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2. Select an appropriate sensor for specific operation and demonstrate an understanding of their benefits and limitations with respect to measuring and control system applications.








	
TASK DESCRIPTION




Assignment Brief

For this assignment, you are required to complete six tasks that investigate sensor operation and characterisation, signal processing, signal transmission, open and closed loop control.


Task 1 - Pressure sensor 

To measure and indicate a process pressure value, analogue or digital systems could be used. For this task evaluate the two technologies with respect to an analogue bourdon tube pressure gauge and a digital pressure gauge employing a resistive strain gauge sensor (see figure 1). Compare and contrast these two instruments with respect to their principles of operation and their static and dynamic characteristics. Include any advantages and disadvantages for each of the measuring technologies in your answer.
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Figure 1. Analogue and Digital Pressure Gauges

Analogue bourdon tube pressure gauge
Figure 1.1 shows the components of a bourdon tube pressure gauge
[image: ]
Figure 1.1: Components of a bourdon tube pressure gauge
Principle of operation: 
As seen in figure 1.1, the inside of a bourdon tube pressure gauge contains a ‘C’ shaped, flattened tube which is directly connected to the pressure source. This is linked on the other end to via an adjustable link (used for adjusting in calibration) to a pinion which moves the dial, displaying the reading. It works off the principle that “the pressure changes the shape of the measuring element in proportion to the applied pressure” (Beckerath, A et al. 2008) so the ‘C’ shaped section tries to straighten out proportionally to the input pressure, and therefore moves the dial, giving a pressure reading. 
Static characteristics: 
These are split into systematic characteristics (can be quantified) and statistical characteristics (cannot be precisely quantified).
The systematic static characteristics of instruments, as defined by John P. Bentley in the book “Principles of Measurement Systems” are as follows: Range, span, ideal straight line, non-linearity, sensitivity, environmental effects, resolution, wear and ageing, error bands. For ease, “ideal straight line” and “non-linearity” will be lumped together into a single category - “linearity”. The statistical characteristics are repeatability and tolerance. These all relate to how the instrument behaves when there is a constant, or slowly changing input. How a few of these characteristics relate to bourdon tube pressure gauges is as follows:
Range: Bourdon tubes come in varying sizes, able to measure across varying ranges. The C shaped bourdon tubes as in figure 1.1 can measure as high as 0 to 60bar, other types such as helical bourdon tubes can measure as high as 0 to 7,000bar.
Linearity: This may vary between pressure gauges. Ideally, they are designed to be linear, where the input is directly proportional to the output. More expensive pressure gauges can be calibrated using a 5-point calibration system to reduce any deviations from the ideal calibration. “Any adjustment that affects the traveling angle of the mechanism will have an effect on linearity.
Some (high-quality) pressure gauge mechanisms are equipped with an adjustable-length link to facilitate changes to this angle:” (Kuphaldt, T)
Sensitivity: Due to being directly connected to the input pressure source, they are highly sensitive to any changes in pressure. Any limitations would be due to internal moving parts seizing up over time. 
Environmental factors: They are sturdy, but not immune to extreme conditions such as extremely hot or cold temperatures, and over-pressurisation. Extreme heat can warp moving parts, while extreme cold can cause moving parts to become brittle and easily crack. Over-pressurisation can cause permanent deformation to its internal parts and therefore need replacing.

Dynamic Characteristics: These are categorised into response time, hysteresis, fidelity and dynamic error, over shoot, dead time and dead zone and frequency response, as per Kanchi University (referenced in bibliography). How a few of these relate to bourdon tube pressure gauges is as follows:
Response time: As shown below in figure 1.2, their response time is 0.2ms due to their mechanical moving parts. [image: ]
Figure 1.2 – Table Comparing Different Types of Pressure Gauges

Hysteresis: They are subject to hysteresis when a varying load is placed on them, which can vary depending on the gauge.  “The magnitude of the hysteresis is a function of several effects such as the magnitude of the load, the quality of the tube surfaces and the material structure” (Beckerath, A et al. 1998). Heat treatment can be used to reduce hysteresis.
Frequency response: The ability of a bourdon tube to detect pressure changes at different frequencies can vary depending on the gauge’s natural frequency, which refers to an objects tendency to resonate at a particular frequency, and the degree of damping within the pressure gauge. Damping is used to limit unwanted movement by its mechanical parts but can come at the cost of its frequency response.


