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Part 1: General Concepts and Fundamentals

1. What is the fundamental difference between heat and temperature?

Temperature is a measure of the average kinetic energy of the molecules within a substance. It's
an intensive property, meaning it doesn't depend on the amount of substance. It tells us how hot or
cold something is. We measure it in Celsius (°C), Fahrenheit (°F), or Kelvin (K). Heat is the total
energy of molecular motion in a substance. It's an extensive property, meaning it depends on the
mass, speed, and type of particles. Heat is the transfer of thermal energy from a hotter object to a
colder one. We measure it in Joules (J) or British Thermal Units (BTU). Analogy: Imagine two
buckets of water. A small cup of boiling water has a high temperature but less heat energy than a
large swimming pool of cool water, which has a lower temperature but far more total heat energy
due to its massive volume.

2. Name the three primary modes of heat transfer.
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The three modes of heat transfer are:

Radiation Conduction

Heat transfer
through
electromagnetic
waves.

Heat transfer
through direct
molecular contact.

Heat Transfer

Heat transfer
through fluid
movement.

e Conduction: The transfer of heat through direct molecular collision within a substance or
between two objects in direct contact. An example is a metal spoon getting hot when left in a
cup of hot tea.

e Convection: The transfer of heat through the movement of fluids (liquids or gases). Hotter,
less dense fluid rises, and cooler, denser fluid sinks, creating a convection current. An example
is boiling water or a room being heated by a radiator.

e Radiation: The transfer of heat through electromagnetic waves (like infrared radiation) that
can travel through a vacuum. No medium is required. An example is the heat felt from the sun
or a campfire.

3. What are the main temperature scales, and how do you convert between them?

The three main scales are Celsius (°C), Fahrenheit (°F), and Kelvin (K).
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Celsius to Kelvin

Use this conversion to switch from
Celsius to Kelvin.

Fahrenheit to Celsius Kelvin to Celsius

Use this conversion to switch from

Fahrenheit to Celsius. Use this conversion to switch from

Kelvin to Celsius.

Celsius to Fahrenheit

Use this conversion to switch from
Celsius to Fahrenheit.

JJ

e Celsius to Fahrenheit: °F=(°Cx59)+32

¢ Fahrenheit to Celsius: °C=(°F-32)x95

e Celsius to Kelvin: K=°C+273.15

e Kelvin to Celsius: °C=K-273.15 Kelvin is the absolute temperature scale, where OK is
absolute zero, the point at which all molecular motion ceases.

4. Differentiate between contact and non-contact temperature measurement.

e Contact Measurement: This method requires the sensor to be in direct physical contact with
the object being measured. The sensor reaches thermal equilibrium with the object, and its
temperature is assumed to be the object's temperature. Examples include thermocouples,
RTDs, and thermistors.

e Non-Contact Measurement: This method measures the thermal radiation (usually infrared)
emitted by an object's surface to determine its temperature. It's used for objects that are
moving, extremely hot, difficult to reach, or would be contaminated by a contact sensor. The
primary example is an infrared (IR) sensor or pyrometer.

5. Define Accuracy, Precision, and Resolution in instrumentation.

e Accuracy: How close a measured value is to the true or accepted value. An accurate sensor
provides readings very close to the actual temperature. It's often expressed as a percentage of
the reading or a fixed value (e.g., £1°C).

e Precision: How close multiple measurements of the same condition are to each other. A
precise sensor gives repeatable, consistent results, even if those results are not accurate.
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Resolution: The smallest change in the input (temperature) that the instrument can detect and
display. For example, a thermometer with a resolution of 0.1°C can show changes like 25.1°C,
25.2°C, etc., but not 25.15°C.

6. What is the ITS-907?

The International Temperature Scale of 1990 (ITS-90) is the current international standard for
calibrating and measuring temperature. It's not a theoretical scale but a practical, achievable
recipe for defining temperatures from approximately 0.65K upwards. It's based on 17 reproducible
fixed points (like the triple point of water, melting/freezing points of specific pure metals) and
specifies the standard instruments to use for interpolation between these points.

Part 2: Thermocouples (T/C)

Principle and Design

7. What is the working principle of a thermocouple?

The working principle is the Seebeck effect. This effect states that when two wires made of
dissimilar metals are joined at both ends to form a loop, and one junction (the measuring or "hot"
junction) is heated, a small, continuous voltage (in millivolts) is generated. This voltage is directly
proportional to the temperature difference between the measuring junction and the other junction
(the reference or "cold" junction).
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8. What is the purpose of the reference junction or "cold junction"?

A thermocouple measures the temperature difference between its two junctions. To find the
absolute temperature of the measuring junction, we must know the temperature of the reference
junction. The reference junction is the point where the thermocouple wires connect to the
measurement device (e.g., a transmitter or voltmeter). The device measures this reference
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temperature and adds it to the calculated temperature difference to determine the true temperature
at the hot junction.

9. What is Cold Junction Compensation (CJC)?

Since it's impractical to keep the reference junction in an ice bath (0°C), modern instruments use
Cold Junction Compensation (CJC). The instrument has a separate temperature sensor (often a
thermistor or semiconductor sensor) located at its input terminals to measure the ambient
temperature of the reference junction. The instrument's electronics then automatically add this
reference temperature value to the temperature calculated from the thermocouple's millivolt output,
providing a corrected, accurate reading of the hot junction.

