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(57) ABSTRACT 

A child restraint apparatus connectable to a vehicle and hav 
ing a chassis with a back portion and a seat portion. A 
U-shaped guard is pivotally connected to the chassis so as to 
be movable between an up position and a down position, in 
the down position the guard forming a frontal and lateral 
barrier around the child. A seat member of appropriate size is 
detachably connected to the seat portion of the chassis. A 
harness assembly is connected to the seat member. The har 
ness assembly comprises a retractor assembly connected to 
the seat member and a torso strap having a lower end fixed to 
the retractor and a pair of upper ends connectable to a helmet 
via a latch assembly connected to the helmet. The helmet is 
adjustabty connected to the chassis and has a rigid shell 
shaped to extendabout at least a portion the head of the child. 
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CHILD RESTRANTAPPARATUS FORA 
VEHICLE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. Ser. No. 
1 1/820,260, filed Jun. 19, 2007, now U.S. Pat. No. 7,455,358, 
which is a continuation of U.S. Ser. No. 1 1/170,516, filed Jun. 
29, 2005, which claims the benefit of U.S. Provisional Appli 
cation Ser. No. 60/583,758, filed Jun. 29, 2004, all of which 
are hereby expressly incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to passenger 
restraints, and more particularly, but not by way of limitation, 
to a child restraint apparatus for a vehicle. 
0004 2. Brief Description of Related Art 
0005 Child restraint devices are required by law to 
restrain children traveling in moving vehicles. There are three 
general classifications of child restraint devices: infant, con 
vertibles, and booster seats. An infant restraint device typi 
cally is a product that doubles as a carrier and straps into the 
rear seat of a vehicle with the infant facing the rear. It gener 
ally accommodates infants up to about 22 lbs. A convertible 
device is designed to be strapped in either rear or front facing 
and accommodates infants and toddlers from 20 lbs. up to 35 
lbs. (rear-facing) or up to 40 lbs. (front-facing). Finally, the 
booster seat is a device that raises the child passenger to a 
height so that the adult shoulder Strap may cross the upper 
tOrSO. 

0006. One problem encountered with the use of these 
devices is that as the child grows the current device is out 
grown, provides no effective protection, and thus a new 
device must be used. Also, each device in itself must be 
periodically adjusted to accommodate changes in the size and 
weight of the child. For example, many devices are formed to 
include several sets of shoulder belt-receiving apertures in a 
back wall of the seat so that the device can be adapted by a an 
adult to restrain children of different sizes. To accommodate 
a child, the two shoulder belts are uncoupled from an anchor 
ing structure and removed from the current apertures. The 
shoulder belts are then passed through another pair of shoul 
der belt-receiving apertures that are more appropriate from 
the size of the child and re-coupled to the anchoring structure. 
As the child grows, an adult must repeat the belt adjustment 
procedure described above using other higher sets of belt 
receiving apertures formed in a higher portion of the back 
wall of the car seat to enlarge the child car seat harness to 
accommodate the growing child. This process is tedious and 
thus is often not performed as often as it should be. Further 
more, the location of the apertures may not provide maximum 
protection to the child. 
0007. With booster seats, correct placement of the adult 
shoulder strap is left to the child and in many instances chil 
dren place the shoulder strap behind them providing no upper 
torso protection at all. Additionally, currently available child 
restraint devices do not provide adequate protection to the 
child passenger in the event of a side impact, rear impact, or 
a rollover. As a consequence, the child is at risk for serious 
injury. 
0008 To this end, a need exists for a child restraint appa 
ratus that provides a secure, protective Zone for the child 
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occupant in all accident configurations—frontal, side, 
oblique, rear, and rollover—and which can be modified and 
adjusted to accommodate children of various sizes. It is to 
Such a child restraint apparatus that the present invention is 
directed. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0009 FIG. 1 is a perspective view of a child restraint 
apparatus constructed in accordance with the present inven 
tion. 
0010 FIG. 2 is a perspective view of a chassis. 
0011 FIG.3 is a partial cross sectional view of a portion of 
the base illustrating a latch assembly. 
0012 FIG. 4 is a perspective view of an actuator assembly. 
0013 FIG. 5 is a cross sectional view of the actuator 
assembly of FIG. 4. 
0014 FIG. 5A is a cross sectional view of the actuator 
assembly shown in an unlocked position. 
(0015 FIG. 6 is a side view of a guard. 
0016 FIG. 7 is a sectional perspective view of the guard. 
0017 FIG. 8 is a perspective view of a portion of a stiff 
ening member of the guard. 
0018 FIG. 9 is a top perspective view of a forward-facing 
seat member. 
(0019 FIG. 10 is a bottom perspective view of the forward 
facing seat member of FIG. 9. 
0020 FIG. 11 is a partial cross sectional, side elevational 
view showing a forward-facing seat assembly shown con 
nected to the base. 
0021 FIG. 12 is a perspective view of the child restraint 
apparatus of the present invention showing the guard in an up 
position and a harness assembly in an unlatched position. 
0022 FIG. 13 is a perspective view of the child restraint 
apparatus of the present invention showing the guard in an up 
position and the harness assembly in the latched position. 
0023 FIG. 14 is a side elevational view of the child 
restraint apparatus with a rear-facing seat assembly shown to 
be an infant carrier. 
0024 FIG. 15 is a side elevational view of the child 
restraint apparatus illustrating another embodiment of a rear 
facing seat assembly. 
0025 FIG. 16 is an exploded, perspective view of a head 
protection assembly. 
(0026 FIG. 17 is a side elevational view of the head pro 
tection assembly. 
0027 FIG. 18 is a partial cross sectional, top plan view of 
the head protection assembly shown connected to the actuator 
assembly of the chassis. 

