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Metal AM Inspector CLLAIM profile CLLAIM

Metal AM Inspectors are professionals with specific knowledge, skills, autonomy
and responsibility to conduct inspections of Metal AM parts production. Their
main tasks are:

= Carry out quality assessments of the AM process at various critical stages.
= Perform inspection of all equipment and work instructions to ensure adequate and controlled use.

= Conduct visual inspection to identify and evaluate imperfections in metal AM parts and assess
against agreed acceptance criteria.

= Compile and verify completeness of the final inspection documentation package.

= Verify all metal AM related activities in production including, but not limited to, the following:
= Verify data and adequacy of material certificates (base and filler materials).
= Verify identification and traceability of the materials used during the manufacturing process.
= Verify the compliance of feedstock against applicable regulations, standards, codes and/or specifications.
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Routes to qualification CLLAIM

Routes: Profiles:

" Standard route Metal AM  Metal AM  Metal AM EYSEIRLY

" Blended learning Operator Designer Supervisor Rige]=lere]s
of classroom and

Ccue3

(RPL) PBF-EB
= Final assessment

B DED: Direct Energy Deposition
LB: Laser Beam
PBF: Powder Bed Fusion
EB: Electron Beam

Processes

. ) Cuoo Cuoo
practical Designer
: for DED — —
= Final assessment of - 0
= Alternative route DED-LE Processes
.. Cu1s CU15
| RECO.gnltlon Of. PBF_LB Designer Ccu46 cu22
previous learning - for PBF CU47

Ccu48 Cue4
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Inspector modules CLLAIM

Metal AM Inspector

AM Processes Metal AM Processes Quality Assurance Inspection, Examination &
Overview DED-Arc, DED-LB, PBF-LB, PBF-EB & Quality Control Testing
Overview of seven AM Process principles General QA & QC Imperfections in AM
process categories System, parameters, case studies QA & QC for AM Thermal treatments
Build platform, feedstock, consumables & AM standards Microscopy & metallurgy
post processing Equipment qualification Destructive testing
Certification of parts NDE
Personnel requirements Metrology
Measurement control Final inspection
HEEEITETELEE 7 hours 14 hours 14 hours 14 hours 14 hours 28 hours 38.5 hours
contact
DR 14 hours 28 hours 28 hours 28 hours 28 hours 56 hours 101 hours

Workload
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Standard route — pilot training

B
7
7

CLLAIM

AM Processes

Overview

E-learning

24 hour online

aCcess

7 hours

DED-Arc

process

Classroom

training

11 June 2020

4.5 hours

Metal AM Inspector

DED-LB PBF-LB PBF-EB
process process process
Classroom Classroom Classroom
training training training
18 June 2020 01 July 2020 02 July 2020
Learning time (contact hours)

4.5 hours 4.5 hours 4.5 hours

43 participants involved in the pilot training

Quality Assurance

& Quality Control

Classroom

training

08-09 July 2020

9.25 hours

Over 1100 slides delivered throughout the 40 hours of training!

Cuo0 Ccuo1l Cuo8 CU15 Cu22 Ccue3 Cue4

Inspect, Examine

& Test

Classroom

training

15-16 July

12.75 hours
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Standard route — pilot training CLLAIM

Course format

e - e P % DED-Arc Equipment z
quipmen
QOverview of AM process ‘m Variability & risk AM processes - comparison 3 AM processes - comparison 3 Audience Participation... 3 Overview -3

=

Process principles x Defining the build

Challenge for inspection ‘” Audience Participation... Interlude...

