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PREFACE

The Recapitulation at the end is a concise review of the more important- physical force concepts treated in the
outline. This preface is only a preview of the key concepts by name and relation. Its purpose is to direct the teach-
er's attention to those subjects which should receive emphasis.

The !!square principle’’ in the distance formula, s = ut t_at?, in the centrifugal force formula, CF = my?, and in the
kinetic encrgy formula, KE = ¥mv2, is a driver problem in preventing collisions. The Ib-sec in the momentum form-
ula, mom = mv, -is a driver problem in reducing the severity of injury to car occupants resulting from impact forces
during a collision. :

The distance formula shows how acceleration and deceleration distances vary by the square of the time. It is re-
lated to kinetic energy which varies by the square of the velocity and gives the relation between force and distance.
The distance formula shows how unequal parts of a given distance will be covered in equal parts of the time in-
volved, as a car’s velocity increases or decreases.

Centrifugal force is a problem of steering control. It overturns.cars or skids them off curved roads. It releases the
the kinetic energy of a car from a driver’s control. Its hazard increases as the kinetic energy increases since both
CF and KE increase by the square of the velocity.

Kinetic energy continually threatens a driver with loss of control (collisions) on a straight road, due to the way
braking distances vary by the square of the speed. KE involves a linear force and distance atall times and involves
a side force (centrifugal) while a car is in a curve or in any change of direction from straight ahead.

Kinetic energy involves force and distance factors which cause collisions and determine the damage that can be
done at a given speed. If a car has enough open distance in which to decelerate at normal braking rates, its energy
will be harmless. When this distance is shortened a property of KE called momentum becomes a hazard. Momentum
involves the force in KE and the time it takes a car to stop. Momentum is measured in lb-sec, a product of the force
and the time: As the time (sec) is shortened at a given speed, the force (lb) increases.

When a car in collision stops in a short distance an occupant hurled forward stops in a short time against the car
inside. The momentum of the occupant’s body is changed quickly. The time (sec) in the lb-sec becomes small and
the force (lb) inthe lb-sec becomes great. When the time is a small fraction of a second the force can be many times
the weight of the occupant.

Simply, the outline is a study of an automobile in motion, which involves space and time—or velocity, which is
space per unit of time, as ft/sec. Car control problems which grow out of the apparently harmless elements of mass,
space and time are as complex as the motion formulas may appear at first sight. The formulae however are the
simplest ways to state the complex relations of the elements. That is the reason they are formulae. The most direct
way then to grasp the concepts involved is to understand the formulas.

For example, the formula, s = ut +.at2, says the distance (s) traveled by a car in a time (t) while accelerating at a

3 ) .
rate (a) is equal to the initial speed (u) times the time (t) plus (or minus) one-half the rate (a) times the time (t)
squared. After reading that, one rushes back to the formula for simplicity and clarity. Now an analysis:

If a car had held a constant speed during the time (t}, the distance (s) covered would be the average velocity (%)
x the time (t\ That is the (ut) part. (We start with (u) so (u) is the average of itself.) The at? part gives us the
2

distance due only to that part of the speed each second which was in excess of (or less than) the initial speed (u).

Let us assume the speed is increasing. The car accelerates from the initial speed (u) to a final speed (v). The
speed added to (u) is the difference between (u) and (v) and is equal to {at), which is the rate of increase of speed
each second times the number of seconds. The average speed in accelerating from (u) to (v) is equal to at. The
distance (s) covered during acceleration = average speed x time. 2

Therefore sq = (at)t = at?.
2 2

‘We have s. = ut for the constant speed part and sq = _qf_ for the acceleration part. Together the two parts give
s = ut + at?. :
2

Other formulas in the outline are even less difficult than this one once the reader understands the parts involved.

Inspection and Planning Division
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INTRODUCTION

Two aspects of the auto-accident problem cause considerable dismay. One is that while riders and
pedestrians generally must know that in collision impacts between flesh and steel, flesh will be crushed,
they often act as though they think -the reverse is true. Some analysts attribute this defect to smooth
running, comfortable cars which prevent occupants from sensing the danger of their motion. But riders
when* they are on foot can sense the motion of cats coming toward them yet theyoften displayno more
concern for a two-ton car brushing them than if the car were a walking pedestrian. We have come to con-
sider the occasional occupant or pedestrian who is realist enough to see the danger for what it is as
afflicted with a sort of phobia. This first aspect of the problem probably is related in some way to the
second, which actually is appalling.

Everybody is ready to talk and often does at length about accidents—who, where, when, how and why.
We have elaborate control programs involving thousands of trained personnel who devote endless hours
to minute details of needed legislation, equipment, administration and operations. Literally reams of
literature on how to dodge the traffic ogre pass annually to drivers. Public media admonish, advise,
cajole and plead for more intelligent driver conduct. More of all of these activities are sorely needed.
But our second problem is that within this milieu of worthy effort little attentionis given tothe What
which actually causes the damages, injuries and deaths in traffic accidents. The What is difficult. It is
abstract and uncémmon to the senses. And we hear that it is too hard for drivers to digest. But subjects
that are easy for drivers to digest cannot be substituted for the crux of the problem. Regrettably, we have
come to treat the What much as we treat The Thing. We vaguely think of it as being real, but we know
that it is intangible and invisible. The accident What is Kinetic Energy—which is just as abstract as
The Thing, and its real meaning seems to concern drivers in about the same way. What appears to be
driver distespect for other users of the highway often is a lack of understanding of physical forces and

a consequent failure to cope with kinetic energy and inertia.

It is time to stop ignorinq’ the basic factor in traffic accidents just because it is difficult and to start
popularizing interest in this killer. Our sophistry in disregarding physical forces does not become a
space age nation; we waste more money in quto accidents each year than it should cost to go to the
moon. : )

Energy and matter are two fundamental concepts of physics and of the world about us. The. concept of a
car's mass is easy for a driver to grasp, but not concepts of energy and force. Defining energy is as
difficult as defining electricity or gravity. Understanding thoroughly the phenomenon called energy is
as difficult as defining it, but there are many things about energy a student can learn which will help
him become an intelligent driver. For acceptable results in Driver Education a teacher should see that
his students. do understand (1) how destructive kinetic energy is, {(2) how it develops with speed, (3)
how much a car possesses when traveling at various speeds, (4) how it limits steering control and (5)
how it affects acceleration and deceleration distances. How energy limits a driver’s control of a car is

perhaps the most important one bit of knowledge needed by all drivers. This knowledge is basic to
improvement in driver judgment.

Basically the task of driving a car in modern traffic is a job of blending amass-force (vehicle) into flows
of tremendous energy (mass-forces in motion) along traffic lanes of relatively narrow limits. Getting a
mass-force into and out of an energy stream safely involves acceleration rates. Avoiding an overlapping
of energies within the stream involves both the frequency and the speeds of the mass-forces. The task
involves problems of both lateral control (judgment in steering) and linear control (selecting and main-
taining position). The problem of adjusting a mass in motion in space and time to the physical and mental
limitation¥ of drivers and pedestrians is too complex to be dismissed in Driver Education with an admoni-

tion to use '‘common sense.’” The ’'common sense’’ approach to driving is costing the nation six to

seven billions of dollars annually while killing 38,000 people and causing 1,400,000 disabling injuries.

A driver who understands how kinetic energy influences acceleration and deceleration distances and
steering control will possess knowledge upon which much better judgment can be based and without
which he may not be motivated to discipline himself to avoid dangerous speeds or positions orto act
early at any speed to escape a trap. Besides the vehicle itself and the ground, there is only one factor
common to all motor vehicle accidents, and that is the velocity of a vehicle. Not even a driver is an
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essential factor, but there can be no accident without speed. The damage or injury in every accident is
a mark of what was kinetic energy, present only when a vehicle is in motion.

Motion is the essence of all that is desirable in on automobile. A driver’s admiration of a car ceases
abruptly when it won’t run. Therefore, in the study of an automobile in motion a teacher is at once
analyzing the basic factor in damage or injury and associating driver responsibility directly with motion,
an approach which possesses high motivation value. '

As a speedometer needle moves up or down the driver should be able to visualize how the car’s invis-
ible energy is changing. Increasing speed from 60 mph to 61 mph seems so insignificant that it is hardly
worth mentioning. Actually, however, this increase of 1 mph adds to the car's destructive power the
same amount of energy as the car has at 11 mph. And with 50% braking it adds 8 feet to the car’s braking
distance. Other facts about kinetic energy treated in this outline are just as unbelievable.

Rules of the Road in traffic laws are based primarily on the hazards of kinetic energy. Yet some teachers

devote more class time to.the automobile at rest than to the automobile in motion. Such scheduling may

be due to the fact that resource materials on the automobile at rest are more plentiful and better illus-

trated than are materials on physical forces. It may be due also to the fact that physical forces are more ™
difficult to teach. But physical forces do the damage in traffic, not automobiles at rest. Driver Education

therefore does not attack the problem headon unless it imparts an understanding of the automobile in
motion. The purpose of this outline and its illusirations is to aid teachers in this job by providing them

with subject matter not readily available in concise form from other sources. The more limited the time

In which a teacher must teach concepts of a complex subject, the more important it is that the teacher

understand 'the subject in detail. This is the justification for the technical treatment of some of the

- subjects. It is designed for a teacher who has not studied physics.

The outline consists of three parts. PART ONE contains the minimum information a teacher should have
in preparing a unit on physical laws in a minimum classroom course of 30 hours: in Driver Education.
PART TWO contains visual aid materials including suggestions for preparing props, and a number of dia-
grams, charts and tables illustrating special treatments of subjects selected to guide a teacher in pre-
paring visual aids. PART THREE contains additional materials for a unit in a semester course and for a
unit in college teacher preparation courses. While PART THREE is quite technical in parts, it contains
~ several discussions related to driving procedures which one will find useful in any course on driving.

The knowledge obtained in studying this unit is basic to the development of sound judgment, which is a
major objective in teaching driving procedures. It is logical therefore that a unit on Physical Laws as
well as the one on Highway Traffic Laws be taught prior to the unit on Driving Procedures. It is not
intended that students learn how to work problems. It is more important that a student understand con-
cepts and memorize facts that will mature his judgment and motivate restraint; he should gain an under-
standing of energy sufficient to improve his ability to recognize traffic hazards and to increase his
fespect for its power enough to cause him to associate self discipline with self survival.

We can train students or we can educate them. Here is an example of the difference:

A filling station owner trains an attendant with rules, one of which is to wash car engines with kero-
dene-never gasoline. A customer leaves a car for a quick, complete wash job. The engine is very hot.
The attendant drives the car onto the wash rack and throws a gallon of kerosene over the engine. The car
and filling station burn down. The attendant is carried to the hospital.

Lducating the attendant would have involved knowledge of flash points of gasoline which is -45¢ F and
up and of kerosene which is 122° F and up; of requisites of a fire: fuel, oxygen and heat; and that a hot
uto engine can easily possess heat in excess of 122° F.

¥ith this knowled
than 122° F th
hnowledqe to
nhort

duct g

ge the attendant would be able to reason that if the temperature of this engine is higher
is kerosene is just as dangerous as gasoline. Moreover, he would be able to apply the
prevent hazards in many situations too numerous to be covered with specific rules. In
he would be able to use knowledge with imagination and produce sound judgments. Rules of con-
hould qugment understanding of concepts, not replace them. (See teaching concepts page 16.)
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GRAVITATIONAL FORCE
(Fact ‘and Fiction)

Next to the astronomical amounts of energy existing in matter and the mysterious forces whichhold matter
together, the most awesome feature of nature is the gravitational force which keeps things, animals and
people firmly attached to the outside of a whirling sphere. This force creates what we call weight. It
presses car wheels to the ground and thus makes it possible for a car to move ‘when the engine turns the
rear wheels.

We mention later that if gravity did not exist a car would hang in mid air or stay on the ground where you
place it. If it were in mid air, you could not pull it down unless you caught hold of some object fixed to
the earth with one hand and pulled with the other. To push a car on the ground you would have to get
between the car and a fixed object such as a tree and push against the tree and the car at once. You
would find it difficult to stand on the ground and move ‘the car because your feet could not get much
traction unless the push were at a lifting angle. You could lift the car from the ground by standing by a
bumper and pulling up. Any time you moved the car, it would keep drifting slowly until it hit something.

If you should hold to the bumper after accelerating it upward you could not get back to earth by simply
jumping off. If after you and the car ascended a few feet you decided to jump off, you wouldn’t fall after
you jumped. You would go off in the direction your feet pushed you and the car would be accelerated
slightly in the opposite direction. You would accelerate to a higher speed than the car because the car’s
mass is much more dense per unit of volume than is your body. The car has more inertia. Its mass x its
speed would be gqual to your mass x your speed. Since your mass is much less than the car’s mass your
speed would be higher. If you kicked back witha 100 1b force when you ''jumped,’’ the force would act
against the car and the car would react with a 100 lb force against your body.

If instead of jumping off the bumper you crawled underneath the car (this would be just as easy as crawl-
ing on top), aimed your head toward the ground and kicked against the bottom of the car, the action and
reaction would increase the car’s speed upward a little and accelerate your body back toward the ground.
If the one impulse from your kick accelerated your body to say 10 ft/sec, that would be your constant
speed and the speed at which you would hit the ground. You might break an arm if you hit something
hard. If you hit something springy and couldn’t grab hold of a fixed object you would bounce back off-
the earth, never to return unless you met an object drifting toward the earth and caught hold of it. The
object’s mass x speed would have to be greater than your body’s mass x speed, else you would stop its
motion toward the earth. The object’s momentum would have to absorb your momentum and still have some
speed left in the direction of the earth.

In order to arrive at the earth at a low speed you would need to kick off from the car with a very gentle
push. You would take longer getting back but you would arrive safely. Knowing about physical laws would
help you avert panic which might cause you to kick hard to get back fast.

Gravity makes us tired but life would be unpleasant without it. You couldn’t run and romp, and if you
jumped up out of your chair to oppose an argument you would literally hit the ceiling. Ceilings could be
covered with foam rubber. Yell leaders would wear crash helmets and perform under a shed or perhaps
inside plastic cages, anchored a few feet off the ground. That would be a show.

You would probably have to wear a tiny jet engine when outside so you could get back to earth in case
you got pushed off by a jealous suitor or in case you stepped on something springy which would bounce
you off. People would wear shoes with magnetic soles and walk on pavements impregnated with metal
particles. If you bounced off you would need only enough power to stop you and start you back. Inertia
would bring you on in.

Instead of having highway patrols to assist stranded motorists we would probably have air patrols wear-
ing bigger jets that could overtake absent minded people who forgot to don their jet packs when they
left home. And of course there would be some who went out without any gas in their tanks radioing back
for service stations to send up some fuel. If one also forgot his radio helmet and an air patrol failed to
see him waving his shirt, that would be all, unless he hitchhiked back on some drifting mass.

One does not have to understand the gravitational force in order to appreciate and respect it. The same
reasoning holds for other forces we shall study during this course.

vi



PHYSICAL FORCES AFFECTING VEHICLES IN MOTION PART ONE

Please Read Preface and Introduction

SPEED
Speed (or velocity) is a rate of covering distance per unit of time: (Speed and yelocity are used
i interchanqeably but velocity
- strictly indicat both d
Speed = distance, or Distance = speed x time, or Time = distance . and g;ryegnpos‘.]) s e ,H'SL
time speed -
If distance is miles and time is hours, speed = miles = mph
hours
If distance is feet and time is seconds, speed = feet = ft/sec
seconds
mph x 1.467 = ft/sec. ft/sec x 0.682 = mph

In discussing movement of vehicles to prevent collisions we find ft/sec more appropriate than mph.
ACCELERATION

Acceleration (or decelemtion) is a rate of changing speed per unit of time.

Acceleration = change in speed = mph or ft/sec
time second sec

ft/sec = ft/sec/sec, or ft/sec? (read feet per second per second)

sec :
Acceleration is uniform if speed changes the same amount each second.

If a car accelerates from 30 mph to 60 mph in 10 seconds

a=v-u=60mph - 30 mph = 30 mph = 3 mph = 3 mph/sec
t 10 seconds 10 sec 1 sec

v = final speed. us= initicl speed. t = seconds
If we convert mph to ft/sec in above example

a= 88 ft/sec - 44 {t/sec = 44 ft/sec = 4.4 ft/sec = 4.4 ft/sec/sec
10 sec 10 sec 1 sec

If the car decelerates from 60 mph to 30 mph in 10 seconds

a=v-u= 30 mph - 60 mph = -30 mph = -3 mph = -3 mph/sec.
t 10 sec 10 sec 1 sec

' If the mph is converted to ft/sec, a = .-4.4 ft/sec/sec.
The acceleration was negative and is called deceleration.

ACCELERATION, MASS AND FORCE

Mass (matter) = weight = Ibs
gravity 32 ft/sec/sec

A car's mass has weight because gravity acts on it constantly. Weight then is a force pushing the car
against the ground. Actually the earth is pulling the car to it.

1
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Gravity will accelerate a car in free fall at a rate of 32 ft/sec/sec. When a car is at rest the weight
force due to gravity is equalized by a ground force pushing up. :

Eorce is that which puts a car in motion or changes its speed, or tends to do so. (If a parking brake is
not set on a grade, the weight force due to gravity will put a car in motion.) Gravity tends to put a car at
rest in motion. The ground force prevents the motion but the gravity force is still present. '

In studying a car in motion we are interested in forces such as are created by friction, by the engine, or
by one vehicle colliding with another vehicle, a fixed object, a pedestrian or an animal. Weight is a
speclal force because it is always present,and it is an important factor. Other forces are measured in
Ibs just as is the gravity force called weight. The term Hretarding force'’ is used herein frequently to
tdentify a force acting in a direction opposite to the direction a car is moving. The force itself in effect
is no different from any other force.

Newton'’s 2nd law of motion states that (1) acceleration is proportional to the force; that is, the greater
the force acting on a mass the faster the speed of the mass will increase and (2) acceleration is inversely
proportional to the mass; that is, the less a mass weighs the faster a given force can change its speed.
Check the acceleration formula below to see how obvious the two rules are. These are 'common sense’’
concepts and much easier to understand than kinetic energy to which this study leads.

Acceleration = Force, or Force = mass x acceleration (Mass = weight )
Mass F = ma gravity
Force (lbs
a= wejght((lbl) = Force (lbs) x gravity {ft/sec/sec) = ft/sec/sec
gravity (ft/sec/sec) weight (lbs)

Note that the ibs cancel out and we get ft/sec/sec as the unit of measure for acceleration. It mears that

‘a speed in ft/sec changes some given amount each sec: {t/sec/sec, or ft/sec, just as mph is mph/sec
(mph could be m/h but usually is written mph). sec sec

Note also that when you have a rate of acceleration the weight has been involved in obtaining it.
If a 100 Ib force is applied to a 3200 1b car for 1 sec

a = 100 lbs x 32 ft/sec/sec = 1 ft/sec/sec L (A gain in speed of one foot per second
3200 lbs for every second the force acts.)

If the 100 1b force is applied constantly for several seconds the car’s speed will increase 1 ft/sec during
each second and the car's acceleration is said to be 1 ft/sec/sec.

If we know the car’s weight is 3200 lbs and the acceleration is 1 ft/sec/sec we can determine the force.

F=mas= 3200 1b x 1 ft/sec/sec = 100 lbs
32 ft/sec/sec

FRICTION FORCE

When two objects are rubbed together friction transforms mechanical energy into heat energy. Rubbing
your hds together will demonstrate this fact.

Suppose you have a 10 1b rubber-covered object 2 x 4'' x 8! long (similar to a brick) with a steel hook
in one end. You hook a kitchen scale to the brick and pull it at a constant rate across an asphalt covered
surface. Suppose the scale registers a 5 1b pull which is 50% of the brick’s weight. If you place a 10
Ib weight on top of the brick, the scale would then register a 10 lb pull which is still 50% of the weight
ot the brick and its load. The 1b pull force horizontal to the asphalt surface has doubled but so has the

welght force pressing the object against the asphalt, and the ratio of the pull force to the weight force
femains constant.



Suppose now you turn the brick onto-.its 2’/ side and pull it again. The lb pull will be 5 lbs as at first.
The contact area between the brick and the asphalt is only half as many square inches, but the weight
of the brick is the same and the weight pounds per square inch is twice as great as when the brick was
pulled on its 4'’ side.

Theoretically the weight of the object and the area of the contact surface do not alter the ratio of the
horizontal pull force to the vertical weight force. The pull force, however, must be exactly parallel to the
plane between the contact surfaces of the brick and the asphalt, and in line with the center of mass of
of the object.

The weight force presses a car's di‘ive wheels against the ground; friction between the tires and the
ground tends to keep the wheels from spinning as the engine turns the rear axle; and the car moves.

Friction between the brake shoes and brake drums decelerates a moving car, or if the brakes are locked
friction between the tires and the ground causes the car to skid to a stop.

To keep a car in motion the engine must overcome rolling friction between the tires and the ground and
wind friction (or air'resistance), both of which increase rapidly as a car’s speed increases.

It is apparent that friction forces are important factors in moving and stopping a car.

COEFFICIENT OF FRICTION BETWEEN TIRES AND PAVEMENTS

When a car's wheels are locked, as in an emergency stop, a retarding force acts in the direction opposite

to the direction the car is moving. The interlocking roughnesses between the rubber and the pavement
determine how much retarding force is exerted. The force formula, F = ma, gives the relation between a

force (retarding force in this case) and the rate of deceleration. Obviously, the greater the retcxrding force
the higher the rate of deceleration and vice versa.

If the rate of deceleration were 32 ft/sec/sec the retarding force would be as great as the weight force -
which is caused by qgravity acceleration of 32 ft/sec/sec The retcxrdmg force would be 100% of the car's
weight. The Braking Effort would be 100%.

The coefficient of friction (f) is a ratio between the retarding force the pavement can create; and the
‘weight of the car. We shall call it the friction value or simply the f value of the pavement. (It is also
called the drag factor)

f= Force, or f x weight = Force (retarding)
weight

If a car weighs 3200 lbs and if when skidded with all four wheels locked (a rigid body) the pavement is
rough enough to decelerate the car at a rate equal to gravity (32 ft/sec/sec), the retarding force will be
equal to the car’s weight and
f=Force = 3200 lbs = 1.0
weight 3200 lbs

_ (f values of dry used pavements usually range from 0.5 to 0.8 and are never as high as 1.0)

If the pavement can decelerate the locked-wheel car at only 16 ft/sec/sec the rate is only half of gravity;
the retarding force is only half the car’s weight and
f=Force = 1600 lbs = 0.5 (read point 5)
weight ~ 3200 lbs

If a towing truck carrying a suitable spring scale should tow a car (with all wheels skidding) at a con-

stant speed the scale wuld register the retarding force in lbs and we could use the above formula to

find the f value of the pavement.
f = Force
weight



A more practical way to determine the f value is to drive a car at a steady speed, lock the wheels with
the brakes, measure the skid distance and place the data in the following formula:

f= (mphP (The '*30'! is a constant which results when the
30 x skid distance formula is derived from the KE and Work formulas)

1f the spéed was 30 mph and the skid distance was 50 ft then
f= 302 =900 = 0.6
30 x50 1500

Note that the weight is not a factor in this formula. (For an explanation see FORMULAE.) So long as the
car is a rigid body (all wheels skidding) it does not matter how much the car weighs. In the example the
retarding force would be 60% of the weight and the car would decelerate at 0.6 of 32 (gravity) or 19.2
ft/sec/sec whether the car weighed 3200 lbs or 4000 lbs. : ’

If a car's brakes were not good enough to lock ail wheels we could still use the same formula to deter-
mine the Braking Effort exerted by the brakes. Suppose we applied the brakes hard at 30 mph but the
wheels would not lock and the braking distance was 70 ft. Then the BE {Braking Effort) would be

BE= 30° = 900 = 0.429 or 42.9% (a retarding force in lbs equal to 42.9% of
30x70 2100 the car’s weight was exerted.)

This gives the efficiency of the car's brakes but it does not give the f value of the pavement because
the car was not a rigid mass sliding on the pavement.

We diql' learn however that the car’s brakes were illegal because the minimum Braking Effort required by
law is 44.4%. The law requires a stop in 30 ft from 20 mph.

If we had conducted the test on a pavement with an f value less than 0,429 the brakes could have locked
the wheels and the answer would have given us the f value of the pavement.

It is apparent that the braking distance depends on both the efficiency of brakes and the f value of a
pavement. The lower of the values of-these two factors determines how long the braking distance will be
regardless of how high the value of the other factor is. '

KINETIC ENERGY

~

We come now to the most important subject in our study of physical forces because it involves the forces
that destroy cars and kill people. It is a concept very difficult for drivers to understand.

Mass and energy are the two basic phenomena of the universe. Energy exists in many forms: mechanical,

heat, chemical, electrical, light and atomic energy. Energy may be transformed from one form to another
but the total amount in the universe is constant.

Two forms of mechanical energy are potential energy and kinetic enerqgy.

Potential energy is the capacity of a mass or body to do work due to the body’s position. Water behind a
dam, a bullet in a gun, a compressed spring and a car at rest on a hill are forms of potential energy.

:{‘ @ car at rest on a hill is set in motion downhill by gravity, the potential energy begins to change to
inetic energy. As the car rolls on a level rolling friction and air resistance slowly change the kinetic

::‘e’QY into heat energy, and when all of the kinetic energy is transformed into heat energy the car will
op.

:{ the car's brakes are applied, friction between the brake shoes and brake drums will change the kinetic
© heat energy more quickly.



If the wheels are locked, friction between the tires and the pavement will change the kinetic energy into
heat energy very quickly. ’

If the car should collide with a fixed object the impact will change the kinetic energy into heat energy
instantly. In any case all of the kinetic energy must be dissipated before the car will come to rest.

If at the bottom of the hill the car had started rolling up another hill, its kinetic energy due to motion
would have -changed back into potential energy due to position of height. if there had been no rolling
friction and air resistance the car would have rolled as high on the second hill as it was on the hill from
which gravity set it in motion. Actually, of course, rolling friction and air resistance were changing some
.of the kinetic energy into heat energy all the time the car was rolling downhill. Consequently the car
could never reqgain its original height.

Neither can a rubber ball dropped in free fall. Its PE and KE keep alternating, losing out to heat energy
each time it hits the floor and to air friction while in motion, until it stair-steps down to zero PE and
zero KE. '

If the top of the original hill was 100 ft above the bottom of the hill and the car’s weight was 3200 lbs,
the car when at rest at the top of the hill possessed 320,000 ft lbs of potential energy.

Potential energy = weight x height
= 3200 lbs x 100 ft = 320,000 ft lbs

I \.Ne disregard the friction losses due to air and rolling, the car’s kinetic energy at the bottom of the
hill was 320,000 ft lbs, because Kinetic Energy = Potential Energy less such losses. If, therefore, we
know the KE of a car in motion we can divide the KE by the car’s weight and find the height to which

the KE would raise the car if the car were suddenly directed upward vertically. The textbook formula
for KE is
Kinetic Energy = %4mv? = % mass x (ft/sec)?

If 32.2 is used as the value of gravity in the above formula it will give approximately the same answer
as another KE formula in which the velocity in mph is used and which is simpler for illustrations:

KE = Weight x (mph)® {The ''30'! is a constant)
30

The KE of a 3000 1b car traveling 60 mph is

KE = 3000 x 60% = 3000 x 3600 = 360,000 ft lbs
30 30

As stated before, PE = weight x height: Then

height = PE Since KE = PE,
welight

height = 360,000 ft lbs = 120 {t.
3000 lbs

This is the height to which the car would be projected by its KE if it were suddenly directed upward
vertically. ‘

As the car left the ground moving 60 mph (88 ft/sec), gravity would start decelerating its speed at a rate
of 32 ft/sec/sec and the car's upward velocity would be zero after 2.75 sec.

time = v - u = final velocity - initial velocity = 0 - 88 ft/sec/sec = 2.75 sec.
a rate of deceleration -32 ft/sec/sec

]



If instead of being directed upward, the car had been skidded to a stop on a pavement with an { value of
1.0, the pavement, instead of gravity, would have decelerated the car at a rate of 32 ft/sec/sec and the
car would have come to a stop in 120 ft in 2.75 sec. (Or we might say that a = -32 ft/sec/sec)

The pavement with an f value of 1.0 retarded the car with a force equal to the weight of the car just the
same as gravity retarded the car’s upward motion with a force equal to the weight of the car.

The rate of acceleration or deceleration is the controlling factor in controlling a car. While engine horse-
power is also a factor in positive acceleration, the f value of a pavement is a key factor both in positive
acceleration and in negative acceleration or deceleration and therefore a key factor in the braking dis-
tance. )

A formula which gives the distance required to change velocity when the rate of acceleration or decelera-
tion and the time are known shows the relation of the rate of deceleration to braking distance. Keep in
mind that acceleration is a rate of changing velocity per unit of time, and once we know the change in
velocity and the rate of acceleration or deceleration we can easily find the time by dividing the amaunt
of change by the rate. (See time formula above)

The distance formula is as follows:

2

s = ut + at? s = distance in ft = acceleration in ft/sec/sec
2 = {nitial vel. in ft/sec (+a if speed is increasing
t = time in sec and -a if decreasing)

The initial velocity of the car when projected upward or when skidded on the pavement with an f value
of 1.0 was 88 ft/sec. In each case acceleration was negative or -32 ft/sec/sec. We therefore can get the
time, 2. 75 sec. Substituting the data in the preceding formula we get

s = (88 x 2.75) - 32 x 2,75% = 242 -.32 x 7.55 = 121 ft
2 ' 2

"The difference of 1 ft in the answer here and the 120 ft in the PE formula is due to a higher value of
gravity used in the KE formula.- {See discussion of at bottom of pp 24 and 30.)
KINETIC ENERGY, WORK AND BRAKING DISTANCE
Kinetic Energy = Work
Work = Force x distance

To have a proper respect for the limitations which Kinetic Energy places on a driver in controlling a car
a driver must understand :

(1) What is meant by the statement that KE increases in proportion to the square of the speed?

(2) Why braking distances theoretically will increase in proportion to the KE.

(3) That if, due to variable factors such as slight changes in the f value during skid stops at different
spoed, the braking distance in demonstrations is not always proportional to the KE, still unquestionably
the KE increases by the speed squared whether or not the measured braking distances reveal the fact
exactly. Once the speed is there the KE is there. Therefore, the speed per se represents explicitly the
‘f"ﬁtructlve power of a moving car.

(4) That at speeds above 50 mph the formula braking distances are impracticably short because to attain
them q driver must lock his brakes and consequently lose control of his car. At h1gh speed a skidding
“ar will likely leave the traffic lane and might skid into opposing traffic or into a fixed object.
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A thorough understanding of KE is the key to driver self d1scipline There would be few arguments about
speed if all drivers really understood the impliccxtions of speed in relation to the destructive power of
the KE which speed? develops.

Work must be done to change the speed of a car, usually by the engine to increase the speed and by the
 brakes to decrease the speed. The difference between the Kinetic Energies at two different speeds,
therefore, represents the Work -done. If one of the two speeds is O mph then all of the car's energy would

be the Work done.
. Suppose a car's speed is changed from 30 mph to 60 mph.

KE of a 3000 Ib car at 60 mph = 360,000 ft lbs

KE of a 3000 Ib cat at 30 mph = 90,000 ft lbs

KE of the change of 30 mph 270,000 ft lbs

Note that the KE of the change of 30 mph here is' 3 times the KE of 30 mph. This figures, since the KE
at 60 mph is 4 times the KE at 30 mph.

. Work done = 270,000 ft Ibs = difference between the two KEf s.

Work = Force x distance, or distance = Work
: Force

- If the car accelerated from 44 ft/sec (30 mph) to 88 ft/sec (60 mph) in 11 seconds its rate would be 4
" ft/sec/sec, and the force required for this rate would be

Force = ma = 3000lbs x4 ft/sec/sec = 375 lbs
32 ft/sec/sec

‘The distance required to accelerate from 30 mph to 60 mph would be

* distance = Work = 270,000 ft lbs = 720 it
Force 375 lbs

If the car were decelerated from 88 ft/secto 44 ft/sec ata rate of 16 ft/sec/sec the retarding force would
would be =
Force = ma = 3000 lbs x 16 ft/sec/sec = 1500 lbs
32 ft/sec/sec

The distance required would be 270, OOO ft lbs = 180 it
1500 lbs

To get the distance required to skid the car.to a stop from a speed of 88 ft/sec (60 mph) on a pavement
with an f value of 0.5 by using the Work formula we first get the retarding force by using the formula,
F_‘orce = f x weight and find Force = 0.5 x 3000 lbs = 1500 lbs. Then

distance = Work = 360,000 ft lbs = 240 ft
Force 1500 lbs

Note that 360,000 ft 1bs, the KE at 60 mph, is the KE difference between 60 mph and G mph.
If the f value had been 1.0, the force would have been 3000 lbs and the distance 120 ft.

