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Abstract— During a front-end collision, injuries can be reduced
by rapidly repositioning the passenger seat so as to resist the
forward motion of the occupant. An occupant in a front-end
collision will gain kinetic energy during a crash. This kinetic
energy gives an approximate rating of the crash injury expecta-
tion. The two significant forces that retard the kinetic energy of
the occupant are the frictional and normal forces, neglecting a
possible seatbelt’s or airbag’s interference. In order to increase
these significant retarding forces, the seat bottom angle can be
increased which increases the normal force on the person, and in
turn increases the frictional force. One means of increasing the
seat bottom angle is to actively control the position of the seat.
An actively controlled seat provides an excellent opportunity to
increase these helpful forces during a crash. The purpose of this
study is to determine how the seat bottom angle, sliding distance,
and friction coefficient impact the relative velocity of the person
with respect to the vehicle. Once these relationships are known,
a solid foundation will exist for designing an active safety seat. | |

Index Terms—Active Seat Control, Crash Pulse, Modeling, \ ‘
Safety Seat.

Fig. 1. Sketch of Three Degree of Freedom Hyper-Active
I. INTRODUCTION Seat

Active seat control has been used mainly to minimize
vibrations that are felt by the occupants in order to improve to elevate the side of the seat during a side impact [8].
ride quality [1]-[3]. Most active seats have one degree dhese two different configurations potentially decrease the
freedom and control the vertical position of the seat. Howevehance that the occupant will be injured during a collision;
an active seat with two or more degrees of freedom would hewever, information is lacking to determine the proper seat
able to react better to disturbances. For example, the thmmnfigurations to minimize injury.
degree of freedom hyper-active seat sketched in Figure 1Safety seat configurations try to minimize the relative move-
is currently under development at the Georgia Institute afent of an occupant during a collision. Front-end collisions
Technology [4]. If the seat could react quickly enough during@ause a rapid deceleration of the vehicle which causes the
collision, then this active seat could perform as a safety seatcupant to slide forward relative to the seat. Increasing the
However, there are multiple configurations for safety seatsngle of the seat bottom slows this relative movement. The
therefore the occupant response relative to the seat mustrélative velocity of the occupant is decreased due to the
understood in order to properly reposition an active seat infiictional force between the seat bottom and the occupant, as
a safety seat configuration. well as, the normal force.

In order to properly configure a safety seat, the purposeThe normal force between the seat bottom and the occu-
of a safety seat must be understood. A safety seat is g@nt depends on the seat bottom angle and the crash-pulse
signed to move in some way during a vehicle collision tsignature. A crash-pulse acceleration can be constructed from
decrease occupant injuries. One important motion of a safetyperimental data by crashing the vehicle into a barrier. The
seat is to increase the angle of the seat bottom, effectivgylse for an average vehicle is on the order of 100 to 120 ms
increasing the normal and frictional forces on the occupaint duration, and reaches a maximum deceleration of 25 to 35
and preventing them from "submarining” under the steerirgs [9]-[11]. Figure 2 shows the crash-pulse signature for the
wheel [5]-[7]. Another possible movement of a safety se@000 Isuzu Rodeo [9].
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Some work has been done in order to reshape the crash p#lige 3. Fixed-Seat Model of Occupant and Seat as a Block
signature, however, the magnitude and duration of the crasid Ramp
pulse signature is similar for most vehicles and poses a threat
to the occupant. Therefore, alternative means of improving
safety are necessary. An increase in the seat bottom anfgiletion, and changing the position of the occupant in the seat.
leads to a greater normal force between the occupant and safihough the seat and occupant can be modeled in detail as in
But an increase in the normal force will obviously increaseiu and Wagner [12], a simple seat and block mass such as that
the friction force, effectively decreasing the relative velocitgf Stein will suffice for the purpose of this study [13]-[15].
of the person with respect to the seat bottom. A possibifégure 3 shows the occupant and seat bottom modeled as a
negative side effect of this approach is an increase in thick on a ramp. Since this is a simple model, several dynamic
relative velocity in the vertical direction, even though theffects are neglected, such as: compression of the seat, rotation
overall relative velocity is decreased. This could result in the the occupant, and the effect of a seatbelt or airbag. These
occupant’s head impacting the vehicle ceiling. Another way ttynamics are neglected because the goal of this investigation is
guantify the decrease in relative velocity is by measuring tismple: determine the effect of the basic seat parameters. The
decrease in relative kinetic energy of the person with respetash event is simulated here by accelerating the seat (modeled
to the vehicle. Here the effort is concentrated on how to sloss a ramp) in the negative horizontal, X, direction. The relative
the occupant by changing the angle of the seat bottom. acceleration of the block is then calculated with respect to
The ultimate goal for this research is to design an actitke ramp. The total acceleratioAy, is a combination of the
seat having two or more degrees of freedom. This active seefative acceleration and the acceleration of the crash pulse:
would be used for two main purposes.