DED-Arc System
& Components
r m

Back at 10:15

L] L] L]
Process and powersource types [ Process and powersource types [ Process and powersource types [
GMA TG Plasma

Manipulator types (1) i Manipulator types (2) /‘;
- Industrial robot . - Machine tool

o




Eraer:s'iu';?gdrg%::g Project title: Creating knowLedge and skilLs in AddItive Manufacturing 7
g Reference number: 2017-3309/591838-EPP-1-2017-1-ES-EPPKA2-SSA

of the European Union
7/

Standard route — pilot training CLLAIM

Course format

Vﬁ; Design /ﬁ; Design . Design [ Design G Design [
Project stages for certification au considerations x considerations oy considerations r considerations nsa. considerations x

- L] - n - - n - u - L]
Design & Design & Design Design P Design & Design &
considerations 2 considerations 2 considerations considerations 2 considerations xen considerations 2

== [ .

e

&
|

Design oz Design b o Material b G Material b

considerations x considerations x . x considerations x Project stages for certification cu. considerations

78
L] n n L] n
Material . Material bn Material Material iy Material bu Material Ymsr
considerations 2 considerations 2 considerations considerations 2 considerations xen considerations 2
= ==
- S == == ==

79 * 80 *
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Standard route — pilot training CLLAIM

Course format

,, B = Check learning
: PP 7 throughout deliver
Audience participation CLLAM 8 y
B
e
_ . . . : Z
Send us your questions & W o 58 o Audience Participation... CLLAM
AUdience Partidpation"' Q What effects might different deposition paths have?
Answer our gquestions @ .
, S~ The thermal cycle is fundamentally different for parallel and weave
_@'_ "@\' bead deposits:
= = o Different deposition parameters may be needed,
° Cooling rate will be different,

° Microstructure and mechanical properties...
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Standard route — pilot training CLLAIM

Course tutors with specific experience in each area:
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Standard route — pilot training CLLAIM

Z 2| "I A V 2] |
Z Z Z
Z Z

B CERTIFICATE OF COMPLETION

/ﬁ% ADDITIVE MANUFACTURING INSPECTOR
ctam QUALIFICATION PILOT
THIS CERTIFICATE IS PROUDLY PRESENTED TO

/  Konstantinos Chronopoulos

N\

P \ C‘

L/
’ COMPETENCE UNIT{S): DATE: 26™ AUGUST 2020
’ CU0D: Additive Manufacturing Processes Overview
’ CU01: DED-Arc Process
,/ CUO08: DED-LB Process
/ CU15: PBF-LB Process
CU22: PBF-EB Process M
’ CUB3: Quality Assurance for Inspection T_\/Cﬂ\ \l\
74 CU64: Inspection-Examination and Testing
DAVID HARDACRE, LEAD SPECIALIST
This certificate is awarded in recognition of the applicant support LLOYD'S REGISTER EMEA
in CLLAIM Project Pilot Activities for Competence Units
Confunded by tha /) ’*
Erasmus+ Programme V74
of tha Eurapaan Union 7
t/ /
Z | Z
7 Z
~a 7 77 7
] A |V %
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Alternative route — pilot CLLAIM

Recognition of previous learning (RPL):

Applicant Training Applicant Personal Applicant Self-Assessment Grid
Registration Form Motivational Form (Applicant Portfolio)

