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improve)
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Why manage variation?

What is variation?

ANo two products or processes are exactly alike

AVariation exists because any process contains
many sources of variation

AThe differences may be large or immeasurably
small, but always present

AProblems occur when the variation exceeds what
the customer expects
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Why manage variations?

AVariation of some sort is responsible for all non -
conformances / customer dissatisfaction

AAIl non -conformances cost money, which reduces
Investment, money available for pay rises,
potential to retain business

ABY reducing variation it reduces the risk of non -
conformances and improves ease of assembly

AProcess Control helps to identify:
4 Different types of variation
4 The amount of variation
4~ How well the process will meet customer requirements

AOnce we know how much variation exists and the
source, we can take steps to reduce it
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Why manage variations?

Why do we need to minimise product and
process variations?

ATo enhance confidence that all your true stakeholder
expectations are met

ATo continuously improve the overall business results
4 To drive the continuous improvement of manufacturing
processes
4 To reduce costs by eliminating wastes and unnecessary
efforts
4 Levels of non conformances
Fitting/adjustment/selective assembly
4 Scraps and rework
4 Inspection and verification
4~ Warranty claims

4 To improve product performances and reliability

hN
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Why manage variations?

Why do we need to minimise product and process
variations?

AReducing Variation allows to lower total
cost of acquisition while improving
stakeholder satisfaction
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Why manage variations?

People generally believe that
For a country like USA, 99.9% equates to:

1 hour of unsafe drinking water every month

2 unsafe plane landings per day at O'Hare International Airport in Chicago
16,000 pieces of mail lost by the U.S. Postal Service every hour

20,000 incorrect drug prescriptions per year

500 incorrect surgical operations each week

50 newborn babies dropped at birth by doctors every day

22,000 checks deducted from the wrong bank accounts each hour

32,000 missed heartbeats per person per year

>> > > > > > > >

76 newborn babies each month would be given to the wrong parents

Do you still believe that 99.9% Is good
— enough everywhere ? —
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Why manage variations?

Quality Planning Lever Customer takes possession

_ (Loss of control for Producer)
Inspection

Quality

Potential for non -conformance

non - conformance

Inspection is

Receipt
necessary but not Reject  ~ystomer
sufficient Complaint  Recall
Warranty
Investigation
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Why manage variations?

Quality Planning Lever o
----- Control of Product and Process Variation

Plan a method to Review and
achieve minimum improve the
variation process :
Customer takes possession
(Loss of control for Producer)
Understand Run and
naerstan analyze QUALlTY
Customer the A
requirements 0rocess Inspection

Vb

Reducing process
variation will reduce
cost of inspection 11

non -conformance
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Why manage variations?
Impact of Product and Process Variation on Total

costs of acquisition

T Do you know

Increasing
quality where your
Costs business is?

Effective variation management

12
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Why manage variations? o
Managing product and process variations

&)
% =

7 /V/////////////A
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w»

Voice of the
Customer
(VOCQC)
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On Target with minimum variation 13
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Why manage variations?

Why minimal variation?

‘wall thickhess’

_— process variation

casing w

sk

_———n e . -

— Possibility of
weight
reduction

time

Ld

Reduced
Tolerance re

Example: Wall thickness

o]
>
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Why manage variations?
Why minimal variation?

disc .
-
: increase in mechanical

' D orops. for design utilisation
@nd possibility of,
sincreased life

“weight reduction

time
Reduce variation

of mechanical ¥
properties

LSL increase PR

si= Lower spec Lt EXaMple: Tensile Strength
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Why manage variations?
Why minimal variation?

process variation

/

reworkfscrapl

™

rewiork/scrapl

Less likelihood of

_ scrap or rework
time

Greater tolerance to nominal shift

Example: Reduce number of Quality issues

16
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Why manage variations?
Process Capability versus Customer Satisfaction

Process Capability #’roduct Fﬂformance Cuﬂomer Satisfaction
- Awareness! + |

|
Cost of unstable oA ‘ @ !
process &/or excess (&) @ ‘
variation % \ A )
Aconcession c A 4 V\_/arrar_‘ty claims @
Ascrap S v AFinancial Iosszg o
Arework wq_—) VOC oor reliability @
Apoor performance 2 AHigh cost of _
Asurpises ownership' ABusiness growth

AEnhanced reputation

Key Characteristic .
e ACustomer delight

.

