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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

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

Participants

international comparison.

No.

COUNTRY

CONTACT PERSON / ADDRESS

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

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

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
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4 RUSSIA Prof. Valeriy Lysenko
Russian Research VNIIMS, Russian Research Institute For
Institute For Metrological | Metrological Service
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 NMls .

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 E,, 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 d> = 300 mm, right
flanks

Gear Parameter:

;gzzgeasuremem di=120mm  |d, =300 mm

Helix angle g 0° 0°

Modul m, 6.0977 mm 7.9827 mm

Number of teeth z 21 40

Pressure angle an 20° 20°

Facewidth b 15 mm 15 mm
Measurands

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

* Profile slope deviation fi, in ym
* Profile form deviation fi, in pm
* Profile total deviation F, in ym

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.

di: Length of roll foot Lastar: 13.78 mm
Length of roll tip Laeng: 41.34 mm

dz: Length of roll foot Lastar: 32.0 mm
Length of roll tip Laeng: 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 g 0° 15° I+r 30° |+r
Modul m, 4.0 mm 3.8637 mm 3.4641 mm
Number of teeth z |25 25 25
Pressure angle an | 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 fyg in um
* helix form deviation fz in pm
* helix total deviation Fr in um

Measurement procedure

The helix measurements should be performed in the centre of the measurement standard on
a measurement cylinder with du = 100 mm. The stylus sphere should be close to 3.0 mm in
diameter. The evaluation range is Lz = 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 g 0°

Modul my 3.0 mm

Number of teeth z |34

Pressure angle an | 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 um (left- and right flank)
+ Single pitch deviation fp in ym (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 dw = 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

31 Traceability

Length measurements should be independently traceable to the latest realization of the
meétre 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]
e [|SO 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.

41 Profile measurements
di1 =120 mm
participant Prof'ile slope deyiation Prqfile total deyiation Prqfile form de\{iation
fHainpum | Uinpm Fain pm Uinpum ffa in um Uinpum
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 Prof'ile slope deyiation Prqfile total de\{iation Prqfile form de\{iation
fHainpum | Uinpm Fain pm Uinum ffa in um Uinpum
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
- Helix slope deviation Helix total deviation Helix form deviation
participant i : i _ i )
fHEInum | Uinpum Fgin um Uinpum ffgin um Uinpum
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 0.91 211 0.91 0.97 0.90

Table 4: Summarized results of the 0° helix measurements

15° helix, left hand

participant Helix slope dev.iation Helix total devi.ation Helix form devi.ation
fHAIinpum | Uinpm Fgin um Uin pm figin um Uin pm
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
. Helix slope deviation Helix total deviation Helix form deviation
participant i : i , i .
fHEinum | Uinpm Fgin um Uin pm ffgin um Uin pm
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

Helix slope deviation

Helix total deviation

Helix form deviation

participant ) . . . . .
fHEInpum | Uinpm Fgin um Uinpum ffgin um Uinpum
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

Helix slope deviation

Helix total deviation

Helix form deviation

participant ) . . . . .
fHS in pm Uin pm Fgin pum Uin um ffgin um Uin pm
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

Single pitch deviation

Cumulative pitch deviation

participant . . . . . .
fomax inpm | U in pm pitch Fpin pum Uin pm 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 4-11"

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

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

reports.
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Pitch, right flank

participant . Single pit'ch deviation . .Cumulative .pitch deviatiqn

fomax inpm | U in pm pitch Fpin pm Uin pm 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 9.99 1.00 34-11
VNIIMS Russia -2.29 0.53 7.62 0.64 34-11

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

5 Evaluation of the normalized error E,

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 E,, for each laboratory and for each measurand.
The E, 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 E, value is the internationally agreed parameter which shows if the individual value x;

together with its determined expanded measurement uncertainty U; and the expanded

measurement uncertainty of the corresponding reference value U f IS reliable in comparison
with the reference value X, . The absolute value |En| 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 E, value was calculated
according to the approach shown in equation 2:
Xi — X
Ek=2)=——— @
uZ+U

ref

As recommended by the WG-MRA “Guidance Document” GD-1 [13] the calculation of the
E,, value was based on the expanded measurement uncertainty.
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5.2 Results with respect to E,(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 E, for each parameter are listed.

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

NSC BelGIM VNIIMS
_ fia 0.59 0.10 2.59
" e [t 0.07 0.46 1.22
Fo 0.19 0.36 1.38
_ fia 0.60 0.36 2.08
" e [t 0.35 0.17 0.62
Fo 0.31 0.00 1.04
_ fur 0.03 0.09 0.25
hg[,'x fie 0. 60 0.15 0.18
Fe 0.26 0.07 0.09
helix fun 0.15 0.63 4.90
15° fim 0.20 0.61 0.85
left hand Fe 0.19 0.81 0.44
helix fun 0.35 0.12 0.39
15° fin 0.63 0.26 1.06
right hand Fe 0.26 0.29 0.57
helix frg 0.74 0.12 9.55
30° fim 0.15 0.19 1.37
left hand Fq 0.56 0.01 0.58
helix fhr 0.46 0.20 0.32
30° fim 0.02 0.26 1.08
right hand Fa 0.25 0.20 0.65
pitch Fp 0.25 1.64 0.15
left flank fp? 0.11 0.25 0.12
pitch Fp 0.33 1.85 0.37
right flank fp? 0.14 0.23 0.85

SEx1 | |0 2 10

Table 12: Measurement results based on the normalized error E,, (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.

7 Acknowledgements

All participants express gratitude for the support of COOMET that made the comparison a
success. It is a great step forward in positive direction.
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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)

281 D0B n

Physikalisch-Technische Bundesanstalt
Braunschwelg und Berlin
Nztionales Metrologiainstitut

Kalibrierschein
Calibration Certificate

Gegenstand: Profilnormal, dy = 128 mm, d: = 319 mm
Otyact: Profile measurement standard d, = 128 mm, d, = 318 mm
Hersteller: Keine Angabe
Marufachyer: No declaration
Typ: Stirnradnormal (= 0", R}
Type: Cylindrical gear standard {fi = 0°, R)
Kennnummer: 3-0
Senal No
Auftraggeber: Physikalisch-Technische Bundesanstalt
Apphicant Fachbereich 5.3

Bundesallee 100

38116 Braunschweig

Deutschland
Anzahl der Seiten: 7
Number of pages:
Geschaftszeichen: 5.3-2015-060
Raferanca No
Kalibrierzeichen: 50484 PTB 15
Callration ok
Datum der Kalibrierung: 2015-10-28
Cate of calbratvan®
Im Auftrag Braunschweiq, 2015-12-09 Im Auftrag
On dsnsit of FTE On behal of PTE

W Hm

K. Hierse

G O

Dr. rer. nat. M. Stein

Kalitriarecheing ohne Unlerschrift und Siege! haten keine Goligken. Dieser Kalibnerschain daf nur urverindert wesitenurbre (st
werden. Ausziige becfirfen der Genehmigung der Physikaisch-Technischen Burdesarstalt.

Calbratian Condizates without sianstire and sas' ana nof vald Tive Cathratan Camicate may nat he reproducad otnar than i A4
Extracls may be fakan only willi It parmygsion of the Physkaisoh-Technische Gundeeans!al
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Physikalisch-Technische Bundesansialt
Braunschweig und Berlin
Mationales Metrofogicinstinut

Seite 2 zum Kalibrierschain vom 2015-12-09, Kzlibrierzeichen; 504284 PTEB 15
Fagy 2 of the Conlibrotion Cerfiffvale dafed 2075 172-03, calbanion modk: S804 FTE 15

Kallbriergegenstand
Calibration standard

Profilnormal
Prafile measurement standard

Werzahnungsparametar:
Gear parameters:

. Tailkraisdurch messu;ar d"

Referance diameter o 15 Fiim A1 i

Schragungswinkel 72
Halix angle
Mormalmadul m.,
Narmal modude m,

Zahnezahl z
Number of teeth z 1 aa
Mormaleingriffswinkel .
Mormal pressure angle o,
Profibvarschisbungsfaklor x 0 0
Profile shiff coafficiant ¥

Zahnbreite &
Eacewidth b 15 mm 15 mm

a° 0

B.0977 mm T.9827 mm

20 20"

Anmerkung:
Remark:

Es ist zu beachten, dass die Verzabnungsparamatar mit der im Kalibrigrschein angegehensn Genau-
igkeit eingegeben werden missen, um Abweichungen durch Rundungsfahler zu vermeiden,

If must be pointed out here that the gear parameters must be enferad with the accuracy sialed in he
calibraion cerfificafe so a3 fo avoid deviations due fo rounding smors.

