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Registration / Introduction

• Name, company, how long with organization?
 
                                                                                                                                      
 
                                                                                                                                      
 
 
• What do you do?  Your job title, responsibilities?
 
                                                                                                                                      
 
                                                                                                                                      
 
                                                                                                                                      
 
 
• How much do you know about Quality Planning?  Sources: seminars, courses, reading, etc.?
 
                                                                                                                                      
 
                                                                                                                                      
 
                                                                                                                                      
 
 
• Previous APQP experience?  Types of projects/processes you’ve completed and/or been

involved in?
 
                                                                                                                                      
 
                                                                                                                                      
 
                                                                                                                                      
 
 
• What do you hope to learn from the Quality Planning Workshop?
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AUTOMOTIVE OVERVIEW

QS-9000 Introductory

QS-9000, Quality System Requirements, is a US Automotive Management
System developed in co-operative effort by the US automobile manufacturers,
based on the International Standards ISO 9000/ISO 9001.  The Automotive
Industry Action Group (AIAG) is the custodian (oversear) of QS-9000.  The AIAG
is comprised of representatives from numerous manufacturing sectors.

It is important to indicate that while the ISO 9000 International Standard Series
requirements (ISO 9001/9002:1994) are descriptive QS-9000 is a prescriptive
standard.  Prescriptive implies that QS-9000 requirements specifically define the
how some of the ISO 9001/ISO 9002:1994 clauses or elements are to be
addressed (thus prescribing the management system).  QS-9000 includes a
series of documents from which an organization must meet.  These documents
are in the form of guidelines and requirements (PPAP, APQP, SPC, FMEA, MSA,
QSA).

Use of Production and Part Approval Process (PPAP) is a direct (shall)
requirement.  While noted in QS-9000 that the following documents are
"Reference Manuals"; Advanced Quality Planning and Control Plan (APQP),
Quality System Audit (QSA), Measurement System Analysis (MSA), Statistical
Process Control (SPC), and Failure Mode and Effect Analysis (FMEA). APQP,
FMEA and MSA, depending on your registrar may be construed as requirements
and not uniquely as reference or guideline documents.

Automotive Quality Standards

VDA 6 revision 1 (Verband der Automobilindustrie) is the German Automotive
Standard applied by the manufacturers within the 15 European Union States to
their suppliers.  VDA 6.1 and QS-9000, while having compatible requirements,
certification to one does not grant certification to the other.  This has created
some confusion among suppliers to both the US and European automotive
industry as to what standard suppliers should abide?

ISO/TS 16949, published in November 1999, is an ISO 9001 variant applicable
for the (global) automotive industry.  ISO/TS 16949 fuses QS-9000 with VDA 6.1,
AVQS, EAQF requirements into one International Standard for the Automotive
Industry.  ISO/TS 16949 fuses QS-9000 with VDA 6.1, AVQS, EAQF
requirements into one International Standard for the Automotive Industry.
ISO/TS 16949 is equally acceptable by the US, European and Asian automotive
producing community.

NOTES
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International Automotive Registration

The IAOB in part of the International Task Force (oversight office).  Its
membership includes; DaimlerChrysler, Ford, General Motors, the European
Automotive industry, and the Automotive Industry Action Group (AIAG, QS-
9000).

The IAOB has been established to:
• Implement and manage ISO/TS 16949 registration scheme activities
• Ensure global application/interpretative consistency of ISO/TS 16949

Development and maintenance of a central database of information

ISO/TS 16949 fuses the European variants of ISO 9001 VDA6.1 (German),
AVQS (Italian) and EAQF (French) and US Automotive QS-9000.  ISO/TS 16949
format-structure is more QS (ISO 9001:1994) like than it is VDA 6.1.  By year
2001-2002 the ISO/TS scheme it is expected to have compatibility and thus
transition to ISO 9001:2000.  ISO/TS 16949 is comparatively less specific and
prescriptive (restrictive) than QS-9000, while still carrying its key requirements
including OEM Specific Requirements and guidelines:

• PPAP - Production Part Approval Process
• MSA - Measurement Systems Analysis
• SPC - Statistical Process Control
• QSA - Quality System Assessment
• APQP - Advanced Product Quality Planning and Control Plans
• FMEA - Potential Failure Mode and Effects Analysis

Being less restrictive (prescriptive) than QS-9000, ISO/TS 16949 provides more
grounds for the organization to set its own identity, while maintaining the
fundamentals for advancement of a robust managerial system.

The automotive OEM manufacturers from the European Union and USA in joint
effort with the International Automotive Task Force (IATF) have indicated that:

• ISO/TS 16949:1999 will be revised with ISO 9001:2000 compatibility in
the first quarter of 2002

• There is no plan to advance QS-9000, VDA 6.1 EAQF94 and AVSQ94 to
the year 2000 ISO 9001 version.  QS-9000 is to be faced-out in
December 2003 allowing organizations to migrate to ISO/TS 16949.

Transition to ISO/TS 16949:2002 is advised through concurrent implementation
with ISO 9001:2000, however both registrations must me maintained exclusive
for now.  This strategy allows organizations to certify ISO 9001:2000 concurrent
with ISO/TS 16949:1999 and provide a readiness pathway for registration to
ISO/TS 16949:2002.

NOTES
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Automotive Industry Shakeout
Reprinted from QUALITY PROGRESS, JANUARY 2001

DISSATISFACTION OVER THE PACE at which
quality improvements are taking place has
unchained a shakeout of sorts in the automotive
manufacturing industry.  North America’s Big
Three auto manufacturers are significantly raising
the bar on their quality performance requirements,
and these tightened demands are not just aimed
at suppliers, third-party auditors and registrars will
be equally affected.

Some recent developments that are redefining the
direction of DaimlerChrysler, General Motors
Corp. and Ford Motor Co. include the following:

Recertification of third-party auditors - The Big
Three established new auditor certification training
requirements and are completely retraining and
recertifying those auditors seeking the
qualifications to conduct QS-9000 registration and
surveillance assessments.

According to the quality initiatives department of
the Automotive Industry Action Group (AIAG), QS-
9000 auditor certificates issued in 1995, 1996 and
1997 are no longer valid.  Auditors holding these
certificates must complete the new QS-9000 Third
Party Auditor training course available through
AIAG and pass the required exam.  QS-9000
auditor certificates issued in 1998 are valid
through Dec. 31, 2001, at which time
recertification is required. QS-9000 certificates
issued in 1999 are valid three years from the date
of issue.

Suspension of QS-9000 certification - The Big
Three have instituted a procedure that establishes
new criteria for suspending the QS-9000
registrations of individual supplier companies.
Under these criteria, a single major
nonconformance results in a public suspension of
QS-9000 certificates.

Audit intervention - The Big Three have issued
new interpretations to justify audit interventions.

The ISO/TS 16949 Certification Scheme - The
Big Three, in cooperation with Volkswagen,
Renault, Fiat and other European automakers,
have approved registration to the ISO/TS 16949
technical specification, which defines automotive
industry standards on a global basis.

ISO/TS 16949 satisfies quality system
requirements for QS-9000 when used along with
customer specific requirements and the
International Automotive Task Force’s (IATF)

commonly recognized registration scheme.  The
ISO/TS 16949 document is available through the
AIAG and, ultimately, is expected to replace QS-
9000 altogether.

ISO 9000:2000 revisions - The revision of the
ISO 9001 quality management standard was
approved late last year and imposes new and
modified quality system requirements affecting all
suppliers.

Mandate for ISO 14001 registration - Suppliers
to Ford and General Motors are now required to
implement an environmental management system
(EMS) and attain third-party registration to the ISO
14001 standard.

While each of these developments must be
analyzed in some detail, several tendencies are
clear:

• General Motors, Ford and DaimlerChrysler are
not satisfied with the pace of quality
improvement that has resulted from QS-9000,
and they are dramatically tightening demands
on registrars and auditors.  These changes are
already beginning to indirectly impact suppliers.
The most significant examples of this tendency
are the requirements for recertification of third-
party auditors to QS-9000 and the creation of a
procedure to publicly suspend QS-9000
registrations among suppliers.

• The new ISO/TS 16949 document and its
associated registration process are key
indications of the direction the Big Three are
planning for all of their suppliers.  Currently, this
standard is mandated only for suppliers to
European operations.  It is highly likely that a
future edition of ISO/TS 16949 (incorporating
ISO 9000:2000 revisions) will replace the
current QS-9000 document in the next year or
two.

• For most followers of the ISO 14000
environmental management standards, the
announcement by Ford and General Motors
requiring suppliers to obtain ISO 14001
registration came as no surprise.  Tier One
supplier servicing these auto manufacturers
must develop EMSs and obtain registration to
ISO 14001 within the next few years.

Five key recommendations for automotive
suppliers

In consideration of the new direction the Big
Three are taking, suppliers are encouraged to
adopt a unified strategy for improving levels of
conformance with customer requirements and
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continuous improvement efforts. Without a
unified approach, suppliers will be at major risk
of duplicating efforts and sending conflicting
messages to personnel.

There is plenty of opportunity for cost savings
and improved system effectiveness through the
review and updating of systems.

For the best results, suppliers should evaluate
their current system designs and performance
results against the Big Three’s new requirements
and adopt plans to reconstruct their quality
management systems to meet these challenges.
Uni-Bond Brake, for example, has just begun to
study ISO 14000, ISO/TS 16949 and ISO
9000:2000 and plans to upgrade its systems over
the next year to meet these new requirements.

Domestic suppliers should consider five areas of
focus when reorganizing and improving their
quality management systems.

1. Review/update system designs based on
long-term performance and future needs.

Six years have passed since QS-9000 was
instituted, and it is time for suppliers to reassess
the design of their systems to achieve optimal
effectiveness.  Most organizations have several
years of experience with their current systems.  It
is time to thoroughly review existing systems and
identify opportunities for improvement.

2. Strengthen critical system elements.
These elements include the internal audit
program, customer feedback and complaints, and
corrective and preventive action.  These three
subsystems of the quality management system
(QMS) play a crucial role in improving quality and
customer satisfaction, yet few suppliers fully obtain
the benefits associated with rigorous internal
audits and disciplined corrective action measures.

There are two main reasons why most suppliers
fail to realize the full benefits of these activities.
First, their internal auditors can become jaded
over time, losing their independence and
perspective.  And, second, corrective actions are
often superficial, addressing symptoms but failing
to identify root causes.

When it comes to problem resolution, most
suppliers’ customers have become more
demanding.  Suppliers with excellent performance
histories have even found themselves placed on
containment or customer probationary status due
to specific problems.  Under the Big Three’s new
direction, it is clear that even single defects

(quantity of one) can result in the imposition of
containment.

Managers and owners are questioning the fairness
of being placed on containment for single defect
incidents, but this approach is becoming a growing
reality.  These types of containment situations are
already consuming high dollar inspection costs.  In
fact, effective the first quarter of this year,
containment situations resulted in public
suspension of QS-9000 registrations.

“We have seen the quality standard tighten each
year,” says Michael B. Grattan, president of Uni-
Bond Brake.  While the company has an excellent
quality record and was recognized by General
Motors as its Supplier of the Year, Grattan warns
that reputation alone cannot prevent a company
from being placed on containment for a single
defect incident.  “Our PPMs (parts per million)
continue to improve, but at the same time,
customers expect zero PPM."

"It’s clear that General Motors is serious about
its pharmaceutical mentality.”

Now, more than ever, it is time for suppliers to
learn how to get the most out of their problem
solving and corrective action efforts.  At the very
least, a hard review of the effectiveness of these
systems is required.  Most suppliers will find that
strengthening these systems pays dividends.

One key may be to implement ISO 14001 to fully
leverage an existing QMS.  ISO 14001
incorporates several elements of the ISO 9001
quality system standard, and much time can be
saved by building upon ISO 9001 management
system elements that are already in place.
Considerable opportunities exist to leverage
existing capabilities of a QMS to meet ISO 14001
requirements more effectively.  Organizations that
choose to develop an EMS separately from the
quality system will face risk of confusion and
duplicated efforts.

Key procedural elements common to both ISO
9000 and ISO 14000 sets of standards include:
documented policies, procedures, work
instructions and records; organizational structure;
recorded training; internal auditing; management
reviews; operational controls; and corrective and
preventive actions.

While certain system elements are shared, the
traditional quality assurance function should not
“own” the environmental management process.
Production engineers and safety and regulatory
compliance personnel are natural candidates to
develop and implement the EMS.  However, to
gain the most leverage possible, quality and
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environmental groups must work together
cooperatively, and this takes time.  Suppliers
should start EMS implementation efforts early to
avoid extra system development costs, which can
be considerable, if the promised leverage cannot
be achieved.

3. Broaden and deepen staff involvement in
the QMS.

Despite considerable efforts to involve and train
personnel on QS-9000 system requirements and
concepts, many organizations employ only a few
key personnel (usually in the quality assurance
area) who have a real working understanding of
the organization’s quality systems.

A renewed effort to train management,
engineering and production personnel in the
essentials of the QMS is needed to enhance the
understanding of the system and reinforce
commitments for quality assurance and quality
control.

4. Improve quality operations through
computer system technology.

In the past five years, many advances have been
made in information technology systems.  The
quality management area in particular has been
targeted by a number of software suppliers.
Initially, quality management software applications
served a single, specific function, such as gage
calibration, auditing or document management.
But over the past few years, several fully
integrated quality management applications have
been introduced.  During this same time, computer
networks have become commonplace among
most auto supplier companies.  These information
system developments have led to significant
opportunities to improve overall system
effectiveness.

5. Re-evaluate registrar selection.

The earliest QS-9000 registered plants have now
entered their second three-year registration
agreements.  When the Big Three first mandated
QS-9000 registration for their supply bases,
suppliers selected registrars out of necessity to
meet imposed QS-9000 registration deadlines.
The high demand for QS-9000 registrations
introduced a booming new marketplace, which
was captured by a limited number of registrars.

Because the market was so new, suppliers had
little information to help them select registrars, and
their decisions were largely based on the initial
assessments of registrars’ plans and pricing
projections.  Now, performance histories on

registrars and their activities can be obtained and
evaluated.  The availability of this new information
has prompted the Big Three Supplier Quality
Requirements Task Force to impose its own
pressures on registrars.  Most significantly,
registrars’ audit personnel had to undergo testing
for QS-9000 auditor recertification against
considerably tougher eligibility criteria."
Unfortunately, the investment required for
recertification (a minimum of one week, nonbillable
time and a $5,000 + tuition) has led some well-
qualified auditors to drop their QS-9000
certifications.

All in all, a change of registrar should not be
undertaken casually; however, supplier companies
should revisit their registrar selection periodically.

Keeping the pace

QS-9000 has made major impacts on the auto
supply base.  As the standard matures, it is time
for suppliers to strategically reassess the results of
their QS-9000 performance.  Recent Big Three
directions make it clear that standards for
performance are tightening.  Is your management
system improving quickly enough to keep pace?
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Quality Planning

AIAG Core Tools
reprinted from

Quality Digest - May 2001

"For many automotive suppliers, the Big Three-mandated

alphabet soup of FMEAs, PCP and APQP is enough to cause

severe indigestion, or at least a diminished appetite for

documentation.  This becomes particularly true when failure mode

and effects analysis, process control plans and advanced product

quality planning are viewed more as a curse than as a means for

improving processes.  However, the benefits of these steps and

ensuing documentation (information gathering and dissemination

so that mistakes aren’t repeated) is often lost because there are

no effective means for tying the information together in a sensible

way.  Documentation efforts are often duplicated and the

information poorly communicated, if at all."
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Quality System -
Element 4.2

General - 4.2.1 The supplier shall establish, document and maintain a quality system
as a means of ensuring that product conforms to specified
requirements.  The supplier shall prepare a quality manual covering
the requirements of this International Standard.  The quality manual
shall include or make reference to the quality system procedures and
outline the structure of the documentation used in the quality system.

NOTE 6: Guidance on quality manuals is given in ISO 10013.

Quality System
Procedures - 4.2.2

The supplier shall

a) prepare documented procedures consistent with the requirements of
this International Standard and the supplier’s stated quality policy,
and

b) effectively implement the quality system and its documented
procedures.

For the purposes of this International Standard, the range and detail
of the procedures that form part of the quality system depend upon the
complexity of the work, the methods used, and the skills and training
needed by personnel involved in carrying out the activity.

NOTE 7: Documented procedures may make reference to work
instructions that define how an activity is performed.

Quality Planning - 4.2.3 The supplier shall define and document how the requirements for
quality are met.  Quality planning shall be consistent with all other
requirements of a supplier’s quality system and shall be documented
in a format to suit the supplier’s method of operation.  The supplier
shall give consideration to the following activities, as appropriate, in
meeting the specified requirements for products, projects or contracts:

a) the preparation of quality plans (Control Plans)

Quality System Requirements             14
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b) the identification and acquisition of any controls, processes, equipment
(including inspections and text equipment), fixtures, resources and skills
that may be needed to achieve the required quality;

c) ensuring the compatibility of the design, the production process,
installation, servicing, inspection and test procedures and the applicable
documentation;

d) the updating, as necessary, of quality control, inspection and testing
techniques, including the development of new instrumentation;

e) the identification of any measurement requirement involving capability
that exceeds the known state of the art, in sufficient time for the needed
capability to be developed;

f) the identification of suitable verification at appropriate stages in the
realization of product;

g) the clarification of standards of acceptability for all features and
requirements, including those which contain a subjective element;

h) the identification and preparation of quality records (see 4.16).

NOTE 8: The quality plans referred to  (see 4.2.3a) may be in the form of
a reference to the appropriate documented procedures that form an
integral part of the supplier’s quality system.

Advanced Product Quality Planning - 4.2.3.1

The supplier shall establish and implement an advanced product quality
planning process.  The supplier should convene internal multi-disciplinary
teams to prepare for production of new or changes products.  These teams
should use appropriate techniques identified in the Advanced Product
Quality Planning and Control Plan reference manual.  Similar
techniques that accomplish this intent are acceptable.

