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Preface
In most of the engineering institutions, the laboratory course forms an integral form of
the basic course in Instrumentation & Control at undergraduate level. The experiments to be
performed in a laboratory should ideally be designed in such a way as to reinforce the
understanding of the basic principles as well as help the students to visualize the various
phenomenon encountered in different applications.
The objective of this manual is to familiarize the students with practical skills,
measurement techniques and interpretation of results. It is intended to make this manual selfcontained in all respects, so that it can be used as a laboratory manual. In all the
experiments, the relevant theory and general guidelines for the procedure to be followed have
been given. Tabular sheets for entering the observations have also been provided in each
experiment while graph sheets have been included wherever necessary.
It is suggested that the students should complete the computations, is the laboratory itself.
However the students are advised to refer to the relevant text before interpreting the
results and writing a permanent discussion. The questions provided at the end of each
experiment will reinforce the students understanding of the subject and also help them to
prepare for viva-voce exams.
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General Instructions to Students
•

The purpose of this laboratory is to reinforce and enhance your understanding of the
fundamentals of Instrumentation & Control Engineering. The experiments here are
designed to demonstrate the applications of the Instrumentation & Control
principles and to provide a more intuitive and physical understanding of the
theory. The main objective is to introduce a variety of classical experimental and
diagnostic techniques, and the principles behind these techniques. This laboratory
exercise also provides practice in making engineering judgments, estimates and
assessing the reliability of your measurements, skills which are very important in all
engineering disciplines.

•

Read the lab manual and any background material needed before you come to the lab.
You must be prepared for your experiments before coming to the lab. In many
cases you may have to go back to your fluid mechanics textbooks to review the
principles dealt with in the experiment.

•

Actively participate in class and don’t hesitate to ask questions. Utilize the
teaching assistants. You should be well prepared before coming to the laboratory,
unannounced questions may be asked at any time during the lab.

•

Carelessness in personal conduct or in handling equipment may result in serious
injury to the individual or the equipment. Do not run near moving machinery. Always
be on the alert for strange sounds. Guard against entangling clothes in moving parts of
machinery.

•

Students must follow the proper dress code inside the laboratory. To protect clothing
from dirt, wear a lab apron. Long hair should be tied back.

•

Calculator, graph sheets and drawing accessories are mandatory.

•

In performing the experiments, proceed carefully to minimize any water spills,
especially on the electric circuits and wire.

•

Make your workplace clean before leaving the laboratory. Maintain silence, order and
discipline inside the lab.

•

Cell phones are not allowed inside the laboratory.

•

Any injury no matter how small must be reported to the instructor immediately.

•

Wish you a nice experience in this lab
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1 LAB SESSION 1
To measure the intensity of light using Phototransistor as a light sensor and study the
characteristics

1.1 Learning Objective:
At the end of this study, the student will be able to:
•

To use different parts of Transducers and Instrumentation Trainer including photo
transistor, power amplifier and potentiometer.

1.2 Apparatus
In order to complete the demonstration, we need a number of pieces of equipment.
•
•
•
•
•

Phototransistor
Lamp Filament
Power Amplifier
Voltmeter
Potentiometer

1.3 Main Parts of Transducers and Instrumentation Trainer
1. Power Supply Section
2. Sensors Panel
3. Transducer Panel
4. Potential Dividers
5. Switching Section
6. Sound Section
7. Position Sensors Section
8. Pressure test Section
9. Light Sensitive Section
10. Temperature Test Section
11. Tachometer Test Section
12. Display Section

1.4 Related theory
A phototransistor is a device that converts light energy into electric energy. Phototransistors
are similar to photoresistors but produce both current and voltage, while photoresistors only
produce current. This is because a phototransistor is made of a bipolar semiconductor and
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focuses the energy that is passed through it. Photons (light particles) activate phototransistors
and are used in virtually all electronic devices that depend on light in some way.
The common emitter phototransistor circuit configuration is possibly the most widely used,
like its more conventional straight transistor circuit. The collector is taken to the supply
voltage via a collector load resistor, and the output is taken from the collector connection on
the phototransistor. The circuit generates an output that moves from a high voltage state to a
low voltage state when light is detected.
The circuit actually acts as an amplifier. The current generated by the light affects the base
region. This is amplified by the current gain of the transistor in the normal way.

