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Estimation method for temperature uncertainty of temperature chambers (JTM K 08)

4-2 With or without test specimens

The manufacturer’s guarantee of the temperature chamber performance refers, in principle, to
a chamber with no specimens in the chamber. K 07 also stipulates performance evaluation
methods with an empty chamber. Therefore, with K 08 we shall consider uncertainty with an
empty chamber, and not take up conditions with specimens in the chamber. When specimens are
in the chamber, uncertainty should be considered for each temperature (environment) test
method.

4-3 Temperature fluctuation and temperature uniformity

When considering the temperature test chamber as a constant temperature chamber that has
achieved an arbitrary uniform temperature, the uncertainty at that achieved temperature can be
separated into the two factors of chronological temperature fluctuation in time, and spatial
temperature fluctuation, referred to as temperature uniformity. IEC 60068-3-5 "Environmental
testing — Part 3-5: Supporting documentation and guidance — Confirmation of the performance of
temperature chambers" (below 60068-3-5) presents an extremely simplified concept diagram
called "Examples of temperature differences."” Fig.4 shows an excerpt of that diagram.

Temperature uniformity is represented through two methods: temperature variation in space
based on the center of the working space (chamber center), and temperature gradient
considering the entire working space. Standard 60068-3-5 does not specify measurement
procedures for this temperature performance. K 07 specifically provides such evaluation and
display methods.
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Fig.4 Example of temperature differences (from IEC 60068-3-5)
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Estimation method for temperature uncertainty of temperature chambers (JTM K 08)

4-3-1 Uncertainty of temperature fluctuation (u,)

For temperature fluctuation, K 07 stipulates finding the standard deviation o for each of the
measurement values obtained from temperature sensors placed at the measurement sites
(generally nine, but this number can vary depending on the size of the chamber) in the working
space, then multiplying by two and displaying as a + value. The temperature fluctuation thus
becomes *+2 0s. The maximum value from among those obtained from the measurement sites is
used to display temperature fluctuation. As a result, when using the standard uncertainty u ; (°C)
for temperature fluctuation found with K 08, o;is used without multiplying by two, so that
Us=0s.

4-3-2 Uncertainty of temperature uniformity (temperature variation in space) (u,)

Chronological temperature fluctuation can be expected to be continually affecting the spatial
temperature uniformity, but by averaging chronological fluctuations it is possible to regard
temperature fluctuation and temperature uniformity as independent factors. In other words, by
using the average temperatures measured at each measurement site at specified measurement
intervals, we find the spatial temperature uniformity.

In K 07, temperature uniformity performance is specified as the two items of temperature
gradient and temperature variation in space. K 07 defines temperature gradient as "the
maximum difference between the average temperatures at two separate measurement points
after temperature stability has been reached, at an arbitrary point in time in the working space."
It defines temperature variation in space as "the difference between the average temperature in
the center of the working space and at a separate arbitrary point in the working space after
temperature stability has been reached.”

Since the chamber center (the center of the working space) is considered to be the reference
point in K 08, the uncertainty of temperature uniformity is found based on temperature variation
in space. Since we can postulate uniform distribution in temperature variation from the chamber
center to each apex of the working space, the temperature variation in space becomes &, (°C),
and with the standard uncertainty as u, (°C), we get u,= 6 /4 3.
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Estimation method for temperature uncertainty of temperature chambers (JTM K 08)

4-4 Uncertainty from temperature variation from temperature setting (u,)

The temperature variation between the center of the chamber and the setting on the
temperature controller is not specified in K 07, and is not taken up in previous JTM standards. In
other words, there is no clear specification value for the level of aberration of the temperature in
the chamber from the temperature setting.

As a result, the temperature at the center of the chamber is actually measured with a
separately prepared temperature indicator, and it is necessary to find the difference between the
temperature variation of the setting temperature and the measured temperature inside the
chamber. This temperature variation will vary depending on such factors as chamber
construction, temperature control system, and external interference, but it can be considered to
be a roughly systematic effect. With a uniform test temperature, one will get a roughly uniform
value, and we can expect a comparatively greater value with a greater difference between the
ambient temperature and the temperature setting. The greatest value will be seen at the highest
temperature specification, and with the ambient temperature identical to the temperature setting
we should see the lowest value. In other words, the supposition should hold true that there is a
uniform distribution dependent upon the difference between the temperature setting and the
ambient temperature. Therefore, room for debate exists concerning the method employed when
changes occur in standard uncertainty.

As Fig.5 shows, the temperature variation from the temperature setting overlaps the
temperature variation in space "a", and it would be possible to double count the uncertainty. A
double count would not be expected to occur when temperature variation in space "a" is smaller
than temperature variation in space "b", as the temperature uniformity (temperature gradient) is
shown for the inside of the chamber that includes the temperature sensor.

In discussions on K 08, it was realized that the topic of discussion centered on whether this
temperature variation included uncertainty. Ultimately, it was decided to rely on the decision of
the person carrying out the uncertainty evaluation. However, since it was decided to show
uncertainty also in the Budget Table, the limits of what is included in uncertainty is clarified.

The method of determining uncertainty is as follows: with the temperature variation set as the
absolute value 8 4 (°C), the standard uncertainty as ugy (°C), and assuming a uniform distribution,
thenuy =84 /4 3.
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Fig.5 Temperature variation and temperature variation in space
from temperature setting

4-5 Uncertainty from temperature indicator (u;)

The thermocouples and resistance thermometers used as temperature sensors for evaluating
temperature fluctuation and uniformity are generally connected to recording meters such as
output converters and hybrid recorders, or possibly voltage and resistance detectors such as
digital multimeters. As a result, the uncertainty of temperature indicators is combined with the
uncertainty of these types of sensor and indicators.

It is assumed that these temperature indicators are calibrated. The calibration reports should
contain uncertainty values, but if not, uncertainty can be estimated from the specification values
and standard values. In addition, it would be desirable to evaluate reproducibility and stability,
but when that is not possible, these factors can be estimated from the specification values. The
range of the standard value and specification value +"a" can be regarded as a uniform
distribution and converted to standard uncertainty using u; =a/y 3.
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