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1. Scope

NOTE—Italized words ,and* phrases appearing in a definition are themselves defined e

Termpinology.

2. References
2.1 Applicable Pubtications=—Ttre—fottowingpubtications—formapartof the—specificationtothe

herein. Unless otherwise indicated the lastest revision of SAE publications shall apply.

211

SAE J693—Truck Overall Widths Across Dual Tires

2.1.2 OTHER PuU

BLICATIONS

ANS C85.1-1963—Terminology for Automatic Control
ANS 724.1-1951

Tire and

Rim Association Year Book

Control Engineers’ Handbook, John G. Truxal (Ed.), New York: McGraw-Hill

extent specified

SAE PuBLICATION—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
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3.1

3.2

3.3

3.3.1

3.4

3.5

3.6

3.7

3.8

3.9

4.1

4.2

4.3

43.1

4.3.2

4.3.3

434

Mechanical Vibration-Qualitiative Terminology

Vibration (Oscillation), General—Vibration is the variation with time of the displacement of a body with
respect to a specified reference dimension when the displacement is alternately greater and smaller than the
reference. (Adapted from ANS 724.1-195 1, item 1.040.)

Free Vibration—Free Vibration of a system is the vibration during which no variable force is externally applied
to the system. (Adapted from ANS Z724.1-1951, item 2.135.)

Forced Vibration—Forced vibration of a system is vibration during which variable forces outside the system
determine the period of the vibration. (Adapted from ANS Z224.1-1995 1, item 2.130.)

ReEsoNANGE—A forced vibration phenomenon which exists if any small change in frequengy of the applied
force caudes a decrease in the amplitude of the vibrating system. (Adapted from ANSZ24.[1, item 2.105.)

Self-Exciteq Vibration—Vibrations are termed self-excited if the vibratory motion produdes cyclic forces
which sustain the vibration.

Simple Haru:onic Vibration—Vibration at a point in a system is simple harmonic when the d|splacement with
respect to time is described by a simple sine function

Steady-Stafle Vibration—Steady-state vibration exists in a systemifithe displacement at each point recurs for
equal increnpents of time. (Adapted from ANS Z24 1-1951, items<11.005 and 1.045.)

Periodic Vilpration—Periodic vibration exists in a system, when recurring cycles take plage in equal time
intervals.

Random Vilbration—Random vibration exists in a'system when the oscillation is sustained hut irregular both
as to period jand amplitude.

Transient Vjbration—Transient vibration @xists in a system when one or more componen{ oscillations are
discontinuoys.

Mechanical|Vibration-Quantitative ' Terminology

Period—Pefiod of an oscillation is the smallest increment of time in which one complete sequence of variation
in displacentent occurs. A(Adapted from ANS Z24. 1951, item 1.050.)

Cycle—Cycle of oseillation is the complete sequence of variations in displacement whicH occur during a
period. (Adaptedffom ANS Z24.1-1951, item 1.055.)

Frequency-—=Frequencyof vibratiomisthe mumber-of periodsoccurrimgmuonit time—(tAcdapted-from ANS Z24.1-

1951, item 1.060.)

NATURAL FREQUENCY—Natural frequency of a body or System is a frequency of free vibration. (Same as
ANS Z24.1 1951, item 2.140.)

EXCITING FREQUENCY—EXCciting frequency is the frequency of variation of the exciting force.
FREQUENCY RATIO—The ratio of exciting frequency to the natural frequency.

RESONANT FREQUENCY—Frequency at which resonance exists. (Same as ANS Z224.1-1951, item 2.110.)
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4.4 Amplitude—Amplitude of displacement at a point in a vibrating system is the largest value of displacement
that the point attains with reference to its equilibrium position. (Adapted front ANS Z24.1 - 1951); item 1.070.)

441

4.4.2

4.4.3

4.5

4.6

47

4.8

51

5.2

PEAK-TO-PEAK AMPLITUDE (DOUBLE AMPLITUDE)—Peak-to-Peak amplitude of displacement at a point in a
vibrating system is the sum of the extreme values of displacement in both directions from the equilibrium
position. (Adapted from ANS Z24.1-1951, item 1.075.)

STATIC AMPLITUDE—Static amplitude in forced vibration at a point in a system is that displacement of the
point from its specified equilibrium position which would be produced by a static force equal to the maximum
value of exciting force.

ratio forca

Tha af-o A o
T aao- oo 1oTeCtT

wbeatio
vTIoTOooTT

H
T

o
L= Rl

de to the static

AMPLITUDERAF

amplitude

Velocity—V|
from ANS Z]

In simple hafmonic vibration, the maximum velocity,

where:
w = 2pf
f =freq
X = amy

Acceleratio
Z24.1-1951,

In simple hal

Jerk—"Jerk

In simple haymonic motien;;the maximum jerk,

ANEICATIAOM-I—AcTAaR)
OINTFTCATTON T AT TUNY

¥

elocity of a point in a vibrating system is the time rate of change of itscdisplace
p4.1-1951, item 1.345.)

ency
litude

h—Acceleration of a point is the time-rate of change of the velocity of the point.
item 1.355.)

Fmonic vibration, the maximuny acceleration,

is a concise term-tsed to denote the time rate of change of acceleration of a poi

3
X

jm_

ment. (Adapted

(Eq. 1)

(Same as ANS

(Eq. 2)

(Eq. 3)

Transmissi

ility—Transmissibility in forced vibration is the ratio of the transmitted force to the

applied force.

Vibrating Systems

Degree Of Freedom—The number of degrees of freedom of a vibrating system is the sum total of all ways in
which the masses of the system can be independently displaced from their respective equilibrium positions.

EXAMPLES—A single rigid body constrained to move only vertically on supporting springs is a system of one

degree of freedom.

If the same mass is also permitted angular displacement in one vertical

plane, it has two degrees of freedom: one being vertical displacement of the center of gravity;

the other angular displacement about the center of gravity.

Linear—Linear vibrating systems are those in which all the variable forces are directly proportional to the
displacement, or to the derivatives of the displacement, with respect to time.
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53

5.4

5.5

551

55.2

5.5.3

554

555

6.1

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

Nonlinear—Nonlinear vibrating systems are those in which any of the variable forces
proportional to the displacement, or to its derivatives, with respect to time.

EXAMPLE—A system having a variable spring rate.

are not directly

Undamped—Undamped systems are those in which there are no forces opposing the vibratory motion to

dissipate energy.

Damped—Damped systems are those in which energy is dissipated by forces opposing the vibratory motion.

Any means associated Wlth a vibrating system to balance or modulate excmng forces will reduce the vibratory

motlon but @

CRITICAL
displacempnt of the system from passing the equilibrium position upon retarning from an init
DAMPING
damping.

ATIO—The ratio of the amount of Viscous damping preséent in a system to that re

CouLomB PAMPING—Damping in which a constant force oppeses the vibratory motion.

ComPLEX DAMPING—Damping in which the force epposing the vibratory motion is va
proportiongl to the velocity.

In the field of aircraft flutter and vibration, complex damping is also used to denote a specific
in which the damping force is assumed, to-be harmonic and in phase with the velocity
amplitude [proportional to the amplitude_of;displacement.

Components and Characteristics of Suspension Systems

Vibrating Miass And Weight

SPRUNG WEIGHT—AII weight which is supported by the suspension, including portions of t
suspensiop members:

In the cas
unsprung

of.most vehicles, the sprung weight is commonly defined as the total weight Ig
parts.

is applied to an
osite in direction
h to prevent the

al displacement.

fuired for critical

fiable. but not

type of damping
but to have an

he weight of the

ss the weight of

SPRUNG MAss—Considered to be a rigid body having equal mass, the same center of gravity, and the same

moments of inertia about identical axes as the total sprung weight.

DYNAMIC |NDEX—(k2/ab ratio) is the square of the radius of gyration (k) of the sprung mass about a
transverse axis through the center of gravity, divided by the product of the two longitudinal distances (a and

b) from the center of gravity to the front and rear wheel centers.

UNSPRUNG WEIGHT—AII weight which is not carried by the suspension system, but is supported directly by

the tire or wheel, and considered to move with it.