DETAILED DESCRIPTION OF THE INVENTION 

0028 Referring now to the drawings, and more particu 
larly to FIGS. 1-3, a child restraint apparatus 10 adapted to be 
installed in a vehicle is shown. Broadly, the child restraint 
apparatus 10 includes a base 12 which connects to the vehicle, 
a guard 14 that is connected to the base 12 and forms lateral 
and frontal barriers around a child passenger, a seat assembly 
16 which is detachably connected to the base 12 and which 
includes a harness assembly 18 for securing the child passen 
ger, and a head protection assembly 20 adjustably connected 
to the base 12 to provide a barrier around and support for the 
child passenger's head. The child restraint apparatus 10 is 
designed to create a protection Zone for children from birth to 
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about five feet two inches and 102 pounds which is the size of 
the smallest person that may fit safely in an adult seat belt 
according to federal motor vehicle safety standards. The base 
12 may be utilized in a single vehicle, or the base 12 can be 
moved and installed from vehicle to vehicle through quick 
connect and disconnect. The seat assembly 16 shown in FIG. 
1 is only one of a series of size-appropriate, seat assemblies 
adapted to be used with the base 12. The seat assemblies 12 
may range from a rear-facing infant carrier to forward-facing 
seats for children as tall as about sixty-two inches and weigh 
ing up to about 102 pounds. 
0029 Referring to FIGS. 1-5, the base 12 is the foundation 
of the child restraint apparatus 10 and includes a chassis 22 
and an outer Support structure 24 fastened to the chassis 12. 
As best shown in FIG. 2, the chassis 22 is generally L-shaped 
So as to be characterized as having a backportion 25 and a seat 
portion 26. More particularly, the chassis 22 includes a spine 
28, a top cap 30, a guard hub support plate 31, a seat plate 32, 
an actuator assembly 34, and a seat latch assembly 36. 
0030 The spine 28 is constructed from a rigid member, 
Such as Steel tubing, to form a Substantially double L-shaped 
member having a closed upper end 38 and a pair oflower ends 
40. The spine 28 has a length so that the closed upper end 38 
extends a distance above the head protection assembly 20 so 
as to function as a roll bar to provide protection in the event 
the vehicle inverts or rolls over. To increase the ability to resist 
loads during a rollover, the spine 28 has a bend 42 near the 
closed upper end 38 so that the closed upper end38 is oriented 
substantially vertically or perpendicular to the roof of the 
vehicle when the base 12 is connected to a vehicle. The spine 
28 further has a bend 44 at the lower end thereof. 
0031. The top cap 30, the guard hub support plate 31, and 
the seat plate 32 are fixed to the spine 28 in a suitable fashion, 
Such as welding, so as to function as cross members which 
give rigidity to the spine 28. The top cap 30 further functions 
to Support an upper end of the actuator assembly 34. 
0032. The guard hub support plate 31 is formed of a rigid 
material. Such as steel, and is shaped to define a pair of arms 
46 provided with holes 48 for receiving the guard 14 in a 
manner to be described below. The guardhub support plate 31 
further includes an upper tab 49 to which a lower end of the 
actuator assembly 31 is connected and a pair of lower tabs 50 
which serve to help secure the seat assemblies 16 to the base 
12 in a manner that will also be described below. The lower 
tabs 50 are positioned near the top of the bend 44, and each 
lower tab 50 includes a horizontal portion and a gusset por 
tion. 
0033. The seat plate 32 is constructed of a rigid material, 
Such as steel, and is sized to support the seat assembly 16. The 
seat plate 32 is provided with an upward fold 56 at a forward 
end thereof to provide additional rigidity and impede buck 
ling of the seat plate 32 upon loads being transferred to the 
seat plate 32 by the seat assembly 16. The seat plate 32 is 
further provided with an opening 58 for receiving a portion of 
the seat latch assembly 36. The seat plate 32 is fixed to the 
lower ends 40 of the spine 28. 
0034 Referring to FIG. 3, in one embodiment the seat 
latch assembly 36 includes a catch assembly 60, a flexible 
cable 62, and a release handle 64. The catch assembly 60 has 
a body 66 with a conical top 68 to promote self-centering of 
the seat assembly 16. The body 66 has an opening 70 sized 
and shaped to retain a ball 72. The ball 72 is caused to extend 
beyond the body 66 by a blocker 74 housed by the body 66. 
The blocker 74 has a recess 76 which allows the ball 72 to 
move inwardly when the blocker 74 is moved to a position 
wherein the recess 76 is adjacent to the ball 72. The blocker 74 
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is biased in a blocking position by a spring 78. The blocker 74 
and the spring 78 are retained in the body 66 by a plug 80 
which has a hole for receiving the cable 62. 
0035. The cable 62 is passed through the hole and has one 
end connected to the blocker 74 and the other end connected 
to the release handle 64. The release handle 64 is positioned in 
a track (not shown) formed in the outer support structure 24 of 
the base 12 whereby the release handle 64 travels in a to and 
fro direction. Pulling of the release handle 64 in a forward 
direction causes the blocker 74 to be moved downwardly 
thereby positioning the recess 76 of the blocker 74 adjacent 
the ball 72 and allowing the ball 72 to move inwardly to a 
release position. The use of the flexible cable 62 has the 
advantage that a front impact load on the base 12 will cause 
the cable 62 to slacken thereby preventing the seat latch 
assembly 32 from being inadvertently activated to the release 
position. 
0036 Referring now to FIGS. 2, 4, and 5, the actuator 
assembly 34 is shown. The actuator assembly 34 serves to 
Support the head protection assembly 20 and adjust the posi 
tion of the head protection assembly 20 along the backportion 
25 of the chassis 22 so that the head protection assembly 20 
may be properly positioned around the child passenger. In one 
embodiment, the actuator assembly 34 includes a jackscrew 
86, a traveling block 88, a retention plate 90, a first retention 
pin 92, and a second retention pin 94. 
0037. The jackscrew 86 has an upper end supported by the 
top cap 30 and a lower end supported by the guardhub support 
plate 31. The upper end of the jackscrew 86 has a knob 95 
connected thereto for rotating the jackscrew 86, and the upper 
end is provided with an area of reduced diameter 96, the 
function of which will be described below in reference to use 
of the head protection assembly 20. 
0038. The traveling block 88 is preferably constructed of a 
Suitable rigid polymeric material. Such as nylon or the like. 
The traveling block 88 has a first side 98, an opposing second 
side 100, and a threaded opening 102 in which the jackscrew 
86 is received so that the traveling block 86 moves longitu 
dinally along the backportion 25 of the chassis 22 in response 
to rotational movement of the jackscrew 86. The traveling 
block 88 further has a first bore 104 (FIG. 5) extending from 
the first side 98 to the threaded opening 102 and a second bore 
106 extending from the second side 100 to the threaded open 
ing 102. The first side 98 of the traveling block 88 has a first 
slot 108, and the second side 100 has a second slot 110. 
0039. The retention plate 90 is connected to the traveling 
block 88 for transferring loads to the spine 28 from the head 
protection assembly 20. As such, the retention plate 90 is 
constructed of a rigid material. Such as steel, as is shaped to 
extend about each side of the spine 28. More specifically, the 
retention plate 90 is a generally flattened, U-shaped member 
having a first tine 112 and a second tine 114 extending there 
from in a spaced apart relationship. The first tine 112 and the 
second tine 114 each have a pin receiving opening 116. The 
first tine 112 and the second tine 114 are spaced apart a 
distance such that the first tine 112 may be positioned in the 
first slot 108 of the traveling block 88 with the pin receiving 
opening 116 of the first tine 112 in alignment with the first 
bore 104 of the traveling block 88 and the second tine 114 
may be positioned in the second slot 110 of the traveling block 
88 with the pin receiving opening 116 of the second tine 114 
aligned with the second bore 106. While the retention plate 90 
is described as being manufactured as a separate piece from 
the traveling block 88, it will appreciated that the two may be 
manufactured as single piece. 



