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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























[image: A diagram of a device

Description automatically generated]Bourdon Tube pressure gauges are analogue devices used to measure pressure and are the most extensively used device for measuring pressure. Figure 1 shows the inner workings which uses a curved metal tube commonly made of phosphor bronze or alloy steel (Bird, 2003). The cross-section of a bourdon tube is usually an oval as seen in Figure 2 (Bird, 2003). As the pressure within the bourdon tube increases in relation to atmospheric pressure there is more force exerted on sides A and C compared to sides B and D leading to the tube trying to form a circular cross-sectional area and the tube straightens. As this occurs the link and pivot seen in figure 1 translates this movement to the pointer. The movement of the pointer is proportional to the pressure in the tube (Sunatani, 1924). Advantages to a Bourdon tube include the ability to work without power and has a low cost. It’s also effective at reading static pressures or ones that change at a very slow rate. With dynamic characteristics where the pressure fluctuates rapidly the pointer can bounce around which makes readability an issue, this can also increase the wear and tear. 
[image: A diagram of a pressure

Description automatically generated]

Figure 2
Cross-Sectional area of a Bourdon Tube 
 
Figure 1
Inner workings of a Bourdon Tube pressure gauge






A digital pressure gauge utilises a strain gauge. The principle behind this is as pressure is applied to the strain gauge the resistance changes and measuring the resistance at any point in time will allow for the pressure to be calculated. A Wheatstone bridge is utilised in conjunction with a strain gauge to provide accurate means of measuring the change in resistance as it is very sensitive to small changes in resistance. Using a Wheatstone bridge will allow for greater accuracy as it can eliminate the effect of wire resistance, it is important to note that as temperature changes the resistance of a material does also and this must be considered when calculating the resistance.
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Description automatically generated with medium confidence]
Figure 3
Example of a strain gauge and Wheatstone bridge








Figure 3 shows an example of a strain gauge, when pressure is applied as shown by the arrow the diaphragm will expand and stretch the strain gauge at the same time thus causing a change in resistance which is a linear relationship between resistance and strain (Higson, 1964). A 4-20 mA signal can then be used to send this resistance value over long distances.
A Digital pressure gauge provides a much faster response time, is more accurate and can be used to set up remote monitoring of pressure along with the ability to log the pressures over time. It is also much more adept at reading fluctuating pressure as it can be programmed to show the average over a certain period providing a more stable reading.




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. 
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Description automatically generated]An appropriate sensor for this would be an optical encoder which can measure rpm well over 3000 at great accuracy. Figure 4 shows a diagram of an optical encoder.

Figure 4
Optical Encoder diagram
 




As the wheel spins the light will shine through the encoder disk and when the light passes through the transparent marks it will be picked up by a photosensitive device producing an electrical pulse when light is detected. This is used to calculate the rpm of the device as the encoder disk will have a known number of slots and one revolution will be counted once this number of pulses has been detected. The pulses will form a square wave as seen below.
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Figure 5
Square Wave
 


 

The faster the wheel spins the higher the frequency of the square wave, but the voltage will remain the same. An optical encoder was chosen as it’s a non-contact measurement device and will therefore have minimal wear and tear, it can also be integrated into digital circuits to provide a digital output which can then be read on a dashboard. Potential downsides of an optical encoder are that the accuracy of the output can be affected by dirt and dust interfering with the photosensor and potentially causing misses in electrical pulses and the average price is around $450 (Das & Chakraborty, 2018). There is a data sheet for an appropriate optical encoder in Appendix 1.

 
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.

The device chosen for this is a potentiometer with a figure seen below.
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Figure 6
Diagram of a potentiometer
 







As seen above a potentiometer is a three-legged resistor and the wiper is a rotating contact which as it moves ‘changes the resistance between the center and outer two teminals (Gasperi et al, 2009). The resistance can therefore be used to position the ball valve from 0-100% of travel. Ferreira, Martins and Covas (2018) looked at ball valves under steady and unsteady conditions and used a potentiometer to gauge the location of the ball valve highlighting the effectiveness of a potentiometer for this purpose. A data sheet for a suitable potentiometer can be seen in Appendix 2.

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.

To calculate the resistance of a PT100 resistance temperature detector (RTD) the below equation is used (Bird, 2022)



R0 = Resistance at 0°C
Rθ= Resistance at temperature θ°C
α0 = temperature coefficient of resistance at 0°C
θ = Temperature

For this the temperature coefficient of resistance is 3.85x10-3. A PT100 RTD has a resistance of 100Ω at 0°C. The formula used will be the same throughout and the only value changing will be the temperature. There are 2 examples shown below at 35°C and 55°C to show only the temperature changes for each calculation.

