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1. Introduction and Background research.

Do not use first person
terms

I work for a company Called TATA Steel, which is a Large steel making company. The site in which |

am based, Port Talbot, Wales, Is a Integrated steel production plant capable of producing nearly 5

million tonnes of slab steel each year and employs over 4000 employees This makes it the largest

steel production plant inthe UK.

(TATAsteel.com, 2020)

Im employed at Sinter plant, which is part of the iron and burdening department. The sinter Plant
mixes iron ore and other fine materials at a very high temperature to produce Sinter, the sinter is a
small chunk of iron mixed with other minerals such as coke and limestone which can be used in the
blast furnace to convert iron into steel.

1.1 Engineering Problem.

As part of the handling of materials, conveyors are used, run by AC motors. To make sure the correct The report
amount of material is coming off a belt, its essential that the belts speed can be controlled. Adding  should only
speed control will allow the conveyor to run at different speeds. This will allow plant to continue contain third
running at a slower speed. For example, if one of the limestone weight feeders is down on person terms
breakdown, the plant could run at 50% off the other weight feeder. After speaking with my engineer

and leading hand, it wasn’t possible to do this project in the workplace. This was due to financial

reasons and plant availability. So this project will be built in Coleg sir gar.

1.2 Background Research.

Types of motor speed control.

Variable speed Inverter (VSD’S)- In AC induction motors an alternating current passed through a
series of coils in the windings to create a rotating electromagnetic field which is used to drive the
rotor. Thus, making the motor turn. The speed of the motor depends on the frequency and voltage
of the supply. As most electrical supplies are a constant frequency, usually 50Hz, and voltage the
speed of the motor will also be constant. A VSD can be connected in series with AC motor and
intercept the incoming electrical supply. The VSD internal circuitry will modify the voltage and
frequency based on the load requirements. In this way the motor speed and torque can be adjusted
to suit the load it is servicing with high precision

(therma.com, 2020)




Schneider

Electric

¥ sesssrsssssssEE

R R Tl

Figure 1, Example of VSD's
(Schneider, 2020)

An example of different VSD is shown in Figure 1, Example of VSD's

Servo motors — “A servo motor is an electrical device which can push or rotate an object with great
precision. If you want to rotate and object at some specific angles or distance, then you use servo
motor. It is just made up of simple motor which run through servo mechanism. If motor is used is DC
powered then it is called DC servo motor, and if it is AC powered motor then it is called AC servo
motor. We can get a very high torque servo motor in a small and light weight packages. Doe to these
features they are being used in many applications like toy car, RC helicopters and planes, Robotics,
Machine etc.”

Good

research

carried

out here.

An

example

scenario

could

have

been

discussed

to aid

your

research.

(CircuitDigest, 2020)




A servo motor is made up of a motor, a potentiometer, gear assembly and a control circuit. The gear
assemble is to reduce the RPM.

The servo motor contains a encoder which converts the mechanical motion into digital pulses which
are interpreted by a motion controller, the encoder paired with a driver make up a circuit which
controls the speed, torque and position.

Figure 2, Servo Motor.

Stepper motors — Stepper motors are brushless, synchronous electric motors that converts digital
pulses into mechanical shaft movements. The motors windings are divided into steps, typically 200,
and the motor needs a pulse for each step. A motor with 200 steps, so 360 divided by 200 makes
1.8Degree per pulse. This makes it very precise for positioning. The stepper doesn’t need any
feedback such and encoder.

What about a driver for
the stepper motor.

Figure 3, Stepper Motor




2. Specifications

The specification of this project is the following;

* To control the speed of the conveyor belt.

+ To be able to change direction of the conveyor.

» Have a HMI screen programmed so a operator can control all of the above
¢ PLC program to go with the HMI screen.

The user needs is to have a fully controlled conveyor where they can move an object along , stop it
in a position, so there is a station, an example would be to have a camera to check for faults, then

move the object along again. Also with the speed control they could operate at a slower speed to be
more energy efficient.

This project is being done in the college, so the budget is limited, this project will be done at lowest
possible cost. The time scale of the project was around 8 months. Beginning September 2019 and all
complete and final report submitted in April 2020.

To stay within the time, scale a gant chart was made to stick within the timescale.

