be performed in the centre of the measurement standard on 

a measurement cylinder with dM = 100 mm. The stylus sphere should be close to 3.0 mm in 

diameter. The evaluation range is Lß = 56 mm (centric on the gear measurement standard). 

References 

The datum face of the measurement standard was marked by the engravings respective the 

calibration mark. The reference axis of the measurement standard should be numerically 

determined. For this purpose, the reference bands (diameter approx. 32 mm) of the gear 

measurement standard should be probed in the centre. In each of these transversal planes 

at least 36 points, which were distributed equally spaced over the circumference, should be 

recorded. Through the points, a circle should be fitted using the least squares method. The 

axis of the gear measurement standard should be defined from the centres of the two circles. 

During the measurement, the temperature should as close to the reference temperature 

20 °C as possible. 

 

2.3 Pitch measurement standard 

 

Figure 3: Pitch measurement standard 

Gear parameter: 

Helix angle  0° 

Modul mn 3.0 mm 

Number of teeth z 34 

Pressure angle n 20° 

Facewidth b 25,4 mm 

Tip diameter da 108 mm 
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Measurands 

The chosen measurands according the respective standards [2, 3] were: 

• Cumulative pitch deviation FP in μm (left- and right flank) 

• Single pitch deviation fP in μm (left- and right flank) 

Measurement procedure 

The measurement standard should be fixed with an internal three-jaw chuck at the inside 

hollow shaft. The pitch should be measured in the single-flank facility. The stylus sphere 

should be close to 3.0 mm in diameter. The diameter of the measurement circle is dM = 102 

mm. 

References 

The reference side of the measurement standard was marked with the serial number 4693. 

The reference axis of the measurement standard should be numerically determined. For this 

purpose, two circles in the boring, one 6.2 mm from the reference surface (upper side) of the 

gear standard, the other one 26.2 mm from the reference surface, should be probed. In each 

case at least 36 points, which were distributed equally spaced over the circumference, 

should be recorded. Through these points, a circle should be fitted using the least squares 

method and the circle centre should be determined. The axis of the gear measurement 

standard should be defined from the centres of the two circles. 

During the measurement, the temperature should as close to the reference temperature 

20 °C as possible. 

 

3 General measurement instructions 

3.1 Traceability 

Length measurements should be independently traceable to the latest realization of the 

mètre as set out in the current ”Mise en Pratique”[4]. This means that the length unit was 

transferred to the ball and bore plates with the CMM by one of the following methods: laser 

interferometer, gauge blocks, ball beams, ball bar or step gauges. Whatever the instrument 

or standard used, it should be traceable to the definition of the length unit through 

calibrations performed in house. Temperature measurements should be made using the 

International Temperature Scale of 1990 (ITS-90). 

The mentioned measurands should be evaluated according to the following International 

Standards: 

3.2 Guidelines and standards 

Following guidelines and written standards were taken into account: 

• International Vocabulary of Metrology [5] 

• ISO standards: 1328-1, 21771 [2, 6, 7] 

3.3 Measurement uncertainty 

The uncertainty of measurement should be estimated according to the ISO Guide to the 

Expression of Uncertainty in Measurement [8]. Due to differences of equipment, methods 

and procedures applied between laboratories, a complete list of uncertainty sources to be 

taken in account has not been given here.   
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4 Measurement results 
All measurement results for profile, helix and pitch are summarized in the following tables. 

Moreover, the individual specified expanded uncertainty is presented. All participants 

assumed the standard measurement uncertainty with coverage factor on k = 2. 

 

4.1 Profile measurements 

d1 = 120 mm 

participant 
Profile slope deviation Profile total deviation Profile form deviation 

fHα in µm U in µm Fα in µm U in µm ffα in µm U in µm 

PTB Germany -2.16 0.70 4.63 0.90 3.60 0.50 

NSC Ukraine -1.20 1.47 4.30 1.50 3.70 1.40 

BelGIM Belarus -2.28 1.00 4.14 1.00 4.11 1.00 

VNIIMS Russia -4.40 0.51 6.06 0.51 4.47 0.51 

d2 = 300 mm 

participant 
Profile slope deviation Profile total deviation Profile form deviation 

