This book is targeted for maintenance professionals in manufacturing and

other sectors. It introduces the RCM methodology,
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equipment maintenance, an important operational issue in
maintenance management, to be presented.

and tools presented in the book is

illustrated through practical examples taken from

various industrial settings.
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We are pleased to know that someone has finally re-built the links
between various quality tools. The technique of Total Control
Methodology (TCM) serves to reform peoples mind: rather than spending
time to search for new tools, they should step back and, with TCM,

consider which existing tools are appropriate and how.

The authors have developed the 7-Step TCM Implementation Strategy
in the book. They elaborate the nested interrelationships of quality
tools in terms of their prerequisite, treatment, and supplement modes.
This serves to help us understand the interrelationships between the

quality tools.

The authors make use of real cases and apply the TCM in the world
famous company, Motorola, with excellent results. Through the
implementation of the 7-Step TCM Implementation Strategy, Motorola
has increased the score of total Quality Excellence (TQE) from 38 to 49
(Maximum is 50), one of the highest scores ever given by the Ford Motor
Company. As for new product line, the cycle time to reach 6 Sigma
quality level has been reduced from 18 Months to 6 Months. This
demonstrates that TCM is also valid for companies already running

ahead in their Quality Journey.

Nowadays, the industries of Hong Kong are in the crossroads, global
competitiveness forces them to consider the transformation into high
value-added manufacturing seriously. Consumers no longer treat quality
products a surplus, instead they have become a given. TCM is an
excellent methodology to help local industries walk out of the dark and

play well in this global game.

Ir. Aaron TONG
Chairman of HKSQ (2001-2002)
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Quality Transformation Series

Global manufacturing competitiveness has been complicated with the
accelerating pressures of industrial transformation, dynamic trading
conditions, ever-changing market demands and uplifting quality
requirements. These pressures have sharpened the industry's focus on
developing viable strategies and tactics in gaining and retaining their
competitiveness. Hong Kong is now undergoing a critical transformation
from low-cost assembly to high-value-added manufacturing. For a
successful transformation, Hong Kong manufacturers must provide better
quality products faster and cheaper than those of their competitors.
Adoption of effective quality strategies and practices is one of the crucial

factors for success.

This "Quality Transformation Series" is supported by the HKSAR
Government Industrial Support Fund to develop promotional and
educational materials, such as booklets, video and other multi-media in
quality topics. It aims to make the company executives more aware of
their crucial role in leading successful quality transformation in their
companies; to introduce modern quality improvement tools and
methodologies to Hong Kong manufacturers, and to provide examples

of best quality management practices in the Hong Kong environment.

With the launch of this series, we hope to encourage and facilitate Hong

Kong manufacturers in making the quality transformation.

Dr. K S Chin

Series Editor

TCM: Focusing on Quality Improvement
of Processes, Products and Services
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Since the 1970s and 1980s, many companies around the world have
increasingly recognized that producing quality products or services is a
major source of becoming competitive in domestic and global markets.
Many practitioners in quality management and academicians have
developed impressive quality control and improvement tools, as well as
problem solving techniques, and explained how to use them in the
workplace. Manufacturing and service organizations responded well in
using these tools to improve the quality of their products and services.
Some of them have become popularized by the acronyms (e.g., 3K, 5S,
old seven, new seven, DFM, DOE, FMEA, GR&R, M/PCpS, PM, QFD, SPC,
SQC, TPM, TQC, and TQM, etc) as shown in Table 1. Despite the
headaches of memorizing their labels, some quality tools do not work

exactly as they are intended when companies try to apply them.

The appropriateness and effectiveness of applying quality tools may
determine the success of their adoption in a company. However, a lack
of understanding of when, where and how to apply quality tools is
attributable to their failures. For example, while applying SPC to monitor
the process or product quality, many operators are busy with collecting
data and plotting the control charts, as this is part of their routine work.
They may be unaware of any out-of-control and special cause conditions,
and subsequently perform inadequate analysis. Due to the prevailing
pressure to resume production as soon as possible, the operators may
not have sufficient time to conduct serious analysis of their work. In
some circumstances, they may even not bother to understand why there
is an out-of-control or special cause condition, what causes it to happen
and what they should do. Although operators may know the benefits
of using the tool, they do not know when and how to apply them
effectively. As a result, control charts cannot perform their intended

purposes and the effectiveness of many of their applications is affected.

-

3K B 178 XE DOE BERE PM TR RE
Kangae, Kodo, Kaizen Design Of Experiments Preventive Maintenance
am AR EVOP A IRAE QA HERE
Man, Machine, Material, Method Evolutionary Operations Quality Assurance
5S I8 B E5E5R - 82 FMEA RBEXRBED N QC BEEH
Sort, Set, Shine, Standard, Strict; Failure Mode and Effect Analysis Quality Control
or X Y ]
Seiri Seiton. Seiso. Seiketsu FMECA  RMER - MERBRDHT Qcc mEE
Shits'uki ' ' ' Failure Mode, Effect and Criticality Quality Control Circle
Analysis
. . S, FD HEERMA
7IR K% - PDPCSE ~ BFEEMEDE - N - Q : ,
iﬁew 7E %Eé‘}i R ?fgif ?%;i . FRACAS AMBERBETIRS Quiality Function Deployment
QCTools SEMEIEMIA faure o And Corrective | o1g EEENRG
KJ method, PDPC method, Quality Information System
Arrow diagram, Matrix Diagram, GR&R EATEBMHNATHEEDH M P
Systematic diagram, Relational Gage Repeatability and Q =EE
diagram, Matrix data Analysis Reproducibility Study Quality Management
®7TA  MNESN ES5E - 2HE- | o E R R&QA  TRBRHRRE
Old7QC AJlI(=®B) 8 - HME - International Organization for Reliability & Quality Assurance
Tools PEE - MEBE Standardization RQL EREEKFE
Pareto analysis, Histogram, Control S Rejectable Quality Level
chart, Ishikawa (fishbone) diagram, QL ﬁEEuﬁEE*$ i
Scatter Plot, Stratification, Checklist Indifference Quality Level SIN (Bl =g s
ANOVA  BES# 0T BESEE Signal-to-Noise
Analysis of Variance Just In Time SDCA ZE-PIT-ER-RE
AOQ TRLEE LTPD HEZ(ED) FAKEE Standardize-Do-Check-Act
Average Outgoing Quality Lot Tolerance Percent Defective SOP TR TR T
AOQL T L E B AT M/PCpS 1438 / BURREE AR Standard Operating Procedure
Average Outgoing Quality Limit Machine / Process Capability Study SPC SETEREES
AQL AEEKT MRB YRl E e Statistical Process Control
Acceptable Quality Level Material Review Board SQC B E ST
ARL SFi’;ﬁEﬂEEE MSA 5;5\“5/ \ﬁﬁgﬂﬁ\*ﬁ' Statistical Quallty Control
Average Run Length Measurement System Analysis SS BAYE
COQ ’}{Eﬁiﬂx MTBA $i’3#ﬁi?ﬁﬁ}]l1’ﬁﬂ%%ﬁ Samphng Size
Cost Of Quality Mean Time Between Access TPM 2EEERE
Cp BT EE 1 S8 MTBF 454 A FE T AR RS Total Productive Maintenance
Process Capability Index Mean Time Between Failure TQC TEESES
Cpk BUREE IS (RBAMETE) MTTR TSR TSRS Total Quality Control
Process Capability Index Mean Time To Repair QM >EEEEE
(Centre-adjusted) oc 12t Total Quality Management
cQl BEEENE Operating Characteristic WIT BER
Continuous Quality Improvement OCAP S IR(TE)STE Work Improvement Team
cwQcC 2>E5 24| Out-of-Control Action Plan ZD T HhEL
Company-wide Quality Control PDCA HE T -ER-EE Zero Defect
DFM st Plan-Do-Check-Act ZIPS ZEFEERR
Design For Manufacturability Zero Inventory Production System
.

~N

J

®— HEIAZRYFTEEER

Table 1 Acronyms used for quality tools
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Another common mistake is that many companies treat individual quality
tools as separate and isolated entities (see Figure 1). The application
relationships among them and their sequence have seldom been taken
into careful consideration. How to interweave one tool with another
is often overlooked in the establishment of an effective quality system.
For instance, the process output data for constructing control charts
are collected before the process is set up. An automatic mistake-proofing

system is installed to replace the human visual detection for a particular

B FUSTNSERTA ~
e ® , 2 BRBLH
HTAR AR RIRSS @“%(,C Ze%oﬁéiﬁed ﬁ‘éﬁ%%%?j:f\f% Total Quality Control e E'%ﬂ%‘
@d? N C\’\e‘-\(\\s
e b Ay
N e e . . ar B %
WA HHAEEDHE— P sty = wBI %10 Anayye;. A
g nemagaar || Ofs Ol i opM .
igaR ' PLELTIEE=E ati‘ i
Ca Sfaction g 45 4R T AERE S
BfF5BE— {8 - R 4@; 0 g, o & am MTBF
Soc ) 3
(o0 (B Fi) ; SEEBT it & 4%
DFM & L Inspection '@Q
B2 BmER - 156 o & S
ction % & SRS
BE RRETUERER L o) 5 G May
ram & % o0 :
B2 FURREERY [ N oy F .
. & N %
A R BB AR © g” Rigy 45 52 Falure npon R4
Eff,
o ERRERARE | g 1509000 gy, ny et Anayye
Qrp
sEEsr paooas 3 H %3] A
BERER - ERRBEE prevention %fra(\«\ng - %/\/)ﬁiﬂe‘a@fﬂme
REEARS EHE o R Bet B gt the I
§§ WE ﬁ Cont\’o\ Do R 9
, gt fm o« A — il =
% EnE—E ABHER AR T B, s cae®E o
g mREREENRME . | POV AW oteontrl 8
y,

AR BRERBER “HEER

B RF BRUKSSHEA
MREEFRTWBOEEE - BRERZEMY
B EERE T 0 EE BERERS 88
AKE  BEWE - MEREESER/ATH
TRRBEETEA ERREENEREER
AREERZRBE » BLERGHETHE
REEED T - BT LABRIFER R “4EE

HERgHY

B FEEFUEBTRERERENSE
REMLAT - FBIAETT "RER NN NEDN
MR - SN ERRTEFLEEE S &
ERRET - B "BHE" BRAEE . b

BE— BEIAZIBRER
Fig.1  Isolated islands of quality tools

error. However, if having no appropriate maintenance procedure for
this mistake-proofing system, then the control may perform even worse
than the original human visual detection. When the automatic mistake-
proofing system is out of order, the quality of the product may inevitably
be compromised because no one has applied the human visual detection
for the error. Therefore, preventive maintenance is often needed,

contributing to the success of any automatic mistake-proofing systems.

