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(54) A SAFETY HELMET, A HEAT REFLECTIVE ACCESSORY AND A METHOD OF RETROFITTING 
A SAFETY HELMET

(57) A safety helmet (1) having a generally
dome-shaped protective shell (2) for protecting a wear-
er’s head. The safety helmet comprises a heat reflective
layer (6) that has a heat reflective side, (7), wherein the
heat reflective layer is arranged with the heat reflective
side facing an inner side (3) of the protective shell.
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Description

Field of the Invention

[0001] The invention relates to a safety helmet that has
a heat reflective layer, a heat reflective accessory having
the heat reflective layer and a method of retrofitting a
safety helmet with a heat reflective layer.

Background Art

[0002] Safety helmets are typically used as head pro-
tection in different areas, like for example in constructions
work zones. Various government agencies and industry
organizations define certain requirements and standards
for protective gear, including helmets and respirators. In
the United States, for example, the National Institute of
Occupational Safety and Health (NIOSH) certifies certain
safety equipment for the workplace and the American
National Standards Institute (ANSI) recommends volun-
tary consensus industry standards. There are further Eu-
ropean Standards related to safety helmets, like for ex-
ample EN 397. Other agencies and organizations around
the world also establish safety standards for helmets and
respirators. For safety helmets, some of these standards
relate to impact energy attenuation, penetration resist-
ance, force transmission, stiffness, flammability, and
head coverage.
[0003] To meet these safety requirements and stand-
ards, safety helmets usually comprise a rigid outer pro-
tective shell of plastic and a head suspension system
inside the shell. The suspension system serves many
purposes, including providing a proper fit of the helmet
to the wearer’s head, holding the inner part of the helmet
away from the wearer’s head, distributing the weight of
the helmet over a larger area of the wearer’s head, and
attenuating the force transferred to the wearer’s head
upon impact of an object with the outer helmet shell. Sus-
pension systems often comprise a headband attached
to a crown support assembly which includes crisscross-
ing crown straps and a crown pad. In some applications,
however, additional protection may be desired.
[0004] While safety helmets can provide sun protection
when worn under sunny weather conditions it is desirable
to minimize heat building up inside the helmet. For min-
imizing heat inside the helmet there are for example safe-
ty helmets having a passive ventilation provided by open-
ings in the protective shell.
[0005] Further, for example CN 203608892 U disclos-
es a heat-preventing safety helmet for reducing sunshine
temperature. The safety helmet comprises a safety hel-
met body and a heat-insulating device, wherein the heat-
insulating device comprises a light-reflecting coating.
The light-reflecting coating is uniformly coated on the out-
er surface of the safety helmet body or is arranged on a
cover fabric on the outer surface of the safety helmet
body.
[0006] Although existing safety helmets provide ad-

vantages with respect to heat minimizing there is still a
desire for a relatively inexpensive solution which further
fulfills the applicable safety standards.

