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AN ANALYTICAL COMPARISON OF THE DYNAMIC 
PERFORMANCE OF A EUROPEAN HEAVY VEHICLE AND A 

GENERIC U.S. HEAVY VEHICLE 

INTRODUCTION 

Background 

This report documents a study performed by The University of Michigan 
Transportation Research Institute (UMTRI) for the National Highway Traffic Safety 
Administration (NHTSA) under the title, "Heavy Vehicle Dynamic Performance--A 
Comparison of U.S. and European Design Approach." 

Many claims have been made regarding the superior braking and/or steering 
performance (especially in accident-avoidance maneuvers) of European- versus U.S.- 
designed heavy trucks. Design differences do exist. For example, because of ECE 
Regulation No. 13, power steering and load-sensitive brake proportioning are standard on 
European heavy vehicles. The NHTSA has purchased a tractor-trailer of European design 
to evaluate its performance in this regard. A need existed to: 

--characterize the performance of the various components of this vehicle, 
--develop dynamic performance maps comparing the performance of the European 

vehicle to similar U.S. vehicles, and 
-analyze the design features of the European vehicle which account for the 

performance differences. 

The project was accomplished in two phases-measurement of the suspension and 
inertial properties of the NHTSA European tractor and trailer, and comparison of the 
observed properties to those typical of U.S. heavy trucks in the context of their influence 
on dynamic performance as determined by simulation with computer models. 

Scope 

A rigorous comparison of European versus U.S. heavy vehicles would necessarily 
recognize the fact that the population of each contains a broad range of vehicles, and that 
within each population the performance properties will vary. In addition to the population 
variables, the choice of maneuvers in which comparison is made will affect the observed 
behavior; and there may not be a clear consensus among truck owners, operators, 
engineers, and vehicle dynamicists on the interpretation of that behavior. The classic 
example of different interpretations of performance is seen in the controversy surrounding 
the desirability of proportioning heavy-truck brake systems to produce lockup at front 
brakes prior to that on the rear. Some argue that front-brake lockup is preferred for 
stability as well as stopping distance reasons, while others argue it is undesirable because 
of the loss of steering control and associated risks. 

The scope of this project was limited to examination of performance questions with a 
single European tractor-semitrailer combination, capitalizing on the availability of the unit 



on hand at NHTSA. While limited, it provides a first look at some of the differences 
believed to exist. 

No specific U.S tractor-semitrailer combination was used for comparison. Rather, a 
generic U.S. vehicle was formulated with properties that would be representative of 
equipment in use in a transport mission for which the European unit might be used. That 
is, the tractor and semitrailer were chosen to be similar in wheelbase to the European unit. 
Similar suspensions (four-springs) were selected for the U.S. vehicle. The same tires were 
assumed to be used at all positions on both vehicles. The values for each relevant property 
of the U.S. vehicle were selected to be approximately midway in the range of that present 
in the U.S. fleet, using the data in the publication, "A Factbook of the Mechanical 
Properties of the Components for Single-Unit and Articulated Heavy Trucks." [I] 

Although an infinite variety of maneuvers can be suggested for comparing the 
performance of different vehicles, a specific set for evaluating steering and braking 
performance of heavy trucks has been proposed by ~ancher.[~] The suggested maneuvers 
cover steady and transient turning maneuvers, as well as transient and constant deceleration 
braking. In addition, these maneuvers provide a set of performance signatures and 
measures by which to interpret the results obtained. A subset of these maneuvers were 
used to compare the steering and braking behavior of the European tractor-semitrailer 
combination to that of the U.S. vehicle. 

Report Organization 

The remainder of this report contains the findings presented in three sections. The next 
section, Vehicle Parameter Measurements, describes the measurements made by UMTRI of 
the suspension, inertial, and dimensional properties of the vehicles. In addition, brake 
measurements made by NHTSA's Vehicle Research and Test Center needed for the 
shulations of braking performance are presented. The subsequent section, Performance 
Comparisons, describes the types of computer simulation tests performed, the results 
obtained, and the interpretation of those results. The final section, Conclusions, presents a 
short summary of the project and the conclusions that can be drawn from the simulation 
results. 



VEHICLE PARAMETER MEASUREMENTS 

Vehicle Descriptions 

The European tractor is a Volvo F10, 6x4 cab-over-engine (COE) model. A more 
detailed description is provided in the properties listed in Table 1, along with the 
comparable properties assumed for the U.S. tractor. The European semitrailer is a French- 
manufactured ("Trailor") tandem axle flatbed. Properties of the European trailer, and the 
assumed properties for the U.S. trailer are provided in Table 2. Figure 1 shows the 
European tractor and semitrailer. 

Dimensional Data 

For purposes of simulating and comparing vehicles, a number of dimensional 
parameters are needed to describe the vehicles. These include such parameters as 
wheelbase, longitudinal spreads on tandem axles, lateral spreads on suspension springs, 
etc. These measurements were made on the European tractor and semitrailer while at 
UMTRI. A number of the dimensional properties are listed in Tables 1 and 2 for these 
vehicles. Table 3 summarizes the vehicle dimensions that define the configuration in the 
side view. 

MasslInertial Properties 

Equally important for simulation of the vehicles are the weights and inertial properties 
of the primary components. These properties are measured and compiled for the sprung 
and unsprung masses, and for the load that is canied on the vehicle. The European unit 
was unladen when delivered to UMTRI. Mass and inertia properties were obtained for the 
unladen vehicles, and composite values were calculated for the laden cases. 

The vehicle masses were determined by weighing the unladen vehicles (with full 
liquids) on an axle-by-axle basis on weigh scales. The unsprung masses of the trailer were 
determined from the suspension measurements (lash in the suspension springs allowed 
measurement of the unsprung weights during the forceldeflection measurements). In the . 
case of the tractor, the unsprung weights were estimated on the basis of a visual inspection 
and comparison with a library of data from previous measurements. The sprung and 
unsprung values for the European and (assumed) U.S. vehicles are listed in Table 1. 

The center of gravity (CG) locations and pitch moments of inertia were measured on the 
Pitch-Plane Inertial Properties Tester. The tester is a swing by which the vehicle is 
supported on knife-edge pivots. From measurement of the angle assumed by the swing 
while a known moment is imposed about the pivot axis, the CG height is determined. By 
measurement of the free-oscillation period, the pitch moment of inertia is determined. 
Based on past experience, the yaw moment of inertia can be estimated with reasonable 
accuracy from the pitch moment. Likewise, the roll moments of inertia for the tractor and 
trailer were estimated. CG locations and moments of inertia are summarized in Table 3. 



Table 1. Summary of Tractor Properties 

European U.S. 
General Properties 

Total weight (lb) 
Sprung mass (lb) 
Wheelbase (in) 
CG to rear articulation (in) 
CG height (in) 

Front Axle 
CG to axle distance (in) 
Track width (in) 
Unsprung ma& (Ib) 
Roll center height (in) 

(Loaded) 
(Empty) 

Suspension stiffnessJspring (lblin) 
Springs spacing (in) 
Auxiliary roll m e s s  (in-lbldeg) 

G-Qaded). 
(Empty) 

Radius of a tire (in) 
Steering gear d o  ' 

Steering stiffness (in-lblden) 
Tie rod-stiffness (h-lb/degJ. 
Mechanical trail (in) 

Tandem Leading Axle 
CG to axle distance (in) 
Track width (in) 
Unsprung mass (lb) 
Roll center height (in) 

(Loaded) 
(Empty) 

Suspension stiffnewspring (lblin) 
(Loaded) 
(Empty) 

Springs spacing (in) 
Auxiliary roll stiffness (in-lbldeg) 
Radius of a tire (in) 

Tandem Trailing Axle 
CG to axle distance (in) 
Track width (in) 
Unsprung m&' (lb) 
Roll center height (in) - 

(Loaded) 
iEmpty). 

Suspension stiffnessJspring (lblin) 
(Loaded) 
(Empty) 

Spring spacing (in) 
Auxiliary roll stiffness (in-lbldeg) 

(Loaded) 
b p t y ) .  

Radius of a tire (in) 



Table 2. Summary of Semitrailer Properties 

General Properties 
Total weight (lb) 

(Loaded) 
(Empty) 

sprung (Ib) 
Wheelbase (in) 
C.G. to rear articulation (in) 

(Loaded) 
(Empty) 

C.G. height (in) 
Waded) 
(Empty) 

Tandem Leading Axle 
C.G. to axle distance (in) 

(Loaded) 
(Empty) 

Track width (in) 
Unsprung mass (lb) 
Roll center height (in) 

(Loaded) 
(Empty) 

Suspension stifbesslspring (lblin) 
(Loaded) 
(Empty) 

Springs spacing (in) 
Auxiliary roll stiffness (in-lbldeg) 
Radius of a tire (in) 

Tandem Trailing Axle 
C.G. to axle distance (in) 

(Loaded) 
(Empty) 

Track width (in) 
Unsprung mass (lb) 
Roll center height (in) 

(Loaded) 
(Empty) 

Suspension stiffnesslspring (lblin) 
(L0ade-d) 
(Empty) 

Spring spacing (in) 
Auxiliary roll stiffness (in-lb/&g) 
Radius of a tire (in) 

European U.S. 



Figure 1. The Volvo F10 tractor and "Trailor" flatbed trailer 



Table 3. Sizes and Weights 

Vehicle Dimensions (in) 

Vehicle WB1 FW S l  WB2 OH S2 . TL 

European 153.25 5.10 54.00 349.25 67.25 54.00 479.50 

U.S. 153.00 15.70 52.00 349.25 67.25 50.00 477.50 

Axles Loads (lb) Total CG Heights (in) 

Vchiclc W1 W2 W3 GCW Tractor Semitrailer Composite 

U.S. 
b d a i l  12.480 34,300 34,320 81,100 32.00 75.60 66.46 

Note: Payload density = 34.00 lb/fiA3 

Total Mass Moments of Inertia (in-lb-secA2) 

Vehicle Pitch Roll Yaw 

European Tractor 338,800 52.300 329,400 
European, Trailer 650,100 33,900 671,100 

U.S. Tracm 287,785 42,566 300,145 
U.S. Trailer 754,122 94,182 758,000 



All laden vehicle mass and inertial properties were obtained from calculation with an 
assumed loading condition. The load was taken to be a fixed, intermediate density material 
(34 lblft3) distributed uniformly on the trailer bed to bring the combination up to 
approximately 80,000-lb gross combination weight (GCW). Under these assumed 
loadings, axle curb weights were obtained, as shown in Table 3. It might be noted that 
because of the lower tare weight of the U.S. tractor-semitrailer, it had a load-carrying 
capacity nearly 3000 lb greater than the European vehicle. 

Suspension Properties 

The suspension properties of the European tractor and semitrailer were measured on the 
UMTRI Suspension Properties Tester. This facility is capable of measuring virtually all of 
the compliance, kinematic, and Coulomb friction properties of suspension and steering 
systems as they react to vertical force, roll moment, lateral force, brake force, and aligning 
moment. The facility can accept single-axle and tandem-axle suspensions in their normal 
configuration as mounted on the vehicle. All measurements are performed at steady-state 
or quasi-steady-state conditions. Although the European unit was unladen when delivered 
to UMTRI, the facility allows tests to be performed at all conditions representative of the 
laden state. 

On the Suspension Properties Tester the suspension is exercised through a full range of 
load and roll moment conditions while the individual wheel forces and displacements are 
monitored The data are reduced to provide detailed records of: 

-Vertical force-deflection response 
-Roll moment generation (and auxiliary roll stiffness) 
R o l l  center location 
-Interaxle load redistribution caused by braking forces 
-Roll steer response 
-Steering system stiffnesses 

The complete records of suspension measurements for the tractor front axle, tractor 
tandem axles, and the trailer tandem axles are provided in Appendices A, B and C, 
respectively. Summary properties used in simulations are listed for each suspension in 
Table 1. 

Brake Properties 

In order to evaluate braking performance, certain key properties of the brake systems 
must be known. With regard to the performance evaluated here, these properties are: 

-Brake force versus actuation pressure for the brakes on each axle. 
-Application (treadle) versus actuation (chamber) pressure at each axle. 



(The application pressure is defined as the pressure produced at the output of the treadle 
valve, whereas the actuation pressure is the pressure experienced at the brake chamber. In 
the case where some sort of a proportioning valve is used, these two pressures will differ 
significantly. The European tractor and trailer were each outfitted with load-sensing 
proportioning valves.) 

Tests of the brake systems were not performed by UPUflRI. Staff at NHTSA'S Vehicle 
Research and Test Center had performed appropriate tests on the brake systems of the 
European tractor and trailer[3] and made the results available to UMTRI. Those tests 
included parallel evaluation of a U.S. tractor and semitrailer unit, results from which were 
also supplied and used to characterize the braking system for the U.S. unit in this 
evaluation. The relevant NHTSA data for both the European and U.S. units are 
summarized in Table 4. 



Table 4. Summary of Brake System Properties 

Torque Gain (ft-lblpsi) 
(Loaded) 
(Empty) 

Pushout Pressure (psi) 

European 
Tractor 

Front Axle 

Tandem Leading Axle 
Torque Gain (ft-lb/psi) 

(Loaded) 2001 -9 
(Empty) 882.5 

Pushout Pressure (psi) 8.5 

Tandem Trailing Axle 
Torque Gain (ft-lb/psi) 

(Loaded) 2001.9 
(Empty) 882.5 

Pushout Pressure (psi) 8.5 

Trailer 

Tandem Leading Axle 
Torque Gain (ft-lb/psi) 

(Loaded) 2056.4 
( E ~ P V )  848.0 

Pushout Pressure (psi) 4.2 

Tandem Trailing Axle 
Torque Gain (ft-lb/psi) 

(Loaded) 2056.4 
(Empty) 848.0 

Pushout Pressure (psi) 4.2 

U.S. 



PERFORMANCE COMPARISONS 

Introduction 

In this work the focus of interest is the performance characteristics of trucks affecting 
directional response and braking. In the case of an articulated vehicle, specifically a tractor- 
semitrailer, the desired characteristics are generally: 

-4 table turning response, 
-Minimal offtracking in low and high-speed cornering, 
-Resistance to rollover, and 
-Effective and stable braking response. 

While these performance characteristics can be measured empirically, a number of 
computer simulation models have been developed in recent years that allow close estimates 
of such performance with sufficient knowledge of detailed truck properties. The simulation 
approach is not only less costly to accomplish than full-scale testing, but permits 
performance evaluation under diverse and closely controlled conditions. From a study[4] of 
analytical approaches for evaluating such performance a series of simulation programs, 
suggested maneuvers, and perfomance measures were identified.[2] The resulting family 
of associated maneuvers and performance measures is summarized in Table 5. 

The computer models used in this evaluation are products of research which has been 
conducted at UMTRI over the past few decades for the Motor Vehicle Manufacturers 
Association (MVMA), the Federal Highway Administration (FHWA), the National 
Highway Traffic Safety Administration (NHTSA), and the State of Michigan. The 
simulations and their internal models vary in complexity, ranging from simple cdculations 
of closed-form equations to very detailed representation of a vehicle-driver system in 
comprehensive programs that perform time-based numerical integration of the governing 
equations (time-domain simulations). Most maneuvers are "open loop" meaning that the 
vehicle is given a defined steering and/or brake input for which the response is simply 
observed. From the nature of that response, characterized by performance signatures &d 
performance measures, inferences can be made with respect to the vehicle's accident- 
avoidance capabilities. 

Parametric data describing the mechanical properties of the vehicle are required in order 
to perform the simulations. The more important of these properties have been summarized 
in the tables of the preceding section. 

Among the maneuvers listed in Table 5 only a portion are applicable to the project at 
hand. The offtracking performance, reflected in the "Tracking" and "Low-Speed 
Cornering" maneuvers is dependent only on the geometric layout (wheelbases) of the 
tractor and semitrailer, and the cornering properties of the tires. Thus, offtracking 
performance is not indicative of any fundamental difference between European and U.S. 
designs. The last two maneuvers, "Responding to External Disturbances" and "Braking in 
a Turn," are also excluded from this analysis because of insufficient data to characterize the 
vehicles accurately. 

The comparative performance of each of the vehicle combinations studied is 
summarized in Table 6. The following sections examine each of the performance 
measures individually. 



Table 5. Performance Signatures and Measures 
for Various Manuvers 

k t e f a l  acceleration Rollover threshold 
versus rol l  angle 

(360-m. radius at 88 kph) 

Han* dhgranl (22, 1. Steering gs in  at  80 kph 
&tical speed ve 

&teal  acceleration 

hue at 80 kph) 
Closed-loop : deviation 
fra! a reference yaw 





Roll 

Roll performance in steady turning can be evaluated by means of the simplified Static 
Roll Model. The model solves the set of equations describing the static equilibrium of the 
vehicle in the roll plane under exposure to lateral acceleration. Roll angles of the individual 
axles and sprung masses are calculated separately, identifying the level at which liftoff of 
the inside wheel will occur on each axle, and the point where roll instability of the overall 
vehicle occurs. The model determines the level of lateral acceleration at which a vehicle 
will roll over during steady turning maneuvers-the parameter known as the "rollover 
threshold." The results obtained with this model are analogous to those of a tilt table 
experiment. 

The information required to describe a vehicle for this model includes the following: 
-Suspension roll stiffness 
-Suspension roll-center height 
-Tire vertical stiffness 
-Sprung and unsprung mass values and CG heights 
-Track widths, axle loads, spacing between springs 

The Static Roll Model was used to examine the performance of both the European and 
U.S. vehicles in both the laden and unladen conditions. Copies of the'simulation results 
are provided in Appendix D. The calculated rollover thresholds for each combination are 
listed in Table 6. 

Calculations for the conditions show that the U.S. vehicle has a rollover 
threshold of 0.92 g, followed by the European vehicle at 0.90 g. This level is high enough 
for both vehicles that rollover will be a rare event when empty.[5] 

For the laden conditions the threshold for the European vehicle is 0.46 g compared to 
0.42 for the U.S. unit (see Table 6). Figure 2 shows a plot of the computed roll response 
for these two cases. It should be noted that the absolute levels of the thresholds reported 
here are a consequence of the cargo density which has been assumed (34 lblft3). Lower- 
density cargo would produce an even lower rollover threshold at the same load condition, 
due to a higher load center. In any case, thresholds for the laden vehicles with certain 
cargo types will be low enough that rollover will be involved in a significant fraction of 
accidents,[*] thus warranting attention to this condition. 

The major differences between the European vehicle and the U.S. vehicle affecting 
laden rollover thresholds are the suspension properties, and the total CG heights. The 
European vehicle benefits from the fact that the composite CG height is 3.2% lower than 
that of the U.S. vehicle. This difference arises from the fact that the European tractor and 
semitrailer are significantly heavier than the U.S. unit. For the assumed loading method 
(cargo of uniform density loaded to achieve 80,000 lb GCW), the U.S. vehicle carries 
more load with the consequence of a higher load center and higher CG. The European 
vehicle has a rollover threshold that is about 9% higher. CG height has a first order 
influence on rollover threshold, and the CG height of the U.S. vehicle is 3.2% higher due 
to its greater payload. Thus, approximately one-third of the difference must be discounted 
to this effect. With equal payloads, the European vehicle would be about 6% better in its 





rollover threshold than the U.S. vehicle. (See [6] for discussions on the influences of 
payload capacities on the likelihood of accidents.) 

The remaining 6% difference in the rollover thresholds is primarily the result of 
differences in suspension roll stiffness. In particular, the suspensions on the European 
tractor and semitrailer exhibit higher roll stiffness than that selected for the mid-range of 
U.S. vehicles. In total, the roll stiffness of all axles on the European vehicle is roughly 
16% greater. (It should be noted here that the values chosen for the U.S. vehicle are in the 
middle of the range of those properties on U.S. vehicles, and that there is no information to 
indicate where this European combination falls in the range of the general population of 
trucks in Europe. A U.S. vehicle utilizing the highest roll stiffness values among U.S. 
trucks would yield performance equivalent to this European example.) High suspension 
roll stiffness is favorable to roll performance by resisting chassis roll which allows the CG 
of the vehicle to move toward the outside wheels in a turn. Best performance in this regard 
is obtained when the suspension roll stiffness is at least equivalent to that of the axle on its 
tires, and when the roll stiffnesses of the different axles on a combination vehicle are 
matched to yield liftoff of the inside wheels on all axles simultaneously. 

Close examination of the results with the European tractor (see Appendix D) indicates 
liftoff first at the rear axles at about 0.4566 g (occurring at a vehicle roll angle of 3.32'). 
The leading axle of the trailer lifts off at the same lateral acceleration level (3.32' of trailer 
roll angle), then the trailing axle lifts off at 0,4571 g (3.38' roll angle). The difference in 
these two last axles can be expected since the trailing axle has higher roll stiffness than the 
leading axle. When the trailing axle lifts off, roll instability occurs and the rollover 
threshold has been reached. 

By comparison, on the U.S. vehicle the trailer suspension lifts off first at a lateral 
acceleration of 0.4196 g (at 4.18" roll angle), and the tractor rear suspension lifts off at a 
lateral acceleration of 0.4212 g (a roll angle of 4.29'). 

Overall, the roll analysis concludes that the example European vehicle is better than a 
U.S. tractor-semitrailer with mid-range levels of suspension roll stiffness. 

Handling 

Gain and stability are important response characteristics of a vehicle in a steady turn 
maneuver. These performance qualities can be evaluated in the "Steady Turning, 
Handling" maneuver listed in Table 5, and may be calculated with the Simplified Handling 
model, which is combined with the Static Roll Model. The model repeatedly solves a set of 
equations describing the static equilibrium of the vehicle in both the yaw and roll planes for 
small increments of lateral acceleration. The simplified Static Roll Model is incorporated 
into this model in order to compute side-to-side load transfer at each axle. In its current 
version, the Simplified Handling Model does not include the effects of roll steer. 
Therefore, the results reported here may differ slightly from the actual. 



The parametric data required for this model are the following: 
-Suspension roll stiffness 
-Suspension mll center height 
T i r e  vertical stiffness 
-Sprung and unsprung masses 
-Track widths, axle loads, spacing between springs 
--CG heights 
-Tire cornering stiffness properties 
-4 teering system stiffness 

The most relevant properties affecting handling performance are those of the towing 
unit. The major factors are the tire characteristics affecting cornering stiffness and its 
sensitivity to load. Tire cornering force production, in turn, is dependent on the load 
distribution on the vehicle, its reaction through the suspensions, and certain geometric 
properties. The cornering stiffness of a tire in the model is represented as a quadratic 
function of its vertical load. Inasmuch as the tires are very important to this maneuver, and 
both European and U.S. vehicles may use the same tires, identical tires (Michelin XZA 11 
R 22.5) were used on both vehicles for the simulations. 

The parametric data used for this model are shown in the computer runs for the 
Handling Model contained in Appendix E. In addition to differences between these two 
vehicles in suspension parameters and CG heights, the stiffness of the steering system is 
also of importance in this maneuver. In a steady turn, compliance in the steering system 
reduces front tire cornering stiffness. Comparing the two units, the steering system 
stiffness on the European vehicle is greater. 

The results of the handling calculations are typically displayed as a handling diagram, 
which depicts the influence of changes in lateral acceleration on changes in the steer angle, 
delta, required for an equilibrium turn. Figure 3 shows examples of these diagrams for the 
European and U.S. vehicles in the laden condition. A line sloping upward to the left 
corresponds to understeer, an inherently stable condition. The performance measure of 
handling is the critical velocity, Vc, at a lateral acceleration of 0.3 g. The critical velocity is 
that at which an oversteer vehicle would become directionally unstable if the driver did not 
make compensatory steering corrections. If the vehicle is understeer, there is no critical 
velocity and the vehicle is stable. Both the European and U.S. vehicles are stable at the 0.3 
g level of lateral acceleration. At the level of 0.37 g and above the curves for both vehicles 
turn upward and to the right (neutral steer to oversteer). This suggests the potential for 
directional instability above these levels of lateral acceleration, although it should be 
recalled that both vehicles are approaching rollover anyway. 

The Handling Model computations for these diagrams do not currently include axle roll 
steer effects. For both the European and U.S. vehicles the roll steer characteristics are such 
that the understeer level would be slightly increased due to their presence (the slope of the 
curve on the handling diagram will drop slightly). The fact that roll steer will increase 
understeer level adds to stability, and the conclusions above are unaffected. 

