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UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF CALIFORNIA

MISSION [-TECH HOCKEY, Ltd., Case y -
Nova Scotia, Canada corporatfon, : mﬁ cv 0 97 9 E"ﬁ’ (RB E)
PLAINTIFF MISSION I-TECH

Plaintiff, HOCKEY LTD.’S COMPLAINT
FOR BREACH OF SETTLEMENT
V. AND LICENSE AGREEMENT,
_ AND PATENT INFRINGEMENT
OAKLEY, INC., a Washington
corporation; DEMAND FOR JURY TRIAL
Defendant.

Plaintiff Mission [-TECH Hockey, Ltd., for its Complaint for Breach of
Settlement and License Agreement and Patent Infringement alleges as follows:
THE PARTIES
1. Plaintiff Mission I-TECH Hockey, Ltd. (“Mission [-TECH”) is a Nova

Scotia, Canada holding corporation with its principal places of business located in
Irvine, California. Mission [-TECH is a leading manufacturer and seller of ‘hockey
equipment in the U.S., Canada, and other countries.

2. Defendant Oakley, Inc. (“Oakley”) is a Washington corporation with
its principal place of business located in Foothill Ranch, California. Oakley does

business in this District and, more particularly, it manufactures and sells face-shield
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sports gear protection products as well as eyewear, sunglasses, goggles, and other
products in the U.S. and other countries.
JURISDICTION AND VENUE
3.  This Court has jurisdiction over the subject matter of this action
pursuant to 28 U.S.C. §§ 1331, 1367 and 1338. Claim 1 of this action arises from a
Settlement and License Agreement dated January 31, 2003, entered by Oakley and

Mission I-TECH (“Agreement”) to settle a patent infringement suit brought in this
District, entitled Oakley, Inc. v. I-TECH Sport Products, Inc., Case No. 01-CV-
2374 JM (LSP) (S.D. Cal.) (filed Dec. 28, 2001} (the “underlying infringement
suit”). That underlying infringement suit related to U.S. Patent No. 5,815,848 (the
“848 Patent”). A copy of the ‘848 Patent is submitted as Exhibit A. The
Agreement specifically provides that this Court shall have jurisdiction to resolve
any disputes relating to the enforcement of its terms and provisions. Claim 2 of this
action is for infringement of the ‘848 patent by Oakley.

4,  Personal jurisdiction and venue for this action are proper in this Court
pursuant to 28 U.S.C. §§ 1391(b) and 1400(b) because: (a) defendant Oakley
regularly does business within this District; (b) defendant Oakley has committed,
and has threatened to commit, acts in this District in violation of both the express
terms and the intent of the Agreement and Mission I-TECH’s rights thereunder; (c)
both the underlying infringement suit and the Agreement between Oakley and
Mission I-TECH were conducted in this District; and, on information and belief,
defendant Oakley has infringed the ‘848 patent in this District.

FACTUAL BACKGROUND

5. On December 28, 2001, Oakley brought a patent infringement action
in this District against I-TECH Sport Products, Inc. (“ITECH”). See Oakiey, Inc. v.
ITECH Sport Products, Inc., Case No. 01-CV-2374 JM (LSP) (S.D. Cal.) (filed
Dec. 28, 2001).

2 COMPLAINT FOR BREACH OF LICENSE
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6. In the underlying infringement suit, Oakley alleged that ITECH sold
hockey face-shield products infringing the “‘848 patent”, the rights to which
Oakley had previously acquired by assignment. The ‘848 patent discloses an
impact-resistant face shield for use in protecting an individual’s face in sporting
events such as hockey.

7. In the interests of an expeditious and mutually beneficial compromise,

and without any admission of liability on the part of ITECH, Oakley and ITECH

- entered into the Agreement.

8.  As a result of a subsequent merger, Plaintiff Mission [-TECH is the
parent corporation and successor-in-interest to ITECH Sport Products, Inc., and the
present owner of the rights and obligations under the Agreement.

9.  Pursuant to the Agreement, Mission I-TECH has an exclusive,
renewable license to manufacture, sell, and offer for sale hockey face-shield
products incorporating the ‘848 patent technology, in exchange for certain agreed
annual royalty payments, or a minimum annual payment. The exclusive license
rights became effective as of January 1, 2003. Under the Agreement, Mission I-
TECH has the right to renew its exclusive license for additional two-year terms, as
long as certain minimum annual sales targets are met. The exclusive license also
extends to all US and foreign patents related to the ‘848 patent, including U.S.
Patent No. 6,038,705 (the ““705 patent,” submitted herewith as Exhibit B) and a
Canadian patent. '

10.  For its part, Oakley was obligated under the Agreement to enforce the
‘848 patent against any third-party infringers. A Mandatory Enforcement List
(attached as Exhibit B to the Agreement) specified six companies, including “The
Hockey Company/Heaton,” against whom Oakley was obligated to enforce the ‘848
patent. The Hockey Company (hereinafter “THC”) is a Delaware corporation with
its principal place of business located in Westmount, Quebec, Canada. THC is a

subsidiary of Reebok, International, Ltd. (“Reebok™).

3 COMPLAINT FOR BREACH OF LICENSE
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11. The Agreement specifically provided that Oakley shall use
commercially reasonable efforts to resolve disputes against third-party
infringement, but shall not license any third-party infringer nor manufacture for the
benefit of any third party similar products incorporating the ‘848 patent, the ‘705
patent or any foreign equivalent thereof.

12. The Agreement thus expressly prohibited Oakley from licensing the
‘848 and ‘705 patents to other parties in the hockey face-shield market and from
manufacturing hockey face-shield products covered by the ‘848 and/or *705 patents
for the benefit of any third-party infringers, including specifically THC.

13. At the time the Agreement was executed, both parties intended that
ITECH would have an exclusive license to the ‘848 patent for hockey face-shield
products, and that during the term of the Agreement no party other than ITECH
would thereafter have the right to manufacture, sell, or offer for sale products
covered by the ‘848 patent in this market with ITECH’s prior approval.

14. According to the sworn declaration of Oakley’s Chief Executive
Officer and Chairman of its Board of Directors, James H. Jannard, Oakley had
chosen to enter into the Agreement because Oakley: lacked the ability to effectively
market and supply patented hockey shield products in quantities to meet consumer
demand; needed a “business partner;” and determined that of all the companies
making hockey shields at that time, “Itech was the most desirable.” (See
Declaration of James H. Jannard, filed in Oakley, Inc. v. Jofa AB, et al., Case No.
SACV 03-1185 DOC (ANx) (C.D. Cal.)). Jannard further declared under penalty
of perjury that as a result of the Agreement, “Oakley and Itech together can meet
the customer demand for optically correct hockey shields.”

15. On or about July 29, 2003, Oakley filed suit against THC, THC
Holdings, and related companies for infringement of the ‘848 patent. See Oakley,
Inc. v. Jofa AB, et al., Case No. SACV 03-1185 DOC (ANx) (C.D. Cal) (the

4 COMPLAINT FOR BREACH QF LICENSE

LosAngeles/177517 AGREEMENT AND PATENT INFRINGEMENT




Case 3:05-cv-00979-LSP -AJB Document 1 Filed 05/05/05 Page 6 of 47

“THC Infringement Action”). As discussed above, THC was one of the six
companies included in the Mandatory Enforcement List attached to the Agreement.

16. In its complaint filed in the THC Infringement Action, Oakley made a
judicially binding admission that as a result of the Agreement, “the only entities
authorized to use, manufacture, sell, or offer for sale products embodying the
claimed technology of the ‘848 patent are Oakley and Itech.” (See Plaintiff Oakley,
Inc.’s Second Amended Complaint for Patent Infringement, § 11, retitled Oakley,
Inc. v. The Hockey Company Holdings, Inc., Reebok International, Ltd. et al., Case
No. SACV 03-1185 DOC (ANx) (C.D. Cal.) (emphasis added)).

“17.  On information and belief, to protect the validity of its patents and
their protection of the lucrative market for clear face shields for football helmets
against competition from Reebok, and to gain substantial income from a second
source in the hockey face-shield market, Oakley recently entered into a distribution
agreement with THC to resolve the THC Infringement Action, whereby THC has
become the exclusive worldwide distributor of Oakley’s hockey shield products
covered by the ‘848 and ‘705 patents and related Canadian patent. Under the
distribution agreement, THC is now authorized to sell and offer for sale hockey
shield products embodying the technology of the ‘848 and ‘705 patents, in direct
contravention of Oakley’s earlier Agreement with Mission I-TECH.

18.  Upon learning of the prospect of a distribution agreement between
Oakley and THC, Mission I-TECH notified Oakley that any such arrangement
would violate the Agreement and Mission I-TECH’s rights thereunder. Undeterred,
Qakley continued its discussions with THC -to finalize the above-referenced
distribution agreement without Mission I-TECH’s approval or participation.

