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SILL BEAM UNIFORM DECELERATION UNIT

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit under 35 U.S.C. §119(e) to U.S. Provisional App.
Serial Number 62/854,964, entitled “SILL BEAM UNIFORM DECELERATION UNIT” and

filed May 30, 2019, which is herein incorporated by reference in its entirety.

FIELD
The disclosed embodiments relate generally to automobiles and more particularly to
safety systems arranged to improve the performance of an automobile in frontal, rear, and

side crashes.

BACKGROUND

Automobile accidents are an unfortunate reality in the world today. Every year, tens
of thousands of accidents occur in the United States alone. These accidents can cause, at a
minimum, a financial strain on the automobile’s owner and insurance companies, and, in
worst case scenarios, can result in the fatality of the driver and/or other occupants in the
vehicle. Inrecent decades, the automotive industry has seen great advances in safety with
innovations such as frontal air bags, side curtain airbags, electronic crash avoidance systems,
and structural crumple zones, to name a few. Still, with the safety innovations we have

today, there is a demand to further improve the safety of automobiles.

SUMMARY

According to one embodiment, a uniform deceleration unit is arranged to be at least
one of integrated with a side sill beam, positioned on the side sill beam, and positioned in a
gap located between the side sill beam and a battery. The uniform deceleration unit includes
a first layer having a top and a bottom, the top of the first layer arranged to be outwardly
facing towards a direction of a crash force when the uniform deceleration unit is installed in a
vehicle, a second layer disposed on the bottom of the first layer, the second layer having a rib
and web structure with a first arrangement, a third layer disposed on a bottom of the second
layer, the third layer having a rib and web structure with a second arrangement, and a fourth

layer disposed on a bottom of the third layer, the fourth layer arranged to be inwardly facing



10

15

20

25

30

WO 2020/243667 PCT/US2020/035451

when the uniform deceleration unit is installed in the vehicle, wherein the fourth includes a
reaction beam arranged to allow the first, second, and third layers to crush.

According to another embodiment, a method of absorbing crash energy, limiting crash
force, and/or limiting inward deflection via a uniform deceleration unit comprising a first
layer having a top and a bottom, the top of the first layer arranged to be outwardly facing
towards a direction of a crash force when the uniform deceleration unit is installed in a
vehicle, a second layer disposed on the bottom of the first layer, a third layer disposed on a
bottom of the second layer, the third layer having a rib and web structure with a second
arrangement, and a fourth layer disposed on a bottom of the third layer, the fourth layer
arranged to be inwardly facing when the uniform deceleration unit is installed in the vehicle
is disclosed. The method includes embedding a pole in at least one of the first, second, and
third layers upon impact between the pole and a vehicle, and deflecting the fourth layer.

It should be appreciated that the foregoing concepts, and additional concepts
discussed below, may be arranged in any suitable combination, as the present disclosure is
not limited in this respect.

The foregoing and other aspects, embodiments, and features of the present teachings
can be more fully understood from the following description in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the drawings,
each identical or nearly identical component that is illustrated in various figures is
represented by a like numeral. For purposes of clarity, not every component may be labeled
in every drawing. In the drawings:

FIG. 1 is a cross-sectional schematic of a vehicle in the process of impacting a pole in
a NHTSA Side Impact Rigid Pole Test;

FIG. 2 is a Force versus Displacement curve showing energy absorption of a side sill
UDU according to embodiments of the present disclosure;

FIG. 3 is a Force versus Displacement curve showing energy absorption of a side sill
UDU according to embodiments of the present disclosure, with a pole embedment at an
outset of a crash;

FIG. 4A illustrates embedment of a pole in a side sill UDU during impact between a
pole and a vehicle;

FIG. 4B is a perspective view of the side sill UDU of FIG. 4A;

2-
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FIG. 4C illustrates embedment of a pole in a side sill UDU during another impact
between a pole and a vehicle;

FIG. 4D is a perspective view of the side sill UDU of FIG. 4C;

FIG. 5 illustrates a spatial arrangement of a sill beam UDU in a vehicle according to
embodiments of the present disclosure;

FIG. 6 is a cross-sectional schematic representation of a typical side sill beam;

FIG. 7 is a cross-sectional schematic representation of a sill beam UDU configuration
according to embodiments of the present disclosure;

FIG. 8 is a cross-sectional schematic representation of a sill beam UDU configuration
according to another embodiment;

FIG. 9 is a cross-sectional schematic representation of a sill beam UDU configuration
according to another embodiment;

FIG. 10 is a cross-sectional schematic representation of a sill beam UDU
configuration according to still another embodiment;

FIG. 11 is a perspective view of a side sill UDU according to some embodiments;

FIG. 12 is a perspective view of the side sill UDU of FIG. 10, with an energy
absorbing material shown in a first layer;

FIG. 13 is a perspective view of a side sill UDU with a first layer shown removed;

FIG. 14 shows a perspective view of a side sill UDU with a top of a first layer shown
removed;

FIG. 15 shows a perspective view of a side sill UDU with a first layer shown
removed;

FIG. 16 shows a perspective view of a side sill UDU with first and second layers
shown removed;

FIG. 17 shows a perspective view of a fourth layer of a side sill UDU;

FIG. 18 is an enlarged view of a portion of a Uniform Deceleration Unit according to
some embodiments;

FIG. 19 depicts a Uniform Deceleration Unit with a crash pad having of a matrix of
thin walled ribs and webs joined together between two skin layers;

