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'Flight' photo 

Westland has more hovercraft operating experience 
than any other manufacturer. Between them, SR.NI, 
SR.NZ, SR.N3 and SR.NS have to-date logged almost 
2,000 hours in development and passenger-carrying 
operations, have covered 45,000 miles and carried 1 
more than 46,000 passengers. 

Al l  the craft have operated si~ccessfully In rough weather and 

hlgh seas, and over testlng rough-country areas and obstacle 

courses. Westland hovercraft- two  SR.N5's and the 374-ton 

SR.N3 (~llustrated)-were the only ones able to put t o  sea In a 

ful l  gale,w~th seas between 5and 6 ft,ata recent Brltlsh Hovercraft 

Industry Demonstration at Lee-on-Solent. 

Westland's technical achievements, backed by this very wide 
$ m / y  yp, ,qwy Y y q p  pg 
,s&&A$& 4i&d 4 4  &$ +A operational experience, have speeded u p  design progress on the 
HOVERCRAFT LEADERSHIP 150-ton SR.N4, and given positive signs that design expectations 

for this cross-Channel hovercraft wi l l  be ful ly realised. This same 

wealth of experience wi l l  be invaluable in  speeding the completion 
Reg.  Trade Mark of Westlarid's study of the 2501500-ton hovership project 

WESThAMD A I R C R A F T  L IMITED YEOVlL  SOMERSET 



1 BACK NUMBERS OF HOVERING CRAFT AND 
I HYDROFOIL are  available a t  t h e  usual sub- 

scr ip t ion fee. Publication date of an I N D E X  

t o  all issues w i l l  be announced short ly.  

HOVERlNG CRAFT 
& HYDROFOIL 

F O U N D E D  OCTOBER 1961 

First Hovering Craft & Hydrofoil  Monthly i n  the W o r l d  

OR CANADA 
A n  excerpt from an address by Mr Douglas Connor, DFC, President 
of the Montreal company Autair Helicopter Services Ltd, given to the 
Westmount, Montreal Rotary Club, on "Rreulcing Through the Trans- 
portation Barrier". 

17. 1s probably no secret to you that we, at Autalr, belleve In 
- the lift fan prruclple- In a more down to earth manner 
In May 1963 we sponsored, In co-operailon wlth Westland Air- 
craft In England, the first overseas demonstration of a hover- 
cralt - the Westland SR N 2  tlovercrart are alr cushlon 
veh~cles or ground effect mach~nes and they are a most promls- 
Ing form of transportat~on for  two reasons 

One: they demand very llttle soclal rnvestment in landlng 
pads, etc 

Secondly they allow a new dlmenslon In speed . safe 
speed . In a n  envlronment wh~ch ,  up tlll now, has seen no 
new developments for over fifty yeals fhls envlronment 1s 
water. 

The  hovercraft In whlch we are most ~nterested, will see rts 
major appllcatlon as an amphlblous veh~cle But the hovercraft 
prlnclple as such using a:r to overcome fr~ctron between 
the ground and the vehlcle ltself can be appl~ed In many 
areas. One such area 1s the one out ol whlch M r  Crump wants 
lo get: tracked passengel transpoltallon The  Inventor ol' the 
hovercraft, M r  Olir~stopher Cocke~ell ,  sald recently that tracked 
hovercraft for lnterc~ty Lransporiation could opelate on slmple 
concrete tracks at a speed of 300 mph Thls craft would operate 

People and Projects 
A Survey of American Interests in Ground 

Effect Machines 
The Practical Aspects of Hydrofoil Operation 

Aquavicn at Aviolanda 
Westland Count Hovercraft Costs Wi th in  5% 

Lycoming's Experience in Amphibious 
blydrofoil Activity 

W a k e  U p  England ! 
US Navy Tests Hydrofoil Patrol Craft 

COVEIZ PICTURE : The  firs/ HovercraJl / o  be exporfed to 
Japun - a Wesilar~d SK.N5 - being locrded as deck cargo on 
board the 8,925 / o n  P & 0 Orient cargo ship "Sriru/" rrt 
Southump/on on  Friday, 15th Jorilrary, 1065. 

on a very fine alr cushron . . . it would, so to speak, use air as 
a lubr~cant between Itself and the concrete track. We  would 
enter a completely new order of tracked transpartatlon with a 
mlnlmum of soclal Investment . . since we already have paif 
for the nght of way through government grants many years 
ago 

However, we have placed our bet on the hovercraft as an 
amphlb~ous vehlcle at present developed In the UK. Thls is 
a development very much withln the scale of thlngs we could 
have attempted in Canada. Not much more than tell mlllion 
dollars wele expended all together, and In less than five years 
the development was taken from prototype to saleable vehicle. 

In Canada, also, we have a vast lerrltory almost prescribed 
for hovercrart use . . . our Northern territories . . where our 
future 1s sald to Ile and where relat~vely so llttle development 
has yet taken place 

The  Russlans are at present worklng on year round trans- 
portation along thelr Northern rlver routes wlth air cushion 
vehicles Here 1s a quote from one ol their pubhcations: "A 
gleat future belongs to thls new means of travel which is 
destined to b r ~ n g  about a radical revolution in river transport. 

(C:ontlnaed on page 5) 
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General arrangement of M r  Brian Grimstorl's Skydrofoil S 42. (See he lo^)) 

I'rovisional specifications for Mr Brian Grirnston's skydro- 
foil S 42 are as follows : 
Length 42 ft  
Beam 9 ft  
Draught (hullborne) less than 3 St 
Draught (follborne) less than 2 ft 
Approx weight with fuel for 150 sea 

miles at  30 knots 6,000 Ibs 
Approx Speeds : Take-off 13/15 knots 

Cruising 23/35 knots 
Capacity IJp to thlrty 

passengers 
Foil system Submerged foil 

sensed by paten- 
ted mechanical 
system 

Construction from folded rectangular 5 %  marine alloy 10 g 
sheet, bonded Araldite adhesives. 

Propulsion 
Designed for a wide range of standard diesel burning IC 

engines and gas turbines, clriving submerged screws through 
Z drives, Vee drives, or short shafts, depending on speed and 
initial and running cost required. I n  each case thc initial and 
running cost relaled to  the speed obtainable is highly com- 
petitive. 

M r  Grimston's first craft, the Skydrofoil S 45 was described 
in  Hovering Craft and Hydrofoil, November 1961, and his 
Skydrofoil S 26 was described in Hovering Craft  and Hydrofoil 
o f  October 1963. 

Grumman Aircraft Engineering Corporation, Bethpage, 
Long Island, New York have announced that they have just 
srgned a contract with Blohm and Voss, Hamburg, Germany 
for the construction of a commercial hydrofoil vessel to be 
marketed under the name of Dolphln Construction on t h ~ s  
prototype production vessel will commence in March 1965 
and lt is expected that the craft w ~ l l  be In commcrcral use 
durlng the first half of 1966. 

Grumman, manufacturels of Amellcan m l l ~ t a ~  y and com- 
merclal a~rcraft ,  have been engaged In the development, desrgn 
and construct~on of hydrofoils, ranglng flom 8 ton to 300 ton5 
and speeds up to 80 knots, for the last ten years Plior to the 
Dolphin programme, the HS Dcnlsor~ an 80 ton 65 knot open 
sea hydroforl b u ~ l t  lor the US M a r ~ t ~ m e  Admlnlstrat~on, was 
demonstrated fol two years In the open sea, conclud~ng with 
an 11,000 m ~ l e  cruise v~srtlng all the majol US Atlantic coast 
ports. The experience ga~ned from thls operation lead to the 
design of the Dolphin 

The principal chalacteristics of the gas-turblne powered 
Dolphin are as follows : 
Length overall 75  St 
Max~mum beam 19f t  
Draft, foils fully retracted 4 f t  
Draft, foils fully extended 13 f l  
Gross tonnage (estimated) 84 tons (registered) 
Number of passengers with a crew 

of three Ninety 
Sea state 3 cruise speed 76) lcnots 
Range (foilborne) 200 nautical miles 



Take off Foilborne at low speed 

New Caticidiun private venture i n fo  smull hydrofoil cruft by Messrs S.  Ijrilsch rind Roy Graithwuite. (See below) 

Flight Lieutenant S. 0. W. Fritsch of the Royal Canad~an 
Air Force and Mr Iioy Hraithwaite a professional englneer and 
former pilot wlth the RAF and RCAF, have announced a new 
small hydrofoll craft prlvate venture. They are developing a 
small tract and preparing a study ent~tled "A paper on the 
tcchnlcal and cconomlc feasabllity of a small hydrofoll cralt". 

The study, whlch 1s golng hand In hand with the prototype 
research covers the following areas : ( I )  Tlle present state of 
the art. (2) Possible areas of appllcatlon for a small hydrofoll 
craft. (3) Posslble deslgns to fit areas of application. (4) A 
loglcal des~gn and development of a small hydrofo~l craft. 

* * * 
The Marlllrnc Adm~n~stratlon's h y d ~ o f o ~ l  "Denison", con- 

structed by Grumman Alrcraft Eng~neerlng Corporat~on has 
now been restored to opcratlng condltlon by her builders. The 
craft had been serrously damaged when she grounded In the 
Cape Feu  R ~ v e r  last M a ~ c h  aftcr a yea1 and a half of tllal 
operat~on 

The Denison wlll be kept available to all elements of the 
goveinment and Industry "for use as a valuable tcchnologlcal 
icsource", and Grumman w~l l  pay over to the government one 
half of any p~ofit  In excess of 10% of cxpenses 

I The US Navy exper~mental hydrofoil ~escarch craft '%ca 
Leg? was operated during December 1964 In New York 
Harbour for tests of the Ryan Aeronaut~cal Company's 
AN/SPN-37 Electro Magnetic height sensor deslgned for 
hydrofoil crafl ~ e q u i ~ i n g  height control between 5 and 55 ft 
above the follborne water l ~ n e  Serr Legs was deslgned by 
Glbbs and Cox, Incorporated, New Yolk C ~ t y  

4 Bv%%%*m,**~r**~v@ 

A Westland SK.NS wlll be used by Highland Engineering 
1.td of Edinburgh to operate a commelcial hovercraft service 
on the Clyde startlng In Junc. 'The se~vice will hnk Gourock 
and Tarbert twice daily, and will also operate a Rothesay- 
Dunoon-Gourock-Helensburgh routc, llnklng four of the more 
Important points on north and south banks of the river. High- 
land Engineering Ltd, wlll base the service on Tarbert, Loch 
Fyne, where they already possess a boatyard and base, and 
the first six months of operation will be regarded experi- 
mentally until the t ~ m e  pattern of commercial operation can 
be assessed. 

Engineers at the Krasnoye Sormovo yards In G o r k ~  on the 
Volga have des~gned an  alrcushlon vehlcle whlch can opelate 
on rlvers durlng t lmbe~  rafting operat~ons, and wh~ch  can 
travel over Ice and snow N a ~ m c d  Taiga the craft has a cargo 
capaclty of two tons and will carry f re~ght  to lumbeijacks, and 
I F  necessary tug small barges In shallow wa te~  The  30 centi- 
metre alr-cushion will be cleated by a gas turbine englne, and 
two lift beams will be ~nstalled to ensure good control and 
manoeuvrabil~ty The Talga 1s 13 metres long and 6 metres 
w ~ d c  and will develop a speed of 50 kms per houl 

HOVERCRAFT FOR CANADA 

(Continued from page 3) 

Machines on air cushions can, during 24 hrs, cover tremendous 
roadless distances of a length of 1,000 kilometers and more. 
Their employment under northeln conditions is ecollomical 
and IS necessary from the point of view of the introduction of 
new technical equipment." 

We agree. We also think that hovercraCt have a future in 
dense populat~on centres. With the help of a one million dollar 
Federal subsidy, an experiment in mass transportation b y  
hovercraft will he carried out in the San Francisco Oakland 
area in the United States next year. We still expect to in- 
augurate the world's first commercial hovercralt service, under 
the auspices of Canadian Air Cushion Vehicles in the Monlreal 
area. We are convinced that Canada is the logical country fo r  
the employment of air cushion vehicles, with its vast north err^ 
territories . . . its cities bordering on the St Lawrence. We 
intend two dramatic services: one in the Montreal area in 
connection with EXPO 67, and one experimental run in the 
North . . . from steel to steel over otherwise unpassable 
territory from Moosonee, Ontario to Hay River in Alberta. 
We . . . as private operators . . . have great f a ~ t h  in  the hover- 
cral't as a means of breaking through many a transportation 
barrier. Howevor, it must not be forgotten that i t  is a new 
vehicle and that we must gain experience with it before we 
can put it on a pure profit basis. And profitable operations 
w ~ t h  hovercrafl are profitable for  the country as a whole 
because there will be no hidden charges . . . paid for by the 
community. 

We belleve that hovercraft are a true Twentieth Century 
vehicle - using 'Twentieth Century technology in a useful and 
rational manner. We are only at the beginning of developments 
in hovercraft and we believe Canada can, and will, play a 
leading role In the interest of its own progress as a nation. 



