
Praise for Taguchi’s Quality Engineering Handbook

‘‘Classic! This handbook is an excellent reference for engineers and quality pro-
fessionals in any field.’’

Kevin W. Williams
Vice President, Quality

General Motors North America

‘‘ITT has learned from experience that Dr. Taguchi’s teachings can prevent vari-
ation before it happens. This book is a great demonstration of this powerful ap-
proach and how it can make a meaningful difference in any type of business. It
takes a dedicated engineering approach to implement, but the pay back in cus-
tomer satisfaction and growth is dramatic.’’

Lou Giuliano
Chairman, President and CEO

ITT Industries

‘‘Dr. Taguchi’s enduring work is of great importance to the field of quality.’’
Dr. A.V. Feigenbaum

President and CEO
General Systems Company, Inc.

‘‘This handbook represents a new bible for innovative technical leadership.’’
Saburo Kusama

President
Seiko Epson

‘‘It is a very well thought out and organized handbook, which provides practical
and effective methodologies to enable you to become the best in this competitive
world for product quality.’’

Sang Kwon Kim
Chief Technical Officer

Hyundai Motor Company & Kia Motors Corporation

‘‘For those who see the world as connected, this landmark book offers significant
insights in how to design together, build together, and lead together.’’

Dr. Bill Bellows
Associate Technical Fellow

The Boeing Company

Taguchi’s Quality Engineering Handbook.  Genichi Taguchi, Subir Chowdhury and Yuin Wu
Copyright © 2005 Genichi Taguchi, Subir Chowdhury, Yuin Wu.



‘‘Dr. Taguchi has been an inspiration and has changed the paradigm for quality
with his concept of loss function. Robust Engineering is at the heart of our in-
novation process and we are proud to be associated with this work.’’

Donald L. Runkle
Vice Chairman and CTO

Delphi Corporation

‘‘The elegantly simple Taguchi theory is demonstrated through many successful
case studies in this excellent book.’’

Don Dees
Vice President, Manufacturing

DaimlerChrysler

‘‘We have and are practicing the methods and teachings in this valuable handbook;
it simply works.’’

Dr. Aly A. Badawy
Vice President, Engineering

TRW Automotive

‘‘To have all of the theories and application of the lifetime of learning from these
three gentlemen in one book is amazing. If it isn’t in here, you probably don’t
need it.’’

Joseph P. Sener, P.E.
Vice President, Business Excellence

Baxter Healthcare

‘‘Taguchi’s Quality Engineering Handbook is a continuation of the legacy by Dr. Tag-
uchi, Subir Chowdhury and Yuin Wu in Robust Engineering, which is increasingly
being recognized in the automotive industry as a ‘must have’ tool to be
competitive.

Dan Engler
Vice President, Engineering and Supply Management

Mark IV Automotive

‘‘Taguchi’s principles, methods, and techniques are a fundamental part of the
foundation of the most highly effective quality initiatives in the world!’’

Rob Lindner
Vice President, Quality, CI and Consumer Service

Sunbeam Products, Inc.

‘‘The value of Dr. Genichi Taguchi’s thinking and his contributions to improving
the productivity of the engineering profession cannot be overstated. This hand-
book captures the essence of his enormous contribution to the betterment of
mankind.’’

John J. King
Engineering Methods Manager, Ford Design Institute

Ford Motor Company



‘‘I am glad to see that Taguchi’s Quality Engineering Handbook will now be available
for students and practitioners of the quality engineering field. The editors have
done a great service in bringing out this valuable handbook for dissemination of
Taguchi Methods in quality improvement.’’

C. R. Rao, Sc.D., F.R.S.
Emeritus Eberly Professor of Statistics and Director of the Center for Multivariate Analysis

The Pennsylvania State University

‘‘This book is very practical and I believe technical community will improve its
competence through excellent case studies from various authors in this book.’’

