Non-Emergency Driving Objective 2.12

OBJECTIVE 2.12  Identify factors that affect handling, Steering, and braking to include ABS

systems.

INTRODUCTION

During the operation of amotor vehicle, the driver s8ldom analyzes vehicle dynamics. The driver
makes a series of sub-conscious adjustments in steering and speed selection to alow for continued
vehicle control. This process becomes routine and the driver anticipates an uneventful drive. When
thereisaneed for adramatic steering or speed adjustment a driver reacts by drawing on impulse,
training and habits. The percentages for successful completion of the maneuver are very low, asthe
driver often reacts too dowly or overreacts and has a collision.

A driver who understands how the laws of physics act on a vehicle recognizes that they cannot be
violated without paying a pendty. The driver must also understand during emergency operation the
increased speeds and distractions present are compounded by the changes in vehicle dynamics.
Stopping distances are aso affected by the speed increase.

CONTENT

Badc vehicle dynamics and factors which influence the operation of an emergency vehicleinclude:

1.

Centrifugd Force - Asavehicle travels around a corner, there is an increase in the centrifuga
force which impels an object outward from a center of rotation. The grester the speed, the
gregter the force. An example is when driving around a corner avehicle fals to maintain the
intended path of travel. Thisis oftentimes characterized by the rear of the vehicle rotating
around the axis of the vehicle,

Centripeta Force - The opposite of centrifuga force; pushing toward the center.
Characterized by avehicles ability to maintain its intended path of travel while cornering.
Driving the vehicle in excess of the gppropriate speed diminishes the effectiveness of
centripeta force and gives way to centrifugd force.

Inertia- The tendency of abody to resst acceleration. The tendency of abody at rest
to remain at rest and abody in motion to remain in motion in agtraight line unless

disturbed by an externd force. Resistance to motion, action or change.

Momentum - The Size and speed of the vehicle will determine the amount of time and distance
required to stop it. The greater the mass or speed, the more time and distance necessary to
effect astop. P=WVZ
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5. Vdocity - Therate of change of position relative to time, speed of motion in a particular
direction. (Vector)

6. Gravity - A congtant pull of the earth, pulling dl objects towards its center.

7. Friction - The force between two bodies that resst motion or tendency to motion. Sliding
friction, ralling friction and stopped friction. Examples are a vehicle with locked wheds diding,
amoving vehicle and avehicle & red.

BASIC VEHICLE DYNAMICS MAY BE EXPLAINED ASFOLLOWS:

The combination of inertiaand gravity dlow avehicle to remain Sationary or continue in motion
until acted on by other forces. The combination of vehicle weight and gravity give the vehicle mass.
Asthe driver accderates the vehicle, velocity becomes the dominant force. This velocity,
combined with the mass, creates aleve of kinetic energy stored in the vehicle. Kinetic energy is
measured by taking into account both mass and velocity. This means the kinetic energy in avehicle
traveling 10 mph would be equa to 100 units. This same vehicle traveling a 40 mph would have 4
times the speed but 16 times the force (1600 units) acting on the vehicle. Convert the mph to units
of force by squaring the mph:

MPH x MPH = UNITS OF FORCE
10x10= 100
20x20= 400
30x30= 900
40x 40 = 1600
50x 50 = 2500
60 x 60 = 3600

DYNAMICS OF STEERING

1. Countersteering - A method of counteracting the forces created in a skid (dry or wet) by
geering in the direction of the skid, or the intended path of trave.

2. Undergteer - The handling characterigtic of a vehicle that tends to increase the desired
cornering radius as a vehicle progresses through aturn. A tendency of the vehicle to continue
inadgraght line and resst turning from a direct course of travel.
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3. Overgeering - The handling characteristic of a vehicle that tends to reduce the desired
cornering radius as a vehicle progresses through aturn, requiring the driver to rotate the
seering whed away from the direction of the turn.

DYNAMICS OF BRAKING

1. Braking

a.  Front Whed Lock-up

b.

(1) Caused by improper brake adjustment or dick spot on the road.
(2) Causesreduced braking ability and loss of steering.

