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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.

[image: ]

Figure 1. Analogue and Digital Pressure Gauges



Analogue Pressure Gauge
An analogue bourdon pressure gauge can measure pressures between 0.6 to 7,000 bar.  They are the most common form of pressure gauge due to its high accuracy and high precision for high-pressure applications and either liquid or gaseous process media.  It is also relatively low cost, compact in design and can be used in high vibrational applications and dynamically varying pressure loads.

Inside the bourdon tube is fluid that can dampen the effects of any fast-moving, dynamic vibrations in load in order to give a steady reading.  The filling fluid can be glycerine, silicone or paraffin.
 [image: Bourdon Tube Pressure Gauge Working Principle Animation - Inst Tools]  [image: ] (Inst Tools, 2022)
Fig. 1:	Bourdon tube at higher pressure on the left and lower pressure on the right.

At the end of the analogue Bourdon tube is a link to a sector.  As the pressure increases the tube is stretched outwards.  The link at the end of the tube spins the sector part about its pivot.  The teeth of the sector mesh with the pinion gear.  As the pinion gear rotates, the dial moves to indicate the pressure.  As the pressure is less the bourdon tube is less stretched, the sector rotates in the opposite direction and consequently the dial on the pinion gear indicates a lesser pressure.	Comment by Tony Howles: Nice work

A digital pressure gauge with a resistive strain gauge
A strain gauge is defined as the unit resistance change per unit  strain.  The resistance of a conductor is given by 
		R = ρ*L / A
where ρ = Ohm metres,or resistivity of the conductor
L = length of conductor, and
A = cross-sectional area of the conductor
Due to the piezoelectric effect the resistivity of the conductor will change.


[image: ] (sensorland.com, 2022)
Fig. 2:	 Tensile and compressive affects on strain gauge

When a strain gauge is stretched its conducting wires’ length, cross-sectional area and resistivity vary and hence so does its resistance.  Under tension,  the resistance of a strain gauge increase and when under compression its resistance decreases.  By placing the resistive strain gauge in a Wheatstone bridge the resistance can be measured and with it the pressure can be derived.

Comparing analogue and digital pressure gauges
Analogue pressure gauges do not require any power to operate, however, they can provide the same level of accuracy as a digital pressure gauge can.  Digital pressure gauges do require batteries.  They will therefore have to be periodically replaced.  Otherwise, it will have to be connected to a power supply.

Analogue pressure gauges will never require calibrating.

A digital pressure gauge can provide fast readings and gives steady readings in high vibration environments.  There will be no parallax errors of mistakenly interpreting the readings as there could be with an analogue pressure gauge.  A digital pressure gauge has a backlit display that an analogue pressure gauge does not.

An analogue pressure gauge can show oscillatory pressure changes and trending changes as the pressure increases or decreases steadily.  It is more difficult to appreciate such behaviour from a digital pressure gauge.

Dynamic and Static Characteristics
The digital pressure gauge will be more accurate and precise than the analogue pressure gauge.  Both will have strong linearity, reproducibility and repeatability.  Both will be stable over time.  The span of the digital pressure gauge will be potentially greater than the analogue pressure gauge and could even record negative pressure in a vacuum.  The digital pressure gauge would have better resolution and sensitivity.

The dynamic characteristics would be that both have a rapid response.  There would be no measuring lag in the analogue pressure gauge but would be in the digital pressure gauge in order not to jump in response to rapid but brief variations in pressure.  Dynamic error for both gauges would be low due to the simple mechanism of the analogue pressure gauge and the high accuracy of the digital pressure gauge.	Comment by Tony Howles: Great work Iwan

Task 2. Position sensors

a) Identify a sensor that could be used to measure the angular velocity of an electric motor from 0 to 1000 RPM. 
 
b) Identify a sensor that could be used to measure the rotation of a 3-way ball valve through 180° 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 sensor of the type you are proposing for each of the applications.


a) A tachonometer optical sensor can measure the angular velocity of an electric motor.

[image: Diagram

Description automatically generated]A reflective strip is stuck to the shaft of the electric motor.  The optical tachonometer directs a constant beam of light from its LED.  As the shaft rotates and the reflective strip reflects the light and is detected by the photodiode.

The photodiode is placed in the circuit in reverse bias.  When light is reflected from the shaft of the electric motor it hits the photodiode generated enough voltage for current to flow in the reverse direction of the diode polarity.

