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Task1

Platinum RTD
A platinum resistance temperature detector (RTD) is a temperature measurement

sensor in which the resistance depends on the temperature. When the temperature
changes, the sensors resistance changes. Platinum is the most common material

used for constructing RTD sensors as it has a reliable, repeatable and linear
temperature-resistance relationship. Jones (1974) states that platinum ‘has a

particularly high temperature coefficient of resistance and stability in use’ (p.309).

The RTD is constructed with the platinum wire (resistance element) is wound round

a ceramic core and embedded within a protective casing, as shown in figure 1.1. The
temperature coefficient of an RTD is 0.003851/°C and can be calculated using the /

following formula:

R100 — RO /
Q@ = —
RO x 100°C

Where:

a = temperature coefficient
R100 = resistance at 100°C
RO = resistance at 0°C

Diefenderfer and Holton (1994) explain that ‘at 0°C the length and area of the wire
are usually chosen such that the resistance of the PRDT is 100.0Q’ (p.131). Simply,

a Pt100 has a resistance of 100 ohms at 0°C with an increase of 0.385 ohms per /

degree.
Resistance Element Ceramic core
Leads \ /
Tz
L [ IA\Ih 1117
vVVVVV vV VY
N
Protective Casing
tector or RTD ee
Figure 1.1 — RTD Construction
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The key features of an RTD include high accuracy and stability. Pt100 sensors are
available in different accuracy classes with the most common being AA, A, B and C.
The accuracy of the sensor ranges from +0.1°C to £0.6°C which is defined in IEC
60751 (Beamex). RTDs are suitable for high-precision applications due to their long-
term stability and minimal drift. They also have a wide temperature range typically
from -200°C to +500°C as the one shown in appendix 1 but some sensors can work
up to temperatures of +850°C. Compared to thermistors, RTDs have a more linear
resistance-to-temperature relationship making them easier to calibrate and fault find /

as shown in figure 1.2.

Resistance vs. Temperature - Pt100 (385)

Resistance [Ohms]

-200 -100 0 100 200 300 400 500 600 700 800 900
Temperature [°C]

Figure 1.2 — Resistance vs Temperature Linearity

Platinum RTDs are ideal for high-temperature and high-precision measurements

making them suitable for process control in oil and gas, chemical and

pharmaceutical industries. RTDs are more sensitive to temperature changes and can
respond quickly and accurately. When assessing the environmental considerations,
RTDs are resistant to corrosive environment but may require a protective housing,

such as a thermowell to protect it from the process medium and provide a longer life
span. The constrains of using an RTD is that they are larger in size compared to a
thermistor and require more space for installation and maintenance. Also, RTDs are
more expensive but have higher precision of the manufacturing process. Typically, /

RTDs are easily available and can be configured for different industrial applications.
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NTC Thermistor

A negative temperature coefficient (NTC) thermistor is a type of temperature sensor
typically made form ceramic material. The NTC thermistor has a negative
temperature coefficient meaning that their resistance decreases as the temperature
increases. Figure 1.3 shows the construction of a NTC thermistor where a piece of

semiconductive material is place between two conductors. /

Conductor

Figure 1.3 — NTC Thermistor Construction

Unlike the platinum RTD, a thermistor has a non-linear response to temperature
change. Since the temperature-resistance curve is non-linear, special consideration
is required during calibrations. The NTC thermistor is smaller in size compared to the
RTD and are also inexpensive in contrast to other temperature sensors. The typical
temperature range of a thermistor is -50°C to +150°C limiting its suitability for
different processes. When measuring narrow temperature ranges, the thermistor can
offer high accuracy but is generally less accurate than RTDs over a wide range. The

thermistor shown in appendix 2 has a tolerance of £0.9%. /

Thermistors are not as robust as RTDs as they are susceptible to moisture, humidity
and harsh chemicals. The main constraint of a thermistor is their non-linear
resistance response to temperature. They are not suitable for high temperature
applications and would be inappropriate for process control where accuracy is
important. Tooley (2015) describes that ‘thermistors are widely used in temperature
sensing and temperature compensating applications’ (p.30). Compared to RTDs,

NTC thermistors are cost-effective and would be suitable where high precision is not

Page 4 of 20 Kelly
Williams



Prifysgol Cymru
% Y Drindod Dewi Sant

\ University of Wales
Trinity Saint David

%

critical or where there are budget constraints. They are widely available and can be
easily sourced to be used in manufacturing and consumer electronics. Jones (1974)
states ‘a thermistor temperature element is considerably more sen/sitive than the

conventional metal wire resistance element’-( :P 313)
wWold /ike Lo see mare spec m
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Task 2

Thermistor Temperature
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Figure 2.1 — Thermistor Temperature Graph
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Figure 2.2 — RTD Temperature Graph

When analysing the graphs in figure 2.1 and figure 2.2 it can be seen that the
readings form the RTD sensor are consistently close to the IC sensor. The accuracy
of the RTD is high compared to the thermistor. It typically measures the same
temperature as the IC sensor. From the start of the analysis, the thermistor sensor
has nearly a 20% error and continues to have a low accuracy as the temperature is

increased.

