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1. Abstract

This report purposes the results of the
interlaboratory ~ comparison on  hardness
measurement, Rockwell scale C (MHO02). The
comparison was carried out during March 2008
to April 2009 in order to determine the capability
of the hardness measurement of reference block,
cylindrical axle.

This report was issued in both Thai and English.
In case there was the inconsistency or mistake in
the report, the author requested to use Thai
version as the reference.

A protocol of the comparison was prepared by
the pilot laboratory and was distributed to
participants on March 2008 to gather the
comments and opinions from them. All
participants accepted and approved the protocol.

After all artifacts were completely prepared and
confirmed their homogeneity (The courtesy of
Material Properties Analysis and Development
Centre), they were sent to the participants to
carry out the measurement.

The participants used the Rockwell hardness
testing machine at least according to ISO6508-2
to carry out the comparison.

The measurement results determined from the
participants were submitted to NIMT and were
used for analyzing the degrees of equivalence in
this report.

For block artifact, the deviation from the
reference value was within -0.64 HRC to 0.39
HRC. The range of E, numbers was between -
0.34 to 0.52.
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For cylindrical axle artifact, the deviation from
the reference value was within -0.77 HRC to
0.81 HRC. The range of E, numbers was
between -0.43 to 0.81.

This report or this comparison showed the
awareness in order to declare the laboratory’s
competence. It should cover all test application,
1.e., cylindrical axle, etc., which was serviced by
each laboratory.

2. Artifacts
The artifacts were prepared by the pilot
laboratory as follows:

2.1 Reference Hardness Block

They were manufactured by Asahi Giken
Co.,L.td. Japan. There were 10 blocks as
described in Table 1.

All reference blocks were engraved as described
in Protocol MHO2 (See Annex I) and the
positioning sheet identified the location of
indentation for each laboratory were prepared as
shown in Annex II.
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Table 1 The serial number of the block artifacts

Nominal Serial Number
20 A12870
25 A13343
30 47388
35 37730
40 B15549
45 Al16761
50 A17830
55 A18097
60 A26140
65 A20469

2.2 Cylindrical Axle and Sheet

The hardening-process control of the cylindrical
axles of 5 mm, 11 mm and 19 mm (with
hardness value of 35, 45, 60 HRC) in radius, 30
pieces per group, was the courtesy of the
department of production engineering King
Mongkut's University of Technology North
Bangkok.

All artifacts were investigated and selected by
Co-pilot laboratory (MPAD) with the procedure
described in the protocol MHO2. The deviation
from the mean and Non-uniformity of the
selected artifacts were shown in Fig. 2 and in
AnnexII.
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Fig. 1 Engraving pattern on block artifact surface
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Fig. 2 The Deviation from the mean and the non-uniformity of the cylindrical axle and sheet artifacts
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Cylindrical axle radius 5 mm, 60 HRC Cylindrical axle radius 11 mm, 35 HRC

Non-uniformity of Cylindrical axle, r = 5 mm, 60 HRC Non-uniformity of Cylindrical axle, r = 11 mm, 35 HRC
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Cylindrical axle radius 19 mm, 60 HRC

Non-uniformity of Cylindrical axle, r = 19 mm, 60 HRC
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3. Participants

There were 4 participants requested to join the
comparison and reviewed the protocol. The
information of participants was shown in
protocol MHO02.

The code numbers were set for each participant
in order to show the comparison result as the
secret. The codes were 1-02, 2-02 and 3-02.
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4. Circulation of Artifacts
4. Circulation of Artifacts

4.1 Reference Hardness Block:
The time schedule of the measurement was
suitable shifted as in Table 2.

4.1 n39l Reference Hardness Block:

v 4 1

yuszoznatlagnion muANuMzaN Tasilisivaziden
waagoglun1ineg 2

o _ 4.2 n30l Artifact ¥UNUFUNTINTEVON:
4.2 Cylindrical axle artifact: y

The artifacts were measured by pilOt laboratory Artifact ANNAY %&Qﬂ?ﬂﬂﬂﬂﬂ Pilot Laboratory La3n37&18¢
and then distributed to the participants in during
August to September 2008.

participant TH¥IURBY 9M1AN DaNUEBY 2551

Table 2 Time schedule of the measurement

No. Laboratory Time of measurement
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4-8 Aug 2008

18-22 Aug 2008
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King Mongkut's Institute of Technology North 1-5 Sep 2008
4 Bangkok (KMITNB)
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5. Stability of Artifacts

Only artifact that was compared with round
robin test, reference hardness block, was
monitored its stability. Where as cylindrical axle
artifacts were ignored to monitor their stability.
The drifts were shown in Fig 3.

From the monitoring result, the drift in Hardness
during round robin test was 0.07 HRC. It was not
significant comparing to the before- and after-
measurement uncertainty, therefore it was not
considered in the uncertainty budget.
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5. Stablllty of Artifacts
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Fig. 3 The stability of the block artifact
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6. Transportation

NIMT was the center for distributing the artifact
to the participants according to the time
schedule. The block artifacts blocks were
contained in the aluminum box for
transportation. The technical protocol of the
comparison, indentation-positioning sheet of
each participant and checklist of artifact were
attached with the artifacts in the aluminum boxes
as well. The cylindrical axle artifacts were
coated by the oil and wrapped by the plastic
sheet for rust protecting.

6. Transportation
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Fig.6: Checklist of artifacts

7. Measurement result

The participants measured the artifacts and
evaluated the uncertainty according to
“Measurement  Procedure” and  “Result
Evaluation” described in protocol MHO02.
Measurement results of each laboratory were
shown in Annex III. All measurement data and
uncertainty of all participants and pilot
laboratory were presented in Table 3, 4 and
Table 5, 6, respectively.
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Fig.5: Cylindrical axle artifact and its positioning sheet
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The measurement data and uncertainty of block artifacts, cylindrical axle artifact and sheet artifact reported by the participants

are listed in Table 3 and 4, respectively.

Table 3 The result of block artifact

Nominal Measurement data of each participant (HRC)|Uncertainty (k=2) of each participant (HRC)

1-02 2-02 3-02 1-02 2-02 3-02

20 19.56 20.18 19.82 1.87 0.42 1.74

25 25.19 25.58 25.06 1.79 0.42 1.74

30 30.12 30.06 29.62 1.74 0.41 1.74

35 35.32 35.52 34.98 1.75 0.43 1.74

40 40.36 40.52 39.86 1.76 0.44 1.75

45 45.38 45.28 44.78 1.74 0.42 1.74

50 50.23 50.2 49.78 1.74 0.41 1.75

55 55.26 55.4 54.86 1.75 0.41 1.74

60 60.02 59.98 59.66 1.74 0.42 1.75

65 64.52 64.44 63.98 1.74 0.41 1.74

Table 4 The result of cylindrical axle artifact
Radius of axle Nominal Measurement data of each participant (HRC) |Uncertainty (k=2) of each participant (HRC)
(mm) (HRC) 1-02 2-02 3-02 1-02 2-02 3-02
35 32.05 32.59 32.55 1.74 0.75 1.74
5 45 51.15 51.15 50.73 1.76 0.63 1.74
60 60.52 61.06 60.13 1.75 0.93 1.74
35 36.28 37.05 35.89 1.77 0.43 1.75
11 45 45.90 46.22 45.71 1.77 0.45 1.74
60 63.18 63.31 62.71 1.76 0.92 1.74
35 38.65 39.36 38.09 1.78 0.57 1.74
19 45 48.65 49.06 47.98 1.76 1.31 1.74
60 63.32 63.35 62.61 1.75 0.44 1.74
12 29 April 2009
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Table 5 The reference value and uncertainty of Block artifact

Nominal reference value (HRC) U xref (k=2)

1-02 2-02 3-02 1-02 2-02 3-02
20 20.20 20.20 20.20 0.37 0.37 0.37
25 25.44 25.44 25.44 0.38 0.38 0.38
30 29.99 29.99 29.99 0.37 0.37 0.37
35 35.34 35.34 35.34 0.38 0.38 0.38
40 40.28 40.28 40.28 0.39 0.39 0.39
45 44.99 44.99 44,99 0.38 0.38 0.38
50 49.99 49.99 49.99 0.37 0.37 0.37
55 55.25 55.25 55.25 0.38 0.38 0.38
60 59.93 59.93 59.93 0.37 0.37 0.37
65 64.18 64.18 64.18 0.37 0.37 0.37

Table 6 The reference value and uncertainty of Cylindrical axle artifact

Radius of axle Nominal Reference value of artifact for each participant U xref (k=2)

