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SECTION I

INTRODUCTION

This report is submitted by the Ordnance Division of FMC Corporation in
fulfilment of Bureau of Ships Contract Number NObs-4464.  The reoort
desceribes the concept study conducted for the Tracked Amphibian Person-

nel and Cargo Carrier, LVTPXI11,

To more clearly present the study results, the conclusions are given in
the form of complete vehicle designs.  Components have been evaluated,
and the comparisons, advantages, and disadvantages are presented in
Volume I of this report.  Substantiating data is included in Volumes II and
IV as appendixes to the basic report. A discussion of the armor analysis
is included as a separate volume (Volume III) to preclude applying a

"Confidential” sccurity classification to the entire report.
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SECTION I

SUMMARY

The development of an imiproved Tracked Amphibian Personnel and Cargo
Carrier which will nmcet the development characteristics specified for the
LVTPX11 is feasible. The vehicle concepts resulting from this study will
meet the operational requirements for Landing Force Amphibian Assault

Vehicles.

OBJECTIVE

The objective of this study is to provide data, information, and a design

concept of a vehicle for the transport of infantry, infantry weapons, and

cargo, from ship to shore and Lo inland objectives, and to provide fire

support in amphibious operations. Although the vehicle is envisioned as the
basic configuration for a family of vehicles to accomplish this mission, the
primary emphasis has been placed on the personnel and cargo carrier. Various
other configurations to provide artillery support, air defense, mine and
obstacle clearance, and recovery capability were studied only in sufficient

detail to insure compatibility with the basic configuration.

APPROACH

There are several guidelines thal were used in this study program: first,
the "Development Characteristics', which established the ground rules;
second, FMC's experience and knowledge gained from 20 years of designing
and building amphibious vehicles; third, the state-of-the-art or the develop-

ment status of materials and components. FMC's goal was to delineate
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SUMMARY APPROACH

vehicle concepts having optimum performance based on technological
advances, using components and materials which would be realities, not

promises, and which are producible in quantity at a reasonable price and

on schedule.

In addition ot the general design considerations of simplicity, long trouble,
free life, ease of maintenance, and economy of operation, the following

specific considerations were essential, in order to obtain a meaningful

result from this study.

e Ability of the vehicle to perform its mission - The final authority

of this capability will of course be the user, however, in order to
establish design parameters, it was necessary to investigate the
tactical operatidnal aspects and to establish a priority of requirements.
A brief operational analysis is presented in Section 3. 1. As a result
of this study, two vehicles are presented in this report in equal

detail. These are:

e Maximum Armored Vehicle

o Maximum Water Performance Vehicle

The first has been optimized for land performance and has the
maximum armor protection consistent with a 35, 000-pound GVW.
Tracks propel it in the water at speeds of from 7 to 7-1/2 mph.
The second vehicle has been designed for increased water perfor-
mance, 9 to 9-1/2 mph, and uses a propeller for water propulsion.

This is the highest speed obtainable, using only the power required
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SUMMARY APPROACH

for land operations, as specified by the "Development Character-
istics". A higher water speed can be obtained, if desired, by in-
creasing the engine horsepower. The latter vehicle is also 28 inches
longer and 6 inches narrower than the former, in order to decrease
hull resistance and provide space for the propeller. To compensate
for the approximately 1,500 pounds added for the propeller drive,

there is less armor on this vehicle.

Before the final vehicle configurations were established, many dif-
ferent hull shapes were tow tested to determine the best lines and

to obtain quantitative data on hull resistance. There is a detailed
discussion with photos of all the conﬁgﬁrations tested in Section 3.9
and in Appendix E. There is also a 16mm motion picture of the tests
performed on the two optimum vehicles which is submitted as

Appendix G.

One major deviation has been made from the requirements stated

in the "Development Characteristics''. In both of the vehicle con-
figurations, the GVW of 35, 000 pounds includes 6, 000 pounds of
cargo, instead of the 10, 000 specified. This was done in order to
provide the maximum amount of armor for the vehicle in its primary
mission of carrying troops in combat. The 6,000 pounds is equivalent
to the weight of 27 fully equipped troops. If a greater cargo capacity
is mandatory within the 35, 000-pound GVW, armor protection must
be reduced. However, the vehicle presented can carry more than

6, 0060 pounds at a slight decrease in performance.

