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5 Claims 

While a largely successful compaign has been waged in 
this country by public spirited, safety-conscious public and 
private organizations and individuals to arouse motor 
vehicle riders of the desirability of using seat belts, very 
little has been done to minimize a common injury which 
a seat belt cannot prevent. 
This injury is caused by rear-end collisions which re 

sults when a following vehicle cannot avoid hitting a vehi 
cle in front of it. Too often this is the result of poor 
judgment on the part of one or both drivers involved; 
rarely is it caused by mechanical failure. 
The injury often resulting is known as "whiplash,” be 

cause the sudden impact on the vehicle hit causes the un 
suspecting occupant's head to be suddenly snapped back 
wardly; after which, it will be brought forwardly again 
by muscular reflex action. 
The so-called "whiplash' syndrome results from the 

rapid to-and-fro movement of the unsupported head when 
the trunk is carried forward by the seat of the car. This 
rapid extension and flexion of the cervical spine can cause 
varying symptoms, depending upon the amount of damage 
done locally and the damage done at other parts of the 
body by virtue of damaged innervation or damaged blood 
supply. 
The immediate damage may vary from a slight sensa 

tion of a "strained back of neck muscle' up to and includ 
ing actual decapitation of the individual. 
The delayed effects from whiplash injuries generally 

fall into the following categories: 
Bone damage: This can be in the form of a traumatic 

arthritis of the cervical spine. Many times there are X-ray 
changes over a period of months which graphically dem 
onstrate these changes. Ofttimes, these changes lead to in 
volvement of the various openings where the spinal nerves 
make their exit from the spinal canal, and this leads, in 
turn, to: 

Nerve damage: This can be seen in the paralysis of the 
brachial plexus that occurs following the whiplash injury. 
The brachial plexus supplies the motor nerves for the 
movements of the arm (upper and lower). The nerve 
damage is ofttimes intracranial (inside the skull). This 
type may be the result of actual damage to the nerve 
tissue by the initial trauma, or may be the indirect re 
sult of: 

Blood vessel damage: By so-called "reflex vaso-spasm,' 
the blood supply to the brain can be altered and markedly 
diminished. The two main arteries which supply blood to 
the brain are the common carotid, which gives off the in 
ternal carotidartery (which enters the skull from the ante 
rior part of the neck under the angle of the jaw) and the 
vertebral artery which goes up the vertebrae and enters 
the brain from the area of the spine. The vertebral artery 
has been shown to be completely thrombosed (clotted off) 
in patients who had a relatively mild appearing initial 
whiplash injury which eventually ended in their death. 
The decreased blood flow which can result in varying 
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2 
degrees of cerebral hypoxia can give rise to many neuro 
logical symptoms. These include the following: 

'Diplopia (double vision), decreased accommodation 
(decreased focusing ability), decreased amplitude of bin 
ocular vision, headache, rapid fatigueability in previously 
"boundless energy individuals,” decreased tolerance to 
stress situations, increased irritability, other mental and 
neurological symptoms up to and including well docu 
mented cases of rapid onset of mental illness in previously 
completely happy, well adjusted individuals. In at least 
one case, a patient progressed to the "vegetable stage' in 
a few months from what was apparently a moderately 
mild whiplash. 

Therefore, it is one of the objects of this invention to 
prevent, or at least minimize the possibility of whiplash 
injuries to the occupant of a vehicle which has been struck 
from the rear, and to offer additional protection to the 
head and neck when an impending "head-on' collision 
appears to be imminent. In this event, the device can be 
actuated by a convenient switch on the dash or steering 
wheel, as well as by the electronic circuit. 

For this purpose, a plate is provided for the seat of a 
vehicle, which plate may be concealed normally within 
the back thereof. Means is also provided whereby the 
plate may be raised behind the head and neck of the occu 
pant to prevent any sudden backward movement of the 
head, which would be the normal result of an unexpected 
impact from the rear. 

Electronic circuit means is associated with the plate 
raising apparatus for continuously sensing the movement 
of any vehicle immediately to the rear. This circuit means 
also includes computing circuits for calculating the im 
minence of a rear-end collision and, when such a condi 
tion exists, for initiating action. 

Other objects and advantages will be apparent to those 
skilled in the art after reading the attached specification 
in connection with the accompanying drawings, in which: 

FIG. 1 is a cross-sectional elevation of one form of 
device for preventing injury to occupants of a vehicle 
constructed in accordance with the teachings of this in 
vention; 

FIG. 2 is a cross-section taken on the line 2-2 of 
FIG. 1; 

FIG. 3 is a fragmentary perspective view of a portion 
of the mechanism shown in FIG. 1; 

FIG. 4 is a diagram illustrating two vehicles traveling 
in the same direction, one behind the other, on a high 
way, and indicating the various factors involved in deter 
mining the imminence of a rear-end collision; 

FIG. 5 is a graph illustrating relative rates of speed of 
the two vehicles shown in FIG. 4 and the distance between 
vehicles for safe and unsafe operating conditions at various 
rates of speed of the leading vehicle; 

FIG. 6 is a block diagram of the electrical mechanisms 
associated in the operation of the device shown in FIG. 
1; and 

FIG. 7 is a schematic diagram of the components com 
prising the safe-unsafe determination device shown in 
FIG. 6. 

