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APPENDIX A 

introduction 

Most suspension systems of military vehicles have been previously 

designed by using rough estimates based on performance data of earlier 

models. Pilot models were then designed and built, in order to further 

study the estimated suspension system. The suspension can be optimized 

faster and at a considerable cost savings by simulating the proposed 

system on an electronic computer. A better designed suspension will 

result from this simulation technique because of the possibility of 

modifying the design features until an optimum combination is attained. 

This study describes in detail an electronic simulation technique used 

in optimizing the suspension for an LVT which has a proposed sprung 

weight of 32, 000 pounds and a pitching mass moment of inertia of 

28, 400 slug-feet . Three basic suspension systems were studied in 

order to obtain a sufficient quantity of data to permit a qualitative analy¬ 

sis. These three basic configurations consist of eight road wheels 

mounted on four walking beams, twelve road wheels mounted on six 

walking beams, and twelve road wheels individually sprung with shock 

absorbers on the front and rear road wheel arms. 

The three basic suspension configurations are analyzed to determine 

their performance under different conditions of vehicle speed and road 

profile for certain variations of design features and parameter values. 

Specifically, two torsion bar spring rates, one which yielded six inches 

of deflection under two g’s of acceleration, and a second which yielded 

twelve inches of deflection under two g's of acceleration are studied. 

Shock absorber snubbing rates are varied from 508 pound seconds per 

foot to a much stiffer snubber with a rate of 1,016 pound second per foot. 



INTRODUCTION (Continued) 

A mathematical analog has been developed by considering a two degree 

of freedom motion of the vehicle as it traverses over a standard APG 

test course with a sine wave cross section. The two sine wave courses 

consist of a 6 foot displacement period with a 3 inch amplitude and a 4 

foot displacement period with a 2 inch amplitude. 

The analysis has been simplified by considering the following items: 

• Interaction of the track-blocks as they move between the road 

wheels has a negligible effect on the motion of vehicle. 

• All road wheels are assumed to follow the selected APG course 

contours. 

• The inertia of the road arms and road wheels is negligible. 

• Elasticity of the road wheels is negligible. 

• Change in suspension geometry is negligible. 

• Wheels do not bottom out. 

The assumptions,which were made to simplify the analysis, have been 

carefully checked by viewing slow motion movies of vehicles on the 

APG test course, computing the inertia and elasticity of suspension 

components, and checking total wheel motion to be sure they do not 

bottom out. These checks validated the assumptions which simplified 

the analysis and introduced negligible error in the results. 



APPENDIX A 

RESULTS 

The vehicle with 6 walking beams and 12 road wheels with soft springs 

and hard shock absorbers provided the most comfortable ride of the 

3 suspension combinations analyzed in this study. Ride comfort curves, 

which were developed by the U. S. Army Transportation Research 

Command in 1960, provided the basis for the final vehicle selection. 

The simulated vehicle which yielded the most comfortable ride was 

checked for bottoming out of the road arm against the bump stop and 

the maximum rectilinear acceleration of the vehicle driver or crew 

member was determined. A complete tabulation of the study results for 

steady state and transient are shown at the end of this analysis. A 

condensed tabulation of the results is included here for an approximate 

comparison of the steady state and transient vehicle response. 

Comparison of the results of the three basic vehicles studied in this 

analysis using soft springs, hard shock absorbers, a vehicle speed of 

20 mph, and a course bump height of 3 inches: 

Result Item 4 Walking Beams 6 Walking Beams Individually Sprung 

STEADY STATE 

Pitch excursion 

Vertical disp. ofC. G. 

Vertical disp. of driver 

Acceleration of driver 

Max. Vehicle wheel travel 

. 195 degree 

. 168 inch 

. 224 inch 

1.27 g's 

3.095 inches 

.188 degree 

. 096 inch 

. 372 Inch 

1.454 g's 

3.169 inches 

.81 degree 

. 115 inch 

1.28 inches 

2.56 g's 

3.565 inches 

TRANSIENT RESPONSE 

Pitch excursion 

Vertical disp. of C. G. 

Vertical disp. of driver 

Vertical disp. of rear 

. 87 degree 

. 42 inch 

1.32 inches 

1.43 inches 

.8 degree 

. 312 inch 

1.37 inches 

.935 inch 

1.25 degrees 

. 4 inch 

1.62 inches 

2.1 inches 



APPENDIX A 

NOTATIONS 

W B Vehicle Weight (lbs) 

g * Acceleration of gravity (ft/sec2) 

B Vehicle mass moment of inertia I 

n Horizontal distance from Vehicle c. g. to suspension pivot 

kn :5 abs7ft)Ve Unear SPrÍng COnStant ior the vehicle torsion bars 

Cn ~ Hydraulic shock absorber (lbs-sec/ft) 

X = Vertical translation of vehicle c. g. (ft) 

Ö = Vehicle pitching rotation (radians) 

^ ^ ~ Dot" indicates a time derivative 

A = Max. rise of the road bed above the mean (ft) 

L = Wave length of road bed (ft) 

Vehicle velocity (ft/sec) 

Distance between wheels on the walking beams (ft) 

Circular frequency = 2ttv/L 

Phase angle (rad. ) 

(ft) 

V = 

a = 

w = 

°(n 

b, d, e, f, h, j Constants 

m a 

t = 

^ * 

Mass of the vehicle (slugs) 

Time (sec) 

Phase relationship (rad) 



APPENDIX A 

CORRELATION OF SIMULATED DATA 

Description of the 8 Wheel 4 Walking Beam Suspension 

The weight of the vehicle is supported by eight road wheels, four on each 

side, which are attached to the hull through walking beams and torsion 

bars; the torsion bars have the effect of springs. The upward displace¬ 

ment of each road wheel is limited by a "bump stop". Shock absorbers 

are attached to the four walking beam arms and are used to damp out 

motion of the hull. The road wheels on each side of the vehicle ride on 

an endless track, which completes its circuit by passing over the drive 

sprocket at the rear of the vehicle, three support rollers along the side 

of the hull, and an adjusting idler wheel at the front of the vehicle. 

Track guides are built into each track block to prevent throwing of the 

track. The drive sprocket provides the means for applying power from 

the engine to produce vehicle motion. 
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APPENDIX A 

CORRELATION OF SIMULATED DATA (Continued) 

Description of the 12 Wheel 6 Walking Beam Suspension 

The weight of the vehicle is supported by twelve road wheels, six on 

each side, which are attached to the hull through walking beams, road 

arms, and torsion bars; the torsion bars have the effect of springs. The 

upward displacement of the front and rear walking beam is limited by a 

"bump stop". This "bump stop" provides a solid stop for the road arm 

and prevents further rotation. Shock absorbers are attached to the front 

and rear arms and are used to damp out motion of the hull. The road 

wheels on each side of the vehicle ride on an endless track, which com¬ 

pletes its cycle by passing over the drive sprocket at the rear of the 

vehicle, three support rollers along the side of the hull, and an adjusting 

idler wheel at the front of the vehicle. The drive sprocket provides the 

means for applying power from the engine to produce vehicle motion. 
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APPENDIX A 

CORRELATION OF SIMULATED DATA (Continued) 

Twelve road wheels support the weight of the vehicle, six on each side, 

which are attached to the hull through road arms and torsion bars; the ’ 

torsion bars have the effect of springs. The upward displacement of the 

twelve road arms is limited by a "bump stop". This "bump stop" pro¬ 

vides a solid stop for the road arm and prevents further rotation. Shock 

absorbers are attached to the front and rear arms and are used to damp 

out motion of the hull. The road wheels on each side of the vehicle ride 

on an endless track, which completes its cycle by passing over the drive 

sprocket at the rear of the vehicle, three support rollers along the side 

of the hull, and an adjusting idler wheel at the front of the vehicle. The 

drive sprocket provides the means for applying power from the engine 

to produce vehicle motion. 
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APPENDIX A 

CORRELATION OF SIMULATED DATA (Continued) 

Vehicle Forcing Functions 

The general differential equations as written for each of the three basic 

vehicle configurations describe the motion of the vehicle as it travels 

over a sine wave course with an amplitude A at some horizontal displace¬ 

ment Xj 2 and a total period of L. 

