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Abstract of the Disclosure

A sunglass or eye protector molded from suitable
optical material with inner and outer surfaces, both of which

{are noncircular in the horizontal direction and curved in the

vertical meridian to provide substantially uniform thickness

it throughout.
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Title of the Invention

IMPROVED SUNGLASSES AND SAFETY EYEWEAR
AND METHOD OF MAKING THE SAME

Field of the Invention

The invention is in the field of eyewear and, more

particularly, relates to improved sunglasses and safetly

glasses and method of making the same.

Backaround of the Invention

There are known in the prior art sunglasses and

|safety eyewear intended to protect the wearer’s eye against

| the harmful effects of sunlight, as well against flying

objects and the like which might otherwise strike the wearer’s

leye. In general, two forms of eyewear of this type are

available in the prior art. The first i:s a spectacle in which
individual lenses are mounted in a frame. A second tyge,is
one in which a spectacle with two lenses is fabricated in one
piece with an integral bridge but with separate optical axes
for the lens. In both of these types, the lenses themselves
are of overall spherical or toric construction.

Modern design of sunglasses and safely eyewear calls
for lenses with 1large diameters and steeply “wrapped”
configurations. With lenses of such large diametéﬁ and steep
wraps, the result is a lens of non-uniform thickness which nay

add to the weight of the lens and result in different

transmission properties across the lens in the case of
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absorptive lenses such as sunglasses.

Another approach is to use a face form angle wherein
the optical axis is angled and the optical center 1s near the
center of the angled lens. In this way, the true optical size
is limited and a more uniform thickness is provided. While it
affords a lighter weight lens with the same appearance as one

having correct optical axes parallel to the line of sight, it

creates prism imbalance for all angles of view.

|
A third class of eye protectors is the one-piece

i

face shield type‘having'but one optical axis passing through

the optical center halfway between the eyes. The eye
protector is of an overall sphgrical or toric surface shape.
owing to the large overall diameter of this one-piece design,

maintaining uniform thickness can be an even greater problem

than with two lens type glasses. This is particularly true if

1the lense has sufficient diameter and depth to provide

protection for both eYes through an outward field of view of

approximately 90 degrees or greatér. To achieve such a wide
field of view, a break in the curve may be employed resulting
in a parting line in a molded product where the outer wrap
area is of a different curve and usually not of true optical

quality. Altefnatively, side shields might be used. Such an

| arrangement, however, provides an even greater interruption of

Ivision in the outer peripheral area of the lens.

| e
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Summary of the Invention

One object of my invention is to provide improved
molded sunglasses and safety eyewear and a method of making

the same.

Another object of my invention 1is to provide

|
improved molded sunglasses and safety eyewear which have a

—

greater freedom' of cosmetic design than is possible with

methods of the prior art.
still another object of my invention is to provide

improved sunglasses and safety eyewear with relatively uniforn

thickness throughout without sacrificing optical performance.

l* A still further object of my invention is to provide

q

improved safety lenses and eye shields with integral side

protection in one continuous optical surface with an unbroken

 side wrap with sufficient thickness  to meet safety standards

land to provide high quality opticé through a wide field of

view.

Other and further objects of my invention will

appear from the following description.

| . Brief Description of the Drawings

) In the accompanying drawings to which reference is

made in the instant specification which is to be read in

. P
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conjunction therewith and in which like reference numerals are
used to indicate like parts in the various views:

FIG. 1 is a schematic view illustrating a steeply

wrapped design of the prior art.

FIG. 2 is a schematic view illustrating a face form

angled design of the prior art.

FIG. 3:is a schematic view illustrating a one-piece

design of the prior art.

FIG. 4 is a schematic view illustrating my improved

sunglasses and safety eyewear.

1 FIG. 5 is a schematic view illustrating a one-piece

Hdesign_of my improved sunglasses and safety eyewear.

FIG. 6 is a perspective of one specific embodiment

of my improved sunglass or safety eyewear blank.

FIG. 7 is a side elevation of the blank illustrated

in FIG. 6.
FIG. 8 is a top plan of the blank illustrated in

FIG. 6.

FIG. 9 is a front elevation of the blank il1lustrated

r
r
l

in FIG. 6.

FIG. 10 is a perspective of another specific

embodiment of my sunglass or protective blank.

