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Mechanical Systems

SMART Wind Subgroups

® Rotor, hub, mainshaft, mainframe; rotor connection to

generator, generator support
» Tower top/bed plate, tower adapter
¢ Shafts
e Bearings
® Braking system

Support Structures
e Tower
e Access ladder
¢ Foundation
e Achoring system
® Permitting

® Gearbox

® Pitching system
e Furling system
® Yaw system
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Composites
e Anything using fibre-reinforced or
carbon resins including:
e Blade * Nosecone
® Nacelle housing * Tower

Electrical Systems
® [nverter * Magnets
¢ Controller ® Bus bars
¢ Alternator o Slip rings
¢ Power electronics e Interconnection
® Generator ® System monitoring
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Reminder: Although we are trying to focus on issues through subgroups,

this is a complete wind turbine SYSTEM
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Another reminder:
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notecards
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Mechanlcal Opportunities from OEM Steering Group

Aeronautica Windpower: opportunities with castings

'Tm Bergey Windpower: process improvements, automation

WINDPOWER

Black Island Wind Turbines: castings, small volume automation

® DAKOTA  Dakota Turbines: lean manufacturing techniques

TURBINES

2 . . . . .
Q“Q.HQ%Q&&‘ Endurance Wind Power: Just-in-time, making parts less expensively

> . . .
EO(_:':??EF_E_ Eocycle Technologies: Low volume manufacturing is challenging

ﬂ Northern Power Systems: reducing labor, flexibility, just-in-time

Northern
ssssssssssss

Pika Pika Energy: opportunities with castings

ENERGY

primuswindpo Primus Windpower: US sourcing sometimes involves design change

VENTERA WIND

Ventera Wind: opportunities with castings

xzeres. Xzeres Wind: design changes an certification
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Global supply
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How do mechanical parts rank
INn % of BOM costs?
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Aeronautica AW-54-750kW BOM

o ame
Nacelle/Mainframe
Tower
Blades [N
Gearbox -
Controls
@ Vechanical
Generator () Electrical
@ Composites

Nacelle fairing, spinner |
Hub |

0%  10%

() Support Structures

200 30% 40%
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Black Island 48V HR3 Top Level BOM

Complete alternator

Saddle Assembly

Variable axis rotor control system (VARCS)
Stub Tower Assembly

Complete Rotor - blades, hub and fasteners
Electrical Regulation and Controls

Optional I, C, P monitoring

Optional Installation and Technical Support

Optional data logger
.Mechanical

() Electrical

@ Composites

.Suppurt Structures
Other

Electrical Conditioning Kit

Transportation Package

Manual Shutdown System

Optional vane

Optional anemometer

Documentation

Tail Assembly

Lubrication and Maintenance kit

0% 5% 10% 15% 20% 25%
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Endurance E3120

% of BOM cost

Tower

Gearbox

Blade Set
Remaining items
Control Panel 1
Bedplate
Generator
Control Panel2
Blade Holder
Fairing

Control panel 2
Main Shaft
Slew Ring

Main bearings and pillow blocks
Rotor Hub

Yaw Drive and Motor
Anemometer

Guide Bushing

@ Vechanical

() Electrical

@ Composites

() Support Structures
Other

Brake Calipers
Turbine base
Shipping Skid

Coupling

Disconnect Switch
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Eocycle 25 Top Level BOM

120 ft monopole tower

Foundationsfor 120t monopole

GeneratorfAlternator
Blade Set
Lightning rod & arrestors, sensors, wiring...
Inverter
Control Panel
Yaw Ring, Drive and Motor

Oth .
= @ Mechanical

) Electrical

@ Composites

() Support Structures
Other

Bedplate

Rotor Hub

Emergency Braking System
Fasteners & anchor bolts

Coupling

Main Shaft

Nacelle

Downtower wiring, droop cable
Bearings, bushings and pillow blocks
Anemometer/vane

Shipping Skid, Container, etc.

