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Abstract - As the response to the feedback from academic
and industry, the department of Agricultural
Engineering, Faculty of Engineering and Architectue,
University of Khartoum has successfully designed ah
developed a low cost programmable logic controller
(PLC) workbench for educational purposes. The
developed bench, hardware consist of PLC (Siemens,
STEP7-224XP) unit, 24V/10A DC (CE, DP177.101)
power supply, personal computer, USB/PPI multi-masr
cable, three DIN Rail, ten pieces of 24 VDC relayshirty
jacks, thirty sockets. The selected PLC unit has to
communication ports, fourteen inputs and ten outpus
discreet plus two inputs and one output analog.
Laboratory activities of the PLC workbench includesfive
developed modules namely replacing relays by PLC,
(AND/OR/NOT) functions, latching, timer, and counte
as well as packing system prototype. A Ladder diagm
under Micro/Win32 software is used to run the
workbench. The developed PLC workbench has a facili
to be upgraded to include human machine interface
(HMI), modem module, and considered as a base forew
Agricultural Automation and Robotic Laboratory. The
unit total cost is about 1600 US Dollars.

Index Terms - University of Khartoum, Engineering
EducationPLC, Teaching Aid

INTRODUCTION

As a result of rapid advancement of technology, marated
control tasks are accomplished with a highly autecha

control system. This system may be in the form ofconfigurations of PLCs.

programmable logic controller (PLC) and possiblyhast
computer and accompanied with signal interfacingthe

Generally, PLC can be defined as a digital ele@tron
device that uses a programmable memory to store
instructions and to implement functions such asiclog
sequencing, timing, counting and arithmetic in orde
control machine and processes. The term logic isdus
because the programming is primarily concerned with
implementing logic and switching operations.

PLCs are widely used in agricultural production and
processing. Example applications include food pseirey
[1], building environmental control [2], grain dng [3],
animal production [4], and aquaculture productibh [This
has created a need for teaching instrumentationPara in
undergraduate classroom. Schumachet. [6] illustrated in
his paper titled Agricultural Systems Managementtlie
New Millennium that respondents perceived eledirigind
electronics of highest importance in this millemmiuFrom
some conclusions of his research, the new techpdhagl
impacted the curriculum of agricultural engineering
programs; some of mechanization concepts that waoe
taught have been de-emphasized while business mid h
tech areas have been strengthened, the subjeerraegt of
electricity and electronics will make up much ot thore
subject matter for at least the next five years.

Given the prevalence of PLCs in the agricultural
industry, undergraduate agricultural engineeringdehts
should receive hands-on experience with these deas a
component of the instrumentation course. Understgndf
control and PLC principles is anticipated to previdore job
opportunities and good performances for Agricultura
Engineering graduates. This project is meant toplsup
students with basic information on the functionsd an
Furthermore, the significan
feedback received from employers in industry stated the
department’'s graduates need better training in new

field devices such as operator panel, motors, $enso technologies such as computers, instrumentatio8, GPS,

switches, solenoid valves and etc... . Capabilitiesetwork

communication enable a big scale implementation anthe Agricultural

process coordination besides providing greateiilfiiy in
realizing distributed control system. Every singtanponent
in a control system plays an important role regasllof size.

vehicle tracking system...etc. As a responsedbféedback,
Engineering Department, Faculty of
Engineering and Architecture, University of Khantolhas
initiated many projects to update its instrumenptati
laboratory. Before starting the proposed projedig t
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department did not offer an undergraduate laboyatourse  power supply, DC input and DC output were selected
dedicated to PLC in its instrumentation course.r&ftge, because its safety for use. A personal compute), (Rith
department staff needed to create a new laborattory Micro/WIN32 software was used as a programming cevi
instrumentation includes PLC that is most relevinthe  with the selected PLC. The PLC was connected tapcer
agriculture and food industries. by using a USB/PPI Multi-master cable.
The overall objective of this study is to designdan
develop a low-cost PLC workbench for education pegs
to be used in instrumentation course in agricultura
engineering department. The work involves: The PLC workbench was successfully designed, dpeelo
1. To design and develop laboratory modules of somend tested at Agricultural Engineering Departmeatufty of
ladder logic functions. Engineering for educational purposes as a respunéeed
2. To design and develop an automated packing systetack from industry. The developed workbench coadisif
prototype. PLC (Siemens, Model STEP7-224XP) powered by 24V/10A
DC (CE, Model DP177.101) power supply connected to
Personal Computer by USB/PPI Multi-Master cablee¢h
DIN Rail, ten pieces of 24 VDC (Weidmuller, Model
The following criteria were established to guidee th PRZ24VDCLD-1CO) relays, thirty jacks, thirty sockefive
development of the workbench: laboratory modules, automated prototype. The PL@ un
*  The workbench must be safe for students to use. comprised two communication porfeurteen inputs and ten
«  The workbench must allow for programming the PLCoutputs discreet plus two inputs and one outputognd he
via computer. PLC can be upgraded from expansion Module. The svhol

