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1.0 INTRODUCTION

This document is intended to give a quick overall view of the
program of computer analysis and tire testing which the Highway
Safety Research Institute (HSRI) is conducting to aid AM General in
predicting the steering and braking response of a new and innovative
bus design. This bus, called the Transbus, is being developed
within a program sponsored by the Urban Mass Transit Administration.
By design, the Transbus should be a large step forward with respect
to passenger comfort and convenience. In addition, the bus should
handle easily and be able to meet all applicable Federal Motor
Vehicle Safety Standards. The objective of HSRI's work is to insure
that the steering and braking performance achieved by the Transbus
will be judged adequate for safe, easily controlled operaticn on
the road.

Up to this time, HSRI has provided two preliminary reports to
AM General. These reports are entitled:

1. Ride and Handling Analysis of the AM General
Transbus, and

2. Computer Prediction of the Braking and Steering
Performance of the AM General Transbus (an Interim
Report).

The first report contained discussions of (1) the applicability

of 1limit maneuver measures to the motor coach, (2) a simplified
procedure for predicting vehicle braking performance, {3) an initial
analysis of the steady turning behavior of the projected Transirs,
(4) the factors involved in an analysis of ride quality, and (5)

the simulation programs available at HSRI which may Lte used to
predict the performance of the Transbus. Preliminary computer
predictions of the braking and steering performance of the Transbus

in severe maneuvers were presented in the second report.

In the future, HSRI will use its flat bed machine to test the
special cantilevered tires which are being developed for the Transbus.

Once the tires are available, tire shear force properties will be



measured and more computations will be made to predict the performance
of the prototype vehicle and to serve as a guide for planning the
vehicle testing activity.

In the next section of this report the computer programs which
have been (and will be) used for predicting the braking and/or
steering response of the Transbus are described. In the following
section, the equipment and methodology t> be used to obtain the
required tire data are discussed. Then, the currently available
predictions of Transbus performance _n test maneuvers are summarized
and the implications of the prelimirary predictions are discussed in
a final section.

A bibliography, listing pertinent HSRI research publications,
is included to provide reference sources containing detailed trest-
ments of the simulation, tire testing and vehicle testing methodology
discussed in this report.



2.0 COMPUTER PROGRAMS FOR PREDICTING THE STEERING
AND BRAKING PERFORMANCE OF THE TRANSBUS

The simulation programs which have been used to predict the
braking and handling performance of the AM General bus are described
in this section.

Two computer programs are available for predicting the
performance of the Transbus—a straight-line and a directional
response program. These programs were obtained by making minor
adaptations 1n programs which were developed by HSRI to simulate
heavy trucks [1. 2, 3]*. An example showing the correspondence
between test results and computer prediction, is illustrated in
Figure 1. In this example the truck was first steered into a turn,
then at two seconds after the steering iaput was applied, the brakes
were applied. As shown in Figure 1, there is very good agreement
between test results and computer prediction in this case.

2.1 THE UNIT VEHICLE STRAIGHT-LINE PERFORMANCE PROGRAM

This dynamic simulatici program is based upon a mathematical
model that represents a three-axle unit vehicle. Motions are
constrained to the plane of symmetry (vertical plane). Specifically,
the wheels can bounce and spin, the chassis can heave and pitch, and
the vehicle can accelerate (decelerate) in straight-line motion. The
braking systecr is modeled in a manner such that the brake torque-line
pressure chara_teristic can be specified for each brake and variable
time lags and Jelays in torque response can be introduced. Thus, any
desired brake tforce distribution can be specified. Simulation of
antisxid devices mav be added by the user if desired.

The model has nine degrees of freedom, which are listed in
Table 1.

*Numbers in square brackets denote references listed in the
Bibliography.
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TABLE 1

DEGREES OF FREEDOM—STRAIGHT-LINE
PERFORMANCE MODEL

Variable Description
X ~ vehicle forward displacement
Z vertical displacement of c.g.
G pitch angle of the sprung mass
2581 vertical displacement of front

axle (or both independently
suspended front wheels)

1S2 vertical displacement of
leading rear axle

183 vertical displacement of
trailing rear axle

Q1 angular velocity of front wheels

Q2 angular velocity of wheels on

leading rear axle

Q3 angular velocity of wheels on
trailing rear axle

To determine the values of these variables as functions of time,
nine differential equations of motion are solved simultanecusly,
along with ancillary equations .defining intermediate variablcs
such as suspension deflections, tire-road interface forces, normal
forces on the tires, and horizontal forces acting on thc sprung
masses. The subroutine used to accomplish the major portion cf
the integration of the equations of motion is based upon Hamming's
predictor-corrector method. Some optional features are listed
below:

1. The user may input brake dynamometer pressure-

torque curves.



