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Kinetic Energy Storage Device
Industrial Application




Target Design Specification

Envelope size:

Power rating:

Efficiency:

Power degradation over 24hrs:
Calendar life:

Max sound power level:

Low speed:

1mM3 approx

20 to 50kWh

S LYA

<10%

10 years

63dBA

approx 20k rev/min




Flywheel Design Exploration

2. Rim Type: Toroidal rotor with
mag-lev bearings and
motor/generator on outer rim. I

« Uses Eddy currents
« 70% efficient

« Large diameter coils
» Difficult to control

« Surface speeds at coils
awkward to handle




Flywheel Design Exploration

Uses Stator and Rotor Technology
90% efficient

Small diameter coils

Easy to control

Coils easy to manufacture
Surface speed at shaft

within workable bounds /

Rim

Shaft



Flywheel Design Exploration

Uses Stator and Rotor Technology
* 90% efficient
+ Small diameter coils
+ Easy to control
# Coils easy to manufacture
# Surface speed at shaft
within workable bounds

Shaft



Design Approach Overview

#  Standard mechanical engineering techniques

#  Use known technology approach where possible
#  Use standard materials where possible

+  Keep development to a minimum



Design Approach: Practical

mall — Hig

# Large Low Speed

Disc Type
+ Large diameter — axially thin

+ Small diameter — axially long




DeSign ApprOaCh Disc Type Flywheel

Dia | Depth | mass | Ang Vel| Surface KE KE Power | 1tonne Rim
m m kg RPM Speed MJ KWh KW Mass lift Stress
M/s m MN/m”"2
0.60 | 0.50 | 1060 | 18000 566 318 24 6.6 8151 13

Diameter 600mm
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Design Elements and Decisions

« Radial Stresses
* Hoop tresses

HOOP STRESSES

RADIAL STRESSES




Design Elements and Decisions

* Hoop tresses

HOOP STRESSES




Design Elements and Decisions

Ul U - ()L ]!

achieved by insalling |

+ Reduction of frictional resistance:
Apply Magnetic Levitation Bearings
+ Axial Bearings
+ Radial

SKF Magnetic
Levitation Bearing



Design Elements and Decisions

aCk-Up set of Rolli

Specialist Ceramic Bearings
Supplied by SKF




Design Elements and Decisions

+ Contains the vacuum

+ Uses only static seals (reduces frictional resi:
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Design Elements and Decisions

+ Drive system needs to fun
+ Apply magnetic coupling

Magna Drive Magnetic
Coupling




Design Elements and Decisions

+ Energy enoughtOI
# Dangers of burst are very real
> 85MJ equivalent energy to 18kg (40 Lbs) of TNT

Two Containment Options:

» Heavy containment cylinder on a heavy foundation

» Light weight vacuum chamber encased in a concrete
casing.



Design Elements and Decisions

Containment Option One

»Heavy Steel Containment
»Heavy Concrete Foundation
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2.3m

Design Elements and Decisions

S \—CONCREI'E

.MEAWDUTY

CONTAINMENT LID

CONTAINMENT BASIN

- \\‘—FERIPHERAL SAND BAGS

FOR SOFT CATCH CONTAINMENT




Design Elements and Decisions

Containment with sand
bag segments

Containment with sand bag
segments showing internal
arrangement




Concept Outlines

cept One
Rim Type Flywheel

*

Takes the form of a cylinder
* Diameter 600mm

+ Length 1000mm

+ Mass 930kg

1877

1260

1000

UPPER AUXILIARY ROLLING

ELEMENT BEARING

/

AXIAL SUPPORT MAG / LEV BEARING

20 CASING

RADIAL MAG / LEV BEARING

//

FLYWHEEL
AND
HOUSING

FLYWHEEL

/

FLYWHEEL / SHAFT SUPPORT

L
:

/

FLYWHEEL / SHAFT SUPPORT

/

RADIAL MAG / LEV BEARING

y

7 4///// 7)) LOWER AUXILIARY SUPPORT BEARING

L \_:\
7/

SEAL
BEARING CAP
\ LOWER CAP
64 CASING BASE
600
2912

HOLLOW ROTOR FLYWHEEL SYSTEM




Concept Outlines
Rim Type Flywheel

Style Hollow cylinder
Outer diameter (mm) 600

Inner diameter (mm) 450
Rotor depth (mm)
] Material steel
. Density (kg/m?3) 7500
. Rotor mass (kg) 930
. Angular velocity (Rev/min) 18000
. Surface speed (m/s) 565
. Energy (Joules) 74,200,000
. Energy (kWh) 20.61
. Power (kW) 5.73
. 1 Tonne mass lift (m) 8150
. Containment (Primary) Steel casing
. Containment (Secondary) Concrete lined Pit
. Bearing system radial Magnetic Levitation
. Bearing System (secondary) Rolling element Brgs
o Motor-Generator Drive Coupling Magnetic

. Chamber Type Vacuum



Concept Two
Disc-Type Flywheel

+ Takes the form of a solid
rotor

+ Diameter 600mm
+ Length 500mm
+ Mass 1060kg

2028

1300

UPPER AUXILIARY ROLLING
ELEMENT BEARING

AXIAL SUPPORT MAG / LEV BEARING

\ CASING

RADIAL MAG / LEV BEARING

i i LOCK COLLAR
REMOVABLE FLANGE

PRECISION HEADED PIN

500

FLYWHEEL

i i SHAFT

@600

FIXED SHAFT FLANGE

PRECISION HEADED PIN

[ RADIAL MAG / LEV BEARING

CASING BASE

LOWER AUXILIARY SUPPORT BEARING
@330

Q740 sSEAL
oo
SOLID ROTOR FLYWHEEL SYSTEM




Concept Outlines

Style

J Outer Diameter (mm)

. Inner diameter (mm)

J Rotor depth (mm)

. Material Steel

. Density (kg/m?3) 7500

J Rotor mass (kg) 1060

J Angular velocity (Rev/min) 18000

. Surface speed (m/s) 565

J Energy (Joules) 84,800,000

J Energy (KWh) 23.55

J Power (KW) 6.54

J 1 Tonne mass lift (m) 8,152

J Containment (Primary) Steel casing

J Containment (Secondary) Concrete lined Pit
J Bearing system radial Magnetic Levitation
J Bearing System (secondary)  Rolling element Brgs

. Motor Generator Drive coupling Magnetic

J Chamber Type Vacuum



Selection of Concept

- Height overall 1877m

- Energy 20.61 kWh - Energy 23.55 kW
- Power 5.73 kW - Power 6.54 kW
- Stresses in rim only - Radial and Hoop stresses present

(Less prone to burst)

+ Design and manufacturing will present a similar level of difficulty
+ Balancing relatively easier with the rim-type flywheel
# Cost implications will be similar for each type



Overall Concept

- Ease of Mainte

- Ease of Assembly
- Standardised Components

Concrete containment can be:
- Free Standing
- Buried



Overall Concept

Single Concrete Containment Basing showing Lid and Control System




6 x sand bags in case of failure




6 x sand bags in case of failure




Overall Concept

Envisaged Industrial Application (lead removed)




Overall Concept

Envisaged Industrial Application (lead removed)




Overall Concept

Envisaged Industrial Application (lead removed)




Overall Concept

General Scale Visualisation




Overall Concept: Industrial




Overall Concept - Solid

Visualisation of the Kinetic Energy Storage Device




Overall Concept - Hollow

Visualisation of the Kinetic Energy Storage Device
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Overall Concept

Visualisation of the Kinetic Energy Storage Device




Work Required to Progress the Project

Machine monitoring system

Design and manufacture of motor [ generator set
Control system for the motor [ generator set
Stress analysis of rotors for burst limitation
Fluid flow analysis within the chamber
Vacuum pump and equipment selection
Rolling element bearing design and selection
Vacuum casing design

Explosion containment system design
Foundations design

Selection of materials

* X X X X X X K K K KK



Questions?