«  The workbench must allow programming the PLC usingleveloped PLC workbench and associated componeags w
ladder logic. depicted in Figure 1. Specification of the PLC wwmekch is

«  The workbench must include typical PLC functionstsu Presented in Tables 1 and 2.
as logic, counting, timing, latching, pulse, etc.

*  The workbench must accept a minimum of four digital
(on-off; high-low) and two analog PLC inputs.

e The workbench must allow two or more outputs, ang
one analog or more outputs.

e The workbench enables the students to possessiike s
of control engineering, so as to use that in adtical
engineering applications.

* To help students to be able to translate engingédieas
from theoretical description to practical tutorials

e To help student to be able to modify programs (add
logic), detecting the error and troubleshooting it
correctly.

* To help students to be able to analyze the protess
terms of time and cost via alternative programming
techniques.

Description of the Workbench

The purpose of the PLC workbench is to provide erpee
with PLC and related equipment commonly found in:
industry. The workbench can be configured into edéht
process plants simply by making different quickfoect
wire connections with input and output. The equipme
installed on the PLC workbench includes: a persona
computer (PC) and monitor, PLC unit, program sofeya
power supply, relay, power source. The workbencls wa
made from PMF with overall dimensions of 1460mnygtén
800mm width, and 1200mm height.

PLC Unit Selection and Programming Device

DEVELOPMENT OF PLC WORKBENCH

M ATERIALS AND METHODS

Design of the PLC workbench began with the selactd
the PLC unit. After evaluating various manufactarend
models, the Siemens manufacturer brand was seleged
reason of prevalence use in Sudan. In this prafectCPU

(D) SOCKETS ANDRELAYS

(E) POWER SUPPLY

224XP series S7200 PLC was selected because #ts @afa
use and software available as a no-cost downlohd. OC
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FIGURE 1
THE WHOLE PLC WORKBENCH
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flow through the coil in the third relay, and cloge

TABLE 1 switch for output C, and that will turn on a lightthen
SPECIFICATIONS OF THEPLC WORKBENCH | | b PLC h . f
No.  ltem Model Description replace relay by there were two inputs romhpus
1 PLC CPU Siemens See Table 2 buttons to switch lamp. The inputs activated 24€ D
STEP7-224XP relay coils in the PLC. This will drive an outpuwlay
2 Power supply ~ DP177.101 24V/10A DC that switches 24V DC that will turn on a light. The
3 Personal Pentium 4 CPU 2.8 GHZ/ 256 module program status is shown in Figure 3.
Computer MB of RAM
4 Multi-Master RS 485 USB/PPI

cable . Secc_)nd module s_hovys how Ia_dder programs can be
5 relay PRZ24VDCLD-CO 24 VDC rewritten for combinations of switches to explaome
of logic functions (AND, OR, and NOT). For an AND
function, a toggle switch X and switch Y were cldse

TABLE 2 (on) and then the lamp turn on. For an OR logie gat
SPECIFICATIONSOF THE PLCUNIT situation the toggle switch X or switch Y were lgein
Features Descriptions closed (on), and then the lamp turn on. For NOTiclog
Model CPU224XP-DC/DC/DC gate situation when the toggle switch X is operf)(of
Physical size (mm) _ 140x80x62 and then the lamp turn on. The AND, OR, NOT devices
Program memory - with run mode edit 12288 bytes were tested successfully shown in Figure 4
without run mode 16384 bytes '

Data memory edt 10240 bytes e The third module was latch. The latch is like sfick
Memory backup 100 hours typical switch when bushed it will turn on, but stick irapé; it
Local on-board  Digital 14 In/10 Out must be pulled to release it and turn it off, Hrsswitch
10 Analog 2In/1 Out is turned on the lamp is turn on and remained be on

, Single phase 4 at 30 kHz when start switch turn off. If stop switch is tuchen the
CH(')%rr‘]'tsef:ed Two phase g:: ggok:frziz lamp i; turn off. The m_odu!e functionality and prag

1 at 100 kHz status is demonstrated in Figure5.