UNSPRUNG MASs—The unsprung masses are the equivalent masses which reproduce the inertia forces

produced by the motions of the corresponding unsprung parts.
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6.2 Spring Rate—The change of load of a spring per unit deflection, taken as a mean between loading and
unloading at a specified load.

6.2.1 StATIC RATE—Static rate of an elastic member is the rate measured between successive stationary positions
at which the member has settled to substantially equilibrium condition.

6.2.2 DyNaMIC RATE—Dynamic rate of an elastic member is the rate measured during rapid deflection where the
member is not allowed to reach static equilibrium.

6.3 Resultant Spring Rate

6.3.1 SUSPENSIGN-RATEOWHEEERATE—The-change-of-wheeHoad—at-the-centerof-tire—eentact, per unit vertical
displacempnt of the sprung mass relative to the wheel at a specified load.
If the whelel camber varies, the displacement should be measured relative to theylowest jpoint on the rim
centerline

6.3.2 TIRE RATE[(STATIC)—The static rate measured by the change of wheel load, per unit verticall displacement of
the wheel felative to the ground at a specified load and inflation pressure.

6.3.3 RIDE RATH—The change of wheel load, at the center of tire contact, per unit vertical displacement of the
sprung mass relative to the ground at a specified load.

6.4 Static Deflection

6.4.1 TOTAL STATIC DEFLECTION—Total static deflection ofsa.loaded suspension system is the gverall deflection
under the ptatic load from the position at which all elastic elements are free of load.

6.4.2 EFFECTIVE|STATIC DEFLECTION—Effective Static deflection of a loaded suspension system gquals the static
load divided by the spring rate of the systemnat that load.
Total stati¢ deflection and effective static deflection are equal when the spring rate is constat.

6.4.3 SPRING CENTER—The vertical line*along which a vertical load applied to the sprung mass Will produce only
uniform vdrtical displacement:

6.4.3.1 Parallel Springing—Dbescribes the Suspension of a vehicle in which the effective static deflections of the

two ends are equalhthat is, the spring center passes through the center of gravity of the sprung mass.
6.5 Damping Dg¢vicess=As distinct from specific types of damping, damping devices refer to the actual
mechanismg dsed to obtain-damping of suspension systems.
6.5.1 SHocK ABSORBER—A generic term which is commonly applied to hydraulic mechanisms for producing

damping of suspension systems.

6.5.2

damping of suspension systems.

SNUBBER—A generic term which is commonly applied to mechanisms which employ dry friction to produce
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ut the vehicle x-

ung mass about

onents that are

mass.

ch occurs when

ch occurs when

longitudinal

7. Vibrations of Vehicle Suspension Systems

7.1 Sprung Mass Vibrations

7.1.1 RiDE—The low frequency (up to 5 Hz) vibrations of the sprung mass as a rigid body.

7.1.1.1  Vertical (Bounce)—The translational component of ride vibrations of the sprung mass in the direction of the
vehicle z-axis. (Figure 2)

7.1.1.2 Pitch—The angular component of ride vibrations of the sprung mass about the vehicle y-axis.

7.1.1.3 Rol—Thke

7.1.2 SHAKE—The intermediate frequency (5—-25 Hz) vibrations of the sprung mass as a flexible b

7.1.2.1 Torsiongdl Shake—A mode of vibration involving twisting deformations of sprung'mass abd
axis.

7.1.2.2 Beaming—A mode of vibration involving predominantly bending deformations of the spr
the vehigle y-axis.

7.1.3 HARsHNESs—The high frequency (25-100 Hz) vibrations of-the structure and/or comp

perceived ftactually and/or audibly.
7.1.4 BoomM—A high intensity vibration (25-100 Hz) perceived-audibly and characterized as sensation of pressure
by the ear

7.2 Unsprung Nlass Vibrations

7.2.1 WHEEL VIBRATION MODES

7.2.1.1 Hop—Tlhe vertical oscillatory motian 0f a wheel between the road surface and the sprung

7.2.1.1.1  Parallg¢l hop is the form of viuheel hop in which a pair of wheels hop in phase.

7.2.1.1.2 Trampis the form of wheel hop in which a pair of wheels hop in opposite phase.

7.2.1.2 Brake Hpp—An oscillatory hopping motion of a single wheel or of a pair of wheels wh
brakes dre appliedin forward or reverse motion of the vehicle.

7.2.1.3 Power Hop=*An oscillatory hopping motion of a single wheel or of a pair of wheels wh
tractive forcetsapptredimforward-orreverse-motionmof-the-vehicte:

7.2.2 AXLE VIBRATION MODES

7.2.2.1 Axle Side Shake—Oscillatory motion of an axle which consists of transverse displacement.

7.2.2.2 Axle Fore-and-Aft Shake—Oscillatory motion of an axle which consists purely of
displacement.

7.2.2.3 Axle Yaw—Oscillatory motion of an axle around the vertical axis through its center of gravity.

7.2.2.4 Axle Windup—Oscillatory motion of an axle about the horizontal transverse axis through its center of

gravity.
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7.2.3

STEERING SYSTEM VIBRATIONS

7.2.3.1 WheelF

lutter—Forced oscillation of steerable wheels about their steering axes.

f the spin axis of

btween the point

eel center to the

It is considered

hen the steering

he wheel center

is intersects the

1 point is forward

7.2.3.2 Wheel Wobble—A self-excited oscillation of steerable wheels about their steering axes occurring without
appreciable tramp.
7.2.3.3 Shimmy—A self-excited oscillation of a pair of steerable wheels about their steering axes, accompanied by
appreciable tramp.
7.2.3.4 Wheelfight—A rotary disturbance of the steering wheel produced by forces acting on the steerable wheels.
8. Suspensiorn] Geometry
8.1 Kingpin Gepmetry
8.1.1 WHEEL PLANE—The central plane of the tire, normal to the spin axis.
8.1.2 WHEEL CENTER—The point at which the spin axis of the wheel intersects.the wheel plane.
8.1.3 CENTER OF TIRE CONTACT—The intersection of the wheel plane and-the vertical projection o
the wheel ppnto the road plane. (See Note 1.)
8.1.4 KINGPIN INCLINATION—The angle in front elevation between-the steering axis and the vertical.
8.1.5 KINGPIN OFFseT—Kingpin offset at the ground is the harizontal distance in front elevation b
where the(steering axis intersects the ground and the center of tire contact.
The kingpin offset at the wheel center is the harizontal distance in front elevation from the wh
steering axis.
8.2 Wheel Castpr
8.2.1 CAsTER ANGLE—The angle in_side elevation between the steering axis and the vertical.
positive when the steering axis.is inclined rearward (in the upward direction) and negative w
axis is incljned forward.
8.2.2 RATE oF JASTER CHANGE—The change in caster angle per unit vertical displacement of t
relative to the sprung mass.
8.2.3 CAsTER OFrSET—The distance in side elevation between the point where the steering ax
ground, arrcHthecenteroftirecontact—Theoffsetisconsideredpositivewhenthe-mtersection
of the tire contact center and negative when it is rearward.
8.2.4 CENTRIFUGAL CASTER—The unbalance moment about the steering axis produced by a lateral acceleration

equal to gravity acting at the combined center of gravity of all the steerable parts. It is considered positive if
the combined center of gravity is forward of the steering axis and negative if rearward of the steering axis.
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8.3 Wheel Camber

leans outward at the top arid negative when it leans inward.

relative to the sprung mass.

centers about which the wheel moves relative to the sprung mass.

MG o bhaovioantal iotanoan fro tor of tira oo

CaMBER ANGLE—The inclination of the wheel plane to the vertical. It is considered positive when the wheel

RATE oF CAMBER CHANGE—The change of camber angle per unit vertical displacement of the wheel center

Swing Center—That instantaneous center in the transverse vertical plane through any pair of wheel

ntact.

