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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

-3:2016(E)

The suitability of a pendulum impact testing machine for acceptance testing of metallic materials has
usually been based on a calibration of its scale and verification of compliance with specified dimensions,
such as the shape and spacing of the anvils supporting the test piece. The scale calibration is commonly
verified by measuring the mass of the pendulum and its elevation at various scale readings. This
procedure for evaluation of machines had the distinct advantage of requiring only measurements
of quantities that could be traced to national standards. The objective nature of these traceable
measurements minimized the necessity for arbitration regarding the suitability of the machines for
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bver, sometimes two machines that had been evaluated by the direct-verification|
ibed above, and which met all dimensional requirements, were found to give significar
ct values when testing test pieces of the same material.

Hifference was commercially important when values obtained using one miachine met

purchasers of materials added the requirement that all pendulum impact testing m4
fceptance testing of material sold to them should be indirectly vefified by testing r¢
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INTERNATIONAL STANDARD ISO 148-3:2016(E)

Metallic materials — Charpy pendulum impact test —

Part 3:
Preparation and characterization of Charpy V-notch

test pieces for indirect verification of pendulum impact
machines

1 Scope

This jpart of ISO 148 specifies the requirements, preparation and methods for‘qualifying test pieces
used |for the indirect verification of pendulum impact testing machines in accordance with [[SO 148-2.

It specifies notched test pieces with nominal dimensions identical to_those specified ih ISO 148-1;
howsgver, the tolerances are more stringent.

NOTH1  The chemical composition or heat treatment, or both, are ¥anied according to the energyjlevel desired.
NOTE2  Reference test pieces are qualified on reference pendulum impact testing machines which are also
descrjbed in this part of ISO 148.

2 Normative references

The following referenced documents, in whole or in part, are normatively referenced in this document
and are indispensable for its application. For dated references, only the edition cited |applies. For
undafed references, the latest edition of the referenced document (including any amendments) applies.

[SO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

ISO 148-2, Metallic materials — Gharpy pendulum impact test — Part 2: Verification of testing machines

3 Terms and definitions

For the purposes ofithis document, the following terms and definitions apply.

3.1 | Definitions pertaining to the machine

3.1.1
industrial machine
pendulum impact testing machine used for industrial, general or most research-laboratory testing of
metallic materials

Note 1 to entry: These machines are not used to establish reference values.

3.1.2
reference machine
pendulum impact testing machine used to determine certified values for batches of reference test pieces

© IS0 2016 - All rights reserved 1
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3.2 Defin
3.2.1

itions pertaining to energy

total absorbed energy

Kt

total absorbed energy required to break a test piece with a pendulum impact testing machine, which is

not correcte

d for any losses of energy

Note 1 to entry: It is equal to the difference in the potential energy from the starting position of the pendulum to

the end of the

3.2.2
absorbed e}
K

energy requiired to break a test piece with a pendulum impact testing machine, after correctia

energy losse

Note 1 to ent}
as a subscripf

3.2.3
reference a
Kr

certified va
pendulum ir

3.3 Defin

3.31

batch
definite qua
common cerj

3.3.2
set
group of tesf

3.3.2.1
characteriz
set of test pi

3.3.2.2
reference s
set of test pi

3.4 Defin

3.4.1

width

w

distance bet

first half swing during which the test piece is broken.

nergy

S

y: The letter V or U is used to indicate the notch geometry, i.e. KV or KU. The nhumber 2 or 8 i{
to indicate the radius of the striking edge of the striker, for example KV5.

bsorbed energy

ue of absorbed energy assigned to the test pieces used“to verify the performan
hpact testing machines

itions related to groups of test pieces

htity of reference test pieces manufactufed under identical conditions of production, ¢
tified absorbed energy

pieces chosen at random/froim a batch

ation set
eces taken from@batch and used to determine the reference energy of the batch

o
bces used to verify a pendulum impact testing machine

n for

used

ce of

yith a

itions pertaining to test pieces

ween the notched face and the opposite face

Note 1 to entry: In previous versions of the ISO 148 series (prior to 2016), the distance between the notched face
and the opposite face was specified as “height”. Changing this dimension to “width” makes ISO 148-1 consistent
with the terminology used in other ISO fracture standards.
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3.4.2

thic
B

kness

dimension perpendicular to the width and parallel to the notch

-3:2016(E)

Note 1 to entry: In previous versions of the ISO 148 series (prior to 2016), the dimension perpendicular to
the width that is parallel to the notch was specified as “width”. Changing this dimension to “thickness” makes
ISO 148-1 consistent with the terminology used in other ISO fracture standards.

