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CU34 Training: AM Cost Evaluation and management based on process oriented approach

Outline

Introduction: Value chain and Performance
What is Performance
Key performance indicators

Process approach for performance assessment
Recall of Process oriented approach
Bizagi tool for process simulation and KPI evaluation
Standard AM Processes

Particular KPI for AM process: Cost evaluation and monitoring
Cost centers within AM process
Generic process for cost estimation
Learning AM cost estimation by examples
Other Cost models in literature

Case studies
Advanced Case 1
Homework: your particular case study
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Introduction to Value chain and Performance
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Enterprise as a System

Application of the principles of the systemic theory to organization

Customer Enterprise gl
Needs‘ ‘Goals H I
The
Information - Product . (FaTscenta |
& Material Industrial / Service Network
Process Offer (O

1 R

Enterprise Resources

Enterprise as a system: Something (that we can identify) that do something
(Process/activity) and have a structure. It evolves in time and in something
(environment) for some reasons (Goal).
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Value chain and industrial processes

How to reach the objective of the enterprise

* Requirement Engineering

e Understand customer needs
* Transform needs to formal specifications

e Design

* Transform specification to product functions
e Describe physical solution for each function (Module)

* Process engineering

* Define manufacturing operations for each module
e Identify necessary material and resources

e Production planning

* Schedule operation and assign resources

e Built the supplier network
* Procure raw material
* Manufacturing
e Send production orders
* Realize operations

Dr. Farouk Belkadi
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Value chain and industrial processes

Value Chain definition
A value chain is the full range of activities — including design, production, marketing and
distribution — businesses conduct to bring a product or service from conception to delivery.

4 )

INPUTS Core Processes OUTPUTS

Porter's value chain classification

CORE PROCESSES VALUE

Primary level of core activities \_ Support Processes CHAIN /
Core Operations: the stage at which the raw materials are turned into the final product.

Second Level of core processes

Inbound logistics: receiving, storing and distributing of raw materials used in the production process.
Outbound logistics: the distribution of the final product to consumers.

Marketing and sales: advertising, promotions, sales-force organization, distribution channels, etc.
Service refers to the activities needed to maintain the product's performance.

SUPPORT PROCESSES help the primary functions

Procurement is how the raw materials for the product are obtained.

Research and development for technology procurement

Human resource management to maintain the employees to help design, build and market the product.
Firm infrastructure planning, accounting, finance and quality-control mechanismes. ... ... ...
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Interactional point of view  Heterogeneous entities

, , Lot of interactions
Internal environment Vs External environment

 Every interaction is done by one or a set of processes

r --------- I 1
' |
| :
! Formats and sharing |

Post-processing

&)

Protection and safety

e

Ty

Digtal Twin

] | =] _, \
AM MACHINE \ Ev’
\\_{ \ Quality
D Assurance
) - o
Materials g - ﬁkﬁ
* - . _ Maintenance
Monitoring, == -— i*
control and - Softwares

simulation Process Users
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Operational point of view

Description of the work: Concept of task and activity

 Definition of Acacia

Reference: J. O. Hernandez : « Les systemes de production automatisés : Une approche socio-technique »
Thése de Doctorat, Université de Franche Comté 1995.

Prescription Realization Domain
Domain (Actions, Interactions
(Mission, goals) Results)
Target KPIs Real KPlIs

Performance = Task value — Activity value

" Input Output
Initia ‘ ‘ Expected Data/ ACTIVITY resuplts
State Final State Material
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Key Performance

e Company should provide a product with high performance:
e High quality, low cost and short time of delivery

27
e But granting maximum of profit for the company >>> KPlIs ?:

Effectiveness
e Difference between expected goals and final results

* Inform on the capacity of the company
to reach the goals

Relevance

e Comparison between expected goals
and engaged resources

e Inform on the capacity of the

company to forecast and plan

Results

Efficiency

Efficiency
e Difference between resources and final results
e Inform on the capacity of the company to
optimize its resources

Dr. Farouk Belkadi Ecole Centrale Nantes — LS2N



CU34 Training: AM Cost Evaluation and management based on process oriented approach

Enterprise Performance Indicators

e Economic
e Cost,
* Profitability,

* Quality
e Product features,
e C(Client satisfaction,

Product Oriented Indicators

Process Oriented Indicators

e Time
e Cycle time of process,
e Delay on delivery,

Organization Oriented Indicators

e Sustainability
e Carbone footprint,

Environment Oriented Indicators

e Social
* Recruitment capacities
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Recall of Process Oriented Approach
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Operational point of view

 Definitions of task and activities

— Activity is a set of tasks carried out in order to create a deliverable (project management), while Task
should be thought of as a subset of an activity.

