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1 SCOPE

This procedure covers the evauation of uncertainty in the determination of Charpy impact test
energy and related quantities according to the European standard EN 10045: Metdlic
materias- Charpy impact test.

Part 1: Test method. (1990).
Part 2. Verificaion of the testing machine (pendulum impact). (1993).

This European standard specifies the impact test according to Charpy (U- and V-notch) for
determining the impact drength of metdlic materids For cetan specid metds and
applications the Charpy impact test may be subjected to specific andards or specia
regulations.

2.  SYMBOLSAND DEFINITIONS

For a complete list of symbols and definitions of terms on uncertainties, see Section 2 of the
man Manud®. It should be noted that not al the symbols and definitions of terms on
uncertainties used in this Code of Practice are consistent with the GUM?. In afew cases there
are conflicts between the symbols used in the above mentioned test stlandards and the GUM.
In such casesthe test Standards are given preference.

Thefollowing lig gives the symbols and definitions used in this procedure.

As indicated energy on the impact machine
G sengtivity coefficient
Cr sengitivity coefficient of temperature

COD coefficient of determination
CoP Code of Practice
CRM Ceatified Reference Materid

dy divisor used to caculate the sandard uncertainty
€rs error on the indicated energy of impact machine from cdibration certificate
€n1 error of impact machine determined from testing CRM specimen

€ABCR uncertainty of testing a batch of five CRM specimens

€sCcR uncertainty of the Certified vaue of CRM

E vaue of absorbed energy from a batch of reference Charpy-V specimens
Emen mean vaue of E from five CRM specimers

Escr Certified vdue for the energy of a batch of reference Charpy-V specimens

h height of test piece

k coverage factor used to caculate the expanded uncertainty (corresponding
to a 95% confidence level) where a norma probability distribution can be
assumed
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Ko coverage factor used to caculate an expanded uncertainty (normdly
corresponding to 95% confidence level) ) where a normd probability
distribution cannot be assumed (see Ref. [1], Section 2)

KU energy absorbed, U-type notched test piece

KV energy absorbed, V-type notched test piece

I length of test piece

number of repeat measurements

confidence level

experimenta standard deviation (of a random variable) determined from a

limited number of measurements, n

nomind test temperature (in degrees Cesius or Kelvin, as indicated)

standard uncertainty

combined standard uncertainty

uncertainty in temperature

expanded uncertainty

vaue of the measurand

width of test piece

Xo mean vaue of measurements on r, test specimen

Net effective degrees of freedom used to obtain k;, (see Ref. [1], Section 2)

n; degrees of freedom of standard uncertainty u (see Ref. [1], Section 2)

nw T S

s <cg&cH

3.  INTRODUCTION

It is good practice in any measurement to evauate and report the uncertainty associated with
the test results. A statement of uncertainty may be required by a customer who wishes to
know the limits within which the reported result may be assumed to lie, or the test |aboratory
itsedlf may wish to develop a better understanding of which particular aspects of the test
procedure have the greatest effect on results so that this may be controlled more closdy. This
Code of Practice (CoP) has been prepared within UNCERT, a project funded by the
European Commission’s Standards, Measurement and Testing programme under reference
SMT4-CT97-2165 to smplify the way in which uncertainties are evauated. The am is to
produce a series of documents in a common format which is easily understood and accessible
to customers, test laboratories and accreditation authorities.

This CoP is one of saventeen produced by the UNCERT consortium for the estimation of
uncertainties associated with mechanical tests on metalic materids. The Codes of Practice
have been collated in asingle manua ™ that has the following sections:

1. Introduction to the evauation of uncertainty

2. Glossaxy of definitions and symbols

3. Typica sources of uncertainty in materids testing

4. Guiddinesfor the etimation of uncertainty for atest series
5. Guidelines for reporting uncertainty
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6. Individud Codes of Practice (of which thisis one) for the estimation of uncertainties in
mechanical tests on metdlic materias
This CoP can be used as a stand-done document. For further background information on
measurement uncertainty and vaues of standard uncertainties of the equipment and
instrumentation used commonly in materid testing, the user may need to refer to Section 3 of
the Manud ™. The individua CoPs are kept as smple as possible by following the same
dructure; viz:

The main procedure
Details of the uncertainty calculations for the particular test type (Appendix A)
A worked example. (Appendix B)

This CoP guides the user through the various steps to be carried out in order to estimate the
uncertainty in Charpy Impact Energy.

