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Summary

This is a detailed report into the workings of Programmable Logic Controllers (or PLC’s)
with respect to inputs and output devices as well as how they interface for human control and
visual representation. The report also looks at 3 out of the 5 different programming methods
generally accepted by IEC and example problems solved by creating programs using these
different methods.
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PLC Analoque and Discrete 1/O

An example of a commonly used device used to measure temperature is a Resistance

Temperature Detector (RTD). Walt Jung describes an RTD as coils of wire or film of

“typically platinum” placed around a ceramic bobbin. (Jung, 2005) RTD’s work on the

principle that different metals or semi-conductive materials have different resistance values at

different temperatures allowing for a highly accurate and linear means of temperature

measurement. However, while being highly accurate RTD’s are slower to respond to

temperature changes than other devices such as thermocouples and thermistors due to having

a relatively large thermal mass in comparison. (Turner, 2009) / /s yoOu onre wing aty olrrect
guoles bley needd to be i yuokabna

RTD’s are commonly built to follow what is known as the ‘DIN” curve which specifies a  yewrfs .

base resistance of 1000hms at 0 degrees with a temperature coefficient of

0.003850hm/Ohm/Degree. How accurately sensors follow this curve depends on which class

they align with generally decided by the quality of materials used to produce the RTD and

standard of production precision. In Test and Measurement: Know it all, Jon S. Wilson et al

define these standard of classes as Class A which is +/-(0.15 + .002|T|°C), Class B which is

+/-(0.3 + .005|T|°C) and Class C which is +/-(1.2 + .005|T|°C). (Jon S. Wilson, 2008)

Pressure is another common measurement in industries where PLC’s might be deployed.
Piezoelectric pressure sensors work using a characteristic of some semiconductive materials
to produce a charge when applied with pressure. This charge is proportional to the pressure
change in both value and polarity allowing for a value of pressure to be obtained from the
charge. These sensors take the form of thin films made up of a material with piezoelectric
qualities such as lead zirconate titanate which Beeby describes as having “desirable
piezoelectric properties”. (Beeby, 2004) The construction of piezoelectric pressure sensor’s
offers an advantage over alternatives due to their relatively small size meaning they can
detect pressures in very small spaces.

Piezoelectric sensors are also highly accurate and respond very quickly to changes in pressure
due to the material emitting a new charge value the reading is almost instant. Despite being
very accurate these sensors are at a disadvantage due to piezoelectric materials being
sensitive to large changes in temperature meaning they are unsuitable for certain applications.
It is also the case that sensors will degrade over long periods of time when compared to a
differential sensor for example which are generally more robust and easier to perform
maintenance on as they are located outside the vessel where pressure needs to be monitored.

(Changhai Ru, 2015) v/ X,q, s‘\ow[gl have d-l;cMreJ 2 t‘ﬂ?e‘:‘ of each.

A stepper motor is an example of an output device that could be controlled viaa PLC. A
stepper motor is described by Hanselman as a “type of brushless synchronous DC motor” that
instead of continually rotating while a DC voltage is applied the current is passed through a
series of coils which can be turned on and off quickly in succession allowing for very
accurately controlled movements. (Hanselman, 2006) v



(Ravi, 2020)

In the diagram above we can see a four-wire stepper motor set up. As each winding has a
current applied to it a magnetic force is generated pulling or pushing the shaft depending on
polarity. Unlike a normal brushed motor where a current is passed through a coil encased in
magnets to generate this force a stepper motors coils are separate and surround a toothed
series of magnets spinning at the centre and as a result each coil only generates enough force
to move it a small distance allowing for greater control through digital pulses generated by a
PLC for example. This control means a position can be fixed for any length of time and this
advantage is used in a wide range of applications from robotics to textile machinery.
However, stepper motors are inefficient when compared with DC motors due to constant
maximum current draw meaning they tend to generate a lot of heat as well as sound due to
the number of teeth on the magnet. (Jain, 2004)

