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1 Publicly listed subsidiary of Siemens; Siemens’ share in Siemens Healthineers: 75%
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Digital Industries
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Y 77.000 employees? [Ce] € 21,9 billion in revenue?
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Process Automation Customer Services

#2 market position

Motion Control
#1 market position

Software (industrial)
#1 market position

Factory Automation
#1 market position

1 As of September 30, 2023 | 2 For fiscal 2023
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Digital Enterprise Experience Center — Our Showroom

Munich

Workshops

Host internal and external workshops )
Broadcasting

Virtual conferences and video shoots

Experience
Experience the Software Portfolio of
Siemens Digital Industries Software

Tour

Book a tour to experience the Digital
Universe of Siemens

Discuss solutions

Discuss Siemens solutions across Demonstrate
the life cycle Demonstrate the Digital Industries of
tomorrow
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Quality Test Machine

Main exhibit in Digital Enterprise Experience Center
manufactured for fair by industrial machinery partner
build out of Siemens components
used for 5 years in our showroom

Key Functionality: testing if bottles are leak-proof

THES

Page 7
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Missing functions of the Quality Test Machine

“
l.;

Missing production data Error in automation

N
AL

No maintanance possible

Missing connectivity
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Problems in Reengineering

Old machinery without
documentation

Unclear descriptions of machine
functionality

Broken contacts, missing Machine is manipulated

connection

| |ndusléf:.
m'r Viachinery ’
uf‘a}eturer ’

- ﬂg@:{g prgblems

Old code is not readable Missing engineering data
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How can model-based Systems Engineering support Reengineering?

1.

Page 11

Connect the status quo with the machine update
Clear description of the system functions

Better understanding of the problem

Clear responsibilities for the reengineering process
Document decisions

Enhance System Quality and Performance

Risk reduction for the Reengineering Project
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Reengineering with model-based Systems Engineering
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Adapting ACARDIA for Reengineering

ViewPoints

Operational Analysis

Model the current state of the maschine ‘ - What the users of

. . . the system need to
including functions and components accomplish

Functional &

Non Functional Need
What the system has to
accomplish for the users

Need understandihg

Model the target functions of the
system adopting current functions

Logical Architecture
How the system will work
to fulfill expectations

Model the target logical components
reusing current components

Physical Architecture
How the system will be
developed and built

Model the target physical components

Solution architectural design

ViewPoints
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Modeling the actual state with Model-Based Systems Engineering

» Develop a general
understanding, what current
machine is doing

* Understand who is involved
in the project

» Define known system
components

» Assign functions to the
known system components

* Find missing components
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Modeling the actual state with MBSE — Capabilities, Actors, Entities

Environment O_ua ty Test Machine (System)

TE'St Head . Human Machine Ccmpresscr
~ > Semi-Automatic Bottle Quality Test nterface

O0C)

Motor z-Axis

g0E] Bottle
Programmable Logic Ejector

Contro

Motor x-Axis

% User/Demonstrator

Cu:m-E-',-Er Belt .-'J.na og-Digital-

or Vibrations o —

:‘ressure SENsSor _ghtbarr er '-."k:rat on Sensor

% DEEC Visitor

Digital Twin

g0E] CAD Mode

Mechanics Simulation
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2 > > O
Modeling the actual state with MBSE — Activities for Semi-Automatic Bottle Testing

,@Compressor buildsup L

- ~ ~ required pressure TR trmwearking condition
User wants to test if | D5 OTM is available User activates -

o @ T J,ﬁj User sets QTM to
" bottle is leak proof | 7 Quality Test Machine . = Automatic Testing Mode

L%

T TTD#EStart signal send ( ic | k"
== @ " rogrammable Logic __BEATM is in working condition
Controller boots up

B OT set to Automatic Mode

@ Test head gets @ Conveyor belt

@ User puts bottle on
= calibrated D=1 Test Head calibrated o

: N - ches ti
@ Bottle is moved to | ps BOTUE reaches operation
; Jevor is fing ced i chi @
| . starts moving | P Conveyor is moving | ™ conveyor belt B Bottle placed in machine _

) Sensor detects
operating area area | ® :
I > | | | = bottle in area
e b

L%

¥ Bottle detected

' ‘ - - ‘ ® i ied| essure applied ' i B M eas finished ( |
®Te5t heads adopts ‘ BHISpeed is matching Test head moves ‘ D41 Test head on bottle |© Pressure is applled| DF Pressure applied ;|® Pressure is measured| Measurement finished | Test head moves
conveyor speed ‘ > @ down and seals ‘ = |

‘ “|@ into starting
bottle L |__position

.