- Gorunced by o - Co-funded by the
Ensmus+ Programma Erasmusr Programme C Co-funded by the
ofho Europaan Unlon k CLLATV Ot Ly @ CLLAIMI ESRt By CLLAIM
o - of the European Union 2 v
s
0.1, Annex 1. Additive Manufacturing professional and training registration form
EWP LOs Standard Self-assessment grid (Optional
Name Passport number Neme With my signature T confirm the authenticity
Valid ot esoed by Passport number FaTS PROFESSIONAL EXPERIENCE |  CERTIFICATE or ‘ A EVIDECES
Checked Checked by Velid unti - Durioma
_ _ Testing perform the nspector Terer, etc)
41 ey, on the est reports, the relevant information
2. IDENTIFICATION OF THE HIGHEST EDUCATION OR TRAINING LEVEL Aitude towards application et on he st reports, nformat
+ What reasons led you to enrol in 2 validation of competencs’ process? 42 Identit the couses of Ml AM parts mperiections,
Qualication) Course: I i r i with reference o th different Metal AM processes
Level of Qualifiation (EQF) 43 Recognise the different types of Metal &
« What do you expect to achieve with this process? imperfections dentiying the diferent levels of
You e P imperfection sgnificance ncluding comparison
3. IDENTIFICATION OF PROFESSIONAL TRAINING famiies
44 Apply standards criteia for mpertectons
(Describe the main training 2cquired. You should describe the training courses taken, both in
; 5 Select the approprite (e hat & requested by the
iraining emities and companies, & el o5 Iemshigs, Seminars and ather everts hat you deem - rom the oos sted beow and based on your Experence, pesse ndicate areas you have O Sk e pproprte s ey
relevant), higher & lower pr of anarea P dentiying the range and application of the most
_ _ _ common NOT test methods.
ate of | Name of training | Provider | Total | Grade awarded |  Acquired | Evaluation Higher Lower 45 1oerity e purpose of ViR Papecon 3T FAg:
reaiisation (¢} | Activity/Course duration Knowledge | methods (+) preference __preference of Metal AM manufacturing naming the purpose and
(hours) AM processes and equipment limitations o tols used o aid visua inspection.
7 Perform vsual nspection and report in detail the
Materisls detects e
T From the most recent o the oidest. AM construction strategies and design 45 Review NOT reports o vriy it comphance with the
() For example, project, tests: requirements of the Metal AM manufacturing
AM Designer Fabrication, applications enginering interpreting DT ang NOT
49 Outine the oles of the respective levels of
Manufacturing strategies personnel inpreparing procedures, conducing tests,
Preces buiup evaluating and reporting th resuls of tests
Qualiy Assurance/Quality Control 410 Describe the typicalstructure of Inspection
E—— " Testing Pan (TP)
esting of pieces and reporting T1 Review and vaidate the main inspections
'AM processes and equipment records and reports identifying on the test reports
p ntent.
AM designs and strategies
Laser processing
Layer thickness
Manufacturing platform level
i Powder quantiy
processes Optimization of working area
o TN
ot
T -
i et e e ~
2

N — — LN\ - NN — T— N\ —
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Alternative route — pilot CLLAIM

Recognition of previous learning (RPL):

Assessor Review of Technical Interview of
Applicant’s Portfolio Candidate by Assessor

- Co-funded by the , " “ . Co—furp‘dedby\r*e ,
[2 + P Y rasmus+ Programme V.
Grmiem ey CLLAIM i ey CLLAIM

Technical Review of Portfolio
& Body (ATE) ientication Technical Interview Guide
o be used as reference for RPL process Date ond Place ing
heo
Actions Portolio analyss o technical nterview s onducted withfocus on the key octons | To be opproved in the interview, the candidote hos T score G least 0% each CU.
petence Unit 64 - Inspection Examination YES no REMARKS. QUESTION ‘ ANSWER | SCORING | WEIGHTING :r?p;
and Testing
: fon T iei- Testing —
= h an X" where 10r10), depening e
05 poins)
EEp
ey, o T
Vaiida

4.4 Apply standards

55 sex
o the abity of T
with
&
G Uit ma rmaR Fations o AN Sechnotoges T
&
Q- Indlcate ¢ 5 poSSbi 10 GCCept @ piece Wi high rougnness on s surface T
A

TN L NN RN RN
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Alternative route — pilot CLLAIM

Recognition of previous learning (RPL):

= |f Candidate successfully passes the RPL review and
interview, they can then sit the assessment without
completing the standard route course

= During the pilot, 4 Candidates completed the RPL assessment
(none of the candidates had participated in the standard
route pilot but all RPL candidates had experience of AM
Inspection)

mn

Profile Assessor for RPL pilot:
Andrew Imrie (LR)

= Following successful RPL assessment, all Candidates sat the
end assessment for each competence unit in the Inspector



Co-funded by the

Project title: Creating knowlLedge and skilLs in AddItive Manufacturing 7
Erasmus+ Programme
7/

of the European Union Reference number: 2017-3309/591838-EPP-1-2017-1-ES-EPPKA2-SSA
Metal AM inspector profile CLLAIM