This project must comply with all the relevant regulations to maintain a good standard of health and
safety and environmental protection.

A diagram of the system
would be helpful here




3. Planning

As part of the project management. A gant chart was created. This was to help stick to a schedule,
This can be seen below in Table 1, Gant chart
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Table 1, Gant chart
All aspects of the project are covered. They are;

= Researching Project ideas

= Chosen project

*  Proposal Good use of Gantt
= Compile list of materials. chart
= Source and order materials

= Prepare and present the presentation

= Project Build

= Commissioning and testing

= Create test report

= Create final report

=  Submission of final report and logbook.

All these have been designated a certain amount of time. Some of the timescales will have to be
altered due to unforeseen circumstances such as materials not Arriving on time.

The Key milestones, Presentation and Submission of final report are marked yellow. And these are
important and are not Flexible.

Along with the timescale, this project will also be fully costed, to make sure | remain in budget and
not overspend. All costs will be noted, and receipts will be documented.




4. Solutions Considered

For the Final project, 2 solutions had to be considered.

41  Solution 1.

The first solution was to use a servo motor and drive. the motor would be coupled up to the
conveyor. The motor would then be connected to a Drive. All this would be controlled by a TIA
project using siemens PLC and HMI.

Slemens Sinamics V90 Servo Drive
R2 15000/Tcrr  Gat Latest Prica
Siemans
24
240V
£ =N ‘*'rl‘-:fl“ st
02%

75 Degres C

picz Uiztaks

Contact Seller ‘ Get Latest Price
o\ tesl e LT R

Figure 4, Siemens Sinamics V80
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Figure 5, Siemens V90 Drive and motor

The siemens V90 would be the chosen drive and a compatible Servo motor.

Product Specification
Brand Siemens
ni 2A
Input Voltage 240V
Input Phase Single Phase
iy 02%
Ine 75 Degree C
Ambient Operating Humidit 80%
eries Vo0

Figure 6, V90 Specifications
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Block diagram

SERVO
DRIVE ’ MOTOR

v

PLC

HMI

List of materials

Siemens $1200 PLC
Siemens HMI

Siemens V90 drive
Siemens V90 Servo motor

Cables.

Cost
The PLC and HMI can be borrowed from the college to be used on the project, so they’ll be free.

The siemens V90 Drive and servo motor will cost roughly £600. Also, cables will be available for free

of charge from the college.

Total estimate Cost of solution 1 = £600 This is a relevant
solution and some
reference to an
example scenario of
this system in operation
would have been
useful here.
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4.2 Solution 2.

Solution 2 will be similar to solution 1. But replacing the servo motor and drive with a stepper motor.
It also be ran using a TIA portal program, combining a PLC and HMI for the controls. The stepper
motor is less accurate than the Servo motor, but will be accurate enough for this application. A
stepper Motor and driver can be seen below in

Figure 7, Nema 17 stepper motor and Figure 8, DMT320T Stepper driver

Electrical Specification

vanufacturer Part Number: 17HM15-2004S

Figure 7, Nema 17 stepper motor

Electrical Specifications:

Output Peak Current: 0.3~2.2A (1.6 RMS)

Input Voltage: +10~30VDC

Logic Signal Current: 7~16mA (Typical 10mA)

Pulse Input Frequency: 0~60kHz

Isolation Resistance: 100MQ

Figure 8 DMT320T Stepper driver

13




Block diagram

STEPPER
MOTOR

PLC DRIVER | —m——»

v

HMI

List of materials
Siemens $1200 PLC
Siemens HMI

DMT320 Stepper driver
NEMA 17 Stepper motor

Cables.

Cost

The PLC and HMI can be borrowed from the college to be used on the project, so they’ll be free.

The DMT320 Driver Costs roughly £30 and stepper motor will cost roughly £30 also. Also, cables will
be available for free of charge from the college.

The stepper motor is
a relevant solution
but for a conveyor a
more powerful motor
and drive could be
an alternative. The
options for this could
be discussed here.

Total estimate Cost of solution 2 = £60

14




4.3 Deciding which solution.

After researching both solution. A list of pros and cons can be made for each solution.

