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Henning B. Jokumsen Kim Schmidt Petersen Alan Carter Lee Butcher
Chairperson Vice Chairperson GE Renewable Energy Siemens Gamesa LM Wind Power
Vestas Wind Systems KK Wind Solutions Renewable Energy

Jan Hylleberg

Observer
Wind Denmark
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Secretariat

Secretariat

Kim Nedergaard Jacobsen Sisse Vejen Storgaard
General Manager Head of Secretariat

Marie-Louise Kollner (Mary-Lou)
Communications and Administrative Assistant
Marketing Consultant
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Country Ambassadors

Country Ambassadors

@

Germany Poland Spain India India
Henning Hecker Karolina Zielinska Raquel lzuriaga Rangegowda MR Vinayan EP
Siemens Gamesa KK Wind Solutions LM Wind Power KK Wind Solutions Vestas Wind Systems

Renewable Energy
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China China Brazil USA & Canada
Wendan Ding Jigiang Ye Zhenming Yang Irineu Costa Ike Anyanwu-Ebo
Vestas Wind Systems Goldwind LM Wind Power Aeris Energy Vestas Wind Systems
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Manual & Toolbox
Working Group

Working Group
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Henning Hecker Amanda (Xiang Wei) Carl Liverfors Dev Anand Prakash Eric Lacerda de Araujo Ike Anyanwu-Ebo
Group Lead Goldwind Vestas Wind Systems Siemens Gamesa LM Wind Power Vestas Wind Systems
Siemens Gamesa Renewable Energy

Renewable Energy

Irineu Costa Karolina Zielinska Stone (Lilei Han)  Sven-Erik Adamsen Valdir Vidal Vinayan EP
Aeris Energy KK Wind Solutions Goldwind Nissens Cooling Solutions Aeris Energy Vestas Wind Systems
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Company Members

Over 30 Company Members
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Read more about how to become a member on www.apqgp4wind.org
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https://www.apqp4wind.org/medlemmer%28cn%29

Training Providers

World-wide training setup

Carefully selected training Suppliers DNV-GL

ini (VERITAS |
Mandatory training courses to become an Al

approved APQP4Wind Supplier

Seller ot APQP4Wind Manual Contact our Training Providers here

APQP @ VvVind


https://www.apqp4wind.org/training/sign-up-training

Status on Global Implementation of APQP4Wind

CERTIFICATE

This is to certify that:
<certificate.person>

has successfully completed the
APQP4Wind Internal Auditor training,
including a written examination,

The course consists of 2 days and includes the following topics:
Understand the APOP4wind processes, framework, and requirements
identify key risk and opportunity along the APGP process
Reflect on how the implemented quality system can support
the APQP process to the largest extent

Git verum nihit pliscie nimilla ndiciam eosandi tascto con et, officiet modit elicae
quiam consequi cati tescianihit duntio ictiat omnis nem voless
doluptat verum quia sit aborem est, ut rempore con eos resectoribus eaqui quam APOQP @ Wind

dus voluptat extectu

cerificata issuad by course provider:
—) 4= DNV GL
. /'"{ A faen Tuborg Parivaj &

2900 Hellerup, Denmark
¥im Nedergaard Jacobsen
General manager, APOPawWind

=onver APQP4Wind Manual

<MWy
- Examination: . Advancad Product Quality Planning Marual for the Wind Industry
E:cemr _iSsueddates valid until: <certificate.expirydates
% Certificate no * coertificate certnas
A,

APQP @Wind

2300 course participants 650 companies with 4500 Manuals
certified employees sold worldwide
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Global Training Deployed in 34 countries

Denmark Mexico
Turkey Italy
Sweden Brazil
United Arab Emirates France
Norway Argentina
Czech Republic Estonia
Finland USA
Serbia Lithuania
Germany Canada
South Africa Poland
Netherlands Japan
India United Kingdom
Switzerland Korea
China Spain
Belgium Vietnam
South Korea Portugal
Austria Ecuador
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Webinar Instructions

Duration: 45 minutes

You are welcome to write questions in the chat function during the presentation

Questions will be answered in the Q&A session

The webinar will be recorded and published on the APQP4Wind website along with the
presentation material

You will receive an e-mail with links to both the recordings and presentation material after the
webinar