SCADA

SCADA or Supervisory Control and Data Acquisition is very closely related to HMI or
Human Machine Interface in terms that they perform a similar function within a larger
industrial process. SCADA essentially forms a network of sensors that monitor equipment
and feedback to a user interface for a person to monitor or scalp data for reports and analysis.
(David Bailey, 2003) SCADA differentiates from HMI in that it has a focus on data and
system overview rather than optimal ease of use for a human being. An example of SCADA
in action could be for example the monitoring of temperature and environmental cooling in a
large data centre from an office on-site or the monitoring of an automated production line.
According to Bou-Harb et al, SCADA is becoming increasingly absorbed by 10T or Internet
of Things as industrial process control is becoming increasingly remote. An advantage of
keeping SCADA on-site is that it is far more secure as data is held on-site and only accessible
locally, whereas 10T with all cloud networks has a potential to be infiltrated meaning security



can be an issue and many companies are hesitant to deploy the technology until cyber
security improves. (Elias Bou-Harb, 2020) \/ Wowld /ike et det..,/ and]

. ) ol.l?rm :Lsawldl; o SChDA S'ySl&w\
Instructional List

Instructional lists are one of the main programming languages for PLC’s that are defined in
IEC 61131-3. (IEC, 2022) As the lists are not graphical in nature, they can be more
challenging to use when compared with ladder logic or functional blocks. However, an
instructional list is far smaller or condensed in comparison and requires less processing
power for a PLC interface to input and process which is useful if size of PLC is a priority of
use. The following ladder
|og|C examp|e has been Coin switch Valve B, 2 Valve A, 1

. X400 M100 Y431 Y430
converted into an

_ X ] To lift entrance barrier
instructional list below. 1 | T
A1 Y430 is output to solenoid 1
O : ,T Y430
Pivoted
+ barrier |
In barrier up Timer 0
) Valve B X401 T450
- [K10) Timer T459 gives the up time, 10 s
= T y T a \ for the entry barrier
< @ <~ @ Timer 0
T450 M100
1
¥4 ,\/\ — '3 )_ M100 is internal relay
T T In barrier \ X401 is input indicating barrier up
A T oYe down A, 1 vyalveB, 2
M100 X402 Y430 Y431

To lower entrance barrier
O . ] — )— Y431 is output to solenoid 2
Pivoted B8 2 X402 is input indicating barrier down
barrier M
Y431
Valve D =

D.4 To lift exit barrier
1V %0 m101 va3s 'vasz | Y432is outpu to solencid 3
@ e @ X403 is the input when car at
| >— the exit barrier
C.3
Valve C l @ g) ,\/\ Y432
=
Exit barrier up Timer 1
X404 T451 X ‘
[ Up time for exit barrier, 10 s
1 \ >— M101 is internal relay
: X404 indicates exit barrier is up
Timer 1
T451 M101
Exit barrier \

down C.3 D, 4 i :
M101 X405 Y432 Y433 TO/Gioas MoK Damsy

Y433 is the output to solenoid 4
}_‘ X405 indicates exit barrier is down

D, 4
Y433
[ EnD |}
{ END f



Ladder Logic Converted to Instructional List

LD X400
OR Y430
ANI M100
ANI Y431
OUT Y430
LD X401
OUT T450
K 100

LD T450
OuT M100
LD M100
OR Y431
ANI X402
ANI Y430
OUT Y431
LD X403
OR Y432
ANI M101
ANI Y433
OUT Y432
LD X404
OUT T451
K100

LD T451
OuT M101
LD M101
OR Y433
ANI X405
ANI Y432

Next bime raclude Ime spaces
':L'_v:ull medie i eosrer fo sep [he
Aibfere 51:0121:»—\\' of e

/

Ve

/

/

/

OUT Y433 /



Temperature Alarm Panel

A PLC program was created to meet the following specification using functional blocks on
Mitsubishi Alpha software:

Table 1 — Alarm Outputs

Temperature | Blue light Green Yellow Red Light | Sounder
Settings (°C) Light Light
0to 25 On
26 to 50 On
51to 70 On
71 to 100 On On On On On

When the temperature is in the highest range all light will be on, the red light will
be flashing, and a sounder will be activated.

The system will include the following controls:

e A momentary ‘alarm accept’ button that should cancel the audible alarm and
set the visual alarm from flashing to a steady state condition.