Economical production of the LVTPX11 - This factor has been

considered in arriving at the recommended configuration and in

2.3




. —
} - =
102
{ N N
|
18 l
1 |
f’:"i
Foow TS
’-- 12
/\
"
/. _ . :
MAXIMUN ARMORED VEHICLE STE A . = o
TECHNICAL DATA Lo 2o L B - - !
= 1415 —
r— 285 ——] o
i
GENERAL PONER PACNAGE
Weight (curb) 29,000 Ib Engine
Weight (gross vehicle) 35,000 Ib T haoke CUMMINS Model V8-300 Type  DIESEL
C.of G. 154 irn. Aft of Bow 49 in. Above Ground Displacement 785 cu. in. Bore 5-1/2 Stroke 4-1/8
Unit Ground Pressure 5.9psi GV Govemed Speed 3000 RPM Compression Ratio 15:1
&5 2 (DRIVER, ASST. DRIVER) Fuel DIESEL ', 12, Jpa, IPS, & Capacity 125 GAL.
Troop Capacity 27 MIXTURE 10 PTS GASOLINE TO
1 PT LUBE OIL w/KIT
ARMOR (See Fig. 2.3) Max . Gross HP 300 3000 RPM
Material: ALUMINUA ALLOY 5083 Max. Net HP (to lronsm;;siczn)FT 250 2100 R:i;.')s‘o RPM
R s Bmporite: ALUMINUM ALLOY 5083 AND o O oichTung < g3 BF pa gl
TITANIUM ALLOY 6AL-4Y OR o -t 800 Fid
21G-7AG tain Cooling System LIQUID
Qil Cooling System OIL/WATER
VISION AND SIGHTING EQUIPMENT: ,
Power Train (/0 Final Drive)
Periscope, Driver's Vision TYPE MI7 (B ea) - N
Periscope, Driver's IR, TYPE M19 (I ea)} Type L e O gode GE250
Hydraulic Converter 1 STAGE
ARMAMENT Stall Multiplication 2.55:1
Q.A, Usable Ratio 15.7:1
Primary: GUN, MACHINE, 7.62mm M73C 22,61 LOW  3.67:1 HIGH 17.2:1 REVI 7.70:1 REv2
AMMUNITION Steering Ratio 1.475:1 G.5. &PIVOT
Turning Radius J1FT G.S. 6FTPIVOT
1000 ROUNDS 7.62 mm (to center vehicle)
Steering Control HYDRAULIC AND MECHANICAL
RUNNING GEAR Brakes MULTIPLE WET PLATE - SERVICE
Suspension Type INDIVIDUAL TORSION BAR o MEepIEl AR
No. of Wheels 6 DUAL EA SIDE Qil Cooling System OIL/WATER
Wheel Size 24 IN, - .
Track Type BAND V//CROSS BARS Finol Reduction
No. Sections/Track 11 Pitch 5.6 IN, Vidth 21 IN. Type GEARED Ratio 2.82:1
No. Bars/Section 8 Ft/Rev S|
Tires: NO. 24 Type SOLID RUBBER Size 24 1IN, x 3-1/2 Effective Sprocket Pitch Diameter 1.75FT  No. of Teeth 11
ELECTRICAL SYSTEM 24V NOMINAL PERFORMANCE "
Generator, Amperes 100 AC W/RECT. & REGULATOR Gross HP to Weight Retio 17.2 HP/TON
Battery, Type NI-CAD 12V Quantity 4 Max . Tractive Effort 40,500 LB
lanition System COMPRESSION (DIESEL) Max . Speed 40 MPH LAND
7to 7-1/2 MPH WATER
Max . Trench 8FT
COMMUNICATIONS Max . Grade 70%
- L 0aT Max . Vertical Wall 29 IN.
Radio Set COLLINS 6181 or AN/PRC 47 Max . Side Slope 50%
Max . Surf 10FT

FIRE EXTINGUISHER

Cruising Range

250 Ml LAND MINIMUM
62 Ml WATER ¢ MAX, POWER

Fixed 10 lb CO2 Portable 5 Ib co,

FIGURE 2.1
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MAXIMUM
SUMMARY ARMORED VEHICLE

selecting the major components. It is assumed that the LVTPX11

development program would culminate in production in 1965.

DEVELOPMENT FEASIBILITY

Both vehicle concepts presented include the same set of major components.
The selected components are believed at this time to be the best available,
based on the required development schedule. Many alternate components
currently being developed by both Government and industry have been re-
viewed, and the details of some of these are included in this study. During
the course of the design of an improved LVT, the current status and test
experience of each new material and component'should be reviewed for pos-
sible inclusion in the finalized design. Because of the continuing advances
being made, it is essential that the vehicrle designer use his background as
a basis for review of each of the latest developments in materials and compo-
nents, to assure that full advantage is taken of the latest accomplishments

in technological development.

—~——ta, e
-

MAXIMUM ARMORED VEHICLE

The major operational and physical characteristics of this vehicle are shown

in Figure 2.1, The salient features are:

¢ Welded Aluminum Hull
e Composite Armor (Aluminum-Titanium or Zig-Zag)
e Rounded Hull

e Front Ramp

2.5
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MAXIMUM WATER PERFORMANCE VEHICLE , [ E p ec
TECHNICAL DATA ' P -
—Y = 141, .
| }._ 313 o
t. 38 —
GENERAL POV/ER PACKAGE
Weight (curb} 25,00 b Engine
Veight (gross vehicle) 35,000 Ib T Moke CUMMINS Model VB-300 Type  DIESEL
C.of G. 163in. Aft of Bow 49 in. Above Ground Displacement 785 cu. in. Bore  5-1/2 Stroke 4-1/8
Unit Ground Pressure 6.9 psi GV Governed Speed 3000 RPM Compression Ratio 15:1
Crew 2 (ORIVER, ASST. DRIVER) Foel DIESEL?1, 12, JP4, JPS, & Copacity 125 GAL.
Troop Capacity 27 MIXTURE 10 PTS GASOLINE TO
I PT LUBE OIL wi/KIT
ARMOR (See Fig.2.4) Max. Gross HP 300 3000 RPM
Material: ALUMINUM ALLOY 5083 Max. Net HP (to transinission) 250 3000 RPM
T A ALUMINUM ALLCY 5083 AND Max. Gross Torque 580 LB FT 2100 R
TITANIUM ALLCY 6AL-4V OR Max . Net Torque 525LBFT 1800 RPM
21G-ZAG Main Cooling System LiQuio
Oil Cooling System OIL/WATER
VISION AND SIGHTING EQUIPMENT:
Power Train (w/o Final Drive)
Periscope, Driver's Vision TYPE M17 (8 ca)
Pariseapey BMier’s nRs TYPE MI9 (I ca) Type  ALLISON Model  XTG-250
Hydraulic Converter 1 STAGE
ARMAMENT Stall Multiplication 2.55:1
O.A, Usable Ratio 15.7: 1
Primary: GUN, MACHINE, 7.62mm M73C 22.6:1 LOW  3.67:1 HIGH 17.2:1 REV,  7.70:1 REV,
AMMUNITION Steering Ratio 1.475:1 G.S. &PIVOT
Turning Rodius 31 FT G.S. 6FTPIVOT

1000 ROUNDS 7.62 mm

RUNNING GEAR

Suspension Type
No. of Wheels
Wheel Size

Track Type

No. Sections/Track
No. Bars/Section
Tires: NO. 24

11
8

Pitch

Type

ELECTRICAL SYSTEM

Generator, Amperes
Battery, Type NI-CAD 12 V
Ignition System

COMMUNICATIONS
Radio Set

FIRE EXTINGUISHER
Fixed 101b C02

COLLINS 6187 or AN/PRC 47

Portable 5 Ib CO2

(to center vehicle)

