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ommittee F16 on Fasteners wants to do all it can to assure that the fastener industry is able to comply with the Fastener
uality Assurance Act �FQA� of 1990, which was last amended on June 8, 1999. F16 is comprised of fastener manufacturers,
sers, and distributors, all of whom have a large stake in this law. As a consequence, F16 requested and sponsored me to write a
anual that would show our members how to comply with the law and remain competitive. But this book goes beyond assisting

hose in the fastener industry to cope with the FQA. It can be of benefit to any industry or enterprise because it is about Perfor-
ance Excellence through Total Quality Management �PE/TQM�. This revision puts more of a focus on criteria that shapes the

uidelines for performance excellence defined in the Baldrige National Quality Program.
This book was written so that others may share what I have learned through 43 years in the quality profession. It is a book

hat presents principles and guidelines that, when applied, can be used to develop and implement a total quality management
ystem. Today, more than ever, we in the business community face challenges at every turn from every corner of the world.
hose businesses that survive will be those that demonstrate leadership innovation and apply a customer-centered and process-
riven approach to their business practices.

Those who practice the teachings in this book have a better chance than most to achieve success. They may find the journey
ifficult and cluttered with obstacles that impede their progress, but, if they are true leaders, their message will be heard. They
ust not and cannot be discouraged for they must lead us to and through the new global market.
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ecause there is no single path to achieving performance ex-
ellence within an organization, there are no hard and fast
ules to follow to become a world class company.1 This is be-
ause all organizations have their own cultures, people, and
echnologies. What may work well for one company will not
ecessarily work for another. The only constants are basic
riteria/guidelines for performance excellence, which, when
ollowed, lead to success. These criteria/guidelines are as fol-
ows.

eadership Commitment

he leadership of an organization must be committed to con-
inuous improvement. This commitment must be visible
hroughout all layers of management. Management must
walk the talk.” Only when management is committed to cre-
te a sustainable, high-performing organization with a busi-
ess and customer focus will employees excel at what they
o. It takes time to change work cultures and work habits, but
ith perseverance the message of enlightened management
ill prevail. Employees want to do a good job; all they need
re the right tools and the right systems. These can be sup-
lied only by management.

ustomer and Market Focus

he organization must be customer-centered. Everyone in
he organization must understand that without a customer-
entered approach to business practices there would be no
urpose to their work, no repeat business, and no positive re-
errals. What must also be understood is that the external
ustomers are served by the internal customers �employees�.
here is, therefore, a need to focus on the requirements and
xpectations of both internal and external customers. One of
he first steps management should take in this regard is to
onduct surveys of the external and internal customers. The
oice of the external customer will provide knowledge about
he needs and desires of current and future customers. Em-
loyees �internal customers� should be apprised of the results
f external customer surveys so they understand the needs of
he market that they serve. A truly committed management
eam will also allow employees to see the results of internal
urveys. This brings “the good, the bad, and the ugly” to the
able for discussion. The good can be improved upon. The
ad can lead to opportunities for improvement. The ugly
ust be addressed through open, two-way communication
ith cross-functional teams to find solutions. The voice of the

nternal customer may best be accessed through two survey
ools provided by the Baldrige National Quality Program: Are

e Making Progress? and Are We Making Progress As Lead-
rs?

orkforce Focus

he organization must assess the current skill level and
wareness of total quality principles of all employees. This as-

Portions of this Introduction were taken either in whole or in part from an
SME technical paper by the author entitled, “Continuous Improvement—
Managing Yesterday, Leading Today.” Reprinted with permission of the Soci-
ety of Manufacturing Engineers, Copyright 1993, from the Cold Forming ’93
mConference.
essment begins with top management and moves through-
ut the organization. Begin by training top management on
otal quality and performance excellence. Once top manage-

ent is trained and committed to these criteria/guidelines, it
ill be easy to train those who follow. This training will pay
igh dividends at every level in the organization. Through
raining, be sure that all employees have the necessary skills
nd technical knowledge to perform their jobs effectively.
hus they may be counted on to be effective participants in
ontributing to the total quality and over-all improvement
rocess. Information should be provided to employees de-
cribing external educational programs available to them
hrough various professional organizations and colleges. By
reating an awareness of these opportunities, the organiza-
ion demonstrates its commitment to continuous improve-

ent of employee skills.
Soon after the commencement of training, management

ust provide opportunities for employees to apply what they
ave learned. They need to test their skills. They will not and
hould not be content with the way things are. Every aspect of
heir job should be evaluated and measured against the new
aradigms. This will bring new challenges to their managers.
he managers, in turn, through their own training, will now
e equipped with the attitudes and analytical skills to con-
ider their suggestions. They will no longer feel the threat of
osing control.

easurement, Analysis, and Knowledge
anagement

n order for management or employee improvement teams to
etermine if they made process improvements, they need to
now where they were when they began. If we do not have
istorical data to let us know, we must at least determine
here we are through a short-term study.

The first step is to define the organization’s critical per-
ormance indicators �CPIs�, which are defined as those mea-
ures that contribute to customer satisfaction. There are sev-
ral tiers of indicators in any organization, and they can be
roken down as primary, secondary, and tertiary. Examples
f first-tier CPIs include On-Time Delivery, Customer Satis-
action Indicators, and Cost of Quality. Second-tier CPIs are

easures that contribute to the first-tier CPIs. Examples of
econd-tier CPIs for On-Time Delivery may be quote turn
round, manufacturing lead time reduction, and supplier
erformance. Third-tier CPIs are the employee involvement
ction items. Examples of third-tier CPIs for manufacturing
ead time reduction could be �1� set up reduction and �2� scrap
nd rework reduction. CPIs are discussed in detail in Chapter
. In general, the organization needs to measure, analyze, re-
iew, and improve its performance through the use of data
nd information at all levels and parts of the organization.

trategic Planning

t is the responsibility of senior management to understand
he organization’s competitive environment, their key strate-
ic challenges and advantages, and their system for perfor-
ance improvement. Senior management along with their

anagement team need to focus on actions that include on-

vii
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viii BUSINESS PERFORMANCE EXCELLENCE - 2ND EDITION � 
oing improvements in productivity that may be achieved
hrough eliminating waste, improving customer satisfaction,

aximizing return on investment, and improving quality
hrough a strategic action plan. This plan should include Six-
igma and lean manufacturing principles, or variations of
hese principles. One tool for this assessment is the Organiza-
ion Profile analysis available through the Baldrige National
uality Program. This document is free and can be obtained

rom NIST.
The completion of this assessment sets the context for

he way your organization operates. It will clearly define your
nvironment, key working relationships, strategic challenges
nd advantages, and provide you direction in guiding your
erformance management system.

rocess Management

he organization needs to understand its business processes,
nd then design, manage, and improve them to deliver cus-
omer value and consistent organizational success and sus-
ainability. One of the more useful tools to assess your busi-
ess and its current state is to conduct an analysis of your
rganization. The Organizational Profile work sheet serves
ery well in providing you with the current state of your busi-
ess. Once an understanding of the organization’s business
rocesses are known, they may be managed and improved
pon through such documents as ASTM F2688-082 �Stan-
ard Guide for System-Based, Customer-Centered Quality
lan for Manufacturers�, ISO/TS 16943 �Quality Manage-
ent Systems—particular requirements for the application

f ISO 9001:2000 for automotive production and relevant ser-
ice part organizations�, ISO 90014 �Quality Management
ystems Requirements�, and ASQ 9001 �Quality Manage-
ent Systems�. The application of statistical process control

SPC�, Six-sigma, and lean manufacturing in the organiza-
ion’s processes will facilitate the effective elimination of
aste and create processes that are truly efficient.

ecognition and Awards

veryone appreciates a pat on the back after they have
chieved a noteworthy goal or successfully completed a diffi-
ult or important task. This encourages further participation

Annual Book of ASTM Standards, Vol 01.08.
Available from Automotive Industry Action Group �AIAG�, 26200 Lahser Rd.,
Ste. 2000, Southfield, MI 48034-9738.
Available from the American National Standards Institute, 11 W. 42nd St.,
a13th Floor, New York, NY 10036.
y the employee and shows other employees that their efforts
re appreciated. When a team has met an established goal,
he entire team should be recognized.

The form of recognition should fit the accomplishment;
n other words, the value of the recognition should be com-

ensurate with the value of the accomplishment. Also, when
ecognition is given, it should be consistent. To assure consis-
ency, a panel of management and nonmanagement employ-
es should be established to set up a recognition program to
cknowledge those individuals and/or teams who meet com-
any objectives.

ommunication

he organization must communicate with the work force,
heir suppliers, and their customers. I cannot provide enough
ifferentiation among this trilogy to say one is more impor-
ant than the other. All participants in this trilogy of commu-
ication must interface for an organization to be truly suc-
essful. Within the organization, employees at all levels need
nformation about continuous improvement projects so they
an become aware of progress, their contribution, and the ef-
ect these projects have on critical performance indicators.
usiness goals must be communicated to suppliers. Suppli-
rs should be viewed as extensions of the organization who
ontribute to the overall success of continuous improvement.
hey should be part of decisions to utilize purchased services.

Suppliers are specialists in their fields of expertise; there-
ore, their input should be required when decisions are made
o use them. World class purchasers understand the differ-
nce between price and value. As purchasers �customers� we
xpect, and should demand, products that contribute to our
uccess. The voice of the customer must be heard. Customers
re the reason we are in business. Without customers, no pro-
ider of goods or services could survive. To understand cus-
omers’ needs, we must listen to their messages. Invite exist-
ng and potential customers to your facilities and ask them to
pprise your management team of their business objectives.
sk how you can assist them in achieving their goals.

esults

n organization must make it a point to examine the effec-
iveness of performance and improvement in all eight of the
reviously mentioned criteria on the path to Performance
xcellence: Leadership Commitment, Customer and Market
ocus, Workforce Focus, Measurement, Analysis, and
nowledge Management, Strategic Planning, Process Man-

gement, Recognition and Rewards, and Communication.



A
cronyms

ANSI American National Standards Institute
ASQ American Society of Quality

ASTM American Society for Testing and Materials
BNQP Baldrige National Quality Program
CMM Coordinate Measuring Machine

CPI Critical Performance Indicators
DMADV Define, measure, analyze, design, verify �used in Six-sigma applications�
DMAIC Define, measure, analyze, improve, control �used in Six-sigma applications�

E&I Empowerment and Involvement
FAC Fastener Advisory Committee

FMEA Failure Mode and Effects Analysis
FQA Fastener Quality Act
HRC Hardness Rockwell C

JIT Just in Time
LPA Layered Process Audits

NIST National Institute of Standards and Technology
NVLAP National Voluntary Laboratory Accreditation Program

P&IC Production and Inventory Control
PE Performance Excellence

PE/TQM Performance Excellence/Total Quality Management
PIE Plan, Initiate, Evaluate

QFD Quality Function Deployment
R&R Repeatability and Reproducibility

SCD value Severity rank times the Capability rank times the Detection rank
SEM Scanning Electron Microscope
SME Society of Manufacturing Engineers
SPC Statistical Process Control

SPQP Service/Product Quality Planning
SQC Statistical Quality Control
TCQ Total Cost of Quality

TQM Total Quality Management
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HE PRIMARY ROLE OF MANAGEMENT IS TO PRO-
ide employees with the leadership necessary to meet the
oals of the organization. This leadership must reflect the
rinciples of total quality management. These principles
ere presented in the Introduction: Leadership Commit-
ent, Strategic Planning, Customer and Market Focus,
orkforce Focus, Measurement, Analysis, and Knowledge
anagement, Recognition and Rewards, Process Manage-
ent, and Communication.

eadership Commitment

anagement must first examine how they manage. Is their
tyle tailored to encourage input from other managers and
epartments? Or is their style that of not allowing other de-
artments or disciplines to influence their decisions? In
ther words, do they operate as team leaders or as silos?
hen I refer to managers operating as silos, I mean that they

tand alone within the organizational structure by excluding
nput from other managers or departments. This concept is
xplained further below.

ilos
anagement in the past relied on experts in given disci-

lines to develop systems and procedures to guide the orga-
ization. These experts headed up their own departments
silos� and had specialists working for them who created the
ulture and systems for the silo master.

The silo master made it clear to all other silo masters in
he organization how his department functioned and that
here would be no interference from other groups or depart-

ents. This allowed the silo master to keep control of his ter-
itory. This also assured that the other department managers
id not fully understand the requirements for positive inter-
ction between groups or departments within the organiza-
ional structure. Here is a classic example of how silos can
hwart satisfying customer requirements. The marketing
roup receives an order from a customer and tells the design
roup what the customer wants. The design group gives
heir interpretation of the customer’s needs to the manufac-
uring engineering group. Manufacturing engineering tells

anufacturing what process to use to create the product
hat will satisfy the needs of the customer. Manufacturing
oes their very best to manufacture the part according to cri-
eria supplied by manufacturing engineering. The quality
epartment inspects the final product and decides it is
anufactured incorrectly. Rework is performed and the part

s shipped to the customer. The customer rejects the part be-
ause it does not meet his requirements! �See Fig. 1-1.� None
f the various department heads worked with others as a

eam to determine customer needs. n

opyright © 2009 by ASTM International                                      www.astm.or
Management needs to break down silos in their organi-
ations because they create waste, redundancy, and poor
uality. We are getting better today at breaking down silos
nd allowing interaction through cross-functional team
anagement. Management should evaluate themselves to

etermine if their management style is autocratic or team
riented.

utocratic Management
remember when I first started working. I was told that in
rder to succeed and to keep my job, I had to remember two
ules. Rule 1: The boss is always right. Rule 2: When the boss
s wrong, remember Rule 1. Those were the days when stan-
ard operating procedures/systems developed by the “boss”
ere more important than people. Employee involvement

onsisted of doing only what the boss told you to do, whether
t made sense or not. Management felt that empowering the
orker took control away from management. Standard op-

rating procedures/systems developed by those who per-
orm the work or task with management approval, provide a
ar better approach to conducting business.

Switching to a management style that encourages em-
loyee involvement and empowerment is a tough transition
or many. Unless special training is provided for middle and
rst-line management, the transition may never take place.
nd, unless upper management invests and participates in

his training, the organization is bound to fail. It will be over-
aken by other organizations who have invested in their most
aluable resource, their employees, and are cashing in on
hat investment. Employees of an enlightened organization
ontribute every day to improved operations and systems.

Once management has committed itself to breaking
own silos, it must embrace the concept of Team Manage-
ent.

eam Management
one are the days when managers are expected to be profi-
ient in only one discipline. Today managers must be part of
management team, and they must have a working knowl-

dge of their peers’ responsibilities. For example, the quality
anager needs to understand how design engineering,
anufacturing engineering, purchasing, sales, production

ontrol, customer service, and every other department func-
ions. And every other manager should know the roles of the
thers.

This is not to say that they need to be as well trained in
he other disciplines as their peers, but they must under-
tand how the entire organization functions. We want to
reak down silos so we can move freely throughout the orga-

ization. This creates another dilemma because now we

1

g
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2 BUSINESS PERFORMANCE EXCELLENCE - 2ND EDITION � 
eed to allow managers who are outside our responsibility to
e permitted, even welcomed, to handle situations that
tructurally may belong to us.

It is time for the goose story. We, as managers, should
ake a lesson from the goose. I am sure you have observed
eese in flight. They fly in a pattern that forms a horizontal V.
here is a good reason why geese fly in a V pattern. The lead
oose breaks the air current and creates an uplift behind him
hat the other geese can take advantage of. The second tier of
eese likewise does the same for the third tier and so on and
o forth for the entire flock.

The lead goose eventually tires of butting his head
gainst the wind, so he drops back in the formation. Here is
hen something interesting takes place. Another goose from

he flock moves to the front to assume the lead. This goose
oes so until he tires. Then he drops back and another goose
oves in to lead. Geese in a flock are willing to follow the

ead of whoever is leading at the time because they all have a
ommon goal.

We can learn a lot from the goose! Geese have learned
ow to work as a team. All in the flock are willing and able to

ead when necessary. The leader who drops back is not in-
imidated by another taking his place. He understands that
or now it is best that someone else assumes leadership.

ustomer and Market Focus

anagement must develop an attitude that puts customer
eeds and market conditions in every decision made. The

Fig. 1-1—Customer requirements.
ustomer is the reason we are in business. Without custom- 3
rs there would be no job to perform, no requirements to be
et, and no reason anyone would wish to purchase your

ompany’s stock.
As explained in the Introduction, there are two kinds of

ustomers: internal and external. External customers pro-
ide income for the organization through purchasing goods
r services. Internal customers �employees� satisfy the re-
uirements of the external customers and the requirements
f others in their own organization. Both are important and
eed to be understood for an organization to succeed and
rosper.

xternal Customers
he expression “The customer is always right” is not always

rue; however, one right of the customer is always true: “The
ustomer has the right to purchase from whomever he
ants.” With this in mind, we should make every attempt to
ake sure the customer wants to buy from us.

To assess the needs of your customers, utilize input from
ll customer contact personnel. In an organization that fol-
ows PE/TQM principles, input can come from the sales rep-
esentative, your marketing group, the quality department,
anufacturing, customer service, and engineering. The
ethod in which the input is provided can be reactive or pro-

ctive. Both sources should be looked upon as opportunities
or satisfying your customers’ needs.

Reactive input is in the form of customer complaints or
rom interpreting customer purchase orders or sales inquir-
es. When customer complaints are received, either as writ-
en complaints or in the form of returned goods, some orga-
izations react as fire fighters and focus on the hot spot. They
ometimes ignore the system that created the problem in the
rst place. When a purchase order or sales inquiry is re-
eived, often organizations interpret their customers’ re-
uirements through the mirror of their own paradigms.

Proactive input is solicited through visits to the custom-
r’s place of business, visits to your facility by your customer,
ustomer satisfaction surveys, and by cross-functional
eams consisting of employees from customer and supplier
acilities. All these activities should be part of management’s
trategic business plan. The strategic business plan will be
iscussed further in Chapter 3.

nternal Customers
n a PE/TQM environment, the attention paid to employees
s as important as, if not more important than, the attention
aid to the customer. The employee is the internal customer
f the organization—the individual who can make things
appen. His or her understanding of the organization’s goals
nd commitment to customer needs must be complete. This
an be assured by following a three-step process that in-
ludes �1� an employee survey, �2� an employee training pro-
ram, and �3� regular communication sessions to continu-
lly reinforce the organization’s goals and customer needs.

Employee Survey
he employee survey should be designed to provide an as-
essment of how the employee feels about the company and
ow he perceives his role to the customer. An example of a
urvey I used successfully is provided in Fig. 1-2.

The PE/TQM steering committee �discussed in Chapter

� should review and analyze employee survey results and
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CHAPTER 1 � MANAGEMENT’S ROLE 3 
etermine the training program required to bring employees
p to speed on company goals. Training can be conducted by

nside experts or by using outside resources. There are ad-
antages and disadvantages to both approaches.

The advantages to using inside experts are cash flow
ontainment and assurance that the training is tailored to
xisting company paradigms. The disadvantages of using in-
ouse experts are having to overcome existing negative per-
eptions of the expert, if there are any, and removing the ex-
ert from his duties to provide preparation and training.

The advantages of using outside sources for training are
any. Among them is the natural perception that an outside

onsultant knows more about a subject than inside people.
his advantage can create a more receptive learning envi-
onment for the employee. Another advantage is that no time
s taken from anyone’s schedule for preparation of lesson
lans. Two major disadvantages are expense and the fact that
he outside resource is not familiar with your company cul-
ure.

Both options of training must be evaluated by the PE/
QM steering committee, and selection of training re-
ources should be made on the best fit analysis. The key is to
ssure that whatever training source is utilized that the
ource emulates the goals of the organization.

Activities concerning customers need to be communi-
ated to everyone in the organization in a timely manner.
ost information can be distributed on a monthly basis, but

pecial news should be disseminated as required. An ideal
ethod of sharing news is through a company’s information

Fig. 1-2—E
echnology systems �computers, message boards. etc.� that v
rovide information on employees, customers, and continu-
us improvement activities.

orkforce Focus

ontinuous improvement cannot occur within an organiza-
ion unless training is part of management’s agenda.

Leaders in respective departments should take the ini-
iative to conduct an analysis of each employee’s ability to
erform his or her job. This is often referred to as a needs as-
essment analysis.

The needs assessment analysis should be performed on
he job function, not the individual performing the job. Sup-
ose the job is to prepare an accurate product certification
ocument. A flow diagram on completing a product certifi-
ation is shown in Fig. 1-3.

The focus should be on preparing an accurate product
ertification, not on the skills of the final product auditor, the
aterial handler, or the typist. Study each step in the flow

iagram for the job and determine exactly what is required
or that step to be successful. For example, let’s look at the
tep: Inspect All Critical Characteristics Per Sample Plan.

To be successful at this step, each preceding step must
ave been performed correctly and accurately. All critical
haracteristics must be identified on the inspection plan or
ngineering drawing. The sample plan should be available
nd germane to the product being inspected. The test equip-
ent and inspection equipment should be in full calibration

nd acceptable for the tolerances being examined. The indi-

ee survey.
mploy
idual conducting the task must be qualified for the task.
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4 BUSINESS PERFORMANCE EXCELLENCE - 2ND EDITION � 
Any deficiency found in any of the subgroups contribut-
ng to the successful completion of the main task of inspect-
ng all critical characteristics per sample plan may require
raining for the individual doing the inspection or correcting
ome upstream activities.

mpowerment and Involvement

ne of the more responsible acts management can perform
s recognizing that their employees can make significant
ontributions to the success of the organization. If manage-
ent provides the tools and training, a great deal can be ac-

omplished through employee empowerment and involve-
ent �E & I�. However, the employee must be properly

repared for such responsibilities.
The first employees that should be prepared for Em-

loyee E & I are managers and supervisors. The concepts of
E/TQM must be provided through several training sessions
nd should be reinforced through appropriate actions from
enior management. One of the better methods of demon-
trating senior management’s commitment to Employee E &
is by forming management teams and allowing these teams
o evaluate and suggest how to improve current systems. It is
hrough these management teams that lower-level employee
eams are created.