8.3.1

8.3.2

8.3.2.1

8.3.2.2 Swing-ArrRad

8.3.3 WHEEL TR
For vehicl
tire contad

8.3.4 TRACK CH/
in the sam

8.3.5 RATE OF T|
the same

8.4 Wheel Toe
8.4.1 STATIC TO
wheel cen
line of intg
the wheel
8.4.2 STATIC TO
of the whe
the wheel
is greater,
Note 2.)

8.5 Compressign—The relative displacement of sprung and unsprung masses in the suspension

the distance

o a
matrosS tCToOTtrc—CUO

\CK (WHEEL TREAD)—The lateral distance between the centers of tire contact; of
ps with dual wheels, it is the distance between the points centrally located, betweg
t of the inner and outer wheels. (See SAE J693.) 1

NGE—The change in wheel track resulting from vertical suspension’displacement
e direction.

RACK CHANGE—The change in wheel track per unit verti€al displacement of both
Jirection relative to the sprung mass.

E ANGLE (DEG)—The static toe angle of a wheel, at a specified wheel load or relati
fer with respect to the sprung mass, is the‘angle between a longitudinal axis of thg
rsection of the wheel plane and the read surface. The wheel is "toed-in" if the fq
s turned toward a central longitudinal axis of the vehicle and "toed-out" if turned 3

E (IN (MM))—Static toe-in or tog-out of a pair of wheels, at a specified wheel load of
el center with respect to the sprung mass, is the difference in the transverse dis
planes taken at the extreme rear and front points of the tire treads. When the dis
the wheels are "togd-in" by this amount; and where smaller, the wheels are '

between the-masses decreases from that at static condition.

RANCES=The maximum displacement in compression of the sprung mass relat
mitted by the suspension system, from the normal load position.

h pair of wheels.
en the centers of

s of both wheels

Wwheel centers in

e position of the
 vehicle and the
rward portion of
way.

relative position
tances between

fance at the rear
toed-out.” (See

system in which

ve to the wheel

METAL PosITION (COMPRESSION)—The point of maximum compression

interference of substantially rigid members.

8.5.1 RIDE CLEA

center per
8.5.2 METAL-TO-
8.5.3

The bump

stop may also act to limit the compression travel.

1.
0001.

travel

limited by

Bump SToP—AnN elastic member which increases the wheel rate toward the end of the compression travel.

Published in the SAE Handbook. Available from the Society of Automotive Engineers, Inc., 400 Commonwealth Drive, Warrendale, PA 15096-
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8.6

8.6.1

8.6.2

8.6.3

8.7

8.8

8.8.1

8.8.2

8.8.3

Jo.1

9.1.1

9.1.2

9.1.3

9.14

9.1.5

9.1.6

9.1.7

Rebound—The relative displacement of the sprung and unsprung masses in a suspension system in which
the distance between the masses increases from that at static condition.

REBOUND CLEARANCE—The maximum displacement in rebound of the sprung mass relative to the wheel
center permitted by the suspension system, from the normal load position.

METAL-TO-METAL PosITION (REBOUND)—The point of maximum rebound travel limited by interference of
substantially rigid members.

REBOUND SToP—AnN elastic member which increases the wheel rate toward the end of the rebound travel.
The rebound stop may also act to limit the rebound travel.

Center Of Parallel Wheel Motion—The center of curvature of the path along which each 'of a pair of wheel
centers moyes in a longitudinal vertical plante relative to the sprung mass when bothywhgels are equally
displaced.

Torque Arm

TORQUE-ARM CENTER IN BRAKING—The instantaneous center in a vertigal longitudinal plane through the
wheel center about which the wheel moves relative to the sprung mass,when the the brake (s locked.

TORQUE-ARM CENTER IN DRIVE—The instantaneous center in a~vertical longitudinal plane thHrough the wheel
center abqut which the wheel moves relative to the sprung mass when the drive mechanisnj is locked at the
power source.
TORQUE-ARM RADIUS—The horizontal distance from the torque-arm center to the wheel center.
Tires and Wheels
General Nonenclature
STANDARD| LOADS AND INFLATIONS—Th@se combinations of loads and inflations up to the mgximum load and
inflation rqcommended by the Tire‘and Rim Association and published in the yearly editiong of the Tire and

Rim Assogiation Year Book.

Rim DIAMEHTER—The diameter at the intersection of the bead seat and the flange. (Sdge Tire and Rim
Association Year Book:) “Nominal rim diameter (i.e., 14, 15, 16.5, etc.) is commonly used.

Rim WIiDTH—The «distance between the inside surfaces or the rim flanges. (See Tire and [Rim Association
Year Book})

TIRE SECTION-WHDTH—T re—widthof the—tmtoacdedrew-tiremounted-om—specifredrimnftated to the normal
recommended pressure, including the normal sidewalls but not including protective rib, bars, and
decorations. (See Tire and Rim Association Year Book.)

TIRE OVERALL WIDTH—The width of the unloaded new tire, mounted on specified rim, inflated to the normal
recommended pressure, including protective rib, bars, and decorations. (See Tire and Rim Association Year
Book.)

TIRE SECTION HEIGHT—Half the difference between the tire outside diameter and the nominal rim diameter.

OuTsIDE DIAMETER—The maximum diameter of the new unloaded tire inflated to the normal recommended
pressure and mounted on a specified rim. (See Airplane Section, Tire and Rim Association Year Book.)
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9.1.8 FLAT TIRE RADIUS—The distance from the spin axis to the road surface of a loaded tire on a specified rim at

zero inflati

on.

9.1.9 DEeFLECTION (STATIC)—The radial difference between the undeflected tire radius and the static loaded radius,
under specified loads and inflation.

9.1.9.1 Percent Deflection—The static deflection expressed as a percentage of the unloaded section height above
the top of the rim flange.

9.1.10 TIRE RATE

(STATIC)—See paragraph 6.3.2

artian-aof
T

haorcida of tha tiva which Ao to thao bhaod ot tha oAl
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9.1.11 SIDEWALL
9.1.11.1 Sidewal
9.1.12 BEAD—Th
9.1.12.1 Bead B3
9.1.12.2 Bead To
9.1.13 TREAD (TIR

9.1.13.1 Tread C

Thao n a
TP oTtOoOTT O

Rib—A raised circumferential rib located on the sidewall.

b portion of the tire which fits onto the rim of the wheel.

e—That portion of the bead which joins the bead base and the inside surface of t

pntour—The cross sectional shape of tread surface of an inflated unloaded tir

tread pattern depressions.

9.1.13.2 Tread R

9.1.13.3 Tread A
of the tr
space W
sidewall

9.1.13.4 Tread C
edge of
in space
upper si

9.1.13.5 Tread C
pressure

hdius—The radius or combination of radiitdescribing the tread contour.
¢ Width—The distance measured along the tread contour of an unloaded tire be

hich is at the intersection of the‘tread radius extended until it meets the prolong
contour.

nord Width—The distance measured parallel to the spin axis of an unloaded t

which is at the ‘intersection of the tread radius extended until it meets the prd
ewall contour:

pntact Width—The distance between the extreme edges of road contact at a sp
measured parallel to the Y axis at zero slip angle and zero inclination angle.

se—The approximately cylindrical portion of the bead that formsits’inside diameter.

ne tire.

E)—The peripheral portion of the tire, the exterior of which is designed to contact {he road surface.

b neglecting the

tween one edge

pad and the other. For tires with“tounded tread edges, the point of measuremt:rt is that point in

ion of the upper

re between one

the tread and the ether. For tires with rounded tread edges, the point of measurernent is that point

longation of the

ecified load and

9.1.13.6 Tread C

s ot 4l =) N ! L Lo " " — ! £
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following points of road contact and parallels to the wheel plane.

he leading and

9.1.13.7 Tread Depth—The distance between the base of a tire tread groove and a line tangent to the surface of the
two adjacent tread ribs or rows.

9.1.13.8 Gross Contact Area—The total area enclosing the pattern of the tire tread in contact with a flat surface,
including the area of grooves or voids.

9.1.13.9 Net Contact Area—The area enclosing the pattern of the tire tread in contact with a flat surface, excluding
the area of grooves or other depressions.
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9.1.13.10 Tread Pattern—The molded configuration on the face of the tread. It is generally composed of ribs, rows,

grooves, bars, lugs, and the like.