Solution 1. Servo motor and Drive.
PROS —

* Accurate and easily adjustable

+ Allows for adaptions

+ Compatibility with siemens Soft wear.
Software

Cons —

¢ Costly
+ Can be complicated as there are many configurations.

Solution 2. Stepper Motor and Driver.

PROS -

¢ Ease OF implementation
* Reduced wire complexity

» Low cost
The alternative of a more
powerful setup could be
discussed as part of the
CONS —

pros.

¢ Lack of customizability
* Reduced configuration options.

After weighting up the pros and cons of both solutions, it was decided that solution 2 would be the
better option. This was because the project would only cost roughly £60, rather than over £600 for
solution 1. Also the stepper motor would be easier to assemble and connect, this will help make the
project more realistic to finish within the time scale. As the motor will only be running a conveyor
belt the lack of customisability would be much of a problem, as we only need basic use.

A table of
comparison would be
better here.

15




5.0 Final Solution and implementation.

To Get the final solution started, the materials had to be ordered. An order had to be made to get
the driver and the stepper motor. For the funds to be expected by Coleg sir gar, a requisition form
needed to be filled in. a copy of the requisition form can be seen below in Figure 9, Requisition Form
stepper drive.

: oy Cais Prynu Cerdyn Credyd
g COlegS] rgar Credit Card Purchase Request
bzt wan 4 ; T Rohert bonkins P ——
—— /021020 Colvired P AN s v mem e senp spr
e el
Amterned P
jrapppler Marec: AHATON
leaqaples vod Mo
[aqples Wnh Bpa: Gy e Aiu PP

L B T T L L Y S p——
Wb Bvadyts Undu L Cunbre Trugut Cunde Manghan Cyandl | Duovtad Dnclait
Fonhokuaban i ) kimpuisis i

whi s § e

e s o w )
W L | s [rem—— ot e e e

T ra drmd i

e | o sl |

[T LTS sty “l“l: AT S Trasd i

—— rvgper fibar - D851 - I j T

[LLOFKIN DCRYDI0 ¥ EY1LTOE DYDEAD Cuslard | Frstage b Pacdsg I
IBMUDGET HOLDER. SASRATURE DATE Cytunwnm | Total 13 458

Figure 9, Requisition Form stepper drive.

Another requisition form was completed for the stepper Motor. This can be seen in Figure 10, Requisition form stepper
motor.

For the motors, as they were relatively cheap, at £11.35 per unit. A order for 2 motors was placed so
we could have a backup motor if there was any issues with one motor.

The requests were accepted and orders were placed.

All other materials and equipment were to be used from Coleg sir gar stock.
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§ colegsirgar

Cais Prynu Cerdyn Credyd
Credit Card Purchase Request

(:;::‘{"fr Roberl Jenking Dedver Tod Dantomech T Colegsirgar 630
Oyddind | vate: 12/11/2019 Cyfairiand / Adddress : Gesky Campusr, Sansy A, Lisa® SA4C 40
Eyteimnd Mewnod /
Surnal k'
Supshcr Rame: STLPPLEONLINL
U L
P—— o T .
1 wiipchy v dnrpiube cvibiclin unalused rhame s bkl (5 homanl bwdvpcts, phoee sdi.
Wk Anstbynis b Ceml Crrstrn Praspet Ciaden. Marrpluin Cysadl | Comtact Tl sibs
Yomhodbadans i [ Fonursss b
o These order
ot Fron 7 Phene forms should
e ——— :
AWTUUAR A UNASARALTHA CALS | UOUDS AND SERVILES REQUEST WAL b o2 W wbras o . A9 be in an
e ,
Oyleir / sanytn § Detots e (PR s swa  @ppendix
|HAC Prol Slepper motor - Boma 17 Sigolir 09deg Meon (65100 in] 24 LUV Clxt 2% 4 Wires 00| € 1135 $ M
LLUSMOL AL YLD ¥ GYLLILES DY UOLALY Chufiant | Postage & Facking 71
uaAL Cylaremm | bual 1 L

Figure 10, Requisition form stepper motor.

For the motors, as they were relatively cheap, at £11.35 per unit. A order for 2 motors was placed so
we could have a backup motor if there was any issues with one motor.

The requests were accepted and orders were placed.

