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m Introduction to SGS Group
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+ Maere than 1,100 offices and laboratories -
- Present in 140 countries: P~
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= Complete independence, transparency and .
integrity are the core values of the SGS Group
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m SGS Wind Energy Global Network

= SGS Wind Energy Technical Competence
Centre

« Hamburg / Germany

= SGS Wind Energy Technical Offices
 Germany, UK, USA
« China, Spain, India

= SGS-TUV GmbH

= SGS Fresenius, SGS Gotfeld
- testing (NDT)
* Inspection (side, blade, manufacture)
- certification (project, TDD)
© monitoring sefvices |
for wind turbines in Germany /i

[\
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m SGS Wind Energy Staff

= 175 people world wide
= 10 wind energy staff in German office (HH)
= External experts with frame agreement
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proactive maintenance concepts
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What is the SGS Approach?

B Technical Due Diligence B Project Management
B Owner's Representative B Training

B Technical Consultancy B HSE Management

B Tender Support B Regulatory Compliance

Condition Monitoring
Failure Analysis

End of Warranty Inspection
Verification of Performance
Maintenance Management

Oil Analysis
Gear Box Inspection
Blade Inspection & NDT
Coating Inspection
HSE Management

Design Verification
Owner’s Representative
Tender Support
Technical Consultancy
HSE Management

Site Assessment

VL. IN-SERVICE 0. CONCEPTUAL

Functional & Safety Test
PHASE

Commissioning Survey
Final Acceptance Inspection

HSE Management
I. DESIGN
BASIS & SITE
ASSESSMENT

Design Verification

Construction Supervision L. SITE SPECIFIC Wind Turbine Blade Testing
Loading/Unloading Supervision Q"IL';‘_‘rfo:?I_?JQT'o" DESIGN OF WIND Vendor Assessment/Technical Audit
QA/QC Management & Inspection TURBINE & Owner’s Representative

FOUNDATION CE-Marking

Technical Consultancy
HSE Management
Risk Management

Marine Warranty Survey
HSE Management
Project Based QHSE Management 1Il. MANUFACTURING

Project Execution

L
Manufacturing Inspection
Wind Turbine Blade Testing
NDT
Expediting
QA/QC Management & Inspection
Risk Management
Project Based QHSE Management
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Proactive Maintenance Concepts

Project Certification On- and Offshore Wind
Farms

QA/QC Management and inspections

Design Approval Foundation

Risk Management Consultancy

Non Destruction Testing (NDT) Steel Design and
Blades

Approval Coating Plan and Inspection

Construction Supervision, NDT, Transformer
station, Foundation, Blades and Tower

Failure analysis, Subcontractor Audit
Measurement Data Verification

Laboratory Analysis Oil Sample and Metal
Sample

New Technology for Measurement and Install
I\/Ianagement (as Sample intellifast)
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Wind Turbines and Wind Farms Quality Issues
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Main Causes for damages on Wind Turbines

Site Specific Conditions not considered in the Design
Unforeseen Loads

Poor material quality

Wrong choice of materials
Specifications not followed
Manufacturing faults

Transportation damages

Improper mounting / fastening
Inadequate Service and Maintenance
Improper In-Service Condition Monitoring

Y

e
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S!;S Rotor Blade Monitoring —
Advanced Inspection Technology (1)

. Structural defects (incorrect bonding at LE
& TE and between  beam & shell,
Delamination, internal cracks)

. Infrared Thermography (IR)

o Ultra sound Testing (UT) -
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S!;S Rotor Blade Monitoring —
Advanced Inspection Technology (2)

Information from NDT Inspections:

Delaminalion  Dryarea  gicoat cisbond
Porosity

Thickness — iccing bond

W dth and placing
of adhesive

Missing adhesive
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Rotor Blade Monitoring —
Advanced Inspection Technology (3)

Ultrasonic Testing

Gel coat backwall echo

Fiber glass spar surface

- Gel coat backwall echo

- Fiber glass spar surface
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S!;S Rotor Blade Monitoring —
Advanced Inspection Technology (4)

Wrinkled, undulated glass
fibres are weak points in GFRP
(Glass Fibre Reinforced Polymers)
Materials/structures subject to
fatigue loading

24. Windenergietage Linstow 10./12. November 2015 13



S!;S Rotor Blade Monitoring —

Infrared
Thermography
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Visual Inspection

Outside surface defects

Flaking, Erosion, Cracks, open
structure, Sink holes and Pin
holes
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S!;S Rotor Blade Monitoring —
Pitch Angle Measurement (6)

Pitch Angle Measurement
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Drive Train Monitoring -

The time waveform of the measurement 'high speed shaft 12' shows pulses w
of the inner raceway defect frequency of the non driven high speed shaft beal
be an indication for an inner race defect.