CUO00 — AM Process overview
=  Online material from TWI virtual academy

= |n total 16 candidates completed the material and provided feedback.
= Average score final assessment: 89%

Overall quality of the training? Fundamental principles provided good un... Audience participation (encouragement)?
Answered: 17 Skipped: 0 Answered: 16 Skipped: 1 Answered: 16 Skipped: 1
3.3* 3 3* 3 D%
average rating average rating average rating
Candidate’s Feedback CUQO - Online material Y (@ Candidate’s Feedback CUQO - Online material ¥ (0) Candidate’s Feedback CUQO - Online material Y (@)
Knowledge acquired during the training? Skills acquired during the training? Applicability of the learning outcomes

gained into your professional life?
Answered: 16 Skipped: 1

3.3% 3.0% 3.0%

Answered: 16 Skipped: 1 Answered: 16 Skipped: 1

average rating average rating average rating ‘
|| % | | % |k || k| 7
;‘ 7/ N\ Candidate’s Feedback CUQO - Online material Y (@) Candidate’s Feedback CUQO - Online material Y7 (0) Candidate’s Feedback CUQO - Online material Y ()

14
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Metal AM inspector profile

Project title: Creating knowlLedge and skilLs in AddItive Manufacturing
Reference number: 2017-3309/591838-EPP-1-2017-1-ES-EPPKA2-SSA
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CLLAIM

CUO00 — AM Process overview

Would you recommend this training program to your colleagues?

Answered: 16 Skipped: 1

- _

No

0% 10% 20% 30% 40% 50% 60% 70 80% 90% 100%
Candidate's Feedback CUQO - Online material Y (@)
N /7= - N 7/ -
a N\ y/ \) ) \) % \
N N AN N
75 Wy 7 B 7 |
1 N HER7Z N L Y N HER7Z N

How would you rate your additive manufacturing experience

before the course?
Answered: 17  Skipped: 0

Ne\‘.lrh‘ke -
Little
experience

Medium
experience

High experience

Other (please
specify)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Candidate's Feedback CUQO - Online material

Y (@
N 7/ -- N /-
\ % N\ \ \ % O
N N N N
7 N HER7Z N || 7 N HER7Z N
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Metal AM inspector profile CLLAIM

CUO1: DED-Arc

= |n total 22 candidates completed the material and provided feedback.
= Average score final assessment: 89%

Feedback received:

‘All trainers very knowledgeable’
‘Well presented’
‘Participation aspect during the course — this kept me engaged.

‘I really liked the audience participation. This was good in jogging out memories on
what had been covered.

‘The trainers were able to answer all questions and seemed to know their stuff. | liked
that they allowed questions to be asked throughout’
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Metal AM inspector profile CLLAIM

CU08: DED-LB

= |n total 20 candidates completed the material and provided feedback.
= Average score final assessment: 83%

Feedback received:
‘Knowledgeable presenters’
‘Well structured’
‘Interesting and engaging presenters.
‘Good engagement with participants.
‘Good coverage of topics.
‘Professional & Unique to the marketplace’

‘It is very difficult to find process and practical information on DED processes. This is the most
comprehensive course that | have come across for this area’
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CLLAIM

CU15: PBF-LB

= |n total 17 candidates completed the material and provided feedback.
= Average score final assessment: 81%

Overall quality of the training?

Answered: 17 Skipped: 0

3.4 %

average rating

| % | |+

Candidate's Feedback CU15

Support provided by the trainers?

Answered: 17  Skipped: 0

3.0%

average rating

|| % | &

\ Candidate’s Feedback CU15

“TY N\ Bl

Performance of the trainers?

Answered: 17 Skipped: 0

3. /%

average rating

|| | &

3 (@) Candidate’s Feedback CU15

Addressed questions and answers?

Answered: 17 Skipped: 0

3.0%

average rating

|| % | &

V (o) Candidate's Feedback CU15

Audience participation (encouragement)?