Alternatively, the handling performance can be described by the steering gain at the 
0.3 g lateral acceleration level. Steering gain is defined as the rate of change of lateral 
acceleration with steer angle. A steering gain of infinity indicates a vehicle which is 
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Figure 3. Handling diagrams, laden units 



unstable (yaw divergent). For these two vehicles the gains listed in Table 6 are always 
reasonable and are equivalent for both vehicles. 

In general, longer vehicles with lightly loaded tires are more stable and have lower 
steering gains. This is seen in Table 6 in the comparison of the steering gains for the laden 
and unladen vehicles. 

Constant Deceleration Stopping 

The performance of a tractor-semitrailer combination in braking is dependent on the 
distribution of loads on the axles, and on its compatibility with the torque of the brakes on 
each axle. An over-braked axle will produce wheel lockup with loss of directional control 
forces on the axle. Depending on which axle locks up first, the vehicle may lose steering 
control (lockup of the front axle), or directional stability (lockup of rear axles). Ideally, the 
brake forces developed on each axle will be proportioned to the instantaneous load on the 
axle, with the same proportion at each axle. Because of the range of loads carried on 
trucks, the load transfer that occurs during braking, and the range of surface friction levels 
available under diverse road conditions, it is difficult to design a brake system to achieve 
equal proportioning under all conditions. Thus, one basis for comparing vehicles is to 
examine the efficiency of the brake system in using the available tire-road friction. The 
efficiency is defined as the deceleration level (in g) divided by the friction utilization 
(friction force divided by axle load) for the worst case axle. This parameter is sensitive to 
an over- braked axle (high friction utilization) which may unnecessarily limit brake 
application level on the vehicle by causing lockup and instability. 

The Simplified Braking Model can be used to evaluate brake system efficiency as 
described above. The program calculates the dynamic loads at each axle for constant 
deceleration braking from the force and moment equations in the pitch plane. The braking 
efficiency is calculated as the ratio of deceleration level to highest friction utilization 
required at any axle at the given deceleration level. 

The parametric data required for this model are the following: 
-Relationship of brake torque to treadle pressure (brake gain, pushout pressures, etc.) 
-Vehicle weight and distribution on the axles (axle loads) 
--CG heights 
-Hitch locations 
-Interaxle load transfer coefficients on tandem axles 
-Wheelbases 

Appendix F contains the the vehicle parameter data and the simulation results from the 
Simplified Braking Model for both the U.S. and European vehicles, laden and unladen. 
The most relevant difference between the European and U.S. vehicles is in the brake 
parameters. The U.S. vehicle has higher pushout pressure on the front axle, and on the 
trailer axles, whereas the European vehicle has higher pushout pressure on the tractor rear 
axles. Furthermore, the European tractor and semitrailer have load-sensing proportioning 
systems which reduce pressure to the tractor rear axles and the trailer axles when the load is 
reduced. Although the U.S. vehicle has significant interaxle load transfer on both the 



tractor and semitrailer tandems during braking, the tandem on the European trailer also has 
significant interaxle load transfer when unladen. 

The results of the braking efficiency computations are summarized in Table 6. In the 
laden condition the European vehicle has somewhat better braking efficiency than the U.S. 
unit (0.87 versus 0.71) at the prescribed steady deceleration of 0.4 g. In effect, the 
European vehicle is about 20% more efficient than the U.S. vehicle at utilizing the available 
road surface friction in braking. That is, on a surface of intermediate friction level (near 
0.45 coefficient) the European vehicle can achieve a stopping distance without wheel 
lockup which is about 20% shorter than that of the U.S. vehicle. 

These analytical results differ somewhat from the experimental results obtained in 
NHTSA testing.[3] In the experimental tests, the "best-effort" stops of the U.S. and 
European vehicles in the laden condition were comparable in distance, The braking level in 
"best-effort" stops was only limited by the requirement to maintain stability. It is likely that 
lockup on one axle of a tandem set could be tolerated in the testing without loss of stability, 
because the remaining axle would provide the cornering control forces necessary for 
stability. This condition can be duplicated in the calculated perfoxmance by defining a 
"modified braking efficiency" as the deceleration level divided by the lowest friction 
utilization on a tandem axle set (allowing the axle with the higher friction utilization level to 
lock up). The modified braking efficiency for the European vehicle at 0.4 g deceleration is 
then 0.93 (0.4 g divided by 0.43 friction utilization on the leading axle of the trailer 
tandem). The trailing axle on the European trailer is at a higher friction utilization and is 
thus assumed to lock up; whereas the tractor rear axles are both at a lower friction 
utilization level with no risk of lockup. The modified braking efficiency of the U.S. 
vehicle is 0.95 (0.4 g divided by 0.42 friction utilization on the leading axle of the tractor). 
The trailing axles on the tractor and trailer are at higher friction utilization levels, and are 
thus assumed to lock up. That of the leading axle of the trailer is lower, thus it does not 
lock up. NHTSA testing [3] provides braking results for the unladen trailer, as well as the 
bobtail tractor and the half-laden trailer. These experimental results indicated the same 
trends as those described in the following discussion of the vehicle with an unladen trailer. 

In the analysis of the unladen state, the European unit again shows better efficiency, 
0.8, compared to 0.53 for the U.S. vehicle. To a large extent, this is due to the presence of 
the load-sensing proportioning valves on the tractor and semitrailer, The reduction of 
braking effort on the tractor and trailer tandems produced by the valves at light loads allows 
the tractor front axle to contribute more to the overall braking force. This effect is 
illustrated in the graphs of friction utilization versus pressure shown in Figure 4 for the 
unladen vehicles. At the 0.4 g deceleration level the application pressure on the European 
vehicle is 53 psi. At this condition the front axle is worked to a 0.36 friction utilization, 
and develops nearly 5000 lb of braking effort. In contrast, the U.S. vehicle only reaches 
24 psi application pressure at 0.4 g deceleration, Because of the f 3.5 psi pushout pressure 
on the front brakes, very little braking effort is obtained. 

The higher application pressure on the European vehicle may also contribute to ease of 
treadle pressure modulation during braking. Modulating pressure about 53 psi is likely to 
be easier than at 24 psi, improving the driver's ability to maintain braking near the optimum 
level. 
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Figure 4. Friction utilization groups, unladen units 



The friction utilization plots reveal one more feature in the brake systems compromising 
braking ability. The tandem axles on the U.S. vehicle and on the European trailer have a 
significant amount of interaxle load transfer during braking. Due to the kinematics of the 
suspension designs, brake torque reaction in the suspension tends to shift load from the 
trailing to the leading axle of the tandem. The more lightly loaded trailing axle then exhibits 
higher friction utilization, and becomes the limiting factor in braking efficiency. Referring 
to the European vehicle in Figure 4, at 53 psi the friction utilization on the leading and 
trailing axles of the trailer tandem are 0.41 and 0.50 respectively. The latter axle limits the 
braking efficiency to 0.8 (i.e., 0.4 decelerationl0.5 coefficient = 0.8 efficiency). If the 
interaxle load transfer did not exist, both axles would have a friction utilization of 0.45 
resulting in a braking efficiency of 0.88 (a 10% improvement). 

The plots of Figure 4 provide a good visual picture of the degree of optimization 
achieved in the design of a brake system. Optimum performance (for a given load 
condition) is achieved when the friction utilization curves for all axles lie on top of one 
another. In the comparison of the two vehicles, the European tractor-semitrailer is 
optimized much better. Its primary deficiency arises from the interaxle load transfer on the 
trailer tandem. A slight additional loss in efficiency derives from the fact that the trailer 
tandem has higher brake power level than the tractor axles. 

The U.S. vehicle incorporates similar shortcomings limiting the braking efficiency that 
is achieved. The dominant factors are low braking effort from the front axle, and interaxle 
load m s f e r  on the tractor and trailer tandems. 

Transient Turning 

Transient turning measures the quickness of the lateral acceleration response of the first 
unit in a combination vehicle when the driver applies a rapid steer input. A m p  steer input 
to a fixed level of steer angle is used. The response time is defined as the difference 
between the time when the steer input reaches 50% of its final value and the time when the 
lateral acceleration reaches 90% of its final value. The response time depends upon tire 
properties, forward speed, the vehicle loading, and the amplitude of the ramp steer input. 

The Constant Velocity Yaw/Roll Model is used to evaluate this perf~rmance. It 
simulates the directional and roll response of articulated and straight vehicles during steer 
maneuvers up to those that approach the rollover threshold The model requires a complete 
description of all the vehicle components with the exception of brakes. The results of the 
simulations are time histories of response variables such as yaw rates, lateral accelerations, 
roll angles, wheel loads, etc. Input to the simulation for this performance evaluation is a 
raxmp steer from O0 to 28' with a steering wheel angle slope of 200°/see. 

The Yaw/Roll simulation results are presented in Appendix G, Included are plots of 
lateral acceleration versus time which provide a visual indication of the response predicted. 
Figure 5 shows examples of those plots for the laden European and U.S. vehicles. The 
response times are summarized in Table 6 for both vehicles in laden and unladen 
conditions. In the table it is seen that the laden U.S. vehicle has quicker response (37%) 
than the laden European vehicle, whereas, both are essentially the same unladen. In part, 



the quicker response may be a result of the lower mass and yaw moment of inertia for the 
U.S. tractor. 

0 bstacle Evasion 
The obstacle evasion maneuver is based on traffic conflicts in which the driver attempts 

to avoid a collision by suddenly swerving into another lane. Quick maneuvers may excite 
amplified responses at the last unit of a combination vehicle, especially when those units 
are full trailers. One consequence of the amplified response is exposure of the rear unit(s) 
to higher lateral acceleration levels with an increased risk of rollover. A second 
consequence is enlargement of the swept path of the vehicle on the highway, increasing the 
risk of conflict with other vehicles. 

The amplified response of a combination vehicle in a quick obstacle-evasion maneuver 
is characterized by a "rearward amplification" factor. This factor is the ratio of peak lateral 
acceleration at the CG of a trailer to that at the CG of the tractor. 

The magnitude of rearward amplification is frequency sensitive. The Linear Yaw Plane 
Model performs computations in both the time and frequency domains, and determines the 
rearward amplification value at the "worst-case" frequency. Table 6 lists the values for the 
European and U.S. vehicles in the laden and unladen conditions. 

Tractor-semitrailers are normally well behaved with regard to rearward.amplification. 
This is true of all cases examined here. In all four cases, amplification factors very close to 
1.0 are observed. This is interpreted to mean that the trailers do not exhibit any 
exaggeration of the maneuver executed by the tractor. Further, the European and U.S. 
vehicles are essentially equivalent in this performance measure. 
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CONCLUSIONS 

Examples of a European tractor and semitrailer were obtained for comparison of the 
handling and braking performance to that of similar U.S. tractor-semitrailer combinations. 
The inertial and suspension properties of the European equipment were measured by 
UMTRI, and properties of the brake system were measured by NHTSA staff. Properties 
for a generic U.S. tractor-semitrailer combination of equivalent size, weight, and mission 
were formulated as a basis for comparison. The properties for the U.S vehicle were 
selected to be in the mid-range of U.S. designs. Brake properties were provided by 
NHTSA from its own measurements of U.S. equipment. 

Using analytical tools, the vehicles were compared in a series of maneuvers for which 
performance measures served as a basis for quantitative comparison. The conclusions 
from this analysis may be summarized as follows: 

Braking-The European tractor-semitrailer showed braking performance superior to the 
U.S. unit. 

Fully laden, its braking efficiency without wheel lockup on any axle is over 20% better 
(approximately equivalent to 20% shorter stopping distances under a no-wheels-locked 
condition). The performance advantage of the European unit in this mode arises from 
higher braking efforts on the front axle of the tractor, and less interaxle load transfer in the 
suspensions of the tandem axle sets. However, If wheel lockup on one axle of a tandem 
set is permissible, the European and U.S. vehicles are essentially equivalent in braking 
performance, as demonstrated in the NHTSA experimental tests and in the analyses. 
Unladen, the efficiency of the European unit is calculated to be nearly 50% better. The 
primary difference accounting for the better performance is use of load-sensing 
proportioning valves on the tractor rear axles and on the trailer axles. By reducing rear 
brake torque in approximate proportion to the load, the front brakes can be used more 
efficiently during unladen braking. A secondary effect is that the control pressures that the 
driver must apply remain more consistent regardless of load. That is, for a 0.4 g 
deceleration, the control pressure on the European tractor is 70 psi laden, changing to 
53 psi unladen. On the U.S. tractor, the control pressure is 55 psi laden, reducing to 24 
psi unladen. 

Turning-A number of qualities contributing to the "handling" behavior of the units 
were evaluated. Lateral acceleration response time, characterizing the quickness of the 
vehicle's response to steering commands was the only significant distinction between the 
vehicles. In the unladen condition both vehicles were equivalent (= 0.59 sec). When 
laden, the European tractor increased its response time significantly (0.72 sec), while that 
of the U.S. vehicle decreased slightly. Although the response of the laden European 
vehicle was much slower, it was still well within the common range for tractor-semitrailer 
combinations. Stability in the normal range of lateral accelerations was evaluated by 
examining understeer properties, looking for a critical speed, and determining steering 
gain. Both the European and U.S. vehicles are stable throughout the range up to 0.3 g 
lateral acceleration, and are very comparable in behavior. 



Rollover-A special case of the turning limit for motor vehicles is the lateral 
acceleration level at which rollover occurs (the rollover threshold). In the unladen case, the 
US. unit was slightly higher in rollover threshold, although the threshold for both vehicles 
was high enough that it would have little impact on safety. In the laden case, rollover 
thresholds are much lower and likely to have influence on the occurrence of rollover in an 
accident. Loaded to the same gross vehicle weight, the rollover threshold of the European 
vehicle is approximately 9% better than that of the U.S. vehicle. Two factors contribute to 
the better performance of the European vehicle. One is the higher roll stiffnesses in the 
suspensions of the European vehicle, which is a favorable design feature from the 
perspective of rollover prevention. The other is a higher tare weight for the European 
combination. At GCW the European combination has a lower CG because it carries less 
payload. At the same payload, the rollover threshold on the U.S. unit would be improved, 
but would still be approximately 6% less than the European vehicle. Using the most 
favorable suspensions (highest roll stiffness), the U.S. vehicle would have essentially the 
same rollover threshold as the European vehicle. 
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Appendix A 

Front Suspension Properties 





Single Steering Axle Suspension Reduced Data 

Suspension I.D. &/ 7 7 wptrj ------- 
/.L.$5 v - / /  --L , FKGM? 

Ynspruna Weiaht. ("Measured" from lash indication in vertical rate 
data.) 

Left Side Right Side 

Sprina Properties. 

Boundry Tables: See attached sheet. 

Betas: 
Sus Load, Ib. & , O C  v 12 LC.)uI '2, L ~ J  d - 
Compression P 9 , r  <-= 0 . 2 7  - -c 2 

Extension p 6,:. - b,3 u -- l;, : 3 - 
Suspension Properties. 

1% 22 9 SUS Load, Ib. /2, u CJd - /6, G c - 
Roll Center Height, inches above 

ground / 7. ; (/ 1% 93 /?; --- 7 a 

Auxilary Roll Stiffness, 
in- lb ldeg 2 5 7 0 ~ - C ,  9 b d L ,  d 2 ~ , O O U  -- 

Left Right Left  Right Left  Right 
Roll Steer Coefficient, 

degldeg a cq7 OOo?/ b.nf7  fi 970 6 , 0 r 6  h07: 

Aligning Moment Steer Coefficient (CM,),l - degl in- lb I ,  :-"E-3 ? . / 7 9 ~ - 3  , I  i -  DtN.E-3 ~( f iL -2  

Phase IV Steering System Parameters2 
KT, in-lb/deg 6 3 c c  4~ u C; L - -,3 2 3 3  

Ks ,  in-lbldeg 1 2  ~ 6 '  - -, - 
Y 4 k d - /  --- 

Lateral Force Steer Coefficient,s 
deg/lb 

Aligning moment per wheell; applied to left and right sides simultaneously. 

2 Aligning moment coefficients converted to Phase IV model parameters. 

KT = ~ / ( C M ~ R  - C M ~ L )  Ks = ~ / C M ~ L  

3 Lateral force per wheell; applied to left and right sides simultaneously. 



2DMF'RESSIDN ENVELOF'E ----------- -------- ----------- -------- 
Force, i b  
-442.23 

25$. 76 
1 !:)24, 74 
,-. i 3 3 
.b 'd k -, . E, 3 

4i31::. 55 
5 2 2 5 .  (1;s 
3r4- 
L#J& / . 4  : 
,-" C, .-. --) 
5 7 c l.1 . .-: ; 
! (1) 5 Z 9 , (::I 5 
12=35,6= 



bL,.k t 
Single Axle Wear Suspension Data Reduction Form 

FJ 9, .> f i  Suspension I.D. \I o L V  o - t- 9 3 % . ) ~  ----- 
-- - ----- 
-- -- ---- 

Unsprung Weight. ("Measured" from lash indication in vertical rate data.) 

Left Side Right Side 

- - 
Betas: 

\ 3 000 Sus Load, Ib. ' 7 . -  /y.oou 
Compression P 0 ~ 2 5  h,z7 - 023 - 
Extension p - 0,3$ 0.30 0 -- - -- ---- 

Roll Response 

Sus Load, Ib. l L / ,  000 12, Oocl 10,  032 . --- 

dy/dQA, inirad - I, b e  6 I d e ~ 4  15.41 I - 
h,, inches O&k Iu6Cr Z d $ - <  - 
hRC, inches - 17. 7-4 - 1 7u73 I, W,,W C ----- 

Aux Kg, in-lbideg '25,oco 25,. m-- 2a, rncj -- 

Left Right Lef t  Right Lef t  Right 

Aligning Moment 
d6/dMz 0. 1-W E-G u.\~?E-L-'  o . \ s ~  t-3 DulejE-u3 0.16 i-03 t-c 

Lateral Force 
dG/dFH 

Longitudinal Force 
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NHTSA 
VO~VO V-10 COE Front Suspension 

Date: January 7, 1987 
Pitch = 0.0 degrees 

Average- Longitudinal Force Compliance Steer Suspension Load 

IT---- 
1----- r-------- 7---~---- l---Il..--r-l-----ll-. -. 

I I I I I 
I I I I I 
I I 1 I 1 
I I I I 1 

-- --------p----------v-p--p-7-------p----------------.----- --- 
- - 1.8.41 LBS snclu - - .a@ DEG 

-----------II.----.----~---~.----.---r-..--.I---.-..-I-------------------------- - ---. - 7 
Ordinate: Average steer angle (SAAV); degrees; steer toward right, positive. 

ZfiNW 
5.81 

I NCH 

ZISSW 
5.78 

I NCH 

Abscissa: Average Longitudinal Force (FHAV); in-lb per wheel; applied to left and right wheel sets 
simultaneously; force applied toward rear, negative. 









NHTSA 
Volvo V-10 COE Front Suspension 

Date: January 7, 1987 
Pitch = 0.0 degrees 

Average Longitudinal Force Compliance Steer Suspension Load = 12,000 Ib. 
---PI-- 7---------I- -- --- - --- 

I I I 1 I 

I I I I I 

I I I I I FZAU 
I I I I I 6071.05 

I I 1 - - - - - - - - - - -  7 - - - - - - - - - - -  
LBS 

-1- 

I I I 
I I I 
I I I 
I I I 

I 
I Z A N W  
I 5.13 

INCH I 

I ZASW 
I I 
I I 5.10 
I I 
I I 

a;! L - - - - - - - - - - - - l - - - - - - - - - - - - L - - - - - - - - - -  
I I 
1 I 
I I 
I I I I 

I I I I I 

----- __-_-__- ------ -- L - - - - - - - - - - - - I - - - - - , - - - - , , L , - - - - - - - - - - - ' - _ - - , , - - - - - - l - - - - - - - - - - - - ~  ----- 
8 AXLE -25630 -2I21Q0 -1500 - 1043C) -5438 .OO 

------ .________I___1_______--_ __-_-------------- ------I---- 

*- 12.81 LBS S +I rl U -- - -- .@0 DEG 
_._____"___________- - -  _ _ _ _ _ _ . _ _ l l _ _ _ _ _ _ l _ _ _ _ _ _ . _  ..-- * -_-__-__--------- ---------A" 

Ordinate: Average steer angle (SAAV); degrees; steer toward right, positive. 

Abscissa: Average Longitudinal Force (FHAV); in-lb per wheel; applied to left and right wheel sets 
simultaneously; force applied toward rear, negative. 
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NHTSA 
Volvo V- 1 0 COE Front Suspension 

Date: January 7,  1987 
Pitch = 0.0 degrees 

Right Wheel Longitudinal Force Compliance Steer Suspension Load = 10.0oo Ib. --- 1-----I----- I ---I--------- -7 --*-- I--------- 

5211.75 
LBS 

ZnNW 
4 . 2 8  

I NCH 

Right Wheel Longitudinal Force Compliance Steer Suspension Load = 10,000 ~ b .  
--*-- ---I-------- 

I 
--------- 

1-----I----- I ,------------- r - - - - - - - - - - - -  -I - 
I I I I 
I I I I FZAU 

I I I 5211.75 
I I 
I I 

LBS 
I 

J - - - - - - - - - - - - - L - - - - - - - - - - - - -1- 
I I 1 

I 1 
I 

I I I 
I I I 

I I - -  ZnNW I 
- - - - - - - - + - - - - - - - - - - - - - ; -  

I I ---- --- 1 I -_ - I 
--.-. '., 1 

4 . 2 8  
I I -.. .. -..* p, 1 I --- -- --. '-\-.-TT;---+-2! I I - I .--- C 

--.- 
I I '-- x. I 

1 I I -5- -- 
- - - - " " r - ' - - - - - - - - - - ' I ' - - - - - - - - - - - - , " ' - ' - ' - -  

t I I 
1 I I 
I I 1 
I 1 I 

I I I 
\. - , , - - , , - L - - - - - - - - - - - - - l - - - - - - - - - - - - - J - - - - - - - - - - - - - L - - - - - - , - - - - - - l  

4 .25 
I I I I \.. 1- 

%. 
INCH 

I I 1 I .'. I 

I I I I 'I\ I 
1 I I I 

I I I 1 

I I I I 
- - - - - - - - + - - - - - - - - - - - - - ; - - - - - - - - - - - - - * - - - - - - - - - - - - -  , - - - - - - - - - - - -  

I I I I 
I I I I -----------.- -- - - - - - - - - -  ---- fiXLE 

-2000 .-1508 -1000 - 5 0 8  0 . 0 B  
- [Tz- - - 2 0 . 6 2  LBS S R R  - -- -00 DEG 

__-__-___I___________ _____________________ -----------_ ___ _____ ___ ___I--_-. -_--- --------------.-- 1 L.'""Ii 
Ordinate: Right wheel steer angle (SAR); degrees; steer toward right, positive. 

Abscissa: Average Longitudinal Force (FHAV); in-lb per wheel; applied to left and right wheel sets 
simultaneously; force applied toward rear, negative. 



Appendix B 

Tractor Rear Suspension Properties 



Tandem Suspension Reduced Data 

7 .=;-li,q \ , , . y  ~)H':~. ,L~-c~&c,L. . .  . Suspension I.D. 

Unspruna Weiaht. ("Measured" from lash indication in vertical rate 
data.) 

Leading Axle Trailing Axle 
Right Left Right Left  

Sprina P r o ~ e r t i e s ,  

Boundry Tables: See attached sheet. 

Betas: 
Sus Load, Ib. 2uiL-- zO. - ----- :-, a" 
Compression P n .OV 5 ' Y  0- OY 5 - 

Y /JY 2 

Extension p o-050 C). - cj.07 - 
Suspension P r o ~ e r t i e s .  

