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SUMMARY  AND CONCLUSIONS 

A study has been made of the feasibility of designing 

a tracked amphibious vehicle with surface boating characteristic» 

adapted to permit takeoff for flight or. hydrofoil* suited to high 

• peed flight with an available power plant of reasonable capacity. 

It has been found that this objective can be attained 

with a vehicle having a good cruising range on land and at sea. 

Speeds of 45 knots at sea »nd t>0 m  p  h.  on land appear attain- 

able.    A photograph of the model of one conception of such a 

craft is shown on *hc opposite page.    Other attainable character- 

istics are summarized on the following pages 

Vhe primary problem« involved in the development 

of such a vehicle have been found to be concerned with design 

of a hull of reasonable weight to resist dynamical loading pres- 

sures and with the design of a track having clean contours 

hydrodyn^mically) and a4%nt«d to hi^h speed operation on land. 

Preliminary deaign* of essential elements have beer, outlined. 

-a« 



PRELIMINARY DESIGNFD CHARACTERISTICS 
HYDROFOIL AMPHIBIOUS TRACKED VEHICLE POWERFD 
 BY T-5 8 GAS TURBINE  

A.    Physical Specifications 

1.    Vehicle,   Flying Configuration 

Length,    overall 35 ft.     7 in. 

Width,   overal. 18 ft       2.in. 

Height 17 ft.   10 in. 

Crew 2 

Passenger capacity (Z5ü#   each) 32 

Cargo capacity 8000 Jbs. 

Weight 

Bare 22. 805   lbs. 

Loaded (fuel,   crew and cargo/ 36, 000 lbs. 

Draft 3 ft 

Hull    > water clearance 3 ft. 

2      Vehicle,   Boating Configuration 

Length overall 35 ft.  7 in 

Length    wale rime 21 it 

Width,   overall 

Height 

aft,   foils do\»n 

Draft,  foili r 

Met« 1 load- Q        M 

V«tar 

1  im     IV 

2 ft 

8 in 



3.    Vehicle.   Land   operation Configuration 

Length,    overall 35 ft.     7 in 

Width,   overall 12 ft,     6 in. 

Height 10 ft.     < 

Ground clearance i8 in. 

Ground pressure 4.0p.s.i. 

Vertical   center of gravity «bove ground 
fulJ load       4  4 ft. 

4     Vehicle,   Shipping Configuration 

a. Hull 

Length,    overall 35 ft.     7 in. 

Beam 10 ft       2 in. 

Height 8 ft.   10 in. 

Weight 14. 353 lb» 

b. Side Sponsors (each) 

Length 24 ft.     9 in. 

Width I ft.   10 in. 

Height h ft.   10 

Weight 4, 226   lbs. 

B.    Performance Specif; 

1.    Vehicle - Flying 

Speed 

Cruising 'r*x    range) 25 knots 

Maximum **> 

-b- 



Range (with 200 mi.   land reserve) 200 miles 

Fuel Consumption: 

Cruising 300 lb. /hr 

Maximum 700 lb. /hr. 

2 Vehicle Boating 

Speed 1 1 knots 

Range 55 miles 

Fuel consumption 700 lb. /hr 

3 Vehicle -   Land Operation 

Speed (max  ) 60 m  p h 

Range (with 200 mi.   t>ea reserve) 200 mi 

Fuel Consumption (15 m   p h. ) 1 . 5 g. /mi. 

Grade Ascending ability (forward tlope)       70% 

Grade   \scending ability (side slope) 60% 

Obstacle Ability 

'Solid vertical wall 2 ft    h in. 

Trench span 8 ft. 

Angle of approach 48° 

Angle of departure 35° 

C.    T.-uei Capacity 

Diesel Fuel gals 

P      R amp 

Width of opening ft. 

Height of o, num) 6 ft    2 in. 



I 

E.    Cargo Comf artmcnt 

Width of Cargo Hatch 

Length of Cargo Hatch 

Height (minimum) 

Width (minimum) 

Length (minimun ) 

Cubic space 

5 ft. 

8 ft.   4 in. 

6 ft.   8 in. 

7 ft.  6 in. 

14 ft. 

700 cu    ft 

-4- 



I.    INTRODUCTION 

This report is the final report on a combined feasibility 

and preliminary design atudy for an amphibious tracked vehicle 

equipped with hydrofoils to provide high speed at sea    in a moder- 

ately heavy seaway.    In order to broaden the usefulness of the repoi c, 

only essential conclusions are presented,   together with such alter- 

natives of choice as appear to warrant further consideration. 

Technical discussion is avoided with the thought ;n rrund that it tends 

to obscure the broader picture and technical answers c»n be supplied, 

on inquiry,   to any interested parties. 

A     Objective». 

The prime objective  of this undertaking is to determine 

the feasibility of development of an amphibious vehicle capable of 

high speed on vater,   in a moderately heavy sea and on land ovei 

moderately rough terra rther obective is the simultaneous 

provision of capacity for transporting a military pay load at least 

25% of its gross .oaded weight        thrr specitc  desirable chara   - 

istics of s ich a vehicle are summarized in Table I. 

In pursuing these specific objective*,  there has lit 

been an effort to incorp »rate *• ner features and cha --istics 

as      *    result in ma* bit» volatility and utility of tike 

rs)i | vehicle. 



TABLE I 

Desirable Characteristics 

of a 

Hydrofoil Amphibious Tracked Vehicle 

Land speed capability,  at least 60 m.p.h 

Water speed capability,   at least 45 knots 

Cargo capacity,   at least 8, OUOlba. 

.1 climbing ability,  at least 10% grade 

Stable side hill operation,  at lea*t 60% grade 

Cruiaing r»r.gi, i.* sea,  at leact ?00 mi. 

jieing range on land,   at least 200 mi. 

Trafiirabihty over dry light beach sand 
and over maximum practicable range 
of other terrain 

Dimensional limits to permit rail and 
a.r  shipment and operation at sea 
from an L S. T. 

■ 



D,    History 

For some years,  there has been a well-recognized 

need for an amphibious vehicle adapted to various military uses 

and capable of high speed operation on land and at sea      One of 

the early efforts in the direction of rendering such a craft avail- 

able was the development oT the DUK..'      However,   while amphi- 

bious  and capable of moderately high speed on land,   thia vehicle 

left much to be desired as regards high speed operation at sea. 

Although useable over most beaches,   it vai also limited in its 

tr affi cability over more difficult forms of terrain by the load 

bearing and tractional characteristics cf wheels of practical size. 

In 1956,   In an effort to overcome the water speed 

limitation« of rhe DUKV»    the Viami Shipbuilding Corporation, 

under sub-contra.t with AVCO as Pnme contractors 'or »he 

United States Arr i dertook to remove the v.ater speed 

limitation« of the D'TKW by applying hydrofoil« thereto      At th 

inception of the undertaking,  an important question was \»h«th<r 

the DUKW could attain sufficient surface speed.   * th a uaeable 

power plant,  to takeoff on foils of «mall enough area * 

attainment of a ble fly -g speed,   with that same pow^r plant 

Tn order to eetabl.ah a pre <ry mi-«» -ist 

question,   under a fe*« bility-tvp« contract,  arrangement« were 

made w*tb tl avr to tow a Dl/K»  »t «ea and to 

m«l««\ire tee d T\m res 



these teats showed a very high drag,   but indicated the possibility 

of takeoff and flying,   provided powering was by gas turbine,   or 

other equally    lght-weight power plant. 