——

FIG. 11 is a side elevation of the blank illustrated

| ' .-4.-
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lin FIG. 10.

'IG. 12 is a top plan of the blank illustrated in

FIG. 10.

FIG. 13 . is a front elevation of the blank
illuétrated in FIG. io. .

FIG. 14 1s a cross-section of another specific
embodiment of my improved aspheric sunglass or protective wear
blank produced in accordance with my method.

FIG. 15 is a diagrammatic view comparing the lens of

FIG. 14 with a simple diopter curve.

FIG. 16 is a sectional view of another form of my

improved lens.

FIG. 17 is a schematic view comparing the lens of

FIG. 16 with a simple diopter curve.

FIG. 18 is a sectional view of yet another form of

tmy improved lens.

| FIG. 19 is a schematic view comparing the lens of

IFIG. 18 with a simple diopter curve. .
FIC, 20 is a diagram illustrating the configuration

of the front and back surfaces of the form of lens shown in

JFIGS. 6 to 9.
FIG. 21 is a diagram illustrating the optical

1properties of the lens illustrated in FIGS. 6 to 9.

! FIG. 22 1is a diagram illustrating the optical

[properties of a lens of the form illustrated in FIGS. 14 and

15. ‘
J | | *55
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FIG. 23 is a diagram illustrating the optical
properties of another lens of the type shown in FIGS. 14 and

15.

FIG. 24 is a diagram illustrating the opt;i.cal

properties of one form of lens of the type shown in FIGS. 16

and 17.

FIG. 25 is a diagram illustrating the optical

properties of another lens of the type illustrated in FIGS. 16

fand 17.

FIG. 26 is a diagram illustrating the prism
characteristic of a lens having an oblate nipzoid surface.
FIG. 27 1is a dia@ram illustrating the power

characteristic of the lens to which FIG. 26 relates.

FIGS. 28 to 30 are diagrams illustrating the optical

characteristics of spherical lenses for comparison with the

aspheric lenses of my invention.

Description of

FIG. 1 illustrates a lens of the steep "wrap" design
having a horizontal cﬁrvature of approximately ten dlopters.
The left eye LE and right eye RE | ienses are identified
regspectively by the referénce‘characters 10 and 12.

Oother sunglasses and safety lenses have curves which
are less steep than those of the lenses shown in FIG., 1.
curves of such lenses vary from as shallow as 3 or 4 diopters
up to about 6.0 diopters. FIG. 2 1illustrates left eye ana

ol o s
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right eye lenses 14 and 16 of this type. It will be
appreciated that there are also lenses having eight or  nine
diopter curves between the type illustrated in FIG. 1 and the

itype illustrated in FIG. 2.

A subclass of the types of lenses illustrated 1in
FIGS. 1 and 2 would be a safety spectacle or sunglass with two
lenses fabricated in one piece with an integral bridge
rconnecting the two but with separate optical axes for the

llenses. The lenses themselves may have spherical or toric

A

surfaces. A toric lens reduces bulk and permits greater style

variation than does a spherical one, The optical performance

and thickness of toric lenses are little different from
spherical designs.

Yet another type of eye protector of the prior art
is the one-piece face-shield type having a single optical axis
passing through the optical center halfway between the two
leyes. A protector 18 of this type is illustrated in FIG. 3.

|
The surfaces of such a prbtéctor nay be either spherical or

‘_ toric. Maintaining uniform thickness with a protector of this
ltype is extremely difficult. This is especially true if the
lens is of a large enough diameter and great enough depth to
!provide protection for both eyes through an outward field of
ﬁview of approximately 90 degrees or greater. Such lenses
:often incorporate a break in the curve or are made with side

shields, as has been mentioned hereinabove.

Sunglasses or eye protectors made in accordance with
|
my invention use aspheric and/or toric surfaces on both sides

..-.'7....
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of the lenses to provide substantially uniform thickness

|
‘across the entire lens. FIG. 4 illustrates the general form

of left and right eye lenses 20 and 22 made in accordance with
imy invention. FIG. 5 illustrates a one-piece face-shield
design in which left and right eye portions 24 and 26 are
ijoinedby an integral bridge 28. In lenses made in accordance
with my design, as shown in FIGS. 4 and 5, the surfaces are of
optical quality throughout the lens including the wrap area.
My method may be used to design and produce "lens blanks" from
which there may be cut a variety of cosmetic shapes. My

method reduces weight and bulk while maintaining optics

comparable to or superior to conventional lenses of the same

general type.

