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| TASK DESCRIPTION

Introduction

You are working as an Instrumentation Engineer for Solero Measurement Systems Ltd.
Your line manager needs a report on how to select the most appropriate sensor with a
view of incorporating them into some of the company’s measurement systems.

This assignment will cover a range of sensors that are used at Solero Measurement Systems
Ltd. It will discuss the key features of two different but common pressure sensors such as a
diaphragm pressure sensor and a bourdon tube. It will disc:j?b(pros and cons of each sensor
and how they compare and differ from one another. It will also discuss the performance and
accuracy of each type of sensor. This assignment will also cover the testing of two different
temperature sensors, an RTD and a thermistor and will compare the results to one another
deciding which would be best to use into a system. Different signal processing and conditioning
methods will also be covered, and thewll be used to transfer the signal from the selected
temperature sensor. The key principles of HART protocol will also be discussed and the benefits

that come along with using HART protocol.



Task 1 —Sensor Functionality

The company would like you to write a report discussing the construction and key
features (process variables, performance, benefit, limitations) of 2 different but common
pressure sensors with respect to measuring and control system applications

There are many different types of sensors that can be used to measure pressure. The most common type
that are used.across site at Valero is the transmitter with a diaphragm sensor
element. Figure 1 shows what the sensor looks like from the outside. The
diaphragm sensor can be used to m&asure all types of mediums ranging from light
gases to very heavy oils or IiMﬂs}.':e most important part of the diaphragm
sensor is that they have a high and a low side. One of the main features of this
type of sensor is that it can have eithe./peﬂé)r two connections to the process. If a
pressure differential is required then both sides of the transmitter will be connected
to the process, if the pressure inside of a vessel is required thep-he high side will

be connected to the process and the low side will be open to atmosphere, or

absolute pressure, depending on the service. The way that this transmitter works
is by having a diaphragm that deflects when a pressure is applied to it. For example, when both the high
side and low side are open to atmosphere, the transmitter will reéo%. A range will then be set on the
transmitter via HART communication, an example of this could be setting the range ?@(g. This means
when there is no pressure on the high side, Okg, the transmitter will read 0% (4mA). ¥When the pressure in

the system increases to 5kg, the transmitter will read 50% (12mA), as 5kg is half of the full range. When the

qn-g'-‘ pressure in the system reaches 10kg, the transmitter will read
Output terminals

100% (20mA). Figure 2 shows what happens to the diaphragm

i c—ca . . . Fi 1: Prassure
Solid frame. | o when a pressure is applied to the high vanemitier
\ side. 1/
High » « Low This leads onto the electronic side of the transmitter. according
Pressure Pressure
to Ted Mortenson, an Automation Engineer, the instrument is
/ .
Isolating j Isolating connected to a pressure transducer which converts the
diaphragm diaphragm

pressure signal into an analogue electrical voltage or a current
signal. This is done by converting the signal through capacitance where the iﬁgremation can be processed
and transferred.

Martijn StopeLof Sensata Technologies stated that applying digital pressure sensors with low power
consumption throughout the network is a practical and cost-effective?approach. This shows that these
pressure transmitters require low power to operate and can be beneficial financially. Another advantage is
that you can set alagafs on them so if there were to be a high or low pressure, alarms can be set up to
inform the operator. Another advantage is that they provide great stability and\%high sensitivity.

A drawback of using a pressure sensor is that they can sometimes drift meaning they need frequent
calibration. Another limitation is that they aren’t as reliable at high temperatures so other sensors would
need to be considered in high temperature systenrryy are also highly sensitive to environmental

conditions so high winds and rain may affect thenf:



Another type of pressure sensor available is the bourdon tube. The bourdon tube is made up from materials

such phosphor bronze or stainless steel. It has a C shaped tube which is used to indicate the pressure as it

fills up. As the pressure in the system being measured increases, the bourdon tube will fill up respectively
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There are also some limitations with the bourdon tube which may include
responding slowly to pressure char(ges. They are also subject to hysteresis
and are sensitive to shocks and vibrations. In noisy areas the needle
indication the pressure may tend to wobble making it difficult to read.
Another disadvantage is that the indication is oply local to the area it is in.
Also, the parts inside of the gauge are mec

are subject to damage and wear over ti

required.

Figure 3: Bourdon tube

and as the tube expands it pulls a pginter around which is used to
indicate the pressure. It is cawagjvia the links inside of the casing.
According to WIE§ pourdon tubes can withstand pressures of up to
60 bar. Figure 3 shows the internals of a bourdon tube and the
components interlinking.

