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ABSTRACT

The feasibility of coupling a pair of amphibious tracked vehicles
has been studied, with the objective of improving the tand and water

performance.

Recommendat ions are made for a coupling system and its controls
and for an articulated configuration. The advantages in land and
water performance, as well as the drawbacks, are presented in compari-

son to single vehicles.

The advantages exceed the drawbacks, it is recommended that

existing vehicles be coupled and tested to establish their operational

capability,

KEY WORDS
Landing Vehicles Amphibious Vehicles
Coupling Systems 0ff-road Mobility
Contro! Systems Vehicie Performance
Articulated Vehicles Military Vehicles

Hydrodynamic Performance Sea Keeping
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1.1 EXECUTIVE SUMMARY

Basic Study: The Davidson Laboratory, Stevens Institute of Technulogy,
has completed a study to explore the feasibility and potential gains in land
and water performance that can be expected by tandem 'coupling'’ of two identi-
cal amphibious landing vehiclie assault craft without compromising their per-
formance when decoupled to again become single vehicles. In addition, a brief
study was also made of the feasibility of "articulated' amphibious vehicles,

a concept similar to a tractor-trailer system wherein the lead unit contains
the engine and drive mechanisms and the rear unit contains the troops, arm-

ament, etc.

History of Coupled Vehicles: It is shown that coupling pairs of vehicles

has long been recognized as a means for improving their cross-country mobility.
They have found acceptance by both commercial users in explorinag isolated arcas
in Canada and the Alaskan North Slope and by the military where superior surface
mobility was required in snow and ice environments. Since coupled vehicles

also appear to have improved performance in calm and rough water, it was natural
for the U.S. Marine Corps to consider tieir potential in the search for improved

amphibious assault landing craft.

Coupling Systems: The present study considers coupling systems varying

in capability from a simple unpowered ball joint to a pcwered cone-socket
coupler where relative pitch (+30°) and relative yaw (+30%) between vehicles
can be controlled while maintaining relative roll freedom. It is concluded
that this later concept, which consists of a cone socket in the bow of the
rear unit and a penetrating cone in the stern of the forward unit, is most
attractive for the following reasons; it has the minimum system weiaht of all
actively coupled concepts (approximately 3800 1bs. for an LVTP-7 vehicle); it
is easily remotely uncoupled on land and in water; it is easily remotely coupled
on land with the potential of remote coupling in calm water and in beam scas;
it has optimum location of the pitch and yaw axis; it has a minimum intrusion
into the stern ramp; it preserves the cargo hatch; it does not compromise

the performance of each unit as a separate vehicle; each vehicle shares in the
power supplied to the joint; it allows each vehicle to be identically ecuipped
so that they can be either a front or rear unit as necessary. It is expected

that there will be drivers available in both vehicles, although, when coupled,

-1-
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control will be by the driver in the forward or master unit.

Controls: Pitch and yaw control can be obtained by means of hydraulic
cylinders located in both vehicles. A pump in the forward vehicle (powered
by its main engine) operates the pitch cylinder while a pump in the rear

vehicle operates the yaw cylinder.

Both engines in the coupled vehicles will be operated in concert and
synchronized. This can be accomplished by using a serve-actuator on the
rear engine which is slaved to the mechanical controls on the forward engine.
Any failure in the electrical system will immediately engage the mechanical
controls on the rear engine which can then be operated by the driver in that

vehicle.

Remote transmission controls are not warranted since the driver in the
slave vehicle can, by voice command from the master vehicle, set the required

transmission range.

Brakina of the coupled units can be done within the transmission,

resorting to power down-shifting if necessary.

The controls for steering andpitch actuation are placed with the driver
in the master unit. Either a "joy-stick' or a steering wheel control can be

selected to activate the hydraulic control cylinders.

Expected Land Performance for Coupled Vehicles: To illustrate the tand

performance of coupled amphibians, a study was made of the potential gains
in performance for coupled LVTP-7 vehicles as compared with a single LVTP-7.

These results are:

1. lIncrease in the negotiable obstacle height from 3 ft. to 7 ft.
2. Increase in trench width crossing from 8 ft. to th ft.

3. Increase in short slope negotiation from 39% to 1007.

L, Water exit on slopes up to 67%. {(Maximum exit slopes for

single LVTP-7 are not presently available).
5. Approximately a 75% increase in speed for a cross-country
ride at 6 watts absorbed power.
6. Get-home capability if one of the coupled vehicles is disabled.

7. More efficient power transmission in stecring.




R-.)82

8. Better performance and steerina in marginal terrain.

Some of the disadvantages as-ociated with coupling are listed

below:

1. Larger turning radius (no pivot turns).

2. lIncreased target size,.

3. Additional hardware and controls results in an increasc in:
weight
internal occupied space
cost

maintenance and driver training

Expected Water Performance for Coupled Vehicles: Compared to a

single LVTP-7, it is expected that the followina gains in water performance

will be achieved by coupling the forward vehiclie to have a 15° pitch in-

cidence relative to the rear vehicle,

1. The calm water drag of the coupled vehicle, on a per ton basis,

is 75% that of a single vehicle.

2. There is substantial nose-diving of a single vehicle at speeds
in excess of approximately 7 mph. The coupled vehicle shows
a continuous increase in bow trim with speeds in excess of

7 mph with no tendency to bury the bow at intermediate speeds.

3. Since coupled vehicles reduce the calm-water drag and eliminate
bow burying, speed improvements of nearly 4 mph are possible
depending upon the installed power. Such speed improvement could
not be obtained with the existing LVTP-7, no matter what the power,

because of extensive water over the bow.

4, In head seas of 2.2 ft., significant wave height (Sea State 2),
the coupled vehicle can operate at 10 mph whereas the single

vehicle is limited to speeds of about 6 mph.

5. The acceleration of the coupled vehicles in Sea State 2 attains
their maximum values at a speed of 8 mph. The RMS acceleration
is only 0.08g and the average of the 1/10-highest peak acceleration

is 0.2g at the C.G. of the forward vehicle. The accelerations in

-3-




the single and coupled vi:hicles are similar, but the pitch
motions of the coupled vehicles are nearly 50/ less in the

L to 6 mph speed range.

6. Either configuration has accelerations well below the one-hour
exposure ''fatigue decreased proficiency' limit recommended by
the International Standards Organization, and both are below

even the IS0 two-hour exposure limit,

Performance of Articulated Vehicles: The articulated vehicle is a

multi-unit vehicle which is designed to operate in unison at all times and
under all conditions. A viable concept which has been developed in this

study consists of a forward section containing the main power plant and

transmission and, possibly, also containing automatic armament and ammunition.

The rear unit contains all personnel, including the driver, and an auxiliary
engine. The articulation joint with powered pitch and yaw articulation

and freedom in roll is contained in a sealed enclosure. The overall length
of the vehicle is 33 ft. (14 ft. forward section and 19 ft. aft section),
the gross weiéht is estimated to be 54,000 lbs. and there is only one main
engine of 890 GHP which is controlled by the driver. Steering and pitch
control are by either joy-stick or steering wheel directly to the hydraulics

actuating the joint.

The expected performance of an articulated vehicle, compared to a

single LVTP-7, is:

1. Step obstacle height of 4 ft. compared to 3 ft.
2. Trench width crossing of 14 ft. compared to 8 ft.

3. Negotiates a 58% short slope in soft soil compared to 392
for a single vehicle.

i, Can water exit on a slope of 67%.

5. Cross-country speed increased nearly 75% for 6-watt ride.

6. Turning radius 35 ft. compared to 15 ft. for single vehicle.

7. Since model tests were not performed, estimates of the water

performance are not available, although they are expected to

substantially exceed those of a single LVTP-7.

~lye
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2.1 CONCLUSIONS

Based on the results of the present study, it is concluded that
either coupled or articulated amphibious assault landing vehicles are
feasible and can easily be adapted to existing landing craft and/or new
designs. The expected improvement in land and water-borne performance
are impressive and are judged to outweigh those disadvantages associated

with coupled units.

2.2 RECOMMENDATIONS

Design, fabricate, and install a suitable coupling system which will

allow a bow-to-stern attachment of two LVTP-7 (or LVTPX-12) vehicles.

Conduct tests on land, in water, and in surf to demonstrate the

expected advantages of coupling and to provide operational evaluation and

experience related to coupled amphibious vehicles.

i
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3.1 INTRODUCTION

The Davidson Laboratory of Stevens Institute of Technology has
been requested by DTNSRDC, Code 1i2, to explore the feasibility and
gains in performance that can be made by coupling and articulating
future Marine Corps Landing Vehicles. This is the first step towards
the short range goal which is to demonstrate the added capabilities
(and to measure such performance) with a test vehicle assembled from
two contemporary vehicles, The longer range goal is to apply the
practical and analytic knowledge gained to future vehicles to be

developed by the Marine Corps.

3.2 BACKGROUND

The coupling of pairs of vehicles has long been recognized as
a means of improving their cross-country (off-road) mobility (Reference 1).
Reasons for this improvement in performance include the improved ability
of the coupled vehicles to conform to the terrain, the inter-vehicle
assist provided by active couplina and, for tracked vehicles, reduction
in steering losses. Coupled vehicles have found acceptance where
there has been a need for superior surface mobility by both commercial
users (e.g., the "Muskox" and "Nodwell" vehicles used by oil companies
in exploring isolated parts of Canada and on the Alaskan North Slope)
and the military (e.g., the articulated tracked Snow Vehicle "By 202"
used by the Swedish Army, the U. S. Army M-561 and the Pole-Cats used

on the Greenland lce Cap).

The ability of coupled and articulated vehicles to negotiate
terrain impassable to a comparable single vehicle has also been demon-
strated by such prototype systems as the US/Camadian XM-5T1, the "Jeep
Train" built for TRECOM, the MEXA Vehicles built for the U. S. Army,
the "Twister" designed by Lockheed, and others. The additional
improvement in mobility which can be achieved by articulated vehicles
with active control of the pitch articulation has been demonstrated
in experiments with the three-unit "Cobra" built by WNRE for the
Land Locomotion Laboratory of the U. S. Army. Table | is a short
historical overview of the characteristics of the more pertinent

articulated vehicles.

-6
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The most recent research effort in the area of actively coupled
vehicles was the Cybernetically Coupled Research Vehicle (CCRV) program
(Reference S5). In this program, two existing tracked military vehicles
were coupled with powered articulation which was controlled in pitch
and yaw by a single joy stick incorporating force feedback. The
vehicles used were M-113-A} Armored Personnel Carriers, selected to
demonstrate the feasibility of retrofitting this special-purpose system
onto existing hardware and to allow a direct comparison of the per-
formance of a single unit with that of the coupled system. The CCRV
was shown to be superior to the single M=113 in cross country ride,
soft soil maneuverability and water speed, and far superior in vertical
obstacle negotiation, trench crossing ability, and water egress capa-
bility.

Much of the knowledge and experience gained with this vehicle
can now be applied directly to tracked amphibious landing craft. How-
ever, the prior studies centered on performance on land, so little
data is available on the effects of articulation in water. It is
the purpose of this study to explore the operational feasibility of
coupling two standard Y. S. Marine Corps amphibious tracked
landing vehicles and to validate techniques to predict the expected
performance of future coupled or articulated vehicles operating on

land and in water.

3.3 QBJECTIVES
The objectives of this program are:

1. Explore, by use of scale models, the gains that can be

made in water performance by vehicle coupling.