Steering Control HYDRAULIC AND MECHANICAL

3rakes MULTIPLE WET PLATE - SERVICE
INDIVIDUAL TORSION BAR MECHANIEAERARMINE
6 DUAL EA SIDE Oil Cooling System OIL/WATER
24 IN, 3
BAND Vi/CROSS BARS Final Reduction
S.6IN.  Width 18 IN. Tipe GEARED Ratie  2.82: 1
FifRev 5.5
SOLID RUBBER Size 24 1IN, x 3-1/2 Effective Sprocket Pitch Diameter 1.75FT  No. of Teeth 1l
Propeller
24 V NOMINAL -
Type 4 BLADE KAPLAN W/KORT NOZZLE
100 AC W/RECT. & REGULATOR Diameter 32 IN. Pitch 32N,
SE)QMH}?R'ESSI40N (DIESEL Sperd PO RPN MEXIMLMA
: ) PERFORMANCE
Gross HP to Weight Ratio 17.2 HF/TON
Max . Tractive Effort 40,500 LB
Max . Speed 40 MPH LAND
9-91/2 MPH ON WATER
Max . Trench 8FT
Max . Grade 70%
Max . Vertical Wall 29 IN.
Max., Side Slope 60%
Max, Surf 10 FT
Cruising Range 250 Ml LAND MINIMUM
78 MI WATER ‘& MAX, POWER
FIGURE 2.2
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SUMMARY COMPONENTS

e  Major Components Proven or Under Development
e Flexibility to Incorporate Future Developments

e Rear Drive

e Track Propulsion for Land and Water

e Lightweight Components

e Improved Land Mobility

e Compatible with a Family of Vehicles

MAXIMUM WATER PERFORMANCE VEHICLE

The major operational and physical characteristics of this vehicle are shown

in Figure 2.2, The salient features are identical with those listed above for

the Maximum Armored Vehicle, except:

e Propeller for Water Operation
e Longer Narrower Hull
e Decreased Armor

e Increased Cost

COMPONENTS

The major components recommended as a result of this study are either

available now or in the later stages of their development. A brief description

of these components follows:

Hull

The hull configuration represents a minimum size to accommodate the re-

quired crew and troops, since supporting equipment such as a Field Artillery

2.7
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FIGURE 2.3 MAXIMUM ARMORED VEHICLE
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SUMMARY COMPONENTS

Hull (Continued)

Weapon will be mounted on specially adapted hulls rather than transported
internally. Note that the ramp is in front and the machinery in the rear
of the hull, This provides the bow-up trim under all normal loading conditions

which is essential to satisfactory surf operation,

A rounded hull of welded aluminum was chosen to achieve maximum rigidity
at minimum weight while retaining ease of fabrication. For ballistic
protection, this report offers three equal-weight alternatives, as shown in
Figures 2.3 and 2. 4: all-aluminum, aluminum-titanium composite, and

zlg-iag. The all-aluminum approach, which is'similar to that used on other

armored vehicles in tnis ‘weight class, offers the least protection against
small arms of the three methods (1.5 inches of aluminum), The aluminum-
titanium composite consists of titanium plates mechanically attached to the
hull's vertical surfaces outside the personnel area, This offers protection
against small arms approximately equal to that provided by 2 inches of
aluminum. The zig-zag alternative consists of thin corrugated panels of
steel mechanically attached to the aluminum structure on the vertical surfaces
outside the personnel areas. This scheme offers protection against small
arms approximately equal to that of 2, 3 inches of aluminum. This method
is currently being tested at Aberdeen Proving Ground and is under serious
consideration as a method of up-armoring the M113. The degree of ballis-
tic protection offered by these three methods cannot be presented here
without the inclusion of classified data; therefore, this information has been
bound separately as Volume III, Appendix H. These three approaches will
provide blast and thermal radiation protection at approximately 3/4 mile

from a 100 KT nuclear weapon,

2.9
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SUMMARY COMPONENTS

Machinery

All machinery components are the lightest feasible that are in existence or
currently in late stages of development. Second choices have been made

for those components having any substantial development aspects remaining.
The Cummins Diesel Engine and the Allison XTG250 Power Train are re-
commended as the major power package components. Lightweight components
are available for vehicles up to 35, 000 pounds GVW. The next larger

family of components is designed for a 42, 000 pound GVW which reaffirms

the necessity for maintaining the specified maximum GVW of 35, 000 pounds.

Suspension

Many suspension systems were studied.  From the point of view of reliability,
cost, weight, and performance, rubber-tired aluminum road wheels, indiv-
idually mounted on steel torsion bars, were selected as {irst choice. The
high front idler required for obstacle climbing necessitates the use of return
support rollers. Other suspension types showed some promise and should be
re-evaluated at a later date. Two basic types of {racks were studied, the
block track similar to that used on the M113 APC and the band track under
development for the XM551 ARV. It was concluded that a long-lived, reliable,
block track can be developed for the LVTPX11; however, since weight is so
critical, it is felt that the band track should be given first consideration.
There are several reasons for this decision. The Cadillac Division of General
Motors, under OTAC supervision, designed and tested a band track for the
M59 AIV, at 36,000 pounds GVW, which tests indicated to have a life of

2,700 miles. OTAC will have time to do extensive testing on the XM551

2.11




 SPECIAL-PURPOSE VEHICLES

SUMMARY

Suspension (Continued)

track before it is required for this LVT. I the XM551 track is nct proved

satislactory, o block track could be developed in a short time.

C()l}ll‘()lb‘

Controls are provided al the driver's station only.  In order to conserve
weight, only two cupolas are provided, the driver's and the commander's.
This requires that the troop commander act as machine gunner until just
belore debarkation, at which time the assistant driver can take over to fur-
nish covering fire. Simple, casily maintained, inexpensive mechanical
control linkages are recommended.  In the Maximum Armored Vehicle,
control operations for water operation are limited to c¢losing the engine
cooling air intake and starting the bilge pumps.  Additional operations
would be necessary for the Maximum Water Performance Vehicle, namely,
lowering the propeller, engaging the propeller drive, and declutching the

track drive,

SPECIAL-PURPOSE VEHICLES

special-purpose vehicle adaptations of the basic personnel carrier have
been considered in sufficient detail to establish compalibility with existing
equipment designs. Once the LVTPX11 has been developed, designs for
the whole family of vehicles would undoubtedly be formulated. However,

the recommended configurations can definitely be adapted as a: )

Command Vehicle

Recovery Vehicle

Anti-Mechanized Weapon Vehicle

2.12 .
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SUMMARY DEVELOPMENT PROGRAM

Field Artillery Weapon Vehicle
Air Defense Weapon Vehicle

Engineer Mine-Clearance Vehicle

These applications are shown in Section 4. 14.

