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"eg. Ul =L

® “Error” is not the same as uncertainty

® “Accuracy” is not a quantitative term
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® all results biased in

® uncertainty not reduced by averaging
® readings
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deviatic

* Standard uncertainty u

Probability distribution

® Reduced by increasing n
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vV

Probability distribution
S S
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overall

UNCE

® Must convert all erto me units

" e.g. contribution of standard uncertainty in temperature to combined standard
uncertainty of length L is (dL/0T)-u(T) = a-L-u(T)
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® Usually include Type B uncertainties in the same way through additional terms
@
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® k=3 for

Probability distribution

. / k=2
* Overall uncertainty U(x) = k-u(x) //_ 95 % Probability —
* Confidence interval <x> * k-u(x) 2 A D T8

® e.g. for a length: “L = (2.00 £ 0.02) m at 95 % confidence”
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Calibration uncertainty 2.0 mm Normal 2 1 1.0 mm
(tape measure)

Resolution 0.5 mm Rectangular V3 1 0.3 mm

Repeatability 0.7 mm Normal 1 1 0.7 mm

Temperature Rectangular V3 0.17 mm K-! 0.2 mm

® Combined standard Assumed normal 1.3 mm
( uncertainty

Expanded uncertainty Assumed normal 2.6 mm
q k =2

INTRODUCTION TO UNCERTAINTY ANALYSIS * Nylon rod, nominal length 2 m long 24-09-2019
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of oscillation, w / alibration

equation

® The analysis is then similar but more complex
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(pressing the

97 (NIST, 1994)

* “Evaluation of meas e to the expression of uncertainty in

measurement” (GUM 1995) (JCGM, 2010)
i utils /common /documents/ijcam/JCGM 100 2008 E.pdf
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http://publications.npl.co.uk/npl_web/pdf/mgpg11.pdf
https://www.nist.gov/pml/nist-technical-note-1297
https://www.bipm.org/utils/common/documents/jcgm/JCGM_100_2008_E.pdf

Imperial College

S 24-09-2019



Imperial College

uz(f)= ;;%gu(xl,x )

=Z[§—Xf_] W3(%,)+2 zﬂﬂ u(x,,x,)

i=1 Iljl+

, 2, 3 N) are
the inde # X;) is the covariance
between x; and x..

® u(x; x;) is known as the variance-covariance matrix. If i = j then u(x;, x;) = u?(x;)

® Covariance measures coupling between random variation of two variables
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1e variance
® This is th

® |t is often assumed that only these diagonal elements of the variance-covariance

matrix terms are significant; however, that is not always true.
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D
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1 test fluid,

* u(p,), u(p, vids 1 and 2, including the

propagated effects of temr and pressure uncertainties during calibration
® u(T), u(p) standard uncertainties in temperature and pressure during measurement

® ug(0) type B standard uncertainty
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First line from differentiation

of the working equation

A

|
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=

These terms to be estimated from

Type-B  term
also to be
estimated (see
next slide)

either measured data at different T, p

conditions or from an independent
model (e.g. an equation of state)
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/

Comparison with independent
measurements of lower
uncertainty

Tested here on methylbenzene
Comparison with NIST
measurements with < 0.02 %
relative uncertainty

Estimate u, = 0.26 kg-m™
Note that the vibrating-tube
data are systematically lower
than the reference data
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Quantity Value

34.92 kg-m-3
971.82 kg-m3
2479.08 ys
2673.25 Us
2615.64 pus
30 MPa
373.15K

INTRODUCTION TO UNCERTAINTY ANALYSIS

0.035 MPa

Sensitivity factor

0.31

0.70

1.41 kg-m3-ps?
3.48 kg-m3-pust
4.90 kg-m3-pst
0.90 kg'm3-MPa-!
0.65 kg:m=3-K-1

Standard uncertainty

0.011 kg-m3
0.019 kg-m3
0.014 kg-m3
0.035 kg-m3
0.049 kg-m3
0.031 kg-m-3
0.016 kg-m3
0.26 kg-m3
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® Randor and find the change

I

of in the function ¢ nce of the other variables on x.

® Repeat a very large number of times and determine u?(f) = <(&6f)%>
@
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