Sus Load, Ib. 26,230 ZY a30 / -, ~ L U  

Axle Lead Trail Lead Trail Lead Trail 
Roll Center Height, inches above 

ground A 2  - , 3 q - 1 3  3 q .  18 33.pb 3 ~ ~ ~ :  - - J . Y -  

Auxilary Roll Stiffness, 
in- lb ldeg / ~ . O O O  13.ooo ~ ~ , D O O  ~,!C*CQ / ? O O (  1 2 ,," : 

/ 

Roll Steer Coefficient, 
deg/deg - o.oI'!/, c j . u q 3 3  - 6 . -  - c. L ~ ~ - ~  

Aligning Moment Steer Coefficient,' 
deg/in-lb u..itt G-93 o,::t.E-oz - 

Lateral Force Steer Coefficient,2 
deg/l b - - 0  ZSZE-oS -a.rzl E d  - 

Inter-Axle Load Transfer, dFZTRA/dFH3 

Ib l lb  0.u7ro f ~ .  n 6s L - - U. ~ $ 0  

Inter-Axle Load Transfer, Phase IV Coeff4 
i n - l b l i n - l b  006?35 00c;S"i 0, i o ; ~  

Aligning moment per dual tiretwheel set; applied to all four sets simultaneously. 
2 Lateral force per dual tiretwheel set; applied to all four sets simultaneously. 

dFz - t -~ * /dF~  where FZTRA = Average trailing axle wheel load 

FH = Longitudinal force per dual tiretwheel set; applied to all 

four sets simultaneously; brake force is negative. 
( d F z ~ ~ ~ t d F ~ )  x (Tandem Spead)/(2 x Rolling Radius) 





Tandem Suspension Data Reduction Form 

hj \-\Ir> Suspension I.D. , . - -, . .,'-- - 
( -- " .- \ - , - , ,- Tmic  \ . ,. - -- 
( ? v z i b ~  q-e* \ i --- 

Unsprung Weight. ("Measured" from lash indication in vertical rate data.) 

Leading Axle Trailing Axle 
Right Lett  Right Left 

- --- 
Betas: 

Sus Load, Ib. Z c l ,  goo  zq 000 
1 -  
'i d W V  ----- 

Compression P O w ~ %  r . ,cq< ----- 2 .  c y  .- 
+ - 

Extension p - ( 7 ,  cis0 0 - 0 5 3  $.:. -- 

Roll Response 

7 Sus Load, Ib. - d & Q ~ U  
2'; ijS& ( d  ;A/ - , 

Axle Lead Trail Lead Trail Lead Trail 

h y ,  inches 2i.44 2 2 9 6  Z Z - M  2z.LY 23.52 ~ 3 ~ G 7 .  

hRC, inches 34l. 15 33  5 I 3 $'.1f5 33-66 3.1.72 3-1- &: 

AUX Kq 10,300 /3,0D0 I I ,  (300 '1, 000 I ? ~ , O O  ' C  , OGO 

Aligning Moment 
d6/dMz o.' f6(,~-0~ u.5" 2-05 - - - - 

Lateral Force 
d6id FH -Oez5:E-b_5  *,IZIE-U~ - - - -- 

Longitudinal Force 
d FZTR/dFH 'J. ---- dl 10 13.0 65 L- O . O ~ W C :  
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Appendix C 

Trailer Suspension Properties 





Tandem Suspension Reduced Data 
Q 

I 

Suspension I.D. h'fl7S4 T ~ A / / ~ R '  fkai/eC- ( 6 ~ ~ 4  / A#&&,M 
'i 

Unspruna Weiaht. ("Measured" from lash indication in vertical rate 
data.) 

Leading Axle Trailing Axle 
Right Left Right Left 

Sprina P r o ~ e r t  ies, 

Boundry Tables: See attached sheet. 

Betas: 
SUS Load, lb. 32, ova 2 ~ 0 0 0  /6 bo o 
Compression P 0,0? 0. O? 0.07 

Extension p 6, /o O h  or 0.p- 
Suspension Pro~er t ies ,  

Sus Load, Ib. 3 r,-o 2Y,o0o . ,  /2,06 cl 

Axle Lead Trail Lead Trail Lead Trail 
Roll Center Height, inches above 

ground 2 9,O a p e /  7 ,  2 9 %  3 0 . q  29.9 
Auxilary Roll Stiffness, 

in-lbldeg 2 b l o o o  26,00d ~ O , O Q U  20,400 ? l i ,oot~  3a,0ciu 

Roll Steer Coefficient, 
degldeg &046 , O J - ~  , O 9 f  ,/03 . ~ , z  

Aligning Moment Steer Coefficient,l 
deglin-lb , 2 6 7 f - s  .3YvE-sF ,tnb-,' ,3~3,b-f . ~ Y O F - S -  ,4376-f 

Lateral Force Steer Coefficient,2 
degll b A/A - C - - 

Inter-Axle Load Transfer, dFZTRA/dFH3 

Ib l lb  , 0 2 7  6 ,02 Y< - 0  9 2 ~  

Inter-Axle Load Transfer, Phase IV Coeff4 
in - lb l in - lb  ,037 ,033 . /// 

Aligning moment per dual tirelwheel set; applied to all four sets simultaneously. 
2 Lateral force per dual tirelwheel set; applied to all four sets simultaneously. 

d F m ~ ~ / d F ~  where FZTRA = Average trailing axle wheel load 
FH = Longitudinal force per dual tirefwheel set; applied to all 

four sets simultaneously; brake force is negative. 
(dFmRA/dFH) x (Tandem Spead)l(P x Rolling Radius) 





Tandem Suspension Data Reduction Form 

Unsprung Weight. ("Measured" from lash indication in vertical rate data.) 

Leading Axle Trailing Axle 
Right Lef t  Right Lef t  
5 :% , y' 7 C . --- --- --- --- 

;. ? .  - -  d ------ --- 
Betas: 

e, $2 lb ;; ', Sus Load, Ib, - 5 $ ( ~ ( )  , - -; \! - -, -- - -- , 

Compression P 0. oq - !; .-- \-;. c-? 
00 1 0  Extension p - C. \cj 

U 
d Y ' J ,  - ----- 

Roll Response 

,- 
+ Q -,ys 

b ... - Sus Load, Ib. ,,, - 2-q 5~~ : 2,  SGL, 
7--- - 

Axle Lead Trail Lead Trail Lead Trail 

I 

h,, inches 2i.05 Z 2 2 L I . ( ~ L ~  22r:z 72.6; 

Aux Kq 

d8/dOA 

Aligning Moment 
d6/dMz G . z ~ ~ L - o :  /).?.l+-!)' OSIZW~ ~.3C,3:-~; 0.39~-:  o , ~ - E  < 

Lateral Force 
N -A N A / /d A 

I ' 
dG/d FH > -  /I /. 

Longitudinal Force 
d FrrR/d FH Doo%-- 
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Appendix D 

Roll Data Sets and Simulations Results 
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::>i,,,i ::;. r:j p! j !;::, :I (:::I r.1 : 3 . t l f : + r i e s ~  (pe r  5 ~ t - l ! - ~ q )  - 1!::!:32.!:)6 L-bsi ir i  

-. . . ~~ . j ! ~C :~~ ' i ~ : j  te'!.i/\ii?en ~ i - ! , s p e f l ~ . l ~ n  E;pt-inQrj = 35.(:)('j irl(:hes 
<-8 " - 

I .  : : ,I 1 I , , :  1 1 S t  ;i f ness -. ~?(.l(-)!j . [:)(I> 1 r.1 - 1 b / deq 

>.; ,i :If ;.( 
6 :,: 1 E! 1 (:! e:, ci = 1 '1;) j. 51 i,,) (1) i:) L. ~5 

-, 7.; 
i , p- , ::.A , . . i - .. I.:. . Li.1 1 d (:! .+ .t, h e & r.. i p = , i:? (-1 1 ri 1:- 5 

3 >I - .. . l~l_.ll...:..I , >,. .. ,.., i.if .I.,,-,e b,:ij.;lp r- ~~~l( j [ :),(; :)! : !  1-b~ .  
i:,, 1 ;, i-, - * . % .- ...e;-l..p,.- He:;r:ll-it :: ;i':?..)r.i i n c h e s  
~ ~ , ! - ~ ~ ; ! J ~ . : . ~ ! . ! ~ : ! c ! ~  - j . k ~ . i . . f : i - ) e ~ ~  ( . ~ e t -  Sp r l , ng )  .: :,;;7822.17 L,bs,'l,rl 
F'. ,:f>&.i::!- i ' iQ l::~i-"cWpe(-[ i_;i,-(spenS: :5j;F?Ir':~ r-l(JS =: 41-1. i.):':) 1. ncnes 

I .  : : 1, : , y 1; 1 :  I 1 k! + j t. i. ;-I e 5; - 1 21 i.) (1) . i) 1. rl- 1 kt / cle rl 



1. I-j ,f c:, !r m a 'h :!. a !-i f Cj i.- !-j fi I :/:I 2; ( (2 {fl 1, t 1- a 1 J, el-' ) 



L.oad 
I.,': I:: 1 1 i4 ~i i] j. is 5 (, 1- 2, ) 1 r &1?5+ @Y 

lJ,-, :_ ... L . C I Y I - \ ~ ~  Spf'UT'ig '1" il.1 .t a 1 ( L t:~ 5 i 
(*) I ..:,..-a ., .;I 3, . - ( : i ~ >  c,? y.:, a (1) '7 ::,is) (:) 2 LC c.1 (:I , 1 4 

. -. 
(":I ::: ,;:> :I. .: (") 7 4 "'? 7 

t, . .  I . (''1 7 :; i) (1) E; 4 7 (1) , '7 9 
t-) .'::s ,>,, 1 ?!, 

D .. .i_ -_ -. (' ,7 4 -7 '. 

n _ L# , (:)73(:)0 8470, 71$ 
( ) .-;:> ,: 7 , ", 

a ... A. i.i b .7 ,, (1) 6 9 i> (1) i i )  :.;' ::, ('i) ('-) E )  6 ,.. ';? .-. '1.0 I 7 6 
j')';:*&. '-,!.$! , ('.! (5 '+'o i-i * (':) '17 ;::(:)(:) !$ &, '7, .?,, 7; " .. .b ",)?> . , I - .  L . b 

;-':.:j,e #: 2 at: ! . i l - j l t  $1 1. has Li$i :  o f f  
hi :.< 1 j3 # '! o .k ._: 1Jr.li.t $1 1 pias L. i+ t . ,  O f +  

L a t e r a l  
C$ c c e I e I,-' at: 1 [-'I 

! g  ' 5 )  
" 4 :;:: 1 1 -,? 
.42117 

3 2 1 .l '7 
a 43'1 17 

i1.;; 1 1; 







j : i . i f~i. .r . i iat~~:~r~ fur  i i r i i t  #: 1 ("Sowins lJni,fi) 

General I n f  or-inati on 

;.< ;.. 1 Q 44: .: , 
k , ~  : j g.:! J <!;3,i:/ ::. "; "!. (-1 1 . 4. I,:.; L /::I 
-[ 1.. !:a,;: 1:. b.1 1, ,k. bi Q+, 'I:, {A).: 11 E:' :z '7x2 , ('-)('ij 1 n(:k~es 
i..i ..., .,.+ .I.. I .  A , ,  I -. -. i, -I I... -. . -, -. . . . L,, 1 \ tyS n ;.:, ,l ...- 2 sf) (1) L 5. 
I:,:, i;! 1 .i (.: (3 i..i t p i.. H p i. q h -: 2 8 . F-; (1) i rl c h e 
,._ ::,~1~;p~:!~..~5'(3i..l $ ; , t , i f f r . i~ss ( p e r  S p i - i n q )  z 42(:1(.).!.)(.) L .bs / i f i  

I I 1, I I I .  y 1 a I 1 nq = 4(1) . (11 i:) I. r i ~  PI ~5 

2 , ~  ,,,, : l , j ,  j,a!.-.\, ;:i,~>:l] S.Ll f f : l .>pz. i ;  -. .,. -2 J,gr:j<:)(:),(:)(:! in-- , ] .b/dep 



i - i ' .  1 e :#. ... I 
: , : J , : 1ILi. +'2 ,, ::35 ktl 5 

"1 p- .:A, . .. . i.. . . , . . I... !:,I 1 d ,t t-, c::! + ,t e ;> :,:: 1 e := 7 2 . i r l  c h e 
p 1 ,  2; , I ,  + 1, PI ,L > 'I, 5 c! C) . (1) (-) L b .z 
ib;c.lj, yi ,-.er.ll. , ..-u- !-,I ly1.1~h.t ... .-- > ? 4 . . j l  l i . . l ~ h ~ s  
, . .. ~:i.[":;ppn:~l~:jn <~;~~.j, j.ff ipc:r (pel;  S p r j . r ) g )  - 4.55;(:).(1)(:) L b s / i n  
f"i.i...i" , .. i". . :.I?. , -..... . I i ; , ~  tsl.i.!:c,.!eei-~ .?!.tspensl. (:in Spr I nqs; = 38.  (:I0 :I. ncs her; 
- 4 , :  , ] 2,  3 'j , 3 .  j + + 1 = ::;O(:)Ctc.i, <.,(:I i n-1 pJ /',:ieg 

'I :!, (2: :[ rl + I:) rl,:+, 'I;:, :L Q r l  

I , b . j . . . l l . . i  ... 1 _ Nufib~.,l:- c:,+ 'll.lie.; r~r .1  !:he A:.r].e - 4. 
(,! r .b j, c:: 63, 5 1 + .;. (2 -- (- a 5 ,:I ,f 3, "1 :L y r - - 4 s<.) ii) . (1)::) Lt:, 5 /' i n 
: , :  1 C: , . . ,  'r i v. =, . ..., - -  - 2ir!.5i:) :~r?ches 



IJi"\ I t 
1 
1 
I 

i.. 

A. 

i.. 

Load 
Roll  Hngles ( r a d !  "lr ansf e r  

1.lnspt-cin!~ Spt-!.lng 'Tot a 1 (Lbs) 
(1) :I. i;:) 9 4 C,!.)!? 54 . (3 1 4 (1) 1:) 1'Ff99. 49 
i:)(:)7 YEI . (:! 1843 , (:I 1. 4 (:I (:) 2572.18 

. (:)(:1795 (.)1843 u 0 1 Ll (;? (1) 25y2.18 
u (::I (:) 7 4 e [)15:;7 . (:I 1 4 i:! 0 2317. 53 
. <:)iI1'7 4 4 , !:I 1337' , i:) 1 4 i:) i':) 2217.55 
&:l:,:Je # 2 [.:+,f' LIri1.t  # 1 tias L i f : t  o f f  
(Aj,;le # Xr3 csf. Unll: # 1 tias t_].ft O f f  

Load 
Koll ~ n q l ~ s  It-ad) 'TransSer 

I! n s p I I.\ n 14 Sp t-~tng "1 o t. a 1 (Ltls! 
("1 1 .I :?, :\ . - ,, OOC.68 , (';I 1 :.? (1) (:I 204.2, 27 

,, i,:) i:? 8 4 ':,7 . (.! 1989 (1) 1 5 ii) (;:I 2719. b.7 . 011,847 a (:]I984 . c.1 1 5 i:)(:) 2717.6:;' 
,A i-) (1) 8 h &) , ( : I  1 5 1 (1) , (1) 1, :;(:I (11 2317.53 
, i:~(.)abb , (1) 1. 5 1 i:) . (1) 1 5 ('") 0 .'? ?: , .*, 1 7 * 53 

Load 
6:aI.l Angles ( , rad)  -1 r ansf e r  

!! i-I s !:I r- LI. 1-1 51 Sp t- l- i r l  q ' T ' Q ~  a 1 (Lbs)  
~:15g1, . 06 172 , i:) 5 (:I i:) (:I 2863.83 
(144 14 . (1) 3. 765 . (1) 5 (1) i:) (1) 2717.67 
044 14 . (:11785 (:I 5 (1) (1) 2:.717.4:7 
("1 44 22 n .. , C) 1376 . t:)5(:)!:)(:) 2317.52; 

, Q4.422 . (:)1376 , (:I 5 (1) !:I i.1 23 17.5,::, 

1": .... 7 " 
I. > u .I. .L 

t.! n s p r' 1). n J 
(1) (7 3 " ," . i * . r C (  

a (:,q~(:)9 
, (:)95<:)4 

(;) ,,-7 c:: 7 ;I (.I 2 
" f-) '+'r",i:) 2 
g,;.,lp 5.'. 

5 -. !. 1 

Load 
Cingles ( rad: !  'Tv-ansf. ev- 

S~I.-IIU~ 'rot a1 i . L t 1 2 1  
n 14(:)2;(5 1 (:)(:I 0 (1) 4(.)4(5. 7 1 
ill 145'4 . 1 (1) (:) (1) 2719.67' . (:) 1444 1 (1) i-1 (1) (1) 2719.67 . (I 1 I. 8 5 , 1 i-'I (':) (1) (1) 23 17. 5 3  
, 185 1 c., C) (I(:) -7 i.:,17 53 

o f  !.!nl t # 1 has Lift i:l+f 

L .a te ra i  
Accel, et-at I on 

! g  'si  
'-7 ( cc 

E !, ?.J.& 
.7955b 
,79556 

7 q r r 
* : . ,Jb.#L) 
, 7755k> 

1. a ,!I e r a I .  
ki::cei et- a t  :i on 

(13 ' 5) 

. a  1 bt37 
8 1c.5'7' . Q 1 h37 
E.! 1,587 
8 158:' 

L;!te~-.al 
A c c e l e r a t i o n  

rg ' 5 1  
,, 94 536 
" 845:3b 
.@4536 
,84536 . 84.5:3& 









Appendix E 

Handling Data Sets and Simulations Results 



J:nt:ou-mati.on f o r  Unit f 1 (Towino l j r i l t !  

G p n e r a l  -- - Snf armati on 

S t e e r i n g  System I n f  u r m a t l a n  
5 1- .... -, - 1 1 -  1 , , ,  I 2 4 . .:; 5 .- - .-. -. 
k..tepp-1,-,p $,t,i+J;np?:c; - -. -. r: 1:2168:;.00 1.i-I-lb/deg 
'1. c> b: (11 L-J :s .? 1 <: + i-l p 5, ::: 4 (1) (I)(:) i::) , (:)!:I 1, n - 1, kt 1 d e 12 
pi- - I-, -. .- ' 

k? L,: c\ I I 1 !: c;! !, 1" IF 3. i. ,I z:; 1 " 5 (1) (1) 
?I - , ,  ,I :i cllll.l-lq .- ; P lo~l !~~- l~t  pet- "1":lt-e = 1.'78i.C)!:) lr-l-lb/13eg 

Ci::irner-j.nq 5t.i Ci:.n@ss Tab1 e 
'/ey'!:.j,ca]. Fi::srcp (ibs; C ~ r r i e r l  n g  $ t i  f sness  (Lb /deq)  

:! 9:3;, ,, !:,i!:) :596" 94. 
E" ,.", , "'Y 

.-> ,T c: ., . (::) i::) 635. ?;a 
94.4 1. . c . ) ~ )  9 4 4 . 1 i:) 

<,::,le :+.I 2 
I-: -. . i; - -. &:l;.:J.e I]%5:tarlce j r l e q ~ t j . ~ , ~  j , f  reap-' c:if C:G) =: -59,,;75 i r ) ~ : l - l e ~  

1.5 .-. 
A >: :I. e ] (3.3 C! ' 1 { .-:,<:) :j ,: (:)!:I L, kl5 
'r I;.. 3 !:: I..: l i j  1, .t, i') ,::) f I: +i A;.; 1 e -: -' / r. " . (1) i:) j. n i: h e 
i'i! 3.:. 5 o+ .i-, h p A;,: 1 p - 2 70i) ,, (;) () Lt) 

-? .-? R 0 l . i .  I : ')~l-~tet- Hei(;jpit -- .:,::,,,y!. i n c h e s  
,q -.-...l.!rb , .- 1s:~ c:iri Sti .F f  ni..~.; (,per, Spry. ng 1 = '73Li.i:). (I)!:) Lbr./ i  n 
;::: ,L: I,: - 1 . i")q he.iweel-i S ~ ! ~ i p ~ n . ; i  on Spt-,l ng..; =r 3;8. 50 i riches 



Cot-neri I-~g S t i f f  ne~;s "latil e 
I ! ... t? 1%. .t j. C: c,, .j 1:: T. r -r - (.LDs:) C o r n e r i  ng S t i  f f r ~ e s s  ( .Lb/deg)  

1 4 E.i 5 # <;I !:) 1 c- , ,I;&, , 9-4 
;:; 9 6 '7 (-1 835. 38 
':? 4.4. 1. . (:I(:.; 944.10 

;.; j, @ +I ::, 
r..:. fi &;.i].e i ) i s t a r l ce  ( r ~ e g a t i v e  if rear. o+ Il:G) =: -1 13. 75 i r~chec ;  
4 . .  ; . I . ,  '1 . ].sad = 175(:!5.(:)(.) L.hs 

"r't-.cl,cC: Wj.dth of: t h e  &i;.ile = "' ,, L . (1) i n c h e  5 
r.lass o.6 ti-!i.. h:.:le - 25(:)(:).(:)('.) Lbs  
Ro;!.:L !.':eril:er, Hej,c_li..it 2 .34.15 inches 
Cs a~-.~,:.ip.jnsl~ri S,ki,ff:ne:i;.j (per  Spt - i r~q,  = ':734(:).(:)!:) L b s i i n  
C- -' '.. .L .- 1- . . I ~ . .  ;! - l~ l :~ .~eer l  C ; ~ t ~ p e n s ~ . ~ f i  Spt-,~ngs = 38.50 i n c h e s  
(4 I-! :.( :i 1, j. at- y fi l:-:1 1. 1 S .i: :I. f f n e = 1 1 (:,'I 0 (1) . (1) (1) i n - 1 b / d e g 

T? r e  I nf a r m a t i  ur~ 
'~ , . . t , . . l  t 1.1- ~ I l i i l ~e i : -  T'l.i.es on 't..l.-ie A:.;le :- 4 

9'~i- . l : ica].  E:.!..3,f:f:r,e.;s; o..i: 3, ̂ T i re  = 45(:!(:).(:)(.) Lbs.!irl 
Ka!jiij.s o.6 2 ?':lye = 2(:) .  (I)!:! inches 
P?c.!~~),r~a.l. L.oacl c!:: t h e  1-1 t-e -. 4 (1) 4 , i:) (1) L. b 

!.:~:trnering S t i f f r 7 e s s  Tab le  
(,.) e r .ti 1, c a .i F ill 1:- c: e ! L.b5 1 Corner1 rig S t1  f Sr~escs (Lh/deq) 

1 y 2, " (.J (-1 356" 94 
!:, l?h , i;,) t l j  835.28 
5'L!L+ 1. ,, (:I<") 94" I.. 11:) 

---,,-,---... "-""-"" -..-.---,,,----.- ...., " ------.------,.-.---.----- -.- ---. "".- -------- -- ---- - ------.------ .------.---- ---*- 

1' (...I i. .,. 7 1.d .- ,' .. =+, L . . I,=. r i;J i.7 .t -2 t) :I 8 1:: i 1.1) 1- kt 5 
Y . ' 

1 ,g I:. .+, .!. [.: . G . Hi. :; g h t - -7 /..,8,,8C! ":% i nches  
-/- o .I,; :3, j jij !-! f:l eP" f fi ::.; J, e 5 :: 2 

:at,.i..ii::e . t b - ' c > i l j  i;,!;. Rear & y t i c ~ - ! l a . L i o r ~  point ,  z 24u, l(:) irlci-lec; 
, ' .  c:.b -r:' 
: : ! . L - , . . ~ .  II..E f t - i?m C.G, t o  F r o n t  Ap-i:ic~-\lat:lon FI 'a in t  195.40 i nches  

Ai.iles I r i f a r r r~a t i on ,  U n i t  #: 2 



1 I I,.-!+ :,,, .f .i .... 
1 1 1  llli?. ,:. . ,  I t  1 

' 1  Q'L 3 1, i',i!,i,iiif:j er- of "[ 1 1;- ~5 r;tl..i e 4i.r e .: 4 
,", 'I' .: ... ... .L t.. a. .I, st , 4: .f S?ec;s i:::i*t ;I. 'y 1. p - p  -2 4rji:)i:). ii)(.l L-11 5: 1 rl 

. .. 
;:iacll!.!i:. oi: 3 1:il.-e -. 2(j=0i:) i r l ( ; jes 
/'\i<:!fli 1 r.1 <::t, ,I [ , J ~ j g ~ ~ : j  <::I+ t., '1' -, . r ,  p . -.- &(_'I 4 (-'I . 11 (7 L b i; 

[ ' i  r-e l r l + o r ~ a t l  01-.I 

" [ i ~ i , : < ~ . L  r\ii-~i~ibei.. 5.f " / i r e s  c:ln t h e  6ij.ile := 4 
/ ,,+,, I .... p..., i :. . '1 S.1" .] (' J: l.i ... ... .'. .. .. . 1. .. c?, -. - . -r.. k.:2k! c)+ c, " / " i y . . p  - -,. -. 1;. 5(.)<.l . [..b 5 / i ~1 

4 ,  3, i . .  5 ;  ( , 1 r : 1: (1) . (..; i n (: r-1 e 5 
rq1:::,ir1 :I r l  ;:I, 1 L,(.:I;I,~~ C:I+ ,h ~2 "[ 1 t- c= ::: h(l)L](:) , (I)(:! L-b 5, 

coy f i e r i  ng f f riess Tats]  e 
/ I... . , ,, ., ,. 