Development Program

Based upon discussions with various Government personnel, it has been
determined that the desired target for production deliveries of an improved
LVT -is 1965. Component recommendations have been based upon this time
frame. An accelerated development schedule of 2 years and 8 months,
based upon FMC accomplishments in many prior vehicle programs, is

outlined in Section IV. FMC believes this to be an entirely feasible pro-

gram to provide the best new LVT.

2.13




SECTION HI

TECHNICAL REPORT

3.1 PRELIMINARY ANALYSIS

The first phase in the performance of this concept study for the LVTPXI1I]
was reexaminalion of all possible configurations that would permit meet-
ing ovr exceeding the requirements stated in the "Development Character-
istics”. Ignoring the conventional approach to LVT design, whal new or
basically different approaches could be considered?  Also, since the
"Development Characteristies” did not specily an order of priority for
the requirements, an operations analysis was required to establish this

priority lor armor, waler speed, and payload capability.

3.1.1 Operational Modes

To determine the best approach to the LVTPX11 design, the following

water operational modes were investigated:

e Above waler - Ground-effects machine, for example.

e Fully submerged - Operale as a submarine, or as a "bottom

crawler',

e Surface flotation - Conventional displacement craft.

3.1.1.1 Above-Waler Vehicle

One of the shortcomings of existing LVT design is the low water-speed
capapiiity. Since this capability is related to the resistance offered by
the water, consideration was given to operating above the water as a

ground-effects machine. Although this operational mode is technically

3.1.1




_ PRELIMINARY ANALYSIS

FECHNICAL REPORT

Operational Modes (Continued)
teasibles hrief examination disclosed several disadvantages, as follows:

o Size - For a 35,000 1b armored vehicle, approximately four times

the area available would be required.

o  Complexity - The fans, plenums, additiona! machinery, and

closures would add insurmountable complexity to the vehicle.,

»  Vulnerability - Assault forces operating in this mode present

L completely exposed vehicle during the entire water-operation

cycle, even though for a shorter period of time.

Fhus. atter a preliminary examination, this approach was discarded.

o112 Fully Submerged Vebicle

FMC recently completed a contracted feasibility study for OTAC on sub-
merged operation of combat vehicles.  Although the study was devoted to

river and lake crossings, the conclusions are of interest to this study.

It is possible to operate a vehicle on the bottom of a stream,

lake, or river through the use ol an engine aspiration system based upon
the decomposition of Hydrogen Peroxide (H202). However, this requires
prior reconnaissance of the bottom, in order to establish trafficable paths.
Other disadvantages inherent in the approach combine to negate the advan-
tage of coming ashore relatively unexposed: one - during deepwater oper-
ation, the vehicle would have to operate as a submarine, which would re-
quire additional space and machinery for ballasting; two - navigation and
communication become major problems; andthree - there are psychologi-

cal factors involved in this mode of troop transport. These problems are

3.1.2




TECHNICAL REPORT PRELIMINARY ANALYSIS

Operational Modes (Continued)

vastly more complex, when operating at sea, due to the water depth, dis-

tances, and wave action. This approach did not warrant further study

effort.

3.1.1.3 Surface Flotation

It became apparent that the more conventional method of floating on the
surface, despite its problems, still offered the most feasible approach,
so the study effort was directed toward developing a vehicle with improved

water and land characteristics.

3.1.2 Operations Analyéis

3.1.2.1 Purpose

In order to establish a priority for the primary characteristics of the
vehicle, a briel operations analysis was conducted. Ironically, the best
design for one characteristic is usually detrimental to another (e.g.,
maximum armor protection is not compatible with light weight, and
auxiliary water propulsion devices for increasing water speed complicate

the power train).

The primary characteristics, considered from an operational standpoint,
are as follows:

e Payload

e Armor

o Water Speed

e Land Mobility

3.1.3




TECHNICAL REPORT PRELIMINARY ANALYSIS ‘

These factors were analyzed for  the vehicle when used as a personnel-
and-cargo carrier.  Conclusions can also be drawn from this

analysis as to the vehicle's suitability as a cargo carrier.

3.1.2.2 Conclusions

i, Increased water speed is desirable if the LVTPX11 is to be
debarked at distances  exceeding 15 miles offshore.

2. Increased water speed will not appreciably reduce vehicle
vulnerability while waterborne.,

3. The LVTPXI] does not compare favorably with a vehicle

designed specifically for cargo transport.

1. The cargo-carrying rate is approximately proportional to

the carpgo capacity.
5. The cargo-carrying rate is not directly proportional to
{he vebicle speed.

0. A vehicle designed as both a carrier and a logistical

cargo carrier is nol economically feasible.

3.1.2.3 Analysis

It is recognized that the longer a vehicle or group of vehicles is exposed

on open water between debarkation and landing points, the greater the

risk of loss or damage due to enemy action. The vehicles recommended

in this study require the following time intervals to reach shore from a point

five miles cffshore.

3.1.4




TECHNICAL REPORT - PRELIMINARY ANALYSIS

Operations Analysis (Continued)
Maximum Armor«d Vehicle - 42 minutes, at 7-1/4 mph

Maximum Water Performance Vehicle - 32 minutes, at

9-1.4 mph

At a fixed time interval berween debarkation of vehicle waves, an increase
in speed vesults moan mereased spacing between waves.  For a time
interval of one minute, the spacing for the two recommended vehicles

as follows:
Maximum Armored Vehicle - 213 yards

Maximum Walter Performance Vehicle - 272 yards

Extrapolation of existing data (105 mm and 155 mm bursts at 50 ft and 90 ft)
on protection provided by armor shows that, for a shell burst halfway between
the two waves, complete protection is provided by the LVTPX11 armor, even

al spacings less than the 213 yards noted above.