3.4.3
length

L

large

3.4.4

refe

impal

st dimension perpendicular to the notch

1ence test piece

Ct test piece used to verify the suitability of a pendulum impact testing‘machine b

the indicated absorbed energy measured by that machine to the reference absorbed energ

with

3.4.5
certi
impa

itsu

Note

body,

with

the test pieces

ffied reference test piece
ct test piece accompanied by a certificate providing the certified absorbed energy v

ncertainty at a stated level of confidence

1 to entry: The certified reference value is the value détermined by a certified national or
or by an organization accredited for the production of ¢ertified Charpy reference test pieces
SO Guide 34[3], following the procedures described it this part of ISO 148.

y comparing
y associated

hlue, KR, and

international
n accordance

4 Symbols and abbreviated terms
Table 1 — Symbols/abbreviated terms and their designations and units
abbrglliglt):(;/ term Unit Designation
CRM — ceftified reference material
GUM — guide to the expression of uncertainty in measurement
k — coverage factor
K ] absorbed energy
Kt ] total absorbed energy
KR J reference absorbed energy of a set of Charpy reference test pieces
Ky ] absorbed energy as measured in accordance with ISO 148-1 on a Y-notched
sample
KVermn T K vatteas .d.ctl:l.luiucd fora Iu.at\,}‘f of V- uut\:hcd €harpyreferenee materials in
a batch certification characterization exercise
KVpg | certified Ky value of a PB reference material
KVR ] certified Ky value of a Charpy reference material
KVsp ] certified Ky value of an SB reference material
Nhom — number of samples tested for the homogeneity assessment
npp — number of PB specimens used to compare SB with PB
nsp — number of SB specimens used to compare SB with PB
ny L _number of r_eference_samples tested for the indirect verification of a pendulum
impact testing machine
p — number of laboratories/instruments participating in a laboratory comparison

© ISO 2016 - All rights reserved
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Table 1 (continued)

Symbol/ . . .
abbreviated term Unit Designation
PB — primary batch
REMCO — ISO Committee on Reference Materials
RM — reference material
SB — secondary batch
Sp ] standard deviation of the mean Ky values obtained at p laboratories
. standard deviation of results obtained on npg PB samples when comparing
SPB 7 :
them with nsg SB samples
s J standard deviation of the Ky values obtained on npon, samples in the-homgge-
RM neity assessment of the batch of reference material
Uchar J standard uncertainty of KVpar
Uchar,PB | standard uncertainty of KV;phar for a PB
Uchar,SB ] standard uncertainty of KV¢phar for an SB
Uhom | standard uncertainty of the homogeneity assessmentof the reference material
U j standard uncertainty of the long-term-stability assessment of the referenfe
Its material
u j standard uncertainty of the certified valu€ofa reference material used fdr
RM indirect verification
U j expanded uncertainty of the certified'value of a reference material at a copfi-
RM dence level of about 95 %
u j standard uncertainty of the shartterm-stability assessment of a referencg
sts material
Ugpg ] standard uncertainty of )_(PB
Uxsp ] standard uncertainty of XSB
)_(PB J mean of npg\specimens used to compare SB with PB
)_(SB | mean of nsg specimens used to compare SB with PB
5KVhom ] part of the error of the measured KV value due to batch heterogeneity
5I(Vlts ] part of the error of the measured KV value due to long-term instability
51(VSts ] part of the error of the measured KV value due to short-term instability
Vchar — degrees of freedom corresponding to uchar
Vhom — degrees of freedom corresponding to unom
VRM — degrees of freedom corresponding to urm

5 Reference testing machine
5.1 Characteristics

5.1.1 General

The characteristics of reference machines used to determine the reference energy of reference test
pieces shall comply with the requirements of ISO 148-2 except as modified below.

4 © IS0 2016 - All rights reserved
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5.1.2 Geometrical characteristics (see Table 2 and Figures 1 and 2)

The following geometrical characteristics apply:

a) theradius of the anvils shall be 1+g’(1)8 mm ;
b) the distance between the anvils shall be 40+8’ég mm;

c) the striking edge shall be within #0,25 mm of the plane of symmetry of the anvils.

