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Product development, a science and an art, is carried out with a sense of
proportion by an innovative and curious mind. Innovation is a lengthy
process of transforming an idea into a product, into business for the creation
of wealth, and for the welfare of the organisation, people, society, and mother
earth.

Bhagavat Gita preaches Rnowledge is supreme. Aristotle called it Sophia,
wisdom concerning universal truth.

Other Aristotelian virtues of thoughts are ‘techne,’” a state of capacity to
make, ‘epistome’- giving shape to a theoretical Rnowledge, ‘poiesis’ - action
to transform, ‘praxis’ - a practice, ‘phronesis’ - enhancing the quality of life.
Leonardo da Vinci is the symbol of innovation and diversity.

A product developer combines all the above to create a product that serves the
cause of humanity and the globe.




INNOVATIVE PRACTICES IN

PRODUCT DEVELOPMENT
Through the Eyes of A Product Developer

AK Chakrabarti
Former Director, DRDL

Defence Research and Development Organisation
Ministry of Defence, New Delhi - 110 011
2024



DRDO MONOGRAPHS/SPECIAL PUBLICATIONS SERIES
INNOVATIVE PRACTICES IN PRODUCT DEVELOPMENT
AK Chakrabarti

Series Editors
Editor-in-Chief Editor Sub Editor
Dr K Nageswara Rao Alka Bansal Rakesh Kumar

Editorial Assistant
Gunjan Bakshi
Khushboo Kumari

Cataloguing-in-Publication
Chakrabarti, AK
Innovative Practices in Product Development

DRDO Monographs/Special Publications Series

1. Product Development 2. Design Analysis
4. Total Quality Management

I. Title I1. Series

658.512.2

3. Design Methodologies

© 2024, Defence Research & Development Organisation, New Delhi - 110 011.

ISBN 978-93-94166-47-9

All rights reserved. Except as permitted under the Indian Copyright Act 1957, no part of this publication may

be reproduced, distributed or transmitted, stored in a database or a retrieval system, in any form or by any

means, electronic, mechanical, photocopying, recording, or otherwise, without the prior written permission

of the Publisher.

The views expressed in the book are those of the author(s) only. The Editors or the Publisher do not assume

responsibility for the statements/opinions expressed by the author.

Cover Design Printing
Rajesh Kumar Rajesh Kumar Singh

Marketing
Virendra Kumar

Published by Director, DESIDOC, Metcalfe House, Delhi - 110 054.



Dedicate to my Parents



Contents

Preamble xv
Acknowledgement Xix

PRODUCT DEVELOPMENT: PART I

DESIGN PHILOSOPHY AND CONCEPTS 1
CHAPTER 1: STARTING A NEW DESIGN ASSIGNMENT 3
1.1 System Context 4
1.2 Goals and Targets 10
1.3 Development Strategy 13
1.4 The Way Ahead 14
CHAPTER 2: DESIGN SCIENCE: PART A CONCEPTS AND PRINCIPLES 15
2.1 2I* Century Challenges 16
2.2 Ask Questions Before You Start: Art of Asking Questions 17
2.3 Aristotle’s Poiesis 18
2.4 Traditional Design vs. Holistic Design 18
2.5 Transition from Traditional Design to Holistic Design 21
2.6 Innovation Redefined 22
2.7 Design Science 24
2.8 Evolution of Engineering Design 25
2.9 The Emerging Scenario 25
2.10 The Industry Paradigm - Faster, Cheaper, and Better 26
2.11 Emergence of Design Science Concept 27
2.12 Edmondson’s Analysis® 29
2.13 Ben-Eli’s Analysis’ 31
2.14 Design Science-related Topics: Definitions 33
2.15 Conclusion 38
CHAPTER 3: DESIGN SCIENCE: PART B ADAPTATION AND APPLICATIONS 39
3.1 Designer’s World 39
3.2 An Emerging Concept in Information System : 3-Cycle View 41
3.3 3-Cycle in Product Development 43
3.4 Design Science presented in 3-Cycle View format 45