(3) Rear whed's act asarudder and maintain straight-ahead dide.
All Whesdls Locked

(1) Caused by apanic stuation in which brakes are applied abruptly and hard enough to
lock al four whedls,

(2) Thevehidewill probably skid in atraight line as long as variables such as road
surface, tire tread, and air pressure are fairly even

(3) Rear Whed Lock-up

() Caused by improperly adjusted brakes which cause rear whedlsto lock while
front wheels continue to rotate.

(b) Vehiclewill rotate around center mass in the horizonta plane.

(4) Brake Fade - Most common during a drive when frequent use of the brakes does not
alow for proper cooling

(5) Weight Trandfer

(& Occurswhen the vehicle changes velocity or direction.

Chapter 2 - Module 2 - Objective 2.12 Page 191
Non-Emergency Driving



Objective 2.12 Non-Emergency Driving

(b) Asavehicle accderates, the front lifts, causing weight in reer to increase. This
weight shift to the rear can cause loss of traction for front-whed drive vehicles,
but an increase in traction for rear-whed drive vehicles.

(©) When braking the vehicle, weight is transferred to front wheds which have high
braking efficiency.

(d) Change of direction transfers weight from one side of the vehicle to the other,
which is more naticegble in vehides with ahigher center of gravity.

(6) Environmenta factors
(& Road surface - Wet, dry, surface debris, pavement type, and temperature.
(b) Road design - Flat, uphill, curve, crowned, banked.

(o) Vidhility rdative to perception time - Weether conditions, day or night, blind
spots, other traffic.

(d) Wind
(7) Vehicle condition
(@ Braking system - Poorly maintained, low brake fluid.
(b) Suspension system and steering components - Bad shock absorbers, tie rods.
(c) Tires- Improper tire tread, improper tire pressure, dignment, ice studs, baance.

(d) Vehideweght and digtribution of extraweight - Uneven didribution, greater
mass.

(8) Braking Sysems
(@ Conventiond - Drum disc.
(b) Four whed disc.

() Anti-lock braking system (ABS).
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ANTILOCK BRAKING SYSTEMS (ABS)*
What isABS?

An antilock braking system (ABYS) isthe part of avehicles braking system that automatically
controls braking pressure to prevent the controlled whed or whedls from locking during braking.

Why Are Antilock Braking Systems Beneficid?

Motorists, when confronted with emergency Stuations, are likely to press too hard on the brake
pedd, causing their vehicles whedsto lock, which in turn causes skidding and loss of contral.
ABS, by preventing whed lockup, dlows driversto maintain control of their vehicles evenin "panic
dop” stuations. Maintaining control can be akey factor in collison avoidance. Most antilock
systems aso enable the vehicle to stop in a shorter distance, particularly on wet or dippery road
surfaces.

How Does ABS Work?

On avehicle equipped with an antilock braking system, wheel speed sensors detect whed! lock,
and send signals to the brake pressure modulator to reduce brake pressure which alows the whedls
to turn. The ABS then regpplies braking pressure to maintain maximum braking. This pressure
regulation, in effect, pumps the brakes in the same manner adriver would, only much faster. During
ABS operation, drivers would expect to fed the brake pedal pulsating. this pulsating occurs asa
result of the brake fluid pressure changesin the brake system when the ABSis activated. Thisis
not an unusua Stuation and the driver should continue gpplying pedal pressure as required.

Current antilock systems can release and regpply the brakes as many as 15 times per second. By
alowing the whed's to continue ralling, the driver is dways able to maintain control and stop the
vehicle on dippery surfaces in a shorter distance then would be possible otherwise.

What Are The Mgor Components Of ABS?

1. Thetypicd antilock sysem includes the following mgor components:

a.  Whed Speed Sensors measure whed speed, and then transmit this information to the
electronic control unit (ECU).

Adapted from a"Consumer Information” bulletin published by the U.S. Department of
Trangportation, Nationa Highway Traffic Safety Adminigtration, in December 1991.

Page 194 Chapter 2 - Module 2 - Objective 2.12
Non-Emergency Driving



Non-Emergency Driving Objective 2.12

b. Electronic Control Unit (ECU) contains computer functions, sensor signa processing
circuits, output sgnasto the various ABS vaves and components, and failure detection
logic.

c. Brake Pressure Modulator reduces, holds, and restores pressure to one or more brakes,
independent of the brake pedd effort applied by the driver.

