[image: U:\UWTSD Logo.jpg]


	LOCATION: Swansea 
	LLEOLIAD:  abertawe

	LEVEL 5
	LEFEL 5

	EXAMINATION PERIOD
	CYFNOD ARHOLIADAU

	January 2021
	IONAWR 2021



MODULE CODE: ACDA5006
Transducers and Signal Conditioning

TIME:  2 HOURS 
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Equipment or materials required – Computer with Microsoft Excel or similar spreadsheet application
Adnoddau neu ddefnyddiau sydd eu hangen - Cyfrifiadur gyda Microsoft Excel neu gymhwysiad taenlen debyg




ANSWER ALL QUESTIONS

1. A humidity transducer is to be characterised.  The voltage measurements given in table Q1a were made using the transducer at 20°C and the measurements given in table Q1b were made using the transducer at 70°C. 
Using this data, calculate:

a. sensitivity of the transducer at each temperature, 
[6 Marks]
b. the zero offset of the transducer at each temperature, 
[6 Marks]
c. maximum non-linearity of the transducer at each temperature
[8 Marks]
d. sensitivity drift coefficient due to temperature
[5 Marks]
e. zero drift coefficient due to temperature
[5 Marks]
From the data given, averaging each of the readings we can plot the following graph and create a line of best fit for each data series.  From these lines of best fit we can determine the average sensitivity of the transducer for each temperature from the gradient of the line, and the zero offset from the y intercept of the line.
[bookmark: _GoBack]
a. Sensitivity: @20°C = 0.0691 V/RH% and @70°C = 0.00984 V/RH%
b. Zero offset: @20°C = -0.0098 V and @70°C = 0.5019 V
c. Non Linearity: Using the equation for each line of best fit, it is possible to calculate the expected output voltage of the transducer at any given humidity. This allows us to calculate the deviation from linear. Calculating the maximum deviation of any point from the line of best fit will give us the maximum non-linearity.

20°C maximum deviation is at 50RH% 







70°C maximum deviation is at 70RH%








d. sensitivity drift coefficient due to temperature
Temperature difference = 70-20=50°C
Sensitivity difference= 0.00984 - 0.0691 V/RH%



e. zero drift coefficient due to temperature
Temperature difference = 70-20=50°C
= -0.0098 V and @70°C = 0.5019 V

zero difference= 0.5019 - -0.0098 V









	20°C
	Humidity (RH%)

	
	10
	20
	30
	40
	50
	60
	70
	80
	90

	Reading 1
	0.041
	1.779
	2.620
	2.666
	3.010
	3.655
	5.016
	5.931
	7.103

	Reading 2
	1.390
	1.868
	2.358
	2.829
	0.998
	4.515
	5.102
	5.445
	6.322

	Reading 3
	1.138
	0.992
	1.535
	2.947
	1.735
	2.974
	4.853
	5.722
	5.972

	Reading 4
	1.014
	1.752
	2.290
	3.094
	3.391
	3.246
	5.157
	5.574
	6.172

	Reading 5
	1.108
	1.137
	2.835
	3.660
	2.320
	3.801
	5.055
	6.491
	6.972

	Reading 6
	1.120
	0.360
	2.783
	2.271
	2.708
	4.876
	4.937
	5.412
	6.420

	Reading 7
	-0.149
	0.468
	1.913
	3.675
	2.863
	4.896
	3.793
	5.909
	4.775

	Reading 8
	-0.673
	1.957
	1.414
	3.344
	3.609
	4.444
	4.832
	6.762
	6.388

	Reading 9
	1.778
	2.178
	1.945
	3.349
	2.718
	5.081
	5.978
	5.094
	5.900

	Reading 10
	1.856
	2.144
	1.741
	2.933
	2.250
	2.898
	3.404
	4.804
	6.796

	Reading 11
	0.530
	1.003
	1.995
	2.499
	2.981
	5.581
	4.751
	6.024
	6.980

	Reading 12
	1.544
	1.113
	1.765
	2.629
	1.416
	4.974
	4.156
	5.889
	6.092

	Reading 13
	0.699
	1.385
	3.628
	1.485
	2.095
	5.287
	4.618
	6.258
	4.954

	Reading 14
	0.528
	1.632
	1.747
	1.592
	2.541
	4.264
	4.601
	4.690
	6.399

	Reading 15
	-0.149
	2.209
	1.776
	2.723
	1.693
	3.812
	4.217
	6.024
	7.153

	Reading 16
	0.576
	2.380
	2.526
	2.846
	3.618
	4.514
	4.999
	5.446
	6.726

	Reading 17
	1.615
	1.124
	1.639
	2.281
	2.898
	4.314
	5.749
	5.996
	6.667

	Reading 18
	1.366
	0.789
	1.682
	3.029
	2.970
	4.702
	4.672
	5.531
	5.420

	Reading 19
	0.913
	1.745
	2.546
	1.210
	2.431
	6.398
	5.149
	5.274
	6.919

	Reading 20
	1.010
	1.487
	2.874
	2.729
	2.909
	3.959
	5.112
	5.907
	5.987


Table Q1a
	70°C
	Humidity (RH%)

