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Welcome back to our course on Product Engineering and Design Thinking. Today we would
be discussing the complexity of a product design and development and we are in the module

7 and the lecture number is 32, the Complexity Mitigation of Multidisciplinary System.

When we are saying multidisciplinary system, practically from the mechanical engineering
perspective if we see then with mechanical engineering naturally for a complex product

whatever we see nowadays starting from the cars to (Refer Time: 01:11) to a air conditioners.

Most of the products are becoming mechatronic in nature. That means, instead of pure
mechanicals, the electronic involvement is coming in, control system involvement is coming
in and moreover with the development of IT system they you know firmware and IT oriented

or computer application oriented, computer software oriented solutions are also being

embedded in this.

So, what we will discuss? Since we will be having so many different areas as I have just
named quickly mechanical, electrical control, computer applications or computer software.
So, it means that several different specialisms are working together simultaneously
concurrently. Because it has to work concurrently otherwise sequentially if we do then it is a

never ending process kind of a thing.

So, in concurrent engineering condition therefore, if we are working [FL] we have to

understand that perspective also how different specialisms are working together. And how to



therefore, manage to mitigate this complexity oriented situation when we are encountering

during all design and development activities.

(Refer Slide Time: 02:47)
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Alright, so, with this short preamble I will go into the a content slide ah which you can see |
do not have to repeat, but then broadly it is as [ have already mentioned it is about product
complexity in multidisciplinary mechatronic designs. So, naturally it is integration of various

specialisms so, integrative product development will be a discussed.

And naturally since we are discussing in terms of since we are particularly focusing on
complexity and multidisciplinarity. Multidisciplinarity is bringing that complexity more into
the thing. And therefore, we need to understand systems elements that is a mechatronic

systems elements which we will also discuss.



Maybe it was part of your course, maybe you have studied it already, but then what we
thought is that if you do not, you did not have it part of your course or for a quick
understanding we will go through that once again maybe briefly, but then we will touch upon
those. If did not you can of course, go in the for the depth of individual elements and those

discussions.

So, here what we will do as we say in the concurrent engineering is one of the important
pillars in this, but here we would introduce another concept called set based engineering. This
set based concept we will discuss here we will see that in detail. And therefore, what we will
do is we will set based means basically we are thinking of developing in multiple sets of
solutions in individual or separate specialisms or disciplines. And then not immediately at a

subsequent or later stage we would try and see how those things best fit in.

Because this that means, we are trying to keep this is a design flexible. So, that we can evolve
a much better system when we are optimizing a little later and not to start with, that

immediately we are fixing the all the parameters and we are trying to optimize.

No, we are trying even to see which set of solutions are the best set and then we will try and
add up those (Refer Time: 05:19) designs. So, that is the thing and thereafter we will talk
about how PDM that is the Product Data Management which is a very interesting electronic

assistance through software etcetera.

The different packages and platforms are available through this we can get the facilitation for
concurrent engineering. And we know that, perhaps we know that maybe many of you know
that PDM that Product Data Management is a part of the overall system. That is it is not only
design and development part, but then also its use how it would be manufactured and how it
would be then disposed all these subsequent phases also will be part of it including its

maintenance.

So, that will be the entire Product Life Cycle or PLM. So, this is the broad or in gamut of

today's discussion. So, we will since we have in the introduction made and it a bit elaborate,



we will not perhaps spend much time when the individual slides will be coming up. Then we
would touch on those subjects and we can refer to this discussion that we have had just now

in the beginning.

(Refer Slide Time: 06:44)

Product Complexity and Multidisciplinary Mechatronic Design

* Products, be it consumer durables or industrial ‘
ones, are becoming complex and this aspect is
magnified when the system is composed of
mechatronic elements,

| - L
** Modern products such as mechatronic devices and
systems are multi-disciplinary, and the latter raises
complexity.

** Modern product/ systems, such as conventional
propulsion and hybrid vehicles, medical equipment
and instruments, high-end printers, and a wide
range of consumer durables are increasingly
becoming mechatronic involving multidisciplinarity,
primarily associating mechanical, electronic and
software technologies.

So, we go to the aspect that we were just mentioning that now be it a consumer durable
product like say air conditioner or refrigerator or even fans or it may be an industrial product.
It is becoming more and more complex and is more and more mechatronic composed with
mechatronic elements. Modern products such as mechatronic devices are multidisciplinary as

we have said and this actually raises the complexity.