1) Reduce disturbances that affect ride quality.
2) Protect an occupant during a collision.

In order to design an active seat that has two or more
degrees of freedom, the response of the occupant to certaimereAp is the acceleration of the crash pulsg! is the total
seat parameters must be known. Such parameters include,dmagleration in the X directioddY. is the total acceleration in
are not limited to: the seat bottom angle, the position of thhe Y direction,é is the seat bottom angle, andlz is the
occupant in the seat, and the coefficient of friction betweealative acceleration of the block with respect to the ramp. In
the occupant and the seat bottom. The goal of this paperoisler to solve (1) and (2), the forces on the block are summed
to show how the response of the occupant varies with thdsethe X and Y directions:
parameters during a collision. The underlying hypothesis is

A = Apcos(f) — Ap 1)

AY = Agsin(0), )

that by changing these parameters, the relative kinetic energy MAZ = —Fp cos(0) — Fy sin(0) 3)
of the occupant will be decreased, thereby lowering injuries. v )
To this end, this paper will model the occupant and the seat, MA7p = =MFg — Fpsin(f) + Fi cos(), (4)

simulate the crash response of a qccupant under d'ﬁerﬁmereM is the mass of the blocl - is the friction force Fiy
parameters, and use the results to discuss current safety Fseﬁwte normal force, andi, is the force of gravity. Equations,

designs. (1) and (2) are substituted into (3) and (4) respectively to get:

II. FIXED-SEAT MODEL M(Agcos(f) — Ap) = —Frcos(0) — Fxsin(6)  (5)

A fixed-seat model is used here to investigate the effect of
increasing the seat bottom angle, changing the coefficient of M Agrsin(0) = —M Fg — Frsin(0) + Fy cos(6).  (6)
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Fig. 4. Two Segments of the Dynamic Model Fig. 5. Relative X, Horizontal Velocity of the Block vs.
Ramp Angle
Another relevant equation is the law of coulomb friction: 8
Fp < uxFn, (7)

where px is the coefficient of kinetic friction. Because the

acceleration of the ramp caused by the crash pulse is large
the effect of the static friction is ignored and it is assumed that =
the block will begin sliding from the start of the crash pulse. >

elocity (m/sec)

Therefore, it is assumed: 2
w
Fp=prFn. (8) K ‘ ‘
Equations (5), (6), and (8) are solved to obtain the relative 0 10 20 30 40

