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Abstract

This report purposed the results of supplementary comparison of Vickers Hardness,
APMP.M.H-S6 among five National Metrology Institutes (NIMT, NMIJ/AIST, KRISS,
CMS/ITRI and SASO-NMCC). The comparison was carried out during November 2015 to
January 2019 in order to determine the capability of the primary Vickers hardness standard,
including standard conditions, of each participant, to confirm the accuracy of Vickers
hardness scale HV5, HV10, HV20, HV30, HV50 and HV100 measurement declared by
each participant, which includes the effect of each participant’s primary indenter and
determine the degrees of equivalence of hardness scale measurement in the range 100HV to
900HV. The pilot institute was the National Institute of Metrology (Thailand), NIMT.
There were 2 different types of artifacts for the comparison. The first and second set were
the set of Vickers hardness comparison: hardness measurement. The third set is a set of
diagonal length comparison: diagonal length measurement.

The measurement results of each participant were used to compute the degree of
equivalence in Comparison Reference Value (CRV) and the uncertainty of this deviation at
a 95% level of confidence. The E, parameter was calculated to express the equivalence
between the measurements of participant as well.
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1. Introduction

NIMT proposed a supplementary comparison of Vickers hardness measurement
with the collaboration of Korea Research Institute of Standard and Science (KRISS) and
National Metrology Institute of Japan (NMIJ). Then, during the meeting of 32" Asia
Pacific Metrology Programme (APMP), 2016 at Danang, Vietnam, Center for Measurement
Standard, Industrial Technology Research Institute (ITRI), Taiwan, requested to participate
in the supplementary comparison. During the comparison, Saudi Standard Metrology and
Quality Org.-National Measurement Calibration Center (SASO-NMCC) also interested to
participate in this comparison for HV100. NIMT was nominated as the pilot laboratory of
the comparison.

A protocol of the comparison was prepared by the pilot institute and was distributed

to participating institutes on October 2017 to gather the comments and opinions from them.
All participants have accepted and approved the protocol. The participating institutes used
the primary Vickers hardness machine as their standard. The artifacts of this comparison
were 3 sets of hardness blocks. The comparison measurement are provided by 3 different
set artifacts. The first set and second set are the set of Vickers hardness comparison:
hardness measurement and diagonal length measurement for participants. The first set is a
set of scale HV5, HV20 and HV100 and the second set is a set of scale HV10, HV30 and
HV50.
The third set is a set of diagonal length comparison: diagonal length measurement for
participants. Each set composed of 9 hardness levels: 100 HV, 200 HV, 300 HV, 400 HV,
500 HV, 600 HV, 700 HV, 800 HV and 900 HV. All artifacts were sent from one
participant to the next according to a timetable in which the date of measurement had been
agreed with the participating institutes.

The participants carried out the verification of their primary Vickers hardness
machine according to ISO 6507-3 before preceding the measurement on artifact blocks. The
measurement results determined from the participants were submitted to the pilot institute
and were used for analyzing the degrees of equivalence in this report. The comparison
result of the artifacts in set 1 and 2 was the priority of this comparison because it showed
the deviations of Vickers hardness obtained from each national standard of the participants.
Whereas the result of the artifacts in set 3 was presented for additional information to
determine the performance of national microscope without the effect from Vickers hardness
machine.

The first objective of this comparison was to confirm the existing calibration and
measurement capability (CMC) of each participant on the Vickers measurement. The
second objective is to confirm the reported expanded uncertainty for the participants who
intent to propose for new approached CMC
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2. Participating Institutes

First, there were 4 participants consisting of NIMT, NMIJ, KRISS and ITRI as
presented in Technical Protocol of the supplementary comparison of Vickers hardness [1].
However, during the comparison, SASO-NMCC has participated the comparison. The list
of participant and CMC declaration was given in Table 1 and Table 2.

Table 1 List of participants
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Participant

Address

Contact person

National Institute of Metrology
(NIMT)

3/4-5 Moo 3, Klong 5,
Klong Luang, Pathumthani
12120

Tassanai Sanponpute
Tel: +6625775100 ext. 2235
E-mail: Tassanai@nimt.or.th

National Metrology Institute of
Japan (NMIJ/AIST)

Tsukuba central 3, 1-1-1
Umezono, Tsukuba Ibaraki
305-8563, Japan

Koichiro Hattori
E-mail: hattori-k@aist.go.jp

Center for Measurement
Standards/Industrial Technology
Research Institute (CMS/ITRI)

Rm.207, 2F, Bldg. 8, No.
321, Sec. 2, Kuang Fu Rd.,
Hsinchu, Taiwan

Chung-Lin Wu
E-mail: clwu@itri.org.tw

Korea Research Institute of
Standards and Science (KRISS)

301-128, 267 Gajeong-ro,
Yuseong-gu, Daejeon
34113, Republic of Korea

Nae Hyung Tak
E-mail: nhtak@Kkriss.re.kr

SASO-NMCC (Saudi Standard
Metrology and Quality Org.-
National Measurement
Calibration Center)