A Survey of  American Interests in 

Ground Effect Machines 

I N December 1876, John B Ward ol San Francisco, Call- 
fornia, made tlie first American proposal for a Iorm ol 

ground effect machrne 
Air directed downwalds by a large Ian provrdes I~ l t ,  and 

alr drawn through I'olward-lacing ducts, to be passed lhrough 
control no~zles ,  provides lorward movement and directional 
control 

In 1877 Waid made suggestions To1 improvrng his maclirne 
by coupling perrpheral ram air ducts to tlie central fan alrange- 
ment 

American Interest appears to have been dormant untll 1907, 
when Joseph I. C Clarke of New York designed a machine 
whrch had a large forward-facrng air intake feed~ng a vertrcally 
drsposed fan drschargmg air through a conrcal annular duct 
In an attempt lo form an  arr cushroii A propeller provrded 
forward plopulsion 

The first American proposal for an alr lubrrcaled or  SLIP- 
ported iailway type of vehrcle was made In 1908 by Charles 
Worthlngton 

A somewhat s~milar proposal was made rn January 191 3 by 
A. P. Eells of Rochester, Monroe, New York, and a lurtlier 
proposal for air supported sl~dlng railways was made rn 1922 
by F. G Trask of  North Dakota. 

The American pioneer Douglas Kent Warner del~vered an 
outboard powered, ram supported cralt l o r  teslrng on Lake 
Compounce, Connecticut, In 1928; and in 1929, at  the requesl 
ot  the Unlted States Navy Burldrng in Washington, lie del~vered 
a second machine lo Bollrng Field for testing. H e  drove a 
machine rn 1930 which obtained its 1n1lial lrft lrom englne 
axhausl gases, at the Middletown Races over the Con~iectrcutt 

H. BARTLETT 
Flying Ssrrcer 

M r  Bartlelt of Wasl-rington has burlt a number ol circulai 
vehicles he has called Bartlett Flying Saucers 

Diameters vary from 6-10 St A 3 lip engine drrvrng a cen- 
trally located fan dellvers arr to a plenum chamber In some 
designs a skrrt 1s fitted around the plerium chamber Speeds ol 
25 mph have been attained and tlie clearance height with skirt 
rs 12 rn. 

AIR SCQOTEI< 
Bell Hellcopter, now Bell Aerosystems, a d ~ v i s ~ o n  ol Be:l 

Aerospace Corporallon, a member oT the lext ron group, de- 
srgned and constructed a single-seater " a ~ r  scooter" sn 1959 
Tlirs machine, constructed o l  fibre glass and alumrnlurn, had a 
14 hp two-stroke cnglrle a l r~v~ng a Ian ol 30111 d~ametei,  giving 
a l~overheight of approximately 1)ln lrom tlie g ~ o u n d  A 
speed of 25 mph was atta~ned. 

Basrc desrgn and clevelopment work lor thrs plenum chamber 
machrlie was rnrt~ated by I< and R Weinicke, Bell research 
engineers, who had prevrously conslrricled eleclrrc-powered 
model studies and a srrnple test velircle capable or carryriig a 
clirld 

Leslie Hayward 

Iiiver Ilirs maclirne was unacceptable and lrom that trmc 
Warner's interests turned to air support and alr propulsion. Hls 
research arid investrgatlons were contrnued up to the t ~ m e  ol 
his death rn November ol last yeal, and lrom the period 1928 
to 1954 lie appears to have becn the only American serrously 
working in this field 

\ 

In March 1942, Charles C Cr~stadoro oi Venice, Calrfornia, 
proposed a large low-draft Lrdnsport vessel havlng srde-walls. I 

The flat hull ol the vessel was compartmented and an  alr 
cushron lormed beneath the hull A numbel ol air  screws were 
suggested at  the stern ol tlie vessel and were used lor propul 
SlO ll 

R H Goddaid ol Annapolrs proposed a high-speed trans- 
portation system using the air-bea~rng principle In 1950 

Interest in the United States seems to have become mole  
active srnce April 1957, wrth the publicat~on by the Lewis 
Laboratory ol tlie then NACA of a report describing some 
s~mple  annular jet experiments 

The IJS Navy, sltmulated by this report, established a re- 
search programme al Lhe Davtd Taylor Model Bas~n and rn 
July 1957 David Taylol Model Basrn produced a comprehen- 
sive report ol the fundamental annular ]el ground-cushion 
phenomena complete with workrng lormulae. There is evidence 
w~thln the report that rndividual work had been lakrng place 
by unknown Inventors and hobbyists prror to rts publrcatiou. 

In vlew ol the very cons~de~ab le  rnleiest and d~versified 
leatures ol crall which have beell proposed or  manufactured 
wrthln Lhe last ten years, the remarndel of t h ~ s  summary 1s 
classrfied under individuals, cornpanla, unlversrlres or other 
organisal~ons known to have been actrve in the field 

On November 17th, 1960, Bell delivered therr oulboard- 
powered Hydroskrmmer, given the desrgnatron XHS3, lo the 
Amer~can Navy Bureau oi Ships for test and evaludtion. This 
vehicle, constructed malnly lrom resrn-impregnated fibre glass, 
was ol the side-wall type, 18 11 In length The art cushron was 
created and maii-rtalned by an Independently drrverl h o r ~ ~ o n t a l  
l an  

BELL ACV 
This amph~bious vehicle, ol the plenum cham be^ type, having 

a hoverherght o l  3 rn, powered by a 65 lip engine, was, I r r  

February 1961, the first air cush~on velircle to be granted d 

Licence lor operatron on the roads ol New York Stale I he 
vehicle, whlch has an rntegiated 111t and propulsron system, 
ca l r~ed t h e e  passengcls at a top speed ol approxrmatcly 
15 mph. S ~ d e  sponsons havkng sl~ecial ilaps were rncorl~oratetl 
lo assist in prevenlrng tile escape ol cusliron air and lo ass~st 
drrectronal control 
I lie Bell ACV, a civrl vclsron ol the XHS3, wds hrsl exhr- 

hrted at lhe Boat, l'lavel and Sport Show In Ruflalo, NY, 111 

February 1961 



BEIL HYDROSKIMMER - SKMR-I 
(Formerly XHS-4) 

As a lesult of a Umted States Navy desrgn competit~on, Bell 
obtained a contract in November 1961 for a deslgn study ol a 
larger vehicle known as SKMR-I. Manufacture was completed 
In April 1963 and in August of the same year acceptance trlals 
had also been completed. Thss machine uses a peripheral jet 
concept, and has a payload of 4: tons and a basic all up weight 
of 25 tons. Four 1,080 hp Solar Satunn gas turbines provlde 
an Integrated propulsion and lrftlng system. Floverheight is 
approximately 18 111, depending upon loadrng 

The Port of New York Authority and Bell Aerosystems have 
jolx~tly developed an air cushion machine for operation on and 
around airports. The vehicle is a five-seater, lilt being provided 
by a 6 Ft 6 In diameter hors~ontal fan, driven by a 350 hp 
engine. A 6 ft diameter tractor propeller, driven by a 180 hp 
engine, provides propulsion. 

Bell Aerosystems have licence arrangements with Hovercraft 
Development Ltd and Westland Arrcraft Ltd. 

BELL CARABAO 
A three-cell plenum chamber vehicle, known as the Carabao, 

was constructed in the early part of 1963. Having an all up 
weight of 1+ tons, the vehlcle has a Franklin 60 hp engine for 
lsft purposes and a Lycoming 150 hp engine for propulsion. 
Obstacle clearance height is approximately 12-15 in. The Cara- 
bao, designed for a diversity of civil operations, was tested on 
Lake Erie at Buffalo in May 1963. 

BERTELSEN MANUFACTURING COMPANY INC 
WILLIAM R. BERKEUEN, M D  

Dr Bertelsen's original experimerits were conducted with 
electrically powered models. His first piston-engined model 
was of the plenum chamber type and embodied a 2% hp engine. 
This was followed by per~pheral jet research vehicles powered 
wlth a 35 hp engine. The second of these man-carrying research 
vehicles was tested in March 1959. Engine power proved to be 
~nsufficient and a 72 hp engine was snstalled in May 1959, the 
converted vehrcle being des~gnated as the Aeromobsle A-72. 

Aeroniobile A-72 
An e~ght-bladed Ian ol 30 In d~ameter, dr~ven by a 72 hp 

four-cylinder two-stroke englne provides the air cushion and 
peripheral jet curtain; control flaps around the periphery of the 
vehicle are used to trlt the machlne for attaining directional 
control. A forward speed of 40 mph was attained with a hover- 
he~ght of 6 In. 

This amphtblous vehlcle, first tested in May 1960, is cap- 
able of carrylng four passengers at a speed of approximately 
60mph. A 178 hp six-cylinder engine dimes a ssxteen-blade, 
adjustable-pitch Fan, specially designed by Bertelsen to produce 
the alr cush~on and peripheral air curtasn The vehicle is 8 St 
wide and 16 ft long 

Aeroniobile 13-200-2 
Built Tor overseas exhibition to the order of the l iS  Ofice 

of International Trade Fairs, the fibre glass body was designed 
by members of that Government department. February 20th, 
1961, saw the first demoilstration of this vehicle, which was 
17 ft 6 in in length, 8 f t  wide and had a range of approxi- 
mately 75 miles with one passenger. Yaw control was eflected 
by an automatic pilot. 

Demonstrations took place at the Tokyo Internatronal Trade 
Falr in April 1961. 

Arcopter GEM-1 
A prototype ram wing type of ground effect vehicle powered 

by a 65 hp engine driving a two-blade propeller was developed 
by Bertelsen during 1961. The vehicle was 14 St in length, 
6 ft 8 in wide and had a maximum speed of 40 mph. 

Arcapter GEM3 
Developed from the GEM-1, the two-seater Arcopter GEM-2 

powered by a 115 hp engine made the first air cushion vehicle 
crossing of the Mississippi River on January 29th, 1962, at a 
time when the river was impassable to all other types of sur- 
face or displacement craft. GEM-2, 22ft in length and 7 ft 8 in 
wide, had a top speed of 75 mph and a hoverheight of approxi- 
mately 2 in. 

Arcopter GEM-I11 
The GEM-I11 is a further development of the previous 

models. The ram wing conception is maintained and a 180 h p  
engine drives a two-blade retractable-pitch propeller. Steerable 
wheels enable this versatile amphibian carrying four persons 
to be driven as an ordinary motor vehicle. 

Dr  Bertelsen is an exponent oS grooved roads, and suggests 
remote-controlled homing and spacing devices for what he  
terms as the wheel-less car of the future. 

CONVAW DIVLSXON - GENERAL DYNAMICS 
CORPORATION 

In early 1960 Convair Division were engaged in develop- 
ment of the use of nuclear powered annular jet type air  
cushion vehicles of the order of 400Et diameter, weighing 
approximately 4,000,000 lb and capable OF a speed of 100. knots 
at a hoverheight of 12-15 ft. The vehicle, designed to carry 
1,000,0001b payload and built of aluminium, has gas turbines 
as additional power units. 

WALTER A. CROWLEY 
Walter A. Crowley, one of the American pioneers of air 

cushion vehicles, started work in this field during 1956 when 
he produced a 7 ft diametel plenum chamber vehicle which 
lifted his son. 

In 1957 he produced a 9 St X 16 ft plenum chamber vehicle 
which is now in the Smithsonian Air Museum. United States 
Patent 3,090,455 discloses details of Crowlcy's 1957 vehicle, 
which incorporated self-propulsion and steering arrangements. 

United States Patent 3,090,327 discloses Crowley's proposals 
for an air cushion supported monorail vehicle. Spacetronics Inc 
was formed in 1958 to exploit Crowley's designs and a vehicle 
carrying sixteen people was demonstrated in 1959. This vehicle 
was 30 ft long, 24 ft wide and had a gross weight of 8,000Ib. 
Lack of money prevented further development. 

Walter Crowley is now with the Hoeing Company. 

CURKISS-WRIGHT 
Air Car 

In 1959 Curtiss-Wright produced a plenum chamber Air Car  
prototype which had a 200 lip piston engine and supported a 
200 lb payload at a hoverheigl~t of 1 in. 

Model 2500 Air Car 
Production of the Model 2500 Air Car started in  November 

1959. Two 180 hp engines drawing multi-bladed Sans produce 
an air cushio~l o l  1 / 10th Ib psi. Large shutters at the periphery 
of the plenum chamber structure enable air lo bc bled from 
the plenum chamber for control purposes. The length of the 
vehicle was 21 it  and the width 8 ft. 

DOBSON AIR DART 
The Air Dart, designed by Frank Dobson oC Corona deI 

Mar, California, is offered in kit form as a self-build vehicle 
by Aircars Inc oS L,os Angeles. Dobson's experimental work 
commenced in 1957, and his first experimental craft, a 6 ft 
diameter platform incorporating a small engine driving two 
independent Sans, was built in 1958. 

1%e Air Dart is powered by a 10 hp engine driving a multi- 
bladed fibre glass San installed in the front face of the vehicle. 
Hoverheight is 4 in and an aircraft type rudder is used f o r  
directional control. 



FCETCH-AIRE COMPANY INC 
Glicle-Mobile 

Charles Fletcher designed and produced the Glide-Mobile in 
1960. The vehlcle, powered by a 72 hp engine, weighs 240 1b 
and has a speed of 25 mph. The base structure of the vehicle 
is an inflatable raft, and control of the air cushion is achieved 
by inflating o r  deflating the raft. A 4 ft diameter fan forces air 
through an annular passage to a plenum chamber to provide 
the air cushion. Directional control is attained by use of control 
panels around the vehicle structure. 

