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ACTIVE ENEE PROTECTHIN SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of UK, Provisional Appheation Sertal No. 61/922,
077 filed on December 30, 2013, the disclosure of which is incorporated herein by reference
in s entirety, This application is also a conlinuation-in-part apphcation of co-pending ULS.

Application Serial No. 14/557,385 having a filing date of December 1, 2014

BACKGROUND OF THE INVENTION

Currently, in SUV s and Hight weight trucks, it is often difficali to miigate leg injuries
and prevent “submarining” of a pedesirian beneath a vehicle after contact between a moving
vehicle and the pedestrian, This is due to higher bumper heighis typical of these types of
vehicles, and the difficalty of packaging a fixed low-mounted snergy-absorbing siember dus
te vehicle styling demands, off-road performance needs, and other factors. Thus, a need
exists for an active sysient designed to detect, cateh and support the lower leg of a pedestrian

during umpact with a SUV or hight weight truck.

SUMMARY OF THE INVENTION

in one aspect of the embodiments deseribed herein, an active leg engagement system
tor a vehicle includes a selectively deployable log-engaging member.

In another aspect of the embodiments of the described herein, a leg engagement
system for a vehicle is provided. The system includes a deployable leg-engaging wember and
is structured such that the leg-engaging member resides in a stowed position prior to
activation. The system is also structored such that the leg-ongaging member s movable, prior
to contact between a vehicle and a pedesirian, to a deployed position wherein at least a
portion of the leg-engaging member is posittoned between a front buroper of the vehicle and

a driving surface on which the vehicle resides.

BRIEF DESCRIPTION OF THE DRAWINGE
The accompanying drawings, which are incorporated in and constitute a part of thus
specification, illustrate embodiments of the invention and together with the description serve

o explam principles of the invention.
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FYIGL 1 s a partial side view of g front end of a vehicle including g leg engagement
system in accordance with oue embodiment described heretn, shown in a stowed or pre-
activation condition.

FIG. 2 is a partial perspective view of an underside of the front end of the vehicle of
FIG. 1, showing the leg engagoment system embodiment shown in FIG, L

FIG. 2A 18 a schematic view of a leg engagement System in accerdance with one
embaodiment described herein, shown in a fully-deployed or extended condilion.

FIG. 28 is a schematic view of a leg engagement system n accordance with another
embodiment described herein, shown in a fally-deployved or extended condition,

FIG. 3 i the side view of FIG. 1, showing the embodiment of the leg engagement
S}’Stem in a fully deploved or extended condition.

FIG. 4 18 a schematic block diagram of a leg engagement system in accordance with
one embodiment described herein.

FIG. 5 is a schematic block diagram of a leg engagement system in accordance with
another emtbodiment describad herein.

FIG. ¢ is a schomatic view showing a leg engagement system in accordancs with ons
embodiment described herein, in a fully deployed condition for engaging the leg of a
pedestoian.

FIG. 7 is a schematic view of one embodiment of a log engagement systern housing to
which other clements of the lep engagement system may be attached fo facilitate instaliation
in of the systent a vehicle.

FIG. 7A s g schematic view of a leg engagement aystem housing to which other
elements of another embodiment of a log engagement sysiem may be attached to facilitate

nstallation in of the system a vehuele

FIG. SA is g schematic view of a swing-type leg engagement system in accordance
with an embodiment deseribed herein, shown in a stowed or pre-activation condition,

FIG, 88 is a schematic view of the swing-type leg engagement systom embaodiment
shown o FIG. 84

FIG. 9A is a schematic view of a swing-type leg engagement system: in accordance
with another embodiment deseribed herein, shown in a stowed or pre-activation condition.

FIG. 9B is a scheratic view of the swing-type leg engagement system embodiment

shown in FIG. 9A.
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FIG. 10A is a schematic view of a swing-type log engagement System containing an
airbag in accordance with another emabodiment deseribed herewn, shown in a stowed or pre-
activation condifion

FIG. 108 is a schematio view of a swing-type leg engagement system of FIG. 10A in
a deployed condition wherein the airbag has also been activated.

FIG. 100 19 a schematic view of a leg-engaging system of the present invention
containing a single airbag within a bumper.

FIG. 10D is g schematic view of a leg-engaging system of the present invention

containing a single airbag proxtmate (o or behind a bumper.

DETAILED DESCRIPTION

Like reference numerals refer to like parts throughout the deseription of several views
of the drawings. In addition, while target values may be recited for the dimensions of the
various features described herein, it is understood that these values may vary shightly due (o
such factors as magmifacturing tolerances, and also that such variations are within the
contemplated scope of the embodiments described herein,

FIGS. 1.7 show various embodiments of a velucle-mounted leg engagement system
{generaliv designated 16} The leg engagement sysiem incorporates a leg-engaging member
12 which is movable {0 a predetermined position in relation 10 a road or driving surthce, s0 as
o engage the leg of a pedestrian af, below, above, or more generally proximate to, the knee
when the vehicle contacts the pedestrian, or as soon as possible atter contact between the
vehicle and the pedestrian. In particular embodiments, leg-engaging member 12 15 positioned
to contact the knee and/or the lower ¥4 of the tibia, for example, of an adolt pedestrian
positioned in front of the vehicle bumper 89 when the system s deploved. In the fully
deploved position of the leg-engaging member 12, the leg-engaging meraber 12 awds in
preventing “submarining” of a pedesirian under the vehicle i the event of an impact, As used
herein, the term “submearining” refers to movement of a pedestrian or a portion of a
pedestrian under the front bumper andior body of a moving vebicle after contact of the
vehicle with the pedestrian.