Now, examples are plenty and modern product systems such as you know conventional cars,

we had seen that conventional cars are turning to hybrid electric vehicle or electric vehicle



where a substantial portion of the components are not mechanical, but electronic and control

system oriented.

So, and also with the you know computerized systems with where the embedded or firmwares
are being implemented. So, starting from there we can talk of you know high end printers,
medical equipment and instruments and already I have mentioned about many durable items
consumer durable items also. So, these associates all these technologies that we have

mentioned.

(Refer Slide Time: 08:24)

Complex Products/ Systems: Mechatronics Applications

Engine Generator Lithium-lon Battery

# Consumer Durables: Camera, Microwave Oven, Washing
Machines, Toasters, Air-Conditioners etc.

# Medical: Diagnostic and Test Equipment, Pace-maker,
assisted surgery etc.

** Automotive: Cruise Control, Safety Air-bags, Engine  giectric orive unit
Management, Power Transmission, Antilock Brake etc.

Charge Port
Fig,02: IntechOpen: Plug-in Hybrid Electric Vehicle

+ Defense: Unmanned Vehicles (Ground, Air and Underwater,
Aircraft Engines and controls etc.

++ Manufacturing: Robotics, CNC Machines, Automated Guided
Vehicles (AGV) in Flexible Manufacturing Systems etc.

......... and several others

So, now if you just see for example, in the consumer durable I have already given the
example, but you can study it later I mean you can get more details starting from microwave

camera to washing machine, toaster and then air conditioner I have said. In the medical



diagnostic and test equipment, pace-maker, assisted surgery, in automotive I have already

mentioned about this.

But then particularly if we go to the you know a control areas say cruise control, safety air
bags, engine management which is called EMS, engine a Engine Management System, power
transmission, antilock brake etcetera. So, these are examples of this mechatronic system in

the automotive sector.

In defense, unmanned vehicle is very common you have seen in many situations maybe
during a course and studies. This unmanned vehicles both for the ground, underwater, air and
besides at the regular things say for example, aircraft engines and controls etcetera are there

always.

In the manufacturing also we see the robotics, CNC machines, automated guided vehicles, in
flexible manufacturing systems that which carries the you know pallets from the workstation

to workstation etcetera that those are all the examples of the mechatronic system.

Now, you understand it is practically, practically everywhere. And therefore, we cannot
escape the discussion on the complexity or design and development or product engineering in
these areas. So, how to address this? That is why we have taken up this topic and that is why
we will discuss the concurrent engineering most specifically set based concurrent

engineering.
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Appreciation of a Multi-Disciplinary Complex Engineering System: Mechatronics

* The increasing incursion of information technology in mechanical
engineering imparts significant advantages and benefits and
discipline evolved due to such need and it termed as mechatronics
that integrates mechanics, electronics, control engineering and
software engineering.

U Mechatronic Systems may be typecast between the continuums;

(a) spatial integration of mechanics and electronics, with the primary
task of assembly and connecting technologies, such as, MID (Molded
Interconnect Devices), and

(b) control guided movements of multi-body systems (MBS).

Particular mix or combination of the above two in varying proportions in
a product or system, is considered depending on the application, and
associated design factors.

Having said that let us understand that appreciation of multidisciplinary complex engineering
system and its mechatronics. Here we would talking about that the I as I have already said that
the increasing incursion of IT in mechanical engineering impart sufficient significant

advantages.

Sufficient information is coming, knowledge is coming and that is creating significant
advantages and benefits. And the discipline has evolved due to such need and termed as
mechatronics which can be typecast between two major continuums. One is a spatial
considerations, spatial consideration means piece while how it will be arranged within the
system that a spatial integration of mechanics and electronics such as MID, Molded

Interconnect Devices.



Let us say the communication antenna within the ah switches or say within a certain
electronic devices those are the a molded interconnect devices that we can that we see.
Similarly, there is another part in that continuum other extreme in that continuum is that that

which is the control part. That control guided movement of multi body systems.

So, this control part and the spatial arrangement part these two actually are the two physical
engineering challenges. The particular mix or combination of the these two in varying
proportions of course, some where it is more that is less or etcetera otherwise vice versa, in a

product system is considered depending on the application and the associated design factors.

(Refer Slide Time: 12:18)

Integrative Product Development: Multidisciplinary complexity of Mechatronics

% The design and manufacturing of such systems involve
interdisciplinary engagements and is a complex task.

