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First production

lines

Mass production
DML

Research context

How did manufacturing and production systems evolve during the time

and what are their current needs?
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ELMARAGHY, Hoda, MONOSTORI, Laszlo, SCHUH, Guenther, et al. Evolution and future of manufacturing systems. CIRP Annals, 2021, vol. 70, no 2, p. 635-65

Human-robot

co-working
Mass customization
Adaptive systems

Y

cole Mines-Téléco

MINES
Tech



Research context

Production systems are increasingly facing the challenges of
dealing with uncertainties and unforeseen disruptive events,
which can significantly affect their overall performance

Production system’ capability to master their business in a
turbulent world is critical to ensure its sustainable
competitiveness and efficiently react to these unexpected
events

In order to prepare for this new challenge, companies and
networks of companies must exploit the transformative
capabilities of Digitalization and Automatization
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Research context

Production systems are key part of the value chain
They have to cope with risks and opportunities as uncertainty is the new normal
Among those events, management of new product opportunities is crucial

New product: The manufacturing process of the product is unknown by the concerned
production system but known by the market.
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Research context — Literature review e e

Collaborative Networked
Organizations (CNOs)

Long term strategic network

Goal oriented network

Adaptability

Reconfiguration planning management
Seizing opportunity

Camarinha-Matos, L. M., Afsarmanesh, H., Galeano, N., & Molina, A. (2009). Collaborative networked organizations—Concepts and practice in manufacturing enterprises. Computers & Industrial Engineering, 57(1), 46-60.

Jarvenpds, E., Luostarinen, P., Lanz, M., & Tuokko, R. (2011, May). Presenting capabilities of resources and resource combinations to support production system adaptation. In 2011 IEEE International Symposium on Assembly and Manufacturing (ISAM) (pp. 1-6). IEEE. 6

Cao, Q., Zanni-Merk, C., & Reich, C. (2018, December). Ontologies for manufacturing process modeling: A survey. In Sustainable Design and Manufacturing 2018: Proceedings of the 5th International Conference on Sustainable Design and Manufacturing (KES-SDM-18) (pp. 61-70). Cham:
Springer International Publishing.
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What is the adaptability potential of a production system
in relation to the manufacture of a new product?
Is the manufacturing system
capable of adapting itself to
meet all the requirements of the
Control new product ? Control
( regulation, norms, ...) ( regulation, norms, ...)
Manufacturin New product
INPUT = E | OUPUT  INPUT requirement OUPUT
(parts, raw material ) system ( Finished (parts, raw material ) process ( Finished
product, product,
Semi-finished Semi-finished
product ) product )
Resource Resource

. ( material resource, human resource)
( material resource, human resource)



Research questions

RQ1: What concepts and characteristics should be considered to
automatically analyze the adaptability potential of a production
system to support a new product opportunity?

RQ2: How can we automatically assess the adaptability within
the manufacturing system itself (intra-adaptation)?

RQ3: How to identify on-the-fly complementary capabilities in a
network of partners to complete the unfulfilled requirements
within the manufacturing system (inter-adaptation)?
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Research framework =

@

New product description

Inter-system
adaptability

assessement
(Selection)

@ Intra-system @ Inter-system
adaptability analysis adaptability analysis
(Matchmaking) (Matchmaking)

External resource capability pool

|

|

|
[, e e e .

External input pool

10
- Client - Targeted manufacturing system Manufacturing partner Supplier
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Research framework

production sequence )
e Optimization : Trajectory metaheuristics ( VNS )

Ontology (MaRCO) model
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:L______li)_________ SRk : Unavailable input 1 fulfill manufacturing order ! 1
H ' 1 S | 1

: — 1

. Unavailable operation i { 1

i 1

Selection algorithms that include : '

1

1

. . . . . . . |

> *  Multi Criteria Decision Making ( eg : production cost, transport cost and "

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Manufacturing Resource Capability OUTPUT

Identification Evaluation | ! Product requirement 11

JARVENPAA, Eeva, SILTALA, Niko, HYLLI, Otto, et al. The development of an ontology for describing the capabilities of manufacturing resources. Journal of Intelligent Manufacturing, 2019, vol. 30, no 2, p. 959-978.