Kingdom of Saudi Arabia—
Riyadh-SASO-AI
Mohammadiyyah-building
No: 4

Sami A. Bin Jarbua
E-mail: s.jarbua@saso.gov.sa

Table 2 List of CMC declaration

NMIs Comparison scale Existing CMCs
NIMT HV5, HV10, HV20, + 0.4 + (165/d) % of HV for
HV30, HV50, HV100 100 <d <200
+0.24 + (195/d) % of HV for d
> 200
d is diagonal length in um
NMIJ HV5, HV10, HV30 + 1.0 + (200/d) % of HV for d
< 200
+ 2.0 % of HV for d > 200
d is diagonal length in um
ITRI HV5, HV10, HV20, HV30 + 3.0 % of HV
KRISS HV10, HV30, HV50 +(0.9-2.5) % of HV
SASO HV100 + (0.4-1.4) % of HV
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3. Schedule

The comparison on artifacts started at pilot lab, NIMT, in Feb 2018. The original
schedule was to transfer the artifacts from NIMT, NMIJ, ITRI, and KRISS respectively
with about 4 weeks for measurement and about 2 weeks for transportation process as
presented in Technical Protocol of the supplementary comparison of Vickers hardness [1].
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However, there was some delay during the measurement in KRISS due to a building
construction. Also, KRISS could not perform the HV100 measurement due to a technical

problem. Therefore, there was the indentation left for other participants.

requested to measure HV100 as a last participant in July 2019. Table 3 showed the original
schedule and actual time of measurement

Table 3 Original schedule and actual time of measurement

Institute/
Country (or region)

Original schedule

Actual schedule

Time of Time of Time of Time of
measurement | transportation | measurement transportation
(to next (to next
participant) participant)
NIMT, Thailand 1 Feb 2018 to | 15 May 2018 | 1 Feb 2018 to 31 | 10 May 2018 to
31 Mar 2018 to 30 May Mar 2018 10 Jun 2018
2018
NMIJ/ AIST, 1Jun 2018to | 1Jul2018to | 11 Jun2018to 11 Jul 2018 to
Japan 30Jun 2018 | 15Jul 2018 11 Jul 2018 15 Jul 2018
CMS/ITRI, 15Jul 2018 to | 15 Aug 2018 | 15Jul 2018to | 3 Sep 2018to 5
Chinese Taipei 15 Aug 2018 to 31 Aug 22 Aug 2018 Sep 2018
2018
KRISS, Rep. of 150ct 2018 | 15 Nov 2018 | 15 Oct 2018 to 1 Dec 2018 to
Korea to 15 Nov to 30 Nov 30 Nov 2018 31 Dec 2018
2018 2018
SASO-NMCC, - - 29 Jul 2019 to -
Saudi Arabia 31 Jul 2019

Three sets of artifact blocks (setl, set2 and set3) were contained in the aluminum
box for transportation as shown in Figure 1. The indentation-positioning sheet of each
participant and checklist of artifact were attached with the artifacts in the aluminum boxes

as well.

SASO-NMCC
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APMP.M.H-56
iloted by NIMT, 201 7-2018

Figure 1 Artifacts for Vickers hardness measurement

4. Artifacts

In the supplementary comparison, the Vickers hardness measurement scale HV5,
HV10, HV20, HV30, HV50 and HV100 are used with the hardness level 100 HV, 200 HV,
300 HV, 400 HV, 500 HV, 600 HV, 700 HV, 800 HV and 900 HV. The reference hardness
blocks as artifacts are manufactured by Asahi Giken Co., Ltd. Japan.

The dimensions of the blocks are 65 mm in diameter and 15 mm and 10 mm in thickness
for the steel blocks and brass block, respectively.

The first set and second set are the set of Vickers hardness comparison: hardness
measurement and diagonal length measurement for participants. Due to the limitation of
block area and the indented area for hardness scale 100 HV and 200 HV of hardness scale
HV50 and HV100, it is difficult to measure the hardness for only 1 artifact block for all
hardness scales. Therefore, it requires two set artifacts for each hardness level. The first
set is a set of scale HV5, HV20 and HV100 and the second set is a set of scale HV10,
HV30 and HV50. The hardness scale and artifact ID are presented in Table 4.



Revision: Final Report

Date: July, 2020

The third set is a set of diagonal length comparison: diagonal length measurement
for participants. The reference indentations prepared by pilot laboratory are presented in
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Table 4.
Table 4 : The artifact ID : S/N of the block artifacts
Artifact ID : S/IN
Reference indentation
Hardness measurement, scale
Hardness measurement, scale
level set 1 Set 2 HV10,HV30 Set 3
HV5,HV20 and and HV50 All scales
HV100
2/100.1 : A60117
100 iﬁgg% : ﬁggﬁg 2/100.2 : AG0118 3/100: A60113
o 2/100.3 : A60115
200 1/200 : 62634 2/200: 62636 3/200: 62635
300 1/300 : A62447 2/300: A62449 3/300: A62448
400 1/400 : A63076 2/400: A63075 3/400 : A63074
500 1/500 : A64494 2/500: A64493 3/500 : A64492
600 1/600 : 63439 2/600: 63440 3/600 : 63438
700 1/700 : A66986 2/700: A66985 3/700 : A66984
800 1/800 : B67462 2/800: B67461 3/800 : B67463
900 1/900 : 62819 2/900: 62817 3/900 : 62818

The surface of each artifact block was engraved with laser engraver machine. Set 1
and set 2 of artifacts are engraved with divided segments for indicating the indentation
positions. Each segment is used for single indentation in the comparison. Set 3 of artifacts
are engraved for indicating the position pattern of reference indentation for each HV. An
example of artifacts on setl, 2 and 3 is shown in Figure 2.