<

Continual and effective interaction and sharing between designers
and developers from different domains during the entire product
design and producing new manufacturing technologies is
necessary, particularly when there are weighty interdependencies
between system components from multidisciplinary domains.

* For the best outcome, the product concept, determined during the
early stages of development, is guided by the manufacturing
technologies and systems with considered restrictions. This is

known as concurrent or simultaneous engineering and is

immensely helpful for complex multidisciplinary products, such as
mechatronic systems. This necessitates an integrative development
approach,

B

Now, as I said that since there are multiple disciplines involved so, automatically and

naturally what comes in is the integrative product development consideration and that brings,



multidisciplinary complexity. So, engagement of interdisciplinary specialisms and experts is a

complex task itself.

Complex in many ways understanding the technology, understanding the nuances of
technology and their interfaces, the communication technical communication issues and the
you know preference of one technology over the other when the optimality comes in. So, all

these makes the system makes this consideration very complex.

Continual and effective interaction and sharing between designers and developers therefore,
from different domains during the entire product design and producing new manufacturing
technologies is necessary because of this requirement. Particularly when there are weighty
interdependencies. Obviously, now practically interdependencies are everywhere, when the

interdependencies more strong or more weighty then it is required even more.

Alright, so, for the best outcome therefore, what we need to do? As we said the product
concept determined during the early stage of the development is guided by the manufacturing
technologies and systems. So, when we are designing, we are also considering how it will be
manufactured. And so, all the processes are being considered together. So, design is not

completely independent of the manufacturing system or manufacturing processes per say.

So, these two are to be taken together in an integrative way and therefore, these when we are
doing these two things or multiple things in integrative way. Now, different specialism and
different kind of a spatial arrangement and different kind of control requirement and that too
when we are going for the fabrication of that, with keeping those constituents in mind, be it
cost, be it weight, be it volume, it naturally needs a huge integration and collaboration where

the concurrent engineering comes in.

So, that the smooth operation all these functions together happens. Like say if one is changing
a specification on data or feature somewhere, in say the electronic specialism, the same thing

how it is going to affect the mechanical system or vice versa. If a mechanical system is



changing, how it is going to accommodate that part electronic part of circuit in that say

package it its is of major consideration.

Now, naturally when these two or multiple things are to be taken together it needs smooth
operational necessity. And therefore, concurrent engineering comes in a big way and

obviously, that is very very important for multidisciplinary complex products.

(Refer Slide Time: 16:18)

Mechatronics: Multidisciplinary and Interfaces
Mechatronic Design uses Concurrent Design/ Engineering to handle Complexity

Basic Elements of Mechatronic System

Actuator and Sensors
Signals and Controlling

Digital Logic System

| Firmware and Data Acquisition System |

|

| Computation and Display Devices |

Electro-Mechanics:
Sensors & Actuators

Electronics:
Electrical Analog,
Digital and Mixed
Signal Circuitry

Mechanics:
mechanisms,
hydraulic, pneumatic
thermal, magnetig

Control
Electronics/
Circuits

* Mechatronics

Firmware: Control Systems:

Software Embedded
Control
Computational Tech]

Digital Control
Systems:

. Microcontroller
Microprocessor
PLC

Transfer-Function

Here, we see the importance of concurrent engineering can be more understood from the
complexity between individual and collective. Say between say this diagram presents four
broad areas. Say mechanics, electronics, firmware and control system. You can see under

each what are the general things, under mechanical comes mechanism, hydraulic, pneumatic,

thermal, magnetic and all.



Similarly, under electronics you find the analog, digital and mixed signal circuitry. In the
firmware embedded system or computer embedded control system is a computer tech, the you
know codes are also written and the control system that we know is the for the through the

transfer function that happens.

So, now all these are to be done simultaneously. And at this intersection of all four sometimes
maybe other considerations also partly comes in sometimes majorly comes in that is also

some material science based consideration, material based consideration.

Now, so, but at the core what you find this is mechatronics. So, when all these features are
taken together, satisfying the specialisms, requirement of specialisms and bringing out that
device of the product which performs, which actually fulfils or meets the need of a customer

is the objective.

