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2.0 ABSTRACT

This study shows that adaptive control of the jounce
damping characteristics of the first and last wheel of a tracked
vehicle can cause a significant improvement in performance.

This improvement resulted in an overall 30 percent reduction in
average pitching rate of the hull, as measured on the simulation
of the "ICV vehicle traversing the JEA bump course.

Jerification testing of the computer model with actual
performance data of the MICV vehicle showed good correlation of
peak amplitudes and hull resonance. This data also confirmed
that the actual dampers are working well below recommended levels.

A proposed method of mechanizing and testing the adaptive
control on an actual vehicle is presented along with system
schematics and preliminary performance specifications for the

critical components.



3.0 INTRODUCTION

3.1 Purpose

The primary purpose of this study was to investigate the

feasibility of using adaptive damping to improve the suspension
characteristics of a tracked vehicle. Secondary purposes were to
develop an analog computer model which could be used for more
complete evaluation by TACOM and to propose a method of mechaniza-
tion of the adaptive principle for actual hardware testing.

3.2 Yehicle and Terrain

The MICV vehicle running on the JEA bump course was selected
as a candidate vehicle and terrain., The primary reason was the
availability of test data of pitch and heave while traversing the
bump course as well as high speed movies showing detail motion of
the track, wheels, and hull. The suspension system has a dual
rate mechanical spring rate which is as soft as a hydropneumatic
system.

3.3 Adaptive Control

The adaptive control was achieved by switching the jounce
damping relief valve between two different relief pressure
points as a function of pitching rate of the hull. When the hull
was pitching up, the damping was reduced on the front wheels and
increased on the rear wheels. When the hull was pitching down
the process was reversed. A modification using the heave rate of
the hull was also tested by switching the damping control on the
summed signal of the pitch rate times a constant plus the

vertical heave velocity. The constant was determined by the



distance hetween the wheel and the center of gravity of the hull.
Careful consideration was given to the sign of the summation so
that a positive heave signal would tend to reduce the damping on
both the front and rear wheel and negative heave would increase
the damping on both the front and rear wheels. Other modifica-
tions investigated included the bi-level damping coh¥r01 in the
jounce direction, and full adaptive control on the first, second
and sixth wheel.

3.4 Describing Equations

Two sets of describing equations have been developed. The
first set assumes the availability of quite large analog or
digital computer capabilities. The second set is less complete
and tailored around the limitations of a modestly sized analog
computer.

The major improvement of these describing equations over
previous simulations is that the ground force is considered to
act on the wheel at right angles to the local slope of the
grourii profile. Previous studies were done with the ground force
acting vertically up regardless of the slope of the bump.

The effects of the track have also been included for the
first time. This effect has been found to have a major impact
on the dynamic behavior of the hull primarily due to an apparent
change of stiffness of the suspension system due to the track.

A difference of almost 2:1 in pitching frequency of the hull

has been measured with and without the track.



3%'5 Computer Model

The analog computer model differs from previous models
principally because of the use of the direction of the ground
force vector acting to rotate the hdil. The previous studies
treated the ground force vector as a vertical force only. Thus
the torque to the hull was essentially proportional to the
ground force, In actual practice the torque is a function of
both the magnitude and the direction of the ground force. The
other major difference is the inclusion of the track and track
tensioning device.

A Systron Donner Model 80H analog computer was used for
the simulation. One hundred and four internal amplifiers were
supplemented with an additional forty-two external amplifiers for

the sinmulation.

3.6 Proposed Mechanization
An existing tracked vehicle already equipped with hydro-

pneumatic suspension has been selected as ideally suited for the
mechanization of adaptive damping; main reasons were the degree
of improvement to be expected, the ease and cost of rework, and
the applicability of the results.

The sujgested design of the test hardware will result in
a system with adaptive damping on the two front and two rear
wheels with hull pitch, heave and roll sensors combining signals
to cause switching of the damping solenoids. This system is
flexible enough so that all combinations of sensors and switching

solenoids can be used or deleted for system evaluation.



Hardware testing is expected to be done with emphasis

placed on the quality of the ride and the life expectancy of the

dampers.

4.0 DISCUSSION

4.1 Computer Simulation
4.1.1 Candidate Terrain

In the early phases of the study, a number of candidate
terrains were considered. Availability, comparative test data,
and ease of implementation were the controlling factors effecting
the choice. By mutual agreement with the cognizant TACOM
engineers, it was decided to use the JEA bump course for the NWL
studies to be followed by a final evaluation by TACOM using the
number 12 rocky Fort Knox course from RRCY.

The JEA bump course is an existing terrain simulation which
NWL has used in past simulations and for which comparative
performance data on the MICV vehicle has been taken. The detail:
of the obstacles and course are shown cn Figure 26. Use of this
course gives a data base from which relative comparisons can

be made.

4.1.2 System Equations
The describing equations used to simulate the system are

included in Appendix "A" of this report.
The basic philosophy has been to simulate only one side of
the hull, neglecting all roll characteristics. This simplifies

the problem to three degrees of freedom.



A unique feature of this simulation as opposed to previous
studies, was that the vector direction of the ground force with
respect to the center of gravity of the hull has been considered.
This causes a difference in pitching motion on the hull which is
quite significant. The difference between the spring torque on
the road arm and the corresponding ground reaction component
due to road arm angle has also been considered.

The effects of track tension and track inertia on the
performance characteristics have been included. A discyssion
of the simulation is included in Appendix "A".

4.1.3 One Wheel Study

The physical limitation of the size of the computer
required some simplifications of the describing functions for
the system. To select which parameters could be simplified
without affecting final results, a single wheel of the suspension
system was simulated. The simulation was initially made without
regard to usage of computer components but rather to give the
best mathmatical model that was achievable. This mocel was then
used as a comparison against various simplifications cto determine
the best model that could be made.

The major result of this study was that the centripetal
force and tangential acceleration force vectors could be modeled
quite closely by a single acceleration acting at a fixed radius
‘rom the center of gravity of the hull. This distance roughly
corresponds to the nominal steady state distance between the center

of gravity of the hull and the centerline of the wheel.
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4.1.4 Computer Equations

The original system equations were simplified to accommodate
the availabhle computer. These equations along with the detailed
computer simulation diagrams are included in Appendix "B" of
this report.

By careful selection of variables, the horizontal motion
was removed from the equations of motion. This reduced the
system to only two degrees of freedom. These were rotation and
vertical motion.

The ground profile was built into an electrical circuit as
a separate ground profile generator. Twelve separate leads
were used to genarate the magnitude and slope for each of the six
wheels so that the proper sequencing of each bump under each of
the six wheels could be properly simulated.

4,1.5 Verification of Model

The computer model was set up to simulate the physical
characteristics of the MICV vehicle. This model was then run
across the JEA bump course and the results compared with actual
test data from the vehicle. The results may be seen by comparing
Figures 9.0, 9.1 and 8.0. It appears that the actual 15 mph
test run falls between the 10 mph and 15 mph computer runs.

The damping pressure had to be reduced to a 600 psi relief
pressure bhefore the computer runs began to have the ampli‘ude
and acceleration magnitudes of the actual test data. This

reduction in pressure level is substantiated by other test data



which indicates that the actual damping pressure was considerably
lower than the design level or the damping level demonstrated in
bench testing.

The performance of the simulation is felt to be a good
match with the actual performance of the vehicle.

The hase line system established by this comparison is
summarized in Fiqures 1 and 2. The 5, 10, 15, 20, 25, 30 and
35 mph speed runs are shown in Figures 7.0, 8.0, 9.1, 10.0,
11.0, 12.0 and 13.0.

4.1.6 Performance Factor

An average pitch rate of the hull over the bump course has
been selected as a comparative performance factor for use of
these studies for the following reasons:

a) It is very simple to generate.

b) Pitch rate is the single most sensitive source of i.iput

disturbance to the vehicle.

c) An actual gunner ignores sharp peaks in pitch rate.

Time on target is more a function of average pitch rate.

d) In general a suspension system that reduces pitching

will allow a man to perform his tasks more accurately,

allowing the gun stabilization system to realize its f' il

potential.

Figures 1 and 2 show this performance factor plotted against

speed for the different configurations.
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4.1.7 Improved Non-Adaptive System

The suspension system was optimized relative to the selected
performanre factor prior to incorporating the adaptive damping
system. The results are summarized in Figures 1 and 2. The
detail computer traces are shown in Figures 7.2, 8.2, 9.3,

10.2, 11.2, 12.2 and 13.2. These studies indicate a considerable
improvement in pitch rate if the damping pressure relief point

is increased to 1200 psi from the apparent present value of 600 psi,
and an orifice is included for increased rebound damping. The
relative improvement due to increasing the jounce damping and
rebound damping is shown in Figure 2.

The average velocity was reduced to .54 of the base line
system with more improvement in high speed operation than low
speed.

4,1.8 Adaptive Damping

Incorporation of adaptive damping control shows an overall
average of 30% improvement over an optimized system without
adaptive damping. This is summarized in Figure 1. Detail
performance curves are shown in Figures 7.3, 8.3, 9.4, 10.3,
11.3, 12.3, and )3.3. Figure 1 shows a tendency for more
improvement a%¢ the low speed runs than at the higher speeds.
4.1.8.1 The mechanizition of the adaptive damping control was
to switch levels of the jounce damping relief valve between high
damping and low damping based on the sign of the pitch rate of
the hull. The ki-level damping curve is shown in Pigure 6.
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Figure 4 shows the damping curve for the base line system and
Figqure 5 shows the damping curve for the optimized system without
adaptive control.

4.1.8.2 An investigation showed that switching the level of
rebound damping rather than jounce damping was less effective.
The results are better than simple jounce damping at the same
level but not as good as adaptive jounce damping. No data is
included.