Time history will be pulses, as shown to the left.  From counting the number of these pulses each second the RPM can be calculated.
(Sivaranjith, 2018)

[image: A picture containing device, black, gauge

Description automatically generated]The RS Pro Tachometer (RS, 2022) uses a laser to count the revolutions.  It retails at £63.60 including VAT.  It has a resolution of 0.1 RPM at a range below 10,000 RPM and is capable of measuring rotations up to 100,000 RPM.  RS Components are well established and reputable suppliers of electrical equipment.  They will present accurate and up-to-date information on their products.
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b) A potentiometer could be used to measure the angle of rotation of a 3-way valve.

[image: A picture containing graphical user interface
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(Components101, 2017) provides a suitable potentiometer for measuring the rotation of a 3-way valve rotating 90° to the left and 90° to the right.  Its datasheet follows.

Current will pass through the central, variable arm and out to either or both fixed ends.  The shaft of the 3-way valve will be directly linked to the shaft of the potentiometer.  How much current passing through each end will depend on the position of the valve and hence the position of the variable arm.

The potentiometer is a strip of resistance.  The amount of resistance between the variable end and one of the fixed ends depends on the position of the variable arm on that strip.  Consequently, the amount of current passing through one fixed end is dependent on the resistance between it and the variable end.

When the valve is opened to the left, there will be no resistance between the left-hand fixed end and the variable end.  The current will be at its maximum through the left-hand fixed end.  The current through the right-hand fixed end will be zero.

When the 3-way valve is opened 45° to the left, the resistance between the left-hand fixed end and variable end will be 25% of 10k = 2.5k Ω.  If the total current is IT, then the current passing through the left-hand fixed end is IT – (2.5k/10k)*IT = 75% of the total current.  Therefore, 25% of the current will pass through the right-hand fixed end. 

When the valve is closed, the variable arm will be equidistant between each fixed end and the current flowing between the two will be the same through each fixed end.

As the valve is turned to the right, the reverse of the currents will occur from when the valve is turned to the left.

From observing the current through one of the fixed arm ends the position of the valve can be known.

The 24mm rotary potentiometer below has 280° of travel, much in excess of the required 180°.  One of these potentiometer retails at £1.00 (sinolec, 2022).







24mm Rotary Potentiometer 
Sealed/ Dust Proof 
Long Life Element  
2 Million Cycle Life 
Metal Shaft/ Bushing 
RoHS Compliant 
   
 
	MODEL STYLE 
	 

	Side Adjust, Solder Lugs, Single-Gang 
	P232 

	Side Adjust, Solder Lugs, Dual-Gang 
                     
	P233 
 

	ELECTRICAL[footnoteRef:1]  [1:    Specifications subject to change without notice.  ] 

	

	Resistance Range, Ohms 
	1K-1M (for “B” taper)
5K-1M (for other tapers) 

	Standard Resistance Tolerance 
	± 10% 

	Residual Resistance 
	3 ohms max. 

	Input Voltage, Maximum 
	200 Vdc max. 

	Power rating, Watts 
	0.5W- B taper, 0.3W- others 

	Dielectric Strength 
	500Vac, I minute 

	Insulation Resistance, Minimum 
	100M ohms at 1,000Vdc/ 1 minute 

	Peak Noise (Contact Resistance Variation) @ 6 rpm 
	±3% max. 

	Linearity  
	±3% max. 

	Actual Electrical Travel, Nominal 
	280° 

	Gang Error 
 
	±3dB (-40dB to 0dB) 
 

	MECHANICAL 
	

	Total Mechanical Travel 
	300°± 5° 

	Static Stop Strength, Minimum 
	120 oz-in 

	Rotational  Torque, Maximum, Single Gang (P232) 
	1.5 oz-in 

	Rotational  Torque, Maximum, Dual Gang (P233) 
 
	3.0 oz-in 
 

	ENVIRONMENTAL  
	


Operating Temperature Range 	-10°C to +85°C Rotational Life 	2,000,000 cycles 
 
ORDERING INFORMATION
2
 
 
 
P232 
–
 
 S  E C 20 B R100K 
 
 
 
Model Series 
Total Resistance 
Shaft Type 
Full CCW Shaft Position: see below 
Shaft Length “L” see below 
Tapers: 
  A = Audio 
  B = Linear 
 C = Reverse Audio 
Seal Type: 
S = Sealed              
D = Dust Proof        

 
Shaft Types 
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


 
 
 
Shaft Position (F-Type Shaft) 
Dashed lines on Type “C” and Type “A” shows position of adjustment slot for E-Type shaft 
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2   Contact our customer service for custom designs and features. 
 