4, A PROCEDURE FOR THE ESTIMATION OF UNCERTAINTY IN
CHARPY IMPACT TEST ENERGY

Step 1. ldentifying the Parameter s for Which Uncertainty isto be Estimated
The firg gep is to lig the quantities (measurands) for which the uncertainties must be
caculated. Table 1 shows the parameters that are usualy reported as results from the test
procedure. Often intermediate measurands are recorded by the laboratory, but are not
necessarily reported to the customer. Both types of measurand are listed in Table 1.

Table 1 Measurand, their units and symbols within EN 10045 — 1

Reported M easurand Unit Symboal
Energy absorbed J KV or KU
Other Measurements

Height of test piece mm h
Width of test piece mm w
Length of test piece mm I
Notch geometry:

- Height below notch mm -

- Radius of curvature mm -

- Angle of notch ° -
Test temperature °C T

The energy absorbed is measured directly by the impact testing machine (pendulum type). The
testing machine should be calibrated according to EN 10045 - 2.
The specimen dimensions should be within the specification according to EN 10045 - 1.

Page 3 of 17



SM&T

Standards Measurement & Testing Project No. SMT4-CT97-2165
UNCERT COP 06: 2000

Step 2. Identifying all Sour ces of Uncertainty in the T est

In Step 2, the user mugt identify al possible sources of uncertainty which may have an effect
(either directly or indirectly) on the test. The lig cannot be identified comprehensvely
beforehand as it is associated uniquely with the individud test procedure and apparatus used.
This means that a new list should be prepared each time a particular test parameter changes
(eg. when a plotter s replaced by a computer). To help the user list al sources, four

categories have been defined. Table 2 ligts the four categories and gives some examples of
sources of uncertainty in each category.

It is important to note that Table 2 is NOT exhaustive and is for GUIDANCE only - rative
contributions may vary according to the materid tested and the test conditions. Individud

laboratories are encouraged to prepare their own list to correspond to their own test facility
and assess the associated significance of the contributions.

In the case of measuring the absorbed energy from impact testing it is very difficult to caculate
the influence of each source of uncertainty. The gpproach of cdibration by usng a Certified
Reference Materid (CRM), and congdering errors in the accuracy, CRM repesatability and
test sample repeatability is probably the best approach. For the indirect verification of a
Charpy impact machine 10 tests (5 x 2 sets of gpecimens) must be carried out periodicaly
usng a sngle CRM. However, for alaboratory making impact tests on arange of dloys, more
classes of materid toughness have to be consdered. Five CRMs are avalable from BCR to
cover this range (Smilar CRMs are avallable from USA). From this indirect verification the
error of the test system is determined.

The other measurements from Table 1 are taken to check if the specimen dimensions and the
temperature is within the limits of tolerance. If they are not, these measurements are not used
for correcting the energy vaues, but it is reported that:

the messured impact energy is measured on a pecimen with different dimensons, or

the measured impact energy is measured a a different temperature.

Table 2 Typicd sources of uncertainty and their likely contribution to the uncertainties on the
measurand and measurements for a Charpy impact energy
(1 =mgor contribution, 2 = minor contribution, blank = inggnificant (or no) contribution, * -

affected indirectly)
Sour ce of uncertainty Type' | KVor h w T
KU
1.Test Piece
Micrometer / operator errors in measuring AorB 2* 2 2 2
specimen dimensions
Shape tolerance, edge effects B 2* 2 2 2
Shape tolerance of notch, notch depth B 1*
2. Test system
Stiffness of the machine, fastening on B 1*
foundation
Accuracy of calibration energy measurement A 2*
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Error of the test system A 1

Adjustment of specimen anvils and supports, B

horizontal position of specimen with respect to 1*

the centre of strike

Temperature measurement, calibration B 1-2
3. Environment

Poor control of ambient temperature B 2*

Takes too long time, specimen temperature B 1* -2 1-2
change

Poor control of specimen temperature B 1* -2 1-2
4. Test Procedure

Incorrect adjustment of machine or specimen B 1*

position

Incorrect read out of energy B 2*

T see Step 3

To samplify the cdculations it is advisble to group the significant sources of uncertainty in
Table 2, in the following categories:

Uncertainty in Charpy input energy due to test piece and notch geometry.
Uncertainty in the test system.