These general equations will be solved using two specific sine wave 

forcing functions. The two sine wave cross-sectioned road beds, which 

will be used, are known as the Munson Washboard courses of the Auto¬ 

motive Division, D & PS located at the Aberdeen Proving Ground, Mary¬ 

land. One washboard course has a period of 6 feet with a mean line 

amplitude of 3 inches. The second washboard course has a period of 

4 feet with an amplitude of 2 inches when measured from the mean line 

of the sine wave. 

Both road beds are made of reinforced concrete which is 12 inches thick. 

The two test courses used in this study are shown on the following two 

pages of this study. 



S
A

H
 

iO
S

K
 
. 

C
A

f
c
I
f
O

tN
I
A

 



Il 
o 
_APPENDIX A 

CORRELATION OF SIMULATED DATA (Continued) 

Vehicle Constants 

I) 
Computer input consists of the following vehicle constants: 

• Suspension geometry 

• Spring rates 
Li 

• Shock absorber rates 
I . 

• Maximum vehicle speed which is 20 mph 

• Resonant vehicle speed which depends upon the course and 

suspension 
i 

• Vehicle mass 

• Vehicle mass moment of inertia 

The vehicle suspension is analyzed for two forcing functions which are 

the two washboard courses at the Aberdeen Proving Grounds. 

All constants for the two coupled differential equations which define 

the motion of the vehicle while supported by four walking beams and 

eight road wheels are included in tabular form in this section. 
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APPENDIX A 

CORRELATION OF SIMULATED DATA (Continued) 

Vehicle Constants 

Computer input consists of the lollowing vehicle constants: 

• Suspension geometry 

• Spring rates 

• Shock absorber rates 

• Maximum vehicle speed which is 20 mph 

• Resonant vehicle speed which depends upon the course and 

suspension 

• Vehicle mass 

• Vehicle mass moment of inertia 

The vehicle suspension is analyzed lor two forcing functions which are 

the two washboard courses at the Aberdeen Proving Grounds. 

All constants for the two coupled differential equations which define 

the vehicle motion while supported by twelve road wheels mounted on 

six walking beams are included in tabular form In this section. 
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APPENDIX A 

CORRELATION OF SIMULATED DATA (Continued) 

Vehicle Constants 

Computer input consists of the following vehicle constants: 

• Suspension geometry 

• Spring rates 

• Shock absorber rates 

• Maximum vehicle speed which is 20 mph 

• Resonant vehicle speed which depends upon the course and 

suspension 

• Vehicle mass 

• Vehicle mass moment of inertia 

The vehicle suspension is analyzed for two forcing functions which are 

the two washboard courses at the Aberdeen Proving Grounds. 

All constants for the two coupled differential equations which define 

the vehicle motion while supported by twelve road wheels each individ¬ 

ually sprung are included in tabular form in this section. 
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APPENDIX A 

CORRELATION OF SIMULATED DATA (Continued) 

Computer Simulation 

The two coupled differential equations for each vehicle are further 

reduced for computer simulation. The reduced equations are shown on 

the following page. 

This section also contains a block diagram of the analog computer set 

up. The triangular shaped boxes are integrating amplifiers which 

evaluate the various An and Bn constants. Lines drawn on the diagram 

indicate information motion in the circuits during the computing cycle. 

Computer constants are shown in tabular form for the various case 

studies for each vehicle. Output scaling constants are also included in 

tabular form for each case study. 
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APPENDIX A 

DATA REDUCTION 

The computer output consisted of vertical rectilinear translation of the 

vehicle’s center of gravity, the vertical rectilinear velocity of the 

vehicle's center of gravity, the angle of pitch, and the pitch velocity of 

the vehicle. This information was obtained from the four channel out¬ 

put of the analog computer for all 48 case studies. 

Pertinent vehicle data was reduced from the computer output by applying 

the basic concepts of rigid body mechanics. This data consists of the 

following items: 

• Front and rear wheel travel relative to the vehicle for steady 

state and transient response. 

• Vertical rectilinear acceleration of the vehicle's center of 

gravity and the driver's seat. 

• Pitch acceleration of the vehicle. 

• Time rate of acceleration change at the driver's seat which is 

defined as the ride comfort factor. 
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APPENDIX A 

STUDY RESULTS 

The vehicle with six walking beams and twelve road wheels with a soft 

spring and a hard shock is the most comfortable riding vehicle. 

This result was determined by analyzing the ride comfort curves, plots 

of amplitude vs frequency, provided by the U. S. Army Transportation 

Research Command for the vehicles analyzed in this study. This result 

was verified by studying the tabulations of vehicle ride data, which are 

included in this result summary section. 

Pertinent vehicle data for all cases studied in this analysis is presented 

in a tabular form for both steady state and transient response of the 

vehicle. A careful analysis of this information will yield a maximum 

absolute acceleration imposed on the driver of 1.925 g's and a maximum 

wheel travel of 6.056 inches relative to the vehicle. 
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0RD-ENG-A4A 

PREPARED BY 
f>t/f WEIGHT AND CENTER OP GRAVITY DATA ORIG DATE 

OF ISSUE /0/14-(0,/ 
END ITEM 

¿IsTPM// (wy AMM0/() 
—ouü summary sneer 

to/iw*<pHw mmae wooo lí. l «un »n, ; UNIT 

WEIGHT 

QTY 

PER 

END 

ITEM 

WEIGHT 

PER 
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II 
L additional concepts 

Rear Ramp LVT 

i * « 

Figure C-l. 1 is a concept of an LVT with a rear ramp which uses tracks 

for water propulsion. It is similar to the "Maximum Armored Vehicle" 

shown in this report except that the ramp is at the stern and the engine 

compartment is near the bow. The vehicle has the advantage of a front 

sprocket drive plus short control linkage from the driver to the engine 

compartment. However, this vehicle, with a 35,000 pound GVW and a 

1 10’000 P°und carg° capacity, has the disadvantage of trimming down at 

the bow when unloaded. Also, if the engine compartment were fully de¬ 

veloped, the passageways left for the driver and the gunner would become 

very small. This concept was set aside primarily because an LVT is un- 

I desirable if it trims down at the bow under any load condition. 

i I 
l 

I 
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APPENDIX C 

ADDITIONAL CONCEPTS (Continued) 

Stern Jet LVT - Front Ramp 

Figure C-1.2 is a concept drawing of the stern Jet LVT described in Section 

3.9 of this report. This concept was discarded for the following reasons: 

• Propeller in a tunnel is not as efficient as a propeller in open 

water. 

t Based on model testing, the horizontal curtain of water ejected 

at the stern jet does not reduce the hull resistance a measurable 

amount. 