Team actions should include:

• Development/finalization of special characteristics (see Appendix C)
• Development and review of FMEAs
• Establishment of actions to reduce the potential failure modes with

high risk priority numbers
• Development or review of Control Plans

Quality System Requirements             15
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Special Characteristics - 4.2.3.2
The supplier’s process control guidelines (e.g. FMEAs, Control Plans,
Operator instructions) shall be marked with the customer’s special
characteristic symbol (or the supplier’s equivalent symbol or notation) to
indicate those process steps that affect Special Characteristics, when
Special Characteristics are identified on the customer design record (see
Glossary) (see Appendix C).

NOTE: Initially, the customer may determine Special Characteristics
and identify them.  Special Characteristics may be identified from any
product characteristic category, e.g. dimensional, material, appearance,
performance.

Feasibility Reviews - 4.2.3.3
The supplier shall investigate and confirm the manufacturing feasibility of
proposed products prior to contracting to produce those products.
Feasibility is an assessment of the suitability of a particular design,
material, or process for production, while conforming to all engineering
requirements at the required statistical process capability and at specified
volumes.

Feasibility reviews should be documented using the Team Feasibility
commitment in the Advanced Product Quality Planning and Control
Plan reference manual.

Product Safety - 4.2.3.4
Due care and product safety shall be considered in the supplier’s design
control (element 4.4) and process control (element 4.9) policies and
practices.  The supplier should promote internal awareness of safety
considerations relative to the supplier’s product.

Process Failure Mode and Effects Analysis (Process FMEAs) - 4.2.3.5

Process FMEAs shall consider all special  characteristics.  Efforts shall be
taken to improve the process to achieve defect prevention rather than defect
detection.  Certain customers have FMEA review and approval
requirements that shall be met prior to production part approval (see Section
II).  Refer to the Potential Failure Mode and Effects Analysis reference
manual.

Mistake Proofing - 4.2.3.6
The supplier shall utilize appropriate mistake proofing methodologies
during the planning of processes, facilities, equipment and tooling.

Quality System Requirements             16
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The Control Plan - 4.2.3.7

The supplier shall develop Control plans at the system, subsystem,
component and/or material level, as appropriate for the product supplied.

The Control Plan shall include the information required in the Control Plan
form in Appendix J.

The Control Plan requirement encompasses processes producing bulk
materials (e.g., steel, plastic resin, paint) as well as those producing parts.

The output of the advanced quality planning process, beyond the
development of robust processes, is a Control Plan.  Control plans shall be
revised or updated when products or processes differ significantly from
those in current production.

The Control Plan should list the controls used for process control (see 4.9).

The Control Plan shall cover three distinct phases as appropriate:

• Prototype - A description of the dimensional measurements and
material and performance tests that will occur during Prototype build
(see APQP reference manual).  The supplier shall have a prototype
control if required by the customer.

• Pre-launch - A description of the dimensional measurements and
material and performance tests that will occur after Prototype and
before full Production.

• Production - A comprehensive Documentation of product/process
characteristics, process controls, tests, and measurement systems that
will occur during mass production.

The supplier shall use a multi-disciplinary approach to develop Control
Plans.

NOTE:  A multi-disciplinary approach typically includes the
supplier’s design, manufacturing, engineering, quality, production, and
other appropriate personnel.  For external suppliers, it may include the
customer’s Purchasing, Quality, Product Engineering, customer plant
personnel as well as subcontractors.

Quality System Requirements             17
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Control Plans shall be reviewed and updated as appropriate when any of
the following occur:

• The product is changed.
• The processes are changed.
• The processes become unstable.
• The processes become non-capable.
• Inspection method, frequency, etc. is revised.

Refer to the Production Part Approval Process manual.

Product Approval
Process -
4.2.4

General - 4.2.4.1
The supplier shall fully comply with all requirements set forth in the
Production Part Approval Process (PPAP) manual.

Subcontractor Requirements - 4.2.4.2
Suppliers should utilize a part approval process (e.g. PPAP) for
subcontractors (see Glossary).

NOTE: Certain customers require that their suppliers use PPAP with
their subcontractors  (See Section II).

Engineering Change Validation - 4.2.4.3
The supplier shall verify that changes are properly validated.  See 4.12,
4.16 and PPAP.

NOTE:  This applies equally to suppliers and subcontractors.

Continuous
Improvement -
4.2.5

General - 4.2.5.1
The supplier shall continuously improve  in quality, service (including
timing, delivery) and price for all that benefit all customers.  This
requirement does not replace the need for innovate improvements.

NOTE: A continuous improvement philosophy should be fully
deployed throughout the supplier’s organization.

Continuous improvement shall extend to product characteristics with the
highest priority on Special Characteristics.

NOTE: Cost elements or price should be one of the key indicators
within a continuous improvement system.

Quality System Requirements             18
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NOTE: For those product characteristics and process parameters that
can be evaluated using variables data, continuous improvement means
optimizing the  characteristics and parameters at a target value and
reducing variation around that value.  For those product characteristics
and process parameters that can only be evaluated using attribute data,
continuous improvement is not possible until characteristics are
conforming.  If attribute data results do not equal zero defects, it is by
definition nonconforming product (see 4.10.1.1, 4.13, 4.14).
Improvements made in these situations are by definition corrective
actions, not continuous improvement.

The supplier shall develop a prioritized action plan for continuous
improvement in processes that have demonstrated stability, acceptable
capability and performance.

NOTE: Processes with unacceptable capability/performance require
corrective action (see 4.14.2).

Quality and Productivity Improvements - 4.2.5.2
The supplier shall identify opportunities for quality and productivity
improvement and implement appropriate improvement projects.

NOTE: Examples of situations which might lead to improvement
projects are:
• unscheduled machine downtime
• machine set-up, die change and machine changeover times
• excessive cycle time
• scrap, rework and repair
• non value-added use of floor space
• excessive variation
• less than 100% first run capability
• process averages no centered on target values (bilateral tolerance)
• testing requirements not justified by accumulated results
• waste of labor and materials
• cost of  poor quality
• difficult assembly or installation of the product
• excessive handling
• new target values to optimize customer processes
• marginal measurement system capability (see MSA and ISO

10012-1)
• customer dissatisfaction, e.g., complaints, repairs, returns, mis-

shipments, incomplete orders, customer plant concerns, warranty,
etc.

Quality System Requirements             19
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Techniques for Continuous Improvement - 4.2.5.3

The supplier shall demonstrate knowledge of the following appropriate
continuous improvement measures and methodologies and shall use those
that are appropriate:

NOTE: The following list shows examples of possible techniques
which might be used.  There may be many other methods which meet
specific supplier needs more appropriately.

• Control charts (variables, attributes, CUSUM)
• Design of experiments (DOE)
• Theory of constraints
• Overall equipment effectiveness
• Parts per million (PPM) analysis
• Value analysis
• Benchmarking
• Analysis of motion/Ergonomics
• Mistake proofing

Quality System Requirements             20
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PRODUCT QUALITY PLANNING CYCLE

Feedback Assessment
and Corrective Action

Product and       Plan and Define
   Process
 Validation       Product Design
                     and Development

             Process Design
            and Development

Advanced Product Quality Planning
And Control Plan
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TEAM FEASIBILITY COMMITMENT

Customer: Date:

Part Number: Part Name:

Feasibility Considerations

Our product quality planning team has considered the following questions, not intended to be all-inclusive in
performing a feasibility evaluation.  The drawings and/or specifications provided have been used as a basis for
analyzing the ability to meet all specified requirements.  All "no" answers are supported with attached
comments identifying our concerns and/or proposed changes to enable us to meet the specified requirements.

YES NO CONSIDERATION
Is product adequately defined (application requirements, etc. to enable
feasibility evaluation?
Can Engineering Performance Specifications be met as written?
Can product be manufactured to tolerances specified on drawing?
Can product be manufactured with Cpk's that meet requirements?
Is there adequate capacity to produce product?
Does the design allow the use of efficient material handling techniques?
Can the product be manufactured without incurring any unusual:

- Costs for capital equipment?
- Costs for tooling?
- Alternative manufacturing methods?

Is statistical process control required on the product?
Is statistical process control presently used on similar products?
Where statistical process control is used on similar products:

Conclusion

- Are the processes in control and stable?
- Are Cpk's greater than 1.33?

Feasible Product can be produced as specified with no revisions.

Feasible Changes recommended (see attached).

Not Feasible Design revision required to produce product within the specified requirements.

Sign-Off

Team Member/Title/Date Team Member/Title/Date

Team Member/Title/Date Team Member/Title/Date

Team Member/Title/Date Team Member/Title/Date
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Advanced Product Quality Planning and Control Plan

INTRODUCTION

The purpose of this manual is to communicate to suppliers (internal and external) and
subcontractors, common Product Quality Planning and Control Plan guidelines developed
jointly by Chrysler, Ford and General Motors.  The manual provides guidelines designed to
produce a product quality plan which will support the development of a product or service
that will satisfy the customer (see Section 1.6).  The term “product” will be used throughout
this manual and is meant as either product or service.  The term “supplier” will also be
used throughout this manual and is meant to apply to suppliers and subcontractors.  Some
of the expected benefits in using these guidelines are:

• A reduction in the complexity of product quality planning for the customers and
suppliers.

• A means for suppliers to easily communicate product quality planning requirements to
subcontractors.

This reference manual contains guidelines that support the requirements described in the
Chrysler, Ford, and General Motors Quality System Requirements.

All forms in this manual are provided as examples only.

The purpose is to assist the Product Quality Planning Team in developing the appropriate
communication forms to support meeting customer requirements, needs, and
expectations.

The words “shall” “will” and “must” indicate mandatory requirements.  The word “should”
indicates a preferred approach.  Suppliers choosing other approaches must be able to
show that their approach meets the intent of this manual.  Where the words “typical” and
“examples” are used, the appropriate alternative for the particular commodity or process
should be chosen.

The Product Quality Planning Cycle shown on the facing page is a graphic depiction of a
typical program.  The various phases are sequenced to represent planned timing to
execute the functions described.  The purpose of the Product Quality Planning Cycle is to
emphasize:

• Up-front planning.  The first three quarters of the cycle are devoted to up-front product
quality planning through product/process validation.

• The act of implementation.  The fourth quarter is the stage where the importance of
evaluating the output serves two functions: to determine if customers are satisfied, and
to support the pursuit of continual improvement.

Depicting product quality planning as a cycle illustrates the never-ending pursuit of
continual improvement that can only be achieved by taking the experience in one program
and applying that acquired knowledge to the next program.

NOTES

- 1 -
Advanced Quality Planning and Control Plan

for internal use only
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FUNDAMENTALS OF PRODUCT QUALITY PLANNING

Product Quality Planning is a structured method of defining and establishing the steps
necessary t assure that a product satisfies the customer.  The goal of product quality
planning is to facilitate communication with everyone involved to assure that all required
steps are completed on time.  Effective product quality planning depends on a company’s
top management commitment to the effort required in achieving customer satisfaction.
Some of the benefits of Product Quality Planning are:

• To direct resources to satisfy the customer.

• To promote early identification of required changes.

• To avoid late changes.

• To provide a quality product on time at the lowest cost.

The work practices, tools, and analytical techniques described in this manual are listed in
a logical sequence to make it easy to follow.  Each Product Quality Plan is unique.  The
actual timing and sequence of execution is dependent on customer needs and
expectations and/or other practical matters.  The earlier a work practice, tool, and/or
analytical technique can be implemented in the Product Quality Planning Cycle, the better.

ORGANIZE THE TEAM

The supplier’s first step in Product Quality Planning is to assign responsibility to a cross
functional team.  Effective product quality planning requires the involvement of more than
just the quality department.  The initial team should include representatives from
engineering, manufacturing, material control, purchasing, quality, sales, field service,
subcontractors, and customers, as appropriate.

DEFINE THE SCOPE

It is important for the Product Quality Planning Team in the earliest stage of the product
program to identify customer needs, expectations, and requirements.  At a minimum, the
team must meet to:

• Select a project team leader responsible for overseeing the planning process. (In

some cases it may be advantageous to rotate the team leader during the planning

cycle.)

• Define the roles and responsibilities of each area represented.

• Identify the customers - internal and external.

• Define customer requirements. (Use QFD if applicable, as referenced in Appendix B.)

• Select the disciplines, individuals, and/or subcontractors that must be added to the

team, and those not required.

• Understand customer expectations, i.e., design, number of tests.

• Assess the feasibility of the proposed design, performance requirements and

manufacturing process.

NOTES

- 3 -
Advanced Quality Planning and Control Plan

for internal use only
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• Identify costs, timing, and constraints that must be considered.

• Determine assistance required from the customer.

• Identify documentation process or method.

TEAM-TO-TEAM

The Product Quality Planning Team must establish lines of communication with other
customer and supplier teams.  This may include regular meetings with other teams.  The
extent of team-to-team contact is dependent upon the number of issues requiring
resolution.

TRAINING

The success of a Product Quality Plan is dependent upon an effective training program
that communicates all the requirements and development skills to fulfill customer needs
and expectations.

CUSTOMER AND SUPPLIER INVOLVEMENT

The primary customer may initiate the quality planning process with a supplier. However,
the supplier has an obligation to establish a cross functional team to manage the Product
Quality Planning process.  Suppliers must expect the same performance from their
subcontractors.

SIMULTANEOUS ENGINEERING

Simultaneous Engineering is a process where cross functional teams strive for a common
goal. It replaces the sequential series of phases where results are transmitted to the next
area for execution.  The purpose is to expedite the introduction of quality products sooner.
The Product Quality Planning Team assures that other areas/teams plan and execute
activities that support the common goal or goals.

CONTROL PLANS

Control Plans are written descriptions of the systems for controlling parts and processes.
Separate Control Plans cover three distinct phases:
• Prototype - A description of the dimensional measurements and material and

performance tests that will occur during Prototype build.

• Pre-launch - A description of the dimensional measurements and material and
performance tests that will occur after Prototype and before full Production.

• Production - A comprehensive documentation of product/process characteristics,
process controls, tests, and measurement systems that will occur during mass
production.

CONCERN RESOLUTION

During the planning process, the team will encounter product design and/or processing
concerns.  These concerns should be documented on a matrix with assigned responsibility
and timing.  Disciplined problem-solving methods are recommended in difficult situations.
Analytical techniques described in Appendix B should be used as appropriate.

NOTES

- 4 -
Advanced Quality Planning and Control Plan

for internal use only
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The Product Quality Planning Team’s first order of business following organizational
activities should be the development of a Timing Plan.  The type of product, complexity
and customer expectations should be considered in selecting the timing elements that
must be planned and charted.  All team members should agree with each event, action,
and timing.  A well-organized timing chart should list tasks, assignments, and/or other
events.  (The Critical Path Method may be appropriate; reference Appendix B.)  Also, the
chart provides the planning team with a consistent format for tracking progress and setting
meeting agendas.  To facilitate status reporting, each event must have a “start” and a
“completion” date with the actual point of progress recorded.  Effective status reporting
supports program monitoring with a focus on identifying items that require special
attention.

PRODUCT QUALITY PLANNING TIMING CHART

PLAN
AND

DEFINE
PROGRAM

PRODUCT
DESIGN AND

DEVELOPMENT
VERIFICATION

PROCESS
DESIGN AND

DEVELOPMENT
VERIFICATIOIN

PRODUCT
AND

PROCESS
VALIDATION

FEEDBACK
ASSESSMENT

AND
CORRECTIVE

ACTION

PLANS RELATIVE TO THE TIMING CHART

The success of any program depends on meeting customer needs and expectations in a
timely manner at a cost that represents value.  The Product Quality Planning Timing Chart
below and the Product Quality Planning Cycle described previously require a planning
team to concentrate its efforts on defect prevention.  Defect prevention is driven by
Simultaneous Engineering performed by product and manufacturing engineering activities
working concurrently.  Planning teams must be prepared to modify product quality plans to
meet customer expectations.  The Product Quality Planning Team is responsible for
assuring that timing meets or exceeds the customer timing plan.

NOTES

- 5 -
Advanced Quality Planning and Control Plan
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PROCESS / INSPECTION FLOWCHART

Product Program Issue Date ECL

Supplier Name Part Name

Supplier Location Part
Number

Legend:

      Operation    Transportation      Inspection  Delay    Storage

Operation or Event Description of
Operation or Event

Evaluation
and Analysis Methods
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Control Plan Methodology

6.2 OVERVIEW

The purpose of this Control Plan methodology is to aid in the manufacture of
quality products according to customer requirements.  It does this by providing a
structured approach for the design, selection and implementation of value-added
control methods for the total system.  Control Plans provide a written summary
description of the systems used in minimizing process and product variation.
The intent of the Control Plan form displayed in this section is to provide an
example of how this information can be documented.  An alternate format may
be used as long as it contains the same information, as a minimum.  The Control
Plan does not replace the information contained in detailed operator instructions.
This methodology is applicable to a wide range of manufacturing processes and
technologies.  The Control Plan is an integral part of an overall quality process
and is to be utilized as a living document.  Therefore this section should be used
in conjunction with other related documents.

An important phase of the process for quality planning is the development of a
Control Plan.  A Control Plan is a written description of the system for controlling
parts and processes.  A single Control Plan may apply to a group or family of
products that are produced by the same process at the same source.  Sketches,
as necessary may be attached to the Control Plan for illustration purposes. In
support of a Control Plan, process monitoring instructions should be defined and
used continually

In effect, the Control Plan describes the actions that are required at each phase
of the process including receiving, in-process, out-going, and periodic
requirements to assure that all process outputs will be in a state of control.
During regular production runs, the Control Plan provides the process monitoring
and control methods that will be used to control characteristics.  Since processes
are expected to be continually updated and improved, the Control Plan reflects a
strategy that is responsive to these changing process conditions.

The Control Plan is maintained and used throughout the product life cycle.  Early
in the product life cycle its primary purpose is to document and communicate the
initial plan for process control.  Subsequently, it guides manufacturing in how to
control the process and ensure product quality.  Ultimately, the Control Plan
remains a living document, reflecting the current methods of control, and
measurement systems used.  The Control Plan is updated as measurement
systems and control methods are evaluated and improved.