Moreover, many companies conduct the process capability and

improvement analyses even without checking for the statistical stability
of the process. The main reason is that they do not want to stop their
production. When the quality control charts indicate an out-of-control

or special cause condition, the companies simply set aside the products

produced. A task force from ASQC/AIAG has suggested that the process
capability and improvement analysis can only be employed when the
process is statistically stable and that the outcomes of the process
approximately follow the normal distribution. Similarly, Pareto analysis
can also be used to identify vital causes to implement quality improvement
projects after identifying the major causes using the Ishikawa's

cause-and-effect analysis.

Companies can benefit if they know the
relationships among various quality tools and
the sequence in which they can be applied
to improve the quality of their products and
services. A quality system should range from
detection to prevention, from on-line control to off-
line control, and from monitoring to improvement. A prior
understanding of when, what and how to use various quality tools
can help with their applications. For instance, the setup checklists
should be used before any production starts. The control charts are
employed as an on-line detection mechanism for monitoring cause
occurrences. Similarly, the design of experiments is used to develop
off-line strategies that help ensure proper processes and produce quality

products and services.

In order to better understand their relationships, this necessitates a new
methodology on determining how, when, and where to apply various
quality tools. In the ensuing sections, a total control methodology (TCM)
is introduced, considering the relationships among quality tools and
the sequence in which they can be applied. The methodology focuses
the development of a process in which all the available quality tools
and techniques are integrated meaningfully. The process, once
implemented, can help companies use various tools effectively in
improving the quality of products and services and competing in the
marketplace. Section 2 reviews the core principles of TCM and the
process of applying these tools. Section 3 explains the purposes of
individual tools involved in each level of the TCM framework. The
interrelationships among these tools are discussed in Section 4, and
the strategy of TCM implementation is elaborated in Section 5,
respectively. Finally, Section 6 presents a case study of implementing

and using TCM and explains the TCM benefits achieved by the company.

RESERRE -3 HESNEENTE
ABETMER - Ut - KIBXREBEZEHH
SRERFTEBEASN THENMARE
TRABRBEEREEISRMRE - MR
R AY2RERD M 74 AET W2
BELMBEIIR - BH - REITBEER
/A “RIIERE" BRER

BA B 2 EERER

 REYEREEXEER -

KIBEMEET A BNE
% ZHHETHARRRT &
ETAMEEER  BERONGE  XEE
B REL —ARRNEERGLABRE
BRI TERD ~ AARERIREEE - BEAIR
BE o BHIH 0 EXAIREFE" B—E
RIARTARE T A - RARBEERNMER 5 M 42
FIE" BB —ERTARERIMS - FRERIBA
RAEMREEZENEE B "BRRE
BERRERBERBN—ETE  #EUX
ENREE  RUSHEZERMRE

RTBAMEREEBESEET A ZHEME
7% BMBTE—EFNEERRLE  ©F
TEREUNEAHER - EAAWEXE - ZEN
BEHAENBOEEYL —E “2EESSE
(TCW)" - BEBH EFEREETR » RRH
1EA - B BENAF  EERMBER
—EEERAZN  ReEM/MBRBE2EE8 - #
MABEETSHRENNFR - EE-F

B R BTCVMEVERORR] - R0 s
BREETANRER  BE=F4  B#ME
R RETCMERB R EERR - MEEXA
HETHACZFRAZHRAEEES  AREED
ERFELE  DRIRAREBEETIACHRE
MTCMMERRE &% FAESNE—
BE " EEEGHE WERIN - REE
ZEHEBERATCMEFTESNEE ©

N

s

\

TCM: Focusing on Quality Improvement
of Processes, Products and Services

o
0



Quality Transformation Series

o

ERE “2EZEH
FIETCM)” BIZR
BE EEEMR
HEREY—ER
#o EeREZ
REEEENE
TR WEEHEE
BB RIEIRE
LUERIEMME R
B hERRE
B RiRfteEXR
EmRMRE o UT
W& R IE AN R A
BENZORE
MEBITCMEREH
EX B -

TCM PR JR Al

EEEHEE
(TCM)” ZRER
BEN=EZOR
Bl - AR B
=ERBEBTCM
MRS - RS
B2 UAEESE
EME /RIS o

o TEM:RIE
FrEgEEE
I8 M%EHE
FmRE I
2 E£ENR
RSP AE
TR

o B BEAE
EETACMH
MEaE - LR

g

The Total Control Methodology
‘

miEHF5E (TCM)

The purpose of the Total Control Methodology
framework is to develop a comprehensive and
integrated system of quality tools for effective
monitoring of the processes, and improvement of
products and services. This is accomplished by applying
certain core principles and modeling the process
for developing the TCM framework, as explained

in the following sections.

Core Principles of TCM

There are three core principles of the TCM framework
that govern the improvement of the processes and
produce quality products and services.

e Completeness: Include a comprehensive set of
quality control and improvement tools for design,
engineering, and production.

¢ Sequencing: Understand the relationships among
the quality tools and the logical sequence of
prevention, detection and rectification, in which
they are used to achieve benefits.

o Effectiveness: Evaluate quality tools based on
their purposes, location of use, duration of
application, direct or indirect impact, and the
results achieved. The TCM framework must be
user-friendly and easy to understand and apply

in manufacturing and service operations.

The completeness principle uses the life-cycle approach
that involves the quality tools and techniques starting
from building quality into products and services in
the design and development stage. It then looks
into production and providing service after sales in
adding value to customers and increasing their
satisfaction. The sequencing principle focuses on
relationships that exist among various quality tools
and the potential benefits of using them. The principle
also stresses the logical sequence of prevention,

detection and rectification as a basis to improve

=0

/ Prevention

BIE

Rectification
N J

B= #ESEBRTEEIAZLF
Fig.2  Sequence of quality tools used in each level
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Detection

the quality of the process output (see Figure 2). The effectiveness principle
evaluates the use of quality tools in terms of their purposes, locations
of use, duration of applications, direct or indirect impacts, and the results
achieved. Three levels of TCM framework can be developed, as shown
in Figure 3. The framework enables the operators and other related

personnel to better understand the operations of TCM.

( )

F—E pIREEE
Level 1 On-line Quality
Control

BB #RYEEZIENTE
Level 2 Off-line Quality
Support and Reviews

BZE HEUENEDAD

Level 3 Driving Force for

\ Improvement )

B= TCMBEBRH=ERER
Fig.3  Three levels of the TCM framework

The TCM framework classifies quality tools in a logical sequence of
prevention, detection, and rectification. The first level (i.e., Level 1)
addresses "On-line Quality Control" and consists of the tools that are
always found and used on the shop floor or office floor. Operators and
related personnel will use these quality tools directly on-line to timely
prevent, detect and rectify any out-of-control and special cause conditions
as much as possible. Besides, the operators need to ensure that no
nonconformance product goes to the downstream processes. Generally,
the tools developed range from pre-production preparation to on-line
monitoring and then to post-production disposition. A stable environment
is prerequisite for smooth and effective implementation, and successful

operation of the tools in the first level of the framework.

ERHRARER - 688 - 2B ENEEIE
FFHEB - DA ER R3S o
o Mt REETAMNER - £

B EARR - BEHEMRBERE
BEHEENTE - AR - fFi
DEEE - LEALRENERERE
HE - STEREAANMLSEER  £2)
R R RIE MRS S IERIHEAT -
EL TR o

TEMFRAESI RMERRELEEFR
2 BEMBSREEFRRT - TER
MAFEEET AN - SHERERRS
TiFmfS - BERER/RERT - BR
£E XY EEERRY - ERER/RE
BE - BEETERE o IBEFERESEM
ZEHREEEETANEN  BRIREN
EHEMT AR - #MERRANEEXN
# o Btoh - BERAITEAREEEN - AN
BTak - E8 - REBEREEIEFHEY (R
[B=) - sttt RARREEE T ANE
A~ A - AR - EHER/MRS
BROVEESREESE - MEPHRY - &7
EXREETANER  BREMEAET
B BEeMNZHETRNER  SRERE
EARZHONERER (RIE=) -

REETENBERUEBENSEE  REHE
B~ 23R - MBEIEFHS - EEEXE

T EEETCMRBENREEE - Em/iR
BNEZEEERE - F—BHK FIREE
2H" > CIEAELEEERIPLEAR
SREEET BASER  RESEXE
REMEBALTERTARERELES

TR -HIREWERERERFEXABENE
RER IFTERD ~ R B EEMARERT

BN WHEFREIEFERAARAT —HEUE
B BEAL BEARBHNEETAR

=3

TCM: Focusing on Quality Improvement
of Processes, Products and Services

=y
-



Quality Transformation Series

N

YRR ~ FRPER - EERKRERE
BHBRBRET o

Level 2 is concerned with the "Off-line Quality Support and Review"
that provides the stable environment for the preceding level. The common

tools include training and education, measurement system analysis,
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equipment maintenance, performance review, and problem solving
processes, etc. They address the medium-term to long-term effects that

may not be realized directly and immediately.

Both Levels 1 and 2 tools regard the monitoring and control of a process
and stress on the tactical and operational issues. Consistency and focus
in these levels can help achieve continuous quality improvements of a
process or a product. However, breakthroughs may come mainly from
Level 3 — "Driving Force for Quality Improvement" that stresses for
quality planning, improvement, root-cause identification and related
analyses. This level addresses the strategic issues and the tools used
form a closed-loop enhancement for tools in the preceding levels.
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Therefore, Level 3 tools can bring long-term impact of the results
produced, whereas the Levels 1 and 2 tools would be of short-term

and medium-term, respectively.