; . R Angle (d
acceleration of the block with respect to the ramp, and the amp Angle (deg)

normal force: Fig. 6. Relative Y, Vertical Velocity of the Block vs. Ramp

Ag = —pugFgcos(0) — pux Apsin(9) Angle
— Fgsin(f) + Ap cos(0) 9
Fn = M(Fg cos(f) + Apsin(6)). (10) pulse is integrated to get the remaining relative velocity, which

is independent of seat frictional forces.
Equation (9), which describes the relative acceleration of the

block with respect to the ramp, is dependent on the seat bottom lIl. FIXED-SEAT SIMULATION RESULTS
angle, gravity, the crash pulse signature, and the coefficientn order to determine the response of the block to a crash,
of kinetic friction. Equation (10), which describes the normalata was collected over a large range of parameters. The ramp
force, is dependent on the seat bottom angle, the massaafjle was varied from 0 to 45 degrees. At each degree, the
occupant, gravity, and the crash pulse signature. The positkinetic friction coefficient was varied from 0.1 to 0.6. On the
where the occupant is sitting on the seat, L, as shown in Figuo# end, a value of 0.1 would represent silk pants on a leather
3, is not taken into account in the above equations, but $eat and, on the high end, a value of 0.6 would represent heavy
accounted for later in the process. jeans on a cloth seat. The ramp length was set to 0.464 m,
This dynamic model only applies when the occupant is Wwhich was taken from the average seat bottom length of 41
contact with the seat. However, the occupant is going to slidéferent vehicles [9]. This length assumes that the occupant is
to the end of the seat at some point and the forces from the s&titng all the way back in the seat when the collision occurs.
are no longer going to affect the person. This is not account€de mass of the occupant was assumed to be 81.6 kg (180
for in (9), therefore the relative velocity must be divided intdbs).
two parts: the time when the block is in contact with the ramp, The relative velocity is broken into components to under-
and the time after. Figure 4 illustrates the two parts of thetand their individual contribution to the total relative velocity.
dynamic model. During the first part of the simulation, fronfrigures 5 and 6 show the X and Y relative velocity components
to to t1, the block is sliding on the ramp. For this portion, thef the block with respect to the ramp at the end of the crash
relative velocity is found by integrating (9) and the X and Yulse as a function of ramp angle and friction. As expected,
relative velocity components are recorded, as well as, the tintiee relative X, horizontal velocity component decreases as the
The second part of the simulation accounts for the remaindamp angle increases. Unfortunately, the relative Y, vertical
of the crash pulse fromy to t,. The second part of the crashvelocity component increases up to a point as the ramp angle
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increases. Without the effect of friction, the maximum relativangle of 15 degrees [9]. Singer, et al. designed a passive safety
Y velocity would occur at a ramp angle of 45 degrees agat that would follow an optimal trajectory during a crash.
shown in Figure 6. As the friction coefficient is increased, theheir safety seat increased the seat bottom to an angle of 25
maximum possible Y, relative velocity component decreaseggrees [16]. Comparing a 15 degree seat to a 25 degree seat,
and so does the angle at which it occurs. When changing @ results would predict a decrease in the kinetic energy of the
configuration of a safety seat, it must be clear how much thtock anywhere from 24 to 40 percent, based on coefficients
relative velocity increases in the vertical direction to prevenff kinetic friction between 0.3 and 0.6. Beauvais and Meade
the occupant from being driven into the roof. Both Figures 8esigned a safety seat that increased the angle from 15 degrees
and 6 portray the significant effect of changing the coefficieohder normal conditions to 45 degrees in the time of an
of kinetic friction and the ramp angle. accident [17]. That corresponds to a 58 to 95 percent decrease
The total relative velocity, however, is dependent on both kinetic energy.
the X and Y relative velocity components. Figure 7 shows However, there are negative effects of increasing the ramp
that as the ramp angle increases, the total relative velocifigle, like the increase in the vertical velocity shown in Figure
decreases, even though the relative velocity in the Y directign Furthermore, another adverse effect is an increase in normal
increases. Figure 8 shows that, correspondingly, the kinefigce. Figure 10 shows the normal force increases as the
energy decreases as the ramp angle increases. These regufip angle increases. The normal force has a nearly linear
verify that increasing the seat angle will decrease the relatiMgsponse to an increase in the ramp angle. By increasing the
kinetic energy of the occupant and possibly lower the chanaggnp angle from 15 to 25 degrees, the normal force increases
of injury in a front-end collision. Figures 7 and 8 show that a5 percent. Some, such as Bullerdieck and Hasstedt, have
extremely large seat bottom angle will be the safest. Howevgroposed to increase the seat to 90 degrees, in which case
current seats are far from this angle [9]. the relative kinetic energy will be decreased to zero [18],
Figure 9 shows the percent change in kinetic energy as fi®]. However, by increasing the ramp angle from 15 to 90
ramp angle is changed from the industry average seat bottdegrees, the normal force increases from 6,800 to 23,200 N.
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Fig. 12. Moving-Seat Model of Person and Seat