FORD MOTOR COMPANY 
Aerorlutronic Division 

Dr  Andrew A. Kucher, who until h ~ s  recent retirement was 
V~ce-Pres~dent ol Engineering and Research at Ford Motor 
Company, 1s known to have been interested in the principle 
of supporting a vehicle on a thin film of air since 1928. The 
"Levapad" ~ntroduced in 1958 works on the principle of h~gh-  
pressure air be~ng injected through small onfices m the under- 
side of a smooth pad. Air passing from the orifices supplies 
sufficient pressure to raise the pad free from the ground and 
also acts as a lubricant between the pad and a prepared ground 
surface. 

Ford engineers D a v ~ d  Jay, Harlan Pe~thman and Victor 
Raviolo have continued research and development of this prin- 
c~ple,  and Ford have produced a number of different models 
known as the Levacar slnce them first full-scale lists In early 
1959. Recent Interest has been in the adaptation of the Levapad 
principle to rail vehicles which are expected to attain speeds of 
up to 500 mph. 

Ford FMC/ACV-1 
June 1962 saw the first tests of an amphibious experimental 

air cushion vehicle weighing 7,000 1b and capable of carrying 
a load of 3,000 lb. The vehicle, 21 f t  long and 8 ft wide, is 
powered by two 310hp engines. Seven fans on each side o l  
the vehicle provide the alr cushion, and directional control is 
obtained by venting the air cushion through said louvres. 

Many futuristic concepts have been suggested by Ford, in- 
cluding a Levacar monorail vehicle and transportation vehicles 
capable of carrying payloads of the order of 22,000 1b at a 
speed of 80 mph with a range of 300 miles. 

GOODYEAR AIRCRAFT CORPORATION 
An experimental air cushion vehicle built In early 1963 was 

used lo test various forms of flexible understructures. The 
vehicle has a 35 hp engine driving two fans deliver~ng air to a 
plenum chamber. It  supported a load of 1,000 lb at a clearance 
height of )in.  Flexible structures are also known to have been 
fitted around jeeps as part of the Goodyear experiments. 

GYRODYNE COMPANY OF AMERICA 1NC 
Gyrodync Model GCA-55 

In October 1959 the first tests were made of a single-seat 
annular jet type of air cushion vehicle, powered by a 72 hp 
engrne. This vehicle, produced for the US Navy Bureau of 
Aeronautics, consists of an alum~nium spun duct hous~ng a Ian 
forcing air through an annular duct and compartmenting slots. 

The empty weight of the vehicle is 530 lb and it has a hover- 
height of 4 in. 

HUGHES TOOL COMPANY 
IIIydrastreak X13S1 

An overwater vehicle demonstrated by the US Bureau of 
Ships on the Potomac River in June 1960. Water is scooped 
up and then forced down in sheets a t  the front and rear of the 
veh~cle to retain the air cushion. The vehicle, 21 f t  long and 
11 St wide, weighs 2 tons, 1s of the side-wall type and equipped 
w ~ t h  three 80 hp englnes for integrated lift and propuls~on. 

A development of the Flydrostreak (XHSl) is an  eight-sided 
vehicle, 14 ft long and 9 f t  wide, having a water wall extending 
around the entire periphery. 

MARTPN MARIETTA CORPORATION 
Aerospace Division (Orlanda, Flo) 

Ejectijei 
During 1962 a vehicle was developed under contract to the 

US Army Transportation Corps. The Ejectijet, built mainly of  
aluminium, weighs approximately 2,000 lb, is 20 ft long and 
10 ft wide. A feature of this vehicle is that when the air 
cushion has been generated 90% of the air is recirculated, 
resulting in relatively small power requirements. 

MATSON NAVIGATION COMPANY 
In  late 1962 Matson Navigation Company collaborated with 

Douglas Aircraft Co Inc on a study of large air-cushion 
vehicles reputed to be 200 f t  long and 130 ft wide, with accom- 
modation for approximately 300 passengers. The proposed 
vehicle is expected lo have a top speed of 100 knots and a 
hoverheight exceeding 10 ft. 

NATIONAL RFBEARCH ASSOCLATES INC 
S~nce  1958 National Research Associates Inc have built and 

testcd th~r ty  air-cush~on vehicles. 

GEM-1 
This vehicle, built tor the US Marine Corps, L5 ft In length 

and 8 ft in w~dth,  1s powered by two 40 hp engines. Reputed to 
have an operating height of 151n, the all up we~ght of the 
vehlcle is 1,1001b. 

FASS 
Similar to GEM-1, but built for the US Army Ordnance 

Tank and Automotive Command. 

An a m p h ~ b ~ o u s  per~pheral jet vehicle, b u ~ l t  lor the US 
Marine Corps, 24 Ct in length and 12f t  In wldth. GEM-111, 
powered by two 80 hp gas turb~nes, has an all up we~ght of 
2,000 1b. Direct~onal control IS achleved by variable lnclinatron 
vanes in the per~plieral jet. 

Aqua-Gem 
Two englnes ol 40hp each powered the first Aqua-Gem, 

weighing 2,200 lb, 28 it  in length and 8 f t  in w~dth.  Hover- 
he.ght is 1: in. Various englne arrangements have been In- 

@ 
stalled In later prototypes. 'This veh~cle resulted from a contract 
placed by the W~lson Line, Washington, DC, lor a six-place 
cral t 

Flying Saucer 
A number of different types of this 8 ft diameter 5 hp vehicle 

have been built, mainly for amusement park use. 

GEM-JR 
Another amusement park veh~cle with a 5 hp  engine, 9 i t  rn 

length and 5 It In width 

GEM Litter 
Known to have been purchased by the US Army, t h ~ s  is an 

~nflatdble veh~cle that can be folded and carried In a back pack 
Weighing 48 1b and powered by a 7 t  hp engine, the vehrcle 
capable of lifting 4001b In the Inflated c o n d ~ t ~ o n ,  is 9 ft In 
length and 5 i t  In w~dth 

Air Carrier 
The Air Carrier is a high-speed peripheral jet cargo vehicle 

having flexible bow and bottom. The air cushion is supplied 
from forward-mounted fans driven by an 85 h p  engine; two 
shrouded propellers driven by a 155 hp engine provide forward 
propulsion. Maximum speed is 45 mph. 

Air Liner 
Similar to the Air Carrier, except that it has a totally en- 

closed cabin with seats for pilot and six passengers. 

Air Sport 
Similar to the Air Carrier, except that it is equipped as a 

high-speed luxury yacht with sleeping accommodation for four 
persons. 



I'RINCETON UNIVERSITY 
Princeton Un~vers~ ty  has conducted exterlslve work on two 

types of ACV known as the Fly~ng Saucer and Air Scooter 
7-he Flylng Saucer X-3 IS 20 ft In diamete~ and powered by a 
44 hp  engine. I n  late 1960 the englne was replaced w ~ t h  a 
180 lip englne A 5 hp englne drlves a tail rotor wh~ch  prov~des 
directional control 

In the X3-B, the mod~fied X-3, the 5 hp engsne was replaced 
by a 45 lip englne The X3-C, a development of X3-B, has two 
fins and rudders and a geared tnmmer, but 1s otherwise  den- 
tlcal to, the X3-B The use oi the trimmer Increases long~tud~nal  
stabil~ty, perm~ttlng operat~onal speeds hrgh enough to take 
advantage of clrculat~on 11St. 

'The Alr Scooter, X-2, an annular jet type ACV, 1s fabricated 
lrom steel tubing, aluminium r ~ b s  and skin 7 he 9 ft dlameter 
veh.cle IS superseded by a more powerful vehicle, X-4, having 
a 1 S h p  eng,ne 

D~rectional control 15 acl-ueved by moving handlebars to 
operate small vanes In the exit nozzle and a conventional 
rudder at the rear ol the veh~cle 

REPUBLIC AVIA'FION 
1-lie RV- I ,  weighing 35 tons and seating ninety-four pas- 

sengers, and the RV-2, weighing 53 tons and seating 224 
passengers, are proposed; maximum speed will probably be 
over 90 mph 

The US Almy are consrderrng several types of air c u s l ~ ~ o n  
veh~cle for defence use rn the USA One proposal 1s the use 
ol a small fly~ng jeep whlch could be operated by anyone 
l a m ~ l ~ a l  w ~ t h  an automobile A second ACV/helicopter com- 
b~ned,  built by Curtiss-Wr~ght, has been tested 

The veh~cie 1s supported on an alr cushion generated by lour 
hor~zontal propellers when taklng off and landlng. The pro- 
pellers can then be tllted for "helrcopter" flight at alt~tudes 
above the alr cuslilon 

The IJS Army plan another vehicle, capable of 150mph 
lorward flight, for use over rough tcrrarn. This vehicle may 
~ncorporate convent~onal road wheels 

1JS NAVY 
The US Navy have tested a model Sklmmer and other ACVs. 

The Sk~mmer, a peripheral jet type machine, draws air in 
through fins at the top of the veh~cle and then forces 11 below 
the craft to sustarn ~t 

CARL WEI1,AND 
Weiland Gem-2 

Call Welland, the Swiss exponent ol the labyrinth seal sys- 
tem, sold the second ol his Sw~ss-built vehlcles to the IJS 
Marrne Corps I t  IS known that t h ~ s  vehlcle, whlch carr~ed 
twelve passengers, reached a speed of 43 mph Two 270 h p  
englnes were arranged to drive s ~ x  4 It d~ameter  forward-raclng 
lans prov~dlng the alr cush~on and part oS the propulsron lorce. 
Two 150 hp  engines dlivlng a palr of varrable-p~tch propellers 
prov~ded forward propuls~on 

Weiland Airboat Everglades Speedster 
The four-seater Everglades Speedster was first tested In June 

1961 on the Ohio River near Louisv~lle. Thls vehicle, burlt lor  
Reynolds Metals Company, USA, reached a speed of 70 mph. 

Air for the per~pheral arr curtalnr was provlded by a large 
horrzontal fan dr~ven by a 160 hp englne, forward propulsron 
bang prov~ded by a second llght a~rcral t  englne, mounted on 
the leadlng edge of the s tab~l is~ng fin and drrv~ng a two-blade 
revers~ble-p~tch p~opeller A large rudder, operatrug In the arr- 
screw sl~pstream, was used for directional control 

Carl Weiland, who is now with the Douglas Aircraft Com- 
pany Inc, is known to be engaged on studies of large air 
cushion vehicles. 

CATHOLIC UNIVERSITY, WASIIINGTON 
D r  Gabriel Boehler, Professor of Aeronautical Engineering, 

has made model experimesits in wind tunnels and has carried 
out analytical work for the US Navy. In 1958, 'T. M. Clancy 
and H, de Ferrari experimented with water retaining curtains. 

WOODS - WOLFE 
Wager V/1 

In  May 1959, H. L. Woods and G. W. WolSe desrgned an  
amph~bious vehicle, 13 ft in length and 6 It w~de ,  powered by a 
25 hp engine. A 40 in diameter fan delrvers air to a peripheral 
jet and gives a hoverherght of 2 in .  A 15 hp engine drives a 
two-bladed propeller for propulsion 

ACV No 2 
A 12 hp engine provides power for providing the air cushion 

of a 300 lb load-carrying pallet. 

ACV No 3 
A seven-sided vehicle ol' 9 St width and 13 St length utilises 

a 72 hp engine to attain a lloverheight of 8 in. The vehicle has  
been built to evaluate a new control system designed by Mr  
Woods. 

by Leslie Wayward 
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H YDROFOIL boats have become fairly common in com- 
mercial use, primarily for  passenger service on inland 

waterways. Most of these craft use piercing foils which have a 
large V configuration when viewed from the front. These foils 
are  inherently stable since any change in the height of the boat 
above the water will directly affect the amount of foil sub- 
merged and hence the amount of lift produced: if the boat 
rises out of the water, the lift decreases and vice versa. But 
under rough water conditions the ride produced by the V con- 
figuration system can become unsatisfactory and even unstable. 

Much current development is directed towards the use or 
wholly submerged hydrofoils and the associated control systems 
capable of maintaining level flight of the boat despite rough 
seas. Bowles and Sowers, of the Bowles Engineering Corpora- 
tion, report in a recent paper ( I ) ,  the development or a proto- 
type hydrofoil control system in which all the logic and ampli- 
fication components are pure fluid devices with no moving 
parts. The system has performed successfully under test when 
applied to a submerged foil subject lo simulated wave and 
velocity effects in a water tunnel. The initial design concerned 
the problem of controlling only the attitude of a single foil so 
as to maintain constant lift in the presence of unsteady flow 
over the foil. 

Fig. 8 shows the main elements of the closed loop control 
system which includes a sensor for measuring lift fluctuations, 
a computer-amplifier to develop a corrective signal, an actuator 
to manipulate the foil position, and a means of providing posi- 
tion feedback. The foil itself is mounled on a fixed pivot at the 
114 chord point with 0 being its angle with respect to the hori- 
zontal and a its angle of attack with respect to the direction 
,p of the water velocity V. Details of the lift sensor are shown 
in Fig. 9. 'The sensor consists of two symmetrically located 
holes in the leading edge that are connected to pressure cham- 
bers inside the hydrofoil and then to a pressure converter. 
There a constant pressure air supply Po drives air through two 
orifices connected to the output pressure lines and ultimately 
out through the leading-edge holes. 

Steady stale water tunnel lests showed that the differential 
water pressure built up across the two holes in the hydrofoil 
nose varied linearly with angle of attack (and hence hydrofoil 
lift) u p  to about -k 6". In  addition, it was found that the differ- 
ential air pressure A PC varied Tinearly with angle of attack 
over the same range and was nearly independent of the supply 
pressure Po. The sensor system was incorporated into the closed 
loop control as shown by the block diagram of :Fig. 10. Were 

p V2/2  is the water velocity pressure, and A P, and A P:, are 
pneumatic pressure differentials corresponding to the com- 
puter and amplifier outputs. 

