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1. Scop
The purposg¢ of this SAE Information Report is to describe currently known automotive agtive stability
enhancement systems, as\well as identify common names which can be used to refer to| the various
systems and common féatures and functions of the various systems. The primary systems digcussed are:
a. ABS—Antilock Brake Systems
b. TCS—Traction‘Control Systems
c. ESC—Hectronic Stability Control
The document is technical in nature and attempts to remain neutral regarding unique features that
individual system or vehicle manufacturers may provide.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright © 2004 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada)
Tel: 724-776-4970 (outside USA)
Fax:  724-776-0790
Email: custsvc@sae.org

SAE WEB ADDRESS: http://www.sae.org
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2. References

There are no referenced publications specified herein.

3. Definitions

There are many automotive stability enhancement systems on the market today, with more arriving
almost daily. These systems each have an acronym unique to their design, performance or marketing

features. Th
currently kn
manufacturg

TABLE 1—CURRENTLY KNOWN ACRONYMS
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rs. See Table 1.
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4.

System Descriptions

In this section, the minimum criteria of each system are listed. In addition, a brief description of a typical
implementation and the advantages of each system are provided. This description is not intended to limit
innovations such as development of alternate sensors, etc., but is intended to describe the current state-
of-the-art. In addition, it should be noted that performance of the systems might vary somewhat from
manufacturer to manufacturer and from vehicle to vehicle as the systems are calibrated to satisfy the
needs of specific vehicles and customer demographics.
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4.3 Engine and Brake Traction Control Systems (EBTCS)

4.3.1

oo

A system is defined as an Engine and Brake Traction Control System if it:

Is computer controlled.

Has a means to determine if a drive wheel is spinning.
Has the capability of applying brake force individually to the drive wheels to limit wheel spin.

Has the capability of controlling engine torque to reduce the brake torque needed to limit wheel spin.
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4.3.2

DESCRIPTION AND ADVANTAGES

Traction Control Systems monitor the wheel speeds and apply brake torques and/or control engine
torque to the drive wheels as necessary to control wheel spin during acceleration. By controlling wheel
spin, the vehicle stability, steerability, and acceleration are improved. Also since the brakes can be
applied to the drive wheels individually, engine torque can be transferred through the differential from one
wheel to another. This can improve vehicle mobility and acceleration when the drive wheels are operating
on non-uniform surfaces (such as a condition where one drive wheel is on a slippery surface and another
is on a higher-friction surface). The capability for controlling engine torque allows the system to minimize

use of the brakes-by-redueinrgenginetorgge——mM898Mm —
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DESCRIPTION AND ADVANTAGES

Engine Only Traction Systems monitor vehicle wheel speeds to determine if a drive wheel is spinning
during acceleration, and reduce engine torque to control wheel spin. Controlling wheel spin can improve
vehicle stability, steerability, and acceleration capability. No brake applications are used with this system
and it does not have any ability to transfer torque from one wheel to another.
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4.6 Electronic Stability Control Systems (ESC)
4.6.1 A system is defined as an Electronic Stability Control System if it:

a. Is computer controlled and the computer contains a closed-loop algorithm designed to limit
understeer and oversteer of the vehicle.

b. Has a means to determine vehicle yaw velocity and side slip.

c. Has a means to monitor driver steering input.

d. Has a means HRE-an jasting-the
vehicle.

e. Is operdtional over the full speed range of the vehicle (except below a low-speed;threghold where
loss of gontrol is unlikely).

rques to the

4.6.2 Elegtronic Stability Control Systems in use today can be divided into fourcategories (see
Figyre 1).
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Systems with Engine
Control

This system must have the means to
apply all four brakes individually and a
control algorithm which utilizes this
capability .

The system must have an algorithm to
determine the need, and a means to

L PN TR

Systems without Engine

Control

4-Wheel ESC without Engine Control

a)

b)

This system must have the means

to apply all four brakes individually
and a confrol algorithm which
utilizes this capability.

The system must be operational

Py
Tt

Four Wheel
Systems

o Rkl b s I
to assist the driver in maintaining
control of the vehicle.

The system must be operational
during all phases of driving including
accelerating, coasting, and
decelerating (including braking).
The system must stay operational
when ABS or Traction Control are
activated ”

habaLLLLE" )
including acceleration, coasfing,
and deceleration {including
braking).

The system muststay operdtional
when ABS or Traction Contjol are
activated.®

Two Wheel
Systems

2-Wheel ESC with Engine Control

a)

b)

d)

This system must have the
means to apply the hrakes
individually at the front wheels of
the vehicle and a control
algorithm that utilizes this
capability.

The system must have an
algorithm to determine(he need,
and a means to modify engine
torgue, as necessary, to assist
the drive in maintaining control of
the vehicle.

The system 'must be operational
during‘all phases of driving
in¢luding acceleration, coasting,
and'deceleration {including
braking).

