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1. Research

Logic programmes are used with programmable logic controllers known as PLC’s. In this software,
the programmes manage inputs and outputs to operate in a way that the programmer chooses.
Inputs can be either normally open or normally closed. The programming of contacts as normally
open or normally closed depends on how they are required to operate in the logic program. (Csanyi,
2012). What this means is that an input can be normally open until a signal has been received which
will close the contact or a normally closed contact will open when a signal is received.

There are three main types of Siemens plc hardware that are as follows: Unitary, Modular and Rack
mounted. These three pieces of hardware have different features and costs which suit different
applications.

A unitary model of plc is a standard piece that cannot be expanded, the hardware is limited to its
defined number of inputs and outputs which may be a hindrance in certain applications. However,
due to the simplicity of this model, the cost is kept low which may be ideal for applications with a
low amount of I/0.

A modular model of plc has more 1/0 than a unitary model and can be expanded with extra modules
alongside along the din rail. A modular piece is more costly than a unitary model but the ability to
expand the I/0 is good for expansive applications where additional I/O may be required in the
future. The main module itself however may or may not contain any I/O, if the latter is the case then
extra modules will be required for use.

A Rack mounted model of plc is the most expansive of the models. It is mounted on a rack and
additional modules can be added to the rack itself. The amount of I/O means that very large
amounts of I/0 can be used.

Programming languages come in a variety of flavours. Three of these are known as LAD (ladder), FBD
(Function block diagram), STL (Statement list), SCL (Structured control language) and GRAPH.

LAD is a basic use of I/0 which is easily understandable which is beneficial for technicians to
understand how the program operates. Example shown in Figure 1.
*  Network 1: LD eample
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Figure 1, LAD Example

FBD looks similar to LAD but each function block is assigned a behaviour which allows complex
routines to look tidier. Example shown in Figure 2.
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Figure 2, FBD Example

SCL is a scripted language which is typed out, each I/O is used in the language to create the routines
manually. Example shown in Figure 3.

C*.A AND

Figure 3, SCL Example

STLis similar to SCL although it is displayed differently because it is run sequentially which is easier
to diagnose when something isn’t working correctly. Example shown in Figure 4.

*  Newwork 13 sTLesample

1 B $I10.0
o AI10.1
A 1102
B s “output 1 L1 P
CALL TCH, "IEC Timer 0 OB (* AIBE

€ Time
IN teinpar 0" Milo.0
FT = tilin
@ i="oupun 67 1.6

ET :=

Figure 4, STL Example

GRAPH is a mixture between SCL and FBD, it is sequential but with boxes that have assigned
behaviours. Example shown in Figure 5.

1: SRAPH emmple sequence

Figure 5, GRAPH Example




2. Hardware Description

The Industrial control trainer used can be seen in Figure 6.

Stant Stop
pakbunoz paskbutien

Figure 6, Industrial Control Trainer

The Conveyor system shown has 5 outputs and 8 inputs. 2 of the outputs are conveyor belts to
transport objects around the machine. 2 of the outputs are solenoids used to push objects. 1 of the
outputs is a rotary solenoid used to allow an object to pass it. The inputs are made up of area
sensors and metal sensors. They are used to determine which of the objects is present.

When the machine is turned on, 2 outputs which are responsible for the conveyor belts are switched
on to begin moving the objects up the first belt. Once at the top, the objects are determined to be
either plastic or metallic using the two sensors. One of the sensors looks for metal while the other
looks to see if there is an object there. If there is an object there and it is metallic, the solenoid won't
activate, allowing the metal peg to pass. If the metal sensor doesn’t detect anything but the sort
area sensor does, the solenoid is activated which pushes the plastic peg down the assembly chute
shown.

The rotary solenoid will allow one plastic peg to be dispensed to the assembly area and will only
allow another one through when the assembly area is empty. When a metal peg passes the top
section it slides down onto the bottom conveyor and passes the assembly area to pick up a plastic
ring. The inductive sensor detects when a metal peg has passed the assembly area. The capacitive
sensor and capacitive area sensor determine whether the product has been assembled correctly. If
the product hasn’t been assembled correctly the reject solenoid will activate which will push the




rejected product into a bin. If the product has been assembled properly it will be allowed to pass and
the process will continue.




3. Input/Output List

The inputs and outputs used are shown below.