Fable 2—Geometriealcharacteristies
l:&fgs::: Designation Value | Teleran¢e | Units
1 Length of test piece 55,00 tggg * mm
2 Half-length of test piece 27,5 +0,2 |* mm
3 Width of test piece 10,00 +0,06 mm
4 Thickness of test piece 10,00 +0,07 |* mm
5 Ligament length 8,00 +0,06 mm
6 Angle of notch 45,0 +1,0 |[* °
7 Radius at base of notch 0,250 +0,025 mm
8 Angle between adjacent faces 90,00 +0,15 |* °
9 Angle between plane of symmetry of notchiand longitudinal 90 +2 o
axis -
. . +0,10 |,
10 Radius of anvils 1,00 0,00 mm
11 Angle of taper of anvils 11 +1,0 °
12 Distance between anvils 40,00 jg‘(l)g * mm
13 Distance of strikingedge from plane of symmetry of anvils — 0,25 [* mm
14 Angle of striker 30 *1 °
15A Radius of striking edge of 2 mm striker 2,00 tg’(z)g * mm
15B Radius-efstriking edge of 8 mm striker 8,00 +0.05 mm
15C Radius of shoulder of 8 mm striker 0,25 tg’gg mm
15D Width of striking edge of 8 mm striker 4,00 +0,20 mm
NOTH 1 ‘Tolerances followed by an asterisk * are tighter than those in ISO 148-1 or ISO 148-2.
NOTH2 =See Figures 1 and 2
a  SeeFigure 1.

5.1.3 Capacity

The capacity of a reference machine (nominal initial potential energy) shall be appropriate for the
specimens to be tested and certified with it. Certified energies shall not exceed 80 % of the machine

capacity.

5.1.4 Hardness

The portions of the striker and the anvils (see Figure 1) that contact the specimen and apply or react to
the impacting force shall have a minimum hardness of 56 HRC.

© IS0 2016 - All rights reserved 5
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5.1.5 Vibration

Ensure that the reference machine is not subjected to external vibrations induced by other equipment
in close proximity, such as forging hammers, presses, moving vehicles. The machine shall also be free of
excessive vibrations during an impact test.

NOTE Such vibrations can be detected by placing a small container of water at any convenient location on
the machine framework; the absence of ripples on the water surface during an impact test indicates that this
requirement has been met. Excessive vibration in a machine firmly fastened to the floor indicates the need for a
separate foundation and/or the use of vibration isolators.

mechanicm

TTeTr

5.1.6 Ene

av.indic
oJ

T

ating
b =]

The resolutipn shall be at least 1/400 of the nominal energy.

5.2 Verification of reference testing machine

ication shall be carried out in accordance with ISO 148-2 and_with the additional

s of 5.1.

Direct verif]
requirement

Indirect ver
bias shall be|

All equipme
and shall ha
performing

fication shall be carried out using certified reference test piece;The repeatability an
as specified in Table 3.

ht used for inspection and verification of a reference tésting machine shall be calib
ve a certified traceability to the SI System (the international system of units). The
the verification shall maintain calibration records forall inspection, measurement an

d the

rated
body
1 test

equipment.

The dates a
reference m

nd details of all inspections and repairs .shall be documented and maintained for|each

hchine by the owner of the machine.

Table 3 — Repeatability and bias of reference pendulum impact testing machines
Abdorbed energy Repeatability Allowed bias
K

<40] <2] *2]

>40] <5 % of KR 15 9% of KR
Repeatability is the standard deyiation of the Kr values measured on a least 10 reference test pieces.
Bias is given by K- Kq
where

— K, HK, +K3% ...+ K,

n
where n = 10

6 Reference test pieces

6.1 General
Guidelines for the preparation, certification, and use of (certified) reference materials have been drawn

up by ISO REMCO, the ISO Committee on reference materials (see References [3] to [Z]). The procedures
described below provide more details, specific to the case of Charpy reference test pieces.

6.2 Material

All the test pieces from a batch shall come from a single ingot or melt.

6 © IS0 2016 - All rights reserved
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All test pieces shall be made of steel. The composition of the test pieces is not specified. Batches with
different energy levels may have different compositions.