The teams formed at all levels will concentrate on im-
roving the organization’s critical performance indicators
CPIs�. CPIs are tracked and evaluated through measure-

Fig. 1-3—Product certification flow chart.
ent parameters established by management E & I teams. p
easurement, Analysis, and Knowledge
anagement

anagement should establish measurements to track
rogress on CPIs. The unit of measurement should fit the in-
icator being evaluated and should be understood by those
ho contribute to the improvement process for that indica-

or. For instance, the cost of quality CPI should be measured
n dollars and compared to several key values, such as cost of
ales or cost of manufacturing. Another example is on-time
erformance.

This CPI can be measured in several ways, which should
ll relate directly to customer requirements. For example,
his CPI can track orders shipped to customer-required dates
external customer measure�, or it could track design engi-
eering input to manufacturing engineering �internal cus-
omer measure�, or it could track quote turnaround from
our suppliers �a measure of your needs as a customer of
our supplier�.

CPIs will be discussed further in Chapter 2 when meth-
ds of continuous improvement are explored.

ecognition and Rewards

anagement has the responsibility to provide the work
orce an environment that is safe and environmentally clean.
his environment should also lay the foundation for sup-
orting the employees’ quality of work life. Once this foun-
ation has been established, management must develop a
ecognition and rewards program designed to improve and
aintain employee job satisfaction.

A three-tiered system should be developed, which in-
ludes �1� day-to-day recognition, �2� informal recognition,
nd �3� formal recognition programs. The best way to get
tarted is to create a steering committee made up of staff
anagement. This committee can define the scope of the

rogram and establish guidelines to be followed by em-
loyee teams established to implement the program. Em-
loyee teams should include participants from all levels of
he organization.

The steering committee can set the scope of the program
o include as many systems as they feel the company can
upport and effectively manage, but some systems should al-
ays be included because of their proven effectiveness.

The following systems, when properly structured and
dministered, are very cost effective and contribute directly
o a company’s profitability through various improvements.
n no particular order, these proven systems are pay-for-
erformance, perfect attendance, service awards, and continu-
us improvement programs. Pay-for-performance recognizes
mployees for their performance on the job and should in-
lude such criteria as quality of work produced, productivity,
ttendance, initiative, job knowledge, and safety. An atten-
ance policy should establish rules to define when employ-
es are to be on the job and when they are excused from their
ob. This may seem like a basic idea, but it is surprising how

any companies do not have an established and docu-
ented policy on absence from the job. When there is no
ritten policy, there is no consistency, and this leads to dis-

atisfied employees who see management as untrustworthy
r at the very least prone to favoritism. A service awards

olicy recognizes employees for their length of service with
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CHAPTER 1 � MANAGEMENT’S ROLE 5 
he company and can be very rewarding in enhancing em-
loyee esteem and fostering employee loyalty.

trategic Planning

trategic planning is discussed in Chapter 2.

rocess Management

rocess management is incorporated in Chapters 3–7 as we
xamine Continuous Improvement, Quality Systems, Qual-
ty Reporting, Supplier Qualification, Statistical Process
ontrol, Six-sigma, and Lean Manufacturing.

ommunication

ommunication is one of the most important guidelines for
oth management and employees. It is a two-way street, and

oth should strive to keep the airwaves open. Even though
ommunication is a two-way street, it must start with man-
gement. Management should set the standard by creating
n environment conducive to openness without fear of re-
risal or ridicule. At all times communication must be polite
nd conducive to enhancing self-esteem. The best way to get
tarted is as with all the other guidelines: establish a steering
ommittee to set the policy and the guidelines for implemen-
ation. Then create the opportunity for employee involve-

ent teams to get the program underway.
Some of the more common and effective programs in-

lude company newsletters �electronic or paper�, staff and
mployee meetings, and an open invitation from manage-
ent to allow employees at all levels to hold informal conver-

ations or brainstorming sessions in employee lounges dur-
ng breaks.
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NCE MANAGEMENT’S ROLE AND COMMITMENT
o quality are defined and established, the top executives of
he organization should establish a quality policy. The qual-
ty policy should state the organization’s commitment to �1�
ontinuous improvement and �2� customer satisfaction.
hese seem like basic organizational goals, but, unless
tated, the rest of the organization will not be aware of them
r will not have a clearly stated policy from which to develop
heir own planning for improvement.

Quality policies can be from one paragraph to a full
age. The policy’s length is not as important as its contents.
or lasting impact on employees and customers, it is best to
eep them short. After all, it is easier to recall one paragraph
han an entire page. An example of a quality policy could be:
insert company name here� is committed to continuous im-
rovement and providing products and services that meet or
xceed our customers’ requirements.

Although short, this policy is very much to the point. It
ays a lot about the philosophy of the company’s top execu-
ives. It says, “The most important goal of this organization
s to satisfy the customer and to find better ways to manufac-
ure products and/or provide services.” I do not want to be-
ome too involved with what quality means in this quality
olicy statement. There are as many definitions of this word
s there are words on this page. The following are a few defi-
itions of the word quality that should provide a basis for de-
eloping many more.

Quality is:
. When a product is consistently represented.
. An attitude of excellence with an objective of error-free

performance shared by all employees.
. Achieved through dedicated and skilled employees,

modern facilities controlled manufacturing processes,
continuing education, and a positive work environment.

. Directly related to superior value and performance and
is provided to customers in terms of productivity im-
provements, reduced operating costs, and outstanding
service.
For the rest of this book, quality is simply defined as:

roviding goods and services that meet or exceed customer
equirements. To provide goods and services that meet this
efinition, the executives of the organization must have a
uality strategic plan �referred to as the strategic plan in this
iscussion�. The organization will/should have other strate-
ic plans for such business activities as Product, Marketing
nd Sales, Engineering, Manufacturing, etc. to lead the com-
any along this path. The plan should contain both long-
erm and short-term objectives. The window for long-term
bjectives should be no more than 4 years and preferably

years. The world changes so fast that planning more than o

opyright © 2009 by ASTM International                                      www.astm.or
years ahead is not practical. Markets change at an almost
onstant pace. Customers’ requirements do the same.

A long-term strategic plan should consist of four main
rograms. There should be: �1� a program for futuristic qual-
ty planning, �2� a program for service and product improve-

ent, �3� a program for employee involvement and educa-
ion, and �4� a program for business systems. These
rograms require a mission statement so that the goals of the
rogram are understood. As with the quality policy state-
ent, the mission statements for these programs should be

hort and to the point. This gives precise direction to steering
ommittees implementing these programs. Mission state-
ents for the programs I recommend are:

. Futuristic quality planning—Develop and drive business
decisions that utilize quality tools and concepts to as-
sure the successful introduction and implementation of
new products, processes, and services to our customers.

. Service and product improvement—Develop and imple-
ment programs to improve office and manufacturing
operations, processes, and systems leading to improve-
ments and consistency in service and products, and re-
ductions in internal waste.

. Employee involvement and education—Utilize the inher-
ent knowledge and expertise of our employees to iden-
tify and participate in opportunities for improvement,
and provide appropriate education as needed in support
of these goals.

. Business systems—Develop and manage the business
systems required to assure quality, improve operations,
and support our internal and external customers.
These programs require further definition to under-

tand how they are applied to effect continuous improve-
ent.

uturistic Quality Planning

uturistic quality planning is necessary to assure successful
pplications of new systems, processes, and products. Futur-
stic quality planning applies equally well to existing pro-
esses or products because it perpetuates continuous im-
rovement. This planning program almost always requires
he use of cross-functional teams. The core members of this
eam should consist of people who have the necessary au-
hority to make decisions that support the program. During
he course of planning activities, it will often be necessary to
ecruit employees who have special insight or knowledge of
he process being evaluated.

It is best to use a structured approach for this planning
rocess. This will assure consistency of purpose and allow
asy inclusion of participants who have had experience on

ther quality planning teams.

g
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CHAPTER 2 � STRATEGIC PLANNING 7 
A method I have applied over the years fits the needs of
oth service and product manufacturing. Both activities re-
uire futuristic quality planning to assure efficiency of op-
rations and customer satisfaction. Service/product quality
lanning �SPQP� is a structured approach that can be ap-
lied to any business activity. It does not matter if we are
orking in a manufacturing or service environment. It does
ot matter if we are looking to improve office systems or
anufacturing processes. The principles are the same:

1� flow chart the process chain for the activity or product;
2� assess the current method and effectiveness of quality

control;
3� do a failure mode and effects analysis of high-risk pro-

cess steps; and
4� develop a control plan to assure quality.

The SPQP process is designed to improve the quality of
urrent services and products. When new services or prod-
cts are under consideration, another quality tool should be
pplied to achieve maximum customer satisfaction. This
ther tool is quality function deployment �QFD�. QFD is a
ery structured and extensive analysis of customer require-
ents and needs. The study and application of QFD war-

ants a book of its own and will not be covered in this
anual.

We can still develop a strategic plan for customer satis-
action using only the tools contained within SPQP when ap-
lied toward new services or products if the customer is per-
itted to participate. I feel that most readers of this book are
ore interested in finding methods to improve current ser-

ices, processes, or products. The study of QFD is recom-
ended for marketing functions and design engineers. The

teps and tools required to prepare an SPQP are as follows:

hase 1: Flow Chart
here are universal rules to follow when preparing a flow
hart. A square box should be used to describe each major
rocess step involved in creating the service or product. Ar-
ows should be used to show the direction each process step
akes as the total process evolves. Diamonds should indicate
ecision points along the process chain. Either inside or ad-

acent to the diamond is usually a question. Process flow
ines �arrows� from the diamond points are used to act upon
he answer and lead to the next process step. Other universal
ymbols are used to reduce the amount of text contained in a
ow chart. One example is an inverted triangle to indicate
hat an evaluation or an inspection must take place at a par-
icular process step.

An example of a flow chart using these symbols is shown
n Fig. 2-1. This is a flow chart for heat treating a threaded
olt in a molten salt bath. This flow chart has ten process
teps. Each individual process step could be expanded to de-
cribe the actions necessary to complete its task, but gener-
lly this is not necessary unless that particular step needs to
e improved upon. This process has two decision points con-
rolled by the furnace operator. A “yes” answer by the fur-
ace operator allows the process to continue, but a “no” an-
wer requires assistance from quality control.

hase 2: Flow Chart Analysis
fter the process is defined so that each major process step is
dentified, the next phase is to assess the contribution each c
tep has in reaching the desired end result of the process. In
his case, the end result is a bolt �or a processing lot of bolts�

eeting all metallurgical and design requirements after the
alt heat-treating process.

Let us review the process step LOAD PARTS IN BASKET
see Fig. 2-1�. This step requires the furnace operator to
erify several facts to assure compliance with meeting all
uality requirements of his work order. These quality re-
uirements are the contributions that this step has in satisfy-
ng the metallurgical and design requirements for salt heat
reating.

The operator has to assure that all paperwork received
ith the product matches. This includes drawings, manufac-

uring routings, the heat treat process sheet, the quality as-
urance control plan, etc. The operator must assure that
hen the parts are loaded into the basket the parts are posi-

ioned so that there will be an even transfer of heat during
he heat-treating operation. The operator must assure that
he parts are positioned to minimize distortion. And the op-
rator must assure that if there are parts from other orders in
he same basket, these parts will have weight and mass simi-
ar to the parts for the current order. All aspects of this one
tep, LOAD PARTS IN BASKET, can be evaluated as to its
verall effectiveness.

In the flow chart analysis, we evaluate each step in a pro-

Fig. 2-1—Basic salt bath heat treat process flow.
ess as to the severity of failing to perform the step correctly,
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8 BUSINESS PERFORMANCE EXCELLENCE - 2ND EDITION � 
he capability of the process itself to perform the step cor-
ectly, and the probability of knowing when the process is
ot performing as expected. We assign values to the severity,
apability, and detection criteria to weigh the results so it is
ossible to prioritize required actions when the failure mode
nd effect analysis �FMEA� is prepared. The guideline values
or severity, capability, and detection are presented in Tables
-1–2-3, respectively.

To see how these guidelines apply, let us continue to
ork with our example for heat treating. In Step 3 �see Fig.
-1� of LOAD PARTS IN BASKET, the SPQP team made the
ollowing decisions as shown in Table 2-4.
. For “paperwork matches,” the team chose a severity rat-

ing of 3 because they felt that incorrect information as to

TABLE 2-1—Service/product quality
ank Description Result

Safety related
characteristic

Failure to satisfy this requirement could
injury or property damage.

Critical
characteristic

Failure to satisfy this requirement could
user to produce a product that does no
significantly hamper a following operat

Functional
characteristic

Failure to satisfy this requirement could
lead to more variability in performance
final customer, or a subsequent operati
nonconformance.

Nonfunctional
characteristic

Failure to satisfy this requirement will n
requirements shall be considered nonfu
complaints. Cosmetic requirements that
characteristic. Subsequent operations w

Process
characteristic

Failure to satisfy this requirement has n

ote: The severity assessment rates the overall importance of eac

TABLE 2-2—Service/product quality
Capability
ssessment

For manufacturing processes with
documented process capability data For man
Cpk�2.0 N/A
1.67�Cpk�2.0 or Ppk�2.0 N/A
1.33�Cpk�1.67 or 1.67�Ppk� 2.0 Althoug

experie
1.00�Cpk�1.33 or 1.33�Ppk� 1.67 Very few

product
Cpk�1.0 Either t

when u

ote: This assessment uses the formula min. ��x̄−LSL� /3� , �USL− x̄�

TABLE 2-3—Service/product quality
Detection
ssessment

The detection assessment rates the probability t
should it occur.
A nonconformance will almost always be detecte
capability has been established and SPC is approp
There is a good chance of detecting a nonconfor
capable process, or some form of 100 % inspecti
The current system may detect a failure. SPC is in
done throughout the run.
A nonconformance will probably not be detected
are limited, such as setup only.
There is absolute certainty that a nonconforman

OTE: “Detection” must take place before reaching the next appli

s not appropriate in determining this rating.
material type, for instance, would prevent the product
from responding as expected in the high-heat furnace. A
capability of 3 was chosen because past experience has
been positive with hardly any cases of mixed paperwork.
For detection, the team chose 1, because mixed paper-
work is very easy to detect when it occurs.

. For “parts are positioned to assure even heat transfer,” a
4 was chosen for severity because failure to satisfy this
requirement could result in nonconformance to metal-
lurgical properties. A 3 was chosen for capability be-
cause the baskets are designed with a partition that
properly spaces the parts for even heat transfer. When it
came to detection, the team picked 2 because if the op-

n—severity assessment guidelines.

in unexpected and/or catastrophic failure, leading to personal

r result in a significant loss in performance or cause the end
orm to his or her customer’s requirements or would prevent or
m performing its function.
nt the product from being assembled and used as intended,
is normally anticipated, or be perceived as poor quality by the
uld have some difficulty in its process due to the

e any appreciable impact on performance. Most cosmetic
al characteristics unless there is a history of customer
resulted in complaints will be considered a functional
ee no appreciable difference in performance.
act on the finished product or the manufacturing process.

ntial product nonconformance to the process and final customer.

—capability assessment guidelines.

ring processes without documented process capability data

umented process capability data are not available, past
th this process on similar products was very positive.

n problems occurred when using this process on similar
e past.
cess is known to be a source of scrap and/or discrepant material
similar products or there are no historical data for this process.

or both Cpk and Ppk.

—detection assessment guidelines.
current inspection and SPC system will find a nonconformance

er the process automatically detects a failure or a high
understood, and used to run the process.
. SPC is generally understood, and usually reacted to in a
sed.
, but not fully understood, or reacted to. Sample inspections are

rol charts are done incorrectly or are incomplete; or inspections

not be detected. No inspection is done.

rocess/customer. Inspection by the next process or final inspection
pla

result

eithe
t conf
ion fro
preve
than

on wo

ot hav
nction
have

ould s
o imp

h pote
plan

ufactu

h doc
nce wi

know
s in th
his pro
sed on
plan
hat the

d. Eith
riate,
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CHAPTER 2 � STRATEGIC PLANNING 9 
erator put more than one part in a partition it would
most likely be detected.

. For “parts are positioned to minimize distortion,” the
team gave a severity rating of 4 because failure to satisfy
this requirement could result in a dimensional defect.
The capability was 3 because of operator experience
with the effects of incorrect positioning. The selection of
2 for detection was assigned because a double check of
position prior to moving the parts to the high-heat fur-
nace is performed by another operator.

. For “parts have similar mass and cross-sectional area,”
ratings of 4, 3, and 2 were assigned for severity, capabil-
ity, and detection, respectively, based upon the quality
history and experience of the operators involved.
This process is completed for each step in the process of

alt heat treating. The end result is a compilation of values
hat allow management to prioritize the analyses and im-
rovements to be made by the SPQP team. An example of the
ompleted process flow analysis for salt heat treating is pro-
ided in Fig. 2-2. In this example, one can see that the SCD
alues �severity rank times the capability rank times the de-
ection rank equals the SCD value� vary from one step to the
ther and within each step depending on the controlled char-
cteristic. Management must decide which controlled char-
cteristics require further evaluation through a FMEA.
ompanies usually do not have unlimited resources and
ust limit the number of projects through the use of a Pareto

nalysis.
Before going further, I feel it is beneficial to provide defi-

itions of Pareto analysis and Pareto chart.
Pareto analysis: Analysis of the frequency of events de-

cribed on a Pareto chart that contribute to an outcome. In
he quality profession, outcomes could be rejects, scrap, and
ther contributors to cost of quality such as incorrect in-
oices, purchase orders, missing information, etc.

Pareto chart: A simple statistical tool that ranks contrib-
ting factors to an outcome according to either cost or fre-
uency of occurrence. This allows for easy prioritization of
ontributing factors for analysis, thereby keeping cost of
nalysis low by focusing on the vital few and temporarily not
nalyzing the trivial many.

In our example, management decided to perform a
MEA on all controlled characteristics that had an SCD
alue that exceeded 50. The candidates for FMEAs are
hown in Table 2-5. In general, management would also con-
ider any controlled characteristic that had a 5 for either ca-
ability or detection regardless of the SCD’s value rank.

hase 3: FMEA
he FMEA is a document designed to accept change. It acts

TABLE 2-4—Lo
Process step Controlled characteristic
Load parts in
basket

Paperwork matches
Parts are positioned to
assure even heat transfer
Parts are positioned to
minimize distortion
Parts have similar mass and
cross sectional area
s a futuristic planning tool by identifying potential causes a
f failure that should be considered in the development of
ontrol plans, and audit checklists under layered process au-
its �LPA�. As new controls are implemented, the FMEA is
evisited and revised to reflect new process capabilities.
MEAs can be developed for processes or products. In our
xample, we are creating a Process FMEA for the salt heat
reating process. A FMEA is an analytical technique utilized
o assure to the best of its ability that all potential concerns
failures� are identified and addressed through some control

echanism. The group best suited to develop a FMEA is
anufacturing engineering or a similar group or individual

hat understands the process �manufacturing or service�.
he Process FMEA identifies failure modes, explores the ef-

ects of the failure on customers, determines the potential
auses of those failures, looks at current controls to avoid or
dentify the failure, and suggests actions to improve control.

The team assigned to complete the FMEA should con-
ist of those closely involved with the process being evalu-
ted. As mentioned earlier, for a manufacturing operation
uch as heat treating, the best person to lead the team is a
anufacturing engineer. For our example, other potential
embers are the plant metallurgist, laboratory technician,

urnace operator, and supervisor of the heat treat depart-
ent. An example of the FMEA format is shown in Fig. 2-3.

Let us work through an example of completing a FMEA.
ach column contains information that leads to infor-
ation/action for the subsequent column. Our team came

p with the FMEA shown in Fig. 2-4 for Process Step 4: High
eat Furnace. The following logic is applied to fill the col-
mns with information:

Process
n this column, list the process step that creates the con-
rolled characteristic under analysis. For our example, the
rst entry in this column is High Heat Furnace. This process
tep is the first process step of the process flow analysis that
ad an SCD value that exceeded 50. To complete the FMEA,
he next entries from Table 2-5 would be Cool, Temper, and
ardness Test.

Controlled Characteristics/Fail Mode
n this column, list the controlled characteristic and the an-
icipated failure mode. For the process step, High Heat Fur-
ace, the controlled characteristic is Part Microstructure.
he potential failure modes are: incorrect atmosphere, in-
orrect furnace temperature, and incorrect time at tempera-
ure.

Effects
n this column, list the effects the failure mode would have
n the controlled characteristic. In the case of our example,

arts in basket.
D Severity Capability Detection

3 3 1
4 3 2

4 3 2

4 3 2
ad p
SC
9
24

24

24
ll failure modes identified would cause the wrong micro-
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Fig. 2-2—Process flow analysis.
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CHAPTER 2 � STRATEGIC PLANNING 11 
tructure, leading to product failure at a subsequent opera-
ion or in product application.

Likely Causes
t this juncture, we examine the likely cause�s� of the identi-
ed failure modes. The likely cause of incorrect atmosphere
s contaminated salt. The likely cause for incorrect tempera-
ure is a defective furnace thermocouple. The likely cause of
ncorrect time at temperature is an incorrect setting of the
urnace timer.