Process Part Engine Aircraft

Development - Production \ S

\ .

In -service 17
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Do you know what Key Characteristics
are?

WhICh ones were mlssed’>

18
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What are Key Characteristics(KCs)?

A 9103 Definition : The feature of a material or part whose
variation has a significant influence on product fit,
performance, service life or manufacturability

I Key characteristic for a part, sub -assembly or system:
selected geometrical, material properties, functional and
cosmetic features which are measurable and whose
variation is necessary in meeting Customer
requirements

I Key characteristic for a process : selected measurable
parameters of a process whose control is essential

I Substitute Key characteristic : when Customer defined
key characteristic is not readily measurable and other
characteristic may need to be controlled

19



What are Key Characteristics(KCs)?

AKCs are the variables whose attributes have the
greatest impact on the Customer Perspective

Key Characteristics
(Product or Process )

Impact on Quality

Product or Process Variables

20
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What are Key Characteristics(KCs)?

7
l CUSTOMERG S

4~ REQUIREMENT:

GAP TO BLOCK

X+ -y
+I
= ]
+I
_I_I

+—>
NON-CRIT

7 ] ICAL FEATURES %/

A Key Characteristics are the critical features at every

| evel of a productos desi gn,
manufacture necessary to sat.
requirements

21
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& Product Characteristics

i Example: Aerodynamic
gap

» Assembly
Characteristics

i Example: Defined gap
between two panels

A Manufacturing
Characteristics

i Example: Wing skin
thickness

22
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What are Key Characteristics(KCs)?
AExample 1

Figure 1.4.3 Clock Assembly

Readability
Clock Accuracy

[FET: Voltage Power Display | F¥EX* llumination
supply assambly

Phato Filtar Backlight Panal
h LCDO
diode glass lamp lamp
[EET» Current [FE7: Light Componant umination [EETHIlumination

fransmission  failura

23
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What are Key Characteristics(KCs)?

'

-|ar:h::-a

and

= dapih
v

Mitridirg Frooess

*Tampsnbrs| KC
= Tima &t tempsralers | KC
#Chassodaion ol

ammenia| c >

A Example 2
I Service -Life
Characteristics

A A KC of acargo -door actuator is its expected time to failure (MTBF)

A This KC flows down to several part -level KCs, including the case depth and
case hardness of a nitralloy gear within the actuator

A Case depth and hardness are then flowed down to the KCs in the nitriding
process, which produces the case depth and hardness

A The KCs in this process are the nitriding temperature, the time at
temperature and the disassociation rate of ammonia during the nitriding
process

24
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Benefits of Identifying KCs

Alf KCs are properly identified and correctly controlled

4 Products will have higher quality
4 Losses will be reduced

4 Costs will be cut

4 Customers will be more satisfied

A Typically, around 4 -5 KCs is usual for an individual
component

A A larger number of KCs may be identified for a more
complex component or process

25
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Who, Why and How to determine KCs ?
A The Customer (or the designer):

A What?: Key characteristic for:
A apart
A asub-assembly
A asystem

A Why?: He knows:
A the final Customer expectations
A the functional requirements for the part
A the sub-assembly on which it will be installed
A the historic data of similar parts 1in

A How?: Mainly based on risk analysis methodology:
A Safety
A Performances
A Maintainability
4+ Reliability

26
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Who, Why and How to determine KCs?
AThe supplier (or the manufacturer):

+~ What?: Key characteristic for a process

A Why?: He understands

A

A

A

A

A

A

A

A How?: Mainly based on risk analysis methodology

A

A Variability

his processes

his tools

his manufacturing capabilities,
where he failed in the past
where he is loosing money
where his scrap rate is high

Cust omer retur n

wher e

Reproducibility

Introduces
Business
improvement
and cost
savings

rate 1 S

27



International Aerospace Quality Group

Who, Why and How to determine KCs ?

Key characteristics may be defined by the
producer even when the customer or the
designer has not defined them.

