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Variation Management of Key Characteristics

FOREWORD

In December 1998| the Aerospace Industry had established the International Aerospace Quality Group
(IAQG) with the purpose of achieving significant improvements in quality and’reductigns in cost
throughout the valjie stream.

This organization, with representation from Aerospace companiesin Americas, Asia and Europe and
sponsored by SAE, SJAC, and AECMA has agreed to take responsibility for the techpical contents of
this standard.

INTRODUCTION

This Aerospace Standard establishes variation management requirements for Key Characteristics. The
Standard also spegifies general requirements and*provides a process to achieve thoge requirements.

The Standard requjres a thorough assessmehnt of the part production process with th¢ primary goals
being to control anfd minimize variation in characteristics being produced by this procgss.

Specifically, the Standard mandates:
» Understanding ptiocess elefents that affect Key Characteristics

+ Disciplined determination-of process Key Characteristics using appropriate analysig tools for variation
control and redugtion 10-satisfy Customer requirements

» Control and capability assessment to ensure variation is well understood
* Process Control%mmn@vnﬂaﬂeﬁth‘mmWWMand manufacturing

process parameters

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright 2001 Society of Automotive Engineers, Inc.
All rights reserved.

TO PLACE A DOCUMENT ORDER: (724) 776-4970 FAX: (724) 776-0790 SAE WEB ADDRESS: http://www.sae.org

Printed in U.S.A.


https://saenorm.com/api/?name=eaa715daee6823b1204c8ef8bcb8c318

SAE AS9103

This standard does not:

* Mandate rejection of any part that conforms to engineering specification.
* Inhibit shipment or use of product during production process capability assessment.

Although Aerospace Standard AS9103 is focused on production and variation control of Key
Characteristics, this process can also be used as a model for other characteristics, such as those that
affect cost and delivery.
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1.1

1.2

SCOPE:

Purpose:

This Standard is primarily intended to apply to new parts, but can also be applied to parts currently in
production. The Standard shall be applicable to all production processes that influence the variation of
Key Characteristics.

This Aerospace
adequate plann
Characteristic fi
significant influ
Convention:
The following c
* The words sh
* The word “sh
methodology,
their approac
» Words “typicg

* “Notes” are u

» Words or phr
Section 3, Ds

2. REFERENCES:

2.1

2.2

2.3

24

Standardisdesignedtodrive theimproverment of manufactaring
ing and effective management of Key Characteristic variation.."T'h
bcus is intended to improve confidence for part features whose va
bnce on to end-product form, fit, performance, service life.and mar

bnventions are used in this standard:
all, will or must indicate mandatory requirements.

puld” indicates a requirement with some flexibility allowed in comp
Producers choosing other methaods to satisfy a “should” must be
h meets the intent of the requireéments of this standard.

L] LTS

I”, "example”, “for reference” or “e.g.” indicate suggestions given f
sed for additional clarifications.

hses with specifie’meaning pertaining to this document are capitali
finitions.

Aerospace Stapdard AS9100 “Quality Systems- Aerospace- Model for Quality As

processes through
e Key

riation has a
ufacturability.

iance
able to show that

br guidance only.

zed and defined in

surance in Design,

Development, Production, Installation and Servicing”, Published by SAE, Warrendale, PA, USA,

1999.

International Standard EN 9100 “Quality Systems- Aerospace- Model for Quality Assurance in
Design, Development, Production, Installation and Servicing”, Published by AECMA-STAN, 1999.

Aerospace Standard SJAC 9100 “Quality Systems- Aerospace- Model for Quality Assurance in
Design, Development, Production, Installation and Servicing”, Published by JSA, Tokyo, Japan,

1999.

Aerospace Standard AS9102: “Aerospace Standard for First Article Inspection Requirements”,
Published by SAE, Warrendale, PA, USA, 2000.
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2.5

2.6

International Standard EN9102: “Aerospace Standard for First Article Inspection Requirements”,
Published by AECMA-STAN, 2000

Aerospace Standard SJAC 9102: “Aerospace Standard for First Article Inspection Requirements”,
Published by JSA, Tokyo, Japan2000

3. DEFINITIONS:

3.1

3.2

3.3

3.4

Key Characteristic (KC):

AS9100/EN-91
significant influ

This definition i
» Key Characte
properties, fu

necessary in

» Key Characts
control is ess

» Substitute K¢
not readily m
controlled to

Producer:

An organizatior|

Customer:

The organizatig
specifications g

PO/JISQ 9100 definition: The features of a material or part whase
bnce on product fit, performance, service life, or manufacturability.