Assuming that there is @ maximum interval which troops in a water-
borne LVT can {olerate, a maximum offshore distance for a given vehicle
speed can be caleulated.  Further assuming that this maximum time is
about 2 hours and ailowing some margin over average speed for maximum

veuicle water speed, then:

30 mph max, 25 mph avg = 50 miles

15 mph max, 12-1/2 mph avg = 25 miles
9-1/2 mph max 7-1/2 mph avg = 15 miles
7-1/2 mph max, 6 mph avg = 12 miles

3.1.5
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TECHNICAL REPORT PRELIMINARY ANALYSIS

Operations Analysis (Continued)

An additional fact to be considered in establishing the desirable water speed
s the past experience regarding vehicle valnerability. It is well known that
World War II LVT's were virtually invulnerable to shore-hased fire while
waterborne,  This is attributable to the fact that, even at relatively low

speed, an LVT presents a very small and elusive target.

Although the "Development Characteristics' are for a personnel-and-cargo

carvier. the cargo capability has been specifically analyzed. Figure 3.1.1

is o plot of cargo-carrying rate-versus-offshore distance for the two vehicles
with cargo capacities of 6,000, 8,000, and 10,000 Ib. For comparison, the

following assumplions have heen made:

o Turnaround time - Will vary considerably and is dependent upon

type of cargo, but has been assumed as 15 minutes.

o Land travel distance - Assumed as 1 mile between the beach and the

cargo untoading point.
o Land travel speed - Assumed as 10 mph.

As shown in Figure 3. 1.1, the cargo rate does not increase in direct pro-
protion to an increase in water speed. The speed of the Maximum Water Per-
formance Vehicle (9-1/4 mph) is 27. 6% greater than the speed of the Maximum
Armored Vehicle (7-1/4 mph), yet for a 6,000 1b cargo and an offshore dis-

tance of 5 miles, the carrying rates are as follows:

e Maximum Armored Vehicle - 1.44 Tons/Hr.

3.1.7
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TECHNICAL REPORT PRELIMINARY ANALYSIS

Operations Analysis (Continued)

¢ Muaximum Water Performance Vehicle - 1.68 ton/hrs.

This represents only a 14.3% difference in rate, despite the 27. 6% difference in

speed.

At an offshore distance of 10 miles, the cargo rate for the two vehicles
drops to 0.87 tons/hr and 1.05 tons/hr, or a difference of 17.1%. As
the offshore distance increases, the difference in cargo rate approaches,

but never reaches, the 27.6% speed difference.

An cqual degree of armor protection is not provided in the vehicles con-
sidered in the above analysis, since the 1,500 1b weight of the propeller
drive subtracts from the armor weight. To arrive at a more equal com-
parison basis, the plot shown in Figure 3.1.2 was made. In this compari-
son, the Maximum Armored Vehicle is credited with an additional 1, 500
I of cargo capacity at the expense of armor thickness. Using the same
assumptions as before, Figure 3.1.2 shows the plot of cargo-carrying

rate-versus-offshore distance as two sets of curves.

The Maximum Armored Vehicle, with a cargo capacity of 7,500 lb, shows an
initial advantage in cargo-carrying rate at distances up to 10 miles. Beyond
10 miles, the curves are nearly coincident, and they intersect at a distance of
31 miles. Beyond this point, the Maximum Water Performance Vehicle pro-

vides the greater cargo-carrying rate.

Comparing the two vehicles with cargo capacities of 8,500 and 10,000 1lb, the
Maximum Armored Vehicle holds an advantage for offshore distances up to 6

miles.

E’I 3.1.9
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Operations Analysis (Continued)

It is concluded that, for reasonable offshore distances, little advantage
can be shown in terms of cargo-carrying rate for the difference in speed

obtainable with a propeller drive.

An additional comparison can be made with a vehicle designed specifi-
cally for the logistic role such as the Landing Vehicle, Hydrofoil (LVH).
This vehicle has a maximum speed of 35 knots and a cargo capacity of
10, 000 pounds. It is in the same size and weight range as the LVTPX11,
Assuming the same values for loading and unloading time and the same
distance inland to discharge cargo as in the previous analysis, and
assuming an average walerborne speed of 30 mph, the following cargo

rates can be calculated:

5 miles offshore - 4.8 tons/hr

20 miles offshore - 2.5 tons/hr

By comparing these values with the preceding curves for the LVTPX11,
il can be seen that the LVTPX11 is a poor cargo carrier in comparison

with the LVH.

An analysis of the requirements of the logistic role versus the tactical

role indicates that a logistic vehicle should emphasize water usage over land
usage about in the ratio of 80/20, and that the reverse is true for a tactical
vehicle. It can therefore be concluded that a dual-purpose vehicle would be
vated 50/50 land-to-water usage. From a design standpoint, this would
result in a diminution of both the land and water maximum capabilities.

il is believed that requirements for both tactical vehicles and logistic
vchicle exist simultaneously. On this premise, it will be more economical

to build two classes of vehicles, each with its own mission.

3.1.10
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TECHNICAL REPORT MAXIMUM ARMORED VEHICLE

3.2 MAXIMUM ARMORED VEHICLE

Il due consideration is given to the requirement that the LVTPX11 will
operate 80% on land and 20% on water, then a vehicle designed for optimum
land performance is required. The vehicle shown in Figures 3.2. 1 and
3.2.2, although optimized for land performance, still offers superior
water-speed capability, when compared to existing LVT's. The salient
features of this vehicle are summarized below, while the factors that led to
the adoption of these features are presented later in this report.
e  Welded aluminum hull - Shown by the study to offer greatest
armor protection and maximum rigidity, while still permitting

cconomical fabrication.

° Maximum armor - The 35,000 Ib GVW limitation will permit a

composite armor of aluminum and titanium equivalent to 2 inches
of aluminum, and a composite armor of aluminum and zig-zag

steel equivalent to 2.3 inches of aluminum.

e Rounded hull - Generous radii offer both improved water per-

formance and increased ballistic protection.

e Front ramp - The rear engine and front ramp permit a bow-up
trim under all load conditions. The front ramp also provides for
good visibility of loading and unloading operations by the vehicle

driver.

e Major components proven or under development - As directed

by the '"Development Characteristics', special consideration was
giveun to new component development, and all advantages offered

were weighed against the probability of component availability and

SN2 81
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TECHNICAL REPORT MAXIMUM ARMORED VEHICLE

suitability. As a result, the recommended components have
either been proven or are in late stages of development with a

reasonable certainty of success.