FIGS. 6 to 9 show a specific embodiment of a
sunglass or eye protector made in accordance with my
invention. FIGS. 6 to 8 show the blank indicated generally Dby
the reference character 30 having deeper side portions 32 and
34 and a central portion 36. FIG. 9 1llustrates the blank
after it has been cut to form right and left lens portions 38
and 40 and a nose plece 42.

The protector illustrated in FIGS. 6 to 9 has a
horizontal width of 144 millimeters and a wrap depth of 35
~i1]limeters from the front vertex. FIGS. 6 to 9 show a bi-

aspheric figure of revolution. The same horizontal cross-

section could be obtained with a lens which 1s the aspheric
non-circular configuration in the. horizontal and a simple
circle in the vertical. This can be termed an atoric.

t
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FIGS. 10 to 13 illustrate another specific
embodiment indicated generally by the reference character 44
produced in accordance with my invention. The sunglass or eye
protector 44 is formed with right and left eye portions 46 and
48 connected‘by an integral bridge S50. Right and left

deep wrap side portions 52 and 54 extend rearwardly from the

outer edges of the eye portions 46 and 48.

The protector 44 illustrated in FIGS. 10 to 13 has
the same horizontal cross-section as does the protector 30
illustrated in FIGS. 6 to 9. However, the vertical curve of
the protector 44 is a circle of the same central curve as the
aspheric. It will be appreciated, however, that it could be

different.

FIG. 14 illustrates a further specific embodiment
indicated generally by the reference character 56. This lens
56 is an aspheric with a 2.00 diopter central curve with a
14th-order term in the surface generating expression to Dbe
outlined hereinbelow. FIG. 15 which compares the shape of the
lens 56, indicated in dot-dash 1lines, with a simple 2.00
diopter curve illustrated in broken lines, makes clear the
advantage of the aspheric type 1n side coverage and 1in
appearance.

FIG. 16 illustrates yet another embodiment indicated
generally by the reference character 58 of a lens produced in
accordance with my invention. It shows a lens having a
central curvature of 6.00 diopters.with a l4th-order term in

_9.....
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the surface generating expression. FIG. 17 1is a graph
comparing the design of F1G. 16 with a simple 6.00 diopter
curve. In FIG. 17 the full line and the dotted line represent
the inner and outer surfaces of the lens 58. The broken line
and the dot-dash line represent the inner and outer surfaces

of a lens formed with a simple 6.00 diopter curve. While the

lcosmetic advantages and wrap depth are not as dramatic in this

case, the aspheric construction provides for a more uniform

thickness than does spherical or toric construction. A

spherical lens with a 2.0 mm edge would be 2.9 mm thick in the

center. The result would be uneven color across the lens in

la sunglass and a heavier than necessary lens.

FIG. 18 illustrates yet another embodiment 60 of an

aspheric lens made in accordance with my invention using

loblate spheroids in a manner to be described.  FIG. 19

compares the shape of the lens of FIG. 18 with a simple

diopter curve.

FIG. 20 is a half lens view illustrating the

thickness of a deep wrap bi-aspheric sunglass or eye protector

with a 3.0 diopter center and a high order exponent of 30.
FIG. 21 illustrates the optical properties of the
sunglass or eye protector illustrated in FIG. 20 for a
pupillary distance of 64 mm and a center of rotation of 30 mm.
In this Figure, as well as the Figures to be described

hereinbelow, the dotted line represents tangential right eye

power. The solid line represehts right eye sagittal power.

| The broken line represents right eye prism. The dot-dash line

represents left eye prism and the dot-dot-dash line represents

imbalance.

-10~
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FIG. 22 shows the optical properties of 2.00 base

aspheric sunglass optics having a high order term exponent of

'14, a center of rotation of 30 mm and a pupillary distance of

64 mm.

FIG. 23 shows the optical properties of 2.00 base
aspheric sunglass optics with a high order term exponent of
14, a center of rotation of 35 mm and a pupillary distance of
72 mn.

FIG. 24 shows the optical properties of a 6.00 base
(corrected) lens having a high order term exponent of 14, a
center of rotation of 30 mm and a pupillary distance of 64 mm.

