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INTRODUCTION

I n  t h e  w o r l d  o f
manufacturing  and
quality  management,
precision is  not  just  a
g o a l ;  i t  i s  a
requirement.  Errors  in
measurement  can
cascade  into  faulty
products ,  wasted
m a t e r i a l s ,  a n d
ultimately,  dissatisfied
customers.  This  is
w h e r e  t h e  A I A G
M e a s u r e m e n t
Systems  Analysis
Manual  becomes  an
i n d i s p e n s a b l e

resource. Published by
t h e  A u t o m o t i v e
Industry  Action  Group
(AIAG),  this  manual
p r o v i d e s  a
s t a n d a r d i z e d
f r a m e w o r k  f o r
evaluating  the  quality
o f  m e a s u r e m e n t
s y s t e m s  u s e d  i n
p r o d u c t i o n  a n d
inspection  processes.
Whether  you  are  a
quality  engineer,  a
m a n u f a c t u r i n g
manager ,  o r  a  S ix
Sigma  practitioner,
understanding  this
manual  is  critical  to
ensuring that your data
is trustworthy and your
processes are capable.

https://everybodystreet.com/


2

2 Aiag Measurement Systems
Analysis Manual

2024-10-06

This article will explore
th e  pu rpose ,  ke y
c o n c e p t s ,
methodologies,  and
practical  applications
o f  t h e  A I A G  M S A
Manual,  offering  a
comprehensive  guide
fo r  p ro fess iona l s
seeking  to  master
measurement  system
analysis.

WHAT IS THE AIAG
MEASUREMENT
SYSTEMS
ANALYSIS
MANUAL?

T h e  A I A G
M e a s u r e m e n t
Systems  Analysis
Manual is a reference
guide developed by the
Automotive  Industry
A c t i o n  G r o u p  i n
col laboration  with
leading  automotive
manufacturers  and
supp l ie rs  such  as
Chrysler,  Ford,  and
General  Motors.  It  is
part of the AIAG’s suite

of  core  quality  tools,
which also includes the
Advanced  Product
Qua l i t y  P l ann ing
(APQP), Production Part
Approva l  P rocess
(PPAP),  Failure  Mode
and  Effects  Analysis
(FMEA),  and Statistical
Process  Control  (SPC)
manuals .  The  MSA
m a n u a l  f o c u s e s
specifically  on
e v a l u a t i n g  t h e
variation introduced by
measurement  systems
themselves.
A  m e a s u r e m e n t
system consists of the
entire process used to
obtain  measurements:
the  equipment,  the
o p e r a t o r ,  t h e
p r o c e d u r e s ,  t h e
sof tware,  and  the
e n v i r o n m e n t a l
conditions. The manual
provides  a  structured
a p p r o a c h  t o
determining whether a
measurement  system
is  acceptable  for  its
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intended purpose. It is
widely used not only in
t h e  a u t o m o t i v e
industry  but  also  in
aerospace,  medical
devices,  electronics,
and any sector  where
quality control depends
on accurate data.

WHY IS MSA
IMPORTANT?

Before  diving  into  the
specifics  of  the
manual,  it  is  essential
to  understand  why
measurement  systems
analysis matters. Every
measurement  contains
some degree of  error.
This error comes from
two  primary  sources:
variability  in  the  part
being  measured  and
var iab i l i t y  i n  the
measurement  system
i t s e l f .  I f  t h e
measurement  system
introduces  too  much
variation,  you  may
reject  good  parts  or
accept  bad  ones.  In

statistical  process
control,  unreliable
measurements  can
mask process shifts or
create  false  alarms,
leading  to  incorrect
d e c i s i o n s  a n d
increased  costs.
The AIAG MSA Manual
helps  organizations
quantify  this  variation
and  decide  whether
their  measurement
systems  are  capable.
B y  f o l l o w i n g  i t s
guidelines,  companies
can  reduce  waste,
i m p r o v e  p r o d u c t
quality,  and  satisfy
c u s t o m e r
requirements—especial
ly those set by ISO/TS
16949  or  IATF  16949
standards ,  wh ich
mandate  MSA  for  key
characteristics.

KEY CONCEPTS IN
THE AIAG MSA
MANUAL

The manual introduces
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several  fundamental
concepts that form the
b a c k b o n e  o f  a n y
measurement  system
e v a l u a t i o n .
Understanding these is
essential  for  applying
the  methodologies
correctly.

Accuracy
and
Precision
In  MSA  terminology,
accuracy refers to the
c l o s e n e s s  o f  a
measurement  to  the
true  value.  Precision,
on  the  other  hand,
r e f e r s  t o  t h e
repeatab i l i ty  and
reproducib i l i ty  of
measurements—how
consistent  the  results
are  when  the  same
par t  i s  measu red
multiple  times.  The
manual  emphasizes

t h a t  a  g o o d
measurement  system
must be both accurate
and precise.