Digital pressure gauge (strain gauge) compared with a bourdon tube pressure gauge
Figure 1.3 shows a photograph of a strain gauge while figure 1.4 shows a diagram of a strain gauge.
[image: ]Figure 1.3 – Photograph of Strain Gauge


[image: strain-gauge-diagram-example]Figure 1.4 – Diagram of Strain Gauge

Principle of operation: 
Strain gauges are connected electrically via the solder pads shown in figure 1.4. When a force is applied to the gauge, slight deformation occurs between the wires causing a change in resistance. This resistance is measured, quantified and converted into a pressure reading. Multiple strain gauges can be used in a Wheatstone Bridge formation to detect miniscule changes in resistance and therefore voltage which can be amplified and measured, and converted into a pressure value. This pressure value is displayed on the gauge’s screen which can be fed back to a HMI/SCADA screen for ease of use in an industrial setting.
Static characteristics:
Range: Strain gauges have a much higher range than a bourdon tube gauge, capable of ranging from 0 to 600 bar in extreme applications.
Linearity: Slight deviation from the ideal straight line can occur due to tolerances in the manufacturing process but are generally more consistent than bourdon tube pressure gauges, and can be calibrated to a higher degree of accuracy.
Sensitivity: Digital strain gauges are able to capture miniscule changes in strain and therefore pressure due to their lack of moving parts compared to a bourdon tube pressure gauge.
Environmental factors: Digital strain gauges are impacted by environmental factors just like bourdon tube pressure gauges but for different reasons. Strain gauges rely on electrical resistance through a conductor, which if exposed to excessive heat can increase and therefore cause fluctuations in the output measurement.

Dynamic Characteristics: 
Response time: As shown in figure 1.2, strain gauges have a much faster response time of 0.01 - 0.1ms compared to bourdon tube pressure gauges (0.2ms)
Hysteresis: They are much less prone to the effects of hysteresis than bourdon tube type gauges due to not having mechanical moving parts.
Frequency response: Again, due to the fact that there are no moving parts, strain gauges have a faster frequency response through a wider range of frequencies, making them the superior option in this respect.


Task 2 - Position sensors

a) Identify a sensor that could be used to measure the angular velocity of an electric motor from 0 to 3000 RPM. 
 
b) Identify a sensor that could be used to measure the rotation of a ball valve actuator through 220 0 operation. In addition there is a requirement to indicate the operation of the valve from 0 to 100 % of its travel in both the forward and reverse action.

For both answers Include an explanation of the sensors construction and its principle of operation. Include a data sheet for a commercially available senor of the type you are proposing for each of the applications.

a) A sensor that would be suitable for measuring the angular velocity of an electric motor from 0 to 3000RPM would be an incremental optical rotary encoder, shown below in figure 2.0.

[image: ]
Figure 2.0: Construction of incremental optical rotary encoder

Details of their components:
Coded disc: This is mounted on the shaft being monitored and contains an opaque area, which light cannot pass through, and evenly spaced slots, which light can pass through.
LED light source assembly: This acts as a source of light, which can be detected by the phototransistor.
Phototransistor: Detects light emitted by the LED which has passed through the transparent segments.
Not included in this diagram is the circuitry involved in processing signals received by the phototransistor, and the output interface derived from these signals, these are detailed below:
Principle of operation: There are two types of incremental optical rotary encoder, a single channel (tachometer), and a quadrature encoder. Both function under the same principle; the beam of light emitted by the LED is received by the phototransistor. This generates a voltage which is converted to a square wave signal. As the motor shaft rotates, the opaque area of the coded disc interrupts these signals, causing a waveform as seen overleaf:
[image: ]
Figure 2.1: incremental optical rotary encoder square waveform.

These signals can then be counted by a controller/PLC, converting it to an RPM value. A single channel encoder will only use “OUTPUT A” as seen in figure 2.1, whereas a quadrature encoder will use “OUTPUT A, B, and INDEX Z”. As seen in figure 2.1, output A and B are phased 90 degrees apart which can be used to determine the direction of travel of the motor shaft. Channel Z, or index Z, refers to a reference point every 360 degrees that the coded disc rotates, which can be used for positional control, but this is not required for the motor in question.  
A datasheet for one such sensor is provided here: https://assets.omron.eu/downloads/datasheet/en/v3/e6c3-c_rugged_incremental_rotary_encoder_datasheet_en.pdf

b) A suitable sensor for this purpose would be a potentiometer, shown in figure 2.2 below:
[image: Picture]
Figure 2.2 – Potentiometer
Details of their components: 
Resistive track: Made of a conductive material, such as carbon, of fixed resistance and provides a resistance in the circuit. 
Wiper: The wiper can be adjusted to effectively increase the distance between the power and the signal terminal.
Power terminal: Provides power to the circuit.
Signal terminal: Provides a varying signal output depending on wiper position.
Ground terminal: Grounds the circuit in case of short circuiting.
Principle of operation:
A potentiometer works by varying the distance between the power source and the signal terminal, causing the electricity to pass through more resistive material, increasing the resistance of the circuit. This increase in resistance causes a voltage drop and therefore reduced voltage output. This change can be either linear, or logarithmic depending on the intended purpose, for this assignment linear is suitable. 
By fitting a potentiometer to the shaft of a ball valve actuator via, for example, a gear linkage, the position of the ball valve can be accurately measured. As the shaft rotates, so will the potentiometer, and therefore will alter the voltage signal output. By knowing the voltage values of a few points in the shaft’s rotation between 0 and 220 degrees, it can be calibrated and the voltage can be converted to a percentage value to determine the valve’s position.