— The word task refers to ‘work’ or ‘a piece of work to be done or undertaken’. The word activity refers to
‘happening’. (ex, There are many activities going on in the club).

— Task is an activity that needs to be accomplished within a defined period of time or by a deadline to work
towards work-related goals.

e Concept of Process

— Group of tasks/activities that are (semi-) organized in a consistent way, exchange inputs and
outputs and contribute to the same generic goal. It calls to various resources to achieve a set
of transformations on some objects from the same type.

* Concept of Role .
L. —
— How one resource contribute to an activity? — — <Y g a1
— Define set of missions and authorities

— Ininformation systems : set of access rights to data (administrator, viewer, modifier, etc.)

Dr. Farouk Belkadi Ecole Centrale Nantes — LS2N



CU34 Training: AM Cost Evaluation and management based on process oriented approach

Operational point of view

e Example of processus
— (1) Workflow with set of actions to do without assignment
— (2) More information about the actors and exchanged flows

‘ (1) Collection de données, initialisation ‘

—{ (2)&(6) Calculer la concentration d’acteurs
par zone d’activité et par compétence

!

(3)&(7) Sélectionner la plus large catégorie
de compétences j* par zone d’activité

Premiére
itération

(4) Placer un élément de j* dans chaque

équipe reque’ranlt la compétence N ee d Of fo rm a I p roce Ss

v

(8) Calculer les concentrations dans les N (5) Enlever les acteurs et la catégorie
équipes de travail de compétences déja placés m o e s
(9) Sélectionner la concentration (10) Comparer les éléments entre
la plus faible d’une équipe k* la catégorie j* et I’équipe k*

(11) Sélectionner la meilleure combinaison
Et placer I’acteur dans I’équipe k*

(12) Enlever les éléments
et équipes déja placés - =  Validate
e B _ el ©
( 1 ) (14) Enregistrer la composition sl = Besds E:z:ﬂ:?::t P -@ | sohution |
& proposals Y T

sl
. 3 - kY
finale des équipes New Assembly Activity 1
o © e -
‘ Close Business
suppliers Folder

CADfile

Toutes les
Equipes traitées

Toutes requétes
traitées

Business Tender2 @

Quotations1

Business Tenderl Order2

g Quotations2 (

! ] CAD .

3 . v Equipment

.| Estimate

- : solution

£ =)

5 (=)

g I ®

&

c ( 2 ) L Schedule X =

% = o manufacturing <+ +  Manufacture N Send _O

. % New Tender operations join Equipement equipment
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Process Modeling : BPMN

BPMN : Business Process Model Notation
>> As for UML, BPMN standard is created by OMG (Object Management Group,
American Association). As a complementary process modelling language, it is:

>> to support Business Process oriented strategies

>> to capitalize and unify existing good practices identfied in variety of process

modelling languages

>> Standard and rich formalism to cover large wide of operational situations

Evénement  Evénement
itermédiaire intermédiaire
Lien Multiple
paralléle

B

|_\".-_ _F__jl

Evénement do
dabut

Conditionnel

Sous-processus

Sous-processus événementiel

Evénement
de fin
Errour

-
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¢/~ ™ .| Sous-processus

| ]

o/ Boucle

» D[ ,

Evénement Evénement
\ de dabut de fin

intermédiaire
Erreur
(=n bordure)

Activite
appelante

7 Evénement
I mA d:afin
.@J Evénement Signal

condition

Branchement
axclusif

Annotation ]
T -
. Groupe
' *~
| Tache
i Instances
multiples en
paralléle
% A
o )
Tache
Envoi
Branchement | * d
parallale |
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BPMN : Basic notations