Over time, the thermistor reading drifts further away from the IC senor reading
generating a larger percentage error. Since it is a slow but consistent shift from the
reference error, it can be determined that there is an error in the sensor’s
performance. The percentage error generated over the analysis for both sensors can
be seen in figure 2.3. it shows that there is a consistent error with the thermistor
sensor, but the RTD sensor generally has a low percentage error.

The sensitivity of the RTD sensor is quite high and is visible from the data collected
in figure 2.2. Although the RTD readings follow the true value, the sensor is
oversensitive, constantly changing as the temperature is increased and produces an
uneven response. To have a smoother response, the readings could have been
taken every 5 seconds. The thermistor sensor is less sensitive to temperature
change and deviates from the IC sensor as the temperature is increased.

The response from the RTD sensor show that there are fluctuations with the data
collected which suggests that the sensors stability is a concern. However, the sensor
responds quickly to the change in temperature and can maintain a high level of
accuracy. Whereas the thermistor sensor does not exhibit any fluctuations but has a
slower response to the temperature change. Also, with the RTD sensor its output
can be predicted which aids with fault finding whereas the thermistor has an

exponential response and cannot be predicted easily. /

Based on the comparison of the sensors to the IC temperature sensor, the RTD
sensor is more accurate and reliable. For process control, an RTD sensor would be
selected due to its ability to provide accurate readings and respond quickly to

temperature changes. The response time of the RTD is quicker than that is the
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thermistor. By analysing the percentage error shown in figure 2.3, the RTDs
performance is more accurate and would be the preferable sensor.

Percentage Error
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Figure 2.3 — Percentage Error Graph
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Task 3

Based on the evaluation of the two sensors that have been tested, the RTD was the
more suitable sensor due to its accuracy and response time.
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Figure 3.1 — Signal Processing Circuit
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Instrumentational Amplifier

R
Av=(1+ )
( gain /
Vout
Av =
Vin

at 100°C V,,,, = 10V

10
AV = 335801 /

Av = 2793 /

R Rgain X (Av — 1)/
B 2
_ 47x(2793-1)

o

R = 63.29kQ
Nearest value 68k /
Wheatstone Bridge Instrumental Amplifier
R1 = 820 | Q R = 68 | kQ
R2 = 820 | Q Rgain = 4.7 | kQ
R3 = 100 | Q Vs = 10|V /
Temperature | PT 100 | Bridge Output | Amplifier Output
(°C) (Q) Voltage (mV) Voltage (V)
0 100 0.00 0.00
10 103.85 37.14 1.11
20 107.7 73.98 2.21
30 111.55 110.51 3.31
40 115.4 146.74 4.39
50 119.25 182.67 5.47
60 123.1 218.31 6.54
70 126.95 253.66 7.59
80 130.8 288.73 8.64
90 134.65 323.51 9.68
100 138.5 358.01 10.72 /

Table 3.1 — Calculated Values

Page 10 of 20 Kelly
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Temperature | PT 100 | Bridge Output | Amplifier Output
(°C) (Q) Voltage (mV) Voltage (V)
0 100 -0.86 0.003176
10 103.85 37.144 1.115
20 107.7 73.979 2.217
30 111.55 110.509 3.311
40 1154 146.74 4.395
50 119.25 182.673 5.471
60 123.1 218.312 6.537
70 126.95 253.662 7.595
80 130.8 288.726 8.645
90 134.65 323.506 9.118
100 138.5 358.008 9.118

Table 3.2 — Measured Values

/

The overall performance of the circuit provides an accurate output voltage across the

temperature range of 0-100°C. comparing the measured results to the calculated

results show that there are small differences. The actual obtains results differ from

the calculated results since the nearest equivalent resistor value must be used for

the simulation. With the simulation, exact resistance values are used whereas in

reality each resistor will have its own tolerance and would therefore change the

output readings. There would also be potential losses in the op amp, and it has the

potential to generate its own internal voltage. This would be the reasoning for why

there is a voltage reading from the amplifier at 0°C on the measured values. /

Page 11 of 20
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Task 4

Fieldbus Foundation

The fieldbus foundation is a digital communication system which similarly to HART
protocol, has two-way communication. It allows for both analogue and digital data to
be transmitted between field devices and bidirectional communication between the
control system and field devices. Communication between devices can be achieved
without the need of a central controller. Figure 4.1 shows the connections between
the devices and the network and how the fieldbus foundations with allow for

communication between them all.  /

tlF irl——

Plant LAN / intra net

I

e ==

|

8

p—
—

Control network |

Fieldbus
: qm cf
1 E¥S

Figure 4.1 — Fieldbus Foundation

The fieldbus foundation has very little limitations supporting up to 32 devices on a
single pair of wires. Communications speeds are generally quite high enabling real
time data to be communicated and displayed without any time delay (Emerson).
Foundation fieldbus devices can also communicate if they are operating correctly ad
indicate if the information, they are sending back is good, bad or uncertain. Unlike
other methods of signal transmission, this eliminates the need of routine checks thus
saving money. However, Powell and Vanderlinde (2013) state that ‘Foundation
Fieldbus require more than one protocol to create all the different applications in a

process plant’ (p.9).