A suitable potentiometer’s datasheet can be found here:
https://docs.rs-online.com/5154/A700000008971729.pdf

Task 3 - Temperature Sensor characteristics

A PT100 platinum type RTD is being used to measure the temperature of a process from 0°C to 100°C. The RTD being used has a temperature coefficient of resistance of 3.85 x10-3 ⁰C-1. For this task, use these values to answer the following questions. 

a) Calculate the resistance of the sensor at 5°C intervals from 0°C to 100°C. You may use a table to collate your results but include all calculations in your answer.

“The standard Ro resistance values available are 100 ohms (Pt100), 200 ohms (Pt200), 500 ohms (Pt500), 1000 ohms (Pt1000) and 2000 ohms (Pt2000).” (atcsemitec.co.uk).
So for these calculations, we will use R0 = 100Ω.
Example calculations:









b) The platinum RTD is to be used in a voltage divider circuit (Fig 3.1 – Voltage Divider). If the supply voltage (Vs) is 10V, R = 200Ω and Rt is the platinum RTD calculate the circuit output for the same range of temperatures in question 1a. You may add a separate column to your table to show these results but include all calculations in your report.
[image: ]
(Fig 3.1 – Voltage Divider)



Example calculations:















Table of results:
	α = 
	0.00385         
	Vs = 10
	

	Ro = 
	100
	R = 200
	

	
	
	
	
	

	
	RTD
	Voltage Divider
	

	
	Temperature (℃)
	Resistance (W)
	Vo (V)
	

	
	0
	100
	3.33
	

	
	5
	101.925
	3.38
	

	
	10
	103.85
	3.42
	

	
	15
	105.775
	3.46
	

	
	20
	107.7
	3.50
	

	
	25
	109.625
	3.54
	

	
	30
	111.55
	3.58
	

	
	35
	113.475
	3.62
	

	
	40
	115.4
	3.66
	

	
	45
	117.325
	3.70
	

	
	50
	119.25
	3.74
	

	
	55
	121.175
	3.77
	

	
	60
	123.1
	3.81
	

	
	65
	125.025
	3.85
	

	
	70
	126.95
	3.88
	

	
	75
	128.875
	3.92
	

	
	80
	130.8
	3.95
	

	
	85
	132.725
	3.99
	

	
	90
	134.65
	4.02
	

	
	95
	136.575
	4.06
	

	
	100
	138.5
	4.09
	



Figure 3.2 - Table of results for RTD and voltage divider circuit calculations  


c) Assuming the input and output responses of the sensor are linear, determine the sensitivity of the circuit. 



d) The temperature sensor has a first order response with a time constant of 5ms. Plot the output response to a step change in input from 0°C to 50°C in 1ms steps until a steady state condition is achieved.








First order response graph and table of values:
[image: ]
Figure 3.3 - First Order Response Graph for Temperature Sensor with a Time Constant of 5ms between 0°C and 50°C

It is difficult to see visually in figure 3.3 the moment where the steady state condition was achieved. The table of values (figure 3.4) used to create this graph has been included below to show this is exact moment.

Table formulated using the equation:
)
Where t = time constant = 5
y(t)= Temperature (°C)  
t = time(ms)
	Time (mS)
	Temperature (°C)

	0
	0.00

	1
	9.06

	2
	16.48

	3
	22.56

	4
	27.53

	5
	31.61

	6
	34.94

	7
	37.67

	8
	39.91

	9
	41.74

	10
	43.23

	11
	44.46

	12
	45.46

	13
	46.29

	14
	46.96

	15
	47.51

	16
	47.96

	17
	48.33

	18
	48.63

	19
	48.88

	20
	49.08

	21
	49.25

	22
	49.39

	23
	49.50

	24
	49.59

	25
	49.66

	26
	49.72

	27
	49.77

	28
	49.82

	29
	49.85

	30
	49.88

	31
	49.90

	32
	49.92

	33
	49.93

	34
	49.94

	35
	49.95

	36
	49.96

	37
	49.97

	38
	49.97

	39
	49.98

	40
	49.98

	41
	49.99

	42
	49.99

	43
	49.99

	44
	49.99

	45
	49.99

	46
	49.99

	47
	50.00

	48
	50.00

	49
	50.00

	50
	50.00


Figure 3.4 - First Order Response Calculations for Temperature Sensor with a Time Constant of 5ms between 0°C and 50°C

As shown in figure 3.4, it took 47ms for the steady state condition of 50°C to be achieved.