Current Control Methods
n this column, list the present method of controlling the
ikely cause�s� of the failure mode�s�. In our example, the fur-
ace salt is evaluated every 6 months by the chemical com-
any that the supplies the salt. The maintenance department
hanges the furnace thermocouples every 2 weeks. The re-
oved thermocouples are returned to the thermocouple

upplier to be calibrated and rebuilt as required for future
se. The furnace operators monitor the time at heat as indi-
ated on the electronic furnace controller.

Responsibility �Resp. and Date�
n this column, list the person�s� held accountable for apply-
ng the current controls. For our example, the heat treat su-
ervisor is held accountable for having the furnace salts
valuated every 6 months, the maintenance department is
ccountable for changing the furnace thermocouples every
weeks, and the furnace operators are accountable for
onitoring the time at heat.

Recommended Actions
his column is used when the team identifies an opportunity

or improvement on one of the current methods of control.
n our example, the team felt that the 6-week interval was too
rbitrary and not based on historical data. This meant that
uring some 6-month periods, the salt bath was almost cer-
aintly out of control or specification and this would not be
nown except by sporadic metallurgical failures. So the
eam decided to apply statistical process control �SPC� to the
alt bath analysis. A program was established to analyze the
ath every week and chart the main variables of the bath on
n individual’s chart. The bath could then be rejuvenated/
eplaced based on out-of-control data. In the long run the
eam felt that money could be saved using this approach by
liminating metallurgical rejections necessitating rework or
crap. The chemical supplier was providing the bath analysis
ree of charge and was more than happy to acquire statistical
ata on the life cycle of his chemicals for marketing pur-

TABLE 2-5—Salt bath heat treat Phase 1 re-
sults: Operations in the process that exceed
50 in the SCD rating.

Operation Characteristic SCD Rating
tep 4: High heat
urnace

Part microstructure 75

tep 6: Cool Part microstructure 75
tep 8: Temper Part hardness 75

Part microstructure 75
tep 10: Hardness test Meet part hardness

requirement
75
oses. t
Date
n this column list the name of the individual responsible for
he recommended action�s� and the date the action�s� are ex-
ected to be implemented or completed.

All FMEAs should be put on a review program to evalu-
te and ascertain the currentness of the document. One of
he better methods is to put document numbers on the SPQP
nd add them to the company calibration software system.
his way, a one year “calibration” cycle can be programmed,
nd the review process cannot be overlooked. The review
oes not require a team; all that is required is that the indi-
idual making the review be knowledgeable of the process
nder review. The individual can always solicit, as necessary,
he opinion of others in the organization for expert or spe-
ific assistance.

hase 4: Control Plan
he final phase of a SPQP is the development of a control
lan. As with the FMEA, a control plan can be designed for a
rocess or for a product. The decision to make a process or
roduct control plan is usually determined by the type of or-
anization. An organization that provides a service, such as a
achine shop manufacturing components for a larger
anufacturer or a company that provides office cleaning

ervices, would most likely employ a product control plan so
hat they are confident of satisfying all their customers�
nique requirements. On the other hand, a manufacturer of
tandard ASTM A325M structural bolts or a bank clearing
ustomer checks would find the process control plan more
propos. In either case, the control plan format is the same
nd is shown in Fig. 2-5.

The control plan, as the FMEA, is divided into columns
ith headings to provide a natural sequence of events en-
bling users of the control plan a concise and clear guide for
ontrolling the quality of the process or product. We will
ow work our way through a process control plan for heat
reating an ASTM A325M structural bolt with a salt-bath fur-
ace.

Process Point Control
his column contains the same information in the same se-
uence as the same column in the process flow analysis for
he salt heat treat process. It is a listing of all steps required
n the process of heat treating via this method in the exact
rder the steps are performed.

Controlled Characteristic
his column contains the same information in the same se-
uence as the same column in the process flow analysis for
he salt heat treat process. All characteristics controlled at
he process step in the same row must be listed in this col-
mn.

Control Methods/Sample Plan
n this column the method of controlling the characteristic
long with the specified sampling method is detailed. Sev-
ral methods of control are available including first article
erification, in-process inspection to a sample plan based on
ot size or production rate/hour, statistical process control,
nd 100 % inspection. The method of control is based upon

he capability of the process step to maintain design criteria.
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Fig. 2-3—Failure mode and effects analysis.
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Fig. 2-4—Failure mode and effects analysis.
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Fig. 2-5—Control plan.
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Fig. 2-6—Control plan.
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Method of Evaluation
n this column we describe the process, equipment, or in-
trumentation used to evaluate each controlled characteris-
ic. Methods may include visual inspection with or without a

icroscope, a metallograph, a pair of dial calipers, a scan-
ing electron microscope �SEM�, a hardness testing ma-
hine, etc. Of importance here is the requirement that for
hatever method of evaluation we employ, an evaluation of

he repeatability and reproducibility of that method be de-
ermined. One method of conducting an evaluation of the re-
eatability and reproducibility of an evaluation method is
escribed in ASTM Standard Guide for Conducting a Re-
eatability and Reproducibility Study on Test Equipment
or Nondestructive Testing �F1469�.

Responsibility
n this column, list the person�s� or department held ac-
ountable for evaluating the controlled characteristic. In the
ase of multiple persons having responsibility for the evalua-
ions, avoid the use of personal names; instead, refer to the
ob title. This practice allows wider use of the control plan
nd eliminates the need for revisions when an individual is
o longer performing the task detailed in the plan.

Reaction of Plan to Out-of-Control
Specifications

n this column we specify what to do if during the course of
valuation we find the characteristic either out of control or
ut of specification. This is an important consideration, and
he team developing the control plan should be very specific
o that the person/department making the evaluation has
lear instructions on how to handle the situation.

Failure to properly handle an out-of-control or out-of-
pecification characteristic could result in allowing the situ-
tion to continue or even permit a defective product to reach
he customer. It is recommended that the team refer to stan-
ard operating procedures that describe in detail how to deal
ith these situations. Any referenced procedure should be
vailable and completely understood by the individual/
epartment that must act upon the problem.

A partially completed process control plan is shown in
ig. 2-6. So that we know how it is constructed, we will go

hrough the process step, Temper.
The columns entitled Process Point Control and Con-

rolled Character in the Phase III Control Plan shown in Fig.
-6 list the process step and the controlled characteristics,
espectively, for the temper operation. Two characteristics
re affected by the temper operation: one is “part hardness,”
nd the other is “part microstructure.” A separate line is used
or each of these characteristics.

In the Control Methods/Sample Plan column adjacent
o Part Hardness, the team put the phase “X & R Chart, 5
ieces per furnace per order.” This lets the furnace operator
r anyone viewing the control plan know that statistical pro-

ess control is to be applied to this characteristic at this pro- b
ess step. It also specifies the type of chart and the frequency
nd size of subgroup sampling.

In the Method of Evaluation column, the team inserted
he name of the instrument required to check part hardness,
n this case, a Newage digital hardness machine.

In the column entitled Responsibility, the team inserted
he job title, Furnace Operator. In all cases, when assigning
ccountability for action, name the individual performing
he task. With this directive comes responsibility from man-
gement. Management must insure that the person under-
tands what is required and is properly trained to perform
he task.

The column entitled Reaction of Plan to Out-of-Control
pecification must provide enough information for the per-
on designated with responsibility to take appropriate ac-
ion. In this case, the team chose to reference a procedure
hat details how to deal with nonconforming material.

The controlled characteristic, part microstructure, is
ddressed in similar manner. However, due to the time and
ost involved in preparing metallurgical micromounts, the
eam decided to check this characteristic only once per shift/
urnace/material grade. This action was made possible be-
ause the team earlier initiated more frequent check analy-
es of the salt bath when an opportunity for improvement
as taken on the FMEA. Although the SPQP program is very
owerful, it does require a great deal of effort and resources
o apply. This downside, however, is nothing compared to the
usiness consequences of failing to plan for quality. Futuris-
ic quality planning pays high dividends in terms of reduced
crap and rework. Other benefits include more satisfied cus-
omers both in terms of the sheer number of customers and
n the degree to which your customers are satisfied. This
lone should be enough incentive for the top executives of an
rganization to fully support such a program.

Once the full support of top management is acquired,
he staff management should review their operations and

ake recommendations for application of the SPQP pro-
ess. It is best to choose a process or product fairly well un-
erstood by all involved in the process flow and one that
hows promise for improvement. By starting with a process
r product that is going to show success, confidence in the
rogram is instilled in those who participate and in those
ho are on the sidelines watching to see how it goes. After

wo or three successes, you will find a grass roots movement
y others to apply this new technique to their own areas of
esponsibility.

The other three programs mentioned earlier in this
hapter are best covered under continuous improvement, the
opic of Chapter 3. In Chapter 3, we will discuss critical per-
ormance indicators �CPIs�, and the plan, initiate, evaluate
PIE� processes for continuous improvement. These two
rograms include strategic methods for service and product
mprovement, employee involvement and education, and

usiness systems.
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N THE FIRST CHAPTER WE DISCUSSED MANAGE-
ent’s role in providing the leadership necessary for the

ompany to meet its business objectives. One business ob-
ective of primary importance is continuous improvement. If
company is dedicated to continuous improvement, it will

onstantly improve its internal performance, customer ser-
ice, and quality, moving it closer to performance excellence.
uch improvement automatically strengthens the compa-
y’s competitive position and its ability to respond to cus-
omer needs.

Continuous improvement begins with an understand-
ng of where you are and where you want to be. Everyone
ants to be the best in their field; however, our ambitions

hould be realistic and in line with our resources. Goals
hould be obtainable while providing enough challenge to
llow employees the opportunity to extend their current
bilities. To determine your current “state of the business,” I
ecommend using the BNQP Organizational Profile avail-
ble from NIST. This exercise “sets the context for the way
our organization operates. Your environment, key working
elationships, and strategic challenges and advantages serve
s an overarching guide for your organizational perfor-
ance system.”5

While moving along the path of continuous improve-
ent, keep in mind that the journey never ends! The present

s now and the future is only the next step along the way. You
annot stop because, if you do, someone will pass you by.
here is a saying from the Great North: “If you are not the

ead dog, the scenery never changes.” This saying applies to a
ompany’s journey along the path of continuous improve-
ent. If you are not the leader in your industry, you will not

ee future opportunities until your competitor has passed
hat point, leaving only the spoils for you.

So, where do we begin to move along this path of con-
inuous improvement? Similar to any journey, we have to de-
ermine where we are and where we want to go. Most compa-
ies have a pretty good idea of where they are through
istorical data that provide a measure of how well they are
eeting the needs of their customers. These data include rat-

ngs on customer quality system surveys, customer returns,
he number of service requests, employee absentee rates, ef-
ciency ratios, the ratio of quotes accepted to those given,
mployee turnover, customer certification awards, cost of
uality, JIT delivery performance, lost time injuries, and
undreds, even thousands more.

The data include information from internal as well as
xternal customers. The two are equally important, since
oth contribute to the strength of the company. In the first
Criteria for Performance Excellence 2008, NIST Gaithersburg, MD 20899-1020.

opyright © 2009 by ASTM International                                      www.astm.or
hapter, we talked about utilizing surveys to assess the cur-
ent pulse of the company. This is a good place to begin.

Top management should form a steering committee to
valuate all the summary information available from the
ata acquired from this historical data mentioned earlier.
rom that information, intelligent questions can be formed
o ask employees, customers, and suppliers in the form of a
urvey. The purpose of this survey is to discover your
trengths and weaknesses.

An analysis of the survey results should identify the criti-
al performance indicators �CPIs� that drive your organiza-
ion. If you recall, we earlier defined CPIs as those measures
hat contribute to customer �internal and external� satisfac-
ion. It may not be surprising to find such factors as on-time
elivery and cost of quality among the concerns of your cus-
omers and employees.

Once you have identified your CPIs, you need to know
ow to track and measure these indicators so that you may
nd out whether your efforts toward continuous improve-
ent are effective. This requires a structured and systematic

pproach and a few statistical tools.
Structured and systematic means that procedures are es-

ablished to assure that everyone knows what is expected
nd that they do things the same way. It is important that ev-
ryone work with the same set of data and that these data be
actual. The statistical tools are basic problem-solving tech-
iques employing the use of brainstorming, flow chart
nalysis, and cause and effect analysis. These are simple yet
owerful techniques that anyone can apply. A more detailed
tudy of these techniques is discussed in Chapter 7, Statisti-
al Quality Control, Six-sigma, and Lean Manufacturing.

The next step is to create a flow chart of the process that
ffects the CPI. An example of a flow chart was presented in
hapter 1, Fig. 1-3. A flow chart is simple to construct and
an be done by the employees who contribute to the pro-
esses that lead to the final output of that process. Let us say
hat one of our company CPIs was to ship the customer order
n time. If we examine the processes �steps� that affect ship-
ing the customer’s order on time, we may find, depending
n the size of the organization, that as many as 30 processes
ontribute to that CPI. For the sake of simplicity, let us cut
he number of processes to a more manageable level for this
xample.

The first step is to assemble representatives from each
epartment that have an influence on shipping the custom-
r’s order on time. In our fictional company, these represen-
atives will come from the customer service, design engineer-
ng, manufacturing engineering, production control,
17
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18 BUSINESS PERFORMANCE EXCELLENCE - 2ND EDITION � 
urchasing, manufacturing, quality, and the shipping de-
artments. The entire process is represented in Fig. 3-1.

Each of the steps in this Ship Customer Order On Time
ow chart has flow charts of its own. For instance, the last
tep, Shipping Packs & Ships Order, requires several steps
efore the customer order is actually shipped out the door.
ocuments must be assembled, packing and shipping in-

tructions read, boxes selected and assembled, labels pre-
ared, the product containerized, and the method of trans-
ortation scheduled.

Every step requires time and employee input. Does each
tep contribute value to the product, and is each step neces-
ary? These basic questions must be answered by everyone
long the process chain. If a step is required, the next ques-
ions center on the overall efficiency of that step. Through-
ut this analysis, the collection and evaluation of data
hould be observed by the employee team from the process.
ome of the best methods of presenting data are the sim-
lest. The run chart is very effective in tracking progress over
ime �Fig. 3-2�.

The on-time shipment chart in Fig. 3-2 shows improve-
ent over a twelve-month period. The chart could very well

ave shown a downward or even a random pattern. It is im-
ortant to know when to react to trends on run charts. It is a
istake to assign cause every time the chart makes a move in

ither the positive or negative direction. Normal forces of
ariation are ever present, and until a process is in control
nd control limits are calculated via statistical calculations

Fig. 3-1—Flow chart for
f control chart data, any reaction to movement should be s
ade with caution. Control charts will be discussed in more
etail in Chapter 7.

Through an analysis of data collected, opportunities for
mprovement will become evident. Management must deter-

ine which opportunities to work toward first. These deci-
ions are usually based upon cost effectiveness, quality im-
rovement, or criticality of correcting an undesirable
ondition. Whatever the reasons for choosing a particular
pportunity as a project for improvement, the process is the
ame.

The improvement process has been defined by more
han one quality guru as the plan, act, measure, and evaluate
ycle. I call the process plan, initiate, and evaluate �PIE� �Fig.
-3�. PIE methodology is closely aligned with the define,
easure, analyze, improve, control �DMAIC� processes asso-

iated with Six-sigma.

lan

he most important part of a project is the planning phase;
his is certainly true for continuous improvement projects.
he more robust the plan, the better the implementation and

he results. When developing a plan, the team needs to con-
ider all action steps in the process expected to lead to the
mprovement desired. Once all action steps are identified,
he next step is to decide the sequence in which these steps
hould be implemented. After the sequence is determined,
he time allotted to complete each step is calculated, and re-

ssing a customer order.
ponsibility for each step is assigned. In general, during this
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CHAPTER 3 � CONTINUOUS IMPROVEMENT 19 
hase we define our goals based on customer demands and
ur organization’s strategic goals. We do a thorough investi-
ation of the key aspects of the current process that affect
uality, and we analyze the data collected and observed to
eek cause and effect relationships that contribute to process
utcomes. These last three actions: define process goals,
easure key aspects, and analyze data are the DMA in
MAIC used in Six-sigma.

This planning process can work only if a few basic
uidelines are applied during this phase.

lanning Guidelines
Obtain upper management commitment through spon-
sorship.
Form the right combination for the team.
Develop a vision and a policy statement for the team.
Develop objectives and guidelines.
Review current programs and projects.
A closer study of each of these planning rules will make
your planning easier.

Obtain Upper Management Commitment
Through Sponsorship

henever a project is being considered, it is wise, indeed im-
erative, that the most senior member of the organization be
rmly established as sponsor of that project. The project
eeds his endorsement and the understanding that his door

s always open to discuss progress on the project.

Form the Team
his phase of planning should not be taken lightly. Picking
ames and then throwing these individuals together in a
oom does not create a team. Each function involved in the
roject should be represented, and these representatives
hould have good working knowledge of the area they repre-
ent. They must possess attributes that foster teamwork.
hese attributes include honesty, good communication
kills, dependability, leadership, empathy, and a willingness

Fig. 3-2—On-time
o work with others and share.
Develop a Vision and a Policy Statement
he team needs to know when they have achieved their ob-

ective. The vision is where the organization wishes to be
hen all phases of the program are implemented and suc-

essful. The vision statement should be concise and easy to
nderstand. It should be measurable and should fit with the
rganization’s business policy. It becomes a policy statement
hen endorsed and signed by the senior manager at the fa-

ility.

Develop Objectives and Guidelines
he team must be provided with the objectives of their
roject and the guidelines to be followed to achieve those ob-

ectives. For instance, an objective may be to reduce the lead
ime in turning around a “request for quote” to a customer. A
uideline �or restriction� may be that we are only interested
t this point in reducing in-house lead time. We wish to
ackle the outside sales and marketing function at another
ime.

Review Current Programs and Projects
fter the team has been formed and several meetings have
een held describing the project and its vision statement,
olicy statement, objectives, and guidelines, the team should

ents trend chart.
Fig. 3-3—PIE.
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20 BUSINESS PERFORMANCE EXCELLENCE - 2ND EDITION � 
horoughly review the project. The objective of this review is
o determine if the team has everything at their disposal to
nitiate the project and to successfully achieve the vision. A
ist of needs should be prepared and submitted to the senior

anager for his consideration and action.
The two previous examples provide a good starting

oint for describing how we can work with CPIs and the PIE
ethod to achieve continuous improvement. Management

rovides the resources for service and product improve-
ent, employee involvement and education, and process
anagement, discussed in Chapter 2, to gain the fullest ben-

fits of these terms as follows:

nitiate

he next step in the PIE process is initiating actions identi-
ed in the planning phase. In my example for the planning
hase, it was important to demonstrate how plans are initi-
ted through the use of identifying and tracking CPIs. We
lso explored how to expand upon acquired data to further
nalyze avenues to improvement.

What is important to remember in initiating action to
ct upon a plan is to involve the people who make things hap-
en. It may be necessary to provide training for selected indi-
iduals or groups of individuals to prepare them to contrib-
te to the success of the program. This investment in people

s an investment in bottom line improvement, as detailed
arlier in this chapter.

Involvement is a two-way street. In addition to involving
mployees, supervisors and managers must be active mem-
ers of the action teams. Managers and supervisors make for
ood team facilitators to assure that the team stays the
ourse. The teams must be ever mindful of the vision state-
ent and plan objectives. Once the team has achieved the

oals of the project, three steps should be taken.
First, the team should be congratulated, and depending

n the significance of the achievement, rewards should be
warded. Second, the team should be disbanded; otherwise,
eams could go on meeting forever with no agenda. This is
ot only a waste of resources, but prevents them from pursu-

ng new opportunities for improvement. Third, the CPIs im-
roved upon should be monitored for a period of time to as-
ure that the gains are held.

valuate

otal quality management is about measurement and evalu-
tion. The only way to know if improvement is taking place is
y measuring where we are and comparing it to where we
ere and where we want to be. If we develop a plan for im-
rovement, initiate action to improve, and do not measure
he outcome of our actions, we are unaware. We do not know
f we are improving, remaining constant, or losing ground.

During the initiation phase of the improvement project,
valuation should be frequent, sometimes daily. As the pro-
ram continues for 6 months or more, less frequent studies
an be made on results. When a project is deemed complete,
he frequency of evaluation will vary with the dynamics of
he CPI. I recommend, at a minimum, that monthly sum-

ary reports be analyzed to look for changes due to business
wings on first-tier CPIs.

This simple philosophy, when adopted by management,

ill almost always guarantee success: Make continuous im- •
rovement a way of life in your organization. This applies to
ll managers in the organization. Obviously, the most senior
anager should share this philosophy, but so should all de-

artment heads and supervisors because their organizations
re those pursuing performance excellence. Demonstrate to
ll members of your organization that you expect improve-
ent. We need to demonstrate that we will not be satisfied
ith the status quo. Encourage your people to ask, “Why

an’t things be better?,” “How can I improve this process?,”
tc.

When problems or issues arise, treat them as opportuni-
ies to improve upon the situation. Every solved problem
ontributes to improvement. We should be on the lookout
or problems because we improve our competitive advan-
age by identifying and solving them.

Pay attention to W. Edwards Deming’s point of driving
ut fear. At all levels of the organization, people should be
ble to discuss problems and mistakes. The messenger
hould never be shot. We are all human and subject to the
ctions of the systems in place. If there is a problem, chances
re the system is at fault because the issue was never ad-
ressed or because a change has occurred external to the sys-
em.

To the fullest extent possible, base decisions on fact, not
ntuition. Look to data and assure that these data are true.

Decisions based on intuition are almost always wrong at
he operations level. For higher-level continuous improve-

ent, intuition sometimes cannot be avoided and often-
imes is the basis for decisions that move an organization to
he next level of achievement. Marketing sometimes must

ake decisions based on customer innuendo, but a shop
oreman or office manager should rely on data.