Set 1 and Set 2 Set 3

Figure 2 Set of artifacts (Setl and 2: Set of Vickers hardness comparison, Set3: set of
diagonal length comparison)
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The plastic sheet indicating the indentation position of each participant will be
enclosed with the artifact sets. It shall be placed on the artifact block in order to ensure
the indentation position before making the indentation as shown in Figure 3.

17200-1/900

— 3/10¢
== €
: |
; 2
< HVS HV20
| A - :
|

HV30

i
a

\

P5/1/200-900/5 |

Set 1 and Set 2 Set 3
Figure 3 Indentation positioning sheet for the artifacts

5. Measurement of Artifacts

The primary Vickers hardness machines used for the comparison must be passed the
verification according to ISO 6507-3 [2, 3].

The participants measured the artifacts and evaluated the uncertainty according to
“Measurement Procedure” and “Result Evaluation” described in section 6 and 7 of
Technical protocol of the supplementary comparison of Vickers hardness APMP.M.H-S6.

Each participant must give a characteristics description of their primary Vickers
hardness machine, your primary indenter, testing condition and environmental information.
Also laboratory must report the measurement results for each indentation and the
uncertainty of measurement.

All measurement data and uncertainty for reference indentation and reference
hardness block for all participants were presented in Table 5 - Table 10 and Table 11 -Table
16, respectively.

Please noted that in Table 11 - Table 16, the expanded uncertainties of each
participant in measurement report are based on the existing CMC as reported in Table 2.

However, each participant can report the expanded uncertainty smaller than the
existing CMC, in case the participant would like to propose for new approached CMC. The
results would be presented in later section.
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Table 5 The results of the measurement in HV5: For Block Artifact (Reference Indentation)

Nominal value

Measurement data of each participant (um), Xi

Uncertainty (k=2) of each participant (%), Ui

NIMT NMIJ KRISS ITRI _{ SASO

Uncertainty (k=2) of each participant (um), Ui
NIMT | NMIJ | KRISS | ITRI : SASO

NIMT NMIJ KRISS ITRI SASO

HV5

10553 | 1041 i

2.05

2.05 11

2.05 11
2.06

100.44 100.5

Table 6 The results of the measurement in HV10: For Block Artifact (Reference Indentation)

Nominal value Measurement data of each participant (um), Xi Uncertainty (k=2) of each participant (um), Ui Uncertainty (k=2) of each participant (%), Ui
NIMT NMIJ KRISS ITRL | SASO NIMT | NMI KRISS | ITRI i SASO NIMT NMIJ KRISS ITRL i SASO
______________________ 0.72 0.17 0.18 -
205 [ 11 i 058 | 052 018_
__________________________________ 058 | 0.
: 213.11 . 058 047 - | 097 i 052 0.27 022 i - |
Hvio | 500 | 19093 i 1883 | 18906 | 19013 | - | 205 | 11 i 0% | 080 i - [ 107 i 088 | 031 i 026 i _
600 172.72 169.9 1.19 0.64 0.34 0.29 -
oo 160.78 | 1584 | 15023 | 16037 | - | 205 | 11 i 058 | 080 i - | 127 069 | 036 i 031 [ ]
800 14995 | 1475 14847 | 150.52 - 137 0.74 0.39 0.32 -
900 14269 | 1408 | 14090 i 142.04 | - 144 0.77 041 0.35 -
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Table 7 The results of the measurement in HV20: For Block Artifact (Reference Indentation)

Nominal value

Measurement data of each participant (um), Xi

Uncertainty (k=2) of each participant (um), Ui

Uncertainty (k=2) of each participant (%), Ui

NIMT i NMIJ | KRISS | ITRI | SASO | NIMT | NMIJ | KRISS ITRI SASO | NIMT | NMIJ | KRISS ITRI SASO
__________ 100 | 537 P - i - Q588 i - | 205 [ - i - o088 i - | 03 i - [ - i.015 -
__________ 20 | 41248 : - : : 2.05 5 ’
300 L MTA2 | ] ;3496 | - | 205 | i
400 29980 i - | § . 2.05 . .
HV20 | 50 | 26845 i - i - i 26842 | - | 205 | - i - i 048 i - | 076 i SRS 018 E e
600 24230 | - i - i o233 4 - 0.85 - - 021 -
e 000 2676 ;- G- 2654 { - | 205 | - i - i 046 i - | 090 i i 021 i .. T
800 N R Y T 0.97 - - 0.25 -
900 20174 ! - -1 20096 | - 1.02 - - 0.24 -

Table 8 The results of the measurement in HV30: For Block Artifact (Reference Indentation)

Nominal value

Measurement data of each participant (um), Xi

Uncertainty (k=2) of each participant (um), Ui

Uncertainty (k=2) of each participant (%), Ui

NIMT | NMW KRISS | ITRI | SASO | NIMT | NMI | KRISS ITRI SASO | NIMT | NMU KRISS ITRI SASO
728.41 72811 i 72687 | - | 205 | - i 076 - 028 | - 0.10 007 | -
: 2.05 16 . s
: 82 i S8 ] 205 1. 11 i 059 - 048 027 | 014 : 015 i -
40 | 36697 : 3636 i 36638 : 36586 | - 2.05 11 - | 05 i 032 0.16 014 | - |
HV30 | 500 . |.32848 i 3265 | | 32803 i 32854 | so.)..205 4 11 i 058 § 054 i - | 062 i | 035 | | 018 i 016 | - .
600 20752 | 2946 i 29596 @ 29690 | - 0.69 0.39 0.20 0.17 -
100 27701 & 2754 i 27620 i 27785 i - | 205 | 11 i 088 i 048 i - | 074 i .. 042 1 021 : 017 i ... .
800 25044 : 2577 i 25725 : 260.19 [ 0.79 0.45 0.23 019 | -
900 24678 | 2454 | 24591 | 24589 | - 0.83 0.44 0.24 022 | -
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Table 9 The results of the measurement in HV50: For Block Artifact (Reference Indentation)