And so, here the understanding of complexity is a bit a clearer. And basic elements of
mechatronic system as we know and see here also the actuator and sensors, signals and
controlling, digital a logic system, firmware and data acquisition system and finally, the
computation and display devices. So, we have to see I mean how it is showing, working
etcetera. So, what is the outcome? So, that is being displayed, if temperature is going up how
we are seeing digital is a when you see say when you use your vernier in the lab say for

example, a micrometre in the lab.

Now when you see this digital micro vernier or digital micrometre, what do you see that, this
connection between the mechanical movement and its conversion through the electronic
system to the display, where we see that ok, this is the movement and that is getting reflected
digitally. So, the analog signal is getting converted to digital. Now, sometime the analog is
sometime the signal is the physical signal, sometime is the electrical signal. We will talk

about that.



(Refer Slide Time: 19:31)

Major Elements of a Mechatronic System: Exhibiting Complexit!
Electrical System PS: Physical Signal
Mechanical System A
Actuators Mechani Gl bl e
Dri Sensors/ Measurement Input Signal Conditioning Sensors are connected
[Drivers P |pg Potentiometer / LVDT and Interfacing to mechanisms (that
Solenoids (Dlsplacgmem) Discrete Circuit perform desired tasks)
Hydraulic ;!‘qtorée“':(')fs"f"“"tv] . ———/Filters to funvertthe (I)utput to
R \ igita ncu'er('usmon, ount, £ | Amolifiers E-Slgr}al; (variables) ;
Servo e Speed, Direction) A and it is sent to the
Motors Strain gauge (Force/ Pressure) nalog to Digf ‘Electronics Device’ for
Stepper Thermocouple / RTD (Temp) Amplification
Motors Accelerometer (Vibration/ Electrical System l . .
instatneous acceleration) From Electronic Device,
DC Motors ; :
I—— ESignal is sent to an
ES\ Digital Control Architectures actuator with reduced

error

Graphical/ Digital
Display

Microcontroller
Microprocessor

Output Signal
Conditioning and

Interfacing PLC (Programmable Logic Contreller)
LED (Light Emitting «_ | Digital to Analog  +— Logic (electronic) Circuits
Diode ) Amplifiers Sequencing and Timing

Logic and Control algorithms
Communication

LCD (Liquid Crystal
Display)
CRT (cathode-ray tube

Power transistors
Power op-amps
Pulse-Width Modulation

But then let us go to the next slide where we would find those that these different signals. But
here one thing I would like to tell you how the mechatronic system works, what has been
intended here in this discourse is, it has been done very comprehensively. That in fact, in
through one diagram bringing the whole thing without missing any single aspect is a rather

very uncommon or rare I would say.

So, we attempted to bring in one screen, the whole thing of a mechatronic system that you can
see. That basically it has you know the mechanical system, the electrical system, the
controller and the display basically if you see. So, here what we see is that that see on the in
the mechanical system there are you can see that the actuators and drivers it may be solenoid,

it may be hydraulic pneumatic system, it may be servo motors, stepper motors or even DC



motors. And that actually feeds to the sensor, but feeding to the sensor actually comes

through the mechanism which actually it operates through certain displacement that it makes.

So, that mechanism changes and that is sensed by the appropriate sensing system, if it is a
displacement we are going to measure then we are taking say potentiometer, if we are taking
say proximity then photoelectric sensor we are using, if we are taking force or pressure then

we are taking strain gauge.

So, for say vibration or instantaneous acceleration we are taking accelerometers, opposition
count so we take the digital encoder so and so forth. So, different types of sensors are

available for different functional purposes.

So, we understand. So, there are actuators, mechanism, sensors. That sensor is producing the
electrical signal that is going to the system and through the you know the system of discrete
circuit filters amplifiers; this analog is getting a converted to digital. And then this digital
control architecture all control architecture comes in the interplay, this microcontroller
microprocessor PLCs that is Programmable Logic Controllers. So, all these are there to do the

control part of the activity.

And that gives it to the as output signal this signal conditioning and interfacing that is now,
we are getting digital to analog for the a controlling the actuator which originated. And where
in this process what is happening that the error is getting but by the you know the cyclic
operations as we have explained; the error is getting reduced from these corrections. And so,
again so this process is repeated and so the correct value is set final by closer value is target

value is set.

And on the leftmost side you can see that the display part comes in as I said that in the case of
micrometre vernier or in case of your air conditioner, air conditioner where you can see with
your remote which what temperature it is etcetera. So, similarly here you can see that what is
the display, display may be LED or LCD. Earlier very commonly the CRT the Cathode Ray
Tube were used, but nowadays mostly LED and LCD thing.