General note concerning the English translation:

This Calibration Cerfificate is writfen in German. In case of any conflict befwaen
Ihe German language version and the English franslation of it, the German ver-
sion shall pravail.
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Physikalisch-Technische Bundesanstait
Braunschweig und Berlin
Nationales Metrologiainstitul

Seite 3 zum Kalibrierschein vom 2015-1209, Kalibrierzeichen: 50484 PTB 15
Eage 2 af the Caltvanon Comificatn datea 2015-12-03, cavbeation mark: S0484 ATO 15

Stirnradnormal Kennummer 3 - 0
Cylindrical gear standard serial No. 3 - 0

Kalibrierverfahren
Calibration procedure

Profil
Profile

Die Profile des Normals wurden auf einem riickgefiihrten Koordinatenmessgerét kalibriert. Die einzel-
nen Messwerle wurden durch ein Mehrlagenmessverfahren ermiltell, Hierzu wurde das Normal in vier
um 90° versetzten Stellungen, gestirzt und ungestirzt, mehrfach gemessen. Die Messergebnisse
sind die gemittelten Werte aus allen Messungen.

Die Kalibrierwerte der Profimessungen beziehen sich jeweils auf den Ausweriebereich.
Abweichungen aullerhalb des Auswertebereichs bleiben unbericksichtigt.

The profiles of the measurement standard were calibrated on a coordinate measuring machine for
which traceability has been proved. The individual measurement vaiues were determined by a multiple
orientation measurement procedure. For this purpose, the standard was measured in four positions
displaced by 90° (tumbled and untumbled). The measurement results are the averaged values from all
measurements.

The calibration values of profiles measurements each refer to the evaluation range. Deviations outside
the evaluation range remain disregarded.

Bezlige
References

Die Bezugsseite des Normals ist durch die Kennnummer gekennzeichnet,

Die Refarenzachse des Normals wurde numerisch ermittell. Hierzu wurden an der Welle des Normals
zwei Bezugskreise (siehe Skizze des Nomals) gemessen und deren Mittelpunkte nach der Methode
der kleinsten Fehlerquadrate bestimmt. Durch die Mittelpunkte der Kreise wurde die Referenzachse
des Verzahnungsnormals gelegt.

The datum face of the measurement standard is marked by the serial number.

The reference axis of the measurement standard was numerically determined. For this purpose, two
reference circles in the shaft of the gear measurement standard (see sketch of the measurement
standard) were measured and their centres were delermined in accordance with the Jeast squares
method. The reference axis of the gear measurement standard was laid through the centres of the

circles.
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Nationales Melrolcgieinstitut

Seile 4 zum Kalibrierschein vom 2015-12-09. Kalibrierzeichen: 50484 PTB 15
Page 4 of (he Caliration Carbfivale axled 2015-72-09, caltvalion mavk. 50454 P76 15

(1} Bezugsseite {(Hohenbezug)
datum face (reference for the height}

{2) oberer Bezugskreis
upper referance circle

(3) unterer Bezugskreis

lower reference circle
Skizze des Normals
Skefch of the measurement standard
Umgebungsbedingungen
Environmental conditions
Temperatur wahrend der Messung (20 +0,2) °C

Temperature during the measurement

Normative Verweise
Normative references

Die Bezeichnung am Verzahnungsnormal und die Auswertungen erfolgten, sofern nicht explizit anders
beschrieben, unter Berlicksichtigung der folgenden Richtlinien und Normen:

For identification and evaluations on the gear artifact, the following guidelines and standards were
taken into account unlass otherwise explicilly noted:

ISO 1328-1, September 2013 (E);
VDI/VDE 2607, Februar 2000;
VDI/VDE 2612, Mai 2000,

DIN 1SO 21771 August 2014

DIN 21772 Juli 2012

DIN 3983, November 1974;

Messunsicherheit
Measurement uncertainty

Angegeben ist die erweiterte Messunsicherheil, die sich aus der Standardmessunsicherheit durch
Multiplikation mit dem Erweiterungsfaktor k = 2 ergibt. Sie wurde gemalt dem ,Guide to the Expres-
sion of Uncertainty in Measurement (GUM)" ermittelt. Der Wert der MessgrofRe liegt dann im Regelfall
mit einer Wahrscheinlichkeit von anndhemd 95 % im zugeordneten Uberdeckungsintervall,

The uncertainty stated is the expanded measuremen! uncertainty obtained by mulliplying the standard
measurement uncertainty by the coverage factor k = 2. it has been determined in accordance with the
*Guide to the Expression of Uncertainfy in Measurement (GUM)". The value of the measurand then
normally lies, with & probability of 85 %, within the attributed coverage interval.
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Physikalisch-Technische Bundesanstait
Braunschweig und Berlin
Nationales Metrologiginslitut

Seite 5 zum Kallbrierschein vom 2015-12-09, Kalibrierzeichen: 50484 PTB 15
Pege 5 of the Calbraton Corficae dated 2015 12-03, catlration nak: 5084 PIB 15

Profil
Profile

Die Messungen wurden auf der Grundlage der auf Seite 2 aufgelisteten und der folgenden Angaben
durchgefiihrt:

The measurements were based on the parameters listed on page 2 with the following additional pa-
rameters:

Teilkreisdurchmesser d

Reference diameter d 14aym idliol
Antastkugeldurchmesser 3mm 3mm
Stylus sphere diameter

Punkteanzahl je Bezugskreis ap 36
Number of points per reference circle

Punkladichte auf Profil 5/mm s/mm
Point density on the profile -
Lage des Profils bi2 bi2
Pasition of the profile

Start der Auswertung Lz,e (in Walzlange) 13.78 mm 32.0 mm
Start of evalualion Lu. (length of roll} N 7
Ende der Auswertung Le. (in Walzlange) 41.34 mm 64.0 mm

End of evaluation L.e.s (length of roll)

Ergebnisse Profil
Results profile
| Teilkreis- Profil-Winkelabweichung | Profil-Formabweichung = Profil-Gesamtabweichung
durchmesser | Profile slope deviation | Profile form deviation Total profile deviation
P e R R e
Reference fiua in pm fm in pm Fo in pm
diameter d
128 mm -2,16+£0.7 36005 463+09
319 mm 037+10 068105 085+£1.2
Diagramme
Diagrams

Bei den folgenden Diagrammen zu den Profilergebnissen ist zu beachten, dass ein Diagramm aus
den Mehrlagenmessungen ausgesuchl wurde, das den Kalibrierwerten am nachsten kommt.

At the following diagrams relating to the profile results please note that one diagram was selected from
the multiple orientation measurement procedure which best approaches the calibrated values.
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Nationales Metrolegieinstitu

Seile 6 zum Kalibrierschein vom 2015-12-09, Kalibrierzeichen: 50484 PTB 15
FPaga & of the Caibrston Camficale asteo 201 5-12-00, calbratinn mark: 50884 PTE 15

Profilabweichung in pm
Profile deviation in ym

Profilabweichung inum
Profile deviation in pm

Profil: d = 128 mm, Rechtsflanke
Profile: d = 128 mm, right flank

fua=-2,2 pm
————————— §.=38um
F. = 47um

.
1
1
'
Ll
1
I
1
1
1
'
R —
1
1
1
'
1
)
|
]
1
1
L}

Wialzlinge inmm
Length ofrofl in mm

Profil: d = 319 mm, Rechtsflanke
Profile: d = 319 mm, right flank

Wilzlange inmm
Length ofrofl in mm
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Physikalisch-Technische Bundesanstait
Braunschwelg und Berlin
Nationales Metrolagisinsiitul

Seite 7 zum Kalibrierscheln vom 2015-12-09, Kalibrierzeichen: 50484 PTB 15
Eage 7 of the Calbvahon Centficate dafed 2015-12-04, calbrstion mark: 20464 PTE 15

Die Physikalisch-Technische Bundesanstalt (PTB) in Braunschweig und Berlin ist
das nationale Metrologiginstitut und die technische Oberbehdrde der Bundesrepublik Deutschland
fir das Messwesen. Die PTB gehort zum Geschaftsbereich des Bundesministeriums fiir Wirtschaft
und Energie. Sie erfllit die Anferderungen an Kalibrier- und Priflaberatorien auf der Grundiage der
DIN EN ISO/IEC 17025.

Zentrale Aufgabe der PTB ist es, die gesetzlichen Einheiten in Ubereinstimmung mit dem
Intematlionalen Einheitensystem (Sl) darzustellen, zu bewahren und weiterzugeben. Die PTB steht
damit  an cberster Stelle der  metrologischen Hierarchie in Deutschland.
Die Kalibrierscheine der PTB dokumentieren eine auf nationale Normale rickgefihrte Kalibrierung.

Dieser Ergebnisbericht ist in Ubereinstimmung mit den Kalibrier- und Messmaglichkeiten {CMCs),
wie sie im Anhang C des gegenseitigen Abkommens (MRA) des Internationalen Komitees fur Male
und Gewichte enthalten sind. Im Rahmen des MRA wird die Glltigkeit der Ergebnisberichte von
allen teilnehmenden Instituten fir die im Anhang C spezifizierten Messgroften, Messbereiche und
Messunsicherheiten gegenseitig anerkannt (ndhere Informaticnen unter http:/\www.bipm.org).

e —
T

- CIPM MRA

The Physikalisch-Technische Bundesanstalt (°P7B) in Braunschweig and Beriin is
the National Metrology Institute and the supreme technical authority of the Federal Republic of
Germany for metrofogy. The PTB comes under the auspices of the Federal Ministry of Economics
and Energy. It meets the requirements for calibration and testing laboratories as defined in
DIN EN ISO/IEC 17025.

