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	Module Learning Outcomes 
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1. Explain the principles of operation for a range of industrial measuring systems and demonstrate an understanding of the requirement for interfacing sensors with conditioning, indication and signal transmission circuits. 
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



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.






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.

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.

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. 


[image: ]
(Fig 3.1 – Voltage Divider)



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.



Task 5 - Signal transmission

a) Explain the advantages and disadvantages of voltage and current signal transmission.

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
ii) Amplification
iii) Elimination
iv) Manipulation
v) Protection



Task 6 - Basic control systems

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

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






	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
.
	
	

	
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.




	20
	10

	
	
	

	2. Knowledge and Understanding Skills

	
	

	
Knowledge of the basic underlying concepts and principles




	40
	22

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	
Sound evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data accurately.




	10
	6

	
	
	

	4. Practical Application Skills

	
	

	
A good and appropriate application of basic methods, materials, tools and/or techniques.





	20
	10

	
	
	

	5. Transferable Skills for Life and Professional Practice

	
	

	
Mostly coherent, organised and accurate work, in a suitable structure and is for the most part clearly expressed.


	10
	5

	
	
	



	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)
	53%

	
	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.
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Introduction 


In this assignment, I will explain the operation for a range of industrial measuring systems and show an understanding of the requirement for interfacing sensors with conditioning, indication and signal transmission circuits. I will be selecting an appropriate sensor for specific operation and demonstrate an understanding of the advantages and disadvantages for measuring and control applications.
































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.



An analogue bourdon tube pressure gauge and a digital pressure gauge utilizing a resistive strain gauge sensor will represent 2 distinctive technologies for measuring pressure, each one with its own set of principles of operation, static and dynamic characteristics, as well as advantages and disadvantages.


Analogue bourbon pressure gauge will operate on the principle of mechanical deformation. When pressure is being applied to it, it acts on a curved, hollow tube, which is usually made up of metal, known as the bourdon tube. The pressure will cause the bourdon tube to straighten, which in turn moves a pointer across a calibrated scale, to then indicate the pressure being measured. 


In contrast, the digital gauge with resistive strain gauge sensor relies on electronic principles. It uses a strain gauge, which is made up of a thin wire or coil, which changes resistance in response to mechanical strain. When pressure is applied to this, the strain gauge deforms slightly, which alters the resistance of it. The change in resistance is measured electronically and then converted into a digital display, giving it an accurate reading of the pressure applied. 

Static characteristics will refer to the gauge's performance under steady-state conditions, whilst dynamic characteristics will relate to its behaviour during transient events or changes in the pressure. 
The analogue bourdon tube gauge characteristics will include its linearity, repeatability, and accuracy.  However, it can suffer from ‘hysteresis’, which means that its indication may change depending on if the pressure is increasing or decreasing. Analogue gauges usually have a limited resolution and may even need frequent calibration to maintain the accuracy of it.  
Regarding dynamic characteristics, the bourbon tube gauges show inertia, which means they might have a slower response to rapid pressure changes. This can be a disadvantage in applications where quick pressure fluctuations can happen, the gauge might not accurately reflect the correct pressure value at any moment. 

However, the digital pressure gauge with the resistive strain gauge sensor will offer many advantages. Its statistic characteristics often will involve a high amount of accuracy, repeatability, and stability over time. Digital gauges will often also have a high resolution and offer features, like data logging and communication capabilities. 
The dynamic characteristics of this digital pressure gauge are a lot better. They respond faster to the pressure changes, giving real time measurements. This quick responsiveness makes them suitable where rapid pressure fluctuations can happen. 

However, the digital pressure gauge has disadvantages. They may be more expensive compared to the analogue gauge and their electronic components can be more likely to get damaged from the environment, like moisture, temperature extremes or even electro-magnetic interference. Another limitation to digital gauges also needs power to enable them to operate. 

To summarise, the analogue bourbon tube pressure gauge and the digital pressure gauge with a resistive strain gauge sensor, represent two different approaches to pressure measurement, each have similar and dissimilar operation principles, static and dynamic characteristics. The choice between both will be dependent on the specific requirements of the application, including the accuracy, response time, environmental conditions, and budget. 