 
 
OUTLINE DRAWING 
 

 
Model P232 
[image: Shape

Description automatically generated with medium confidence]
 
 
Model P233 

 
 
 
CIRCUIT DIAGRAM  

 	P232 (Single gang) 	P233 (Dual gang) 
 

                                               










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. 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 = 100 Ω 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)

a) The resistance of a RTD is given by the formula Rt = R0 * (1 + αt), where R0 is the temperature of the RTD at 0°C, which is 100Ω; α is coefficient of resistance, which is 3.85x10-3 per °C.
b) 	
	RTD
	
	
	Rt = R0 * (1 + αt)
	
	Total resistance
	Voltage supply
	V out

	Temp °C
	R0 (Ω)
	α
	Rt (Ω)
	R (Ω)
	RT
	Vs
	 = Vs*(1-Rt/RT)

	0
	100
	0.00385
	100.0
	100
	200.0
	10
	5.00

	5
	100
	0.00385
	101.9
	100
	201.9
	10
	5.05

	10
	100
	0.00385
	103.9
	100
	203.9
	10
	5.09

	15
	100
	0.00385
	105.8
	100
	205.8
	10
	5.14

	20
	100
	0.00385
	107.7
	100
	207.7
	10
	5.19

	25
	100
	0.00385
	109.6
	100
	209.6
	10
	5.23

	30
	100
	0.00385
	111.6
	100
	211.6
	10
	5.27

	35
	100
	0.00385
	113.5
	100
	213.5
	10
	5.32

	40
	100
	0.00385
	115.4
	100
	215.4
	10
	5.36

	45
	100
	0.00385
	117.3
	100
	217.3
	10
	5.40

	50
	100
	0.00385
	119.3
	100
	219.3
	10
	5.44

	55
	100
	0.00385
	121.2
	100
	221.2
	10
	5.48

	60
	100
	0.00385
	123.1
	100
	223.1
	10
	5.52

	65
	100
	0.00385
	125.0
	100
	225.0
	10
	5.56

	70
	100
	0.00385
	127.0
	100
	227.0
	10
	5.59

	75
	100
	0.00385
	128.9
	100
	228.9
	10
	5.63

	80
	100
	0.00385
	130.8
	100
	230.8
	10
	5.67

	85
	100
	0.00385
	132.7
	100
	232.7
	10
	5.70

	90
	100
	0.00385
	134.7
	100
	234.7
	10
	5.74

	95
	100
	0.00385
	136.6
	100
	236.6
	10
	5.77

	100
	100
	0.00385
	138.5
	100
	238.5
	10
	5.81




c) Sensitivity = Output range / Input range
= (5.81 – 5.00) / (100 – 0)
= 0.81 / 100
= 0.0081 V/°C

d) The time constant (τ) of a first-order response system is the time taken for a process variable to reach 63% of its maximum value.  The equation for the extent the sensor has responded to the step change is given by
x(t) = (1 – exp(-t/τ))

	     The temperature output to a step change from 0°C to 50°C is given by
y(t) = 50°C * x(t)
		
		
	Time (ms)
	x(t)  (%)
	y(t)  (°C)