US 2009/0085.385 A1 

0040 FIG. 5 shows the actuator assembly 34 in a locked 
position. The retention plate 90 is secured to the traveling 
block 88 by the first retention pin 92 and the second retention 
pin 94. The first retention pin 92 is positioned in the first bore 
104 and biased toward the jackscrew 86 by a spring 118. The 
first retention pin 92 is dimensioned so that one end of the first 
retention pin 92 engages the jackscrew 86 and the other end 
extends through the pin receiving opening 116 of the first tine 
112 of the retention plate 90 a distance to function as a catch 
for the head protection assembly 20 in the locked position of 
the actuator assembly 34. Likewise, the second retention pin 
94 is positioned in the second bore 106 and biased toward the 
jackscrew 86 by a spring 120. The second retention pin 94 is 
dimensioned so that one end of the second retention pin 94 
engages the jackscrew 86 and the other end extends through 
the pin receiving opening 116 of the second tine 114 of the 
retention plate 90 a distance to function as a catch for the head 
protection assembly 20 in the locked position of the actuator 
assembly 34. 
0041 Referring now to FIG.5A, the actuator assembly 34 

is shown in an unlocked position. A first and second retention 
pins 92 and 94 are each supported by a second spring 122 and 
124, respectively. The second springs 122 and 124 function to 
resiliently support the retention pins 92 and 94 when the 
retention pins 92 and 94 are positioned adjacent the area of 
reduced diameter 96 of the jackscrew 86 so that the retention 
pins 92 and 94 function as quick connectors with respect to 
the head protection assembly 20 to be described below. More 
specifically, when the jackscrew 86 is rotated to cause the 
traveling block 88 to be moved to the area of reduced diameter 
96, the springs 118 and 120 urge the retention springs 92 and 
94 toward the jackscrew 86. However, the springs 122 and 
124 resist the retention pins 92 and 94 moving into engage 
ment with the area of reduced diameter 96 of the jackscrew 86 
so that the retention pins 92 and 94 are resiliently supported. 
0042. To function as quick connectors, the ends of the 
retention pins 92 and 94 are provided with a radius. The 
retention pins 92 and 94 are dimensioned so that while the 
retention pins 92 and 94 have moved toward the jackscrew 86, 
the ends of the retention pins 92 and 94 extend beyond the first 
tine 112 and the second tine 114 when the traveling block 88 
is positioned adjacent the area of reduced diameter 96 so as to 
secure the retention plate 90 but maintain the ends exposed to 
be engaged by the head protection assembly 20. 
0043 Referring again to FIG. 1, the outer support struc 
ture 24 of the base 12 includes a slotted back cushion 122 
(FIG. 1) that is connected to and extends over a substantial 
portion of the backportion 25 to function as a back support. A 
side cushion 124 extends along each side of the chassis 22 to 
provide additional protection against side impact collisions. 
The back cushion 122 and the side cushion 124 are preferably 
constructed of a foam material covered by an outer fabric and 
supported by an internal shell or frame. The internal frame is 
connected to the chassis 22 in a Suitable manner, Such as with 
fasteners. 

