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&9 Flying disc and method of attaching a disc to a ring.

6 A molded flying disc with most -of the weight concen-
trated in an outer annular ring (21). The central opening
in the ring (21) is covered by a thin sheet (22) of material,
such as plastic or cloth, stronger than a sheet of the mold-
ed material of the same thickness and diameter. The peri-
meter of the sheet (22) is attached to the ring (21).
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This invention relates to flying discs and particularly
to toy discs thrown by hand in such a way as to hav? both for-

ward and angular momentum.

'The Prior Art

The type of toy with which this invention is concerned
is simllar todxscsnmrketed under the name Frlsbee by Wham-0
Corporatlon. Such a toy has a relatively flat, clrcular central
plate with an outer rim curved away from the plate to form a
shallow dish. The edge of the rim has a rounded cross section
resenbling an air foil. The thickest part of the.air foil is
not immediately adjacent the edge but is perhaps one-third or
so of the distance from the edge to the plate. The inwardly
f;cing surface of the air foil section is suﬁstantially flat

in cross section and, therefore, defines a generally cylindri-

_cal surface. The entire Frisbee is molded of a suitable thermo-

plastic material, sucn.as polyethylene, and the cylindrical con-
figuration of the innardly facing surfnce of the rim makes it
easy to remove the Frisbee from the mold.

. While the central section has been referred to as a plate,
it need not be perfectlf flnt, although it may be. Frequently

this section is molded to have a slightly convex curvature as

viewed from the side away from the rim. However, the central

surface is so nearly planar that, for descriptive simplicity;
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it will be referred to as planar hereinafter.

Interest in Frisbees, which amounts‘virtually to a cult,
is based on their flight characteristics. The shage of the
Frisbee gives it liff,_when propefly thrown, so thét it does
not simply sink to the ground as %ouid a smooth, spherical ball
of the same mass thrown with the same force. Some Frisbee en-
thusiasts try to throw a Frisbee so that it flies as far as |
possible, and contests are held for that purpose. Other éﬁé '
tbusiaéhs like to throw the Frisbee back and forth to each
other, either keeping the Frisbee .in the air or bouncing it
roff the ground somewhere between the players. Still other
players try fo cause their Frisbees to follow unusual, curved
flight paths.. |

As might Be expected, thé various requiremeﬁts of'differeﬁt
players ‘have led to diffa-ent Frisbee designé. A main differ-
ence is in the weight, which may be as light as about 110 grams
"or as heavy as about. 180 grams. Wind conditions have an im-
portant bearing on the particular Frisbee that an eﬁthﬁsiast
will select at a éiven time. Heavier ones are usually preferred
in wingy weather. |

| Although polyethylene does not’shaéter as ;;uld a more
brittle material, it can be nickéd particﬁlarly:when it is
bounced off a paved surface or flies;{nto an'asyasive surface.
The resulting projections from the ofiginally smooth surface

can make the Frisbee painful to-catch. 2
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The flight characteristics of a Frisbee are
atfected by the air foil and surface configuration,
especially on the convex surface. Frisbees are normally
thrown with the rim extending downwardly from the plate,
which is equivalent to saying that the convex surfaces
face upwardly. For this reason the convex surfaces will
be referred to as the upper ones and the concave surfaces
as the lower ones in the following description.

There is a Right Hand Rule of Spinning Objects
that is important in determining the flight path that
will be followed by a spinning disc. It has been found
desirable to mold slightly raised, concentrically
circular ridges in the upper surface of a Frisbee near

the outer part thereof to reduce air drag and improve
precessional qualities of the Frisbee by counteracting

the force produced by the Right Hand Rule Just mentioned.

U.S. Patent 3,359,678 to Headrick describes such ridges,
which interfere with air flow and therefore are called

" "spoilers". It is thought that such concentric ring

spoilers have the greatest effect when the forward
velocity of the Frisbee is greatest relative to the wind
speed. Thus, the concentric ring spoilers are effective
in flights for distance but are apparently not so much
so in shorter flights. :

Other publications that describe characteristics
of Frisbees are the book FRISBEE by Stancil E.D. Johnson,
M.D. published by Workman Publishing Company, New York,
and a paper entitled "Adaptation of the Frisbee Flight
Principle to Delivery of Special Ordinance" by G.D.
Stilley of Honeywell Incorporated
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and D. L. Carstens of the Naval Ammunition Depot, Crane, Indi-

‘ana, and presented at the AIAA 2nd Atmospheric Flight Mechanics
Conference at Palo Alto, California, September 11-13, 1972
, ' - ’

(ATAA Paper No. 72-982).

