Thermocouple (T/C)

INSTRUNEXUS
30 common interview questions and answers

## Part 1: Fundamental Principles

1. What is the working principle of a thermocouple?

Athermocouple works on the Seebeck effect. This principle states that when two
wires made of dissimilar metals are joined at one end to form a junction, a small,
predictable voltage (electromotive force or EMF) is generated thatis proportional to
the temperature at that junction.

2. What does a thermocouple actually measure?

Athermocouple always measures the temperature difference between two points:
the measuring junction (the"hot" end) and the reference junction (the "cold" end
where it connects to the measuring instrument).

3. What is the "measuring junction"?

The measuring junction is the tip of the thermocouple where the two dissimilar
metal wires are physically joinedtogether (usually by welding). Thisis the point that
is placed in the process to sense the temperature.

4. What is the "reference junction" or "cold junction"?

The reference junction is the other end of the thermocouple wires, where they
connectto the terminals of the measuring device (like a transmitter or PLC/DCS
card). To get an accurate temperature reading, the temperature at this reference
point must be known.
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5. What is Cold Junction Compensation (CJC)?

CJCis an electronic circuit inside the measuring instrument. It measures the
temperature at the reference junction (the terminals) and electronically adds this
temperature value to the calculated temperature difference from the
thermocouple's voltage. This "compensates" for the cold junction temperature,
allowingtheinstrumentto displaythe true temperature atthe measuring tip. CJC is
essential for all thermocouple measurements.

6. Is a thermocouple an active or passive sensor?

Athermocoupleis a passive sensor because itgeneratesits own voltage and does
not require an external power source or excitation current to work.

## Part 2: Thermocouple Types

7. Why are there different types of thermocouples (K, J, T, etc.)?

Different pairs of metal alloys produce different voltage responses and have
different characteristics. The various types exist to provide a range of options
suitable for different temperature ranges, chemical environments, and cost
requirements.

8. What is a Type K thermocouple?

AType Kis the most common, general-purpose thermocouple.
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e Materials: Chromel (+) and Alumel (-).
e Range: Very wide, from approximately -200°C to 1250°C (-330°F to 2300°F).

e Advantages: Inexpensive and versatile.
9. What is a Type J thermocouple?

A Type Jis anothervery common, general-purpose thermocouple.

e Materials: Iron (+) and Constantan (-).

e Range: More limitedthan Type K, from approximately -40°C to 750°C (-40°Fto
1380°F).

e Disadvantage: The iron wire is prone to rusting in moist environments.

10. When would you use a Type T thermocouple?

AType T is known for its high accuracy and stability at lower temperatures.

e Materials: Copper (+) and Constantan (-).

e Range: Excellent for cryogenic to moderate temperatures, from -200°C to
350°C (-330°F to 660°F).

e Application: Commonlyused infood processing and laboratory applications.

11. What are "noble metal"” thermocouples?

These are thermocouples made from precious metals like platinum and rhodium.
They are used forvery high-temperature applications and offer excellent stability.

e Examples: Type S, R, and B.
e Disadvantage: They are much more expensive than base metal types like K
and J.
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12. How are thermocouple types identified?

They areidentified by a letter code (K, J, T, etc.) and by the industry-standard color
coding of their wires and outer insulation. For example, in the US (ANSI standard),
Type K has a yellow outer jacket, Type Jis black, and Type Tis blue.

## Part 3: Components and Installation

13. What is thermocouple "extension wire"?

Extension wire is a special, color-coded cable used to connect a thermocouple
probe to its measuring instrument over a long distance. It is made of alloys that
have the same thermoelectric properties as the thermocouple itself.

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

Thisis a critical installation error. Using copper wire creates new, unwanted
thermocouple junctions where the copper meets the thermocouple alloys. This
introduces an unknown voltage error thatis dependent on the temperature at that
connection point, making the final reading completely inaccurate.

15. What is a thermocouple "sheath"?

The sheath is the protective outer tube that encloses the thermocouple wires. It
protects the wires from moisture, chemical corrosion, and mechanical damage.
Common sheath materials are stainless steel or Inconel.

www.lnstrunexus.com



Thermocouple (T/C)

INSTRUNEXUS
30 common interview questions and answers

16. What is the difference between a grounded and an ungrounded thermocouple?

This refers to how the measuring junction is constructed inside the sheath.

e Grounded: The measuringjunction is welded directly to the inside of the
protective sheath tip. This provides a faster response time but makes the
sensor more susceptible to electrical noise.

e Ungrounded: The measuring junction is insulated from the sheath. This
provides excellent protection from electrical noise but has a slightly slower
response time. Ungrounded is the most common choice forindustrial
process control.