APQP @) \W\Wind




Presenters

Bent Weibel, Senior Lead Auditor, DNV GL

With a background of more than 30 years of international experience in management and quality
functions in automotive, renewable energy, medical device and certification do | have a solid
knowledge and experience base to assess, support and lead the development of quality in product-,
process- and business-related processes

lvan Mikkelsen, Lead Auditor and Product Manager, Bureau Veritas

With a background in a business- and statistical education, more than 30 years of experience in
qguality and management functions in automotive, renewable energy, packaging and certification,
and many years experience in providing training, | am focused on how systems and risk

management help companies to develop competence and meet their strategies in a global market
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Risk Management in the Wind Industry

Types of risk facing a project APQP4Wind - responses
STRATEGIC - Voice of the customer
Fit of project to direction — understand
market needs Kick off meeting
FINANCIAL - Feasibility review
Business case, investment, profitability,
robustness

APQP @ \WWind



Risk Management in the Wind Industry

Types of risk facing a project APQP4Wind - responses
TIME - Product Quality Plan
Prepare and deliver design and process
on time Special characteristics
TECHNICAL — DFMEA
Product risk related to design and
manufacturing process PFMEA

APQP @ \WWind



APQPA4WIind: Risk - Control by use of FMEA

Customer
Requirements

Customer Specified Process Flow Chart

Special Characteristics n

The DFMEA responsibility and

1 control depends on type of the

: project In case of Manufacture to
I Specification/Material Processing
: Supplier, Customer makes and

: controls DFMEA.

1

1
: The special characteristics

| communicated by Custorner

: to Supplier as part of Customer
I requirements as a minimum.

: In case of a Design Responsible
1 Supplier it is Suppliers responsibility

i to make and control DFMEA. :

P —————— - H
1 All documentation generated

| should have a unique identifier
i.e. process D

1

1

Work Instructions Process Capability 1 :
i i

Process ID Process ID : This ensures consistency :

: throughout the documentation and:

1 links Customer requiremnents and :

1

| operational ta sk/documents.
e e a
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Failure Mode & Effect Analysis - (FMEA)

What is the FMEA Team of

experts

Failure Mode and Effects Analysis, FMEA ’

Effectiveness
analysis Gather data

IS an analytical methodology used to

ensure that potential problems have been 9

considered and addressed throughout

the product and process development Pltaoy "and cause.

actions identification

pProcess

Criticality
analysis

APQP 4)vVvind




Faillure Mode & Effect Analysis - (FMEA)

Current Control Action Result

1. Identify the function and it's requirements 6. Identify actions to eliminate or mitigate the risk /

2. ldentify the failure mode, it's effect and severity R.N. to an acceptable level

(Sev.) 7. Assign responsibility and set due dates
3. Identify the cause mechanism and occurance 8. Follow up and have the actions implementation
(Occ.) verified for effectiveness

4. ldentify preventive and detection controls (Det.)

5. Rank the risks by their Risk Number (R.N.)

Current Design Controls Action Results
Item/Function Requirements |Potential Failure Mode |Potential Effect(s) of Failure Sev Class Potential Cause(s)/Mechanism(s) of Failure Controls Occ Controls Det R.N. R.P.N. Recommended Actions Responsibility & Target Action Sev Occ Det R.N. - R.P.N.
1 1 Prevention Detection Date s

Taken
7N\ 7N\ 7N\ 7N\ \ ( \ ( \
| ) | ) | ) | ) . . )
\1/ \2/ \3/ \4/ <6/ \7/ \8/

cocooococoooo
ococoocooooo
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Faillure Mode & Effect Analysis - (FMEA)

APQP4Wind -
Risk Priority Matrix

How to prioritize actions

Prioritization helps the design team and organization to define focus
areas and iniciate actions to eleminate or take the risk to an acceptable
level:

Give priority to
Safety Special Characteristics then
Product Special Characteristics and
Process Special Characteristics
Drive the risks from the Red to the Yellow and Green area

WE ADD VALUE BY DRIVING ACTION
BE QUALITATIVE IN YOUR ASSESMENT OF THE FMEAs

Risk Number ............. RN = Severity x Occurrence
Risk Priority Number ... RPN = Severity x Occurrence x Detection

Severity = 9 and Occumence =1
OR The Risk Mumber, RM = 63
OR The Risk Priority Mumber, RPM 2 505

g

Risk number anything between RED and GREEM in below rmatrix

The Risk Murnber, RN =12

Occurrence

20

30

27

24
Fal
L

40 50

36 45 5.

2% 35

24 30
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Faillure Mode & Effect Analysis - (FMEA)

DFMEA and PFMEA in the APQP4Wind framework

APQP4Wind Phases Plan and define program | Product design and
development

Product design Process Design and Process verifcation Product and process PPAP approval and
verification Development validation update

Start FMEA planning in Start DFMEA when the
concept phase before desing concept is well
product development understood

begins Information flow

from DFMEA to PFMEA.