2. Shock absorber characteristics are generally
characterized by C, the slope of the force-velocity
curve. To make the model more accurate, a two-
slope shock absorber can be specified, characterized
by jounce slope, CJ, and rebound slope, CR.

3. The spring force-deflection relation may be charac-
terized by the slope K of the force-deflection
curve, o2r by table lookup of deflection-force
points.

4. Rough road coordinate points or a user-supplied
road algorithm may be conveniently entered as input.

2.2 THE DIRECTIONAL RESPONSE (BRAKING AND HANDLING) MODEL

This dynamic simulation contains eighteen degrees of freedcn,
which are listec in Table 2. (Note X, Y and Z are fixed axes;
X, y and z are body axes.)

TABLE 2

DEGREES OF FREEDOM, UNIT VEHICLE
BRAKING AND HANDLING MODEL

Variable Description

X longitudinal position of
sprung mass center

Y lateral position of sprung
mass center

Z vertical position of the
sprung mass center

p sprung mass rotation rate
about x axis

q sprung mass rotation rate
about y axis

T sprung mass rotation rate
about z axis

IS5 -(i=1,2;3=1,2,3) vertical position of wheel
>J i on axle j

Qi . (i=4,2;5=1,2,3) rotation rate of wheel i
»J on axle j



This model has all the features of the pitch plane unit vehicle
model including:

1. Tandem axles may be specified

2. Optional table lookup for force-deflection at each

suspension
3. Two-slope shock absorber

4. Brake characteristics may be specified by dyna-

Tinneter curves

5. Option rough road input.

2.3 REQUIRED PARAMETER DATA

A copy of the printout of the input parameters for a typical
run of the Transbus Directional Response program is given in
Appendix 1. As can be seen by inspection of this parameter 1list,
a sizeable amouat of information describing the vehicle and its
tires is needed to analyze the performance of the vehicle over its
entire operating range including cmergency maneuvers. Steering
inputs may be cpecified by a table of up to 25 steering angle-time
pairs. Braking inputs are specified by a similar table for the
pressure outrnut of the treadle valve as a function of time. The
torque-line piessure characteristics may be specified for the brakes
on each wheel



3.0 TESTING OF THE AM GENERAL TRANSBUS TIRES

The HSRI flat bed tire tester [4], shown in Figure 2, will be
used to measure the shear force characteristics of the bus tire.
All three forces and all three moments acting between the tire and
the road (bed surface) are measured. Frequently, however, flat bed
data are used to make the type of side force carpet plot shown iwn
Figure 3. This example plot, which shows the dependence of la%eral
force capability on inflation pressure, was part of a large study
of truck tire performance characteristics [2, 5]. It should be
noted that the flat bed machine‘has the capability to apply and
measure tire forces up to 10,000 1bs. This large force range is

needed for studying bus tires.

An extensive program of testing is planned for the Transbus
tires. Clearly, this is warranted since the tire is the prime
source of force for stopping and/or tuining the vehicle. Examinction
of the proposed tire test program, presented in Appendix 2 of this
report. shows that shear force data will be obtained in the following
ranges of operating conditions:

Vertical load: 1800 to 9000 1bs.
Slip angle: 0 to 30 degrees
Camber angle: 0 to 5 degrees
Braking force: up to 1500 1bs.

To predict vehicle performance on a given test surface, it is
necessary to supplement laboratory tire measurements with data
describing the frictional characteristics of the particular tire/voad
interface involved in the vehicle tests. At this poiut in time,
the state of the art in predicting the shear force performance of
a particular tire on a given surface is such that these predictions
cannot be made easily and reliably. Accordingly, tire tests on a

specified surface may be required to obtain accurate predictions



Flat Bed Tire Tester

Figure 2.
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of vehicle performance on that surface. In making computer studies
to date, we have simply postulated reasonable values of parameters
representing the frictional characteristics of the tire-road
interface. At some time in the future when a specific test surface
is identified, it may be desirable to test the bus tire on the
selected test surface. A device that can be used for on-the-road
measurement of the longitudinal forces produced by large tires 1is
shown in Figure 4.