3.5 Understanding the Design Terminologies 47



3.6 Research component in Product Design

3.7 Design and Development Trajectory (DDT)

3.8 Integrated Process Flow Diagram (IPFD)

3.9 Three Important Techniques (TiT)

3.10 Design Science Society

3.11 Does Design Science slow down the design process?

3.12 A Case Study: Application Design Science Method in Fuel Cell
3.13 Conclusion

CHAPTER 4: DESIGN UNCERTAINTIES
4.1 Defining Uncertainties

4.2 Understanding Uncertainty

4.3 Design under Uncertainty

4.4 Estimation of Uncertainty (U,)

4.5 Uncertainty Plot Construction: (PS 2.4)
4.6 Impact - Uncertainty Scenario

4.7 Conclusion

PRODUCT DEVELOPMENT: PART II
COMPREHENSIVE DESIGN METHODOLOGY

COMPREHENSIVE DESIGN METHODOLOGY INTRODUCTION

CHAPTER 5: DESIGN ASSIGNMENT DEFINITION - DEFINE
5.1 Product Requirements: PS 1 (Process Step One)

5.2 Design Assignment Analysis: PS2

5.3 Technology Intelligence PS 3

5.4 Product Profile PS 4

5.5 Development Strategy Planning: PS

5.6 Preliminary Documentation, Review and Appraisal PS 6

5.7 Summary: ‘Define’ Process Steps

5.8 Conclusion

CHAPTER 6: CONFIGURATION DESIGN

6.1 Designer’s Role Model

6.2 Design Process Basics

6.3 Important Aspects of Configuration Design

6.4 Configuration Design Prerequisites: PS 7.1

6.5 Configuration Design: The 3E Process: PS 7.2

6.6 Configuration Design Flow Chart (CFDC): PS 7.2.3.12
6.7 PS7 Summary

6.8 Conclusion

55
57
60
62
63
63
64
71

73
74
76
77
80
87
89
90

91
93

105
107
108
118
120
122
124
126
128

131
131
132
133
136
138
169
171
172



CHAPTER 7: SYSTEM CONNECTIVITY

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9

Process Information Network (PIN)

Plant Configuration: Parametric Tree

Plant Characterisation

System Hierarchy

Product Information Network: Bird’s Nest Diagram
BN Diagram: Description and Features
Construction of Bird’s Nest Diagram: PS 8

Analysis and Inferences: PS 8.6

Quality Management and Relevance of BN Diagram

7.10 Documentation: System Connectivity and Analysis Document (SCAD): PS 8.7

7.11 Conclusion

CHAPTER 8: PRODUCT DESIGN

DESIGN SECTION: I - DESIGN TECHNIQUE

8.1
8.2
8.3
8.4
8.5
8.6

Design Paradigm

TRIZ: Inventive Problem-Solving Technique
Axiomatic Design

Morphological Chart

Autogenetic Design Theory
Computer-Aided Innovation

DESIGN SECTION: II - DESIGN PLANNING

8.7

Design Planning: PS 9

DESIGN SECTION: III - DESIGN AND ANALYSIS

8.8

Detailed Design & Analysis: PS 10

DESIGN SECTION: IV - DESIGN SUPPORT ACTIVITIES

8.9

Design Support System: PS11

8.10 Conclusion

PRODUCT DEVELOPMENT: PART III

QUALITY CONCEPTS, TECHNIQUES AND MANAGEMENT

CHAPTER 9: QUALITY MANAGEMENT: ORIGIN AND EVOLUTION

9.1
9.2
9.3
9.4
9.5

Science and Technology Evolution in the 20™ century
Quality System Functions

Quality philosophy

Quality Practices and Standards

Do it Right First Time (DRIFT)

175
176
178
180
181
183
185
193
198
199
200
200

201

205
205
211
222
229
230
234

243
243

303

356
356
374

377

379
380
392
393
394
406



9.6 Lean Philosophy and Management
9.7 How Good is your Quality System? : A Quick Assessment
9.8 Conclusion

CHAPTER 10: 7 BASIC TOOLS IN QUALITY MANAGEMENT
10.1 Check Sheet

10.2 Control Charts

10.3 Histogram

10.4 Pareto Analysis

10.5 Cause and Effect Diagram: Fishbone or Ishikawa Diagram

10.6 Scatter Diagram

10.7 Stratification

10.8 Conclusion

CHAPTER 11: SPECIAL TECHNIQUES IN QUALITY ASSESSMENT
11.1 Taguchi Method

11.2 Design of Experiments (DOE)

11.3 Examples

11.4 Conclusion

CHAPTER 12: FAULT AND FAILURE INVESTIGATION
12.1 Failure Detection and Assessment Flowchart (FDAF)
12.2 System Context Diagram (SCD)