Use case : An intra-analysis of the adaptation of a shampoo production system to manufacture a

hydroalcoholic gel requirement due to a pandemic disruption

( c1 ] c2 a3 ca
L Mi‘)iing Filling Capping Labelling
provides T provides Tprovides Tprovides
o R2 R3 R4
R1 - Bottle - Cap Material : - Label size:
- Physical state : volume : plastic small, medium
Non miscible and 200ml - Bottle material : and large
miscible liquid - Bottle glass - Bottle material :
material : - Bottle volume : glass, platic
glass 200ml - Bottle volume :
S5 s s8 100m|,200ml
Bottle Ethers de glycol . Label .
- Volume : 200ml Size : medium
- Material : glass S6 sa
Cap Glycerol

-Material : plastic

Intra-system

adaptabili
analysis

ty

(Matchmaking)

o1 M . Is followed by
: Mixing B >

Is followed b
02:Filling ————p

A
Is input of
M1 e
Peroxyde H2
Bottle

M2 -
Isopropanol -
M3
Purified

Na

Volume : 100ml
Material : plastic

M4
Glycerol
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Cappi

03:

Is followed b

Is input of

M6
Cap Label
- Material : - Size : small
plastic

- Matching between resoure capability and operation requirement : If the the operation and the capability has the same
name and the properties of the inputs corresponding to this operation are included in the corresponding resoure > Match

between Cand O

- Matching between stock and 1/0 requirement : If the input and the stock have the same name = Match between S and M

04 : Labelling
- Hotmelt

Is input of

Z

MINES
Tech

Targeted manufacturing system

01 : Mixing

A

M3
Purified
M4
Glycerol

_ | Product requirement | _

04 : Labelling

- Hotmelt
A

M7
Label
- Size : small

| Unfulfilled requirement

M1
Peroxyde H2

M2
Isopropanol

| QS |

C2: Filling

e @ New product
description

C3:
Capping

f

- Bottle volume : 100ml
- Bottle material : plastic

R?
- Cap Material : plastic
- Bottle material : plastic
- Bottle vglume :100ml

M5
Bottle
- Volume : 100ml
- Material : plastic

1
M6

Cap
- Material : plastic

Fulfilled requirement :' Identification of the adaptation potentiel of the manufacturing system



Use case : An inter-analysis of the adaptation of a shampoo production system to manufacture a
hydroalcoholic gel requirement due to a pandemic disruption

Input requirement

Input stock

Operation requiement

A Matched input stock

Capability @’D‘% Manufacturing partner nna£ Targeted production system
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®Inter-system adaptability analysis
(Matchmaking)

Identify all the candidates that have suitable
resources within the set of manufacturing
partners and suitable inputs within the set of

I .
= 03: i [ OASBBEMNg ] /T T T T T T T T T T T oo m o ———mm e mm e m—m e m—————— - - e -
> 02:Filling > »| He;mm i =
4 x - c‘p‘pl n
" L L] B R?
= o s - Bottievoiume : 100m! - CapMateral: plastic
e Mf:: al Size; ama - Bottle materlal : plastic ?;tnlr:e';‘:::nlael:wmf
Volume : 100m aterial ) :
aterial : plast plastic —lﬁ . 100m
== M
de H2
R Bottle :E
M2 Vialumi : 100w Cap
Isopropanal Material: plastic Material : plastic

___________________________________________________________________

|:| Matched Capability

I . .
A Matched input requirement |:| Matched operation requirement

ﬂ Supplier

Possible route




Use case : An inter-analysis of the adaptation of a shampoo production system to manufacture a
hydroalcoholic gel requirement due to a pandemic disruption

Input requirement

Input stock

Operation requiement

A Matched input stock

Capability @’D‘% Manufacturing partner nna£ Targeted production system
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®Inter-system adaptability analysis
(Matchmaking)

Identify all the candidates that have suitable
resources within the set of manufacturing
partners and suitable inputs within the set of

I .
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i — Capging
| |15 ingutot i w0 =
= o s i - Bottie voiume: 100ml - CapMateral: plastic
e N i ! - Bottle material: plastic ottlematea pastic
YVoleme : 100ml a il S 3 AT . :
sterial: plastic plastic I 100m
== M
deH2
R Bottle :E
M2 Vialumi : 100w Cap
Isopropanal Mistertel: plactic Material : plastic