Takeo Koitabashi
Executive Vice President

Konica-Minolta

‘‘Digitization, color, and multifunction are the absolute trend in imaging function
today. It is becoming more and more difficult for product development to catch
up with market demand. In this environment, at Fuji Xerox, Taguchi’s Quality
Engineering described in this handbook is regarded as an absolutely necessary
tool to develop technology to meet this ever-changing market demand.’’

Kiyoshi Saitoh
Corporate Vice President, Technology & Development

Fuji Xerox Co., Ltd.

‘‘In the today’s IT environment, it is extremely critical for technical leaders to
provide an effective strategic direction. We position Taguchi Methods of Robust
Engineering as a trump card for resolving difficulty during any stage of technology
development. Technology is advancing rapidly and competition is getting global
day by day. In order to survive and to win in this environment, we use the Taguchi
Methods of Robust Engineering described in this handbook to continue devel-
oping highly reliable products one product after another product.’’

Haruo Kamimoto
Executive Vice President

Ricoh

‘‘I was in a shock when I have encountered Taguchi Methods 30 years ago. This
book will provide a trump card to achieve improved ‘Product Cost’ and ‘Product
Quality’ with less ‘R&D Cost’ simultaneously.’’

Takeshi Inoo
Executive Director
Isuzu Motor Co.

Director
East Japan Railroad Co.



Taguchi’s Quality
Engineering Handbook

Genichi Taguchi
Subir Chowdhury
Yuin Wu

Associate Editors
Shin Taguchi and Hiroshi Yano

John Wiley & Sons, Inc.
ASI Consulting Group, LLC

Livonia, Michigan



This book is printed on acid-free paper. ��

Copyright � 2005 by Genichi Taguchi, Subir Chowdhury, Yuin Wu. All rights reserved.

Published by John Wiley & Sons, Inc., Hoboken, New Jersey
Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system, or transmitted
in any form or by any means, electronic, mechanical, photocopying, recording, scanning,
or otherwise, except as permitted under Section 107 or 108 of the 1976 United States
Copyright Act, without either the prior written permission of the Publisher, or
authorization through payment of the appropriate per-copy fee to the Copyright Clearance
Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 750-4470,
or on the web at www.copyright.com. Requests to the Publisher for permission should be
addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street,
Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, e-mail:
permcoordinator@wiley.com.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their
best efforts in preparing this book, they make no representations or warranties with
respect to the accuracy or completeness of the contents of this book and specifically
disclaim any implied warranties of merchantability or fitness for a particular purpose. No
warranty may be created or extended by sales representatives or written sales materials.
The advice and strategies contained herein may not be suitable for your situation. You
should consult with a professional where appropriate. Neither the publisher nor author
shall be liable for any loss of profit or any other commercial damages, including but not
limited to special, incidental, consequential, or other damages.

For general information on our other products and services or for technical support,
please contact our Customer Care Department within the United States at (800) 762-2974,
outside the United States at (317) 572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears
in print may not be available in electronic books. For more information about Wiley
products, visit our web site at www.wiley.com.

Library of Congress Cataloging-in-Publication Data:

Taguchi, Genichi, 1924–
Taguchi’s quality engineering handbook / Genichi Taguchi, Subir Chowdhury,

Yuin Wu.
p. cm.

Includes bibliographical references and index.
ISBN 0-471-41334-8

1. Quality control—Statistical methods. 2. Production management—Quality
control. 3. Engineering design. I. Chowdhury, Subir. II. Wu, Yuin. III.
Title.

TS156.T343 2004
658.5�62—dc22

2004011335

Printed in the United States of America.

