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The Siemens gas turbines portfolio: SIEMENS
The right engine for every requirement
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Power Generation / Mechanical Drive, Performance at IéO condition
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SGT5-8000H during assembly at Berlin plant

Efficiency:
= GT>40%
= GUDG61 %

With district heating
~85 %

Power:

« GT 425 MW
« CCPP 630 MW

Weight: ~445 t
Length: ~12,6 m
Diameter: ~5,5 m
Fleet: > 74 units
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SGT5-8000H Plant Lausward Duesseldorf SIEMENS
Press Release

Diisseldorf. Siemens hat am 22. Januar Das neue Erdgaskraftwerk ist am Netz
2016 das schlusselfertig errichtete Gas- und
Dampfturbinen (GuD)-Kraftwerk am
Standort Lausward im Dusseldorfer Hafen
an den Kunden und Betreiber Stadtwerke
Dusseldorf AG Ubergeben. Das Kraftwerk

wartet gleich mit cllrei neuen Rekorden Im Zusammenspiel mit Fernwarme erreicht das
weltweiten Vergleich 'auf. In einer Testfahrt Kraftwerk einen Wirkungsgrad von 85 Prozent
vor Abn?hrr:ekwgrdﬁ 'm I_BIOCk ,Fortuna” eine (bei Steinkohlekraftwerken liegt der Wert bei 45
maxma (tatel\/?V\J;nSC © Lhe'Stung von 603,8 Prozent). Dank umweltschonender Technik
egawatt (MW) erreicht, das ist eine neue werden im ersten Betriebsjahr 600.000 Tonnen

Bestmarke fur gin GqD—Kraftwerk dieser CO2 eingespart, im Jahr 2025 sollen es uber
Auslegung. Gleichzeitig wurde ein cine Million Tonnen sein

Wirkungsgrad von rund 61,5 Prozent
nachgewiesen — ein neuer Weltrekord

Das Gas- und Dampfkraftwerk ist ein Meister der
Wiederverwertung von Energie. Die
Reibungsverluste, die bei der Umwandlung von
Energie in Strom auftreten sind deshalb geringer
als bei anderen Kraftwerken. Durch das
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Key thermodynamic values for bolting design

|'~580° to ~650° C
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~440° C >10bar
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SIEMENS
Motivation

Und was heilt das im Kraftwerk vor Ort?

C U Sto mer req u i remen tS + Wegfall der Gewinnmarge -> Sparen, sparen, sparen ...

* bei beinflusshbaren Kosten wie Wartung, Reparatur
- Instandhaltung bei Versagen und Verschlei®
- Reparatur im Betrieb
- Ausfall auch gewinnsteigernder MafZnahmen

° I * Qutsourcing bis hin zu Personalabbau
EﬁeCtlve * Flexible, vielseitig arbeitende Mitarbeiter
* Reliable
. ¢ Technische Herausforderungen
* Aval Iable * Neubewertung von Sicherheitsfaktoren und Lebenszeit
. * Hinterfragen von Betriebsanweisungen und —erfahrung
i FIeX|b|e * Ersatzbrennstoffe und Brennstoffband
. * Dehnung von Prifintervallen
i COSt effeCtlve * Neue technische Ldosungen ...

Die Energiewende und die Rolle fossiler Kraftwerke
Dr. Lars Wiese, E.ON Kraftwerker

Leibnitz Universitat Hannover, Institut fur Turbomaschinen und Fluid-Dynamik (TFD)

Ringverlesung ,Transformation des Energiesystems” 23.04.2014 m

Pushing design closer to the limits to fulfill

the customer requirements
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SIEMENS
Motivation

With a classical deterministic approach it is difficult to fulfill
the customer needs.

Safety factors for every impacted parameter used

« Material distribution

« Boundary condition

« (Geometry variation

Probabilistic approach helps to fulfill the customer
requirements

Only a probabilistic approach can consider

the interaction of the impacted parameters

Restricted © Siemens AG 2017 WOST 201 7
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SIEMENS
Effects on structural reliability / availability

Material o—
Material scatter of properties and fatigue curve — e
Size effect also known as weakest link theory
Fni(n) =1 —exp —/( - ) (IA)
N( ) : ( A lvdct.