So, here as it is explained also, sensors are connected to mechanisms I have already explained
that, to convert the output is signals that is the variables. And it is sent to the electronic device
for application amplification. So, from electronic device E-signal is sent to an actuator with
reduced error. That is the most important thing and that is how we are bringing the through

the control system to the target values or specifications.

So, this is what is being done for the car, this is being done for the washing machine, this is
done for the air conditioner, this is done for the vernier, this is done for many or most I mean
even say watches. But earlier all the watches used to be that with the winding system and all,
but only mechanical strings, but now it is all electronic mechanical and electronic

combination.

So, the life of mechanical engineering today is this that it has to have the interfaces. So, that is
why we are discussing particularly because when we are talking about design these are the
products. And therefore, the product design angle is to be well understood from this

perspective.
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Set-Based Concurrent Engineering: A Process model for Complex Products (Mechatronics)

+ Set-Based Concurrent Engineering, a lean process model developed
by Toyota that provides guidelines, deemed to be necessary for » By adapting the precepts of

complex multidisciplinary product design and development. the TPS (Toyota Production
System), the Toyota Product
# Set-Based Concurrent Engineering differs from the traditional Development System
approaches by deliberately deferring the decisions of adoption from evolved perceivably into a
multiple sets of in the design process so as to increase the flexibility lean product development

of product design and for more comprehensive understanding of the model.

system that aids to create and deliver a better product,

U Concurrent engineering, from the perspective of product design and
development, plays cardinal role concerning product lifecycle management
(PLM), product data management (PDM) and product manufacturing

management (PMM).

Now, once we are done with that part, we would go to as promised, we will go to the set
based understanding set based designs. What is it? As I have already explained that set based
are those that individual specialisms are creating different sets to be finally, you know

assessed combining different possible sets for optimal performance.

So, this was actually done in the Toyota Company to start with. I mean this was a part of their
lean processes, one of the lean processes, lean design process you may say. So, that is where
so, that is where they set based design differs from the traditional approaches. I have already
discussed about the PDM, Product Data Management, life cycle management and also

product manufacturing management.

Where we see that you know a CAM thing comes in Computer Aided Manufacturing, but

here our focus mostly will be on the design development part. So, yeah CAM also is



important and their PMM comes in, when we are talking about the complete manufacturing

of the product, yes.
(Refer Slide Time: 26:36)

A quick primer on concurrent engineering and Set-based Design

# Product design needs to be in sync with the entire continuum from
product ideation to launching in the market via a set of manufacturing
processes, and so it is more an interplay of activities and cannot be seen
in isolation just as a stringent sequence of phases and targets.

% Hence, all these aspects are to be taken into consideration together and I I
the adoption of simultaneous/ concurrent engineering methodology

hecomes indispensable and also

Concurrent Design

Fig.05: The European Space Agency
% A Set based design approach for better configuration is necessary and
hence,

% A quick discourse on the ahove two; the Concurrent Engineering and Set-
hased Design, can be found in the following content, which in isolation
also can be applied as an exclusive methodology for deriving
consequential benefits,

Now, a quick primer or on concurrent engineering and set based design very quickly, as I
have already explained I will not have to spend much time on this slide. That means, it is not
sequential, see it is being done concurrently each specialism is interacting with the other
special specialism or groups subgroups, rather special subgroups directly. That is the pictorial

representation and what is written here is only that.

It has to be in sync the product design has to be in sync with the entire continuum of the
product ideation to launching in the market. So, end to end that is what I mean. So,
everywhere the all these functionalities starting from the ideation, conceptualization,

prototyping you know and finally, manufacturing (Refer Time: 27:28) to connected.
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+ Point-based sequential design and engineering is found to be unsuitable for complex multidisciplinary
design (such as mechatronic systems) as this increases the development lead time as well as the design
cost.

++ Concurrent engineering: is a work methodology where various design, development tasks are performed in
parallel, especially for activities associated with multi-disciplinary products, needing cross-disciplinary
coordination. Development time and cost gets reduced if Concurrent Engineering principles are embraced.