J. lowen Shearer 
Arthur D. Brickman 

Pennsylvania State University 

The pure-fluid controlier eiements ol the system are shown 
In actual s~lhouette form but not to scale, In F I ~  I I These 
consist of a buffei ampl~fier that operates lrom the converter 
pressure signal A PC, a five-stage analogue ampl~fier, a pres- 
sure-flow amplifier and a power amplifier; all except the latter 
are standard Uowles components Gain and bias adjustments 
arc made at needle valves downstream of the buffer. An  RC 
lead-tag leedback loop, added to part~ally overcome signal 
phase lags ~ntroduced by [he actuator. capacitance eflects and 
sonrc delay, appears around the five-stage amplihe~ A ladder- 
type low pass filter between the th11d and fourth stages attenu- 
ates hlgh-l requency noise A prel~m~nary 1 requency response 
analysis of the overall system, based in part on experimentally 
determ~ned transler lunctions, indicated that significant re- 
duct~ons of lift varrat~on could be expected for frequencies 
less than 10 c / s  

A model system was b u ~ l t  and tested In a water tunnel with 
input var~ables be~ng  water velocity and flow angle Wave 
actlon was s~mulated by a large osc~llatlng hydrofoil mounted 
upstream of the model hydrololl In such a way that variable 
amplitude and frequency flow-angle disturbances could be pro- 
duced For ~dentical serles of tcsts, variations in lift force were 
recorded w ~ t h  the f o ~ l  locked In a mean poslt~on and with the 
control system In operation The  results ~ndrcate that the con- 
trol actron reduces 1.lt varration to about 35% ol that observed 
under locked-foll cond~tlons, and that the system IS higlily 
responsive to the changing veloc~ty and wavc action associated 
with hydroloil operation under actual sea cond~tions 
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I. R. E. Uowles and E. U. Sowers, "A Pure Fluid Hydrofoil 

Control System". 
2. C. A. Belsterling and K. C 'I'sui, "Appl~cation Techn~ques 

for Pure Fluid Ampl~fiers". 
3. S. Katz, J. M. Goto, and R. J Dockery, "Experiments In 

Analog Computation dith Fluids". 
References were obtained from Proceedings of the Second 

Fluid Amplification Symposium, May 26th-28th, 1964, printed 0 
by the Harry 13iamond Laboratories, Washington, DC. (See also 
earher report in Control, August, 1964, p. 432). 

Repriiztirzg by  pertnission o f  the Editor o f  "C'o~?trol". The nrticb "Pu1.e flztid colrr~ol for /ijdiofozt bunt" nnr>e~vtvl rn the I~~ren7be1  1964 r,rlie of " C u ~ t t ~ o l "  



I I uating strut 

7 

Ref erencc! plane 

.-.-. .... 
Orifices. !::!, $ 

...... ... I ...... ,:.:.: ...... ................ ............................... 
Converter ............................... 



1 2  

Establishing the 0 wner's Vie  wpoint 

By P. L. DOREY (CONDOR LTD., GUERNSEY 

W e read a great deal of theory and oplnlon regarding 
hydrofoils and l~overcraft but not very much commer- 

cial operational fact. I welcome the opportunrty to detail some 
of the actual experrences of Condor Ltd, Guernsey, and also 
to express opin~ons based on these experrences. 

I st111 find it extremely difficult to think of a hydroforl In 
the same affectionate manner and to take the same pride in 
one as 1 do w ~ t h  a conventional vessel. A hydrofo~l is so clearly 
a machine for a purpose that thinking must be done precrsely 
along these lines. Condor Ltd was founded partly rn the belief 
that conventional passenger vessels over certain short haul and 
specialrsed routes are becoming obsolete, rather 'in the same 
way that steam superseded sail rn the last century. One season's 
operations have basrcally confirmed t h ~ s  vrew. 

Condor I is a Rodr~quez-built PT 50 hydrofoil. The aiea in 
which the vessel operates must be one of the most difticult for 
any hydrofoil operator: the tidal cond~tions vary wrth a rise 
and fall at spiing tides at Guernsey of nearly 30 ft, to those at 
St Malo of over 45 ft, necessitating pontoon berthrng arrange- 
ments at all po~nts, the area, wh~lst relatively sheltered to the 
east, IS open to the west; alr services are h~ghly developed and 
there are operators of conventional vessels. 

'The first season's schedules were changed many times, to 
the confusion of many, partly because it was not poss~ble to 
operate daily regular services everywhere with one craft (ser- 
vices were governed accordrng to trdal variatrons), and partly 
because of the desire or the company to test traftic demand 
for this new form of transport between many ports, from 
Torquay to the north, lo St Malo to the south 

The Advantages 
'There are certarnly many advantages In operating a hydro- 

fo~l .  To start w ~ t h  the polnts ol embarkatron and disembarka- 
t ~ o n  are centres (I e not a~rpoits wh~ch ale away lrom centres 
Cost to and from the airporls IS therefore el~mrnated) Passage 
times are very much faster than conventional vessels and 
hrghly compet~tive wrth a~ilrnes, and wartlng tlme by passen- 
gers can be greatly reduced by quick turnrounds 

As rs well known, Rodr~quez hydrofoils have been in opera- 
tion in many parts of the world for up to erght years. It is 
doubted, however, 11 weather cond~t~ons are so exposed In any 
other opeiational area as rn the Channel Islands A survey ol 
weather condrtions over prev'lous years showed that operat~ons 
mrght be curta~led for up to 15% ol the scheduled services 
T h ~ s  figu~e is about correct and whilst the PT 50 IS perfectly 
seaworthy and safe in even extremely adverse conditions, from 
the point ot view of passenger tolerance we have found rt to 
be wlse to postpone or cancel voyages rn doubtful weather 

Whilst test~ng Condor I in hlgh open seas, however, it was 
lound that even in Force 8-9, l~ttle difficulty was experienced 
by the craft in malntain~ng 26 knots atrors the seas, although 

the moverneut was rather unpleasant. With the sea dead ahead h 
this would be reduced to say 22 knots, but when from astern 
she could not remain Foilborne in these conditions. Much 
depends on the nature of the seas themselves, i.e. whether 
they are long or steep; wind alone is never a problem. 

In  the event of extremely severe conditions, the hydrofoil 
can of course always operate as a conventional vessel, in which 
case the foils act as stabFlisers. 

We had ascerta~ned from other operating areas that local 
feeling would be sceptical and indeed derisory at the com- 
mencement of operations. This, too, was our experience. 
Unfortunately, we also had so many teeth~ng troubles that tor 
a whrle rt seemed that the sceptic's att~tude was well founded. 

Weather Damage 
In the space of six weeks from May lst, 1964, Corrdor I 

suflered: (a) bow damage to shell, due to heavy weather; 
(b) SIX days' delay ascertarnrng the cause of emulsified lubri- 
catrng oil; (c) the loss of two propellers through faulty casl- 
lngs; (d) a nine-day ~nspection to ascertarn if there were any 
contr~butory factors to (c) (it was not known at this time that 
the castings were laully); and (e) numerous small defects. 

Later in the season a fractuie or the forward port foil flange 
materialised but was temporarily repaired, permanent repalrs 
berng deferred until the end ol the summer season. A gear box 
also jammed but was repalred In thirty-six hours by the prompt 
act~on of Messrs Rodriquez. Naturally, word-of-moulh adverse 
publlcrty was consrderable 

The budder.: were of course concerned at all these troubles 
srnce srm~lar dificulties do not appear to have been apparent 
rn other c ~ a l t  to any great extent Propellers have been replaced 
by them and other matters rectlhed Add~t~onally, Mercedes 
Ben7 were greatly concerned that a heatrng coil m the slar- 
board engrile had been prerced by the dipstick, thus emulsify- 
Ing the oil 7111s was permanently rect~fied alter the summer 
season Here it might be interest~ng to say that wh~lst we 
belleve other operators obtaln 500-700 hours l ~ o m  therr pro- 
pellels before ~epaifrng them, our propellers have had to be 
changed at 250-260 hours, due to cavrtatron erosron 

External corrosion to the hull has been negligible, despite 
the fact that over app~oxlmately one-quarter of the aiea of the 
wetted surPace was w'rthout parnt No anodes were used. Corro- 
slon to pipes, exhausts, on the keel internally, and certaln deck 
fittings has been considerable Most maintenance (including 
clean~ng) must be done at night and our practrce is also to 
have the piopellers and underwater parts exam~ned, by skin 
d~vers, every 100 hours of operation. Propeller changes are 
done merely by allowing Corzdor I to ground as the tide 
recedes, the changes the11 being made in about two to four 
hours. 



Fatigue LWroblem 
Details or the PT 50 are probably widely known - the cruis. 

lng speed IS about 32 knots (37mph), maximum 38) knots 
(45mph), and the Cuel consumption is about 75 gallons gas 
oil per hour The crew is marntalned at six persons: Master, 
first officer, chief engineer, second englneer/greaser, one AB 
and a hostess. Due to the rap~dity of the servlce, careful con- 
sideratron must be given to the fatigue question, particularly In 
bad weather. 

Corzdor I 1s the first PT 50 in the world to receive a fully 
International passenger certificate (MOT Class 11) and also has 
the greatest carrylng capac~ty (140 persons) of any sea-going 
hydrofoil in the world A typical schedule would be as lollows. 

d e ~  Jeisey 0800 
arr/dep St Malo 0930 
arr / dep Jelsey 1100 
arr Guernsey uoon 
d e ~  Guernsey 1630 
arrldep Jersey 1730 
arr/dep St Malo 1900 
drr Jersey 2030 

The actual sea tlme between Jersey and St Malo averages 
1 hr 12 mrn, while the Guernsey /Jersey leg is 47-50 min. The 
schedules thus allow t ~ m e  for embarking and disembarking 
passengers. A very reliable reputation for punctual~ty was 
finally built up by the end of the season 

Condor. I actually travelled 19,836 miles on schedule be- 
tween May 1st and October 3rd, 1964, carrylng 31,082 passen- 
gers Passenger miles were 1,036,649. 

The company's original financ~al est~rnate was based on an 
operating per~od ol 199 days Partly owing to a later start 
than intended, the maximum possible schedule days were 156. 
Because oC adverse weather and mechan~cal and teethlng 
troubles, actual operational days amounted to 121$ days The 
fare structure varies between 7d and 1s 3d pel passenger mrle 
and thus wh~lst  all the operating expenses were covered, in- 
cluding intere~t. nothmg could be set asrde for depreciatron 
over eight years (although the vessels are est~mated to have 
an economic l ~ l e  ol firteen years) 

Useful Experience 
Since it 1s well known that conventional vessels have great 

d~fliculty in paylng the~r  way In the Channel Islands area, 
desp~te 800,000 v~sitors ur~nuully (by a1r and sea), while the 
year was somewhat drsappointrng when vrewed against origrnal 
estimates, the Iact that the P T 50 has succeeded thus far is 
encouraging and the experlenuce gained in 1964 should prove 
beneficlal for the ruture 

Other areas are doubtless easier to work and may have a 
greater potential, but our maln interest lies In these i~lands  and 
in near French ports A Curthe1 twelve months wrll s l~ow the 
trend more clearly, particularly as the rntent~on in 1965 is to 
offer a more concentrated servlce between Guernsey, Jersey, 
St Malo and, tt 1s hoped, Sark 

Reference was made at [he beginn~ng ol this article to hover- 
craft For some reason, most w r ~ t e ~ s  on the subject o i  hydro- 
lolls and hovercraft adopt the attitude that the two forms ol 
transport are competitive. I do not share this view but believe 
they are complementa~y There are many routes over w h ~ c h  
hovercraft have virtually no competition, e.g. over ice or marsh- 
land and shallow waters. In addition, then mll~tary capabllitres 
are being exam~ned, which apparently appear promising On 
the other hand, the hydrotoll retains he1 status as a vessel and 
rs controlled as such. Seaworlhiness 1s assured in a hydrofoil, 
but rt 1s questionable 11 a hovercralt would behave sat~slactorily 
m mrd-Channel in a Force 9 gale if her engines failed 

I am myself doubtful or the commercial compet~trve abrl~ty 
of hovercraft over routes which are "natural" lor hydroCoils 
and 1 would doubt if any hovercraft has been purchased purely 
with commelcial considerations In mind. Events these days 
move wrth gieat rapidity, I~owever. Both craft are be~ng  devel- 
oped and without doubt In a few years' time the virtues and 
fa~lings of both forms of transport will be proved. 

