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HEAT SHIELD STRUCTURE FOR A WHEEL

The present invention is directed to heat shield structures, in specific to heat shield
structures which can be used for wheels, in particular for wheels made from car-
bon fiber reinforced plastics suited for motor vehicles and to wheels comprising

such heat shield structures.

BACKGROUND OF THE INVENTION

When braking, kinetic energy of a vehicle is converted into thermal energy, result-
ing in high temperatures generated by the brake system. In disk brake systems,
particularly in carbon-ceramic brakes which are widely used for motor vehicles,
operating temperatures up to 1000 °C may occur. While driving, such high tem-
peratures are not critical since both the brake systems and the adjacent wheels
are efficiently cooled by the air flowing around the vehicle, respectively around

and through the wheels and the brake systems.

However, if a vehicle is braked from high speed and immediately afterwards
parked, such active air cooling is missing. Consequently during up to 30 minutes
after braking, a significant heat transfer from the hot brake systems to the wheels
may occur. Because brake systems are usually not in direct physical contact with

the adjacent wheel, this transfer mainly takes place through radiation and convec-
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tion, while conduction can almost be neglected. As for disk brakes, the distance
between the wheel and the brake caliper as well as the brake disk is usually very
low and therefore heat transfer by radiation and convection in this area may be
very high. Whereas for conventional wheels made from metals such heat transfer
is not high enough to induce thermal damage to the wheels, it may become criti-

cal for wheels made from other materials, such as fiber reinforced plastics.

DE3224929 was filed 03.07.1982 on behalf of Motor Wheel Corp. USA and de-
scribes a vehicle wheel made from a fiber reinforced resin material. A heat barrier
plate is provided at the inboard disk face such that in use it prevents heat transfer
from the vehicle’s hub to the resin disk in order to prevent creeping in the resin

disk material in the region of the wheel’'s mounting bolt holes.

US5538114 was filed 19.12.1994 on behalf of Jay D. White and Ralph W. Lar-
son and shows an insulating wheel mounting system for reduced heat transfer for
drum brake systems used in conventional wheels. According to the patent, an
insulating ring is formed at the hub region of the wheel, disposed to be clamped
against a drum extension attached to a cylindrical main drum. In an alternate em-
bodiment, the drum extension is coated with a thermal insulating material such
that a layer of the insulating material is disposed between the wheel’s hub region

and the drum extension.

US2010194179 was filed 22.01.2010 on behalf of Goodrich Corporation and
shows a thermal management composite heat shield which comprises a shield

portion and a dissipation portion. The shield portion may comprise a hot side skin,
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a conduction layer, an insulation layer, and a cool side skin. The dissipation por-
tion may comprise a fin array. Heat absorbed by the shield portion is partially or
fully conducted to the dissipation portion for transfer to the ambient environment.
According to the published application, the thermal management system may be

e.g. be used for aircraft and automotive wheels.

WO02009130229 was filed 21.04.2009 on behalf of Zircotec Limited and disk-
loses a layer of magnesium zirconate to be applied on a carbon fiber reinforced
plastic material in order to obtain good resistance to abrasion and other mechani-
cal damage. The publication also mentions that such a layer is also resistant to
corrosion and chemical attack and has good thermal resistance forming a thermal

barrier to protect the carbon fiber reinforced plastic material.

SUMMARY OF THE INVENTION

In order to obtain wheels with a low total mass and a low moment of inertia, fiber
reinforced plastics comprising e.g. carbon fibers or glass fibers, may be used for
rims and wheel centers. Within the context of the present invention “wheel cen-
ter” should be understood as to include any type of wheel center, such as spoke
structures — respectively wheel spiders — or wheel disks. According to another
approach, only the rim may be made from a fiber reinforced plastic, while the
wheel center is made from a metal — or vice versa. Such types of wheels may also

be referred to as “hybrid wheels”.
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Unfortunately carbon fiber reinforced plastics — which from a structural mechani-
cal point of view offer great potential for obtaining lightweight wheels and there-
fore are widely used — have only a very limited resistance to heat and at the same
time a relatively high thermal conductivity. In specific, many matrices used in
combination with carbon fiber reinforced plastics are characterized by a fairly lim-
ited resistance to heat. This makes wheels comprising fiber reinforced plastics
prone to thermal damage as induced by brake systems of vehicles. Therefore effi-
cient protection from the thermal energy emitted by brake systems is needed, in

particular for wheels comprising carbon fiber reinforced plastics.