In FIG. 1, the outline of a vehicle seat having a gen 
erally upright back portion 70 is indicated by the dotted 
lines. The top portion 71 customarily terminates at ap 
proximately the level of the shoulders of the occupant 
thereof. 
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In the preferred embodiment of this invention, a sub 
stantially rigid supporting plate 72 of generally semicy 
lindrical configuration is normally concealed within the 
seat back. This plate is generally rectangular in vertical 
elevation having parallel side margins 73 which are slid 
ably received in a pair of vertically disposed channel 
members 74 suitably mounted within the seat back. 
As viewed in the side elevation (in FIG. 1) these chan 

nels are positioned so that when the plate is vertically 
raised, it will be moved almost vertically upwardly into 
close proximity with the back of the head of the occupant. 
However, upward movement of the plate is limited by a 
stop member 75 which engages with a rearwardly turned 
lower portion 76 of the plate. 
The height of the plate and the position of the stop are 

such that while the plate may be completely concealed 
within the seat when not needed, it may be projected up 
wardly as shown in dotted lines in FIG. 1, a distance at 
least as high as the top of the head of the occupant of 
the seat. Furthermore, the plate should extend substantially 
across the entire width of the seat back so as to serve as 
protection regardless of the occupant's position. 
Upward movement of the plate is effected by means of 

a spring means 77, one end of which is attached to the 
rearwardly extending lower edge 76 of the plate, while 
the other end is attached to a suitable support 78 con 
cealed within the framework of the seat adjacent the top 
thereof. 
When not in use, the plate is held in its downwardly 

retracted position by means of a latch 79 supported on a 
pivot 80 and having a pivotal connection 81 with the arma 
ture 82 of an electrical solenoid 83, all of these elements 
being concealed within the seat. The solenoid actuating 
coil is provided with the usual connections 84 and 85, one 
of which may be grounded to the vehicle frame and the 
other connected with a mechanism, to be described later, 
capable of furnishing a voltage to actuate the solenoid 
to release the latch 79, permitting the spring means to 
abruptly project the protecting plate 72 upwardly behind 
the occupant. 

In order to cushion the impact between the protecting 
plate and the head of the occupant in the event of colli 
sion, the forward face of the plate is preferably covered 
with some form of cushioning means, indicated generally 
by the numeral 86. 

While this cushioning may comprise a fairly thick layer 
of yieldably elastic material, such as foam rubber, in the 
form shown, the cushioning means comprises a layer of 
a high elasticity material 87 with an outer layer 88 of a 
material which may be described as having low elastic 
qualities. 

Materials such as foam rubber can be considered as 
high elasticity materials, because when deformed, they 
immediately and continuously tend to return to their nor 
mal shape. Thus, when an object strikes such a material, 
it usually rebounds quickly. 

Materials such as goosedown, feathers, or granular Da 
cron, can be used and their characteristic is that while they 
are extremely yieldable to impact and therefore thus 
quickly adjust to the shape of the object received, they 
do not tend to return quickly to their original position, and 
therefore have a tendency to distribute the forces over a 
much larger area than do the high elasticity materials. 
Of course, if the low elastic cushioning material com 

prises a loose packing of discreet particles, it would be 
held in place by a flexible sheet covering material 89. 

In addition, while it is considered desirable for all 
occupants of a vehicle to use seat belts, the possibility 
exists that the head of the person seated behind the seat 
shown in FIG. 1 might strike the back of plate 72 and 
therefore the rear surface should be provided with pad 
ding, as indicated at 90. 

FIG. 4 indicates diagrammatically the factors involved 
in determining the imminence of a rear-end collision be 
tween a leading vehicle and one following behind. 
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4. 
The leading vehicle, indicated generally by the numeral 

10, is moving with a velocity V, while the following 
vehicle, indicated generally by the numeral 11, is pro 
ceeding at a speed V, the distance between the cars being 
represented as R. 

If, at this point, car 10 begins decelerating at its max 
imum rate, indicated by ox, it will come to a full stop 
within a distance indicated at D1. The driver of the fol 
lowing car 11 will, upon observing the slowing down 
of the car in front of him, also immediately begin de 
celerating at its maximum rate of Oz, but the actions of 
the driver will be delayed by a time factor T. While the 
actual reaction time in various individuals varies between 
individuals, for the purpose of this illustration, an average 
time will be used. This average value of t, based on 
national studies, will be taken at 0.9 second. It will also 
be necessary to assume that all vehicles are capable of 
deceleration at the same rate and therefore, for this 
purpose, national studies indicate that an average value 
for the maximum deceleration rate a, is 10.26 ft./sec.. 