By using the formula, Work = Force x distance, we again verify the distances obtained in other ways and
confirm the relations between Speed, Energy, Work, Braking Distance, f value, Force and Acceleration.

7



KINETIC ENERGY, WORK AND HORSEPOWER

To accelerate a 3200 Ib car at a rate of 4 ft/sec/sec requires the application of a constant force which
by the force equation gives Q
Force = ma = weight x acceleration = 3200 lbs x 4 ft/sec/sec = 400 lbs

gravity 32 ft/sec/sec
If the 400 1b force is applied for 22 seconds the car will attain a speed of 88 ft/sec (60 moh).
v=at=4x22=88
The KE of a 3200 1b car moving 60 mph = 384,000 ft lbs.

The ""Work = Force x distance'’ formula gives the distance required for the car to reach 60 mph; that is,
to develop 384,000 it lbs of KE.
distance = Work = 384,000 ft lbs = 960 ft
Force 400 lbs

If the force were 800 lbs instead of 400 lbs the accelerating rate would be 8 ft/sec/sec and the distance
would = 480 ft. When the force is doubled, the acceleration rate is doubled and the distance is halved.

But few stock cars can accelerate as fast as 8 ft/sec/sec. Our example of 4 ft/sec/sec.is a fair rate -
for the average car.

l.ow horsepower cars can attain fairly high speeds but they require more time. Fast acceleration requires

high horsepower. The shorter the time in which o given amount of work is done, the more horsepower
required. : ~

Power is the rate at which work is done per unit of time. XE tells us how the weight force of a car is
tHexpanded’! due to its speed. The KE difference between two speeds is a measure of the work done.
Work tells us how far the KE present can project the weight force. Power determines how fast the work
can be done.

Power = Work v (Time may be minutes or seconds)
Time

In the preceding example the work done was 384,000 ft lbs and it took 22 seconds. The power required
was

Power = 384,000 ft lbs = 17,455 ft lbs/sec
22 seconds

Horsepower (hp) is a conventional term for expressing power, somewhat like saying a horse is 15 hands
high instead of saying 60 inches or 5 ft.

hp = 33,000 ft lbs = 550 ft lbs. The power above converted to Horsepbwer is
- minute second

hp = 17,455 ft lbs/sec = 32 hp (like hands = 60 in = 60 in x 1 hand = 15 hands)
550 ft Ibs/sec/hp 4 in/hand 1 4 in

To do this work in half the time would require 64 hp.

Lot us check the‘ increase in hp required when the 3200 1b car is loaded to 4000 1lbs:

The work done in accelerating a 4000 1b car from-rest to 60 mph = 480,000 ft lbs.

::/ihe car were accelerated at 8 ft/sec/sec the time required would be 11 sec (88 ft/sec divided by 8
sec/sec = 11 sec), and the power required would be



Power = 480,000 ft lbs = 43,636 ft lbs/sec. The horsepower would be
11 sec

hp = 43,636 ft lbs/sec = 79.3 horsepower
550 ft lbs/sec/hp

Accelerating the 3200 1b car to 60 mph in 11 sec takes 64 hp and accelerating a 4000 lb car takes 79 hp,
an additional 15 hp for the extra 800 lbs. This is the welght of a carload of adults added to the 3200 lb
car. About 80% of the power is used in accelerating the car’'s dead weight.

The dead weight cost of fast acceleration is extreme when a driver is alone. The cost is justified when a
driver uses horsepower to prevent position conflicts in traffic which cause collisions or congestion.

There may be a lot of difference between the rated horsepower of an engine and the horsepower available
for changing positions quickly in traffic at normal driving speeds. One manufacturer cites the following
example:

An quto engine rated 200 gross horsepower at 100 mph might have only 145 gross horsepower at 60 mph.
It might produce only 100 net horsepower at the rear wheels due to power requirements of aquxiliary equip-
ment and incidental power losses caused by muffler, generator, fan etc.

From the net horsepower at the rear wheels must be deducted the road-load horsepower used in normal
operation of a car on smooth level roads to offset rolling friction and air resistance. This road-load need
might range from 15 hp at 40 mph to 45 hp.at 70 mph.

After road-load horsepower is deducted from the net horsepower available at the rear wheels, the power
left is called reserve horsepower This is the power available for accelerating, for climbing and for
driving on rough ground.

Brake horsepower relates to a method of rating an engine and has nothing to do with a car’s brakes, but
btaking requires power. Consider the example where o 4000 1b car was accelerated. at 8 ft/sec/sec to a
speed of 88 ft/sec. If the 4000 lb car is braked tc a stop from 88 ft/sec with a Braking Effort of 50%
the car will decelerate at a rate of 16 ft/sec/sec and require 5.5 sec to stop.

Power required = 480,000 ft lbs = 87,272 {t lbs/sec
5.5 sec

hp required = 87,272 ft lbs/sec = 158.6
550 ft lbs/sec

" If the braking is done with the wheels turning, the brakes must deliver this horsepower in the form of a
retarding force created by friction between the brake shoes and the drums. The brakes must produce twice
as much power in decelerating the car at 16 ft/sec/sec as the engine produced in accelerating the car at
8. ft/sec/sec. In accelerating to 60 mph the energy was developed in 11 seconds and in braking it is
dissipated in 5.5 sec. However, the engine can repeat its performance immediately again and again. The
brakes cannot. After a few consecutive braking operations from 60 mph the brakes would be so hot they
would fade. Heat created in the engine is scientifically controlled. Brakes simply radiate heat into the
surrounding air.

If the braking is done with the wheels locked, the tires and pavement must deliver this horsepower in the
form of a retarding force created by friction at the tire-pavement contact points, the areas of which are
.much smaller than the contact areas between the shoes and the drums. Morecover, the rubber tires cannot
compete with the tough pavement. Consequently many travel miles of rubber is peeled off the tires during
skid stops. In a skid stop from high speed rubber loss may throw the wheels out of balance.

In a test with a new 1961 car weighing 4405 lbs, 5 hard-braking, rolling-wheel stops from 60 mph were
made on a new, level pavement. On the 6th stop the driver tried to lock the brakes. The braking distance
was 347 ft. This amounted to a braking effort of 34.6%. The car’s brakes when cold probably could have
exerted an effort of 100%. This test would have required a pavement with an f value of 1.0. The braking
distance would have been 120 ft. 9



KINETIC ENERGY AND MOMENTUM
Kinetic energy involves a force acting through a distance.
Momentum involves a force existing through a time.

Often persons relate momentum to braking. distance hazards. If braking distances and destructive forces
wete proportional to momentum for a given car, they would be proportional to the speed, and speed would
not be the problem it is in accident prevention programs. For example, if a braking distance at 2 mph
were 2 ft the braking distance at 60 mph would be 60 ft instead of 200 ft as it is (with a Braking Effort
of 60%). To show how the two concepts are related it is better to use the formula for KE which requires

velocity in ft/sec instead of mph: KE = /2 mv2 = mass x (ft/sec)?
2

The unit of measure for KE is ft-lb and for Momentum it is lb-sec:

KE = % weight xvel? = 1b x (ft/sec)? = Ib x ft* x sec®= ft-lb*
gravity t/sec/sec ft x sec
Mom = mass x vel = weight x vel = Ib x ft/sec = lb-sec
‘ gravity ft/sec/sec

While 1b-ft would seem as natural here as lb-sec for momentum, the term lb-ft is used in mechanics as a
measure of the moment of force around an axis. The term ft-l1b is used for KE in order to avoid confusion.
In both cases lbs are multiplied by ft.

»

A 3200 lb car moving 88 ft/sec possesses (1) KE ar:d (2) Momentum as follows:

(1) KE = 3200 x 88% = 50 x 7744 =‘387,200 ft 1bs
64

(2) Mom = 3200 x 88 = 100 x 88 = 8800 lb-sec
32

Stince KE = Work, the KE represents a weight-force of 3200 lbs exerted through a distance of 121 ft.

distance = Work = 387,200 ft lbs = 121 ft
Force / 3200 lbs

The Mom represents the impulse a weight-force can create against a resistance by virtue of the mass's
speed.

Impulse = Force x time
8800 Ib-sec = Force x time = 3200 b x time

time = 8800 lb-sec = 2.75 sec
‘ 3200 1b

That is the time required to decelerate the 3200 lb car from a speed of 88 ft/sec to a stop, through a
distance of 121 ft, ngainst a retarding force equal to the weight of the car.

Duting this deceleration the average velocity (V) of the car was 44 ft/sec, while the weight force was

tonstant. The average Momentum then was mass x V = 3200 x 44 = 4400 lb-sec. This is /4 the Momentum
the car had at o speed of 88 ft/sec. 32
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When the car accelerated from a stop to 88 ft/sec it had a different momentum for each change of 1 ft/sec

in its speed.
Average Momentum During Each Second

At 1 ft/sec its mom was 3200 x 1. = 100 lb-sec 50 lb-sec
At 2 ft/sec its mom was 3200 x 2 = 200 lb-sec 150 Ib-sec
32
At 3 ft/sec its mom was 3200 x 3 = 300 lb-sec 250 lb-sec
32
At44 ft/sec its mom was 3200 x 44 = 4400 lb-sec 4350 lb-sec
- 32
At 86 ft/sec its mom was 3200 x 86 = 8600 Ib-sec 8550 lb-sec
32
At 87 ft/sec its mom was 3200 x 87 = 8700 lb-sec 8650 lb-sec
; 32
At 88 {t/sec its mom was 3200 x 88 = 8800 lb-sec 8750 lb-sec
32
Sum of averages of momenta from 1 ft/sec to 88 ft/sec = 387,200

[N

If we sum the averages of each momentum the car had during each 1 ft/sec of speed it passed through,
we get 387,200, the number of ft lbs of Kinetic Energy the car possessed while traveling 88 ft/sec. This
is the way in which the Impulse forces accumulate to make a mph added to a car’s speed of 60 mph so
much more destructive than a mph added to some lower speed. For example, the 2nd ft/sec added 150
ft 1bs to the energy of the 1st ft/sec. The 88th ft/sec added 8750 ft lbs to the energy of the 87th ft/sec.
Note that the 8750 ft lbs of energy is an average of the momentum as the car’s speed increased from the
87th sec thru the 88th sec. The other figures in the right hand column are averages for given seconds.

At any given speed the KE will equal the sum of all the momenta a car had in arriving at the given speed.

The average of all the momenta is ' the momentum of the car at the speed it is moving. Note that if we

multiply the average of all these momenta by the speed the car is moving we get the KE of the car at
the speed it is moving. ~

KE = Y% momentum x velocity (Mom = mass x velocity)

KE = % (mass x velocity) x velocity = ¥ mass x vel? = % mv?

KE = %(3200 x 88) x 88
32

% (100 x 88) x 88
= % (8800) x 88

KE = 4400 lb-sec x 88 ft = 387,200 ft-lbs
sec

1]

Let us explore further the meaning of the ft-lbs of KE in terms of Force since the concept Force involves
the weight of a car which is much more tangible than the term Energy. One can try to lift a car and can
imagine the injury resulting if only one wheel fell off a jack onto his foot.
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If gravity were not present the absolute mass of a car would simply hang in air or stay on the ground,
where you put it, without exerting any weight force. '

Its mass, however, would still be just as real and if it hit you at a speed of 60 mph it would do the same
damage as it does with gravity present. When we multiply the absolute mass of a car by the accelerating
force of gravity we get weight, because gravity is what makes a mass on a scale register a force in lbs.
Weight (1b) = mass x gravity (ft/sec/sec). From this we find

mass=wlb = wilb = wlb x sec? = w lb-sec?
g ft/sec?y it . g ft g ft
sec

This unit of mass is called a slug, a term used to measure absolute mass. A slug is that mass which.a
1 Ib force will accelerate at a rate of 1 ft/sec/sec. We find that any cobject weighing 32 lbs is the re-
quired mass. ‘

Force = mass X acceleration

Note:
Only the sec is squared here. If the
- - 2
llb = %%_ &f_e_g_ xa Ib also were squared, it would be
t

written (lb-sec)2

1 1b= 1 lb-sec? x a. Making a the subject we get
ft

a=11bft=1ftorl ft/sec/sec
lb-sec? sec?

1f the 1 1b force acts only for 1 sec the

Impulse = Force x time=11b x 1 sec = 1 lb-sec
The sum of impulses = change in momentum
The velocity of the slug is changed from O ft/sec to 1 ft/sec. Its velocity is 1 ft/sec.

Momentum = mass x vel (or slugs x ft/sec)

lb-sec? x vel
it

Q|g

mom = 32 lb-sec? x 1 ft/sec = 1 lb-sec?x ] ft = 1 lb-sec
32 ft ft sec

An Impulse of 1 Ib acting 1 seconlslug (32 lbs) accelerates the slug to a velocity of 1 ft/sec, thereby
changing its momentum or in this case giving it a momentum of 1 lb-sec.

If the force had been 100 lbs acting on a mass of 100 slugs (3200 1b car) the acceleration would still be
| ft/sec/sec

F = ma

100 1b = 3200 lb-sec? x a = 100 lb-sec? x a. a= 1001bft =1 ft/sec/sec
32 f ft 100 1b-sec?

fl the 100 1b force acted for only 1 sec the car’s velocity would be 1 ft/sec and its momentum would =
"ans x vel = 100 slugs x 1 ft/sec = 100 lb-sec.

e p. 48 or p. 96 for detailed information on the Impact force of the lb-sec.)
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R A N I R I R N N B S N R N S A ]

1. If you try to lift a car you get an idea of how its mass x gravity = weight.

2. If you try to hold back a slowly rolling car you get an idea of how its momentum = mass x velocity = weight' x velocity
But neither one of these concepts will give you an idea of Kinetic Energy. gravity

3. If a 3200 1b car is accelerated from a stop to 88 ft/sec, its momentum at the speed of 88 ft/sec is 8800 lb-sec.

Momentum = weight x vel = 3200 lbs x 88 ft/sec = 8800 lb-sec
gravity 32 ft/sec/sec

But the car had a momentum of 8700 lb-sec at 87 ft/sec and a momentum of 8600 lb-sec at 86 ft/sec, and so on.

If you should figure the average momentum the car developed in accelerating to each ft/sec it passed through, and total the
results, you would get 387,200 ib-sec. {The average from 0 ft/sec to. 1 ft/sec would be 50, etc. The average from 87 ft/sec
to 88 ft/sec would be 8750.) .

e

The number (387,200) in the above total is the same as the number of the ft lbs of kinetic energy of a 3200 1b car moving 88
ft/sec. }

Keep in mind that the momentum (mass x vel) of the 3200 Ib car going 88 ft/sec = 8800 lb-sec.

If we multiply the mom (8800 lb-sec) by % the vel (44 ft/sec) the time factor (sec) cancels out and we get 387,000 ft lbs of
kinetic energy. : : )

Or we could multiply ¥4 the mom (4400 lb-sec) by the vvel {88 ft/sec) and get the same product.
S. The Kinetic Energy formula is written % mv? or %4 mass x vel?. This is just another way of stating what we have said above:
Kinetic Energy = % mom x vel. Substituting mass x vel for momentum, we get KE = % (mass x vel) x vel = % mass x vel?= % mv?
6. Momentum vs Time and Kinetic Energy vs Distance
a. The momentum can tell us how long it will take a resisting force to stop the mass {weight-force) of the moving car.

(1) If the resisting force {such as is created by a pavement against locked wheels) is 100% of the car’s weight, the time
required for a 3200 lb car with a momentum of 8800 lb-sec to.skid to a stop is momentum = 8800 lb-sec = 2.75 sec.
weight 3200 lb

" (2) If the resisting force is 50% of the car's weight (a 50% Braking Effort) the time is 8800 lb-sec = 5.5 sec.
. 1600 1b

b. The kinetic energy can tell us how far the mass (weight-force) of the moving car will operate against a resisting force (such
as is created by a pavement against locked wheels).

(1) If the resisting force is 100% of the car's weight the distance required for a 3200 lb car with a kinetic energy of 387200
ft 1b to skid to a stop is KE = 387,200 ft lb = 121 ft.
weight .~ 3200 b

(2) If the resisting force is 50% of the car’s weight (a 50% Braking Effort) the distance is 387,200 ft Ib = 242 ft.
1600 1b

c. In the above examples the denominator is obtained by multiplying the friction value (f) of the pavement by the weight of the
car.

f=F= retarding Force, or transposing, F = fw
w weig

If f = 0.5 the retarding Force = 0.5 x 3200 lbs = 1600 lbs

d. Tt is evident that the KE of a given car moving at a given speed is related to the weight of the car and to every mph the car
passed through as it was accelerated to the given speed (for which the KE is being calculated). KE increases in such a com-
plex way that it is extremely difficult for a driver to understand its danger. Note in table below how momentum is related to
time, and KE is related to distance. Note also that 14 the KE will develop during the upper 29% of the speed, between 21.2 mph

and 30 mph

HOW TIME, DISTANCE, VELOCITY, MOMENTUM, AND KINETIC ENERGY VARY AS 3200 LB CAR ACCELERATES AT 4 FT/SEC/
' SEC FROM STOP TO 30 MPH (Figwes in 21.2 mph column are close approximations)

15 mph 21.2 mph _ 30 MPH

6:%\. } ; Vs

T=0 5% 7.8 11 sec
S=0 60% 121 242 ft
v=0 22 3i.1 44 ft/sec
Mom = 2200 lb-sec 3100 lb-sec 4400 lb-sec
KE = 24200 ft 1b . 48400 ft Ib 96800 ft lbs

4 the mom at % the time
Y the KE at % the distance

"% the KE at % the speed

71% of mom at 71% of time
Y% the KE at % the distance
Y4 the KE at 71% of speed
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INERTIA AND CENTRIFUGAL FORCE

Newton'’s lst law of motion says in effect that a body at rest tends to remain at rest and a body in motion
tends to remain in motion at a constant speed and in a straight line.

It ts apparent that a body at rest will remain in that state until some external force moves it or until the
forces acting on it are unbalanced. The gravitational force of course acts con}stantlyv on a standing car,
but the ground reacts with a force equal to the gravitational force and keeps the car at rest, provided it
{s on level ground. Letting the air out of the tires will unbalance the forces and gravity will move the
car a few inches until the ground balances the forces again.

When a wheel is raised on a rickety jack to remove a flat tire it might seem that the car tries to fall off
the jack. This appearance points up how subtle all natural forces are, including those affecting the con-
trol of an automobile in motion. You want the car to stay on the jack. The car wants to stay on the jack.
If the car does not stay on the jack it will be due to your lack of knowledge of how forces work or to your

lack of planning. The same causes hold generally for drivers who allow cars to collide or overtum.

When the forces acting on a car are unbalanced the car starts accelerating. It must accelerate some in
order to move. If; after the car accelerates (to any speed) the forces are balanced again, the car tends to
remain in motion at a constant speed in a straight line, indefinitely. However, rolling friction and air
resistance are working constantly, and if all the engine power is cut off these two retarding forces soon
bring the car to rest again.

The natural law we have been describing is called Inertia. Inertia is inherent in the mass itself. The
heavier the mass the greater the inertial force it exerts against change from astate of rest or change from
a velocity. Actually velocity includes both a rate of speed and a direction. Once a car’s direction is
changed Inertia tends to keep it on the new heading. It has no preference for a heading. It just opposes
change. A car wants to go straight at a curve. It wants to keep going downhill or uphill and it wants to
stay in the left lane when you are overtaking and passing. Inertia does not like turns because a tumn is a.
change in direction.

The faster a car is going the more Inertia it has to resist a change in direction. In fact its resistance to
change increases in proportion to the speed squared. This is thorn No. 2 in a driver’s halo. We examined

- thorn No. 1l in analyzing Kinetic Energy, which also increases by the speed squared. These two thoms

have extinguished over 1.3 millions of lives and maimed several millions of bodies since the advent of
the automobile some 60 years ago.

The two thorns are quite different. KE is a force in lbs capable of being projected through a distance.
It Is ""explosive’’ in effect and it persists so long as a car is in motion, regardless of whether the car is
turning or going straight. It increases by the weight of a car and by the speed?.

Inertia is a force in lbs which increases by the weight of a car, by its speed2 and inversely with length
of the radius.Inertia acts instantly when the front wheels are turned off a straight line and it disappears instantly
when the car is headed straight again.

KE s deadly enough by itself but when it teams up with Inertia, the speed? which increases the two at
the same time makes the two a vicious pair.

KE not only does the damage in a collision but also causes a collision when a driver overdrives his
btaking distance, or locks his brakes to correct his error and loses directional control of his car, thus
losing any opportunity to steer around an obstacle,

Inertia is an instant side force which snatches directional control of a car from its driver and causes the
car cither to overturn in the roadway or to skid straight ahead off a turn or curve. Inertia grabs control,
tetums the car to g straight path either in a roll or in a skid, and disappears. KE then operates alone,
skidding the car sideways on its wheels, or on its side or top or both, into ditches, fences, bridges,
ttees, poles or opposing traffic.
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The higher the car’s center of mass and/or the higher the f value of the pavement the easier it is for
Inertia to turn the car over. The lower the center of mass and the lower the value of road friction, the
more likely the car is to skid. The higher the speed and the lower the f value, the smaller the turning
angle needed to start a skid. ‘

When a driver steers the front wheels into a turn the tires create side forces which oppose Inertia. The
force direction is toward the center of a circle along the radius cof the circle. This force is called centrip-
etal. The Inertia force which opposes the .centripetal force is call‘ed centrifugal. Centrifugal force isan

inertial force. The force is generated by the motion of the car mass, not at the center of a circle.

The circle or centrifugal concept is appropriate because the radius of the curved path the car follows is
a convenient factor in measuring inertial force.

But a student behind the wheel cannot cope with circles whose radii may extend 100 to 500 ft out into a
field or woods. The student should be taught to estimate the rate of increase of the turning angle between
a car’s horizontal axis and the car’s original straight path. On a curve with a 100 ft radius the turning
angle will increase to 90° in half the time it takes on a curve with a 200 ft radius. If a car’s speed is the
same on both curves the CF will be twice as great on the smaller circle. The faster a car’s front end
turns away from the original path-the higher the CF, for a given weight and speed. The angle increases
very rapidly in a right turn at an intersection. This is the reason the speed must be very low in order to
make a legal turn.

A driver can look ahead to the deadpoint in a curve and estimate how rapidly his car will have to change
direction if he stays in the roadway. The bend in the road is fixed, but he can reduce the rate at which
the angle increases by reducing the rate at which his car is moving over the ground.

We said above that if a car’s speed is the same on both curves {100 ft and 200 ft) the CF will be twice
as great on the smaller circle as on the larger circle. A look at the formula for Centrifugal Force will
show why this is true. :

CF = mass x (ft/sec)? = weight x (ft/sec)?
radius ~ gravity x radius

" The weight and speed which will be the same on both curves are in the numerator of the equation. Grav-
ity is a constant. The radius then is the factor which determines the CF. If the radius is 100 ft, the
quotient will be twice as large as when the radius is 200 ft.

Now back to our statement that the only way a driver can reduce the rate at which his car’s heading will
change, on a curve ahead, is to reduce the rate at which his car is moving over the ground, that is, his
speed. While one of the thorns in safe driving is the fact that CF increases by the speed?, the fact that
it does so makes it unnecessary to reduce the speed by half in order to have on a 100 ft curve the same
CF as on the 200 ft curve.

To check this fact suppose a 3200 lb car moves around a 200 ft curve at 30 mph (44 ft/sec).

CF = 3200 x 44% = 3200 x 1936 = 968 lbs
32 x 200 6400

How much will the speed have to be reduced to have the same CF of 968 lbs on a 100 ft curve?

968 = 3200 x v2 = v?2 (v = ft/sec)
32 x 100

= \}968 = 31.1 ft/sec or 21.2 mph
A speed of 30 mph on a 200 ft curve created a CF of 968 lbs.

A speed of 30 mph on a 100 ft curve would create a CF of 1936 1lbs.
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A speed of 21.2 mph on a 100 ft curve would reduce the 1936 lbs to 968 lbs. Reducing the speed 29.39
reduces the CF 50%. '

The CF acts outward against the car’s center of mass while the centripetal pavement friction force acts
inward at the tire-pavement contdact points. The center of mass (C/M) is also called the center of gravity
(C/G). It is the point around which the weights of all parts of the car are in balance. The point shifts
-slightly when a person enters the car, again when another person enters and so on. When the seats are
filled and-the trunk is loaded the C/M shifts considerably toward the rear. If it shifts very much beyofxd
the rear of the mid point between the car’s axles the car becomes less sensitive to steering pressures.
The tail begins to wag the dog. Steering control becomes unstable.

In turning the car with two occupants into a curve the driver might experience a slight resistance to the
turn but would cutomatically add a little pressure to keep the car in the curve. With the C/M shifted
toward the rear due to extra passengers and a loaded trunk the driver might find upon steering into a
curve that the front wheels tend to go toward the inside of the curve instead of resisting the turn, This
surprises the driver and he quickly corrects the oversteer. He overcorrects and sets up a dangerous
swinging action to the right and left of the center of the lane.

When rear wheels are overloaded it is very important that tire pressure be increasedin order to prevent
abnormal tire deflection which induces oversteer. Station wagons with full loads of passengers or cargo
are especially subject to oversteer instability on curves.

ADDITIONAL FORCES AFFECTING A CAR ON A CURVE

The unstable steering condition mentioned above is related to comering forces (side thrusts) and slip
angles (the angle between the direction a turned wheel is headed and the direction it actually travels)
which involve wheel loads, weight shifts, wheelbase, camber, toe-in, tire inflation, speed etc., variables
too involved for this unit but very important to a driver if his car is subject to oversteer, which at very
high speed might cause the car to go out of control toward the inside of a curve in half a second.

Gyroscopic forces created by the turning wheels exert some pressures for or against driver control in a
curve.

Wind force can be an important safety factor on a curve. Both the velocity and the angle at which wind
strikes a car as it changes direction on a curve might tilt the scale either for or against a driver who is
about to lose control of his car. Of two cars which have the same surface areas the lighter car isat a
disadvantage when the wind force is already against the driver. Small cars usually are scaled down more
in weight than in surface area and therefore are more likely to be less stable on curves in wind.

CONCEPTS .

‘Concepts a teacher should understand are listed to aid him in preparing a teaching outline. The extent to
which he can cover the concepts in ¢ minimum course unit is limited, but he should be able to treat them
properly in a unit of ten to twelve hours on physical forc_es in a semester course.

Acceleration and the meaning of ft/sec/sec

Relation of force to acceleration in changing the velocity of a mass

Inverse relation between acceleration and deceleration distances

Weight as a force and its relation to the acceleration of gravity

Friction force and its relation to acceleration and deceleration

Friction coefficient and its relation to gravity acceleration and weight

Relation of potential energy to weight and gravity acceleration \
Kinetic energy and its relation to potential energy

Kinetic energy and its relation to Work

.

© O DU B W
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10. Kinetic energy and its relation to velocity

11. Kinetic energy and its relation to braking distance

12. Braking distance and its relation to pavement friction

13. Brake efficiency and its relation to braking effort (and f value)
14. Kinetic energy and its relation to power

15. Relation of power to acceleration and brake performance

16. Kinetic energy and its relation to momentum

17. How the lb-sec of momentum becomes a d2structive Impact force.
18. Relative speed and relative energy

19. Inertia and centrifugal force

20. Relation between centripetal force and pavement friction

21. Relation of center of mass and tire deflection to directional control

In a minimum course unit a teacher should expec¢t his students to understand at least

1. How ground distances covered per second are opposite in length for one car accelerating and one car
decelerating at the same rate L ‘

2. How ground distance covered in the first second when decelerating from high speed is related to the
- total braking distance percentagewise

3. How speed changes kinetic energy and how kinetic energy changes braking distances, with emphasis
on change between 30 mph and 42.4 mph.

‘4. How kinetic energy of top 5 or 10 mph of a given speed is related to the total kinetic energy at the
- given speed. ' :

5.. How friction value of pavement changes skid distances in an emergency stop and limits centripetal
force in a curve

6. How speed and turning radius change centrifugal force

7. How location of center of mass (% of gross load cn rear tires) and rear tire deflection (air pressure) -
affect steering control on curves

8. How ground distance covered during perception time and reaction time compares with braking distance
at a given speed

9. How the lb-sec of momentum becomes a destructive Impact force.

A student should acquire enough knowledge of these concepts to make recommended defensive driving
procedures medningful and acceptable. He does not have to be able to define terms precisely or discuss
concepts with exactness in order to profit by a brief study, provided the study is well organized—that is,
the concepts are logically related.

Before a flight instructor teaches students the basic defensive procedure of landing into the wind, he
explains lift forces just enough to make the students respect the rule. The instructor is teaching flying,
not physics, and he devotes only such time to the forces as will enable the students to make sound
decisions. But he knows that flying is basically a skill in contrélling forces. And he knows from his own
experience that a rule without a reason may be sound but soon ignored. So he does not dare omit an
explanation of the forces. One student may be able to analyze the forces involved and explain the prin-
ciple while another might not be able to discuss them intelligently, yet both respect them andboth prac-
tice the rule religiously. The instructor himself may not be adept in explaining the force concepts yet is
able to prepare students for years of accident free flying by teaching procedures firmed up by a respect
for physical forces, which he described before he started teaching procedures.

The task of teaching students to drive safely is probably more difficult than teaching them to fly safely.
The exposure to hazards certainly is more immediate. And the hazards are physical forces.
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10.

STUDY QUESTIONS FOR TEACHER

It is 50 miles from A to B. A car averages 40 mph going from A to B and without stopping returns
from B to A averaging 6.0 mph. What was the time for the round trip? Answer 2 hrs. 5 min.

v=s ,ort=s8. Caution: you cannot average averages.
t .

'.i‘?
A car accelerates from 10 mph to 40 mph.in 11 sec. What is its rate of aécelemtion in ft/sec/sec?
Answer 4 ft/sec/sec,

Use formula a = v -u . Convert mph to ft/sec.
t

A car'accelemtes from 10 mph for 20 sec at a rcte of 3 ft/sec/sec. What is the car’s speed at the
end of 20 sec? Answer 50.9 mph.

Use formula v = u  at. Convert mph to ft/sec and convert answer back to mph.

A 3200 1b car is traveling 20 mph. An accelerating force of 200 lbs is applied to the car for 20 sec.
What is the car's speed in mph at the end of 20 sec: Answer 47.3 mph,

Use formula, Force = mass x acceleration to get a. Then, v = at to get speed from a stop. Convert ft/
sec to mph.

What is the force required to accelerate a 3200 1b car 7 ft/sec/sec? Answer 700 lbs.
Use formula F = ma

What is the retarding force exerted against a 3200 lb car skidding on a pavement with an f value of
0.7?. Answer 2240 lbs.

Use formula, f = Force
weight

. What' is the rate of deceleration in ft/sec/sec of the car in problem-6? Answer 22.4 ft/sec/sec.

a=F

=F=Fxg=Fxg=1fxg
m w wow
g

. If a truck requires 147 ft to stop from 42 mph what is the % Braking Effort exerted by the truck’s

brakes? Answer 40%.

‘Use formula, Braking Effort = A

30 xs

The driver of a 6000 1b pickup traveling 50 mph sees a car approaching his traffic lane from a stop
sign. He locks his brakes and skids to a stop a few inches from the car as its rear end clears his
path (The f value of the pavement is 0.6). If he had been moving 60 mph when he locked his brakes,
at what speed would he have hit the car? Answer 33.2 mph,

You can use formula, Braking Distance = V? |, and disregard the weight, since the car was
skidding. 30 x{

From what height would a 3200 Ib car have to drop in free fall in order to develop the kinetic energy
the car possesses at a speed of 70 mph? Answer 163.3 ft,

Use formulas, KE = wV2~and PE = weight x height. KE = PE.
30
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11

12.

13.

14.
15.

16.

The speed the car in problem 10 would have had after a free fall of 163.3 ft would be the speed from

which the car would skid 163.3 ft on a pavement with an f value of 1.0~—that is, a pavement which
would decelerate the car at the rate of gravity, 32 ft/sec/sec. What was the car’s speed when it hit

the ground? Answer 70 mph.

You can use formula, v = u? ¢ 2a§, or formula f = V2 , but note that speedsv and u are {t/sec
while V is mph. ; 30 xs

A car.ldaded weighs 4000 lbs and is traveling 60 mph. To what mph would the driver have to increase
his speed in order to increase the car’s skid distance (at 60 mph) an amount equal to the car’s skid
distance at 40 mph? The f value of the pavement is 0.6. Answer 72 + mph.

_Suggestion: Use either Braking Distance formula or KE formula and check your answer with the other.

This is a good example for showing students that the KE and BD of 12.8 mph when added to 60 mph
is equivalent to the KE and BD of a speed of 40 mph.

In problem 12 if the rates of acceleration are the same show that it takes the driver traveling 60 mph
less than 1/3 as long to add KE of 40 mph as it takes to accelerate from a stop to 40 mph. What is
the exact time ratio? Answer 1: 3.33 This can be done by dividing 40 mph by (72 mph- 60 mph).