Task 4 – Recorders

In many measurement systems there is not just the need to display values but also to record them. Two devices that can be used to record the values in a measurement system are chart recorders and data loggers. Describe the operation of both devices, including typical applications and state any advantages and disadvantages they may have.

Chart Recorders
Chart recorders are comprised of chart paper connected to a steadily moving mechanism, a marker, and a sensor. The marker is connected to the sensor which is reading a predefined parameter, which moves in correspondence with the reading of the parameter. The chart paper moves steadily at a predetermined speed allowing for a trend of the parameter to be drawn over time. Chart recorders come in linear or circular forms and are typically found in industries where constant measurement of a parameter is required, and a physical representation of this trend is desirable, “For instance, in pharmaceutical manufacturing, they help ensure that storage temperatures remain within a specific range to preserve drug efficacy” (RCP. 2023)
Advantages: 
· They are typically mechanical mechanisms so do not require an external power source, allowing for them to be used in remote areas where power may be an issue.
· Due to their mechanical and simple setup, they are easy to use and quick to start using.
· Visual and immediate feedback is provided for the parameter being measured, allowing for the chart to be quickly and easily read by trained personnel.
· Their physical properties allow for reliable monitoring and evidence to prove company compliance for example in an audit.
Disadvantages:
· Their storage space is limited by the size/length of the chart paper being and must be replaced accordingly.
· Their mechanical components may be subject to damage if not cared for and maintained properly which can lead to inaccurate readings.
· In a world where industries are shifting their focus on becoming digital and paperless, they may not be desirable in many cases and may only be used in specific applications.

Data Loggers
Data loggers are electrical components containing sensors and a memory storage unit. Sensors receive data from a predefined parameter which the data logger records at predefined intervals. The sample time can be adjusted depending on the needs of the operator, more frequent sample times will occupy more storage memory quickly.
Their applications span many industries and are particularly useful where long-term data is required. 
Advantages:
· Generally much cheaper than chart recorders and able to record vast amounts of data due to advancements in storage technology, also do not require the expense of changing the chart paper of a chart recorder.
· Highly precision data monitoring. As described earlier, data resolution/sample time can be adjusted to record constant data with almost no lag.
· Do not require much in the form of maintenance, can be left alone to automatically record data over extended periods of time.
Disadvantages:
· Requires experiences technical support to setup these devices due to their initial setup complexity.
· They require a power source to be used which may not be suitable in certain contexts.
· Visual representation of the data recorded is not immediately available as it is in chart recorders, may require to put data through a trend software for example in a SCADA package.



Task 5 - Signal transmission

a) Explain the advantages and disadvantages of voltage and current signal transmission.
Voltage signal transmission: Useful in internal electrical components in something such as a PC or small circuits with short cable runs, but falls short when utilising long cable runs particularly in industrial settings.
Advantages: 
· Voltage signals can be measured simply and easily using a voltmeter or any other volt-measuring component/device, making it a highly compatible form of signal transmission.
· Less power is needed to generate a voltage signal compared to a current signal. 
· Due to the relationship between voltage, current, and resistance (V = I x R), voltage signals tend to have high impedance, making them resistant to signal noise in transmission.
Disadvantages: 
· Not suitable for systems involving long cable runs. As the length of the cable increases so does its resistance, causing a voltage drop in the system which can lead to a difference in the transmitted and received signal.
· Susceptible to noise in the form of inductive coupling. This is when a nearby plant’s varying current can affect the voltage in a nearby cable; “The changing current creates a magnetic field around the cable/machine and this magnetic field interacts with nearby conductors, inducing a voltage” (pH Ionics. 2020).
· Voltage drop can also occur due to changes in impedance due to cables heating up.
Current signal transmission: Generally known as 0-20mA or 4-20mA analogue signals, this is the industry standard across most industries for signal processing.
Advantages: 
· Can maintain signal quality over long distances of cable due to being insensitive to the increased resistance which a long cable brings.
· Voltage drop doesn’t effect a current signal transmission. This has another advantage of being able to be used in series circuits as there may be a voltage drop between components, but current remains the same.
· 4-20mA circuits have a live zero which means when the measured signal is reading zero, the current signal is reading 4mA. This enables operators to distinguish between a faulty component/connection and a genuine/faulty zero reading.