Summary of the Invention

[0007] The invention relates in one aspect to a safety
helmet. The safety helmet has a generally dome-shaped
protective shell for protecting a wearer’s head. The pro-
tective shell forms a head-facing inner side and an outer
side. Further, the safety helmet comprises a heat reflec-
tive layer that has a heat reflective side. The heat reflec-
tive layer is arranged with the heat reflective side facing
the inner side of the protective shell.
[0008] The invention is advantageous in that it helps
minimizing heat building up in the helmet when the helmet
is exposed to heat or light radiation, for example to sun-
light. The invention enables such heat minimization with-
out altering the outer appearance, for example the color
or shape of the outer side of the protection shell of the
safety helmet. Further, the properties of the protection
shell are not affected by providing the safety helmet with
the heat reflective layer according to the invention. In
particular, no electrically conductive layer or surface is
created on the outer side of the protection shell. The in-
vention is further advantageous in that it enables the ret-
rofitting of an existing safety helmet by the heat reflective
layer. Further, the invention allows to selectively change
the configuration of the safety helmet according as de-
sired by the user. For example the same helmet can be
worn with or without the heat reflective layer by a simple
changeover. The heat reflective layer may further form
part of an exchangeable and disposable accessory.
[0009] In one embodiment the heat reflective layer
comprises a metal layer. Such a metal layer is preferably
made of aluminum, but may further be made of other
material like silver or gold. The metal layer may be pro-
vided in the form of a metallization on a substrate, for
example may be provided as a coating, by sputter dep-
osition or by electroplating. Alternatively, the metal layer
may be provided in the form of a film or foil. The heat
reflective layer may further comprise retroreflective ele-
ments, for example a layer of glass beads or a layer of
cube corners. The glass beads, or a layer beneath the
glass beads, may be metallized, for example with alumi-
num. Further, the cube corners may be metallized. The
heat reflective layer may further comprise reflective pig-
ments.
[0010] In one embodiment the heat reflective layer is
reflective at least within the infrared spectrum, preferably
in a predominant range of the infrared spectrum, most
preferably over the whole range of the infrared spectrum.
The heat reflective layer may be reflective for infrared
light within the range of a wavelength of 780 nm to 50
mm. Further, the heat reflective layer may in addition be
reflective for visible light within the range of 380 nm to
750 nm. The infrared reflectance is preferably within the
range of about 50% to about 100 %, more preferably
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within the range of about 85 % to about 100 %.
[0011] In one embodiment the safety helmet compris-
es a carrier layer that carries the reflective layer. For ex-
ample, the carrier and the reflective layer may form a
laminate in which the carrier and the reflective layer are
bonded to each other. In case a metal layer provided on
a substrate is used the carrier and the substrate may
form a laminate in which the metal layer and the substrate
are bonded to each other by an adhesive.
[0012] In one embodiment the carrier layer has ther-
mally insulating properties. The carrier may comprise
voids or air cells which provide the carrier with the ther-
mally insulating properties. For example, the carrier may
comprise a woven or non-woven fabric or a foamed ma-
terial. Preferably the carrier has a specific weight of 500
grams per square meters at a thickness of 5 mm. The
carrier may further have a thickness of between about 3
mm and about 30 mm, preferably between 3 mm and
about 10 mm.
[0013] In one embodiment the carrier comprises a
phase change material (PCM). Phase Change Materials
typically can store and release energy by absorbing or
releasing heat. The Phase Change Material used with
the present invention may be an inorganic Phase Change
Materials, for example based on salt hydrates.
[0014] In a preferred embodiment the safety helmet
comprises a head suspension for retaining the safety hel-
met of a wearer’s head. The head suspension typically
has at least one headband and a plurality of head straps
for supporting the head suspension on a wearer’s head.
The heat reflective layer is preferably arranged between
the head suspension and the protective shell.
[0015] In one embodiment the heat reflective layer is
movably arranged between the head suspension and the
inner side of the protective shell. Thus, when the safety
helmet is worn, the heat reflective layer lies on the head
suspension and/or the wearer’s head and is spaced from
the protective shell. Therefore, the heat reflective layer
is hindered in being heated up by the protective shell by
thermal conduction. This minimizes the risk that the heat
reflective layer itself heats up and radiates heat toward
the wearer’s head. Although the heat reflective layer may
at some areas touch the protective shell the predominant
area of the heat reflective layer is spaced from the pro-
tective shell, when the safety helmet is worn by a wearer.
[0016] In a further embodiment the heat reflective layer
is entrapped or retained between the protective shell and
the head suspension. This means that preferably the
head suspension and the protective shell are attached
to each other and through the attachment of the head
suspension and the protective shell the heat reflective
layer is entrapped. Consequently the heat reflective layer
may not be attached to one the protective shell or the
headband but may only be retained between. This facil-
itates retrofitting a safety helmet with the heat reflective
layer. Typically the head suspension is removably at-
tached to the protective shell. The heat reflective layer
is thus also removably retained between the protective

