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Academics ~  Training Courses

#  About Us =

Automatic Control Diploma ~

&) http: f/acc-viab.cu.edu.eq/

Mech. Power Dept., Faculty of Engineering
Automatic Control Circuits & Virtual Labs -

for Mechanical Power Systems A N i A@@ Automatic Control Center & Virtual Lahs
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Vision & Mission

Viral Labs Courses  Qualty As:

& Yoo | | Post o Hydroulics Cowrses  Projects for Accreditation of Academic Progsam
Interactive Design Capabilities & Facilities Evaluation Forms b D Valves
) Contact Us PLC Courses 5 Pipe-lines
Practical Experience Watlab Courses & Pumps
Links 10 MEP Dept.

2 Flow measurements

) . Frofessional Courses: ¢ | viscosity MeasLrements
Real Simulations P 3 Incompresible Fluid dyrami
2 GasDynamics

2 Gas turbine

2 Fire-fighting

Evaluation Forms.
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\.I'lrtual Lah for Automatic Control
of Thermal Power Generation Plant

Virt-lab for Advanced Pneumatic Circuits | Virt-lab for Advanced Hydraulic Circuits
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Investigation and Verification of Automatic Control Virtual Labs
Introduction:

What are Virtual Control L.abs for Mechanical Power Systems?

Modern Applications for PCs and ITs have produced new types of Virtual Lab Programs work on
PCs and simulate to a great extent real Automatic control Systems. These Virtual Labs consist of and
display many essential control-boards and instrumentation-panels which are identical and also do the
same functions as many industrial automatic control systems existing in practical mechanical power
systems. These interactive Virtual Labs include also flow visualization of various fluids moving in the
system under investigation. These labs are specially designed to give the user a broad based
understanding of the most important concepts of practical automatic control and real thermo-fluid
processes existing in industrial mechanical power systems such as the operation and control of electric
power generation Steam-plant or operation and control of refrigeration and freezing plant or solar heating
system...etc.

The objective of Virtual control labs is to show the engineer all types of input and output signals and
the control procedures used in many complicated automatic control systems. For this reason, the
simulations include many critical control alarms, temperature and pressure read-out meters, flow control
valves, operation and instrumentation parameter-boards, diagnostic tools, error-report filling, and
help/trouble-shooting menus. Further more the Virtual Labs perform many types of Thermal or Heat
Balancc Calculations and Plotting charts to gct some rcquircd/important output valucs such as the
thcrmal ctticicncy of the plant or the H-Q curve for a pump or the C.O.P of a rctrigeration system.
ILO’s of each Automatic Control Virtual-Lab:

1- Identifying the main concepts of industrial automatic control systems in many mechanical power
applications by modcrn computer-bascd programs which simulate thosc practical control systcms.

2- Investigation of many Applications Automatic Control Virtual Labs to understand their functions, how
they work and what are their input & output signals ...etc (there are more than 16 virtual labs in ACC).

3- Verification of the accuracy and validity of the results obtained by those virtual labs through
performing engineering and scientific calibrations for those virtual labs. The calibration is done by
comparing internal calculations done by those virtual labs with external engincering calculations using
thermo-dynamic, conservation equations, and thermo-fluid relations to get the same output results.

4- Training students and engineers on Technical Report Writing and Presentation Skills for each Lab.

5- Enhancing the skills ol Searching [or information and adopting sell learning capabilities related o

Automatic systems and modern computer technologies.

Fedk ek kdkkkdkdkd Fhkdkhkhkhkhkhkhkhhkhkd

Names of Automatic Control Processes for Virtual Lab Experiments:
» VirtLab-1: Interactive Automatic Control System for an Industrial Water-tube Steam Boiler.

» VirtLab-2: Interactive Automatic Control System for an Industrial Steam-Turbine and Rankine
Cycle Power Generation Plant.

» VirtLab-3: Interactive Automatic Control System for an Industrial Refrigeration & Freezing Plant.

» VirtLab-4: Interactive Automatic Control System for an Industrial Air-conditioning plant

» VirtLab-5: Interactive Automatic Control System for an Industrial thermal plant with heat pump.

» VirtLab-6: Interactive Virtual Simulation of 4 or 2 stroke Spark Ignition Otto Cycle engines.

> VirtLab-7:Interactive Virtual Simulation of 4/2 stroke Compression Ignition Diesel cycle engines.