___________________________________________________________________

|:| Matched Capability

I . .
A Matched input requirement |:| Matched operation requirement
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Supplier =----- Possible route
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Use case : An inter-analysis of the adaptation of a shampoo production system to manufacture a Eel e o Tech

hydroalcoholic gel requirement due to a pandemic disruption
@ Inter-system adaptability
assessment (Selection)

Filter all the candidates that have been
identified previously within a collaborative
network perimeter

Perimeter

-
-
-
-

TN e R i S— ! —
= Hgtmelt €2 :Filli
Iy ﬁ"f" "8; ~ ! fnx corpin
L= [ | % | e
. o bl | - Bottivoiume: 100ml - CapMateral: plastic
Rl oo T «Sta';amal | - Bottle materlal : plastic ¢ CIEamECl
e i = Size ;3ma ;
Material : plastic plastic —ﬁ - T=
= W
Peraxyde H2
— Bottle :5
M2 Vialumi : 100w e
Isopropanol Material : plastic uertal:

___________________________________________________________________
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hydroalcoholic gel requirement due to a pandemic disruption

Input requirement

Input stock

Operation requiement

A Matched input stock

|:| Matched Capability

Inter-system adaptability
assessment (Selection)

Filter all the candidates that have been
identified previously within a network of

manufacturing partners and suppliers

#  O2:Filling * ﬁ'ﬁ"‘ 1 -Hgimeh ! 2 Filling €3

1 Capping
&
e R =7
L1
. o bl ! - Bottievolume : 100m Cap Materlal : plastic
e N Sk ! - Bottle material: plastic ottlematea pastic
Volume : 100mi aterial =2 H o 5
aterial : plastic plastic —Ti_ e 100m|
== (T
de bz
e Battle e
M2 Volume : 100m| B
Isopropanol Material : plastic aterial : plastic

___________________________________________________________________

I . .
A Matched input requirement |:| Matched operation requirement
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Use case : An inter-analysis of the adaptation of a shampoo production system to manufacture a Eel e o Tech

hydroalcoholic gel requirement due to a pandemic disruption
@ Inter-system adaptability
assessment (Selection)

Criteria specified by the targeted
manufacturing system (cost, distance....)

T OiFiling b ! puedty| ! =
< Hgtmeht c2:Filli
’ oo T R | - =
— H
einpart .
A : - | R?
, T i e - CapMaterlal: plastic
= e Labal ' - Botthe volume : 100ml P
e N i ! - Bottle material: plastic - Sottlemateil:plasic
Valume : 100m] aterial | ) :
lllllll : plastic stic —lﬁ . 100m
= W
Peraxyde H2
R Bottle :E
M2 Vialumi : 100w S
Isopropanol Material : plastic uertal:

___________________________________________________________________
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hydroalcoholic gel requirement due to a pandemic disruption

Input requirement

Input stock

Operation requiement

A Matched input stock

|:| Matched Capability

@ Inter-system adaptability
assessment (Selection)
Use a multi-criteria selective algorithm that
allows consolidation and coordination of the

ctowedby - 4 Folrmeel 03: ety [ ORIGBMMAE | )T T TTTTTTTTTT T — - om oo —-——— oo oo-—-o——--- - -
- i Cogpine ML gmen i €2 Filling =T
+ 1 QF:' E
i izin i B R?
= o L-MB:I ' - Bottievoiume : 100m! Cap Materlal _pluu:
e N ket ! - Bottle materal: plastic ottlematea pastic
Volume : 100mi aterial =2 H o 5
aterial: plastic plastic —ll‘i -—-- 100m|
== M
de H2
e Bottle e
M2 Vialumi : 100w S
Isopropanol Material : plastic aterial : plastic

___________________________________________________________________

I . .
A Matched input requirement |:| Matched operation requirement
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Conclusion

We have provided a framework that analyzes the adaptability potential of a networked targeted manufacturing
system for a new product requirement.

RQ1 : What concepts and characteristics should be considered
to automatically analyze the adaptability potential of a
production system to support a new product opportunity?

RQ2 : How can we automatically assess the adaptability
within the manufacturing system itself

RQ3 : How to identify on-the-fly complementary capabilities
in a network of partners to complete the unfulfilled
requirements within the manufacturing system?
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& Find adequate selection algorithms for the evaluation part

& Implement ontology and its semantic rules

& Use case - Simulation
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