NOTES

- 33 -
Advanced Quality Planning and Control Plan
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Control Plan Methodology (continued)

For process control and improvement to be effective, a basic understanding of
the process must be obtained.  A multi-disciplined team is established to develop
the Control Plan by utilizing all the available information to gain a better
understanding of the process, such as:

• Process Flow Diagram

• System/Design/Process Failure Mode and Effects Analysis

• Special Characteristics

• Lessons Learned from Similar Parts

• Team’s Knowledge of the Process

• Design Reviews

• Optimization Methods (e.g., QFD, DOE, etc.)

The benefits of developing and implementing a Control Plan include:

Quality: The Control Plan Methodology reduces waste
and improves the quality of products during
design, manufacturing, and assembly.  This
structured discipline provides a thorough
evaluation of the product and process.  Control
Plans identify process characteristics and help
to identify their sources of variation (input
variables), which cause variation in product
characteristics (output variables).

Customer Satisfaction: Control Plans focus resources on processes and
products related to characteristics that are
important to the customer.  The proper
allocation of resources on these major items
helps to reduce costs without sacrificing quality.

Communication: As a living document the Control Plan identifies
and communicates changes in the
product/process characteristics, control method,
and characteristic measurement.

NOTES

- 35 -
Advanced Quality Planning and Control Plan
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CONTROL PLAN COLUMN DESCRIPTIONS

1) Indicate the appropriate category,

     PROTOTYPE • Prototype - A description of the dimensional,
measurements, material and performance tests
occurring during Prototype build.

     PRE-LAUNCH • Pre-launch - A description of the dimensional
measurements, material and performance tests
that will occur after Prototype and before normal
Production.

     PRODUCTION • Production - A comprehensive documentation
of product/process characteristics, process
controls, tests, and measurement systems
occurring during normal production.

2) CONTROL PLAN Enter the control plan document number
NUMBER used for tracking, if applicable.  For multiple

control pages, enter page number (page of __).

3) PART NUMBER/ Enter the number of the system, subsystem or
LATEST CHANGE component being controlled.  When applicable,
LEVEL enter the latest engineering change level and/or

issue date from the drawing specification.

4) PART NAME/ Enter the name and description of the
      DESCRIPTION product/process being controlled.

6) SUPPLIER PLANT Enter the name of the company and the
appropriate division/plant/department preparing
the control plan.

6) SUPPLIER CODE Enter the identification number (Duns, Z-Code,
GSDB...) as requested by the procuring
organization.

7) KEY CONTACT/ Enter the name and telephone number of the
PHONE primary contact responsible for the control plan.

8) CORE TEAM Enter the name(s) and telephone number(s) of
the individual(s) responsible for preparing the
Control Plan to the latest revision.  It is
recommended that all of the team members’
names, phone numbers, and locations be
included on an attached distribution list.

9) SUPPLIER/PLANT Obtain the responsible manufacturing plant
APPROVAL/DATE approval (if required).

NOTES

- 37 -
Advanced Quality Planning and Control Plan
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10) DATE (ORIG.) Enter the date that the original control plan as
compiled.

11) DATE (REV) Enter the date of the latest Control Plan
updates.

12) CUSTOMER Obtain the responsible engineering approval
ENGINEERING (if required).
APPROVAL/DATE

13) CUSTOMER Obtain the responsible supplier quality
QUALITY representative approval (if required).
APPROVAL/DATE

14) OTHER APPROVAL/ Obtain any other agreed upon approval (if
DATE required).

15) PART/PROCESS This item number is usually referenced
NUMBER from the Process Flow Chart.  If multiple part

numbers exist (assembly), list the individual part
numbers and their processes accordingly.

16) PROCESS NAME/ All steps in the manufacturing of a system,
OPERATION subsystem, or component are described in a
DESCRIPTION process flow diagram.  Identify the

process/operation name from the flow diagram
that best describes the activity being addressed.

17) MACHINE, DEVICE, For each operation that is described, identify the
JIG, TOOLS FOR processing equipment, e.g., machine, device,
MANUFACTURING jig, or other tools for manufacturing, as

appropriate.

CHARACTERISTICS A distinguishing feature, dimension or property
of a process or its output (product) on which
variable or attribute data can be collected.  Use
visual aids where applicable.

18) NUMBER Enter a cross reference number from all
applicable documents such as, but not limited
to, process flow diagram, numbered blue print,
FMEAs, and sketches (computer generated or
otherwise), if required.  Optional example work
sheets and explanation of these work sheets are
located in Supplements K and L of this section.

19) PRODUCT Product Characteristics are the features or
properties of a part, component or assembly that
are described on drawings or other primary
engineering information.  The Core Team should
identify the Special Product Characteristics that
are a compilation of important Product
Characteristics from all sources.

NOTES
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All Special Characteristics must be listed on the
Control Plan.  In addition, the manufacturer may
list other Product Characteristics for which
process controls are routinely tracked during
normal operations.

20) PROCESS Process Characteristics are the process
variables (input variables) that have a cause and
effect relationship with the identified Product
Characteristic.  A Process Characteristic can
only be measured at the time it occurs.  The
Core Team should identify Process
Characteristics for which variation must be
controlled to minimize product variation.  There
could be one or more Process Characteristics
listed for each Product Characteristic.  In some
processes one Process Characteristic may
affect several Product Characteristics.

21) SPECIAL Use the appropriate classification as required by
CHARACTERISTIC the OEM, to designate the type of special
CLASSIFICATION characteristic or this field can be left blank for

other undesignated characteristics.  Customers
may use unique symbols to identify important
characteristics, such as those that affect
customer safety, compliance with regulations,
function, fit, or appearance.  These
characteristics are variously termed, “Critical,”
“Key,” “Safety,” or “Significant.”  Appendix C
provides a cross reference to these symbols and
descriptive terms.

METHODS A systematic plan using procedures and other
tools to control a process.

22) PRODUCT/PROCESS Specifications/tolerance may be obtained from
SPECIFICATION/ various engineering documents, such as, but
TOLERANCE not limited to, drawings, design reviews, material

standard, computer-aided design data,
manufacturing, and/or assembly requirements.

23) EVALUATION/ This column identifies the measurement system
MEASUREMENT being used.  This could include gages, fixtures,
TECHNIQUE tools, and/or test equipment required to

measure the part/process/manufacturing
equipment.  An analysis of the linearity,
reproducibility, repeatability, stability and
accuracy of the measurement system should be
done prior to relying on a measurement system
and improvements made accordingly.

24) SAMPLE SIZE/ When sampling is required list the
FREQUENCY corresponding sample size and frequency

NOTES
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25) CONTROL This column contains a brief description of
METHOD how the operation will be controlled, including

procedure numbers where applicable. The
control method utilized should be based on
effective analysis of the process.  The control
method is determined by the type of process
that exists.  Operations may be controlled by,
but are not limited to, Statistical Process Control,
inspection, attribute data, mistake-proofing,
(automated/non-automated), and sampling
plans.  Refer to the examples for how typical
processes are controlled.  The Control Plan
descriptions should reflect the planning and
strategy being implemented in the
manufacturing process.  If elaborate control
procedures are used, the plan will typically
reference the procedure document by a specific
identification name and/or number.

The method of control should be continually
evaluated for effectiveness of process control.
For example, significant changes in the process
or process capability should lead to an
evaluation of the control method.

26) REACTION PLAN The reaction plan specifies the corrective
actions necessary to avoid producing
nonconforming products or operating out of
control.  The actions should normally be the
responsibility of the people closest to the
process, the operator, job setter, or supervisor,
and be clearly designated in the plan.
Provisions should be made for documenting.

In all cases, suspect and nonconforming
products must be clearly identified and
quarantined, and disposition made by the
responsible person designated in the reaction
plan.  This column may also refer to a specific
reaction plan number and identify the person
responsible for the reaction plan.

NOTES
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APPENDIX B - ANALYTICAL TECHNIQUES

ASSEMBLY BUILD VARIATION ANALYSIS

An assembly build variation analysis is an analysis that simulates the buildup of
an assembly and examines tolerance accumulation, statistical parameters,
sensitivity, and “what if” investigation.

BENCHMARKING

Benchmarking is a systematic approach to identifying standards for comparison.
It provides input to the establishment of measurable performance targets, as well
as ideas for product design and process design.  It can also provide ideas for
improving business processes and work procedures.

Product and process benchmarking should include the identification of world
class or best-in-class based on objective performance measures and research
into how this performance was achieved.  Benchmarking should provide a
stepping stone for developing new designs and processes that exceed the
capabilities of the benchmark companies.

CAUSE AND EFFECT DIAGRAM

The “cause and effect” diagram is an analytical tool to indicate the relationship
between an “effect” and all possible “causes” influencing it.  This is sometimes
referred to as fishbone diagram, Ishikawa diagram, or feather diagram.

CHARACTERISTICS MATRIX

A characteristics matrix is a display of the relationships between process
parameters and manufacturing stations.  The recommended method of
developing the characteristics matrix is to number the dimensions and/or
features on the part print and each manufacturing operation.  All manufacturing
operations and stations appear across the top, and the process parameters are
listed down the left-hand column.  The more manufacturing relationships there
are, the more important the control of a characteristic becomes.  Regardless of
matrix size, the upstream relationships of characteristics are evident.  A typical
matrix is shown.

CRITICAL PATH METHOD

The critical path method can be a Pert or Gantt Chart that shows the
chronological sequence of tasks that require the greatest expected time to
accomplish.  It can provide valuable information as to:

— Interrelationships

— Early Forecast of Problems

— Identification of Responsibility

— Resource Identification, Allocation and Leveling

NOTES
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DESIGN OF EXPERIMENTS (DOE)

A designed experiment is a test or sequence of tests where potential influential
process variables are systematically changed according to a prescribed design
matrix.  The response of interest is evaluated under the various conditions to: (1)
identify the influential variables among the ones tested, (2) quantify the effects
across the range represented by the levels of the variables, (3) gain a better
understanding of the nature of the causal system at work in the process, and (4)
compare the effects and interactions.  Application early in the product/process
development cycle can result in: (1) improved process yields, (2) reduced
variability around a nominal or target value, (3) reduced development time, and
(4) reduced overall costs.

DESIGN FOR MANUFACTURABIUTY AND ASSEMBLY

Design for Manufacturability and Assembly is a Simultaneous Engineering
process designed to optimize the relationship between design function,
manufacturability, and ease of assembly.  The enhancement of designs for
assembly and manufacturing is an important step.  Plant representatives should
be consulted early in the design process to review components or systems and
provide input on specific assembly and manufacturing requirements.  Specific
dimensional tolerances should be determined based on the like process.  This
will assist in identifying the equipment required and any process changes
necessary.

DESIGN VERIFICATION PLAN AND REPORT (DVP&R)

The Design Verification Plan and Report (DVP&R) is a method to plan and
document testing activity through each phase of product/process development
from inception to ongoing refinement.  This method is used by Chrysler and Ford.

An effective DVP&R provides a concise working document that aids engineering
personnel in the following areas:

• Facilitates the development of a logical testing sequence by requiring the
responsible areas to thoroughly plan the tests needed to assure that the
component or system meets all engineering requirements.

• Assures product reliability meets customer-driven objectives.

• Highlights situations where customer timing requires an accelerated test
plan. Serves as a working tool for responsible area(s) by:

- Summarizing functional, durability, and reliability testing requirements
and results in one document for ease of reference.

- Providing the ability to easily prepare test status and progress reports
for Design Reviews.

Detailed instructions can be obtained from the appropriate Chrysler and Ford
Quality or Engineering areas.

NOTES
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DIMENSIONAL CONTROL PLAN (DCP)

See Dynamic Control Plan.

DYNAMIC CONTROL PLAN (DCP)

Ford Motor Company is currently using a DCP (Dynamic Control Plan) process in
some operations.  The basis for this process is the Characteristics Matrix
described previously in this Appendix. It is a structured methodology that
integrates the control plan, FMEA and the Gage R&R information to ensure that
customer expectations in the form of product design requirements are
understood, deployed, and controlled in the manufacturing and assembly
process. DCP is a systematic, comprehensive methodology for implementing
total production process planning.  Refer to Appendix G for an explanation of the
Dynamic Control Planning Process.

MISTAKE PROOFING (POKA-YOKE)

Mistake proofing (Poka-Yoke) is a technique to eliminate errors often referred to
as "fail-safeing".  Mistake proofing should be used as a preventive technique to
control repetitive tasks or actions.  This technique is designed to reduce
customer concerns.

PROCESS FLOW CHARTING

Process flow charting is a visual approach to describing and developing
sequential or related work activities.  It provides both a means of communication
and analysis for planning, development activities, and manufacturing processes.

Since one goal of quality assurance is to eliminate defects and improve the
efficiency of manufacturing and assembly processes, advance product quality
plans should include illustrations of the controls arid resources involved.  These
process flow charts should be used to identify improvements and to locate
significant or critical product and process characteristics that will be addressed in
control plans to be developed later.

QUALITY FUNCTION DEPLOYMENT (QFD)

QFD is a systematic procedure for translating the Voice of the Customer into
technical requirements and operational terms, displaying and documenting the
translated information in matrix form.  QFD focuses on the most important items
and provides the mechanism to target selected areas to enhance competitive
advantages.

Depending upon the specific product, the technique of QFD may be used as a
structure for the quality planning process.  In particular, QFD Phase I - Product
Planning translates customer requirements, i.e., Voice of the Customer, into
counterpart control characteristics or design requirements.  QFD provides a
means of converting general customer requirements into specified final product
and process control characteristics.

NOTES
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A. ASPECTS OFQFD

The two dimensions of QFD are:

• Quality Deployment: Translation of Customer Requirements into Product
Design Requirements.

• Function Deployment: Translation of Design Requirements into
appropriate Part, Process and Production Requirements.

B. BENEFITS OF QFD

Several benefits of QFD are that it:

• Increases the assurance of meeting the Voice of the Customer.

• Reduces number of changes due to engineering knowledge.

• Identifies conflicting design requirements.

• Focuses various company activities on customer-oriented objectives.

• Reduces product development cycle time.

• Reduces costs of engineering, manufacturing, and service.

• Improves quality of product and services.

SYSTEM FAILURE MODE AND EFFECTS ANALYSIS (SFMEA)

An SFMEA is an analytical technique that is used to identifSr potential
weaknesses in an overall system design.  It is a “top-down” functional analysis.
It is used to analyze system weaknesses in the early concept stage before
hardware has been defined.  The SFMEA focuses on potential failures
associated with the functions performed at the system, subsystem, and lower
functional levels.  The SFMEA also focuses on the interaction between systems,
between subsystems, and the interface between system elements.

NOTES
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POTENTIAL FAILURE MODE AND EFFECTS ANALYSIS

INTRODUCTION
A Process potential FMEA is an analytical technique utilized by a
Manufacturing Responsible Engineer/Team as a means to assure that, to the
extent possible, potential failure modes and their associated
causes/mechanisms have been considered and addressed.  In its most
rigorous form, an FMEA is a summary of the engineer’s/team’s thoughts
(including an analysis of items that could go wrong based on experience and
past concerns) as a process is developed.  This systematic approach parallels
and formalizes the mental discipline that an engineer normally goes through in
any manufacturing planning process.

The Process potential FMEA:
• Identifies potential product related process failure modes.
• Assesses the potential customer effects of the failures.
• Identifies the potential manufacturing or assembly process causes and

identifies process variables on which to focus controls for occurrence
reduction or detection of the failure conditions.

• Develops a ranked list of potential failure modes, thus establishing a
priority system for corrective action considerations.

• Documents the results of the manufacturing or assembly process.

Customer
Defined

The definition of “CUSTOMER” for a Process potential FMEA should normally
be seen as the “END USER.”  However, customer can also be a subsequent
or downstream manufacturing or assembly operation, as well as a service
operation.

When fully implemented, the FMEA discipline requires a Process FMEA for all
new parts/ processes, changed parts/processes, and carryover
parts/processes in new applications or environments.  It is initiated by an
engineer from the responsible process engineering department.

Team Effort During the initial Process potential FMEA process the responsible engineer is
expected to directly and actively involve representatives from all affected
areas.  These areas should include, but are not limited to, design, assembly,
manufacturing, materials, quality, service and suppliers, as well as the area
responsible for the next assembly.  The FMEA should be a catalyst to
stimulate the interchange of ideas between the functions effected and thus
promote a team approach.

The Process FMEA is a living document and should be initiated before or at
the feasibility stage, prior to tooling for production, and take into account all
manufacturing operations, from individual components to assemblies. Early
review and analysis of new or revised processes is promoted to anticipate,
resolve or monitor potential process concerns during the manufacturing
planning stages of a new model or component program.

The Process FMEA assumes the product as designed will meet the design
intent.  Potential failures which can occur because of a design weakness need
not, but may be included in a Process FMEA.  Their effect and avoidance is
covered by the Design FMEA.
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INTRODUCTION (Continued)

The Process FMEA does not rely on product design changes to
overcome weaknesses in the process, but does take into
consideration a product’s design characteristics relative to the planned
manufacturing or assembly process to assure that, to the extent
possible, the resultant product meets customer needs and
expectations.

The FMEA discipline will also assist in developing new machines or
equipment.  The methodology is the same, however, the machine or
equipment being designed is considered the product.  When potential
failure modes are identified, corrective action can be initiated to
eliminate them or continuously reduce their potential for occurrence.

DEVELOPMENT OF A PROCESS FMEA

A Process FMEA should begin with a flow chart/risk assessment (see
Appendix C) of the general process.  This flow chart should identify the
product/process characteristics associated with each operation.
Identification of some product effects from the corresponding Design
FMEA, should be included, if available.  Copies of the flow chart/risk
assessment used in FMEA preparation should accompany the FMEA.

In order to facilitate documentation of the analysis of potential failures
and their consequences a Process FMEA form was developed and is
in Appendix G.