KE and Braking Distances double at the following speeds: 5.3 mph - 7.5 mph - 10.6 mph - 15 mph -
21.2 mph - 30 mph -~ 42.4 mph - 60 mph - 84.8 mph. Use the KE formula to verify these values.

Use the Braking Distance formula with an f value of 0.5 to confirm the fact that the distances also
double between any two of the speeds listed in problem 14.

Select from problem 15 one of the speeds with the distance*found for an f value of 0.5 and check the
speed and distance with the formula, v2 = u? + 2 as, where v = final speed in ft/sec, u = initial speed
in ft/sec, a = rate of acceleration and s = dlstance You can assume the car accelerated at 16 ft/sec/
sec, then u would be zero and a would be plus:

v = 2as = 2 x 16 x s. Or you can assume the car is decelerated from the initial speed u.
You then use -a and set v = 0O

02 = u? - 2as, or -u? = -2as, or u? 205—2x16xs

Moreover, you can make a the subject of the formula and find the rate of acceleration or deceleration
when you know the distance covered between two known speeds. In a deceleration problem the value of
a can be converted to the Braking Effort exerted. In the above problem you will find a= 16 or -16 and
%g_ = 50% Braking Effort. And more still. If the car skidded in decelerating from u speed to v speed, the

Braking Effort becomes the f value of the pavement or 0.5.

17.

18.

Compute the maximum speed in mph at which a 3200 lb car can stay in a flat curve of 200 ft radius
without skidding if the f value of the pavement is 0.6. Answer 42.3 mph,

First, determine the amount of CF the pavement can withstand:

f=Force , or Force=fxw= 0.6 x 3200 = 1920 lbs
weight

Tl';en set this value for CF in the formula, CF = weight x v? and solve for v (ft/sec).
32 x radius

Finally convert the speed in ft/sec to mph

Compute the maximum speed in mph at which a 4000 lb car can stay in the same curve as in problem
17 without skidding, to determine whether the weight of a car is afactor in averting a slide in a curve.
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FORMULAE

m=w PE = wh ‘a = acceleration in ft/sec/sec
g ‘ - ; ;
h = PE ) BD (s) = braking distance |
F = ma w BE = braking effort in % of car’s weight
F ) _ D = distance in miles
= a = = :
."é KE = W=Fs F = force in lbs
‘ KE = PE = wh f = coefficient of friction (a ratio)
as= ..E;. KE = Ymy? g = gravity
= %mv h = height in ft
a=yv-u KE = wV? hp = horsepower
F 30 KE = kinetic energy in ft-lbs
v=utat m = mass in 32 lb slugs
f=F mom = momentum in lb-sec
V= u; v W P = power in ft lbs/sec
F = fw PE = potential energy in ft-lbs
s = distance (space) in ft
vi=u? % 2as f= VP T = time in hrs
‘ 30s t = time in sec
a=v?-u? ' :
T 2 u = initial speed in ft/sec
R BD (s) = —3-(\)%- = final speed in ft/sec
s=ut# gzt__ ; Vv = average velocity in ft/sec
BE\ = 3%? V = speed in mph
' _\—l.= average speed in mph
T=D w = weight in lbs
T W = Work in ft-lbs
D=VT P=Ww
t
T=D
hp = P
© 550 ft Ib/sec
W=Fs : mom=mv=w v
g
F=W
)
s=W
F

A driver's big problem consists of controlling a car while coping with Kinetic Energy and Inertia. All
the forces discussed in this outline are related to that problem. The forces act at the four tire-pavement
contact points and at or around the point called the center of mass. The forces constantly threaten to
trigger Kinetic Energy in a direction the driver does not want to go, as the driver alters speed and direc-
tion to follow a road or to steer around obstacles.

20



How formulas BD (s) = V2 and KE = wV? are related:
301 30

An explanation of why the Braking Distance formula does not contain a weight factor while the Kinetic
Energy formula does may clarify the concept that changing the load of a skidding car does not alter the
braking distance at a given speed. The f value factor in the BD formula is a ratio between the Force and
weight faciors in the KE formula

s = _\Li f=F = Force
30f w  weight
30E .
w i

s= YV =V _xwW_
30E 30 F
w

Fs= V:w. Fs=Work = KE
30

KE = Vw
30

-~

When a car skids, 100% of its weight force is exerted vertically against the pavement. The f value tells
us what per cent the horizontal retarding force is of the weight force. The heavier a car is the greater
the vertical force; and the greater the retarding force, which is a per cent of the weight force.

L R T I I T

| How the textbook formula KE = Y%mv? is changed to KE =_w_\£2 in which the speed is mp-h instead of f1/sec:

64.4 64.4 30

. 30
i KE=Ymv? =Y%xwxvi=lx w xtv?=.w 'v2
3 g 32.2 54.4 "
i v=1.467xV ' V= mph (ft/sec = 1.467 x mph)
| vZ= (1.467)% x V2 = 2.15 x V?
- wo? = -
KE =wv® =wx2.15x v?= wv? Substitute (1.4672 x}\/‘Z ) for v2

. 2 T
How the formula BD (s) = V__is changed to the velocity formula for determining the minimum speed from
skid marks: 30f -

s = ;;];f V = mph s = average length of four skid marks

30fs = V2
V2 = 30fs
v = \V30fs
V=55\fs
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How the foot pound (ft-1b) and the pound second (lb~sec) become units of measure of KE and Momentum,

It is necessary that proper units be used in the equations, as lb for force and ft/sec/sec for accelera-
tion. While ft/sec may be converted to mph, a change in unit requires we add a proportionality constant
or a conversion factor to give unity to the equctlon ‘This was done when KE = %mv? was made KE =
wV '
30

If proper units are stated properly, units may be cancelled. This fact makes equations of units valuable.
While equations are often stated without writing in the units, it should be clear that the units determine
the. validity of an equation. One cannot appreciate the relations involved unless he can see how units
are cancelled to give the measures. Keep in mind that per means /'divided by.’’

1. Momentum = mass x velocity

w 1b xvit/sec=1lb xft
g ft/sec/sec

oy frs

t sec

ec

173

First, let us see how ft/sec/sec becomes £t
sec?

H
ft/sec/sec=sec =ft x 1 = ft
sec sec sec sec?

1
Here the main division is ft/sec divided by sec, the change in v, {t/sec, per unit of time, sec.
1b .
Then w_becomes T = 1b x sec? '
-
sec
Here the main division is weight ]b divided by g, ft/sec?
1
Now the whole equation:,
Mom = mass x velocity
= lb xsec® x ft = 1b x sec = lb-sec

T ™t sec
After we cancel units we have lb and sec in the numerator, b x sec = lb-sec
2. KE = % mass x velocity?

e )

2
= % b x Secz x = lb x ft= ft'].b
brsee x o 2=

The two sec? cancel and one ft cancels leaving a ft inthe numerator. The % represents an average
of the momentum involved as velocity is changed. It is a constant in this particular equation. (We
cannot cancel 2 ft and ft2.)

3. Wortk=Fs=maxs=waxs
g

Et x_f ft
é’é?,-’

=1bxsec? xft xft=1bx ft = ft-1b

Tt sec?
22



The mechanical quantities in the formulae are simply combinations of the fundamental quantities
mass, space (distance) and time. Here are examples:

Velocity = distance per unit of time

v=3_ (In these examples a capital S is used in v and a to distinguish its distance from
t s in Work = Fs.) ”

Acceleration = change of velocity per unit of time

a=v=vxl (Notethatc=v-ubuiifu=0thenc=_\_l_)
t t t t
a=S8x1=3S
t t t2
Force = mass times acceleration
F=ma=m %
t
Energy = Work = force times distance
Work = Fs
Work = m% Xs {while the S and s each represents distance they are different
t quantities)
Power = Work per unit of time
= Work = Work x 1 .
t t
=mS xsxl=mSxs
t? t t°

Let us check the value of a =§2_ in the Force = m_Srequation above and then check the Work = Fs equa-
t t

tion aqgainst the equation KE = Yimv? .

Assume a 3200 lb car traveling 88 ft/sec decelerates at a rate of 32 ft/sec/sec. We may select any rate
we like but we use 32 ft/sec/sec and a weight of 3200 lbs because with the value of gravity it.makes
the arithmetic simpler.

Time to stop = v = 88 ft/sec = 88 ft x sec? = 2.75 sec
a 32ft/sec® sec 32ft

a=_238 . Then S = at? = 32 ft x (2.75 sec)? = 32 ft x 7.56 sec? = 242 ft
t2 sec? sec?

a=§ =_242 ft = __242 ft =32 ft (This checks with a in )
¥ (2.75 sec)? 7.56 sec? sec?

F=ma=wxS =32001bx_242 ft = 32001b x 32 ft = 3200 lb (Retarding force when a = 32 ft/sec?)
g t2 32ft 7.56sec? 32 ft sec? : :

sec sec?

Work = F's. We can find the value of this s with s = ut - at?
: 2
23



s-88ftx2753ec-32ftx(27SSec§2

sec sec

= 242 ft - 32 ft x 7.56 sec?
sec? 2

= 242 ft - 32 ft x 7.56
7

5= 242 ft - 242 ft = 121 ft
2

Work (ft-1b) = F 1b x s ft = 3200 1b x 121 ft = 387,200 ft-lbs

KE = Y4mv2 = % 3200 x 882 = 3200 x 7744 = 387,200 ft-lbs
32 64 ‘

(Note that Work done on a mass involves motion of the mass. You might "*work’’ hard trying to lift or
push a mass but you do no Work on it unless it moves.)

----------------------

Factors used to Convert Measures of Velocity:
1. To convert miles per hour to feet per second:
If a car moves 1 mile in 1 hour, it moves 5,280 feet in 3600 seconds, or 1.467 feet in 1 second

(9280 ft = 1.467 ft/sec).
3600 sec

. mph x 1.467 = ft/sec. Example: 60 mph x 1.467 = 88 ft/sec.

2. To convert feet per second to miles per hour:
If a car moves 1 foot in 1 second, it moves 3600 feet in 3600 seconds, or 0. 682 mile (ZiG_Q_O_fE)
in 1 hour (3600 sec.) 280

ft/sec x 0.682 = mph. Example: 88 ft/sec x 0.682 = 60 mph

Precaution in Working a Problem involving Velocity.

1. In Section IV, B, 3, the equation. v = at will give the velocity from a stop, when the rate of ac-
celeration and the time are known.

If a car starts at O mph and accelerates 4 ft/sec/sec for 11 seconds its velocity will be a x t,
or 4 x 11 = 44 ft/sec.

2. If a car starts at 44 ft/sec and accelerates 4 ft/sec/sec for 11 seconds, the final velocity
would be the initial velocity (u) plus axt,orv=u+at=44+ (4 x 11) = 88 ft/sec.

3. ' If a car travels 10 sec at a velocity of 88 ft/sec the distance (s) = ¥ x t = 88 x 10 = 880 feet.
The velocity here is assumed to be the average velocity which may be denoted by V. A constant
speed becomes an average velocity.

4. If a car moving 44 ft/sec accelerates to 88 ft/sec in 11 sec, the distance covered during accel-
eration is determined by multiplying the average velocity by the time. The average velocity (V)
is ¥ the sum of the initial velocity (u) and the final velocity (v).

V=u+vs=44+88=132 =66 ft/sec. The distance(s) =¥ xt= 66 x 11 = 736 {t.
2 2 2

Values of the Rate of Acceleration called Gravity.

While the acceleration rate due to the gravitational attraction of the earth is considered a constant,
actually it varies slightly over the surface of the earth, ranging approximately from 32 ft/sec/sec
at the equator to 32.2 ft/sec per sec at the poles.
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VISUAL AIDS : PART TVO
PLEASE READ PREFACE AND INTRODUCTION

Each ofkthe following pages in PART TWO contains a special treatment of related subjects. The purpose
‘of this approach is to provide the instructor with condensed reviews of certain text materials in PART
ONE and PART THREE together with illustrations whiCh might be used as visual aids.

While the illustrations might be reproduced on large poster boards or drawn on the blackboard, a more
eccnomical and effective way to use them is in overhead projections on a wall or screen. Plastic sheets
with which one can make transparencies on a duplicating machine within a few seconds are now avail-
able. In some instances an instructor might wish to revise the sketches and reduce the typed material
before making transparencies.

After one or two trial runs an instructor should be able to improve his transparencies and make them so
inclusive that he can cover most of the unit on physical forces by using physical demorstrations and
screen projections. Concise statements defining concepts or describing complex relations projected along
with drawings are as conducive to learning as are the drawings themselves. ‘

I. Friction

A. Procure a toy vehicle weighing a few pounds or load a toy truck. Weigh vehicle and load. Lock
all wheels so that the tires will skid. Attach a light hand scale to the truck and read the pounds
registered by the scale when the truck is pulled steadily across a table. This number of pounds
pull divided by the gross weight will give the coefficient of friction between the tires and the
surface of the table. By using surfaces of different degrees of smoothness, different coefficients
of friction can be shown. :

B. Place a toy car with locked wheels ona smooth board about 1/4! thick by 6" wide by 20’/ long.
Raise one end of the board slowly beside an upright ruler until the car slips down the slope.
Then lower the board slightly and measure the height of the raised end (in inches) at a position

- just below. where the car will slip. ‘The height divided by the horizontal distance between the
ruler and the low end of the board gives the per cent grade: for example,.l_Q___iLl; 0.59=59%

in
grade. It also gives the static coefficient of friction between the tires and the surface:

f =.1_0—= 0.59'
17

C. Wet the surfaces used in A or B with soap foam or other suitable lubricant and repeat the demon-
strations. Note the differences in the f values.

D. In demonstration A, pull the scale very slowly at the start and note that the pulling force re-
quired to move the car from rest is slightly higher than the force required to keep it moving at a
constant rate after itis placed in motion. This demonstrates that the static coefficient of friction
is higher than the kinetic coefficient of friction. After the car starts moving and at a very slow
rate, it may start a jerking action which will dec¢rease as the speed is increased. This action is
called "'stick and slip.’’ Stick and slip makes a door with dry hinges squeak. It will squeak more
when opened slowly than when opened fast. This stick and slip effect may cause the f value of
a pavement at very low speed to be slightly higher than the f value at normal driving speeds.

II. Force Concepts

A. To visualize the 'force’’ concept consider a 3600 lb car standing on the ground. If you try to
lift the car your effort is opposed by a force which is created by gravity acting on the car’s
mass. We say the car’s weight is 3600 lbs. We might just as well say the car’s force is 3600
lbs.

The force equation is: Force = mass x acceleration.

The mass equation {s: mass = weight . Cross multiplying, we have
gravity

weight = mass x gravity (acceleration).
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If an engine could accelerate our car as fast as gravity can the constant force the engine would
have to exert would be

Force=ma=w a= 33%).0 x 32 = 3600 lbs

g

Attach secure handles to a 100 lb cube and place it on abathroom scale. Direct two students to
pull up on the cube until the scale reqgisters zero lbs. Each student will get the feel of a 50 1b
force. They will be balancing the gravitaticaal pull on the cube mass.

To visualize the "force through distance’! concept assume we get 36 men to lift the 3600 lb car
one foot off the ground. The men will expend at least 3600 ft lbs of energy. If they raise the car
two feet, they double the work done on the car, which then possesses 7200 ft lbs of potential
energy.

Work = Force x distance = 3600 lbs x 2 ft = 7200 ft lbs (potential energy stored up)

If the men now push the car with its wheels locked a distance of one foot over a surface with an
f value of 1.0, they will do the same work as in lifting the car one foot. ’

However, in raising the car the men’s work transformed the motion energy into potential energy,

because the car could then fall and do the same amount of work.. In skidding the car on the road
surface, the men transformed the motion energy into heat energy in the form of friction between
the tires and the surface.

Recall that for an f value of 1.0 the retarding force must equal the weight of a car,f = F =
W

= 1.0. A moving car skidding on a surface with an f value of 1.0 decelerates at a rate of 32
ft/sec/sec, which is the value of gravity. : '

The men’s one-foot pushing job required the same amount of work as lifting the car one foot
against the car’s force (weight) created by gravity. If the f value of the pavement were 0.5 in-
stead of 1.0, the same work they did to push the car one foot would move it two feet, because
the retarding force created by the pavement would be one-half as great. For the same reason. a
car going 60 mph will skid 240 feet on a pavement with an f value of 0.5 where it would skid
only 120 feet if the f value were 1.0.

In raising the car one foot, each man produced 100 ft lbs of potential energy. The 100 lb cube
is too heavy for one student to lift, but have two students, after they feel the 50 1b force, to
raise the 100 b cube from the scale platform to the top of a stool which stands exactly one foot
higher than the scale platform.

Have the students visualize first the 100 lb cube at rest on a person’s hand or foot or head and-
second, the cube falling one foot onto a person’s hand or foot or head.

The difference in the severity ofinjury resultingis caused by the invisible kinetic energy created

‘by the cube’s (force) movement through a distance under the acceleration of gravity. The rate of

acceleration is of key importance so far as the amount of energy is concerned but only because
it determines the velocity of the mass at the point of impact with the person’s hand, or foot, or
head.

. To visualize the relation between '/weight x distance’’ and '/weight x velocity?’’:

Procure a 10 1b cube and a 5 1b cube, preferably with bases the same dimensions as the 100 Ib
cube. Mark a point on the classroom wall 10 feet above the floor.

First explain that the 10 1b cube dropped from the 10-foot height can develop the same kinetic
energy or the same déstructive force as the 100 lb cube dropped from a one-foot height.

The difference in weights is made up by thé speed energy which one cannot see. The 10 1b cube

hits the floor going 3.162 times as fast as the 100 lb cube. The square of 3.1621is 10, and 10x
10 Ibs = 100 Ibs.
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Velocity of 100 1b cube after dropping 1 ft:

vt =u? + 2as v = final velocity in ft/sec
= initial velocity in ft/sec
=0+ 2x32 u
x 1 a = rate of acceleration in ft/sec/sec
v: = 64 s = distance in feet

v = V64 = 8 ft/sec

Velocity of 10 lb cube after dropping 10 ft:
v2=0+2x32x10

v? = 640

v =VB40 = 25.298 ft/sec

Kinetic Energy of 100 lb cube after dropping 1 foot:

KE = % mass x velocity? = % weight x v2 = weight x(ft/s
gravity welght x(ft/secf

64
KE = m%zmi= 100 x 64 = 100 ft lbs

Kinetic Energy of 10 lb cube after dropping 10 feet:
KE = 10 x 25.298% = 10 x 640 = 100 ft lb
s

After two students raise the 100 lb cube one foot onto the stool, have them handle the 5 lb cube
and then explain that the 5 lb cube dropping 10 feet will possess the same amount of energy
each student expended inlifting 50 lbs of the 100 lb cube to a height of one foot. The difference
in the feel is the kinetic energy created by the speed of the 5 lb cube after it drops 10 feet.

The advantages of having a 100 lb cube instead of a 50.1b cube are (1) there is less danger of
lift injuries with two students lifting a 100 lb cube than with one student lifting a 50 1lb cube,
because it is easier for students to keep their backs straight, holding to one handle con one side
of acube; (2) it is desirable that all students get the feel of a 100 lb weight by trying to push or
rock it even though you do not want them to try to lift it. In discussing the 432,000 ftlbs of
energy of a 3600 lb car going 60 mph you want all students to have some idea of how difficult it
is to move an even 100 lb force. ’

The areas of the bases of all cubes should be the same so that there will be no question about
variations in damage a falling cube might do due to area distribution of the forces, when compar-
ing the drops of the 100 ft cube and the smaller cubes. For a 100 lb cube you might place a
heavy wooden box of compact dimensions on the scale and {ill it with dry sand until you would
have 100 lbs with a top nailed on. With a trial weighing you can trim the box walls down to near
the dimensions of the sand. You might drill two holes in opposite sides of the box for inserting
heavy rope handles but heavy metal handles which will fit two hands would be better. For a
more compact cube you might bury some scrap iron in the sand. A cement cube withabase at
least 1 ft square would be desirable. Since these demonstrations are extremely important and

Driver Education is here to stay, it will be a good investment to procure or construct durable
props.

. To visualize the '‘force through time!’ and ’‘impact force’’' concepts consider that it probably

took the men several seconds to push the car one foot. An occupant sitting in the car asleep
might never know the car was moved. Suppose now a heavy truck bumps the car and skids it one
foot in a split second. The same amount of work is done, the same amount of energy is expended
but in a much shorter time, creating a more powerful blow due to a quick change inthemomentum
of the cdr. The sleeping occupant would certainly know the car had been moved. He might go to
the hospital with a popped neck.
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I1I. Inertia and Centrifugal Force

A.

Place a toy car on a board so that it will becrosswise to the slope when one end of the board is
raised. Raise one end of the board slowly. Measure the height of the raised end when the car
skids. Then tape a small weight to the top of the car to raise the center of mass. Raise one end
of the board slowly toward the position from which the car skidded in the first demonstration.

If the center of mass was raised appreciably the car will tilt before the board is raised high
enough for the car to skid. This will show how centrifugal force acting against a high center
of mass can tilt a vehicle on a curve or sharp turn before the centrifugal force is great enough
to overcome the friction between the tires and pavement and make the car skid off the curve.

Draw a curved roadway on a piece of plywood about 2 ft x 3 ft. Lubricate the board with soap
foam. Raise one end slightly. Head a toy car down the slope with front wheels turned to follow
the curve to show that directional control is maintained when the front wheels are free to roll.
The car will roll around the curve to the side of the board. Then lock all wheels with the front
wheels turned to follow the curve as in the first demonstration. Note that the car skids straight
ahead off the curve, demonstrating how locking the front wheels causes loss of directional
control. When the wheels stop turning centripetal force is reduced and Inertia makes the car go
straight.

A lubricated surface is nof essential, but it will help insure a skid instead of a tilt should the
board have to be raised too high to overcome the surface friction.

When the wheels are locked, inertia tends to move the center of mass- of the car in a straight
line regardless of the f value of the surface. The front of the car is simply resting on so many
square inches of rubber on the surface, and ordinarily on a smooth hard surface the angle the
tires’ contact points make with the ground does not matter. (It would matter on a soft surface
where the sides of the front tires could dig in.)

If the friction value of the surface is low enough, the car’s front wheels may be turned to follow
the curve and even left free to roll. If the end of the board is raised a little faster to simulate
a car going into a slick curve too fast, the car will still slide off the curve. This demonstration
shows inertia working as in the preceding demonstration (because the centripetal force is re-
duced) but the centripetal force here is reduced in spite of the turning wheels because the sur-
face friction is too weak to overcome inertia and make the car go in the direction the turning
wheels are leading.

The fact that when rolling wheels are turned they change the direction of a car shows that they
""channel’’ the drive of the rear wheels to one side. But they can do this only because the fric-
tion of the surface is strong enough to overcome inertia. If the speed is low the centrifugal
force is low and a low f value will be sufficientto make the car turn. If the speed is too high for
the f value, the turned rolling wheels still point the direction but the surface is too weak to set
up enough side force to overcome inertia. In-turns, therefore, the f value limits the speed at
which directional control can be maintained, even with all wheels rolling.

Procure an electric multi-speed turntable which can be accelerated manually. If the equipment
has a turntable smaller than 12 inches in diameter, a thin circular plywood or corrugated card-
board top might be placed over the reqgular table to provide a longer radius. At some place on the
table fasten a wedge about 1%’! wide x 3 in. long to simulate a banked curve. One side of the
wedge should be very thin and the other side about 1/8'' thick. Draw sections of curved road-
ways on the table, one with a radius exactly twice as long as the other. Measure each radius to
a point over which the center of a car will be located. Mark the point or spots where the car
wheels will rest. If the radius of the spots on outside roadway is exactly twice as long as the
radius of the spots on inside road, the speed of the outside car will be twice as high as that of
the inside car. Procure small toy cars just large enough to be seen easily by a class, with at
least two exactly alike.

28



The following demonstrations can be made:

1. Place a car on each roadway and select a turntable speed which will throw the outside car
off while letting the inside car stay on. (On each trial move the turmtable to the samerpm.)
Then move the outside .car closer toward the inside car until its reduced speed will permit
it to stay on.

2. Take two cars exactly alike and place a weight near the center of mass of one car (or mid-
way the wheel base on a level with the axles). Place the cars on the same roadway to show
that if the center of mass is similarly located on two cars that are alike except for weight,
the weight will not cause one car to leave the roadway ahead of the other or to stay on the
roadway longer. The f value, you will recall, is a ratio of the holding force to the weight of
the car.

3. Take two cars alike except fasten a small weight to the top of one and place them on the
same roadway to show that the car with the high center of mass will tilt over while the other
car remains on the road.

4. Place two like cars the same distance from the center of the turntable with one on the banked
section to show that the bank increases the effective f value of the pavement.

5. If you have a cardboard top, lubricate a small area with soap foam and place two cars the
same distance from the center with one on the dry surface and one on the wet to show that
the car on the low friction surface will slide off first, when the rpm of the turntcxble is in-
creased slowly.

Accelerate the table slowly in tryout tests and mark the rpm control plate for speeds at which
various demonstrations will be made. This preparation will prevent a waste of time in class.

In demonstration #1 you lower the centrifugal force on the outside cdr as you move it inward

due to reductions in the car’s speeds, but the shortening of the car's radius of turn increases

the centrifugal force. This is a built-in flaw due to using a turntable to demonstrate centrifugal

force. The speed of the outside car is lowered by shortening the radius of the car's path, while

the rpm of the table remains constant. A look at the centrifugal force formula will show that the
force will reduce rapidly (due to the square) as the speed is lowered but also that shortening

the radius will increase the force at a given speed, due to the radius being in the denominator

of the formula.

mass x speed?
. CF = ] radlus

To avoid this error you would need two tumtables with the two cars (one on each) on equal
radii. You could then produce different speeds by changing the rpm of one turntable. In spite of
this minor flaw, the one-turntable demonstration probably is more effective.

IV.Kinetic Energy and Braking Distances (Refer also to Section II Force Concepts.)

A. A 3600 Ib car falling 120 feet hits the ground going 60 mph and possesses 432,000 ft lbs. (3600
Ib x 120 ft) of kinetic energy just before the impact. An object weighing 432,000 lbs falling 1
foot would hit the ground with the same energy. 432,000 lbs x 1 ft = 432,000 {t 1lbs.

We have translated the energy created by the speed, into weight in order to give the student a
physical picture of the invisible energy possessed by a mass due to its speed. We have shown
that the energy of a 3600 lb car going 60 mph is comparable to 432,000 lbs of mass or 216 tons
(dropped 1 ft).

If you will cut 120 small blocks of wood about the size of a toy car and preferably about the
same weight, and stack the 120 blocks into a cube structure beside the toy car, the bulk of the
structure will fairly well show figuratively how the energy of the car at 60 mph increases the size
and weight of the car. (3600 x 120 =.432,000). Then arrange two cubes of 30 blocks each. One
of these cubes will represent 30 mph. Both cubes will represent 42% mph and will show how the
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energy doubles by adding 12/ mph to 30 mph.

B. Procure a semi-electric 22 caliber detonator with which reaction time distance and braking dis-
tance can be marked on the pavement and measured. After students have studied Kinetic Energy,
conduct a field demonstration for the class.

Be sure that the speedometer is exactly correct for speeds at which stopping tests are to be
run, the tires are properly inflated and the front brakes are equalized. For more accurate results
see that the speedometer needle is steady on the mark when brakes are locked. A rising or
falling needle may introduce an errér. (Car's speed may fall 4 mph during reaction time-)

Conduct two tests, one at 15 mph and one at 30 mph to show (1) how reaction time distance
increases with speed and (2) how braking distance increases by the square of the speed.

Then conduct a test at 21 mph to show that the braking distance doubles when the speed is
increased 6 mph (from 15 mph to 21 mph) and doubles again when the speed is increased 9 mph
(from 21 mph to 30 mph). See section III C page 80, "

V. Acceleration

A. In the Acceleration section of the outline there is a table showing the ground distance covered
each second during deceleration from 60 mph to a stop, with a Braking Effort of 50%. Procure a
toy car about 3 inches long and let its length represent 18 feet, the length of an average car.
Then cut to the car's scale, slats of wood (about % in. sq.) to represent the distances covered
each second of braking. Paint the slats different colors. On one side of each slat print the
length in feet it represents. On the same side at the left end (assuming the car is traveling from
left to right) print the speed in mph the car is going at the start of the second which the slat
represents. The figures will aid you in discussing how the distances vary during each second of
braking. Lay the slats end to end in front of the car according to the seconds they represent.

B. In the Acceleration section there is a table showing ground distances covered each second by a
car dccelerating from a stop at a rate of 4 ft/sec/sec. Cut slats of wood to scale and label with
distances and speeds similar to the procedure described in subsec. A above. Lay the slats end
to end in front of the car according to the seconds they represent.

C. The props in A. and B. above can be used jointly to show where an overtaking car will be after
each second of braking when a car starting from a stop enters the traffic lane ahead of the over-

taking car. For this illustration it might help to paint slats representing the same second the
same color. '

Suggestion:

Reading the Recapitulation {p. 95) at this juncture will help the teacher relate key concepts to impdct
injuries to vehicle occupants.

Precaution:

In working vehicle motion problems involving ft lbs of energy which might range from tens of thousands of
ft 1bs to over a million, do not be concerned about differences of a few hundred ft lbs which can show up
due to variations in decimal points used, including the value of gravity. For example the constant */30%!
In the KE formula using mph is rounded off from 29.95, which itself is obtained from using a gravity value

of 32.2 in the KE formula using ft/sec. If gravity 32 were used here the constant ''30'* would actually be
29.77.

30



GRAVITY ACCELERATION, DISTANCE AND VELOCITY

11b 3200 Ibs

ANALYSIS
Average velocity (v) during lst sec: o
v =0 ft/sec + 32 ft/sec = 16 ft/sec ‘ 7
2

Average velocity during 1st & 2nd sec:
¥ =0 ft/sec + 64 ft/sec = 32 ft/sec
2

s=vt= 32 ft/sec x 2 sec = 64 ft-----T -+ 2 sec 4~

Average velocity during 3 seconds:
v=0 ft/sec + 96 ft/sec = 48 ft/sec
2 , l

|
|
|
|
|
|

=Vt = 48 ft/sec x 3 sec = 144 ft~---+ TSSec-—

Vo

I 1

)
|
= Tt =16 ft/sec x 1 sec = 16 ft ~- - - - ;e
|
|
|

a = 32 ft/sec/sec

For object starting from rest

v=at= 32 ft/sec/sec x | sec = 32 ft/sec
v=at = 32 {t/sec/sec x 2 sec = 64 ft/sec
v =at = 32 ft/sec/sec x 3 sec = 96 ft/sec

For gravity acceleration irom rest

s = ut + at? vZ=u? + 2as
- 1

becomes becomes

s=16t v = \/64'5

Time Distance (s) Vel!ocity (v)
1 sec 16 ft 32 ft/sec
2 sec 64 ft ; 64 ft/sec
3 sec 144 ft 96 ft/sec
4 sec - 256 ft 128 ft/sec

Ball and car would accelerate at same rate if
there were no air resistance.

At the end of each second the object is mov-
ing 32 ft/sec faster than at the start of the
sec, because the gravitational force is con-
stant.

If the force had lasted only 1 sec the object
would have continued at a constant speed of
32 ft/sec.

Weight is a measure of the constant gravitational force which just happens to accelerate objects at a rate

of 32 ft/sec/sec. (The rate would be different on other planets and on the moon.}
Force = mass x (any) acceleration

Weight (Force) = mass x (gravity) acceleration, or mass = weight
gravity

Weight (Force) = __weight x 32 ft/sec? = weight
‘ 32 ft/sec
Ball Force = 11b x 32 {t/secz =11b Car Force = 3200 1b x 32 ft/sec? =.3200 lbs
32 ft/sec? 32 ft/sec?

A constant force of 3200 lbs will accelerate a 3200
Ib object at a rate of 32 ft/sec/sec

A constant force of 1'1b will accelerate a
1 1b object at a rate of 32 ft/sec/sec

A car engine would have to produce a constant force equal to a car’s weight in order to accelerate the car
at a rate of 32 ft/sec/sec. Actually the force would have to be a little greater than the car's weight in order

to overcome rolling friction and air resistance. R
1



FORCE AND ACCELERATION

In physics a force is that which tends (1) to produce motion in a body, or (2) to produce a change of motion in a body

The gravitational force tends to put your body in a downward motion. The earth keeps your body from moving but the gravity force is still present,
luckily. If it were not there would be no friction between your shoes and the ground and you could not get traction to walk. You would weigh O lb

Distances covered during acceleration and deceleration are deceptive. A constant force of 1 1b will accelerate a 32 Ib ball at a rate of 1 ft/sec/sec.
The velocity increases 1 ft/sec, in direct proportion to the time, but the distance covered increases by the square of the time divided by 2.

