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1. SCOPE

This procedure covers the eva uation of uncertainty of Ramberg- Osgood- Parameters from atensile
test. The Code of Practice is restricted to tests with adigitad acquisition of load and displacement.

EN 10002 Part 1-1990:" Tensile Testing - Method of Testing at Ambient Temperature”
EN 10002 Part 5-1990:" Tensle Testing - Method of Testing at Elevated Temperature’
ASTM E8-1998: Standard Test Methods for Tension Testing of Metallic Materials’

ASTM E111-1997: Sandard Test Method for Young's Modulus, Tangent Modulus, and

2. SYMBOLSAND DEFINITIONS

For a complete list of symbols and definitions of terms on uncertainties, see Reference 1, Section 2.
The following are the symbols and definitions used in this procedure.

Cro divisor-parameter

CoP Code of Practice

d, divisor used to caculate the sandard uncertainty

E Y oung's modulus

k coverage factor used to caculate expanded uncertainty (normally

corresponding to 95% confidence leve)

exponent- Parameter

number of repeat measurements

number of input parameters X on which the measurand depends
confidence leve

standard uncertainty

combined standard uncertainty

expanded uncertainty

vaue of the measurand

edimate of input quantity

arithmetic mean of the vaues of the random varigble x;
test (or measurement) mean result

stress

Py
@]

W< X< C& ST Z25 3

3. INTRODUCTION
It is good practice in any measurement to evaluate 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 laboratory itsef may wish to
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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 closdly.

This Code of Practice (CoP) has been prepared within UNCERT, a project funded by the European
Commisson’s Standards, Measurement and Testing programme under reference SMT4-CT97-
2165 to smplify the way in which uncertainties are eval uated.

The a@m is to produce a series of documents in a common format which is easly understood and
ble to customers, test |aboratories and accreditation authorities.

This CoP is one of seventeen produced by the UNCERT consortium for the estimation of
uncertainties associated with mechanica tests on metdlic materials. Reference 1 is divided into 6
sections as follows, with dl the individuad CoPs included in Section 6.

Introduction to the evauation of uncertainty

Glossary of definitions and symbols

Typica sources of uncertainty in materids testing

Guiddines for the estimation of uncertainty for atest series

Guiddines for reporting uncertainty

Individud Codes of Practice (of which this is one) for the estimation of uncertainties in
mechanica tests on metdlic materias

oA~ wWNE

This CoP can be used as a stand-done document. For further background information on the
measurement uncertainty and values of standard uncertainties of the equipment and instrumentation
used commonly in materia testing, the user may need to refer to Section 3 in Reference 1. The
individua CoPs are kept as smple as possble by following the same structure; viz:

The main procedure
Quantifying the maor contributions to the uncertainty for thet 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 of Ramberg- Osgoog- Parameters from a tensle testing.

4. A PROCEDURE FOR THE ESTIMATION OF UNCERTAINTY OF POISSON'S
RATIO FROM TENSILE TESTING

Step 1. ldentifying the Parameter s for Which Uncertainty isto be Estimated

The firgt step is to lig the quantities (measurands) for which the uncertainties must be calculated.
Table 1 shows the parameters that are reported.
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Table 1 Evaduated quantities, their units and symbols

M easur ands Units Symboal
Exponent - Parameter Dimensionless Mgo
Divisor - Parameter MPa Cro

Table 2 Measurements, their units and symbols

M easur ements Units Symboal

L oad applied during the test N F
Axid displacement mm e
Dimengon of the specimen mm o, bo, Or dy
Gauge length mm Lo

Step 2. Identifying all sources of uncertainty in the test

In Step 2, the user mugt identify al possible sources of uncertainty that may have an effect (either
directly or indirectly) on the test. The list cannot be identified comprehengvely beforehand as it is
associated uniquely with the individual test procedure and apparatus used. This means that anew list
should be prepared each time a particular test parameter changes (eg. when a plotter is replaced by
acomputer). To help the user ligt al sources, four categories have been defined. Table 3 ligs the four
categories and gives some examples of sources of uncertainty in each category. It is important to
note that Table 3 is NOT exhaugtive and is for GUIDANCE only - reétive contributions may vary
according to the materid tested and the test conditions. Individual laboratories are encouraged to
prepare their own list to correspond to their own test facility and assess the associated significance of
the contributions.

