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Tutorials

Dr.Eng. Ahmed Sameh

Ç Review of LectureΩs Terminologies and definitions.
Ç Solve problems related to the topic of each lecture.
Ç Open discussion about lectureΩs applications.

Lab sessions

Ç Deal with real mechanical and electronic components.
Ç Testing mechatronics systems.
Ç Review different types of sensors and actuators.
Ç Build mini projects.
Ç Learn CAD Skills.
Ç Learn programming and coding skills to control mechanical structures.

References
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Course Outcomes

Dr.Eng. Ahmed Sameh

A student who successfully fulfills the course requirements will have demonstrated:

V Anability to identify, select,andintegratemechatroniccomponentsto meetproductrequirements.

V An ability to write technical reports and present engineering design 
solutions efficiently.

V An ability to know the difference between different types of mechatronicsparts and how to select the proper
componentsto build your system.

V An ability to use commercial software tools for modeling and simulation of mechatronic systems such as Solidworks, 
Catia, Ansys and MATLAB.

V An ability to design, analyze, and optimize mechatronic products.
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Overview of Mechatronics
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What is Mechatronics?

Yasakawa defined mechatronics in this way: óThe word,

mechatronics,is composedof ñmechaòfrom mechanismand the

ñtronicsòfrom electronics.ô

Harashima, Tomizuka, and Fukoda in 1996. In their words,

mechatronicsis definedasóthesynergisticintegrationof mechanical

engineering,with electronicsandintelligent computercontrol in the

designandmanufacturingof industrialproductsandprocesses.

Anotherdefinition presentedby ShettyandKolk appearedin 1997:

Mechatronicsis a methodologyused for the optimal design of

electromechanicalproducts.

More recently,we find the suggestionby W. Bolton: A mechatronic

systemis not justamarriageof electricalandmechanicalsystemsand

is morethanjustacontrolsystem; it is acompleteintegrationof all of

them.
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What is Mechatronics?
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What is Mechatronics?

For many practicing engineerson the front line of engineering

design,mechatronicsis nothingnew. Many engineeringproducts

of thelast25yearsintegratedmechanical,electrical,andcomputer

systems,yet weredesignedby engineersthatwereneverformally

trained in mechatronics. It appears that modern concurrent

engineeringdesignpractices,now formally viewedaspart of the

mechatronicsspecialty,arenaturaldesignprocesses.

The ongoing information technology revolution, advancesin

wirelesscommunication,smartsensorsdesign(enabledby MEMS

technology),andembeddedsystemsengineeringensuresthat the

engineeringdesignparadigmwill continueto evolve in the early

twenty-first century.
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Key Elements of Mechatronics 

1. Physical Systems Modeling.

2. Sensors and Actuators.

3. Signals and Systems.

4. Computers and Logic Systems.

5. Software and Data Acquisition (Digitizing real measurements).
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The Development of the Automobile as a Mechatronic System

Until the 1960s, the radio was the only signiýcantelectronicsin an automobile. All other functionswereentirely mechanicalor

electrical,suchasthestartermotorandthebatterychargingsystems. Therewerenoñintelligentsafetysystems,ò

Seatbelts,introducedin theearly1960s,wereaimed

at improving occupantsafety and were completely

mechanicallyactuated.

All engine systemswere controlled by the driver

and/or other mechanical control systems. For

instance, before the introduction of sensorsand

microcontrollers,a mechanicaldistributor was used

to selectthespeciýcsparkplug toýrewhenthefuelï

air mixture was compressed. The timing of the

ignition was the control variable. The mechanically

controlled combustionprocesswas not optimal in

termsof fuelefýciency.

The electronicignition systemwas one of the ýrst

mechatronic systems to be introduced in the

automobilein thelate1970s.
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The Antilock BrakeSystem(ABS) wasalso

introducedin the late 1970s in automobiles.

TheABS worksby sensinglockupof any of

thewheelsandthenmodulatingthehydraulic

pressureas neededto minimize or eliminate

sliding.

The Traction Control System(TCS) was introducedin

automobilesin themid-1990s. TheTCSworksby sensing

slippage during accelerationand then modulating the

powerto the slippingwheel. This processensuresthat the

vehicleis acceleratingat themaximumpossiblerateunder

givenroadandvehicleconditions.

Tractioncontrol is an electronicsystemthat usesthe

samesensorsastheanti-lock brakingsystem(ABS) to

reduceor preventwheelspin.
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The Development of the Automobile as a Mechatronic System

In automobilestoday, typically, 8, 16, or 32-bit CPUs are used for

implementationof thevariouscontrolsystems.

