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Vision of Industry 4.0

Management —> Enterprise Resource Planning
Organization - Manufacturing Execution Systems
Supervisory —> Supervisory Control and Data Acquisition
Direct Control - Programmable Logic Controller

Field [ ] [ ] [ ] [ ] [ ] - Sensors & Actors

Source: ,Thesen und Handlungsfelder: Cyber-Physical Systems: Chancen und Nutzen aus Sicht der Automation®, VDI April 2013
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Why is self organization in production good thing? A SN UND WIRTSCHAFT
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General goals of production planning and control

,You want to make God laugh,
Target harmony tell him your plans “

— T arget conflicts — Blaise Pascal

High adherence

Low throughput
Times

to delivery dates \ :
Low stock %ﬁ‘ @

High resource
utilization

Self organizing production is:

* Flexible
 Robust
e Scaleable

Source: ,Logistik“, Andreas Huber, Klaus Laverentz (2018)
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State of the art A S Fomsorr
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Centrally planned production

«  Static

 Interval

«  Time consuming — especially if you treat every product individually

Effects

* No real time planning possible

* Inaccurate at the time of deployment

Martin Krockert, Marvin Matthes, Torsten Munkelt SOBA: A self-organizing bucket architecture to reduce setup times in an event-driven production Page 7 2020-10-07



The production scenario

Wooden toys for everyone
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Self organizing production

Drill Assembly
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« Two products, with 3-level deep bill of materials N
- S\T“iﬁ < X\
24 hours Produ?tlo. n | o | .
« Exponentially distributed interarrival times of customer orders /\% o

* Normal distributed deadlines Q (A O

Customer order arrival
\\ H Deadline
I | {}

| »

/"
( | /
&

« Lognormal distributed work time to simulate disturbances

ﬁ Start of the operation

L [

. 20 % =

End of the operation

Source: ,,Scheduling dynamic job shop manufacturing cells with family setup times: a simulation study”; Armin Klausnitzer , Janis S. Neufeld , Udo Buscher; (2017)
.,Network Performance Analysis.“, Thomas Bonald Mathieu Feuillet, (2013)
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Functional insights

into the self-organizing production




Agent based planning and control IAA H‘I |7/ TEGHNIK UND WIRTSHAFT
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4 )

Supervisor Storage (P)

Resource (P)

Contract (T) Dispo (T) Directory (P)
m Supervisor Agent
3= .ﬁ %ﬁ (T) = Transient - Agents
E pL 8 E ‘—I—‘ (P) > Persistent - Agents
AW Comunication Paths
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Interaction of disposition and production agents

during bill of material explosion IZA\IA: I—“ |7 UG e
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BOM of an article How the structure is transferred into Disposition (Dispo)

and Production (Prod) Agents

Agent
- EAES
Toum (Back) (Back)

Prod
(Back)

f/%
Dispo Dispo
(L~ (T ¢
7 J
p
Prod
N (Base)

Dlspo
(Wood)

Source: Material-Logistik, Horst-Tempelmeier, 2006
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Self-organizing bucket architecture



Economic effects of lot sizing in a production IA/R\IA H‘I V SN UND WIRTSCHAFT
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Large IotsT A lotis a quantity of equal parts that are
processed continuously.
@ « Lot size is always a question of company
objectives
Small lots
/ « Due to pooling of production orders with the
same technology requirements, setup costs are
tHirgh s%[g\r’\;e; High setup Lower reduced.
Sc%:ée costgs costs setup costs
,\ / * Huge lots lower the flexibility.
Lower
throughputl
times
High
throughput
r:)ilrJT]geSpu T Source: LProduktionswirtschaft”, Kurbel, (2016), S.79

,Gewinnmaximale oder rentabilititsmaximale Losgrof3e bzw. Bestellmenge?®, Pack, L. in: ZfB, 1989
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Why it is necessary to make lots? A TEGHNIK UND WIRTSCHAFT
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Ressource Setup

Operations

Q Resource
e

@ Resourci free >
T 123 |4|5|6|7|8|9]|10/11|12|13|14 t

Martin Krockert, Marvin Matthes, Torsten Munkelt \ SOBA: A self-organizing bucket architecture to reduce setup times in an event-driven production \ Page 16 \ 2020-10-07



DRESDEN
UNIVERSITY OF APPLIED SCIENCES

Challenge: Grouping operations horizontally and vertically I‘&A H‘I |7/ SN UND WIRTSCHAFT
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Legend: Order lots Operational lots (aka buckets)

I Production order

I Operation

Drill

Edging Edging

Edging

Forming Edging Bem Edging
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Requirements for self-organizing lots (Buckets) IA{I‘\IA H‘I V SN UND WIRTSCHAFT
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« Keep decentralized structures
« Application of local knowledge and the communication of resources

« Keep the flexibility of the self-organizing production
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Bucket model “Earliest and latest scope” ”&A H‘I |7/ SN UND WIRTSCHAET
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Scope in which the operation 1 should start

Operations
A
i i
: i
: : 1 1
i i H !
1 1 1 1
[ 3 I fr-mmmmeem—m—— '
i !
: . I )
: : : !
| a | = ~
: : : i > Time
Earliest start of production, Deadline from forward Latest start of production from Due date, deadline from
order arrival scheduling backward scheduling backward scheduling
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/m drill holes

» Add operation to list of unassigned operations TOOI: ke
. ) Earliest start: 10
g v N Latest start: 50
Take the operation with the highest priority Duration: 10
4 ¢ N\
Find all buckets with the same tool u u n
- y \ M4 M4 M6
Check bucket scope
In scope /\ Out of scope
v v
Add the operation to the bucket »u Create a new bucket u u
J
v
( Dissolve all subsequent buckets with same u u
L tool and with a later earliest start Earliest Earliest

start: 10 start: 30
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Results of our empirical study IA%A H‘I V SN UND WIRTSCHAET
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. L Work in Throughput Average Average Completed Comparison to Stacked
Behaviour Timeliness
Progress time machine machine orders ) ) A\ Work in A\ Average
o _ _ /A Timeliness )
utilization time  setup time Progress setup time
Default 21.00% 25.81 6882.27 52.00% 41.60% 652 -719.29% -65.49% 118.95%
Stacked 99.28% 92.43 476.72 78.82% 18.74% 931 0.00% 0.00% 0.00%
Bucket 600 92.64% 83.08 483.84 78.94% 15.26% 931 -6.69% -10.12% -18.57%
Bucket 720 96.09% 85.37 503.93 78.82% 15.24% 931 -3.21% -7.64% -18.68%
Bucket 840 95.35% 82.87 509.79 78.94% 15.02% 931 -3.96% -10.34% -19.85%
Bucket 960 96.63% 79.41 522.64 78.94% 17.60% 931 -2.67% -14.09% -6.08%
Bucket 1080 94.35% 80.58 520.21 78.96% 14.80% 931 -4.97% -12.82% -21.02%
Bucket 1200 94.65% 80.07 506.82 78.96% 15.04% 931 -4.66% -13.37% -19.74%
Bucket 1320 94.49% 81.73 509.93 79.08% 14.64% 931 -4.83% -11.57% -21.88%
Bucket 1440 94.38% 83.48 493.03 78.98% 14.84% 931 -4.93% -9.68% -20.81%
Bucket 1920 93.63% 83.29 448.69 79.06% 14.74% 931 -5.69% -9.88% -21.34%
Bucket 2400 91.42% 83.59 443.22 79.34% 14.52% 931 -7.92% -9.57% -22.52%
Bucket oo 88.68% 77.02 448.27 79.94% 14.14% 931 -10.68% -16.68% -24.55%
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