All other materials and equipment were to be used from Coleg sir gar stock.
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Connecting Motor driver and PLC.

.
STEPPSRONLINE  rowsnn

Digital Stepping Driver ™

DM542T

- g

Figure 11, DM542T Driver

Looking at the manual for DM542T driver, The connection on the driver are as shown in Figure 11,

DM542T Driver, a comprehensive description of each connection is shown from the snips from the

manual, these are shown in Figure 12, Connector P1 Pin functions.and Figure 13, Connector P2 Pin

functions.

Conncctor Pl Confligurations

Pin Function

UL+

PUL-

DIR+

ENA+

Details
Pulsesignal: In single pulse (pulse/direction) mode, this input represents pulse signal, each
rising edge active; 4-5V when PUL-HIGH, 0-0.5V when PUL-LOW. The DM342T drive has
no double pulse mode (pulse'pulse). For reliable response, pulse width should be longer
than 2.5ps. Series connect resistors for cument-limitng when +12V or <24V wsed (1K for
=12V, 2k for =24V). The same as DIR and ENA signals
DIR signal: In single-pulse mode, this signal has lowhigh voltage levels, representing two
directions of motor rotation: The DMS42T drive has no double pulse mode (pulse’pulse), 4-5V
when DIR-HIGH, 0-0.5V when DIR-LOW, Please note that rotation direction 1s also related to
motor-drive wirmg match. Exchanging the connection of two wires for a conl to the drrve will

reverse motor direction

Enablesignal: This signal is used for enabling disabling the drive. High level (NPN control
signal, PNP and Differential control signals are on the contrary, mamely Low level for
enabling. ) for enabling the drive and low level for disabling the drive. Usually left

UNCONNECTED (ENABLED)

Figure 12, Connector P1 Pin functions.
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Connector I'2 Configurations

Iin Function Details
GND Power Grouncd.
+V Pawer supply, 20-50 VDC', Includng voltage flucruaton and EME voltage.
A+ A- Mator Phasc A
b B- Motor Phase B

Figure 13, Connector P2 Pin functions.

Now That each Pin on the driver has been identified we can start making connections

Switches for setting one revulation pulse and mator's current

full rotation = 400 pulse

— dmmm OV0C
From
S7 1214 ALC
i1 Enable Signal (Q0.2) Power supply
— j]] o —— Direction Signal (Q0.1)

j_.l__ — Pulse Sigral (Q0.0)

s sies Motor Cable

1

The
reaso
n for
the
e 8 chan
Supply ge of
driver
shoul
For the signal side of the driver, the OV DC is connected and linked between ENA , DIR and Pulse
connections. expla

Figure 14, Driver connections

The pulse signal (PUL) which is connected to Q0.0 of the PLC. Witf@#a.inline 2.2kQ resistor. This will

be the first Output from the PLC. This sends the pulse signals fron{ {A€ PLC to the driver.
driver
The second input, DIR (+5V), this is the direction signal, and will lybégnnected , with an inline 2.2kQ

resistor, to Q0.1. This is to control the direction of the stepper mpgar.

And the final Output is the ENA (enable), This is to enable or dlsaé)@ to driver/motor. This is

connected, again with an inline 2.2kQ resistor, to Q0.2.
aded

then
the
moto
r
spec
must
have
also.
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Figure 15, Siemens ALC Output pin

Digital Outputs Q0.0, Q0.1 and Q0.2 Are the only outputs needed for this application. These are
shown in Figure 15, Siemens PLC Output pins.

Now that the PLC and driver are connected, we can connect the motor. Below is the wiring diagram
for the Nema 17 stepper motor.

TYPE OF CONNECTION
(EXTERN) MOTOR

PIN NO BIPOLAR LEADS WINDING

1 A BLK A

2 A — GRN Al

N
o i

4 B\ — BLU B8\

FULL STEFP 2 PHASE-Ex., BLK

WHEN FACING MOUNTING END (X)
STEP| A B Al B\ cow
1 " + - -
RED BLU

T - lT GRN

2
3 - - + +
a - cw

Figure 16, Nema 17 Wiring connections.