19.  On information and belief, Oakley is manufacturing, for the benefit of
THC, hockey face-shield products that utilize the technology of the ‘848 and “705
patents. Such hockey face-shield products are being advertised by THC as being

protected by the Qakley patents.
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20.  As the exclusive licensee of the ‘848 and ‘705 patents in the limited
field of hockey shield products, Mission I-TECH has standing to assert the claim of
patent infringement of the ‘848 and ‘705 Patents as against Oakley. See U.S.
Values, Inc. v. Dray, 212 F.3d 1368 (Fed. Cir. 2000).

21.  Accordingly, this action is brought to enforce the Agreement against
Oakley, to vindicate Mission I-TECH’s rights thereunder, and to seek remedies for
Oakley’s breach of the Agreement and infringement of the ‘848 and ‘705 patents.

FIRST CAUSE OF ACTION AGAINST DEFENDANT OAKLEY, INC,
(BREACH OF SETTLEMENT AND LICENSE AGREEMENT)
22.  The allegations of Paragraphs 1 through 21 of the Complaint are re-

alleged and incorporated by reference as though fully set forth herein.

23. The Agreement between Oakley and Mission I-TECH was and is a
valid contract.

24. Mission I-TECH has performed all of its obligations under the
Agreement and it has made the requisite sales volumes and paid the requisite
royalties to maintain and continue the exclusive license. Mission [-TECH has the
capacity and intent to perform all future obligations under the Agreement.

25. Pursuant to the Agreement, Oakley was and is prohibited from
licensing any third-party under the ‘848 and/or ‘705 patents in the field of hockey
face-shields and from manufacturing for the benefit of any third party any similar
hockey face-shield products that incorporate the ‘848 and/or ‘705 patents or any
foreign equivalents thereof.

26. Qakley has breached, and on information and belief will continue to
breach, its duties under the Agreement. In particular, on information and belief,
Oakley has entered into a distribution agreement with THC in which Oakley
intends to and does manufacture hockey face-shield products covered by the ‘848
and/or 705 patents for the benefit of THC, allowing THC to sell and offer for sale

such hockey face-shield products to its customers and to the general public. Sucha
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distribution arrangement is a direct breach of the exclusive rights in the ‘848 and
“705 patents earlier granted by Oakley to Mission I-TECH.

27.  As aresult of Oakley’s actions, Mission I-TECH has suffered and will
suffer monetary damages in an amount to be determined at trial.

28. Unless enjoined by this Court, Oakley will continue to engage in
actions that constitute a breach of its duties under the Agreement, including but not
limited to implementing the distribution agreement with THC. Mission I-TECH
will continue to suffer irreparable harm for which there is no adequate remedy at
law, including but not limited harm that is very difficult to quantify, such as harm
to Mission I-TECH’s business relationships and its reputation in the marketplace.
Accordingly, Mission [-TECH is entitled to preliminary and/or permanent
injunctive relief requiring QOakley to specifically perform its duties under the
Agreement including but not limited to by canceling or assigning to Mission I-
TECH the distribution agreement with THC, and further prohibiting Qakley from

repudiating the terms and provisions of the Agreement.

SECOND CAUSE OF ACTION
(PATENT INFRINGEMENT OF THE ‘848 AND ‘705 PATENTS)
29. The allegations of Paragraphs 1 through 21 and 23 through 28 of the

Complaint are re-alleged and incorporated by reference as though fully set forth
herein.

30. At all times relevant hereto, Mission I-TECH was and is the exclusive
licensee of the ‘848 and ‘705 patents in the field of hockey face-shields pursuant to
the Agreement between Oakley and Mission I-TECH.

31.  As the assignee of the ‘848 and ‘705 patents, Oakley is precluded by
the doctrine of assignee estoppel from asserting invalidity or unenforceability of the

‘848 and ‘705 patents.
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32. Oakley has engaged in intentional acts to infringe and/or induce
infringement of the ‘848 patent by manufacturing hockey shield products covered
by the ‘848 patent for the benefit of THC, and allowing THC to sell and offer for
sale such products to its customers and to the general public.

33. Oakley has engaged in intentional acts to infringe and/or induce
infringement of the ‘705 patent by manufacturing hockey shield products covered
by the 705 patent for the benefit of a prohibited competitor, THC, and allowing
THC to sell and offer for sale such products to its customers and to the general
public.

34,  As a result of Qakley’s actions, Mission [-TECH has suffered and will
continue to suffer damages in an amount to be determined at trial.

35. Unless enjoined by this Court, Oakley will continue to engage in
actions to infringe and/or induce infringement of the ‘848 and ‘705 patents.
Mission I-TECH will continue to suffer irreparable harm for which there is no
adequate remedy at law, including but not limited to harm that is very difficult to
quantify, such as harm to Mission I-TECH’s business relationships and 1its
reputation in the marketplace. Accordingly, Mission I-TECH is entitled to
preliminary and/or permanent injunctive relief against Oakley.

PRAYER FOR RELIEF
Wherefore, Mission I-TECH requests entry of judgment in his favor and

against all defendants and prays for the following relief:

1.  That Mission I-TECH be awarded damages against Oakley, in an
amount to be determined at trial; |

2. That the Court issue a preliminary and/or permanent injunction
preventing Oakley from violating or performing on any arrangement that violates
the Agreement 61‘ infringing on the ‘848 and ‘703 patents, including but not limited
to any arrangement whereby THC is allowed to distribute, sell, or offer for sale

products incorporating the technology of the ‘848 and ‘705 patents;
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3.  That Oakley assign to Mission I-TECH all of the rights under the

distribution agreement it has made with THC.

4.  That Mission I-TECH be awarded its costs of suit hereunder; and
5. Such further and other relief as the Court deems just and proper.
Dated: May 4, 2005 SQUIRE, SANDERS & DEMPSEY L.L.P.
By:
David B."Abél
Attorneys for Plaintiff
MISSION I-TECH HOCKEY, LTD.
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Dated: May4, 2005

LosAngeles/177517

JURY TRIAL DEMAND

Plaintiff demands a trial by jury of all issues so triable, pursuant to Rule 38 of

the Federal Rules of Civil Procedure.

SQUIRE, SANDERS & DEMPSEY L.L.P.

By:

avid B. Abel

Attorneys for Plaintiff
MISSION I-TECH HOCKEY, LTD.

10 COMPLAINT FOR BREACH OF LICENSE
AGREEMENT AND PATENT INFRINGEMENT
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157] ABSTRACT

An impact resistant face shield that includes a single formed
arcuate lens portion that, in a first orientation, has a first
curvafurc cxtending in a horizonta! direction and a second
curvature exlending 1o a verlical direction. ‘The lens portion
has a top portion and a hottom portion that extends relatively
inwardly towards the face of the wearer relative to an
intermediate portion disposed between the top and botiom
portions. Each curvature of the lens defines an arc of a circle
having & substantially uniform radius to produce nominal
levels of distortion, thereby reducing the prism cffects
created by the lens, and providing an optically correcied
viewing window.

25 Claims, 8 Drawlng Sheets
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1
IMPACT RESISTANT FACE SHIELD FOR
SPORTING HELMETS

BACKGROUND OF THE INVENTION

This invention relates to mechanical proteclive devices,
and more particularly to impact resistant face shields for use
in protecting the face of an individual.

Today, sports are more popular than ever. This increase in
popularity has resulted in an increase in the number of
amateur and professional spont participants. Unfortunately,
increased participation has resulied in an increase in the
number of injuries suffered by individuals, and particularly
in the number of facial injuries. Consequently, some sporis
now recommend and/or require the use of face shields or
other facial protective devices when participating in the
sport. One such sport is hockey.

Conventional face shields suitable for use in sports, such
as those manufactured by ltech Sports Products, Inc. under
the trade designation ITECH® Type 1V sports protector,
typically consist of a transparent polycarbonate blank that is
formed or molded into a convex shicld, which is adapted for
mounting 1o existing sport helmets. The shicld, when
mounted to the helmet, extends generally outwardly and
away from the wearer’s face. As a result of this mounting
configuration, objects located in the external environment
appear at least partially distorted. Thus, the molded poly-
carbonate blank introduces some distortion over a portion of
the individual’s ficld of view.

The distorting effects of conventional face shields creates
a unique set of problems for the wearer. The shield can cause
strain on the wearer’s eyes, which over a period of time can
have deleterious effects. Additionally, rapidly viewing
objects through the face shield and conversely oot through
the face shield produces further eye strain by requiring the
individual to focus differently for cach differcat field of
view.

Due to the foregoing and other shortcomings of existing
face shields, an object of this invention is to provide a face
shield that reduces optical distortion.

Another object of this invention is to provide a protective
face shicld that bas relatively high optical clarity and reso-
lution.

Suill another object of the invention is to provide a face
shield that reduces the eye strain.

Yet another object of the invention is to provide a face
shield that is relatively strong and durable and relatively
lightweight.

Other general and more specific objects of the inveation
will in part be obvious and will in part appear from the
drawings and deseription which follow.

SUMMARY OF THE INVENTION

The present invention relales to protective face shields
that provide for higher image resolution and contrast during
use. The improved contrast and resolution is achieved by
providing an impact resistant face shield that addresses
optical and mechanical concerus. Specifically, the present
invention provides for an optically-correct face shield.