17. What is an "exposed" junction thermocouple?

An exposed junctionthermocouple has the measuring junction protruding directly
out of the sheath, with no protective metal covering. This provides the fastest
possible response time but offers no protection, making it suitable only for
measuring the temperature of clean, non-corrosive gases.

18. What is a thermowell?

Athermowellis a permanent, pressure-tightreceptacle installed ina pipe or vessel.
Thethermocouple probeisinserted into the thermowell. Its purpose is to allow the
sensorto be removed and replaced without shutting down the process and to
protect the sensor from high pressure and corrosive fluids.

## Part 4: Performance & Characteristics
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19. How does the accuracy of a thermocouple compare to an RTD?

Athermocouple is generally less accurate than an RTD. A standard Type K
thermocouple might have an accuracy of £1.1°C, whereas a standard Class ARTD
is accurate to +0.15°C at 0°C.

20. Which sensor has a faster response time, a thermocouple or an RTD?

Athermocouple has afasterresponse time. Its sensing element is just the small
welded junction of two wires, which has very little mass and can change
temperature quickly. An RTD's element is a larger coil of wire that responds more
slowly.

21. Is a thermocouple's output linear?

No. Thevoltage-to-temperature relationship of a thermocouple is non-linear. The
measuring instrument must use complex polynomial equations (lookup tables) to
accurately convert the millivolt signal into a temperature reading.

22. What is "drift" in a thermocouple?

Driftisthe gradual change in athermocouple's output overtime, even at a constant
temperature. It is caused by the metallurgy of the wires changing due to prolonged
exposure to high temperatures, oxidation, or chemical contamination. This is why
thermocouples require periodic verification.

23. What is the law of intermediate metals?

Thisis a key principle ofthermocouples. It states thatinserting a third metalinto the
circuit (like ataterminal block) will have no effect on the output voltage, as long as
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the two new junctions created are atthe exact same temperature. This is why the
temperature of the entire terminal block is measured for cold junction
compensation.

## Part 5: Troubleshooting and Calibration

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

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

25. A thermocouple reading is fluctuating wildly. What are some causes?

e Electrical Noise (EMI): The low-voltage signal is susceptible to interference
from nearby motors or power cables. An ungrounded junction and shielded
extension wire can help.

e Poor Connection: A loose screw on a terminal block.

¢ Intermittent Grounding: A grounded thermocouple's sheath may be
intermittently touching another grounded object.

26. The temperature reading is incorrect. What is a common installation error to check first?

The mostcommon and criticalerrorto checkis reversed polarity. If the positive (+)
and negative (-) wires of the thermocouple or its extension wire are swapped at the
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transmitter, the reading will be incorrect, often reading backward (temperature
goes down as the process heats up).

27. How do you calibrate a thermocouple loop?

You do not calibrate the thermocouple probe itself, as its properties are fixed. You
calibrate the transmitter or measuring instrument.

1.
2.

Disconnect the thermocouple probe from the transmitter.
Connectathermocouple simulator (from a multifunction calibrator) to the
input terminals.

Set the simulator to the correct thermocouple type (e.g., Type K).

Simulate known temperatures and verify that the transmitter's output (e.g., 4-
20mA) or display reading is correct. Adjust if necessary.

28. Can you "repair" a broken thermocouple?

Forasimple, exposed-junction thermocouple, you can sometimes repair it by
cutting off the old junction, stripping the wires, and welding a new junction.
However, for a sheathed industrial probe, thisis not practical, and the entire probe
should be replaced.

2<strong>9</strong>. Why are thermocouple wires color-coded?

The wires are color-coded to a strict standard (like ANSI in the US or IEC
internationally) to ensure correct polarity. The negative wire is always red in the
ANSI standard. This helps technicians connect the positive and negative leads

correctly.
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30. In your opinion, what is the greatest advantage of a thermocouple?

Its greatest advantage is its versatility and robustness. It can measure an
incrediblywiderange of temperatures, isresistantto vibration, has a fast response,
andisvery low-cost, makingittheidealchoice for a huge number of industrial and

scientific applications. €
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