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With know-how and
experience at your side

((‘ Factory planning

%ﬁ Digital and sustainable factories,

<> flexible and adaptable
production, brownfield and
greenfield planning

Material flow planning and
warehouse planning
information logistics and supply
chain management

Logistics

J

Process design

Technology assessment,
operational excellence, shop floor
management, process design

Project management

Project management in all planning
and implementation phases, relocation
management, individual workshops

Industrial engineering

Decarbonization, energy audits,
customized media supply and
technical building installations,
resource efficiency

Cleanroom

Layout planning, implementation of
operational processes (cleaning,
clothing, training, work instructions,
etc.) in accordance with qualification
regulations
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What is a simulation?

Why simulation? Foundations and potentials
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Why & when is simulation useful? LOUNGES
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Why simulation? Foundations and potentials

Insights Risk minimization Digital twin
* hidden influencing factors * detect planning errors « further utilization of the model
* better process understanding * reduce follow-up costs » quick follow-up analyses
 reveal connections * secure investments  use as digital twin
Process performance Costs When
 Bottleneck analysis « cheap field of experimentation « many influencing factors
* identify maximum performance * ~ 1% of the investment sum  simultaneity in the system

» optimize process parameters * < 10% of planning costs’ « complex connections

'Source: University of Siegen

Chapter 1



How does a simulation project work?

Why simulation? Foundations and potentials

Problem definition
* target description
« task definition

- Task specification

A

v
Concept development
 system analysis
» concept model

—> Process understanding
A

v

Data basis
 data acquisition

 data processing

—> Input variables for S|mulat|on'

Chapter 1
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Within simulation software

/Modelinq

« implementation

« verification & validation
- Simulation model

e s«

Simulation

« experiments & analysis

* interpretation & processing
\9 Task specification fulfilled
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Problem definition

Practical Example: Medical Technology Production

Industry: Medical Technology
Cleanroom Class: SO 8
Objective: Material Flow Simulation

Problem definition
* How many transport orders will occur inside the

cleanroom?

* How many automated guided vehicles (AGVs) are
required for a fully automated transport system?

 How many buffer locations are needed between
process steps?

« How many airlock (black/white) cycles occur in the
material transfer area?

Chapter 2
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Material flow Overview LOUNGES

Practical Example: Medical Technology Production LEANRCEI ERELERsEs

From raw material to finished end product

Material Airlock Outgoing Goods Warehouse
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Incoming Goods Extrusion & Injection Molding Final Assembly Packaging with Packaging
Warehouse including Pre-assembly Material Storage
Storage Zones Hygiene Zones

Intermediates, Purchased Parts Finished Goods ISO 8 Production Cleanroom

Chapter 2



Production System Overview
Practical Example: Medical Technology Production

14 buffer and
storage areas

1,180 components

LOUMNGES

CLEANKROUM PROCESSES

27 raw materials

Chapter 2

98 assemblies

4 transport systems

88 machines

29 finished products




Concept Phase — Production Logic LOUNGES

Practical Example: Medical Technology Production CHEAREE PR asE

1. Check reorder level 2. Create production order 3. Check material availability

40 ( \ 80

.| Product buffer storage Production orders o

o PROD-0514 @

[ Reorder level ]
PROD-0513 *
} PROD-0512 } ’
PROD-0511
PROD-0510

Component buffer storage

25

20

> Order is routed to the next available machine for the respective product

Chapter 2



Concept Phase — Transport Logic LOUNGES
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Practical Example: Medical Technology Production

Order enters the
transport queue

AN

Transport orders
TA-0515
TA-0514 |
P d t t TA_-0813 I
roduction generates TA0512 |
a transport order Ll TA-0511
7

—R

execution

/\ ? Transpor

A

9 Processing in
. priority/sequence

> Assignment of the transport order to the next available vehicle

Chapter 2



Data Foundation LOUNGES
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Practical Example: Medical Technology Production

Production Layout Transport System
il dd wa 00 10§ = = B
s T W ¥ FEF ww I :E; E = EE
» Defined transport routes: - distance matrix » Transfer times based on real-world benchmarks

» Machine & storage positions = source-sink mapping * Driving speeds follow workplace safety guidelines

Production Data Production Volumes

=
a -—
ARTIKEL MENGE VORGANG

v

« ERP data extracts » Forecast volumes as basis for simulation input
* Bill of materials (BOM) and routing information