Table 3 Sources of uncertainty and their likely contribution to uncertainty of Ramberg-Osgood-

Parameters from tendle testing
[1=major contribution, 2 = minor contribution, 0 = no contribution (zero effect), ? = unknown]

Sour ce of uncertainty Type Mgo » Cro
1. Test specimen

Dimensona compliance B 2
Surfacefinish B 2
Resdud stress B ?
2. Test system

Origind gauge length B 1
Extensometer angular positioning B 1
Alignment B 1
Tooling siffness B 2
Uncertainty in force measurement B 1
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Uncertainty in € ongation measurement B 1
3. Environment

Ambient temperature and humidity B 2
4. Test Procedure

Zeroing B 1
Uncertainty in readings B 1
Uncertainty in stressrate (strain rate) B 1
Sampling frequency B 1
Proportiond limits B 1

To smplify the uncertainty cdculations it is advisable to regroup the significant sources affecting
Ramberg-Osgood parametersin Table 3 in the following categories:

Uncertainty due to errors of linear regression
Further andyss

The worked example in Appendix B uses the above categorisation when assessing uncertainties.
Step 3. Classifying the uncertainty according to 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 classfied as Type A or B,
depending on the way their influence is quantified. If the uncertainty is evauated by Satistical means
(from a number of repeated observations), it is classfied Type A, if it is evduated by any other
means it should be classified as Type B.

The vaues associated with Type B uncertainties can be obtained from a number of sourcesincluding
a cdibration certificate, manufacturer's information, or an expert's estimation. For Type B
uncertainties, it is necessary for the user to estimate for each source the most appropriate probability
digtribution (further details are given in Section 2 of Reference 1).

It should be noted that, in Some cases, an uncertainty can be classified as @ther Type A or Type B
depending on how it is estimated.

Step 4. Estimating the standard uncertainty for each sour ce of uncertainty

In this step the standard uncertainty, u, for each input source 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
divisorsfor the typica distributions most likely to be encountered are given in Section 2 of Reference
1.
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In many cases the input quantity to the measurement may not be in the same units as the output
quantity. In such a case, a sengtivity coefficient, ¢ (corresponding to the partid derivative), is used
to convert from input quantity to output quantity.

Step 5. Computing the combined uncertainty u,

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

w(=)4 6 U0l ()

where ¢ is the sengtivity coefficient associated with x. This uncertainty corresponds to plus or minus
one standard deviation on the normd digtribution 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 interva about the result of a
measurement that may be expected to encompass a large fraction of the digtribution of values that
could reasonably be attributed to the measurand”.

It is obtained by multiplying the combined uncertainty, u, by a coverage factor, k, which is selected
on the basis of the level of confidence required. For a norma probability digtribution, the most
generdly 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, u.. Where a higher confidence leve is demanded by the customer (such as for
Aerospace industry, Electronics, ...), a coverage factor of 3 is often used so that the corresponding
confidence level increasesto 99.73%.

In cases where the probability digtribution of  is not norma (or where the number of data points
used in Type A analyss is smdl), the value of k should be caculated from the degrees of freedom
given by the We sh- Satterthwaite method (see Reference 1, Section 4 for more details).

Table B1 in Appendix B shows the recommended format of the caculation worksheets for
edimating the uncertainty of Ramberg- Osgood- Parameters. Appendix A presents the mathemeticdl
formulae for caculaing uncertainty contributions.

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 vaue 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 a norma distribution corresponds to a coverage probability, p of
approximately 95%. The uncertainty evauation was carried out in accordance with UNCERT COP
17:2000.
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APPENDIX A

Mathematical Formulae for Calculating Uncertainties of
Ramber g-Osgood-Parameters
(fromaTensle Text)

The Ramberg-Osgood-Concept is used in most modern strength- concepts to describe the limited
plastic deformation as stress-drain-reationship. This procedure uses the mathematicad mode of
linear regresson for the determination of Young's Modulus and the Ramberg-Osgood parameters.
In both cases the eva uation stops at the minimum variance of the dope (upper limits).