Figure 4 shows a generic TCM framework that encompasses the quality
tools and techniques in three levels of grouping based on the their
purposes. A quick reference of these tools and techniques is given in
Table 2. This framework allows various tools to be added, dropped, or

modified according to practical experiences in a given situation. The
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BRI REEL T

Problem Solving Process

BE AP Learning Organization

RIE Calibration
EREBMHNTBRMEDHT Gage Repeatability & Reproducibility Study

BEE S

o FEBHIRE Preventive Maintenance

HBE#4E & Breakdown Maintenance
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255t Control Plan

KHE R R FE DT Failure Mode and Effects Analysis
KMER  MER G R AT Failure Mode, Effect and Criticality Analysis
RFEAE D 4T Fault Tree Analysis
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FERRET Design of Experiments )
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Table 2 Quick reference of quality tools used in the TCM framework
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adjustments or modifications of tools can avoid the occurrence of any
redundancies or discrepancies. They also help safeguard the system for
effective monitoring and attain a balance among different tools and

techniques in planning, control and improvement.

Iterative Process of Selecting Quality Tools

An iterative process of selecting quality tools for the framework is
presented in Figure 5. First, a quality tool is selected and its purposes
are examined regarding the location of use, duration of application,
direct or indirect impact, and the results achieved at an appropriate
level. Eventually, different quality tools are identified according to the
level of the framework that they belong to. Their roles in prevention,
detection, or rectification are determined. Quality tools serving the same
or similar function area will be grouped. Individual tools of unique
features will have their own places in the framework. The interrelationship
among their applications will be examined. If there is a mismatch or
contradiction found in the relative positioning of quality tools, the
iterating process will be reviewed and necessary adjustments will be
made. This process is continued until all associated quality tools are

placed in their appropriate positions within the TCM framework.
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Iterative process of selecting quality tools for the TCM framework
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Level 1: On-line Quality Control

Quality tools in the first level are those used for on-line practices to
detect and rectify any shop- or office-floor quality problems, thereby
leading to find solutions and preventing further occurrence of same
problems. These tools are generally simple and easy to use and many
production personnel use them frequently. Besides, they are capable
of providing fast responses to prevent non-conformances and out-of-
control or special cause conditions. They can help detect and correct
any out-of-control or special cause conditions to avoid any quality
disasters. In order to prevent any non-conformances or out-of-control
conditions brought into the downstream processes, the control elements
are involved from pre-production preparation to on-line monitoring and

further to post-production disposition.

Typical Level-1 quality tools include Control Plan, Setup Checklists,
Control Charts, Histograms, Data Logging, Operator Dependent Control,
Auto Detection and Alarm, Auto Detection and Correction, Out-of-
Control Action Plans, Product Disposition, and Acceptance Sampling

(see Figure 4).

1) Control Plan / PosiTrol Plan

It is difficult for people to come in front of a process to spell out and
understand the complete picture of all elements in that process. Therefore,
a simple but comprehensive list that includes all key control elements
of a process is often useful. PosiTrol plan serves this purpose with high
visibility. The plan helps remove barriers among departments, other than

for simply presenting a set of documents for quick reference. During

the development phase of a particular process, various departments

(e.g., Maintenance, Engineering, Production, and Quality Assurance,

etc.) should work together to eliminate the redundancies and deficient
controls of the process. The unwanted situation of "everybody, somebody,
anybody, and nobody" should be eliminated. All related parties should
work as a team to understand the system and incorporate appropriate
control elements into the PosiTrol plan. The relationships among these

elements should be clearly defined.
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2) Setup Checklists

Every production run should be started only when everything in the
process is ready and in good condition for work. The more sophisticated
the technology and machines are, the more items are to be checked.
However, operators may inadvertently forget things, especially when
they are required to memorize too much information. Therefore, a setup
checklist is very useful and serves as a quick reference tool of a start-
up of production run. The checklist is a list of control elements and
activities that will be carried out and completed before a production

run starts. Typically, it consists of four key areas including:

—_

. Machine and tooling setup,
2. Parameter setting,

3. Incoming materials check and
4

. Verification by dummy, if necessary.

therefore is often regarded as an important

B 5 REERA A EE TR RN ‘
\ A The checklist helps achieve the basic quality
FEIGAER - B \ principle of "doing it right the first time", and
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/ prevention tool in the “On-line Quality

Control” level.

3) Control Charts / Histograms / Data
\\ ‘\) Logging

When the production run starts, many critical
characteristics of the process should be controlled.
These characteristics can be related to input, process or output parameters.
It is difficult to determine whether the process is in stable condition
relied solely on measuring numerical values of these characteristics.
Therefore, it is recommended to use control charts, histograms, and
data logs on the production line. These tools are effective when
detecting any changes in the distribution of the controlling process

output characteristics.

Control charts are often referred directly to the practices of Statistical

Process Control (SPC). The commonly used single-variable control charts

in industries are "X-bar and R charts", "X-bar and s charts",
"X-bar and moving R charts", "np charts", "p-charts",
"u-charts", and "c-charts" etc. Besides, the use of
“multivariate control charts” that can control more than
one process variable is increasingly getting popular. All
these charts are developed and implemented using statistical
methods. Out-of-control or special cause decision rules
are employed to determine if there are any shifts of
distribution and changes in the process characteristic.
Operators can easily detect any out-of-control or special
cause conditions from the information displayed graphically
in the charts. Traditionally, the making of these control
charts involves a lot of work in data collection, data
computation, plotting chart and checking, and therefore,
their applications are often focused only on the most
critical characteristics. With today's emerging factory
automation and on-line use of software, the applications

of control charts are much expanded.

The histogram is another tool frequently used to examine
the variation in the process output distribution graphically
on the production line. It is one of the old seven quality
control tools, and used to present the variation and shapes
of the distribution of the process output or product
characteristics. Although histograms are easy to understand
and adopt, their ability to alert the operator against changes
in distribution of the process output is relatively low when

compared with control charts.

Nevertheless, both control charts and histograms can be
costly in terms of time and labor if being used to monitor
all the characteristics of a process. Data logging is an
alternative that helps control parameters of less critical
importance. With no particular requirements of
computations or graphical plotting, data logging can
record the data on a log sheet and check against pre-

determined control limits. Some minimal controls can
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be achieved, and that helps monitor the characteristics

of a process output that are less critical.

When the quality control work is dependent

on an operator, it is labeled as “operator
dependent control”. Operators are the key factors for success in the
implementation (e.g., use of setup checklists, control charts, histograms,
and data logging). This is because the sequence from data collection,
to data computation, to checking against decision rules, and to responding
to out-of-control conditions, are all dependent on operators. Moreover,
this also accentuates the importance of operator dependent control if
new out-of-control conditions arise. Experienced operators can make
their judgements and initiate corrective actions. Their interventions are
often essential to prevent many quality disasters, and help close the
loopholes in on-line control system. Operators play an important role
in quality control, even though they are not always as reliable as machines.

Their contributions cannot be underestimated.
5) Auto Detection and Alarm

It will hardly be relied on operator dependent controls alone, particularly
for the known potential out-of-control conditions. This is because people
are not perfect; they will forget things or make mistakes. Therefore,
auto detection and alarm are needed, and sensors or

other monitoring devices are installed in

\machines to release the human worker
from data collection and analysis, and

\ responsibility for out-of-control detection.

A warning signal system (e.g. a buzzer or a lamp) is usually

added. Whenever the sensors or devices detect any out-
of-control condition, they will activate the system to alert
the operators. The auto detection and alarm devices are sometimes

connected to the main control of machines for intervention. The operators

can concentrate on initiating corrective actions to restore the production

run to status quo. For instance, a sensor can be installed in the material
loading or feeding areas of a machine. This can help detect any obstruction
condition and ensure a smooth input of materials. Undetected malfunctions
and inadequate material supply may lead to the defective products. The
use of obstruction detectors can help relieve the operator’s workload to

inspect certain areas regularly and improve product quality.

6) Auto Detection and Correction

Although the uses of auto detection and alarm control help achieve the
objectives of quality control plans, the quality target can be advanced
including auto detection and correction control. With such closed loop
feedback control, the machine can measure the process characteristics,
check against the pre-set standards, make a decision and adjust the
input parameters of the characteristics, if necessary. This is a real-time
automatic continuous monitoring that involves little on-line operator
dependence. As compared with auto detection and alarm technique,
the machine can replace operators to perform the corrective actions.
This eliminates the danger of operators overriding the corrective action
by resetting the alarm. Besides, it also ensures that corrective actions

can be carried out consistently in the system.

The detection practices from operator

dependent control, to
auto detection and
alarm, and then to auto
detection and correction are developed based on the poka-yoke concepts.
These practices are to release from human dependence via equipment
modification and automation. However, as detection practices are often
so obvious and obscured in a process, and in turn, are overlooked in
the quality control system. It is therefore necessary to highlight the
importance of detection in the mindset of technical and management

personnel when solving those frequent out-of-control problems.
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7) Out-of-Control Action Plans (OCAP)

The on-line quality control can help monitor a production process using
setup checklists for prevention and various techniques for detection. It
is also necessary to ascertain how to rectify the situation after an out-
of-control condition is detected. The first issue is to detect a problem
effectively, and then rectify the problem. Once an out-
of-control condition is detected, operators should be
empowered to stop the machine and take corrective
actions. Different people (e.g., operators and engineers)
may have their own opinions and methods to handle
some particular out-of-control conditions due to the differences
in their experience, knowledge and information, job responsibility
and personal preference. Therefore, the rectification results may vary,
and the lessons learnt at one time may not guarantee their usefulness

in other occasions.