All test pieces from a batch shall receive the same heat treatment.

For each batch, the level for the reference absorbed energy is characterized by using one of the
following ranges:

— Low:<30]

— Medium: 230 to 110 ]

— HighT=t10710 2007

— Ultra-high: 2200 ]

6.3 |Dimensions

The reference test pieces shall meet the dimensional requirements given jn Table 2.

NOTE These dimensions are identical with those in ISO 148-1, except that some of the tolerancgs are tighter.
The rfadius at the base of the notch shall be tangential to the notchangle.

The qurface finish, Ra, shall not exceed 1,6 pum on the notched‘surface and 3,2 um on the other surfaces.
6.4 | Marking

All t¢st pieces shall be permanently marked so _that each test piece can be distinguished from all
the others.

The test piece may be marked on any face not'in contact with supports, anvils or striker and|at a position

such
energ

6.5

6.5.1
from

6.5.2

that plastic deformation and surfacediscontinuities caused by marking do not affect {
'y measured in the test.

Qualification of a batch:of reference test pieces

Any group of test pieces meeting the requirements of 6.2, 6.3 and 6.4 may be used
which reference teStpieces are randomly selected.

rand¢m from th&batch and test them on one or more reference machine(s). Take the referer

enertg
averd

NOTH

ry of the.batch as the grand average of the values obtained for the 25 or more test pie
ge ofithie mean values obtained on the different reference machines.

he absorbed

as the batch

To determine’the reference energy of a batch, draw one or more sets of at least 25 test pieces at

1ce absorbed
res, or as the

The certified values can be determined using other methods, providing the method use

 conforms to

ISO Guide 34 and ISO Guide 35IZ].

6.5.3 Also calculate the standard deviation. The standard deviation shall be as specified in Table 4.

Table 4 — Maximum allowable standard deviations permitted for Charpy reference test pieces

Energy Standard deviation
KR
<40] <2,0]
>40] <5 % of KR

6.5.4 Thereporton the impact tests of the reference test pieces shall include the following information:

© ISO
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striker geometry;

temperature at which the tests were performed;

Is necessary for the identification of each test piece;

energy value, K, of each test piece, corrected for air resistance and friction, with the striker radius
and specimen type indicated (KV>3, KVg, KU, or KUg);

the reference absorbed energy and the associated standard deviation;

uncertainty associated with the reference absorbed energy value measured for the set.

a)
b)
c) all detai
d)
e) value of
f)
NOTE In
6.6 Refer]

After the ch
batch, draw
shall remain

formation on calculating uncertainty is given in Annex A.

ence test piece sets

the remaining test pieces in sets of five. These are the test piece sets. Each test pie
intact with no substitution permitted.

cates for reference test pieces

reference test pieces shall be accompanied by a certificate which provides the folld

e to this part of ISO 148, i.e. [SO 148-3;

ademark or reference number of the producers

e absorbed energy value of the set and_its uncertainty at the stated level of confidenc
feometry;

ture at which the reference specimen should be tested;

Fy information for appropfiate use of the reference test pieces;

d general description of the material;

r's code for the bateh;

| use (makingreference to ISO 148-2);

ion of they(metrologically valid) procedure used to determine the certified value;

nt on the metrological traceability of the certified value;

practerization set(s) to be tested by the reference machine(s) have beenxdrawn fromn the

e set

wing

he

conditions and shelf-life (period of validity).

Notes for using sets of reference test pieces

7 Certifi
Each set of

information
a) refereng
b) name, t1
c) refereng
d) striker g
e) tempers3
f) necessa
g) name af
h) produce
i) intende
j)  descript
k) stateme
1) storage
8

8.1

Indirect verification of an industrial machine shall be performed in accordance with ISO 148-2 using
the reference test pieces, the striker and the temperature specified by the producer of the test pieces.

8.2 All the reference test pieces in each set shall be used for a single, indirect verification of the
pendulum impact testing machine, testing the test pieces in random order and including all the results in
the average. Substitution or replacement of individual test pieces by test pieces from another reference
set is not permitted.

© ISO 2016 - All rights reserved
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Dimensions in millimetres

14 14 |
l
!
784
X
a) 2 mm striker b) 8 mm striker
|
a w13
N

-

| ) |
|
1 4,

—2 a
- Y ‘\'
/ S
} 7

10 ZG_X 10
\
11 12 1

c) Overview

NOTE See Table 2 for geometrical characteristics.

a Line of strike.