As shown in the connections, the motor contain 2 coils, and 4 wire out, the wire are in pairs. So coil 1
is BLK(black) and GRN (green) and coil 2 is RED and BLU (blue), The remaining to terminals, GND

20




(ground) and +V are for the positive and negative cables of a 24V DC supply. This supply was taken
from the PLC.

Good explanation

Figure 17, Motor connection.

All the hardware are now connected. The fully connected system can be seen below in Figure 18,
Full system connected

Image
missing

Figure 18, Full system connected

To connect to the PLC from a laptop, a router was used. This was hardwired from the PLC using a
ethernet cable, then connected wireless from the laptop.

The system is now at a stage where we can start creating a TIA portal program to control the system.

21




PLC Programming.
Software
For this project Siemens TIA Portal was used. Totally Integrated Automation (TIA) Is siemens soft

wear to control all kind of applications within automation.

To use the Pulse train output which is needed to control a stepper motor | have to configure the

pulse interface within the program. First person should not be

To configure the pulse interface used

The pulse train for the drive is output through the PTO. The PTO has been assigned a fixed output in
the controller. This has also been further assigned to a high-speed counter which counts the output
pulses.

The PLC contains as pulse generator which can be configure for PTO. The program automatically

assigns the hardware outputs automatically, pulse — Q0.0, direction Q0.1. as shown below in figure

[

= cpler. beh Wasea or

Y
S KX N A R ek Y Gechine IR ] u

el E
[0 17150 HGUCAX ] & lechnalgy shiscls + Axs_t
Daaes
Y
e _
A b TR - ’ Cwie
W st rea dwie -]
e Do od e ManEST &
= | P P 1275 DTG 4
T g emr & L
& —
& el
o e gyl I8
adP 11
4
° e
4 Jwade
-—
ey
'
i
e
b i Vb an e ket - |
b Orlw asbes
5 Taem [ =an ] vs e eedeasd sayar
® "
o B J[ren R
Jncos vt =] s e s
* ol veahis
» Ly v 3 [crmiman b 1]
I - —r Enabin and lwesbecow (e v
» by e oeng - oy ik
"i“”'" - Lrakis canz st
acki_|_v-sirate @ el e e
by et
rae [ - | L] Iren wacn
Grnanl

Figure 19, PTO Setup
Aswell as configuring the pulse interface | needed to create a new technology object for axis.

The generation of the pulse train is the responsibility of the axis technology object. This technology
object forms the interface between user program and the drive. To create the axis a new data block
is automatically created for the technology object. The axis parameters can then be set. As shown
below.
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Figure 20, Axis technology block

Explanation is good but
there are grammatical
errors.
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PLC Program.

The program to control the motor can now be created.

T T » Ge ~
W e arseeier 1
o Dedzes & remert:

w lne o e s @8

N Bewes serremren
[ T r—

8 g seea L
W See e ek
& i | L]
e
L
°
L ]
°
P At g table
kg e [0
» g bk i L

2

Figure 21, PLC Program Tree

The program tree can be seen in Figure 21, A list of all the data block are shown below in figure 22

ar drive test ¢ PL } 1214C DOUDODC ogram s ¢ Data [DRI)

PP A B E T wepactusivalon: gy Snepshat Wy B copyunapshats tostert valies @ @ " =]
Data

Harne ata type Shaet valus [ bceewkiel . Writa  Visiblein  Seipoet 0
1 4 * Sutc
3 @s  servo_powerca Beol =) - - ~l a
3 @s tet_home Beo! = 1= = = M
. @ al_steppas Boal = - = =] =
& lqge rimp_fer Beal g = o~ -l m]
Ell@s  swepre Beol a = [~ ! m]
T @- jogvelocy Rezl =) 1= =) = =)
0 @ pesiven_steppert Resl A 1= = = M
& @ sbschae_move = false =) 1= =) = =
e ks vwhasity Bl [ =] =l =] 2
1@ ks _pes Pl C B g B D
124a- reLmove Beal iz =, = ~ ~l =)
12 @ = rel_pas Resl 0.0 = 1= = = m
1@ e  relvelocity Fesl = 1= - = =
18 lqm . penition]_dors Heal I =2 =] = vl m)
T PUE——— Real 0 a =] - ! ]
17 @ el velocm Rezel ¢ I" g B ‘_a f_]
2@ oks_pos_true Boal Rlz= [ = = =~ =
15@e  positonz_dore Boal »lse =] = =] = =]
a0 qg . e cane ool l = =l =] vl m)
2@e  home_done Bl b = = =] el o
2249 wme_delay_cone Beool 2liz r— E e E m
2 @=  ebi_pes2_done Bool falze = = = = A ’_I
2a <@ sbs_pes2 fesl I Il L Il 2}
Mla v abs_velacing beal = =] = Tl B8
2 @ power_on_liue Besl = e = =] =]
27 @ home_teme_deioy_do.. Beol = v v - B
20 @ = ebs_db7_teme_desh.. Beol = = ™ ! =
%@ rel_dbo_time_delsy Dol =) ~ = 1= M
Sil@e  semon [ [ =) = = = 2
5