2. Estimate the land performance of coupled vehicles using

an extension of existing analysis methods and comparisons

with known vehicles.

v -
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Develop coupling concepts which are suitable for the
U.S. Marine Corps mission which can both be demon~
strated for the near term and be compatible with

contemplated future vehicle developments.

investigate two groups of concept: that of vehicles
which primarily operate as single vehicles but can
be coupled when necessary and that of a multi-unit
arrangement which always operates as a single

articulated vehicle.




l R-2082

L. CONSTRAINTS AND ASSUMPTIONS

The preservation of the existing operational capabilities of the

vehicles impose certain constraints on the coupling systems. In addi-

tion, there are assumptions that can be made based on the expected use

of the coupled vehicle. These constraints and assumptions are not

necessarily the same for both the coupled and the articulated concepts.

For the purpose of this study, the term "Coupled Vehicles" means
two or more individual vehicles which are optimized for operation as
single units but can be coupled together when operational conditions
or mobility requirements dictate it. By contrast, an "Articulated
Vehicle" is one designed to operate as one multi-unit vehicle at all
times under all conditions; it should only be broken apart for ease
of transport, for marriage with another mate of different capabilities
(wreckers, cargo carriers, tankers, etc.) or for survival when the

other unit has been catastrophically disabled.

The constraints and assumptions used in the development of the

concept will be:
For the Coupled Vehicles:
1. Preserve the rear ramp and emergency exits.
2. Preserve the cargo hatch.
3. Be able to uncouple both on land and on water.

L. Assume there will be a co-~driver/monitor in the
slave unit.

5. Equip all vehicles identically so that they can be
either a front or a rear unit, interchangeably.

6. Preserve individual vehicle capabilities unimpaired.
For the Articulated Vehicle:
1. Do not exceed 33 ft in overall length.

2. Have an exit ramp for the troop compartment.

3. Have a top cargo hatch for the troop compartment.

amtiaad L e
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4, Have an emergency disconnect capability, with either
unit capable of limited individual operation.

5. Have only one driver.

-10~-
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5.1 CONCEPT DESIGN AND ANALYS!S

The investigation started with the layout of a series of general
concept ideas for the coupling of individual vehicles. The seemingly
arduous development of the concepts served the purpose of providing the
necessary basic configurations and information as input to the hydrodynamic
scale model test program, to the land performance evaluation and to the
comparison with known vehicles. These concepts progressed from the
simplest coupling arrangement with limited capabilities to the nore
complex, as the detailed requirements became more clearly defined. The
progression of the coupled concepts is shown in Figures 1 through 12,

The feedback from model experiments and mobility analysis placed emphasis
on the later concept versions, in order to realize the full potential

of the improvements possible in both land and water performance. Using
the primary evaluation factors in Table Il discussed below, concept #12,
shown in Figure 12, was selected as the one which best combines most of

the desirable features with minimum complexity, space, weight and cost.

The primary factors used in the evaluation of each concept layout

are listed in Table |1, They are based on the following arguments:

RANGE OF MOTION: Experience with existing coupled and articulated

vehicles, and the results of the model studies, show that the
following degrees of freedom in the joint are necessary to

perform the required functions of the vehicle.

Yaw articulation control is necessary for vehicle directional
control. In its simplest form it is the type of steering
that almost all front end loaders use. The military Goer
vehicles are also an example of simple yaw steering. Yaw
articulation of multi-unit tracked vehicles permits the
use of an effectively long vehicle (desirable for mobility)
which can still be steered. Tracked single-frame vehicles
which have a ground contact length to tread spacing (L/T)
ratio in excess of about 2 to | are impossible to steer.

It is expected that yaw control will also be beneficial

in steering the craft in the water-borne mode.
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P{tch articulation freedom is necessary for the individual units to
be able to conform to undulations in terrain and to negotiate
obstacles. Controlling pitch attitude by powered articulation
permits the crossing of obstacles not otherwise possible, and
produces all the advantages of a long vehicle for ditch crossing
and cross country ride. In the water-borne mode, pitch articula-
tion is most beneficial in reducing hydrodynamic drag and

improving visibility.

Roll freedom is necessary to distribute the ground pressure under the
suspension elements relatively evenly. Experience shows no need
for this motion to be powered and controlled. In the water-borne
mode, roll freedom allows the coupled system easily to adjust to

! the irregular wave forms, particulariy in oblique seas.

POWER SUPPLY: The power for the articulation should be generated by the
engine of the vehicle on which the joint actuation hardware is

mounted, in order to minimize power transmission problems.

Hydraulic or electric systems and their combinations with mechanical

i components are all possible candidates for transmission of power.
Should the coupling be configqured such that each vehicle carries
part of the system then each vehicle will power that component

' vhich it carries.

i CONTROLS: The preferred location for the control station is ia the forward
| vehicle, for best visibility. For certain operations the control

a from the rear may be of advantage, as when coupling the vehicles,
Transmission of the control command and feedback signals from

one vehicle to the other involves only the risk of the electrical
inter-vehicle signal connection. All controls must be fail-safe

to prevent run-away vehicles and in the sense that limited, or
manually controlled, operation is still passible if the inter-

connect system fails.

REMOTE COUPLING AND UNCOUPLING: This is considered to be an essential

requirement for a combat vehicle. Coupled vehicles are intended

to operate primarily as a single vehicle and should be coupled
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only when the operational requirement dictates it. Subsequently,
they are to be uncoupled agafn and operate as single vehicles.
Any coupling concept that requires the manual assistance for
coupling or uncoupling from outside of the vehicle is considered

to be unacceptable.

INTERFERENCES WiTH EXISTING VEHICLE FEATURES: Vehicle features essential

for its mission should not be interfered with. Such features
include the stern ramp, cargo hatches, personnel exits, and
armament. Its mobility as a single unit, its propulsion elements,
angles of approach and departure, ground clearance and pivot turn

clearance should not be compromised.

SPECIAL STRUCTURE REQUIRED: Special vehicle structure other than that of

the coupling joint itself, will be necessary in the adaptation of
an existing vehicle. This probably would not be necessary in the
development of a new vehicle with coupling in mind at the start

of the design.

GRAVITATION COMPONENTS: The best location for the yaw axis and that for

the pitch axis do not coincide. For the best steering efficiency,
the yaw axis should be at the midpoint between the geometric
center of the tracks of the front and rear units (this is usually
also close to the midpoint between the two centers of aravity).
For best obstacle crossing capability, the pitch axis should be

as close to the leading unit as possible in order to produce the
maximum possible pitch-up attitude of the leading unit for a

given inter-vehicle pitch angle.

FORCE LIMITATION addresses the possibility that a coupling concept may

WE IGHT

be limited in the force that can be transmitted by the joint by

reason of its inherent design, not because of the size chosen.

DISTRIBUTION: The added weiaght of the coupling system and its

location on the vehicle will affect the weight distribution.
Excess weight in the bow produces undesirable effects in the
hydrodynamic performance of the single vehicle. A large unbalance
in either the front or rear, will make coupling difficult, if not

impossible in water.
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VULNERABILITY pertains to the ndded components and their assemblies,

Exposed components are obviously less desirable than a location

which is protected within the hull,

5.1.1 Coupled Vehicles %

Concept 1 does not provide any powered articulation, it simply

couples the vehicles such as to allow an inter-vehicle assist.

Concepts 2 and 3 provide powered yaw articulation only, with a

2 and 3 point connection not suitable for remote coupling. !

Concepts 4 and 5 provide powered yaw and pitch control, with
a three point connection. Concept 4 has independent yaw and pitch,
in concept 5 the two cylinders provide both pitch and yaw, if they ?
are contracted and extended in unison the vehicles pitch, if one is
contracted while the other is extended the vehicles steer. Combinations

of yaw and pitch are possible within the 1limits of the geometry.

Concept 6 is based on the same layout as Concept 5 but has a

mounting frame added so that the vehicles can be coupled remotely. t

Concept 7 is an attempt to provide yaw articulation at a minimum ;
effort. Since there is no rol) freedom it is doubtful that the hardware P

could survive the stresses induced by the roll-motion between vehicles.

Concept 8 provides for pitch control only, yaw control is provided
by track steering. This system is of advantage only for simple obstacle

crossing and for pitch attitude control to improve hydrodynamic performance.

Concept 9 utilizes an off-the-shelf turntable assembly normalily
used for cranes and backhoes for the yaw articulation joint. It is cheap,
relatively light, can be driven by electromechanical means, and distributes
the load on the vehicle. Pitch articulation is effected with a separate
cylinder. The coupler, of conical shape for ease of connecting, provides
the roll freedom. This arrangement is not yet optimum for remote coupling
because the fixed receptacle is on the rear unit and the moveable parts
are attached to the forward unit. Because the driver of the rear unit has
the visibility to do the coupling-up, he would need to communicate to the

driver in the forward unit how to make the position adjustments with the
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cone to match-up with the socket.

Concept 10: Mainly for the ease of coupling the fixed portion
of the coupler has been located on the forward unit. Now the rear
driver has all the controls to position both the vehicle and the coupler
for a match-up. Pitch and yaw are controlied by the same two cylinders.
The pitch pivot is the lower section of the bow. The yaw motion is about
the vertical trunnion axis. The overriding negative aspects of this

concept are that:

1. Most of the weight is placed in the bow of the vehicle,
which is unacceptable for water operation as a single

unit, and

2. The pitch axis is located too far to the rear of the
combination which will result in lifting the rear a
areater amount than the front; this is a poor attitude

for obstacle negotiation.

Concept 11 is a repeat of the previous one but with all components
moved below the deck line to reduce interference with driver visibility,

at the expense of intruding in to the space of the rear ramp,

Concept 12 separates the location of the pitch and yaw axis
and the actuation cylinders. The yaw axis is near the midpoint of the
ground contact areas of the two units. The pitch axis is as far forward
as possible for maximum pitch up attitude of the forward unit. The cone
socket is contained in the yaw apparatus in the rear unit. The pitch
cylinder acts directly on the cone without intermediate stiucture. In
coupling, the rear driver has direct control over the yaw adjustment but
not of the pitch attitude. The weight of the components is about equal
in front and rear and most importantly, the hydraulic pumps and assorted
components can be one-half the size in each unit. The pump in the forward
unit suppliies the pitch cylinder, the one in the rear the yaw cylinder.
Thus, both pumps are working, whereas in all the other concepts, one pump

is always idle.

The concept is shown with an intrusion into the stern ramp space,

however, the height remaining is sufficient to drive a jeep through with
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the windshield lowered. The whole assembly can also be moved upward

with a concommittant compromis~ in driver visibility.

A1l features considered, this concept combines the most attractive
features, especially those of minimum system weight, power sharing of the
two units, and optimal location of the pitch axis and yaw axis. It is
therefore, considered a prime candidate for further consideration. The

coupler is shown in detail in Section 5.1.3.