Use of 9103 should not be limited to
cases where Key Characteristics exist in
drawing

28
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Approaches & Tools used to identify KCs

Integrated Product / Project Teams, Design Build Teams

Engineering S )
Customer / Functions Design ualit Suppliers ~ CUSOMer - qocet Procurement anufacturing,
Who Sales (Aero, : Q Y PP Support y Assembly,
Stress, etc.) Tooling
Dri Flight Performance Criteria Manufacturing Process Operational Service (Repairs,
e Safety (Aero, Stress, etc.) Variation Change Maintainability, etc.)
: Historical ot Brainstorming Sessions
. Risk Top Level Statistical : 9
Design of
Selection Analysis el Aircraft Variation E < ; Flowdown / DFMA Workshops /
Methods / FMEA Areas / Data documents Analysis PSS Specialists Experience
Analysis
Identify Team
Identify Driver
Top Level Identify Zones and / or Parts
Process . _ . _ .
Identify Design Configuration and / or Manufacturing and Assembly Processes
Identify Key Characteristics
Examples of _ _ _ _ _ o Process
Key Geometric Electrical Properties, Material Properties, Mechanical Properties, Repair Criteria, property e.g.
Characteristics Tolerances e.g. voltage e.g. hardness e.g. torque e.g. MTBF temperature

Drivers, actors involved , selection methods , process and
KC selected may vary depending onthe product and
should be fixed by each company .

29



Approaches & Tools used to identify KCs

AFrom Customer Needs to Key Characteristics: EXxisting
Advanced methods to determine KCs

4 Voice of Customer (VOC)

4 Critical to Quality (CTQ)

4 Affinity Diagram

A QFD T Quality Function Deployment

4 Functional analysis

4 Risk analysis (FMEA Failure Modes and Effects Analysis)
i Etc

30
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Approaches & Tools used to identify KCs
A Need to flow down KC for each package

Finished
Product

Customer

Final
Assembly

Part A Part B Part C Part D
Product Product Product Product

Part A Part B Part C Part D
Process Process Process Process
Part CA Part CB
@

Part CA Part CB
Process Process

1

. Part CA Part CA
Suppliers N -2 i i

Supplier
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Approaches & Tools used to identify KCs

A Different methods exist to identify Key Characteristics

Loss Function
Target

8 . ¢ Product, Process and

s | T Problem Analysis

Loss

i e e DeSign of
FMEA / \ Experimen
t
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Scope of 9103

AEstablishes requirements for management
of key characteristics variation

A Specifies general requirements
A Provides a process

APrimarily intended to apply to new parts
but should also be applied through out
the life of the programme to ensure that
changes are taken into consideration

33



KC and 9103 applicabllity

AKCs clearly given by your
Customer (drawing and
specifications)

AKCHs not ident
Customer:

4 To identify Product KCs:
4 Working group involving Customer
4 In service experience (e.g. hon
quality analysis)
4 To identify Process KCs
4 In service experience (e.g. hon
guality analysis)
4 Internal issues (scrap rate, rework
rate, etce)
A Cost and lead time reduction
4 Risk analysis

f

e d

=)
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Use of 9103 is
a Requirement

by vyour

Use of 9103 is a
General
Recommendation
but may become
mandatory for
some critical
products or some
contracts

34
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9103 : A seven stages process

A9103 - Variation Management of KCs

Stage Stage Stage Stage Stage Stage Stage

2 3 4 5 6
! i |

Is a
process
change
equired?

35



Stage 1 - Understand KCs and
Required Performance

Stage Stage Stage Stage Stage Stage Stage

1 2 3 Z |5 6 7

Isa
process
change
equired?

36
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Stage 1 - Understand KCs and
Required Performance

A Owmerss$inpo otheha quessess

AEstablish an appropriate cross-functional team
ADesign Engineering
AManufacturing Engineering
AProcess Operators
ACustomers
AComponent Definition
AQuality
AlLaboratory
Alnspectors
AAnyone else who is involved...