Figure 1-1 Photo Transistor Circuit
Water is drawn from the sump tank
by a centrifugal pump and a panel mounted control valve

regulates the flow. An easy-to-use quick release pipe connector situated in the bench top
allows for the rapid exchange of accessories without the need for hand tools.
Each accessory is supplied as a complete piece of equipment needing no additional service
items other than the Hydraulics Bench. When coupled to the bench they are immediately
ready for use.
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1.5 Experimental procedure:
1) Set up the equipment and identify its components.
2) Connect the circuit as shown in figure and adjust the sliding carbon potentiometer of
10KΩ in position 2 so that the resistance with the load of the phototransistor will be
approximately 2KΩ.
3) Connect the power supply (ON), adjust the wire wound potentiometer of 10KΩ for that
the voltage will be null at the output of the power amplifier.
4) Note the output voltage of the collector of the phototransistor:
(a) With your hand covering the transparent casing (0a).
(b)With the phototransistor exposed to ambient light (0b).
5) Now increase the output voltage of the power amplifier through intervals of 1V and
observe the voltage in the collector of the phototransistor.
6) Insert the values in table 1.1

1.6 Observations & Calculations

Table 1.1: Calculation of Light Intensity and Photo Voltaic Output
Obs. 𝑛

Intensity of Light
(V)

Output of Photo Transistor
(V)

1
2
3
4
5
6
7
8
9
10
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1.7 Graph
6

Output Voltage

5
4
3
2
1
0
1

2

3

4

5

6

7

8

Lamp Voltage
Figure 1-2 Characteristics of Photo Transistor

1.8 Specimen Calculation
N.A

1.9 Statistical Analysis
N.A

1.10 Conclusion:
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2 LAB SESSION 2
To control the intensity of light by sounding a buzzer using a Photo- conductive Cell

2.1 Learning Objective:
At the end of this study, the student will be able to:
•

To use different parts of Transducers and Instrumentation Trainer including photoconductive cell, comparator, and electronic switch.

2.2 Apparatus
In order to complete the demonstration, we need a number of pieces of equipment.
•
•
•
•
•
•
•
•

Photoconductive Cell
Lamp Filament
Power Amplifier
Voltmeter
Potentiometer
Comparator
Electronic Switch
Buzzer

2.3 Main Parts of Transducers and Instrumentation Trainer
1. Power Supply Section
2. Sensors Panel
3. Transducer Panel
4. Potential Dividers
5. Switching Section
6. Sound Section
7. Position Sensors Section
8. Pressure test Section
9. Light Sensitive Section
10. Temperature Test Section
11. Tachometer Test Section

2.4 Display Section Related theory
The photoconductive cell is a two terminal semiconductor device whose
terminal resistance will vary (linearly) with the intensity of the incident light. For obvious
reasons, it is frequently called a photoresistive device.
The photoconductive materials most frequently used include cadmium sulphide (CdS) and
cadmium selenide (CdSe). Both materials respond rather slowly to changes in light intensity.
16

The peak spectral response time of CdS units is about 100 ms and 10 ms for CdSe cells.
Another important difference between the two materials is their temperature sensitivity.
There is large change in the resistance of a cadmium selenide cell with changes in ambient
temperature, but the resistance of cadmium sulphide remains relatively stable. The spectral
response of a cadmium sulphide cell closely matches thatof the human eye, and the cell is
therefore often used in applications where human vision is a factor, such as street light
control or automatic iris control for cameras.
The essential elements of a photoconductive cell are the ceramic substrate, a layer of photoconductive material, metallic electrodes to connect the device into a circuit and a moisture resistant enclosure.

Figure 2-1 Photoconductive Cell Circuit
2.5 Experimental procedure:

1) Set up the equipment and identify its components.
2) Connect the circuit as shown in figure and adjust the sliding potentiometer of 10KΩ in
position 2 so that the resistance with the load of the photoconductive cell will be
approximately 2KΩ.
3) Adjust the potentiometer of 100KΩ, so that the voltage at which we want to make the
buzzer sound (for example 1V) will enter the comparator.
4) At the luminous intensity increases (turning the potentiometer of 10 windings) the output
voltage of the photo conductive cell will decrease; when it falls below 1V, the buzzer
begins to sound.
Note:
Using a digital voltmeter, it can be seen how the voltage at the output of the photoconductive
cell falls when the voltage of the lamp filament increases, due to a reduction in the resistance
of the cell.

2.6 Observations & Calculations
17

N.A

2.7 Specimen Calculation
N.A

2.8 Statistical Analysis
N.A

2.9 Conclusion:
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3 LAB SESSION 3
Use a refractive infrared sensor and condition its output for the application of counting and
speed measurement.

3.1 Learning Objective:
At the end of this study, the student will be able to:
•

To use different parts of Tachometer Test Module including refractive infrared sensor,
counter and amplifier.

3.2 Apparatus
In order to complete the demonstration, we need a number of pieces of equipment.
•
•
•
•
•
•

Refractive infrared sensor
Amplifier
Voltmeter
Counter
DC Motor
Oscilloscope

3.3 Main Parts of Tachometer Test Module
1. DC Tachometer
2. DC Motor
3. Inductive Sensor
4. Refractive Infrared Sensor
5. Slot Sensor
6. Hall Effect Sensor
7. Encoder

3.4 Related theory
A sensor is essential to sense shaft speed. Typically, devices used for this purpose are shaft
(rotary type) encoders, photoelectric (optical type) sensors and magnetic rotational speed
(proximity type) sensors. All of these sensors send speed data in the form of electrical pulses.
Shaft encoders offer a high resolution of typically 1-5000 pulses per revolution (PPR) and
clearly defined, symmetrical pulses. Proximity sensors provide medium (or low) resolution
sensing, depending on the number of pulses measured per revolution. Photoelectric sensors
usually sense a reflective target on the rotating shaft. Magnetic rotational speed sensors use
19

various magnetic proximity measuring principles to monitor the speeds of machine
components in a range between 0 and 30,000 rpm.

