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Measurement Systems Analysis (MSA)
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Advanced Quality Team

Deploying Advanced Quality and Lean Tools to 

Achieve Zero Defects
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GROUND RULES

Silence cell phones
Mute your 

microphone

No Multitasking
All Questions are 

welcome
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Part 1

• Training Objectives

• MSA Background

• Benefits and Fundamentals

• Terminology 

• Gage Selection

Part 2

• Common MSA  Assessment 

• Stability Assessment

• Bias Assessment 

• Gage R&R Example (Excel & Minitab)

• Further Analysis 

• Resources

Agenda
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• Introduce the MSA as part of the AQ Tool System 

and its linkage to other AQ Tools

• Outline the process for MSA including: 

• Terminology 

• Benefits

• Understand when and how to conduct MSA

• Communicate availability of guidance material and 

training

Training Objectives
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Background

Value Proposition
Invest more in upfront planning to significantly reduce cost later in the product lifecycle!
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APQP Relationship

* Reference AS9145 Table 2 – Production part approval process
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Where does Variation come from?

Product and 

Process 

Variation
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Where does Variation come from?



10 © 2026 Lockheed Martin Corporation. All Rights Reserved

What is a Measurement System?

Environment GageOperator Measurement 

System

A Measurement System Analysis is a statistical tool used to determine if a measurement system 

is capable of accurate/precise measurements

Measured 

Speed

73

Represents Variation in Measurement System

A Measurement System is a set of elements used in combination to take a measurement.
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• To identify and potentially eliminate sources of 

variation

• Ensure correct measurement system is being used

• Warrant the quality of the measurement data

• Reduce false pass / false fail

• Decision about whether a measurement process is 

adequate for a specific engineering/manufacturing 

application

Objectives or Purpose of an MSA
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When to Use It

• When trying to understand the effectiveness of your 

measurement system

• Any new or modified process to ensure the quality of 

the data

• Product escapes are occurring 

• New verification device or method

• New product introduction
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• How do you know if your measurement system has 

correctly approved your product? 

 Because you have determined the variation in the 

measurement system! 

• How was the variation in your measurement system 

determined? 

 I performed a Measurement System Analysis! 

Why is an MSA important?

If you don’t think an MSA is important, then 

why should you measure / test your 

Product at all?
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• Improve Product Quality

• Reduces false fails (Producer risk)

• Reduces false accepts (Consumer risk)

• Risk Mitigation

• Helps reduce productions costs

• Improve yield / reduce scrap (through improved 

inspection capability)

• Supports statistical process control

MSA Benefits
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Variable

    - Anything that can be measured on a continuous 

      basis and can always be divided into smaller

      increments

    - Examples: time, temperature, weight, length, 

torque

    - Gages:

Measurement Data Types
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Attribute

•  Anything that can be classified as either/or,  

typically  

• binary, including counts and rank orders

• Examples:

• Gages: Visual inspections, Go/No-Go Gages, etc.

Measurement Data Types
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Measurement Data Types (Quiz)

Data Description Continuous Attribute

Main landing gear bushing inside diameter 

measured undersize: 0.0005, 0.001, 0.0015, 

and 0.0020 on aircraft

During final pressure test, 3 of 10 flex hose 

assembly failed test (fuel leak) due to damaged 

tubes

Fuel primer/coating peeling off during 

installation of wing straps on both LH and RH 

upper and lower wing skins

At receiving inspection, assembly inspectors 

found average 36 defects in center fuselage 

received in last two years

6 Tube assemblies received from supplier were 

out of round and bent per model and drawing 

requirements
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Measurement Data Types (Quiz)

Data Description Continuous Attribute

Supplier measured 100 data points on profile of 

surface (KC) in range from 0.001 to 0.008 with 

some out of spec

SQE calculated average weight of bulkhead 300 

lbs. of total 30 samples from the entire population 

of bulkheads

Workforce and training manager noticed that 15% 

of the team members did not complete their 

project on-time

Several parts at final assembly failed the electrical 

bonding test requirements and paint 

adhesion/tape test requirements

During nose and main landing gear cycle test (at 

flight line) hydraulic fluid was leaking from one of 

the strut/actuator
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MSA Terminology

Precision
How close the repeated measurement results are to each other.

Repeatability (Precision) – The variation

between successive measurements of the same

part, by the same person, using the same instrument

Reproducibility – The difference in

measurements made by different people 

using the same or different instrument
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MSA Terminology

Resolution
The number of 

discernable digits on an 

instrument

Bias (Or Accuracy)
The difference between 

average value of 

measurements and a 

master value
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MSA Terminology

Linearity
The difference of accuracy 

(bias) over the expected 

operating (measurement) 

range of the gage/system

Stability (Drift)
A measure of how variation 

in accuracy (bias) changes 

over time 
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Quiz (Accuracy vs Precision)

Accurate

Imprecise

Precise

Inaccurate

D

A B

C

Imprecise

Inaccurate

Precise

Accurate
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Gage Selection

Accuracy and Uncertainty

Measurement Accuracy – How close the measured 

value is to the ‘accepted reference value’

- Uncertainty of Measurement 

Upper Spec Limit

Lower Spec Limit

The uncertainty of these 

measurements adds risk to the 

acceptance decision!