Bias,
Linearity,
and
Stability
T h r e e  c r i t i c a l
c o m p o n e n t s  o f
accuracy  are  bias,
linearity,  and stability.
Bias  is  the  difference
between the observed
a v e r a g e  o f
measurements  and  a
re fe rence  va l ue .
Linearity  examines
whether  bias  changes
over  the  range  o f
m e a s u r e m e n t .
Stability  assesses
w h e t h e r  t h e
measurement  system
remains  consistent
over  time.  The  AIAG
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MSA  Manual  provides
detailed procedures for
evaluating each.

Repeatab
ility and
Reproduc
ibility
These are perhaps the
most  widely  analyzed
a s p e c t s  o f  a
measurement  system.
Repeatability  is  the
variation  observed
w h e n  t h e  s a m e
operator measures the
same  part  multiple
times  using  the  same
e q u i p m e n t .
Reproducibility is the
variation  observed
when  different
operators measure the
same  part  using  the
same  equ ipment .
Together,  they  form
the  GR&R  (Gauge

Repeatabi l i ty  and
Reproducibility)  study,
a  co re  t oo l  i n  t he
manual.

Resolutio
n and
Discrimin
ation
T h e  m a n u a l  a l s o
a d d r e s s e s  t h e
r e s o l u t i o n  o f  a
measurement device. If
the  instrument  cannot
detect  meaningful
differences  between
parts, it lacks adequate
discrimination.  A  rule
of  thumb  is  that  the
measurement  system
shou ld  be  ab le  to
divide  the  tolerance
i n t o  a t  l e a s t  t e n
distinct  categories.

METHODOLOGIES
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AND TOOLS IN THE
MSA MANUAL

The AIAG MSA Manual
offers  several
standardized  studies,
e a c h  s u i t e d  f o r
different  types  of  data
and  measurement
situations.  Below  are
the  most  commonly
used  methods.

Gauge
Repeatab
ility and
Reproduc
ibility
(GR&R)
Study
The GR&R study is the
cornerstone of MSA for
variable  data.  There

a r e  t w o  m a i n
a p p r o a c h e s :  t h e
average  and  range
m e t h o d  a n d  t h e
ANOVA  (Analysis  of
Variance)  method.

Average and
Range Method:
This simpler
approach
partitions total
variation into
part-to-part
variation,
repeatability,
and
reproducibility. It
requires multiple
operators
measuring
multiple parts
multiple times.
While easy to
compute, it does
not capture the
interaction
between
operators and
parts.
ANOVA
Method: This
more
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sophisticated
technique uses
statistical
analysis to
estimate
variance
components. It
can detect
operator-part
interactions and
provides more
accurate results,
especially for
complex
measurement
systems.

The  manual  provides
acceptance criteria for
G R & R  s t u d i e s .
General ly,  a  GR&R
value of less than 10%
of the total variation or
tolerance is considered
excellent.  Between
1 0 %  a n d  3 0 %  i s
c o n d i t i o n a l l y
acceptable  depending
on  the  application.
Above 30% signals an
unacceptable  system
t h a t  r e q u i r e s
improvement.

Attribute
Agreeme
nt
Analysis
Not  all  measurements
are  numeric.  Many
inspection  processes
r e l y  o n  g o / n o - g o
g a u g e s  o r  v i s u a l
criteria,  producing
attribute  data.  The
m a n u a l  i n c l u d e s
methods for evaluating
attribute measurement
systems,  such  as  the
kappa  statistic,  which
measures  agreement
between operators and
a g a i n s t  a  k n o w n
s tanda rd .  Th i s  i s
critical  for  pass-fail
decisions  in  quality
control.
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Bias,
Linearity,
and
Stability

Studies
The  manual  provides
s t e p - b y - s t e p
i n s t r u c t i o n s  f o r
conduct ing  these
studies.  A  bias  study
involves  measuring  a
reference part multiple
times  and  comparing
the  average  to  the
k n o w n  v a l u e .  A
linearity study requires
multiple  reference
p a r t s  a c r o s s  t h e
measurement range. A
stability study involves
r e p e a t e d
measurements  of  the
same  part  over  time,
typically  using  control
charts.  These  studies

help  ensure  that  the
measurement  system
remains  accurate  and
reliable  in  the  long
term.

INTERPRETING
MSA RESULTS

Conducting the studies
is only half the battle.
The AIAG MSA Manual
also  guides  users  on
how to interpret results
and  make  decisions.
Fo r  example ,  i n  a
GR&R study, you must
examine  not  only  the
o v e r a l l  p e r c e n t
variation  but  also  the
number  of  dist inct
categories  (ndc).  The
manual  recommends
an ndc of at least 5 for
an adequate system. If
the  system  fai ls  to
meet  cr i ter ia ,  the
manual  suggests  a
systematic approach to
i d e n t i f y  r o o t
causes—such  as  poor
fixturing,  operator
t r a i n i ng  gaps ,  o r
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instrument  wear—and
provides  guidance  for
corrective actions.