- Product Definition [ Design [ Verification D Prototype
. Redesign, Reverification, Reprototype . Test generation
[ Production D Test

Concurrent Engineering

[ T |

Sequential Engineering

Time Units

So, I would like to first go to the concurrent engineering what it affects, you can see very
quickly I would go through these two bars at the bottom. One is that the lower bar I will
discuss that first is the sequential engineering. What you see? That the this the you know
legends are put on the up that the deep blue is the production product definition, green is

design, grey is verification, orange is prototype, red is redesign re-verification prototype

etcetera.

Then deep greys test generation and blue is production and yellow is test. So, what you will
find the total time required in the sequential engineering is this I mean pictorially you can
understand that. Now, what we are saying if we practice concurrent engineering that
concurrent if we do many things that we have to do it a revise it, that is say redesign,

reverification, reprototyping will practically can be done away with.



Now, I ask you to see the diagram once again carefully. What you see that this red part red
portion which is the re-part, re-design, all the re that means, it should pass and go in one go
properly because we are already interacting throughout. It is not that electronic circuit is given

that mechanical specialism saying it cannot be accommodate.

Or mechanical part is given the electronic engineers are saying no, this circuit cannot be
accommodated or the PCB cannot be accommodated in this. So, we are going concurrently.
So, the correction set structure becoming being done in the during the process itself and the

beginning itself.

So, it is saving all the re part of the thing redesign, re-verification and re-prototyping the
entire time saving is happening. Interestingly you see while it is happening with the
concurrent engineering says that give more emphasis and if necessary, give more time for the

design part of it and the defining part of it.

So, initially if you give more time to the front end as we had discussed earlier the rest part
will becoming less this is the beauty of concurrent engineering. We will see that the in

concurrent engineering they are in a point based and sequential based designs.
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% Point-based  sequential  design and
engineering:

O It is common to quickly decide on one
solution among the alternatives to avert
delay, and then it is modified to address
consequent manufacturing-related issues
[Depicted with four functions A through D]

% Concurrent engineering (Point-based):

U With concurrent engineering, the functional
domains or specializations can provide
inputs before the key decisions are finalized.
Incorporation of changes in early phases of
development is better in respect of cost and
time efficiency, and the resultant solution
will be consistent with the requirements of
the concerned specialism.

Function Function Function Function
A B C D
0 Function B
Design Solution Analy.;mg
(Function A) and =
Critiquing

2

Modify

function A which is being analyzed and critiquing.

Function D

We will talk about that point based means say function A, B, C, D it is going sequential
engineering, it is not concurrent ABCD sequentially. Concurrent engineering if it is point

based say what happens, design function of a the lower one. The design function solution of

Critiquing means you know commented on the it is failure possibilities mainly and or
disadvantage or short shortcoming so pitfalls mainly. And then it is modified and accordingly
and to suit say function B, C, D and whatever subsequent. So, it is point based. Point based

means A is being corrected and accordingly B, C, D is getting satisfied.
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Set-Based Concurrent Engineering  (SBCE)/Set-Based Front-end and SBD: multi-disciplinary

Design (SBD): collaborations - multiple concepts -
various alternative subsystems.

Dasign space
Function 2

% The development teams, in the SBCE mode, work with sets of Ene e
alternative solutions and not just one. The alternatives evolve in X ,\_' -
parallel in specialisms, and their rationalisations and concepts are Sets of possibities _
. p
shared across the development task groups creating a concurrent Cadr
- P Intersection of independent | |
engineering context. e vty ||
@&
** To begin with, each specialism defines the sets rather broadly, ‘
within the range of its feasibility, which are analyzed within . Fina dosign
specialism, and the responses are shared across. Fig,06: Raudberget, 2010, JME

o3

Based on the information gained from testing, prototyping, as well as
from the customer and supplier feedback, the design sets are
progressively narrowed down (illustrated in the following slide) by
eliminating evidence-based inferior solutions to achieve a holistically
optimal design solution.

But in set based as you can see this figure you say Raudbergets figure which shows that the
individual specialisms of different colors, they are having different sets. And through various
layers they are being brought in closer together to see how the individual specialisms, the sets

in individual specialism are matching and their intersection is giving us the design set.

Final design set which is called set based concurrent engineering or SBCE or is also called set
based design engineering on design and. So, this initially it is defined brief broadly and

subsequently it is narrowed down. That is what the set based concept is.
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Set-Based Concurrent Engineering (SBCE/ SBD): A Graphical Illustration

; ] The final decision on a
Options of All the Functions conform to single set is deferred as

Options of Function C overlapping design options far as tolerable to allow

Function D | L - B adequate exploration of
: e = possibilities ~ alternatives

hefore committing to the
final one where the
designs converge, based
on systemic compatibility
including  manufacturing
b it decisions.