Disadvantages:
· 4-20mA may not be a wide enough range to measure certain equipment which require a wider range.
· May be difficult to integrate into existing systems that for example use voltage signal transmission.
· May use more power compared to a voltage signal transmission due to 4-20mA having a live zero, meaning it will always be powered unless switched off or faulty.

b) The output signal from a measurement system typically has to be processed in some way to make it suitable for the next stage of the process. Explain the operation and identify reason why the five processes listed would be applied to a measurement signal:

i) Conversion

This is the conversion of one signal type to another, for example, analogue to digital signal conversion. This involves converting e.g. a voltage signal, into a binary signal which is series of ones and zeros (digital), and then into a base 10 number which can be easily read by a person. This is essential in industry to create visually represented data from different sources such as millivolt, milliamp or pressure signals.

ii) Amplification

Achieved using a signal amplifier, this raises the signal level without altering the source signal, which allows for weak signals to be read more easily. Low impedance circuits may be required in electronic circuits to charge capacitors at a desired rate, so voltage signals will be inherently weak and require amplification.

iii) Elimination

Also known as filtering, this is used to remove unwanted frequencies from a signal, such as noise generated by the transmission or from external plant. These come in the form of high pass filters (attenuate lower frequencies), low pass filters (attenuate higher frequencies), and band pass filters (attenuate a range of frequencies either side of a predetermined band of frequencies).

iv) Manipulation

The manipulation of a signal refers to altering the signal in some way. This could be through combining more than one signal, whether it be through subtraction or addition. For example, some magnetic flow meters have what is known as dual frequency excitation. This means the signal that they produce is a combination of a pulsed DC wave of 6.25Hz to 10Hz and a sinusoidal AC waveform of 50Hz which have been mathematically added together. (See figure 5.0). This combines the advantages of both AC waves (fast response time and resistant to external noise) and the pulsed DC wave (stable zero point).
[image: ]
Figure 5.0 - Manipulation, in the form of addition, of an AC waveform and pulsed DC waveform in the context of a magnetic flow meter
v) Protection
 
Protection can come in many forms, such as opto-coupling, galvanic separation, isolation, shielding, overload protection and surge protection. Each have their own specific benefits and applications depending on what is required. For example, opto-coupling is used to wirelessly connect two separate circuits. Opto-couplers work using an LED on one circuit and a light-sensitive sensor on the other. When the LED circuit is powered, the LED will transmit light which is received by the light-sensitive sensor, which allows electricity to flow through the circuit. This type of configuration is particularly useful when separating a high voltage circuit from a low voltage circuit.



Task 6 - Basic control systems

a) Briefly explain open loop control systems. Include an application, one advantage and one disadvantage in your answer.

Open loop control systems are systems of control whereby there is no feedback between elements. For example, when you turn on an oven, it will stay on until you turn it off, there is no feedback from the oven which determines whether the food inside it is cooked or not and will keep running until it is switched off manually. 
One advantage of this is that it is simple and easy to use, not requiring such technical expertise on how to operate it.
One disadvantage of this is the lack of feedback. In the oven analogy, you may forget to turn the oven off and leave the house, and there is no internal feedback which tells it to turn it off after a certain amount of time.


b) Draw a block diagram of a closed loop control system and describe the function of each element.

[image: ]


Reference/setpoint: This is the desired value which is trying to be achieved in the system.
Controller: This sends a control signal to the corrective device to either increase its output, decrease it, or stay the same.
Corrective device: This could be for example an actuator. It responds to the signals given by the controller, e.g. the controller sends it a signal to open by one defined increment.
Plant: This is the process which is being controlled by the closed loop system for example a tank which needs to keep a consistent level.
Output: This is the actual feedback, for example the level in the tank, and is continuously measured.
Feedback: This relays the output information to the error detection unit.
Error detection unit: This compares the actual feedback (output) with the desired feedback (setpoint) and sends this signal to the controller.
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	GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS



NOTE: The guidance offered below is linked to the five generic assessment criteria overleaf.

1. Engagement with Literature Skills
Your work must be informed and supported by scholarly material that is relevant to and focused on the task(s) set.    You should provide evidence that you have accessed an appropriate range of sources, which may be academic, governmental and industrial; these sources may include academic journal articles, textbooks, current news articles, organisational documents, and websites.  You should consider the credibility of your sources; academic journals are normally highly credible sources while websites require careful consideration/selection and should be used sparingly.   Any sources you use should be current and up-to-date, mostly published within the last five years or so, though seminal/important works in the field may be older.  You must provide evidence of your research/own reading throughout your work, using a suitable referencing system, including in-text citations in the main body of your work and a reference list at the end of your work. 

Guidance specific to this assessment: You must provide evidence of individual research in the principles of tasks specified within this assignment. You should use a number of references, from a variety of sources including textbooks, academic journals and academic based websites. Do not use less credible sources, for example internet sites such as Tutor2U and Wikipedia.
The Harvard system of referencing must be employed to evidence research. Give credit to respected authors on whose work your discussion is based; this avoids accusations of plagiarism, and reflects the breadth of your research. Your use of in-text citations and the reference list at the end of the report will be closely examined to ensure that you are conforming to referencing convention. An extensive reference list and good use of in-text citations will earn marks, limited references and errors in citations will result in a loss of marks.