The invention attains an optically correct face shicld by
structuring the face shield to have an inner radius, an outer
radius, a thickness and a refractive index, where the fore-
going are mated to provide for a shield that lies between a
truly plano lens and a lens having concentric geometry, e.g.,
constant thickness. The optical qualities of the iens are such
that the prism and diopiric power are relatively low, and
preferably between about Q.01 diopter znd about 0.10
diopter.
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The face shield preferably includes a single formed arcu-
ate lens portion that, in a fist orientation, has a first
curvature extending in a horizontal direction and a sccond
curvature extending in a vertical direction. The lens portion
has a top portion and a bottom portion that exteads relatively
inwardly towards the face of the wearer relative 1o an
intermediate portion disposed between the top and bottom
portions. Each curvature of the lens defines an arc of a circle
having a substantially uniform radius to produce nominal
levels of distortion, thereby reducing the prism effects, e.g.,
non-uniform distortions of the field, created by the lens, and
providing an optically corrected viewing window.

According to one aspect, the lens portion of the face
shield of the present invention has a thickness defined
between outer and inner surfaces. The surfaces preferably
have different radii of curvatures about centers that are
shifted relative to each other. This eccentricity shifts one
surface with respect to the other, 10 ereate a curved lens that
has a thickness d that varics along the arc length of the face
shield. The diametral lines of the surfaces are shifted such
that the inner surface is moved back from a conceniric
position, thickening the central portion of the lens, and
creating edges that are thinner relative 1o the central thick-
ened region. This variable thickness, and particularly the
thinning effect of the lens at the edges, optically corrects the
lens at the peripheral regions by reducing the occurrence of
prismatic deviations and overall prism imbalance.

According to another aspect of the invention, the shield
preferably includes a frame structure that is formed about at
least a portion of the lens. According to one embodiment, the
frame includes ventilation apertures formed in a top portion
of the face shield. The ventilation apertures allow air to flow
through the miask to provide for proper ventilation of the
shield 1o resist or remove fogging.

According to another practice of the invention, the face
shield surrounds a substantial portion of the wearer’s face
when situated properly thercabout. In this position, the
inside surface of the lens is substantially non-oblique rela-
tive to the wearer’s face and the wearer’s field of view is
substantially normal to the inside surface of the lens about
most of the field of view. Additicnally, the face shield
extends in the vertical direction a distance sufficient to
include a substantial portion of the downward field of view
without imposing upon the wearer the distortions and aber-
rations created by the edges of the shield.

The present invention further pertains to a face profective
shield having a shield body formed of strong clear polymeric
malerial having a peripheral region and a central region. The
peripheral region includes an attachment clement for secur-
ing the shield body 1in front of the wearer’s face. The central
region is preferably formed as a viewing window sized 1o
extend around in front of the wearer’s face. According lo onc
aspecet, the shicld bas a thickness effective to survive impact
without cracking and curves in both horizontal and vertical
planes over substantially the entire central region to intro-
duce a degree of lensing and correct viewing aberrations.

According to another aspect, the central region has front
and rear surfaces. The front surface has a radius of curvature
R, greater than the rear surface radius of curvature R, such
that R-R,=8. Accordiag to still another aspect, the ceaters
of curvature of the front and rear surfaces are spaced closer
than &.

According to another aspect, the lensing power of the
shield is negative in at least the horizontal plane.

Other general and more specific objects of the invention
will in part be obvious and will in part be evident from the
drawings and descrption which follow.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objcets, features and advantages
of the invention will be apparent from the following descrip-
tion and apparent from the accompanying drawings, in
which like reference characters refer to the same parls
throughout the different views. The drawings illustrate prin-
ciples of the invention and, although oot to scale, show
relalive dimensions.

FIG. | is a side view of 2 first embodiment of the face
shield of the present invention.

FIG. 2 is a front view of the face shield of FIG. 1.

FIG. 3 is a schematic representation of light rays imping-
ing upon a conventional plano lens.

FIG. 4 is a cross-scctional view of the face shield of FIG.
2 taken along lines 4—4 illustrating the varying thickness of
the shield of the present invention.

FIG. § is a front view of a second embodiment of the face
shield of the present invention.

FIG. 6 is a side view of the face shield of FIG. §.

FIG. 7 is a front view of a third embodiment of the face
shield of the present invention.

FIG. 8 is a perspective view of the face shield of FIG. 5
mounted o 2 conventional sporting helmet.

FIG. 9 is a perspective view of the face shield of FIG. 7
mounted 1o a conventional sporting helmet.

DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

FIGS. 14 illustrate the general principles of the protec-
tive face shicld of the present invention. These general
principles pertain to each of the additional face shield
embodiments set forth and described below.

FIGS. 1 and 2 illustrate a first embodiment of the face
shield 10 of the present invention. The face shield 10
includes a unitary curved lens portion 12 that is encom-
passed by a beaded frame structurc 14 disposed about a
substantial portion of the periphery of the lens. Preferably,
the beaded frame 14 is integrally molded with the lens
portion 12.

The lens portion 12 has a first or horizontal curvature 16
(as seen in a horizontal plane), and a second vertical
curvature 18, The horizontal curvaturc 16 has a circular
cross-section and approximates a complete semi-circle, ¢.g.,
subtends an arc of about 180°, and thus provides a wrap-
around face shield that covers and protects the face of the
wearer while providing a window portion that extends about
a substantial portion of the wearer’s potential field of view.
The potential field of view is substantially greater than the
actual view of any moment, and includes the extremes at
cach side that become visible as the wearer rotates his eyes,
but without re-orienting his head. The vertical curvature 18§
has a circular cross-section, and a bottom portion 20 that
extends relatively inwardly towards the face of the wearer
relative to an intermediate portion 22 of the lens 12, The
wrap-around configuration of the lens 12 in both the hori-
zonlal and vertical dircctions provides & single view pane
through which the wearer observes the external coviron-
ment. This configuration allows the wearer to observe
objects al any location through the lens portion 12 without
requiring the wearer o change viewing environments, for
example, view one object through the lens and another
object at a different location outside of the view frame of the
lens. A significant advantage of this is that it reduces eye
strain by allowing the wearer to view the covironment
through a single wrap-around window.
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It is known that light rays striking a plano lens of known
construction at a selected angle B emerge from the lens at the
angle 8 but offset by a selected displacement o determinable
by known formulae, as shown in FIG. 3. For example, a light
ray 24 that impinges upon the lens is offset the distance a,
which is dependent upon the lens thickness, the angle of
incidence and the refractive index of the lens material. The
light ray 24 cxits the lens at the angle of incidence 0. These
variations in the refraction of light introduce distertions into
the field of view, particularly whea viewing objects along a
sight line that intersects the window obliquely. Thus, an
object located at or near the periphery of the field of view
may appear clongated and/or shifted in space relative to the
actual spalial location of the object. This phenomena rep-
resents a common problem with conventional impact resis-
tant face shields. Since the shields must be sufficiently thick
(o affain strength, they necessarily introduce distortion
effects.

Referring again to FIGS. 1 and 2, each curvature 16 and
18 of the lens portion 12 defines an arc of a circle having a
substantially uniform radius. This dual-curvature configu-
ration provides a viewing window that is oriented almost
normal to the line of sight as the wearer’s eyes rotate o view
objects. It produces only nominal levels of distortion, reduc-
ing the prism effects, e.g., non-uniform distortions of the
field, created by the lens portion 12, and provides an
optically corrected viewing window. Although a variety of
radii might accrue the advantages of the present invention,
the radius of the horizontal curvature 16 is preferably in the
range between about 3 inches and about 5 inches, and most
preferably is about 4 inches. The radius of the vertical
curvature is preferably in the range between about 6.5 inches
and about 8.5 inches, and most prelerably is aboul 7.4
inches. The foregoing radius dimensions represent the dis-
tance from arbitrary center of curvature points to the arc
defined by each curvature of the illustrated face shield 10.
This construction defines a uniform distance to allow a full
and unobstrucied viewing hemisphere,

Those of ordinary skill will readily recognize that the lens
portion 12 of the face shicld 10 of the present invention has
a thickness defined between outer and inner surfaces, and
thus could be defined as having merely a single radius only
when it has constant thickness. However, preferably, as
shown in FIG. 4, which is a cross-sectional view of the face
shicld 10 of FIG. 2 taken along linc 4—4, he lens portion
12 has a thickness or depth dimension d,, along its entire arc
lengih, which is defined between an outer facing (convex)
sturface 26 having a radius R1 and an inner facing (concave)
surface 28 having a radius R2. In this embodiment, the
radius R2 is less than the radius R1 and eccentric relative
thereto. Specifically, the surfaces 26 and 28 have different
radii of curvatures about centers that are shifted relative to
each other. This eccentricity shifts one surface with respect
to the other, to create a curved lens thal has a thickness d,
that varies monotonically away from a centerpoint, e.g., is
tapered toward the edge, along the arc length of the face
shield. Preferably, the inner concave surface 28 is not
completely circular, but rather one surface at least is non-
diametral to producc a minimum thickness d,,;, at the cdges
30 of the face shield. Furthermore, the diametral lines of the
two surfaces are shifted such that the rear surface is moved
back from a concentric position, thickening the central
portion of the lens to produce a maximum thickness d,, ., at
or near centerline 32. As illustrated, the distance between the
centerpoint C1 for radius R1 and the centerpoint C2 for
radius R2 is preferably between 1 and 2 mm, but those of
ordinary skill will recognize that this distance can vary
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dependiag upon the desired thickness of the shield at the
cemer of at the cdges of the lens in order 1 achieve 3
particular degree of bending, breaking, tensile or impact
strength. According Lo on® practice the absolute value of the
difference in centcrpoinis is Jess than the lens thickness da