12.3 Functional Flow Block Diagram (FFBD)

12.4 Failure Modes and Effect Analysis (FMEA)

12.5 Fault Tree Analysis (FTA)

12.6 Quality Chapters at a Glance

12.7 Conclusion

PRODUCT DEVELOPMENT: PART IV
LOOKING AHEAD
CHAPTER 13: KNOWLEDGE-BASED PRODUCT DESIGN
13.1 Knowledge: Point of Application

13.2 SMORE: 5 Techniques to Evaluate Effectiveness of Product Design
13.3 Deep Tech

CHAPTER 14: PRODUCT DEVELOPMENT IS AT THE HEART OF THE

NATION’S ECONOMY
14.1 Four Dimensions of 21 Century Product Development
14.2 Decision Making
14.3 Framing National Policy on Product Development

410
412
418

421
421
426
433
434
436
439
441
442

443
443
450
483
497

499
499
500
501
504
517
559
561

563

565
567
570
570

573

574
576
590



14.4 Product Development is at the heart of the Nation’s Economy
14.5 Conclusion

APPENDIX A: TECHNOLOGY INTELLIGENCE
APPENDIX B: VALUE ENGINEERING

APPENDIX C: DESIGN SCENARIO MAPPING (DSM): MIMICKING
A NATURE’S DESIGN

APPENDIX D: CONTENTS IN THE BOXES
APPENDIX E: DESIGN TOOLS AND TECHNIQUES
APPENDIX F: CHECKLISTS & COMPLIANCES
APPENDIX G: PROCESS STEPS (1-11)

APPENDIX H: DCCD DOCUMENTS

APPENDIX I: DEEP TECH

APPENDIX J: AIIN PRODUCT DEVELOPMENT

APPENDIX K: THE PREFERRED STATE: DESIGN SCIENCE APPROACH TO
PRODUCT DEVELOPMENT

APPENDIX L: PHILOSOPHICAL FOUNDATION IN PRODUCT DEVELOPMENT
INDEX

590
593

596
600
603

605
608
630
639
642
643
647
655

658
667



Preamble

THE WHOLE IS GREATER THAN THE SUM OF ITS PARTS

Aristotle (382-322 BC), the great Greek philosopher and polymath, coined the phrase.
The inner meaning of this phase describes the basic foundation of any human endeavour.
And that includes product development. The whole is greater than the sum of its parts by a
factor, say X. This X’ factor determines the efficacy of the whole for the purpose it is intended.
Identifying the elements of the X’ factor and finding means to accomplish them have been
the sole objectives of product developers for many years. Many great thinkers contributed
substantially wth several new concepts and techniques for a wholesome approach to product
design. This book was written on this basic premise.

GET CONNECTED TO THE BIG: DESIGN SCIENCE APPROACH

Design is an act of creation. The product development community is bestowed with the
opportunity and power to create. Every living species is intelligent. In the early years of human
civilisation, various tools were made for survival. Later, several mechanisms were developed
to help perform difficult tasks. And much later in the 12 century, the term engine appeared
to describe war equipment. The word engine originated from the Latin ingenium. In the 18"
century, it meant a device that converts energy into mechanical power and finally, in the 19"
century, the revolutionary Steam Engine was invented. The community that developed such
equipment was called the Engineers (Latin ingeniare).

Human civilisation progressed rapidly with various devices and equipment developed
by engineers. But unfortunately, some of the equipment that was developed for self defence
became the tools of aggression and destruction. Product developers used scientific principles
increasingly to develop new products that created a market. Indiscriminate use of technology
to earn profits caused serious irreparable damages to the environment — a huge concern for the
generations to come.