The 32-bit processoris used for engine management,transmission

control, and airbags; the 16-bit processoris usedfor the ABS, TCS,

instrumentcluster,and air conditioningsystems; the 8-bit processoris

usedfor seat,mirror control, andwindow lift systems. Today,thereare

about30ï60microcontrollersin acar.

Using a radar to measure distance and velocity to 

autonomously maintain desired distance between vehicles. 

Millimeter wave radar technology has recently found applications in

automobiles. The millimeter wave radar detectsthe location of objects

(other vehicles) in the sceneryand the distanceto the obstacleand the

velocity in real-time.

This technologyprovidesthecapabilityto control thedistancebetweenthe

vehicleandan obstacle(or anothervehicle)by integratingthe sensorwith

thecruisecontrolandABS systems. Thedriver is ableto setthespeedand

thedesireddistancebetweenthecarsaheadof him. TheABS systemandthe

cruisecontrolsystemarecoupledtogetherto safelyachievethis remarkable

capability.
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So, the definition of Mechatronicscan be as : ñMechatronics is the

synergeticintegration of mechanicalengineeringwith electronicsand

intelligent computer control in the design and manufacturing of

industrial products and processesò.
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Design Steps

The computer aided development of mechatronic systems

comprises:

1. constructivespeciýcationin theengineeringdevelopmentstage

usingCAD andCAE tools,

2. model building for obtaining static and dynamic process

models,

3. transformationinto computercodesfor systemsimulation, and

4. programmingand implementationof the ýnalmechatronic

software.

A broadrangeof CAD/CAE toolsis availablefor 2D- and3D-mechanical

design,suchas Catia,Solidworks,fusion 360, NX, Solidedge, Inventor

andautocad. SimulationToolssuchasMSCADAMS. Programmingtools

suchasLabview, MATLAB, MapleandMathcad.

Softwaresused in design and simulation of control circuits such as

Firtzing, Tinycad, proteusandEagle.
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Increasingly,real-time simulation is applied to

the design of mechatronic systems. This is

especiallytrue if the process,the hardware,and

the software are developedsimultaneouslyin

order to minimize iterative developmentcycles

andto meetshorttime-to-marketschedules. With

regard to the required speed of computation

simulationmethods,it canbesubdividedinto:

Simulation of Mechatronic system

1. simulationwithout (hard)time limitation,

2. real-timesimulation,and

3. simulationfasterthanreal-time.
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Simulation of Mechatronic system

Herewith,real-time simulationmeansthat the simulationof a componentis performedsuchthat the input andoutputsignals

showthesametime-dependentvaluesasthereal,dynamicallyoperatingcomponent. Thisbecomesacomputationalproblemfor

processeswhichhavefastdynamicscomparedto therequiredalgorithmsandcalculationspeed.

Multi -body dynamic simulation
Solidworks Animation
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Finite element analysis simulation
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ÅTestingof signalprocessingandcontrolsystems,

togetherwith other designof actuators,process

parts, and sensortechnology,in order to create

synergeticeffects.

ÅReductionof modelsandalgorithmsto meetthe

requirementsof cheapermassproduction hard-

ware; and

ÅDeýningthe speciýcationsfor ýnalhardware

andsoftware.

For the designand testingof complexcontrol systemsand their algorithmsunderreal-time constraints,a real-time controller simulationwith

hardware,otherthantheýnalseriesproductionhardwaremaybeperformed. Theprocess,theactuators,andsensorscanthenbereal. This is called

controlprototyping.

Control Prototyping

Advantages of using control simulation
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Measurement Systems

A fundamentalpart of many mechatronicsystemsis a

measurementsystemcomposedof the three basic. The

transduceris a sensingdevice that convertsa physical

input into an output, usually a voltage. The signal

processorperformsfiltering, amplification,or othersignal

conditioningonthetransduceroutput.

Thetermsensoris oftenusedto referto thetransduceror

to the combinationof transducerand signal processor.

Finally, therecorderis aninstrument,acomputer,ahard-

copy device, or simply a display that maintains the

sensor data for online monitoring or subsequent

processing
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Sensor parts

Sensorsô Applications 
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Measurement SystemðDigital Thermometer   

The following figure shows an example of a measurement system. The thermocouple is a transducer that converts temperature to a small 

voltage; the amplifier increases the magnitude of the voltage; the A/D (analog-to-digital) converter is a device that changes the analog 

signal to a coded digital signal; and the LEDs (light emitting diodes) display the value of the temperature.
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Mechatronics Examples

Example1: DC motor power-op-amp speed controller

This designexampledealswith controlling the rotationalspeedof a directcurrent(DC) permanentmagnetmotor. Figurebelow

illustratesthemajorcomponentsandinterconnectionsin thesystem. Thelight-emittingdiode(LED) providesa visualcueto the

userthat themicrocontrolleris runningproperly. Thespeedinput deviceis a potentiometer(or pot), which is a variableresistor.

