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Abstract: The purpose of this research is for engineering students and faculty members, especially electronics,
electrical, and mechanical engineering to have an instrumentation and control laboratory trainer that can measure
flow rate, water level, temperature, and pressure, and control the latter three parameters. Mixed method was used
in this study since this research is both qualitative and quantitative. The results show that the trainer prototype is
properly functional as evaluated by engineering students and faculty members. The validation data shows that it
has an overall grand mean of 4.72 for its functionality. Hence, it can be concluded that the prototype can properly
function as intended and is a reliable trainer for engineering students to learn applications of instrumentation and
control. It is recommended that future researchers need to improve the design and add more functions for the
prototype such as devices that can provide a more accurate and faster control and materials that can withstand
more extreme conditions.

Index Terms: Prototype, trainer, measurement and control.

I. INTRODUCTION

Through the advancement of technology, various instruments have been developed to extend the range of the human
senses, measure and observe more quantities in new discovered methods and instrumentation, making the field of
knowledge wider and more efficient. Instrumentation is a part of engineering which deals in measuring and controlling
physical and chemical properties in a system. In an instrumentation system, there are three stages: input, signal
processing, and the output. When the measuring and controlling instruments are combined, providing automation from
reactions from signals, result into a control system [1].

Sensor is a device that is able to detect the changes within its range and delivers information or signal to other electronic
devices [2]. Transducers are like sensors, but instead, it transforms physical quantity to an electrical signal[3].
Meanwhile, actuator is a device that can be controlled, commonly by an electrical signal, which then causes change in a
physical system by means of producing heat, force, light or motion [4].

On-off controller, commonly known as a stop-start, is used for motor controls. On the other hand, PID controller or
Proportional-Integral-Derivative controller is a control loop that is commonly used in industrial control system [5].

Some universities have concerns about the availability of instrumentation and control laboratory trainers. Students learn
from their lecture classes but may have difficulty applying the acquired knowledge during experiments or hands-on
applications. Thus, this may result into failure of the said experiment or cause the students to find a hard time during the
experiment period, reflecting a low technical skill evaluation for the concerned lesson. As students would not want to
fail, they will keep asking for help from the professor which may turn into a spoon-feeding activity and limit the students’
own capability to analyze the technicalities of instrumentation and to troubleshoot when needed. Another concern is
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when students are assigned group laboratory activities, gathering components for it can be troublesome to the student as
some components are hard to find and are expensive. Thus, the proponents have conducted this study in order address
these concerns and issues.

The main objective of the study is to develop an instrumentation and control laboratory trainer that can measure various
parameters in a single system using sensors, transducers, actuators, on-off and PID controllers.

Il. METHODOLOGY
A. Project Development

1) The project will be an instrumentation and control laboratory trainer consisting of an on-off control, PID controller,
sensors, transducers and actuators installed together in a single system module.

2) The module frame and base will be constructed with a combination of coated wood, steel, casters, PVC pipes
together with two water tanks installed on the module.

3) Other components to be used include a circuit breaker, contactors, wires, water pump, push buttons, relays, LCD and
LEDs.

4) The module will be supplied with power by a 220VAC source.
5) The module will have a laboratory manual to assist the students in conducting experiments.

B. Program Flow Chart
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Fig. 1. Program flow chart of the trainer

C. Parts and Specification of Trainer
Detailed discussion and specifications of the mentioned components are as follows:
Actuators. The actuators will be used to control the water flow.

Electric Solenoids. Two electric solenoids will be installed along the pipes to control the water flow between tanks A and
B. This will be automatically switched by the level PID and can also be triggered manually with the use of push buttons.

Faucet. A basic lever manual valve actuator, will be installed on tank A for the purpose of the module’s water drainage
for maintenance.
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Angle Bar. Two angle bars will be installed as a base for tank B.
Cable Tie and Clamp. Fixtures to keep the cable management neat and proper.

Caster. 2.5-in stem thread swivel with brake casters will be attached on the module base to enable easier moving of the
module.

Circuit Breaker. A circuit breaker rated 15 A will be installed in the circuit to protect the trainer module system and its
users in case of overloading.

Contactors. A reliable component for the on-off control which will keep the system in a constant state once a button is
pushed. Contactor rating will be 220 V.

Heater. A water heater will be installed in tank B.
LCD. A 16x2 LCD with 1C2 will be installed as the water level indicator.