9.2 Rolling Characteristics

I9.2.1

9.2.2

Jo.23

9.24

9.2.5

9.2.6

9.2.7

9.2.8

I9.2.9

9.2.10

9.3 Tire Forces|And Moements

9.3.1

9.3.2

9.3.2.1

9.3.2.2

9.3.3

Loapeb Rabius—(RYI) is the distance from the center of tire contact to the wheel center measured in the
wheel plane.

StATIC LOADED RADIUS—The loaded radius of a stationary tire inflated to normal recommended pressure.

NOTE—In general, static loaded radius is different from the radius of slowly rolling tire. Static radius of a tire

franm-that of thao tiva laadad agtbh ot Ihatna valladl
ot o et ot O T Oy it ot o g T oTC O

ropeeHrte-pestienay-be-different
SPIN Axis+The axis of rotation of the wheel. Figure 1.

SpIN VELOEITY—(W) The angular velocity of the wheel on which the tire is mounted, abqut its spin axis.
Positive spin velocity is shown in Figure 1.

FREE-ROLIING TIRE—A loaded rolling tire operated without application of.driving or braking tprque.

STRAIGHT FREE-ROLLING TIRE—A free-rolling tire moving in a straight line at zero inclination angle and zero
slip angle.

LONGITUDINAL SLIP VELOCITY—The difference between the,spin velocity of the driven or brgked tire and the
spin veloc|ty of the straight free-rolling tire. Both spin velocities are measured at the same [linear velocity at
the wheel [center in the X¢direction. A positive value results from driving torque.

LONGITUDINAL SLIP (PERCENT SLIP)—The ratio of.the longitudinal slip velocity to the spin veocity of the free
straight-rolling tire expressed as a percentage.

NOTE—This quantity should not be canfused with the slip number that frequently appegrs in kinematic
arjalysis of tires in which the(spin velocity appears in the denominator.

EFFECTIVE|ROLLING RADIUS—(Rg)is the ratio of the linear velocity of the wheel center in thg X1 -direction to
the spin velocity. (See paragraph 9.3.1.)

WHEEL SKJp—The occurtence of sliding between the tire and road interface which takes [place within the
entire confact area.Skid can result from braking, driving and/or cornering.

TIRE AXIS SYsSTEM(FreorE-H)—The origimofthe-tire—axis—systemis—thecenterof the—tirecontact. The X1 -
axis is the intersection of the wheel plane and the road plane with a positive direction forward. The Z! -axis
is perpendicular to the road plane with a positive direction downward. The Y? -axis is in the road plane, its
direction being chosen to make the axis system orthogonal and right-hand.
TIRE ANGLES

Slip Angle—( ) The angle between the X¢axis and direction of travel of the center of tire contact.

Inclination Angle—(g) The angle between the Z¢axis and the wheel plane.

TIRE FORCES—The external force acting on the tire by the road having the following components:
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9.3.3.1
9.3.3.2
9.3.3.3
9.3.34
9.3.35

9.3.3.6

9.3.3.7

9.3.3.8
9.3.3.9

9.3.3.10

9.3.3.11

9.3.3.12

J9.3.3.13

9.3.3.14

9.3.3.15

9.3.3.16

Longitudinal Force (F,)—The component of the tire force vector in the X¢direction.

Driving Force—The longitudinal force resulting from driving torque application.

Driving Force Coefficient—The ratio of the driving force to the vertical load.

Braking Force—The negative longitudinal force resulting from braking torque application.

Braking Force Coefficient (Braking Coefficient)—The ratio of the braking force to the vertical load.

Rolling Resistance Force—The negative longitudinal force resulting from energy losses due to

deformagieons-of-a—roling-tire-

NOTE—This force can be computed from the forces and moments acting on the tire(by-the road.

_ M, cosg+ M, sing

Rolling Resistance Force Coefficient (Coefficient of Rolling Resistanee)-—The ratio of the folling resistance
to the vartical load.

Lateral Force (Fy)—The component of the tire force vector.inthe Y¢direction.
Lateral Force Coefficient—The ratio of the lateral force-to the vertical load.

Slip Andle Force—The lateral force when the inclination angle is zero and plysteer and conicity forces have
been suptracted.

Camber|Force (Camber Thrust)—The lateral force when the slip angle is zero and the plysteer and conicity
forces have been subtracted.

Normal Force (F,)—The component of the tire force vector in the Z¢direction.
Vertical . oad—The normal reaction of the tire on the road which is equal to the negative df normal force.

Central Force—The component of the tire force vector in the direction perpendicular tg the direction of
travel of|the center-of tire contact. Central Force is equal to lateral force times cosine of [slip angle minus
longitudinal foree-times sine of slip angle.
Tractive [Force—The component of the tire force vector in the direction of travel of the centgr of tire contact.

Tractive force—ts—equat-totaterat-forcetimes—sineof stip—angteptustongitudimat-force—times cosine of slip
angle.

Drag Force—The negative tractive force.

9.3.4 TIRE MOMENTS—The external moments acting on the tire by the road having the following components:

9.34.1

9.3.4.2

Overturning Moment (M,)—The component of the tire moment vector tending to rotate the tire about the X¢
axis, positive clockwise when looking in the positive direction of the X¢axis.

Rolling Resistance Moment (My)—The component of the tire moment vector tending to rotate the tire
about the Y¢axis, positive clockwise when looking in the positive direction of the Y ¢axis.
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9.3.4.3

9.34.4

9.3.4.5

9.3.4.6

Aligning Torque (Aligning Moment) (M,)—The component of the tire moment vector tending to rotate the
tire about the Z¢axis, positive clockwise when looking in the positive direction of Z¢axis.

Wheel Torque (T)—The external torque applied to the tire from the vehicle about the spin axis; positive
wheel torque is shown in Figure 1.

Driving Torque—The positive wheel torque.

Braking

Torque—The negative wheel torque.

9.4 Tire Force And Moment Stiffness—(may be evaluated at any set of operating conditions).

94.1

9.4.2

9.4.3

9.4.4

CORNERIN
angle, usu

CAMBER S
evaluated

BRAKING (
slip, usual

ALIGNING §
change in

9.5 Normalized

9.5.1

9.5.2

9.5.3

9.54

CORNERIN
straight-ro

NOTE—A
cd
cd

CAMBER S
rolling tire

BRAKING (
tire to the

ALIGNING §
straight ro

5 STIFFNESS—The negative of the rate of change of lateral force with respecCt\t
ally evaluated at zero slip angle.

TIFFNESS—The rate of change of lateral force with respect to change insinclinatid
at zero inclination angle.

DRIVING) STIFFNESS—The rate of change of longitudinal force with respect to chan
y evaluated at zero longitudinal slip.

BTIFFNESS (ALIGNING TORQUE STIFFNESS)—The rate of\change of aligning torque
slip angle, usually evaluated at zero slip angle.

Tire Force And Moment Stiffnesses (Coeffigients)

5 STIFFNESS COEFFICIENT (CORNERING COEFFICIENT)—The ratio of cornering sti
ling tire to the vertical load.

though the term cornering coefficient has been used in a number of techn
nsistency with definitions of ather terms using the word coefficient, the term cd
efficient is preferred.

TIFFNESS COEFFICIENT(CAMBER COEFFICIENT)—The ratio of camber stiffness of
to the vertical loaéd.

DRIVING) STIFFNESS COEFFICIENT—The ratio of braking (driving) stiffness of a fre
vertical load.

BTIFENESS COEFFICIENT (ALIGNING TORQUE COEFFICIENT)—The ratio of aligning st
ling, tire to the vertical load.

b change in slip

n angle, usually

je in longitudinal

with respect to

fness of a free

ical papers, for
rnering stiffness

a free straight-

e straight-rolling

ffness of a free

9.6 Tire Traction Coefficients

9.6.1

9.6.2

9.6.3

LATERAL TRACTION COEFFICIENT—The maximum value of lateral force coefficient which can be reached on a
free-rolling tire for a given road surface, environment and operating condition.