Aft«r undertaking the contract    two groups of model 

teats at one-tenth scale were conducted.    One group was per- 

formed at the Fxperim»ntai Towing Tank  of tl.e Stevens Institute 

of Technology      The other was by the Miami Shipbuilding Cor- 

poration     In general,   these tests confirmed the result* of the 

full-scale towing teita.    Minor improvements were then effected 

by slight bow modifications,   but these results still left much to 

be desired in the w*y of drag reduction      This experience pro- 

vided the stimulant for active thinking at Miarm Shipbu.lding Cor- 

poration regarding steps that might be undertaken by way "' 

modification of an amphibious vehicle to materially reduce it« 

drag during takeoff and,   perhaps,  simultaneously to improve its 

land-going trafficabihty and versatility 

«i   unfavorable takeoff characteristics of the I 

are due to a number of tartars     Hull contour,  the presence of 

whe*l pockets and the tunnelling for the propellet combine to 

racttristics very adversely »peed length 

ratio is attained at less than 4  mots to that high drag .« reached 

at    • f lo-  speed     The planing speed it very much 

h gher than this    let t «Ml of rooth I ^ower 

plat*     The «Wet*    ^K«*   pe)clMtit    »■!«• and other tewU 



irregularities aid. appendages combine to produce very high 

friction drag.    The«*' are not eliminated by planing      The bo v. 

«heue and high plamng speed combine to cause production of 

a high bt.w wave at all  bat very low speeds so that wave drag 

ie high.    The drag producing appendages <md the adverse hull 

configuration will be recognized by reference to Figure 4 . 

To avoid the adverse features of the underwater 

system of the DUKW,   it is necessary: 

(1)    To provide a clean hull,   avoiding all  pockets,   cavities 

or protrusion» or alternatively to provide means for 

covering pockets and cavities and for retracting pro- 

trusions when boating. 

'2)    To avoid the use of propeller tunnels or,   if su«.h are 

required fo»  »hallow water navigation,   to provide 

arrangemer** for  covering them during tareoff arid 

flymg operation* by foldable squat boards 

'3)    To avoid use of numerous large aopendages,  like wheels, 

axles,   etc.,   or to provide for their retraction and cc 

ing 

4)    To asiaMish hull form and lines adapted to planing so a« 

to minimix* drag  it speed length ratios gre*f»- than 

unity and to avoid th* development of    *t**. <v# 

■peed throve •    on submerged 

t n pro; •  • 



Careful conair«ration shows that,   while means for 

meeting requirements with a wheeled vehicle are conceivable, 

this can be provided only at the coat of atructural and mechanical 

complexity and with difficulty     The neceaaary provision of re- 

traction and covering of wheels and axles leads to great mechan- 

ic*]   „omplicaUon      Without ca/ciui and reliable aealing.   the 

space taken  up by housed appendages le subtracted from flotation 

diaplacement,   increasing the draft or rendering difficult the 

attainment of static,   roll stability with reasonable draft 

~)n the contrary    the attainment of most of these design 

objectivea is relatively easy with a properly design tracked vehicle 

Still, there are two areas of difficulty.    The geometry of track, 

bogey ~iechanism and suspension are such aa fo prodv.ee high 

friction drag.    The space consumed by there component! sub- 

tracta from flotation lift and their weight combines therewith to 

increaae draft.     The location oi these negative displacement areas 

tenda tc reduce roll aiability 

This problem has n-»t,   normally,   hampered de» 

of tracked amphibious vajluclajt aince they have generally  Hnri 

heavy with deep draft and low center of gravity     The effect of 

k apace volume in lowering metacentnc he.gist has hence nog 

been aerioua.    Oa the other hand gh speed ft to be attained, 

deaign muet be for ahal II to encu'tra. *   « 

raiae» the center of gravity a ders eseem  »I th 

Ift * 



o: i broad effective beam to produce high meta-center fur a suit- 

able stability moment     This is not ^asy with conventional track 

and with a stringent limitation  on beam.    However,   stability is 

attainable and its attainment is facilitated by a suitable choice 

and design of track and thereby ;■ mare readily accomplished than 

in the case of a wheeled vehicle. 

Aftsr due consideration of these various aspects of 

the probLsm of design of an amphibious vehicle for high speed on 

land and water, the conclusion was reached,   at Miami Shipbuilding 

Corporation,   that the potentialities offered by a hydrofoil-equipped, 

tracked amphibious vehicle were such as to justify a more careful 

study for the purpose of determinr.^ Just what difficulties tiM 

accomplishment might present and whether satisfactory solutions 

therefor were recognizable.    This conclusion uas based on the 

following general  observation« 

(!)    The hull design tor a trarkpd vehicle *.an be made com- 

paratively clean and can readily be adapted to planing. 

(2)    While track,   bogey and suspension system offer high 

resistance,  this can be at least partially offset by motor- 

ng the track at a suitable *psj«4 d   n^g boating and •a>«ofl 

Furthermore,  a suitably designed special irark ran p.-e- 

sart clean 11r.#• 9 and whan rrotored.   ■**- »>»v# n»(Iigiblv 

drag 

hi 



• 

(3)    If the hydrodynamic problem* which they present can 

be solved,  use of conventional tracks is preferred, 

but other track systems »re possible and some are 

particularly well adapted to reducing drag by motoring 

Having reached this conclusion,  Miami Shipbuilding 

Corporation submitted a formal proposal for a feasiblity and 

preliminary design study of a Hydrofoil ^triphibious Tricked 

Vehicle to the Office of Naval Research on 27 December 1956. 

The present contract resulted from that propos%l 

The basic features of the vehicle proposed »re 

shown  in r igure»; 1 and 2.    For the sake of brevity and for the 

purposes of th:s report only,   we shall henceforth i .fer to this 

vehicle as the H. A  T   V. 

As originally conceived,  the H. A. T. V.   was gas tur- 

bine-powered.    It was provided with conventional track,   suspen- 

sion and bogey system except that provision« were made to 

retract this assembly to the point whe -e the beating face of the 

track was flush with the bottom ot the hall,  in boating and fiytng 

Arrangement« were contemplated for covering the bottom tr 

face with a smooth belt,  during boating,  in order to cut flown 

drag.    As originally conceived,  the beam of this assembly was 

contemplated to be broad e-.uugh to meet both plMtagj and roll 

stability requirements 
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Shortly f.fter the contract got under way,   conferences 

with Navy and Mavine Corps personnel established the fact that 

it was essential to restrict the beam.    An  initial figure of 15 feet 

maximum wa* ultimately reduced to a working figure of 12   1/2 

feet. 

A one tenth scale model of the resulting craft,   when 

tested,   showed a rather high drag,   though somewhat lower than 

that of the DUKW.    This model is shown in Figure 3.    Since it 

simulated the track and bogey assembly with a smooth contoured 

dummy,   drag <-haracteristics were not strictly representative. 

However,   a further and more serious iifficuity developed.    When 

the track and suspension housing portions of the model were pro- 

perly vented to produce something approaching the true displace- 

ment picture,  the roll stability proved to be inadequate      This 

started a new »earch for configurations nteefng stability require- 

ments while preserving the balance of desired performance. 

Various arrangement» considered for providing track 

retraction and meeting the stability problem   are shown in 

Figures 6-a,  b,   c.    One approach was the use of a "catamaran' 

type configuration.   Figure 6-c,  in which the entire track »yjtem 

was placed below the hull with        much as possible of it enclosed. 

