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ABSTRACT

The purpose of this investigation was to evaluate adaptive suspension

damping devices, specifically those which employ fluidic controls, by

means of hybrid computer simulations.

The Ml51A2, 1/2 ton, 4 X 4, utility vehicle was first simulated to

provide baseline data for comparing the adaptive dampers.

This investigation resulted in the definition of. parameters which

were given to the contractor who is building a "breadboard" of the

Adaptive Fluidic Vibration Damper MOD lIB.
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1. INTRODUCTION

In September 1974, the Simulation Testing Sub-Function, now a function

of the Science and Technology Division, U.S. Army Tank-Automotive Research

and Development Command, was requested by the Suspension Sub-Function

to perform a computer simulation to determine optimum damping character-

istics for a wheeled vehicle. The results of the simulation would then

serve as inputs to a fluidic damper R&D program funded by Harry Diamond

Laboratories.

The vehicle initially chosen for this study was the I¼ ton, 4 X 4,

Tactical Support Mobility, Cargo Truck. The system damping was optimized

using two indices of performance: driver's absorbed power and absorbed

damper energy. The absorbed power index was chosen to be a measure of

system performance related to driver comfort while absorbed damper

energy was chosen as the indicator of expected damper life.

It was apparent from initial computer runs that the standard vehicle

chosen did not have enough mobility over the higher rms (rougher) terrains

and did not have enough jounce travel at the rear axle in the loaded

condition to warrant further investigation. Hence, rear wheel jounce

travel was arbitrarily increased by two inches on the computer model

to provide a larger damper operating stroke. Preliminary runs demonstrated

that ride performance and damper energy with this modification can be

adjusted by the shape of the damper curve.

As stated previously, the results of this investigation are to be

used for input to a fluidic damper R&D program, thus it is imperative that

the investigation be applicable to a real vehicle for which a fluidic
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damper can be constructed. For this reason, the computer model was

reconfigured to represent the vehicle dynamics of the M151A2, 1 ton,

4 X 4 utility vehicle, which has sufficient mobility and wheel travel

to fully investigate unconventional damping devices.

This report will discuss the types of damping control investigated,

an optimum damping control curve and five types of fluidic controlled

dampers.
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2. OBJECTIVES

The objectives of the program-concern adaptive fluidically-controlled

suspension vibration dampers (shock absorbers), whose parameters may be

described by the following:

1. Must be physically realizable.

2. Must decrease required rate of energy dissipation.

3. Must not degrade ride performance.

3



3. RESULTS/CONCLUSIONS

The computer simulation and evaluation of the eight suspension cOncepts

presented in this report te6ulitd in the reaIization of the three major

objectives Originally Set forth: reduction in rate of energy absorbed by

the damper, no degradation bf ride petformance, and a physically realizable

damping device.
In excess bf one thousand runs were made using the described damping

devices over terrains Varying from 1.5 inch rms to 3.5 inch rms.

The damping device, which will be manufactured under contract, will

have the characteristics destribed by the MOD IIB concept, The breadboard

of this concept will be jaboratory-tested at TARADCOM to verify its

performance. Prototypes will then be manufactured for further laboratory

testing and for vehicle application and field testing.

I

4-



4. RECOMMENDATIONS

The results of this investigation indicate that more effective

suspension damping can be achieved by adaptive dampers. The subject

of the current investigations is their fluidic control. In this

investigation, the damping force is a function of (1) damper closing

velocity for conventional, constant and optimal damping, (2) vertical

wheel acceleration and damper closing velocity for the adaptive fluidic

damper, (3) vertical wheel acceleration and velocity and damper closing

velocity for Mod I, and (4) vertical wheel velocity and damper closing

velocity for Mods II, IIB, and III.

Vehicle ride is a function of the motion of the sprung mass; therefore,

if this motion is minimized,ride quality is maximized. It is recommended

that an analytical (computer simulation) investigation be undertaken

where suspension damping force is made to be a function of sprung mass

acceleration and/or velocity and damper closing velocity. A parallel

investigation should be undertaken to determine if this device can be

built.
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5. VEHICLE DYNAMICS MODELt

This investigation assumes a two-wheeled vehfcle which can be

modeled as a lumped-mass parameter system. A block diagram of the

vehicle is shown in Figure 5-1.

Where:

The time dependent variables are defined by:

V 0  = Sprung Mass Vertical Displacement.

Y, = Front Unsprung Mass Vertical Displacement.

Y2  = Rear Unsprung Mass Vertical Displacement.

Y3  = Vertical Sprung Mass Displacement Above Front Axle.

V4  = Vertical Sprung Mass Displacement Above Rear Axle.

0 = Sprung Mass Pitch Displacement.

Ytf = Front Terrain Vertical Trajectory.

Ytr * Rear Terrain Vertical Trajectory.

The constants for the M151A2 are defined by:

M, = Front Unsprung Mass =3.576 Slugs.

M2 = Rear Unsprung Mass =2.799 Slugs.

Kf = Front Tire Spring Rate 8,000 lb/ft.

K r = Rear Tire Spring Rate =11,000 lb/ft.
rf =FotTr apn oefcet 79l-e/t

Dfr = Feron Tire Damping Coefficient 7.9 lb-sec/ft.

6



Empty M151A2:

Mo = Sprung Mass = 29.68 Slugs.

Io Pitch Inertia 216.47 Slug-Ft 2 .

a =Center of Gravity from Front Axle 2.27 Ft.

b Center of Gravity from Rear Axle = 4.81 Ft.

c Driver's Seat Aft of Center of Gravity = 0.881 Ft.

Loaded M151A2:

Mo = Sprung Mass = 42.135 Slugs.

I0 = Pitch Inertia = 359.5 Slug-Ft 2.

a = Center of Gravity from Front Axle = 3.692 Ft.

b = Center of Gravity from Rear Axle = 3.392 Ft.

c a Driver's Seat Forward of Center of Gravity = 0.54 Ft.

Non-linearities included in the model are the suspension dampers,

which will be defined in Section 6, the suspension springs which include

bump stops, shown in Figures 5-2 and 5-3 and the tire-terrain interface

which allows the tires to separate from the terrain.

The two-wheeled model is further simplified by assuming small

pitch angles (Sine = O and Cose = 1), tire damping is proportional to

wheel velocities YI and Y2 and zero friction damping in the suspension.

The equationsof motion which describe the vehicle system in Figure 5-1

including the simplifying assumptions are:

7



Sprung Mass Bounce Motion

MY0 -0 (i - " 0 o+ a) - 2(Yý2 . Yo - bý) (5-1)

-Kj(Y Yo + a) -K 2 (Y2 -Yo be)=g

Sprung Mass Pitch Motion

1o0+ 1Da(Y1 - 'o + a,) - D2b(2 - Yo - b6) (5-2)

+ Kia(Yi - YO + a9) - K2 b(Y 2 - Yo - b) =0

Front Unsprung Mass Vertical Motion

MIYI + DI(YI - Yo + ae) + Df(YI) (5-3)

+ KI(Y 1 - YO + a6) - Kf(Ytf - Yl) g

Rear Unsprung Mass Vertical Motion

M2Y2 + D2 (Y2 - YO - b9) + Dr(Y 2 ) (5-4)

+ K2(Y2 - YO - bO) - Kr(Ytr - Y2 ) = g

Tire-Terrain Interface Constraint Equations

Kf(Ytf - YB) 0 (5-5)

Kr(Ytr - Y2 ) 0 (5-6)

The analog computer road maps for Equations (5-1) through (5-6) are

presented in Appendix A, and the Digital Program to interface the

hybrid system is presented in Appendix C.
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SPRUNG MASS BOUNCE MOTION

M.Yo - Dl(!i - i. + A) - D2(2 'o b6)

- + ae) - K2 (Y2 - Yo "b8)g

SPRUNG MASS PITCH MOTION

I0e + DIa(YI - io +'a6) - D2 b(Y2 - 'o - b6) (5-2)

+K~a(YI - Yo + ae) -,K 2 b(Y 2 - Yo - be) =0

FRONT UNSPRUNG MASS VERTICAL MOTION

MI Y + DI(01 - io + a@) + DfYI) (5-3)

+Kl(Yl - Yo + ae) - Kf(Ytf - Y,) g

REAR UNSPRUNG MASS VERTICAL MOTION

M2i 2 + D2 (Y2 - Yo - b9 ) + Dr(Y2 (5-4)

+K2(Y2 - Yo- bO) - Kr(Ytr - Y2 ) = g

TIRE-TERRAIN INTERFACE CONSTRAINT EQUATIONS

Kf(Ytf - YI) • 0 (5-5)

Kr(Ytr- Y2 )O• 0 (5-6)

The analog computer road maps for Equations (5-1) through (5-6)'are

presented in Appendix A.

10
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6. SUSPENSION DAMPING MODELS

The suspension device which attenuates undesirable sprung mass

oscillations is the vibration damper (shock absorber). Four different

types of damping devices were analytically modeled, interfaced with the

"vehicle model described in Section 5 and evaluated with respect to ride

performance and absorbed damping energy.

The analysis of each type of damping device was carried out using a

hybrid computer. All differential equations of motion were solved in

real time using the analog portion. The terrain trajectories were input

from the digital portion and data from the simulation were input to the

digital portion for analysis and final printout.

This section will present each of the eight damper models, while

Sections 7, 8, and 9 will present the inputs to and outputs from the

analyses.

CONVENTIONAL DAMPING

Conventional damping will be defined in this report as the suspension

damping provided by the standard production shock absorber. The data

accumulated from the analysis of the standard shock absorber equipped

M151A2 is baseline data to which the four succeeding damping devices are

to be compared.

Mechanically, the conventional shock absorber consists of a piston,

cylinder, rod, and reservoir. Within the piston are spring-loaded jounce

and rebound valves to control damping force. Additionally, there is at the

jounce end of the cylinder a spring-loaded blow-off valve to limit maximum

13
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jounce damping force. In lieu of a pure mathematical model of this system,

which would require more computer Capacity than currently available,

manufacturer's damping curves for the M151A2 were programmed using multiple

* - diode function generators available on the analog portion of the Hybrid

Computer. The damping curves are shown in Figures 6-1 and 6-2 and the

analog diagrams are presented in Appendix B.

CONSTANT DAMPING

Suspension damping directly proportional to the closing velocity of

the sprung and unsprung masses is constant damping. This relationship is

shown graphically in Figures 6-3 and 6-4. Where the 100% line represents

the slope through zero of the conventional shock absorbers shown in

Figures6-1 and 6-2.

The hybrid model was reconfigured with constant suspension damping to

determine the relationships among vehicle velocity, damping and ride quality

and among vehicle velocity, damping and absorbed damper energy for a given

terrain definition.

The terrain (Section 7) chosen was a 2-inch rms stationary random

process. System damping was then varied from 25% to 150% in 25% increments

for each of five vehicle velocities, 10, 25, 35, 45, and 55 mph.

The resulting data are plotted on Figures 6-5 and 6-6.

OPTIMAL DAMPING

The optimal damping system, as defined in this section, produces a

damping force as a function of damper closing velocity. Both conventional

and constant damping produce forcing functions which increase with damper

closing'velocities. It has, however, been demonstrated in a previous
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undocumented investigation that ride quality can be maximized and damper

energy minimized by decreasing the forcing function at the higher damper

closing velocities. The data presented in Figures 6-5 and 6-6 show that

for a given terrain system definition both ride quality can be maximized

and damper energy can be minimized as vehicle velocity increases by

decreasing the percent damping force. Tables 6-1, 6-2, and 6-3 were con-

structed from the digital output data from the constant damping runs

to provide the points necessary to plot a new damping curve which will

be called the optimum damping curve. This curve is not necessarily

the optimum damping curve for this vehicle, but is an optimum based upon

the stated optimizing criteria and the assumptions made in modeling the

vehicle.

The resulting optimum damping curves are presented in Figures 6-7

and 6-8. These curves were optimized in the jounce mode only in order to

be comparable with the adaptive fluidic damper which initially will

operate in the jounce mode only. Figures 6-7 and 6-8 were plotted directly

from the optimum values in Tables 6-1 and 6-2 and their associated rms

average closing velocities from Table 6-3.

The resulting graphs of vehicle velocity versus terrain rms at constant

6 watts and damper energy-versus-terrain rms at constant 6 watts are

presented in Appendix D. Samples of the digital computer printodts are

contained in Appendix E.
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ADAPTIVE FLUIDIC DAMPING

BACKGROUND

An adaptive fluidic vibration damper concept was developed, (Ref. 1)

under contract to the then U.S. Army-Tank Automotive Command. The

damping device employs fluidic logic in its control circuit. Upon receipt

of the final report (October 1975), which included the mathematics

necessary to model the device, this damping device was integrated with

the vehicle dynamics model of the M880 series 1¼-ton commercial truck.

The results indicated no significant improvement over the standard damping

device. Since the M880 vehicles are low in mobility and have small wheel

travel (relative to frame) available, the investigation was shifted from

the M880 to the M151A2 which is a high mobility ¼-ton 4 X 4 utility vehicle,

with greater wheel travel in order to utilize the full capability of the

fluidic damping device. The results of this investigation as presented

in Appendix D, again show no significant improvement over the standard

damper.

This section will present the adaptive fluidic vibration damper model,

the investigation, and then describe how the adaptive damper concept was

modified in order to achieve improved performance.

FLUIDIC DAMPER CONCEPT

The adaptive fluidic vibration damping concept is described in detail

in Reference (1). This section will present only the mathematics necessary

to conduct the computer evaluation of the concept. The adaptive concept

in the compression (or jounce) mode consists of four components: a

spring centered shuttle to sense vertical wheel acceleration, a beam
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deflection amplifier to divert the flow of oil, a fluidic vortex valve

to control damper force, and a spring-loaded blow-off valve to control

maximum damper force. The extension (or rebound) stroke employs a

conventional standard spring-loaded orifice valve to control damping force.

SHUTTLE DYNAMICS

The shuttle (acceleration sensor) is a spring-mass-damper system

attached to the wheel (or lower) end of the damper housing and is re-

presented by the following:

Mll

C1  K1

F(t) =

Where:

M, = Shuttle mass

Cl = Sensor system damping coefficient

Kl = Sensor system spring rate

K(t) = Yl = Vertical wheel acceleration

Xl = Shuttle position ground reference

28



The difference Xl - Y, is the position of the shuttle relative to

the lower damper housing and is the output from the sensor system

required for oil flow diversion to the vortex valve. Let:

1. V =X I - Yl (6-1)

Similarily:

XI =-K - Yl (6-2)

"XI = X-l" Yl (6-3)

The equation of motion for Figure 6-9 is:

MJ'_l + C1(_l-Yl) + Kl(X_1-Y,) = 0 (6-4)

Substituting equations (6-1), (6-2), and (6-3) into equation (6-4)

yields:

MIXI + ClXl + KlXl + MI = 0 (6-5)

Rearranging equation (6-5):
X+ Cl il+KI X
'+ I Xl + x+ = 0 (6-6)

The LaPlace transform of equation (6-6) yields the transfer function:

= S2 + C1 S + Kl (6-6a)

Computer simulations prior to incorporating the fluidic device have

resulted in vertical wheel acceleration levels of 15 g's or less; therefore,

in order to quantify K1 and Cl, a maximum vertical wheel acceleration of
MI Ml

29



15 g's will be assumed. It is further assumed that maximum shuttle travel
will be + 0.125 inches. Maximum shuttle travel occurs at maximum wheel

accelerations.