DRIVING TRACTION COEFFICIENT—The maximum value of driving force coefficient which can be reached on a
given tire and road surface for a given environment and operating condition.

BRAKING TRACTION COEFFICIENT—The maximum of the braking force coefficient which can be reached
without locking a wheel on a given tire and road surface for a given environment and operating condition.
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9.6.3.1

Sliding Braking Traction Coefficient—The value of the braking force coefficient of a tire obtained on a
locked wheel on a given tire and road surface for a given environment and operating condition.

9.7 Tire Associated Noise And Vibrations

9.7.1

9.7.1.1

9.7.2

9.7.2.1

9.7.2.2

9.7.3

9.7.4

9.7.5

9.7.6

9.8 Tire And W

9.8.1

9.8.1.1

9.8.1.2

9.8.1.3

9.8.2

9.8.2.1

9.8.2.2

TREAD Noise—Airborne sound (up to 5000 Hz) except squeal and slap produced by the interaction between
the tire and the road surface.

Sizzle—A tread noise (up to 4000 Hz) characterized by a soft frying sound, particularly noticeable on a
very smooth road surface.

SQUEAL

nnnnnnnnnnnnnnn 10000 a-frana-aith
o

both.
Cornerir
Braking

THUMP—A
which is s)

ROUGHNES
road surfal

HARSHNES

Larroaar band ek 11 H L L2\ vraculiin
N T oy oo o o O ICth T oS C (o U— 00U T I TC SOt g T o O

g Squeal—The squeal produced by a free-rolling tire resulting from slip angle.

Driving) Squeal—The squeal resulting from longitudinal slip.

nchronous with wheel rotation.

s—Vibration (15-100 Hz) perceived tactily and/or audibly, generated by a rolling
Ce and producing the sensation of driving on a coarsé or irregular surface.

s—Vibrations (15-100 Hz) perceived tactily apd/or audibly, produced by interactid

road irregularities.

SLAP—AIr
joints.

RADIAL RU

Peak-to-
wheel b
bead se

Peak-to
undefled

borne smacking noise produced by a:tire traversing road seams such as tar strip

neel Non-uniformity Characteristics

N-OuT

pad seat radiusy, measured in a plane perpendicular to the spin axis (measured se
At).

Peak Uploaded Radial Tire Run-Out—The difference between maximum
ted.values of the tire radius, measured in plane perpendicular to the spin axis 0

wheel.

# or slip angle or

periodic vibration and/or audible sound generated by the tire and producing a poyinding sensation

tire on a smooth

n of the tire with

5 and expansion

Peak Radial WheelRun-Out—The difference between the maximum and minimdim values of the

barately for each

and minimum
n a true running

Peak-to-Peak Loaded Radial Tire Run-Out—The difference between maximum and minimum values of the
loaded radius on a true running wheel.

LATERAL RUN-OuUT

Peak-to-Peak Lateral Wheel Run-Out—The difference between maximum and minimum indicator
readings, measured parallel to the spin axis on the inside vertical portion of a rim flange (measured
separately for each flange).

Peak-to-Peak Lateral Tire Run-Out—The difference between maximum and minimum indicator readings,
measured parallel to the spin axis at the point of maximum tire section, on a true running wheel (measured
separately for each sidewall).

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=0c0b0ae47e219f76aab656b6bd4921a7

SAE J670e Revised JUL76

9.8.3

9.8.3.1

9.8.3.2

9.8.4

9.8.4.1

9.8.4.2

9.8.5

9.8.5.1

RADIAL FORCE VARIATION—The periodic variation of the normal force of a loaded straight free-rolling tire

which repeats each revolution at a

fixed loaded radius, given mean normal force, constant speed, given

inflation pressure and test surface curvature.

Peak-to-Peak (Total) Tadial Force Variation—The difference between maximum and minimum values of
the normal force during one revolution of the tire.

First Order Radial Force Variation—The peak-to-peak amplitude of the fundamental frequency component
of the Fourier series representing radial force variation. Its frequency is equal to the rotational frequency of

the tire.
SPIN VELOCITY (02} POSITIVE
. WHEEL TORQUE M) _ IO
N, ALGNING 7 | DIRECTION OF ., IRACTIVE FORCE
@ ToRQUE NC-L-- WHEEL HEADING _ X '
N, X
.
ROLLING . DIiRECTION OF
RESISTANCE 1 WHEEL TRAVEL
woment ¥ D -
™) a._
y - POSITIVE
SLIP ANGLE
2%
~
OVERTURNING LATERAL
MOMENT FORCE
wl» "V)
7
NORMAL FORCE
F)
r4
FIGURE 1—TIRE AXIS SYSTEM
LATERAL HORCE VARIAHON—The periodic variation of lateral force of a straight free-rolling tife which repeats
each revolution, at afixed loaded radius, given mean normal force, constant speed, given ipflation pressure
and test suirface eurvature.
Peak-to{R€eak (Total) Lateral Force Variation—The difference between the maximum and minimum values
of the laterat-forceduringonerevotutionof-the-tire:

First Order Lateral Force Variation—The peak-to-peak amplitude of the fundamental frequency component

of the Fourier series representing
of the tire.

lateral force variation. Its frequency is equal to the rotational frequency

LATERAL FORCE OFFSET—The average lateral force of a free straight-rolling tire.

Ply Steer Force—The component of lateral force offset which does not change sign (with respect to the
Tire Axis System) with a change in direction of rotation (positive along positive Y¢axis). The force remains
positive when it is directed away from the serial number on the right side tire and toward the serial number

on the left side tire.
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9.8.5.2 Conicity Force—The component of lateral force offset which changes sign (with respect to the Tire Axis
System) with a change in direction of rotation (positive away from the serial number or toward the
whitewall). The force is positive when it is directed away from the serial number on the right side tire and
negative when it is directed toward the serial number on the left side tire.

10. Klnematics: Force and Moments Notation

10.1 Earth-fixed Axis System (X, Y, Z)—This system is a right-hand orthogonal axis system fixed on the earth.
The trajectory of the vehicle is described with respect to this earth-fixed axis system. The X and Y-axis are in a
horizontal plane and the Z-axis is directed downward.

rehicle such that

10.2 Vehicle Axig

CSyvatoma O g =2\
Y STCTIT AT Y5 =)

Thic auctan ic o viaht bhaond vl ol v e ovotans fivad e o
TS Sy StCTiT S o g e o OTrtnog oo aATS Sy STCTHT TATTITT o

with the veh
forward, ang

cle moving steadily in a straight line on a level road, the x-axis is substantially\ |
is in the longitudinal plane of symmetry. The y-axis points to the driveris;righ

orizontal, points
t and the x-axis

points downward. (See Figure 2.)

PITCH
vELOCch (a)

e L
*\% i}——:\j’

v —\
LONGITUDINAL R
e N/ VELOCITY (u) \/ /4
ROLL NORMAL
VELOCITY (p) VELOCITY {w)
LARY

| YAW

L/ verocity in

H
AXIS

FIGURE 2—DIRECTIONAL CONTROL AXIS SYSTEM

earth-fixed axis
of rotations (see
be the standard:

entation+=The orientation of the vehicle axis system (x, y, z) with respect to the
, Z) is given by a sequence of three angular rotations. The following sequence
ting_ffr@m a condition in which the two sets of axis are initially aligned, is defined to

10.3 Angular Ori
system (X,
Note 6), staf

tot: N abolt tha Slhoanad o PERVIP=S
W |u|.uuu||, 1 aoouttaic ullyll\.u Z- o e==e04S:

1. Avyaw

2. A pitch rotation, g, about the vehicle y-axis.

3. Avroll rotation, , about the vehicle x-axis.
10.4 Motion Variables

10.4.1 VEHICLE VELOCITY—The vector quantity expressing velocity of a point in the vehicle relative to the earth-fixed
axis system (X,Y,Z). The following motion variables are components of this vector resolved with respect to
the moving vehicle axis system (x,y,z).

10.4.1.1 Longitudinal Velocity (u) of a point in the vehicle is the component of the vector velocity in the x-direction.

10.4.1.2 Side Velocity (v) of a point in the vehicle is the component of the vector velocity in the y-direction.
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10.4.1.3

10.4.1.4

and parallel to the road plane.

