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Elements of mechatro
system

# fundamental structure: next Sensors

-
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Sensors Classification

% Based on output signal
% Analog
% Digital
& Based on the principle of operation:
Resistive, capacitive, inductive
Optical: Fiber optic, encoders etc,
Magnetic: Hall effect
Piezoelectric transducers

Ultrasonic sensors

So now, we will continue our discussion on these elements of mechatronic systems. Last time
we had seen some sensor elements. Remember these you can have a look at. So, let us flash
through the slides and so last time we had seen these different elements of mechatronic
systems and then focused on our sensors and seen some of the classifications of the sensors
based on the analog and digital output and based on the principle of operation of the sensors.

So, in today's class, we will continue a little bit of a discussion pending which is on the



MEMS sensors, which are which are these days more popular for many applications, because

of their cost advantages.

(Refer Slide Time: 01:19)

MEMS Based Sensors

MEMS (MicroElectroMechanical Systems)

& MEMS refer to miniature mechatronic systems bulk
fabricated using VLSI technology

& Advantage:
& both mechanical and electronic components on the same chip

& Low cost mass fabrication

. Technlques and processes to design and creata """'%
systems ;

& Miniature embedded systems

So, the MEMS refers to microelectromechanical systems. They are fabricated by IC
technology, you might have seen foundries where, these people wear this kind of a dust free
cloth and then you know enter the foundry and then fabricated chips. So, that chips usually
like computer chips will have only electronic components. Now, if you can imagine if you
are a computer chip will have some a mechanical kind of components then it refers to this
MEMS technology of bulk fabrication of many many sensors at a time on the surface of a

wafer.

So, because you can fabricate maybe 1000s of sensors in one kind of a process, its
manufacturing is very easy. Manufacturing cost is very low, manufacturing may not be so
easy because it undergoes VLSI processes which are based on the equipment which are costly
equipments. So, the advantages here are you can have integrated fabrication of sensors with

both mechanical and electronic components on the same sensor.

Then low cost of fabrication. Low costs due to mass fabrication and the techniques and
processes can be designed to create really really small systems. So, this is a very interesting

area of application or area of research also.

There are many interesting systems that can be developed based on this MEMS technology
and one should be aware about this. So, somehow maybe we can reserve some separate

lecture on this actually, at some point in the future classes. So, where we can demonstrate



some interesting sensors and actuators also in the MEMS based technologies. For now, we

will go forward with other kind of topics that we would like to see here.
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Sensor Selection for ¢/
Mechatronic System

System requirements = Sensor requirements

& Example: servomotor for robotic application

# Kinematic/dynamic analysis to get the required sensor specs
Noise considerations

Choice of analog vs digital sensor

& Use of filters: analog vs digital domain implementation

& Cost implications -w T 4

Mathematical model of the system/sensor,
simulation

Manufacturers catalogs = proper choice

So, this sensor selection again, we will come to this topic later on also, but we need to have
some a common sense understanding for sensors selections. For example, if you want to get
sensor selected for a given mechatronics system. See, this is like evolving, design processes
iterative and evolving. So, you cannot immediately come up with the specifications of the
sensor, but you will have some kind idea then you change the, start developing first kind of

design then with the analysis you find well, we need to fine tune some specifications.

Like that a design is evolving process for mechatronic systems. So, we will have to go
through this evolving process. We may not have all the details at one go. But as we start
thinking about applications we will get to know more and more details and then we can
incorporate them into the requirements and the development selection of the sensors and

things that.

So, from the systems requirement perspective, you need to get to the sensor requirements. So,
that process is maybe somewhat based on prior experience or maybe based on some
mathematical analysis. There are many different ways we can do that and again, iterative way

it will go.

So, we will go through this kind of a process sometime later, but these are some issues that
were needs to be looking at for selection of sensors, then second one is a noise consideration.

So, if you are doing the analog sensing versus digital sensing, you need to worry about the



noise in that way. So, you may need to filter or you may need to take care of the noise in

analog domain or in the digital domain.