FIG. 20 is an enlarged view of a portion of a Uniform Deceleration Unit according to
some embodiments;

FIG. 21 is an enlarged view of a portion of a Uniform Deceleration Unit according to

some embodiments;
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FIG. 22 is an enlarged view of a portion of a Uniform Deceleration Unit according to
some embodiments;

FIG. 23 is an enlarged view of a portion of a Uniform Deceleration Unit according to
some embodiments;

FIG. 24 is an enlarged view of a portion of a Uniform Deceleration Unit according to
some embodiments;

FIG. 25 is an enlarged view of a portion of a Uniform Deceleration Unit having a
crash pad formed of hollow tubes, joined together between two skin layers and filled with a
low-density cellular matrix;

FIG. 26 is an enlarged view of a portion of a Uniform Deceleration Unit with a crash
pad constructed of thin walled ribs and webs formed from a ductile high strength, low
modulus, material joined together between two skin layers and filled with a viscous material;
and

FIG. 27 is a crash pad of a UDU according to some embodiments.

DETAILED DESCRIPTION

Automobile accidents are an unfortunate reality of the world today. Although the
automotive industry has seen great safety advances in recent decades, with innovations such
as frontal air bags, side curtain airbags, electronic crash avoidance systems, and structural
crumple zones, to name a few, there is still a demand to further improve the safety of
automobiles.

The need for side impact protection to protect vehicle occupants in a variety of crash
situations continues to be an important factor in all vehicle design. However, with the
proliferation of battery powered electric vehicles (“EVs”), the need to protect vehicle
occupants is paralleled by the need to protect the vehicle battery during a side impact event.
For example, if certain battery chemistries, such as lithium ion cells, are punctured during a
vehicle crash, the battery can ignite, and a fire can rapidly spread throughout the vehicle. The
inventor has recognized that the vehicle industry still needs side impact crash solutions that
can protect vehicle occupants and the EV battery, without over-stiffening the cross-car
vehicle structure or adding excessive mass.

With respect to side impact resistance of vehicles involved in crashes with rigid
narrow members such as utility poles, traffic signs, and trees, absorbing a significant amount
of impact energy in the side structure of the vehicle has been identified as a necessity. In

fact, the US National Highway Traffic Safety Administration (“NHTSA”) has defined a

4-



10

15

20

25

30

WO 2020/243667 PCT/US2020/035451

vehicle test called the Side Impact Rigid Pole Test to measure the relative effectiveness of
vehicles subjected to impact with a 10” (254 mm) diameter rigid pole structure. According to
this test, to prevent injury of the driver in a side pole impact, the vehicle structure must be
able to prevent intrusion into the occupant compartment and limit acceleration to a survivable
range.

As will be appreciated, the goal of side impact safety to protect vehicle occupants is
essential for all vehicles. However, the inventor has recognized that the requirements for
achieving such side impact safety may differ depending upon the type of vehicle. For
examples, vehicles may be different sizes, weights, and have different components. The
Applicant has further recognized that one of the disclosed safety devices may be specifically
designed for use in different types of crashes and for insertion and/or integration in different
locations of the vehicle, such as in or near sill beams to address side impact safety.

In EVs, a battery power pack may in several different positions in the vehicle. For
example, the battery may be located in the rear of the vehicle, such as in the general vicinity
of the trunk space, in the front of the vehicle, and/or on the under-side of the vehicle. As will
be appreciated, batteries in the front of the vehicle may be susceptible to damage in a front
crash while batteries located in the rear of the vehicle may be subject to damage in rear-end
collisions. Batteries located under the vehicle floor may be largely protected from impacts
from all directions.

With batteries located under the vehicle, the battery pack may be flattened to fit under
the floor pan to not significantly reduce ground clearance for the vehicle. In some
embodiments, to increase the number of cells in the flat battery arrangement to increase
power and range of the vehicle, the cross-sectional area of the battery pack may be increased.
This increase in battery pack cross-section may drive the outer perimeter of the battery pack
towards or even to the sill beam structure, also known as the rocker beam, of the vehicle.

As will be appreciated, sill beams may be located on either side of the vehicle (e.g.,
first and second lateral sides of the vehicle) and may serve as the primary fore-aft structural
members of the vehicle. In a side impact, the sill beam also may support shear and bending
loads. The inventor has recognized that if the sill beam allows excessive deflection or
excessive local deformation in a side crash of an EV with a pole-like structure, the sill beam
may impact the battery pack, which may cause the battery to be punctured and/or crushed. In
some embodiments, if the battery pack, or battery pack enclosure, is punctured or fractured in

such a way that the battery cells are exposed to the environment, a fire may result.
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The inventor has recognized that protecting an EV battery pack located under the
floor pan may include absorbing crash energy, limiting crash forces, and/or limiting inward
deflection of the sill beam to prevent contact between the sill beam and the battery pack. See,
for example, FIG. 1, which shows a cross-sectional schematic representation through a
vehicle in the process of impacting a pole 100 in a NHTSA Side Impact Rigid Pole test (see
the direction of force labeled F), the vehicle having first and second side sill beams 102a,
102b, and a battery pack 104 located under a floor pan 106. As illustrated in Fig. 1,
Applicant has recognized that advantages may be realized by minimizing the sill deflection X
and maximize the gap ¥ to minimize or even prevent battery pack intrusion. In such an
example, limiting side sill displacement may protect the battery mounted under the floor pan.