Therefore:
KI XI a MI'YI 

(6-7)

where:

XI Max = 0.125 inches

"YI Max = 15g

so:

KI Y1 Max
Ml X1  Max = .125 In. (6-8)

"* K 1  32.2 ft. 1 12 n.
1 g secZ 0.125 In. xft-

K1 " 46368/Sec 2  
(6-9)

For Critical Damping:

C1 Critical = 2V- KIM, (6-10)

initially assume:

C1

or:

c2KM) MI 
(6-11)

Cl 3 04.5/Sec 
(6-12)
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Preliminary sensor response data indicated insufficient sensor response

for proper damping control. Sensor system damping was gradually lowered

while monitoring vehicle ride quality. As sensor damping was decreased,

ride quality improved until a damping value of 1/3 critical was reached;

then ride quality began to worsen. All evaluation runs were therefore

made with:

Ci

-1 I. 2K1/M1  100.0/Sec (6-13)

S1 = C2 (0-I X1l); -l-Xl•-, C2 = 1 (6-14)

However, the maximum value of XI is 0.125 inches and S, (the control

signal) must reach 1 for full flow control thus:

sl= 1- Ix1l
X, Max (6-15)

The control signal, SI, from Equation (6-15) flows through a channel

which is modeled as a low pass filter given by the following:

S2(S) =(6-16)

The inverse Laplace transform of Equation (6-16) then is:

S2 (t) + C3S1 " - 1 (6-17)
C352(t) C3SITt)

Where:

S= aControl signal

S2 - Control signal after passing through the beam deflectionamplifier control channel.

£3 = Constant function of flow channel length, flow area and
nozzle width = 8.7199 X l0-5 sec.
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The control signal now passes into the beam deflection amplifier inter-

action region which causes a time delay from input S2 to output S3 and

is given by the following:

$3(S) r eC4S (6-18)

The inverse Laplace transform of Equation (6-18) is:

S3 (t) = S2 (t-C 4 ) (6-19)

Where:

S2 = Control signal

S3 = Control signal after being delayed by the beam amplifier
interaction region.

C4  = Delay time in the interaction region given by Ref 1, P. 4-13,
as approximately 0.4 milliseconds.

For the purpose of initial evaluation of the fluidic concept and considering

computer hardware limitations, the effort required to simulate this delay

is more significant than the delay itself and, therefore, is neglected in

the simulation. Equation (6-19) thus becomes:

S3 (t) = S2 (t) (6-20)

Upon exiting the beam deflection interaction region, the control signal

passes through the beam deflection output channel delay. The transfer

function through this channel is given by:

Sn(S) I
54( C5S+) (6-21)

The inverse Laplace transform of Equation (6-21) is:

ý4(t)+ 1 S4 (t) =1 S3(t) (6-22)

C5  5 - S3 t

32



Where:

S3 = Control signal

S4 = Control signal upon exiting the beam deflection output channel.

C5 = Constant function of flow channel length, flow area and nozzle
width - 5.477 X 10-4 sec.

The control signal S4 now enters the vortex chamber which imposes a

delay given by the transfer function:

4S = e-C6S 
(6-23)

The inverse Laplace transform of Equation (6-23) is:

S5 (t) = S4 (t-C 6 ) (6-24)

Where:

S4 = Control signal

S5 = Control signal after being delayed by the vortex chamber.

C6 = Delay time in the vortex chamber given by Ref 1, P. 4-13
as approximately 0.45 milliseconds.

As previously stated for this analysis, the small delay time is neglected

and Equation (6-24) becomes:

S5 (t) = S4 (t) (6-25)

The control signal S5 diverts the flow of supply oil going to the vortex

chamber either straight to the vortex or around the periphery or proportion-

ally between these two extremes proportional to vertical wheel acceleration.

The resulting damping force is given in Ref 1, P. 3-28 as:

F(t) = ArC7 [1.75 + (19.35 - 1.75)S51 (6-26)
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Where:

C7 = 22230(y 3-YI) 2 Lb/Ft 2

Y3l -Y Damper stroke velocity

Ar - Vortex outlet area = 2.12031 X l0' 3 Ft 2

Substituting the above values into Equation (6-26) gives:

F(t) = 82.959(Y3-Yl)2 + 829.57S5 ( 3-. 1 )2  (6-27)

The spring loaded blow-off valve limits F(t) to some predetermined max-

imum damping force. The force vs velocity damping curve is shown in Figure 6-10.

Appendix B contains the analog computer road maps used in the simulation of

the adaptive concept. Appendix D contains the performance curves for the

damping concepts considered in this report.

ADAPTIVE FLUIDIC VIBRATION DAMPER MOD I

The Adaptive Fluidic Vibration Damper Mod I was developed in an effort

to improve the sensitivity of the original concept. The observed operating

region of the adaptive damper shown in Figure 6-10 with acceleration control

is a very narrow band depicted by the shaded portion of the damper curve.

Acceleration control does not exploit the full adaptive capability of the

subject damping concept. It was, therefore, concluded that wheel acceleration

alone does not provide a complete control signal. It was observed that high

wheel accelerations do not often occur at high damper closing velocities.

Reduced damping should also be present at high wheel velocities, to transmit

a reduced force to the vehicle sprung mass.
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The Mod I Damper employs a summation of vertical wheel acceleration

and velocity to control the flow of supply oil to the vortex, thus,

broadening the operating damper force band between the maximum and

minimum damping curves, shown in Figure 6-10.

In order to incorporate the velocity control into the control signal

S5 from Equation (6-25), the velocity was weighted (scaled) such that

at maximum wheel velocity a unity signal is summed with the shuttle signal

X1 in Equation (6-15). The following conditions are assumed:

The new control signal Si will be generated by summing the weighted

velocity to Equation (6-15):

S1" S1 - S6 (6-28)

Where:

S6 Il* /Yl maximum, for unity scaling (6-29)

or:

1 x Max - (6-30)

where:

••1 (6-31)
X Max-

and:

0 1(6-32)

Minimum damping is desirable when:

Sl - o 0 (6-33)

or when:

S6- l (6-34)
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or when:

S1  0 (6-35)

Maximum damping is desirable only when:

S1 (6-36)

These conditions are represented by surfaces A and B in Figure 6-11.

In order to simulate these conditions, the following is assumed:

The limit of S' as both l and .Y11 approach 1 must be 0.
,1 Max Ma

This is simulated by simply limiting S1 ' to be positive.

The weighted wheel velocity S6 is available directly from the computer

simulation of the vehicle dynamics and was used for the initial evaluation

runs. The vehicle velocity vs terrain rms, at a constant 6 watts ride

index, is shown on the graph in Appendix D. These curves demonstrate

a significant ride improvement incorporating Mod I.

S6 is not directly available in the current damping device design

and, therefore, must be approximated. A simple fluidic lag circuit can

be designed to obtain S6 from the sensor output signal. Mathematically,

this circuit takes the form:

$6(S) =1

S= TS+l (6-37)

It was experimentally determined that for T..3, no significant

degradation in damper performance results.
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ADAPTIVE FLUIDIC VIBRATION DAMPER MOD II

The Mod II fluidic damper configuration is an attempt to simplify the

Mod I concept by eliminating the acceleration control. Mathematically

Equation 3-30 becomes:

Yl

Y1 Max (6-38)

For the Mod II damper as with the Mod I damper Yl max is scaled to 20 ft

per second. The results of the Mod II damper evaluation are found in

Appendices D & E.

In an effort to increase the performance of the Mod II damper Y1 max

was rescaled to 15 feet per second. This configuration is called Mod IIB

in Appendices D & E.

The force-velocity curve shown in Figure 6-10 also applies to the

Mod II and Mod IIB configurations except that the variability between

the maximum and minimum force curves is controlled by vertical wheel

velocity instead of vertical wheel acceleration.

ADAPTIVE FLUIDIC VIBRATION DAMPER MOD III

The adaptive fluidic vibration damping device previously discussed

was applied only to the front suspension and adaptively controlled only

the jounce cycle. Mod III damping extends Mod II damping to include

adaptive control to the rebound cycle as shown in Figures 6-12 and 6-13.

Mod III damping control was also integrated at both front and rear

suspensions of the vehicle dynamics model. The performance of this

system is shown graphically in Appendix D and digitally in Appendix E.
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7. TERRAIN DEFINITION

The classification of terrains from smooth paved highways to extremely

rough virgin cross-country fields is described in detail by Bekker in

Reference 2. The terrain type used in the evaluations of the various

damping devices presented in Section 6 is defined by the equation:

Syy ( Q ) = K Q -n (7-1)

where Syy ( Q ) is power spectral density (PSD), K and n are constants

and is spatial frequency in cycles per foot. The smoothness of the surface

increases with the decrease of K and the decrease of n. For most terrain

surfaces, it has become acceptable to let n=2. The parameter K then becomes

the adjustable variable to obtain various degrees of roughness.

The mean-square of the terrain roughness is computed by the following:

= Syy (Q)dQ (7-2)

The root mean-square (rms) of the terrain roughness is then theWS2.

The terrain rms is therefore a function of K.

A 300-foot length of terrain with points every foot was generated by

passing a white noise signal through a filter defined by Equation (7-1).

The output was then digitized and stored on disc in the digital computer.

A scale factor is used to vary terrain roughness by either gaining or

attenuating each of the terrain elevation points. Terrain thus generated

is called a stationary random terrain with zero mean and rms defined by

Equation (7-2). A PSD plot of the terrain is shown in Figure (7-1).
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A delayed description of both the point contact tire model and the rigid

treadband tire models can be found in Reference 3.

The 300 terrain data points are modified by digitally computing the

effect of passing a rigid band tire of appropriate diameter over the terrain

at zero velocity. These calculations yield a wheel center trajectory which

is held in core memory for use as the input to the point contact wheel model.

Having calculated the magnitude of the points to be generated, the time

interval between points is calculated as a function of the desired vehicle

velocity and point spacing, which is one foot in this case. It is this cal-

culation which allows the emulation of the effect of varying vehicle velocity.

The resulting output is the variable Ytf in Figure 5-1. Ytf is appropriately

delayed by the vehicle wheel base and vehicle velocity to produce Ytr*
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8. ABSORBED POWER CRITERION

The driver's absorbed power criterion is a means of quantifying a

vehicle's ride performance. Lins in Reference 4 presents a detailed

"discussion of the research chronology leading functions by which

driver's absorbed power can be calculated and the limit of average

absorbed power which a driver should be expected to sustain. This

limit for extended exposure is 6 watts.

The transfer function from vertical acceleration input to the

driver to absorbed power is given by the following:

Pd = 15.453 S(S + 5.0)(S2 + 28.3S + 2800)(S2 + 105.QS + 7570)
Yd) (S + 6.0)(S4 + 29.8S + lO00)(Sc + 39.1S + 3800)(Sa + 125.0S + 5180)

The analog computer road map for this absorbed power computation is

found in Appendix A. For the ride evaluation of the damping concepts,

the absorbed power was averaged over the total length of terrain which

was approximately 1/2 mile.

The graphical absorbed power results are found in Appendix D and

a sample of the digital output is found in Appendix E.
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9. DAMPER ENERGY

Damper energy is defined as the amount of work that the damping device

must do to control the oscillatory motion of the sprung mass of the vehicle.

Damper energy is a measure of the durability performance of the damping

device in that-as the damper is required to absorb more energy, the temperature

of the oil inside the damper rises. An extreme elevation of oil temperature

can cause blown seals, due to an elevated pressure within the damper; hence

loss of oil or the oil can break down causing a loss of its lubricity and

viscosity characteristics. Any one of these three conditions: loss of oil,

loss of lubricity, or loss of viscosity, is sufficient for damper failure.

The optimal damper, therefore, must provide only as much force as is

required to minimize the motion of the sprung mass. This investigation

provides data on the absorbed damper energy for the dampers evaluated under

varying terrain and vehicle velocity environments.

The equation describing the damper energy is given by the following:

Energy = Fvdt
0 (9-1)

Where:

T = The time to traverse the terrain

F = The damping force

V = The damper closing velocity

Equation 6-1 represents the total energy absorbed by the damper. Energy

per unit time is then found by dividing Equation 9-1 by T.
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The energy-terrain-velocity curves for the damper concepts are

found in Appendix D and the digital outputs from sample runs are found

in Appendix E.

The analog computer road maps used in the computation of the damper

energy are found in Appendix A.
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APPENDIX A

ANALOG COMPUTER ROAD MAPS

"VEHICLE DYNAMICS

ABSORBED POWER

DAMPER ENERGY
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APPENDIX B

ANALOG COMPUTER ROAD MAPS

CONVENTIONAL AND OPTIMAL DAMPING

CONSTANT DAMPING

ADAPTIVE FLUIDIC DAMPER

MOD I

MOD II

MOD IIB

MOD III
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APPENDIX C

FORTRAN DIGITAL/HYBRID PROGRAM
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FORTRAN DIGITAL/HYBRID PROGRAM

The analog computer simulation of this system was controlled and

* monitored by the digital computer through execution of a specially

created FORTRAN IV program. Utilizing the Hybrid Linkage Subroutine package,

the digital program controlled the analog modes, control line states and

pot settings while monitoring the values of various system parameters to

establish a true hybrid system. Complementing the digital and analog

computers of the hybrid system were an additional digital and analog

computer. The computer system configuration is illustrated in Figure C-1.

The digital program is written so it will accept the vehicle data in

either an interrogative manner or though paper tape input. The first

statement generated by the program to the system teletype allows the

user to make this choice. If the teletype is chosen for data input, the

program identifies the parameters desired and an input grid is printed

to facilitate proper spacing of the input values. This mode of data input

is desirable when the vehicle parameters are being continuously altered.

A sample input procedure is given in Figure C-2.

If the vehicle parameters are to remain constant through several

runs then the choice of paper tape as the input medium is desirable.

The vehicle parameters are typed onto paper tape and loaded into the high

speed reader prior to each initialization of the program. Following

this procedure the test identification parameters are input via the inter-

rogative mode as described above. (See the second page of Figure C-2).
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After completion of the input process the digital portion of the hybrid

system sets the appropriate pots and control lines then switches the analog

mode from pot set to operate. While the analog is in the operate mode, the

digital program continuously monitors the terrain signal via the analog to

digital converter and then, after the appropriate delay, outputs the same

signal to the rear wheel through the digital to analog converter. During

each run, the absorbed power, and front and rear wheel velocities and acceler-

ations are sampled numerous times. From these samples the average absorbed

power and maximum wheel velocities and accelerations are determined.