The central task of PTB is fo realize, to mainfain and to disseminale the legal units in compliance
with the International System of Units (SI}. PTB thus is at the top of the metrological hierarchy in
Germany. The calibration certificates issued by PTB document a calibration traceabie to national
measurement standards.

This certificate is consistent with the Calibration and Measurement Capabiiities (CMCs) that are
included in Appendix C of the Mutual Recognition Arrangement (MRA) drawn up by the International
Committes for Weights and Measures (CIPM). Under the MRA, all participating institutes recognize
the validity of each other’s calibration and measurement cerlificates for the quantities, ranges and
measurement uncertainties specified in Appendix C (for details, see http.//iwww.bipm.org).

Physikalisch-Technische Bundesanstalt

Bundasalles 100 Atbestralie 2-12
38116 Braunschweig 10587 Barin
DEUTSCHLAND DEUTSCHLAND
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Physlkallsch-Technische Bundesanstalt
Braunschweig und Berlin
Nalicnales Matrologieinstitul
Kalibrierschein
Calibration Certificate
Gegenstand: Flankenliniennormal, d = 100 mm
Olyjsct: Helix measurement standard d = 100 mm
Hersteller: Keine Angabe
tAanutacturer: No declaration
Typ: Stirnradnormal (#=0° 161+ 1, 30° I+, L)
Type: Cylindrical gear standard (8= 07, 15° [ +r, 30° {41, L)
Kennnummer: L-7444-1
Sena' No.
Auftraggeber: Physikalisch-Technische Bundesanstalt
Applicant: Fachbereich 5.3
Bundesallee 100
38116 Braunschweig
Deutschland
Anzahl der Seiten: 9
Number of pages:
Geschallszeichen: 5.3-2015-060
Kalibrierzeichen: 50485 PTB 15

Cavbeation mnark.

Datum der Kalibrierung: 2015-11-13

Cate of cbrahion:
Im Auftrag Braunschweig. 2015-11-25 Im Auftrag
<  Onbahalfcf PTE On Lehal of PTB
8 0
: A A v
. ,[ /{ R
Dr. rer. nat. M. Stein K. Hierse

Kalitrinrschrne ahne Untarscnr ft und Ssanal haban keina GUllgeeit Diaser Kslibriarschain darl nur uinerd@nder weiterverbre e
werdan, Auszige beduren der Genehmigung der Physikalsch-Technschen Bundesanstalt.

Caltvalion Camificals s withou! signsiure snd seal are nod vald, This Caltvoban Camiicade may nat be reprodicad ofher han in A,
Extracts may be fakan onfy with e permiasan of the PhyskaNsoh-Technisohe Sunaeeanstal,
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Maticnales Metrologisinstitut

Seite 2 zum Kalibriarschain vem 2015-11-25, Kalibrierzeichen: 50485 FTB 15
Papa ol e Calbegtion Colificale daled 2005-71-25 caltvaiio mek, S3ME3 PTE 15

Kallbrlargegenstand
Calibration standard

Flankenliniennormal
Helix meaasurerment standard

Verzahnungspararmeter:
Gear paranieters:

Schrigungswinkel & " o B
Heitc angle. o 15° I +r 30° I +r

Mormalmodul m.,
Normel modale my 4,0 mm 38837 mm 34641 mm
Zahnazahl =
Number of tealh z 25 ' 2 a5
MNormaleingriffswinkel «x,

MNormal pressure angle .

Profiverschisbungsfakior x 0 0 0
FProfile shiff coefficient x

| Zahnbreite & _ ]
Eacewidh b ! TO mm T mm | TO mm

20° 207 20°

Anmerkung;
Remark:

Es ist zu beachten, dass die Verzahnungsparameter mit der im Kalibrierschein angegebenan Genau-
igkelt eingageben weardan missan, um Abweichungen durch Rundungsfehler zu vermeiden,

It must be pomted aut here thal the gear paraimeters must be enterad wilh the accuracy staled in the
calibration cerfificate so0 as to avoid devialions due to rounding errors.

General note concerning the English translation:

This Calibration Certificate is wrilten in Germar. fn case of any conficl betweean

the German language version and the English transiafion of if. the German wer- |
sion shall prevail.
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Nationales Matrologieinstitut

Seite 3 zum Kalibnerschein vom 2015-11-25, Kalibrierzeichen: 50485 PTB 15
Page 3 of 1he Cabbration Carbfice daled 2015-11-25, calbvalion mavk: 30465 PTE 15

Stirnradnormal Kennnummer Nr. L-7444-1
Cyfindrical gear standard serial No, L-7444-1

Kalibrierverfahren
Calibration procedure

Flankenlinie
Helix

Die Flankenlinien des Normals wurden auf einem rickgefuhrten Koordinatenmessgerat kalibriert. Die
einzelnen Measswerle wurden durch ein Mehragenmessverfahren emnittelt. Hierzu wurde das Normal
in vier um 90° versetzten Stellungen, gestirzt und ungestirzt, mehrfach gemessen. Die Messergeb-
nisse sind die gemittelten Werte aus allen Messungen.

Die Kalibrierwerte der Flankenlinienmessungen beziehen sich jeweils auf den Auswertebereich.
Abweichungen aulterhalb des Auswertebereichs bleiben unberlicksichtigt.

The helices of the measurement standard were calibrafed on a coordinate measuring machine for
which fraceability has been proved. The individual measurement values were determined by a multiple
orientation measurement procedure. For this purpose, the standard was measured in four positions
displaced by 90° (tumbled and untumbled). The measurement results are the averaged values from all
measurements.

The calibration values of helix measurements each refer to the svaluation range. Deviations oulside
the evaluation range remain disregarded.

Beziige
References

Die Bezugsseite des Normals ist durch die Kennnummer gekennzeichnet.

Die Referanzachse des Normals wurde numerisch ermittelt, Hierzu wurden an der Welle des Normals
zwei Bezugskreise (siehe Skizze des Nomnals) gemessen und deren Mittelpunkte nach der Melhode
der kleinsten Fehlerquadrate bestimmt. Durch die Mittelpunkte der Kreise wurde die Referenzachse
des Verzahnungsnormals gelegt

The datum face of the measurement standard is marked by the serial number,

The reference axis of the measurement standard was numerically determined. For this purpose, [wo
reference circles in the shaft of the gear measurement standard (see sketch of the measurement
standard) were measured and their centres were determined in accordance with the least squares
method. The reference axis of the gear measurement standard was laid through the cenires of the
circles.
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standards”

Physikalizch-Technische Bundesanatalt
Braunschweig und Berlin
Matiorales Matrologicinstitut

Seita 4 zum Kalibrierscheain vom 2015-11-25, Kalibrierzeichen: 50485 PTEB 15
Fags 4 of ihe Callralion Carfificals daled 2075-11-25, caleration mark. 50480 FIE 15

(1} Bezugsssile (Hihenbszug)

= gi datum face {reference for fhe height)
' ' (2] oberer Bezugskreis
1 upper reforence circle
= {31 unterer Bezugskreis
™ lower reference circle

J-sfi|—x

Skizze des Marmals
Sketch of the measurament standard

Umgebungsbedingungen
Environmental condilfons

Temperatur wahrend der Messung (20 = 0,2) °C
Temperafure during the measurement -

Mormative Verweise
Mormative references

Cie Bezeichnung am VYerzahnungsnormal und die Auswertungen erfolgten, sofern nicht explizit anders
bezchrieben, unter Benlcksichtigung der folgenden Richtlinien und Mormean:

For identification and evaluations on the gear arfifact, the following guidelines and standards werp
laken into account uniess othenwize explicitly noted:

120 1328-1, September 2013 (E);
YDIWDE 2607, Februar 2000
VDINVDE 2612, Mai 2000:

DM 150 21771 August 2014

DIM 29772 Juli 2012

DIM 3999, November 1974,

Messunsicherheit
Measurement uncertainty

Angegeben ist die envailarte Meszsunsicherhelt, die sich aus der Standardmessunsicharheit durch
MMultiplikation mit dem Erweiterungsfaktor & = 2 ergibt. Sie wurde gemalt dem Guide to the Expres-
sion of Uncertainty in Measurement (GUM)* ermittelt. Der Wert der Messgralte liegt dann im Regelfall
mit ainer Wahrschainlichkeit von annahernd 95 % im zugeordneten Uberdeckungsintervall,

The uncedainty stated s the axpanded measurement uncerainty obtained by mulliplying the slandard
measuremeant uncartainty by the coveragea faclor k = 2. It has bean determined in accordance with the
“Guide fo the Expression of Uncertainty in Measurement (GUM" The value of the messurand then
normally es, with & probatiity of 95 %, within the alirbuled coverage interval,
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Natiorales Meatrologieinstitut

