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and jamming between the periphery of the flywheel and 
the interior of the shield. such a catastrophic failure 
might seriously damage both the remaining portion of 
the flywheel and, perhaps more seriously, the adjacent 

The invention described herein was made in the per- 5 electric motor. 
In the present invention, an element of the flexible 

material comprising the flywheel is of a lesser tensile 
strength than the remaining material. For example, one 
or more strands of rope, or parts thereof, will be of 

10 lesser tensile strength than the rest of the rope. The 
element of lesser tensile strength is used merely as a 
probe and its mass is but a small percentage of the 
flywheel mass. The probe element will be activated 

SAFlETYFLYwHEEL. 

ORIGIN OF THE INVENTION 

formance of work under a NASA contract (grant) and 
is subject to the provisions of Section 305 of the Na- 
tional Aeronautics and Space Act of 1958, public law 
85-568 (72 Stat. 435,42 U.S.C. 2457). 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to an inertial energy storage - - 

device employing a non-rigid flywheel. 
2. Description of the Prior Art 
There is presently a great and long sought need for 

efficient and long lasting energy storage devices. Iner- 
tial energy storage devices appear to have the capability 
of meeting this need. 

One of the requirements of inertial energy devices 
such as flywheels is that they have high tensile strength 
per unit of mass. The energy stored in a flywheel is 
linearly proportional to the mass of the flywheel and 
proportional to the square of the angular velocity of the 
flywheel. A flywheel of this nature can store ten times 
as much energy as an electric battery of the same 
weight. 

Composite flywheels of synthetic materials are well 
known. Flywheels fabricated from those fibers bonded 
by a resin, however, have proved to have problems 
with delamination and subsequent catastrophic failure. 
Such a failure is caused by the fact that the fibers and 
the resin have different elastic properties which causes 
delamination due to different expansion under stress. 

The Wetherbee (U.S. Pat. No. 3,602,067) and Rein- 
hart (U.S. Pat. No. 3,296,886) patents both disclosed 
flywheels made of laminated plastics while the Call 
(U.S. Pat. No. 3,496,799) patent discloses a flywheel of 
homogeneous metallic material. All of t h a  designs 
employ a rigid material whereas the present invention 
uses non-rigid material. The desired rigidity of the pres- 
ent invention is caused by centritbgal force alone. By 
using non-rigid materials, the present invention greatly 
reduces the amount of vibration which can be transmit- 
ted from the flywheel to the shaft due to its non-rigid 
suspension thereby greatly increasing the lifetime of the 
inertial energy storage device. 

Another disadvantage of existing inertial enerb stor- 
age devices employing rigid material is their inherent 
propensity towards catastrophic failure. Such a cata- 
strophic failure could be especially bad should it occur 
in a moving vehicle. The sudden great torque applied to 
the vehicle frame by such a failure could cause the 
vehicle to go out of control. The present invention, on 
the other hand, is designed to prevent such a cata- 
strophic failure. The Seeliger patent (U.S. Pat. No. 
3,662,619) discloses a fail-safe rotating machine wherein 
predetermined failure lxations are designed into the 
rotating element to assure minimum energy release 
upon failure of the element due to the centrifugal forces 
acting thereon. More specifically, a cylindrical flywheel 
mounted on a motor shaft is formed of juxtaposed discs 
having varying tensile strengths to inhibit simultaneous 
failure of the discs. Should any one disc fracture, the 
fractured segment would be free to be thrown from the 
flywheel by centrifugal force. The dislodged segment 
then tends to inhibit rotary motion of the motor by 
welding to the interior surface of the flywheel shield 

before a catastrophic iailure occurs and its failure does 
15 not constitute a catastrophic failure. Its failure allows a 

braking fluid to rush into a sealed vacuum chamber 
containing the flywheel so that catastrophic failure of 
the flywheel is prevented by the braking action of the 
fluid. Seelinger, on the other hand, attempts to minimize 

20 the consequences of the catastrophic failure after it has 
occurred. 

Energy storage devices of the flywheel type are also 
disclosed in U.S. Pat. No. 3,208,303 to Durouchoux and 
U.S. Pat. No. 3,368,624 to Clerk. 

SUMMARY OF THE INVENTION 
An object of the present invention is to prevent cata- 

strophic failure of the flywheel. This objective is ac- 
complished by constructing the flywheel from flexible 

30 materials such as rope, the flexible material having at 
least one element of lesser tensile strength than the 
other elements. Should one or a few of the weaker 
elements fail, they will break a glass tube which is in 
communication with a braking fluid reservoir, thereby 

35 allowing the braking fluid to enter the vacuum housing 
containing the flywheel. This causes the flywheel to be 
decelerated in a relatively gentle, non-catastrophic 

25 

40 

45 

50 

55 

60 

65 

manner. 
Another object of the present invention is to avoid 

vibrations and instabilities which can lead to destruction 
of the flywheel. This is accomplished by making the 
flywheel of a flexible material, such as rope, rather than 
of a rigid material, and suspending the flywheel in a way 
that transmittance of vibration to the shaft is avoided. 

Still another object of the present invention is to 
provide a highly efficient energy storage device. 