(mm) (HRC) 1-02 2-02 3-02 1-02 2-02 3-02
35 31.98 32.56 32.14 0.37 0.38 0.38

5 45 51.40 50.58 51.47 0.38 0.37 0.38
60 60.26 60.25 60.31 0.37 0.38 0.37

35 36.54 36.91 36.59 0.39 0.38 0.38

11 45 46.16 45.96 45.95 0.38 0.38 0.40
60 63.31 63.49 63.32 0.38 0.37 0.38

35 39.08 39.38 38.86 0.44 0.41 0.42

19 45 48.59 48.88 48.74 0.38 0.38 0.40
60 63.33 63.37 63.31 0.42 0.43 0.39

13
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8. Analyzing method of comparison results
The comparison results were calculated in
accordance with ISO/IEC GUIDE 4-1: 1997 and
ISO/IEC GUIDE 43-2: 1997 “Proficiency
Testing by the Interlaboratory Comparisons”.
The objective is to determine the deviation form
the reference value and E, number by the
following expressions:

1) Deviation, d

d = ‘xi - X ref
Where: x; = the measured value of participants
X, ;= the reference value that provided

by NIMT
2) E,numbers
x,-X

U(x )

ref

+ U(me>

Where: U,

participant’s result

U, = theexpanded uncertainty of a NIMT’s

result

= the expanded uncertainty of a

The E, numbers were considered as follows
- The comparison results are satisfactory if

- The comparison results are unsatisfactory if

- The measurement system should be
investigated when 0.5 <|E, |<1.

9. Comparison results

The deviations from the reference value of and
E, numbers were shown in Table 7-8. The
comparison graphs categorized in a type of
artifact were shown in Fig. 7-8 and the graphs
categorized in each laboratory were shown in
Fig. 9-11.
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8. Analyzing method of comparison results
wamsnf3ouiieunns Saviy
ISO/IEC GUIDE 4-1: 1997 tag ISO/IEC GUIDE 43-2: 1997

falaelsuamaves

Il

“Proficiency Testmg by the Interlaboratory Comparisons’

Iﬂﬂ%ﬂﬂi“’ﬁ\?ﬂﬂﬂ'ﬁ) Cﬂ'ﬁNﬂ?iﬁ?ﬂ?lﬂﬂﬂlﬂuﬂﬁﬂ?ﬁ)ﬂ%?ﬂ
reference value Uag®1 E = number AINTATUIUAIY
' e
aumsae il
1) Deviation, d
d=x,-X

ref

Tae: X,

; = the measured value of participants

X ref = the reference value that provided by NIMT

2) E numbers

.X- - Xre
_ of
E =——t "
U(x )t U(me>
Tao: U(X' y = the expanded uncertainty of a participant’s

result
() the expanded uncertainty of a NIMT’s result

ﬂ1iW%1§m1ﬂ1 E numbers LW?Jﬁiﬂwaﬂﬁl‘ﬂiﬂ‘ﬂmﬂﬂﬂaﬂ'ﬁ
9 uwaﬂmmmmu

- The comparison results are satisfactory if |En| <1

- The comparison results are unsatisfactory if

- The measurement system should be investigated when

0.55|En|sl.

9. Comparison results
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Table 7 The deviation from reference value and E, numbers of Block artifact

Nominal Deviation from reference value (HRC) Uncertainty of Deviation(k=2) E. numbers

(HRC) 1-02 2-02 3-02 1-02 2-02 3-02 1-02 2-02 3-02
20 -0.64 -0.02 -0.38 1.90 0.56 1.78 -0.34 -0.04 -0.21
25 -0.25 0.14 -0.38 1.83 0.56 1.78 -0.14 0.25 -0.22
30 0.13 0.07 -0.37 1.78 0.55 1.78 0.07 0.12 -0.21
35 -0.02 0.18 -0.36 1.79 0.57 1.78 -0.01 0.32 -0.20
40 0.08 0.24 -0.42 1.80 0.59 1.79 0.05 0.41 -0.23
45 0.39 0.29 -0.21 1.78 0.56 1.78 0.22 0.52 -0.12
50 0.24 0.21 -0.21 1.78 0.56 1.79 0.14 0.39 -0.11
55 0.01 0.15 -0.39 1.79 0.56 1.78 0.00 0.26 -0.22
60 0.09 0.05 -0.27 1.78 0.56 1.79 0.05 0.08 -0.15
65 0.34 0.26 -0.20 1.78 0.55 1.78 0.19 0.48 -0.11

Table 8 The deviation from reference value and E,, numbers of Cylindrical axle artifact

Radius of axle Nominal Deviation from ref. value Uncertanty of deviation (k=2) En numbers
(mm) (HRC) 1-02 2-02 3-02 1-02 2-02 3-02 1-02 2-02 3-02
35 0.07 0.03 0.41 1.78 0.84 1.78 0.04 0.04 0.23
5mm 45 -0.25 0.57 -0.74 1.80 0.73 1.78 -0.14 0.78 -0.42
60 0.26 0.81 -0.18 1.79 1.00 1.78 0.14 0.81 -0.10
35 -0.26 0.14 -0.70 1.81 0.57 1.79 -0.14 0.25 -0.39
11 mm 45 -0.27 0.26 -0.24 1.81 0.59 1.78 -0.15 0.45 -0.14
60 -0.13 -0.17 -0.61 1.80 0.99 1.78 -0.07 -0.18 -0.34
35 -0.43 -0.02 -0.77 1.83 0.70 1.79 -0.24 -0.03 -0.43
19 mm 45 0.06 0.18 -0.76 1.80 1.37 1.79 0.03 0.13 -0.42
60 0.00 -0.02 -0.70 1.80 0.62 1.78 0.00 -0.03 -0.39
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Block Artifacts

Fig.7 The overview of the deviation from the reference value and E, numbers of Block artifacts
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Cylindrical axle Artifacts

Fig. 8 The overview of the deviation from the reference value and E, numbers of Cylindrical axle artifacts
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Fig. 9 Deviation from the reference value and E,, numbers of all artifacts of participant 1-02
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Fig. 10 Deviation from the reference value and E, numbers of all artifacts of participant 2-02
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Fig. 11 Deviation from the reference value and E, numbers of all artifacts of participant 3-02
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10. Conclusion

From the comparison result, it was found that the
results of block artifact gave the smaller
deviation from the reference value than
cylindrical axle artifact, at the same nominal
hardness value.

In case of block artifact, the deviation from the
reference value was within -0.64 HRC to 0.39
HRC. The range of E, numbers was between -
0.34 to 0.52.

In case of cylindrical axle artifact, the
measurement result was affected by the diameter
more than by hardness value. We found that the
measurement of smaller-diameter cylindrical
axle gave the larger error than the bigger-
diameter cylindrical axle. The deviation from the
reference value was within -0.77 HRC to 0.81
HRC. The range of E, numbers was between -
0.43 to 0.81.The possible cause of the deviation
might be the misalignment between the indenter
and the test piece. It could probably be reduced
by more appropriate alignment between
elevating shaft and the indenter.

Therefore the competence of the laboratories
should be declared not only with the comparison
result of reference hardness block, but to cover
all test application, i.e., cylindrical axle etc.,
which was serviced by each laboratory.

10. Conclusion
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Annex I: Technical Protocol of Interlaboratory Comparison on
Hardness Measurement, Rockwell Scale C (MH02)
(Issued on 21 July 2008)
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1. Introduction

Resulting from the meeting of Hardness Club
establishment on 21 December 2007, the club
members all agreed to organize the activity of
proficiency testing through the interlaboratory
comparison of the measurement of Rockwell
hardness scale B, Rockwell hardness scale C and
the calibration of Rockwell hardness testing
machine.

The purpose of this technical protocol is to guide
the participant in order to carry out the
comparison with the harmonized measurement
procedure and to confirm the best measurement
capability (BMC) of Rockwell hardness scale C
measurement,which declared by the participant.

From the meeting of hardness club, National
Institute of Metrology (Thailand) or NIMT is
requested to be the pilot laboratory and the
reference laboratory of the comparison.

Due to their capability and reputation of the
material testing, NIMT invited Industrial
Metrology and Testing Service Centre to be the
co-pilot laboratory of the comparison

2. Artifacts

To cover the activities of calibration laboratories,
2 types of artifacts are selected for the
comparison, a reference hardness block and a
cylindrical axle.