Nominal value Measurement data of each participant (um), Xi Uncertainty (k=2) of each participant (um), Ui Uncertainty (k=2) of each participant (%), Ui
NIMT | NMIJ | KRISS i ITRI | SASO | NIMT | NMIJ | KRISS | ITRI | SASO | NIMT i NMIJ | KRISS | ITRI | SASO
: : i ; ; i 010 :

HV50

Table 10 The results of the measurement in HV100: For Block Artifact (Reference Indentation)

Uncertainty (k=2) of each participant (um), Ui Uncertainty (k=2) of each participant (%), Ui

Measurement data of each participant (um), Xi
ITRI SASO NIMT | NMIJ | KRISS : ITRI | SASO

Nominal value NIMT | NMI | KRISS | ITRI | SASO | NIMT | NMI | KRISS
100 133394 | - | s (133439 | 205 [ - o

200 | 92063 i - i - i1 9118 | 205 | -
300 779.50 : | A7 2 :(_J_S_ _________________ I

e e

HV100
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Table 11 The results of the measurement in HV5: For Block Artifact (Reference Hardness Block)

Nominal value

Measurement data of each participant (HV), Xi

Uncertainty (k=2) of each participant (HV), Uxiy

NIMT NMIJ KRISSE ITRI i SASO

NIMT | NMW | KRISS | ITRI SASO

Uncertainty (k=2) of each participant (%), Ui
NIMT NMIJ | KRISS i ITRI i SASO

HV5

106.05 104.72

_____ 099 | - i - 1340
2.73 441
421 6.43

6.09 9.78

6.50
9.00
12.40

093 | - 325 | -

127 2.00
143 214
149 2.34

1.64

1.76

Table 12 The results of the measurement in HV10: For Block Artifact (Reference Hardness Block)

Nominal value

Measurement data of each participant (HV), Xi

Uncertainty (k=2) of each participant (HV), Uxiy

Uncertainty (k=2) of each participant (%), Ui

NIMT NMIJ KRISS i ITRI | SASO

NIMT 2 NMIJ KRISS | ITRI SASO

HV10

2.38
4.39
6.18
837 7
10.63

13.70

NIMT NMI1J E KRISS | ITRI SASO
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Table 13 The results of the measurement in HV20: For Block Artifact (Reference Hardness Block)

Measurement data of each participant (HV), Xi

Uncertainty (k=2) of each participant (HV), Uxiy

Uncertainty (k=2) of each participant (%), Ui

HV30

412.67

3.20

Nominal value NIMT | NMIJ | KRISS | ITRI | SASO | NIMT | NMIJ | KRISS | ITRI | SASO | NIMT | NMI | KRISS | ITRI | SASO
100 105.98 P 10520 | - 0.76 - i - 320 i - e - 304 | -
' ' i 141 : j 6.60 ! 064 '
2.19 9.00 0.73
352 12.40
HV20
Table 14 The results of the measurement in HV30: For Block Artifact (Reference Hardness Block)
Nominal value Measurement data of each participant (HV), Xi Uncertainty (k=2) of each participant (HV), Uxi Uncertainty (k=2) of each participant (%), Ui
NIMT i NMU KRISS | ITRI | SASO | NIMT | NMI | KRISS | ITRI SASO | NIMT i NMW | KRISS ITRL i SASO
100 [ 10264 10314 : 10380 | 069 258 | 320 ¢ 0.67 2.50 3.08
__________ 200 |.21849 : 21910 21824 & -] L154 | 438 i 374 1 660
300 30482 307,51 212
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Table 15 The results of the measurement in HV50: For Block Artifact (Reference Hardness Block)

Nominal value

Measurement data of each participant (HV), Xi

Uncertainty (k=2) of each participant (HV), Uxiy

Uncertainty (k=2) of each participant (%), Ui

HV50

NIMT NMIJ KRISS § ITRI i SASO NIMT 2 NMIJ KRISS i ITRI SASO NIMT NMIJ E KRISS ¢ ITRI SASO
’ . 046 | - i 258 045 o - b 250
150 | - i 373 0.69 170
1.82 - : 5.20 0.59 1.70

2.70

1.70

Table 16 The results of the measurement in HV100: For Block Artifact (Reference Hardness Block)

Nominal value

Measurement data of each participant (HV), Xi

Uncertainty (k=2) of each participant (HV), Uxiy

Uncertainty (k=2) of each participant (%), Ui

NIMT | NMIJ | KRISS | ITRI | SASO

NIMT | NMIJ | KRISS | ITRI SASO

HV100

102.54

0.41 i ©041
99 : | i
1.44

NIMT NMIJ § KRISS i ITRI SASO
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6 Analyzing Method of Comparison Results

The measurement results are used to compute the degree of equivalence in
Comparison Reference Value (CRV) and E, number. The calculation is described in section
9 of the Technical protocol of the supplementary comparison of Vickers hardness
APMP.M.H-S6 [1, 4, 5].