The chart below shows the relationship between the distance and the time and speed for the ball accelerating at a rate of 1 ft/sec/sec from a stop

to a speed of 20 ft/sec.
2

321b  a=1ft/sec/sec s = at?
— 2 : _ '
1 1b force - 1 - L - . : :
0 10 ft 50 ft . . 100 ft 150 ft 20('1 ft
? ? | -
s= 12% ft 50 ft . : 200 ft
t= S sec 10 sec » ; 20 sec
v= S ft/sec 10 {t/sec ‘ 20 ft/sec

Distance covered in 20 secis
4 times the distance covered
in 10 sec and 16 times the
distance covered in 5 sec

. Distance covered in 10 sec
is 4 times the distance
covered in 5 sec

The next chart shows the ball decelerating at a rate of 1 ft/sec/sec from 20 ft/sec to a stop.

(] X
» v = 20 ft/sec a=-1 ft/sec/sgc s = ut -g_t_z u = initial speed
—_ 2
1 lb force Il v . " i 9 ~
0 50 ft T 100 ft _ 150 ft 200 ft
s= 87Y% ft 8 150 ft 200 ft
t = 5 sec ’ 10 sec 20 sec
= 15 ft/sec ~ 10 ft/sec 0 ft/sec
N~ AN /

Y% of the speed
Y% of the time
Y% of the distance -

Y% of th\re speed -
Y% of the time
% of the distance

The charts show why drivers who pull into a traffic lane at low speed in front of a moving vehicle cannot escape being hit.

Compare the distances covered in 5 sec and 10 sec during deceleration with the distances covered in like times during the ball’s acceleration from
rest. In 5 sec the accelerating ball covers 12% ft while the decelerating ball covers 87% ft. In 10 sec the accelerating ball covers 50 ft while the
decelerating ball covers 150 ft. '

Distances in the charts will be proportional to those of a car accelerating at @ normal rate of 3 ft/sec/sec (= 2 mph/sec) and a car decelerating due
to engine’s braking when a driver releases the gas pedal (also about 2 mph/sec).

While the rate of acceleration at 5 mph is just as high as it is at 20 mph, the ground distance covered each second is very much shorter. A high rate
of acceleration means you are changing the speed a lot each second. Whether or not you cover a lot of ground each second depends on your speed
when the acceleration starts. You can accelerate from a stop at a high rate in low gear for a few seconds, but you will not cover much ground. How-
ever, you will cover a short distance quickly. This is important when getting out of the path of another vehicle or getting farther ahead of it will

prevent a collision.



WEIGHT -AND ACCELERATION

Newton discovered that force = mass x acceleration. Your body is a mass. Your weight is a special force which is
constantly acting on your body’s mass with a special acceleration called gravity. In a free fall the speed of your
body would increase 32 ft/sec every second.

Suppose you stand on a scale in a still elevcxtor and the scale reglsters 150 lbs. If the elevator should start accele-
rating dowaward at a rate of 32 ft/sec/sec, the scale would register O lbs. Any time the elevator-stopped accele-

rating and moved at a constant speed (any speed) the scale would again register 150 los. Your weight would double
if the elevator accelerated upward at 32 ft/sec/sec.

When you sit in a car acceleration of gravity exerts d vertical force of 150 lbs on your body against the seat. If the
car is accelerated forward at a rate of 32 ft/sec/sec the acceleration will exert a 150 1b force on your body against
the back of the seat. You then 'weigh’’ 150 lbs vertically and 150 lbs horizontally.

If the car’s brakes are.locked (and the f value is 1.0) the car will decelerate at 32 ft/sec/sec and the 150 1b force

which pushed your body backward will now push it forward toward the panel. (Actually a car can neither accelerate
nor decelerate at such a high rate.) ~

Do not confuse cxcceleratlon with velocity. Acceleration = change in velocity
time

A car moving 32 ft/sec is traveling 21.8 mph. If the car stops in 1 second it decelerates at a rate of 32 ft/sec/sec

Its velocity is changed from 21.8 mph to O mph in 1 sec. To say a car decelerates 32 ft/sec/sec is the same as
saying it decreases its speed 21.8 mph per sec.

-
T Accel of scale = Accel. of scale =
32 ft/sec/sec \L 32 ft/sec/sec
Scale at rest
i -
Accel. {g) of man Accel. {g) of man against Accel. (g) of man against
against scale is scale is 32 ft/sec/sec. secale is 32 ft/sec/sec.
32 ft/sec/sec Accel. of scale up against Accel. of scale down away
" Welight =150 lbs man is 32 ft/sec/sec. from man is 32 ft/sec/sec.
V*Welght'’ of man = 300 lbs Weight = 0 lbs
IF CAR COULD ACCEL. IF CAR COULD DECEL, CAHR CAN DECEL. 27 FT/SEC/SEC
32 FT/SEC/SEC 32 FT/SEC/SEC ON ROAD WITH f VALUE OF 0.85

"Weight!’ due to accel tWelght!! due to car’s !1Welight!! due to car’s

of car 17150 Ibs- 150 lbs braking 128 lbs! braking
] '
: 150 Ibs 150 Ibs 150 1bs '
[ 1
]
= " Resultant force on man
! o v e e i e ———— Vememe—- ..‘ which throws him to
Resuttant force Weight due to g Resultant force "Weight due to g floor under panel.

33



ACCELERATION, BRAKING EFFORT AND COEFFICIENT OF FRICTION

Acceleration is the rate of change of velocity, usually expressed as /'feet per second per second’’ which
may be abbreviated to ''ft/sec/sec’’ or ''ft/sec®!’. If a car should increase its speed 1 mph each second,
its rate of acceleration would be 1 mph/sec, or 1.467 ft/sec/sec. (1 mph.= 1.467 ft/sec).

Acceleration is considered positive if the speed is increasing and negative if the speed is decreasing.
Negative acceleration is also called decelerctxon.

Acceleration is constant if speed changes the same amount each second. When a car accelerates from
rest, the speed ordinarily does not increase at a constant rate. Cars in traffic starting from rest normally
will accelerate initially at rates ranging from 2 ft/sec/sec to 5 ft/sec/sec, although some cars can do
better. As a car’s speed increases the car’s maximum rate of acceleration usually decreases until at
the car’s top speed the acceleration rate is zero, and the car’s speed is constant.

A car specially designed and with an engine of 700 HP has been able to average an acceleration rate of
29.33 ft/sec/sec from rest over a quarter-mile course. The coefficient of friction (f) of the pavement
must have been at least 0.917 (29.33 + 32) because the friction value of a pavement limits a car’s rate
of acceleration, regardless of how powerful the car’s engine is. The same car would accelerate very
slowly on ice.

To accelerate a car at the rate of gravity, 32 ft/see/sec, the pavement’s f value

would have to be 1.0 (32 + 32).

To decelerate a car at the rate of gravity, 32 ft/sec/sec, the pavement’s f value 121 ft
would have to be 1.0 and the car’s brakes would have to exert a Braking Effort of 0 ft/sec N T 2.75 see
100%, that is, create a retarding force equivalent to 100% of the car's weight.

The brakes could do this if they could lock the wheels on a pavement with an 24 ft/sec
f value of 1.0.

1'12 ft
z sec

If a car were projected vertically upwards at a velocity of 88 ft/sec (60 mph},
gravity would exert a retarding force equivalent to 100% of the car's weight and
would decelerate the car at a rate of 32 ft/sec/sec. After one second the car
would be traveling 56 ft/sec (88 - 32). After two seconds its speed would be 24
ft/sec (56 - 32 or 88 - 64). The car would come to a ‘'stop’! in 2.75 sec (88 + 32).

The height to which the car would rise is 121 ft.

72 ft

s = ut - at? ' s = distance (ft) 56 ft/sec
—— 1 sec

2 , t = time (sec)

6 = (88 x 2.75) - 32 x (2.75)? ' initial velocity (ft/sec)

5 acceleration (ft/sec/sec)

s=242-121 =121 ft

a

If the car going 88 ft/sec could lock its brakes on a pavement with an f value of
1.0, it would decelerate at the rate of gravity, 32 ft/sec/sec, and would come to
a stop in 2.75 sec after skidding 121 ft.

If. the* f value were 0.5 instead of 1.0 the car could decelerate at a rate only % of
32 (gravity). The rate would be 16 it/sec/sec and the distance would be twice as
long, 242 ft.

i
|
]
|
|
|
|
|
|
I
|
i
]
{
|
|
|
|
|
1
]
|
|
|
|
1
|
|
]
|
I
88 ft/sec 56 ft/sec 0 ft/sec
Yoo D m e e e e e — e e ﬁ 88 ft/s0c

Rate of deceleration = 32 ft/sec/sec
Wheels locked f=1,0 — - - 121 &t

Rate of deceleration = 32 ft/sec/sec 1 sec 2 sec 2.75 sec

Note: Air resistance disredarded in these illustrations
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THE DECELERATION-ACCELERATION TRAP

The distance covered each second by a car decelerating or accelerating varies in proportion to the square of the time. The square principle accounts

for collision traps here just as it does in kinetic energy and centrifugal force. One second can easily be the difference between a safe margin and «a
collision.

s = ut & gt? s = distance in ft t = time in sec

at® use (+a) if speed is increasing
2 u = initial speed in ft/sec a = rate of acceleration in ft/sec/sec

use (-a) if speed is decreasing

Car A decelerates from a speed of 90 ft/sec at a rate of 18 ft/sec/sec (firm braking short of skid). The BE = 18 = 56.25%

32 ‘
Distance covered during 1st sec is 9 times distance during 5th sec.
Car B enters traffic lane from a stop and accelerates at a rate of 3 ft/sec/sec (a fair rate for most starts).
Distance covered during lst sec is 1/9 distance during 5th sec.
. v =90 ft/sec 72 ft/sec 54 ft/sec ‘ 36 ft/sec 18ft/s  0ft/s
"Distance: 0 . g1* f 144* 179 189’ 216 225’
In : 0 sec 1 sec 2 sec 2.75 S?c 3 sec 4 sec 5 sec

FWhen Car B enters A'’s traffic lane its rear bumper is 168 ft from the front bumper of Car A—%{ !

1
Car B is hit here + after moving 11 #t

¥vy=0 3 6 9 12 15 ft/sec
B 2
The trap occurs when car B enters traffic within the stopping distance of Car A. [f Distances of 6 13%  24* 37% £t
entry is near the end of this distance Car A driver is prone todelay braking.Escape Inltossec 1%’ -
depends on Car A driver braking earlier or harder than he thinks is necessary and To get time (t) and distances (s) for Car A to reach Car B:
Car B driver accelerating faster than he thinks is necessary. Had Car A driver ap-

plied brakes 1 sec earlier he could have stopped at the 144 ft marker, 24 ft from ?ar IA starts braking 1?8 ft flm"_l_ rear of Car B (car B
\ is 19% ft long). 225 - (19 + 37!%) = 168 f{t
point of rear bumper of Car B before it started.
Distance front of Car A goes = Distance rear of Car B goes
Distances covered by decelerating Cur A overtaking accelerating Car B show how + 168 ft. s, = 90t - 182, sp=0t+ 32,
hazardous the early seconds are: 5 e
Then set s, =s_,+ 168
1st sec 2nd se 3rd sec 4th s 5th sec A "B
st se nd sec sec %0t- 1812 =_3_tf+ 168
Car A goes: 81 ft 63 ft 45 ft 27 1t 9 ft 2 2 _
Transposing, 21t% - 90t + 168 = 0
Car B goes: 1% ft 4% ft 7Y% ft 10% ft 13% ft "2"' ,
Differences: = 79% ft 58% f{t 37% ft S 16Y% ft -4Y% ft Solve preceding equation for (t) and get t = 2.75 sec. Then

s = 90t - 18 x (2.75)% = 179 ft. Use'vZ=u?+ 2as to get
Distance Car A gains on Car B each second 2 .

speeds of cars at collision point. .



TAILGATING

TAILGATING IS A TRUCKERS TERM FOR "FOLLOWING TOO CLOSE"’
'’Following too close’’ is one of the ways in which a person can be ‘'driving too fast for conditions.’’ ‘

The error results from a driver’s inability to judge following distances accurately and/or a driver’s lack of understending of how time
lag in braking affects the ground distances covered by two vehicles preceding a rear-end collision.

In the {llustration two cars involved in a rear-end collision are pictured side by side to simplify the analysis.
DRIVER "A'" GOING 60 MPH LOCKS BRAKES FOR AN EMERGENCY STOP.
DRIVER ""B"" GOING 60 MPH, 100 FT BEHIND '’A’’, TAKES 2 SECONDS TO DETECT THE HAZARD AND REACT.
Assume an f value of 0.625 which gives deceleration rates of 20 ft/sec/sec. (f x gravity = 0.625 x 32 = 20) ‘
"A's" speed "A's” speed

“A" locks "A" skids 136 f1. 32 7 mph 12.3 mph
brakes . during "B's’ 2 sec. when when hit
at 60 mph ‘ P-R time locks brakes by “8°
r A N\ ‘ L
A - (W A 1 s A A - s j@L 1 i A I A i I A e L A @ Y A i @—-‘——-&-
AN v -
& 49.5#,
& 100 ft » 109.51 ,
, ’ N '
ﬁ 5 & Iy A G A s i 1 A A R A, @ "y 1 ol i B e i - n ﬁ e A z I
- v ’  ———— g "8 speed
"B's" speed "B" travels 176 ft. in B" locks distance to 39,6 mph
60 mph 2 seconds Perception- brakes close-60 ft, when it
Reaction time at 60 mph time to ‘ hits A"
close-1.5 sec.

TO PREVENT THE COLLISION "*B‘' WOULD HAVE TO LOCK BRAKES AT OR BEFORE POINT /A’ LOCKED BRAKES.
To do this’/’B/! would have to perceive the hazard and react in 1.14 sec (time to travel 100 ft at 88 ft/sec). .

Or he would have to be following at 176 ft. The extra 76 ft required is the distance covered in the extra P—R time of 0.86 sec (0.86 sec
x 88 = 76).

MINIMUM SAFE FOLLOWING DISTANCE AT 60 MPH IS 120 FT (2 X 60).

This distance gives a driver only 1.36 sec to perceive and react to a locked-wheel stop made by a vehicle he is following. The driver
must have his eyes on traffic continuously. If his reaction time is 0.75 sec, he will have only 0.61 sec in which to detect the hazard.

A MUCH SAFER FOLLOWING DISTANCE AT 60 MPH IS 180 FT (3 X 60).

This distance gives a driver only 2.05 sec to perceive and react to a locked-wheel stop. If a driver requires 0.75 sec in reacting, he
would have only 1.3 sec perception time, in which to detect the hazard, but this is more than double the time he would have when fol-

lowing at 120 ft.



BRAKING EFFORT AND COEFFICIENT OF FRICTION

Braking Effort is a measure of the retarding force which brakes
can exert, expressed in percent of a car's weight. Brakes capable
of exerting a Braking Effort of 100% can decelerate a car at a
rate equal to gravity, 32 ft/sec/sec. (The Braking Efficiency
rating of a car’s brakes is the same as the highest Braking Effort

the brakes can exert.) However, an effective Braking Effort of
100% could not actually be exerted unless the value of «a pave-
ment’'s coefficient of friction were equal to 1.0.

LE

In Rolling Wheel Braking the
Braking Effort is created
between the shoes and the
drum.

1. Rolling Wheel Braking

a.

The retarding force (Braking Effort) exerted by the brake
shoes and the brake drums varies with the brake pedal pres-
sure and the condition of the shoes and drums.

The lower the Braking Effort for a given speed the longer the
Braking Distance. (mph)z

Braking Distance = 30 x Braking Effort (expressed as a
decimal)

. Texas law requires a Braking Efficiency of 44.4% or a Brak-

ing Distanceof 30 ft at 20 mph.
Braking Distance = 202 = 400 =30 ft

30 x .444 13.32
If the per cent Braking Efficiency of a car's brakes is less
than the friction value (coeffictent of friction) of the pavement,
the brakes cannot lock the wheels. The Braking Distance then
could never be as short as it would be with locked wheels.

. A car with a low Broking Efficiency on a pavement with a

high fricticn value is a hazard because the driver cannot stop
as quickly as the car ahead of him.

G

 Gexsn

LA

100:%.
g

The Coefficient of Friction (or friction value)} is a ratio of the
retarding force which a pavement can exert to a ¢car’s weight
(when a car’s wheels are locked). In effect then this ratio, ex-
pressed as a per cent, becomes the best Braking Effort brakes
can exert. Since the friction values of most dry pavements range
from 0.5 to 0.8, the effective Braking Efforts which cars’ brakes
can exert therefore range from 50% to 80%. The friction value of
a dry clean pavement usually is reduced apprecmbly by gravel,
sand, mud, water, etc.

In locked Wheel Braking the
Effective Broking Effort. is
limited by the friction wvalue
of the pavement,

2. Locked Wheel Braking

a. A car’s brakes cannot lock the wheels unless the car’s Brak-
ing Efficiency is equal to, or greater than, the friction value
of the pavement. :

b. Regardless of what a car’s Braking Efficiency Ls, once the
wheels are locked the Braking Distance depends exclusively
upon the friction value of the pavement.

Braking Distance = {mph)
30 x (f value)

c. The lower the f value is, the longer the Braking Dlstance will
be.

d. While locked-wheel braking insures the shortest Braking
Distance, a car with a high Braking Efficiency on a pavement
with a low friction value can be dangerous, because it is easy
for the driver to lock his brakes. This may happen when
it is as important for a driver to change directions as it is to
brake. With brakes locked a driver loses directional control
because he cannot steer his car unless the front wheels are
rolling.



BRAKING FORCES AND ROLLING FRICTION

Turning-Wheel Braking

Rolling Friction
{resistance)

expands pistons which force shoes
|_against drum.

Brake drum attached to wheel

[ Direction of retarding forces created

8t

Opposing force of pavement is
effected at axle and reduces
axle’s horizontal motion
relative to the pave-

ment.

[ As brake shoes decrease
wheel’s rate of rotation
retarding forces of

shoes are effec-

<—1 ted at rim of

| tire.

Pavement grips tire and exerts a’force which
opposes the shoe-rim force and thus prevents
wheel from sliding as the shoes slow wheel’s
rotation.

If the shoes lock the wheel, the chassis and
wheel become a rigid body and the effective
retarding force is exerted by the pavement,
and the heat created in dissipating the car’s
kinetic energy is channeled to the tire and
the pavement. .

In turning-wheel braking, the shoes and drum
share the heat with the tire and pavement.

by brake shoes which are attached Direction
|.to car chassis —_— cxxle' is
moving

Pavement is slightly deformed by
vehicle’s load. A rolling wheel is
continually being pulled out of this
depression over point X, (The figure
is exaggerated.)

In effect rolling friction is a /’brak-
ing’* force which increases with
car’s speed. As speed increases it
consumes more horsepower because
in a given time the wheel must be ~
pulled out of more depressions.




FRICTION, RETARDING FORCE AND WEIGHT

If a car were to drop in a free fall {air resistance disregarded)-from the top of a 12 story building
121 feet tall it would accelerate at a rate of 32 ft/sec/sec, and would reach the ground in 42'75
seconds traveling 88 ft/sec. *

v ='Y2as =V2x32x121 =Y_7744 = 88 ft/sec t= “:/_[= g_g_= 2.75 sec. s=g§_t2=32 x (2:75¢ = 121 ft

If the car on reaching the ground could start skidding on a (horizontal) pavement with a friction
value of 1.0, the car would decelerate at a rate of 32 ft/sec/sec and would come to a stop in
121 feet, the length of the 12 story building, in 2,75 sec. (Actually pavements cannot decelerate
a car this fast; most f values range from 0.5 to 0.8.)

A change in the car's weight would not alter the car's acceleration rate in the free fall or its

_ deceleration rate in the skid, provided the changed weights onthe four-wheels remain proportional

to the original weights.

The rate of deceleration is determined by the retarding force the pavement can exert. The re-
tarding force a given pavement can exert determines its friction or f value. The force in pounds

is some per cent of the car’s weight in pounds.

f = Force (retarding) By transposing we get, Force = f x weight.
weight

To find the f value: f = v (mph)2

30 x skid distance

F:

gardless of what the weight is.)

= | m ] ER .~ | m | -} -

- | || m| = [ | -} [ | | - | - ]

If the f vdlue is determined with a car Weighing 3000 lbs and is found to be 0,6, the retarding force in a

skid will be, Force = 0.6 x 3000 lbs = 1800 Ibs.

Skidding Car : Skidding Car
1800 Ibs LTgilig3  f value = 0.6 2400 Ibs Loligd fvalue=0.6
3000 Ibs Add a load of 1000 Ibs: 4000 lbs

F = 0.6 x 4000 lbs = 2400 lbs

When the weight varies the retarding force varies. Due to this principle the skidding distance remains
the same for a given speed even though the weight is changed. The f value is simply a ratio of the re-

. tarding force to the weight force acting against the pavement surface when all four wheels dare skidding.

The principle would apply in rolling-wheel braking if the same percent Braking Effort were exerted after
the load is increased as was exerted before. In the preceding examples in which the car’s wheels are
locked, the pavement exerts a Braking Effort of 60% of the car’s weight. The car's wheels would not
lock on a pavement with an f value of 0.6 unless the car’s brakes could exert a Braking Effort of at
least 60%, either before or after increasing the weight. As a vehicle’s load is increased more braking
power is required in order to maintain the same Braking Effort. Weight becomes an important factor in
the braking distance when a vehicle’s load is increased so much that the brakes cannot exert the same
Braking Effort as they could prior to overloading.

In locked-wheel braking we know the Braking Effort is constant and we can determine its value by find-
ing the f value of the pavement. Knowing the Braking Effort (through finding the pavement’s { value) and
the skid distance, we can estimate the speed.

To find the Braking Effort exerted in rolling-wheel braking we would have to measure the braking dis-

tance in some way other than with skid marks. 39

(Note that the weight is not a factor in this formula. The f factor involves the weight and the {
valie means q pavement can exert a retarding force equal to a certain per cent of a weight re-



KINETIC ENERGY

Energy and mass (matter) are the two basic phenomena of the universe. The most famous formula of
physics equates energy and mass: E = mc?. It says that the atomic energy (in ergs) in mass is equal to
the mass in grams x the square of the velocity of light in cm/sec.

Energy is ability to do Work. Work = force x distance (thru which force acts). Energy exists in many forms:
mechanical energy, heat energy, chemical energy, electrical energy, light energy, and atomic energy.

Energy changes form but the total amount of energy in the universe remains constant.

Mechanical energy exists in‘two forms (Mechaniecal pertains to laws of matter and motion):

1. Potential energy is the dbility of a mass to do Work due to its position.

2. Kinetic Enerdy is the ability of a mass to do Work due-to its motion.

POTENTIAL ENERGY KINETIC ENERGY
(due to position) (due to motion)

water behind a dam water in motion

bullet in a gun barrel ’ bullet in motion

wound clock spring ‘ ' clock works in motion

s

_
=t gl
—=

car at rest on a hill . car in motion
PE = weight x height = ft lbs - KE = Work = force x distance = ft lbs

Car rolling downhill due to its weight force (gravity) i{s changing its potential energy into kinetic energy.
As it loses one it gains-the other. When it reaches bottom of hill all of its PE will have been changed
into KE. Its KE is then changed into heat energy thru rolling friction and air resistance and the car comes
to a stop.

40



- FORCE AND ENERGY

A car weighing 3600 lbs traveling 60 mph possesses 432,000 ft lbs of kinetic energy. To get some idea
of the damage which the car’s weight force of 3600 lbs can do as a result of such motion, construct and
handle the weight props described in the illustration.

Consider the 100 lb weight (a 100 1b force) resting on your foot, as S [CioLEs ] __
against the weight being dropped 1 ft onto your foot (100 ft lbs of N
energy). x :

Now consider the 10 lb weight (a 10 lb force) resting on your foot.
Compare this 10 lb force with the 100 -1b force resting on your foot.

Then try to visualize that the 10 lb weight after falling 10 ft could do
the same damage to your foot as the 100 lb weight after falling 1 ft.
This comparison should give you some idea of the part which motion
plays in causing damages and injuries in auto collisions. A speed of
60 mph turns a 3600 b weight force into 432,000 ft lbs of enerqgy.

The 10 1lb weight after falling 10 ft is moving 25.3 ft/sec or 17.3 mph.
The 10 1b weight moving 17.3 mph = 100 ft lbs of energy. Consider
first being hit by the 10 lb weight moving 17.3 mph and then cénsider
the potential injury to a pedestrian who might be struck by a 3600 lb
-weight moving 17.3 mph. The 3600 lb car will possess 360 times as
much energy as the 10 lb weight. While other factors influence the
severity of injury, a pedestrian should understand that the energy of a
car traveling 15 to 20 mph is sufficient to kill him instantly, without i
_the car running over him. ‘ ’

100 Ibs. —T“'

CTotes

1. Pull up on the weight until the scales register zero lbs and you will experience the feel of a 100 1b
force.

2. Lift the weight onto the top of a stool 1 ft above the top of the scale platform and you will get the
" feel of work producing potential energy, which is equal to weight x height. The work done = force
x distance = 100 lbs x 1 ft = 100 ft lbs of potential energy.

3. The 10 1b weight raised 10 ft above the floor will possess 100 ft lbs of potential energy and upon -
falling will develop the same kinetic energy as will the 100 1b weight falling 1 ft. Let the weight

fall upon a small box which can easily support the weight at rest, and you will see the energy of
motion in action.

a1




KINETIC ENERGY GURVE FOR 3600 LB. CAR

SHOWING THAT BOTH K.E. AND BRAKING DISTANGE INCREASE BY
THE SQUARE OF THE SPEED.(Distances based on braking effort of 50%)

' 8.p.- MPH? : ' K.E. « Weight x MPH?
9 —30:xBE. 30

85- mph 864,000 f1. Ibs.((twice the energy of 60 mph)._..... PSRN IR SR %
' 427 ft,

o | 1T 1T 1 768,000

~-~J

=)
on
o
@®
=
=
o

(o))
)

O,
O

42.4 mph lG,OdO f1, Ibs. (twice the energ

7192,G00

y of 30 mph)

£
(@

CAR’S ENERGY AT 80 MPH
000 IS LIKE CAR FALLING 213 FT.

W
o

7108,

«VELOCITY MILES PER HOUR

» FROM THE TOP OF A 2i STORY
20 feitg 48.000 SKYSCRAPER
f Q. 768,000 ft.lbs , 51 ¢,
. 3600 tbs.
|
10§
O 100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 900,000

FOOT POUNDS OF KINETIC ENERGY
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KINETIC ENERGY AND HEAT ENERGY -

Inertia will keep a car traveling at a constant speed, say 60 mph, unless some force acts on the car’s
mass to change its speed.

Since air friction and rolling friction are always present these frictions act constantly as a retarding
force, which the car’s engine must balance in order to maintain a constant speed.

If the engine force is removed, these two friction forces retard the car's mass until all of its kinetic
energy is dissipated. At 60 mph a car on level pavement might coast fortwo minutes and cover a distance
of one mile before stopping.

Stopping or slowing a car is basically a problem of decreasing kinetic energy. The kinetic energy must
be changed into some other form of energy. The car’s brakes do this job. They change the kinetic energy
into heat energy quickly. The brakes must be carefully designed to suit the weight and the speed of a
vehicle (kinetic energy normally developed). Otherwise the brake shoes and brake drums cannot radiate
the heat energy fast enough. When this state occurs the brakes are overloaded. They will fade until the
excess heat is radiated. Since braking is normally intermittent, brakes have time to cool between appli-
cations. Fading is not a problem unless a vehicle’s weight and/or speed create a heat load higher than
that for which the brakes were designed; or unless the brakes are used too frequently or too long at one
time.

Kinetic energy has a measuring unit called the foot pound (ft-1b).
Heat energy has a measuring unit called the British thermal unit (Btu).

1 Btu is the quantlty of heat requlred to raise the temperature of 1 pound of water through 1° F.

1 Btu w1ll rmse the temperature of 1 pound of steel 10° F. L/

1 Btu is equivalent to 778 ft-lbs of kinetic eneryy.

A 3600 lb car traveling 60 mph possesses 432,000 ft-lbs of kinetic energy. This is equivalent to 555 Btu
(432,000 + 778). This is sufficient heat to increase the temperature of 40 lbs of brake drums by 138° F.

MOTION . HEAT STOP
3600 1b car 4 Brake Drums
60 mph
' . \\\ // ,// @
é ? ﬁ \; ;/ ;E\\
432,000 ft lbs b 555 Btu b car has
kinetic energy i ecomes heat energy efore - zero energy

The brake shoes are attached to the= car proper which possesses the kinetic energy to be dissipated.
When the shoes are pressed against the drums attached to the turning wheels the invisible kinetic energy
of motion is changed into friction heat which raises the temperature of the shoes and drums. The drums
begin radiating the excess heat into the cooler air. The design of the drums and the area of their braking
surface determine how rapidly the drums can radiate the heat. :

If the brakes are used frequently, especially at high speeds, or constantly over a prolonged period such
as down a mountain, heat will accumulate much faster than the drums can radiate it. The drums will
expand causing them to be farther from the shoes. The brake pedal will become ''soft.’’ The brake linings
on the shoes will become glazed much as a fabric will on pressing it hard and long with a hot iron. In
this state the linings are ineffective in gripping the drums. The pedal will be hard.
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Kinetic Energy Increases by the Square of the Speed just as the Opening of a Pipe Increases by the Square

of the Pipe’s Radius.

The distance around any circle is 3.1416 times as long as the diameter.

HOW SPEED INCREASES KINETIC ENERGY

This ratio, 3.1416, is a constant called T(pi)
The area of a circle= Tx radiusz, orTr

Area of opening
of pipe with 3%/
diameter:

Areq =Trt? 2
=3.1416 x &)

=3.1416 x §
Area = 7.07 sq. in.

6! Pipe

Diameter 6/

%%%7 J/V\ ng;3"t>

Same Area
as 3" Pipe
0
Area = Tr?
= 3.1416 x 3%
= 3.1416 x 9

Area = 28.27 sq. in.

The diameter of a 6! pipe

is only 2 times as long as that

of a 3’/ pipe but the pipe’s opening
is 4 times as great.

12’7 Pipe

Same area
as 6'! pipe

Diameter 12/

LA

. 2\

N
—~ _/
Radius 6/

Note: The areas of these circles
give pictures of how the energy
of a car is quadrupled when its
speed is doubled.

Area =Tr2
= 3.1416 x 62
= 3.1416 x 36
Area = 113.1 sq. in.

The diameter of a 12/ pipe is only 4 times
as long as that of a 3/ pipe but the pipe’s
opening isl6 times as great.
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ENERGY VS. CAR MASS

Kinetic Energy of a 3200 b car moving at varicus Speeds where the Size of the Car is Increased to Represent the Weight Force of the Car

plus the Ft-Lbs of Energy created by the Speed

2.28 sec
242 ft

‘L ——————— R '

84.8 mph — 124.5 ft/sec

a /N

767,044 £t lbs

Figures over dotted lines give the time and distance
it takes to reduce the speed and energy between the
illustrctions based on a Braking Effort of 50%.

60 mph — 88 ft/sec

AN

384,000 ft lbs

(Note: The mph formula for KE gives
slightly different values from those
obtained with the ft/sec formula, See’
Precaution, p. 30.)

r— This car represents 3200 ft lbs of KE

= w=232001b

How we determine from the weight-force, distance, and speed the basic unit in ft lbs to which the sizes

of the car are scaled:

When a car requires 1 ft to stop
with 100% Braking Effort its speed
is 5.47 mph:

BE= __V?
30D xs
(100%) 1.0=_V2%
30x1
V2 =30 ,
V = \30 = 5.47 mph

V= 5.47 mph

If the car weighs 3200 lbs its
KE at 5.47 mph is 3200 ft lbs

KE = wV?
30

= 3200 x (5.47)%
30

"= 3200 x-30
30

KE = 3200 {t lbs

v 60% ft

— e d— - —— v o—

42.4 mph. — 62.3 ft/sec-

A0

192,000 ft lbs

7

0.81 sec
30Y% ft

——— —— v ——

30 mph ~ 44 ft/sec

=)
56,000 it Ibs

21.2 mph — 31 ft/sec

48,000 ft lbs

The car at rest is a weight-force of 3200 lbs.
Moving 5.47 mph the mass weighing 3200 lbs
possesses 3200 ft lbs of KE.