4.1.8.3 Pitch rate control plus heave velocity of the hull

is shown in Figure 1. The data shows a very slight improvement
in average pitch rate between 15 and 25 mph, and a slight loss
of performance above 25 mph.

The overall effect seems to be little difference in per-
formance between having the additional heave velocity signal and
not having it. It should be pointed out however that this
particular terrain does not stimulate the vertical resonance
frequency of the hull and that perhaps under these admittedly
special conditions, the heave signal could show a tremendous
improvement.

The detail performance difference between the pitch rate
adaptive and the pitch rate plus heave rate adaptive control
can be seen by comparing Figures 7.3, 8.3, 9.4, 10.3, 11.3,
12,3, and 13.3 with 7.4, 8.4, 9.5, 10.4, 11.4, 12.4, and 13.4.
4.1.9 Sensitivity Study

A sensitivity study was made to determine the effects on the
suspension system of variations in the road arm angle and spring

rate. To some degree the two parameters are related siiice the
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apparent vertical stiffness of the suspension is proportional

to the torsional stiffness and inversly proportional to the
cosine of the road arm angle. The main difference between the
two parameters is that the torsional stiffness controls the

total energy stored in the suspension system or the peak force at
the jounce bump stop, while the road arm angle controls the shape
of the energy curve, making it initially stiff, then softer as
the road arm angle swings through zero degrees; then stiffer as
the road arm swings up tc the jounce stop.

4.1.9.1 The effects of suspension stiffness were studied for
750, 900, 1100, and 2000 in-1lb/deg stiffness. The base line is
1000 in-1lb/deg. Any rate less than 750 caused the wheel to
toggle over to the rebound stop due to the 44° road arm angle
yielding a bigger change in effective ground force than the
corresponding change in force from the spring.

The results show the improvement in ride that can be
achieved with a softer suspension. As may be expected, the
softer spring yields a lower disturbance to the hull. The
improvement however becomes less and less as the hull speed is
increased until, at 30 mph there is almost no dAifference between
a 750 in-1b/deg suspension and a 2000 in-1b/deg suspension.
Detail performance curves are shown in groups of four from
Figure 14.1 through Figure 19.4.
4.1.9.2 The effects of road arm angle were studied for 39°, 44°,
and 49°. This is the angle with respect to the hull waterline and

represents the static position of the road arms with the hull



12

on level ground and at rest. The 44° angle is the base line
system.

The results show that the more rearly horizontal case (30°)
results in less heave and pitch velocity but a greater total
pitch angle up to a speed of about 20 mph. Above 20 mph the
differences in ride are inconclusive.

The steeper angles had higher pitch and heave acceleration
and velocity peaks, but less total pitch angle. The ride appeared
to be rougher.

The performance curves for these cases are shown in groups
of three from Figure 20.1 through 25.3.

4,1.10 Track Tension

The track tension equations are developed in detail as
part of Appendix "A" and "B".

Track tension had the effect of quadrupling the effective
stiffness of the suspension system. With the suspension damping
set to a very low value, the system vias excited and allowed to
ring down. With the track tension activated, the pitch resonant
frequency was measured at 1.4 Hz. With the track tension effects
removed, this frequency dropped to .70 liz. Because of this
tremendous difference in apparent track tension, the behavior
of the vehicle across the bump course was drastically different
with and without the effects of track tension.

All evaluation data was taken with the track tension active.

llad the data been evaluated without the track tension, the pitch
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amplitudes would bhe greatly reduced, the pitch rates would be
down, and there would be much poorer correlation between the
actual vehicle and the simulation. Sample runs were made but
the data is not included in this report.

4.2 Proposed Mechanization

In order to properly evaluate the proposed adaptive concept
design, certain background considerations must be kept in mind,
particularly in terms of the candidate test rig and suspension
components that are chosen.

The first point that should be made is that comparison of
vehicle performances both equipped with, and without the adaptive
damping control feature must be based on optimal configurations
of each. That is, if the existing vehicle damping characteristics
are not optimum for the basic and conventionally damped system,
two situations can occur. First, the adaptive system may
axhihit performance advantages that exist only because the con-
ventional system is not optimum. Secondly, the adaptive system
may not be able to achieve the maximum performance improvement of
which it may he capable. 1Implicit in these two statements is
the fact that previous work has shown that best performance of
the adaptive system is achieved when it is incorporated into the
optimum conventional system,

The theoretical work also confirm:d the validity of the
basic rationale for the adaptive system. When a moving vehicle
encounters ground disturbances, nonlinear periodic motions of the

suspended mass result. The suspension system must damp out these



notions by the generation of velocity-dependent forces. 1In a
conventional system, these forces are also generated when an
undisturbed hull traverses the ground disturbance. The sus-
pension damping thus not only removes disturbances in the hull, but
contributes to the source of those disturbances, when it reacts

to the original ground disturbance. The adaptive concept
recognized this anomaly by postulating the following control
philosophy: the damping force should only exist when the local
hull velocity is in a direction opposite to the damping force.

As an example, consider a jounce damper on #1 wheel when it
encounters a bump. The upward motion of the wheel creates an
upward acting force on the hull due to the damper as well as the
winding up of the spring. This increased force causes increased
disturbance to the hull. After the bump has been traversed, the
damping action acts’to remove the periodic motion which is induced
in the hull because its force is now always in the opposite
direction to the hull motion. The adaptive function removes

the damping force when the bump is first encountered, but applies
it when the bump has been traversed.

These comments apply only when the suspension system can
swallow the ground disturbance. That is, when the ground
disturbance does not demand wheel travels greater than the sus-
pension capability. With large obstructions in particular, the
suspension system must generate forces large enough to move the

hull away from the obstruction, so that the wheel does not bottom
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out on the bhump stop. This situation demonstrates the desirability
of having an adaptive control system that can he switched out

under certain conditons. It also points to the main advantages of
an adaptive system, which are to smooth out the relatively small
disturbances in order to provide a better gun firing platform,
increase riding comfort, and reduce heating of the damping
mechanism.

With respect to the damper heating problem it should be
pointed out that reducing the damping force invariably increases
the heating effect. I!umerous tests, as well as sinulation pro-
grams have demonstrated this phenomenon. This has to do with
the resonance characteristics of the vehicle in pitch heave and
roll, With no damping at all, the hull motions become so secvere
that the suspension components are damaged. lowever, in this
case, the heating is zero. Increasing the damping from zero
results in a peak in the heating rate at very low damping levels.
The heating effect then drops continuously, again becoming zero
when infinite damping is reached. At some specific damping level,
the ride motion becomes less severe, and the heat dissipation
capability of the suspension is least exercised. With adaptive
damping added, the damping level could presumably be increased,
allowing for a rough but mobile characteristic over severe
terrain when the adaptive system disconnected.

The desirability of a high damping level also is a factor

when the suspension spring characteristics are optimized.
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For the hest ride, the spring rate must be as low as possible,
since it, too, induces disturbances to the hull. This is not
Aesirable when traversing severe terrain, however, but can be
nffset by having high damping levels.

Concept Desiqgn Goals

Previous work has indicated the feasibility and potential
advantages of an adaptive system. The concept design proposed
is intended to confirm these results by hardware testing and
ansver certain questions not answered by previous work. These
goals are summarized as follows:

1) TCLvaluate the adaptive system as initially conceived.

2) Subject the system to terrain and operating modes not covered
by previous work.

3) Fvaluate the use of heave velocity sensing.

4) Evaluate the use of roll velocity sensing.

5) Determine the cffect of adaptive damping on front wheels
only.

6) Evaluate “ail-safe feature.

7) Provide for recording of all dynamic quantities of interest.
8) Measure dynamic performance of sensors and solenoids.

9) Evaluate different levels of sensor switch bias offset.

10) Evaluate drive selection of damping mode.

11) Evaluate variable spring rate provision.

12) Evaluate damping levels.
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4.2.1 System Schematic

The proposed integrated adaptive suspension and control
system is shown schematically on 5-2850023, and Figures 28.0
and 29.0

It is proposed to rework the damping valve section of an
existing hydropneumatic systen to incorporate the solenoid valves
for bi-level damping control. This rework would be done on the
front and rear nnits of the suspension system. The addition of
two rate gyros for pitch and roll, one vertical rate gyro for
heave, and the associated electrical logic and switching console
completes the major portion of the adaptive system,

An additional solenoid is proposed to connect the hydraulic
side of the springs of the first and second units through a
manual selection switch. This allows for a manual selection of
wo different spring rates for the loading wheels. The system
is completed with the addition of electrical manual shut-off
switches which will allow the vehicle to be run with various
comhinations of front wliecel control only, front and rear wheel
control, pitch control with or without heave control, with or
without roll control, or no adaptive damping at all.

A conplete evaluation of the adaptive damping concept can
be made by electrically switching the system into the various
rmodes of operation with no mechanical changes to the system while

traversing the same terrain on the same day in the same vehicle.
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The proposed systen has been optimized for maximum inte-
gration, simplicity, flexibility, and ease of conversion.

The system integrates easily into existing hardware and
requires only the acquisition of a few additional parts all of
which, with the exception of the reworked damper valve and
special electrical logic package, are standard existing hardware
with proven performance characteristics.