fHα in µm U in µm Fα in µm U in µm ffα in µm U in µm 

PTB Germany 0.37 0.70 0.85 0.90 0.68 0.50 

NSC Ukraine -0.60 1.47 1.40 1.50 1.20 1.40 

BelGIM Belarus -0.07 1.00 0.85 1.00 0.87 1.00 

VNIIMS Russia -1.43 0.51 1.93 0.51 1.12 0.51 

Table 3: Summarized results of all profile measurements 

4.2 Helix measurements 

0° helix 

participant 
Helix slope deviation Helix total deviation Helix form deviation 

fH in µm U in µm F in µm U in µm ff in µm U in µm 

PTB Germany 1.35 0.70 1.99 1.00 0.78 0.60 

NSC Ukraine 1.40 1.61 2.50 1.70 1.70 1.40 

BelGIM Belarus 1.46 1.00 2.09 1.00 0.95 1.00 

VNIIMS Russia 1.64 0.91 2.11 0.91 0.97 0.90 

Table 4: Summarized results of the 0° helix measurements 

 

15° helix, left hand 

participant 
Helix slope deviation Helix total deviation Helix form deviation 

fH in µm U in µm F in µm U in µm ff in µm U in µm 

PTB Germany -3.23 0.80 3.41 1.10 0.99 0.60 

NSC Ukraine -3.50 1.62 3.80 1.71 1.30 1.40 

BelGIM Belarus -4.04 1.00 4.62 1.00 1.70 1.00 

VNIIMS Russia 2.74 0.92 4.04 0.93 1.92 0.91 

Table 5: Summarized results of the 15° helix, left hand measurements 
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15° helix, right hand 

participant 
Helix slope deviation Helix total deviation Helix form deviation 

fH in µm U in µm F in µm U in µm ff in µm U in µm 

PTB Germany -0.93 0.80 1.87 1.10 1.44 0.60 

NSC Ukraine -0.30 1.62 2.40 1.71 2.40 1.40 

BelGIM Belarus -1.09 1.00 2.30 1.00 1.74 1.00 

VNIIMS Russia -0.45 0.92 2.69 0.93 2.60 0.91 

Table 6: Summarized results of the 15° helix, right hand measurements 

 

30° helix, left hand 

participant 
Helix slope deviation Helix total deviation Helix form deviation 

fH in µm U in µm F in µm U in µm ff in µm U in µm 

PTB Germany -7.38 1.00 7.93 1.20 1.53 0.60 

NSC Ukraine -8.80 1.64 9.10 1.72 1.30 1.40 

BelGIM Belarus -7.21 1.00 7.95 1.00 1.75 1.00 

VNIIMS Russia 5.92 0.97 7.04 0.96 3.02 0.91 

Table 7: Summarized results of the 30° helix, left hand measurements 

 

30° helix, right hand 

participant 
Helix slope deviation Helix total deviation Helix form deviation 

fH in µm U in µm F in µm U in µm ff in µm U in µm 

PTB Germany -1.80 1.00 2.59 1.20 1.88 0.60 

NSC Ukraine -0.90 1.64 2.00 1.72 1.90 1.40 

BelGIM Belarus -2.08 1.00 2.90 1.00 2.18 1.00 

VNIIMS Russia -1.35 0.97 3.59 0.96 3.06 0.91 

Table 8: Summarized results of the 30° helix, right hand measurements 

4.3 Pitch measurements 

Pitch, left flank 

participant 
Single pitch deviation Cumulative pitch deviation 

fp max in µm U in µm pitch Fp in µm U in µm pitch 

PTB Germany 2.06 0.5 3 6.30 0.5 22 - 1 

NSC Ukraine 1.90 1.43 4 6.90 2.34 24 - 33 

BelGIM Belarus 1.78 1.00 28 8.13 1.00 34 - 141 

VNIIMS Russia 1.97 0.53 34 6.18 0.64   4 - 111 

Table 9: Summarized results of the pitch, left flank measurements 

  

                                                

1 The finally specified pitch numbers do not match the measurement results in the submitted 

reports. 
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Pitch, right flank 

participant 
Single pitch deviation Cumulative pitch deviation 

fp max in µm U in µm pitch Fp in µm U in µm pitch 

PTB Germany -2.91 0.5 32 7.92 0.5 25 - 2 

NSC Ukraine -2.70 1.43 33 8.70 2.34 26 - 3 

BelGIM Belarus -3.17 1.00 1 9.99 1.00 34 - 11  

VNIIMS Russia -2.29 0.53 1 7.62 0.64 34 - 11  

Table 10: Summarized results of the pitch, right flank measurements 

 

 

5 Evaluation of the normalized error En 

5.1 General information 

In case of this intercomparison the PTB operated as the reference laboratory due to this fact 

the PTB values are used as reference values. 