In principle, RPM sensors convert mechanical motion into electric pulses with or without
direct contact when positioned near a turning rotor, gear, shaft or other regularly moving
device. The resultant output signals are then fed to a digital counter, totaliser, tachometer, or
other monitoring and control device.

Figure 3-1 Refractive Infrared Circuit

An IR Emitter is a light emitting diode (LED). Different types of IR LEDs are specified
based on their packaging.IR Receivers are also called sensors since they detect the
wavelength and spectral radiation of the light from the IR emitter. IR receivers are specified
by optic features, packaging, special circuitry such as an ambient light filter, wide viewing
angle and more.
A photointerrupter is a photosensor that integrates an optical receiver and emitter in a single
U-shaped package. In a transmission type photointerrupter, the light emitting and detecting
elements are placed facing each other (Figure 2). Shape and size are two of the main
differentiating features of a photointerrupter.

3.5 Experimental procedure:
1) Set up the equipment and identify its components.
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2) Connect the circuit as shown in figure and adjust the potentiometer of 10KΩ at maximum
path to obtain a 10K pull up resistance at the reflection sensor output.
3) Refractive infrared sensor is assembled on the apparatus. On its front it is placed a
revolving disc with one part of its surface white and other black.
4) In the white part, a difference that is used to get the central axle speed value.
5) At the sensor output there will be obtained a group of pulses with a frequency that
coincides with the axle revolving speed and with amplitude up to 400mV.
6) There are two reflective sensors placed one on the top of the other in front of the
revolving wheel.
7) On the front board there is a switch to change the sensor as shown in the above described
circuit.

3.6 Observations & Calculations

Table3.1: Calculation of Input Supply of Motor and Speed
Obs. 𝑛

Input of Motor
(V)

Speed
(Speed rev/sec)

1
2
3
4
5
6
7
8
9
10
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3.7 Graph
6

Speed (rev/sec)

5
4
3
2
1
0
1

2

3

4

5

6

7

8

I/P Motor (volts)
Figure 3-2 Characteristics of refractive infrared sensor

3.8 Specimen Calculation
N.A

3.9 Statistical Analysis
N.A

3.10 Conclusion:
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4 LAB SESSION 4
To obtain the axle speed value using a Hall Effect position sensor

4.1 Learning Objective:
At the end of this study, the student will be able to:
•

To use different parts of Tachometer Test Module such as Hall Effect Sensor, power
supply, differential amplifier.

4.2 Apparatus
In order to complete the demonstration, we need a number of pieces of equipment.
•
•
•
•
•

Hall Effect Sensor
DC motor
12V DC power supply
5V DC power supply
Counter.

4.3 Main Parts of Tachometer Test Module
1. DC Tachometer
2. DC Motor
3. Inductive Sensor
4. Refractive Infrared Sensor
5. Slot Sensor
6. Hall Effect Sensor

4.4 Encoder Related theory
A Hall effect sensor is a transducer that varies its output voltage in response to a magnetic
field. Hall effect sensors are used for proximity switching, positioning, speed detection, and
current sensing applications.
In its simplest form, the sensor operates as an analogue transducer, directly returning a
voltage. With a known magnetic field, its distance from the Hall plate can be determined.
Using groups of sensors, the relative position of the magnet can be deduced.
Frequently, a Hall sensor is combined with threshold detection so that it acts as and is called
a switch. Commonly seen in industrial applications such as the pictured pneumatic cylinder,
they are also used in consumer equipment; for example some computer printers use them to
detect missing paper and open covers. They can also be used in computer
keyboards applications that require ultra-high reliability.
Hall sensors are commonly used to time the speed of wheels and shafts, such as for internal
combustion engine ignition timing, tachometers and anti-lock braking systems. They are used
in brushless DC electric motors to detect the position of the permanent magnet. In the
23

pictured wheel with two equally spaced magnets, the voltage from the sensor will peak twice
for each revolution. This arrangement is commonly used to regulate the speed of disk drives.

Figure 4-1 Hall Effect Circuit

4.5 Experimental procedure:
1) Set up the equipment and identify its components.
2) In this experiment Hall Effect position sensor is used that provides a signal which has got
constant amplitude and changeable frequency depending apparatus centre axle rotation
speed.