10. Explain the common thermocouple types (J, K, T, E).

[Characteristic 1 Type K ] f Type J ‘ [ Type T ] f Type E
[ ﬂi Temperature Range |( -200°C to 1250°C |( -40°C to 750°C ‘ [ -250°C to 350°C |( -200°C to 900°C
@@ Sensitivity j 41pv/°C v Higher than TypeKj Not specified ‘ 68uV/°C
__Sensitiveto
oxi

Inexpensive Iron wire r;qfts in

e Type K (Chromel-Alumel): The most common general-purpose thermocouple. It's
inexpensive, has a wide temperature range (approx. —200°C to 1250°C), and is suitable for
oxidizing atmospheres. Its sensitivity is about 41uV/°C.

e Type J (Iron-Constantan): Also very common, but has a more restricted range (approx.
-40°C to 750°C). It's sensitive to oxidation above 550°C. The iron wire is prone to rust in moist
environments. It has a higher sensitivity than Type K.

e Type T (Copper-Constantan): Very stable and often used in cryogenic and low-temperature
applications (approx. —250°C to 350°C). It's resistant to moisture and suitable for vacuum
applications.

Type E (Chromel-Constantan): Has the highest sensitivity (68uV/°C) of the common types,

making it suitable for applications requiring higher resolution. It has a range of approximately

-200°C to 900°C.

11. What are noble metal thermocouples (Types S, R, B)?

These thermocouples are made from platinum-rhodium alloys.
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Platinum-30%
Rhodium / Platinum-
6% Rhodium

Platinum-10% Platinum-13%
Rhodium / Platinum Rhodium / Platinum

e Type S (Platinum-10% Rhodium / Platinum): Used for high temperatures (up to 1450°C) and
high-accuracy applications like lab standards. They are very stable but expensive and have
low sensitivity.

e Type R (Platinum-13% Rhodium / Platinum): Similar to Type S but with slightly higher output
and a wider range.

e Type B (Platinum-30% Rhodium / Platinum-6% Rhodium): Suitable for extremely high
temperatures (up to 1700°C). Uniquely, they produce almost no output at room temperature,
making CJC unnecessary for many applications.

12. What is the difference between thermocouple wire, extension wire, and compensating
wire?

e Thermocouple Wire: The wire used to create the sensor itself, including the measuring
junction. It has the highest grade and accuracy.

e Extension Wire: A less expensive wire pair with the same nominal thermoelectric properties
as the thermocouple it's extending. It allows the signal to be carried from the sensor to the
instrument over a long distance without introducing errors, provided the transition point is at a
stable temperature. It's identified by the letter 'X' (e.g., KX, JX).

www.instrunexus.com

INSTRUNEXUS



e Compensating Wire: A wire pair made of completely different, cheaper alloys that mimic the
thermoelectric properties of a specific thermocouple (usually expensive noble metal types like
S, R, B) over a limited ambient temperature range. It's a cost-saving measure. It is identified by
the letter 'C' (e.g., KCA, KCB).

13. Describe the three types of thermocouple junctions: grounded, ungrounded, and
exposed.

e Exposed Junction: The thermocouple wires are welded together and directly exposed to the
process medium. This provides the fastest response time but offers no protection against
corrosion or physical damage.

e Grounded Junction: The thermocouple junction is welded to the inside tip of the protective
metal sheath. This provides a fast response time (though slower than exposed) and protects
the junction. However, it can be susceptible to electrical noise (ground loops) as the sensor is
electrically connected to the process.

e Ungrounded (Insulated) Junction: The thermocouple junction is isolated from the protective
sheath by an insulating material (like MgQO). This provides excellent electrical isolation,
preventing ground loops and noise. However, it has the slowest response time of the three
due to the extra thermal path.

14. What are the basic laws of thermocouples?

1. Law of Homogeneous Metals: A current cannot be sustained in a circuit of a single
homogeneous metal by applying heat alone, regardless of how the temperature varies along
its length. This is why two different metals are needed.

2. Law of Intermediate Metals: The sum of the electromotive forces (EMFs) in a circuit
composed of any number of dissimilar metals is zero if the entire circuit is at a uniform
temperature. This allows us to use connectors and switches in the circuit without creating extra
junctions, as long as they are at the same temperature.

3. Law of Intermediate Temperatures: If a thermocouple develops an EMF E1 when its
junctions are at temperatures T1 and T2, and an EMF E2 when at T2 and T3, then the EMF
generated when the junctions are at T1 and T3 will be E1+E2. This law is the basis for cold
junction compensation.

15. What is a Mineral Insulated (MI) thermocouple?

An MI thermocouple is a construction where the thermocouple wires are encased in a thin metal
sheath (like stainless steel or Inconel) and insulated from each other and the sheath by a highly
compacted ceramic powder, typically Magnesium Oxide (MgO). This construction makes the
sensor very rugged, flexible (can be bent to shape), and highly resistant to vibration, shock, and
high pressures.

16. What is a thermopile?
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A thermopile is a device consisting of multiple thermocouples connected in series electrically. This
arrangement multiplies the small voltage output from each individual junction. The result is a much
larger, more easily measured voltage signal for a given temperature difference. Thermopiles are
the core component in many non-contact IR thermometers.

Installation and Application

17. What factors do you consider when selecting a thermocouple?

/—) @ Temperature Range

Select a thermocouple that covers the
required process temperatures.

/—) Chemical Resistance

Choose a sheath material compatible with
the process medium to prevent corrosion.