We can check this with PE = weight x height
= KE. If the car is raised 1 ft it has 3200 ft
lbs of PE. And in falling 1 ft its speed will
be 5.47 mph.

vicu’f2as=0/42as=2x322x1=64.4
v =\’ 64.4 = 8.02 ft/sec = 5.47 mph

{a = gravity = 32.2 ft/sec/sec)



- FT/SEC, ENERGY AND BRAKING DISTANCE

480 F1.

. HOW BRAKING
DISTANCES DOUBLE
(BASED ON BRAKING
EFFORT OF 50% -
OPTIMUM: FOR CON-
TROLLED STOPS FROM
HIGH SPEEDS)

2. MPH ON SPEEDOMETER
SHOULD TELL A DRIVER:
a. SPEED IN FT/SECOND
b. HOW KINETIC ENERGY

INCREASES BY THE
SQUARE OF THE SPEED

NOTE HOW  GASOLINE - CONSUMPTION
INCREASES AS SPEED INCREASES ABOVE

40 MPH. | ' 240 FT.
: : B i

120 FT.

60FT.

‘ 19 MILES 20 MILES 18 MILES I MILES
30 FT PER GAL. PER GAL. PER GAL. PER GAL.
.

ISFT.
|I<—-6—> — 99—l le—12—] ]« i8 > 1 28 —
MPH——15 21 + 30 42 + €0 85~ 3

FY oS

wwETC 327,000 54,000 108,000 216,000 432,000 864,000

3600. 1b car
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HOW KINETIC ENERGY OF TOP SMPH INCREASES AS SPEED INGREASES
Each Bar Represents the Kinetic Energy of the Top Smph of Speeds from 5 to 75 Miles per Hour.

— e e e —

FT. LBS. BRAKING DIST.

OFKE : OF THE
(36001b.Car) , 5 MPH (fs.6)
3.000 k= THIS BAR REPRESENTS THE KINETIC ENERGY OF 5 MPH AT A SPEED OF 5 WPH----- -1.4 FT.

9. 000 BH T3] --—————~-THIS B4R REPRESENTS THE KINETIC ENERGY OF THE 5 MPH BETWEEN 5 AND 10 MPH -~~~ 4.2 FT.
' 1015 HPH- -~ 7.0 FT.
15-20 ¥PH ————-9.8 FT.
20-25 MPH—-—-12.6 FT.

33,000 [3 25-30 WPH - —-15.4 FT.
39.000 E3 I 3 30-35MPH ~——-18.2 FT.
45,000 3 O 3 [ S 35-40MPH ———-21,0 FT.
SLOOOEY [ T T T T TITTITITIITIINT -~ - 40-45MPH — - --23.8 FT.
52000 B T T [ T T T T T T T T T T T T8 ~——-—-mmmm——m——— 45-50MPH-———26.6 FT.
63.000 g [ I T T T TTTTTITITITTITT R ————mmmmm = 50-55 MPH - ——-29.4 FT.
69,000 B T T T T T T T T T I T T T T ITTITIT? ~——————— 55-60 MPH -—-~32.2 FT.
75,000 B [T T T T T T T I T T T T T T T[T TT7Ts -——--- 60-65 MPH —~—-35.0 FT.
8L000 B T T T T T T T T T T T T T T I T T I T T T T T T 120 ----6570kPH--—-31.8 FT.
87000 BX¥ T T [T [ [ T T [T T I T T T T T T T T T T T T2 -70-75MPH--—-406 FT.

—

THE TOP 5 MPH OF 35 MPH DEVELOPS KE THE CAR WOULD DEVELOP AT 18 MPH, gg:: 2’; :; '287'""‘"" f' ::
" THE TOP 5 MPH OF 75 MPH DEVELOPS KE THE GAR WOULD DEVELOP AT 27 MPH, oo AT ETmph IR
THE KINETIC ENERGY AT 5 MPH 1S 3000 FT LBS BUT THE KE OF 5 MPH ADDED TO 70 MPH IS 87000 FT LBS - 29 TIMES GREATER.




IMPULSE AND IMPACT FORCES

How stopping lime causes injuries and how the ;1me is related to deceleration distance which increases by the
square of the speed: ;

IMPYLSE Force
Suppose an engine accelerates a 3200 1b car at a rat~ of 4 ft/sec/sec for. 22 seconds. The force required to
change the car’'s speed at this rate is 400 lbs, applied constantly.

Force = mass x acceleration = weight x a = 3200 x 4 =400 lbs
gravity 32
(Note that a = 1/8 of gravity and the force is 1/8 of the weight.)

v = 0 ft/sec - v = 88 ft/sec
when Force starts acting after 22 sec
400 b agﬁ after speed is changed 4 ft/sec/sec for 22 sec @ _
3200 1b. : momentum = mass x velocity
\ = weight x v
gravity
mom- = 3200 x 88 = 8800 lb-sec
732 '

Each second there was an Impulse of 400 lb-sec. The sum of the Impulses in 22 sec = 8800 lb-sec.

The total Impulses = Force x time = (mass x acceleration) x time = weight x a x t
gravity
= 3200 x 4 x 22 = 8800 lb-sec
32
The total Impulse then = change in the momentum of the mass as its speed changed from 0 ft/sec to 88 ft/sec.

It does not matter what the combination of Force and time was in changing the car’s speed, once the 3200 1b car

{s moving 88 ft/sec, the car’s momentum is 8800 lb-sec. In decelerating the car the Impulses work in a similar
manner each second to reduce the car’s momentum.

-IMPACT Forces which do,dqrnuge and injury are Impulses exerted in a very short time. When time in the formula,
Impulse = Force x time, is short, the lb in the lb-sec becomes very great. This is the killer in collisions.

If the car could lock its brakes on a pavement with an f value of 1.0, it would decelerate at a rate of 32 ft/sec/
sec and would stop in 2.75 sec (88 ft/sec + 32 ft/sec/sec).

The retarding Force exerted = 8800 lb-sec = 3200 1lb (weight of the mass, a 1 G force).
2.75 sec
It the car in a collision stops in.1 sec, the Force = 8800 lb-sec = 8800 1b which is 2.75 times the weight of
the car (2.75 G's). , 1 sec ‘ ‘
Juppose the car .strikes a fixed object and the bumper stops in 1/44 sec:
The retarding Force exerted = 8800 lb-sec = 8800 lb-sec x 44 = 387,200 lbs (121 G's).
1/44 sec 1 sec

v s 88 ft/sec

by '0’2:@ 5 S v The retarding Force at the bumper = 387,200 1b

#4530 Ib-sec becomes a tremendous explosion when the time is short.

The *topping time is related to the deceleration distance as follows:

The qye
; ;: i»’fli‘lﬂ.. velocity of the car during the impact is 44 ft/sec (88/2). At a speed of 44 ft/sec the car would go
N“ 1744 sec. A force of 387,200 lbs exerted through a distance of 1 ft = 387,200 ft lbs, which is the Kinetic
3¢ ot the car traveling 88°ft/sec and-is-the Work done (Force x distance) in-stopping the car.--. CONTD.
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IMPULSE AND IMPACT FORCES Contd.

One Impact force occurs between the bumper and the object struck. Another Impact force occurs between an oc-
cupant and the instrument panel or other part. '

Suppose a 160 lb occupant in the front seat is thrown forward at 88 ft/sec when the bumper of the car above
strikes the fixed object. The occupant strikes the instrument panel in say 1/10 sec. The panel is still moving
forward as the front end of the car collapses, although the bumper stopped in-1/44 se-2.

Assume the velocity of the panel has been reduced from 88 ft/sec to 22 ft/sec when the occupant strikes the
panel. The relative speed between the occupant and the panel is 66 ft/sec. The momentum of the occupant’s
body before impact = mv = 160 x 88 = 440 lb-sec.

32

The momentum aftef impact = 160 x 22'= 110 lb-sec. The change in' momentum in reducing the occupant’s speed
32

from 88 ft/sec to 22 ft/sec = 440 lb-sec - 110 lb-sec = 330 lb-sec. Recdll that Impulse = change in mom = 3301b-
sec. Impulse = Force x time.
Force = Impulse or change in mom = 330 lb-sec = 3300 1b
time time 0.1 sec
This is a force of 20.62 G's since it is 20.62 times the weight of the occupant.

Car’s velocity before collision = 88 ft/sec

v = 88 ft/sec . v of bumper = occupant hits F'ront end is
Panel / 0{ft/sec ) panel in 0.l sec collapsing

|‘§ﬁf§§§l %/////, obiest

Panel is still moving 22 ft/sec when occupant hits it
at 88 ft/sec.

The instant the bumper stops against the Front of car while collapsing absorbs considerable
fixed object, the occupant continues for- energy and increases slightly the distance and time
ward at 88 ft/sec. While the occcupant for the panel to stop. This reduces the relative

travels from the seat to the panel, the speed between occupant and panel and consequently
panel (and seat) are decelerating rapidly reduces the G force at the panel as compared with
but have not come to rest. the G force at the bumper.

L . T R R O e

The 'G'! is a conventional term used to indicate a force in terms of gravity or of weight which is a gravity
force. When a = 32 ft/sec/sec (the same as gravity) the Force = the weight of the mass.

Force = ma=w x a= w_ x 32 = weight. A force equal to the weight of the mass involved is called alG force.
: g 32
The 160 1b occupant decelerated from 88 ft/sec to 22 ft/sec in 0.1 sec.

a=88-22 =66 =660 ft/sec/sec (This is 20.62 times 32, the rate of gravity)

0.1 0.1
F= was LG_Q x 660= 3300 lb (This is 20.6 times the weight)
g 32
The number of G’s in a force (or the G force) then = Force or it = a=a
: weight g 32
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CONSERVATION OF MOMENTUM .

Momentum = mass x velocity = weight x velocity = weight x velocity
gravity 32

When two masses collide, the velocity of each mass after the collision is different from what it was
before the collision. How much the velocity of each mass will change depends on the difference in the
weights of the twe masses.

The principie of conservation of momentum says that the sum of the momenta of the two masses after
the collision will equal the sum of the momenta of the two masses before the collision. If two masses
have different weights the changes in their velocities must vary according to their weights in order for
the momenta before and after a collision to balance. )

(mdss; x u; ) + (mass, x u, ) = {mass; x vy) + (mass, x v,) u = initial speed in ft/sec
(Before the collision) (After the collision) v = final speed in ft/sec
Illustration:

Two cars weigh 3200 Ibs each. Car, traveling 88 ft/sec (60 mph) collides rear-end with car, traﬁeling
44 ft/sec (30 mph).

Mom car, = 3200 x 88 = 100 x 88 Mom car, = 3200 x 44 = 100 x 44
32 32
Sum of momenta of both cars before collision = (100 x 88) + (100 x 44)

Problem: If speed of car after collision is decreased to 66 ft/sec, what will be the speed of car, ?
(100 x 88) + (100 x 44) = (100 x 66) + (100 x vz)

8800 + 4400 = 6600 + 100 v, Since the two cars weigh the same, the 15 mph

lost by car, is gained by car,. Had car; weighed
100v, = 8800 + 4400 - 6600 = 6600 more than car,, cur, would have gained more

v, = 6600 = 66 ft/sec (45 mph) speed and vice versa.

100
In the illustration it is assumed that both masses are perfectly elastic—that is, they have a high degree
of resilience and will not become deformed on impact. (Steel is very resilient whereas lead is not.)

3200 lbs 3200 lbs )

60 mph (88 ft/sec) 30 mph (44 ftfsec) : 45 mph (66 ft/sec) 45 mph

— S 7N 77

i s B T gl 2 . s T gl ! T el 2

Before Collision Collision After Collision
32000 1bs 3200 Ibs v
45 mph 30 mph 40 mph 80 mph

[ - AT I\ )
Before Collision Collision After Collision

If in the truck-car collision the truck’s speed is reduced from 45 mph (66 ft/sec) to 40 mph (58.68 ft/
sec) the car's speed will be increased from 30 mph (44 ft/sec) to what speed?

(32000 x 66) + (3200 x 44) = (32000 x 58.68) + (3200 x v,)
32 32 32 32

66000 + 4400 = 58680 + 100 v,
100v, = 66000 + 4400 - 58680

v, = 11720 = 117.20 ft/sec (80 mph)
100

Actually the car's speed would not be increased this much because the impact force would be so great

that the mass of the car would probably be deformed. Moreover, if the car were in gear the rear wheels

would skid under such rapid acceleration. However, the illustration points up the difference in a rear-

end collision hazard due to weight of the overtaking vehicle.Note that if the two vehicles had weighed

the same, the car would have gained the 5 mph lost by the truck. But the truck is 10 times as heavy as

the car, Consequently the speed gained by the car is 10 times as much as the speed lost by the truck,
49
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HOW ENERGY RELATES CAR'S WEIGHT FORCE TO DISTANCE

A 3200 1b car traveling 60 mph possesses 384,000 ft 1bs of KE, enough to skid the car on a normal pave-
ment (f = 0.6) a distance of 200 ft in 4.6 sec. KE = w x (MPH)?

30
60 mph
The KE extends the weight force of the car down the roadway as if the bumper were elongated 200 ft.
60 mph 42.4 mph 30 mph 0 mph
T pmo-===- 1 Frm———- =  atadatade i -1
The KE is like a huge steel cube sliding down the roadway for 200 ft.
After sliding 100 ft the speed of the cube is still 42.4 mph.
After sliding 150 ft the speed of the cube is still 30 mph.
88 ft/sec
ﬁ o> o 62.2 ft/sec

The KE is like a cannon firing 32 100 1b steel shells at a target 200 feet away.




FORCE THROUGH DISTANCE

{Work = Force x distance)

PE = 4000 ft lbs ,~™
1}

(20 x 200) | ¥
/\\§ ~

PE = helght x weight /
(dectease of PE - 4
fn a drop of 15 ft ’/

15
is 15 x 200) ’I

PE = 3000 ft 1b

200 b {5 x 600)

PE = 1000 ft Ibs

S ft

\|/ :

When the 200 1lb ball is rolled up the heam a distance 3 times as far from thé fulcrum as the 600 1b ball
is, it balances the big ball, raising it 5 ft. (Weight of beam is disregarded.)

In balancing the big ball the 200 1b ball in effect loses 3000 ft lbs of Potential Energy and the big ball
gains 3000 ft lbs of Potential Energy.

In the balanced state the 200 lb ball poésesses 1000 ft lbs of PE while the 600 lb ball possesses 3000
ft Ibs of PE. Although the 200 lb ball weighs only 1/3 as.much as the big ball, it is exerting @ moment
of force on the left side of the fulcrum equivalent to that exerted by the big ball on the right side of the
fulcrum. <

In thié balance of ‘‘work’’ the small ball exerts a vertical weight force of 200 Ibs while the big ball
exerts a vertical weight force of 600 lbs. The difference in the weight forces is balanced by the dif-
ference in the distances (to the fulcrum) through which the weight forces are exerted.

The */distance’’ in this illustration is not exactly analogous to the ‘‘distance’’ through which a car’s -
weight force can be exerted as a result of the car’s kinetic energy, but the illustration is useful in that
it presents a '“distance’’ factor in Work, being done in a way that a person can see it. The ‘‘distance’’
factor in the Work which. a moving car can do as a result of its kinetic energy cannot be seen in opera-
tion. It becomes visible in skid marks only after a car skids to a stop.

The small ball at rest possesses 1000 ft lbs of potential energy and in falling 5 ft can produce Work
equivalent to 1000 ft lbs of kinetic energy. This Work would result from the weight force (200 lbs) acting
through a distance of 5 ft.

But the small ball at rest in the balancing position also is exerting its weight force of 200 lbs through
{ts distance from the fulcrum. The Work being done is equivalent to the 3000 ft lbs of potential enerqy,
which is the amount of Work the big ball can do in falling 5 ft.

The balls will balance so long as the ratio of their distances from the fulcrum is inverse to the ratio of
their weights. The 200 1b ball is 30 ft from the fulcrum. It is exerting a moment of force counter-clockwise
around the fulcrum axis equal to 6000 lb-ft (200 x 30). The 600 Ib ball is 10 ft from the fulcrum. It is
exerting a moment of force clockwise around the fulcrum axis equal to 6000 lb-ft (600 x 10).

The term 1b-ft is used to measure a moment of force around an axis. The fulcrum axis is perpendicular to
the page. A turn axis might point in any direction. The fulcrum concept permits us to picture ft-1b and lb-

ft in one diagram. In problems of force moments the. distance a weight force is from the ground is im-
material,
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INCREASING SPEED FROM 30 MPH TO 42} MPH
DOUBLES KINETIC ENERGY
(ILLUSTRATIONS ARE wa,}ff_a gﬂffl STOPS ON AVERAGE PAVEMENT)}

30 mph

KE = 108,000 FT. LBS.
(3600 LB. CAR)

42%; mph

(3600 LB. CAR)

INCREASING SPEED FROM 30 MPH TO 35 MPH
ADDS 18' TO BRAKING DISTANCE

{35mph) (5mph) (30mph) BD OF CAR
““IB-'- . 50" GOI.N;%?»II

BRAKING DISTANCE OF 5 MPH IS 1.4 FT. BUT WHEN 5 MPH IS
ADDED TO 30 MPH THE BRAKING DISTANCE OF 5 MPH IS 18 FT.

ENERGY OF 5 MPH WHEN ADDED TO 30 MPH IS THE SAME AS
THE ENERGY OF THE CAR GOING 18 MPH. '

ENERGY OF 5 MPH WHEN ADDED TO 60 MPH 1S THE SAME AS THE ENERGY OF
THE CAR GOING 25 MPH, AND IT ADDS 35 FT. TO THE BRAKING DISTANCE.

P
l" Ba
! 1=
NE
V@

i
V| B
N
% B
B
P e E &
:" i \i[ ¢ &
A | 8 \\‘=/EE
/| \:jy- | B

FIXED OBJECT COLLISION AT 30 mph
IS LIKE CAR FALLING FROM 3 STORIES

424 mph
6 STORIES

60 mph
|2 STORIES




€S

RELATIVE SPEEDS AND COLLISION ENERGY

1. 3600 1b car going 60 mph hits rear end of 3600 1b car going 30 mph

ollision
nergy here
s 108,000 ft lbs

2. 3600 1b car going 60 mph hits a bridge head f 1

s 432,000 ft lbs
4 times No. 1)

3. 3600 b car going 60 mph hits head-on a 3600 lb car going 60 mph

4 times No. 2 and
6 times No. 1)




RELATIVE SPEED AND IMPACT ENERGY

A driver who does not understand how increases in energy involve the weights of vehicles and the squares of their
speeds can be deceived by ‘‘relative speed’’ in two ways:

1. If the relative speed between two vehicles is say 15 mph the driver may think only of the energy involved in
an actual speed of 15 mph with respect to the ground.

2. Or if he does not think about the relative speed at all the sense of motion he gets from the two vehicles alone
wil! be the same regardless of the actual speeds of the two vehicles with respect to the ground. Stationary ob-
jects nearby can serve as cues to the actual speeds. If the roadway is not smooth, the sway of his car may

help. These cues will obviously inform an untrained driver that the danger is greater than at 15 mph if he col-
lides with one of the stationary objects.

But the lesson here does not involve collision with the stationary objects, at least not directly. It concerns only the
differences in the energies of the two vehicles should they collide with one another. The hazard of the stationary ob-
jects is present also because the difference in the energies of the two vehicles can vary so much with a relative speed

“of 15 mph that in addition to an increased crushing of car bodies, one of the vehicles might carom, or catapult the
other, into a fixed object.

The following examples will show that a relative speed can be very deceptive as a guide to the impact energy present

in collisions involving cars with similar weights at different speeds and involving trucks of different weights and dif-
ferent speeds.

. Each passenger car weighs 3000 lbs. Truck weights are given. Energy = weight x (mph)2

30
Speeds and Energies Relative Energy  Relative
_of Colliding Vehicles Involved Speed
7% mph 7% moh = 15mph
5625 {t lbs + 5625 ft lbs = 11,250, ft lbs
‘ 15 mph at rest = 15 mph
! 22500 + 0 = 22,500 ft lbs
30 mph 15 mph - 15 mph
90,000 - 22,500 = §7,500 ft lbs
45 mph 30 mph - 15 mph
202,500 - 90,000 = 112,500 it Ibs
60 mph 45 mph = 15 mph
360,000 - 202,500 = 157,500 ft lbs
45 mph 30 mph = ;15 mph
733305 JRg s
495,000 - 90,000 = 405,000 ft lbs
35 mph 30 mph = 5 mph
22041 lbs =
L2
900,000 - 90,000 = 810,000 ft lbs
(approx)
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WEIGHT AND ENERGY

So far as passenger cars are concerned it is most important that students understand the concept of how energy
increases by the square of the speed, because the weights of most of the passengercars vary less than a thousand
pounds.

Welght, however, becomes very important when a passenger car is.compared with a loaded truck. A knowledge of
the tremendous energy developed by a heavily loaded truck is necessary in order for a student to develop a proper
tespect for trucks at intersections, when tuming left in front of them, when applying brakes while one is following
close, when meeting one headon and when overtaking and passing one.

1. Kinetic Energy of a loaded truck weighing 60,000 lbs traveling 45 mph:

E = welght x (mph) = 60,000 x 45% = 60,000 x 2025 = 4,050,000 ft lbs
30 30 30 (The '30" in the equation is a constant)

This is 20 times the energy of a 3000 Ib car moving 45 mph.

2. At what speed must a 3000 lb car travel to develop that much energy?

4,050,000 = 30003)6.(223)2‘ (mph)?= 30 x 4,050,000 = 40500 mph = \140500 = 201.2 mph
3000

3. A 3000 lb car at 60 mph develops 360,000 ft lbs of energy. At what speed would a 60,000 1b truck developthe
same amount of energy? .

360,000 = 60,000 x (mph)® (mph)® = 30 x 360,000 = 180 mph = /180 = 13.4 1 mph.
30 60,000 :

The answers in two of the illustrations, 201.2 mph and 13.4 mph, seem so preposterous that many adults cannot
take them seriously. The energy concept is basically the crux of the whole driver accident problem. The in-

structor must move slowly and painstakingly with it or he mav lose his best opportunity to tum out disciplined
drivers.

. The maximum gross weight for tr_ucks in Texas‘ is 72,000 lbs. Afterthe students think about the examples given
above, work similar examples using the maximum weight. Hlustrations of both weights follow:

Energy of m’r‘-}@ _at 45 mph = Enerqy of _@_— at 201.2 mph

60,000 lbs . 3000 lbs

Energy of * at 13.4 mph = Energy of @_ at 60 mph

60 000 lbs 3000 lbs

Energy of _7%% at 45 mph = Energy of % at 220.5mph
. S

Energy of at 12.2 mph = Energy of @_ at ‘60 mph

72000 1bs 3000 lbs
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HOW TIME2 AFFECTS DECELERATION DISTANCE

je— i —l

315 f1. >
i( 5.7 sec i
' ]
i ]
! |
I 10 91 : 72 52 4 4
I ft/sec ft/sec ft/sec ft/sec f/sec f/sed
175 62 49 36 23 10 0
==} mph — ‘ _mph_ mph _mph __mph___mphmph

C | | i o i | [
| 1 [ I

[ Tt AT n’* = I I

| |

Ist sec. g ; _ = -

| —— 81 ft. —>| | |

2nd sec. ' o 3

, £

|

.

]

LOCKED WHEEL DISTANCE BY SECONDS FROM 75 MPH

(/F DRIVER COULD DO IT WITHOUT TURNING OVER OR
SKIDDING INTO OPPOSING TRAFFIC. !

3rdsec.

l— 431 =)

41h sec,
IN FIRST SECOND NEARLY '/3 OF TOTAL BRAKING DISTANGE

IOOFT. IS BD. OF 13 MPH WHEN ADDED TO 62 MPH.
100 FT. ALSO IS B.D. AT 42.5 MPH

f= 06
a=f x gravity = 06 x 32 = 19.2 ft./sec./sec.

v° = u2 - 2as final speed in ft/sec
initial speed in ft/sec
deceleration in ft/sec/sec
distance in ft

“time in sec

s =ut - at2
2%

cGn o<
nwoaan

et s, .
5thseci

Y,
S ft

0.7 sec.



HOW BRAKING DISTANCE VARIES WITH BRAKING TIME

AND WiTH SPEED

SPEED 90 ft/sec. | ~ SPEED 45ft./sec.

(61.4mph) | (30.7mph) sTOP
! o .
;' - T ]
e 202Ve ft. , g 6T ft. |
5 3 sec. | v 3 sec. !
| 270 fi. :
i 6 sec. ﬁ):

rA-]

I. DURING TOP HALF OF BRAKING TIME CAR GdES 3 TIMES AS FAR AS DURING
BOTTOM HALF.

2. TOP HALF OF SPEED ACCOUNTS FOR 3/4 'OF BRAKING DISTANGE.
3. BOTTOM HALF OF SPEED ACCOUNTS FOR I/4 OF BRAKING DISTANCE.

RATE OF DECELERATION = |5 ft./sec./sec. {F/rm bratmg Will slide poctagas off seal.)

PE 90 o at? s =distance  u=initial speed in fi/sec.
IME = SCEED . ' — ,
¥ rafeof dec” 15 " & %¢¢ | seut-2- a = rateof deceleration t=time
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‘TIME AND DISTANCE REQUIRED TO OVERTAKE AND PASS A VEHICLE

Problem: Car A traveling 60 mph overtakes and passes Car B ttcvelihq 45 mph. We have A’s speed but to get the passing distance we
need the time;that is how long any part of Car A will be left of the center line. To get the time we need the Distance of Over-
take and the Rate of Overtake.

Solution: Time of Overtake = Distance of Qvertake Do not confuse the Distance of Overtake with the passing distance which we
Rate of Overtake are trying to find. Time of overtake = seconds passing car is blocking left lane.

Step 1. Draw a static diagram showing the Distance of Overtake, the combined length of ''obstructions’*

i ; @rmoonTIIIITY 3
$2IITIEIINSIINTG ‘ [ Y
[T o n "o ttemeh
o [ pmasn iou V..
[ S : Yzzo¥zzos 3

V [~-f=p=fmpmompuuruibui > WP e m—— —————
22 ft 11 ft —— ORI — PSS ——
+ [T [TeTF :
’ l<—18 ft —>|<-14 ft-dl¢ - 50 ft >le—18 ft—>lgoo S0t ————>le14 AD|E—18 H—>
Car A Changing Clearance Assumed Car B Clearance Assumed Changing Cab A
ianes laneg

Step 2. Calculate Distance of Overtake: sum of lengths of all obstructions: 18 + 14 + 50 + 18 + 50 + 14 + 18 = 182 ft.
Step 3. Calculate Rate of Overtake: average speed Car A minus average speed car B = 88 - 66 = 22 ft/sec

Step 4. Calculate Time of Overtake: Tof O =D of O = 182 ft = 8.3 sec.
Rof O 22 ft/sec

Step 5. Calculate passing distance of Car A: Distance = speed x time = 88 ft/sec x 8.3 sec = 730.4 ft

Problem: What will passing distance be if Car A goes around two 50-ft trucks going 45 mph, 75 ft apart?
Instead of 18 ft for Car B we have 175 feet added to 164 ft (182 - 18) for a D of O of 339 ft.

Tof0O= 339 ft =154 sec. Passing distance = 88 ft/sec x 15.4 sec = 1355 ft
22 {t/sec

Problem: When Car A starts to pass how far away must a meeting car be if each car holds a speed of 60 mph?

1. In the Car B problem: 2 x 730.4 ft = 1461 ft. Plus 100 ft clearance required by law = 1561 ft.
2. In the truck problem: 2 x 1355 ft = 2710 ft. Plus 100 ft clearance = 2810 ft, over half a mile.

Note:

The 14 ft for changing lanes is the 1] ft the center of Car A would move in changing lanes sideways plus the extra 3 it the car diagonal would extend if car were
moved sideways at an angle.

Car A'’s length diagramed at the start is a simplified representation of the extra distance some part of the car is inside the passing lane at the start and at the end
due to crossing the center line outside the 50 ft clearance points at an angle.
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PASSING DISTANCES AND DISTANCES MEETING CAR MUST BE FROM PASSING CAR

Based on field tests that averaged 12 sec for Accelerated passes and 9 sec for
Constant Speed passes with vehicle speeds-of 45 mph & 60 mph as illustrated

1. ACCELERA"I'ED PASS: Car A stafts pass at 45 mph, same speed Car B is traveling, and accelerates to 60 mph

45 mph 45 mph : 4S mph 60 mph 60 mph 60 mph (88 ft/sec)

A B A averages 52.5 mph during pass B A C - . C

< 924 ft * —>]1 00 1t|€ ‘ 1,056 ft >| Position of

(12 sec at 52.5 mph} Legal Clearance (12 sec at 60 mph) C when A
P 2,080 ft >| starts pass

Distance C must be from A when A starts pass. (About 0.4 mile)

2. CONSTANT SPEED PASS: Car A starts pass at 60 mph around Car B traveling 45 mph

60 mph 45 mph 45 mph  gomph 60 mph 60 mph

A B B A C C

____________ e — e — — — &[T

— e et T e e e e e e e D= e et o e e —— — — . — —— ———— — —— — — — — — T o o ot i

eREd R S

& 792 ft
< 782 ft 100 £t Position of C when A starts pass
{9 sec at 60 mph) {8 sec at 60 mph)
1,684 ft >

&—— 396 1t =

Distance C must be frgm A when A starts pass

The distance that Car A is on the left side in the Constant Speed pass is 132 feet shorter than in the
Accelerated pass.

The 132 feet is the difference covered by Car A traveling at an average of 52.5 mph for 12 sec in the
Accelerated pass and at an average of 60 mph in the Constant Speed pass.

But during the 3 sec less time, Car C covers 264 fewer feet (3 x 88) The total difference is 396 feet
{132 + 264).

All drivers at times make both types of passes, but some do not realize that the meeting car must be
400 feet farther away in the Accelerated pass to have the same margin of safety as in the Constant
Speed pass. If meeting drivers did not slow down quickly to compensate for these drivers’ errors, thou-
sands more would be killed or injured.

Law requires only 100 feet clearance between meeting cars but 100 feet is unsafe because 2 cars
meeting at 60 mph cover 100 feet in 0.57 sec.



PERCEPTION TIME DISTANCE VS. STOPPING DISTANCE

Perception time distance and stopping distance are distinctly different driver problems.

Perception Time Distance Stopping Distance
PTD begins at the point at which a driver Reaction Time i .
can physically see a hazard and ends at the Distance : Braking Distance

o g .

point at which the driver starts reacting by changing J\
speed, changing direction, signaling, etq. /

This distance can be short if a driver Example: Example:
(1) sees a hazardous situation At 60 mph with % sec RT, RTD = 66 ft At 60 mph with 50% Braking Effort
- (2) recognizes it as a hazard A ai ) L . BD = 240 {t
2 (3) starts reacting immediately \ given driver has a minimum reaction ‘ ' .
time distance at any given speed. On a given surface a given vehicle has a
This distance will be long if a driver _ minimum braking distance at any given speed.

(1) does not have his eyes on the roadway
(2) sees but does not recognize a hazard
(3) does not start.reacting early

Perception Time can range from a split second
to eternity. '

A Stopping Distance is a built-in hazard and is complex because
The farther it extends into the Stopping

Reaction Time Distance increases by the speed
Distance the more severe the collision.

Braking Distance increases by the square of the speed

» ) Example:
If it extends to the point of collision , 30 mph 60 mph % increase
(as in nodding at the wheel) and the RTD (% sec) 33§t 66 ft 100 %
driver is killed, then it extends to eternity -BD (50 % BE) 60 ft 240 ft 300 %

because the driver will never start reacting. Stopping Distance 93 ft 306 ft 229 %
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PERCEPTION-TIME DISTANCE AND SPEED

300 FT.—

BRAKING

S—T,Y)
BRAKIN

REACTION ~ BRAKING

15 sec, REACTION BRAKING :

AT At 50mph Driver Has 1.9 Sec. lo Recognize Hazard.
PERGEPTION At 55mph Oriver Has 0.9 Sec. fo Recognize Hazard
TIME DISTANGE At 60 mph Driver Has 0.4 Sec. fo Recognize Hazard
At 70 mph Driver Can Neither See Nor React in Time.
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INERTIA AND CENTRIFUGAL FORCE

1. Inertia tends to keep a moving car going in the direction 2. Inertia alsotends to keep a moving car going at a constant
it is headed, and in a straight line. ' speed.
a. Tire-ground friction force makes a car go right or left, a. A car moving at a constant speed does not want to
.off a straight line. . speed up or slow down..
b. Resistance of ground (upgrade) makes a car go up, off (1) Engine (and/or gravity) force makes a car speed up.

ight line.
a straight lne (2) Air resistance and rolling friction make a car slow

c. Gravity makes a car go down, off a straight line. down. On an up grade gravity slows a car.

, _ 3. When air and rolling friction forces are balanced by engine,
/ '\ Centrifugal Force " Inertia keeps a car (on level road) at a constant speed.

N — Car at rest: all exterhcl forces are balanced.
'—’ﬁ? (Inertia resists change of this state)

(Inertia resists change of this state)

-~

__) — Car moving 50 mph: all external forces are balanced.

Engine must balance resistance of air and rolling frictions.
Otherwise, on a straight level road driver would not need engine.

