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INTRODUCTION AND PROJECT OVERVIEW

In 2009 the Coordinate Metrology Society (CMS) formed a Certification Committee to exipore
need forpersonnelcertificationin portable metrology Ther first actionswereto research existing
certifications, sirvey the CMS membership at the 2009 Conference,dawelop a preliminary Body of
Knowledge (BOK). An Establisheadi@r was developed to definthe committee membership,
establishthe reportingresponsibility and update theCMS lylaws to makehe Certification Gmmittee
a standing committee.

Ther originalobjectiveswere to: 1)justify the needor certification, 2) determind equipment
operaors and data processomgere thetarget audience 3)investigate a partnership in administering
certification and4) determine iftraining would be provided by 3rdapty organiations such as
manufacturers, service providers, academia, and national institutes

CONCLUSIONS DRAWN FROM 2009 CERTIFICATION COMMITTEE WORK

Based upon marketing and internal research, the Certification Committee determipexparly
structured certification program would be of definite valfgg the metrology communityCurrertly,
equipment must be calibratedhut the operator, the greatest potential source of error, is not required
to be certified.The research also established:

V Certification should be muHevel to delineate degree of capability and responsibility.

V Certification should indicate mastery of a core body of knowledge with additional certifications
for equipment/software.

V Hardware/software certification should demonstrate appropriate technical knowledge as well
as proficiency.

V There should be certified examiners feaich hardware group.

V There may be areas where certification would be application specific.

CMSC 2010 STATISTICAL STUDY ON SKILLS DEVELOPMENT

In 2010, theCMS Certificationd@nmittee perforned a statistical study athe annual CMSC
conference. The study was developed to idensitjll gaps in the general metrology communigynd
was held as anpen measuremet workshop forconference delegatedn addition to this event, other
workshops held at CMSC would relate anitto-data developed irthe study.

The basis of thigrst principle measurement study F & F2 Odza SR 2y | QGFHNAS{ e
dimensional measurementhe objective of the study was to observe participant behawioen
acquiringmeasurementsand examine the importance of:

V Core measurement principles
V Implementingthe right measurement strategy
V Aquestioningculture
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Themeasurement study was conducted over taay period in tweseparate areas usirgrange of
defined first principle tasks hecriteria of the tasks werenodifiedto allow for various training and
assessmeninethodsto be undertakensuch as questioning teclipies, practical task monitoring and
demonstration, and assessment of prior learning and experiedoee than 200setsof measurements
were gathered, and many peoptarticipatedin all four tasksPlease reference Appendix A for an
overview of the data.

Uponcompletion of the studythe followingeightareas were identified as core knéedge and
understandingvital to making informed decisioriringthe measurement process

1. Standards 5. Understanding Designeguirements
2. Traceabilty 6. Repeatability and &producibility

3. Calibration 7. Questioning

4. Measurement Wcertainty 8. Attitudes and Bhavior

2011 CMSC MEASUREMENT STUDY

Inspired bythe success of the 2010 measurement study, the CMS commissioned a-tiplistudyfor
CMSC 201kased on cordinate metrology equipment The research projeetould collect
measurement resultandfocus on core knowledge, understandjand behavioral regirements.The
eventwas held over a-8lay periodandconference delgates were encouraged to participate in the
study entitledd | 2 éhavior mpacts Your Masurements @n days 1 and 2, attendees performed 3D
coordinate measurements while being observeuh the third day, the participants were invitéal the
measurement workshop where the study group presahtheir findings

Figure 1:
Photorealistic
Renderingf the
2011Measurement
Study Work Area
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2011 SCHEDULE OF MEASUREMENT WORKSHOP ACTIVITY

Day 1 (Tuesday)

On the first day3D measurement tasksere carried outith little or no instructionfrom the study
group. Without guidance, participantietermined the requirements to take measurements or
instructed theoperator as to whichmeasurementsvere needed. The resultant dataas stored for
later analysis.

Day 2 (Wednesday)

On the second daydD measurement tasksere conductedwith instructions or proceduresand the
participant wagequired to take measuremes orinstruct the operator with anethod to collect the
needed measurementd he resultant datavas stored for later analysis.

Day 3 (Thursday
In the afternoon of the third day, a formal Workshegas held to presenthe observations andata
from the measurement study to conference delegates.

MEASUREMENT STuDY CATEGORIES

For the measurement studyek characteristics were identifie@hd observediuring thedata
collection period. Aroperator and obserer were available to monitor thodesy charactestics for
everyparticipanton everytaskin these categories:

1. Premeasurement

2. Measurement planning
3. Measurement

4. Postmeasurement

STUDY PARTICIPANTS

The experience level of each participant was
recorded during the study. Their metrology
skills fellinto one of the following categories:

e A beginner to measurement

e A beginner to portable measurement

e Some experience iportable
measurement

e Experiencedn portable measurement
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As statedno formal procedure or planning was devised or available tgptréicipantson the first day
of the measurement study. The following table was used bydperatorand observeto assist in the

data acquisition process.

TABLE 1: Observer/Operator Guidelines

Beginner to Measurement

Beginner to PortableCoordinate Measurement

Measurement Study Categories

PreMeasurement
Measurement planning
Measurement

Post Measurement

Give the participant the titles above and ask thi
opinion of each areand its relevance to the tag
they areperforming.