5.1.2 Articulated Vehicles

As the study progressed, it was expanded to include an arti-

culated vehicle,

By definition, this is a multi-unit vehicle which is designed
to operated in unison at all times, and under all conditions, it is only
to be broken apart for transport or conceivably when a power unit is
used in conjunction with special purpose working units. One very useful

exception for a tactical vehicle may be the ability to jettison a disabled

power unit and for the troop section to be able to reach cover under its

own power, }

Only one viable concept, with some minor variations, met all the
constraints imposed on the design. It is shown as Concept 13. As
depicted in Figure 13, it consists of a forward section containing the
main power plant and transmission, possibly also automatic armament
and ammunition. The rear section contains all personnel, including the

driver, and the auxiliary engine.

lts tentative main characteristics are:

length, overall 33 1t

length, forward section h ft

lenqth, rear section 19 ft

curb weight 54,000 Tbs

weight, forward section 15,200 1bs

weight, rear section 38,800 1bs

qround contact pressure 6 psi

turning radius, vehicle

clearance (wall to wall) 35 ft {
-16-
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The articulation joint with powered pitch and yaw, and roll
freedom is contained in a sealed enclosure. The driveline passes
through its center. The joint can be similar to one widely employed
in contemporary articulated vehicles and schematically shown in Figure 14,
The heavy load bearing structure is concentrated on either end of the
joint. The track and suspension are simplified because the articulation

permits variable geometry, especially of the angle of approach,

A conceptual powertrain is laid out in Fiqure 15, principally
for the perfarmance evaluation of Section 6.1. The 890 GHP main engine
is coupled to a twin shaft powershift transmission. One shaft qoes to
the lead unit differential, the other through tHe articulation joints to
the rear differential. Both differentials are open so that the speed
of each track is free to conform to its turning radius, since steering
is done by yaw articulation, with each track supplying the full tractive
effort. The final drives for the front and rear unit are directly

flanged to the joint structure for minimum weight.

The rear unit, which contains the troop compartment, has its own
100 HP auxiliary powerplant. This engine supplies the hydraulic power
for steering and pitch control when articulated, and also to the two
hydraulic motors in the rear section final drive when the troop section
has to be self propelled. 1In addition, the auxiliary power plant
supplies air conditioning and ventilation for CBR operation, and heat,

electric and hydraulic nower for stand-by use.

The water jets are driven mechanically from a power take off
between main engine and transmission so that the tracks can be selectively
disengaged. This places the water jets in the forward section which is
less efficient than in the rear, but is offset by the weight savings in
the driveline. Deflectors behind the water jets will move in conjunction
with yaw articulation for optimum steering effort. Figqure 16 shows the
concept in the calculated floating attitude, additional bow up pitch
attitude can be used for bow wave depression. |t is recommended that
hydrodynamic model! tests be performed, to evaluate the watcr-borne

verformance of this unique concept.

-17-




R-?082

The controls of the main engine and transmission, and conversely
that of yaw and pitch, are eithber direct or remote depending on the
location of the driver. The preferred location of the driver is in the
rear unit for survivability, but in the forward unit he would have better
visibility. Tactics, survivability and crew back-up are additional
considerations. The configuration shown in Figure 13 shows all personnel

contained in the rear unit.
The articulated vehicle can have three modes of operation:

1. Normal propulsion of both sections from the main engine,

auxiliary power from the small engine in the rear unit.

2. Get home capability while experiencing a main powertrain failure;
both units are connected and steered by articulation, the propulsive

power is supplied by the auxiliary engine.

3. Emergency -- the forward unit is disabled and jettisoned; the rear
unit with troop compartment is driven as a single track stecred
unit using the power from the auxiliary engine via hydraulic

motors to each track.

The levels of performance that can be achieved in these three modes are

presented and discussed in Section 6.1.2.

5.1.3 Quick Disconnect Coupling

P number of quick disconnect couplings were investigated during
the progression of the coupled vehicle concepts. As Concept 12 emerged
as the most advantaaeous combination, the exact design details for
the coupling joint could also be defined better. Figure 17 shows the
layout of the quick coupling joint as it is used schematically in
Concept 12. The principal size and weight calculations are included
as Appendix A. The cone, its support to the pitch joint, and the pitch
hydraulic cylinder are attached to the stern of the forward unit. The
socket, the yaw joint and the yaw cylinder are mounted in the bow of the
rear unit. The cone is free to rotate in its socket to provide the
freedom in roll. The joint, as laid out in Concept 12, provides for 30°

pitch-up, 30o pitch-down and .+30O in yaw. The force exerted by the pitch
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actuator is directly applied between the vehicle structure and the

cone structure. The yaw pivot is directly attached to the socket.

The quick connect and disconnect function is performed by the series

of balls arranged circumferentially to engage in the groove in the cone.
The locking sleeve keeps the balls locked into the groove in the position
shown. When the sleeve is slipped forward, the balls are free to dis-
engage the cone. The locking sleeve is remotely actuated. Electrical
(or fiber optics) connection for signal transmission and communications

is made by a concentric ring connector in the tip of the cone.

The funnel shape of the cone allows for some misalignment during
coupling. A similar cone shape connector was successfully used on Jeep
Train 11. The outside diameter of the cone is 20 inches based on the
extremely severe static loading conditions shown in Appendix A,

Dynamic loads will be limited, to correspond to these loadings, by use
of proper hydraulic relief values. Should it be found desirable to use
the coupling concept for water operation only; this diameter can be

reduced to 14 inches.

5.2 CONTROLS

5.2.1 Background Expecrience

Contemporary articulated vehicles are all powered by a single
engine and transmission located in one of the units (Ref. 1). Generally
the engine is located in the same unit as the driver, thus, no special
control is needed. Power is usually transmitted mechanically to the
multiple elements via a mechanical drive line. Thus, the manipulation
of engine and transmission controls is no different than in a single
vehicle. Braking is usually done on the drive line. In the cases where
the engine is in another unit, simple remote actuators are all that is

needed.

However, in the case where individually powered vehicles are
coupled together and their combined power output is utilized, it
becomes necessary to perform all driver functions from one control
station. Coupled rail-cars, powered trailers for heavy equipment,

earthmovers, etc., are civilian examples of multi-engine applications,
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The military experimented with multi-element vehicle trains in the 1960's,
when several large ones were built using the locomotive concept with a
single power source for the train. Another approach subsequentiy taken
was to utilize individually powered units which could be used as a train
or as single units. Stevens Institute investigated this concept by
building two trains comprised of fcur jeeps, considered scaled models of
larger units. The first jeep train was a proof-of-concept exploratory

unit, (Ref. 2), the second a demonstrator of operational capability (Ref.3 ).

It was expected that the mobility of the train would exceed that of
single units because of the assistance possible between units. But
mathematical analysis and analog computer simulations showed that ip-
stabiiities could arise from a mismatch of tractive effort in operations
in difficult off-road terrain. Thus in the course of the design of the
first jeep train, an electro-mechanical engine control system was designed

which would allow the exploration of several modes.

The train was equipped with torque converter-automatic transmissions
and an electro-mechanical engine control system which permitted the testing
with simple throttle position control, engine speed control, drawbar force
control or force and position modulated engine control. All brakes were
centrally controlled and actuated by air. The train was fully instru-

mented to permit its evaluation in comparison to the analysis,

in over 300 tests involving all types of terrain and operational
situations it was conclusively proven that none of the highly sophisticated
control systems alleviated all of the less desirable tendencies of the
train, and that driver reactions and reliability favored the simple throttle

position control.

A second generation four-unit train using a simple master-slave
pneumatic throttle control system was subsequently built as a demonstrator
of operational capability. Any one unit could be a lead unit, only one
driver was required. Each vehicle was equipped with a simple pneumatic
throttle actuator, a torque converter-automatic transmission and pneumatically
actuated brakes. The engine load was synchronized by adjusting all actuators

to the same engine rpm at full throttle against the load of the torque
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converter at stall. Transmission range to be used was manually
selected before getting undeiway. This train proved in many
demonstrations that the simple master/slave system was successful in

synchronizing the output from all four vehicles in all types, on-and

off-road operation, ranging from extremely slippery terrain to severe
hill climbing and (relatively) high speeds on roads. By being simple

the system also proved to be very reliable.

The experience gained with the controls of the Jeep Train
was then applied to the CCRV (Ref. 4). This vehicle consists of
two standard M-113-A1 APC's coupled by a powered pitch and yaw
controlled articulation joint. The purpose was to investigate the
increase possible in mobility and obstacle crossing including the
use of force feedback from the joint to the driver. Each engine was
equipped to be remotely actuated by an electro-mechanical positional
servo, actuating the governor controlled fuel injection pump. The
master unit used its mechanical linkage for actuation. Its position
was signaled to the slave which followed to the same position. The
transmission selector was actuated using the same principle: the
master retained its mechanical linkage; the slave followed by servo.
Both controls were fail-safe so that the engine returned to idle and
the transmission to ltow-low in case of electrical failure. The engines
were started individually but could be stopped remotely. Again, in
case of control failure, the slave engine would shut down. Signals
for low oil pressure, no charge, and high temperature in the remote
engine were transmitted to the master control station. The driver
station could be switched from the first to the second unit, hence

the need for remote actuators in each unit.

Deceleration was accomplished by downshifting while underway,
and final stopping by using the brakes of the master unit only. This
arrangement, atthough normally satisfactory, proved to be insufficient

to come to a full stop on very steep downgrades.

Engine load was synchronized by matching engine rpm, at ecach

position, against the stalled torque converter load. The transmission
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selector was matched to each of the positions. The coupling system was
actuated by hydraulic cylinders and controlled electronically, which
permitted several variations in control strateqy, ard positional and

force feedback.

Control of the articulation motion was done by a simple joy
stick; fore and aft movement provided pitch down and pitch up motion
res.ectively; side movement produced the appropriate steering motion.
Diagonal motions resulted in any combined pitch and yaw movement
possible within the constraints of joint geometry. This system used
positional control; that is, the vehicle attitude was proportional
to the position of the control stick (such as in the steering of a
car), in contrast to standard hydraulic systems which are flow controlled,
such that the motion continues as long as the signal exists. The
positional system proves to be highly successful and very natural

to operate.

One of the main objectives of this venture was the investigation
of the benefits of a force feedback system in which a proportion of
the intervehicle pitching force was transmitted to the control stick.
This feature provided the driver with a feel of the progress of the
vehicle over an obstacle and was to compensate for the lack of
visibility. Driver reaction to this feature was mixed and its merits
were never clearly established. General-cross country operation wat

judged to be just as easy to handle without the force feedback system.

In as much as the coupled vehicles under consideration here
can be considered a direct descendant of the CCRV, it is natural that
its controls should be based directly on the earlier experience.
Motable exceptions, in the interest of simplicity and reliability,
will be:

1. Intervehicle force feedback to the driver will not be uscd

2. Transmission range selection can be done manually by the
co-driver (in the other vehicle)

3. Vehicle braking to a stand still will be done with the

help of the co-driver.
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4. Engine start-up and shut down, as well as engine

monitoring and other auxiliary functions, can

be performed by the co-driver,

It is therefore recommended that the following controls be
considered as the case may apply to either the coupled or articulated

vehicle system.

5.2.2. Engine Control

Coupled Vehicles

In any set of two vehicles coupled together, one will be master
and the other the slave. The driver is located in the master unit; the
extra driver in the slave unit. It is imperative for proper operation
of the coupled vehicles that both engines be operated in concert,
and synchronized. The engine control of the master unit will be actuated
with the standard mechanical linkage. A position pick-up (such as a
potentiometer) transmits that position to a servo-actuator on the slave

i unit. This actuation will position the slaved control until the error

signal is removed, i.e., its position is identical to that of the master

Y

unit,

&

The polarity of the system has to be such that the rack position
goes to idle if there is a failure in the signal line. |[n the absence

of an electrical signal, the engine of the slave vehicle is controlled

P Em g3 v—v —_—

by its mechanical linkage, just as during operation as 2 single unit. H

Articulated Vehicles

There will be only one main engine which will be controlled either
di-ectly, or remotely, by the driver. The auxiliary engine is envisioned
for emergency propulsion only, not in conjunction with the main engine,

therefore there is no need for a master/slave arrangement.