	    0
	0.0%
	0.00

	1
	18.1%
	9.06

	2
	33.0%
	16.48

	3
	45.1%
	22.56

	4
	55.1%
	27.53

	5
	63.2%
	31.61

	6
	69.9%
	34.94

	7
	75.3%
	37.67

	8
	79.8%
	39.91

	9
	83.5%
	41.74

	10
	86.5%
	43.23

	11
	88.9%
	44.46

	12
	90.9%
	45.46

	13
	92.6%
	46.29

	14
	93.9%
	46.96

	15
	95.0%
	47.51

	16
	95.9%
	47.96

	17
	96.7%
	48.33

	18
	97.3%
	48.63

	19
	97.8%
	48.88

	20
	98.2%
	49.08

	21
	98.5%
	49.25

	22
	98.8%
	49.39

	23
	99.0%
	49.50

	24
	99.2%
	49.59

	25
	99.3%
	49.66

	26
	99.4%
	49.72

	27
	99.5%
	49.77

	28
	99.6%
	49.82

	29
	99.7%
	49.85

	30
	99.8%
	49.88

	31
	99.8%
	49.90

	32
	99.8%
	49.92

	33
	99.9%
	49.93

	34
	99.9%
	49.94

	35
	99.9%
	49.95

	36
	99.9%
	49.96

	37
	99.9%
	49.97

	38
	99.9%
	49.97

	39
	100.0%
	49.98

	40
	100.0%
	49.98

	41
	100.0%
	49.99

	42
	100.0%
	49.99

	43
	100.0%
	49.99

	44
	100.0%
	49.99

	45
	100.0%
	49.99

	46
	100.0%
	49.99

	47
	100.0%
	50.00

	48
	100.0%
	50.00

	49
	100.0%
	50.00

	50
	100.0%
	50.00



		

		After 47ms the response has attained a steady-state.	Comment by Tony Howles: good
Task 4. Indicators

a) Explain the difference between an LCD and a LED seven segment display. Include in your answer advantages and disadvantages for each.

b) Explain the operation of an analogue to digital conversion (ADC) process that could be used to turn a 4 to 20 mA signal into a digital indication. Include sensitivity, resolution quantization and quantization error in your explanation.



a) Liquid Crystal Displays (LCD) work on the basis of blocking light, instead of the basis of emitting it.  LCDs consume less energy than Light-Emitting Displays (LED).  An LCD image is made of pixels.  A 4K display consists of 3840 x 2160 or 4096 x 2160 pixels.  Each pixel is made of 3 subpixels: red, green and blue, called RGB.  Different combinations of the RGB produces a colour in one pixel.  Between all the pixels of the display an image is created.  The image can change continuously creating a motion picture.

The LCD is backlight.  Polarised light filters sit behind and in front of the liquid crystal.  The filter at the front is at 90° to the one behind.  Pixels are switched on and off electronically.

In the illustration below, from Orient Display, the liquid crystal is not switched on (in the first image) by an electric current and does not refract the light.  The light having been polarised by the first filter cannot therefore pass through the second polarising filter as it is at 90° from the first.

When an electric current is passed through the liquid crystal it changes shape such that it refracts the light to the same orientation as the second polarising filter and hence light passes.

The liquid crystals can be aligned in several different ways: twisted nematic, multi-domain, in-plane switching.  They all work on the principle of an electric current affecting its shape.
[image: A picture containing text, pencil, writing implement, stationary

Description automatically generated] (Orient Display, 2020)

[image: Graphical user interface, application

Description automatically generated] (Orient Display, 2020)

The image above shows the basic structure of an LCD display.  There is constant backlight that goes through the first polarizer.  Liquid crystals are sandwiched between their own electrodes.  Thin Film Transistors (TFT) control the current to the electrode and hence whether the liquid crystal will change shape.

Red, green and blue (RGB) filters are aligned next to each other as subpixels within a larger pixel.  How much light passes through the RGB filter determines the colour of the pixel.

Glass sheets either side of the RGB filter, liquid crystals, TFT and electrodes protect them.  A second polariser filter completes the display.

The advantages of a LCD display is that it is a flat screen and therefore does not take up much room.  An LCD screen can be manufactured into a concave shape.  It does not generate much heat and does not require much power.  Magnetic fields do not affect its function whereas the old Cathode-Ray Tube (CRT) sets were affected.  They have a high resolution, can effect very bright colours and have a long life.

Their disadvantages are that they are not cheap; the picture can become poor if viewed at an angle; they cannot produce a very dark or black image; if finger prints are pressed onto the screen it leaves pressure marks causing poorer image quality.

The 7 segment Light-Emitting Diode (LED) uses 7 diodes to produce digits.  It can produce numbers 0 – 9, and letters A, b, C, d, e, F, g, h.
[image: Diagram
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(ROHM Semiconductor, 2022)

[image: Diagram

Description automatically generated]
(ROHM Semiconductor, 2022)

The LEDs are connected to either a common anode or a common cathode, as shown above.  An Integrated Circuit (IC) chip controls the signal to each of the 7 segments.

The 7-segment LEDs advantages are that it is very basic, cheap, easy to construct and requires very little power.  It can be used in light and dark environments.  They are used in a wide variety of applications, such as microwaves, wrist watches and fuel filling pumps.