The controlled damping is proposed to be added to both the
front and rear whecls. Computer studies indicate that the
system will work quite well on just the front wheels. Both front
and rear wheels however can be incorporated with very little
added effort and it is felt that under conditions not tested on
the computer, such as undulating terrain, that both front and
rear wheel control may be needed. The rear wheel adaptive damping
may be switched out for evaluation of the benefit derived by this
additional contrnl,

Pitch and roll rate sensors and a vertical accelerometer
make up the sensors for the system. Rate sensors have been
sclected on the basis of proven performance and system simplicity.
A solid state accelerometer is available which has the capability
of extending the life expectancy well above the 1000 hour level
of the rate sensor, but the electronic circuit would have to be
extended to include an inteqrator with proportional feedback to
offset the long term drift problem,and the physical mounting of
the accelerometer within the vehicle hull would become more

critical.
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The six solennids used by the system are all identical.
A conventional off-the-shelf type valve manufactured by VL
for a number of aircraft and ground vehicle applications is
being used. The high flow requirements of the spring rate
selector solenoids are accommodated by a pilot operated valve
which is driven by the solern>id valve.

Fail safe features are inherently included in this type of
system. The solenoid valves are of the normally closed type so
that with no electrical power, the system will automatically
revert to a conventional hydropneumatic suspension system.
(Reference Figure 27.0)

4,2.2 System Evaluation

Low amplitude switching of the solenoids could cause excess
wear to the components, reducing their operating life. This is
circumvented by the use of a small bias offset on the rate
detector and summing circuit. Thus, a discrete pitchinc rate
level must be reached before any switchina of the solenoids takes
place,

The rate signals from the pitch, roll and heave sensors are
summed with an adjustable weighting factor given to each signal.
The resulting signal will determine the solenoid position for
each of the four variable damping solenoids. Because of the
difference in sign 5f the summation and also to increase the
overall reliability, each solenoid will have its own summing

network.



20

The solennisl valve used for varying the effective spring
rate for the first two *teels is triggered by a manual on-off
switch. This allous the solenoid to run on normal vehicle power
without any power conditioners being used.

In actual application, the valve and line restriction and
inertial impedance will tend to have a dynamic effect on the
modified spring rate. For slow acting disturbances such as
undulating terrain, the lower spring rate will he apparent.
For fast actinag disturbhances such as blocks or rocks, the oil
transfer between the units will be delayed and the wheel will
have its normal high stiffness, even when the lower rate is
requested by the solenoid.

4.2.3 Sensor Trade-0ff Study

4.2.3.1 Sensor Types. Standard anqular rate gyros are used

to indicate directly the required pitch and roll rate information.
A linear acceleromcter is used for the vertical (heave) direction.
Linear rate sensors are not commercially available. The
acceleration signal is integrated electronically to obtain the
heave rate.

4.2.3.2 Rate Gyros. Angular rates of up to 60 deg/sec can
occur on the hull, but the signal of interest is only in the plus
and minus 5 deg/sec range. A 5 deg/sec sensor can be used, and
the pickoff will be against its stops heyond this range. The
characteristics of a rate gyro allow this to occur without

degradation in performance.
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4.2.3.3 Accelerometer. The electronic circuitry to obtain

the vertical rate from the accelerometer is the critical part
of this component. Very low dr.ft requirements are necessary.
Commercially available I.C. components are available, but
additional circuitry is required to filter out.high frequency
components of the signul! due to noise. Proportional feedback
which has the effect of canceling out very low frequencies is
also required to compensate for long term drift inherent in such
a system,

4.2.3.4 Switching Logic. The local velocity of t' a2 hull at
each damped wheel is required. Figure 31.0 shows the =./itching
logic to be used.

4.2.3.5 Simplification. The complexity of the concept design
is increased due to the need for examining the validity of the
simplifications which the simulation study showed feasible. For
instance, it is anticipated that only pitch rate will be needed
ultimately to obtain most of the adaptive damping effect.

§.2.4 Performance Specifications

4.2.4.1 Appendix C gives the rate gyro specifications.

4.2.4.2 Accelerometer specification TBD.

4.2.4.3 Damper Valve. Figure 30.0 shows the damper valve
design. This is an in-house design and manufacture. Additional
data for design is contained in R-1649.

4.2.4.4 Electronics. TBD. This is in-house design and
assembly.

B o ey
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4.2.4.5 Suspension Units. LCxisting NWL designed and manu-
factured units are to be used. See Section 5.0.

4.2.4.6 Solenoid Valve. This is a standard NWL Model 3785
unit.

4.2.5 Hardware Testing

4.2.5.1 Test Conditions Selection. The following conditions
will be selected:
1) Jounce damping levels on the first and last wheel locations
on both sides of the vehicle.
2) Removal of heave rate logic.
3) Removal of roll rate logic.
4) Spring rate modification to the #1 and #2 road wheel sue-
pensions, by means of manual controls or, as an alternate,
automatic control.
5) Damper valve damping pressure levels.
4.2.5.2 Test Instrumentation
1) A 15 channel tape recorder will be used to measure the
following variables.

a. Damper pressure levels (4).

b. Pitch, roll and heave sensor rate signals, (3).

c. Voice-over recording of test condition, (1).

d. Solenoid logic signals (4).

e. Suspension cylinder pressures (2).

f. Vehicle zpeed.



23

5ie 2aDle 3 Terrain Selection

1) Bump course

2) Cross-country terrain -

3) Citches
5.0 CONCLUSIONS
Ssd A pitch rate adaptive system can be expected to yield

a 30% improvement in average pitch rate over a comparable non-
adaptive system,

5.2 The addition of heave rate to the pitch rate signal
shows only a marginal improvement between 15 and 25 mph. This
control loop might become significant under the special operating
conditions of undulating terrain being traversed at a speed
which will excite the vertical resonance of the suspension systen.
5.3 The most improvement of the pitch rate adaptive systen
can be expected from a vehicle with a soft suspension system.

5.4 The track tension device is so important to the
characteristic behavior of the vehicle that it should be included
as part of the suspension system design.

€.0 RECOMMENDATIONS

6.1 Pitch rate adaptive damping should be tried on an
actual vehicle,

6.2 A venicle with a soft suspension, preferably a hydro-
pneumatic system, should be used.

6.3 lleave rate adaptive damping should be incorporated
with the pitch rate damping in such a fashion that it may be

switched on or off for comparative performance.
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£16,_30.0.
DAMPER VALVE-SOLENOID CONTROLLED
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PIrcHw SEé/sac

LlEZ 2 o

WEN OAMPING 17 § NIGN DAMPING IF 2
Emvepr-nDio E R=P=ND IO

NIGN OaPiNG I ¢ NISN DAMPPING IF 3
Ewrr-gdlo E RPN Do

NORE S FONESP OFF MESITS IN NISH SAMPING LEWNSS
ON All OAMED UNITS.

R, PN ARE PROLL, PITCH,AND NEAUE RATLS AESR ,
SNCTCRINED .. TO APPAOPATE LoGIC S&YWTCNMNE LEUMELS.
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L UITEM LATIASLES

X; = GRoUND CONTOUR WEISNT INTERPRETED AS THE HEIGHTY
OF HaB OF unoISTORTEDI*™ WhEEL IN CoNTACT it TW
GIMOUND. SE& F/. “2

5i = ACTRAL NEISNT OF W48 OF | Nwnkee with mesracr

7O I1TI DATUM FPLANE S£& +/6 "8,
) T NORIBONTAL POSITION OF Hu8 oF )'atwuw. Jae r/8."0

{ ~ANGLE o8 APPMOACN OF THAcK To /S wesae

WITH AEIPELT T T/TuE NN/ BON TAL , Fo5iTIVE Dei/NiARD

Py " CANING RISE ANGLE AUEAD OF e tes mECATIVE

70 TAUE NOMIBONTAL S&& Pi6 "2
b CANGLE oF DEPARTURE oF THACK Faom (% wHELL wiTH
REPECT 79 THUE NOPIBINTAL. , POSITIVE ASCaNOING
O - ANGLE oF /" RopD ARM ABovE Nuie wemiBenTAL
2~ ANCLE OF DEPARTURE oF TRACK FRoM Fmenr 1026/
SPROCKE) REFEANED 70 FLaNg L TO PITCH PLANE
AND CeNTARINING CG. AND FRONT I(DLEP/SPRICRE T AN .
G~ ANGLE OF APPROACH OF TRACK TO MEAR /BLEM [5PmocreT
PEFEMMED TC PLANE L PITCH PLANE ANO CoNTAIN'NG
CG. AND REAMN /08N S/MLENET AXIS .
Wi “ANGLE OF ReAD ARM Bacow TrruE HomiBanyar ( 138
A = GROUND CoNTACT NoPMAL Femck AT X wrcer
5 —GRouND ConTACT FTANGENTIAC Fomce 47[8% swaer
ol = MAMAL ConPoNENT OF Ffemee Ba ruekn wuce o i Ao
MM
Bt T PRASNOICHAR ComPOMENT OF FPMCE L TakEN Wilee
AND /%2 Rorp M
M = TOMQUE BETREEN Wikt AND ;% susran3ten uNIT
Y = VARWTICAL Po3iTIoN oOF NHELl C.G. WITH ALIASSELr
o PATuMm
B~ oI ZONTAL PO51 770N OF Wure G.G.
VO - Pileh Nugle oF ue wirw mespeeT re vRWE
NomI 2oNTAL y POI)TIVE DOWN IN FAONT.
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SY, 4

SYS7EN VAST/ABLES

D; - 1eNeTW OF TAACK Berwaen [ whess ans
¢ ) wwaee
O “LENGTK cF FRACK BETabEN FRONT I10LER/ SAPCrEr
AND FIPST wNEeL
p, TLENGTN oF 7APACK BETHREEN REAR WNELL AND
REAR IR /SPAcerey
He = AVEPNGE WEIGHT CF GROUND CcNTCHR P& radenN
) wacae Anp THE (/*I)“V'f‘t
S} = OIFFERENCE BETRMEN Of ANO NONINAL LANGTN oF
TRACK PETiskdn I8 aweee ans (iw)“wn“_
Tal = TEN3ION FeReE IN THACK mrmmoAcning +55 wrnece
Tor = 7TENSIoN Fofrce IN TRACK DEPARTING + P uncse

