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ABSTRACT

Initially released in October 1999 by the SocietyAatomotive Engineers in the United States andaCan
and the European Association of Aerospace Indgstine Europe, and shortly thereafter by standards
organizations in Japan and Asia, AS9100 has besuited as a cooperative effort of the International
Aerospace Quality Group. As such, it combines amadmionizes aerospace requirements outlined in
previously different aerospace standards. AS9100sk@ C was issued in 2009 and it was revisedigma
with ISO 9001:2008 requirements. This article ttie®xplain why and where this standard is diffetéan
common ISO 9001 standard along with the benefésrsult from its implementation.
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1. INTRODUCTION

To assure customer satisfaction, aerospace industignizations must produce, and continually
improve safe, reliable products that meet or exceestomer and regulatory requirements. The
globalization of the aerospace industry, and tlseltieg diversity of regional/national requiremeatsl
expectations, has complicated this objective. Erdhpct organizations face the challenge of assuring
the quality of, and integration with, product pusskd from suppliers throughout the world and at all
levels within the supply chain. Aerospace suppliemsl processors face the challenge of delivering
product to multiple customers having varying quyaéipectations and requirements. This document
(AS9100) standardizes quality management systeroireggents for the aerospace industry. The
establishment of common requirements for use dgwadlls of the supply-chain by organizations around
the world should result in improved quality andetsafand decreased costs due to the elimination or
reduction of organization-unique requirements ahd tesultant variation inherent in multiple
expectations.

Perhaps no other industry is as obsessively safatgeious as the Aerospace industry. Constantly
under public examination, and with little margirr ferror, strict quality control standards are now
considered standard in every aspect of the industrnan extremely competitive global landscape,
almost all the successful manufacturers, suppliemsl service providers today regard quality
management as their fundamental driving force. ®mahstrate this commitment, however, it is
required independent certification. It is irrefualevidence that quality standards are being meth S
certification can mean winning new contracts, anpexcluded. AS9100 standard is the internatignall
recognized quality system standard specific to Akeospace industry. Known as AS9100 in North
America, EN9100 in Europe and JISQ 9100 in Japgenstandard is strongly supported and adhered to
by major aerospace manufacturers including BoeMidpus, Bombardier, Pratt & Whitney, Lockheed
Martin, Goodrich, Messier-Dowty, GEAE, Rolls-Royaed others. AS9100 is a widely adopted and
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standardized quality management system for thespaoe industry. It was released for the first time
October, 1999 (Revision A), by the Society of Autitive Engineers and the European Association of
Aerospace Industries and it was a cooperative tedfiothe International Aerospace Quality Group and
as such, it combines, harmonizes and aligns théresgents outlined in ISO 9001.

Indeed, AS9100 certification has already become lhsic requirement demanded by all these

companies to their suppliers. Based on ISO 900dineaments, AS9100 puts a particular focus on

quality, safety and technology in all disciplindsaughout the industry, and along the entire supply
chain. It applies to every domain whether civilnatitary. AS9100 was established when the aerospace
industry realized that it was necessary to supphrtiee ISO quality management system model to

satisfy internal, government and regulatory requints for the aerospace industry. AS9100 standard
comprises the 1ISO 9001 requirements augmented diicaathl aerospace industry requirements. It was

the result of an international effort by aerospaoenpanies with a common goal of establishing a

quality management system for use within the aawsndustry.

2. AS9100 STANDARD

AS9100 Standard represents the first internatiefialrt to formulate a quality management system
standard for the aerospace industry. In its usaghows its long-term value. The standard suppigse
ISO 9001 by addressing the additional expectatdrnise aerospace industry. AS9100 has already got 3
revisions. The latest one was released in 2009igRevC) to align with the standard ISO 9001:2008.
The difference between the 1ISO 9001:2008 text ardAS 9100 (2009) text is in the bold, italic text
that represents the aviation, space and defens#iselditions.

Among other benefits, AS9100 has been proved ad paartice for complicated manufacturing chain
and one of the crucial benefits is AS9100's coutidm to more consistent verification methods and
fewer verification suppliers’ audits.
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Figure 1: AS9100 — ISO 9001 and additional Aerogpaxjuirements identified by International
Aerospace Quality Group (I.A.Q.G.)

According to Gordon (2010), AS9100 defines addaicreas within an aerospace quality management
system that must be addressed when implementin§@rd001-based quality system. Typically, these

requirements are included within robust aerospaedity systems. The industry experts who wrote the

standard and the representatives who approved agete that these additions are essential to ensur
product, process and service safety and quality.

All quality systems must be designed to meet thexifip needs of the users. And although AS9100
identifies areas to address within the aerospadasiny, system designers are encouraged to first
establish a robust quality system that's both @ffecand efficient. This system should be a hdlisti
entity with practices spanning multiple functiomslgrocesses within the business.

