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Error versus uncertainty

® Errors are based on knowledge of actual values (or standard
values). Statistics are used

® Uncertainties are evaluated analytically

¥ there are a number of procedures for determination of
the overall uncertainty

¥ the most popular and most widely used relationship for
determination of uncertainty is known of the RSS-type

B the relationship defining the RSS-type overall
uncertainty is based on a partial differential
representation
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Precision uncertainty

Governing equation to use is:

RV
I
Phenomenological equation is, therefore, R=R(V,1)

ASME method: Square-root of the sum-of-the squares (RSS)
approach indicates that the uncertainty, 6R, in R, can be

determined as
2 2
SR{(@RSVJ (R ]
oV Ol

Uncertainty in measured voltage is: 8V
Uncertainty in provided voltage is: dl

1/2
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Precision uncertainty

i - . R 1 R V
Individual partial derivates are: oR == oR _
N 1 a2

1/2
. 1 N (v Y
Substitute: SRI(SVJ +(——8Ij ]

) 5112
Normalized uncertainty is: ES::[@&SV) +(—%8Ij }

Problem: estimate uncertainty and normalized uncertainty in
measurements of electrical resistance (as done in Lab #1).
Assume: (a) measuring range [- 10,10] V; (b) 12-bit digitization; (c)
measured voltage of 0.11V; (d) I =1 mA; half the least significant
digit for 8l; (e) determine R £+ 8R

Discuss your results.
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Precision uncertainty

Consider the problem of measuring the electrical resistance of
a component (as done in Lab #1); governing equation used to
determine R, is:

Resistars in Series

V,-R,
V1 _Vz

R, =

Determine: R, + 3R,

/

Lab #1 results
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RSS-type uncertainty: example

Consider a solid block with
dimensions of L, W, and H, as
shown in the figure. The block
Is placed in the environment at
temperature of 20°C where the
convective heat transfer
coefficient is 15+3 W/m?2-°C.
The block is at the temperature
of 300 £5°C. Determine the
magnitude of the heat transfer
by convection, Q., from the top
surface of the block and the
corresponding overall
uncertainty in this magnitude.
Also, list in descending order
percentage contributions to the
overall uncertainty in Q_due to
the individual uncertainties.
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L=140+3cm— L =4+3Ccm

W =25+1cm —> SW =+1cm
%LSD
H=9cm —> O0H =1+0.5cm

LSD = Least Significant Digit
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RSS-type uncertainty

Consider explicit equation for convective heat transfer:

Q. = h'Ab (Ts _Te)

This equation can be represented, in the most general way, by
the fundamental equation, also known as phenomenological
eqguation, as follows:

Q :Qc(h’ Ac’Ts’Te)

The RS5S5-type uncertainty, based on the above equation, can be
expressed as

e, LV (09, . ) (89, ) (69, )
R, = (Gh 5hj +[8AC 5ch +( 5Tsj +(8Te 5Tej

1
2

where the symbol 5 denotes the uncertainty
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o =hAC<TS—Te>=(15

Example, cont'd

The fundamental equation is

Q. =Q.(h A T\ Te)

The RSS-type overall uncertainty can be determined from

jIE
%, -|(2

or

o)+

0Q,
A

5ch2+(

0Q,
OT,

R = (@Qcéhz + @Q05A02 T @QCJFSZ T (’9QC5T32 )E

A. =LW =(1.4 m)0.25m)=0.35m*

W

e j(o.35 m2X300 ~20)°C =1,470W
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Example, cont'd

W
m?°C

2
anéhz = (a;ic éhj = [Ac (Ts —Te )5h]2 = oh =3

2
={(o.35 mz)[(BOO—ZO)OC](B \évcj} = 8.64360 x10* W 2
m ®)

a‘jzaAcT (T, T, JoA ]

0QA,° = (

A=LW — A =A(LW)

B 2 2
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Example, cont'd

A, =

oA, = [(Wél_)2 + (Lé\N)ZE = {[(0.25 m)0.03 m)f’ +[(1.4 m)0.01 m)]z}

- (5.62500x1075 m? +1.96000x10~* m? 2 =1.58824x1072 m’

|

a3
oL

0Q.0A” = [n(T, —T, JoA, | =

m?°C

2
. {(15 W j[(3oo ~20FC](1.58824 x 102 m? )} ~ 4.44970x10° W2

)+

P sw
oW
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Example, cont'd

2
0Q.6T,° _£5Qc ST ) = (hAST, ) = 6T, =+5°C

2
{ — O35m )(500} =6.89063x10° W
°C

0Q, ST [ Q. ST j —hA,6T, ) ol, =10.5°C

1LSD
2

2
{ ( — )035m )(0500} =6.89063x10” W ?
°C




Example, cont'd

1

N = (6Qcéh2 +0Q, A% +0Q 5T +0Q,OT S )E =
1

= [(8.64360 x10* +4.44970 x10° + 6.89063 x 107 + 6.89063><10°) W ZF —

=3.02625x10°W =302.6W —— This is the overall uncertainty

The percentage overall uncertainty is

N, = R x100% = 302.(()3VV\\// x100% = 20.6%

C 1,

The percentage contributions of the individual uncertainties to the
overall uncertainty can be computed as

2 4 2
Qe 10006 = 20430010 W 10005 - 94.3811%

R (3.02625x102 W |
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Example, cont’d

2 4\pg2
50,1 — anélw 1000 — 86436010 W?
X (3.02625x102 W |
2 3\ 2
%0Q, A, — O 1000, - A-44970x10° W
C 2 , >
R (3.02625x10% W |
2 2 \pg 2
040Qu0T, = C20T<" 10005 - 689063 x10°W*
X (3.02625x102 W |
2 0 \p/ 2
%0Q, 5T, = 5Qc52Te 1000 — 0:89063x10" W
X (3.02625x102 W |

x100% =94.3811%

Highest contribution

x100% = 4.8587%

Contribution No. 2

x100% = 0.7524%

Contribution No. 3

>-x100% = 0.0075%

Lowest contribution

CHECK = %0Q.oh + %0Q oA, +%0Q T, +%0Q. oT, =

=94.3811%+4.8587% + 0.7524% + 0.007/5% = 99.9997% ~ 100.0%
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