Figure 1 — Dimensions of test pieces, anvils and strikers
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Figure 2

zed test piece
supports

fest piece, W
test piece, L

of test piece, B
strike

of pendulum swing

— Configurationof test-piece supports and anvils in a reference pendulum imp3ct

testing machine
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Annex A
(informative)

Uncertainty of the certified KV value of Charpy reference materials

A.1 Background

Whe1|1 performing an indirect verification of a pendulum impact testing machine, one‘é¢pmpares the
refergnce KV value of the reference test pieces with values measured on the pendultim inppact testing
machine under verification. To determine the measurement uncertainty of this,indirect verification
exerdise and, later, the measurement uncertainty of Charpy measurements omthe verifidd pendulum
impaft testing machine, one needs the uncertainty of the reference value. Therefore, this|uncertainty
should be assessed and provided by the reference material (RM) producef:

The [SO Committee on reference materials (REMCO) has drawn up a series of documents pn reference
matefials production and use, which are released as ISO Guides (see References [3] to [7]){ Approaches
to tagkling the uncertainty aspect of RM production are describéd in generic terms in ISO Guide 34
and ip more technical-statistical detail in ISO Guide 35. ThisAhnex provides an ISO-Guidg¢s-compliant
practlical framework for the calculation of the uncertainty-of the certified absorbed energy value of a
Charpy RM. The text is based on current approaches folleawed by national metrology instifutes (NMIs)
active in the Charpy field. The approaches presentedthere can be used as a guideline py potential
new [Charpy RM producers, as well as by the users 6f:Charpy RMs who require more insjght into the
uncertainty stated by the RM producer on the RM eertificate.

A.2 | The GUM-compliant uncertainty budget

ISO Guide 35 provides a basic, GUMI8~compliant, model for the certification of batcheq of certified
referpnce materials (CRMs). In Charpy terms, the model can be expressed as follows:

RVp =KV 4. + 6KV, 40KV + 6KV (A1)
wherje
KVchar is'the KV value obtained from the characterization of the batch (comparipg results
from different machines);
KVhom is an error term due to variation between samples (comparing results in[repeatabili-

ty conditions on a single pendulum);

Vits, KVsts  are error terms due to the Iong-term and short-term instability of the RM (compar-
ing results of samples exposed to different ageing periods).

Homogeneity and stability studies are most often designed in such a way that the values of the
corresponding error terms are zero. However, the uncertainties of the error terms are not (always)
zero. Assuming independence of the variables, the uncertainty of the certified value of the Charpy RM,
therefore, can be expressed as:

[ 2 2 2
Urm = \/uchar T Unom T Ujes T Usts (A.2)

The better the within-instrument repeatability and the between-instrument reproducibility, the
smaller uchar will be. The better the between-sample homogeneity, the smaller upom will be. Sometimes,
the material homogeneity is very good, and upom is dominated by within-instrument repeatability. This
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is not the case for typical Charpy RMs. The better the stability of the RM microstructure, under the
appropriate transport and storage conditions, the smaller ugts and uys will be.

A.3 KVp, the certified KV of a batch of Charpy RMs

Charpy RMs are produced batch-wise. The KV values of samples from a single batch vary from sample
to sample. Yet, the whole batch will be assigned a single certified KV value. Obviously, this could be
best estimated by testing all samples. However, since the impact test is destructive, there would be
no samples left for distribution as reference materials. Instead, a representative selection of samples
is taken from the batch and tested. An average value will become the certified value, KVg. This can be
the average f=s Aptes—testee Te-AVerage TeHTERT e AR beretps—of the
samples tested.