LN

D=l Pressure values available

e . Y e ,.E-Hj . "y e . Y l
@ ir:’lf.cuurlzigference @ Bottle is ok | @ Bottle is moved out of ‘ BIBottle can be picked up

User picks up
operation area ‘ Z

bottle for packaging

Dl Bottle can be moved to next step .

LN

S -

DHValue is not ok ]

. ( H . . i ( fr;‘lj 0 . A
er recognises the leak |® User presses gjector | DHl Ejection signal ‘ @ Bottle is ejected
| “| ~ button | .

@ Bottle has a leak | ST
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Modeling the actual state with MBSE — Architecture for Semi-Automatic Bottle Testing

% User/Demonstrator

Dl Conveyor is moving Bottle

User picks up & User puts bottle &
@ bottle for = on conveyor belt ) . ~ Bottle < Bottle has a
: ! DHValue is ok o ol
packaging T is ok leak

r Y

[ Dl Rottle can be pickec up ,/’) DV alue is not ok -I*

& User wants to test if
= .
bottle is leak proof

DEQTM js available

. g H 1
Do Startsigmatsend

£ Quality Test Machine 7 D= Bottle can be moved to next step

10l Human Michine Interface 10 Programmable Logic Control %Compressor ; fE Conveyor Belt 8] Test Head

b

Compressor

- . builds up | A Conveyor Test head
& Programmable Logic ) @

@ required @ beltstarts [ TEdT- 5 @ gets

Controller boots up q S moving Test Hegd calibrated calibrated Test head
pressure ] e c a

) N @ moves

_ User sets QTM D51 AT i i heseleimes mnr.;tinDr? QTM is in working gond e ‘\\\DﬂQTI‘-,-'1 set to Automatic Modgle T down and

@ to Automatic P P i i - seals bottle

. ; Bottle placed in maghine
Testing Mode Pressure / \

@ difference is -.
calculated £ Motor x-Axis
DA Test head on bottle {E Light barrier \

. 45 \otor z-Axis
User activates
@ Quality Test

Machine

D51 Start gig

Test head moves
@ into starting

Sensor

@ detects bottle : Bottle is iti
ST £ . osition
1 Ejector Pleatile re ration GRIH€ s moved out .
: o TmEln . of operation
@ Pressulre = ! operating area - Test heads
Bottle applied area [
® i Pressure sensor b= Bottle detected | @ 9P
ejected

conveyor
speed  [PHSpeed isjmatching

& User presses

- gjector button & Pressure is B4 Measurement finished
L=t

measured

D=1 Pressure values available
D User recognises the leak
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Modeling the target state with MBSE

+ Adapt functions and system components used in the
actual state

- Model needed functionalities for the improvement

+ Define needed new components
+  Optimize links, exchanges and information flows
- Differences are automatically highlighted with color SIEMENS
- Build a clear holistic overview early in the reengineering —

process
+ Assign responsibilities for specific system elements

- Document changes and differences to the old system
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> 2 > >
Capabilities

Demonstr Digital Twin Smart Production Engine Automatic Bottle Test

Simulation
Fully Automatic Pressure Test

Adaptable bottle height

Demonstrate Air Flow Simulation with CFD

/
/

( c I:I I. .I I. .I ':. c I:I

% b % ) % b " .