0044. In one embodiment, the chassis 22 may be provided 
with a hinge so that the seat portion 26 and the backportion 25 
are capable of being folded relative to one another to facilitate 
insertion of the base 12 into the vehicle and removal of the 
base 12 from the vehicle. 

0.045 Loose connections between a child seat and the 
vehicle are cited in the National Occupant Protection Use 
Survey (NOPUS) reports as one of the two most common 
misuses made by more than 80% of parents or care givers. 
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Therefore, the base 12 of the child restraint apparatus 10 is 
first installed into one of the rear seating positions in the 
vehicle. The installation can be conveniently done in one of 
two ways. For vehicles with Lower Anchor and Tethers for 
Children (LATCH) Anchors (manufactured after 2002 model 
year), the base 12 may be attached directly to the 6 mm bars 
of the vehicle anchor via latch mechanisms 126 extending 
from the chassis 22. This is a quick Snap-in connection. The 
other installation method, for vehicles manufactured before 
2002, is the conventional lap or lap/shoulder belt 127 passing 
through an opening 128 (FIG. 14) in the base 12 and over the 
bend 44 of the spine 28. To facilitate proper installation, a web 
tightening assembly 130 (illustrated in FIG. 2) may be con 
nected to the chassis 22 to snug the chassis 22 to the vehicle 
seat. The web tightening assembly 130 may include a lever 
and a ratchet mechanism and a web grabbing member for 
gripping the webbing of the seatbelt so that the webbing may 
be made more taut upon rotation of the ratchet mechanism. 
The chassis 22 may be shaped to substantially conform to the 
contour of the seat of the vehicle to provide a more secure 
attachment to the vehicle. A conventional tether strap (not 
shown) may be connected to the upper end of the chassis 22 
for use in vehicles manufactured after 1988. The use of the 
tether strap would establish a three-point attachment system 
and help maximize the stability and connection of the chassis 
22 to the vehicle. 