In the embodiments shown in FIGS, 1-5, log engagement systern 10 includes a
movable energy-absorbing leg-engaging member 12, In one embodiment, the leg-engaging
member 12 may include an airbag that when deployed is crescent-shaped and/or substantially
follows or has the same curvature gs the portion or contour of the velicle front bumper

residing fust above the leg-engaging member when the member is in a deployed condition.

LS
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Leg-engaging wember 13 may be formed from any suitable energy-absorbing material, for
example, a foam material, a polymer, a rubber, g silicone, one or more metallic materials, ete.
Pege-engaging member 12 may also be formed from an inflatable plastic bag, an airbag,
mombrane or receptacie, which may be inflated by a suitable gas generating system {for
example, a squab or gas generating systern operatively coupled to the receptacie) or other
source of inflation fhud {for example, an air Iine operatively coupled 1o a reservoir charged
by operation of 3 compressor) responsive (o an activation signal. Known expandable energy
absorbers such as an airbag may be employed that essentially are designed to envelope at
lpast a pﬁﬁ.ion of a contour about the bumper once the aivbag is actoated. 118, Patent Nos.
®,408,350, €.804,167, €,840,140, 8,801,030, 8,764,056, 8,714,587, §,696,019, §,622,416,
3,500,161, 3,172,027, and §,505,869, incorporated herein by reference w thew entivety,
exemplify but do not Himit the known airbags or expandable energy absorbers contemplated
in this invention, .S, Patent Nos, 8,843,138, 6,422,601, 6,805,377, £,659,500, 6,749,218,
$,782,421, 8,419,087, 7,735,957, and 7,591 481, incorporated by reference in their entirety,
exemplify but do not Himit the gas generating means such as pyrotechnic, stored gas, hvbrid,
or compressed gas generators or inflators contemplated in accordance with the preset
ivention. These same refergnces are applicable to the embodiments deseribed throughout
this application, such as those described m FIGS, 10A-10D,

In a particular embodiment, a dimension H denoting a4 height or thickness of the leg-
engaging member along the surface of the member which contacts the leg of a pedestrian, s
within the range 20 to 130 millimeters, depending on the type of energy-absorbing material
used in the leg-engaging member, the available spacing between the dnving surface and the
vehicle bomper, and other pertinent factors.

in the embodiments described hergin, the log engagement system 10 is an active
mechanism, mearing that the leg-engaging member 12 is selectively deplovable from a
normally stowed or retracted {Le., undeployed) condition (shown 1 FIGS. T and 2) to 3 fully
deployed condition designed o engage the leg of a pedestrian, responsive (o the occurrence
of a predetermined condition or set of conditions. The fully-deployed position is reached
prior to contact between the vehicle and the pedesirian.

I certain embodiments, the leg-engaging member 12 15 mounted on actuators in the
form of one or more telescoping arms 14 operatively coupling the leg-engaging member 12 ©
a portion of the vehicle, The ernbodimoents shown m FIGS. -5 wtihize two spaced-apart
telescoping ams 14, with one arny connected o the leg-engaging member 12 proximate gach

end of the member. However, any desired number of telescoping arms may be used. Also,
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arms B4 may be connected to the leg-engaging member 12 at any deswred location or
locations along the member, depending on the operational, structural or dimension al
requirements of the particular application.

Referring to FIG. 2A, in one embodiment, each of arms 14 18 10 the form of 2
puewmatic or hydranlic piston-and-cvlinder arrangement, A piston rod 14a is attached fo the
piston so as to move along with the piston {not shown} A portion of the leg-engaging
member 18 aftached to an end of each piston rod 14a. lu a3 known manner, activation of the leg
engagement system 10 canses pressurized Huid to be introduced into {or to flow within) the
cylinders, resuliing tn movement of the pistons 14b along interiors of their associated
cyhinders, For example, a compressor system may be provided to provide compressed gas o

rgement system as described and exemphfied in U S Patent Neo, 7,591,481, herein

&

the leg enga
incorporated by reference in its entirety. Movement of the pistons 14b produces movement
of the rods 1da attached o the pistons, and also a corvesponding movenment of the leg-
engaging member 12 attached to the ends of the rods 143, to the fully deployed position of
the leg-engaging member,

FIG. 2A shows one example of a system emploving actuatable arms 14 in the form of
pistop-and-cyvlinder arrangements. In addition t© arms 14 and leg-engaging member 12, this
emhodiment of the system includes a controlier 22 coupled to the amms 14 for controlling
deplovment of the leg-engaging member 12 in accordance with pre-determined eriteria, and
one or more pressurized fluid sources and associated fluid flow control mechanisims
{including valving, solenocids, ete)} {(generally designated 51) operatively coupled to the
controller 22 and to the cvlinders 14 and structured to provide pressurized fluid o the avms
when desived.

Arms 14 may be structured, oriented and operatively coupled to the vehicle so that the
paratie] Iongitudinal or thrust axes P1 and P2 of the arms are divected toward or aligned with
the final deployment position of the leg-engaging meraber 12, and s0 that the sirokes of the
arms, when actoated, move the leg-engaging member 12 into the desred fully deployed
HOSINON.