Uncertainty in the environment.

Uncertainty in the test procedure.

A WN B

Step 3. Classifying the Uncertainty Accordingto Type A or B

In this third step, which is in accordance with Reference 2, 'Guide to the Expression of
Uncertainties in Measurement', the sources of uncertainty are dassfied as Type Aor B,
depending on the way their influence is quantified. If the uncertainty is evauated by Satidticd
means (from a number of repeated observations), it is classfied Type A, if it is evduated by
any other meansit should be classfied as Type B.

The vaues associated with Type B uncertainties can be obtained from a number of sources
including a calibration certificate, manufacturer's informeation, or an expert's estimation. For
Type Buncertainties, it is necessary for the user to estimate the most appropriate probability
digribution for each source (further details are given in Section 2 of Ref. [1]).

Step 4. Estimating the Standard Uncertainty for each Source of Uncertainty

In this step the standard uncertainty, u, for each input source identified in Table 2 is estimated
(see Appendix A). The standard uncertainty is defined as one standard deviation and is
derived from the uncertainty of the input quantity divided by the parameter, d,, associated with
the assumed probability distribution. The divisors for the typica distributions most likely to be
encountered are given in Section 2 of Ref. [1].
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Theindividud influences of each source of uncertainty on the energy absorbed is very complex
and not practical. The smplest way isto use a CRM to cdibrate the whole system, and
consider the errors, CRM repesatability and test sample repeatability. The remaining sources of
uncertainty and their influences on the evaduated quantities are summarised in Table 3, with a
more complete explanation of their derivation appearing in Appendix A. Appendix B givesa

worked example.

UNCERT COP 06: 2000

Table3 Typica worksheet for uncertainty calculationsin Charpy-V absorbed energy
measurement
. Value [J] | Probability | Divisor u(KV) | vior
- Ci
Symbol |Source of Uncertainty or %] | distribution|  dy i ] Vet
Escr [Certified value of CRM
escr  |uncertainty of the Certified value of CRM" normal 2 1 ¥
error of impact machine from calibration
€as s .
certificate:
Emean |Mean of 5 measurements on CRM
€aecr  [uncertainty of CRM testingz) normal 1 1 4
o error of impact machine determined from
A testing 5 CRM specimeng)
Measure on a material with n, =3
X2 mean value
e error of the impact machine for the
- mean value x,
Us standard deviation from n, specimenA) normal 1 1 2
Ug effect of error of readings) rectangular 1 ¥
Us effect of specimen dimensions” rectangular 1 ¥
Uc combined standard uncertainty7) normal
U expanded uncertainty” k, = normal

1) seeSectionAl
2) incudesdl variation of the machine and adjusments &t that time
3) theerror isapercentage of the absorbed energy, determined from a higher energy level
4) includesdl contributions of the meterid
5) divisor is 3 for anadogue and O12 for digital readouts
6) includes specimen dimengons within pecification

7) seeStep 5
8) sceStep 6
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Step 5. Computing the Combined Uncertainty u.

Assuming that individua uncertainty sources are uncorrelated, the measurand's combined
uncertainty of the measurand, u(y), can be computed using the root sum squares.

UC(Y)=\/§ [c;u( )1 D)

i=1
where ¢ is the senstivity coefficient associated with * ;. This uncertainty corresponds to plus or
minus one standard deviation on the norma distribution law representing the studied quantity.
The combined uncertainty has an associated confidence level of 68.27%.