So, for example, if the wire or the sensor is already giving some kind of a noise before even
getting into digital domain, you may pass a sensor output through some analog filter, some
simple RC circuit will take care of that. Then you of course, you will have a cost implications
with this. Then mathematical modeling is going to be important for simulations to kind of

come up with precise specifications for your sensor.

And then you typically go through manufacturer catalog and match the requirements
whatever you have generated the sensor requirements; you need to be matching with
manufacturer's catalog and getting, selecting a proper sensor. So, that is a kind of process that
goes on for the sensors election. So, we will do this process sometime later, but you should be

aware about these parts here.
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Actuators

Types of actuators in mechatronic system
Solenoids
AC and DC motors
Stepper motors
Hydraulic actuators
Piezoelectric motors
Pneumatic devices

Then, we have a next element, which is actuator in the system. Now, for actuator we have
lots of different kind of choices. So, from the mechatronics perspective, now I am not really
talking about only techno many kinds of different kinds of actuators that are found in the
literature. We can have actuators which are like, I would say servo controllable, that is what

is important here.

So, there are many, many actuators, they can make servo controllable possibility, but these
are some of the most popular kind of actuators. So, solenoids is one of the important class.
They are used in mainly push button, they are not servo usually, so solenoids are not a servo

actuators, but they are digital ON or OFF kind of actuator.

So, they are used in many kind of mechatronic systems, especially the process industries and
things like that, where you want to do suddenly open a valve or close a valve which is not, it
is a digital opening and closing or you need to remove the articles or parts from the conveyor

belt, which are not really suiting the, you need to reject the parts of the conveyor belt.

That actuation one can do by solenoid. So, many many different places they have
applications, then AC or DC motors, these are very important class because they are most
popular actuators in mechatronic systems. Then you can have stepper motors also big class
and then for the systems which are very heavy, you will have, which have very high power
requirements, we will have hydraulic actuators and nowadays very precise application
piezoelectric motors for example, autofocus cameras or DSLR cameras will have this

piezoelectric motors, for moving for the motion of the lens.



So, you can see that very interesting sound that comes when you when the lens is focusing in
your SLR camera. That is because of these piezoelectric motors, then you may have
pneumatic actuators are also a possibility. So, we will go briefly through each of them and

not so many details, but as we go along we will get into more and more details.

So, this is a motor which is DC motor along with the encoder here, so this is what we will
probably use for our programming or learning the practical parts of the of the system. So,
with the TIVA board, we will use this motor with the encoder attached to it for that

understanding some of the fundamentals of control that this course has to offer.

(Refer Slide Time: 10:26)

DC Motors

* Principle: wire carrying conductor. in magnetic field
* Two primary classes

* Brush type DC motors

* Brushless DC motors - speeds 100,000 rpm

- solid state switching

* Wide variety of motors available in market

* Speeds and torque ranges

* Sizes, voltage ranges

* Bandwidth ranges P }
4 I

Now, coming to the DC motors, this you know this you know the principle, there are two
primary classes which is brush type in brushless type. So, brushless types are where you use
it for the applications where you need a high speed and then wide variety of these motors are
available in the market. The very high precision manufacturing or very high quality motors

will find from the companies Maxon or Faulhaber.

Those kinds of companies will produce these motors which are very, very good quality
motors, but otherwise also, there are many, many companies in the market where these
motors can be available and speed, torque ranges, size voltage ranges, you will have lot of

variety you will find with the DC motor.



(Refer Slide Time: 11:15)

Stepper motors

High torque at low speeds

Stepping action in motion

Ideal for implementation of digital control
Holding toque = eliminates need for brakes
Several constructions and configurations possible
Types

* Permanent magaet stepper motors

* Variable reluctance stepper motors

Then stepper motors are another popular actuators for mechanical mechatronic systems, we
will see some of the applications soon. They are used in the places where you do not need a
sensor. So, you can rely on the steps, making sure that the steps are not missed in the drive

way based on the capacity.

So, you choose a motor of a capacity that the steps should not be missed and you are simply
give so many number of steps and the application will be running smoothly. If there are
external loads, which will prevent the steps to be slipped then these actuators are not really

good.