A momentary ‘alarm test’ button that allows the user to check the lamps and audible alarm
are functioning correctly.



The below screen shots show the PLC developed using functional blocks to meet the criteria
outlined in the brief. Here the temperature input from the temperature sensor is between 0 and
25 degrees where we see the blue light activated.

Next the temperature has risen to the next range outline din the brief of 26 to 50 degrees and
we see the green light has been activated while blue light has been extinguished.

An excellat Aea'g,\ .



Below the next range of 51 to 70 degrees is input and the yellow light has been illuminated.




Below screen shot show what happens when the final range of 71-100 degrees is reached
everything is activated while the red light will turn on and off for 1 second intervals creating
a flashing effect for the red light only.

il
@ | ol

Below the functionality of the maintenance button is shown below as the lights are shown on
while the buzzer is turned off.



Below the functionality of the test button is showna s when the button has been pressed
everything should be turned on confirming the working of all output devices.

101 :Siz&nalosVal <=
70]

Progrou. is Fudly Furckiy .
Well dene.

Below the HMI or Human Machine interface has been implemented using the Mitsubishi
alpha software so a user can visually see what is going on without actually having to

physically look at the lights or hear the buzzer. They can also remotely set off the test and
maintenance buttons offsite making testing and diagnostics easier on a large or hazardous
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site. The software on the Mitsubishi alpha software is somewhat lacking in the HMI
department and a much better example could be shown using other software but for the
purposes of this report it is adequate.

YELLOW[ | RED BUZZER

&[S &] o & ]S

YELLOW BUZZER

RED
[ [ @J1o%

Mitsubishi FX PLC Lift Ladder Logic Program

A PLC program was created to meet the following specification using ladder logic on
Mitsubishi GX Works software:

Lift Motor Control: The control system is required to move the lift carriage to the
required level on pressing a releasing the appropriate level ‘call’ button.

1.  Prior to operating any switches the lift motor should be stationary with the lift
carriage at a fixed level position. The level light should be on to indicate to the
operator the current carriage position.

2. On pressing and releasing the ‘call’ button for a level the motor should engage
and move the carriage to that level. During this operation the previous level
light should turn off and the new level light will turn on.

3.  The door for the lift will be manually opened and closed. When closed the
door will be locked in position and cannot be open until the lift is at the
required level. There will be a 5 second delay once the lift is in a stationary
position before the door lock will disengage and a light will turn on to indicate
the door can be opened.

11



4.  The lift cannot move position if the door is open.

Note: A safety feature should be installed in your program to ensure that once the
carriage is in motion it cannot be ‘called’ to any other level until it has completed its
transit between levels.

PLC and Simulator Termination

PLC Input PLC Output
01 | Level 1 call button 01 | Motors up
02 | Level 1 sensor 02 | Motor down
03 | Level 2 call button 03 | Level 1 indicator light
04 | Level 2 sensor 04 | Level 2 indicator light
05 | Level 3 call button 05 | Level 3 indicator light
06 | Level 3 sensor 06 | Solenoid latch for door
07 | Locked door sensor 07 | Open door indicator light
Lift System
MMotor
Level 3
Limit .
Switch
Level 2
Limit Lift
Switch - Carriage

Level 1 .

.. Lift
Limit call
Switch a

Buttons

and Lamps

Figure 3 — Lift System

The below diagram is the ladder logic program designed to meet the above criteria set out for
the lift system using Mitsubishi GX works 2 software which was confirmed working in
workshop with the lecturer who created the brief.

12
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Here the floor 2 call button has been pressed while the floor 1 sensor and door sensor have
also been activated. This results in a memory coil latch being activated until the floor 2
sensor in a normally closed state is activated.

