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VEHICLE SEAT WITH ROLLOVER SAFETY 
FEATURES 

RELATED APPLICATIONS 

Not Applicable 

FEDERALLY SPONSORED RESEARCH 

Not Applicable 

SEQUENCE LISTING 

Not Applicable 

BACKGROUND OF THE INVENTION 

The invention relates to vehicle seats, particularly seats 
for automobiles and light trucks. The seats of this invention 
Will provide increased occupant protection in the event of a 
rollover accident. Rollover accidents occur relatively sloWly 
compared to other accidents, such as front, side, or rear 
impacts. Thus rollover accidents require a different response 
compared to conventional impact restraint systems to 
achieve occupant protection. Rollover occupant protection 
system design involves the integration of a number of 
components in the vehicle Which must be compatible With 
each other. One element of the vehicle available to vehicle 
designers in developing effective rollover occupant protec 
tion system designs is the seat With integral restraint. One 
element of the vehicle that is particularly haZardous to 
restrained occupants is the intruding roof. This invention 
moves the occupant’s head aWay from the vehicle roof 
automatically during a rollover. 

It has been knoWn in the art for some time, recogniZed by 
the inventors for almost ten years, that an important tool 
available to designers of occupant safety in a rollover, along 
With, for example, stronger roof structures, better occupant 
packaging, more effective restraint systems, active or pas 
sive rollbars and other available technology, is to dynami 
cally move the occupant aWay from the roof before the roof 
crushes. In large vehicles such as truck cabs, there is room 
to move the entire seat straight doWn a large distance aWay 
from the roof, and several approaches for this problem have 
been proposed. Three concepts for accomplishing rollover 
protection in light passenger vehicles With poWer (electric) 
integrated seats (all-belts to seats) are identi?ed: dynami 
cally tilt the seat back rearWard in order to effectively move 
the occupants head aWay from the roof and rearWard in the 
vehicle, reorienting the torso-head/neck complex to a more 
advantageous orientation; compress the seat back and seat 
cushion to be smaller than their normal dimensions to 
increase headroom in conjunction With rollover actuated 
pretensioning seatbelts; under certain circumstances move 
the seat cushion forWard or rearWard or laterally to better 
position the occupant relative to the roof structure and/or to 
alloW for the doWnWard deployment of the seat back in 
restricted compartment space conditions 

Although solutions to some of the concepts have been 
previously proposed, none have been implemented in light 
vehicles to date. The inventors believe that the reason for the 
lack of implementation in production poWer-adjustable inte 
grated seats is that the proposed solutions do not address the 
requirements of poWered integrated seats. The earlier pro 
posed solutions are not compatible With the integrated, 
poWer-adjustable seats found increasingly, for example, on 
light passenger vehicles. 

In order to make these features available, innovative 
solutions, that are Workable and usable on modern, poWered 
seats, must be employed. This invention provides greatly 
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2 
increased protection to vehicle occupants in a rollover 
accident by providing novel safety mechanisms that are 
usable in existing poWer-adjustable seats. 

BRIEF SUMMARY OF THE INVENTION 

The invention provides for increased safety of vehicle 
occupants in the event of a rollover accident. Parts of the 
invention, unlike previous solutions, are actually capable of 
being implemented or retro?tted into real, current, poWer 
adjustable seat designs. In addition, other parts are appli 
cable to electric and non-electric seat designs. 
The invention provides a seat for a vehicle, comprising a 

seat back, a seat cushion, and means for poWer adjustment 
for the seat. The adjustment mechanism comprises at least 
one motor, or one sloW burn pyrotechnic actuator coupled to 
the seat. Relevant types of adjustment means include seat 
reclining, seat height adjustment, and seat position relative 
to the front of the car. The seat further comprises a rollover 
sensor. The motor operates at a loW speed during normal 
operation, and at a very high speed in response to a signal 
from the rollover sensor indicating the vehicle is in a 
rollover condition, requiring activation. Thus the seat is 
reclined rearWard rapidly, loWered rapidly, moved forWard/ 
backWard rapidly, side-to-side rapidly, or any and all com 
binations, When the rollover sensor triggers the high speed 
operation of the motor(s). 
The invention also provides for a vehicle seat, Which 

includes means for compressing and/or translating at least 
one of the seat back and seat cushions in response to a signal 
from the rollover sensor indicating the vehicle is in a 
rollover condition. 

