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 Organizational context  Flywheel technology background  Synopsis of Boeing’s ARPA-E Grid-Scale Rampable Intermittent Dispatchable Storage (GRIDS) Tasking
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Lift Brackets Flywheel Modular Frame
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Motor/Generator PM Lift Bearing



Energy-Absorbing Containment Liner



Bearing Rotor



Aluminum Hub Stability DirectCooled HTS Bearing
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Flywheel Energy Storage



Premier Boeing Technology is HTS Bearing



 Stores Kinetic Energy in Rotating Mass (Thick wall cylinder)



• Keeps kinetic energy in reserve by utilizing the Boeing patented low-loss high-temperature superconducting (HTS) magnetic non-contact bearing system • The rotational kinetic energy of the flywheel can be converted into electrical power as needed by the load



ω is the angular velocity, I is the moment of inertia, m is the mass, r is the radius Best designs spin as fast as possible to take advantage of ω2



The flywheel systems are similar to batteries except: • • • • •



Environmentally clean (green) No hazardous materials Long life expectancy (>20 yrs) Ideally suited to multiple power applications Can handle rapid discharge rates without degradation Present day Boeing FW tip speed is 800 m/sec. World record on small test rotor is about 1,405 m/sec. FW tip speed is limited by material properties. Our plan is to develop new materials that would allow us to reach 3,000 m/sec.
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Flywheel Energy Storage  Non-toxic and low maintenance  Potential for high power density (W/ kg) and high energy density (W-Hr/ kg)  Fast charge / discharge times possible  Cycle life times of >25 years  Broad operating temperature range
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HTS bearings  Simple passive system  Very low frictional loss  Very long lifetime  Low cost and maintenance  Lower tolerance for balancing of dynamic structures  High speed capability (> 500,000 RPM)  Adjustable stiffness and damping



Superconducting Bearings Offer Many Design & Operational Benefits Over Conventional Bearing Systems Copyright © 2012 Boeing. All rights reserved.



7



Flywheel Electricity Systems Systems & Electronics Technology



Engineering, Flight & Systems Operations Technology & Technology | Boeing |Research Boeing Research & Technology & Technology



Uninterrupted Regulated (Load Leveled) Power Out



High Pulsed Power Out



POWER TO CUSTOMER



Flywheel Functions • • • • • •



Standby Power Source Power Quality Load Leveling Peak Shaving Reactive Power Support Voltage Support
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POWER INVERTER AND CONDITIONER FLYWHEEL MOTOR CONTROLLER



CUSTOMER UTILITY VAULT



FLYWHEEL STORAGE UNIT 8
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“Low-Cost, High-Energy Density Flywheel Storage Grid Demonstration” Project Objective • A combination of advanced fiber technology and superconducting bearings enables the development of a low-cost, extremely high energy-density, highefficiency flywheel energy-storage system. The superconducting bearings enable high efficiency and high spin rates. The new proprietary fiber enables high rotor tip speeds resulting in high energy density, with a projected cost of $100/kWh for the flywheel system at utility scale and large-rate factory production • The project will produce test quantities of the new fiber and provide proof-ofconcept performance data of the fiber properties. The prototype flywheel will be small enough (7 kWh/5kW) to facilitate rapid development with a design that is easily scalable to a utility-size unit (~100 kWh) and amenable to factory production to achieve low cost • The vision for commercial production is that individual 100-kWh flywheels will be arrayed in a transportable container with a total storage of 2 MWh for utility applications Copyright © 2012 Boeing. All rights reserved.
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Reference U. S. Department of Energy - Headquarters Advanced Research Projects Agency – Energy (ARPA-E) Grid-Scale Rampable Intermittent Dispatchable Storage (GRIDS) Funding Opportunity Number: DE-FOA-0000290 CFDA Number: 81.135 Issue Date: 3/2/2010 Link to ARPA-E GRIDS website: http://arpa-e.energy.gov/ProgramsProjects/GRIDS.aspx Copyright © 2012 Boeing. All rights reserved.
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New Proprietary Fiber



Driving Costs Down
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New composite material Automated rotor production Improved touchdown bearing Lower parasitic losses for vacuum system Optimized direct-cooled HTS bearing design – no LN2 Higher efficiency, lower cost AC to AC power electronics (GaN) Baseline: 480VAC 3Ø 60 Hz to 480VAC 3Ø 0-750 Hz Bi-Directional Power Flow Standard Si Solutions
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 100’s of meters of new fiber produced  All flywheel design completed  All flywheel hardware analysis completed  Most flywheel hardware ordered and some already received  Composite rotor winding under way  Higher efficiency, lower cost AC to AC power electronics (GaN) design in-work  New more efficient motor/generator (patent pending) for wider operating speeds fabricated and in test  Controller & power electronics designed and in fabrication



Copyright © 2012 Boeing. All rights reserved.



14



Questions? Engineering, Flight & Systems Operations Technology & Technology | Boeing |Research Boeing Research & Technology & Technology



Copyright © 2012 Boeing. All rights reserved.