Reference Hardness Block Artifact:

The set of block artifact is composed of 10
hardness blocks; 20 HRC, 25 HRC, 30 HRC, 35
HRC, 40 HRC, 45 HRC, 50 HRC, 55 HRC, 60
HRC, 65 HRC. The dimensions of the blocks are
65 mm in diameter and 15 mm in thickness. The
blocks are manufactured by Asahi Giken
Co.,Ltd. Japan.
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- }/

/-~ NIMT = Position for NIMT
LAB = Position for the laboratory
HOM = Position for Homogeneity Testing

(b) For Cylindrical Axle Artifact

Fig. 1 Indentation position sumuananaii Artifacts A147

The surface of each artifact block was engraved
with divided segments for indicating the
indentation positions (Fig.1(a)). Each segment is
used for single indentation in the comparison.
The rest of the segments on the block surface are
reserved as alternative places for trial and error
measurements.

The plastic sheet indicating the indentation
position of each participant will be prepared and
shall be placed on the artifact block in order to
ensure the indentation position before making
the indentation.

Cylindrical Axle Artifact:

The hardness measurement of cylindrical-shaped
and machinery part sample is also the application
of hardness testing according to ISO6508,
ASTM EI18. Therefore, the laboratory that refers
those standard should perform the competence of
the measurement of such samples.

The cylindrical axles of 5 mm (with hardness
value of 25, 45 and 60 HRC), 11 mm (with
hardness value of 25, 45 and 60 HRC) and 19
mm (with hardness value of 25, 45 and 60 HRC)
in radius are prepared as the cylindrical-shaped
artifacts.

The surface area of artifact will be spared for
comparison and for homogeneity investigation.
The outline of indentation position on the
cylindrical axle artifact is shown in Fig.1(b).
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Homogeneity investigation of Artifact

To ensure the homogeneity of every single
Artifact submitted to participating laboratories in
this Proficiency Testing program, the cylindrical
axle artifact is subjected to homogeneity
investigation in hardness parameter. The pilot
laboratory is responsible for this investigation
using methodology according to ASTM E826-
85. The investigation is aimed to confirm the
homogeneity of the whole piece of each artifact
and also to confirm the homogeneity of artifact
in the group.

For the comparison, we need 12 pieces of artifact
for each hardness level. With this number, it is
possible to investigate all pieces of specimen.
Therefore we select the investigation method that
all of samples in the lot will be checked instead
of sampling. The specimen shall not be less than
30 pieces for each lot. Then the satisfied piece
will be selected as the artifact.

In case of the lot does not satisfy the tolerance or
there are less then 12 pieces of satisfied pieces in
the lot, it will be canceled and the new lot will be
procured for the next investigation.

The tolerance is as follow:

* Non-uniformity of each piece of specimen

<1 HRC.

 The deviation of the group of selected
specimen shall not deviate from their mean <=+
0.5 HRC

TISTR

25

4 4
FUINAUULASIAUATIENTNUAUDIING
Material Properties Analysis and Development Centre

MInsaUANNI MR INUYDY Artifact
A q7a & ﬁ A o o .
Winlvnaanuiulaluanuulwiie@ednuyes Artifact
‘Qy Ié ' % ! i a wa d‘ ¥ ! a
1/1ﬂﬁvumﬁﬂﬂwmammﬂgmmi s lunangsy

nadeuAIMANTARSYil  Artifict  m@IMIInssUen
(Cylindrical axle) %“’Glﬂﬂﬂﬂﬁﬂﬁ]ﬁﬂ“ﬂ auiluiiedeniy
lumsiiinesanunie Feasduiums Tae Pilot laboratory
Taoly3smsnageuazysziiuaam
ihufle@enfunmnnasg ASTM ES26-85 msasinaey
mwmﬂmuammnuu 2N swmmaﬂmwmﬂumammm
mawu Atifact maaﬂmﬁvu uazamniuifeidoriuves
‘1/NﬂmJ Artifact mﬂmmu
Iﬂﬂiuﬂii!ﬂiﬂ‘umﬂﬂﬂﬂu fiANUABIMT I Artifact 12
@num 1 mmnﬂsaumau Fadusudnaduly
a‘vmnaaumﬂﬁuu Glumimmﬁmnﬁaummgﬂumamm
fiu ﬁmaaﬂmmsmnﬁa‘uwﬂﬁvmm wnumsgn 1
naumamq Taglunang ﬂamm SFunuaeduuegni
30 mﬂuummiﬂmaanﬁvmmmﬂiugﬂmmmmuﬂ
lunsdiiinguiesalan Tumunamiimvua niermulud
12 Fuanu %zgnamﬁn‘lﬂﬁs”aﬂéuﬁaaén HAZILININMIIAN

ngulvummadeon

¢ 2 % dy
Tﬂﬂmmmmiﬂammﬂumu

v 4
® Non-uniformity ¥0du@assd < 1 HRC

'mmmmimmmummﬂammmmmaaﬂ
W Gl’é]\?llﬂ?!,‘ﬂEJ\‘IL‘]Juﬂ1ﬂﬂ1mﬁfJéllﬂﬂﬂﬁ1J < *=0.5 HRC

29 April 2009



AVUNINTINGHIFIA
National Institute of Metrology (Thailand)

NIMT

3. Participants

The participating laboratories and the contact
persons with the details of mailing and electronic
addresses are shown in Table 1.

4. Transportation

Each participating laboratory is responsible for its
own costs for the measurement, transportation to
the next participating laboratory. It needs to check
the completion of the artifacts with the packing list
enclosed in the case where unpacking and packing.
If there is anything lost or damaged, it shall be
reported to the pilot laboratory as soon as possible.

For Reference Hardness block artifact:

The artifacts will be sent from one participant to
the next participant (Round Robin Test) according
to a timetable 1

The pilot laboratory will make measurements in
the beginning and the end of the comparison in
order to evaluate the stability of the used hardness
reference blocks.

For Cylindrical axle artifact:

The artifact will be prepared for each laboratory as
a set. It will be measured by pilot laboratory before
sending to the laboratory. After the laboratory
finish the measurement, the artifact will be sent
back to NIMT in order to evaluate the stability of
each artifact in Report Form 2

TISTR
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5. Measurement Procedure

5.1 The hardness testing machine shall be
verified according to ISO 6508-2 before carrying
out the comparison. The latest verification result
should not over than 12 months.

5.2 The hardness testing machine shall be
checked with indirect verification before
carrying out the comparison. The verification
result should not over than 1 month.

5.3 Clean the artifact and the hardness testing
machine.

5.4 Determine the deformation of the machine’s
frame by using the steel ball indenter. The
indentation shall be made twice without
recording the result and then 3 times with
recording the result in Report Form 1.

5.5 Measure the hardness value of all artifacts.
The number of 5 indentations should be made
with the block artifact whereas 10 indentations
with the cylindrical axle artifacts by using the
indentation-positioning sheet.

5.6 Report all data and average result of each
artifact in Report Form 2

Note: In case the participant makes an incorrect
indentation or the measurement value is unsure,
the spare segments on the block shall be used.
The new position of measurement shall be
informed to the next participant and the pilot
laboratory immediately.

Any deviations of the measurement procedure
from ISO6508-1 and ISO6508-2 must be
reported.

TISTR
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Table 1 Participants of the interlaboratory comparison
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E

Laboratory neulfiiams

Ed v
Contact Details voyaaane

NIMT
ANTUIATINGWHIHIA

Ms.Rugkanawan Kongkavitool
AUTAVITIV AIN1IYI

E-mail:
Rugkanawan@hotmail.com
Phone: 02 577 5100 ext 2239
Fax: 02 577 5095

National Institute of Metrology (Thailand)
3/4-5 Moo 3, Klong 5, Klong Luang,
Pathumthani 12120

frmuummawmgmwm
3/4-5 Myl 3 fuanaBIN B1NeAADINAN
Fandailnusiil 12120

Somboon Advance Technology
Public Co.,Ltd.

s 4 ~ o w
V. duysameanuwma ulad 11fia
(UM%U)

Mr.Prawit Laosang
amilszing mauie

E-mail:
Prawit.l@somboon.co.th
Phone: 038 959065-72 ext
5131

081 553 8352

Fax: 038 959 064

Somboon Advance Technology Public
Co.,Ltd.

300/10 Eastern Seaboard Industrial
(Rayong) Moo 1 Tasit Pluakdaeng Rayong
21140

300/10 13t 1 fiaugammnssudaifisuduesa

ounedainual 39MIATLene 21140

Material Properties Analysis and
Development Centre
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Ms. Duang Unpanich
AMANINT QU
E-mail:
Kinokoja@yahoo.com
Phone: 02 577 9272
Fax. 02 577 4160-1

Material ~ Properties and
Development Centre

35 Moo 3 Technopolis, Klong 5, Klong
Luang Pathumtham 12120
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Table 2 Detailed timetable of the comparison (Block Artifact)

@1519% 2 51enammslSeuieunsda (nsal Block Artifact)

No. Laboratory Time of measurement
M ﬁaqﬂﬁﬁﬁmi naImsia
NIMT
1 o - N 4-8 Aug 2008
AT UNIATINGUHNITIA
Somboon Advance Technology Public 18-22 Aug 2008
2 Co.,Ltd.
1. ﬁnuﬁimﬁ.mmmﬁmiuiﬁﬁ 10A (WHIFU)
Industrial Metrology and Testing Service 25-29 Aug 2008
3 Centre
quﬂiﬁmumaﬁmsmw(ﬁuﬁﬁmaﬁﬁq (1))
King Mongkut's Institute of Technology North 1-5 Sep 2008
4 Bangkok (KMITNB)
aonfumalulagnszeeunaInseuasmiie
NIMT 8-12 Sep 2008
> ANNULIATINGMH A
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In case of cylindrical Axle, the participants shall pick it from NIMT during 15-19 September
2008 and return them back within 30 September 2008.