Jﬂ: /—) igi Vibration and Abrasion
Opt fqr MI cable construction for high-
WhiCh —< vibration environments.
thermocoup[e — @ Response Time

type to SE|_ECt fO]' Select exposed junctions for fastest
a SpEClﬂC response, ungrounded for slowest.

process?
\—) @e Accuracy Requirements

Use noble metal types for high accuracy,
standard types for general use.

\_)%

Consider Type K and J for inexpensive
options, noble metal types for high cost.

1. Temperature Range: The primary factor. Choose a type that comfortably covers the process

temperatures.
www.instrunexus.com

INSTRUNEXUS



2. Chemical Resistance: The sheath material must be compatible with the process medium to
prevent corrosion.

3. Vibration and Abrasion: Ml cable construction is best for high-vibration environments.
Response Time: Exposed junctions are fastest, ungrounded are slowest.

5. Accuracy Requirements: Noble metal types are for high accuracy; standard types for general
use.

. Cost: Type K and J are inexpensive; noble metal types are very expensive.

18. What is a thermowell and why is it used?

A thermowell is a solid, drilled-out metal tube that is permanently installed into a pipe or vessel.
The temperature sensor (thermocouple or RTD) is inserted into the thermowell.

e Protection: It shields the sensor from corrosive process fluids, high pressure, and high flow
rates.

e Maintenance: It allows the sensor to be removed and replaced for calibration or maintenance
without shutting down or draining the process.

o Safety: It prevents the process fluid from leaking if the sensor itself fails.

19. How do you ensure good thermal transfer when using a thermowell?

For best thermal transfer from the thermowell to the sensor, the sensor should fit snugly inside the
well. For air or gas applications, a spring-loaded sensor that pushes the tip firmly against the
bottom of the well is recommended. Using a heat transfer compound (thermal grease) can also
help fill air gaps and improve response time, though it's often not practical in industrial settings.

20. What is the recommended immersion depth for a temperature sensor?

A general rule of thumb is that the sensor should be immersed to a depth of at least 10 times the
outer diameter of the thermowell or sheath. For pipes, the tip should be in the central third of
the pipe's diameter to measure the average fluid temperature and avoid boundary layer effects
near the pipe wall.

21. Why is polarity so important for thermocouple wiring?

Connecting a thermocouple with reversed polarity will cause the reading to move in the wrong
direction. As the temperature rises, the instrument will report a falling temperature, usually starting
from the ambient (reference junction) temperature. The positive (+) leg must always be connected
to the positive terminal and the negative (-) leg to the negative terminal. Thermocouple wires and
connectors are color-coded (e.g., in the US, Type K has a yellow positive and red negative) to
prevent this.

22. How can you protect thermocouple signals from electrical noise (EMI/RFI)?
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e Use Shielded Cable: Use extension wire with a metallic braid or foil shield, and ensure the
shield is grounded at one end only (usually the instrument end) to prevent ground loops.

e Twisted Pair Wires: Twisting the positive and negative wires helps cancel out induced
magnetic noise.

e Route Away from Power Cables: Run signal cables in separate conduits or trays, far from
high-voltage power lines, motors, and VFDs.

e Use a Transmitter: Converting the low-level mV signal to a robust 4-20 mA signal near the
sensor makes it much less susceptible to noise over long distances.

Troubleshooting

23. An operator reports a thermocouple reading is at the maximum value ("upscale
burnout"). What is the likely cause?

This typically indicates an open circuit. The thermocouple wire has broken, or a connection has
come loose somewhere in the loop. The measurement instrument detects the infinite resistance
and drives its output to the high end of its scale as a diagnostic feature (upscale burnout
protection).

24. A thermocouple is reading a steady, plausible temperature, but it's known to be
incorrect. What are the possible causes?
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Thermocouple Mismatch @ ~
Incorrect thermocouple type Q

installed

@ Extension wire incompatible with
thermocouple

Decalibration/Aging ,-e’&
Thermocouple's properties ",—-:]
changed due to high temperatures

Faulty cold junction compensation

CJC Error
sensor

e Wrong Thermocouple Type: The transmitter is configured for Type K, but a Type J sensor
was installed.

e Wrong Extension Wire: The extension wire doesn't match the thermocouple type.

e Decalibration/Aging: The thermocouple has been used at high temperatures for a long time,
causing its metallurgical properties to change, altering its mV output.

e Cold Junction Compensation (CJC) Error: The CJC sensor in the instrument is faulty or is
being affected by a nearby heat source.

25. The reading is exactly the ambient temperature of the control room. What's the
problem?

This is a classic symptom of either:

1. Reversed Polarity: The positive and negative wires are swapped. The thermocouple is
measuring the difference between the hot junction and the cold junction, but in the wrong
direction. The result cancels out, leaving only the cold junction temperature.

2. Shorted Wires: The wires are shorted together at the terminal block, effectively moving the
"measuring junction” to the instrument itself.

26. How would you test a thermocouple to see if it's working correctly?
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1. Visual Inspection: Check for physical damage, corrosion, or frayed wires.

2. Continuity/Resistance Check: Disconnect the thermocouple and use a multimeter to
measure resistance. A good thermocouple should show a low resistance (a few ohms,
depending on length). An infinite reading means an open circuit.

3. Voltage Check: Connect a multimeter set to DC millivolts. Gently heat the tip (with a lighter or
heat gun) and observe the voltage. It should rise steadily. You can compare the mV reading to
a standard T/C table for a rough accuracy check.