The two track assemblies were located aloug opposite edges of 

li.e hull «ad when viewed from bow or stern,  the craft prevented 
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UNDER     VIEW    OF    HATV    FINAL    MODEL 

FIGURE    5 
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the appearance of a crude catamaran.    Such u configuration can 

be given a broad effective beam without excessive width and its 

center of gravity can be kept reasonably iow relative to the meta- 

center.    It presents two serious disadvantages.    The foil struts 

must be excessively long in order to provide a suitable flying 

clearance and an excessive amount of track,   bogey,   suspension 

and other parasitic equipment,   having a high friction coefficient, 

is immersed in water and remains immersed until tho vehicle is 

well off the water in flight.    A general development of this con- 

figuration with retractable front foil» is shown  in Figure 7. 

The takeoff drag characteristics of this vehicle are not good, 

and it require« excessively heavy struts in order to rafely s 

port the craft on foils during turning. 

At the time these aspect» uf the problem were under 

discus lion,   a visit w«s made to the laboratory cf Col.   3ekker at 

Detroit Arsenal for the purpose of discussing the problems and 

capabilities of spaced in.k tracks.    At these discussions,   it was 

decided that spaced link track j r€9ented more problems than 

advantage« ir  the present applicator      As an alternate    ' ol    flekker 

suggested consideration of use of his ground ski system.    This IVI • 

tern has the very definite advantage of producing a 

forml" distributed a pressure.    It thu» presents the V 

attainable bearing capability on soft terrain     It is also well adapted 

to design lot reasonable >n drag. 
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Figure 8 illustrates an application Ox thic track to the 

H. A„ T. V.    Because the guide problem of a belted track such as 

this is difficult,   articulated steering is used in place of difft rential 

track steering. 

While the gnund ski has some very advantageous 

characteristics,   it presents  some serious aenign difficulties, 

"he most difficult of these results from the necessity of tightly 

sealing the enclosure within the belt in order to avoid wear and to 

maintMn  lubrication      Furthermore,  the necessity for use of 

articulated steering greatly   increases the complexity of the drive 

system      In recognition of these problems,   a continuing see   »"h for 

a useable track system was now pursued with the purpose of 

endeavoring to attain as many as possible of the advantages of the 

ground ski,   while avoiding its design difficulties 

A study w?s made of the possibilities of producing a 

segmental pneumatic belt.    While suih a belt would necessarily 

run on gu'de rails and rollers and hence require sjals.  the seahrg 

does not have to flex with the belt and hence presents less serious 

difficulties.    These seals will be much farther above ground thai in 

the ground ski.    Furthermore,   a turbo-blower can be  ised to main» 

tain air pressure with n the sealed space to keep out dust and water 

Tigy*n«ss of the seal is then   ess important and seal **ir can be 

minimised      The ge. era. **ot of s segment of such s belt    • 

licated in Figure ^     Its aj: »o s form of H. A  T   V. 

shown la Figure 10. 

It 
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Early conceptions of the H  A.T. V.  had the foil« 

mounted on the outside of the hull.    In this location,  they were 

vulnerable to damag«»      In developing a coafigu-auon for the 

pneumatic track arrangement,   a simultaneous effort was made 

to get the retracted foils in3ide the hull      A new concept of a 

front foil system,   comprising a single swept back foil spanning 

the craft and mounted on two struts,   with foldable foil tips 

extending beyond the struts,   resulted.    This also is shown in 

Figure  10.    Figure 11 shows an early concept of this foil retraction 

arrangement.    The foil tips fold up against the struts and struts 

and foil tip? r»tract inU   WOI'M inside the hull 

A. tentative hull form It shown in Figure 12.    The 

hull is completely decked over with a hatch provided £ot   era .t 

loading.    A bow door permits loading and offloading of men and 

vehicles at ground lev«!.    Figure 13 shows  * retractable rear 

foil and propulsion assembly with gas turbine mounted on the unit. 

Since evolution of the conceptions illustrated in Figures 

9 to 13,   inclusive,  there has been more detailed study oi power 

plants,   drive gearing,  cortrol mechanttm.  hull »tructure,   foil 

structure and hull configuration      Various retraction systems stri 

investigated     Steering arrangements were investigated     Some 

potential advantages -were found in the possible use of a high 
I 

pressure steam boiler and engine 

4 
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In the case of the steam engine,   special advantages 

der've from use of separate propeller drive and track drive. 

With an engine on each   rack,   steering can be by differential 

throttle control,   eliminating steering clutches and brakes.    The 

torque speed characteristics of the steam »ngine are very 

favorable. 

The hull has presented certain problems      Initially, 

an effort was made to give shape to the bow and dead rise to the 

bottom,  to keep shock loadirg down      It was found that  shaping the 

bow adequately interfered with its utilization as a ramp     It was 

also found that the fence effect of the tracks,   extending along the 

"chinas'   nullifies most of the shock reduction effect of dead rise 

and may actually  increase shock under some condition» 

The craft appears to have excess power available dur- 

ing takeoff and takes off at a moderate speed     It WM hsnce decided 

that the danger of shock damage «.o  !' ! e minimised by a quick, 

full power takeoff viuch can apparently be accomplished in about 

120 to 150 feet,  or four to five lengths.    The main requirement is 

then to provide hull strength for modeiate shock and bow strength 

to resist «hock of a high speed dive.    The bow shape It auch as to 

.imui th.a insofar *s possible with a IIM -bottomed hull. 

C.    General Resume of Study 

hi fronti «„;ece of tfcii report present« a photographic 



views of a model constructed to the general arrangement and result- 

ing configuration of the design resulting 'rom the conceptions out- 

lined above.    Opposite this illustration ia a tabulation of the princi- 

pal dimensions and characteristics.    The total gross weight on this 

first go around is in excess of that established as a tentative object- 

ive.    However,   this is the result of a generally conservative approach 

to the prel.minary design of principal components.    It is certain that 

with proper research into essential loadings,   utilization of high 

strength materials and caref.il refinement of detail    t^e desired 

weight can be closely approached and possibly bettered. 

Such weight redaction is desirable from the standp<->:nt 

of economy,   but the present weight does not interfere with perfor: 

ante      Ground pressure is down to the neighborhood of 4. 4 psi.   and 

the craft can attain 4*> knot« at sea \«-ith it« irtended power plant 

It has a larg« margin of power at takeoff.    Re-design of foils can 

take advantage of the favorable planing characteristics and the con- 

sequent practicability of a takeoff at higher speed.    The  resulting 

reduction of foil area will raise the flying speed to 50 knots,  or 

vij»her if desired,  or reduc; the power requirement st 45 knot 

permitting the uss of a smaller power , 

The thrust r .ch th, go «eight 

could be v-»v materially .ii^r»««»^        h« ■    i isid'i «o 

low that this would move sots • c -  - 



speed.    At a matter of tact, this craft could take off with another 

9000 lbs    of cargo weight and would still fly at close to 45 knots. 

These potentialities derive mainly from the high aspect 

ratio front foil and from tht clean-up of hull contours permitted by 

the track system.    Figure 5 showed a partial under-view ol the 

resulting hull bottom.    Compa rnon with Figure 4 reveals the ob- 

vious advantages of the tracked configuration  over the wheeled 

This study has net   produced complete preliminary 

designs.    It has shown that   t is practicable to produce a vehioe 

capable of a water speed of 45 knots and a land speed of 60 m  p.h. 

Both speeds will be attainable under moderately rough conditions. 