Options of
Function A

Time S———)

Progressive removal of infeasible
and sub-optimal sets

Options of
Function B

And of a we go to the next slide we will see how the difference a function A, B, C, D etcetera
there. Now, you see of different I mean this shapes have been you know a imagined to be so
that we can understand their interaction in intersection sorry, they intersection. The
intersection you can see that initially there was an intersection of certain areas, but when we
are considering other constraints all constraints from individual specialism, the area is

becoming narrowed down.

The narrowed down you can see the size of the intersection configuration which is getting
narrowed down where x axis is the time. So, as I said the final decision a single set is deferred
as far as tolerable to allow as far as tolerable and it cannot be endless obviously, within given

time and resources it is to be completed, but the purpose is that it gives a better design.
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Trending Complexity/ multi-disciplinarity: Mechatronic Products/ Systems

o,
o

<

<

Though so, we have already discussed this we will not repeat this we it is the examples are
given here that the ATMs elevators are the examples the. In fact, one thing more would like
to say here the advanced systems I say computer controlled and intelligent electro mechanical

systems any in such any electro mechanical system when it is joined with the computer

Mechatronic engineering may be perceived as the new version of
mechanical engineering as a majority of mechanical products are
now is combined with electronics and IT and the products are
becoming complex in order to meet newer customer requirements,
nonetheless it presents several advantages.

For example, modern cars are equipped with automatic transmission
and computer controlled engines, unlike earlier versions with
mechanical systems, and examples include refrigerators, air-
conditioners, escalators, elevator, ATMs, aeroplanes, robots, smart-
phones, wearable devices, drones, 3D printers etc.

Mechatronics is the design of computer-controlled and intelligent
electro-mechanical system and hence the latter also needs adequate
attention. Modern applications include Internet of Things (I0T)
devices or leveraging artificial intelligence in products such as
autonomous vehicles or robots.

control system becomes mechatronics.

So, modern applications like IOT or artificial intelligence can also be merged with this for a

in the mechatronic system. If it is good in electric electronic, but not mechanical or vice versa

it will not work.

0 Devices with excellent
electronic ~ circuits  but
lacking in mechanical
properties or high-grade
mechanical components
with subpar electronics
will ultimately result in a
dismal system.

* Both need to he

considered  with  due
importance.
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Mechatronic Designing: The Skill-sets and Knowledge (Leveraging Concurrent Engineering or/ and Set-based design modes)

«% Four broad skills for mechatronic engineering are; Mechanical, Electrical/Electronics, Controls engineering
and Firmware (Software/programming).

% Typically, a mechatronic engineer will have deep knowledge in a couple of the above skills, and a broad
working knowledge of the rest. The one who handle all of this stuff, however, if presently not, can adapt
to these technologies and posses in general the capability to design, develop and control a system.

O The entry-level design engineer
will not know many of these
0 A Mechatronics Engineer would use some of the following : and will pick up the necessary
ones with the time and as per
* CAD software, such as SolidWorks/ CATIA/ CREQ/ NX CAD, AutoCad etc. project needs.
* Simulation software, such as Ansys, Matlab, Simulink, LabVIEW etc.
* Programming language such as Python/C++, C, and Arduino/ Atmel Studio.
*  Fluidsim (Pneumatics & Hydraulics), Multisim (Electronics)
* PLC programming compilers and PCB creator
* Basic Sensors and Controllers and idea of communication protocols (UDP/TCP-IP)
Mechatronic Modelling: Modelica, OpenModelica, Enovia, KICAD, Octave etc.

Now, we would talk about some because after all it is a question of career if you want to build
your career in mechatronics. And so, what kind of skill set you would require. So, here are
certain a list of software that you can see that the you know in different domains, if one thing
I will tell you say in CAD software you have say solid works CATIA and all simulation
software Ansys, Matlab and various others. In program language C, C plus, Python and

Arduino, Atmel Studio and those are there.

In Fluidism a Multisim and Fluidism both will satisfy the requirement of a pneumatic
hydraulic and electronic a basic sensor and controllers. And for mechanical modelling
Mechatronic Modelling you have say Modelica or there is an open source OpenModelica or

something like KICAD etcetera Octave etcetera and also in Enovia is there.