Pulse outputs (DC) 2 at 100 kHz
Analog adjustments 2
Real-time clock Built-in
Communications ports Two RS485
Floating-point math Yes
Digital I/O image size 256 (128 in, 128 out)
Boolean execution speed 0.22 microseconds/insbructi
Power Supply 20.4-28.8 VDC

PLC LABORATORY MODULES

After careful consideration of the laboratory maziuheeds,
and a thorough other course of Siemens S7 PL(
programming, it was decided that five PLC labonator
modules in ladder logic program will be implementd&tie
first module replaced relay by PLC, followed by Besm
algebra module, latch module, timer module andrastdule
was counter function. All these modules were exatuiy
using PLC workbench, lamps and switches. The five FIGURE 2
modules were designed and developed as laborattivjtya THE RELAY CONTROL
exercises and test the functionality of the worldbenAll
developed modules were tested successfully witiowth
problems.

Network 1 tun Lamp anif swich Y pushed
el i

-

* First module replace relay by PLC give studentsdean
on experience in the control by relays and how ca
replace relay by PLC. Figure 2 shows the rela
controller module. In this module the first relag the
left is used as normally closed, and will allowremt to
flow until a voltage is applied to the input A. Thecond
relay is normally open and will not allow curreatftow
until a voltage is applied to the input B. If curtds FIGURE 3
flowing through the first two relays then currentilw THE REPLACING OF RELAYS BYPLC MODULE

Symbl Dddess Coment

X 100 jeh push bt namely open
Y 01 swtch push buttan nomal open
z (oo [anp
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The fourth module was timer represented by flaghtli
The module was flashing light every second. When th
PLC starts, the second timer will be off and the3 &
will be off, therefore the normally closed input tioe
first timer will be on. T32 will start timing untiit
reaches 0.5s, when it is done the second timersteilt
timing, until it reaches 0.5s. At that point T33llwi
become true, and the input to the first timer Wwdlcome
false. T32 is then set back to zero, and then E3&et
back to zero. The process starts again from th
beginning. In this module the first timer is useddtive
the second timer and to turn flash light. This tygfe
arrangement is normally called cascading, and &an u
more that two timers. The module functionality and
program status is demonstrated in Figure 6.

The last module was counter. The counter up indicat
in the lift side turn on after switch push buttoX) (
pushed five times, and counter reset when switah pu
button (Y) was pushed. And the counter down indicat
in the right side turn on after switch push but(@f)
pushed three times, and counter reset when switsh p
button (N) was pushed. The module functionality and
program status is demonstrated in Figure 7.

STEP 7-Micro/WIN - tutorial 2 - [SIMATIC LAD]

)File Edt Vew PLC Debug Toos Windows Help

—m

nnnnn

AND FUNCTION AND PROGRAM STATUS

IN - tutorial 2.2 - [SIMATIC LAD]

AC Debug Toos Windows Help

N

5 STEP 7-Micro/WIN - Project? - [SIMATIC LAD]
[ Fle Edt View PLC Debug Tooks Windows Help
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[ B 430
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S
Network 1 Network Ttk
100=0FF Q00=08

NOT FUNCTION AND PROGRAM STATUS
FIGURE 4
(AND/OR/NOT)FUNCTIONS MODULE
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Network 1 Metwork. Title
start_switch=0FF

5

Sembol Address
lamp

start_switch

10.0

Metwork 2
stop_switch=0FF lamp=0FF

—

Address
oo
0.1

Symbaol
larnp
stop_switch

FIGURE 5
THE LATCH MODULE AND PROGRAM STATUS

Network 1

Ta3=0M
’

Network 2
T32-0FF

Neotwork 3 Lawp tum on if T33 is true

FIGURE 6
THE TIMER MODULE AND PROGRAM STATUS

|

K BT T AT A— (]