As will be appreciated, a typical small EV may weigh approximately 3500 Ib (1588
kg). This weight may vary significantly depending on vehicle design and battery pack size.
At the 32 km/hr speed of the Side Impact Rigid Pole Test, the total kinetic energy of the 3500
Ib vehicle may be about 62 kJ. The portion of the total crash energy that must be absorbed to
prevent battery pack intrusion may depend on the design of the vehicle side sill beam.

According to aspects of the present disclosure, a safety device may include a side sill
beam uniform deceleration unit (“UDU”), also referred to herein as a side sill UDU and a
side beam UDU, arranged to absorb crash energy, limit crash forces, and/or limit inward
deflection of the sill beam. In some embodiments, the side sill UDU may absorb crash
energy that passes through the side sill beam and may keep forces acting on the vehicle at a
minimum. In some embodiments, the side sill UDU may include an elongated structure that
may be designed to fit into the same space and/or into an adjacent space as the existing sill
beam fore-aft members of the vehicle frame structure. For example, in some embodiments,
the side sill UDU may be used in place of an existing side sill. The side sill UDU may be
integrated with (e.g., inserted into) at least a portion of the side sill. The side sill UDU also
may be positioned on the side sill or between the side sill and a battery.

In some embodiments, the side sill UDU may include a multi-layered structure with
one or more layers. In such embodiments, each of the one or more layers may be arranged to
absorb crash energy, limit crash forces, and/or limit inward deflection of the sill beam. For
example, in some embodiments, the side sill UDU may include a first, outer layer, arranged
to equalize force as a pole crushes into the UDU. In such embodiments, the side sill UDU
may include second and third middle layers arranged to absorb crush energy. For example, in
some embodiments, each of the second and third layers may include an outer skin and a rib

and web structure. In some embodiments, the second layer may be disposed on a bottom of
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the first layer, and the third layer may be disposed on a bottom of the second layer. The side
sill UDU also may include a fourth, inwardly-facing layer (e.g., disposed on a bottom of the
third layer) arranged to act as a reaction beam. For example, the fourth layer may allow the
first, second, and third layers to crush without deflecting more than an allowable intrusion for
the sill beam for a particular vehicle. In some embodiments, one or more layers may include
an energy absorbing material(s), which may include a porous material, such as a metallic
foam.

As will be appreciated, although the side sill UDU is described as having four layers
in some embodiments, the side sill UDU may have more or fewer layers. For example, the
side sill UDU may have an outwardly facing layer, an inwardly facing layer, and only a
single middle layer (e.g., 3 total layers). The side sill UDU also may include only a single
layer with one or more different sections and/or properties in the layer. For example, the
properties of the different sections may correspond to that of the different layers described
above.

In some embodiments, each of the layers may be separately formed and attached to
one another (e.g., via screws or bolts, an adhesive, welding, or another suitable attachment
mechanism). The side sill UDU also may include one or more layers that are integrally
formed with one another. For example, the side sill UDU may be a monolithic structure with
multiple layers.

In some embodiments, the side sill UDU may be configured to extend at least
partially along a length of the sill beam. For example, in some embodiments, the side sill
may extend along an entire length of the sill beam. In such embodiments, the side beam
UDU may be arranged to protect the vehicle structure and the vehicle occupants during a side
impact crash (e.g., side pole impact).

In some embodiments, the multi-layer arrangement of the side sill UDU allows each
layer of the UDU to be specifically designed such that the UDU has a desired behavior. For
example, in some embodiments, the stiffness of each layer may be configured in such a way
to create a sequential crush during a side impact. In some embodiments, a sequential crush
may produce a smoother Force vs. Displacement curve, which may approach an ideal energy
absorption in a given design. See, for example, FIG. 2, which shows a smoother
displacement curve for the sill beam UDU as compared to the displacement curve of a
conventional side sill. In some embodiments, by optimizing energy absorption in the
available space in the vehicle side sill area, impact forces may be controlled and/or

minimized.
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In some embodiments, the side sill UDU may increase the relative displacement of the
pole into the side sill by allowing the pole to be embedded in one or more of the upper (e.g.,
the first, second, third) layers of the side sill UDU. In some embodiments, the additional
embedment distance of the pole into the UDU may increase a total energy absorption of the
UDU. For example, as shown in FIG. 2, the maximum allowable displacement of the
structure may be Y mm in some embodiments. In such embodiments, the total energy
absorbed by the side beam UDU (shown by the area under the pole F-D curve), may be
increased by pole embedment. See, e.g., the area under the curve in the region labeled pole
embedment distance. In some embodiments, the pole embedment effectively increases the
crush distance for the sill beam UDU.

Although FIG. 2 shows the pole embedment distance at the end of a crash impact, it
will be appreciated that the pole embedment distance also may occur at an onset of the crash.
For example, as shown in FIG. 3, pole embedment into the UDU is shown at the outset of the
crash, and subsequently during the crash, generates bonus energy absorption. As with FIG. 2,
and as shown in FIG. 3, pole embedment effectively increases the crush distance for the sill
beam UDU.

FIGS. 4A-4D are simulation models showing embedment of the pole upon impact
between the pole and the vehicle. FIGS. 4A and 4B illustrate embedment of the pole in upper
layers of the side sill UDU upon impact between the vehicle and the pole. FIGS. 4C and 4D
illustrate embedment of the pole in the upper layers while a lower reaction beam layer of the
side sill UDU deflects inwardly. In some embodiments, embedment and deflection may
occur simultaneously.