The concept of activity

>> Activity (or task): work unit, a job to be performed

>> Colored with several notations Main types of activities
>> Loop; iterative activity > repeat an activity
 — - | until one condition
i Activity Loop Activity Multiple Instance | :
! In parallel i - .
) . O 1 > Muiltiple Instances of one activity, staretd
| . in parallel or in sequence, applied to several
i Collapsed ) ( Composed Activity (Sub-Process) ! objects (similar or not),
Sub-process ' l
+ O—{__}+— }+—0O | o
J \ /1 >> Collapsed: Main activity is decomposed to

sub-activities (Hierarchy relation of processes)
+| Sub-Process Activity
() Loop Notations B Sending Types of activities
l| Parallel Multiple instances E Reception ™ Business rule
== Scquential Multiple instances
— P ﬂgﬁ User Service (Automatic)
~ AAd Hoc

(= Manual & Script
<K] Compensation
Dr. Farouk Belkadi Ecole Centrale Nantes — LS2N
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BPMN : Basic notations

Multiple instance activity (sequential)
>> Correction of students’ home works

Recuperer les
copies

Recuperer les
copies

Afficher les
résultats

Afficher les .
résultats

Corriger les
copies

Corriger copie
1

Corriger copie
2

1l
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BPMN diagram

4 types of arrows between activities and events

—_— O
Untyped relation Conditional
Flow between 2 Link between
Activities from 2 activities

The same process
(Same organization)

Swilanes (Pools and Lane)

Pool >> represent one organization or
system and support one process accross
roles or actors,

Lane >> represent one actor, role or
responsability of activities in the
organization or system, regarding the
process of interest.

Organisation 1

Organisation 2

Service 1.1

Service 1.2

S—b O—————p
Default Message between
Link between 2 activities from
2 activities Different processes

(separate organizations)

Dr. Farouk Belkadi
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BPMN : Connection between activities

X O+ *® O @

~ Conditions Parallel Complex Conditions

Parallel
DeC|S|on On data AND link Condition On events
Brz onnel . . Based on
surl OR link  xausie Inclusive OR Exclusive OR event

Inclusive: all conditions should be completed before creating the instance
Exclusive: each new event create new instance of process

Parallel: all input flows are needed to have an output flow

Parallel based on event: the apparition of all events create new instance of proces

Alternative 1

Exemple

>@ g
Alternative 2

« Split »

« Merge/join »

Default
Alternative

Dr. Farouk Belkadi




BPMN operators

O

Send

[

Archivate
O

CU34 Training: AM Cost Evaluation and management based on process oriented approach

Contrat
principal

Main contract? l

"'~| Suplément A > 4)0
Option A? t‘“"
Option B? T

E—
Suplément &

O Inclusive Or: according to the

Send

Loan
Loan Request | Received

Request ' Demand
|
|
! :
—Q
i 7 Days

recall

Comptegur= 37

Final
Oui INotification|

choice, one, two or 3 paths
(activities and flow) could be
executed

Exclusive Or based on event the choosen
itenary is those conected to the first
executed event

Dr. Farouk Belkadi
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BPMN Event notations

What is an EVENTS?

Catching Throwing
Help to identify particular situation . :
_ o Start Event: Catching an event i’:}iﬂ?ﬁ:ﬁnﬁ"ﬂ?i@t '?i::‘:‘;
that trigger or stop an activity starts a new process instance. e ched ’
: Intermediate Event (catching): Intermediate Event (throwing)
» The process can only continue » An event is thrown and the pro
once an event has been caught. continues.
Timing event 2
— )
, -LIJ d
——

.'.:-"L
[te3

" Traiter mails

recus >
©)——
Service with yi
event Mail urgent identifie-

Dr. Farouk Belkadi

Attached Intermediate Event: The
®  activity is aborted once an event is
caught.

