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HALF THE WORK—TWICE THE RESULTS

Are you calibrating thermometers for process measurement
and control? There’s a possibility you’re only doing half

the job.
Many instrument shops calibrate industrial instruments with

a simulator. Simulators produce an electronic signal that dupli-
cates the correct signal made by a theoretically accurate thermo-
couple or RTD. This method is shown in figure 1.

Once the simulator is connected to your readout or control
instrument, you enter the desired output temperatures. You cali-
brate your instrument against the values entered in the simula-
tor. This process calibrates the instrument to accurately read a
sensor that conforms to the industry standard voltage, or resis-
tance versus temperature curves. The calibration, of course, is
only good if your sensor matches these industry specs, and as
figure 1 illustrates, the sensor is not part of a simulator-based
calibration. Since up to 80% of industrial measurement error is
normally in the sensor, you’ve got a problem if ISO or other
quality standards require you to calibrate for system error.

In order to verify sensor compliance with industry standard
curves, you’ll have to have another device (in addition to the
simulator) that generates an accurate temperature for the sensor
to read and for you to calibrate against. Of course, this tempera-
ture must be read by a device that does not contribute significant
error to the sensor reading. Figure 2 shows this configuration
and the need for two additional instruments in the calibration
process.

To avoid using a separate readout, you can buy a simulator
that reads temperature accurately as well as generates signals.
This is a good alternative if you want to use sensors inter-
changeably with your instruments and, therefore, really don’t
have a “true system” against which to calibrate.

Using sensors interchangeably has a weakness in that sen-
sors can’t be adjusted to meet theoretical standard curves; thus
you have to live with the sensor error or reject the sensor. Figure
2 also illustrates this point with the dry-well set to 0.00°C and
the sensor reading 0.8°C, a high reading. Although the meter is
adjusted for no error at 0°C using the simulator, when the sensor
is connected to the instrument the combination of the two pro-
duces an overall error of 0.8°C. The system error of this combi-
nation is 0.8°C.

If you are not using sensors interchangeably, then you should
be calibrating for system error. System calibration is often less
complicated and more reliable than calibration of each compo-
nent of a system. Figure 3 shows a typical system calibration
with the sensor in the dry-well attached to the readout instru-
ment. The instrument is then adjusted for the error found in the
combination of components. System calibration assures the
highest possible accuracy for industrial thermometers.
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