Pressurzed fhad sourceds} for the aystem may include, for sxample, a reservoir
charged by operation of a compressor and other known elements for a pneumatic system as
described 10 ULS. Patent No. 7,591,481 for example; a reservoir, pump, and other known
elemends for a hydraulic system; a gas generaling systern (for example, 8 known mucro-gas

generating system, or MGG 97 as shown in FIG. 2B; or any other suttable flnid source, A

L
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separate pressurized floid source may be operatively coupled to each ovlinder 14,
Alernatively, a common pressurized fluid source may be coupled o both of arms 14,

Controller 22 may be a sysiern controlier already instalied in the vehicle, or the
controtier may be a dedicated log engagement system controller,

The leg engagement system 10 may be activated by a signal received from a suitable
sensor {or sensors} 20, or from controller 22 responsive to a sensor input received by the
controtler 20. Sensor{s} are configured to detect the presence of a pedestrian in front of the
vehicle out to at least a distance sufficient to permit positinning of the leg-engaging member
in the leg-engaging position prior to contact of the vehicle with the pedestrian, at vehicle
speeds within the operational ranges described herein. Types of sensors which may be used
include known radar, lidar, vision or any other suitable sensors configured to detect the
presence of a pedestrian in front of the vehicle and to generate 2 log engagement system
activation signal in time for the system to be activated prior fo contact between the pedestrian
and the vehicle. Sensor(s) 20 used to detect the presence of the pedestrian may be existing
vehicle sensors or dedicated leg engagement system sensors operatively coupled to the leg
engagement sysiem controller 22 or coupled directly to an clement such as g gas generating
system siroactured to supply pressurized fhad o the wms upon receipt of a suitable control
stgnal.

In another embodiment (not shown), the telescoping arms 14 are spring-loaded. The
arms are maintained in a stowed or retracted posttion by a disengageable lock (using for
example, a suitable solenoid) prior to deployment of the leg-engaging member 12, Suitable
spring mevnbers are configured and operatively coupled to the arms so as to rapidly urge the
arms to an extended or deployed position upon deactivation or release of the lock. The lock
may be deactivated by a system actuation signal received from a controller. The controlier
signal is sent responsive 1o a signal from a sensor means (for example, a suitable radar, hiday,
viston system, etc.) indicating that contact with a pedestrian may be imminent, This enables
the spring-loaded arms {6 be extended and the leg-engaging member 12 moved to its fully-
deploved posiiton prier to contact between the vehicle and the pedestrian. Upou deactivation
of the lock, the arms extend, thereby positioning the leg-engaging member 12 in its final,
fully-deployed position. The leg-engaging member 12 may later be reset {for exarnple,
manually) for subsequent use.

Referring to FIGS, $A-98, in other embediments, the leg-engaging wember 1215
mognted ou one or more swingable deployment arms 114 operatively coupling the leg-

engaging member to a portion of the vehicle. The embodiments showa in FIGS. 3A9B

&
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utilize two deployment arms, with one arm connected to the leg-engaging member 12
proximate each end of the member, However, any desived number of deploviment arms may
be used. Also, arros 114 may be conneeted to the leg-engaging member at any desired
Incation of locations, depending on the operational, structural or divsension al requirements of
the particular gpplication. In addition, armns 114 may be motatably coupled to housing 40 or
directly 10 a portion of the vehicle (for example, frame 33} Also, 1o addition o controller 22
and any required sensors, each of the embodiments shown in FIGS. 8A-98 may include any
pressurized fhad sources, valving, electromo controls, and/or any other components known in
the art and required for functioning of the particular embodiment as described herein.

In the embodiments shown in FIGS. 8A-98, arms 114 and the leg-engaging member
12 attached thereto reside in a stowed condition as previously described, prior to activation of
the leg-engagement system, However, rather than extending and refracting along longitudinal
axes of the arms o deploy the leg-engaging member 12 as previously described with regard
{0 arms 14, arms 114 are operatively coupled to the velicle 50 as to swivel or rotate along a
pre~defined are relative to the vehicle to deploy the leg-engaging member 12,

FIG. SA shows the swingable arms and the leg-engaging member 12 in a stowed or
pre~activation condition, In the embodiment shown in FIGE. 8A-8B, after system activation,
the deployment arms 114 move from thelr stowed positions, swinging or rotating generally
downwardly as indicated by arrows MM to position aitached the leg-engaging member 12
below the bumper as shown in FIG. 8B

FIG. 94 shows the swingable arms and the leg-engaging member 12 1n g stowed or
pre-activation condition in another embodiment of the cystem. T the particular embodiment
shown in FIGS, 9A-9H, after system activation, the deployment arms 114 move from their
stowed positions, swinging or rotating generally forwardly and downwardly as indicated by
arrows MM’ o position the leg-engaging member 12 below the bumper as shown in FIG.
98.

Arms 114 may be operatively coupled to any suitable type of known rofary actuator
{generally designated 53), for example, a stepper motor and associated sensors and/or
position enceder and other hardware; a stopper motor and associated gear train, Sensors
and/or position encoder and other hardware; a known fhnid power rotary actnator and
associated hardware, or any other sutiable rotary actuator. Such actuators are avatlable from a
variety of vendors, A sepavate rotary actuator 35 may be coupled to each of armis 114, or both
arms may be rotated by a single rotary actuator {as shown in FIG. 7A) The type of rotary

actuator used will be specified according to such factors as the velicle size envelope into
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which the leg engagement system 13 to be positionsd, the torgue requirements for a particular
design of leg-engaging member 12 and rotating avms 114, and other pertinent {actors.

The rotary actuator{s} 53 are eperatively coupled o controller 22, Uipon receipt of an
activation signal from the controller (and gs desoribed elsewhere heremny, the rotary actuator
{s} operate to swing the arms 114 downwardly and/or along the desired arcs until the leg-
engaging member 12 reaches its deployment position, If desired, one or more hard stops {not
shown} may be operatively coupled fo arms 114 fo limit rofation motion of the arms ina
manner known in the art.