NOTE: C.6. USED IN ANY O0F THL ABoVE REFENS To IAE
CENTER 0F GRAYITY oF ITHWNE SPrPHPUNG MASS,. O THE NuLd

OATUM FPLANES @

Y O HULL cL£vEL, PaAD ARPMS (N NorNAL S7AT/C
POSITION (D0) | ALl wNeEeS unoISTORTE&D AND ,
JUST (N CONTACT wiTWH £&EVEL GRINND ? ALl X3
AND 7;5 ARE BEMO,
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BASIC SYSTEM £QUATIGNS

SYSTEM CoNSTANTS AND FPANAME TLRS

Cp — SUsPENSIEN UNIT DAMPING CoESFICIENT. THIS MAY
BE A FUNCTIEN OF VE&LOcITY AND DAMPING 72/PGuE
LEVEL .
/(., = GPCUNL - TRACK — W/ HELL INTERFACE SFNING IPATE .
NET WLl DEFINED ., USE MAXINUN ACCEPr 7ABLE VALUE,
PoOSSIBLY INCLUBING SopeE DAMPING
X = TOReNAL SIIIING fTA TE OF SusPPENIWN SPITING
MAY VARY WiITW ROAD RN ANGLE

Wl ~LUMPEDL MASS OF WNEEL ANO RoAD AFM AT
WhEEL WHufs

B —ROAD APM cENETH

O = ANGLE F POAD ARM BELO WULL. WoRI BENTA L
AT KRWICH SHSPENS/ON SPPING 13 Fully NbLA O

O, -NoMINAL STATIC ANELE oF /PeAD ARM D&t &
HuLe rdomr@0NTAL

Ap = DISTANBE, MEASURED IN PITCH PLANE 0 F C.G FRom
FRONT 100em /TPROCKET AX1S
Ap = o1ITANCL JMEASURED IN PITCH PLANE ,0F C.G: FHRem
REArR 10caml srmocKET AXIS
h = WeIeWwT oF CG. ALoVE ILANE OF Su3PENSIEN
UNIT AxES
Z = PITCH MOMENT oF INERTIA OF NHLL ABsrT
175 c.6 (sPrruns)
L =P/ISTANCE MEASUMED IN Wil HoRIBNTAL OF
FE SusraNsiom UmIT AKIS ANEAD oF Nall 46,
M = SPRUNG MAIS of Null
d; - ANGLE MaASUmED IN PITEN PLANE ST Lo LINE PROM
C.6. 78 85 SuspaNsIon uNiT AND wais NOMI BoNTAL.
SIGN SARE A3 FoR &;
Ep “ANGLE NEASURGD 1N P17 W MANE, BETACEN LINE /AW
c.6 ,-ra> FRONT /uar/mr AND NHLL ORI BONTHL~
Ep “ANGCLE, MEASHRED I|N PITCH PLANE, BATRACEN LINE PAop
CoG. To Renm /0CORSSPRCKET AND NELL WORIIITALe
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BAS/c- £

SYSTUM Cons TANTI AND FPANAME TSRS,

c,.- WEIGNTING PACTER FofP DETENNINING TAACK AMELES

D= NONNAL STATIC TAACK LENSTN OSaToaeN /83 awo
G #1)® wncae

Oy~ Norme 5787/ 7hAck CENGTE OLTRMEN FRoNT
108&A IPMOCKET AND FIAST i/p&éaL

Pro ~NOMINAL STATYIC TAACK LENETW DBEVNEEN /AN
10BN/ TPAOCKET AND LASTANELE.

Ky -~ FAACK &PpocTIVE SOPNE RATE IN TENSI0 N

75 “NOMINAL STATIC. ZTRAACK TENIION romees

Ay = NEIGNT 0F FRonT SPROCKEY OR IDLER ABNE THE
PLANE oF Sasransien dmmy angs (rann-vewriess sm)

Ny = sargsy oF Maap SPPecIET om I0iem ABovE THE

PLANE OF SUSPENSION AMIT AXES (TAun varnoat DIm.)
Lp ~PISTANGE OF PHONT 10iEAP SN S RICKE ) ANEAD oF

A ) SPENIION UNIT A%13 (TRNK Vo Ao TAL )

= OISTANCE oF MEANP SPIOCKET O 1MEAR BENIIND

Ve SuspuNsin uNIT #AXIS (7K e msnIae)
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BASIC EQUATIONS

SUSPENSION _UNIT

SUMMATIoN OF VERTICAL FomecES
né’; * 5 Caxﬂa; * Tu SINA * T Sivll + Foy 310 8
T FaiSIN g = Fyp codpy —?'I,
SUMMATION OF KRoMIpgoNTAL FONCES
ME; « Fp SN T Cosn; +Bay Cos 87~y oty

-T.

o CoSh = F LA

SUMMAT/oN oF MOMENTS ABour "0 °

i = #R; = x(a+e) +¢ 6

!

*
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L8AZ/c £ﬂ4 Tion 3

SUSPENSION dNITS

CONSTRAINTS

-y ,;914-.9'-.

GROUND INTENFACE

5= c% ["" -7"]




L b b o

CONJTAMNTS
- (%)
2 = Y +plswe-smy] + -W:/6y4,'[
sin (o rion)]
+ ! }; « - RZCoJ K; = Cos O] “L; ¥+ Jeyes sume, ]
w(-f- o0]

PASE 12]

BASIC £ QUAT roNS

Nued

SUMMA TIEN _oF vcz?r/ou. fancg;_ ( 12 wue)

23 y = , CoS ¥ ¢£ 21 SINYS - :m(?’ &)

= “ JM/(T‘J‘ 'Hol) —’

SUMMATICN 2r NomiPeNIAL teces (1 /2 HileL )
€

g- =L Fa; cos gy 2" ; SV gt + 7 (43(2‘-; )

]

L4 .

- T, ce3(G & -151) SR

< N

SUMMATION o F MOMENTS ABsUT &G
CXJ ‘
5 M.
{191 * N T AN - %eAe SN 2

3
= SV [ cos (s vy )t Mism (v *62‘
' .

I; - ""'30 + jot

z;-c;,*)z -~
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BASIC £ CUAT 10NZ

ZAACK FENIION AND (TS APFYLICA TIEN

ASSUNT (NS

4 TRAL I IS ) TSFLS MASSULESS

2.TRACK IS CMPLETELY Feex 124 L IN BENDING

B.JAACK 1S INFINITELY STIFF IN TENSIEA

V. TRACK SPANS DESTESSINS BL 74 blN wHELLS,
AN T ONFORME T RISES REThEEN WHEELS

S BECAUZE 7F 1TEM %3 A80iE, TRAC) “ENZicr: Wit
MO Y THE ProTIEN CF THE SUSPENTIAMN un T3
IN CRDEPR TL MAINTAIA AV LLEENTrALl'l ColdSTANT
CLNEBTY THRACK. IAACK LENG W BETL/ELEN W Hsel
CNE AND JIX u'ibt 3&E APPIFIXIMATE /3858 L ~N /T T4

ALY L

CHNANGE IN IRAr K L ENGTHN BLEIMZEL ADIACLNT WHELLS &

CONEITION ® | - GROUND LEVEL BETWELEN WHEELS
IS COMPLLTELY BELOW ITHE The nwHdees, FIR
TWIS CENOITION TRE PESIFED LENGIN &7 7 AACK
Wity BE TAKEN AS THE W IP-TENUSE OF IHE
RICRT TPRIAMGLE FORMEDL PV 7MW WHELs:
WORI Bt TAL. ANO VERTIEAL SELEPASATICNS,

T3 CAN L& WRITTEN AS "
e .g(‘l ‘N)COJp’ -‘((”y’l -(""’"u)] ‘[/i ; l]}

THE TRPACK ANGLES RESULTING FROM THIE ARE

':' 1-3:"/ i 'S' w)

70 DETERMING IF FMS CENOITIEN EX)3TS % The
CRITEMION USED WILL B THE SIGN OoF Tme
OIFFEMENCE OF THE AREAS LINDER THE GRWUND

I CON TOUR CARVE AND THE JANCEANT LWE
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PASE ]25

ZRACK TENZION AND (TS5 AFFLICATION
CeNo1 710 2/
Il

bi=div Fiet

.

i l

pL. -
—— e —— i — ——— . |

: .
; . ’ i W
' v # i
4 o 4 4 g . "'
Z

- 5% ":’.-.zmz* 2R

oy

@& ;) Cos 104 = R((d;- ~Ca3p,, )—J

NOTE THAT THE AREA UNDER THE TANGEANT LNE
IS GREATER THAN THE AREA UNDER THE GAINL
CeNTOUR LINE ,

I1F %‘(at'li.) coslof-¢ (Csp; ~*3% ) ar rime ‘e’
IS GREATRR-7AN -0 R L Guas-TO / Z (X—-’X )az
USE ConoiTioN */.
TRE PO3SSIBILITY THAT TME ABov& CRITERION BE SATISFIED

WITHW SoME op GAOUND CoNToul ABevE TASCEANT
LINE wiue B& /6NORED.
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TRAC K TEMNSION AND 175 APPLICATION

EONLrTee M '2 _-__________-_"

£ 'Iirl

¢
[ e 4

7, ) ool = R (cosps ~Cez )

NOTE THAT THE APEA UNDER THE TANGEANT LINE
(3 &d3S THNAN FHE ARLA ANDER THE SROUND
CONTOUR LINE ,

1F QLEI:’[(I; 'l/ﬂ) CDJW-K(((;JP-. ~es Y‘;‘,)]
AT TIME " 15 2&35 TN [T (Hma ) A
USE CoNDoITIoN *2

ASAIN | CoNDITICNS SAT1IFymE ToE ABovE CPITEF e N
Pir? quFW S0UE CoNTenR BLLs’ TANSMANY) s 3E&
ICNe RO
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TRACK TENSION AND 175 APPLUCATIEN

CONDITION ®2 ~GROUND LEVEL BETWEEN WHELS 15 ABNE
JANGLANT BETHWLEN WHEELS. PO THIS CoNDITION
THE DESIRED LENGTW CF TRACIC ardd BE TANKEN
AS THE LENCGT N ¢F THE CPRPCUND coNTeur
BETWEEN WHEELS., 7THE VENICLE IS ASSUMEDP
VO HAVE STARTED FMHEM M NOHMINAL STATIC
17031 TioN.

e .
DT 44, t /(:,- ~Sin ) ol

]
N,
2

>

+
N.