0046 Referring now to FIGS. 1, 12, and 14, the guard 14 
is a Substantially U-shaped, rigid member that is connected to 
the chassis 22 and movable between an up position (FIG. 12) 
and a down position (FIG. 1). In the down position, the guard 
14 reinforces the Zone around the child passenger to protect 
against frontal and side impacts. The guard 14 is positioned 
relative to the base 12 so that in the down position, the guard 
14 is locked in a position that is Substantially perpendicular 
with respect to the back of the front seat of the vehicle upon 
the front seat rotating backwards about its pivot axis to pre 
vent the front seat from collapsing onto the child passenger 
during rear impacts. Furthermore, the guard 14 is preferably 
dimensioned so that a leading end 132 of the guard 14 is 
positioned near the back of the front seat to limit the momen 
tum created when the front seat collapses due to force gener 
ated by a rear impact at greater than about 25 mph. To this end, 
when in the down position, the guard 14 extends at a generally 
upward angle, as best shown in FIG. 1, and the leading end 
132 of the guard 14 is provided with side scoops 134 that 
facilitate the guard 14 fitting between front seats of a vehicle. 
The guard 14 may be constructed to be selectively extendible 
and retractable so that it may accommodate adjustments to 
the position of the front seat. To the same degree, if the child 
restraint apparatus 10 is installed in the front seat, the guard 
14 is positioned to protect against an airbag deployment. The 
leading end 132 is further flared to better disperse loads from 
a range of airbags. Additionally, as shown in FIG. 1, the sides 
of the guard 14 are provided with a longitudinal groove 136 
which allows the side of the guard 14 to interlock with the 
guard 14 of an adjacent child restraint apparatus 10 upon the 
occurrence of a side impact, thereby reducing the possibility 
of the guard 14 of one child restraint apparatus 10 sliding past 
the guard 14 of the other restraint apparatus 10 and causing 
injury to the child passenger. The guard 14 has a generally 
upward curved profile which allows the guard 14 to substan 
tially conform to the contour of the backportion of the base 12 
when the guard 14 is in the upposition to facilitate positioning 
in and removal from the child restraint apparatus 10. 
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0047 Referring to FIGS. 6-8, the guard 14 is pivotally 
attached to the arms 46 of the guard hub support plate 31 via 
a hub 138 received in the holes 48 of the arms 46 of the guard 
hub support plate 31. The hubs 138 are provided with a first 
detent hole 140 and a second detent hole 142 for receiving a 
latching mechanism 144 adapted to latch to the guard 14 in 
the down position (FIGS. 1 and 6) and the up position (FIG. 
14). The latching mechanism 144 has a latch release handle 
146 mounted in a housing 147 so that the latch release handle 
146 is preferably positioned out of reach of the child passen 
ger and that permits the guard 14 to be latched and unlatched 
and raised and lowered with a one-hand operation. The latch 
release handle 146 is shown if FIG. 6 as being positioned at 
the leading end of the guard 14 on the underside thereof. 
However, it will be appreciated that the latch release handle 
146 may be positioned in a variety of suitable positions. The 
latch release handle 146 is preferably recessed and operated 
by pull action to prevent impact/intrusion from activating the 
latch release handle 146. The latch release handle 146 is 
connected to a pair of spring-loaded pins 148 via cables 150 
extending through the guard 14 (only one of the pins 148 and 
the cables 150 being depicted in FIG. 6). The spring-loaded 
pins 148 are adapted to be received in the first detent hole 140 
and the second detent hole 142 of the hub 138 to secure the 
guard 14 in the down position and the up position, respec 
tively. The spring-loaded pins 148 are preferably oriented to 
minimize inertial effects on the spring-loaded pins 148 that 
arise especially during impacts. As such, the spring-loaded 
pins 148 are preferably vertically oriented. 
0048 Referring to FIGS. 7 and 8, the guard 14 includes a 
structural support member 152, a cushioning layer 154, and 
an outer cover 156. The structural support member 152 is 
Substantially U-shaped and fabricated of a rigid material, 
Such as plastic, steel, or combination thereof. The outer Sur 
face of structural support member 152 is molded to have a 
series of posts 158 and crossed strips 160. The posts 158 may 
be threaded to be used to mount additional strengthening 
features, if needed, or other features, such as entertainment 
features to the structural support member 152, while the 
crossed strips 160 function as stiffening members. 
0049. It should be appreciated that the inner surface of the 
guard 14 may further be constructed in a similar fashion, 
thereby facilitating acceptance of a variety of accessories to 
keep the child passenger's attention stimulated during long 
trips. These accessories range from simple mobiles and 
rattles, to hand-held electronic games. A sole adult driver may 
utilize a mini-cam on the guard 14that transmits to a rear view 
mirror mounted monitor so the infant passenger may be seen 
while maintaining safe operation of the vehicle. 
0050. As shown in FIG. 7, the structural support member 
152 is provided with a shoulder 162 shaped to mate with the 
arms 46 of the guard hub support plate 31 when the guard 14 
is in the down position. To provide additional support to the 
guard 14, the structural support member 152 further includes 
a slot 164 for receiving a locking pin 166 (FIG. 2) extending 
from the arms 46 of the guard hub support plate 31. 
0051. The cushioning layer 154 functions to further 
absorb impact energy and as a protective padding to prevent 
injury should an individual impact the guard 14. The outer 
cover 156 may be a fabric that assists to secure the cushioning 
layer 154 and serves as a further protective padding. 
0052. After the base 12 with the guard 14 is installed onto 
the vehicle rear seat, an appropriate sized seat assembly 16 is 
secured to the base 12. To allow the child restraint apparatus 
10 to accommodate a growing child, multiple seat assemblies 
16 are made available. By way of example, the seat assem 
blies may include rear-facing seat assemblies, including an 
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infant carrier, and different sizes of forward-facing seat 
assemblies. In addition, the forward-facing seat assemblies 
are used in combination with an appropriate sized head pro 
tection assembly 20. 
0053 Referring now to FIGS. 9-11, a forward-facing seat 
assembly 16a (FIG. 11) is illustrated. The forward-facing seat 
assemblies are designed for specific ranges of height and 
weight to accommodate child passengers as they grow. For 
ward facing seat assemblies, such as seat assembly 16a, are 
secured to both the back portion 25 and the seat portion 26 of 
the chassis 22. 
0054 More particularly, the seat assembly 16a includes a 
seat member 170 and the harness assembly 18. As shown in 
FIG. 9, the seat member 170 has an upper surface 174 con 
toured to create a saddle that prevents sloughing and prevent 
child passengers from Submarining out of the protection Zone, 
as well as lateral movement of the child passenger. The upper 
surface 174 further includes a horn 176 positioned to extend 
from the crotch of the child passenger. The 176 horn includes 
a slot 178 through which the harness assembly 172 passes. 
Prevention of Submarining is accomplished by forming the 
saddle to a desired angle and height whereby the saddle acts 
as a cushion and, in conjunction with the horn 176 and the 
harness assembly 172, a barrier to prevent submarining. To 
prevent the child passenger's legs from “going to sleep’ on 
long trips, the saddle is further contoured at the front end to 
reduce pressure points that impinge nerves and blood vessels 
under the thighs. 
0055. The seat member 170 has a rear end formed to have 
a pair of landings 180 that are adapted to be captured by the 
horizontal portions of the lower tabs 50 of the guard hub 
support plate 31 to facilitate securing the seat assembly 168 to 
the chassis 22. 