LED. LED indicator lights will be installed as an indicator if the module is energized, if the pump is running, if the heater
is energized, and a status indicator for the two solenoids.

Yellow LED. Will light up once the module is turned on but with an idle pump.

Green LED. Will light up as an indication once the pump button is pressed and the pump starts running, if the heater is
on, and if a solenoid is open.

Red LED. Will light up as an indication if a solenoid is closed.
Module Frame and Base. Will be constructed using steel and plywood.

On-Off Control. This will be a simple part in the system composed of start and stop buttons, contactor, and a coil to serve
as the main control of the energizing of the trainer. Another on-off control will be provided for energization and de-
energization of the water pump installed in the trainer.

PID Controller. The PID controller will read the sensor then compute the desired actuator output while achieving
precision and minimizing error in the instrumentation and control trainer.

Temperature PID Controller. Measures and controls the water temperature in Tank B.
Pressure PID Controller. Measures and limits the pressure in the pipes.
Pipe Clamp. Fixtures to be attached to the module frame and base to hold the pipes in place.

Push Buttons. Will be installed to serve as switches for the on-off control of the laboratory trainer and its installed pump,
heater, and solenoids.

Green Push Button. One will serve as an on switch to turn on all the devices in the module once energized.

Green Push Button with Lock. Two green push buttons will stand as an on switch for the water pump and heater each,
while another two will trigger solenoid A to close and solenoid B to open.

Red Push Button. It will cease all operation and turn the entire module off.

Emergency Stop Button. An emergency stop button will be installed for added precaution.

PVC Pipe. Y-in Clear PVC pipes will be used for the cycling of the water throughout the module.
Relay Module. Will enable the level sensor to control the solenoids and pump

Rotary Encoder. Will be installed and connected to the ultrasonic level sensor for water level adjustment. This will stand
as the prototype’s level controller.

Sensor. Flow and pressure sensors are to be installed along the pipes of the module to measure the water cycling in the
system and display its parameters.

Flowmeter. A flowmeter will be installed in the lower level of the pipe next to the pressure gauge.
Pressure Gauge. A 10 bar pressure gauge will be installed in the lower level of the pipe.
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Transducer. The prototype is designed to consist of temperature, level, and pressure transducers which detects respective
parameters then sends the signals to their respective PIDs.

Thermocouple. The temperature transducer to be used in the system, measures the temperature in Tank B then sends the
signal to the temperature PID.

Ultrasonic Level Sensor. An Arduino Uno R3 model HC-SCRO04 will be programmed and installed into the prototype to
act as its level transducer.

Pressure Transmitter. Will stand as the prototype’s pressure transducer, built-in inside the pressure controller.

Water Pump. The water pump will bring the water to flow from one container to another through the PVC pipes. The
water pump to be used is rated 220 V, 60Hz, 0.5 HP, with a maximum flow rate of 35 L/min.

Water Tank. Two clear acrylic water tanks with an 6.8-liter capacity will be installed onto the module. It must be
transparent for monitoring and observation. (Inner L:W:H =19 cm:19 cm:19 cm).

I11. RESULTS AND DISCUSSION

TABLE I
EVALUATION ON THE COMMON FUNCTIONALITY OF THE INSTRUMENTATION AND CONTROL TRATNER PROTOTYFE
Comm on Functions Mean Std. Deviation Interpretation
1. The trainer canbe plugzed into a volta ge source. 493 0224 Strongly Agyee

2. Indicatorlights and devices turn on and enable digital display once the

4.83 0.366 Strongly Agree

“ON” buttonis pressed when the Main Switch is on. °
3. The water level controller switches to “Set Level” when the rotary

. 473 0444 Strongly Agree
encoder is long pressed.
4. Indicatorlights and devices turn off once the “OFF” buttonis pressed. 480 0410 Strongly Agree
5. The trainer is tumed off once the Em ergency Stop Buttonis pressed. 493 0224 Strongly Agyee
6. The trainer cannot be started when the Main Switch is off. 483 0366 Strongly Agree
7.Evaluationin the Comm on Functions 486 0249 Strongly Agree
Note:
5.00—4.20Strongly Agree 4193 404gree 3.39 - 260 5lightly Agree
2.59— 1.80Disagres 1.79— 1.00 Strongly Disagree

TABLEII

EVALUATION ON THE FUNCTIONALITY OF THE INS TRUMENTATION AND CONTROL TRAINER PROTOTYFE FOR THE FIRST EXPERIMENT

Functions Mean Std. Deviation Interpretation

1. Once the pum p’s On/Off buttonis pressed, the pum p tums on and the circulation of
water starts, yvellow LED indicator “IDLE™ turns off, and the green LED indicator 470 0470 Strongly Agyee

“RUNT tums on.