» VirtLab-8: Interactive Automatic Control System for an Industrial 6-cylinder, turbo-charger, 4-
stroke Diesel engine drive with thermal balance calculations.

> VirtLab-9: Interactive Automatic Control System for an Industrial 6-cylinder, turbo-charger,
Diesel engine with a hydraulic brake unit.
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7 VirtLab-10A: Interactive Automatic Control System for an Industrial pumping plant with two
Parallel or Series Centrifugal Pumps.

» VirtLab-10B:Interactive Automatic Control System for filling different vertical tanks with liquids.

» VirtLab-11: Interactive Virtual Simulation and Animated sections for 16-different components
of Industrial Hydraulic control Circuits.

» VirtLab-12: Interactive Virtual Simulation for an Industrial Hydraulic automatic control Circuit
with 16-different components.

~ VirtLab-13:InteractiveVirtualSimulation of4-differentIndustrial Pneumaticautomaticcontrol circuits.

> VirtLab-14: Interactive Automatic Control System for an Industrial Solar Heating Plant with 2-
Flat Plate collectors and auxiliary boiler.

> VirtLab-15:Interactive AutomaticControl System for a civil heating plant for hot water distribution.

Two more Automatic Control Virtual Lab Experiments (are used in MEP3001 & MEP4006)

1-Automatic Control Virtual-Lab for MEP 3001: Basics of Hydraulic and Pneumatic Systems
Overview: This Virtual-lab course is designed to study the basic concepts and essentials of Hydraulic

and Pneumatic Systems or Circuits which are special practical applications of automatic control of
mechanical power & energy systems. The course uses Virtual Lab method by a practical on-line
interactive PC program. This control Virtual Lab is E-self-learning software. The software includes large
number of examples for hydraulic parts & circuits, 3-D animations, E-learning labs, quizzes..etc. The
Virtual Lab along with professional course notes & training sheets provide typical example for modern
Blended, self-learning education technique. In this course, it is used for studying and analyzing various
aspects related to applications of ON/OFF Hydraulic and Pneumatic Circuits in automatic control of
mechanical power and energy systems.

Overall Aims of the Virtual-L.ab Course: To introduce basic definitions of Hydrostatics (i.e., Pressure,
work, transportation and magnification of force and moment). To study the Hydraulic Power
Transportation through Basic Components of Hydraulic Systems. To investigate some Types of Positive
Displacement Pumps (Gear, Vane, and piston pumps)-Types of Hydraulic Actuators (Cylinders, Engines,
Semi-rotating Engines)- Pressure control Valves — Directional Control Valves- Flow Control Valves-
Non-return Valves—Conditioning of Hydraulic Oils (filters, Heat Exchangers, Tanks)- Oil Piping —
Auxiliaries (Accumulators, Manifolds, Flow Meters, Pressure Gauges, Switches). To define different
Hydraulic Symbols for Reading Hydraulic Schematics. To examine some applications of Basic Hydraulic
Circuits (Direction &Speed Control, cylinders Control, Pumps Curves, Step-displacement diagram,
Numbering of Hydraulic Elements).

Learning Outcomes of the Virtual-Lab Course (LOs):

1.Recognize different types and applications of practical automatic control systems and to Identify various types of
Hydraulic and Pneumatic control circuits.

2.Comprehend and follow present developments of both Hardware and Software of IT & recent modern Computer
Applications in practical automatic control systems.

3. Recognize various types and applications of Virtual Lab Techniques used to study automatic control systems.

4. Apply educational & practical training Virt. Lab to understand basics and essentials of Hydraulic and Pneumatic Systems

5. Understand basic concepts, definitions, and symbols of Hydraulic and Pneumatic Systems.

6. Investigate various components, essential parts and main accessories of Hydraulic and Pneumatic Circuis.

7. Understand hydraulic symbols and schematics for drawing Hydraulic and Pneumatic circuits.

8. Apply engineering standards and practice reading symbol-schematics of hydraulic and Pneumatic circuits.

9. Perform Evaluation and function analysis to select proper parts for circuits with optimum performance.

10. Examine of Maintenance and Troubleshooting of Hydraulic and Pneumatic Systems.
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2-Automatic Control Virtual-Lab for MEP 4006:
Application of virtual labs in the

analysis of automatic control systems
(Case Study: Gas Turbine Control Syvstems)

