Exam - PoMS, 20/02/2014

¢ Write each question on a sheet of paper.

» Write your name and student ID on each sheet,

¢ Pay attention to units. A numerical result without a unit will be considered wrong!
e Only a regular calculator is allowed.

e This is NOT an open book exam.

* You are allowed to bring one A4 page with your own notes (one side only).

» You have 3 hours to complete the exam.

e Note: Z(t"e¢ ) = mg;—wﬁ

Question 1: General (2 points)

E,, a} What is the Nyquist sampling theorem and explain its underlying principle.

\ b} What is reluctance and explain qualitatively the working principle of a variable reluctance
L {achogenerator.

} ¢) What is the working principle behind Amplitude Modulation (AM) and explain how such
a technique can help to reduce external interferences?

\ d) What is the working principle behind Frequency Modulation (FM) and explain how such
L
a technique can help to reduce external interferences?

Question 2: A force measurement system (2 points)

A force measurement system consists of linear elements and has an overall steady-state sensitiv-
ity of unity. The dynamics of the system are determined by the second-order transfer function
of the sensing element, which has a natural frequency w, = 35 rad/s and a damping ratio
£ = (.15, Calculate the system dynamic error corresponding to the periodic input force signal:

F(t) = 50 (sin 10¢ + 1/3sin 30¢ + 1/5sin 50t} ,

with £ in seconds and F(t) in Newtons.




Question 3: A strain gauge measurement system (2 points)

Consider a strain gauge measurement system as indicated in Fig. 1. The sensor consists of 4
strain gauges for which Ry and Ry are placed in tensile mode, e.g Ry = Ry = Ro{1+ Ge), and
R, and Ky in compressive mode, e.g. Ry = 3 = Rg(1—Ge), with Rg = 100 £ at & temperature
of T = 20 °C and a gauge factor of G = 2. The power supply has a voltage of Vg =12 V. The
sensor is connected to a recorder element via a cable with a total resistance of Rg = 50 Q). The
recorder has a loading resistance of Ry = 10 k{l

% ~a) Find the Thévenin equivalent voltage, Vi, and the corresponding impedance, Zyy,, of the
sensor element.

the loading effect on the recorder?

¢) The temperature of the sensor increases, which leads to an increase in the resistances of

the strain elements, Ry, Ra, Rs, and Ry, by 5 Q. What is the main underlying physical

~ mechanism that increases the resistance of a conductor due to an increase in temperature?
Discuss the influence of this effect on V.

p

4
E/ b) Calculate the voltege over Ry, Vi, for a strain of e = 1073 at T = 20 °C. How large is
T

k/ d) The output voltage on the recorder, Vi, is considered to be too small. Redesign the
measurement system in such a way that V;, is amplified by e factor 10. For this, infro-
duce an ideal operational amplification element without changing the sensor and recorder
elements and their parameters.
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Figure 1: Figure corresponding to question 3.




Question 5: A current transmitter (2 points + 1 bonus point)

Consider a current transmitting system as indicated in Fig. 3. A sensor consists of a Norton
current source connected to a resistance Hy=1 MS? and a capacitor Cjy=1000 pF. The indicator
reads the voltage (V) over a resistance Rz=10 k2. An interfering series mode voltage Vsu
can be present on the system.

W a) Take Vgp=0. Show that the transfer function is given by
¥

%(s)zg(b:yr)’ ()

with R'=RyRp/(Ry+Rp)=9.9 kQ and 7=CynR'=9.9 ps.

b) The current iy increases suddenly (as a step function) to 1 mA at £==0 from a steady-state
condition with iy=V;=0 at a time ¢ < 0. Give an expression for V(¢) and make a sketch
of its time dependence.

;?3 ¢) Consider a steady-state situation with an interfering voltage Vgp=10 V together with
iy=1 mA. How large is the influence of the interfering voltage on V;,7 Give the signal-
to-noise ratio (S/N) in dB.
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Figure 3: A current transmitter.




Question 4: A potentiometric displacement sensor (2 points)

A potentiometer has & total length of dr and o resistance of Rp. The supply voltage of the
potentiometer is indicated as Vs. The potentiometer is connected to a recorder with a resistance

Ry The setup is jllustrated in Fig. 2.

a) Show that the voltage at the recorder, V3, is given by

x

VLng(Rp/RL)m(l‘—m)_f_l’

with z = d/dgr and d is the displacement. [Hint: you can make use of the Thévenin
equivalent circuit law.]

b) In the ideal case, fr >> Rp, we would have the relation V;,/Vs =~ z. Estimate the
maximum non-linearity of Vi/Vs for Rp=11%{ and Rp=100 (2. At which value of z does
one find the maximum non-linearity?
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Figure 2: A potentiometric displacement sensor.
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