11
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4.0 PRELIMINARY PREDICTIONS OF TRANSBUS PERFORMANCE

Four vehicle maneuvers have been selected for use in the
preliminary simulation of the Transbus. These maneuvers are
straight-1line braking, trapezoidal steer (J-turn), sinusoidal
steer (lane change) and braking-in-a-turn. The range of input
steering and braking levels used in these simulated tests were
chosen to represent control actions which might be taken during

severe, emergency maneuvers.

While these maneuvers have been selected from maneuvers developed
in previous vehicle handling research projects [6, 7, 8], they are
not intended to be used to find the limit performance of the
Transbus. Rather, they are intended to be used to predi:t whether
or not the emergency response of the vehicle will be acceptable.
As pointed out in the first report from HSRI to AM General, the
limit performance methodology as applicG to passenger cars may nct
be entirely satisfactory for the study of motor coach performance.‘
Accordingly, we have chosen maneuvers which should provide useful
information on emergency performance without imposing unnecessary
Tequirements on the initial testing of the motor coach.

It should be emphasized that the simulation results, which
are presented in the following paragraphs, are based on predicted
tire performance characteristics. Enginesring estimates cof tire
shear force performance were ohtained from the Goodyear Tire amnt
Rubber Company. These estimates were based on past experience and
not on actual measurements of the Transbus tire since 3 tire had
not been constructed at that time. Consequently, the following
simulation results must be viewed as preliminary predictions.

Nevertheless, they are believed to be qualitatively correct.

13



4.1  STRAIGHT STOP SIMULATIONS

Simulation runs were made at various brake line pressure levels.
All lags and delays in the braking system were assumed to be
negligible. However, the form of the rise of pressure at the foot
valve (shown in the following figure) is such that 0.5 seconds is

required to develop the desired pressure level.

Pressura
(psi)

—

Final Amplitude

I
!
|
{
.5 Time (sec)

In the sample results which follow, the simulated vehicle has
every seat filled but no standing passengers (i.e., GVW 32,000 1bs).
Each stop wac made from an initial velocity of 30 mph. Results for
wet and dry suvfaces are tabulated below.

DRY
(BUS TIRE 30 MPH SKID NUMBER = 65)

Brake Steady State Stopping

Line Pressure (Isi Deceleration (ft/secz) Distance (ft)
750 14.6 77.3

850 16.5 69.5

900 17.5 66.3

950 18.5 63.4
1000 (axle 3 lock) 19.6 61.8

1050 (axle 2 & 3 lock) 20.1 61.7

14



WET
(BUS TIRE 30 MPH SKID NUMBER = 30)

. Brake ] Steady State 2
Line Pressure (Psi) Deceleration (ft/sec”)
600 11.7
650 12.6
700 13.6
750 14.6

These initial computer calculations indicate that the stopping
distance performance of the AM General Transbus (as simulated)
may be satisfactory for passing impending federal motor
vehicle safety standards.™ However, this will be highly dependent
upon the shear force performance of the ‘ransbus tires. If needed,
the wheels unl .<ked braking performance could be improved by
providing proportionately greater brake torque to the front wheels.

4.2  TRAPEZCIDAL STEER SIMULATICNS - 30 MPH

The purpose of these computer run:c is to assess the performance
of the transbus in rapid turns. Five sinulation runs were performed
at an initial speed of 30 mph. In each, the front wheel steer
angle was prescribed to have the following type of time history:

Steer ——— Fj it
Angle ' : Final Amplitude

i 1

0.5 Time (sec) 4.0

15
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The trapezoidal steer results (given below) show that the

vehicle can make drastic turns with greater than 0.5g lateral

acceleration without suffering bump stop contact.

occurs at approximately 5° roll angle.)

indicate that the vehicle should be able to perform sharp turns

without having a propensity to roll over.

A summary of the

trapezoidal stver results follows.