5.2.3 TJTransmission Range Sclection

Since there is to be a driver in the slave veh!cle, remote trans-

mission controls are not warranted. Transmission ranqge can be selected

manually on voice command. The articulated vehicle has only one transmission.
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£.2.4 Brakes

Because it is anticipated that the vehicle will be coupled only
under difficult off-road conditions where the rolling resistance is high,
the braking of the combination is done within the transmission, resorting
to power down shifting if necessary. The braking to a standstill can

be done by voice command to the co-driver.

5.2.5 Steering in Pitch and Yaw

Coupled Vehicles:

The controls for steering and pitch actuation must be placed
with the driver in the master unit. The joy-stick control of CCRV was
highly successful; it was the best approach for a vehicle equipped with
brake laterals. However, for vehicles equipped with a steering wheel,
the vaw control may be incorporated into the natural steering motion
via an electrical command signal. Oepending on the steering characteristics
of the transmission it may be necessary to coordinate the joint steering
command with that of the transmission. The joint will be actuated hydrauli-
cally, pitch and yaw may be interrelated or separate depending on design.
The control signal will be electrical, controlling either flow control
valves or pump stroke. The pitch command can be built into a fore-and-aft
motion of the steering column or tilt motion of the wheel (which can be
locked out for single operation). A}l controls will have positional

feedback.

Articulated Vehicles

Steering and pitch control can be by either steering wheel or
joy-stick linked to the hydraulics actuating the joint. 1In normal
operation there is no need for interaction with the transmission
because of the use of open differentials., Under emeraency conditions,
when the forward unit is jettisoned, the articulation joint hydraulics
will supply power to two hydraulic motors in the final drive of the rcar
unit, using the same controls. |If the driver is located in the rear
unit, the main engine and transmission have to be controlled remotely
but the articulation controls are directly connected to the hydraulics.

If the driver is in the forward unit the above is reversed, and a co-driver

=2l
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is needed in the rear for emeruency operation. All articulation joint

controls will have positional feedback.

5.2.6 Coupling Connect and Disconnect

Routine coupling and uncoupling applies only to the coupled
vehicle concept. Connecting the coupling on land or in water has to be
done by the driver in the rear unit, only he has the proper visibility
to perform this function. Communication during this phase has to be
by radio link since the hardwire connection does not exist until the
vehicles are linked up. Differences in elevation of the two mating
parts have to be adjusted by joint notion. Lateral misalignment can
be compensaied for by steering the single (trailing) vehicle and by the
yvaw articulation. This type of linking up has been done successfully
with the CCRV. Coupling under extreme attitudes, such as one vehicle

stuck in a ditch, may well not be possible.

Uncoupling of the vehicles will he possible at the option of
each driver and probably at just about any attitude. The engine control
will return to the mechanical mode and to the fail-save position because
the command sigral is lost, alerting the co-driver that he is back in
control. The pitch and yaw actuation becomes inoperative becausc the
vehicles are disconnected. All other functions, having been performed

by each driver while coupled, remain the same when single.

The articulated vehicle is not intended to be easily, or routinely
coupled and uncoupled in the field. There will be a provision to
forcibly separate the units, in an emergency such as by detonating
links; once that has been done the re-joining of sections is not expected

to be a field operation.

5.2.7 \Vater Steering

The CCRV, being assembled of two M-1i3's which have track
propulsion only, showed that the coupled units being steered by yaw
articulation only had the same maneuverability as a single unit steered

with differential track speed.
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In the case of an amphibious vehicle with separate water
propulsion devices it is expected to be of advantaqe to steer with
both yaw articulation and the propulsors. For vehicles with a
cross-drive transmission, this will not require special controls
since the yaw articulation has to be connected into the normal steering
mode, and the land and water mode steering system are interconnected
for singles operation. Coordinating the propulsors with articulation
will also prevent interference of the propulsor stream with the stern

section.

5.2.8 Miscellaneous

Coupled Vehicles

Since there is a co-driver in the slave unit, a number of
functions not critical in their exact timing can be performed by the

co-driver in communication with his master. In this category are:

1. Engine starting and stopping

Transmission range shifting

Brake application to augment transmission retardation

. Engage water propulsion

Observation of low oil pressure, high temperature, low voltage, etc.
Activate bilge pumps

Uncoupling or coupling

W ~N O N W N

Overriding any automatic function when necessary,

Articulated Vehicles

If the driver is placed in the forward section, then the co-driver
in the troop section is responsible for the monitoring of the auxiliary
engine and the functions it performs. He also communicates to the driver
any observations which might affect the operation of the articulated

vehicle and which cannot be displayed to the driver,
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6. PERFORMANCE EVALUATION

6.1 LAND PERFORMANCE

6.1.1 Tractive Effort

For a track-laying vehicle, the tractive effort versus
speed characteristic presents the maximum force available at the
sprocket from the powertrain (engine/transmission) at a given speed.

If two identical vehicles are coupled, each can produce the same
sprocket torque at a given speed so the shape of the tractive effort
versus speed curve is the same for a single vehicle or the combination,
but the coupled pair has double the tractive effort available (as

well as double the weight of a single unit) (Reference 5).

For the articulated concept, as discussed earlier, a
new powertrain was laid out (Figure 15). The tractive effort versus
speed graph (Figure 18) for the engine and transmission selected
suggests that the manual transmission chosen for simplicitv is not
the optimal choice in this case. In particular, the addition of a
torque converter would increase the tractive force available at

low speeds.
6.1.2 Acceleration

The ability of a vehicle to reach a certain speed and to
cover a certain distance as a function of elapsed time from a standing
start is simulated in the acceleration analysis. The acceleration
graphs present these results for varjous surfaces. For this analysis,
the rolling resistance (soil motion resistance plus suspension rolling
resistance) is assumed to be a fixed percentage of gross vehicle
weight. The possible difference in soil motion resistance between
a single vehicle and a coupled pair of vehicles, discussed below

under soft soil, was not considered here.

Because of the assumption that the ratio of motion resis-
tance to weight and therefore that of tractive effort to weight, is

the same for the single and coupled vehicles, there is no difference
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in the acceleration of the single and the coupled vehicles with full
power. However, the coupled vehicles provide the possibility of
operation with reduced performance even if one of the units is

totally without power. To assess this capability, the acceleration
simulation was run for the coupled vehicles with both vehicles powered
and with only one vehicle of the combination powered. This simulation
was done with five values of the ratio of motion resistance to vehicle
weight and for three vehicles, the LVTP-T7, the MI13-Al and a paper
concept. The three vehicles vary in weight from 22,600 to 52,000
pounds per unit and the concept has a higher power to weight ratio.
The results are presented in Appendix B. Figures 19 and 20 show, as
an example, the comparative performance of coupled P-T's with either
one or two engines operational. |In all cases, the performance remain-
ing to the coupled vehicle with one unit disabled is felt to offer a

useful operational capability.

In order to obtain comparable results for the articulated
concept further operational options have to be established: In normal
operation, tractive power is provided by the main engine in the front
unit. For the disabled unit performance simulation, it is postulated
that: 1) the main engine is disabled, and that all power is provided
by the 100 HP engine normally used for auxiliary power; and 2) that
the forward unit has been jettisoned and the rear unit only is propelled
by the auxiliary engine. It is further assumed that 20% of this power
will still be needed for other purposes and that the emergency power-
train has 807 efficiency. The simulation was run only at a single
value of 90 1b/ton motion resistance since the prior analysis for the
coupled vehicles had shown no qualitative differences in the trend
with change in this parameter. The simulation was performed both
with the two-section articulated vehicle powered by the auxiliary
engine and then with only the rear (personnel) section so powered.

The results are presented in Figures 21 and 22. The degradation in
performance is, of course, considerable but the remaining operational

capacity is still significant in terms of the vehicles' survival.

-08-




6.1.3 Soft Soil Performance

Two soil measurement < 'stems are presently in use to assess
vehicle performance in soft soil. One is the Cone |ndex system, and
the other the Bekker system. Both have been developed primarily for

standard (single unit) tracked vehicles.

To use the Cone Index system, the vehicle cone index (VCII) {
is first calculated for each vehicle. VCII represents the minimum
soil strength (in rating cone index) required for the vehicle to make

one pass through the soil, i.e., if the soil strength (RCI) in a region '

does not exceed VCII, the vehicle cannot operate in the region. VCIl
which is primarily a function of average ground contact pressure,
provides a general measure of gross vehicle mobility. In addition, '

knowing the VCII, and the soil strength and type in a region, one can

A T A g

calculate the rolling resistance expected in the first pass through

the region. 3

In the case of the coupled vehicles, this approach must Q
be taken cautiously. If the coupled vehicle is merely regarded as a
larger and heavier tracked vehicle, a single unit and a coupled pair
of identical units have the same VCI‘. Then for any soil, the cone %
index system calculation will yield the same resistance to vehicle

weight ratio. However, the real situation is better viewed as identi-

; cal vehicles making a first and second pass through the soil. One #
should calculate vet, (second pass vehicle cone index) for the second ‘
vehicle and a corresponding resistance. The published data which is
the basis for the cone index relationships is primarily the result

of first pass tests. There have been some tests performed to assess

capability to traverse a region 50 times which have resulted in the

equation for VCl_,, the 50-pass vehicle cone index (i.e., the soil

strength required to permit a vehicle to pass over the soil 50 times)
but VClP has not been considered. VCl] and VCI50 are listed in ¢
; Table 111 for the single and coupled M113 and LVTP-T and for the

articulated concept. All were calculated as if the multi~unit vehicles

are long single-unit vehicles.
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In an attempt to obtain some quantification of the dif-
ference in soil motion resistance between a single and coupled vehicle,
the Bekker soil system was used to calculate the sinkage and total
soil motion resistance in selected critical soft soils. As the Bekker
methodology accounts for the difference in compaction from the first
and the later road wheels, the resulting resistances reflect the
fact that the second unit rides in the rut from the first unit. 0On
the selected soils, decreases in resistance to weight ratio of 0 -

20 ¥ were predicted for the coupled vehicles over the resistance
ratios for a single vehicle. The results are presented in Table V.

This agrees with the Drawbar Pull Tests of the CCRV (Reference 5).

€.1.4 Obstacle Negotiation

In many terrains, the major impediment to vehicle travel
comes from the obstacles (natural or man-made) which must be negotiated
or avoided. Since going around impassable obstacles causes an increase
in travel time, improvement in capability to negotiate obstacles can

yield a significant increase in overall mobility.

Coupling vehicles is a way to obtain improved performance,
in this respect, for several reasons. The first can be regarded as a
scale effect. The coupled vehicle is, in effect, a larger vehicle
and in general, the larger the vehicle is the larger the obstacle must
be to stop it. The second reason for improvement in performance comes
from the greater ability of the coupled (or articulated) vehicle to
conform to the surface and utilize its full tractive power. A third
reason is that the intervehicle forces that are exerted will compen-
sate for those that cannot be generated by tractive effort on the
obstacle. We will now briefly examine and quantify this performance

improvement in three situations.
6.1.4.1 Step Climbing

When a tracked vehicle confronts a hard vertical
step (wall) on a hard surface, the limiting factor is the height at

which geometric interference prevents the track from contacting the
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step. Field trials indicate that ‘then the track can engage the step,
vehicles of the type considered here, have sufficient power to climb

the step.

