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Abstract:

A bilateral supplementary comparison between
INRiIM (National Metrology Institute of Italy) and
UME (National Metrology Institute of Turkey) had
been decided to be organized in the field of
Hardness Metrology to determine the consistency of
the national hardness standards in both countries
realizing Rockwell Hardness measurements in
accordance with ISO 6508-1:2016 [1] and ISO
6508-3:2015 [2] standards. In this paper the
procedure and preliminary measurement results of
the bilateral EURAMET  supplementary
comparison between the two laboratories are
explained.
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1. INTRODUCTION

A bilateral supplementary comparison between
INRIM (Istituto Nazionale di Ricerca Metrologica)
and UME (TUBITAK Ulusal Metroloji Enstitiisii)
was carried out in the field of Hardness Metrology
to determine the consistency of the national
hardness standards used in both countries realizing
Rockwell Hardness measurements in accordance
with the ISO 6508-1:2016 [1] and the 1SO 6508-
3:2015 [2] standards, including the new definition
of Rockwell Hardness scales accepted by the
CIPM/CCM WGH [3]. The most important and the
most widely used Rockwell Hardness scales such as
HRA, HRBW and HRC constitute the scope of the
comparison which was piloted by INRiM.

The blocks used in the comparison as transfer
standards were provided by UME. Each NMI
measured five hardness levels for HRC and four
hardness levels for HRA and HRBW scales on the
same transfer standards, using both their own and
common indenters which also were provided by
UME by providing its own indenters.
Measurements were carried out first by UME as the
provider of the blocks, then by the pilot laboratory

(PL) INRIM, then again by UME for checking the
stability of the transfer standards.

The NMIs were requested to realize the
traceability of each component constituting the
hardness scales on their national standards to the
base SI units and constitute their uncertainty
budgets before the comparison measurements.

2. TRANSFER STANDARDS USED IN THE
COMPARISON

In the bilateral comparison a total of three sets of
hardness reference blocks were used; one set for
each hardness scale of HRA, HRBW and HRC,
separately. Five blocks for HRC scale and four
blocks for each of HRA and HRBW scales, a total
of 13 hardness reference blocks were used. The
blocks are placed in a wooden protective case
during transportation with their anti-rusting paper
and original cover provided by their producer. Some
information related to the hardness reference blocks
used in the comparison and their pictures are given
below.

Table 1: Hardness reference blocks for HRA scale
Hardness Serial

No Value Number U
1 27 HRA 668-385 YAMAMOTO
2 46 HRA 666-752 YAMAMOTO
3 66 HRA 293-733 YAMAMOTO
4 87 HRA 284-385 YAMAMOTO
Table 2: Hardness reference blocks for HRBW scale
vo | P [ oty | proaue
1 | 32HRBW 668-326 YAMAMOTO
2 | 53 HRBW 661-029 YAMAMOTO
3 73 HRBW 666-251 YAMAMOTO
4 | 95HRBW 666-850 YAMAMOTO
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Table 3: Hardness reference blocks for HRC scale

No Hardness Serial Producer
Value Number

1 25 HRC 492-096 YAMAMOTO

2 36 HRC 489-678 YAMAMOTO

3 45 HRC 369-719 YAMAMOTO

4 57 HRC 454-774 YAMAMOTO

5 67 HRC 486-336 YAMAMOTO

The pictures of the transfer standards used in the
comparison with their nominal hardness values and
serial numbers are given below. Their surfaces were
cleaned with soft material before and after
measurements when it is needed.

S/N: 668-385, 27 HRA

e
g 2y

S/N: 293-733, 66 HRA
Figure 1: Transfer Standards for HRA scale

S/N: 666-251, 73 HRBW  S/N: 666-850, 95 HRBW
Figure 2: Transfer Standards for HRBW scale

S

S/N: 486-336, 67 HRC

Figure 3: Transfer Standards for HRC scale

3. COMPARISON PROCEDURE

It was requested that each participant shall assure
that the national standards to be used in the
comparison at least were in accordance with the ISO
6508-1:2016 [1] and the 1SO 6508-3:2015 [2]
standards. Under these circumstances the
components to be calibrated/verified are as follows;

e Force (preliminary load, total load, preliminary
load after removal of the additional load).

e Testing cycle (in accordance with the new
definition of HRC scale accepted by the CCM
WGH [3] or at least in accordance with the ISO
6508-1:2016 [1] and the 1SO 6508-3:2015 [2]
standards).

e Indenter geometrical parameters (in accordance
with the ISO 6508-3:2015 [2] standard).

o Depth measurement system (in accordance with
the ISO 6508-3:2015 [2] standard).