(8) COUNTER DOWN ANDPROGRAM STATUS
FIGURE 7
THE COUNTER MODULE

PACKING SYSTEM PROTOTYPE

The prototype was designed to demonstrate the imgndl
operation of the boxes after packing the unitsd@sach one
and counting them in precision manner (Figure 8)e T
numbers of units was already determined by the user
program. The handling and packimgs performed via belt
operated by Maxon, Model HC 236 DC motor. Two light
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sensors were selected, the first one is Sick, MOuEL2

2P130 position sensor and has reflector and itorsnally ~ E3Fle &t view PLC Debug Tools iindows Help _
closed that send a signal to the PLC when the lassgs [N @@ &0 s B - FF 2> 0B [» = &

through the sensor and the reflector, the secordioSick, Proto| il o %% B3 20 1roT |
Model 1012 counter sensor and has no reflector itusl !23 —
normally open that send a signal to the PLC whenuhit _
falls down in front of the sensor from the reservai limit Network 1 Wetwerk Tite y
. . . . . Start indicatar
switch is also attached with the system which sendgnal | s
to the PLC when the box catches the end of theipgdine. 2
The developed prototype was tested successfully mihor
e . Symbol Address Comrment
problem. Prototype position sensor was not in theect ¥ ev— 500 Torop 2 T
place causing fall the units out of the box during| [(5= 100 push button
demonstration test. Changing the position sensacepl Network 2
Solved the problem_ pozition_sensor indicator
i} {n
2
The prototype automation was started by pushing th 137
start button, Indicator (light) will be ON, and theotor will IN TON
be ON. Then position sensor will be OFF, sequiytithe ader t00me
motor and its indicator will be OFF, after 5 seceile coll
will be ON, and then the gate will be opened bydb#. As Db ggdéess Comment
a result, the units will fall down and the counsensor will rosiion sonet [ ioht senso
count up (CTU) until it reaches the preset valughi user Network 3
program. Then the coil will be OFF, and the gatd b v ol
closed so as to prevent the units from falling dowext, — | {s)
the motor will be ON, and the indicator (light) ivle ON. !
Finally, the limit switch will be ON, and the motwill be Symha [ades [ Commert
OFF, and the indicator (light) will be OFF due e tstatus [col [a02 [Relay AC 220V
of the motor. The prototype ladder logic diagrarshiswn in Network 4
F|gure 9 counter_sensor c1
| | P} T TTu
coil
I { Pl R
5Py
Symbol Address Comment
coil an.2 Relay &C 220
counter_sensor 0.2 light zenzar
Network 5
C1 coil
— ")
1
Symbuol Address Comment
ol G0z Relay &C 220V
Network b
coil indicator
— )
FIGURE 8 Syrbol Address Carnmnent
OVERVIEW OF PACKING SYSTEMPROTOTYPE coi Q0.2 Fielay AC 220
indicatar oo lamp 24 DC
Metwork 7
CONCLUSIONS it s -
irnit_switch indicator
—] F——( -~
The following conclusion could be drawn from theabed 2 )
results:
 PLC workbenches had been successfully designed at Symbol Address Camment
developed for agricultural Engineering Department, ||indiato o0 lamp 28 DC
instrumentation laboratory. The system included PLd | lmiswich 103 end of coveyar
unit (Siemens, STEP7-224XP), 24V DC power supply, FIGURE 9

. THE PROTOTYPE LADDER LOGIC DIAGRAM
personal computer, USB/PPI Multi-Master cable, ¢hre
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DIN Rail, ten pieces of 24 VDC (Weidmuller, Model
PRZ24VDCLD-1CO) relays, thirty jacks, thirty socket
The total cost of the developed workbench is $1880
While the cost of commercials workbenches in the
market at semi specification of this workbench
approximately $2250- $3500 US.

Five laboratory modules of the PLC workbench was

successfully designed, developed and tested. These

modules included replacing relays by PLC,
(AND/OR/NOT) functions, latching, timer, and counte

A packing system prototype was also successfully
designed, developed and tested. The developed

prototype consisted of conveyor, motor, two proxymi
sensors, reservoir, and coil.

Recommendation and Future Work

The following agenda are to be taken for this stwdyk:

The workbench should be considered as a base ¥or ne
Agricultural Automation and Robotic Laboratory.

The workbench can be supplementary for
Instrumentation and Measurement.

Modem module will allow use internet in control thie
workbench.

Human machine interface (HMI) will make the
workbench a useful laboratory teaching principldés o
SCADA system
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