shell and the head suspension. This facilitates an ex-
change of the heat reflective layer, if desired.
[0017] In one embodiment the protective shell is made
of a polymeric material. In particular the polymeric ma-
terial may be one (or a combination of) polyethylene (PE),
polypropylene (PP), polycarbonate (PC), acrylonitrile
butadiene styrene (ABS). The polymeric material may be
fiber reinforced, for example glass-fiber reinforced. Other
polymeric materials are possible.
[0018] Preferably the heat reflective layer is provided
as a heat reflection accessory. This means that the heat
reflective layer may itself form the heat reflection acces-
sory or the heat reflective layer together with further lay-
ers may form the heat reflection accessory.
[0019] In one aspect the invention relates to the heat
reflection accessory for a safety helmet. The heat reflec-
tion accessory comprises a heat reflective layer and is
configured for forming a dome-shape. The configuration
for forming the dome-shape may comprise the presence
of a plurality of cutaways that enable bending the heat
reflective layer toward a dome-shape. In a further em-
bodiment the heat reflection accessory further comprises
a carrier. The carrier may carry the reflective layer. This
means that the carrier and the reflective layer may form
a laminate as described herein.
[0020] In a further embodiment the heat reflective layer
comprises at least one of a metal layer, retroreflective
elements and reflective pigments. Further embodiments
of the heat reflective layer as described herein are pos-
sible.
[0021] In one embodiment the heat reflection acces-
sory forms a flat sheeting that has a center portion from
which straps extend radially outwardly in a palmate-
shaped or fan-shaped configuration. The straps are pref-
erably separated by recesses or the cutaways. In partic-
ular, the heat reflective layer may correspond to (or es-
sentially correspond to) in shape to a flat projection of a
dome-shape. Such a flat projection of a dome shape can
be bent to a dome shape without portions of the heat
reflective layer overlapping or forming wrinkles.
[0022] In one embodiment the heat reflection acces-
sory has an indicator which indicates an orientation at
which the reflective layer is to be arranged at the safety
helmet. Thus, retrofitting of an existing helmet with the
heat reflection accessory is enabled. The indicator may
be formed by the shape of the heat reflective layer, for
example by an arrow-shape structure extending from or
cut into the heat reflective layer. The heat reflection ac-
cessory may further comprise a printed indicator for in-
dicating orientation at which the reflective layer is to be
arranged at the safety helmet. The indicator may indicate
a rear-front direction of the heat reflective layer relative
to the safety helmet and/or an inside-outside direction of
the heat reflective layer relative to the safety helmet. The
rear-front direction refers to a direction parallel to the back
to the face of a wearer’s head. And the inside-outside
direction refers to a direction of the heat reflective layer
with its heat reflective side facing the inner side of the
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protection shell or facing away from the inner side of the
protection shell.
[0023] In one embodiment the heat reflection acces-
sory comprises printed information. The printed informa-
tion may comprise a brand name, a designation, and/or
one or more type of safety helmets for which the heat
reflection accessory may be used. The printed informa-
tion may further comprise instructions for retrofitting a
safety helmet.
[0024] In a further aspect the invention relates to a
method of retrofitting a safety helmet with a heat reflective
layer and/or a heat reflection accessory as described
herein. The method comprises the steps of:

- providing a safety helmet having a generally dome-
shaped protective shell for protecting a wearer’s
head, the protective shell forming a head-facing in-
ner side and an outer side;

- providing a heat reflective layer that has a heat re-
flective side; and

- arranging the heat reflective layer with the heat re-
flective side facing the inner side of the protective
shell.

[0025] In one embodiment the method further compris-
es the steps of:

- providing a head suspension for retaining the safety
helmet of a wearer’s head; and

- attaching the head suspension in front of the inner
side of the protective shell and thereby retaining the
heat reflective layer between the protective shell and
the head suspension.

[0026] The method may further comprise the step of
orienting the heat reflecting accessory relative to the hel-
met. Further method may comprise the steps of bending
or folding the heat reflecting accessory toward a dome
shape and placing the heat reflecting accessory in the
protective shell.

Brief Description of the Figures

[0027]

Fig. 1 is an exploded view of a safety helmet accord-
ing to an embodiment of the invention;

Fig. 2 is a top view of a heat reflective layer in the form
of a heat reflective accessory according to an
embodiment of the invention;

Fig. 3 is a cross-sectional view of a portion of a heat
reflective layer in the form of a heat reflective
accessory according to an embodiment of the
invention; and

Fig. 4 is a diagram illustrating temperature measure-
ments in a safety helmet with and without a heat
reflective layer according to an embodiment of
the invention.