4. Comparison Test: Place the suspect thermocouple next to a known good "test" thermocouple
in a stable temperature environment (like a cup of hot water or a calibrator) and compare their
readings.

27. A thermocouple reading is fluctuating wildly. What could be the issue?

e Loose Connection: Check all terminals from the sensor head to the instrument.

e Electromagnetic Interference (EMI/RFI): A nearby motor may have started, or a new power
line was installed too close to the signal wire.

e Vibration: Severe vibration can cause intermittent connections or noise.

e Ground Loop: If a grounded junction thermocouple has multiple ground points in its circuit,
small differences in ground potential can create currents that interfere with the signal.

Failing Sensor: The internal wires of the thermocouple might be starting to fail and making

intermittent contact.

Part 3: Resistance Temperature Detectors (RTDs)

Principle and Design
28. What is the working principle of an RTD?
An RTD operates on the principle that the electrical resistance of a pure metal changes in a very

precise and repeatable way with temperature. As the temperature of the metal increases, its
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resistance increases. By measuring the resistance of the RTD element, we can infer the
temperature using a known resistance-vs-temperature relationship.

—-— e
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2 wire 3 - N \é T sppYy
RTD t*
- - Wheatstone
Sensor Transmitter bridge

29. What does "Pt100" signify?

e Pt: Stands for Platinum, the most common material used for RTDs due to its high stability,
linearity, and resistance to corrosion.

e 100: Refers to the nominal resistance of the sensor in Ohms (Q) at the freezing point of water,
0°C. So, a Pt100 sensor will have a resistance of 100.00Q at 0°C. A Pt1000 sensor would
have a resistance of 1000.00Q at 0°C.

30. Why is Platinum the preferred material for RTDs?

1. Chemical Inertness: It's very stable and resistant to contamination.
Linearity: It has a highly linear and well-understood resistance-temperature relationship over

a wide range.

3. High Resistivity: Its resistivity is high enough that a small, practical sensor can be
constructed.

4. Purity: It can be refined to a very high and consistent purity, ensuring repeatability between
sSensors.

31. Explain the difference between 2-wire, 3-wire, and 4-wire RTDs.

e 2-Wire RTD: The simplest configuration. The instrument measures the total resistance of the
circuit, which includes the RTD element and the two lead wires. Since the lead wire resistance
also changes with temperature, this introduces a significant and variable error, making it the
least accurate method. It's only suitable for short wire runs where high accuracy isn't needed.
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e 3-Wire RTD: The most common industrial configuration. It uses a third wire to measure the
resistance of one of the leads. The transmitter assumes the resistance of the third wire is
identical to the second wire and subtracts this value from the total measured resistance,
effectively canceling out the lead wire resistance error. It offers a good balance of accuracy
and cost.

e 4-Wire RTD: The most accurate configuration, used in labs and high-precision applications.
Two wires are used to supply a constant, precise current through the RTD element. The other
two wires are used to measure the voltage drop directly across the element. Since a high-
impedance voltmeter draws almost no current, the resistance of these voltage-sensing leads
has no effect on the reading. This method completely eliminates lead wire resistance error.

32. What are RTD accuracy classes (e.g., Class A, Class B)?

These classes are defined by standards like IEC 60751 and dictate the tolerance or allowable
error of an RTD at a given temperature.

e Class B: Standard industrial accuracy. Tolerance at 0°C is £0.3°C.

e Class A: Higher accuracy. Tolerance at 0°C is £0.15°C.

e Higher Accuracy Classes: Manufacturers also offer tighter tolerances like 1/3 DIN (Class B)
or 1/10 DIN (Class B), which are fractions of the Class B tolerance.

33. What is the self-heating effect in RTDs?

To measure the resistance of an RTD, the instrument must pass a small electric current through it.
This current, though small (typically 1 mA or less), generates a tiny amount of heat (P=I2R). This
can cause the RTD element to heat up slightly above the actual ambient temperature, leading to
an artificially high reading. This is known as the self-heating error. It's more significant in static air
than in flowing liquid, as the liquid is more effective at dissipating the extra heat.

34. Compare thin-film vs. wire-wound RTD elements.

Element
Connection
Leads

Resistance

Pattern Platinum

! Resistance
RTD Lead Wire
Wires

Protective
Coating

Element
Substrate
Resistance

Trim Area www.instrunexus.com INSTRUNEXUS
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e Wire-Wound: The traditional construction. A very fine platinum wire is coiled and mounted
inside a ceramic or glass core. They are generally more stable and accurate over the long
term but are more susceptible to shock and vibration.

e Thin-Film: A thin layer of platinum is deposited onto a ceramic substrate and then etched to
create a resistive path. They are more robust, vibration-resistant, and cheaper to produce,
but can be slightly less stable at very high temperatures compared to wire-wound designs.

35. What is the Callendar-Van Dusen equation?

It's a pair of equations that describe the relationship between resistance and temperature for a
platinum RTD. It's a polynomial that provides a more accurate R-T curve than a simple linear
approximation. The equation is used within transmitters and control systems to convert the
measured resistance into a precise temperature reading.

Installation and Application
36. When would you choose an RTD over a thermocouple?

Choose an RTD when:

e High Accuracy is required.

e High Stability and Repeatability are more important than cost.
e The temperature range is moderate (typically —200°C to 600°C).
e The application is in an environment with less extreme vibration.