Answered: 17  Skipped: 0

3. /%

average rating
Y @ Candidate’s Feedback CU15 3 (0)

Fundamental principles provided/ good
understanding of the subject?
Answered: 17  Skipped: 0

3.0%

average rating

|5 % -

Y (@ Candidate’s Feedback CU15 Y (©
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Metal AM inspector profile CLLAIM

CU15: PBF-LB

“ee “ee

How would you rate your additive manufacturing experience Would you recommend this training program to your colleagues?

before the course?

Answered: 17  Skipped: 0 Answered: 17 Skipped: 0
NEV{bI‘E _
Little ves
experience
Medium
experience

High experience
No

Other (please
specify)

0% 10% 20% 30% 40% 50% B0% T0% 80% 90% 100% 0% 10% 20% 30% 40% 509% B0% T0% 80% 90% 100%

‘High quality product related to cutting edge technology’

‘Very interesting and expect it to be more popular in the future. | would advise my colleagues to train know, to be able to
hit the ground running in the future.

— 74 ANN -— o4 AN N -— 74 ANN —_— rrs ANN - rrs ANN —-— 74 ASN - 74 ANN -— 774 ASN
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CLLAIM

Project title: Creating knowlLedge and skilLs in AddItive Manufacturing 7
Reference number: 2017-3309/591838-EPP-1-2017-1-ES-EPPKA2-SSA

CU22: PBF-EB

= |n total 11 candidates completed the material and provided feedback.
= Average score final assessment: 90%

Overall quality of the training?

Answered: 11 Skipped: 0

3.3%

average rating

| k| %

Candidate's Feedback CU22

Support provided by the trainers?

Answered: 11 Skipped: 0

3. /%

average rating

|| % | &

Candidate's Feedback CU22

N (T N

Performance of the trainers?

Answered: 11 Skipped: 0

3.5%

average rating

|| % |

3 (@) Candidate’s Feedback CU22

Addressed questions and answers?

Answered: 11 Skipped: 0

3.8%

average rating

k|| | &

V (o) Candidate's Feedback CU22

Audience participation (encouragement)?

Answered: 11 Skipped: 0

3.5%

average rating
3 (@) Candidate’s Feedback CU22 3 (@)

Fundamental principles provided/ good

understanding of the subject?
Answered: 11 Skipped: 0

3.3%

average rating

||k | Z

3 (@) Candidate’s Feedback CU22 3 (@)

N |
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Metal AM inspector profile CLLAIM

CU22: PBF-EB

How would you rate your additive manufacturing experience

before th o Would you recommend this training program to your colleagues?
efore the course?

Answered: 11 Skipped: 0 Answered: 11 Skipped: 0
Neu"hie _
Little ves
experience
Medium
experience

High experience

Other (please
specify)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Feedback received:

‘Ability to show content of standards and specifications on screen’

‘Comprehensive, well delivered course’
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Metal AM inspector profile CLLAIM

CU63: Quality assurance and quality control for inspection
= |n total 20 candidates completed the material and provided feedback.
= Average score final assessment: 85%

Overall quality of the training? Performance of the trainers? Audience participation (encouragement)?
Answered: 20  Skipped: 0 Answered: 20 Skipped: 0 Answered: 20 Skipped: 0
3.3% 3.0% 3.3%
average rating average rating average rating
Candidate’s Feedback CUE3 Y (©) Candidate’s Feedback CUE3 Y (0) Candidate’s Feedback CUE3 Y (@)
Support provided by the trainers? Addressed questions and answers? Fundament_al principles p_rovidedl good
understanding of the subject?
Answered: 20 Skipped: 0 Answered: 20 Skipped: 0 Answered: 20 Skipped: 0
3. 7% 3.60% 3.5%
average rating average rating average rating
k[ | A K K| RIS z
Candidate’s Feedback CUE3 3 (©) Candidate’s Feedback CUE3 Y () Candidate’s Feedback CUE3 Y (@) N\

“T7 N | | 7 N | [ | 7 N HE
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Metal AM inspector profile CLLAIM

CU63: Quality assurance and quality control for inspection

How would you rate your additive manufacturing experience

before the course?
Answered: 20 Skipped: 0 Answered: 20 Skipped: 0

Would you recommend this training program to your colleagues?