Utilize statistical methods to evaluate and study pro-
esses.

Once processes are under statistical control, the need
or extensive inspection is eliminated. You will still need to
arry out audit inspections �or verifications�, but total in-
pection time should be reduced. Concentrate on doing the
ob right the first time. Do not rely on inspecting quality into
he job after it is complete. The process of quality by inspec-
ion only perpetuates the hidden “rework and remake” de-
artments of your organization.

IE Expectations—Service and Product
mprovement

ervice and product improvement comes from initiating
ew programs or techniques and monitoring the CPIs asso-
iated with the process undergoing change. The advantages
f service and product improvement are many and varied as
hown below:

Reduced scrap
Less rework
Improved capacity
Fewer returned goods
Less service calls
Improved earnings through lower cost of quality
Improved earnings through more efficient operations
Satisfied customers
Satisfied employees

Gaining a competitive advantage over your competition
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CHAPTER 3 � CONTINUOUS IMPROVEMENT 21 
ngage Your Workforce to Achieve Organizational
uccess
mployee involvement and education is one of the main in-
redients in creating continuous improvement when using
he PIE methodology. The objectives for actively seeking em-
loyee involvement are described below:

To bring, to the fullest extent possible, common values
and procedures to the workplace.
To produce cost effective, highest-quality products and
services for world markets and meet customer expecta-
tions.
To have employees participate in the decision process to:

• Provide capable systems and manufacturing pro-
cesses.

• Define and enumerate clear expectations in terms of
operations and quality.

• Provide a means to measure progress.
• Identify a means to correct any situation not meeting

expectations.
• Create the environment for all employees to work to-

gether toward the accomplishment of organizational
goals.

• Emphasize the need to achieve “total” commitment
to quality and productivity by all employees.

To create an action plan developed through representa-
tion of all employees.
To motivate all employees to have ownership of the pro-
cess of continuous improvement and an understanding
and commitment to the organization’s goals.
To achieve total commitment to customer service, who-
ever that customer may be.
To assist in the creation of an interesting, challenging,
enjoyable, and safe work environment.
To develop a system of communication and feedback to
solve organizational problems and to keep employees in-
formed by:

• Intra/inter department communications.
• Management-level communications.
• Employee-to-employee communications,
To have sufficient knowledge of company operations,
customer needs, and individual job responsibilities.
For all employees to have a better or complete knowl-
edge of the working part of the company’s product or ser-
vice to assure a better assessment of acceptable quality.
It is difficult to dispute the advantages employee in-

olvement brings to an organization, yet many company ex-
cutives still feel threatened by employees who “know too
uch.” The truth of the matter is that the more employees

now about their business contribution, the better they are
ble to contribute to the overall success of the organization.

rocess Management
ew processes are created and existing ones refined through

he CPI and PIE programs. Not often do new processes work
erfectly the first time, but how many times have you heard
omebody say, “But we always did it like that!” Why are some
eople so afraid to change the way things are done? The an-
wer lies in the company’s management style. A manage-

ent philosophy should embrace W. Edwards Demings 14
oints of Management Obligations.6 His 14 management
bligations are paraphrased below:
. Create constancy of purpose toward improvement of

product and service with the aim to become competi-
tive, stay in business, and provide jobs.

. Adopt the philosophy: We are in a new economic age
created by global competition. A transformation of
management style is necessary to halt the continued de-
cline of industry.

. Cease depending on inspection to achieve quality.
Eliminate the need for inspection on a mass basis by
building quality into the product in the first place.

. End the practice of awarding business on the basis of
price tag alone. Purchasing must be combined with de-
sign of product, manufacturing, and sales when dealing
with chosen suppliers. The aim is to minimize total cost,
not just initial cost.

. Improve constantly and forever every activity in the
company to improve quality and productivity and thus
constantly decrease costs.

. Institute training and education on the job for everyone,
including management.

. Institute supervision. The aim of supervision should be
to help people and machines do a better job.

. Drive out fear so that everyone may work effectively for
the company.

. Break down barriers between departments. People in
the research, design, sales, and production departments
must work as a team to tackle usage and production
problems encountered with the product or service.

0. Eliminate slogans, exhortations, and targets for the
work force that ask for zero defects and new levels of
productivity. Such exhortations only create adversarial
relationships; the bulk of the causes of low quality and
low productivity belong to the system and lie beyond the
power of the work force.

1. Eliminate work standards that prescribe numerical
quotas for the day. Substitute aids and helpful supervi-
sion. �Such aids would be CPIs.�

2a. Remove the barriers that rob hourly workers of their

“Out of the Crisis,” Massachusetts Institute of Technology, Center for Ad-

Fig. 3-4—Set-up CPI analysis.
vanced Engineering Studies, 1986.



1

1

1

I
M
i

u

o

s
a
i
a
o
m
t
t
i
m
a
a
a
t
t

l
i
m
o
e
s
m

p
l
m
g
m
p

u
p
a
m
f
r
o
t
t
t
c
a
l
T
t
d
t
fl

o
s
t
o
f
i
s
i
t
m
m
A
w
c
q
m
n
t
t
d
p
o

m
p
a
c
o
o
w
e
t
c

7

22 BUSINESS PERFORMANCE EXCELLENCE - 2ND EDITION � 
right to pride of workmanship. The responsibility of
supervisors is to change the goal from sheer numbers
to quality of the product or service.

2b. Remove the barriers that rob people in managementand
in engineering of their right to pride of workmanship.
This means, among other changes, the abolition of
the annual or merit rating and of management by ob-
jective.

3. Institute a vigorous program of education and retrain-
ing. New skills are required for changes in techniques,
materials, and service.

4. Put everybody in the company to work in teams to ac-
complish the transformation.

find it interesting and prophetic that Deming’s 14 Points of
anagement Obligations are as true today as they were back

n 1986.
Let us work through an example of how CPIs can be

sed to bring about awareness and thus improvement.
Let us take another look at the run chart we created for

n-time shipments.
Our management team has decided that our on-time-

hipment performance may not continue to improve unless
greater emphasis is placed on that goal. At a meeting that

ncluded all staff management, a decision was made to cre-
te an employee team to study and find ways to improve our
n-time-shipment performance. A representative from the
anagement team was selected to serve on this employee

eam as a facilitator. The management team also set objec-
ives for the employee team. Among these were an overall
mprovement of on-time-shipments to 96 %. The manage-

ent team felt that, with concerted effort by the employees
nd with full support of management, this goal was obtain-
ble. During the last quarter, the company achieved an aver-
ge of 91.4 %, and the last two months nearly 92 %. During
he last 12 months, each month was an improvement over
he previous month’s performance with only two exceptions.

The goal of 96 % represents a 5 % improvement over the
ast quarter results. A 5 % improvement can be significant or
nsignificant. It all depends on the time block during which

anagement wishes this goal to be reached and on the level
f difficulty of change to reach each milestone. As discussed
arlier, by the time management has come up with the vi-
ion, most obstacles have been thought out and addressed,

Fig. 3-5—Six-month Pareto analysis for boltmaker CPIs.
aking it possible to reach that vision through the talent
ool that makes up the improvement team. For our example,
et us say the vision is to reach a level of 96 % on-time ship-

ent in 6 months. The vision has been approved, and the
eneral manager has affixed her signature to the vision state-
ent securing her support and making it management

olicy.
With our team in place and the objectives and guidelines

nderstood, responsibilities are established to carry out the
roject. It is important to point out that the team was made
ware that, even though the goal is to improve on-time ship-
ents, there is a broader objective—to improve on-time per-

ormance in each process step along the process chain from
eceiving the order from the customer to shipping the order
ut the door. Even with this expanded objective, you can see
hat management put in some guidelines or restrictions. For
his project, we are not concerned with the process chain be-
ween the customer’s request for quote and the moment the
ustomer receives our quote. Management, at this time, is
lso not interested in the process from the time the order
eaves the facility to the time it reaches the customer’s dock.
hese two process chains certainly contribute significant

ime to the overall process, but there is little this facility can
o to influence these process steps, with the possible excep-
ion of design engineering the concept. Let us go back to the
ow chart shown in Fig. 3-1 for processing a customer order.

The team formed to improve upon this process consists
f talented employees from each of the departments repre-
ented in the process chain. Working together, they conclude
hat each department in the chain needs to track the amount
f time an order spends in their area. This may differ for dif-
erent departments. For example, the time spent in the qual-
ty department can be measured in hours, whereas the time
pent in the manufacturing department should be measured
n days. Also, it is clear that some departments require fur-
her breakdown in their contribution. For instance, in

anufacturing there are possibly several cost centers that
ake up the entire department. In manufacturing an ASTM
325M7 fastener, for instance, we could have wire annealing,
ire draw, boltmaker, heat treat, and hot dip galvanizing all

ontributing time to the process. And let us not forget the
ueue time between operations; sometimes these delays take
ore time than value-added steps. Even these subprocesses

eed steps of their own to make them effective. Let us look at
he boltmaker step in manufacturing the ASTM A325M fas-
ener. Steps in this process may include gathering process
rawings, tooling, and inspection gauging. All aspects of the
rocess are under investigation when our task is to improve
ur on-time-shipment CPI.

At this point it is usually important to have each team
ember construct a detailed flow chart of their department’s

rocess. They may wish to enlist help from their department
nd form an ad hoc team to give a full evaluation of each pro-
ess step performed in their department. They would be the
nes closest to the action and should know the ins and outs
f their operations better than anyone. The ad hoc team
ould try to identify opportunities for improvement and

liminate redundant or unnecessary steps. After a new sec-
ion of the process is selected for evaluation, a CPI can be
hosen and data collected and tracked. As a change is made

Specification for Structural Bolts, Steel, Heat Treated 830 MPa Minimum

Tensile Strength �Metric�.
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CHAPTER 3 � CONTINUOUS IMPROVEMENT 23 
o the process, it can be determined if that change has an ef-
ect by seeing a shift in the CPI.

Let us take a closer look at this example. Assume the
eam for the boltmaker department decided they would
rack how long it took the boltmaker operator to acquire
ooling, gauging, and process drawings to run an order. They
ecide to do this for a 6-month period to see if any one cat-
gory might benefit from more attention. The results of their
-month study are shown in Fig. 3-4.

If we rearrange the above data to include only the CPIs

Fig. 3-6—Project timetable.
nd occurrences, it becomes evident that the time spent
aiting for tooling is an opportunity for improvement. The

esult is Fig. 3-5.
Now the boltmaker team has an area of focus to isolate

easons for delays in getting tooling to the boltmaker. They
ill choose to select CPIs that contribute to having tooling
vailable. Examples may be tool location, setup time, or tool
vailability. The process goes on until all causes are identi-
ed and presented to management for resolution.

There are times when an identified opportunity requires
xtra planning to initiate change. Let us look at another ex-
mple. This one was identified by the quality department.
he representative from that department found that orders
ere sometimes delayed at final inspection because the in-

pector on duty was not always familiar with the product or
he inspection techniques necessary to determine if the
roduct met requirements. A separate employee involve-
ent team was established to develop the plan to improve

he knowledge of inspection techniques of the inspectors.
he team was comprised of the inspection supervisor, sev-
ral inspectors, a design engineer, and a quality engineer. Af-
er several brainstorming sessions, the team came up with a
rogression of steps that would lead to a well-informed and
ducated quality technician. Note that the team felt so
trongly that the training to be provided to the inspectors
as so much beyond the current job description that a new

ob title had to be created. After all steps in the process were
nalized, the team created a project timetable for developing
uality technicians. The project timetable they came up with
s shown in Fig. 3-6.

This project timetable represents an overview of the
roject to train inspectors to be certified quality technicians
hrough the American Society of Quality �ASQ�, Milwaukee,

I. Each and every step in the process has its own project
imetable detailing the progression necessary to complete
hat objective and the individual responsible to make it hap-
en. Some of these activities may be only a few steps, such as
teps 5 and 6, while some may be as large and detailed as the
verview, such as Step 7.
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Floor,
UALITY SYSTEMS ARE MADE UP OF THE QUALITY
rganization and the written guidelines used to define the
uality organization responsibilities as they relate to the rest
f the organization. Quality systems are the result of the
uality policy established by the executive management
eam. The two most important elements of quality systems
re the quality manual and the organization’s standard oper-
ting procedures. When developing the quality manual, it is
ecommended that attention be paid to following the guide-
ines established by the ASTM F26888 �Fastener specific�,
nd ISO 90019 standards. If the organization has no inten-
ion of applying for ISO registration, ASTM F2688 is a good
hoice, but if ISO 9001 registration is desired, one must
hoose ISO 9001. Both of these standards are among the best
vailable to set up a quality management system.

To proceed further at this point without defining who in
he organization is responsible for quality would possibly
ead some people down the wrong path when we discuss the
ontents of the quality manual and associated procedures
hat supplement implementation of manual policies. I do
ot want to start off with the notion that quality is the re-
ponsibility of the quality department. Nor do I want to sim-
ly state that quality is everybody’s responsibility.

Let us look one more time at the definition of quality I
rovided in Chapter 2, which is: Quality is achieved when we
rovide goods and services that meet or exceed customer re-
uirements.

To meet this definition, the part or service provided
ust conform to design or process requirements. The design

r process must conform to its market requirements and to
ustomer expectations. Therefore, three major groups with
heir necessary support groups are responsible for quality:

arketing, engineering, and manufacturing/operations. For
urposes of simplicity, I would like to call manufacturing/
perations and respective support groups by a single term:
anufacturing. This one word will mean either a facility

hat produces a part or a facility that provides value added.
nd I would like to use the term product to mean either a
art or a service. The question of who is responsible for qual-

ty is now easier to define.
Responsibility for quality in an organization rests with

arketing, engineering, and manufacturing along with the
upport groups that provide services to them. Each must be
eld accountable for their contribution to the overall effort.
arketing must make sure their concept of customer needs

nd requirements are fully understood and that they convey
his information to the engineering group. Engineering

Available from ASTM International, 100 Barr Harbor Dr., West Conshohocke
Available from ANSI Washington, D.C. Headquarters, 1819 L. Street, NW, 6th

0
 Available from ANSI Washington, D.C. Headquarters, 1819 L. Street, NW, 6th Floor,
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ust assure that they fully translate the marketing require-
ents to designs and processes that allow manufacturing to

roduce the product to fulfill purchase requirements. Manu-
acturing must assure that the end product they provide to
he customer conforms to the facility’s design engineering
equirements.

You may be asking, “Where does the quality department
t into this picture?” First let me say that we must agree that
he quality department or any of its people should not be
eld responsible for the quality of the product provided by
he organization. How can they be if they did not market, de-
ign, or manufacture the product?

The quality department’s function is to facilitate con-
inuous improvement by providing services to marketing,
ngineering, manufacturing, and all their support groups.
heir role is similar to that of another service group in the
rganization, the accounting department. I do not think I
ould find too many people who suggest that the accounting
epartment is responsible for the organization’s profit and

oss statement. The results on this statement are only a re-
ort of what actually happened. So too with the quality de-
artment’s role—they report on what took place. And, like
he accounting department, the quality department provides
ssistance in identifying opportunities for improvement
hrough measurement and communication. The quality de-
artment also has experts in the area of quality engineering
nd reliability, and technicians and inspection equipment to
ssist all other facility functions in their improvement
rojects.

he Quality Manual

ith all these in mind, WHO is responsible for the quality
anual and the standard operating procedures that aug-
ent it? The responsibility rests with the quality depart-
ent. The quality department must work with all other de-

artments within the organization to provide them with the
uidelines they need to assure quality in their operations.
ach individual department should have a hand in develop-

ng the quality manual, but the ultimate responsibility for
riting and maintaining it rests with the quality function.

The guidelines for quality management and quality sys-
em elements are fully described in the ISO 9004-200810

uality Systems standard. I recommend that readers ac-
uire and review this document when establishing their own
uality system and manual. I provide, for convenience, in
ig. 4-1 a partial listing of topics discussed in that standard.

The Quality Manual is a Level 1 document, and trans-

428.
Washington, D.C. 20036.

Washington, DC, 20036.
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CHAPTER 4 � QUALITY SYSTEMS 25 
ates ISO 9001 �or ASTM F2688� requirements to the lan-
uage of your organization �see Fig. 4-2�. Management pro-
edures are Level 2, and they document departmental
equirements for compliance to the quality manual. Work
nstructions and forms are Level 3 and contain document-
pecific tasks necessary to complete an activity defined in the
anagement procedures. Quality records are Level 4 docu-
ents and contain the necessary documentation or records

f quality activities to meet the requirements of the quality
anual. As you can deduce from the chart, the lower the

evel of documentation, the more detail is provided. The
uality manual need not be as thick as the New York City
elephone book, nor does it need as many details as the in-
truction manual for the space shuttle. A well-developed
uality manual need only contain between 20 and 50 pages
epending on the size and complexity of the organization.

rocedures

et us take a closer look at how management procedures and
ork instructions tie together. For an organization’s metrol-
gy department �the area in which technicians apply the sci-
nce of measurement to calibrate test and measuring equip-
ent�, management will have a procedure on how to

alibrate and maintain gauges and measuring equipment,
ut in order for the facility to implement that procedure,
here has to be a work instruction on how to calibrate each

Fig. 4-1—Partial Listing of Topics Discussed in ISO 9004:2008.
Fig. 4-2—ISO documentation pyramid.
ategory of gauge and measuring instrument in use at the fa-
ility. In this case, one could have up to 25 work instructions
o satisfy a single management procedure. I will provide an
xample of each for clarification.

The first example is a management procedure on equip-
ent calibration, and the second is a work instruction for

alibrating a dial and vernier caliper.

STANDARD PROCEDURE

ABC COMPANY

UBJECT: Certification Instructions Equipment
Calibration

ROCEDURE NO.: ABC 11.01

EVISION: 1.0

AGE: 1 OF 4

ATE: mm/dd/yyyy

REPARED BY: author’s name here

.0 Purpose
1.1 The purpose of this procedure is to define the

general conditions and requirements for imple-
menting and maintaining a certified calibration
program for our test equipment.

1.2 Compliance with this procedure will ensure the
means for manufacturing accuracy through the
consistent examination and control of measuring
devices and accessories.

.0 Application
2.1 This procedure shall apply to all equipment,

whether privately or company owned, that is used
or may be used for the appropriate measuring
and/or judging of the manufactured products’
conformance to specification.

.0 Materials and Equipment
3.1 PC computer and calibration software.
3.2 Test equipment serialization procedure, ABC 11-

XX.
3.3 Gauge Repeatability and Reproducibility Study

work instruction ABC 11-01-XX.
4.0 Procedure

4.1 All test equipment that is used or may be used to
determine the acceptability of manufactured pro-
duct must be certified as accurate by the metro-
logy department.
4.1.1 Employees must submit their test equip-

ment to the metrology department for
certification prior to use in manufacturing.

4.1.2 New company purchased test equipment
must be certified by the metrology depart-
ment prior to use in manufacturing.

4.1.3 All test equipment of new or unique design
is subject to qualification through a Gage
Repeatability and Reproducibility study in
accordance with work instruction ABC
10-XX.

4.2 All test equipment submitted for initial certifica-
tion will be permanently marked, if possible, with
an identification/serial number, in accordance

with ABC 11-XX.
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26 BUSINESS PERFORMANCE EXCELLENCE - 2ND EDITION � 
4.3 Test equipment will be certified in accordance
with appropriate quality assurance work
instructions, and shall be tested against devices
certified and traceable to the National Institute of
Standards and Technology �NIST�.

4.4 Test equipment determined to be accurate and
reliable through examination by Metrology will
be certified and the results of the examination
recorded on the computer through application of
the calibration software.

4.5 Certified test equipment then shall be released by
Metrology for approved use within the limitations
of the test equipment’s intended application.

4.6 Test equipment determined to be inaccurate/
unreliable through this process will be routed to
an appropriate calibration or repair facility and
the results of this action recorded.

4.7 All test equipment returned from calibration or
repair facilities must be routed through Metro-
logy for re-examination.

4.8 Following the initial examination and certifica-
tion of each type of test equipment, subsequent
test equipment examinations will be scheduled
using the gauge calibration software system.

4.9 Test equipment due for examination and recertifi-
cation will be printed out of the gauge calibration
software on a weekly basis.

4.10 Metrology will exchange due test equipment with
certified test equipment so as not to interrupt the
manufacturing process.

4.11 Test equipment may be submitted to Metrology
for additional examinations at any time, regard-
less of the scheduling program.

4.12 Test equipment found to be in use with expired
certification tags or labels will be confiscated and/
or prohibited from use until the appropriate re-
certification of the test equipment can be ac-
complished.

4.13 Test equipment examination intervals shall be
scheduled on the basis of frequency of use, fragil-
ity, and the accuracy required of the test equip-
ment.

4.14 Except for test equipment being returned for
routine certification, rejection tags must be
affixed to uncertified test equipment in inventory
to prevent accidental reuse.

.0 Auditing Procedure
5.1 Metrology shall be responsible for conducting

sporadic, unannounced shopwide audits/inspec-
tions for the test equipment governed by this
procedure.

5.2 Audits shall evaluate the present condition of
the test equipment audited versus the same test
equipment at the last recorded Metrology ex-
amination.

5.3 Audits will ensure control of measuring devices
and accessories by requiring corrective action for
any violations of this procedure.

5.4 Test equipment found to be in violation of this
procedure, or designated tolerances and para-

meters, through Metrology auditing, may be con-
fiscated and/or prohibited from use until appro-
priate recertification of the test equipment can be
accomplished.

5.5 The auditor may grant an “operational deviation”
for any equipment found to be in violation of this
procedure or of the designated tolerances and
parameters established for the test equipment.