For example, regulatory requirements are critioatcfions within the industry. The requirements waith
AS9100 are complementary to contractual and apggéckaw and regulations. Those implementing a
quality system compliant with AS9100 must ensug the additional requirements of their customers,
regulatory agencies and local, state and natioaals |are also referenced within the system's
documentation.
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Within AS9100, additions and clarifications haveebemade to most areas of 1ISO 9001. Some
additional expectations relevant to the aerospadasiry will be emphasized in this article. Most ar
based upon existing best practices, which are aelieand formatted in AS9100 to ensure that
manufacturers meet the industry's expectations.

The AS9100 standard provides guidance for managsmption when a "key characteristic” is
identified. Keys are features of a material, preces part in which the variation has a significant
influence on product fit, performance, service lde manufacturability. AS9100 requires that an
organization establish and document a configuratianagement process.

Planning product realization is essential for effecand efficient processes. The standard empssiz
planning for in-process verification when a prodoan't be verified at a later point. Tooling design
must also be considered when process control melfibgyl is used to ensure that process data will be
captured.

The AS9100 standard includes extensive supplementat design-and-development functions due to
complexity of aerospace products and customerséaations for reliable performance during a
protracted period of time. The European versiodA$9100 standard EN9100 provides many of these
additions. Both standards cover planning for desigdg-development activities and ensuring interim
control points during the design process. Desigipuds are supplemented to provide identification of
key characteristics, and the data essential for gitoeluct that will be identified, manufactured,
inspected, used and maintained is detailed.

Notes are included for both design-and-developnaerification and validation highlighting traditioha
areas of emphasis. Additionally, AS9100 providdsrimation on areas of verification documentation
and validating testing and results.

Managing suppliers throughout the aerospace sugh@in remains a major challenge for the industry.
The chain is very long, and within the supply babere are sources that serve multiple industries.
Because the industry is so dependent upon thishseppin, it isn't surprising that AS9100 includes
number of additional expectations for identifyingdamaintaining suppliers. Supplier approval is just
one step in the process of managing suppliersctafidy communicating requirements is essentiak Th
standard lists seven specific areas for consideratiThey range from clarifying engineering
requirements to managing test specimens and rifjl#tcoess to suppliers' facilities. The industry
typically relies upon one of three methods for piidacceptance. An organization might conduct a
receiving inspection, perform the inspection at #upplier's facility or formally delegate product
acceptance to the supplier. Procedures for detergnthe method of supplier control are required, as
are the processes used when employing these mefhloelsnost important element of this area of the
standard is understanding that a supplier is resplenfor managing its own suppliers and subtier
suppliers. This includes performing special proesshat are frequently subcontracted to processing
houses. The supplier must use customer-approveadtesyuhowever, ensuring that the processing is
properly performed is the supplier's responsibility

Manufacturing a product as sophisticated as araaiepor space vehicle requires special attention
during the production processes. It's importanerigsure that the correct revision of the engineering
documentation is being used and documented witldrgtiality documents and that work performance
is recorded. Controlling production processes &emial to demonstrate that operations have been
correctly performed. This is especially importarttem conducting special processes that don't lend
themselves to after-the-fact inspection techniques.

The industry frequently relies upon tooling and estlproduction equipment, including computer-
controlled machines, to fabricate and assembleyated This equipment often forms the basis for
product acceptance. In these cases, it's esstntiaimonstrate the integrity of these tools andhinas
and to develop a process that will ensure adegquatesight of the entire process.

Aircraft are designed to perform for 50 years oren@and properly maintaining the aircraft is essént
for continued safe operation. Therefore, servicgmuirements are an important part of the totalityua
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management system. These include maintenance pait reanuals as well as the actual servicing
work. Again, record keeping is important in docutimegn the work performed, the equipment used and
the people doing the work.

Some products require traceability of part or &llheir components. This requirement may be imposed
by contract, regulatory agency or internal needsnly case, AS9100 standard provides the esseottials
an effective traceability program.

Using measuring devices of known accuracy includiognputer-assisted measuring and test equipment
is essential in the verification process. Maintagnia calibration history of this equipment and
documented proof that it's reviewed and verifiedqukcally underlies the entire metrology system.

Diagnosing the quality management system's healthuging this information to guide improvement
activity is important for efficiency and effectivess. Internal audits performed by competent perdonn
are a vital input into this health measurementesystAS9100 provides some additional expectations
regarding internal quality audits.

Detailed first-article inspections are frequentlgrjprmed to demonstrate product conformance to
engineering requirements. Documenting the actisggdeation and test results is an established method
of demonstrating initial item acceptance. The statidorovides general direction in this regard and
suggests that additional standard requirementsidhoel consulted for further guidance. Another
international aerospace standard, called AS9102damdloped by the IAQG, outlines a methodology
for performing and documenting first-article inspewgs.

When things don't go as planned, AS9100 gives titires for controlling and disposing nonconforming
material. This includes specific requirements fontacting the customer for authorization when using
or repairing a product that doesn't conform to eegiing requirements.