Flexibility - To take maximum advantage of advances in the
state-of-the-art and to permit the use of newly developed
components such as electric and hydraulic drives and new armor
malerials, extensive studies were conducted in these areas.
FMC staff specialists visited military agencies, such as OTAC
and Aberdeen Proving Grounds, and contacted industrial firms,
such as Sundstrand, Louis-Allis, General Electric, and Vickers,
to obtain firsthand knowledge of new products that should be con-

sidered for future incorporation in the LVTPX11,

Track propulsion for both land and water - This permits

maximum simplicity of both machinery and controls.

Lightweight components - Components were chosen for lightness,

to permit maximum weight (within the 35, 000 lb GVW limitation)

to be applied to armor.

Improved land mobility - By providing a softer suspension

featuring increased roadwheel travel and lower ground-pressure
(5.8 psi compared to 9.2 psi for the LVTP5), land mobility is

improved above existing LVT's.

3.2.3




TECHNICAL REPORT MAXIMUM ARMORED VEHICLE

e Compatibility - The vehicle design shown in Figure 3.2.1

accommodates the proposed vehicle family of:
Command Vehicle
Recovery Vehicle
Amphibian Assault Antimechanized-Weapon Vehicle

Amphibian Field-Artillery-Weapon Vehicle

Amphibian Light-Air-Defense-Weapon Vehicle

Engineer Mine-Clearance Vehicle.

3.2.4
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3.3 MAXIMUM WATER PERFORMANCE VEHICLE

The vehicle shown in Figures 3.3.1 and 3. 3. 2 offers the following salient
features in addition to the features discussed in the preceding section 3. 2,
entitled "Maximum Armored Vehicle, "

o Propeller for water operation - Provides higher water propulsion

efficiency and a higher water speed of 9 to 9-1/2 mph, plus

greater range in the water.

o  Longer, narrower hull - Presents less hull resistance in the

water.

These features are obtained at compromises in armor protection, due to
the increased hull size and the weight of the propeller drive, compared
with the "Maximum Armored Vehicle" design. There is also a cost

penally, due to the addition of a propeller drive and the extended hull.

The propeller is retractable and stows into the upper deck to prevent

snageing and to provide a good angle of departure.

3.3.1
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3.4 AREAS OF FURTHER DEVELOPMENT

In the performance of this study, it has been assumed that the LVTPX11

should be in production in 1965, as shown in Section IV, Using this assump-

tion, a tentative development schedule was established which governed the

degree to which new components could be recommended {or this vehicle.

A team of FMC engineers visited OTAC and Aberdeen Proving Grounds
and contacted industrial firms, such as Sundstrand, General Electric,
Louis-Allis, and Lycoming, to realistically determine what new component
development might add to the effectiveness of this vehicle. The Materials
Branch of OTAC and the Ballistic Test Section of Aberdeen Proving
Grounds were also visited to investigate the latest developments in the
field of armor. This effort is in addition to the constant day-to-day
monitoring of all fields for new ideas, which is a part of the FMC research

policy.

The components selected, therefore, are the best possible choices to per-
mit production of the LVTPX11 within the assumed time-frame. As dis-
cussed below, there are new and interesting possibilities in the fields of
power trains, armor, and vehicle suspension. Detailed studies of these

components have been included in the nature of appendixes to this report.

3.4.1 Drive Trains

A mechanical drive train has been selected for the LVTPX11. It consists
of the Cummins V8-300 water-cooled diesel engine, the Allison XTG-250
power train and FMC designed final drives. An alternate drive train,

comprised of the Lycoming AVM-625, diesel cycle, multifuel, air-cooled

3.4.1
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Drive Trains (Continued)

engine, the Allison XTG-250, and FMC final drives. These power trains
have been selected because they offer sound means of power transmission

and hecause of the timely availability of the components.

However, study has also been devoted to electric, hydrostatic, and hydro-
mechanical power trains because of their inherent advantages. The elec-

(ric drive, in particular, offers:
e Better fuel economy
o Smoother operation
e Superior performance
e Simplified maintenance
e A source of auxiliary power

Considerable development work, requiring both time and money, remains
to be done to insure the availability of any of these items. To meet the
assumed development program, the power train chosen must be mechanical.
Throughout this study, these items have been examined to determine their
possible configuration and their compatability with the vehicle design. It

is recommended that this field be monitored during the vehicle design

phase for possible incorporation of an alternate power train in a prototype

vehicle.

3.4.2
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3.4.2 Suspension
3.4.2.1 Springing

As discussed in Section 3.8, FMC recommends that the walking-beam
suspension shown in Figure 3. 8. 13 be further developed for incorporation
inone of the prototype vehicles, so that direct comparisons may be made
with other systems. It is known from the computer analysis completed
during this study that the walking-beam suspension offers improved riding

characteristics over certain types of terrain.

3.4.2.2 Tracks

To avoid the cost of development of an entirely new track, FMC recommends
that the track currently being developed for the ARV XM551 be modified for
use on the LVTPX11. These modifications will consist of redesign of the
grouser bars, in the case of a band track, or the addition of waterwings to

a block track, and are necessary to achieve the predicted water performance.

The ARV XM551 program includes the development of both a band and a
block track. Present information on the program indicates that a 2,500-mile
band track is progressing successfully, therefore, this track has been selec-
ted for the LVTPX11. Should this track prove unsuccessful during its test-
ing and evaluation, FMC recommends that a lightweight block track be devel-

oped for the LVTPX11.

3.4.3
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3.5 PERFORMANCE

3.5.1 Land Performance

Figure 3.5.1 is the horsepower-versus-speed curve for the recommended
vehicles. Figure 3.5.2 is the tractive effort curve. These curves are
based upon 550 1b ft input torque to the torque converter, as shown in

the calculations included in Appendix D (Volume II).