The below calculations are for 35°C.

 



The below calculations are for 55°C.





[image: ]The graph of the results is below, and the table of results overleaf.



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.

The below equation is used for this calculation (Bird, 2003).



The only value that will change for these equations is the RT value, calculated in the previous part of the question. Examples can be seen below for 40°C and 65°C to show only one value changes.

40°C

 = 3.66V

65°C

 = 3.85V

[image: A graph showing the voltage output

Description automatically generated][image: ]The full table of results and graph can be seen below. 










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




In this case the change in output is the voltage at 100°C minus the voltage at 0°C which is 4.09 – 3.33. The change in input is 100 as that is the change in temperature.  Therefore, the sensitivity is 0.76/100 = 0.0076 V / °C.

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)



The following equation was used to calculate the response.


T0 = Output Temperature
T = Temperature (50°C)
t = Time (ms)
τ = Time Constant (5ms)

For each calculation the time will be changes starting at 0ms and increasing by 1ms until a steady state is achieved. An example for 0 and 18ms can be seen below.

0ms


18ms









Below there is a table with all data and a graph showing the response curve. A steady state was achieved at 47ms.
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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.

The main difference between these two devices is chart recorders are ‘analog instruments that translate electrical impulses from sensors into mechanical movement of an arm. A pen is attached to the arm, and long rolls of paper are moved at a constant rate under the pen.’ (Goyasl and Malhotra, 2012). 
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Description automatically generated]Chart recorders can track data such as temperature and pressure, they are widely used as the cost can be minimal, they also provide immediate feedback of the data without the need to look at a computer to find the data. Downsides include the inability to store large quantities of data as the amount of data is limited by the chart paper available. It can also be prone to mechanical wear and tear affecting accuracy over time, ‘many are prone to sensor dirft (Badhiye, Chatur & Wakode, 2011). An example of a chart recorder can be seen in figure 8. 

Figure 8
Temperature Chart Recorder
 
Figure 9
Data Logger
 




Data loggers are digital loggers ‘that automatically records, scans and retrieves data with high speed and greater efficiency’ (Badhiye, Chatur & Wakode, 2011). They can have digital displays attached to show the current value. Common uses of a data logger include long term tracking of data such as environmental data and can be used in remote areas without the need for human interaction. Cost associated with a data logger can also be considerably more and relies on a power source to function. An example of a data logger can be seen in figure 9. 






Task 5 - Signal transmission

a) Explain the advantages and disadvantages of voltage and current signal transmission.
Voltage signal transmission requires less complex circuitry when compared to current loops and is therefore a cheaper option. It is also capable of handling higher frequency data thus allowing faster data transmission. Over short distances using a voltage signal transmission has less power loss due to the resistance being lower. 
Disadvantages however include the potential of interference occurring from electromagnetism which can affect the signal, sending the signal over long distances is also an issue as the resistance of the cables increases with distance. Amplification would be required to send signals over longer distances.
Current signal transmission uses current between 4-20 mA to transfer the signal, the use of current decreases the chance of interference from electromagnetism as the interference will affect both sides of the loop and cancel each other out. It is also more stable over longer distances as wire resistance has minimal effect on the signal. Using a current signal transmission also allows low power devices to use the current as power.
Disadvantages include the need for more complicated circuitry including the need to maintain a stable power supply. It also has a lower bandwidth and ill-suited for high-speed data transmission compared to a voltage 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

Firstly, the signal must be converted, for example changing the data signal from temperature into current or voltage depending on the form of transmission. Converting the signal from analogue into digital is also necessary sometimes such as changing a continuous voltage into digital signal to allow a computer to read this data. Scaling can also be necessary which involves changing the signal amplitude to whatever is necessary.
Amplification is another process that can be required and involves increasing the strength of the signal as some signals are too weak and an amplification is required, this is especially important if the data is to be sent over long distances. Elimination is also important and is necessary to remove unwanted noise from nearby electrical equipment which can distort the actual measurement. Manipulation is sometimes required when measuring for example speed, this can then be converted into acceleration or deceleration. The data can also be changed into a graph and then the area under the graph calculated which can be used to measure variables like displacement and energy. This is useful when the data required cannot be extracted from the raw data.