Chapter 2 15



Transport system — Dimensioning
Practical Example: Medical Technology Production

Histogram of vehicles in
operation

12%

50 AGV*

30 AGV*

Histogram of transports per

day
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utilization
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Transport vehicle fleet

avg: 50 %
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3,000
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> Reduction in transport vehicles (AGVs*)

*AGV=automated transport vehicles
Chapter 2

3,000

> Ensuring production supply

e
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-

Output:

" 4.7 Pal/h

Output:

" 4.7 Pallh




Transport system - heatmap LOUNGES

Practical Example: Medical Technology Production

CLEANROOM PROCESSES

Transportation density

Material Airlock Outgoing Goods Warehouse

Incoming Goods Extrusion & Injection Molding Final Assembly Packaging with Packaging
Warehouse including Pre-assembly Material Storage

>

Identification of critical areas with high transport activity in the cleanroom
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Buffer Storage Dimensioning LOUNGES

Practical Example: Medical Technology Production ChEANREER TR st

Buffer Storage Stock level trend Stock movements per hour
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- Buffer storage between final Inventory of finished assemblies Inbound and outbound storage
assembly and packaging * individual assemblies movements
* Block storage of containers « cumulative * individual assemblies
* Inventory in min, max & avg « cumulative

* Frequency in min, max & avg

> Basis for the design of storage technology and space validation

Chapter 2 18



Material Airlock — Analysis LOUNGES

: : : CLEANROOM PROCESSES
Practical Example: Medical Technology Production

Material Airlock Distribution of airlock cycles

20%

18%

16%

14%

12%

10%

8%

6%

4%

2%

0%
0 5 10 15 20 25

* Material airlock between goods-receiving warehouse and » Material airlock cycles per hour
cleanroom production

> Avg. 24 airlock cycles per hour > Max. 24 airlock cycles per hour

Chapter 2
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Foundations — Problem definition and concept development LOUNGES
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Practical Example: personnel flow and airlock process

NG

Cleanroom for
Production
1ISO 8 = Problem definition
." . « How much time does the personnel need to move from Ato B ?
* What is the average time per employee to go from Ato B ?
* What is the average waiting time?

Industry: Medical technology
Clean zone: ISO 8
Goal: Personnel flow simulation

Packaging
clean area

Concept development
» Changing & airlock processes
P —— * Layout

I

@ Changing facilities: Private <~ Corporate Clothing
@ Airlock: Black area <« Clean area

@ Airlock: Clean area <« Cleanroom

Chapter 3
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Data basis LOUNGES

Practical Example: personnel flow and airlock process REREE e aE

o | -
U\ @ Airlock control
Cleanroom for / U [ (%2%) Number of le in the process
. [
Production = E \\ 3 umber of peopie | P
ISO 8 0 5 g
..- — s % B § @ Max. number of people in locks
3 v by 1 - .
%1_ = — U 5 (=8) Number of disinfectant dispensers
| Packaging % i VO _ _
| clean area i LS | (. Number of hairnet dispensers
X Y A = OOO Number of mirrors (visual check)

o @ Times of all process steps

@Distribution of personnel arrival time
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Simulation LOUNGES

Practical Example: personnel flow and airlock process SREREREEE RS
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Simulation
Practical Example: personnel flow and airlock process

1@l

Cleanroom for
Production - =
ISO 8
R i J%
‘F_-
| Packaging
| clean area
M
-
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Total airlock time
12

10

Employee distr. in %

10 15 _ 20 25
Minutes

Result

 Total time from A to B: 22min 41s

» @-time from A to B: per employee: 17min 31s
» J-waiting time per employee: 3min 43s
Benefit

» Layout optimization

» Saving airlock time

24
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Material flow simulation
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requirements
v Planning security

Procedure

Virtual planning, real success
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Analysis
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v" Area verification
v' Hedging a high
investment
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Simulation

v’ Saving airlock time
v’ Layout
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Any questions?

Thank you for your attention!

Material flow simulation: Virtual planning, real success

Speaker: Felix Waffenschmidt
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MPC Stand /

Booth F2.5

‘ Phone +49 2762 983 590
Mail info@munschek.com

www.munschek.com

Munschek Process Consulting GmbH has the sole right of use for the contents. Publications and use for business purposes -
even in extracts - require the prior consent of Munschek Process Consulting GmbH.
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