An out-of-control action plan (OCAP), that provides production personnel
through a procedure in rectifying out-of-control conditions of a process,
can help resolve this situation. OCAP is commonly expressed in a simple
decision flow chart format where the necessary elements to be checked
and the specific actions to be carried out are listed along the flow. This
is a troubleshooting guide that provides a knowledge base for people
(e.g., operators, technicians and engineers) to solve problems in the
shortest possible time based on the documented experience. With the
advancement in information technology, the knowledge base of OCAP

can help develop an expert system for on-line diagnosis.

8) Product Disposition

On-line quality control is concerned with how to handle the products
prior to an out-of-control condition or a defect being detected. Products
manufactured during this period may be a mix of conforming and non-
conforming products as the conditions are in between under control
and out-of-control. Therefore, a procedure for product disposition must
be defined, though it may vary greatly along with the pressures from

production urgency, delivery or other strategic aspects.

Generally, product disposition can be
classified into scrapped, degraded for
alternative applications, accepted with or
without repair by concession, or reworked y
to meet certain specified requirement categories.
For instance, 1SO 9001:2000 standard specifically includes "Control of
nonconforming product” (i.e., Clause 8.3) in the development of a quality
system. "Scrapped” means to throw all these suspicious products away.
It is a simplest and safest way to handle the suspicious products, but is
also the most expensive one. The method is seldom used except when
the potential defect will result in a severe consequence in the end
products. The screened defective units can be used for alternative
applications, and they can be accepted with or without repair by
concession, or reworked to meet certain specified requirements. Some
companies have employed sophisticated product failure analysis (e.g.,
FMEA, or Fault Tree Analysis). When the defects cannot be detected by
non-destructive tests, accelerated tests (e.g., burn-in) can be applied
to remove potential failures. Therefore, the documented product
dispositions procedures help provide fast decision-making on handling

suspected defective units.
9) Acceptance Sampling

Last but not the least, acceptance
sampling is another useful quality tool
in on-line control level. Quality assurance and production

personnel used it to screen any defective products. Based on statistical
methods, a random sample of products is selected and determined
whether the quality level is acceptable. Once the products pass the
sampling test, they can be delivered to the next process or to the
customers. The inclusion of acceptance sampling in the TCM framework
is important, as the tool stresses that the supplier or the personnel

carrying out this process should be responsible for the quality of products.

The on-line quality control starts from prevention using control plan and
setup checklists, and then detection of out-of-control or special cause

conditions using control charts, histograms, data logging and detection
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(i.e., operator dependent control, auto-detection and alarm, and auto-

detection and correction). If an abnormal condition occurs, out-of-
control action plans (OCAP) are used to rectify the conditions, and then
product disposition to handle the potential defective batch of products.
The products can only proceed to the next process if they pass the

acceptance sampling tests.

Level 2: Off-line Quality Support and Review

The smooth operation of Level-1 quality tools depends significantly on
a stable and reliable environment that is supported by the quality tools
and techniques in Level 2. The Level-2 tools are used off-line and focused
on the results in near- or medium-term. The frequency of their use is

much less than those in Level 1.

When an on-line quality control tool is introduced, production personnel

will normally request the information or instructions on what it comprises,

how it works and is to be used. If the tool involves data acquisition,
the off-line support needs to provide an objective measurement system
to ensure the quality of data. Moreover, the tool can function properly
only when a process can run smoothly. Quality tools cannot apply if a
machine breaks down frequently. Therefore, equipment maintenance
is an important aspect in the off-line support. When all these tools are
in place, regular performance review can be carried out to ensure the
proper function of on-line quality control tools. Problem-solving technigues
are required to diagnose any problem found in the review. The Level

2 results will determine the success of on-line quality control. There are

several common quality tools and techniques used in

Level 2, as elaborated below (see also Figure 4):
1) Training and Education

Training and education are often

overlooked before, during and after

implementation of a process. With
no understanding of using a particular
quality tool, shop-floor/office personnel

may simply think that the tool is being implemented for its own sake.
Consequently, the real functions of the tool may be overlooked. Therefore,
a good introduction to a quality tool is important and this is usually
achieved via proper training. Provision of training and education courses
should be designed from the trainees' points of view. Different levels
of shop-floor/office personnel will need different emphases of training
even for the same quality tool, and their learning objectives may also
differ. Therefore, the training courses should meet their learning objectives
and maintain their interests. The importance of the quality tool, the
results that can be obtained, and the quality improvement objectives
that can be accomplished, should be the part of the training course.
In addition, the trainee should feedback any queries during the

implementation period for further modification of the courses.

Training programs should be institutionalized and delivered regularly
to cope up with personnel turnover and changing environment due to
technology improvements. Refresher courses should also be provided.

In general, the participants can retain learning better following a course
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in which they are interested. Too many theories will result in boredom
that deteriorates their attention. Moreover, they should understand the
penalty for not practicing the trained skills and using learned quality
tools. Therefore, a planned training program should include assessment
of training needs, comprehensive and interactive training materials with
games, organized knowledge delivery, and hands-on practical exercises.
Furthermore, it should have follow-up assignments and on-line
assessments. Presentation of certification and re-certification are often

needed to recognize the learning results and the quality of training.
2) Measurement System Capability Study

If the tool involves certain measurement for data collection, a capability
study on the measurement system is necessary. Whatever action is
developed from the data using an on-line quality control tool, it will
only be meaningful if the data collected are accurate, repeatable and
reproducible. The measurement system capability study can help safeguard

the effectiveness of quality control practices in Level 2.

A measurement system consists of a gauge, a measurement procedure,
an operator, standards and the environment to be observed. These
elements are interrelated with each other and they affect the overall
capability of measurement. Therefore, the capability study should be
carried out on the whole measurement system. When the gauge becomes
more sophisticated and automated, users will simply rely on the
measurement system itself but neglect the purposes of the capability
study. There are several capability studies on the measurement system.
The calibration and the gauge repeatability and reproducibility (GR&R)
tests are the two most common ones. The former is used to determine
the accuracy of the system, whereas the latter is to assess the variation

of a measurement system. GR&R should be carried out after calibration.

3) Maintenance

~

No quality tool can be used \\/,‘
I

effectively if a machine breaks down

frequently. Maintenance is thus '3 ' ~———
another important element in the -~

@ )/~

off-line quality support and review. Production personnel are often busy
in restoring production. Good machine maintenance system can help
provide a stable production environment to implement quality programs.
A machine maintenance system can be broadly divided into breakdown
maintenance (BM) and preventive maintenance (PM). Breakdown
maintenance means only carrying out repair or maintenance when the
machine breaks down; whereas preventive maintenance is to perform
maintenance on a regular basis to prevent the machine from breaking
down. For monitoring and improving quality proactively, PM can help

safeguard the machines in their optimum condition.

First of all, a checklist and procedure of PM are needed to specify what
items need maintenance. Production personnel should then follow the
PM schedule to carry out the maintenance tasks accordingly. The

maintenance records should be kept so as to monitor the condition of
the machine during PM. The last item in PM is the "buy-off procedure”;
otherwise, the ironic situation of having frequent machine breakdowns

may occur immediately after preventive maintenance.

PM plays an important role in the use of on-line quality control tools
such as auto detection and alarm, and auto detection and correction.
As the automated devices have taken up the role of detecting and/or
correcting the out-of-control conditions, production personnel will rely
on them to monitor the process. Therefore, PM can help ensure the
operation condition of these devices so that they can perform effectively.

Otherwise, quality failures are bound to occur.

4) Performance Review

Regular performance review ensures a process is functioning properly
when an on-line control tool is implemented. The review can be carried
out in different levels, ranging from quality system appraisals to
management review and daily production briefing sessions. Quality audit
is another method to evaluate the performance in the implementation
of a quality system. The compliance requirements of the ISO 9000 series
of standards, the guidelines of the Deming Prize, and the evaluation
criteria of many quality awards (e.g. The Baldrige, European, and

Australian) can help conduct quality audits/assessments. They provide
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an objective means to determine the status of
the quality system and assess the implementation

of action plans for quality improvement.

In order to facilitate the reviewing process, some
quality indicators can be utilized. The commonly
used indicators include average outgoing quality
(AOQ), yield rates, process capability indices
Cp and Cpk, six-sigma quality, mean time
between failure (MTBF) of machines, machine-
to-machine variation, and internal and external
customer incidents, etc. However, great care
is required when using these indicators;
otherwise, the whole situation can become
meaningless and the objectives of performance

review may be lost.

5) Problem Solving Techniques

After identifying potential problems or
opportunities for improvement from the
performance review, a systematic problem
solving approach can help address these
identified areas. For instance, several systematic
approaches (e.g. Ford 8D's team-oriented
problem solving, Xerox quality improvement
process and problem solving process, PDCA
or Kaizen, QC circles, and so on) are developed
to meet the objectives of individual companies.
Moreover, many other tools like old and new
QC seven tools, design of experiments, process
re-engineering, or benchmarking can be applied.
These problem-solving techniques are used to
analyze, solve, and prevent the recurrence of

quality problems.

The results may necessitate further changes in

categories of quality tools, such as new items

on setup checklists or data logging, modification of preventive maintenance
frequency and procedures, and usage of a more precise gauge, etc.
Therefore, it is important to have a close enhancement loop of different

quality tools that help solve the problem effectively.

Level 3: Driving Force for Quality Improvement

Level 1 of the TQM framework shows how to prevent or react to out-

of-control conditions, while Level 2 describes how to support and review
the achievements in Level 1. These two levels help maintain the quality
level of the process and attain some gradual improvement. However, it
cannot bring significant breakthroughs in quality improvement. Therefore,
an advanced level addressing the driving force for improvement is needed.
In level 3, the quality tools are applied off-line and focus on the strategic

issues involving the long-term impacts on quality.