OBJECTS AND SUMMARY OF THE INVENTION

It is one'of the objects of this invention to provide a
- £lying disc with improved flighf.characterisfics.u

Another object is to provide a fIyipg disc with improved
étructﬁ?al features. |

. Still another object is.io'ﬁrévidé a ‘disc with snaé-_

attachment means to adjust therflight characteristics.

Another object is to provide a disc with improved spoilers
éhat operate at low forward véloci;y of the disc. | |

| A further object is to prdvide a disc with improved air

_foil. | o |

A still further objéct is to provide a disc of improved
strength to weight rétio. |

A still further object is to increase the angular momentum
pf a flyable toy disc.
| Yet another object'is to provide a diéc suitable for print-
ing art work by phqtographic techniques. |

A still further oﬁject is to provide a disc An whiéh in-
dividual art work can be printea photographically.

Other objects will become apparent ffom the following de-

tailed description and claims and the associated drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a top view of a disc according to
this invention.

'Fig. 2 is a cross-sectional view of a fragment
of a disc of the type in Fig. 1. .

Fig. 3 is a cross-sectional view of a fragment '
of another embodiment of a disc similar to that in Fig. 1.

Fig. 4 is a cross-sectional view of still
another embodiment of a disc similar to that in Fig. 1.

' Fig. 5 is a cross-sectional view of the structure
in Fig. 4 at a later stage of construction.

Figs. 6~8 are enlarged perspective views of
fragments of different embodiments of spoilers that can
be used. .

Fig. 9 is a cross-sectional view of a fragment
a disc with an external snap-on rim cover.
Fig. 10 is a cross-sectional view of a fragment

"of a disc with an illuminated snap-on ring.

Fig. 11 is a cross-sectional view of a fragment
of a disc with snap-in weighted rings. '

Fig. 12 is a cross-sectional view of a fragment
of a disc with an internally weighted rim.

Fig. 13 is a cross—-sectional view of modified
attachment means for Joining a central web to an annular
rim to form a flying disc.

, Fig. 14 is an enlarged cross-sectional view of
a fragment of a disc ring and the edge of a laminated
web, and means for Jjoining them together.
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DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 ls a top view of a decorated disc shaped like a Frisbee
and comprlslng an annular member 21 and a clrcular central sheet, or
web 22 the. perlmeter of which is joined to the radlally'lnner part of
the member 21. The top surface of the annular member 21 hasla circular
array of spoilers 23, which are illgstrated‘in thls figure as a.serias
af ralsed, narrow ridgas ea;h of which extends in a substantially radial
direction. Several embodiments.of suitable spoilers will be described
farther on in this description. - .. .

' The central openings in the annular member .21 is covered by 2
&isc bfjstrong, lightweight material, such as Mylar or Estar brand film
(a trademark of Eastmen Kodak Co.), or similar polyester film that has

. a good strength-to-weight ratio, or a filﬁ of other suitable materials,
such as acrylic material or polycarbanate materials, or a laminate of
polyethylene and polyester, or even cloth, such as denim. The ﬁylar
and other plastlc films need only be of the order of about 007" to |
about .Oll“ thick, which is thinner than even the thinnest polyethylene
web that can be satisfactorily molded integrally with the annular outer
section. .