Figure 22, PLC Data Blocks

24




Asm mention previously, the Pulse and direction are automatically assigned tags. These tags are
shown below in Figure 23

stepper drive test » PLC_1 [CPU 1214C DUDUDC] ¢ PLC tags ¢ Default tag table [32]

@Tags IEJ User constants |52 System constants
g¥F DY TH = |
Default tag table
Marme Dats type Address Retsin  Acces.. Wnta.. Wisbl.. Comment

1 4@  stepper 1_Fuke Bool %00.0 ~ = o

< stepper 1_Direction Boal ®0Q0 1 q = =
3 @ Tegt Boal %M10.0 ~ = v
i @ Tag2 Bool [ =002 - 1~ v v

Figure 23, PLC Tags

The Main block networks are shown below.

Network 1:
w0 w0 2
“Tag_1" "Tag 2"
ik S

Figure 24, PLC Network 1

*  MNetwork 2:

i 2
“step power”
MC_Power
al
EN ENO
FALSE
e “Dats” power
“stepper 17— Ags Status ==10n_rue
*Dota” serve FALSE
power_an Emor== e
| hacmacadenablie
o
— Stephode -

Figure 25, PLC Network 2

Network 2 is the power; this basically enables to power to be sent to the driver and Stepper motor.
Acts as an on/off switch.

25




Hona
“step_Home_DE"
MC_Home
&%
EN ENOD
FALSE
a1 “Data” home_
“stepper1® Axms Dhang == fone
FALSE
“Data” zensor! Ewoe~—
Execute
00
— Position
o
— Mode -

Figure 26, PLC Network 3

Network 3 is the home data block. This resets the sequence and takes the motor back to the home

position.
- Metwork 4:

T2OME
wn
Wmer2 *Luka® hars

Jete” home r"";‘l‘ﬂ“— e el

2w } Time done
— | = o e
nss -

Figure 27,PLC Network 4.

Network 4 is the timer which delays the Home data block. Its set at 5 seconds.

*  Network 5:

WBS
tep_Halt_DB"
MC_Halt
& Y
EN ENO
FALSE
p— Done ——"Dats" hali_done
*chapper 1 s FALSE
Tela” Emarf~="
pasitian2_dane
i F--——--{tacute

-

Figure 28, PLC Network 5

Network 5 is the halt data block. Halt stops all movement. This is a safety feature, and can act like an

emergency stop.
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Figure 29, PLC network 6.

Network 6 is the timer for the halt data block

¥  Network 7:

%DB11
Me_
Movehbzaiune
DB1O"
MC_MoveAbsolute
& Y
EN END
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=D&1 ‘Daw” abs_
“ateppe 17— Axis Dong == --0n%
‘Daa’ ume_ EaLSE
delay_done Ermor ==t
} bee==aad Exeruts
0.0
"Data” abz_pocl — Position
400
"Daw” _abs_
dodty2
e - L4

Figure 30, PLC Network 7

Network 7 contains the MOVEAbsolute data block, this is what controls the movement and velocity
of the motor. This will control the movement, speed and distance, of the belt up until it stops at the

set location.
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Network 8:

Network 8 is the MOVE data block, as you can see on the inputs on the left hand side it controls the

directions.
Network 9:

1800.0

Pozition

Network 9 is the move positioning. Its control how much the motor will turn, thus how far the

conveyor belt will move.