The current version of AS9100 standard issued iA92(Revision C) fully aligns the with ISO
9001:2008 standard and those extra requiremengsdieg Regulatory Compliance and the aerospace-
sector specific requirements have been additioredigressed in the following areas of the standard
(SAE AS9100C):

. Scope statement includes “Aviation, Space and Befen

. Configuration management - The organization shataldish, implement and maintain a
configuration management process that includesapgsopriate to the product: configuration
management planning, configuration identificatiochange control, configuration status
accounting, and configuration audit;

. Design phase, design verification, validation amdtihg processes - ensures that design
responsible organizations have a robust desigrepsoo meet safety and reliability requirements
demanded by the aerospace industry;

. Reliability, availability and maintainability - Iplanning product realization, the organization
shall determine the following, as appropriate - lifyiaobjectives and requirements for the
product reliability, availability and maintainalbylj

. Control of Suppliers - The organization shall mainta register of its suppliers that includes
approval status and the scope of the approvalpgiedlly review supplier performance; the
results of these reviews shall be used as a basigstablishing the level of controls to be
implemented, define the necessary actions to tdienwdealing with suppliers that do not meet
requirements, ensure where required that both thanaation and all suppliers use customer-
approved special process sources, define the mocesponsibilities and authority for the
approval status decision, changes of the apprdatdssand conditions for a controlled use of
suppliers depending on the supplier's approvalisiand determine and manage the risk when
selecting and using suppliers;

. Verification of purchased product - The organizatihall establish and implement the inspection
or other activities necessary for ensuring thatcpased product meets specified purchase
requirements;

. Product realization - ensures that each phaseodiupt realization, from planning to shipment, is
tightly controlled for delivery of conforming prody
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. Identification and traceability - The organizati@hall maintain the identification of the
configuration of the product in order to identifyyadifferences between the actual configuration
and the agreed configuration;

. First article inspection - The organization shak & representative item from the first production
run of a new part or assembly to verify that thedpiction processes, production documentation
and tooling are capable of producing parts andnalsises that meet requirements. This process
shall be repeated when changes occur that invalitta original results (e.g., engineering
changes, manufacturing process changes, toolinggelsy

. Risk Management — New requirement of implementat@dna risk management process
applicable to the projects & products, respongibitiriteria, mitigation & acceptance;
. Formal monitoring of customer satisfaction dataddéd the requirement to monitor data and to

develop improvement plans that address deficiengiéls the intent to promote continuous
improvement of the product and customer satisfagtio

. Project Management — New requirement for plannind managing product realization in a
structured and controlled way.

AS9100 promotes continual improvement as ISO 90@@ilpaits more emphasize on this process as core
process in the standard. The organization is suuptis establish, document, implement, maintain and
continually improve quality management system. Tdgllewing diagram simply explains this process
(Myhrberg and Crabtree, 2006):
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Figure 2: Basis for Aerospace Quality Managemest&ny
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3. CONCLUSION

Implementing AS9100 will motivate staff by definirigeir key roles and responsibilities. Cost
savings can be made through improved efficiency anoductivity as product or service
deficiencies will be highlighted. From this, impewents can be developed, resulting in less waste,
inappropriate or rejected work and fewer complai@astomers will notice that orders are met
consistently, on time and to the correct specificat This can open up the market place to
increased opportunities. An additional benefit tu¢he standardised processes and procedures is
the reduction in multiple expectations due to thesistency in verification.

Implementation of AS9100 should start with idecaition of AS9100 requirements and how they
apply to the business involved, establishing guallijectives and how they fit in to the operation
of the business, producing a documented qualitycypohdicating how these requirements are
satisfied, communicating them throughout the orggtion, evaluating the quality policy, its stated
objectives and then prioritize requirements to emsiey are met, identification of the boundaries
of the quality management system and producingrmeated procedures as required, ensuring that
these procedures are suitable and adhered to an®ldmveloped, undertaking internal audits to
ensure the quality management system carries okirvgor

The implementation of AS9100 assures customers that company has a good Quality
Management System (QMS). An organization with daative QMS will typically meet customer
expectations better than an organization that da¢shave an effective QMS. Many aerospace
organizations require their suppliers to have A®9IRegistration. AS9100-based Quality
Management System has been proven over the yesirg thads companies to better operations,
improved performance, and improved profitabilitgeiback from AS9100 Registered companies
shows what it can be expected as the payoff frdnofahard work implementing the Quality
Management System. AS9100 includes all of the aisnef ISO 9001, as well as additional
requirements specific to the aerospace industrgalge of the responsibilities called out in the
AS9100 standard, organizations often see an inedeasvolvement of top management with
regards to the Quality Management System. AS91600iges the mechanism of reviewing goals
and performance against goals on a scheduled lasidpr taking action based on the evaluation.
Also, increased productivity results from the @litevaluation and improvement of processes that
occurs during the implementation process and fromproved training and qualification of
employees. Better documentation or control of psees leads to consistency in performance, and
less scrap and rework. Customer satisfaction iseeare seen as Goals and Objectives take the
customer needs into account. Customer needs de¢ batlerstood as customer feedback is sought,
received and analyzed. Goals and objectives arestadj based on the information and the
organization becomes more customer driven. As glmmigs on the customer, the organization
spends less time focusing on individual goals gfadiements and more time working together to
meet customer needs. All of this leads to finanogalards and significant investments in the
Quality Management System showing considerableaorgment in fiscal performance.
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