• Large water ducts use up too much of hull space. 

•..-. Troops are crowded and two are seated on the front ramp. 

• Vehicle has a very poor departure angle. 







APPENDIX C 

ADDITIONAL CONCEPTS (Continued) 

Stern Jet LVT - Rear Ramp 

Figure C-1.3 is á concept drawing of another stern jet LVT, this time 

with a rear ramp. The purpose of the water inlet at the bow was to re¬ 

duce the bow wave. This concept was set aside for the following reasons: 

• Propeller in a tunnel is not as efficient as a propeller in open 

water. 

• Based on model testing, the horizontal curtain of water ejected 

at the stern jet does not reduce the hull resistance a measur¬ 

able amount. 

• Large water ducts use up too much of hull space and represent 

large energy losses. 

• Troops are crowded and 4 men are seated on rear ramp. 

• Vehicle will trim down at bow when unloaded. 







APPENDIX C 

ADDITIONAL CONCEPTS (Continued) 

Bow Vane LVT 

Figure C-1.4 is a concept of an LVT with a front ramp, designed to pro¬ 

vide optimum visibility for the driver during land operation. A retract¬ 

able bow vane is provided which can be extended as shown during water 

operation to keep the bow from submerging at maximum forward speed in 

the water. In order to provide reasonable access into the vehicle at the 

front, the upper deck would have to be designed to pivot upward when the 

ramp was opened. 

Figure C-1.5 is another bow vane concept for providing more driver 

visibility on land, except the ramp is located at the stern. This vehicle 

would have the disadvantage of trimming bow down in the water when 

unloaded. 

Neither of these bow vane concepts were carried further, because a bow 

vane is not considered desirable in high surf due to the extreme loads that 

could be applied. Also, it is contrary to the "Development Characteristic" 

philosophy of not having special water operation devices. 
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APPENDIX C 

ADDITIONAL CONCEPTS (Continued) 

Ducted Propellers - Dual Installation 

Figure C-l. 6 is a concept showing how dual ducted propellers could be 

adapted to a rear-drive LVT. Although this type of installation is less 

vulnerable than a propeller, suchas shown on the "Maximum Water Per¬ 

formance Vehicle" (see Figure 3.3.1 of report), it has the following 

disadvantages: 

o Propulsive efficiency is less than a propeller in open water. 

• Intakes are close to the water surface, leading to inefficient 

operation. 

• Loss of buoyancy due to water ducts may cause LVT to trim 

too low at stern. 







APPENDIX C 

ADDITIONAL CONCEPTS (Continued) 

Ducted Propeller - Single Installation 

Figure C-1.7 is a concept showing how a single ducted propeller could be 

adapted to a rear-drive LVT. Here again, it has the advantage of being 

less vulnerable than an outside propeller at the stern. However, it has 

the following disadvantages: 

• Propulsive efficiency is less than a propeller in open water. 

• Stern of hull has been unduly extended to provide proper ducting. 

Troops would have to be crowded in order to maintain the 26- 

foot, 1-inch over-all requirement specified in the "Development 

Characteristics". 
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CUMMINS V8-300 AND ALLISON XTG 
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LAND PERFORMANCE 
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APPENDIX D-4 

LAND PERFORMANCE 

LYCOMING AVM-625 AND ALLISON HT-70 
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CATERPILLAR D-333 AND ALLISON HT-70 
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INDIANA GE AH WORKS 
a division or 

THE BUEHLER CORPORATION 
0000 PRECISION ORIVE • PHONE FLEETWOOD 9-9301 

INDIANAPOLIS 26, INDIANA 

August 23, 1961 

Food Machinery and Chemical Corporation 
Ordnance Division 
P. 0. Box 367 
San Jose 3, California 

Attention: Mr. Grant C. Colliver 
Preliminary Design Engineering 

Subject: Buehler Turbopower Water Jet Propulsion Information 

Reference: Food Machinery's Letter of August 11, 1961 
Ser. 481-61-PA 934 

Gentlemen: 

The following is submitted in reply to your recent request for information 
regarding our Turbopower water jet propulsion units: 

The thrust horsepower requirements for your new LVT vehicle can not 
be met by any of our existing jet units, and a new design would be required. 
A brief preliminary study indicates that a unit of the following size and 
characteristics would be required to provide 4000 lbs. of thrust at 15 miles 
and hour and 280 HP input - 

Approximate Diameter - 26 in. 

Number of Stages - 2 

Approximate Weight - 1200 lbs. 

Maximum Unit PPM - 1000 RPM 

Development Time - 12 mos. 

•POWER OCAPINO FOR AIRCRAFT & MISSILES 

• FINE PITCH OEARINO AND AVIONICS 



August 23, 1961 
Food Machinery and Chemical Corporation 
San Jose 3, California 
Attention: Mr. Grant C. Colliver 
Page 2 

The following estimated costs are also submitted for your evaluation: 

(2) Units $15,000.00 ea. 

(6) Units 9, 000.00 ea. 

The above prices can only be considered as preliminary estimates and 
do not include any tooling charges. 

The configuration of the units proposed would be similar to the enclosed 
drawings of our Model 75 (7.5 in. dia.), Model 100 (10 in. dia.), and 
Model 120 (12 in. dia.) units. Performance curves for each of these 
units have also been enclosed for your evaluation. 

It is anticipated that directional control and reverse thrust would be 
accomplished in the same manner provided on the current models 
described in the enclosed drawings; however, we shall be glad to 
consider any special mounting or control requirements dictated bv 
the LVT installation. 7 

The development of the unit to meet your specific requirements is entirely 
feasible, and we would be interested in providing you with more detailed 
information when time permits as well as meeting with representatives of 
the Food Mac^nery and Ehemical Corporation for further discussion of 
such a program. 

Very truly yours, 

INDIANA GEAR WORKS 
a division of 

THE BUEHLER CORPORATION 

G. R. Shields 
Marketing Manager 

GRS:k 
Enclosures 

cc: MrV Lawrence W. Werner, Jr. 
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CABLE “MASCON” 

Machinery consultants, inc. 
nuuhm took engineering fabrication 

6101 VERMONT STREET . DETROIT I, MICHfGMl . 

October 6, 1961 

Food Machinery & Chemical Corporation 
P. O. Box 367 
San Jose 3, California 

Attention Mr. Grant C. Colliver 

Dear Mr. Colliver: 

We are herewith, enclosing for your consideration 
on our Water Jet System which you requested. 

information 

Possibly in the very near future, 
for you, however, at the moment 
data on our unit. 

we will have more data available 
we are unable to submit more 

Thank you for your interest. 

' w J » V* xjr t 

MACHINERY CONSULTANTS, INC. 

'a t- ^ * 

Fred E. Parsons 

FEP:ma 

Enclosures 
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MACHINERY CONSULTANTS INC._______
6101 VERMONT STREET • DETROIT 8, MICH.

WATER-JET PROPULSION SYSTEM
.M .mm ■mi • m

■ > ; I ** =>~-~V ^ ......  .......

8'-DIA. INLET AREA. 1/3 SQUARE FOOT.

