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Power and Gas — a powerful player within Siemens
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Renewables
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Power and Service presence —

SIEMENS
Close to customers all over the world lngenuity for life

Berlin, Erlangen, New equipment manufacturing sites
Muelheim | complemented by dedicated service sites worldwide
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The heart of a power plant — Siemens heavy-duty gas turbine SIEMENS
’h%hui(yfor(i{t

Proven

technology
S = Highest reliability: > 99%

= Power output between 117 and 564 MW

>1,000

_ = Highest efficiency: 61%*
gas turbines
= Environmental friendliness with lowest

delivered in emission values
more than

60

countries

= Flexibility

In Berlin, we generate customer benefit

N . - i .
Unrestricted © Siemens AG 2017 Combined cycle efficiency SGT-8000H series
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Siemens has more than 65 years experience

In gas turbine technology

1961

Commercial operations of
VM 80: World’s largest single-
shaft gas turbine (23.4 MW)

1904
Foundation of
turbine factory
Berlin Moabit

|
|

1948

Muelheim

Start of gas
turbines R&D
activities

1972

Berlin

1st gas turbine for power

plant 62.5 MW (V93.0)

I
Kraftwerk Union AG

1969

Foundation of
Kraftwerk Union AG
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Delivery of V94.2 gas Merger with Westinghouse
turbine (148 MW) — today

known as SGT5-2000E

World‘s largest GT,
efficiency record

SGT5-8000H

World’s most powerful
gas turbine 116 MW

15t SGT5-4000F

3D Metrology Conference

SIEMENS
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2016

Berlin
Shipment of the

1,000t gas turbine

and

World’s most
efficient combined
cycle power plant

2015

Opening
Clean Energy
Center

Test center for
components
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Technology that matters — proven, reliable, innovative SIEMENS
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2016 61.5%

1999

1991 5090

SGT5-8000H

SGT5-2000E SGT5-4000F (intro) SGT5-4000F (latest upgrade) SGT5-8000H (intro)

CCPP Killingholme CCPP Cottam CCPP Mainz-Wiesbaden CCPP Irsching 4 CCPP Lausward Fortuna
2x1 [ 2 x 450 MW 1S / 390 MW 1x1 / 405 MW 1S /578 MW 1S/603.8 MW

Il
25 years of world-class combined cycle performance

Reference examples | All performance data based on ISO conditions on site
Unrestricted © Siemens AG 2017
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file://ww007.siemens.net/w708/Proj/Besuchermanagement/09)  Filme/Projekte/Dangjin 3 power plant (formerly Bugok 3).mp4

The new HL-class: SIEMENS
An evolutionary development step from proven H-class design lngenuity for life

HL-class: Technology carrier to 65 %

« Continuing the leadership trend in proven,
high-efficiency, air-cooled large gas turbines

» Pushing efficiency and performance to the next level

* Optimized for lowest lifecycle costs and
operational flexibility

Joined DNA based on proven H-class design

SGT5-9000HL / SGT6-9000HL / SGT5-8000HL

 Air-cooled * Hydraulic Clearance
- Hirth serration and single Optimization (HCO)
tie-bolt rotor - Steel rotor
« 3D 4-stage turbine « Can annular combustion
system
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Current Process SIEMENS
’hg%uffyforb{t

Procedure is applied for each measurement step

+ Wait for lubricant disappearance

* Put on and secure climbing harness

Preparation

» Install ladder and climb into machine

- Diameter: inside micrometer screws

* Length and groove width: sensor and plunger equipment
Measurement _

« Groove depth: caliper gauge

- Remove ladder and put measurement devices in boxes

* Climb out of machine and harness

-+ Calculate measured values and type into tool wear

Data Transfer « Store measuring data on paper sheets

Unrestricted © Siemens AG 2017
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Motivation SIEMENS
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Machining interruption for each
measurement step

Machine operator has to measure
manually

Workplace safety is worthy of
Improvement due to certain
circumstances within measurement
operation in large casing part

Several measurements tools have to be
used inside the part

- Measurement process plays a large
part in the total processing time

Unrestricted © Siemens AG 2017
Page 11 2017-10-11 3D Metrology Conference Nico Lehmann / Power & Gas Division




Content SIEMENS
Ih?ehuifyforbft

01 Introduction — Siemens Division, Production Location, New Product
02 Current Process — Manual Measurement

03 Future Process — Automated Measurement

04 Results and Challenges

05 Outlook

Unrestricted © Siemens AG 2017
Page 12 2017-10-11 3D Metrology Conference Nico Lehmann / Power & Gas Division



Future Vision

SIEMENS
’hgbhui\‘y-forufe

« Traceable on-machine measurements of gas turbine parts

» Use tactile measurement probe for automated on-machine measurement process

« Establish appropriate monitoring system in order to ensure required measurement process quality & stability

Calibration routine
Calibration routi

Temperature com
stability of measu

Unrestricted © Siemens AG 2017
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measurement probe
chine tool

ation for continuous
nt process

3D Metrology Conference

Knowledge about systematic and random
errors in order to determine process
capability of machine tool for on-machine
measurements

Compensation of influential factors

Ensure measurement process stability

Challenge

Nico Lehmann / Power & Gas Division



3 Factors to obtain reliability and accuracy SIEMENS

Iug,wuifyfor&{g
Machine tool monitoring
Measgsénent Machine tool + Ensure no changing in position accuracy
calibration monitoring - Perform appropriate machine tool calibration

routine

Measurement probe calibration
- Determines diameter and length of measurement
probe in fact of wear or damage

Reliability
Accuracy

Temperature compensation

+ Mandatory to ensure measurement capability in
T EAIE the entire temperatgre range
compensation - Selects compensation tables based on present
temperature of axes
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Theoretical determination of machine tool capability