4.6 Observations & Calculations
Table4.1: Calculation of input of motor and mass speed of motor
Obs. 𝑛

Input of motor
(V)

Speed
Rev/sec)

1
2
3
4
5
6
7
8
9
10
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4.7 Graph

6

Speed (rev/sec)

5
4
3
2
1
0
1

2

3

4

5

6

7

8

I/P Motor (volts)
Figure 4-2 Characteristics of Hall Effect Sensor

4.7 Specimen Calculation
N.A

4.8 Statistical Analysis
N.A

4.9 Conclusion:
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5 LAB SESSION 5
To measure temperature inside the oven using a platinum resistance thermometer

5.1 Learning Objective:
At the end of this study, the student will be able to:
•

To use different parts of Oven Test Module like platinum resistance thermometer and
heating resistance.

5.2 Apparatus
In order to complete the demonstration, we need the following components.
•
•
•
•
•

5V DC power supply
5KΩ Potentiometer
Platinum resistance (RTD)
Heating resistance
voltmeter

5.3 Main Parts of Oven Test Module
1. Oven
2. Thermocouple
3. RTD
4. Thermistor
5. Heating Resistance
6. Fan

5.4 Related theory
A platinum resistance thermometer (PRT) is a device which determines the temperature by
measuring the electrical resistance of a piece of pure platinum wire. The piece of platinum
wire is referred to as a temperature sensor. When manufactured carefully these devices offer
an excellent combination of sensitivity, range and reproducibility.
The electrical resistance of many metals (e.g. copper, silver, aluminium, platinum) increases
approximately linearly with absolute temperature and this feature makes them useful as
temperature sensors. The resistance of a wire of the material is measured by passing a current
(AC or DC) through it and measuring the voltage with a suitable bridge or voltmeter, and the
reading is converted to temperature using a calibration equation.
The most reproducible type of sensor is made from platinum because it is a stable unreactive
metal which can be drawn down to fine wires but is not too soft. Using very pure wires,
thermometers can be made with closely similar resistance characteristics and achieve good
reproducibility in use.
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Figure 5-1 RTD Circuit

5.5 Experimental procedure:
1) Set up the equipment and identify its components.
2) To carry out this practice it is necessary to build the above circuit.
3) With this circuit we obtain a Vo voltage proportional to the temperature value inside the
BS-5 oven.
4) RTD resistance varies with the temperature variation in BS-5 oven. This produces a Vo
output voltage variation.
5) The excitation voltage is 5Vdc.
6) This platinum sensor has a high linearity even though it also has a low temperature rate.
7) 5KΩ potentiometer must be placed at its maximum path, this way we will obtain a 5K
series resistance with platinum sensor forming a voltage divisor.
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5.6 Observations & Calculations

Table5.1: Calculation of Temperature and Output Volts
Obs. 𝑛

Temperature
(In terms of ON
time of heater)

Output
(mV)

1
2
3
4
5
6
7
8
9
10

5.7 Graph
6

Output Voltage

5
4
3
2
1
1

2

3

4

5

6

7

8

Time(sec)
Figure 5-2 Characteristics of RTD

5.8 Specimen Calculation
N.A

5.9 Statistical Analysis
N.A

5.10 Conclusion:
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6 LAB SESSION 6
To use thermocouples as temperature sensor elements inside the oven

6.1 Learning Objective:
At the end of this study, the student will be able to:
•

To use different parts of Oven Test Module including thermocouple, differential
amplifier.

6.2 Apparatus
In order to complete the demonstration, we need a number of pieces of equipment.
• Main module
• 5V de power supply
• DC xlOO Amplifier
• 10K potentiometer
• Differential Amplifier
• Thermopar
• Heating Resistance
• Voltmeter.

6.3 Main Parts of Oven Test Module
1. Oven
2. Thermocouple
3. RTD
4. Thermistor
5. Heating Resistance
6. Fan

6.4 Related theory
A thermocouple is an electrical device consisting of two dissimilar conductors forming
electrical junctions at differing temperatures. A thermocouple produces a temperaturedependent voltage as a result of the thermoelectric effect, and this voltage can be interpreted
to measure temperature. Thermocouples are a widely used type of temperature sensor.
Commercial thermocouples are inexpensive, interchangeable, are supplied with standard
connectors, and can measure a wide range of temperatures. In contrast to most other methods
of temperature measurement, thermocouples are self powered and require no external form of
excitation. The main limitation with thermocouples is accuracy; system errors of less than
one degree Celsius (°C) can be difficult to achieve.
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Figure 6-1 Thermocouple Circuit

6.5 Experimental procedure:
1) Set up the equipment and identify its components.
2) During this experiment we will use a group of thermocouples as temperature sensor
elements.
3) So that it is possible to make the corresponding measurements with this element it is
necessary to make the above connections between the oven test module and the main
module.
4) In the central part of the oven there are 4 thermocouples placed at different heights.
5) Studying the above shown figure, symbol 1 of the BS-5 front board, we can see that the
thermocouple placed at the right bottom comer is the tallest one and the one place at the
left bottom comer is the smallest one.
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6) The above shown circuit can be used by all thermocouples if the output signal is adjusted
to a value amplified in voltage that tallies the measured temperature values.
7) With these thermocouples it is possible to measure any time the BS-5 oven internal
temperature.

