Midterm Examination Sensing and Actuation AT74.03 March 2, 2023

Time: 10:00-11:30 h. Open Book
Marks: 100
Attempt all questions.

Q.1  The output from a capacitive force sensor follows the relation expressed by

C =0.07F + 10
When the the input force, F, varies between 0-1000 N and the unit of the output capacitance, C, is
in pF. Design a signal conditioning that convert the force value to the DC voltage, V (in V unit),
expressed by

V = 0.005F

Assume that an AC voltage source of V; = 125in(500t) is available and to be used in the circuit.
The low-pass filter, if needed, has the cut-off frequency (3 dB attennuation) at 500 rad/s. (25)
Solution

1. RC ac circuit is used to convert the C value to ac voltage signal.
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The voltage output across the C is determined.
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2. A half-wave rectifier and a low pass filter is used to convert ac signal to dc signal.
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Select a low-pass first-order filter with cut-off frequency (3db attennuation) at 500 rad/s.
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The magnitude of the dc signal from half-wave rectifier and low pass filter is considered from
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3. Differential amplifier circuit or summing circuit is used to convert dc (g -% V) to (0-5V)

The required gain is determined.
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Select Ry = R, = 1k Ry = Ry = 7.48k02.

A constant voltage of g = 0.76 V is provided to the inverting input pin.
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Thus, the whole circuit is as follows.
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Q.2

V224

and the 3-db stop bandwidth when R =1kQ, L =2 H, C =50 pF.
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The center of the rejected frequency is obtained when the magnitude ratio becomes 0.

1-LCw? =0

Consider the band-stop filter circuit below. Determine the center of the rejected frequency
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The 3db-stop bandwidth is determined when the magnitude ratio becomes NeR

=100 rad/s

~ ‘ 1 - LCw? 1
JA —LCw?)? + (RCw)?| 2
[2C%w* — (R?2C? + 2L0)w? +1=0
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_ (R2C*+2LC) £ J(R2CZ + 2LC)? — 412C?
B 212C2

(1_)2

_|(R%C? + 2LC) + VR*C* + 4R?C3L
@= 212C2

(1% 10%)2(50 x 1076)2 + 2 X 2 x 50 X 1076) + /(1 x 103)*(50 X 10-6)* + 4(1 x 103)2(50 x 10-5)32
©= 2% 4% (50 X 10-9)2
w = 19.26,519.26 rad/s
Thus the stop bandwidth
BW =519.26 — 19.26 = 500 rad/s

Q.3 A stroboscope lamp is used to determine the speed (in rps (revolution per second)) of a
rotating disk. When the flashing rate is 10 Hz, a marker is seen motionless. When the flashing rate
1s 9 Hz, the marker is seen moving clockwise and is back to the original position in 3 flashes. When
the flashing rate is 8 Hz, the marker is seen moving counter clockwise and is back to the original
position in 4 flashes. Determine the three slowest possible solutions of the speed and direction of
the rotating disk. (25)
Solution

Assume the disk is rotating at the speed n rps and k4, k,, k3 are integer number.

At 10 Hz, the disk is seen motionless,
==k @)

At 9 Hz, the disk is seen moving clockwise and is back in 3 flshes,

n 1
5= kat3 )

At 8 Hz, the disk is seen moving counter clockwise and is back in 4 flshes,
n 3
5= ks + " 3)

(2)-(1),



= (ky — k) + 4)

Thus,
n=304+90(k, — k) (5)
3)-(D),
= (ks —ky) +2 5)
Thus,
n =30+ 40(k; — kq) (6)
Least common multiple of 40 and 90 is 360, thus
n = 30+ 360k (7)
Ifk=0,
n = 30 rps clockwise
Ifk=1,
n = 390 rps clockwise
Ifk=-1,

n = 330 rps counter clockwise

Q.4 A 3-axis accelerometer is attached at the end of a 2-DOF robotics arm moving in a

horizontal plane as shown in the figure below.
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If the seismic mass deflects 1 mm from the acceleration of 10 m/s? in each axis, determine the
deflections of seismic mass in all axes of the accelerometer at the instance when the first joint of
the robotics arm is rotating at the angular position, 6, of 0 rad, the angular velocity, 8, of 3 rad/s

and at the angular acceleration, 6, of 1 rad/s> and the second joint is extending and the



accelerometer is at the distance, ¢, of 5 m from the center of rotation, at the velocity, ¢, of 0.2 m/s
and at the acceleration, &, of 0.1 m/s?. (25)
Solution
The acceleration along x axis is determined.
a,=—6c—20¢=—-(1x5—(2x3x0.2) =—-6.2m/s?
Thus, the deflection along x axis is -0.62 mm.
The acceleration along y axis is determined.
a, = —0%c+¢é=—3%x5) +(0.1) = —44.9 m/s?
Thus, the deflection along y axis is -4.49 mm.
The acceleration along z axis is determined.
a, = —9.8m/s?

Thus, the deflection along z axis is -0.98 mm.