Seite 5 zum Kalibrierschein vom 2015-11-25, Kalibrierzeichen; 50485 PTB 15
Page 5 of the Calibrohion Carfificate daded 2015.11-25, cabbration mark: 50405 PTR 15

Flankenlinie
Helix

Die Messungen wurden auf der Grundlage der auf Seite 2 aufgelisteten und der folgenden Angaben
durchgefihrt:

The measurement conducted was based on the parameters listed on page 2 with the following addi-
tional parameters:

Anlastkugeldurchmesser 3Imm
Stylus sphere diameter
Punkteanzahl je Bezugskreis 36

Number of points per reference circle

Punktedichte auf Flankenlinie 2/mm
Point density on the helix

Messkreisdurchmesser (Flankenlinie) dy,

Diameter of measurement circle (helix) dyy 100'mm
| Start der Auswertung Lese« (Uber Zahnbreite) 7 mm
Start of evaluation Lss. (@long facewidth) )
Ende der Auswertung Ly~ (Uber Zahnbreite) 63 mm
| End of evaluation Lye.« (along facewidth)
Ergebnisse Flankenlinie
Results helix
Schri Flankenlinien- Flankenlinien- ' Flankenlinien-
chragungs-  winkelabweichung Formabweichung Gesamtabweichung
winkel § Hellx sfope deviation Helix form deviation Total helix deviation
Helix angle P
fig in pm f In pm Fgin pm
0L (‘1'3;' :0°-77) 0,78 40,6 199410
15° 1L 323108 099406 3.411,1
15°rL -0,934£0.8 144106 18711
3L -7,3821,0 15306 7.93+£12
30°rL -1,80+£1,0 188%06 250+12

Abkurzungen in der Tabella: I linkssteigendirechissteigend, L Linksflanke
Abbreviations in the table: lfr left hand/right hand, L left flank
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Physlkallzch-Technische Bundesanstalt
Braunschweig und Berlin
Mationales Metrolareinsiiul

Seite § zum Kalibrierschein vom 2015-11-25, Kalibrierzeichen: 50485 PTB 15
Fage 6 of e Calfitralion Cenliicee dafed 2075-17-25, calibraduy mark, S35 PTE 15

Diagramme
Diagrams

Bei den folgenden Diagrammen zu dan Flankenlinienargabnissen ist zu beachian, dass ain Diagramm
aus den Mehragenmessundgean ausgesucht wurde, das den Kalibrisnvertan am nachsten kammt.

At the following diagrams relating to the Rhelix resulis please note that one diagram was selected from
the multiple orientation measurement procedure which best approaches the calibrated valuss.

Flankenlinie: 07, Linksflanke
Helix: 0%, left lank

]

4 1 rh'.ﬂ= 1|‘|JI'I'I - - ——
fiz = 0B pm
Fy= Z20pm

2 |

|
1
I
I
4
i
1
1
L]
i
i
L]
-
(]
(]
)
[}
L]
L
L
I
I
i
I
1
1
1
i
1
1
I
i
!
I

Flankenlinienabweaichung in pm
Halix dewviation in pm

Zahnbreite in mm
Facewidth in mm
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Seite 7 zum Kalibrierschein vom 2015-11-25, Kalibrierzeichen: 50485 PTB 15

Physikalisch-Technische Bundesanstalt
Braunschwelg und Berlin
Nationales Metrologieinstitut

Pagr 7 of the Caltvation Gertifeate datord 2015-11-25, calbeatan mark: 50485 PTR 15

Flankenlinienabweichung in pm
Helix deviation in pm

Flankenlinienabweichung in pm
Helix deviation in uym

=10

10

L T T

Flankenlinie: 15°, linkssteigend, Linksflanke
Helix: 15° left hand, feft flank

Fup=-3.2 pm
fis = 1,0 ym
Fs = 34pm

Flankenlinie: 15°, rechtssteigend, Linksflanke
Helix: 15° right hand, left flank

fi0= 0,9 pm
fo = 1.4 pm
Fs=19pm

Zahnbreite inmm
Facewidthin mm

becssaecvccctcccdacceonhee

70

~ Zahnbreite in mm
Facewidthin mm

10 20 30 40
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Nationales Metrolcgieinstitut

Seite 8 zum Kalibrierschein vom 2015-11-25, Kallbrlerzeichen: 50485 PTB 15
Page 8 of the Caltvation Gemfitade dated 2018-11-25, callbrahon mak: 50485 PTA 15

Flankenlinienabweichung in pm
Helix deviation in ym

Flankenlinienabweichung in pm
Helix deviation in ym

Flankenlinie: 30°, linkssteigend, Linksflanke
Helix: 30°, left hand, left flank

6 '
1]
L]
4 Vo fw=<7,3pm
. frs = 1,5pm
: Fo=78pm
2 '
'
)
1

-1
v Zahnbreite inmm

Facewidthin mm

Flankenlinie: 30°, rechtssteigend, Linksflanke
Helix: 30°, right hand, left flank

6 —
'
|
41 fup=-1,8 um i
fp = 1.9pm :
Fe=26pm !
1
1

|
B S el T 2 T S

Zahnbreite in mm
Facewidthin mm
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Nationzles Metrologieinstitut

Seite 9 zum Kalibrierschein vom 2015-11-25, Kalibrerzeichen: 50485 PTB 15
age 9 of ha Cawirstion Cartificete osten 2015-11-22, calvanion merk: K485 P18 15

Die Physikalisch-Technische Bundesanstalt (PTB) in Braunschweig und Berlin ist
das nationale Metrologieinstitut und die technische Oberbehdrde der Bundesrepublik Deutschland
fur das Messwesen. Die PTB gehort zum Geschaftsbereich des Bundesministeriums fir Wirtschaft
und Energle. Sia erfullt die Anforderungen an Kalibrier- und Priiflaboratorien auf der Grundlage der
DIN EN ISQ/IEC 17025.

Zentrale Aufgabe der PTB ist es, die gesetzlichen Einheiten in Ubereinstimmung mit dem
Internationalen Einheitensystem (SI) darzustellen, zu bewahren und weiterzugeben. Die PTB steht
damit  an  oberster Stelle  der  metrologischen  Hierarchie  in Deutschland.
Die Kalibrierscheine der PTB dokumentieren eine auf nationale Normale rickgefuhrte Kalibrierung.

Dieser Ergebnisbericht ist in Ubereinstimmung mit den Kalibrier- und Messmadglichkeiten (CMCs),
wie sie im Anhang C des gegenseitigen Abkommens (MRA) des Intemationalen Komitees fir MaRe
und Gewichte enthalten sind, Im Rahmen des MRA wird die Gultigkeit der Ergebnisberichte von
allen teilnehmenden Instituten fur die im Anhang C spezifizierten MessgraRen, Messbereiche und
Messunsicherheiten gegenseitig anerkannt (ndhere Informationen unter http:fwaww.bipm.org).

@ R
T~ CIPM MRA

-

The Physikalisch-Technische Bundesanstalt (PT8) in Braunschweig and Berlin is
the National Metrology Institute and the supreme technical authority of the Fedearal Republic of
Germany for metrology. The PTB comes under the auspices of the Federal Ministry of Economics
and Energy. It meefs the requirements for calibration and festing laboratories as defined in
DIN EN ISOAEC 17025.

The central lask of PT8 is to realize, to maintain and lo dissemninate the legal units in compliance
with the International System of Units (SI). PTB thus is al the top of the metrological hierarchy in
Germany. The calibration certificates issued by PTB document a calibration traceable to national
measurement standards.

This certificate is consistent with the Calibration and Measurement Capabilities {CMCs) that are
included in Appendix C of the Mutual Recognition Arrangement (MRA) drawn up by the International
Committee for Weights and Measures (CIPM). Under the MRA, all participating institutes recognize
the validity of each other's calibration and measurement certificates for the guantities, ranges and
measurement uncerlainties specified in Appendix C (for details, see htip:/\www.bipm.org).