Product development in the 21% century is highly challenging. The product developers
have to respond to the market call for a faster, better, and cheaper product. Concern for
environmental degradation, and being compliant with the current and emerging rules and
regulations are also issues that need to be addressed adequately. In addition, the product
developers have to transmit their knowledge of modern techniques and practices to a large
section of the product development community for the welfare of the mankind and globe.
The product developers need to see a much bigger picture. The Toyota family has made a
seminal contribution to propagating Toyota Production System which is now an industry
standard.



Many great thinkers and philosophers thought of these bigger pictures over the centuries
and spread their teachings in various ways. Though there are disagreements between them on
certain issues, the core philosophies of these pioneers set the process of a new wave of thinking
within the product development community. The common factors of these great thinkers are
the urge to visualise the bigger picture for the welfare of mankind and the globe.

Aristotle, the Father of Logic, encouraged asking questions, arguments, and brainstorming
to resolve social and scientific issues. The Aristotelian virtues of thoughts: techne (a state
of capacity to make), epistome (giving shape to a theoretical knowledge), poiesis (action to
transform), praxis (a practice), phronesis (enhancing quality of life) are still the foundation of
modern product development.

Centuries later, Francis Bacon (1561-1628), English philosopher and statesman, and
Rene Descarte (1596-1650), French philosopher, mathematician, and scientist stressed the
importance of cultivating scientific methods to develop knowledge and gain the power to
understand the mother nature to promote human welfare.

In ancient Indian philosophy, the word Sacchidanada was used to define the ultimate
unchanging reality. The compounded Sanskrit word consists of three words — Sat, Chit. and
Ananda. Sat means being, existence, and true. Chit means consciousness. Ananda means bliss.
Similar to this ancient Indian philosophy, a new concept was originated by Alan R. Hevner to
describe the spread of Design Science Research in a 3 cycle view (Rigor- knowledge, Relevance-
system, Design cycle) presenting a bigger picture.

Sometime around the mid-20" Century Buckminister Fuller, an American designer,
inventor, and author introduced the concept of Design Science to perform engineering design
in a systematic form. Fuller cautioned about the scarce global resources which need to be
consumed judiciously. He stressed upon the innovative instinct of the product developers to
‘do more and more from less and less.

In modern times, we need to appreciate many brilliant minds who introduced
revolutionary concepts in product development. Leading amongst them is Elon Musk, known
for his contribution to electric mobility and space launches. Space X, a company of Musk, has
successfully demonstrated the recovery of the first-stage booster of the Falcon 9 rocket on a
sea-based platform. A single recovered stage has already been reflown more than ten times with
routine inspection and clean-up and is expected to fly many more times with refurbishment.
The first stage of a large space rocket cost about 70 % of the launch vehicle cost. Reusing the
tirst stage many times will bring down the cost of space launch drastically (experts feel about
one-tenth).

Remaining focussed on the task at hand is surely advisable, but seeing the bigger picture
for the wholesome benefit of society makes a team Champion, as demonstrated by Elon Musk.
This is the moral of Design Science.

THERE IS A SIMPLE WAY TO SOLVE A COMPLEX PROBLEM

This is a unanimous agreement with the statement “For every complex problem there is an
answer that is clear, simple, and wrong”, made by H.L. Mencken, American Journalist, and Free



Thinker. The word ‘wrong’ in the statement created confusion, and many felt that the answer
wrong is not an answer at all. However, it is commonly observed that every complex problem
has a simple solution. This book is written with that premise.

Many products are technologically overly complex. Designers have solved difficult problems
with years of dedicated work in design, fabrication, evaluation, and testing. In most cases, it
was iterative. Researchers in product development attempted to find out a well-structured
and systematic approach to solving complex problems. As a result, many new concepts and
techniques emerged.

An attempt is made in this book to compile all modern thoughts, principles, and techniques
in product development. A few new concepts are also introduced. The reader's concern to
search five hundred pages in this book for a simple solution to a complex design problem is
valid. For the benefit of the design teams, the product design is presented in 11 well-defined
Process Steps. Indeed, all the steps may not be relevant for every design exercise. The reader
can select the appropriate steps that meet the requirement.

