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Temperature Sensors

Temperature sensors are vital in monitoring many kinds of
process. Ensuring your process media stays between safe limits,
is moving through your system effectively and compensating for
temperatures effects on your process is vital for the safe, efficient
and accurate running of your process.

There is a common misconception that temperature sensors are
off-the-shelf items. This is only partly true. While there are some
common types of temperature sensor that are usually available
ex-stock from suppliers — such as handheld sensors with coiled
cords, basic wire sensors and a few simple designs — there are
millions of possible configurations for your temperature sensor,
which means that most are made to suit your specific
requirements.
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Sensor Types

Temperature sensors are divided up into three major types — Resistance Temperature
Detectors (or RTDs), Thermocouples and Pyrometers.

RTDs (Resistance Temperature Detectors)

RTDs measure your temperature using a small platinum-wound bulb. As the
temperature of the bulb increases, the electrical resistance of the bulb increases in
direct proportion to the temperature.

This means that by measuring the resistance of the bulb, you get an accurate — if not
entirely linear — indication of temperature.

Pros & Cons

PROS

e Sensors are very easy to extend, as unlike thermocouples they can be
extended with regular electrical wire.

e Transmitters are common and inexpensive, whereas thermocouple
transmitters are usually cost slightly more.

e Sensors are compatible with more devices, since most older hardware and
many sensors, controllers and drives take RTD rather than thermocouple
inputs.

e Sensors do not have as many variants and variations as thermocouples,
making selecting the right type easier.

e Although their range is limited compared to thermocouples, they are
capable of higher accuracy when a high-precision bulb is used.

e InIntrinsically Safe applications, it is usually less expensive to take an
RTD through into your safe area via an appropriate barrier.
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CONS

e Sensors are more expensive than thermocouples due to their platinum
elements.

e Sensors do not have a range that can compare with thermocouples — they
can work up to 850 degrees, but higher-range sensing elements are more
expensive, where even the cheapest model of thermocouple can be used
for temperatures above 1000 degrees.

The Number of Wires

RTD sensors can have between two and four wires, which can confuse some people.
These wires are usually red and white, or marked ‘A’ and ‘B’.

The reason for more than two wires is actually quite simple. The output of an RTDs is
based on the resistance of the bulb. But your RTD transmitter or receiver - the device
that converts your RTD signal into a usable value — is almost always connected to the
bulb by a length of wire...and the wire itself has a resistance.

This means that the longer the distance is between you and your RTD, the more
inaccurate your results become due to the resistance of your cables.

Platinum RTD Bulb . . -
The third and fourth wires compensate for this problem. In a 3-

wire RTD, you will usually find two red wires. These are
connected to the same side of the RTD bulb, meaning that if you
measure the resistance between the two red wires, you can

A g 52 Dbasically ‘cancel out’ the resistance caused by the cabling.

Four-wire RTDs use exactly the same principle, but also include a 2" leg on the white
side of your RTD. This is particularly useful if for some reason, one side of your cable
is longer, a different material or a different grade and size to the other.

Note that some 2-wire RTD transmitters or devices allow you to put in a ‘fudge
factor’ to compensate for the resistance of your cable. Even with this however, we
always suggest purchasing your RTDs in a 3-wire configuration.

Nonlinearity

Both thermocouple and RTD sensors are not completely linear — when you make a
graph of the output signal vs the input temperature, they follow a curve. Most devices
that plug into either of these sensors allow you to linearise your results to make them
more accurate — but be aware when purchasing inexpensive transmitters that some
devices are not able to linearise.
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The output of an RTD is usually more linear than thermocouples.

Types

There are only a couple of basic types of RTD. They are named based on the amount
of resistance they have at 0 degrees C. The most common type is PT100 (meaning
1000hms of resistance at 0 deg.), with the 2" most common being PT1000. There are
however a number of other special variations.

PT1000 sensors are usually only used when long cable lengths are involved, to help
separate the temperature signal from the ‘background noise’ generated by the
resistance of the cables themselves.

When choosing a sensor for a device or choosing a device for a sensor, ensure that
they match in terms of type of RTD.
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Thermocouples

Thermocouples are actually simpler than RTD sensors in construction. They make use
of what is known as the Seebeck effect — that when you join lengths of two different
metals and apply a different temperature on each side, a voltage is produced.