The leg engagement system 18 also structured to yoaintain the leg-engaging member
12 in the fully deployed position responsive to reaction forees exerted on the log-engaging
meinber by a pedestiian 1n contact with the member. In an embodiment using pressurized
fluid to control arm exiension, the reaction forces may be absorbed it a known manner by the
pressurized fhud in the arvos,

In particular embodiment {for example, embediments employing spring loaded arms
as described herein), 8 locking mechanism {not showny may be meorporated 1ato {or
operatively coupled to) the leg engagement system for locking the leg-engaging member 12
in a deployed position or ortentation. The locking mechanism niay engage sutomatically
when the leg-engaging member 12 reaches a fully-deployed position, and may be manually
disengaged o resel the posttion of the leg-engaging member 12 for additional uses. Any ofa
variety of known mechanisms or methods may be employed to maintain the leg-cngaging
member 12 i a deploved orientation or condition.

In one embodiment, & log engagement system 10 as described above ts built into the
structure of the vebicle, The mechanism for deploving the leg-engaging member 12 may be
operatively conpled 1o a vehicle controller and/or to sensors instatied in the vehicle during
manutfactore. In a particular embodiment, the leg-engaging member 12 is an inflatable
member which resides stowed in a deflated condition mnside a cavity formed in the vehicle
bumper, An activation signal from a sensor or controller triggers a gas generating system
operatively coupled 1o an interior of the leg-engaging member 12 50 as to generate
pressurized gases to inflate the member. After deplovment, the leg-engaging member 12 may
romain in the inflated or expanded condition until the inflation gases are vented and the leg-
engaging member 12 is releaded into the bumper for subsequent use. The use of a rapidly-
acting gas genersting system enables relatively rapid deployment of the leg-engaging
member 12 after the vehicle sensors 20 responsive o detection of a pedestrian in close

proximity o the front of the vehicle.
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The particular method ased to position the leg-engaging mernber 12 prior {0 contact
with a pedestrian will be determiined by factors such as the available envelope size into which
the leg engagement system may be installed; whether the leg engagement mevober 13 to
deployed and retracted during normal vehicle operation, or deploved only when contact with
a pedestrian is deemed to be imminent; the response time of the systern {(from detection of g
pedestrian fo postiioning of the leg engagement member in the deploved position prior to
contact with the pedestriany; the distance of the leg engagement member from the stowed
position to the deployed position, and other pertinent factors.

In an embodiment employing swingable or rotatable arms 114, the arms may be
structared to enable adjustment of the lengths of the arms (for example, using a telescoping
structure}, or to enable vartation of the distance DY (shown in FIG. ¥8) betwoen pivot
locations of the arms on the housing or vehicle, and the locations on the arms 114 at which
the leg-engaging member 12 is attached. This provides additional flexibilily o positioning of
the leg-engaging mernber 12, as described elsewhere herein

In g particular embodiment, the leg engagement system mcludes & housing 40 1o
which other components of the leg engagement system {for example, leg-engaging member
12, sensor{e) 20, controller 22, telescoping arms 14, and any associsted acteation mechanism
{not shown}, and any other desired component{s} may be mounted so as to form s module
which may be affixed to the vehicle frame or to another suitable portion of the vehicle. The
housing snables mounting of the leg engagement systeny components thereto and fixing of
the positions and orientations of the components with respect 1o each other, {o facilitate log
engagement aystem installation and proper operation of the system. The housing also enables
the leg engagement system {0 be more casily reirofil onto an existing vehicle, Mounting aids
such as suiiable spacers oy mounting brackets {not shown) may also be used tw aid i
attaching the housing to g given vehicle.

FIG. 7 is a schematic view of ope embodiment of 8 housing 40 suitable for mounting
the other log engagement systom components thereon. In the embodiment shown m FIG
housing 40 includes a fivst portion 40a and a second portion 40b structured so as to be
siidablc or otherwise positionally adiustable with respect to the fust portion when coupled to
the fest portion. In the embodiment shown, first and second portions $a and 40b are
structored o pormit a width W of the housing (extending perpendicualar to a fore-aft axis of
the vehicle when mounted in the vehicle} to be adjusted, and the housing portions secured in
pasition to mainiain the desired width dimension. This adjusiability of the housing width

facibitates attachment of the housing to vehicle frames of various sizes. After the housing

Q
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portions 40a and 40b have been fixed 1n position with respeet o each other, other elements of
the leg enpagement systom may be attached to the housing portions, using fasteners, welds,
or any other suitable method or methods. Housing may be formed from any suitable material
or matenals (for example, metallic matenials, polymaers, ete), The telescoping arms 14 may
be attached to the housing portions as shown and in accordance with one of the embodiments
deseribed herein,

FIGL 7 A 13 a schematie view sunilar to FIG. 7, showing an embodiment in which
swingable or rofatable arms 114 are attached 1o housing 40, In the ernbodiment shown in
FIG. 7A, arms 114 are shown rotatably attached to bousing portions 402 and 40b. Arms 114
are rotated by a single rotary actuator 55 operatively coupled to the arms and to housing 40
{or direetly to the vehicle} Alternatively, each of arms 114 may be operatively coupledto a
separate rofary actuator.

In addition, the other elements of the leg engagement system may be attached to the
housing portions prior to Gixing of the housing portions 40a and 40 in position with respect to
gach other, This permits the housing width W {o be adjusted for attachment to portions of a
specific vehicle, according to the requirements of a particular application and with the other
system elements already attached.

In another embodiment, the housing 40 18 formed gs a single, unitary stracture having
a non-adjustable width W, The width dimension W is specified so as to facilitate mounting of
the housing to a frame or poritons of a specific vehicle design.