5.6 Test equipment cited with an “operational de-
viation” must be submitted to Metrology within
five working days of the citation for examination
and appropriate adjustment. Example: A gauge
block is out of specification, but used to complete
an order. A correction factor is calculated to
compensate for the error.

The preceding example is the system management pro-
edure implemented to control test equipment calibration
nd certification. The method�s� by which the metrology de-
artment carries out this procedure is detailed in work in-
tructions. For most organizations there are much more
ork instructions than management procedures simply be-

ause of the breadth of the area being managed. In our ex-
mple for calibration, this procedure applies, as stated in
.0, to application to all test equipment whether privately or
ompany owned. There may be thousands of measuring de-
ices covered by this definition. At least each category of
easuring device should have a work instruction that details

ow it is to be certified.
Here is an example of a work instruction that ties in with

he calibration procedure presented as ABC 11-01.

ABC COMPANY

STANDARD WORK INSTRUCTIONS

UBJECT: Calibration Procedure For Digital
Calipers, Dial Calipers, and
Vernier Calipers

ork Instruction No. 11-01-XX

age 1 of 2

ate Prepared mm/dd/yyyy

repared By: Insert Name

pproved By: Insert Name

.0 Purpose
1.1 The following work instruction is for use by

Quality Control in establishing accuracy
requirements of digital, dial, and vernier calipers.

.0 Application
2.1 This work instruction is applicable to all calipers

which are either in use or may be used to measure
and/or determine the manufactured product’s
conformance to specifications.

.0 Equipment
3.1 Gauge blocks certifiable to NIST.
3.2 Calibration test stand.
3.3 Cleaning solvent.
3.4 Lint free towels.

.0 Documentation
4.1 Calibration control software.
4.2 Test equipment calibration data sheet �form 11-01-
XX�.
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CHAPTER 4 � QUALITY SYSTEMS 27 
.0 Procedure
5.1 Clean all surfaces of the caliper with cleaning sol-

vent and line-free towels.
5.2 Readings are taken at 0.500-in. �1.27 cm� and

1.000-in. �2.54 cm� intervals throughout the mea-
suring range of the measuring device for outside
measurements using gauge blocks.

5.3 Readings are taken in three random locations
along the measurement range for inside and depth
measurements using the calibration test stand.

.0 Acceptance Criteria
6.1 All readings are to be within one graduation mark

of true value to the nearest 0.001 in. �0.002 54 cm�.
6.2 The caliper must repeat within ±0.0005 in.

�0.001 27 cm� on a second test at the same value.
6.3 Any caliper failing to pass all check points must be

repaired before releasing for production
6.3.1 All repaired calipers must be examined by

Metrology and meet the requirements of
this work instruction for acceptance.

6.3.2 Calipers not meeting the requirements after
repair shall be removed from service.

6.4 All calipers meeting all criteria shall be certified
and released to manufacturing.

.0 Records
7.1 Results of this examination shall be recorded on

both the software system and on the calibration
data sheet for hard copy backup.

7.2 The data entered into the software system shall be
backed up daily on a disk and on the main com-
puter’s hard drive. This provides for three records,
one of which is off site.

.0 Calibration Schedule
8.1 Calipers shall be recalled for calibration and cer-

tification every 12 months.
The work instruction provides information the Metrol-

gy technician can follow so that the requirements of the
anagement procedure can be satisfied. Work instructions

hould be prepared by someone in the department who is ac-
ually performing the task being defined. The reasons for this
re many, but a very obvious one is that the only person who
ully understands the actual procedure for doing the task is
he one who performs it.

If we have the individual closest to the task prepare the
ork instruction, we must assure that he or she understands

he content and intent of the management procedure that
overns their responsibilities. Therefore, it is imperative to
ave involvement from the department task performers
hen management procedures are prepared. The best way

o accomplish this is to ask for assistance from the task per-
ormers when the procedures are going through phase one
f their development.

If you take another look at the two example procedures,
ou will notice something else if you are familiar with the
SO standards. In ISO 9001, the table of contents has Inspec-
ion, Measuring, and Test Equipment listed in Section 11. The
rocedure number and the work instruction numbers both
tart with the number 11. This format of numbering will be
f assistance to your employees and to outside auditors
hen reviewing your compliance to ISO requirements or to

ny quality system if you tailor your procedure topic num- p
ers to coincide with the numbers in the table of contents of
our quality manual.

Another worthwhile addition to your procedures and
ork instructions is to include a process flow chart. This al-

ows for two advantages; first, the flow chart provides a
raphic diagram of the steps necessary to comply with the
rocedure/work instruction; second, it allows the procedure
o be short on words because a picture truly is worth a thou-
and words.

rganizing For Quality

etting up the quality organization is as important a task as
nything we have discussed earlier. However, titles in the
uality organization are not as important as the job descrip-
ions of the individuals assigned to assure that quality sys-
ems are followed. Medium to large organizations will find it
eneficial to have a separate group in the organization re-
ponsible for maintaining the systems. Smaller companies
ill have many key individuals who perform multifunc-

ional tasks.
Even if the quality organization is a separate group or is

n individual who has other duties, the checks and balances
hould be in place. There should not, for instance, be conflict
etween producing the product and assuring that the prod-
ct meets customer requirements. With this in mind, there
re a few guidelines that should be observed. An individual
esponsible for assuring that the product is shipped on time
s not always a good choice for quality manager. When orga-
izing, conflicts of interest must be identified and avoided.
bviously this is easier to accomplish in medium to large
ompanies than in smaller ones.

Before assigning responsibility for quality, look at what
he primary duties are for those in the quality function.
here are two main responsibilities. The first and most im-
ortant is preventing nonconforming products from reach-
ng the customer. The second is finding ways to improve all
unctional activities.

Preventing nonconforming products from reaching the
ustomer applies to both internal and external customers.
ocusing on this responsibility not only satisfies those who

Fig. 4-3—PE/TQM interaction.
urchase the product but, just as importantly, provides for
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fficiency of operations, reducing internal costs. A great deal
an be saved by doing the job correctly the first time. Some
stimates have put the cost of nonconformance as high as 35

of production costs. This cost is totally unacceptable and
an be avoided through training and leadership.

The second function of a quality organization is to find
ethods of improvement. This function is carried out

hrough measurement, analysis, evaluation, management
eports, and participation on continuous improvement
eams. These two functions do not necessarily fit in with
ther job functions whose task is to produce a product in a
ertain time period—they are even opposing. The quality de-
artment’s role is not to expedite or “move” a product
hrough the process chain—that responsibility rests solely
ith the group responsible for the process chain. If a job is
eld up by the quality department due to some nonconfor-
ance, it is not the responsibility of the quality department
o find a solution to this problem. The quality department j
hould assist, but the primary responsibility rests with the
esponsible group. To satisfy these two main functions, qual-
ty must be in a liaison with all other functions.

Figure 4-3 displays the interaction that must take place
etween quality and all other functions when seeking con-
inuous improvement through the SPQP process. It also is a
ood example of an organization chart of interactions. All
unctions have a dotted line relationship with each other un-
er the team management concept. All department manag-
rs in Fig. 4-3 ideally will report to the general manager or
quivalent senior manager in the organization.

No matter what the organizational structure is, what is
mportant is that the quality manager is on a par with other
epartment managers. And the quality manager usually
eeds a persuasive personality that can influence his peers in
ay-to-day interaction to make quality the number one ob-
ective.
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ONTRARY TO THOSE WHO BELIEVE THAT QUAL-
ty is free, I submit that customer satisfaction has costs asso-
iated with it. These costs are a legitimate business expense,
nd like all business expenses we would like a return on that
nvestment. I like to think of the cost of quality as an invest-

ent in both the hard and soft technologies of the business.
he hard technologies are office equipment, machinery,
uildings, gauges, test equipment, and similar items. The
oft technologies are the people and their interactions with
he hard technologies.

ost of Quality

he cost of quality is generally 5–20 % of sales, and this ac-
ounts only for costs that can be quantified. Some costs can-
ot be determined, such as the price a company pays for dis-
atisfying a customer. Sure, we can count the cost of the
eturned item and the time we spend analyzing the com-
laint, but we cannot count the negative impression we
ade on our customer. Even when we look just at assignable

osts, in a manufacturing facility this negative impression
an amount to $1,500–$2,500 per year per employee. This
ertainly gives management reason to study the cost of qual-
ty and find ways to reduce it. This figure can be reduced ef-
ectively through a well-managed cost-of-quality program.
xperience with effective cost-of-quality programs has
hown the return on investment to be approximately 5:1 to
0:1.

Now that we have demonstrated how valuable these
osts can be to management, let us see how a good cost-of-
uality program can be structured. First and foremost, the
op executive management of the organization must support
he program. The quality department and the accounting de-
artment become business partners in this management
ool. Together they collect the data necessary to assemble the
eport for staff management. The output�s� from the Cost of
uality Report are CPIs that can and should be displayed for
mployee awareness.

A few basic components are required to provide enough
nformation to analyze accounting expenses and statistics.
ne needs certain pertinent data, such as cost of shipments

sales�, cost of manufacturing �production�, facility labor
nd overhead rates, rework hours, scrap costs, and cost of
eturns. These are broken down to: �1� total prevention costs,
2� total appraisal costs, �3� total internal failures, and �4� total
nternal failures. Then, through analysis, we can arrive at our
PIs. The CPIs as a minimum are: �1� total cost of quality

TCQ�, �2� TCQ/product shipped, �3� TCQ as a percent of
anufacturing cost, and �4� scrap as a percent of total pieces

roduced.

The collection of these data, as you can see, requires in- n

opyright © 2009 by ASTM International                                      www.astm.or
ormation from both the quality and the accounting depart-
ents. The quality department usually has the information

n customer returns, the number of pieces scrapped and re-
orked, and the number of items recalled due to nonconfor-
ance. The accounting department has all cost data associ-

ted with the data supplied by Quality, as well as information
n labor, shipments, and overhead. A simple cost-of-quality
eport may look like the sample shown in Fig. 5-1.

To provide more visibility to the CPIs at lower levels in
he organization, one can develop run charts that display the
CQ over time, this allows everyone the opportunity to see

ust how well the facility is performing. If the TCQ CPIs are
xhibiting continuous improvement, the employees gain a
ense of achievement for their efforts. If the trend is in the
pposite direction for any given CPI, the employees can see
here they must seek better ways. A run chart could look like
ig. 5-2.

In this example, both the percent scrap and the cost of
uality show a continuous improvement curve. This infor-
ation is vital to reinforce employee self-esteem and to give

veryone in the organization direction for future efforts. The
nput for future direction comes from an analysis of the vari-
us components that make up the cost of quality. Many of
he largest gains in continuous improvement oftentimes
ome from departments outside of quality. This is what can
e expected when the quality function and the other func-
ions work as teams as I discussed in Chapter 4.

uality System Audits and Layered Process
udits

uality system audits are very effective in identifying oppor-
unities for continuous improvement. Properly applied, it
ives an honest and candid appraisal of how your organiza-
ion is following the established quality systems and how ef-
ective they are.

There are different levels of system audits, and most seg-
ents of the organization can find one that can be used for

heir own self-assessment. Quality system audits can be con-
ucted on top management all the way down the organiza-
ion chart to the person doing the actual labor on any given
ask. All it takes is for someone to format the survey to fit the
cope of the audited system. Everyone can benefit from this
xercise because no one can ignore himself. Examples of sys-
ems that can be audited are numerous; I include a few here
o one can appreciate the magnitude of scope: the quality
anual, contract review, drawing control, calibration

ecords, purchasing procedures, personnel training records,
ustomer service procedures, manufacturing inspection
rocedures, invoicing procedures, and preventive mainte-

ance schedules. System audits may be formal, or they may
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e informal; in general, formal audits follow an audit sched-
le, while informal audits are spur of the moment checks
ue to an issue or problem. Formal audits require documen-
ation and follow-up corrective/preventive action on

Fig. 5-1—Cos
ndings discovered during the audit. Informal audits are
enerally verbal, used as personnel development aids, and
sually initiate a formal audit on the issue or problem that
riggered the informal audit.

ality report.
t of qu
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CHAPTER 5 � QUALITY REPORTING 31 
ystem Audit Structure „Formal…
he structure used in formal system audits should follow in
equence steps in the procedure or work instruction. For in-
tance, if we were developing a system audit of the manage-
ent procedure explained in Chapter 4 �ABC 11-01�, there
ould be questions designed to assure that the requirement

n Paragraphs 1.0 through 5.6 of the management procedure
ere being adhered to. A sample question for Paragraph
.1.1 may be: “Is all employee-owned test equipment certi-
ed? Submit a list of all production employees that shows
est equipment owned and the date of last certification. Are
here any exceptions to being current?”

The formal quality system audits should be conducted
y a cross-functional team and contain no one from the sys-
em being audited. In other words, the audit must be con-
ucted free of bias. As an example, if we were auditing pur-
hasing procedures, we may have on our auditing team
embers from quality, engineering, and customer service.

his auditing team would tour the purchasing department
ith the purchasing manager or supervisor.

Immediately after the survey, the team and the person
epresenting the audited system should sit down and discuss
he results, including any findings. This is very important be-
ause disagreements can be resolved much easier then, in-
tead of a week or two later when the request for corrective/
reventive action is received. This brings us to the next phase
f the quality system audit, the request for corrective/
reventive action. Each finding �deficiency� requires a
orrective/preventive action request to be sent to the depart-
ent manager for resolution. The department manager

hould be given sufficient time to respond, but a response
hould be expected in a reasonable time frame. Usually 15
orking days is provided unless the deficiency is a threat to

ustomer satisfaction, which would demand immediate ac-
ion.

The quality department along with the human resources
epartment is responsible for ensuring that auditors are
roperly trained and qualified to conduct audits. Only per-
onnel who have received and successfully completed the
raining should be permitted to conduct audits. Special at-
ention is given to working in teams, understanding differ-
nces, and problem solving to assure constructive and posi-
ive audits.

Documentation of all formal audits is best channeled
hrough the quality department for retention and follow

Fig. 5-2—Percent scrap and percent cost of quality.
hrough. A system should be established to assure that p
orrective/preventive action identified on the Request for
orrective Action, and Request for Preventive Action reports

s, in fact, in place. A member of the audit team from that
rea is given the responsibility to revisit the department and
eaudit the deficient item after a sufficient amount of time
as elapsed for the department to initiate corrective/
reventive measures, and to verify that the issue has been re-
olved. What is important to understand is that quality sys-
em audits are a look at your own operations and are
ntended to be constructive. Many times procedures are re-
ised because quality system audits find that deviation from
riginal procedures result in an improvement. It is only
atural for people to continually seek better methods to do
heir jobs.

ayered Process Audit
ayered Process Audit �LPA� is an important tool widely
sed in the auto industry �mandated by Daimler-Chrysler in
003 and strongly recommended by General Motors� to
onitor the production process, while at the same time driv-

ng continuous improvement. This audit process is always
vailable to any organization that has a robust QMS mod-
led after the ISO 9001 system. The way I see it, the vigorous
uditing of Work Instructions would go a long way to assure
roduct and service processes if it were being applied as
anagement intended.

The big difference to auditing process Work Instruc-
ions under LPA is the schedule of auditing, and the inclu-
ion of workers, supervisors, and management directly re-
ponsible for the process. Under the ISO auditing scheme,
hose directly responsible for a process are excluded from
he audit team. In addition, the schedule for audits is daily
nder LPA, rather than random under ISO 9001, thus giving
ore exposure to the process that yields a product or service.

Since the focus of a LPA plan is to check process steps
elated to known problems and causes of nonconformance,
ne will find the Flow Chart Analysis and the Process FMEA
iscussed in Chapter 2 a valuable resource. The Process
low Chart Analysis identifies the major steps in a process
hat contribute to service/product failure. If we review Figs.
-2 and 2-3 we can identify the major contributors to prod-
ct failure in our Salt Bath Heat Treating process. The FMEA
or this process, Fig. 2-4, identifies the control methods nec-
ssary to eliminate potential causes for nonconformance,
nd provides a control mechanism to avoid the nonconfor-
ance.

Using the information provided in the process FMEA
or the Salt Bath Heat Treat process, one could establish a
hecklist to be used for the LPA. The example for the heat
reat process is not the best example to use, because the con-
rols are not performed on a frequent enough basis. A FMEA
or a machine process that produces a large volume of parts
er hour is better suited for the LPA system. For this reason, I
ould recommend that this auditing scheme only be applied
hen the volume of parts produced on a daily basis are real-

stically measured in a ppm analysis.
In general, using the checklist, the LPA is done daily �or

er shift� by the process supervisor, weekly by the supervi-
or’s manager, and monthly by the manager’s boss. When a

rocess step is found to be out of compliance with estab-
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ished requirements, immediate corrective action is im-
osed by the auditor.

LPA checklists may have between 5 and 12 questions
nd the time to ask and verify a “yes” or “no” to these ques-
ions should be no more than 10 to 15 min. This is a very
arge commitment of time for a supervisor or manager, but
ime well spent. If after a month or two of 100% compliance
ith a given checklist, the timing of the LPA may be ex-
ended. More detailed information and guidelines to LPA

ay be found in the AIAG11 publication LPA Guideline
Q1-8.

1 Automotive Industry Action Group �AIAG�, 26200 Lahser Rd., Ste. 2000,
Southfield, MI 48,034-9738.
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artners in Quality

RGANIZATIONS THAT CONSIDER THEIR SUPPLI-
rs to be part of their overall business strategy are going to be
ay ahead of their competition. Suppliers are an integral
art of any organization’s ability to operate in a cost-effective
ay. Companies who realize they are not always best at per-

orming certain tasks and utilize the expertise and experi-
nce of suppliers will be rewarded with long-lasting business
artnerships with selected suppliers. When developing a
usiness partnership with a supplier, certain objectives need
o be considered.

mproved Product Quality

ne of the more important objectives is improved product
uality. Business partners need to share information from
he earliest stages of product development. I recommend
hat suppliers in a partnership relationship be permitted and
ncouraged to participate in your service/product quality
lanning �SPQP� process. Through this interaction, there
ay be processes or design changes identified that result in

ignificant cost savings. Improved quality is also achieved
hrough an analysis of your supplier’s quality systems.
hrough quality system audits, opportunities for supplier

mprovement are identified, and by working with the sup-
lier to meet these challenges, both benefit. Meeting this ob-

ective will be discussed later.

ost Reduction

nother objective is to maintain or reduce costs associated
ith purchased material. In some organizations the mate-

ial costs associated with purchased items can approach 100
in the case of companies whose value-added contribution

o the end product is mainly to assemble/build that product.
similar situation exists with distributors; they rely solely

n their supplier for product cost, as the value added comes
rom the service they can provide. Even in organizations
hose purchased material costs are only 20 %, there are con-

iderable savings to be gained through a well-orchestrated
upplier partnership.

Benefits to consider in a supplier partnership are blan-
et orders versus spot or single-purchase orders one lot at a
ime, value analysis through the SPQP process, and reduc-
ion in your supplier base.

mprove Delivery Performance

reating or maintaining outstanding supplier delivery per-
ormance is another objective. This objective is achieved by
pening up those communications necessary in partner rela-

ionships. Much can be gained when purchaser and supplier C

opyright © 2009 by ASTM International                                      www.astm.or
eet on a regular basis. Weekly meetings are recommended.
epending on the current order status, these meetings can
e conducted as brief telephone conversations or as face-to-
ace meetings at either party’s place of business. In addition,
ime should be devoted annually for an information seminar
t your facility or off site in which you present your business
lan to all key suppliers. This will be discussed later in this
hapter when we discuss supplier involvement.

rust

epending on the nature of your business, another major
bjective is maintaining and controlling confidential and/or
roprietary information. Your business is your business; to
urvive in today’s global economy, only those who have a
ommon interest in your organization’s goals and objectives
hould know the details of your journey to satisfy these ob-
ectives. Some common sensitive areas are pricing, bid/
uote information, process information, design specifica-
ions, company plans and goals, profit information, wage
nd salary scales, customer lists, supply sources, and sup-
lier information.

ourcing Considerations

here are three main considerations when selecting suppli-
rs. One is the effectiveness of their quality systems, another
s their process capability or capacity, and the last is their
rice. In a nutshell it comes down to quality, delivery, and
alue.

The key to assessing the expected quality performance
f a future supplier is the Supplier Quality System Survey as
art of the overall “partners in quality” �PIQ� concept. The
urvey should be designed to give an objective analysis of the
upplier’s quality systems, management goals, drawing and
hange control, procurement methods, production control,
xture and gauge control, process control, product control,
ocumentation and records, packaging and shipping meth-
ds, and employee awareness of these systems.

upplier Measures

he Partners In Quality Program should also provide for
ethods of measuring a supplier’s performance to estab-

ished criteria, including such things as on-time-
erformance, quality of supplied product, response to cor-
ective action requests, cost containment, and meeting other
alue-added benefits. Many of these criteria are easily re-
orted as CPIs and can be distributed to the supplier on a
onthly or quarterly basis. Examples of purchasing reports
ill now be discussed and displayed for information and

uggestions. The three examples given are very powerful

PIs when shared with your suppliers. All key suppliers
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ould receive monthly the report shown in Table 6-1, allow-
ng them to observe their current performance as compared
ith other suppliers who share your partnership agreement.
y coding the suppliers as A, R �as needed�, no confidential-

ty is compromised, as the supplier knows only that he is A or
and does not know what code applies to others.

Figure 6-1, the PIQ Rating Summary, allows the sup-
lier to see how the overall performance of the supplier base

s meeting established goals. By knowing his individual
core, the supplier has an understanding for how valuable
is individual contribution is to that effort. If the supplier’s
core is below the average, we can assume we are not getting
s much value added as we would from a supplier who is
bove average. This assists your purchasing department at
egotiation time.