The calculation is shown in following formulas:

- Calculation of Comparison Reference Value (CRV)

Pilot laboratory determined CRV by calculating the weighted mean of measurements of all
participants (Xcr).

X1 X2 o Xn
00 T w200 T T w200y
Xervy = 1 1

7o) T o) T w2y

- The uncertainty of the CRV was calculated by following expression:

11 s 1 . 1
u(xerp)  u?(xq)  u?(xy) u?(x,)

Where:
X; = The measured value of participating institute (i=1,2,...,n)
u(xi)= The standard uncertainty of x;

- Its deviation from CRV
di = X; — Xcry
- u(d;) was given by
u? (di) = u? (xl) —u? (Xcrv)
- The uncertainty of this deviation at a 95% level of confidence
u(d;) =k -u(d;)
where k =2

- Evaluation of Coefficient Ej,
The degree of equivalence between the measurements of participating institutes was
expressed by coefficient E, as well.

Xi — Xerv

Bn =@
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7 Comparison Results

In case of the evaluation of the reference indentation, comparison reference value
(Xcrv) was calculated by the average of measurements of all participants. The E, number
was not calculated for reference indentation since they show only the consistent of the
diagonal measurement between NMI.

In case of the evaluation of the reference hardness block, comparison reference
value (Xcrv) and E, number were calculated as described in section 6

The comparison results, comparison reference value (Xcrv), the deviation value of
each NMls from CRV (dj) as well as their uncertainty of their deviation (Ug;) and E,
number were calculated and shown in Table 17 -

Table 28.
The comparison graphs categorized based on the hardness scales and participants
were shown in Figure 4 - Figure 21 and Figure 22 - Figure 31, respectively.
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Table 17 The deviation from comparison reference value in HV5: For Block Artifact (Reference Indentation)

Deviation from reference value (% of d), d;

Nominal value CRVIIM Xev ™y T M | KRISS | MR SASO
......... 0 |..2004 | 011 4 - o soiear b -
_________ 200 | 20598 0.29 0.14 -
......... 300 ... A3 L0005
T 00 148.84 029 iTTTTTITTT
HVS | 500 1351 | .. 084 08 o082 e
600 120,87
_________ 700|128
_________ 800 | 10539
900 100.49

Table 18 The deviation from comparison reference value in HV10: For Block Artifact (Reference Indentation)

. Deviation fromreference value (% of d), d;

Nominal value CRVIIM Xev G0 T Nm | KRISS | MR SASO
_________ 00 | . 420 | 002 f - 4 01 & 017 i -
_________ 200 | 2077 | 028 | 052 | 004 | 020 | -
_________ 300 | 24810 7a P19 beos

(400 211.35 078 4 009 i 003 i -
HVIO | 500 | 189.61 | ....089 | .. 068 ... 029 ...02r Lo e
| 600 | 17113 _...038 o ]
_________ 00 .. 159.69 L2029 042 :
_________ 800 | 14910 | 056 | 111} 042 i 004 i -
900 141.60 -0.50 0.31 i -
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Table 19 The deviation from comparison reference value in HV20: For Block Artifact (Reference Indentation)

. Deviation from reference value (% of d), d;

Nominal value CRVIUM) Xov T nmw | KRISS | ITRI | SASO
_________ 00 | .. 59448 | 01 & - ... 015 i -
_________ 00 |44 | 008 - -0 -
_________ 300 | 34719 007 - - 007 -

400 | 29933 | 0.16_ - : 016 i -
HV20 | 500 ] 26844 | ... 008 001 . I e
600 242.32 -0.01 - - 001 i -
_________ 00 226.65 0.05 " : 005 i -
_________ 800 | 21229 | 031 - o - bo6s -
900 201.35 0.19 - - -0.19 | -

Table 20 The deviation from comparison reference value in HV30: For Block Artifact (Reference Indentation)

i Deviation from reference value (% of d), d;

Nominal value CRVIIM Xev 07 T My | KRISS | MR SASO
_________ 100|728 .00 | __ - | o0 | 013 _ -
_________ 2007 | eomes | o0 T e T T g s
_________ C N D S N Y oL T
T 400 365.70 B I 04 :

Hvao [ 500 | 32789 | 018 | 042 | 004 | 020 i "
600 296.25
_________ 700 ...]....216.60
_________ g0 | 75865
900 246.00
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Table 21 The deviation from comparison reference value in HV50: For Block Artifact (Reference Indentation)

. Deviation from reference value (% of d), d;

Nominal value CRVIM Xow v T nm | KRISS | ITRI | SASO
_________ 00 |98 | 000 | - 4 000 i -
_________ 200 |..65150 | o -013 i - b 043 e
_________ 300 | 54887 011 - 011 - -

400 | 41220 | ! 0.07 " -0.07 - -
HVS0 | ! 900 ] 42354 | 002 002 I e
600 383.27 0.05 - -0.05 - -
_________ 00 357.74 0.04 - -0.04 - -
_________ 800 | 8%BO07 | 014 4 - 0 -
900 318.71 0.01 - -0.01 - | -