One thing do not get scared with this big list so called big list many of you already know
thing is that the entry level mechatronic engineer is not expected to know everything.
Therefore, I have written it in this orange color, if you see the entry level design engineer will
not know many of these and will pick up the necessary ones with the time as per project

needs. But then some basic things will be definitely be known to him he should learn.
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Concurrent Engineering and ‘Product Data Management (PDM)’

#+ Design and development data from cross-functional specialisms
must be brought together for concurrent engineering to be
successful.

% ‘Product Data Management (PDM)' is the technology and
supporting software as well as a centralized database system that
aids in the effective implementation of ‘concurrent engineering’
since it captures and manages the electronic information related
to a product in the entire development process, consistently.

Manufacturing
planning

# Engineering data management entails organizing, structuring, Fig.07: XPLM
storing, and tracking the engineering and product information,
during product development activities, in a collaborative mode.

#* PDM provides right data and information when the same is
called-for regarding a particular design set or version in order to
make appropriate design decisions.

And so, we will come back to the last part of the thing that is PDM. We have already
discussed that the PDM is actually a platform etcetera. We will talk about again that that is a
electronic data management system. We will give certain reference of the software or
platform available for this. Product data management is the technology and supporting

software as well as centralized database system that aids the effective implementation of



concurrent engineering. That is the in nutshell whatever it has to say. And PDM is within

PLM.
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Product Data Management (PDM)’ within Product Lifecycle Management (PLM)

» LEARNING RESOURCE: Ansys Student download link is
provided below, comprising a bundle of Mechanical
structural, CFD and others, LS DYNA (simulated response
of severe loading and deformation), Electronics
Desktop, On Scale (learning on structural and thermal
stresses and boundary conditions) and SCADE
(integrates Model-based design, Simulation, and Code
generation of embedded software), that would add to
the skill-set of a design engineer in multidisciplinary
(mechatronics) environment.

Link:  https://www.ansys.com/academic/students

% PDM is a function within PLM facilitating
management  and  publication  of
product data; equivalent to version control
in software engineering.

PDM is the frontispiece within PLM
subsuming CAD/ CAE, where the latter is
for systematic management of the series of
changes, stored as data related to the
development and manufacturing (CAPP,
CAM), in a collaborative information mode.

2o

Some PLM systems are; 'ENOVIA PLM
platform (Dassault Systemes), Siemens
PLM suite, and Adept PDM (Synergis
Software).

Now, here as we see that that there is particular this slide is as I have already discussed on the
left side, but then on right side I just would like to tell you a good news that there is a learning

resource, free learning resource Ansys student download link which has been provided here.

That gives a huge inputs the mechanical structural to CFD, LS, DYNA, SCADE which
integrates model based design, simulation, code generation etcetera. So, this is if you see will
be immensely helpful. So, I suggest you go to that site download some of the software's try it

and what you already know that is I believe well and with that you can keep on adding things.
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This presentation, to begin with, introduces the aspects on Product
Complexity and Multidisciplinary, considering Mechatronic systems that
subsumes both the criteria. Consequently the context of Integrative Product
Development becomes the agenda and is elucidated. The system/ product
complexity explicated through illustration on the major elements in
Mechatronic Products.

A Set-Based Concurrent Engineering approach, suitable for Complex Products
(Mechatronics) is elucidated, involving a quick primer on both the
constituents; ‘concurrent engineering’ and ‘Set-based Design’ followed by
illustration. This discourse also covered on the trending on Complexity
associated with multi-disciplinarity in Mechatronic Products-systems.

The method of facilitation for Concurrent Engineering through ‘Product Data
Management (PDM)’ is covered, including the reference about the PDM
within Product Lifecycle Management (PLM)

Now, because those are the things in any case you will be running on the way I actually have
touched upon these things, name the software at least you should know where to get and for
what. So, we have covered this mechatronic issues, the complexity issues, we have covered
the set based concurrent engineering for reasons and finally, how the concurrent engineering

will happen effectively for that we have talked about the PDM system.
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And this PDM system that some a name I have already mentioned that this ENOVIA PLM
platform, Siemens PLM suit and adept PDM software these are certain available things. And

s0, you can always refer to them.

So, in the reference you can see it is the reference is given. And I am sure that this gives you
an idea as to for multidisciplinary complex system, how to approach and how to find the
skills required to do this and how to learn it because certain differences are also provided.

Hope it will make you a great designer.

Thank you very much.