6.6 Observations & Calculations
Table 6.1: Calculation of Temperature and Output voltage
Obs. 𝑛

Temperature
(In terms of ON
time of heater)

Output
(mV)

1
2
3
4
5
6
7
8
9
10

6.7 Graph
6

Output Voltage

5
4
3
2
1
1

2

3

4

5

6

7

8

Time(sec)
Figure 6-2 Characteristics of Thermocouple.

6.7 Specimen Calculation
N.A
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6.8 Statistical Analysis
N.A

6.9 Conclusion:
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7 LAB SESSION 7
To measure the temperature in the oven using a thermistor temperature sensor

7.1 Learning Objective:
At the end of this study, the student will be able to:
•

To use different parts of Oven Test Module including NTC thermistor and PTC
temperature resistor

7.2 Apparatus
In order to complete the demonstration, we need a number of pieces of equipment.
•
•
•
•
•
•

Main module
5V DC power supply
5KΩ potentiometer
NTC Thermistor
Heating Resistance
Voltmeter.

7.3 Main Parts of Oven Test Module
1. Oven
2. Thermocouple
3. RTD
4. Thermistor
5. Heating Resistance
6. Fan

7.4 Related theory
A thermistor is a type of negative coefficient resistor whose resistance is dependent
on temperature,
more
so
than
in
standard
resistors.
The
word
is
a portmanteau of thermal and resistor. Thermistors are widely used as inrush current limiter,
temperature sensors (Negative Temperature Coefficient or NTC type typically), self-resetting
overcurrent protectors, and self-regulating heating elements (Positive Temperature
Coefficient or PTC type typically).
Thermistors are of two opposite fundamental types:
•
•

With NTC,
resistance decreases as
temperature
rises
to
protect
against
inrush overvoltage conditions. Commonly installed in parallel as a current sink.
With PTC,
resistance increases as
temperature
rises
to
protect
against overcurrent conditions. Commonly installed in series as a resettable fuse.

Thermistors differ from resistance temperature detectors (RTDs) in that the material used in a
thermistor is generally a ceramic or polymer, while RTDs use pure metals. The temperature
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response is also different; RTDs are useful over larger temperature ranges, while thermistors
typically achieve a greater precision within a limited temperature range, typically −90 °C to
130 °C.

Figure 7-1 Thermister Circuit

7.5 Experimental procedure:
1) Set up the equipment and identify its components.
2) In this experiment we will be using a NTC thermistor as sensor element to measure the
temperature inside the oven module, for it, the above circuit must be built.
3) In the above described circuit, the 5K potentiometer must be at its maximum path in order
to get a 5K resistance in series with the thermistor, forming a voltage divisor that will
vary the output voltage Vo according to the temperature detected by the thermistor.
4) Once the circuit is built and the potentiometer is adjusted the only thing left is to activate
the oven heating resistance as described in previous practices and to supply the above
described circuit using the main module.
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7.6 Observations & Calculations
Table7.1: Calculation of Temperature and Output Voltage
Obs. 𝑛

Temperature
(In terms of ON
time of heater)

Output
(mV)

1
2
3
4
5
6
7
8
9
10

7.7 Graph

6

Output Voltage

5
4
3
2
1
1

2

3

4

5

6

7

8

Time(sec)
Figure 7-2 Characteristics of Thermistor.

7.7 Specimen Calculations
N.A

7.8 Statistical Analysis
N.A

7.9 Conclusion:
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8 LAB SESSION 8
Use a capacitive sensor to measure the liquid level in tank and calibrate its output according
to the level.

8.1 Learning Objective:
At the end of this study, the student will be able to:
•

To use different parts of Liquid Level Test Module including capacitive sensor, I/V
converter, comparator.

8.2 Apparatus
In order to complete the demonstration, we need these components from the equipment.
•
•
•
•
•
•
•
•
•
•

24V DC power supply (changeable source)
12V DC power supply
10KΩ potentiometer
I/V converter
DC Amplifier
Power Amplifier
Comparator
Capacitive Sensor
Underwater pumps
Voltmeter.

8.3 Main Parts of Liquid Level Test Module
1. Capacitive Sensor
2. Level pressure sensor
3. Potentiometer
4. Electrode contact sensor
5. Magnetic level switch
6. Optical level switch
7. Under water pumps

8.4 Related theory
The sensing means is based on our capacitive proximity sensing technology. Electrodes
embedded in the front of the capacitive liquid level sensor detect changes in the capacitance
as the fluid nears the sensor face. Once the trigger point is reached (either calibrated at
Gems™ or set by the user once after installation) the capacitive level sensor switches creating
the desired output. Because they are adjustable they can be used to sense aqueous and nonaqueous fluids, regardless of color.
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Capacitance level sensors are used for wide variety of solids, aqueous and organic liquids,
and slurries. The technique is frequently referred as RF as radio frequency signals applied to
the capacitance circuit. The sensors can be designed to sense material with dielectric
constants as low as 1.1 (coke and fly ash) and as high as 88 (water) or more. Sludges and
slurries such as dehydrated cake and sewage slurry (dielectric constant approx. 50) and liquid
chemicals such as quicklime (dielectric constant approx. 90) can also be sensed. Dualprobe capacitance level sensors can also be used to sense the interface between two
immiscible liquids with substantially different dielectric constants.
Since capacitance level sensors are electronic devices, phase modulation and the use of
higher frequencies makes the sensor suitable for applications in which dielectric constants are
similar.