N5l Artifact G]fuﬂuﬁ‘ﬂ'ﬂi\?ﬂﬁw‘ﬂﬂﬂ 114W!ﬁlﬂiﬂllﬂﬁl‘ljiEJ‘Ume‘UlI']i‘l_I%1ﬂ ’dﬂ'l‘lJ‘Llll1@331/]81“%\1%']@]1@511811&’)1&7] 15-

19 NUEIBU 2551 uawmﬂumﬂimum 30 AUEIU 2551
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6. Result Evaluation

The estimation of measurement uncertainty
based on the principles is introduced in the GUM
(Guide to the Expression of Uncertainty in
Measurement) [2]. Therefore each participant
shall calculate the uncertainty of the resulting
value for the measurement carried out with
hardness testing machine

For the accredited laboratory, it shall report its
own uncertainty budget evaluation. However, at
least the following influence quantities shall be
included

- Hardness Testing Machine, Hj,,
- Resolution of Hardness Testing Machine, H,.
- Repeatability of Measurement, /..,

For the laboratory that does not have its own
uncertainty evaluation, the following example
could be used as the guideline.

An example of the uncertainty evaluation
-Measured hardness, 7,

Measured hardness value, H and its

mh
uncertainty are evaluated with mathematical
model (1) which combined of H,,, AH,,,0H,,,

and H .

H, =H,, +AH, +0H,, +0H,, (1)
where
H,, 1is hardness machine
AH,  1s correction value
OH ,, is repeatability of measurement

H ., 1isresolution of hardness machine
The standard uncertainty of  hardness
measurement, /{,, is obtained by the law of
propagation of uncertainty in the approximation
of non-correlated variables:

2 2 2 2
umh = \/uhm + uAhm + urep + ures (2)

6. msdszifiuwamsia

GUM (Guide to the Expression o Uncertainty in Measurement)
[2] punMATYMsdszdiu Uncertainty  ¥990aN1330
penfindnns ﬁufum]'awyaqﬂﬁﬁaﬂﬁmaﬁﬁwmiﬂimﬁu
Uncertainty voanan15ia lae Hardness Testing Machine

dd‘ v a wvAa d' yQI @ =) Aaad a
Gluﬂiﬂlﬂﬁﬂ\?ﬂall@'lﬂ'li‘ﬂnlﬂiﬂﬂW‘Ji‘Uiﬂ\i‘Hiﬂ 15mMsUsziu
v
Uncertainty Lﬂmjamum ADULEAN  Uncertainty Budget

A a an ¢ )

ﬂﬂﬁz!huiﬂﬂﬂ]‘ﬁﬂlﬂﬂﬁumﬂﬂ')ﬂ UAABDIATUIDN Influence
v Y 4

Quantities DY19UBDYAIT]

- Hardness Testing Machine, H,

- Resolution of Hardness Testing Machine, H__

- Repeatability of Measurement, H

rep

1 v Y T Y
Tunsdiflunsaiinevlfiamslulafidsmsdseiu

v v v v
Uncertainty  (Juvesaued  ensalyddesanelyiy

UUINN

7298145152134 Uncertainty
-Measured hardness, 7,

' g Aoy’ o
ﬂ?ﬂ’ﬂlll!ﬂl\?ﬁ'.]ﬂmlﬂ uae Uncertainty UBDIUU
4
ansamunlaely Mathematical Model (1)
2 .
VlLﬂuﬂ'lii’JiJin’J1\1 Hhm’ AHhm’ (SHrep uae Hm
Hmh =Hhm+AHhm+6Hrep+6Hres (1)
&
¥\)3)
H,, A Hardness testing machine
AH, f1® Correction value
2 s
OoH rep 119 Repeatability of measurement
H f® Resolution of hardness testing machine

res

v
MNIH1 Standard Uncertainty ¥23m33a  laglyngues
Propagation of Uncertainty fuMIUs2uIUAT non-correlated

Variables:

2 2 2 2
umh = \/uhm + uAhm + urep + ures (2)
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where
u,, 1s the measured hardness value

u,, 1s the standard uncertainty of hardness
machine

u,, 1s the standard uncertainty of measured

hardness due to repeatability
u., is the uncertainty due to resolution of the

res

primary hardness machine

-Hardness machine, H,

The standard uncertainty of hardness machine
H,, 1s obtained from the calibration certificate
with normal distribution. Measurement result is
calculated as below:

H,, == 3)

where
H, is the series of observation of hardness

measurement

An example of measurement result
determination is following table3.

TISTR
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A
o

7 fo Uncertainty of measured hardness value

U, o Standard uncertainty of hardness testing machine

Uy, Ao Standard uncertainty of measured hardness due to

repeatability

U, Ao Uncertainty due to resolution of the hardness testing

machine

-Hardness machine, H

hm

Standard Uncertainty of Hardness machine H, %1910

Y
calibration  certificate  198l¥mINTEIOUVY  normal
v v v
distribution aM1IRAIUIY HamsIaladeas il
n
SH,
_i=1
Hhm - n (3)

A
$\13]

o o <
Hi ?d]’e] E]‘Lgﬂi1JﬂTifN!,ﬂ@]Nﬂﬂﬁ’mﬂ?ﬂ’ﬂmﬁlﬂ

v Y v
@.hﬂEJNﬂﬁﬂ?uﬂmﬁnﬂiﬂﬂqﬂﬁﬂﬂﬂﬁ%ﬂﬁ 3
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Table 3 An example of measurement result and repeatability calculation
AT 3 AIDINNMIAMUIDAANTTIA 1LAE Repeatability

No. Measured hardness value H,HRC
1 50.55
2 50.56
3 50.58
4 50.59
5 50.55
S.D.(H) 0.018
Uyep 0.009

Note: t = 1.14 for n=5

-Correction Value, AH,

The correction value of hardness testing
machine AH,, i1s obtained from the calibration
certificate and the interpolation. It is estimated
with rectangular distribution.

-Resolution of hardness machine, /7
Resolution of hardness machine H,, is define

by the finite numerical reading of hardness
machine that is equal to 0.01 HR unit.

No correction value is applied. Therefore, the
standard uncertainty of /,, is estimated to be

+ 0.003 HR unit with rectangular distribution.

-Repeatability of measurement, v,

Repeatability ~ of  measurement 1w, is

determined by using the series of observation.
The measurement is carried out 5
measurements on designated sector of
reference hardness block. It is expressed as
below:

32

-Correction Value, AH,

f’h Correction value U®d Hardness testing machine
AH, hlﬂyiﬂmﬂ Calibration  Certificate HaENTM
Interpolation (lﬁﬂ‘lﬂ?ﬁ Correction
mmqﬂﬁ”hj"lﬂyﬁmﬁﬁamﬁﬂu) UMINILIBUVY Rectangular

distribution

-Resolution of hardness machine, /7
Resolution VDY Hardness testing machine A Hewlag

ﬁi’mmﬁammﬁém%ﬂazg%ﬂﬂﬁqﬂ Ja8  Hardness testing
machine G]dfsﬂ!,'i/hﬁu 0.01 HR unit

thlflm‘jﬂl“]; Correction value, Standrad Uncertainty U84
Hm'ﬁmﬁwﬁ’u

+0.003 HR unit ¥43iM5052100 D Rectangular distribution

-Repeatability of measurement, v,

Repeatablllty "UﬁNﬂﬁ’mﬁ']llWiﬂﬁ1ﬂ1ﬂ6uﬂillﬂ1‘§3ﬂ @]’JE)EJN
WU 019101599 5 ﬂi\i WAMWTOANUIN Repeatabllltyhlﬂﬂﬂu
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y _txS.D.(H) @) y _txS.D.(H) @)
rep \/; rep \/;
with e
S.D(H)= (5) S.D(H)= (5)
where e
t is student T factor at n =15 (¢ = 1.14 for { &9 Student T factor i 71 = 5 (t=1.14 for
") S.D.(H) i tandard  deviati i n=>3)
.D. is  standar eviation s a L de
calculated from is the series of observation of S'D'W(H) Ao Standard - Deviation WA
hardness measurement VINBUNTUMIIA

