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Attempt all questions assuming any missing data. Exam in Two Pages
Qusetionl [18 Marks]

1. List types of the controllers that can be used in control systems, then describe

briefly one of them. [4]
2. What are the differences between the following; [8]
a. Electromechanical relay and Solid state relay. With aid of drawing only.
b. Strain Gauge and low force sensors.
¢. Dip switches and thumbwhee] switches,

d. Linearity error and resolution of pot.
3. A 350° potis connected through a 5 : 1 gear ratio to a shaft that rotates 80° (the

pot rotates four times further than the shaft). The pot has a supply voltage of 5
V and feeds to an 8-bit ADC converter. The ADC has a reference voltage of 5
V. The LSB of the ADC is to be 0.2° or smaller. Will this system meet the
requirements? If no, what are the system modifications to achieve these

[6]
[16 Marks]

requirements.

Qusetinnz

1. What are theory of operaticn, sensing quantity and output signals form of the

following sensors: [8]
a. Hall-Effect Proximity Sensors.

b. LVDT sensor.
e, Toothed Rotor Tachometer.

d. Absolute optical encoder.
2. A motor with a piggyback tachometer has a built-in gear box with a ratio of 20

- | (that is, the output shaft rotates 20 times slower than the motor). The

tachometer with an output of 2 V/Krpm. This unit is driving a machine tool
with a maximum rotational velocity of 15%s. Tachometer data were converted

to digital with an 8-bit ADC with 5VDC supply.

a. What is the expected output of the tachometer.
b. What are the ADC results, if the moving tools rotate with velocity 10°/s. [8]
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| 'Qusetion3
1. List types of photo detectors that can be used in photo proximity sensors,
compare between them according to measuring principle. 18]
2. A strain gauge is used to measure the tension force in o 2-em diameter bar of
steel. The strain gauge has a nominal resistance of 160 €2 and a GF of 5, The
strain gauge is connected to a bridge (which is supplied with 10 V). The
bridge was initially balanced. Afier the bar is put under tension, the bridge
output voltage goes to 0.0008 Vg. Calculate the force on the bar. [Note:

Young's Modulus E=2.07x10" N/cm]. 8]

[16 Marks]

With My Best Wishes
Dr. Monamed Moawad
26/8/2017
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Question |
1. 58 on of control systems

a, Open loop and closed loop systems
In an open-loop control system, the controller independently calculates exact voltage or current needed

by the actuator 1o do the job and sends it. With this approach, however, the controller never actually
knows if the actuater did what it was supposed fo because there is no feedback. This system absolutely

depends on the controller knowing the operating characteristics of the actuator.

Sel Aclualor Process Controfled

In a closed-loop control system, the output of the process (controlled varinble) is constantly monitored
by a sensor. The sensor samples the system output and converts this measurement into an electric signal
that it passes back to the controller. Decause the controller knows what the system is actually doing, it
can make any adjustments necessary to keep the output where it belongs.
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b. Analog and Digital controllers
In an analog control system, the controller consists of traditional analog devices and circuits, that is,

linear amplifiers. The first control systems were analog because it was the only available technology. In
the analog control system, any change in either set point or feedback is sensed immediately, and the
amplifiers adjust their output (to the actuator) accordingly.

In a digital control system, the controller uses a digital circuit. In most cases, this circuit is actually a
computer, usually microprocessor- or microcontroller-based. The computer executes a program that

repeats over-and-over {each repetition is called an iteration or scan).

2. Differences between:
a. Electro mechanical relay
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b, Strain gauges
The bmﬂcd-s:im strain gauge can be used to measure a wide range of forces, from 10 Ib to

many tons. It consists of a thin wire (0.001 in.) looped back-and-forth a few times and
cemented (o a thin paper backing
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Compenzalion gauge

Low force switches . —_p
Some applications call for low-force sensors. For example, imagine the sensitivity required for

a robot gripper to hold a water glass without slipping and without crushing it.
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c. Dip switches _
A DIP switch is a set of small SPST switches built into a unit shaped like an integrated

circuit (IC)

Thumbwheel switch
A thumbwheel switch, a special type of rotary switch, is used 1o input numeric data.