0056. As best shown in FIG. 10, the seat member 170 has 
a lower Surface that is shaped generally to mate with the seat 
portion 26 of the chassis 22. The lower surface has a notch 182 
to receive the upward fold 56 of the seat plate 32 (FIG. 11) and 
a pair of slots 184 for receiving a foot rest (not shown). The 
rear end of the seat member 170 is contoured to define a 
gripping Surface 186 which cooperates with the chassis 22 to 
grip or pinch the webbing of the seatbelt 127 when the chassis 
22 is secured to the vehicle with the seat belt 127 of the 
vehicle. More specifically, the rear end of the seat member 
170 is shaped to conform to the contour of the bend 44 of the 
spine 28. The gripping surface 186 preferably is provided 
with a knurled surface to enhance the grip on the webbing of 
the seatbelt 127 and thereby alleviate the child restraint appa 
ratus 10 sliding along the webbing of the seatbelt 127 in the 
case of side impact. Finally, the lower surface is provided with 
a retractor cavity 188 in communication with the slot 178 of 
the horn 176. The seat member 176 is preferably molded from 
a Suitable polymeric material. Such as polypropylene or the 
like. 
0057 Referring to FIGS. 11-13, the harness assembly 172 
includes a retractor assembly 190 (FIG. 11) and a torso strap 
192 (FIGS. 11-13). The retractor assembly 190 has a mount 
ing plate 194 with an opening 196. The retractor assembly 
190 is secured to the seat member 170 with the retractor 
assembly 190 positioned in the retractor cavity 188. The 
retractor assembly 190 is secured to the seat member 170 via 
the mounting plate 194 in a suitable fashion, such as with a 
rivet 196. The retractor assembly 190 preferably is an auto 
matic locking retractor so that any slack, roping, or entangle 
ments of the torso strap 192 are markedly reduced. This also 
maintains the size appropriate degree of tension on the torso 
strap 192 to assure its proper placement during use. 
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0058. The torso strap 192 has a substantially Y-shape con 
figuration with a lower end 198 fixed to the retractor assembly 
190 and a pair of upper ends 200. The torso strap 192 extends 
up between the passenger's legs and the upper ends 200 have 
shoulder latch plates 202 (FIG. 12) that attach to the head 
protection assembly 20 above the child passenger's shoulder 
level thereby assuring proper placement and optimal safety. 
Further, the latch plates 202 extend sufficiently to accommo 
date the child passenger's shoulders, thereby the torso strap 
192 is positioned against the chest of the passenger while not 
impinging or putting pressure on the chest to provide comfort 
for the passenger while establishing an enhanced, immediate 
protection Zone for the passenger. 
0059. To prevent the use of a seat assembly that is inap 
propriately sized for a child, the torso strap 192 preferably has 
a length such that the torso strap 192 may not be connected to 
the head protection assembly 20 when the child reaches a 
particular size, thus requiring use of a seat assembly of proper 
size. The torso strap 192 is preferably fabricated of an energy 
absorbing material. Such as neoprene or the like. The combi 
nation of design and materials create a system that will spread 
forces in an effort to minimize chest and clavicular injury for 
the child passenger. The outer Support structure 24 may fur 
ther include torso flaps (not shown) of similar harness mate 
rial to provide additional security for the passenger's lower 
thorax and upper leg regions. 
0060 Referring again to FIG. 11, to connect the seat 
assembly 168 to the base 12, the landings 180 are positioned 
under the horizontal portions of the lower tabs 50 of the guard 
hub support plate 31. The seat assembly 16a is then pushed 
downwardly to engage the mounting plate 194 of the retractor 
assembly 190 with the catch assembly 60 of the seat latch 
assembly 36. With the seat assembly 16a connected to the 
chassis 22, the lower surface cooperates with the bend 44 of 
the spine 28 to grip the webbing of the seatbelt 127 when one 
is used to secure the base 12 to the vehicle. The seat assembly 
16a is removed from the base 12 by pulling the release handle 
64 causing the catch assembly 60 to disengage the mounting 
plate 194 of the retractor assembly 190. It will be appreciated 
that to accommodate growing children, the forward facing 
seat assemblies will differ from one another in dimension 
whereby a seat member for a smaller child would be taller 
than a seat member for a larger child and the saddle would be 
smaller to conform to the bottom of the smaller child. In 
addition, the torso strap of the harness assembly used with a 
seat assembly for a smaller child will be shorter than that used 
for a larger child. 
0061 FIG. 14 illustrates a rear-facing seat assembly in the 
form of an infant carrier 204. The infant carrier 204 preferably 
has a seating configuration to optimize ease of breathing and 
thereby increasing blood oxygenation and comfort for the 
infant passenger. The infant carrier 204 may be constructed to 
have a harness assembly (not shown) similar in construction 
to the harness assembly 18 described above and torso flaps 
(not shown), with the exception that the infant carrier 204 is 
provided with latch mechanisms near the shoulders of the 
passenger. Further, the infant carrier 204 may be constructed 
to have a ribbed front end 206 to facilitate the transferring of 
impact loads in cooperation with the guard 14 from the infant 
carrier 204 to the seat plate 32 of the chassis 22 via the upward 
fold 56 of the seat plate 32. 
0062. Like the seat member 170, the infant carrier 204 is 
formed to have a pair of landings 208 that are adapted to 
engage the underside of the horizontal portions of the lower 
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tabs 50 of the guard hub support plate 31. The rear end of the 
infant carrier 204 is further shaped to conform to the contour 
of the bend 44 of the spine 28. The lower surface may be 
provided with a retractor assembly with a mounting plate or 
simply a mounting plate ifa retractor assembly is not utilized. 
0063. In use, the infant carrier 204 with infant is guided 
onto the seat plate 32 of the chassis 22 until the connections 
click into a locked position. The guard 14 is then lowered and 
securely latched. Latching and unlatching of the guard 14 is a 
simple one-hand operation concurrent with raising and low 
ering. This procedure would be repeated for any other rear 
facing seat assembly or forward-facing seat assembly. 
0064 FIG. 15 illustrates another embodiment of a rear 
facing seat assembly 210. The seat assembly 210 is similar in 
construction to the infant carrier 204 described above except 
that the seat assembly 210 is constructed to Support a larger 
child passenger in a more upright posture. Like the infant 
carrier 204, the seat assembly 210 has a harness assembly (not 
shown) and is formed to have a pair of landings 212 that are 
adapted to engage the underside of the horizontal portions of 
the lower tabs 50 of the guard hub support plate 31. The rear 
end of the seat assembly 210 is further shaped to conform to 
the contour of the bend 44 of the spine 28. 
0065 Referring now to FIGS. 16-18, the head protection 
assembly 20 is utilized in combination with the forward 
facing seat assemblies such as the seat assembly 16a. The 
head protection assembly 20 is sized to receive the child's 
head to create a protection Zone around the child passenger's 
head which shields against outside intrusion. Further, the 
head protection assembly 20 receives the upper ends 200 of 
the torso strap 192 and is adjustable so that the position of the 
head protection assembly 20 and the torso strap 192 may be 
correctly positioned. Broadly, the head protection assembly 
20 includes a helmet 220 shaped to cradle the head of the child 
and a latch assembly 222 connected to the helmet 220 for 
receiving the upper ends 200 of the torso strap 192 to secure 
the torso strap 192 about the child. 
0066 Referring to FIG.16, the helmet 220 includes a shell 
224, padding 226 positioned on the interior surface of the 
shell 224, and a housing 228 connected to a rear end of the 
shell 224. The shell 224 may be constructed of any hard 
material resistant to impact. However, the shell 224 is pref 