At the completion of the initial run the damper energies are read and the

analog mode is then switched to pot set. The pots are then changed from

the empty vehicle configuration values to the loaded configuration and

the run is made as for the empty case. Upon completion of this run the

user can choose to rerun without changing any parameters, change only the

terrain parameters, repeat the entire input process or terminate the test.
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- 9G(3 TO ETR Ci3f4Y3394)/1

3 (A v 9- r
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APPENDIX D

GRAPHS
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APPENDIX E

DIGITAL OUTPUT DATA FOR ALL

DAMPERS WITH TWO-INCH RMS TERRAIN INPUT
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COWNVEfONAL DAMPING



ROH' Tr) -- TFFPt! IN t' R D IP I TF 9 9' \IU vfL 1 1 MPH
A'F 11. P 0 F F FT f) F TFRRAT'4 IN I P V6 8 SECOVLUS

FtAPTY VF~HTrt.F

CAl-CULA TE RN'i1 ;5 V3F

r~tAIr-P F R FNrY (FPCNT): m 15.P8 FTw~l-B it 2,P4.6121 F1'u'f/SFC
(ROAR)u P'741AiP625 FT-Lb P 2703SE41 FlmLB/SFC

---~AXTmUM r(L--rT-N( VFLflCrTY--4F-P(NT)* .3~,64033- FT-./$E~C
3 -. P9F382. FT/SEC

MA Y ! HJ Cl, OSTV10 VEILOCYT!Y (REAP) 0 4.2690 FT/WE

t, YT 'U WF CACUEPTTV FpN ) 19F.445P4 FT/SEC**

>TP!IM~'EFIACCLEA~rrI (R FAPf~) a OPj,P1465 FT/SEC**P

LO~nFrT VFP.XCLF

r,ýAmPFP eJIFrV (FRONT)c 31,9C.46V437 F1'-LB PFP1.5917 FTWIf8/sEC
(PF-AR)3 17F,6A FT-LEB P 79,9646i8 FT-LB/SEC

MA X ?lI J , Ctlfi T-N 4 V.F~L)C I Ty ttF~flT)+ -- / S. E /FC-
-6 2~8906 FTisEr

M A V IK 04 C. V.$TNO VeýOCIlY (RAIR4+ 3 Ob~ FT/SFC
- .~ i'.65~917 FT/SMt

lv.AXTt~1M WV'FFl. Arc8LERATTON (FPVKr'FTm 20P,9~2776 FT/SEC**P
(PFAVR)a 984,IP2032 FT/SEC**2
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OvIR PA3F41.90( PEFT OF TEFRPTN TN ~ SCNJ

ýEMPTY VEH16tLE

A:V p R. 3ý f3 ATTS - -

0,AMPF~R FENP! 9 FdN~ 356'.64M'62 FT-1.8 .(3, FT-oLFR/SEC
P. P170996093 FT-LIe P 43.96'249 FT-L/E

104--a~~OH VfLtpC-T-Y...-(FP,(.)T).+~ A -.4 2 18 7. FT SE C-
A w 6 FT/$FC

MATsI~ CIt VL 0C T TY Wi~AR)+ 4v6i435 FT/.FC

MTYTVUFI w,4ft.'.F ArCF-LFRATION (FpnKT) a pp,6,19.995 FT/SrFC**2
2.I15M~FT/SRC**2

!ALCA ' 9M~ 7 INCHES$
tp4z8 et)-:T p,( -t '6 ý

rn)4PERF-rPlI~ ~~P~7 TL "FEr 2PA.587V73 FT4LO/SEC
CREAKI) 0 9.IprPIS5' FT.PLI 0 097~87 ~L/E

,~ ~ ~ ~ 9~ i 's7,83M T*hC~

~ 30,7 FT/SEC

P.AYTmI W14HFFI. ArCCLFRiATTrJW (j9Pr,19~~'e~525 FTISEC**2
(PFAP~e PPP.Pf37IA FT/SEC**P
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POiN T n- TEPRAT'M TO RODfS TFa2.PM VELm 27.500 MPH
OVFiP P83~1.9q FFFT O)F TERPAIN IN 70,214d SFC~KflS

FM1PTYVF TCLF~

C~ACL rUL AT~ F MP 1,949 INCHES
"-ARSMRA :0014A .. I::0._V4tA4WATTs ..

DAMPFR ENFRfrY l(FRNT)* 301OF7ý.3125 FT-L.B 4AAP.F90.01 FlLEB/SEC
(REAR)& 3016,95312 FTPLF4 a 429.06805 FTPLB/$EC

-'.AWT7J.MI.;COSlNA .. !LO)C TT Y (fFRON1T)4 + - . .f992. FT/.$EC
..f.7651 FT/SFC

V, A XT 1ý U C L 01 N, VELO0CITY (REAR)+ 748833 FT/SEC
*6.1e652..FT,'SEFC

;v'lYT?-HM- WHFEL ACCELERATION (FRONT). 263,89447 FT/SEC**P
(REAR)c 334018780 FT/SEC**P

L 0A!)EO VEHYCLE:

f ALCUL ATED R0* .9 TNICHE$

OAMPFR JENOG (FRONT)a 30~322,26569 FT-L-B" a .4131984-967 Fl'T' B. SEC
(RFAR)41 39177.73AI7 FT-L3 a 458s27526 FTNmLFBSEC

~AY I UM,- CLO3.STNGaLflCT TY.(FA0NT).+ FT/S&EC_
op 0d75292 PT/$EC

MAIIJýC4 t Af V'LnCVW CRAP)* a 601406 FT/SEC

$0,A Y tv U W H FF.L. ACtE&.E'RAT TN (FRONTY)a 257.90576 FT/SEC**p
(PEP~m358,63336~ FT/SEC**P

/9



qI)M Tr/l --- TFF:RAXNP'r pD RI1,)1 1 F '. VLc PPO-! ePH

OVP?831 .99 FfFT OF TFFýPOYM Yr~ ff;5s sErvt~~[s

F94PTY VFHICLF

clA ýULATF.O RMi ,~ T~CriF$

DAM1PER VNERGY ~'(FRNT~o -317395.60781 FTuLB x 56.505~12 FTUSLr/9EC
(PFAR)u 299PP7.66e75 FT-Le 450,.27172 FTlB/SEC

14A. X KUM EýL-D .JN G .VEL Ot IT Y.f (FOT. 0 19 4 72 FIT/.SEC
I *94AP FT/$PFC

MAYTMIJIF. C 0S, IN P VFLOCTTY (RFAP)+ a 8,)Q8P4 FT/$FC
a ~. ~88~4FTJSEC

h tY I $10h'N WIEA CFIERA T I KI rF P KT) 25,66 FT/SEC**2
(P~A~a 7lP870 FT/SEC**2

ICOIAE c1 s* I PAP INCHES
A3pO -WhE - 62P~'ATTS

nAMPER FNFRGY (FRONT)a 3P73.41375 FT-LIb a 41F467175 Fl"LB/SEC
(REAR)a 32*6C,2912 FT"..'L a 493,53887 FYL9/SFC

M AYtTMLIM4 CLO $106.VOLOCIYT (FRFAFP)+ 6 BE9'52, FT/SFC

MAYTMUM WHiFF-1 ACCELEPATION~ (FPONT)a 256,40463 F'/SFC**2
(PFAR)m 345.77246 FT/SEC**P

1 00



CONSTANT DAMPING



RUNJ In --- TEI#RAMN D 25% TF*PP) VELm 1000 MPH
MVFFP 2831.099 FEET OF TERRAIN IN 19.9 SECONDS

EMPTY VFHTCLE

(~ALJLAFfl M~a28t17 INCHES
A8SflVO.P~lW#~R 117S W.ATTS

nAMPFR fNERGY (FROMT). 14355146875 FT-LB a 741h34565.FTwL8/SEC
(REAR).m -17919.92187 FT.LB a o9*06 FT-LA/SEC

-~AIMiM 1A4G- NLOCtT-Y- 4-FWlNT). -~1 -FT-/SEC:-

I~ATMMC~t$N VL CTY CAR)4 4#14062 Fl/SE
-4 a..452149 FlT/EEC-,

MAX!MIOM WH FLiACCELERATION (FRONT)' 161,30157 Ff/SEC**2
ý(REAR)p M59.8894 FT/$EC**2

LOAW)f VEHTCLPý

Ct LC UL Alt 0 9.0 v14 INCHES
ASSORSFr) 00Wfou 00~..8685 WATIS.
flAMPFR FNFRf3Y (FRflNT)o 228715'm97658 FTwL8 It11847257 FITPLB/SEC

(REAR)a -15747.070'31 FT'.LB * .1.55264 FP4TmLB/SFC
iA -XI 4 M-M C L 0 S- rV-F-LOCIll -( FRON T)* --A 243 1-6 :FTý/SEC

m*s-~3.52294 T/SEC
MAYTMUM CLOSING VFL-DCIjTY (PIE.AR). P ,16 Ti8EC

-- --.-. 4,29:199, FT/SEC
MAYIMIJM WHEEL ACCELERATION (FRONT). 154,82202 FT/SEC**2

(REAR). 157,47274 FT/SEC**2
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RUJN Tfl --- TERPAIN'lI) 9-5% 2.0' VELm 25,000t MPH
nVER P831.90 FEET OF TERRAIN TN 77,236 SFCOND)S

Et4PTY VFH'TCLr

CAL.CULAE 4,8~54,725 INCHES
~A~SflRRef¶ Pr14, 080RI3P WATTS

* IAMPFR FNFRI;Y (FRONT)ss P8857 '42187 FTsPLH a 373.62487 FT"LB/SFC
(PEARIW 2P5244.14062 FTu'LB a uP326.84283 FTILB/SEC

~AX.I2'¶t~t4-~L0.$#ad V!LC1.ý *w43554 FT/SEC
".mA~M tLo$ý%Np VtOCTIY WPAR)+ * 8930i66 FT/SEC

MAY~tt1'J! WHFFL 'AiCCELERATTO(.N (FRONT~a 253,19338 FT/SFEC**2
(RER~p424,70~513 FT/SEC**2

L(IADW VEH!CIEF

CAI-CULAtE+ f ?~ d.6INCHES
.0 1R ? I Pnto- 2.28289 WATTS

D~AMPER FfqFRtY (FRONT~m PA90'4.29687 FT7.L.B a 348,33721 FY-LB/SFC
(PEAR): -24756.85937 FT-LB8 a u'32Mg52087 Fi-LB/SFC

.14A Xt TIMU CLDI$ Kr: LCI1 ,(ROlNT).- 9 -- _5 913,0-6 FT/-SE-C
-0,32394 FT/SEC

MAXTMIJM~ Ct.O$TtJr IELOC!T (REAR)* u F5~~ T/SEC'
6 ,.2 16 8'0 FT./ SIEC

MAXIMUJM WHEFLLACCELERATION (FROjNT)w P51932806 FT/SEC**P.
.(REAP)P 521,50~573 FT/ASEC**2
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OtUjh 7r TEPPAYN 71) 25% 2,0' VFLa 35.000 MPH
r'VFP 2831.99 FFFTOF TERRAIN IN 5I5.1166 SFC)N[DS

FMPTY VFH~rI.E

~A.UL.#'YFI ROSO 611p INCHES
Aý-04R p 0 a -PtlWF R . A,05413 .WATTS .

)A'P.'RFNFRnY (FRONT). 253O.62500 FTswLf 469,1.23498 FTwLB/SE.C
(RFAR)c ~ P~rP~ FTw.LF *- 81,4766 FT"LER/$FC

44AXMUA.~C.SINGV.L TIY- FR.ONT).+ --- . E52.7 8 FT./SEC
* og.00390 FT/SEC

1AT~tM CLt rN VEL CITfY (Ar.AR). 81.874051 FT/-SEC

mh~TMlvi WHEFI. ACCFLERATION (FRONT)o 327,02099 FT/SEC**2
(REAR). 4P6'.86649 FT/SFC**?

LOAn'F1.) VFHICLEF

C A L cUqA,¶El ýRMS#P f5.9 INCHFS
-, A~ORSED.P.O~P~ -.. .2914-WATTS .

WAMPFR F.NFPC!Y tFRONT)a O 8'734375 FTPLB a 508,i02862 FYPELB"/SEC
""?SF.-~660.15625 FY-LB w483,24682 FT-LB/SEC

?KAXM~t1 .CLOINGVELCIIV .FROJT ~S, 886Ef7-1 F.TYLSEC.-
v -0I.96f718 FT/$PC

M~TU4CL'Os N'S VFý.C:7TY WPAR),# 8ý11279 FT/3FC

MAXTMdUM W HF-L ACCELFRATION (FRONT)x 330,16259 FT/SEC**2
(REAP). 468.49121 FT/SFC**P
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Tf.I' Fn 0- FP 1,1.! T 1) SY p. V*~ \F L A5*9.I0'L MPH

rnvE'o qjjj FFFT flF TFPP4Tý.I TNI A'9~~~)

F'IPTYt VEHICI.F

-~.1.ATED R MINHE
~R~nRFP WlW ~ S J65S3-5WATT.S.

flAMPr-c ck~Pr'.y (FRfOhT)a 25(4.17 F'T-LFP c 534083361t FlwLs/SEC
2(PIE AP) a - 4f' P9 .I 1, 56 FTs-LB -5'78 64453 FTWLO/SEC
~&YTi~7Ck$ING v~flT.YC.F.VOT) 0 m hi. T 75P'44 f-T./SEC

,6 A 16 FT/tEC

m A x. ¶1, t CLnijNr VF- ,OC I'lY (REAP)+ 9,,3546 FT/SEC
-7 158PC FT/SEFC

W~.'T'J H F F I-ACCELFRATIO(W CFFRnkT) c 376.8939P FT/SEC**2
(REAP~a d44A73P'P4 FT/SEC**P

LCnAPnFO VFHXC1.F

tAl-COLAI.E.0' .0,5i -7~. 8 0Alli ES
4 AAf * to obv-p .3 .- 2 A 5 WMATTS-

!) At-14PP F -kFl~t~ (FR(tlN!T)c 3071 .43750 F'r-L!9 v 705,6251.4 FTmLB/SFC
-Pb~ 28125,1100 FT'"LB c 15 *5 4 5 5 6 Twl,9/SEC

M A YTJN.J..K OIN4 Vt.LOC ITY (F~flNT)+ 9 6 E 165 7 F TIS C

m.a.TmIjm tLO~SING VELOCITY (REAR~)* IP1to265367 FT/SEC
- 10i749~51 FT/SFC

ý'AVIXvLIM IdFI-F 'ACCF LFRATTO0N (FPONhT)a 375,42132 FT/SEC**P
R FA f 801, 3 5?90 FTSEC**2
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PUN~ Tr' "-p TFPQATN In 257( 2 .a VEL: 5*010 MP"

CPVEP P861ý1.90 FETFT OF TERRAT'Il TN 35,tM~7 SECONDSi)

EMPTY V~FHTrAIF

r A CI IrtLAT Y 0ý' - 8?,091 T N rHE.43
- ~ S~-~~ER - -- ~7018 P WATTS -

,)AMP7,i-E FrY '(FRONT)w 29P9003906 PT-LB 9 fi)4oP942 FT*LB/-SEC
(REAR)= -284r6.79687 FTlwl, 9 -810,4RPf FT*LB/SYiC

m, , 1, v1. VLC ITY CRFAP). u 1I3Q648 FT/SEC

MAWTPýLlv W4FF~L ACCE1.FAT4I~N~ 49435 TSC*
(RER) 52.4M9 FFAirSh Cn*r*

1-rlkrýn VEHTC.L.F

FýAL SLAT, 0 1A?9 AT -o 5 1 -,...

POAINPFQ EN!TRrY .(FRONT)a 20271.4$4437 PT-1-9 815,528491 FTwLS/SEC
(RFAO). *299,iM6468F7!3 FToLF x -153,96374 FTusLB/SEC

cPA-YIMUM..U. -LO .NP 11 V~~!y ,-JFR0N-T)+ -11~.*A11I F. IsC
a s .0.9780P2 IFT/SEC

1':4ATI'tPUM tLQSII'NG VFL(1CTT Y W, ARI+, 9' . P-75 FT/SFC

Y IPL I V Wi4M.~ ACCELF-RATTO"- (FRO1NT13 413,31~583 F'T/$1rC**2
(R~A'fl:637,94M2 FT/SEC**2
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RUNI To~- TERRAIN TO, 50%7 TFmP. VELs 10.000 MPH
OVFP 28~31,99 FEET OF TERRAIN IN 193.090 SECOND)S

FMPTY VFHICLE.

''tA CtLtk~f olm 04 20o583 INCHES
Asopot *oiWE. - .1. 413S4 -WATTS.

D~AMPER ENERGvY'CFRM'NY)m 15649.41406 FT"LR w 81.04687 F1-LB/SEC
(REAR). -18286.13281 Fl-L8 a w94.70220 FT.LB/SEC

14AX4M--~$I".YLCT -(F.R0NT-)-*. a ~-2,98828 f T/SEC

MAXIMUM CLOSIN0 VELOCIVY (REAR)* ý3~10617 FT/SEC
a u3 Wi .301,2 FT./SEt

MAY7I'1tM WHEIEL ACCELRATION (FRONT). 1.m7 FT/SEC**P
(REAR)* 135m48153 FT/SEC**2

CALICULAIED-1 :120 0e.QI~ NCHES
AP.JBE WOO ~ -*61981 -WA TT 1-.