Ecole Centrale Nantes — LS2N



T
[ =
a _ _ _
_ _ |
_ _ _
——————— e - —— A — e —— — S e R SO e s s S
uondnJaajul e R L e W Pl E _ _ _ [ - N B S i
: X M WY 1 R | _ _ I Y AL
o | e RS E\_ IR AL
- R T T A A Ay ,,,a)}
o uondniajui _ . _
El | yumoauyapiog _,/E.M_fmrv ﬂA@ Q_ m\_/ \:ﬂv A _ _@
3 S e s B _||||L||||r||||_||||+||||_||||J_||||
£ _ _ _ _ _ _ _
CO_Hn_Ouwﬁ | _ﬂI.U/__ | __\x\MﬁuLJ/...__ | \\ ./.__ | _@_ | _ _ .;/__ | ___\\u JU/__ | _m J/.._
W WL 0 OUE
| gm0 S
noyim _ Y p b _ _ i b ;
aepamen o T s
g uondniuy R N () S _NJ_NJ_O_Q
S um ssasoud _ — ) AR
ey WOWO & @GO
o TRFTATTE et T S e B S T St S S
e /_\m.le.,,/ \.J/_ I I I _ _\U
ssado0ud |[9ndl-dNn | Sy [ | _ _ _ _ 1|
O@\_Tfn% ) DY) Er
Il H s I B iy T-="" L I A i i B

process start or ends; state change
-of process
Cyclic timer events: points in time
Annulation: réaction a l'annulation
ul
Multiple: Catching or throwing one
Multiple parallel: the reception of

spans or timeouts

2 2 m ‘© 0]
oY) = =
..hL = - .mt Ow\ﬂ..los o] an ©
o] o o 2 co c? ) wn 'y vl ©
S c T o Fod o = 5 e o — ]
2 v ] S0 s S o wo ] . G~ g 9] =
" o H o< « T ol € O O oo =~ .= = =
= O = C oo (] = 05 [ wn
~ < 2 ® = m%mwp Onm.ﬂ SO gl — 9 n
Z & o 25 on oo O T v 335 " S w 3
s S .. VL L0 c o c 2 s o .2 - c o
[o10] w wv nso_h.| o0 © OCt_ c C —_
S S & £S5 ISEnXE Swcd 035 ¥g - 158
= o = ~ C T .. = Q
o = S 95 I0=%tl g WwE B g ITOEIE D c %0 ©
- ) =2 > = w o X2 c 3 = S el
) o (TS v gl £ o el o © v+ = c 5
3 ] S 9 we %= o 56,088 33£ =% s 'S
S 2 v ® O cg w52 G Ccliv g 'S O - n ..
iy . c O Qc Ll s vo.% © ‘C 3 7} = v O
c ] Y - 0B ° SSig® 508 hl Z ®
S o0 c Lo e 5900 ¢c RIS = n 3 s = c =
© = s v O & 9 .., T oY T = 0 — by £ c
c ] 2 T ¥c o 8 3 20 ®a 5 g =
= 4 £ cSa¥csc 00 gcigw lco 3 =
=2 2 = o623 59 EE & 8 o W5 5 = 3%
o S o (O] So&l8 4o o OS5 05 o ) © (g

responsability level
-business rules
PR | PR
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Short example for understanding

Process of Vacation Request management

Information: application form; provisional service schedule

Actors: Employee, supervisor and Human Resource manager

Vacation Reguest manage ment

Send vacation

reqguest
& Add to
% planning
w
Cancel demand
or negociate
P 4
/ "
Ny i E
o
E A?k 3 Register
5 N autharization (A
= suffitient
- Check the e
= remployee
rights
|
. - Jr
% d:n::;Z < P, » Send Validation
& N walidate
’ T
(7]
» Send rejection
Reject

Dr. Farouk Belkadi
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Second Example for understanding|

Global Supplier Network (GSN)

OEM

Process of fixture tool realization in aeronautic industry

: Schedule A Fulfill =
Vallga‘te *| manufacturing = + 4 Manufacturing > Equ?:::'len t
o operations 1 Operations
Validate Design
Order Solution

Design Supplier | Manufacturing Supplier

pa Create New Analyse Suppliers A : @
. &) [ Busineid ] . Wardel ‘1‘ Equipment -
2] EW REqQLes
E - Flodeg LUl Close Business
iz
§ Create Folder
Request Orders @- 5 i i
invoice

Invoice

- Identify Define ol : X
I | Equipment |  functional | —> Val:zda:;e ':::;“d > _o
New Assembly Activity Needs spceifications e k invoice