Guide the participanby explaining the taskut
let them take measurements #teir own speed
using their own method.

If they areprobing informthem of the number of
points in/on the featurebut do not be specific.
Provide help if needed!

MeasurementStudy Categories

e PreMeasurement

e Measurement planning
¢ Measurement

e Post Measurement

Observef the participant asks the general questig
as per the check sheet

Guidethe participant,but let them take the
measurements

Some experience iPortable Caordinate
Measurement

Experienced irPortable Caordinate Measurement

Measurement Study Categories

PreMeasurement
Measurement planning
Measurement

Post Measurement

Ask participant if they are comfortable in tagin
measurements, but urge theto explain the
software operative, andrticulatewhat they
want to achieve from the software.

Let participants take measurements anaticeif
they ask about results. They may have asked t

gueston at the premeasurement stage.

Measurement Studfategories

e PreMeasurement

e Measurement planning
e Measurement

e Post Measurement

No guidance, let the participant telthe observer
what they want fran the softwareand allowthem
to use the equipmentDo not interrupt unless there
is a problem or they aneot using a device properly

Check to see whiatategories abovare mentioned
by the participant
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Onday two,formal procedures were introducefr each taslencompassinghe four categories in
Table 1 on page The operator and observerted if participants questioad the procedures
associatedvith the measurement study categorieasid demonstratethe relevant behaviolinked to
goodpractices.

V Werebestpracticesand the right behaviomstilled?
V Did the participantquestion and plan the measurement process around the task requirements?

MEASUREMENT TASKS DEFINED

In preparation for the study, three distinct measureméasks vere devised and incorporated
coordinate metrology equipment as follows:

TASK 1 An automobile door panel
measured using a combination of a
Laser Tracker, retro reflectors, and
inspection software

TASK 2 An engine compartment
measured using a combination of an
articulated arm, probe and inspection
software

TASK 3 A vehicle measured using a
Laser Tracker, combined with probing
and laser scanning systems, and
inspection software
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PARTICIPANT PROFILES

Each participanof the study vasaskeda series of questionsbouttheir industrial sector, job role, department, experience,
frequency of taking measuremes)if they participated in the 2010 measurement stydyndif they use or operatenetrology
equipment.This information was used to generate a participant profilec®iine Q & A session was completed, the study group
Y S| ZddNsappatian tade8cK task pe2fovthedhis demographic information
will be presented in the following sectiontdfle data and observations haveen assessed arsgparatednto the graphical

would monitorthe parh OA LI y i Q&

representationsshowing the actual number of participants.

Industries Represented: Aerospace, Nuclear, Automotive and Other

30
25
20
15
10
5
O -
Aerospace Nuclear Automotive Other
@Door 23 3 1 9
BVehicle 29 2 1 14
OEngine Compartment 21 2 0 6

Page 9




CMSC 2011 Measurement Study Report

Job Rols in Industry:Engineer, Metrologist, Scientist, Management and Other

18

18
14
12
10
8
8
4
2
0 . - .
Engineer Metrol ogist Scientist Management he
@Door 8 1" 2 ) 8
@Vehicle 18 1" 1 8 ;2
DOEngine Compartment 13 10 1 3 3
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CompanyDepartment Design, Quality, Inspection, Manufacturing, Calibration, and Other

18

14

12

10

Design

Quality

Inspection

Manufacturing

Calibration

Qther

@Door

15

1

&

1

11

®Vehicle

14

4

8

4

12

DEngine Comparttment

13

1

5

0
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MeasurementExperience0¢ 3 Years, & 7 YearsMore than 7 Years

30
25
20
15
10
5
0 -
0-3 Years 3-7 Years 7 Years and Above
@Door 4 4 23
BVehicle 12 ) 27
DEngine Compartment 9 2 19
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MeasurementFrequency Daily, Weekly, Occasionally or Never

Frequency
16
14
12
10
8
8
4
2
0 1 : :
Daily | Weekly Occasionally or Never
@Door 12 , 12 12
|Vehicle 13 , 16 ‘ 18
DEngine Compartment 10 8 12
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Participated in the CMSC 2010 Measurement Study: Yes or No

35

30

25

20

15

10

‘O
s
Q

Vehicle Engine Compartment
@Yes 13 ()

amNo 29 32 24

()]
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Uses/Operates Metrology Guipment

40
35
30
25
20
15

10
5

0 -
Door Vehicle Engine Compartment

BUses/Operates 36 43 30
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OBSERVATIONS

In the following sectiopbehavioraland good practice observations were collated and categorized in the graphical representations.
Each measurement task is identified asgparatednto day 1 and 2 It isimportantto note the values in the following graphs are
percentages in relation tdhe observations listed in the graph

Each observation title was identified, questioned commentedupon relative to themeasurementategory. For examp)é the
Premeasurement category of the articulated ar6%6of the participantsasked about the temperature in the measurement area,
19% asked about the calibration status, 6% mentioned the product was located on a. carpet

Day I Articulated Arm/ Engine @mpartment - PremeasurementCategory

0%
Temperature Calibraton Accuarscy MWnstis purpose Carpsat Calibraton of | Repsstabilty
! | Hemisphere |
lPre-Messuremem] 19% 19% | 13% 13% 6% 19% T 6%
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Measurement Planning

15%

10%

5%

0%

What are the tolerances Is CAD the reference?
on the alignment?
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Measurement Process
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