The LVTP~T7 is specified to handle steps up to
3 feet high. The M~113 will climb a 2 ft step. Powered articulation

provides a way to raise the front of the coupled vehicle so that the

track will reach a higher point on a step. The height reached is a
function of the location of the pitch pivot, the degree of pitch
possible and the suspension spring constants. Field tests of the
CCRV (coupled M-113's) demonstrated that a 5 ft high wall was negoti-
able as shown in Figure 23. Using the CCRV as a scale model, the
larger LVTP-T, calculated to attain the same pitch attitude, can be
expected to climb a 7 ft high wall as shown and compared to a single
P-T7 in Figure 2k,

1 4 Wy o @)

6.1.4.2 Trench Crossing

The ability to cross a hard surfaced trench is

NS

also essentially a geometric problem. The limiting dimension is ap-
proximately the smaller of the horizontal distances from the center
of gravity to the first and last road wheel centerlines., The vehicle
can bridge any gap smaller than this value (which is at best half the

track length). If the gap is lérger, the vehicle will fall into the

gap and encounter interference. (There is a small safety margin by
contacting with the portion of the track between the limiting road-
wheel and the sprocket or idler.) For the coupled vehicle, the combined

center of gravity is between the tracks of the front and rear unit,

thus the vehicles can bridge a gap as wide as the length of contact of

one of the tracks. Hence, the coupled vehicle can cross gaps at least
double the width of those which the single vehicle can bridge, as

shown in Fiqure 25.

Again by using the CCRV as a scale model, its
demonstrated capability to cross an 11 ft wide trench is used to
project a conservative 14 ft (possibly 16 ft) width for the coupled
P-T in Figure 26, compared to the 8 ft capability of a single P-7 in
Figure 27.
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6.1.4.3 Climbing of Matural Terrain Feature Obstacles

A finely detailed analysis of the motions of and
forces on a vehicle during negotiation of a general obstacie (i.e.,
an obstacle havina an arbitrary shape and soil) would require extension
of existing methodology. The most recently developed simulation
obstacle negotiation is that called 08578B, which is a part of the
NATO Reference Mobility Model, Edition | completed in the Spring of
1979 (Reference 6). In this simulation, all compliance and dynamic
effects are neglected, the obstacles are symnmetric trapezoids and
motion resistance is accounted for through a uniform coefficient.
The simulation only deals with single unit tracked vehicles and even
these are modeled as equivalent wheeled vehicles. A validation program
and further development of this simulation are planned. An extension
to articulated tracked vehicles is highly desirable, but some distance

in the future.

Consequently, for this study, a "quick Jook"
approach was taken for this obstacle negotiation problem. |In the
LVA Concept Analysis (Reference 7), the Linear Features:/Obstacle
Module was designed to assess the vehicle's capability at those
points in the obstacle negotiation which were judged to be the criti~
cal places. Mission scenarios typical of operational conditions which

would be encountered by this class of vehicle were defined.

Reviewing the results of thc ILVA Mobility
Analysis it was observed that all of the NO-GO's identified for the
LVTP-7 had the same cause. This was a lack of sufficient tractive
force to climb the obstacle due to a combination of weak soil and

obstacle geometry (approach slope and obstacle height).

The advantage of coupled vehicles lies in the
capability of the unit which is still (or, again) on level ground to
assist the unit on the slope. 1If the slope is long enough for both

vehicles to be on it at the same time, there is no benefit to coupling.
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The basic relationships for this analysis are
presented in Appendix C. The results of the analysis comparing single
and coupled units of P-7 size on an obstacle of a height arbitrarily

chosen as 200 inches are given below:

Limiting Slope (Degrees)
SOIL TYPE — S -
Single Coupled
Cohesive c = 3 psi 14.0 28.5
c = L psi 23.5 4. 5
Frictional ¢ = 20° 15.5 31.0
w = 25° 21.5 45.0

6.1.5 Water Exiting

At the present time there is no acceptable analytical pro-
cedure available to calculate the exiting capability of vehicles, let
alone coupled or articulated ones. Therefore, the same procedure
was used as for the obstacles, that is, to compare the coupled vehi-
cles to the known performance of the CCRV of Reference 5. For that
purpose, the floating trim attitude of the coupled P-7 models was
measured in the towing tank, and found to be identical to that of the
CCRV. Figure 28 shows the two vehicles in their static floating
attitude against a 34° shore slope which the CCRV was able to negotiate.
In Figure 29 it is clearly evident that the trimmed up P-7 has the
advantage of engaging the shore siope with the front approach slope
of the track, whereas, the single vehicle engages the shore with the
bow section of the hull. It is reasonable to assume that the perfor-
mance of the coupled vehicle will match that of the CCRV whose exiting

performance is known in Figure 30, as reproduced from Reference 5.

6.1.6 Corridor Turning

A computer simulation has been developed by Stevens Institute
of Technology (Reference 8) to evaluate the corridor turning performance
of a vehicle, Both conventional tracked vehicles and vehicles steered
by articulating can be analyzed. The program simulates a vehicle turning

in an L-Shape (perpendicular) corridor.
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Figure 31 is a representation of a conventional tracked
vehicle of length 1, and width w, traversing an L-shaped corridor
having street widths of a and b. The vehicle clearance and
minimum clearance radii as well as the path radius of the vehicle
center of gravity are calculated using the geometric fit of the
rectangular shape through the corridor. Figure 32 shows the results

for a single P-T.

The evaluation of a vehicle steered by articulation is
similar to that for the single vehicle. It is based on the geometric
relation of moving a single box shape as shown by the dotted lines
superimposed in Figure 33 through the corridor. The input parameters
are the length of the coupled vehicles, the vehicle width, and the

maximum allowable articulation angle.

An additional constraint is imposed by the geometry of
steering by articulation. Accordingly, the method for calculating
the vehicle clearance radius, the minimum clearance radius and the
corridor width as a function of yaw angle, and vehicle length and
width is shown in Figure 34. It assumes identical box~like vehicles

and a symmetrical relationship.

Some representative comparison values are:

P~T7 Coupled P-7
- Vehicle clearance radius 16.5 ft 61 ft
« Minimum corridor width required 16.5 ft 27.5 ft

The limitations on vehicle turning imposed by the trans-
mission are considered next. Figure 35 shows the relationship between
vehicle speed and path radius for the LVTP-7 with the HS-LOO trans-
mission. Note that while the vehicle can make a pivot turn, it does

such a turn in neutral at zero speed.

Figure 36 shows a combination of the transmission capa-
bilities and the vehicle geometry limitations, defining the areas

of useful operation of the single and the coupled P-7's.
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6.1.7 Cross Country Ride

Cross country vehicle performance is fimited by a variety

of factors. 1In soft soil, lack of power or the ability to transmit
the power to the soil may be the limiting facto.. In other places
lack of visibility or maneuvering around and among obstacles and
vegetation can be the primary factor. On relatively hard surfaces,
the limiting factor is often the driver's tolerance to his vibrational
environment when the vehicle is operating over continuously rough
ground and/or the driver's tolerance to impacts received while the
vehicle is crossing discrete obstacles. The vehicle/driver/terrain
interaction, together with the related vibrations and impacts at

other locations in the vehicle, are usually referred to as "ride".

Articulation and coupling has long been recognized as a way to

obtain a significantly better ride in tracked Venicles (Ref, 1). This is
due to the articulated vehjcle having greater length thsn s comparable

single vehiclie as well as power absorption in the coupling. This was
also borne out by the ride evaluation test in the CCRV program, which
was conducted over a single course having an RMS roughness of about

2 inches. Compared at the commonly used power absorption level of

6 watts in the vertical direction at the drivers' seat, the coupled
units could be driven 50 percent faster than the single unit in

rigid mode (length effect) and twice as fast in a limited pitch freedom
mode (combined length and damping effects) {see Figure 37, borrowed

from Reference 5).

Computer programs to predict ride quality exist. They are
time consuming and costly to run. The accuracy of the output is
dependent on the accuracy of input parameters whose values are usually
difficult to obtain. For these reasons, a complete ride analysis was

judged to be beyond the scope of this study.

6.1.8 Land Performance Summary

A summary comparing the known land performance of several
existing vehicles with the projected performance of the concepts is

presented in Table V.
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6.2 WATER PERFORMANCE

The behavior of the coupled LVT in calm water and head seas was
determined from sub-scale model tests using 1/8.2~scale models. This
section describes the models used, the test techniques, the results

obtained and discusses the full-scale predicted performance.

In order tc give the medel study a degree of realism, the tests
were based on the LVTP-7 amphibious tracked vehicle used by the Marine
Corps. 1t should be recogni:zed that the characteristic behaviour of
the coupled LVT is not dependent on the specific vehicle type and as
far as possible the results and conclusions are presented in a form
independent of the specific configuration. The selection of the P~7
for the purpose of making model tests was discussed with and agreed
to by DTNSRDC Code 112,

6.2.1 Model Description

Two models of the LVTP-7 were built and one of the pair is
shown in Figure 38. Each model had an overall length of 38 inches (a
model scale of 1/8.2) and was built to FMC Dwg. No. 4168484, The pine
models incorporated flexible tracks, movechle suspension systems and
individual road wheels which could be adjusted to allow for track

extens ion,

The models were coupled together with a spacing between
them corresponding to 14 inches: hereafter all quantities will be
given in terms of full-size equivalents, The coupled models could be
run free-to~pitch about the main bearing located 56 inches above the
vehicle base line and midway between the two vehicles, The reiative
incidence between the coupled vehicles would be fixed by means of a
pair of adjustable tie rods between the lead and trailing vehicle
located B.75 ft. above the base line and spaced 5 ft. apart to allow

for yaw adjustment,
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The Tead model was equipped with a free~to-trim towing
fitting whose pitch axis was 170 inches aft of the bow and 51.7 inches
above the base line (STA 204 and WL 51.7). Both models had accelero~
meters located at STA 178 on the model centerline to measure the
vehicle acceleration in the rough water tests, |In order to measure
the bending moment between the coupled vehicles in waves, the adjustable
coupling was replaced by a strain-gaged beam for a limited series of

tests.

Model particulars are given in Table VI.

6.2.2 Test Program

Tests were conducted in the Davidson Laboratory Tank 3 test
facility, a high speed towing tank 300 ft, in length, 12 ft, wide by

6 ft. deep, equipped with a monorail drive and plunger wave maker.

The test models were ballasted to draft marks corresponding
to the Combat Equipped LVYTP-7, This loading was selected as being the
most severe because the associated forward LCG on the current LVTP-7 Al
leads to green water over the bow at intermediate speeds. Tests were

also run at the Combat Loaded Condition:

Condition Weight, 1b.  *LCG,STA LCG, 7L
Combat Equipped L2,377 197,89 49,3
Combat Loaded 52,377 199.85 53.2

”Longitudinal locations on the P-7 are conventionally given
in terms of Stations which are distances aft of the bow in inches plus
3Lk inches, Positions as a percentage of the overall length are obtained

by subtracting 34 and dividing by the length of 312 inches.