So, you need to make sure that the torque that is required for the application is not higher
than what your choice of the motor. So, motor should be delivering higher torque than the
application needs, then they should be fine and it, the stepper motors also have this a holding
torque which eliminates the need for brakes if at all the application requires that. Again, there
are several constructions and configurations possible. So, we will get into some of some more

details but if you have some idea about how they work for example here.
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Stepper motors

* Operation: principle

» Various logics possible

Phase 1

Stepper Motor Operation (Unipolar, Full step)

So, this operation principle is very simple here you excite one coil and then are you excited
the next coil the rotor will move to the next position and then you will have sequence of
excitation of different different coils. There are typically four coils in the stepper motor 1A,
1B, 2A, 2B, there are a standard terminology that is used that. And these operate in a very
different many different logics that can be possible. So, for example, in this case, maybe I
will show you the animation of the logic. So, you have only one single excitation happening

at a time now. So, this is one mode of operation, it is called full step operation.

Then if you see, if you want only half of this step to be happening. So, what we can do can
you think about? For example, one of the ways to get to these micro stepping modes there are

different these micro stepping modes can be possible. One of the ways to get to that is, you



control the voltage itself on each of the coils. So, I tell you how we can control the voltage
and do that when we see this half step mode, you may understand things better. So, half step
mode, you will see this is the thing that will happen this is going to happen. Can you see that?

So, you excite one coil and other coil next to it both together.

So, we will make the position of the rotor into some kind of a middle position here. Now, if |
want to change this middle position to do either side of this coil or side of that coil, I can
excite these two windings differentially, are you with me? So, we should think about how can

we have some multiple steps possibility between the two half steps?

So, this is one half step up here and other half step or within one full step, how can have, how
can I have more steps than half step possibility? So, think about that it is very interesting way
you can see that, we can operate stepper motors to give you really really high resolution
although the steps are designed or the motor is designed to give only this single step or half

step or something.

We can possibly by changing the control or by changing the amount of energization of one
coil versus other coil; one can have like many many different possibilities. So, we look at
those possibilities again in the future, we may deal with more details about actuators. There
are these different applications of stepper motor; dot matrix printers, nowadays, these are

extinct now.

You might not have even heard of this name of dot matrix printers, floppy drives also are
extinct. We used to be in the past, you have a magnetic disk and you can drive things by |
mean store the data on the disk, which is nowadays all replaced by pen drives. Then, lot of
robots we have many many different applications. So, we will see some of them, CD ROM

drives, there are some interesting ways stepper motors have been used.
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Hydraulic Actuators

Piston type linear actuators and hydraulic motor
High forces/torques in a small place

Low inertia and very fast response

Types of hydraulic motors:

* (Gear/vane motor
* Axial piston motor or swash plate motor
Applications:

Conveyer belts, earth moving machinery, material hi
equipments, heavy machinery |

/

Now, we look at little bit of hydraulic actuators. So, in hydraulics you can have two

possibilities; one is a linear actuators or you can have a hydraulic motor is also possible. So,
we can see how hydraulic motors can be made to work actually. So, we will see that.
Hydraulic actuators would be useful in the places where you need a very high force and you

need very high torque in very small kind of compact environment.

However there as the name suggests, you need some fluid that can be given this pressurized
fluid which can be given this actuation. So, you need this entire system of, oil tank and oil
pressurization and things like that. So, that entire system needs to be there together. Then you

will have very high forces and torques in a small place that can be possibility.

Because of the high torques naturally they will be very fast in having relatively low inertia
and very fast response. There are many different hydraulic motors possible with the
principles, the vane motors is one of the ways that you can have hydraulic motors created or

you have axial piston motor or swash plate motor.

So, you just Google about this and you will see how these motors, these hydraulics are
working. Their applications will be mainly in the conveyor belts or earth moving machinery,
in big machinery, where you want to dig out some things and those very high forces are

needed, that is where you use these hydraulic actuators.
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Industrial
Hydraulic Moto

MOBILEX GFB axial piston
hydraulic drive unit along
with gear reduction.