The design exercise can broadly be described with 5 Essentials, which will help find the
‘simple’ solution to complex design problems: Goal, Context, Design Space, Design Drivers,
and Ceriticalities The design team can frame the relevant question to describe these essential
factors and keep the questions alive until completion of the development process. The book
helps find suitable techniques and tools to solve the design problem. The design methods are
presented in well-defined process steps to ensure the design progresses on the right track.
The result of each process step needs to be properly documented and made available to the
stakeholders.

Finally, the book is written on the premise that a disciplined and systematic approach
contributes significantly to innovative product design.
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CHAPTER 1

Starting A New Design Assignment

“The childhood shows the man/As the morning shows the day." — the beautiful words
from Paradise Regained by John Milton are the words to be always remembered by product
developers. For a product developer, the early hours are important. In most cases, the excitement
of starting something new and challenging may overshadow the need for a deeper inquiry into
certain vital aspects of the programme. This is the phase where the journey begins and spreads,
as Milton said in the following line "Be famous then/By wisdom, as thy empire must extend, So
let extend thy mind o'er all the world/In knowledge, all things in it comprehend"

And thou thyself seem’st otherwise inclined

Than to a worldly crown, addicted more

To contemplation and profound dispute,

As by that early action may be judged,

When slipping from thy mother's eye thou went'st
Alone into the temple; there was found

John Milton

Among the gravest rabbis disputant
(1608-1674)

On points and questions fitting Moses’ chair,
Teaching, not taught; the childhood shows the man
As morning shows the day. Be famous then

By wisdom; as thy empire must extend,

So let extend thy mind o'er all the world,

In knowledge, all things in it comprehend

The early phase of product development is hugely important as it opens the vast expanse engineering
excellence by comprehending ‘all things in it’ Two interesting points emerge:

o What are the ‘all things’
o What we are going to achieve

The journey begins when the ‘all things” are known, and the plan to execute the same is evolved. To
the product developers, these two requirements are described as:

o System Context Diagram (all things)
o Goals and Targets (going to achieve)



4 | Part I: Design Philosophy and Concepts

1.1 SYSTEM CONTEXT

A new product must be characterised by its important attributes. It may be an incremental
variation of the old one, scaling up, or completely different with new concepts and technologies.
Depending upon the situation, the product developer plans the course of development.
As the development work progresses, newer problems surface, which are addressed by the
development teams. Sometimes surprises do occur, which cause disturbances in functioning.
To avoid disruptions in the activities, it will be appropriate to examine the system for all relevant
contexts early. Such analysis may help to set the goal and course of the developmental work.

The product's characteristics and context with the neighbouring systems need to be
critically examined to evolve the development plan. The areas that may need critical scrutiny,
research, or experimentation are identified in the context diagram, which significantly helps
to set the goal.

The System Context Diagram, a simple presentation that all stakeholders including the top
management understand, is presented in Fig. 1.1.

1.1.1 System Context Diagram
The functional requirements of a system should be integrated with all internal and external factors.
A typical System Context Diagram of an industrial product is shown in Fig. 1.1.
Neighbouring Subsystems

Customer External Environment,
(Temperature EMI/EMC, etc.)

Safety @ Performance

Environmental Issues

(Pollution, etc.) Emerging Technologies

Societal Issues

Figure 1.1. System Context Diagram (typical).

(a) Assigning Weightage

Each aspect of the Context Diagram can be analysed for its criticality. If the project goal
is observed adversely influenced by some of the factors in the Context Diagram, necessary
actions could be initiated at an early phase of the developmental programme.

A System Context Diagram is a simple but powerful tool. The weightage of various factors
can be projected on this diagram for the benefit of the stakeholders. Sometimes, if the factor
significance is not assessed correctly and recognised late, the programme is impacted adversely.
A context diagram brings out the issues with clarity which may be highly relevant for decision-
making. In Fig. 1.2, weightage (typical) on the factors has been assigned. It may be noted
that societal and environmental factors (typically) were assigned higher weightage, which
prompts two actions. Firstly, the issues are recognised at the organisational level, and necessary
alerts are generated to comply with the current rules and regulations; possible changes are
also considered. Secondly, the design team attempts to minimise the environmental impacts.
The product issues are made transparent to all stakeholders and, if relevant, to the customer.
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