Inputs Outputs

Input 0.0 Assembly Area Sensor Output 0.0 Sort Solenoid
Input 0.1 Sort Area Sensor Output 0.1 Rotary Solenoid
Input 0.2 Reject Area Sensor Output 0.2 Reject Solenoid
Input 0.3 Capacitive Area Sensor Output 0.3 Chain Conveyor
Input 0.4 Metal Peg Detect Output 0.4 Belt Conveyor
Input 0.5 Infra-red Through-beam Sensor

Input 0.6 Capacitive sensor

These inputs and outputs represent the numbers in Figure 6, for example, Y0 is output 0.0 and X0 is
input 0.0. These inputs and outputs are used in the program in different ways to manage the
product correctly.




4. System Testing and Evaluation




Number = Description Expected Result Actual Result Successful?

#1 Use the on and The belt conveyors Both starting and Indeed.
off switches for should start when stopping occurred
the belt start is pressed and when prompted.
conveyors. remain on until the

stop button is pressed.

H2 Move plasticring | The solencid should The ring was pushed | Indeed.
into assembly push the plastic peg into the assembly
chute. into the assembly chute.

chute.

#3 Sort a metal peg The metal peg should The metal peg Indeed.
to the lower pass the solenoid passed the solenoid
conveyor. without being pushed, | and slid down to the

allowing it to slide lower conveyor belt.
down onto the lower
conveyor.

#4 To place 7 plastic | The assembly chute 4 plastic pegs were Mo, Changes will be
rings onto the should hold 5 plastic pushed into the made to the
conveyor and see | rings at atime and the | assembly chute but 3 = assembly chute
how many the solenoid shouldn’t plastic pegs were counter.
machine allows to | push more pegs into allowed to pass the
be pushed into there if it’s full. solenoid unhindered.
the assembly Changes to the
chute. programme needed.

#5 To dispense a If there is at least 1 A plastic ring was Indeed.
single plastic ring | plastic ring in the allowed to pass
from the assembly chute and no | down into the
assembly chute to | ring in the assembly assembly area from
the assembly area, the rotary the chute. The ring
area. solenoid should let was removed and

one drop into there. the solenoid didn’t

When aring is open as there wasn't

removed from the aring in the chute. A

assembly area, ring was pushed into

another plastic ring the chute from the

should take its place. conveyor and then
the rotary solenoid
allowed it to pass
into the assembly
area.

#o To place a metal Knowing that the The metal peg Indeed.

peg and plastic
ring on the
conveyor to test if
the product will
assemble
correctly.

plastic ring is
dispensed into the
assembly area
correctly, now the
metal peg must take
the ring from the
assembly area.

passed and picked
up the plastic ring.




#7

#H8

#9

#10

#11

Is the PLC
recognising an
assembled
product?

Is there only a
ring on the
conveyor?

Is there only a peg
on the conveyor?

Is there an
inverted product
on the conveyor?

Does the
maintenance
function on HMI
work?

A correctly assembled
product should be
allowed to pass by
unhindered and the
counter on the HMI
should increase by 1
for the counter of
assembled products.

If there is only a ring
on the conveyor it
should be rejected and
the counter for
rejected ring only
should be increased by
1.

If there is only a peg
on the conveyor it
should be rejected and
the counter for
rejected peg only
should be increased by
L.

If there is an inverted
product on the
conveyor it should be
rejected and the
counter for rejected
inverted products
should be increased by
1.

The solenoid outputs
should be useable by
pressing buttons on
the maintenance
screen of the HMI.

10

The correctly
assembled product
made it to the end of
the conveyor belt
and the value of
assembled products
on the HMI was
updated.

The plastic ring was
rejected by the
solenoid and the
counter on the HMI
was updated.

The metal peg was
rejected by the
solenoid, but the
HMI counter didnt
increase by 1.

The inverted product
was rejected by the
solenoid and the
counter on the HMI
was updated.

The solenoids were
able to be used from
the HMI.

Indeed.

Indeed.

No. The problem was
fixed by changing a
normally closed
contact to a normally
open contact.

Indeed.

Indeed.




5. Programme Explanation
The rung shown in Figure 7 is responsible for switching the program into test mode. This was added

at the start of the program but wasn’t used until further on. The purpose is to be able to activate the

test mode which will allow the operation of outputs through the HMI.

¥  Network 1: TestMode

w The manual test switch must be activated in order to enter test mode, and manually test the
operation of outputs.

Y101
"Manual Test ¥M10.0
Switch” "Test Mode®
| L
1 I { F—

Figure 7, Rung 1

The rung shown in Figure 8 is used to enable the chain conveyor and belt conveyor which are
essential to the movement of the plastic rings, metal pegs and assembled products on the line.
¥  Network 2: Conveyor Power

Once power is switched on, both conveyars will start running

%0Q0 3
“Chain Conveyor®

{ —

%0 4
“Belt Conveyor”

{ 1
LI

Figure 8, Rung 2

The rung shown in Figure 9 is responsible for separating the plastic rings and metal pegs. A latch and

timer is used to keep the solenoid activated for enough time so that it will work.