Figure 6-2 is an overall picture of your ability to receive
rders from suppliers on time, which in turn provides confi-
ence to your own production scheduling department in
our ability to manage the purchasing function.

TABLE 6-1—Partner’s in quality supplier rating
summary.

Suppliera Survey scoreb Audit inspectionc Supplier statusd

91.10 100.00 Certified
90.00 100.00 Certified
90.00 97.00 Preferred
81.40 98.10 Preferred
79.60 99.80 Preferred
78.20 99.20 Preferred
77.70 99.40 Preferred
76.40 98.60 Preferred
72.90 100.00 Approved
72.50 98.50 Approved
72.10 98.30 Approved
71.40 100.00 Approved
67.10 100.00 Approved
55.40 91.60 Conditional
55.00 99.50 Conditional
48.60 99.20 Conditional
26.40 94.70 Conditional
26.10 100.00 Conditional

upplier code identifier.
core achieved on an on-site quality systems survey.
easure of incoming inspection results on a pieces received/

ccepted basis.
tatus of supplier based on composite of survey and audit scores.
sFig. 6-1—PIQ rating summary.
upplier Involvement

ne of the better ways to cement a partnership and to show
our suppliers you are serious is to sponsor a “supplier day”
t your facility. If you do not have adequate facilities, con-
uct the seminar off site at a local conference center. The ob-

ectives of the seminar are to review your company’s busi-
ess plan and goals, to discuss your continuous improve-
ent progress, to establish supplier goals and improvement

bjectives, and to encourage involvement and participation.
ne method for structuring a program such as this is de-

ailed in the following paragraphs.
If you do not have a list of your top 20 or so suppliers,

repare one using criteria that provide some measure to
dentify supplier worth such as dollar volume or critical
omponents. After you know your top suppliers, send them a
etter telling them about the seminar and invite them to at-
end by enclosing an RSVP form and a self-addressed enve-
ope. If you do not get a response from some of your key sup-
liers, you may wish to consider asking suppliers whom you
ant to develop as future top suppliers to assure full atten-
ance. After you receive responses and know which suppli-
rs are interested, send a follow-up letter with a simple sur-
ey for them to complete. The survey should be designed to
llow your suppliers to appraise your company as a business
artner. A sample survey is shown as Fig. 6-3.

The rating scale goes from 5 to 1, with 5 representing ex-
ellent and 1 meaning very poor performance. The results of
his survey should be analyzed carefully and shared with
our suppliers. Where improvement is indicated, it should
e pursued with a team approach including your suppliers
henever possible. Shortly before the seminar, provide the
ttendees with an agenda for the program. This gives the at-
endees time to develop the frame of mind you are hoping
hey would bring to the meeting. Included in the program
hould be a general business update by the top manager of
he facility. This manager should also introduce the staff

anagement and give a brief description of the continuous
mprovement programs underway. Each staff manager
hould give at least a 20-min talk on the continuous improve-
ent projects in their respective departments. This demon-

trates to the audience that continuous improvement can be
pplied to any discipline. It is not just a quality thing. This
hould consume most of the morning. In the afternoon, de-
ote attention to your purchasing department’s quality im-
rovement objectives for suppliers. This part of the program

Fig. 6-2—Supplier on-time performance.
hould be shared by the purchasing and quality managers.
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CHAPTER 6 � SUPPLIER PARTNERSHIPS 35 
eave an hour open for reviewing the supplier survey �Fig.
-3� and for open discussion.

I have participated in several of these types of supplier
nvolvement programs, and every one of them has been a
uccess. When they are properly administered, both parties
o away with a feeling of cooperation.

upplier Quality Systems Survey
he Supplier Quality Systems Survey is a management tool

Fig. 6-3—Sup
hat does many things for both the customer and the sup- c
lier. As the customer, you share with your supplier the qual-
ty philosophy your organization has chosen to apply to your
usiness. You also have a consistent measure by which you
an evaluate each supplier against their systems and each
upplier with their competition. The survey requires com-
unication between organizational counterparts in quality,

urchasing, and others in each organization and develops
nderstanding and relationships. The supplier gains be-

urvey form.
plier s
ause the survey provides a critical look at how well he is do-
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ng business and to what extent he is satisfying the customer.
ll in all, the survey can serve both the customer and the sup-
lier as they journey along the path of continuous improve-
ent.

It is recommended that the quality systems survey be de-
eloped to follow closely your own quality manual since this
urvey will transfer your quality philosophy to your supplier.
s an aid, I have prepared a model survey that follows the
uality manual I present in Chapter 8. The Supplier Quality
ystems Survey is in Appendix B.

When setting up the parameters of the supplier quality
urvey, special attention should be focused on assessing the
upplier’s management and their attitude toward teamwork
nd continuous improvement. Control systems to be as-
essed include document and change control, materials con-
rol, fixture and test equipment control, process control,
roduct control, auditing methods, and quality reporting.
et us look at each of these elements in detail beginning with
upplier management.

upplier Management
sense of the attitude carried by management in regard to

E/TQM principles has to be gained through the survey. We
iscussed these at length in Chapter 1. Is the management
ommitted to team-oriented management and activities? Is
here a customer focus that includes internal as well as exter-
al customers? Are there programs in place and planned for
he future that assures the continued upgrading of employ-
es through training? Does the management utilize the in-
erent job knowledge of their employees through empower-
ent and involvement of the workforce? And, is there a
easurement system in place to track progress, such as
PIs?

Document and Change Control
here must be a system in place to assure that current docu-
ents and procedures are available to all users at the suppli-

r’s facility. It should also be established that obsolete docu-
ents and procedures are not available for general use, and

re archived for retrieval by those with authorized need. Fi-
ally, the documents under control should be available at all

ocations where operations essential to the effective func-
ioning of the quality system are performed.

Materials Control
here should be a system in place to assure that material, ei-

her purchased or produced, that is in inventory is identified
s to inspection status and part identification. There should
e a procedure for controlling suppliers, nonconforming
aterial, corrective action, receiving inspection, packaging,

nd shipping. Work instructions for those who perform
hese functions should also be available.

Fixture and Test Equipment Control
eriodic calibration of test equipment and fixtures12 are es-
ential for control and verification of product quality. Con-
rolled master standards shall be maintained and traceable
o either national standards or manufacturers standards.
he key elements of a successful fixture and test equipment
rogram are:

Calibration and certification of analytical equipment
used to determine physical, chemical, or mechanical
properties.

2
 This applies only if fixtures are used as a final acceptance inspection device.
Repeatability and reproducibility studies for equipment
used to collect variable data.13

Equipment history and inventory data.
Records that include location, method of calibration,
date of next certification, and current status.
Marking system to identify equipment and its due date
for certification.
Procedures/work instructions for disposition of noncon-
forming equipment and fixtures.

Process Control
he supplier should have systems in place that provide a
lan for production and identification of product. Better sys-
ems assign production to processes proven to be capable of
chieving high levels of quality and output. This requires an
nalysis of the process through statistical methods dis-
ussed in Chapter 7. At a minimum, a suppliers system
hould provide for

Documented work instructions.
Compliance with the quality manual.
Monitoring and controlling process parameters and
product critical characteristics during production and
assembly.
Workmanship acceptance criteria via work standards or
samples where possible.
A safe, clean, and well-organized work environment.

Product Control
roduct inspection and quality should be controlled to the
ullest extent possible by the individual doing the job. I call
his point of control responsibility; and where it can be ap-
lied, it is the most effective method of assuring product
uality. The supplier’s elements of product control should in-
lude

Receiving inspection.
First article inspection.
Measurement system verification.
In-process inspection to statistical sampling plans that
specify zero defects.
Final product audits.

Auditing Methods
rocedures must be in place to assure that all quality sys-
ems are functioning as written. This is carried out through
uality system audits as discussed in Chapter 5. These audits
hould be scheduled according to the current status and im-
ortance of the activity. Results of the audits must be docu-
ented and deficiencies noted. All identified deficiencies

equire documented corrective action. Management respon-
ible for the activity under evaluation should initiate and as-
ure effective corrective action.

Quality Reporting
he supplier should have a cost-of-quality report in place

hat, at a minimum, tracks rework and scrap. The report
hould be distributed to appropriate management that can
ffect process and product improvements. When all eight
riteria described above are in place and effectively imple-
ented, one can be confident in the supplier’s ability to sat-

sfy your requirements and provide quality products.

3 ASTM F1469, Standard Guide for Conducting a Repeatability and Repro-

ducibility Study on Test Equipment for Nondestructive Testing.
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NE OF THE MORE EFFECTIVE TOOLS AVAILABLE
o organizations that apply Performance Excellence and To-
al Quality Management �PE/TQM� is found in the applica-
ions of statistical quality control �SQC�. The more common
pplications in use today include

Pareto analysis
Frequency distribution analysis
Multivari analysis
Measurement error analysis
Control charts
Cause and effect diagrams
Process capability analysis
Correlation analysis
Design of experiments
Acceptance sampling
Some of these applications can be used by nonstatisti-

ians, and others require in-depth knowledge of statistical
heory. The point is that everyone in the organization from
op management to the hands-on employee can use at least
ome or all of these techniques to improve their effective-
ess.

As discussed in earlier chapters, the commitment and
nderstanding of upper management must be present for
ny program to succeed; this is especially true with a statisti-
al quality control program. More often than not, when we
pply statistical tools such as process capability and process
ontrol, we find out more about the process than we may
ave expected. We may find that our fixtures are not capable
f positioning our part piece to assure precise contact with
he tool or die. This may require significant expense to rem-
dy. Unless there is commitment from upper management,
he decision more often than not is: Do the best you can,
e�ll sort out any defects if necessary.

It is not my intent to present a complete study on statisti-
al methods. Primarily, this is a book on PE/TQM; however,
t is important to provide a brief overview on the subject so
hose in upper management understand how SQC came to
e and how some of the applications are applied to propel
ractitioners along the path of continuous improvement.

uality Control

uality control has been with us for thousands of years, but
t was not until about 200 years ago, at the beginning of the
ndustrial Revolution, that we began to drift away from the
raftsman method of assuring quality. The craftsman’s
ethod of controlling quality was a very personal one. He
ade sure that whatever he produced was, to his way of
hinking, acceptable for commerce. It met his standards. c

opyright © 2009 by ASTM International                                      www.astm.or
When the industrial revolution began, other influences
rose that determined the quality of a product, the market,
r the end user. In the beginning of this period, factories
ere small and located in the “industrial” cities. It was diffi-

ult to move commerce across the landscape, so industries
erved local communities. This provided for small lot sizes
nd screening �100 % inspection� as a method to control
uality.

During the 1920’s and into the 1940’s the pace of manu-
acturing changed from small production lots to larger and
arger production runs. Included with this increase in pro-
uction were advances in engineering, which led to more
omplex design and assemblies. It was during this period
hat lot-by-lot inspection gained wide acceptance by man-
gement. During the 1940’s and 1950’s, lot-by-lot inspection
as the only way quality control personnel �i.e., inspectors�

ould keep up with production because screening slowed the
rocess too much.

However, it was not long before everyone realized that
ot-by-lot inspection, although fast, had serious shortcom-
ngs, not the least of which was the possibility of accepting a
ot containing nonconforming parts simply because the
ample taken was free of these parts. Thus, the customer or
nd user would receive a percentage of parts that were use-
ess, or worse yet, dangerous.

During the 1960’s and 1970’s, the shortcomings of both
creening �time consuming and ineffective� and lot-by-lot in-
pection �not fully acceptable to the customer� encouraged
anagement to develop what came to be known as in-

rocess inspection. In-process inspection was usually ac-
omplished by an inspector who patrolled the manufactur-
ng floor checking on equipment, materials, methods,
eople, and output. In-process inspection was also some-
imes carried out by the machine operator responsible for a
articular phase of the manufacturing process. For example,
machine operator may measure a few pieces every hour

uring the production run to make sure the parts are within
ngineering specifications, or a plater may check the coating
hickness on a fastener on one or two pieces every tenth bar-
el or rack to assure conformance.

In-process inspection coupled with lot-by-lot inspection
as much more acceptable from the consumers’ point of

iew because they were assured of a better chance of receiv-
ng a product to their requirements. But it still had its short

omings:
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There was no way of knowing what went on between vis-
its by the inspector.
Lot-by-lot inspection still permitted nonconforming
parts to be shipped, even with zero as the acceptance
number for rejects.
When nonconforming parts were discovered, it caused
production delays that were unplanned.
The costs of scrap and rework for the manufacturer were
very high.
The system bred mistrust between inspector and ma-
chine operator.
The ineffectiveness of screening, lot-by-lot inspection,

nd in-process inspection along with a business climate that
emanded both increased profits and consumerism led
anagement to an increased interest in modern SQC meth-

ds.

tatistical Applications

he need to better understand our manufacturing processes
ed to application of statistics and statistical process control
SPC�. Management saw the use of SPC as a means of provid-
ng a better product for their customers while at the same
ime reducing the overall cost of quality. When implement-
ng an effective SPC program, organizations needed to work
nder many of the philosophies found in W. Edwards Dem-

ng’s 14 Points of Management �see Chapter 3�. These 14
oints, although meant for management, have wide applica-
ion for all employees once upper management is applying
E/TQM principles throughout the organization.

escriptive Statistics

ariation is present in all “like” things in the universe. There
ave never been any two things that are exactly alike. No two
eople are exactly alike, no two grains of sand, no two metal
tampings, and so on. As long as we have the means, we can
xamine and analyze until we find a difference. This is an im-
ortant concept to understand because variation is the cor-
erstone of our foundation for SPC.

In any industry, variation is caused by common and spe-
ial causes that are present in any process stream. Figure 7-1
epresents a typical process stream made up of raw materi-
ls, people, methods, equipment, and the environment sur-
ounding the process. All or any one of the elements of a pro-
ess stream may contain variation that could affect the

Fig. 7-1—Typical process stream.
utput. By accepting variation as a fact of any process, we
an deal with it in a scientific manner as statisticians.
The variation one can encounter in this process stream

ay be common or special:
Common cause variation—a source of chance variation
that is always present; part of the natural variation inher-
ent in the process itself.
Special cause variation—a source of variation that is in-
termittent, unpredictable, and unstable. It is signaled by
an out-of-control condition on a control chart.
Control chart—a graphic representation of the output of
a process showing plotted values of some statistic gath-
ered from that output, a central line, and one or more
control limits. It is used to detect special causes of
variation.
In the process stream, materials are expected to have

ertain properties, and the elements that contribute and de-
ne those properties are a source of variation. When the pro-
ess making the material contains only common causes of
ariation, the process is said to be in control. If one of the
roperties should exhibit a new trait or characteristic, it may
e a source of special variation. This must be evaluated care-
ully so as not to identify this variance as special when it may
e common—we just did not see this side of the material be-
ore. Many sources of special variation can be influenced by
he person running the process and to some extent can be
vercome. The sources of common variation are not control-
able by the process operator. They are present and will influ-
nce the process no matter what the person running it at-
empts to do to overcome that influence. Only a change in the
rocess stream will change the variation inherent in the pro-
ess.

We could look at each of the other elements of the
rocess stream—people, environment, methods, and
quipment—and see the same dilemma. They all contain
ariation—some we can control and some we cannot. A heat-
reating process contains several elements that contribute to
he successful end of meeting all the mechanical properties
pecified in the engineering specification.

Let us look at an example of the hardness of an ASTM
49014 bolt heat treated to a specified core hardness of HRC

Hardness Rockwell C-Scale� 33/39. Data were collected on
50-piece sample and the following values were observed as

hown in Fig. 7-2. A statistician could describe these data in
he form of a histogram as shown in Fig. 7-3.

When one looks at the two methods of describing the
ardness data, it becomes obvious that the histogram pro-
ides a much clearer view than the table of values for the
ame data. When we look at the table, it is not readily appar-
nt what the range of values is, what the most common value
s, what data are in specification, or how the data are distrib-
ted. By having the same data in histogram format, we see at
glance that the range of values is from HRC 34 to 39; we see
RC 36 as the most common value; we see the values of all

all within the HRC 33-39 specification; and we know that
he values are evenly distributed about the midpoint of the
pecified range.

It would be useful to further evaluate the data in Fig. 7-2
nd learn a little more about the central tendency. There are
hree measures of central tendency that find application in

4 ASTM A490-08b Standard Specification for Structural Bolts, Alloy Steel,

Heat Treated 150 ksi Minimum Tensile Strength.
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CHAPTER 7 � STATISTICAL QUALITY CONTROL 39 
tatistical analysis; they are the mean, the median, and the
ode. The mean is the numerical average calculated by add-

ng all numbers in the set of data and dividing the sum by the
umber of Individual values in the data set. The median is
he middle value in a set of data arranged from the smallest
o the largest. The mode is the most frequently occurring
alue in a data set.

A small set of data �Fig. 7-4� will serve to illustrate these
efinitions. In this set of data, the mean is �33+36+35+37
37�÷5 or 35.6. The median value is 36, and the mode is 37.
o the industrial user of statistics, the mean, usually referred
o as the average, is the most used statistic from a set of data.
he average along with measures of dispersion is used to fur-

her define how the process is performing. There are two
erms that relate to dispersion; they are range and standard
eviation. The range is defined simply as the difference be-
ween the highest and lowest values in a set of data. The
ange of the data in Fig. 7-2 is 5, the difference between the
igh value of 39 and the low value of 34.

There are many ways to define standard deviation, but
he one generally used in classic examples for SPC is: stan-
ard deviation—a measure of the dispersion of a series of
ata around their average �mean�, expressed as the square
oot of the quantity obtained by summing the squares of the
eviations from the average of the results and dividing by the
umber of data points minus one. This looks more compli-

Fig. 7-2—Hardness data.
aFig. 7-3—Histogram of 70 hardness tests.
ated than it is. Today, the calculation of the standard devia-
ion �a� is accomplished with only an understanding of the
asic mathematical skills of addition, subtraction, multipli-
ation, and division. And if we are lucky, it can all be handled
y a simple computer macro command once the raw data
re entered. For the sake of completing the example, the
tandard deviation for the data in Fig. 7-2 is: a=1.178723, or
ounded off to two significant figures, 1.18, the mean is
6.28, the median is 36, and the mode is 36.

This technique is useful when studying raw data col-
ected from a larger population of data and has application
o both office and laboratory analysis. Better techniques are
vailable to industrial applications that not only provide the
escriptive statistics presented above, but that also give the
nalyst an idea of what the process is doing and capable of
oing. This is called statistical process control or SPC.

PC

PC is a method of studying a process through the use of
ontrol charts. A control chart is a tool for the operator of a
rocess, the manufacturing engineer when evaluating the
rocess, or anyone else who has an interest in the process.
ontrol charts are based upon data. The data must be col-

ected in such a manner as to remove as much bias as pos-
ible. This requires the evaluation of devices used to measure
he characteristics that become data. There are two defini-
ions of data:

Variable data—Characteristics that can be measured and
expressed in values from a continuous scale. This type of
data must be collected through a gauge or test device.
Attribute data—Characteristics that can be defined as ei-
ther pass/fail, yes/no, conforming/nonconforming, etc. A
gauge or test device may be used as well as written or vi-
sual acceptance criteria.
For example, the hardness values in Fig. 7-2 are variable

ata because the values are from a continuous scale �i.e., 20
o 70 on a C-scale of a hardness tester�. If we were determin-
ng what data in Fig. 7-4 are less than 36 because any value
ess than 36 was defective, we would be working with at-
ribute data in the form of conforming/nonconforming. In
his case, there are two values nonconforming and three val-
es conforming. Typical gauges used in the collection of vari-
ble data would include micrometers, calipers, dial indica-
ors, coordinate measuring machines �CMMs�, electronic
esters, hardness testers, etc. Gauges for attribute data in-
lude go/no-go fixtures, color charts, thread ring gauges, etc.
egardless of the type gauge used in evaluating the object
nder investigation, the gauge must have repeatability and
eproducibility. There are several tests one may apply to de-
ermine an instrument’s repeatability and reproducibility
R&R�; the one discussed in Appendix A is ASTM F1469,
tandard Guide for Conducting a Repeatability and Repro-
ucibility Study on Test Equipment for Nondestructive Test-
ng. This standard describes fully how to conduct the test

Fig. 7-4—Test data.
nd how to interpret the results. It also contains an example



f
a
a
t
o
s
t
•
•
•

•

•

V

T
o
o
a
h
l
n
m

c
c
l
t
b
d

t
p
e
s

A

T
t
k
I
p
fi
T
c
a
v
b

e
o
a
t
a

R
o
t
t

V
W
c
t
•
•
•
•

A
W
t
m
•
•
•

•

t
n
f
v
l
t
l
t
s
C

•

•

•

•

1

1

40 BUSINESS PERFORMANCE EXCELLENCE - 2ND EDITION � 
or the user to follow. Briefly, when we evaluate for repeat-
bility we are analyzing the instrument’s precision, bias, and
ccuracy. In evaluating reproducibility, we are determining
he instrument’s ability to produce the same measurement
n the same piece between two or more operators. There are
everal reasons one should conduct a gauge R&R. Among
hem are:

To provide a criterion to accept new measuring devices.
To compare one measuring device against another.
To compare measuring devices before and after calibra-
tion or repair.
To provide a basis for evaluating a measuring device sus-
pected of being deficient.
To provide a reliable measuring device for collecting
data for SPC.

ariable Gauge Analysis

he variable gauge analysis is conducted with two or three
perators and test parts of different values. Each of the two
r three operators measures each test part in such a manner
s to prevent operator bias in evaluation. It is advisable to
ave a third or fourth party participate in the study by col-

ecting data from the operator’s measurements. This way
either operator will know what the other got for a measure-
ent until all data are collected.