()AMPFR FNFRGY (FRONT)m 22363 ..28125 FTmLB a 115.81738 FToLS/SEC
*(REAR)% wIVS89.84375 Fl-LB a *88.50674 FT""LB/SEC

-uXmUWC-LS k~t LDC TY FA ONfl T E ..... 37 10 F1JS3e-C
1*: 06'i,1054.6 PT/gec

44A !NIIM :CLOS!tG 3EOCT RA)*361328 FT,/SEC

tMAXTPUM WHEEL ACCELERATION (FRONT). 111,03594 FT/SEC**2
(REAR)* 130,76913 FT/SEC**2
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Rt)N TO) --- TERRAYN' 70 591Y. q,A VFLx 25ampI1~ MPH
OVFR 2831.99 FFFT flF TERRAIN TM 779.3~6 SFCON!D)

EMP'TY VFH.TCI..F

CALCULATE!') R MS 03,1611 INCHES
"k 00r8Et WP0FRý -3,0714 WATTS

DAMPER ENFRCrY (FPQNT~c 391517',57812 FT-~LS 395p11938 FTPLB/SEC
(RFAR)U -P35f66.491I62,9 FTopL8 -395,,75164 FT"'LB/SFC

-MAX MA MUM- tCZO5IN;;.FVýL0C-VT-Y -tf-Rfl.NTY* .-54,3925 FT/SEC
U. * L64941 FT/:SEC

MATUCOTI VELOCITY WRAR), 6,061132 FT/$E.C
pq ý4.68.984,FT/SEC

MAWIMUM i4HFEL ACCFLERATION (FRONT). 189,57598 FT/$EC**2
(REAR). 326,03924 FT/SEC**2

Lr1AMFO VEHI'CLE,

CAI.CULA~EI) :RMSw 4:5275 1 KC HEf
AR3E 0.1PFtWER f 7. No3 W~ATTS

,DAMPER LVNFRGY CFRONT)a .3P568 .35937 FT-LA a 421,67138 FT"~LO/SFt
CREAR)w "30249.0~2343 FTwLB x -391.64239 FT"sLB/SEC

1AXMI~t~'SI~VLO~tY~FON)+* _ 5..6SA5 FT/.SEC....
a '"5,53710 FT/SFC

MAY TMUM CLOSIN~ 6,'69C~A).3,11036 FT/SEC

MIAXINLJM WHtFL ACCFLFRATION (FRONT). 185,64896 FT/SEC**2
(REAR)= 360,305236 FT/SEC**2
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Rum Tr --- TFPPA7N Tr)' 1,30 9" VFLv 35o MPH
flVFP MI~J.qC FFFT (IF TFPPATN YN 550168 SECONDS

FMPTHY VFHI(LF

~~ POWFER S 5318 7A WATT-S . --

!DAMPEP ENFFny (FRflNT)a 3MPI~.19531 FT-LBa54,10 mL/C
(R-A~)u "30029.29687 FTwL9 a -544,31652 FTOLS89C

"#0$8886 FT/SEC
-MA1VYJH L SNO VLOCITY W~AR14 6 ,32812 FT/$EC

- - - . . . .A80257 -FT/WE
MAXYMlJM WHEEL ACCfl-ERATj0N CFRONT)o 254.56784 FT/SEC**2

(REAR~)= 376.40307 FT/SEC**2

Lt)Ai)Ffl VEHTCLF-

r.AIJ~tJIATE) ARMS* 50.887 INCHES

OAMPFER FNFRG~Y (FRONT). 3,1789.016250 FT,"LB m612,46655 FT.-LO/SFEC
-Rpl) '3 13 46 . e7 9 8 Fl-LB a -550.06)945 FT*1.B/SEC

MA~~!MUM CO.W-VLCTY, -FROQNT). .. 7 F-T/VCf - -

~ 3ig6*15234 FT/SEFC
MAXT9U'M CLOSINt VLoCt11Y O(PR)* a -6161649) FT/SEC

MAVT"!- W4-l AC CF-A n P-. 6,48896 FT./.SEC
MA~'~J~1WHEI.A~ELEATON(FPONT~ju 24R,18646 F17$FC**2

(REA~ls) 3780¶702P FT/SEC**2
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PON~ Tr)- TFIPPbTN V) 050l VFL. r 45,900~ flPH
(OVF$R 2833t.PC FFFT OF TFPPATK! TN 4P90 SECOND$

F I~-TY VFHTCLF

-- kP~~~fl~~-,- POtF ~ *ATTS-
r~AMPFP FF PG V (f MWT) 27~5P7.899ý62 FT-ifý a 642.93893 F1r-LI$/.5FC

PEAFR)= ~-3071.0975 FT-L a "707.~80114 FTOLB/SEC
.. .. .PAXIM r V-F 1 0CITY - (F-9-1 MT* I - r,5692 F.T/SEC- ...

~ L$~ VEL6OCITY WAFP) 3 7.96875 IFOE
- A 87548, FT-/8EC-.....

~A YT M rWM WHIF L ACCFLEPATTflN (FRr)ThT 95918PO6 PFT/S8'C**P
(R ~3W:9,55853 FT/SFC**P

L 0AO1)E I VFH TCL F

CAI C 0 LA T F RIO$:t *.H 5$58 TC
A os.I)PB Er)0 Pwff;-,P .,-.AýV *119 9 e W A T T $
"MAMPFP ENlFRrY (FRONT) 2 353.73A,47 FTwL8 82P.73339 FI*LIB/SEC

(REAR) v 2 w7 0:70112 FT-vLF -756.73278 FT-LB/SFC
XtJMtLOX N T NEflCTY..V-1T* 6,6b7kl FtL$EIC

~ rt~~ VL~r~V CPAF7 FT/SFC
L.I v 7,1F2e5 /STESr,

-77636 T 1
ý'AVVtUm 't4HFF. AMECLFRATXON (FRO~NT)C c 964,97436 FT/SEC**P

(RFOP) c 510".5iI'I FT/SFC**P
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NB'TI n - TERPAIN TI) 59% 2.r V EL i 0 04MP H
9-974iý'199 FFPT r)F TERRAPIN TN 391,107 SECONf)3

CA1tCULATF! R 4S3 680580 INCH4ES
Pý A1 A Fn.M0w .r. , - . 6 1Sl MATTS -

r)DAMPEP FNEiRnY (FRMMhT)a 2?'7I?1.1i437 FT-Lf3 a 517.P5988I F'TLB/SEC
(REAR)a i33?0A25l0 FTLB, a -945.7178~1 FT-LB/SEC

9 .MA -C tL-Q, UP NF,0GcT-ty C(fR0NT). N.,-63769ý F.T/-SE.C.
No a7~FI T'E

44~ ATM~f X'~$NG VELOCTY (PP-AR)* a 9'I11376 FT/SEC
a U "4,63"378 FT/SFC

mf'iYTIM V-IL ACCELEHATTOr4 (FRONT)" 33.1J5130 FT/SEC**2
WAR)= 39t,32568I FT/SEC**2

t. 0 A PF D VE 1 TC 1.F.

CALCUL)rICAF RMS: -57,401, INCHES
AR~rF~Ei YflE~s ~,d7~7WATTS

DAP. tNýPqRY (FRONT)= 34715,79687 FT"LB a 9$8.87318 FT-LB/SEC
(Rv-Aq)m "3393.54697 FTwLHa -965.62011 Fl"LB/SEC

A .~ -c ,3 f - .L.OCtT-Y.-.T FRE3NT)* -a- . T/E
, u -9009 FT/:SEC

-. -U !"7.24~ FTy SE~c
VP y Y Pim i,' L IFLA cf. FLR A T 10.1) (FPflNT)x 315.,2~3999 FT/$eC**P

(REAR~a506168312 FT/$EC**2



RUN 10 TERRAIN ID 75% T~. VF.La 10811 MPH
OVER 283t.90 FEFT OF' TERRAIN IM tQ3.090 SECONDS

EMPTY VEHICLE

ýCALCULAT.Eo RMSO 1$1054 INCHES
-- -A&FlSR8Ff.V POWFRit j1f48i031 WATTS

OAMPER FNERGY (FRbNT). 16259.76562 FT-LB a 84.20782 FT-LB/S9EC
CROAR~m -1$310'.54687 FT"L8 a m94.82865 FI-LB/SEC

- -M~AXIMIIM Ct.031-4r VELOlCITY CFR-ONT)* a - -2-,53417 FT/SEC
- * -2002207 FT/SEC

MAXIMUJM CLCO8INo VELOCXTY (REAR)+ 2.o5*882 FT/SFC
- * -2,46093 FT/8EC

M1AYTIMJM WHEEL ACCEL.ERATION (FRONT)m 100,53123 FT/SEC**P
(RFAR)t 135,28510 FT/SEC**P

LOADED VEHICLEý

CALCOLATED RMS! 17,8536 INCHES
iSSORRBEI POWERS ,:88 WATTS
DAMIPER ENERGY '(FRONT)" 21435 54687 FTwLB 0 111.01272 FT-LB/SEC

(RlEAR)m 617675.78125 FTvLB a -91.54125 FY"LB/SEC
MAXjM.IJM-CLOSNp -VfL-CITY I.F-PONT)+ .2,55126 FT/SEC.

u -2,66357 FT/SEC
MAYIMLIM CLOSIN,,G VELOCITY (0#.AR)# 2-085156 FT/SFC

* a-o2,81738 FT/SEC
MAYTMUM WHEEL ACCELERATION (FRONT)* 91,40095 FT/SEC**2

(REAR). 123,50418 FT/SEC**2
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POJN TO nT~4ANI 75Y. 9.0 vFLc 25,000~ MPH
)VFR 2-831,99 FEET OF TFRPAlm TIN 77.236 SFCONDS

EMPTY VEHICLF

: CALCULATED. IROSw 36*5,62 INCHES
5sople IWR -t - A.13A03 -WATTS... _

OA~~'PFR EKIFPCY (FROMT)m 30737'.30468 FT-LB a 397,96423 FT-LB/SEC
(REFAR). -33984.37500 FTwL8 2 .-440.00500 FT-L8/SEC

_M A X I P01/WCteS NG� VE LO CITY_ (FIRON T) --. v FT-/ SE C

* -4 96582 FT/SEC
4AxymIJm' CLO8N VEOIYCI.R**23681 FT/SEC

-~ . U.,3i06152 FT/SEC

MATMIIM WHFFL ACCELERATION (FRONT). 175,92965 FT/SFC**2
(RFAR)o 259.18906 FT/SFC**P

LOADED VEHICLE

CALCIILAhO RH~w06.'1 YNCHEB
..ABSORRED W RS L:2,75138 WATTS .

OAMPFP ENFr~y '(FRONT)a 35791'.015s2 FT- ILB 4 463.39509 FT-LB/SEC
(RAR -33447.P6562 FT"LB " 433,05090 FT-LB/SEC

MA~ILJ~tLI~~.NG-VELOCITY ~(FRONT)e +..- __585 __ZE
- * 4,90234 Ft/SEC

MAXILIMC~fS~NtV~LC~T (RER).a 553955 FT/sEC
..... *.14*37255 FY./$Ec

MAXIMUM WHEEL ACCELERATTON (FRONT)= 170.72637 FT/SEC**p
(REAR)a 265.95611 FT/sEC**2

7111



PON If! o-w- TERPATN TI) 75% 2.1 VFL: 3500 M.PH
nVFýP 9511,q9 FFFT OF TERRAIN' IN 55.t68 SECOND)S

EMIPTY VEHICLE

tALCULATEI) RM4$i 44,4460 TNrHES
- A~R8----6R . 6.6714 WATTS

PAMPFP FNFP(GY (FRt~nKT)c F¶~.5 T'LB a 74,40,869 FT"L80/SEC
(RF.AP)a -39085.74PI8 FT"L8 a -56.09g28c) FT-LB/SEC

-?KA lMUY, --CL 0 ST-N .G VtL0CT-TY--fF0N~T)* --5,77.392 -PIT./SEC..
- ~ mP9785 FT46FC

iMA y mU'm :C L0S1OSNW VF1o2TY (REAP)+ 5j,98144 FT/SqEC
- -3,53515 FT./SEC

MAYTMLIM WIFEL 'ACCEL.FPATION (FRONT)a 20'8,~32739 FT/SEC**2
(PFAP)c 355,98966 FT/SFC**2

LOAPEP VIEHYC-F.

tALC4ILAYý WI) 4 131 A INCHES
BSRE~POWtR w , o . 4* $.5 5 1"ATTS .

flAMPFFR FNF~rV,(FRflNTst 3014.06950 FT-LB a669.110i83 FT-LB/SEC
(REAR~ 3~1a~~ FT-LB a -594.76538 FT-LB/SFC

YrA YT IM UR CL-S.ING -ViE-LC.ITY..--FR0NT.)* Fu t El/SC
* ~ -5 35808 FT/SFEC

ýMAYTM'UM :CLMStNýG VELOCITY WRAR). ,758F/E
"'~2 9 49- F T/S-EC

mAKTP-Ljm WHFEL ACCFLERATION (FRON<T)c 2tO,7817$ FT/SEC**2
(PFAR)u 328,639000~ FT/SEC**P
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QLIiN Tfl - TEQPbT' YTD 76Y P.02 VFLc A5,,VIi!A HIPH
OVFP !?P3.1 9r F~FEl1 riF TFRRATm TNi 42,909 SFflONDS

F"MPTY VFHVrLF

CALCMiLATEI t' AQ4,42! INCHES
4RsMP~b -Ptlr.. - 1*69 A3ý .-WA TT S

r~AMPERP NIFPgY (FRflIT)c 28442).3t281 FTWLe 66~2.852P9g F~T'LB/SFC
P 1A Pa 3115 4 . 9-687 FT*LP -77.639 FYwLBISEC

M AX IlJim-CUIrS IN( -V F1,tIT Y -(FRON~T)~ + 5,341367 F-T/SFC -

M A'Y MUM rt. 0 sJ VELOCITY CRP-AR)+ 7040214 FT/SFEC
AP ' .331 5A2 FTý/SEC

M A, Y W IM w H F; AcCELER A T I(N CFPnN'T):. 216,67~227 FT/SE(C**?
(PFhR 157015711 FT/SfiC**P

L.0 AnFr VEFHTCLE

CrAt'L-l.ATF.D AP$S' 50r I NCTHF
Ap~solrgEb PPowRU-6 8Z 887 .WATTS
r;AIAPFP FNFry '(FRONhT);! ' 16 FTwL.B a 870.52697 Fl'sLBSFC

(PI FAP)m "14667.96875 FTwL6 x o807.9f9itA FloLB/SF.C
MAV1 ~U M. .C LOS 1HIP -VE-LOCITY lF-Rr~hlT)+- 5 FT/SEC

-f L -0 C~TMi TLSN VLJ Y (RFAR) 6252 l*
.5 OP255, F /$ F C

MA.Y7MI-IM WHFFL ACCE'LERATION' (FPONT)v PP,~9 PT,'$EC**P
CPFAP~)a 395.04173 FT/SEC**P
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RUN TO, . 'r f14RATK IF) 7,5 '. v Vý 1. 55,000 mPH
flVFP 2P~11099 FEET OFP TERRAIN TN 35.107 SECON9S

FMPTY VF T.C'L.E

_30Rf ~~,241!55 WATTS .....
OAMPER F~r-*rY (F~h*,JT). m 2594' P958E7 FT"L,9 a 31~6q9 PT-L8/*SEC

(REAR)= -3405'647:987 FT-LB -087,4124P FT-LB/-SC

AYT 7 702~113 FTI$EC

M A X T 1JM 14 FEL ACCELERATTONJ CFRONT)2 274.q99MI7 FT/SEC**l
CREAR)m 415.ASU3 FT/SEC**l

I.ri Ar) F0 Vf 4 T rI- F

P.5S0 R AED,_ OW FR ~ 21.024 WATTS
nrMPP F. NFRGY (FRr'NT~w 37155.PO312 F'T-LB 9 1058.41406 FToLB/SEC

MRAR)a -,571.1562 FT-LB -1IM1Q.47131 FToLBiSEC
V A Y I tUl.C,V ,OS N VE LD lCT Y IFROtMT3+ I _6,,8 5 54 6 PTI/S EC

a MR .5911~64 FT/3fC
X 7#t.lto' tr1,01 N VFOC T TY MPAR)* + 7#4A4140 FT/SEC

b 62 *65 1 0__T.JSEC
MAWTVUV, ý.HEL ACCELERATION4 (FRONT)a 261,752$0 FT/SEC**p

CREAP)m 431,18469 FT/SEC**P

.. ... ..... 6



RUN 10) --- TERRAIN TO 100% 1F*2,0 VELO 10,000 MPH
O1VER 2831,04 FEP*? fl TERRAIN TN 193,090 SECONDS

FMPTY VfHTCLIF

. CAL'COLAUDf RHSI' 16,648 INCHES
-~~~ý~ 4t t5 WR *-. J 8 -WATTS
I0AMPFR ~tJfRGY (FRONT). 17187.51009 P7-LB a 89.01248 FTIPLS/SFC

(PEAR)u .w18896.48437 FT.-LB a "97*86317 FTPLB/SEC
~~ (~~FRONT44 -... --.- 2,3f F-T/-SEC

S.10.924609 FT/SEC
~4AXMUM' tL 08tN10 Vf~lOc.T Y :(REAQ) w :P.411234 FT/SEC

MAXIMUM WHE9L. ACCELERATION (FRONT)* 7$,63819 FT/SEC**2
fREAR)m 115,06112 FT/$EC**2

LnAOFT) VEHICL.9

CALCULATED~ OHSP 16 0091 INCHES
.-ABSOR.REO i00 ~ .... 1 8574 W'ATTS
OAm0FP FNFRGY (FRONT)w 21630.85937 FT-LB a 11P.9020~3 Fl-LB/SFC

MRAP)* w18481,44531 FTwLB a -95*71371 FTPLBISEC
MA. ~5U LOSXC.. LQ~?Y C~iONT. u ... 2.*25097.F/E..