A nu.nber of attractive alternative arrangements for propulsion 

and steering have been found      Preliminary design layoutn and 

calculations have been carried to the point of establishing   conser- 

vative weights,   apace requirements and powe 

One of the important conclusions of the sti.dv is that 

with a suitable trie»,   a tracked vehicle has many advantages at 

sea and on land      At the same fme.   it has b«-en found that the 

choice and design of a suitable track pro/ides the key to accom- 

plishment oi the desired ends • segmental pneumatic belt Ira 

has the most favorable  char act» I •• far attainable,   to insure 

the desire ^ perform*            M the urn* time,   it presents many tk 

«afflcnettiee     SoUsttem» to these difficulties »r- reeopnsabl»    but 

•**•   •    • serve«* work is we or '.heir 

* ?re*r«liefern**« 

m 
/ 



With the limite - time and fu.idc  available for this 

study,   it HAS not been possible toexhaust the entire list of pos- 

sible track or roller-wheel system«.    It in recognised that there 

may be other systems which meet the traction and load-carry- 

ing requirements oi the desired vehicle and which may simultar. 

eously m«et hydrodynamic requirements at sea.    So far,  no 

such system has been recognized. 

• 



il.    CHARACTERISTICS OF CRAFT WHEN WATER-BORNE 

A.    Stability 

Design studies have been carried far enough to esta- 

blish the fact that »atisfactory roll stability is attainable,   though 

careful development cf the final design will De necessary to pro- 

duce a satisfactory margin     In the present state of design,  the 

G-M is approximate 3  4 feet.    A value of 5 to 7 would be more 

desirable.    The easiest way to produce it would be to broaden 

the beam,   but this interferes with air and rail shipment.     Adding 

2-1/2 feet would still permit passing through the L. S  T.   door, 

but would leave a width of 12 feet for the dismantled unit      At 

the same time,   it would raise the G-M to about  I ;   feet,   which 

would be very satisfactory 

I orresponding improvement could be accomplished 

by ballasting.    Since there is adequate takeoff capability and 

flying speed would not be seriously affected,  this is a possibility 

Water ballast could be utilized when boating -.id dumped on land- 

ing or when flying      A studied rearrangement of machinery could 

produce some benefit.    However,   with these changer,,   the improve- 

ment is no so rapid as that with increased beam      it appears that, 

in a more detailed study    it may prove advantageous to accept 

increase in beam at the cost of sacrificing Use important objectives 

or to  investigate the possibility   ,t M*j *f retra sponsons as s 

means ft* producing an adjustable effective beam      These could take 



the form of tank» located above the tracks and hinged to drop down, 

outboard of the track»,   wh-ci. boating.    Such tanks would dismount 

with the track» for shipment and could be kept within the line« of 

the track when retracted      Figure   14 »how» a sketch of such an 

arrangement 

The proposed use of aileron control  on the foil» re- 

duce» the available lift moment for roll control relative to that 

with which we have experience.    It ha» been found that if the main 

lift requirement is met by trim control of foil angle of attack,  the 

transient requirement« can be met by flap control      It appear» 

that an adequate margin for stability can be provided by thi» 

mean».    Crui»ing lift will be met by foil camber and built-in angle 

of attack.    Increase lift coefficient during takeoff can be provided 

by trimming the craft to a  suitable planing an;»l<»      During flight, 

control of altitude can be provided transiently by flap control 

while ateady atate »peed chaigea are corrpen»»ted by micrometer 

adjustment of angle of attack or trim. 

H      Planing Charactenatic» of Hu 11. 

A planing body ha» the e«»ent:al character'etic» of a 

foil of the s.ir.-« aspect ratio,   b roughly half th« lift co«f- 

ent      Departure« fr^ I  characteristic« ar« du« mainly to 

th« build-up of a forward projected jet.  at th» nrfacc,   ahead of th« 

stagnation point.    The mair. effect of this I« to modi* «lightly. 

but to substantially   iacr«as« induced drag. oa«« of rough 

-' 
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compuUiiun.   the planing lift can be titim*t«d bv 

where L is planing lift,  OL  = geometrical angle of attack \v. radians, 

f\e  - effective aspect ratio of wetted surface. /?t    
z geometrical 

aspect ratio,   Q     » beam m  feet and   Q    is the dynamical pres- 

sure in lbs/ sq.ft,   corresponding to the speed of advance.     This 

relation maps the area of extensive NAC.A tests within 5% to   t0% 

and is here used for rough estimating of planing characteristics. 

The tracks on the HA   T. V    behave as fences along 

the edgei of the hull and increas» the effective aspect ratio in a 

manner similar to the behavior of tip plates on airfoils and hydro- 

foils.    Also,  for small aspect ratios,   there is a secondary effect 

of angle of attack on  lift coefficient which can be approximated by 

a correction to aspect ratio,    i-'or puipo»«» of approximation,  the 

effective aspect ratio is given 

t  t^ 6   T^ 
where f\   is the height iiom base of track to bottom of hull,   D    is 

the overall  beam and    £   is the wetted length | effective lift 

coefficient of the planing H. A. T. V.   is suort.ntialiy increased over 

tha» n( a rc*,,w«tit:unÄi hail of equal bean, leigth ratio,  by the pr«- 

ce of the solid will presented by the x>m r.e  ai the 

'2) 
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this reason,  the H.A. TV.   will plane at a lower «peed than a 

conventional hull,   if trim is properly controlled. 

The tracks themselves present an   irregular surface 

which offers a high resistance      This resistance is estimated for 

a coefficient of 0.015.    The coefficient   or the balance of the hull 

will be norrr>->l and is estimated at 0.005.     With tracks stationary, 

the drag ot the H. A. T. V .   ;n boating will be high.    However,   by 

""otormg the track» at a linear  »peed a little above boating speed, 

their  -ontribution to this resistance tan be reduced to sero or 

made negative.    The main drag contribution of the track will then 

be that oi its planing aid wave-making action. 

It is necei" ary to add a displacement increment to plan- 

ing lift which is negligible at high speeds,   but not during the lo 

speed,   ooaiing regime      The flow separates from the transom at 

relatively low speed so that base drag becomes constant and the 

displacement hit makes a  pieudo    induced'   drag contribution along 

with the planing lift      The induced drag of a flat planing surface is 

essentially the total lift ;imes the tangent of the angle of attack or 

eflective trim,  except at very low speeds. 

With this information and the calculated foil characteris- 

tic«,  the takeoff crag ourve of the H. ha» been calculate* for 

comparison with other hydrofoil craft and is presented as a part of 

the H. haractenstici showr jura 15. t«d 

drags are in fair agreement with model test*,   but model test result» 

Pftft 34 
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accumulated are : r '«r determination of th*.  complete 

character ist. 

C.    Flying Characteristic» 

The front foil of the tentative H.A. I.V.   design has 

a high aspect ratio,  about 11.6 and a large area,   about 25. 6 

square feet.    So far as hydrodynamic requirements go    the 

area could be smaller.    For a takeoff speed equal to that of the 

hydrofoi 1-supported LCVP,   'Halobates",   it could be about  15 

square feet.    No attempt has been made co develop the optimum 

design since this involves a rMher elaborate stress analysis and 

is beyond th* scope of this report.    Such analysis ie worthwhile for 

it can greatly reduce high speed drag and thereby raise attainable 

speed o** reduce cruising pover requirementr .    It should have an 

important place •..-. a detailed design development program. 

The takeoff characteristics have been calculated for a 

foil lift coeff.c vtvi of or«.    For this condition, the total drag coef 

fictent of the tentative foil and strut system,   plus wind res stance, 

is 0  085 referred to the front foil area       \fter takeoff,   the friction 

drag coefficient is approximately 0.0332 on the same basis 

corresponding induced drag r efficient is     Ciu    : O.04?j2/' 

where     "]/ 'he ratio of flying speed to takeoff speed.    For the 

optimuir ft   | system,   takeoff speed will cha ts to 

- two drag <■■ en»e will be ted iced by a 

■ •, 



factor of approximately 0.55. 