Table 22 The deviation from comparison reference value in HV100: For Block Artifact (Reference Indentation)

. Deviation from reference value (% of d), d;
Nominal value CRV (um), Xery
NIMT | NMIJ | KRISS | ITRI SASO
_________ 00 |..a84ar 002 4002
......... 200 . |....92090
300 778.83
_________ 400 . |...67129
HV100 500 602.56
_________ 600 . |..5®32
700 508.92
......... 800 .46z 1 00l T 00
900 455.22
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Table 23 The deviation from comparison reference value and E, numbers in HV5: For Block Artifact (Reference Hardness Block)

Nominal value Xerv Deviation from reference value (% of HV), di U(Xer) ] Uncertainty of Deviation (k=2) (% of HV), U(di) E, numbers
inal valu ] T T T : . : : -
HY) i i NMIJ i KRISS l ITRI : SASO (%) NIMT NMIJ : KRISS ! ITRI : SASO NIMT NMIJ ¢ KRISS i ITRI SASO
: i : i 026 ; 312 1 - ; i ‘

HV5 : : ) 154 080 io- ]

Table 24 The deviation from comparison reference value and E,, numbers in HV10: For Block Artifact (Reference Hardness Block)

Nominal value Xerv i Deviation fromreference value (% of HV), di UXew)
(HV) | NIMT i NMIJ | KRISS ITRI i SASO

Uncertainty of Deviation (k=2) (% of HV), U(di)

E, numbers
%) i NIMT | NMIJ | KRISS | ITRI i SASO [ NIMT

NMI | KRISS | ITRI | SASO

_______________________________ P2 ) e . i i 033 -0.17
HV10 63 i 010 | 076 i - | 0 ) ) 034 7 008 026 i -
0.13 078 i . i ] Pl : ! {039 : -0 : i
700 _____________ 72244 _____ O 32 _____ 051 _____ - 029 JR L8 S VOO |\ ] _______ N AR N~ PR vt _____________________ _____ 024 _____ I St S . - 027 _______ e
800 82807 : 004 : -011 i 023 30 ¢ ! Pl . ) i 03 ! -005 { 030 : -045 | -
900 91087 | 015 | -062 : 014 ) i ] Pl ) : : 028 ¢ 015 : 011 | -
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Table 25 The deviation from comparison reference value and E, numbers in HV20: For Block Artifact (Reference Hardness Block)

Nominal value Xerv i Deviation fromreference value (% of HV), di U(Xev) i Uncertainty of Deviation (k=2) (% of HV), U(di)
(HV) | NIMT i NMIJ | KRISS ITRI i SASO (%) | NIMT NMI i KRISS ITRL i SASO NIMT
: 5 5 5 : 2%

E, numbers
NMIJ | KRISS i ITRI | SASO

82905 | 0.2
91164 | 0.07

Table 26 The deviation from comparison reference value and E,, numbers in HV30: For Block Artifact (Reference Hardness Block)

Nominal value Xerv i Deviation fromrleference value (% of HV), di UXerv) Uncertainty of Deviation (k=2) (% of H\(), u(di) En Inumbersl
: NMIJ i KRISS : %) i NIMT | NMIJ | KRISS | ITRI | SASO : i KRISS |

5 = P 0.2 Po242 302 | ; i

2.96

2.96

800 82461 i 045 | -042 -0.22 -0.66 i -

900 90434 i 035 | -051 : -0.21 054 ! - ! © 081 190 | 065 295 - 043 | 027 | 033 | 018 | -
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Table 27 The deviation from comparison reference value and E,, numbers in HV50: For Block Artifact (Reference Hardness Block)

Nominal value

Deviation fromreference value (% of HV), di

NIMT NMIJ KRISS ITRI SASO

U0Ken) |

Uncertainty of Deviation (k=2) (% of HV), U(di)

E, numbers

NIMT NMIJ KRISS ITRI SASO

NIMT

NMIJ

KRISS

824.81
901.40

0.31
0.17

0.08 {246

ITRI_ [ SAsO

Table 28 The deviation from comparison reference value and E,, numbers in HV100: For Block Artifact (Reference Hardness Block)

Nominal value

Deviation fromreference value (% of HV), di

NIMT

NMIJ KRISS ITRI SASO

U0Ken) |

Uncertainty of Deviation (k=2) (% of HV), U(di)

E, numbers

(%)

NIMT | NMIJ | KRISS | ITRI SASO

NIMT

NMIJ

KRISS

ITRI i SASO

HV100

821.30

897.51

-0.01
-0.01

0.28 0.29

0.50




Page 28 of 65
Revision: Final Report

Date: July, 2020

1.5

1.0

0.5
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Nominal hardness
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ENMT @ NMJ [DKRISS [ ITRI W SASO