* 3 .2*2998Q1 PT/SEC
MAXIMUM CLO$TIjG VELOCITY CRitAR), 4 2#460 93 FT/SE.C

-.. . u*2.36083, FT/S.EC
MAXIMUJM WHEEL ACCELERATION (FRONT)= 78,83454 FT/SEC**2

fREAR)m 105,93Q084 FT/SEC**?
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RU' w..~- TERPATN ID 100% 2,V VELw P5,000 MPH
ovEp 2831.99 FFFT nF TERRATN~ TM 77,236 SECONDS

FMPTY VEHYCLE

CALCULATED) ýMSw 32.03ý INCHES
ASSORSED P-OWERit 4.71366 WATTS
DAMPER ENEPGY (FRONT). 307?61r71875 FT-LB a 398.28033 FT-LB# SfC

(REAR)u in3f06t¶p74218 FT-LB 9 P466.24090 F7I"LB/SEC
I!A.XTMUM. rLO]DSIN. VEL-OCITY (fRC!NT)+ -.3,62 0 0PFT/S EC t

- . 4,41094 FT/SEC
MAYMIM, CLOSING VtrLOCTTY CPEAR)+ :0464111 FT/SE;C

* .".2.42919 FT/,S-EC
MAYTMUIM wHFFL ACCELERAYION (FRONT). 1!5;v465S2 FT/SFC**2

(REAR)a P2,209960 FT/SFC**P

LMAt)FD VE141CLE

:tAL C11LA TED 0 $: 31,716 INrHES
ASRB D tP~WER ~ 3.02f651 W'ATTS -

PAMPFR FNFRCY (FRONT). 39013.67187 FT-LB g 910~ TL/E
(REAR). -3679WS.01562 FT-LB c -463,39605 FTA'LB/SEC

"4.A36035 FT/SEC
MAXIMUM CLOSINP VELOt7TV .(PEAR)+ 4.78OP7 FT/SE.C

M.A)TMIJM WHEEL 'ACCELERATION (FRONT)'; 161m20339 FT/SEC**2
CREAR)a 200o75912 FT/SEC**2



OWN~ Tr, - TFPRAeINIý TE ID IPX 2.0 VFLft 35.000Q MPH
OVFP 2$8*1.PQ FFF'r OF TFRRATH~ TN 55.166 SECONDiS

FMPTY VFHdTCLF

A fk SO PfW0 0 ~ W- 4 at $,9203 W.ATTS -

C,'R(Y (FRONT)U 3laS4.76562 FT-LB 5 ~ 77.94897 FT-LB/SEC
(PEAR)a -,4718.79037 FT-LB * 6~g.28295 FT'LO/SEC

~~( p.-TY-~FfnmT)* .5, vi 7 1 -FT /SME--

jýULrV FLbCITY REAR)85~ PT/E

MA.?t AX C 1~SN mRAPt 5ý,52001 FT/SEC
- U - - ~ FT/SEC

VPAX'TPAUt WHFFL ;ArCELIERA .TION (FRONT~c 178,P730I8 FT/SFC**2
(REAP)a 302,790~8 FT/SFC**2

LOAPFfl V F HICL E

_lB~tPFEb. k~~ .10657_ *ATTS,
!ýAMPER FNFRtOV (FROlNT)* 375MOD Moooo FV-LB m 0579.73168 F¶I"ILB/SEC

(REAP)% -33984.37500 FT-LH a R616.00695 Flo-tB/SEC
'AI ~ ~ .-fRGVELOCITY -.1RONT)# + -5.05126 FT/.SEC

p * .i.6240P FT/$EC
M4AYTMtM C L,'061" V LCTY (PFAR). x 500?9PO FT/SEC

a w-4.16992.FT/SEC
MAYJAMUM *H~F~l ACCFLERATIO)N (FRONT).a 18;.21978 FT/SEC**2

(REAR)= 277.24627 FT/$EC**2
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JN n--TE.PP~ATKIT I (A irA 2 .C VFLw 45,000 MPH
OVFP P~le9 ~FFT OF TFRRATN TNJ 42.909 SECON03

FFVPTY VFHlrCLF,

tA.L-CULATE6D Pt4$' 44,Pt TKNCHES
AROnRBFO PlWFq - . .26ýIP WIATT -S

nJ~mPFP FNFRGY (FRMrNT~a 26708Fý.9R437 FT-LR! a 622.45590 Fl-LS/SgEC
(RF~AR)A -314.P8 FTwtLB w8O5.09533 FT-LB/SEC

-~4~~MLJ.-L$$WGAF-tOCT.TY -(FR0NT-)d* -A,7485.3 -F.T4/Sf C .

MAx MUMi C L~ PSI.C1~ 97AR . FT/SE't

- - S P2,.33886 F1.11EC
MAXTMtJM WHF LACCEl-RAYTTN (FqONT)x Pch2,14236 FTISEC**P

CREAR): 379,74102 FT/SEC**2

1MI IIOlF VF'ICLF

MCULtLATEO RM a A's015 INCHES
~$$rftpfl Lriý.l 65687-WATTS-

rnAMPER ENFRGYI(FRt0hT)w 3789M,.62500 FT-LB x 803,04443 FTwLB/SEC
(RFAR)m -354'19.PIR75 FT'.LB x "826.14733 FT-LB/SEC

41yTMU ~oVi CT(4 NT-)+ 8 - 6 ~106 F-T-.ISEC

FICT (RA U -~4,9026 VT/SEC
H~AYI M1.10 Cýf)T'~ So6TV LR. .8108 FT/$FC

MAX&TMOM WHFFJ,.'AfloFLFRAVXOW (FRONT). 206,7559 PT/SEC**P
(RFAR)m 35P,05.566 FT/SEC**P

I120



!ro -" TE:IPANIN TO 10 1% 2,0 VF-Lu ý5IV MOH
rvF ?e 3 1 ,q F~FFT t! TERPATvJ TN i I 194 7 SE C N1) 1

F M, y VFIMT.CLFi

* AI.tILT~ RS. 43,9q4 INCHES
Sfl30.725 '.~E$a~WATTS

DAMPER FKýI~Y CF~flr)T)z 1914421.95875 FT-U3 9 542,41979 P1wT-k,/SFC
CPFARiu ~" .75562 FT-, "9q97.21826 FT~t/E

t -gr- F4ý0MT).+ 7' 4,9 09576- F 1--/S E.C
0 9 1,92 1 FT /,IEC

kA XT MUf4ý 8i.fO$40 VELOCITY OFPARq) + 5,71289 FT/SEC
*0 Z m 2.343i75 FT/SEC

fAAYTMItIM t-4FEL ACCELERATION~ (FR~ONT)* 239,74340 FT/$F.C**P
(PEFQ) a 341 , 7511 FT/SfiC**2

CA(. LATFý,R- NSO Aý.948 !NC HFt S
ARSOPBEOa Pow RIP3 WATTS

OAIIPE'P FNERGY (FRf)NT)a 3937,5000 FTmLl3 a 103643f67 FTPLB/SEC
(REAR)m P34960~.93750 FT"LB3 9 *195.82739 FTWLB/SEC

hX~T*VUMC40S-IN.ýG -Vf.ELO~tTY- FOTV .. I 598 F/Et
.1. 03 ~ 3 7t FT/SEC

MAYrIMU, 10 c.T 4G V~EL 0C 11V (REAR)+ 7.~'15F#~
A . 4 "49717 FT/.SEC

MVA~YfýIJM WHEEL iACELERTION, (FRONT)= 244,94168 FT/SEC**2
(REAR)%358.33$88 FT/S'EC**2



.UN TO . TERRAIN in' 125% TF42.0 VELs 10,001A MPH
nVER 2831,99 FEET OF TERRAIN TN t93.090 SECOND$

FMPTY VFHTCLF

CALtIJLAYEQ 0jU I 673 INCHWES

DAMPEP e.NERG;Y (FRONT)a 17022,28562 FT-LB a 92.29988 FT-LBYSEC
(REAR)= wIP580.07812 FTwLB X mjl~lo40 344 FT-LB/8EC

M0~1MOO'C~LOS INC V, LOC T Y (REAR)* a 2#~44140 FT/SEC
-**- -- - -- -a -' .16594 7T-SEC.

MAXTMI.M WHEEL ACdELERATION (FRONT)o 69,401974 FT/SEC**2
(REAR)* 118,79177 FT/SEC**2

LflIArlFD VFHICLF

CALCULATED RHOs 150069 INICHES
.AASOR8rO -OW~RS---------1*92333 WATTS -- -
DAMPER ENERCY'(FRONT)v P1997.07911 FT-LB a 113#9208c0 F4TwLB/SEC

CREAft)x ol9335.93750 FT-LB a w109Q,1390~5 FT-LB/SEC
.MAY NU-M-,.LýflhIG4.ELOCITY -,FRONT)* 2 --.- 90,1904 -FT /UC

:MAYymtjm C 6S14G 6 VLOC'IYY tkeAR). 2ý22656 FT/SC
4 4- - 2.0-898SA11'T/lEC

MAXYMtM WMEEL ACCFLERATTON tFPONTIu 72*45317 FT/SEC**2
(REAP). 89,53562 FT/SEC**2



PO.N Tfn --- %ERT O15 2.Q0 VELv P5*000~ MPH
OVFP 2831.90 FWE OF TERRA7PJ TM~ 77,236 SECONOS

EMPTY VFi4!Cl-

ehtCLA'rOPMS 2~832 INCHES
.AS-ORBED 00WERP A .04,4518 WATTS
0AMPF; -tZ , (FK-ONT)m 31787,lel37 FTwL8 a 4ý.51 FTPLB/SEC

(REAR). -37695.31230 FT-LS 2 m48 8.05161t FT-LB/5EC
-MAXIMUM..-LOSXNO VYELOt-TTY. -F-RONT14 1 3-,o26904 flSE C

'MAXIMUM CLOSING VELOCIT1Y tCR-AR)+ 4,181015 FT/S$EC
~.0 g202636 FT/SEC

MAXIMUM WHEEL ACCELERATION (FRONT). 13.65,0563 PrT/SEC*'2
(REAR). 208922921 FT/SEC**2

CALCULAIEO ~S 2,5P INCHES
* ASOP~t~POWf~4.*4E8663. WATT.S ..

OAMPFR ENFP(r4Y (F R.0 NT I 41577,14043 FT.LB 8 538,31066 F1.LB/SEC
ý(REAR)w -36962.89062 FTuL8 a '.478,58866 FTwLB/SEC

S * s368852 T/SEC
MAXMLWt CLQSINIVL t (REAýR)+ a 4043847. FT/SEC

MAXYMU.M WHEEL IACCtLIRAT~ON CFRONT)m 135,38336 FY/SEC**2
(REAR)* 196q56466 FT/8FC**2



RtIJN Tr) -- - 1F~PPATN Tr) I25X 21 VELO 35,000 MPH
(IV F R ~PFZ1.9P PEFT, OF TERPAIN IN ~.5.168 SECON05

FMPTY VFiTr'LE

r~ALCU4~ATED) RM~v 34,I61.. INCHES
-- AFV.SPR8E0 Pn,*WEP. 0-~98VATTS .-

Ij~wPER FNFPGY 'CFR,0NT)m 30615 ..23437 FTq.L6 9 554.93713 F7TL84tEC
(PEAR)o -36230.46875 FTwLB a -656,72019 FY-L.B/SFC

MAXX~t~i CLS3 N.-FLOCl.TY-- CfRONT)+ ~ -- A 597-6-,F.TlS.iEC
p ~~,92-578 PTSt

MAYAX7um c2LO$7Ih V.FLQOCTTY (PFAR)4 3 5p01464 Ff/SE

H A X TW PHMýHFEFL ACCELERATION (PONT)a 166,70M2 FT/SEC**P
(PEAR)c 30QI,41558 FT/SEC**2

I nAJ'P!) VFHrif.V,

CAL.Ck&II ATrEf OMma 34.098 INCHES
-A Sri BE () POW-Ego ~ 6 8.1207 WATTS,
D)AMPFR FNE,.r(,Y (FRONT)* 39q404.99687 FT-LB 714.2.4926 FTw"LB/SFC

(RFAR)m -36621'.09375 FT"sLB -663.80053 FTa.L!/SEC
M~UC-LIDS-N6 .GVFELOC.ITY I-R0NT). --4,6-0937 F.T/SfEc

~ -302810 F4T/SEC
* HAXMIJ ~ LnXY(rA * 40 35546 FT/SEC

MATMMwHF~t iAr.CFLFRATlON (F~rONT)a 170072637 FT/SEC**2
(REAP)w 954,27331 FT/SEC**2

A~



RONJ I D - -- T-P.PITN in ip% P. VFLv AS*',000 MPH
flVFR FEE~T OF TERPAIK~ TK 42,909 SECONDS

FMPTy VFHTCLrý

* ~ I ~~ AT E) Z9,48 W~E? HES
~F- PL40 *5 ATTS -

rPAMPPR FNFPGY (FRflNT)x 25146.48437 FT-L ~ 586,0410i1 FlT'LB/SEC
(REAP)a -315595.7V31- FTwLEB x i829.56115 FTPLB/8EC

7" .(14A .MU --CL4JNM XZT FPONT) +2 -A,43i603 F T /-Sf-t
f "4,29363 FT/SEC

fA x ~~I m rl ctlr VELoCt TY (R~fAR) 4 .5,03586 FT/SEC
- ~1~~A¶9FT/tSEC

MWYMtJM UHFEL-ACCFLERATION (FROKT): 190,q26321 FT4#SEC**2
(PEAP). 30~4,5,-494 FT/SF.C**2

LnAm'P1 VFHTCLE

CALrTLATE!,b RM-Js 4., TIN'CHES
* ARSOPBEA POWFE40, 915.65 7I1 WATTS

flAmPýR ENRGY (F~RnNT)a 3378.90625 FTwLB a 64.0~382 FTwLEB/SFC
(REAR). -36791 ..gg18 FT.*LB a -857.440?79 FTI"L./SEC

'Alt~yMl~i. C L 0 sll- .VLI1CITY.-(FR0NT)+ c ~ .~8 FT/,SEC
~~A~~~!MUM~. PL'TGVLC!Y(~~.~2363 P'T/.FC

r356445 FT/SEC
MAVIMUtM WHFF'L!ACCELERATION (FRONT). 16ý.29P78 FT/SEC**P

(REAR)a 2984.5PIO8 FT/SEC**2

1 L- 1



1U r; ~ TEiPAv'i ILI q15% 2.I0 sFLu 55,000~ MPH
OVER 28.11.99 FiEET !)F TERPAT%: TIN 35.107 ISECONOS

9mPTY VFHTCLF

CAL Cu.QArE0 RM1 4S02 TNV.HES9
ARPFEb-PCOFR 0 .415,444315 14ATTS -.-.