In some embodiments, the side sill UDU may utilize a crash pad structure similar to a
UDU that may be mounted to a wheel well, to replace or complement the existing sill beam
in a side impact event. For example, in some embodiments, the side sill UDU may utilize
crash pads, such as those described in International Application No.: PCT/US2015/062366,
filed November 24, 2015 and entitled “Uniform Deceleration Unit,” and in International
Application No.: PCT/US2019/027741, filed April 16, 2019 and entitled “Uniform
Deceleration Unit,” each of which is incorporated by reference herein in its entirety. For
example, the side sill UDU may include a crash pad with an outer skin and an inner rib and
web structure or an inner tubular structure. As will be appreciated, the side sill UDU also
may include any of the components and/or arrangements as the UDUs described in
PCT/US2015/062366 or PCT/US2019/027741. For example, in some embodiments, one or

more layers of the side sill UDU may be formed of one of the crash pads, or with one of the
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arrangements of the UDUs in one of the above-noted applications. In an illustrative example,
the side sill UDU may include four crash pad layers.

In some embodiments, in a crash situation where the vehicle impacts a rigid pole on
the side of the vehicle, the sill beam may make contact with the pole. As forces build
between the sill beam and the pole, the sill beam UDU may be deformed (crushed) and in the
process of crushing, the sill beam UDU may absorb a significant portion of the kinetic energy
of the vehicle by converting the kinetic energy into strain energy.

At a certain point in the side impact event, the sill beam UDU may deform elastically
and, with increasing crash force, the UDU may deform plastically. For example, the outer
skin of the sill beam UDU may deform elastically and then, with increasing crash force, the
skin may deform plastically. In embodiments in which the sill beam UDU includes a porous
material (e.g., metallic foam) inside the outer skin structure, the porous material may also
begin to deform with increasing crash force. In some embodiments, as the crash pad
plastically deforms, crash energy is absorbed. In some embodiments, sufficient energy may
be absorbed to minimize or prevent intrusion of the sill beam through the side door and
through the floor mounted battery pack. In some embodiments, when the sill beam UDU
absorbs energy through plastic deformation, the forces reacting on the sill beam may be
reduced. In such embodiments, the effects of the side crash may be mitigated.

Turning now to FIG. 5, which illustrates an exemplary inner frame of a vehicle having
the sill beam 102a, an A-Pillar 108, a B-Pillar 110, and a hinge pillar 111. According to
embodiments of the present disclosure, the side sill UDU 112 may include an energy
absorbing structure (e.g., a light weight energy absorbing structure) that fits onto and/or into
the side sill of a vehicle. For example, as shown in FIG. 5, the sill beam UDU may be
located on, in, or be integrated with the existing sill beam 102a of the vehicle. As will be
appreciated, although only one side beam and respective side sill UDU are represented in this
figure, the vehicle may include a second side sill UDU and sill beam on the second, opposite
side of the vehicle.

In some embodiments, the side sill UDU may include a skin structure designed to
peak at a predetermined maximum force in a crash situation followed by buckling or
crumpling action and a porous material that then crushes at a relatively constant force over a
predetermined distance. For purposes herein, the skin structure may include the outer
structure of a given layer of the side sill UDU. With such a structure, the maximum crush
force may be preset, the crush distance may be preset, and the amount of energy absorbed

may be predetermined based on the crush force and the crush distance. The result may be a
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very efficient energy absorption system that may be tuned for a particular vehicle’s mass and
structural architecture.

As will be appreciated, there are several basic designs for sill beams in vehicles. Fig.
6 shows a typical side sill beam construction. As shown in this view, the side sill may
include an inner sill panel 114, an outer sill panel 116, an inner diaphragm panel 118, and a
castle rail 120. In some embodiments, the sill may include a structural box 122 formed of the
inner sill panel, the inner diaphragm panel, and the castle rail. The sill also may include an
outer box 124, which may add strength in some embodiments. In some embodiments, the
outer box adds less strength than the inner, structural box. The side sill also may include an
inner jack point bracing 125. As will be appreciated, there may be many variations on the sill
assembly shown in Fig. 6 in other embodiments.

FIG. 7 shows the sill beam UDU according to embodiments of the present disclosure.
As shown in this view, the side sill UDU 112 may be attached to the outside of the sill beam
102a. For example, the side sill UDU may be attached to the outer sill panel 116. In some
embodiments, such an arrangement may allow substantial freedom for the topology of the
UDU without significantly altering the design of the sill beam itself. In some embodiments,
the sill beam may allow the UDU to react to force in order to crush and absorb energy, which
may prevent encroachment of the sill beam onto the battery 104 during a side crash (e.g., a
side pole crash). In some embodiments, the length of the UDU and the contour of the mating
surface between the sill and the UDU, such as the UDU skin, may be designed to
accommodate a corresponding shape of the vehicle.

As will be appreciated, although the UDU crash pad is shown as being attached to the
outside of the sill beam, in other embodiments, UDU crash pad may be positioned within the
outer sill panel of the sill beam. As will be appreciated, in such embodiments, the shape and
size of the side sill UDU may correspond to the shape and side of the outer sill panel. For
example, one or more layers may have different shapes and sizes such that the shape and size
of the side sill UDU corresponds to that of the side panel.