Although from the prior art several systems to reduce heat transfer from a brake
system to a wheel are known, all these systems require additional components
which have to be arranged between the brake system (respectively suspension)
and the wheel. For many vehicles this is not feasible as the space between wheel
and suspension is very limited and thus the systems known from the prior art can-

not be applied.

One object of the present invention therefore is to provide a heat shield structure
which offers efficient thermal shielding for wheels made at least partially from
fiber reinforced plastics and which does not require significant additional space in
the region between wheel, brake system and suspension. As a consequence,
wheels equipped with heat shield structures according to the invention are suita-
ble for a large range of vehicles without prior modification of the vehicles’ suspen-

sions and/or brake systems.
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Therefore for wheels comprising a base structure that is at least partially made
from a fiber reinforced plastic, a special heat shield structure is arranged on a
wheel’s base structure and is at least partially covering the base structure at least
in the critical areas. Thus the flux of thermal energy into the wheel can be reduced
and the deposition of thermal energy can be controlled and distributed, such that
hot spots, which would lead to thermal damage, can be prevented. Thus the heat
shield structure becomes an integral part of the wheel, allowing a controlled dissi-

pation of thermal energy using the structure of the wheel.

If appropriate, the heat shield structure may comprise at least one heat reflecting
layer. Such a layer reflects radiant heat more than it absorbs it. Thus such a layer
decreases the flux of thermal energy from the brake system to the wheel, if com-
pared to a wheel without a reflecting layer. Such a layer may be made from a

metal, such as e.g. gold or aluminum.

Alternatively or in addition, the heat shield structure may comprise at least one
low thermal conductive layer that may serve as a thermal barrier. Such a layer may
be made e.g. from a continuum plastic (e.g. aramide, polyamide) and/or a po-
rous plastic and /or a fiber reinforced plastic and /or a continuum ceramic material

and /or a fiber reinforced ceramic material and /or a porous ceramic material.

Depending on the application, the low thermal conductive layer may be applied as
a coating to the base structure. Therefore e.g. a varnish comprising low thermal

conductive components (e.g. ceramic particles) may be used.
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Depending on the application, good results may be obtained if the at least one
low thermal conductive layer is made from a fiber reinforced plastic containing
aramide fibers and /or stone fibers (e.g. basalt) and/or glass fibers which may be

embedded in a heat-resistant matrix.

Depending on the geometry of the wheel and/or the brake system, a heat shield
structure may also comprise at least one high thermal conductive layer. Such a
layer may be used in order to enhance the distribution of thermal energy over a
larger area and hence avoid energy concentration, respectively supercritical hot

spots that would lead to damage of the subjacent base structure.

Good results may be obtained if a high thermal conductive layer is arranged be-
tween a heat reflecting layer and a low thermal conductive layer — the heat re-
flecting layer being on an outer face of a wheel. Such intermediate layers may be
used in order to disperse locally applied thermal energy very efficiently over a
larger area and hence to avoid local accumulation of heat which may lead to

damage of the subjacent structure.

A high thermal conductive layer may e.g. comprise a metal sheet, metal foil, a
metal mesh (grid) or a metal fabric. Alternatively or in addition also sheets, foils,
meshes /grids and fabrics made from other materials. Good results may be ob-

tained if materials with a relatively high thermal conductivity are used.
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Good results may also be obtained if the high thermal conductive layer also serves
as a load bearing structure and hence as a mechanically reinforcing element for

the heat shield structure and /or the subjacent base structure.

If appropriate, a heat shield structure may be at least partially embedded in the
base structure. Thus the shape (outer geometry) of a wheel will only be insignifi-

cantly altered by the presence of a heat shield structure.

A heat shield according to the present invention may be used for wheels that are
suitable for motor vehicles (e.g. cars, motorbikes) but is not limited to such vehi-

cles and therefore may also be used for example for aircraft.

A heat shield structure according to the invention will typically be applied at those
regions of a wheel which are in the vicinity of the brake disk and/or caliper. How-
ever it may also extend to other regions, such as in order to dissipate the deposit-
ed thermal energy by distributing it over a larger area. Thus local heat concentra-
tion can be omitted and heat transfer out of the wheel by convection and/or

thermal radiation can be increased.