I?oadi-ngt e

ransien s
il

Environment s

Operation i

geometry’s effect
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SIEMENS
The idea

j|> Quantify geometry scatter and assess the effects on the

structural behavior and design life

How to:

« 3D-Scan existing geometries

Compare scanned and nominal geometry

Get the deviation of the actual geometry from the nominal geometry
Apply the deviation on a FE-Model

Compare scanned and nominal geometry and their utilization

|—'—l

Repeat for many different deviated geometries to obtain
representative data

WOST 2017
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SIEMENS
Challenges on scanning

Huge amount of nodes from 180° scan
Nodes > 23.000.000

« Limited access for one scanner position due to the size of the object

« Limited time to scan in the production process

« Limited sample size due to long lead times

« Capability to repair and defeature scans required
(actual with GEOMAGIC or GOM possible)

Improvement on scanning technic and

time wishful for daily user

Restricted © Siemens AG 2017 WOST 201 7
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Impression of laser scan measurement

- -
Photogrammetry system GOM Tritop in
combination with the GOM ATOS Triple Scan —
Blue Light Scanner.
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SIEMENS
Challenges on structure mechanic

3D FEA including bolting contact and thermal transient required for realistic stresses
for LCF assessment

840.000 Nodes
380.000 Elements

>30 GB Disc space required
~ 3 Days on medium HPC hardware —]
= Project time to run ~100 samples in robust analysis not feasible.

— Disadvantage! Loss of global secondary membrane and bending effect on sub
model.

Actual solution: use a sub model of the

90° FEA model

Restricted © Siemens AG 2017 WOST 201 7
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Challenges on structure mechanic
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1 $Tbmodel
840.000 Nodes 240.000 Nodes
>30 GB Disc space required ~7 GB Disc space per sample required
~ 3 Days on medium HPC hardware ~ 90 min on medium HPC hardware
= Project time to run ~100 samples = ~6 Days to run ~100 samples

in robust analysis not feasible.

Trade-off between calculation time and

result quality

Restricted © Siemens AG 2017 WOST 201 7
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Example of the sub Modell

SIEMENS

1909 68 (wen)

(] 4
— — —— =)
nan nase

Not machined surface.
Casting tolerance according ISO 8062
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Statistics on Structures — How it works

Scan

Statistics on Structures
(SoS)
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SIEMENS

Statistics on Structures — How it works

Page 17

2017-04-18

1 Sample = 1 Scalar value
for the geometry deviation
per node and per scan
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SIEMENS
Example of scanning results based on 8 samples

Mean deviation

Measured perpendicular to the surface coordinate; Normal vector direction

Restricted © Siemens AG 2017 WOST 201 7
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SIEMENS
Example of scanning results based on 8 samples

Standard deviation

Above
||

0.00e+00 II

Below

Basic statistic quantities can already be
obtained

Restricted © Siemens AG 2017 WOST 201 7
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SIEMENS

Example of scanning results based on 8 samples

Castlng tolerances according ISO 8062-3

54000 |5 6300 [ I | | I_ | |'_ "“l;'ﬁ[man'ﬁ"ﬁnu]mo 350440/ 560
56200 |5 10000

1101160(230]320]400]50,0]1640

Absolute deviation: Mean+3-Sigma (~99 73%)

Tolerance class n+1

Tolerance class n

Basic quantities show crltlcal Iocatlons for
quality checks
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SIEMENS
Method to work with limited sample size

Empiric random field > 100 scans

Semi synthetic field ~5 scans used to calculate mean
value and standard deviation. Field simulated at random
with mean an STDDEV from small number of scans

Full synthetic Random simulations based on experiences
from other projects or local CTQ records (critical to quality):
CTQ are standard of the quality process but only local and

can‘t include the full field information.

Decreased effort to Decreased effort to
collect data retrieve high quality
results

Compromise between effort to collect data and the result
quality needs to be discussed between the involved

parties before the project starts.