Figure 8-1 Capacitive Sensor Circuit

8.5 Experimental procedure:
1) Set up the equipment and identify its components.
2) F or this practice we will connect using the provided cables the main module and the BS6 just as is shown in the previous diagram.
3) The capacitive level is excited with a 24V de voltage to obtain an output signal in mA dc
that is proportional to the liquid level that covers the sensor gage.
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4) This signal is the current that goes through the sensor with 24V dc excitation and goes
from 11 to 20mAdc approximately from the lower level until the gage is respectively
covered.
5) You must connect a multi meter at the Vo output to measure the obtained voltage in
comparison to the water level.
6) Once all the system is connected you must activate the right pump motor in order to move
the water of the right tank to the left tank where is the capacitive sensor.
7) As the water level covers the measure gage we can see how the voltage level at the Vo
output rises.
8) If afterwards we clear the water from the left tank activating the corresponding pump, the
Vo voltage level will drop as the liquid level in the measure gage falls
9) Both pumps work with a 12V de voltage.
10) You must take special care while connecting the pumps with the corresponding power
supply polarity.
11) To invert the pumps polarity can cause an irreversible damage.
12) Once we have the corresponding liquid level height voltage values, we can control the
pump operation with a voltage comparator and other additional elements necessary to
provide the necessary power to make the pump work.

8.6 Observations & Calculations

Table 8.1: Calculation of water level and output voltage
Obs. 𝑛

Water Level
(cm)

Output
(V)

1
2
3
4
5
6
7
8
9
10
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8.7 Graph

6

Output Voltage

5
4
3
2
1
1

2

3

4

5

6

7

8

Time(sec)
Figure 8-2 Characteristics of Capacitive Sensor

8.8 Specimen Calculations
N.A

8.9 Statistical Analysis
N.A

8.10 Conclusion:
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9 LAB SESSION 9
To use a LVDT as an element to measure the diaphragm distortion that is consequence of
the pressure inside the pressure chamber.

9.1 Learning Objective:
At the end of this study, the student will be able to:
•

To use different parts of Pressure Test Module such as LVDT to find the pressure.

9.2 Apparatus
In order to complete the demonstration, we need a number of pieces of equipment,
differentiator.
•
•
•
•
•

Main module
12 Vdc Power supply
BS-3
Linear variation differential transformer (LVDT)
Voltmeter dc

9.3 Main Parts of Pressure Test Module
1. Potentiometer
2. LVDT
3. Compressor
4. Differential Pressure Sensor
5. Strain Gauges
6. Gauge Pressure Sensor

9.4 Related theory
The linear variable differential transformer (LVDT) (also called linear variable displacement
transformer,[1] linear variable displacement transducer, [2] or simply differential
transformer[3]) is a type of electrical transformer used for measuring linear displacement
(position). A counterpart to this device that is used for measuring rotary displacement is
called a rotary variable differential transformer (RVDT)
The linear variable differential transformer has three solenoidal coils placed end-to-end
around a tube. The center coil is the primary, and the two outer coils are the top and
bottom secondaries. A cylindrical ferromagnetic core, attached to the object whose position
is to be measured, slides along the axis of the tube. An alternating current drives the
primary and causes a voltage to be induced in each secondary proportional to the length of
the core linking to the secondary.[3] The frequency is usually in the range 1 to 10 kHz.
As the core moves, the primary's linkage to the two secondary coils changes and causes the
induced voltages to change. The coils are connected so that the output voltage is the
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difference (hence "differential") between the top secondary voltage and the bottom
secondary voltage. When the core is in its central position, equidistant between the two
secondary’s, equal voltages are induced in the two secondary coils, but the two signals
cancel, so the output voltage is theoretically zero. In practice minor variations in the way in
which the primary is coupled to each secondary means that a small voltage is output when
the core is central.
When the core is displaced toward the top, the voltage in the top secondary coil increases
as the voltage in the bottom decreases. The resulting output voltage increases from zero.
This voltage is in phase with the primary voltage. When the core moves in the other
direction, the output voltage also increases from zero, but its phase is opposite to that of
the primary. The phase of the output voltage determines the direction of the displacement
(up or down) and amplitude indicates the amount of displacement. A synchronous
detector can determine a signed output voltage that relates to the displacement.