From BOSCH REXROTH

https://docplayer.net/87907175-Swing-
drives-mobilex-gfb-for-mobile-applications.html.

So, this is one of the open up picture of hydraulic axial piston motor. So, you can see that
pistons are up here and they are operating this swash plate here, the swash plate is a rotary
plate with pistons which are coming at an angle. So, you can imagine when this piston is
pushed here, the torque which will be created will push the shaft it will rotate the shaft in this

direction.

And once that piston is in the end position, then that the hydraulic force will be removed here
and then the next piston will be operated and then the next person in this position will be
again pushing this to the end position. And again this operation continues with multiple

pistons that are there and the way this motor is rotated.

So, very high force can be applied here with the high pressure of the oil that is there in the
piston and then that can be controlled in by using some hydraulic servo valves. So, that is
another element that will be needed in the system to that is our electromechanical interface to

this actuators.
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Some applications here; then last element is controller, so we will talk briefly about controller
again, I am just giving you some somewhat brief overview of things where we have to talk a
lot more details as we go along the in the course. So, but this is some a, brief idea you should

have in your mind to slowly start understanding more and more details about.

So, or you may, there is a questions based on these to think about and then, we will take up
these questions as we as we go along. Let us that that would be a good way to understand

things better.
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Controllers

An important element of mechatronic system

Wise design of controller = substantial cost savings and
performance improvement

* Example; controller used for hard disk drive

Types: based on algorithm:

* PD, PID, robust, adaptive, nonlinear, fuzzy logic, optimal.
Types: based on implementation

* Analog domain controllers: electronic circuit

* Digital domain controllers: microprocessor/ col \




So, controller is also very important element of the mechatronic system. So, why is controller
design can lead to substantial savings in the cost? So, I will we will see some examples and
understand this part. This is very very important point that we need to be aware about that,

know the way you design control, would have a lot of cost implications.

See controllers for example used in hard disk drives; they have been designed to perform
really really well in with also which will not demand a lot of investment into the sophisticated
nature of the arm that is there for the hard disk drive to, see this arm positioning on the

surface of hard disk drive is extremely precision, high precision application is required there.

But the way the controllers and inherent mechatronic system is develop, you can have that at
a very low cost that can be possible. Maybe we will have some chance of looking at hard disk
drive a little more in detail as we go along. Then there are different kinds of algorithms that

can be possible.

So, some of the algorithms are listed here, but there are not the complete list, you have you
will have lots of lot of possibilities in this domain tons up papers and some literature is
published on the control algorithms for many different applications. Then you can have types

of algorithm based on the implementation class.

So, you can have analog domain implementation or digital domain implementation and that
you can have controller developed in different domains. Mostly when we talk about
mechatronics system will chiefly consider this digital domain implementation by using
microcontroller or microprocessor and analog domain also is possibility but we will see

whenever we have some simple controllers implemented then analog domain can be okay.

Some kind of PD PID controllers we can implement by using this op-amps basically op-amp
circuitry, but then we cannot change the gains on the fly. There are some disadvantages to the
system but as long as we know that this is what we want finally and is fixed it is not going to

change ever then analog domain controllers are not a problem.

But digital domains nowadays are available at very low cost of people I do not think are
going to do the analog domain kind of circuits these days. Only advantage analog domain
will give is the continuous domain implementation or application, which is not possible
digital domain. We need to have some sampling done for getting the digital domain

implementation in place.
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Important [ssues in’ ¢4
Design and Analysis

Stability: various notions

* Asymptotic stabllity

=« Exponential stability
Controllability (linear systems)

= Controllable if system can be taken from one to another state in
finite time

= Conditions on A,B,C,D for controllability
Observabliity (linear systems)

» State estimation possible from measurement of §
Standard tools available in MATLAB for analysi

Digital Control
Implementation
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So, there are some design and analysis issues for controllers which we have to again deal

with anyway in the great details later. So, I think maybe we will stop here.