As set forth above, plano (or constant-thickness) lenses
introduce distortions of prismalic deviations into the field of
view of the wearer by non-uniformly shifting light entering
and exiting the lens. Lenses having truly concentric inner
and outer radii, €. 3 plano lens bent into a cireulatr shape,
introduce prismatic deviations, This prism effect distorts,
¢.g., elongates of displaces, cbjects viewed by the wearer
and (his distortion is particularly exaggerated at the peniph-
eral viewing regions of the lens. With reference 10 the
present invention, she variable thickness do, and particulatly
the thioning cfect of the lens at the edge regions 30,
optically corrects the lens ai the peripheral regions by
reducing the occurrence of prismatic deviations and overall
prism imbalance. Specifically, the Jeasing effect of the lens
12 in copjunction whh the relatively thinner edge regions 30
{ntraduce relatively Jow Jevels of distwetion and serve to
optically correct the view over substantially the entice lens
arca., Thus, the term "opiically-corrccl" as used heredn is
intended to refer 1o the reduction in prismatic devialions
created by the panticular design snd geometry of each
embodiment of the face shield of the invention as described
above in relation © FIGS. 1 and 2 and below in relation to
FIGS. 5-7, and furiber is intended to include a face shield
that exhibits 2 relatively Yow dioptric power and a relatively
low prism power oVel a substantial portion of the wearel’s
ficld of view. Preferably, the shield includes only 3 few
hundredths of a diopter of contralled dioplric power, and has
a negative lensing effect which compensales for the prism
aberrations. Furthermore, by shifling the front and rear
curved surfaces, a structural thickening is achieved in a
central region of low distortion, allowing a lower prism
ihickness to be safely employed peripherally.

According to the face shicld embodimeat of FIGS. 1 and
2, the thickness dyax of the lens 12 at the centerline 32 is
about 4 mm (0.157 inches) with a mimmuss thickness d;,
at the edges 30 ranging between about 2 mm {0.0787 inches)
and about 2.7 mm {0.102 inches). According lo one praclice,
the lens thickness dg varies smoothly with increasing angle
from dy, g 10 Gnin THE radius R1 preferably ranges between
about 95 mm and about 110 mm, 2cd most preferably
between about 100 mm and about 105 mm, and the radius
R2 ranges betweeo about 96 mm and about 103 me, and
most preferably is about 100 mm. For the vertical curvature
18 of the lens, R1 preferably ranges between about 180 mm
and 192 mm, and most preferably is about 187 wm, and R2
ranges betweed about 178 mm and about 186 mm, and most
preferably is apout 183 mm.

Furthermore, the illustrated face shicld 10 has g beight H1
[t varies about the length of the shield in 1be honizontal
direction. The vertical height [1L preferably varies between
about 3.75 inches and about 4.75 inches along the curvature
of the shield, and preferably is aboul 425 inches a8 mea-
sured at the centerline.

Referring again to FIGS. 1 and 2, the illustrated frame
structure 14 includes ventilation aperures 40 formed in 2
peripheral band of the g portion 34 of the face shield 10.
The ventilation aperiures allow air to flow through {he mask,
either in an upward or downward direction, © provide for
proper ventilation of the shicld 10 resist or remove foggiog.
The size and oumber of the ventilation apertures is not
important to the Jeachings of the present invention. A
thickness web may provide added sirength about the veati-
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According 1o one practice, the face shield canbe mounted
to the head of the wearer o to various sport helmets by
Kknown reteation mechanisms. For example, the face shield
or protecior 10 can be attached to a hockey belmei by way
of conventional securing and mounting pins, hooks, straps,
and like retention elements. Ope end of a securing sirap
preferably scats in the strap aperture 42 formed on either
side of the frame member 14 to help secure the face shield
to the helmet and about the face of the wearer.

When mounted on the helmet, the face shield 10 sur-
counds a substantial portion of the wearer’s face, and par-
ticularly surrounds the upper portion of the face as well as
{he nose and portions of the cheeks, More particutarly, the
shield surrounds the face such that the inside sorface of the
lens is substantially non-oblique relative © the wearer's face
and the wearer’s field of view is substantially pormal to the
inside surface of the leas portion 12 of the shield 10 about
most of the field of view. Additionally, the face shield 10
extends in the vertical direction a distance sufficient to
include a substantial portion of the downward fieid of view
without imposing upon the wearer the distortions and aber-
rations created by the edges of the shicld. Specifically, the
palom portion of the face shield extends inwardly towards
the wearer’s face 10 allow the wearer fo view the external
cavironment through the lens portion at close distances, and
through a coatour which reduces obliqueness of incident
rays.

The. face shield 10 is composed of a transpavent impact
resistant material, such as polycarbonaté, which has a refrac-
tive index of 1.586 at \he helium d line. The face shield
preferably mects sclected strengih and impact tests, includ-
ing the Canedian impact testing standard CSA §5.3.4. Thosc
of ordinary skill will readily recognize thal other suitable
polymer materials can be used.

FIGS. 5 and 6 illustrate 2 second embodiment of 1be face
shield of the present nvention. The illustrated face shield
100 has a unitary Jens portion 102 that has 2 lop portion 104
and 2 bottom portion 106. The lens portion 102 als0 includes
a horizonlal curvatare and a vertical curvature that exhibit
the same properties as those described above in reiation (0
\he face shield 10 of FIGS. 1 and 2. The horizontal curvare
of the face shicld approxirmates 2 semi-circle and thus
provides a wrap-around face shield that covers and protects
the face of the wearer while providing & window portion that
cxtends about a substantial portion of the wearer’s field of
view. This wrap-around configuration of the lens 102 in both
\he horizontal and vertical directions provides 2 single view
panc through which the wearer observes the external eavi-
ronment. This configuration allows the wearer 1o observe
objecls at aoy location through the leas portion 102 without
requising the wearer 10 change viewing eavirouments, for
example, view one abject through the lens and another
object a1 a dilferent location outside of the view [rame of the
lens.

According o on¢ practice, the radius of the porizoatal
curvature s preferably between about 3.25 inches and aboul
5.25 inches, aod the radius of the vertical curvature is
preferably in she range between about 6.35 inches and about
8.35 inches, and most preferably is about 7.4 inches. The
foregoing radius dimensions represent the distance from an
arbitrary center point 10 the arc defined by each curvawre of
Ihe illustrated face shield 100.

The illustrated face shield 100 also hes a thickness dy that
is defined by outer and inner curved surfaces, 38 described
ahove in relation to FIGS. 1-2 and 4. the illusirated face
shield 100 preferably bas an outer radius R1 that ranges
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between about 95 mm and about 110 mm, and most pref-
erably is about 103 mm, and the radius R2 ranges between
about 96 mm and about 103 mm, and most preferably is
about 101 mm. For the venical curvaiure of the lens 102, R1
preferably ranges between about 180 mm and 192 mm, and
most preferably is about 187 mm, and R2 ranges between
about 178 mm and about 186 mm, and most preferably is
about 183 mm.

The illustrated face shicld 100 further has a height H1 that
varies about the length of the shicld in the horizontal
direction. The height H1 preferably varies between about 2.3
inches and about 4.3 inches, and preferably is about 3.3
inches at the center.

The optical and physical design properties described
above in relation to shield 10 accrue to this embodimeant to
form an oplically correct face shield that withstands the
impact of foreign badies, without cracking or breaking.

Referring again to FIGS. 5 and 6, the bottom portion 106
has formed thereon a molded beaded porlion 110 that
reinforces the bottom edpe of the shield while eliminating
sharp contours. The bottom portion 106 fusther includes a
paic of downwardly projecting tabs 112 that include a
mounting aperture 114 thai extends therethrough. The lop
porticn of the face shield 100 includes a set of upwardly
projecting mounting protrusions 116.

The face shield can be mounled to various sport helmets
by known retention mechanisms. For example, the face
shield or protector L0 can be attached 1o 2 football helmet
120 by way of conventional securing and mounting straps
and like retention elements, as shown in FIG. 8. The shield
100 is sccured to the face guard 122 of the helmet 120 by a
set of T-bolts and nuts, and the top portion 164 of the shield
100 is wedged into the top of the face guard frame mouated
directly to the helmet 120,

When mounted on the helmet, the face shield 100 sur-
rounds a substantial portion of the wearer’s face, and par-
licularly surrounds the nosc and portions of the checks.
More particularly, the shield surrounds the face such that the
inside surface is substantially non-oblique relative lo the
wearer’s face and the wearer’s field of view is substantially
normal to the inside surface of the lens portion 12 of the
shield 10. The face shield also extends about the face in the
horizontal direction a distance sufficient 1o include at least a
substantial portion of the field of view of the wearer.