The DFMEA and PFMEA

should be executed during

the same period to allow

simultaneous optimization  Start PFMEA when the
production concept is well
understood

Complete DFMEA analysis prior to release of Complete DFMEA Update DFMEA and/or
design specification for quotation actions prior to start PFMEA in case of changes

of production tooling to product or processes
Complete PFMEA analysis prior to final process definitions Complete PFMEA action

and update prior to PPAP







Design Failure Mode & Effect Analysis - (DFMEA)

DFMEA DFMEA Output

DFMEA, Design Failure Mode and Effects Visualization of systems, sub-systems, their

Analysis is aimed at identification of and interaction, potential failure and effects to:

prevention and mitigation of: Enable product design improvements

Enable design of robust manufacturing and

Safety and or regulatory concerns
assembly processes

Product malfunctions o _ _
|dentification of design functions and

characteristics for the verification and validation
plans

Reduced product performance and life

Customer dissatisfaction

|dentification of Special Characteristics

Critical to Safety and Critical to Function

APQP @) \W\Wind






Process Failure Mode & Effect Analysis - (PFMEA)

PFMEA PFMEA Output

PFMEA, Process Failure Mode and Effects Visualization of process and sub-processes, their
Analysis is aimed at identification of and interaction, potential failure and effects to:
prevention and mitigation of: Enable process design Improvements to ensure

robust manufacturing and assembly processes
Process related failures and their effect
|dentification of process inspections for the for the

Non-conformance and quality cost control plan

process control

Customer dissatisfaction o _ o
|dentification of Special Characteristics

Critical to Process

APQP @) \W\Wind
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TIMING

DO DO NOT
Initiate and process the FMEA along with Wait with FMEA until the product
the progress of the project development and/or preparing the process is

nearly completed

Make sure that the FMEA's are

connected to the control plans Wait with FMEA until the customer start
asking for a PPAP

Make sure that improvements suggested

during the FMEA work are collected and

adressed

APQP @) \W\Wind



PREPARATION

DO DO NOT
Scope what should be in the FMEASs Rush through the analysis without
where and when to start and stop information or based on assumtions
Spend time to understand the function, Replicate similar analyses without reflection
intent and risk of the product — ask for and justification
Inputs

Ask for/create p-diagram (DFMEA ) or
process flow chart (PFMEA)

APQP @) \W\Wind




Mechanical/Chemical specs

Mechanical

= Dimentions of parts (Thickness, lenghts, geometry,
design)

Chemical

= *Material- steelquality (type)

= *Surfacetreatment /Hardening

Assembly specs.

= *Torque dimensions and specs

Inputs

Load types:

= Horizontal

= Vertical

= |nteractions
= Vibrations

)

Main Bearing

Noise factors

Preparing the DFMEA Parameter (P) Diagramme

Failure modes

Functional

= Particles falling of

= Cracks /breaches

> Increased wear > Premature break down

Non Functional
= Leaking grease or oil

Outputs

= Adapt loads
|:> = Stabilize rotation
= Reduce and balance friction

Usage

= Extreme operation

= Security stop and idling

= Regular stops - position

= Service: Accessibility, operation, safety, risk of damage
= Interacting liquids

System Interactions

= Impact and vibrations from tower, nacelle, and blades

Piece to piece variation

Material-variations
Part -tolerances

Manufacturing/Assembly
= Torque

Dirt, particles

Changes over time

= Fatigue

= Erosion

= Corrosion
External environment
= Vibrations

= Flood , earthquake
= Climate variations




TEAM DEFINITION

DO DO NOT
Set up a crossfunctional team with a Let 1-2 quality specialists perform the FMEA
qualified and available "driver” alone

Motivate and brief the participants as
needed

APQP @) \W\Wind



COMMUNICATION

DO DO NOT
Inform and coordinate progress between Hold special risks or concerns back for
customer and supplier handling yourself

Keep all relevant parties updated
concerning Special Characteristics — also

when risk changes

Appreciate openness, even when the
topics is concerns

APQP @) \W\Wind




TECHNICAL QUALITY IN EXECUTION

DO DO NOT
Make sure you are handling as failure List only product defects as process failure
modes real challenges /risks for the modes

design/ process

Start from scratch for every new product —
Do not extend the list with hypotetical the processes are most often the same
ISsues

Leave the risk analysis up to suppliers
Prioritize special characteristics providing the manufacturing technology