Detailed Description of the Invention

[0028] Fig. 1 shows an exploded view of a safety hel-
met 1 according to the invention. The safety helmet 1
has a protective shell 2. The protective shell 2 is generally
dome-shaped and has a head-facing inner side 3 and an
outer side 4. The protective shell 2 in the example has a
plurality of venting holes 5. The protective shell is made
of a polymer, in the example a high density polypropylene
(HD-PE) or acrylonitrile butadiene styrene (ABS).
[0029] The safety helmet 1 further comprises a heat
reflective layer 6. The heat reflective layer 6 in the exam-
ple is formed by a metal layer, in particular by an alumi-
num layer.
[0030] The reflective layer forms a heat reflective side
7. The heat reflective side 7 is an exposed outer side of
the heat reflective layer. Further, the heat reflective layer
6 is arranged with the heat reflective side facing the inner
side 3 of the protective shell 2. Thus, infrared radiation
penetrating through the protective shell 2 or generated
through absorption of radiation by the protective shell 2
is reflected back toward the protective shell 2. The heat
reflective layer 6 has a palmate-shaped or fan-shaped
structure. In the example the heat reflective layer 6 forms
a plurality of straps 9 which extend radially outwardly and
a plurality of recesses 8 between the straps 9. The re-
cesses 8 make the heat reflective layer 6 air permeable.
Thus, ventilation through the heat reflective layer 6 is
enabled.
[0031] The safety helmet 1 further comprises a head
suspension 10. The head suspension 10 allows a wearer
to wear the safety helmet 1 and to retain the safety helmet
1 on the wearer’s head. Further, the head suspension 10
provides for distributing any forces that may act upon the
safety helmet 1. The reflective layer 6 is arranged be-
tween the head suspension 10 and the protective shell
2. In particular, the heat reflective layer 6 is retained be-
tween the head suspension 10 and the protective shell
2. In the example, the heat reflective layer 6 is locked-in
in a space between the head suspension 10 and the pro-
tective shell 2. The heat reflective layer 6 is prevented
from falling out by fasteners which fix the head suspen-
sion 10 and the protective shell.
[0032] Fig. 2 shows the heat reflective layer 6 in more
detail. The heat reflective layer 6 has a general star-
shape. In particular, the heat reflective layer 6 comprises
a plurality of straps 9 which extend radially outwardly
from a common center portion 11. Further, the heat re-
flective layer 6 has a plurality of V-shaped recesses which
separate the straps 9 from each other. This configuration
allows for bending the heat reflective layer 6 into a dome-
shape. Accordingly, the heat reflective layer 6 can be
easily fitted into the dome-shape of different types of safe-
ty helmets.
[0033] The balance between the size of the recesses
8 and the size of the straps 9 can be selected in accord-
ance to the requirements resulting from a use of the safe-
ty helmet at a particular location and/or for a particular
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application. For example, for some applications a maxi-
mized infrared protection may be desired while ventila-
tion may be of subordinate relevance, or vice versa.
[0034] In the example the heat reflective layer com-
prises a first indicator 12 and a second indicator 13, that
indicate an orientation at which the reflective layer is to
be mounted at the safety helmet. The first and second
indicator 12, 13 have the shape of an arrow. Therefor a
wearer can derive that the heat reflective layer 6 is to be
oriented with the first indicator 12 toward the front of the
safety helmet. (The front of the safety helmet is typically
the side of the helmet at the wearer’s face.)
[0035] Fig. 3 shows a cross-section of a portion of the
heat reflective layer 6. The heat reflective layer 6 has a
metal layer 11, a substrate 12 and a carrier 13. The sub-
strate 12 in the example is made of a polyester that is
metallized (for example coated or sputtered) with an alu-
minum layer. The carrier 13 in the example is made of a
non-woven material, in particular by a non-woven mate-
rial made of polyester fibers. The carrier 13 in this exam-
ple has a basis weight of a 500 grams per square meters
and a thickness of 5 mm. The substrate 12 and the carrier
13 are laminated onto each other, with the heat reflective
side 7 being arranged opposite of the carrier 13.
[0036] Figures 4 illustrates a diagram of temperature
measurements over time in an Example 1 and a Com-
parative Example as described in the following. The ver-
tical axis of the diagram represents the temperatures in
degrees Celsius and the horizontal axis represents the
time in seconds.