Application of the form is described below, points are numbered
according to the numbers encircled on the form shown on the facing
page.  An example of a completed form is contained in Appendix D.

1) FMEA Number Enter the FMEA document number, which may be used for tracking.

2) Item Enter the name and number of the system, subsystem or
component, for which the process is being analyzed.

3) Process
Responsibility

Enter the OEM, department and group.  Also include the supplier
name if known.

4) Prepared By Enter the name, telephone number and company of the engineer
responsible for preparing the FMEA.

5) Model Year(s)/
Vehicle(s)

Enter the intended model year(s) and vehicle line(s) that will utilize
and/or be affected by the design/process being analyzed (if known).

6) Key Date Enter the initial FMEA due date, which should not exceed the
scheduled start of production date.
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DEVELOPMENT OF A PROCESS FMEA (Continued)

7) FMEA Date Enter the date the original FMEA was compiled, and the latest revision
date.

8) Core Team List the names of the responsible individuals and departments which
have the authority to identify and/or perform tasks. (It is recommended
that all team members names, departments, telephone numbers,
addresses, etc., be included on a distribution list.)

9) Process Functional
Requirements

Enter a simple description of the process or operation being analyzed
(e.g., turning, drilling, tapping, welding, assembling).  Indicate as
concisely as possible the purpose of the process or operation being
analyzed.  Where the process involves numerous operations (e.g.
assembling) with different potential modes of failure, it may be
desirable to list the operations as separate processes.

10) Potential Failure
Mode

Potential Failure Mode is defined as the manner in which the process
could potentially fail to meet the process requirements and/or design
intent.  It is a description of the non-conformance at that specific
operation. It can be a cause associated with a potential failure mode in
a subsequent (downstream) operation or an effect associated with a
potential failure in a previous (upstream) operation.  However, in
preparation of the FMEA, the assumption should be made that the
incoming part(s)/material(s) are correct.

List each potential failure mode for the particular operation in terms of
a component, subsystem, system or process characteristic.  The
assumption is made that the failure could occur, but may not
necessarily occur.  The process engineer/team should be able to pose
and answer the following questions:

• “How can the process/part fail to meet specifications?”
• “Regardless of engineering specifications, what would a customer
(end user, subsequent operations, or service) consider objectionable?”

A comparison of similar processes and a review of customer (end user
and subsequent operation) claims relating to similar components is a
recommended starting point.  In addition a knowledge of the purpose
of the design is necessary.  Typical failure modes could be, but are not
limited to:

Bent                            Cracked                       Grounded
Binding                        Deformed                    Open Circuited
Burred                         Dirty                             Short Circuited
Handling Damage       Improper Set-up           Tool Worn
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DEVELOPMENT OF A PROCESS FMEA (Continued)

11) Potential Effect(s)
of Failure

Potential Effects of Failure are defined as the effects of the failure
mode on the customer(s). The customer(s) in this context could be the
next operation, subsequent operations or locations, the dealer, and/or
the vehicle owner. Each must be considered when assessing the
potential effect of a failure.

Describe the effects of the failure in terms of what the customer(s)
might notice or experience. For the End User, the effects should
always be stated in terms of product or system performance, such as:

Noise                                                   Rough
Erratic Operation                                 Excessive Effort Required
Inoperative                                          Unpleasant Odor
Unstable                                              Operation Impaired
Draft                                                    Intermittent Operation
Poor Appearance                                 Vehicle Control Impaired

If the customer is the next operation or subsequent operation(s)/
location(s) the effects should be stated in terms of process/ operation
performance, such as:

    Can not fasten                                      Does not fit
    Can not bore/tap                                   Does not connect
    Can not mount                                      Does not match
    Can not face                                         Damages equipment
    Endangers operator

12) Severity (S) Severity is an assessment of the seriousness of the effect (listed in the
previous column) of the potential failure mode to the customer.
Severity applies to the effect only.  If the customer affected by a failure
mode is the assembly plant or the product user, assessing the severity
may lie outside the immediate process engineer’s/team’s field of
experience or knowledge.  In these cases, the design FMEA, design
engineer, and/or subsequent manufacturing or assembly plant process
engineer should be consulted.  Severity should be estimated on a “1”
to “10” scale.
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DEVELOPMENT OF A PROCESS FMEA (Continued)

12) Severity (S) (Continued)

Suggested Evaluation Criteria:
(The team should agree on an evaluation criteria and ranking system, which is consistent, even if
modified for individual process analysis.)

Effect Criteria: Severity of Effect Ranking

Hazardous-
without
warning

May endanger machine or assembly operator.  Very high severity ranking
when a potential failure mode affects safe vehicle operation and/or involves
noncompliance warning with government regulation.  Failure will occur without
without warning.

10

Hazardous-
with warning

May endanger machine or assembly operator.  Very high severity ranking
when a potential failure mode affects safe vehicle operation and/or involves
noncompliance with government regulation.  Failure will occur with warning.

9

Very High Major disruption to production line.  100% of product may have to be
scrapped.  Vehicle/item inoperable, loss of primary function. Customer very
dissatisfied

8

High Minor disruption to production line.  Product may have to be sorted and a
portion (less than 100%) scrapped.  Vehicle operable, but at a reduced level of
performance.  Customer dissatisfied.

7

Moderate Minor disruption to production line. A portion (less than 100%) of the product
may have to be scrapped (no sorting). Vehicle/item operable, but some
Comfort/Convenience item(s) inoperable.  Customers experiences discomfort.

6

Low Minor disruption to production line. 100% of product may have to be reworked.
Vehicle/item operable, but some Comfort/ Convenience it em(s) operable at
reduced level of performance.  Customer experiences some dissatisfaction.

5

Very Low Minor disruption to production line.  The product may have to be sorted and a
portion (less than 100%) reworked. Fit & Finish/Squeak & Rattle item does not
conform.  Defect noticed by most customers.

4

Minor Minor disruption to production line. A portion (less than 100%) of the product
may have to be reworked on-line but out-of-station.  Fit & Finish/Squeak &
Rattle item does not conform.  Defect noticed by average customers.

3

Very Minor Minor disruption to production line.  A portion (less than 100%) of the product
may have to be reworked on-line but in-station. Fit & Finish/Squeak & Rattle
item does not conform.  Defect noticed by discriminating customers.

2

None No effect. 1

13) Classification This column may be used to classify any special process characteristics
(e.g., critical, key, major, significant) for components, subsystems, or
systems that may require additional process controls.  If a classification is
identified in the Process FMEA, notify the design responsible engineer
since this may affect the engineering documents concerning control item
identification.
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DEVELOPMENT OF A PROCESS FMEA (Continued)

14) Potential
Cause(s)/
Mechanism(s) of
Failure

Potential Cause of Failure is defined as how the failure could 
occur, described in terms of something that can be corrected or can
be controlled.

List, to the extent possible, every conceivable failure cause assignable
to each potential failure mode.  If a cause is exclusive to the failure
mode, i.e., if correcting the cause has a direct impact on the failure
mode, then this portion of the FMEA thought process is completed.
Many causes however are not mutually exclusive, and to correct or
control the cause, a design of experiments, for example, may be
considered to determine which root causes are the major contributors
and which can be most easily controlled.  The causes should be
described so that remedial efforts can be aimed at those causes which
are pertinent.  Typical failure causes may include, but are not limited
to:

Improper torque - over, under
Improper weld - current, time, pressure
Inaccurate gauging
Improper heat treat - time, temperature
Inadequate gating/venting
Inadequate or no lubrication
Part missing or mislocated

Only specific errors or malfunctions (e.g., operator fails to install seal)
should be listed; ambiguous phrases (e.g., operator error, machine
malfunction) should not be used.

15) Occurrence (0) Occurrence is how frequently the specific failure cause/mechanism is
projected to occur (listed in the previous column).  The occurrence
ranking number has a meaning rather than a value.

Estimate the likelihood of the occurrence on a “1” to “10” scale.  Only
occurrences resulting in the failure mode should be considered for this
ranking; failure detecting measures are not considered here.

The following occurrence ranking system should be used to ensure
consistency.  The “Possible Failure Rates” are based on the number
of failures which are anticipated during the process execution.

If available from a similar process, statistical data should be used to
determine the occurrence ranking.  In all other cases, a subjective
assessment can be made by utilizing the word descriptions in the left
column of the table, along with any historical data available for similar
processes.  For a detailed description of capability/performance
analysis, refer to publications such as the ASOC/AIAG Fundamental
SPC Reference Manual.
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DEVELOPMENT OF A PROCESS FMEA (Continued)

15) Occurrence (0) (Continued)

Suggested Evaluation Criteria:
(The team should agree on an evaluation criteria and ranking system, which is consistent, even if
modified for individual process analysis.)

Probability of Failure Possible Failure Rates Cpk Ranking

> 1 in 2 <0.33 10Very High: Failure is almost inevitable

1 in 3 >0.33 9

1 in 8 >0.51 8
High: Generally associated with processes
similar to previous processes that have
often failed 1 in 20 >0.67 7

1 in 80 >0.83 6

1 in 400 > 1.00 5

Moderate: Generally associated with
processes similar to previous processes
which have experienced occasional
failures, but not in major proportions 1 in 2,000 >1.17 4

Low: Isolated failures associated with
similar processes 1 in 15,000 >1.33 3

Very Low: Only isolated failures associated
with almost identical processes 1 in 150,000 >1.50 2

Remote: Failure is unlikely. No failures
ever associated with almost identical
processes

<1 in 1,500,000 >1.67 1

16) Current
Process
Controls

Current Process Controls are descriptions of the controls that either prevent
to the extent possible the failure mode from occurring or detect the failure
mode should it occur.  These controls can be process controls such as
fixture error-proofing or Statistical Process Control (SPC), or can be post-
process evaluation.  The evaluation may occur at the subject operation or
at subsequent operations.  There are three types of Process
Controls/features to consider; those that:
(1) prevent the cause/mechanism or failure mode/effect from occurring, or

reduce their rate of occurrence,
(2) detect the cause /mechanism and lead to corrective actions, and
(3) detect the failure mode.

The preferred approach is to first use type (1) controls if possible; second,
use the type (2) controls: and third, use the type (3) controls.  The initial
occurrence rankings will be affected by the type (1) controls provided they
are integrated as part of the design intent. The initial detection rankings will
be based on the type (2) or type (3) current controls, provided the process
being used is representative of process intent.
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17) Detection (D) Detection is an assessment of the probability that the proposed type
(2) current process controls, listed in column 16, will detect a potential
cause/mechanism (process weakness), or the probability that the
proposed type (3) process controls will detect the subsequent failure
mode, before the part or component leaves the manufacturing
operation or assembly location.  A “1,, to “10’, scale is used.  Assume
the failure has occurred and then assess the capabilities of all “Current
Process Controls” to prevent shipment of the part having this failure
mode or defect.  Do not automatically presume that the detection
ranking is low because the occurrence is low (e.g., when Control
Charts are used), but do assess the ability of the process controls to
detect low frequency failure modes or prevent them from going further
in the process.

Random quality checks are unlikely to detect the existence of an
isolated defect and should not influence the detection ranking.
Sampling done on a statistical basis is a valid detection control.

Suggested Evaluation Criteria:

(The team should agree on an evaluation criteria and ranking system which is consistent, even if
modified for individual process analysis.)

Detection Criteria: Likelihood the Existence of a Defect will be Detected by 
Controls Before Next or Subsequent Process, or Before Part J or
Component Leaves the Manufacturing or Assembly Location.

Ranking

Almost
Impossible

No known control(s) available to detect failure mode 10

Very Remote Very remote likelihood current control(s) will detect failure mode 9

Remote Remote likelihood current control(s) will detect failure mode 8

Very Low Very low likelihood current control(s) will detect failure mode 7

Low Low likelihood current control(s) will detect failure mode 6

Moderate Moderate likelihood current control(s) will detect failure mode 5

Moderately
High

Moderately high likelihood current control(s) will detect failure mode 4

High High likelihood current control(s) will detect failure mode 3

Very High Very high likelihood current control(s) will detect failure mode 2

Almost
Certain

Current control(s) almost certain to detect the failure mode.  Reliable
detection controls are known with similar processes.

1
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DEVELOPMENT OF A PROCESS FMEA (Continued)

18) Risk Priority
Number (RPN)

The Risk Priority Number is the product of Severity (S), Occurrence (0),
and Detection (D) rankings.

RPN = (S) X (0) X (D)

This value should be used to rank order the concerns in the process
(e.g., in Pareto fashion).  The RPN will be between “1 and “1 ,000.  For
higher RPN’s the team must undertake efforts to reduce this calculated
risk through corrective action(s).  In general practice. regardless of the
resultant RPN special attention should be given when severity is high.

19) Recommended
Action(s)

When the failure modes have been rank ordered by RPN, corrective
action should be first directed at the highest ranked concerns and
critical items.  If for example, the causes are not fully understood, a
recommended action might be determined by a statistical designed
experiment (DOE).  The intent of any recommended action is to reduce
the severity, occurrence, and/or detection rankings. If no actions are
recommended for a specific cause, then indicate this by entering a
“NONE” in this column.

In all cases where the effect of an identified potential failure mode could
be a hazard to manufacturing/assembly personnel, corrective actions
should be taken to prevent the failure mode by eliminating or controlling
the cause(s), or appropriate operator protection should be specified.

The need for taking specific, positive corrective actions with quantifiable
benefits, recommending actions to other activities and following-up all
recommendations cannot be overemphasized.  A thoroughly thought
out and well developed Process FMEA will be of limited value without
positive and effective corrective actions.  It is the responsibility of all
affected activities to implement effective follow-up programs to address
all recommendations.

Actions such as the following should be considered:

• To reduce the probability of occurrence, process and/or design
revisions are required. An action-oriented study of the process using
statistical methods could be implemented with an ongoing feedback
of information to the appropriate operations for continuous
improvement and defect prevention.

• Only a design and/or process revision can bring about a reduction in
the severity ranking.

• To increase the probability of detection, process and/or design
revisions are required.  Generally, improving detection controls is
costly and ineffective for quality improvements.  Increasing quality
controls inspection frequency is not positive corrective action and
should only be utilized as a temporary measure, permanent
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DEVELOPMENT OF A PROCESS FMEA (Continued)

corrective action is required.  In some cases, a design change to a
specific part may be required to assist in the detection.  Changes to
the current control system may be implemented to increase this
probability.  Emphasis must, however, be placed on preventing
defects (i.e., reducing the occurrence) rather than detecting them.  An
example would be the use of Statistical Process Control and process
improvement rather than random quality checks or associated
inspection.

20) Responsibility
(for the
Recommended
Action)

Enter the Organization and individual responsible for the
recommended action, and the target completion date.

21) Actions Taken After an action has been implemented, enter a brief description of the
action and effective date.

22) Resulting RPN After corrective actions have been identified, estimate and record the
resulting occurrence, severity, and detection rankings.  Calculate and
record the resulting RPN.  If no actions are taken, leave the “Resulting
RPN” and related ranking columns blank.

All Resulting RPN(s) should be reviewed and if further action is
considered necessary, repeat steps 19 through 22.

Follow-Up The process responsible engineer is responsible for assuring that all
actions recommended have been implemented or adequately
addressed.  The FMEA is a living document and should always reflect
the latest design level, as well as the latest relevant actions, including
those occurring after the start of production.
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MEASUREMENT SYSTEMS ANALYSIS - Chapter I

Section 1
INTRODUCTION, PURPOSE, AND TERMINOLOGY

INTRODUCTION

Measurement data are used more often and in more ways than ever before.  For
instance, the decision to adjust a manufacturing process or not is now commonly
based on measurement data.  Measurement data, or some statistic calculated
from them, are compared with statistical control limits for the process, and if the
comparison indicates that the process is out of statistical control, then an
adjustment of some kind is made.  Otherwise, the process is allowed to run
without adjustment.

Another use of measurement data is to determine if a significant relationship
exists between two or more variables.  For instance, it may be suspected that a
critical dimension on a molded plastic part is related to the temperature of the
feed material.  That possible relationship could be studied by using a statistical
procedure called regression analysis to compare measurements of the critical
dimension with measurements of the temperature of the feed material.

Studies that explore such relationship are examples of what Dr. W E. Deming
called analytic studies. In general, an analytic study is one that increases
knowledge about the system of causes that affect the process.  Analytic studies
are among the most important uses of measurement data because they lead
ultimately to better understanding of processes.

The benefit of using a data-based procedure is largely determined by the quality
of the measurement data used.  If the data quality is low, the benefit of the
procedure is likely to below.  Similarly, if the quality of the data is high, the benefit
is likely to be higher also.

To ensure that the benefit derived from using measurement data is great enough
to warrant the cost of obtaining it, attention must be focused on the quality of the
data.

QUALITY OF MEASUREMENT DATA

The quality of measurement data is related to the statistical properties of multiple
measurements obtained from a measurement system operating under stable
conditions.

For instance, suppose that a measurement system, operating under stable
conditions, is used to obtain several measurements of a certain characteristic.  If
the measurements are all “close” to the master value for the characteristic, then
the quality of the data is said to be “high.”  Similarly, if some, or all, of the
measurements are “far” away from the master value, then the quality of the data
is said to be “low.”

NOTES
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The statistical properties most commonly used to characterize the quality of data
are bias and variance.  The property called bias refers to the location of the data
relative to a master value, and the property called variance refers to the spread
of the data.  But other statistical properties, such as the rate of misclassification,
may also be appropriate in some cases.

One of the most common reasons for low-quality data is too much variation in the
data.  For instance, a measurement system used to measure the volume of liquid
in a tank may be sensitive to the ambient temperature of the environment in
which it is used. In that case, variation in the data may be due either to changes
in the volume or to changes in the ambient temperature.  That makes interpreting
the data more difficult and the measurement system, therefore, less desirable.

Much of the variation in a set of measurements is due to the interaction between
the measurement system and its environment.  If the interaction generates too
much variation, then the quality of the data may be so low that the data are not
useful.  For example, a measurement system with a large amount of variation
may not be appropriate for use in analyzing a manufacturing process because
the measurement system’s variation may mask the variation in the manufacturing
process.