OAM~PER FNFfi~Y (FROO')v 173-12.81'150 FT-LR a495.13201 FT"L8/-SfC
(PE-AR). 3837,890652 P'T-L8 m "93835 FT-,L/SFC

~~~~~~-,1 921)IT 9F~lT. ~ $X2 FT/SfIC
w~AOM3128 FT:/SEC

-MAY7lyM t L:0 TN~ t, LOCTTY fREAR)+ 4 455J366 FT/SEC

MAXIM!JM WHFFL ACCELERATION (Fqe)NT)m 214,61159 FT/SEC**2
(REAR~m 2%7.6192 FT/SEC**2

I I,, Anrn VF-T Cl, r

(Cbl~'LATF0 R mpsF 44.189 INCHES
-ABSORSED, P0WER~l-- 3,12 WATTS
frVAlPEP ENERGY fFRONT~x 355,50 FT"LF3 a 01,95uTL/E

rReAR'o "34863,18125 FT"LB = w93,0457 FT-LB/SEC
~~4 7AX a 5 1- ~7 5t FUSE C

mAT4m~tl!b!I q VLOCTlY (RFAP)+ S' :~39872 FT/',F-C

MAX~mtlM WHrFL ACCtLFRATION fFRONT)a 22)OP9197 FSEC**P
C PE AR) a 294,52108 FT/SEC**P



RUN TDl r--- TERRAIN 10 150% TF42mM' VELm -1';0 MPH
nVER 2831.90 PEFl' OF IERRAIN IN 193*i09H SECOND$

FMPTY VFHICLE1

* .~- CA eUATEO~A$ 15,158 INCHES
WPM~f n I -4 141-9-15 W~ATTS-

D)AMPER FNERGY (FRONT)a 10189.45312 FT-LB a 99038041 Fl-LB/SEC
(FPEAR~a 0~97~6 TL -1e848397 FY*LB/SEC

-4AT0U -Ct-LS04ING-0LOC-T.Y (FRONT).*- -- --A -86523 .FT/SEC. ,

- 5- 1:91094 FTJSEC

MIAXIMOM WHFFEI ACqfLERATI0N fFRONT)m 75,89294 FT/SEC**2
(REAR)a 122.81695 FT/SEC**2

LOAnFtr VEHICLE

tAýLCULATF6 0 S,~ 15.t'! .INC HE8
A9$DREO ~Em ~ .26455-WATTS

DAMPER ENERGY (FPONT~m 2~3,13P,4375 PT-,LB a 12Qt.87490 FTaLS/SEC
(REAR)* w290501.05468 FTaLR 0 *106.58740 FT-L8/SEC

MAX tflCI IC ~LOITY-CFONT~ a--.-ol 8601354 FY/SEC

MAXTmIIm anlr, cJ VE'OCITY t#VFA R) + 2*0~86007, F/SEC
- ~- ... -0 1--88964 FI/S-EC

MrAXt¶IMUM WHEEL'ACCELFRATION CFRONT~m 87,76841 FT/SEC**2
(REAR)* 88,750122 FT/SEC**2



ýRAN Trn --- TERRAIN TOISM%5!~ 2,M VEL; 25 .0Q! MPH
OVFR 2831099 FEET OF TeRRAIN IN 77.2~36 SECOND$

E-MPTY VErH!CLF-,

CAcCLJLATED -:044 2.8,397 INCHES

DAMPER trNERGY-CFOOWT)a 32031.3 25'000 FTwL08 414,71728 FT"LB/SEC
(REAR)* -38623.MI4687 PT-LB a m500,06317 FTwLB/SEC

* P 3*176205 FTI7SfC
NAtwIýCUM ~'L 0 11N( 5 ELOCITY (RFýAR)+ 31061234 PIYSEC

- ~ w .. l,70898 FTMSC.
MAX!MLIM WHEFL AeCEERATTON (FRONT)a 124,28958 FT/SEC**?

(REAR)a 20M,08071 FT/SEC**2

LfJOADE VEHICLE

CACJLAE 9 6 24 29 INCHES

n)AMP4ER FNERGY' (FRONT~u 44335.93750i FPLB a 574PO2941 FTo'LB/SFC
(REARls "38427.73437 FTvL8 a 1-497'053436 FPTLB/SEC

* .. *3.13ge4 FPl/ SE C
'mA 91m0MU tLf031NG Yf1OC?1Y. U.WAR)* 4.09179 FT*/0FC

2 7Aw,7902 , FTJ 8E C
MAXIMJM4 HEELi'ACCELEFPATION,(FRONT). -. 124.38775 FT/SEC**2

(REAR)a 165.91580 FT/SEC**P



RUN V)~-- TERRAT~i TO ISO$ 2, VELw 3500 MPH
flVFP PA31.9q FTFT O)F TFRPAIN IN 55,168 BFCONDS

EMPTY VPFHTPLF

tALCUA¶T pi:S I2~4 NCHES
OR Aw.Vxý. -14339Q7- WATTt .. -

f)AMPER FNP~rY (FRtlNT)u 29B882.8150 FTwLR v 541,66113 FYTLB/SEC
CRRAR)u -3001.3.67187 FT"LR a o707.t6894 FT-LB/SEC

AX IA4MflSa L VLEi.aC-X.TY- tCPR0NTJ)*- . -- ~4.-,4 0 9 7 F.T-SEC-
*~ ~ w 9.84 FT/SEC

~A~4iHCL~r4GVELDCXI'Y :(REAR)+ v 71il14,Fit/$C

tIAYTMIJM WHEEL Arr'F'LERATION (FRONT). 151,87677 FT/SEC**2
(REAR). 209oP2728 FT/SEC**2

- ~ ~ ~ ~ ~ ... .... * -.- ~-.. .

(~ALCULAT~31 03~I MP5 IN~CHES
RASOPEiYPI~E~P8,3645 HATT$ . . .-

rIAMPVP FNFPY (F~tlMT)s 30)l6p.99218 FT"LB 723 .54246 FToLB/SFC
(RFAR)W -38793.P4531 FT-LB a P703186M3 FIPLBISEC

V-1'U -4.41N VEOYY(?N) 462P$9 E-T.1SEC
to 0 $~ 3¶P/E

P~AYTHUM' CLOSING VELOCIfy (PIFAR)+ a *,07226 FT/SFEc
.8 -2 FT/SFC

>'PYIM11f WMFFLý ACCEtFPATX0Nh (FPONIT)a 15id.Oi62 FT/SEC**2
(RFbP)v PP.6,0 Fr/SEc**2

7. - J j

J A9



RUN~ Tr) --- TERRATN TO 15P7X g.fo VELz A500 MPH
fWRF pall .9Q FEET OF TERPAIN1 IN A%~i EOD

EMPTY VFHlICLF

.1ALCULAtFt) Ph~ 3.5,312 INCHES

.,ARFIDF. PO-Wr.A: -1-4,57.9 WATTS

r)AMPFR FNFPrV (FRflNT)v 2A52.53906 FT-L93 2 5~..5QFT-LB/SEC
(REAR)= -35864.25781 FTwLB c "835.81982 FTPLB/SEC

1501 FT/SEC
MAYTMIUM CLOSYNC4 VELOCiTY (PEAR)+ 4.39941 FT/SE FC

I."J.3076 F.T/SEC
MAYT'MIlr WHFEL A.CCELERPATION rF'PoNT~c 169,94097 FT/,SEC**2

(RFAR)a 265.07957 FT/SEC**2

I ~~)r~VEHTCLP.

.ARSnP. 8 ik -L PO'3~ 40.116 15f ATTS-
n~AMPEP FN',FP('Y(F~oNT)w ý57719.72656 FT't.3 x $79.06152 FT-LB/SEC

(OFAR)m -358PA.7le7 FTmL6 a o836.38879 FPTLB/SEC
IýKX-XVLP S.ING -VELO.CXTY---F.RONT)4 + _ 4372-55 fTLS-EC......

-$,56445 PT/SEC
mAyTHmlp c.LO)$X'G VftQCITV WPAR)# a 5ý35644 FT/SEC

-~ 00 7 e -~7I f T/-SFC
ý04.YT"AIM WHFFL ArrF[FRATTON (FPrUVT)c 176,92418 F'T/SEC**P

(PrAP~m 262,52f'7l. FT/SFC**?



r pi! l.9p FFFT O~F TFEQPAIN TN ý55,107 SECiiNLS

9"PTY VFH1TCLF

CALCVLATED Pý 38,18~3 INCHF~$
* . AtRAFm 0 oW-R 28,46783 WATTS

nAOPFP FN,-Fr.Y (FPOý.Tlz 19~308.159375 FT--E, x 4'64.53393 Fl"LfB/SEC
(PFAQ)z -314'>1.87151;9 FT-LBs a -923.504d76 FT"LB/SEC

.~~T'1WLOVJ V~lT FONT)+ 4.33~593 FT/SEC
- o3.370605 FT/SEC

m3YTMIJM -Cf-C)Sr VIELnCTTY (RE~AP)+ 4.1699P FT/SeC

- ml.4q4t'4 FT/SEC
M-AYTMUMM 6JHF9L ACUCFLRATICOhI (FPCINT): 194477026 FT/SFC**2

(PEAiR)c 26P,716,16 FT/8EC**2

I PRF) VFI4ICLF

CArULv.ATEf, MBSc 38,P77 INvCHES
AASnR8FrP POWEfR* __14,~40801 WATTS
r.44PF'P ýNFPr.Y (FPruN'T)c 339,r,.6402 FT..LF r P41.69532 FlwL$B/SEC

WR -3PP3.39843 FTLP -93949914 FjTmLs/SFC
.lT~u~fSLiVFLflCTTY --FPONT)*. 4,08447 FT/SEC

-3.66699 FT/8Ft

!A T V ' CLOSING VELOCITY CPFAQ)+ s 5.75683 FT/SFC
Je31 FT/SEC

MA Y I IJ P NF F ArrFl.FPkhTI(,, (FPnK-1r 207,34S564 FT/SEC**P
(PEAFRie 264i.P6b717 FT/SFC**2.



OPTIMAL DAMPING



RUKI Tr)~* TERRA" ;Ni; 1 OPT TFOP.M VELN ll.I'l00 MPH
OVER 20310A~ FfET'OF TERRAIN! IN 1.6 $ECtONDS

EMPTY V~wXCLF

- AS~..OIt ~ ..-. ý.&4.7 _-W&TT$.-. ---

rJAtPER NRQ RN. 33007'#81210 FPTLP x 32 4 .7 -94-4 3 F .T -LB IS -EC

X ZKJ AM-C)DMI 26416.0'1562 PFT-LB *259,93164 FTwLS/SEC
- --- -.!.A~44M.C4I~5 -R- ... ~ ... 03S i F T-/$C.--....

AR) -84~$7475,4 FT/SEC
NAM~3 N $0orr ffAU - 29882, FT/;SFC

MAW I~ M-- UM W. H. -J 2~ -' 27 3--F T /SE t

MATMM ~a. CCfLfIATION tFRONT)a 268,11596 FT/SEC**2--
(REAR)" 297o27396 FT/SEC**p

LflAr)Er) VEHICLE:

C'LVIUCIAlQE'D 04605 !NCESL
..i.#,9 2A E~~~. .A WATTS -. -

!0AMPPR FNerpaV ORON1)m 32ý177,73437- FT*LB 0 316.62652 FlmL8/SFC
CARm 28'027.34375 FTL.8 v 275,78898 FjwLq/SEC

MAXIMUM WHEEL ýCO#LERATJON (FRONTIVw 268og90136 FT/SEC**2
(REAR)p 332.02795 FT/$EC**p

-J -- --.. ~ - - -



""NJ wTF~RA 2N! 1, D OPT 2,~ VELP 2000 MPH
0,YF R 08*1'Q FýFt o TERWAXN TKI 06,545 SECONDS

1 t933 !NCHNS

.Or)AmPEO ýNF~GY`,(FPrIT)w 3i198.V0161 FT La 331aOt513 FTwLBiSEC
(PR s)u 2. 9 FT.L6 i 271,158923 FTwsL8/SEC

m~~ m. N 'V?~ L PlT A , T/PC

3.1 54 Pt T/89C *

. . .. . M 81 .6F, LB F¶./SeC-.-

Ap A -EL

~~tD O-~# :iff~, ~ -------- .----- 77 ----



RUN, 11, -- w' E5AI-WTo OPT TF4%2,M VELu 9P0 MPH
OVER 2031 0.0 'FfET:ý OF TERRA I S!IN '10)1626- $ECONDS

E14PTY V~rH!CLEF

040 1LATHES
-~~~~~E r~~~~~~. ..0~ .............4 -.---. 4 -.

flAMPER E2NERGY fFRONT)o 33007'A81250 P1'-LD u 3P4.79443 FTwLB/SEC
(RtAR)m 26416.01562 FT-oLB a 259.93164 FT.LB/SEC

a '74065 FT/Sec.
A~~~~ ~ ~ M. -N LCT AA) 6,29882 PT/SEEC

f4AXMLM.WHtFL. CCýLIERATION CFRONT)o 268,11596 FT/SEC**2
I(REAR) a 297027398 FT/S5C**?

LIAt)ED VERICLE:

flAMPR rNEfY 3FQ') 21177'73437 FTwLB w316.6265? F'YimL/SFC
(R ARIP 28,27,34376 FT-LS 275,78898 Fl-LB/SEC

4.$1M1 O ~ ja~ .......... 4 07C

MAKTMtJM i'W H RPL ýCttLEIRA1ION (FRONT)w 260090¶.36 FT1/SEC**2
(REAR); 332,02795 FT/SEC**2

.. .. .. .. . '



wow 42 I OPT' 2.0 pf VELP 20,0000 MPH
ov FQ ~03 140'0 ~ET OF~ TERRAIN TIN 06,545 SECONDS

(f', =F

.MPT~v YvHmt LV

~93 3 INCHES

flAPE EGYCP~pt'T~ 31958.9)0781 FLB u331.i01513 FTpLBr'8EC
AP) P.M~.7032FTL 271.58923 Fts"LS/$.EC

iMiA X7,M U iJ 41 CCLEOA¶?ON 'CFRONT)s 277o54077 F1'/SEC**2
(R~ORw 1.5525 T/SEC**2

IA1 PIF tNEPY '(FpbNT)U 37SF%03 TwLO 320#24505 F'V.L9/SEC
273~81fl4Q6 !1~LB " 83947442 F~T~L#
7308 -LBI.... I

~~m. .~~5ý,l2 24, .JE

M'AXIMUM WKEU 1ACfFLtOAION "FRONI~a 9609227'FY/8~c**2
t (RA00 36,802001~ FT/3EC**2

1 717... . ...



ADAPTIVE FLUIDIC DAMPING



OVER 2631,00 ~FFT OF 1'ERRAIN IN 120,681 SECONDS

EMPTY VEHICLE

CALCULATFIn RM~v 11938 INCHES
-A.1SORSED -POWERoc .5,090 WATTS
DAMPER fNERG;Y (FRONT)a 31$$.761582 FTPL.8 a 264'020520 FT-LO/SiC

(PEAR)* 27',99057812 FY"L.$ it 226098181 FTPLBISEC
MAVTMIJM -CLOSIN(S VELOCITY CFOONT)+ 4,5779 FT/SEC

It -6o38671 FT/SEC
MATIMUJM C[OSTNt, VELOCITY (PEAR)* 4 56F549- FT/SEC

q- r. 03:974f30 FT/SEC
MAXIMUM, WHEEL ACMEERATION CFROT)a 201,06P46 FT/SEC**2

(REAR)a 232,87115 FT/SErC**2

LnA,0ED VIE41CLE

CAt COLATE0 RMSU 1,941 INCHES
ABSORBED POWE.Rf .--363447.e WATTS
OAMPEP FNERGY tPRONT)a 31127.P9298 FTPLB a 257,93309 FleLSISEC

(RtAR). 337A4O.P3437 FT"LS a 279058007 FT-LS/SEC
MAXIMUM CLOSING VtLOC.ITY (FRONT)+ A ,7778A3 FT/SEC

- a .6"11835 FT/SEC
MAXTVJUM CLnS!NG VELOCITY WRAR)+ ;,~84472 FT/SFC

o -5,51757 FT/$FC
MAXIMUM WHEEL, ACCEERATION (FRONT)a M*116061 FT/SEC**2

(REAR)m 293,44512 FT/SFC**2

138



IUWt)~~ TERRAIN inO Rolp TF*2,0 VELx 2900 MPH
OVER 2M1.99 7Ft 0?. T#RRAIN. IN 66.583 SECOND',

FEMPTY VEHICLE

CALriji-ATEO RM84 1 ,940 INCHES
~PO~POER ~ -- 9.001593 WATTS