• Accuracy is part of the uncertainty; to 

determine an instruments uncertainty, the 

accuracy of the instrument is typically part 

of the calculation along with other 

contributing factors

• Measurement Uncertainty – Provides a

    range where the true value of the

    measurement is assured to lie within
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When performing an MSA consider the following: 

2

Individuals involved in the study must be 

suitably trained and competent in the 

measurement task. They must be 

representative of the measurement system 

users.

3 Operators use the same 

measurement technique
4

Select Sample Parts (shall represent the 

entire production operating range and 

ideally the entire allowed tolerance range)

5
Recommended: Mark location of 

measurement, minimizing variation 6
Ensure Gage (Device) has adequate 

resolution (1/10 smaller than spec)

8 Record any observations during measurement7
An environment representative of 

the production operation must be 

used for the MSA study

1
The measurement equipment 

must be calibrated and traceable 

to a relevant national or 

international standard
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Gage R&R (Repeatability and Reproducibility) 

2. Identify 

Appraisers: 

A

B

C

3. Required background 

information: 

Gage

Type

Date 

Etc. 

4. Fill total tolerance 

5. Collect 10 parts 

6. Identify parts 1-10 but in a 

way the appraiser does not 

identify the number

7. Repeat measurement

    (3 independent trials)

The MSA study must be lead or facilitated by a person trained and competent in the methodology

1. Determine

# Operators, # Parts, 

# Repeating readings 

Recommended: 

2-3 operators 

(Appraisers) 

2-3 Trials 

5-10 Parts

(10 Recommended) 

Study uses: 

3 Appraisers 

3 trials 

10 parts 



26 © 2026 Lockheed Martin Corporation. All Rights Reserved

Resources

AS13003 – Measurement System Analysis Requirements for the Aero Engine Supply Chain

RM13003 – MSA Reference Manual

Measurement System Analysis (MSA), IAQG – Supply Chain Management Handbook 

(SCMH), https://scmh.iaqg.org/

Measurement System Analysis blue book, AIAG (Fourth Edition)

More Steam (MSA) https://www.moresteam.com/toolbox/measurement-system-analysis.cfm

SEMATECH and NIST statistics handbook: 

http://www.itl.nist.gov/div898/handbook/mpc/section4/mpc4.htm

https://scmh.iaqg.org/
https://www.moresteam.com/toolbox/measurement-system-analysis.cfm
https://www.moresteam.com/toolbox/measurement-system-analysis.cfm
https://www.moresteam.com/toolbox/measurement-system-analysis.cfm
https://www.moresteam.com/toolbox/measurement-system-analysis.cfm
https://www.moresteam.com/toolbox/measurement-system-analysis.cfm
http://www.itl.nist.gov/div898/handbook/mpc/section4/mpc4.htm
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Measurement Systems Analysis (MSA)
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GROUND RULES

Silence cell phones
Mute your 

microphone

No Multitasking
All Questions are 

welcome
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• Training Objectives

• Gage Selection

• Stability Assessment 

• Bias Assessment 

• Gage R&R 

• Part Selection

• Operators (Data Collection)

• Gage R&R Method of Analysis (Excel & Minitab)

• Gage R&R Practical Application & Interpretation of 

Results (Excel & Minitab)

• Resources

Agenda
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• How to complete a practical Gage R&R Example 

• How to interpret Gage R&R results (Excel & 

Minitab)

• Communicate availability of guidance resource and 

supporting material

Training Objectives
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Measurement Accuracy – How close the measured value is to 

the ‘accepted reference value’

• Measurement Uncertainty – Provides a range where the true 

value of the measurement is assured to lie within e.g. as defined 

in such standards as ANSIZ540.3 and/or ISO-17025

• Accuracy is part of the uncertainty; to determine an instruments 

uncertainty, the accuracy of the instrument is typically part of the 

calculation along with other contributing factors

Gage Selection

Accuracy and Uncertainty

The uncertainty of these measurements adds 

risk to the acceptance decision!
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Stability Assessment

1

2

3

Select a random part form the middle process 

• Determine its reference value relative to spec 

• (If reference not available) Measure 10 times in controlled environment 

• Average the values for Reference Value

Over at least 20 periods (days/weeks) Measure: 

• 3 to 5 times 

• Capture the natural environmental variation 

Plot the data Xbar & R chart, determine control limits  
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Bias Assessment

Subtract the reference value from x̄ to yield the Bias:

                          

 Bias =  Xbar- Reference Value

Process Variation = 6 Standard Deviations (Sigma)

Calculate the Bias percentage:

 Bias Percentage = Bias / Process Variation

Analyze the results. If there is a relatively high value, examine the following potential 

root causes:

• Appraisers not following the measurement procedure

• An error in measuring the Reference Value

• Instability in the measurement. If the SPC chart shows a trend, the measurement 

device could be wearing or calibration could be drifting
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Part Selection

So, how should parts be selected?
Samples must be selected in such a way to cover the 

entire range of variation.