When engine force is reduced When engine force is increased
Car B slows down 1’ Car B speeds up J,
> ﬁh « —> _!.I% «— air and rolling frictions increase

During acceleration the engine force must increase more than

air and rolling frictions decrease »
resistance forces increase. . =

If air and rolling frictions were not present, some other retarding force would be needed to
réduce the car’s speed, just as a force is needed to increase the car’s speed.
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- CENTR!FUGAL FORCE — 3.636 LB. CAR _

30 MPH recrepec)
i00 FT. RADIUS

\ C.F.= 2200 LBS.

30 MPH reerirec)
- 200 FT. RADIUS

CF.= 1100 LBS.

60 MPH rssrssec)
200 FT. RADIUS

~ GF=4400LBS.

WEIGHT X SPEED2 (sésso IN FT./SEC)
GRAVITY XRADIUS | (GRavITY=32)

C.F. =

IN (@ THE RADIUS OF (1) IS CUT IN HALF
AND THE C.F IS DOUBLED.

IN®@ THE SPEED OF () IS DOUBLED
AND THE C.F IS QUADRUPLED.

IF THE FRICTION VALUE OF THE PAVEMENT IS 0.6, THE TIRES COULD EXERT ’A HOLDING
FORCE OF 2i/82 LBS, (60% OF THE CAR'S WEIGHT). IF GC.F EXCEEDS THIS FIGURE, THE CAR
WILL SKID OR OVERTURN ALONG A TANGENT TO THE CURVE.

IN FIGURES 2 AND 3 THE CARS WOULD SKID
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CENTRIFUGAL FORCE

If Centrifugal Force Exceeds Friction Force Exerted by Pavement, Car Will Leave the Curve
Along a Path Tangent to the Curved Path of the Car.

A tangent to a car’s path in a
left-turn 2-lane curve leads directly
into a borrow ditch and/or fence, poles,
trees, etc.

A tangent to a car’s path in a
right-turn 2-lane curve leads first
into the path of opposing traffic.

If the Center of Mass is High Enough, Centrifugal Force can Tilt a Car Over before the Tires
Lose their grip on the Pavement.

Centrifugal force opposes Centripetal force
but acts through the center of mass

Center of mass y
The longer the ‘arm’’ between}—- _——— Y vehicle is turning in a

| ‘{Curve center around which
left-turn cutve.

the ground and the center of
mass the less centrifugal force —————>
required to tilt a car over. ’Q

Pavement friction exerts a
centripetal force at tire-pave-
ment contact points and toward
center of curve. R
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a. If f= 0.6, the pavement can withstand

b.

4. Incidentally, can Car A
increase its speed any at
all and stay in the short curve?

HOW CENTRIFUGAL FORCE INCREASES

Centrifugal Force = weight x velocity_ =]b x 5f§[sec! =1b x étz,{ggg =1b
. grcmtyx radius ft/s x ft ft/s

1. If a car travels the same speed on a curve of 100 ft mdius as it went on a curve of 200 ft radius. the
CF will be 2 times as great.

2. If a car travels twice as fast on a given curve, the CF will be 4 times as great.

3. Now note that if a car travels twice as fast on a curve of 100 ft radius as it went on a curve of 200 ft
radius, the CF will be 8 times as great.

Car A: 3200 lbs CF‘ (Car A) = 3200 x 442 = 968 lbs
30 mph (44 ft/sec) ‘ 32 x 200

CF (Car B) = 3200 x 882 = 7744 lbs
32 x 100

7744 lbs = 8 times
968 Ibs

a CF of 1920 1lbs (0.6 x 3200)

1920 = 3200 x V¥ = V2
32 x 100

v =\1920 = 43.8 ft/sec = 29.9 mph (top speed)

Car B: 3200 lbs
60 mph (88 ft/sec)

If £ = 0.8, car can hold against CF of 2560 lbs,

2560 = 3200 x v&,
32 x 100

2560 = 50.6 ft/sec =
34.5 mph (top speed)

Answer: It depends on the f value of the pavement
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CENTRIFUGAL FORCE AND COEFFICIENT OF FRICTION (£

An illustration of how a driver who is unable to recognize road hazards or
who fails to use his speedometer in qdjusting his speed to road conditions

/ can drive into a deadly trap. Car weighs 3200 lbs Curve radxus is 200 ft
oo

4 //// '/ Ll o

T
/ A

’/
// //////////

e, -
[ 247,,,7 / //

'///7 '/ >~ / /T

In this section of the road
the driver enters rain. But

the rain has washed off the -

traffic film and - the driver
feels his tires are keeping a
good grip on the pavement, so
he eases back up to his origi-
nal speed. Although it is
nighttime the pavement is
light colored and he seems to
have fair visibility in spite of
the rain.

Centrifugal force acting against the car moving 47 mph (70 ft/sec) is 2450 lbs:

The driver enters a black top here. He cannot -

see as well but the rain is lighter. This
compensates a little for losing the light
pavement and after he gets accustomed to the
black top he eases back up to -his original
speed.. At the end of this section he notices a
curve sign with a speed information warning
of 45 mph. While he usually is able tc make
such curves at 50 mph in dry wedather he
decides to slow down to 45 mph to be safe.
He does not check his speedometer however
and actually enters the curve at 47 mph.

CF = weight x{t/sedf = 3200 x 70% =

rve:
f=0.77 dry
Bank. = 0.03
Effective f =0.80dry
Effective f =0.40
/ when wet and oily

L0 ng

\‘ﬁ\

Tree

Just before the driver approaches this curve a light
shower has fallen. The pavement in the curve is pock
marked .with tire rubber lajid down by drivers who
entered the curve in dry weather at 50 mph. There is
just enough water on these smudges to cover the sur-
face with oily globules. This condition has lowered
the effective f value of the curve’s surface (and bank)
from 0.8 to 0.4. The smudges blend with the black top
and the driver cannot see them. Nor does he know that
only a light shower has fallen on the curve. The top
speed of the curve at the time is 34% mph and the driver
is going 47 mph. When the rear wheels spin a little he
hits the brakes and goes out-of control.

4900 = 2450 lbs

gravity x radius

32 x 200 2

Centrifugal force which an f value of 0.8 could withstand = 0.8 x 3200 = 2560 lbs, The car could barely have stayed in curve at 47 mph on dry pavement.

Centrifugal force which an f value of 0.4 could withstand = 0.4 x 3200 = 1280 lbs. At 47 mph the CF was 1170 lbs too high (2450 - 1280).

The top speed at which the car could stay in the curve with the f value of 0.4:

1280= 3200 x v2=v2
32 x 200 2

(v = ft/sec) 2 = 2560, and v =

The car was traveling 12.5 mph too fast to stay in the curve.

2560 = 50.59 ft/sec = 34.5 mph

What does this 12.5 mph mean in terms of Kinetic Energy?

The car's energy at 34.5 mph = weight x (mph)? = 3200 x (34.5)% = 3200 x 1190.25 = 3808800 = 126,960 ft lbs

30 30 - 30

The car’s energy at 47 mph = 3200 x 47% = 3200 x 2209 = 235,627 ft lbs

The car possessed 108,667 ft lbs.

30

excess energy. This is the energy the car would develop at an actual speed of 31.9 mph.



CENTRIFUGAL FORCE VS KINETIC ENERGY /

iy Friction value of pavement

= 0.63
Bank at deadpoint, - 2% = 0.02

Effective friction value 0.65

N deadpoint of curve {where curve bends the most)

Pounds of centrifugal force  which
. . - pavement can overcome to hold car
— ' on road is 65% of the car’s weight,

VIO ged) 3600 lbs = 2340 lbs.
. y 8B ,
Top speed at which car can stay on
- {@ ‘road at deadpoint of curve:
w \ Car weight = 3600 lbs. Speed = 60 mph (88 ft/sec) CF = Weight x Speed? ( Speed = ft/sec)
| Kinetic Energy = Weight x MPH?= 3600 x (60)%= 432,000 ft lbs gravity x radius
30 30 | 2340 = 3600 x Speed?
KE of car at 27.6 mph = 92,741 ft lbs 32 x80
- 2
DRIVER PROBLEMS R
1. The driver must reduce the KE 78.5% in order to prevent v 2.
car from sliding at the deadpoint. Speed? = ;1%%3_*02560
2, The hazard at the deadpoint is one of a side force in )
pounds (in % of car’s weight) which if higher than the f Speed? = 5990400 = 1664
value of pavement will throw the car and its kinetic 3600 '
energy out of control. The problem is one of curve radius ‘
vs vehicle speed. Speed V166 = 40.79 ft/sec
3. The hazard at point of entry is one of energy in ft lbs - = 27.8 mph

which if too high will prevent driver from reducing speed
to 40 ft/sec at the deadpoint. The problem is one of
deceleration distance.
4. The driver in illustration is 176 ft from the deadpoint.
How fast must he decelerate to reduce his speed from
88 {t/sec to 40 {t/sec at the deadpoint?
If his reaction time is average (% sec) he will travel 66 ft (0.75 x 88) while getting on his brakes.
This leaves him 110 ft for braking.

vi= u?-2as ' v = final velocity (ft/sec)
40% = g8g°- (2 x 110) a u = initial velocity (ft/sec)
1600 = 7744 - 220a a = acceleration (ft/sec/sec)
220a = 7744 - 1600 = 6144 s = distance (ft)

as= 5;24; = 27.9 ft/sec/sec
The driver cannot decelerate this fast because the f value of the pavement is only 0.63. Even in a
skid he could decelerate only 20.2 ft/sec/sec. .
The § value x gravity = maximum rate of deceleration: 0.63 x 32 = 20.2 ft/sec/sec

To decelerate dt 27.9 ft/sec/sec the f value would have to be 0.87 (27.9 + 32). The f values of most
Pavements are much lower than 0.87.

To show how important % sec is at 60 mph, if driver started applying brake when 176 ft from the dead-

paint, he could decelerate at 17.5 ft/sec/sec (a firm but safe rate) and be traveling 40 ft/sec at the
deadpoint, 67



KINETIC ENERGY AND INERTIA

INERTIA TRIGGERS KE FORCE ON A CURVE Dotted lines represent skid_distcmce of 200 ft/"-

The 200 ft dotted line in front of the car
represents the distance the car’s KE at 60
mph can project the car skidding on a pave-
ment which exerts a retarding force equal to
60% of the car’s weight.

As the car is turned from a straight path
another force acts instantly against the side
of the car. This force is created by the
Inertia of the moving mass and is called
Centrifugal Force. It is independent of the
KE which represents a force acting through
a distance. CF is simply a side push trying
to overcome the steering force and to make
the car move along in a straight path. In
effect its job is to reduce the angle at which
the front wheels have turned from the hori-
zontal axis of the car.

Yet both the CF and the KE increase by the
speed?. ' The speed of 60 mph which was
safe on the straight road makes the CF on
the curved road too high forthe holding force
of the tires on the pavement.

The CF therefore returns the car to a straight
path which leads off the curved road. When
the car is moving straight again the CF dis-
appears. Once the CF breaks the tires’ grip

on the pavement, there is no way to prevent weight = 3200 lbs
the car from skidding 200 ft provided itis not :
slowed down by a borrow ditch, fence, guard velocity = 60 mph (88 ft/sec)
rail, tree or another vehicle.

' : KE = % 3200 x 88%= 387,200 ft lbs
In the illustration the CF is 3872 lbs and ﬁ 37 .
the pavement’s holding force is only 1920 f value = 0.6 .
Ibs. But a CF of 2000 lbs would be just as . .
dangerous. Either one would trigger the l Braking Distance = 602 ;"200 it
KE to carry the car off the curve. Therein 30x0.6
lies the hazard of CF. It is like drowning in radius = 200 ft
just enough water to cover you. Being in the
ocean wouldn’t drown you any ‘’deader.” CF = 3200 x 882 = 3872 Ibs

' 32 x 200

Force pavement can exert to hold car =
0.6 x 3200 = 1920 lbs

68



TURNING ANGLE AND CENTRIFUGAL FORCE

Estimating CF by judging time it will take to alter the direction of a car through the angle the curve exit
makes with the approach road. .

Both Cars A and B (each 3200 lbs) have turned through an angle of 45° with the original path. In arriving
at this 45° angle Car A traveled twice as far as Car B traveled: A’'s speed then was twice B's speed.But
Car B’s angle with OY increased at the same raie as Car A’s angle with OY, since both cars reached the
45° angle in the same period of time.

Car A reached the 45° angle on a 200 ft curve at 44 ft/sec and developed 968 lbs of CF.
Car B reached the 45° angle on a 100 ft curve at 22 ft/sec and developed 484 lbs of CF.

But if Car B's speed had been the same as Car A's, Car B would have reached the 45° angle in half the
time it took for Car A. The rate of increase of Car B’s angle with OY would have been twice as great as
Car A's and Car B would have turned through a 90° angle and arrived at position B’'while Car A was turn-
ing through a 45° angle. Car B's CF would have been 1936 lbs.

Y

Of course the CF of 1936 lbs act-
ing on Car B as it approached
position B/ was present from the
instant Car B got on the turing
radius of 100 ft. But a driver ap-
proaching point 0 can look at the
curve ahead and tell whether his
car {s going to complete a 90°turn
in 3 to 4 seconds as on B’s path
or 7 to 8 seconds as on A’s path.
This check will help him estimate
the rate at which his turning angle
will increase. He must also esti-
‘mate the friction value of the pave-
ment, These are the two more
important checks he should make
on the approach to a curve.

Car B could barely stay in the

100 ft curve at 30 mph if the f
value were 0.61.

f=Force = 1936 = 0.61
weight 3200

The pavement’s grip on the tires
could withstand a CF equal to
61% of the car's weight. If the

{ value were lower the car would
start a spin.
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CORNERING FORCE

When a car’s wheels are turned into a curve the tires develop a side thrust by running at an angle of
inclination between the plane of rotation and the direction of travel of the wheel. This angle between
the direction a wheel is headed and the direction it actually travels is called the slip angle. The tire
sort of grabs more than it can hold ontd. The side thrust developed is called a cornering force which
opposes centrifugal force and enabies the car to turn a corner so to speak.

When a driver has to add steering wheel pressure to keep a car in a curve, the car'is said to understeer.
The driver must increase the side thrust to make the car stay in a curved path. This condition is desir-
able from o safety standpoint and this understeer characteristic is considered stable. Understeering
exists when'the center of mass is nearer the front axle than the rear axle, that is, over 50% of the car’s
gross weight is on the front wheels.

When over 50% of a car’s weight is onthe rear wheels, the center of mass against which centrifugal force
acts is nearer the rear wheel contact points where part of the inward thrust opposing centrifugal force is
created. When a driver under this condition increases the slip angle at the front wheels to stay in a
curve he mday create more inward thrust at the front wheel cém&_points than is needed, and the front
wheels being farther from the center of mass than the rear wheels will produce a greater moment of force
around the center of mass than the rear wheels do and cause the front end of the car to tend to swing off
the curve toward the inside. This characteristic of a car is called oversteer and it can be very dangerous.
If the speed is high and the slip angle at the front wheels is increased rapidly the driver may not have
time to make a correction before the front end swings oif the curve inside.

Instability is aggravated also by weight distribution right and left. When the speed is high the centrifugal
force moment acting at the center of mass {nearer the rear axle) cduses a transfer of considerable weight
from the inside rear wheel to the outside rear wheel. The cornering force resulting from the increased
load on an outside wheel is not sufficientto offset the loss due to the decreased load on an inside wheel.

That is, the heavier loaded tire undergoes a greater loss in cornering ability for the same degree of
weight transfer. :

Thus when the rear wheels are more heavily loaded than the front wheels steering stability is reduced,
and when the moment of roll caused by centrifugal force redistributes the load on the rear wheels un-
equally steering stability is reduced further.

Direction

wheel is 3:ecii;m
actually d e: ds

traveling eade

s = slip angle

(exaggerated)

Inertia takes over
and KE does the damage.

Side thrust

Q=cm
cF

In the diagram the car at position A is in a gentle curve with constant radius at high speed. The load on
the rear wheels is well over 50% of the car’s gross weight. The deflection of the rear tires is abnormal
because air pressure was not increased to compensate for the abnormal load.

At position B the turning radius shortens abruptly and the driver increases the steering angle quickly to
stay in the lane. This act increases the slip angle of the front wheels andtherefore the side thrust to-
ward the center of the curve. It also increases the centrifugal force at the center of mass which shifts
more of the rear axle load to the cutside wheel and thus reduces the total cornering force of the two rear
wheels. Less inward thrust at the rear wheels in effect aids centrifugal force which is acting at the
center of mass--near the rear wheels. At the same time the inward thrust at the front wheels increases.

The car spins and rolls.

For some idea of the hazard of oversteer consider how quickly a castor can buckle when you push a
piece of furniture across the floor too fast.

70



GYROSCOPIC FORCES

FLY WHEEL EFFECT

When a car is turned to the left, more weight is impressed on the front wheels than on the rear wheels.
This increase of weight on the front tires tends somewhat to offset the adverse effects of too much rear
wheel weiqht, which induces oversteer. (See cornering force.)

When a car is turned to the right, more weight is impressed on the rear wheels than on the front wheels.

This increase of weight on the rear tires tends somewhat to aggravate the adverse effects of too much
rear wheel weight, which induces oversteer,

CAR WHEELS EFFECT

Some curves are banked toward the outside.This sugerelgyggign enables the pavement to hold acar against
more centrifugal force than it can in a flat curve. If the slope of the roadway at the approach or exit of a

bank is not gradual, a gyroscopic effect is crected as the outside wheels suddenly climb or descend the
grade.

When a car enters an abruptly banked section of a curve, the rear end of the car tends to slew outward
and the front end tends to slew inward. This action aggravates oversteer in either a right turn or a left
turn curve, since oversteer itself tends to make the front of a car go toward the inside of a curve.

When a car _leaves an abruptly banked section of a curve, the rear end of the car tends to slew inward and
the front end outward. This action tends to offset the effects of oversteer in either a right tumn or a left

turn curve. However the help comes too late because the oversteer hazard is greatest at it the deadpoint of -
of a curve just after a car enters the banked section.

While these forces are real their hazard potential lies mainly in their influence on directional control
while a driver is coping with hazards of centrifugal force and/or cornering force.

When a car enters anormal left turmn curve the top of the car tends to tilt outward. The same effect cccurs
fn a right turn curve, but in the right turn curve the flywheel effect tends to lessen the weight on the
front tires. If the center of mass is nearer the rear axle due to an overload in the trunk, we have a con-
dition where both centrifugal force and the car wheels effect tend to tilt the top of the car outward at a
point nearer the rear axle. The flywheel effect tends to lessen the weight on the front wheels more still,
and the comering force at the front wheels induces oversteer toward the center of the curve. We have
acting a down-force at the trunk, a roll-out force near the back seat, an up-force at the engine,and a

" pull-right force at the front wheels. While the gyro effects are minor compared with the centrifugal and

cornering. forces, they are real and can help to trigger Kinetic Energy in a direction a driver does not
want to go. A driver has only four small tire-pavement contact friction points through which he must
adjust the attitude and motion of his car to avoid loss of control.

Gyro effects can be demonstrated with a small electric motor (that fits the hand) equipped with a 3 to 4
inch rubber wheel. A better prop for the flywheel effect is a plastic model car about 4/* x 10" (shell-type
with nothing inside) equipped with a mounted 2!’ gyro wheel located where a flywheel would be. A motor
with a rubber wheel will be needed to rev up the gyro (in the direction a flywheel turns). Obviously the
effects these props produce will be exaggerated greatly due to differences in weights of wheels and car
a3 compared with those of an actual car. Precaution: The electric motor should be grounded if operator
Is standing on the ground or on a floor that is not insulated from the ground.
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BRAKING DISTANCE CHART IN FEET
(Reaction Time Not Included)

MPH BRAKING EFFORT IN PERCENT WEIGHT OF VEHICLE
25 30 35 40 45 50 55 60 65 70 75 80 90 100 %
10 - 13,3 11,1 9.5 8.3 7.4 6.7 6.1 5.6 5.1 4.8 4.4 4.2 3.7 3.3 ||ZAZLIoBRunN(m
15 30.0 25.0 21.4 18.8 16.7 15.0 13.6 12,5 11.5 10.7 10.0 9.4 8.3 7.5
20 53.3 44.4 38.1 33.3 29.6 26.7 24.2 22.2 20.5 19.0 17.7 16.7 14.8 13.3 || SONS bbb Eoa
SRR EEES
25 83.3 69.5 59.5 52.1 46.3 42.1 37.9 34,7 32.1 29.7 27.7 26.0 23.1 20.8 ||[28Q00000O000Q
Lo o o e o g e o o e o o o
30 120. 100. 85.5 74.9 66.6 59.9 54.5 50.0 46.2 42.8 39.9 37.5 33.3 30.
35 163. 136. 117. 102. 90.7 81.6 74.2 68.0 62.8 58.3 54.3 51.1 45.4 40.8 |[[vumpmwi pNNHR
OHAOJLROOONEOL
40 214. 178, 153. 134. 119, 107. 96.8 88.8 82.0 76.1 70.9 66.6 60. 53.3 |[[Hrrmmrmessan|
- OOODOOVOODOOOR
45 270. 225. 193. 169. 150. 135. 123, 112, 104. 96.2 89.7 84.2 75. 67.5 ||t aacaes
50 333. 278, 238. 208. 185, 167. 151. 139, 128. 119. 111, 104. 92.6 83.3
) DI OV W
55 | 403. 336. 288. 252. 224. 202. 184. 168. 155. 144. 134. 126. 112. 101 wHRISNORMGAN
. L] - . L] - L] L) - . L] - L] L] HHH&“H“H*H&
OO0 0O QOOOODODOO
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Braking Distance equals Distance Traveled by Vehicle from the Time that Brake Pressure is
Applied unti} Vehicle Comes to a Full Stop.
Braking Distance equals = L!.P.H.)z % of Braking Effort equals = (M.P.H,)2

30 x % of Braking Effort

A (See d (1) page 79)

30 x Braking Distance

If all car wheels skid the % BE equals the f value of pavement. A 60% BE would be an f value of 0.6.
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PHYSICAL FORCES AFFECTING VEHICLES IN MOTION PART THREE
Please Read PREFACE and INTRODUCTION

I. BRAKING EFFORT and COEF‘F’ICIENT of FRICTION (F‘ncnon Forces Apphed to Decelemte a Car)’

A. Braking Effort or Braking Efficiency

}. When the brake shoes (which are attached to the chassis) are pushed against the brake drum
(which is attached to the rolling wheel) the wheel’s rate of turning is reduced. The friction force
exerted between the brake shoe and the brake drum therefore exerts on the car a force which is
opposite to the direction in which the car is moving.

2. This retarding force is measured in percent of the car’s weight. The force may be spoken of as
the Braking Effort which a car’s brakes can exert to slow down the car.

BE =F BE = braking effort or braking eff1c1ency
oW F = retarding force in lbs
w = weight of car in lbs

a. If a car weighing 3600 lbs has brakes which when applied hard can exert a constant retarding
force of only 1800 lbs, the efficiency of the brakes is 50%.

BE = 1800 lbs = 0.5 (or 50%)
3600 Ibs

b. If the car’s brakes can exert a retarding force of 3600 lbs the braking effort exerted is 100%
of the car’s weight.

BE = 3600 = 1.0 {or 100% braking efficiency)

c. The efficiency of a car’s brakes depends mainly upon the material of which the brake shoe
linings are made: the area (square inches). of the surface between shoe linings and drums and
the metal of which the brake drums are made, its res1stcmce to expansion when it is heated.

d. Whatever the initial efficiency of a car’s brakes may be, the efficiency will be reduced when
the brakes are overheated, as when applied constantly for several minutes on down grades.
Some brakes will fade out faster than others but all brakes will fade out if drivers allow them
to get hot enough.

3. How is Braking Effort determined?

a. .Garages have testing equipment with floor-level plates on which a caris stopped at very low
speed. This and other devices which can be carried in a car measure the rate of deceleration
or the retarding force when the brakes are applied.

b. Some  Vehicle Inspection stations merely make hard stops at 20 mph on a dry pavement to
determine whether the brakes meet the minimum legal Braking Effort of 45%. Since practically
all clean, dry pavements have a friction value as high or higher than 0.45, it follows that
brakes which can lock the wheels on'a dry pavement have a braking efficiency of at least 45%.

B. Coefficient of Friction between the Tires and the Road Surface

1. When an object slides over a surface, a friction force retards the movement of the object. The
amount of this retarding force created by friction between the object and the surface depends upon
the materials of which the object and the surface are made.

2. In the case of a car decelerating with the wheels locked, we have rubber sliding over a concrete
or asphalt surface. While the rubber of different types of tires may vary in texture, and the sur-
faces of pavements of different roads may vary in their ability to ‘‘qrip’’ rubber, it may be said
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that for a given tire rubber and a given road surface, there is a constant ratio of the retarding
force (which the pavement can exert) to the car’s weight. This ratio is called the ''coefficient
of friction.!” It is an index of how efficient the pavement is in retarding the forward motion of a
car when the car’s wheels are locked—that is, when the car skids over the surface of the pave-
ment.

3. To avoid repeating the long term, ‘coefficient of friction’’ we shall use the letter ''f!! instead
ond say ‘the friction value’’ or simply the */f value’’ of the pavement. The f value may also be
thought of as the '‘drag factor,’’ or the ability of a pavement to hold beck a skidding car.

t=F f = coefficient of friction
w F = retarding force in lbs which a pavement can exert
w = weight of car'in lbs

If a pavement can exert a retarding force of 1800 lbs on a 3600 1b car which is sliding to a stop,

the f value of the pavement is 0.5: f= 1800 = 0.5.
3600

Likewise, if the brake shoes when pushed against the brake drums on turning wheels can exert

a retarding force of 1800 lbs, the Braking Effort = 1800 = 0.5, or 50%.
. 3600

a. The f valuesofdry pavements range from 0.5 to 0.9 approximately. The f value decreases as
a pavement becomes traffic polished. The f value is lower after sand or silt blows onto a pave-
ment andis lower usually when a pavement is wet. A light shower on a pavement covered with
traffic film (oily) will cause the f value to become dangerously low.

b. Suppose an f value (level) is 0.7; the effective f value on an upgrade of 3% (0.03) would be 0.73
: (0.'70 + 0.03); skidding downgrade it would be 0.67 (0.70 - 0.03).

4, How is a pavement’s f value determined? N

a. One way is to tow a car sliding on locked wheels with the tow bar attached to a heavy spring
scale carried by the towing vehicle. The scale registers the pounds pull required to keep the
car sliding at a constant speed.

b. Another way (and one which will obtain a more accurate f value for use in calculating braking
distances) is to make a locked-wheel test stop with a car on level pavement. The speed of
the car when the brakes were locked and the length of the skid distance are inserted in the
following formula:

f=_ V2 f = coefficient of friction
30xs V = speed in mph
s = skid distance in test stop
The ''30'! is =~ constant

If the test car’s speed is 30 mph and the skid distance is 50 feet, f= 302 =900 = 0.6
‘ 30 x50 1500

“c. Method 4.b. is better than method 4.a. for use in braking problems, because in a towing test
. the distribution of a vehicle’s weight on all four wheels is more normal than it is in a braking
test. Consequently a tow test may show an f value slightly higher than an f value obtained in
atest stop, during which some of the weight carried by the rear wheels in a tow test is shifted

to the front wheels.

C. How the Braking Effort and the Coefficient of Friction are Related
1. We have reviewed two types of friction forces which are applied
a. between the brake shoes and brake drums
(1) expressed in the percent the retarding force is of the car's weight.
b. between the tires and the pavement

(1) expressed as a ratic of the retarding force to the car’s weight.

74



2.

So far as decelerating a car is concerned we may think of the f value of the pavement also in
terms of a retarding force expressed in percent of the car’s weight. In both cases a coefficient
of friction is the key factor. Actually there is a coefficient of friction between the brake shoe
linings and brake drums just as there is between the tires and a pavement.

a. If a car’s brakes can lock the wheels on any pavement, then the f value of the pavement de-
termines how much retarding force actually can be exerted.-A car’s brakes may be capable of
"a 100% Braking Effort, but if the car makes alocked-wheel stop on a pavement with an f value
of 0.6, then the effective Braking Effort could not exceed 60%.

-b. If a car’s brakes were only good enough to meet the minimum Braking Efficiency required by

law (about 45%), then no matter how high the f value of a pavement might be, the maximum
Braking Effort the car’s brakes could exert would be 45%: The car's brakes could not lock
the wheels on a pavement with an f value higher than 0.45.

” c. The weaker of the two friction forces applied (1) at the brakes and (2) on the pavement, deter~

" mines how long a braking distance will be.

D. Miscellaneous Items on Braking

1.

If a veh1cle s load does not exceed the capacity for which the vehicle (including 1ts brakes) was
" designed, the vehicle's brakes, if in good condition, should be able to lock the wheels on the
best pavement (high f value). Some vehicles, both cars and trucks, have their brakes soover-
loaded at times that the brakes! efficiency is reduced appreciably. In such cases the car or
truck’s brakes cannot lock all wheels ondry pavements. Itis more dangerous to drive 1mmedmte1y
in front of such a vehicle than it is to follow it closely.

If a car's brakes can lock all wheels, the skid distance at a given speed will be the same length
‘irrespective of the load (except for minor variations which will occur in different tests with the
~ same load). The f value, f = ‘lvE‘\T' is a ratio of the retarding force of the pavement to the car’s

weight. The retarding force, F = fw, will be a fixed percent of the vehicle’s weight, whatever the
weight may be. Visualize the weight as a force acting against a pavement. If the wheels are

‘locked and the f value is constant, then the retarding force will be a fixed percent of the weight

regardless of what the weight is.

a. A possible exception is an instance wherein the loads vary so much that the heavier load"

might actually lower the f value due to extreme heating of certain surfaces such as tar. This
would not occur on a ‘‘clean’’ pavement such as brushed concrete, unless the weight were so -
* great that it would melt the tire rubber abnormally. Such overweights do not occur in passenger
. cars.

- b. Another exception which might occur even though the f value is not lowered is one wherein

the heavier load is so distributed that the center of mass is shifted to a location higher
and/or forward, thus causing a greater percentage of the total weight to be shifted to the

~front wheels when the brakes are locked. The rear tires would then be doing a smaller per-
centage of the work in retarding the heavier load.

With a given load in a locked-wheel stop, a car’s front tires exert a retarding force about twice
that exerted by the reartires. In DPS tests at 30 mph, four skidding tires stopped a car in 50 feet;
thisis a Braking Effort of 60%. The front tires alone stopped the car in 60 feet; this is a Braking
Effort of 50%. The rear tires alone stopped the car in 120 feet; this is a Braking Effort of 25%.
The importance of maintaining the front brakes with the best brake linings and keeping the front
brakes equalized cannot be overemphasized. What's out front really counts in brakes.

Skid distances at a given speed may vary between two vehicles which have relatively short and
long wheel bases, which, together with different locations of the centers of mass, might shift
disproportionate percents of the vehicles’ weights to the front wheels when the brakes are
locked.

Variations of skid distances among vehicles moving at the same speed are due primarily to dif-
ferent percentages of the vehicles’ weights being shifted to tires located ahead of the centers of
mass. Tractor-trailer combinations present special cases because the trailer's center of mass
(through which the weight of the trailer acts) forces the rear tires of the tractor to do a greater

75



percentage of the total work done than they would do if the tractor were skidding alone. And the
location of the center of mass of a loaded trailer influences the percent of the trailer’s weight
carried by the rear tires of the trailer when the brakes are locked. The farther the center of mass
is to the rear of the mid-point of the trailer’s wheel base, the less extra weight it will throw
onto the rear wheels of the tractor, and the more weight the trailer wheels will carry during a

skid.

1. INERTIA AND CENTRIFUGAL FORCE

A. Inertia is the tendency of an object at rest to remain at rest and of an object in motion to remain in
motion, at a constant speed and in a straight line. Forces are balanced on an object moving at a
constant speed just as they are when the object is at rest and the moving object will not change its
speed or its directi on until a force is applied to create a change.

1. Centrifugal force acting on a car in a curve therefore is actually an inertial force trying to make
the car return to a straight path. Nature wants the car to go straight. When a driver turns the
front wheel from straight chead he creates a centripetal force which acts inward along the radius
of the turn. Centrifugal force in effect acts outward along the turn’s radius to make the car go
straight, along a line tangent:to the curve. But this force does mnot originate at the center of a
circle. It is created at the car by inertia of the car when the driver turns from straight ahead. The
centrifugal force concept which involves a circle and its radius is a man-made device created to
simplify measurements of inertia.