It is to be understood that the concepts described above 
need not be all implemented in a given vehicle seat design, 
but that the optimum safety Will be achieved if all Work 
together in response to the rollover sensor signal, along With 
an integrated safety belt With a pretensioner, the pretensioner 
also being activated by the rollover signal. The inventor’s 
contemplate that the best use of the invention is to integrate 
all of the protection mechanisms that are applicable in one 
seat design. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The detailed description of hoW to make and use the 
invention Will be facilitated by referring to the accompany 
ing draWings. 

FIG. 1 depicts the major elements of the vehicle seat 
relative to the invention. 

FIG. 2 shoWs in block diagram form the operation of the 
invention 

FIGS. 3a, b, and 0 illustrate the resultant movements of 
the seat in response to the rollover signal 

FIG. 4 shoWs an alternate embodiment of the invention 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, the seat consists of a back, 1, and a 
cushion 2. The invention is intended to be compatible With 
poWer-adjustable seats. AWide variety of poWer seat designs 
exist, most of Which are compatible With the invention. 
Accordingly, the components of the seat are shoWn in a very 
general form, and it is understood that the details of a 
particular seat design are not critical to the invention. The 
exemplary elements shoWn include a recliner motor 5, 
Which is coupled to a rotatable member, 3, such that the 
motor causes either the seat back, 1, or the entire seat, 
depending on the design, to rotate. The seat may also include 
a height adjustment mechanism, shoWn as a motor, 7 
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coupled to the seat at member, 4, and a lateral adjustment 
mechanism, consisting of a motor, 6, coupled to the seat 
through member, 4. The exact make up of the couplings, and 
number and orientation of motors is not essential to the 
operation of the invention. A skilled designer of such seats 
Will understand hoW to apply the invention to a particular 
seat design from this disclosure. 

Conventional adjustment mechanism designs use motors 
capable of moving the seat at rates that are typically quite 
sloW. Thus the motors in existing poWer seat designs are 
speci?ed to achieve adequate performance for adjustment 
operation, but are not capable of moving the seat fast enough 
to be effective for rollover safety. A typical motor for a 
poWer seat uses 50 Watts for motion. 

The invention requires a rollover sensor in the vehicle, 
typically integrated With the seat. Rollover sensor designs 
exist in the art, Which are suitable for use With the invention. 
For purposes of implementing the invention, a particular 
rollover detector sensor may be used as long as the sensor is 
capable of discriminating betWeen normal operation, and a 
Wide enough range of roll conditions to ensure that a signal 
indicating immediate rollover Will not be generated other 
than during a real rollover event. The action of the invention 
Will make it dif?cult for the vehicle operator to maintain 
control of the vehicle, and must not be deployed unless the 
vehicle is truly rolling over. 

The invention uses a special motor that is capable of, for 
at least one time period, of operating at a much higher speed 
than that required for normal adjustment functionality. 
Referring to FIG. 2, the rollover sensor, 8, With suitable 
electronics, 9, Will generate a signal indicating that the 
vehicle is irretrievably in the process of rolling over. The 
rollover signal may cause multiple events to take place. The 
invention includes any combination of these events. One 
event is that a very high poWer drive signal, 10, is applied 
to the recliner motor, 5, causing the seat to recline rearWard 
at a rate at least 50 deg/ s, preferably 100 deg/ s, much faster 
than normal seat adjustment rates. This higher speed is 
su?icient to recline the seat nominally Within 0.25-0.5 
seconds, Well Within the 2-6 seconds of time typical in a 
rollover scenario. A tested, suitable motor, Which is com 
patible With existing recliner designs, yet capable of at least 
one high speed recline, is based on a high magnetic strength 
dc motor. This samarium cobalt magnet motor is a close 
outline and mounting match for an existing conventional 
seat motor. It should be appreciated, that it is acceptable for 
the motor to require replacement after a rollover accident, 
similar to airbags requiring replacement after deployment. 
Such a high performance motor can typically accept 1500 
Watts for the short run duration and for much higher motion 
speed than normal poWer seat adjustment. A suitable motor 
for this invention need only operate reliably at the high rate 
for one cycle. A typical samarium cobalt dc motor requires 
only 500 to 1000 J of electrical energy for this one time 
seatback motion (rotation). The electrical energy is provided 
by either the car battery, a close proximity energy supply 
such as a high energy density capacitor, or a small onboard 
battery. 