10 9 8 7 6 5 4 3 2 1



To our colleagues, friends, and families
for their enormous support over the years



ix

Contents

Preface xxv
Acknowledgments xxix
About the Authors xxxi

SECTION 1
THEORY

Part I
Genichi Taguchi’s Latest Thinking 3

1
The Second Industrial Revolution and Information
Technology 5

2
Management for Quality Engineering 25

3
Quality Engineering: Strategy in Research and
Development 39

4
Quality Engineering: The Taguchi Method 56

Part II
Quality Engineering: A Historical Perspective 125

5
Development of Quality Engineering in Japan 127



x Contents

6
History of Taguchi’s Quality Engineering in the United
States 153

Part III
Quality Loss Function 169

7
Introduction to the Quality Loss Function 171

8
Quality Loss Function for Various Quality Characteristics 180

9
Specification Tolerancing 192

10
Tolerance Design 208

Part IV
Signal-to-Noise Ratio 221

11
Introduction to the Signal-to-Noise Ratio 223

12
SN Ratios for Continuous Variables 239

13
SN Ratios for Classified Attributes 290

Part V
Robust Engineering 311

14
System Design 313

15
Parameter Design 318

16
Tolerance Design 340



Contents xi

17
Robust Technology Development 352

18
Robust Engineering: A Manager’s Perspective 377

19
Implementation Strategies 389

Part VI
Mahalanobis–Taguchi System (MTS) 395

20
Mahalanobis–Taguchi System 397

Part VII
Software Testing and Application 423

21
Application of Taguchi Methods to Software System
Testing 425

Part VIII
On-Line Quality Engineering 435

22
Tolerancing and Quality Level 437

23
Feedback Control Based on Product Characteristics 454

24
Feedback Control of a Process Condition 468

25
Process Diagnosis and Adjustment 474

Part IX
Experimental Regression 483

26
Parameter Estimation in Regression Equations 485



xii Contents

Part X
Design of Experiments 501

27
Introduction to Design of Experiments 503

28
Fundamentals of Data Analysis 506

29
Introduction to Analysis of Variance 515

30
One-Way Layout 523

31
Decomposition to Components with a Unit Degree of
Freedom 528

32
Two-Way Layout 552

33
Two-Way Layout with Decomposition 563

34
Two-Way Layout with Repetition 573

35
Introduction to Orthogonal Arrays 584

36
Layout of Orthogonal Arrays Using Linear Graphs 597

37
Incomplete Data 609

38
Youden Squares 617



Contents xiii

SECTION 2
APPLICATION (CASE STUDIES)

Part I
Robust Engineering: Chemical Applications 629

Biochemistry

Case 1
Optimization of Bean Sprouting Conditions by Parameter
Design 631

Case 2
Optimization of Small Algae Production by Parameter
Design 637

Chemical Reaction

Case 3
Optimization of Polymerization Reactions 643

Case 4
Evaluation of Photographic Systems Using a Dynamic
Operating Window 651

Measurement

Case 5
Application of Dynamic Optimization in Ultra Trace
Analysis 659

Case 6
Evaluation of Component Separation Using a Dynamic
Operating Window 666

Case 7
Optimization of a Measuring Method for Granule
Strength 672

Case 8
A Detection Method for Thermoresistant Bacteria 679



xiv Contents

Pharmacology

Case 9
Optimization of Model Ointment Prescriptions for In Vitro
Percutaneous Permeation 686

Separation

Case 10
Use of a Dynamic Operating Window for Herbal
Medicine Granulation 695

Case 11
Particle-Size Adjustment in a Fine Grinding Process for a
Developer 705

Part II
Robust Engineering: Electrical Applications 715

Circuits

Case 12
Design for Amplifier Stabilization 717

Case 13
Parameter Design of Ceramic Oscillation Circuits 732

Case 14
Evaluation Method of Electric Waveforms by Momentary
Values 735

Case 15
Robust Design for Frequency-Modulation Circuits 741

Electronic Devices

Case 16
Optimization of Blow-off Charge Measurement Systems 746

Case 17
Evaluation of the Generic Function of Film Capacitors 753



Contents xv

Case 18
Parameter Design of Fine-Line Patterning for IC
Fabrication 758

Case 19
Minimizing Variation in Pot Core Transformer Processing 764

Case 20
Optimization of the Back Contact of Power MOSFETs 771

Electrophoto

Case 21
Development of High-Quality Developers for
Electrophotography 780

Case 22
Functional Evaluation of an Electrophotographic Process 788

Part III
Robust Engineering: Mechanical Applications 793

Biomechanical

Case 23
Biomechanical Comparison of Flexor Tendon Repairs 795

Machining

Case 24
Optimization of Machining Conditions by Electrical
Power 806

Case 25
Development of Machining Technology for High-
Performance Steel by Transformability 819