In figure 15  have beer, plotted the takeoff and flying 

characteristic» of the hydrofoil-supported LXVP,     Halobates", 

DUKW,   the H.A. TV.   with tentative foil system and of the 

H.A. T.V.   with an estimated o, cimum foil system.    There are 

also plotted available thrust curves for these three craft, 

respectively powered by a 615 HP gasoline   engine with a 26" x 

22" propeller i nd an 825 HP gas turbine with a 33" x L2" propel- 

ler and a 24"   x 32" propeller.    la the case of the H. A. T. V. . 

consideration has also been given to ar. alternative  1000 HP 

steam engine.    This particular steam power plant is attractive 

because its specific fuel rate at rated power is roughly equal tu 

thai of the tu-bine,   while that at reduced power is much better. 

Furthermore,   its available torque at reduced speed is sub- 

stantially greater than that of the turbine.     With such an engine, 

gear shifting on land can be eliminated and takeoff can be accom- 

pl shad in a very short run (about 4 to b lengths) at se% 

In calculating the takeoff curves of the H   A.T  V   .  the 

track has bee i considered as motoring     Also,   the curves of 

?ure 15 h«v« been estimated for 30,000 lbs.  designed total 

weight      At the present st«K«.   MW «- I ed weight i« 36.000 lbs. 

To show the effect ot increased weight    I   gurt) 14 has been pre- 

pared showing performance with the tentative foil for 36. 000  lb 

ito and 45.000 lb.  weight.    A takeoff cu-r* nrith track 
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stationary is also shown. 

It is to be noted that the tentative deaigi of H. A. T. V 

■ 

j shows lt!S« drag during takeoff nnd low speed flight   han does 

"Haiobatee' .    However    the characteristics cross at about 35 

l 
— 

knots.    Ther .-after,  the H. A. T.V.   drag is higher.    Vith the opti- 

mum foil system,  the HAT   V.   drag :c lower than that of Halo- 

bates at all speeds and substantially  .ower at high speed.    It is 

considered that the foil design producing thin performance is 

realizable,   structurally,   by careful design and fabrication, 

includ'ng use of high strength l'iaterials. 

The estimated drag of the H. A.T   V.   with stationary 

track is less than that of the DUKW,   during takeoff.    The reduction 

of effective drag to the value obtaining on the lower curve is the 

result of motoring the track      The pc we r required tor this is 

relatively minor compared with the drag pnwer.    Motoring a 

suitably designed track is effective In reducing overall drag.    On 

the other hand,  tests conducted o.i the DT'KW showed that motor- 

ing the wheeia had no measurable   effect on drag       ' tta a suitable 

track,  hull contours can be kept clean and drag producing 

appendages can be avoided     The one unavoidable appendage   the 

track) can be motored in a manner adapted to kr ^r*g down 

To - plish an equivalent  r*« ha wheeled 

vehicle required retr of all appendages Into wel he 



hull and covering these we'ls with «hells fitted to the hull lines. 

The wells reduce displacement and stabilizing moment unless 

the cover« are water-tigh*.     The multiplicity of retraction a.nd 

covering arrangements greatly  increases mechanical complexity. 

In coming through a suri    it is desirable to be able 

to pick up speed rapidly and to reach a speed in excess cf that of 

an approaching wave,   so as to keep  >ut of its way at the time it 

breaks.    For this reason,   it is important to know the speed 

capabilities; ox the craft   n boating.    To cover this situation,   an 

estirrated boating drag curve has been plotted rn Figure 16.    It 

appears that Ihe attainable planing i.peed is in excess of the need. 

Eaing calculated,   this curve is,   of :ourse,   quite approximate and 

mer*ly  indicative of possibilities. 

M 



III.     CHARACTERISTICS OF VEHICLE ON  LAND 

Ag previously indicated,   purposes of this undertaking 

have been the development of a "ehicle capable of high spt»ed on 

land,  as well as at sea,   and further to provide satisfactory 

trafficability over the maximum range of likely terrains to be 

encountered in service.    In a conventional mechanical track 

mechanism,   as in all mechanisms involving frictional wear,   the 

wear rate increases very,   very rapidly with speed      L'.fe,   in 

both hours and milei,    iecreases accordingly.    The same is true 

when parts are of rubber.    But the resiliency and shock reducing 

capability of rubber are such that with proper application and 

design,   the diminution of shock loads and resistance to gritty 

abrasion combine fro cause a less rapid rate of increase of wear 

with speed     Thus,   as in the case of the pneumatic vehicle tire, 

a good lift can be realized at speeds far beyond the equivalent 

performance of steel. 

'vhen the rubber is used in a pneurratir element,   the 

■ hock reduction capability is increased and may be carried to the 

po;nt where other «hock absorbing mechanisms c^n be eliminated 

In working out the concept of a pneumat      rubber t -a*k    an efort 

has been made to utilize to the maximum this «hock reducing 

capability.    At the same time,  the further effort hat been to 

produce a continuous track bean, * pattern with uriform ur 

loading     The advantage of uniform ground Waring 

«I« 41 



in Figure 17, taken frorr an illustrator, of r3r.   Eekker.    Regard- 

less of their arrangement or of the flexible b *lt or chain with 

which they are covered,  the localizea loading pattern of the 

bogeys carries through to the bearing on the ground.    No matter 

how tightly they are stretched,  belts ar.d chains deflect more 

rapidly than the ground on wh.ch they bear unt-l the shear 

developed by non-uniform loading produces a flow to redistribute 

pressure      Once this flow starts,   the ground break-up is under 

way and the depth of its penetration increases with each passage 

of a vehicle. 

With a pneum«>.ic support by a flexible pneumttic 

casing   the ground pressui e is substantially uniform over the 

bearing area.    In the case of a t:re    deflection of the casing pro- 

duces such bearing over an olhptcal flattened area at th: pent 

at contact.    With the allowable deflections,   the major diameter 

of this area is of the order 01 one-fifth to one-third of the tire 

diameter      A linear pneumatic bearing element thus is equiva- 

lent to a pneumatic wheel of iiameter three to five times the 

length of the pneumatic unit      Th s situation is illustrated gra 

callv  'n Figure 18,  also an .UuJtration of Dr.   Bekker's. 

In the case of the HA   TV    «egmental pne.-ma 

track,  the bearing pressure has been kept down to approximately 

4 4 psi      WU t prcnurt,  the vehicle will traverse the    I 

*ar4.  1 y"\ dry sand of almost any known •*» ther sandv 
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area with substantially zero penetration, certainly iess than 3 inches 

in almost any case.    Lack of adequate information on the specific 

numerical terrain parameters has precluded a detailed analysis of 

performance on other likely terrain 

While the pneumatic track has a r",cpth of 15 inches,   its 

tread is 22 inchet» and its equivalent section diameter is about 21 

inches.     Due to its construction,   it deflects little under initial load- 

ing so the side wall fatigue under periodic loading will be less than 

for a normally  loaded conventional tire.     Figure   19 shows a diagram- 

matic portion erf thp tire.    The configuration,   when loaded,   is indi- 

cated L,r the solid outline.    With an internal pressure of  10 psi,   the 

configuration with a bearing load of 4 psi is indicated by the broken 

outline.    When the vehid» is operating on a 60% side slope with the 

existing c   g    location,   the configuration it as indicated by the dash- 

dot outline      The lateral deflection of 2*1/4'   over a tread length of 

17 feet is such that only a very modest yaw will be necessary to 

compensate the resultant down-hull dritt.     1 nis will almo?» e#rtl<"*!y 

be less than the compensation for earth movement unless the  jlope 

is paved. 