Similarly, high poWer signals, 12 and 13 may be applied 
to the height, longitudinal and lateral adjustment motors, 6 
and 7, if such motors are available in a particular seat design. 
Thus the seat may be rapidly rotated, loWered, and optimally 
positioned longitudinally. The result is that Well before the 
roof crushes substantially into the occupant space, the occu 
pant’s head and chest Will have been moved signi?cantly 
farther from the roof. The addition of the rollover sensor, 
electronics and suitable motors is fully compatible With 
existing poWer seat designs. The inventors have successfully 
retro?tted an existing seat With the sensor, electronics and 
high poWer motors and drivers. It is understood that any 
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4 
combination of these actions are considered by the inven 
tion, but optimally all three should be employed. The 
invention is also best implemented in combination With a 
seat belt, integrated With the seat. The seat belt should have 
at least one pretensioner, 13, knoWn in the art, Which is also 
triggered by the rollover signal. The separate operation of 
these actions is illustrated in FIGS. 3a, b and c. It is 
understood, that the electronics may sequence these actions 
appropriately, for instance compress the cushions, tension 
the belt, and move the seat cushion to the right position 
before fully reclining the seat. 
Many existing poWer adjustable seat designs already have 

mechanisms that perform some or all of the three above 
mentioned adjustments, recline, raise/loWer, or position for 
Ward/backWard. In almost all vehicles, loWering the seat and 
reclining it backWard Will have advantageous effect in a 
rollover accident. Depending on the layout of the vehicle, 
positioning the seat forWard or backWard may alloW for 
more recline or loWering action. Thus the invention includes 
the possibility of moving the seat forWard/backWard in 
response to the rollover signal as Well. It is to be understood 
that replacing the conventional motors With physically com 
patible designs capable of very high poWer operation, along 
With the suitable sensor and control electronics, alloWs for 
effective rollover protection to be added With little redesign 
of the vehicle, or even retro?tted to existing vehicles. 

For some vehicles, moving the seat side-to-side may also 
alloW for greater lowering/reclining. Also, depending on the 
nature of the rest of the rollover occupant protection system 
there may be safety bene?t to be obtained in a rollover from 
moving the occupant aWay from the WindoW or door. Thus 
a fourth movement, side-to-side, may increase occupant 
protection as Well. The inventors knoW of no existing light 
vehicle seats that include such lateral positioning. HoWever, 
for neW vehicle design, a fourth movement axis, side-to-side 
lateral, may be designed in. The lateral positioning Will also 
occur in response to the rollover signal, sequenced appro 
priately, for the speci?c vehicle con?guration. The inventors 
contemplate that a motor drive, pyro actuator or other 
actuator of types knoWn in the art may be employed in a 
side-to-side seat positioning mechanism. 

For all of the above-mentioned motions, it may be advan 
tageous to sense the current seat position before determining 
the sequence and nature of the rollover response move 
ments. Depending on the seat position at the time of rollover 
and the shape of the vehicle interior, the direction and 
magnitude of positioning that Will alloW maximum recline/ 
loWering may vary. Thus the invention may further include 
the capability of sensing current seat position, and possibly 
occupant siZe and/or Weight, and determining the optimum 
magnitude, direction, and sequence of motions to result in 
the greatest possible clearance betWeen the occupant’s head 
and chest from the roof. Smart safety systems that sense 
occupant characteristics and shape the restraint response 
accordingly have been developed to protect smaller occu 
pants from airbags. Also systems that measure seat position 
and remember it for operator convenience also exist. The 
invention may employ these devices for the rollover sce 
nario, in many cases With little modi?cation other than 
programming. Of course neW, ground-up sensing and 
sequencing designs, used in conjunction With the invention, 
are also contemplated. 

Other safety mechanisms, 14, such as airbag restraint 
devices and side?aps may be triggered by the rollover 
signal. Of particular relevance to the invention is a mecha 
nism for compressing the seat bottom cushion and/or seat 
back cushion. The occupant may be further distanced from 
the roof, by compressing the seat back and/or cushion. It is 
to be appreciated that the seat back and cushion thickness 
can be several inches, so compressing the thickness can 
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easily result in gaining a feW inches of head clearance, 
Which can greatly mitigate any trauma occurring from a 
crushed roof. Various compression means have been pro 
posed. One means consists of using cables or Wires actuated 
by an explosive tensioner, such as used in seat-belt tension 
ers, familiar in the art. The tensioner is ?red by the signal 
from the rollover sensor. The Wire or cables are Wrapped 
around pulleys, and pull the seat structure closer to the seat 
frame, When the tensioner ?res and rapidly rolls up the cable. 
Such compression mechanisms are compatible With this 
invention. 