As described herein, the module may incorporate or be operatively coupled to an
existing vehicle controller and/or sensors, or the modale may be self-contained, incorporating
its own controller and/or sensor{s} configuwed to actuate the leg-engaging member 12 prioy to
contact between the vehicle and the pedesirian, according to one or more of the operational
modes described herein

In particular embodiments, the leg engagement systen is structured such that the final
pasitions and/or orientations of various components of the leg engagement system are
adiustable with respect to the portions of the vehicle o which they are mounted. For example,
cylinders 14 may be adjustable-stroke cylinders. Such cvlinders are known iy the pertinent art
and are avatlable from any of a variety of suppliers, for example TRD Manntacturing, Inc of
Machesney Park, 1L,

Also, where the cvlinders 14 are atfached 1o a housing 40 as deseribed herein, &
portien of each cyvlinder may be rotatably attached to an associated housing portion to permit

adjustment of the oyhnder angular ortentation with respect to the housing, according to the

16
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requitementts of a particular application. The ovlinder may be pivoted about the rotatable
conpnection o provide the desired angular orientation, and then secured in this oriemation
uSing a pin, fasteners, or any other suitable secorement mechanism. Alternatively, rotatability
of the cylinder with respect to the vehicle frame may be provided by direct rotatable
attachment of the cylinder to the vehucle frame. Allernatively, rotatabilify of the cylinder with
respect to the vehicle franwe may be provided by attachment of 8 suitable bracket to the frame
with respect to which the ovlinder may be structured {o rotate when coupled thereto. This
enables adpustment of the orientation of the cylinder with respect to the vehicle frame without
the need to mount the cylinder on a separate housing,

In addition, where the cvlinders 14 are attached to a housing 40 as described herein,
the eylinders may be mounted o associated portions of the housing 50 as to permit slidable
meverment of the cylinder with respect to the housing along the axis {either axis Pt ar P2,
FIG. 2} of extension of the telescoping arms. The cylinder body may be slidably positioned
aifmg the housing sccording to the requirements of a particular apphieation and then secured

& given position using a pin, fasteners, or any other suitable securement mechanisim
Alteroatively, shidability of the oylinder with respect to the vehicle frame may be provided by
attachment of a suttgble bracket or other hardware to the frame, along which the evlinder may
be structured 1o siide when coupled thereto. This enables adjustment of the location of the
cylinder along the deployment axis without the peed to mount the cylinder on a separate
housing.

In addition, the leg-engaging member 12 may he rotatably connected 1o the ends of
cylinders 14 or arms 114 (using for example, a pin}, so a8 to permit adjustment of the angular
ortentation of the leg-engaging member 12 with respect to the projected path of loading by
the pedestrian, and in accovdance with the final deploved position of the member. The leg-
engaging member 12 may be oriented as needed and secured in the desired orientation using
any suitable method.

{Other portions of the system may also be positionaily and/or rotationally adjusiable so
as to provide Hexibility with regard to instaliation of the system in a vehicle, while ensuring
that the fully deployed position of the leg-engaging member 12 is atatned after activation of
the system. More specifically, the adiustability deseribed provides flexilulity in the
positioning and attachment of the systern components to the vehicle so as to ensore that the
leg-engaging member 12, when tully deployed, resides at a location D2 with respect to the
vehicle bugnper and at 2 location I with vespeet to the driving surface, as defined by the

dimensional ranges described herein.
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In one mode of operation, the leg ongagement system 10 I8 contigured for a single
activation. The systern must then be manually reset or reconfigured for a subsequent use, by a
user or by a service center. One example of such an embodinment is shown in FIG. 2B, where
& gas genevating system (for example, a suttable micro-gas generator or MGG) provides the
pressurized fuid source for actuation of arms 14, After a single activation of the system and
deployment of the leg-engaging system, the gas generating systern must be replaced by a
SEIVIiCe cenfer.

i another mode of operation, the leg engagement system 10 is gutomatically
resettable and reusable (e, the svstem is resettable without the need for action by a user o
resef the systen), Oue example of such an embodiment is shown in FIG. 2A, where fluid
flow to either side of the piston in the oylinder 14 is controlied by operation of the controller
22 on the valving 51 controtling fluid Hlow to the portions of the oylinder 14, Direction of the
pressurized fluid to either side of the piston 14b controls extension and retraction of the arms
t4 10 a known manner,

Refarring to FIGS, 1.3, prior to activation of the leg engagement system, the leg-
engaging member 12 is stored in a retracted or undeploved condition along an underside of
the vehicle prior to activation of the log engagement svstem. This prevents contact between
the leg-engaging member and the driving surface R when the vehicle is driven offroad or
along uneven road surfaces. The log engagement system 10 is also structured and installed so
as not to increase the length of the vehicle when the legrengaging member i< in 2 stowed
position {as shown in FIGY. | and 2}

The height above the road sarface of the leg-engaging member 12 prior o activation
of the system will generally be specified by the vehicle mannfacturer, and may be sei
according {o the system stroke length, any packaging constrainis governing positioning
and/or installation of the leg engagement system , the intended use of the vehicle when lep-
engaging member 12 is stowed, and other pertinent faciors 5o gs to ensure that the height D1
of the leg-engaging member 12 above the road surface when deployed is within the desived
range for operational effectiveness, as previcusly desoribed. However, in the emmbodiments
deseribed hevein, the distance of the leg-engaging moember 12 from the driving surface prior
to activation {.e., i the stowed condition) will always be greater than the distance DI of the
leg-engaging member 12 from the driving surface when deployed.

i a particular embodiment, the leg engagement system 10 1s structared so that when
the leg-engaging member 12 15 in the stowed condition, the entire leg-engaging member 12 15

positioned above a plane defined by 3 lower edge of the vehicle bumper, as defined by a
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plane B shown m FIG. 3. This aids in reducing aeradynamic drag that might result from
portions of the leg-engaging momber 12 extending below the namper when the leg-engaging
member 12 13 in the stowed position.