FIG. 25 shows the optical properties of a lens
similar to that to which FIG. 24 relates but having a center

of rotation of 35 mm and a pupillary distance of 72 mm.

FIG. 26 shows the prism characteristic of a lens
having an oblate ellipsoid surface with the dotted line
showing imbalance and the full line showing prism.

FIG. 27 shows the power characteristic of the lens
of FIG. 26 with the dotted line showing saggital power and the
full line showing tangential power.

FIG. 28 shows the optical characteristics of a 6.00
base spherical one-piece lens having a 2.7 mm center, 2.0 mm
edge thickness, "O" power, and center of rotation 30 mm and

pupillary distance of 64 mm.

FIG. 29 shows the optical characteristics of a 6.00
base spherical one-piece lens having a 2.5 mm center

thickness, 2.0 edge thickness,"-.03D” power, a center of

.....11..-
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rotation 30 mm and pupillary distance of 64 mm.

FIG. 30 shows the optical characteristics of a 6.00
base spherical one-piece lens having a 2.3 mm center
thickness, 2.0 edge thickness “-.05D” power, a center of

rotation of 30 mm and a pupillary distance of 64 mmn.

It is to be understood that FIGS. 28 to 30 which
relate to spherical 1lenses are included for comparison

purposes.

Table 1 hereinbelow, outlines the optical
characteristics of the various forms of 1lens discussed
hereinabove. In the Table base curvature 1is in diopters,
thicknesses are in millimeters, power is in diopters and prism

is in prism diopters.

~12-.
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The sagitta z of the aspheric lenses identified 1in

‘Table 1 15 given by the relationship

z = Ar® + Br® + D :
where E

5 A = the coefficient that governs vertex curvature
| B = the coefficient that controls depth at a i
specified diameter |
C = the exponent that controls abruptness of wrap :

D = center thickness in meters and

10 r = radiate coordinate (r* = x* + y?)
|
It will be understood that for the coefficilients !
shown in Table 2 below, the sagitta will be 1n meters 1f r is 3
in meters. |
Table 2
15 | 1ype Uurf A B c D !
Hi Order 3.773585] 5.643593x10% 50 | 0.0000
= 50 3.794748( 2. 083825x10“4w 50} 0.0020
'Hi Order 2.830189 | 4.822104x10?? ;o 0.0000
= 30 2.840287| 8.559449%10°? 0 0017
20 JHi Order 2.830189 | 4.254815x10° lllHHl 0.0000
= 10 Back 2.842076| 9.349795x10°° 0.002C
Safety Th |
- - -t roveme. i
Hi Order Frqgt 5.6603771 1. 257946x10"" 141 0.0000
= 14 Back 5.700915]| 1. 683942x10“fT 14 U . 0C |
25 IHi Order | Front | 5.613329) 1.282143x10* | 141 0.0000 | ;
= 14 Back 5.660377] 1.808276x10"¢ 14} 0.06020 *
Safety Th | ;
| E— - - . : R :
H1 Order Front | 3.773585}] 7.088609x10" 14 { 0.0000 3
= 14 Back 3. 7915591 9.195496x10" 147700017 |
- I i
30 IHi Order | Front | 3.773585; 7.088609x10" | 14| 0.0000 =
= 14 Back 3. 794748 9.630618x%x10"° 141 0.0020 !
Safety Th f
J
{
-14- !
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The designs shown and described above are developed
in the following manner. The designer first selects the
desired central curve for either the front or the back curve.
lic then calculates the wrap depth which that curve provides at
the desired.outer'edge of the lens. Next, the exponent of the

high order term and the coefficlents are experimentally

|determined by trial and error to achieve the desired wrap

depth, cosmetic appearance and peripheral optical performance.
The high order term simply provides the desired wrap depth.
nifferent exponents flatten and steepen the corner and alter

the field of view optical performance. Once one of the

| curves, such as the back curve, is determined, the front curve

is calculated to provide zero power or near zero at the center
in view of the thickness. The high order term is selected to
provide the desired depth at the larger outer diameter.

The procedure described above by 1itself af fords

acceptable optical performance. The optics can be improved

'for certain interpupillary distances by adding other

polynomial terms to the front surface, back surface oxr both.

