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Course Contents CLLAIM

Competence Units PBF-LB Operator

General Access Conditions

EO PEF-LB The access conditions to European
Recommen oo .
COMPETENCE UNITS PSR, —— Metal AM Operator Qualification
Hours | Workload™ admission are the following:
CU 00: Additive manufacturing Process Qverview 7 14 . .
CU 15 PBF-LB Process 7 P - National compulsory school diploma
CU 16: Quality Assurance (QA) in PBF-LB 7 14
CU 17: Health, Safety and Environment (HSE) in PBF-LB 35 7
CU 18: Hardware, software and build file set-up for PBF-LB 14 28 Draft |SO/ASTM WD 52926-2:2020
CU 19: Monitoring and managing the manufacturing of PBF-LB parts 3,5 7 ey e N oo N
cU 20; Post-tpro:essing of PBgF-!I;_tB parts e P” 7 14 Additive ManUfaCturlng — Quallflcatlon
CU 21: Maintenance of PBF-LB systems 7 14 princip]es — Part 2: Qualification of
Subtotal (without optional CUs) 63 126 . .
CU 48: Powder Handing iy - Machine operators for metallic parts
CU 49: Laser Beam Characterisation 7 14 p rod u ctlo n fo r P B F_ LB
Total 84 168

= Although the hours indicated in the above table are merely recommended, it is mandatory that
in total the qualification has a minimum of 40 contact hours.
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Equipement CLLAIM

3 Commercial PBF-LB Systems, 1 Experimantal Glove Box ¢ g, cu 48: Powder Handling
= Automated Sieving station PSM

Parameter SLM 250 SlaVaM Glove-Box TruPrint 3000
Laser Power 0..400 0...200 0...500 (1,06 um), 0..500 100
in W cw and pulsed
0..500 (10,6 pm), cw = Analytical Sieve Shakers AS200
Scang velocity 0...~3000 0...~3000 0...~3000 0..~5000
in mm/s
Hatch Dist 0,5..0,9) * S, 0,5..0,9) * S, f 0,5..0,9) S,
00 (050975 e (0509 e.g. CU 15: PBF-LB Process
::r:)::lilqdlameter 80...300 80...300 80...500 100...500 Available and qualiﬁed materials
Scanning strategy Area, Area, meander free (for simple geometries) Area, ] Fe_ba se q ”oys
chess board, meander, Area, chess board, meander, chess board, meander,
- etc. etc. etc. = Tool Steels (e.g. 1.2709, 1.2343)
Platform Heating 200 1.100 RT 200 . .
in °C = Corrosion-resistant Steels (e.g.
' 1.4404)
= Ni-Base Alloys (e.g. IN718,
IN625)
= Ti-Base Alloys (e.g. TiAl6V4,
J TiAl6Nb7)

= Al-Base Alloys (e.g. AlSil0OMg,
AlSi12)
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Time Table

PBF-LB course from September 7 to 11, 2020

Day1
CUOO Additive Manufacturing Processes Overview -
CU15 PBF-LB Process t
Day 2 e
CU15 PBF-LB Process 2
Day3 £
CU18 Hardware, software and build file set-up for PBF-LB %
CU19 Monitoring and managing the manufacturing of PBF-LB parts &
__________ CU16 Quality Assurance (QA)inPBFLB
Day4
CU48 Powder Handling
Day5

CU21 Maintenance of PBF-LB Systems

CU49 Laser Beam Characterisation

CU20 Post processing of PBF-LB Systems

CU17 Health, Safety and Environment (HSE) in PBF-LB

H
7
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Blended Learning Route
The Cross-Cutting Competence
Units (theoretical knowledge
and skills) may be taught using
Distance Learning Programs
under the requirement of
European harmonized system
and all the Functional
Competence Units (practical
knowledge and skills) must be
taught at the facilities of a
Training Centre that has the
capacity to do so.
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Teaching Materials Presentation and Script <A™
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e.g. CU 00: Additive Manufacturing Process Overview

DIN EN ISO 17296-2 Additive manufacturing —
General principles — Part 2: Overview of process
categories and feedstock (ISO 17296-2:2015)