Keprtntrd by perrr~rsslorz o f  the Cdltor o f  " S h r l ~ p l n ~  World a i d  S h ~ p -  
hurldei " 
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and count 
Hovercraft costs 
within 5 pc 

Costs of operating hovercraft have until recently been 
mainly notional, but last yem' Westland Aircraft felt they 
now had had suficient experience to produce a realistic 
cost analysis for Channel Service. Mr R. F.  Bailey dis- 
cu,~ses the analyxir from his company's viewpoint and 
points out that further significant cost reductions are 
e.xperted as operating experience increases 

N ow that the hovercraft concept has been shown to be 
technically sound, attention is berng increasingly concen- 

trated on economics. One reason for this is that even at this 
relatively early stage, there is serious commercial interest in 
this new transport vehicle. As with any other vehicle, the cost 
of operating a hovercraft 1s made up of direct and indirect 
charges. The former includes the capital cost of the craft, 
amortisation, interest charges, insurance and running costs. 
Iildlrect charges cover terminal or docking facilities, ticketing 
and passenger handlrng, and the operators' overheads and 
profit. They are, of course, more widely variable than direct 
costs 

The hovercraft's unrque amph~bious capabil~ty enables great 
savrngs to be made on docking t acilitles Only a simple, graded 
slipway 1s required, as agalnst the prers and wharves needed 
for dlsph~emellt craCt The type of terminal facil~tres needed 
would depend on the nature of the operation. At one end of 
the scale IS the sophistrcated hovcrport for, say, a cross- 
Channel lerry service - w~tli lacilitles comparable to those at 
a major airport, though on a smaller scale At the other comes 
the almost rudimentary rnstallat~on for liaridl~ng the much 
smaller amount ot traffic on local servlces. Detailed Westland 
stud~es have shown that, in the first case, lndlrect costs can be 
expected to valy between 4036 and 55% of the dlrect costs, 
while m the second they could be as low as 17% or 20% 

Wide Experience 
Already, Westland has burlt up a great deal oh very en- 

couraglng data on drrect operating costs through expenmental 
scheduled passenger services wlth the 27-ton SK N2 and 7-ton 
SR N5. Naturally, SR.N2 experience is much the greater, cover- 
rng cross-Solent operations last year and In 1962, and a servrce 
across the Brlstol Channel In 1963 SR.N5 was put on to last 
year's cross-SoIent run the very day its permrt to carry fare- 
paying passengers was received, and In the ~emarnlng two 
monlhs of the selvrce perlod ylelded rnvdluable smallcralt data 

In both cases, the figures obtained are, anything, pessi- 
m~stic. For one thlng, operation of only one craft of a type 
almost invarrably produces the highest costs For example, as 
world-wide a~rllne experience clearly shows, operatlng staff - 
possrbly the blggest slngle ltem - does not Increase In direct 
ratio lo fleet numbers Then, agaln, the SR N2 used 1s st111 very 
much a development craft 'The productron verslon would 
incorporate many mod~ficatrons - ch~ef among them, more 
powerful englnes -which would greatly Improve the econo- 
mrcs 

Although SR.N5 is a production-lrne craft - the world's only 
such craft, in fact - the figures were rnevltably influenced by 
the operator being faced with a completely new type of claft 

T h e  shcipc of  things to come ? Alz artist's impression of the 
SR.N4 at n typical future inter-Contii~eiztd hovcrport 

towards the end of the service period. In fact, the end of the 
"shake-down" period involved with any new vehicle, coincided 
with the end of the service. There was, in consequence, no time 
for the economic effects of the streamlining of operatronal pro- 
cedures to show themselves. Even so, this limited experience 
has confirmed that profitable commercial operation is already 
possible at passenger-seat-mile rates of around Is 3d, depend- 
ing on stage length. Significant cost reductions can reasonably 
be expected as experience with the craft increases. 

Detailed Analysis 
By early 1964, the company had built up enough experience 

to make a realist~c cost analysls for hovercraft ferry services 
for passengers and road vehicles across the English Channel. 
' n ~ i s  was incorporated in detailed proposals pubIished in Feb- 
ruary, alld written around the 150-ton, 660-passenger SR.N4, 
the bavc des~gn of whlch had already been completed. Total 
operatlng costs Tor varlous annual utrlisations are shown in 
Flg. 1, and relate to one SR.N4 operated as part of a fleet. The 
various assumpt~ons made In the calculations are as follows: 

Direct Charges i 

(1) Alznriul Costs 
Amortlsation -- Capital cost of the SR N4 and spares hold- 

~ n g  less 14% ~esrdual value, amortised over ten years. 
This perlod 01 amortisat~on is a very conservative estr- 
mate slnce it only represents a craft lrfe of 6,000 to 9,000 
hours' operation on the Channel servlces detalled In the 
proposals (DoverJCalals; Harwrch/Calais; Newhaven/ 
D~eppe and Southampton/Cherbourg). 

Capital Cost--Productron cost has been estimated at 
£1,150,000 per craft 

Interest - Taken as 555 per annum on the mean value of 
the SR N4 and spares 

Insurance - Taken as 2% per annum of the SR N4 initial 
caprtal costs, rernalning constant over the ten-year life 
of the cralt 

(11) Ma~nle~zance Costs 
Eng~neer~ng l abour- Based on average direct labour of 

twenty men per craft 
Engineerrng Materials - Materials used based on com- 

ponent lives of 1,000 hours and engrne overhaul periods 
of 2,000 hours. 

(111) Hoverhor~ze Costs 
Crew Charges - Based on 52,600 per annum for drivers, 

£1,900 per annum for engineers, and £1,100 for stewards. 
The normal SR N4  crew complement IS: one driver, 
two engineers, four stewards. 

Fuel Costs - Charged at Is 3d per gallon. 



Tntal 
Cost 

5 0 0  1 0 0 0  1 5 0 0  
ANNUAL UTILISATION-HOURS 
(Operating t ime  per annum) 

This chart shows the total operuling costs for the various 
anrzuul utilisutions njrittcn urorr~ld /he 660 passenger hovercraft 
the SR.N4 

Indirect Charges 
These have been taken as 50% of the direct costs, the mean 

of the levels indicated as realist~c for this type o C  operatlon by @ the detailed Westland studies mentioned earlier. 
In all cases, these assumptions were soundly based. By the 

time the proposals were published, the company had produced 
three dilferent craft, the smallest weighing 7 tons and the 
largest 37+ tons. All had been built well wlthin the cost esti- 
mates, and the SR.N4 capital cost could therefore be squarely 
based on broad practical experience. Four years of develop- 
ment trials had allowed an accurate assessment of ma~ntenance 
costs. The figures used can justly be clalmed to be conservative 
since they relate to a development craft, the SR.N2. The smaller 
SR.NS had not, as yet, made its appearance. As a matter of 
interest, the latest cross-Solent operation has fully confirmed 
[he earlier figures. Other running costs (fuel, oil, and crew 
salaries) posed no problems. Reliable fuel consumption figures, 
albeit estimaled, were readily available, while it was realistic 
to assume crew salaries comparable to those of commercial 
aircrews. 

The only major item which could not be rellably assessecl 
was the replacement of "lifed" components. This charge can 
only be finally determined by many thousands of hours of 
operation. Since, however, the major units involved are the 
engines, and as SR.N4 is designed lo have the highly reliable 
"Marine Proteus", any error in the estimated total operating 
cost is unlikely to exceed 5%. The Weslland proposals envisage 
that a hovercraft ferry service would be phased in with con- 
ventional ferries from 1967 onwards, and that the SR.N4 fleet 
would have built up to nine by 1975. On the basis of the pas- 
senger and vehicle rates quoted in the Ministry oC Transport 
Report on the proposed Channel Tunnel, and the same rate of 
trafic growth, the ratio of revenue to total operating cost 
works out at 1.27. 

It is now generally agreed that the hovercraft has completely 
proved itself technically. Westland is equally convinced, from 
ils wide experience to date, that both its small and large hover- 
craft can be operated commercially a1 an acceptable profit. 
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Tlle L V H X - I  wit11 foils crrzd strtrt.c retracted hooting 117 converztioi~ul frrslr~ori 

A vco Corporatlon's Lycomlng D~visron has been engaged 111 

amphlb~ous veh~cle and hydroroll actlvlty [or several 
years, and IS the first company to have conducted a successful 
programme for h.gh speed, rough water operat~on ot a wheeled 
amphlb~ous vehicle. 

Thls programme was the "Flylng Duck" project conducted 
by Lycoming 111 1958 under contract wlth the US Army Ord- 
nance Corps A "one only" research veh~cle, the Flyrr~g Duck 
was a gas turbine-powered, hydrofoil version ol the famed 
World War 11 DUKW 

The Flylng Duck comblned an 860 hp Lycomlng T53 engine 
w ~ t h  aerodynamically shaped hydroforls The craft demon- 
strated ~ t s  ability to "take off" and operate successlully In 
rough water at speeds in excess ol 30 knots 

In additron to the I)uck programme, Lycoming also provided 
a r53 engine for a Navy LCVP wh~ch  was converted to a 
hydrofoil configurat~on. Thls vehicle, called Hulobatcs, was 
desrgned to test the feaslbllity ol some advanced hydroio~l 
designs It was flown successrully early in 1959 at a speed in 
excess of 30 knots In both Halobutes and the Flying Duck 
Lycomlng's T53 engrrie demonstrated ~ t s  ablllty to perform 
in a marlne envrronment. 

Lycoming's amphiblous vehicle experience dates back to 
World War 11, when it hullt for the mll~tary a then secret h ~ g h  
speed craft known as the Salumcrr~der or  X Crcift. This vehlcle 
was of a track-laying amph~blous design, capable of movlng 
through water and on land at speeds up to  20 mph. 

Two such veliicles were bu~lt ,  uslng a Lycomlng 0-435-1' 
engine as the power plant. The drlve mechan~sm, transmission 
and related components were developed by Lycomlng Pro- 
duct~on of the vehlcle was never released due to the termlna- 
tron of hostilities 

A new turb~ne-powered hydrofo~l amph~blan veh~cle specrfi- 
cally des~gned to provide ~mproved performance during amphi- 
bious assault operation, was delivered on December 8th to the 
US Marlne Corps by Avco Corporatlon's Lycomlng Dlvls~on 

The amph~blan vehlcle, wh~ch  1s capable of operating over 
land on wheels or through the water on the hull or  hydrofoils, 
bas been designated as the LVHX-I, or Landing Force Amphi- 
bious Support VehlcTe, Hydrotoll I t  was turned over to 
Marine Corps Brig Gen Wood B Kyle, Deputy Ch~ef  of Staff 
for Research and Development, In brref ceremonies at Lycom- 
ing's plant in Stratford A demonstlation of the LVHX-1's per- 
formance, Including hlgh speed "flights" was glven for Gen 
Kyle, and other m ~ l ~ t a r y  oflic~als, and members of the Press 

The LVHX-1 was designed to operate from a "mother" ship 

filty mlles off shore to Inland logistic s u p p o ~ t  areas. I t  1s 
des~gned to "fly" In rough seas at up to 35 knots, boat in 
conventional fash~on at up to 12 knots, or  drive overland a t  
speeds up to 40 mph, all w ~ t h  10,000lb ot payload. Its 
power comes fsom a 1,000shp LycomLng TF14 marlne 
turb~nc eng.ne. Its "fllght" capabil~ty 1s provided through the 
use of two large hydrotolls, one front and one rear, which 
are mounted on struts and are completely submerged when 
the vehicle is In i11ght 7 he hydrofoils prov~de llft, thus ralsing 
the vehicle itselk approximately 30111 above the watei. Struts 
and fo~ls  retract into the hull for boating through the surf zone 
and foi drrving on land. 

Range ol the LVH ~n fllght IS 210 nautical miles On land, 
poaer from the turbine engine IS transm~tted directly to  the 
lour wheels Ind~v~dually controlled tyre lnflat~on provides for  
maxlmum tractlon In traversing diirrculi beaches, sand dunes, 
mud, rough terraln and steep grades 

The LVH's stability In rough water of up to 5 ft waves (stale 
three seas) 1s provlded by a speclal autopilot system that senses 
the length and he~ght  of oncomlng waves and activates con- 
trollable flaps on the front foil so as to "flatten out" the ride. 

The LVHX-1 has two propellers, one at the base of the rear 
strut for "flying" operations, the second under the hull for 
convent~onal boating. Fully dynam~c steering is provided by 
rotatlng erther the boating propellel or  flying strut 

The wheels of the LVHX-I retract islto the hull to reduce 
drag wblle boatlng and, on land, can also retract to lower 
the vehrcle to a "kneeling" posltlon for easier loading o r  un- 
loading Stde doors fold down and act as a loading ramp. The  
cargo bed is only 33 In above the ground when the vehicle 1s 

"kneehng." 
The hull has been deslgned to prov~de maximum strength a t  

mlnimum we~ght.  I t  1s an integrally stiffened box structure of 
aluminium and stressed skin based on alrcraft des:gn practice. 
The LVHX-I is 36 ft 1 I In long and 10 ft 10 In wide, allowing 
operation from Virtually any Navy amphiblous landing sup- 
port sh~p .  

Both the front and aft rolls have a span of 17 ft 6 in. The  
foils ale of high aspect ratio design and are sell"-cleaning. They 
are structurally designed to operate through floatrng debris 
wlthout damage 

The TF14 engine that powers the LVHX-I is one of a series 
of free turbine englnes developed by Avco's Lycom~ng Division @I 

for Industrial and marine usage. 
These new turb~nes offer several advantages over conven- 

tional englnes. They are f a r  lighter and more compact, are 



The LVHX-1  operaling through water 011 rts hu11 

The LVIfX-I  operatirig on wheels 

The LVHX-I  "flyirzg" orz its Izydrojoils 



"flying" propeller o f  ille L V H X - I  
is rnorr~~ted rrt itre base of 

the rear strut. The  lower section 
o f  the SITMI,  the proj~cller 

the foils circ. rotcirrible to providc 
fully dynamic steenr?y. Jpclrz o j  

the foil i~ 17 f t  6 I I I  

capable ol runn~ng eficiently on a vartety oS fuels, have ex- 
ceptlonal cold-starling capabil~tles, and requlre a mrnrmum ol 
maintenance. 