A.4 uchap|the uncertainty of the average KV of a batch of Charpy RMs

A.4.1 Differences between pendulum impact testing machines

Even if one
question rerj
by inaccura
measure the
composition|

would break all samples of a batch to determine the average K1Zof the batch, sti
hains whether the average value obtained under the particular test conditions is aff
Cies in the tests performed. To reduce this uncertainty, RM producers generally 4
property to be certified in different independent ways. Eerproperties such as the che
of an RM, one can often use different methods. Howevet, in the case of pendulum in

tests, the onfly way to measure the “method-defined” KV value is\te' do Charpy pendulum impact

in accordang
metrologica

To reduce t}
values, one
larger the n
samples, the
is only true
is the appro:
material cer

A.4.2 Inte

When a suff
average valy

Uchar =

where

!

e with the applicable standard procedure (ISO 148>1), to which the certified values W
ly traceable.

le effect of machine-specific bias from the §tandard procedure on the certified refe
ften performs pendulum impact tests on“several pendulum impact testing machines
mber of pendulum impact testing machines used to assess the average of a single ba
more likely it is that the average of thevalues obtained is true and unbiased. Of coursg
it the condition that individual participating pendulums are good quality instruments
ich of both inter- and intralaboratory comparisons, currently followed in Charpy refe
tification, and recommended.in ISO Guide 35.[7Z]

rcomparison among p pendulum impact testing machines (p = 6)

icient number of‘machines participate in a comparison, the standard uncertainty
e is calculatedras:

S
p

c

1 the
bcted
ry to
mical
hpact
tests
ill be

Fence
. The
tch of
, this
This
rence

f the

(A.3)

Uchar
p

Sp

is the uncertainty from the characterization of the batch;
is the number of laboratories or instruments participating in the intercomparison;

is the standard deviation of the laboratory mean values.

This approach assumes that the individual laboratory mean values are normally distributed, and
that the instruments or laboratories participating are a representative sample from the population
of Charpy pendulum impact testing machines that meet the dimensions and performance criteria
specified in ISO 148-2. The number of degrees of freedom, v¢har, associated with this way of calculating
Uchar is p—1. ISO Guide 35 recommends a minimum number of six laboratories or instruments for this
approach (ISO Guide 35:2006, 9.4.2.3.1).
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A.4.3 Intercomparison among p pendulum impact testing machines (p < 6)

When the number of instruments participating to the comparison is limited, the value sp is not a
reliable estimate of the standard deviation of the mean values between instruments. To assess Uchar,
other methods should be used. These methods combine the systematic differences observed between
the instruments participating in the intercomparison (between-instrument uncertainty) and the
measurement uncertainty assessed for the individual instruments (within-instrument uncertainty). An
example is the so-called “BOB” or Type-B-on-bias-approach (see Reference [9]).

To have better control over the quality of the impact pendulums participating in the certification
exercise, some CRM producers prefer to limit the number of impact pendulums to those in their own

labo
mach
This

A5

The {
of th
mate
term
short
shou
of Ch

A.6

Due to

samp
valud

. Liaad. 1oL, 4+ T L 1o £L N PN N £ir L1 L daofios £ £
ALUI y \llll.l dldiuUul dlUl y). 1I'II1OS alJlJl UdUIT UTITT S ULIIT DUITICTIL UL UUTLLTT ucxuuus LIIC T ausc 14
ine performance. However, it can be argued that it affects the independence of the aver
s why the interlaboratory comparison is generally preferred in ISO Guide 35.

Uncertainty due to material instability

tability of the certified value of a CRM is typically threatened by twa@ possible effects:

Fial during storage between the moment of production and the distribution to the CRN

stability). In the case of the steels currently used for the{production of Charpy Cl
- nor long-term stability has presented problems (see References [10], [11] and [12]). H
d remain a subject of investigation, especially when selecting new types of steel for th
arpy CRMs. Until then, the values for ujts and ugts are considered negligibly small.

Uncertainty due to sample-to-sample variation — Homogeneity of t

the heterogeneity of the steel microstructure, and the nature of the impact fract
les from the same batch often have measurably different KV values. This implies that
of the set of verification test pieces‘tested by the CRM user is not exactly the same as

r acceptable
aged values.

degradation

e material during transport from producer to user (short-term stability), and degradation of the

1 user (long-
RMs, neither
owever, this
e production

he batch

ure process,
the average
the average

of th¢ RM batch from which the set wasdrawn.
For gq single sample, the standard uncertainty, unom, associated with this homogeneity fssue equals
the dtandard deviation of the—~batch, spm. To assess this standard deviation, tests ar¢ performed

on a
repes
comi

NOTEH
this ¢
(analy

Expe
stang

representative number” of 'samples npom, selected from the batch. The tests are p

hg from machine, dperator or other factors.