Task 6 - Basic control systems

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

An open loop system operates on pre-determined values or signals and doesn’t take into consideration the output of the system. An example of an open loop system is when the heating is set to turn on at 20:00 every day, this will happen regardless of the heat of the house. One advantage of an open loop system is it’s cheap to design. A disadvantage is there is no feedback involved and in this case above money would be wasted on heating unnecessarily. An open loop system diagram can be seen below and as seen has no feedback.

[image: ]
Figure 10
Open Loop System
 




b) [image: A diagram of a process

Description automatically generated]Draw a block diagram of a closed loop control system and describe the function of each element.




As seen above the closed loop works in a similar way to the open loop but includes feedback. The input is the setpoint for example 20.0°C. The controller produces a signal to either turn the heater on or turn it off and the process is the physical heater being controlled. The output is the temperature which the system is trying to achieve. The feedback is the current temperature which is then fed back to the controller to be compared with the desired setpoint thus creating a closed loop control system.


Appendix 1
[image: A close-up of a document

Description automatically generated]

Appendix 2
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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.

	10
	8

	
	
	

	4. Practical Application Skills

	
	

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



	20
	16

	
	
	

	5. Transferable Skills for Life and Professional Practice

	
	

	
Work is accurate, exceptionally coherent, very fluent and presented well.


	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)
	86%

	
	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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Temperature  (°C) Resistance (

Ω

) Voltage Output (V)

0 100.00 3.33

5 101.93 3.38

10 103.85 3.42

15 105.78 3.46

20 107.70 3.50

25 109.63 3.54

30 111.55 3.58

35 113.48 3.62

40 115.40 3.66

45 117.33 3.70

50 119.25 3.74

55 121.18 3.77

60 123.10 3.81

65 125.03 3.85

70 126.95 3.88

75 128.88 3.92

80 130.80 3.95

85 132.73 3.99

90 134.65 4.02

95 136.58 4.06

100 138.50 4.09
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Time (ms) Temp (°C) Time (ms) Temp (°C)

0 0.00 26 49.72

1 9.06 27 49.77

2 16.48 28 49.82

3 22.56 29 49.85

4 27.53 30 49.88

5 31.61 31 49.90

6 34.94 32 49.92

7 37.67 33 49.93

8 39.91 34 49.94

9 41.74 35 49.95

10 43.23 36 49.96

11 44.46 37 49.97

12 45.46 38 49.97

13 46.29 39 49.98

14 46.96 40 49.98

15 47.51 41 49.99

16 47.96 42 49.99

17 48.33 43 49.99

18 48.63 44 49.99

19 48.88 45 49.99

20 49.08 46 49.99

21 49.25 47 50.00

22 49.39 48 50.00

23 49.50 49 50.00

24 49.59 50 50.00

25 49.66 51 50.00
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Absolute Maximun Ratings

Itis important to consider the environment in which the
codewheels will be used when selecting a codewheel
material. In brief, metal codewheels are rugged, but do
not offer higher resolution capabilities. Film codewheels
allow higher resolution, but cannot endure the same
temperatures and high humidity as metal. Glass code-
wheels offer both high temperature and higher resolu-
tion, but are also more expensive. Consider the follow-
ing rating table when choosing a codewheel material.

HEDS XXX HEDH-XO HEDGXOK
Parameter Symbol___ MetalCodewheels Film Codewheels Glass Codewheels
storage T, arCuosiooc “40Cro70C “40Cro 100
Temperature
Operating T arCwriooc 0o e “40Cro 100
Temperature
Humidity non condensing
Velocity 30000 RPN 30000 RPN 12000RPM
Shaft Axial Play 2025 mm 20175 mm 0175 mm

(£0.010in) (20.007 in) (20.007 in)
ShaftEccentriciy 01mm 2004 mm 2004 mm
Pl Radial Play (200081 TR (00015 ) TR (00015 ) TR
Acceleration 250,000 Rads 250,000 RadSec” 100,000 RadlSec’

Recommended Operating Conditions

HEDS XXX HEDH-XO HEDGXOK
Parameter MetalCodewheels Film Codewheels Glass Codewheels
Maximum Count Frequency 100tz 200k 200ktz
Shaft Perpendiculariy 2025 mm 0175 mm 0175 mm
Plus Axial Pl 001000 (0007in) (0007in)
ShaftEccentricity Plus 01mm 2004 mm 2004 mm

Note: Avago Technologies Encoder Modules are quaranteed 10 100 iz but can operate athigher frequencie. See Encoder Module Data Sheet
forspecfictions and output oad recommendations.

“HEDM6140 s quaranteed to 100 Kz with the HEDS 9040 700 modue.
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