TEST STAND DYNAMIC BALANCER
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CURTISS-WRIGHT CORPORATION 
RESEARCH DIVISION 

QUEHANNA, PENNSYLVANIA 

AMHERST 3-4711 

October 12, 1961 

Mr. A. M. Pider, Project Engineer 
Food Machinery and Chemical Corporation 
Ordnance. Division 
1105 Coleman Avenue, P. 0. Box 367 
San Jose, California 

Dear Mr. Rider, 

Herewith please find a brief discussion on propulsion systems 
for amphibious vehicles and a set of the figures previously posted. 
Also included are figures illustrating the Model 185 Aquajet we 
discussed with you,. Should there be any question, or if we can be 
of any service to you, please do not hesitate to call me. 

Very truly yours, 

mlb 

George H. Pedersen 



PROPULSION - AMPHIBIOUS VEHICLES 

Performance cepebilltte. of an LVTP In the vater «a a fn^rlon 

vehicle »aighr, bodp hpdrodyn^c dr.*, inaUUed pomar and the nmchod of 

propulalon. lb. prim. contr«tor h.. atndl.d .11 thaa. daalgn cricri. 

«id salea cad th. system *hlch Is believed superior In view of cha basic 

raqulramaats of th. chtcl.. I«. In ch. subjecc sendy. Curdas-Wclghc 

Visited ch, prim, concretar to discus, propulsion systams, nacly th. us. 

o- a «car j.c for propulsion on cha macar. In vlam of Curtlsa-Brlghe’. 

as»notra.«d accomplishments, the prime contractor released Information 

concerning ch. sys«, cd horn 1c add be applied to th. LVTPX eder study. 

Recognising th. *M>hlbloua v.hlcl., IVOT under study ha. a duty cycl. 

Of 801 land operation cd 201 mec.r operation, th. Initial recelo, could b. 

la Insure flotation of th. „hid. and not thoroughly Incstlgat. th. mean, 

tf propulsion and the hydrodyn-lc d«* ch.ract.tl.tlc, of th. bod, shape. 

Actually, du. to th. see of ch. art m „bid. dasign, the atulnmsnt of 

satisfactory P.rfon-nc. on mater t. th. major probl«,, perform.ee. on land 

1. quite acceptabl. nom. Satl.f«tory performanc. on th. m.t.r pr.s.nt, . 

■miltiende of problem, yet ., b. solv.d and her.ln 11., . „Jor 

program. 

Ihc propul.1» Of an «phiblm,. „ the mat« may be acconpll.hed by the 

use of .p.cl.1 tracks, . propeller 0r a „ter Jet. The« ,r. tk, Mjot 

of propulsion and sum. general co*mnt. on each method ar. ., follows i 

Track, Appear the easiest system to us. because, even though they ar. 

unique for the application, they «a relatively ,1,,1. and th. control of 

the „hide 1. handled In the same manner be It for land or mater operado, 



la terms of vehicle readiness, maintenance and reliability, it would appear 

this method of propulsion is quite satisfactory* Substantial research has 

been done on track design to arrive at configurations which can result in 

propulsion system efficiencies of 10 - 14%. It is thus reasonably safe to 

say that, although there is room for Improvement, the meaningful gains in 

performance from here on will probably be small and if a substantial increase 

in speed is to occur it will not be the result of track design. Believing 

substantial gains in speed over the water are of appreciable importance, 

other systems must be analyzed which can provide the desired speed and yet 

not sacrifice, to an appreciable degree, the current basic simplicity, 

reliability and general operational capability of the vehicle on both land 

and water. 

The conventional method of propelling a vehicle over water is by a 

propeller and such a system can provide propulsion efficiencies of 20 to 

60% depending upon the propeller selected. Propeller size and weight 

limitations serve to necessitate operation at the low end of the potential 

efficiency area. The efficiency of the propeller Itself can be in the 50 

to 65% range. For the type of vehicle under study, a "shoe box," matching 

a propeller to the system is, at best, a difficult task because for opti¬ 

mum performance the propeller diameter would be prohibitively large. In- 

fltillr.cion of a propeller poses several problems in that it must be well 

protected to avoid damage during land operation, be capable of shedding 

weeds and withstanding damage due to sand, rocks and debris in addition to 

which it must be placed in the water at a location where it can get a good 

"bite" on the water it pumps. To do all this the basic external vehicle 

design must be altered to allow installation of the propeller. 

- 2 - 



Considering the aforementioned there is little doubt the propeller can 

provide an increased propulsive efficiency (twice that of tracks should be 

easily attainable) but the basic drag of the hull can be changed little to 

help the overall system. Thus the propeller has numerous operational pro¬ 

blems in addition to offering little help in reducing the base drag of the 

vehicle, one can thus conclude a gain in speed can readily be realized 

using a propeller for over the water propulsion, but at an appreciable 

sacrifice to overall vehicle combat condition capability. 

Before going to the next propulsion system, let us define some effi¬ 

ciencies used to date: 

Propulsive Efficiency = jtet Thrust x Vehicle 
Shaft Borsepower x 550 

Propeller Efficiency - Mass Flow x Ay ★ 
Shaft Horsepower x 550 

* aV representa the eetnal clung, in the energy lwl of the 
mass flow due to passing through the propeller. 

The use of a water Jet for propulsion can be traced back several hun¬ 

dreds of years, a propeller can be considered one "free form" so to speak, 

shrouding a propeller one obtains a Kort nozzle. Going one step farther, 

th* pump Jet evolved wherein the complete system was still external of the 

basic hull and the propeller had many blades followed by straightening vanes 

and perhaps two or more sets of these which are called stages. Next, and 

the system herein recommended for study, is an Aquajet or water Jet wherein 

che water is taken on board at some desirable location, fed into an impeller 

and thence discharged overboard. All this is done below the water line of 

the vehicle although the discharge of water may be to the atmosphere if so 

desired. 

- 3 - 



The Curtiss-Wright Aquajet was installed in a 23 ft. Penn Yan lapstroke 

hull with a Graymarine 188 HV8 engine. Initial tests showed the performance 

at high speed close to that of the same boat using the same engine with a 

propeller Installed. 

A schematic, Figure I, of the Nadel 185 Aquajet Illustrates the basic 

system and its attendant controls for piloting as well as making headway or 

stemway. An installation drawing, Figure II, shows the overall configura¬ 

tion, and Figure III shows the actual assembly of the unit. 

Based upon the data obtained, further gains in performance are available 

when the Aquajet is tailored or matched to the boat. What does all this 

mean? It means that an Aquajet can be made to match or possibly exceed the 

performance of a propeller in the same hull using the same engine* Admit¬ 

tedly this was at high speed, but upon examination of what it takes to 

accomplish this, a high efficiency impeller is mandatory. The measured 

efficiency attainable with the impeller used during the aforementioned 

tests is 92¾. Adding the turning vane losses, the efficiency becomes 85Z. 

This efficiency can be related to propeller efficiency where 65X is a very 

acceptable value. 

The propulsion efficiency of a system is directly related to the change 

in water velocity, entrance to exit, with respect to the speed of the vehicle. 

Water must leave the propulsive device at a speed greater than that of the 

vehicle. Analysis of the system and its attendant losses allows the selection 

of an exit velocity which will provide the highest propulsive efficiency. This 

is for "shoe box" vehicles, ships, hydrofoils, speed boats and actually for any 

water or airborne vehicle. For any given amount of vehicle installed horse- 

- 4 - 



pover, having the drag charactarlaelca of the vehicle, the optimum vater 

Jet system may be selected based upon knotn coaponent efflclenclee. These 

oomponeot efflolencl., codât of Inlet recovery or Inlet duct losses, 

Impeller efficiency, turning vane efficiency, „hauet duct lea... and non- 

ala loesaa. The,, may appear a. substantial by quantity but by quality, 

-amely a 92* Impeller efficiency, the lease, can be held to rewonably low 

value, »blch can ,hou system performance ctmpar.bl. to that of a propeller. 