Much of the work of managing a measurement system is directed at monitoring
and controlling variation.  Among other things, this means that emphasis must be
placed on learning how the measurement system interacts with its environment
so that only data of acceptable quality are generated.

Most variation is undesirable.  But there are some important exceptions.  For
instance, if the variation is due to small changes in the characteristic being
measured, then it is usually considered desirable.  The more sensitive a
measurement system is to that kind of change, the more desirable the system
becomes because it is a more sensitive measurement system.

If the quality of the data is not acceptable, then it must be improved.  This is
usually accomplished by improving the measurement system, rather than by
improving the data themselves.

THE MEASUREMENT PROCESS

In this document, the term ‘measurement’ is defined as “the assignment of
numbers to material things to represent the relations among them with respect to
particular properties.”  This definition was first given by C. Eisenhart (1963).

The process of assigning the numbers is defined as the measurement process,
and the value assigned is defined as the measurement value.

From these definitions it follows that a measurement process should be viewed
as a manufacturing process that produces numbers (data) for its output.  Viewing
a measurement system this way is useful because it allows us to bring to bear all
the concepts, philosophy, and tools that have already demonstrated their
usefulness in the area of statistical process control.

NOTES



QUALITY PLANNING WORKSHOP
                                                                                                                                                                                                                                                                                                                                                                                                   

                                                                                                                                                                                                                                                                                                                                                                                                    

Quality Systems Management Page 46

PURPOSE

The purpose of this document is to present guidelines for selecting procedures to
assess the quality of a measurement system.  Although the guidelines are
general enough to be used for any measurement system, they are intended
primarily for the measurement systems used in the industrial world.  This
document is not intended to be a compendium of analyses for all measurement
systems.  Its primary focus is measurement systems where the readings can be
repeated on each part.  Many of the analyses are useful with other types of
measurement systems and the manual does contain references and
suggestions.  However, if you have such systems, it is recommended that you
seek assistance from competent statistical resources.

TERMINOLOGY

Gage: any device used to obtain measurements; frequently used to refer
specifically to the devices used on the shop floor; includes go/no-go devices.

Measurement system: the collection of operations, procedures, gages and
other equipment, software, and personnel used to assign a number to the
characteristic being measured; the complete process used to obtain
measurements.

Section 2
STATISTICAL PROPERTIES OF MEASUREMENT SYSTEMS

An ideal measurement system would produce only “correct” measurements each
time it was used.  Each measurement would always agree with a master
standard (see Deming, 1986, p. 281).  A measurement system that could
produce measurements like that would be said to have the statistical properties
of zero variance, zero bias, and zero probability of misclassifying any product it
measured.

Unfortunately, measurement systems with such desirable statistical properties
seldom exist, and so process managers must use measurement systems that
have less desirable statistical properties.

The quality of a measurement system is usually determined solely by the
statistical properties of the data it produces.  Other properties, such as cost, ease
of use, etc., are also important in that they contribute to the overall desirability of
a measurement system.  But it is the statistical properties of the data produced
that determine the quality of the system.

It should be understood that the statistical properties that are most important for
one use are not necessarily the most important properties for another use.  For
instance, for some uses of a coordinate measuring machine (CMM), the most
important statistical properties are “small” bias and variance.  A CMM with those
properties will generate measurements that are “close” to the certified values of
standards that are traceable to the National Institute of Standards and
Technology (NIST).  Data obtained from such a machine can be very useful for
analyzing a manufacturing process.
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But, no matter how “small” its bias and variance may be, the same CMM
machine might be unable, under certain general conditions, to do an acceptable
job of discriminating between good product and bad because its misclassification
rate is too high.  Thus, under those general conditions, the machine would be
simultaneously acceptable for analyzing the manufacturing process and
unacceptable for doing end-item inspection.

Management has the responsibility for identifying the statistical properties that
are the most important for the ultimate use of the data.  Management is also
responsible for ensuring that those properties are used as the basis for selecting
a measurement system.  To accomplish this, operational definitions of the
statistical properties, as well as acceptable methods of measuring them, are
required.

Although each measurement system may be required to have different statistical
properties, there are certain properties that all measurement systems must have.
These include:

1) The measurement system must be in statistical control.  This means that
the variation in the measurement system is due to common causes only
and not due to special causes.  This can be referred to as statistical
stability and is discussed in more detail in Chapter II, Sections 1 and 2.

2) Variability of the measurement system must be small compared with the
manufacturing process variability

3) Variability must be small compared with the specification limits.

4) The increments of measure must be small relative to the smaller of either
the process variability or the specification limits.  A common rule of thumb
is for the increments to be no greater than one-tenth of the smaller of either
the process variability or the specification limits.

5) The statistical properties of the measurement system may change as the
items being measured vary.  If so, then the largest (worst) variation of the
measurement system must be small relative to the smaller of either the
process variation or the specification limits.

Section 3
STANDARDS

BACKGROUND

The National Institute of Standards and Technology (NIST) is the principal
standards organization in the United States.  A part of the United States
Commerce Department, NIST serves as the repository for most of the nation’s
physical and chemical measurement standards.  Known formerly as the National
Bureau of Standards (NBS), NIST coordinates its measurement standards with
the standards of other countries and develops and distributes measurement and
calibration procedures.
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One of NIST’s principal services is transferring measurements from its standards
to other measurement systems.  The procedure used to transfer the
measurements is called a “Calibration” procedure, and it is intended to bring the
other measurement system into agreement with the measurements produced by
NIST.  The transfer process usually involves a hierarchical system of transfers,
where each level relies on its own system of standards.

At the highest level in the hierarchy is the national standard.  The national
standard is usually held by NIST but in some instances may be held for NIST by
certain other organizations such as the Los Alamos Scientific Laboratory.
Measurements are transferred from the national standard to the next level
standard, which is called a primary standard.

For the primary standard to be legitimate, the measurements must be transferred
to it by NIST, or by an approved alternate organization, using only state-of-the-art
calibration procedures.

Once it is created, a primary standard may be obtained from NIST by any
organization, such as a private company, an academic institution, or government
agency, for whatever purpose the organization desires.  A primary standard
serves as the direct link between the organization that owns it and the national
standard owned by NIST.

In some cases, a primary standard may be used routinely to calibrate other
measurement systems.  But primary standards are usually too expensive and too
vulnerable to wear and tear for this kind of routine use. Instead, measurements
are transferred from the primary standard to another level of standard called a
secondary standard.  Transfers to secondary standards can be performed by any
organization with access to a primary standard.  However, for the secondary
standard to be traceable, the transfer must be done by using an appropriate
calibration procedure.

Primary and secondary standards are often owned by private companies and for
this reason they are sometimes called company standards.  Company standards
are usually maintained and used only by a company’s metrology department,
rather than by its production operation.

From secondary standards, measurements may be transferred to yet another
level of standard called working standards.  Working standards are usually used
to calibrate the measurement systems found in the production facilities.  Working
standards are also called production standards and are often maintained by
production personnel rather than by a metrology department.

Measurements that can be connected back to NIST through the use of proper
calibration procedures used in conjunction with the hierarchy of standards, are
said to be traceable to NIST.  Another definition of traceability is the one that is
used by the Department of Defense: “the ability to relate individual measurement
results to national standards or nationally accepted measurement systems
through an unbroken chain of comparisons.”  (U.S. Department of Defense,
Military Standard 45662).
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In general, the further away a standard is from the national standard, the more
robust it is to changes in its environment, thus making it cheaper and easier to
maintain.  But those advantages are usually obtained at the cost of lower
accuracy.

An organization that does not have its own metrology department may choose to
use the services of an outside organization called a “Calibration Lab.”

USE OF STANDARDS

In general, it is difficult to determine the accuracy of a measurement system
without using traceable standards.  It is especially difficult for measurement
systems that perform destructive measurements.  It is also difficult for many non-
destructive measurement systems.  Fortunately, for some systems, accuracy is
not as important as repeatability.  But for those systems where accuracy is
important, the use of traceable standards is frequently the only way to truly
ensure that the measurement system is accurate enough for its intended use.

The use of traceable standards is especially helpful for minimizing the conflict
that sometimes arises when there is a lack of agreement between the
measurements of the producer and customer.

NOTES
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Section 4
GENERAL GUIDELINES

The first step in assessing a measurement system is to verify that the correct
variable is being measured. If the wrong variable is being measured, then no
matter how accurate or how precise the measurement system is, it will simply
consume resources without providing benefit.

The next step is to determine what statistical properties the measurement system
must have to be acceptable.  In order to make that determination, it is important
to know how the data are to be used, for without that knowledge, the appropriate
statistical properties cannot be determined.  After the statistical properties have
been determined, the measurement system must be assessed to see if it actually
possesses the properties or not.

The assessment of the measurement system is usually done in two phases,
called Phase 1 and Phase 2. In Phase 1, we want to understand the
measurement process and determine if it will satisfy all our requirements.  Phase
1 testing has two objectives.  The first is to determine if the measurement system
possesses the required statistical properties or not.  This kind of testing should
be conducted before the measurement system is actually used by the facility If
the testing indicates that the measurement system possesses the appropriate
properties, then the system is deemed to be of acceptable quality for its intended
use, and it then can be used by the facility.  On the other hand, if the
measurement system is shown to not possess the right properties, then it should
not be used by the facility In general, several separate tests may be required to
determine if a measurement system is acceptable or not.

The second objective of Phase 1 testing is to discover which environmental
factors have a significant influence on the measurement system.  For example, a
Phase 1 test may include several environmental factors at different levels, with
ambient temperature being one of the factors.  If the Phase 1 test indicates that
ambient temperature significantly affects the quality of the measurements, then
the facility may elect to operate the measurement system in an atmospherically
controlled environment.  On the other hand, if the test indicates that ambient
temperature has no discernable effect, then the measurement system can be
used on the shop floor without worry.

The objective of Phase 2 testing is to verify that a measurement system, once
deemed to be acceptable, continues to have the appropriate statistical
properties.  The study that is commonly called “Gage R&R” is one form of Phase
2 testing.  Phase 2 testing is frequently performed as a routine part of the
facility’s normal calibration program, maintenance program, and metrology
program, but it may be done independently of any of these.  The testing is
usually performed in the facility

The test procedure should be completely documented.  The documentation
should include:

• Examples
• Specifications for selecting the items to be measured and the environment in

which the test procedure is to be applied.  Typically, these specifications
would be in the form of a statistical design of experiment.
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• Specifics as to how the data are to be gathered, recorded, and analyzed.

• Operational definitions of key terms and concepts.

• If the procedure calls for the use of special standards, such as those
obtained from NIST, then the test documentation should include instructions
for the storage, maintenance and use of those standards.

The timing of the assessments, the organizational responsibility for conducting
the assessments, and the manner of and responsibility for reacting to the results
of the assessments should be clearly delegated by the facility management.

Section 5
SELECTING/DEVELOPING TEST PROCEDURES

“Any technique can be useful if its limitations are understood and observed.”

The Logic of Evaluation
W Edwards Deming

The Handbook of Evaluation Research, Vol. 1
Elmer L. Struening and Marcia Guttentag, Editors

Many appropriate procedures are available for assessing measurement systems.
The choice of which procedure to use depends on many factors, most of which
must be determined on a case-by-case basis for each measurement system to
be assessed.  In some cases, preliminary testing may be required to determine if
a procedure is appropriate for a particular measurement system or not.  Such
preliminary testing should be an integral part of the Phase 1 testing discussed in
the previous section.

General issues to consider when selecting or developing an assessment
procedure include:

1) Should standards, such as those traceable to NIST, be used in the testing
and, if so, what level of standard is appropriate?  Standards are frequently
essential for assessing the accuracy of a measurement system.  If standards
are not used, the variability of the measurement system can still be
assessed, but it may not be possible to assess its accuracy with reasonable
credibility.  Lack of such credibility may be an issue, for instance, if
attempting to resolve an apparent difference between a producer’s
measurement system and a customer’s measurement system.

2) For the ongoing testing in Phase 2, the use of blind measurements should be
considered. Blind measurements are measurements obtained in the actual
measurement environment by an operator who does not know that an
assessment of the measurement system is being conducted.  Properly
administered, tests based on blind measurements are usually not
contaminated by the well known Hawthorne effect. 1.

3) The cost of testing.

4) The time required for the testing.
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5) Any term for which there is no commonly accepted definition should be
operationally defined.  Examples of such terms include accuracy, precision,
repeatability, reproducibility, etc.

6) Are the measurements made by the measurement system going to be
compared with measurements made by another system?  If so, one should
consider using test procedures that rely on the use of standards such as
those discussed in Step 1 above.  If standards are not used, it may still be
possible to determine whether or not the two measurement systems are
working well together.  However, if the systems are not working well
together, then it may not be possible, without the use of standards, to
determine which system needs improvement.

1. The “Hawthorne Effect” refers to the outcomes of a series of industrial
experiments performed at the Hawthorne Works of Western Electric between
November 1924 and August 1932.  In the experiments, the researchers
systematically modified working conditions of five assemblers and monitored the
results.

As the conditions improved, production rose.  However, when working conditions
were degraded, production continued to improve.  This was thought to be the
results of the workers having developed a more positive attitude toward the work
solely as a result of them being part of the study, rather than as a result of the
changed working conditions.

For more information, see A History of the Hawthorne Experiments by Richard
Gillespie, Cambridge University Press, New York, 1991.

7) How often should Phase 2 testing be performed?  This decision should be
based on the statistical properties of the individual measurement system and
the consequence to the facility, and the facility’s customers of a
manufacturing process that, in effect, is not monitored due to a measurement
system not performing properly

In addition to these general issues, other issues that are specific to the particular
measurement system being tested may also be important.  Finding the specific
issues that are important to a particular measurement system is one of the two
objectives of the Phase 1 testing.

NOTES
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MEASUREMENT SYSTEMS ANALYSIS - Chapter II

Section 1
INTRODUCTION

The procedures presented in Chapter II are widely used throughout the
automotive industry to assess the measurement systems used in the production
environment. Specifically, the procedures assess the following statistical
properties: repeatability, reproducibility, bias, stability, and linearity.

Collectively, the procedures are sometimes referred to as “Gage R&R”
procedures because they are frequently used only to assess the statistical
properties of reproducibility and repeatability.  In general, the procedures are
easy to use in a production environment and, although the procedures are
statistical in nature, they are presented in a manner that allows them to be used
by people who are not statisticians.

It should be noted, however, that because of the way the tests are conducted,
the procedures may be better at assessing the optimum capability of the gages
and appraisers than of assessing the statistical properties of the complete
measurement system, as the system is used in practice.  This can happen, for
instance, when more care is taken to obtain the test measurements than is
normal when the measurement system is used during production.  Frequently,
this will not be a problem, but if it is, other procedures should be used, or
modifications should be made to the procedures presented here.

In some cases, the only modification required might be to use blind
measurements of standards in such a manner that the measurement system is
used in the test exactly as it is used during normal practice.  The data obtained
this way can then be analyzed to assess the reproducibility and repeatability of
the complete measurement system. In general, however, the modifications
required to assess the complete measurement system may be quite complicated
and should only be made by someone well versed in statistical theory and
practice.

The procedures presented in this section cover many, but not all, of the
situations encountered in practice.  Because the procedures focus on the
statistical properties of repeatability, reproducibility, bias, stability, and linearity,
they may be legitimate candidates for most of the testing performed in Phase 2
and part of the testing performed in Phase 1.  But, as they do not, in general,
allow one to study the effects of other factors, such as temperature, lighting, etc.,
on the measurement system variation, other statistical procedures may be
required to round out the Phase 1 testing. Acceptable statistical procedures for
the Phase 1 testing are readily available in the general statistical literature.

MEASUREMENT ISSUES

Three fundamental issues need to be addressed in evaluating a measurement
system.  First, does the measurement system have adequate discrimination?
Second, is the measurement system statistically stable over time?  Third, are the
statistical properties consistent over the expected range and acceptable for
process analysis or control?
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These determinations are most meaningfully made relative to the variation of the
process.  The long-standing tradition of reporting measurement error only as a
percent of tolerance spread is inadequate for the challenges of the marketplace
of the future in which emphasis will be upon continual process improvement.

TYPES OF MEASUREMENT SYSTEM VARIATION

It is often assumed that measurements are exact, and frequently the analysis
and conclusions are based upon this assumption.  An individual may fail to
realize there is variation in the measurement system which affects the individual
measurements, and subsequently, the decisions based upon the data.
Measurement system error can be classified into five categories, bias,
repeatability, reproducibility, stability and linearity.

One of the objectives of a measurement system study is to obtain information
relative to the amount and types of measurement variation associated with a
measurement system when it interacts with its environment.  This information is
valuable, since for the average production process, it is far more practical to
recognize repeatability and calibration bias and establish reasonable limits for
these, than to provide extremely accurate gages with very high repeatability.
Applications of such a study provide the following:

1) A criterion to accept new measuring equipment.

2) A comparison of one measuring device against another.

3) A basis for evaluating a gage suspected of being deficient.

4) A comparison for measuring equipment before and after repair.

5) A required component for calculating process variation, and the
acceptability level for a production process.

6) Information necessary to develop a Gage Performance Curve (GPC),
which indicates the probability of accepting a part of some true value.

The following definitions help describe the types of error or variation associated
with a measurement system, so that each term is clearly understood for
subsequent discussion.  An illustration is given for each definition which
graphically displays the meaning of each term.

Bias

Bias is the difference between the observed average of measurements and the
reference value.  The reference value, also known as the accepted reference
value or master value, is a value that serves as an agreed-upon reference for the
measured values.1  A reference value can be determined by averaging several
measurements with a higher level (e.g., metrology lab or layout equipment) of
measuring equipment.

Bias is often referred to as “accuracy".  Because “accuracy” has several
meanings in literature, its use as an alternate for “bias” is not recommended.
1.  ASTM D 3980-88.
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Repeatability

Repeatability is the variation in measurements obtained with one measurement
instrument when used several times by one appraiser while measuring the
identical characteristic on the same part.