The value‘of)spm can also be deduced from the results of the interlaboratory compariso
hse, the within-laboratory and the between-laboratory variance of the results are separated
sis of variaiice). The within-laboratory variance is related to spM.

Fienceshias shown that it is difficult to obtain large batches of Charpy reference test |
ard‘deviation smaller than 3 %. At least, this is the case for the hardenable kind of s

erformed in

itability conditions, eXcluding or at least minimizing the contributions to the standayrd deviation

h (see A.4). In
using ANOVA

ieces with a
teels needed

for tH

e hrnr]nr‘hnn of cnmp]nc at different energy levels with 2 minimum hnrdnncc so-as

to truly put

the pendulum to a test during verification. To reduce this relatively large contrlbutlon to the overall
uncertainty of the certified value, it is common practice that the CRM user tests a set of samples of
the batch, rather than a single sample, to verify a pendulum. (Actually, ISO 148-2 prescribes the use of
at least five test pieces.) The chances that the average of a set of test pieces equals the average of the
whole batch increases with ny, the number of test pieces used in the indirect verification, reducing the
corresponding uncertainty contribution according to Formula (A.4):

s
_ °RM
Upom = \/7 (A4)
Ny
The number of degrees of freedom of this uncertainty contribution, vhom, equals (nhom — 1).
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A.7 Combined and expanded uncertainty of the certified value, and how to
report them

If the uncertainty contributions from material instability can be neglected, the combined standard
uncertainty, ury, is calculated from the remaining standard uncertainty contributions, uchar and upom,
as follows:

2
char

Upy = \JU —|—u}210m (A.5)

Usually, the uncertainty of a certified value on the certificate is specified for a confidence level of about

95 %. Therd
coverage fa
associated ¥
approximati
degrees of f7
of freedom,

k= tos(v

fore, the standard combined uncertainty, ugm, has to be expanded using an approy
'tor, k. The coverage factor to be used depends on the number of degrees of/fre
vith the combined uncertainty, which can be computed using the Welch-Satterth
pn (see Reference [8]). For a typical case (see example in A.8), the number -0f effd
eedom is larger than 20 and a coverage factor of k = 2 can be used. If the naniber of de
brM, is smaller, the coverage factor can be calculated as:

RM)

riate
bdom
vaite
ctive
brees

(A.6)

with t value
reference te
UrM, and th
reference te
Annex A):

5 taken from the non-standard GUM table (see Reference [8))« The certified value, KViy, of
5t pieces always has to be reported together with the corrésponding expanded uncertainty,
e coverage factor and/or confidence level (see Reference [5]). For the case of Charpy
5t pieces, the user will benefit from the following additional information (see ISO 148-2,

1) Vchar the number of degrees of freedom of uchar, orithe number p of laboratories/instrurhents

particippting in the laboratory comparison;
2)

standar terial

inhomo

1 deviation, spym, of the homogeneity teSt results, as a measure for the reference ma
beneity, as well as npom, the number pfsamples used to determine the homogeneity;

value of] RMs

to anotH

3) Uchar, Which is required for transferring the certified value from one batch of Charpy

er batch (see A.9).

A.8 Example

atch,
Its.

An RM producer has processed-a batch of Charpy test pieces. To assess the homogeneity of the I
one laboratqry is chosen tatest 25 test pieces in repeatability conditions. Table A.1 shows the rest

ubbs’
ction
ectly

First, the data are screened for statistical outliers (as described, for example, in ISO 5725-2[13]). Gr|
testreveals that the result of sample 22 is a statistical outlier at the 95 % confidence level. An insp¢
of the sample reveals no abnormal anvil or striker traces, indicating that the sample was cort
positioned during the test. Also, no trivial error was detected when inspecting the test report. Since
there is no technical-explanation-indicating that the resultis-an outlier due to reasons-externalto the
sample, the result cannot be excluded from the homogeneity analysis. If one had detected a technical
explanation in the sample itself (such as a significant microstructural flaw on the fracture surface),
the result could not have been eliminated either, since this flaw is related to the material homogeneity,
which is the object of the homogeneity assessment.

When comparing the obtained value, spy, (3,57 ]) with the average value of KV (124,74 ]), it is confirmed
that the batch meets the criterion imposed in Table 4 on batches of Charpy reference materials
(SRM = 5 % of the average value). Based on the intended use of the samples, the CRM producer chooses
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