Customer focus is the ultimate aim of quality improvement of products
and services. This helps determine what customers really want and
develop products and services to meet those identified needs. At the
same time, benchmarking can be performed to address the best practices
in the same or different fields in order to improve processes, customer
service and the organization. Quality function deployment (QFD) can
be used to review and transform customer requirements into product
and internal process specifications in the design stage. Besides, failure
mode and effect analysis (FMEA) can be applied to avoid the occurrence
of potential defectives. After the setup of a production line, improvement
can be made along with machine/process capability study, proper design
of experiments and use of other tools. The common tools and techniques

used in Level 3 are explained as follows (see also Figure 4):

1) Quality Systems

Several companies developed and implemented quality systems to improve
their processes, products and services, according to the requirements
of the ISO 9000/QS 9000 quality systems standards, the Baldrige,
European, or Australian Quality/Excellence award criteria, and/or Deming
Prize guidelines. The criteria of the Baldrige, European, or Australian

quality awards and guidelines of the Deming Prize are often considered
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as the blueprints for promoting total quality management (TQM)

philosophy. Many companies and quality professionals also believe that
the setup of an ISO 9000/QS 9000 quality management system is a
building block to ultimately the development and implementation of
a TQM-based system. The ISO 9000/QS 9000 requirements and the
awards criteria are structured in such a way that they can be modified
to meet the changing requirements of the markets and competitiveness.
For example, the I1SO 9000 series of standards will be revised every five
years based on feedback from industry and quality professionals. The
QS 9000 is also revised whenever the ISO 9000 standards change.
Besides, the several update of the Baldrige award criteria and the point
system is another example that shows how the award is responsive to

the changing company practices and market conditions.

2) Customer and Market Focus

Attaining customer satisfaction is an important goal of quality
improvement of products and services. In order to achieve this, it is
crucial to have clear identification of customer needs and market
requirements. Focusing on continuous improvement without customer
and market input may lead the firm to go astray. Various awards and
prizes (e.g., the Baldrige, European, and Australian quality awards, and
the Deming Prize) emphasize customer/market focus to increase the
overall customer satisfaction, and regard it as the primary goal of
improving the quality of processes, products and services. In general,
customer visits and market surveys are the two commonly used techniques
used to acquire what the market and customers really need and how
to identify and assess them. Besides, long-term and closer customer-

supplier relationships should be established.

Customer visits and surveys are marketing research activities that are
used to identify customer and market requirements. They establish the
importance of a market-oriented focus in addressing quality improvement
efforts. These activities are necessary if managers and engineers attempt
to understand customers needs. Involving them in customer visits and
forming cross-functional teams are preferred approaches that can help
understand the process by which they make the products and services.
Besides, they should analyze customer surveys and customer complaints

critically to improve product and service quality.

3) Benchmarking and Best Practices

Benchmarking is a process of continually searching for the best methods,
practices, and processes. A "benchmark" can be regarded as the leader
in a particular process or activity and serves as a reference point for
setting targets and goals for improvement. However, benchmarking is
not just a comparison of end results, but a systematic approach to study
why and how to perform optimally. A cross-functional team can perform
the benchmarking study based in the same field or in the other fields.
By either adopting or adapting the best practice of the benchmark, the
company can become the "best of the best". Benchmarking is also

known as the best practices method.

4) Process Analysis and Assessment

Processes convert inputs into tangible outputs what customers want
(e.g., a finished product or component, a newly designed product, a
report or document). The processes should produce outputs that satisfy

company's goals and objectives of competing in the marketplace.

BUERSHER/MRE - MRS NES
FENR SRR - ©EESAMBRERE
SR FAREIMESR - NHRFEE - B
B XEHEZ0E - BUNSURNE 28R
MEARAE R EE EE/MBEEE"
ERTUER/MBBHREREE  EHER
B REERBRBEEZERRE - BTE
BPEENELEERE  BNFHETSNRNE
BER  EETEEANRITZEEN L
STHEREE - METEFIMASHEN
MISHE o ERELETT - WTLIEEEMRRE
EHHBERE  RUBRYHERRENR
HIRER -

BB "HyEE N mEEE BER
mEMFEEZ—  EARZEENTEN
BHFE  SEETUHEERHEES
B9atEl - (BN EMRET IR BRI
SR MEERAZEERENER L -
BAEDNMSENHERARBEEF /A -
BREEEARASNEREITZMM - —BE
ITRARFES - WY T REEE 0 REM/
RIBETSNRIA SRR - (FADH -
BT SHEMERRS  RHSEZENE
fa/BR#

Z) BERE BESE

BEEE HBERTEHNRR  EES
B REN BE - RORERRE - iE
‘BEHBREERCEEMBNSERERE
BENF  ERABLEHMORKER - HMN
FIBULEBFEEERBEEME R - EHE
EBENWEESEZE  FRELRER - AR
BEME THREEERERBEMNER
MERBE RGN  BESENHR
WrSE 75 AN RS AR EE - SRR R
MERERS - HESETHRES "BE
" QBRS  ATLEARRN A EAT

TCM: Focusing on Quality Improvement
of Processes, Products and Services

u



Quality Transformation Series

W
N

EhEH - WAEFAS —EERP/MEE
17 KBElL REEE HEERR
MSBREEN R - RERFKRENEF
REREARS "REPHEE" Mt AL
AT BERE A RERE -

o) BT R AE

PRERREAER BREKNBEENER
BUEBEGRRMAMS@E - flm - — 8K
EmI ol - —EARHRTNER - —10
BE - XHREA - BRI EREEENS
N HiBE - ShXeERHEEENER/
BR# - MEEENTE - EEH ISP
i EREREBR o T {EARBERE A
FERWBIDEE - FWETFSMER -

BN KL REBEAEBRET KA
8 BEPEBAN - B EZREBIR
BE - EREMAISESENERMRY - RE4ta
THE - —ERAGENBER  BEAEG=
BEATE 2RI BHRR - 5¥E M
BENE - ARRBEHHLERE @R
UEWEXEE  WEIRBEUETHNE
R BRERRAARENGEERINE
R ERBAB{CREHNBRE  BELR
AIRTEET SN CNREENER - &
FAEH MR R RGBT R TR - MR
AEBERSEFENTIBENRE - BRER
ARBERBEENER - BRANSERE
‘ETY CBEIRET "BREITRT
" RETREHMRBE - UEFEN
R BHE - NERIENTE

T) BEEDERER

EERRBEEEER 88 "RERE M
T BREAMREME" & - BEHPMNERR

Therefore, any process activity that does not add value in satisfying
customers and company goals and objectives must be eliminated. The
purpose of process analysis and assessment is to understand every
activity involved in a process and examine how to reduce variations and
wastes and make a product or service faster. The three fundamental
elements of a well-designed process are its effectiveness, efficiency and
flexibility. To be effective, the output must satisfy one or more of the
company's objectives while meeting or exceeding customer needs.
Similarly, a process is efficient if the conversion of inputs is done with
the shortest possible time and the best utilization of resources. The
process is said to be flexible if it can be adjusted quickly and easily to
meet the company's internal constraints, market needs and stakeholder
requirements. Several approaches (e.g., Kaizen or Business Process
Reengineering) can be used to design or redesign processes and to

conduct process analysis and assessment.

5) Quality Function Deployment

After listening to customers, appreciating the best practices and reviewing
the process, the manufacturing or product design team is required to
transform the customer requirements into product or service features
that meet the identified customer needs. Quality function deployment
(QFD) is an effective tool to accomplish this purpose. It is a method for
structured product planning and development that help identify customer

requirements and evaluate each proposed product or service capability

systematically to meet those needs. The QFD process involves constructing

a series of matrices. The first level of matrices called the House of Quality

(HOQ) which displays the identified customer requirements and the
design team’s technical response in meeting the customer requirements.
The HOQ consists of assembling several sections or sub-matrices together
in various ways, each containing information related to the others. The
QFD tool can translate customer requirements into the products that

meet their wants.

6) Advanced Product Quality Planning (APQP)

Several US automobile companies (e.g., Chrysler, Ford, and General
Motors) and other truck manufacturers have formed a task force to
assure the quality requirements of their products. They have standardized
the use of quality control tools and techniques, manuals, procedures,
reporting formats, and technical nomenclature in the quality systems
of their respective suppliers, including both internal and external
suppliers. The task force produced initially five documents to be used
by all their Tier 1 suppliers. These documents are the advanced product
quality planning and control plan (APQP), the failure mode and effects
analysis (FMEA), fundamentals of statistical process control (SPC),
measurement system analysis (MSA), and the production part approval
process (PPAP). Based on the contributions the task force, the three
automobile companies further developed the quality systems requirements

of the QS 9000 standard.

As one of the five documents, the purpose of APQP is to communicate

the common product quality planning and control plan guidelines with
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partners (e.g., the internal and external suppliers and subcontractors)
to support the development of a product or service that will satisfy
the customer. The APQP also specifies certain quality planning tools
and techniques (e.g., concurrent engineering, QFD, FMEA, DFMEA,
flow charts, critical path method, and design reviews, etc.) used by
suppliers in design, manufacturing and assembly. Some benefits of using
APQP are:
¢ To promote early identification of required changes,
¢ To avoid late changes,
¢ To provide a quality product on time at the lowest cost,
¢ To reduce waste and improve the quality of products during design,
manufacturing and assembly,
* To focus resources on processes and products related to characteristics
that are important to the customer, and
e To communicate changes in the product/process characteristics,

control method, and characteristic measurements.

7) Failure Mode and Effects Analysis (FMEA)

Failure mode and effects analysis (FMEA) is used to prevent potential
failure modes beginning in the design stage. It is a structured analysis
starting from identification of all potential failure modes, and followed
by a determination of possible causes and their effects. The priority of
counter measures and controls is set according to the frequency,
detectability and severity of the potential failures. FMEA serves as a live
library guide for shooting troubles and product failures. Besides, production
personnel can use it as a prevention tool at the design stage. The guide
needs to be updated after product release, and that can also be used

as training material for new recruited personnel.

8) Machine/Process Capability Study and Design of Experiments

After getting the external information for quality improvement, a
capability study can be performed to analyze and optimize the capability
of a machine or a process. It involves a five-step process including
characterization, measurement system study, capability determination,
optimization, and control. The study aims to evaluate the capability of

a machine or a process according to the pre-determined criteria. The

optimization obtained during the study also helps improve the quality
level of the faulty process. Besides, design of experiments is often carried
out in the optimization step. Therefore, the machine/process capability

study can help safeguard the improvement of product or service quality.

