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57 ABSTRACT 
Protective helmets that give a distinctive retroreflective 
signal under wet or dry conditions at night or in other 
darkened environments are provided by disposing a 
retroreflective layer covered by a transparent layer 
over at least a major portion of the outer surface of the 
helmet. 

3 Claims, 5 Drawing Figures 
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1. 

RETROREFLECTIVE PROTECTIVE HELMET 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

The present invention is based on the conception that 
protective helmets such as worn by motorcycles, con 
struction workers, or miners could be a useful tool to 
provide distinctive retroreflective signals at night or in 
other darkened environments. Others have previously 
suggested adding retroreflective elements to protective 
helmets, as shown by U.S. Pat. No. 3,577,561, but the 
retroreflective treatments of these prior suggestions 
were of limited value; they did not use the retroreflec 
tive signal to provide a distinctive indication of the 
presence of a person wearing a helmet; they did not 
provide a retroreflective signal of maximum conspicu 
ity; and they required cumbersome unattractive attach 
ments to a helmet that were vulnerable to accidental 
removal. 
The present invention provides smooth-surfaced at 

tractive retroreflective protective helmets that provide 
a distinctive retroreflective signal of excellent bright 
ness and angularity and that function whether wet or 
dry. Briefly, a protective helmet of the invention gener 
ally comprises a protective shell adapted to be worn on 
a person's head, and a retroreflective layer that is at 
tached to the shell, is visible from the exterior of the 
shell, and extends over at least a major portion (that is, 
at least half) of the surface of the shell. The retroreflec 
tive layer comprises a layer of binder material and a 
monolayer of transparent glass microspheres that are 
partially embedded in the layer of binder material and 
have specular reflective means underlying their embed 
ded surfaces. A transparent layer that forms the outer, 
surface of the helmet is disposed directly over the mi 
crospheres to protect them from contact by moisture, 
whereby the retroreflective layer retroreflects light 
shined at the helmet under either wet or dry conditions. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a protective helmet of 
the invention; 
FIG. 2 is a section through a peripheral portion of the 

protective helmet shown in FIG. 1 taken along the lines 
2-2 of FIG. 1; 

FIG. 3 is section through a peripheral portion of a 
component of a protective helmet of the invention; and 
FIGS. 4 and 5 are sections through peripheral por 

tions of different helmets of the invention. 

DETALED DESCRIPTION 

The illustrative protective helmet of the invention 10 
shown in FIGS. 1 and 2 comprises a protective shell 11 
adapted to be worn on a person's head (usually harness 
means attached to the inside of the shell, not shown, 
engage the person's head); a retroreflective layer 12 
covering the outer surface of the rigid shell, the layer 12 
comprising a layer 13 of binder material and a mono 
layer of transparent glass microspheres 14 that are par 
tially embedded in the layer of binder material and have 
specular reflective means underlying their embedded 
surfaces (not shown in the drawings); and a transparent 
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2 
sheet or layer 15 that has the shape of the protective 
shell disposed directly over the retroreflective layer. 
The transparent sheet 15 is attached to the protective 

shell 11 near the periphery of the shell, as by a layer of 
adhesive, a heat-seal, or mechanical fasteners, and that 
attachment provides an air-tight sealed pocket between 
the retroreflective layer and the transparent sheet. 
However, over at least most of the retroreflective layer, 
the transparent sheet 15 is spaced from the exposed 
surfaces of the microspheres 14. The spacing of the 
transparent sheet from the microspheres may be quite 
small, just sufficient to prevent the sheeting and micro 
spheres from making optical contact, which would 
cause the contacted portion of the microspheres not to 
refract light to the degree necessary to cause the desired 
retroreflection. 
As shown in FIG. 3, in some embodiments of the 

invention the retroreflective layer is carried on a sup 
port sheet 16 that has the shape of the protective shell, 
and the support sheet 18 and a transparent sheet 17 to 
which the support sheet is attached at the periphery of 
the two sheets form a unified article 18 that is remov 
able from the shell 19. The unified article 18 is like a 
sleeve that resiliently and tightly slides onto the shell 19, 
where it is held in place either by its own resiliency or 
by clamps or other fastening devices. In some embodi 
ments, the layer 20 of binder material for the retrore 
flective layer itself constitutes the support sheet of a 
unified, sleeve-type article. 