Figure 4 The overview of the deviation from the comparison reference value of Block
artifact (Reference Indentation) for HV5
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Figure 5 The overview of the deviation from the comparison reference value of Block
artifact (Reference Indentation) for HV10
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Figure 6 The overview of the deviation from the comparison reference value of Block
artifact (Reference Indentation) for HV20
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Deviation, % of d
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Figure 7 The overview of the deviation from the comparison reference value of Block
artifact (Reference Indentation) for HV30
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Figure 8 The overview of the deviation from the comparison reference value of Block
artifact (Reference Indentation) for HV50
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Figure 9 The overview of the deviation from the comparison reference value of Block
artifact (Reference Indentation) for HV100
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Figure 10 The overview of the deviation from the comparison reference value of Block
artifact (Reference Hardness Block) for HV5
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Nominal hardness
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Figure 11 The E, numbers of Block artifact_(Reference Hardness Block) for HV5
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Figure 12 The overview of the deviation from the comparison reference value of Block
artifact_ (Reference Hardness Block) for HV10
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Figure 13 The E, numbers of Block artifact (Reference Hardness Block) for HV10
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Figure 14 The overview of the deviation from the comparison reference value of Block
artifact_ (Reference Hardness Block) for HV20
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Figure 15 The E, numbers of Block artifact (Reference Hardness Block) for HV20
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Figure 16 The overview of the deviation from the comparison reference value of Block
artifact_ (Reference Hardness Block) for HV30
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Figure 17 The E, numbers of Block artifact (Reference Hardness Block) for HV30
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Figure 18 The overview of the deviation from the comparison reference value of Block
artifact_ (Reference Hardness Block) for HV50
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Figure 19 The E, numbers of Block artifact (Reference Hardness Block) for HV50
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Figure 20 The overview of the deviation from the comparison reference value Block artifact
(Reference Hardness Block) for HV100
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Figure 21 The E, numbers of Block artifact_(Reference Hardness Block) for HV100
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Figure 22 The overview of the deviation from the comparison reference value of Block artifact (Reference Hardness Block) for NIMT
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Figure 23 The E, numbers of Block artifact (Reference Hardness Block) for NIMT
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Figure 24 The overview of the deviation from the comparison reference value of Block artifact (Reference Hardness Block) for NM1J
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Figure 25 The E, numbers of Block artifact (Reference Hardness Block) for NM1J
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Figure 26 The overview of the deviation from the comparison reference value of Block artifact (Reference Hardness

Block) for KRISS
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Figure 27 The E, numbers of Block artifact (Reference Hardness Block) for KRISS
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Figure 28 The overview of the deviation from the comparison reference value of Block artifact (Reference Hardness Block) for ITRI
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Figure 29 The E, numbers of Block artifact (Reference Hardness Block) for ITRI
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Figure 30 The overview of the deviation from the comparison reference value of Block artifact (Reference Hardness Block) for SASO
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Figure 31 The E, numbers of Block artifact_(Reference Hardness Block) for SASO
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8 The results for new approached CMC

Although the participants claimed the existing CMC, some participants had reported
the expanded uncertainty smaller than the existing CMC, in case the participant would like
to propose for new approached CMC.

In the comparison, KRISS had report the expanded uncertainty as the list in Table
29 for new approached CMC.

Based on the new approached CMC of KRISS results, all measurement results and
comparison results were shown in Table 30 - Table 35. The comparison graphs categorized
based on the hardness scales and participants were shown in Figure 33- Figure 37.

Table 29 The new approached CMC for KRISS in HV

New approached
Scale Nominal hardness CMC (k=2)
in HV
100 2.05
.200 2%
30 o 41
.............. 400 S
HVIO | S0 ol 6.5 ..
600 916
700 930
______________ 800 93]
900 11.84
400 202,
200 2.76
______________ 300 o 376
400 5.08
HV30 500 641
600 7.97
______________ CCC T F - N
80 ] 128 |
900 7.91
100 1.87
______________ 200 o ....298
300 3.67
400, 496,
HV50 500 6.30
______________ 600 |l 172
700 7.05.
800 6.67 .
900 10.41
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Table 30 The results of the measurement in HV10: For Block Artifact (Reference Hardness Block) (based on new approach CMC)

Nominal value

Measurement data of each participant (HV), Xi

Uncertainty (k=2) of each participant (HV), Uxiy

NIMT NMIJ KRISS ITRI i SASO

NIMT | NMIJ | KRISS | ITRI SASO

Uncertainty (k=2) of each participant (%), Ui
NIMT NMIJ | KRISS i ITRI | SASO

HV10

104.51 103.64 103.85

_____ 080 | - i 205 | 320 i -
2.15 4,39 2.96 6.60
3.17 6.18 4.10 9.30

4.79 8.37 12.40

076 o - b 198 1 308 i -
0.99 2.00 1.36
1.03 2.00 1.34
1.16 2.00 1.45

13 127

131

1.36

Table 31 The results of the measurement in HV30: For Block Artifact (Reference Hardness Block) (based on new approach CMC)

Nominal value

Measurement data of each participant (HV), Xi

Uncertainty (k=2) of each participant (HV), Uxiy

Uncertainty (k=2) of each participant (%), Ui

HV30

NIMT NMIJ | KRISS ITRI ? SASO NIMT i NMIJ KRISS é ITRI SASO NIMT NMIJ E KRISS | ITRI SASO
__________ 100 1710264 | - 1 10314 | 10380 | - | 089 | - i 202 | 320 f - | o6 f - | 1% I 308 i -
200 218.49 219.10 219.85 218.24 - 154 4.38 2.76 6.60 - 070 i 200 1.25 302 i -
. i 212 6.18 3.76 930 123 302
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Table 32 The results of the measurement in HV50: For Block Artifact (Reference Hardness Block) (based on new approach CMC)

Nominal value

Measurement data of each participant (HV), Xi Uncertainty (k=2) of each participant (HV), Ui Uncertainty (k=2) of each participant (%), U