Case 26
Transformability of Plastic Injection-Molded Gear 827



xvi Contents

Material Design

Case 27
Optimization of a Felt-Resist Paste Formula Used in
Partial Felting 836

Case 28
Development of Friction Material for Automatic
Transmissions 841

Case 29
Parameter Design for a Foundry Process Using Green
Sand 848

Case 30
Development of Functional Material by Plasma Spraying 852

Material Strength

Case 31
Optimization of Two-Piece Gear Brazing Conditions 858

Case 32
Optimization of Resistance Welding Conditions for
Electronic Components 863

Case 33
Tile Manufacturing Using Industrial Waste 869

Measurement

Case 34
Development of an Electrophotographic Toner Charging
Function Measuring System 875

Case 35
Clear Vision by Robust Design 882



Contents xvii

Processing

Case 36
Optimization of Adhesion Condition of Resin Board and
Copper Plate 890

Case 37
Optimization of a Wave Soldering Process 895

Case 38
Optimization of Casting Conditions for Camshafts by
Simulation 900

Case 39
Optimization of Photoresist Profile Using Simulation 904

Case 40
Optimization of a Deep-Drawing Process 911

Case 41
Robust Technology Development of an Encapsulation
Process 916

Case 42
Gas-Arc Stud Weld Process Parameter Optimization
Using Robust Design 926

Case 43
Optimization of Molding Conditions of Thick-Walled
Products 940

Case 44
Quality Improvement of an Electrodeposited Process for
Magnet Production 945

Case 45
Optimization of an Electrical Encapsulation Process
through Parameter Design 950

Case 46
Development of Plastic Injection Molding Technology by
Transformability 957



xviii Contents

Product Development

Case 47
Stability Design of Shutter Mechanisms of Single-Use
Cameras by Simulation 965

Case 48
Optimization of a Clutch Disk Torsional Damping System
Design 973

Case 49
Direct-Injection Diesel Injector Optimization 984

Case 50
Optimization of Disk Blade Mobile Cutters 1005

Case 51
D-VHS Tape Travel Stability 1011

Case 52
Functionality Evaluation of Spindles 1018

Case 53
Improving Minivan Rear Window Latching 1025

Case 54
Linear Proportional Purge Solenoids 1032

Case 55
Optimization of a Linear Actuator Using Simulation 1050

Case 56
Functionality Evaluation of Articulated Robots 1059

Case 57
New Ultraminiature KMS Tact Switch Optimization 1069

Case 58
Optimization of an Electrical Connector Insulator Contact
Housing 1084



Contents xix

Case 59
Airflow Noise Reduction of Intercoolers 1100

Case 60
Reduction of Boosting Force Variation of Brake Boosters 1106

Case 61
Reduction of Chattering Noise in Series 47 Feeder
Valves 1112

Case 62
Optimal Design for a Small DC Motor 1122

Case 63
Steering System On-Center Robustness 1128

Case 64
Improvement in the Taste of Omelets 1141

Case 65
Wiper System Chatter Reduction 1148

Other

Case 66
Fabrication Line Capacity Planning Using a Robust
Design Dynamic Model 1157

Part IV
Mahalanobis–Taguchi System (MTS) 1169

Human Performance

Case 67
Prediction of Programming Ability from a Questionnaire
Using the MTS 1171

Case 68
Technique for the Evaluation of Programming Ability
Based on the MTS 1178



xx Contents

Inspection

Case 69
Application of Mahalanobis Distance for the Automatic
Inspection of Solder Joints 1189

