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ANSWER ALL QUESTIONS

1. Explain the difference between accuracy and precision in relation to measurement instruments.
[5 Marks]
	Precision is a measure of the spread of readings obtained by a measurement system when subjected to a single value of a measured quantity.
	Accuracy is a measure of the closeness of readings obtained by a measurement system to the actual value of the measured quantity.
2. A load cell is calibrated in an environment at a temperature of 21 °C and has the following deflection / load characteristics:

	Load (kg)
	0
	25
	50
	75
	100

	Deflection (mm)
	0.0
	1.0
	2.0
	3.0
	4.0



	When used in an environment at 35 °C, its characteristic changes to the following:

	Load (kg)
	0
	25
	50
	75
	100

	Deflection (mm)
	0.2
	1.3
	2.4
	3.5
	4.6



a) Plot the load cell characteristics for both temperatures
[4 Marks]
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b) Determine the sensitivity at 21 °C and 35 °C.
[2 Marks]
At 21°C:

At 35°C:


c) Calculate the total zero drift and sensitivity drift at 35 °C in units of (µm/°C) and (µm/kg)/°C
[4 Marks]
Temperature difference = 35-21 =14°C
Change in sensitivity = 0.044-0.04 = 0.004 mm/kg
Sensitivity drift = 0.004/14 = 0.000286 (mm/kg)/ °C

3. The width of a container is measured 10 times by an ultrasonic rule and the following measurements are obtained (in metres): 4.292, 4.295, 4.296, 4.293, 4.292, 4.294, 4.293, 4.290, 4.294, and 4.291 at a temperature of 20 °C.
The width of the same container is then measured by a calibrated steel tape, this gave a reading of 4.276 m, which can be taken as the correct value for the width of the container.
a) What is the measurement precision of the ultrasonic rule?
[2 Marks]
Mean reading = 4.293 m
Max deviation = +0.003 m
Min deviation = -0.003 m 
Measurement precision = ±0.003 m 

b) What is the maximum measurement inaccuracy of the ultrasonic rule?
[2 Marks]
Maximum inaccuracy = 4.296 – 4.276 = +0.02 m  

The ultrasonic tape relies on the velocity of sound through air to be able to measure distance.  The velocity of sound in air is dependent on temperature.  The ambient temperature in the container increases to 30 °C and ten more measurements are obtained using the ultrasonic tape: 4.425, 4.429, 4.426, 4.430, 4.427, 4.426, 4.428, 4.427, 4.424, and 4.428 (in metres). 
c) What is the maximum measurement inaccuracy of the ultrasonic rule at 30 °C?
[2 Marks] 
Maximum inaccuracy = 4.430 – 4.276 = +0.154 m  

d) Describe a method to increase the accuracy of the instrument.
[4 Marks]
Provide a method of temperature measurement to compensate for velocity changes in the air by adjusting the sensitivity based on the temperature.  This could be implemented using a micro-controller containing a lookup table of velocity and temperature values.

4. Explain the difference between random errors and systematic errors.  What are the typical sources of these types of errors?
[5 Marks]
Random errors are caused by variations in the measurement environment or the measurement instrument and can be caused by noise

Systematic errors are caused by changes in the instrument.  Examples of these systematic errors can include drift in sensitivity and scale.


5. 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
	1.18
	1.79
	3.69
	5.04
	6.24
	8.53
	9.09
	11.33
	12.41




a) Plot the characteristics and draw a line of best fit
[4 Marks]
[image: ]
b) Determine the maximum non-linearity of the transducer and express it as a percentage of full scale deflection.
[2 Marks]
Maximum non-linearity occurs at X = 70 and is approximately 0.7 V

c) Calculate the sensitivity of the transducer
[2 Marks]


6. Describe the key specifications you would consider when selecting a pressure sensor.  Compare the pressure sensor requirements for:
a) Automatic tyre inflator that stops inflating once a pre-set pressure has been reached
b) Altitude control in an auto-pilot system of an aeroplane
[4 Marks]

A tyre inflator needs to have a range starting at atmospheric pressure and going up to some maximum which is above the maximum pressure expected in a vehicle road tyre.

A pressure sensor for an altimeter will need a range starting slightly above atmospheric pressure and going down to zero to accommodate the change in air pressure at the ground and at high altitudes.

Both systems need their pressure sensors to be accurate, precise and have a low non-linearity.
The altimeter pressure sensor requires the ability to operate in very low temperatures and to have low coefficients of sensitivity drift and zero offset drift associated with temperature.
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