Physikalisch-Technische Bundesanstalt

Bundesalee 100 Abbestaie 2-12
33118 Braunschaeis 105387 Bedin
DEUTSCHLANG DELTSCHLAND
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Physikalisch-Technische Bundesanstalt
Braunschwelg und Berlin
Nationales Metrologieinstitut
Kalibrierschein
Calibration Certificate
Gegensland: Teilungsnormal d = 102 mm
Obyoct: Pitch measurement standard d = 102 mm
Hersteller: Keine Angabe
tanufactuer: No declaration
Typ: Teilungsnormal (z = 34)
Type: Pitch measurement standard (z = 34)
Kennnummer: 4593
Sanal No -
Auftraggeber: Physikalisch-Tachnische Bundesanstall
Applican: Fachbereich 5.3
Bundesallee 100
38116 Braunschweig
Deutschland
Anzahl der Seiten: 10
Nambey of pages:
Geschiftszeichen: 5.3-2015-060
Refevanca No..
Kalibrierzeichen: 54190 PTB 15
Caktvafion mark:
Datum der Kalibrierung: 2015-12-09
Oate of calibvation.
Im Auftrag Braunschweig, 2015-12-09 Im Auftrag
e Onbehal of PTB Cn bafralf of PT8
g Siegel
é Seat

A K

Dr. rer. nat. M. Stein

.
k. ;é&axaww

Dipl.-Ing. (FH) A. Wedrmann

Kalibrierscheine ahne Unterschnft und Siogel haban krine Glltigheit. Diasar Kalibrierscheln garf nur unvarsnoart weterverbraitet
werder. Auszigs nedirfen der Genahmigung dar Phyakalsch-Techrischen Bundesanstalt,

Calbvation Cartificates withou! signature and seal sre nol valid This Csitvalion Cerfificale may nol be repvoduced otbwr than i il
Exlracts may be faken only with fe parmy of the Physikalsch-Technische Bundesanstal.
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Mationalas Matrologisinstitut

Seite 2 zum Kahbeierschein vaom 2015-12-09, Kalibrierzeichen: 54190 PTBE 15
Fage 2 of tha Gabbanion Cetificste dsied 20701204, canbrstian mark: b7 ATE 15

Kalibriergegenstand
Calibration standard

Teilungznormal
Fitch measurement standard

WVarzahnungsparamelsr;
Gear paramelers:

Schragungswinkel &
I_I-_fﬁ:ﬁx an_gfe M

Mamalmodul m, ap

Mormal module my, o S

| Zahnezahl z »
Mumber of feeth z

Mormaleingriffewinkel o,
Marmal prossure angle w,
Profilveraschiebungsfaktor x o
Prafile shift coefficiant x

Zahnbreite b
FHGG'WI:de b 25,4 M |

o*

20

Anmerkung:
Remark:

Es izt zu baachten, dass die Varzahnungsparameter mit der im Kalibrierschein angagebenan Genau-
igkeit eingegeben werden moiszen, um Abweichungen durch Rundungsfehler zu vermeiden.

it must be pointed aut here that the gear parameaters must be entared with the accuracy staled In the
calibration cerfificate so 53 fo avoid dewiations due fo rounding ermmors,

General note concerning the English transiation:

Tris Calibrafion Certificate is written in German. In case of any conflict between
Ihe German language varsion and (he English transialion of i, the German ver-
slon shall prevail
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Nationales Mefrologisinstitut

Seite 3 zum Kalibrierschein vom 2015-12-09, Kalibrierzeichen; 54190 PTB 15
Fage 2 af the Callbvahon Comificate dated 2015.12-09, caibeatian mark: 54190 PTE 15

Teilungsnormal, Kennnummer 4693
Pitch measurement standard serial No. 4693

Kalibrierverfahren
Calibration procedure

Teilung
Pitch

Die Bezugskreise wurden im scannenden Antastmodus gemessen. Die Teilung wurde in der Mitte der
Zahnbreite in der Einflankenantage gemessen. Hierbei wurden die Teilungsabweichungen an rechter
und linker Flanke in gleicher Aufspannung ermittelt. Anschliefend wurde der Drehtisch gegeniber
dem Normal jeweils um eine Teilung gedreht und der Messvorgang z-mal wiederholi. Die Teilungs-
messungen wurden immer an dem Zahn Nr. 1 begonnen.

The refarence circlas were measurad in scanning mode. The pitch was measured in the single-fiank
contact at the middle of the facewidth. At this, the pitch deviations at the right and at the left flank were
determined in one setting. After that, the rotary table was turned by the amount of one pitch against
the measurement standard and the measwring process was z-imes repeated. The pilch measure-
ments started always al the looth number 1.
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Physlikalisch-Technische Bundesanstalt
Braunschwelg und Berlin
Nationa'es Metrologieinstitu

Seite 4 zum Kalibrierschein vom 2015-12-09, Kalibrierzeichen; 54190 PTB 15
506 4 of the Calbrahon Cemficafe dafed 20152209, calkmtinn movk: 54190 PTB 15

Beziige
References

Die Bezugsseite des Normals ist durch die Kennnummer gekennzeichnet.

Die Referenzachse des Normals wurde numerisch emnittelt. Hierzu wurden in der Bohrung des Nor-
mals zwei Bezugskreise (siehe Skizze des Normalg) gemessen und deren Mittelpunkte nach der Me-
thode der kleinsten Fehlerquadrate bestimmt. Durch die Mittelpunkte der Kreise wurde die Referenz-
achse des Verzahnungsnormals gelegt.

The datum face of the measurement standard is marked by the serial number.

The reference axis of the measurement standard was numerically determined. For this purpose, two
reference circles in the bore of the gear measurement standard (see sketch of the measurernent slan-
dard) were measured and their centres were delermined in accordance with the least squares method.
The reference axis of the gear measurement standard was laid through the centres of the circles.

1

2.‘_ {1) Bezugsseite (Hohenbezug)
\\ ~ \,f — R datum face (reference for the height)
N \ '| {2) oberer Bezugskreis
! NG N ™~ ] '
! \ \\ N W N upper reference circle
EIRGRSK \\ | (3) unterer Bezugskreis
S SRR I ; lower reference circle
: ¥ e
3
Skizze des Normals
Sketch of the measurement standard
Umgebungsbedingungen
Environmental conditions
Temperatur wahrend der Messung (20 £0,2) °C

Temperature during the measurement

Normative Verweise
Normative references

Die Bezeichnung am Verzahnungsnormal und die Auswerlungen erfolgten, sofern nicht explizit anders
beschrisben, unter Berlicksichtigung der folgenden Richtlinien und Normen:

For identification and evaluations on the gear artifact, the following guidelines and standards were
taken into account unless otherwise explicilly noted:

ISO 1328-1, September 2013 (E}),
VDINVDE 2607, Februar 2000;
VDI'VDE 2612, Mai 2000;

DIN ISO 21771 August 2014

DIN 21772 Juli 2012

DIN 3998, November 1974,
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Physikalisch-Technische Bundesanstait
Braunschweig und Berlin
Naticnales Metrologieinstitut

Seite 5 zum Kalibrierschein vom 2015-12-09, Kalibrierzeichen: 54190 PTB 15
508 5 of the Calbrstion Csrmificate asted 2015-12-04, caltvalion mevk: 24190 P18 15

Messunsicherheit
Measurement uncertainty

Angegeben ist die enweiterte Messunsicherheit, die sich aus der Standardmessunsicherheit durch
Multiplikation mit dem Erweiterungsfaklor k = 2 ergibl, Sie wurde gemal dem ,Guide to the Expres-
sion of Uncertainty in Measurement (GUM)* ermittelt. Der Wert der MessgréRe liegt dann im Regelfall
mit einer Wahrscheinlichkeit van anndhernd 95 % im zugeordneten Uberdeckungsintervall.

The uncertainty stated is the expanded measurement uncertainty obtained by multiplying the standard
measurement unceriainly by the coverage factor k = 2. I has been delermined in accordance with the
"Guide to the Expression of Uncertainly in Measurement (GUM)". The value of the measurand then
normally lies. with a probability of 95 %, within the attributed coverage interval.

Teilung
Pitch

Die Messung wurde auf der Grundlage der auf Seite 2 aufgelisteten und der folgenden Angaben
durchgefihrt:

The measurement conducted was based on the parameters listed on page 2 with the following addi-
tional parameters:

-Anlaslk ugeldurchmasser P “
Styius sphere diameter

Messkreisdurchmesser (Teilung) du 102 mm
Diameter of measurement circle (pifch) du |

Hinweis: Bei den in der felgenden Tabelle angegebenen Werten handelt es sich um gerundete Werte.
Aus diesem Grund kann nicht mit der angegebenen Genauigkeit der Einzelteilungsfehler f, auf die
Summenteilungsfehler F, gerechngt werden. Die Messunsicherheitsangaben sind  hiervon
unbeeinflusst.