Use knowledge from previous design and
existing processes

APQP @) \W\Wind



CULTURE AND LEADERSHIP

DO DO NOT
Create a top —management mentoring Allow the voices from the project cemetary to
decide your priorities ("FMEA does not work
Promote good results and team efforts here”...)
Allow learning to take place before Accept key persons neglecting participation

expecting breakthroughs

APQP @) \W\Wind






A LOOK INTO THE FUTURE
OF RISK MANAGEMENT
& FMEA
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A look into the future of Risk Management and FMEA

The FMEA process we know, is under change
What is the focus of the new AIAG and VDA FMEA:

AAG

do and Effects Analysis

Introduces a comprehensive Seven-Step Systematic approach PR Mook

Introduction of AP, Action Priority —
Ranking potential failures into Priority HIGH, MEDIUM and LOW

Introduction of FMEA-MSR, Monitoring and System Response
Linking functional safety ISO 26262 to the FMEA

AIAG-VDA FMEA 7-Step Process

STEP 7

Results
Documentation

STEP 2

Structure

Analysis Optimization

‘ System Analysis Failure Analysis and Risk Mitigation ‘ ‘ {qmnmﬁlfcatiun ‘

APQP @ Wind




Key Take Aways

1
Implementing APQP4Wind is a strategic decision

2
Implementing FMEA is Key to succesfull implementation of APQP4Wind

3
Implementing FMEA will often be a cultural change, which is unlikely to happen without
meeting resistance and consistent management intent in response

APQP @ Wind




BUREAU VERITAS| APQP4Wind

PROFESSIONAL TRAINING PROVIDER e

Professional training provider in APQP4Wind worldwide.
Bureau Veritas has the experience, know-how and
technical expertise to improve your productivity and
performance through trainings and workshops.

Bureau Veritas is one
of the worlds leading
companies in testing,
inspection and
certification.

APQP4Wind trainings has been All trainings can be

delivered in Denmark, Germany, delivered as open

Turkey, Hungary, Spain, China, US,  training, in-house Close to 80.000
South Korea, Japan, India etc. or online * employees.
English, German, Chinese and Danish native ;rﬁi':\g'i:s4awmim°ﬁisgtgw§ 19, 400.000 customers in
speaking trainers with decades of hands fremrerio o bedas o e 140 countries.

on experience in APQP and its’ tools

1.500 offices and
Experience in implementing and facilitating FMEA at Wind laboratories.

Power companies incl .OEM’s.

Strategic screening workshop to check your companies
challenges in the Wind market, and establish actionable first
steps towards APQP4Wind is offered

More info and
enrollment

Watch our
APOP4Wind Video

Ivan Mikkelsen | +45 2520 7179 | ivan.Mikkelsen@bureauveritas.com. Peter Worck | +45 2250 6708 | peter.worck@bureauveritas.com | kurser@dk.bureauveritas.com
.



https://www.youtube.com/watch?v=z70tMEl_ok0
https://www.bureauveritas.dk/en/needs/training-courses-apqp4wind
mailto:ivan.Mikkelsen@bureauveritas.com

DNV GL APQP4Wind Academy

1400 certificates issued

Trainers

Highly skilled and competent trainers for delivery of
APQP4Wind training world-wide. All trainers have many
years of experience in the Wind Industry and lead auditor
experience within the Wind Industry

Local language speaking trainers in: English, Danish,
Chinese, Portuguese, French, German

Number of trainers Americas: 2
Europe: 4

APAC: 2

Classroom and Virtual Training

APQP4Wind Management Awareness (1 day)
APQP4Wind Specialist Training (4 days)
APQP4Wind Internal Auditor (2 days)

APQP4Wind Awareness Training for
Employees and Train-the-Trainer (1/2 day)

QA Maturity Assessment

DNV GL have developed the first scheme for Maturity
Assessment in the market

You will receive a high-level assessment of your
current compliance to the APQP4Wind requirements

You will receive a report helping you identify and
prioritize areas of improvement

Info and Training Calendar

&

See our global training calendar
www.dnvgl.com/APQP4Wind

Birgit Lund Nielsen
Training Manager
Birgit.lund.Nielsen@dnvgl.com

DNV GL ©

DNV:-GL
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APQP4WInd Secretariat

contact@apdgp4wind.org

Kim Nedergaard Jacobsen  knja@apgp4wind.org

8 Sisse Vejen Storgaard svs@apgp4wind.org
Marie-Louise Kollner mk@apgp4wind.org
Xi Jingchen (Christina) Xjc@apgp4wind.org

m APQP4Wind