• This does not necessarily mean that we use the 

entire tolerance band

Make sure that the samples are not collected in a row.

The samples must be collected over time.

This means DO NOT select consecutive parts.

Select parts from:

• Different shifts 

• Different lots

• Different days
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Where possible, a representative sample of operators 

(2 or more) who normally use the measurement 

equipment should be included in the study.

Important factors to consider include: 

• The most and the least experienced people 

• People who work in different locations 

• People who work on different shifts 

• Any physiological factors that may affect the               

measurement process

Operators



11 © 2026 Lockheed Martin Corporation. All Rights Reserved

When performing an MSA consider the following

5

3

2

6

4

Individuals involved in the study must be 

suitably trained and competent in the 

measurement task. They must be 

representative of the measurement system 

users.

Operators use the same 

measurement technique

Select Sample Parts (shall represent the 

entire production operating range and 

ideally the entire allowed tolerance range)

Recommended: Mark location of 

measurement, minimizing variation 

Ensure Gage (Device) has adequate 

resolution (1/10 smaller than spec)

Record any observations during measurement7
An environment representative of 

the production operation must be 

used for the MSA study

1
The measurement equipment 

must be calibrated and traceable 

to a relevant national or 

international standard
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Gage R&R (Repeatability and Reproducibility) 

2. Identify 

Appraisers: 

A

B

C

3. Required background 

information: 

Gage

Type

Date 

Etc. 

4. Fill total tolerance 

5. Collect 10 parts 

6. Identify parts 1-10 but in a 

way the appraiser does not 

identify the number

7. Repeat measurement

    (3 independent trials)

The MSA study must be lead or facilitated by a person trained and competent in the methodology

1. Determine

# Operators, # Parts, 

# Repeating readings 

Recommended: 

2-3 operators 

(Appraisers) 

2-3 Trials 

5-10 Parts

(10 Recommended) 

Study uses: 

3 Appraisers 

3 trials 

10 parts 
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Gage R&R (Excel Example)
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Table 2. Minimum Requirements for MSA (AS13003)



16 © 2026 Lockheed Martin Corporation. All Rights Reserved

Gage R&R (Minitab Example)
using same data
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Gage R&R Minitab Example Results

Gage Evaluation
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Common Reasons:

• Excessive part variation

• Measurement technique not followed

• Training to Appraisers

• Recording of Measurements (rounding numbers)

• Appraiser physical / mental state

• Measurement dependably

Taking Action - MSA Results Unacceptable
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Common Reasons:

• Ergonomics

• Appraiser eyesight

• Lighting conditions

• Complexity of fixture use

• Environmental conditions

• Gage conditions

Taking Action - MSA Results Unacceptable
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Repeating the MSA

The MSA should be repeated at regular intervals; such as every 6 months or 

annually. The MSA should also be repeated in any of the following 

circumstances (where relevant): 

• Before implementing SPC for the first time in a process 

• If a large process variation is seen and it is suspected to be caused by the 

measurement system

• After any significant changes or improvements to the process

• After any significant changes in the people making the measurement 
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• After a significant change in the measurement 

    location

• After any major maintenance of measurement 

equipment

• After measurement equipment has been moved.

• As part of the acceptance for a new machine

• As part of the training for new people 

Repeating the MSA (cont.)
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Resources

AS13003 – Measurement System Analysis Requirements for the Aero Engine Supply Chain

RM13003 – MSA Reference Manual https://aesq.sae-itc.com/supplemental-material

Measurement System Analysis (MSA), IAQG – Supply Chain Management Handbook 

(SCMH), https://scmh.iaqg.org/

Measurement System Analysis blue book, AIAG (Fourth Edition)

More Steam (MSA) https://www.moresteam.com/toolbox/measurement-system-analysis.cfm

SEMATECH and NIST statistics handbook: 

http://www.itl.nist.gov/div898/handbook/mpc/section4/mpc4.htm

https://aesq.sae-itc.com/supplemental-material
https://aesq.sae-itc.com/supplemental-material
https://aesq.sae-itc.com/supplemental-material
https://aesq.sae-itc.com/supplemental-material
https://aesq.sae-itc.com/supplemental-material
https://scmh.iaqg.org/
https://www.moresteam.com/toolbox/measurement-system-analysis.cfm
https://www.moresteam.com/toolbox/measurement-system-analysis.cfm
https://www.moresteam.com/toolbox/measurement-system-analysis.cfm
https://www.moresteam.com/toolbox/measurement-system-analysis.cfm
https://www.moresteam.com/toolbox/measurement-system-analysis.cfm
http://www.itl.nist.gov/div898/handbook/mpc/section4/mpc4.htm
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