RTD Vs Thermocouple

INSTRUNEXUS
30 common interview questions and answers

## Part 1: Fundamental Principles

1. What is the fundamental working principle of an RTD?

An RTD (Resistance Temperature Detector) works on the principle that the
electrical resistance of a pure metal changes predictably and repeatably with
temperature. As the temperature of the metal sensor increases, its resistance
increasesin avery precise way. By measuring this resistance, we can determine the
temperature.

2. What is the fundamental working principle of a Thermocouple?

A Thermocouple works on the Seebeck effect. This principle states that when two
wires made of dissimilar metals are joined atone end, a small, predictable voltage
(EMF) is created that is proportional to the temperature difference between the
measuring junction and a reference junction.

3. What does RTD stand for?

Resistance Temperature Detector.

4. What material is most commonly used in an RTD?

Platinum is the most common material due to its high stability, linearity, and
resistance to corrosion. The mostcommon type is a Pt100, which has a resistance
of 100 ohms at 0°C.

5. What are common materials used in Thermocouples?

Thermocouples are made of specific pairs of metal alloys. Common types include:
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e Type K: Chromel-Alumel (the most common general-purpose type).
e Type J: Iron-Constantan.

e Type T: Copper-Constantan.

e Type S: Platinum-Rhodium (forvery high temperatures).

6. Which sensor produces a voltage, and which one requires an external current?

e The Thermocouple produces its own voltage (a passive sensor).

e The RTDrequires a small, precise excitation current from the measuring
instrument to flow through it so its resistance can be measured (an active
sensor).

## Part 2: Performance Comparison
7. Which is more accurate, an RTD or a Thermocouple?

The RTD is generally more accurate. A standard Class A RTD has an accuracy of

about =0.15°C at 0°C, while a standard Type K thermocouple has an accuracy of
about £1.1°C.

8. Which has better long-term stability and repeatability?

The RTD has significantly better stability and repeatability. Its pure platinum
construction means itis less prone to "drift" over time and will give the same
reading for the same temperature repeatedly. Thermocouples can drift as the
metallurgy of the wires changes due to high temperatures or contamination.
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9. Which can measure a wider range of temperatures?

The Thermocouple can measure a muchwider and highertemperature range. A
Type Kthermocouple can measure up to about 1250°C (2300°F), while a standard
RTD is typically limited to about 650°C (1200°F).

10. Which has a faster response time?

A Thermocouple generally has a fasterresponsetime. The measuringjunction of
athermocouple can be made very small (justtwo wires welded together), allowing it
to react to temperature changes very quickly. An RTD's sensing elementis a coil of
wire, which has more mass and responds more slowly.

11. Which has a more linear output?

The RTD has a much more linear resistance-to-temperature relationship. A
thermocouple's voltage outputis non-linear and requires more complex signal
conditioning (polynomial equations) to convert the voltage to a temperature.

12. Which is more sensitive to small temperature changes?

The RTD is more sensitive. Its output signal (change in resistance) is much larger
fora small change in temperature compared to the very small microvolt-level
change from a thermocouple.

13. What is "self-heating" and which sensor does it affect?

Self-heatingis a small error caused by the heat generated by the excitation current
flowing through the RTD's sensing element. This can cause the RTD to read a
fraction of a degree higher than the actual temperature. It only affects RTDs
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because thermocouples generate theirownvoltage and do not require an excitation
current.

## Part 3: Construction and Wiring

14. Which sensor is generally more rugged and durable?

The Thermocouple is more rugged. Its simple construction (two welded wires)
makes it very resistantto mechanical shock and vibration. An RTD's platinum coil is
more delicate and can be damaged by severe vibration.

15. What is a 3-wire or 4-wire configuration, and which sensor uses it?

This configuration is used for RTDs to compensate for the resistance of the lead
wires.

e 2-Wire: Measuresthe totalresistance of the RTD element plus the lead wires
(least accurate).

e 3-Wire: Uses a third wire to measure and subtract the lead wire resistance
(most common industrial configuration).

e 4-Wire: Uses two wires for the current and two for measuring voltage,
completely eliminating lead wire resistance errors (most accurate, used in
labs).
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16. What is "extension wire," and which sensor uses it?