While this pneum; tic track will be fairly stiff when 

deflected as a whole.    I       U be quite soft in its deformation by local 

ob«:ructions      Surface irregularities of wave length less than i7 feet 

will produce no Appreciable vertical mov-ment of the veh-.oe      I or 

groand waves  la -h» neighborhood of  ?4 feet wave length,   less than 
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1 ft.  high,   the verticil movement will be roughly half tru% wave 

height      For longer wave»,   it will approach the full height.    The 

natural frequency of the vehir le or. its pneumatic track in heave 

will be about 3  6 cycles per second r.nü ^b~u.i I. 9 cycle» in pitch. 

This ic a little high for      high speed driving.    The average auto- 

mobile run« about 2 cycles in heave and about 1 . 2 cyc'.es in pitch. 

Truck« run higher,  up to the neighborhood of 1-3/4 to 2 cycles in 

pitch.    Fcr high speed operation in flat areas where th*re is no 

danger of having to negotiate steep side hills,  the tire pressure 

could be maintained as low as 6 psi.    This would drop the fre- 

quency to les« than 3 cycles in heave and 1. 6 cycles in pitch.    This 

high suspension frequency presents the main obstacles to be over- 

come in seeking good riding at high land speeds. 

Th« power-ng ot the vehicle is adequate for very high 

speed on land.    While- iriction characteristics have not been accur- 

ately estimated,   a rough «valuation indicate« a capability of 

110 rrph on pavement.    No attempt ta« h««n mad« to r«alne this 

in präsent designs.    Gear ratios and other mechanical equipment 

have been designed for a maximum land speed of 60 ms>h at ritt)4 

turbine «peed.    This provides good bill ctanbing ab.litv w.th mini- 

mum gear shifting,  while st'U affording a tnp speed on land »ell 

excess of that of any existing iqui»a'.«r« vr>       i 

-at« realisation of this high «peed  «411 deperd upj«m 

car*'     to§l»«)«r.ng of the track design.    \    • h gh «p««d 



use will be limited to comparatively flat and smooth terrain. 

But it vili b* available for emergency use under conditions 

wh«re   riding qualities are not th« sole criteria deternvuing 

■ peed limits.    With the use of seat belts by all personnel,  the 

speed will be rftftlitabli on what otherwise might be considered 

quite rough terrain. 

M 



IV.     GENERAL ARRANGEMENT OF VEHICLE 

The general appearance of the proposed vehicle is 

shown by the frontispiece and by Drawings U4i4V and U4142.    The 

frontispiece is a   photograph of a model.     Drawing 04149 shows 

the  configuration for boating and land operation,   and Drawing 

04142 shows the waver-borne fiying configu -ation. 

Drawing 04140 presents the overall general arrange- 

ment      The vehicle comprises a hull section having a rear engine 

compartment and a forward cargo compartment,   a pair of de- 

mountable sponsons carrying tho track assembly,  a retractable 

forward foil assembly,  r. rear,   retractable foil and propeller 

assembly,   and an inboard power plant.    In addition,   there are 

r.'utches,  brakes and other gear for steering on land and water 

A three-speed automatic transmission delivers po've r to the 

tracks and *.he propeller to meet h.li climbing and accelerated 

takeoft requirements. 

Control is from a pilot house located over the bow. 

Dual control can be provided by locating a pilot cockpit stat 

on each s.de     The cockpits are so arranged as to have adequ- 

pas sag«-way through the bow for loading and unloading a i«ep. 

I rarfj» compartment is large   enough to acco 

midate at teaat a    eep and  .0 men or.   alternatively    32 fully 

•quipped men.    The hut. >mpletely decked ove- id 

etr«ng*h tad to t aga... .! ■ .    n a following turf 

1 *c 



Cargo weight capacity is In excess of 8000  lbs. 

Tv«">  «v«V' •  or  ^ilV»"   «»W»  ^>f th<»   r^Tmc* ri1«"» !•♦••»>•;«» 

house the front foil struts and strut retraction mechanism      The 

tip« of th« front foil told up against the struts and on retraction, 

the bridge of the foil draws up into a pocket in the bottom of the 

hull,  for protection on land. 

The stern piopulsion unit is retractable into an upper 

operating position for boating operation and into a fully retracted 

horizontal position for land operation.    In the latter position,  the 

assembly is largely contained by a slot in the stern of the hull 

and the protruding portions are protected by a guard structure 

extending from the stern. 

Steering on the water ia oy directed thrust of the pro- 

peller,   aided by the rudder action of the lower portion of the 

streamlined strut.    At high speed,   rud.Ier steering dominates, 

but at low speed,  the contr.bution o.' propeller thrust is major. 

This is particularly  important for manauvering in a surf snd 

alongside a dock or ship. 

Th« main design study has revolved around use of a 

gas turbine.    Some study has been given a flash   bower steam plant 

which appears to offer some advantages.    Th s is particularly true 

when separate engines,  d.rectly connr are used for the 

propeller and for the two track drives 

.- 



For the turbine drive,   a «ingle unit is used.    It «up- 

Dliea  pow*r to «n automatic *hr»e - ep»»,* ♦ rinsmission having 

ratio« of 1/ I,   1-7/1 and 3/ 1,    Drive lrom the transmission to 

the propeller is through a clutch und through retractable arti- 

culated shafting and gear trams in the propulsion unit assembly. 

Dual,   counter-rotating tractor propellers are provided to 

eliminat« torque reaction on steering and to p.ovide high effi- 

ciency.    Consideration has been given to use of a single pi speller 

vkith torque compensating gearing      The latter is complex,   adds 

weight and is less efficient. 

Controls «re coordinated so that rudder ani tracks 

steer from the same wheel,   alternatively or simultaneously. 

Push button control* effect the change from one control regime 

to another,  and interlock« p/cvent damaging operation when the 

•tern unit i« «towed for land travr 

While no detail« have been developed for presentation, 

it is contemplated that roll stabilisation,   «hen fly.ng.   will be by 

automatic gyro-pilot mechanism controlling a.lsron« on the front 

foil tips.    It 1« also anticipated that flight attitude and pitch con- 

trol will be by joint action of the gyro-pilot and water *jrf» 

sensing means located on the front strut* > removes 

obetruction« on the bow end    teavmg • clear op«iurg for the 

»   -aafejftomts of ta« control e«ui««re*u 



are developed in a separate undertaking,  they are omitted here. 

The principal dimensions and general characteristics 

of the   vehicle are summarized in Table I at the front of this report. 

The detailed weights are presented in Appendix A 

-   ' 



V.    STRUCTURAL AND MECHANICAL I -'FA TURKS 

A.    Hall. 

The iitatic loading on the bottom hull surface is roughly 

one pound per square inch      Design has been baaed on a localized 

dynamical loading of LO psi for determining skin thicKness and 

a mean loading of 10 psi for  structural design of bow and bottom. 

Stressing under these loads is at half the yield point of the mater- 

ial.    The hull will hence have a good fatigue life under the depigned 

loading.    It cnn accept localised dynamical loading to 40 psi or 

general loading of 20 psi permanent without deformation.     Pres- 

sures of 50 psi and 25 psi, respect.veiv.   *ould be necesaa~y to 

cause breakage. 