The drive train ratios provide a balance between top speed, gradability,
and cross-country operation. A summary of the predicted land performance

is given bhelow:

Gross hp-to-weight ratio 17.1 hp/ton
Maximum tractive effort (locked tracks) 40, 500 lbs
Maximum speeds
Level road 40 mph
70% slope 2-1/2 mph
8% slope 17 mph
Trench crossing ability 8 feet
Obstacle climbing ability 29 inches

3.5.2 Water Performance

The hull resistances determined by model testing at the FMC Tow Basin
and the calculations included in Appendix E (Volume II) indicate that the
"Maximum Armored Vehicle" will achieve a top speed of 7 to 7-1/2 mph,
and the ""Maximum Water Performance Vehicle' will achieve 9 to 9-1/2

mph water speed.

3.5.1
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TECHNICAL REPORT PERFORMANCE

Water Performance (Continued)

To demonstrate the predicted water performance of these vehicles, a
16mm motion picture film of the tow tests is included as Appendix G,

under separate cover.

These maximum speeds are established by the power limitation of 250 net
cngine hp, the maximum requirement for land operation, although tne

engine is capable of producing up to 322 net hp in its turbocharged version.

Figure 3.5.3 shows the predicted water performance with the Cummins

V8-300 engine and mechanical power train,

Figure 3. 5.4 shows the predicted water speeds of the LVTPX11 with both
the turbocharged and nonturbocharged Lycoming engines. The turbo-
charged engine permits water speeds of 10 mph for the "Maximum Water
Performance Vehicle”, but the XTG-250 transmission requires modifica-
tion to accept the increased horscpower, since it has a 250 hp limit. Also,
a means to limit the horsepower to the 250 net engine hp must be incorpo-

rated for land operation, to protect the rest of the power train.

3.9.3 Fuel Consumption

° Land

To obtain the specified 250-mile land range for the LVTPX11
equipped with the Cummins engine, 125 gallons of fuel is
provided. This capacity has been calculated using the average
of the requirements for the 25 mph operating conditions given
below:

° 25 mph on level road - 84 gallons

° 25 mph at maximum power - 169 gallons

3.9.5
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TECHNICAL REPORT PERFORMANCE

Fuel Consumption (Continued)

It has been assumed that the average operating condition will be some-
where between the two extreme conditions listed above. Supporting

calculations are included in Appendix D (Volume II).

° Water

The "Maximum Armored Vehicle" will have a range of 62

miles when equipped with the Cummins engine and 125 gallons

of fuel, and a range of 65 miles when equipped with the Lycoming
engine and 150 gallons of fuel, as shown in Figures 3.5.3 and
3.5.4.

The "Maximum Water Performance Vehicle", due to the
difference in propulsive efficiency, will have a range of 78
miles when equipped with the Cummins engine and 125 gallons
of fuel. At speeds less than the 9-1/4 maximum, this range
will increase (e.g., at 7-1/4 mph, it is 156 miles). When
equipped with the Lycoming engine and 150 gallons of fuel, the

above ranges are 85 miles and 160 miles, respectively.

3.5.7
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4.6 HULL

As v resull of this study, the welded aluminum hull configuration shown in
Fipure 3.6.3 is ulilized for the LVTPX11. The hull lines were established
alter careful consideration of land capabilities, water performance, and

darmor protection.

The atternate approach shown in Figure 3.6.4 olfers a hull with iniproved
hyvdrodynamic characteristics: however, this shape results inomieroa
tabrication costs and decreased armor protection, the decrease hein

due to the 1,500 1b weight of the propeller drive penalizing the armon

rather than the 6,000 1b payload capability or the 35,000 Ih GV,

3.6.1 Hul_l_Woig_lLt

Since the "Development Characteristic' specified a target Gross Vehicl
Weirht of 35,000 1b, FMC investigated the weight area to determime if th

wirs adso the optimum weight for the LVTPX11

In the current development of power trains and suspension components fov
military vehicles, there are two "breakpoints' in Gross Vehicle Wereht
limits for vehicle components in the LVTPX11 weight range. One croup
of components has a 35,000 1b GVW limitation, and the next ¢roup is {0
vehicles weighing over 42,000 1b GVW. A vehicle with a GVW between
35,000 and 42,000 tb would naturally require the heavier components.
Between the two groups, the difference in weight of the power train and
suspension components is approximately 3,000 1b. This means thatl, with
equal hull weight, a 38,000 1b vehicle does not provide any more payload

capability than a 35,000 lb vehicle. Therefore, the specificd target weight

3.6.1




VEHICLE | VEHICLE | VEHICLE | VERICLE | VEHICLE | VEHICLE | VEHICLE
nAIl “l‘“ HCVI lll)n "l':" gkt 'IGH
GROSS
VEHICLE 30, 125 35, 000 35, 000 35,000 35, 000 42,000 42,000
WEIGHT (LB)
—
HULL
WEIGHT 5,800 5,800 10, 675 12, 675 14, 675 14,700 18, 700
(L.n)
PAYLOAD
CAPACITY 10, 000 14, 875 10,000 8,000 6,000 10, 000 6,000
(rn)
RANGIE OF
HULL PLATE Maximum Maximum
THICKNESS of 1/4 of 1/4 3,8-3.4 i/2-1 1/2-1-1/2 1/2 -1-1/2 3/4 -2
(IN.)
] | { | |
FIGURE 3.6.1 ARMOR VS PAYLOAD COMPARISONS
TRACK PROPELLED VEHICLES
VEHICLE | VEHICLE | VEHICLE | VEHICLE )} VEHICLE | VEHICLE | VEHICLE
"}l” “J“ lIKII 'ILII IIMII HNII |lpl|
GROSS
VEHICLE 31, 300 35,000 35,000 35,000 35,000 42,000 42,000
WEIGHT
(L1)
HULL
WEIGHT 5,800 5,800 9,500 11,500 13,500 13, 500 17,500
(LB)
PAYLOAD
CAPACITY 10,000 13,1700 10, 000 8,000 6,000 10,000 6,000
(LB)
RANGE OF
HULL PLATE Maximum  Maximum
THICKNESS of 1/4 of 1/4 3/8-5/8 1/2-71/8 1/2-1t-1/4 1/2 - 1-1/4 3/4 - 1-3/4
(IN.)
1 ] ] | i

FIGURE 3.6.2 ARMOR VS PAYLOAD COMPARISONS
PROPELLER DRIVEN VEHICLES
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Hull Weight (Continued)
of 35,000 1b has been accepted as the desirable limit.