2. Knowledge and Understanding Skills
At level 4, you should be able to demonstrate knowledge of the underlying concepts and principles associated with your area(s) of study.  Knowledge relates to the facts, information and skills you have acquired through your learning.  You demonstrate your understanding by interpreting the meaning of the facts and information (knowledge). This means that you need to select and include in your work the concepts, techniques, models, theories, etc. appropriate to the task(s) set.  You should be able to explain the theories, concepts, etc. to show your understanding.  Your mark/grade will also depend upon the extent to which you demonstrate your knowledge and understanding. 

Guidance specific to this assessment: Your report should show you have gained knowledge measuring systems, operational characteristics and the application of instrumentation and control theory. Based on your knowledge of Measurement Systems, select appropriate theories and calculation methods to cover all tasks within the assignment. All formulas and working must be shown and clearly layout.


3. Cognitive and Intellectual Skills
You should be able to present, evaluate and interpret qualitative and quantitative data, in order to develop lines of argument and make sound judgements in accordance with basic theories and concepts of your subject(s) of study. You should be able to evaluate the appropriateness of different approaches to solving problems related to your area(s) of study and/or work. Your work must contain evidence of logical, analytical thinking. For example, to examine and break information down into parts, make inferences, compile, compare and contrast information.  This means not just describing what! But also justifying: Why? How? When? Who? Where? At what cost? You should provide justification for your arguments and judgements using evidence that you have reflected upon the ideas of others within the subject area and that you are able to make sound judgements and arguments using data and concepts.  Where relevant, alternative solutions and recommendations may be proposed.

Guidance specific to this assessment: The report should show analysis of the experimental work and calculated values.


4. Practical Skills
At level 4, you should be able to apply the basic underlying concepts and principles to evaluate and interpret these within the context of your area of study. You should be able to demonstrate how the subject-related concepts and ideas relate to real world situations and/or a particular context.  How do they work in practice?  You will deploy models, methods, techniques, and/or theories, in that context, to assess current situations, perhaps to formulate plans or solutions to solve problems, or to create artefacts.  This is likely to involve, for instance, the use of real world artefacts, examples and cases, the application of a model within an organisation and/or benchmarking one theory or organisation against others based on stated criteria.  

Guidance specific to this assessment: Correct theoretical and calculated outcomes have been achieved.


5. Transferable Skills for Life and Professional Practice 
Your work must provide evidence of the qualities and transferable skills necessary for employment requiring the exercise of some personal responsibility.  This includes demonstrating: that you can communicate the results of your study/work accurately and reliably, and with structured and coherent arguments; that you can initiate and complete tasks and procedures, whether individually and/or collaboratively; fluency of expression; clarity and effectiveness in presentation and organisation. Work should be coherent and well-structured in presentation and organisation.

Guidance specific to this assessment: Your work should be well organised and presented in a professional manner.
Writing style: All writing should be academic in style, formal, focused, concise and subject specific. You should write in the third person. For example, rather than ‘I found…’ you should say something like ‘It was evident…’. Do not use contractions (for example, it’s should be it is), and avoid slang and clichés (such as 'if you pay peanuts, you get monkeys').Be concise, don't belabour points. You don't have to use 'big' words or long sentences; the aim is to be understood. A writing style that is clear, simple and direct usually works well. Edit your work to ensure your writing style is ‘tight’.  

Presentation: The report should be word processed. All graphs, charts and figures in the main body must be clearly labelled and referenced beside or beneath. Where possible they should not be on separate pages but should be incorporated within the text. Ensure there are no spelling errors by spellchecking your work. Also undertake a grammar check in Word, and it may help you to ask somebody to proof-read your work to identify errors.
References: Alphabetical list of authors and their work cited in the report. Use the Harvard system of referencing.
Appendices: where relevant.  Avoid ‘padding’


Essential Resources:
•	Resources listed on the lecture schedule and on Moodle
•	The student handbook









	
     STUDENT FEEDBACK FORM



This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.
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	Generic Assessment Criteria 
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills
.
	
	

	
Exceptional engagement with an extensive range of relevant and credible literature. High-level referencing skills consistently applied.

	20
	18

	
	
	

	2. Knowledge and Understanding Skills

	
	

	
Exceptional, detailed knowledge and understanding of the basic underlying concepts and principles

	40
	36

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	
Excellent evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data accurately and with some insight.

	10
	8

	
	
	

	4. Practical Application Skills

	
	

	Exceptional levels of application and deployment skills in particular practical contexts.
	20
	17

	
	
	

	5. Transferable Skills for Life and Professional Practice

	
	

	
An advanced application of a range of taught, basic methods, materials, tools and/or techniques.