D&MF r NERGY OROQNT)u 94,16 TL 443 67163 Fl"LB/SEC
29785.15625 F*-LB *447 33837 FTusLB/SEC

mAyytMjm C.LnStNG VELOCITY CFOONT34 8,38378 FT/SEC,
* -7.81474 FT/SEC

mAYIMUM CLOSTOt VELn3CTTY CRFAR)+ 8,.18359 FT/SEC
* - - **6#98242 FTYSEC

MAXIMUM WHEEýL iCCElEFRATl0N (ERONT).e 248,48099 FT/SEC**?
(REAR)* 373,94866 FT/SEC**2

LtOAt)Er VEHICLE,

CA~LCULATED) RMSP 1,938 INCHES
- A SflRBefl PQwErE -.5,W556 WATTS

DAMPFR ENF.RfY i(FRONT)v 29248.014687 FTwL8 v 439.27160 FlwLB/SEC
(RtARm 32373,04887 77-LB *4886.20544 FP148/SEC

'MAXIMUM C-LOSING VELOC'ITY fF.R0NT)+. 8,26,660 ýFT/SEC
-m -7,61474 FT/SEC

MAYTIMU rLO3STNf, VELOCITY (REAR)+ *7,08007 FT/SEC
- -7.16552 FT/S3EC

MAYXIMlUM VlHEEL ACrELERATION (FRnNT). 263,89447 FT/SEC**2
(REAR). 377oQ7367 FT/SFC**?
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OUN ~in TEORAIN TO RDIM TF*2.0 VFL. 3000 MPH~
11VER Pe31',Qg PeF.T OF TERRAIN TN 64,363 SECONDOS

ETYVEHICLE

CAtrLCULAT~r) RMSS 1,94 INCHES
ARORR~EO, OWER9 10633P39 PJATTS
PAMPER FNFRGY (FRONT)* P9174o$0468 FTLB v 453,28094 Fl"LB/6EC

!(REAR): 297 .i2RS2 FT-1..B 402.00518 FI"LR/SEC
MAXY'4UM CLnslNG VELOCITY (FONT)+ e,77920 FT/SEC

- -7.87597 FT/SEC
MAytmum cLnSTNG VFLnCTTY (REAR)+ 8,38867 FT/SEC

6. -7.08291. FT/SEC
MAXIMUJM WHEEL ACCELERATION (FRONT)a 268#90136 FT/SEC*e2

(PEAP). 389,55853 FT/SEC**2

jLOAfl)F VFHXCLE

CALCULATEf) RMSw 14936 INCHFS
ABJSf)RAD POWER# ~ 63~A WATTS
nAMPER FNERGY ý(FRONT). 98515ý.,2500 FT-LB a A43.03948 FY*LB/SEC

(REAR). 321,53.32M31 FT-LB 0 499.55737 F7"LB/SEC
MAYIP'U9M ci~tisiNG V ELOCITY (FRONT)* 8,54903 FT/SEC

1LSN VEOCT "RAR.,782M2 FT/SEC

MAYV!llm ujnl~ý VEOIY6R-R+94024 FT/SEC

' .111 . -7&41210 FT/SEC
MAXIM~UM WHEEL ,ACCEFLtRATION tFRONT)a 276,55902 FT/8EC**2

(REAR)$ 378,17022 FT/SEC**2



ADAPTIVE FLUIDIC DAMPING MOD I



OVER 2831.09 FEET OF TERRAIN TN 107.272 SECONDS

EMPTY VEHICLE

CALCULATED RMSO 1,934 INCHES
AtSORBED POWER! 6,90399 WATTS
DAMPEP-ENERGY (FRO)NT)8 33593,7500 TLB *31.82u FT*LB/.SFr

(REAR)* 28344.72656 FTwLB P264.23052 F'T"LB/SEC
MAXIMUM CLOSING VELOCITY (FRONT)+ Bo5.3494 FT/SEC

Uw-8*05410 FT/SEC4
MA)(TMUM CLOSING VELOCITY (REAP)+ 4?,48242 FT/SEC

0 a *3956201 FT/SEC
MAXTMUM WHFFL ACCEERATION (FRDNT)m 2791917767 FTISEC**P

(REAR); 215vM0I329 FT/SEC**2

LOADED VEHICLE

CALCULATED RMSx 1,935 INCHES
ABSORBED POWERP 3o92895 WATTS
DAMPER E-NERGY' FRONT~a 33406,09375 FTwLB, v 312.25177 FT*LB8/SEC

(REAP)m 33886,71875 FTwLB a 315'089318 FT-LBi8EC
MAXIMUM CLOSING VELnCITY (FRONT)u* 5,95947 FT/SEC

I -. .1- 1.. . 1- .p 5 -7pQ4921 FT/SEC
MAXIMUM CLOSING VELOCITY (REAR)* 5.403720i FT/SEC

0 a m!5.40J39 FT/SEC
MAXIMUM WHEEL ACCELERATION (FRONT). 259,8208 FT/SEC**2

(REAR). 281076232 FT/SEC**P



RUN ID --- TERRAIN ID MOD 1 2,0 VELP 1,80e0 MPH
OVER ?831.9Q FEETOF TERRAIN IN 101,628 SECONDS

.. FMPTY VEIY CLF.

SCALCULATED RMSo 1,935 INCHES
AOSORBED POWERo 1508465 WATTS
DAMPER.ENFRGY (FRONT)a - 33105.406875 FTaLR 0 325.75537 FT-LBISEC

(REAR)a 28637"69531 FTwLB a 2817,9278 FT-LB/SEC
MAXIfUN CLOSING VELOCITY (FRONT)* * 5,11230 FT/SEC

MAXIMUM CLOSING VELOCITY (REAR)+ u 4s93896 FTISEC
- .03,67919 FT/SEC

MAXIMUM WHEEL ACCELERATION (FRONT). 264,18896: FTISE.C**P
(REAR)m 212,45074 :FT/SEC**2

L)A-•EO VE4HICLE

CALCULATED RASM 1.036 INCHES
ABSORBED POWE.Pl : 154:64"ATTS
DAMPER ENERGY OFRt-NT4-0-- 3303-2656 FT-LB .- 325'03466 T-LB/SEC

ý(REAR); 33349069)937 FT-LB a 32815.771 FTPLB/SEC
MAXTMUM CLOSING VELOCITY (FRONT)+ a 4a90234 FT/SEC

S . -- -8,19335 FT/SEC
MAXIMUM CLOSING VELOCITY (REAR)+ 5'?6416'FT/SEC

.- P -5,41748 FT/SEC
MAXIMUM WHEEL 'ACCELERATION (FRONT) 2862o42181 FT/SEC**2

(REAR). 307*09149 FT/SEC**2

143



RUN TO-- TERRAIN TO MOD 1 2.Q¶ VFLw 27.5OO MPH
OVER 2831,9g FEET OF TERRAIN TN 70o214 SECONDS

FEMPTY -VifM!CLE

CALCULAT1ED RMSm t 939 INCHES
ABSORBED POWERý 6.0260 WATTS
DAMPER ENFPOY (FRONT). 2.861ý,28125 P'~.L8 407.151031 FTwL8stgC

(REAR)a 29907o~22656 FT-LB S4215'93865 FT-L8/SEC
MAXIMUM CLOSING VELOCITY (FRONT)+ a 7,61718 FT/SEC

a -.7*26874 FTISEC
M.AXIM'UM CLOSING VELOCITY (REqlAR)+ !ý 7P55126 PT/SEC

ACEERTON 4 X 05,40039 FT/SEC
MAXMUMWHEL AC~LRATON(FRONT)* 257070941 FT/SEC**2

CREAR)m 322.79949 FT/SEC.**

LOADED -VEHICLI!

CALCULATED Omsp 1.93@ INCHES
ABSORBED POWgRo Bo65496 WATTS
DAMPER ENERGY jRONT-),* 20540s$13006 FT-LB a 406o46722 FTeLB/SFC

(REAR10 $1109.08281 FTwLB m 471.83575 FToLO/SEC
MAXIMUM CLOSING VELOCITY (FRONT)+ 7o68798 FT/SEC

- a w7oga$67 FT/-SEC
MAXIMUM CLOSING VELOCITfY (REAR)* *6'05293 FT/SEC

- a *SP34521 PT/SEC
MAXIMUIM WHEEL 4CCELiElAt.ION (fRONKT)u gs;.18896 PT/SEC**2

(REAR)m 336,54400 FT/3EC**2



RUN ID *-- TERRAIN ID MOO I 20• VELs 2g,000 MPH
OVER 2831,.9 FEET OF TERRAIN IN 66.583 SECONDS

EMPTY VEHICLE

CALCULATED RMSa 1,931 INCHES
ABSORBED POWERi 8.52184 WATTS
DAMPER ENERGY- CFRONT)a 2822#,85625 FT-LB 42.3,87145 FT-LB/SEC

(REAR)a 30664'06250 FT-LB u 460,53851 FToLB/SEC
MAXIMUM CLOSING VELOCITY (FRONT)# x S,05664 FT/SEC

.. . . .... . . 7*.42919 FT/SEC
MAXIMUM CLOSING VELOCITY (REAR)* ; 7,86376 FT/SEC

a o 6#,30371 FT/SEC
MAXIMUM WHEEL ACCELERATION (FRONT); 262*42181 FT/MEC**2

(REAR). 364,62207 FT/SEC**2

LOADED VEHICLE

CALCULATED RMS; 1,933 INCHES
ABSORBED POWERx 6.11535 WATTS
DAMPER ENERGY .(FRONT)!;w.. 28198p24218 FTaLB . 423.50476 FTmLBiSEC

(REAR). 33715.82031 FTwLB 0 506.37237 FI*LB/StC
MAXIMUM CLOSING VELOCITY (FRONT)+ * 7,94189 FT/SEC

11 -......... ... . .. -... - .. u ... . ' 7 ,38 7-6 9 FT /SE C

MAXIMUM CLOSING VELOCITY (REAR)# x 6,78025 FT/SEC
a a -6,76513 FT/SEC

MAXIMUM WHEEL ACCELERATION (FRONT)a 276,75537 FT/SEC**2
(REAR). 364o32751 FT/SEC**2

145



ADAPTIVE FLUibIC DAMPING 00b I1



RUN IT O-- TEPRAIN ID MOD 1I 2•0 VEL8 17,O00 MPH
OVER 2831.99 FFET OF TERRAIN IN 113,582 SECONDS

... MPTY VEHICLE

"CALCULATED RM$% 1,922 INCHES
ABSwRaED PoWEpm 5.88763 WATTS
.. AMPER ENERGY (FRONT)m -3286163P012 FTwLB 6 286931585 FT-LB/SEC

tREARIP 27343,75000 FT-LB .240.73831 FT-LB/SEC
MAXIMUM CLOSING VELOCITY (FRONT)I 69,1132 FT/SEC

. . .. '7.73925 FT/SEC
MAXIMUM CLOSING VELOCITY (REAR)* 4414550 FT/SEC

-3,64013 FT/tEC
MAXIMUM WHEEL ACCELERATION tFRONT)a 242.19778 FTISEC**2

(REAR)m 178oe28985 FT/SEC**2

LOA"ED VEHICLE
a

CALCULATED RM084 1933 INCHES
ABSORBED POWERO 3,85498 WATTS
DAMPER ENERGY (FRONT),* 32812080000 FT-LB * 288,88B58 FT-LB/SEC

(REARSm 33911.13281 FT-LB a 298,55847 FT-LB/SEC
MAXIMUM CLOSING VELOCITY (FRONT)* * 6o45019 FT/SEC

a . . .7,63183 FT/SEC
MAXIMUM CLOSINS VELOCITY (REAR)+ * 5'64453 FT/SEC

a o5,31982 FT/SEC
4A•IMUM WHEEL•ACCELERATION (FRONT)p 294376858 FT/SEC**2

(REAR). •29923748 FT/SEC**2
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RUN TO --- TERRAIN ID MOa II 2., VELm 18,000 MPH
OVER 2831.99 FfET OF TERRAIN IN IM7.272 SECONDS

.. MPTY VOHICLE

CALCULATED RMSU 109 21 INCHES
A6SORBEO POWORý 6,23504 WATTS
OAMPkR ENER¥Y (FRONIo 338691t40625 FT-LB 314,07244 FT-LB/SEC

I (REAR). 28320*312$5 FT-LB w 264,00292 FTlLB/SEC
MAXIMUM CLOSING VELOCITY (PRONT)+ s 5,96679 FT/SEC

o a -8-*56564 FT/SEC
MAXIMUM CLOSING VELOCITY (REAR)# * 4WIP012 FT/SEC

* = -3056933 FT/SEC
MAXIMUM WHEEL ACCELERATION (FRONT)* 270#07946 FT/SEC**2

(REAR)w 214,s6159 FT/SEC**P

LOADEO, VHICLE-.

CALCULATED RMS* 1,935 INCHES
ABSORSED POWERS 4,18240 WATTS
DAMPER ENFRGY CFRONT)ý. 33402.Ao156 FT-LB 0 311o56896 FT-LB/SEC

(REAR)a 30813647656 FT-LB a 315o21038 FT-LB/SEC
MAXIMUM CLOSING VELOCITY (FRONT)+ 0 5o98832 FT/SEC

a a -7-93457 FT/SEC
MAXIMUM CLOSING VELOCITY (REAR)+ a 5,55175 FT/SEC

a U1 -5.30029 FT/SEC
MAXIMUM WHEEL ACCELERATION (FRONT). 257,61126 FT/SEC**2

(REAR)m 286.27838 FT/SEC**2
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RUN 1D -t- TERRAIN ID MOO II 9.0 VELP 27,500 MPH
OVER 2831,g9 FEET OF TERRAIN IN 70,214 SECONDS

EMPTY VEHICLE

CALCULATED RMS 1,931 INCHES
ARSORBED POWERO 8 51678 WATTS

* DAMPER ENERGY (FRONT), 28344,72656 FT-LB 0 430,68554 FT-LB/SEC
(REAR)a 29833,98437 FT"LB a 424.89556 FT-LB/SEC

MAXIMUM CLOSING VELOCITY (FRONT)+ = 7,60742 FT/SEC
. 7,25097 FT/SEC

MAXIMUM CLOSING VELOCITY (REAR)+ s 7,57568 FT/SEC
i a uw5'34012 FT/SEC

MAXIMUM WHEEL ACCELERATION (FRONT)m 257*61126 FT/SEC**2
(REAR)v 32,618084 FT/SEC**2

LOADED VEHICLE

CALCULATED RMO 1.950 INCHES
ABSORBED POWERi 5,91070 WATTS
DAMPER ENERGY (FRONT). 28110,93750 FT-LB 8 408,940112 FT-LA/SEC

(REAR)o 33129.88281 FT-LB a 471.83575 Fl-LB/SEC
MAXIMUM CLOSING VELOCITY (FRONT)+ * 7v70507 FT/SEC

. * 47,22167 FT/SEC
MAXIMUM CLOSING VELOCITY (REAR)* 65,3564 FT/SEC

1 0 *6,d5263 FT/SEC
MAXIMUM WHEEL ACCELERATION (FRONT)m 262,42181 FT/SEC**2

(REAR): 338950750 FT/SEC**2
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RUN 70 TERRAIN TO MOD II 2,F VELm 29,000 MPH
OVER 2831,99 FEET OF TERRAIN IN 66,583 SECONDS

E--MPTY VEHICLE

CALCULATED RMSO 1,027 INCHES