Thus, the front surface may have terms of exponents 2, 4, 6

land 8 plus a high order term which can range from 8 to 30.

conic sections can also be used. For example, in
the embodiment 60 illustrated in FIG. 18, a pair of oblate
ellipsoids are used. The front surface has a vertex curvature
of 3.7857 D (1.53) and a shape factor of 4.00., Shape factor
is the same as one minus the square of the eccentricity where
the eccentricity can be either a real or an imaginary number.

-] B
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The back surface has a vertex curvature of 3.8147 D (1.53)
and a shape factor of 4.09. Combined at a center thickness of
'3 mm using a material having an index of refraction of 1.586,
the resulting lens has essentially zero optical power at the
ivertex and a caliper edge thickness of about 1.3 mm at a

I

diameter of 140 mm. At this diameter, the wrap depth is 35 mm
because the major and minor axes of the cross—section ellipse
are in the ratio of 2/1. 1t follows that the tangents at each
extreme edge are at right angles to the tangent at the vertex.
|FIG. 19 compares this lens with a simple spherical 3.7857 D

(1.53) curve. The advagta;ges of the lens of FIG. 18 are

obvious.

It will be seen that I have accomplished the objects
of my invention. 1 have provided improved molded sunglasses

and eyeglasses which afford a greater freedom of cosnetic

design. My improved sunglasses and eyeglasses are of

i substantially uniform thickness throughout without sacrificing
optical performance. I have provided safety glasses and eye

ishields with integral side protection in one continuous
loptical surface with an unbroken side wrap with sufficient
thickness to meet safety standards and to provide high guality

optics through a wide field of view.

It will be understood that certain features and

subcombinations are of utility and may be employed without

reference to other features and subcombinations. This is

‘contemplated by and is within the scope of my claims. It is
| further obvious that various changes may be made in details

-]6-
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within the scope of my claims without departing from the

spirit of my invention. Jt is, therefore, to be understood

that my invention is not to be limited to the specific details |

shown and described. i

Having thus described my invention, what I claim is:

-17-.
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THE EMBODIMENTS COF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE I5 CLAIMED ARE DEFINED AS FOLLOWS:

[*]

1. A sunglass or eye protector molded from suitable optical
material with i1nner and outer surfaces, both of said
surfaces belng continuously curved anc ncncircular in the
horizontal direction to provide subsTantially uniform
thickness throughout and having wrap depth or rearwardly
extendlng portions generally along the side of the head of a

wearer and being curved 1n the vertical meridian, both

surfaces being figures of revolution the curvatures of which

are generated by conlic sections.

2. A sunglass or eye protector molded from suitable optical

material with 1nner and outer surfaces, both of said

surfaces being continuously curved and noncircular in the

A

horizontal direction to prcvide substantially uniform
thickness throughout and having wrap depth cr rearwardiy

rﬂ-!

extending portions generally along the side of the head of a

wearer and being curved 1n the vertical meridian both

surfaces being figures o7 revolution about an axis, the

—

curvatures of both surfaces being generated by a 2nd-order

term 1mparting a 3.00 D(l.53) vertex curve combined with a

30th-order term where 1.53 1s the standard assumed 1ndex of

refraction used to describe curvature 1n the optical

industry.

1)

3. A sunglass or eye protector as 1n claim 2, the axis o:

revolution being the cptical axis of the protector providing
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a rotationally symmetrical protector nhaving the same Cross

section 1n all meridians.

4. A sunglass or eye protector as 1in claim 2, the axis of

]

revolution being a horizontal line a. Y0~ to the cptical
axls and having a radius ol curvature longer than the wrap
depth, thus providing an atoric symmetrical protector having

a non-cilrcular cross section 1 the horzzontal meridian and

circular cross sections 1n the vertical meridian.

5. A sunglass or eye protector as 1in claim 2 comprising a
palr of separate lenses.
6. A sunglass or eye protector as 1n clalm Z comprlsing a

single axls eye protector.