%DB&
" stap_Movalog
De”
MC_Movelog
&
EN ENO
FALSE
InVieocity —— '«
Az FALSE
Emor =-t's -
= logFonsard
~ logl adoward
— Velodity -

Figure 31, PLC Network 8

18000
"Daw’ peeition_
stepper

Figure 32, PLC Network 9
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*  Network 10:

D87
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» - A xis Dana | aP%=-true
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done
! b - Execute
2000
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Figure 33, PLC Network 10.
This network is the second MoveAbsolute control the second movement. The first moveabsolute

takes the conveyor up to the set location. Then stops, this data block controls the second
movement.

*  Network 11:

THOMS
%0813
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Daw" ab ] TON -'
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- ! e
“ —EhE——

Figure 34, PLC Network 11

Network 11 is the on timer for the second moveabsolute data block.
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*  Network 12:

%Das
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€00
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Figure 35, PLC Network 12

Network 12 contains the Moverelative data block. This positions the stepper axis

-

Network 13:
TROMS
w0814
“Timand® Data™.rel
[ ""1“_'1 dbl_sme_
pesition1_done Tirne \ delay
]
| beemeeeain 0"“‘“""""""'“"‘"“‘“'—"{ Fmm—-
TH I dpy ET§—T¥ 0

Figure 36, PLC Network 13
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¥  Network 14:

=081
“stepper 17
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T
%00.0

Data" .ré_posl
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waooty2
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&
EN END
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"Dt
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FALSE
Emor -4 =

Figure 37, PLC Network 14

Figure 38, PLC Networks 15 and 16

The Set and Reset in Networks 15 and 16 keep the sequence running automatically by setting and
resetting the ‘Data’.sensorl tag. This tag is on the Execute input to MC home block DB4. This sets
the initial value distance to zero mm.

This is a good
explanation of system
operation and the
program was tested
initially using online
testing which is a built
in feature of TIA.
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HMI Screens

2 Screens were created for the control of the conveyor belt. A root screen and a conveyor control
screen.

A good start with some
navigation.

Figure 39, HMI Root screen

The root screen is a basic screen which acts as a sort of menu. There only 2 options at the minute,
but this was created so that in the future extra screen could be added as the program was expanded.

[+ 0000000

LOUULUU

HMI seems to have
relevant features

Figure 40, HMI Conveyor control screen

The conveyor control screen was created. On this screen the operator can adjust and see the
velocity. A power on button controls the power. The position can be read from this screen. As well as
indicators for each sensor.
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6.0 Testing and results.

6.1 Commissioning the stepper motor

TIA portal has a commissioning tool within its program. This tool can be used to test a stepper
motor. The tool can be found within the stepper DB. And by using this tool we can jog the motor
forwards, reverse and change the velocity, and change the acceleration and deceleration. The tool
can be seen below in

mmct tem vws bmen Gwew Optew  fpen  Wewoe el

O e X X 02 6%s 2 D o F oo e WP L[ -
QU0 * Teheotgy otjects * stepper | (0811
Dwwres
» - [ - T
— Awrs g awsimed guet
Correrar 3 . Cumrwet walums
- This is the essential
s Celee & tegrae o e— T rsever: [00 - .
e . b [ — part of testing and
o - BB the axis operation
. - — before any
= sequence
H .
- [ programming can
LY - [ ] & Pt v marnge N
* 3 mmash o o b pa— be implemented.
R— = |
» R Drere gy tam T
e =2
:.:?nm‘:dt:u e e
[ = e 3
b g gt o . 0
b g trerpaniag
[T T ——,
¥ |21 Covavarmmron wres

b L@ Lrguage B imiomeres
Figure 41, Commissioning tool

To fully commission the motor, | created a test table to record all the results. The results are

recorded in Table 2, Test Table
You must avoid the first person

terms.
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Jog Forwards Forwards 62.5

Jog Backwards Reverse 62.5
Increase Velocity Forwards 250
Decrease Velocity Forwards 10

Acceleration Increase Forwards 62.5

Acceleration Decrease  Forwards 62.5

Table 2, Test Table

60 PASS
60 PASS
60 PASS
60 PASS
150 PASS
10 PASS

Test looks good and correct

operation.

Figure 42, Commissioning motor set up.
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6.2 Testing the Sequence.