5 further explained as follows:
ristics for a part, subassembly or system are those selected geom
hctional and/or cosmetic features, which are measurable, whose

meeting Customer requirements and enhanging Customer Satisfa

ristics for a process are those selected“measurable parameters of
bntial to manage variation of part or.system Key Characteristics.

y Characteristics may be identified when a Customer-defined Key

pasurable within the production setting and other characteristics m
ensure conformance.

that performs_any process affecting the manufacture of the part.

n whieh provides Part or System Key Characteristics via engineer
r'purchase order/contract requirements. For example, a Custome

ariation has a

etrical, material
ariation control is
ction.

a process whose

Characteristic is
ay need to be

ng drawings,
r may be an

internal engineering department for a company which has design authority, in addition to the external

Customer who

specifies system Key Characteristics.

Key Characteristic Owner:

Key characteristic owner is the person or function who defines the Key Characteristics and
recognizes the reasons for the selection of the Key Characteristic. Typically, these responsibilities
are held by Internal or External Customer Design, Quality or Manufacturing Engineering, and should

be identified by

a cross-functional team.
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3.5 Key Characteristic Process Owner:

3.6

3.7

4.

5.1

The Key Characteristic Process Owner is the person or function who uses Key Characteristic data to
maintain and improve the process.

Process Control Document (PCD):

A Process Control Document (PCD) is a written description of manufacturing plan developed to

control variatiorimKey Characteristicstisativingdocumentand s updatedtoeflect the addition /

deletion of Key
Special Cause:

The term ‘spec
their usual me4d

APPLICABILITY:
This Aerospace

castings and forg
characteristics of

of the requirements of the applicable revision of.this Aerospace Standard to Subcor

produce design @
requirements.

GENERAL REQU

Section 5 provideg
management me

Variation mana
until they are in
methodology s

Characteristics.

al cause’ in this standard can be substituted by ‘assignable cause
nings relative to Statistical Process Control methadology.

btandard applies to assemblies and all levels of parts within an ass
ings, and to organizations that are responsible for producing the d
the product. Producers and their.Subcontractors shall be respons

haracteristics, and for ensuring that Key Characteristics conform t

JIREMENTS:

s the following general requirements which must be met regardles
thodology applied.

gement.activities must be performed on identified Key Characteris
contrel and process capability has been established. Appropriatg
pould then be implemented to ensure continued performance.

’ The terms have

embly, including
esign

ible for flow down
tractors who

b Customer

s of the variation

ics and processes
monitoring
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5.2 The Producer shall maintain appropriate documentation of Key Characteristics and manufacturing
process elements that influence variation in Key Characteristics as well as their control techniques
and measurement methods. This documentation shall be developed when any of the following

5.3

54

5.5

occurs:
a.
b.
Characterisftits:
C.

Customer defines a Key Characteristic or a key process parameter.

Lower level or Substitute Key Characteristics are required to control variation of higher level Key

Analysis performed as part of a process improvement activity to meet quality ¢

by AS9100

If statistical pro

following requinements must be met:

a.

Process ca

(e.g., Cp arld Cpk) shall be calculated only when the process is shown to be s

statistical c

The proces

Note: A Key Characteristic is considered-capable if its Cpk exceeds 1.33. Ot
measures g

requiremen

When simil@r Key Characteristics from different products are combined on the

(apartorp

similar varia

If process G
equivalent 1|allout rate shall be calculated using industry standard statistical m

results in the identification of a key characteristic or process.

cess control is chosen as the method of control for the Key Chara

pability shall be established for Key Characteristics. The process
bntrol, using sound statistical methods and/or appropriate control g

5 shall be capable, with Cpk > 1.33;0r as specified by the Custom

[s, the Producer may have several options as described in this seq

bility and betraceable to the specific part or product.

apability“is used to justify reduced frequency of inspection, the prg

bbjectives required

steristic, the

Capability index
table and in
harts

er.

her comparable

f process capability may-be used. If the process does not meet capability

tion.

same control chart

oduct family, er'process output control approach), the characterisfjcs shall have

cess capability or
ethods.