Example 1

[0037] A safety helmet of the type 3M™ G3000 of white
color was arranged on a dummy head. A first temperature
sensor was arranged outside the protective shell of the
safety helmet at a distance of about 10 mm above helmet
shell and a second temperature sensor was arranged on
the dummy head (within the protective shell of the safety
helmet).
[0038] An infrared lamp available under the designa-
tion Infralogic Heizmeister having a nominal power of
1000 W was arranged at a distance of about 400 mm
from the outside of the protective shell. The infrared lamp
was oriented to provide radiation on a center area of the
protective shell and in a vertical direction (with respect
to Fig. 1 from the top toward the bottom). The infrared
lamp was adjusted in power so that the temperature
sensed (in degrees Celsius) over time by the first tem-
perature sensor stabilizes at about 37 °C. The tempera-
ture measured by the first temperature sensor is repre-
sented by the curve T1.
[0039] Further, the temperature measured over time
by the second temperature sensor is represented by the
curve T2. As shown the temperature measured by the
second temperature sensor has reached about 44 °C
after ap proximately 60 minutes.

Comparative Example

[0040] The Example 1 was repeated with the same
safety helmet as used in the Example 1, but with a heat
reflective layer arranged between the inner side of the
protective shell and the head of the dummy.
[0041] The temperatures sensed over time by the first
temperature sensor are represented by the curve T1*,
whereas the temperatures sensed (in degrees Celsius)
over time by the second temperature sensor are repre-
sented by the curve T2*.
[0042] After approximately 60 minutes the temperature
in the protective shell reached about 41 °C (instead of
44 °C) although the temperature on the outside of the
protective shell (measured by the first temperature sen-
sor) was essentially the same.
[0043] Accordingly, with the helmet of the invention the
temperature on the dummy head after 60 minutes is 3
°C lower than with the safety helmet h aving no heat
reflective layer.

Claims

1. A safety helmet having a generally dome-shaped
protective shell for protecting a wearer’s head, the
protective shell forming a head-facing inner side and
an outer side, wherein the safety helmet comprises
a heat reflective layer that has a heat reflective side,
wherein the heat reflective layer is arranged with the
heat reflective side facing the inner side of the pro-
tective shell.

2. The safety helmet of claim 1, wherein the heat re-
flective layer comprises at least one of a metal layer,
retroreflective elements and reflective pigments.

3. The safety helmet of claim 2, wherein the heat re-
flective layer is infrared reflective with the infrared
reflectance being within the range of about 50% to
about 100%.

4. The safety helmet of any of the preceding claims,
comprising a carrier layer that carries the reflective
layer.

5. The safety helmet of claim 4, wherein the carrier layer
has thermally insulating properties.

6. The safety helmet of claim 4 or 5, wherein the carrier
comprises a phase change material (PCM).

7. The safety helmet of any of the preceding claims,
comprising a head suspension for retaining the safe-
ty helmet of a wearer’s head, wherein the heat re-
flective layer is arranged between the head suspen-
sion and the protective shell.
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8. The safety helmet of claim 1, wherein the protective
shell is made of a polymeric material.

9. A heat reflection accessory for a safety helmet, com-
prising an heat reflective layer and being configured
for forming a dome-shape.

10. The heat reflection accessory of claim 9, further com-
prising a carrier which carries the reflective layer.

11. The heat reflection accessory of claim 9 or 10, where-
in the heat reflective layer comprises at least one of
a metal layer, retroreflective elements and reflective
pigments.

12. The heat reflection accessory, forming a flat sheeting
that has a center portion from which straps extend
radially outwardly in a palmate-shaped or fan-
shaped configuration.

13. The heat reflection accessory of claim 12, having an
indicator which indicates an orientation at which the
reflective layer is to be arranged at the safety helmet.

14. A method of retrofitting a safety helmet with an heat
reflective layer, the method comprising the steps of:

- providing a safety helmet having a generally
dome-shaped protective shell for protecting a
wearer’s head, the protective shell forming a
head-facing inner side and an outer side;
- providing a heat reflective layer that has a heat
reflective side; and
- arranging the heat reflective layer with the heat
reflective side facing the inner side of the pro-
tective shell.

15. The method of claim 14, further comprising the steps
of:

- providing a head suspension for retaining the
safety helmet of a wearer’s head; and
- attaching the head suspension in front of the
inner side of the protective shell and thereby re-
taining the heat reflective layer between the pro-
tective shell and the head suspension.
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