This trade-off between decreasing the total relative velociyn€re-X is the movement of the center of mass (COM) of the
and increasing the normal force is clear. Both results muEgat in the horizontal directiof; is the movement of the COM

be understood to properly configure a safety seat. Althou?ﬁthe seat in the vertical directior; is the starting distance

decreasing the relative kinetic energy of the occupant wifiom the COM of the seat to the COM of the perséhjs the

decrease the occupant's chances of being injured, increaﬁ‘r?@at'p]/e distance ffrom thhe COM of ;hi seat to the seathbottom,
the normal force too much might inadvertently injure th& 'S the distance from the COM of the occupant to the seat
person. bottom, and® is the distance the person travels relative to the

The previous data was presented with a constant seat bot ?ﬁt' The relative velocityp, Y calculated when the relative
length. During a collision, one cannot guarantee that t stance®, equals the seat distance. The normal force on the

occupant is going to be sitting against the seat back. Sofifg’son 1s:

people sit closer to the steering wheel than others, and seats fy = M (6® + 20D + 6L + Y cos(f) + Ap sin()

can vary in lengths [9]. In the fixed-seat simulation, this T ‘o ‘o

effectively changes the sliding distance of the block with — Xsin(0) + Fg cos(0) —0"HL = 0°C).  (12)
respect to the ramp. Figure 11 shows what effect changimbe other variables in (11) and (12) are the same as in the
the sliding distance would have on the relative kinetic energymple seat model.

of the block. The longer the block slides on the ramp, the
less kinetic energy it has at the end of the crash pulse. Figure
11 shows that sitting back in the seat and thus increasing the’he dynamic equations of motion were simulated and
sliding distance required to reach the end of the seat hasamnpared to the fixed-seat model. For the case considered here
large effect on decreasing the relative velocity of the occupahe seat started at an angle of 15 degrees and transitioned to

V. MOVING-SEAT SIMULATION RESULTS

with respect to the seat. an angle of 25 degrees using an S curve. In order to be more
realistic, the simulation includes a delay to simulate the crash
IV. MOVING-SEAT MODEL sensor response, as well as, the duration to move the seat into

i thaa final configuration. The sensor time delay was set to 10
A more complex model of the occupant and seat was derive

to analyze the effect of the seat moving. Instead of having the
seat fixed, the moving-seat model simulates the seat moving 15
from a beginning position to a final position. Figure 12 shows
the model that was used to derive the equations of motion.

The equations of motion were derived in a similar way to the 10 .
simple seat model. The relative acceleration of the occupant:
with respect to the seat is:

S5k i

Agr = Apcos(0) — X cos(f) — YV sin(f) + 0HL + 0C + 0*® ‘
+ 0%L + pgesgn(®) X sin(0) — pxesgn(P)Y cos(6)
— pgesgn(®)Apsin(0) — prsgn(P)0d 0
— 20ucsgn(®)0D — puresgn(®)OL + pugsgn(P)6>C

— pxesgn(®) Fe cos(0) 4+ pxsgn(®)0>HL

+ Fgsin(6), (11) Fig. 13. Relative Velocity of the Block to the Ramp
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The data presented here clarifies that trade-off and provides
guidelines for designing an active safety seat that changes
position during a crash.
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