[image: U:\UWTSD Logo.jpg]


	LOCATION: Swansea 
	LLEOLIAD:  abertawe

	LEVEL 5
	LEFEL 5

	EXAMINATION PERIOD
	CYFNOD ARHOLIADAU

	may 2024
	mai 2024



MODULE CODE: ACDA5006
Transducers and Signal Conditioning

TIME:  2 HOURS 
answer all questions


Equipment or materials required – Calculator, Graph Paper
Adnoddau neu ddefnyddiau sydd eu hangen - Dim

50 Marks Total
SOLUTIONS


ANSWER ALL QUESTIONS

1. Define the following terms:
a. Transducer
[2 Marks]
A device that converts variations in a physical quantity, such as pressure or brightness, into an electrical signal, or vice versa.

b. Accuracy
[2 Marks]
The degree to which the result of a measurement, calculation, or specification conforms to the correct value

c. Precision
[2 Marks]
Precision describes an instrument’s degree of freedom from random errors, and hence the range of readings obtained when all measurement conditions are constant

d. Repeatability
[2 Marks]
Repeatability describes the closeness of output readings when the same input is applied over a short period of time when the measurement conditions are kept the same

e. Reproducibility
[2 Marks]
Reproducibility describes the closeness of output readings when the same input is applied when there changes in measurement conditions

f. Range
[2 Marks]
The range or span of an instrument defines the minimum and maximum values of a quantity that the instrument is designed to measure.

g. Nonlinearity
[2 Marks]
Nonlinearity is a measure of deviation from a truly linear response

h. Resolution
[2 Marks]
Resolution is the lower limit on the magnitude of change in the input that produces an observable change in the instrument output

i. Sensitivity
[2 Marks]
Sensitivity is a measure of the change in instrument output that occurs when the quantity being measured changes by a given amount.

j. Hysteresis
[2 Marks]
The phenomenon in which the value of a physical property lags behind changes in the effect causing it.




2. The following table shows the output measurements of a voltmeter under two sets of conditions: used in an environment kept at 20°C, which is the temperature that it was calibrated at; and when it was used in an environment at a temperature of 50°C

	Voltage readings at calibration temperature of 20°C 
(assumed correct)
	Voltage readings at temperature of 50°C

	10.2
	10.91

	15.3
	16.265

	20.5
	21.725

	24.9
	26.345



a) Determine the zero drift when it is used in the 50°C environment, assuming that the measurement values when it was used in the 20°C environment are correct.
[2 Marks]
Assuming the 20°C measurements are correct we can assume the equation is a straight line with gradient 1 and y intercept 0.

Taking the 60°C measurements, 
Sensitivity


Substitute to find zero for 50°C measurements.




Zero drift = 0.2 V

b) Calculate the zero-drift coefficient.
[2 Marks]

Zero drift = 0.2 V, Temperature difference = 50-20=30°C





3. For the transducer characteristics given in the table below, where X is the value of the measurand, and Y is the transducer output in volts. 

	X
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100

	Y
	-2.71
	-0.69
	0.85
	1.79
	3.69
	5.04
	5.97
	8.32
	9.5
	11.33
	12.41




1. Plot the characteristics and draw a line of best fit.
[4 Marks]
Marks given for Accuracy of plotting, scale, line of best fit, 

1. Determine the maximum non-linearity of the transducer and express it as a percentage of full-scale deflection.
[2 Marks]
Maximum nonlinearity occurs at x=60.  Output at X=60 is 5.97V. From the straight line, output should be at approximately 6.5V
Nonlinearity is therefore 



1. Calculate the sensitivity of the transducer.
[2 Marks]
From the line of best fit:




4. Fig Q4 shows a simple signal conditioning circuit.  
a. Describe the function of the following circuit elements:
i. Network R4, D1 & D2
R4, D1 & D2 provide over-voltage protection by allowing voltages higher than the Zener voltage to be conducted to ground.
ii. U1A
U1A is a voltage follower, or a unity gain buffer.
iii. U1B, R1, R2, R3
U1B, R1, R2, and R3 comprise a summing (and inverting) amplifier.
iv. RV1
RV1 provides an adjustable voltage to the summing amplifier.

[4 Marks]

b. Given the Zener diode of 5.1V, an input voltage of 2.7V, and a voltage of 1.8V present on the wiper of RV1; calculate the output voltage.
[4 Marks]
As the input voltage is below that of the Zener diodes in the over-voltage protection circuit, and the voltage follower will not significantly affect the voltage, we can infer that the voltage on the output of U1A will be the same as the voltage input into the circuit.  We are now left with a simple summing amplifier whose output voltage is given by:

Inserting values gives:
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Fig Q4


5. Compare and contrast the requirements and specifications for a temperature sensor for the following applications:
5. Air temperature measurement for a weather station
5. Coolant temperature of a car engine.
[10 Marks]

1 Mark will be given for each of the following (1 mark for a, and 1 mark for b):
· sensor range (Physical temperature range, electrical range), The weather station sensor should be able to measure temperatures of approximately -50°C to +50°C, the car engine sensor should be able to measure temperatures of approximately +50°C to +120°C (similar values are acceptable). For the electrical range, this will depend on the type of sensor chosen and units of Volts or Ohms would be acceptable.  
· sensitivity, - answer to follow from sensor ranges and output characteristics.
· linearity, - Both sensors are required to be linear, although a high linearity is more important for the weather station sensor than the car engine sensor as a weather station is a scientific instrument, and often car temperature gauges do not have any numbers and is for indication only.
· fluid compatibility – liquid / gas sensor, aggressive environments etc., the weather station sensor should be able to measure gas temperature and be exposed to wind and rain (IP rating). The car engine sensor should be able to measure liquid temperature and be compatible with coolants used in engines including antifreeze.
· response time. As weather conditions generally don’t change that quickly, the weather station sensor could have a slow response time, in the order of 10’s of seconds; whereas the car engine sensor would need to have a quicker response time in the order of 1 or 2 seconds as engines can change temperature more quickly.
· likely cost.  The car engine sensor will likely be cheaper than the weather station sensor as it would be produced in larger quantities and have a lower specification than the weather station sensor.
This is not a comprehensive list, and other answers are also acceptable.
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