[ ]

' -

M.
BN
Ay
:
]

v

O < 4d-4. * ‘/g((ﬁ;a;'cié')‘/r

2 / XY

THE 77ARcK ANGES 70 BE USLD FoRl TWIS <oNDITeN
DO NOT LEND TNEMSELYES T¢ READY CALCUATION.
ASSUME THE AFISE BETWEEN wha&esS To WAVE
AN EPFECTIVE NEIGHY

2L Y AREA UNDER CYRME = AREA UNOER TAngerw

w;= [ o i 7] ‘I,HJ cos ke °((c&”% ’]
-/ 2 (Hry:)Co

7AN U = (1-4;,,) Coxpl~-Rlcosn-Con,)

. _é[ﬂ." M) )i
TAN r’;'/' (Ci “tte, ) Cas3 g4 - (o9, “Cr38y,))

Cy 15 A FACTOR DEFPENDANY ON THE FORM OF
. TNE GRPOUND CoNTOUIT BETAEEN WAHELLS. A VALIE
OF 3 T0 @ SELMS AEASINARLE .,

=
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TEACYK TENIEH AND 1T APILEATION

! 7/
GREUND CON TEUR FOMM FAZSOR Cu.
FOR CoNVEMIENCE | L£7 ;//' ’V"‘"’ = -m/ S7are

4 f/ANsJM/r CON 7OUFRT, MIDIWA [ BETWLEM wyLilidS

NG,

u-.r

7a- .
N~ L

- A
AN, = 7Aw fgl."- T = o=
C# Lad 2

Q. FARABOLIZ CoMTOUR , MDAy BETANEEN WHELLS

K // ig. N
—

A

'# v ‘I’ .‘l"l

3 ) Mo
PEIRVANCER- VI Lot - el o

4 / "] » x X,

B = 40P OF PARADOLA AT X,
-

~ 'lo'vp

IS
o
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e e a e e

IRALK TENSION AND 1TSS AFFLICATION

IGNERING IHE - “ANGES IN THE LENGTH &F TRACK LRAPF/ED
ANMNO W/ SELLE  IDLERS AND < FFICKE 7, AAND THE DIFFereNE
IN RADIU BETREEN THEIE , THE REMANING E&NETH
CHANGES MAY BE TE/IPRESENTED BY THE CHNANGE N
CENTER DilTANCES DET8ESN %) vlesL ANO THE FNT
IDLLERABPRECIET AND DETAILA YC WMEBL AND 7HE SLAR
IELER S rmoc ey,

AN -
o = [(4, ‘RJ’/NQ,) "(‘,ﬂﬁfo&,)ﬂk

2,
-[ b tLr PR + 28 (:,Casq-l,m/g)] *

y. 7). 3 4
O * [(ﬁ. ~R5W8) by - pcas .g)‘] &

. [ 4‘"4‘;" -2R (z‘ o3 ¢ hy J‘/N’)J&

wovick yHAT swn O 13 (=) FOR Rend APN ANLS
BELOW HomrBoNTAL . G 15 (+)

ThE CHANCES IN THNESE LENCTNS ARE 7 NE DISmPemENCES
FloM HoriNAL STATIC. VAbNLS °

0, = [hpee20m vep (apcosmorn, smal]5

[}
&, ~Lh 2 ? = 2R (qewn, =4 swg)] *

P —— e ]
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TAACK TéNSioN AND 173 APLLCATION

7C7AL 'C//ANGE'IIV TRAC K LENGTHN
I
(J
als (-0,)7(3-0,) *Zl -4 )

weerk O = 4;-<

(&7

NOMINAL TRPACK TENSIoN
Zi® % *+ K acz

WHERE 7, |53 STATIC NeMINAL 7RACI reaswoN

IT 1S POSSISCE 78 ALILY AN APPRIACH SI/IMILAMN
T THWAT USEDL /N ConS/PEMING THE GRUUND L& TAREN
WHECLD 78 BEGIN 70 PIEN UP TARACK LOADING ANEAD
OF wheZe */ LAND TE CARRY IT BEVOND WHELL
Bl. TS wout) PRIVIOE FerRCeEsS WNOWN 7o EXIST AJ
WHEEL O APPRCACHES SHARFLY AISING GROIND R AS
WHEEL 6 LEAMLS SHARPLY FALLIME CRIUND . EQUA 770N
OESERIPING THWrS DAPE NOT INCLUDED.
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APPENDIX
3

SYSTEM EQUATIONS
AND
COMPUTER DIAGRAMS
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8Aas/c £'ggnrm~:fv /Y Wneee.

M/&"ee/ /n [evﬁe_c. (See /:,‘3 / ) / =/ (n~c )
_K.L wb®rl a -vloe‘/iyg,
+ F ',‘%(x’—d/") F 2o

f,' T Ferce enen[c./.ifz«/Aee// rmwf (oqfocé

kg = [/éef?uc Grousd Siheel Sprive vale ”

&g;'/ﬁu Je oF vaved wilth hoviabelel

X - /}-l'll}v'- o }«L lf“"%'J(on{’clblef/Jé:u&
[t Stao

7,- 4 Acz‘aa//)e:///hu ofasdeel 4ud sbone /¥t
atun.

Aclusl whee! biub Lositio— Cee F.'Iz)

3 71’ =RV 173’”‘(*9'/*{) Y RSING - R Wy

Y" Vcrf/cd-/ P lren o/&c‘:’c/e_ C. G. Jhve [Us
/a«flm-. Y2 h vhew roat srivs of wheels ire
" St{/.c_ fohzl'ou du;’u‘eels d)’&Ja’Z/'k
51.04:, ! Con tief Jul‘ "o /Nr/&/(lﬂr'.o /’/ fc[;f
hq/‘c'.; Mg = smd; )
L = Oislonce o F sl Avs. n/at Frone vehicle
C.6. (+ Ay those aheil o F €.G., =4 thoe b /)
"% Val,e/c /f/, da /e_ hcd!art‘/ /w--n ‘vwb-bﬁ
fou't"'ue_ tul.zlt /r;-ut eu,/ low,
R *» [e« tll df /?ou/ Avi~
95 v SLee M) A J~7/&£L/LM//’/J~C- )f
Road Arm pruvels
O Aafu/day/e of Mosd Ay ‘clgu/ lrwe
)ﬁYa'lon{dl
d * Al in /n'lc‘//uo setueen line dvawn fromn
C.6. Co reidive /ﬂhtl ud /’onc of vosd
dvee pivels, Sign seme as L;
h » Height o C.Z. dbove plve of vosLlovm pivel

in?.
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SA’ch/l éoz é-?u{lan, z

Frgume /
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S P "
45 (o1 +7 ) =
h
Y
Rosd Avm Pt Y
1' RSN 8, =

Staltic
Refévence 1
"744&1»
J
S on " w (o, "

4 =0

i =6

Y =4
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F

Basic LouAT/eNs Fov i iivess | conrp
bead Arrm _Asgle
74

¥i = —G -

6 = Roee! Arne angle _éé_gg_:. .//npe, o)‘bcl,'c/c,
’d‘d Avm/;'dé’::

E'g“" Belpnce

e ] 5 F;
MG R =My PHYFE cos (p‘%.) - ‘i(”n“’o‘a) 4 ";rf_

(M,b.' 8 15> aclull, yelibve b Ue yehicle )m///
Seo [4& an /e. &; tunt”i/ s v {o Je. /’D'e/e”’fo"

Since U ye/n./f, 61354 Aosrved unﬂ‘il’/.e/:eglne
in e jz'u.u/alrbu_/ ik Siuce % a‘wo/él are IF
much Jowes wy n'{n/e, th/s 13 Felt Lo he o
ryeasons bl %’l)’lb“io‘ou
S = grev: Zs Ib:u/ austouz .
M = Lusped (affactive )'ma:: of whaeland
rod/ Y m
R; = £Ffeclive Radivs fov Zrac K Zension
fovce. e y
M, = Zovgue clue SusfsvSien Springs Ju
' 51.(: / |
MNo* Zovgue due Lo /n.,i-? fovess
Py * Trech Tension Fove e

5‘)'/%? /2 Y?ﬂd—
My - x (9+8) tag(6-q) + k(58 +918)

X = frc'mr’ tovirenel S,mh, raie éf:a: eI 10 amt
G~ Pud Ave. angle ,&g/lne o vod ovim
/'iuot 3 af w‘l'c/( Jf’l'r, fnr-e. wu'-f‘es.