It is recommended to estimate the uncertainty of Y oung’'s Modulus and the proof stress before you
gart with this CoP - see CoP07 “The Deermination of Uncertaintiesin Tensle Testing“. The
following procedure is based on atest series. At least 7 Specimens should be used to determine the
uncertainty of Ramberg-Osgood parameters. 7 specimens and up it is possible to use test methods
concerning normal distribution.

Al. Thediscussed mathematical model

s @®s 0
e=—+ I (3)
E CRO (4]
®es 0
e = T ©
P CRO 4]
e Totd dran
e, Pemanent gtrain
Transformation to linear modd!:
LN(s)=—= LN(e, )+ LN(Cy) 5)
mRO
A2. Formulaeof linear regression (general):
y=mx+b (6)

Slope:

na xY,-axay
m= |::Ln |:ln i=1 (7)
na x- (4 x)?

i=1 i=1
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c

o miY el ey

I ntercept equation:
8 3
ayi - ma X
b: i=1 i=1
n
Empirica covariance:
é & ¢
1 €y axayy
- éé X Y- = i=
n-1&% ' n
&
Standard deviation of x-vaues:
e a8 o
1 ag . 25
S, = a X - —— z
“ qln- 1‘291 . n U
¢ u
g ¢!
Standard deviation of y-vaues:
€ a5 o
L &, qavsd
S, = €3 y2- &= u
Y n- 1%8:‘1 ¥ n 3
e s
Correlation coefficient:
r= S
S.S,
Standard deviation of the dope:
< - 1-r?)S?
"\ (n- 2)32
Standard deviation of the intercept:
a0
cax=
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Bound regarding the upper proportiond limit for the determination of Y oung's modulus:

S

m(rel

The daapar a theminimum of S

Assgnment of the symbols.

m(rel

S ..
) =/ ® mnmum
m

) (variance) means the upper proportiond limit.

Symbol Young sModulus | Ramberg - Osgood
parameters
sorF LN(s)
X eore LN(ep)
m E
%nRO
b b LN(Cy)
Sxy Ses SLN (ep) LN(s)
S( Se SN (ep)
Sy SS SLN (s)
r r r
S, S S g
Sn Sn SLN(CRO)
Sm(rel) SE(rel) S%nRo(rel)
nsm(sec.min) SE(rel,min) ™S Yo ()
axy aes, a LN(g )LN(s)
i=1 i=1 =
1
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A3. Statistical evaluation of the test series (general)

Mean vdue

X

|
I
I

n

Empirica standard deviation:

[T sy
.= |3 ¥

Uncertainty of the mean vaue:
tnP Sx

Uy =—
Jn

A4. Combined and expanded uncertainty for test series

UNCERT COP 17:

2000

(18)

(19)

(20)

In order to obtain information concerning additiond affecting parameters (eg. strain rate,
temperature etc.) there are some procedures like design of experiments - see[7], [8], and [9]. After

such procedures continue with Egn. 1(step 5,6) and Eqgn. 2(step 7).

A5. Analysisif only one series has been tested

On principle it is not possible to calculate the uncertainty by partia derivation of Egn. 3 or Egn. 4. In
fact we have a linear regression with error in the variables of Eqn. 5. There are some models but it
leads to extengve cdculations. The following formulae shows the problems.

Error only in “x-axis’ - LN(ep)

Slope:
én XiYi- nX—y
m= i=1
a (x)*-nx®)?*(n- 1s;
i=1
Intercept:
b=y-nx
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Anincressing variance, s 2, leads to a decreasing dope. In our case the variance should be

caculated for the mean vaue of the linear region, X .

Error only in“y-axis’ - LN(s)

Slope:
a(y)-ny’-(n-1s;
m=11 (23)
é X.Yi- nx_y
i=1
Intercept:
b=y-nmx (24

An increasing variance ;S 5 , leads to a decreasing dope. In our case the variance should be
cdculated for the mean vaue of the linear region, V.

Error in both axis
Itisavery extensve formulaand therefore we refer to [6] and [10]
In the worked example we didn’t use the mathematicad modd of error in the variables. We looked

only for possble influence of the firg linear regresson (Young's Modulus) to the results of the
second linear regresson (Ramberg-Osgood).
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APPENDIX B
A Worked Examplefor Calculating Uncertainty of
Ramber g-Osgood-Parameters
(from aTensile Test)
B1. Introduction

The object of this worked example are sheet type specimens - see CoP07 - of acold rolled sted.