Lycorntng industr~al turb~nes have been destgned to provtde 
reliabiltty and endurance lor all ground and marlne appllca- 
tions requir~ng shaSt power. Heavy duty output and accessory 
gear assemblres have been developed and power output has 
been reduced to conservative levels to lncrease time between 
overhauls and engine life expectancy. 

Lycomlng's experience with marlne turbine applications dates 
back to 1958 when prototype engines were Installed 111 two 
experimental hydrofoil craft, the US Navy LCVP Hulobu/es 
and the US Army Flyirlg D ~ ~ c l z .  More recently Lycom~ng tur- 
bines also have been installed m the US Marlne Corps LVW 

planing hull vehicle and the Avco M T B - I ,  a 40 It boat specl- 
ally designed and built as an engine Lest bed Testing with 
these craft  has demonstrated the abil~ty ol Lycomlrig turbrne 
engrnes to perSorm In a salt water envilonment. 

All Lycoming rndustrtal turbines feature m o d ~ ~ l a r  construc- 
tron to lacllltate ~n-field marntenance That is, each of the 
major assemblies can be removed, serviced o r  exchanged as a 
unit w~thout dlsturblng the alignment ot the drrven load. All 
accessorres are top-mounted for added convenience 

Lycomrng industrial and marlne turbtnes are available In 
the power range lrom 750 to 2,000 shp They are available w,th 
various types o f  red~lction gearlng, fuel and control systems, 
and accessory drlve systems In order to meet the ~ p e c ~ f i c  
requ.rcments oS each part~cular appl~cat~on 

T h e  Lgcomilzg TF14 furbi~le 
er~girze tho/ powers the LVHX-1 
is rated (it 1,000 shp,  und is 
fur lighter rrnd more  compact than 
corzventiorzol engines of corn- 
parable power 





help of a devoted stafy at Cowes, but I knew by then that 
America was my only hope of surv~val and that I should want 
a small bout that could be taken from place to place orl a car 
tra,ler (a predrctton which turned out to be 100% correct). 
Taking the smallness of the boat as therr excuse, the Admiralty 
backed out of their engagement and this was a blow that was 
the harder to bear ,n that my personal expend~ture amounted 
at that time to several thousand pounds. Several months later 
and after a fresh attack by Shackleton on my behalf the nega- 
tive dec.ston was reversed, but by that time my house was sold, 
my staff dism,ssed and the boat crated and ready to leave for 
the New York Boat Show. Nothing could be done. 

1 did not escape so qu~ckly from the dead hand of oficral 
controls since my dollar allowance was only lor the stand, my 
hotel and coffees. By cutting n~ckels in half I managed to garn 
some four days of grace durlng whtch I would have to sign a 
contract or  take ship home and forget hydroforls for life. Thrs 
fourteenth labour was also accomplished and I left for Wash- 
~ng ton  W.th my boat on a trailer behind a car for which I coirld 
not pay, trustrng only in a phone call from a man who had 
grven the name of D r  F. H. Todd (ol our NPL) as referen-e 
Not only d ~ d  the man pay up as he had promrsed (thus saving 
me from belng repatriated by the Consul witl7out my boat), 
but witbrn the prescrtbed time lirnlt I found myself working 
for him for a salary and demonstrat~ng my Hydrofin to car- 
load after carload of top-ranking Naval officers, not one of 
whom ever even notlced that my boat was small. The man's 
name was Stanley Reed, or Reed Research, Washington. 

(Those who want a taken-from-life account of how Brtttsh 
ideas are snapped up by Amer~ca for no advantage whatever 
to our country have here a perfect example.) 

In  England my obvrous requrrement lor help (and one to 
whlch the Farnborough report certainly entitled me) could 
have been sat~sfied by any one of the following agenctes: 
NRDC, DlSlR, MAP, NPL or  RN. 

But three resound~ng and costly hydlolorl boat failures had 
led to the convrction that there could not possrbly exist a 
solutton that would yreld to my type of programme, whlch 
was of the cut-and-try variety Inspired ma~nly by an adm.ra- 
tton for the Wright Brothers. 1 alone knew that I had :n fact 
discovered the key but comrnunicat~on was very hard. The 
marine Press rejected descriptive articles on the ground that 
these were not boats, the a x r a f t  Press on the ground that 
they were not aeroplanes - so there was no trtbune I was 
never once invtted to explain my ideas to any of the above 
agencies. Being unaware of what had gone wrong with pre- 
vious hydrofoil boats (no information being glven), it was 
doubly hard to expla'ln where111 my solut~on was superior - 
as I was in Cact later to find out. 1 had in fact found out about 
a'ir bleed and appl~ed a cure whrcll would have made the 
Samuel W h ~ t e  boat work had rt been applred at the trme. I did 
not know the value of what I had discovered. 

The trouble w ~ t h  NRDC was that 11 the Adm~ralty were not 
~nterested, then they were not e~ the r  (Blackett, July 17th, 1951), 
but the Admiralty had relused to look 

In April 1954 DSIR wrote : 
"If an Inventor came to me and said that whereas most 

motor cars rot1 atbout on wheels he could construct a transport 
dev~ce which would walk about on stilts I should feel rathe] 
as I do  about your hydroforl: I should not query the physical 
possibil~ty of ~t at this stage but would rather ask: 'Assum,ng 
that you can do . . . this . . . what happens next? What preclse 
advantages would a motor car on stilts have over a motor car 
on wheels either In prrme cost or  power-to-werght-carry'ing- 
capaclty ratio or operaring expenses or performance? . .' I 
cannot get anybody to tell me clearly what advantage it would 
have over an orthodox boat rf the development was success- 
ful, as 1 am prepared to assume that it wlll be. . . . Marine 
engineers tell me that they can construct boats by orthodox 
methods to go as fast as they have any need for. If therefore 
a hydrofoil boat is to serve a useful purpose rt must in some 
way achieve what an orthodox boat can be made to do, but 
more cheaply." 

These beiing the fallacious objections put up by the agency 
responsible for judging inventions in Brita~n at the time, how 

couid one possibly expect to have any success whatever in 
other d~rect~ons? It  should be noted that this was written in 
1954, when the Schertel Sachsenberg boats were already start- 
ing commercial operations with success. In  such an  atmosphere 
how could one even begin to explain the Vital matter of plat- 
forming waves, whrch has to be seen? 

D r  Allan at NPL wa.i wtlling to look, but he  imposed his 
own set of condrt~ons, which were that the Hydrofin should 
not run under ~ t s  own power but should be towed to ellmrnate 
the propulsion eficiency from the resulting calculations. Now 
seeing that I was pursu~ng an aim other than that of efficiency 
pure and srmple (for whrch I was badly placed, having no 
method of for1 manufacture other than that of hand-fin~shed 
castrngs), I obv~ously could not accept towing, wh~ch would 
be ~mpossible In the klnd of rough sea which I wanted to use 
to show my platlorming abil~ty. Effic~ency could come later, 
or fiom a test tank or  again, for that matter, from pure theory. 
The one thrng that theory could not demonstrate was a rough- 
sea performance and this IS precrsely what nobody wanted to 
see 

F,nally, all hope ol any help from MAP was killed by a 
letter fiom Str Staffotd Cripps w h ~ c h  is even more astonishing 
than those of NRDC : 

"The proposed method of obta~ntng longitudinal stability 
whereby only a jockey skate ridrng on the surface of the wave 
controls the angle of ~ncldence of the hydroforl is not con- 
sidered ~at~sfactory,  as the contour of the wave beneath the 
surlace is flattened and the flattenrng is a Eunctron of the length 
rather than the herght ol the wave." Whatever that may mean. 
One more fallacrous objection whrch a few rntnutes on the sea 
could have k~lled. 

I have no wish to labour the point. Recr,m~nation IS sterile 
and unproductive by itself, hut too often is ~t assumed that a 
grven rdea at a given perlod must have been well considered 
and its rejectron based on some snag wlirch the exponent rs 
careful to hrde 'This arttcle will have missed ~ t s  mark if i t  
does not very ciearly demonstrate the contrary and underl~ne 
the complete lack of any tribune for the exchange ol ~ d e a s  of 
this clasy This 1s my just ficatron for brmglng up these facts 
now that we require ~nduslrtes of this type. 

The Hydrofin had no sooner escaped from the danger of the 
dead hand at home than it fell into another overseas. 

1 have never been a rrch man and if my need for help a t  
home was great, in the USA rt was of the meal-to-meal type 
because no dollars were allowed to me. 1 had to slgn some- 
thtng before I got the soup and a lot more before the cheese! 
I was a poor Limey, and the Navy hav~ilg seen that the inci- 
dence control method was streets ahead of the ones they were 
developrng at the time, I had to sign a contract with an 
American yard in respect to my Amer~can patent rights. 

Now In 1950 nobody could sell hydroforls of any system to 
trrzy Navy In the abstract and it was my misfortune that D r  
Todd's advice, namely that first of all a large Hydrofin should 
be burlt to find out what 11 could be best used for, was not 
accepted. The reason for thls is easy to see. Whereas all the 
classrcal ship uses are strongly defended by a queue of hungry 
supply firms, the only way to escape this pressure is to start 
where there is no queue because the spec~fication could not be 
filled by any displacement craft. It was this that lorced the 
hand of the Navy to apply hydrofoils first of all to a landing 
cralt, required to come in to a beach at five times normal 
speed. The next disaster was that the only yards ltkely to  go 
for such extreme specrfications were those that were bankrupt 
or  In receivership, and these were so scared of not getting the 
job that they proposed the moon too. Thus, whereas the Navy 
would have been sat~sfied wrth a landing craft able to come in  
at five times landlng cralt speeds, srt down and fold its legs 
smartly before proceeding to beach, thrs firm had to go and 
add to the spec~ficatlon /hell proposal, to wit, that the retrac- 
tron of forls and struts should be  done irz ful l  Pighi and timed 
to finish durlng the passage through the breakers (the reason. 
rng being that the last blt of vertrcal area would rna~n ta~n  good 
directional stability and prevent broach~ng-to). 

Now In vlew of the vertical retraction 01 some seven extra 
feet, the trtangle formed by the water, the strut and the feeler 



arm had to have all rtb dimensions doubled, and the result 
was a mantime rreak of frightful cost and loathsome appear- 
ance which was never brought anywhere near a beach In  iact 
it soon became clear that no attempt would be made to rm- 
prove the Hydrofin rn rts mechan~cal leeler form but that thrs 
would be used as a stepping-stone towards other methods o f  
water-level senslng 

Whethe1 the Amer'icans have been right or not to take this 
step we shall discuss later 

Now at this time the controversy around the difrerent sys- 
ems that had been developed in the lJSA and In Germany 

and Sweden was In lull swing and it was not without consLder- 
able trouble that the fiisl Naval contracl was conceded to a 
Bntish, shoe-string developed, boat Lo the exclusion of such 
American firms as Gibbs & Cox, Baker, Grumman and D r  
Vannevar Bush (Lockheeds, Lycomrngs and Boeings had not 

come on the scene) The Miam1 Yald was very much aware 
~nabil  ty to maiiita~n its place In vlew ol the magnitude 
lndusiry 

w since a land,ng cralt IS, by dehn~tion, a cralt that 
operates always in a following sea, i t  was here that the specral 
ability of tlie Hydrofin fol this case won the day and my type 
was the only poss~hle cho.ce 

A 13 It Hydrofin rises w ~ t h  ease over a 5 It wave without 
any hull cont'tct and this 1s by no means the limitrng case In 
fact I shall show by means ol wave frequency calculatrons and 
a graph that once the wave height of about one-qualter of hull 
length has been passed the negotiation of higher and higher 
waves becomes progressively ecrsrer I t  I S  the very small and 
therefore very short wave which is the problem for the liydro- 
roll boat generally, since it would normally impose response 
irequencies which would become quite rntolerable v ~ b r a t ~ o n s  
rn the head-sea case 

Here I am allaid 1 liave lo cross swo~cis with Peter Crewe, 
who wrote In his RINA paper of March 1958 : 

"A particulai merit of incidence control 1s that the craft can 
be made to travel in a path wh~ch follows the wave contour 
so that the hull remains effectively above the water, wlthoul 
having to provide so large a clearance between ~t and the 
hyd~ofoils as would be otherwise necessary " 

I h l s  is the exact opposite of the whole pornt of developing 
Lhis method over a perrod of twenty-three years T o  return to 
the analogy of the ra~lway viaduct, this would be llke expla~n-  
ing that these had been b u ~ l t  to increase the inclines of an  
otherwise flat countrys~del Slnce the mathematics of passengel 
comfort for a given speed, wave sue ,  cralt size, wave heading, 
water clearance, etc, are la1 more complex than the very s~mple  
case ol tlie 2"/, or  3 %  riiclrne and since these results would 
never liave been "swa1:owed" if they had not been backed up  
by practical demonrtrations on the sea, ~t is easy to see why 
thrs was a much harder task than that of obtarning acceptance 
lor the  ailw way 

1 should polnt out here that the Amer~cans had it all on a 
plate Not only did they have my small demonstrator to play 
with (and Lhis was soon jorned by larger boats sold to private 
cuslomers by Sandy Holt and mysell to procure bread and 
butter) but they also liad the benefit ol the Farnboiough 
report, whlch had spelled out just what was to be done to 
improve the performance - lo r  instance, on page SIX 

"1 he rnc dence control oi the main hydrofoils IS a very 
powerlul method ol dlafL control - at l u n n ~ n g  speeds a change 
111 attitude 01 2" produced 1 g normal acceleration on the boat 
The leiponse of the boat to changes in hyd~ofoi l  incidence is 
therefore very lapid and in waves the motion applied to the 
marn hydrofoils must be accurately lepresentative of the path 
the boat is required to lollow The hull is carried well clear ol 
the water so thal the boat need not be affected by small waves 
or ~rregularrt~es, iesponding only to waves or swell longer than 
about twice the length ol the boat " 

The model, ol course, had lelatively short legs since the idea 
of platforming was only ~ l l s l  germinating in  my mrnd at  Lhe 
tlaie. All crart burl1 after Farnhorol~gh were given longer legs 
because Smilli liad pointed drrectly to platiorm~ng and had 
furtiieimore explained that thAs presented no ploblem or penalty 
In view of  my very powei[ul lateral recovely forces generated 
by the dlfl 'e~en(~al action ol the two rndepeudently movlng 

lateral hydrofo~ls. In lact thrs idea can now be pushed a stage 
further. Seeing that there is a un~versal demand lor small beam 
and Por as little obstruction to coming alongside as possrble, 
11 follows that the designer has to tly to increase the effect of 
the differential rn order to m a ~ n t a ~ n  lateral stabil~ty In an  other- 
wise somewhat unnati~ially narrowed design. Modern control 
systems offer all sorts ol possib~lit~es of this type 

But while, due to tlre Farnborougll report and the long series 
or Naval demonstrations, my thesis was understood by the 
Americans and acled upon, 1 was still receiving from DSIR 
letters of which lhe following is an extract: 

"There are very lew people who support your claims, and 
some who cons~der them to be greatly exaggerated." 