2. Antilock systems control ether the two rear whedls or dl four whedls of the vehicle. In
generd, the four-whed systems provide better stability and control during braking compared
with the two-whedl systems because the steered whedl's do not lock up.

In the event of a malfunction in the antilock system, braking, without
ABS function, is maintained on the vehicle and a warning lamp on the
instrument pane alertsthedriver that the ABSisin need of repair.

LAW ENFORCEMENT TRAINING AND ABS:

Just as kills and knowledge are required by police officers concerning emergency driving, the same
holds true for vehicles featuring ABS. Four eements have been identified which assst law
enforcement departments familiarize and train personnd with ABS.

1. ABSvideo tape produced from the vehicle manufacturer

2. Driver's manud accompanying ABS equipped vehicles

3. ABSwarning lamp symbal and functioning

4. Hands-on braking and handling familiarization prior to actud in-service emergency driving

(Automotive service technicians who work with ABS-equipped vehicles aso require
additiond training. Technicians must receive manufacturer product service training on
Antilock Brake Systems. This ensures that technicians are qudified to inspect and repair
vehicles equipped with ABS))

5. Thefour dements above may help officers recognize the improved efficiency of Antilock
Brake System; however, it isimportant to emphasi ze specific features which characterize ABS.
Items such as the pulsating effort of the brake peda during activation of ABS isimportant
information for officers. The knowledge of the ABS warning lamp symbol and functioning (see
owner's manud), is dso important for law enforcement officers. This explains that should the
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ABS warning lamp symboal light up on the insrument panel during driving, the vehicle no longer
has ABS brake capability.
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However, traditional power brakeswill be activated until the vehicle can be returned for
sarvice. Hands-on familiarization of the ABS braking and handling system completes the last
element of training. By completing the above dements of ABS familiarization and training,
officers will receive information which will assst them as they meet the challenges of

emergency driving.
WHICH VEHICLESHAVE ABS?

Many vehicles now employ ABS. These vehicles may have an identifying plate or there may be
some indicator on the sdes dip.

GETTING USED TO THE WAY ABSWORKS.

1. Whendriving a high speeds, motorists are accustomed to hearing a screeching noise when
they apply the brakes suddenly. This happens when awhed locks up and the tire skids on the
road surface. Since antilock brakes prevent whed lockup, there is no screeching sound. The
absence of a screech means that the ABS isworking.

2. Motorigts are accustomed to pumping their brakes to prevent whed lockup. When the pedal
is pushed on a car equipped with antilock brakes, some motorists notice a pulsing sensation.
The antilock brakes are doing their own "pumping.” Do not pump the pedd. If you do, you
will defest the purpose of the ABC or lessen the effectiveness of the brakes.

For further inquiries concerning Antilock Braking Systems, contact
NHTSA's Traffic Law Enforcement Traffic Divison at (202) 366-
4295, or, NHTSA's Office of Defects Investigation (ODI). ODI isthe
office which conducts defects investigations and devel ops the necessary
information to determine whether a safety defect exists and if a safety
recal should be implemented. A toll free hotline number (888)
3274236 isdso available. Thetadll free number will put you in touch
with an operator, who will passthe information on to a specidis.
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SUMMARY
Basic vehicle dynamics and a number of factors influence the operation of an emergency vehicle.
Knowledge of both basic vehicle dynamics and common factors such as braking will assst the
operator in understanding how to effectively control an emergency vehicle.

SUGGESTED INSTRUCTIONAL METHODOLOGY
LECTURE WITH VIDEO
Support the content of this lesson plan with lecture including examples of characterigtics of patrol
vehides having ABS aswell as video footage of duty vehicles being operated in redistic conditions
and performing typica duties.
RANGE

Sdlect braking, turning, and combined courses from Chapter 8 to reinforce lecture and video
presentations.

RESOURCESAND AIDS
1. Chapter 8 exercises.
2. Video footage of vehicles being operated in awide variety of conditions and activities.
SUGGESTED EVALUATION METHODOLOGY
STUDENTS
1. Written or verba responses to questions regarding stopping distance-related problems

2. Observation of performance of these maneuvers and methods during practice driving, on the
practice range or on the street

COURSE
1. Repair records with vehicles equipped with ABS.

2.  On-the-job observation, evauation, or analyss of these maneuvers and methods
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