Whoever has an input or
Is affected by your
process

The primary owner of the process is that group, department or
function that holds prime accountability for the development and

production of manufacturing methods (this is not only Quality) a7
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Stage 1

Understand KCs and

Required Performance
AAnN appropriate cross -functional team will allow

identifying all parameters and constraints

A Design Engineer:

A Manufacturing Engineer:

A Inspection Department:

A Buyer (Purchasing):

A Quality Engineer (Facilitator):

Potential design failure modes,
causes and effects

Process issues, potential
failures, causes and
effects

Definition of inspection methods
and criteria

Feedback from Supply Chain and
flow down of requirements

Feedback from similar product,
customer returns, guarantee that
process is adequately followed

A Et c €|t shall look at product, process & Customer requirements:
What does he want and how we can do it ?

38
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Stage 1 - Understand KCs and

Required Performance
AAn appropriate cross -functional team will allow
identifying all parameters and constraints

A Design Engineer: Potential design failure modes,
Cau§ and effects
e

A Manufacturing Engineer: \&&E ues, potential
AU
ef

auses and
A Inspection Department:

inition of inspection methods

, \‘0\) \)& and criteria
A Buyer (Purchasing): \0 \‘0 Feedback from Supply Chain and

a@ flow down of requirements
A Quality Englneer'-{écn@ﬂ% Feedback from similar product,
D customer returns, guarantee that
ng process is adequately followed
AEtcé

It shall look at product, process & Customer requirements:
What does he want and how we can do it ?

39
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Stage 2 - Plan Manufacturing
Processes
Stage Stage Stage Stage Stage Stage Stage
1 3 4 6 7

5
7

Isa
process
change
equired?

40
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Stage 2 -Plan Manufacturing Processes

A ldentify key manufacturing 3 \f /’)%
processes impacting key /"\\1‘7 \ \\g
characteristics SIS

A Ensure process owner exist for
each key characteristic

A Establish a minimum acceptable
capability ratio (Cp, Cpk, ¢é) f
each key characteristic

A ldentify sources of variation and
potential riskse a

A Relate process data back to what
designers want é

6 and designers: Al
capability of manufacturing
Processes

41



Stage 2 -Plan Manufacturing Processes

AProcess Control Document (PCD)

A written description of manufacturing plan
developed to control variation in KCs. Itis a

living document and is updated to reflect the
addition/deletion of any KCs

42
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Stage 2 - Plan Manufacturing Processes

PROCESS CONTROL DOCUMENT Page 2 of 2
Process Control Document NumbBart Number / Latest Change Levidate (OriFinaI) Date (Rev)

Preliminary Process Capability Study Results of Study Actior) Ongoing Monitoring Methods

Type of -
Dmmm @ D (,3\1((:)F Contro ?{te/lt')\lle Calculations ;iﬁanyControl Chart/O h&\pability
" | Hist/ NewDate | GaugeGauge # MSA% n Freq. Chart Mean Estimated E>tOp5vCp v/N | Type Frequency Review.

] PROCESS CONTROL DOCUMENT Page 1 of 2
Process Control Document Number Process Owner Date (Original) Date (Rev) Flowchart Creatdd?
Yedo
Producer Approvals and Date Customer Approvals and Date
Part Name / Description Name: Name:
Producer / Plant |Manufacturbr Code Name: Name:
STAGE 1 STAGE 2
] Conformance Control Feature Minimum Are Sources pf Is Risks Mitigatiqn.
CCF No CCF Name orocee] IDO'\E%%%? W/()CYE;?]StI'UCtiOI"I NORequiremenr Origin of CCF Varie\\;g)sr}'\llc(ijenti ied? S\?ggjlf\il%d?
ge Level Cp Cpk ‘ I

4

- Used to record .

. characteristics |
and progress of

- process

B N
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Stage 2 -Plan Manufacturing Processes

SIPOC = Supplier - Inputs - Process - Outputs - Customer

S plilly P gOnC

Process N Process N Process Process N Process N Process L. OUTPUT
Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

|dentification of most contributing process steps
|dentification of process KCs

Reduction of process KC variation

Efficient product KCs management is based on efficient Process KCs management
44




Stage 3 - Operate on Trial Basis to
Generate Data

Stage Stage Stage Stage Stage Stage Stage
1 2 3 4 5 6 7
| |

Is a
process
change
equired?