Beside management of calibration of the
components given above, the blocks were placed in
the laboratory one day before the measurements for
temperature equilibrium. The measurement steps
realized during the comparison measurement are as
follows;

e Before starting the measurements, it was
assured that the standardizing machines were
working properly in accordance with their
design parameters and the relevant 1SO
standards’ requirements.
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e |t was assured that the anvil where the blocks
are seated on and both surfaces of the reference
blocks were clean.

e It was assured that the relevant scale and related
indenter and other requirements were
mounted/selected etc.

e The ambient temperature was recorded.

e Two sets of 7 measurements (with the two
indenters, one common and one own) uniformly
distributed on the surface of the block were
made and recorded on the data form.

e The ambient temperature was recorded.

Seven measurements were carried out: the first two
were discarded in order to eliminate the effects
coming from adaptation of the machine and the
blocks. In the calculations the last five indentations
were taken into consideration. The first two
indentations were recorded but not used in the
calculations.

4. REFERENCE VALUES OF INFLUENCE
PARAMETERS

In the calibration of hardness reference blocks
the calibration laboratories realize this work in
accordance with some internationally defined
standards or accepted definitions. To perform
measurements under the same or very similar
conditions by the participants it has been significant
to agree on reference values of the influence
parameters and testing cycles and realize them as
much as possible to have more comparable
reference systems.

Table 4: Reference Values for Rockwell Hardness
Scales HRA, HRBW and HRC

Symbol Test parameter Reference Start Stop
value ement it
Fo Preliminary force 93 0665 N -

Total test force for HRA 588.399 N
F Total test force for HRBW 980.665 N
Total test force for HRC 1470998 N

Blend point of
120° the sphere and +400 pm
cone

Angle of the indenter (HRA,
HRC)

Diameter of ball indenter
D (HRBW) 1.5875 mm

Spherical tip radius of the

-30° (from the | +30° (from the

Re indenter (HRA, HRC) 200 um axis) axis)
Final indentation speed of
Vs additional load ap;ication 30 pms* ~80%F —99%F
Total time of
Te | preliminary test 3s
force
Application time T
Ts | of preliminary Tp = —"+Tpm ~1% Fo ~99% Fo
test force 2
Duration time of
Tem | preliminary test ~99% Fo Reading
force
Tat Duration of the total force 5s ~99% F ~99% F
Tt Final reading time 4s ~101% Fo Reading
N Beginning of End of
T Temperature of test 23°C the test the test

In this comparison the reference values were
chosen according to the HRC definition decided by
the CIPM/CCM WGH [3]. Deviations from these
values were taken into the uncertainty calculations.

Table 4 includes the reference values and
measurement cycle used in the HRA, HRBW and
HRC measurements and Figure 4 shows the
measurement cycle for HRA, HRBW and HRC.

Parameter: and interpretations

. Preliminary force

* Total test force

: Application time of praliminary test
force

. Dhration time of prelimmary test

Rockwell Hardness Measurement Cycle

]

: Preload dwell time

o Total time of preliminary test force

: Additional load application trme

: Duration of the total force

© Additional load removal time

. Finzl readms time

: Approach veloeity

. Praload application velocity

: Initial valocity of additionzl load
application

. Final indentation speed of additiona]
load application

: Additional load removal velocity

a2 "
|n Tom T Ty |Ta Time

T

§ 5 pRESPSpESp p oS

T
|
7
—

Figure 4: Identification of the HRA, HRBW and HRC
Measurement Cycle [3]

5. ELABORATION OF THE RESULTS

As its being a supplementary comparison, there
is no possibility to assign a reference value linked to
an internationally accepted reference. In line with
this situation, each laboratory recorded the
measurement results and uncertainty values in the
data sheet provided in the annex of the Technical
Protocol for each hardness reference block. The
pilot laboratory was responsible for collecting the
measurement data from the participants, compiling,
elaboration and preparing the reports. The
measurement results were used to compute the
Comparison Reference Value (CRV), degrees of
equivalence (DoE) with the CRV and E; ratios. The
calculation is shown in following steps and made by
making use of the following equations.

e Calculation of the Comparison Reference
Value (CRV)

The pilot laboratory determined CRV by
calculating the weighted mean of measurements of
the two participants (x,.;) by making use of the
following equation,

/Ut (x) 4 X /U (xg)
el T T2 () + -+ 1/02 ()

)

e The uncertainty of the CRV (x,r) was
calculated by the following expression,

t + o+ ! 2
NETC IETIC BRI @)
where,
X . measured value of participating
institute, i (i=1, 2, ..., n)
u(x;) . standard uncertainty of x;
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U(Xrer) standard uncertainty of x,.,

e The deviation from the CRV is calculated
by,
di = Xi = Xper (3)

e The uncertainty of this deviation at a 95%
level of confidence is,

U(dy) = k-u(dy) (4)