The use of a lightweight, but strong central web 22 has, as two
of its most important'advantages, substantially greater.tearrstrength
and lighter weight than a thin, integrally molded'polyethylene web, which

1means that for a polyethyleng.molded annular member 21 of exactly the same
configuration, the two-part disc (annular member and web) will stand up

under greater
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abuse than an integrally'molded, one-pért disc. The greater
concentration of weight in the outer annular member;‘or ring,
results in increased angular momentum which, in turn, results
in greater stability and flights of longer duration and dis-
tance for a given impétus.. A mylar web 22 Qith a.éhickness
of only .007" using .003" laminating material wgighs approxi-
mately ‘12 grams and can replace an integrally molded central
- web portion weighing about 50 grams in existiﬁg Frisbees, Fhus
resulting.in a weight reduction of about 247%. Since the re;.
duced w;ight is in the central region and not in tﬁé outer ring,
the weight of the latter automatically is a greater percentage
of the smallef total weight, which iields longer flight times,
slower velocity, and slower drop rate. This allows two players
throwing such a disé back and'forth to each other mére time to
. catch it. Furthermore, the mylar or other plastlc web is very
smooth, which reduces drag and results in fllghts of still great-
er dlstance.

Tests made to determine the puncture strength of mylar
webs attached tautly across the opening formed by removiné the
integrally molded central polyetﬁylene web of a Wham-0 SuperPro
Frisbeerand to compare the strengtﬁ so measured with the strengtﬁ
‘of the 079" thick integrally molded central web of mold #60
SuperPro Frisbees were cérried out as follows. The round, or
shank, end of a .089" drill bit was cut off perpendicular to its

axis and the intersection of the cut-off end and the cylindrical

side was left sharp and not beveled. The bit was placed in a
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drill press vice with the squared-off end facing upwardly,
and the vice was placed on a bathroom scale. The zero
adjustment knob of the scale was turned to bring the scale
pointer to zero, and the integrally molded web of a .079"
thick mold #60 SuperPro Frisbee was forced down on the
drill bit until the web ruptured. The scale reading Jjust
before rupture was noted, and the same experiment was
performed on five such Frisbees. The average of the five
scale readings thus obtained was 19.4 pounds.

The same set-up was then used to rupture .007"
thick laminated circular Mylar webs the peripheries of
which had been attached tautly to the inner perimeter of
Super-~Pro rings. Six such Mylar webs were ruptured and
the average rupture pressure was 25 pounds, which is 26%
higher than the rupture pressure of the polyethylene,
even though the Mylar was much thinner,

A similar set of experiments was performed using
a blunt presser, the .116" diameter relatively spherically
rounded end of a minature toggle switch lever. In this
set of experiments five Frisbees of a type having an
integrally molded polyethylene web thickness of .074""

' were used, and the average rupture pressure was 32.6

pounds. The average of six readings of the same type of
Mylar subjected to the same presser was 50.67 pounds,
which indicated the Mylar was 54% stronger than the much
thicker polyethylene in withstanding pressure from a
blunt instrument.

Still another advantage of Mylar is that it is
a suitable photographic base on which to reproduce
artistic designs or personal photographs or commercial
messages. Fig. 1 shows a simple design, the yin and

.yang of Chinese antiquity, but this is only a simple

illustration. Person photographs can be printed on a
Mylar or the like such as Kodak Extacolor I.D. Print
Material #4023 with a white back Ester base to provide
incontrovertible proof of ownership in case the disc is
commingled with other discs on a beach or other public play
area. Designs on the plastic or cloth webs can also be

printed by silk screening, and cloth webs can be embroidered. -
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One surface of the Mylar can also (or

alternatively) be given a reflective coating to serve
as a signalling mirror or even a solar stove by covering
the concave side of the disc with a rubber.membrane that
closes the space airtight and then pulling the central
part of the membrane to create a spherically concave
depression in the Mylar to concentrate reflected sunlight.

"~ Another alternative is to leave the Mylar or other plastic

web transparent but form one or both of its surfaces into
a Fresnel lens to concentrate the sun's rays.