At 4 0 Seconds After the Initiation of Steering

These preliminary results

(Bump stop contact

Vehicle

Lateral Side Longi- Max.

Lccel- Turn Slip tudinal  Roll
Amplitude of eration Radius Angle Yaw Rate Velocity Angle
Steer Angle (fc/sec?) (ft) (deg)  (deg/sec) (ft/sec) (deg)
5 6.7 278.3 0.4 8.9 43.3 1.9

10 12.4 138.1 1.0 17.1 41.5 3.6

15 16.6 88.6 1.5 24.3 38.3 4.9

20 19.0 62.5 1.8 29.9 34.5 5.5

25 19.2 45.9 4.4 35.4 29.8 5.4

4.3  SINUSOITDAL STEER

The following steering waveform was used to approximate a

lane change type maneuver starting with initial speeds of 30, 40,

and 50 mph.

Steer
Ancie
(deq)

. 5\/3.0

Time (sec)

16



-

A sketch of the trajectories obtained from the simulation
is-given in Figure 5. These results demonstrate that this bus should
be able to perform rapid lane changes, returning to the original
heading, in response to symmetric steering inputs. '

4.4  BRAKING-IN-A-TURN

In each of these simulation runs, the steer angle was applied
as usual, i.e., a 0.5-second ramp input starting at the beginning
of the run. At three seconds into the run, brakes were applied
in the same fashion as in the straight-line braking simulations,
i.e., a 0.5-second ramp. This is shown schematically in the
following figure.

Steer
Angle
(deg)

Final Amplitude

b e

0.5

/«l Final Pressure
I

Brake | 30 33
Line Time (sec)
Pressure

(psi) :

17
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Y (f1)

Figure 5
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The following two maneuvers were simulated from an initial

velocity of 30 mph.

Final Amplitude of Final Value of

Steer Angle (deg) Brake Line Pressure (Psi)
10 700
20 800

In the more severe maneuver, the inside wheels on the rear
axles locked, resulting in a loss of cornering\force and thus
much reduced lateral acceleration. The trajectories of the center
of mass are shown in Figure 6. These runs were terminated at 5.0
seconds after the start of the steering input.

The braking-in-a-turn trajectories show that the bus will have
a substantial u.irectional response due to braking. Further
calculations and analysis are needed to assess the importance of

this phenomencz.

4.5 CONCLUDING REMARKS

Clearly, more work is needed to specify vehicle tests and to
provide final quantitative predictions of the steering and brakingA
performance of the Transbus. Neverthel:ss, the results obtained
to date are encouraging and they tend tc indicate that this vehicle
will be able to turn rapidly in a conirolled manner. Once tire
parametric data has been measured, calculations, like those presented
in the previous section, will be repeatel! for a comprehensive set of
conditions. Ranges of input steering ond braking levels suitable
for vehicle test will be selected from the computer results. Other
factors which will be determined from the simulated maneuvers are:

(1) test area needed to perform each maneuver

(2) magnitude of accelerations and angular velocities

obtained by the vehicle during each maneuver

influence of surface friction characteristics on

~
N
N

vehicle response.