Step 6. Computing the Expanded Uncertainty U

The expanded uncertainty, U, is defined in Reference 2 as “the interval about the result of a
measurement that may be expected to encompass a large fraction of the distribution of vaues
that could reasonably be atributed to the measurand”. It is obtained by multiplying the
combined uncertainty, u, by a coverage factor, k, which is sdlected on the basis of the level of
confidence required. For a normal probability digtribution, the most generaly used coverage
factor is 2 which corresponds to a confidence interva of 95.4% (effectively 95% for most
practica purposes). The expanded uncertainty, U, is therefore, broader than the combined
uncertainty, 4. Where a higher confidence leve is demanded by the customer (such as for
aerospace, eectronics, ...), a coverage factor of 3 is often used so that the corresponding
confidence level increases to 99.73%.

In cases where the probability ditribution of w is not norma or where the number of data
pointsused in Type A andyssis smdl, the value of k should be caculated from the degrees of
freedom given by the Welsh Satterthwaite method (see Reference 1, Section 4 for more
details).

Step 7. Reporting of Results

Once the expanded uncertainty has been estimated, the results should be reported in the
following way:

V=y+U 2
where V isthe estimated value of the measurand, y is the test (or measurement) mean result,

U isthe expanded uncertainty associated with y. An explanatory note, such as that given in the
following example should be added (change when appropriate):
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“The reported expanded uncertainty is based on a standard uncertainty multiplied by a
coverage factor, k = 2, which for anormal distribution corresponds to a coverage probability,
p, of approximately 95%. The uncertainty evauation was carried out in accordance with
UNCERT CoP 06:2000.”
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APPENDIX A

FUNDAMENTAL ASPECTSAND MATHEMATICAL FORMULAE FOR
CALCULATING UNCERTAINTIESIN CHARPY IMPACT TESTING

Assessment of the individud influence of each source on the energy absorbed is very complex
and not practicd. Therefore we use indirect verification with a Certified Reference Materid as
the only reasonable approach. Indirect verification accounts for the total energy absorbed at
fracture of the specimen. The remaining sources of uncertainty and ther influences on the
evauated quantities are summarised in Table 3 of the CoP.

The cdibration certificate for the direct verification includes the error inthe indicated energy of
the impact machine.

EN 10045-2 specifies that impact toughness machines should be certified by using the BCR
certified reference Charpy specimens or other specimens traceable to the latter, whereas
ASTM E23 requires the use of verification specimens with reference vaues determined by
NIST. CRMs have been made available by BCR at the following five nomind energy levels
30 J, 60 J, 80 J, 120 J, and 160 J. CRMs are available from NIST at three ranges of energy
(12.2-20.3J,88.1—-115J, 210 - 230 J).

Becauseit is not common practice to correct for the systematic error of the machine, this error
is taken into account linearly to the expanded uncertainty. According to NIST, cdibration or
correction curves should not be used because the source(s) and magnitude of the errorsin the
measured values a one energy level may not be the same a different energy levels.

Al. UncertaintiesIn The Certified Value Of CRM

The certified vaues of the CRM, which are given in the certificate belonging to the specimen,
are the mean value Bcr and the uncertainty of the certified value of the CRM &cr. The
uncertainty manly includes the effect of the variation between samples.

The I1SO 5725 standard is additiona to the GUM. The methods described in it have long been
used in test environments. They are based on the principles of a standardised method,
reference material, comparison and inter- or intra-laboratory variance. These methods,
athough seemingly very different from that of the GUM, can be conddered as a determination
of uncertainty by a type A method: experiments carried out by a wide range of laboratories
with very smilar specidisation and datistical processing of the results.

The vaues generdly published are:

- 11 repestability limit: The vaue less than or equd to which the absolute difference between
two test results obtained under repeatable conditions may be expected to be with a probability
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of 95% (results are obtained with the same method on identicd test items in the same
laboratory by the same operator using the same equipment).

- R: reproducibility limit: The vaue less than or equa to which the absol ute difference between
two test results obtained under reproducible conditions may be expected to be with a
probability of 95% (results are obtained with the same method on identicd test items in
different laboratories with different operators usng different equipment).