FIG. 7 illustrates a third embodiment of the face shicld
200 of the present invention. The illustrated face shicld 200
has a unitary lens portion 202 that has a top portion 204 20d
a bottom portion 206. The lens portion 202 also includes a
horizontal curvature and a vertical curvature that exhibit the
same properties as those described above in relation to the
face shicld 10 of FIGS. 1 and 2. The horizontal curvaturc of
the face shield approximales a semi-circle and thus provides
a wrap-around face shicld that covers and protects the face
of 1he wearer while providing 2 window portion that ¢ xtends

-about a substantial porticn of the wearer’s field of view. This

wrap-around configuration of the lens 202 in both the
horizontal and vertical directions provides a single view
pane through which the wearer observes the external envi-
ronment. ‘This configuration allows the wearer 1o observe
objects at any location through the lens portion 202 without
requiring the wearer to change viewing environments, for
example, view one object through the lens and another
object at a different location outside of the view frame of the
lens.

According 1o one praciice, the radius of the horizontal
curvature of the [ace shield 202 is preferably between about
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4 inches and about 5.5 inches, and most preferably is aboul
4 inches, and the radius of the vertical curvature is prefer-
2bly in the range between about 6.5 inches and about 8.5
inches, and most preferably is about 7.4 inches. The fore-
going radius dimensions represent the distance from an
arbitrary center point to the arc defined by each curvature of
the illustrated face shield 200.

The illustrated face shield 100 also has a thickness dg that
is defined by outer and inner curved surfaces, as described
above in reiation to FIGS. 1-2 and 4. The illustraled face
shicld 200 preferably has an outer radius R1 ithal ranges
between about 95 mm and about 110 mm, and most pref-
erably is about 104 mm, and the radivs R2 ranges between
about 96 mm and about 105 mm, and most preferably is
about 101 mm. For the vertical curvature of the iens 202, R1
preferably ranges between about 180 mm and 192 mm, and
most preferably is about 188 nm, and R2 ranges between
about 178 mm and about 186 mm, and most preferably is
about 184 mm.

The lens portion further has a pair of downwardly pro-
jecting portions 210 that extend below an intermediate
portion 212 to form secondary lens portions. These portions
preferably have a radius between zbout 1.0 inch and 2.0
inches. The illustrated face shield 200 has a height H1
defined at the intermediate portion 212 that ranges between
4.5 inches and about 4.1 inches. The height H2 of the leas
portion other than at the intermediate portion varies about
the length of the shield in the horizontal direction. The
height H2 preferably varies between about 4 inches and
about 5 inches, and preferably is about 4.25 inches.

The optical and physical design properties described
above in relation to shield 10 accrue 1o this embodiment to
form an optically correct face shield that withstands the
impact of foreign bodies, without cracking or breaking.

Referring again to FIG. 7, the bottom portion 206 has
formed thereon a molded beaded portion 220 that reinforces
the bottom edge of the shield while eliminating sharp
contours. The beaded portion extends substantially about the
catire periphery of the shield 200. The shield also includes
ventilation apertures 240 formed in the top portion 234 of
the bead. The ventilation apertures allow air to flow through
the mask, either in an upward or downward direction, 1o
provide for proper ventilation of the shicld to resist fogging
and aid clearing of the lens. The size and aumber of the
ventilation apertures is not important to the teachings of the
present invention.

The face shield can be mounted to various sport helmets
by known retention mechanisms. For example, the face
shield 200 can be attached to a hockey helmet 250 by way
of conventional pins, hooks, and securing and mounting
straps, and like retention elements, as shown in FIG. 9.

When mounted on the helmet, the face shicld 260 sur-
rounds a substantial portion of the wearer's face, and par-
ticularly surrounds the posc and portions of the checks.
More particularly, the shield surrounds the face such that the
inside surface is substantially non-oblique relative to the
wearer’s face and the wearer’s field of view is substantially
pormal to the inside surface of the lens pertion 202 of the
shield 200. The face shicld also extends about the face in the
horizontal direction a distance sufficient (o include substan-
tially the entire field of view of the wearer. The sccondary
lens portions 210 further project downwardly to eosure
capiure of a substantial portion of the downward field of
view.

The face shields of the invention shown and described
above can be made from known processes and techaiques,
such as injection molding.
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The impact resistant face shield constructed according to
the features of the preseat invention can be employed in a
wide range of environments and for a wide range of uses.
For example, the face shicld shown and described above in
relation to FIGS. 1-7 can be used by individuals for recre-
ational and sporting activities in addition to football and
bockey, such as skiing, roller-blading, soccer, basketball,
baseball, lacrosse and other like activities. The face shield
can also be employed in other industries by amateurs and/or
professionals, such as by carpenters and medical personnel.

{1t will thus be seen that the invention efficiently attains the
objects set forth above, among those made apparent fromm the
preceding description. Since certain changes may be made
in the above constructions without departing from the scope
of the invention, it is intended that all matter contained in the
ahove description or shown in the accompanying drawings
be interpreted as illustrative and oot in a limiting sense.

It is also to be understood that the following claims are (o
cover all generic and specific features of the invention
described herein, and all statements of the scope of the
invention which, as a matter of language, might be said to
fall therebetween,

Having described the invention, what is claimed as new
and desired 1o be sceured by Letters Patent is:

1. An arcuately molded face shicld for mounting to
sporting helmets suitable for use in sporting events, said face
shield comprising:

a unitary, optically-correct lens portion for shiclding
againsl mechanical impact a substantial portion of a
sport participant’s face having, in a first orientation, a
first curvature extending in a borizontal direction and a
second curvature extending in a vertical direction, said
vertical curvature terminating in a top portion and a
bottom portion, said boltom portion extending rela-
tively inwardly towards the face of the participant
relative Lo an intermediate portion of said lens disposed
between the top and botlom portions when mounted 1o
the sporting helmet, and

[rame means forming a frame integrally formed with and
disposed about a portion of the periphery of said
optically-correct lens portion in an as-molded
condition, wherein said frame has a top portion, and
further including ventilation means formed in said top
portion of said frame for allowing air to pass freely
therethrough.

2. A face protective shield for activity, comprising:

a shield body formed of strong clear polymeric material
and having a peripheral region and a central region,

the peripheral region including means for attaching to
secure the shield body in front of a wearer’s face, and

the cenlral region forming a viewing window sized to
extend substantially entirely around in [ront of the
wearer's face and having a thickness effective to sur-
vive impact without cracking, said thickness further
introducing prism viewing aberrations, and said central
region curves in horizontal and vertical planes over
substantially the cntire central region to introduce a
degrec of lensing and correct said viewing aberrations,
wherein the central region has froat and rear surfaces,
wherein a radius of curvature R, of said front surface is
greater than a radivs of curvatere R, of said rear
surface, and wherein Rf-R,-b, and centers of curvature
of said front and rear surfaces are spaced closer than 3.

3. A face protective shield according 1o claim 2, wherein
said central region has different front and back surface
curvatures in a horizontal plane, and different front and back
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surface curvatures in a vertical plane, forming an arched
central region having lensing power in two dimensions and
with 2 greater central thickness than edge thickness.

4, A face protective shield according to claim 3, wherein
said lensing power is negative in at least said horizonial

lane,

d 5. A face protective shield consisting of a single molded
sheet of polycarbonate curving about substantially 180° in a
horizontal plane with a front diameter effective to fit around
the face of a wearer and having different front and back
surface radii of curvature about centers that are shifted to
effectively correct vision throughout said shield while
enbancing strength thereof.

6. An arcuately molded face shield for mounting to
sporting helmets suitable for use in sporting events, said face
shield comprising: :

a unitary, optically-correct lens portion for shielding
against mechanical impact a substantial portion of a
sport participant’s face, having, in a first orientation, a
first curvature extending in a horizonlal direction and a
second curvature extending in a vertical direction, said
vertical curvature terminating in a top portion and &
bottom portion, said bottom portion extending rela-
tively inwardly towards the face of the participant
relative to an intermediate portion of said lens disposed
between the top and bottom portions when mounted to
the sporting helmet, wherein said optically-correct lens
portion has a variable thickness that reduces distortions
aboui the participant’s field of view.

7. The face shicld of claim 6, wherein said thickness of
said optically-correct lens varies monotonically away from
a centerpoint of said lens along said horizontal direction.

8. A face protective shield for activity, comprising:

a shield body formed of strong clear polymeric material
and having a peripheral region and a central region,

the peripheral region including means for attaching to
secure the shield body in front of a wearer’s face, and

the central region forming a viewing window sized to
extend substantially entirely around in front of the
wearer's face and having a thickness effective to sur-
vive impact without cracking, said thickness further
introducing prism viewing aberrations, and said central
region curves in horizontal and vertical planes over
substantially the entirc central region (o introduce a
degree of lensing and correct said viewing aberrations,
wherein said optically-correct lens portion has a vari-
able thickness that reduces distortions about the par-
ticipant’s field of view.