SASO

HV50

NIMT | NMI { KRISS | ITRI | SASO NIMT Z NMIJ { KRISS | ITRI i SASO NIMT

NMIJ | KRISS i ITRI

Table 33 The deviation from comparison reference value and E, numbers in HV10: For Block Artifact (Reference Hardness Block) (based on

new approach CMC)

Nominal value

Xerv | Deviation from reference value (% of HV), di U(Xev) i Uncertainty of Deviation (k=2) (% of HV), U(di)

E, numbers

(HY) : NIMT { NMIJ | KRISS ITRI | SASO (%) : NIMT ! NMI) i KRISS l ITRI _: SASO
i : 050 ! 069 : 032 - : 300

____________________________________________________________________________________________________________________

0.67 297

82807 i -004 i -011

KRISS | ITRI

-0.05 0.30 -0.45

| saso

91087 ! 015 | -062 . 032 | - 089 : 134 223 1 095 290 -

011 | -028 ! 015 : -011
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Table 34 The deviation from comparison reference value and E, numbers in HV30: For Block Artifact (Reference Hardness Block) (based on
new approach CMC)

Nominal value

Deviation from reference value (% of HV), di

U(XCTV) E

Uncertainty of Deviation (k=2) (% of HV), U(di)

E, numbers

NIMT NMIJ KRISS ITRI SASO

NIMT | NMI | KRISS | ITRI SASO

NIMT

NMIJ KRISS |

ITRI | SASO

HV30

0.18

.70 |.72080 : 016 i | 034 . 028
800 824.58 0.46 042 0.22 0.35 022 !
900 904.29 0.36 -0.50 -0.26 -0.33 018 | -

Table 35 The deviation from comparison reference value and E, numbers in HV50: For Block Artifact (Reference Hardness Block) (based on
new approach CMC)

Nominal value

Deviation fromreference value (% of HV), di

UGen) |

Uncertainty of Deviation (k=2) (% of HV), U(di)

E, numbers

NIMT NMIJ KRISS ITRI SASO

NM1J KRISS

ITRI | SASO

0.20

626.65 ; )
A 71919 | 016 i -l 02 083 0083 4 -
800 824.52 034 | - 0.33 - -
900 901.40 017 | - -0.32 - -

NIMT | NMIJ i KRISS | ITRI SASO
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Figure 32 The overview of the deviation from the comparison reference value of Block
artifact (Reference Hardness Block) for HV10 (based on new approach CMC)
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Figure 33 The E, numbers of Block artifact (Reference Hardness Block) for HV10 (based
on new approach CMC)
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Figure 34 The overview of the deviation from the comparison reference value of Block
artifact (Reference Hardness Block) for HV30 (based on new approach CMC)
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Figure 35 The E, numbers of Block artifact (Reference Hardness Block) for HV30 (based
on new approach CMC)
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Figure 36 The overview of the deviation from the comparison reference value of Block
artifact (Reference Hardness Block) for HV50 (based on new approach CMC)
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Figure 37 The E, numbers of Block artifact (Reference Hardness Block) for HV50 (based
on new approach CMC)
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Figure 38 The overview of the deviation from the comparison reference value of Block artifact (Reference Hardness Block) for NIMT (based on

new approach CMC)
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Figure 39 The E, numbers of Block artifact (Reference Hardness Block) for NIMT (based on new approach CMC)
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Figure 40 The overview of the deviation from the comparison reference value of Block artifact (Reference Hardness Block) for NMIJ (based on

new approach CMC)
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Figure 41 The E, numbers of Block artifact (Reference Hardness Block) for NMIJ (based on new approach CMC)
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Figure 42 The overview of the deviation from the comparison reference value of Block artifact (Reference Hardness Block) for KRISS (based on

new approach CMC)
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Figure 43 The E, numbers of Block artifact (Reference Hardness Block) for KRISS (based on new approach CMC)
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Figure 44 The overview of the deviation from the comparison reference value of Block artifact (Reference Hardness Block) for ITRI (based on

new approach CMC)
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Figure 46 The overview of the deviation from the comparison reference value of Block artifact (Reference Hardness Block) for SASO (based on

new approach CMC)
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Figure 47 The E, numbers of Block artifact (Reference Hardness Block) for SASO (based on new approach CMC)
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9 Conclusion and discussion
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In case of reference hardness block, the deviation from comparison reference value
and E, number of all participants was presented in Table 36.

Table 36 The deviation from comparison reference value and E, numbers for different

scales
Scale Existing CMC New approached CMC
The deviation from En The deviation from En
comparison comparison
reference value reference value
(% of HV) (% of HV)
HV5 -1.57t0 1.76 -0.69t0 1.0 - -
HV10 -1.441t01.12 -0.50 t0 0.62 -1.42 to 1.12 -0.4910 0.61
HV20 -1.56 t0 0.22 -0.55t0 0.56 - -
HV30 -0.77t0 1.10 -0.62 t0 0.58 -0.77 t0 1.06 -0.63t0 0.58
HV50 -0.56 t0 0.31 -0.55t0 0.56 -0.54t0 0.34 -0.58 t0 0.59
HV100 -0.16 to 0.47 -0.57 to0 0.57 - -

The supplementary comparison of Vickers hardness for scale HV5, HV10, HV20,
HV30, HV50 and HV100 of all participant gave the |E, | < 1, which was totally
acceptable.
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