A check for statistical consistency of the results with their associated uncertainties can be 

made by calculation of the normalized error nE  for each laboratory and for each measurand. 

The nE  value indicates if the measurement value and its corresponding measurement 

uncertainty are comparable to the results of the reference laboratory. In detail that means that 

the nE  value is the internationally agreed parameter which shows if the individual value ix  

together with its determined expanded measurement uncertainty iU  and the expanded 

measurement uncertainty of the corresponding reference value refU  is reliable in comparison 

with the reference value 
refx . The absolute value nE  must be less than 1 to meet this quality 

criterion for indicating that the laboratory is in the position to obtain a qualified result.  

Due to prior agreement with the COOMET [1] and other experts and guidelines for 

measurement uncertainty evaluation [9, 10, 11, 12, 13, 14], the nE  value was calculated 

according to the approach shown in equation 2: 

 
22

2

refi

refi

n

UU

xx
kE






   

 (2)

 
 

As recommended by the WG-MRA “Guidance Document” GD-1 [13] the calculation of the 

nE  value was based on the expanded measurement uncertainty.  
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5.2 Results with respect to En(k=2) evaluation based on expanded uncertainty 

In total 28 measurands for all the standards (profile, helix and pitch) had to be measured by 

each participant. All received results were analysed and evaluated. In Table 11 the normalized 

error nE  for each parameter are listed.  

Key to the colour: highlighted grey colour cells represent where the comparability value is not fulfilled 

  NSC BelGIM VNIIMS 

profile 
d1 = 120 mm 

fH 0.59 0.10 2.59 

ff 0.07 0.46 1.22 

F 0.19 0.36 1.38 

profile 
d2 = 300 mm 

fH 0.60 0.36 2.08 

ff 0.35 0.17 0.62 

F 0.31 0.00 1.04 

helix 
0° 

fHß 0.03 0.09 0.25 

ffß 0. 60 0.15 0.18 

Fß 0.26 0.07 0.09 

helix 
15° 

left hand 

fHß 0.15 0.63 4.90 

ffß 0.20 0.61 0.85 

Fß 0.19 0.81 0.44 

helix 
15° 

right hand 

fHß 0.35 0.12 0.39 

ffß 0.63 0.26 1.06 

Fß 0.26 0.29 0.57 

helix 
30° 

left hand 

fHß 0.74 0.12 9.55 

ffß 0.15 0.19 1.37 

Fß 0.56 0.01 0.58 

helix 
30° 

right hand 

fHß 0.46 0.20 0.32 

ffß 0.02 0.26 1.08 

Fß 0.25 0.20 0.65 

pitch 
left flank 

FP 0.25 1.64 0.15 

fP
2 0.11 0.25 0.12 

pitch 
right flank 

FP 0.33 1.85 0.37 

fP
2 0.14 0.23 0.85 

∑ En>1  0 2 10 

Table 12: Measurement results based on the normalized error nE (k = 2) 

  

                                                
2 Concerning the comparison of the results for the single pitch deviation (see Table 9 and 10): 
The maximum single pitch deviation fp max is defined as the maximum absolute value of the 
measured single pitch deviations fp which is signed. Due to this definition the comparison of the 
results is based on the absolute values. 
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6 Conclusion 
Summarizing, the international comparison for involute gear standards organized by COOMET 

has been successfully conducted. It was the second international comparison on complex 

dimensional measurands as gear quality parameters. 

The comparison of the presented results however shows that discrepancies of the values of 

the compared measurands of some participating NMIs in some cases were too big and below 

the expectations, which leaves room for further improvement. 
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Appendix A: Measurement reports of the participants 
The following measurement reports were prepared by each participant. They comprise the 

description of the measurement procedure as well as the measurement results. Each report 

is completely listed in this document. 
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Participant 1: Germany (PTB) 
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Participant 2: Ukraine (NSC) 
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