Fig. 2 shows part of the annular ring 21 in
cross section. In this embodiment the perimeter of web
22 is glued to the upper surface of the inner perimeter
of the ring 21 and the radially inner ends of the spoilers
23 terminate at the periphery of the web. The adhesive
may be necprene with 1, 1, 1-~trichloroethane as a thinner.,
The part of the surface of the ring to which the web is
to adhere is oxidized, either chemically or by being
directly heated with a flame Just long enough to make
that part of the surface of the ring 21 slightly shiny.
To apply the flame, the ring may be mounted on a turntable
and rotated at about 20 to 100 r.p.m. for several seconds,
time enough for the turntable to rotate from about two
to twenty revolutions with propane gas flame playing on
the surface to be oxidized. The oxidized inner annular
part of the ring 21 is coated with the adhesive as is
the part of the web 22 to be Jjoined to the ring. The
adhesive is allowed to dry for about 15 minutes to 3
hours on the web and
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the ring before they'are brought into contact with each other. fhen the

- adhesive-coated outermost annular part of the web 22 is pressed against

- the adhesive-coated innermost annular part of the ring 21 with a force
of about 250 to 1000 1b./sq. in. pressure for about 10 seconés or longer.
A pressure of 500 1b./sq. in. for 15 secéﬁds has been fcﬁnd éuite-satis-

* factory. | ‘

While one inner section 24 of-the fing 21 is

relative1§ straight in this cross sectional v;ew and,

therefore, cylindrical, 6r even slightly
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tapered, in its full, three-dimensional form, a higher inmer
surface part 26 is distinctly curved to fit better on the tips
of the fingers of a person throwing the disc.

In Fig. 3 the web 22 is captured between the inner parfﬂ
27 of'the ring 21 and the under side 28 of the secﬁion‘of:thei
ring beneath the spoileré 23. In fact, the spoilers 23 in this
embédiment may, insfead'of being'integfally molded with the riﬁg,
be individual stribs of suitable material, such a; a cloth based
tape, one surface of which is coated with pressure-sensitive
adhesive that is‘capable of sticking to the material 22. As a
" further a;ternative, the periphéréi'region of the web 22 may
-be'molded within the inwafdly.extending part of the ring 21
and not merely between the spoilers 23 and an unbroken annular
éegion therebelow. |

Fig. 4 shows an annular member 21 modified by having a
plurali&y of projections 28 moided near its {nner perimeter
and extending substantially parallel to the axis of the annular
rmember; The web 22 has plurality of holes 29 that fit over the
projections 28. For adequate dispersion of stresses, there
should be preferably about 50 piﬁs 28 and holes 29.

F;g. 5 shows the same structure as Fig. & but at a later
.sﬁep of manufacture aftef the pins 28 have béen heated- and flat-
‘tened out..‘Fig. 5 also.shows a cross-section of an annular ring
31 of paper having pressure-sensitive cement on its lower sur-
face so that it cén be sealed over the flattened pins.

The mylar webs 22 attached to annular rings 21 as shown
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in Figs. 1-5 are not only more resistant to rupture by either

a rounded punch or a sharp-edged puﬁch than are the integrally
moided polyethyleng webs but are more resistant toideflection.
-For example, a two-pound weight resting in the cenéer of a
frisbee having a weB thickness of about .055" causes a defléc7
tion of about .44". A laminated mylar web attached to the
outer ring of the same type of Frisbee after the integrally
molded web has been removed is éeflected onlj about .16", ﬁhich
is about 36% of the deflection of the much thiéker polyehtylene
~ web. Ié has been suggested;that ééq thin a web (of thé inte-
gfélly molded typé) is éeflécted too much in flight, which inter;
fers with its flying charactéfistics. The much more rigid weh
vof taut mjlar avoids thig disadvantage.

Figs. 6-8 show radial spoilers that may be used instéad of
the spoilers 23 that extend partly ig a radial direction and
'partly éangentially.. The spoilers in Figs. 6-8 are~iﬁtegrally
molded on the upper surface of the annular member 21. In Fig.6
the spoilers 32 have a rectangular cross section; in Fig. 7 the
. spoilers 33 have a rounded, and in fact, a sinusoidal, cross
section; and in Fig. 8 the spdilérs 34 have a triangular cross
'sectioﬁ; The spoilers should be ?alanced about the axis of thke
diSC‘but they may or may not be uniformly angularly spaced
apart. For example, the spoilers as shéwn in any of Figs. 6-8
could be separated into three groups with those in,ﬁhe first
group having one angulaf spacing, those in the second group

having'a.second spacing, and those in the third group having
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a third spacing. The three spacings could be selected to

- set up sound vibrations of the proper relative frequencies

to produce, for example, C, E, and G notes, result?ng in a
C major chord. |

The radial sPoilers also strengfhen the ring 21 Ey act-
ing as rip stops for any rip in the tangential direction and
- within the radial extent of tﬁe spoilers. The radial spoilers
also reduce the téndency to follow a path that curls at'tﬂe_
end of'a-flight, as;FrisEees are wont to do.