Restricted © Siemens AG 2017 WOST 201 7
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— i

— mean value

ati 2 P
‘1 shape #1
§ Spectral
3 decompos>

Linear combination of mean value and randomly scaled scatter shapes

erturbed < 1
p ! + ¢1 21+ %2 29+ %3 28+ Z 24+
geometry mean value shape #1 shape #2 shape #3 shape #4
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SIEMENS
Semi synthetic field

Linear combination of mean value and randomly scaled scatter shapes

/M<

N\

It‘s possible to create an arbitrary amount
of different geometry variations

Restricted © Siemens AG 2017 WOST 201 7
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Workflow / Theory

. Geomagic’

Model

P

RODUSL
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Workflow / Theory

SoS

optiSLang’

Post-

processing ) .E

<z

SoS
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Workflow / Theory
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o =) .
' Post-
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processing

<z

SoS Spectral

decomposition
Temperature disi/‘ribution

Above II

50% 'I

37.5%

25%

12.5% mp

Crrelation of geoetry scatter and

Classification: ECC EAR99 AL:N US-Content: No

Scatter %hape 2 Scatter Shape 1

temperature scatter

Technolo
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SIEMENS
Workflow / Theory

optiSLang’

SoS

Post-
N
processing )

Mean design life

A4

LCF-

Evaluation

Similarly, the workflow allows correlation

of geometry scatter and design life scatter

Restricted © Siemens AG 2017 WOST 201 7
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SIEMENS
Design Life

Mean design life Mean design life — Nominal design life

Nominal design life

Considering geometry scatter shows increased as well
as decreased design life > Assessment of nominal
geometry is globally a good approach

Restricted © Siemens AG 2017 WOST 201 7
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Design Life

Mean design life

Above II

2.50e- 01

2.08e- 01

o
Coef ficient of Variation: CoV = — | 16701
U

1.25e-01

pan'D node 86045 value

8.33e-02

417e-02 i-

0.00e+00

Below
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Design Life

-30 Design life

Minimal values for 99.7% of real geometries

Mean design life

Abovel u— 3.0

nat nndo QAAOO waluo

i}
parnt 0 node 86045 value |

|

0.00e+00

Below
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SIEMENS
Summary

« Synthetic random fields allow probabilistic assessment of structures with few available
scans

« Software allows correlation of geometry scatter and result scatter

« Correlation of input and output allows identification of locations of uncritical geometry
scatter with respect to design life. Tolerances can be adjusted accordingly.

« Easy statistical evaluation of the results plotted directly on the model in SoS
» Due to consideration of geometry scatter according safety factors may be adjusted
» Still some work to do...

* Increase of sample size
« Automatization of process

WOST 2017
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Thanks for your attention!
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Disclaimer

This document contains forward-looking statements and information — that is, statements related to future, not past,
events. These statements may be identified either orally or in writing by words as “expects”, “anticipates”, “intends”,
“‘plans”, “believes”, “seeks”, “estimates”, “will” or words of similar meaning. Such statements are based on our current
expectations and certain assumptions, and are, therefore, subject to certain risks and uncertainties. A variety of factors,
many of which are beyond Siemens’ control, affect its operations, performance, business strategy and results and could
cause the actual results, performance or achievements of Siemens worldwide to be materially different from any future
results, performance or achievements that may be expressed or implied by such forward-looking statements. For us,
particular uncertainties arise, among others, from changes in general economic and business conditions, changes in
currency exchange rates and interest rates, introduction of competing products or technologies by other companies,
lack of acceptance of new products or services by customers targeted by Siemens worldwide, changes in business
strategy and various other factors. More detailed information about certain of these factors is contained in Siemens’
filings with the SEC, which are available on the Siemens website, and on the SEC’s website,

. Should one or more of these risks or uncertainties materialize, or should underlying assumptions prove
incorrect, actual results may vary materially from those described in the relevant forward-looking statement as
anticipated, believed, estimated, expected, intended, planned or projected. Siemens does not intend or assume any
obligation to update or revise these forward-looking statements in light of developments which differ from those
anticipated.

Trademarks mentioned in this document are the property of Siemens AG, it's affiliates or their respective owners.
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