19
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"APPENDIX 1

HSRL ULMTA Bus SIAULATION

ERAKING IN A TURN, 7C0 PSI,

INPUT PARAMETER TABLE

SYMBCL
ANl

Al

A2
ALPHAL
ALPHA2
C1

ez

c3

Ch

CALF1
*.ALF2

LALF3
CFl
CF2
CGAMMA
cSl
€S2
LS3
D7LTAL

FAl
FA2

FA3
J]
J2

J3
JA2

JS1
Js2

Js3

PAGE 1
DESCRIPT ICN INITIAL VALUE
HCRIZCATAL DISTAUCE EETwcEN REAR ALLES (IN) 44,400
HCRIZIONT AL DISTANCE FRCM CG TC ‘XLPDLVT oF
FRCNT SUSPENSICN {IN) 133.006
HCRIZUNTAL DISTANCE FRCM CC TC MICPOINT
BETWEEN REAR AXLEZS (IN) S59.70
STATIC CISTANCZy FRONT AXLE TC GRZUNC IN) 15420
STATIC DISTANCE,, REAR AXLES TC GROUNC (IN) 15429
VISCOUS DAMPING: JUUNCE CN FRCNT AXLE
(LE=SEC/IN.) : 18,00
VISCOUS OAMPING: RE3CUND UM FRCIM™ AXLE
(LE-SEC/IN.) 120,00
VISCALS CAMPING: JCUNCE CM FRCNT TANCEM AXLE
(LB-3=C/ IN) 18,00
VISCJUS DAVMPING: XEEGUND CN FRCNT TANDEM
AXLT (LE-SEC/ING) 120,00
LATERAL STIFFNZSS, FRCNT TIRES (L2S/UEG) -1.00
LATERAL STIFFNZSS, FRONT TANECeM TIRES .
(LBS/DEL) =130
LATE<AL STIFFNESSs KEAZ TaADEM TLirES
CLBS/LEG) - -1,0C
Maxe CUULCMB FRICTICN, FRCMNT SUSPEINSICN
{LB) Qe0
MAXe COULCMB FRICTICN, REAR SUSPZ.SICN (LB) G.0
CAAEER STIFFNZSS (L35/DEG) 70,00

LONGITUDINAL STIFFNZSSy FRCAT TIRZS (LBS) Fiv55.00
LONGITUDINAL STIFFNESS, FRONT TAJCE TIRES

(LBS) 531450.,00
LCNGITUDINAL STIFFNESSy KELR TANDEM TIRES

(L3S) 91930400
STATIC VERTICAL DISTANCE, FRCNT AKLE TO

BLS CG (IN) 27.C0
FRICTIGH FREDUCT ICH PARAMETER CN FRINT TIRES J.01
FRICTICN REDUCTICHN PARAMETER CN FACNT

TALCEM TIRES 0.01
FRICTICN RIDUCTIUY PLARAMETER CN RE SR TANCEM

TIRES 0401
SPRULNG ™ ASS 20LL YCHENT CF INERTLA

(IN-L2~SEC**2) 5 1825C3, CC
SP«UNG HASS PITCH MCMENT CF INERTI . )

( IN-LB=SEC*%x2) 12+4CCCJ, 0
YAn NCM:PT OF INzkTIA (IN-LE-SECx%22) 1€4CCC0.00
KRCLL MCFENT UF FRCNT TANCEM AXLE

{IN=-L2=SEC*=2) 5C0C4 GG

PCLAR MOMENT CF FRONT WHEELS (IN-LE-SEC#*%2) 16U.00
PCLAR MUMEZNT CF FRONT TANCEM wWHEZLS

(IN-LE-SEC**2) 10V.00
PCLAR “OMENT OF REAR TANDEM WHEFELS
(IN-LE~-SEC**2) 1C0.00

S - e

10 CEGREES

g —

o=



O
K1
K2
KT1
KT2
KT3
MU ZEROL
MUZERQ2
MUZERQ3
P
RCH1
RCH2
syl
sY2
TIHF
TRAL
TRA2
VEL

' W
WS1

. WS2
wS3

\

\

\

\

L )

3

2

3

3

L

4

{"

HSRT LMTA BUS SIMULATIGN

BRAKING IN A TURN, 700 PS

SFRIMG RATE, FRCNT SUSFENSICA
SPRING RATE, FRONT TaAnCeM ANLE
SPKING RATEy FRCANT TIwvES (L2/IN)
SPKING RATE, FRINT TANLEN TIRES (LF/IN)
SFRING &~Tte, REAR TARDCH TIRES
CCZFFICTENT OF FRICTIINy FIOAT wHccol S

COEFFICIENT CF FRICTICNy FRCAT TALCEY wHEELS
CCEFFICIEANT GF FRICTICN, RELR

WEIGHT ©F PAYLC AL (L3S)

RCLL C=NTER HczlosAT, FROMT SULSFENSICH (IN)
RCLL CERTER hEIGHT, RE&R SUSFENSIIN (IN)

(LB/IN)

(L371IN)

L3/ N)

ANCEM whEELS

HORIZONT AL DISTANCE FRCM BCCY Xx=AXIS TU

FRGNT SUSPENSICAN (IN)

HORI ZONT AL OISTANCE FRCM BCOY X=AX1S TO |

REAR SUSPENMNSICN (IN)