An example of repeatability calculation is shown
in table 3.

v Y T
A29879M15A1UID Repeatability #111509 19910015199 3

Table4 An example of uncertainty budget of hardness measurement

AT 4 @291 WM TATUIN Uncertainty YOIHANITIA

Quantity Estimated value| standard | Distribution | Sensitivity | Uncertainty

uncertainty Coefficient | contribution
X X; u(x;) & u(H)
Hardness machine, Hj, 50.57HRC 0.185 Normal 1 0.185
Correction Value, AH), OHRC 0.115 Rectangular 1 0.115

Resolution of primary hardness

machine, H,. OHRC 0.003 Rectangular 1 0.003
Repeatability of measurement, .., OHRC 0.009 Normal 1 0.009
Combined uncertainty, u, 0.22
Measured hardness,H,,, 50.57HRC Expanded uncertainty, U, k=2 0.44

Reported result (318914NG) = 50.57 £ 0.44 HRC
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7. Data Report

7.1 Please give a characteristics description of
your Rockwell hardness machine, your standard
indenter, testing condition and environmental
information in Report Form1.

7.2 Please fill your measurement results for each
indentation and the uncertainty of measurement
of block artifact and cylindrical axle artifact in
Report Form 2.

7.3 Please give the uncertainty budget of your
measurement in Report Form 3.

See Annex A: An example of data reporting

TISTR
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7. MINBNUNANTIA

7.1 ﬂiqﬂ!']ﬂi’é]ﬂi?ﬂﬁglﬁﬂﬂ ﬂ;’ﬂyaﬂlﬂﬂ Rockwell Hardness
Testing Machine, Standard Indenter, Testing Condition 9%
Environmental ~ Condition maawyaaﬂf]ﬁammum agluy
“Report Form 1: ﬂmauﬁamm Hardness Testing Machine”.

7.2 ﬂ§m1ﬂ§ﬂﬂWﬁﬂ'liﬁﬂsllﬂQnﬂWQNﬂﬂ (Indentation) IO
Uncertainty Y0IN1330 Block Artifact 1@y Cylindrical Axle
Artifact 891U “Report Form 2: WANIIIA LAY Uncertainty”.

7.3 ﬂﬁqmﬂf% Uncertainty Budget aglu “Report Form 3:

Uncertainty Budget”.

@

191981911 “Annex A: A19819A15I18UNA”
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Report Form 1: Description of Hardness Testing Machine
ﬂmﬁnﬁa“’ljm Hardness Testing Machine

Page 1/4

Standard Equipment ¢aSesiiesnasgi

Model of hardness testing machine
(;ummm?aﬁﬂmmmﬁq)

Serial number of hardness testing machine
(wmammm%"aﬁﬂmmu%a)

Manufacturer of hardness testing machine

YA A o <
113
(@Nﬁﬂlﬂi@\i']ﬂﬂ'ﬂﬂ V)

Uncertainty of hardness testing machine
@anuluue U U5 0IIANNNITY)

The best measurement capability (BMC)
(enuasolumsasuieuuazmsia)

Testing condition (Gorlalumsia)

Preliminary Test Force F
(1459 Preliminary)

Total Test Force F
(1439 Total)

Holding time of preliminary test force Ty
(BNITLYSLINNVDILUTY Preliminary)

Application of Total Test Force Ty
(¥15zoznanlyluns Apply 9101139 Preliminary li&auss Total)

Total test force duration time T}
(“lf’Ni%ﬂzl’mﬁjaﬁuiﬁTotal)

Serial number of the diamond indenter
(nuneav¥Ing indenter )

The tip radius of curvature of the diamond indenter
(Srmnulnswe)a101ing indenter )

The apex angle of cone of the diamond indenter
(yweoAveiINA indenter )

Deformation of frame (wum or HRC) 1 2

(M3gUAIVDI Frame 1ATD)

Environment of comparison measurement @nnzimaaeslumsia)

Measurement place
(@unnmsia)

Measurement date
AGuimmsia)

Environment
@nnznaonlumsia)
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Report Form 2:Result and Uncertainty of the Measurement: For Block Artifact

WANIIALAE Uncertainty Y93 Block Artifact

Page2/5

Measured Value

Hardness Block Number

A12870

A13343

47388

37730

B15549

A16761

A17830

A18097

A26140

A20469

Nominal Value (HRC)

20

25

30

35

40

45

50

55

60

65

Indentation 1
Indentation 2

Indentation 3

Indentation 4

Indentation 5

Average Value

S.D.

Correction Value

Corrected Value

Expanded uncertainty (k=2)
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Report Form2 - Result and Uncertainty of the Measurement: For Cylindrical Axle Artifact Page 3/4
Wan153@ 1az Uncertainty Y94 Artifact THIIUNIINTZLBN

Measured value

Radius of
Cylindrical Axle
Nominal Value

(HRC)
ID

Indentation 1

5 mm 11 mm 19 mm

25 45 60 25 45 60 25 45 60

Indentation 2

Indentation 3

Indentation 4

Indentation 5

Indentation 6

Indentation 7

Indentation 8

Indentation 9

Indentation 10

Average Value
S.D.
Correction Value

Corrected Value

Expanded
uncertainty (k=2)
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Page 4/4
Report Form3 - Uncertainty Budget

Estimated|
Quantity value | standard |Distribution|Sensitivity|Uncertainty
uncertaintyl| Coefficientcontribution|
Xi X; u(x;) G u(H)
Hardness machine, Hj, HRC
Resolution of primary hardness machine, H, HRC
Repeatability of measurement, H,, HRC
B e ettt ettt ieeieaeieaeanaes
Combined uncertainty,
u,
Expanded uncertainty,
Measured hardness,H,,, HRC [U, k=2
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References (mnmignaq)

[1] ISO 6508-3: Metallic materials-Rockwell hardness test-Part 3: Calibration of
reference blocks (scales A, B, C, D, E, F, G, H, K, N, T)

[2] GUM: Guide to the Expression of “Uncertainty in Measurement”; edition 1993,
corrected and reprinted 1995, International Organization for Standardization, Geneva,
Switzerland

[3] EA10/16; EA Guidelines on the Estimation of Uncertainty in Hardness Measurement
[4] ISO/TEC 43:1997: Proficiency Testing by Interlaboratory Comparisons

[SJASTM E&826-85; Standard Practice for Testing Homogeneity of Materials for
Development of Reference Materials
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Annex A An example of data reporting
(MAKNUIN A AIDININITINPINUHNANTIA)
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Measurement Report

OF
Interlaboratory Comparison on Hardness Measurement,
Rockwell Scale C (MHO02)

Laboratory:  National Institute of Metrology (Thailand)
Participant code:

Address: 3/4-5 Moo 3, Klong 5, Klong Luang, Pathumthani

12120
Tel.: (662) 5775100 Fax: (662) 5775095

Measurement date:

Measured by: Checked by:
(Signature) (Signature)
Tassanai Sanponpute Veera Tulasombut
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Report Form 1: Description of Hardness Testing Machine
ﬂmﬁuﬁaﬂlm Hardness Testing Machine

Page 1/4

Standard Equipment ¢nSesiiesnasgi
Model of hardness testing machine SHT-31

! 4 o <3
(iqummm?mmmmum)

Serial number of hardness testing machine 310039
(MNBAVA50ITANNUTY)

l\f[anufacturer of hardness testing machine Akashi
(@Nﬁﬂm%ﬁ@mmu%q)

Uncertainty of hardness testing machine + 0.40 HRC
@anuluiueuIe U5 0ITANNUITY)

The best measurement capability (BMC) +(0.37 HRC

(enuasolumsaesuieuuazmsia)

Testing condition (Goulvlumsin)

Preliminary Test Force F 98.07 + 02N

(1459 Preliminary)

Total Test Force F 1471.05 147N

(1439 Total)

Holding time of preliminary test force Ty 25+05s
(ﬂ;aqizﬂznmmm!m Preliminary)

Applicatiop of Total Test Force To.| 1-8 s with indentation speed 33 =
(33932820010 151uN5 Apply 910134 Preliminary 184154 Total) 1 um/s

Total test force duration time T} 4+05s
(GI;’Ni%ﬂzlﬁaﬁjaﬂui\ﬂ"otal)

Serial number of the diamond indenter NA 50215
(nug1av¥Ing indenter )

The tip ryadius of curvature of the diamond indenter 200 + 5 um
(FinuIneweal)a1e1ing indenter )