All data are listed on a work sheet, and the necessary cal-
ulations are performed to complete the analysis. In most
ases, a gauge error of 10 % of the specification tolerance, or
ess, is considered an acceptable variance for statistical con-
rol. If the error is greater than 10 %, the device must either
e improved or replaced with one that is acceptable. More
etail is provided in ASTM F1469.

There is also a study for attribute data one can apply to
est devices that provide a go or no-go evaluation of the test
art. The study is not as scientific as the one for variable type
quipment, but it provides for some assurance of the mea-
uring system.

ttribute Gauge Analysis

he attribute gauge analysis is conducted with two opera-
ors that each evaluate 20 test parts against two standards of
nown value, one conforming and the other nonconforming.
n conducting this evaluation, it is desirable that some of the
arts being tested be either slightly above or below the speci-
cation limits so as to truly test the measurement system.
he test is run twice by each operator, and the results are re-
orded on the analysis work sheet. A sample attribute gauge
nalysis work sheet is provided in Appendix C. As with the
ariable gauge analysis, it is recommended that a third party
e involved so as to lessen operator bias.

The measurement system is considered acceptable if all
valuation decisions are in agreement with each other. If any
f the evaluations disagree, the system must be improved
nd then reevaluated for effectiveness. If the measuring sys-
em cannot be improved, it is considered unacceptable and
n alternate measuring system must be developed.

Understanding variability, data, the process, and gauge
&R are requisites to evaluating the process through the use
f control charts. There are several control charts available
o study processes, but we will focus on variable and at-

ribute control charts.
ariable Control Charts
e can apply variable control charts whenever we are able to

ollect variable type data. The more common variable con-
rol charts are:

X & R chart—Control chart for averages and range
X & s chart—Control chart for averages and sigma �?�
Median chart—Control chart for median and range
Chart for individuals—Control chart for a moving range

ttribute Control Charts
e apply attribute charts whenever we are collecting data

hat have only two options, right or wrong, yes or no, etc. The
ore common attribute control charts are:

p-chart—Control chart for fraction defective
np-chart—Control chart for number defective
c-chart—Control chart for defects per unit �constant
subgroup�
u-chart—Control chart for defects per unit �variable
subgroup�
All of the above control charts have unique characteris-

ics that render them useful under given conditions. I will
ot attempt in this study to provide a step-by-step method
or constructing the eight charts listed above, but I will pro-
ide some basic guidelines that should be followed regard-
ess of the type chart selected to monitor a process. There are
wo books I recommend for the reader who is interested in
earning more about the control charts and their construc-
ion. The first is Understanding Statistical Control.15 and the
econd is Recommended Practices for Statistical Process
ontrol.16

Guidelines for Control Charting
Management training—Management must understand
the value of SPC and the basics of application. They
must drive fear from the corporate culture so that accu-
rate reporting can occur. Employees must be permitted
to concentrate on quality, not numbers. Management
must understand that SPC will identify opportunities for
improvement that may require capital investment in the
process.
Employee training—Employees need to be trained in ba-
sic SPC. They need to know how to determine when a
subgroup is out of control. They need to be able to recog-
nize trends and runs for sequential subgroups. They
need to realize that all opportunities identified for im-
provement may not be addressed in the short term due
to the need for capital expenditures. They need to under-
stand what they can control and what must be changed
by management in a process.
Understand the process—Flow chart the process to un-
derstand how and where characteristics part are af-
fected in the process stream. Determine all contributing
elements from the process stream: material, methods,
people, equipment, and environment. Ask what each
contributes to the characteristics being evaluated during
the charting process.
Choose the characteristics for charting—Base your deci-

5 Wheeler, D. J. and Chambers, D. S., Understanding Statistical Control, Sta-
tistical Process Controls, Inc., Knoxville, TN, 1986.

6 Compilation from contributing authors, “Recommended Practices for Sta-
tistical Process Control,” Industrial Fastener Institute, Cleveland, OH,

1991.
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CHAPTER 7 � STATISTICAL QUALITY CONTROL 41 
sions on need for improvement. Do not attempt to chart
every characteristic a process produces. Paretoize to de-
termine which ones have the most effect on changing the
output. Use the SPQP process to characterize character-
istics as to their importance in satisfying the customer
and chart high achievers from that list.
Choose your method of measurement—Determine the
test and measuring equipment by choosing ones that
measure to at least 10 % of the characteristic’s stated tol-
erance and one that has a gauge R&R �10 %.
Remove sources of variation—When the process is stud-
ied, find ways to remove as many sources of variation as
possible. The end result should leave only common
causes of variation in the process stream to the greatest
extent possible. As the process is charted, management
should evaluate the results to find ways to reduce the
common causes from the system by changing the pro-
cess.
Process capability analysis—Prior to allowing the opera-
tor to chart the process, one should first evaluate the pro-
cess for process capability. The first thing a process capa-
bility study will tell us is if the process is in a state of
statistical control. There is no point in going further with
charting until this state has been achieved. This gives
management a starting point in determining how well
the process will answer the call to produce product
within engineering specifications. A method to conduct
process capability analysis is provided in ASTM F1503,
Standard Practice for Machine/Process Capability Study
Procedure.17 For your convenience, a brief description
of this standard is provided in Appendix A.

ause and Effect Diagrams

very simple yet powerful tool is the cause and effect dia-
ram, or fishbone analysis. This tool utilizes the process
tream model with a few modifications. A typical cause and
ffect diagram starts off as shown in Fig. 7-5.

You can see why it is sometimes referred to as a fishbone
iagram. This tool has its greatest potential when a team is
ssembled to brainstorm a process. It would be good at this
oint to provide an example of how this tool is used. We will
ssume we have a team pulled together to evaluate the heat-
reating process for ASTM A325 bolts. The hardness require-

ent is HRC 25-34, and we are having difficulty meeting this

7

Fig. 7-5—Cause and effect diagram with inputs.
aASTM Committee F16 on Fasteners.
pecification on a consistent basis. Some thoughts the team
ight come up with are shown in Fig. 7-6.

The next step would be to find ways to improve the sys-
em or to remove variables that contribute to the undesirable
utput, low hardness. Our team found many areas in the
resent system that needed mprovement. Not all would con-
ribute to resolving the low hardness problem, but even
hose contribute to quality of work life, so it was decided to
ecommend all improvements to management for action.
he team’s recommendation is represented as Fig. 7-7.

areto Analysis

t is sometimes useful to group data in descending order to
etermine what inputs have the most impact on the data or
ituation. The tool used to accomplish this is called Pareto
nalysis, named after the Italian economist, Pareto. His
heory was that to gain the most from our resources we
hould concentrate on the vital few, and not worry about the
seful many. There are many applications for this theory
hen opportunities for improvement are so numerous that

ull-scale analysis cannot be done on them all. We can focus
n the vital few that account for 80 % or more of the total
pportunities.

A case study of an application of the Pareto principle
ould serve as a good example. At Kennametal, Inc. in So-

on, Ohio, we knew we had an opportunity to improve our
n-time performance to customer ship dates if we could re-
uce the lead time in our process engineering department.

We established a team from the process engineering de-
artment to flow chart the process. After the process was
ully identified, we asked the team to find ways to reduce
oad blocks to doing their job in an efficient manner. Several
tems were identified as contributing to their failure to pro-
ess an order. These were missing blueprints, unclear blue-
rints, service, off-loading, priorities, tooling/fixture avail-
bility, and system problems. An explanation is required
ere to make you aware of what each category represented.
e process an order through Process Engineering by work-

ng on a job packet from Customer Service. The job packet
ontains: part blueprints, promised delivery date, special
ustomer requirements, and the number of pieces required.
t is the job of Process Engineering to develop a process rout-
ng to manufacture the order.

Off-loading means the job could not be run on the equip-
ent originally scheduled for processing. Service is when a

rocess engineer is called to clarify process instructions for

Fig. 7-6—Cause and effect diagram with influences on inputs.
n operator on a machine or when the engineer needs to call
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ustomer Service or Design Engineering for clarification.
riorities are jobs that interrupt the job they are currently
orking on. System problems represented those times when

he CAD/CAM program was down. The other categories are
elf-explanatory.

This list became our CPIs, and systems were put in place
o track the number of occurrences for each of these indica-
ors. We tracked results for 6 weeks and paretoized the data
o identify opportunities for improvement. The accumulated
ata are shown in Table 7-1.

To make the data more meaningful and to present it in a
ashion that would instantly define opportunities for im-
rovement, we put the data in the form of a Pareto chart �Fig.
-8�.

From the analysis, service had the greatest number of
ccurrences, blueprint clarification had the second most,
nd missing blue prints were next in number of occurrences.
hese three categories represented 79 % of all reasons for de-

ay. The next step was to develop an action plan to reduce the
ccurrences of these three factors. The strategies employed
ncluded cross training between design and process engi-
eers and creating product-specific teams of design and pro-
ess engineers, customer service representatives, and ma-
hine operators.

Several opportunities were identified as the result of this
xercise. Through better tolerancing of our product �based
n capability� we reduced tooling costs, programming costs,
nd manufacturing costs. By utilizing geometric dimension-
ng and tolerancing �GD&T�, we improved our processing
apabilities. Through a better understanding of our CAD
eometric features and through silo tumbling we were able
o utilize features of our standard parts on our custom-
ngineered parts.

TABLE 7-1—
1st week 2nd week

Missing B/P 35 37
B/P clarification 60 58
Service 65 78
Off-load 15 12
Priority 5 8
Tooling/fixtures 30 25
System down 3 5

ig. 7-7—Cause and effect diagram with improvement
ecommendations.
The results of this project included reduced service and
lueprint clarification occurrences, better communications
etween departments, better quality programming, and bet-
er efficiencies.

After 6 months, another Pareto analysis was performed
nd other opportunities were identified. The problems iden-
ified in the first analysis were all but eliminated as causes of
elay �see Fig. 7-9�.

The team now had a new set of challenges for continu-
us improvement, and they set about finding ways to reduce
elays due to off-loading and the unavailability of tooling
nd fixtures and dealing more effectively with priorities.

The other statistical tools listed in the beginning of this
hapter require a broader knowledge of statistics than cov-
red in this book. Information on multivari analysis, correla-
ion analysis, and design of experiments should be pursued
n text books dedicated to those subjects. The effort would be
ell worthwhile as these tools are very effective in defining

he root causes of variance, which, in turn, should lead to
etter efficiencies.

ean/Six-sigma

oday, most quality and business executives believe that
ombining Lean Manufacturing practices with the method-
logies of Six-sigma is the way to go in process management.

Lean manufacturing or lean production, which is often
nown simply as “Lean,” is the practice of a theory of pro-
uction that considers the expenditure of resources for any
eans other than the creation of value for the presumed cus-

omer to be wasteful, and thus a target for elimination.18

Six-sigma seeks to identify and remove the causes of de-
ects and errors in manufacturing and business processes. It
ses a set of quality management methods, including statis-
ical methods, and creates a special infrastructure of people
ithin the organization �“Black Belts,” etc.� who are experts

n these methods. Each Six-sigma project carried out within
n organization follows a defined sequence of steps and has
uantified financial targets �cost reduction or profit
ncrease�.18

ean
n simple terms we use Lean practices to identify opportuni-
ies for improvement through elimination of waste �move-

ent, processes, tooling, time, inventory, etc.�, and act to re-
ove those extraneous entities from the process stream.
ommon tools used in the elimination of waste are value
tream mapping, Five S, Kanban �pull systems�, and poka-
oke �error-proofing�.

8 From Wikipedia.com

to analysis.
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Value Stream Mapping
alue stream mapping is an expansion of Flow Chart Analy-
is discussed in Chapter 2. The expansion is that we flow
hart the current steps, delays, and information flows cur-
ently required to bring a product or service to our customer.
e begin with the original inquiry from the customer and

nd with shipment of our product/service to that customer.
ach step in the value stream is thoroughly examined for op-
ortunities to reduce time, cost, and effort. In most cases
ommon sense will point the way for reduction in waste; in
thers, the deployment of Six-sigma will be needed to effect
mprovement.

The Five S �5s�
he 5s discipline requires clearing out things which are not
eeded in order to make it easier and faster to obtain the
ools and parts that are needed to perform given tasks. It

atters not whether the task is in manufacturing or in a ser-
ice capacity. The idea is to have and keep the work place or-
anized. The 5s’s are:

Sort—going through all tools and materials in the work
space, and keeping only what is necessary to complete
the given task, and removing and discarding all others.
Straighten �or set in order�—to arrange the tools, equip-
ment and parts in a manner that promotes work flow in
order to maximize efficiency in the work place.
Sweeping—the idea is to keep the work space clean in a
systematic manner by assuring that the tools and mate-
rials necessary for work are always in place where they
should be. A check for this is done at the end and begin-
ning of each work shift.
Standardization—the development of work procedures
and methods as described in Chapter 4, Quality Systems.

Fig. 7-8—Pareto Chart 1.
Fig. 7-9—Pareto Chart 2.
This assures that work is performed in a consistent and
standardized fashion, and that job responsibilities are
defined for all that perform a given task at a given work
station.
Sustaining—develop a culture that assures continuation
of the previous 4S’s through periodic review of work in-
structions and procedures that define the task at hand.
This is best accomplished through internal audits de-
scribed in Chapter 5, Quality Reporting.

Kanban
anban �pronounced KamBan� is a system where processes
re designed to permit just the right amount of material to be
vailable as is necessary to complete the task at the time the
ask is performed. In the US, the term most closely associ-
ted with Kanban is Just in Time �JIT� production. This is a
imple concept, but a very difficult one to deploy. It requires
close partnership with the supply chain �see Chapter 6,

upplier Partnerships� and internal operations. In the case
f supply parts not manufactured in-house, we optimally
ill see three “bins” of parts: one bin on the factory floor, one
in in the factory’s inventory, and one bin at the supplier. The
dea is that as the factory bin is depleted, the bin from inven-
ory is issued to the factory floor, and as soon as this happens,
he supplier is requested to ship his bin to his customer �the
actory�. The shipping of the supplier’s bin is his signal to
roduce another bin of parts to be available for the factory
the customer�. The trigger for action on all three bins is the
pplication of cards �or markers� that accompany the bins of
arts. When a bin is empty, this card �which has all the speci-
cations and quantities necessary to resupply the bin�, is
ulled and serves as the order for replenishment. The use of
he term Kanban comes from the Japanese translation:
an—meaning “visual,” and Ban—meaning “card” or “bill-
oard.”

Poka-yoke
oka-yoke—the idea behind poka-yoke is to establish meth-
ds of mistake proofing. A few examples should illustrate the
rinciple. I picked two examples �Highway Rumble Strips
nd Automobile Fuel inlet/cap� off the web19 that are com-
on to most of us, and therefore we can truly appreciate the

ffectiveness of such poka-yoke applications. A viable
ethod to identify situations in your business product/

ervice is to perform a product FMEA described in Chapter
, Strategic Planning. While working through the FMEA,
ne might encounter a situation under the “Current Control
ethod�s�” that poses a safety hazard. An example in the fas-

ener industry may be the thread direction for a power miter
aw arbor bolt. In this case, one would discover through a
MEA that a right-handed bolt may have a tendency to

oosen while the saw blade is turning at high RPMs because
he saw blade rotates in the same direction as the arbor bolt.
witching to a left-handed thread now puts the rotation of
he saw blade and the arbor bolt in opposite directions
hereby maintaining the tightness of the joint.

Rumble Strip Application of poka-yoke:

9
 From Wikipedia.com
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Description:
Driving by Braille is not recommended; however, these

arved depressions in the road are an effective warning that
he vehicle’s wheels are headed for danger. The little bumps
rovide the driver with tactile and audible warning that the
ar is not in its lane.

Automobile fuel inlet and cap application of poka-yoke:

. Filling pipe insert keeps larger, leaded-fuel nozzle from
being inserted.
. Gas cap tether does not allow the motorist to drive off
without the cap.

. Gas cap is fitted with ratchet to signal proper tightness
and prevent over-tightening.

ix-sigma
ix-sigma was derived out of the statistical application “pro-
ess capability,” and its goal is to provide no more that 3.4
efects per 1,000,000 opportunities. Or put another way,
9.9997 % good product/service. As one can imagine, this is
ot an easy goal to accomplish. It takes a great deal of effort
n the part of management and practitioners to implement

f
l
9
a
T
n

c
t
d

2

nd provide desirable results from this quality tool. There
re two methodologies used in Six-sigma applications:
MAIC and DMADV. The basics of each are to be found in

he PIE continuous improvement process described in
hapter 3, Continuous Improvement. Specifically, in Six-
igma, the acronyms are described below.

DMAIC
Define process improvement goals that are consistent
with customer demands and the organizations’ strategic
goals.
Measure key aspects of the current process that effect
quality of output, and collect relevant data.
Analyze the data to verify cause-and-effect relationships.
Determine what the relationships are and attempt to en-
sure that all factors have been considered.
Improve or optimize the process based upon data analy-
sis using techniques such as Design of Experiments.
Control to ensure that any deviations from target are cor-
rected before they result in defects. Set up pilot runs to
establish process capability, move on to production, set
up control mechanisms, and continuously monitor the
process via controls established in the Service/Product
Quality Plan described in Chapter 2.

DMADV
Define design goals that are consistent with customer de-
mands and the organizational strategic goals.
Measure and identify CTQs �characteristics that are
Critical To Quality�, product capabilities, production
process capability, and risks.
Analyze to develop and design alternatives, perform a
DFEMA to create a high-level design.
Design details, optimize the design, and plan for design
verification. This phase may require computer designed
simulations.
Verify the design, set up pilot runs, implement the pro-
duction process and hand it over to the process owners.
Implementation roles are similar in Lean and Six-

igma: in both cases management is key to developing the
ind set and culture for improvement. Management must

hoose the best available individuals within the organization
o lead the various employee teams to implement each strat-
gy. Team leaders must be well trained and be able to moti-
ate those who serve on the team.
There has been some criticism of Six-sigma, as in the
ollowing excerpt from Fortune magazine: “In fact, of 58
arge companies that have announced Six-sigma programs,
1 percent have trailed the S&P 500 since, according to an
nalysis by Charles Holland of consulting firm Qualpro.”20

he main point of Holland’s criticism was that Six-sigma is
arrowly designed to improve upon existing processes.

With this in mind, I would suggest that organizations
onsider the use of Lean practices for existing processes, and
he use of Six-sigma methodology DMADV for new product
evelopment.

0 Betsy Morris, Fortune July 11, 2006.
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HE DEVELOPMENT OF THE QUALITY MANUAL IS A
ask that requires close coordination between all members
f the management team. The quality manual describes how
he quality systems are applied to each operating unit in the
rganization. As King Ramses21 said, “So it is written, so it
hall be.” This is how auditors will interpret the contents of
our quality manual. It is how your top management should
onvey the written document to the entire organization.

The quality manual should be formatted after guide-
ines that satisfy organizational goals, customer require-

ents, and international standards on quality. This is a huge
ask and not the sole responsibility of the quality depart-

ent. It becomes necessary for all department and operating
nit managers to supply input to the quality department as
hey formulate the document.

The guidelines provided in this chapter satisfy only na-
ional and international quality requirements. It is not pos-
ible to include organizational goals or customer require-
ents in these guidelines as they are dependent upon

articular and unique demands. However, those require-
ents must be integrated where necessary.

The guidelines are fashioned after ASTM F268822 and
SO 9001.23 ISO 9001:2008 is the most widely used interna-
ional standard that specifies requirements for a quality

anagement system, and requires third party certification
registration� in order for an organization to claim compli-
nce to that standard. ASTM F2688-08 is a new international
tandard that was developed specifically for the Fastener in-
ustry. This standard does not require third party certifica-
ion �registration�. The ISO standard may apply to manufac-
uring or service applications, while the ASTM standard is

anufacturing specific.
Each of these standards provides an excellent model for

process-based, customer-centered systems approach to
usiness excellence.

The quality manual is considered a first tier document
ithin the quality management system, and is supple-
ented with written procedures and work instructions, de-

ailed in Chapter 4, Quality Systems. The first decision is to
ecide how your manual will be organized. There are no re-
uirements specified by ISO as to how the quality manual
hould be formatted, but most organizations prefer to follow
he organization structure in the standard. This makes it
asier for auditors to verify an organization’s conformance
o the standard.

ISO 9001:2008 has eight main groupings and three An-
exes in the table of contents. The first three listings in the

1 One of the eleven kings of Egypt, B.C.
2 Available from ASTM International, 100 Barr Harbor Drive, PO Box C700, W
3
 Available from the American National Standards Institute, 11 W. 42nd St., 13th Floo

opyright © 2009 by ASTM International                                      www.astm.or
able of contents are not required to be discussed within a
uality manual. The next five requirements require detailed
iscussion in your quality manual. These are:

Quality management system �see Fig. 8-1�
Management responsibility
Resource management
Product realization
Measurement, analysis, and improvement
Each of these topics contains requirements necessary to

atisfy the standard, and you are required to address each of
hese requirements germane to your business practices. The
elationships of these requirements are shown in Fig. 8-1.