Processes that cease to be in control and/or capable and the product feature is under a reduced
inspection plan, normal end-item inspection shall resume for acceptance of the product feature
until the cause has been identified, corrected and process capability and control are re-

established

Other variation control methods such as tooling, control of process settings, standard processes and
mistake proofing may be used to ensure process stability and capability. However, measurable
evidence must demonstrate that the controls are effective.

Focusing on Key Characteristics does not relieve the Producer from meeting all drawing
characteristics, specifications and other customer requirements and/or invoked standards.



https://saenorm.com/api/?name=eaa715daee6823b1204c8ef8bcb8c318

SAE AS9103

5.6 In some cases, it may be impossible or prohibitively expensive to meet the stability and capability
requirements of Section 5. These exceptions must be documented by the Producer and may require
customer approval.

6. PROCESS MODEL AND OUTPUTS:

Appendix A describes a model that may be used in fulfilling the requirements of this Standard and is
presented for illustration and clarity.

The model consists of several stages, starting with the definition of Key Characterthics and ending
with the monitoring of product manufacturing process performance. Other methods| or processes may
be employed to dchieve compliance. The Producer in either case must show that compliance with the
requirements in $ection 5 has been achieved and the method by which eompliancg was obtained.
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Stages Insights
Stage 1 Key Characteristics are those specific parameters of a product or process for which
( A control and reduction of variation is critical to ensure the satisfaction of Customer
Understand Key requirements. (Definition of key characteristics not consistent with the definition in
Characteristics and this document). Review of these characteristics should be through a cross-functional
\_ Reauired Performance team, and encompass product, process and Customer requirements in the
)# consideration of a suitable manufacturing method.
Stage 2 By consideration of the Key Characteristics, a process must be designed to be capable
Plan a Mapufacturing ) of meeting today’s needs and future aspirations. Without this foresight, the level of
Process that| will produce ( variation inherent in the process design may become a limiting factor to meeting
acceptable performance Customer expectations and the cost efficient operation of thatprgcess.
\_ _J
Stage 3 ¢ Operate the process ensuring the data collection méthod has begn planned to provide
( ) process parameters and resulting product™\variation refevant to the Key
Operate the Process to Characteristics. Without careful consideration of the process variation at this stage,
Genergte Data later analysis of data could miss vital )information as tq the ‘real’ process
\_ ] Yy, performance.
Stage 4 Skilled interpretation of the data will provide evidence of the progcess performance and
A therefore, product variation. . Informed decisions based on objdctive information can
Analyze Dala to Identify help to prevent ‘surprises’ in the hands of the manufacturer, and|more importantly, the
Appropri te Action Customer.
. J
Stage 5 % Information generated is of minimal use to improving procgss performance and
Take Actioh from Study A product quality unl.ess acjted upon in. a f‘ontrolle.d a.nd approprid t.e manner. This, t?o,
(operate, re-design, and | | needs cqreful constderat}orf to tdAentt.fy'tsolated maden.ts ar%d avid process tampering
impfove) to preventinore uncertainties being introduced to the situation.
N\ J
Stage fﬁ N Monitoring those Key Characteristics of the process or produtt that are critical to
. . * satisfying Customer expectations can help show when there is improvement.
Continue T¢ Monitor the = Understanding continual performance is vital to know when undgsirable variation may
Performance occur, before it is detrimental to the Customer.
. )
\ Whatever the reason for considering a process change-- natural process degradation,
changing Customer requirements, or improvement-- any| decision must be
Lz substantiated with data to enable the implementation of an effective action plan.

Process Change
Required?

FIGURE 1 - Preferred Model for Key Characteristic Variation Management

PREPARED UNDER THE JURISDICTION OF
SAE COMMITTEE G-14, AMERICAS AEROSPACE QUALITY GROUP
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A1

A1

A1.2

A13

APPENDIX A
GUIDELINES TO MEETING REQUIREMENTS FOR VARIATION
MANAGEMENT OF KEY CHARACTERISTICS

STAGE 1: REVIEW KEY CHARACTERISTICS AND REQUIRED PERFORMANCE:

Producer establishes an appropriate cross-functional team, which has an understanding of
customer requirements and the producer’s manufacturing processes. The cross-functional team

reviews custg

Key Characts
Document or

Stage 1 Outp

mer Tequirements = specificatty the Key Characteristicsormrthepro

ristics and the required performance are documented on the,Proc
equivalent.