37. When would you choose a thermocouple over an RTD?

Choose a thermocouple when:

e High Temperatures (above 600°C) are being measured.

e Costis a major factor.

o Afast response time is critical.

e The environment has high vibration or mechanical shock.

e Point sensing (measuring temperature at a very specific spot) is needed.

38. What are the installation best practices for RTDs?
Similar to thermocouples:

e Use a thermowell for protection and maintenance.

e Ensure proper immersion depth (10x diameter rule).

e Use a spring-loaded fitting to ensure good contact with the thermowell bottom.

e Use shielded, twisted-pair cable for long runs to prevent noise.

e Ensure the wiring configuration (2, 3, or 4-wire) matches the transmitter's configuration.
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39. Why are Pt1000 RTDs sometimes preferred over Pt100?
A Pt1000 has 10 times the base resistance of a Pt100. This means:

1. Less Lead Wire Error: The resistance of the lead wires is a much smaller percentage of the
total sensor resistance, making Pt1000 sensors inherently more accurate in 2-wire
configurations.

2. Lower Self-Heating: For the same measurement current, the power dissipated is higher
(P=12R), but often a lower current can be used, or the higher resistance change per degree
makes the signal stronger relative to any self-heating error.

Better for Battery Power: They can be operated with lower excitation currents, consuming less

power, which is ideal for battery-powered loggers and transmitters.

Troubleshooting
40. An RTD is reading an extremely high, off-scale temperature. What is the cause?

This indicates an open circuit. One of the wires has broken or a terminal is loose. The instrument
sees infinite resistance, which it interprets as an infinitely high temperature.
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44. An RTD is reading a very low, fixed temperature (e.g., -40°C). What is the problem?

This often indicates a short circuit. The lead wires have shorted together somewhere before the
element. The instrument is now measuring the resistance of only a portion of the lead wires, which
is a very low value, corresponding to a very low temperature.

45. How do you test an RTD with a multimeter?

. Disconnect the RTD from its transmitter.

2. Set a high-quality multimeter to the Ohms (Q) setting.

3. Connect the meter leads across the RTD wires. For a 3-wire sensor, measure the resistance
between the two common-colored wires (this is the lead wire resistance) and then between
one of those and the unique-colored wire (this is the element + one lead). The difference gives
you the element resistance. For a 4-wire sensor, measure across the element leads.

4, Compare the reading to a standard Pt100 R-T table for the current ambient temperature. For
example, at room temperature (~20°C), a Pt100 should read approximately 107.79Q.

5. Check for shorts between the wires and the sheath (insulation resistance), which should be in
the megaohms range.

46. A 3-wire RTD reading is slightly off. What could be the issue?

e Unequal Lead Resistances: The 3-wire compensation assumes the lead wires have identical
resistance. If one wire is longer, a different gauge, or has a corroded connection, this
assumption is violated, leading to an error.

e Transmitter Mismatch: The transmitter is configured for the wrong sensor type (e.g., Pt1000
instead of Pt100) or curve (European vs. American).

Self-Heating: The excitation current from the transmitter might be too high for the application (e.g.,
measuring still air).

Part 4: Thermistors

Principle and Design
47. What is the working principle of a thermistor?

A thermistor (a portmanteau of "thermal resistor") is a type of resistor whose resistance is highly
dependent on temperature. They are made from semiconductor materials (metal oxides). Unlike
RTDs, their resistance change is very large and highly non-linear.

www.instrunexus.com

INSTRUNEXUS



Metal 1
Junction « IVoltage

Metal 2

Heat source

INSTRUNEXUS

A
3 Typical thermistor
o
®
@ Linearized
14 thermiStor(Two parallel resistors)

Temperature
www.instrunexus.com

48. What is the difference between an NTC and a PTC thermistor?

Resistance

Temperature

PTC Thermistor

Resistance

Temperature

NTC Thermistor

e NTC (Negative Temperature Coefficient): This is the most common type for temperature
measurement. Its resistance decreases as temperature increases.
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PTC (Positive Temperature Coefficient): Its resistance increases as temperature increases.
They often exhibit a sudden, massive increase in resistance at a specific "switch" temperature,
making them useful as self-resetting fuses or heating elements.

49. What are the main advantages of thermistors?

e High Sensitivity: They exhibit a very large change in resistance for a small change in
temperature, providing excellent resolution.

e Fast Response: Due to their typically small size, they can respond very quickly to temperature
changes.

e Low Cost: They are generally very inexpensive to manufacture.

50. What are the main disadvantages of thermistors?

¢ Non-Linearity: Their resistance-temperature relationship is highly non-linear, requiring more
complex calculations (like the Steinhart-Hart equation) to convert resistance to temperature.

e Limited Range: They have a much narrower operating temperature range (typically —-50°C to
150°C) compared to RTDs or thermocouples.

e Less Standardized: Different manufacturers' thermistors can have very different
characteristics, making them less interchangeable than RTDs.

51. What is the Beta () value of a thermistor?

The Beta (B) value, or Beta coefficient, is a simple parameter used to describe the resistance-
temperature curve of an NTC thermistor over a specific temperature range (e.g., 25°C to 85°C).
It's used in a simplified equation to approximate the thermistor's resistance at different
temperatures. While easy to use, it's less accurate than the Steinhart-Hart equation.