Overview: This is an interactive computer-based training Automatic control Virtual-Lab course that includes
the following items: GT Design- Operating Principles- GT Case and Air inlet- Compressor Section- Diffuser
and Combustion- Turbine and Exhaust- GT Ignition System- Bearing and Seals- Lubrication and Lube Oil-
Lube Oil Pumps- Lube Oil Filters and Coolers- Lube Oil Instrumentation- Hydraulic Oil System- Trip Oil
System- GT Fuel System — Fuel Gas Supply System- Fuel Gas Control System- Liquid Fuel System- Liquid
Fuel system Operation- Pneumatic Starting System- Hydraulic Starting System- Diesel Starting System-
Enclosures- Fire Detection- Gas Detection-Fire Extinguisher Systems- Principles of Power Generation-
Generator Components- Generator Lube Oil- Generator Control- Principles of Compression- Compressor
Components- Compressor Lube Oil- Compressor Control System.

The course uses Virtual Lab method by practical on-line interactive program. This control Virtual Lab 1s E-
self-learning software. The software includes large number of examples for GT parts, 3-D animations, E-
learning labs, quizzes,.etc. The Virtual Lab along with professional course notes and training sheets provide
typical example for modern Blended, self-learning education technique. In this course, it is used for studying
and analyzing various aspects related to GT automatic control and energy systems transfer.

Learning Outcomes of the Virtual-Lab Course (LOs) as per NARS 2018

1.Recognize various types & applications of Virtual Lab Techniques to study automatic control systems.

2.Comprehend and follow recent developments of both Hardware and Software of IT & recent modern

Virtual Lab Computer Applications in practical automatic control systems.

3. Apply educational-practical training Virtual Lab to understand basics & essentials of GT Systems.

4. Identify various types and main essential parts of Industrial Gas Turbine Systems.

5.Study different methods for emission/pollution control & energy rationalization and maximization of the
benefits of Industrial GT Plants.

6.Recognize different types and applications of practical GT automatic control systems and subsystems.

7.Understand various schematics & symbols of GT Hydraulic/Pneumatic control subsystems &circuits.

8. Apply engineering standards & practice reading symbol-schematics of GT vibration control systems.

9. Perform Evaluation &function analysis to select proper GT control systems with optimum performance.

10. Examine of Maintenance and Troubleshooting of GT automatic control systems and subsystems.

11. Exchange knowledge with engineering community.

12. Work in stressful environment and within constraints.

13. Communicate effectively, Effectively manage tasks and resources, Refer to relevant literature
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PLC S1200 Double-Acting

Belt Drive ¥ Hydraulic Cylinder
 Control 1 F xperiment in the restroom

Irainer ACC Ground Floor

i ,'-l_ | L _ _1]]

alog

17001
T.ectuurer K Semnminan
Roomn

| Hot-Wire

namomete __',

| The RT 710 Hydraulic (Proportional) System is a model

Buipment for Engineering Educatioﬂ g“ﬁl of a hydraulic position control loop. The unit allows

students to experiment with the following specific
Exper’ment |nStl’UCtlQ I'IS RT710 Pl‘OpOl"tlDllal Hyd]aul'c System hydrau”cs and control technology topics:

Experimenal Apparatus for Proportional Havdraulics

e [>-——-— - How a position control or servo-system works
. i i GUNT Geratebau GmbH - Examining the behaviour of hydraulic cylin-
[ EE IL( i mmn:-&».-' ! Fahrléﬂ:‘-Erg 14ePOBow 1125 ders, control valves, position sensors ete.
(f>— i ﬁ_.] — =2 19881 Eaﬁbjﬂﬂ IGE”T‘-'[‘; - The influence of system pressure & load onaccuracy

- Determining gain constants
- Stability of the closed control loop
= Recording step responses&frequency responses

Phona(040) 6708540 Fa [0<0) 67063
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Overview:

Educational Kit allows for reliable training on
engineering processes and PLC systems as close as
possible to those in industrial and actual production.
The Kit allows for right “artificial” training
processes that are economic, flexible and practical.
In addition to Kit-hardware, this training system
includes computer-aided Software, Virtual-Labs,
practical exercise methods that ensure very good

: expertise in automation and PLC technologies.
Reamrem ents of Pracucal exercises & Project Documentis:

S o N T T PR LS RN AT cnzm ot

0 DCIIIUIIDLLQLIUII diia Cidr J.lJ.L(.lLJ.Ull (o4 LllC UsE O1 5CINSO0rs J.ll (.lULUllld.tlorl.
u' Demonstration & clarification of the use electro- Pneumatlcs/Hydraulic into the PLC technology
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S$7-200 CPU

The 57-200 CPU combines a microprocessor, an integrated power supply, input circuits, and
output circuits in a compacthousing to create a powerful Micro PLC. See Figure 1-1. After you
have downloaded your program, the 57-200 contains the logic required to monitor and control
input and output devices in your application.