erably constructed of a clear, rigid material. Such as polycar 
bonate or the like. The shell 224 is substantially U-shaped so 
as to have forward ends 230 which will extend beyond the 
front of the child's head to absorb and deflect energy from 
intruding objects while being Void of padding 226 so as to be 
transparent so as to not unduly impede the child's peripheral 
vision. The shell 224 may also incorporate speakers to inter 
face with audio, visual, audio-visual, and electronic gaming 
devices. 
0067. The padding 226 is an energy absorbing material 
that is soft enough to function as a pillow on long trips. The 
padding 226 is contoured to conform to the general form of 
the child passenger's head so that it will provide additional 
Support around the neck to minimize the potential for injury. 
The padding 226 is further contoured to cradle the child 
passenger's head safely during side and oblique impacts 
while providing minimal visual obstruction to the passenger. 
0068. The housing 228 is secured to the rear side of the 
shell 224 and serves to house the latch assembly 222. The 
housing 228 has a pair of cable receiving channels 232 and a 
pair of slots 234 (only one of the slots 234 depicted in FIG. 
16). 
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0069. The latch assembly 222 includes a pair of latch 
mechanisms 236 and a latch release assembly 238 operably 
connected to each of the latch mechanisms 236 for releasing 
the upper ends 200 of the torso strap 192. The latch mecha 
nisms 236 may be any suitable latch mechanism adapted to 
interlock with the latch plates 202 of the upper ends 200 of the 
torso strap 192. The latch mechanisms 236 are positioned on 
each side of the helmet 220 on the lower side thereof and set 
back so that the torso strap 192 is positioned against the chest 
while not impinging or putting pressure on the chest of the 
child when the upper ends 200 of the torso strap 192 are 
secured in the latch mechanisms 236. The latch mechanisms 
236 are mounted on either side of the helmet 220 via a pair of 
mounting brackets 240. More specifically, the latch mecha 
nisms 236 are connected to the mounting brackets 240 which 
are in turn connected to the housing 228. The mounting brack 
ets 240 further function as structure for connecting the helmet 
220 to the actuator assembly 34 of the chassis 22. To this end, 
each of the mounting brackets 240 has a tang 242 which are 
shaped to extend through the slots 234 of the housing 228 and 
dimensioned to be received in the slots 108 and 110 of trav 
eling block 88. Each of the tangs 242 has a pin receiving 
opening 244 for receiving the ends of the retention pins 92 
and 94 of the actuator assembly 34. 
0070. The latch release assembly 238 preferably includes 
a single release handle 246 connected to an upper end of the 
housing 228 of the helmet 220. The release handle 246 is 
interconnected to the latch mechanisms 236 via a first cable 
248 having a one end connected to the release handle 246 and 
the other end connected to one of the latch mechanisms 236 
and a second cable 250 having one end connected to the 
release handle 246 and a the other end connected to the other 
latch mechanism 236. The release handle 246 is preferably 
positioned on or near the upper end of the helmet 220 to 
prevent the child occupant from inadvertently releasing the 
torso strap 192. 
0071. Like the seat assemblies, the head protection assem 
bly 20 preferably is constructed in a variety of sizes to allow 
the use of the head protection assembly 20 that best accom 
modates the size of the child passenger. As such the head 
protection assembly 20 is selectively detachable from the 
chassis 22. With reference to FIGS.5, 5A, and 18, to attach 
the head protection assembly 20 to the chassis 22, the harness 
assembly 18 is detached from the head protection assembly 
20, and the traveling block 88 is moved to the unlocked 
position (FIG. 5) by rotating the jackscrew 86 until the reten 
tion pins 92 and 94 are adjacent the area of reduced diameter 
96. With the retention pins 92 and 96 urged inwardly so as to 
function as quick connectors, the tangs 242 of the head pro 
tection assembly 20 are inserted into the slots 108 and 110 of 
the traveling block 88 until the retention pins 92 and 94 snap 
into the pin receiving holes 244 of the tangs 242. With the 
tangs 242 secured in place, the traveling block 88 is moved to 
the locked position wherein the traveling block 88 is moved 
away from the area of reduced diameter 96 to cause the 
retention pins 92 and 94 to engage the jackscrew 86 and 
thereby extend further through the pin receiving holes 244 of 
the tangs 242 to secure the head protection assembly 20 to the 
chassis 22 and thereby function as shear pins. It will be 
appreciated that another advantage of the design is that if the 
tangs 242 have not properly positioned to receive the reten 
tion pins 92 and 94, the traveling block 88 may not be moved 
to the locked position. By Securing the head protection assem 
bly 20 to the chassis 22, the torso strap 192 is tied to the 
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chassis 22. That is, upon the occurrence of an accident, the 
child passenger loads the torso strap 192, the torso strap 192 
loads the head protection assembly 20, and the head protec 
tion assembly 20 loads the retention plate 90 which loads the 
spine 28. 
0072 The head protection assembly 20 is detached from 
the chassis 22 by moving the traveling block 88 to the 
unlocked position (FIG. 5A) wherein the head protection 
assembly 20 may be pulled from the slots 108 and 110 of the 
traveling block 88 due to the quick connect functionality of 
the retention pins 92 and 94 when in the unlocked position. 
0073. After the head protection assembly 20 is secured to 
the chassis 22, the actuator assembly 34 (FIG. 2) is used to 
properly position the head protection assembly 20 for the 
child passenger. The head protection assembly 20 is properly 
positioned along the chassis 22 when a lower end of the head 
protection assembly 20 is positioned just above the shoulders 
of the child passenger. The knob 95 affixed to the upper end of 
the jackscrew 86 is located in a remote location behind the 
passenger to prevent tampering by the passenger. 
0074 The child restraint apparatus 10 of the present inven 
tion has the advantage of being simple to install and use while 
providing a size appropriate protection Zone around a child 
passenger. The base 12 is easy to install in a vehicle and 
provides a solid foundation with a roll bar to manage intru 
sions from rollover impacts. The size appropriate seat assem 
blies 16 are designed to grow with the child and are secured to 
the base 12 to maximize passenger safety and comfort. The 
guard 14 extends from the base 12 and creates a protection 
barrier around the child passenger. The head protection 
assembly 20 shields the child's head and neck from intru 
sions. Finally, the child is secured via the harness assembly 18 
which interlocks with the head protection assembly 20 in one 
step and assures proper placement, thereby mitigating har 
ness misuse errors. 
(0075 While the child restraint apparatus 10 has been 
described to include the combination of the base 12, the guard 
12, the seat assemblies 16 with the harness assembly 18, and 
the head protection assembly 20, it will be appreciated that 
each of these components may be individually incorporated 
into a child restraint system. For example, the harness assem 
bly 18 may be incorporated into a child restraint system 
having a seat integrally formed with a base or Support struc 
ture. Similarly, the head protection assembly 20 and the guard 
14 as described herein may be used in previously known child 
restraint systems. 
0076. From the above description, it is clear that the 
present invention is well adapted to carry out the objects and 
to attain the advantages mentioned herein as well as those 
inherent in the invention. While presently preferred embodi 
ment of the invention has been described for purposes of this 
disclosure, it will be understood that numerous changes may 
be made which will readily suggest themselves to those 
skilled in the art and which are accomplished within the spirit 
of the invention disclosed and claimed. 