Returning to FIG. 4, the distance which will be covered 
by car 11 before it comes to a standstill is indicated as 
D. In order that both cars may come to a stop without 
colliding, the distance between cars (R) at any given 
moment while they are moving, must be such that D 
is equal to or less than D1--R. Therefore, R must always 
be such that it is equal to or greater than D2-D and 
an equation may be derived which makes this determina 
tion possible. 

In this equation, the following additional terms will 
be used: 

2 2 d- d.---Var 
2 2 R+d=d. R+----Var 2ay 2cy 

R= Viv (V2-V (VEV) OY 2cy 

+V t = V (Vyat V.) 
2 +(V-VR). R=Yi YW--(V-V.) 

By definition, a collision is imminent only when VR 
is negative. 

It should be obvious that the safe distance between 
cars depends upon the speed at which they are traveling 
and, that this distance increases rapidly as the speed of 
the vehicles increases, and to illustrate this, the equation 
developed above has been graphically plotted in FIG. 5 
in which the values for VR are plotted as abscissa in miles 
per hour; while the distance R, in feet, is plotted as 
ordinates. 
The various curves indicated by the numerals 12 through 

17 inclusive have been obtained by substituting values 
V for the rate of speed of the leading car 10 from zero 
(when it is at a standstill) to 10, 20, 30, 40 and 50 miles 
per hour, respectively. Each of these curves represents 
the dividing lines between safe and unsafe conditions 
at the respective rates of speed of the leading car. 
Any combination of values for VR and R which inter 

Sect to the left of the respective curves indicates that no 
collision will result; whereas, if the values for V and R 
are such that they intersect to the right of the respective 
curves, a collision is imminent. Thus, if the leading car 
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is traveling at 10 miles per hour and V and R are re 
spectively 40 and 400, a collision is imminent, whereas if 
R is 400 feet and VR is only 30 miles per hour, no danger 
exists. 

Therefore, in order to actuate the protective means 
forming a part of the present invention, a detection and 
actuating means must be provided which will continually 
sense and calculate instantaneous values of R and VR 
as well as the speed of the vehicle with which the detec 
tion system is associated. . . . . 
On such form of detection and actuating system using 

conventional electronic circuits is disclosed in FIGS. 6 
and 7. Since many types of circuits are known capable of 
providing signals proportionate to the values detected, 
no specific circuits, are shown and it will be understood 

10 

15 
that the only criterion is that the various inputs and out 
puts throughout the system should be compatible. 

In FIG. 6, the circuits included within the rectangular 
dotted lines comprise a conventional radio-sensing device 
for connection with an antenna 19 which is to be mounted 
on a vehicle 10 so as to be operative in a rearward direc 
tion. Many types of systems are known which include 
radio ranging sub-circuits 20, range-determining circuits 
21 and relative velocity determining circuits 22, thereby 
providing output signals 23 and 24, the signal 23 being 
proportional to the difference in speed between the two 
vehicles, or VR, while the signal 24 is proportional to the 
distance between the vehicles or R. These two signals are 
continuously fed to a safe/unsafe determination circuit, 
indicated generally by the numeral 25. The circuit 25 
is shown in block diagram form in FIG. 7 and comprises 
an arrangement of well known electronic devices ar 
ranged to continuously compute the equation represented 
graphically in FIG. 5, and previously referred to. 
The sub-components of the system include conven 

tional electronic analogue multiplier circuits 26, 27, 28, 
29 and 30, respectively, each of which receives two sig 
nals and is capable of furnishing an output signal which 
represents a value equivalent to the product of the values 
represented by the two input signals. Other components 
include adder and subtractor circuits 31, 32 and 33, which 
also receive two input signals and provide a single output 
signal. However, in the case of the adder and subtractor 
circuits, the single output signal represents either the sum 
or the difference between the values provided by the two 
input signals depending upon the mode of operation of 
each circuit. 

Further, circuits represented by the numerals 34, 35 and 
36 are conventional signal sources, each of which is ca 
pable of supplying a signal representing constant values 
in the basic equation, while numeral 37 indicates a con 
ventional electronic comparator circuit which receives 
two input signals and produces an output signal only 
when one input signal value is equal to or greater than 
the other input signal value. 