CU 00: Additive Manufacturing Processes Overview RECCOMMEN
DED
CONTACT

SUBJECT TITLE HOURS

Directed energy deposition

Powder bed fusion

Vat photopolymerization

Material jetting

Material extrusion

1

1

1

1

Binder jetting 1
1

Sheet lamination 1
7

Total
WORKLOAD 14

CLLAIM Guideline
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Teaching Materials Presentation and Script <A™

e.g. CU 17: Health, Safety and Environment (HSE) in PBF-LB

CU17T: Health, Safety and Environment (HSE) in PBF-LB RECCOMMENDED
SUBJECT TITLE CONTACT HOURS
Health, Safety and Environment 35

Total 35

WORKLOAD [

Learning Outcomes — CU17: Health, Safety and Environment (HSE) in PBF-LB

Factual and broad of:
— Health, Safety and Environment related fo PEF-LB

Identify the main hazards and safety measures associated with PBF-LB systems

SKILLS | KNOWLEDGE

CLLAIM Guideline
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Teaching Materials Presentation and Script <A™

e.g. CU 18: Hardware, software and build file set-up for PBF-LB

Datenaufbereitung

CU 18: Hardware, software and build file set-up for PBF-LB RECOMENDED
e CONTACT
e SUBJECT TITLE HOURS
PBF-LB machine set-up requirements 4
Pre-build check list 3
‘%ilgg% | ~ Cn.nsumables, feedstock & substrate 3
‘\\v Build files 1
: Work documentation 2
Practical implementation of HSE procedures (while fit and set up the machine) 1
Total 14
WORKLOAD 28

CLLAIM Guideline
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Statistical Evaluation of Questions CLLAIM

|
% reating knowL edge and skilLs in Additive Manufacturing -
P- PPKA2SSA

e.g. CU 16: Quality Assurance (QA) in PBF-LB e

Examination: CU 16 Quality assurance (QA) in PBF-LB

CU | Q1 [ Whatare the benefits of quality for a company? Answer
a | Costreduction, Increase in sales
b | Higher amount of waste but increase in sales

e S E— L |m—
. preduction, increase in sales and higher control of the
1 2 3 4 5 6 Right [%] Wrong [%] broces
" 100

e
3

oF LPBF process is required Answer
By standards and specifications

To record the full manufacturing process
To comply with IO 3000 standards.

To verify acceptance and/or deviations

anoo

Cu1e

e
2

Verification and validation activities aim to Answer
‘Assure the final part meets the input requirements
Comply with standards and certification bodies

The manufacturing process was performed according to design
All the above

90w

Powder feedstock must Answer
Comply with IS0 17296-2

Be packaged and referenced

Stored according to supplier instructions
All the above

-9
N B (=T BN =T

o0 w2

Legend CU 16: Quality Assurance (QA) in PBF-LB RECCOMMENDED =]

>=50% of the SUBJECT TITLE CONTACT HOURS "
participants answered

this question wrong

=

NDT of finished parts must be conducted by: Answer
US to detect surface defects

RX to detect surface defects

Eddy currents to detect internal defects
The appli ds

o

00w e

2
8

perating instructions used in quality specify: | Answer
How job s executed

General QA principles 25

AM Machine QA 1.5 Wha i esgonsible forjob olution
Why requested job must be done

AM Parts QA 1 When requested job must be done

e

cu Q7_| In a fabrication shop, who plays a role in ensuring quality? Answer
1 A | the foreman
Visual Inspection Overview o | e |heasarer
C | the quality manager
Total D | Everybody

WORKLOAD 14 o

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

any
use which may be made of the Information contained therein




. C°‘£u';d9d by the Project title: Creating knowLedge and skilLs in AddItive Manufacturing 7
s Erer e Reference number: 2017-3309/591838-EPP-1-2017-1-ES-EPPKA2-SSA h
7/
1 CLLAIM
Test Results and Recommendations
Summary
= 10 Competence Units PBF-LB Operator understands the entire

process chain

= 84 Questions
= Average result 79,62 %

= One failed competence unit with
less than 60% of the right points

" in the future there should only be
one question per contact hour

= 40 contact hours and 40 questions

Wichtigstes Ziel der Qualitatssicherung: Einheitliche und wiederholbare Teilequalitat

-
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Evaluation of Pilot-Courses and Comments  “AM

Evaluation

= the teaching materials were elaborated in detail o B e
and comprehensibly bt o &)
= the lecturers were very well prepared

= all questions during the presentations -

were answered in detail S —
Comments L —

= acomparison between additive manufacturing S ————

and conventional processes should be presented m SRR

= too many exam questions were asked 189 °
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Many thanks for your attention

Marvin Keinert. M.Sc. IWE
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