Selection of the most desirable system for a given vehicle require, 

consideration of smny factor, and, a. 1, th. usual cue, th. final Instal¬ 

lation 1. the result of numerous coords,.. A Us. ttmn optimum syst« 

1» always th. case no matter uhst propulsive syst« 1, need. St.., dght 

speed, power avallóle, «hiela dr., ch.rwt.rl.tlc., wide rang, of opera¬ 

tion, general operating require.««, «d «hiele design comm.nsurat. with 

the mission, to b. .ce<mpU.h.d all sff.ot eh, r,iulCi th, M 

be manufactured, in t.n, of th. subj«, duel. tr«k, prop.ll« ud ».t, 

Jet propulsion .„te» .hould be «.»ln.d In tar» of what ovar.U syst«, 

perform««, each can provide and their attendant disadvantages, a. regard, 

the «hide requirements. The short tlm. .vallabl. to do this using a 

Ourtlsa-Wright iquaj.t prohibit, a collet, study but ln Uns of ,_i 

characteristic, and performance capabilities a sst of cur«, „re prepared. 

In terms of perform««, potential, Figur, iv shows the thrust produced 

at various vehicle speed, for the horeepowr considered for this vehicle. 

Also shown Is the relationship between the ltq>.U.d diameter and engine rpm. 

As in the case of propeller., the Urger the unit the greater th. thrust 

hioh relates to propulsion efficiency. Taking a track propulsion efficiency 

of 10 - 1«, twice this Is readily attainable using an Aquajet. 

- 5 - 



Weight: is also of concern and Figure V shows the estimated weight of 

an Aquajet as a function of impeller diameter. For this weight estimate 

the impeller and exit vanej were of Ni resist and the casings, etc., were 

of aluminum. It is believed this selection will more than satisfy the duty 

cycle imposed upon the Aquajet unit and afford a rugged unit capable of in- 

Jesting appreciable debris of all kinds. 

A major item for consideration when considering the use of water jet 

is, in addition to the attractive propulsion efficiency potential, can the 

system be used to decrease the drag of the vehicle in water, {fere an added 

potential exists, which Curtiss-Wright believes worthy of serious considera¬ 

tion. Past experience has shown that matching a propulsion system to the 

vehicle, be it airborne or waterborne, can result in substantial gains in 

nwrall performance. Time prohibits such an evaluation of this concept for 

this report but the basic possibilities appear worthy of future exploration. 

The installation of an Aquajet poses problems in terms of internal vel¬ 

um-. consumed, controls and operational considerations. In terms of volume 

the gain in performance must be measured against the current volume utiliza¬ 

tion and what it would take to install the unit. In terms of controls it 

would appear the control system for the Aquajet could be integrated with the 

currant vehicle controls. Actual maneuverability of the vehicle can be super¬ 

ior to that of a propeller or tracks depending upon the control system selected. 

For this application the system should be somewhat different than that used in 

the Madel 185 Aquajet because of the difference in the vehicles. 

Tha injestion of debris, namely 'hag cabbage" or the like, poses a pro¬ 

blem. Currently the inlet system of the Aquajet performs quite well for most 
- 6 - 



an conditions but bl», 1..,y „.d. pos. . problen. Sevorsl soutiens to 

this problem apps.r promising. ^ 1( . eitcol„ ^ ^ ^ ^ 

bn rotated and moved «ros. the Inlet euttlng weed, between It «ni the 

fingers current!), Incorporated In the «.del 18, Aquejet. Another 1. . re¬ 

ciprocating sickle bar which could mo™ across th. Inl,e weJ, be. 

tween it and the current fingers in the inlet. 

It should else be noted the us. „ . water jet silo™ the .ll*„,tlon 

of a separate bilge pm, system because the Aquaj.t can serve a. .Kh a 

pump. 

SmilTIQN; 

The abo™ dtscusalon, admittedly, 1. not a collet, detuled analysis 

Of the problems, state o, the art, and gen«.! capabilities o, th. three (,) 

wajor msthod. of propelling « amphibious „hid.. th, MMjet ^ 

offer superior performance potentiel «d a. .„.h 1. worthy „ serious con¬ 

sideration as the method o, on the «ter propulsion ,.r «»hlbleu. ™hlcle. 

including the Lvm II currently under study. Oartlss-Wrlght 1. Interested 

In providing the on the water propulsion system a. a member of the group 

Charged with responsibility o, providing an ad™nced type exhibions ™hlcl. 

such £S the LVTPX. 
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PURPOSE 

This report covers the results of a test run to compare the characteristics 
of two proposed LVT suspension systems, a conventional individual roadwheel 
arm system and a walking-beam system with oversize wheels and a softer 
spring rate. 

Comparison was made by towing two 1/16 scale models along washboard and 
random bump courses while measuring vertical and angular acceleration. 

This report closes out TWR 725. 



RESULTS 

Maximum and minimum acceleration and pitching experienced by the models 
towed over an Identical washboard course were: 

Table 1 

Model and 
Prototype 
Speed 

Vertical 
Acceleration 
_R*8 

Angular 
Acceleration 
Radians/SecZ 

Apparent Vertical 
Acceleration at 
Driver, e's 

5.9 MPH +0.15 
Individual Arms -0.15 

5.9 MPH +0.2 
Walking Beam +0.3 

16.8 MPH -0.35 
Individual Arms +0.5 

16.7 MPH -0.55 
Walking Beam +0.4 

-1.21 
-2.18 

+0.97 
+0.48 

+1.69 
-1.45 

+0.24 
-3.41 

+0.41 
+0.32 

-0.01 
+0.21 

-0.72 
+0.82 

-0.61 
+1.15 

NOTES: These accelerations are the maximum for each vehicle running the course 
at the indicated speed. They do not necessarily occur at the same part of the 
course or on the same part of the vehicle. See Table 3, Appendix I, for more 
complete data. 

Acceleration at the driver is based on a drlver-to-CG distance of 7 ft 
+ g's 1 

Sign Convention: T v P*tch 

ch_d -^-Direction of travel 

In general the individual arm model experiences maximum acceleration when the 
first roadwheel runs onto a bump and when the last roadwheel comes off the 
bump. 

The walking beam vehicle takes the first bump well, but pitches heavily when 
the second walking beam assembly runs onto and off a bump. 

Since model forcing frequency was equal to prototype forcing frequency (one 
pitch of the washboard traversed in equal times for model and prototype) but 
model natural frequency was 4 times prototype natural frequency (see Appendix 
II, page 10) no check for resonances could be made. These tests were for com 
parison only, and should not be used to predict prototype behavior. 

CONCLUSIONS 

1. On the simulated Aberdeen severe washboard course, performance of the 
two models is about equal. 

2. On irregular bumps, the walking beam suspension compares unfavorably 
with the individual arm suspension; the former gives a rougher overall 
ride and pitches easily when the leading arm assembly at the rear of the 
model encounters abrupt changes in slope. A walking beam type suspension 
in which all arms to the walking beams were trailing type might have 
shown up better on the irregular bump course. 