7 .,,. 
, :, ,= ,i, t:: -. ... .... -. LI t I.,,, Y! < L LI 5 ! C:orner.~. rig Sti i t n e s s  iL .b /dec j )  

i *?@ ::b " ()(:) 2;56. 94 
5 9;,) ':,? . (1) (1) E32;5. 38 
y~:].4J. 1 a (;I(-) 944 * 10 



:$;'TEkD', -[I_IRI',j MODEL- 
1:'l \ - - ld[AplE: (4; vCjLL,jij-LD. l-il\./U 

F'jJF'MAfiD s . .  vE:L'jc I l\' - !";I ,. [:)(I) IbIpH 

Li)~ : ld  

Ro1.l. Cirig:li..; i rac l?  1 ~ ~ , ~ l ~ + p l ~  

1-1 n 1 t. ;:I:.:: p ii.1 ri !+ LI r i!. 1-1 CI SPY cln g '1 i:, .t a l i Lbs )  
1 .i (1) (1) (:)(:I ("I , 0 (1) (1) i:) (-1 , (1 (1) (1) (1) i:) . (:)(:I 
1 A, (1) Ct i:) . (':)(:)!:I i:> (1) (:I(:)(:)(:) i] . (I)(:) 
3. ..., I . (1) (:I(':)<-) (:I (1) i:) c-1 <;I 0 , <:) i:) (11 ( z )  (i) i:)(:) 
"., 
i. 1 . (:I (:;) i:)t:) (:I . t:) <;I (:I (:I . (:I(:)(:) <;I (:I . (1) 
,,... 
L 

3 
L . i:) i:) (1) (1) i::) , or:) i:) (1) (1) , (1) (1) (:,I (1) (z) , (5 

*,Hef er ence Wheel base ( L r  ) = 155.25 in 
*E+f e c : t i v e  Wheel base (Le )  = 177.8550 i l - i  

*Rate  uf Change o f  Le = -. 4.5'78 in/g 
;i,l-!nd~?rsteer Gt-ad:i en% (Ue) =: . (:)74":i2 t-ad/q 
a,Ra.l:.e of: Change Ue = . !:)(.)(:)2 r a d  
++,"-,,.- .i .t i, -- ... .d -. v e l  uci t y  -:: hc)(:!, ('l,c:)(:)(:) mph 
* s t  pep.. Angle ( d e l t a )  = . r:)Oc:)c:) f a d  
%. bt ,@ - ,. . -  1- p (., .. . f :  Cl?ange of  d e l t a  - . 1693 
%,Fop-ce at t h e  F i f t h  Wheel = . i:)(:) Lt1.1; 

Load !-, a 4: e t- !?. I 
Rol . : i  i i r i g les  ! r a d j  'Transfer  Ai.:c:el i.ir.5.t I. an 

. . .  
! J j 1. t @I :.; 1. e i.1 r1 5. F~ 1- ~1 1 1  17 Splrunc1 Tot: a1 (Lbs)  i, tg ' s 1 

1. 1. (::I!:) 1. . i.106 12 . (:)1:)629 299 . ?;7 . (11 z(:I() (:I 

1 .a:.. (:I c;) 7 ~7 ,;:: , i.i 64.5 , i:)(:)b;?y $47.27 . (:: 5 (1) or:) 
:L (1:) i:) ;:? 7 4 , i:)OC.4& . i:1(.)624 955,8:3 . !:)5t:)r:)r:) 
.--, 1 . (:)<-)29 2 . i::) 5 7 t:) . O<;)629 936.55 
A- 

m (:) Ei il) t::) (':! 

.L (;)(:)28 7 . (:)(:I5612 ,, 0()629 921.65 ill :; (1) 1:;) (1: 

*.Rp.f@reyce 11Jheej. base ('L-t-) =: lszt. z:, i l - 1  

+E+.f.ect/j.ve wheelbase (1-e) = 179.78155 I n  
+.F'...te i,f CL. ... 

< ,A 1 1 c r r 7 Q e  o f  Le  = - 2; , 5 (1) $7 2 i n / q  
+,I 1 .... .- ... I l l . ler-st~er- GI-acjl .  e n t  (C!ej = . (:)7$5 r a t j  / Q - 
,&Rai:e oi :  Chanpe ot: Lie =: - (':I (, 19 (L) t- a, tj 
*Cy-ltl.c:a,i. ' . J ~ 1 c j t l t y  = !2(1)(:).(;,)i-)(:)(1) mptj 
++Steer ,C,nq%e ( d e l t a )  = . i:)(:)82; ;sd 
+. p ;a +- -, csf I:;i-ia.rrge of  d e l t a  = 1.685 
,#.Fot-ce a t  tl-ie F i f t h  (L.lheel = 1363.67 Lbs 

Lijad L a t e r a l  
Hull Angles !bead? Trans+ ev.. Acce le t -a t i  on 

I I .  A ,.i l e tir~spri!.np Sprung ' l ' '~.tal (LI2.j) ~ 0 ' s )  
1. 1 , Oi:i-539 (1) 1 2 2 5 , 0 1258 548.73 1 (:I (1) (:I ( 1  

1 . 8 

A- . i:)(:)585 (1) 1289 . (l) 1258 189.4.. 55 1 ~ i j  r:) i'j 
1 I: 

. s  . !:)i:15e8 , r:) 1271 . .,-. ,-J ~j 191:);. 55 a 1 (:)(:)!:I(:) 1, ;;,'I G- r- 

.- ., 
i 1. !:)(:)5@4 e (:I 1 1 (1) 1258 0 / (:I$ 1 (.:I (1) j, ;-, -r 3 , 
.-.j ,, ;:) (1) 5 7 5 a !::I 1 1 :z 1 (") 1 :;;, Ft 
i. .A- n . A - w  184z. 30 1, (:i<-I(:)(:) 



Lcjad ia'tet-.a1 
Ro:L 1 Anq 1 e s  (. lr-ad, Trans+ e t -  Acce l  er  a t  :! on 

~ f i  1 4: A::.; 1 e !in s p r. 1..1. n g S p r u r ~ g  -rota]. iLbs)  ( p  ' 5 )  

1 1 , i:) 5 (:) 8 (;:I 1 8 3 :jT . (:I 18Ejb 898 . 10 :L 5 0 i:) (;I 

1 i., 

4.. 
,") ("I E3 ''! '7 . ... - !J J. 934 (i! 1884 284 1, $32 %5(:)(b',!1! 

...c 

1 . 'I (;I (:I 7, r> p', ,, <:) 1 9 3 7 , i:) 1886 c>,-,. g-,- a O~JL ~ d d d .  48 . 1 5 (:)(:,I (I! 
3. . (.I (:)8 '7 6 a (1) 1 7 (11 9 . (J 186h "'8(;)9. &LC 

d... i . 1 5 (:i (11 C.! 
. ,:.. .( ,z . <:)(I) 8 6 12 0 1.6Yb . 1885 A- 37,54.95 . 1 5 Ci (.1 0 

ii',F:<p+pt-,er.i~ WhpeJ.base (Lr.) == 153.25 
a.f..f..f PC'!: 1 ve Wtipel t125e (Le)  =: 179. 22,:34 1. fi 

-&.Rate 0-f Cklanqe 0.f Le - -- 8 . 69  -7" / J  lrl.!q 
+iJl-idij?i..steev- (jiracja efi.t (Lie! - (1) '7 /" KA ti ,,J iJ 

- - -" , & K a t e  C t l c l , n g ~  u+ I l w  - -. . (1) 5 i j  -1. r ;.l d 
w~-f-ljlli.:a~, i t . . .  *+, 1 oi: /j 1: y -: c)!.l . c.)ii!(.!<.) h 
.,$ ,>I .~.~ep-.  .,.. gr-iclle < d e l t a !  = . (;!25(1) y-ad 
*F. ;ate (-1 ,...,, - ~,!r~qe of de l  ,ta - . 1616 
.#,F:ay-ce a,l: t t . 1 ~  F'iff:h l ~ j h e e ] .  =: 4C189. 75 L.bs 

1-oad 1-ater-a1 
Ko1.I. Hnglec. ( r a d !  -1ransf er. Acce l  er a t ] .  ori 

ilr, i t A i.:, 1, e i"' I..! r! s p r. c.! n q ~7 p t- (..I r'11;i 1ota.L (Lbs) \ q  ' 5 )  

:i I C-)i:)8k1'7 . (1) :2i (:;) h 2 (:):?I44 14.96. 8:J r>s(:)(r)(j 



153.25 ?+Ref et-ence bll-lee]. base !Lr 1 = ~n 
*Effpc.tl;qe \iJheel.base ( 1 - E )  - 178.(.)97? 11-1 
+!.K~,tp o+ Char~qe oi: L e  :=: -14.6484 i n i g  
*uri j:5....-.t.ECF' P." 1.1-t 3 rracjsent (UE! = . ;-)'72Y r a d / g  
+Fiats oi: C t ~ a n g ~ :  ot: !Jc -: -. 0628 t-ad 
.rc.yi!-j,r-ai Velac: i ty  - 600.(.)1:)0(:) ri~pl-I 
++';teel:- L. h r ig le  ( i : lel t .a) == . ci)4.(':14 1-ad 
++Kai:e of Change o f  d e l t a  = . 1442 
+F:~t-ce a t  t h e  F ' i  f 'rh !Aheel =: 2 .  (:)5 Lbs 

Luad 
Ko:L 1 Cirigles ( r a d j  T r a n s f e r  

1-j !. , i t ~i :.: Q U1-15~1 t- itrig Spt-urig T o t a l  ( L b s l  

I. I (1) 1 (i) 1, '7 e i')::5674 .- , (:)3'77:5 1.796.20 

1 9-1 

JL (:I> j, 5 4 . i::)sE]h8 . (113777 51jaZ;. 65 
' i 1:12;874 (1) ;z -7 '-7 -.* :I. . , 0 1764 . I / .:I 5716.96 
1 (:I 1752; . (3;1;4 18 , - 2 I ,' .- 5617.28 -7 -7 7, 

4- 

.-.< I.:) 

. t ~  , 1:) 1 '7 25 , 03272 . (35773 5529, Cj(:) ... 

L a t e r a l  
A r c e l  ~ t - a t 1  on 

, .  !g 13,' 

, zi:)<:)()(:I 
, 2; (:I (1) 11, 0 
. 2; (:I 1:) (1) 
. 2; (1) (:) 1:) 0 . 3 (1) (:? (1) i:) 

*.Ref el...-ence Wtjeel base ( L r )  = 153.22 jirl 

+Ef + e ~ . t i  vc; Whe~;:[ b.3,se ( Le )  =: 177. 2734 11-1 

+t.Ra,te cjf Chanye of Le - -17.7'(.)(:)2 i n / g  
r i i r idet-steer Grad i  e n t  !Uej = . 0672 r ad i g 
*Fial:e r::lf C:;hange of  Ue - -. r:)873 racl 
+Cr- 1 t i  c a l  ?.'el o c i  t y -: br:11:). Ol:)O(:) mnh 
*Steer  A r ~ g l e  ( d e l t a )  = . 04.73 r a d  
+Ka'l:,e o.f CI.i cj.~7ge .- o f  d e l t a  = . 1287 
,%Force a t  t . h e  F i f t h  IrJheel. =: g l T l . i i y  i b s  

Load 
R r j l l  Hng:Les I rac l l  T,:- an h. -- f e t-' 

[ jnl i .  Hj.r],e U r . i s p ~ ~ ~ r i g  Sp~~c!r.,g T o t  a I. (Ltts! 
1 1 . !. 186 . (yi28-7 ()44.i)2 ~~1175 a 57 

1 . , 
i.. (2 2 ti) 4 '7 a i:)43 12; . (::I 44 (1) 2 ,5&3(:).42 
...? 

3. . , . (:)2(.)5 9 . 1:)45 15' (1)44(:)2 6ht5?. '78 
,.., 

1. rn ( .. ) :::' -. (11 4 ;!,; ( ; )3S f )P  . (:144(:)2 &555.85 
.'-, , , ( ' I .;;,, 1") 1 - "  .,r.,c,-. 
.i .L v a- , 1.1 ,?I -? ,-lr.! @ ... i") lj LC (:) 2 ,54"j1. 54 

*E~.f:er.eric:r. Wheel base (L.t- 1 =: 153.25 i n  
u,Effi.ji-i:i.j/e 11jt.jeelbase (I-ej = 1'76.3100 i r ' i  
+Rat:p of Cl-lar~ge of L..e = -21.:i;623 in/c_l 
+~!~-~del~- r ; .~eer  G r - a i j  i e n t  j = . l:)b4(:) t- ad  / g 
+ R i i . , t e  of [Zhanqe mi:  C!E = - 1 p;;, .-,yo . . &&.-I r 3.d 
;i;L:::r-:i t i  c3.i V e l o c i t y  =: 60!:1. (:.r<.)00 mph 

- C -,' C' *Steer Ar lg le  (delta) = . l-),~.:ad ~ 6 ? d  
+Hate c:~f C-:t-~ar~ge o.f d e l t a  = 1(:)54 
%FI::IP..C:F at: t h e  F i f : t h  Whe!~!l " 9528. :;;9 Lbs 



I-. o a cJ 
f..:oll Ang.l.es (t-al:j~ Tt-arrsf: er. 

1 !.. i,:~:... 1, u , ,  1--pt :: , - ui-..tci S n r u n g  7 0 t. ,:I. I. ! L.. kt 5 ! 
1. :I. n (,,I 1 ::,::I t> r,,)4E374 . (1) 5 (..I 2;; i:) 2: :.f; ,,i 4 . 7 ;;, 
1 .A,, (:,2;5,'jy E (1) - 1 Z: ,..! 8 (1) kb !:! :5 (1) 'I? .-r: LT 7 & ". ,, 2ci 

...? 

. .I ;;., ..:, r.,- .:, :I. . 4-. ... :' ,-! . . i s  , c!:; 165 0 5 (1) 2; C) 7b22.61 
1 (,) -; ''7 

a *., .-a .._ . . (1) 4 ::; ~2 ;r c j  5 i::! 3 (1) '7 , 4.92. :i;fj' 
i?, ,..j 

A- i. , (1) ,z ::; i:) (1) , ~.:t452,3 , (1) 5 (:I ::;(::I '7373. 19 

+.Fief erence Wheel lsase i L r  ! -: 155.25 i n  
*Ef+e(::i:ii/cle Wl-ieelbase ILE) = 175.1501. :Ln 
?+Rat:~c. of: (:har.rge QC L.e - -3" LJ. 4822 i ri /'g 
*.lJ~?der-.s'l:eer Gr-acl i en't (Ue)  =: . c:)SbB t-ac~,('g 
*Hate of Char~ge nf Ue = 1709 r a d  
++Cp-il-.ical 'Je].or:i.ty = 1.3:3.2'792 rliiph 

*.Steer. Gng1.e (.c-elta) = . (1,576 t-ad 
*Ral::,e ~f Change o f  d e l t a  = . 706 
+i.Fi::!r.cp at t h e  F i f  i:h WI-jeel = 1(11883. 79 Lbs 

1-.oad 
Kr?:ll. Angles  ! I -ad)  "Trans+ er 

!.)rljt ;i:.:Ie !,I 1-1 5 L! I I,-\ r~ $1 Spt-ilf.lg 'Tcjlr a]. ( L ~ E ; )  
i I (.I ,[ 525 , (:)55 12 . (:)!3&57 2694,3(:) 
1 .,<. . ,.!d .. L. . (:)5&55' 8 " j z m  ib7 (1) .;., & -::; 1 

4.. -. .,. 
(1) 1;:: C"' (") ,y 

:I. . ,  ~!2&,47 . (-1 .-id 1 1 . ( ~ 5 6 5 9  8575 ,  LC:, " C i-, . 
'7 1 (-1 .';i 6 .? q 

v " .&.. 
(1) L-- j, .-,:, -;x . LI &. ,, i:)5459 8426.72 

. :, >.., 

.i , C)258'? a c:) 3 (:I 2 . (115,557 8234.. 84 

L a t e r a l  
Acr:ce]. ey-a,ti I:I~ 

( ~ 3  ' 5 )  

i} 5 i:) (1) r:, 
. =,5 (1) (1) 0 
. 45(:)0(:! . 4.5 (., i:, (:I 
, 4 5 (1) (:t (1) 

+Re-ference Wheel base (:Lr j = 153.25 in 
#.Ef.fect:L., ie Wtleelbase (LE! ::: 1'75 . '7-y=" . !.. . ~ b  i n  

-.y -i;,!:iate c:i+ Change I:\+ L.e =: - , ; z ! : ) ~ ( ~ ) ~ ~ ~ ~  i n j a  
++;.iJncjpt-.r+,:eey- Gl;'adlen.t ( U p j  -- . 04.65 r a d / q  
*ka,t.@ o+ change of: Ue = - ,24t?l  rad  
* C : r i  i:, j. <:a] Ve]. ocl t)i - 55. '754h mp!-r 
.%St.aer F\nigl.e ide:Lt,a! = . <:)599 r.ad 
++R.3.1-e c!f: Charlge of d e l ' t a  = , (:)if 6 
+Force c!t: t:he /=if t:h Wheel = 3.222;7.2j. L ~ E ,  

4::le :W 2: csf Unj:t # 1 has L i f t  O f f :  

Laad L a t e r a l  
Kcsl.:l Gng:L~s ( r a d i  Tt-ansf e r  ri!:cel, e r a t i  mi'i 

1, lni t  {4:.;j,p I..l n s p r I.\ r-I g Gpt-unq -Tot: a 1 (Ltts) tg  ' 5 )  

1 . , , 027715 . (:I& 125 , i:) ~j y ;7 ::; 8?9?. 1 1. 4'75(:)r-t 







MHI'~IT:)LI1\1~; P!OI!E:!.- 

F I!..E I'JFSPlE: 4 ;  C'UI-'V'O.-EM. HND 

I:nt:ct~~iilatior~ f o r  U n i t  # 1 i T ~ w i n q  Uriiiri 

!5enrral  Inf or-117ati on 

I' ,,.:I 1- 5 :I. !id Q i iz 1-1 t zz 1 5) 7 2: C, , C) C) L, b 5 
T'cltaJ. C.G. t..iaj.qht: -: 35.4!:; iricl.les; 

I 1 :..t i .. c:! .. 1 I'du,nt 8 t: r.. o+- gi;,; , ., 1 pi; - -- = " , ,  

i?<,r;.t;Lr.ll::e f r y r .  ..!III i-:. 13, to Kear 9r.ticctlatj.on F'sint - 81.. 65 inchec-i 

S t e e v i  ng System I n f  ormat i  art 
S.Li.et- i !..ii~ fieat- Kat  j. 0 - 24.. 2;5 
I=:t:,i:~trt-.j.ng 5jt..l:$fne.;c. - 12685.(1)(:) i n - l b . / d e g  
"[ j. iz F((,l:.:l S t  j. <- S rl esif; - 4ii)C)(:)(.) . (:)(::I i n -. 1 h / d eg  
Mc.1 i:, I-! a fi ,i e: 2 1. "1 lr c.! i 1. -: 1. ,, 5 (1) 

1 j, :... ., ;,, 
(-i.. I . ~ ~ ~ . ? I I I J  ~ . i ~ m ( : ? r i . k  pet- Ti.1-e = 164(:).(:)(:) j . n - l b / d e g  

9. :  1 4 :  1 
('- 1;j .". 4 :.: 1 - ,  1'' , 
.,: . .,. w .,: stance (negat ive  i t  r ea r  0.f' CG) = bC..5C) inches 
A ;  , , 2 :  1 1 26:3 ("I(::) Lb 

-.,, -lt-aci:: l:.licll:.h of: t h e  b:l:.:le =: j 8 .50  i n c h e s  
Jq <3 ,zi 5:: Q f 1: 1-1 p C i  j.: 1 e .: 1 E; (:I i) Lb s; 
i> r.i 1 1 I:,: .. . . -: t-. Hc., h . -. P r I 1. I::.! -. - :!.B. (.i0 i n c h e s  
S!.!s~:ic.n.;lon S.tl..#:+l.iecjs (per Spying) = 1.255.4(1) Lkis/il-i 
:::p:!ac>. nci bei:ide<;+n s?!sperlc;i or1 Spri rigs r-l :'s(:). (.)(.! i nchez 
I .  1 1 1 . I f : 1-1 5 %  = 2$3(.)(.)(:). (I)(:! i ri - 1 b / ijeg 

Corn i?r ing S t ~ f  +ness Tab le  
L ! e r t i c - l  Fat -_ : . . ,  

C~ I ( ~ ~ 1 5 )  C o r n e r i  rig St1 f i ness  (Lb/dea i 
1983 ,, c-)i'.) 356.94 
55':.7. (:!i.! 835.38 
'? 4 4. :i . (1;~:) 444.17 

C\,,:,.Li? $1. 2 
1::. i; &:.;l e Dis t ance  ( 1 7 e g a t l v e  11: r.eaf' of CG)  t. -C .I$.  7 75 i ncties 
A > . : l @  ].oai:j .I 5 7 (1) (1) , 5 (1) L t 1 ' 3  -. 
T'..- 
! r ac!:: Wl .  cl.1.h o$ t h e  A:.; 1. F: = "; :L. (N;) i .nthes 

1.q c.-.. ,A <!, c)f .tl...!e & j , ; l e  = ?-, L: ,-? , (-)!:I . (:)(:I L ~ : I  5 

F : Q ~ ] .  [::prlt.et-. Heii~t-~i:: = :!,4.1/'2 inct-les 
, - .  -.!.\sper~i::i a r ~  S . t l . f  f ness i,i;jer S p t - l n g )  =: ,5013. Lbs/ in  

Spac::i rsg hei:i.jeeri Sctspensi on !;PI-i rigs :-- 38.  5(:) i r iches  



H I-[ j.; i l j, J r i;; I:( o 1 ,t: 1 f ,f n @ !;i y.; =.: 1 1; 1 i.! i.! (1) , :i n - 1 b ; d ~ _ l  g 

1" j p p 1 j--1 + (2 1,- i i . 1  ;:I, t- 1, cj rl 

-l(yfa,i ?;;I . - lmbep.. cIf Ilp-eii; i ~ r i  t h e  69;':le :-:: 4 
! i.t:.i...i.ic;>.l. (I .. Si:j,$fnes.::. 04 ;:i. ' ; l . r , . r .  -: il::li.:l~.:),~:~(:! L b ~ / l r l  

K a ,d 1 !..[ 7:; 1, .:. a 'I 1. i;. (2 2 2: (1) 5 (..I 1 1-1 c 1-1 e 
r\l c:) vl j, r j  a 1, i a ~ 2 ,  cj 0:: .t. 1- I .. ..I, . 1 - e =: 6.0 4.0 ,, 1.) (1) Lb .s 

I::c?t-r\el.-l. ng !j,t.i f f ness l - a b l  e 
I,.' p t-- t : I::: k, 1. F o c E;! 1 L. b 5 ) C o r n e r i  r - ~ g  St:i f . f  n ~ s s  (L .b /dog )  

5(.,)<.: ::!(,:I r )  i .I. , (1) i.) 
;: (1) (1 (1) (1) 2 ; ~  1 , 58 
f]. (1) t:) (.i a <-) (11 by(;). 24. 