Case 70
Application of the MTS to Thermal Ink Jet Image
Quality Inspection 1196

Case 71
Detector Switch Characterization Using the MTS 1208

Case 72
Exhaust Sensor Output Characterization Using the MTS 1220

Case 73
Defect Detection Using the MTS 1233

Medical Diagnosis

Case 74
Application of Mahalanobis Distance to the
Measurement of Drug Efficacy 1238

Case 75
Use of Mahalanobis Distance in Medical Diagnosis 1244

Case 76
Prediction of Urinary Continence Recovery among
Patients with Brain Disease Using the Mahalanobis
Distance 1258

Case 77
Mahalanobis Distance Application for Health
Examination and Treatment of Missing Data 1267



Contents xxi

Case 78
Forecasting Future Health from Existing Medical
Examination Results Using the MTS 1277

Product

Case 79
Character Recognition Using the Mahalanobis Distance 1288

Case 80
Printed Letter Inspection Technique Using the MTS 1293

Part V
Software Testing and Application 1299

Algorithms

Case 81
Optimization of a Diesel Engine Software Control
Strategy 1301

Case 82
Optimizing Video Compression 1310

Computer Systems

Case 83
Robust Optimization of a Real-Time Operating System
Using Parameter Design 1324

Software

Case 84
Evaluation of Capability and Error in Programming 1335

Case 85
Evaluation of Programmer Ability in Software Production 1343

Case 86
Robust Testing of Electronic Warfare Systems 1351



xxii Contents

Case 87
Streamlining of Debugging Software Using an
Orthogonal Array 1360

Part VI
On-Line Quality Engineering 1365

On-Line

Case 88
Application of On-Line Quality Engineering to the
Automobile Manufacturing Process 1367

Case 89
Design of Preventive Maintenance of a Bucket Elevator
through Simultaneous Use of Periodic Maintenance and
Checkup 1376

Case 90
Feedback Control by Quality Characteristics 1383

Case 91
Control of Mechanical Component Parts in a
Manufacturing Process 1389

Case 92
Semiconductor Rectifier Manufacturing by On-Line
Quality Engineering 1395

Part VII
Miscellaneous 1399

Miscellaneous

Case 93
Estimation of Working Hours in Software Development 1401

Case 94
Applications of Linear and Nonlinear Regression
Equations for Engineering 1406



Contents xxiii

SECTION 3
TAGUCHI’S METHODS VERSUS OTHER

QUALITY PHILOSOPHIES

39
Quality Management in Japan 1423

40
Deming and Taguchi’s Quality Engineering 1442

41
Enhancing Robust Design with the Aid of TRIZ and
Axiomatic Design 1449

42
Testing and Quality Engineering 1470

43
Total Product Development and Taguchi’s Quality
Engineering 1478

44
Role of Taguchi Methods in Design for Six Sigma 1492

APPENDIXES

A
Orthogonal Arrays and Linear Graphs: Tools for Quality
Engineering 1525

B
Equations for On-Line Process Control 1598

C
Orthogonal Arrays and Linear Graphs for Chapter 38 1602

Glossary 1618
Bibliography 1625
Index 1629



xxv

Preface

To compete successfully in the global marketplace, organizations must have the
ability to produce a variety of high-quality, low-cost products that fully satisfy cus-
tomers’ needs. Tomorrow’s industry leaders will be those companies that make
fundamental changes in the way they develop technologies and design and pro-
duce products.

Dr. Genichi Taguchi’s approach to improving quality is currently the most
widely used engineering technique in the world, recognized by virtually any en-
gineer, though other quality efforts have gained and lost popularity in the business
press. For example, in the last part of the twentieth century, the catch phrase ‘‘total
quality management’’ (TQM) put Japan on the global map along with the revo-
lution in automotive quality. Americans tried with less success to adopt TQM into
the American business culture in the late 1980s and early 1990s. Under Jack
Welch’s leadership, GE rediscovered the Six Sigma Quality philosophy in the late
1990s, resulting in corporations all over the world jumping on that bandwagon.