eacs 5 136

gh
Basic LquarioNs ,ConTo, 7t Mreg s

Spry u’ 70—\/?“& Gntlﬂ(

o(‘ 5 .fccm/u/ lovsienal S/w/u re e of:d;/enu.m. uan t
[ 'An]/e, abeye /)/auc of vediele 74«c/lrrxfludt3
al w/nclt. 5ccau/nr/ Spriveg 13 ®ugd ej.
Ko mdavge vifur used Yhele z‘j é stops.
Gd = A'f le ibove ’m/ira.ﬁ//vuf /ldnc, at
which jounce stop is Guconulevel
O 'ﬂoylciic/nu vead arw,/wf //du,- 2t
which rebuns siof /3 encounleved.
a = a for azop, 0 %y a <o. ara fy asto, 20 Jor a.d0.
Dompev Zovaue-
i ! ‘e P
. o
My = Fy RCes6/8] (%"&i‘), I, s G Rcos®,  c=o
n,l £ i heos®, c =/

Sra u/‘

F = Static Gronvd Fovee-
Fb R Ces .ff,, = Dan, m7 lorvque //.wut In J'ouuce_
due Lo Pduffr salve a/Jerdzlé“— (novral)
B o3 B, « Switched Liwping lovgue Fiwe 't
(Note : 74s° u‘/re.:ental.‘l'ym lloas Che 'de/iy
Force’ /p or /‘,, Zo be con dn‘./all'/ec{//
, itk te vhee! mriinel sCatic Joadd)
& = '-Lkucg Pl‘;lrrf’ g,lf..p.,-,fg i* u# .l‘i'r-'r"fr e l‘r-j
. Ao -'-’ vessure dcross block ovifice ()
Q: v V‘l!:ﬁuuoﬁyﬂ’;c;fr Fguih fj Zs Jﬁ'f"#:}p nfn;
vabeuwid An{px'u: .fz— u:.(!;]
C = o0 or Ij Zoizc' S/:’u/ ;vov\. a«/‘/t/ue. o/aoyh?
Con tVﬂl.

_Z‘tt'g‘t‘ZQ Zr'.d‘.é TZng o é‘h’/'ﬂ!
e T 5 .
R, ==as(*- (- e « &2 )J wheel %/

8, = iheel %1 roalavec augle velitve to hoif
9}_ 'whcel ‘2 YIJ'IJVC'L 30'7’& YC/AtIU(' Za ba//
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Basie Lquarions, ConTp, i% Wheeq
wot"l'& 7;";-4 76‘4':/'0‘&. ﬂa/nl;
=4 Ti-1 =%, 'jfﬂ -
e K 7 ( Z )/ i=2,395 ¥ 60
1 = .D/s{aucc Bet'bEPn. fu‘//ﬂrv- Plyotlj Ave
5 20 B 112
£owtur(2r 95 - %530 E3E) e
A <o
Trac X 7&-4.!&* /-orgﬁ
8- Fr = Ky (s rs *5 ) ‘/K* J FrZo
Ny = 5 rwJ Rte o/ﬁdok
S, = (ndidl Strotch of Zrvi kK
S, = Strelck of Tvac it Ave lo wheel %
S, ¢ slreleh oF Tvic K due Co wheol %
/ = f,mk Densat/ (w:; /am /e-.;z’()
Vs = Vehiele Jlaec
7, v 42
&Y e g 1125
Py s, = ‘7.0(1"7")(' 7 i)
vy P
b % mmae (10 8) (02 "GEE)

Noele :jndm.a Z7Gw,Nave basesl on curves sioen on
Sweee Cov es. 7iese cavves /v luvu d7e
4’« of lhe Micly - 70 7es? I;’,-

bosed o Com P

(Fi’. s ¢ Fig +)




HpGnE B i) s tha B i e i
R R iR “m B E
Lot |e i (b i S §: i
¢ im0y T i ke - 'nv" 5 - .03 B
HEi ; it P I
3 . A “”..
;.u. s
& g e e e
e i i
5o H I 33 )
S : unn. tred o0
: : : 32
3 b33 e fevas bt : tiifd S iF: i e LT BB
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AS ATy

19

P .g_.'é.. ='£( [z, Co3(,8; #d; HO1) - R cos(v;>p;) |
R 6; [Li coslprvdf +i01) =R ]
v-mh’a; [c; sv(wrdf *194)_7

+ mg [ ¢ co3(d; He/) -p CoS}b,J}
L= J',rauv’ ﬁomeutof/nevtu 2bon (6.

Have .
" -g-\/ -é{/’; a:,a,--m,qéi'. Casjbl--mﬁo',zsww;}
H L]
-6™M
M= Vekiele 5 Spran ﬁtts-z’ 4 o3l /”9-’“(” 4*
L 4 cos ((, #161=RCos p//

Asded Arm

4 ay(y,.' 4
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Comruremn  Louaz/ons
LA

s 3 in Z‘JC, j'okn(ﬁ g‘ee. Ce A(Jlf'ou Care. bc /;7)4()):;:/ (421 Z‘C_
S )'(u);{IOLL Sypecl (,"/!o Lgilac of‘ /e kd// e A’c_ Z;(.,- a.‘rc‘//
e S /m/a L"('V/ Fist wr bR respect lo the slhav leops ;1 Fhe
/1;'4)/::-\ o //uf lde. yene e av,f Co3 ) b///‘.iuc h‘a/z /./‘/Q
e et 2l 2415/4/~: T lhe simulalion . Use Ka%:/

/
20 Fm, [ F/ X; % .
fa/f [Z—F;] = /00/;} -16{‘%”] IO(‘/U’O) Z/]
YOO ﬂorn;’le‘na Faclor ‘MJ = 90000, 4.
Using SN (101 +d7 ) < S casdf * CoskBI SINY, ant
noting! Chal 161 [s smafll ;1 Siv©I T, Cosigr x I,

I/N(va€) . KA ca:,ﬁ' +5/~{';.
/
Defive 7/, . y,'- I?JIA/Q' Y= Y- Sindi=Y-h
’

[0 [£] - synti( MLty [ 2y s o1

Oy * h’orm/oau-d Faclbvy =« 9p® ,5v 77:_ réolrans

'o[ g—,’:]h' ‘o [gt]'l%n] andd
[ ] « [ ]-[55]- 3% [£2.]

 [Z5E] <2 | 2]« AL4TLA]
- (5R)T- (2578 ]-(R)s2]
! W (I - [

4> pm/t;,/,'c_r goin hcly =350¢c = i/anm

B 30 Vi S - S,
b S]/Trj.;:_m? c =1/

&
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Compurem Louarions ConTD

d é' é.’R o s 3
a arlal -2 TR ] sty G- S aS

Mol to ’E - .t - Zime 3ce /C

. v TN
7 1 28] = ’0(73?%:)&]
9 (BAE] -(F)MY-EE) T - (4%) 1]

Ky Fr

g AR - Al o ) Jon-4 &

(4}

'] AL-,';‘,'] =— s Eva*%j.z.rn + %’i]

A , = 9
g o R) g - g -aF o2
or

. A ~! ;
10(7%%')[: ;L] - 1“.— -d 1 v 2’—"

wheve g+ Awn, § - gl 2]
2.6y ¥y A oe 8 am,
g AGESIL K] - ~ale- ZJL - 8- 27 52

) e 395

Gl

|y oGHRLAT < SIET AT+ & - IET]

®yore: M c’autiow w Ve levm inwloing 2beal wegdt his
Shane:  epubion. @ U 7 7
e, rof,e A ﬁn /s @ wumer cffact,.
In crula'oa; g Cie sinalition s/ roxrweles Uhe Zwick
Yonslon yedius ‘/ Ksin Lie ”Yotl’cd con/oucut é t-
sbtic 70‘/""0 87/0, b
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Comouram_LouATIONS, Huig Dysamics

7Ae teyvm CoS A *ff'el) I7I¢3 u&f:ow l}/ can be
cxfu.jeol andthex simpli fied using lie a/m,nmaizaw
SinkY =161 dwS Cos O =1 Sfor »u//)a/ees of fo1. 7a/s
cx/ra:/ou. becsines Cos (pa ff) -5 s/.vgqvf) 7ie
. i3 0% on Zée Jovel and ﬁ*’o‘an, u n.«
3../«-30‘ o 3 doww Yerp 350 la anyle ﬁm-b/.: Cor
be swilckible d/u v Ue Juwltfuu. Zde presevce of
51 «/oa// )’lrm// r g,ye, a hu/f, /ch tflu,/ S, ac . ,"
a, Civy 25 ﬂ//l7oer. le-I /Mpeycr i3 Jess Yhen . /,
au’ ow »‘66/3 4 ‘!o’ é (J Jrvssl‘/, FJ )ylg_y& '- an-—
be livge dueto Ainpive fovees Uie ix 2
/S e ) "Lusle /GJ: e Vf‘ Se /t lée. Zeviw
with tl«l/'dov ! represed¥s /o:: ﬂan. 09, ,f

0

The olhov, e cew Yuvlbey sim by «s
Co3 95»/»&/) 2 /aJk faf') IG( /f Jﬁff)

Lcoslansive)ii]z (La) [er
~ (.‘L_ii cos i = Cos(p*4;)) "J"/i)[g.]
™ (it o b YA L
wheve g = B, when e bt @)
Pim e e agn ;)
Po = 30°