FIG. 8 shows another configuration of the sill beam UDU. As shown in this figure, in
some embodiments, the side sill UDU 112 may be attached to the inside of the sill beam
102a, such as to the inner structural box 122. For example, in some embodiments, the side
sill UDU may be positioned within the inner structural box. In such embodiments, the shape
and size of the side sill UDU may correspond to the shape and size of the inner structural

box.
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In another embodiment, as shown in FIG. 9, the side sill UDU may be positioned in a
gap located between the sill beam 102a and the battery 104. In such embodiments, the UDU
crash pad may be attached to the sill beam or to another portion of the vehicle.

In still another embodiment, as shown in FIG. 10, the UDU may be integrated with
the sill beam. For example, in some embodiments, the side sill UDU may replace the sill
beam, or at least a part of the sill beam. For example, although the UDU is shown as being
integrated into both the inner structural box and the outer sill panel, in some embodiments,
the UDU may be integrated into only the inner structural box and/or into only the outer sill
panel. As will be appreciated, in such an example, the integrated sill beam UDU portion may
be attached to a non-integrated sill beam (e.g., to an outer sill panel and/or to an inner sill
panel and castle rail of the sill beam).

In some embodiment, the integrated sill beam UDU may be attached to one or more
pillar (see, e.g., FIG. 5), such as the A-pillar 108, the B-pillar 110, and/or the hinge pillar 111
of the vehicle. As will be appreciated, the integrated sill beam UDU also may be attached to
other portions of the vehicle. The sill beam UDU may be attached to the vehicle via any
suitable method, such as via bolts, screws, welding, or another attachment mechanism.

FIGS. 11 and 12 illustrate examples of the side sill UDU according to embodiments
of the present disclosure. As shown in these figures, the side sill UDU 112 may include a
multi-layered structure. For example, the side sill UDU may have first, second, third, and
fourth, 126, 128, 130, 132 layers, in some embodiments. In some embodiments, the first
layer 126 may be outwardly facing. For purposes herein, being outwardly facing means that
the first layer may be facing outside of the vehicle when the side sill UDU is installed in the
automobile. For example, as shown in FIG. 10, the first layer may be arranged to be the first
layer to receive the crash force F during an impact crash event.

In some embodiments, the first layer may be arranged to equalize forces as a pole
crushes into the side sill UDU. In some embodiments, the first layer may be hollow, without
any cross-ribs (see, also FIG. 14). In such embodiments, the first layer may allow a load to be
distributed over a larger area and then onto the second layer. In some embodiments, as
shown in FIG. 11, the first layer may be filled with an energy absorbing material 134 such as
a metallic foam. In some embodiments, a side wall (e.g., outer skin) of the first layer may
have a thickness/stiffness A.

In some embodiments, the second layer may include cross-ribs 135 (see also FIGS. 13
and 15) that raise force to near maximum allowable level as they crush. In some

embodiments, as shown in FIG. 13, the cross ribs may have an “ice tray” type arrangement,
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with the ribs cooperating together to form pockets 136 having a substantially rectangular
cross-sectional shape. For example, some of the ribs may extend substantially parallel to a
longitudinal axis of the second layer while others extend substantially perpendicular to the
longitudinal axis. In such embodiments, the ribs extend either substantially perpendicular or
substantially parallel to one another.

In other embodiments, as shown in FIG. 15, the second layer 128 may include
tubular-shaped ribs. In some embodiments, the tubular shaped ribs may be aligned in a single
row, along the longitudinal axis of the second layer. In some embodiments, the tubular ribs
may form pockets 136 having a substantially circular cross-sectional shape. In some
embodiments, the tubular shaped ribs may be connected to the outer skin 138 and to each
other via short, straight ribs.

Although the ribs are shown as extending between the top and bottom of the second
layer in FIGS. 13 and 15, in other embodiments, one or more ribs may extend only part way
between a top and bottom of the layer. The height of the ribs may be the same throughout the
layer, although the height may vary from rib to rib.

In some embodiments, the second layer may include a rib and web structure. In some
embodiments, a base 139 of the second layer may form a web 139 from which the one or
more cross ribs extend. As will appreciated, the web may be located at other portions
between the top and bottom of the second layer.

In some embodiments, the second layer also may include an energy absorbing
material (see, e.g., FIGS. 10 and 11), such as a foam, inside the rib pockets. In some
embodiments, the pockets 136 are formed in between the ribs (or in between ribs and the
outer skin), the pockets being sized to hold force at that level over the crush distance of
approximately 70% of the layer thickness. As will be appreciated, every pocket need not be
filled with the energy absorbing material. For example, in some embodiments, only a subset
of the pockets may include the energy absorbing material. In some embodiments, the side
walls of the second layer are thickness/stiffness A+Aa.

In some embodiments, the third layer also may include cross-ribs. As shown in FIG.
16, the ribs may be tubular shaped, similar to that of the second layer. In some embodiments,
as shown in FIG. 16, the third layer may include two rows of tubular ribs, the tubular ribs
being smaller than those in the second layer. As with the second layer, the third layer may
include smaller straight ribs in between the adjacent tubular ribs and the outer skin 138. The

ribs may have the same height or may be different heights, as will be appreciated.
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As with the second layer, the third layer also may include a rib and web structure. In
such embodiments, a bottom of the third layer may form the web from which the cross ribs
extend. As will appreciated, the web also may be located at other portions between the top
and bottom of the third layer.

