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1. Introduction

quantity and a measurement estimate of its value.

* The true value of any measurement can never be determined,
since systematic or random errors (due to bias or the
randomness of scatter caused probably by the limited
sensitivity of the instruments) influence it and induce an
uncertainty in its value.

* Measurement errors, systematic with fixed sign and magnitude
over a specified period of time or unpredictable random,
iInfluence every measurement. The knowledge or estimation of
error introduces a certain amount of measurement uncertainty.
In other words the uncertainty of the result of a measurement
reflects the lack of



and statement of measurement uncertainties, in some cases
(e.g. in complex physical measurements) its use is difficult
without some necessary assumptions. In these cases a simple
model function connecting complex relationships could be used.

Measurement of uncertainty first applied in analytical
measurements since it was comparatively easier to be
obtained.

Literature review showed a limited application of uncertainty
measurement in materials technology measurements, e.g. in
hardness measurement, in vortex flowmeter, in scratching
tester, in torque machine.



* crystal growing

* continuous heating

* doping of semiconductors

* thermocouple calibration, etc



. box or chamber furnaces used in:

 decomposition in chemical analysis
* gravimetric analysis
* curing, debonding, etc



Insulation inside

alumina and zirconia

Zzirconia.

used in furnaces
depend on its maximum operation
temperatures (metallic wire up to 13000C,
silicon carbide up to 16000C, molybdenum
disilicide, MoSi2, up to 1700-18000C).
Microprocessor based controllers regulate the
temperature inside the furnace.



up to 1600°C

(Pt-13% Rd)
- Platinum (Pt)

B
up to 1680°C

+Platinum30%Rhodium
- Platinum6%Rhodium
(Pt-30% Rd-Pt6%,Rd)




the micro processor

the heated chamber unit

the external reading
unit



where X;,X,,...Xy are estimates of independent variables X X,...Xy.

The combined standard uncertainty u.(y) can be found by combining
the individual standard uncertainties and covariances using the law of
propagation of uncertainty,
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where the uy(t) (1=1,2,...,N) are the contributions to the standard uncertainty
associated with the input estimate t resulting from the standard uncertainty
associated with the imput estimate x;, which are assumed to be mutually
statistically independent, and v; 1s the effective degrees of freedom of the
standard uncertainty contribution u;(t)




a significance level of 95% is acceptable, the coverage factor k 1s equal to 2,

[12]. The coverage factor 1s increased as the number of effective degrees of

freedom are decreased and the significance level 1s increased.
When the conditions of the Central Limit Theorem are met other

distributions (e.g. rectangular ) can be also assumed to follow normal
distributions, [1]. The purpose of the expanded uncertainty U is to provide at

specified significance level a confidence interval tt U within which the value of
the temperature expected to lie.







Variation of Coverage factor with
confidence level and effective degrees
of freedom

freedom ﬁ

decrease of k

1

What we earn in confidence we lose it in uncertainty.




Uncertainty can be introduced from

threshold,
e) errors in values of constants and other parameters

(f) inexact values of measurement standards and
reference materials,

(g) false approximations and assumptions

(h) variations in repeated observations of the measurand
under apparently identical conditions



4. Example of calculation of temperature
uncertainty in a furnace

1000oC the temperature inside the furnace (attalned
through a microprocessor) is £0.5 oC at a confidence level of
95% and a normal distribution can be assumed. For checking
of the temperature measurements, 9

measurements take place and a standard deviation of 0.9 oC
Is calculated. The temperature at the above
temperature inside the furnace is £2 oC and a triangular
distribution can be used. Type N 1.6 mm
were used measuring the temperature with of £
2.20C following rectangular distribution. The

of the reading unit has an accuracy of
0.3%, and follows rectangular distribution.






uy = 222 0.2551°C (9)

1.96 )
with infinite degrees of freedom.
The type B thermocouple uncertainty following a rectangular distribution is:
22
= 22-1.2702 10
Uy ‘/g ( )

with infinite degrees of freedom.
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IS:
e U=k uc=2.58*1.5605 0C=4.03 oC



5. Conclusion

temperature measurement. It seems that the main sources of
uncertainty are due, to repeatability effect, to thermocouple uncertainty
per se and also to its instability under the aggressive furnace
environment, to stability and uniformity of temperature inside the
furnace, to regulating microprocessor, to analogue to digital converter
etc. Further research is necessary in order to investigate all the
contributing to uncertainty parameters.
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