Demonstrate Electrical Engineering Capabilities  Cloud Connectivity Monitor energy consumption  Monitor Vibrations
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Modeling the target state with MBSE — Functions for Fully Automatic Bottle Testing

Defl Start signal send (2
g Fi Programmable Logic Controller boots

@ User wants to test if bottle is leak prccf

II;@ Bottle is moved to operating eree‘

(

De8] Bottle detected

II;@ User puts bottle on conveyor bel t
Bottle placed in machine

(

- Ld ~
&) Conveyor belt starts moving
D=8 Conveyor is moving

(&) Test heads adopts conveyor speedt

Matching height sascteaL

C

_ Y
(GF) Test head adopts bottle heigh

D8] Pressure applied

(&) Bottle is gjected

(&) Bottle has a leak

(&) Pressure difference is calculated

@ Test head moves into starting posit cn‘

@ User picks up bottle for packag ng‘

i p .
&) Bottle is ok &) Bottle is moved out of operation area

De8] Bottle can be moved to next step

SIEMENS
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e Programmable Logic
seribntro

_ Programmable Logic
T

"~ Controller boots up
v

$1q User/Dem onstrator fAHuman Machine Interface
Dl Start signa

pal T M is available | 5
@ User activates Quality Test L
r noo i Machine
. User wants to test if bottle is

- eak proof i
OT'M is in working condition

P User sets GTM to Automatic | Dﬂ X )
g Testing Mode a0 set to Automatic Mode

42 &

Dl Bottle can be picked up —
. 4 Conveyor Belt
i
@ Bottle is moved out of operation|
) area

4
i User picks up bottle for

packaging Pressure  paPressu

@ differenceis L
calculated
] d

4]

rating B —— .
atingpg Bottle reaches operation area
£l

_ Bottle is moved to ope
} area

Q

bl Test Head calibrated

& Conveyor belt starts moving ] .
4 §iH L-gﬂt harrier

T i

@ Sensor detects bottle in
i area

o

T i
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§8 Quality Test Machine (System)

i Test Head id Compressor

#AMotor z-Axis
Test head

gets
calibrated
i

Test head &0 Pressure is applied

¢ moves doffhgst :;Eac_i gn battle
DdSpeed ?*ﬂatc*‘ ' [

Noha i q
Siastsignal send . Compressor builds up required

BT is in warking condifion o . pressure
#4 Motor x-Ass |
i
_ Test heads adopts
~ conveyor speed

#4Pressure sensor

=

& &0 Pressure is measured

Test head moves '"tcu-

T ) .- Dl nt fird
) g%  starting pesition & Measurement f !sf*edn
i yalues avartabte ’
il Motor (Test Head Height) LB S

DE Matching height adagied! =5t head adopts : S Sansor heigh
g-eigt e :uottE"E'g"Pﬂ.'ﬂ'm:HE hE,grtﬂ?aﬁa_md @ Sensor detects bottle height

=3

#4Ejector

=

§4\Vibration Sensor

> .
D Boitle detected I_G-’. Bottle is gjected

L

2> 2 >
Modeling the target state with MBSE — Architecture for Fully Automatic Bottle Testing

_ Dl Pressure applied
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Modeling the target state with MBSE — Functions for Smart Production Engine

D1 Time Stamp bottle out

@ Detect bottle moving out of operation arez%

i . .
EFJ Calculate time difference Ml Energy data .[ DE e e T
l(@components and optimize

usage

BHTime Stamp bottle in

4
i

[ @& Sensor detects bottle in area i

Monitor vibrations and enable |
— S Vibration information predictiue maintenance
81 Energy consumed in k'W/h

D4 Bottle detected =~ @& Count bottles ‘ T

& Measure energy consuption of conveyor belt

D= Needed test time

B2 Nufnber of tested bottles D= Quality Rate @ Display quality rate
@ Measure speed of conveyor bel% .