Tests were run with the single vehicle in calm water over
the speed range of 4 to 9 wmph in order to provide correlation between
model and full-scale data. In this as in all the tests, the tracks were
extended and hung in a free catenary taken to be representative of

operating conditions,
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The models were then coupled together and a series of calm ]
water exploratory tests were run to determine the effects of relative
incidence between the models, locked versus free-to-pitch coupling,
and spacing. The test conditions were selected from the following

matrix.:

Load Condition Conbat Equipped
Speed, mph 4,56,7,8,9,10,11,12,13
Relative Incidence, Deg. free, 0,2.7,4,5.5,7,10,15
Inter-Vehicle Spacing, fn. 14, 30

Head sea tests in Sea Staie 2 (significant wave height
2.2 ft.) were then run for the following conditions based on the find-

ings of the calm water exploratory tests:

Load Condition Combat Equipped
Speed, mph 6 and 8
Relative Incidence, Deg. Free, 0, 10, 15
Inter-Vehicle Spacing, In, L

On the basis of deck wetting and driver visibility the 15
degree incidence was selected as optimum: in the static condition at
this relative incidence the coupled vehicles floated with the lead
vehiclze at a bow~-up trim of 7 degrees and the trailing vehicle in a
bow-down attitdue of 8 degrees, Figure 39. The drag of the coupled
vehicles did not vary with incidence and changes in vehicle spacing

had no significant effect.

With the coupled vehicles at 15 degrees incidence and 14
inches spacing the following conditions were run in calm water and

head seas:

Loading, b, 42,377 and 52,377
Speed, mph 4, 5 6, 7,8, 9, 10, 11, 12, 13
Significant Wave Height, Ft. 2.2 and 3.3
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In addition, the effect of fitting a bow extension to the
lead vehicle was investigated. Both buoyant and non-buoyant extensions

(5 ft. by 5 ft. in planform) were tried,

€.2.3 Test Results

I.
The measured quantities included the drag, trim and draft
of the lead vehicle in calm water. |In the head sea tests these measure-
ments were supplemented by recordings of the accelerations in the lead
¢ and trailing vehicles at points LG% of the vehicle length behind the
bov of each vehicle,
The test results are discussed in the following sections
N and are presented graphically in Figures 40 through 51,

In addition to these quantitative:results, video tape
recordings were made of the rough water tests, the head and beam sea
coupling experiments were recorded on motion picture film, and stil)

{ photographs were taken of representative test conditions,

6.2.4 Full-Scale Predictions

6.2.4.1 Single Vehicle in Calm Water

The model results are expanded to full-scale by

a technique known as froude Scaling in which velocities are multiplied
by 2.86 {the square-root of the 8.2 scale ratio) and forces are
multiplied by the cube of the scale and by the ratio of the density of
salt water to fresh water, which is the displacement ratio of 566. To
demonstrate the validity of this technique the results are compared

to the full-scale values obtained with the prototype [VTX-12 in Figure
Lo,

Although the LCG on the prototype LVTX-12 was 6.5

inches further aft than that of the LVTP-7, good agreement was obtained

between the model and full-scale results (Reference 9),
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Also shown on this plot is the thrust available
from the jet assuming an installed power loading for the P-7 of 21
Hp/ton, an allowance for auxiliaries of 17.5% and an overall propulsive
coefficient of 407 based on the trial results, It is clear that the
P-7 has the power to go faster if it were not for the decrease in trim
above 8 mph. The results of the prototype trials contain the obser-

vation that the speed is limited by the (negative) vehicle trim.
6.2.4.2 Coupled Vehicle in Calm Water

The calm water drag of the coupled vehicle at the
combat equipped weight is shown in Figure L4l and contrasted with that

of the single vehicle,

The relative incidence between the coupled vehicles
has no effect on the drag, so that the incidence may be selected on
the basis of running attitude and water shipped over the bow and on to
the driver's station, Variation in spacing between the vehicles also
had no effect on the drag so that this parameter may be selected to
accommodate the yaw angle necessary to steer the vehicle, The drag of
the coupled vehicle, on a per ton basis, is about 75/ that of the single
vehicle due to doubling the length; above 8 mph thc coupled vehicle
has a speed advantage of 2 mph for the same installed power, since it
does not bury its bow like the single vehicle. Thrust available from
power installiations of 20 and 30 Hp/lb. are shown in Figure 41 to
showv the increasing speed advantage of the coupled vehicle as the

po~ver increases,

The increase in the running trim of the lead
vehicle as the relative incidence is increased is shown in Figure 42,
The nose-diving of the single vehicle above 8 mph is obvious in the
trim track at the bottom of the figure. At 15 degrees incidence the
bow-up trim of the coupled vehicle increases with speed with no tendency
to bury the bow at intermediate speeds, Beyond 15 degrees incidence

the vision blocks at the driver's station of the trailing vehicle
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would be continually under water. Therefore the 15 degree incidence
was identified as an appropriate attitude in which to run the main

investigation “ncluding the study of rough water behavior,

The drag of the canbat loaded coupled LVT, at 15
degrees incidence, is 74 less than that of the combat equipped vehicle
as shown in Figure 4L3. The trim of the heavier vehicle is also half
a degree higher, and therefore the bow drier, than at the combat equip-
ped load, Thus, the performance of the combat loaded coupled LVT is
better than that of the combat equipped vehicle, since the drag in
pounds per ton of the heavier vehicle is 7/ less and the trim is half
a degree higher, These considerations lead to the choice of the
combat equipped vehicle as the configuration to be used in the pre-

liminary coupling experiments.

The calm water tests showved that coupling two LVT
together resulted in significant drag reduction, eliminated bow burying
and thereby opened the way for speed improvements of 2 to 4 mph
depending on the installed power. Speed imnrovements that could not
be obtained with the basic P-7 no matter what the power because of
water over the bow. These improvements in performance were obtained
with a modest relative incidence of 15 degrees and only got better

as the vehicle weight was increased from combat equipped to combat
Joaded,

6.2.4.3 Seakeeping of Coupled Vehicle

The performance of the coupled LVT in head seas
of 2.2 ft, significant wave height (Sea State 2) is shown in Figure 4k,
For the coupled vehicle operation in this sea state reduces the maximum
speed by only 0,5 mph, Compared with the single vehicle in the same
sea state, however, the coupled vehicle can operate at 10 mph whereas
the single vehicle is limited to speeds of about 6 mph. The reason for
this is excessive water over the bow of the single vehicle at speeds

above 6 mph, This situation is illustrated by Figure 45 where the
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single and coupled vehicles in Sea State 2, running at 6 and 10 mph
respectively, are shown. 1t may be noted that to achieve a speed of

10 mph with the coupled LVT does not require a large power installation:
in fact a power loading of 22.4 Hp/ton as in the current LVTP-7 would
be sufficient, On the other hand, no amount of installed power will

make the single vehicle go faster because of the diving tendency.

The seakeeping behavior of the coupled vehicle is
summarized in Figure 46, The RMS vertical acceleration 9 inches ahead
of the CG of the lead vehicle is shown in the upper graph as a function
of speed., The acceleration at the corresponding point in the trailing
vehicle is LO% less. The accelerations are quite modest and are seen
to reach their maximum at 8 mph where for the combat equipped lead
vehicle the RMS acceleration is 0.08g and the ave.age of the 1/10
highest peak acceleration is 0.2g. Increasing the weight from combat
equipped to combat loaded decreases the accelerations and the motions
as shown in the lower plot. lIncreasing the speed from 6 to 10 mph
reduces the pitching and heaving motions 30%, While the accelerations
in the single and coupled vehicle are similar, the motions of the

coupled vehicle are much smaller in the b to 6 mph speed range.

The ride quality in Sea State 2 at 8 mph in the
conbat equipped condition, where the coupled vehicle experiences the
largest accelerations, is shown in Figure 47. The lead vehicle of the
coupled LVT shows a peak RMS acceleration at 0,4 Hz that is 15% higher
than the single vehicle; however, operation of the single vehicle at
8 wmph is barely practical due to bow burying. Either configuration
is well below the one hour exposure ''fatigue decreased proficiency"
fimit recommended by the International Standards Organization, and both

are belo~x even the 1S5S0 two hour exposure limit,

The tests in waves showed that the coupled LVT
behaved well at speeds up to 10 mph, Above this speed in headseas,

however, considerable water was shipped over the bow. An experiment
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was conducted in which a 5 ft. bow extension was fitted as shown in
Figure U48. The non-buoyant extension was very successful in sup-
pressing the bo~ waves at speeds of 10 and 12 mph as shown in Figure
L9, With sufficient power installed this simple bow extens ion, which
could :asily be folded when not in use, would extend rough water
operation to at least 12 mph, The effect on the seakeeping perfor-
mance is shown in Figure 50 for Sea States 2 and 3 (significant wave
heights of 2.2 and 3.3 ft.). The increase in drag between Sea States
2 and 3 is minor and while the acceleration in Sea State 3 is 50/
greater than in Sea State 2, the 1/10th highest acceleration in Sea

State 3 is still only 0.3g.

The possibility of coupling the two vehicles in
a seaway was examined in a qualitative manner. The uncoupled vehicles
were placed bow-to-stern in head seas and beam seas and their resulting
motion recorded on color motion picture film. Targets and grids were
mounted on the models to assist in estimating the resulting motions,
It seems unltikely that the vehicles could be coupled in head seas due

to the excessive relative motions. Coupling in beam seas might be

possible and deserves further study if an operational need develops.

In order to determine the bending moment between

i i

the vehicles, and consequently the size of the coupling, the rigid
coupling was replaced by a strain-gage beam that held the models at a
relative incidence of 15 degrees. The models were run in head seas of

State 2 up to 12 mph and time histories of the bending moment were

recorded and analyzed. The mean bending moment is shown in Figure 51
together with the maximum and minimum values. This data was used

to size a ''water-only" coupling.