As they are so simple to manufacture there are many mnaufacturers of them that it is difficult to establish whether the LEDs used are reliable other than from the knowledge that a particular manufacturer is reliable and has a good reputation.  They are limited to the number of characters they can simulate.

b) https://www.dataq.com/blog/4-20-ma-current-loop/4-20-ma-current-loop-measurement-resolution/

https://www.allaboutcircuits.com/technical-articles/understanding-amplitude-quantization-error-analog-digital-converters/

The 4 – 20 mA signal is indirectly measured from a shunt resistor set in series to the control loop.
[image: Diagram, schematic

Description automatically generated] (Lockhart, 2012)

The voltage dropped across the shunt resistor is measured and the current calculated from it using Ohm’s Law.  250Ω is a suitable choice of shunt resistor as a 1V drop corresponds to 4mA.

Ohm’s Law is V=IR.  R is constant, equal to 250Ω.  Rearranging, I=V/R.  A 1V drop over 250Ω would be 1/250 = 4mA.

4mA would represent a voltage drop of 1V, 8mA a drop of 2V, 12mA a drop of 3V, 16mA a drop of 4V and 20mA a drop of 5V.  The range of voltages is 4V (5V – 1V).

A typical supply voltage is 24V.  The consumed measurement range is 4V/24V = 16.67%.

A typical analogue to digital conversion resolution is 10 bits for a 4-20mA range.  A 10-bit resolution equates to 210 = 1024 counts.  However, only 16.67% of the supply voltage is measured.  Therefore,  only 1024*16.67% = 170 counts are measured.

A pressure transmitter can have a range of 500 psi.  The resolution is therefore, 500 / 170 = 2.94 psi per count.  This means for every 2.94 psi change in pressure the output signal from the transmitter will change.
Since there are 170 counts spread across 500 psi (FS), the quantization error will be between – ½ * FS/170 and + ½ * FS/170
= - ½ * 500/170 and + ½ * 500/170
= -1.47 psi and +1.47 psi per count

The sensitivity is the output range over the input range.  The input range is 500 psi.  The output range is 16mA (20mA – 4mA).  Therefore, the sensitivity is 500 / 16 = 31.25 psi / mA.	Comment by Tony Howles: Excellent work


Task 5. Signal transmission

a) Explain the advantages and disadvantages of current and 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 reasons why the five processes listed would be applied to a measurement signal:

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


a) Current signal transmission does not suffer from noise interference and suffers less from electromagnetic interference than voltage transmission.  Current transmission is between 4mA – 20mA.  4mA is a live zero and 20mA is full-scale.  A signal of 0mA would indicate a loss of power to the transmitter.

Noise interference includes (OMEGA, 2022) electromagnetic interference (EMI); radio-frequency interference (RFI); leakage paths at the input terminals; turbulent signals from other instruments; electrical charge pick-up from power sources; switching of high-current loads in nearby wiring; self-heating due to resistance changes; arcs; lightning bolts; electrical motors; high-frequency transients and pulses passing into the equipment; improper wiring and installation; signal conversion error; and uncontrollable process disturbances.

Both current and voltage signal transmissions are analogue transmissions.  They both require the labour of laying cables, such as twisted pair or coaxial cables, to carry the signals.  Cables can become damaged over time.  These cables can experience EMI.  Current is affected less than voltage by EMI.

If there are grounding issues, this will affect the voltage signal transmission but not the current transmission.  Cables will have their own internal resistance, which will affect the voltage transmission, but not the current transmission.

The control loop must be broken to measure current.  User error could trip the control circuit and shutdown the process.  However, voltage is measured in parallel and therefore will not cause potential disruption.

b) A signal conditioning system will have 5 stages.  Conversion will convert one physical element for another.  For example, a pressure exerted on a capacitance diaphragm will convert the pressure element into an electrical element.

Amplification gets the right signal level.  After the conversion the signal may be too weak to be transmitted.  For example, if after conversion the range is ±500mV but transmission requires ±5V the signal must be amplified by 10.  There are a variety of amplifiers depending on the input signal and required signal to be transmitted.  Amongst them are differential amplifiers, current amplifiers, votlage amplifiers, piezoelectric amplifiers, isolated amplifiers, thermocouple amplifiers, charge amplifiers.