I Speed in my

Display and monitor pressure
@ differences and losses between
compressor and test head

D8l Pressure in bar

& hMeasure compressor pressu rﬁ

Speed in m/s

W.Data send to clouﬂ - @ Display Average Test Time
[ Average Test Time

Measure test head speedﬁ

2| inm/
(x-Axis) Speed in m/s

. B Energy in kW/h

® Measure test head speed Bl power of vibrations
(z-Axis)

B Number of ejected bottles

<= Energy Monitoring

& Measure energy consuption of Compressor

\ A}
@ Detect ejected bottle % B Bottle detected E})Count ejected bottles

§

‘@ Sensor is monitoring vibrations from the system

n ki
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2> 2 >
Modeling the target state with MBSE — Architecture for Smart Production Engine

L Quality Test Machine (System)

iLH Test Head 4 ight barrier 4 Human Machine Interface

A Motor x-Axis

fLlSpeed sensor (x-Axis) @ Sensor detects bottle in area

¥l
© Measure test head spead [xBE ., |HBottle detected I Timg Stamp bottle in
Axis) -

Programmable Logic Control - =
‘—'l Liaktbapisgioad © Monitor vibrations and enable predictive

¥

23— Calculate maintenance
@ Count bottles @ time

-, Detect bottle moving out
4 Motor z-Axis

Vibration information

diffﬁence‘[ of operation area

DR Time Stamp bottle out

L]Speed Sensor (y-Axis)

DEANumber of tested b

Al 4 Ejector Energy data .
© Measure test head speed (z- ‘@ Display energy consympﬂon of components and
Axis) optimize usage

© Count ejected .
® bottles + @ Detect ejected bottle

RIS pe

" . D2 Needgd test timg

F oot it
TEfEEEGDEtHES

4 Compressor

— Display and monitor pressure differences and
Electricity Meter (Compressor) Data Collector and preprocesso| fLlCloud Plattform losses between compressor and test head

® Measure energy consuption M ,
of Compressor

u's @ Collect machine data =~ .
: ©® Analyze machine data
DﬂanrM B oud Y

Pressure sensor (Compressor)
[=7] S .
_ Pes @ Display Average Test Time
©@ Measure compressor pressure] .
s A Test head pressure in bar g Test Time
Bl Speed ja'm/s r
” v C A
ConveyorB’eI?ﬁﬂ Energy consumed [n kW/h

P2 Pressure differences

Pressure sensor

#
e

it Conveyor speed sensor | Electricity meter
/] (Conveyor)

@ Pressure is measured

-
> A —— -

@ Measure speed Measure energy W tORS H Quality Rate | {

of conveyor belt @ consuption of A Vibration Sensor

conveyor belt

@ Display quality rate

A
D Sensor is monitoring vibrations from the syst.

" Energy Monitoring
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Modeling the target state with MBSE — Physical Architecture

nd to cloud

FFISITRANS P420 Prassure

iF] External Compressor

#Programmable Logic Contro

iElEgde device
ja Collector and
rocessor

§FST-1500
Da

pre

# User/Demonstrator

1 DAQIM is available
User wants to 3 2.
& test if bottle is
eak proof

User picks up
& bottle for
{z packaging

bl \figration informatiol

7] Insights Hub

{B] Cloud Plattform

differendes

2 o User activates Quality

=
n

bal Quality| Rate]
r —t—fz

FESIMATIC HMI
# Human Machine Interface

©® X
Test Machine >

o Usersets QTM to :]
" Automatic Testing r-.-iocé}

Monitor vibrations and
enable predictive
maintenance

@

Display energy consumption
i of components and optimize
usage

. Display
" quality rate

{3 Display and monitor pressure
& differences and losses between
compressor and test head

ime

D@ Bottle can be picked up

[l Energy Monitaring
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o Display
@ Average Test
Time
D(_I\ User starts r-.-io"'to""g[:
: Application

= ﬂo'-.-""g[’ﬂ Bottle p ac_ed in ma

2 User puts
& bottle on

@ .
starts moving
com

od QT M is in working condifion s

r belt

Dl Start-signat-semnd
¥ Compressor
O Compressor
builds up
required

Dl Start-sigrat-sens—

& DEISpeed in|mls |

#H Pressure sensor

Pressureis &
—rmeasured
2

Dl head pressure in bar
Programmable T._est_ a |IJ ?s 2 :ua‘
1* @ Logic Controller

boofs up

¥ Collect
1 -
machine data

e

Pressure  pQTM is ih wodking foditinn

D Prasssre i bar == J—
DR e e Of vioTahons

[
Pressure is

applied 3 BﬂP’ess_reeoo!'_ed

12

D Energy copsuyl

>}

B Pressure sensor (Compressor)
; ; bl

Tlt T sat

EElectricity Meter (Compressar)

g Measure compressor
o pressurs

Measure energy
@ consuption of
Compressor

B App is started

D Test Head calibrated

04 Botlecamrbemoved-tormextstep

= 1 Dl Botte reaches operation-area
#F]Conveyon belt [
#E] Electricity meter (Conveyor)