Systems & Electronics Technology



15



























[image: Micro electrochemical energy storage cells]
Micro electrochemical energy storage cells












[image: public presentation - Eos Energy Storage]
public presentation - Eos Energy Storage












[image: superconducting magnetic energy storage pdf]
superconducting magnetic energy storage pdf












[image: Global Superconducting Magnetic Energy Storage (SMES) System ...]
Global Superconducting Magnetic Energy Storage (SMES) System ...












[image: wind energy storage systems pdf]
wind energy storage systems pdf












[image: Superconducting Magnetic Energy Storage (SMES) - SuperPower Inc.]
Superconducting Magnetic Energy Storage (SMES) - SuperPower Inc.












[image: Boeing - Aviation Daily on Airports]
Boeing - Aviation Daily on Airports












[image: DARFON H300 Hybrid Energy Storage System H301 and H302 ...]
DARFON H300 Hybrid Energy Storage System H301 and H302 ...












[image: Model Predictive Control of Thermal Energy Storage in ... - Berkeley]
Model Predictive Control of Thermal Energy Storage in ... - Berkeley












[image: [PDF] Molecular Devices for Solar Energy Conversion and Storage]
[PDF] Molecular Devices for Solar Energy Conversion and Storage












[image: Boeing - Aviation Daily on Airports]
Boeing - Aviation Daily on Airports












[image: Energy storage system based on a bidirectional ... - Workrooms Journal]
Energy storage system based on a bidirectional ... - Workrooms Journal















Boeing Flywheel Energy Storage Technology






Ideally suited to multiple power applications. â€¢ Can handle rapid discharge rates without ... Best designs spin as fast as possible to take advantage of Ï‰2. Present ... 






 Download PDF 



















 1MB Sizes
 6 Downloads
 275 Views








 Report























Recommend Documents







[image: alt]





Micro electrochemical energy storage cells 

methyl carbonate (EMC), butyl carbonate, propylene carbonate, vinyl carbonate, dialkylsul?tes and any mixtures of these, and metal salts such as LiPF6, LiBF4, ...














[image: alt]





public presentation - Eos Energy Storage 

plants and by 2030, most nuclear plants, will need to be rebuilt or retired 2. â€¢ Need for ... Growing renewable generation that is intermittent leads to grid instability.














[image: alt]





superconducting magnetic energy storage pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. superconducting ...














[image: alt]





Global Superconducting Magnetic Energy Storage (SMES) System ... 

Global Superconducting Magnetic Energy Storage (SM ... m Market 2016 Industry Trend and Forecast 2021.pdf. Global Superconducting Magnetic Energy ...














[image: alt]





wind energy storage systems pdf 

Download. Connect more apps... Try one of the apps below to open or edit this item. wind energy storage systems pdf. wind energy storage systems pdf. Open.














[image: alt]





Superconducting Magnetic Energy Storage (SMES) - SuperPower Inc. 

Oct 12, 2011 - 2. Outline. â�– Renewable energy challenges. â�– DOE ARPA-E SMES project. â�– R&D at ... Electricity produced from renewable energy sources:.














[image: alt]





Boeing - Aviation Daily on Airports 

Apr 20, 2010 - Develop Technology. Roadmaps. Concept & Technology. Risk Analysis. Task 2 â€“ Develop Advanced Vehicle Concepts. Analysis and Sizing of.














[image: alt]





DARFON H300 Hybrid Energy Storage System H301 and H302 ... 

Compliances UL 1741 SA, IEEE 1547, FCC Class B. LCD Display â€“ Power Flows Page. MODE DEFINITION. PV USE PRIORITY LOAD PRIORITY ... Contactor. On/O Switch Grid Bypass Breaker. Page 2 of 2. Main menu. Displaying DARFON H300 Hybrid Energy Storage Syst














[image: alt]





Model Predictive Control of Thermal Energy Storage in ... - Berkeley 

Abstractâ€”A preliminary study on the control of thermal energy storage in building cooling systems is presented. We focus on buildings equipped with a water ...














[image: alt]





[PDF] Molecular Devices for Solar Energy Conversion and Storage 

Online PDF Molecular Devices for Solar Energy Conversion and Storage ... and Storage (Green Chemistry and Sustainable Technology) Online , Read Best ...














[image: alt]





Boeing - Aviation Daily on Airports 

Apr 20, 2010 - â–«Task Flow & Schedule. â–«Future Scenario, Concepts, & Technologies from the 6-Month ...... and wing trailing edge. 3g) High-Lift System Tool for acoustic design, analysis, and prediction .... Self-powered wireless sensors. 6. 1.6.














[image: alt]





Energy storage system based on a bidirectional ... - Workrooms Journal 

Index Termsâ€” Engineering Education, Energy Storage, One Leg Converter, ... An educational workbench on renewable energy-related power electronics has ...


























×
Report Boeing Flywheel Energy Storage Technology





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