These methods tend to be but a part of a larger, more global quality effort that
includes both upstream and downstream processes—espoused by Dr. Taguchi since
the 1960s. It is no surprise that the other methods use parts of his philosophy of
Robust Engineering in what they try to accomplish, but none is as effective.

Dr. Taguchi strongly feels that an engineering theory has no value unless it is
effectively applied and proven to contribute to society. To that end, a Taguchi study
group led by Dr. Taguchi has been meeting on the first Saturday of every month
in Nagoya, Japan, since 1953. The group has about one hundred members—
engineers from various industries—at any given time. Study group members learn
from Dr. Taguchi, apply new ideas back on the job, and then assess the effective-
ness of these ideas. Through these activities, Dr. Taguchi continues to develop
breakthrough approaches. In Tokyo, Japan, a similar study group has been meeting
monthly since 1960. Similar activities continue on a much larger scale among the
more than two thousand members of the Quality Engineering Society.

For the past fifty years, Dr. Taguchi has been inventing new quality methodol-
ogies year after year. Having written more than forty books in the Japanese lan-
guage, this engineering genius is still contributing profoundly to this highly
technical field, but until now, his work and its implications have not been collected
in one single source. Taguchi’s Quality Engineering Handbook corrects that omission.
This powerful handbook, we believe, will create an atmosphere of great excitement
in the engineering community. It will provide a reference tool for every engineer
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and quality professional of the twenty-first century. We believe that this book could
remain in print for one hundred years or more.

The handbook is divided into three sections. The first, ‘‘Theory,’’ consists of
ten parts:

❏ Genichi Taguchi’s Latest Thinking

❏ Quality Engineering: A Historical Perspective

❏ Quality Loss Function

❏ Signal-to-Noise Ratio

❏ Robust Engineering

❏ Mahalanobis–Taguchi System (MTS)

❏ Software Testing and Application

❏ On-Line Quality Engineering

❏ Experimental Regression

❏ Design of Experiments

After presenting the cutting-edge ideas Dr. Taguchi is currently working on in
Part I, we provide an overview of the quality movement from earliest times in Japan
through to current work in the United States. Then we cover a variety of quality
methodologies, describe them in detail, and demonstrate how they can be applied
to minimize product development cost, reduce product time-to-market, and in-
crease overall productivity.

Dr. Taguchi has always believed in practicing his philosophy in a real environ-
ment. He emphasizes that the most effective way to learn his methodology is to
study successful and failed case studies from actual applications. For this reason,
in Section 2 of this handbook we are honored to feature ninety-four case studies
from all over the world from every type of industry and engineering field, me-
chanical, electrical, chemical, electronic, etc. Each of the case studies provides a
quick study on subject areas that can be applied to many different types of products
and processes. It is recommended that readers study as many of these case studies
as they can, even if they are not ones they can relate to easily. Thousands of
companies have been using Dr. Taguchi’s methodologies for the past fifty years.
The benefits some have achieved are phenomenal.

Section 3 features an explanation of how Dr. Taguchi’s work contrasts with other
quality philosophies, such as Six Sigma, Deming, Axiomatic Design, TRIZ, and
others. This section shows readers ways to incorporate Taguchi Methods into ex-
isting corporate activities.

In short, the primary goals of this handbook are

❏ To provide a guidebook for engineers, management, and academia on the
Quality Engineering methodology.

❏ To provide organizations with proven techniques for becoming more com-
petitive in the global marketplace.

❏ To collect Dr. Taguchi’s theories and practical applications within the con-
fines of one book so the relationships among the tools will be properly
understood.

❏ To clear up some common misinterpretations about Taguchi’s Quality En-
gineering philosophy.
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❏ To spread the word about Quality Engineering throughout the world, lead-
ing to greater success in all fields in the future.

We strongly believe that every engineer and engineering manager in any field,
every quality professional, every engineering faculty member, research and devel-
opment personnel in all types of organizations, every consultant, educator, or stu-
dent, and all technical libraries will benefit from having this book.

Subir Chowdhury
Yuin Wu
April 14, 2004
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