B2. Tedting conditions

The exact testing conditions are described in CoP07.
B3. Example of Uncertainty Calculations and Reporting of Results

All cdculations based on the formulae in Appendix A. Every table is produced for a certain
measurand or evaluated quantity. The worked example shows the procedure concerning mg,

(Exponent-Parameter), and C,, (Divisor-Parameter).

Results of Young's Modulus
Number E [GPg "Se(ggmin) Minimum Upper limit | Upper limit
a elsi Variance ’ S MPa]
i=1 SE(rel) [%] Sy [mm/mm] us
(total strain)
01 206.4 334 2.09 741E-04 1615
02 207.9 321 1.96 752E-04 162.3
03 208.2 221 153 6.58E-04 1454
2075 2.25 1.60 6.72E-04 146.7
2075 191 171 6.18E-04 136.6
207.7 2.73 163 7.28E-04 156.9
07 2089 312 1.99 7.32E-04 159.8

The upper limits (UL) have been used as lower limits (LL) for the next step of determination of

Ramberg-Osgood parameters by linear regression.
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TableB1
Results of Ramber g - Osgood parameters
Number €, [mmmm] |S e, SuL \“/”;;“afzg;“ Meo Cro
|
(permanent strain) [ [MPa] [mm/mm] | [MPg] [%] Eqgn. 16 Eqgn. 17
(permanent S
strain) Jvolre)
01 1.66E-06 161.5 2.72E-03 242.3 167 14.14 377.1
02 4.09E-06 162.3 177E-03 241.0 112 1331 3.2
244E-06 1454 1.50E-03 239.7 123 11.49 4325
2.71E-06 146.7 142E-03 239.2 117 12.05 420.3
851E-07 136.6 2.27E-03 241.2 1.69 11.29 430.0
3.56E-06 156.9 1.60E-03 240.1 0.89 13.39 393.7
07 3.86E-06 159.8 1.68E-03 240.7 113 12.89 4016
M ean value (Eqn. 18) 12.65 407.1
Empirical standard deviation (Egn. 19) 1.07 20.9
Uncertainty of the mean valuefor combined uncertainty; t = 1.09; P = 68.27% 0.44 8.6
Uncertainty of the mean valuefor test series; t = 2.45; P =95 % 0.99 194
Further analysis (fiqures):
14.5
14 4
13.5 - * o
. 13 [
En 5
_q) . \
S 12 S E—
[9)]
11.5 t
¢
11
10.5
10
206 206.5 207 207.5 208 208.5 209 209.5
Young's Modulus [GPa] R?=0.1229

Fig. 1 Slope "m" versus Young’s Modulus
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145

14

~
135 -~

12,5 >
12 -
115 ~

Slope "m"

\

11

105

10
15 17 1.9 21 2.3 25 2.7 2.9 3.1 3.3 35

SUM )
R =0.8483

Fig. 2 Slope "m" versus "SUM"

MSE(rel min
Theterm “SUM” = (é e)lsi
i=1
Fig. 2 shows the strong relationship of the ,“SUM”, to the dope,“m”. The uncertainty of Young's
Modulusitsef isvery low and is not affecting Ramberg- Osgood parameters. The term ,“SUM”,
describes the length of the linear dadtic region and is affecting the starting point (zero) of permanent
elongation. This effect leads to ahigher dope“m’”.

Fg. 3 shows the goodness of the approximation by Ramberg-Osgood for specimen No.OL.

Specimen No.: 01
250 —
|

230 —
= =
o <
S 210 /
[}
2 190 [ Real data
o /o) M R E— R T Calculated

150 +

0 0.001 0.002 0.003
Permanent technical strain [mm/mm]

Fig. 3
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B4. Reported Results

12.65 +0.99  (+7.8%)

mRO

Cro 407.1 MPa +20.9 (£5.1%)

The above reported expanded uncertainties are based on standard uncertainties, providing a
level of confidence of approximately 95%. The uncertainty evaluation was carried out in
accordance with UNCERT recommendations.
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