The apex angle of cone of the diamond indenter 120° = 0.1°
(ywooAveiINA indenter )

Deformation of frame (wm or HRC) 1 2 3
(M3gUFAIVDI Frame 19504) 0.25 0.19 0.20

Environment of comparison measurement @nnzmaaeslumsia)

Measlurement place Hardness Laboratory ,NIMT
(@UNIINSIn)

Measurement date dd/mm/yy
AGuimmsia)

Environment 22.5-22.7°C, 50.1-51.0 %Rh

(@amzinaaenlunisia)
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Report Form2 - Result and Uncertainty of the Measurement : For Block Artifact

29 April 2009

Wan133@ 1ag Uncertainty Y04 Block Artifact Page 2/4
Measured value
Har‘,’\l”uerﬁifr"’c" A12870 | A13343 | 47388 | 37730 | B15549 | A16761 | A17830 | A18097 | A26140 | A20469
Nominal Value
(HRC) 20 25 30 35 40 45 50 55 60 65
Indentation 1 20.31 25.13 30.44 35.99 40.33 45.88 50.55 55.12 60.77 65.77
Indentation 2 20.33 25.15 30.45 35.97 40.32 45.87 50.56 55.17 60.78 65.78
Indentation 3 20.32 25.17 30.50 35.98 40.34 45.89 50.58 55.15 60.79 65.79
Indentation 4 20.36 25.20 30.42 35.95 40.37 45.86 50.59 55.16 60.76 65.76
Indentation 5 20.37 25.16 30.46 35.94 40.36 45.89 50.55 55.14 60.75 65.75
Average Value | 20.34 25.16 30.45 35.97 40.34 45.88 50.57 55.15 60.77 65.77
S.D. 0.026 0.026 0.030 0.021 0.021 0.013 0.018 0.019 0.016 0.016
Correction Value - - - - - - - - - -
Corrected Value | 20.34 25.16 30.45 35.97 40.34 45.88 50.57 55.15 60.77 65.77
Expanded 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
uncertainty (k=2)
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Report Form2 - Result and Uncertainty of the Meawsurement: For Cylindrical Axle Artifact Page 3/4
Wan133@ taz Uncertainty Y94 Artifact FUNUNIINIZLON
Measured value
Radius of Cylindrical 5 mm 11 mm 19 mm
Axle
Nominal Value (HRC) 25 45 60 25 45 60 25 45 60
ID 05-25-01 | 05-45-01 | 05-60-01 | 11-25-01 | 11-45-01 | 11-60-01 | 19-25-01 | 19-45-01 | 19-60-01
Indentation 1 25.14 45.53 60.96 25.26 45.48 60.59 25.67 45.15 60.30
Indentation 2 2517 45.58 60.99 25.25 45.42 60.57 25.57 45.19 60.28
Indentation 3 25.19 45.57 60.97 25.24 45.50 60.57 25.68 45.14 60.29
Indentation 4 25.14 45.59 60.95 25.29 45.49 60.59 25.69 45.17 60.26
Indentation 5 25.16 45.55 60.94 25.26 45.46 60.55 25.59 45.18 60.26
Indentation 6 25.13 45.55 60.99 25.29 45.44 60.55 25.66 45.13 60.29
Indentation 7 25.15 45.56 60.97 25.27 45.45 60.56 25.67 45.12 60.27
Indentation 8 2517 45.58 60.98 25.27 45.50 60.58 25.58 45.15 60.27
Indentation 9 25.20 45.59 60.95 25.29 45.42 60.59 25.65 45.16 60.29
Indentation 10 25.16 45.55 60.94 25.26 45.46 60.55 25.66 45.18 60.26
Average Value 25.16 45.57 60.96 25.27 45.46 60.57 25.64 45.16 60.28
S.D. 0.022 0.020 0.019 0.018 0.030 0.017 0.044 0.0231 0.0149
Correction Value 0 2 1 15 1 0.5 1 0.5 0
Corrected Value 25.16 47.57 61.96 26.77 46.46 61.07 26.64 45.66 60.28
EXpa”de(i:z”)"e”ai”ty 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
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Uncertainty Budget of reference block 50 HRC, S/N: A33908

Estimated
Quantity value standard | Distribution | Sensitivity | Uncertainty
uncertainty Coefficient|contribution
Xi X u(x;) G u(H)
Hardness machine, Hj, 50.57HRC| 0.185 Normal 1 0.185
Resolution of primary hardness
machine, H,. 0 HRC 0.003 Rectangular 1 0.003
Repeatability of measurement, .., 0HRC| 0.009 Normal 1 0.009
Combined uncertainty, u, 0.185
Measured hardness,H,,, 55.57HRC|Expanded uncertainty, U, k=2 0.370
Uncertainty Budget of cylindrical axle artifact, ID: 05-60-01
Estimated
Quantity value standard | Distribution | Sensitivity | Uncertainty
uncertainty Coefficient|contribution
Xi X; u(x;) Ci u,(H)
Hardness machine, Hj,, 60.96HRC 0.185 Normal 1 0.185
Resolution of primary hardness
machine, H,. 0HRC| 0.003 Rectangular 1 0.003
Repeatability of measurement, H,,, 0HRC| 0.006 Normal 1 0.006
Combined uncertainty, u, 0.185
Measured hardness,H,,, 80.16 HRC|[Expanded uncertainty, U, k=2 0.370
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Annex 11
Indentation Positioning Sheet for Each Participant