Dr.
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How to use process approach for costing

PRINCIPLE: Decompose Industrial Process to separate cost centers per activities

Time of execution
Impact

A
Information o : . ‘ — Result
& Material » Activity 1 » Activity 2 » N N » Activity N »
Inputs x x x x x x Y Y Ts
00 eee eee Residu

1.1 R1.1 R1.2 R1.j R1.1 R1.2 R1.k Rn.1 Rn.2 Rn.m /
' | )
1.2 | /
Quantity /resource ( (
Cost / unit of time Recycling rate
I1 Cost of unavailability Cost of disposal
.n
Quantity

Smilpified model:
Cost to obtain result =
Cost of inputs + cost of activities + Cost of disposal + ....

Cost of Provision
Cost of treatment

Dr. Farouk Belkadi Ecole Centrale Nantes — LS2N
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Example of process simulation with Bizagi : process creation

¢ B HS N BPMM Simu - Bizagi Proces
Accueil Format Apercu Publier Export / Import Qutils Aider

= % 35—'-[ T__F £ Participants @A Rechercher - ﬁy o

J » |I‘J '—'0 VO . == 5 . -
E Valider - ki Selectionner
Caoller Diagrammes Exécuter Simulation — Part du processus - - - ) e Orthographe | Bizagi Suite
Workflow  View &Info — X supprimer 'élément .

Presse-papi... Modéle Collaboration d’equipe Formatage Edition Réviser DécoL

Palette a
-

4
Process 1

Connges

"

o

Prepare
Manufacturing

M

Do
Manufacturing

Do Post
Treatment

Dr. Farouk Belkadi
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Example of process simulation with Bizagi

OH| -

Simulation View | #

BPMM Simu - Bizagi Process Modeler

L
s 2 T - O

Run  WhatIf Analysis | Properties Resources Calendars Close

Simulation View
Simulation Scenario Close

Level ﬂl 1 Process Validation 2 Time Analysis 3| Resource Analysis 4 Calendar Analysis

[2] Scenario 1

Prepare Do
Manufacturing Manufacturing

Process 1

Do Post
Treatment

Dr. Farouk Belkadi
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Example of process simulation with Bizagi: Gate configuration

Simulation Scenario Close

Level ﬂ 1 Process Validation 2  Time Analysis 3| Resource Analysis 4 Calendar Analysis @ Scenario 1

O O .y
Prepare . 'I:I' Probability [ 7]
Manufacturing Manufacturing Do Post Treatment

o o

28% 2%

oK Annuler

Dr. Farouk Belkadi Ecole Centrale Nantes — LS2N
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Example of process simulation with Bizagi: Task configuration

Simulation Scenario Cloze
Level © 1 Process Validation 2 Time Analysis 3) Resource Analysis 4 Calendar Analysis Scenario 1
7 o G’} Time
O Prepare Eﬁ O
| Manufacturin :
d Wait time @
- O L i)
2 [ 0 0 0
§ days hrs Mins
= Processing time @
0 0 15
days hrs mins
QK Cancel

Ecole Centrale Nantes — LS2N
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Example of process simulation with Bizagi

T

TaSk Configuration Simulation Scenario Close
Level € ST, . o PO

Parameter Type Selector
All
A
Prepare i
Manufacturing 1 Mar
Duration Floating Numeric
ribution
most
tions in
symmetrical
TiI'I'IE' + 1t is useful
ations where
distributed
Wait time g
Truncated Normal Distribution Triangular Distribution v
0 0 0 0|
days hrs mins SECS
Processing time {mins) 9 OK Cancel
Mormal Distribution .I]
Y
Mean 12 -
- - e
Standard deviation 3 |-
0K Cancel

Dr. Farouk Belkadi Ecole Centrale Nantes — LS2N
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Example of process simulation with f¥ ° = JREEEEEN e

Task Configuration

Possibility to refine in resource section@ <\ _ O

Changing the wait time
[s] 0 C@ Time
rﬁi Wait time

p— 0

’ (2] Time Anatysis Ii' Calendar Analysis | [=] Scenario 1

Da _.f'/l\ ;
g Manufacturing b
Ay ,
o] ) %)
@ Time
Do Post i
s Treatment
Processing time 9
& o o