11




*  Network 3:

w When a plastic peg is detected the solenoid will energise for 0.55 and then reset.

Peg Sorting

Ametal peg will pacs unhindered
The sort solencid will refrain from firing if the assembly chute counter is at 5 (network 4)

“"Sort Solenoid®
| |

MO0
*Sort Solenoid
Test”
| |

M10.0
*Test Mode®
1 L

Figure 9, Rung 3

W01 “Assembly W0 .4
“Sort Area Chute Counter™. “Metal Peg "Sort solenoid Q0.0
Sensor® Qu Detector” timer".Q “sort Solenoid”
{1 1 i/ i/ { —
%00 0

WDB1

"Sort solenoid

timer”

TON

Time
Q —t
ET— -

The rung shown in Figure 10 counts how many plastic rings are in the chute and is used later to allow

or disallow the rotary solenoid from actuating.

¥  Network 4: Queue Counter

w Assembly chute counter responsible for deactivating the sort solenoid when the value of parts in the
chute is 5. values less than 5 will not disable the sort solencid couner.

%00
"Sort Solenoid™
11

“WDB2
“Assembly
Chute Counter”

CTuD
Int

%01
"Rotary Solenoid®
] 1

cu Qu

QD —i...

t
al

ol
o

Figure 10, Rung 4
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The rung shown in Figure 11 sets the behaviour of the rotary solenoid and when it is allowed to

activate.




v Network 5:

Retary Sclencid Action

w Once the ring has entered the chute, 2 seconds mustelapse before the rotary sclencid can act.
When there is at least one ring in the chute the rotary solencid can be energised and the ring can be

dispensed.
B4
“Assembly
Chute Dispense
- Dela
N T ”
e C':FU" 8T~ *Assembly Area TON
o= | Sensor” Time
= 1
[t | i/ IN Q
1 Ta#2s FT ET
“Assembly
Chute Dispense  “Rotary Scolenoid %Q0.1
Delay".Q Action Timer*.Q *Rotary Solencid”
] | ]
11 l/‘l : :
Qo1 %DB5
"Rotary Solenoid” *Rotary Solenoid
| | Action Timer®
TON
Time
T#0.55s — PT ET

Figure 11, Rung 5

The rung shown in Figure 12 sets bits which can hold the set information to be used later in the

program.

¥  Network 6: Assembled procuct conditions

w When the necessaryprerequisites are met for an assemble product, we set bits m30.0 and m30.1 so
that theyare latched untill the product is either rejected or accepted.

Figure 12, Rung 6

13

907 %av30.0
“Inducrive “Metal Peg On
sensor” Belt Conveyor®
| | {s)
9301
4o 6 4o_3 e300 “Assembled
"Capacitive "Capacitive "Metal Peg On Product On
Sensor” Area Sensor” Belt Conveyor® Belt*
1 11 1 1 {5}
1T 110 1T L




The rung shown in Figure 13 sets the behaviour for the rejection solenoid which includes the latching
on of it for enough time for it to be effective.

¥  Network 7: Rejectsclencid conditions

w The reject solenoid activates for 0.55 when the reject area sensor detects an itern, but the item is nat a correctly
sssembled product

Figure 13, Rung 7

%M30.1
Wo.2 "Assembled

"Reject Area Product On "Reject solenoid %00 2

Sencor” Belt” Timer".Q "Reject Solenoid®
i | /1 i/t { )
%002 %DB6

"Reject Solenoid” *Reject Solenoid
| | Timer®
TON
Time

IN Q—
0.5s PT ET

The rung shown in Figure 14 resets memory bits when something has reached the end of the belt
whether it has been accepted or rejected.

¥  Network 8: Resetting memory coils

When the negative edge of the reject area sensor occurs the memaory bit coils are reset

Figure 14, Rung 8

W02 %M30.0
"Reject Area "Metal Peg On
sensor” Belt Conveyer”
N} {R }—
%M30.2
"Reject Area
Sensor %M30 .1
Negative Edge” "Assembled
Product On
Belt’
-3
lR I

The rung shown in Figure 15 counts how many assembled products have been produced which can

be seen on the HMI.

14




¥  Network 9: Assembled product count

Vhenever an assembled product is detected on the belt the count increases

“WDB7
= “Assembled
. 301 Product Count”
Azzembled
Product On cu
Belt® Int

1 | Q
v

Figure 15, Rung 9

The rung shown in Figure 16 is responsible for counting which type of rejection has occurred and
displaying the data on the HMI.