In FIG. 4 a layer of binder material 21 is coated onto 
a shell 22, a monolayer of transparent glass micro 
spheres 23 is partially embedded in the layer of binder 
material, and a transparent layer 24 is disposed directly 
over the outer surfaces of the microspheres. The trans 
parent layer 24 engages and makes optical contact with 
the surfaces of the microspheres 23 and for that reason 
must be of a special index of refraction to permit the 
microspheres to retroreflect. Generally, the index of 
refraction of the transparent layer 24 and glass micro 
spheres 23 should be in a ratio of 1.92 to 1.94, so that, if 
the index of refraction of the transparent layer 24 is 1.38 
(as with certain fluorinated polymers) the index of re 
fraction of the transparent microspheres 23 should be 
2.65 to 2.67. 
A preferred shell for use in a protective helmet of the 

invention, as shown in FIGS. 1-4, is a hard rigid mate 
rial such as a synthetic polymeric material containing a 
fibrous reinforcement such as woven glass cloth. The 
polymeric material is typically based on a polyester or 
epoxy resin. 
Another protective shell used in the invention, as 

shown in FIG. 5, is of a thicker construction and com 
prises a cellular material such as compressed adhered 
particles of polystyrene foam. A retroreflective layer 26 
on the shell 27 comprises a layer 28 of binder material 
directly coated onto the shell, and a monolayer of trans 
parent glass microspheres 29 that are partially embed 
ded in the layer of binder material and have specular 
means underlying their embedded surfaces. A transpar 
ent layer 30, in the form of a hard rigid removable shell 
of a material such as polycarbonate, is slidingly received 
over the shell and protects the glass microspheres from 
contact with moisture. The transparent shell 30 gener 
ally is sufficiently resilient so that it can be force-fit over 
the protective shell and held in place as a result of the 
tight fit. Although the outer transparent shell may 
contact the microspheres at some points over the whole 
surface of the helmet, at at least most locations it will be 
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spaced sufficiently from the microspheres to avoid opti 
cal contact and to accordingly permit retroreflection by 
the microspheres. 
The retroreflective layer on a protective helmet of 

the invention may be conveniently formed by methods 
taught in Nellessen et al., U.S. Pat. No. 3,420,597, 
which is incorporated herein by reference. The retrore 
flective layer is typically formed from a coating compo 
sition that comprises a liquid vehicle including a film 
forming binder material and volatile thinner, and trans 
parent glass microspheres that are dispersed in the liq 
uid vehicle and are covered over their whole surface 
with specular reflective material such as vapor-depos 
ited aluminum or chemically deposited silver. When the 
coating composition is coated onto a protective shell, 
the microspheres tend to settle within the coating until 
they rest at or near the bottom of the layer of liquid 
vehicle and engage the surface of the shell. The liquid 
vehicle is generally diluted so that the vehicle will 
readily flow off the outer surface of the microspheres 
and leave at most a thin coating of binder material on 
the microspheres. After the coating has dried, an etch 
ing solution is applied, and it removes both the thin 
layer, if any, of binder material on the outer surfaces of 
the glass microspheres as well as the aluminum or other 
coating of specular reflective material on the outer 
surfaces of the microspheres. The result is a layer of 
dried or cured binder material and a monolayer of trans 
parent glass microspheres partially embedded in the 
layer of binder material, with a cap of specular reflec 
tive material on the embedded surfaces of the micro 
spheres. 
A wide variety of binder materials may be used in 

retroreflective layers on protective helmets of the in 
vention, including acrylic and alkyd resins, and elasto 
meric epoxypolyamine compositions such as described 
in U.S. Pat. No. 3,436,359. For embodiments such as 
shown in FIG. 3, the support sheet is preferably a flexi 
ble material such as polyvinyl chloride. Support sheets 
of the desired shape can be formed by vacuum molding 
or casting procedures, for example. Typical materials 
for the transparent layer disposed over the retroreflec 
tive layer are polyvinyl chloride, polystyrene, and for 
the embodiment shown in FIG. 5, polycarbonates. The 
transparent layer may be flexible as in the case of the 
embodiment shown in FIG. 3, or rigid as in the embodi 
ment shown in FIG. 5. Generally the transparent sheet 
will be between 0.005 and 0.25 inch thick. 

