Exam in Sensor system, 7.5 credits.
Course code: et2009
Date: 2010-05-24

Allowed items on the exam:
Tables of Mathematical formulas.
Calculator.
Teacher: Kenneth Nilsson, Phone 035-167136.
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 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 .
2.
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.
3.
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.
4.
A strain gauge having an unstrained resistance of 120 Ω and a gauge factor of 2.1 is bounded onto a
steel beam so that it experiences a tensile stress of 108 Pa.
If Young’s modulus for steel is 2 x 1011 Pa, calculate the strained resistance of the gauge.
The relation between stress (σ) and strain (e) is: σ=E e, where E is the Young modulus.
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 platinum resistance sensor has a resistance RT  R0 1  T  , where R 0 =100 Ω
and α=4 x 10-3 ˚C-1.
a) The above sensor is incorporated into a bridge circuit which has R 3 /R 2 =100. Find the value of R 4
such that V OUT =0 V at 0 ˚C.
b) Complete the bridge design by calculating the supply voltage required to give V OUT =100 mV at
100 ˚C.
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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 temperature measurement system consists of a platinum resistance temperature detector, current
transmitter and recorder. The model equations, and parameters for each element are presented below.
Assuming that all probability distributions are normal, calculate the mean and standard deviation for
the output and for the error when the true temperature is T=120 ˚C.

Platinum resistance temperature detector:
Model equation: RT  R0 1  T  T 2 [Ω].
Mean values: R 0 =100.0 Ω, α=3.909 x 10-3, β= -5.897 x 10-7.
Standard deviations: σ R0 =4.33 x 10-2, σ α =0.0, σ β =0.0.





Current transmitter:
4 to 20 mA output for 138.5 to 149.8 Ω input (100 to 130 ˚C).
∆T a = deviation of ambient temperature from 20 ˚C.
Model equation: i=KR T + K M R T ∆T a + K I ∆T a + a [mA].
Mean values: K=1.4134, K M =1.4134 x 10-4, K I = -1.637 x 10-2, a= -191.76, ∆T a = -10.
Standard deviations: σ a =0.24, σ ∆Ta =6.7, σ K =0.0, σ KM =0.0, σ KI =0.0.
Recorder:
Model equation: T M =Ki + b [˚C].
Mean values: K=1.875, b=92.50.
Standard deviations: σ b =0.10, σ K =0.0.

10.
A thermocouple is used to measure the temperature inside a vessel, which is a part of a high-speed
batch process. At time t=0, with the vessel at an initial temperature of 50 ˚C, the vessel is
instantaneously filled with gas at 150 ˚C. One minute later, instantaneously the gas is removed and the
vessel is filled with liquid at 50 ˚C.

T(t) ˚C

Thermocouple

Vm(t) μV

The thermocouple can be regarded as having linear steady-state characteristics and first-order
dynamics.
Data:
Transfer function of the thermocouple: G ( s ) 
Thermocouple sensitivity K= 40 μV˚C-1.
Time constant gas τ g = 1 s.
Time constant liquid τ l = 0.2 s.
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a) The input is a step of height A applied at t=0. Show that the output is Vm t   AK 1  e




 for t≥0



by using the Laplace transform (table is included in this exam).
b) Sketch, in one graph, the input T(t) and the output V m (t). The axes of the graph should have suitable
scales and the answer should include supporting numerical calculations for t=1, 5, 10, 61 and 65 s.
c) The following elements, amplifier and recorder, has a steady state sensitivity of K A =103
respectively K R = 25 ˚C V-1. Calculate the dynamic error at the t-values given in b) if the dynamics of
the system are determined by the thermocouple only.

11.
The histogram below is computed from 2000 outputs from a measurement system in mV, when the
input is at a constant value and the noise is random and normal distributed N(0,σ).
In the figure the two columns, from left to right, are the bin centres and the number of measurements
in each bin.
a) Use the histogram to estimate the mean value (=m) and standard deviation (=σ) of the output and
present the measurement as m±σ mV.
Hint: the N(0,1) table can be used in the estimation of σ.
b) Estimate the Signal-to-Noise Ratio (SNR).
c) The SNR should be improved by a factor of 10 due to averaging. Find the minimum number of
signals that must be used in the averaging to get this improvement in the SNR.
If no result from a) is given, you are free to assume values of m and σ when solving b) and c).
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