An advantage of using a bpurdon tube is that they are very cheap and
have a compact desiaa.’%ey also ensure safety in the measurement
of high-pressure ranges as they can be installed with a manifold so
they can be vented and de-pressurized slowly. They also have good

measurement accuracy.
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Figure 4: Bourden tube Gauge



Task 2 — Sensor Testing

The company have shortlisted 2 Temperature sensors (Thermistor & RTD-both supplied)
for incorporating into a system but want to investigate the accuracy and performance of
each by using a resistor device as a low-level heating element operating over a
five-minute period. The measurements will be compared with the results of an IC
temperature sensor which is currently being used by the company. Using graphs as
required analyse and compare of the results, referring to accuracy, sensitivity, errors and
response to recommend the most suitable sensor.

There are a few different ways that the temperature can be measured, and it is important that the
right type of sensor is used in the right situation. For example, if high temperatures up to 1000°C
were needed to be measured a thermocouple or RTD would be considered as opposed to a
thermistor. Aests were carried out to compare the RTD and thermistor to determine the accuracy
and performance of them whilst monitoring a low-level heating element. The tests were carried out

over a 5-minute period and have been compared to an IC temperature sensor.

RTD vs IC Temp
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The above graph shows the results over a 5-minute period for the RTD compared to the IC
temperature sensor. At the start of the test, it is apparent that the RTD is slightly»el’ﬁ'to react with
the increase of temperature and takes around 55-60 seconds to catch up with the temperature.
Once it reaches the actual temperature it overshoots for around 70 seconds until it starts to bring
the reading closer at around the 150 second mark. Here the temperature flattens out and the RTD
follows respectively. At_;wé:‘ the 270 second mark the RTD is reading almost perfectly within a

few degrees’ tolerance. It also shows that the RTD is settling out and becoming less noisy.



Thermistor vs IC Temp
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The above graph shows the results for the thermistor against the |IC temperature sensor over a
5-minute period. At the start of the test, the thermistor read the temperature very accurately to
within a degree. However, after about 45 seconds as the temperature increased the thermistor was
slow to react. The temperature slowly increased on the IC temp and the thermistor failed to keep
up and slowly fell behind. After around 2 minutes there was about a 5-degree difference which was
brought closer for about a minute but then the thermistor slowly dropped off for the final two

minutes and finished about 13 degrees behind the IC temp.

According to Omega Engineering, RTD’s typicallyiave an accuracy of +/-0.1°C. According to the
graph, the accuracy tended to be a bit greater than 0.1°C until the end where it started to settle out.

If the tests were carried out for longer, the RTD may have shown greater accuracy over a longer
period. Omega Engineering also states that thermistors are the most accurate type of sensors also
having an accuracy of +/-0.1°C. However, are results contradict this as our results show that oyer
the 5 minutes the RTD had much greater accuracy. According to Pratima Bajpai (2018), RTZ’s
have a sensitivity of around 0.003850Q/Q°C whereas the thermistor has an sensitivity of 0.1Q/Q°C.
The results show that the thermistor had a higher error value as at the end of the 5-minute test the
different between the actual temperature and the temperature the thermistor was reading was
around 13°C. On the other hand, the error margin of the RTD compared to the IC temperature was
a lot less around 2-3°C. This brings the conclusion that although the thermistor has a smoother
response curve, the better sensor to use in this situation would be the RTD as it is a lot more

accurate over the 5-minutes and is has a quicker response to change. QK



Task 3 — Sensor Design

If your chosen temperature sensor was to be incorporated in to the system it will need
some form of signal processing. Explain the need for signal conditioning and processing
in order to fully utilise the sensor in a practical application. Justify a suitable measuring
circuit that will convert the resistance of the sensor to a comparative current value.
(Input range: User defined Output range: 4 to 20 mA)

For the system to operate efficiently, the signal will need to be conditioned at processed so that it
can be understood andé: Signal conditioning is used so that the signal can be amplified and
converted into a signal that is easier to read a-nd’compatible with PLC’s or other control systems.
Signal conditioning also helps to acquire a precise reading which improves the accuracy and
control of a system‘./

The first step of signal conditioning is the conversion stage. The conversion stage is used to
convert the signal that the sensor outputs to the right type of signal required. This can be done in
several ways and the way it is done with an RTD is by using a Wheatstone bridge. A Wheatstone

bridge is used to accurately measure

unknown resistance values which is why it

has been selected to convert the signal from

RTD

il

m
z

,\L/’\/ Quy " the RTD. Figure 5 shows a drawing of a
m NN/ Wheatstone bridge that has b::yénnected
to a 2-wire RTD. The RTD acts-ds one of the

variable resistors in the circuit. The aim of

the Wheatstone bridge is to get the resistange‘signal from the RTD and convert that into a voltage
that can be converted into a 4-20mA signal. It does this by having two series-parallel arrangements

of resistances that are connected between voltage supply and a

ITotal

ground. When the resistors in the circuit are ba,w(ced, the voltage
output should be 0 as the two parallel balances should have no
potential difference. Figure 6 shows how a Wheatstone bridge is Vs

normally drawn with nothing connected to it. When a RTD is

connected to it, the circuit becomes unbalanced once a temperature

is detected as the resistance on the RTD increases. The output

voltage can then be converted to a 4-20mA signal using a 250Q resistor.