Cor,~-iev-~ny 5 t j . f  friess Tab le  
'4eyt.i c;ltl. C E  [ L . J 3 % )  Cisrnerl.ng S'Li t:f ness ( L b i " d e g )  

ZJI") (.! <:)(:I y 4 . (:);:I 
2 i::) (1) (:j v (1) (:(I 391 . 58 
i.1. I::,! (:I(:) , 0 <j  YO. 24 

-.-...----...,-..--.-.--.,.------.---.--.--------.--.--,-------.----------------.----- 

1' o t 2 j h! e :j p 1.i t :; . ,L c: (' I (") (I) Lbs 
l" ,,,, ... '1 r; ," 

5.-1 .. C! . . -. . I i i i I : : 4. (1) . 5 Ci i ri c h e s 
[ (.! 1, b.1 I-[ in 1.1 p l:" r;.! C\ :.: 1 e 5 = 2 
r) .L .... f . , , .i C. ... 
!-.. .c? . i : rc ,m I... ;.I.. t.o i3ea1- 41- t i c .u la t : i . o r~  F ' o i r ~ t  = 176.25 inches 
i , i ._ , , ,  ." .... 3 '.' ..'. .I -I-.ii~~.l.e I..!III C.G, to F:i.-arit Clr'ticl-tlat:~.;!i-~ F'ctint = 267.25 irickie.; 

A;.: 1 e 44: 1. 
C . fi :.: :!. p I:! :i s $: a n c e i n t.? g at j. ve j. f t-. e a r o $ C G ) =:: -, "' ,!J.(:)[:) "' inches 
&:.;:[e l o a ~ j  = 4313.(.)() Lbs 
-l'v.dc.i.. .. . . .  l:l.'d+l, :.j. . . . I  of t:.he A:.:].e =: 71.25 j.rlchetl; 
p/ ... .., . ... f .I.. p ... 

, I .. . , IJ  &;.: 1 e - 1 G(j<-) , (')(:) l-l:j 5; 
. , . , ., 

fi 1 1 i.':; e 1,') t c. r, i-4 5 1 (;I h t .L, i..) . 4 (1,) i I"\ c h e 
F ~ I I : - I P ~ ~ E : , ~ , ~ ! . . \  -- -. . -- St l , f+r je,ss :~:ipr- Spr j .nc ] )  = 558?j.(:)<:) L ,b~ , / l l - \  

-.,. - S~!=:tcl .ng between S~.~ .sper~s io r \  Spr'.ir~gr; r. .::c?:;,(.)(:) j.riches 
A !.! j,; :i 1 1 ;i 11- .+, R c.11 1 1 1, f + n e :; ::: 2 (1) (.I(.! . i:) i:) 1 rl - 1 t j  / d eg 



I :L r. .... 1 f, t! or. mat i ar.1 
l-(:~ta]. I'd~-.lir~ber. of f'l.l.-es on , k h e  kj.:le := 4 
V P , . . j  ..l,i: ;:a,\ f' ..., f i'i.lecc- ?, T i f ' &  -- 

t I- .. -2 - 4 5(.! i.! . (::) <.) L. b i j. r.1 
i:r ad i \,j, i:; + a 'r i i" p z:: 2 0 . (1) (1) 1, r -~  c 1-1 e 
Nc;!fii 1 I i ;:! 1. [..!.:~ad of 't i..je 'r i i;- e &(:'!4il. (I)(:) L.t) 2 

PI::.( ;I, $1: 2: 
! . G  c:l:.tle [ j i . + t a r ~ c e  ( n e g a t i v e  if r e a r  o f  C G )  = -10'7.(;)0 i n c h e s  

;.; 1 e :/, I:.:, a = 4 0" 1 8 . (I)(:) L. IJ 5 
T' r.-c.. 1:. .-. 

I J l d t t - i  ni: t h e  i.i:.:le = 11.25 i n c h e s  
]'lass nf ,the bi:.;le = lz(~)(:),C)(:I) Lb5 
F:al.l Gel-iter k l e i q h t  - 2Y.7(.) i r ~ c h e s  
S \ ~ s ~ j e n s n . ~ ) n  St[i+fne~;.s i p ~ r  S p r i n g )  -: 5586.;:)~:) L h r ; / i n  
SpaI:li.ny I:setween S c r s p e n r ; i o n  Spr ings  = J0.OO i r r c h e ~ ;  
{i I..! ::.: i 1, 1 i.-, .$,: R c? :L I t. :i f f n e = 2 (1) (:)(:I (1) . (.) (1) i n - 1 h / c j  en 

1' :r, i.-e .f nf :  o t - r r~ t  i on 
"r'i:lta]. I.\ilj.mbei.- of 1'lye.i (:In t h e  A:. : l t .  = 4 
, ut::?r...t::icaJ I ... St:i.f+rlps.; c ~ t :  a T i t - p  ::: 4.5(:)C).C);.) L-bs;ir~ 

Ra cj 1. 1.1 :,, Q f a l" 1 y- @ = 21:) . [:I!:) 1 n c h es 
I,,/ ::: .... , , u 1 ,  I. : I  I I r 1  + t I e ' i r = t3 0 4 r:! . i:)O L. b s 

Cc:~rner- i  r rq  S t i f f n e s s  Tab1 e 
iter-t.r.ca! Fnr.c:e ( L . b ~ j  C o r n e r  i n u  St i f f ness (LL:"deu) 

I-- . . ..I! i,-) (1) . !:,I <-> 9 4 , (:I (1) 
:;::: 1:) 1.:) i j  " i:! t:! . 5 #  
4 (:)(:I (:I . (:,I (;::I 690. 24 



'I '['(JRN MODEL 
F 'I:L.Eij. NAIYE.: (4:: VClL..S'i.!-EM. H N D  

F'Cil: ..7~..i1., ,'%RD , VE.L~:IC::'T'Y = Z[:)"r:!i:) I Y I ~ H  

Lctad 
I4 r-7 I. 1. A r-I q 1 G? 5; I t- ad 1 "I' r. a n  sS er- 

L! r~ 1 t,, (4; ; j. E: Unz;pv..i~n<:i S ~ : i  r I.\ n g T'ot a :I (Lbs)  
:L 3. , i.;i.ii-ii:)<:\ . i:) (::I(:) <:! i:) , (,:?(:)<.)(:)(;) , ()<-> 
i ..., 

A. " [:)(:) (1) (-1 0 " (1) (,:) (.I (1) (11 " (1) (1) (1, <:I , 00  
1. (1) (:)(:I r:) (1) . (:;J 0 (1) 0 0 , ('-1 0 (:) (:) i:) , (I! (:I 

j. (,:! 1,:) <:I (:)('*I , (1) (.) (11 (11 (1) , (:I (1) (1) (1) (:I . (I)(:) 
. ,  
+ 2 . 0 (1) (:I (1) (',I , (1) (:)(:)<:) in) r:) 0 (:I (:) (1) . (:I(':) 

+Fi'c.+. et-erice Wt-leeJ b a s e  ( i t - '  ) -: 152;.25 i n  
*Ef +erztj. i;e Wheel base  !Le) = 1.66. :56;L6 i n  
++F:al:,e o f  C l h a n g e  of Le := - . I 5 2 6  i n / g  
*Under-s't'leer Gradient. ( IJe) = . (:)'?'28 r a d i g  
*H - + .. i::l + C! - t? C:hange of Lle =: . (:I i:1(:i 1 r 2 d 
*.Cr-j.t.ica.i V ~ ? : L ( 2 c ' i t ) /  = h(:)(:).(1)(:I(:)C) mDh * $' .I.. ,c.eer c~inu:l.e i d e l t a )  = . C:) (:) (2 (1) t- a d 
*Fia.t:,e (24. ( I l h a n i ~ e  ui: d e l t a  = ,1757 
*F 'c l r c : i z  a t  t h e  F : ' i f t h  Wt~~el = . 00 1-bs 

Load 1.-.a.ter-a1. 
F i ~ l l  Hnq les  ( r a d l  Trtl-ir~sf et-, Acre]. er..ati 0 1 1  

1 1  , 64 ;.c J. e !..inspr-urlq Spt-.ung '"rot a 1 cLhs) ( q  's) 
1 j. !:I I::;)(:) I,:? 7 . <:)(I)(:) 1 2 . i:)(:) (I) 8 5 13t1.87 . OS(:)i>(:) 

,-, :I ,L. ,2 (:I (11 (,.) E,; 4? . (1171 11 . (:) (:I (1) 8 5 1 89. 74 (", c;r (.) (*) (1) . .. L.I .. . 
1 '? 

....I i-)i)(:) 59 . (I)(:> 1 1 0 (1) (:) (1) 8 5 1 c? 1 , i$ ;:;I . (J :I (:) (1) (1) 
,.- 1 . f,J (I)(:) 5 1 , <-j (1) 1, 1 . O('jOE35 144  . 24 ,  . (:IL" .J (-I " 0 t-1 
i.., 

i. 
: ., .-. a [,) (1) 5, n (:?(;I ("),? 9 . ( I ) ( : ) Q 8 5  16  1 , ::!:5 (::) 5 (1) (I! 0 

++Ref e r e n c : ~ ?  Wheel base  ( L . . r  :) =: 1 5 3 . 2 5  i n  
a . [ ~ f f e c . t i ~ ~ i ~  ~ ) ~ i e e l b a s e  (LC) r j..&b.Tcr-" ,i8 4 9 ,:, rl 

#.Rate [::I+ [ : jhanr_ l~  c1f L.e =: . 1526 i n / g  
,~.!!r~del.-s.k.eer- Gr-adi e n t  (UF :j - . ( 1 ) ' 7 2 8  r a c J / g  
,$i,F;al::e of i:lhange Ue .-- . (1) (1) (I) 4. r 5 d 
++ C I.- :i .k :L r- a 1. V e 1 o c .i t )/ =: (1) (1) . l.) (1) (1) p h 
,+.zCeer Ang], (c\e];ta) = . 01:)88 t-ad 
.% R ., .p ,= r5 .f C .  .. t:l~ange o.f d e l . ! z a  = . 1758 
*F:; ...:::: .. 2,t tip j a r  I e 16.. Fri t t h  Wheel = 153;.sl.4 L b s  

Load 
Rc.tl.1 C?rng:Les ( r -ad)  T r a n s +  et- 

1. r I I ;.; .I. e Unsprung S p r n i d  'T'otal (Lbs)  
3.  1. (1) (:I 1 5 :; , 00024. . (1) ;! 6 &? 27'3.74 
1 . -,, 

.k" <::I(:) I. 1, '7 . - - &.*..A. (:I(:! 3, by 379 ,  4'7 ,") (-1 T,', .-,I 1;. 

I. .- 
.;' c (::) (::) I I a . (I) (1) 2 2 1 . (::I I (5 9 38::,; 

4.. . .. il 
..-; 
i.. 1. " (0 (1) ;I. (1) ;;; (1) (:.I 2 (1) 3 . (:I(.) :1 6 $ 328" 4ci' 
"i ....I 

A::. A*, , (1) (:;) 1 i:) 1, (:)(:I 1, 97 . C) (::) 1, b Y ..:, A rn ,::) .? 
-7 ,-, P.j , ,-, 

L a t e r a l  
C;ci:el eyat  i c,r-~ 

(14 '33 
1, oc:)(:)(:) . :1 [::) (1) c:) (::I 

* 1. <-) <:! (-i 

" 1 (11 (:I (1) (:I 
1 (:) (1) <.)::) 



++l<ef er.erlc..~ -, .... Nheel base r l  ...r ) =: 1y,;'j:3,25 in 
+Ef:.f:ecl:i~~.,ie Nhewllsas(2 (Le )  :- l b h  . . . b L ? ~ 4  '"""" i n  

-. z:c7 . . 
.s.R;ite a.t. C:hange c,+ Le  =r 0 . ~ -  1r1'g 
+tlJndet-st(eet- Gr-ad i el-lt ! Ue! = <;)92~{ r a t j / q  
*.Rate o+ {=hanqe US Lie = . (:I(:) (:I 1 r 5 d 
+ C r 1 '1: i c 2 'J e :L c i .t y r-: 6 (1) (1) . (.)(.)(:) (1) mp 1-1 
a;.st.eet- Ar.,g:!e ic le l fa:)  - . 01.'74 lac1 
*Ra.te u-: ~I-lal-lge of c j e l t a  = 1.758 
+tf:or.r_e at t h e  F i f t h  Wheel. = :3C)6. 87 Lbs 

L..aad 
Hol 1 A I - J C ] ~  es ( r a d i  Tr  ansf  er 

L!nspt-i.rr~g Spr~lng! T o t a l  ILbs) . 5:)(:)252 . (:I i:) 3 4 . (:)(:)254 410. 61 
(1) (I! 1. 7 6 . (:)(1)334 . (:)(:I254 545'. 21 . i:) :L 7 7 , i:) (1) 3 2; 1 00254 574.28 

. (1) <-) 1 y.5 4 a (I! (:) ;2; (::) 4 . (:)(:)254 4.92, 73  . <:)i':) 1 :? :l (:)(:)298 . (:)(:)254 484.04 

L a t e r  a1 
Accel  w a t  i or-I 

( g  ' 5 )  . I. 5 (:I o i:) 
" 1 5 (1) 0 c.1 
, 1 5 c:)o (1) . 1 5 (:I (::I i:) 

, 1 Z; (::) i::, (1) 

*.f(e.f er. ..-, . t i i c e  Wheelbase iL.r)  = 153.25 i r - I  
*Et:Sec.!:j,ve Wheelbase JL,E?) = 166.2;4.C)? i n  
*Rate af  L l - ~ a n q ~  CIS L-e - -. ZC;).32 i n / ' q  
*l . Inderstrer Grad i  e n t  (Ue:) - ,0728 s - a d i g  
* R a t e  of Chanae oS Ue - . (:J (1) 4 t- ad  
* C r i. I: i c a 1 I,,? e 1 I::, c: i t y =: (1) (11 . (1) i:)i'.) (1) nr p h  
*Steer  k n q l e  ( d e l t a )  = . 0264 r a d  
+t!?a.f-e of: Change o f  d e l t a  = . 1758 
*,Fc: - - ~r c.t? a,!: t h e  F'i f t h Wheel. =: 4h0. 28 L.bs 

%he+ e r ~ r - ~ c e  Wheel  bas^: (Lt- ) 2 153.25 i n  
*.EA I I i - .ct i  ive Wheel base (1-e) = :146.:3246 i n  

+f:(al::p of: Char-l~e of Le -: -. 1526 i n i g  
*Understeer  G rad ien t  (Uei = .(:J$253 r ad / g  
+,Rate a t  Ct-~ar-lge o f  Lie --: . 0 (1) 0 4 t- a d  
s i L : y i t i ca l  ' $ ) e l o c i t y  = h(:)(:).(:)(:)(.)O mph 
*S teer  Angle ( d e l t a )  = (-) 7 ,-) . . r a d  
*Ka te  of Change uf d e l t a  = ,1758 
*Force a t  t h e  F i S t h  Wheel -: b i S . b S  ~ b s  

Li:lad L a t e r a l  
Roll A r i g l ~ s  ( r a d )  l - rans+er  Accel  ef-at:i ur-I 

!Jn j. t A:.; 1 e I.! r-I s p t- u n g S p r ~ \ n q  'Total t Lho j ! g  ' s :I 
:L ;L . (:I (1) 3 & '7 <-) <:) 0 h (1) . (:)(:)424 684. :;5 2 5 <:) (:1 (1) 



. "> 

.,.- ,, (,I i-) 2 7 .:I Cii:);5& ("'1 i,:) 4 2 ~1. 94.8, 68  :.. > =?.. . ", .~:.-j<-)i,.)(-! 
'7 ( j  ( ' )  ,-,yo 01: . .. A. / cJ 

[,(l)"E 441 ()(:).4.24 .d,. -' . 2:3(;)(;) (;j 
qC;( l::J 

:I. , -, (7 3 I"' .' . . . A,- .-! (7 , (1) (1) 5 (.,I 7 (::I 0 4.2 4. L . ,._A, " 1.2 F,; (1) (1) (:) 8 7 1 3 ,-,:' 

. ,  

.L- 
(:) (1) ,',:, y .--8 . ... .l.i . () 0 ;I. 9 '7 (:)(:)il24 a(:) (, , '7 ri; ',E' '. , . - . . L L ~ ( - j  I.)(.) 

+!F:i'f:eyerlc~,~ r d h e e l b a s e  (,L.y) =: 153. 25 i r-~ 
*Ef + p(::.I.::l ve Idhee l  i.ja.;e Il..e :) =: .16htL 2;(:)2;'7 1 

w,Fial::e c:,f Chai.,qe of Le = -. 3(:)52 i n / g  
++!.!ndet-.sl.:(~pp.. Grad i e r : t  ( l i e )  =: . (:!929 / q 

r::jf: (I:tlanqe of Ue I. . (.) (1) (1) 7 t- ii. d 
,*. nr. i .I.. .i c: .- .- -. . dl t~~l~~-t.~, - -- 5 (:I(:) . (1) 8(;) r-1 m p h 

* S t  r t t -  ... ,2 Angle  ( d e l t a )  = . 0429 r a d  
*Fiat@ 0 . F  C:hai.ig~! 0.f d e l t a  = . 1757 
a.fo~,--p a.i: t h e  F j , $ th  Wheel, = '766.97 L-bs 

Load 
kc11.l Angles ( r a d l  Tr-ans.6 e r  

LI n 1 1- .,., , ., . '1 izA -. UI-1r3pt-unq Sprnnu T o t a l  ( ~ b . ;  i 
I 1 , i:)(:)4.,55 <;I i:) (':I 7 2 . (:)(:)5 (:)E3 821.22 
1 .-, 

i s (:)(;I 2; ;j 1 . (:)(:)6h7 (:I (:I 5 (18 3. 138. 4.1 
i -? 

._) i:) 0 3 5 c q .  . (:)(:)662 . (1) (:I 5 (1) Ej l l 4 8 . 5 6  
A 1 n (:) (1) 2:; (.:) 7 . (:I 6 (;I 8 . (:)i:)!5C)8 Y 8 S . 4 b  
"> 
i:" 

7: -  
&- , (:)i:)::;t:)2 . (:)r:)597 . (:I(:) 3:) 8 9A8. 0'7 

+..F<'f e t -e~-~cr  Wheel base (L-t-) =: 153.25 i n  
*ET+ect i ve Wheel bzse !Le:I = 166.27PO ~n 
.w.~.te .I Change o f  L.E? -.6104 i n / g  
+(_lrlder-s.t(s~;?t- i erlt (IJe) :. . (:I929 t-ad/g 
*+<ate c:lf Clhanqe a f  Ue = . 05 1- ad 
9(1:t- i t jcal '.JelrJc:ity = &(:)i:l.(:)(.)(:)(:) apt) 
++Steer f.:lr!gle (de l ta , )  =:: , (;)527 
+Rate o f  Chariqe o f  d e l t a  =: : I759 
.ii.Fr:::;p-ce: at .the F ' i t t h  Wheel =: 4'20. 2.1 L.bs 

Loat:l 1-at er  a l 
F i ~ l  I Anql ef; i r a d  ) "T' t- an s f e I-. Ac:cr-.I ev-at1 rir-I  

i i  rl i t G:.: 1. e !-.I rl ,s p y,. 1-1 1 ,  Q 8~;li'l.ing 'T' i:~ 1: a I. (1-bs) ( g  S.J  . . 

4 i 
I. x (-1 (;j !,? .(I 2 (:I (1) (1) 8 4 . (:)(:)%?? . T J ~ .  (117 , :?,::(:)(:) (1) I - i c  

1. C'i 

&. 
;-, ,") 4 :i (") 

rn >.. L - (,:)(:I '17 7 8 (1) (;I c,; (9 ::; 13;28, 15 . 3 5 i;)i:) 
1 -:r 

.*.a , (1, (::I 4 1 4. , (1;) 'I,;? '7 2 " oi:,5'+3 1 :"'.'Y$, "I .- 98 -.y iz " .-, .-~(,,j()i:) 
- 1 u i, ) (-1 ::; 5 t3 0 (117 1 (1) , (:)(:)55'5 1 1 4 $ . ';?(I) . r- .J f j  .- (;I (1) 
' 7  I . . ,  

.L. , (::I [::) 3; 5 2 , (>(':)&?& . i:)(:)393; 1 127, 4.2 Ssi;)(~)(-) 

-a'Referer~ize Wheel bac.ie t Lt-) = 153.25 i n  
*Ef + e c t : ~  ..i*e W!-ir-.i-l.l bacje ( L e )  = 156. 24.75 j. 17 

+i.Ra.Lp of C h a n ~ e  of Le = -. 6104 j,n!g 
+?l,Jnclprste~.r Gracji e n t  (I.Je) = . (:)$z(i) r r . d /g  
.rf\'al:e c,f I " t - . .  !crlige o f  Ue = . (:) (1) 1 (1) I-. a d  
++Crii-.i(:al V e l o c i . t y  =: 6(:)i:).(':)(:)(:)(.) (ilF!h 
*S tee r  Angle  ( d e l t a )  = . (:)1;15 r a d  
.n.~-: T=, - .I- .e of. Ct~ar'ige cjf d e l t a  :.: . 1761 
.#.Fop-(le a.t t he  F: j ,$ th  Wheel =: 1(:)73. 4:; Lt)s 



Load 
R a l l  k n g l e s  ( r a d j  Tr-ar~sf et- 

L J ~  j, A,.,. ,, 1 t -,; Ilr~ sp r, i.i~-I $1 Sprcinig l -c : ) t  al tLGs) 
1 1 . i)i:)b2(:) . (1) i-) i:) 9 6 (:I ii) b '7 8 1. (.I94 9& 
1 , "., 

L . C)(..,468 . (:)(:)889 . O!:)b'78 1517.88 
1. r:) (1) 4.7:: . (;I(:) E! 82 . (:)(:)678 152,1.41 

,-4 
.I::. :1 . !:)Ci4 1. (:I . (1) (':) 8 1 1 . (:)0676' 1315.5'5 
I '  I '", 
.,-. 4~ . <:1 (1) 4 (1) 2; . 0(:)':.796 , 00678 1270.76 

.#~Ke.(:er..enc:e Wtieel base (L . r  1 =: 153.25 j.n 
wEf f e c t i  ve Whrcl base ( L e i  = l bh .  2120 i n  
+Rate o f  Change ti+ Le - -.7629 i n / g  
~LJI-iclersteer Grad i en t (Ue) =: . (:)93(:) r a j  i g  
*Ril,t.e of: Change a f  Ue - . . (:)OX(:) r a d  
+Ct-i.Lic:al V e l o c i t y  =: 6(:)(:).(:)(:)(:)1') mph 
*S tee r  Angle  ( d e l t a )  = . 0703 r a d  
*Hate oS Change o f  d e l . t a  = ,1761 
.g.F:'c,t-cc a t  t i l e  f: 'ift:h Wheel = 1226.55 Lbs 

Load 
R c l l l  &I- ig l e s  i.r.acli 'Transfer  

I ! j $.'!I j.:, 1. E' Unspri\ng Spt-i-ing Ttital (L.bs) 
I :i (1) (1) 6 9 '7 . (1) (1 :[ C) 8 , <;)<:> 7 6::; 1 ::.; 7; 1 , 8 z, 

A- - 
I i. . , (1) 1 <:) <;I 1, (:)(.)7&j3 17(:)7. 6 2  (-) () c::. '''1 '7 

:I -.7 .-' (11 c; 5:5 2 . (::I <:I 9 y 3 (:) (1) 7 6) 2, 1.722.84 
:,., 1 . I.)O4bi (11 r:) '7 1 2 . r:) (1) 7 L4:5 14.78. 19 
A,. 

, , 
+ . (11 (::) 4 5 3 . (:)(:I 835 . (:);.)765 1452. 11 

L a t e r a l  
Hccel  e r a t i  an 

( g  5 )  
4.5 <:) r:;) (1 

. 4.5 (1) (::) t::, 

. 4 5 (.)(::r (1) 
4 5 1.1 (::) O 
4 5 t:, (::I (1) 

.'.fief ep-erii:e Wheel base (Lt- ) = 153.25 i n  
++Elf : fec . t ive  WI-ieel.b?se (L.@) =, 166.1715 i n  
%,Fiat tl mi: C ~ I ~ . I - I ~ E  0-i: L.E ': -. 9155 in/g 
*Understeer  G rad ien t  !Ue1 = ,0731 r a d / g  
*Rate o f  i::hange a f  Ue = . (1) 1:) (1) 8 r- ad 
#. C t- 1. .[: j. c a 1. p :i c: i t y = 6 (1) . (1) (1) !:) r:) rn p h 
*St.eer. ;.?lngl e (del. t a ,  =: . 07Y1. 1-ad 
*Rate o f  CI-1ani:je o f  d e l t a  = . I 7 4 1  
a.F'circe a,!: t h e  F ' i f  t h  lidheel =: 1:2;74'. 57 Lhc. 

Load 
K o l l  Mnqles (t-ad! 'Tt-ansf e r  

!jrj i .t A,,; e Un spb-~ti-ig S p tm 1.i i-I FJ T o t a l  (Lbs!  