2. Once the engine gets a car going at any constant speed on level groundthe engine has to produce
only enough force to overcome air resistance, chassis friction (gears, bearings etc.), and rolling
friction (tires on pavement) in order to keep the car going at a constant speed. This fact is due
to the law of inertia. Once these retarding forces are balancéd by the engine, inertia keeps the
car at a constant speed.

a. Streamlined body design, moderate speeds, good lubrication, an overdrive, and proper tire
inflation reduce gasoline consumption because they reduce the amount of powar needed to
overcome the above mentioned frictions. A constant speed requires less gas than widely
varying speeds, which average the constant speed because the above frictions will help re-
duce speed but will not help accelerate a car. Slight variations in cruising speeds, however,
are desirable both for the engine and the driver.

B. The Centrifugal Force (CF) formula shows how different car weights and different speeds on curves
of different radii determine the amount of CF against a car on a curve.

CF = w x v2= lbs w = weight in pounds
32 xr v = speed in ft/sec
't = radius of curve in feet
32 = constant acceleration rate of gravity

Note: The value of gravity varies over the earth from 32.0 to 32.2 approximately. To change mph to
ft/sec multiply the mph by 1.467. To change ft/sec to mph multiply the ft/sec by 0.682.

A 3600 lb car going 60 mph (88 ft/sec) on a curve with 300 ft radius creates a CF of 2904 lbs.

CF = 3600 x 882= 3600 x 7744 = 27878400 = 2904 lbs
32 x 300 9600 9600

1. The coefficient of friction (between the pavement and the tires) times a car's weight gives the
maximum number of pounds of CF which a car can withstand and stay in a curve. If the f value
of the pavement is 0.6 and a car weighs 3600 pounds, it can withstand only 2160 pounds of CF,
(0.6 x 3600). The car going 60 mph on a 300 ft radius with f = 0.6 could not stay in the curve.
The f value would have to be 0.81 or better.

f=F = 2904 = 0.807.
w3600
' 76



2.

3.

a. The percent of pavement elevation or bank in a curve increases the effective friction value
of the pavement. If the f value is 0.6 and the bank is 3% (.03) the effective friction value is
0.63 (.60 plus .03) and the 3600 lb car can withstand 2268 pounds of CF (.63 x 3600), A
banked curve has the effect of increasing the f value of the pavement against CF.

When the tire grip on the pavement is broken, the car leaves a curve in a slide or skid along a
tangent to the curved path of the car, and not along the radius of the curve. (A tangent to a curve
is a straight line, along which mertm wants the car to go.)

a. If ‘the tire-pavement grip does not; break, the centrifugal force acting against the center of
mass of the car can turn the car t\;ver. This can happen in any sharp turning movement on a
straight road, if the speed is too high for the radius of the turn. A sharp cut-in at high speed
after overtaking and passing on « wet road can start.a skid and cause loss of directional con-
trol. On a dry road with a high f value it might tilt the car over. This result frequently occurs
when a driver oversteers following a blowout.

(1) The center of mass is a point within the bulk of the car around which the weight of all
parts (top, bottom, front, rear) of the car is in balance. CF acts against the center of mass.
Loading of a car may shift the center of mass forward, rearward or upward.

(2) The higher the center of mass of a vehicle is {such as a car with luggage on top) the
easierit will be for the same amount of centrifugal force to turn the car over. The distance
between the center of mass {against which the centrifugal force would be acting outward)
and the pavement (which would be holding the wheels on a curve) serves as a sort of
lever. The longer the lever, the less force required to move the center of mass outward.
Centripetal force acts inward at points where tires and pavement meet and centrifugal force
acts outward at the point of the center of mass.

A driver can feel an increase of centrifugal force against his body and can relate this feeling
to the amount of centrifugal force which will turn his car over, but he cannot relate it equally
well to the amount of centrifugal force which will break the tire qrip on the pavement and cause
the car to skid or slide along a path tangent to the curve.

a. A tangent to the path of a car in a left turn curve leads into a borrow ditch, fence or trees,
and a tangent to the path of a car in aright turn curve leads into opposing traffic.

C. Centrifugal force can be reduced appreciably by reducing the speed and/or straightening out the
front wheels a little.

1.

When CF is too high on a left turn curve where an open shoulder is available, the driver might,
in the emergency, straighten the front wheels a little for an instant, and fan the brakes quickly
at the same time (even if he has to go onto the shoulder) and reduce the CF enough for him to
continue in the curve. If the front wheels are not almost straight the instant brakes are applied,
the CF remaining may start a skid, especially if loose material is on the shoulder. However,
while the wheels are straight there is no CF.What the driver must do ina second is steer straight
to reduce CF, slap the brakes quickly, and steer back into the curve. This recovery procedure
requires skill. If a driver does not have it, he can compensate by employing better judgment to
enter curves at safe speeds. A defensive driver will rely first on judgment in any case.

On a right turn curve the recovery procedure in 1. above is more hazardous because it might.
carry the car across the center line. If opposing traffic is near, the driver should at all costs
keep his car on the right side. This urgency places a lot more responsibility onthe driver to know

‘that he is entering a right turn curve at a safe speed. The left turn curve is a hazard to his life.

The right turn hazard involves other people’s lives.

D. Factors which a driver should habitually and quickly analyze in determining a safe speed for each
curve he approaches:

1.

Whether it is a right turn or a left turn curve, and width of traffic lanes. How difficult it will be

~ to keep car away from center line.

2'
3.

Whether opposing traffic is close, especially if the curve is a right turn curve.

The curve’s radius, or radii (the radius might become shorter at some point in the curve).
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9,

. The grade. If the road is not level, is it uphill or downhill and how steep? A downhill curve is

more dangerous because gravity works with CF against a driver’s control of his car.

Super elevation (amount of bank) of the curve. Is there a good bank at the dead-point of the curve,
where the curve is sharpest?

Friction value of pavement: texture of surface, such as rough or polished, and whether smooth or
bumpy. A polished or bumpy pavement reduces pavement grip on tires.

Foreign matter on pavement: water, snow, sleet, sand, gravel, wet silt, oil slick, melting tar, etc.

. Location of center of mass in his car: higher and/or farther back than usual, due to loading.

Condition of tires: inflation pressure, strength of sidewalls—are tires old or are walls cracked?

III. KINETIC ENERGY AND BRAKING DISTANCE

A. Energy is a measure of the capacity or power to do work. Energy exists in many forms such as
chemical, "electrical, heat, light, atomic and mechanical. Kinetic energy is a form of mechanical
energy possessed by a moving body due to its motion.

1.

Kinetic Energy is a deceptive killer in traffic because it increases by the square of the speed
and an untrained driver cannot predict this fact. Actually the fact may seem illogical and a vio-
lation of *‘common sense.’’ A speed of 60 mph is simply twice -a speed of 30 mph, just as 60
pounds is twice a weight of 30 pounds. But the energy of a car going 60mphis 4 times its energy
at 30 mph. It is dangerous therefore for a driver to think in terms of speed alone. Unless he can
think in terms of energy he will never have a proper respect for the destructive power of a moving

“car and will be unable to judge what a ‘’speed safe for conditions’’ really means. Students should

understand the ‘square’’ coricept and how it affects control of a car.

a. The textkbook formula for calculating Kinetic Enerqgy is

gravity = 32.2
weight in lbs
vel. in ft/sec

KE=Y%mass xv2=Y% wx v2=w x v? = ft lbs g
q 4.4 w

\'4

[e})

n

b. Anotherformulafor KE in which the speed in mph can be used is simplerfor class illustrations
and gives practically the same results:

KE = wx V2 = ft lbs 30 is a constant
30 w = weight in pounds
V = speed in mph

" The energy of a 3600 lb car going 60 mph is

KE = 3600 x 602 = 3600 x 3600 = 12960000 = 432000 ft lbs
30 30 30

You will find that the same c¢ar at 30 mph possesses. 108,000 ft lbs of KE.

KE must be changed into heat energy when a car comes to a stop.

“a. If a car free rolls to a stop, the energy is changed gradually through rolling friction between

tires and pavement. This method is not practical because it takes too long to stop.

b. When the brakes are applied (with the wheels still turning) the brake shoes exert a drag force
against the brake drums attached to the turning wheels, thus changing the KE to heat energy
‘more rapidly. This /’braking with turning wheels’’ method is more practical than the free roll.

¢. When the wheels are locked, the KE is changed to heat energy through friction between the
tires and the road surface. This method stops a car faster than the ‘/braking with turning
wheels’’! can, but otherwise it is not as practical, because a driver loses directional control
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of his car when the front wheels are locked. And the car usually will skid in the direction the
center of mass was moving. (Ideal brakes would automatically slow the turning wheels as
rapidly as possible without letting the wheels lock. Drivers cannot control present brakes
this well, because they cannot control the pressure exerted on the brake pedal.)

d. When the wheels are locked, the skid distance represents the KE of the car, and that is why
the braking distance increases by the square of the speed. But for any given braking effort
exerted by the brakes, the braking distance (whether or not the wheels are locked) represents
the KE and therefore will increase by the square of the speed.

(1) A chart or other device showing braking distances at various speeds usually is based ona
single braking effort value. When two charts give different distances for the same speed,
the charts are based on different braking efforts and each can be correct for the braking
effort used as a base, provided a car’s brakes and the friction value of the pavement both
are as good as the braking effort used in the chart.

The Braking Distance Chart (table) in PART TWO of this paper contains several columns

of braking distances headed by %’s of Braking Effort. A chart could be based upon the
~data in any one of these columns, but it would be reliable only for the % Braking Effort
.- {(or comparable f value) selected.

B. The danger of Kinetic Energy (KE) may be betteér understood by relating it to Potential Energy,
which is another form of mechanical energy.

1. Potential energy is the ability a mass has to do work due to its position such as a compressed
spring or water behind a dam. When a mass with potential energy is set in motion its Potential
energy is changed to kinetic energy.

a. Calculate the KE a car has at some speed. Then divide the<foot pounds of KE by the weight
-of the car to find the height in feet from which the car would have to fall to develop the KE
due to the car’'s motion at the selected speed. (See 2. Conservation of Energy.)

Example: 3600 1b car going 60 mph
KE = 3600 x V2 = 3600 x 3600 = 12960000 = 432000 ft lbs

30 30 30
Potential Energy = wh w = weight in lbs h = height in feet
PE = wh, or h = PE
w
height = 432000 ft lbs = 120 feet
. 36 bs

The 3600 pound car raised 120 feet possesses a capacity (due to its position) to do the same
amount of work it can do (by virtue of its motion) at 60 mph.

Example: Suppose a 3600 1b car going 60 mph skids to stop on a pavement with an f value of
1.0 (actually pavements do not have f values this high):

An f value of 1.0 creates a Braking Effort of 100%. A Braking Effort of 100% is equivalent
to a rate of deceleration of 32 ft/sec/sec (100% of 32, gravity)

Braking distance = V2 = 3600 = 120 ft
X 30x1

In the first example the car starts from rest at a position 120 ft high and accelerates at a
rate of 32 ft/sec/sec (air resistance is disregarded). When it hits the ground it is going 60
mph. During the fall the car’s potential energy is changed to kinetic energy and when it strikes
the ground its kinetic energy is instantly changed into heat energy.

In the second example the car going 60 mph starts decelerating its épeed at the same rate it
increased its speed during the fall, 32/sec/sec; and in the same distance, 120 ft, it dissipates
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2.

its kinetic energy and comes to rest. If the power exerted by the tifés and pavement in this -
example were harnessed to hoist the car it could raise the car 120 ft high in the same time it
took for the car to skid to a stop. :

Conservation- of Energy. The total energy in the universe remains constant. Energy is never-
created or destroyed. Energy lost by one body exactly equals that gained by a second. One kind
of energy may be transformed into an equivalent amount of one or more of the same or other kinds
of energy, but the total energy is always conserved.

KE and PE are forms of mechanical energy. A car parked on a hill has potential energ\}‘. When
the brake isreleased and it starts rolling its potential energy is being changed to kinetic energy.

When a car skids, its KE is being transformed.into heat energy. When a car strikes a fixed object,
all of its KE is transformed instantly into forces which bend, twist and heat the object, the car
and the car’s occupants. In a rolling-wheel stop the brakes change KE into heat energy which
heats the brakes, which radiate heat into the atmosphere, raising the air temperature. If the air
is set in motion we have kinetic energy again. A similar transformation takes place in a locked-
wheel stop, in which the tires and pavement are heated.

a. As stated, when the car starts falling from a height of 120 feet, its Potential Energy {due to
position) is changed into Kinetic Energy (due to motion) and. its speed when it hits the ground
will be 60 mph (88 ft/sec). Use gravity acceleration of 32.2 ft/sec/sec in the following for-
mula to verify the speed: :

v2 = u? % 2as v = final velocity in ft/sec
N u = initial velocity in ft/sec
V=0+ (2 x 32.2 x 120) a = acceleration in ft/sec/sec
) (use +a because speed is increasing)
v? = 7728 s = distance Jdn feet
v =

V7728 = 88 ft/sec

b. When a moving car strikes an object, a part of the car’s KE is transformed into KE of the
object (if the object is put into motion) and/or into heat energy and forces which deform the
car and the object. If the object hit is fixed, such as a bridge-head or a tree, or if the object
is moving in the opposite direction asin a head-on collision, an ‘explosion’’ of energy occurs,
because the KE of the car(s) is dissipated in about one second.

¢. Incidentally, one should not confuse KE which is measured in foot pounds with Centrifugal
force (CF) which is measured in pounds. CF is a force in pounds ‘‘pushing’’ against the side
of a car. KE is the measure of a force in pounds which a moving car is able to exert through a
distance in feet.

C. While KE always increases by the squdre of the speed, braking distances in tests do not always
exactly reflect the square of the speed’’ phenomenon expressed in the formula, due to

1.

‘slight changes in the amount of retarding friction between tires and pavement during skids at

different speeds, when the same car is used in tests.

. different effects of locations of centers of mass in vehicles {especially those with léng and short

wheel bases) when brakes are locked, .causing different per cents of cars’ weights to be shifted
to the front wheels. :

different textures of synthetic rubber in tires, when different cars with different brands of tires
are used in tests.

slight errors in speedometers at different speeds and in reading the speedometer when the brakes
are locked in tests..At 30 mph, an error of 1 mph produces an error of over 3 feet.
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D. Impact force in a collision

1,

Knowing how kinetic enerqy increases with increases of speed, how it is related to ground dis-
tances covered in acceleration and deceleration; and how destructive it can be, is of first im-
portance in improving driver judgment to avoid collisions. However, a driver’s problem not only
is one of keeping his car’'s enerqgy within reasonable limits but also is one of keeping damage
and injury to a minimum once a collision is imminent. Since the term ‘‘impact force'’ has some
meaning to anyone who ever bumped his head, an analysis of the second part of the driver problem
will be made here around the term ‘/impact force.’’

This analysis offers an opportunity also to clarify in part the commonly used term ‘‘momentum’’
(which students are bound to introduce into any discussion of movmg objects) and to show the
relation between momentum and kinetic energy.

An impulse is a force acting through a time. The shorter the time in which a force acts the more
powerful the blow it produces.

Momentum =mass x velocity = we3i2ght x velocity.

An impulse is measured by the change in momentum it produces divided by the time it takes to
produce the change. If Car A hits and accelerates Car B, Car B’s momentum is changed. The

~ change is in its speed since its weight is constant. If Car B’s momentum before the acceleration

is labeled mom; and its momentum after the acceleration is labeled mom, then the

Impulse = mom, - mom, , the change in momentum divided by the t1me
t (sec)

(in seconds) through which the impulse force acted. The change in momentum is equal to the
force which produced the acceleration of the mass. The acceleration produced is the increase of
speed divided by the time, or

speed after the pushing
speed before the pushing started

a=v, -v; Vg
v
1

it

The force which produced the acceleration is F = ma (mass x acceleration), or
F=m(v,-v,),or F=mv, -mv,, or F = mom, - mom,
t t t

Note by studying the preceding formulas that for a given time the change in the velocity is
pr_oportional to the force; the greater the force, the greater the change in velocity. Now note also
the following:

a. If Car A going 45 mph (66 ft/sec) runs into another vehicle and Car A decelerates to 30 mph
(44 ft/sec) in 4 seconds the

Impulse Force = mv, - mvy = m66 - m44 = m22 = mass x 5.5
4 4

If Car A going 60 mph (88 ft/sec) runs into another vehicle and Car A decelerates to 45 mph
(66 ft/sec) in 4 seconds the '

Impulse Force = m88 ;1m66 = m22 = mass x 5.5

4
The impulse forces in the two examples are equivalent because the changes in momentum in
the two cases was the same amount, mass x 22.

b. If in either of the above examples the time was 1 second, the force would have to be 4 times
as great. When the time factor in a collision is too small to measure accurately the time is
disregarded and’the impulse is called an impact force.
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3. A quick change in a large momentum produces a powerful blow. A large kinetic energy produces
a destructive blow. Kinetic Energy indicates how far a body will move against a given resistance
before jt stops. Momentum indicates how long a body will move against a given resistance before
it stops.: A car’s KE includes momentum. KE does Work which is force through a distance. If a -
car’s momentum is changed suddenly, the car’s KE is ‘compressed’’ into a powerful blow. It
does a given amount of work in a shorter time, This compression of energy destroys cars and
people. (See p. 48 or p. 96 for detailed information on the Impact force of the lb-sec.)

a. In the two preceding examples of changes in momentum the acc':elerutingv forces were equal,
although the speeds involved were 66 ft/sec to 44 ft/sec in one example and 88 ft/sec to
66 ft/sec in the other.

It takes the same accelerating force to accelerate a given car to a given increase in ft/sec,
no matter what the initial speed of the car may be, because once a caris going at a given
speed Inertia tends to keep it at that speed. The force required to accelerate a given car at a
given rate is the same starting at 66 ft/sec as it is starting at 44 ft/sec, or starting at any

~other speed for that matter, so long as the car is moving. {Increases in air and rolling resist-

ances are disregarded in order to simplify the concept.)

The changes in Kinetic Energy, however, were not the same. Let us illustrate this point with
a 4000 1b car, using the textbook formula:

(1)

(2)

(3)

Energy of 4000 1b car going 44 ft/sec:

KE = weight x velocity? = wv?2 (We use 32 as the value of gravity
‘ 2 x gravity 64 for.this illustration)

KE = 4000 x 44% = 4000 x 1936 = 121000 ft lbs

64 o4

Energy of 4000 1b car going 66 ft/sec:

KE = 4000 x 662 = 4000 x 4356 = 272250 ft lbs
64 64

Energy of 4000 Ib car going 88 ft/sec:
KE = 4000 x 882 = 4000 x 7744 = 484000 ft lbs
64 64 :

The energy incfease from 44 {t/sec to 66 ft/sec was 125%.

The energy increase from 66 ft/sec to 88 ft/sec was 78%.

Yet the actual Energy added in going from 66 ft/sec to 88 ft/sec was 1.4 times the Energy
added in going from 44 ft/sec to 66 ft/sec. ‘

In trying to visualize how Kinetic Energy increases we must remember that the energy of a
given mph depends upon the number of mph below. it, or‘to which it is being added. For
example, a chart in PART TWO will show that the energy of 5 mph when added to 30 mph
is 15 times as large as the energy of the car going only S mph. And 5 mph added to 60 mph
is 25 times as large; and 5 mph added to 70 mph is 29 times as large. And of course the
number of feet added to the braking distance increases in a like manner.

Be sure the students understand that we are comparing 5 mph with 5 mph, one 5 mph as the
actual speed of a car and the other 5 mph added to some other speed.

" For e:’cample, when we compare 5 mph added to 70 mph with an actual speed of S mph, we

are not comparing 5 mph + 70 mph. with 5 mph. The energy of 5 mph + 70 mph (or 75 mph)
is 225 times the energy at 5 mph:

75% = 5625 = 225
5z T8
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4.

Here are types of collisions comparing impact forces for a vehicle going at a given spéed:
a. Most severe is a head-on collision in which the other vehicle also is moving.
b. The next less severe collision is one with a fixed object, such as a bridgehead or tree.

c. Third in line is a right angle collision with a vehicle either moving or parked, which has room
to move sideways without being stopped by a curb or other fixed object.

d. Next is an end collision with a standing vehicle which is free to roll during the impact.

e. Next is a rear-end collision with a moving vehicle. The more slowly the struck vehicle is
going the more dangerous this type is, of course.

f. Then comes asideswipe collision, first, with a fixed object and, second, with a moving ve-
hicle, provided the angles of collision are very small,

g. Least severe perhaps is a collision with stationary objects which will yield, bend, uproot or
break during impact, such as small shrubbery, a barbed wire fence, or brush which does not
decelerate the car too fast. {Along this line, research is being conducted with themultiflora
rose, a thickly matted bush which might be planted near curves, at T-intersections, along
median-strips and in other selected areas to catch cars which go out of control and' decelerate
them gradually.)

When a driver is in a trap and it is apparent that he cannot escape a collision of some sort he
should look for an out which will involve the leastimpact force.Frequently driversnot conditioned
to this sort of planning have stayed on the pavement and become involved in high impact force
collisions when they might have gone to the borrow ditch or even into a field or pasture and
escaped with relatively minor damage to their vehicles.

Such drivers have locked their brakes on a wet road to avoid hitting a car ahead rear-end and
skidded head-on into opposing traffic. Others have wheeled their cars intc opposing traffic to
avoid a rear-end collision with a vehicle they are following too closely. In many such instances
the drivers could have steered to the right and escaped with a minor fixed object collision, be-
cause they would have had more space in which to decelerate before hitting the fixed object.
Every mph reduction in speed right up to the point of contact reduces the energy of a car rapidly.

Drivers in panic (unable to control their muscles for a few seconds immediately following sudden
fright) have held their brakes locked and plowed into fixed objects, when, had they been condi-
tioned to good planning, could have braked just short of locked wheels, maintained steermg con-
trol of their cars, and escaped with a sideswipe collision.

Either weak brakes or a low f value makes a braking distance so long that more collisions could
result, even though a low deceleration rate such as 10 {t/sec/sec is very desirable fromthe
standpoint of passenger comfort. A deceleration rate of 10 ft/sec/sec is equivalent to a Braking
Effort of 31% and to an f value of 0.31 (deceleration rate divided by 32, gravity, gives the Brak-
ing Effort). A deceleration rate of 22 {t/sec/sec is considered a practical maximum, because at
a higher rate passengers must brace themselves to stay in their seats. A rate of 22 ft/sec/sec
is equivalent to a Braking Effort of 69% or an f value of 0.69. This Braking Effort or f value
permits a braking distance of 174 ft at 60 mph, but many car brakes are not that good and many
pavements do not have an f value that high. If all brakes and all pavements (dry or wet) were
that good, the number of collisions could be reduced appreciably.

The present general condition of brakes and pavements presents the following alternativesto
drivers. Either they must shorten their braking distances by adjusting their speeds to the limita-
tions of present brakes and pavements or they will continue to shorten their braking distances
through collisions. All other factors even, this is the crux of the collision problem and the chal-
lenge of Driver Education instructors. All the past and current ballyhoo and propaganda to the
contrary notwithstanding, increases in speeds in a given environment will increase collisions
and the severity of injuries. Present speeds are compromises with safety. The penalty of higher
speeds, with other factors constant, is more collisions and more injuries.
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E. Relation of Momentum to Kinetic Energy

1. Momentum should not be confused with Kinetic Energy, and the instructor should understand how.
the two are related.

The following equations show (1) the.relation of Force to Momentum and Impulse, and (2) the
relation of Force x Time (Momentum) to Force x distance (Kinetic Energy):

Force = ma = mass x acceleration = weight x a = 1b x ft/sec? = 1b
gravity t/sec?
Acceleration = v; - v; = change in velocity = ft/sec = ft/sec/sec (or ft/sec?)
t time during change sec
Momentum = mass x velocity = weight x v = 1b x ft/sec = lb-sec
gravity 37 ft/sec?
Impulse = change in momentum = mom, - mom; = mass X ¥, - MASS X V%
time required for change  —T{jge time
mv, - mv weight v, - weight v; b xft/sec lb x ft/sec

——— . gravity gravity = - ft/sec? ft/sec’? - ip-sec

t seconds seconds

' . mv, - mv . .
Force = ghgngg_x_n_mﬂnﬁen_mm= —2_ 1, or cross multiplying,
time. during change t

Ft = mass vy - mass v; = mass (vg - vy} =m (vy - vy ).

s (distance) = average velocity x time = % (v, + v;) x t, or cross multiplying,

ES_= % (vy +v). Multiplying corresponding sides of this equation and the Ft equation:
F"txts_=m(v2 -‘vl)x‘/z(v2 + v;) and we get

Fs=%mv,? - % mv;? = change in Kinetic Energy = Work:done

Note: *!lb-sec’’ is a compound word which relates force to time just as ‘/ft-lb'’ relates force to
distance.” (See p. 48 or p. 96 for detailed information on the Impact force of the lb-sec.)

2. The Force which accelerates a car is a “push’! created and applied continually by the engine.
Any time the '‘push’’ is discontinued or at least reduced until it just balances rolling friction and
air ‘resistance, the car continues at a constant speed. If these resistances were not present,
Inertia would keep the car moving at the speed it had attained when the accelerating force was
discontinued and work would have to be done on the carin order to change its speed, either up or
down, by the engine if the speed were increased and by the brakes if the speed were decreased.

a. A given force will change the velocity of a given mass a certain amount in a given time. It
makes no difference to the force how fast the mass was moving when the force started acting
on the mass. When the velocity of a given mass.is changed a given amount, the momentum of
the mass is changed in proportion to the change in speed.

The Kinetic Energy, however, is much concerned with how fast the mass was moving before
its speed was changed, because KE' changes in proportion to a change in the square of the
speed and the amount of KE in a mph depends upon the speed before a change.

3. A car going ata constant speed is a mass which possesses a quantity of motion (mass x velocity)
and this quantity is called momentum. It is a convenient term for identifying a factor which is
made up of two variables, weight and velocity, without having to be concerned with whether the
factor results from a small weight x a high velocity or a large weight x a low velocity. Since
momentum of a given mass depends upon its velocity in feet per second, the quantity of motion
changes with time. The unit of momentum is Ib-sec; a measure of force and time.
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4. A term used to identify the relation between a'change of momentum and the time during which
the change takes place is called Impulse. It is a force whose size is dependent on time. Since
it represents a change in momentum, its unit also is lb-sec.

5. Look at the equation, Force = ma. The mass is the same as in the equation,

Impulse = mv, - mv,, and the acceleration, a = v, - v, , is the same as in the Impulse equation.It
t t :

is clear then that Force also equals the change in momentum = mv, - mv, and also that
time

Ft=mv, -mv, =m (v, - v,)

6. The use of the next equation, s = % (v, + v;) x t, and its transposed form,

§f = Y% (v, + v;), is the transition step in which the Force x Time concept in Momentum evolves

into the Force x Distance concept in Kinetic Energy. ’

The equation, F's = ¥4 mve? - % mv?, states that the Werk (Fs) done by aforce while it acts on
a mass through a distance(s) is equal to the excess of %4 mv, 2 over ¥4 mv,2. The term %4 mv?2 is
called the Kinetic Energy, or the capacity of a mass to do Work by virtue of its motion.

7. Finally, note that 4 mv? is equivalent to %4 of the momentum times the velocity:
Momentum = mass x velocity = mv
Kinetic Energy = % momentum x velocity
= Y% (mass x velocity) x velocity
= % mass x velocity x velocity
KE = % mv?
F. Energy (speed), Collisions, Injuries and Deaths
1. More collisions occuron city streets than on rural highways because

a. Vehicles are continually stopping in traffic lanes to load or park and usually are backing
against traffic either on entering or leaving a parking zone.

b. Vehicles cross or enter each other’s paths every 300 feet or so at intersections.
¢. Vehicles are continually entering traffic from private driveways within every block,

d. Vehicles turn leftin front of other vehicles at nearly every intersection and frequently between
intersections entering private driveways.

e. Pedestrians are continually crossing or entering the paths of vehicles at intersections and
between intersections.

f. Bicycles frequently are moving contrary to the normal traffic patterns.
2. Very few of the above mentioned position conflicts occur on rural highways.

d. This is one reason, and if the same volume of traffic is present, the principal reason vehicles
can move at higher speeds on rural roads with fewer collisions  than occur on city streets.

3. In city traffic there are 300 Property Damage Only accidents and 70 Nc;n-Fatcd Injury accidents
to 1 Fatal accident, while on rural highways there are 40 Property Damage Only qccidents and
22 Non-Fatal Injury accidents to 1 Fatal accident. (Accepted ratlios in 1960) .
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Ratios of Types of Accidents . Total

Type of Property Damage Non-Fatal "Fatal Texas Fatal

Traffic Only Accidents Injury Acci. Accidents ) Acci. —1959
" Town & City 300 70 1 , 797

Rural roads 40 22 1 1229

Vehicle miles driven in Texas are fairly evenly distributed between the streets in town . and

cities and the roads outside of towns and cities. What, then accounts for

d. the ratios of the numbers of a given-type of accident in city and rural traffic, such as the

mﬁo%%g for Property Damage Only accidents and the ratio_g_g_for Non<Fatal Injury accidents?

b. the great difference between the ratios of the three types of accidents in city traffic (300:70:1)
and. in rural traffic (40:22:1)?

There are two factors which account for the pattem in the ratios in the number of collisions and
in the severity of injuries:

a. One isthe great difference inthe number of points of conflict present in city and rural traffic.

b. Tﬁe_ second is the great difference in the amount of Kinetic Energy.posseséed by vehicles
- moving in city and in rural traffic.

. Multiplying the ratio figures for types of accidents by the number of total fatal accidents in 1959,

we get the following:

Property Damage Non-Fatal Fatal Total Acci.
Only Accidents Inj. Acci. Accidents 1959
Town & City 239,100 55,790 T 797 295,687
Rural Roads 49,160 27,038 1,229 77,427
Ratio of Town
& City Acci. 4.86 2.06 1 3.82
To Rural Acci. 1 1 1.54 1
Analysis:

" a. The principal way in which the large number of Property Damage Only accidents in town and

city traffic can be reduced is by reducing the number of points of conflict, because the much
smaller number of rural Property Damage Only accidents shows that without the points of con-
flict traffic can move at higher speeds with fewer Property Damage Only accidents. Of course,
many of the major sources of conflicts such as private driveways and intersections cannot be
eliminated. The only alternative to eliminating the physical defects is to reduce the Energy
of the moving vehicles which collide at the points of conflict.

b. Note in the numbers of Non-Fatal Injury accidents that the rural advantage of fewer collisions
due to fewer points of conflict becomes a disadvantage due to higher speeds.

(1) 19% of all town and city accidents were Non-Fatal Injury accidents.
(2) 35% of all Rural road accidents were Non-Fatal Injury accidents.

¢. A comparison of the ratios will reveal that an accident rate (number of accidents per 100,000
vehicle miles traveled) for Town and City traffic will be much higher than an accident rate for
the Rural Roads. Obviously, this difference is due to the many points .of conflict in Town and
City traffic, but (and this is important) many persons uninformed about Energy use these dif-
ferences in accident rates to ‘/prove’’ that speed does not cause accidents, because, they
argue,in cities where speeds are lower the accident rate is higher. They conclude that 60 mph
is safer than 30 mph, when actually 60 mph is four times as dangerous as 30 mph, for a given
physical environment, no matter what it might be. They should conclude that the way to reduce
the high accident rate in cities where drivers cannot escape many points of conflict is to
reduce the speeds.
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d.

g.

The ratios in the table of item 6 indicate the relative change in the safety factor of speed.
The ratioof Town and City Non-Fatal Injury accidents to the Rural road Non-Fatal Injury acci-
dents is less than half the ratio of Property Damage Only accidents. This change pointsup
how much more unsafe the higher Rural road speeds are. In the case of Fatal accidents, the
ratio is completely reversed and we find many more Fatal Accidents for the same amount of
vehicle miles traveled.

Cornell University Auto Crash Research reports indicate that the exposure of car occupants
to critical injury or death is nearly 3 times as great at speeds above 60 mph as it is at speeds
under 60 mph. To be exact, the ratio reported is _162 '

1f one understands Energy he would expect such a finding. Suppose one drops 100 eggs from
a height of 1 foot, another 100 from 2 feet and so on up to 100 feet. No matter how the eggs
are packaged, so long as they are packed alike, and no matter what the surface is the eggs
are dropped on, foam rubber or cement, the pattern of breakage will be as follows: The higher

“the drop the higher the percentage of cracked eggs.

In the thought experiment, all of the drops are considered to be ‘’accidents’’ in which col-

lisions occur. The experiment relates the energy involved to the severity of damage or injury,

once the accidental contacts are made. The experiment does not relate energy tothe frequency

of points of conflict; that is, it does not show how avoiding collisions at points of conflict

is made more difficult as speedsincrease.However, it should be obvious that inTown and City

traffic where points of conflicts are numerous, there are two ways to reduce the number of

collisions which occur at the points of conflict and which cause the accident rate in Town -
and City traffic to be much higher than in Rural road traffic.