BRIEF DESCRIPTION OF THE DRAWING 
The FIGURE is a partial vertical cross section of the 

invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the figure, an inertial energy storage device 10 
comprises a flywheel 12 made of rings of endless 
strands. The flywheel is supported by a suspension net 
16 which is rotationally mounted on stationary shaft 18 
by bearing 20. Centering strands 14 and oversized bear- 
ing 36 serve as a limiting guide in case of gross imbal- 
ances caused by failure of individual strands. Bearing 36 
is not attached to shaft 18, but, rather, is mounted essen- 
tially coaxially with shaft 18 with a cylindrical space 
between bearing 36 and shaft 18. If the flywheel is 
slightly imbalanced, the flywheel and bearing 36 will 
rotate around an axis which is very slightly unparallel to 
the axis of the shaft. This is possible because of the 
spacing between the shaft and bearing 36. This design 
prevents the transmittal of vibrations from the flywheel 
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to the shaft via bearing 36. There may be a slight migra- 
tion of vibrations to the shaft through suspension net 16 
and bearing 20, but since suspension net 16 is not rigid, 
this effect will be minor. Bearing 36 touches the shaft 
only in case of gross imbalances, thereby guiding the 5 
flywheel to prevent it from touching housing 22. 

tight housing 22. Braking fluid reservoir 24 is mounted 
on housing 22. Sealed glass tubes 26 communicate brak- 
ing fluid reservoir 24 with vacuum-tight housing 22. 10 

28 by bearing 30. Rotation brake 32 made of an abrasive 
braking material is situated tightly between housing 22 
and base 28 to provide braking in addition to the brak- 
ing of the braking fluid. 

Flywheel 12 is preferably made of endless strands of 

twisted or interwoven around each other in the usual 
way of rope making. For example, a strand, which may 
contain a plurality ofindividual 
a similar strand forming a larger strand, which is in turn 
twisted around other larger strand($ until the flywheel 

structed so that each of the small strands is exposed at 25 twisted 9o that each strand is 
least once to the outer surface of the flywheel. 

What is claimed is: 
1. An inertial energy storage device comprising: 
a housing; 
a shaft located Within said housing; 
a flywheel rotationally suspended from said shaft and 

constructed of a plurality of strands of flexible 

a b r h g  fluid reservoir; and 
ruPmable xneanS COmeCting said xfmvoir With the 

interior of said housing; 

fail prior to the failure of the remaining strands and 
which will pull out from the remaining strands and 
rupture said rupturable means such that the braking 
fluid will enter the housing and provide positive 
braking of the flywheel. 

The aformentioned parts are enclosed in vacuum- material; 

Housing 22 is rotationally mounted on stationary base said material including at least one strand which will 

15 

nylon, &cron or similar fibers, several of which may be 2. The device of claim 1, Wherein the flywheel is 
Of interwoven strands. 

3- The device Of 2* wherein the strands are 
is twisted around 20 interwoven so that each strand is exposed to the surface 

4. The device of claim 1, wherein the flywheel is 
Of the 

constructed of twisted strands. 

at least Once' 

is finally completed. Preferably, the flywheel is con- 5. The device of claim 4, wherein the strands are 
to the surface of 

a shaft, 

flexible material, whereby the transfer of vibrations 

the flywheel at least once. In order to insure that catastrophic failure of the 

having a sub- 

6. The device of claim 1, further will not occur, One Or more Of the strands Or from which the flywheel is rotationally suspended by 
parts 
stantidy lower tensile strength than the vast majority 3o from the flywheel to the 

will fail long before the other strands in case safe rota- 
tional velocities are exceeded. 8. The device of claim 1, wherein: 

One or more of the broken, weaker strands or fibers the flywheel is suspended by flexible material. 
will pdl out of the flywheel Slowly due to the fact that 35 9. ne device of claim 1, further comprising a station- 
it is intertwined with the other strands. The whiplashing ary base on which the housing is rotationally mounted; 
action of the broken strands or fibers will break the and a rotation brake between and contiguous to 
d e d  glass tubes 26 causing the vacuum-tight chamber the housing and the base. 
to be flooded with braking fluid from reservoir 24. The 10. The device of cl- 1, further comprising metallic 
V a c u u m  in housing 22 Causes the braking fluid to be 40 strands interwoven in the material of the flywheel for 
sucked into housing 22. enabling. 

Rotationd energy is further dissipated in the form of 11. The device of claim 1, wherein the housing is 
heat by rotation brake 32. Rotation brake 32 allows the vacuum-tight and maintained under a vacuuII1, whereby 
transfer of momentum to base 28 at a reasonable rate. the braking fluid will be sucked into the housing after 

Power may be taken directly from the flywheel or it 45 the rupturable means is ruptured. 
may be taken indirectly in the form of electricity via the 12. The device of claim 1, further comprising a cen- 
rotation brake 32 and stator 34 of the motor/generator. tering bearing essentially coaxid With and spaced apart 

It is also possible to interweave metallic strands in an from said shafk; and centering strands extending from 
appropriate way into the rope ring thus providing the centering bearing to the flywheel for axially guiding 
means to introduce into or extract energy out of the 50 the flywheel. 
rope ring by electromagnetic induction. 

will be made Of a 
is minimizen 

Of the Strands. This gUSante'2S that the Weaker strands 7. ne devi= of 6, wherein the &,heel is 
suspended by rope. 
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