Uts:

* Documentation of customer Key Characteristics

A2 STAGE 2: PLA

A2.1

A22

A23

A24

A2.5

A2.6

The producer
manufacturin
variation of K
requirements

The producer
substitute Ke
Characteristig
acceptable c4d

The producer
responsible t

Characteristig.

NNING A MANUFACTURING PROCESS:

defines a manufacturing process by-developing a new or by revie

duct (if any).

bss Control

wing an existing

j process flowchart. This includes the identification of key elementts that influence

by Characteristics. Knowledge ©f existing process capability and g
is considered.

performs cause effect analysis to identify any process Key Chara

y Characteristics are.Uised, the producer demonstrates association
s with customer-defined Key Characteristics. The producer estab
pability ratio for-each Key Characteristic.

identifies a*Process Owner for each Key Characteristic. The Pro
b maintain and improve the process performance that generates th

ustomer capability

Cteristics. If
of substitute Key
ishes a minimum

bess Owner is
e Key

A disciplined review of each process generating Key Characteristics is conducted to identify
sources of variation and potential risks. Plans are developed to manage those risks.

Detailed work instructions and measurement instructions are developed to manage sources of

variation.

The producer updates the Process Control Document (PCD) after completing activities of this
stage (see PCD Example, Appendix B).

-10 -
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A2.7

A.3 STAGE 3: OP¥

A3.1

A3.2

A3.3

A3.4

A3.5

A3.6

Stage 2 Outp

uts:

* Flow chart of the manufacturing process or equivalent documentation

» Cause/Effect Analysis

» Key process elements and their reference to Key Characteristics

* Process Key Characteristics

» Substitute Key Characteristics and association with Customer defined KCs

+ |dentificatio

n of the Process Owner

« Potential squrces of variation

» Work instru
* Measuremdq
» Updated P(

The producer
of variations.
and under wh
chart to be us

The producer
are manufact

The producer
this plan is dd

A first article
The producer

Stage 3 Outp

» Data collec

ctions

nt instructions

LD or equivalent

FRATE THE PROCESS ON TRIAL BASIS TO GENERATE DATA:
The plan specifies who, what, where, frequengy and how many p
at conditions the data will be collected. The'producer determines
ed.

manufactures parts according to previously defined work instructic
Lired in a representative production environment.

cumented.

nspection (FAI) may-be performed at this stage (Reference AS/EN

updates the:Rrocess Control Document as required.

Uts:

ion‘\ptan

« Control chalt

creates a data collection plan(s) for all Key Characteristics that rjﬂects the sources

rts will be included
the type of control

ns. The trial parts

collects data on control charts according to the data collection plaf. Any deviation to

/ SJIAC 9102).

» Updated PCD or equivalent

A4 STAGE 4: ANALYZE DATA FOR ACTION:

A4.1

A4.2

The producer reviews control charts to determine if the process is stable. The producer calculates
process capability and provides evidence to demonstrate statistical reasoning and justification, in

addition to the calculation method. The process capability index (e.g., Cp. and Cpk.) is calculated
only when the process is stable.

If the process is not stable, the producer investigates to determine the root cause using suitable
problem resolution tools. Investigation results are documented.

-11 -
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A43

A4.4

A4.5

A4.6

If the process is stable, but the capability does not meet the customer requirements, the producer
prioritizes common cause sources of variation, to identify the most influential source(s).
Subsequent investigation determines root cause(s) of this variability. If the capability meets
customer requirements, take no further action on the process, and finalize the PCD.

Process Key Characteristics are re-evaluated based on understanding of the observed process
behavior to determine if any need to be added or do not apply.

The producenupdatestheProcessComntrot- Document—Referencetoassociateyd documentation is

included.

Stage 4 Outpts:

* Process capability, including calculation method
* Investigation results of out-of-control points

* Investigation results of sources of variation

* New or revised Key Characteristics identified
Updated PCD or equivalent

A5 STAGE 5: TAKE ACTION FROM STUDY OF KEY-CHARACTERISTIC PERFORMANCE:

A.5.1

A5.2

A53

A54

A5.5

A5.6

A5.7

A5.8

When a procgss is not stable, and the special-cause is known, corrective action|is taken to remove
permanently pr minimize the cause. Effectiveness of corrective action is verifiegl.