45
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Stage 3 - Operate on Trial Basis to
generate Data

A Create Data collection plan for all
key characteristics (who, what,
where, frequency, corngk
and ensure you have a capable
megsurement system

A Produce parts/components
) to specified work
Instructions in a
representative environment

A Perform First Article Inspection (9102

Refers)
¥ AMeasure key characteristics on a
/) sufficient number of parts and collect data

to document any deviations

46
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Stage 3 - Operate on Trial Basis to
Generate Data

Capable Measurement System
Nl f 1t sayos
know 1 f 110
9. 99 or 1

Measurement Variation
Repeatability & Reproducibility
Gauge R&R

S
0

a7
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Stage 3 - Operate on Trial Basis to

Generate Data

AWhy Worry About Measurement Variation?
Consider the reasons why we measure:

Verify product/ Assist in
process continuous
conformity to improvement
specifications activities
L—SL UsL* How might measurement variation

affect these decisions?

What if the amount of
measurement variation is
unknown?

Measurement

Measurement variation can make our processes LOOK worse than they are

* LSL and USL: Lower and Upper Specification Limits
48
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Stage 3 - Operate on Trial Basis to
Generate Data

AMeasurement Unit Discrimination

AThe technological ability of the measurement systems
units to adequately identify variation in a measured

parameter
Y I(—)I 28 Ruler ~ 710g II ||.28
> 279 |<—>1.282 Caliper k—>l282 T 7279

:<—>' 2794 t<—>.2822 Micrometer ~ I<—>1.2819 “, >1.2791

Y

Y YY

|
R

k\\\\\\\
A

]
L L e e e A e
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Stage 3 - Operate on Trial Basis to
Generate Data

A Measurement Accuracy

A Instrument accuracy is the difference between the
observed average value of measurements and the
master value. The master value is an accepted,
traceable reference standard.

Master Value
(Reference Standard)

N

Average Value

Calibration of gauges!

50
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Operate on Trial Basis to
Generate Data

Stage 3

A Measurement Linearity

A A measure of the difference in accuracy (bias) over the

range of instrument capability

A Over what range of values for a given characteristic can the
device be used?

A When the measurement equipment is used to measure a
wide range of values, linearity is a concern

Accuracy

Gauge 1

Linearity is an issue here

2 4 6 8 10

Measurement Range

Gauge 2

Linearity is not an issue here

Accuracy

2 4 6 8 10

Measurement Range 51



Stage 3 - Operate on Trial Basis to
Generate Data

A Measurement Repeatability

A The variation between successive measurements

of the same part, same characteristic, by the same
person using the same instrument

Also known as test - retest error
U Master Value

i\ | A

&=
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Stage 3 - Operate on Trial Basis to
Generate Data
A Measurement Reproducibility

AThe difference in the average of the measurements
made by different persons using the same or
different instrument when measuring the identical
characteristic

Inspector A
Master Value P

Inspector B

Inspector C

Inspector B
Inspector A

53



Stage 3 - Operate on Trial Basis to
Generate Data

AGauge Reproducibility & Repeatability (R&R) test

A Everybody measure the part using the Vernier
A Record the measurement (without letting anybody see it)
A Pass the part and Vernier to the next person

A Repeat? U
Inspector B

Inspector A I:]

Reproducibility Causes Repeatability Causes

54



Stage 3 - Operate on Trial Basis to
Generate Data

A Understanding Gauge R&R

A Repeatability and Reproducibility can be
expressed as a percentage of the drawing
tolerance used

A There are set of methods and formulas that work
t hi s out! | t doesnot t ake |

Aldeally, we should not use more than 10% of the
available tolerance with measurement errors

55
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Stage 3 - Operate on Trial Basis to
Generate Data

AFirst Article Review (Ref 9102) in relation to Key
characteristics (Stage 3)

A Adequate identification of Product and Process KCs and Capability of
processes and tools used to achieve KC¢
Article Inspection (FAI) review

A At New Product Introduction (NPI) producer shall ensure that FAI is
performed on a part that has been produced:

A According to specified work instructions that will be used in serial production
A In a representative environment, using scheduled Production means:

