Exam in Sensor system, 7.5 credits.
Course code: et2009
Date: 2011-08-26

Allowed items on the exam:
Tables of Mathematical formulas.
Calculator.
Teacher: Kenneth Nilsson, Phone 035-167136, 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 force sensor has an input range of 0 to 10 kN and an output range of 0 to 5 V at a standard
temperature of 20 ˚C. At 30 ˚C the output range is 0 to 5.5 V.
Quantify the environmental effect, i.e. find K M and K I .
3.
A level measurement system consists of three ideal linear elements in series with sensitivities of
K 1 =0.050, K 2 =21.5 and K 3 =0.99. Find the system error for a true value input of 5.0 metres.
4.
A potentiometer has a total length of 10 cm and a resistance of 100 Ω.
a) Calculate the supply voltage so that the power dissipation = 1 W.
b) Draw the Thevenin equivalent circuit for 7 cm displacement.
c) The potentiometer is connected to a recorder with a resistance R L . Find R L such that the recorder
voltage is 5% less than the open circuit voltage at 7 cm displacement.
5.
A force sensor has a steady state sensitivity of 10-6 mN-1.
If the force input has a range of 0 to 5 kN, find the corresponding displacement output range.
6.
The voltage of a type T thermocouple is measured to be 8.561 mV relative to a reference junction
temperature of 20 ˚C. Use the table (reference junction at 0˚C, included in this exam) to find the
temperature of the measured junction.
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, 5] V and incorporates a 10-bit binary encoder.
Find the maximum quantisation error.

Questions of 4 points.
9.
A load cell consists of an elastic cantilever and a displacement sensor.
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Cantilever data:
stiffness k=100 N/m
mass m=0.5 kg
damping constant λ=2 Ns/m
steady state sensitivity K 1 =1/k
natural frequency  n 
damping ratio  



Sensor data:
steady state sensitivity K 2 =10 V/m
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a) A package of mass 0.5 kg is suddenly dropped onto the load cell.
Calculate the steady state output v(t) (g=9.81 m/s2). (2p)
b) The load cell is used to weigh packages moving along a conveyor belt at the rate of 120 per minute.
Use the unit step response equation:
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to explain if the load cell is suitable or not for this application. (2p)

10.
A load cell consists of a domed vertical steel cylinder 20 cm high and 15 cm in diameter. Four flat
surfaces, at right angles to each other, are cut on the vertical surface so as to form 10 cm squares.
Resistance strain gauges are attached to these flat surfaces so that two gauges (on opposite faces)
suffer longitudinal compression and two gauges (on the other pair of opposite faces) suffer transverse
tension.

The strain gauges have the following specification:
Resistance = 100 Ω
Gauge factor = 2.1
Maximum gauge current = 30 mA
Young’s modulus for steel: E= 2.1 × 1011 Nm−2
Poisson’s ratio for steel: υ= 0.29
Some useful formulas:
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a) Draw the circuit of the gauges connected in a Wheatstone bridge for optimum accuracy and
sensitivity. Clearly label the gauges in the circuit and motivate their connection according to accuracy
and sensitivity. (2p)
b) Calculate the maximum available bridge out-of-balance voltage for a compressive force of F=105 N.
(2p)

11.
A glass pH electrode with a sensitivity of 59 mV/pH and a resistance of 109 Ω is used to measure pH
in the range of 0 to 15. The electrode is to be connected to a recorder of input range 0 to 100 mV and
resistance 100 Ω using a buffer amplifier of unity gain and output resistance 100 Ω.
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a) Draw the equivalent circuit of the pH measurement system. (1p)
b) Calculate the sensitivity of the recorder scale, and the input impedance of the amplifier necessary to
obtain an accurate reading of pH. (2p)
c) The resistance of the electrode increases to 2 x 109 Ω due to chemical action. Calculate the resulting
measurement error in the above system, as a percentage of full scale, for a true pH of 7. (1p)