In a particular embodiment, the dimension D31 dencting the height above the road
surface of the leg-engaging member 12 when the leg-engaging member is in a fully-deployed
and locked condition, iy within the range 150 to 930 millimeters.

Referring to FIG. 3, the dimension 32 denotes a distance of a vertical plane G passing
through a forward-most surface F of the leg-engaging member 12, from a vertical plane P
passing through a forward-most surface of the front bumper 20 when the leg-engaging
wmenber 12 is in 2 fullyv-deploved and locked condition. Thus, in a leg-engaging member 12
which follows the contour of the burnper 99, the distance between plane P passing through
surface F and following the contour of the bumper and a plane G passing through surface F
and following the contour of the leg-engaging member, will be constant or substantially
constant along the entive length of the leg-engaging member. The distance B2 of the forward-
most contact surface of the leg-engaging member 12 from the bumper plane P may need 1o be
adjusted in order to accomumodate operational requirements in ditferent bumper and vehicle
designs. It certain embodiments, i may be desirable to achieve coplanarity or substanfial
coplanarity of plane P with plane & {for exampie, as shown in FIG. 24} In a particular
embodiment, the leg-engaging member plane G is coplanar with plane P within a range of +/-
SO muibimeters when the leg-engaging mamber 12 s in a follv-deploved and locked condition.

As described herein, the deployable arms 14 are structured o move the leg-engaging
member 12 from a stowed position (shown in FIGS. T and 23 to the fully deploved position
shown i FIG. 3 withuin g desired predetermined time afier gotivation of the leg engagement
system 100 In one embodiment, the arms 14 are activated to position the leg engagement
member 12 only when contact between the vehicle and a pedestrian is deemed o be
amvpinent. In such cases, the leg engagement member 12 wust be deployed relatively rapidly,
and the employed should be capable of positioning the leg engagement momber 12 in the
desived leg engagement postiion prior to any contact between the vehicle and the pedestrian,
in particular embodiments, the system s configured to position the leg engagement member
12 3n the desived leg engagement position within 300 mulliseconds of receipt of an actuation
signal from a sensor or controller. Further w the discussion of FIGE. 10A-10D provided
Below, it will be appreciated that an expandable energy devics such as an airbag 112 may be
deploved as per this embodiment, whereby the leg engagement member 12 18 not only

positioned to meet the legls) of the pedestnian within 300 milliscconds, but is alse actuated oy

-
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deploved to present a sofier cushion (0.g. airbag 112 shown in FIG. 108} as the leg of the
podestrian impacts the log engagement member 12,

In another ermbodiment, the sysiern is configured so that the leg-engaging member 12
resides in a stowed position when the vehicle is travelling at 8 speed within the range 0-18
MPH and also when the vehicle is traveling at 5 speed gbove 25 MPH. The arms deploy when
the vehicle reaches a speed above 10 MPH to position the leg engagement member 12 in it
log engagement position, and revert to the stowed condition when the vehicle reaches a speed
above 25 MPH. In this mode of operation, if desired, the leg engagement mentber 12 may be
deploved more slowly than required for an inuninent contact with the pedestrian, For
purposes of this embodiment, the controller may be operatively coupled {0 any sensor or
other means {for example, a speedometer or wheel speed sensor) useable for measuring or
calenlating vehicle speed. The particalar range of vehicle speeds over which the leg
engagement member 12 is deploved may be determined by the vehicle manstacturer.

In another particalar embodiment, the system i3 configured to deploy the leg
engagement member 12 to the desired position when contact between the vehicle and ¢
pedesirian is deemed to be inyninent, but only when the velncle 18 traveling al a speed within
a predetermined range {for example, between 10 to 25 MPR, mclustve).

In a particular embodiment, the system is provided with a system override or
disahling means which enables the leg engagement system 10 to be disabled under certain
conditions {for example, during off-road driving, when 8 snow plow is attached to the front of
the vehicle, or for any other particnlar vehicle use ). In one erobodirnent, the disabling reans
comprises a switch or button in the passenger compartment which enables a user to shut off
the leg engagement system 10, In another embodiment, the disabling means coroprises a
switch attached 1o the housing 40 or provided under the vehicle hood {labeled VH in the
drawings}, and also operable by g user. Operation of the disabling moans may sigoal o the
controller that no activation signals are to be transmitted o the actnating arma 14 uutid the leg
engagement system is switched on or re-gnabled, or otherwise provent fransmussion of
activation signals to the arms 14

FIG. 4 15 a block diagram of a leg engagement system which is normally in a stowed
condition, and which is deployable responsive to detected tmminent contact between the

vehicle and a pedesirian. In this exobodivoent, seosor or sensors 28 incorporated mio or

o

operatively coupled to the leg engagement svstem 10 detect the presence of a pedestrian in
front of the vehicle. A sensor signal 18 transmitted o & controlier 22, which processes or

evaluates the sensor signal in accordance with predetermingd leg engagement system