Theresistancechangesastheuserturnstheknobontopof thepot.
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Thevoltagesignalis appliedto a microcontroller(basicallyasmall

computeron a single integratedcircuit) to control a DC motor to

rotateat a speedproportionalto the voltage. Voltage signalsare

ñanalogò, but microcontrollersareñdigital,òsowe needanalog-to-

digital (A/D) anddigital-to-analog(D/A) convertersin the system

to allow us to communicatebetween the analog and digital

components. Finally, becausea motor can require significant

current,we needa poweramplifier to boostthevoltageandsource

thenecessarycurrent.
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Example 2: Steppermotor position and speedcontroller

This designexampledealswith controlling the positionandspeedof a steppermotor, which canbe commandedto move in

discreteangularincrements. Steppermotorsareusefulin positionindexingapplications,whereyou might needto movepartsor

toolsto andfrom variousfixed positions(e.g., in anautomatedassemblyor manufacturingline). Steppermotorsarealsouseful

in accuratespeedcontrolapplications(e.g., controlling the spindlespeedof a computerhard-drive or DVD player),wherethe

motorspeedis directlyproportionalto thesteprate

Mechatronics Examples
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The LED providesa visual cue to the user to

indicate that the PIC is cycling properly. A

microcontroller uses that value to generate

signalsfor a steppermotordriver circuit to make

themotorrotate.

The input devicesinclude a pot to control the speed

manually,four buttonsto selectpredefinedpositions,

and a mode button to toggle between speedand

positioncontrol. In positioncontrolmode,eachof the

four position buttons indexesthe motor to specific

angularpositionsrelativeto thestartingpoint (0 , 45 ,

90 , 180 ). In speedcontrol mode, turning the pot

clockwise(counterclockwise)increases(decreases)the

speed.
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VS

Mechanicalengineeringdeals with the laws of motion,

force, and energy, it basically works around mechanics,

kinematicsanddynamics& will give you a foundationof

the things and naturearoundyou and teachyou how it

works.

Mechanicalengineeringprovidesinventionandtechnology

that showcasealternativesfor humanbeings to increase

theirproductivityandwork efficiently.

Mechanicalengineeringteachesyou aboutmaterials,solid

and fluid mechanics, thermodynamics,heat transfer,

control, instrumentation,design, and manufacturing to

understandmechanicalsystems.

Mechanical Engineering Mechatronics Engineering

Mechatronicsengineeringnot only combinesthetechnologyof

mechanicalengineering& Electronicsengineeringbut also

Electricalandroboticsetc.

Mechatronics teaches you how to integrate & control

mechanical componentsusing electronic sensors,electrical

actuatorsandprogrammabledevicessuchasmicrocontrollers&

microprocessorsall into onesingleproject.

everymechanicalsystemor machineis convertedinto a more

user-friendly system using different microcontroller,

programming,sensor,feedback& controlsystem.

Thesesystemscanbeprogrammedto work manuallythrough

usercommandsor work 24/7 without any miscalculationand

eliminateshumanerror.
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Mechatronicsis widely usedin your day-to-day life. It is usedin appliances

like washingmachinesanddishwashers. It's alsousedin measuringdevices

like testing of sensors,and calibration devices. Moreover, its uses in

automaticair conditioningsystems,automaticdoor systems,and security

systemsimprovethequalityof life aswell asthesecurityof securefacilities.

Furthermore,it's used in unmannedaerial vehiclesas well as automatic

guidedvehiclesfor minesdetection.

Real Life Application

Refrigeratorsthatcanordermilk whenyou arerunninglow. Washersthat

text you when the load is ready for the dryer. Vacuumsthat carry cats

aroundthe housewhile they clean your hardwoodfloors. All of these

devicesare availabledue to mechatronics. And, of course,who is ever

without their smart phone?A cell phoneôs camera,for example,uses

mechatronicsto takecutepicturesandvideosof yourcatriding thatrobotic

vacuum.

Around the House

https://www.theverge.com/2016/1/5/10708380/samsung-family-hub-fridge-mastercard-app-groceries-ces-2016
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CNC Machines

CNC standsfor computer numerical control andthesemachinesplay animportantrole in

the manufacturingindustry. Thesecomplex machinesare controlled by a computerand

providea level of efficiency,accuracyandconsistencythatwould be impossibleto achieve

throughamanualprocess
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Manufacturing Applications

The micro-factory concept turns the manufacturingphilosophy upside down.

