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Gedser, Denmark,
1950’s

University of Massachusetts
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Balance of
electrical system

Hull, MA 2003 University of Massachusetts
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- Generators  Transmission
system

system
Distribution
system

Substations with
stepdown transformer

Palm Springs, CA, 2001 Utility Grid with Wind Farm

University of Massachusetts
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Aerodynam Surfaces/Yaw Control”

. 'Yaw Orientation: Driven Yaw/Free Yaw/Fixed Yaw

« Rotor Position: Upwind of Towmed of Tower
_» Type of Hub: ngld/Teetered/Hlnged bIades/GlmbaIed
"« Design Tip Speed Ratio

 Solidity (Relative Blade Area)

 Number of Blades: One, Two, Three

* Rotor Speed: Constant/Variable

University of Massachusetts
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Nacelle '‘Control paneli Yaw drive, Rotor shaft i Rotor hub Nose cone
Heat exchanger Main frame E Oil cooler  Pitch drive
Generator Gear box

University of Massachusetts
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ain Fy;ame
e Tower
« Control System

University of Massachusetts
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. Hub connects the blades
to the main shaft

~« Usually made of steel 5 ,
- Types |
— Rigid
— Teetered
— Hinged

Hub of 2 Blade Turbine
University of Massachusetts
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a- Near optimum
b- Linear Taper
c- Constant chord

Some Planform Options University of Massachusetts
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— Used to Connect Shafts/fﬁ;arbox High
Speed Shaft to Generator Shaft

University of Massachusetts
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Typical Planetary Gearbox
(exploded view)

University of Massachusetts
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— Active Yaw (Upwind turbines

= mpldy&mw ,‘
/ — May Need Yaw Brake to

7

Prevent Excess Motion

" Free Yaw (Downwind
turbines)

» Relies on wind forces for
alignment

« May Need Yaw Damper or
Power Cable "Unwinder"

Yaw Drive

University of Massachusetts
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. Pro sf&r-pmp_e\ra\ll ment among those
/gr}n‘/po ents -l

"« Provides for yaw bearing and ultimately
tower top attachment

» Usually made of cast or welded steel

University of Massachusetts
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"+ Reduces emitted
mechanical sound | /

'+ Often made of fiberglass | 7

University of Massachusetts
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= Cantl evered pipe (tubular
tower) |

— Guyed lattice or pole.

am—

Installation of Tubular
Tower

University of Massachusetts
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_ Desi n WI sis, control
- Materials { ol
— Composites S —

 Design standards
— Specification of conditions
— Ensure safety & reliability
University of Massachusetts
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= leeaLcharge rate, FCR Mgn of installed
costs paid each year (including financing)

— O & M (operation & maintenance)
— Annual energy production, E

University of Massachusetts
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OF: $0.04— 0.15/kWh

University of Massachusetts
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Tjaeborg 2 MW wind turbine Richborough 1 MW wind turbine

Tower Rotorblades Tower Rotorblades
18% 13% 19% 21%

Electrical
system
& control

13%
21% 33%

Electrical Mechanical
system & control q drivetrain

. echariical drivetrain
Nacelle ?& yaw system

Nacelle & yefar%systgm

AWEC-60 1.2 MW wind turbine
Tower Rotorblades
11% 18%
17%
Electrical

system
& control

11%

Nacelle & yaw system 43%

Mechanical drivetrain

University of Massachusetts
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> E = CF x Rated Power x 8760 (KWh/yr)
» Typical Range: ,,-/-
~ » CF=2015-045 = _—

» CF ideally > 0.25

University of Massachusetts
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ower electronics: ~92F9'5/-

University of Massachusetts
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e Tr S 1 windy areas to load
enters pm——

 Fuel production (hydrdgen_@byelectrolysis)
 Public acceptance

University of Massachusetts
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e: self-diagnosis and correction
. pro¢d power electronics
+ Effective use of high wind ites

— Great plains &

— Offshore

 Designs for lower wind sites

University of Massachusetts
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~+ Fuel creation (hydrogén) —
— Wind+Turbine -> Electricity
— Electricity + Water -> H, (+0O,)

University of Massachusetts