Since the multiplier 26 is arranged to receive a signal 
corresponding to the value VR at both of its inputs 38 
and 39, it continually supplies an output signal 40 rep 
resenting the value of VR. The multiplier 27, however, 
receives at its input 41, a signal equivalent to VR and 

: at its input 42, a signal from speedometer 56 equivalent 
to V1, therefore, it develops a signal at its output 43, 
which represents a value VV. This signal is then fed 
to input 44 of the multiplier circuit 28, while the signal 

is source 34 feeds a signal equivalent to the numeral 2 to 
input 45, with the result that this multiplier supplies at 
its output 46, a continuous value equivalent to 2VV, 
which, in turn, is fed to the input 47 of the adder and sub 
tractor circuit 31 is receiving the signal from the output 
40 of the multiplier 26, the signal equivalent to V, and 
the circuit 31 being arranged to subtract the signal from 
input 47 from that of input 48, the resultant signal pro 
duced at output 49 is VF-2V.V.R. This output signal is 
then fed to input 50 of the multiplier 30, while the other 
input 51 receives the signal from the source 36 equivalent 
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6 
to the value of the reciprocal of 20 to provide a signal 
at the output 52 representing a value of 

VF-2V.Va. 
2o. 

which, in turn, is fed to the input 53 of the adder and 
subtractor 33. The other input 54 of the adder and sub 
tractor 33 receives another signal which will now be de 
scribed. 

This latter signal is also derived from the output 55 of 
the speedometer 56. This output is not only fed to the 
multiplier 27, but also to the input 57 of the adder and 
Subtractor 32. The other input 58 of this adder and sub 
tractor circuit also receives a signal equivalent to the 
output signal 23 from the radar circuit 18, and is arranged 
to produce an output at 59 equivalent to V-V, which, 
in turn, is fed to input 60 of the multiplier 29. 
The other input 61 of multiplier 29 receives the con 

stant value from the signal source 35 equivalent to the 
value of T, whereby it furnishes a signal at output 52 
equivalent to (V-VR) t; this signal being supplied at the 
input 54 of adder and subtractor circuit 33; this latter cir 
cuit being arranged to furnish a signal at its output 63 
equivalent to the sum of the two inputs, or 

V2-2V. 
2a -- (V-VR)t 

which value is the continuously computed value for the 
distance between the two vehicles 10 and 11 representing 
the boundary between safe and unsafe conditions at any 
instant, which value will be indicated as R. 

In other words, if this computed value R is less than 
the actual distance R at that moment, conditions are 
determined as being safe, while if the computed value for 
Ro is greater than that of the actual distance, a collision 
is imminent. 

This signal Ro is fed to one input 64 of an electronic 
comparator circuit 37. The other input 66, receives the 
signal 24 representing the actual distance R between the 
two vehicles, as measured by the radar. The comparator 
circuit is arranged in accordance with well known princi 
ples and is provided with two outputs 65 and 67. The 
output 65 may be grounded to the frame of the vehicle 
in accordance with conventional use of “single wire' elec 
tric circuits, and the circuit is designed to produce a volt 
age at its output 67, only when the two inputs receive 
simultaneous signals indicating that Ro is equal to or 
greater than R, or in other words, an indication that col 
lision is imminent and transmits this signal as a voltage 
in line 68. 

This voltage can be fed directly to the connection 85 
of the solenoid coil (see FIG. 1), or, as shown in FIG. 
6, the comparator may be arranged so that the voltage 
in line 68 will be supplied when the value for R is 
slightly less than the value for R in order to actuate a 
visual or aduible signal device 69 to give the vehicle op 
erator an indication that while an unsafe condition does 
not exist, such a condition is imminent. 

Having disclosed one form of equipment for carrying 
out the purposes of this invention, it will be obvious that 
changes and improvements may be made by those skilled 
in the art which would be within the scope of the annexed 
claims. r 

I claim: 
1. In an automatic head and neck protector for vehi 

cle seats having a substantially vertical back portion, the 
combination including, a rigid plate having a curvature 
in the horizontally transverse direction corresponding 
generally to the curvature of the back of a human body, 
means for mounting said plate on a vehicle seat for ver 
tical sliding movement, the top of said plate being nor 
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mally positioned below the level of the occupant's neck, 
actuating means for raising said plate vertically behind 
the head and neck of the occupant, and electronic means 
for initiating operation of said actuator, said electronic 
means including means for sensing the movement of a 5 
vehicle toward the rear of a vehicle carrying the protec 
tor and for instantaneously and continuously calculat 
ing the imminence of a collision. 

2. The invention as defined in claim 1, wherein said 
electronic means also includes means for sensing the speed O 
of the vehicle carrying said protector. 

3. The invention as defined in claim 1, wherein said 
electronic means also includes means for sensing the dis 
tance between said two vehicles. 

4. The invention as defined in claim 3, wherein said 15 
electronic means also includes means for sensing the rel 
ative rate of change of said distance. 

5. The invention as defined in claim 4, wherein said 

8 
electronic means includes means for sensing the speed of 
the vehicle carrying said protector. 
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