Mosecone

0%

0
&=

10% 15% 20% 25%
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Pika T701 BOM

100' guyed tower complete

Inverter

Disconnect, wire, conduit
Nacelle

Magrotor & Emergency Brake
Alternator

Controller

Blade Set

Yaw shaft, bearing

Tail vane and boom

Rotor Hub

Packaging, Manuals, Hardware .Mechanical

() Electrical

@ Composites

(@ Support Structures
Other

Nacelle shroud

Main shaft

Nosecone

Front cover

0% 5% 10% 15% 20% 25% 30% 35% 40%
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Primus Windpower Air BOM

Labor, packaging, smaller hardware

. .
items, etc.
Controller  [INEG—_—
Alternator  [INNEG_——
Nacelle
Yaw shaft and bearing || Gz
@ echanical
Blade Set I () Electrical
. 0 @ Composites
osaConeg
() Support Structures
Rotor Hub || Qther

0% 5% 10% 15% 20% 25% 30% 35%




Ventera Wind

Generator/Alternator
Nacelle--MainFrame Cast Alum.

Blade Set

Rotor Hub-Governor Assembly
Cast

Assembly Labor

Disconnect, Brake Switch,
Breakers

Nosecone—Cast Alum.
Shipping Skid, Container, etc.
NEMA enclosures

Slip Ring Assembly w/ Pigtail

Main Shaft

Bearings, bushings and pillow
blocks

Yaw Shaft

Metering, electrical conduit
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Turbine Only
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@ echanical
| ) Electrical

@ Composites
| (D) Support Structures

Other
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Xzeres 442SR % Alternator BOM Cost

Stator Support

Magnets
% of BOM cost

Lamination Ring
Winding (labor)

\

Alternator I
Inverters IEEEEEEEE— Rotor Casting
Blade Set  m—— Rotor, machined
Controller mee——— Copper Wire
Diversion Loads e Coating I
Yaw Head Painted mmmm Assembly (labor) I
Tail Vane mmm Rotor Plating
Disconnect Box Insulation materials  —
Electrical Box mm Nut  —
_Ta'l Boom Pam.ted - Stator Plating 1w
Ylglﬂjargihﬂailh. il g:—:mt. - Rotor Paint
=ee swes :?tes Testing/Inspection (labor) mm
Cowlings = . _
.MEChanlcal Bearmg]_ [
Blade Mount Rings = ] _ .
Slip Ring Assembly m .Electrlcal Bearing2 m .Mechamcal
Blade Mount Stud = @ Composites Lead Wire O Electrical
Fasteners W () Support Structures Handling (labor) m
Nose Cone 1 Other Magnet adhesive M
Brake Resistors 1 Thermal Switch M
Slip Ring Support 1 Screws 1
Decals and Labels 0% - 10% 15%
0% 5% 10% 159 209% 25% 30% 35%



SMART Wind Questionnaire Results

Academic and Research Group

Thank you to our Academic and Research
Members for their insight provided with the
Questionnaire
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Mechanical

e Pitch control and actuation and control design for maximum energy capture - Patrick Lemieux (CalPoly)
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Possible Manufacturing Evolution?

Improvements to gear life through surface treatments

Reliable, repeatable, low-cost corrosion protection for large ductile iron
castings
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Other opportunities/ideas

 ldentify regional manufacturer expertise (steel forging, electrical components,
casted items, etc) and encourage entry/ conduct meetings with such suppliers
to enter wind turbine sector

Absence of dynamic aspects of design and loads analysis

Speak directly with the machining companies that manufacture product



SMART Wind Questionnaire Results
OEM Steering Group
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Interest in learning about manufacturing

Interested in evolving design with
manufacturing expertise?

® |_ean Manufacturing
= New Manufacturing Partners
= Engaging with NIST/MEP

®Yes mNo = Maybe
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Interested in new manufacturing
partnerships?

Mechanical — castings
* Learning best practices for CNC machining of near-net-shape castings

* Advanced casting techniques, get more functionality out of fewer

parts 7

Other mYes ® No

* Tooling and part handling for low volume manufacturing

* Lowering the manufacturing gaps of our suppliers so as to reduce
their costs and our price of components

* Fixturing to reduce labor
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What would it take to bring non-U.S. manufacturing
back to the U.S.?