Little information -.s available to provide a sound basis 

for structural design of hulls for dynamical loading under the anti- 

cipated operating conditions.    If too   conservative a basis Isj 

adopted,   weights become excessive.    On the other hand,  the 

occurrence of substantial dynamical loading cannot be ignored. 

Verbal report i of extremely high pressures have been received, 

but the published information is meager.    Some NACA reports 

indicate dynamical lift coefficients approaching 2 in heavy seas 

Such resrltn have been observed in *.he laboratory under rather 

extreme conditions simulating those encountered by hydroplanes 

during landing in a seaway.    The sin      • »d la iding conditions a  I 

m  ch more severs t'.an would be encountered by any surface 

m 



It would appear that an average lift coefficient of  1/2 to  1 would 

be reasonable for a surface craft.    This is four to ten tiroes the 

normal planing lift coefficient      For the  17.2 knot takeoff speed 

of the present craft and using the extreme valu.i,   2,   for the 

dynamical lift coefficient,   the dynamical pressure would be 

1690 pounds per square foot,   or  ii.8 psi.    Thft fatigue strength 

is hence obviously adequate for any  likel/ frequently repeated 

loading,   and the structural capacity for infrequent loads of this 

extremity is also adequate.    The ultimate skin strength    .. four 

times this value. 

The main question remaining open is as to the ade- 

quacy of the skin for absorbing high localized pressures.    The 

40 psi strength is greater than the maximum measured value 

of 36 p*i of which we have any direct knowledge.    Higher values 

may have been observed,  but their frequency is apparently not 

great enough to have resulted in  pubhcat.or 

Most publ shed pressure data are for bottorrs with 

dead rise.    The plane bottom will experience higher localised 

loading under some conditions,   but there .ire other conditions 

under which the dead rise may not reduce pressure loading. 

These depend on the direction of approach and shape of a wave. 

In the absence of more complete experience data    H  would 

appear that the selected skin Li a4eq täte 

«wing 04i4.   s*- ^Kks th- -   details of hul. 

•t ruction 



B      F.ont Foil Assembly. 

Beside its design tor structural adequacy,   the front 

foil assembly presents two important design problems     One ij 

in regard to retraction arrangements; tv* other la in the structure 

of the hinge for the foil tips      This hinge assembly must provide 

to- folding and lacking the foil and,   in addition,   must house 

mechanism fov actuating the tip ailerons. 

The general configuration of this foil assembly is 

illustrated la Figure  11.    Drawing 04148 shovs one form of hinge 

assembly     In thu, the foil tip is locked in flying position  by 

forward movement actuated by the hydraulic  jiston.     Lugs on 

the tip portion engage seats on tu« strut portion to cooperate 

with the hinge pin in carrying the bending load. 

A lever,   mounted on the  aileron and provided with a 

ball coupling to a vertical actuating bar:   controls the aileron. 

The ball coupling permits unie?rsa*   movement.    When the foil 

tip is folded,   the aileron automatically assumes mid-position 

regardless of control position 

f igures 20,   21 and 22 present alternativ* latching 

arrangements which present structural and machining advantares 

over the earlier design.    Figure 20 shows a pin locking trrat ge- 

rn ent.    -*• gmental pins of length equal tu the   A. 1th of hinge ■ 

are cascaded in holes running the length of the hinge     In one 

position,  the pic ends match the luf facts .    in the ether, the lug 

• s are in the middle oft s at. 1 the pins lock the assemMy. 
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Th« pin» r*»ist the tip bending moment by shear,   at the pitch 

circle.    This design can be very strong and construction is 

inexpensive. 

Hydraulic pistons at the ends of the assembly move 

the pin» between the two extreme positions.    The foil can be 

locked in both retracted and fly:ng positions with proper pin 

spacing.    Locking pin hole alignment can be assured by boring 

and reaming at assembly. 

In Figure 21,  the locking arrangement involves a 

rotatabie pin   in a bored hole,   centered on th-. per ;>hery of * 

hing» lugs.    The pin is notched to its mid-pcint with flaps match- 

ing the width of the tip luga      When rotated to pos ' I tches 

inward, the hinge can be rotated freelv     When the pin is rotated 

180 degrees from thi» position (notches outward),  the hinge is 

locked.    Rotation is possible only w-.th the hinge La             ng posi- 

tion     Again,   loaking can be accomplished in both folded and flying 

position. 

The latch of Figure 22 is nimilar to that of Figure 

16 »xceot that locking and unlocking are accomplished by slicing 

the latch pin end-wiee.    Actu» I by hydraJ ti 

The main problem with foil retr I s to u'ovide an 

adsquattly t retractable mounting arrangement which do«s 

mot encroach too a 40 apace through «r.'srftng th» sta« 

of th« re'   »       m w«4. v v« be«« s»ud.ed 

»*• 



Figure 23 shows an arrangement in which the strut is 

steadied by A bent link hinged at the base of the hull and attached 

to the «trut at a point weil above the flying water line      In the fly- 

ing position,  the top oi the strut is steadied by wedging into a 

Rocket attached to the hull,   under the forcing action of the re- 

traction screw. 

Figure 24 shows a sunilar arrangement except that the 

link ie straight and pivoted to a horizontally  moving cross-hrad, 

to permit vertical retraction without swinging of the foil assembly. 

IK flying position,  the cross-head is locked by hydraulic,   screw 

or other means oapible of remote rontr 

gure I 5 is similar to  Figure 24 except that the link 

It telescoping.    Hyd-au'.ie means lc ck the link   in sxtended positron 

in flight. 

gure 2b shows anothe.  ~ —n ent for rectilinear 

retraction ir  which h stabilising bracket rigid;/ attached to I 

tc p of the foil carri« s a cross-head guide member.    This member 

if   rigidly  locked in place in the flying position by remotely con« 

lied means. 

gure 27 shows an evolutionary form M the de«it 

I lgure 26 in which both th» »teadv bracke- ie strut * 

driven by screws     The screws are geared together and cooper« 

t» and lowering th» - In f, *>  • 

•• • *r 













the support member« into wedging socket» to rigidly support the 

top of the strut.    This is probably the most satisfactory of all 

designs. 

C.    Rear Foil and Propulsion Unit. 

This unit is retractably mounted in a slot in the stern 

of the hull     This arrangement it> illustrated m Drawing J4147.    It 

follows the general design of the propulsion  unit of ' Halobates" 

except that the retraction arrangements are modified to permit 

folding inside the hull slot for land operation and that dual, 

counter-rotating propellers are used. 

The  counter-rotating propellers are mounted on A nacelle 

at the bottom of the strut.    This nacelle also mounts the rear foils 

and houses bevel gearing.    The counter-rotating propellers are 

driven through separate gear trains by concentric vertical shafts. 

This arraugemert   leutralizes propeller torque providing torque- 

free steering. 

The retractable drive from  inboard engine to the pro- 

pulsion unit is similar to that r f    Halobates' .   but requires a splinea 

sliding coupling \n the drive shaft to permit the movement .nto a 

horizontal position .'or itowinj; on land. 

There are various possible alternative arrange 

llss   retraction linkage tor mounting.    The slotte•:   rs'.k shown 

provides a convenient me«ns f jr powering th • a r#we 

or hydrauh»   i vl nders may be used alternatively with minor 

Pigo «4 



In the boating position,   the prcpeller falls behind the 

transom.    It is hence necessary to provide a tunnel in the bottom 

of the hull.    Tc favor planing at takeoff,  this tunnel is closed by 

a squat boar a which is hydraulically actuated for movement 

between its extreme positions. 