Page 12 of 20 Kelly
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Application of fieldbus foundation include oil and gas where there are often complex
processes and precise control, and monitoring is required. Data can be sent at high

speed and automation control is available.

HART Protocol
HART (Highway Addressable Remote Transducer) is a communication protocol

which is called a hybrid protocol because it combines both analogue and digital
communication (Emerson). Analogue signals can be communicated via 4-20mA
signals whilst also communicating additional information on a digital signal. The
digital signal is also carried by a 4-20mA signal but does not affect the analogue

reading as it is removed from the analogue signal by filtering techniques.

HART protocol can send and receive digital information but can only communicate
one way with analogue signal. Using analogue signal, information is sent only one
way either from the host to the device or from the device to the host. HART digital
communication signal enables control signals to be sent as well as information to be
sent back. For example, a valve controller can be told how much to move and can
also send the host what is happening with the valve. Compared to Profibus and
fieldbus foundation, HART protocol does operate at a slower speed making it not
suitable for critical processes. As described by Powell and Vanderlinde (2013)
‘HART is a fairly simple protocol and does not have the detailed profile concept of
PROFIBUS PA’ (p.15).

Applications of HART protocol includes process industries where the process is
required to be monitored in terms of flow, pressure, temperature and level
measurement. Analogue signals can be easily communicated using this type of
protocol and provides the ability to access device diagnostics. /

Profibus

Profibus, short for “Process Field Bus” is another communication protocol to share
data effectively. Profibus PA is used to monitor measuring instruments within the
process and can be used to replace conventional systems like HART. Profibus DP is

used to operate sensors and actuator within the process and is used for fast control

Page 13 of 20 Kelly
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processes. Worth (2023) states that ‘Profibus DP and PA systems can be combined
through the use of a segment coupler’ which is shown in figure 4.2. Profibus is
designed to support high-speed data transferénd is used in environments where fast

and reliable communication is crucial.

Field devices Controller
(Slaves) |:| lj l:l (Master)

Segmentcoupling
and power supply

Field distributors (barriers) Terminator
PROFIBUS PA

Figure 4.2 — Profibus DP/PA

The advantage of using Profibus over HART is that high speed data transfer is
achievable and will operate with a large network size. It also can integrate both
digital and analogue devices. Since Profibus is supported from a wide range of
manufacturers, it is easily accessible and is not limited with the type of field devices
used. Powell and Vandelinde (2013) states that ‘In PROFIBUS and PROFINET, the
values in the field devices can be simulated, making it very easy and fast to simulate
a control loop and significantly speeding up commissioning’ (p.5). /

Applications of Profibus include process control within industries such as
pharmaceuticals and chemical processing. Equipment such as pumps valves and
sensors can be controlled using this form of signal transmission. Analogue signals
such as temperature and pressure can be communicated using Profibus, as well as

valve positions. /
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Appendix 1

Correge PT100 RTD Sensor, 2.5mm Dia, 500mm Long,

Max ATEX

RS Stock No.: 547-7310 Mfr. Part No.: EX04106 Brand: Correge

View all RTD Sensors

v
Technical PR Product e .
R an_d Specifications
Compliance

Attribute Value

Sensor Type PT100

Probe Length 500mm

Probe Diameter 2.5mm

Minimum Temperature Sensed -200°C

Maximum Temperature Sensed +500°C

Termination Type Cable

Cable Length 3m

Probe Material

Process Connection

Number Of Wires

Hazardous Area Certification

Stainless Steel

Probe

3

ATEX

Page 19 of 20
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3 Wire, Probe, +500°C ...

@ Bulk discount available

Subtotal (1 unity**

£208.04 £249.65
(exc. VAT) (inc. VAT)
Units

Select or type quantity

6 In stock for delivery within 2 working days*

* Delivery dates may change based on your chosen quantity and
delivery address.

2 FREE delivery for orders over £50.00 |

Check stock levels

Not available for guaranteed pre 9am/10am delivery

Bulk pricing options ~
1-2 £208.04
E)ar £199.51

**price indicative

Do you need help finding
a sensor?

= Search and compare thousands of sensors
= Get expert advice on technical questions

-
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Appendix 2

Internal

Thermistor ICs

(5 PrRO

Upgrade your temperature sensing and control game with RS PRO NTC Thermistors.
Designed for precision and reliability, these high-quality thermistors are perfect for a wide
range of applications. Whether you need to monitor temperature in industrial processes,
HVAC systems, or electronic devices, our thermistors have got you covered. With their
ability to accurately measure temperature by analysing the change in resistance, you can
trust RS PRO NTC Thermistors to provide accurate and dependable results every time.

General Specifications

Temperature Coefficient Type NTC

Thermal Time Constant 108
Resistance @ 25 °C 10kQ
Tolerance +0.9%
Maximum Power Rating 75mwW
Length 63.5mm
Depth 2. 4mm
Dimensions 2.4 x 63.5mm
Maximum Operating Temperature +150°C
Minimum Operating Temperature -80°C

Buy this product from www.rspro.com
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