52. What is the Steinhart-Hart equation?

This is a more accurate mathematical model used to convert a thermistor's resistance value into a
temperature. It's a third-order polynomial that requires three coefficients (A, B, and C) that are
specific to each thermistor model. It provides very high accuracy over the entire operating range of
the sensor.

% = A+ BIn(R) + C[In(R)]?

Where T is temperature in Kelvin and R is resistance in Ohmes.
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Installation and Troubleshooting

53. Where are thermistors commonly used?

They are widely used in commercial and consumer products due to their low cost and high
sensitivity. Examples include:

Digital thermostats and home appliances (refrigerators, ovens).
Automotive applications (engine coolant temperature sensors).
Electronics (for monitoring CPU and battery temperatures).
Medical devices (digital thermometers).

54. How do you test a thermistor?

Similar to an RTD:

55.

Disconnect the thermistor.

Use a multimeter to measure its resistance at a known ambient temperature.

Compare this resistance to the manufacturer's data sheet or R-T table. For an NTC thermistor,
gently warming it with your fingers should cause the resistance reading to drop noticeably.

What causes a thermistor to fail?

Overheating: Exposing it to temperatures beyond its maximum rating can permanently

damage it.

Mechanical Stress: The fine lead wires can break due to excessive vibration or bending.
Aging/Drift: Over time and thermal cycling, the thermistor's characteristics can drift, leading to

inaccurate readings.

Part 5: Infrared (IR) Sensors / Pyrometers

Housing
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56. How does a non-contact infrared sensor work?

: Amplification:
-1 = System - *'
I I

It works based on the principles of black-body radiation and the Stefan-Boltzmann Law. All
objects above absolute zero emit thermal energy (infrared radiation). An IR sensor has an optical
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system (lens) that focuses this radiation onto a special detector (like a thermopile). The detector
converts the IR energy into an electrical signal. The sensor's electronics then process this signal,
and using the Stefan-Boltzmann law and a user-set emissivity value, calculate the object's surface
temperature.

57. What is Emissivity, and why is it critical?

Emissivity (¢) is a measure of an object's ability to emit thermal radiation, on a scale from 0 to 1.
An ideal emitter, called a "black body," has an emissivity of 1.0. Shiny, reflective surfaces (like
polished metal) have a very low emissivity (e.g., 0.1), while dull, dark, or organic surfaces have a
high emissivity (e.g., 0.95). It's critical because an IR sensor measures all radiation it sees. If an
object has low emissivity, it reflects a lot of background radiation. The sensor can't distinguish
between emitted and reflected radiation. Setting the correct emissivity value in the sensor's
configuration is essential for an accurate temperature reading.

58. What is the Distance-to-Spot Ratio (D:S)?

The D:S ratio (e.g., 12:1, 50:1) describes the size of the area the sensor is measuring at a given
distance. A 12:1 ratio means that from 12 inches away, the sensor is measuring the average
temperature of a 1-inch diameter spot. From 24 inches away, the spot would be 2 inches in
diameter. The target being measured must always be larger than the sensor's spot size at
that distance to avoid including background temperatures in the measurement, which would
cause a significant error.

59. What environmental factors can affect an IR measurement?

e Obstructions: Dust, smoke, steam, or dirt on the sensor's lens will block radiation and cause
a low reading.

e Atmospheric Absorption: Certain gases in the atmosphere (like water vapor and CO2) can
absorb IR radiation at specific wavelengths. Most industrial sensors use a spectral window
(e.g., 8-14 microns) where this effect is minimal.

¢ Intervening Windows: Measuring through glass or clear plastic is generally not possible with
standard IR sensors, as these materials are opaque to long-wavelength infrared radiation.
Special sensors with specific wavelengths are needed for this.
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60. What is the difference between a spot pyrometer and a thermal imager?

e Spot Pyrometer: Measures the average temperature of a single spot. It gives a single
numerical temperature reading. Handheld "temperature guns" are spot pyrometers.

Thermal Imager (or Thermal Camera): Uses an array of detectors (a focal plane array) to

measure the temperature of thousands of points simultaneously and creates a two-dimensional

false-color image, where different colors represent different temperatures. This provides a

complete thermal map of a scene.

Installation and Troubleshooting
61. How do you correctly aim an IR sensor?

Ensure the sensor is aimed perpendicular to the target surface. Aiming at an angle can cause
errors as the emissivity can change with the viewing angle. Also, ensure the measurement spot is
entirely on the target surface, not overlapping with hotter or colder backgrounds.

62. How can you accurately measure the temperature of a shiny, low-emissivity surface?
This is a major challenge for IR thermometry.

1. Modify the Surface: If possible, paint a small patch of the surface with a high-emissivity matte
black paint, or apply a piece of high-emissivity tape (like electrical tape). Then, measure the
temperature of the painted/taped spot.

2. Use a Special Sensor: Use a short-wavelength sensor, as they are less sensitive to emissivity
variations on metals.

3. Use a Reference Sensor: Use a contact sensor (like a thermocouple) to measure the true
temperature once, then adjust the emissivity setting on the IR sensor until its reading matches
the contact sensor's reading. This calibrated emissivity value can then be used for future non-
contact measurements.

63. An IR sensor is giving a reading that is consistently low. What are the likely causes?

e Dirty Lens: The most common problem. Clean the lens according to the manufacturer's
instructions.