Li i?* %
Side View

1

Spring and Shock Absorber Detail — Accelerometers Are In Place 

FIGURE 1 WALKING-BEAM MODEL
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DISCUSSION OF WORK 

Figures 1 and 2 (Photographs 17173, 4 and 17175, 6) 
tested. 

show the vehicle models 

Prototype Vehicle No. 1 has four 36" roadwheels per 
walking beams. The front walking beam is supported 
rear walking beam by a leading arm. 

side, located on two 
by a trailing arm, the 

Prototype Vehicle No. 2 has six 18" roadwheels per side, individually sprung 
on trailing arms. The overall spring rate of this vehicle is twice the 
spring rate of the walking beam vehicle. Weight of both vehicles is 35,000 lb. 
Both models are 1/16 scale. Model data are given in Table 5, Appendix III 
page 11. ’ 

Instrumentation consisted of 2 Statham 4 6 g accelerometers placed 10 Inches 
apart on the vehicle. Accelerometers were oriented to be sensitive to verti¬ 
cal accelerations. Readout was with a 2-channel Mark II Brush Recorder The 
2 accelerometers can sense vertical acceleration and pitch as shown: 

Consider the vehicle as a rigid body subjected to a vertical acceleration 
and pitch as shown. Accelerometers a and b are mounted a distance L apart. 

Pure vertical forces produce equal acceleration readings, A., at a and b. 
Pure pitching moment produces readings (^2) at a and b whiih are equal in 
value and opposite in sign. The apparent acceleration at a and b is; 

Al+A2 *A1 

From the two accelerometer readings (in g's) we can calculate vertical and 
angular acceleration. 

A (Vertical Acceleration) A- + Ab , 
8 • 

(A - A. ) 
<X (Angular Acceleration - -- x 32.2 Radians/Sec2 

To convert to prototype values: 

Amodel " prototype <Vertlcal Acceleration) 



-4- 

or 
model 16 xoC, 

prototype (Angular Acceleration) 

(See Appendix XX,page 10, for derivation) 

Speed was measured by depressing a microswltch with the carriage (see 
Figure 3). The switch remains closed while the 24-lnch long carriage is 

»ÄcTrL“' ^ *“ltCh B«« torL'rTl'VL 
Two test courses were used, 
half-round bumps arranged and 

One consisted of a series of 3/8" and 1/2" 
spaced as shown in Figure 5, below. 

high 

-:-> 
Direction of Travel 

Center Spacing on 
all Bumps Is 18" 

Figure 5 
IRREGULAR BUMP COURSE 

Models were towed over this 
speeds of 15-30 MPH. 

course at speeds corresponding to prototype 

Although this course was eventually discarded as too severe, It allowed 
these comparisons between several vehicle configurations: 

1. Wooden wheels are preferable to metal ones since metal wheels on 
a wooden model concentrate too high a portion of the model weight 
in the unsprung part of the suspension. 

2. Non-stretchable fiber tracks will tie the roadwheels together 
without adding any additional springing, and thus they provide a 
better approximation of articulated vehicle track than rubber.tracks. 

3. A great reduction in pitching was achieved by concentrating as much 
weight as possible in the extreme forward and rearward parts of the 
walking beam vehicle. This high polar moment, however, does not 
really represent vehicle weight distribution. 

Results of the irregular bump course runs are shown in Table 2, Appendix.I. 
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The other test course consisted of a washboard, 4-1/2" pitch and 3/8" from 
peak to valley. This washboard duplicates the 6" washboard on the Munson 
cdurse at Aberdeen Proving Ground. The washboard was followed by CWo .3/8" 
high half-round bumps. Figure 6 shows the layout of the washboard course. 
(This Is the course shown In Figure 3, Photograph 17185) 

->- 
Direction of Travel 

^ 36" . 8” L,_ 30" _^ 

4-1/2" Pitch 

3/8" High 
Bump #1 Bump #2 

Figura 6 

1/16 SCALE SEVERE 
WASHBOARD AND BUMP COURSE 

Models were towed over this course at speeds corresponding to 5-15 MPH. 
Results of these runs ere shown In Table 3, Appendix.I. 

In general, maximum shock In the Individual Arm Model occurred when the first 
roadwheel encountered a bump. This produces high accelerations at the 
front of the vehicle. 

In the Walking Beam Model, maximum shock occurred when the #3 roadwheel 
(on the leading arm walking beam) hit a bump. Since the shock tends to be 
transmitted by a leading arm (see Figure 7), this produces high accelerations 
In the rear of the vehicle, and severe pitching. The trailing arm part of 
the walking beam suspension absorbs shock very well. 

Figure 7 
COMPARISON St LEADING AND TRAILING ARMS 
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APPENDIX II 

DERIVATION OF MODEL RELATIONSHIPS: 

Length: Lm/Lp - 1/16 - model 

Weight: Wm/Wp * 1/(16)3 

Force: Fm/Fp - 1/(16)3 

Fm 

Spring Constant: —— » —tüL. 
Kp _F2_ 

Lp 

p ■ prototype 

Same units as Weight 

- -Ü- 1 

(16)3 (16)2 

Velocity: --Vin = Wtm _ 1 
Vp Lp/tp 16 t ■ time, Invariant 

Acceleration: Fm _ Mm Am 

Fp " Mp /.p 
■ Wm/Gm * Am 

Wp /Gp *Ap 
m > mass 

6 • Acceleration of 

gravity,Invariant 

Fm 
Fp 

*>m x Am 
Wn Ap Am ■ Ap 

Angular Acceleration: Of m 

(X p 

Natural Frequency: 

- 16 

4 

Fm tm/Lm 
Fp tp/Lp 

Damping: 
Cm 

Cp 
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Walking Beam 

Weight: 

Springs : 

Shocks : 

Settings: 

Accelerometers: 

Individual Arm 

Weight: 

Springs: 

Accelerometers: 

APPENDIX III 

Table 5 

Model Data: 

w 15 oz. for all runs except shock absorber runs, 

8# 9 oz. for shock absorber runs. 

12 oz. additional load produced 5/16 inch 
additional deflection. 

K - 24.8 lb./inch 

Alrpot alr-damplng dashpots 

2.6 

5.3 

oz. - sec. 
in 

oz. - sec. 
in 

(soft) 

(hard) 

Statham * 6 g 2063 rear 
2047 front 
Spacing 10 Inches 

9# 4 oz. 

7# 12 oz. additional load gave 11/64 inch 
additional deflection. 

K - 45.2 lb./In. 

Statham * 6 g 2051 rear 
2056 front 
Spacing 10 Inches 
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PURPOSE 

A program has been introduced to design a new LVT. As a part of this program, 
tests have been performed on seven 1/16 scale models in FMC 's tow basin to 
determine EHP required to overcome the hull resistance at various speeds* 

Major test objective was to determine the effective HP required to overcome 
null resistance through the proposed speed range with GVW of 25,000 and 35,000 
pounds. A second objective was to find any undesirable stability or water flow 
characteristics within the proposed speed range of each hull. Desirable char¬ 
acteristics from the first four hulls could then be combined in two final hulls, 
one for track propulsion and the other for propeller propulsion. 

Work was accomplished in the period August 2, l?6l through October 2?, l?6l under 
project authorizations Wtf and 531». 