When a procgss is not capable or the.special cause continues to be evident, the producer
investigates gage variation. If a Measurement Systems Analysis (MSA) has already been
performed, the producer verifiesthe results.

If a process i$ stable but still*hot capable, the producer investigates centering of the process.

If a process dontinues.to be stable but not capable, the producer takes approprigte actions on
sources of vdriation that influence the process performance.

If after perforimngtheprevious actions; the processis ot stableormottapabte, the producer
implements a Product/Process protection plan until such time that the process is proven capable
and stable.

A first article inspection (FAI) may be performed (Reference: AS/EN/SJAC 9102), unless it has
been performed previously in Stage 3 and the process is unchanged.

Whenever actions are taken that change the manufacturing process, the producer will take
appropriate action in Stage 2 through Stage 5.

The Process Control Document is finalized as soon as the process is stable and capable.

-12-
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A5.9

Stage 5 Outp

uts:

 Corrective action documentation for out of control points
* Measurement Systems Analysis
» Corrective action documentation for sources of variation
* Product/process protection plan

Updated PCD or equivalent

A.6 STAGE 6: CONTINUE TO MONITOR THF PROCESS:

A.6.1

A6.2

A6.3

A7 STAGE 7: PR(

AT7A1

A7.2

AT73

When a Key
verify that the
process perfg
If learning fro
producer will

To ensure thg
continually re
producer Key
follow the req

Stage 6 Outp

» Ongoing co
» Ongoing an
» Updated P(

The producer

The producer
the approved

Characteristic is meeting capability requirements, then the producs

process remains in control and capable. The producer should co
rmance to identify opportunities for process improvement through \
M monitoring the process results in a change in the méthod of pro
pperate to Stage 7.

t valid producer Key Characteristics have been-identified the prod
view business indicators as appropriate. This may result in elimin
Characteristics and adding others. Alladditional producer Key C
uirements of this standard from Stage2 and beyond.

Uts:

ntrols on Key Characteristics
alysis of business indicators

LD or equivalent

DCESS CHANGE :MANAGEMENT:

document§2any planned change to the manufacturing process.

follows.the requirements of A.1 to A.5 prior to implementing any
manufacturing process, as related to the affected Key Characteris

r will periodically
htinue to measure
ariation reduction.
Huction, the

Licer should
bting some
haracteristics will

lanned change to
tics.

Stage 7 Outputs:

* Process change documentation
» Updated PCD or equivalent

-13-
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APPENDIX B
PROCESS CONTROL DOCUMENT EXAMPLE

Process Control Document (PCD) shown in Appendix B is the preferred method of fulfilling the
documentation requirements of this Section, any other equivalent method of documentation may be
accepted.

1.

10.

11.

12.

13.

14.

15.

Process Control Document (PCD) Number - Enter the process control document number used for

tracking. It ma

Part Number /

being controlled. The process designation / specification number and partfamily ¢

this block if apg
Part Name / De

Producer / Plar
preparing the B

Manufacturing
For example th

Process Ownet
improve the prg

Is Flow Chart G

Producer Appre
approval of the

Customer Appn
Engineering, S

beTade of any combimationmof tetters—amdfor mumbers:

Part Family / Latest Change Level - Enter the number of the assem
licable. Enter the latest engineering change level.

scription - Enter the name and description of thefart / process be

t - Enter the name of the company and appropriate division / plant
rocess Control Document.

Code - Enter the identification numberas requested by the procuri
s could be Producer Code, vendoridentification code, Mfg. 1d Nu

- Enter the name of the persen who uses Key Characteristic data
cess.

reated? Answer yes or no.

pval and Date« Enter the person(s) name that is responsible for pr|
manufacturing plan and date signed.

pval and*Date - Obtain the approvals from customer organizations
DAetc.) if required.

bly, or part number
an be entered into

ing controlled.

/ department
hg organization.
mber, etc.

to maintain and

pducing and

(such as

Date (original) - Enter the date that the original Process Control Document was compiled. Usually

the end of Stag

e.

Date (Rev) - Date that the Process Control Document was revised.

Key Characteristic No. - Enter the KC number that would uniquely identify that KC.

KC Name - Enter name of the key characteristics, e.g. Diameter, Temperature, etc.

Process ID - Identify type of manufacturing process by its unique producer specific number (or

name).

Operation Num

ber - Enter the Operation number from the work instruction.

-14 -
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