¢ Incorrect Emissivity: The emissivity is set too high for the target material.

e Target Too Small: The measurement spot is larger than the object, so the sensor is averaging
in the colder background temperature.

e Obstruction: Steam, smoke, or dust is between the sensor and the target.
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64. Why would you NOT use an IR sensor?

e To measure the temperature of a highly reflective object (like a mirror or polished aluminum)
without surface modification.

e To measure the temperature of air or clear gases (they do not emit enough radiation).
e To measure the internal temperature of a solid object or liquid (it only measures the surface).
e To measure through a glass window with a standard long-wave sensor.

Part 6: Bimetallic Thermometers
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65. What is the principle of a bimetallic thermometer?

It operates on the principle of differential thermal expansion. Two strips of different metals with
different coefficients of thermal expansion (e.g., steel and brass) are bonded together. When
heated, the strip with the higher coefficient expands more than the other, causing the bonded strip
to bend or curl in a predictable way.

66. How is this principle used to create a thermometer dial?

In a typical dial thermometer, the bimetallic strip is wound into a long helix (coil). One end of the
helix is fixed, and the other end is attached to a pointer. As the temperature changes, the helix
winds or unwinds, causing the pointer to rotate around a calibrated dial face, indicating the
temperature.

67. What are the advantages and disadvantages of bimetallic thermometers?

Advantages:

e Simple, robust, and require no power.
e Inexpensive.
e Easy toread at a glance.

Disadvantages:

e Not as accurate as RTDs or thermocouples.
e Slower response time.
e Can be damaged by severe shock or vibration.
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e Limited to local indication only (no remote signal).
e Can lose calibration over time.

68. How do you calibrate a bimetallic thermometer?
Most dial thermometers have a small calibration screw on the back of the casing.

1. Ice Bath (0°C/32°F): Place the stem of the thermometer in a properly made ice bath (a mixture
of crushed ice and water). Wait for the reading to stabilize. If it doesn't read 0°C, use the screw
to adjust the pointer until it does.

2. Boiling Water (100°C/212°F at sea level): For higher range calibration, place the stem in
boiling water (adjusting for local atmospheric pressure). Adjust the pointer to the correct boiling
point.

69. Where are bimetallic thermometers typically used?

They are used in applications where high precision is not required and a simple, local visual
indication is sufficient. Common examples include:

¢ Home ovens and barbecue grills.

e Wall-mounted thermostats (older mechanical types).
e Hot water heaters.

¢ Industrial process lines for a quick visual check.

Part 7: Advanced and Comparative Questions

70. Create a summary table comparing the five main sensor types.
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71. For a furnace at 1200°C, which sensor do you choose and why?
A Type K or Type S thermocouple.

e Why: This temperature is far beyond the range of RTDs and thermistors. A noble metal
thermocouple like Type S would provide the best accuracy and stability at this temperature, but
a Type K is a more cost-effective option if slightly lower accuracy is acceptable. An IR sensor
could also be used if a clear line of sight is available.
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72. For a high-accuracy laboratory measurement of water temperature around 25°C, which
sensor is best?

A 4-wire Pt100 RTD or a precision thermistor.

e Why: The 4-wire RTD offers excellent accuracy and linearity, completely negating lead wire
errors. A precision thermistor offers even higher sensitivity and resolution in this narrow
temperature range, and its non-linearity can be easily handled by modern data acquisition
systems using the Steinhart-Hart equation.

73. For measuring the surface temperature of a moving conveyor belt, what is the only
suitable option?

An infrared (IR) sensor.

e Why: It is a non-contact method, making it the only practical choice for measuring the
temperature of a moving, inaccessible, or fragile target without influencing the target's
temperature or damaging the sensor.

74. What is a 4-20 mA transmitter and why is it used with temperature sensors?

7 Nl

Signal Integrity Loop Power Diagnostics

Current signals Transmitters can be Current values
maintain strength powered by the indicate signal
over long distances. signal wires. status and errors.

A temperature transmitter is an electronic device that connects to a sensor (like an RTD or
thermocouple), linearizes and amplifies its signal, and converts it into a standard analog current
signal, typically 4-20 mA. Advantages:

¢ Noise Immunity: A current signal is far less susceptible to electrical noise over long distances
than a low-level voltage (mV) or resistance signal.
e Signal Integrity: The current does not degrade over long wire runs, unlike voltage.
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e Loop Power: The transmitter can be powered by the same two wires that carry the signal (a
"2-wire loop").

e Diagnostics: A reading of 4 mA represents the 0% value, while 20 mA represents 100%. A
current of 0 mA indicates a broken wire or power failure, which is easily distinguishable from a
valid low reading. This is called a "live zero."

75. What is HART Protocol?

HART (Highway Addressable Remote Transducer) is a hybrid communication protocol that
superimposes a low-level digital signal on top of the standard 4-20 mA analog signal. This allows a
technician to use a handheld communicator or PC to remotely access the transmitter for
configuration, diagnostics, and calibration without interrupting the analog signal to the control
system.

76. What does "Intrinsically Safe" (1.S.) mean in the context of instrumentation?

Intrinsically Safe is a protection technique for safely operating electronic equipment in hazardous
areas where flammable gases or dust may be present. An |.S. system is designed to ensure that
the energy (voltage and current) available in the circuit is always too low to produce a spark or
heat a surface to a temperature that could ignite the hazardous atmosphere, even under fault
conditions. This is typically achieved by using I.S. barriers (Zener barriers or galvanic isolators) in
the safe area to limit the energy sent into the hazardous area.