I/O LEDs

Access door:

Status LEDs: ' _—Mode selector switch (RUN/STOP)
System FaulyDiagnostic Analog adjustment potentiometer(s)

l .--""-'l.. -..--.-l-.- d
EJ{P'AG} \\;g X Expansion port (for most CPUs)
5TOP AN
/(’, e = Terminal connector

Optional cartridge: (removable on CPU 224, CPU 224XP

Simatic 57-200, CPU 2271 UNIT,

Memory Cariridge and CPU 226)
Real-time Clock DC POWER SUPPLY 6DI DC/4DC
Battery DC, 4 KB CODE/2 KB DATA,

Communications port |
Computer Reqmrements

STEP 7-Micro/WIN runs on either a personal computer ora Siemens programming device, such
asa PG 760. Your computer or programming device should meetthe following minimum

requirements: e ——————
(1 Operating system: PO SL - F - FAT ez O Ve RTIET whakss T
Windows 2000, Windows XP, Vista [ i e o
[ Atleast 350M bytes of free hard  p— 'ﬂ""“”—‘——'z
disk space — ——_
i b |
1
1 Mouse (recommended) e
— — — —
=
Figure 1-2 STEP 7-Micro/WIN
_!...m—:g._.; P

o M T e
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» Main Configuration : : ;
It is comprehensive control trainer that includes

PLC, pneumatic, sensor, stepping motor skills
» Conveyor flat-belt device use DC speed reduction motor
to drive (drive ratio 1:40 output rotor speed about 25rpm)
» Includes metal inductive sensor.
» Has photoelectric switch, standard test distance 1-25¢cm.
» Has a capacitance proximity switch and a relay one.
» The materials sorting unit has a double acting pneumatic
cylinder, solenoid directional control valve etc.
» Control panel has start and stop button, indicator light etc.
R_quirem ents of Practical exercises & Proiect Documents:
< Demonstration and clarification of the use of sensors in automation.
** Demonstration & clarification of the use electro-Pneumatics/Hydraulic into the PLC technology.
** Provide a practical introduction to the world of field buses.

PLC Sicmens S7-1200 1/0 Unit Power supply: AC 220V, 50HZ,

The Siemens S7-1200 PLC 1s mounted on a pre-wired frame that facilitates easy

connection. The mounting frame gives access to the PLC’s /O capabilities
providing an effective means for the student to test and debug the program prior to

connecting to the annlicatinon All 1nniite and ottt are via colonr coded eafetsy
LUV UL s WU Ll Aap PG Ui, S JU PSS dliiu UUpu alv Via VUL LUUvUL D vy

sockets (4 mm).

Technical Specification

-PLC main unit SIEMENS S7-1200 CPU 1214C DC/DC/DC.

-Data memory SOKB, load memory 2MB;

-Power supply 24 V DC; Boolean execution times 0.1 s per operation,
-14 digital inputs, 10 digital outputs, 2 analog mputs

@ Power connector

(@ Memory card slot under top door

(@ Removable user wiring connectors

-Expandable by up to 3 communication modules (behind the doors)
-8 signal modules, and 1 signal board/communication board @ SRRt R R R nihoarl D
. . > oc! iagram PROFINET ct
-Digital inputs can be used as HSC at 100 kHz T Pl © connector
-Digrtal outputs (PTO) or (PWM) work at 100 kHz - —
. 'slm 'slt;:;' 'T'agg'
e “phorsiceric: o
'phou:ei:(!nc' 'mo!nr'T . = Time . -mc:.;r-
'Ta:gEI metal sensor’ -':fl; so1-
ey s
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Catalog for Training Kit of

a QInart Parking Garage Using PL.C and HMI sttenl
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Introductwn. This Training Kit is an example for practical application of PLC and HMI