The system must stay
operational when ABS or
Traction Control are activated. *

2A0heel ESC without Engine Cpnirol

a)

b)

This system must have the means
to apply the brakes individuglly at
the front wheels of the vehidle and a
confrol algorithm that utilizep this
capability.
The system must be operational
during all phases of driving |ncluding
acceleration, coasting, and
decelerating {including brakjng).
The system must stay operational
when ABS or Traction Contfol are
activated.”

"Some systems may have limited yaw control capability during ABS or Traction Control activation.

FIGURE 1—THE FOUR CATEGORIES OF AN ELECTRONIC STABILITY CONTROL SYSTEM
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4.6.3 All Electronic Stability Control Systems are assumed to include ABS. The vehicles may also
include other brake-related or stability enhancement features such as:

Traction

Poo T

Control to control wheel spin during acceleration.

Dynamic Brake Proportioning to control front/rear brake balance.

Engine Drag Control to prevent excessive wheel slip due to throttle lift-off or down shifting.
Other computer-controlled features which can activate or modify vehicle braking.

Other computer-controlled stability enhancement features.
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CRIPTION AND ADVANTAGES

tability Control Systems use various sensors (typically wheel‘speed sensors, st
v rate sensors, and accelerometers) to monitor the dynatic state of the veh
mands. They then apply the vehicle’s brakes (and adjust.engine torque) to make
to the rotational moment about the vehicle’s vertical @xis and correct the path g
’s intended path. These systems improve the vehicle’s stability, the driver's c
correct understeer and oversteer conditions that eccur.

f Electronic Stability Control used on a:Specific vehicle is the decision of
r.
ibution,
CS.

powertrain size and type,“intended vehicle use, size, cost, an

Stability Enhancement Features

hphasis of today’s yaw control systems is placed on control of the brake forces,
such systems is to control the forces at the tire-road interface. In addition to the 4

ese systems include the suspension, steering, and drivetrain.
TROLLED SUSPENSIONS

ms _have the ability to manage vertical wheel loads and thus influence the long

pse features is included on the vehicle, the Electronic Stability Control SystJem must be

d to prevent

bering angle
cle and the
appropriate
f the vehicle
bntrol of the

the vehicle

Factors affecting this decision may include handling characteristics of the vehicle, vehicle

d customer

the broader
rakes, other
b’s  dynamic

itudinal and
or all of the

capability of each tire. The actuation may be through the active control of any

following:

a. Damping coefficients

b. Spring rates

c. Anti-roll bar rates

d. Other suspension components

4.7.2 CONTROLLED STEERING

These systems have the ability to actively adjust the steered angle or the camber angle of one or more
wheels to influence the longitudinal and lateral forces of the tire.
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4.7.3 DRIVETRAIN CONTROLS

These systems have the ability to adjust the engine torque applied to the drive wheels to influence the
longitudinal and lateral forces of the tire. This may be accomplished by a combination of engine torque

adjustment and control of differentials to manage the torque across axles.

uch as ABS,

4.8 Integrated Vehicle Systems

Vehicle Dynamics Control (VDC), Integrated Chassis Control System (ICCS), Electronic Stability Program
(ESP), Dyngmie-Stabitity-ContreHBSG)—TFhese-systems-combine-vehicle-stabilityfeatures—s

Traction Conptrol, Electronic Brake Distribution (Dynamic Rear Proportioning), Electronic-Sta

Systems, S
package an
trademarked

uspension Controls, and/or Steering Controls on one vehicle. Each manuf
I name these combinations to suit their specific vehicle and customer. These na
by individual manufacturers.

5. Discussion

The advent
electronicall

of the automotive microprocessor and sensor technologies has made possible
controlled vehicle stability enhancement systems. These systems have the

bility Control
hcturer may
mes may be

an array of
capability of

applying or
of the vehicl
and other vdg

Each of the
friction betw

E. In addition, many of the systems have interfaces with the powertrain, suspensi

5e systems is designed to optimize use ef\the friction at the tire/road interfac

egulating the brake force at the wheels to influence the stability and/or steering and handling
bn, steering,
hicle systems to further enhance their control capability.

. Since the
vehicle to

a)
C
D

een the tire patches and road surface generates the force that allows th

L

accelerate,
and handling.

Some of thgse systems, such as ABS,chave widespread application in the market and
contributing fto improved handling and(cantrol of the vehicles. Others, such as Electronic Stal
are beginning to penetrate the market and demonstrate their benefits in assisting the driver
further contrjbutions to vehicle safety.

As these syptems have been-developed, each manufacturer has included its own features
cases has marketed thenrunder their own names. In some cases, different systems may
the same or very simifar~names, and in other cases, similar systems are referred to by diffg
In some cases, this:has created confusion both within the industry and among the general p

lecelerate and turn, control of this force’ provides the opportunity to enhance velicle stability

already are
ility Control,
and making

and in many
be called by
rent names.
Liblic. Some

differentiation of terminology is likely to continue as manufacturers seek to highlight unique a
market their[respective systems. However, SAE recommends that the following “generic” te
employed t i el frrthi i

ABS—Antilock Brake System
TCS—Traction Control System
ESC—Electronic Stability Control

tributes and
minology be
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