In observing the relationships in Fig. 8-1, the intercon-
ections are illustrated by the intersecting circles and the di-
ectional arrows. The quality management system is repre-
ented by the five intersecting circles. The flow of direction is
ounterclockwise and starts with management. The loop
nds with data supplied to management and begins again
ith management’s reaction to the supplied data. The cus-

omer involvement with the organization is illustrated by
wo-way communication between the customer and organi-
ational management, and one-way communication provid-
ng customer requirements to the product realization func-
ions. Customer satisfaction is a result of the organization’s
ction/reaction to customer feedback and internal feedback
n the quality management system’s effectiveness.

uality Manual

uggested Table of Contents
1.0 Quality Management System
2.0 Management Responsibility
3.0 Resource Management
4.0 Product Realization
5.0 Measurement, Analysis, and Improvement

.0 Quality Management System
1.1 The quality manual should identify how the interac-

ion shown in Fig. 8-1 is implemented, managed, improved
pon, and documented, including:

The establishment of documentation such as the quality
policy, quality manual, operating procedures, work in-
structions, and records.
How this documentation is related to processes that af-
fect quality, how they are sequenced, and their interac-
tion to one another.
How this documentation is monitored, measured, and
analyzed; and how actions are determined to achieve
continual improvement of these processes.

shohocken, PA 19428-2959.

r, New York, NY 10036.
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How control is established and maintained for the docu-
ments contained within the QMS, and
How records of conformance to these requirements are
identified, stored, protected. Establish retention time
and disposition of obsolete documentation.

.0 Management Responsibility
2.1 In this section top management must provide evi-

ence of its commitment to the development and implemen-
ation of the quality management system �QMS�.

Document how customer requirements are determined,
are met, and how customer satisfaction is achieved.
Document how the Quality Policy is germane to the or-
ganization’s vision, how it addresses a commitment to
continual improvement, how it provides for the estab-
lishment and review of quality objectives, how it is com-
municated within the organization, and the mechanism
for its sustainability.
Document how quality objectives and the QMS are
planned to meet customer and organizational require-
ments.
Document how responsibilities and authorities are de-
fined and communicated within the organization to
manage the QMS, including the role of the Management
Representative.
Document how management review of the QMS ad-
dresses data gathered through the measurement, analy-
sis and improvement processes, and what actions are
initiated as a result of that data to improve the effective-
ness of the QMS.
Records of these processes shall be maintained.

.0 Resource Management
3.1 In this section, management must define how hu-

an resources, training, infrastructure, and the work envi-
onment are managed to meet the QMS requirements, in-

ig. 8-1—Model of a process-based, customer-centered quality
anagement system.
luding:
Document how human resources are assigned to the
QMS, how they are trained, evaluated for competency,
how their effectiveness is determined.
Document how the organization’s infrastructure is de-
termined and maintained to achieve conformance to
product requirements. Infrastructure includes build-
ings, workspace, utilities, information services, process-
ing equipment, and supporting services such as commu-
nications or transport.
Document how the work environment is managed, in-
cluding physical and environmental conditions, as well
as things like noise, temperature, humidity, lighting, and
weather to achieve conformity to product requirements.
Maintain records of education, training, skills, and
experience.

.0 Product Realization
Throughout the Product Realization process the organi-

ation must assure that all customer requirements are un-
erstood and communicated, designed into the product,
ow product output processes are defined �including pur-
hased items/services�, and how monitoring and measuring
quipment is controlled. Points to consider are as follows.

4.1 Planning and Customer Requirements
Document product quality objectives and requirements.
Document the processes, documentation, and resources
specific to the product.
Document how product validation, verification, process
control, inspection, and testing are provided.
Document how customer requirements, including spe-
cific delivery and post delivery requirements are identi-
fied.
Document how the organization reviews the product re-
quirements prior to submission of tenders, acceptance
of contracts or orders, and acceptance of changes to con-
tracts or orders.
Document how arrangements for communicating with
customers on such things as product information, order
inquiries, and feedback �including complaints� are
implemented.
Maintain records that provide evidence that the realiza-
tion processes and resulting product meet requirements.
4.2 Design and Development
Document how review, verification, validation, respon-
sibilities, and authorities for design and development
are carried out.
Document how inputs are reviewed for adequacy in
meeting functional and performance requirements,
statutory and regulatory requirements, and, where ap-
plicable, how information from previous designs may be
incorporated.
Document how the design and development outputs as-
sure input requirements are satisfied, appropriate infor-
mation is conveyed to purchasing, production, and ser-
vice providers, and acceptance criteria is provided, and
how product safety and preservation is to be achieved
during its use.
Document how periodic audits of the design and devel-
opment processes are conducted to verify the ability of
the design and development process to meet require-
ments and to identify opportunities for improvement.
Records of this activity shall be maintained.
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CHAPTER 8 � ISO 9001 47 
Define how design and development outputs and inputs
are verified and validated. Records of these activities
shall be maintained.
Document how design and development changes are re-
viewed, verified, and validated, as appropriate, and ap-
proved before implementation. Records of this activity
shall be maintained.
4.3 Purchasing
Document how Purchasing documents identify the
product or service being purchased, including informa-
tion regarding type, style, class, or grade, where such in-
formation is appropriate.
Document how special requirements, such as specifica-
tions, drawings, reference standards, technical data, or
quality system/certification requirements, are stated on
the purchase order.
Document how orders are reviewed for completeness
and approved prior to release.
Document how source inspection is performed when
stipulated in the purchase order.
Document how inspection or other activities are per-
formed to assure conformance to dimensional, metallur-
gical, service, and other purchase order requirements.
Document how suppliers are selected and evaluated to
assure their ability to meet requirements. A listing of ap-
proved suppliers, and the criteria used to select them
shall be maintained.
4.4 Production and Service
Document how production and service operations are
controlled, including:

• Availability of information that describes the charac-
teristics of the product,

• Availability of work instructions,
• Availability and use of monitoring and measuring

equipment,
• The use of monitoring and measuring equipment,

and
• Product release, delivery and post-delivery activities.
Document how process capability is determined includ-
ing machines, operators, software, and monitoring and
measuring equipment.
Document method�s� of product identification and
traceability, where appropriate. When traceability is a
customer requirement, records of identification and
traceability shall be maintained.
Document how the status of inspection �acceptance or
rejection� is provided at the completion of each process
during production.
Document how customer supplied product for use in
your operating processes is controlled and maintained.

• Customer supplied product that is damaged or lost
shall be reported to the customer, and if required, and
possible returned. Records of this action shall be
maintained.

Document how preservation of product is maintained
throughout production and delivery. Preservation shall
include identification, handling, packaging, storage, and
protection.
4.5 Control of Monitoring and Measuring

Equipment

Document how monitoring and measuring equipment is
selected to provide evidence of product conformity to
design and customer requirements.
Establish procedures that define how monitoring and
measuring equipment is used in accordance with in-
tended requirements.
Document how calibrations are performed at prescribed
intervals, using certified measurement standards trace-
able to the National Institute of Standards and Technol-
ogy �NIST� or equivalent. Where standards do not exist,
the basis or method for verifying accuracy shall be docu-
mented.
Document the methods of adjustment, readjustment,
equipment identification, calibration status, and loca-
tion of monitoring and measurement.
Monitoring and measuring equipment shall be pro-
tected from damage during handling and storage.
Document how the validity of product verified with
monitoring and measuring equipment found to be non-
conforming to requirements is acted upon. Records of
this activity shall be maintained.
When software is used to verify product, it shall be evalu-
ated, to the extent possible, as is hardware.

.0 Measurement, Analysis, and Improvement
In this portion of the quality manual document how you

emonstrate conformance to product requirements and en-
ure conformity to your QMS, and how you continuously
mprove the effectiveness of your QMS.

It is in this section that you identify your methods of
chieving continuous improvement, including statistical
nd advanced quality planning tools such as FMEA, PIE,
ean, and Six-sigma.

The areas to be addressed are:
Customer satisfaction
Internal audits
Process monitoring and measurement
Product monitoring and measurement
Control of nonconforming product
Analysis of data
Improvement

• Continual Improvement
• Corrective Action
• Preventive Action

5.1 Customer Satisfaction
Document how the organization monitors and mea-

ures customer satisfaction. Refer to the model of a process-
ased, customer-centered quality management system
hown in Fig. 8-1. You should be able to demonstrate how
ustomer satisfaction relates to correctly realizing customer
equirement in your Product Realization phase, and then
easuring and analyzing results, both internally and

hrough customer feedback.
5.2 Internal Audits
Document how internal audits are planned, scheduled,
and conducted.
Keep in mind that the audits must demonstrate how
your organization conforms to the requirements of your
QMS and to the ISO 9000:2008 international standard.
Audit criteria, scope, frequency, and methods must be
defined, and show how audits are conducted to assure
objectivity and impartiality of the audit process.
Records for responsibility and requirements for plan-
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ning and conducting audits and records of audit results
shall be maintained. Results shall include any opportu-
nities for improvement identified during the audit pro-
cess.
Follow-up audits shall be conducted to verify actions
taken to correct deficiencies and actions taken on the op-
portunities for improvement.
5.3 Process Monitoring and Measurement
Document how processes are monitored and measured
to assure they are capable of producing a product that
meets established criteria within your QMS and to cus-
tomer requirements.
Applicable tools to meet this end are Process FMEAs,
process and machine capability analysis �ASTM F1503
gives guidance�, Repeatability and Reproducibility stud-
ies on test and inspection equipment �ASTM F1469 gives
guidance�, and internal audits.
5.4 Product Monitoring and Measurement
Document how product characteristics are monitored
and measured to assure that product requirements are
met.
Applicable tools to meet this requirement are Product
FMEAs, PIE, Quality Plans, Control Plans, in-process in-
spection, statistical process control, product testing, and
Six-sigma methodologies.
Records must be maintained on evidence of conformity
to acceptance criteria.
Product release shall not occur until a relevant authority
�it could be the customer� has affirmed that all require-
ments have been met. This action shall be recorded and
maintained.
5.5 Control of Nonconforming Product
Document how nonconforming product is identified
and controlled to prevent its unintended use or delivery.
Define controls and related authority for dealing with
nonconforming product.
Once nonconforming product is identified and isolated,
it may be dispositioned in one or more of the following
ways: eliminate the detected nonconformity �i.e., re-
move from conforming product�, authorize its use, re-
lease, or acceptance under concession, or revise its in-
tended use or application.
5.6 Analysis of Data
You must determine, collect, and analyze appropriate
data to assure and demonstrate the effectiveness and
stability of your QMS.
Demonstrate how the analysis of such data is applied to
identify opportunities for improvement in your QMS.
Specifically, the data shall provide information relating
to:

• Customer satisfaction �see 5.1�
• Conformity to product requirements �see 4.1�
• Process and product characteristics and trends in-

cluding opportunities for preventive action, and

• Supplier performance. T
5.7 Improvement
5.7.1 Continual Improvement
Continual improvement shall be ongoing, for the QMS,

nd the operational effectiveness of the organization. Man-
gement shall use the following tools to achieve perfor-
ance excellence:

The Quality Policy
Quality objectives
Audit results
Analysis of data
Corrective and preventive actions, and
Management review.
5.7.2 Corrective Action
There shall be a documented procedure established to

efine requirements for initiating corrective action. Correc-
ive action shall be appropriate to the effects encountered.
hese shall include:

Identifying nonconforming conditions,
Reviewing nonconformities �including customer com-
plaints�,
Determining their causes,
Accessing the need for action to ensure that nonconfor-
mities do not recur,
Identifying and implementing action needed,
Evidence of results of actions taken, and
Auditing corrective action taken.
5.7.3 Preventive Action
There shall be a documented procedure that determines

ction�s� necessary to eliminate the causes of potential non-
onformities in order to prevent their occurrence. Preven-
ive action shall be appropriate to the effects encountered by
hese nonconformances. These shall include:

Determining potential nonconformities and their
causes,
Evaluating the need for action to prevent occurrence of
nonconformities,
Identifying and implementing action needed,
Evidence of results of the actions taken, and
Auditing of preventive action taken.

ervice and Distributer Industries
he first edition of this manual included two additional
hapters which provided guides for the development of qual-
ty manuals for the Service and Distributer Industries. The
hird edition of ISO 9001 canceled the second edition �ISO
001:1994� as well as ISO 9002:1994 and ISO 9003:1994. The
atter two standards provided requirements for Distributer
nd Service industries, respectively. Organizations that in
he past used these canceled standards may use ISO
001:2008 with the exclusion of certain elements, i.e., design
nd development, and/or manufacturing, as appropriate.

Therefore, service and distributer organizations may
se the guidelines for manufacturing organizations to de-
elop their quality manuals that are provided in this manual.

he only changes are to be found in 4.2 and 4.4.
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N 16 NOV. 1990, PRESIDENT GEORGE H. W. BUSH
igned into law HR-3000, enacting Public Law 101-592
hereafter referred to as the Fastener Quality Act, or FQA�.
he FQA was necessary in large part because there existed in

he fastener industry those who were more interested in
aking money in fraudulent ways than in conducting busi-

ess in an ethical manner. The business practices of those or-
anizations included supplying fasteners with false certifi-
ations, unauthorized material substitutions, head marks
nconsistent with performance levels, and other deviations
rom the standards they represented.

This phenomenon surfaced during the mid-1980’s, and
ecause of the seriousness of the consequences of applying
ubstandard fasteners, the U.S. Government became in-
olved. The results of misapplied fasteners included loss of
ife, human injury, equipment failure—including military
anks and millions of dollars in costs associated with these
osses.

All of these could have been avoided if those who pur-
hased the fraudulent fasteners had applied PE/TQM prin-
iples. The fastener industry could have escaped becoming a
egulated industry with all the added costs to the industry
nd to the American taxpayer if good business practices had
xisted. Many in the industry are bitter, and who can blame
hem? From a quality professional’s point of view, I am both
lated and disappointed by the result. On balance, however, I
m more disappointed because the absence of continuous
mprovement in operations resulted in unnecessary costs.
he added costs will affect the American taxpayer more than

he fastener industry. The following guidelines are supplied
or application by fastener manufacturers, testing laborato-
ies, distributors, and purchasers/users to assist in meeting
he requirements of the FQA.

astener Manufacturers

Apply TQM principles to your organization.
Embrace performance excellence criteria.
Establish total lot control and traceability.
Apply this to all fasteners regardless of whether or not
they are covered by the FQA.
Know your suppliers and establish supplier qualifica-
tion procedures.
Register your logo or manufacturer identification mark
with NIST.
Maintain original test records for 10 years.
Establish effective in-house testing criteria.
Use IFI-139 as a guide. A description of IFI-139 is in Ap-
pendix B.
Apply this standard to your outside testing laboratory as

well.

opyright © 2009 by ASTM International                                      www.astm.or
Purchase steel that is specially designed for the unique
requirements of fastener manufacturing �ASTM F2282
provides specifications unique to fasteners�.
Apply the quality system requirements of ISO 9001,
ISO/TS 16949, or ASTM F2688 to your operations.
Name someone to be responsible and accountable for
compliance.

esting Laboratories

Apply TQM principles to your organization. Become fa-
miliar with the following standards:

• IFI-139
• ISO/IEC Guide 25, General Requirements for Compe-

tence of Calibration and Testing Laboratories
Study NVLAP certification requirements.
Apply for NVLAP certification as soon as you are ready.
Maintain original test records for 10 years.
Test records must include:

• A description of the fastener
• Product specification and lot identification
• The sampling standard utilized
• The production lot size and sample size tested
• A statement of conformance or nonconformance
• It must be tamper resistant
• It must be written in English
Apply the quality system requirements of ISO 9001 to
your operations.

astener Distributors

Apply TQM principles to your organization.
Establish lot control and lot traceability procedures.
Set procedures to provide traceability to customers who
request it.
Know your suppliers and establish supplier qualifica-
tion systems.
Understand the product standards/specifications for the
fasteners you distribute.
Maintain original test records for 10 years.
Apply the quality system requirements of ISO 9001 to
your operations.
Name someone to be responsible and accountable for
compliance.

astener Users

Apply TQM principles to your organization.
Performance excellence criteria.
Know your suppliers and establish supplier qualifica-
tion systems.
Purchase only from suppliers certified through ISO/TS

16949 or ISO 9000.

49
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Verify that your suppliers are registered in compliance
with Section 8 of the FQA.
Verify that the test report comes from an accredited NV-
LAP laboratory.
Understand your rights under the FQA.
Apply the appropriate fastener standard/specification
for your application.
Apply the quality system requirements of ISO 9001 to
your organization.
A central theme that applies to the entire fastener indus-
ry and market is to apply TQM and Performance Excellence
riteria/principles and establish quality systems that comply
ith ASTM 2688, ISO/TS 16949, or ISO 9001 standards. Ap-
lication of these systems will provide for accountability, re-
ponsibility, and traceability for any fastener supplied
hrough these systems and will assure ease of compliance
ith the FQA.

A free copy of the Fastener Quality Act, Public Law 101-
92, is available from www.nist.gov.
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ynopsis: Standard Guide for
onducting a Repeatability and
eproducibility Study on Test Equipment for
ondestructive Testing

his guide describes the steps required to conduct a com-
lete repeatability and reproducibility �R&R� study on non-
estructive test equipment. This guide is a manual �use of
alculator� method. Other methods may utilize the applica-
ion of computer driven software.

This guide can be used to evaluate all test equipment
hat provides variable measuring data.

A wide range of test equipment may be evaluated using
his guide, and may include hardness testing machines, uni-
ersal testing machines, torque wrenches, dial indicators,
icrometers, dial indicators, optical comparators micro-

copes, magnetic and coulometric testers, x-ray spectrom-
ters, and others that provide variable test results and do not
ender the test piece altered as a result of the test.

This guide is recommended for the purpose of evaluat-
ng test equipment that may be utilized in statistical process
ontrol, testing laboratories, and for in-process control of
anufacturing operations.

The guide is easy to follow and provides reliable data
nd conclusions to assist in determining if test equipment is
uitable for use in controlling output quality during manu-
acturing.

esignation: F1503–02 „Reapproved 2007…
ynopsis: Standard Practice for
achine/Process Capability Study Procedure
machine/process capability �MPC� study is conducted to

rovide a level of confidence in the ability of a machine/
rocess to meet engineering specification requirements.
his is accomplished through statistical process control

echniques as defined in this practice.
This practice covers provision of a proper method for

etermining process capability for new or existing machines
nd/or processes. It is recommended that available statisti-
al software be used for the calculation of the descriptive sta-
istics required for decision making when using this prac-
ice. Where software is not available, Section 8 and Tables 1
nd 2 are provided for manual calculations.

This practice is limited to bilateral specifications whose
istributions can be expected to approximate a normal
urve. This practice should not be applied to unilateral speci-
cations �flatness, concentricity, minimum tensile, maxi-
um hardness, etc.�.

It is essential that all gaging systems used to evaluate
roduct involved in the study have documentation for meet-

ng requirements of a gage repeatability and reproducibility
tudy in accordance with Guide F1469 or equivalent, before

he machine/capability study is conducted. t

opyright © 2009 by ASTM International                                      www.astm.or
ynopsis: Standard Specification for Quality
ssurance Requirements for Carbon
nd Alloy Steel Wire, Rods, and Bars for
echanical Fasteners

his specification establishes quality assurance require-
ents for the physical, mechanical, and metallurgical re-

uirements for carbon and alloy steel wire, rods, and bars in
oils intended for the manufacture of mechanical fasteners,
hich includes: bolts, nuts, rivets, screws, washers, and spe-

ial parts manufactured through cold heading. �Note—The
teel Industry uses the term “quality” to designate character-

stics of a material which make it particularly well suited to a
pecific fabrication and/or application and does not imply
quality” in the usual sense.�

Wire size range includes 0.062–1.375 in. Rod size range
ncludes 7/32 in. �0.219� to 47/64 in. �0.734� and generally
ffered in 1/64 increments �0.0156�. Bar size range includes
/8 in. �0.375� to 11/2 in. �1.500�. Sizes for wire, rod, and
ar outside the ranges of this specification may be ordered
y agreement between the purchaser and supplier.

Material is furnished in many application variations.
he purchaser should advise the supplier regarding the
anufacturing process and finished product application as

ppropriate. Five application variations are Cold Heading,
ecessed Head, Socket Head, Scrap-less Nut, and Tubular
ivet.

Wire is furnished for all five application variations. Rod
nd bar are furnished only for cold heading applications.

Common terms used in the fastener cold forming indus-
ry are clearly defined and include carbon steel, alloy steel,
nnealing, spheroidizing, wire, rod, and bar, to name a few.

Metallurgical properties are defined, and limits are es-
ablished for such properties as decarburization, harden-
bility, and mechanical requirements.

esignation: F2688–08
ynopsis: Standard Guide for System-Based,
ustomer-Centered Quality Plan for
anufacturers

his guide establishes recommended system-based proce-
ures and customer-centered applications to assist manu-
acturers and alteration distributors in the development of
rocess controls which are intended to produce quality
roducts in a cost effective manner. These recommended
ystem-based procedures/customer-centered applications
llow an organization to continually improve operational ef-
ectiveness in a cost effective manner.

It is organized in such a fashion to enable the user to de-
elop a quality manual along the sectional topics presented
n the standard.

This guide uses principles from the Baldrige National
uality Award Criteria for Excellence as well as ISO
001:2008 to provide guidance in establishing a quality con-

rol plan that may be used effectively by almost any industry.

51
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xplanation of Quality Survey Scoring
ystem

ach survey question will be rated on the basis of the following
oint system:
Rating Explanation

10 This element is present, documented, and successfully operational in the Supplier’s/Subcontractor’s
quality system and displays a history of consistent application and continuous improvement.

9 This element is present, documented, and successfully operational in the Supplier’s/Subcontractor’s
quality system.

6 This element is included in the Supplier’s/Subcontractor’s quality system; however, documentation is
incomplete and/or additional development is required.

4 This element is included in the Supplier’s/Subcontractor’s quality system; however, documentation is
inadequate and additional development is required.

2 This element is included in the Supplier’s/Subcontractor’s quality plan, but has no present application
and requires substantial development.

0 This element is not included in the Supplier’s/Subcontractor’s quality plan.
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