Note: The values given in the following table contains rounded values. For this reason the single pitch
deviations f, can in general not be calculated from the cumuiative pitch deviations F, and vice versa
due o rounding errors. The measurement uncertainties are uninfiugnced from this.
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EPIB

Physikalisch-Technische Bundesanstalt
Braunschwelg und Berlin
Nalionales Melrologismstitul

Seite 6 zum Kalibrierschein vom 2015-12-09. Kalibrierzeichen: 54190 PTB 15
u0s B of 1he Caltvalion Cerliticale daled 2015-12-08, catbration mark: 54190 £T0 15

Ergebnisse Teilung
Results pitch
‘ : " Linksflanke \ Rechtsflanke
Teilung Nr. Left flank Right flank
Pitch No.* . = - -
Fow in pm £y in pm Fp in pm f,in pm
1 -0,42 -0.42 0.07 0.07
2 -0,16 0,26 -2,30 -2,37
3 1,90 2,06 -1,84 0,46
- 2,75 0.85 -1,43 0,41
5 2,69 -0,06 0,11 1,54
6 2,32 -0.37 -0,01 <012
7 1.65 -0.67 143 1,44
8 | 1,44 -0.21 2,33 0,80
9 2,87 1,43 271 0.38
10 3,24 - 037 3.04 0.33
11 3,41 0,17 1,53 -1,51
12 2,74 -0,67 2,00 0,47
13 2,96 022 2,87 0,87
14 4,38 142 3.27 0.40
L 15 3,46 -0.92 2,97 -0,30
16 3,64 0,18 2,19 -0.78
17 3,18 -0,46 2,57 0,38
18 4.17 0.99 201 0,34
19 4.43 0.26 3,28 037 |
20 4,24 -0,19 4,59 1,31
21 5,65 1.41 275 -1,84
22 5.88 0,23 2,58 0.17
23 5,38 -0,50 3,27 0,69
24 4,87 -0,51 5,18 1,91 ‘
25 4,84 -0,03 5,62 0,44
26 4,78 -0.08 4,84 -0,78
fo T =28 4,18 -0.58 2,99 -1.85
28 3,29 -0,89 3,33 0,34
29 3,48 0.19 3.87 0,54
30 2.28 -1,20 3,85 -0,02
31 0.75 -1.53 3,40 0,45
- 32 -0,30 -1,.05 0.48 -2.91
33 -0,26 0,04 0,68 0.17
34 0,00 0,26 0,00 -0.66

* Die Zahlung der Tellung beginnt zwischen dem letzten und dem ersten Zahn.

The counting of the pifch starts between the last and the first tooth.
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

Nationales Malrologieinslitul

Seite 7 zum Kalibrierschein vom 2015-12-08, Kalibrierzeichen: 54190 PTB 15
Faga 7 of the Cailbrstion Cartificale daled 2015-12-08, calitvation mavk: 59150 PTG 15

Linksflanke
Left flank
Messgrofie Messwert (Teilung Nr.) Unsicherheit Uk = 2)
Measurand Measurement value (Pitch No.) | Uncertainty Ufk = 2}
Teilungs-Gesamtabweichung )
Cumulative pitch deviation F, 5,30 pm:(22-:1) 0G4
Teilungs-Einzelabweichung f, ma:
Single pitch deviation £, .. 20Qpm(3) =31 Sum
: Rechtsflanke
Right flank
Messgrofle Messwert (Teilung Nr.) Unsicherheit Uk = 2}
Measurand Measurement value (Pitch No.) | Uncertainty Uk = 2}
Teilungs-Gesamtabweichung F.
Cumulative pitch deviation F, g 7.92ym(25-2) £0.5pm
Teilungs-Einzelabweichung £, wa: -2,91 um (32) ‘ £0,5um
Single pitch deviation f, ma,
Diagramme
Diagrams

Die Diagramme zu den Teillungsmessungen entsprechen den angegebenen Messergebnissen.
The diagrams relating to the pitch measurements equate to the specified measurements resuls.
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Nalionales Matrologieinstitut

Seite 8 zum Kalibrierschein vom 2015-12-09, Kalibrierzeichen: 54190 PTB 15
596 B of thi Calbrtion Carfificate dafed 2075-12-08, caibrstion mark: 44190 PTR 15

Teilungs-Summenabweichung: Linksflanke
Cumulative pitch deviation: left flank

85 — —— -
6.0 S

55 —

45 -
40 -
35
30 —

il

20 -
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33

15
Tellungs-Nr.

10
0.5
Pitch-No.

0,0
-0.5
-1.0

Teilungs-Summenabweichung F, in pm
Cumulative pitch deviation F, in um

Teilungs-Einzelabweichung: Linksflanke
Single pitch deviation: feft flank

NhDmoNMbTON S
|

R =)

Teilungs-Einzelabweichung f,in pm
Single pitch deviation £, in um

-1,0

e

1 3 5 7 9 M1 13 15 17 19 21 23 25 27 29 31 33

Tellungs-Nr.
Pitch-No.
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Nationales Metrologieinstitut

Seite 9 zum Kalibrierschein vom 2015-12.08, Kalibrierzeichen: 54190 PTB 15
Page 9 of thw Cabbration Certfate dated 2015 12.08, calbranon mark: 54180 PTH 15

Teilungs-Summenabweichung: Rechtsflanke
Cumulative pitch deviation: right flank

o I M

Tellungs-Summenabweichung F,
Cumulative pitch deviation

F.yin pm

1 3 5 7 g 11 13 15 17 18 21 23 256 27 29 31 33
Teilungs-Nr.
Pitch-No.
Teilungs-Einzelabweichung: Rechtsflanke
Single pitch deviation: right flank
2 —
S ?g
fn; 12 +
'S 110
gu“ 08 ¢
= 0.6 |
S & 312
}; 00 ¢
28 9%
Eﬁ 0.6
G 95
b2 12
2O .14
S5 16
S
"33
24
26 -
2.8
30 1 —
32

1 3 5 7 9 M1 13 15 17 19 21 23 26 27 29 31 33

Teilungs-Nr.
Pitch-No.
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Physikalisch-Technische Bundesanstalt
Braunschwelig und Berlin
Nationales Metrologieirstitut

Seite 10 zum Kalibnerschein vom 2015-12-09, Kalibrierzeichen: 54190 PTB 15
Fage 10 of ths Calbrstion Camvicsts dalsd 2015-12-09, calbrstion mank: 54150 PI1E 15

Die Physikalisch-Technische Bundesanstalt (PTB) in Braunschweig und Berlin ist
das nationale Metrologieinstitut und die technische Oberbehorde der Bundesrepublik Deutschland
fur das Messwesen. Die PTB gehort zum Geschéftsbereich des Bundesministerums fur Wirtschaft
und Energie. Sie erflllt die Anforderungen an Kalibrier- und Priflaboratorien auf der Grundlage der
DIN EN ISO/IEC 17025.

Zentrale Aufgabe der PTB ist es, die gesetzlichen Einheiten in Ubereinstimmung mit dem
Internationalen Einheitensystem (S1) darzustellen, zu bewahren und weiterzugeben. Die PTB steht
damit an  oberster Stelle  der  maelrologischen  Hiararchie  in Deutschland.
Die Kalibrierscheine der PTB dokumentieren eine auf nationale Normale riickgefliihrie Kalibrierung.

Dieser Ergebnisbericht ist in Ubereinstimmung mit den Kalibrier- und Messméglichkeiten (CMCs),
wie sie im Anhang C des gegenseitigen Abkommens (MRA) des Internationalen Komitees fir Malte
und Gewichte enthalten sind. Im Rahmen des MRA wird die Giiltigkeit der Ergebnisberichte von
allen teilnehmenden Instituten fur die im Anhang C spezifizierten Messgrofien, Messbereiche und
Massunsicharhsitan gegenseilig anerkannt (ndhere Informationen unter hito://www.hipm.org).

The Physikalisch-Technische Bundesanstalt (PTB) in Braunschweig and Berfin is
the National Metrology Institute and the supreme lechnical authorily of the Federal Republic of
Germany for metrology. The PTB comes under the auspices of the Federal Ministry of Economics
and Energy. it meets the requirements for calibration and testing laboratories as defined in
DIN EN ISOMEC 17025,

The ceniral task of PTB is (o realize, lo maintain and to disseminate the legal units in compliance
with the International System of Units (Si). PTB thus is al the lop of the metrological hierarchy in
Germany. The calibration certificates issued by PTB document a calibration traceable (o nalional
measurement standards,

This certificate is consistent with the Calibration and Measurement Capabilities (CMCs) that are
included in Appendix C of the Mutual Recegnition Arrangement (MRA) drawn up by the International
Committee for Weights and Measures (CIPM). Under the MRA, all participating institutes recognize
Ihe validity of each other's calibration and measurement cerfificates for the quantities, ranges and
measurement uncertainties specified in Appendix C (for details, see http://www.bipm.org).

Physikalisch-Technische Bundesansialt

Bundasslles 100 Abbechale 2-12
36116 Braunschweig 10587 Barin
DEUTSCHLAND DEUTSCHLAND
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Participant 2: Ukraine (NSC)

A1l. Measurement results

A1.1 Inspection of the measurement surfaces
Motes:

Ehe box with the profile measurement standard has been broken no visible
armage.

A1.2 Description of the measurement instrument

Make and type of instrument

(If you use a non-commercial or significant medified commercial equipment, please add
drawings, explaining papers etc.)

Coordinate measwingmachine: Clobal 3 E/ADV Serial mumber: Clob0012731A

Traceahility path

Itis part ofthe national standard invelved in comparisons.

Description of measuring technigue

In accordance with the technical protocol.