The TCM framework consists of three levels and each level has a set of
respective quality tools. In order to help the users understand the use
of quality tools from the practitioner's point of view, the framework
integrates the isolated islands of quality tools into an organized structure,
and helps focus the direction when implementing the quality tools and
techniques. Besides, the applications of quality tools become easier when
the users can better understand their interrelationships. It is anticipated
that individual quality tools can be used more effectively and improper
or failure use can be minimized. The TCM framework is dynamic in
nature. In other words, it can be further enhanced and modified where

there is a new quality tool developed fitting into its different levels.
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Although the TCM framework is developed based on the practitioner's
point of view, from on-line to off-line, and from prevention to detection
to rectification, many interrelationships would exist among the quality
tools used in terms of their applications. These interrelationships may
be nested in the same level and between different levels. Below will
explain these interrelationships in the form of matrix as well as the three

consolidated modes of relationships.

Quality Tool Relationship Matrix

With respect to their functions, the interrelationships among quality tools
can be summarized in a matrix as shown in Table 3. The matrix indicates
how the quality tools on the left-hand column will contribute to the
success of the quality tools that are shown on the top row. It elaborates
the nested interrelationships of tools in terms of prerequisite (P), treatment
(T), and supplement (S) modes. These modes help understand the

interrelationships and applications of quality tools in the TCM framework.

Three Modes of Relationships

1) The Prerequisite Mode

It refers that a quality tool is complement with the application of other
quality tools as a pre-condition. In other words, the application of the
quality tool becomes a prerequisite to that of the other tools. Typically,
the prerequisite conditions can accompany a stable environment, data
accuracy, understanding of quality tools, triggering application of other

tools, and the information inputs.

The interrelationship of providing stable environment as a prerequisite

is indicated by P1 as shown in Table 3. For example, the setup checklists

(E}"Remarks:

P1 RFRUWESETBRMUBERRNERGH
denotes a quality tool being a prerequisite by
establishing stable environment

P2 RFIWEET BRAERBISH ERGM
denotes a quality tool being a prerequisite by ensuring
data accuracy

P3 RRUEB T BIRALERRMN SRS
denotes a quality tool being a prerequisite by
providing correct understanding

P4 RRUWEET BRMHS|I B H M T AR RGN
denotes a quality tool being a prerequisite by
triggering other tool

Ps RRIEEBTERHEREHMT ASBHLRGMY
denotes a quality tool being a prerequisite by define
characteristics in other tool

T KRREEETARHEENEESZE
denotes a quality tool being a treatment on process
T2 RRUEBETARHERNERSE
denotes a quality tool being a treatment on product
S1 RRUEET EREIBENRENHIEE
denotes a quality tool being a supplement for
verification and counter-checking
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often contribute to the use of control charts, histograms, and data
logging effectively. This is because the checklists can offer the prerequisite
conditions necessary for a process before applying control charts,
histograms, and/or data logging. Similarly, maintenance can safeguard
proper equipment operations that are also the preconditions for adopting
other quality tools (e.g., setup checklists, control charts, histograms,
and/or data logging). Moreover, maintenance is a prerequisite to employ
auto-detection and alarm and auto-detection and correction. Automatic
alarm devices can help monitor the error detection. However, if the
devices are not maintained properly, this may cause serious quality
disasters with no warning of out-of-control conditions. Preventive
maintenance should therefore be needed to ensure the functionality

of the devices.

Provided the data used for analysis is accurate and reliable, the conclusions
drawn from the use of other quality tools will then be useful and

meaningful. Thus measurement system capability study is a prerequisite
to whichever quality tool that needs data collection. Moreover, proper
training and education is essential to acquire clear understanding and
right applications of quality tools. Such two kinds of interrelationships

are represented as P2 and P3 in Table 3, respectively.

When an abnormal condition is found, control charts and performance
reviews provide inputs that trigger the use of rectification tools (e.g.,
OCAP, product disposition and problem-solving techniques). Similarly,
FMEA and M/PCpS also provide information that defines the controlled
parameters in the corresponding quality tools (e.g., setup checklists and
control charts). These prerequisite modes of interrelationships are shown

as P4 and P5 in Table 3, respectively.

2) The Treatment Mode

This mode describes that a quality tool is used to correct the

abnormalities caused by the use of other quality tools. It provides the

necessary rectifying procedure to bring the process and/or the product

under control.

For example, an action plan is needed to rectify any out-of-control
conditions found through utilizing the setup checklists and control charts.
The plan can advise production operators on what action to take.
Otherwise, the operators may not know how to respond and simply
disregard the out-of-control conditions. As a result, the setup checklists
and the control charts will inevitably become ineffective. The core
functions of quality tools are to take corrective actions to prevent and
rectify any out-of-control conditions. In this regard, the out-of-control
action plan is the treatment for the abnormalities found in the process
using various quality tools (e.g., operator dependent control, auto
detection and alarm, acceptance sampling, and maintenance). This mode

of treatment is indicated by T1 in Table 3.

Likewise, product disposition is the treatment on the product when the
out-of-control condition is found (e.g., in setup checklists, control charts,
data logging, histograms, operator dependent control, auto detection

and alarm, acceptance sampling, and maintenance). This mode focuses

on the product. Such interrelationship is represented by T2 in Table 3.

3) The Supplement Mode

This is concerned with the functions of verification and counter-checking
of a quality tool so as to improve the effective use of the other quality
tools. In other words, the tool is taken as a supplement of the other
quality tools. For example, a PosiTrol plan is used to verify the presence
and the continued use of some preventive and detective quality tools
(e.g., setup checklists and control charts). Similarly, acceptance sampling
is used as a supplement gate to counter-check the proper functions of
the tools. It ensures that no defective is escaped to the downstream

processes. This mode of interrelationship is indicated by S1 in Table 3.
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Areas of Concerns in Implementing TCM

Implementation of the TCM framework 4 ‘ ‘ ’ , »~

is a complex process starting from its
formulation and development to
incorporating all quality tools and
techniques properly. Basically, the
framework aims at integrating isolated
individual quality tools together and enhancing the quality system to
improve the quality of processes, products and services. Therefore, the
implementation process depends significantly on the responsiveness of
individual quality tools. Some tools may be implemented inappropriately,
and others may not be linked up. These situations may create barriers
for TCM implementation, and extra efforts are needed to resolve the
problems and restore the normality. The following sections discuss some

areas that can make the implementation easier and smoother.
1) Implementation Sequence - Simultaneous or Sequential

The TCM is structured by including all available quality tools as described
in the iterative process flow chart of Figure 5. It shows the applications
of quality tools with attention to their synergistic interrelationships.
Theoretically speaking, all quality tools can be applied simultaneously
with the implementation of entire TCM framework. Such simultaneous
implementation approach can better observe the interrelationships among
quality tools. Besides, it can also help fulfill the management expectations

and get things done in a shorter period of time.

However, the simultaneous approach will require many resources that
may not be available. Moreover, the abrupt change may cause a lot of
confusion, and hence frustration and resistance especially on the
production floor. Management of change is required to be handled with
great care. The TCM implementation involves the fundamental change

in the quality mindset that is cultural and takes time.

The TCM framework should be implemented gradually with care over
time (usually one to three years) depending on the current use of quality
tools and techniques in a given company. The time required for

implementation may vary due to learning capability of the organization,
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as well as application status of different quality tools. It is recommended
to implement the TCM framework by observing the three core principles
of TCM and applying various quality tools one by one. For instance,
once a quality tool is introduced, its basic functions and interrelationship
with other quality tools should be examined. The iterative process (see
Figure 5) also helps position a new tool in the framework properly. When
many quality tools are ready, the TCM framework can integrate them
together. It is anticipated that the opportunities to enhance the applications
and contributions of quality tools will easily be identified with the

thorough understanding of TCM.

2) An Order of Implementation

During the sequential implementation of the TCM framework, those
interrelated tools can be grouped together, and some tools can support
one another. For instance, engineers use the machine/process capability
study to understand the process, and define the critical characteristics
to be observed on control charts. Then the control charts are adopted
on-line. However, many operators may still not know how to rectify
the out-of-control conditions. What they may do is to ask for help and
“inform engineers and wait for advice”. In order to relieve their workload
and rectify the out-of-control conditions, engineers can develop out-
of-control action plans and assist operators to respond appropriately.
Besides, engineers can also design the product disposition process to
help operators with the handling procedures. Therefore, several tools
like machine/process capability study, control charts, out-of-control action
plans, and product disposition can be implemented in sequence. They

can support each other within a relatively short time frame.

3) Participation of Operations Personnel

People participation is important in implementing TCM in manufacturing
and service operations at all levels. For the implementation of control
charts, proper training can help operators and engineers understand
the basic SPC concepts and the application procedures. Production
operators are involved in the daily operations like data collection, plotting

the points, and detection and rectification of any out-of-control conditions.

Other functions (such as equipment maintenance) also involve in reacting
to any out-of-control conditions. Engineers need to review the out-of-
control conditions and the corrective actions on the control charts,
identify improvement opportunities and develop continuous improvement
projects. It is also necessary to initiate changes in training, use of setup
checklists and preventive maintenance and encourage participation of
the respective parties. This example of control charts implementation
clearly shows the need for people involvement (e.g., training, production,
equipment maintenance, engineering, and quality personnel). Despite
the participation at the grass-root level, top and middle management
should understand and support the implementation process. Their
recognition and appreciation of the efforts and the results achieved can
encourage the front-line personnel to maintain the momentum of the
TCM implementation. Therefore, total participation across the entire
organization, especially the manufacturing and service operations people,

is a key to the success of TCM implementation.