Figure 9-1 LVDT Circuit

9.5 Experimental procedure:
1) Set up the equipment and identify its components.
2) During this practice we will use a L VDT sensor to measure the pressure due to the lateral
diaphragm distortion that the BS-3 system pressure chamber has.
3) The L VDT is a linear displacement sensor that detects the relative movement of a
ferromagnetic core between the primary and the secondary.
4) It must be powered with a 12V de voltage, that starts the detection and control circuits
included in the L VDT used in this equipment, this way we obtain an output signal in de
voltage (Vo), that is proportional to the axle placement inside the LVDT.
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5) Once all the connections have been made and the L VDT has been fed, the compressor
fed by relay with 12VDC must be activated as it has been previously explained.
6) The LVDT will give a DC voltage signal proportional to the displacement caused by the
membrane distortion due to the pressure.

9.6 Observations & Calculations

Table 9.1: Calculation of Pressure and Output voltage
Obs. 𝑛

Pressure
(Bar)

Output
(V)

1
2
3
4
5
6
7
8
9
10

9.7 Graph

6

Output Voltage

5
4
3
2
1
1

2

3

4

5

6

7

8

Time(sec)
Figure 9-2 Characteristics of LVDT
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9.8 Specimen Calculation
N.A

9.9 Statistical Analysis
N.A

9.10 Conclusion:
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10 LAB SESSION 10
To carry out an open loop control for flow using an AVS-I solenoid valve.

10.1 Learning Objective:
At the end of this study, the student will be able to:
•

To use different parts of Process Control Unit like UCP module, acquisition software
for open loop control

10.2 Apparatus
In order to complete the demonstration, we need a number of pieces of equipment.
•
•
•

UCP-F
Control and Acquisition Software
Water

10.3 Main Parts of Process Control Unit
1. Centrifugal Pumps
2. Water Tanks
3. Proportional Control Valve
4. Flow meter
5. Heater
6. Temperature sensor
7. Pressure sensor
8. Flow sensor
9. Level sensor
10. Stirrer
11. Computer

10.4 Related theory
Variables such as temperature, pressure or flow often have to be fixed on systems or large
machines. For instance, the temperature of a reactor may be controlled to maintain a
consistent product output. These fixed variables should not change when faults occur. Process
control is a discipline that deals with several mechanisms, algorithms, etc... to maintain the
output of a process within a desired range.
The controlled system has an input variable and an output variable. Its response is described
in terms of dependence of the output variable on the input variable. These responses between
one or several variables can normally be described using mathematical equations based on
physical laws.
The controlled variable is first measured and a signal is created to allow a controller to
control the variable. The measured value in the controller must then be compared with the
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desired value. The result of this comparison determines the action that needs to be taken. The
Computer Controlled Process Control Unit for the Study of Pressure (Air) “UCP-P” allows to
use several control loops in measuring and controlling experiments for flow and pressure
process control

Figure 10-1 Process Control Software

10.5 Experimental procedure:
1) Set up the equipment and identify its components.
2) Connect the interface of the equipment and the control software.
3) Select the on/off control option.
4) By double clicking on the on/off control, select the flow wanted. There is certain flow, a
tolerance and a performance time set by default. It allows the students to play with
these parameters and while seeing the influences of each of them.
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5) It calculates the inertia of the system considering an on/off response and determines the
time limit for an exact control.

10.6 Observations & Calculations
N.A

10.7 Specimen Calculation
N.A

10.8 Statistical Analysis
N.A

10.9 Conclusion:
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11 LAB SESSION 11
To The objective of this practice is to carry out a closed loop control for flow by an on/off
controller using an AVS-I solenoid valve

11.1 Learning Objective:
At the end of this study, the student will be able to:
•

To use different parts of Process Control Unit for close loop control.

11.2 Apparatus
In order to complete the demonstration, we need a number of pieces of equipment.
•
•
•

UCP-F
Control and Acquisition Software
Water

11.3 Main Parts of Process Control Unit
1. Centrifugal Pumps
2. Water Tanks
3. Proportional Control Valve
4. Flow meter
5. Heater
6. Temperature sensor
7. Pressure sensor
8. Flow sensor
9. Level sensor
10. Stirrer
11. Computer

11.4 Related theory
The Computer Controlled Process Control Unit for the Study of Pressure (Air) “UCP-P”
consists of a pneumatic circuit with the following elements: Two pressure regulators, a I/P
converter, a pneumatic control valve, several manometers, a pressure sensor, an air tank,
several valves, a differential pressure sensor with an orifice plate, and a flow sensor.
For the correct operation of the unit, an air source or a compressed gas source will be
required. The compressed air is supplied through the air inlet and it can diverted with two
pressure regulators: a part of the air is used to control the pneumatic valve with a I/P
converter and other part is used to supply the necessary flow (and/or pressure) to the circuit
that is to be adjusted.
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The I/P converter transforms an electric signal in a pneumatic signal to control the pneumatic
control valve. A manometer situated between the I/P converter and the pneumatic control
valve indicates the inlet pressure of the valve.
The pneumatic control valve controls the flow (and/or pressure) in the circuit. A manometer
and a pressure sensor measure the outlet pressure of the pneumatic valve. This circuit has
three ball valves, which divert the air flow between an air tank and a bypass. This tank allows
to get a flow (or pressure) reservoir which will reduce and delay the effect in the flow (or in
the pressure) when a change in the circuit is made (i.e. opening of valves). An orifice plate
with a differential pressure sensor, and a flow sensor measure the air flow in the circuit.
Finally, one ball valve situated at the air tank outlet works as exhaust valve and a regulation
valve situated in the flow sensor inlet regulates the air outlet flow.
This Computer Controlled Unit is supplied with the EDIBON Computer Control System
(SCADA), and includes: The unit itself + a Control Interface Box + a Data Acquisition Board
+ Computer Control, Data Acquisition and Management Software Packages, for controlling
the process and all parameters involved in the process.