PRACTICAL
APPLICATIONS
ACROSS
INDUSTRIES

While  the  AIAG  MSA
Manual  originated  in
the automotive sector,
its  principles  apply
broadly. Here are some
e x a m p l e s  o f  h o w
industries  use  it:

Automotive:
MSA is required
for all special
characteristics in
PPAP
submissions. Tier
1 and Tier 2
suppliers
routinely perform
GR&R studies on
gauges used for
critical
dimensions like
torque,
thickness, and
diameter.

Aerospace: In
aerospace
manufacturing,
where safety
margins are
tight, MSA
ensures that
measurement
devices used for
turbine blade
dimensions,
fastener torque,
and material
hardness provide
reliable data.
Medical
Devices:
Regulatory
bodies expect
validated
measurement
systems.
Companies use
the manual to
support
submissions for
FDA clearance or
CE marking,
particularly for
measurements
affecting device
functionality.
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Electronics: In
printed circuit
board assembly,
MSA is applied to
solder paste
inspection,
component
placement
accuracy, and
electrical testing
equipment.

BEST PRACTICES
FOR
IMPLEMENTING
MSA

To get the most value
from  the  AIAG  MSA
Manual,  consider  the
f o l l o w i n g  b e s t
practices:

Plan studies1.
carefully. Select
parts that
represent the full
range of
production
variation,
including
samples that are
near

specification
limits. This
ensures the
study reflects
real-world
conditions.
Use2.
randomized
measurement
orders.
Randomization
helps mitigate
biases due to
operator fatigue,
learning effects,
or temperature
drift.
Involve3.
multiple
operators.
Include operators
who routinely
perform the
measurement to
capture realistic
reproducibility
variation.
Train operators4.
thoroughly.
Even the best
analysis cannot
compensate for
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inadequate
training. Ensure
all operators
understand the
procedure and
the purpose of
the study.
Document5.
everything. The
manual
emphasizes
documentation
for traceability
and audit
readiness.
Record the
equipment,
parts, operators,
environmental
conditions, and
any deviations
from the
standard
protocol.
Re-evaluate6.
periodically.
Measurement
systems degrade
over time.
Schedule
periodic stability
studies and

recalibrations as
part of your
preventive
maintenance
plan.

COMMON
MISCONCEPTIONS
ABOUT MSA

Despite its widespread
use,  the  AIAG  MSA
Manual  is  sometimes
misunderstood.  One
c o m m o n
misconception  is  that
MSA is only about the
gauge itself. In reality,
it  evaluates the entire
measurement  process,
i n c l u d i n g  h u m a n
factors,  environment,
and methods.  Another
misconception is that a
good  GR&R  resu l t
alone  guarantees  a
c a p a b l e  s y s t e m .
However, if the system
has  significant  bias  or
stability  issues,  the
measurements  may
still  be unreliable. The
manual  clearly  states
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that all elements—bias,
linearity,  stability,
repeatabi l i ty,  and
reproducibility—must
be  assessed  fo r  a
complete  picture.

THE ROLE OF
SOFTWARE IN MSA

M o d e r n  q u a l i t y
management  software
has made MSA studies
more  accessible  and
cons i s ten t .  Many
statistical  packages
include  modules  for
G R & R ,  a t t r i b u t e
agreement  analysis,
and  linearity  studies.
These  tools  automate
calculations,  generate
charts,  and  provide
clear  reports  aligned
with  the  AIAG  MSA
Manual  guidelines.
However,  the  manual
e m p h a s i z e s  t h a t
software is an aid, not
a  replacement  for
understanding  the
underlying  principles.
Users must be able to

interpret  outputs
critically  and  identify
a n o m a l i e s  t h a t
automated  routines
might  overlook.

CONCLUSION

T h e  A I A G
M e a s u r e m e n t
Systems  Analysis
Manual is much more
t h a n  a  t e c h n i c a l
r e f e rence .  I t  i s  a
practical  guide  for
building  confidence  in
your  data,  improving
product  quality,  and
meeting  customer
expec ta t i ons .  By
providing  standardized
methodologies  for
e v a l u a t i n g  b i a s ,
linearity,  stability,
repeatabi l i ty,  and
reproducibility,  the
m a n u a l  h e l p s
organizations  separate
true  process  variation
from  measurement
noise. Whether you are
establishing  a  new
measurement  system
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or  troubleshooting  an
existing one, the AIAG
MSA  Manual  offers  the
tools  and insights you
need  to  make  sound
decisions.  Investing
time in mastering MSA
principles  wi l l  pay
dividends  through
fewer  defects,  lower

costs,  and  a  stronger
reputation  for  quality.
In a world where data
dr ives  dec i s ions ,
e n s u r i n g  y o u r
measurement  systems
are capable is not just
good  practice—it  is  a
competitive necessity.