4) Appointment of a TCM Coordinator

With an encouragement of people part|C|pat|on

a TCM coordinator (or leader) is needed to drive
the implementation activities. The person is \
delegated with the focal point for the entire

TCM implementation. Good leadership and

behavioral skills (e.g., managing change) are

the pre-requisites for the coordinator. In »

addition, he/she needs to have a quality

mindset and good understanding of statistical techniques. This knowledge
is vital to gain credibility and influence to motivate others during the
TCM implementation. A lot of stress may be induced including inadequate
support from peers or middle management, resistance to change,
communication problems, unsatisfactory progress, conflicts in resource
allocation, and perhaps other unexpected obstacles. Therefore, the
coordinator also needs a strong character to withstand any pressures
from the TCM implementation. Above all, management must

support the coordinator, assist him/her and share his/her workload.
Otherwise, the coordinator may easily be overloaded and fall into a

“burn out” syndrome.
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It is recommended that the TCM coordinator better come from the user
departments (e.g., Production/Operations Department) rather than the
QA Department. If the coordinator is working with other manufacturing
or service operations personnel under the same roof, then there will
be no inter-departmental barrier to overcome. Even if conflicts occur
during the implementation stage, the supervisor can resolve them more
easily. Resistance to change can be minimized and better support can
be achieved. Hence, it is expected that the implementation of the TCM

framework can become smoother and easier.

Seven-Step TCM Implementation Strategy

There is a need to establish a systematic and effective strategy for TCM
implementation. However, a host of factors may affect the success of
TCM implementation, including the company mission, culture,
organizational structure, and management style, etc. Therefore, it is
recommended to gain a thorough understanding and analyze the current
developments within the organization. A generic seven-step TCM

implementation strategy is proposed as follows:

Step 1: Obtain top management commitment
Step 2: Appoint a TCM coordinator

Step 3: Form a cross-functional TCM team
Step 4: Provide TCM training and education
Step 5: Form a TCM implementation team
Step 6: Develop TCM performance measures

Step 7: Focus on continuous improvement

Step 1: Obtain Top Management Commitment

Like in many other quality improvement programs, top management
commitment is the first and one of most important pre-requisites in
the TCM implementation. Without this, the TCM adoption may die
before it is fully implemented. Top management commitment also
determines the allocation of resources, encouragement and recognition.
The commitment messages must be strong and consistent, as many
of their impacts may lose when transmitted through so many people

and phases. The further a message travels through the chain of command,

the less effective it becomes. When the middle management and line
supervisors are facing a lot of pressures and requirements (e.g., yield,
cycle time, productivity, use of technology, and cost reduction), they
will typically ask for increased allocation of resources. These predominant
concerns may affect and cause postponement of TCM implementation.
Therefore, the commitment and support from top and middle

management are crucial to the entire implementation of TCM.

Step 2: Appoint a TCM Coordinator

After obtaining top management commitment, a delegated person
should be appointed to coordinate all activities related to the TCM
implementation. The coordinator should be selected based on the criteria
mentioned earlier. He/she has to liaison with middle management and
line supervisors to gain their support and acceptance. The pace of the
TCM implementation must be transparent in order to retain the awareness
and interests of top management. The formal reporting structure to
top management needs to be formed. Moreover, the TCM coordinator
cannot work alone, and he/she can take a lead to form a cross-functional

team for facilitating the TCM implementation throughout the organization.

Step 3: Form a Cross-functional TCM Team

The structure, culture and situation of an organization would affect the
formation of teams. The cross-functional team should consist of the
TCM coordinator and members from different departments such as
Production, Engineering, and Quality Assurance, etc. The departmental
involvement is crucial because it can collate different points of views
and expert opinions that can better represent the interests of different
parties and reduce the resistance to change. The main purpose of the
team is to define the overall strategies and to provide resources and
assistance to those who are involved in the TCM implementation. It also
monitors and reports the progress to top management and other
personnel involved in the implementation project. Moreover, the team
should maintain close working relationships with other teams (e.qg., the
training and education and implementation teams) to ensure effective

TCM implementation.
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The cross-functional team needs to review the TCM implementation
periodically. It is also the responsibility of the team to develop a TCM
audit checklist and the detailed scoring criteria. The audit should look
into the effectiveness rather than the conformance areas. For example,
in assessing the training status and effectiveness, operators’ attendance
will be checked and a verbal questioning will also be used to test their
understanding. With the completion of the TCM audit checklists, the
team may need to offer auditor training before the regular audits are
conducted. Through the review of the audit results, opportunities and
trends of improvement can be identified. Moreover, some performance
measures can be provided in the audit, so that the team can keep track
of the progress and project the improvement trend. Comparative analysis

and benchmarking can also be carried out.

Step 4: Provide TCM Training and Education

Proper training and education can allow related personnel understand
the entire TCM framework and its quality tools and interrelationships.
[ts main purpose is to help them build up quality mindset and provide
the foundation for TCM implementation. The TCM training and education
team must plan, design and deliver the training programs related to
TCM. In general, there are two basic kinds of training programs. The
first focuses on the awareness, and main features and benefits of
adopting TCM, while the other involves what the quality tools and
techniques being used, and how and when to use them. Different
programs need to suit varied levels of target audiences. For example,
engineers should clearly know how to develop an out-of-control action
plan by taking an in-depth training course; whereas for operators, it
will be sufficient if they can understand and apply the OCAP by attending
a basic course that covers the execution activities. Since there will have
varied emphases in different training courses, it is advisable to build a
cross-functional team for TCM training and education. The team should
consist of the TCM coordinator or his/her representative who is the
expert on the subject matter, a training officer who understands the
training instructional design, and other manufacturing/operations
personnel. If the team can have more experienced and knowledgeable
members, it can help enormously in assessing training needs, course
design and delivery, evaluation of course effectiveness, and many other

related training logistics.

Step 5: Form a TCM Implementation Team

Besides the TCM training and education team, another TCM
implementation team should be setup to assess specific needs and
implement TCM throughout the organization. The team needs to plan
with great care the entire implementation strategy and schedule, as it
will affect all the future work. If the plan is too aggressive, it may bring
great resistance during the implementation. On the other hand, if the
plan is too conservative, it may also be difficult to meet management
expectations. Therefore, a balance plan is preferred. During the actual
implementation, the TCM implementation team will develop quality
tools, provide expertise and trials, evaluate effectiveness, and then
establish the applications. As the team is directly engaged in
implementation, it plays a leading role in working with other teams (e.g.,
the TCM training and education team). It deals directly with necessary
requirements so as to match the progress. Moreover, this team also
needs to continuously upgrade and enhance the TCM framework

whenever a new quality tool is developed and introduced.

Step 6: Develop TCM Performance Measures

Two basic ways are developed to evaluate the performance of TCM
implementation. The first is to review some quality measures (e.g., the
number of customer complaints, external and internal audit results, and
the time to achieve six-sigma quality in a new product) that help
understand the TCM impacts. Another is to assess the progress of TCM
implementation and its effectiveness against the expected and the actual
results. The cross-functional TCM team should develop appropriate
measures to evaluate the progress of TCM implementation and the

effectiveness of the framework.

Step 7: Focus on Continuous Improvement

The prime objective of TCM implementation is to improve the quality
of the process continuously and hence the quality of products and
services. This is a never-ending process. By observing the three basic

TCM principles (i.e., completeness, sequencing and effectiveness),
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companies can focus on continuous improvement of the TCM framework

and hence enhancing the quality of processes, products and services.

The above TCM implementation strategy can be applied to different
types of companies. The differences in the employee awareness to
quality and their knowledge about quality tools, the management
commitment and support to TCM implementation, organizational
structure and company practices, etc. may necessitate a different way
of implementation strategy. In other words, this seven-step strategy

could be modified with respect to varied requirements of a company.

Success Factors to Implement TCM

In addressing the concerns of TCM implementation and the seven-step
strategy, several success factors can be identified to help transplant TCM
in companies effectively. They are described below:

¢ Management commitment

¢ Customer focus

e Teamwork

¢ Training

e Continuous improvement

e Culture shift

It is needless to emphasize the impacts of senior management
commitment and support not only on committing resources, resolving
conflicts and resistance, but also keeping the TCM implementation and
application highly visible and providing support for change management.
Customer focus should govern the operations of various TCM teams
(including the cross-functional team, the training and education team
and the implementation team). They should stress the need of internal
customers and use of different quality tools. Similarly, they should
also focus in producing the products and services to meet the

needs and expectations of external customers.

Teamwork and training are another two success factors that
stress the people’s expertise and experience from different functional

areas and build committed teams in the company. It is crucial to

understand various quality tools and techniques and integrate them into
TCM. The TCM teams, the workforce and the managers should strive
for continuous improvement and enhance TCM to meet the changing
conditions (e.g., the market requirements and emergence of new tools
and techniques). In addition, the management should establish quality
mindset that improves the processes and produces quality products and
services. They should also provide the supporting infrastructure and
encourage employee involvement to use their expertise and experience
in decision making. In other words, the necessary culture shift should

occur across the entire organization for an effective TCM implementation.

TCM Performance Measures

It is important to identify performance measures in implementing TCM
and in achieving the desired benefits. In other words, it will be very
difficult to monitor the implementation plans and to assess the TCM
benefits without the performance measures. The performance measures
to implement TCM must relate to resources allocated and management
commitment (e.g., number of people assigned in teams, hours of training
given to understand and apply the concepts and quality tools, number
of quality audits conducted, number of corrective actions planned,
number of management reviews, etc.). On the other hand, the
performance measures to assess the benefits of TCM must be related
to customer satisfaction and reduction of process variation. They
encompass a lot of evaluation measures including customer complaints,
customer audit results, time to achieve six-sigma quality, warrantee costs,
things gone wrong, first time capability and other capability indices,

supplier quality indicators, etc.

Depending on the business nature and the company practices,
appropriate measures must be defined in assessing the effectiveness of
TCM. Despite the evaluation measures of TCM performance, other
success factors can be considered. Appendix 1 presents a sample checklist
that can help assess the TCM implementation and the benefits achieved

in a typical organization.
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In this section, one success case of using TCM is presented based on

the experiences and benefits achieved in the Automated Assembly

Division of Motorola Semiconductors Limited in Hong Kong.