Figure 11-1 Process Control Unit
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Figure 11-2 Output Waveform

11.5 Experimental procedure:
1) Set up the equipment and identify its components.
2) Connect the interface of the equipment and the control software.
3) Select the on/off control option.
4) By double clicking on the on/off control, select the flow wanted. There is certain flow, a
tolerance and a performance time set by default. It allows the students to play with
these parameters and while seeing the influences of each of them.
5) It calculates the inertia of the system considering an on/off response and determines the
time limit for an exact control.

11.6 Observations & Calculations
N.A

11.7 Specimen Calculation
N.A

11.8 Statistical Analysis
N.A

11.9 Conclusion:
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12 LAB SESSION 12
The main aim of this practice is carrying out a PID loop control by an On/Off controller for
the pressure and the controller will adjust this control by opening and closing the AVS-1,
AVS-2 and AVS-3 solenoid valves and by setting pump 2

12.1 Learning Objective:
At the end of this study, the student will be able to:
•

Use different parts of Process Control Unit including PID controller, solenoid valves
to carry out a PID close loop control.

12.2 Apparatus
In order to complete the demonstration, we need a number of pieces of equipment.
•
•
•
•
•

UCP-L
UCP-Pressure
UCP-Temperature
Control and Acquisition Software
Water

12.3 Main Parts of Process Control Unit
1. Centrifugal Pumps
2. Water Tanks
3. Proportional Control Valve
4. Flow meter
5. Heater
6. Temperature sensor
7. Pressure sensor
8. Flow sensor
9. Level sensor
10. Stirrer
11. Computer

12.4 Related theory
A proportional–integral–derivative controller (PID controller) is a control loop feedback
mechanism (controller) commonly used in industrial control systems. A PID controller
continuously calculates an error value as the difference between a desired setpoint and a
measured process variable and applies a correction based on proportional, integral,
and derivative terms (sometimes denoted P, I, and D respectively) which give their name to
the
controller
type.
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Proportional Response
The proportional component depends only on the difference between the set point and the
process variable. This difference is referred to as the Error term. The proportional
gain (Kc) determines the ratio of output response to the error signal. For instance, if the error
term has a magnitude of 10, a proportional gain of 5 would produce a proportional response
of 50. In general, increasing the proportional gain will increase the speed of the control
system response. However, if the proportional gain is too large, the process variable will
begin to oscillate. If Kc is increased further, the oscillations will become larger and the
system will become unstable and may even oscillate out of control.
Integral Response
The integral component sums the error term over time. The result is that even a small error
term will cause the integral component to increase slowly. The integral response will
continually increase over time unless the error is zero, so the effect is to drive the SteadyState error to zero. Steady-State error is the final difference between the process variable and
set point. A phenomenon called integral windup results when integral action saturates a
controller without the controller driving the error signal toward zero.
Derivative Response
The derivative component causes the output to decrease if the process variable is increasing
rapidly. The derivative response is proportional to the rate of change of the process variable.
Increasing the derivative time (Td) parameter will cause the control system to react more
strongly to changes in the error term and will increase the speed of the overall control system
response. Most practical control systems use very small derivative time (Td), because the
Derivative Response is highly sensitive to noise in the process variable signal. If the sensor
feedback signal is noisy or if the control loop rate is too slow, the derivative response can
make the control system unstable

Figure 122.12-2: Process Control Unit

Figure 12-1 Process Control Unit
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Figure 12-3 Output Waveform

12.5 Experimental procedure:
1) Set up the equipment and identify its components.
2) Connect the interface of the equipment and the control software.
3) Select the control on/off option.
4) Make a double click on the on/off control, select the flow wanted. there are a certain flow,
a tolerance and a performance time set by default. It allows the students to play with these
parameters and see the influences of each one.
5) The level control can be carried out by the activation of a single actuator, or of several
ones, to which different tolerances are allowed. These controllers work as security system
measures when the controlled variable exceeds in a tolerance the set value. To activate or
to disable any of these controllers you may have to double click on each of them and
press the button "PAUSE".
6) Calculate the inertia of the system for an on/off response and determine the limit time for
an exact control.

12.6 Observations & Calculations

12.7 Specimen Calculation
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N.A

12.8 Statistical Analysis
N.A

12.9 Conclusion:
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