RESULTS AND CONCLUSIONS 

Seven 1/16 scale models were tested in FMC's tow basin, the first four to provide 
design infomation for the two final hulls. One of the final hulls is to use 
track propulsion, while the other is to use propeUer propulsion. No conclusions 
have been drawn from the data obtained for Hulla i through 1». 

The track propelled vehicle, Hull 5, Figures 13 and 16, requires 1,2.5 EHP to 
reach its design speed of 6.5 knots with 35,000 pounds GVW. Stability and 
general oynamic characteristics are good to a speed of 7 knots where this hull 
snows a slight tendency to porpoise with the hull taking on occasional water. 

Hull 6 was discarded due to general trim problems. 

The propeller driven vehicle, Hull 7, Figures lii and 17, requires 95 EHP to reach 
a design speed of 8.3 knots with GVW of 35,000 pounds. Stability was good to a 
tentiina! test speed of 9.1 knots where the hull shipped occasional water over 
tne bow. 

Hull IE, Figures 8, 9, and 15 (Hull 1 with bow and stern each extended 50$ of th 
basic vehicle length), requires 30$ less EHP than the next best hull tested at a 
speed of 8 knots. Improved EHP versus speed characteristics are probably due to 
the improved length/width ratio. This configuration could not operate in normal 
land operations, due to the excessive overhang at both ends, unless the hull 
extensions could be removed or collapsed for land operation. 

With an estimated 1,0 EHP available from track propulsion, Hull 5 would obtain 
6.1* knots or 7.1* MPH with a G.V.W. of 35,000 pounds. EHP required throughout the 
speed range with various configurations is shown in Figure 6. 

Hull 7 would reach a speed of 8.3 knots or 9.5 MPH with 95 EHP delivered to the 
water. EHP versus speed is shown in Figure 7. 
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At a speed oí 6.5 knots and with G.V.W. of 25,000 and 35,000 pounds, the follow¬ 
ing EIIP*s are required: 

Prototype Weight 
Hull 25,000 lbs, 35,000 lbs. 

1 h9 68 
1 - 5o 
iß - 25 
2 lá 51 
3 38 50 
3 1*2 55 
li 2? 1*5 
li - 39 

5 30 1*5 
7 - 38 

Comment 

V-shaped bow vane 
Bow and stern extension 

Tracks up 
Tracks down 

Static trim is 1* inches high at bow 
(prototype) 

lids table includes only those hulls exhibiting undesirable water dynamics. 
Speeds below the noted points and hulls not mentioned have normal water operation 
characteristics. 

TABLE 1 

Weight 
Hull Pound 

Static Speed 
Trim Knots Water Bynamics of Model 

35,000 Level ^ 
35,000 Level 6 
35,000 Level 7 
25,000 Level 8 
35,000 Level 7 
35,000 Level 8 

Water over front 2/3 of hull 
Water back 1 inch over bow* 
Fishtailing with tracks down 
Fishtailing with tracks up 
Slight porpoising** 
Bouncing** 

£ 
^This condition corrected by trimming hull slightly up at the bow. 

Both conditions occurred above design speed of hull. 

DISCUSSION 

1. TEST MODELS Aid) INSTRUMENTATION 

Seven hulls have been tested in FMC 's tow basin as a part of the LVT improve¬ 
ment study. Tests were conducted to detemdne EHP required to overcome hull 
resistance at various speeds and to detect any dynamic instability of the 
hulls. Models were made to 1/16 scale in FMC's pattern shop. 

The seven basic hulls tested were: 

A. Hull 1: 

Block-shaped model, shown in Figure 18, to serve as a standard for design 
improvement. The entire hull could be fabricated from flat plates. 
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3. HaU 2t 

SfãíSXTÍ“* "l11; Ilem "i“1 W“* rounded bow .„d traoko 

Â™Uo»í0mrí t0 Pr0Vlde * rM00Mbl‘ “818 «PProwoh”? 

c. Hull 3t 

»“Ä.Ä.ii ‘•ÄAr A"0410- - ^ ^ ^ 
biUtjr during U* op.r.ti« ^ 

D. Hull I*» 

S‘SS<‘rÄ.t'iS.12’H"Uh iUUy r0Und,d bow ‘"O •b«». IM. 
«rterior. ^ ,rKi »»"ed platea for meet of the 

E. Hull $i 

SÄä ÂÂtz1"!“; \rut> Fi^0s u “* Dlat«9 «Uh tkï - PreyiouB k hulls. Construction is largely flat 
pxabes with the corners beine curvAH frm u. 
proved water perfomance. ballistic protection and Un- 

F. Hull 71 

ÂSlVÍ^eíV^rÃS tô 4nb ProPeUer propulelon 

«PH WtheMSliJ'Ä^ abÄ. 

tX ÄS X“i”etL'iraln-e,e0d PUt0 ^ to the 
at the6 tSXhSeíÂTStSS A“* l0"ine forc* a'‘i"e 
gage Plate. StmnXS^S ISS "'0"ent ln the strain 
change in strain gage SsiS were SS““ bridf,t0 ‘he 
Amplifier and Recorder CalihratH rm u 6a^ 0U\0n a 320 Brush 

Äey acting u“*toSn“ ZÄfia * NeiJ?tS and a 
recorder pen deflection. P g f0rCe is proportional to 

rS SnSaT «ShaS * “hMl 0i 6 inches 'iP0«forence that 

to the recorder ÄS reStS^Mt ^ eleC‘riCal PUl88 
along the tape which runs at a nT.0_j0i. „ f j the measured distance 
and time then determines velocity. 6 mÍned 8P8ed* Corre8Ponding distance 

2. OPERATION DURING RUNS 

All runs were made to determine model rim a nt r.».* . , 
following conditions were met during these runs. 60 6 8peeds* The 

A. Models were towed from a point 1/2 inch ahnv« 
as an estimated thrust center for the tra^ nr^ ib?tt0m °f the tracks 
propsUer driven vehiclTlX ™ ? ïwÂ^Ô^^S’ Ihe 
center line. orwara extension of the propeller 

0 

0 

j 

1 
J 

3 

I 

I 
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B. Force measuring apparatus was zeroed before each run. 

C. Models were unrestrained in conditions of attitude and trim. Directional 
stability was influenced by a V-shaped towing bridle. 

D. Models were trimmed to the eauivalent of 25,000 or 35,000 pounds with 
level water Une or 1/h or 1/2 inch higher at the bow than at the stern. 
Trim conditions are noted on the EHP curves. 

E. Towing force was appUed parallel to the bottom of the tracks. 

Each run was repeated at least once to confirm results and minimize possible 
errors caused by equipment malfunction or operator error. 

3. HULL STABILITY 

StabiUty of aU hulls was satisfactory below 7 knots (prototype speed) 
except Hull 1 with extended bow and stern. Towing arrangement of this hull 
with bridle attached at front of tracks resulted in a vehicle that either 
wandered or followed a straight course offset from the carriage towing arm. 
During the tests with bridle attached to the front of the tracks the hull 
was stable at approximately 6 to 7 knots but unstable above and below these 
speeds. Relocating the lowing bridle nearer the bow improved StabiUty to 
the terminal test velocity of nine knots. 