So quite simply, a thermocouple is simply two wires of different materials that are
tied or welded together at their far end. A voltage is produced when you expose the
joined end to a temperature, and that voltage is directly proportional to the
temperature you apply.

As mentioned, the voltage the thermocouple generates is based on the difference in
the temperature between the tip and the end of the cables, where the tip is called the
‘hot” end and the and of the cable the ‘cold’. As such, for maximum accuracy most
temperature transmitters include what is known as “cold junction compensation’,
where

By changing the materials in the wire, the thermocouple responds differently to
temperature. Certain combinations are ideal for cryogenic applications, some are able
to measure to incredibly high temperatures, some are more corrosion resistant, while
others are so susceptible to decay that you can never expose them to oxygen.

Interestingly, due to the laws of conservation of energy, there is an opposite to the
Seebeck effect, known as the Peltier effect — basically, since creating a temperature
difference on a thermocouple creates a voltage, the opposite must be true and creating
a voltage on the opposite side of a thermocouple creates a temperature difference.
This allows you to make heaters and coolers that have no moving parts, common in
miniature refrigerators, drink warmers, computer processor coolers and other low-
power devices.

Pros & Cons

PROS

e Thermocouple sensors are usually cheaper than RTDs unless they are
constructed of exotic materials.

e Bare thermocouple sensors (eg. Sensors with bare wires as their sensing
elements rather than having the junction enclosed within a sheath) are very
easily repaired — simply tie the tips of the two wires back together.

e Similarly to above, you can construct a brand new bare-wire sensor from
cable within moments, avoiding the need for custom fabrication.

e Thermocouples have a significantly wider range than RTD sensors.
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Sheathed Sensors

Sheathing your sensor in a metal tube
allows you to give it much greater
strength, but still allows for a degree of
flexibility, as the tube can be bent
around corners for installation.

SLIDING
COMPRESSION FITTING

Sensors such as this are ideal for ]
installation into pipework, since their S50 LPROCESS
strong, round edges are perfect for et e
compression fittings (such as those

pictured), allowing you to insert the sensor to the depth you require and tighten the
fitting, making a permanent thread connection.

Sensors with sheathes like this can also be built for high temperatures by adding
insulation to the inside of the sheath, in which case it is called a ‘MIMS’ — Mineral
Insulated Metal Sheath — sensor.

For applications where you are installing a sensor into a system that is high pressure,
you can use a ‘thermal well’ (often called a thermowell), which is shown in the
picture above. A well is basically a simple, sealed tube of metal that has a hole
running through most of it’s length to suit a temperature sensor. The well is
permanently fitted to your pipework or system, and the heat from your process passes
through the end of the well and into your sensor that fits inside. This means you can
remove the temperature sensor without having to shut down your system, since the
thermowell keeps the system sealed.

And finally, they are also suitable for ‘sensor heads’ such as the ones pictured. Heads
like this allow you to have a terminal block in the field — or install an in-head
temperature transmitter to convert your thermocouple or RTD signal into something
suitable for your other hardware.

Sheathed sensors can have a large number of attachments — flanges, unions, pipe
mountings, armor, lagging and much more, to allow the sensor to fit in any and every
system. Simple decide on what you need, and ask us to help you create it.

Handheld Sensors

There are a range of handheld RTD and thermocouple readers available, with very
cost effective pricing points. Handheld thermocouple readers are more common than
RTD versions, and usually include a small type-K sensor.

Handheld pyrometers are also available. Unlike RTDs and thermocouples, these
handheld units are part of the sensor. They are available in a number of different
temperature ranges and designs.
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Names:

Cold End, Termination, Head*

* Where a metal, plastic, ceramic or other head is
fitted.

Illawarra Industrial Instrumentation
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Names:

Tip, Sensing Element, Junction
(Thermocouples), Bulb (RTDs),
Hot End
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Below are just a few examples of options available for temperature sensors...

Cold End / Termination Cabling Hot End/ Tip
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So, for example, you could have a sensor with a bare-wire tip, a Teflon cable and PVC tails at the cold end.
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