SW12345 - 21-06-04 - time signal - high speed shaft 12

-300,
s 27,17 27,20 27,22 27,25 27,27 400,
high speed shaft bearing 2 larm The inner race of the bearing is seriously

damaged. The bearing has to be replaced to avoid
further defects.
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Drive Train Monitoring -

Vernolab HYDRAU-SERVICES

Damage detection in A

Internet Login : XXXXXXXX

planetary stage e - -

t d b . | | . Registration nr : 00137888 Sample number : 02388863
Suppor e y OI ana ySIS Component : BHY Date Sample taken : 09/04/000
Equipment desc. : HYDRAULIC Date of analysis : 19/04/000
Fleet no : 117 CHE Lubricant in use : SHELL TELLUS 46
Ref. ID: Lubricant (km/hr) : 15500
%Equipmem (km/hr) : 0,0* Top-up (1) : 0,0
CONTACTS:
Technician: Mr. TECHNIK Administration: Miss PENCIL Commercial: Mr. SELLER
Phone : Phone :
{Sample number 1874044 1876038 1876090 1876446 2385893 02388863
Date Sample taken 20/06h000 20/10hoox 22/01 00 14/05h000¢ 03/10A00 09/04/xxxx
Equipment life (kmh) 0.0* 0,0* 00* 00* 00" 0,0*
Lubricant fife (km/hr) 4000 6000 7000 10000 12500 15500
Top-Up (Ikg) 0,0 0,0 0,0 0,0 00 0,0
{POLLUTION
'WEAR
Pos 1104 (3pd’) VA (B 02— RN T Saiadd 00 [ | —
LUBRICANT
Diagnosis

The particle count results are safisfactory. However, we observe a
high millipore filtration result : presence of oxidation products on the
membrane (sludges, gums, lacquers).

The wear metals content is satisfactory.

The oil characteristics are within normal limits for this product.

We advise to treat the oil with a filtration unit and to check the
efficiency of the filtration system.
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Drive Train Monitoring - Video Endoscopy

Information from Video Endoscopy:

The time waveform of the measurement 'high speed shaft 12' shows pulses with a distance
of the inner raceway defect frequency of the non driven high speed shaft bearing. This could
be an indication for an inner race defect.

SW12345 - 21-06-04 - time signal - high speed shaft 12 L

= Visual impression of inspected components

= Validation of oil analysis and vibration measurement

results
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SGS.

Manufacture Inspectung
Supplier Assessment and Audit

W2




S! ;S Manufacture Inspection, Supplier Assessment
and Audit

The purpose of the supplier audit is to:

= establish confidence in that the components
produced are in compliance with specifications and
the manufacturer’s quality system.

= establish confidence in that components are
produced in such a way that they will sustain the
environment seen and function without failure in
specified life time.
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Manufacture Inspection, Supplier Assessment
and Audit

The scope of the supplier audit is to verify that:

= the documentation used for manufacturing of
components are sufficient taken into account the
actual process used.

= the quality plan, process flow chart, work instructions
and test instructions are sufficient and followed.

= processes are capable and kept within specified
limits

= the components produced fulfils the design basis
and that non-compliance is dealt with.

= documentation is under configuration control to
ensure traceability of parts produced.
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m Proactiv Maintenance Concepts for Wind Turbines

= Manufacture Inspection, Design Approval
and Audits

= Save your Risk and Approval Quality of Turbines,
Blades, Gearboxes, Generator and Foundation

= The Design are according to Site Specific
Conditions

= Turbulence and Distance of the Turbines

= Take care of Quality and Manufacture

= Observe the 1:10:100 Rule

= Park Leader Model for implementation
RCM Relifabbility — centred Maintenance
(Zuverlassigkeit-orientierte Instandhaltung)

= Technical Management Software and IPS-System

= Minimize Spare Parts

= Control Service and Maintenance

= Condition Monitoring (detective maintenance)
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In-Service Inspection Onshore — Visual
Inspection Foundation

. e B e e :'g':;r; S0
| PR improper sealing
2 SR S Gty
P Wl
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In-Service Inspection Onshore — Visual
Inspection Foundation

Cracks inside
cast down
part
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In-Service Inspection Onshore — Visual
Inspection  Tower

Defect painting Corrosion

Imperfection /%
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S!;S In-Service Inspection Onshore — Visual
Inspection  Safety Equipement

Safety rail
mounting
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In-Service Inspection Onshore — Visual
Inspection  Cables in Tower

Cables worn on
panel frame
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In-Service Inspection Onshore — Visual
Inspection Yaw System

Corrosion

Macro pitting

Broken teeth
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In-Service Inspection Onshore — Visual
Inspection  Gearbox

Macro pitting
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In-Service Inspection Onshore — Visual
Inspection  Gearbox

Macro pitting

=
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SGS In-Service Inspection Onshore — Visual
Inspection Main Bearing

Scaling on inner
race
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In-Service Inspection Onshore — Visual
Inspection Cables
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S!;S In-Service Inspection Onshore — Visual
Inspection Blades

Air pocket due to
iImproper glue filling

—

24. Windenergietage Linstow 10./12. November 2015 34



In-Service Inspection Onshore — Visual
Inspection Blades

Damages from
lightening stroke

E—
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Thank you for your
attention!

Minimizing Mantenance Cost
and Coffer your Risks.

Thank you.

Axel Schweighardt

SGS Germany GmbH
Infustrial Projects Division
Rodingsmarkt 16

D- 20459 Hamburg

Phone: +49 40 30 101 612
Mobile: +49 173 250 75 43
Fax: +49 89 1250406 8 612

internet: www.sgs.com/wind
email: axel.schweighardt@sgs.com
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