2. Tank B fills up with water while the pum pis running and Soleneid B is closed. 470 0470 Strongly Agree
3. The circulation of water stops once the pum pis turned off by pressing the pump’s

470 0470 Strongly Asree
On/Off button again. B
4. When Solenoid B is opened, the waterlevel in Tank B decreases, Solenoid B green
LED indicator “OPEN" lights up, and Solenoid B red LED indicator “CLOSED™ turns 483 0366 Strongly Asree
off.
3. Evaluation of the Functionality for Ex perim ent Num ber One 474 0.339 Strongly Agree
Note:
5.00—4.205mongl dgree 419—3404gree 3.39-2.605Nghtly Agree
2.39— 1 80 Disagree 1.79— 1.00 Strengly Disagree

Researchers conducted a survey to validate the functionality and credibility of the device. In the said survey the
participants are composed of student and faculty member of the university. The results are as follows:
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TAEBLE III
EVALUATION ON THE FUNCTIONALITY OF THE INS TRUMENTATION AND CONTROL TFRAINER PROTOTYFE FOF. THE SECOND EXPERIMENT
. Std. .
Functions Mean . Interpretation
Deviation
L. The water level in Tank B be identified with th tmark
e water level in Ta canbe identified wi e m easurem entm arks 130 0657 Strongly Asee
present onthe tank. =
2. The water level sensor detectsandm easuresthe water level in Tank B. 435 0.671 Strongly Agree
3. Evaluation of the Functionality for Ex perim ent Num ber Two 4353 0.634 Strongly Agree
Note:
5.00—4.20Strongly Agree 4. 19— 3 40 Agree 3.39 - 2.605lightly Agree
239 — 1.80Disagree 1.79— 1.00 5trongly Disagree
TABLE IV
EVAILUATION ON THE FUNCTIONALITY OF THE INS TRUMENTATION AND CONTROL TRAINER PROTOTYPE FOR THE THIRD EXFPERIMENT
Functions Mean Std. Dewiation  Interpretation
1. Flow m eter detectsand displavys flow rate rea dings when pum pis tumed onand -
v e Py g pump 165 0489 Strongly Agree
water is circulating through the pipes. -
2. Flow meter’s volum etric reading display changeswhen pumpis tumed on and
e £ ey chanse FHnp 465 0489 Strongly Agree
water is circulating through the pipes. wF
3.Flow meter’ s volum etric reading display stopscounting when pum pis turned off
? e £ Cupay Sop gRhEn PP 480 0410 Strongly Agree
and water stopscirculating through the pipes. wF
4 Flow meter s flow rate reading displays 0 when pum pis tumed off and water stops
-Flow . g display pump LS 0444 Strongly Agree
circulating through the pipes. = F
5.Flow m eter’s vohum etric reading is reset to 0 when the flow meter’ s “RESET™
_ s 180 0410 Strongly Agree
buttonis pressed. =
6. Evaluation of the Functionality for Ex perim ent Num ber Three 473 0351 Strongly Agree
Note:
5.00—4.20Strongly Agree 4193 40 dgree 3.39-2.605lightly Agree
2.59— 1.80Disagree 1.79— 1.00 Strongly Disagree
TABLE V
EVALUATION ON THE FUNCTIONALITY OF THE INSTRUMENTATION AND CONTROL TRAINER PROTOTYPE FOR THE FOURTH EXPERIMENT
Functions Mean 5td. Deviation Interpretation
1. The pump canbe started while Solenoid B is open. 4.75 0444 Strongly Agree
2. The water level nises even when Solenoid B is open. 4.80 0410 Strongly Agree
3. Evaluation of the Functionality for Ex perim ent Num ber Four 4.78 0413 Strongly Asyee

Naote:
3.00 - 4.20 Strongly Agree 419 -3 40A4Agree
2.59— 1.80Disagree 1.79— 1.00 Strongly Disagree