Extension wire is used with Thermocouples. Itis a special, color-codedwire made
of materials with the same thermoelectric properties as the thermocouple itself.
Itis used to connect the thermocouple probe to the measuring instrument.

17. What happens if you use standard copper wire instead of thermocouple extension wire?

Using standard copper wire is a critical mistake. It creates new, unwanted
thermocouple junctions where the copper connects to the thermocouple wires.
This introduces unknown voltages into the circuit, leading to a completely
inaccurate temperature reading.

18. What is "Cold Junction Compensation (CJC)"?

The voltage produced by a thermocouple depends on the temperature difference
between its measuring tip and its reference point (the "cold junction"). CJCis a
circuitin the measuringinstrument that measures the temperature at the terminals
where the thermocouple connects and electronically adds this temperature to the
calculated value to determine the true temperature at the sensortip. Itis only
required for Thermocouples.

19. What does Pt100 mean?

Pt100 is the designation for the most common type of RTD.

e Pt: Stands for Platinum.
e 100: Stands for 100 ohms (Q), which is its resistance at 0°C.
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## Part 4: Application and Selection
20. When would you choose an RTD over a Thermocouple?

Choose an RTD when the application requires:

e High accuracy.

e Excellent long-term stability and repeatability.

e Measurementin a moderate temperature range (-200°C to 650°C).

e Examples: Custody transfer, scientific labs, food and beverage,
pharmaceutical processes.

21. When would you choose a Thermocouple over an RTD?

Choose a Thermocouple when the application involves:

e Very high temperatures (above 650°C).

e Fastresponse time is critical.

e Point sensing is needed (e.g., surface temperature).

e The environment has high vibration or mechanical shock.

e Lower costis aprimary concern.

e Examples: Furnaces, engines, ovens, and general-purpose industrial
monitoring.

22. Which is generally more expensive?

The RTDis generally more expensive than a common thermocouple of the same
construction, primarily due to the cost of high-purity platinum.
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23. For measuring the temperature of a furnace at 1000°C, which would you use?

A Thermocouple. Astandard RTD cannot operate at this high temperature. A high-
temperature thermocouple like a Type K or Type S would be the correct choice.

24. For a custody transfer application measuring LNG at -162°C, which would you choose?

An RTD. Although both can measure thistemperature, the RTD's superior accuracy
and stability are required for a high-value custody transfer measurement.

25. For measuring the surface temperature of a pipe, which is easier to use?

A Thermocouple. Special "washer" or "pad" type thermocouples can be easily
clamped or welded directly onto a surface for a fast, reliable point measurement.

26. Which sensor is better for an application with heavy vibration, like on a large
compressor?

A Thermocouple. Its simple, robust construction makes it much more resistant to
vibration-induced failure than the more delicate coil of an RTD.

## Part 5: Calibration and Troubleshooting

27. How is an RTD typically calibrated?

An RTD s calibrated by placingitin a stable, known temperature source (like a dry
block calibrator or a liquid bath) alongside a certified reference thermometer. The
resistance output of the RTD is measured and compared to the expected resistance
for the true temperature.
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28. How is a thermocouple loop calibrated?

You don't typically calibrate the thermocouple probe itself. You calibrate the
transmitter or measuring instrument. This is done by disconnecting the
thermocouple and connecting athermocouple simulator. The simulator generates
a precise millivolt signal corresponding to a specific temperature, allowing you to
check and adjust the instrument's electronics.

29. Athermocouple is reading a very high, off-scale temperature. What is the likely problem?

Thisis a feature called "upscale burnout." When the thermocouple wire breaks,
the circuit becomes open. The transmitter is designed to detect this open circuit
and drive its output to the maximum value to signal a failure. This indicates a
broken thermocouple.

30. An RTD's reading is suddenly much higher than the actual temperature. What is a likely
cause?

A common failure mode for a 3-wire or 4-wire RTD is for one of the lead wires to
break. When this happens, the measuring circuit sees a very high (or infinite)
resistance, which it interprets as a very high temperature.
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