77. What is sensor drift? How is it managed?

Sensor drift is the gradual and unwanted change in a sensor's reading over time when measuring
a constant input. It's caused by factors like material aging, thermal cycling, and chemical
contamination. All sensors drift to some extent. Management: Drift is managed through a regular
calibration schedule. The sensor's output is compared against a known, traceable temperature
standard, and any deviation is recorded. If the drift exceeds acceptable limits, the sensor is
adjusted (if possible) or replaced.

78. What is the difference between a transmitter's range and its span?

e Range: The lower and upper limits that the instrument is capable of measuring. For example,
a transmitter might have a total range of -50°C to 200°C.

e Span: The algebraic difference between the upper and lower range values that the transmitter
is currently configured for. If the transmitter is configured to output 4 mA at 0°C and 20 mA at
100°C, its span is 100°C (100-0).

79. What is "burnout protection"” on a transmitter?

Burnout protection determines the behavior of the transmitter's analog output (4-20 mA) in the
event of a sensor failure (e.g., an open circuit).
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Upscale Burnout: On sensor failure, the output current goes to a high value, typically >21 mA.
This is common as it signals an alarm state that is clearly different from a normal operating
value.

Downscale Burnout: On sensor failure, the output current goes to a low value, typically <3.6
mA. This might be used in some systems where a high alarm value could trigger an unwanted
shutdown.

80. You need to measure temperature inside a high-pressure reactor. What are your primary
installation components?

The primary components would be:

1.

A high-pressure thermowell properly rated for the reactor's pressure and temperature, made
of a material compatible with the process chemicals.

An appropriate sensor, likely an ungrounded thermocouple or RTD for electrical isolation
and safety. Using an MI cable sensor is highly recommended for its durability.

A temperature transmitter located close to the sensor to convert the signal to a robust 4-20
mA/HART signal.

If the area is classified as hazardous, an Intrinsically Safe (1.S.) system with an |.S. barrier
would be required.

(Questions 81-100: Rapid-fire scenarios and definitions)

1.

www.instrunexus.com

What is a "ground loop"? An unwanted current path in a circuit that has multiple ground
points at different potentials, causing noise and signal errors.

Why can't you solder a thermocouple junction? Solder introduces a third, intermediate
metal, which violates the principle and creates an unwanted junction. Junctions must be
welded.

An RTD and a thermocouple are reading the same temperature. Which signal is larger?
The RTD signal (a change of many ohms) is electrically much stronger and easier to measure
than the thermocouple's microvolt/millivolt signal.

What is the purpose of the "red" wire in standard US thermocouple coloring? Red is
always the negative (-) leg.

What does a "dual element" sensor provide? Redundancy. If one element fails, the
transmitter can be switched to the backup element without shutting down the process.

Can you use a copper wire to extend a thermocouple? No. This would create a new
thermocouple junction at the connection point, introducing a major error equal to the
temperature at that point. You must use the proper extension wire.

What is "stem conduction error"? Heat being conducted up or down the stem/sheath of the
sensor, causing the tip to be at a slightly different temperature than the medium it's supposed
to be measuring. Proper immersion depth minimizes this.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Why are thermistors rarely used in heavy industrial control loops? Their limited range
and strong non-linearity make them less suitable for the broad-range, standardized control
systems compared to RTDs and thermocouples.

What limits the maximum length of an RTD's lead wires? The total resistance. Even with 3-
wire or 4-wire compensation, excessively long and high-resistance leads can fall outside the
transmitter's ability to compensate.

An operator uses a heat gun on a temperature transmitter's housing, and the process
reading changes. What is the problem? The Cold Junction Compensation (CJC) circuit is
being affected by the external heat source, causing an inaccurate reading.

What is a "black body calibrator"? A specialized furnace with a cavity that has a very high
and known emissivity (=0.99), used as a perfect source to calibrate IR pyrometers.

Does the color of a surface affect an IR temperature measurement? Yes, because color
often relates to emissivity. Matte black paint has a high emissivity (~0.95), while a light, glossy
color may have a lower one.

What is T-max for a thermocouple? The maximum recommended operating temperature for
continuous, reliable use. Exceeding it can lead to rapid decalibration and failure.

How can vibration damage a wire-wound RTD? The fine platinum coil is delicate and can
fracture due to mechanical shock, causing an open circuit.

Is a bimetallic thermometer a contact or non-contact sensor? It is a contact sensor.

What is the "Alpha" (a) coefficient for an RTD? The Temperature Coefficient of Resistance.
For a Pt100, the common European standard alpha is 0.00385Q/Q/°C. It defines the average
slope of the resistance change from 0°C to 100°C.

Why would a gold-plated connector be used in a temperature circuit? To provide a
corrosion-resistant and highly reliable electrical connection, minimizing contact resistance
errors.

Describe a "multipoint™" thermocouple. A single assembly containing several thermocouples
with measuring junctions at different depths. It's used to measure a temperature profile inside
a vessel, like a reactor or fractionating column.

If a thermocouple sheath fails and process fluid gets inside, what happens? The fluid
can short the wires, creating a new junction at the point of failure. It can also corrode the wires,
leading to a complete open circuit. The reading will become erroneous.

20.What is the most important step before performing any troubleshooting on a live

www.instrunexus.com

process instrument? Follow all safety procedures, obtain the necessary work permits (e.g.,
hot work, lockout-tagout), and inform the control room operator of your intentions to prevent
accidental process upsets.
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