MAXIMUM REAL TI4E FCR SIMULATICN (SEC)
FALF TRACK OF FRIONT aXLb (IN)
HALF TRACK COF FRCNT TANCcH AXLE (IN)

INITIZL VELOCITY (FPS)
SPal 5 wEIGHT CF TRUCK (LBS)

WEIudY CF FRCNT SUSPENSICN (LBS)

W2ICGHT COF FRINT TANDZN (LBS)
WEIGHT OF REAR TANCEY (L3S)

23

PAGE 2

€43400
T52e3dV
52006C0
52CJeCu
5200600
Jebb

Le 86
2,36
JeU
1956
Te38

43440

34,00
5400

. 43,49
4345b
4400
20443,04
1245.,00
2157,00
2137.00

I, 10 CEGREES



N PRAKE FARAMETERS:

LA

TR AR g e R oY

TABLE 1: TIME VS PRESSURE (PSI)

TABLE 2:

TABLE 3: PRESSURE (P3I) VS TCRul!Z {iN-LES)
RIGHT SICt

o

NG,
0.0
3, 0000
345000

TCll,1+1)
'TC(Ival’
TQ(2+1,1)
TC(2,241)
TQ(3,101)
TQ(3,2,1)

W ow honn

CF POINTS: 3
0.0
0.0
7CC.C000

FRONT

NCe CF PUINTS: 11
Ce 0 0.0

127.0000 598340000
24940000 7€31.€300
367,202 17548, 00¢C7
431, 0000 15136,Cul0
591,0000 185C4,3000
657,0000 21955.C3C0
§30,3J00 25203,u0J00
GCJ,0CC0 28353,CJCV
99640400 31377.C4C0
1090, 0000 24222,C3C0

FRONT BRAKE,

MCe CF PUINTS: 11
C.0 J.0

127. 3300 236&.CCCC
249,C300 7331.C000
36740930 11343,05C0
43140000 158126,CC0C
561, 000C 1302440804
657.3003 2165+,GJ0J
§C35. Ud00 25203.,CC0J
900,0030 28353,03C0
53640000 31377.CCCT
1090,C000 34222, CCCC

- e -
-~ e .

rne -

R e s o e = —

HSRI UNTA 3US SIMULATICN

BRAKING IN A TURN, 730 PSI, 10 CEGREES

TQ(ly142)
Tulle242)
Tullslye)
TQ(24242)
Tul341,2)

TU34292)

PRESSURE (PSI) VS TCFGUL ‘IN-LBS)
KAKES, LEFT SICZ

o o

PAGE 3

0,001
2,01
JeuCl
ie0l1
9 o’j'Jl

JeCl1

Sl s aihchtan B L Lt o
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HSR1 LMTA BUS STIFULATICN
BEAKING I% A TuRNy 700 PSI, 10 DEGREES

PAGE 4

TABLE &z PFRESSURE (PSI) VS TJIRGUE (IN-LBS)
FRCNT TANDE® P AKES, LEFT SIlk
NQe CF PUILTS: il
Js 9 ’ J el )
127, 0000 75654 €000
245, 300C 1431¢€.CC00
36740000 2155540000 ;
48140000 2353ce(CL0 ’
59143009 354264(0CY
657.0040 418264CG0)
8CC.CGCO 4303020000
9CC0e QUVI £4CJ€.CLCC
S§35. 0000 5Q76%543000 .
1030, 3030 £527€4C2C0O

TABLE 5: PRESSURT (PSI) VS TCRJut 'IN-LES)
) FRONT 7 NDE¥ FRAKES, RIGHT SICE
NOs CF PJINTS: 11
Ce0 0.0
127,0000 7535 4 0000
24%. JVJYU 1491¢€5 03Ul
367,00200 21995 ,Cu07
461, 30040 2333640300
591.0000 35435, (GCO

597.3uu00 +182¢.L000
80043300 48CChs LICD
9CCe 000 54{00e VU0
29040000 53766, CCR0
105C, 3000 £537540000

TARLE 6: PRESSUKE (PST) VS TIRGU= (IN-LES)