One way is to- steer around the point. of conflict when a collision is impending. The other
way is to stop short of the point of conflict when a collision is impending. Too much energy
for conditions makes a driver helpless in following the second procedure and often either
makes it difficult for him to steer around or makes him lose control of his car if he attempts
to steer around. Energy, then, is a driver’s major obstacle to steering and stopping safely, no
matter where he drives or at what speed he drives. And the higher the speed in a given
environment the more helpless a driver becomes. A student cannot become an intelligentdriver
unless he accepts and drives by these precepts. )

G. How Energy, Braking Effort, Braking Distance and Work Formulas are Related

l. Formulas to be compared:

KE = weight x (mph)? ' Braking Distance = {mphf

-PE = weight x height Braking Effort or f = Force
; weight
KE = Potential E Braki = (mph
otential Enerqgy raking Effort or £ 307 Braking distance

Work = Force x distance

Energy = Work Since f{ =_§, Force = weight x

. Example: 3600 1b car going 60 mph ,
a. KE = 3600 x 60% = 432,000 ft lbs = Work
T

b.

3

Work = Force x distance = (weight x f) x distance

(1‘) 1= 1.0, Work = (weight x 1.0) x distance
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432,000 = 3600 x distance, or transposing, distance = 432,000 = 120 feet.

(2) If f = 0.5, Work = (weight x 0.5) x.distance.
432,000 = (3600 x 0.5) x distance or, transposing, distance = 432,000 = 240 feet

¢. Braking Distance = (mph)?2
301

(1) If f= 1.0, Braking Distance = 602 = 3600 =120 feet

30x1.0 30
(2) If f = 0.5, Braking Distance = 602 = 3600 = 240 feet
30x0.5 15

d. Potential Energy = weight x height (or force x distance)
(1) If a 3600 1b car is raised 120 feet,
PE = 3600 x 120 = 432,000 ft lbs = Work done on the car
(2) 1f « 3600 1b car falls 120 feet,
KE = PE = 432,000 ft lbs = Work car’s energy does on the ground and on the car

3. Incidentally, if we arrange the Braking Distance formula to solve for MPH, we get the formula
used to calculate the least speed necessary to lay down a given set of skidmarks:

BD = (MPH)? = (MPH)? (f value of pavement is the BE
30 x %BE 30 x t ‘ when all tires skid)

30 x f x BD = (MPH)? ) (cross multiply)
MPH = V30 x f x BD ' (transpose and take the square root

of both sides of the equation)

MPH = 5.5 Vs (s = BD, measured by taking the average
length of all 4 skid marks)

IV. HORSEPOWER AND ACCELERATION

A. Horsepower is simply a convenient term used for measuring power.

1. Power = Work done per unit of time

a. Power = Kinetic Energy in ft. lbs = ft lbs/sec
time in seconds

b. 1 horsepower = 550 ft lbs of work done in 1 second or it will raise 550 lbs one foot in one
second :

Number of horsepower = Power in ft. lbs/sec = number of horsepower (hp = horsepower)
550 ft lbs/sec/hp

The more horsepower an engine can exert the more work it can do in a given time.

¢. ‘An engine in accelerating a 3600 lb car to 88 ft/sec (60 mph) does work at least equivalent
to 432,000 ft lbs of kinetic energy because that is the energy the car possesses at 60 mph.
If this work is done in 1] seconds (which would require an acceleration rate of 8 ft/sec/sec)
the power, or rate of doing the work, may be determined as follows:
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Power = Work (ft lbs)
time (sec)

Power = 432,000 ft lbs = 39,273 ft Ibs/sec
iI secC

Horsepower = 39,273 {t lbs/sec = 71.4 hp {required to accelerate 3600
550 ft lbs/sec/hp 1b car to 60 mph in 11 sec)

Most cars do not have the reserve horsepower to accelerate up to 60 mph this fast. Most cars
can accelerate faster than this in low gear for a short distance, provided the f value of the
pavement is high. The f value and the position of the center of mass limit acceleration, re-
gardless of the power of the engine.

If the car going 60 mph is braked to a stop in 5% seconds (which would be a deceleration
rate of 16 ft/sec/sec or a Braking Effort of 50%) the work done by the brakes and/or the
tires and pavement is 432,000 ft lbs.

The power is:

Power = 432,000 ft lbs = 78,545 {t lbs/sec
.5 sec ;

Horsepower = 78545 = 142.8 hp
550

The brakes exert twice as much hp as the engine in doing the same amount of work in half
the time.

d. Brake horsepower has nothing to do with the brakes of an aqutomobile. The ‘’brake!’ relates
to the Prony brake, a braking device which ‘'clamps’’ onto a wheel onthe crankshaft of an
engine mounted on a block in a laboratory. It registers in lb-ft the moment of force or the

torque the engine can exert at a given rpm. This and similar devices are used to rate an
engine’s gross horsepower.

e. A novel example for comparing the power required to lift a car with the power required to
propel it is the air car which is being developed. The model of one manufacturer weighs
450 lbs. It uses 15 hp of push to hold it off the ground and 1% hp to propel it at 15 mph.

. An automobile engine rated 200 gross horsepower at 100 mph might have only 145 grosshorse-
power at 60 mph, according to one manufacturer.

Furthermore, according to the manufacturer, at 60 mph the engine might produce only 100 net
horsepower available at the rear wheels. The difference (45 hp) between the gross horsepower
and the net horsepower available to propel the car would be absorbed by atmospheéric conditions
(altitude), exhaust heat and spark, air cleaner, muffler, fan and generator, power steering, air
conditioning and transmission and rear axle.

Keeping the car moving at a given speed on a smooth, level, paved road requires varying amounts
of horsepower. This is called ‘’road-load horsepower’! which is needed to overcome rolling
resistance, air resistance and chassis friction. The road-load horsepower required increases as
the speed increases: at 40 mph it is 15 and at 70 mph it is 45. Air resistance accounts for much
of the increase. Modern low pressure tires or underinflated tires increase rolling resistance.
Rolling resistance may require up to 35 hp at very high speeds.

The difference between the net horsepower available at the rear wheels and the road-load horse-
power is called reserve horsepower. This is the power available for accelerating and climbing
and driving on rough, level terrain.

Inthe example engine under discussion (and described by a manufacturer) the reserve horsepower
decreases as the speed increases or decreases, from 60 mph. On a smooth, level road the re-
serve horsepower varies as follows:
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Speed of Car , Reserve Horsepower

20 mph .30 hp
-40 mph 58 hp
60 mph 70 hp
80 mph 60 hp

The car has maximum reserve horse power at a speed of about 60 mph.

3. A low horsepower engine might be able to do the same amount of work as a high horsepower
engine but it cannot do the work in as short a time as the high horsepower engine. A modern
engine might accelerate a car from rest to 60 mph in half the time required by an engine 30 years
ago.

4, Once a car reaches a given speed it takes much less work or power to keep it moving at a con-
stant speed. This is due to nature’s law of inertia. Where it takes 70 horsepower to accelerate
a car to 60 mph in 22 seconds it might take only 30 horsepower to keep it moving at 60 mph on
a leve!l road. The actual pushing force required to balance the retarding forces of air, tires and
chassis, at the constant speed, is 187.5 lbs ‘and may be computed as follows:

30 hp = 16,500 ft lbs/sec (30 x 550)
Power = Force (lbs) x velocity (ft/sec)
16,500 = Force x 88
Force = 16,500 = 187.5 lbs

_%_

To accelerate a 3600 lb car at a rate of 4 ft/sec/sec requires a constant force of 450 lbs.

Force = mass x a = weight x a

~

F = 3600 x 4 = 450 lbs
32 .

S. Gasoline consumption will be lower if a driver keeps his car lubricated and greased properly,
keeps the front wheels properly aligned, keeps the tires properly inflated, and avoids fastaccel-
eration. All of these precautions except fast acceleration reduce the road-load horsepower re-
quired to overcome chassis friction and rolling friction while cruising.

In accelerating, the engine must work against inertia which tends to keep the car at a constant
speed. The car’s weight therefore is the main factor. The faster the car accelerates, the more
fuel energy it takes. (Chemical energy of the gasoline is changed into Kinetic Energy.)

.Crulsing at a high speed requires a higher rate of gas consumption because rolling friction and
air resistance increase faster than the speed increases. A tire manufacturer reports that 25% of
the fuel used by an economy car is consumed by the drag of its tires.

B. Acceleration is a term used to express the rate at which a car changes its speed. Acceleration can
be positive or negative. Negative acceleration is also called deceleration.

1. Acceleration = change in speed = rate of change of speed per unit of
time time required to change the speed

a. If a car going 30 mph (44 ft/sec) increases its speed to 60 mph (88 ft/sec) in 11 seconds, it
increases its speed 4 {t/sec during every second of acceleration: 88 - 44 = 4

The car is going 44 ft/sec. At the end of the 1st second it will be going 44 + 4 = 48 ft/sec;
at the end of the 2nd second it will be going 48 + 4 = 52 ft/sec, etc. It is, therefore, increas-
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ing its speed 4 feet per second every second and its rate of acceleration is said to be 4 feet

per second per second (written 4 ft/sec/sec or 4 ft/sec’ or 4 ft/sec or 4 ft ).
secC sec*

b. If a car starts from a stop and reaches a speed of 30 mph (44 ft/sec) in 11 seconds, its rate
of acceleration is 44 - 0 = 4 ft/sec/sec.
11
¢. If a car going 60 mph (88 ft/sec) brakes to a stop in 8 seconds its rate of deceleration is

0 -88 =-11 ft/sec/sec (neg. acc.)
8

2. The following formula was used in the preceding examples:

a=zvy-uy v = final speed in ft/sec
t u = initial speed in ft/sec
t = time in sec
a = rate of acc. in ft/sec/sec

)

3. When u is 0, a = v. (Transposing, one can also find v = at, and t = V.
t : a

To convert mph to ft/seé multiply the mph by 1.467. To convert ft/sec to mph multiply the ft/sec
by .682.

4. The mostimportant lesson involving acceleration for a driver to learn is how the ground distance
covered each second varies when a car is accelerating or decelerating.

t2 distance in feet
initial velocity in ft/sec
acceleration in feet per second per second

time in seconds

s=utt

N'Q

QW0
Houu

If the car is accelerating use the plus sign. If the car is decelerating use the minus sidn.

5. If the car starts from rest the initial velocity (u) is zero and the formula is, s = at?
2
6. Problem showing differences in ground distances covered by a car decelerating from 70 mph

when a 50% braking effort is exerted; this example will point up how dangerous a few extra mph
can be when a driver must decelerate quickly to avoid a hazard:

a. At 70 mph a car is going 103 ft per sec (70 x 1.467). With a 50% braking effort a car will
decelerate at a rate of 16 feet per second per second. The BE 50% x gravity 32 ft/sec/sec =
16 ft/sec/sec. We now have the value of acceleration to be used in the distance formula to
obtain the ground distance covered in 1 second, 2 seconds, etc:

s=ut-aqgt? {(The minus sign is used because the car is decelerating)
2
s=(103x1)-16 x I?
2

s = 103 - 8 = 95 feet (the ground distance covered the lst second).
What is the speed at the end of | second after brakes are applied:

a=v-u, or transposed, v=u- at.

v=103-(16 x'1) = 87 ft/sec or 53 mph (87 x .682)

The car in 1 second decelerated from 70 mph to 59 mph and covered a ground distance of 95
feet.
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b, Now determine the ground distance covered in 2 seconds after brakes.are applied:

s=(103x2)-16 x2?
2

s = 206 - 32 = 174 feet, the ground distance covered during the 1st and 2nd seconds.
The ground distunce covered during the 2nd second = 174 - 95 = 79 feet.

What is the speed at the end of 2 seconds:
v=u-at
= 103 - (16 x 2) = 71 ft/sec, or 48 mph (71 x .682)

¢. Table of the above data:

Brakes Ground distance Speed at Ground distance Speed at

applied covered during end of covered during end of
1st second 1st second 2nd second 2nd second

70 mph 95 ft. 59 mph 79 ft. 48 mph

In the 1st second of braking the car covers 95 feet on the ground (about one-third of a city
block), and during this one second the car’s speed is reduced from 70 mph to 59 mph. This
example shows how hazardous only 11 mph can be when on emergency arises. The 11 mph
adds 95 feet to the braking distance. If at 59 mph a driver could barely have stopped before
hitting an object, at 70 mph he would have enough energy to go 95 feetmore after reaching
the object. An initial speed of 11 mph with 50% braking requires a distance of only 7.4 feet
to stop. But when the 11 mph is added to 59 mph, the 11 mph requires a ground distance of
95 feet. Every student should understand these facts thoroughly.

d. Assume the driver is traveling a legal speed of 59 mph. Note how much he can reduce his
braking distance by slowing down early when he sees that a hazard ahead might develop into
an emergency. If the driver, upon seeing the hazard ahead, slacks off on the accelerator and
reduces his speed 11 mph, to a speed of 48 mph, (it takes about 5 sec and 400feet for an
engine in conventional gear to do this) he will have eliminated 79 feet from his braking
distance. If the hazard should develop into an emergency, his defensive act of easing up on
the accelerator early might enable him to stop short of a collision, whereas had he held his

~speed at 59 mph he would have collided at a speed of 34.5 mph. (34.5 mph requires a braking
distance of 79 feet at 50% braking.) '

While drivers of most cars on most pavements could exert more than 50% braking at speeds
under 40 mph without too much danger, harder braking at a high speed of 60 mph might be
extremely dangerous. Many drivers would lose control of their cars. The smart thing to do is
to ease off on the gas pedal at the very first sign of danger.

. 7. Deceleration table showing how speed euch second and ground distance covered each second
decreases.

Braking from 60 mph with Braking Effort of 50% (a = 16 ft/sec/sec)

Seconds of Distance Accumulated Speed at End of Sec.
Braking Covered Distance Ft. per Miles
From 60 mph each Sec. Covered second per hour
(88 ft/sec 60 mph)
1st second 80 ft. 80 72 ft/sec 49 mph
2nd second 64 ft. 144 56 ft/sec . 38 mph
3rd second 48 ft. 192 40 ft/sec 27 mph
4th second 32 ft. 224 24 ft/sec 16 mph
S5th second 16 ft. 240 8 ft/sec 5 mph
% of 6th sec 2 ft. 242 0 ft/sec 0 mph
5% sec. total 242 ft., total braking distance
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8. Acceleration from a stop presents a particulatly difficult problem for drivers because the ground
distance covered is very deceptive.
a. In braking, the long distances covered each second occur during the first half of the decelem-
tion time, while in accelerating from a stop the short distances covered each second occur in
the first half of the acceleration time.

b. In braking, high deceleration rates can be attained, up to 20 ft/sec/sec normally, while only,
* relatively low acceleration rates are possible. An average rate of 4 ft/sec/sec from a stop to
30 mph is more than most drivers normally attain.

c. It is probably more difficult for a driver to visualize how short the ground distance is he
covers during the first half of an acceleration maneuver than it is to visualize how long the
ground distance is he covers during the first half of a deceleration maneuver. Not only are
the proportional distances per second reversed in accelerating, but also the acceleration
rates are much lower than the deceleration rates. :

9. Acceleration table showmg how ground distance covered each second increases from a stop to
30 mph with an acceleration rate of 4 ft/sec/sec: :

Seeonds of - Distance Accumulated Speed at End of Sec.
Acceleration Covered Distance Ft. per Miles L e
from a Stop each sec. Covered Second per Hour
1st second 2 ft 2 ft 4 ft/sec 2.7 mph
2nd second 6 ft 8 ft 8 ft/sec 5.5 mph
3rd second 10 ft 18t 12 ft/sec 8.2 mph
~ 4th second 14 ft 32 ft 16 ft/sec 10.9 mph
5th second 18 ft 50 ft : 20 ft/sec 13.6 mph
6th second 22 ft 72 1t 24 ft/sec 16.4 mph
7th second 26 ft 98 ft 28 ft/sec . 19.2 mph
8th second 30 ft 128 ft 32 ft/sec 218 mph
9th second L34 1t 162 ft 36 ft/sec  24.6 mph
10th second 38 ft 200 ft 40 ft/sec  27.3 mph
11th second 42 ft 242 ft 44 ft/sec  30.0 mph

Note that in 3 secondé a‘car goes only 18 feet, one car length. A car approaching from the rear
at 30 mph (44 ft/sec) would cover 132 feet during the 3 seconds. In § seconds the accelerating
car goes only 50 ft, while the car approaching from the rear covers 220 ft, over 2/3 ofa c1ty
block. :

A car approaching at 60 mph (88 ft/sec) covers 264 ft by the time the starting car covers 18
ft. By the time the starting car goes 50 ft the car approaching at 60 mph covers 440 ft, nearly the
- length of 1% football fields.

.C. Advantages of fast acceleration rates permitted by high reserve horsepower:

" 1. Shortens time and distance on left side of a two-lane, two-way roadway in an overtake and pass v
maneuver.

2. Shortens time to cross a lane of heavy traffic at an intersection.

3. Enables a car to blend with traffic after making turns at an intersection, on entering traffic from
a shoulder or curb, and on entering a freeway from an entrcmce ramp.

4. Aids uniform flow of trcfﬁc going up hills and mountams.
D. Hazards of high reserve horsepower:
1. A duangerous increase in kinetic enerqgy can be effortless and rapid.
a. Increasing speed from 30 mph to 42% fnph doubles the kinetic energy and the braking distance.
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b. If a driver's braking distance at 30 mph is 50 feet, it is 100 feet at 42 mph. Where the driver
could barely skid to a stop from 30 mph and avoid hitting a vehicle, he would at 42% mph
hit the vehicle with a speed of 30 mph. Every student should memorize this example along
with many others in this outline.

2. A driver who does not habituqlly drive by his speedometer (check it frequently) cannot know
how much he is increasing the kinetic energy of his car.

a. Furthermore, his speedometer must be accurate or he must know what .its erroris. Otherwise,
even though he checks it regularly, he may be going 5 mph faster than he thinks he is. If a
braking distance at 30 mph is 50 feet (f = .6), a driver actually going 35 mph when he thinks
he is going 30 mph unknowing@y adds 18 feet to his braking distance. The energy of the 5
mph (when added to 30 mph) is equivalent to the enerqgy developed at 18 mph. If at 30 mph he
could lock the brakes and skid to astop just short of another vehicle or a pedestrian, he
would at 35 mph still:be going 18 mph when he hit the vehicle or pedestrian.

3. A modern car may have its maximum reserve horsepowsr at 60 mph. Unless the driver checks his
speedometer often he can, with a total unawareness, ease his speed up to 70 or 80 mph. It is
easier still to slip into a dangerous speed if the car is in overdrive. Easing off on the gas pedal
in overdrive does not permit the engine to retard his speed as it would in conventional drive.
If he happens to be on a slight down-grade or if he has a tail wind, his car’s speed may decrease
very slowly, evenif he takes hisfoot off the gas pedal. If this situation sccurs on close approach
to an intersection, a curve, or a no-passing zone hazard, the driver may delay using his brakes
until he is beyond the point of safe return. There is no substitute for checking and driving by
the speedometer in maintaining control of an automobile. The destructive energy hidden by the
quiet, smooth, floating motion of modern cars is a killer in sheep’s clothing. Instructors must
get through to students with this fact or we shall never develop into a nation of intelligent
drivers.

4. When accelerating from-one speed to another, a driver should in checking the mph on his speed-
ometer, think in terms of how the Energy is increasing by the square of the speed:

302 =900 = 2 1/4 times as much Eherqy at 30 mph as at 20 mph

202 400

4_0_2_ = 1600 = 4 times as much Energy at 40 mph as at 20 mph
20 400 ‘ _

42,% ='1806 = 2 times as much Energy at 42% mph as at 30 mph
30 900. , _
602 = 3600 = 4 times as much Energy at 60 mph as at 30 mph
302 900

802 = 6400 = 16 times as  much Energy at 80 mph as at 20 mph

202 400

5. Costs of using reserve horsepower can be reduced by reducing the rate of acceleration on leaving
signal lights or stop signs when there is no need to accelerate fast; and by climbing grades at a
moderate speed. The shorter the time to increase speed or elevation the more it costs. In other
words, the faster you cover a given distance either horozontally or vertically the more you pay.
You pay once for getting there and you pay again for getting there quickly.

E. Analysis of Accidents:

If one will measure the distance from the point of collision or overturn in an accidentto the point(s)
from which the driver(s) could first see the point of collision or overturn, one can illustrate the
importance of a driver’s understanding the relationship between vehicle speeds in feet per second
and the ground distances coveredin feet. One can show that, in most accidents, either the driver(s)
was already committed to the collision at the point from which he could first see the point of col-
lision, because he could not decelerate fast enough, or the driver (s) could have avoided the acci-
dent after he could first see the point of collision had he not delayed 2 or 3 seconds before de-
celerating. o4



RECAPITULATION

A car mass is very dense matter evidenced by the fact that it is very heavy for its size.

The force that a car mass at rest exerts is called weight and is caused by gravity which tends to accelerate the car at a rate of
32 ft/sec/sec,

A horizontal force equal to gravity could accelerate the car mass at a rate of 32 ft/sec/sec. If under this force the car were
immobilized against a stone wall, the car would **weigh”” the same against the wall as it does against the ground. A force in
Ibs. would be exerted in each case but no Work would be done by the force until the car moved. If the car moved either hori~
zontally or vertically, it would possess ft-Ibs of energy which would in turn enable the car itself to exert a force,

The car engine accelerates a car horizontally but never at a rate as high as gravity. A rate of 8 ft/sec/sec is very high for a
stock car engine and 3 to 4ft/sec/sec is a fair rate for an average car. ’

The rate of acceleration is proportional to the force exerted on the car by the engine. If the rate were the same as gravity, then
the propelling force would have to be equal to the car’s weight, because F = ma =¥ a = w g = weight (of car).
g :4 :

The force that accelerates a car or decelerates it determines the rate at which the car’s speed will be changed. The propelling
or retarding force then is related percentagewise to the car’s weight and the rate of acceleration or deceleration is related per-
centagewise to gravity’s rate of acceleration or deceleration. (Gravity decelerates an object projected upward at the same rate
it accelerates a falling object.) .

When a car accelerates from a stop the distance covered each second increases by the square of the time: s = -3‘& If the rate is
4 ft/sec/sec, the distance by seconds will be s = = 2t , The distance covered in 1 sec will be 2 ft; in 2 sec, 8fr
in 3 sec, 18 ft; in 4 sec, 32 ft,etc, This facl is very deceptive and traps drivers who turn from stops into traffic lanes
ahead of cruising vehicles. Many drivers accelerate at a rate less than 4 ft/sec/sec and some are hit before they cover 50 ft.

Distance covered each sec by a decelerating car decreases by the square of the time; $ = Ut '——e—. The car covers the longest
distance the 1st sec, etc. When this car is overtaking the accelerating car mentioned above dnd the driver delays braking we
have a double-action trap, often sprung by drivers who are unaware of the square principle which has carried hundreds of thous-
ands of innocent victims to an untimely death. The square principle is the crux of driver error also when problems involve
Energy and Centrifugal Force. :

A powerful engine can aid the accelerating driver and good brakes can aid the decelerating driver in escaping the double-action
teap, provided the drivers use the aids early, Understanding the relation between the time? and the distances covered is the
motivation needed,

The distance factor in changing a car’s speed is related to the Work done (Fs) which is equal to the car’s weight force times
the distance through which it acts. Since F = ma, the larger the retarding force (F) is, the higher the rate of deceleration will
be, and the shorter the distance. If the retarding force is small the rate of deceleration will be low and the distance long. But
the Work done in stopping a given car from a given speed will be the same in either case. A car mass at a given speed has
exactly so much Energy and can do exactly so much Work. The rate at which it does this Work is called Power.

Since the difference in Kinetic Energy a car has at two different speeds is the Work done in changing the speed and since this
is true when one of the speeds is 0 mph, the Kinetic Energy ata given speed is equal to the Work done to accelerate the car
to the given speed, or to decelerate it from the given speed to a stop. Therefore, the weight force (lbs) of the car mass times
the distance (ft.) it takes to stop the cdr is equal to the ft-lbs of Kinetic Energy which is ¥mv2, Accelerating and decelerating
distances are proportional to the time % KE is proportional to the speed2. -

The momentum of a car is equal to its mass times its velocity but the car’s energy is equal to )4 its momentum times its velocity
or Y(mass x v) x v, :

Impulse = Force x time = Change in Momentum = Change in Velocity for a given car, since the mass is constant. Therefore, the
momentum added or subtracted due to an Impulse is the mass x (v - u) or the mass times the change in velocity. After Impulse
changes a car’s speed the car’s momentum = mass x velocity. :

Impulse is the difference between two momenta of a car just as Work is the difference between two KE’s of a car. Impulse (and
mom) involve Force x time while Work (and KE) involve Force x distance. When time becomes a factor in Work we have Power
which is Work (ft-1b) per unit of time.

The KE of a car mass determines how far (distance) the car’s weight force can be projected against a retarding force such as
brake friction, or tire-pavement friction when the wheels are locked (there is always some retarding force in the form of air
tesistance and rolling friction; otherwise Inertia wculd keep a car moving at a constant speed indefinitely).

The momentum of a car mass determines how long (time) it takes a retarding force to overcome the moving car’s weight force, If
the time is very short as when the car strikes another car, a post, or a bridgehead, the lbs-sec of momentum produce a powerful
b.low; a KE of ft-lbs is made destructive by a fast rate of onset and we have what is called Impact force, an Impulse (Fr) de-
livered in a very short period of time. Impact forces are destroyers of cars and occupants.

An Impact force at low speed can cause critical injuries especially if an occupant’s body strikes a part of the car which con-
ceatrates the force in a small area of the body. High speed is more deadly because the increase of KE is proportional to the
Increase of the speed“. When a car is in collision with an object the impact force damages the car. The body of an occupant is
hurled .forward at the speed the car was going just before contact. The body then strikes the interior of the car which is de-
Cclc.taun'g at an extremely high rate. This second impact force injures the occupant. The force with which a body collides with
the interior of a car is determined by the distance in which the car stops and the velocity of the occupant’s body whose energy,
of course, is proportional to the square of the bedy’s speed. i

,\ moving mass has a property called Inertia which opposes any change in its velocity; that is,a constant speed in a straight
lmc.' Wl}en forces acting on the mass along the path of the mass, are unbalanced, the mass will be accelerated or retarded;
|h.n( 18, its linear speed will change. When forces acting on the mass at angles to the path of the mass are unbalanced, the mass
will change direction, |
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The engine and brakes normally change the linear speed of a car, Friction between the tires and pavement when the front wheels
are turned changes its direction, This force is called centripetal. It accelérates the car toward the center of a curved path. The
inertial force that opposes centripetal force is called centrifugal,

When centripetal force exceeds centrifugal force the car moves on a curve with a decreasing radius. When the two forces are

balanced the car moves on a cuwrve with a constant radius. When centrifugal force exceeds centripetal force the car retums to a
straight path.

Centripetal forces act at the tire-pavement contact points, while centrifugal force acts at the car’s center of mass. When centrif-
ugal force exceeds the centripetal force the car will roll over and/or slide along a straight line tangent to the path of ths car in
the curve. Centrifugal force simply returns the car’s motion to a straight path. The hazard lies in the fact that the straight path
leads off the roadway a distance determined by the car’s KE, unless within this distance the car crashes into objects, which
will shorten the distance but deform the car and occupants,

While centrifugal force increases as the radius of a curve decreases (note that the radius is in the denominator of the formula,
CF =1v%} this fact creates the hazard it doeés because the force increases also by the speed? which is a factor in the numerator
of the formula. The speed? and the radius work together 1o make a car leave a curve and go straight. We have the principle of
the square operating in three driver problems which confront every driver while his car is in motion:

s = ut t at2; KE = ¥mv2; and CF = mv?

2 r
Finally we relate the rate of deceleration (-a) and the stopping distance in a collision to a car’s Impact force, using a 3200 1b
car movinF 60 mph (88 ft/sec): .
KE = ¥4mv = 387,200 ft 1bs = Work = Fotce x distance (s), Force = mass x acceleration.

Note that if a = 32, the deceleration would = gravity and the retarding force (F) would = 100% of the weight, or 3200 Ibs. Then
distance (s) = 121 ft. ‘ )

The average velocity during the stop is 44 ft/sec. The time to stop is 121 ft = 2.75 sec.
44 ft/sec

The time factor which determines the Impact force is in the rate of (neg) acceleration. When a = 32 ft/sec/sec (the value of
gravity) we have a 1G force which is equal the weight of the mass; if a = 64 we have a 2G force, etc. (Any mass accelerated at
the rate of gravity produces a force of 1G.)

In the equation Work = Fs = (ma)s the value of distance (s) will be large when a is small and vice versa. The rate of decelera-
tion is high when the time is short and a short distance makes the time short. -

Assume the car strikes a fixed object and its center of mass stops in 2 ft. The time to stop in 2 ftat 44 ft/sec’is 1 _sec. Then
a will be 1936 (ft/sec/sec) or 60% G's. ‘ 22

If s were 1 ft, a2 would be 3872 ft/sec/sec and the G force would be 121. Recall that when s was 121 ft, we had a 1G force.

Impulse = Force x time. The mass in F = ma is constant for a given car, Then when t is short a is high and the impact force is
great. For a given mass accelerated to a given speed the total Impulse remains the same. However, the force (F) in the Impulse
equation varies as the a in (ma) varies and a varies with the time required to change the velocity. The 3200 lb car moving 88
ft/sec has a momentum of 8800 lb-sec. An accelerating force (F) of 400 lbs would accelerate the car at 4 ft/sec/sec and de-
velop a momentum of 8800 Ib sec in 22 sec.

But in collisions where s is short, the t is small and the 8800 lb-sec of the 3200 Ib car moving 88 ft/sec produces a powerful
force (F). The force (F) is the lb, and the time (t) is the sec. If t = 2.75 sec, F = 3200 1b, If t = } sec, F = 8800 Ib. If t =§12_sec,

F = 193,600 1b. The shorter the time, the greater the blow the 3200 lb car can produce. If t = 1 sec, the force (F) = 8800 lb-sec
= 8800 lb-sec x 44 __ = 387,200 1b (121 G’s). . , ‘ i , 1sec

1 sec

The average velocity of the car is 44 ft/sec while its speed is being reduced from 88 ft/sec to 0 ft/sec. At a speed of 44 ft/sec
the car will go 1 ft in 1 sec. If the force (F) of 387,200 b is exerted through a distance of 1 ft we have 387,200 ft lbs, which

1s the KE of the car moving 88 ft/sec.

When the distance (s) to stop is 121 ft, the time (t) is 2.75 sec and the force (F) of the Impulse = 8800 lb-sec = 3200 1b,
1 2.73 sec.

the weight of the car (1 G). Changing the stopping time from 2.75 sec to-44 sec increases the force (F) from 3200 lbs to 387,200
1bs. The G force is 121 times the weight of the car and 121 times the weight of the occupant if he stops in _k_&sec. An occupant’s
body after impact with steel under such a force probably could be identified by fingerprints.

When a car collides with a fixed object the bumper and other parts collapse, thus increasing a few feet the distance through
which the instrument panel moves before it comes to rest. As a result the relative velocity between an occupant’s body and the
instrument panel is reduced. Consequently the G force on an occupant is appreciably lower than the G force at the bumper.

Suppose a 160 1b occupant is thrown forward at 88 ft/sec. He hits the panel in 0.1 sec, during which the speed of the panel has
been reduced to 22 ft/sec. The momentum of the occupant’s body is reduced during impact from 440 Ib-sec to 110 Ib-sec. Mom
at 88 ft/sec = 13653 x 88 = 440 lb~sec. Mom at 22 ft/sec = 1_3622 x 22 = 110 lb-sec. The force (F) = change in mom = 330 lb-sec

t

ime 0.1 sec
= 3300 lbs (21 G's). An occupant’s body after impact with steel under this force probably could be identified by relatives.

Note the following relations of mass, space and time, illustrated with a 3200'Ib car with a rate of motion (v) = 88 ft/sec and a
rate of changing the rate of motion (a) = 32 ft/sec/sec,

v= ati and the average velocity (V¥)-at, We have given v =88 and a = 32, Since t = v, t = 3_8_&95352 = 2.75 sec. Now s=Vt = at x
t= 5{_, so 2 a 32 ft/se 2
8= 32 ft/sec? x (2.75 sec)® =Y x 32 fr x 7.56 sec? = 242 ft = 121 ft

2 : se 2
Work = Fs = (ma)s = (3200 ]b . x 32 ft/sec®) s = 3200 1b x 121 ft = 387,200 ft 1b = KE

32 ft/se

Impulse = Ft = (ma)t = (3200 1b__  x 32 ft/sec®) t= 3200 1bx 2.75 = 8800 1b =M

( (; g%t b sec sec om
Work =Fs=32001bx 121 ft =121 fr =44 fe=v=Y%v=KE =387,200 fc1b= 44 ft
Impulse Ft 32 x 2.75 sec. 2.75 sec 1 sec Mom 8800 Ib sec sec
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