>
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activation protocols. Responsive ¢ the result of the signal processing, the controller generates
an activation signal which is transnitied to the arms 14 or to any associated fhuid control
mechanism, resulling in actoation of the amms 14 o deploy the leg engagement system 12
prior to contact between the vehicle and the pedestrian.
In an alternative embodiment shown in FIG, 3, the arms 14 are activated responsive (o
a signal sent directly from the sensor (o the arms 14 or to an associated fluid control
mechardsm. A signal from a sensor or a suitable controller activates the gas generator, which
setuates the pistop-and-cylinder arvangements. The piston rods then extend from the eylinders
to deploy the leg-engaging member 12, Other deployment methods are also conteraplated.
Any deployment mechanism used should be able to, responsive to an activation signal,
deploy the leg-engaging member 12 rapidly encugh to ensure full deplovment prior to coniact
between the vehicle and the pedesitian.
Referring to FIG. 6, an embodiment of the leg engagement systems 10 may be
incorporated inte a vehicle-mounted pedestrian safety system. FIG. 6 shows g schematic
diagram of one exemplary cmbodiment of such a safety system installed in a veldcle. In FIG.
8, a leg engagement system 19 in accordance with an embodiment described herein may be
secuved {0 the vehicle 9 beneath and/or behind the front bumper as previcusly described,
When activated, the leg-engaging member 12 of the systern deploys toward the front of the
vehicle i the divection indicated by arrow Z, to a position where the lower leg of a pedestrian
may be engaged as previcusly described.

Also, as seen in FIG. 6, when the leg engagement system is fully deploved, the leg-
engaging member 12 complements or acts in conjunchion with bumper 99 and/or other
vehiele foatures designed o engage the lower body of the pedestrian during act, to aid in
supporting the leg at multiple toeations and maintaining aligrment of the leg from the hip
region down o and incloding the tibia. For example, bumper 99 and/or other front-mounied
vehicle features miay be designed o sapport the leg down to and including the knee joint. By
engaging the portion of the leg below the knee to help prevent this portion of the leg fom
being foreed beneath the front of the vehicle, the deploved leg-engaging member {2 helps
prevent excessive bending of the leg at the konee, which aids in reducing injwry o knee
Lgaments.

Leg engagement sysiern 10 may be in operable commurucation with a sensor 28 which
5 in commumnication with a processor or controller (EOU 22} as previowsly described.
Controlier implements a known algorithm that signals actuation of the gas generating system

or valving controliing another pressurized thyid source operatively coupled to each of arms 14,



WO 2015/103333 PCT/US2014/072883

As previcusly described, activation andfor control of the pressurized fluid source{s} operatively
coupled to each of armis 14 may be based on any desired criteria, for example, detected actaal
or wminent contact of the vehicle with a pedestrian 98, andfor any other desired criteria.

Iy vet another embodiment exemplified in FIGS. 104 and 108, it may be seen that an

.

aitbag 112 may be provided as the onergy absorber 112 in the leg-engaging member 110, A
gas generator o7 gas reservoir 117 may be provided to provide an inflation gas to inflate the
aithag 112, As known m the art, an sigonthm may cooperate with a ECU 122 as described
above, wherein upon receipt of a signal from a pedesivian sensing means 120 the same way,
the sirtbag may also be actuated based on detection by known sensors of a pedesivian that will
muninently collide with a frontal portion or bumper of the vehicle. As known i the art, a gas
generating means 117 may be a pyrotechnic mflator or gas generator, a stored gas mflator, a
hybrid inflator, or a compressed gas sowrce from a pump, for example. As known in the art,
the gas generator 117 may electronically conununicate with an ECU 122 that is responsive (o
the pedestrian sensing means 120, thereby actuating the gas generator 117 and as such,
inflating the airvbag or energy ashsorber 112, It will be appreciated that the energy absarber
112 may be an airbag as knowrt 1o the art, or, i may be expandable plastic also as known in
the art.  As presently contemplated, the airhag or expandable plastic evergy absorber 112
must be reconditioned or veplaced afler being vsed for pedestrian protection as described
herein.

Referring to FIG, 100, and in yvet another embodiment of the present mvention, a
single asirbag, expandable plastic device, or energy absorbing device 112 may be stowed
within the bumper and released through a weakened portion 115 on the bumper. As with the

gmnbodiment showa 1 FIGS, 104 gnd 108, the airbag or expandable plastic 15 actuated by
fhiid communication with a gas generator 117 that s actuated upon detection of a pedestrian,
or more generally, upon a predetermined condition being satisfied, Again, 8 known ECU in
electronic commumication with a pedestrian sensor for example, may be used o actuate the
iflator 117 and subsequently, the airbag or expandsble plastic 112, Alternatively, as also
schewatically represented 1n FIG. 10D the singular airbag or expsndable plastic energy
ahsorbing device 112 may be stowed behind the bumper 99 and packaged v such a manner
that the airbag inflates and follows a deployment path that is contoured about the bumper to
pr{)‘ieci the lower leg of an oncoming pedestrian., The plavued deployment path of the aitbag

112 is shown in dotted fashion and is annotated DP, from its position behind the bumper.

16
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As ulilized bereln, the terms "approximately,” "about,” "substantially”, and stmilar
termns are mtended to have a broad meaning in harmony with the common and accepted usage
by those of ordinary skall in the art o which the subject maiter of this disclosure pertains, It
should be understood by those of skill in the art who review this disclosure that these ferras
are wiended to allow a description of certain toatures described without restricting the scope
of these features 1o the precise mumerical ranges provided. Accordingly, these ferms should
be interpreted gs indicating that insubstantial or inconsequential modifications or alerations
of the subject matter described are considered to be within the scope of the invention.

I should be noted that the term "exemplary” as used hevein to desoribe various
embodiments is intended {o indicate that such embodiments are possible cxamples,
representations, and/or illustrations of possible embodiments and such term is not intended to
connote that such embodiments are necessarily exiraordinary or superlative examples.