Newbie

Yes i
Little
experience

Medium
experience

High experience
No

Other (please
specify)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Feedback received:

‘Followed a sequential learning and excellent course delivery. Very high standards’ ‘Comprehensive, well delivered course’

‘Clear guidelines and lesson plan for coverage’

— o4 N — 94 AN N — 94 AS N — 94 ~ — o4 2SN — o4 ASN — Vo4 AN N — o4 ASN
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CLLAIM

Project title: Creating knowlLedge and skilLs in AddItive Manufacturing 7
Reference number: 2017-3309/591838-EPP-1-2017-1-ES-EPPKA2-SSA

CU64: Inspection, examination and testing
= |n total 16 candidates completed the material and provided feedback.
= Average score final assessment: 78%

Overall quality of the training?

Answered: 17 Skipped: 0

3%

average rating

| % | k|

Candidate’s Feedback CU64

Support provided by the trainers?

Answered: 17 Skipped: 0

3.5%

average rating

EIEIESE

Candidate’s Feedback CU64

“TY N\ | | Z N[

Performance of the trainers?

Answered: 17 Skipped: 0

3.3%

average rating

||k

Y (@) Candidate’s Feedback CU64

Addressed questions and answers?

Answered: 17 Skipped: 0

3.4 %

average rating

|k [ [

Y (@) Candidate's Feedback CU64

Audience participation (encouragement)?

Answered: 17 Skipped: 0

3.4 %

average rating
3 (@) Candidate's Feedback CUG4 Y (0

Fundamental principles provided/ good

understanding of the subject?
Answered: 17 Skipped: 0

3.5%

average rating

|| %7 Z

3 (@) Candidate’s Feedback CUG4 ¥ (@

N |
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Metal AM inspector profile CLLAIM

CU64: Inspection, examination and testing

LR X} LR L]
Would you recommend this training program to your colleagues? How would you rate your additive manufacturing experience before th...
Answered: 17 Skipped: 0 Answered: 17 Skipped: 0
NEV{bI‘E -
ves Little
experience
Medium

experience

High experience
No

Other (please
specify)

0% 10% 20% 30% 40% 50% 60% T0% 80% 90% 100% 0% 10% 20% 30% 40% 50% G0% 70% 80% 90% 7100%
Feedback received:

‘Contained all the Key Technologies’

‘Gives you the required knowledge and competency towards additive manufacturing. Excellent insight overall covering
processes, parameters, their effects, testing & certification.
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Metal AM inspector profile CLLAIM

RPL Pilots
= |n total 4 candidates completed the material and provided feedback.
= Average score final assessment:

Exam results Number of
CU | Set
(Average score) | respondents
1 5 4

7%

1 86% 1

2 57% 1

cuo1 [t 93% 4

4 86% 1

3 89% 2

1 73% 1

cu22 [ 79% 1

_ cue3 [ 89% 1
2 71% 1
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Metal AM inspector profile CLLAIM

RPL Pilots
. , Average
Pilots evaluation :
Rating
Guidance provided by the evaluator institution through the RPL process? 3.0
Understanding of the different phases of the RPL process? 3.0
Methodology used? 3.0
Effort to go through the RPL process? 3.0
Duration to go through the RPL process? 3.0
Usefulness of the process? 3.0
Quality of the technical interview? 4.0
BN Relevance of the technical interview? 3.0
?
N Transparency of the process: 4.0 S 4 N
| N HER7Z N [ A N HER7Z N | Z N | | N [ 7 N EERZ N
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CLLAIM

Thank you for your attention

David Hardacre (LR)
Alicia Gonzalez (TWI)

( g T‘R; /= |D’NiA|_® ﬂ ZZ Fraunhofer Lloydls

C ESOL EWF Iscy Register

Co-funded by the
Erasmus+ Programme
of the European Union

This project has been funded with support from the European Commission. This communication reflects the views
only of the author, and the Commission cannot be held responsible for any use which may be made of the
information contained therein.




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28