10.4.1.5

and parallel to the road plane.

10.4.1.6

10.4.1.7

Roll Velocity (p)—The angular velocity about the x-axis.

Pitch Velocity (q)—The angular velocity about the y-axis.

Normal Velocity (w) of a point in the vehicle is the component of the vector velocity in the z-direction.

Forward Velocity of a point in the vehicle is the component of the vector velocity perpendicular to the y-axis

Lateral Velocity of a point in the vehicle is the component of the vector velocity perpendicular to the x-axis

10.4.1.8 Yaw Vel

10.4.2 VEHICLE A

bcity (r)—The angular velocity about the z-axis.

CCELERATION—The vector quantity expressing the acceleration of a pointyin the v

the earth-fixed axis system (X,Y,Z). The following motion variables are components of this

with respe

10.4.2.1 Longitug

directior].

10.4.2.2 Side Ac

10.4.2.3 Normal

10.4.2.4 Lateral A
the vehi

10.4.2.5 Centrips

ct to the moving vehicle axis system.

inal Acceleration—The component of the vector accelerationXof a point in the

celeration—The component of the vector acceleration.af,a point in the vehicle in th
\cceleration—The component of the vector accelération of a point in the vehicle i

\cceleration—The component of the vectoracceleration of a point in the vehicle
Cle x-axis and parallel to the road plane. (See Note 7.)

tal Acceleration—The component of the vector acceleration of a point in the vehig

to the taphgent to the path of that point and\parallel to the road plane.

10.4.3 HEADING A

NGLE (Y)—The angle betwegen the trace on the X-Y plane of the vehicle x-axis 3

10.4.4

10.4.5

10.4.6

xed axis system. (See Figure 3.)

ehicle relative to
vector, resolved

vehicle in the x-

e y-direction.
N the z-direction.

perpendicular to

le perpendicular

nd the X-axis of

bhicle x-axis and
in Figure 3 as a

in steady-state

ne and X-axis of

the earth-fixed axis system. A positive course angle is shown in Figure 3. Course angle is the sum of
heading angle and sideslip angle (v =41 + 0).

10.4.7

10.4.8
lateral acc

10.4.9

VEHICLE RoLL ANGLE—The angle between the vehicle y-axis and the ground plane.

eleration on a level road at a given trim and test conditions.

VEHICLE PITCH ANGLE—The angle between the vehicle x-axis and the ground plane.

VEHICLE RoLL GRADIENT—The rate of change in vehicle roll angle with respect to change in steady-state
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X PROJECTION OF
INSTANTANEQUS
VEHICLE VELOC!ITY

!
HEADING ANGLE ¢—— v
x PROJECTED

SIDESLIP ANGLE

COURSE ANGLE $—
(POSITIVE (NEGATIVE ANGLE SHOWN)

ANGLE SHOWN) \

_~ VEMICLE PATH

y PROJECTED

FIGURE 3—HEADING, SIDESLIP, AND COURSE ANGLES

J10.5 Forces—Thg external forces acting on the vehicle can be summed into one force vector Driy
componentsy

10.5.1 Longitudinal Force (F,) is the component ofithe force vector in the x-direction.
10.5.2 Side Forcg (F) is the component of the force vector in the y-direction.
10.5.3 Normal Fdrce (F,) is the companent of the force vector in the z-direction.

J10.6 Moments—The external moments acting on the vehicle can be summed into one moment \
following commponents:

10.6.1 Rolling Mgment (M,)-is the component of the moment vector tending to rotate the vehicle
positive clpckwise 'when looking in the positive direction of the x-axis.

ing the following

ector having the

hbout the x-axis,

10.6.2 Pitching Moment (M,) is the component of the moment vector tending to rotate the vehicle

bout the y-axis,

positive clockwise when looking in the positive direction of the y-axis.

10.6.3 Yawing Moment (M,) is the component of the moment vector tending to rotate the vehicle about the z-axis,

positive clockwise when looking in the positive direction of the z-axis.
11. Directional Dynamics

11.1 Control Modes

11.1.1 PosiTiIoN CoNTROL—That mode of vehicle control wherein inputs or restraints are placed upon the steering
system in the form of displacements at some control point in the steering system (front wheels, Pitman arm,

steering wheel), independent of the force required.
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11.1.2 Fixeb CoNTROL—That mode of vehicle control wherein the position of some point in the steering system
(front wheels, Pitman arm, steering wheel) is held fixed. This is a special case of position control.

11.1.3 Force CoNTROL—That mode of vehicle control wherein inputs or restraints are placed upon the steering
system in the form of forces, independent of the displacement required.

11.1.4 FrRee CoNTROL—That mode of vehicle control wherein no restraints are placed upon the steering system.
This is a special case of force control.

11.2 Vehicle Response—The vehicle motion resulting from some internal or external input to the vehicle.
Response tests can be used to determine the stability and control characteristics of a vehicle.

11.2.1 STEERING

Note 8.)
11.2.2 DISTURBAN
to the veh
11.2.3 STEADY-S]
control an

RESPONSE—The vehicle motion resulting from an input to the steering (contral
CE RESPONSE—The vehicle motion resulting from unwanted force or displaceme
cle. Examples of disturbances are wind forces or vertical road displacements.

[ATE—Steady-state exists when periodic (or constant) vehicle.résponses to perio
d/or disturbance inputs do not change over an arbitrarily Aong time. The moti

steady-state are referred to as steady-state responses. This definition does not require t

operating

cambered
11.2.4 TRANSIENT]
vehicle, or]
11.2.5 TrRIM—Thsg
reference
11.2.6 STEADY-S]
with respe
11.2.7 STEERING
respect to

11.3 Stability—(

11.3.1 ASYMPTOT
disturbang

n a straight line or on a level road surface. It can, also be in a turn of constar
road surface,

STATE—Transient state exists when the mation responses, the external force
the control positions are changing with time}, (See Note 9.)

steady-State (that is, equilibrium) condition of the vehicle with constant input whi
point for analysis of dynamic vehicle stability and control characteristics.

[ATE RESPONSE GAIN—The ratior of change in the steady-state response of any|
ct to change in input at a given trim.

SENSITIVITY (CONTROE:GAIN)—The change in steady-state lateral acceleration on
change in steering'wheel angle at a given trim and test conditions.

See Note 102)

C STABIITY—Asymptotic stability exists at a prescribed trim if, any small temp
e or.control input. the vehicle will approach the motion defined by the trim.

element. (See
Nt inputs applied

dic (or constant)
DN responses in
he vehicle to be
t radius or on a

5 relative to the
Ch is used as the

motion variable

a level road with

orary change in

11.3.2 NEUTRAL £

At o PR Y . b " ) e e L TR
TABILITY=—INTUllal'’ Sladllllly TAISLS dl a pPIestriiocu uimr 1, 10T ally  Stfiall teliiy

orary change in

disturbance or control input, the resulting motion of the vehicle remains close to, but does not return to, the
motion defined by the trim.

11.3.3

control input causes an ever increasing vehicle response without oscillation. (See Note 11.)

11.3.4

DIVERGENT INSTABILITY—Divergent instability exists at a prescribed trim if any small temporary disturbance or

OSCILLATORY INSTABILITY—Oscillatory instability exists if a small temporary disturbance or control input

causes an oscillatory vehicle response of ever increasing amplitude about the initial trim. (See Note 12.)
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11.4 Suspension Steer And Roll Properties (Figure 4)—(See Note 13.)

11.4.1 STEER AN
intersectio

11.4.2 ACKERMAN

11.4.3 ACKERMAN

CONSTANT FORWARD

SPEED AND CONSTANT — == OVERSTEER
OVERALL STEERING
RATIO

UNDERSTEER
© NEUTRAL STEER

ACKERMAN STEER
ANGLE
(NEUTRAL STEER)

STEERING WHEEL ANGLE
OVERA{L STEERING RATIO

DIVERGENT
INSTABILITY

STEADY STATE LATERAL ACCELERATION

FIGURE 4—STEER PROPERTIES (SEE NOTE 17)

n of the wheel plane and the road surface. Positive angle is shown in Figure 3.