@antion-positioning sheet for Mlm

NIMT

@ntion-positioning sheet for Mlm
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Non-uniformity and deviation of the artifacts
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Tolerance
Artifact ID of Artifact [ Non-uniformity Deviation Non-uniformity | Deviation Note
05-35-01 0.60 -0.41 1 HRC +0.5 HRC
05-35-02 1.60 -0.27 1 HRC +0.5 HRC
05-35-03 0.50 -0.18 1 HRC +0.5 HRC
05-35-04 0.35 -0.21 1 HRC +0.5 HRC
05-35-05 0.40 -0.25 1 HRC +0.5 HRC
05-35-06 0.50 -0.13 1 HRC +0.5 HRC
05-35-07 0.50 0.07 1 HRC +0.5 HRC selected as artifact
05-35-08 0.75 -0.11 1 HRC +0.5 HRC
05-35-09 0.85 0.13 1 HRC +0.5 HRC
05-35-10 1.10 0.08 1 HRC +0.5 HRC
05-35-11 0.65 0.16 1 HRC +0.5 HRC
05-35-12 0.60 0.06 1 HRC +0.5 HRC selected as artifact
Cylindrical axle 05-35-13 0.75 0.22 1 HRC +0.5 HRC
r=5mm 05-35-14 0.75 0.35 1 HRC +0.5 HRC
35 HRC 05-35-15 0.50 0.17 1 HRC +0.5 HRC
05-35-16 0.90 -0.53 1 HRC +0.5 HRC
05-35-17 0.75 -0.31 1 HRC +0.5 HRC
05-35-18 0.85 0.05 1 HRC +0.5 HRC
05-35-19 1.75 -0.43 1 HRC +0.5 HRC
05-35-20 2.15 0.07 1 HRC +0.5 HRC
05-35-21 0.75 0.19 1 HRC +0.5 HRC
05-35-22 0.65 -0.18 1 HRC +0.5 HRC
05-35-23 0.50 -0.01 1 HRC +0.5 HRC selected as artifact
05-35-24 0.75 0.10 1 HRC +0.5 HRC
05-35-25 0.40 -0.11 1 HRC +0.5 HRC
05-35-26 0.50 -0.24 1 HRC +0.5 HRC
05-35-27 0.50 -0.02 1 HRC +0.5 HRC selected as artifact
05-35-28 0.50 -0.19 1 HRC +0.5 HRC
05-35-29 0.75 0.00 1 HRC +0.5 HRC
05-35-30 1.00 0.00 1 HRC +0.5 HRC
05-45-01 1.50 -0.26 1 HRC +0.5 HRC
05-45-02 0.50 -0.22 1 HRC +0.5 HRC
05-45-03 0.60 -0.39 1 HRC +0.5 HRC
05-45-04 0.60 -0.17 1 HRC +0.5 HRC selected as artifact
05-45-05 0.50 -0.66 1 HRC +0.5 HRC
05-45-06 0.65 -0.60 1 HRC +0.5 HRC
05-45-07 0.50 -0.48 1 HRC +0.5 HRC
05-45-08 0.65 -0.09 1 HRC +0.5 HRC
05-45-09 0.60 -0.33 1 HRC +0.5 HRC
05-45-10 0.50 -0.46 1 HRC +0.5 HRC
05-45-11 1.00 -0.09 1 HRC +0.5 HRC
05-45-12 0.65 -0.13 1 HRC +0.5 HRC
Cylindrical axle 05-45-13 0.65 -0.23 1 HRC +0.5 HRC
r=5mm 05-45-14 0.50 -0.31 1 HRC +0.5 HRC selected as artifact
45 HRC 05-45-15 0.75 -0.31 1 HRC +0.5 HRC
05-45-16 0.50 -0.32 1 HRC +0.5 HRC
05-45-17 0.60 -0.38 1 HRC +0.5 HRC selected as artifact
05-45-18 0.75 -0.52 1 HRC +0.5 HRC
05-45-19 0.50 -0.44 1 HRC +0.5 HRC selected as artifact
05-45-20 0.50 -0.59 1 HRC +0.5 HRC
05-45-21 0.90 0.62 1 HRC +0.5 HRC
05-45-22 0.65 -0.24 1 HRC +0.5 HRC
05-45-23 0.35 -0.02 1 HRC +0.5 HRC
05-45-24 0.40 -0.20 1 HRC +0.5 HRC
05-45-25 0.75 -0.20 1 HRC +0.5 HRC
05-45-26 0.65 1.07 1 HRC +0.5 HRC
05-45-27 0.40 0.00 1 HRC +0.5 HRC
05-45-28 0.60 0.07 1 HRC +0.5 HRC
05-45-29 0.50 -0.01 1 HRC +0.5 HRC
05-45-30 0.60 0.00 1 HRC +0.5 HRC
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Tolerance
Artifact ID of Artifact | Non-uniformity Deviation Non-uniformity | Deviation Note
05-60-01 0.80 0.14 1 HRC +0.5 HRC
05-60-02 0.50 0.08 1 HRC +0.5 HRC
05-60-03 0.35 0.22 1 HRC +0.5 HRC
05-60-04 0.50 -0.12 1 HRC +0.5 HRC
05-60-05 0.60 0.06 1 HRC +0.5 HRC
05-60-06 0.50 -0.01 1 HRC +0.5 HRC
05-60-07 0.35 0.13 1 HRC +0.5 HRC selected as artifact
05-60-08 0.25 0.10 1 HRC +0.5 HRC selected as artifact
05-60-09 0.35 0.23 1 HRC +0.5 HRC
05-60-10 0.20 0.17 1 HRC +0.5 HRC selected as artifact
05-60-11 0.50 0.17 1 HRC +0.5 HRC
05-60-12 0.40 -0.09 1 HRC +0.5 HRC
Cylindrical axle 05-60-13 0.50 -0.08 1 HRC +0.5 HRC
r=5mm 05-60-14 0.40 0.05 1 HRC +0.5 HRC
60 HRC 05-60-15 0.40 -0.12 1 HRC +0.5 HRC
05-60-16 0.60 -0.39 1 HRC +0.5 HRC
05-60-17 0.51 -0.12 1 HRC +0.5 HRC
05-60-18 0.50 0.06 1 HRC +0.5 HRC
05-60-19 0.50 -0.07 1 HRC +0.5 HRC
05-60-20 0.35 0.13 1 HRC +0.5 HRC selected as artifact
05-60-21 0.90 0.37 1 HRC +0.5 HRC
05-60-22 0.40 -0.17 1 HRC +0.5 HRC
05-60-23 0.40 -0.17 1 HRC +0.5 HRC
05-60-24 0.60 -0.11 1 HRC +0.5 HRC
05-60-25 0.65 0.10 1 HRC +0.5 HRC
05-60-26 0.50 -0.08 1 HRC +0.5 HRC
05-60-27 0.80 0.15 1 HRC +0.5 HRC
05-60-28 0.40 -0.10 1 HRC +0.5 HRC
05-60-29 0.50 -0.02 1 HRC +0.5 HRC
05-60-30 0.50 0.00 1 HRC +0.5 HRC
11-35-01 1.00 -0.46 1 HRC +0.5 HRC
11-35-02 1.00 0.02 1 HRC +0.5 HRC selected as artifact
11-35-03 2.00 0.12 1 HRC +0.5 HRC
11-35-04 1.00 -0.43 1 HRC +0.5 HRC
11-35-05 2.00 0.06 1 HRC +0.5 HRC
11-35-06 1.00 -0.19 1 HRC +0.5 HRC
11-35-07 1.50 0.20 1 HRC +0.5 HRC
11-35-08 1.00 0.36 1 HRC +0.5 HRC
11-35-09 1.00 0.13 1 HRC +0.5 HRC
11-35-10 1.00 -0.12 1 HRC +0.5 HRC
11-35-11 5.00 -0.47 1 HRC +0.5 HRC
11-35-12 1.00 0.05 1 HRC +0.5 HRC selected as artifact
Cylindrical axle 11-35-13 0.50 0.16 1 HRC +0.5 HRC
r=11 mm 11-35-14 1.00 0.01 1 HRC +0.5 HRC selected as artifact
35 HRC 11-35-15 1.00 0.42 1 HRC +0.5 HRC
11-35-16 1.50 -0.16 1 HRC +0.5 HRC
11-35-17 0.50 0.03 1 HRC +0.5 HRC selected as artifact
11-35-18 1.50 0.23 1 HRC +0.5 HRC
11-35-19 1.50 -0.20 1 HRC +0.5 HRC
11-35-20 0.50 0.09 1 HRC +0.5 HRC
11-35-21 1.00 0.45 1 HRC +0.5 HRC
11-35-22 1.00 -0.16 1 HRC +0.5 HRC
11-35-23 1.00 -0.23 1 HRC +0.5 HRC
11-35-24 1.00 0.09 1 HRC +0.5 HRC
11-35-25 1.50 0.11 1 HRC +0.5 HRC
11-35-26 2.00 -0.07 1 HRC +0.5 HRC
11-35-27 1.50 0.16 1 HRC +0.5 HRC
11-35-28 1.00 0.27 1 HRC +0.5 HRC
11-35-29 1.00 -0.30 1 HRC +0.5 HRC
11-35-30 1.00 0.00 1 HRC +0.5 HRC
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Tolerance
Artifact ID of Artifact | Non-uniformity Deviation Non-uniformity | Deviation Note
11-45-01 1.00 -0.24 1 HRC +0.5 HRC
11-45-02 1.00 -0.30 1 HRC +0.5 HRC
11-45-03 1.00 -0.06 1 HRC +0.5 HRC selected as artifact
11-45-04 0.50 -0.01 1 HRC +0.5 HRC selected as artifact
11-45-05 1.00 -0.06 1 HRC +0.5 HRC selected as artifact
11-45-06 0.50 0.09 1 HRC +0.5 HRC
11-45-07 1.00 0.09 1 HRC +0.5 HRC
11-45-08 1.00 0.34 1 HRC +0.5 HRC
11-45-09 1.00 0.11 1 HRC +0.5 HRC
11-45-10 1.00 -0.04 1 HRC +0.5 HRC
11-45-11 1.00 -0.19 1 HRC +0.5 HRC
11-45-12 1.00 -0.10 1 HRC +0.5 HRC
Cylindrical axle 11-45-13 1.00 0.25 1 HRC +0.5 HRC
r=11 mm 11-45-14 0.50 0.01 1 HRC +0.5 HRC selected as artifact
45 HRC 11-45-15 1.00 -0.14 1 HRC +0.5 HRC
11-45-16 1.00 -0.25 1 HRC +0.5 HRC
11-45-17 1.00 -0.41 1 HRC +0.5 HRC
11-45-18 2.50 0.20 1 HRC +0.5 HRC
11-45-19 1.00 0.07 1 HRC +0.5 HRC
11-45-20 1.00 0.18 1 HRC +0.5 HRC
11-45-21 1.00 0.49 1 HRC +0.5 HRC
11-45-22 0.50 -0.25 1 HRC +0.5 HRC
11-45-23 1.00 0.12 1 HRC +0.5 HRC
11-45-24 1.00 0.34 1 HRC +0.5 HRC
11-45-25 1.50 0.04 1 HRC +0.5 HRC
11-45-26 1.00 -0.05 1 HRC +0.5 HRC
11-45-27 1.00 0.24 1 HRC +0.5 HRC
11-45-28 1.00 0.02 1 HRC +0.5 HRC
11-45-29 1.50 -0.33 1 HRC +0.5 HRC
11-45-30 1.50 0.00 1 HRC +0.5 HRC
11-60-01 1.40 -0.50 1 HRC +0.5 HRC
11-60-02 0.90 -0.03 1 HRC +0.5 HRC
11-60-03 0.65 -0.54 1 HRC +0.5 HRC
11-60-04 0.65 0.80 1 HRC +0.5 HRC
11-60-05 0.50 -0.50 1 HRC +0.5 HRC
11-60-06 0.50 0.65 1 HRC +0.5 HRC
11-60-07 0.50 0.77 1 HRC +0.5 HRC
11-60-08 0.90 0.15 1 HRC +0.5 HRC
11-60-09 1.50 -0.51 1 HRC +0.5 HRC
11-60-10 0.60 -0.13 1 HRC +0.5 HRC
11-60-11 0.40 0.62 1 HRC +0.5 HRC selected as artifact
11-60-12 0.60 -0.16 1 HRC +0.5 HRC
Cylindrical axle 11-60-13 0.35 0.89 1 HRC +0.5 HRC
r=11 mm 11-60-14 0.10 0.52 1 HRC +0.5 HRC selected as artifact
60 HRC 11-60-15 0.90 -0.28 1 HRC +0.5 HRC
11-60-16 1.40 -0.61 1 HRC +0.5 HRC
11-60-17 1.00 0.23 1 HRC +0.5 HRC
11-60-18 0.40 -0.18 1 HRC +0.5 HRC
11-60-19 0.50 0.27 1 HRC +0.5 HRC
11-60-20 0.40 0.60 1 HRC +0.5 HRC selected as artifact
11-60-21 1.90 0.07 1 HRC +0.5 HRC
11-60-22 0.75 -0.05 1 HRC +0.5 HRC
11-60-23 0.30 -0.18 1 HRC +0.5 HRC
11-60-24 0.50 0.60 1 HRC +0.5 HRC selected as artifact
11-60-25 0.40 0.85 1 HRC +0.5 HRC
11-60-26 0.25 0.39 1 HRC +0.5 HRC
11-60-27 0.50 -0.13 1 HRC +0.5 HRC
11-60-28 0.85 0.27 1 HRC +0.5 HRC
11-60-29 1.00 0.06 1 HRC +0.5 HRC
11-60-30 1.00 0.00 1 HRC +0.5 HRC
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19-35-01 1.00 -0.10 1 HRC +0.5 HRC