I = Mvnlilol’ Faclor = use »ax. velue of
Ih’l
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Py lic wse 6F & smulobow o F Zhe bebiviev o f @ .n'?/g
Suspelnsion ws L 72 Avs deen /cifrmue«, t.ht' Zhe!
Tde Zevms im cqgue l/'ou-—l},. whick Conlaw 6’
/ew'vd:'ueg anjan /e Funwclions e ‘c_ reploced
:/.. fcri Conlain i é e th NS chimges
uv ef /u&. to hall z ~aver. ougles.
7he. Tevm (uvelving Zie weight »f wleol o vna/,vm

is of 112 ::‘71-/£ uee D ua-m'cgl;v,

o ‘ . o ‘
57 of L ovrem TH 8 oo
+ Z 44c‘a,' "'1_’;‘;7
». F’\
2‘{;" Cos (trza )] - {%-‘,‘] * ["’ "'7")]
1 [ 7 (%"‘f’&L’ﬁ-I—
1 Bnte
TA[E] =g (LBt 48

Simi bv/, The 9 a./ 9’- Zevms i th e lul‘/ou. for
vevlical motion af Che Ic// 2y be repldecdl .t
a su.{lg tevn yr Im? 9 w:&. Cons c{ cae/ﬂ'ai-o.t:v

in L% s/malelion.
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20U Es RopuckD 8y JRACK TENSION ON_Suspension dwiTs 7/ Ao %

7he Lrack tewsion Fovce puts @ lad on the idividus | wiheels
which caw be transh inlo & tovque. absul the ‘nw,—avm
,/wt fm'alfs. Zhus ldeve can be sud b be an effective
valius a/e/ew/..t upon- ylu/,unfmx audd track angle
a/h'a{ when »alf :f/;'eJ by Znck tevsing sill , V»]&ec.-
this lvgue o5 ¢ praduc't. F:(‘7ures 3 aud + contarn //41‘4
of l/s rg//as d u'nst ros kvl posi Liow (reﬁne'/ Lo ful
veboawd ) fov vheels 1 JJC/Ve.S/ec{/ue/ . Cuvves dve Showwn
/,y {“fpgl.fl"n,’ ()f lie Za‘//"cea-f p[ce/s. Tie awceiv,
used [ n /en'w'u/ lhese cavves wes @ mesn éefz'eeu_ normels
fov n’,‘f andlft )uuo/ 50.?._-.:/'& J/;fens fov Ulhe Micy -0
lesl 71'7.

Considev Flgare 3., 7ie e/talive ru/o'u: Show . heve
I’hdl/’.’ He f/t;ct' ofll& tnalr (ﬂv’l;u’ on ﬂc /unf
ey aclivy lhraagh Zha /ivKige oo The riox? }a:/v.n'on
anilt. 7he dppeewarce 2F Zhe lasb curves shown scqqrrls flt
Zhe vevisbivw in Lrick angle boluweew albeels | 30l L’ due to
tie "".b;“ of wheel 2 may be simalsfe) l, wsing wheel
2 :J'—f;‘u. I d J‘sffw k.--‘r'c& Aecreases In side wi Lk inermuse
in Lhe aheel 2 rvoslaym Jyf:;.

The basic curve Fovem on Figure 3 was Tolew in tie
gf,wximofhn, v siwulation 4‘0 be Liisnguliv, 7ie ipe x
eccuys al i veximdely ¢5° dheve Lhe yebudt :t«,’, which
cowesfa./.s t{;ls'm Zhe simulslion, A value o2f 2.5
&dS tm.'./ @5 an Jpex Vd/ac. fov %2 wheel /n beic,

d:"fl.‘k—. 7)7;' 'go&" /ﬁdd/v/k ‘2«,‘6(/ OSIil'lu- w3
7/'ven 2 value oF 4o ot 5D lie /l3l‘/u'u J~¢/Wratr'-ute/,
0.2 J?"ﬂ// foun o, 7‘& J’/f s xéve c“’elg fo
a/an'm te Ziose of lhe cuvve FAov %2 adeel ,
3leliec /o::'ér'ok—. ke jiyve

85 * 8*1!')

A= aslor-3)0- % * G
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JoRpuES Popuckd Y TRACK 7EnsiN _on Swspension Awmirs *1 Ano 26

Now Considev figave 4. 7Ae3e cuvils sugeesl Uil
Ve effecl of te tvick argle betuween JZ:/S Fan/e

l's Z‘o :1:’/&‘ l‘le vevfiu/ &atim« df fl& Carve @3
2 whofe, Fov the simulslive This shifl waes assuvied
Lo e /ineav w ' lh Fhe posidion oF 28 vpad ovim.,
As with adeel ®1 lde Yoxrmatlion subslitules o
Criongulsv Yovm. fov e cuvves. Jie veviieal lualion
of ( (A L‘r:’a-,/e. ;8 a/ellﬂ'n/uco[‘ ?‘l‘. /«/'i/.on. &‘f
vise/ "1 ] 7ie ipex of these lriaugles was set 2t 9c¢*
dbove lie )c‘n/ 5ty o7=32°1m tle sirnulstion
A walue o F 0.5 Ay Ry vis lullen o¥ liss lecaiorn with
wheel “57 at slatic porition, 2u/ 2 velue o F 4l CA
vlee/ *s Jiﬁ//(/oance.. A,/»x/'mf/y Zie s/o/cs’ we.
Aave
%42 . B.+32
foo- no(er%- BE . B2)

Fov lha simuhlon a Sign masl be asseciilek w.lh
liese At} lo Jl'ue e’ covvec t sense U The

tor7uc.
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TRACK STRETCH Out 70 MoTmN ©F WACELS | AND 4

Tie Sima cuvves used C» /Cforn}n¢ He e%afl'vg
vadius fov lhe frack tewsion 3t wiheels 1 gud ¢ Moy e
used C Adevelop a rc/at:'»ul? Jedweew lrack stvelel
I 4 lie b4ee/,auf/3u3. AL aao, /nuf (0-/R Yon tie
cuvves &ilh B xw expyessed Vw va/r'dnsj’ Zie
an}nugt/ the Cviek hes /i’rctd&o/ From lie O,
/.3, Ziove 7-17 be eyresu/ a3

0 &

Tais ao'ue: lie avcn’& ovdivele eyvev the /nlevval

7ie e,ut'ious Sevels Py lo /ineavise Ytlis yelaliow
v tie 'sivelation ave

5 220 (14 B ) (mrr S22

5 =-ae (1+ %5 ) (102 TF)

wleve s, and 3, clmyc: In /cyt( from stidie
co\w/'z;ﬂz s.
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WeRT/A _Fomees oN A TRACK FREL OF GRounvD ConTACT

Consiter fov this devivalion an inleviov (tht s neitiev
2 Front mor a buckhoheel of 2 trackes vehicle. Assume
2 vehicle formwavd speed Vs. Assume also i no-s/; f

c;-/:{uu%czluc(: V(‘V‘!/ahl ZWok Jo il"'t Vs I
also Che treck s eJ r¢/¢ tive & Z‘Ic Al

/ R r"*“ *___!-w_/‘#\
e\ g,
=,

|

The dewnwavd veloeit by oF poinls on Che lrecKihes! of
the 18 wiheel ind oul of aheel conlocl /2 Vs Sm.)'
fc-u wovd veloc,t offnut: sl hehind the / lvl»ce/
u-/ oatdf w/rcl/ conlict is b’ Sinly, 7ae rbinge
in vevlou/velout/ is Zhen Vs (J’/u.l' st ). ﬂ.rafecf
‘Mor!entam. cluu e oIk )vonuo/ tln. ,"" w‘ec./ 7 ?
t‘/avcﬁre. v Ii 'l *J/MI‘) wheve m i3

né td Vs LuO’ '3 the w33 6/enﬂé Junt
/e th of Evack. 7hais Glve ¥ (sﬂvr fJIV/
Zil/vcc Yeynl'rdJro e%&

’s c‘dyeof ‘Dioncwfa "~
Fer = ler =%,
Sw T ;’1*' o(,,-,’)A‘ , Sw A yp% (3707 1P

174 ? 7 9% ey '?’- sre ’h‘l/ ‘Olt‘ res ¢ai t‘
£ we can approxivale s by subst. ZJ:«] tie 7&7«"
aJ write ¥ lie romestam zvce,.

‘/‘5'\[ &::_-lg. 2»:7




For Zhe confipavation shown J‘noe , e vevlice! cny‘.c«f
of the Ulvick 'Jnuou fovee IT cobnz on tle wheel
con. be sean &b be

A= 7% (JM/A *J‘n//')

7A's con be scen ls be of Zhe some fovr 23
Ut Ffov Lla Cyick »omenlun (lqedtd-) Fovae
so Clhet lhe momenlum Fovee cun be miev;rofej

25 & medificalion of Lhe effect +F Pie lvic
tousiorn. on 3y vheol.

Fov Che jyleviev wheels Fov I 7; ad Pive~Pi smal/
with yespecl Co L (ﬂef/vrewuu /70) e can Subttule
le &7\;...{ fov Ue sive.
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,ASE 161

R VARIATIONS USED

Y »n .)l Py

whreel */

=
Co-ranécr }‘;x

" o NC[iimit for
20K light
ot 0

II'-|>

e *, /A | ‘

- N Limil hov
oy

Y
For Prteh Down Mitas Greator . 377 M
lhan “LEpgle  tie dight 2 . ~JARR
Donriv Limit is Siul OF, n
|4
—jus

Note! Piteh-lp —mBi his
Mo’o bive S 0’» ,

Prleh - Down — 161 kes & W

Lossilive S i’v\

wheel ¢
72¢ arrau,cneulr"/a n':m'/dr % tie ahycl cxce,i‘:

C»r vilr 1 1 4
=

-0

Y

20K & e

(24

Fov Pilek flp Rles Gresler

Gion Wr, tie light
p..,/,'.., Lindtis Siat OFF.
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ZAe circuils used te /row/& .7./4 bive dom :7 using besve.
7‘[c ™ J/.,,'[l'on fp ek 74f¢ WCV& t‘& Same @S5 / l'ic‘
yale wuse )/ouc, exXe ,t Zhe T Aeqve 7J£GW5 Sédm with
1leh vele. InlUe case of wheel % l‘lce nerrel Siqn
oF hewe vete wes wseel ( besve vile » }" arxd ;3 lve
u,mrJJ Jo Lhet a h-:l'rh:' hall z‘th. A"ae'f lie
afapfi- it & low level’' 7he seme uivemeey
exisl fov wheel %, bal becisase Jfl;l, A ffevesce.
in The use of Yie avowbr HUe /wevse (=)
J:,u- of Y b & bel used.