Generally the transparent glass microspheres used in 
this invention average about 50 microns in diameter, 
though their average diameter may range between 
about 20 to 100 microns in diameter. They are generally 
included in the coating composition in an amount suffi 
cient to provide between about 20 and 90 weight-per 
cent of the total non-volatile material in the coating 
composition. 
The invention will be illustrated by the following 

examples. 
EXAMPLE 1. 

A hard rigid smooth-surfaced protective shell of a 
synthetic polymeric material reinforced with layers of 
woven cloth was coated with a composition having the 
following formulation. 
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Parts by 
Weight 

Water-soluble thermosetting acrylic resin 2 
including 40 weight-percent of a solvent 
mixture of butoxyethanol, butyl cellosolve, 
and water (Synthermul 40-552 made by Reichold) 
Hexamethoxymethylmelamine liquid catalyst 3 
Cymil 301 made by American Cyanamide) 
Propyleneglycol thinner 15 
Transparent glass microspheres having an 70 
average diameter of 50 microns and coated 
with silver. 

The coating was allowed to dry at 250 F for 30 
minutes, after which an etching solution that comprised 
124 grams of potassium dichromate, 240 milliliters of 
36N sulfuric acid and 15,000 milliliters of water was 
applied over the coating. Thereupon the outer surfaces 
of the microspheres were exposed, so that the micro 
spheres were embedded to slightly over 50 percent of 
their diameter. 
Thereupon a transparent sheet was formed by heating 

a 15 mil-thick-sheet of vinyl chloride until the sheet 
began to sag, and then drawing the sheet by vacuum 
over a helmet-shaped mold. This transparent sheet was 
then placed over the coated helmet, and adhered to the 
shell by a strip of adhesive applied around the periphery 
of the shell. 

EXAMPLE 2 

A structure as shown in FIG. 5 was prepared by 
coating a shell of compressed polystyrene cellular parti 
cles with an acrylic latex, drying the coating to form a 
smooth base, and then forming a retroreflective layer 
over the dry coating in the manner described in Exam 
ple 1. A transparent polycarbonate shell was then 
forced over the polystyrene shell to achieve a friction 
fit. 
What is claimed is: 
1. A protective helmet comprising a protective shell 

adapted to be worn on a person's head; a retroreflective 
layer disposed over substantially all of the outer surface 
of the protective shell, comprising a layer of binder 
material and a monolayer of transparent glass micro 
spheres that are partially embedded in the layer of 
binder material and have a coating of specular reflective 
material on their embedded surfaces; and a transparent 
sheet having the shape of the protective shell disposed 
directly over the retroreflective layer, said sheet being 
in tight frictional engagement with said retroreflective 
layer but without optical contact to the exposed sur 
faces of the microspheres and being attached to the 
protective shell at least around the periphery of the 
retroreflective layer so as to provide an airtight sealed 
pocket between the retroreflective layer and the trans 
parent sheet, whereby the retroreflective layer retrore 
flects light shined at the helmet under either wet or dry 
conditions. 

2. A protective helmet of claim 1 in which the retro 
reflective layer is carried on a support sheet that has the 
shape of the protective shell and is attached over the 
exterior of the protective shell. 

3. A protective helmet comprising a protective shell 
adapted to be worn on a person's head a support sheet that 
has the shape of the protective shell disposed over the exte 
rior of the protective shell a retroreflective layer carried on 
said support sheet and disposed over substantially all of the 
outer surface of the protective shell and comprising a layer 
of binder material and a monolayer of transparent glass 
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microspheres that are partially embedded in the layer of spheres and being attached to the support sheet at least 
binder material and have a coating of specular reflective around the periphery of the retroreflective layer so as to 
material on their embedded surfaces, and a transparent provide an airtight sealed pocket between the retroreflective 
sheet having the shape of the protective shell disposed di- layer and the transparent sheet, whereby the retroreflective 
rectly over the retroreflective layer, said sheet being in tight 5 layer retroreflects light shined at the helmet under either 
fictional engagement with said retroreflective layer but wet or dry conditions, 
without optical contact to the exposed surfaces of the micro 
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