What is claimed is: 
1. A restraint apparatus for a child, comprising: 
a seat connectable to a vehicle and having a seat portion and 

a back portion; and 
a Substantially U-shaped guard having a first end and a 

second end pivotally connected to the backportion of the 
seat So as to be movable between an up position and a 
down position, in the down position the guard extending 
at an angle so as to be oriented Substantially perpendicu 
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larly to a back of a front seat of the vehicle upon the front 
seat rotating backwards when the seat is connected to a 
rear seat of the vehicle to prevent the front seat from 
collapsing onto the child. 

2. The restraint apparatus of claim 1, wherein the guard has 
a longitudinal groove extending from a leading end toward 
the first end and the second end along an exterior thereof for 
receiving a portion of a guard of an adjacently positioned 
restraint apparatus. 

3. The restraint apparatus of claim 1, wherein the guard has 
a front end and wherein the front end of the guard has a pair 
of side Scoops to facilitate positioning of the guard between 
front seats of the vehicle when the chassis is secured in the 
center of a rear seat of the vehicle. 

4. The restraint apparatus of claim 1, wherein the guard has 
a latch mechanism forlocking the guard in the up position and 
the down position, wherein the latch mechanism comprises: 

a hub connected to the seat; 
a spring-loaded pin mateable with the hub to lock the guard 

in the up position and the down position, the spring 
loaded pin being substantially vertically oriented when 
the guard is in the down position to minimize inertial 
effects on the spring-loaded pin; and 

a release handle connected to the spring-loaded pin for 
disengaging the spring-loaded pin from the hub. 

5. A restraint apparatus for a child, comprising: 
a base connectable to a vehicle, the base having a chassis 

with a back portion and a seat portion; 
a Substantially U-shaped guard having a first end and a 

second end pivotally connected to the chassis so as to be 
movable between an up position and a down position, in 
the down position the guard forming a frontal and lateral 
barrier around the child; 
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a seat member detachably connected to the seat portion of 
the chassis; 

a harness assembly comprising: 
a retractor assembly connected to the seat member, and 
a torso strap having a lower end and a pair of upper ends, 

the lower end of the torso strap fixed to the retractor 
assembly and positionable between the legs of the 
child; 

a helmet connected to the chassis, the helmet having a rigid 
shell shaped to extendabout at least a portion the head of 
the child; and 

a latch assembly for releasably receiving the upper ends of 
the torso strap, the latch assembly connected to the hel 
met. 

6. The restraint apparatus of claim 5, wherein the chassis 
has an upper end extending above the helmet so as to function 
as a roll bar to provide protection in the event the vehicle rolls 
OVer. 

7. The restraint apparatus of claim 6 wherein the upper end 
of the chassis is oriented substantially vertically when the 
base is connected to the vehicle. 

8. The restraint apparatus of claim 5 further comprising a 
pair of latch mechanisms connected to the chassis and having 
a portion extendible therefrom, the latch mechanisms con 
nectable to a bar of the seat of the vehicle. 

9. The restraint apparatus of claim 5, wherein the chassis 
may be connected to the vehicle with a seat belt having a 
webbing and wherein the restraint apparatus further com 
prises a web tightening assembly connected to the chassis for 
tightening the webbing of the vehicle. 
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