If the R of astandardised method is published, thens = 2—55 can be taken asthe

standard deviation of a measurement carried out scrupuloudy in accordance with the method,
by approximating 22 » 2.8. In other caseswe use's = egcr / 2.

The following uncertainties have to be considered:
1) Uncertainty from standard deviation of a measurement on a CRM:
Uh = €3cR / ZCQ (4)

2) The uncertainty due to testing the CRM specimens

The error of the impact machine ex; is caculated as Eqyen — Escr, Where:
Enean:(E1+E1+E1+E1+E1)/5 (5)
Escr = the certified vaue of the absorbed energy from a sngle batch of reference
Charpy- V specimers.

BCR did not follow the GUM in the uncertainty caculaion until end of 1999, in the examplein

Appendix B the vdue d, = 2 is used. For new samples from BCR the vaue d, = 2.8 should

be used.

It is not common practice to correct for the systematic error of the machine, therefore this

eror is taken into account linearly with the expended uncertainty. Calibration or correction

curves should not be used according to NIST, because the source(s) and magnitude of error
for energy vaues a one energy leve may not be the same a different energy leves.

A2.  Uncertainty In Energy Values Obtained From Test Specimens
The following uncertainties have to be consdered:
1) Uncertainty due to testing n specimens

2) Uncertainty due to the error of reading of the energy vaue, associated with the grade mark
on the energy scde:
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tol limit
U= erar:jce imi ©)

The divisor d, is G8 for analogue readouts and O1.2 for digital readouts.
A3. Uncertainty Due To Specimen Dimensions

As the measured impact energy is not corrected for the gpecimen cross-section, the
dimensons of the cross-sectional area below the notch directly influences the energy
absorbed. The calculated uncertainty due to the uncertainty in cross-sectional area caused by
vaidionsin the specimen dimensons, including the depth of the notch, is assumed to vary
linearly with the cross-sectional area. Probably this is not a conservative approach. Table
X11 of ASTM E23 [3] shows the effect of varying the notch dimensions on standard
specimens. From thistableit can be caculated that changing the notch depth by 1.5% can give
energy changes up to about 5 to 8%, depending on the mean energy vaue. Thisis based on a
few measurements only and the reproducibility of the mean vaue is about the same order of
magnitude. As long as more data are not available, the proposed influence is the most practica
goproach. Uncertainty due to specimen dimensions, assuming a linear relationship according
(6). The tolerance limit is about 1%, with arectangular probability distribution.

A4. Uncertainty Due To Test Temperature

The measured energy depends directly on the specific test temperature at which the test was
performed. The stated temperature should be corrected for uncertainty and in that case no
uncertainty for temperature shoud be added. If the impact energy is required for a specified
temperature, a which the test is done, then the uncertainty due to temperature should be
included. Specid attention should be paid to salect the right vaue for the sengtivity coefficient
G, especidly if the temperaure is in the trangtion range of the materid being tested. The
uncertainty is
u=cr.ur/d (7

where ¢ is the sengtivity coefficient, u- is the uncertainty in temperature and d, depends on
the digtribution of the temperature uncertainty.

A5.  Uncertainty Due To Specimen Notch Geometry

The influence of the specimen notch geometry is strong, especialy outsde the dlowable
tolerances of the standards. This influence is rot covered by the use of a CRM as they are
adways supplied in machined form and therefore any comparison does not include these
effects. It can be predicted that a sharper notch will give a lower energy levd, and a more
blunt notch will give a higher one. The effect of the notch geometry is dependent on materid,
mean level of energy (temperature), the sharpness of the fabrication tool and probably the
roughness of its cutting edge. Using a blunt tool can induce a degree of work hardening at the
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notch which can concelvably influence the impact energy, particularly when this energy levd is
on the lower shelf for sted specimens.
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Appendix B
Worked examplefor calculating uncertaintiesin Charpy Impact Test Energy

A customer asked alaboratory to obtain the Charpy Impact Energy of amaterid at a specific
temperature, tested according to EN 10045-1. The laboratory has a certified impact testing
machine, which was verified both with the direct and indirect verification according to EN
10045-2. The sources of the uncertainty measured on the CRM specimens are known, and
gvenin Table B1.1.