Another embodiment of the invention is shoWn in FIG. 4. 
The high poWer motor implementations described above 
have the advantage that they require the least seat re-design, 
and offer the maximum ?exibility in terms of alloWing for 
precisely tailored sequencing of seat motion. The inventors 
contemplate an alternative approach that is still compatible 
With poWered seats. In FIG. 4, a pyro actuator is mounted in 
series With the recliner drive train. This pyro actuator is 
preferably of the sloW burn variety, used in other automotive 
applications. In normal operation, the motor 5 operates the 
drive train normally. When ?red by the rollover sensor, the 
pyro actuator extends or retracts relative to the rotatable 
member 3 causing the seat to recline rapidly, typically about 
30 degrees in 0.25-0.5 second. The same approach may be 
employed in the other motions as Well as for reclining. Such 
a mechanism, coupled With a seat cushion compressor 
Would produce a signi?cant bene?t and is very desirable. 
We claim: 
1. A seat for a vehicle, comprising: 
a seat back, 
a seat cushion 

at least one poWer adjustment actuator coupled to the seat, 
the actuator comprising; 
a motor con?gured to operate in at least tWo modes, 
a loW poWer mode and a high poWer mode, Wherein the 
motor speed is suitable for normal adjustment opera 
tion in the loW poWer mode and high speed operation 
in the high poWer mode, 

a rollover sensor, 
a normal adjustment operation motor poWer supply and; 
a supplemental motor poWer supply, adapted to provide a 

high poWer drive signal to the motor in response to a 
signal from the rollover sensor indicating the vehicle is 
in a rollover condition. 

2. The seat of claim 1, Wherein the poWer adjustment 
actuator is 

a seat recliner Wherein at least one of the seat cushion and 
back is reclined rearWard rapidly by the motor in 
response to the signal from the rollover sensor. 

3. The seat of claim 1 or 2, Wherein the poWer adjustment 
actuator is at least one of: 

a seat position adjuster Wherein the seat is moved in a 
side-to-side direction relative to the front of the car 
rapidly by the motor in response to the signal from the 
rollover sensor, 

a seat height adjuster Wherein the seat is loWered rapidly 
by the motor in response to the signal from the rollover 
sensor, or 

a seat position adjuster Wherein the seat is moved either 
forWard or backward relative to the front of the car 
rapidly by the motor in response to the signal from the 
rollover sensor. 

20 

25 

30 

35 

45 

50 

55 

60 

6 
4. The seat of claim 3, further comprising: 
a seat compressor Wherein at least one of the seat back and 

seat cushion is compressed in response to a signal from 
the rollover sensor indicating the vehicle is a rollover 
condition. 

5. The seat of claim 1, further comprising an integrated 
safety belt, With a pre-tensioner, Wherein the pre-tensioner is 
triggered in response to a signal from the roll-over sensor. 

6. The seat of claim 4, comprising: mechanisms that sense 
the position of the seat, and 

a system to maximiZe the safety of a seat occupant by 
determining, from the position of the seat and the 
vehicle con?guration, the optimum sequence, direction 
and magnitude of seat motions in response to the 
rollover signal. 

7. The seat of claim 6, Wherein the seat further comprises 
a system for sensing of at least one of the Weight or siZe of 
the occupant. 

8. A seat for a vehicle, comprising: 
a seat back, 
a seat cushion 

at least one poWer adjustment actuator coupled to the seat, 
the actuator comprising; 
a motor con?gured to operate in at least tWo modes, a 

loW poWer mode and a high poWer mode, Wherein 
the motor speed is suitable for normal adjustment 
operation in the loW poWer mode and high speed 
operation in the high poWer mode, 

a rollover sensor, 

a normal adjustment operation motor poWer supply and; 
a supplemental motor poWer supply, adapted to provide a 

high poWer drive signal to the motor in response to a 
signal from the rollover sensor indicating the vehicle is 
in a rollover condition, 

a seat compressor, Wherein at least one of the seat back 
and seat cushion is compressed in response to a signal 
from the rollover sensor indicating the vehicle is a 
rollover condition, and; 

and integrated safety belt With pre-tensioner. 
9. The seat of claim 8, Wherein the poWer adjustment 

actuator is 

a seat recliner Wherein at least one of the seat cushion and 
back is reclined rearWard rapidly by the motor in 
response to the signal from the rollover sensor. 

10. The seat of claim 8 or 9, Wherein the poWer adjustment 
actuator is at least one of: 

a seat position adjuster Wherein the seat is moved in a 
side-to-side direction relative to the front of the car 
rapidly by the motor in response to the signal from the 
rollover sensor, 

a seat height adjuster Wherein the seat is loWered rapidly 
by the motor in response to the signal from the rollover 
sensor, or 

a seat position adjuster Wherein the seat is moved either 
forWard or backWard relative to the front of the car 
rapidly by the motor in response to the signal from the 
rollover sensor. 