GLE (d)—The angle between the projection of a longitudinal axis of the vehiclgl and the line of

STEER ANGLE—(y) is the angle whose tangentis'the wheelbase divided by the radius of turn.

STEER ANGLE GRADIENT—The rate of change of Ackerman steer angle with resgect to change in

steady-stgte lateral acceleration on a level road:at’a given trim and test conditions. (See Ndte 14.)

11.4.4 STEERING
position (p

11.4.5 STEERING
in steady-

11.4.6 OVERALL S
position, W
steering s)

11.4.7 UNDERSTH
gradient fr,

WHEEL ANGLE—AnNgular displacement of the steering wheel measured from th
osition corresponding to zero ayerage steer angle of a pair of steered wheels).

state lateral acceleration*on a level road at a given trim and test conditions.

stem withrmo roll of the vehicle (Note 15).

bm-the ratio of the steering wheel angle gradient to the overall steering ratio.

b straight-ahead

WHEEL ANGLE GRADIENT-—The rate of change in the steering wheel angle with rgspect to change

TEERING RATIO—The rate of change of steering wheel angle at a given stegring wheel trim
ith respect te,€hange in average steer angle of a pair of steered wheels, assuming an infinitely stiff

FR/QVERSTEER GRADIENT—The quantity obtained by subtracting the Ackerman steer angle

11.4.8 NEUTRAL STEER—A vehicle is neutral steer at a given trim if the ratio of the steering wheel angle gradient to

the overall

steering ratio equals the Ackerman steer angle gradient.

11.4.9 UNDERSTEER—A vehicle is understeer at a given trim if the ratio of the steering wheel angle gradient to the
overall steering ratio is greater than the Ackerman steer angle gradient.

11.4.10 OVERSTEER—A vehicle is oversteer at a given trim if the ratio of the steering wheel angle gradient to the
overall steering ratio is less than the Ackerman steer angle gradient.

11.4.11 STEERING WHEEL TORQUE—The torque applied to the steering wheel about its axis of rotation.
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11.4.12 STEERING WHEEL TORQUE GRADIENT—The rate of change in the steering wheel torque with respect to change
in steady-state lateral acceleration on a level road at a given trim and test conditions.

11.4.13 CHARACTERISTIC SPEED—That forward speed for an understeer vehicle at which the steering sensitivity at
zero lateral acceleration trim is one-half the steering sensitivity of a neutral steer vehicle.

11.4.14 CriTicaL SPEED—That forward speed for an oversteer vehicle at which the steering sensitivity at zero lateral
acceleration trim is infinite.

11.4.15 NEUTRAL STEER LINE—The set of points in the x-z plane at which external lateral forces applied to the sprung
mass produce no steady-state yaw velocity.

11.4.16 STATIC MARGIN—The horizontal distance from the center of gravity to the neutral steer line divided by the
wheelbasg. It is positive if the center of gravity is forward of the neutral steer line.

11.4.17 SUSPENSION RoLL—The rotation of the vehicle sprung mass about the x-axis with respec{ to a transverse
axis joining a pair of wheel centers.

11.4.18 SUSPENSION RoLL ANGLE—The angular displacement produced by suspension roll.

11.4.19 SUuSPENSION RoLL GRADIENT—The rate of change in the suspension roll angle with respgct to change in
steady-state lateral acceleration on a level road at a given trim and’test conditions.

11.4.20 RoLL STEBER—The change in steer angle of front or rear wheels due to suspension roll.
11.4.20.1 Roll Understeer—Roll steer which increases vehicle‘understeer or decreases vehicle ovelsteer.
11.4.20.2 Roll Ovgrsteer—Roll steer which decreases vehicle understeer or increases vehicle oversteer.

11.4.21 RoLL STEBR COEFFICIENT—The rate of change in roll steer with respect to change in suspension roll angle at
a given trim.

11.4.22 CoMPLIANGCE STEER—The change ‘in steer angle of front or rear wheels resulting fronp compliance in
suspensiop and steering linkagesiand produced by forces and/or moments applied at the tirp-road contact.

11.4.22.1 Compliance Understeer—€ompliance steer which increases vehicle understeer or dgcreases vehicle
overstedr.

11.4.22.2 Compliance Oyersteer—Compliance steer which decreases vehicle understeer or increases vehicle
oversteqr.

11.4.23 COMPLIANCE-STEERCOEFFICIENT=—The rateof changeinmcomptiance steerwithrrespecttochange in forces or
moments applied at the tire-road contact.

11.4.24 RoLL CAMBER—The camber displacements of a wheel resulting from suspension roll.

11.4.25 RoLL CAMBER COEFFICIENT—The rate of change in wheel inclination angle with respect to change in
suspension roll angle.

11.4.26 ComMpPLIANCE CAMBER—The camber motion of a wheel resulting from compliance in suspension linkages and
produced by forces and/or moments applied at the tire-road contact.

11.4.27 ComMpPLIANCE CAMBER COEFFICIENT—The rate of change in wheel inclination angle with respect to change in
forces or moments applied at the tire-road contact.
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11.4.28 RoLL CENTER—The point in the transverse vertical plane through any pair of wheel centers at which lateral
forces may be applied to the sprung mass without producing suspension roll. (See Note 16.)

11.4.29 RoLL Axis—The line joining the front and rear roll centers.

11.4.30 SUSPENSION RoLL STIFFNESS—The rate of change in the restoring couple exerted by the suspension of a pair
of wheels on the sprung mass of the vehicle with respect to change in suspension roll angle.

11.4.31 VEHICLE R

11.4.32 ROLL STIF

OLL STIFFNESS—Sum of the separate suspension roll stiffnesses.

FNESS DISTRIBUTION—The distribution of the vehicle roll stiffness between

front and rear

suspensio,

115 TireLoad T

o dac naorcantana of thao v aobhiala yall froaa
FCAPTCSSCUTSPCTCC Tyt o tC v CThCTIC T O~ Sttt S5t

ransfer

11.5.1 TIRE LATERAL LOAD TRANSFER—The vertical load transfer from one of the front tires\(or rear fires) to the other
that is dud to acceleration, rotational, or inertial effects in the lateral direction.

11.5.2 TIRE LATERAL LOAD TRANSFER DISTRIBUTION—The distribution of the total(tire lateral load transfer between
front and near tires expressed as the percentage of the total.

11.5.3 TIRE LONGTUDINAL LOAD TRANSFER—The vertical load transferred from a front tire to the cofresponding rear
tire that is|due to acceleration, rotational, or inertial effects in.the longitudinal direction.

11.5.4 OVERTURNING CouPLE—The overturning moment on thesvehicle with respect to a central, lopgitudinal axis in
the road plane due to lateral acceleration and roll acceleration.

11.5.5 OVERTURNING COUPLE DISTRIBUTION—The distribution of the total overturning couple betwgen the front and
rear suspgnsions expressed as the percentage of the total.

12. Aerodynamjic Nomenclature

12.1 Aerodynam

12.1.1 AMBIENT W
axis syste

12.1.2 AMBIENT W)
wind velod

12.1.3 RESULTAN

ic Motion Variables

IND VELOCITY—(Va)-S the horizontal component of the air mass velocity relative {
m in the vicinity,ofthe vehicle.

IND ANGIE=>(n,) is the angle between the X axis of the earth-fixed axis system
ity vectors A positive ambient wind angle is shown in Figure 5.

[ AIR VELOCITY VECTOR—(V,) is the vector difference of the ambient wind velocit

o the earth-fixed

and the ambient

vector and the

projection

12.1.4

il 1 e " £l Lol " AL L]
Ui veElULIly VELLUT UT U VETTILITE UTT IHNT A=T PIdllc.

axis and the resultant air velocity vector at some specified point in the vehicle.

12.1.5

air velocity vector on a vertical plane containing the vehicle x-axis.