6.2.5 Hydrodynamic Performance Summary

A summary of the hydrodynamic performance is presented in
Table VI,
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R-2N82

TABLE VI

HYDRODYNAMIC MODEL PARTICULARS

(values given as full-size equivalents)

Vehicle Length, ft 26.0
Beam, ft 10.6
Depth, ft 8.2
Loading:
Combat Equipped, 1b 42,377
Combat Loaded, 1b 52,377

Coupled Vehicles
Overall Length, ft 53.2

Relative Incidence, degrees 15.0
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SINGLE VEHICLE

COUPLED VEHICLE

FIGURE 25, Trench Crossing, Basic Geometry
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SITE I

25°

—————

GO: BOTH VEHICLES {

SITE 2

2! 40

GO: COUPLED M-113

SITE 3

GO: COUPLED M-ii3

SITE 4

GO: COUPLED M-113

FIGURE 30. water Exit. Bank Profiles for

the CCRY
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)4 .
R = 53— . R + D = Vehicle
2 sin o/2 . r(J__ Clearance Radius
W 'hh/ s 2
D = prvas | // //‘ r = Minimum
1/ = . Clearance Radius
r = R cos a/2 \;/ R+ D --—= Corridor Width
o red = Path Radius
/ -

FIGURE 34

Minimum Corridor Width by Articulated Steering
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FIGURE 35
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FIGURE 36

Operational Area
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CALM WATER
COMBAT EQUIPPED

DRAG, 1b/ton

500 |-
4oo F Thrust
21 HP/TON
AN
N
AN
300 ~
N
200 L |
+
Full Scale LVTPX-IZ—\/ /
4 /d
100 /‘"'
/;&— Model LVTP-7
0 3. B YU SN T
0 2 ] 6 8 10

SPEED, mph

FIGURE 40, SINGLE VEHICLE CALM WATER DRAG COMPARISON
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CALM WATER
COMBAT EQUIPPED

DRAG, 1b/ton
500’_ ThrUSt

30 HP/1b

4oo \\\\\

/\\\\ .
/ ~
20 HP/1b / S~
~.
\/ N
300} \ N
/ /

200 - T~ o
T/
Sinqle-—\v/” yd
N (@]
PN
s 7 ~~ Coupled at
100+ e ,LI all incidences
o
-0
P
/,o/'/‘0
Ol [ TS S o I R
0 2 4 6 8 10 12
SPEED, mph

FIGURE 41. CALM WATER DRAG OF COUPLED VEHICLES
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FIGURE 42. TRIM OF COUPLED VEHICLE
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LEAD VEHICLE
Trim, degrees

10

e 1

DRAG, Ib/ton

400

300 |

200 |-

100 |-

0 e d
0 2

FIGURE 43, EFFECT OF VEHICLE WEIGHT ON CALM WATER DRAG
AND TRIM OF COUPLED LVT
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ROUGH WATER
COMBAT EQUIPPED
DRAG, 1b/ton
500
Thrust
B
400 - 30 HP/1b
20 HP/1b
300} \
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FIGURE 44, PERFORMANCE OF COUPLED LVT IN SEA STATE 2
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R it

COUPLED AT 10 MPH

FIGURE L5, SINGLE AND COUPLED VEHICLES IN SEA STATE 2
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LEAD VEHICLE
RMS ACCELERATION, g
0.12
) Combat Fauipped
Sinagle LVT ,
0.08 DT
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FIGURE 4§, SEAKEEPING OF COUPLED LVT IN SEA STATE 2 g
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FIGURE L7, RIDE QUALITY IN SEA STATE 2 COMBAT EQUIPPED LOAD AT 8 MPH
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10 MPH

FIGURE 49

12 MPH

COUPLED VEHICLE W%Eﬂ BOW EXTENSI{ON IN STA STATE 2
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RMS ACCELERATION, g

0.12f —y
Sea State 3 //
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FIGURE 50. SEAKEEPING PFRFOPMANCE WITH BOW EXTENSION
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COUPLED VEHICLES

¢
Scva State 2
Combat Equipped
]
Bending
¢ Moment, ft tons
100 ¢-
Bow up
50 |-
Max. _ T
0 : B
e T - ’}ﬂ/‘
- Mean e T
10 el —— ~~——r:1'i‘h":""""'”
Bow Down
-100% -~ - | : R | . ot ! oo
0 2 4 € 8 10 12

Speed, mph

FIGURE 51. BENDING MOMENT BETWEEN VEHICLES IN HEAD SEAS
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SECTION MODULUS CALCULATION FOR
TUBULAR CROSS-SECTION

g -
32 D
FOR: D = 20" (outside diameter)
d = 19.25" (inside diameter)
. 20" - 19.25"
L 32 20.00
W= 11135 in.>

BENDING MOMENT

FOR LAND ML

FOR WATER Mw

4,030,000 1bs.in,

1,200,000 Ibs.in,

STRESS CALCULATION FOR LAND OPERATION
M

U:——_L = ELQM = 36"93“5 psf
111.35
L
SECT{ON MODULUS REQUIRED FOR WATER OPERATION
M 1,200,000 3
= L LB LA B S i
Nw WL X ML 111.35 x %, 030,000 33,16 in,
FOR: 14" OD -~ 13.25" 1D Joint
4 4
i - !
W= ECE lﬂ~—7512423~ = 53.25 in.3 availabl=z
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Calculation of forces in the pitch cylinder

Moment arm L, = 32" (Distance from the pitch axis to center line

M

of the piteh cylinder, at 0° position) .

Force = Monent/LM

LAND OPERATION

WATER OPERATION

Moment (1bs.in)
Force Required (Ibs.)
Section Modulus

Cytinder Size

FORCES:
Push (1bs.)
Pull  (1bs,)

4,020,000
125,937
1 in
10" dia. x 4%” rod

157,000
125,000

1,200,000
37,500

53 in

7" dia. x 3" rod

3

76,980
62,840
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A Compontiur  of Structural J ints for Asscmbly. Field and
Flignt Soparaticn on Missilos

Boeing Co Seattle wasn (0549 60 )

AUTHOR: Garbrell, R, V.

EQ8P 3B Fid: 16D, t3E GRALI7810

2 Jul 63 1620

Rept No: 02-12591t1~1~-Rev=~Ltr-0

Monttor: 18

Includes revisron letter B dated 10 Dec 68. See also AD-835
942L and AD-830 ooy,

Distributron limytation now removed.

Abstrant: Thie  report 1 oa Class 2 Research Jdozurest avach
contarns anfo o tatieon to assist tae preliminary and  conceont aal
des g enggingeoans in sefecting variety of miscile jormnts,
including: Payiaont Staqe Ascerthly  and Sepacation Joints;
Booster GLtaus Acsombly  and  Separation Joynts; and Raceway
Joints., 1o a<dhition, information on design consideratirons and
systlen reguiremonts  are yneluded to assist the engineer in
making his concept choice and justifying its applicability and
feasibility.

Descriptors: (+Joints, <Guided missilte components), Separation
. Payload, Staging, Launsh vehicles, Booster rockets, Bclted
joynts, Relpase  mechanising, Adapters, Arming devices,
Explosive actuators, Shapsed charges, Impact fuzes, Nose cones,
Heat shields, Glass textiles, Rocket engine cases, Machining,
Seals, Disconnect fittings, Guided missile models, Design,
Optimization

Identifiers: Minuteman, Saturn 5, NTISDODXOD

AD-B845 012/4ST NTIS Prices: PC AOB/MF AQ1

CONNECTOR ALIGMING DEVICE

Patent asaigned to Havy

AUTHOR: Darm, Carl A,

021463 Fig: 194, 13€ USGRDRA016

18 May 65

Monitor: 18

Avartayde  feom Comniiscroner ol flatents,  Washington, D.C..
20231, 20.25

Abtenct: The weapons stoweye, nandlyrng, SUSeNSTT Y ang
release  syster utilizses A roeonling system, includrar g
selr-aligning device «hich perm-ts the coupling of two Mmaling
unita for transfersing  a  bHoert or torreds fron gne place to
ancther 0t areeaft rearmicg gystem. Tne conrostor
aligning dev. e may also bie  used N heiicopter ars 1ift
cystoems, Thae self-aligning devaice permits the coupling of two
matyng units ang may b selectively retained on erther  the
male or female portion.

Oescriptors: {*Positioning dovices(Machinery), Dyrsconnect
fittings), (+Disconneuct fittings, Positioning devices{Michine~
ry}). Patents, Design, Couplinas., Handling, Dollies, Bomb
handling vehicles. Bonbs, Bumb hoists

Patent 3.183,777
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R-7082

SIDE PULLAWAY DISCONNLCT APPARATUS

Patent assigaedt ta Aje borce

AUTHIR: MoCullouch, Chaciten R,

030164 Fld: 130 USGRORHLO2

2 N 65

Moy tort 18

Avaitlable from  Covmicsioner  of Patents, wWasnington, 0.C..
20231, $0.%0

Abstract: The diccor et apparatus i useful on a rocket Gled

suh as [ Use to contuct  bigh velocity  and  hagn
accelorgtion-decelrat:on tests,  of hardasire relating te
flignt, The apparalas dirsengt s one ar more quickdisconnect
dovices from the movang siled transverse to tl?e torward
movement  of the venhitle, One part of the device is attachea

te the sled and the other half to the apparatus.

Descriptors: {=Discowect fittings, Test vehiclc_lsl, Patents,
Rocket-propelied sleds, Hose couplings, Electric connectors,
Operation

Patent 3.215.970

Remote Unranned Jork System (RUWS) Matching Latch

Department of the Navy Washrington D C (110050)

Patent
AUTHOR: Teyon, Paul V.
DISEIH2 Fict: 130, A7A, 90A CRAI7708

Filed 12 Jan 76, patented 26 Oct 76 ehl

Rept Not PAT-APPL-GAY 2204 PATLNT-3 987 741

Monitor: R

Superasoedes AD-DO02 580,

Thais Governaont-owned 1nyention avarilable for UL 5. 1\Cev‘:-‘;\q
and, possibly, for foreian licaosing, Copy of patent availatle
Commissioner oi Fatents, Washington., D.C. 20231 40.50.

Ahstract: The patent relate. to a davice wive vty a resote
interconnection  of a fairat undersea vehiacle tethered to a
scrond  underasa veracle e arnurad by mating assonnlaes
carrivd o Hoath o venioles, Theo totherainag cante extends (heough

a prod asueebly carried on the tothesrd vehaicle ard  functions
mainly to deploy and rotriecn the tethored vehicolo. During the
commection  of t e tse venscles the cadle sorves to dras the
prora assevbly into o a 'atobiang asombhly carried on the sccond
undersea  vehicle., Several irasls are camred into an annglar
groove on the prod as.ombdiy and a pasr of oppesing  heliycal
springs mechanically interact to lock the pawls in place. The
coaution of the wpring,’ woOrking o a collar  on the prod
assenrbly and a  saieeve  on the latching assembly makes
accidental disengagemsnt  nearly impossible untl hydraulic
actuators assist the force produced by the sleeve spring to
overcome the force exerted by the collar spring to release the
pawls,

Descriptors: +Underwater vehicle,, +lLatches, +*Patents, Coaxial
cables. Mechanical cables, Tothering. Couplings, Release
mechanisms, Remote control, Unmanned

Identifiers: PAT-CL-114-16, NTISGPN

AD-D003 298/7ST NTIS Price! Not available NTIS
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Coupling Device for Moving Vehicies

National @ Aeronautics and Space Administration, Goddard Space
Flight Center, Greencelt, Md.

Patent Apnlication
AUTHOR: Rudmann, A. A.