The terms "coupled,” "connected,” and the like as used herein means the joining of
two members directly or indirectly o one another. Such joining may be stationary {e.g.,
permanent) or moveable {e.g., removable or releasable). Such joining may be achieved with
the two members or the two members and any additional inlermediate members being
mitegrally formed as a single unttary body with one another or with the two members or the
two members and any additional intermediate members being attached {0 one another,

References herein {o the positions of eloments, for example "top,” "bottom,” Yabove,”
“below,” gic., are merely used to describe the ortentation of various elements in the
FIGURES. It should be noted that the orlentation of various clements may differ according to
other exemplary embodiments, and that such variations are intended 1o be encompassed by
the present disclosure,

It will be understood that the foregoing desceriptions of the various embodiments are
for itHustrative purposes only. As such, the various structural and operational features hereln
disclosed are suseeptible to a number of modifications, none of which departs from the scope

of the appended claims,
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WHAT IS CLAIMED IS

Artactive leg engagement system comprising:
a sclectively deployvable leg-engaging member; and
an expandable energy absorbing device stored within said selectively deplovable leg-

engaging member, said expandable energy device actuatable upon said systom

detecting a pedestrian,

2. ‘The leg engagement system of claim | wherein the lep-enpaging member is structured
to reside i 4 stowed position prioy to activation, and wherein the leg-engaging member i
structured o be movable, prior to contact betwesn a vehicle and a pedestrian, to 2 deployed
position 30 as to engage a log of a pedestrian when the pedestrian is positioned in front ot a

front bumper of the vehicle.

3 The leg engagement systen of claim 2 wherein the system is configured fo move the
leg-engaging mernber {o the deploved position upon detection of the pedestrian in front of the

front bumper of the vehicle,

4. The leg engagement system of elaim 2 wherein the system is configured to move the
jeg~-engaging member to a pre-positionsd deploved postiion upon the vehicle reaching a

«5 Dbt v p I 5 2
predetermined first velocity and s rotracted to a non-deployved position at a predetermined

second velocity,

3. The leg engagement systern of claim 1 wherein said expandable energy absorbing

device is actuated by a pyrotechnic gas generator.

o, The log engagement system of claim 1 wherein said expandable energy absorbing

device is actuated by compressed gas or stored gas.

7. The leg engageroent system of claim 2 wherein the system s configured {0 move the
leg-engaging member to the deployed position when g speed of the vehicle reaches 10 miles

per hour.
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The leg engagement systam of claim 4 whereln the system i configured to retom the

leg-engaging member to the stowed position when the vehicle speed exceeds 28 miles per

hour.
8, The leg engagement system of claim | wherein the system comprises af least one anm

operatively coupled {0 a portion of a vehicle, the at Teast one arm operatively coupling the

leg-engaging member to the portion of the vehicle.

10, The leg enpagement system of claim 9 wherein the system comprises a pair of spaced-
apart arms, each arm operatively coupling the leg-engaging member to an asseciated portion

of the vehicle,

1. The leg engagement systeny of claim 9 wherein the at least one arm is 4 telescoping

arm in the form of a piston-and-cylinder arrangement.

12, The leg engagoment system of clafm 11 wherein the piston-and-cylinder arrangement
18 an adjustable-stroke piston-and-cylinder arrangement,

13, The leg engagement system of claim 9 wherein the at least one anm is a rotatable arm.
t4.  The leg engagement system of claim 13 further comprising at feast one votary actuator
operatively coupled to the at least one rotatable arm and configured for rotating the at least
one arm upon activation of the leg engagement system.

i3, The leg engagement system of claim 9 further comprising a housing structured for
attachment to a portion of the vehicle, and wherein the at Teast one arm 18 operatively coupled

to the housing,

16, The leg engagement system of claim | wherein said expandable energy absorbing device

s an airbag or an expandabie plastic device.
pog Y

17 A pedestrian safely system incloding a leg engagement system in sccordance with

clazm 1.

19
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18, A vehicle including » log engagement systom in accordance with claimn 1

¢a
180 A vehicle wcluding a pedesirian safety systen in accordance with claim 1.

200 A leg engagement system for a vehicle, the system comprising a deployable leg-
engaging member containing an airhag as an energy absorber, the system being stroctured
such that the leg-engaging member resides in a stowed position prior to activation, and
wherein the system is structured so that the leg-engaging member is movable, prior to contact
between a veldcle and a pedesirian, to 2 deploved position wherein at least a portion of the
leg-engaging member is positioned between a front bumper of the vehicle and a driving
surface on which the vehicle resdes.

21, The leg engagement system of claim 20 wherein the system is siroctured such that no

)

portion of the leg-engaging member resides between the front bumper and the driving surface

when the leg-ongaging roember 1s i the stowed position,

22 A pedestrian safely system inchuding a leg engagement system in accordance with

claim 20,

23, Alcg engagement system for a vehicle, the system comprising a deployable leg-
engaging member comprising a singular airbag or expandable plastic member as an
expandable energy absorber, the syster being stroctured such that the airbag or expandable
mastic member resides in a stowed position prior to activation, and wherein the system is
strnctured so that the energy absorber is movable, prior fo confact between g vehiclo and 5
pedestrian, to 4 deployed position wherein at least a portion of the energy absorber ia

positioned between g front bamper of the velncle and the Tower leg of a pedestrian.

24, The log engagement system of claim 23 wherein said energy absorber is a single
airbag or expandable plastic member stowed within the bumper and upon actuation, is

released through g weakened portion of the bumper,
25, The leg eogagement systera of claim 23 wherein said energy absorber 18 stowed

proximate o the bumper and upon actustion, is relgasable to depley about at least a portion of

a contour of the bumper,

20
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26. A vehicle including a leg engagament system in accordance with claim 23,

[eaggod

- -
i

27, A vehicle including 8 pedestrian safety system in accordance with olaim 23,
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