In some embodiments, as shown in FIGS. 15 and 16, the size and layout of the tubes
may be varied between the second and third layers to create a stiffness gradient between the
second and third layers. As shown in these views, all of the tubes may still be arranged
parallel with the cross direction of the car when the side sill UDU is installed in the vehicle,
even though the arrangements may differ between layers. For example, as shown in FIGS. 15
and 16, the third layer may include more, smaller, tubes as compared to the second layer. In
some embodiments, the third layer is arranged to be stiffer than the second layer in order to
cause the second layer to crush in sequence before the third layer. In such embodiments, the
thickness of the tubular rib members, as well as that of the smaller straight ribs, may be
greater in the third layer than in the second layer.

In some embodiments, the ribs of the third layer may keep the crush force raised to
within 95%+20% of the maximum allowable level. In some embodiments, the third layer
may include energy absorbing material (e.g., foam) inside at least some of the pockets formed
between the ribs (or between the ribs and the outer skin), the pockets being sized to hold
force at that level over the crush distance of approximately 70% of the layer thickness. In
some embodiments, the side walls of the second layer are thickness/stiffness A+Aa+Ab.

Although the second and third layers are shown as having different arrangements, it
will be appreciated that the size, shape, and arrangement of the ribs in the second layer may
be the same as that of the third layer. As will be appreciated, although the ribs are shown as
having tubular and/or rectangular shaped arrangements, the ribs may have other suitable
arrangements in other embodiments. For example, the ribs may create pockets having square,
triangular, oval, other polygonal or other suitable cross-sectional shapes.

As also shown in FIGS. 11, 12, 13, and 17, the side sill UDU may include a fourth
layer 132 designed to act as a reaction beam to allow the first, second, and third layers to
crush without the fourth layer deflecting more than the allowable intrusion for the sill beam
for the particular vehicle. In some embodiments, the fourth layer includes ribs 135 that
extend along an entire length of the layer. As will be appreciated, in other embodiments, the
ribs may extend only partially along the length of the fourth layer. As shown in these views,
the ribs may include only straight ribs that are arranged parallel to one another. In some

embodiments, the ribs extend all the way between a top and bottom of the fourth layer. The
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ribs also may extend only part way between the top and bottom of the fourth layer. In some
embodiments, the ribs extend substantially perpendicular to the top and/or bottom of the
fourth layer.

The fourth layer can be designed with or without an energy absorbing material (e.g.,
foam), in one or more of the pockets defined between the ribs (or between the rib and the
outer skin). In some embodiments, the fourth layer also may include a beam-like structure
that may prevent the maximum deflection for the side pole crash without exceeding the
maximum allowable crash force

As will be appreciated, the first, second, third, and fourth layers may be configured to
have the same cross-sectional shape and size. In some embodiments, as shown by way of
example in FIGS. 11-13, each of the layers may have a substantially rectangular shape. The
layers also may have different cross-sectional shapes and sizes in other embodiments (e.g., to
fit in a side sill or gap adjacent to a side sill).

In some embodiments, the first, second, third, and fourth layers may have different
heights. For purposes herein, a height of a layer may include a distance between a top and
bottom of a layer. As will be appreciated, when the side sill UDU is installed in the vehicle,
the top of a layer may not be upwardly facing. For example, FIGS. 11-17 illustrate the first,
second, third, and fourth layers with a top of each layer pointed in an upward-facing
direction. When installed in the automobile, however, the top of the layers may be outwardly
facing towards the direction of the crash impact.

In some embodiments, a thickness of the outer skin of each layer may be the same,
although the thickness of the outer skin of each layer may vary from layer to layer. In some
embodiments, the thickness of the inner ribs may be the same for each layer, although the
thickness may vary from layer to layer. As will be appreciated, in such embodiments, the
thickness of the outer skin and/or inner ribs may be chosen to achieve a particular behavior of
the side sill UDU.

In some embodiments, each of the layers may include a cover plate that forms a top of
the layer, and base. In some embodiments, the base may form a web of the rib and web
structure.

As previously described, in some embodiments, one or more of the layers of the side
sill UDU may be formed by a crash pad (e.g., a crash pad layer). In some embodiments, the
primary energy absorption layer in the crash pad may be a cellular matrix (see, e.g., FIG. 18).
In some embodiments, instead of using the cellular material as the primary energy absorption

layer in the crash pads, a matrix of thin walled ribs and webs formed from a ductile high
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strength, relatively low modulus material may be used. This configuration maybe fabricated
by casting, forging, or other metal forming techniques. It may also be formed by additive
technology processes. The matrix of ribs and webs also may be fabricated from a composite
of engineered materials designed to give desired characteristics of strength and stiffness.
FIGS. 19 and 27 show examples of a crash pad with an outer skin and a matrix of rib and web
structures acting as the primary energy absorption layer in the crash pads of the UDU. In
some embodiments, the rib and web structure may be covered with a high tensile strength
material layer to help facilitate spreading of the crash force over a larger area of the crash
pad. For example, as shown in FIG. 27, a foam may be inserted into at least one pocket
formed by the rib and web structure.

In some embodiments, the primary energy absorption layer of the crash pads may be
constructed of an array 26 of thin walled tubes (see, for example, FIG. 20). For example, the
tubes may be similar to those shown in the second and third layers of FIGS. 15 and 16. In
some embodiments, the array of thin walled tubes may be oriented parallel to the vehicle
cross-car axis. The bank of tubes can be either a single layer, a double layer, or multiple
layers using a material or materials that are ductile, high strength, and relatively low
modulus. This configuration may be formed by a variety of methods including extrusion,
casting, and other forming techniques. The tube array may be generated as one continuous
part or it may be formed from multiple discrete tubes joined together. The tube array could
also be fabricated from a composite of engineered materials designed to give the desired
characteristics of strength and stiffness. It may also be formed by additive technology
processes.