(Programmable Logic Controller & Human Machine Interface) Systems in Mech. Power Engg.
The Kit represents an introduction for investigation of various types of real control systems
which are used in automatic multi-level Smart Parking Garage. The real systems can include
micro-controller, conventional electric or Relay type control circuits, PLC, Hydraulic &
pneumatic Systems. The Kit is an effort to design & execute a simplified practical training
model which uses both PLC& HMI techniques in order to simulate a real Garage system. In
addition to the task of selecting a specific type of PLC & HMI which are proper for producing
the model, another required task was to select & use several types of electric digital switches,
Relays, LEDs & input/output I/O devices. Furthermore, in order to practice different aspects of
using PLC, the training includes also running and testing practical a real PLC-Simulation
software to diagnose possible errors & trouble-shooting of automatic control PLC& HMI
systems of sequential programming procedure. Finally training task includes detailed and
carefully prepared documentation procedure report for both SFC, Sequential Function chart,
LAD program & wiring of the Garage practical Training Kit .
:1LO’s of Training Kit cu il 3aa 5 (e d8agiowal) doanlail) Cila yaal)
Juealdil) maat 2 Siila 68 oY) aSadil) clilee 8 4.8 dailad g Adlilsa) e G adll g PLOC U 58 5 Glaaidiad A Ja o
LBAdaa afat dagliia JSU anlial) £ il jualic g Al
o«lial) 3 3¢a) Jie) Input & Output devices for PLC 4 kUil g Aad 1) (sl g AlSsal) jealic Glany A o o
.(Output actuators z A1 8 g2l £ 4 Gl g zeildal) g Clabeaall g
SFC: 8laial) Jaaial) Caills of Jalada 3.8%0 g A jlaa g Blaial) Slhaial) aSatill zalld ;i avawal il glad g ST aledi o
Sequentlal Flow Chart
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LaSadl) dlse @lilhia cwaParallel or Selective Branching
PLC Ladder g U (35 610 5 4,USY <) jlga ) 2 alaly £ 9 sdally daldd) PLCS j¢a) daa iz 42 ualic alai «
diagram
daaal) elodl LaddS PC LAY ulally aSail) zali » 145 PLC Simulation software 3WSlaall za) 5z QLE’ES alad o
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Catalog for Training Kit of
Automtic Bottling Production Line /\
System Using PIL.C and HMIT
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Introduction: Thi raining Kit is an example for practical applicat
(Programmable l.ogic Controller & Human Machine Interface) Systems
nt introduction for investigation various tvpes of

addition to the task of selecting a specific type of PLLC & HMI which are proper for producing
this model, another required task was to select & use several types of electric digital switches,
Relays, LEDs & input/output IY/O devices. Furthermore, in order to practice different aspects
of using PIL1.C, the training includes also running and testing practical and real PL.C-
Simulation software to diagnose possible errors & trouble-shooting of automatic control

PL.C& HMI svstems of sequential programming procedure. Finally training task includes
Aatail and caralially nronarad daciaimaoantatinn nrocoadisrag oot ar SEC Qogannantial
detailed and carefully prepared decumentation procedure report for SFC, Sequential
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Overview: This is an automatically controlled bottling production line system. The objective is to provide a mixed liquid |
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A Fire Tube Boiler with a dlgltal PLC&HMI Control System
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+——=Boiler body
] Inspectirn doors -

Prepared by: lbrahim Mohamed EF k lnsulauon

under supervision of: Frof. Asrar Steel bed Boiler Fl
Furnace frame ~or o or
ODverview: This Tra]n]no Kit is an examnle for nractical ann]u‘nhnn of PILC and HMI

Ia2531%% o ] eAxalingye 1ol 1"—""—‘ CAL1O1Y 28'v21

(Programmable Logic Contro]ler&Human Machine Interface) Systems in Mech. Power Engg.
The Kii represents an iniroductiion for investigation of various types of real coniroi sysiems
which are used in operation processes of a Fire-Tube Boiler System. The real system can
include micro-controller or conventional electro-mechanical or Relay type control circuits.
The Kit is an effort to design & execute a simplified practical training model which uses bath
PLC & HMI techniques in order to simulate a recal Fire-Tube digital control system. In

g PR |47R- 0N [ER ST Sy PP e M H mrax 2P DT M Q. TINAT wn Bz il cnzean r.. s .
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this model, another required task was to select & use several types of electric digital switches,
Relays, LEDs & input/output I/0O devices. Furthermore, in order to practice dilferent aspects
of using PLC, the training includes also running and testing practical and real PLC-
Simmulation software to diagnose possible errors & trouble-shooting of automatic control
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detailed and carefully prepared documentation procedure report for the SI'C, Sequential
Function chart, LAD program & wiring of the Fire-Tube Digital Control Training Kit.
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