9. The face shield of claim 6, wherein said thickpess of
said optically-correct lens varies monotonically away from
a centerpoint of said lens along said horizontal plane.

10. An arcuately molded face shield for mounting to
sporting helmets suitable for use in sporting events, said face
shicld comprising '

a unilary, optically-correct viewing window defining a
field of view for shielding apainst mechanical impact a
substantial portion of a sport participant’s face having,
in a first oreatation, a first curvature extending in 2
horizontal direction and a second curvature extending
in a vertical direction, and wherein said optically-
correct viewing window has a variable thickness to
reduce distortions in said field of view.

11. The face shield of claim 10, wherein said thickness of
said viewing window varies monotonically away from a
centerpoint of said window.

12. The face shield of claim 10, wherein said optically-
correct viewing window comprises ventilation means
formed in a top portion thereof for allowing air to pass freely

therethrough.
emr__pace 2%
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13. The face shield of claim 10 wherein said optically-
correct viewing window has a first distal end portion dis-
posed on one end of the horizoatal curvature of the lens, a
sccond distal end portion disposed on an opposed end of the
horizontal curvature, and a gencrally vertically extending
intermediate portion disposed between the first and second
distal portions, wherein at least portions of said first and
second distal portions extend downwardly beyond said
vertically-extending intermediate portion lo form secondary
window portions.

14. The face shield of claim 13, wherein said vertically
extending intermediate portion of said optically-correct
viewing window has a first selected height h, measured
belween Lhe top and bottom portions of the optically-correct
window that is in the range between about 3.3 inches and
about 4.1 inches, and

said secondary window portions baving a height h,

defined between the top portion of the lens and the
bottom portion of the lens that is in the range between
about 4.0 inches and about 5.0 inches,

15. The face shield of ¢laim 10, wherein said first curva-
ture of said optically-correct viewing window has a radius in
the range between about 3.0 inches and about 5.0 inches.

16. The face shield of claim 10, wherein said second
curvature of said optically-correct viewing window has a
radius in the range between about 6.5 inches and about 8.5
inches.

17. The face shield of claim 10, wherein each said
secondary window portion has a radius in the range between
about 1.0 inches and about 2.0 inches.

18. The face shield of claim 10, wherein said honizontal
portion of said optically-carrect viewing window has a first
distal portion and an opposed second distal portion and an

10
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intermediate portion disposed therebetween, and wherein
said lens portion has a beight h; measured between the top
and bottom portions of the lens that varies between the first
and second distal portions, said height b, being in the range
between about 3.75 inches and about 4.75 inches.

19. The face shield of claim 10, wherein said first curva-
ture has a radius in the range between about 6.35 inches and
about 8.35 inches.

20. The face shield of claim 19, wherein said second
curvature has a radius in the range between about 6.35
inches and about 8.35 inches.

21. The face shield of claim 10, wherein said viewing
window has an inner surface and an outer surface that define
said thickness of said window, said outer surface having a
radius of curvature different from the radivs of curvature of
said inner surface.

22, The face shield of claim 10, wherein said variable
thickness of said window has a maximum thickness d_ . of
aboul 4 mm, and a minimum thickness d,,,, in the range
between about 2 mm and about 2.7 mm.

23. The face shicld of claim 21, wherein said radius of
curvature of said inner surface is eccentric relative lo said
radius of curvature of said outer surface and smaller than
sajd radius of satd cuter surface.

24. The face shield of ¢laim 21, wherein said radius of
curvalure of said ouler surface ranges between about 95 mm
and about 110 mm.

25. The face shield of claim 21, wherein said radius of
curvature of said inner surface ranges between about 96 mm
and about 103 mm.

exHer_) pace 25
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1
{MPACT RESISTANT FACE SHIELD

BACKGROUND OF THE INVENTION

This invention relates to mechanical prolective devices,
and more particulasly to impact resisiant face shields for nse
in protecling the face of an ipdividual.

Today, sports are mote popular than cver- This increase in
popularity has resulted in an increase in the number of
amateur and professionat sport participants. Unfortupately,
increased participation has resulied in an increase in the
gumber of injuries suffered by individuals, and particularly
i the qumber of facial injuries. Consequeatly, some sports
now recommend and/or require the use of fave shields or
other facial protective devices when participating in the
sport. One such sport is hockey.

Coaventional face shields suitable Tor use in sports, such
as those manufactured by liech Spodts Products, Inc. under
the trade designation TTECH® Type IV sports protector,
typically consist af 4 transparent polycarbonate blank that is
formed or molded into a convex shield, which is adapted for
mouating fo existing sport helmets. The shicld, when
mousted o the helmet, extends generally outwardly and
away from the weaser's face. As a result of 1his mounting
configuration, objects located in the external eavironment
appear at least partially distorted. Thus, the nolded poly-
carbonate blank intraduces some distortion over 2 portion of
the individual’s ficld of view.

The distorting effects of conventional face shiclds creates
a unique set of problems for the wearer, The shield can cause
strain on the wearer’s eyes, wiich aver 2 period of time can
have delsterious effects. Additionatly, rapidly viewing
objects 1hrough the face shicld and comversely not through
the face shield produces further eye strain by reguiring the
{ndividual 1o focus differently for each different field of
view.

Due to the foregoing and other shortcomings of existing
face shields, an abject of this invention is to provide 2 face
shield that reduces optical distortion.

Another object of this invention is to provide a proteclive
face shield that has relatively high optical elarity and reso-
lutjon,

Sl another object of the invention is lo provide a face
chield that reduces the eye strain.

Yet another object of the invention is (o provide a face
chield that is relatively strong and durable and relatively
lightweight,

Other general and more specific objects of the invention
will in part be obvious and will in part appear from the
drawings and description which follow.

SUMMARY OF THE INVENTION

The present jnvention relates 1o protective face shields
that provide for higher image resolution aud contrast during
use. The improved contrast and resolution 15 achieved by
providing an impact resistant face shigld tha) addresscs
optical and mechanical concerus. Specifically, the preseat
inveption provides for an optically-correct face shield.

The inveation Aliains an optically correct face shicld by
structuring the face shicld to have an izner radius, an ovler
radins, a thickness and 2 refractive index, where the fore-
going arc maled 1o provide for a shield (hat lies beiween a
truly plano lens and a lens having concentric geoneiry, €.6.
constant thickness. The optical qualities of the lens are such
that the prism and dioplric power arc relatively low, and
preferably between abeut 0,01 diopter and about .10
diopter.
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The face shicld preferably includes a single formed arcu-
ate lens portion that, in a first orisntation, has a first
curvatuse sxteading in a borizontal direction and a second
curvature extending in a vertical direction, The lens portion

has a top portion and a bottom portion that extends relafively

inwardly towards the face of the wearer relative 1o an.

intermediate portion disposed between the top and bottom
portions. Each curvature of the lens defines an asc of a cirgle
having a substantiatly uniform radius to produce nominal
levels of distortion, 1hereby seducing the prism effects, €.8.»
non-ugiform distortions of the ficld, created by the lens, and
providing an optically corrected viewing window.

According 1o one aspect, the leus portion of the face
shicld of the present lnvention has a thickness defined
between outer and inner surfaces. The surfaces preferably
have different radii of curvatures about cenlers that are
shifted relative to each other. This ecceatricity shifts one
surface with respect 1o the oiher, Lo create 2 curved lens that
has 2 Ihickness d that varics along the arc length of the face
shield, The diametral lines of the surfaces are shifted such
that the inner surface is moved back from 2 concentric
position, thickening the ceatral portion of the lens, and
creating edges that ave thisner relative 1o the central thick-
ened region. This variable thickness, and particularly the
thinning effect of the leas at the edges, aptically corrects 1he
lens at the periphesal segions by reducing the eecurrence of
prismatic deviations and overall prism imbalance.

According to another aspect of lhe invention, the shield
preferably inchudes a {rame struciure that is formed about at
least a portion of the Jens. According to one embodiment, the
frame includes ventilation apertures formed in a top poricn
of the face shie!d. The ventilation apertures allow air to flow
through the mask to provide far proper ventilation of the
shicld to cesist or remove fogging.

According 1o another practice of the invention, the face
shicld surrounds a substantial portion of the wearer’'s face
whea situated properly thereabout. In this position, the
inside surface of the lens is substantially non-obligue tela-
live 1o the wearer's face and the wearer’s ficld of view is
sybstantially normal to the inside surface of the lens about
most of the Aeld of view. Additionally, the face shield
extends in the vertical direction a distance sufficient 1o
include a substantial portion of the downward field of view
without imposing upon the wearer the distortions and aber-
rations created by the edges of the shield.