TABLE VI

3.39 - 2.60Slightlv Agree

EVALUATION ON THE FUNCTIONALITY OF THE INS TRUMENTATION AND CONTROL TRATNER PROTOTYFPE FOR THE FIFTH EXPERIMENT

Functions Mean 5td. Deviation Interpretation
1. The water level troller is chi df “Feead Only™ to “Set Level” when th
e water e*f el controller is changed from “F.ea v to “Set Level” when the 470 0571 Stronaly Acree

rotary encoder is long pressed. T
2. Water level canbe set by turning the rotary encoder. 4.60 0.681 Strongly Agree
3. Water pum p turns on by pressing the pum p’s On/Off button after setting a water 185 0366 Stronely Asree
level T
4. The water pum p autom atically tums off once the water present in Tank B exceeds 165 0587 Strongly Asee
the set water level. =T
3. Bolenoid B t re the ex rater in Tank B until the water level

o en.oi opens to rem ove the excess waterin Ta un ewater leve 175 pAdd Strongly Acree
present in Tank B matchesthe set water level. =T
6. Evaluation of the Functionality for Ex perim ent Num ber Five 471 0418 Strongly Asgree

Note:
J.00—4.205trongly Agres 419 — 3 40Agres
259 — 180 Disagree 1.79— 100 Strongly Disagres
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TABLE VII

ISSN 2348-6988 (online)

EVAILUATION ON THE FUNCTIONALITY OF THE INSTRUMENTATION AND CONTROL TRAINER PROTOTYEE FOR THE SLCETH EXPERIMENT

Functions Mean

Std. Dewviation

Interpretation

1. The trainer prototype can perform circulation of water with both Solenoids A

490 0308 Strongly Asree
andB open. =T
2. TIEI.E pressure gauge and digital pressure controller both obtain a pressure 175 0444 Strongly Aree
reading -
3. The Darcy-Weishach Head L oss form ula is applicable given the present 170 0470 Strongly Agree
param eters.
4. Evaluation of the Functionality for Ex perim ent Num ber Six 478 0329 Strongly Agree
Note:
5.00—4.205mongl Agree 419—-32404gree 3.39-2.405lightly Agree
21.59— 1.80Disagree 1.79 - 1.00 Strongly Disagree

TABLE VIII

EVALUATION ON THE FUNCTIONALITY OF THE INS TRUMENTATION AND CONTROL TRAINEFR. PROTOTYPE FOR THE SEVENTH EXFERIMENT

Functions Mean

Std. Deviation

Interpretation

1. The trainer prototype can perform circulation of water with both Solenoids A andB

490 0308 Strongly Asyee
opet.
2. The pressure gauge and digital pressure controller both obtain a pressure reading. 475 0.444 Strongly Asree
5.Bemoulli's principle is applicable given the present param eters. 475 0444 Strongly Agyee
4.Evaluation of the Functionality for Ex perim ent Num ber Seven 180 0.349 Strongly Agree
Note:
5.00-4.205trongly Agree 4.19-3.40Agree 3.39-2.605lightly Agree
2.39 - 1.80 Disagres 1.79 - 1.00 Strongly Disagree

TABLE IX
EVALUATION ON THE FUNCTIONALITY OF THE [NSTRUMENTATION AND CONTROL TRAINER PROTOTYEE FOR. THE EIGHTH EXFER
Functions Mean Std. Deviation Interpretation
1. The pressure gauge and digital pressure controller both obtain a pressure reading. 470 0371 Strongly Asgree
2.L7 appearsinthe pressure PID displaywhen switched to Set m ode. 460 0398 Strongly Agree
3.%H” app.ea.rsin the pressure PID display when the Set buttonis pressed after setting 160 0,598 Strongly Asree
the lower lim it. =
4.°F7 it th PID display when the Set buttoni d after settin
applealrsm e pressure splay when the Set buttonis pressed aftersetting |, . 0,598 Strongly Asree
the upperlimit. =T
3. The wat tumns on by ing th *sOn/Off button afterinputting set
. el\ia e pump s on by pressing the pump’s utton afterinputting se 170 0571 Strongly Asree
pointsin the pressure PID. =T
6. The water get din the pi ‘hen Solenoid A is closed while the wat
el\ia er ge s com pressedin the pipes when Solenoid A is closed while the water 75 0550 Strongly Agres
pum pis munming.
7. Solenoid A's red LED indicator “CLOSED™ lights up and Solenoid A's green LED -
= = 480 03523 Str 7
indicator “OPEN" tums off when Solenoid A is closed. ? ongly Agree
8. Th dings in th d PID ch during th
e pre.smre rea lgs in .epresmre zauge and pressure ange during the 160 0754 Stronaly Asres
compression of water in the pipes. =
9. Opening Solenoid A releases the pressured water in the pipes into Tank B. 165 0430 Strongly Asree
10. Evaluation of the Functionality for Ex perim ent Num ber Eight 4.67 0.463 Strongly Agree
Nota:
5.00—-4.205mrongh Agree 419240 4gree 339 2.605lightly Agree
2.59— 1.80Disagree 1.79— 1.00 Strongly Disagree
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TABLE X