Multiple small yet highly efficient manufacturingunits are strategicallyplaced

close to the markets. Thesedistributed manufacturingunits can producesmall

batchesand a high product mix. The manufacturercan changeproduct design

quickly, at minimum cost, allowing production in small batcheswith different

specificationsïasopposedto largebatchesand long runsof highly standardized

productsin the traditional approach. In the micro-factory concept,productsare

manufacturedon customerorderïi.e., uponreceivingconfirmedordersfrom the

customer,without carryinganinventoryof finishedproducts.

Micro-Factorydeviceusedfor smallboards

Micro-Factoryfor watchmakingindustry
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Mechatronicsengineeringhassavedthousandsof lives throughthe adventof anti-lock brakesand stabilization,air bag

inflation, andfully autonomousvehicles.

Car systems

Car engine management

Electronic stability control

Yaw control sensor

Wheel speed sensors

Steering angle sensors

Rotational speed sensors

Cruise control acceleration and deceleration

Airbag Inflation

Power door locks

Examplesof commonsensorsusedin cars:

Anti-Lock braking system

Traction control system
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ABS system Airbag system
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Transportation Systems
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Robotics Systems 

Roboticsis the engineeringscienceand technologyof robots,

and their design, manufacture,and application. Robotics is

related to electronics,mechanics,and software other words,

mechatronics.

The first digitally operated and programmablerobot, the

ñUnimateò, wasinstalledin 1961to lift hot piecesof metalfrom

a die-castingmachineand stack them. Today, the commercial

and industrial sectors are in widespread use of robots,

performing jobs cheaperor more accuratelyand reliably than

humansdo. They are also employedfor jobs, which are too

dirty, dangerous,or dull to be suitablefor humans. Robotsare

widely usedin manufacturingassembly,andpacking; transport;

earth and space exploration; surgery; weaponry; laboratory

research; safety; and mass production of consumer and

industrialgoods.
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Serial Manipulators

V Limited speed

V Less rigidity

V Lessaccuracy

V High power consumption

V Large workspace

V Large inertia

V links connecting in a serial fashion usingActive joints .

Parallel Manipulators

V Multiple kinematic chains connecting afixed base to a 

movable platform.

V Actuators are fixed at/near the base.

V Light weight links

V High velocity
V High accuracy 

V Limited workspace

V High rigidityV Small inertia
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Flying robots

Essentially,a droneis a flying robot thatcanberemotelycontrolledor fly autonomouslyusingsoftware-controlledflight

plansin its embeddedsystems,that work in conjunctionwith onboardsensorsand a global positioningsystem(GPS).

UAVs weremostoftenassociatedwith themilitary andin surveillanceapplications.

Drone/Quad-copter Ornithopter/Flapping wing vehicle
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Legged /Quadruped Robots

BigDog is a dynamically stablequadrupedmilitary robot that was

createdin 2005by BostonDynamics.

BigDog's walking pattern is controlled through four legs, each

equipped with four low-friction hydraulic cylinder actuatorsthat

powerthejoints.

It canstandup,sit down,walk with a crawlinggait thatlifts onelegat

a time, walk with a trotting gait lifting diagonallegs,or trot with a

running gait. The travel speedof BigDog varies from a 0.45 mph

(0.2 m/s)crawl to a3.6 mph(1.6 m/s)trot

Approximately50 sensorsarelocatedon BigDog. Thesemeasurethe

attitude and accelerationof the body, motion, and force of joint

actuatorsaswell asenginespeed,temperatureandhydraulicpressure

insidethe robot'sinternalengine. Low-level control, suchasposition

and force of the joints, and high-level control suchas velocity and

altitude during locomotion,are both controlledthroughthe onboard

computer.



Introduction To Mechatronics Fall 2022 40Dr.Eng. Ahmed Sameh

Legged /Quadruped Robots
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Smart Robotic legged Toys
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Humanoid robots

A humanoid robot is a robot

resembling the human body in

shape. The design may be for

functional purposes, such as

interacting with human tools and

environments, for experimental

purposes, such as the study of

bipedal locomotion, or for other

purposes. In general, humanoid

robots have a torso, a head, two

arms, and two legs, though some

humanoidrobotsmay replicateonly

part of the body, for example,from

the waistup. Somehumanoidrobots

alsohaveheadsdesignedto replicate

human facial featuressuch as eyes

andmouths. Androidsarehumanoid

robotsbuilt to aestheticallyresemble

humans.
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Humanoid robots