In some embodiments, the tube array may be filled with a highly viscous material 28
(see FIG. 21). In this configuration, the tubes may be arranged and connected in such a way
that, as the tubes are crushed, the viscous material may be forced to follow a particular path
upon application of external forces. With the application of crash forces on the tube array,
the viscous material may eventually be squeezed out of the tube array through a narrow
opening or orifice. In addition to the deformation of the tube array absorbing energy, the
flow of the viscous material may absorb energy.

In some embodiments, the tube array may be filled with slender column-like
structures 30 (see FIG. 22). The column-like structures may be located inside the tubes,
perpendicular to the axis of the tubes and oriented parallel to the cross-car axis of the vehicle.

The column-like structures may buckle as the tube array crushed. The buckling of the
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columnar structures inside the tube may absorb additional energy on top of the energy
absorbed by the crushing of the tube array.

In some embodiments, the primary energy absorption layer of the crash pads may be
constructed of an array of relatively thin walled tubes oriented parallel to the vehicle cross-
car axis (see, e.g., FIG. 24). The shape of the tubes may be round, rectangular, or another
closed geometric or organic shape. The tubes may be sandwiched between layers of light
weight, high strength material. The bank of tubes may be either a single layer, a double
layer, or multiple layers using a material or materials that are ductile, high strength, and
relatively low modulus. This configuration may be formed by a variety of methods including
extrusion, casting, and other metal forming techniques. The tube array may be generated as
one continuous part or it may be formed from multiple discrete tubes joined together. The
tube array also may be fabricated from a composite of engineered materials designed to give
the desired characteristics of strength and stiffness. It may also be formed by additive
technology processes.

In some embodiments, the primary energy absorption layer of the crash pads may be
constructed of an array of thin walled tubes oriented transverse to the vehicle cross-car axis
and filled with a very low density cellular material such as metallic foam or honey comb
material (see, e.g., FIG. 24). The bank of tubes can be either a single layer, a double layer, or
multiple layers using a material or materials that are ductile, high strength, and relatively low
modulus. This configuration may be formed by a variety of methods including extrusion,
casting, and other metal forming techniques. The tube array may be generated as one
continuous part or it may be formed from multiple discrete tubes joined together. The tube
array may also be fabricated from a composite of engineered materials designed to give the
desired characteristics of strength and stiffness. It may also be formed by additive
technology processes.

In some embodiments, the primary energy absorption layer of the crash pads may be
constructed of an array of relatively thin walled tubes oriented parallel to the vehicle cross-
car axis and filled with a very low density cellular material such as metallic foam or honey
comb material (see, e.g., FIG. 25). The shape of the tubes may be round, rectangular, or
another other closed geometric or organic shape. The tubes may be sandwiched between
layers of light weight, high strength material. The bank of tubes may be either a single layer,
a double layer, or multiple layers using a material or materials that are ductile, high strength,
and relatively low modulus. This configuration may be formed by a variety of methods

including extrusion, casting, and other metal forming techniques. The tube array may be
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generated as one continuous part or it may be formed from multiple discrete tubes joined
together. The tube array may also be fabricated from a composite of engineered materials
designed to give the desired characteristics of strength and stiffness. It may also be formed
by additive technology processes.

In some embodiments, the primary energy absorption layer in the crash pads may be
constructed of a matrix of thin walled ribs and webs formed from a ductile high strength,
relatively low modulus material filled with a very low density cellular material such as
metallic foam or honey comb material (see, e.g., FIG. 27). This configuration may be
fabricated by casting, forging, or other metal forming techniques. It may also be formed by
additive technology processes. The matrix of ribs and webs may also be fabricated from a
composite of engineered materials designed to give desired characteristics of strength and
stiffness. Alternatively, the rib and web structure may be covered with a high tensile strength
material layer to help facilitate spreading of the crash force over a larger area of the crash
pad.

As will be appreciated by one skilled in the art, the individual components of a UDU
may be fabricated from a wide variety of materials, using a wide variety of shaping methods,
and joined into an assembly using a wide variety of generally available methods. Exemplary
materials, though not limiting the scope of this disclosure, include alloys of aluminum known
for having combination of high strength, low density, and relatively low cost; but also carbon
fiber composites, polymer composites, metal matrix composites, layered composites
including steel, and high-strength plastics. For example, crash pads may be constructed of a
material having a mass per unit volume less than about 3,000 kg/m3; yield strength of at least
180 MPa; and Young’s modulus of at least 500 MPa. Cellular materials having porosity
substantially greater than zero may be of particular interest for combination of high strength
and low density. For example, crash pads may be constructed of a cellular material having a
mass per unit volume less than about 1,000 kg/m3. Exemplary shaping methods, though
again not limiting the scope of the disclosure, include stamping, forging, casting, machining,
and printing. Joining methods may include simple mechanical joining including crimping,
screws or brads, ordinary welding, {riction stir welding, addition of high-strength adhesives,
or any combination of the above. As will be appreciated, while each component of the UDU
may be made of the same material and/or by the same manufacturing technique, the
components also may be made of different materials and/or by different manufacturing

techniques.
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While the present teachings have been described in conjunction with various
embodiments and examples, it is not intended that the present teachings be limited to such
embodiments or examples. On the contrary, the present teachings encompass various
alternatives, modifications, and equivalents, as will be appreciated by those of skill in the art.
Accordingly, the foregoing description and drawings are by way of example only.