1. :I a / . (:)(:I 1 2 (1) , (1) (.) 8 4.7 1.568. 70 i") (:) "7' '7 5 

1 , .,, 
i. rn (')(:)s&&) .[:)I 112 . (:jO847 1697.36 

1 -7 
._I 

(") (:) G- 8"- . cl91 , 0 1. I (::I ;:; . (1) (1) 8 4 '7 1714.. 26 
.'? 
L 1 . <;I (:! Ej 1 2 . O 1 0 1 4. , 00847 1642.43; 
,.-, 
i 

-4 

i 
<') c ' '-? " ,-)(-).La , C)(:!9f?"; 008.1. ':7 3.613.46 

Lateral.  
Accel  e r a t  i on 

i q  ' 5 )  

, '5 (::I (1) (1) (1) . 5 (1, (:I(:, r:) 
, 5 (1) (1) (1, (.I 

5 (1) (:)(:I (1) 
, 51:)C)c:rO 

.++Fie'r':et-ence Wheel. base !L.r. 1 - 153.2::: i n  
+Ef f ec!live Wheelbase Il..e) = :Lh6. 1260 i n  
,%Ra.te of Change cjf Le  -: -1.2207 i n / g  
+lJr .~der-s .k , -  GraiAleni: (Ue) = .(:)9~;1. t-,ad/g 



,k&a.!..E; c1.t. c:;"rar.igc of - ,, i) i.! 1 (1, r a d  
a 12 t- :i ,t j. c a :[ e 1 cj c- j. .t :; -: 6 ('1 (:I . i:) (:)(I) (:,) m F) h 
" r '1.. ,: ...a,- ,PI;. L:I~~'.)~~(J.IE ( c l p l t a )  -:: . (:)e8(:) lrad 
++Rate n.:: I.lhar.jcjp af !:jelta = . 1761 
+ F' . r r- - . -  ;it the Fi  f t . h  Wheel = l5:,2. 48  L..bs 

Lcja rl 
Roll  k n g l e s  ( r a d )  ' T r a n ~ t  e r  

[..in I t. A:,: I e L.lnspr'ur~g Sprung l o t a l  ( Lbs ) . ~!(;)17:32 (:) " ... ' 
:I :i . i-1 (:)Ej52 . (:)(:) 1. 25 2 ,.-! / 

1 r;> 
A . (1) (;:! ti 4. r~ , (:) 122.2, i:)(:t932 2(:)€37, ( 1 ) ~  
...* 

1. , i:) h 5 (.) , (.'I 1 2 1. 3 , (1) (:) '77:; 2 2 105. 69  
. -> 
A. :l . (::)05b3 (111 115 . i:)i:)952 1130h. 68 - . ,  
4,. 

. ,  .,-. u (:) (:I 5 f.7 4 . (:I 1. (:)94 . (1) i.39 3 2 1774,. €30 

L -a te ra l  
Accel erst I13n 

r g ' s )  
, 5si:)(l)(:) 
. 5 5(:)(:!(:! 
, 5 5 <-) (1) (1) . :;; 5 (1) 0 (1) 
, 55!:)(:)i:! 

+.fief el.-.erlce Wheel base ( L r  ) 2: 153.25 i n  
+,Efi:i,+ec'ti.ve Wheel.base (Le )  = 166.OTJ:L i n  
,%Fiat.e 04. C3hai-1qe at: Le :-: -1 .2207 i n / g  
*Unilersteer- (3-acl i e n t  ( CJe) :- . (:JY-51 r a d / g  
+Ral..e (.:I$ C;I..iange o f  Ue = . 0 0 1 (1) r ad 
* C: r' 1 .(:., i i: a 1 i) e 1. u c i 'k. .y = 6 (::) i.) . (1) (1) (1) (:.I m p h 
++St.eet- Angle  ( d e l t a )  =: . O'368 r a d  
*Rate ~ 3 f  Change of d e l t a  = . 1761 
+f'c!r-ce a t  I kt F i f  tt- I Wheel - 168% 28 Lbs 

L a t e r a l  
Ac:c:el erst 1. is17 

( C I  ' 5 )  

b(:)c:t (1) (1) 
&(:>(:)(:) (1) 

, h(j<ji:!t:) 
b!:)(.)(:)(:) 

. k, (:)(;)(:1 (1) 

5 :  i-' .,., f ..: . 
:W it. b-31. el.ice Wt,ieeJ. base t L . r )  = 153.25 j.-, 

+ [ ' f + ~ ~ . t l i . l ~  1JI-jee.Lbase (L.e) = lh6.(.)1(3fi i n  
C.7 C'b C .-' %.Rate uf (:::tianyqe 0-f 1-e = - : [mL!d~ i f  irI!q 

.%!.irides-steer ( 3 r a d l e r i . t  iUe) =: (-, ,:j 7 P') . . r a d i g  
&Kal::p i:!<: Ctlar~qe of Lje - (:., (1) 1 (1) I-. 3 d 
I :  1: j 2 . 1  j 6!.)(:) . (I)C!(.)(j m~:l h 
"Steer ,i!,1-~i*1:1,e ( i i r1f-a) ::. . 105h rai:l 
,X-K C( - ."_'.: I V..' of i:Iiange o f  d e l t a  = . :1'761 
+,F' -- ,.. .- I ,-y 

LIP 1.-e 31:. t h e  I:;i f t h  lilheel = J , , .  9k~ Lbs 

I--oad 
iicl11.1. Angler? ( t -ad)  Trans f  et- 

! J n I t :.: j. e U rl $5 p t- M I-i g 6 1:i t- I-! n g l o t a l  i L ~ s )  
:I 1 , i;;! 1 (:)(:! . i:) (1) 1 5 5 il 1 1 (I 1 1.77'9.51 
:! :.., 

4::. 
( ' j  ("; '7, ,,' 1 . . .* : (2 . i.1 J 445 c:) 1 1 (1) :[ 24.i36. 56 

1 
...,. 
, ,  , i:)(]'7bE3 . (:) :[ .<j.::; 4 s (1) 11 1 (1) 1 ZL~.E~E(, 5 ~ 1  

3 +. 1 !':!$&ht! u 1:) f 2; 1 8 . i::) 1 1 (:I 1 2135. :it; 
.,- , , 

,:_. i.)(1)b54 0 1 w (:) :L 1 i-) 1 21:)~77 49 

Lateral 
{\cc.@j. @ r a t  i c)I.i 

( g ' ' ~ )  
, k> ::li:) i:) ('-1 

t,500i:, 
, k j  (-1 (1) (-1 . 65Cti:)i:1 

L? 5 i:) i:) 



*Fie+erence Nheel biise !L.r ) -: 15.~,, 25 j, n 
;f.E,-j:f:ecti ve  Ht-,e.il bas;e ( L e j  z 165, 9569 i yl 

.?:. ~2 a J:,, + c h ~ [ r ~ y e  ... - 0.f 1-t! = -1.C)t!81 i n i ~ ; ~  
. - . . . -, ,... 

*Ur.il:li?r-st.eet- Grad I. e n t  !!.!e i = , ot-+.:,.d t-a,cj ..:a 
r.F;,:kte (:J+ c :hang~ t:jf IJe - . (:)(:)(:)e r.ad 
*Kt-i.t~.cal V e l o c s t y  = t-)f:)(:).(.)(:)0(:., m!:)h 
+t.Si:eer Angle ( , d e l t a )  :: . 114.4 t-ad 
*Hate u f  C:l-iarige of  delta := 1'76 1. 
*f-:ot-ce a,t t h e  F i f t h  1 J h ~ e l  = 1990. 49 ibc, 

Lo ail 
R o l l  Angles ( r a d i  Tr-ansf er  

~fiilt. ;.\:;le Unsprl-ins Spt-urlg l"nta1. ILbs) 
1 1 . C, :L i:) 8 5 . (1) 0 1. 68 ,, 01 186 1716. i5  
1 

- 
A, , CU:) a2i:) , (:)i55& . 0 1 1 86 2656. 3 . 1  

I '7" .-:, . (:)i.)827 . (1) 1544 . 01 i 8 b  2673. (77 
"., 
i 1 . 00'7 17 0141'7 . (1) 1 1 86 2297.4 1 
, 8 ,.-, 
L r:. a i;)c:) 7(:)!3 . (1) :L 392 . ('I i 186 -7 LLJE. .-t c 84  

L a t e r a l  
k c c e l  erst i on 

i g  's.1 
. 7 (1) (1) (1) (1) 
, 7 (11 (:I(:) <:I 

7 (:) (1) (:) 0 
. 7 U (:)c:H:) 

'7 - - . , (.)(-)(:)(:I 

f i : i  .ie # :3 of: lJniiz # 1 has L i f  ,k U f  f 

Load Latet-a1 
Rol l At-lgl es (racl j 1' t- a n  s.f et- A c c e l e r a t i o n  

LJrl r + A:; 1. e U n s p r  u r ~ q  S p r ~ r n g  Tot a1 (Lbs) (. 12 ' .; j 

1 . , . S'-)(:)$EJ& (i) 1 b 5 Ll, . (-) . ...I ,.:) .-, . 1 287 1 . . .-,re; ,, ,-J I.-) .. c-) (1) 





k4HNDL I NG MODEL 

F: I: L . F -- NFiME: A:  USA--LD. I-INi) 

l:rlic)rmat~.on fnr-  Unit  # I ('Tcswinu l !n i t j  

G e n e r a l  I n f  a r m a t i o n  

"rot 3 1 bJe :i Q PI 1.:. 2- :\ 7' (:)!I) C.1 . (1) (1) t? 
T ". . 7"'i 

I C . G .  Hej.sht:. - .-.,d..(.i(:) i n c h e s  
r I , ,  - . -  I;!i,,i,int:+e~ u$ A::.<]es 3 

[:)i stance i:r,r ..!m C . G .  t o  Firat- U r t i c ~ [ l a t i o n  P o i n t  = 6 7 . 1 2  inches 

r ,>teet-i nq System I n f o r m a t i o n  
7; 1- iz (- 
,., .. ." .el- j, n ci G 5 a 1- R a t  :!. i:l := 25 . (::)(I) 

t: e E. f- 1. i-'~ g $:; .t 1 .f i: n es.; E- 12(.)(:!(.). (:)(I) i n-1 tj /deq 
-r :,.(? F i r ~ r i  r. 3 : .t t ' f " rlrs-~. z L(.)(.)(.)(:). 3 '  - - (-1C;) i rl-1 b / deg 

]?.?r;:cklanic.d '.r 't-a~] = ~ . ~ ~ i ) ~ ~ )  
A I. i 12 1-1 I. !..i i : ~  IY cj en t p e ic T i. r e = 1. 8 6 2 . (:I (I i n - 1 Is /' d e 13 

C l ~ r n e t - i  rig S t i  S f  ness Tatle 
I, I ..- <~~.r..i:ica.!. F:'c:lrce <it~%) C;orner i r iu  Stj.f:f mess iL .b/degj  

:L SEI3 . (1)i.I 356.94 
U. ,-j .' -'I 
470,  i:)(:) 835.38 
'I? 4 4 3. " (1) (:) 944. 10 



,. I 1. ' r e  .[n.:'(7~-m,:;l.i:j c1r.1 
"1- <::I .I: ;*. 1, k%l\l, ij-! 13 p P.. I:::, .(: ' 1  i 11- (:I ..., z t h e  &:.:le x: 4 
I ~t:r.~l:j.i:::al I-. St:l f ; fnersi o+ a ' l " i r e  -. 4.5(;:)(11.(3;:) L - ~ s / i r i  

I.;' a ij i !.\ :; I.:] .f, a "I :l r- p LZ :: ;:! 5 C) :L rl r I-) e 
N a in 1 fi .GI, :L 1 .... 0 a cl [:.:if 'j:' l") Q 'I' j r. e ::: t>(:) 4(.i . L. ti 5 

C:i:jyl.iep-in(~ S , t ] . f f 1 - , @ ~ ~  'Tabl(5 
7 L. f., I. c 3 1:: i:j I- c e ( L 1::) :; ) C o r r ~ e r i  nc! Sti. f f ness i l - .b /deq)  

j, c.2 ~3 '3 u (;) <j .-#an. -.v EL- , (34 
5 I;;;' t,, '7 . ti! (1) 835.38 
944:i. . (:)(I) 944. I,(:) 

&;,; 1 E{+ $! 2; 
1.T.S - ;.':i:.il.e L)ic;tar~ce (negai:.i.ve i f  r e a r  o f  C G )  =: -110.82 i nches  
$7 j.! ] e J. !::I ad :- :[ 7 1 5 . (1) (I! 1-h 5 

l'y=:,,;:l:: W:;clf:h of 1::.he & : : l e  - /z.t:)(:) j.nche.; 
I lass cjf ,C,;.;],e :z 25[j(::).(:)O L-bs 
F" ?I,.!..- '1 1 C; k.7, .-,, l t . r f . .  t.4eiqJjt = 27.1:)(.1 irlcf.ie5 

::: i \~.. ; l j~s~~it i : i~:)r i  S.l:i+fr.le~r; (~ :~(~r  S p r i n g )  = 5;783.1'7 L t j s i i n  
S ~fi) c.: j, n q I:, e t w pe r-1 C! 5 p FT.) E::, :i c3 r j  F:I 1- i r.1 g 5 = 4 !:I . i! (I! i n c h e s 
&I.!,:.:. ;I. 1. :i ar-.,? F q j  1 :I. 5.t :i f f 1.3 ef-;s 2:: 1. 5(:)(:)(:). (I)(:) i rl-l b /cl eg 

"r:i r,e J:~li:ot-i(ial:j,c:lrl 
"I -. 4.. a ,L . . 

1.1 t.. $ 4  1.. I t 1 t J :L Y. e s Oi'.i 'I-- h E? A:.: l e - 4 
,, *. ! ,;.t-. -. .i. ,! ,,a I $.I:" j, $1 i: n p c ; ~  of a 1 '  :i r e  := 45(:)(:) . (.)(I) / i n -. -- 

a j 1, I , ,  ; f 3, ' '  - : 2 (i) , 5 (i) i ri c h @ 

j\j [, "" ': ' ... 
I : j , . . :  I 1 1' : - = k,(:14(.) . 1.10 Lbs 

[ lor.~-~pi- l  ng f f r less 'ratjl p 
( 4  y t: .,..,i... , k,. ,-, ..  =, 1 ' 1::: (,) y ,: (L, t !s)  Ccirr ieri  ng S t i  i : i ness  r l . b / d e g !  , 8 :: 8 ,  , . (., ,. C" 

t (2 ,.:a . ..'i.) .,fi,Jb . Y 4 
c::' i") , ." 
.,,,! -7 c:! / n (:)(I! 8-55. 38 
P? / , .z -1. ..i. 1. . i:,(..! 944. 10 

--...- ..................................................... " ..,----.. ...----..-.--..---.- ------.--- "--- ----.-.- ---------.-------.---,-------- 

Indrsr-mation f o r  !!nit # 2 ( S e m i t r a l  let-l  

& ;.< 1 @ :bl: 1 
[,':; w ti; -.- ;,[ 1 1:) , 5, a c: ~2 [-,ecjat.i,/e if t-.ear- of CG)  =: -.137'.26 i r ~ c t - ~ e s  
;:., ,.i 1, Q 1 0 a cl ::: 1 :) 1 4 (1) (1) 1-b 5; 
T't-ail:: i4!j,cl,t;-l of t t ~ e  &;.:j,e = '727(1)(:) ipckles 

. , ;:::, z , , ,  1 i . ] Q = I:;(:)(! * (:)(:) L..bS 
r:\vl], .- -. Cprltev. He:i,,--lklt z: 2L4.a(-')(:! iniihes; 
s ~ ~ ~ : ~ ~ ~ ~ . . ~ ~ ~ ~ ~ . . ~  S.kiJ-fry.-......- I. I..c-. - - . -  "., t p ~ . -  ,t Sprii--lq,) - -- ,5375. 50 Lbc;/ i n 
,--, zF,ac:i!.lu b e ~ t ~ . . ~ . ~ e e ~  Sus~;lensiorl Spr ings{ = :5gW(:1Q i r lches 
$, 1 1 .: :i 1 i -: .., ,, -.. . ,., 1. RE! 1 i .!: 1;: 1 -F .f 1-1 !? 5 .J! L: 3 (:) (-1 (I r:: . !:I 1:) i n -- 1 h / d eq 



Car-rierj.nq Sti f t n e s s  'Table 
e  r t :L i:: a .I, t- or  c e ( 1.- b s i C:au.,net-jriq St i f tnef~.; : ;  ( .Lb/ 'deg) 

1383,. (.)(:) ;'56 a ! y i k  
5 ~ ~ 7  . i.?(:) f135. Z,H 

9 4 4 :L , !:, C! 5'44.. it:, 

A!.: :I. e $1: 2 
I,-: - . . -1 (- -- c i : . : : i~  I : i i s ta r~ce  <r~egati:v.e i f :  rear. o f  C G )  = -187.26 i n c h e s  
. . <:, ;.< [ g ;I, $:I ;:4, ( j  z: 1 ';> 1 &J ("j (.)(:I 5 

T'raci:: Wj,i jth of fJlp fi;.;le -;: -y '7  , L.  (:)(.I i riches 
pi ... :... .... ,... 

C!:,:~ IJ~: t h e  A,.:le -: /!zi:)i:).(:)(:) Lbs 
F:<o].], Cprl,tpr-. Heiqht. Z= 24.(:)(:) i r i ches  
P ,~l . ispensi or-! S 3 t i . f  .Fness  (per  s p r i n g  ) = 42;'7 J. 50 L b s / l  n 

Spc-,!cl.r,~~;! be.i:.i~eeri Suspenc;~.on Spt- inus =. 38.00 i nches  
(A ci, ;.; 1 1 :L a r- ,.y: 1 1 S t i .F f n es 5 = 15 (:)(I) (I)(.) . (.I(:) i 1-1 - 1 b / d e g 

'1"ir.e :Cr-it:ormat.ior.~ 
'Total Idurnbet- o f  T l r - e s  an the A;,:le L-: 4 
I ,.,yr.f--c:a]. I ..,. St : l++n~.ss of: a 'Tire - 45(1)i:).(:)f:) L b s / i n  

.,,.. 
F; a t:j 1, I-( (3 ,f a I 1. r e = 2 . 5 (1) i rf c he 
I;loinl nal L..oad a t  the 'T i re  =: 60.1!:). (I)(:) Lbs 

Corner i .ng S t  i f f  ness T'abl. e 
I ...e!-.t.. I i c:a'J, f'~:~i.-ce (Lbs)  C o r n e r i n g  Sti + f  ness iLb/deg) 

:1 '3 8 5 a (11 (:I :35(,. 94 
:! '7 Lk, '>' . (1 i )  833. 38 
4'4 4. :L . i> (1) 944. I(') 



*,/:, .... 'f ... .- 
~2 i t  m c e  Wi-~eel base i l -r  i - 153. (:I(:) i n  

* E i f  e c t . : ~ v e  Wheelbase (Lej = 179.1995 i n  
.#.F:at:e ot: Change o f  Le -= . <:)(:) 0 i rl / g 
*.!!rldet-steef- Glradi &[-it (Ue j - . 0935 r a d  / g 
++Ral:.e ):::ti: [zl.lal-,qe o,f Ue - . (1) (1) (1) r ad 
*[;;f-~.tic:al V e l ~ c l t , ~ ~  =: &:)(':).ci)<-1(:)<;) mph 
++Steer t?cyiq],p (de j , t a )  =: . (i) (:!(:I (:I t-, a d  
+ . ~ ~ j - ~  , .-- ,-.I+ r'li.- ., r ~ r ~ i , ~ ~  . 13-F d e l t a  = . 1828 
; ( . F ~ ~ ( . .  e i i P  t t i e  F i S t h  Wtletl.1 = i:)(i) Lb s 

.kl.+~.-i:~.l-enile-- Wheelt~ase ( L r )  =: 153. (:)(:I i n  
*Ef+ectj:ve kl!-~eel.t:+ase (1-el =: 1'77.118:5 i n  
.+$ F .  . I . .F  .. c2.f: CI.rars(~e c ~ f .  i . . ~  - -3.3569 i ri / g  
*lJ~-ldet-c:;,t.eer (?i . . -adient (Ue) =. . !:)?32 r ad / g 
++R ... t ..;. *: 

CA . t-! CpiarI(je of Ue .I -. 01. 19 r a d  
#-r.-i.k,i j:al I , J ~ ~  .. IJ ." I-. 1 t y = 6 (1 ( z )  . (:)(:)(:)(:) m p 

a.Stei._.r' ,5,r-ig], L. ( ~ 1 ~ 1  ta) ~1 . (1)i:!91 r a d  
*./L:,.p... . -.I .. I:? CJblanqe a.1. del ' ta :- . 181B 
.nFc:,p-.ce at t-,? ~ ~ i . f : . t - ,  !~jj-,eel z 1502. 8i7 Ltss 

Load 
[ < a l l  Grig].e:-; ( rad : )  - r r a n ~ f  er 

A;.; 1 e Lj r-I s p  v. 1.1 n g S p t - ~ r ~ g  - f i i t a l  tLb5) 
1. , (:)<:)::, 1 :.;' , 1 c q  2 , 17'34 3 '7 (1) , 1 11 
r ' ,  
i.. i.1) 2 :I, . (I 3. '7 7 t, . (") .. 1 '7 3 4 2 (1, 1 2 i;) 7 
. , . Oi1162 1 . <.i 1, '7 7 tj . (1) 1 ';I 3 4. 2 ~ - ;  12. 09 
:1 ,' (1) (i) 6 I:! .:.I 

_I A, . i.i 1, 6 .'1.*7 ,: i:) 1, :7 '.:; 4 Zi:)4@. j, ( ?  

.-., (-,<")&? ?'Y, (1) 1,543 .".. 

.A . ,... .- ..# .L , (I):[ 7:1;4. L:()4,b, is$ 

Lateral  
k c e l  e r a t : ~  13ri 

( g  ' 5 )  . 1 i:)(:)i:)i:) 
1 (:r c:) i:! (:I 

. 1 i)(:)(:! 

, 1 (:I <.)(:1 

:L (1) (:I(:) i.! 



+, 6 ..,, A r -- A T') -- Wl..iep],-~&se (,L.y) E: 1 5 2; , [") ("1 1 rl 
. ~ E f f e c ~ ~ i ~ ; , i e  Whee:Lbarse (Le)  z: 1'78.8 '74.1 1.n 

+.Rate u+ C:;/-~~;[U~E a+ 1.e z:: -6 56 13 i r i i ~  
(1) Ci' ::) "'; a (A ,' a +lJncjer..steei.. Gt-ad:~ (3n.t: (l!e! = ,I _._ I.. 

*R .,.. 1. ("'; Cf.". - 
I , I::! - I a F I c,j E? u f Ui? EL -- ,, (11 25 (1) 1- a d 

j+C.yi.!--ic:al ! v ! ~ l u r : ~ t y  =: b(:)c).(:)(:)(:)(:) inph 
+St.eey- I::ingl p ( d e l .  ta) =:: , (::I :I, 8 1 t- iit CI 
j+Ha.tp c:if Charlqe i:,d de1"c.a - . 178b 
a,fc!rc;e at. t.l-le F'j.f.th 14 t  lee1 - ;I; f:) (::I 5 . :3 5 1- t? s 

* . R c ? f e r ~ . r ~ c ~ .  kll-leelbase i L . r )  =: 153. (:)(:I i n  
a.Ef + ec.t j. Wheel base 11-e i = 178.4h40 i rl 
j+i.F;at:e a-f C;llang~ irlf Le = -9.5'182 i r i / g  
*. , J I. ..j I L P  -= - ,- ,teer G rad ien t  (Ue)  - ,0707 t-ad/g 
,* r; . I  7 r [  -e  oi:  C:har~ge r ~ f  Ue = - . (:)?;yJ r a d  
*. - t- :L ,t i c a 1 I,..) e 1 i t y, -- 6 (1) (1) . (.I(:) (1 c.1 mp h 
j+"t'F-Et- 

L) - ..? -, Ana:[e (c ie l l ia)  -: . Ci265' r a d  
+tKa,te 1:t.i: C:llanq-?e of d e l t a  = . 1730 

c . . t  a t  ,the F i f t h  Wheel = * F - ,- -' 45(:)'7'. 07 L~;!F; 

3;. F( p .f: E; /'. F -. -.. -.. - .-,I r c.. r W 1-1 E V ~  1 k:j F L. r ) =: 1 5 3; . (::I (1) 1 r-1 
*E.,f:+ei:'l-.j. ve Wheel. base (1-e) =: 177. Ei8:E;5 i rl 
,n,F<;!::.e o+ CI..,ar-lge oi: L.E 2:: -13.4z77 in / 'q  
al,,!ril:jc.r-.~teer.. !jracrl I. ei.it (!Je) = . (:)8@3 r-ad / g 
-%Rate c. : l f  !:::hange of (..IF. - - (1) c a?'> .-# . L!C!.L t- a d  
*. C; 1- :L 4;: i c a 1 \.' p 1 0 c i 't y = 6 (1) (1) . c.1 (I)(:) (1) mF:l h 
*Steer- Fmgl e (clel t .a?  = .0:554 racl 
ic-Ra'l::e !zt-lange of d e l t a  = 1&4(:) 
-%Fop-ce ad:: t t i e  F i f  t-h W ~ E E ~  " &(3(:)7. 64 Lbs 

Load Lateral. 
Ral l  Angles ( r a d )  Tral-isf et- Rccel  et-at i on 

!,j 1,') j, j , ~  :I, L!l-ispv" ~ ! r l g  Sprung l"c:ltal (Lbs)  ( g  ' s )  
1 I a (1) (''1 '7 y 2; . 1.)4!3<.)5 (1) 4 :y 2; 5 1, 4 :;:, G' 7 8 ... ..J . 21 , 2 50(:, (:I 



1 
:1 
, ', 
i.. 