OK Cancel

0K Cancel

Dr. Farouk Belkadi

Ecole Centrale Nantes — LS2N



CU34 Training: AM Cost Evaluation and management based on process oriented approach

Example of process simulation with Bizagi
Resource configuration

= x|

Properties Resources Calendars Close
Simulation View

Scenario Close
ess Validation 2 Time Analysis 3 ) Resource Analysis 4 Calendar Analysis Scenario 1
> Resources O > H
Availability Costs
o ¢ Resources O >
Resources Quantibies
Prepars Machine AM 333 3 = Availability Costs
Manufacturing -
Dperator 2 : Resources Fixed cost Cost per hour
Y
Equipment xxz 5 4 Machine AM 333 05 o 2 2
Operator 0.3 : 12 :
Equipment xxz H : 03 :
o RESOUrCES
o Resources
) Ok

Dr. Farouk Belkadi Ecole Centrale Nantes — LS2N
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Example of process simulation

with Bizagi

Resource assignment

Dr. Farouk Belkadi

Resource
Selection ﬂ
@ aND ) OR

Machine AM 333
Operator

|:| Equipment »xz

Prepare
1 Manufacturing

F Y
-
F Y
-

Do Post
£ Treatment :

-

Resource
selection E)
@ anD ) OR

[] Machine AM 333
Operator

Equipment xxz

Resource
Selection ﬂ
@ anp O OR

[] Machine AM 333
Operator

Equipment xz

Ecole Centrale Nantes — LS2N
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Example of process simulation
with Bizagi

Possibility to refine activity cost

. Do Post .
T Treatment :
Cost

Activity cost @

1.2

(014 Cancel

Dr. Farouk Belkadi Ecole Centrale Nantes — LS2N
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Example of process simulation with Bizagi

Time Analysis

> Scenar ~ | Display

I . Cu:umpleted" . ,ﬂ-a.-'f_-ragnnetimneI

4+ Position - |l Total time
Start  Siop  Resulis Claose
L2E Analysis - window
Simulation Real Time Display Cloze

W 1000 W 1000
Hi5m W 11,9 m

[ W 15000 m W 11956,26 m —

W 1000 Prepare Do _Fn
Manufacturing Manufacturing

Process 1

m 272
. 5m
W 1360 m

Co Post

Treatment

W 1000
W2332m
W 2331626 m

Dr. Farouk Belkadi
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Example of process simulation with Bizagi

Time Analysis S e = R

W 1000 Prepare Do W 1000
Manufacturing Manufacturing

[ M 1360 m
N Do Post

Scenario information

MNom Scenario 1
Time unit Minutes
Durée 030,00:00:00

272
H5m

Treatmient

Avg. time

W 1000
W 2832 m
W 2331626 m

Total time

MName Instances completed Instances started Min. time Max. time
Process 1 Process 1000 1000 18m 345 A41m Te
NoneStart Start event 1000
Prepare Manufacturing Task 1000 1000 15m 15m
Do Manufacturing Task 1000 1000 im 34s 21m 24z
Do Post Treatment Task 272 272 5m 5m
ExclusiveGateway Gateway 1000 1000
ExclusiveGateway Gateway 1000 1000
MNoneEnd End event 1000

28m 195
15m

11m 57s

Sm

Ecole Ce

19d 13h 56m 155

10d 10h

&d 7h 16m 155

22h 40m

Dr. Farouk Belkadi
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Example of process simulation with Bizagi
Resource Exploitation

Resources LUtilization

I Equipment xxz
Machine AM 333
3 I Operator

I

a 47 8d
20 60 100

W 1000
W 702611 m

W10 W 1000
W 7008 m W 1495 m
(W& m 3m -
W 1000 Prepare Do _R!
Manufacturing Manufacturing

Process 1

m 272
W 1edm

562 m
Do Post
Treatment

Dr. Farouk Belkadi
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Example of process simulation with Bizagi
Resource Exploitation