Reproducibility

Reproducibility is the variation in the average of the measurements made by
different appraisers using the same measuring instrument when measuring
the identical characteristic on the same part.

Stability

Stability (or drift) is the total variation in the measurements obtained with a
measurement system on the same master or parts when measuring a single
characteristic over an extended time period.

Linearity

Linearity is the difference in the bias values through the expected operating
range of the gage.
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STATISTICAL PROCESS CONTROL

Chapter I
INTRODUCTION TO CONTINUAL IMPROVEMENT and
STATISTICAL PROCESS CONTROL

To prosper in today’s economic climate, we — automotive manufacturers,
suppliers and dealer organizations — must be dedicated to continual
improvement.  We must constantly seek more efficient ways to produce products
and services.  These products and services must continue to improve in value.
We must focus upon our customers, both internal and external, and make
customer satisfaction a primary business goal.

To accomplish this, everyone in our organizations must be committed to
improvement and to the use of effective methods.  This manual addresses some
of the needs in the second area.  It describes several basic statistical methods
which can be used to make our efforts at improvement more effective.  Different
levels of understanding are needed to perform different tasks.  This manual is
aimed at practitioners and managers beginning the application of statistical
methods.  It will also serve as a refresher on these basic methods for those who
are now using more advanced techniques.  Not all basic methods are included
here.  Coverage of other basic methods (such as checksheets, flowcharts,
Pareto charts, cause and effect diagrams) and some advanced methods (such
as other control charts, designed experiments, Quality Function Deployment,
etc.) is available in books and booklets such as those referenced in Appendix H.

The basic statistical methods addressed in this book include those associated
with statistical process control and process capability analysis.  The first chapter
of this manual gives some background of process control, explains several
important concepts such as special and common causes of variation, and
introduces the control chart which can be a very effective tool for analyzing and
monitoring processes.  The second chapter describes the construction and use
of control charts for variables data (quantitative data, or measurements): X—bar
and R charts, X—bar and s charts, median charts, and X—MR (individuals and
moving range) charts.  It also describes the concept of process capability and
discusses commonly used indices and ratios.  The third chapter describes
several control charts for attributes data (qualitative data, or counts): the p chart,
np chart, c chart and u chart.  The fourth chapter addresses the subject of
measurement systems analysis and presents an appropriate example.  The
Appendices include examples of subgrouping and overadjustment, a flow chart
on the use of control charts, a table of constants and formulas, the standard
normal distribution, and reproducible copies of blank chart forms.  A Glossary
gives brief explanations of terms and symbols used and the References section
provides the reader with sources for further study.

Six points should be made before the main discussion begins:

First, gathering data and using statistical methods to interpret them are not ends
in themselves.  The overall aim should be increased understanding of the
reader’s processes.  It is very easy to become technique experts without
realizing any improvements.  Increased knowledge should become a basis for
action.
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Second, the basic concept of studying variation and using statistical signals to
improve performance can be applied to any area.  Such areas can be on the
shop floor or in the office.  Some examples are machines (performance
characteristics), bookkeeping (error rates), gross sales, waste analysis (scrap
rates), computer systems (performance characteristics) and materials
management (transit times).  This manual focuses upon shop floor applications.
The reader is encouraged to consult some of the references in Appendix H for
administrative and service applications.

Third, SPC stands for statistical process control.  It is unfortunate that in North
America statistical methods are so routinely applied to parts, rather than
processes.  Application of statistical techniques to control output (such as parts)
should be only the first step.  Until the processes which generate the output
become the focus of our efforts, the full power of these methods to improve
quality, increase productivity and reduce cost cannot be realized.

Fourth, although each point in the text is illustrated with a worked—out example,
real understanding of the subject involves deeper contact with process control
situations.  The study of actual cases from the reader’s own job location or from
similar activities would be an important supplement to the text.  There is,
however, no substitute for hands—on experience with current process
information.

Fifth, this manual should be considered a first step toward the use of statistical
methods.  It provides rules of thumb which work in many instances.  However,
there exist exceptions where it is improper to blindly use these rules of thumb.
This manual does not replace the need for practitioners to increase their
knowledge of statistical methods and theory.  Readers are encouraged to pursue
formal statistical education.  Where the reader’s processes and application of
statistical methods has advanced beyond the material covered here, the reader
is also encouraged to consult with persons who have the proper knowledge and
practice in statistical theory as to the appropriateness of other techniques.

Sixth, measurement systems are critical to proper data analysis and they should
be well understood before process data are collected.  When such systems lack
statistical control or their variation accounts for a substantial portion of the total
variation in process data, inappropriate decisions may be made.  For the
purposes of this manual, it will be assumed that this system is under control and
is not a significant contributor to total variation in the data.  The reader is referred
to the Measurement Systems Analysis (MSA) Manual published by the AIAG for
more information on this topic.

Section 1
PREVENTION VERSUS DETECTION

In the past, manufacturing often depended on production to make the product
and on quality control to inspect the final product and screen out items not
meeting specifications.  In administrative situations, work is often checked and
rechecked in efforts to catch errors.  Both cases involve a strategy of detection,
which is wasteful, because it allows time and materials to be invested in products
or services that are not always usable.
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It is much more effective to avoid waste by not producing unusable output in the
first place — a strategy of prevention.

A prevention strategy sounds sensible — even obvious — to most people. It is
easily captured in such slogans as, “Do it right the first time.”  However, slogans
are not enough. What is required is an understan(ling of the elements of a
statistical process control system.  The remaining seven subsections of this
introduction cover these elements, and can be viewed as answers to the
following questions:

• What is meant by a process control system? (Section 2)

• How does variation affect process output? (Section 3)

• How can statistical techniques tell whether a problem is local in nature or
involves broader systems? (Section 4)

• What is meant by a process being in statistical control?  What is meant by
a process being capable? (Section 5)

• What is a continual improvement cycle, and what part can process control
play in it? (Section 6)

• What are control charts, and how are they used? (Section 7)

• What benefits can be expected from using control charts? (Section 8)

As this material is being studied, the reader may wish to refer to the Glossary in
Appendix G for brief definitions of key terms and symbols.

Section 2
A PROCESS CONTROL SYSTEM

A process control system can be described as a feedback system. Statistical
Process Control (SPC) is one type of feedback system.  Other such systems,
which are not statistical, also exist.  Four elements of that system are important
to the discussions that will follow:

1. The Process — By the process, we mean the whole combination of
suppliers, producers, people, equipment, input materials, methods, and
environment that work together to produce output, and the customers who
use that output (see Figure 1).

2. Information About Performance — Much information about the actual
performance of the process can be learned by studying the process output.
The most helpful information about the performance of a process comes,
however, from understanding the process itself, and its internal variability.
Process characteristics (such as temperatures, cycle times, feed rates,
absenteeism, turnover, tardiness, or number of interruptions) should be the
ultimate focus of our efforts.  We need to determine the target values for
those characteristics which result in the most productive operation of the
process, and then monitor how near to or far from those target values we
are.
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If this information is gathered and interpreted correctly, it can show whether the
process is acting in a usual or unusual manner.  Proper actions can then be
taken, if needed, to correct the process or the just—produced output. When
action is needed it must be timely and appropriate, or the information—gathering
effort is wasted.

3. Action on the Process — Action on the process is frequently most
economical when taken to prevent the important characteristics (process or
output) from varying too far from their target values.  This maintains the
stability and the variation of the process output within acceptable limits.  Such
action might consist of changes in the operations (e.g., operator training,
changes to the incoming materials, etc.) or the more basic elements of the
process itself (e.g., the equipment —which may need rehabilitation, how
people communicate and relate, or the design of the process as a whole —
which may be vulnerable to changes in shop temperature or humidity).  The
effect of actions should be monitored, and further analysis and action should
be taken if necessary.

4. Action on the Output — Action on the output is frequently least economical
when it is restricted to detecting and correcting out—of—specification product
without addressing the underlying process problem.  Unfortunately, if current
output does not consistently meet customer requirements, it may be
necessary to sort all products and to scrap or rework any nonconforming
items.  This must continue until the necessary corrective action on the
process has been taken and verified, or until the product specifications have
been changed.

It is obvious that inspection followed by action only on the output is a poor
substitute for effective process management.  Action only on the output should
be used strictly as an interim measure for unstable or incapable processes (see
Section 5).  Therefore, the discussions that follow focus on gathering process
information and analyzing it so that action can be taken to correct the process
itself.

Section 3
VARIATION: COMMON AND SPECIAL CAUSES

In order to effectively use process control measurement data, it is important to
understand the concept of variation, as illustrated in Figure 2.

The total performance of the process depends upon communication between
supplier and customer, the way the process is designed and implemented, and
on the way it is operated and managed.  The rest of the process control system
is useful only if it contributes either to maintaining a level of excellence or to
improving the total performance of the process.

No two products or characteristics are exactly alike, because any process
contains many sources of variability.  The differences among products may be
large, or they may be immeasurably small, but they are always present.  The
diameter of a machined shaft, for instance, would be susceptible to potential
variation from the machine (clearances, bearing wear), tool (strength, rate of
wear), material (diameter, hardness), operator (part feed, accuracy of centering),
maintenance (lubrication, replacement of worn parts), and environment
(temperature, constancy of power supply).
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For another example, the time required to process an invoice could vary
according to the people performing various steps, the reliability of any equipment
they were using, the accuracy and legibility of the invoice itself, the procedures
followed, and the volume of other work in the office.

Some sources of variation in the process cause short—term, piece—to—piece
differences — e.g., backlash and clearances within a machine and its fixturing, or
the accuracy of a bookkeeper’s work.  Other sources of variation tend to cause
changes in the output only over a longer period of time, either gradually as with
tool or machine wear, step—wise as with procedural changes, or irregularly, as
with environmental changes such as rower surges.  Therefore, the time period
and conditions over which measurements are made will affect the amount of the
total variation that will be present.

From the standpoint of minimum requirements, the issue of variation is often
simplified: parts within specification tolerances are acceptable, parts beyond
specification tolerances are not acceptable; reports on time are acceptable, late
reports are not acceptable.  However, to manage any process and reduce
variation, the variation must be traced back to its sources.  The first step is to
make the distinction between common and special causes of variation.

While individual measured values may all be different, as a group they tend to
form a pattern that can be described as a distribution (see Figure 2).  This
distribution can be characterized by:

• Location (typical value)
• Spread (span of values from smallest to largest)
• Shape (the pattern of variation — whether it is symmetrical, skewed,

etc.)

Common causes refer to the many sources of variation within a process that has
a stable and repeatable distribution over time.  This is called “in a state of
statistical control,” “in statistical control,” or sometimes just “in control.”  Common
causes behave like a stable system of chance causes.  If only common causes
of variation are present and do not change, the output of a process is
predictable.

Special causes (often called assignable causes) refer to any factors causing
variation that are not always acting on the process.  That is, when they occur,
they make the (overall) process distribution change.  Unless all the special
causes of variation are identified and acted upon, they will continue to affect the
process output in unpredictable ways.  If special causes of variation are present,
the process output is not stable over time.

The changes in the process distribution due to special causes can either be
detrimental or beneficial.  When detrimental, they need to be identified and
removed.  When beneficial, they should be identified and made a permanent part
of the process.  With some mature processes (i.e., processes which have
undergone several cycles of continual improvement), the customer may give
special allowance to run a process with a consistently occurring special cause.
Such allowances will usually require that the process control plans can assure
conformance to customer requirements and protect the process from other
special causes (See Section 5).

NOTES



QUALITY PLANNING WORKSHOP
                                                                                                                                                                                                                                                                                                                                                                                                   

                                                                                                                                                                                                                                                                                                                                                                                                    

Quality Systems Management Page 61

Section 4
LOCAL ACTIONS AND ACTIONS ON THE SYSTEM

There is an important connection between the two types of variation just
discussed and the types of action necessary to reduce them.*

Simple statistical process control techniques can detect special causes of
variation.  Discovering a special cause of variation and taking the proper action is
usually the responsibility of someone who is directly connected with the
operation.  Although management must sometimes be involved to correct the
condition, the resolution of a special cause of variation usually requires local
action.  This is especially true during the early process improvement efforts.  As
one succeeds in taking the proper action on special causes, those that remain
will often require management action, rather than local action.

These same simple statistical techniques can also indicate the extent of common
causes of variation, but the causes themselves need more detailed analysis to
isolate.  The correction of these common causes of variation is usually the
responsibility of management.  Sometimes people directly connected with the
operation will be in a better position to identify them and pass them on to
management for action.  Overall, though, the resolution of common causes of
variation usually requires action on the system.

Only a relatively small proportion of excessive process variation — industrial
experience suggests about 15% — is correctable locally by people directly
connected with the operation.  The majority — the other 85% — is correctable
only by management action on the system.  Confusion about the type of action to
take is very costly to the organization, in terms of wasted effort, delayed
resolution of trouble, and aggravated problems.  It may be wrong, for example, to
take local action (e.g., adjusting a machine) when management action on the
system is required (e.g., selecting suppliers that provide consistent input
materials).** Nevertheless, close teamwork between management and those
persons directly connected with the operation is a must for enhancing reduction
of common causes of process variation.

* Dr. W. E. Deming has treated this issue in “What Happened in Japan?,”
Industrial Quality Control, Vol. 24, No. 3, August, 1967, pages 89—93,
and in other articles.

** These observations were first made by Dr. J. M. Juran, and have been
borne out in Dr. Deming’s experience.

Section 5
PROCESS CONTROL AND PROCESS CAPABILITY

The goal of a process control system is to make economically sound decisions
about actions affecting the process.  This means balancing the consequences of
taking action when action is not necessary (overcontrol or “tampering”) versus
failing to take action when action is necessary (undercontrol).  These risks must
be handled, however, in the context of the two sources of variation previously
mentioned — special causes and common causes. (See Figure 3.)
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A process is said to be operating in statistical control when the only sources of
variation are from common causes.  One function of a process control system,
then, is to provide a statistical signal when special causes of variation are
present, and to avoid giving false signals when they are not present. This allows
appropriate action(s) to be taken upon those special causes (either removing
them or, if they are beneficial, making them permanent).

When discussing process capability, two somewhat contrasting concepts need to
be considered:

• Process capability is determined by the variation that comes from
common causes.  It generally represents the best performance (i.e.,
minimum spread) of the process itself, as demonstrated when the
process is being operated in a state of statistical control while the data
are being collected, irrespective of where the specifications may be with
respect to the process location and/or spread.

• Customers, however, internal or external, are more typically concerned
with the overall output of the process and how it relates to their
requirements (defined as specifications), irrespective of the process
variation.

In general, since a process in statistical control can be described by a predictable
distribution, the proportion of in—specification parts can be estimated from this
distribution.  As long as the process remains in statistical control and does not
undergo a change in location, spread or shape, it will continue to produce the
same distribution of in—specification parts.  The first action on the process
should be to locate the process on the target.  If the process spread is
unacceptable, this strategy allows the minimum number of out—of—specification
parts to be produced.  Actions on the system to reduce the variation from
common causes are usually required to improve the ability of the process (and its
output) to meet specifications consistently.  For a more specific understanding of
the subject of process capability, process performance and the assumptions
associated with it, refer to Chapter II, Section 5.

In short: the process must first be brought into statistical control by detecting and
acting upon special causes of variation.  Then its performance is predictable, and
its capability to meet customer expectations can be assessed.  This is a basis for
continual improvement.

Every process is subject to classification based on capability and control.  A
process can be classified into 1 of 4 cases, as illustrated by the following chart:
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CONTROL

MEETING
REQUIREMENTS

IN
CONTROL

NOT
IN CONTROL

ACCEPTABLE CASE 1 CASE 3
NOT ACCEPTABLE CASE 2 CASE 4

To be acceptable, the process must be in a state of statistical control and the
inherent variation (capability) must be less than blueprint tolerance.  The ideal
situation is to have a Case 1 process where the process is in statistical control
and the ability to meet requirements is acceptable.  A Case 2 process is in
control but has excessive common cause variation which must be reduced.  A
Case 3 process meets requirements acceptably, but is not in control; special
causes of variation must be identified and acted upon.  In Case 4, the process is
not in control nor is it acceptable; both common and special cause variation must
be reduced.

Under certain circumstances, the customer may allow a producer to run a
process even though it is a Case 3 process.  These circumstances may include:

• The customer is insensitive to variation within specifications (See
discussion on the loss function in Chapter II, Section 5).

• The economics involved in acting upon the special cause exceed the
benefit to any and all customers.  Economically allowable special
causes may include tool wear, tool regrind, cyclical (seasonal)
variation, etc.

• The special cause has been identified and has been documented as
consistent and predictable.  In these situations, the following may be
required by the customer:

• The process is mature; i.e., the process has undergone several
cycles of continual improvement.

• The special cause to be allowed has been shown to act in a
consistent manner over a known period of time.

• A process control plan is in effect which will assure conformance to
specification of all process output and protection from other special
causes or inconsistency in the allowed special cause.

The accepted practice in the automotive industry is to calculate capability only
after a process has been demonstrated to be in a state of statistical control.
Capability is used as a basis for prediction of how the process will perform using
statistical data gathered from a process.  There is little value in making
predictions based on data collected from a process that is not stable and
repeatable over time.  Special causes are responsible for changes in the shape,
spread, or location of a process distribution, and thus can rapidly invalidate
capability prediction.  The various capability induces and ratios are based,
among other things, on the requirement that data used to calculate them are
gathered from processes that are in a state of statistical control.
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Capability indices can be divided into two categories: short—term and long—
term.  Short—term capability studies are based on measurements collected from
one operating run.  The data are analyzed with a control chart for evidence that
the process is operating in a state of statistical control.  If no special causes are
found, a short—term capability index can be calculated.  If the process is not in
control, action regarding the special cause(s) of variation will be required.  This
type of study is often used to validate the initial parts produced from a process
for customer submission.  Another use, sometimes called a machine capability
study, is to validate that a new or modified process actually performs within the
engineering parameters.