Good evidence of the sequence
program tests.

Figure 43, Test Rig for sequence

For this test | will be checking if the sequence will work. The sequence should be

Conveyor start, move to camera position
Conveyor stop at camera position
Conveyor start and move to end position
Conveyor stop at end position

Reset sequence.

I

A representation of how the conveyor will operate is displayed in Figure 44, Conveyor set up
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1800mm

Figure 44, Conveyor set up

Initialising position to zero:

ERL AALPES

Neme Address Displey format Moniter value ]
‘Data‘.posmo...gr?_; Floating-poin... |—: 00

Strat sequence position 200mm:

All measurement settings are set from this absolute position

i"'. P E-: }I 7&- $ aonoal-
MName Address

Display format Monitor value n
"Data”.positio... 5

Floating-poin... F‘ 200.0

Next position to line up with camera for image test 1400mm:

36

\ @ 1400mm
| -

Good illustration if setup for system
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Enf.:ji‘? = ?’1 7, 75 mm:'
Name Address Display format Ionitor value
'Datn'.pa:itio...@ Floating-pain.... z 14000

Next position is to take the object off the conveyor 1800mm:

vl AAZ R
Name Address Display format Monitar value ]
"Data” positio [E Floating-poin... f:] 1800.0

Next is back to the initial position zero:

This is where the conveyor pick up the next object.

T
E EIECECE Al e
Name Address Display format Monitor value ) S
t

*Data” positio... E Floating-poin.__. F 00
o ’

i
This sequence keeps repeating due to the set and reset in the program; The only way to stop the

sequence is to switch the power off. The measurements were in mm tg get it as accurate as possible.

u
Pictures of the screen were taken at each setpoint. This are included bglow.

Figure 45, Test Home Position
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mm @ C

. Reset secquenon
Start position Start veolity
]
Caamera position Vilocity

Figure 46, Test Camera position

mm @
@ o {oon ]

Start position Start veoleity

Q) o Emrm | Emem
Cameraposition  Valocity

r_) Camera position [

&

Y End position

Figure 47 Test End Position
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e Ered position

Figure 48, Test Reset sequence

The test was a success, as the sequence did what it was supposed to. And the sensor indication lights

confirmed this on the HMI screen.
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operation is successful.




7.0 Discussion, Conclusion and Recommendation.

7.1 Discussion.

The project was a success, the only downfall was the fact it was completely finished. This was due to
the covid-19 outbreak which closed the college and put the country into lockdown. This made it
impossible to get the conveyor belt and wasn’t possible for anybody to machine a coupling device to
connect the motor to the conveyor. Below is an example of how the final set up would look. The
camerais a part of another student’s project. We would have worked together to integrate both
projects.

Good scenario image of the
end product.

Figure 49, Example of complete system

7.2 Conclusion

The aim of this project was to demonstrate practical investigation, planning and organisation and
practical skills. For practical investigation, this was demonstrated when researching a project and
coming up with 2 solutions. Extensive research was conducted through the project. As for planning
and organisation this is evident in section 3.0 Planning, and the project weas a success in both
budget and time management. The gant chart was followed and the project was on time to finish.
The deadlines of the presentation and final reports were also met.

The engineering problem which | identified was solved. This was done with minimum supervision.
Health and safety were considered through out the project and also environmental impact was

considered. Standards and codes of practise were followed through the project. There is always an
environmental element in this

type of project and it is goo that
this is given consideration

7.3 Recommendation during the project creation.
Do not use the first person term

Some recommendation | would do to the project was to put some safety features in place, as the

conveyor is a moving object, and has trapping points. Some guarding around the conveyor would be

suffice, or a laser, and when the laser beam is cut when conveyor is turning it would come to a

complete stop. Also another safety feature is to include a beacon, with green and red lights, this
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would indicate if then conveyor is running in sequence or if its on stop. On start up the conveyor
could sound a claxon, to give notice that the conveyors are about to start.

Another recommendation would be to create a reject bin, if the camera attached to the conveyor
detects a defected part. A blast of air/or a arm could hit the partinto a reject bin on the side of the
conveyor.

A fair point here about
safety due to moving
objects.
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form an example scenario which would have
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