REAK TANDEM FRAKES, LT SICE

MOe CF PUINTS: 11
0.0 0.0

127,920 75%6,{000
24,0000 1451644200
367.000C 21¢24,{C0C
421,000 23325, CCCO
53516 UC00 354364 (0CC
6574000 41826, 1000
8CCs 3200 45036435300
90060020 54CubevdCa
93¢, 0G0V 557¢€4L0C0
1090, 0020 €53764C000
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HSRT LMTA 3uy 0o

BRAKING IN A TURN, 709 pyi,

PAGE 5

TABLE 7: PRESSURE (PSI) VS TOAQUE (IN=LBS)
REAR TANDEM FRAKES, RIGhT SILE

nCe CF PCINTS: 1L
0.\) 0.0
1276 353 7565, €000
246,300 14515,C0000
36743000 2163640300
481,0904 28E62€4 (COY
551.3300 2543€,4(3C0
697,38C00 4182040000
8uCs 0CCO 48uG64CUAY
900,3400 54CJ5,0000
5564933V 5675649300
1C9C, wdv €337¢4C000
TABLE 8: TIME VS STEER ANCLE (CEG)
N0, CF PUINTS: 2
0.0 0.0
0.5C00 10,0000
TARLE 93 SUSPENSELN DEFLECTIuN (INY VS CA¥RTR (DEG)

NOe CF POINTS: 9

-4, CCCU "200000
-3,00C00 -1,0J300
-249000 -044300
-140000 C.1CCO
0,9 0.5300
1,0200 047000

2. COGC C,.80C0

© 340000 CeG0UD
440000 1.0G00

TABLE. @¢ VER
FRC
) NOs

069
18CC,UCV0
330040000
477Cs0C00
5430,0030
620040000
934C, 3000

o

TICAL LOAD VS LATERAL STIFFNESS (LES/DEG)
NT TIRES
OF POINTS: 7
Ue0

620.CC00

1854 C000

791.C0C0

8244C300

903,0300

1097.0000

N Lt

ey
TR

[}
LS WS




BSAT LATA oud SIIGLATION

TABLE 92 VERTICAL LCAD VS LATEwRAL STIFFNESS (Las/DEG)

TABLE 9: VERTICAL LOAD VS LATERAL STIFFMNESS

£k END INPUT #%x

T o M e

.

FRUNT TANDEM TIRES

NJ. GF POINTS:

Ce0
18CC. 0200
332C.JC00
477C0,0090
5430695308
5930340000
$34(C.0000

0.0
£6Ca CuUC
T80.C00D
751,C300
824eC0CV
963 ,C000

1697.35000

REAR TANCEM TIRE

NUe
0.0

18CC, 0000
330C. 0000
4778.0GCO
543C.00990
690C. JuiY
634040000

CF PLINTS:

0.0
530.C000
73£4£C3C
791.CJ30
824.,C000
963.0J0J0

1C%74C300

7

S
7

27
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APPENDIX 2

Testing of the AM General bus tires is described in this
appendix. Several tires will be supplied by AM General. A series
of screening tests will be performed at one load and three slip

angles to ensure that all tires perform uniformly.

Tire tests will be performed to ebtain shear force data at
specified inflation pressure and at ioads of 1800, 3600, 5430,
7200, and 9000 1bs. The following tests will be run:

Test 1. Sideslip Angles: 0 #(1, 2, 4, 8, 12, 16, 20,

24, and 30) at 0° camber angle.

Meacure: lateral force, normal load, aligning torque,
overturning moment, loaded radius, effective

radius

Test 2. Camber Angles: 0, (1, ?, 3, 4, 5) degrees at 0°

steer angle.
Measure: Same as in Test 1

NOTE: Data from Tests 1 and 2 at zero slip and zero camber
angle will be used to calculate the roiling and static spring rates

of the tires.
Test 3. Longitudinal Slip: 0° s.eer angle and 0° camber
angle.

Approximate longitudinal force, braking and driving,

(0.1, 0.2, 0.3, 0.4, ...)FZ up to 1500 1bs.

Measure: bed velocity, longitudinal slip, and

braking or driving force

28



Test 4. Combined Side and Longitudinal Slip: 0° camber
at steer angles of 4, 8, and 12°, for braking and driving forces

as in Test 3. Rated load and tire pressure.

Measure: bed velocity, longitudinal slip, lateral

force, and braking or driving force.