When a process has been found to be stable and capable of meeting
requirements in the short term, a different kind of study is subsequently
performed).  Long—term capability studies consist of measurements which are
collected over a longer period of time.  The data should be collected for long
enough, and) in such a way, as to include all expected) sources of variation.
Many of these sources of variation may not have been observed in the short—
term study.  When sufficient data have been collected, the data are plotted on a
control chart, and if no special causes are found, long—term capability and
performance indices can be calculated.  One use for this study is to describe the
ability of the process to satisfy customer requirements over long periods of time
with many possible sources of variation included — i.e., to quantify process
performance.

Several different indices have been developed because 1) no single index can
be universally applied to all processes, and 2) no given process can be
completely described by a single index.  For example, it is recommended that
Cp, and Cpk both be used (see Chapter II, Section 5), and further that they be
combined with graphical techniques to better understand the relationship
between the estimated distribution and the specification limits.  In one sense, this
amounts to comparing (and trying to align) the “voice of the process” with the
“voice of the customer” (see also Reference 22).

All indices have weaknesses and can be misleading.  Any inferences drawn from
computed indices should be driven by appropriate interpretation of the data from
which the indices were computed.

Automotive companies have set requirements for process capability.  It is the
reader’s responsibility to communicate with their customer and determine which
indices to use.  In some cases, it might be best to use no index at all.  It is
important to remember that most capability indices include the product
specification in the formula.  If the specification is inappropriate, or not based
upon customer requirements, much time and effort may be wasted in trying to
force the process to conform.  Section 5 of Chapter II deals with selected
capability and performance indices and contains advice on the application of
those indices.
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PRODUCTION PART APPROVAL PROCESS

INTRODUCTION

PURPOSE

Production Part Approval Process (PPAP) defines generic requirements for
production part approval, including production and bulk materials (See Glossary).
The purpose of PPAP is to determine if all customer engineering design record
and specification requirements are properly understood by the supplier and that
the process has the potential to produce product consistently meeting these
requirements during an actual production run at the quoted production rate.

APPLICABILITY

PPAP shall apply to internal and external supplier sites (See Glossary) of bulk
materials, production materials, production or service parts.  For bulk materials,
PPAP is not required unless requested by your customer.

A supplier of standard catalogue production or service parts shall comply with
PPAP unless formally waived by the customer.  Tooling shall be maintained for
standard catalogue items as long as the items are offered or stated as being
available.

NOTE I: See the customer-specific instructions in Section II for additional
information.  All questions about PPAP should be addressed to the customer
product approval activity (See Glossary).

NOTE 2: A customer can formally waive PPAP requirements for a supplier.
Waivers for applicable items will be documented by the customer.

APPROACH

The word “shall” indicates mandatory requirements.  The word “should” indicates
a mandatory requirement with some flexibility allowed in compliance
methodology.

Paragraphs marked “NOTE” are for guidance in understanding or clarifying the
associated requirement.  The word “should” appearing in a NOTE is for guidance
only.

The Glossary contains information that should be used for purposes of
compliance to PPAP requirements.

SECTION I

1.1 GENERAL

NOTES
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The supplier shall obtain full approval (See 1.5.2.1) from the customer product
approval activity for:

I. a new part or product (i.e., a specific part, material, or color not
previously supplied to the specific customer).

2. correction of a discrepancy on a previously submitted part.

3. product modified by an engineering change to design records,
specifications, or materials.

4. any situations required by Section 1.3.

NOTE: If there is any question concerning the need for production part
approval, contact the responsible customer product approval activity

1.2 PPAP PROCESS REQUIREMENTS

1.2.1 Significant Production Run

For production parts, product for PPAP shall be taken from a significant
production run.  This production run shall be from one hour to eight hours of
production, and with the specific production quantity to total a minimum of 300
consecutive parts, unless otherwise specified by the authorized customer quality
representative.

This run shall be manufactured at the production site using the tooling, gaging,
process, materials, and operators from the production environment.  Parts from
each unique production process, e.g. duplicate assembly line and/or work cell,
each position of a multiple cavity die, mold, tool or pattern, shall be measured
and representative parts tested.

For bulk materials: No specific number of “parts” is required.  If a sample is
required to be submitted, it shall be taken in a manner as to assure that it
represents “steady-state” operation of the process.

NOTE: For bulk material, production histories of current products may often
be used to estimate the initial process capability or performance of new and
similar products.  In cases where no production history of a similar bulk
material product or technology exists, a containment plan may be put into
effect until sufficient production has demonstrated capability or performance.

1.2.2 PPAP Requirements

The supplier shall meet all specified requirements, e.g. design record,
specifications, and for bulk material, the Bulk Material Requirements Checklist
(see 1.2.2.15 and Appendix F).  Any results that are outside specification are
cause for the supplier not to submit the parts, documentation and/or records.
Every effort shall be made to correct the process so that all design record
requirements are met.  If the supplier is unable to meet any of these
requirements, the customer shall be contacted for determination of appropriate
corrective action.
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Inspection and testing for PPAP shall be performed by a qualified laboratory
(See QS-9000, Third Edition, 4.10.6). Commercial/independent test laboratories
used shall be accredited facilities (see QS-9000, Third Edition, 4.10.7, and 4.11
.2.b. 1). When a commercial laboratory is used, the supplier shall submit the test
results on the laboratory letterhead, or the normal laboratory report format.  The
name of the laboratory that performed the tests, and the date (s) of the tests, and
the standards used to run the tests shall be indicated.  Blanket statements of
conformance are unacceptable for any test results.

The supplier shall have the applicable items and records (See QS-9000, Third
Edition, 4.16), listed below, for each part, or family of parts, regardless of the
part submission level.  These records (1.2.2.1 — 15 and 19 if any) shall be in a
PPAP part file, or referenced in such file and be readily available.  The items
below (1.2.2.16 - 18) shall be readily available for customer use in PPAP.

The supplier shall obtain prior approval (see QS-9000, Third Edition, 4.16) from
the customer product approval activity for exceptions or deviations to PPAP
requirements.

NOTE 1: The supplier may, upon special arrangement, have tests performed
by the customer’s laboratories.

NOTE 2: All 1.2.2 items or records may not necessarily apply to every
customer part number from every supplier.  For example, some parts do not
have appearance requirements, and others do not have color requirements.
In order to determine with certainty which items must be included, consult the
design record, e.g. part print, the relevant Engineering documents or
specifications, and your customer responsible part approval activity.

1.2.2.1 Design Records

The supplier shall have all design records for the saleable product, including
design records for components or details of the saleable product. Where the
design record, e.g. CAD/CAM math data, part drawings, specifications, is in
electronic format, e.g. math data, the supplier shall produce a hard copy (e.g.
pictorial, geometric dimensioning & tolerancing [GD&T] sheets, drawing) to
identify measurements taken.

NOTE 1: For any saleable product, part or component, there will only be one
design record, regardless of who has design-responsibility.  The design
record may reference other documents making them part of the design
record.

NOTE 2: For bulk materials, the design records may include identification of
raw materials, formulations, processing steps and parameters, and final
product specifications or acceptance criteria.  If dimensional results do not
apply, then CAD/CAM requirements are also not applicable.

1.2.2.2 Any authorized Engineering Change documents

The supplier shall have any authorized engineering change documents not yet
recorded in the design record but incorporated in the product, part or tooling.
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1.2.2.3 Engineering Approval, when required

Where specified by the design record, the supplier shall have evidence of
customer engineering approval.

NOTE: For bulk materials, this requirement is satisfied by a signed
‘Engineering Approval’ line item on the Bulk Material Requirements Checklist
(Appendix F) and/or inclusion on a customer maintained list of approved
materials.

1.2.2.4 Design Failure Mode and Effects Analysis (Design FMEA), if the
supplier is design responsible.  See Potential Failure Mode and Effects
Analysis reference manual.

The supplier shall have a Design FMEA developed in accordance with, and
compliant to, QS-9000 Third Edition requirements for parts or materials for which
they are design-responsible.  For bulk materials, a Design Matrix (See Appendix
F), when required by the Bulk Material Requirements Checklist (see 1.2.2.15),
shall be prepared prior to developing the Design FMEA.

NOTE: For bulk materials, Design FMEA rankings (Severity, Occurrence,
Detection) as discussed in Appendix F, may be utilized to provide proper
differentiation of risk factors.

1.2.2.5 Process flow diagrams

The supplier shall have a process flow diagram in supplier-specified format that
clearly describes the production process steps and sequence, as appropriate
and meets the specified customer needs, requirements and expectations (see
Advanced Product Quality Planning and Control Plan reference manual).
For bulk materials, an equivalent to a Process Flow Diagram is a Process Flow
Description.

NOTE: Process flow diagrams for ‘families’ of similar parts are acceptable if
the new parts have been reviewed for commonality.

1.2.2.6 Process Failure Mode and Effects Analysis (Process FMEA).
See Potential Failure Mode and Effects Analysis reference manual.

The supplier shall have a Process FMEA developed in accordance with, and
compliant with QS-9000 Third Edition requirements.

NOTE: A single Design or Process FMEA may be applied to a process
manufacturing a family of similar parts or materials.  For bulk materials, see
Appendix F for a severity, occurrence, and detection ranking system to
provide proper differentiation of risk factors.

1.2.2.7 Dimensional results

The supplier shall provide evidence that dimensional verifications required by the
design record and the Control Plan have been completed and results indicate
compliance with specified requirements.  The supplier shall have
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dimensional results for each unique manufacturing process, e.g. cells or
production lines and all cavities, molds, patterns or dies (see 1.2.2. 13).

The supplier shall indicate the date of the design record, change level, and any
authorized engineering change document not yet incorporated in the design
record to which the part was made.

The supplier shall identify one of the parts measured as the master sample (See
1.2.2.17).

The supplier shall record the change level, drawing date, supplier name and part
number on all auxiliary documents (e.g. supplementary layout results sheets,
sketches, tracings, cross sections, CMM inspection point results, geometric
dimensioning and tolerance sheets, or other auxiliary drawings used in
conjunction with the part drawing).  Copies of these auxiliary materials shall
accompany the dimensional results according to the Retention/Submission
Requirements Table.  A tracing shall be included when an optical comparator is
necessary for inspection.

NOTE 1: All dimensions (except reference dimensions), characteristics, and
specifications as noted on the design record and Control Plan should be
listed in a convenient format with the actual results recorded.  The
Dimensional Results form in Appendix C, or a checked print where the
results are legibly written on a part drawing including cross-sections,
tracings, or sketches as applicable may be utilized for this purpose.

NOTE 2: Dimensional results typically do not apply to bulk materials.

1.2.2.8 Records of material / performance test results

The supplier shall have records of material and/or performance test results for
tests specified on the design record or Control Plan.

1.2.2.8.1 Material Test Results

The supplier shall perform tests for all part(s) and product material(s) when
chemical, physical, or metallurgical requirements are specified by the design
record or Control Plan.

All tests required by the design record and related specifications should be listed
in a convenient format along with the quantity tested and the actual results of
each test. Also indicate any authorized engineering change documents that have
not yet been incorporated in the design record.

The material test report (See Appendix D) shall indicate the:

• design record change level of the parts tested, and the number, date, and
change level of the specifications to which the part was tested;

• date on which the testing took place;
• material subcontractor’s name and, when required by your customer, their

supplier code number for the material from the customer-approved
subcontractor list.
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For products with customer-developed material specifications and a customer-
approved subcontractor list, the supplier shall procure materials and/or services
(e.g. painting, plating, heat-treating) from subcontractors on that list.

1.2.2.8.2 Performance Test Results

The supplier shall perform tests for all part(s) or product material(s) when
performance or functional requirements are specified by the design record or
Control Plan.

The test report shall indicate:

• the design record change level of the parts tested, the number, date, and
change level of the specifications to which the part was tested;

• any authorized engineering change documents that have not yet been
incorporated in the design record;

• the date on which the testing took place.

NOTE: Results for all tests required by the design record or related
specifications should be listed in an understandable format and include the
quantity tested.  The Performance Test Results form in Appendix E may be
used for this purpose.

1.2.2.9 Initial Process Studies

1.2.2.9.1 General

The level of initial process capability or performance shall be determined to be
acceptable prior to submission for all Special Characteristics designated by the
customer or supplier.

The supplier shall perform measurement system analysis to understand how
measurement error is affecting the study measurements. (See 1.2.2.10 and
Measurement Systems Analysis reference manual)

NOTE 1: The purpose of this requirement is to determine if the production
process is likely to produce product that will meet the customer’s
requirements.  The initial process study is focused on variables not attributes
data.  Assembly errors, test failures, surface defects are examples of “count”
time data, which is important to understand, but is not covered in this initial
study.  To understand the performance of characteristics monitored by
attribute data will require more data collected over time.

NOTE 2: The index for estimating process capability or performance will be
agreed upon by the customer and supplier.  Cpk and Ppk are described
below. Other methods more appropriate for certain processes or products
may be substituted with prior customer approval.

NOTE 3: Initial process studies are short-term and will not predict the effects
of time and variation in people, materials, methods, equipment,
measurement systems, and environment.  Even for these short-term studies,
it is important to collect and analyze the data in the order produced using
control charts.

NOTES



QUALITY PLANNING WORKSHOP
                                                                                                                                                                                                                                                                                                                                                                                                   

                                                                                                                                                                                                                                                                                                                                                                                                    

Quality Systems Management Page 71

NOTE 4: For those characteristics that can be studied using X-bar and R
charts, a short term study should be based on a minimum of 25 subgroups
containing at least 100 readings from consecutive parts of the significant
production run (See 1.2.1).  The initial data requirements may be replaced by
longer-term results from the same or similar processes, with customer
concurrence.  For certain processes, alternative analytical tools such as
individual and moving range charts may be appropriate and permitted with
prior customer approval.

1.2.2.9.2 Quality Indices

Initial process studies should be summarized with capability or performance
indices, if applicable.

NOTE 1: The initial process study results are dependent on the purpose of
the study, data normality (assumption is normality and two sided
specifications), method of data acquisition, sampling, amount of data,
demonstration of statistical control, etc.  It is assumed that anyone trying to
apply the principles listed below has reviewed the capability section in the
Statistical Process Control reference manual and understands basic
principles of stability from an average and range chart perspective.  For
guidance on items listed below, contact the customer responsible part
approval activity.  See Statistical Process Control reference manual, Chapter
2, Section 5, D: Suggested Use of Process Measures.

Cpk- The capability index for a stable process.  The estimate of sigma is
based on within subgroup variation (R-bar/d2 or S-bar/c4).

Ppk- The performance index. The estimate of sigma is based on total variation
(all of individual sample data using the standard deviation [root mean square
equation], “s”).

Short-term studies. The purpose of the initial process study is to understand the
process variation, not just to achieve a specific index value. When historical data
is available or enough initial data exist to plot a control chart (at least 100
individual samples), Cpk can be calculated when the process is stable. For
chronically unstable processes with output meeting specifications and a
predictable pattern, Ppk should be used. When not enough data is available
(<100 samples) contact the customer responsible part approval activity to
develop a suitable plan.

Refer to the Statistical Process Control reference manual for information on
evaluating stability and a detailed description of Ppk and Cpk.

NOTE 2: For bulk material, the supplier should obtain customer agreement
regarding the appropriate techniques for initial process studies, if required, in
order to determine an effective estimate of capability.

1.2.2.9.3 Acceptance Criteria For Initial Study

The supplier shall use the following as acceptance criteria for evaluating initial
process study results for processes that appear stable:
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Results Interpretation

Index Value > 1.67 The process currently meets
customer requirements.  After
approval, begin production and follow
Control Plan.

1.33 ≥ (Index Value) ≥ 1.67 The process is currently acceptable,
but may require some improvement.
Contact your customer and review
results of the study.  This will require
changes to the Control Plan, if not
improved prior to start of volume
production.

Index Value < 1.33 The process does not currently meet
the acceptance criteria.  Contact the
appropriate customer representative
for a review of the study results.

NOTE: Cpk can only be used for stable processes.

1.2.2.9.4 Unstable Processes

Depending on the nature of the instability, an unstable process may not meet
customer requirements.  The supplier shall identify, evaluate and, wherever
possible, eliminate special causes of variation prior to PPAP submission.  The
supplier shall notify the customer of any unstable processes that exist and shall
submit a corrective action plan to the customer prior to any submission.

NOTE: For bulk materials, if historical data shows that similar processes are
chronically unstable, and previous actions have been unable to achieve
stability, corrective action plans may not be warranted.

1.2.2.9.5 Processes With One-Sided Specifications or Non-Normal
Distributions

The supplier shall determine with the customer an alternative acceptance criteria
for processes with one-sided specifications or non-normal distributions.

NOTE 1: The above mentioned acceptance criteria (1.2.2.9.3) assumes
normality and a two-sided specification (target in the center). When this is not
true, using this analysis may result in unreliable information.  This alternate
acceptance criteria could require a different type of index or some method of
transformation of the data.  The focus should be on understanding the
reasons for the non-normality (e.g. is it stable over time?) and managing
variation.

NOTE 2: For bulk materials, non-normal distributions are generally found
after routine plotting of histograms of process data.  Quality indices should
not be computed because the values obtained may be misleading.
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1.2.2.9.6 Strategy When Acceptance Criteria Are Not Satisfied

The supplier shall contact the customer if the process cannot be improved.

If acceptance criteria cannot be attained by the PPAP submission promise date,
the supplier shall submit to the customer for approval a corrective action plan
and a modified Control Plan normally providing for 100% inspection (see QS-
9000, Third Edition, 4.2.3.7).  See QS-9000, Third Edition, 4.2.5, Continuous
Improvement for additional techniques.  Continue variation reduction efforts until
a Ppk or Cpk of 1.33 or greater is achieved, or until customer full approval is
received.

NOTE: For bulk materials, a product that does not meet the capability
requirements as defined by the customer may be allowed to go forward into
production.  For example, if the supplier relies on 100% inspection, using a
test method as agreed to by the customer, then approval may be granted.
100% inspection for bulk material means an evaluation of a sample(s)
of product from a continuous process or homogeneous batch which is
representative of the entire production run.  If historical data show that
similar processes do not meet the acceptance criteria, corrective action
plans may not be warranted.