T o  this I repl~ed that my c la~ms were merely based on the 
Farnborough report on the one hand and practical sea demon- 
strat,oiis on the other 

A short time after the Farnborough report lmlay had wrllten 
a mathematrcal ana lys ,~  ol all possible hydrofo~l configu~at~ons 
rn an NACA paper 111 wh~ch he concluded that what was 
wanted was "some device" that changed the angle of attack 
when the depth varied, and this was In lact just what I liad 
produced at just the right tlme. 

The iact that my solution was [led up in patents did not 
make matters any easier, but what the Americans really could 
not understand was how I could possibly be a l l o ~ ~ ~ r d  to show 
such a development at  a Boat Show where the nationals of . . 
shall we say . . "any" oountry could put questions to me and 
would receive rull and complete replies The posit~on of Sandy 
Holt and mysell d u r ~ n g  the Naval development work In Miami 
was very difficult because we had to build and sell conversion 
kits and at  the same trme avotd all reference to the fact that 
we were also working on the much larger land~ng craft project 
wh~ch was confidential, and t h ~ s  for three very good reasons: 
(1) rt had a mil~tary apphcation ol some tactical surprise 
value, (2) i t  was hrghly unorthodox and might not be lully 
sat~sfactory; and (3) 11 was a fl'ightful-looking lreak cralt and 
it was obviously already planned to use the mechan,cal feeler 
system only as a means to an end. 

I have already questioned whether the Americans were right 
to abandon so soon a mechanical system which had produced 
a remarkable sea perlormance lo r  a novel system whose adop- 
tion would entail the loss of some important points. Already 
a similar change from Bell's air drrve to marine shal ts had 
caused tlie Samuel White programme to end up in a total loss 
because no ~nvestigation ol air bleed to the propellers and to 
the grid fo~ l s  had bee11 undertaken I will not repeat here all 
the uncomplimentary epithets that had been used to describe 
my feeler arms1 I t  will sutlce to say that they were nevel 
popular, but in throwing them overboard one has to know 
exactly whal IS entailed srnce they do more jobs than may 
appear at first glance They double as crash preventers and 
take a load when the boat stumbles due to alr entry to the 
l'ront lolls T h ~ s  IS anothei way ol saylng that In matters ol 
fully s~lbmerged lolls the tandem arrangement just wrll not do 
unless we mean by that a tandem such as the Aquavion 
whereLn the lront foil IS not a foil at  all but a skld, and by 
that 1 mean a plane that is so lightly loaded a5 to continue to 
carry rts load even when lully ventilated 

'The Aquavron tends to be unpopular because the large alea 
of the lront loll results In rather vrolent deceleratrons each 
time it enters a wave and, as Barkla puts it rn his letter to the 
Yuchtrng World ol November, t h ~ s  system, to control the malt1 
foil, has to wag the whole boat. 

Allan Hazard was the only man who dared to run a fully 
submerged system without a crash-prevent~ng dev~ce or any 
automatic prlot, hut lie only d ~ d  this in a 10 St sports boat "I or 
kicks". f-le would accelerate and then pull his stick r ~ g h t  back 
and fly 11,s foils ~ g h t  out of the water. On lancling, the ioils 
would have no circulation and belore thrs was re-established 
alr wo~lld be sucked down so that the boat would crash 
violently on lo its planrr~g bottom. Nobody has ever suggested 
that simrlar "k~cks" could possibly be contemplated for any 
cral t above, say, 4 ton 

7'hrs means, then, lhal by abandon~ng the leeler wrtli 11s 
advance predicl~oii and bow-up trimming moment as an emer- 
gency measuxe in the early stages o l  the crash, the American5 



have accepted the restrictions ol more lo11 and strut depth, 
much lower water clearance and very lim~ted sea states stnce 
they have no crash prevention. 

To illustrate this better I may say that whlle In Miamr at 
the lime when the var'ious systems were st111 being evaluated 
by the Navy, Commander Stilwell asked us permisslon to take 
away our boat for a full day. Know'ing that the anti-crash 
qualitLes of the Hydiofin were important, we took the pre- 
caution to rig the cralt to fly a shade lower than usual (Thts 
being a controls matter, it IS easy to sec that any change in 
the length of the connecting rod wlll result in a lowcr line of 
flight with reference to the surface) When Stilwell returned he 
said that this was the i ~ r s t  hydro1011 he had been totally unable 
to crash, I~owever hard he tried and despite all possible com- 
blnations ol wave headings, bankings, etc. 

Had we rigged the boat to fly higher, with a smaller marg.11 
of water coverlng the main loll, then it 1s probable that he 
would have had some mlld crashes or  rather "limps" that 
recover before the hull touches the water. Had we taken on 
the shock absorbers, fo r  example, then he would have experi- 
enced something whLch would have cured h,s curiosity lor  the 
rest of his llle and caused him to take the pledge1 

Thls means, of course, that one can envlsage t h ~ s  thlng in 
one of two ways: e~ the r  one thinks of a m a i n  craft pure 
and simple, w h ~ c h  an enthusiastic operator will dnve hell lor 
leather through rough seas, revelling rn its astounding ability 
to fly through anything, therefore a boat that must have bullt- 
In abil~ty to deal with any situation; or  one thlnks In terms of 
an instrument-controlled flight in the hands ol a wcll-tralued 
captain, surrounded by measuring devices whlch make allow- 
ances for the exceptionally high wave and reserve a respectable 
margln oC safety corresponding to a large reduction 111 wave 
state ab,lity compared to that whlch would be acceptable to 
the first type. 

1 am quite sure of my conception ol a cralt wherein the 
wave height difficulty Increases up to the c r ~ t ~ c a l  size of twrce 
or three times boat length and thereafter decreases until bull 
contouring becomes possible because of wave geometry (the 
difficult small wave area be ng overcome by sheer water clear- 
ance): this conception, I bay, haa been missed by the Amertcans 
because they have abandoned antt-crash and as proof ol t h ~ s  
one has only to look at thelr Grumman Dolphltz and Norlh 
West Hydrofoils Vrctorru, both of s'milar slze, both tully sub- 
merged fo,l systems and both announcing a severe sea state 
11m.tation due to a lailure to take advantage ol the true rarsorz 
d'llre or the hydrofoil and fly high. 

It  IS, of course, true that m the absence of any anti-crash 
device, high A~ght is dangeious, as 1 have explained. The 
Dolphltz clears the water by only 4 ft Tor a hull length of 70 ft, 
givlng a ratio of 17:, and the Vrctorru IS similar Both give 
8 ft waves as a maxlmum. 

T o  quote again from Barkla: 
"When large firms, and particularly alrcraft firms, latch on 

to an idea 1.ke hydrofoils they have a vested interest in sup- 
pressing a simple solutlon IF a more complicated one will give 
employinent to their cohorts of technic~ans We ale so hypno- 
tlzed by the w~zardry of computers that we acyulesce in reject- 
ing the slmple and possibly more reliable solullon. Hook's 
Hydrofin has suffered as much from this modern snobbery as 
Crom misunderstanding." 

That a more acceptable solutlon to incidence control would 
have to be thought up was obvious to me many years ago but 
it was not easy to find one that retamed the essential crash 
prevention and st111 looked neat and tidy. Was it justified to go 
to such extremes as the sonar beam or  was there not some 
middle course that could satisfy all these needs and remaln 
essentially simple and straightforward? That an aircraft flylng 
at 400 mph in dense fog and obliged to make contact with the 
earth at high speed should have little choice other than a radar 
or sonar beam IS understandable, but is a marine craft only 
5 or  6 f /  away from rts plarze of reference in the same pre- 
dicament? Should the rallway locomot~ve have the flanges 
machined off rts wheels under pretext that this method of direc- 
tional control ts crude and could be replaced by a steerlng 
devlce based on electronics and a photocell? Should the blind 
man's cane be taken from him as primitive? It  'IS true that the 

W A V E  LENGTH A F r  

Assumirzg /hat "g" is limited to g / 2  for  pusenger comfort, tlzerz 
the 35 Icrzot line for  liecrd seas erzubles a 13 f t  wuve to he fully 
contoured while for smaller waves the strut length must rrz- 
crpase as showrz. For  example /he 9 f t  x 200 f t  wuve requires a 
clearance of 5.2 f t  while the smallest slzown i5 6.2 jt calling for 
about 5 ft .  For  higher ~ p e e d s  these proportions have to be 
increased unless more "g" is accepted, easier wuve proportions 
or headings other /hun tlzut of the head sea. Wavc~ proporiiorzs 
taken are those oJ K. C. Barnahy fo r  "average rough sea" 
and lke grnph illustrates the complete impossibility of demon- 
ytrutltlg the full possibilrties of hydrofoils with the use of 
small errrft 

bllnd man has sometimes to deal w~th  s.tuations where he has 
no definlte plane or reference to work from, but 11 we suppose 
that he had always to walk along a wall with undulat~ons and 
had to maintam an average distance from this, surely the case 
would be so simple as to call for nothing more than a long 
cane wlth a wheel at the end 

But I have shown that even this IS not a f a n  comparison 
slnce the introduction of sonar introduces a hazard as com- 
pared to the mechanical method. Both Hanning Lee with hts 
Whrte Hawk and Wendel In Hamburg have sunk or nearly 
sunk as a result ot a sea crash To have taken a nde as a 
passenger in a given hydrololl still proves l~ttle,  and 'It 1s neces- 
sary to obtain permisslon to take the contiols and provoke the 
crash in ordel to learn how a particular boat is able to survive 
this 

The cost ot the sonar type of controls is of the order of 
$25,000, wh~ch  is a lot for a small boat but relatively unim- 
portant in a large one, thrs expense tendlng not to scale up 
w ~ t h  the tonnage. The reliability IS good and is not really an 
important fact01 aPter all: so that 11 is the absence of the crash 
prevention (along w ~ t h  the hull height limitation that this 
entails) which 1s the whole point 

Turning back, therefore, to  the Grunberg idea ol 1932 but 
avolding the known snags thereof, one must envisage a non- 
hull-waggtng, ~zon-crashlng high flyer, and this IS done very 
simply by retalnlng the advanced s k ~ d  as an emergency plane 
and a sensing device platform. 



Relieved of all crash-prevent~ng duties, the sensor can now 
be made as a "wh~sker" and all we ask of it is to transmlt the 
"raw" wave curve to the rrlboard filter box wherein all the 
elements that existed on the feelel arm are conta~ned (but In 
miniature form), thus elrmlnatlng all mass effects 

Another cleaning-up job has been done on the mall1 struts. 
Whereas the feeler arm requ~red a rather h ~ g h  tubular spar to 
wrap Itself round (and it was log~cal to  use the same spar for 
the maln strut), now t h ~ s  is all changed and the strut can quite 
selfishly cut itself down to much more log~cal proportions: 
retract a lot easler and be much lighter A "Y" configuration 
gives the requ~red lateral sttffness and the whole can be short 
enough to be under water (In the floatrng position), thus givlng 
the boat a vely neat appearance when afloat 

Having greatly reduced the power of the wave s~gnals, we 
can no longer feed them d~rectly to the foils as w~th  the arms, 
and thus we must introduce hydraul~c boost between the filter 
box and the lo11 tnc,dence command rod. 

Times have changed. 
Whereas when I started (or roughly from 1942 to 1955) the 

l~ftrng of a boat out of water was cons'idered a kind of mrracle 
which had to be seen to be believed (so that one had to have 
a demonstrator constantly on tap ready to convince the in- 
credulous at any hour of the day or night), now this is no 
longer so and we can return to  methods of work which more 
closely resemble aircraft practice. Tank test models can be 
made and loaned to foreign experimental centres from whom 
information can be obtained. I say "foreign" advisedly, since 
we have here the rather incongruous situation that test tanks 
in foreign countries or even Nav'ies will do work and supply 
information, whereas if I require this in Britain the work would 
cost me about £200 per day! 