Suppose three stedd Charpy-V specimens were ested at T = —10 °C. The impact energy
vaues are given in Table B1.2. and the mean vadue and standard deviation from the three
specimens can be caculated. Now the uncertainty can be calculated according the outline and
formulae given in Table 3 of the CoP. In the example worksheet Table B2, the data from
Table B1 were used to cdculate the individud uncertainties which contribute to the total
uncertainty.

1. Uncertainty from BCR reference specimens (CRM)
Certified value of reference specimen Egcr 123.8 J

Uncertainty 45
Testing five CRM specimen on the impact machine.
eneragy absorbed E [J] residual residual’
specimen 1 126.2 4,72 22.28
specimen 2 127.1 3.82 14.59
specimen 3 129.5 1.42 2.02
specimen 4 134.8 -3.88 15.05
specimen 5 137.0 -6.08 36.97
sum 654.6 sum 90.91
Emean 130.92 S1 4.77
repeatability = Emax - Emin 108 J 8.7% (< 15%)
error ea1r = Emean - Escr 712 J 5.8% (< 10%)

2. Uncertainty from three test specimens

Material: steel Test temperature T = -10°C
energy absorbed E [J] residual residual’
specimen 1 90.5 -6.7 44.89
specimen 2 75.6 8.2 67.24
specimen 3 85.3 -1.5 2.25
sum 251.4 sum 114.38
Mean x; 83.80 S2 7.56

Table B1 Input data for the example worksheet for uncertainty caculation.
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TableB2 Exampleworksheet for uncertainty caculationsin Charpy-V absorbed energy

measurements.
; Value [J] | Probability | Divisor ui(KV)| vior
L . Ci
Symbol |Source of Uncertainty or %] |distribution| dy ] Ver
Escr |Certified value of CRM 123.8
escr  |uncertainty of the Certified value of CRM" 45 normal 2 1] 225 ¥
error of impact machine from calibration
eAs e . l
certificate:
Emean |Mean of 5 measurements on CRM 130.9
€ascr |uncertainty of CRM testingz) 4.77 normal 1 1] 213 4
error of impact machine determined from
ea1 . . 3) 5.8%
testing 5 CRM specimen
Measure on a material with no=3
X2 mean value 83.8
e error of the impact machine for the 48
2 |mean value x, '
Us standard deviation from n, specimen4) 7.56 normal 1 1] 437 2
Us effect of error of readings) 2.00 |rectangular| 8 1] 115 ¥
Us effect of specimen dimensions” 1% rectangular| B 1] 048 ¥
Uc combined standard uncertainty” normal 550 | 49
U expanded uncertainty” k, = 2.66 normal 19.5

8) A coverage factor of 2.66 was obtained from the student’s t-didribution table by
interpolation for ng = 4.9. The expended uncertainty: 4.8 + 2.66 *5.5=19.5 J.

9) UcrMm = 4512=225

10) Ungcr = 4.77/ 05=2.13

11) ea; = (130.9 — 123.8)/123.8 = 5.8%

12)us=7.56/03=4.37

B)w=2/03=115

14) us = 83.8/ 100/ GB = 0.44

15) u, = (2.25° + 2.13% + 4.37° + 1.15% + 0.48%) = 5.50. The effective degrees of freedom,
Ngr, Was calculated according to Eqn.7 in Ref. [1], Section 2, viz.:

16)

5504

2134 . 4374
4 2

Neff =

Page 16 of 17



SM&T

Standards Measurement & Testing Project No. SMT4-CT97-2165
UNCERT COP 06: 2000

Reported result

The mean Charpy Impact Energy from three specimensis 84 + 20 J.

“The above reported expanded uncertainty is based on a standard uncertainty
multiplied by a coverage factor k = 2.66, which for a normal distribution and ng = 4.9

corresponds to a coverage probability, p, of 95%. The uncertainty evaluation was
carried out in accordance with UNCERT COP 06:2000.”
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