Good results may be obtained if a heat shielding structure is arranged in the hub

region and/or on the rest of the wheel center and /or on the rim.

It is clear that the present invention may also be used in combination with other
systems that prevent supercritical heat transfer between a brake system and a

wheel, such as additional heat shields or active cooling systems.
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In addition, the present invention is lot limited to be used in combination with disk
brake systems, but may also be used in combination with virtually any other type

of brake system, such as e.g. drum brake systems.

Furthermore it is also clear that the present invention is not only limited to wheels
made from carbon fibers reinforced plastics, but may also be used for wheels
made from other materials that suffer from similar problems regarding heat re-

sistance.

BRIEF DESCRIPTION OF THE DRAWINGS

The herein described invention will be more fully understood from the detailed
description of the given herein below and the accompanying drawings, which

should not be considered as limiting to the invention described in the appended

claims.

Fig. 1 shows a wheel with a disk brake and a caliper in a frontal view;

Fig. 2 shows the wheel of Fig. 2 in a perspective view from the back;

Fig. 3 shows the wheel of Fig. 2 in a perspective view from the back, part of
the wheel being clipped for illustrative purposes;

Fig. 4 shows a wheel center and a heat shield structure in a perspective view;
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10

11

shows a rim and a heat shield structure in a perspective view, the

wheel being partially clipped for illustrative purposes;

shows a first embodiment of a heat shield structure arranged on a base

structure;

shows a second embodiment of a heat shield structure arranged on a

base structure;

shows a third embodiment of a heat shield structure arranged on a

base structure;

shows a fourth embodiment of a heat shield structure arranged on a

base structure;

shows a fifth embodiment of a heat shield structure arranged on a

base structure;

shows a sixth embodiment of a heat shield structure arranged on a

base structure.

DETAILED DESCRIPTION OF THE INVENTION

The foregoing summary, as well as the following detailed description of the pre-

ferred embodiments, is better understood when read in conjunction with the ap-

pended drawings. For the purpose of illustrating the invention, an embodiment
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that is presently preferred, in which like numerals represent similar parts through-
out the several views of the drawings, it being understood, however, that the in-

vention in not limited to the specific methods and instrumentalities disklosed.

Figures 1 to 3 show an embodiment of a wheel 1 together with a disk brake sys-
tem, comprising a brake disk 6 which is aligned with a caliper 7. Other parts of
the wheel suspension have been omitted for illustrative purposes. The wheel 1 of
the embodiment shown is made from a fiber reinforced plastic. It comprises a
wheel center 2 with several spokes 3 that connect a central hub 4 with a periph-
eral rim 5, which is designed in order to receive a tire (not shown). As indicated in
Figure 3 by dotted circles, the distance between the brake disk 6 and the spokes
3, the hub 4 and the rim 5 is at some locations relatively small. The same holds
true for the distance between the caliper 7 and the spokes 3, respectively the rim
5. This particularly holds true for the protuberances of the caliper 7, where e.qg.
the pistons for the brake pads (not shown) are arranged. Hence these regions of
the wheel 1 are prone to thermal damage due to the heat dissipated by the disk

brake system during and after braking.

Therefore, according to the present invention, these regions of the wheel 1 may
be provided by heat shield structures, as shown in Figures 4 and 5. Figure 4
shows a wheel center 2 which is thermally shielded by a heat shield structure 8
that is positioned on the wheel’s surface that is in critical proximity to the disk
brake system (not shown). In the embodiment shown, the region adjacent to the

hub 4 as well as parts of the spokes 3, may be protected by such a heat shield

10
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structure 8. As shown in Figure 5, also the inner (centripetal) surface of the rim 5

may be thermally shielded by such heat shield structures 8.

Figures 6 to 11 show different variations of heat shield structure 8 which may be
used in order to protect a subjacent base structure 11 from thermal damage. Fig-

ure 6 shows a first variation of a heat shield structure 8 comprising a heat reflect-
ing layer 9 which is arranged on the surface of a base structure 11 which is made
from a fiber reinforced plastic. The heat reflecting layer 9 comprises a layer that is
made from a material which reflects radiant heat more than it absorbs it. Suitable
materials may be a metals, as e.g. aluminum or gold. Such a type of heat shield

structure 8 may be applied as some type of coating for the base structure 11.