The present invention furthes perains (o 8 face protective
shield having a shield body formed of strong clear polymeric
material having a periphetal region and a central region. The
peripheral regios includes an attachment element for secur-
ing the stiald bode in front of the wearer’s face, The central
region is preferably formed as a viewing window sized 0
extend around in front of the wearer's face, According to ong
aspoct, the shield has a thickness effective to survive impact
without cracking and curves in both horizontal and vertical
plages over substantially the entire central region to iniro-
duce a degree of lensing and correct viewing aberrations.

According to another aspect, the central region has fraat
and rear surfaces. The front surface has a radius of curvature
R, greater than the rcar surface radius of curvature R, such
that R-R,=b. According to still ancther sspect, the conters
of curvature of the front and rear surfaces are spaged cleser
than 8.

According to another aspect, the lensing, power of the
shield is negative in at least the horizontal plane.

Qther general and more specific objects of the invention
will in part be obvious and wilk in part be evident from the
drawings and desctiption which follow.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages
of the invention will be apparent from the following descrip-
tion and apparent from the accompanying drawings, in
which like reference characters refer to the same parts
throughous the different views. The drawings illustrate prin-
ciples of the invention and, although not to scale, show
relative dimensions.

FIG. 1 is a side view of a first embodiment of the face
shield of the present invention.

FIG. 2 is a front view of the face shield of FIG. 1.

[1G. 3 is a schemalic representation of light rays imping-
ing upon a conventional plano lens.

FIG. 4 is a cross-sectional view of the face shield of FIG.
2 taken along lines 4—4 illustrating the varying thickness of
the shield of the present invention.

FIG. 5 is a front view of a sccond ¢cbodiment of the face
shicld of the present invention.

FIG. 6 is a side view of the face shield of FIG. 5.

FIG. 7 is a front view of a third embodiment of the face
shield of the present invention.

FIG. 8 is a perspective view of the [ace shield of FIG. 5
mounted to a conventional sporting helmet.

FIG. 9 is a perspective view of the face shield of FIG. 7
mounted lo a convenlional sporting helmet.

DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

FIGS. 1-4 illustrate the general principles of the protec-
tive face shield of the present inveotion. These gencral
principles pertain to each of the additional face shicld
embodiments sel forth and described below.

FIGS. 1 and 2 illustrate a first embodiment of the face
shield 10 of the present invention. The face shield 10
includes a unitary curved lens portion 12 that is encom-
passed by a beaded frame structure 14 disposed about a
substantial portion of the periphery of the lens, Preferably,
the beaded frame 14 is integrally molded with the lens
portion 12,

The lens portion 12 has a first or horizontal curvature 16
(as seen in a horizontal plane), and a second vertical
curvature 18. The horizontal curvaturc 16 has a circular
cross-section and approximates a complete semi-circle, e.g.,
subtends an arc of about 180%, and thus provides a wrap-
around face shield that covers and protects the face of the
wearer while providing a window portion that extends about
a substantial portion of the wearer's potential field of view.
The potential field of view is substantially greater than the
actual view of any moment, and includes the extremes at
cach side that become visible as the wearer rotates his eyes,
bul without re-orienting his head. The vertical curvature 18
has a circular cross-section, and a bottom portion 20 that
extends relatively inwardly towards the face of the wearer
relative to an intermediate portion 22 of the lens 12. The
wrap-around configuration of the lens 12 in both the hori-
zontal and vertical directions provides a single view panc
through which the wearer obscrves the cxternal environ-
ment. This configuration allows the wearer to observe
objects al any location through the lens portion 12 without
requiring the wearer to change viewing environments, for
example, view one object through the lens and another
object al a different location outside of the view frame of the
lens. A sipnificanl advanage of this is that il reduces eye
strain by allowing the wearer to view the environment
through a single wrap-around window.
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It is known that light rays striking a plano lens of known
construction at a selected angle 8 emerge from the lens at the
angle 0 but offscl by a selected displacement o determinable
by known formulae, as shown in FIG. 3. For example, a light
ray 24 that impinges epon the lens is offsct the distance o,
which is dependent upon the lens thickness, the angle of
incidence and the refractive index of the lens material. The
light ray 24 exits the lens at the angle of incidence 0, These
variations in the refraction of light introduce distortions into
the field of view, particularly when viewing objects along a
sight line that intersects the window obliquely. Thus, an
object located at or near the periphery of the field of view
may appear elongated and/or shifted in space relative to the
actual spatial location of the object. This phenomena rep-
resents a common problem with conventional impact resis-
tant face shields. Since the shields must be sufficiently thick
to attain strength, they necessarily introduce distortion
effects.

Referring again to FIGS. 1 and 2, each curvature 16 and
18 of the lens portion 12 defines an arc of a circle having a
substantially uniform radius. This dual-curvature configu-
ration provides a viewing window that is oriented almost
normal Lo the line of sight as the wearer’s eyes rotate to view
objects. It produces only nominal levels of distortion, reduc-
ing the prism effects, ¢.g., non-uniform distortions of the
ficld, created by the lens portion 12, and provides an
optically corrected viewing window. Although a varniety of
radii might accrue the advantages of the present invention,
the radius of the horizontal curvalure 16 is preferably in the
range between about 3 inches and about 5 inches, and most
preferably is about 4 inches. The radius of the vertical
curvature is preferably in the range between about 6.5 inches
and about 8.5 inches, and most preferably is about 7.4
inches. The foregoing radivs dimensions represent the dis-
tance from arbitrary center of curvature points to the arc
defined by each curvature of the illustrated face shield 10,
This construction defines a uniform distance to allow a full
and unobstrucied viewing hemisphere.

‘Those of ordinary skill will readily recognize that the lens
portion 12 of the face shield 10 of the present invention has
a thickness defined between outer and inner surfaces, and
thus could be defined as having merely a single radius only
when it has constant thickness. However, preferably, as
shown in FIG. 4, which is a cross-sectional view of the face
shicld 10 of FIG. 2 taken along linc 4—4, the lens portion
12 has a thickness or depth dimension dg along its entire arc
length, which is defined between an outer facing (convex)
surface 26 having a radius R1 and an inner facing (concave)
surface 28 having a radius R2. In this embodiment, the
radius R2 is less than the radius R1 and eccentric relative
thereto. Specifically, the surfaces 26 and 28 have different
radii of curvatures about centers that are shifted relative to
e¢ach other. This eccentricily shifts one surface with respect
1o the other, to create a curved lens that has a thickness d
thal varies monotonically away from a centerpoint, e.g., is
tapered toward the edge, along the arc leagth of the face
shield. Preferably, the ioner conmcave surface 28 is not
completely circular, but rather one surface at least is non-
diametral to produce a minimum thickness d,,,,, at the edges
30 of the face shield. Furthermore, the diametral lines of the
two surfaces are shified such that the rear surface is moved
back from a conceniric position, thickening the central
partion of the lens to produce a maximum thickness d, ., al
or near cenlerline 32. As illustrated, the distance between the
centerpoint C1 for radius R1 and the centerpoint C2 for
radius R2 is preferably between 1 and 2 mm, but those of
ordinary skill will recognize that this distance can vary
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between about 95 mm and about 110 mm, and most pref-
erably is about 103 mm, and (he radius R2 ranges befween
about 96 mm and about 103 mm, and most preferably is
about 101 mm. For the vertical curvature of the lens 102, R1
preferably ranges between about 180 mm and 192 mm, and
most preferably is about 187 mm, and R2 ranges berween
about 178 mm and about 186 mm, and most preferably is
about 183 mm.

The ittustrated face shield 100 further has a height H1 that
varics about the length of the shield in the horizontal
direction. The height H1 preferably varies between about 2.3
inches and about 4.3 inches, and preferably is about 3.3
inches at the center.

The oplical and physical design properties described
above in relation to shield 10 accrue 1o this embodiment lo
form an optically correct face shield thal withstands the
impact of foreign bodies, without cracking or breaking.

Referring again to FIGS, § and 6, the bottom portion 106
has formed thereon a molded beaded portion 110 that
reinforces the bottom edge of the shicld while eliminating
sharp contours. The bottom portion 106 further includes a
puir of downwardly projecting tabs 112 that include a
mounting aperture 114 that extends therethrough. The top
portioa of the face shield 100 includes a set of upwardly
projecling mounting protrusions 116.

The face shield can be mounted to various sport helmets
by koown retention mechanisms. For example, the face
shietd or protector 100 can be attached to a football helmet
120 by way of conventional securing and mounting straps
and like retention clements, as shown in F1G. 8. The shield
100 is secured to the face guard 122 of the helmet 120 by a
set of T-bolis and nuts, and the top portion 104 of the shield
100 is wedged into the top of the face guard frame mounted
direcily to the helmet 120

When mounted on the helmet, the face shield 100 sur-
rounds a substantial partion of the wearer’s face, and par-
ticulasly surrounds the nose and portions of the cheeks.
More particularly, the shicld surrounds the face such that the
inside surface is substantially non-oblique relative to the
wearer’s face and the wearer’s field of view is substantially
normal to the inside surface of the lens portion 12 of the
shield 10. The lace shield also extends about the face in the
horizontal direction a distance sufficient to include at least a
substantial portion of the field of view of the wearer.