.'',Y, 
.L* 

. ,  
i. 

j, ='I: :, 
,: L! ..-! ..:* i") A/. L/ ::i,y . -  - " (1) i b  ::! "? r: -~....~ ,.,! ; (1) 3 (1) , 2 4 " 2 5 (! (1) i..! 

. , * 1, 1;: r:- -" 
. , .I  ..:I 2 5  ,, (:!4.4.37 . (1) 4 :3 5 . i: 4. ;? :? (i; (1) (1) ;j <;, 11; (1) ,''j 

1. (:I 1 ~ i i j ; : ~  . (1) :;I, 1 ,.- "::- ... p;,'m n r ,.J.:c+! 5 12(.). 4.13 n 2; :,; (::I (;) (1) (:) Ag ':: -7 c:: 

. I  

(:! 138<:) e i') ,.. 4. . , ,&& 3 3 d./ :., .-I 5 1 2(:! * 4.t3 a 2 5 ('1 (1) (1) 
. (:) , ..;, -? c.- 

+..lief ov..prlc;e Wheel l s a s ~  (Lr , )  -. 1 l:; . (1) (I! i n 
*Ei.f: ,f p(;k;i, ve ut-lee.[ base (L-e) ::: :('77', 126(;) 1 

*.Fiat@ c:li: [:t-iafige 1-e =: -17.(:)DY8 ~ n / g  
.iclJndel;steeu- ( j r .a ( j i  ~ n 4 r .  (IJe? = .0842 r a i i / g  
*Rat.? aj: [;harige of: Lje =:: -.. (1) e t i  '.> 0 . r a c/ 
,#,C:r.itj.cal V i z l ~ c i t y  = b('.)(:).(:!i)(:.)(::) mph 
+Steer Ang le  ( d e l t a )  = u (J4.2; 3 I-, 3. &j 

.+Raf:.e 12f Change o f  d e l t a  = 1 5 0 4  
+ k-' c, (- (;::, --. at t h e  F i f t h  Wheel = 75(1)6. 68 Lbs 

L.oacl 
Roll  4ng:Les ( icad i  Transfer-  

I - I 1: ;.!I :.: :[ 2 tJ n s p t- 1.1 n g o p r i ~ n g  I"ista:I. (L.bs) r\ 

:I :l <-) (:! 9 5 i:! 05766 . 052r:)2 1710. 34 
'1 '7 

J::. C! 1. 863 ,-I ,:, L: = (:)52(;)2 bi:)3&. 28 . (1) " "- 7 

.L "T 
._J . i:! 1 i3 (53 (-)d.-t&7 . (1) 5 2 r.12 6C136.28 - C-$7  

, , 
.,... '1 ,a (,') :L 8 S C, v (1) 4.9 4 '7 n (:! 5:i: (:! 2 6144.58 
'7 ... / 
L .,:- , (:)1E?9h a 0494.7 L A- 6144.. 58 , i';) Lj .';,I (") 2 

Loacl Latet-a; 
Rc: l i l .  Angles (t-ad! T'rarizf er- Ac5:e]. er .a t  j. ui..i 

LJ1vl1.t i ~ ; : , : l ~ i  Ll ri 5 PJ Y- [-I. ri <I S1:lr- MI-I g 'T'utal (Lbs) (CJ ' s )  
! I (:I 1 I c;~ (9 . (:1~;727 . (.!6i:)h9 I 995.  4.r.) , 3 9 (1) (1, 
1 2 rn (::I 2 1, 7 4 . !.')62 15 (;:)hl:)&y 7 (1) 4 2 , 2; 3 3 5 (1) (1) (1) 
I ..,r 

.-:, u !.I 2 1 '7 4. , (;!(52 15 . (1,6069 7 (1) 4 2 . ::; 3 . -f; 5 (1) i::! (:) 

r., 1. ("\, :;:, 1 7 
,, .. . .,-. A- - u i':) 5 ;? "7 1 . (:I 6 !:I b '-: 71h8.68 . 5 5 i;! \:I (1) 

' 7  ,.-, C, "' '".? 'L 3 71615.68 
..., 

,A,, L.. . .-.- . . (:I577 1 rn (:)6(:)&<7 rn (I)!:) 

+if:;efet-ence Whe~;:l.base (L-t-.) -- 1 52; a i:) (1) i r~ 
++E:f f:ec:t:i j/e Wheel base (Le i  - 175. (:)4.21. i r-1 

,#Rate m i  IIt.iar-~ge ~ . f :  1-e -:: -24. 5667 i n,;q 
%-!..lr-irjer~~~eel;- Grad j. c-:.n,h (IJe) ::: . iI731 r a d i q  
.%'.Flatr. Chal-iqe (sf: Lje :::: -. 1615' r-ad 

.& i, r. i .t i c: a 1 'Je ]. i:) i:: i t: y = t::) i:) . (:l<j (:.I (,I (rip h 
"Steep- ;:Anijl e ( , -~p l , ta  j = . O5bi rad 
*Rate  a+ (',l-iange 0.f d e l t a  - . (I) 4 5' 4 
4iF'~tyc:e at: t t i e  Fr i+ t ;p l  Wheel =: 104.9E3. 62; L.bs 



*K'.+: eb-el~c:e Wheel base ( L J  ) = 153. [:I('.) i n  
.++!i.Cf ec.t:i ve lilhe@l base ! L e )  = 175.6899 in 
+!Tat@ o.(: C:tlwnge of LE = -28. 5'5'17 i n / q  
+!Jnder-stew Grad i en% t LJe) = .(I634 t-ad i g  

C,-,C) " *.Rate nf Change of  LJe = - . L.LIL:(-) r ad  
,~ -C~t - / t t j , ca l  Ve1acit-v - E32.87:31 mph 
+S?:ept-, f i r lg l~  ( d e l t a )  - . (::)(:I r a d  
*Rate uf Change ~i d e l t a  = 0.513 
+Fr:~i;.c:e at the  F j .+ th  Wheel = 1193(5.78 Lbs 

Loacl L a t e r a l  
1:io:l:i GI-11g1es Irarrl! T rans+@r  A c c ~ l .  et-at i 31-1 

?.II.I I ' I  ;.: 1, F I.! ri 5 [::I v- L-\ r~ q Spi-ung T o t a l  (Lbs)  i g  ' s i  
7, 

J:. :L . L (2 SD'? (1) 7 .  (::I c::) 8 r:)7::;69 8704.82 4 2 5 c::) (1) (I)? ' " 







In-i:iirmat:j.un +or U n i t  $1 1 il'ctwins Llrii t )  

St: I.4 , ._ I / .  .. i no - - ,, S v s t e m  S rtf or mat i o n  
i"..~ .... .- r-la I:'.-. ... - r t i .... ,z! - 1;:; k=, /.- : rl..,f,..,t <a'. il .:: >:,,(I)(:) 
5; + (;:, .,.,, ,* . .. ! i . . l f l  :i:;,k;ii:::r.le.;s = 12(.)()(:).(.)(::! ~ n - ] , b / ' c ! e q  
.I' :! is R fi Ei l- .- . .f .i. 1-8 e s; :.-t (:,) i:) (:)<.) (:,I 1 rl - 1 tj ,/ cj q 
r;l :_ .:. h - ,. :. .... 

" 
I c!,! I 1, 1,- .$ I !'.r- el, 1 1 =: 1 ,, :::,(:.)(:,) 

j 11 n j. n rJ 1'1 !::I irj &i n t p e r T j ;.. p Ir: :I. 3 7 (1) . 01:) i l'.,~ .- 1. b / d e q 



Carl-ieri rig S.ti.f:.fness Tab1 e 
I , .  V P ~  i:i c a l  ~c I T L ~  ..,.. - i L . t j s i  C o r n e r j .  ng Sti S Q r i e s s  i L t , / d e g )  

5(:)(:i . (::(:I 9 4 . (':I (1) 
2 i::) <:I (::I , iIi (::I 2,S 1. . 5E) 
~:)o(. , )  , r : ) ~  &,?ti). 24 

,q :.; :I, E+ 2:; 
C.(:, -. &.tle D : ~ s t a r t c e  ( n e g a t i v e  i f  rear- o f  CG)  = -lic.).Ei2 i r t c h e s  
fi :.; 1 e ad ::: 5 4 (1) 1 . 4r::) b s 
'[p-acl:: Wjd th  of t h e  &:.:le =. 72.(1)(., il-lches 
f'ja.;:; of: fl;-.le A;.;:Le 25(:)(:),(.)(') Lbcs 
F:ol], [:jei..l.l:ef- He:iijl..)t;, = 2 8 . 5 0  j .nchec; 
S c ! : : ~ i : i ~ ~ ~ s i c ~ ! - i  S't : i . i : :frlisss (per Ejprinqj = 42(:)(:).(::)i:) L b s / i n  
;!; l j  a (.. :i, , cl t: tt.: .-.. +.-lc.gri ,:, . i"' 2 ~ ~ ~ ~ j p l - j ~ j .  0-i Spr.1 l-igs = 4C). {)(:I i ni:hes 

A I-! :.: :\ 1. 1 a r .,/ R 1 11. S i .f: + r' I,,, -. r c - 15()(.)ijrn(:)i) in- lb /decj  

'/ ' .- ... 
I 1 r i::.: 1 1-1 $ up. ii.1 i- i T.I 

-r Q ,I.. .;:, 1. 14 1-1, rjl I::, p y- ,f: 1 r- 5 O I I  :: ,,. the A x l e  - 4 
1 I I ... , , : :  I j, + + f r I 2, ' i - 6  : 45(:)(:) . (:)(:) Ltj / i ri 

.: 3, , ,  I .  2 + :, ' 1  , - - 2 0 . 5 i:! :L r-1 c h e 5 F ,-I ; 
1 I .: ... 

\ I  I j 1 1  1 .I. I a .i 1.. c~ ,:I, d c:! e iZ h p '1" i 1- i? :-. 6 (1) 4 . Cl(:) L b  

Corrret-i.nq S t i . f f n e s ~ 3  Table 
I ) .,> . ." 
it.t t . i i :~ i l .  F-'~:ii-.ce iL..bs:l C o r n e r i n g  S t i f  dness ( L b / d e g )  

5i:)i;) ("IiJ 9 4. . (11 (1) 
2 (i) i;, i::, , ('ij (:I T;'J 1 . 58 
::I (1) (:) (:I! , c:) (;I &,YC:l. 24 

- .t- -- .----..--- *---..---.--.---- -----------.-------------.-------.- - - - . - . - -  



1 Q # 5; 
(>.G -. A:.<le Di::;taric~ ( n e g a t i v e  i f  realr 0.Y C G )  - -124..81 incl.?e.; 
, 1 1 , j : :  4.4 9 2 2; 5 L b s 
'T I - a i:;: 1.:: [ J i d .t f.i o j: t e $, :,; 1 e "'* 'i 

11.  (.I(:) i n c h e s  
Plasiy:, (-J+ !-. pi e 6 :.; 1 e :z 1 5 i") . (11 L t 3  5 
F(oj.]. C~:ri,ter. i-leiyhk - 24.61 i r j c h e s  
':';~is~:~e~-.i';icsn .- .. . .- S t i + f n e s : . r ;  (pet- S p r i n g )  - 4J3(:).00 Lb.-,/in 
S p a c ~ n g  t~ie.!.ween Suspel-1r;inr-I S p r i n g s  = J8.01:) i n c h e s  
iy:!u>.[ ;, .l :i at- R i j  1 l iz i + f n e E; 5 r: 2(:50(.)(.)(:) . (.)(:I i n - 1 b /' d e g  

Carner  i nc_l 2.1: 3. f f  ness Tab 1 e 
( :  ....... t., ... '1 Fotwc-. (L , t . " . .  \ v' c I. .. . ... r:\ . . t:' 1 3 ,  C n r n e t - j  rig St1 f f ness (Lb ideg )  

!:: <:; <-) , !.) (:I! 9 4 , (:I (::) 

;::(:)(.)(:! " (1% (1) 371.58 
4i::)(:)i3 ti)() 690. 24 



STEADY TURN MODEL. 
F:ILf" I' : 41-iME : 4 : USA-EN. tii'.iU 

F'(';)HWARD :/ELaC 1 TY =: 50. ('.)(:) MF'H 

Laad 
Roll. Anql e ~ s  (rai? 1 Tt-an.;.f er 

!.!nit A:.:le L.! t-i s p t-. L! r i  (;:I Sprccrig Total. ( 1.- b E; ) 

:1 1 , <;) (1) ('1 i::) (1) , (:![:) . (:)(:)(:) o"! . 0 (:) 
1 3 

.& i:) (:I (':I (1:) (1) . (:I (11 0 (1) (1) . (::) (:! (1) (1) (:) . (1) (:! 
1 -7 

.._I (.!(:!!:)(:) . (1) (1) (11 (:) (1) . (:! 0 1:) (1) (1) , (I)(:! 
.' I 1. (1) (1) (:! (11 (1) . (1) (:I(:) (I)(:! , (:I (1) 0 (1) (:I (:)(I) 
"-, 
A,. 

. ,  
A , (::)(.I (1) (1, 0 , (;I (1) (:) (1) (1) . (11 (1) (1) C) <:) , (:I <;) 

*Ref el-ence Wheel base i L . r )  = 153. (:I(':) i n 
w E f f e c l r i v e  Wheelbase (1-ej = 165.7342 i n  
*Fi;~.t.e cif C:lhar~ge o f  L.E = . (:)(:)(:to j. r l /q 
*Understeer Grad ien t  (Ue) = ,0824 r a d i g  
*K-.l-e ,A .. cj i :  C1'.1;1,nqe of: UE = - . (:) i:) 1 t-, 3 d 
* C r- i t :i c 5 :L ',J e 1 o r i t y =: 6 (1) . (::I (1) (1) m (J t-1 

*Sl:eer. Ar71jle ( d e l t a }  =E . (:I (1) (:)(:I 1- ad 
*Rate oC Change o f  d e l  t.a = . I. 6 3:) 
*F'ori:e t h e  F'j.ftl-I Wheel = .(I(:) L ! ~ s  

L a t e r a l  
Accel e r s t 1  ori 

( g ' s )  
, c:! 5 (1) (1) (1) 
05 (':)(:)(:I 
, (:)5 (1) (:) 0 
. (:)5(:)i:!(:1 
= 5 (1) i:) (1) 

+Ref ep-er lc~ Wheel base (Lt-) =: 1 5 2, . (1) (I! i r-1 

* E f f e c t i v e  Wheelbase (Le)  = 165.7542 i n  
*F i - t -  ':,+ Ch.. . 

C[ - ka ~ l r ~ q e  o f  Le = .I526 i n i a  
a.lJr~ders't eer Gradi el-~t  (Clej - ,0224 r ad / g 
*Rate o f  Charige o f  Ue = . i:)0 0 2 t-' a cl 
+[;i-.j.t:~cal ' , J e l r ~ c i t y  - 60(:).(:)(:!0i:) mptj 
,n.S.t..eet- At-tqle ( d e l t a )  1: , (:)(I183 re7.cl 

of Charlge m1: cfel.ta = . 1650 
.i;Fot-re a t  t:,l-~e F i f t h  Wheel =: 184.56 Lbs 

Load 
Roll hi-ig1e.s ( r a d )  Tt-ansf er- 

!.I F.I x ::. A :: :, I, ~ r '  1.Ir1:icj r. urig Sprul-lq T'olr a1 ( L t s )  
1 1 . (:I (1) 1 :$ ';' (1)(:IU&5 . (.:)(I) 1, '7':; 24h. I- K d~ 
1 r, 

i (1)(1)(]$9 (:)U226 . (:I 1:) 1 ' 7  3 52 (1) . (113 
I. "7 

,.-* , (1) <::>iIj'3 9 . (-)022& . (:I(:! 173 32c! . 0:5 
.?., 
+- :I (1) !:)(I) Eji3 ,, (1:) (1) 2 (1) 1 , (::I (1) 1, :T 2; '3 8 h j, .,-, ,-;,# 

,-,a 
A- , i::! i:!<i)H 8 . (1) (1) 2 (I! 1. e (1) <;! :I. 7 3 286. 12 



'Re+ -. .. - -, t-l~l-.t:? Wh~ i~ l , t i ase  i,l..r) = 1 '"7. L.! .- i,:) (3 i 1-1 

++ ! i f fec t f i ve  Wtli21.ilb~;:~,oe (1-e) :- l ~ ~ j . ~ ~ j 4 ~  j,rl 

.* R a ,t., ,.. o -i :" e. ,.; 
I::: C:lhange o+ 1 . x  -: ,, (1:) d .,: 1 r~ ,/ 

.%lIl-ide~-.r;.~eer- i.<t-ai:-j,e-,l: ( l j e j  :: (l)E]z:$ p-&(:J/q 
;. K i i .L  i.2 i: C; arl (2 e of 1 - l ~  z - (:)(:>(::I :[ 1- a, ~j 
a. :i, . ,  :i, a 1 1 I ,, '1 -- 

v 65 .I, ,,,,!I-. i I:, ';,i bC:)(:I . (:)(:)<:)(::I ~ ( l ~ j  PI 
++Si:.ept- ci!'ig],e ( d e l t a )  ::: . 0 145 t- ad  
++ Fi a '1:. i.. (3 .f C 1-1 a 1-1 g e r~ 4: d e 1. .t.. a = . 165(:) 
*Fat-ce a t  .the F i i t h  Wheel = 11;68.71 L.t: js  

Lmad 1-atet-al 
1:iclll kr~g:Lsr; (1-acl) -IransCeu- iliccel, er-a.t i ij1-I 

1, fa i! n .; p r- L.I 1-1 i;! Sprung ' T ' ~ " c a  1 iLbs)  I g ' s  
1 i:) i;) 2 (:) b . ('.!i,:)c:!? 7 . . ..-%AS 37~:). 28 . ~j i:) c:! (:I 

(-) 1") -,> " ' 
?:! 

.i ,, (1, (11 1 Y B (::)(I) 2;:::; E: a i:!(:)25Y 480. 04 . 1 5 (:) (1) (1) 
-,,, 
. , (1) (:,I 11 4 El (:)(:)2;38 (:,(:)259 48(:). 04. 1, :;(:)(I)(:) 
1, ,, (,I (;I 1 2; 2:: . (31)9(:) 2 (1) (1) 2 59 424.18 . 1 500i:) 
7 .L , !:J (1) :L :ZS 2 (1) 25 (1) 2 , (::)(:I L: y? 4.24. 18 1 z(:)(:li;) 

*RE+ ererice Wheel hase (1-.t- ) - 153. OC! i rl 
* E f f e c t i v e  Wheel base (L-e) := 165.7549 i rl 

c: ' *.Fiat.e oi: Change o f  1.-5 = -. ~, IL 'L  i n i c )  
*Understeer G r a d i e n t  ( U e i  = . Ci824. t-ad/g 
+kKa.tb. m i  Change o+ Up - .(:)(:>;:)3 f ad  
a.(:;ri,\:.i.cal ',,./eloc.jlty = &(:)r:).i:!Cti:)i:) l~ lph 
*,$I ..,. ... , ... 1::;:t:::t- G r t g l e  i d e l  t .a)  2z (:) '',';# 4 8 ,- -{ . *. 2. L. 

.#. F' is'- . l.e 9 .6  C;har!qe c ~ f  d e l t a  - . 1.651 
+Fci i-  c: ad:: t h e  F : ~ . f t h  Wheel  =: 553. (:)5 I-bs 

Load 
K a l i  i:i~-igl~!:, !t-.ad! -rr- .- ns+ et- 

cd 

[,.,I yr i t I.'l j.., j. iz L,i rl ,zip t- I-\ rl 12 S ~ P -  U K I ~  " l " ~  t. a I iL.b~i) 
I. 1 , 0(;)274 n (:)(XI 129 . ()(:)546 4.75. 7 1 
1 i. (::! (11 1 c? E{ 0045 1 i:) (1) 2 ; ~  6 64(:;. i:)5 
.I. '7 

.:a i:) <::) 1. ?@ ,, 1:) (1) -1 5 1 rn (1) (1) ::: f$ & h40. 1.!5 
. , 1 . (I! (11 1 '7 7 , (1) (1) 4 (.! 2 , (1) (1) 1:; 4 b 572.24 
L. - i::) (:I :L '7 ';.> (1) (11 4 (1) 2 . (:I(:) 3LCh ,.: ,!72 ::4. 