Motorola Semiconductors Hong Kong Limited

It is noted that the Worldwide Semiconductor Products Sector of Motorola
Inc., first conceived the basic idea governing the Total Control
Methodology, in 1992. The TCM framework was then developed and
formally released by the same company in 1993. Its structure, as shown
in Figure 6, is based on the scenario that several separate processes
usually exist within each product line to manufacture a product. It has
13 quality tools and techniques with two levels. Every process should
have an individual plan to control significant machine, process, and
product characteristics. The plan must be sufficiently complete to cover
all periodic process control requirements. At the same time, the plan

must also be simple with easy-to-follow instructions and made available

LRI 8

Positrol Plan

Positrol Log
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to operators for controlling each process. In addition, the TCM framework
must be implemented at each step of the process within a product line.
A cross-functional team approach was adopted and the design of the

TCM framework was flexible to adapt to different environments.

One of the authors has involved in the development of the basic TCM
framework, and participated in the trial implementation commenced
in 1992 in Hong Kong. The entire process took approximately 27 months
in a manufacturing operation of the company. With the success achieved
in the trial implementation, the model has been fanned out to the
company in the subsequent years. The results achieved were impressive.
Two performance measures were used to assess the TCM effectiveness.
The first was to listening to external feedback from the customers because
total customer satisfaction is one of the company’s ultimate goals in
achieving quality. Another measure was the time for a new product-
line that achieves a six-sigma quality level. This is an internal measure
on quality and cycle time improvement obtained by implementing the

TCM framework.

1) Audit Results and Customers Comments

Several visits and audits were conducted by key customers (e.g., Ford
Motor Company, Chrysler Motors, Hewlett-Packard, Seagate, and Delco
Electronics, etc.). Positive results of improvement have been obtained

when contrasted before and after the TCM implementation in the
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a score greater than or equal to 45 out of the total 50.
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At the very beginning, the company obtained a score of 38 despite it
has implemented a SPC program for several years. This was because
the SPC program was applied as an isolated tool, and thus could not
be supported by other quality tools such as M/PCpS and OCAP.
Subsequently, the TCM framework has been rolled out to improve the
SPC system. The TCM implementation was started with assigning a full-
time TCM coordinator, conducting machine/process capability studies,
and identifying and delivering SPC training. The aim of this implementation
was to standardize the format and practices of control charts, development
of OCAP, and SPC audits. As a result, the score of TQE audit gradually
increased from 38 to 46. At the end of the period of 27 months, a
control plan was developed. The score in the SPC section of the TQE
audit was increased to 49 from 46, which was one of the highest scores
that has ever been given by the Ford Motor Company. As a matter of
fact, most (if not all) of the customers admired and were well satisfied
with the results of the quality control system after the TCM implementation

in the company.

2) Cycle Time to Reach Six-Sigma Quality Level

Apart from customer satisfaction on the quality aspects, the company
also enjoyed the benefits of quality improvement and cycle time reduction.
In the past, a new product line typically required 18 months to achieve
the level of six-sigma quality. During the implementation period, some
missing quality tools were re-installed, and other interrelated tools were
fine-tuned to support one another. The entire learning was made by
trial and error. After the TCM implementation, a new product line
reaching six-sigma in 6 months has been achieved. This was because
the TCM framework provided a readily available well-structured quality
model for new product lines from the very beginning. With the framework,
engineers could review the quality system and make the required quality
tools readily available for full use within a short period of time. If there
was any imperfection in the system, an adjustment could be easily made.
Furthermore, there was an index to reflect the effectiveness of TCM

performance with respect to quality and cycle time.
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Appendix:
TCM Effectiveness

Assessment Checklist

Bt 4 TCMBE 31

ERATCME REHER R RET SR

Evaluation of the rating assessment using TCM Effective Assessment Checklist

BIET SIS R D B RIKHIRFTS R AAE D R E R ¢
Find the total score you received and interpret as in the following the resulting
rating score.

80-100 R - ERTCMEAS - TCMIBREQRERBURE - ARANE
mIMIERES F5E -
Very good TCM based system in place. The TCM framework improves
the company’s performance in quality products/processes as the best
in class category.

60 - 80 RIF - ERTCMES T L HFBFERE - AREEM/MT
BEEHENERETNE—SHE -
Good TCM based system in place. Needs improvement in some
areas. Company's performance in quality products/processes can be
improved further.

30 - 60 EEEANNBE BRI SERTCMAS » TCM/MEEZTHIE
EHEERENER—EERTCMNE R RS
Needs significant improvement in TCM based system in several areas.
The TCM Team should assess and make appropriate decisions to
implement an effective TCM Based system.

£ Below 30 FEAENTHUBR—EEENERTCMNESR  SEEEE
MTCM/MAREZE A R STEITIR A D AT L EREVE E 1T
Needs a great deal of work to implement an appropriate TCM based
system. Senior management and TCM Team should conduct the gap
analysis on the existing system and take appropriate actions to
improve the system.

FELSERENEESRYE @ WEMEEHENSRBEIMER -

Circle the appropriate rating value for each questions and add all the assigned rating values.

B B fY A& Management Commitment

1.1 BEEEEREIFHILTCMBRM ?
Search for management support for forming TCM team?
1.2 EEEERTXFEBINEERE?
Search for management support for cross functional teams?
1.3 BEEREETATCVMEDRMERBIA : FI - Bt - TR ?
Does the management allocate the resources for TCM activities (such as training, implementation
and audit)?

1.4 EERERCHEREEEATCMERNEEMNFE ?
Does the management promote and communicate the importance and the benefits of using
the TCM model?

1.5 TCMBAERRHEENEREETER?
Does the TCM team audit the implementation with appropriate auditors?

1.6 EEREACEHERER  YELRE?

Does the management review and respond to the audit results?

1.7 MHEENEIE / RBTHERRE - YREAARE?

Are the corrective / preventive actions followed up to ensure their effectiveness?

$Z3 Training

2.1 BERGEATCVERHEE T AR ?
Is there any training offered for quality tools used in the TCM model?

22 BRAZGMEHEET AERNCMEERERNEINIFER 2
Is there system to assess the training needs to understand the application of quality tools and
the relationships among quality tools?

23 ARAZSEERIGRRNEENERL ?

Is there a system to measure the quality and effectiveness of the training (programs)?

2.4 TCMBEABREAFNEE T ANEREET 2

Does the TCM team identify the new quality tools and the related training?

¥ Z Continuous Improvement

3.1 TCMBEABERRENHRS ?

Does the TCM team identify the opportunities for improvement?
32 BRRREHRA - RIEIE - 2ER - BT8R ?

Is the principle of control from rectification, to detection, to prevention followed?
33 REARERBHRERENEETANER?

Does the company upgrade the application of quality tools with respect to the technology
advancement?

34 TCMBAAEAREHNEET ARTCMERRK ?
Does the TCM team integrate the new quality tools to the TCM model?

35 TC(MBMAERERFNWEE T ANSEE ?

Does the TCM team apply new quality tool to improve the process?

TCMZ&E TCM Performance
4.1 EEREEMN | FEHFERHRE?

Is there any improvement in the customer satisfaction and/or complaints?

42 REAEEBEUTHIEEERE?
Is there any improvement in the company’s operations such as
47 Output productivity?,
XA Cost?,
EEH Cycle time?
BIR2RE NIBIE (R EEZ M) process capability index achieved to satisfy customer specifications?

43 FERMBABEUATHIEEERE?
Is there any improvement with respect to new product development in terms of
B Cost?
EEH Cycle time?
B EKF Output quality?

4.4 BERINEEARE?

Is there any improvement on the cost of poor quality?

NNDNN

N N NN
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V. M. Rao Tummala

Dr. V.M. Rao Tummala is Professor of Production/Operations Management
in the College of Business, Eastern Michigan University, Ypsilanti, Mi,

USA. He has a Ph.D. degree from Michigan State University and a former
Head of Department of Operations Research and Information Systems,

Eastern Michigan University, Ypsilanti, Michigan, USA.

Professor Tummala widely recognized for his scholarly contributions

in Quality Management. He is very active in assisting and advising
universities in developing quality management programs, organizing
conferences/symposiums, and conducting research in best practices in
quality management. In addition, he is recognized for his contributions
in Project Risk Management, Bayesian Decision Theory, and Analytic
Hierarchy Process, and Product Development Practices. He has published
five books and over 50 journal papers and over 60 international, and
national conference proceedings papers in these areas. Some of the
journals in which he has published papers include Quality Management
Journal, International Journal of Quality & Reliability Management,
OMEGA, The International Journal of Management Science, Journal of
Operational Research Society, International Journal of Project
Management, Production Planning and Control, International Journal
of Quality & Reliability Management, The Journal of Supply Chain
Management, Concurrent Engineering Research and Applications, and

Construction Management and Economics.

He is an honorary member of Alpha Kappa Psi and Beta Gamma Sigma.
He is also listed in Who is Who in the Frontier of Science and Technology,
American Men and Women of Social and Behavioral Science, and Who
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Katherine K.Y. Kwok

Ms Katherine Kwok is a freelance quality management consultant in
Hong Kong. She has a first class honors degree in BEng (Hons) in
Manufacturing Engineering from the Hong Kong Polytechnic, a MSc
in Engineering Management with Distinction from the City University
of Hong Kong and a Diploma in Training Management from the Chinese

University of Hong Kong. She was also qualified as IRCA Lead Auditor.

Ms Kwok has strong industry and consultancy background. She has
worked at engineer and manager levels in Motorola Semiconductors
Hong Kong Limited for 6 years. Afterwards, she joined several companies
in capacities as Quality Manager (Continuous Improvement), Customer
Operations Manager, Lead Auditor, and Consultant. Up till now, she
has assessed more than 100 companies with respect to their quality
management systems. These companies covered many fields including:
electronics / electrical components and assemblies, light electronics
equipment manufacturing, fabricated and finished metal products,
machinery manufacturing, automobile parts, food processing,
construction, banking, insurance, jewellery, management consultancy

services, property management, etc.

Ms Kwok has published various papers in journals and conferences such
as International Conference on Quality in Japan 1996, the Sixth World
Congress on Total Quality in New Delhi 1996, and International Journal

of Quality and Reliability Management 1998.
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