FIG. 7 illustrates a third embodiment of the face shield
200 of the present invention. The illustrated face shield 200
has a unitacy lens portion 202 that has a top portion 204 and
a bottom portion 206, The lens portion 202 also includes a
horizontal curvature and a vertical curvature that exhibit the
same properties as those described above in relation to the
face shicld 10 of FIGS. 1 and 2. The horizontal curvauure of
the face shield approximates a semi-circle and thus provides
a wrap-around face shield that covers and protects the face
of the wearer while providing a window portion that extends
about 2 substantial portion of the wearer’s field of view. This
wrap-around configuration of the leas 202 in both the
horizontal and vertical directions provides a single view
panc through which the wearer observes the external envi-
ronment. This configuration allows (he wearer lo observe
objects at any location through the lens portion 202 without
requiring the wearer to change viewing environments, for
example, view one object through the lens and ancther
object at a different location outside of the view frame of the
lens.

According 1o one practice, the radius of the horizontal
curvature of the face shield 202 is preferably between about
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3 inches and sbout 5.5 inches, and most preferably is about
4 inches, and the radius of the vertical curvature is prefer-
ably in the range between about 6.5 inches and about 8.5
inches, and most preferably is about 7.4 inches. The fore-
going radius dimensions represent the distance from an
asbitrary center point o the arc defined by each curvature of
the illustrated face shield 200.

The illustrated face shield 100 also has a thickness d, that
is defined by outer and inner curved surfaces, as described
above in relation to FIGS. 1-2 and 4. The illustrated face
shield 200 preferably has an' outer radius Rl that ranges
between about 95 mm and about 110 mm, aod most pref-
erably is about 104 mm, and the radius R2 ranges between
about 96 mm and about 105 mm, and most preferably is
about 101 mm. For the vertical curvature of the lens 202, R1
preferably ranges between about 180 mm and 192 mm, and
most preferably is about 188 mm, and R2 ranges between
about 178 mm and about 186 mm, and most preferably is
about 184 mm.

The lens portion further has a pair of downwardly pro-
jecting portions 210 that extend below an intermediate
pottion 212 to form secondary lens portions. These portions
preferably have a radius between about 1.0 inch and 2.0
inches. The illustrated face shield 200 has a height H1
defined at the intermediate portion 212 that ranges between
3.5 inches and about 4.1 inches. The height H2 of the lens
portion other than at the intermediate portion varies aboul
the fength of the shield in the horizontal direction. The
height H2 preferably varies between about 4 inches and
about 5 inches, and preferably is about 4.25 inches.

The optical and physical design properties described
gbove in relation to shicld 10 accruc 1o this embodiment o
form an optically correct face shield that withstands the
impact of foreign bodies, without cracking or breaking.

Referring again to FIG. 7, the bottom portion 206 has
formed thereon a molded beaded portion 220 that reinforces
the bottom edge of the shield while eliminating sharp
contours. The beaded portion extends substantially about the
catire periphery of the shield 200. The shield also includes
ventilation apertures 240 formed in the top portion 234 of
the bead. The ventilation aperiures allow air to flow through
the mask, eitber in an upward or downward direction, to
provide for praper ventilation of the shield to resist fogging
and aid clearing of the lens. The size and number of the
ventilation apertures is not important to the teachings of the
present invention.

The face shicld can be mounted to various sport helmets
by known retention mechanisms. For example, the face
shield 200 can be attached to a hockey helmet 250 by way
of conventional pins, hooks, and securing and mounting
straps, and like retentiop ¢lements, as shown in FIG. 9.

When mounted on the helmet, the face shicld 200 sur-
rounds a subsiantial portion of the wearer’s face, and par-
ticularly surrounds the nose and portions of the cheeks.
More particularly, the shield surrounds the face such that the
inside surface is substantially non-obligue relative to the
wearer’s face and the wearer’s field of view is substantially
normal to the inside surface of the lens portion 202 of the
shield 200. The face shicld also extends about the face in the
horizonia! direction a distance sufficient to include substan-
tially the entire field of view of the wearer. The secondary
lens portions 210 funther project downwardly 1o ensure
capture of a substantial portion of the downward field of
VIEW,

The face shiclds of the invention shown and described
above can be made from known processes and techniques,
such as injection molding.

EXHIBIT_2=_PAGE 31
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The impact resistant face shield constructed according to
the features of the present invention can be employed in a
wide range of environments and for a wide range of uses.
For cxample, the face shicld shown and described above in
relation 1o FIGS. 1-7 can be used by individuals for recre-
ational and sporting activities in addition to football and
hockey, such 2s skiing, roller-blading, soccer, baskeiball,
baseball, lacrosse and other like activities. The face shield
can also be employed in other industries by amateurs and/or
professionals, such as by carpenters and medical personnel.

[t will thus be seen that the invention efficiently attains the
objects set forth above, among those made apparent from the
preceding deseription. Since certain changes may be made
in the above constructions without departing from the scope
of the invention, it is intended that all matter contained in the
above description or shown in the accompanying drawings
be interpreted as illustrative and oot in a limiting sense.

It is also to be understood that the following claims are to
cover all generic and specific features of the invention
described herein, and all statements of the scope of the
invention which, as a matter of language, might be said to
fall therebetween.

Having described the invention, what is claimed as new
and desired 1o be secured by Letters Patent is:

1. An arcuately molded face shield for mounting to
sporling helmets suitable {or use in sporting evenls, said face
shield comprising:

a unitary, optically-comrect lens portion for shielding
against mechanical impact a substantial portion of a
sport participant’s face having, in a first orientation, a
first curvature extending in a horizontal direction and-a
second curvature extending in a vertical direction, said
vertical curvature terminaling in a top portion and a
bottom portion, said boitom portion extending rela-
tively inwardly towards the face of the participant
relative to an intermediate portion of said lens disposed
between the top and bottom portions when mounted lo
the sporting helmet.

2. The face shield of claim 1 further incleding frame
means forming a frame integrally formed with and disposed
about a portion of the periphery of said optically-correct lens
portion in an as-molded condition.

3. The face shield of claim 1 wherein said optically-
correct lens portion has a first distal end portion disposed on
onc ¢nd of the horizontal curvature of the lens, a second
distal end portion disposed on an opposed end of the
horizontal curvature, and a generally vertically extending
intermediate portion disposed between the first and second
distal portions, wherein at least portions of said first and
second distal portions extend downwardly beyond said
vertically-extending intermediate portion to form secondary
lens portions.

4. The [ace shield of claim 3 wherein said vertically
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extending intermediate portion of said optically-correct lens.

portion has a first selected height h; measured between the
top and bottom portions of the optically-correct lens portion
that is in the range between about 3.5 inches and about 4.1
inches, and.
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said secondary lens portions baving a height h, defined
between the top portion of the lens and the bottom
portion of the lens that is in the range between about 4.0
inches and about 5.0 inches.

8. The face shield of claim 1 wherein said first curvature
of said optically-correct lens portion has a radius in the range
between about 3.0 inches and about 5.0 inches.

6. The face shicld of claim 1 wherein said second curva-
ture of said optically-correct lens portion has a radius in the
range hetween about 6.5 inches and about 8.5 inches.

7. The face shield of claim 4 wherein each said secondary
lens portion has a radius in the range betwcen about 1.0
inches and 2.0 inches.

8. The face shield of claim 1 wherein the face shield is
adapted for use in a hockey helmelt.

9. The face shield of claim 1 wherein said horizontal
portion of said optically-correct lens portion has a first distal
portion and an opposed second distal portion and an inter-
mediate portion disposed therehetween, and wherein said
lens portion has a height h, measured between the top and
bottom portions of the lens that varies between the first and
second distal portions, said height h, being in the range
between about 3.75 inches and about 4.75 inches.

10. ‘The face shield of claim 1 wherein said first curvature
has a radius in the range between about 0.35 inches and
about 8.35 inches.

1t. The face shield of claim 10 wherein said second
curvature has a radius in the range between about 6.35
inches and about 8.35 inches.

12. The face shield of claim 11 wherein said horizontal
curvature of said optically-correct lens portion has a first
distal portion and a second distal portion and an intermediate
portion disposed therebetween, and wherein said lens por-
tion has a height h; measured between the top and bottom
portions of {he lens that varies between the first and second
distal portions, said height b, being in the range between
about 2.3 inches and about 4.3 inches.

13. A [ace protective shicld for activity, comprising

a shield body formed of strong clear polymeric material

and having a peripheral region and a central region,
the peripheral region including means for attaching to
secure the shield body in front of a wearer’s face, and
the central region forming a viewing window sized to
extend substantially entirely around in front of the
wearer’s face and having a thickness effective 1o sur-
vive impact without cracking, said thickness further
introducing prism viewing aberrations, and said central
region curves in horizontal and vertical planes over
substantially the entire central region to introduce a
degree of lensing and correct said viewing abetrations.

14. A face protective shield according to claim 13,
wherein the face shield is formed of polycarbonale.

15. A face protective shield to claim 13, wherein said
peripheral region includes a circumferential bead forming a
frame about said central region.

¥ O 3 * ¥
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