9102 85.1 Note 2 : The organisation shall not use prototype parts, or parts
manufactured using different methods from those intended, for the normal
process for the FAI O

P R Partial or full
Process FAlI & PR

Reproducibility Broduct or

_ Teview process Change
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Stage 3 - Operate on Trial Basis to
Generate Data

A Process Reproducibility review (End of Stage 4)

A According to 9102, FAI is performed at very beginning of
production, when full attention is given to this first product, but
before full production rate is attained

A However, staff learning curve, adaptation of people and tools to
the production reality, natural tendency to deviate from what is
really written in working instructions, production rate increase
between first parts and few weeks or months later, etc leads to
some hidden changes, with more or less impacts on the process
and the product

P R Partial or full
Process FAI & PR

Reproducibility Product or

review process Change
(serial prod)
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Stage 3 - Operate on Trial Basis to

Generate Data
A Process Reproducibility review (End of Stage 4) Cont.

A It is highly recommended to conduct a second review some time later,
based on the FAI report, when production is stabilised (rate, production
means, staff, tooling, etc,..). This should take form of a product and process

review or audit aiming at:
A Ensuring that key characteristics are properly managed

A Identifying what has possibly changed since first FAl and what are the possible
impacts of these changes and. Every change compared to FAI, corresponding
action and justification shall be carefully documented

A Verifying that the collection of processes and tools in place will always
reproduce a satisfactory result (sustained Customer satisfaction)

P R Partial or full
Process FAI & PR

Reproducibility Product or

review process Change

(serial prod)
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Stage 3 - Operate on Trial Basis to
Generate Data

Almpact of change on FAI and Process Reproducibility
review (stage 7)

A fn9108, 30: The organisation shall perform a full F/#
characteristics, when any of the following events occurs:

A A change in the design affecting fit, form or function of the part

A A change in manufacturing sources, process(es), inspection methods, location of
manufacture, tooling or materials, that can potentially affect fit, form or function

A A change in numerical control program or translation to another media that can potentially
affect fit, form or function

A A natural or man -made event, which may adversely affect the manufacturing process

A A lapse in production for 2 years or as specified by the customer

P R Partial or full
Process FAI & PR

Reproducibility Product or

review process Change
(serial prod)




Stage 3 - Operate on Trial Basis to
Generate Data

Almpact of change on FAI and Product/ and
Process Reproducibility review (stage 7) I Cont.

A In this case, it is highly recommended to
conduct a second full or partial Process
Reproduciblility review for affected
characteristics as stated in stage 4

Partial or full

Process
Reproducibility FAl & PR

review Product or
(serial prod) process Change




Stage 4 - Analyse data to identify
appropriate Action and Stage 5 -
Take action from study

Stage Stage Stage Stage Stage Stage Stage
1 2 3 4 5 6 7

T T Yes

Is a
process
change

equired?

Warning: Stages 4 and 5 need Iiterative
actions but actors are different

61



Stage 4 - Analyse data to identify
appropriate Action and Stage 5 - Take
action from study

Ajust carr
does happen
occasi onz

s Open the curtain to review the process

. .

Costs/ non -conformances / complaints

l< >|
X Spec

No learning .............. NO progress
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Stage 4 - Analyse data to identify
appropriate Action and Stage 5 - Take
action from study

AEurekal... now we know
what 6s happ/eningh

Open the curtain to review the process

Costs / non -conformances /complaint:

Eoc:s: (;/:ri" tion ioczss evjri;l tion
Know Iearnlng ........... NOW Progress
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Stage 4 - Analyse data to identify
appropriate Action and Stage 5 - Take
action from study

A Review control charts to determine if process is
stable ‘

AProcess not stable : Perform root cause
analysis with proper tools and document it

- e —
Ro4 -,
L

A100

, . . . LCL
Aldentify, classify (special or common causes,

A2
prioritise (Pareto approach, risk analysis),, oo
then remove or minimi e ——rr— |
. . . M R B M Ak A A A A A0 A1 A2
effectiveness of corrective actions Actud o= UCL (Upper g LCL (Lower

l Control Limit) Control Limit)

AWhen process is stable and only when it is stable, calculate process
capability and compare with what is required to meet Customer needs
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