	10
	8

	
	
	



	Assessment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	87%

	
	Up to 1 week late (40% Max)
	
	

	
	Over 1 week late (0%)
	
	









	GENERIC ASSESSMENT CRITERIA



	Level 4

	In accordance with the Framework for Higher Education Qualifications, at the end of Level 4 students will be expected to have demonstrated knowledge of the basic underlying concepts and principles of a subject, and an ability to evaluate and interpret these within the context of that area of study. They should be able to present, evaluate and interpret qualitative and quantitative data in order to develop lines of argument and make sound judgements in accordance with basic theories and concepts of their subject(s) of study. They will have learned how to evaluate different approaches to solving problems, and will be able to communicate the results of their study/work accurately and reliably, and with structured and coherent arguments. They will be able to undertake further training and develop new skills within a structured and managed environment and will have the qualities and transferable skills necessary for employment requiring the exercise of some personal responsibility.



	Level 4
	FAIL
	MARGINAL FAIL
	SATISFACTORY
(3rd / Pass)
	GOOD
(2.2 / Pass)
	VERY GOOD
(2.1 / Merit)
	EXCELLENT
(1st / Distinction)
	EXCEPTIONAL
(1st / Distinction)

	Category
	0-29%
	30-39%
	40-49%
	50-59%
	60-69%
	70-84%
	85-100%

	Engagement with literature (including reading, referencing,
academic conventions and
academic honesty) 
	Little or no evidence of reading and/or reliance on inappropriate sources.
Views and findings mostly unsupported and non-authoritative.
Referencing conventions used incoherently or largely absent.
	Poor engagement with essential reading. No evidence of wider reading. Reliance on inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on information gained through class contact. Inconsistent and weak use of referencing.
	Engagement with a limited range of mostly relevant and credible sources but with some reliance on information gained through class contact. Some omissions and minor errors.
Referencing conventions evident though not always applied accurately or consistently.






	Engagement with an appropriate range of literature, including sources retrieved independently. Some over-reliance on texts rather than other sources. Referencing may show minor inaccuracies or inconsistencies.
	Engagement with a wide range of literature, including sources retrieved independently.
Selection of relevant and credible sources.  Generally sound referencing, with no/very few inaccuracies or inconsistencies.
	Engagement with an extensive range of relevant and credible literature. Consistently accurate application of referencing. 
	Exceptional engagement with an extensive range of relevant and credible literature. High-level referencing skills consistently applied.

	Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)
	Major gaps in knowledge and understanding of the basic underlying concepts and principles of the subject matter. Inclusion of irrelevant material.  Substantial inaccuracies. 
	Gaps in knowledge of the basic underlying concepts and principles, with flawed or superficial understanding. Some significant inaccuracies and/or irrelevant material.  
	Limited knowledge and understanding of the basic underlying concepts and principles within the subject area. Some elements may be missing. 
	Knowledge of the basic underlying concepts and principles is accurate with a good understanding of the field of study but lacks depth and/or breadth.
	Competent knowledge of the basic underlying concepts and principles.  Exhibits very good understanding. 
	Excellent knowledge and understanding of the basic underlying concepts and principles of the subject. 
	Exceptional, detailed knowledge and understanding of the basic underlying concepts and principles

	Cognitive and intellectual skills 
(Evaluate underlying concepts and principles of a subject and interpret qualitative and quantitative data in order to develop lines of argument and make sound judgements.) 


	Wholly or almost wholly descriptive work. Little or no evaluation of the underlying concepts and principles.
Failure to develop arguments, leading to illogical or invalid judgements. Minimal or no use of
evidence to back up views.

	Largely descriptive work, with superficial evaluation of the underlying concepts and principles. Weak interpretation of data, flawed development of arguments and judgements. Information accepted uncritically, uses generalised statements made with scant evidence and unsubstantiated opinions. Ideas sometimes illogical and contradictory.




	Limited attempt at evaluation of the underlying concepts and principles, tending towards description.
Can interpret qualitative and quantitative data but with some errors. Some evidence to support emerging arguments and judgements but these may be underdeveloped or with a little inconsistency / mis-interpretation.

	Good evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data, with minor errors.
An emerging ability to use evidence to support the argument.
Mostly valid arguments and logical judgements. 
	Sound evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data accurately. Ability to devise arguments using evidence to make mostly appropriate and valid judgements. 

	Excellent evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data accurately and with some insight. Excellent ability to devise arguments using evidence and make appropriate and valid judgements. 
	Exceptional evaluation of the underlying concepts and principles based evidence. Outstanding interpretation of qualitative and quantitative data.
Exceptional ability to devise arguments using evidence and make wholly appropriate and valid judgements. 

	Practical skills
(Different approaches to solving problems in particular contexts.)

	Limited or no use of taught, basic methods, materials, tools and/or techniques.
Little or no appreciation of the context of the application.
Very weak evidence of different approaches to problem-solving in particular contexts. 
	Rudimentary application of taught, basic methods, materials, tools and/or techniques but without consideration and competence. Flawed appreciation of the context of the application.
Weak evidence of different approaches to problem-solving in particular contexts.