Eigs. 9-11 show discs 21 with snap attactments. In
Fig. 9 an external snap-on'cover 36 fits over the down-furhed
rim of the ring 21 to pfotecé it and‘toradd weight at the
périphery of the disc. The cover 36 also changes the curvature
of thg outer surface of the air foil. 'However, the original
cross section of the ring 21 may be formed with a flatter air
foil so that-the snap-on cover provides only an ordinary amount
of curvéture. In addition, the cover 36 may:be of uniform thick- -
ness throughout ﬁo avoid changing the air foil shape;

Fig. 10 also shows a smap-on external ring 37 that is
generaily hollow and contains one or more light-emitting diodes
38 and a printed circuit 39 to control the light of the L.E.D.'s
to produce an interestiﬁg'sfrobosEopic effect at night. Exéept
for the elecﬁrical components, the ring 37 is hollo&, which pro-
vides enough bouyancy to be certain that the disc will fléat if

it falls into water.

Fig. 11 shows a disc with two snap-in rings 41 and 42 for
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extra weight. The rings may be graded in some specific
ratio, such as 10 gram intcrvals. For example, the ring
41 may be representative of 10 gram, 20 gram, and 30 gram
weights. The ring 42 is additionally weighted by a loop
of steel 43 that is .25" wide and .010" to .020" thick.
In fact the ring 21 may be molded of polyethylene. The
snap-in rings are molded to have a tight interference fit
with the down-turned rim of the ring 21. Also, the inner
surfaces of the ring toes in slightly. The toe in angle
is known as the Angle of Francioni.

Fig. 12 shows a ring 21 with a steel band 44
molded into it to add weight. The total weight may be
200 grams. '

The weighted rings 21 in Figs. 11 and 12 are less
inclined to remain deformed than are regular Frisbees.

If deformed in any direction, they spring back immediately
into their proper shape. This minimizes wobbling during
flight.

Fig. 12 also illustrates an arréngement for
printing information photographically on the web 22. The
web may be photosensitized Mylar coated on both surfaces
with sheets of opaque paper 46 and 47 attached by
pressure-sensitive adhesive to the Mylar. The top ﬁaper
46 layer is peeled off to allow the photo-sensitized
Mylar to be exposed to the desired image, and then the
latent image is developed. The bottom paper 47 is
preferably removed before the latent image in the Mylar
is developed. , '

Fig. 13 illustrates still another way to attach
the web 22 to the ring 21. An annular ring 48 of paper
is coated top and bottom with pressure-sensitive cement.
It is then placed on the ring 21 to be affixed to the top
surface of the ring 48.

Fig. 14 ic an enlarged view of Jjust the innermost
part of the outer ring 21 similar to that in Fig. 1, for
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example but showing only the part to which the web is
attached. The web, indicated by reference numeral 49,
includes a central disc 51 of artwork, such as a photo-
graph, print drawing, painting, etc. on any suitable
material, such as a plastic photographic film base or
even paper. The central disc 51 is entirely enclosed
by two laminated discs 52 and 53 of somewhat larger
diameter than the disc 51. The laminated disc 52 is a
sheet of extruded polyester and polyethylene. The layer
54 of polyester is on the outside and is approximately
.005%" thick, while the layer 56 of polyethylene is
approximately .002" thick and is on the inside in contact
with the disc 51. The other extruded disc 53 has
corresponding layers of .005" thick polyester 57 and .002%
thick polyethylene 58, and an annular band of the edges
of the polyethylerne layers 56 and 58 are sealed together
to encase the disc 51 snugly. ‘

The annular peripheral region of the polyester
layer 54 is sealed adhesively to the inner annular
perimeter of the upper surface of the ring 21 by coating -
with neoprene plus 1, 1, 1-trichloroethane the surfaces
to be joined. The procedufe has been described previously
and need not be repeated. Fig. 14 also shows two members
59 and 61 to apply pressure to join the disc 49 to the
ring 21. The member 59 is a disc of steel or other
suitable material capable of withstanding nigh pressure
and has an up-turned rim 62 with a frusto-conical upper
surface 63 having an included angle & of between 150° and
180°, The outer peripheral region of the layer 54 and the
inner peripheral region of the ring 21 are pressed together
by the members 59 and 61. The frusto-conical shape of the

‘surface 63 helps to stretch the disc 49 taut so that it

will remain that way after the pressure is removed.