X003 X002 X007 X004

- G- 1 go g
FLOORZ FLOOR1 DOOR SEMFLOOR 2 FLOOR 1
CALL  SENSOR SOR  |SENSOR TozLaT Devicefabel | aterremary
Device/Label
Mo | %007 ~|
Data Type [Bit |
FLOOR 1
ga 2LaT on | oFF switch onjorF |
Settable Range
X005 X002 X007 X006
- mo
FLOOR3 FLOOR1 DOOR SEMFLOOR 3 FLOOR 1
CALL  SENSOR SOR SENSOR TO 3LAT _ExcarionResuf<< | _ oo |
CH Execution Result
- Device/Label Data Type Setting Value
X007 Bit ON
X002 Bit oM
FLOOR 1 X003 Bit ON
TO 3LAT
cH
X001 X004 X007 X002 Reflect to Tnput Column | Delete(c)
12—t {} B i M2 >
FLOOR1 FLOOR2 DOOR SEMFLOOR 1 FLOOR 2
CALL  SENSOR SOR  |SENSOR TO 1LAT
CH
2
i
FLOOR 2
TO 1LAT
CH
X005 X004 X007 X006

Further down the ladder we can see the activated memory coil activating the up motor.

M1
31— | fvoor i

FLOOR1 UP MOTOR
TO3LAT
CH

Device/Label } Buffer Memory

M3
— Device Label

FLOOR 2 a2 El
TO 3LAT Data Type |Bit v
CH
on ‘ OFF ‘ Switch ONJOFF ‘
Vo Settable Range

FLOOR1 Execution Result<< Close

TO2LAT

Execution Result

CH
Device/Label Data Type Setiing Value
X007 Bit oFF
M2 X002 Bit OFF
| ( X003 Bit oFF
0 f Yooz ) X007 Bit on
X002 Bit on
FLOOR 2 DOWN MOT X0 Bt on
TOTLAT OR Refiect to Input Column Delete(C)
CH 4
M4 /
FLOOR 2
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Below we can also see the solenoid door lock being activated meaning the door cannot be

opened during motion.

Mo T3

"
I.VDDS

“——M
FLOOR 1 |LOCK OFF

TO2LAT | TIMER
CH

M1
4{ }7
FLOOR 1

TO3LAT
CH

M2
_‘ }_
FLOOR 2

TO1LAT
CH

M3
4{ }7
FLOOR 2
TO3LAT
CH

M4
4{ }7

FLOOR 2

SOLENCID
DOOR LO
CK

Device Label | Buffer Memry

Device/Label
[xa04 -]
Data Type [git -
on ‘ OF ‘ Sitch ON/OFF ‘

Settable Range

Execution Result< < Close

Execution Result

Device/Label Data Type Setting Value
X007 Bit OFF
X002 Bit OFF
X003 Bit OFF
X007 Bit o
X002 Bit o
X003 Bit oN

Reflect to Input Column Delete(C)

/

Here we can see the lock off light has been activated after a successful activation of an on-
delay arrangement using a 5 second timer to ensure the door cannot be opened before ethe lift

is properly in place.

i
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Q0R LIGH
TLATCH

)

81— } Y005
THIRD FL THIRD FL
00R LIGH O0R LIGH
TLATCH T

Yoo T
sl o
UP MOTORLOCK OFF LOCK OFF
TIMER LIGHT L
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LOCK OFF
LIGHT L
ATCH
no

33—} fivo07

LOCK OFF LOCKOFF
LIGHT L LGHT
ATCH

3

Device/Label | Buffer Memory

Device/Label
[x004 |
Data Type [5it -
on | o | swihonjore |

Settzble Range

Execution Result<< Close

Execution Result

Device/Label DataType Setting Value
X007 Bit oFF
X002 Eit OFF
X003 Bit oFF
X007 Bit oN
X002 it ON
X003 Bit ON

Refiect to Input Colunm Delete(C)
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X004 Y001 Y002 T3
sl wo
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Execution Result
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X002 Bit OFF v
< >

Reflect to Input Column Delete(C)

Below the successful activation of the second-floor indicator light basic latch has been

activated after the second floor sensor has been activated.

B
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FIRST FL
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e
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B grooe
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TLATCH

3
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Settable Range
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Execution Result

Device L abel Data Type Setting Valu A
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Reflect to Input Column Delete(c)
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Below the successful activation of the floor 1 call from floor 2 latch can be seen.
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I
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Subsequently, the down motor and solenoid door lock latches can be seen to be activated.
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Below, as shown in the up-motor example, the lock off light latch is own to be activated after
setting off an on delay latch with a 5 second timer coil and then returning back to normal.
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