Where u(d;) is calculated by,

u? d) = u? (x;) — u? (xref) (5)
and k = 2.

e The coefficient E, is the equivalence between
the measurements of participating institutes,
is calculated as given below,

Xi — Xref

I ey = ) (6)

where,
UCx) = k- u(x;) (7
Ukres) = k- urer) (8)

e The X is equivalent with Xt (CRV) at 95%
confidence level, if |E,| < 1,

Xovmi 15 INRiM measurement value,

Dby 15 the expanded uncertainty value that declared by INRiM,

e 1s UME measurement value,

T 1s the expanded uncertainty value that declared by UME,

Xoer 1s the Comparison Reference Value (CRV),

Uer 15 the uncertainty value of CRV,

gt is the deviation value of INRIM from the CRV,

Uhnmy 1 the uncertainty of the deviation value of INRiM from the CRV,
Fpmy 15 the degree of equivalence of INRIM expressed in E; ratio,
dine 15 the deviation value of UME from the CRV,

Upme 18 the uncertainty of the deviation value of UME from the CRV,
Eae 15 the degree of equivalence of UME expressed in Ex ratio.

6. COMPARISON RESULTS

In this comparison the degree of equivalence of
each participant with respect to the CRV was
calculated. This calculation comprises calculation
the deviation of each participant from the CRV and
the associated uncertainty of this deviation. Also the
E. ratios were also calculated for each hardness
scale and level. The two participants declare
consistent uncertainty values and measurements
results are in a significant consistency with each
other. Below you can see the tabular and graphical
interpretation of the measurement results and
calculations.

Table 5: DoE of INRiM and UME (wrt. CRV) — HRA —
common indenter

Kuwe | Uuone | Xouwsa | Uinsina Kret Urer dume | Ugums | Enume | O | Udowmion | Enonnine
26.68 | 0.2 |2635| 030 (2652 021 016 | 0.21 077 | 016 021 0.77
4487 | 0.30 | 4466 | 030 (4477 021 011 | 0.21 051 | -011| 021 0.51
65.65 | 0.30 | 6553 | 030 (6559 021 0.06 | 0.21 0.28 | -0.06| 021 0.28
8708 | 030 |8710| 030 (8709 021 | -001 [ 021 005 | 0.01 0.21 0.05

Table 6: DoE of INRiM and UME (wrt. CRV) — HRBW
— common indenter

Xowe | Uswe | X | Unenas | Xt | Urer | dowe | Ui | Evunes | diwams | Usisas | Eniens

3129 | 043 |3094| 042 | 3112)] 030 018 | 030 | 059 | -0.17| 0.30 0.58

53.22| 041 (5299 043 | 5311 0.29 011 | 0.28 0.38 |-0.12 | 031 0.38

7262| 039 |7274| 042 | 7268 | 028 | -0.06 | 0.27 022 | 007 | 031 0.22

95.03| 040 [5527| 041 | 9515| 025 | 012 | 028 | 042 | 013 | 029 0.42

Table 7: DoE of INRiM and UME (wrt. CRV) — HRC —
common indenter

Kume | Uune | Xiwam Uinzim Kok Ut dune | Usonz | Enume | divain | Uz inaim | Enonnisa

2473 | 0.31 | 2489 0.30 2481 | 022 | -0.08 | 0.22 | 0.38 | 0.08 0.21 0.38

35.10| 0.28 | 3525 0.30 3517 | 0.20 | -0.07 | 018 | 0.36 | 0.08 | 0.22 0.36

4557 | 0.34 | 4568 0.30 4563 )| 022 | 006 | 025 | 024 | 005 | 0.20 0.24

55.63 | 0.30 | 55.66 0.31 5564 | 0.22 | -0.01 | 0.21 | 0.07 | 0.02 0.22 0.07

67.42 | 0.32 | 67.47 0.31 6745 | 0.22 | -0.03 | 0.23 | 0.12 | 0.03 0.22 0.12

Table 8: DoE of INRiM and UME (wrt. CRV) — HRA —
own indenter

Hume | Uume | Xisww | Umiam KXot | Urer | dume | Usms | Enume | domon | Usosmon | Enowiim

26.68 | 0.29 | 26.42 0.31 26.55| 0.21 | 0.12 | 0.20 | 061 [-0.24 | 0.22 0.61

4487 | 030 | 4471 031 (4479|022 | 008 ( 021 | 039 (-009 | 022 0.38

65.65| 0.30 | 65.33 0.30 |6549( 021 | 016 | 021 | 076 |-016 | 0.21 0.76

B7.08 | 0.30 | 85.96 0.30 |[87.02| 0.21 | 0.06 | 021 | 0.28 [-0.06 | 0.21 0.28

Table 9: DoE of INRiM and UME (wrt. CRV) - HRBW
— own indenter

Home | Uvwe | Xiwaea | Unsia Kot | Uret | dome | Usomaz | Enumae | dinaine | Usowsine | Enonise