EVALUATION ON THE FUNCTIONALITY OF THE INSTRUMENTATION AND CONTROL TRAINER PROTOTYPE FOR THE NINTH EXTERIMENT

Functions Mean Std. Deviation Interpretation
1. The tem perature PID turns on when the trainer’s “ON” buttonis pressed. 4.73 0444 Strongly Asree
2. Thet ture PID detects ch: in t turein Tank B's wat d display:

e tem perature etectschanges in tem peraturein Ta swateranddisplays o 0.410 Stronely Asree
the m easurem ent. =
3. Evaluation of the Functionality for Ex penm ent Num ber Nine 478 0413 Strongly Agree
Note:
3.00—4.205trongly Agree 4.19-3404gree 3.39-2.605ightlhy Agree
2.59— 1.50Disagree 1.79 — 1.00 Strongly Disagree
TABLE XI
EVALUATION ON THE FUNCTIONALITY OF THE INSTRUMENTATION AND CONTROL TRAINER PROTOTYPE FOR THE TENTH EXPERIMENT

Functions Mean 5td. Deviation Interpretation
1. The tem perature PID tums on when the trainer’s “ON” buttonis pressed. 475 0444 Strongly Agree
2. Betting is enabled once the Set button on the tem perature PID is pressed. 470 0470 Strongly Agree

3. The water heater does not operate once the heater’s switch is tumed on when the set

lewvel is lower thanthe m easured tem perature. 70 0470 Strongly Agree
L;: Z]z:il::::;c;ﬁ::;z;o;;z::;eater s switch is turned on when the set level is 130 0410 Strongly Asree
3. The tem perature PID's m ea sured tem perature changes accordingly. 475 0444 Strongly Agree
;E;T::;::E:Sff once the water tem perature in Tank B reachesthe set pointin 100 0308 Strongly Asree
7.Ewvaluation of the Functionality for Ex perim ent Num ber Ten 477 0317 Strongly Agree
Note:
5.00— 420 Strongl Agree 4193 404gree 3.39-2605lightly Agree
2.59— 1.80 Disagree 1.79 — 1.00 Strongly Disagree
TABLE XII
OVERALL EVALUATION ON THE FUNCTIONALITY OF THE INS TRUMENTATION AND CONTROL TRAINER

Mean Std. Deviation Interpretation

472 0294 Strongly Agree

Note:

5.00-4.205trongly Agree 4.19-32404gree 3.39-26058lightly Agree

259 180Disagree 1.79— 1.00Strongly Disagres

IV. CONCLUSION

This study was conducted to develop an instrumentation and control laboratory trainer that can measure and control
various parameters with sensors, transducers, actuators, on-off, and PID controllers integrated in a single system, to aid
engineering students and faculty regarding the course and with the help of a simple interface and operation compared to
training modules fabricated by larger companies.

To achieve the objectives of the study, the proponents have conducted various researches with regards to every main
component of the planned module. The prototype design was planned as shown in the flowcharts and was succeeded by
the gathering of materials and components. After assembly, the prototype was tested for accuracy and functionality.

The instrumentation and control laboratory trainer was designed with a simple interface that can accurately measure the
pressure, flow rate, temperature and water level together with the control of actuators with a successful manual and
automatic switching. It is an integrated single-system laboratory trainer with flow and pressure sensors, temperature,
pressure, and level transducers, actuators, on-off control, and PID controllers.
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