15




¥  Network 10:

Faulty Assemblies count

w These are the conditions necessary to activate the count for the 3 different types of

incorrectly assembled product

%088
=  Faul?
%M300 201 *MA0.0 %10.2 g iy Fas
"Ml Peg Cn “Betiom =g “Ugper ring "Ryetirs au
Bdtlanweya” =T aclve presenT Sensr” in1
1/ 1 4 | | @ q—
%M50.0
"Rk Faull
CaunT
'l a
11 =
5 —R
%&D8%
%M3IL0 %M40.0 %10.2 Whetl Peg Only
Melsl FagOn “Upp=ring “Amactire au
Bl t o™ preenl fenzy” int
{ } /1 |} @ a—
BM50.0
"Rt Fault
CaunT
i a
LI |
5
%D610
- Braduct
%MIN0 =ML0.0 HM0.1 0.2 Py
"Ml Peg On "Upper ring "B =g Afetine au
Bel t Conveya™ preenT e e Senza” Int
14 11 | | | ——a q—
.
®M500
“Res Faull
Caunt
11 R
1 =
-—m
%DB3
T ksl A et
Proguch”
%l0.2
‘Rixtirm au
Sz int
—— ——a Q—
BM50.0
“Reet Fault
CaunT
—— ——=
10 _py

Figure 16, Rung 10
The rung shown in Figure 17 sets a bit which is related to counting for a plastic ring and resets it

when something is rejected.
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hd Upper ring present retain

Network 11:

w Ifan upperring is detected by the capacative sensor it sets the bit,

and is reset when the reject solenoid operates.

Figure 17, Rung 11

%106 % MA00
"Capastive "Upp=rring
E preenT
1| {
11 Sh—
HMA00
%00.2 “Ugpe ring
“React SHangd prezent’
| | {R
11 {" F—

The rung shown in Figure 18 does the same as rung 11 but for the metal pegs.

hd Bottom Capacitive sensor active

Network 12:

w The capacative area sensor sets the bit, and is reset when the reject

solenoid fires.

Figure 18, Rung 12

%10.3 %LMa01
"Cpadfe "B cp
Arm Sz’ ey el
X (5 —
w02 % MA01
"R =tAr= “Bion =g
Senza”™ senzx ool
]| ¥ "
L} {R

The tag address list for the program is shown in Figure 19. This list includes all the inputs, outputs

and memory bits that are used.

17




PLC tags

Name Tag table Data type Address
1 -&II| Assembly Area Sensor _| Default tag table E Bool é %I10.0
2 < Sort Area Sensor Defaulttag table Bool %10.1
3 < Reject Area Sensor Default tag table Bool %10.2
4 < Capacitive Area Sensor Default tag table Bool %I0.3
5 <0 Metal Peg Detector Default tag table Bool %I10.4
6 < IR Through-beam Sensor Defaulttag table Bool %10.5
T < Capacitive Sensor Default tag table EBool %10.6
8 1 Inductive Sensor Default tag table Boaol %I0.7
< <0 Sort Solenoid Default tag table Bool %Q0.0
10 4@ Rotary Solenoid Default tag table Bool %Q0.1
11 <@ Reject Solenoid Default tag table EBool %Q0.2
12 |41 Chain Conveyor Default tag table Bool %Q0.3
13 |4a Belt Conveyor Defaulttag table Bool %Q0.4
14 4@ Sort Solenoid Test Default tag table Bool %M0.0
15 4@  TestMode Default tag table EBool %NM10.0
16 <0 Manual Test Switch Default tag table Bool 2%N10.1
17 | Rotary Solenoid Test Defaulttag table Bool 26MO.1
18 <@ Reject Solenoid Test Default tag table Bool Goh0.2
19 <0 PegiRing collisicn Prevention Default tag table EBool %M20.0
20 41 Metal Peg On Belt Conveyor Default tag table Bool %M30.0
21 @ Assembled Product On Belt Default tag table Bool %M30.1
22 <@ Reject Area Sensor Negative Edg Default tag table Bool %M30.2
23 4 Negative edge Assembled prod. Defaulttag table Bool %303
24 <@ Upperring present Defaulttag table Bool %0M40.0
25 4l Bottom cap sensor active Default tag table Bool %401
26 <@ Reset Fault Count Defaulttag table Bool %MS50.0

Figure 19, Tag address list

The HMI screens that allow users to check progress and interact with the program can be seenin
Figure 20 and Figure 21. The maintenance screen has functions which are as follows. The first rung in
the program is switched on using the test mode button, this allows the user to test the three
solenoids to see if they work, this is useful for testing when the line isn’t running. The two circles
labelled chain conveyor and belt conveyor light up when they are active to show the user that they
are in operation. The reset count button will reset all counting values on the operator screen.