Hull 3, the reversible model, became unstable in roll and yaw at 7 to 6 
toots (prototype speed) depending upon vehicle weight and track position. 
Observation at the start of instabiUty indicated that when the model reached 
a small trim angle, it would fall off to one side; then the tow bridle action 
pulled the model back and past center to produce a combined rolling and yawing 
action. Without two bridle restraint the action could possibly have been poor 
directional StabiUty, though there is also the possibiUty that a self- 
propeUed model would not exhibit this instabiUty. 

Undesirable StabiUty and water dynamic characteristics of the seven hulls are 
shown in Table 1. Oily the undesirable characteristics are shown. 

li. EFFECT OF TRACK PROPULSION 

Track propelled vehicles derive a major part of their thrust from the change 
in momentum of the water in the front sprocket area. The net force is a 
resultant of lift and thrust vectors. (Observation of fuU-size LVT’s shows 
that they trim up at the bow due to this action.) Trim angle in the model 
was not corrected for ttiis condition. 

5* CALCULATIONS 

To obtain prototype speed in toots, the model velocity in ft./sec. was 
multipUed by 2.37. 

Vm ■ model speed - ft./sec. 
Vp - prototype speed - ft./sec, 
Vk ■ prototype speed - knots 
Gm & Gp - gravity relationship with model and prototype 
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Ifli ■ typical dimension of model 
Ip ■ typical dimension of prototype 
S ■ scale factor ■ Lp/ln 

Froude number must be the same in model and prototype. 

Vn Vp VD 

« US 1| 

So that model speed is 1/b the speed of the prototype. Then with 6080 FPH 
equal to 1 knot. 

Vk-1» 
Vm » 60 X 60 

6080 
2.37 V« 

Horsepower values for fresh water are obtained by using the factor 29,8 
multiplied by model speed in FPS times model drag in pounds. 

Fm » model drag - pounds 
Fp ■ prototype drag - pounds 
HPp ■ prototype horsepower 
S3 » model - prototype drag factor 
S3 ■ model - prototype speed factor 

HP.. iiiaiiiii 
p 550 

,.kÜ£iî^_ 
550 

V. » F„ » 167A 

550 

" V« 
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FIGURE 1 

No. 1 LVT P.A. AA9 

fROTOïWE EHP VS. PROTOTYPl- WATER SPKF.n 

Lrvrl Trim Lino. Model Tow Points Noted. 
LMP Is For Fresh W<iter 

Engineering Test Section Ordnance Division 
FMC CORPORATION -, 

August 31, 1961 R. N. Blbbcns 

“O“ 35,000 lbs. Prototype 
Tow Point - Top of Hull 

“"O''‘25,000 lbs. Prototype 
Tow Point - Top of Hull 

— 35,000 lbs. Prototype, Tow Point 
1/2 In. Above Track Bottom. 

.^...25,000 lbs. Prototype, Tow Point 
1/2 In. Above Track Bottom. 

Prototype. Tow Point 1/2 in. Above 
Track Bottom. 

V Shape Bow Vane, 35,000 lb. Prototype. 
Toe Point 1/2 In. Above Track Bottom. 

PROTOTYPE SPEED - KNOTS 
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FIGURE 2 

No. IE LVT p.A. hk? 

fhototipe ehp vs. prototype water speed 

Le*el Trt» Un». Model Tow Point - 1/2 In. Above Track 
Bottom. EHP is for Fresh Water 

Engineering Test Section ORDNANCE DIVISION 
fNC CORPORATION 

October 26, 1961 w. H# ^ 

Fiintu: Bov, stm«Hned Storni 

5? ± a.» ib». 
»•» »‘«‘•i >«eht 12,1 it.. 

Pointed bow, Blunt Sie: . 

f; ?? ^ t¡^bíard» Model -eight 22,8 lbs. 
L J5,000 Ibe, Mode lb8. 

-lunt bow, Blunt Storni 

1 a Ü M°ael UkLftaA 23.5 lbs. 
"¿--35,000 lbs, Model Weight 12,1 lbs. 

V-Bow, Streenllned Ster : 
¡fc freeboerd, Mooel Weight 21,1 lbs. 

0--35,000 lbs, Model Weight 12.1 lbs. 

•No. 1, LVT (Bef. Line) 25,000 lbs. Prototype 

-Haoo 
-1 

190 
;. i ).:’ri 

H-¡Hl8o 

170 

PROTOTYPE SPEED - KNOTS 

iWj* 
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figure h 

No. 3 LVT P.A. 449 

PHOTOmE EH P VS. PROTOTYPE WATER SPFKD 

im Une. Model Tow Point - 1/2 in. Above Track Bottom 

EHP Is For Fresh Water 

Engineering Test Section Ordnance Division 

FMC CORPORATION 

AU8USt 31> 1961 R. N. Bibbens 

^"Prototype, R^d Bow 

ZjvZ BoW’ Tracks Down> Shrouded 
ZnZ ° e B0W’ Tracks UP* No Shroud 

25 oõn^h 0 pified Bow’ Tracks Down> No shroud 25,000 lbs. Prototype, Round Bow 

a "" îrl?r?al B0W’ Tracks D°wn, Shrouded 
jn'"~Ï°ÎÎ!Îed B0W’ Tracks UP. No Shroud 

--Q---Modified Bow, Tracks Down, No Shroud 

■No. 4 LVT (Ref. Line) 

25,000 lbs. Prototype 
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FIGURE 5 

No. 4 LVT P.A. 449 

PROTOTYPE EHP VS. PROTOTYPE WATER SPEED 

Trim Lines Noted. Model Tow Point 1/2 in. Above Track Bottom 
EHP Is For Fresh Water 

Engineering Test Section Ordnance Division.. 

FMC CORPORATION 
August 31, 1961 R. N. Bibbens 

33,000 lb«. Prototype 

Level Trim 

Trimmed 1/4 in. High at Bow 
Trimmed 1/2 in. High at Bow 

Narrowed and Shortened, Level Trim. 
Narrowed and Shortened, Trimmed 1/4 
inch Higher at Bow 

25,000 lbs. Prototype 
-- Level Trim 

-¿--Narrowed and Shortened, Level Trim 

PROTOTYPE SPEED KNOTS 

E
H

P
 



FIGURE 6 

No. 5 LVT P.A. liltf 

PROTOTYPE EHP VS. PROTOTYPE WATER SPEED 

Level Trim Line. Model Tow Point - 1/2 In. Above Track Bottom 

EHP Is For Fresh Water 

Engineering Test Section Ordnance Division 

FMC CORPORATION 

October 6, 1961 W. H. Bauer 

with Sloping 

with Sloping 

35,000 lbs. Prototype 

25,000 lbs. Prototype 

35,000 lbs. Prototype, 

Bow 

25,000 lbs. Prototype, 

Bow 

No. 4 LVT (Ref.- Line) 

25,000 lbs. Prototype 

PROTOTYPE SPEED KNOTS 
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FIGURE 7 

u 
Cd 

No. 7 LVT P.A. 

PROTOTYPE EHP VS. PROTOTYPE WATER SPEED 

Trim Lines Noted. Model Tow Pöint - 1-3/4 in. Above Track Bottom. 

EHP is for Fresh Water 

Engineering Test Section ORDNANCE DIVISION 

FMC CORPORATION 

October 17, 1961 w. H. Bauer 

~1 

PROTOTYPE SPEED - KNOTS 
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FIGURE 8
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APPENDIX G 

TOW TEST FILM 

This Appendix is 16mm mot ion-pic tore 

film included under separate cover aad 

identified as Appendix G to this report. 
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