Scenario information

MNom Scenario 1
Time unit Minutes
Durée 030,00:00:00

Resource Utilization Total fixed cost

Machine AM 333 53,11 % 200
Operator 895,24 % 6816
Equipment xxz 82,13 % ¥

Tota 11816

Dr. Farouk Belkadi

Resources Utiization

4 |

3 |

*

1] 40 &0
20 60 100

Equipment xxz
Machine AM 333
COperator

Total unit cost Total cost

47 525,04 45 325,04
34 305,91 34 987,51
15 489,6 15 489,6
100 620,55 101 80215

Ecole Centrale Nantes — LS2N




CU34 Training: AM Cost Evaluation and management based on process oriented approach

Bizagi Tool for performance assesment within
Process oriented approach

https://www.youtube.com/watch?v=KgO8K6FFJdU&ab channel=Bizagi

https://www.youtube.com/watch?v=eJAHrU GvOk&ab channel=Bizagi

https://www.youtube.com/watch?v=CeiEjGOT8HE&ab channel=Bizagi

.......

[F—— e
E(m
§
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Standard AM Processes
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Main AM Technologies (1SO/ASTM 52900 Standard)

AM Process
Categories
(ASTM)

Vat

Powder Bed
Fusion

Direct Energy Material

R Extrusion Material Jetting Sheet lamination Photopolymeriza

tion

Binder Jetting

Sheet .
. Las‘.er Fusz.ec.i Material Stereolithogra Electron Beam
Engineering Net Deposition

Binder Jetting lamination hv SLA Melting EBM
Shape LENS Modeling FDM i i

BJ Jetting MJ

LOM

Selective Laser
Sintering SLS

Different AM technologies “ among others”
Selective Laser
Melting SLM

Dr. Farouk Belkadi Ecole Centrale Nantes — LS2N



CU34 Training: AM Cost Evaluation and management based on process oriented approach

Main AM Technologies

>> Every technologiy can be represented by a process

Material jetting,

Additive manufacturing process in which droplets of build
material are selectively deposited.

Ex: PP (Polymer jetting)
Steps:
1.Powder material is spread over the build platform using a roller.

2.The print head deposits the binder adhesive on top of the
powder where required.

3.The build platform is lowered by the model’s layer thickness.

4.Another layer of powder is spread over the previous layer.
The object is formed where the powder is bound to the liquid.

5.Unbound powder remains in position surrounding the object.

6.The process is repeated until the entire object has been made.

Powder Roller

Ligued Bindes
Inkjet Printhead

Powder
Stock

Powder Bed

Build Platform

Dr. Farouk Belkadi
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CU34 Training: AM Cost Evaluation and management based on process oriented approach

Main AM Technologies
>> Every technologiy can be represented by a process

Powder bed fusion

Scanner

. . Laser
Thermal energy selectively fuses regions of a powder bed. Laser syslen scanning
direction
B -
Ex: SLS, SLM, DMLS, SMLM, o Lasar
— Fabcfilcagog beam Pre-placed
; powder be Obiect bein powder bed
dstills\;gg Roller fablricated g Laser melting (green stte)

ASTM (2012)

PBF Process

delivery Fabrication

piston piston patician

(brown state)

e esess
+ Unsintered material
in previous layers
Powd Sintered P y
> oI powder

» Athin layer of powder is spread

» Energy source melts or sinters the powder
» The platform goes down

1 CAD

2 STL convert

3 File transfer to machine
4 Machine setup

5 Build » The powder is spread for another layer
6 Remove
& Appan > The process repeated

Dr. Farouk Belkadi Ecole Centrale Nantes — LS2N



CU34 Training: AM Cost Evaluation and management based on process oriented approach

Main AM Technologies
>> Every technologiy can be represented by a process

Powder bed fusion
AM process in which thermal energy
selectively fuses regions of a powder bed.

Lenses

Ex: SLS, SLM, DMLS, SMLM, EBM

Energy source (Laser or ‘-J XY-scanning mirror
-+

Inert gas or vacuum cnvironment ? Electron beam) Laser i Rt

I
/ Sintered part

Recoating arm

Steps:

1.A layer, typically 0.1mm thick of material Powder bed

is spread over the build platform.

Metal powder
. . supply
2.A laser fuses the first layer or first cross

section of the model.