19-35-02 1.00 0.19 1 HRC +0.5 HRC selected as artifact
19-35-03 1.00 -0.15 1 HRC +0.5 HRC
19-35-04 1.00 0.75 1 HRC +0.5 HRC
19-35-05 3.00 -0.18 1 HRC +0.5 HRC
19-35-06 3.50 0.37 1 HRC +0.5 HRC
19-35-07 3.50 0.73 1 HRC +0.5 HRC
19-35-08 0.00 0.77 1 HRC +0.5 HRC

19-35-09 0.50 0.15 1 HRC +0.5 HRC selected as artifact
19-35-10 7.50 0.16 1 HRC +0.5 HRC
19-35-11 1.50 0.11 1 HRC +0.5 HRC
19-35-12 2.00 0.32 1 HRC +0.5 HRC
Cylindrical axle 19-35-13 1.00 -0.41 1 HRC +0.5 HRC
r=19 mm 19-35-14 2.50 -0.29 1 HRC +0.5 HRC
35 HRC 19-35-15 1.50 0.10 1 HRC +0.5 HRC
19-35-16 3.50 -1.25 1 HRC +0.5 HRC
19-35-17 1.00 -0.44 1 HRC +0.5 HRC
19-35-18 3.00 -0.57 1 HRC +0.5 HRC
19-35-19 2.00 -0.42 1 HRC +0.5 HRC
19-35-20 1.50 -0.10 1 HRC +0.5 HRC
19-35-21 1.50 0.13 1 HRC +0.5 HRC
19-35-22 3.00 -1.05 1 HRC +0.5 HRC
19-35-23 0.50 0.32 1 HRC +0.5 HRC
19-35-24 0.50 0.26 1 HRC +0.5 HRC

19-35-25 1.00 0.01 1 HRC +0.5 HRC selected as artifact
19-35-26 2.50 -0.69 1 HRC +0.5 HRC
19-35-27 1.00 0.49 1 HRC +0.5 HRC
19-35-28 1.50 -0.10 1 HRC +0.5 HRC

19-35-29 1.00 -0.10 1 HRC +0.5 HRC selected as artifact
19-35-30 2.00 0.00 1 HRC +0.5 HRC
19-45-01 1.00 0.40 1 HRC +0.5 HRC
19-45-02 1.50 -0.14 1 HRC +0.5 HRC

19-45-03 1.00 0.36 1 HRC +0.5 HRC selected as artifact
19-45-04 2.00 0.12 1 HRC +0.5 HRC
19-45-05 4.50 -0.48 1 HRC +0.5 HRC
19-45-06 2.00 -0.49 1 HRC +0.5 HRC
19-45-07 0.50 0.69 1 HRC +0.5 HRC
19-45-08 1.50 0.32 1 HRC +0.5 HRC
19-45-09 2.00 -0.27 1 HRC +0.5 HRC
19-45-10 1.50 0.17 1 HRC +0.5 HRC
19-45-11 5.50 -1.73 1 HRC +0.5 HRC
19-45-12 1.00 0.58 1 HRC +0.5 HRC
Cylindrical axle 19-45-13 3.00 -0.18 1 HRC +0.5 HRC
r=19 mm 19-45-14 1.00 0.81 1 HRC +0.5 HRC
45 HRC 19-45-15 1.00 0.21 1 HRC +0.5 HRC
19-45-16 1.00 1.07 1 HRC +0.5 HRC

19-45-17 1.00 0.40 1 HRC +0.5 HRC selected as artifact

19-45-18 1.00 0.43 1 HRC +0.5 HRC selected as artifact
19-45-19 1.50 0.91 1 HRC +0.5 HRC
19-45-20 1.50 0.85 1 HRC +0.5 HRC
19-45-21 1.00 1.33 1 HRC +0.5 HRC
19-45-22 7.00 -1.72 1 HRC +0.5 HRC
19-45-23 1.50 0.56 1 HRC +0.5 HRC
19-45-24 1.50 0.44 1 HRC +0.5 HRC
19-45-25 2.00 0.87 1 HRC +0.5 HRC
19-45-26 3.00 -0.51 1 HRC +0.5 HRC

19-45-27 1.00 0.71 1 HRC +0.5 HRC selected as artifact
19-45-28 2.50 0.75 1 HRC +0.5 HRC
19-45-29 1.00 1.13 1 HRC +0.5 HRC
19-45-30 6.00 0.00 1 HRC +0.5 HRC
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19-60-01 1.50 -1.39 1 HRC +0.5 HRC
19-60-02 1.00 0.61 1 HRC +0.5 HRC selected as artifact
19-60-03 1.50 -0.47 1 HRC +0.5 HRC
19-60-04 1.00 0.67 1 HRC +0.5 HRC selected as artifact
19-60-05 1.00 0.64 1 HRC +0.5 HRC selected as artifact
19-60-06 1.00 0.42 1 HRC +0.5 HRC
19-60-07 1.00 -1.76 1 HRC +0.5 HRC
19-60-08 1.00 -0.94 1 HRC +0.5 HRC
19-60-09 1.00 0.77 1 HRC +0.5 HRC
19-60-10 1.00 1.05 1 HRC +0.5 HRC
19-60-11 0.50 -1.55 1 HRC +0.5 HRC
19-60-12 1.50 0.97 1 HRC +0.5 HRC
Cylindrical axle 19-60-13 1.50 1.33 1 HRC +0.5 HRC
r= 19 mm 19-60-14 1.00 -0.69 1 HRC +0.5 HRC
60 HRC 19-60-15 0.50 0.51 1 HRC +0.5 HRC
19-60-16 1.00 1.40 1 HRC +0.5 HRC
19-60-17 1.50 0.65 1 HRC +0.5 HRC
19-60-18 2.00 -0.50 1 HRC +0.5 HRC
19-60-19 2.00 -0.05 1 HRC +0.5 HRC
19-60-20 1.00 0.75 1 HRC +0.5 HRC
19-60-21 1.50 1.22 1 HRC +0.5 HRC
19-60-22 1.50 -1.14 1 HRC +0.5 HRC
19-60-23 1.00 0.72 1 HRC +0.5 HRC
19-60-24 1.00 -1.43 1 HRC +0.5 HRC
19-60-25 1.00 -1.22 1 HRC +0.5 HRC
19-60-26 1.00 0.49 1 HRC +0.5 HRC selected as artifact
19-60-27 1.50 1.01 1 HRC +0.5 HRC
19-60-28 2.00 -2.05 1 HRC +0.5 HRC
19-60-29 1.50 -0.38 1 HRC +0.5 HRC
19-60-30 0.50 0.00 1 HRC +0.5 HRC
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Annex IV

Measurement Report of the participants

(Only the Pilot Institute is authorized to access)
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