31.29 | 043 | 3103 042 |3116| 030 | 013 | 030 | 043 |-013| 030 0.43

53.22 | 0.41 | 5332 0.43 5326( 029 | -0.05 | 0.28 | 0.17 | 0.05 0.31 017

7262 | 0.39 | 72.74 041 |7267| 0.28 | -0.06 | 0.27 | 0.21 | 0.06 0.30 0.21

95.03 | 0.40 | 95.20 041 |9511| 0.29 | -0.08 | 0.28 | 0.30 | 0.09 0.29 0.30

Table 10: DoE of INRiM and UME (wrt. CRV) — HRC
— own indenter

Kume | Uume | Xiwaea | Uisaa HMiet | Uret | duome | Usums | Enume | dommm | Usonnoe | Enannos

2473 | 031 | 2446 031 |2460] 022 [ 0.13 022 | 061 | -013] 0.22 0.61

35.10 | 0.28 | 3485 030 |34598| 020 | 0.12 019 | 063 | -014 | 022 0.63

4557 | 0.34 | 4528 030 [4541] 022 [ 0.17 025 | 066 | 013 ] 0.20 0.66

5563 | 0.30 | 5526 030 |[5544| 021 | 018 021 | 086 | -018| 021 0.6

67.42 | 0.32 | 67.17 030 |67.29] 0.22 [ 0.13 0.23 | 056 | -011] 0.21 0.56

In regard to the calculations shown in the tables
above the graphical representations are as shown
below.

Common Indenter HRA

04

03

02
<
T ool
= oo 1 * UME
. * INRIM
5 g UCRY
5 0s ——UCRY

0 Ed 4 50 60 70 20 90

Hardness level / HRA

Figure 5: Deviations of INRiM and UME values from
the CRV with the associated expanded uncertainty —
HRA — common indenter
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05 Commen Indenter HRBW

04
032
02
01
00

21 [ * INRM

L. = UME

UCRY

03

04

05

0 40 50 &0 70 20 90 100
Hardness level / HRBW

Differences / HRBW

e UICRY

Figure 6: Deviations of INRiM and UME values from
the CRV with the associated expanded uncertainty —
HRBW — common indenter

Common Indenter HRC

*  UME
P ® INRIM

UCRY

03 [ e

Differences f HRC

40 50 &0 0
Hardness level [ HRC

Figure 7: Deviations of INRiM and UME values from
the CRV with the associated expanded uncertainty —
HRC — common indenter

Own Indenter HRA
04

03
02
01

/ HRA

® UME
00

01

® INRIM

UCRV

Differences

— UCRY

032

0 0 40 50 60 70 20 o0
Hardness level f HRA

Figure 8: Deviations of INRiM and UME values from
the CRV with the associated expanded uncertainty —
HRA — own indenter

Own Indenter HRBW
05
04
032
02
01

. UME
0 o INRM

UCRY

Differences / HRBW

03

04

05

20 40 50 &0 pul 4] %0 100
Hardness level / HRBW

e TRV

Figure 9: Deviations of INRiM and UME values from
the CRV with the associated expanded uncertainty —
HRBW — own indenter

Own Indenter HRC

/HRC
o

*  UME

01 * INRIM

UCRV

Differences
=]
ta

—UCRY

0 30 40 50 60 70
Hardness level / HRC

Figure 10: Deviations of INRiM and UME values from
the CRV with the associated expanded uncertainty —
HRC — own indenter

7. SUMMARY

At the end of the bilateral comparison between
INRiIM and UME in the most widely used Rockwell
hardness scales HRA, HRBW and HRC is
completed without any unexpected phenomena in
any stage of it. The participating institutes declared
similar uncertainty values and there was a
significant consistency between the measured
values of the transfer standards. The comparison
reference values (CRVS), the deviation value of
INRIM and UME from the CRV and their
uncertainties, dinrim, dume, Ud-inrim, Ug-ume, and En
ratios were calculated and shown in Tables 5 to 10
and Figures 5 to 10 in the Comparison Results. In
some cases, the degrees of equivalence for the
results obtained by the common indenter is greater
than the degree of equivalence for the results
obtained by the own indenters. This is probably
because of a bias in our machine in that scale/range
but still within the uncertainty declared. The degrees
of equivalence show a significant consistency
between INRiIM and UME hardness standards in
HRA, HRBW and HRC Rockwell hardness scales
and this comparison is supporting the present and
possible new CMC submissions.
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