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iii)

Describe the measuring principles, operation, types and practical applications of following
sensors with suitable sketches.
Strain gauge

Capacitive sensor

S I
(d) Linear Variable Differential Transformer (LVDT)
(e) Digital optical encoder
(5 Marks)
aration and utilization system

(3 Marks)

3 3

Explain with suitable pneumatic circuits -based and time-based control

O use

to control operation of a double acting cylinder by detecting its end position.

(2 Marks)
system designed for automatic drilling of a work piece is shown in Figure Q2(ii1). A double
ylinder is connected to the drill to move it up and down, and single acting cylinder is
clamp the work piece until the drilling operation is finished. Four limit switches are
positioned to detect the cylinders’ positions as shown. Work pieces are manually placed on
the vice for drilling and when the start pushbutton (PB) is pressed.

(a)
(b)

(©)

Design the complete pneumatic circuit for the above task and explain its operation.
Draw displacement — step diagram for both cylinders.

Design electro-pneumatic circuit for the automatic operation that includes the PB,
contacts for forward and reverse operation of the motor for drilling and return.
(5 Marks)
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A lifting device shown in Figure
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» Continues cycle operating mode: With the input from the pushbutton {Continues cycle

ON) in the control pansﬁj device will run in a continues cycle operation until stopped by

3A ?@Spﬁcuvei y. B5 and B6 are limit switches that are positi

packages on the lifting position and the stopper position res; ectively,

Table Q(i): gﬁfhﬁ“ﬁ&/ e of operation

S
Cylinder Cylinder Cylinder End of step, step
Step 1A 2A 3A o Ot §tep, § Comiments
movement | movement ' enabling wﬁdiL;on
I MNons Mone BS triggered
indicating a
package is present
2 Advancs Mone Advance 1B2 triggered Lift package
3 None Advance None 2B triggered Push out package
4 Retract Retract None 1B1, 28] triggered | Retract drives to
initial positions

Control panel inputs executes the following operations;
¢ Main Switch: A toggle switch that has two positions to connect and disconnect the main
power supply (single phase, 230VAC) to the drive system and the controller.
e Emergency Stop: When this is actuated, not only the eiecimcai power supply, also the
pneumatic power supply must be shut down.
° Automatic: A pushbutton that will enable the automatic operation and this should be
enabled to have single cycle and continues cycle operations.
» Manual: A pushbutton that enable the manual mode
® Reset: A pushbutton that returns the system to the initial position, i.e. the piston rods of
cylinders 1A and 2A retract, the piston rod of cylinder 3A extends.
In addition, all the system consists of main power supply indicator lamp, and indicators for
each pushbutton operation to indicate specified operations. Single cycle and continues cycle
are needed to be started with 1 second delay after certain input enable and number of
continues operations to be counted it clears by the reset pushbutton.

(a)  Design the PLC wiring diagram showing all inputs and outputs.

Q3 continued to next page
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{a) Design an automated system to process the above epefamﬂs fully automatically, You
may use suit abi sketches to describe v 1

our de sgn ihat mclude proper loading,

.
L

(b} ystem you designed above.
(©) 1 design PLC ladder logic progr

(6 Marks)

(i1) It is planned to implement a measurement system fo gvama{e the ssrﬁﬁ.g of fruits. Describe

the meaning and how to practice it relate . You may

ohserve the

Compare
b) Precision
J
(¢) Uncertainty
() Repeatabilits
(e) Reproducibility
(4 Marks)

(5. Assume you are an engineer who has been assigned the task of designing and instrumenting a

packaging and labeling system for raw eggs (packet size with 6 and 10 eggs). In the project reports,
you have to describe the steps of establishing the design/performance specifications for the system,
selecting and sizing sensors, actuators, drive systems, controllers, signal conditioning and interface
hardware, and software for the fully or semi-automation of such systems. Keeping this in mind,
answer following. for both the systems above separately:

i) Describe the system indicating the purpose of the system for high quality packaging and
labeling, how the system operates, what are the important inputs, response or output variables
to be measured to have open loop or close-loop control appropriate for the system operation.
You may use suitable sketches.

(2 Marks)

Q5 continued to next page
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List five specifications required to select suitable controller modal/ brand.

(Give any constraints relatec

comiott handline "w*.ﬁ«4 (RN TN £S5 e
weight, handling of the system and its operation

environment.

Describe how the users or the operators interact with the system, and the user interface
requirements.

According to BCC Research analyst Lisa Marshall in a press release on the technological
revolution in material handling, advanced technologies such as robotics, autonomous QG§€?®§
driverless vehicles, and wearable computing will be key drivers of Automated Materia,
i5

Handling (AMH) growth over the next 15-20 years.

{(a)  Briefly explain four factors to be considered when plan AHM in general.
(b)y Compare and contrast Automated Guided Vehicle (AGV) over Autonomous Mobile

Robots (AMR) related industrial material handling.

A Supervisory Control and Data Acquisition {SCADA) is a collection of software and

| ard ware systemns that allows sy

X

SRR 1 R S 3 Faid it +0 el 3 oo
me. { ou may refer your experience and observations of the field visit to Ceylon Cold Stores

to supp@ﬁ: YOUr answers.
(a) Sketch, indicate and briefly describe main components of a SCADA system.

(b) There is a confusion between SCADA system and Human Machine Interface (HMI)
because of their similarity. Explain the difference between SCADA and HMI.

(3 Marks)

Speed Drives are used in any applications in which there is mechanical equipment powered

by motors. The drives provide extremely precise electrical motor control so that motor speeds

can be ramped up and down, and maintained, at speeds required. By doing so utilizes only

the energy required, rather than having a motor run at constant (fixed) speed and utilizing an
excess of energy.

(a) Explain the function of a Variable Frequency Drive (VFD) by giving an example on
simple control of water pump.

(b)y What is a soft starter related to driving of AC motors?
Q6 continued to next page
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Figure Q3(ii)-2: Control panel of the lifting device
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