AERODYNAMIC SIDESLIP ANGLE—( ) is the angle between the traces on the vehicle x-y plane of the vehicle x-

AERODYNAMIC ANGLE OF ATTACK—(a,) is the angle between the vehicle x-axis and the trace of the resultant
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v, AMBIENT WIND ANGL£-7

v, AMBIENT WIND VELOCITV—,

PROJECTION OF N
INSTANTANEOUS
VEHICLE VELOC‘ITY

x PROJECTED
“Ka,
/

AERODYNAMIC ANGLE
OF SIDESLIP

Vo RESULTANT AIR
VELOCITY VECTOR

"Ny PROJECTED

FIGURE 5—WIND VECTORS

12.2 Aerodynamijic Force And Moment Coefficients

12.2.1 REFERENCE DIMENSIONS

12.2.1.1 Vehicle Area (A) is the projected frontal area including tires and underbody parts,
12.2.1.2 Vehicle Wheelbase (1) is the.characteristic length upon which aerodynamic moment coeffigients are based.
12.2.2 STANDARD|AIR PROPERTIES

12.2.2.1 The density of standard dry air shall be taken as 2378 X 10°6 slugs/ft at 59 F and 29.92 ir|. Hg.

12.2.2.2 The visqosity of Standard dry air shall be taken 373 X 10°° slugs/ft-sec.

12.2.3 FORCE COEFFICIENTS

12.2.3.1 The Longitudinal Force Coefficient (C) is based on the aerodynamic force acting on the vehicle in the x

direction (as established by paragraph 10.2) and is defined as:
C Fx Eq. 5
X qA ( ) )

where:

g is dynamic pressure at any given relative air velocity as given by the formula
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N

_rv
9== (Eq. 6)

12.2.3.2 Side Force Coefficient (Cy) is based on the aerodynamic force acting on the vehicle in the y-direction (as
established by paragraph 10.2) and is defined as:

By (Eq.7)
c, = —= qg.
y qA
where:
1 bao dhisnaniie nracciirn At Ay A rAalathn s A Al Ao A bt o o
q IS e \Ayllullll\.l IJI\;JJUI\‘ AL CAT Iy glvbll TOCTaAltrve an VLIU\JILy Ao ylv\oll Uy arce r1orrTrr T

rv2

q=— (Eq. 8)

12.2.3.3 The Nofmal Force Coefficient (C,) is based on the aerodynamic force @cting in the z direction (as
established by paragraph 10.2) and is defined as:

F

N

C. =

z

(Eq. 9)

o
>

12.2.4 MOMENT QOEFFICIENTS

12.2.4.1 The Rolling Moment Coefficient (Cy;,) is based on the.relling moment deriving from the distribution of
aerodynpmic forces acting on the vehicle and is defined, as:

- X Eq. 10
< SOAI (Eg. 10)
12.2.4.2 The Pitghing Moment Coefficient (Cy,) is based on the pitching moment deriving from the distribution of
aerodynpmic forces acting on the vehicle and is defined as:

Cy = My Eq. 11
M, = @ (Eq. 11)
12.2.4.3 The Yawing Moment Coefficient (Cy,,) is based on the yawing moment deriving from the distribution of
aerodynpmic forces acting-on’/the vehicle and is defined as:

- M, Eq. 12
.~ gAl (Eq. 12)

Cm

CM
13. Notes

1. The|centér of tire contact may not be the geometric center of the tire contact area dye to distortion of
the tire-produced by applied forces

2. The static toe (inches) is equal to the sum of the toe angles (degrees) of the left and right wheels
multiplied by the ratio of tire diameter (inches) to 57.3.

If the toe angles on the left and right wheels are the same and the outside diameter of tire is 28.65 in
(727.7 mm), the static toe (inches) is equal to static toe angle (degrees).

3. Itis important to recognize that to make axis transformations and resolve these forces with respect to
the direction of vehicle motion, it is essential to measure all six force and moment components defined
in paragraphs 9.5.3.1-9.5.3.3 and 9.5.4.1-9.5.4.3.

4. This rolling resistance force definition has been generalized so that it applies to wheels which are
driven or braked. The wheel torque can be expressed in terms of the longitudinal force, rolling
resistance force, and loaded radius by the equation

T = (F,+F)RI (Eg. 13)
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10.

11.

12.

13.

14.

15.

For a free-rolling wheel, the rolling resistance force is therefore the negaive of the longitudinal force.

For small slip and inclination angles, the lateral force developed by the tire can be approximated by
F,=C,a+Cyg (Eq. 14)

Angular rotations are positive clockwise when looking in the positive direction of the axis about which

rotation occurs.

In steady-state condition, lateral acceleration is equal to the product of centripetal acceleration times

the cosine of the Vehicle's sideslip angle. Since in most test conditions the sideslip angle is small, for

practical purposes, the lateral acceleration can be considered equal to centripetal acceleration.
Although the steering wheel is the primary directional control element it should be recognized that

longtteirat-ferees-atthe-wheelsresulingfrem-driverinpuiste-brakes-erthrottleearrpodify directional

resgonse.
Trarlsient responses are described by the terminology normally employed for other d
Sonje terminology is described in the "Control Engineers' Handbook,'%. but a
ternfinology is contained in ANS C85.1-1963.2

Pasgenger vehicles exhibit varying characteristics depending upon test conditions
conglitions refer to vehicle conditions such as wheel loads, front ‘wheel alignmg
pregsure, and also atmospheric and road conditions which affect.¥ehicle parameter
temperature may change shock absorber damping characteristies’and a slippery rd
change tire cornering properties. Trim has been previously defined as the vehicle op
with|n a given environment, and may be specified in part'hy steer angle, forward vel
acceleration. Since all these factors change the vehicle behavior, the vehicle S
examined separately for each environment and trim¢

For a given set of vehicle parameters and particular test conditions, the vehicle may
each theoretically attainable trim. The conditiohs which most affect stability are

namic systems.
more complete

and trim. Test
nt, tire inflation
5. For example,
ad surface may
brating condition
Dcity, and lateral
tability must be

be examined for
the steady-state

values of forward velocity and lateral accelerations. In practice, it is possible for a velpicle to be stable

undgr one set of operating conditions andUfistable in another.
Divgrgent instability may be illustrated.-by operation above the critical speed of an o
Anylinput to the steering wheel will place the vehicle in a turn of ever decreasing r
drivér makes compensating motions of the wheel to maintain general equilibrium.
represents divergent instability.” Alinear mathematical analog of a vehicle is divergent
its characteristic equation has.any positive real roots.

Osclllatory instability may-be illustrated by the free control response following 3
displacement or force-to.the steering wheel. Some vehicles will turn first in one direct
othgr, and so on, until~the amplitude of the motion increases to the extent that the ve
In this event, the vehicle does not attempt to change its general direction of motig
achipve a steady-state condition and has an oscillatory motion. A linear mathema
vehitcle is asecillatorily unstable when its characteristic equation has any complex roj

versteer vehicle.
hdius unless the

This condition
y unstable when

. pulse input of
on, and then the
hicle "spins out."
n, but does not
ical analog of a
pts with positive

e inputs (or the

real|parts:
It is|possible for a vehicle to be understeer for small inputs and oversteer for larg
Opp., a OW t ., Zr t e—it—1 a ontimes vste arTo—ooe O

have the same

characteristics at all trims. Consequently, it is necessary to specify the range of inputs and velocities

when making a determination of the vehicle's steer characteristics.

There is a set of equivalent definitions in terms of yaw velocity or curvature (reciprocal of radius of
curvature), which can be used interchangeably with these definitions. These definitions only apply to

two-axle vehicles, since the Ackerman steer angle only applies to two-axle vehicles.

Ackerman Steer Angle Gradient is equal to the wheelbase divided by the square of the vehicle speed

(rad/ft/s?).
For nonlinear steering systems, this ratio should be presented as a function of steerin
order to be compatible with the definition of understeer/oversteer gradient.

1. John G. Truxal (Ed.), "Control Engineers' Handbook," New York: McGraw-Hill.

2.

"Terminology for Automatic Control," ANS C85.1-1963, Published by American Society of Mechanical Engineers.

g wheel angle in
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