Conveyor Belt
chine " J

Measure energy
& consuption of
conveyor belt

Bottle is —

5 moved out of_ |

operation &
area

Bottleis o3|!]
] . moved to
" aperating
area

B Conveayor spead sensor

-~ Measure speed of [L
~  conveyor belt
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- Bottle is

iF] Ejector piston

# Ejector

Detect3 Dl Boftle detected

W/h| @ ejected

bottle
D&l eak is|detected

" gjected

o Bwtomatic Mods

E]SIPLUS CMS2000 VIB-Sensar

# Vibration Sensor
Sensor is

5, monitoring

"~ vibrations from

= the system

iElLight basrier

A Light barrier

E?"E-ot{ed'a 'Iitec\: o i

. Sensor detects
" bottle in area
=

D Fime-Stamp bottle out

#F] Light barner
ELight barrier (out) )

Detect bottle
@ moving out of
operation area
J

Dl fotthe-cheterter

ad on bottle

Tem P DA Number of gjected bott
Count - :
& gjected D Needed test tintd Botfle
bottles
Dl'\zlhe §% not ok
= -
B PhC-starts
B test head

ﬁ_, Bottle has a
: eak
S

pressure B—RNelip 3 Ok p @ otte s ok

& difference is T
calculated H ]
gE]’esi: He:ad

Calculate o3
time
difference -, 1est head gets
: +————1 = calibrated
v

&
2y

DEIPFeckure values available

Time ftamp bottle in
fE]Motor for Test Head Height

& Count bottles g3, Test head adopts
| paBottle ":e'- ht meassu redl_; bottle height

Daim atchingheightadapted
_ fFDistance sensor 8 Motor x-Auds
| 8 Bottle height sensor | A
o . . Test head moves intd—
[, Sensor detects starting position
~  bottle height

Qg @ Test heads adopts

2 convey:

Speed sensor (x-Axs)

& Measure test head B+

~ spead (x-Axis)

4 @ down andseals 3

5

D&l Number of testefl botti nroded fest head

3 Motor z-Axds

Test head moves

4]

bottle

or speedi@dpeed & matchmyg

{L]Speed Sensor (z-Axs)

speed (z-Axs)

&, Measure test head3=—++
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% Monitor your energy @

IT/OT — Smart Production Engine

) L 4 .
InSIghtS HUb )‘ SIEMENS Consumptlon SIEMENS
Insights Hub » Energy
A Monitor Manager

Factory (Energy Manager) ~

1,214.04K 425.33K

1

1,631.78 o 3,280
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New challenges across all industries

Future industrial
machinery needs to make
production more
sustainable and traceable.

1. Sustainability 2. Interdependent 3. Digital 4. Industiy 4.0/ 5. Smart Systems 6. Complexity
World Transformation Society 5.0 Growth

Adapted from INCOSE Systems
Engineering Vision 2035, p. 3
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Why should you use MBSE for Reengineering Industrial Machinery ?

Manage complexity of
industrial machinery

Break down machinery into models
and components for easier analysis
of specific system elements

Improved
Visualization and

Understanding
Provides a clear, shared

view for all stakeholders to
understand complex
interactions

Efficient Collaboration
Across Disciplines

Improve cross-functional
communication, reduces errors,
and aligns teams
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Model-based

Reengineering

Change Impact Analysis

Interconnected model structures
allow impact analysis of changes
across the system

Lifecycle Support
and Documentation

OC/ Provide a comprehensive

record of the system
throughout its lifecycle

Reduced Costs and Time

Early error detection, efficient
communication and simulation, and
the reuse of existing models reduce
time and costs for reengineering
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Thank you for your attention!

Q&A
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