Elimination reduces noise to maintain the integrity of the signal.  There are several methods available for noise elimination, depending on the type of noise.  Twisted pair cables eliminates decrease the interference from adjacent wires.  Not having the wires trail near other devices that generate magnetic fields will eliminate electromagnetic noise.

Manipulation makes the signal linear.  Interpreting a linear scale is easier than interpreting a non-linear scale for the operator.  For example, to measure the flow rate in a pipe an orifice plate is placed in the pipe to obstruct flow.  A differential pressure will occur at specific distances either side of the plate.  There will be a minimum differential pressure that will be transduced to 4mA and maximum process pressure that will be transduced to 20mA.  The square root of the differential pressure will give the flow rate.  If the differential pressure is transduced to 12mA, that is 50% of the scale.  The square root of 50% is 71%.  Therefore, the flow rate is at 71% of its capacity.  Accounting for the diameter of the pipe the volumetric flow rate can be derived.

Protection protects the signal from external damage.  Insulating the wires with a dielectric material protects the signals from interference by other electrical circuits.  It will also protect the wires from damage from abrasions.  Insulating the wires will also prevent electrical signalling being grounded and consequently, disrupting the signal.	Comment by Tony Howles: To protect the circuit we would use fuses, circuit breakers, opto coupling and galvanic seperation

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.


a) The open-loop control system has an input, a controller, a controlled process and an output.  The inputted value tells the system for how long to operate.  The controller is responsible for how long the process operates and is independent of the output of the process.  The controlled process is action occurring on a material or process fluid.  The output is the effect on the material or the control process.

An advantage of an open-loop system is that they are simple to construct and maintain.  An example of an open-loop control system is a toaster.  The input is the time to toast, the controller is the timer, the controlled process is the bread and the output is the tasted bread.

A disadvantage is that there is no possibility of modifying the controlled process.  In the example of the toaster, there is no mechanism or feedback for stopping the toaster earlier than the set time because the bread is becoming over-toasted.

b) A closed-loop control system has a feedback element that modifies the controlled process to achieve a desired output.  The desired output is the set-point.

[image: typical closed loop system] (electronics-tutorials, 2022)

The input is the for how long an action is to happen for in order for a process variable to attain a set-point.  The element G is the controlling process.  This could be a heating element, a cooling element, a mixing element or other process activity.  The output is the outcome of the process variable after being acted on by the process activity.

After the element G, the process activity, is a sensor that monitors a physical aspect of the process variable.  This could be its temperature, pressure, optical opacity or another physical aspect.

Element H, is the feedback element that compares the sensed physical aspect against the set-point.  For example, is the process variable at the desired temperature.  The difference between the process variable and set-point is fed back to the summing point.  The difference is added or subtracted to the input variable that modifies the action of the process controller, element G.

The process is continually repeated to achieve the set-point or to achieve a change set-point.	Comment by Tony Howles: Good work
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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 with respect to theory and operation and provide relevant referencing.


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 gained knowledge of measuring systems, operational characteristics and the application of instrumentation and control theory.



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. 







	
     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 extensive range of relevant and credible literature. Consistently accurate application of referencing. 

	20
	15

	
	
	

	2. Knowledge and Understanding Skills

	
	

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




	20
	18

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	
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.

	20
	17

	
	
	

	4. Practical Application Skills

	
	

	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. 
	30
	22

	
	
	

	5. Transferable Skills for Life and Professional Practice

	
	

	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.
	10
	9

	
	
	



	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)
	81%

	
	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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FEATURES

The Digital Tachometer provides fast and accurate Contact and Non-
Congact RPM and surface speed measurements of rotating objects.

Measurement type: Rotation Speed (RPM,rPm), Total revolutions (REV),
Frequency(HZ),Surface Speed(M/M,I/M,F/M,Y/M) and
Length(M,In,FT,Yd).

Wide measure range and high resolution.
igital LCD and Backlight display.

40° reading memories : 10 selectable MAX measurements, 10
selectable MIN measurements, 10 selectable AVG measurements, 10
seleCtable DATA measurements. Laser sighting.

Specifications

Display 5 digits LCD display

Accuracy +(0.05%+1 digits)

RPM test rang 2t0 20,000RPM

Count rang 210 99,999RPM

Resolution 0.1RPM (2 0 9999.9 RPM). 1 RPM. (over 10000
RPM)

Sampling time 0.5 sec. (over 120 RPM)

Detecting 50mm to 500 mm

distance
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