	
	10
	20
	30
	40
	50
	60
	70
	80
	90

	Reading 1
	1.300
	2.448
	3.856
	3.760
	5.377
	5.855
	7.865
	8.675
	9.425

	Reading 2
	1.425
	2.758
	2.950
	4.684
	5.641
	5.335
	8.219
	7.305
	10.335

	Reading 3
	0.702
	2.882
	2.643
	4.841
	6.260
	5.716
	8.992
	8.265
	8.293

	Reading 4
	2.357
	1.073
	3.754
	3.493
	4.619
	6.207
	7.400
	9.310
	9.306

	Reading 5
	2.000
	1.596
	3.381
	5.123
	5.488
	6.572
	7.981
	8.024
	8.883

	Reading 6
	0.765
	2.441
	3.202
	3.795
	6.340
	6.954
	8.389
	9.113
	8.550

	Reading 7
	1.224
	1.756
	2.406
	3.112
	5.111
	6.198
	8.355
	7.998
	9.273

	Reading 8
	1.579
	2.452
	1.653
	5.754
	5.250
	6.785
	9.192
	8.315
	9.805

	Reading 9
	2.586
	2.671
	3.052
	4.234
	5.543
	6.893
	7.722
	7.190
	9.363

	Reading 10
	1.119
	2.921
	5.528
	4.256
	5.785
	5.818
	7.033
	7.175
	9.729

	Reading 11
	2.372
	2.480
	4.710
	3.826
	4.093
	5.931
	6.842
	8.237
	8.990

	Reading 12
	2.440
	1.713
	2.492
	4.777
	5.247
	5.966
	7.905
	9.592
	7.787

	Reading 13
	1.818
	2.116
	3.384
	3.852
	4.701
	6.306
	7.362
	8.403
	9.179

	Reading 14
	2.411
	2.056
	4.412
	3.995
	5.744
	7.030
	7.176
	8.449
	9.239

	Reading 15
	1.538
	1.338
	3.819
	4.413
	5.376
	6.100
	8.436
	7.716
	10.247

	Reading 16
	2.023
	2.670
	2.457
	3.785
	6.462
	7.243
	8.245
	8.950
	8.004

	Reading 17
	2.502
	2.199
	2.629
	4.908
	5.557
	5.470
	7.462
	8.553
	8.221

	Reading 18
	2.072
	3.728
	3.458
	3.964
	4.014
	6.514
	9.007
	7.678
	9.363

	Reading 19
	2.030
	2.212
	4.119
	4.746
	5.207
	7.000
	7.909
	8.923
	10.597

	Reading 20
	1.625
	2.209
	3.579
	3.505
	5.092
	4.973
	8.223
	8.216
	10.211


Table Q1b

2. Compare and contrast the requirements and specifications for a temperature sensor for the following applications:
a. Air temperature measurement for a weather station
b. Coolant temperature of a car engine.
[10 Marks]
An accurate description of the specifications required for each application.  These should include: measurement range, precision, sensitivity, linearity, cost, environmental compatibility, resolution, drift coefficients.  The actual values given for parameter are not of absolute importance, more important is the student’s ability to discern the required differences for the transducer in each application.

	Parameter
	Weather Station
	Car Engine

	Measurement Range
	-50 to +50°C
	+40 to +120°C (But must be able to withstand sub-zero temperatures without providing accurate measurements)

	Precision
	Needs to be fairly precise as it is a scientific instrument
	Does not need very high level of precision as only for indication purposes

	Sensitivity
	Should have high sensitivity
	Sensitivity 

	Linearity
	Should be highly linear
	Linearity not as important

	Cost
	Medium 
	Low

	Environmental compatibility
	Must be able to measure gas temperature
	Must be able to be submerged in hot non-corrosive liquid

	resolution
	High resolution
	Low resolution

	Drift coefficients
	Very low drift
	Low drift


 

3. Explain what methods could be used to reduce noise when transmitting transducer signals using wires in a noisy environment.  Give an example circuit and explain how it works.
[20 Marks]
Twisted pair cables can be used to reduce noise as any noise will be induced equally on both conductors.  This common mode noise can be removed using a difference amplifier.

4. Explain how inductive and capacitive proximity sensors work, include a block diagram for each in your answer to illustrate their functionality. Give examples of applications where each could be used.
[20 Marks]
 Inductive proximity sensors are used to detect metallic objects
An AC current is passed through a coil in the sensor creating a magnetic field
Metallic object interferes with the magnetic field changing the inductance of the coil
Change in inductance causes change in amplitude or frequency of the oscillator and is detected by internal circuitry and outputted as a high or low voltage level.
Often used in industrial machines to detect metallic objects like tin cans or used as limit switches to control movement.
Larger version is used to detect cars at traffic lights and car park barriers
[image: Inductive Sensors Carlo Gavazzi]
Capacitive Proximity Sensors are used to detect conductive objects. Senses objects with dielectric constant different to air.  Changes in dielectric constant cause a change in capacitance and are detected as a change in oscillator frequency.


[image: What are capacitive proximity sensors?]

5. Explain the need for and the process of calibration.
[20 Marks]
An instrument will only conform to its given specifications after it has been calibrated.
It can normally be assumed that a new instrument will have been calibrated by the manufacturer prior to sale
Over time and through use the operating characteristics of the instrument will change causing its behaviour to gradually deviate from the specifications for a variety of reasons.
There will come a time when the instrument will have drifted from its original specification by an unacceptable amount. When this situation is reached it is necessary to recalibrate back to the standard specification.
During calibration 
Calibration is usually performed by adjusting the instrument at each point in its output range until its output readings are the same as those of a second-standard instrument to which the same inputs are applied
The second instrument is one kept solely for calibration purposes and whose specifications are accurately known.

Diwedd/End
Sensor Output Voltage as a Function of Humidity

70°C	
10	20	30	40	50	60	70	80	90	1.7944000000000002	2.2859500000000006	3.3741999999999996	4.2411499999999993	5.3453499999999989	6.2432999999999987	7.9857500000000003	8.3043499999999995	9.24	20°C	
10	20	30	40	50	60	70	80	90	0.86275000000000013	1.4751000000000005	2.180600000000001	2.6895500000000001	2.5576999999999996	4.4095500000000003	4.80755	5.7091499999999993	6.3058499999999995	Humidity (RH%)


Voltage (V)
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