[image: ][image: ]figure 1

Analogue bourbon tube pressure gauge vs a digital pressure gauge shown above. 













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 sensor's 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) An appropriate sensor for measuring the angular velocity of an electric motor is a tachometer, usually an Optical tachometer. 

Contruction: an optical tachometer will usually consist of a light source, a sensor and a rotating disc attached to the motor shaft. The rotating disc will have alternating opaque and transparent segments. The light source will give off light towards the rotating disc and the sensor detects light passing through the segments. 

Operation: As the motor shaft rotates, the disc attached to it will rotate as well. The alternating opaque and transparent segments on the disc will cause the light to be interrupted as they pass between the light source and the sensor. The sensor will then detect these interruptions and generate an electrical pulse. The frequency of these pulses is proportional to the velocity of the motor shaft. 

By counting the pulses over a time, the angular velocity of the motor can be worked out and calculated. Optical tachometers are typically used due to their simplicity, accuracy, and ability measure high speed rotations effectively. 




b) A rotary potentiometer is an appropriate instrument for measuring the rotation of a ball valve actuator through a 220-degree operation and indicating its position from 0 to 100% of travel in forward/ reverse actions. 

Construction: It involves three main parts. It consists of a resistive track, a wiper arm and an outer casing. The resistive track will serve as a pathway for the arm of the wiper, which moves along as the knob turns. This movement alters the resistance in the circuit. The outer casing will protect and provide stability. Altogether, these components will help the potentiometer to regulate electrical flow, allowing precise control in electrical devices.


Operation:
The rotary potentiometer will operate by a twistable knob and internal track. As the knob turns, a type of contact will move along the track, altering the resistance in the circuit. This change in the resistance regulate the flow of the electricity, which enables it to control over functions like volume or brightness. The potentiometer acts a conductor, which will direct flow of electricity to achieve the desired outcome. 






Task 3

a) I calculated the resistance of a sensor with the formula of R1=RM(1+at)=100x(1+3.85x10xthe temperature. Results are in table below
[image: ]
b) when changing the output from an RTD, which is going to a voltage, the voltage divider can be used. The formula which is used to determine the voltage divider value is [image: ]. The results are shown in the table. 

The table shown, can determine that my change input is 100°C based off the temperature values and change in output is based off the resistance values calculated, this means that the change in output is 38.5Ω. The formula used to determine sensitivity is sensitivity [image: ]inputting results to the formula would equate to [image: ]















[image: ] This represents time constant. For the calculations, the time constant was 5m. Table below shows results and the graph plotted results.	Comment by Tony Howles: Ms	Comment by Tony Howles: mS	Comment by Tony Howles: Milli Seconds
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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 and data loggers are devices used to record measurements in a measurement system, they will operate slightly different to one another and have different types of applications. 

Chart recorder 
Operation: a chart recorder is a device that will record measurements continuously on a paper chart. It commonly will consist of a sensor or input device, a recording mechanism, and a chart. The sensor measures the quantity of interest like temperature, a pressure, or a voltage. The recording mechanism with put this measurement into graphical representation on the chart. 

Typical applications:
Chart recorders are mostly used in industrial and scientific applications where continuous monitoring and recording of data are needed. For example; they are used in temperature monitoring in manufacturing processes, environmental monitoring, and pressure monitoring.


Advantages:
· Real time Visualisation. These chart recorders provide a real time visual representation of the trends of data, making it easier to understand and analyse the data. 
· Physical record: They can create a physical record on paper, which serves as a permanent record. 
· Reliability. Generally, chart recorders are robust and can withstand under harsh environment conditions.



Disadvantages:
1) Limited storage: Chart recorders have limited storage capacity, as they mainly rely on physical charts, which may need to be replaced or archived periodically. 
2) Manual intervention: Maintenace involves replacing paper charts and pens often, meaning manual intervention. 
3) Limited connections. Many chart recorders may lack in connectivity sources for data transfer or remote monitoring. 