The operator selects a number by rotating the numbered wheel
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d. Linearity error
Linearity error as the difference between what the angle really is and what the pot reports it to

be
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Resolution
Resolution refers to the smallest increment of data that
refers to the

can be detected and/er reported. In digital systems, the resolution usually
value of the least significant bit (LSB)

3. To obtain the resolution
Minlevel = 5/256= 0,019V

The angle= (0.019*350)/5=1.36°
The shaft angle= 1.36/4=0.341° which does not satisfy the requirements.

Then, use ADC with 10 bits or use 7.5VDC supply.

Question 2

. Theory of operation of:

a. Hall-Effect Proximity Sensors
ficld in which it finds itself increases. This is done either

Produces a voltage when the magnetic
by moving a magnet or by changing the magnetic ficld path (but the value of the Hall voltage

does not depend on the field “moving” only on the field being there).

Hall Effect Operation.

First, an external voltage source is used to establish a current (1) in the semiconductor crystal.
The output voltage (Vi) is sensed across the sides of the crystal, perpendicular to the current

direction. When a magnetic field is brought near, the negative charges are deflected to one side
producing a voltage. The relationship can be described in the following equation:

b. Linear Variable Differential Transformers (LVDT)
It is a high-resolution position sensor that outputs an AC voltage with a magnitude proportional to linear

position.
It consists of three windings and a movable iron core. The center winding, or primary, is connected to an
AC reference voltage, The outer two windings, called secondaries, are wired to be out of phase with

each other and are connected in series.
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-The output of the LVDT is an AC voltage with a magnitude and phase angle. The magnitude nepresents
the distance that the core is off center, and the phase angle represents the direction of the core (left or
right.)

c. Toothed-Rotor Tachometers )
Toothed-rotor tachometer consists of a stationary sensor and a rotating, toothed, iron-based wheel. The

sensor generates a pulsc each time a tooth passes by. The angular velocity of the wheel is proportional to

the frequency of the pulses.

There are two kinds of toothed-rotor sensors in use: .
1. Variable reluctance sensor and consists of a magnet with a coil of wire around It. E.a::h lime an
iron tooth passes near the magnet, the magnetic field within the magnet increases, inducing 2

small voltage in the coil of wire. These pulses can be converted into a clean square wave with

threshold detector circuits
2. The Hall-effect sensor.

d, Absolute optical encoders ‘
Absolute optical encoders use 8 glass disk marked off with o pattern of concentric tracks. A separate

light beam is sent through each track to individual photo sensors. Each photo sensor contributes 1 bit to
the cutput digital word.

| 2. [a- 15° * 60 =900%m so 900/360=2.5rpm]

[motor speed= 20*2.5=50rpm, $0 Vi =0.1V]
[b. for 15° /S that means 1.6rpm —>shaft output rppm=33.33rpm]
4
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[Vo=0.0667V-> Digital output=(0.0667*256)/5 = 3.41=3]

Question 3

1. Photo detectors

a. A photo resistor, which is made out of a material such as cadmium sulfide (CdS), has the
property that its resistance decreases.

b. A photodiode is a light-sensitive diode. A little window allows light to fall directly on the PN
junction where it has the eflect of increasing the reverse-leakage current.

c. A photo transistor has nc base lead. Instead, the light effectively creates a base current by
generating electron-hole pairs in the CB junction—the more light, the more the transistor turns

on.
d. The photovoltaic cell it actually creates electrical power from light—the more light, the higher

the voltage.
a. AR=(4RAV)/V=0.0512Q

e=(AR/RYGF=0.000064cm/em
F=EeA=(2.7x107)(0.000064)(rn)=4159.7N
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