+.Ref eyerlcre Wljee], base (Lt-. i = 1 5 2;; , (:)(:) i rl 
+?E.F+ei:.ti ve Wheel base (L.& = 1.65. 7555 i n  
++Ratre [:if: i:;h.::\riqe (3-f L..p 2 . 152& i n i p  
*!Jncl~rst eer Gracli en t  ( Ue) = . (:)825 t - a ~ j  / g 
+Kate nf: C:hanr_le of  U p  =I ,, <:)<:)(:) 7 t- a ,j 
;.l,:lt- i t: i c a L!p l:,c i y - &!:j!.) . (:)(:)(:I (1) nip h *, 5 t, -- -- 

tdt:!t- 64r.lgle t de l . t i i )  -= . (:iZ;z(:) ~ a d  
,%Ra.te o-l: C;hang(s of i:le].ta = 1652 
aF'oy. i- -- 

-.tf a t  t.he F - i i . t t - I  Wheel = - 1*- / , ; , l .2;& L.bs 

Lcmd 1--atlet-aI 
F 7 ~ : l l l  A n g l e s  i r a d )  Tr.ansf er- Fi1::cel ep-a~t:i ori 

I - A;.: 1 e L.1 ,-I s p r. c! 1-1 g Spr~rng T'cltal iLbs i  ( Q  ' 5 )  
4 1 . (1) 0:3 4 :3 (1) t':) 1, 6,;: . (1) 6 4. -1; 2 617. 1:: 2 5 (1) (1) 



+.lief et-er~ce Wheel base i L..r ! = 1 5 3 . (11 i r-1 
,#.[if .fec.t,i v e  Whispl bar;e (L.e! = 1.65. '7542 i 17 

,r;Rat:,e cji: C:hai-ige at: Le := . 1526 i n i g  
++!.lnd(st-,s,t:eer G~-adier~, t .  (Ue! = .(:)El25 t-dd/g 
*.Rate c.15: i:hanqe oi: Lle = ,, (1) (1) (1) 3 r a d  
++[::y i t 1 'Jel oci t y  = 66C). (:)(:)(.)(') mpl? 
*St,eer Angle  ( d e l t a )  =: . 0413 r.ad 
++Rate o f  Change o f  d e l t a  = . 1652 
*F'ot-,ce at: t h e  F ' i f  t h  Wheel = 921.43 Lbs 

Load 
R o l l  Angles ( r a d )  'Trans+ er 

l.Ii-l i t A :.: l e LJnsprc!ng Spru r~  y T o t a l  (Lbs! 
1 1 , Ll. 11 1 . (:lo 1, 94 . 1:) 5 1 7 74.(:). 56 
1 . ?  . 0U29 6 . i:t(:)6'77 . (:)(:I 5 1 9 Cjb(:). C.18 
:t 7" . -, , i:)(.)27,5 (-, (1, 7 '-,? (1) (1) 5 1 4 9 6 (1) . (:I 8 
. 4  

L... 1 . -, , (:)(:I&(:) 4. . (:)05 i f3Y18. 36 0(;)"&5 
v., 
.,.. '-8 ... , C) (:, 2 5 , (1) (:1&(1)4. 0(:15 1. 9 858.36 

L a t e r a l  
Accel €+ ra t  i on 

( g  ' 5 )  
, :3 (:I (:I(:) (1) 
7 " ' .:, (..)()!:)(:) 

, 2; (:I[:)(:)(:) 
2; i':, !:) (:> (::I 

:?i:)(I)(:)(:) 

'.' ,f ... .r' .t enc:e Wt-lee]. base (L-r- ) - (I)(:) i rl 
,*Ef q e c t i  ue Wheel base (Le)  = 3.65. 7s75 i n  
*tiat:e US Change of 1-e -: -. 1526 ir1,;g 
*l.J~.,der:steer Gr-adi er l t  ( LJe) = . (.)a25 r a d :  12 
#.fia.te o-f Change of. Ue I . i:I(:)(.)& r a d  
*L r : i t j , ca l  V e l o c i , t y  -: b(:)(I).(.)(:)(:)(:) mph 
,., r- .~c,tpep- Arlgl e (de] .  {:a) =: . 04.95 r.ad 
++f;.late o.f Change CIS d e l t a  = . 1. o / c7"7 J .d 

+.Fot-,c;p at t h e  Fj,i.t:-, LJheel z 1105.86 L k ~ s  

L o  ad 
R i s l l  91-ig:les ( r a d )  Trans fer  

u 1.7 i t, F.:~ ,.. ... : I P - lJr~~;pt-!~ng Sprung T'ot:al C:Lbs;\ 
1 1 (:);::I 4. E{ (:) . (1)(:) 2:2& , (::I Lj (1) 5 863.99 
1 ?? 

i a (1) (::I 7; 4. (:)(;:)7$$ ,, (I (;:) 6 (1) :y 1 1.21'). 09 
:I. 'q 

._I  , I,::) (;) ::; Lj. 6 , (1) ';? k -  c.7 . (:) (1) i::) 5 :I 1 2 (:) . (::I 
-.a 
,:.. 1 (:) 3 (:l 9 # (:I i) g (1:) 4. . (11 (1) 6 (.) 5 1 (1) (1) 1 . 4 2 
', 

A-. 
7, .L Q (L) (:j ::; (:) 9 (1) (:I 7 ('i)f!. , (1) (1) j 5 1. i:) (1 1 . 4 2 

rK9.f et-.erlcp Wheel base ( L r  ) = I c7v ,:I ..:, . (:)(I) 1 rl 
#.E:$f p~::.l::i ve Wheel haze (Le)  I.: 1.65, 7"j$ j, n 
.?{. 3 .t F:> c) 4: . .. ,.. Chti.rige of  L.e - -1526 i n / g  
*i.!i-~der..;.teer. Gradi erit (Uej = . 0825 i ~ a d / g  
+Rat,e of Cf-tanue (24: LIE =. . (:I (1) (.) 7 r" ci ij 

* T; 1 -  j. 't i c. a 1, V @ .i o (1 i 't y ::= CJ (1) (:! . (I)(:) !::) (1) m p h 
A. ,-... .t~~'ieer. r"11iq1 e ( r l e l  t:a) =: . ( I578 raij 
++Rate o-f Ct-,anye w f  cjelt- = . 1454. 
++F"cjt-.c:e 12.k .ktl@ F:':ifth Mt.jeel = 1290. (114 L t j s  



*~Freference Wl-tee:l. base (1.x ) - 1 55 . (I)(:) i rl 
, i ;E. f . . fer t~  \ie Wheel. has@ (L-ej = 165. 7610 i n  
+<. f"dt:e ,; - o f  Change o f  L.e =: . (1) (I (1) (1) i n / q 
*I!rider-steer- Gr-adi e n t  IiJe) = . Q826 r a i l / g  
+Rate 04: CtIange of  L!E = . (:I (1) (1) 7 r a, i.d 
*(Zp-i'ti!:al. ' ,Jeloci. ty = &[:!(1).(:)1.)(:)0 mpl-1 
*$teer Arigle (deltaj =: . (:)&&I r a d  
+R~.!:IZ ;I+ change o+ d e l t a  .I: . 1 h55 * F' ..., .- _: ~ . l t  i e at: t.he F ' i . f t h  Wheel. = 14.74. 16 L.bs 

L.uad 
h ' l ~ l I  Angles ( r a d )  'Tr-an5.f e r  

/ I__  ' .  I"' 
. . I I I . ~  Cii.il,e L! r? s t- 1-\ n g ~7pI-Llng T o t a l  (Lbs) 

1 i , i:; c, 1 . (1) (1) 2; ~3 1 OC)778 1 1 1 (1). 84. 
'.., I d- . (;I 0 i : ~  4.4 i.1 1 (:I 1 5 . (1) 0 7  7 8 14.40. :i 2 

:I. 
,.T 

.:I (1) (1) 4 4 il , i::t 1 :L 5 . (.)(.)778 144.0. 1.2 
7 
A. :I ,, C!C!::5$7 . (:)[I)S(1)L7 . ( : )  (1) 7 '7 t3 1287. 55 
r> 

?... 

A;.. a,.. 
(1) ('7 ::; '3 ':,j a <.)(:)'+7(:)6 (:) '7 7 @ 1287.53 

L a t e r a l  
Accel  erst i i.:~ly 

I g ' s )  . 4 5;:)i:)O 
" Al, 5 (I! (1) i:> 

* 4 5 [I! i.1 (1) 
. 4 JC!(:)c] 

45C!(3O 

.L. .. r:le ,, " -. .. trice -, Whpel bg1.5~ (1-y) -: :L 5 3 . i::) (1) i j-1 

a .Ef+ect: iv(s W/-jpplbac;e i:Le) :: 165,7'7"C a ,.:I ,-I 1 ' ri 
+&Rai:~? i::~i. C:ikian[~e of: L-e =: . i:!i:)(I)(:) j n / CJ 
*lJric:ler- st per- Grad i efit: ( U e )  - . (:)826 ral:j/'~q 
*c.R~.l .c.  rjf Change oi: 1-je -: . (1)[:)(.!7 racl 
-E r .- y,, i .. 5 . i c: d. -' I v .. 1, 13C : i ti/ = t!.!c:). oC)c.)Cj mph 
.#.S.te~.y c:lr-lqlp ( c l e l t a i  I- . C11'44. r a d  
ri3a.k.e cjf [,l-ia~-icje of: de l . t i i  - 1.656 
++i:::~r.ce at t h e  F i f t h  W t i ~ e l  :: 1458. 20 L-tl.3 

L.oad L-a,keral 
Fiol :I, k~-ig:i e.5 (t-ad ) -T'ra~-is.f e r  &1:ce1 eyai:: orl 

fi i i t, i"ii I:.( 1 e 1.1 i.7 s P U. CI 1.1 g S 13 t- 1.1 17 g -lcli.tal (Lbs?  i g ' s l 
1. 1 . <.!(,,68& m ,._I 1; . i:)<.)8&4 12:_54.27 , 5::) (I)(:) t:i (1) (1, ':: ,:, 7? 

I "., 
A; c.1 ~ j .  !:? a :::) 1 1 2 8 . 00664 1 &i:)r:! . 1 3 f (1) (110 

1 ..T 

._.$ . (I! (:I 4.9 4. , (1) 1 3. 28 ()(:)(364 1 & (I)[::) n 1. 3 . 5 (1) [I)(:) (1) 
'"i 

, (1:) 0 .q. 4 2 . (1) j (1) (::) 6 = i:)(.)8&4 14.30. 59 E'"  - " "  
i.. 1. 8 ,  .-I(-)(-)(-)(-) 
i-, i.., 

.A- .:.. (:)0442 (:I 1 (.! (:.t & ,: <.!(':) 8 6 4 14.3(:). 57 . 5 (:)(:)(:)[I) 



Load 
I=<(2l 1 Al-,gler; ( r a d )  T r  31-)sf er- 

! I  , i A :.( I, e I.!i.,spi;ung Spt-i-tr~g T o t a l  ( L t l s )  
1 1 m /,-J4 w (::I (1) 2; 3 h , (:)(:I95 1 :\ :357. 70 (1) (i, "'7 c 
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BWLKINC EFFCY 6 DECELR (gs) us PRESS(psi) A : USA-M . EM 

t 
9 5 18 15 29 25 39 

I DECEL = .WWgs 
? 

PRESS = i . I 

FRICTION UTILIPIIOI( us PRESSURE(p5i) A : USA-U. BRK 

I I I I 

I I I 

.......... .....-..-. 
I I 
I I 

I 
T""""',""""" 

I I 
I I I 

... I 
I I 

I I I 

...... .... ..... A.-. 

I a i 
I 

B 5 10 15 28 25 38 
I 

i 

L X L E # l =  .BBBB PRESS = .@psi I 
! 



(Purposely left b l a n k )  



Appendix G 

YawlRoll Data Sets and Simulations Results 



2 3 
time - sec 

File Nome=ln. USLoaded 





AXLE # 5 
* * * * * * * + .  

L E F T  S I D E  R I G H T  S I D E  
T I M E  ROLL BOUNCE S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
( S E C )  (DEG)  ( I N )  ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

( D E G )  ( L B . )  ( L B . 9  ( F T . L B )  ( L B . )  ( D E G )  ( L B . )  ( L B . )  ( F T - L B )  ( L B . )  ( D E G )  



AXLE H 4 
* * * + + * * * *  

LEFT S I D E  RIGt iT  S I D E  
T I M E  ROLL BOUNCE S L I P  VERTICAL LATERAL A L I G N I N G  SPRING S L I P  VERTICAL LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
( S E C )  (OEG) ( I N )  ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

( D E G )  ( L B . )  ( L B .  ) ( F T . L B )  ( L B  1 ( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  (DEG)  



F i l e  N a m e = I n . U S E m p t y  

AXLE # 3 
* * * * * * * * +  

LEFT S I D E  RIGHT S I D E  
T I M E  ROLL BOUNCE S L I P  VERTICAL LATERAL A L I G N I N G  SPRING S L I P  VERTICAL LATERAL A L I G N I N G  S P R I N G  SPECIAL 
( S E C )  (DEG) ( I N )  ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

(DEG)  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  (DEG)  ( L B .  ) ( L B . )  ( F T . L B )  ( L B .  1 (DEG)  



AXLE H 2 
* * * * + * t * t  

L E F T  S I D E  
T I M E  ROLL BOUNCE S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  
( S E C )  ( D E G )  ( I N )  ANGLE LOAD FORCE TORQUE FORCE 

( O E G )  ( L a . )  ( L B )  ( F T . L B )  ( L a . )  

R I G H T  S I D E  
S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  SPEC I AL 
ANGl E LOAD FORCE TORQUE FORCE STEER 
( O E G )  ( L B  ) ( L B .  ( F T . L B )  ( L a . )  ( D E G )  



AXLE # 1 
* + * * * * + * *  

L E F T  S I D E  R I G H T  S I D E  
T I M E  ROLL BOUNCE S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
( S E C )  ( D E G )  ( I N )  ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  



T I M E  
4 . 1 0  
4 . 2 0  
4 . 3 0  
4 . 4 0  
4 . 5 0  
4 . 6 0  
4 . 7 0  
4 . 8 0  
4 . 9 0  
5 . 0 0  

C O N S T R A I N T  FORCES 
* * * t * t * * * * * * * * * * *  

N O T E :  LATERAL FORCE ALONE I S  P R I N T E D  FOR P I N T L E  HOOK TYPE C O N S T R A I N T  
LOCATE FORCES & MOMENTS BASED O N  C O N S T R A I N T  TYPE 



F i l e  N a m e = I n . U S E m p t y  

SPRUNG MASS # 2 
* * * * * * b * * t * * * f f *  

T I M E  FORWARD LATERAL V E R T I C A L  
( S E C )  P O S I T I O N  P O S I T I O N  P O S I T I O N  

( I N )  ( I N )  ( I N )  

ROC L  
ANGLE 
( D E G )  

YAW P I T C H  FORWARD LATERAC ROLL YAW P I T C H  L A T E R A L  
ANGLE ANGLE V E L  V E L  RATE RATE RATE ACCN.  
( D E G )  ( D E G )  I N / S E C  I N / S E C  DEG/SEC DEG/SEC OEG/SEC I N / S E C * * 2  

A R T I C  
ANGLE 
D E G  



SPRUNG MASS # 1 
* * *+ * * * * * * * * , * * ,  

T I M E  FORWARD LATERAL V E R T I C A L  ROLL YAW P I T C H  FORWARD LATERMI ROLL YAW P I T C H  LATERAL STEER 
( S E C )  P O S I T I O N P O S I T I O N P O S I T I O N  ANGLE ANGLE ANGLE V E L  VEL RATE RATE RATE ACCN. ANGLE 

( I N )  ( I N )  ( I N )  ( D E G )  ( D E G )  ( D E G )  I N / S E C  I N / S E C  DEG/SEC DEG/SEC DEG/SEC I N / S E C + * 2  DEG 



F i l e  N a m e = l n . U S E m p t y  

AXLE # 5 
+ * * + + * * * v  

L E F T  S I D E  R I G H T  S I D E  
T I M E  ROLL BOUNCE S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
( S E C )  ( D E G )  ( I N )  ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

( O E G )  ( L B . )  ( L B .  9 ( F T  L B )  ( L B . )  ( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  ( O E G )  



F i l e  N a m e = I n . U S E m p t y  

AXLE b 4 
* * t * * * t + *  

L E F T  S I D E  R I G H T  S I D E  
T I M E  ROLL BOUNCE S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
( S E C )  (DEG)  (IN) ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

( D E G )  ( L B . )  ( L B .  ( F T . L B )  ( L B . )  ( D E B )  ( L B . )  ( L B . )  1 F T . L B )  ( L B . )  ( D E G )  





F l l e  N a m e = I r l . U S E m p t y  

AXLE /, 2 
* * * * * * * + *  

L E F T  S I D E  R I G H T  S I D E  
T I M E  ROLL BOUNCE S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
( 5 E C )  ( O E G )  ( I N )  ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  



F i l e  N a n t e = l n . W S E m p t y  

AXLF # 1 
* * * + * * * * *  

L E F T  S I D E  R I G H T  S I D E  
T I M E  ROLL BOUNCE S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  SPEC I AL 
( S E C )  (DEG)  (IN) ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE. - - . . - - -~oRQuE FORCE STEER 

( D E G )  ( L B .  1 ( L B . )  ( F T - L B )  ( L B . 9  ( O E G )  ( L E I . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  





F i l e  N a r n e = I n . U S E m p t y  

SPRUNG MASS # 2 
* * * * * * * * * * * * 9 * * *  

T I M E  FORWARD LATERAL V E R T I C A L  ROLL YAW P I T C H  FORWARD LATERAL RDLL YAW P I T C H  LATERAL 
( S E C )  . P O S I T I O N  P O S I T I O N  P O S I T I O N  ANGLE ANGLE ANGLE V E L  VE L  RATE RATE RATE ACCN 

( I N )  ( I N )  ( I N )  ( O E G )  ( D E G )  ( D E G )  I N / S E C  I N / S E C  DEG/SEC DEG/SEC DEG/SEC I N / S E C * * 2  

ART I C  
ANGLE 
DEG 



SPRUNG MASS # 1 
* + * * + * * + * * * + + * + *  

T I M E  FORWARD LATERAL V E R T I C A L  
( S E C )  P O S I T I O N  P O S I T I O N  P O S I T I O N  

( I N )  ( I N )  ( I N )  

ROLL 
ANGLE 
(OEG ) 

YAW P I T C H  FORWARD l ATERAC ROLL YAW 
ANGLE ANGLE VEL VEL RATE RATE 
(DEG)  ( O E G )  IN/SEC IN/SEC DEG/SEC DEG/SEC I 

P I T C H  LATERAL 
RATE ACCN. 

DEG/SEC I N / S E C + + 2  

STEER 
ANGLE 
DEG 





O n m w  
0 DD s r- 











* U +  * 
U W *  t 
w l n v  * 
V) , W  + 
. e m . ,  . W  + + t i e :  

m 1 
d , t  + 







F i l e  N a r n e = I n . U S L o a d e d  

AXLE I/ 5 
* * t * * t * + t  

LEFT S I D E  RIGHT S I D E  
T I M E  ROLL BOUNCE S L I P  VERTICAL LATERAL A L I G N I N G  SPRING S L I P  VERTICAL LATERAL A L I G N I N G  SPRING SPECIAL 
( S E C )  (DEG) (IN) ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

(DEG)  ( L B . )  ( L B . )  ( F T . L t 3 )  ( L B . )  (DEG)  ( L B . )  ( L B .  ( F T . L B )  ( L B . )  (DEG)  





F i l e  N a m e = I n . U S L o a d e d  

AXLE # 3 
* + + * * * * * *  

L E F T  S I D E  R I G H T  S I D E  
T I M E  ROLL BOUNCE S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
( S E C )  (DEG)  (IN) ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  



u - 
z w  . 
- o m  
K K J  
n o -  
Ln u 

0 -  
z w m  " > 
Z  G 
U K +  
- n u  
dl-.- 
a 

u -  m h m m o r - a - u ~ m  
z w  . m m m m m m m m m m  - u m m m m m m m m m m m  
E K - 1  m m m m m m m m m m  
n o -  

0 -  
z w r n  " 3 < z 0 
O K +  " 0 u 

X +  i , . 
a +  C W "  

C i U .  - , - , s s g g x s s g  
l ~ l  K m QCCICO~UJCQP~QCDQ 

W C O J  
D ~ L -  



F i l e  N a r n e = I n . U S L o a d e d  

AXLE # 1 
* * * * * * * * *  

L E F T  S I D E  R I G H T  S I D E  
T I M E  ROLL BOUNCE S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
( S E C )  (DEG) (IN) ANGLE LOAD FDRCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  





U W  P P P 9 P P P P P 9  
u i m m m m m m m m m m  . . . . . . . . . .  
t u u  K Z U  0 0 0 0 0 0 0 0 0 0  
a a n  

d * 
a + 
K . U  
W Z W  
c u m  
4 U \  

a 

0 
I w  
U Y V I  
k t \  
- a 0  
L K U  

0 

Y m  
3i-\ 
a a u  
> K W  

0 

U 
Y 

- 1 w v r  
dl-\ 
o a u  
K K W 

0 

P C O P m P N b O N m  
m m m m m m m m m c q  . . . . . . . . .  
I n m m L n m m m m m m  
m m m m m m m m m m  

P P 9 P P P P P P P  
m m m m m m m m m m  . . . . . . . . . .  
N N N N N N N N N N  

0 0 0 0 0 0 0 0 0 0  
m m m m m m ~ ~ ~ ~ a m  
m m m m m m m m m m  

- 
7 * 
a *  W -  
a +  3 i u  
m *  a u w  

> z n  
a w 

w w ( P ( D w w w w w ( P  
m m m m m m m m m m  

-1 Z m m m m m m m m m m  
0 0 0 0 0  0 0 0 0 0 8 8 8 8 8  . . . . . . . . . .  

I--2 - 0 0 0 0 0 0 0 0 0 0  
E m -  
w o w  
> e. 



T I M E  FORWARD LATERAL V E R T I C A L  
( S E C )  P O S I T I O N  P O S I T I O N  P O S I T I O N  

(IN) ( I N )  (IN) 

ROLL 
AKGLE 
( D E G )  

SPRUNG MASS N 1 
* * * * * * * * * * * * * * * *  

YAW P I T C H  FORWARD LATERAL ROLL YAW P I T C H  LATERAL 
ANGLE ANGLE VEL VE L  RATE RATE RATE ACCN 
( D E G )  ( D C G )  I N / S E C  I N / S E C  OEG/SEC OEG/SEC DEG/SEC I N / S E C * * 2  

STEER 
ANGLE 
DEG 



F i l e  N a m e = I n . U S L o a d e d  

AXLE # 5 
+ * * + * * * *  + 

L E F T  S I D E  R I G H T  S I D E  
T I M E  ROLL BOUNCE S L I P  V E R T I C A L  LATERAL A L I G N I N G  SPRING S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
( S E C )  (DEG)  ( I N )  ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  (DEG)  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  (DEG)  



F  i 1 e Name 

AXLE H 4 
t * l - * * * * * *  

T I M E  ROLL BOUNCE 
( S E C )  (DEG)  ( I N )  

L E F T  S I D E  
S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  
ANGLE LOAD FORCE TORQUE FORCE 
( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  

R I G H T  S I D E  
S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
ANGLE LOAD FORCE TORQUE FORCE STEER 
( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  (DEG 



F i l e  N a m e = I n . U S L o a d e d  

AXLE # 3 
* * + * * * * * *  

L E F T  S I D E  R I G H T  S I D E  
T I M E  ROLL BOUNCE S L I P  VERTICAL LATERAL A L I G N I N G  S P R I N G  S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
( S E C )  (DEG)  ( I N )  ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  



AXLE H 2 
* * * + + , * + +  

L E F T  S I D E  R I G H T  S I D E  
T I M E  ROLL BOUNCE S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S L I P  V E R T I C A L  LATERAL A L I G N I N G  S P R I N G  S P E C I A L  
( S E C )  ( D E G )  ( I N )  ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

( D E G )  ( L B . )  ( L B . )  ( F T . L B )  ( L B  ) (DFG)  ( ~ 6 . )  ( L B . )  ( F T . L B )  ( L B . )  ( D E G )  



F i l e  N a m e = I n . U S L o a d e d  

AXLE // 1 
* * * * * * + * *  

LEFT S I D E  RIGHT S I D E  
T I M E  ROLL BOUNCE S L I P  VERTICAL LATERAL A L I G N I N G  SPRING S L I P  VERTICAL LATERAL A L I G N I N G  SPRING SPECIAL 
( S E C )  ( D E G )  (IN) ANGLE LOAD FORCE TORQUE FORCE ANGLE LOAD FORCE TORQUE FORCE STEER 

(DEG)  ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  (DEG) ( L B . )  ( L B . )  ( F T . L B )  ( L B . )  (DEG) 





F i l e  N a m e = I n . U S L o a d e d  

SPRUNG MASS # 2 
* * * * * * * * * * * * * * * *  

T I M E  FORWARD LATERAL V E R T I C A L  
( S E C )  P O S I T I O N  P O S I T I O N  P O S I T I O N  

(IN) ( I N )  ( I N )  

ROLL 
ANGLE 
( D E G )  

YAW P I T C H  FORWARD LATERAL ROLL YAW P I T C H  LATERAL 
ANGLE ANGLE V E L  VEL RATE RATE RATE ACCN. 
( D E G )  ( D F G )  I N / S E C  I N / S E C  DEG/SEC DEG/SEC DEG/SEC I N / S E C * * 2  

A R T I C  
ANGLE 
DEG 



SPRUNG MA5S # 1 
* * * * * * .  - + * * * *  C * .  

T I M E  FORWARD LATERAL V E R T I C A L  ROLL Y A W  P I T C H  FORWARD LATERAL ROLL YAW P I T C H  LATERAL STEER 
( S E C )  POSITION POSITION POSITION ANGLE ANGLE ANGLE VEL VEL R A T E  R A T E  R A T E  ~ C C N .  ANGLE 

( I N )  ( I N )  ( I N )  ( D E G )  (DEG)  (DEG)  IN/SEC IN/SEC DEG/SEC FEG/SEC DEG/SEC I N / S E C * * ~  DEG 

0.0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

- 0.000 
-0.000 
0.000 
-0.000 
-0.001 
-0.002 
-0.002 
-0.003 
-0.002 
-0.002 
-0.002 
-0.001 
-0.001 
--0.001 
-0.000 
-0.000 
0.000 
0.000 
0.000 
0.000 
-0.000 
-0.000 
-0.000 
-0.000 
- 0.000 
-0.000 
-0.000 
-0.000 
-0.000 
-0.000 
-0.000 
-0. ooc 
--0 . 000 





- a m P 
m w 

m m m  







z 
0 
3 

C In 
I- o t - 0 8 8 g g g 8  . . , . , . . . ,  
u V) $ 0 0 - w ~ m a  
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