ASSQR8ED PowERp 9,00900 WATTS
DAMPER ENERGY OFRONT)m 28271.48437 FTaLB P 424.,0470 Fo-LB/SEC

(REAR)$ 30761.71875 FTwLB 0 4.82900518 FITLB/SFC
MAWIMUM CLOSING VELOCITY (FRONT)+ 8o43554 FT/SECS.....• ; .. ... u -8,33007 FT/• C

MAXIMUM WHEEL ACCELERATION (FRONT)m 286#965157 FT/SEC**2
(REAR). 3,6010601 FT/SEC**2

LOAOED VEHICLE

CALCULATED RMSs 1,930 INCHES
AMSORBED POWERo $o36389 WATTS
0AMPU.ENRRP¥--4WT) .. 26173*82812 FT-L. -043.,13806 FT-LSB/SEC

(REAR). 33691.40625 FT-LB 506.00567 FToLB/SEC
MAXIMUM CLOSING VELOCITY (FRONT)* a 7.94433 FT/SEC

w. -7,36328 FT/SEC
"MAXIMUM CLOSING VELOCITY (REAR)* S 6,89208 FT/SEC

, U -6.O5312 FT/SEC
MAXIMUM WHEEL ACCELERATION (FRONT)a 271925756 FT/SEC**2

(REAR)p 361.77496 FT/SEC**2
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PUN TI --- TERRAIN In MOn I1B 2.0 VFL= 17.000 MPH
OVER 2831.99 FFET OF TERRAIN IN 113.582 SECONOS

EMPTY VEHICLE

"CALCUILATED RMS3 1*934 INCHES
ARSORBEO POWE~p 5,15323 WATTS
DAMPER ENERGY (FRONT)w S0690.A2988 FT'LR x 287.81121 FT'L-BSPC

(REAR)* t7441.40625 FT-LB 8 241.59808 FT.Ls/stE
MAXIMUM CLOSING VELOCITY (PRONT) 695 3320 Ft/SEC

-7.71726 FTl8FC
MAXIMUM CLOSING VELOCITY (REMAP) v 3oO64O FTStEC

al x *3*83261 PT/SiE
MAXIMUM WHEEL ACCELERATION (FRONT)* 241*00395 FT/SSC**2

(REAR)a 196.15371 FT/SEC**P

LOADED VEHICLE

CALCULATED RMS 14.920 INCHES
ABSORBED POWERm 3o#2134 WATTS
DAMPER ENERGY (FRONT). 39470.70312 FlwLB 9 28,.87670 FTmLBiSEC

(REAR). 33649.67812 FT.LB 0 296.19469 FI*LB/SEC
MAXIMUM CLOSING VELOCITY (FRONTW) 0 0,41113 FT/SEC

a .... 7.0742 FT/SEC
.MAXIMUM CLOSINOG VELOCITY WRAR)+ 5,09927 PT/SEC

I I .5,a*07812 PTtE
-MAXIMUM WHEEL ACCELERATION (FRONT)a 252s.128-FYT/$EC**2

(REAR) 271s,65606 FT/SEC**2
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-RUN ID --- TERRAIN ID MOD 118 2.0 VELs 18,000,MPH
OVER 2831,99 FEET OF TERRAIN IN 107.272 SECONDS

EMPTY VEHICLE

CALCJLATED RMS* 1•934 INCHES
ABSORBED POWER* 0.08410 WATTS
DAMPER LNERGY (FRONT)* . 33398.43750 FT-LB 4 311,34143 FT-LB/SEC

(REAR)o 28320.31250 FT-LB 6A,00292 FT-LB/SEC
MAXIMUM CLOSING VELOCITY (FRONT). u 5,93994 FT/SEC

kAWHJ, L -I -N.7 1 . = -- . - -o8,01269-FT/SEC
MAXIMUM CLOSING VELOCITY (REAR)+'. 49960 FT/SEC
MAXIMUM WHEEL ACCELERAYION (FRONT)* .27322106 FT/SEC**P

(REAR)@ 214.21789 FT/SEC**2

LOADED VEHICLE

CALCULATED RM8P 10922 INCHES
ABSORBED POWER$ 4,089209 WATTS
DAMPER ENERGY (FRONT). 33422,85156 FT-LB a 311,56896 FT-LB/SEC

(REAR)w 34057.61718 FT-LB 8 317,48632 FTmLB/SFC
MAXIMUM CLOSINC VELOCITY (FRONT). + 5*94726 FT/SEC

S .. .I -7g91992 FT/SEC
MAXIMUM.CLOSING VELOCITY (REAR)+ S 5.54931 FT/SEC

w-507109 FT/SEC
MAXIMUM WHEEL ACCELERATION (FRONT). 254.76419 FT/SEC**2

(REAR)= 276,06817 FT/SEC**2
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RUN TO.- TERRAIN 10 MOO 118 2.,o VFLv 2795001 MPH
OVER 2831,90 FEET OF TERRAIN IN 70s214 SECONDS

fMPTY VEHICLE

CALCULATED RMSU .1928 INCHES
ABSORBED POWER.* Sq17667 WATTS
OAMPER ENERGY -(FRONT)a 98173,02S12 P¶.wLB 0 A91,25164 FTm-LB/SEFC

(REAR). 29907.22656 FT-LB a 425$.93865 FT-LB/SFC
MAXIMUM CLOSING VELOCITY (FRONT)+ a 7o55ý59 FT/SEC

a w 7*25341 FT/&EFC
MAXIMUM CLOSING VELOCITY (REAR). 7#46337 FT/SEC

- *5,33203 FT/SEC
-MAXIMUM WHEEL;ACCELERATION (FRONT); 261404736 FTi8EC**2

(REAR)a 325s35P205 FT/SEC**2

LOADED ,VE4HCL9

CALCULATED R:MOR .1931 INCHES
ARSORSED POWER' 5,Y1227 WATTS

* DAMPER ENtRGY; CFR-ONTýA- 28309' 14FJ62 PT&LB a .404.'0326 Fwt.8lSEC
CREAR). 33251:95312 PT-LB a 473#57427 FT-L8/SEC

MAXIMUM CLOSING VELOCITY (FRONT3. a 7o67089 PT/SEC
-- .. '-- . - . .0 a7 S S PT/SEC

,MAXIMUM CLOSINO VELOCITY (REAR)+ 6060400 FT/S EC
0 * 6*5625A F.T/SEC

M AX-IMUM KHEELýAtltlELERATION :(FRONT)* 262o6ilifi FTISEC**2
CREAR)u 333*50054 FT/SEC**2
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RUN ID wo TERRAIN ID MOD IIB 2,0 VELx 29.0000 MPH.
OVER 2831,99 FEET OF TFRRAIN IN 66.583 SECONDS

EMPTY VEHICLE

CALCULATeD RMic 1,933 INCHES
ABSOR:BED POWER*u 8,88146 WATTS
C)AMPER ENFROY (CFRONT)m 28222.65625 FT-LB a .424.87145 FTwLB/SEC

(REAR)* 30859.37500 FT-LB a 463.47186 FTPLB/SEC
MAXIMUM CLOSING VELOCITY CFRONTI+ m 8.01269 FT/SEC

a ý4*41099 FT/SEC
MAXIMUM CLOSIN4G VELOCITY (REAR)# 7a90283 FT/SEC

- P ..6p28682 FT/SEC
MAXIMUM WHEELIACCELERATION (FRONT)* 259o28021 FT/SEC**2

(REAR~m W63,5126 PT/8EC**2

LOADED VEHICLE

CALCULATED RMSO 1,929 INCHES
'ABSORBED POWFAX Go04465 WATTS
DAMPER FNERroY (FRONT~lk 28173.82812 FT-LB a .423.13806 FT.,LS/SEC

(REAR)* 33886.71875 FT-LB 0 .508'.939038 PT-LB/SEC
MAXIMUM CLOSING VELOCITY (FRONT)+ a 7t90527 FT/SEC

- - a 7.40234 FT/-SFC
MAXIMUM CLOSING VELOCITY (RFAR)+ 6:084814 FT/SEC

* a -690185FT/SEC
MAXIMUM WHFFL!ACCELERATION (FRONT)x .278,32617 FYISEC**2

(REAR)* 362975671 FT/SEC**2
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RUN Tr )- TERRAIN IO MOD HIT 2.0 VEL 15.0910 MPH
OVER 2831.99 FEET OF TERRAIN IN 126.727 SECONDS

EMPTY VEHICLE

CALCULATED RMSO 1*880 INCHES
ABSORBED POWERF 5.77899 WATTS

- AMPER ENERGY (FRONT)m 20312.5000 FT-LB 8 15747948g FT-LB/SEC
(REAR)* 17700.19531 FT-LB 9 17.50155 FTlLB/SEC

MAXIMUM CLOSING"VELOCITY (FRONT)÷+=- .4,43847 FTtSEC

MAX•'MUM CLOSING VELOCITY (REAR)# m 5067l28 FTISEC
. . -3,43261 FT/SEC

MAXIMLJM WHEEL AC-CELERATION (FRONT)v l69,g4@97 FT/SEC**2
(REAR)* 207.73834 FT/SEC**2

LOADED VEHICLE

CALCULATED RMOv 10079 INCHES
ABSORBED POWERm 3,24676 WATTS
DAMPER ENERGY (FRONT)s .2012.,5000 FT-LB . 157,79409 FT-LB/SEC

(REAR)* 25390.62500 FT-LB i 197.24359 Ft-LBISEC
MAXIMUM CLOSING VELOCITY (FRONT)o a 4,43359 FTISEC

... .. -. -5,43a57 FT/SEC
MAXIMUM CLOSING VELOCITY (REAR)+ 6 6,03515 FT/SEC

- = -5,22096 FT/SEC
MAXIMUM WHEEL ACCELERATION (FRONT). 167,38842 VT/SE.**2

(REAR)a 261.73461 FT/SEC**2
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RUN I M-n TERRAIN TO MOD I1! 2.0 VELt 16,000 MPH
OVER 2831.90 FEET OF TERRAIN TN 120,681 SECONDS

-. MPTY VWHILE

CALCULATEO 0MSW 1*873 INCHES
ASSORRED POWERN 6,20898 WATTS
DAMPER ENERGY (FRONT)s 23437,*50 FT-LB 4 94-,20904 FT"-LB/SEC

(REAR). 19238.28125 FT-LB 159s41323 Fl-LB/StC
MAXIMUM CLOSING VELOCITY (FRONT)+ 44,8730 FT/SEC

...- - 6,01074 FT/EE.C
MAXIMUM CLOSING VELOCITY (REAR)# u 5.74951 FT/SEC

U -3•,66699 FT/SEC
MAXIMUM WHFEL ,ACCELERATION (FRO;T•= 191,93218 FT/SEC**2

(REAR)$ 217.55584 FT/SEC**2

LOMAnF VEHICLE

CALCULATED RMS 1,,972 INCHES
ASSORBEo POWERs 3,7t115 WATTS
DAMPER ENERGY'(FRONT)a R2063163503 FT-LB 1 187.53311 FT-LB/SEC

(REAR)m 273t19,33593 FT-LB 226,37490 FT-LB/SEC
MAXIMUM CLOSING VELOCITY (FRONT), 0 4042382 FT/SEC

-,U -5o97900 FT/SEC
MAXIMUM CLOSING VELOCITY (REAR)* l 6 p5 2 0 9 9 FT/SEC

- =-5,36621 FT/SEC
MAXIMUM WHEEL ACCELERATION (FRONT)* g93,s5299 FT/SEC**2

(REAR). 265,95611 FT/SEC**P
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PUN IT O- TERRAIN IO MOO III 2. VELm 26.00 MPH
OVER 2831.9 FFET OF TERRAIN IN 74,205 SECONDS

-EMPTY VEHICLE

"CALCULATED RMSP 1,912 INCHES
ABSORWBE POWERs 9054052 WATTS
DAMPER FNERGY (FRONT)o 26684.'7•3! PT-LB 5 ... -1.2Q7 PT--LS/SEC

(REAR)a 24145,00781 OT-LB 325t12316 FIPLBISEC
MAXIMUM CLOSING VELOCITY CFRONT;* 0 6,97753 FT/SEC

. .. 6462 FT/SEC
MAXIMUM CLOSING VELOCITY CREAR)#* 89,90292 FT/SEC

... -4,70562 FTiSEC
MAXIMUM WHEEL ACCELERATION tFRONT) • 238.66348 FT/SEC**P

(REAR)w 326,72650 FT/SEC**2

LOADE. VEHICLE

CALCULATED RMSw 1.913 INCHES
ABSORBED pOwsER 58B0688 WATTS
DAMPER ENERGY 6FRONT). . .883.59375 fTLB -a 345,83374 FToLB/SEC

(REAR)* 28013.28125 FTwLB 0 385.28247 FT-LB/8EC
MAXIMUM CLOSING VELOCITY (FRONT). a 7,29960 FT/SEC

.- .. 6.. 4111.3 FT4$EC-
MAXIMUM CL.OSING VELOCITY (REAR)+ s 7.02636 FT/SEC

-P -6.12792 FT/SEC
MAXIMUM WHEEL ACCELERATION (FRONT). 235,91458 FT/SEC**P

(REAR)m 344,79071 FT/SEC**P
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RUN TD Tm 1ERRAIN TO MOD 1111 9* yELP '2#0 MPH
OVER 2831099 FEET OF TERRAIN IN 71,510 SECONDS

EMpTY -V!HlCLE

CALCULATED RMSP 16910 INCHES
ABSORBED POWERP p910036 'WATTS
ýOAMPER ENERGY .(FRONT)P 174toj.33593 FTL0;Se.769 FT"L9M8C

MREAMO 266.00 FTPPLB w 71.42486 FTwLBi§EC
MAXIMUM CLOSING VELOCITY (FRONT)+ 7o32421 FT/SEC

.,~~ - 1.ý I- , -r.000748MI FT/SFC
MAXIMUM CLOSINO VELOCITY (RfAR)# ; 8,17syý FT/SEC

~ 05;P0906 FT/SEC
MAXIMUM WHEELIACCELERATION (FRONT) 234g73040 FT/SEC**2

(REAR)o 339m08560 FT/SEC**2

LOADED -VEHICLE

CALCULATED, RMS! 40010 INCHES
ABSORBED P0.4S .i100WTT
OAORE' NEG (IFRONT).0 40099'40047 FTLS w 37gp93524 FTwL~iSEC

(REARim 40200.19531 FT"LB P 492#29095 FTrL8/SFC
MAXIMUM CLOSING VELOCITY (FRONT),* m 848847 FT/SEC

....- v w7v44136 FT/SIC
MAXIMUMCLOSING VELOCITY (REAR),# P 7'020703 FT/SEC

MAXIMM WHEL ACELERTIONo§0652832 FTeSEC
MAXMU -HF4 t"LlATON (RONITIP 240,S289 FT/SEC**2

CREAR~a 3id,6G5093 FT/SEC**2
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