Data logger

Operation. A data logger is an electronic device. It is used to record data from different types of sensors or inputs over time. It typically consists of:
· Sensors 
· Micro pressor for data processing
· Memory for data storage
· Interfaces for data retrieval
· 

Typical applications:
Data loggers are used in various applications including environmental monitoring like temperature, humidity and pressure. Also energy management, transportation like vehicle tracking and monitoring. 

Advantages:
1) Data storage. They can store a large amount of data depending on their memory capacity, allowing for long term data collection without frequent manual intervention.
2) Automatic logging. They can operate autonomously, logging data at predefined intervals (without supervision from personnel).
3) Versality: data loggers are made to work with various sensors and inputs, which makes them more suitable for diverse measurements.

Disadvantages:
1) Cost: depending on features and capabilities, data loggers upfront can be a lot more expensive in comparison to chart recorders. 
2) Limited real time display: some data loggers may also lack real time display capabilities, requiring data to be retrieved later for analysis. 
Battery life. Battery powered data loggers will have limited operational life, especially in remote/harsh environmental conditions. 

In summary, chart recorders give real- time visual feedback on physical charts but have certain limitations in data storage connectivity. In contrast, data loggers offer extensive data storage, automation and versatility but may require a higher initial investment and can have limitations in real time display and the battery life (depends on model). When choosing between these two devices, it will depend on specific measurement requirements, budgets, and desired data handling capabilities. 





task 5 - Signal transmission

c) Explain the advantages and disadvantages of voltage and current signal transmission.	Comment by Tony Howles: A




Voltage and current transmission are two used methods in electronics and telecommunications. Each one will have advantages and disadvantages. This depends on the application/ requirements.

Advantages of voltage signal transmission:

High immunity to noise: voltage signals are less prone to noise interference compared to current signals. This is because voltage levels are easier to maintain across transmission lines. 	Comment by Tony Howles: Voltage signals are prone to electrical induced interference.
	Comment by Tony Howles: 	Comment by Tony Howles: No


Simpler circuitry: Voltage-based circuits can often be simpler and require less components when compared to current based circuits. -leading to savings in cost and easy maintenance.

Easy measurement and compatibility: voltage can be measured using voltmeters or other voltage measuring devices, making calibration, and troubleshooting easier. Many electronic devices and sensors naturally output voltage signals, making voltage transmission convenient choice in many applications. 


Disadvantages of voltage signal transmission 

Voltage drop voltage signals can experience have voltage drops over a long transmission distance leading to signal degradation. 

Sensitive to load changes: voltage signals can be sensitive to changes in load impedance, which can have an impact on the signal quality and integrity. 

Power loss: In high power applications, voltage transmission can cause power losses due to the current flowing through the transmission medium. 

Current signal transmission advantages

Constant power: in a current loop transmission system, the power delivered to the load remains at a constant even if there are variations in load impedance or transmission distance. This can be an advantage in many applications.

Low sensitivity to voltage drops current signals are less sensitive to voltage drops across transmission lines or components compared to voltage signals. This helps maintain signal integrity over a long distance. 

Fault detection: current loops can be designed with the built-in fault system detection mechanisms.

Disadvantages of voltage signal transmission.	Comment by Tony Howles: current	Comment by Tony Howles: current


Complexity: Current based circuits and transmission systems can be more complex than voltage-based systems, which means it will need additional components like a current transmitter and receiver. 

Challenges with measurements: measuring current directly can be more challenging than measuring voltage, requiring specialised equipment like currents clamps. 

Compatibility problems. Not all sensors and devices naturally output current signals, so additional conversion circuits may be required for compatibility with current based transmission systems.

In summary, voltage signal transmission is often simple and commonly used in many electronic applications due to its ease of measurement, noise immunity, and compatibility with standard sensors. In contrast, current signal transmission offers advantages such as constant power delivery and lower sensitivity to voltage drops but comes with added complexity and challenges when it comes to measurement. When choosing between the two, it will depend on factors like system requirements, distance considerations and noise immunity needs. 








d) 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 the five processes listed would be applied to a measurement signal:	Comment by Tony Howles: B)

vi) Conversion
vii) Amplification
viii) Elimination
ix) Manipulation
x) Protection


Conversion:
Operation: conversion changes the form of the signal from one type to another type. Example: converting an analogue signal to digital format. Conversion is necessary to match the signal type with the requirements of the processing equipment. An example of this, in newer systems they use digital signals for processing and storage, so analogue signals need to be converted to digital form to further analysis or storage. 