Use of the tractor propellers improves efficiency by 

avoiding placiig the propeller LB the wake of the strut,    .t 

greatly reduces the danger of ventilation of the propeller by 

»ir drawn down the strut.    It further retards the development of 

propeller cavitatio:: by avoiding the strut wake effects thereon. 

Experience with    Halobates" has indicated the desirability of this 

change.    Tests conducted in Italy by Oabi-Cattanec have demon- 

strated the efficiency improvement by tne tractor arrangement. 

D.    Power Plant. 

Three power plant and drive systems have been studied. 

K'   st layouts have been developed around th«  fi/?S HP,   T-*"* gas 

turbine.    These arrangements are illustrated in Drawing 04i4V 

The gas turbine has  a rather poor mei rate at reduced 

power.    The specific fuel consumption  increase » about ^O*. »♦ half 

load over that at full lo#ld      A steam power plant,   along the lines 

of the Bossier design operating at °00 pit, develops close to the 

same fuel rate as the turbine with aimosphc        exhaust pressure 

It Is practicable to r n this «schaut'  <• th an air condenser. 
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Furthermore,  the specific fuel consumption changes relatively 

little with output      The steam engine can develop high low speed 

torque without gear shifting.    Furthermore,  the use of a sub- 

divided engine arrangement with a commor  boiler permits direct 

driving of the propeller and each track,   eliminating speed change 

transmission« and much other gearing. 

In view of the attractive features of the steam plant, 

preliminary designs were prepared on a single,   1000 HP steam 

engine replacing the gas turbine and on a second arrangement 

with a 1000 HP steam engine mounted directly on the outboard 

retractable propulsion unit and with two additional ZOO HP engines, 

each directly connected to a reduction gear driving a track drive 

sprocket     These arrangements are shown respectively in 

Drawings 04144 and 04145. 

In the gas turbine arrangamert,  the turb'ne drives 

through a three-speed automatic transmission  unit having ratios 

1/'.,   1.7/1 and 3/1.    Power from tie Iran«mission is transmitted 

to the propeller unit through a disconnect cluteh end an articulated 

drive shaft.    The output of the transmission is slso geared to a 

cross shaft.    Power from th« cross shaft is transmitted to track 

spioiket drive gears through controllable find couplings.    " he 

torque of these couplings is controllable by a scoop which   ontrols 

the fluid level   n the coupling.    Hrakes on the output «hafts of these 

Mings are hydraul cally controlled and automatic ally 

Peg« 41 



coordinated with the draining and filling of the couplings.    Differ- 

ential control« actuated by th* steering wheel actuate these brake» 

and coupling« to control track speed differentially tor steering pur • 

pottl. 

In the case of the single engine ateam drive,  the arrange- 

ments are essentially the name except for the addition of the boiler 

*nd   condenser.    However,  the high torque capacity of the steam 

engine permits elimination of the speed change gear.    The saving 

in weight thereby offset* the increased weight of the steam power 

plant over the turbine so that very little weight change results. 

When the three engine drive is used,   steering brakes 

and couplings can be eliminated,   a« well as the speed change gear. 

The articulated drive train and disconnect clutch to the water pro- 

pulsion unit are also eliminated.    Again the weight savings balance 

increases with little net change. 

The mair- problem presented bv the steam plant is 

condensing for land operation.    T^e air condensers are bulky and 

require considerable air.    However,  they can be ar »ted if 

their capacity is limited to the reduced power demand on land. 

t * 11 be des rabl« to supplement the air condenser » Ith 

a vater condenser. 

If air condensers can be mounted above deck,  the deck 

tlosure -tn be maintained.    This would be desirable      If not 

prari.cable,  the large air ducts for condensing can be closed at 

id 

/ 



sea and water condensing used exclusively. 

In further consideration of alternative power arrange- 

ments,   consideration was given to a separate,   225 HP diesel or 

turbine power plant for land use.    It was found that the extra 

weight of this power plant was considerably greater than that of 

the extra fuel required by use of the main engine on land.    This 

was true whether a diesel engine or a regenerative gas turbine 

was used,    In view of the weight advantage and reduction of firar 

cost,  tha availability of the extra power for higher a^eed was 

considered to out-weigh the economic cost in 4W1 ronsumption. 

For the life of the vehifcle,  the possible fuel cost saving» just 

about balance the cost of an extra turbine power plant of smaller 

sise 

E      Track System. 

tapt KM  been mf>44 *"> develop £ («ttllftd  le^'g**. 

of track.    Thia is a ma.,or undertaxing.    However,   in rrane-t to 

the pneumatic track discussed,   sufficient consideration has be«*n 

f.iven the design and manufacture to determine that a nmduceable. 

structurally sound,   pneumatic track segment can be devised. 

Figure 28 shows a section that incorporates the essential features. 

Transverse high strength reinforcementi provide the 

means of supporting the inner pressure bv the flat belt and tread 

are*«      w^nfitudinal wires at the corners provide the meant for 

suppajrtirg the cord« at the bends,    "se of a    trapetnidal    sectional 
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form provides the means of supporting transverse load,   on a 

aide hill and in turning      The reinforcing TOüB  ilao provide the 

axles for rollers guiding tne belt section. 

In the ftgire,    he soMd section show» the track in- 

flated but unloaded.    In th ■ dotted sections,   its configuration 

under vertical load and on a 60% side slope is shown 

The guide rails run the length of the sponsons sur- 

rounded by the track and cu-ved around the forward end to forrr. 

the return path     The drive sprocket is located at the rear end 

mounted on sealed anti-friction bearings supported by brackets 

secured to the sponson      The drive sprocket is shown in Draw- 

ing 04146.    The sprocket is driven by roller chain extending for- 

ward to a sprocket pin also mounted in bearings bracketed to the 

sponson     Since the sponson is demountable,  this drive pinion is 

coupled to th« drive gear mounted in the side of the hull by a 

double-ended splined shaft.    When sponsons are removed for 

rail shipment,   these splined shafts are removed,   leaving faces 

on the sides of the hull free of proiections. 

F.    M eight 

In selling tentative objectives,  the tot il weight aimed 

at was 30, 000 lbs, .  fully loaded,  of which 8. 000 lbs    wax esta- 

blished as pay load.    In the preliminary design study    a weight 

of 36,000  lbs.  ha« been calculated     As pom  -        it earlier    this 

T2 



is based on a relatively conservative tentative approach.    The 

weight breakdown is summarixed in Appendi* A.    There is nou 

little doubt that the original objective can be met by careful 

attention to detail in preparing a final design.    The payload 

objective can be preserved in so doing. 

In preparing a final design,   careful investigation 

must be carried cat in setting the design criteria for foils and 

hull.    Here a considerable weight penalty must be paid as the 

price of conservatism in the absence of explicit dynamical 

loading data. 

While the preliminary weight runs higher than planned, 

the boating and flying characteristics are such that this  extra 

loading and more can becamed with ease.    Thus,  even though 

structural weight is ultimately reduced,  it may be advantageous 

to  increase the cargo rating for dense cargo to bring the grojs 

weight to 45. 000 lbs. 

There if nothing sacred about the particular gross 

weight and cargo capacities set as  obiective.    r raft of the pro» 

poied type can be built to any desired scale.    In a particular 

case, the sis« would ultimately be set by the capacities and weights 

of Available powei  plants in the neighborhood of the sit« established 

by the vehicle necessary to perform a specified ts »k     The 

latitvd» of sea at d land performance available from a given 

tag» n 



vehicle allowe plenty of room for compromise in order to take 

carp of special eituations. 
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