Various aspects of the present invention may be used alone, in combination, or in a
variety of arrangements not specifically discussed in the embodiments described in the
foregoing and is therefore not limited in its application to the details and arrangement of
components set forth in the foregoing description or illustrated in the drawings. For example,
aspects described in one embodiment may be combined in any manner with aspects described
in other embodiments.

Also, the invention may be embodied as a method, of which an example has been
provided. The acts performed as part of the method may be ordered in any suitable way.
Accordingly, embodiments may be constructed in which acts are performed in an order
different than illustrated, which may include performing some acts simultaneously, even
though shown as sequential acts in illustrative embodiments.

EEINT3

Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to modify a
claim element does not by itself connote any priority, precedence, or order of one claim
element over another or the temporal order in which acts of a method are performed, but are
used merely as labels to distinguish one claim element having a certain name from another
element having a same name (but for use of the ordinal term) to distinguish the claim
elements.

Also, the phraseology and terminology used herein is for the purpose of description

b3

and should not be regarded as limiting. The use of “including,” “comprising,” or “having,”

9 el

“containing,” “involving,” and variations thereof herein, is meant to encompass the items

listed thereafter and equivalents thereof as well as additional items.
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CLAIMS

What is claimed is:

1. A uniform deceleration unit arranged to be at least one of integrated with a side
sill beam, positioned on the side sill beam, and positioned in a gap located between the side
sill beam and a battery, the uniform deceleration unit comprising:

a first layer having a top and a bottom, the top of the first layer arranged to be
outwardly facing towards a direction of a crash force when the uniform deceleration unit is
installed in a vehicle;

a second layer disposed on the bottom of the first layer, the second layer having a rib
and web structure with a first arrangement;

a third layer disposed on a bottom of the second layer, the third layer having a rib and
web structure with a second arrangement;

a fourth layer disposed on a bottom of the third layer, the fourth layer arranged to be
inwardly facing when the uniform deceleration unit is installed in the vehicle, wherein the

fourth includes a reaction beam arranged to allow the first, second, and third layers to crush.

2. The uniform deceleration unit of claim 1, wherein the first layer in hollow.

3. The uniform deceleration unit of claim 1, wherein the first layer is filled with an

energy absorbing material.

4. The uniform deceleration unit of claim 3, wherein the energy absorbing material

includes a metallic foam.

5. The uniform deceleration unit of claim 1, wherein the first arrangement is the same

as the second arrangement.

6. The uniform deceleration unit of claim 1, wherein the first and second

arrangements are different.

7. The uniform deceleration unit of claim of claim 1, wherein the rib and web
structure of each of the second and third layers includes one or more ribs and one or more

webs.
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8. The uniform deceleration unit of claim 7, wherein the one or more ribs extend

at least part way between a top and a bottom of the respective second or third layer.

9. The uniform deceleration unit of claim 7, wherein the one or more ribs and

one or more webs define one or more pockets.

10. The uniform deceleration unit of claim 9, wherein the one or more pockets are

filled with an energy absorbing material.

11. The uniform deceleration unit of claim 10, wherein the energy absorbing

material includes a metallic foam.

12. The uniform deceleration unit of claim 10, wherein the one or more pockets

extend substantially parallel to the direction of the crash force.

13. The uniform deceleration unit of claim 10, wherein the one or more pockets
includes first and second pockets, wherein a first pocket of at least one of the second and

third layers is substantially circular in cross-section.
14. The uniform deceleration unit of claim 10, wherein the one or more pockets
includes first and second pockets, wherein a first pocket of at least one of the second and

third layer is substantially rectangular in cross-section.

15. The uniform deceleration unit of claim 1, wherein the reaction beam includes

one or more ribs extending along a length of the reaction beam.

16. The uniform deceleration unit of claim 15, wherein the one or more ribs

extend along an entire length of the fourth layer.

17. The uniform deceleration unit of claim 15, wherein an energy absorbing

material is disposed in between the one or more ribs

220-



10

15

20

WO 2020/243667 PCT/US2020/035451

18. A method of absorbing crash energy, limiting crash force, and/or limiting
inward deflection via a uniform deceleration unit comprising a first layer having a top and a
bottom, the top of the first layer arranged to be outwardly facing towards a direction of a
crash force when the uniform deceleration unit is installed in a vehicle, a second layer
disposed on the bottom of the first layer, a third layer disposed on a bottom of the second
layer, the third layer having a rib and web structure with a second arrangement, and a fourth
layer disposed on a bottom of the third layer, the fourth layer arranged to be inwardly facing
when the uniform deceleration unit is installed in the vehicle, the method comprising:

embedding a pole in at least one of the first, second, and third layers upon impact
between the pole and a vehicle; and

deflecting the fourth layer.

19. The method of claim 18, wherein embedding and deflecting occur simultaneously.

20. The method of claim 18, wherein the deflecting includes deflecting the fourth layer

inwardly.

21. The method of claim 18, wherein each of the second and third layers includes a rib

and web structure.

22. The method of claims 21, wherein the first layer is hollow.

23. The method of claim 22, wherein the fourth layer includes a reaction beam.
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