1.2.2.10 Measurement System Analysis Studies

The supplier shall have applicable Measurement System Analysis studies, e.g.
gage R&R, bias, linearity, stability studies, for all equipment used for new or
modified gages, measurement, and test equipment. (See 1.2.2.9.1 and
Measurement Systems Analysis reference manual)

NOTE: For bulk materials, Measurement System Analysis may not apply.
Customer agreement on actual requirements should be obtained during the
planning phase.

1.2.2.11 Qualified Laboratory Documentation

The supplier shall have a laboratory scope and documentation showing that
laboratories used comply with QS-9000, Third Edition, 4.10.6 and/or 4.10.7.

1.2.2.12 Control Plan (See Advance Product Quality Planning and
Control Plan reference manual and QS-9000, Third Edition,
4.2.3.7)

The supplier shall have a Control Plan that defines all controls used for process
control and complies with QS-9000 (See QS-9000, Third Edition, 4.9).

NOTE 1: Control Plans for “families” of similar parts are acceptable if the
new parts have been reviewed for commonality.

NOTE 2: Certain customers require Control Plan approval, e.g. customer
signature on the Control Plan, prior to submission.  See QS-9000, Third
Edition, Section II, Customer-specific appendices.

NOTES
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1.2.2.13 Part Submission Warrant (PSW)

Upon satisfactory completion of all required measurements and tests, the
supplier shall record the required information on the Part Submission Warrant
(PSW).

A separate PSW shall be completed for each customer part number unless
otherwise agreed to by the customer.

If production parts will be produced from more than one cavity, mold, tool, die,
pattern, or production process, e.g. line or cell, the supplier shall complete a
dimensional evaluation (see 1.2.2.7) on one part from each.  The specific
cavities, molds, line, etc., shall then be identified in the “Mold/Cavity/Production
Process” line on a PSW, or in a PSW attachment.

The supplier shall verify that all of the measurement and test results show
conformance with customer requirements and that all required documentation is
available (or, for Level 2, 3, and 4, is included in the submission).  A responsible
supplier official shall approve the PSW and provide date, title, and telephone
number.

NOTE 1: One warrant per customer part number can be used to summarize
many changes providing that the changes are adequately documented, and
the submission is in compliance with customer program timing requirements.

NOTE 2: PSWs may be submitted electronically in compliance with customer
requirements, if any.

1.2.2.13.1 Part Weight (Mass)

The supplier shall record the part weight of the part as shipped on the PSW,
measured and expressed in kilograms to four significant decimal places (0.0000)
unless otherwise specified by the customer.  The weight shall not include
shipping protectors, assembly aides, or packaging materials.  To determine part
weight, the supplier shall individually weigh ten randomly selected parts,
calculate and report the average weight.  At least one part shall be measured
from each cavity, tool, line or process to be used in product realization.

NOTE: This weight is used for vehicle weight analysis only and does not
affect the approval process.  Where there is no production or service
requirement for at least ten parts, the supplier should use the required
number for calculation of the average part weight.  For bulk materials, the
part weight field is not applicable.

1.2.2.14 Appearance Approval Report (AAR)

A separate Appearance Approval Report (AAR) shall be completed for each part
or series of parts for which a submission is required if the product/part has
appearance requirements on the design record.

NOTES
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Upon satisfactory completion of all required criteria, the supplier shall record the
required information on the AAR.  The completed AAR and representative
production products/parts shall be submitted to the location specified by your
customer to receive disposition.  AARs (complete with part disposition and
customer signature) shall then accompany the PSW at the time of final
submission based upon the submission level requested.  Additional requirements
may be recorded in customer-specific requirements.

NOTE 1: AAR typically applies only for parts with color, grain, or surface
appearance requirements.

NOTE 2: Certain customers may not require entries in all AAR fields. See
Appendix B for detailed instructions on completing the AAR.

1.2.2.15 Bulk Material Requirements Checklist (applies only to bulk
material PPAP)

For bulk material, the Bulk Material Requirements Checklist (see Glossary) shall
be jointly agreed upon by the customer and supplier.  All specified requirements
shall be completed unless specifically indicated as “Not Required” (NR) on the
checklist.

NOTE: Additional requirements may be specified on the checklist.

1.2.2.16 Sample Production Parts

The supplier shall provide sample product as requested by the customer and as
defined by the submission request.

1.2.2.17 Master Sample

The supplier shall retain a master sample for the same period as the production
part approval records, or a) until a new master sample is produced for the same
customer part number for customer approval, or b) where a master sample is
required by the design record, Control Plan or inspection criteria, as a reference
or standard to be used.  The master sample shall be identified as such, and shall
show the customer approval date on the sample.  The supplier shall retain a
master sample for each position of a multiple cavity die, mold, tool or pattern, or
production process unless otherwise specified by the customer.

NOTE 1: When part size, sheer volume of parts, etc. makes storage of a
master sample difficult, the sample retention requirements may be modified
or waived in writing by the responsible customer product approval activity.
The purpose of the master sample is to assist in defining the production
standard, especially where data is ambiguous or in insufficient detail to fully
replicate the part to its original approved state.

NOTE 2: Many bulk material properties are by their nature time dependent,
and if a master sample is required, it may consist of the manufacturing
record, test results, and certificate of analysis of key ingredients, for the
approved submission sample. (see Appendix F).

NOTES
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1.2.2.18 Checking Aids

If requested by the customer, the supplier shall submit with the PPAP
submission any part-specific assembly or component checking aid.

The supplier shall certify that all aspects of the checking aid agree with part
dimensional requirements. The supplier shall document all released engineering
design changes that have been incorporated in the checking aid at the time of
submission.  The supplier shall provide for preventive maintenance of any
checking aids for the life of the part (see Glossary - “Active Part”).

Measurement system analysis studies, e.g. gage R & R, accuracy, bias, linearity,
stability studies, shall be conducted in compliance with customer requirements.
(See 1.2.2.10 and Measurement Systems Analysis reference manual).

NOTE: Checking aids can include fixtures, gages, models, templates, mylars
specific to the product being submitted. Checking aids, etc. typically do not
apply to Bulk Materials.

1.2.2.19 Customer-Specific Requirements

The supplier shall have records of compliance to all applicable customer specific
requirements.  (See Section II).  For bulk materials, any customer-specific
requirements shall be documented on the Bulk Material Requirements Checklist.

NOTES
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1.3.1 Customer Notification

The supplier shall notify the responsible customer product approval activity of any desing
and process changes as indicated in the table below.  The customer may subsequently
elect to require a submission for PPAP approval.  (see Table 1.2.1)

Table 1.3.1
Requirement Clarification or examples

I. Use of other construction or material than
was used in the previously approved part or
product.

For example, other construction as documented on a
deviation (permit) or included as a note on the design
record and not covered by an engineering change as
described in Table 1.3.2 #3.

2. Production from new or modified tools
(except perishable tools), dies, molds,
patterns, etc., including additional or
replacement tooling,

This requirement only applies to tools which due to their
unique form or function, can be expected to influence the
integrity of the final product. It is not meant to describe
standard tools (new or repaired), such as standard
measuring devices, drivers (manual or power), etc.

3. Production following refurbishment or
rearrangement of existing tooling or
equipment.

Refurbishment means the reconstruction and/or
modification of a tool or machine or to increase the
capacity, performance, or change its existing function.
This is not meant to be confused with normal
maintenance, repair or replacement of parts, etc., for
which no change in performance is to be expected and
post repair verification methods have been established.

Rearrangement is defined as activity which changes the
sequence of product/process flow from that documented
in the process flow diagram (including the addition of a
new process).

Minor adjustments of production equipment may be
required to meet safety requirements such as, installation
of protective covers, elimination of potential ESD risks,
etc. These changes can be made without customer
approval unless the process flow is changed as a result of
this adjustment.

4. Production from tooling and equipment
transferred to a different plant location or
from an additional plant location,

Production process tooling and/or equipment transferred
between buildings or facilities in one or more locations.

5. Change of subcontractor for parts, non-
equivalent materials, or services (e.g.:
heat-treating, plating) that affect customer
fit, form, function, durability, or
performance requirements.

Suppliers are responsible for approval of subcontracted
material and services that do not affect customer fit, form,
function, durability, or performance requirements.
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Requirement Clarification or examples
6. Product produced after the tooling has been

inactive for volume production for twelve
months or more.

For product that has been produced after tooling has
been inactive for twelve months or more:

Notification is required when the part has had no
active purchase order and the existing tooling has
been inactive for volume production for twelve months
or more.  The only exception is when the part has low
volume, e.g. service or specialty vehicles.  However, a
customer may specify certain PPAP requirements for
service parts.

7. Product and process changes related to
components of the production product
manufactured internally or manufactured by
subcontractors that impact fit, form, function,
performance, and/or durability of the salable
product. Additionally, the supplier shall concur
with any requests by a subcontractor before
submission to the customer.

Any change that affects customer requirements for fit,
form, function, performance, and/or durability requires
notification to the customer.

NOTE: The fit, form, function, performance,
and/or durability requirements should be part of
customer specifications as agreed on during
contract review.

8. For bulk materials only:

New source of raw material with special
characteristics from new or existing
subcontractor.

Change in product appearance attributes
where there is no appearance specification.

Revised parameters in the same process
(outside PFMEA parameters of the approved
product, includes packaging).

Change outside of DFMEA (product
composition, ingredient levels) of the approved
product.

These changes would normally be expected to have
an effect on the performance of the product.

9. Change in test/inspection method — new
technique (no effect on acceptance criteria)

For change in test method, supplier should have
evidence that the new method provides results
equivalent to the old method.

1.3.2 Submission to Customer

The supplier shall submit for PPAP approval prior to the first production shipment in the
following situations unless the responsible product approval activity has waived this
requirement (see Table 1.3.2).
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The supplier shall review and update, as necessary, all applicable items in the PPAP file to
reflect the production process, regardless of whether or not the customer requests a formal
submission. The PPAP file shall contain the name of the responsible customer product
approval activity person granting the waiver and the date.

Table 1.3.2
Requirement Clarification or examples

1. A new part or product (i.e. a specific
part, material, or color not previously
supplied to the specific customer.)

Submission is required for a new product (initial
release) or a previously approved product which
has a new or revised (e.g. suffix) product/part
number assigned to it. A new part/product or
material added to a family may use appropriate
PPAP documentation from a previously fully
approved part within the same product family.

2. Correction of a discrepancy on a
previously submitted part.

Submission is required to correct any
discrepancies on previously submitted part.
A “discrepancy” can be related to:

• The product performance against the
customer requirement

• Dimensional or capability issues
• Subcontractor issues
• Full Approval of a part replacing an interim

approval
• Testing, including material, performance,

engineering validation issues

3. Engineering change to design records,
specifications, or materials for production
product/ part number(s).

Submission is required on any engineering change
to production product/part design records,
specifications or materials.

4. For Bulk Materials only:

Process technology new to the supplier,
not previously used for this product.

1.3.3 Situations Where Customer Notification Is Not Required

Customer notification and submission (e.g. PSW) is not required for the situations described in
the below table.  The supplier is responsible to track the changes and/or improvements and
update any affected PPAP documentation.  The following examples are of manufacturing and
quality systems situations and/or improvements.

NOTE: Customer notification is required any time customer product requirements for fit, form,
function, durability and performance are affected.
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Table 1.3.3
Requirement Clarification or examples

I. Changes to component level drawings, manufactured
internally or manufactured by sub-contractors, that do
not impact the design record for the product supplied to
the customer.

Changes do not affect customer fit, form, function,
durability or performance requirements.

2. Tool movement within the same plant (used in
equivalent equipment, no change in process flow, no
disassembly of the tool) or equipment movement within
the same plant (same equipment, no change in process
flow),

Based on lean manufacturing initiatives, some
equipment is designed for mobility, i.e. on wheels
with quick disconnects. Cell configurations or
location within a department may be changed
without affecting process flow. No change made to
process flow or control plan.

3. Changes in equipment (same process flow with same
basic technology or methodology),

Examples are new equipment, additional equipment,
replacement, or change in equipment size.

4. Identical gage replacement. Gages replaced as a part of a gage maintenance or
calibration system.

5. Rebalance of operator job content with no change in
process flow,

Lean manufacturing allows for rebalancing job
content to eliminate bottleneck issues.

6. Changes resulting in reduced RPN on PFMEA (with no
change to process flow),

Examples include added controls, increased sample
size and frequency, and error-proofing installation.

7. For Bulk Materials only:

Changes within the DFMEA (formulation range,
packaging design) of the approved product.

Changes within PFMEA (process parameters).

Changes which do not significantly affect a Special
Characteristic (including shift in target point within
approved specification limits).

Changes in approved commodity ingredient (no change in
Chemical Abstract Service [CAS] number within CAS
family) and/or change in approved subcontractors.

Change in subcontractor producing location of a raw
material that has no Special Characteristics.

New source of raw material that has no Special
Characteristics.

Tightening of Customer/Sales acceptance tolerance
limits.

These changes are within the product/process
parameters previously defined and/or approved.
Tracking by supplier is sufficient to assure
continuous product performance in the defined
application.
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1.4 SUBMISSION TO CUSTOMER - LEVELS OF EVIDENCE

1.4.1 Submission Levels

The supplier shall submit the items and/or records specified by the level as requested by the
customer:

Level 1 - Warrant only (and for designated appearance items, an Appearance Approval
Report) submitted to the customer.

Level 2 - Warrant with product samples and limited supporting data submitted to the
customer.

Level 3 - Warrant with product samples and complete supporting data submitted to the
customer.

Level 4 - Warrant and other requirements as defined by the customer.

Level 5 - Warrant with product samples and complete supporting data available for review
at the supplier’s manufacturing location.

See Retention/Submission Requirements Table 1.4.1 for exact requirements for each level.

The supplier shall use level 3 as the default level for all submissions unless specified otherwise
by the responsible customer product approval activity.  A supplier of bulk material only shall use
level 1 as the default level for all bulk material PPAP submissions unless specified otherwise by
the responsible customer product approval activity.

NOTE 1: The customer will identify the submission level that will be used with each supplier,
or supplier and customer part number combination.  Different customer locations may assign
different submission levels to the same supplier manufacturing location.

NOTE 2: All of the forms referenced in this document may be replaced by computer-
generated facsimiles.  Acceptability of these facsimiles is to be confirmed with the
responsible part approval activity prior to the first submission.  The Automotive Industry
Action Group (ALAG) offers for sale a diskette with the PPAP/APQP/FMEA forms.
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Retention/Submission Requirements Table 1.4.1
(Normative - See 1.2.2 Note 2)

Submission Level
Requirement Level 1    Level 2    Level 3 Level 4    Level 5

1. Design Records of Saleable Product R S S * R
- for proprietary components /details R R R * R
- for all other components/details R S S * R

2. Engineering Change Documents, if any R S S * R

3. Customer Engineering approval, if required R R S * R

4. Design FMEA (See 1.2.2.4) R R S * R

5. Process Flow Diagrams R R S * R

6. Process FMEA R R S * R

7. Dimensional Results R S S * R

8. Material, Performance R S S * R
Test Results

9. Initial Process Study R R 5 * R

10. Measurement System Analysis Studies R R S * R

11. Qualified Laboratory Documentation R S S * R

12. Control Plan R R S * R

13. Part Submission Warrant (PSW) S S S S R

14. Appearance Approval Report, (AAR)

if applicable S S S * R

15. Bulk Material Requirements Checklist R R R * R

(for bulk material PPAP only)

16. Sample Product R S S * R

17. Master Sample (See 1.2.2.17) R R R * R

18. CheckingAids R R R * R

19. Records of Compliance R R S * R
With Customer-Specific Requirements

S = The supplier shall submit to designated customer product approval activity and retain a copy of records or
documentation items at appropriate locations, including manufacturing.

R = The supplier shall retain at appropriate locations, including manufacturing, and make readily available to the
customer representative upon request.

* = The supplier shall retain at appropriate locations, and submit to customer upon request.
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1.5 PART SUBMISSION STATUS

1.5.1 General
The supplier shall be notified by the customer of the disposition of the submission.  After
production part approval, suppliers shall assure that future production continues to meet
all customer requirements.

NOTE: For those suppliers that have been classified as “self certifying” by a specific
customer, submission of the required documentation showing supplier approval will
be considered as customer approval unless the supplier is advised otherwise.

1.5.2 Customer PPAP Status

1.5.2.1 Full Approval indicates that the part or material meets all customer
specifications and requirements.  The supplier is therefore authorized to ship production
quantities of the product subject to releases from the customer scheduling activity.

1.5.2.2 Interim Approval permits shipment of material for production requirements
on a limited time or piece quantity basis.  Interim Approval will only be granted when the
supplier has:

- clearly defined the root cause of the non-conformities preventing production
approval; and,

- prepared an interim approval action plan agreed upon by the customer.  Re-
submission to obtain “full approval” is required.

Material covered by an interim approval that fails to meet the agreed-upon action plan
either by the expiration date or the shipment of the authorized quantity will be rejected.
No additional shipments are authorized unless an extension of the interim approval is
granted.

For bulk materials, the supplier shall use the “Bulk Material Interim Approval” form, or its
equivalent (See Appendix

1.5.2.3 Rejected means that the submission, the production lot from which it was
taken, and accompanying documentation do not meet customer requirements. Corrected
product and documentation shall be submitted and approved before production
quantities may be shipped.

1.6 RECORD RETENTION

Production part approval records (see 1.2.2), regardless of submission level, shall be
maintained for the length of time that the part is active (See Glossary) plus one calendar
year.

The supplier shall ensure that the appropriate PPAP records from a superseded part
PPAP file are included, or referenced in the new part PPAP file.

NOTE: An example of an appropriate document/record that should be carried
forward from the old file to the new part file would be a material certification from a
raw material supplier for a new part that represents only a dimensional change from
the old part number.  This should be identified by conducting a PPAP “gap analysis”
between the old and new part numbers.

NOTES