/. A sunglass or eye protector molded from suitable optical
material with i1nner and outer surfaces, both of said
surfaces being continuously curved and noncircular 1n the
horizontal direction to provide substantially uniform
thickness and having wrap depth cor rearwardly extending
portions generally along the side of the head of a wearer
and being curved 1n the vertical meridian both surfaces

being figures of revolation abcut an axis, the curvatures of

both surfaces beiling generated Ly a Znd-order term imparting

a 4.00 D(1.53) vertex curve compblined with a l4th-order term

where 1.53 i1is the standard assumed 1ndex of refraction used

to describe curvature 1n the optical industry.
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5. A sunglass or eye protector as 1n claim 7, the axis of

revolution being the cpiilical axis of the protector prov.ding

a rotationally symmetrical protector having the same cross

section 1n all meridians.

9. A sunglass or eye protector as 1n claim 7/, the axis of
revolution being a horizontal line at 90° to the optical
axls and having a radius of curvature longer than the wrap
depth, thus providing an atoric symmetrzcal protector having
a non-clrcular cross section 1n the horizontal meridian and

circular c¢cross sections 1n the vertical meridian.

1. A sunglass or eye protector s 1n <.aim / ccmprising a
palr of separate lenses.
11. A sunglass or eye protector as 1n cialm 7/ ccmprising a

single axls eye protector.

12. A sunglass or eye protectcr molded from sultable optical
materlial with 1nner and outer surfaces, both of said
surfaces being continuously curved and non-circular 1n the
horizontal direction to vrevide substantially uniform
thickness throughout and having wrap depth or rearwardly
extending portions generalily along the side of the head of a

wearer and belng curved 1n the vertical meridian pboth

surfaces being figures of revolution about an axis, the

carvatures of both surfaces belng generated by a Znd-order
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term mparting a ©.00 D(1.53) vertex curve comblned with a

tdth-order term where 1.53 1s the standard assumed 1ndex of

refraction used to describe curvature 1n the optical

industry.

3. A sunglass or eve piotector as in olaim L2, the axis of
revolution being the optical axis of the protector providing
a rotationally symmetrical protector having the same cross

section 1n all meridians.

14. A sunglass or eye protector as 1n claim 12, the axis of
revolution being a horizontal lire at 90° to the optical
axls and having a radius of curvature longer than the wrap
depth, thus providing an ator>c symmetr_cal protector having
a non-clrcular cross secticn 1n tne horizontal meridian and
clrcular cross sections 1n the vertical meridian.

15. A sunglass or eye protectcor as in clalm 12, comprising a

pair of separate .enses.

16. A sunglass or eye protector as 1n cialm 12 comprising a

single axis eye protector.

17. A sunglass or eye protector no.ded trom sultable optical
materlial with 1nner and outer surfaces, koth of said

surfaces being continuously curved and ncncircular 1in the

horizontal direction to provide substantially uniform

thickness throughout and having wrap depth c¢r rearwardly
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extending portions generated along the side of the head of a
wearer and being curved in the vertical meridian, both

surfaces being cblate ellipsoids.

18. An aspheric sunglass or eyeshield having inner and outer

surfaces, the transverse curvatures in the center regions of

which lie between 1.0 and 6 diopters in combination with

other polynomial terms having exponents between 10 and 30.

19. A sunglass or eye protector as 1in claim 18 comprising a

rair of separate lenses.

20. A sunglass or eye protector as 1n claim 18 comprising a

single axis eye protector.

21. An aspheric sunglass or eye shield having back and front
aspheric surfaces providing substantially uniform thickness

throughout, said sunglass or eyeshilield having the
performance and description of one of the lens types set

forth in the last five entries of Table 1 (Asph(l4) through

Asph (50)) .

22. An aspheric sunglass or eye shield as in claim 21 in

which the sagitta of the surfaces are given by the

relationship
7=A1r24+Rr°+D
where

A=the coefficient that governs vertex curvature
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B=the coefficient that controls depth at a specified
radius
C=the exponent that controls abruptness of wrap
D=center of thickness 1in meters and
rxradiéte coordinate of the respective surfaces

and where A, B, C and D have production specifications gilven

by Table 2.

23. An aspheric sunglass or eye shield having back and front
aspheric surfaces providing substantially uniform thickness
throughout, the sagitta of said surfaces belng given by the

relationship

z=Ar?+Br®+D
where
=the coefficient that governs vertex curvature
B=the coefficient that controls depth at a specified

radius

'}

C=the exponent that controls abruptness of wrap

D=center thickness 1n meters and

r=radiate coordinate of the respective surfaces

and where A, B, C and D have production specifications given

by Table 2.
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