Powder dispenser
platform

|

Powder dispenser
J piston

3.A new layer of powder is spread across
the previous layer using a roller.

Powder chamber Build chamber Build platform

4.Further layers or cross sections are fused Powder Bed Fusion process
and added.

Build piston

Laser based PBF technology

5.The process repeats until the entire model
is created. Loose, unfused powder is
remains in position but is removed during
post processing.
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Main AM processes according to value chain model

i

Fian QA

' Plan Post :
F ot ] Frocessing :

Fian Monitoring]

...................................................................

........................................

Core Processes

teqcuired?
D -I;HTF—F', "‘{

Senecue 5 Monitar
2 ! Process ""O
*----------—---:r--—-. g '_|:—h— $
Poob Contrd ( )
Lo oy Production | T
Production
[-] (]
Product t
? A h? E Production? :
Manuf actum ‘. sigate New & s i
e — ¢ !
Fms .ﬁ.i.tF'ndu:: s O A Via |
: Produ I

Production Prﬂmm ]
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CU34 Training: AM Cost Evaluation and management based on process oriented approach

Main AM processes according to value chain model

Generic Process

AbA Wirtual . I AM Production

Product - : Folder i " ]
o
Set Machine Brepare Machine EETTE ure Empty t Buil wes
Para ers. Job

Mathine Operator

All Machine Automatized

Manufacturing Engineer

AM Producer

Quality Assurance Engineer

PhD Qussay Jarrar (ECN — LS2N 2022)
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Main AM processes according to value chain model

Define general characteristics and set machine parameters

Task List

Modified
Specification
Cdc

;s ....... >
NN
;} ....... >

e
Estimate Support Table far
volume and time | -+ <- - . costing
required to achive .

\ r. ......... >

. |
Choose the :
manufacturing 3
orientation N

#ianaana

’

: Choose the
- positioning
JIEEEREE

-------

SR
Identify the
project
complexity
—

P —

Choose the
limits

Like tolerance, deformation etc

|

----------

.......................

Define general characteristics

PhD Qussay Jarrar (ECN — LS2N 2022)
Dr. Farouk Belkadi

Configure
Submit Build 9
Process
Model
parameters

- [.f'f"

’;‘

Build Model _
Material KB Machine /

Process KB

Set machine parameters activity
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Main AM processes according to value chain model

Prepare machine
Fill Powders |—. " level the
1] recoater
: Pre-Heat Build
chamber

Poweder Stock
i

Process
Requirements 3| Check Powder » > ) ) In;:::tl_:::rﬂd ) Lgr:;fgtjrir:d }_l_)
A

Poweder Okay?

hMachine
Ready

Laser power
measurement

Clean Build
» Chamber and
Lens Cowver

]

[

Manufacture Job and Build Job

| Lower Build |,

L EEE R EE B RSN >| Platform I .
. . o e [ e
: : . LI} Process
. & . easured Data «  Readjustments
Fill Build -
Chamber with ufara BE- & LE;‘; o X /
Inert Gas ¢ _ Fused Powders solidity a0
o / No
. .- Mare Layers?
Manufacture Job

’“. ...... ”| BU.lld _]Ob< E ﬁ
Material KB Machine / process :
Process KB Readjustments .

.............................................. Measured
PhD Qussay Jarrar (ECN — LS2N 2022)
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Main AM processes according to value chain model

Remove the

Machine output treatment Er s Elis powder from
i the build

Surplus Poweder

Post Process treatment

Powrder
remanal
Contral check

f e e et e ez e ee e e g e aas e
@ If control dhed m . : : . .
is okay . . . : .
Past- . . . : .
Processing Plan : . : : Mo

: Contal check
Remaove If cantral ched:
Apply Heat TR R Suppart from Machining Surface Modifications @ is okay
Treatments FomiErd Part
Platform
Sendto Powder | e et Apply Heat

R Yes
removal Cantrol - : "1 Treatments
theck Cptional Step
Used Build
Sent test Platfarm

sample Send to
Contral check Contral chedks
are okay

Powder
remaoval

®

Mo

PhD Qussay Jarrar (ECN — LS2N 2022)
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