Z-Axis positioning error (EZZ - 1SO 230-1)
Determine theoretical capability for

on-machine measurements by
calibrating machine tool:

¢ 17.11.2016 (24,3°C, compensated)

17.11.2016 (24,3°C)

360
Z-AXxis positioning error (EZZ) is

the major influencing factor for 5 um
positioning errors in Z-direction =
§S

. L . = 120
Z-Axis positioning error (EZZ) in GE)
November is about 40pum/m S

O 0

Z-AXxis positioning error in -120

-4000

November is compensated
significantly
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-3000  -2000

Z-Axis Position

mm

SIEMENS

IM#%uify for Uft

Calibration of
machine tool:

Large vertical turning
center, Waldrich
Coburg

Geometric Error
(ISO 230-1):

EZZ (Positioning error
of Z-Axis)
Measurement device:
APl XD-Laser

Nico Lehmann / Power & Gas Division



Practical verification of process capability SIEMENS
Iug,ehui(yfor&}[g

Process capability (ISO 22514-7) for challenging measurement feature

Practical verification of process

capability for on-machine

measurements by measuring

repeatedly with touch trigger probe:

Feature 1 (F1): Length measurement

Upper |
* As a characteristic the Tolerance
measurement probe and the tool <
holder were changed after each ﬁ
measurement
Lower
- Feature is closely tolerated Tolerance |
(<0,1mm) _ . _
Cg = 1,64; Cgk = 1,56
* Process capability is about 1,64 Remark: The illustrated feature is not showing actually measured feature.

—~ Process is capable (c,>1,33)
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Practical verification of minimum process capability SIEMENS
Iug,u/\ui\‘y-for(,«}[e
Minimum process capability (ISO 22514-7) typical measurement features
Comparative measurements with |
laser tracker and conventional
measurement method are performed
as reference for minimum process
capability:

diameter

Laser tracker is not suitable for
measurement task

F4

Compared with conventional
measurement method the
process is capable (¢, >1,33) for
almost all measured features

Remark: F1-F4 are typical measurement features
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Determination of temperature stability

Z-Axis positioning error (EZZ - 1SO 230-1)
Determine temperature stability for
on-machine measurements by

calibrating machine tool on different

A 20.06.2017 (30,5°C)
17.11.2016 (24,3°C)
¢ 17.11.2016 (24,3°C, compensated)

el

dates: 360
Z-AXis positioning error in S um
November is about 40um/m =
Z-AXis positioning error in =
June is about 80pm/m E e

o
Changes in temperature have a O 0
major influence on positioning
errors of machine tool axes -120
Temperature range for capable -4000

measurement of closely tolerated
feature F1 is about £1,5°C

Page 19 2017-10-11 3D Metrology Conference

-3000  -2000

Z-Axis Position

mm

SIEMENS
Ib\g«%uffy«for&‘ft

Calibration of
machine tool:

Large vertical turning
center, Waldrich
Coburg

Geometric Error
(ISO 230-1):

EZZ (Positioning error
of Z-Axis)
Measurement device:
APl XD-Laser
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Outlook SIEMENS
Iv\g,ev\uify-for&{e

Implement the 3 factors to obtain
reliability and accuracy for on-
machine measurements.

Next Steps:

» Collect more measuring data for
gualify automated measurement
process

* Implement developed solution for
temperature compensation

« Establish calibration routine with
laser tracker as monitoring concept
for machine tool
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Project Setup SIEMENS
Ih%hui(y{or(ift

« This project is carried out in
cooperation with the Laboratory for
Machine Tools and Production Traceable on-machine measurements
Engineering (WZL) of RWTH
Aachen University

* MCoE is a funded project with the
title: Development of manufacturing

technologies for future and ME SIEMENS
competitive gas turbines fug.u\uify for life

Philipp Dahlem, M.Sc. Nico Lehman, M.Sc.

GIMLENWNENTY Project is partly financed by Project

fur Wirtschaft . T
und Energie Management Julich (PtJ) within the

framework of the MCoE Projects — Siemens
Manufacturing Center of Excellence.
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SIEMENS
Contact Page lngenuity for life

Nico Lehmann

Siemens AG

Power and Gas Division

PG PR R&D TEC MMT ET MC
Campus Boulevard 79

52074 Aachen, Deutschland

Tel.: +49 173 2196724

E-Mail:
hico.lehmann@siemens.com

siemens.com
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SIEMENS
Disclaimer lngenuity for Uife

This document contains statements related to our future business and financial performance and future events or developments involving Siemens that may
constitute forward-looking statements. These statements may be identified by words such as “expect,” “look forward to,” “anticipate” “intend,” “plan,” “believe,”
“seek,” “estimate,” “will,” “project” or words of similar meaning. We may also make forward-looking statements in other reports, in presentations, in material
delivered to shareholders and in press releases. In addition, our representatives may from time to time make oral forward-looking statements. Such statements are
based on the current expectations and certain assumptions of Siemens’ management, of which many are beyond Siemens’ control. These are subject to a number
of risks, uncertainties and factors, including, but not limited to those described in disclosures, in particular in the chapter Risks in Siemens’ Annual Report. Should
one or more of these risks or uncertainties materialize, or should underlying expectations not occur or assumptions prove incorrect, actual results, performance or
achievements of Siemens may (negatively or positively) vary materially from those described explicitly or implicitly in the relevant forward-looking statement.
Siemens neither intends, nor assumes 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, its affiliates or their respective owners.

TRENT® and RB211® are registered trade marks of and used under license from Rolls-Royce plc.

Trent, RB211, 501 and Avon are trade marks of and used under license of Rolls-Royce plc.

” o ” o«

Mk, ” G

Page 24 2017-10-11 3D Metrology Conference Nico Lehmann / Power & Gas Division