Figure 7 shows another variation of a heat shield structure 8, comprising a low
thermal conductive layer 10 that is embedded in the base structure 11. The heat
shield structure 8 itself has a high heat resistance and protects the base structure
11, which in contrast may be made from a relatively thermosensitive material,
such as a carbon fiber reinforced plastic, from thermal damage. Such a type of
low thermal conductive layer 10 prevents that heat input on the surface is con-
ducted into the solid. As the heat shield structure 8 is embedded in the base struc-
ture 11, the outer shape, respectively geometry, of the wheel 1 is not affected by

the presence of the heat shield structure 8.

Figure 8 shows another variation of a heat shield structure 8 which comprises a
heat reflecting layer 9 and a subjacent low thermal conductive layer 10 that is

embedded in the base structure 10. Hence using such a variation of a heat shield

11
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structure 8 allows combining the concept of minimizing heat deposition on the
surface of the structure with the concept of minimizing heat transfer to the subja-

cent thermosensitive base structure 11.

As shown in Figures 9 and 10, in a variation of the invention a heat reflecting lay-
er 9 and a low thermal conductive layer 10 may also both be embedded in the
base structure 11. As indicated in Figure 9, in some variations of the invention a
heat reflecting layer 9 may be embedded in a low thermal conductive layer 10
without being in direct physical contact with the base structure to be protected
from thermal damage. Therefore the heat reflecting layer 9 may even be heated
up to high temperatures without inducing damage to the base structure 11. In the
variation shown in Figure 10 a heat reflecting layer 9 is embedded in the base
structure 11 while fully covering the subjacent low thermal conductive layer 10.
Such a variation may e.g. be used for application where thermal deposition is very
localized and the heat reflecting layer 9 serves also to distribute the deposed
thermal energy to a larger area and decrease by thermal radiation and convection.
Figure 11 shows a variation of a heat shield structure 8 which comprises a high
thermal conductive layer 12 which is embedded in a low thermal conductive layer
10 in order to improve distribution of thermal energy over a larger area. The heat

shield structure 8 shown in Figure 11 further comprises a heat reflecting layer 9.

12
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NUMBERS

1 Wheel

2 Wheel center

3 Spoke

4  Hub

5 Rim

6  Brakedisk

7 Caliper

8  Heat shield structure

9  Heat reflecting layer

10 Low thermal conductive layer
11 Base structure

12 High thermal conductive layer

13
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CLAIMS

A heat shield structure (8) for a wheel (1), the wheel (1) comprising a

base structure (11) that is at least partially made from a composite mate-
rial, wherein the heat shield structure (8) is arranged on the base struc-

ture (11) and is at least partially covering the base structure (11).

The heat shield structure (8) according to claim 1, wherein, the heat

shield structure (8) comprises at least one heat reflecting layer (9).

The heat shield structure (8) according to claim 2, wherein the at least

one heat reflecting layer (9) is made from a metal or a ceramic material.

. The heat shield structure (8) according to any of the preceding claims,

wherein the heat shield structure (8) comprises at least one low thermal

conductive layer (10).

The heat shield structure (8) according to claim 4, wherein the at least
one low thermal conductive layer (10) is made from a continuum plastic
and/or a porous plastic and /or a fiber reinforced plastic and /or a contin-
uum ceramic material or /or a fiber reinforced ceramic material and /or a

porous ceramic material.

14
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10.

11.

12.

The heat shield structure (8) according to any of the preceding claims,
wherein the heat shield structure (8) comprises at least one high thermal

conductive layer (12).

The heat shield structure (8) according to claim 6, wherein the at least
one high thermal conductive layer (12) is made from a metal sheet

and/or a metal foil and /or a metal mesh and /or a metal fabric.

The heat shield structure (8) according to any of the preceding claims,
wherein the heat shield structure (8) is at least partially embedded in the

base structure (11).

The heat shield structure (8) according to any of claims 1 to 7, wherein
the heat shield structure (8) is arranged on the surface of the base struc-

ture (11).

A wheel (1) comprising a heat shield structure (8) according to any of

the preceding claims.

The wheel (1) according to claim 10, wherein the heat shield structure
(8) is arranged in the hub region (4) and/or on the other parts of the

wheel center (2) and /or on the rim (5).

The wheel (1) according to any of claims 10 or 11, wherein the wheel is

used for a motor vehicle or an aircraft.

15
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