Range of artifact temperature during measurements & description of temperature
measurement method

Temperatire dunngmeasurement was within 20°C £0,3%C. We used three
thenmometers with uncertainty Uys:= Thermotneters are placed on
the table of coordinate measwing machine artifact and +0.3 m above the
artifact.
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A2. Measurement results

A21 Measurements results of the profile measurement standard

» Mumber of data points 40

« k=& of a digital fiter (yes / no)

If yes, which filter? Gauss 50

di: 120 mim
Profile slope deviation fHg in pm 1.2
Profile formn deviation iz in pm 4.0
Profile total deviation Fgin pm 4.5

dz: 300 mim
Profile slope deviation fHz in pm 13
Profile formn deviation fzin pm 24
Profile total deviation Fzin pm 2.5

A2.2 Measurements results of the helix measurement standard

= Mumber of data points 40

» =& of a digital fiter (yes / no)

If yes, which filter? Gauss 50
. Helix slope deviation | Helix form deviation | Helix total deviation
Helix angle & . . .
figin pm figin_ pm Fgin pm

R 1.4 1.7 2.5

15 IR 233 1.3 3.8

15°r R 0.3 24 14

IR -8.8 1.3 9.1
0 rR 0.9 1.9 24

43
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A2 Measurements results of the pitch measurement standard

Pitch No. * Left flank Right flank
Fpin pm fpin pm Fpin pm fp in pm
3.0 0.6 a2 0.5
2 3.2 €3 26 0.6
3 23 0.9 49 2.4
4 03 1,0 43 0,7
5 0,7 L1 Y 0.8
8 0,7 0.0 A7 2.0
7 0.8 0.2 13 0,3
g 0,3 0.8 0.6 Le
g 0,2 2.1 13 Lo
10 1,1 0o 1,2 04
1 1.3 0.3 22 0.4
2 0,8 0.6 0,8 13
13 0,6 1,2 0.8 ]
n 0.3 0.3 0,0 0,2
13 1,0 1,2 0,7 0.3
16 0,4 1,3 0,4 03
T 4.2 0.3 £ 13
13 0.4 08 0.4
19 0.6 11 0,7 0,2
Fatl 0,7 0,1 0,3 0,5
2 0,8 0,2 1,0 1.3
z 23 L& 40,2 1,2
5 1.2 0.5 0,4 0,5
3+ 3,0 1.2 1,6 1.2
] 5 0,6 3,7 22
% 22 £.3 ER: 0,2
T 1,8 0.4 3,4 0.4
# 1,0 o9 L3 2.0
5 £.2 1.1 1,7 0,2
£ 0,1 0,2 16 02
3 13 14 1.3 0.4
2 29 1.6 0,4 1,0
£ a0 1.1 23 a7
H -3,6 0,3 =17 0,4
Left flank
Result Pitch No*
Total pitch error Fp 8.9 1 —34
Mazinum Fg 3.0 a4
Minimurn Fg -39 33
Single pitch error fip 1.8 4
Right flank
Result Pitch No*
[Total pitch error Fp 8.7 134
Maximum Fg 3.8 28
Minimurn Fg -4.9 3
Single pitch error fp 2,7 33

*the counting of the pitch starts between the last and the first tooth
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A3. Uncertainty of measurements

A3A Profile measurement standard

Combined standard uncertainty uExpanded measurement uncertaint
in pm Uggs in pm
frra 0,72 1,47
fra 0,70 1.4
Faz 0,75 1.5
A3.2 Helix measurement standard
Combined standard uncertainty uExpanded measurement uncertainby
in pm Uggs in pm
o= 15% 0= o= 15% a0®
Fx 0,80 0.81 0,82 1,61 1,62 1,64
fi 0,70 0,70 0,70 1.4 1.4 1.4
Fs 0,85 0,86 0,86 1,70 1,71 1,72
A33 Pitch measurement standard
Combined standard uncertainty uExpanded measurement uncertainby
in pm Uggw in pm
F- 1.17 2,34
fip 0,72 1,43

The following table includes corrected values which were deliver later.

dy =120 mm
. Profile slope deviation | Profile total deviation Profile form deviation
participant - - : : . -
fHa in um Uin pm Fain ym Uin pm ffa in ym Uin um
NSC Ukraine old 1.20 1.47 4.60 1.50 4.00 1.40
NSC Ukraine new -1,20 1.47 4.30 1.50 3.70 1.40
d2 = 300 mm
. Profile slope deviation | Profile total deviation Profile form deviation
participant - - - - - -
fHa in um Uin um Fain um Uin um ffa in pm Uinum
NSC Ukraine old 1.30 1.47 2.50 1.50 240 1.40
NSC Ukraine new -0.60 1.47 1.4 1.50 1.20 1.40

45
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QuinpoS

QUINDOS
. GEAR

No.

Helix Angle

Hand of Lead:
: 16.0000

Facewidth

of teeth:
Norm. Module:
Press. Angle:

21

6.0977
20.0000

0.0000
straight

Order No.

Identity No.:

Comment
Title
Part No.

Inspect/Date: Administrator/12-Mavy-2 )

(_Result

o. k.

n.o.k.[]

a.

Ww.[] R[] D

profile

right

tip

150.05

left

~

146.00

750 x

x

Q A/N Tol Rver.
I 0/e =757 -1
I2/6 11

4.3
I3/6 9 3.7

123.44
1207

tooth
fHA
FR
ffn

PR
BRI S]

Aver. Tol Q A/N
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( No. of teeth: 40 Order No. H 0
‘ ;!UINDOS Norm. Module: 7.8%B827 Identity No.:
Press. Angle: 20.0000 Comment :
QUINDOS Helix Angle : 0.0000 Title :
Hand of Lead: straight Part No. :
\_ GEAR Facewidth : 16.0000 Inspect/Date: Administrator/12-Mavy-2 )
( Eesult : o. k. n.o.k.[] a. M w.[] R[] )
profile right | tip left R
34065
f_)326.21
730 x
i
o
-
300.74
Q A/N Tol Aver. tooth AZver. Tol Q BA/N
I o0/ -7 -0.6 -0.6 fHA
I 0/6 11 1.4 1.4 FA
I 0/6 ] 1.2 1.2 ffA
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Participant 3: Republic of Belarus (BelGIM)

COPD-ASMAT CROC COTRYIE MCCTOO M OC VIARC TOONIL ¥ MCTROAOMEYE CEMY PP DT IME (WOOMCT)
CURC-ASAN COOPCRATION OF KATIONAL NCTROL OG0 AL IKSTITUTIONS (S0 OMCT )

COOMET Supplementary Comparison
COOMET.L-513
(COOMET project: 673/UA-aM5)

Involute gear measurement standard

Belarusian State Institute of Metrology (BelGIN)
Contact person:

Mr. V. Makarevich

BalGIM

Geometncal quantities measurement secton
Starovilenskytract 33, Minsk, 220053, Belarus,
Fax+375172392338

E-mail: Makarevichi@belgim. by

Nowember 2018
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A1. Measurement results

A1.1 Inspection of the measurement surfaces

-The iid of the helixxangle standard container shows some damsges.

- The working surfaces ofthe gear show evidences of comosion.

-The shaft and the working surface of the tooth helx sngle standard besr minor
scratches.

- The shaft of the involute standard is scratched

A1.2 Description of the measurementinstrument

The mesasuremeantinstrument is shownin picture 1.

Picturs 1 Maasurament Instrument

The messurementinstrument includes the following:

- CarlZeiss PRISMO® ultra coordinste measuring msachine (Gamsny) with an
embedded rotary table;

- VAST gold®scanning probe:

- KMG-CHECK standards used to checkthe metrological charactenstics ofthe
rotary table;

- software: CALIPSO 5.0 intended for all tasks, GEAR PRO 3.4 involute intended
formesasurnng spurand helical gears, GEAR PRO 3 4 bevel intended formeasuring
bevelgears, CMM-Check intendad for measuring KMG-CHECK standards.

Traceability path

All measurements are traceable to the 51 units which are realized by the national
measurement standard of length (M5 RB12-03) of BelGIM.

De scription of measuring technigue

The measurements were performed as specified in the Technical Report and in the
operational documentation for the standard.

All rmeasurements were performned without filters, using a8 3. mm dismeter probe.
The tooth profile and the hel angle were messured by the continuous scanning
method with a resolution equal to 5§ points'mm along the profileand 2 points/mm along
the helx slope angle.

Each parameter was mesasured in the automstic mode atleast 10 times. Tables 1 t0 &
contain the anthmetic mean values of the measured parameters.

Range of artifacts tempemture during measurements & description of
temperature measurement me thod

The temperature of the standards was measured by two built-in temperature sensors of
the coordingte measuring machine. The measured temperature value was comected
automatically.

The ambient airtemparsture in the laboratory during the measurements was (19,3 -
20,3) =C.

