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Strong Growth, Promising Opportunities
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Chapter 1: Application / Selection: Which measurement process to use?
Gage Management First — An Overview
9 9 M3UHFLVLRQ 5DWLR UHVRODOWERQI
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I Gage Selection
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- Precision Ratio
— Common CTE ¢, (process)= 2.00
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c, (process) = 1.33
I Cost Justification S #:: ?2;2?2:‘0?
I Training =
| Calibration / Certification g
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I Then.... MSA if needed k= —
Cost
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Coefficient of Thermal Expansion Inconsistency
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Ease of Use — Note rubber bands holding pins
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Cost Justification — Cost of Quality
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Training: Text Book or Hands On??

I Text Book Advantages
- Stress of the shop environment is absent
- Good environment to discuss definitions
- Enables testing to discern levels of understanding

I Text Book Disadvantages / Limitations
- “Feel” of the gaging process is limited
- Variation in material can be discussed, however,
environment is absent
- Distractions minimized, which limits the ability to
accurately discern measurement capability

A Practitioner's View of Measurement Systems 41 sa g CATERPILLAR®

B )

Page 16 CATERPILLAR: CONFIDENTIAL GREEN ‘TODAY'S WORK. TOMORROW'S WORLD™




Hands On Training Training is critical in proper gage maintenance —
AND - for proper use!!

I Advantages
- Mechanical “Feel” is required and can be tested
- Variation in material/environment is included

- Measurement capability can be quantified with all
elements of (SWIPE) present

I Disadvantages / Limitations
- Capability over time still may be under-estimated

- Ability to impart deep technical understanding may
be limited... which impairs ability to make good
decisions as new unforeseen issues arise
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Gage Storage — part of a management system Calibration and Certification

I Certification of gages is a required step in gage management
- The guarantee that gages are in proper general working condition
- A requirement for traceability
- Must be properly performed following standards and manufacturer’s
requirements
« ASME B89.1 standards
« Several ISO standards (e.g.: 1SO 3650 and ISO 3611)

I Calibration is required to ensure drift (bias) has not occurred

I MSA (GR&R) analysis cannot be conducted on a gage that is
not certified and calibrated
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Chapter 2:
Existing Related Standards

I ISO (International Standards Organization)

I ASME (American Society for Mechanical Engineering

I DIN/ VDE-VDI (Deutsches Institut feur Normung)

I Other National (JIS et al)

I Automotive (e.g. — AIAG)

I Internal

- Advisory

- Educational / Technical

- Normative (Caterpillar's MQ12005 — Cat Qty Mgt System)
(section 6.4.2, 7.4.5,7.4.7, 7.4.8)
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Internal standards

I Most companies have internal standards for gage
application and gage management

- Many times these standards are advisory, albeit useful
for details not covered by external standards

- Good educational technical standards are expensive to
create and maintain

- Typically they are more difficult to deploy and enforce

than normative external standards (this varies by
company culture and structure)
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Quality Management System / Others

I 1SO 9000 and others (like ISO 16949) require a QMS
for certification
- All QMS’s require gage management including MSA (GR&R)

I AIAG MSA 2002
- Outlines how to perform a GR&R study

! ASME B89.7.3.1-2001 Decision rules

- Outlines how a user should consider measurement error
(uncertainty) in decisions of part conformance / non-conformance
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Chapter 3:
Measurement Systems Analysis

I MSA — A Measurement Systems Analysis evaluates the test
method, measuring instrument, and the entire process of
obtaining measurements to ensure the integrity of data used
for analysis. The results are used to understand the
implications of measurement error for decisions made about
a product or process.

I GR&R - A measure of the capability of a gage to obtain the
same measurement reading every time the measurement
process is undertaken for the same characteristic or
parameter, hence GR&R is a subset of MSA.
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Material diversity Measurement Systems Analysis — Why Care?

Quantify capability of
measurement process

Improve measurement
process L Tolerance
Compare results of two F
measurements

Actual spread
measurement result L

Quantify confidence of a

Meet QMS requirements

Avoid costly disputes with A L A L
suppliers

Delight the Customer!!!

Uncertainty zone
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MSA — Use in Gage System Selection Potential disadvantages of MSA in gage selection

I Cost — performing MSA on certain parts may be difficult

I Allows categorization of Cost of Poor Quality . .
g oA (too expensive) or not possible (prototype parts)

errors — thus targeting
investment to the most

30%

important factors K I I MSA is (just) a snapshot of that particular instance
| Avoids errors in gage igjzo/v [\[ - Longer term variations (seasonal / material / personnel,
selection — eliminating = etc) are not captured

10% l

waste of money and time - A possibility is to use uncertainty analysis

I Eliminates time chasing

=)
ES

process capability aSima Sgnalewl  SSOTE ' MSAis like a picture versus a movie to tell a story
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What are these?? — Are they candidates for MSA or GR  &R?
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Note the Wear — MSA will find... GR&R may NOT!
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Dial Bore Gage
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MSA — use as a measurement training aid

! The Need

- Cost pressure drives the use of lower skilled workers —
process control remains in the hands of the operator

I The Advantage of MSA
- Straight forward identification of significant factors
- Non threatening ability to influence operator skill level

70
0 4 3 Clamping  (Human)
50 B Environment
“© B Gage
30
20 7 B3 Work piece Material
10 1 B Gage Material
0 4=t

Error Sources
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MSA — use for “on the floor” problem solving

I Quick identification of the significant factors
- Work piece, instrument/gage, person, environment

I Objective analysis of human factors (e.g. — shift influence)
- Variation from operator turnover
- Variation across shifts
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Do NOT Forget Culture
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Chapter 4:
Summary of the Primary Influencers

I S - the Standard (the master or the scale)

I W —the Work piece (material, surface finish, configuration)
I | —the Instrument or Gage (capability, application)

I P —the Person

I E —the Environment (lighting, cleanliness, temperature)
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Management

Standards

SWIPE

MSA
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