In conjunction with the Operations Analysis, Section 3.1, and the Armor
Analysis, Appendix H (Volume III), the area of payload capability-versus-

armor protection was examined for possible trade-offs. These trade-offs

are summarized in Figure 3.6.1. The hull dimensions used for this con-
parison are given in Figure 3.6.3 and represent a vehicle using the tracks
for both land and water propulsion. Because the study conclusions are
presented as two complete vehicle concepts, one utilizing a propeller

for water operation and the other utilizing tracks, a further comparison is
shown in Figure 3.6.2 for the propeller-driven concept. The vehicle over-

all size is the same as shown in Figure 3.6.4.

Vehicle "A", Figure 3.6.1, presents an unarmored vehicle with the huil
weight of 5,800 lb based upon the structural requirements alone. With
an allowance of 10,000 1b payload, Vehicle "A" would have a GVW of

30, 125 lbs.

Since Vehicles ""A" through "E", Figure 3.6.1, ulilize the same power
train and suspension, the vehicle described above can be projected

further by allowing 14, 875 lb for payload, thus having a 35,000 1b GVW.
This is Vehicle "B" in the table. To provide the maximum possible armor,
while maintaining both the 10,000 lb payload capability and the 35,000 1b
GVW, the hull weight can be increased to 10, 675 lb, thus permitting «

maximum hull plate thickness of 3/4 inch, as shown for Vehicle "C".

Vehicles "D and ""E'" both show the results of trading payload capacity for

armor protection. Vehicle "D'" permits a maximum plate thickness of 1

3.6.3
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Hull Weight (Continaed)

inch and has a payload capacity of 8,000 1bh. Vehicle "E'", with a plate

thickness of 1-1/2 inches, has a 6,000 Ib payload capacity.

Venicles "F'" and "G", with 42,000 Ih GVW's, utilize heavier power trains

and suspension components than the other vehicles shown in Figure 3.6.1.

Vehicle "F" offers a 10,000 1b payload capacity but has not permitted any
increase in the degree of armor protection. Vehicle "G'" permits a
plate thickness of 2 inches and maintains the 42,000 1b GVW, but has de-

creased the payload capacity to 6,000 1b.

The comparisons in table 3.6.2 charge the 1,500 1b propeller-drive weight
to the hull allowance, except for the minimum-weight hulls shown for

Vehicles "H' and "J".

The results of the Armor Analysis, Appendix H (Volume III), and the weight
trade-offs described above led to selection of the vehicles shown in Figures
3.2.2 and 3.3.2. Figure 3.2.2, the "Maximum Armored Vehicle", is

shown in Figure 3.6.1 as Vehicle "E'", and the "Maximum Water Performance

Vehicle' is shown in Figure 3.6.2 as Vehicle "M".

The trade-off in payload capacity for armor thickness was made for the

following reasons:

° The weight of 27 fully equipped troops (5,940 1b) is less than the

6,000 1b capacity provided.

° Under emergency conditions, either of the recommended vehicles
covld carry up to 10,000 1b payload, at a reduced performance

level.

3.6.4
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3.6.2 _érmor

A thorough analysis of armor was conducted to determine the choice of
material for the hull.  To make this selection, recourse had to be made
to classified material to evaluate the degree of ballistic protection that
could be provided. To avoid placing a security classification on the entire
report, this material is included under separate cover as Appendix H,

Volume III.

In this analysis, the following materials were investigated.

e Sleel

o Aluminum alloys

o  Maugnesium-Lithium alloy
¢ Titanium

e Nonmetallic armors

e Composile armors

These malerials were evaluated on the basis of;:

o Cost
o Availability during a national emergency
o Ease of [abrication

® Corrosicn resistance

As analyzed in Appendix H, aluminum is recommended as the primary
material for the hull due to its lighter weight, greater rigidity, and addi-
tional protection against fragmentation. Figure 3. 6.5 shows the degree of
aluminum armor that could be provided for the "Maximum Armored
Vehicle" without exceeding the 35,000 Ib GVW, This provides 1-1/2-inch-
thick aluminum through the bow, stern, sides, and deck areas. The bot-

tom is of 1-inch aluminum and the sponson plates are of 1/2-inch aluminum.

3.6.5




HJOWYV WNANINNTV HLIM
TOTHIA AIHOWNYY WNINIXVIN ¢ ‘9 € HYNDIA

3 66




TECHNICAL REPORT HULL

Armor (Continued)

Figure 3. 6. 6 shows the degree of composite armor of aluminum and titan-
ium and zig-zag armor of aluminum and steel that could be provided. The
equivalent thicknesses of aluminum armor are shown. The composite ar-
mor is shown in the typical section of the vehicle, Figure 3.6.7, with the

zig-zag armor shown in Figure 3. 6. 8.

The "Maximum Water Performance Vehicle' is shown in Figure 3.6.9.
Aluminum armor can be provided to the degree shown. Figure 3.6.10
shows the equivalent aluminum thicknesses of composite aluminum-and-

titanium armor and of aluminum-and-steel zig-zag armor.

3.6.3 Hull Structure

3.6.3.1 Hull Lines

The basic hull shapes shown in Figures 3. 6.3 and 3. 6.4 evolved as a compro-
mise between the land and water performance factors specified in the ""De-
velopment Characteristics'. Scale models have been built and tested in the

FMC Tow Basin to verify performance of the configurations shown.

The "Maximum Armored Vehicle' hull dimensions were established as

follows:
o Length - the 285-inch (23'-9") length is the minimum length re-
quired for troops and the drive train, and was selected to provide

the maximum weight allowance for armor protection.

o  Width - the 126-inch width is the specified maximum in the "Devel-

opment Characteristics".

e Height - the 102-inch height is the minimum required by the troop

seating for a vehicle with 18-inch ground clearance.

3.6.7
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Hull Structure (Continued)

The "Maximum Water Performance Vehicle' dimensions were established

as follows:
° Length - the 313-inch (26'-1") length is.the specified maximum

and was selected to provide the maximum length-to-width ratio

and an improved bow shape for lower water resistance.

° Width - the 120-inch width is the minimum that will accommo-

date the troops and machinery.

° Height - the 102-inch height is the same as the '"Maximum

Armored Vehicle".
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