	An adequate awareness and mostly appropriate application of basic methods, materials, tools and/or techniques.
Basic appreciation of the context of the application. 
Can identify problems in particular contexts and propose basic alternative approaches or solutions though there may be errors. 


















	A good and appropriate application of basic methods, materials, tools and/or techniques.
Clear appreciation of the context of the application. 
Good evidence of different approaches to problem-solving in particular contexts and proposes mostly appropriate solutions.
	A very good application of a range of basic methods, materials, tools and/or techniques.
Very good consideration of the context of the application. Very good evidence of different approaches to problem-solving in particular contexts and proposes appropriate solutions.
	An advanced application of a range of taught, basic methods, materials, tools and/or techniques.
The context of the application is well considered, and insightful.
Excellent evidence of different approaches to problem-solving in particular contexts and proposes appropriate solutions. 
	Exceptional levels of application and deployment skills in particular practical contexts. Outstanding identification of problems in particular contexts and formulation of wholly appropriate, thoughtful solutions / different approaches.

	Transferable skills for life and professional practice
(Communicate the results of their study/work accurately and reliably, and with structured and coherent arguments; the qualities needed for employment requiring the exercise of some personal responsibility within a structured and managed environment.)
	Work is poorly structured, disorganised, inaccurate and/or confusingly expressed. Very weak use of language and/or very inappropriate style. Failure to work effectively individual or as part of a group. Little or no evidence of the skills for employment requiring the exercise of some personal responsibility.


	Work is poorly presented in a disjointed manner. It is loosely, and at times incoherently, structured, with information and ideas often poorly expressed. Weak use of language and/or inappropriate style. Flawed approach to individual or group work, meeting only partial obligations to others. Limited evidence of the skills for employment requiring the exercise of some personal responsibility.
	Mostly ordered presentation and structure in which relevant ideas / concepts are reasonably expressed. Work may lack coherence and/or accuracy in places. Can work as part of a group, meeting most obligations to others but perhaps with limited involvement in group activities.
Demonstrates the basic skills for employment requiring the exercise of some personal responsibility, with some areas of minor weakness.
	Mostly coherent, organised and accurate work, in a suitable structure and is for the most part clearly expressed. Can work effectively independently and/or as part of a team, with clear contribution to group activities.
Demonstrates the skills for employment requiring the exercise of some personal responsibility, with some areas of strength and some of minor weakness.
	Work is accurate, coherent, fluent, well-structured and organised. 
Can work effectively independently and/or as part of a team, with very good contribution to group activities. Demonstrates very good skills for employment requiring the exercise of some personal responsibility, with just occasional minor weakness.
	Work is coherent, very fluent and is presented professionally. Can work effectively independently and/or as part of a team, with an excellent contribution to group activities. Demonstrates excellent skills for employment requiring the exercise of some personal responsibility with an appetite for further development.

	Work is accurate, exceptionally coherent, very fluent and presented well. Can work effectively independently and/or as part of a team, with an exceptional contribution to group activities. Demonstrates exceptional skills for employment requiring the exercise of some personal responsibility with an appetite for further development.





image1.png
Prifysgol Cymru
¥ Drindod Dew Sant

J University of Wales
Trinity Saint David




image2.png
Digital
Pressure Gauge





image3.png
Bourdon Tube Pressure Gauge





image4.gif
Strin Eaty
Copscitince  uge  Reluctance  Plezociecric  Poteniometic Magnetosictive  cuent
e pe e e e e e
Seasiviy % fll seale ool 03 o1 oo 0251 0s oot
Response time s 2 oo 200 2 Poor 2 0
Subily Bueellent  Good  Far Varisble Moderate Goot Poor
Maximum Temp °F (standard ypes) 0 0 25 - = =
cont Hgh g Viigh Moderate Viigh High
Conmercial wailaily Good  Good Good oot Poor Modere





image5.png




image6.png
Strain Gauge

. —_— Electrical Wires
Gauge Backing Strain Direction (Leads)
D ——

o . Solder Pads
Resistive Foil




image7.png
Coded disk

Sensing shaft

LED light source
assembly

InstrumentationTools.com




image8.png
amra_ LT L

P o g B B
R

AR S e




image9.png
Teachwithict.com

Resistive Wiper
Track |

m_r

Variable Resistance.




image10.png




image11.png
000

s000

a0

000

£

2000

1000

00

1

First Order Response

E

El

Time (ms]

an

ey

@




image12.png
bcutonnethol | Apower | Bsed0C | Dulequny
I e =
Excitaton frequency SO 6250 10Kz | 6.25Hzand 75 2





image13.png
Error detection
unit

Reference;
/ Output

setpoint . Controller
—T