The relative ambient sir humidity in the laboratory was (50 — 65) 3.
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A2. Measurementresults

A2 .1 Measurements results of the profile measurement standard

- Mumberof data points: § points per mm

- Use of digital filter: without any fittering

d:: 120 mm
Table1
Profile slope desiation fr.h in pm -2,28
Profile form deviation f,. inpm 4,11
Profile total devistion & in pm 4,14
dz: 300 mm
Table2
Profile slope deviation [wy in pm 0,07
Profile form deviation f,, in pm 0,87
Profile total devistion £, in pm 0.85

A2.2 Measurements results of the helix measurement standard

- Mumberof dats points: 2 points permm

- Use of digital filter: without any fittering

Table 3
] Heloz slope deviation | Helo: formn deviation | Helox total deviation
Helo angle s . . .
/ Fgz i pm Sz i pm F;in pm

0°R 1,456 0,85 2,09

15° 1R 404 1,70 4,52

15°rR -1,08 1,74 2,30

IR 7.21 1,75 7.95
30°rR -2,08 2,18 2,90
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A2.3 Measurements results of the pitch measurement standard

Tahbled
] Laft flank Hight flank
Pitch Mo. F, inum £, inpm F, inpm Foinpm
T 0,00 0,17 0,00 =317
2 -0,82 0,74 -0,07 -0,07
3 0,47 0,28 0,87 0,7
4 -0,82 -0,45 -1,01 0,14
b -1,44 0,79 3,81 =281
[1] -2,99 -1,41 -4,10 -0,28
T 2,78 -1,52 -2.37 0,28
] -4.7 0,03 -4,08 0,28
] 5,18 -1.20 -3,69 0,40
10 -5,59 -0,62 -5,66 -1,87
11 0,54 0,33 5,82 -1,18
12 -7,22 0,26 5,14 0,639
13 -7, &1 0,01 -3, 48 1,68
14 -8,13 -0,56 -3,65 0,81
15 -7, 58 0,45 -3, 04 0,739
16 5,19 1,10 -5,32 -1,48
17 5,83 -0,58 -4 62 0,70
18 5,55 0,43 3,72 0,80
IE] -5,00 0,52 -3,50 0,23
20 -5,69 0,35 -2, 83 087
21 -5,94 0,33 -3,84 -1,01
23 5,33 R EL -3,38 0,43
23 -4,88 1,25 -3,08 0,26
24 -2, 50 0,55 -2,00 1,03
25 -4 87 -0,27 -1,32 0,68
20 -2 57 0,15 =237 -1,08
27 -4,37 0,20 2,18 0,18
28 -2 47 1,78 -1,80 k]
25 2,67 0,13 -0,87 0,83
1] -3,23 REL 0,70 1,00
31 -3,28 -0,01 0,87 0,17
a2 -3,08 0,32 2,18 1,29
EE] -2,25 0,75 2,43 0,27
24 -0,54 1,61 3,17 0,74
Table 5
Lefi flank
Resul Pitch Mo.
Total pitch eror F_ in pm 5,13 1-34
Maxirmurm F_ in pm 0,00 34
Minirnum F, in pm -5,13 14
Single pitch emor £ in pm 1,78 28
Table &
Fight flank
Result Pitch Mo.
Totalpitch eror F_ in pm 9,99 1-34
Maximum F, in pm 3.17 34
Minimum F_ in pm 5,82 11
Single pitch emor r_in pm 3,17 1
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Ad. Uncertainty of measurements

A3 Profile measurement standard

Table 7 B y
Combinec standard uncarainty Expanded measurement
uin um = uncertainty Uess in pm
i 0.50 1,00
F o 0,50 1,00
i 0.50 1,00
A3.2 Helix measurement standard
Tablc 8 B
Combined standard Cxpandec measuremen:
~_ Uncerainty uin pm unceriainty Ugee in
0 15¢ 30 0" 15¢
| Lo 0,50 0,50 0,50 1,C0 1,00 1.0
I 0,50 0,50 0,50 1,00 1,00 1,60
0.50 0,50 0,50 1,00 1.00 1.00
A3.3 Pitch measuremcent standard
Table 8 -
| Combined standard Exoanded measuremeant
- uncertainty u in m uncertainty Uzsx in pm
l 0.50¢ 1.00
| % | 0.50 1,00

The expandes urcerlainly is obtaned oy multiplying the combined stancard uncertainty

by a coverage factor k = 2 comrespending o a confidence interval of approsimnalely

85 % assurning a normal distribution.

I'he cualuation of uncertainty is conducted according to the ISQUEC Guide 98-3:2008
eUncertzinly of measurement- Part 3:Guide to the expression of uncertainty n
mezsuremant (GUKL 1985)»

Moe: Ary primary measurement records can be obmained at the laboratory
upon request.

Head of Departmnent % tr. V. Makarevich

Lifnaire

~J
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The following table includes corrected values which were deliver later.

A2. Measurement results

A2.2 Measurements results of the helix measurement standard

- Number of data points: 2 points per mm

- Use of digital filter: without any filtering

Table 3
Heli . Helix slope deviation | Helix form deviation | Helix total deviation '
R b S In pm Sy inpm Fyin pm
15° IR -4,04 1,70 462
30° IR -7.21 AR 7.95
Head of Department % Mr. V. Makarévich A% 1t0
e 3 1| AoKyMeNIos )
Y ...“\ /'/l'
Inspecting engineer A. Kot \\;' Ra, » X
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Participant 4: Russia (VNIIMS)

A1l. Measurement results

A1.1 Inspection of the measurement surfaces
MNotes:

The box with the profile measurement standard has been broken, no vizible
damage.

Al1.2 Description of the measurement instrument

Make and type of instrument

(Ifyou use a non-commercial or significant modified commercial equipment, please add
drawings, explaining papers etc.)

Coordinate measwring machine: UPMC 350 Serdalmumber: 85164

Traceahility path

Itis part ofthe national standard invelved in comparizsons.

Description of measuring technigue

In accordance with the technical protocol.

Range of artifact temperature during measurements & description of temperature
measurement method

Temperatire dunngmeasurement was within 20°C £0 3%C. We used three
themmometers with uncertamty Uy s = Thenmometers are placed on
the table of coordinate measwwingmachine artifact and +0.3 m above the
artifact.
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A2. Measurement results

A2 Measurements results of the profile measurement standard

A2

If yes, which filter?

diq: 120 ram

dz: 300 mmn

Mumber of data points 500
Use of a digital fiter (yes / no)
Gauss 50

Profile slope deviation fHg in pm -4.41]
Profile formn dewviation fzin pm 4.47
Profile total deviation Fz in pm £, 04
Profile slope deviation fHg in pm -1,47
Profile formn dewviation fz in pm 1,13
Profile total deviation Fz in pm 1,593

Measurements results of the helix measurement standard

Mumber of data points

330-1100

Use of a digital filter (yes / na)
If yes, which filter?

Gauss 200

. Helix slope deviation | Helix form deviation | Helix total deviation
Helix angle § . . .
frgin pm figin pm Fgin pm

R 1,64 0,57 211

¥ IR 2,74 1,52 4.04
158°rR -0,45 2,60 2,69
IR 5,82 3,02 704
rR -1,35 3,06 3.39
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A2.3 Measurements results of the pitch measurement standard

. Left flank Right flank
Pitch No. * .
Fpin pm fip in pm Fpin pm fp in_pm
0 0 a
Fi 476 o7
3 £31 045 473
4 040 051
3 112 75
& 27 168 401
T a7 01 355
g 354 018 3457
E 423 475 Rl
I 473 44 03
457 015 533
2 518 ] 523
13 4324 313
4 £0% 276
15 56 ER
15 433 495
7 450 0 418
18 453 0.0 352
19 <140 043 355
0 453 055 33z
kil 400 201 420
s E-1-1] 085 -8
] 423 155 340
M 388 040 =250 a7
=5 415 028 236 015
ol 1ot 047 415 179
w 2583 ] =353 06z
= 215 073 -254 100
= 202 013 -168 s
] ERb| ik} 047 132
1l 244 iz D44 003
2 =350 047 127 1.71
k] 278 112 189 o4
H &1 157 229 &
Left flank
Result Fitch Ho*
Total pitch error Fp 6,18 1-34
Maximum Fp 0,09 4
Minirnum Fg -5,08 11
Single pitch error fp 1,97 34
Right flank
Result Fitch Ho*
[Total pitch error Fp 7,82 1-34
Mazximum Fp 2,29 34
Minirnurm Fg -5,33 11
Single pitch error fp -2.2% 1

* the counting of the pitch starts between the last and the first tooth
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A3. Uncertainty of measurements

A3 Profile measurement standard

Combined standard uncertainty uExpanded measurement uncertainty
in pm Uggs in pm
fra 0,255 0,51
fra 0,255 0,51
Fa 0,255 0.51
A3.2 Helix measurement standard
Combined standard uncertainty uExpanded measurement uncertainby
in pm Uggw in pm
o 15 30* 0= 15 30*
fi 0,455 0,460 0,485 0,91 0,82 0,87
fo 0,450 0,455 0,455 0,80 0,91 0,91
F 0,455 0,465 0,480 0,91 0,83 0,86
A33 Pitch measurement standard
Combined standard uncertainty uExpanded measurement uncertainty
in pm Uggs in pm
F- 0,320 0,64
0,265 0,53
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