Lower overall costs

Expertise and prior experience of the supplier in wind turbine
components (design and fabrication)

Reduced part costs and minimum quantities of purchase as well as
one time/ongoing tooling and set up costs
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Bulk-purchase material opportunities?

e Sheet metals
e Fasteners

e Design and CAD software seats



" DW E A \\e options = Wind Advisors Team C\) SUMMERVILLE

ITED WIND ENERGY ASS OUR WIND OUR POWER OUR FUTURE

Bulk purchase opportunities?

* Bearings

Expertise

e A supplier ratings and capability exchange--to pool our knowledge of
who can supply what at the best quality and price

e Aggregated ordering of small-lot castings

e @Gain big-company capabilities regarding supplier selection and
purchasing power through purchase aggregation and group contracting

e Knowledge of current state of the art in manufacturing at our scale
e Access to subject-area experts (machinists, mold-makers, etc.)

e Access to state-of-the-art tooling
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OEM Research Topics of Interest

Mechanical

* Fluids in cold climates

* Better familiarity with FAST
Other

* No/low maintenance designs

* Focus on removing BOS costs (e.g. Instruction manual, training, Installation, shipping, etc) -
finding ways to work together with/ride the coattails of solar could help us scale up faster



DW E A \ optlons Wind Advisors Team C\)%b’“N”B"gE.%‘Gk.LE

ITED WIND ENERGY A OUR WIND OUR POWER OUR FUTURE

Hard-to-Produce/Source Parts

towers
castin gSstator

foundations Magnets 00“5 power-electronics

circuit-boards Sliprings sprmgs generator
rotor

er'"gmverters
alternators




Gary
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Installer perspective

* What do installers need to be safe,
efficient, especially uptower, during install
and commission, operation and
maintenance

* Training: Safety training, rigging and
hoisting training, good site assessment,
having good construction practices,
electrical safety, how to be general
contractors.

» Tracking Reliability: What is breaking?
What is contributing most to O&M costs?

—This is a very important point to focus
on. Not only do failures contribute to
O&M but they contribute to bad PR for
wind energy.




Patrick
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Other ideas

Challenges with low volume/lack of
scale

« difficult to justify investments, working
with suppliers

Flexible manufacturing
Process engineering is key
Lean practices

In-process testing

liiii'



Are there opportunities for
small volume automation
In the US distributed wind Industry?
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Are there opportunities for
small volume automation
|n the US dlstrlbuted wmd Industry’?
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Summary of Mechanical subgroup gaps and opportunities
Castings
Near-net-shape = reduced secondary operations
Advanced casting techniques functionality with fewer parts and reduced weight
Challenges with low volume/lack of scale
Process improvements
Process engineering
In-process testing
Machining, mold-making,. Etc. experts
State-of-the-art, low volume manufacturing
Fixturing, tooling, part handling
Small Volume Automation
Just-in-time
Lean manufacturing

Flexible manufacturing
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Summary of Mechanical subgroup gaps and opportunities
Castings
Near-net-shape = reduced secondary operations
Advanced casting techniques functionality with fewer parts and reduced weight
Challenges with low volume/lack of scale
Process improvements
Process engineering
In-process testing
Machining, mold-making,. Etc. experts
State-of-the-art, low volume manufacturing
Fixturing, tooling, part handling
Small Volume Automation
Just-in-time

Lean manufacturing
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Flexible manufacturing
Design changes and certification impacts
Low-maintenance designs
Turbine design tools
Dynamics
FAST
Turbine controls, improved productivity
Gearbox life, surface treatments
Corrosion protection
Ductile iron castings
New (US) manufacturing partners, suppliers
Lower costs
Reduced minimum quantitites

Tooling costs
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Using MEPs
Bulk/aggregate purchasing
Sheet metal
Fasteners
Design tools, CAD
Small lot castings
Gain big-company capabilities through purchase aggregation and group contracting
Bearings
Cold climates, fluids, lubricants
Removing balance of system costs — training, installation, shipping
Look at PV industry
Turbine reliability

What is/isn’t failing?
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The end