E12012 Fld: 228, 22A, 24C, 90a STARIGHIG
Filed 1a Mgy, 78 23

Reot No: PAT-APPL-307 436: NASA-CASE-GSC~12322-1
Monitor: tn

Thia Government-owned invent ion avaitabtlte for U.S.
and, pussibly, for foreign licensing.
avatriable NTIS,

licensing
Copy of application

Ahstract: A mechanical system was dosigned to capture  and/or
depley a device or vehicle having relative motion with respect
to Another  yohicle, The mechanism  includes an  onboard
controlled callypsible iris assemuly located at the end  of o
controliea munapyiator system canrried by one moving nﬂh;c)e.
The iris assomrbly by means of the manipulator system encircles
@ proebe located an the other moving vehicte whe#nuoun the irisg
acscmbly 15 activated and one  or  more iris  elemonts close
araund the  prebe, thus  capturing and axially aligning the
other vehaicie with the iris assembly. Additionally, a rotator
assembly s included  for  spinning  the iris assembly in a
ranner adapted to engage the probe of a spinning vehicle,

Descriptors: sCouplings, -Wanipulators, *Remote handling,

~R9cket vehicles, +Fatent applications, «Spacecraft docking,
Irises (Mechanical apertures)

Identifiers: NTISNASA

N78-25429/9ST NTIS Prices: PC A02/MF AO1

ID NJ.- EI71X0.06a79 146079

Autorataic coupler for Euraope
¢ ky Gaz v 126 n 17 Sept 4 1970 p 670-1 CODEN: RGZTA

Italian  wWestinceheuse has developed a coupler with automatic
air and el _ctrye connections which can mate with the Willison

or Soviet SA- 3 denigns, The air and electric coupling unit
describad hag a pendular suspension  support which helps  ta
reduce wear ¢n  sliding parts. The stages in the coupling

operation are explained.
DESCRIPTORS: (+CARS, *Couplings),
CARD ALERT: $82

10 NO.~ EIT2X0045317 204047
On man- machine counlinag concetning the control of a machine
whooe dynanics do ot prezent davping factors
RAGUET o WEZTERE O . .
Attaaatic  countral an Space. 3, proc 3rd IFAC Conf War 2-0
197¢G. 1 A, 197C p 35- 1
DEASCRIPIDNS: (+5PALT VEHICLES, #*Control), AUTCWATIC CONYROL,
CARD ALERT: HLS, 73N
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ID NO.- E172X036130 236130

3 System of driverle s poser - ucks, (Fahrerlcese Flurfoerderer
fuer unterschiedliche Auafgabon

Foerdern Heber v 21 0 4 Mar 1971 p 206-8

- Thiis acticle deals with the development and progent stato of
3 engineering of a driverless power truck system, using sit-  on
tractors. fork 1ift truchs and in=  floor tractors which are
capable of reversing. Automatic coupling and decoupling on

the tractor and pallet pickup and depositing on tne fork 1ift
truck are possible. [In German with English ahstract

DESCRIRPTORS: (*INDUSTRIAL TRUCKS, =*Cuntrol), (TRACTORS,
Remute Control),
CARD ALERT: 663, 691, 731

71- TN A e A e e
N78.19036°4 Martin Manetta Corp  Denver. Colo /\ r‘\f“ 1" :0382‘ i ‘( ‘. , . " , ! R
DOCKING AND RETRIEVAL MECHANISM cl18 S B A st '

J Robert Tewell and Richard A Spencer /n NASA  Goddarg QUICK ATTACH AND RELEASE FLUID COUPLING

Res Center  The 11th Aerospace Mech Symp  Apr 1977 ASSEMBLY Patent

p 101 110 refs {For avaitability see N78.19026 09.-99) Cuth PoHeabd g G DSt caey - e 0 NASAT 1. e
Contract NAS8- 312904 TEMG VOGP 3 A U ey
Avml NTIS HC AV1/MF AO1 CSCL 228 INASA Cane XES O1OHS 1S D oy r 3 300G a0,

An engmneenng prototype doc wing and retrieval mechanism US Patent 2q00 SN 3G T3 A0 Ui g e 0L e, REH
IDRMY which enables two spacecratt to dock and be structuratly A Guik el g o g B b Tp e e IR
oned on ot s descrbed  The joming of two spacecraft or WHR SO et e e T P
pavicads on orbit suppo'ts future planned space activities such L L PV A T LV PPN . N IR
8s payload servicing  deplayment and retnieval, and assembly or OThes LN e T e o e N ,
19199 space systems  Advantages of the DRM ingiude o s a N R R
nontmpact docking mechamsm does not requtre impact absorbing AN e vt e e f G A e i .

mechanisms or attitude stabilization on the target spacecraft s
apable of doching to a spinming spacecraft. and can Spin up X

SIRpeTatGre e N o
and deploy a spinning spacecraft or payload Authar  17TESIATEIR A nat o0 e g

T0eated b etaren P pa o f e G ol o

VA Ons degrece af il o oniteat an enfy T e a Ve et ey

Falmg A b el gkt o

At Tegb e g by

e wata e et e A e g R B N W L TP,

N76 21245 Man Kooy Cotpr Denver Coln the seatng preasn e of e o g g Sown theoagh the canns
SPACE TUG DOCKING STUDY VOLUME 1. EXECUTIVE He
SUMMARY Ffinal Report
Mae 1976 349 & val
tContracr NASH 116421 N70 41679° N owgon
TMASA CR 134039 MR 76 3 Vol 1) Avarll NTIS  HC $4 0O
USeL 208

e

TRRAUZL S AN 00K I apiee At o b petformed ty the o't ap

ST T e A e e
barniey Bevo e n D e gy g o
QUICK RELEASE SEPARATION MECHANISM Patent

Vedbarm b New o gt s AG AT (e TR LI A R R YO
e 23 D0 1ARS T L T g

PNASA Cave LA DTdd T US Type -0 1 2, [

Bt ot g detahe | gyt dradtyses of  the  entra

SR e e At presented Soeofe s gregs mvestigated n hgde

Weeratieg o opertongt o nemeaty and g daty hase of

Cartedate operateeal tecbiigne . e suhsystem mer hanesa US Patent Apps SN BTETHT Sl by e L A
pensseteenen gt cgnbing b negoited system designs capatite Aechanen e b e oot
of meeting the egurenient, gerergted anid defintion of s the wtages of e ' N Pores !
mulatien demaenstaton progosm reqpeed 1o select and prove cete wpnae gt e + Lo b '
te mong efbes tee maned! autonermags, gond hybindd rendesvons Pt et e P v i [ o
and dos kag Gy steme, JALS WP o e . [ s .
ot e T B RS !
preevonte il atie E g oo o L e 4 A
OUCT COUPLING FOR SINGLE HANDED OPERATION "' "' N ;uid, b peoo et R e
Patent L B R I R o Vot e \
Watirm N e oventor (T NASAT Cooped 8 Dee 10700 Eged w0l she im0 e e g o e e

bt TOEY S L 0 DRL AW L0 D8R 3V 2BH H14 () T hed 10 st e Fas
84 - ey YRR

CHATSA Cipe NS 0235 LS e e 3 545 790

US Patent Appt ST 330715 Aval US Parent Oty e CSCL 131

A e e e 2 g g L I LT L P T L Y O IO IOT

MAy beocperate s P e g bged g g e Ayt
Pov ottaent N oy e Tt e e eyt b thge

SO0A 0 g e o

Tose trn Tha lati v gio g tgaed
POV e D by et o e e ] 2o e ol ke 1 i
bo 1t rotaren al e oumtd G e e 0t g ey The
g s reratec by roamipat e b b e thiat e g ior gt waithy
the nag acd the bieat Jacr e 1

Dcl Garette of e UG Payrenr Officw
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. R-2082
3
N Autcmatic Herote Controd Coupler for Mine Cars
Foster-=Miller A gsnciates, laoc waltham, HMass.*Buresu of
. Mines. Washinqgton, 0.C. (142 400)

"
Finil rept. 14 Jun T3-1%H Apr 76
AUTHOR: Atkinc o, Drcle To3 Aponrch, Anthany A, Jr: Lane, Atan
J.or tosboerdy, Anthony (O,

» D23/1L4 Flag: 81, 444 GRAI7713

16 apr 76 13%n
Contract: HO31:042
Monitor: BuMines-0FR 37-77
Abstract: This roport describes the Foster—-Mittler pprogran that
desiqned. decoloped, built, and tested an automatic, roeoate
control mine car coupler, This nes coupler grves the mntorsan
the capability to selectively couplte and uncounlc cars from
the locomotive., to transwmit braking intelligence to  the

H coupled cars, and to determine +f the trip is intact. Hazards

i due to derailment and runaway cars will be reduced as  the

'2 brakes are automatically applied in any unc:upled car.
: Laboratory test!s described herein have been completed on  the

counler 3et. Applications include, but are not limited to, the
unit train system,

Descriptors: «Conl mining, *Mine cars, +*Remcte control.
*Couplings, Nine haulage. Automatic control equipment, Braking

Identifiers: NTISDIBM

PB-265 558/7S1 NTIS Prices: PC AQ7/MF AO1
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R-2082

APPENDIX C

ACCELERATION CURVES

Various Coupled Vehicles and Rolling Resistances

The upper curve represents the perfor-
mance with both vehicles powered. The
lower curve represents the performance

with one engine disabled.

Figure C-1 through C-10  Coupled M113-Al
Figure C-11 through C-20 Coupled LVTP-7
Figure C-21 through C-30 Coupled LVT-X
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APPENDIX D

SOFT SOIL -- NATURAL OBSTACLE

CROSSING ANALYSIS
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TRACTIVE FORCE

T = Force required = R + W sin 8

Soil motion resistance = RTOW * N

Weight

Slope angle

Z © ¥ X
n

Normal force = W cos 8

RTOW = Resistance to weight ratio

o e g —rr—

Available from Soil = A % ¢c + N % tan @

‘ ¢ = Soil cohesion
i # = Soil friction angle
| A = Area of support on ground

The area of support depends on vehicle and obstacle geometry.
For this analysis, it is assuned to be as large as possible, i.e., the
smaller of 2 * TL * WID and 2 * BL * WID where:

WID = Width of one track

TL = Length of the track on the ground
BL = Banklength = 0BH/sin @

0BH = Obstacle height

One should note that in the case of the single unit, the forces required

are completely determined in equilibrium.
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With coupled vehicles, the first unit can be in this critical
position while the second unit still has capacity to assist. (Of course,
if the obstacle is large enough to contain the entire coupled combination,

the same immobilization will occur.) This situation is pictured below:

in studying this situation, we first considered those obstacles
which had been indicated as NO=GO's in the LVA Scenario | for the P-7.
We found that the geometry of the coupled P~7's is such that the center
of gravity would be over the crest, i.e., the size and ability to con~
form to the ground,allow the first unit to attain the top of those

mounds with relative ease. (These mounds were about three (3) feet high.)

We then looked at obstacles which are large enough to support
a single unit on their slope. (As noted before, if both units fit on
the slope immobilization is not affected by coupling. The gain is in
those intermediate in size.) Unlike the case of the single unit where
the desired forces (tractive and normal) are determined by the equilibrium
equation, we now must obtain four (4) forces and have only three (3)

equations from equilibrium.

0-2
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To obtain a fourth relationship, we restricted the study to the
extreme soil types, purely frictional soil (sand), and purely cohesive
soil (clay). In general, the tractive force available from the soil is

a linear combination of the contact area (A) and the nommal load (N),
Tractive force available = A ** ¢ + N tan B,

where ¢ and § are the soil descriptors. In the case of frictional soil
(c = 0) it is assuned that the tractive forces on the first and second
units will be proportional to the respective normal forces, i.e., T‘ =
kN] and T2 = kNZ. Then the tractive force is available from the soil if
k < tan f#. For cohesive soil (# = 0) the assumption is that the tractive
1= kA, and T2 = kA

case the force is available from the soil if k < c.

« In this

forces will be proportional to the area, T 2

The result of the analysis is, for a given soil and obstacle
height, the limiting obstacle approach angle for traction of the vehicle
in this specified critical position. The difference for the single and
coupled vehicle provides an indication of the capability of the second
unit to provide assistance in obstacle climbing. It is, however, merely
a ''snap-shot'' of one position in the entire traversal. For the table

below, an obstacle height of 200 inches was arbitrarily chosen.

T o ~ LIMITING SLOPE
SOIL TYPE SINGLE COUPLED
Cohesive ¢ = 3 psi 14.0 28.5
¢ =L psi 23.5 Lg.5
Frictional P = 20° 15.5 31.0
p = 25° 21.5 45.0
D-3
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