The next stage of the signal processing is the protection. There are many different protection
Figure 5: RTD Wheatstone  d€ViCeS that can be used to protect the circuit. One protection device that
can be used.i;/ﬂfa Zener diode. A Zener diode can be introduced

into the circuit and can be used to stop high surges of voltage. A

hridne

Zener diode will have a set breakdown voltage and if the instrument
sensor has a high surge of voltage, then the Zeneyde will break

and act as a short circuit and ground the high surge’of voltage. This

prevents the high voltage from damaging any PLC equipment on




the safe side of the circuit. Figure 7 shows a circuit drawing of a Zener diode.
The next stage of the signal of the signal processing is the amplification. The amplification stage is
used to amplify the sigyﬁhat has been converted so that it can travel longer distances and be

easier to read. One type of amplification method that can be used i T

)
e,

is an operational amplifier. The standard Op-amp has 5 connection "™ | ™|

which include the inverting and non-inverting input, the positive and .

Op- =
negative supply voltage and the Qﬂ(put. A circuit drawing of an PamP ~
Op-amp can be seen in figure 8. The amplification required can be - ﬁffﬁ

adjusted by the supply voltage that is applied to the circuit. The
Op—amp takes the input signal, amplifies it depending on the voltage applied and produces an
increased output signal that is stronger than the input gignal. This can also be useful to reduce

noise levels from the circuit creating an even more accurate signal.

Figure &: Op-amp diagram

Figure 7: Zener diode




Task 4 — Signal Transmission

Finally, the company would like you to produce a short report explaining the key

principles and benefits of the HART Protocol as part of a signal transmission system.

HART protocol stands for Highway Addressable Remote Transducer and is used to
communicate with signals at a low level on top of the 4-20mA. The HART technology has a

master/slave protocol. This means that the field transmitter will only gpeak when spoken to by a

HART device. There are two modes in which the HART protocoldperates in which is
point-to-point or multidrop. The communications happen betWween two HART-enabled devices
such as the HART transmitter in the field and a control system. On Valero we use charms that
communicate with the field device. There are two communication channels open with HART
protocol and these include the 4-20mA analogue signal and a digital signal. The 4-20mA signal
is the measured reading that the sensor will output and the digital signal carry’s the information

such as the device status, diagnostics and additional measured values.

Daniel Janner stated that in point-to-point mode,

a single loop of current is established

Multi 7
communicating a HART device and the Multiplexer

Barrier

monitoring system. The main variable, which the N [ ) Control System

transmitter will be reading from the process,

travels along the 4-20mA analogue signal and

the additional digital information travels over the Handheld

loop. A drawing of point-to-point mode can be 4 Terminal
. . A
seen in figure 9. Field Device ” -,

Daniel Jenner also stated that in multidrop mode,

Multidrop Mode of Operation

HART devices can be set up in parallel and can share
Control System or Other Host

li/”""“““ a single signal transmission line. In this set up, each
— Handheld Terminal . . . .
ﬁn device remains fixed at 4mA and only data traffic

-

occurs through the digital channel. Each device has

its own unique HART address that is used to

Input/Output (1/0)
System

communicate between the PLC and the field device.

64 devices can be connected in multidrop mode.

InstrumentationTools.com

Field Devices Figure 10 shows an diagram of multidrop mode.

Figure 10: Multidrop mode



One benefit of using HART protgeol is that the combination of 4-20mA signal transmission along
with digital communication yﬁﬂexibility when selecting different transmitters, valve positioners
and other instrument devices. It allows them to communicate with each other allowing a smoother
and efficient control system. the protocol also allows flexibility when selecting the manufacturer as
the different brands can connect with each other via HART. The protocol also brings back
additional information about the devices and can determine if there is a fault with the device. The
HART protocol is also very useful if the instrument is MSy environment. Settings on the

instrument can be adjusted to compensate for the noise, resulting in a more a‘ﬁjrate reading.
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Moodle Feedback — Gareth Finnegan — Assignment 1

1. Good links to practical applications and workplace.

2. You mention Ted Mortenson, Janner, and Martijn Stopel - should have use Harvard
convention>e.g. Mortenson(2020) states...

3. "According to WIKA"? Not referenced. If wikipeadia then there may be better
sources.

4. Some good answers here. Some reference to work place. Good understanding
overall. lacking depth in areas.

5. Some benefits of HART addressed
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