Exam in Sensor system, 7.5 credits.
Course code: et2009
Date: 2010-08-21

Allowed items on the exam:
Tables of Mathematical formulas.
Calculator.
Teacher: Kenneth Nilsson, Phone 070-6820053.
Maximum points: 28.
In order to pass the examination with a grade 3 a minimum of 12 points is required.
To get a grade 4 a minimum of 17 points is required, and to get a grade 5 a minimum of
23 points is required.
Give your answer in a readable way and motivate your assumptions.
Good Luck!

Questions of 2 points.
1.
A non-linear temperature sensor has an input range of 0 to 400 ˚C and an output range of 0 to 20 mV.
The output signal at 100 ˚C is 4.5 mV. Find the non-linearity in millivolts and as a percentage of span.
2.
A pressure transducer has an input range of 0 to 104 Pa and an output range of 4 to 20 mA at a
standard temperature of 20 ˚C. If the ambient temperature is increased to 30 ˚C, the range changes to
4.2 to 20.8 mA. Find the values of the environmental sensitivities K I and K M .
3.
A force measurement system consists of four elements with sensitivities 10-2, 5 x 10-2, 103 and 1.9.
Find the system error for a true value input of 10 kN.
4.
A linear thermocouple with a sensitivity of 0.04 mV/˚C and resistance of 100 Ω is connected to a load
with a resistance of 1 kΩ. Find the voltage across the load for a temperature of 250 ˚C.
5.
A pressure transducer consists of a Bourdon tube elastic element connected to a potentiometer
displacement sensor. The input range of the Bourdon tube is 0 to 104 Pa and the output range is 0 to 1
cm. The potentiometer has a length of 1 cm, a resistance of 10 kΩ and a supply voltage of 10 V. If the
input pressure is 5 x 103 Pa, calculate:
a) the displacement of the potentiometer wiper (assume a linear Bourdon tube)
b) the open circuit transducer output voltage
c) the voltage indicated by a voltmeter of resistance 10 kΩ connected across the potentiometer.
6.
Use the table for the type T thermocouple (reference junction at 0˚C, included in this exam) to
calculate:
a) the percentage non-linearity at 150 ˚C if the temperature range is 0 to 300 ˚C
b) the temperature inside a vessel if an e.m.f. of 11.5 mV is measured relative to a reference junction
of 20 ˚C.
7.
A variable reluctance tachogenerator consists of a ferromagnetic wheel with 20 teeth rotating close to
a bar magnet and coil. If the wheel is rotating at 6000 rpm, what is the frequency of the a.c. voltage
induced in the coil?
8.
An AD-converter has an input range of 0 to 5 V. Calculate the resolution error both as a voltage and as
a percentage of f.s.d. if the output digital signal is 8-bit binary.

Questions of 4 points.
9.
A simple weight sensor consists of a steel cantilever clamped at one end with a free end subject to a
downward force F.

a) Four identical strain gauges (specified below) are to be bonded onto the cantilever halfway along its
length as shown in above figure.
Sketch the four-element strain gauge bridge where the gauges are connected for highest sensitivity and
to get a temperature compensated bridge and find the expression for the bridge output voltage. (3p)
b) If F=250 N, use the data given below to calculate the bridge output voltage corresponding to the
above conditions. (1p)
Data:
Strain e 

6(l  x) F
wt 2 E

Cantilever: length l=150 mm
width w=50 mm
thickness t=3 mm
Young’s modulus E=2.0 x 1011 N/m2
Gauge factor G=2.0
Bridge supply voltage V S =15 V

10.
A fluid velocity measurement system consists of a pitot tube, a differential pressure transmitter, an 8bit AD-converter and a microcontroller with display facilities.
The microcontroller calculates the measured value of velocity assuming a constant density ρ.
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Estimate the mean and standard deviation of the error distribution assuming the true value of velocity
v T =14.0 m/s.
Uncertainty of each element is modelled by error bands. Treat the rectangular distributions from the
error band model as normal with  
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The model equation and parameters for each element in the system are presented below.
Pitot tube (1):
Model equation: P 

1 2
vT [Pa].
2

Mean value: ρ=1.2 [kg/m3].
Error bandwidth: h 1 =9.8 [Pa].

Differential pressure transmitter (2):
Model equation: i=K 1 ∆P+a 1 [mA].
Mean values: K 1 =0.064 [mA/Pa], a 1 =4.0 [mA].
Error bandwidth: h 2 =0.15 [mA].
AD-converter (3):
Model equation: n=K 2 i+a 2 [n is a number].
(n is rounded off to nearest integer)
Mean values: K 2 =12.80 [1/mA], a 2 =0.0.
Error bandwidth: h 3 =0.5.
Microcontroller (4):
Model equation: v M  K 3 n  51 [m/s].
Mean values: K 3 =1.430 [m/s].
Error bandwidth: h 4 =0.0 [m/s].

11.
A sinusoidal signal of amplitude 1.4 mV and frequency 5 kHz is “buried” in Gaussian noise with zero
mean value. The noise has a uniform power spectral density of 100 pW/Hz up to a cut-off frequency of
1 MHz.
a) The signal is passed through a band-pass filter with centre frequency of 5 kHz and bandwidth
1 kHz. What is the signal-to-noise ratio in dB before and after the filtering? (1.5p)
b) The filtered signal is then passed through a signal averager which averages corresponding samples
of 100 sections of signal. What is the signal-to-noise ratio in dB now? (1.5p)
c) Which of the two noise reduction methods in a) and b) was most powerful?
You must motivate your answer. (1p)
Help:
The relations between the autocorrelation, root-mean-square(rms)-value and the total power of a signal
x are:
R xx (0)=x2 rms =W TOT .
Signal-to-noise ratio SNR 

s rms
.
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Standard deviation σ = x rms if x is a zero mean signal.
Root-mean-square value of a sinusoidal with amplitude A is
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