As from tile tlme of my return lrom the USA I have con- 
stantly had to work abroad to progress at all. The advice of 
Lord Halsbury and Sir Henry Tizzard (whicl~ I co~lsrde~ed 
sound advice, things being what they were) was to go to Ger- 
many and work In wlth Herr Sachsenberg of Bremen, the 
German branch oC Supramar. Sachsenberg had very good 
scientific contacts In Hamburg and I was able to arrange co- 
operation with my Sr~ends at the FCM at La Seyne, near 
Toulon, so that measurements could be taken ol the French- 
bullt Hydrofin. I gained more expenence by worklng for the 
lsraelr Navy, and here agaln I was helped by a French shipyard 
a t  Verlleneuve le Ror which accepted lhe sea state stipulation 
for the t r~als  sn Haifa which no other hydrofoil craft (even 
twice ~ t s  size) could have filled. These were lor  30 knots In a 
sea state 3 or  waves of 3-5 Et high. To do  this with an ACV 
would have requlred a craft about filty t~mes this sue. 

To sum up, then: Britain was the first to develop the fully 
submerged incidence controlled hydrofoil for the sea and we 
have here a steady lift dev'lce that can carry a vehicle on a 
level path with constant 11ft even over large waves. Apart 
from aircraft it is quite unique in this respect and it thelefore 
supplies the ideal answer for ocean travel. 

Experimentation is not easy because of wave geometry, the 
mathematics of which are lather more complex than those of 
the simple 'inclined plane. A high water clearance is essential, 
not for the large but for the small waves s'ince these cannot 
possibly be contoured by uizy velzicle except at certain headings 
with low speed and high "g". A practical minimum size is 
about 50 Ft with a 6 It water clearance. 

The new industry requires the combined skills of the marine, 
aircraft and controls experls and this cannot be organised by 
an indiv'ldual. The days when a miracle boat of small dimen- 
sions had a job of propaganda to do are over: all this has 
been recorded on film and there is no point in doing it any 
longer. 

This is a golden opportunity to resume our historical role as 
innovators in matters oC world transport devices, but if we fail 
to do this others will - and very quickly. 

HOVERCRA F% NQ/SE 
by A Cadman Ciin ton FWAeS, 
(contiizued from prev io~~s  issue) FB/S, MSEE 

3 Attenuating structures ot various types w ~ l l  reduce the 
nolse, but as the method IS developed to Improve the con- 
d ~ t ~ o n s  we~ght, complex arrangements and cost tend to  increase. 
Little increase In weight can be permitted, and cost increase has 
to show worth while ach~evement, e g. obta~ning speech level 
conditions maklng happy people in a happy craft 'Th~s 
emphas~ses the need for nolse considerations at the desrgn 
study stage 

While attenuat~on may succeed in some noise condrtions 
care must be taken to check that there 1s the mlnimum sound 
level ventilat~on ducts, liquidborne nolse trom systems or s o l ~ d  
borne vibration, these are ment~oned later 

When power unrts are installed rn a self-conta~ned room the 
noise problem can be dealt wrth by the main structure, and 
attention given to no~sy  aux~lliar~es that may have to be In- 
stalled at polnts remote from the engine room, then agaln 
how much sound proofing of these small u n ~ t s  should be done 
depends on the accesq~bll~ty requlred durlng use. Hoists, 
winches and ramp-handling gear are sources of lnterm~ttent 
aolse that must be accepted. 

Engine room doors should be fitted with air-tight seals 
s ~ m ~ l a r  to those used In engine test cells 

Intake air to the englnes passes through specla1 filters com- 
b~ning nolse absorb~ng qualit~es. 

Synthetic mater~als are useful In liqutdborne systems, where 
noisy pumps need anti-v~brat~on mountings, and lf metal piplng 
1s transm~ttrng nolse 11s various ways ~t can be replaced wholly 
or  part~ally by an approplrate plast~c type 

The degree to which noise attenuat~on IS necessary depends 
on the acceptable nolse level, and st may be that only cerlaln 
parts of the system wlll need modify'ing, e g where normal 
speech 1s necessary 

A particularly useful attenuator is lead impregnated v~ny l  
sheeting, 11 is efficient, convenient to handle and frequently 
more satisfactory where space 1s l lm~ted and thus restlicts the 
use of bulky low dens~ty materials 

Glass fibre materials are used In comblned filters and 
spl~tters on englnes, the air ~n take  to the l ~ f t  fans, and should 
be good Tor the propeller shrouds where In some des~gns the 
shropd sectlon could be hollow and filled w ~ t h  a visco-elast~c 
attenuator It m ~ g h t  be recollected that the old-fash~oned lathe 
and plastic ceiling, a lorm ol re~nforced plast~c, was one ol the 
best attenuators used In bullding 
Conclusion 

Some hovercraft in t h e ~ r  present development stage are noisy 
but it must be remembered that in the raptd development 
and evaluat~on nolse reduct~on was of low prror~ty. A good 
deal ol thtnking about noLse had taken place when current 
types were benlg planned and the experrence now available 
w ~ l l  be embodled at the design stage of new craft a t  the same 
t ~ m e  that rel~abtl~ty and md~ntainabll~ty are progressrvely In- 
cluded 

Renefitlng from the experience ol p~ston and gar turbine 
eng~nes required Irn high speed patrol boats further manniza- 
tion ol engines 1s proceeding and resulting in noise-reduction, 
and the turboshaft englnes are most promlslng 

Propellers wlll be used for some t~me ,  although the pro- 
posed design mod~fications suggest that the h ~ g h  frequenc~es 
will be much reduced by chang~ng to slower revving larger 
drameter types uslng six to e~gh l  blades. 

The developments In hand and those now at the project 
stage wlll brrng the hovercraft into the acceptable no,se field 
and Increase the optlmlsm of the engineers who are confident 
Illat craft from 500 to 3,000 tons are feasible* Such craft 
would have ex~strng marmized gas turbines and these could be 
~nstalled in suitable comblnatrons to provide a selection of 
powers estimated at from 1,000 to 100,000 hp 

This forward think~ng means that hovercraft will Increasingly 
develop a shlp capabil~ty 
Referer~ce 
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U S NAVY TESTS 
HYDROFO L PATROL 
CRAFT 
A NEW serres ol rough-water tests l o r  the US Navy's first 

hydrofoil patrol craft, Nrgh Poznt began last Fall rn the 
waters off Cape Flattery, the northwestern-most trp ot  Washing- 
ton State The serres resumed a test schedule In June of the 
craft's performance in varying sea states. 

rhe  Hlgh Point, des~gnated PCH-1 by the US Navy, IS 

operated by a Navy clew, with technical assistance during the 
testtng supplied by The Boeing Company Results of these and 
other tcsts could well pornt the wav towards future hydrofoil 
developmed In America 

Boeing built Hrgh Pornt under a Navy contract, wrth the 
craft enterlng Navy service in September ol' 1963 Slnce that 
time, the PCH-1 has operated out of the Puget Sound Naval 
Shrpyard at  Bremerton, and has carrled out an extensive test 
programme 

f f i gh  Porrzt 1s equipped with submerged foils and, when foil- 
borne, is powered by two gas-turbine engrnes each rated at 
3,800 h p  Two nacelles are connected to the aft for1 struts, and 
the propellers are dr~ven through two rrght-angle drlves A 
propeller 1s located at each nacelle end, making a total of foul 
propeller3 for lollborne operat:on Speed when "flylng" is in 
excess ol 40 knots 

A 600 hp dicscl englne supplies hullborne power, providing 
speeds up to 14 mph. When High Porn1 goes to its tolls, the 
dreael powered propeller is retracted to reduce dlag 

Hrgk Point IS 115 ft long, 31 It in the beam and has a design 
displacement of 110 tons. I t  IS all a l u m ~ n ~ u n i  except for the 
steel foils. Draft is approximately 17 ft  w ~ t h  the foils extended 
and 6 ft  when the foils are retracted Average draft when foil- 
borne IS 6 ft 6 in 

Altogether, nearly two dozen take-08s were conducled over 
the two-day test perrod, thirteen of them on the first day The 
PCH-I was foilbolne 1 11r 39 mrn durrng the inrtial day of test- 
lng, with a lesser tlme logged on the second day 

Water cond~tions off Cape Flattery varied as the tests pro- 
gressed Genelally, the sea was characterized by ground swells 
wllh some chop Average dlstdnce between wave crests was 
175 St, with an  average wave height oS 54 f t  Occas~onal waves 
exceeded thc X St 8 In length of the foiward strut, and al- 
though some instances of broachrng of the forward So11 
occurred in these seas, High Polnl platformed well. Subsequent 
adjustments to the automatrc control system additionally lm- 
proved this characterrstic 

Later, a 22 knot westelly wind generated and supertmposed 
on the swells a great number of 3 i t  w h ~ t e  caps. High Polrzt's 
performance, however, remained consistent, showrng that the 
craft can routinely negotiate greatel sea states The new test 
serles will seek out more demand~ng conditions to rurther 
establrsh the cralt's capabilities 

Prror lo the High Polnl rollborne tesb, some tlme was glven 
to the craft's performance wh~le  hullborne In an  effort to 

determine the damplng effect of the foils in a seaway, High 
Point tested the Forls in both extended and retracted positrons 
at  a speed of 10 knots. Results were tempered by the fact 
that, whrle High Point's 1011s can be retracted, they cannot be 
removed from the water. 

However, valuable data was gathered about seaway effects. 
Accelerat ons resultrng From hullborne slamming were found 
to be greatiy more severe than those resulting from wave 
rurrow~ng whlle fo l b o ~ n e  Hullborne, average peak aceelera- 
tions at  the steerlng stallon were 14.2 ft/sec2 a t  8 knots Forl- 
borne, average peak accelerattons rn the same seaway were 
2.9 tt/secL at 43 knots 

A techn~cal consideration of any open-sea test programme 1s 
precise defii1:t:on ot  the water and wind conditions prevailing 
at the t~ rne  of the tests Stated another way, test conductors or 
face an age-old problem 111 determlnrng whether Lhe~r craft 
actually meets des~gned operating specificatrons. The unalded 
eye IS not nearly enough 

The reason Ires in the nature of the sea A partrcular sea 
condition 19 not composed of equal waves w h ~ c h  march past 
~n regular files, or  of wtnds wllich produce a wave train In 
wh ch all waves have equal herghts and per~ods.  Although an 
average wave length 15 qu~cltly identified, analysrs \haws that 
a particular sea condition actually has components rangrng 
t rom ripples to waves iar In excess of the average figure. 

The quest~on becomes one ol determ~ning a scale of sea 
cond~tions from which operating specrficatrons can be formu- 
lated for a craft, accountrng for  such elements as w ~ n d  velocrty, 
how long the wind has been blowrng, the total area over 
which it has blown, wave herghts and periods, ground swell, 
chop and currents The problem is combtnrng t h ~ s  and other 
data of the sea Into a scale whlcli IS meaningful to designers, 
butlders and operators 

The sea-state scale used tor Hrgh Polnf 1s a standard US 
Navy system which classifies sea conditions by numerrcal 
ratlng of 1 to 7 Each state is defined in terms of wind whrch 
generates wave condrt~ons. The waves are classrfied into 
overage wave height and the slgnrficant wave height, whlch is 
an  average ol the upper one-third or the highest waves. A still 
lurtller descr~ptrve llne can be drawn computing the average 
oS the upper one-tenth of the hrghest waves 

These measurements are plotted on a chart to d~splay and 
closely define the water cond~tions In whrch a p a ~ l ~ c u l a r  test is 
conducted The inforination is obtained through electronic 
sensor equipment and recorded on data tapes. When a glven 
test IS completed, test conductors have "hard" data lor analysis 

'To descrtbe the wale1 as sea state 4 d u r ~ n g  Hzgh Point test- 
ing resolves through the system to a wrnd factor of apploxr- 
mately ?O knots, an aveiage wave hc~ght of 5: f t  and a s~gnifi- 
cant wave herght 01 7 It 'Phe average ol the upper tenth oi' the 
highest waves approached 10 ft 



'The Bristol Siddeley Marine Frotens gas 
turbine delivers at least four times rnore 
power per pound weight than any other type 
of marine propulsion unit. 

Now specrfied to power two of the latest 
generatron of hovercraft-the Westlatld 
SRN 4 and the V~ckers VA-4--the Marrnc 
I'roteus furthe1 Increases Brrstol S~ddelcy's 
lead In the field of power for thrs, the 
world's newest form of transpo~tation. 
Ilristol Stddeley englnes have now been 
chosen to power nine d~fferent type'; of 
hovercraft--more than ally other manu- 

I-- _I_] 

The Rr istol Sitideley fanlily of marine 
gas turbtnes ranges from 900 to 22,000 
shp. Therr proved reliability, compactness 

itleal choicc for either lift or propulsion in 
hovercraft. 

For further inforniation on  these en- 
gines, please write to: 'The Sales Mana- 
ger, l~~clustrial Division, Rristol Siddelcy 
Engines Limited, PO Box 17, Coventry, 
England. 

SWISTOL, SIDDELEV* 
SUPPLY THE POWER 

[art1 ~rer .  and power-to-werght ratio nlake them the COVENTKY, NO~ZTFI LONL)ON, AND IIRISTOI, 
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