Mewe vite was sammed 24 th J;tah rele a1
Yévieus levels ad tArG:lo//: ( s an/ V;‘,).
Hlecovled Dite aas vun with

%4- v‘* % & Vaar Shcﬂmi o~ /o&/ouo(

/4-707 on wheel 'I an

-E% ﬁ" +£ ]) Vllﬁ' S’MU:-, off low linit
J»y 7 on aubecl“

Vier * Yap =0 Saomed Lo da Zia bost chejce




CIme T VARIATIONS (SED

47 Y. Infe in

o '.m
il e '
- 4%
% 3 : -k
= . 25
l’cuﬂou-

J0 *‘ - 100, X 10 3/ --[’f(' . )/(’*ollﬂ’ L
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APPENDIX
C

RATE GYRO SPECIFICATIONS
NwWL MODEL 925064
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PS-333
PROCUREMENT SPECIFICATION

February 1973

NATIONAL WATER LIFT CO., A Division of PreumoDynemics Corparetion, KALAMAZO00, MICHIGAN

RATE GYRO SPECIFICATIONS
NWL Model MNo. 925064

Prepared by: m/ﬁ'

Checked hy: ;Z. -6./—
Approved by: / c/C: M
- 73
Released: fea S —

R &EVISIOMNS

TR, 8Y « BATE PARA. OR FARES OCSCAIPTION OF CnANGE
[ — - - |
A |Taylor €.3 56 ma was 75 ma; 17 ma was 15 ma.
9.7 WVDC was
12.2 0.075% max was 0.05%
‘r{//‘/” 15.0 las "Alignment of gvro in mount"
18.1 70 ceg/sec was $10 deg/sec.
8.5 & 8.6 |Add winding
8.10 Add (NWL to supoly capacitor)

Per ECO 62039

B |Tavlor 1.0 Jas Typve: GR=-G5-AH7 IS: GR-GS5A-1.74N
8.6 t'as 1375+ j 6780 1IS: 625 + j 3550
“,/7.s 8.10 Was TBD 1IS: 0.22¢ 108 capacitor

PER €ECO @319

REVISION LRTTER OF THIE SPECIFICATION MUST APPEAR ON ITS
ATPLICABLB SOURCE CONTROL DRAWING
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1.0

2.0
2.1
2.2,
3.0
4.0
5.0
6.0
7.0
7.1

7.2
8.0
8.1
8.2
8.3

8.4
8.5
8.6

8.7
8.7.1
8.7.2
8.8
8.9

This specification covers Northroo Tyve GR-GSA-1,74N
gyro.

TEMPERATURF. RAMGE

Ooerating: <-25°F to +165'P
Storage: =70°F to +165°F

NOMINAL RATE RANGE: $100°/sec

STOPS SET AT: 100 to 120°*/sec

OVER-RANGFE: 500°/sec with no change in characteristics

NATURAL FRENUENCY: 55Hz nominal

SCALE FACTOR

At room tempcrature, measured at $£10°/sec:
54 to 60 MV/*/sec

Scale factor change with temnerature: 0.02%/°F
PICKOFF

Excitation Voltage: 16 VRMS

Excitation Freauencv: 5000 Hz

Excitation Current: §6 ma nominal untuned, 17 na
nominal after tuning

Series Choke: None required
Primary winding impedance at room temperature: 41 + 3
189 nominal

Secondary winding impedance at room temperature:
625 + 3j 3550 nominal

Phase Angle

At room temperature: #5¢

Over operating temperature range: 8¢
Padding: As required

Load: 10,000 ohms in parallel with 1000 pf capacitor

w >
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8.10

9.0
9.1
9.2
9.3

9.4
9.4.1
9.4.2
9.5
9.5.1
9.5.2
9.6
9.7

9.8
9.8.1
9.8.2
10.0

11.0
12.0

Power Factor: 0.9 minimum with a 0.22 $10% MFD capacitor
connected across the primary (MWL to
supoly canacitor)

MOTOR

Excitaticn Voltage: 26 v TR'S, single phase

Excitation Frecuency: 400 H2z

Excitation Waveform: !lon-sinusoidal; OQOUASI sauare
Wave

Pawer ‘Plan
Starting: 3.5 watts maximum
Running: 3.0 watts maximum

Excitation Current

Starting: 125 ma maximum
Running: 110 ma maximum
Power Factor: Not less than 0.9

Phase splitting capacitor (to be supplied by NWL):
0.75 MFD at 100 wvDC

Syncronization Time
At room temperature: 30 seconds maximum
Over the operating temperature range: 30 seconds maximum.

Damping Ratio over the operating temperature range:
0.5 to 1.0

MASS UNBALANCE: 0.05 °/sec/g maximum

RYSTERESIS

Definition: Hysteresis rhall he calculated as the

al w of the hysteresis loop at its widest
point divided by total rate inout used in generating
the complete loop. For examole, if a hysteresis loop
is generated by overating the gyro first at 100°/sec CW
then at 100°/sec CCW and it is found that the widest

width of the loop is 4 mv while the outouts at 100°/sec
are 5.98 and $5.92 volts the hysteresis shall then be

>
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12.2
13.0
13.1
13.2

14.0
4.1
14.2
15.0
15.1
15.2
16.0
17.0
18.0
18.1

18.2
19.0

20.0
20,1
20.2

calculated as:

HYS = éi)g-ém—-;)—gr (100) = 0.034%

Value: 0,075% naxinur

Zero Offset with Outout axis Up

At room temperature: 0.2°/sec maximum

Shift over the operating temperature range:
$0.3°/sec maximum

AC NULL VOLTAGE

Total Null Voltage: 100 MVRMS maximum

Quadrature Null: TBD maximum

ALIGNMFNT OF GYRO INPUT XXIS IN MOUIT

Error: $0.1 degrees maximum

Orientation: As shown in NWL drawing 925064

THRESHOLD: 0.01 deg/sec maximum

RESOLUTION: 0.0l deg/sec maximum

LINEARITY

Definition: The linearity error is defined as the
erence between the measured outnut at any rate

and the outout as indicated by a straight line through

the $£70 deg/sec points.

Value: 0.5% of full scale plus 0.5% of the reading.

Self test Characteristics: No self test capabilities
are reaquire

DIELECTRIC STRENGTH

Once only: 250 VRMS, 60 Hz

Repeated: 150 VRMS, 60 Hz
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21.0
22.0
22.1
22.2
22.3
22.4
22.5

OUTLINE CONFIGURATIOM: As shown in NWL drawing 925064

VIBRATION

Type: Random

Bandwidth: 1200 Hz (20 to 1200 Hz)
Density: 0.006 g?/Hz

Amplitude: 3.8 g's peak (2.68 g's RMS) nominal
Gyro Frror

22.5.1 During Vibration: Gyro to operate within spec.

22.5.2 After Vibration: No damage

23.0
24.0
24.1

24.2

25.0
26.0
26.1

26.2
26.3
27.0

ACCELERATION: These requirements are TBD

SHOCK

One-half sine, 40 g's peak, 45 MS: No damage after
repeated exvosure

Triangular, 10.5 g's peak, 100 MS: No damage after
repeated exposure

EMI: MIL-STD-461A, Notice 4

MODULATION NOISE

0 to 1.4 Hz: Maximum allowable modulation noise
increases linearly with freauency from zero at zero
frequency to 0.05 deg/sec at 1.4 Hz.

1.4 tc 20 Hz: 0.05 deg/sec maximum

20 to 100 Hz: 0.15 deg/sec maximum

LIFE: 1000 hours of operation ainimum

171
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lntiml Water Lift Company
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1. CONTROLLING OFFICE NAME AND ADDRESS - )
' US Army Tank Automotive Command J W71s g /p,

Rech, Dev & Engr Directorate
Warren, MI 48090
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7. OISTRIOUTION LA am Repert)
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9. KEY X o veree olde i ncccconsy and ianitly by biock mumber)
cnnutouud eimulation demping
suspension devices pitch (wotion)
road vheels
tracked vehicles

.

JACYT (Continue an roveree oide ¥ nsesccay duntily by ambes)
his study shows that adeptive comntrol of &mo damp characteristics of
tho first and last vheel of a tracked vehicle can cause s significant improve-

msat in performance. This improvemsnt resulted im am overall 30 percent reduc~
tion in average pitching rate of the hull, as measured on the simulstion of the

MICV vehicle traversing the JEA bump course. !

Verification testing of the computer model vith actusl performence dats of the— .}
e (SXX_REVERSE SIpg) |

DD 'y W73  soimion oF 1 pever® ossaLaTe o
ua%mmh
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SECURNITY CLASSIFICATION OF TS PASE(TRan Dete Bntered)

CV vehicle showed good correlation of peak amplitudes and hull resonance. Th
data also confirmed that the actusl dampers are working well below recommended

levels
A mpovs\:.:w of mechanizing and testing the adaptive control on an actual
vehicle is'‘presented along with svstes schematics and preliminary performance
specifications for the critical commonents.

UNCLASSIFIED e
SECUMTY CLASBIFICATION OF THIS PASE(When Dete Bntered)