While this invention has been described in terms
of specific embodiments, those skilled in the art will be
aware of further modifications that can be made within the
true scope of the invention.
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Claims: i Pl 00‘4(36'56'”’
1. A disc comprising: TR - e L D0 R

an annular member defining an open inner area compri-

a thin sheet having an outer perimeter affixed to

sing an air-foil shaped cross-section; and

said annular member to cover said open inner area.

2, The disc in claim 1 comprising means to hold said
thin sheet tautly in position cévefing said open inner area.

3. The disc in claim 2 in which said sheet is flexible
plastié material. |

4, Thé disc in claim 3 in which said sheet is mylar-
fhaving a thickness betﬁeen approximafely .0075" and approxi-
.mately .011" thick.
' - 5., The disc in claim 2 in which said sheet is Lexan
having a fhickness between approximately .0075" and approxi-
mately .0LL". -

| 6: The disc in claiﬁ 3 in which said sheet has a plural-

‘rity of spaced holes near its-perimeter and said annular member
has a plurality of correspondingly spaced pins each extending
through one of saidaholes,'respectfully, to hold said sheet in
place on said annular member. | |

7. The discrin claim 3 in which the péribheral region of
said sheet is édhesivel§ attached to said annular member.

8. A disc compris;ng:

a central sheet comprising a perimeter in substantially

one plane;
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‘an annular section extending outwardly beyond said perlmeter
. and curved in one direction from said plane, whereby said sheet and and
said annular section combine to define a dish-shaped structure having a
concave side and a convex side, sa@d annular seétion comprising a rounded
cross-section that is thickest at an annulaf position between ihe edge of
said annular sectién,and said perimefer of said sheet; and
a plurality of raised spoilers on said convex side, each of
said. spoiler sections extending in = difection comprising a radial component.
9. The disc of claim 8 in which said spoilers extend radially with
- respect to.the axis of said disc. )
. 10. The disc of claim 8 in which said spoilers have a generally
rectangular cross—-section.
11. The disc of claim 8 in which said spoilers have an undulating
exposed surface.’
12. The disc of claim 8 in which said spoilers have a serrate cross-
section. ‘. | 4

13. The disc of claim 8 in which said spoilers extend over the perime-~
‘ . - .

..

Pl

ter of said central shee:; F
14.‘ The disc of claim 8 in which said central ;ﬁeet is a web of thin
material having greater puncture resistance for a given thickness than the
material of said annular section.
15. The disc of claim 14 in which said web is a laminated disc com=
prising a layer of polyester anda layer of polyethylene, said annular section
is an annular ring of molded pollyethylene, and tﬁe periphefal region of
said polyester layer is adhesively attached to an inner annular surface
Fortion of said annular Ting,’
16. The method of attaching a peripheral region of a polyester disc
to an inner peripheral reglon of a polyehtylene Ting comprlslng the steps of:
coating said per1pheral region of sald disc w1th an adhesive in

liquid form comprising neoprene and 1, 1, l-trichloroethane solvent;
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oxidizing said inner peripheral region of s#id ring; T
coating the resultant oxidized region with said adhesive;
allowing said adhesive on said disc and said rihg-to dry frcam
approximately fifteen minutes to three hours; and !
pressing the adhesive-coated région of said disc %gainst the
adhesive-coated region of said ring with a pressure of between approximately
250 and 1000 pounds per square inch.. ' |
17, The method of claim 16 comprising stretching said inner peripheral
region of said ring and the juxtaposed annular portionrof said disc over a
ftusto-conical-surface having an included angle of between approxiﬁate{y 150°

and 180° with said ring between said frusto-conical surface and said disc

while applying said pressure.
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