Amplification: 
amplification increases the magnitude of a signal. This is done from the use of electronic amplifiers that boost the signal without significantly distorting the characteristics of it. Amplification is used to enhance weak signals that may have been weakened during transmission.

Elimination:
Elimination will involve removing unwanted components or noise from the signal. This can include filtering out high frequency noise, interference or artifacts that could distort the measurement. Elimination is important to improve the signal to noise ratio and to enhance the accuracy of the measurements. Noise can come from different sources like an electrical interference, environmental factors etc. Filtering techniques are employed to selectively remove these unwanted components while preserving the essential signal information. 


Manipulation: 
Is the altering of the characteristics of the signal through operations such as scaling, averaging or mathematical transformations. Manipulation is used to extract specific information from the signal or to prepare it for analysis. Example, scaling may be applied to convert sensor readings into meaningful units. Mathematical operations like differentiation and integration can be used for signal analysis for feature extraction in advanced applications.

Protection:
Operation: protection involves safeguarding the signal and the measurement system from external factors like overvoltage, electromagnetic interference, or physical damage. Protection measures are important to gain the reliability and longevity of the measurement system. Signals can be vulnerable to disturbances like power surges or environment conditions. Protection mechanisms like surge suppressor and grounding are made to mitigate these risks and help stop damage to the sensitive components. 

These processes play a distinct role in optimising signal quality and system performance. 






Task 6 - Basic control systems

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

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


[bookmark: _Int_SPKJhDPA]An open loop control system is a type of control system, where the output has no effect on the control action. Meaning, the system will not have any feedback loop to monitor or adjust itself based on its output. An open loop system will operate of the final output. 


Example:
In an open loop control system, there is a controller, which is used as the timer in this example, which sends the signal to the washing machine to start the wash cycle. The time of the wash cycle is predetermined and does not consider the condition of the clothes. There is no sensor or feedback mechanism to warn the controller if the clothes are not clean. After the set time has finished, the controller will instruct the machine to stop. In this scenario, again the controller is used as the timer and there is not much sensor involvement in determining the cleanliness of the clothes, which a clear illustration of the open loop control system

Advantages of an open loop control system;
Open loop control systems have many advantages that make them suitable for different applications. 

Simplicity:
Open loop systems are mostly made typically less complicated that the closed control loop systems. Their design and operations are straightforward, making them simple to understand/ implement. 

Stability: Due to there not being a feedback loop, open loop systems will stay unaffected by potential disturbances in the feedback, ensuring consistent performance. 

Cost efficiency: constructing and maintaining this type of system mostly more cost effective, all due to its simple structure. 

Immunity to feedback issues: The open loop systems are more prone to issues that may arise in the feedback loop, such as noise interference or feedback stability problems. Choosing this system makes them a more reliable choice in certain applications 




Disadvantage of an open loop control system:

Open loop control systems are commonly more sensitive to external factors and variations in the system. Since they don’t actively monitor the output or conditions, any changes in the dynamics like changes to temperature, load variations or component aging, can lead to inaccurate results or even have an impact on the performance. The sensitivity can reduce the overall reliability. 	Comment by Tony Howles: Not




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


[image: ]

When the control system includes a feedback loop, the system is known as a feedback control system. So, the output can be controlled accurately by providing feedback to the input. This type of control system can also have more than one feedback. 

In the above diagram, the error detector will create an error signal, so this is the variation of the input as well as the feedback signal. The feedback signal can be obtained from certain elements of the feedback in the control system by considering the system output as an input. Instead of the input, the error signal can be given as an input of the controller.

The controller generates an actuating signal to control the plant. In this system, the control system output can be corrected automatically to get the preferred output. Therefore, these systems are also named as ‘automatic control systems.’ 
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