The operator screen has functions which are as follows. The chain and belt conveyor lights appear in
the operator screen as well because the operator may need to know if they are active or not. A
counter for the assembly chute shows the operator how many plastic rings are in the chute which
can be used by an operator to keep an eye on the levels of product available. The total assembled
products will show how many products have been successfully assembled. In the red box, there are
counters for each type of rejected product and an overall counter for how many times it has
occurred.

18




SIEMENS SIMATIC HMI

Test Test

Reset Count

Operator Screen

E1 = B = ED B B

Figure 20, HMI Maintenance screen
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6. Conclusions and Recommendations
Since being provided the brief, the project has progressed very well as part of a team and as an
individual. The inputs and outputs have been worked together well to create a well working program
which will operate as was requested. However, this machine and its program can be improved to
increase performance and accuracy.

To increase accuracy, the program could be changed to allow multiple products to be on the lower
belt at any time. Currently the program will set a bit when a metal peg has passed a certain point
and then will reset the bit when the peg has either been rejected on its own or accepted as a
complete product along with a plastic ring. This means that if two or more metal pegs are present on
the belt then the memory bit will be reset before the second peg makes it to the end. This error
won't reject the peg if it's a complete product but it will in fact limit the functionality of the counters
that keep track of rejected products and assembled products.

To improve performance after the accuracy has been increased, the timer can be adjusted on the
rotary solenoid to exactly the right amount of time that would be needed to dispense a plastic ring
on arrival of a metal peg. This can be done by timing how long it takes a metal peg to pass the
sensors at the top and slide down onto the lower conveyor. Having a tighter tolerance of time here
may reduce the amount of metal pegs that pass the assembly point without picking up a plastic ring.

21




7. Collaboration
As part of the team, | had taken turns with my teammates to design parts of the program and
aspects of the HMI. As the project progressed, ideas were provided by myself for the program and
HMI, some of them were implemented permanently and others were later decided to not be
necessary. As probably one of the most essential parts of the programming is knowing the inputs
and outputs, | was responsible for the naming and insertion of the inputs and outputs into the
program. The HMI had been changed quite a lot by each of us as time went on which allowed us all
to have a go at suggesting changes to the design.
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GRADING FORM: CSG-RUBIC

CALLUM THORNHILL
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RESEARCH-INFORMED LITERATURE

(

y‘ Section 1: Your research - Evidence of background

research for PLC types and programming
languages. Further marks were available for a more
detailed explanation that included manufacturer's
part numbers, performance data, costs and
applications together with a more accurate
explanation of languages and their applications.
(7/15) Section 8: Your use of Harvard for citing and
listing - One source cited and listed. Further marks
would have been awarded had you consulted a
greater range of sources and cited them in the text.
(1/5)

KNOWLEDGE AND UNDERSTANDING

[

y‘ Section 2: Hardware Description and 1/O list -A brief

I/O list given and a description of the operation of
the machine. However, marks were available for an
explanation of the devices in the system and actual
I/O addresses used in the Siemens PLC together
with photos and a description of the actual PLC and
HMI used. (3/10) Section 3: Program Explanation —
Good explanations given for program networks and
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a good tag list which includes the I/O addresses
together with an explanation of the HMI screens
created. (8/10)

ANALYSIS

(

y"’ Section 4: System Testing and Evaluation - A 1 4
detailed table of result show thorough testing.
Further marks were available for photographic
evidence linked to the tests together with an overall
evaluation. (6/10) Section 5: Conclusions and
Recommendations - Some good comments made.
(8/10)

PRACTICAL APPLICATION AND DEP.

(

y‘ Section 3: Program Design and Network Comments 22
- Excellent program design, with good additional
networks for maintenance and fault finding, and
suitable in-program comments. (10/10) Section 3:
HMI Screen Designs — Good screen design. Further
marks were available for additional diagnostic
features. (7/10) Section 4: Presentation of Test
Results - Well presented in table form. Further
marks were available for photographic evidence
linked to each test. (5/10)

SKILLS FOR PROFESSIONAL PRAC.

[

y‘ All sections -A good structure with clear images 5
listed at the front. Further marks were available for
a more accurate structure according to the brief.
(3/5) Section 6: Team working - Briefly explained.
(2/5)
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