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Gull 11, one of two Raketu hydrofoils being used for fust 
daily river services on  the Danube from north to south 
Hungary. Eventual organiration of a 12-hour service between 
Vienna and Belgrade is under di.scussion. See report page 4 

JAPAN'S GROWING HYDROFOIL INDUSTRY 

JAPAN may soon become the world's largest manufacturer 
of hydrofoils, with an annual unit output many times 

greater than that of the Soviet Union. This is the belief of 
observers in Westcrn Europe after an assessment of the 
growing numbers of orders being placed for these craft by 
Japanesc and other Far Eastern operators. 

The three main suppliers will be Hitachi, Mitsubishi and 
Shinmeiwa Industries. Hitachi, as reported in an earlier issue, 
has become a Supramar licensee and its first four PT 20s are 
already in service. The company is offering a range of six 
models from 3 tons to 100 tons at present and plans to build 
bigger craft later on. 

Mitsubishi is at present concentrating on water-taxis for 
use along the Japanese coast, and reports a heavy demand for 
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will be powered b y  two 270 h p  Noeing marine gas turbines and 
havr a speed of 32 knots 

its new MH-30, an 80-passenger 40-knot craft with a surface- 
piercing main foil and submerged rear foil. Craft of this 
type will also be used for rescue work and for fire-fighting 
in Japanese ports. A general description of the MH-30 appears 
on page twelve. 

Shinmeiwa Industries is already preparing to export its 
hydrofoils and enquiries are reported to have been made to 
the firm by the naval authorities in the Phillipines and in 
Thailand. 

In Japan domestically-operated hydrofoil services have cut 
hours off the time taken on many of the inter-island routes, 
with the result that the boats have been running at an average 
passenger capacity of 70%. 'The craft also carry perishable 
freight. 
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Prelintinary trials of the Vickers VA-2 are now under way 
on  the runwcry a f  South Marston. T l ~ e  craft, which has two 
Continenl.al 0-300s for. l i f t  and one Continental 0-470L for 
l.'ropulsion, carries four to fve  people and has a top speed of 
70 knots 

Further dctallr have come to hand iecently concernrng the 
Ford ACV-1, built for a Ford research programme to investr- 
gate operational problems of off-the-road travel at high speed 
and demonstrate the value of the fully-sk~rted concept A 
prelim~nary description of the craft appeared in our April 
1962 lssuc 

Normal payload of thc ACV-1 is I ton but this can be 
doubled for short-range work The alr cush~on IS  created by 
14 s ~ d e  mounted fans, and propuls~on, control and brak~ng 
are effected by venting cushion air through control vanes 
located around the vehicle's perrphery Gross we~ght of the 
craft is 33 tons; speed. 60 knots, ground clearance 2-3 ft , 
range 100 mrles, grade capacity 20% 

Dimensions length 21 ft , width 8 ft ; cargo space . 4 ft 
by I 3  ft ; cargo deck herght on cushion. 4 ft , off cushion 2 i t  

The Soviet Raketa type hydroforl boat whlch undertook 
a demonstration cruise up the rlver Danube this summer has 
ev~dently created a favourable impression on the riverain 
countrres through whrch she passed Early In July Hungary 
placed an order for two of these to w h ~ c h  the names Gull I 
and Gull 11 have been given The first of these has been in 
service foi some tlme now between Budapest and Mohhcs, 118 
m~lcs  south, near the Yugoslav frontier, and now that the 
second has become available, this has been supplemented by 
a service northwards from Budapest, to Estergom. 

'Ihe Raketa type hydrofoil vessels carry 64 passengers. They 

have an engine of 1,200 hp, which gives a speed of 50 knots 
(leached within 60 seconds) The duratron of the journey, by 
water, fiom Budapest to Mohacs is now therefore only 3 h ~ s .  
55 mln (as compared with the former 12 h i s ) ,  and that of 
the jourpey from Budapest to Estergom is only 1 hr 20 mln 
The return fares for these journeys arc 225 forints (about 
£3 10.; Od at tourirt rate), and 81 forints (about £1 5s Od) a l  
tourist rate), respectively 

The service from Budapest to M o h ~ c s  leaves Budapest at 
2 p m on Mondays, Wednesdays and Fridays, leaving Mohkcs 
on Tuesdays, Thursdays and Saturdays at 6 a m. It has three 
stops In each direction at Dunafijvdros, Paks and Baja The 
service to Estergom runs on Saturdays, Sundays and Public 
Holidays, leaving Budapest at 2 30 p m and ret~irnlng the 
same day 

The Hungarian Navigation Company, which operates these 
services, is now in negotiation with the Austrian authorities for 
the institution of a Budapest-Vienna service which would take 
12 hours in each direction. * * * 

'The U.S. Bureau o f  Ships has a development programme 
for a 30,000 hp  gas turblne engine for possible use in a large 
hydrofoil ship. Jointly with the U.S. Army, the Bureau is also 
sponsoring research on three different 600 h p  advanced gas 
turbines having fuel rates comparable to that of a diesel 
engine. Research on small units of this type will provide 
background data needed for large engine design. 



Under an agreement dated October 26th, Douglas Kent 
Warner, of the Warner Research Laboratories, Sarasota, Florida, 
has granted sole and exclusive rights of his LJnited States 
patents and applications pending to Rertelsen Manufacturing 
Company of Illinois. 

The patents all embody claims relating to air cushion 
vehicles and thc licence is granted for the full term of the * patcnts. 

International Aquavion (GB) Ltd., are exhibiting for the 
first time in Britain at the Daily Express Boat Show, Earls 
Court, from January 2nd-12th, 1963. On their stand will be 
their 9-seat Aquavit-class Waterman, and a model of their new 
40-seat Aquastroll-class hydrofoil. The Aquastroll is the second 
stage in the development of much larger craft using the 
Aquavion principle. 

Westland's SR.N2 has now complcted the second phase of 
its development programme. At the start of this phase, which 
followed a strip examination of the transmiss~on and structure, 
it had operated for 50 hours using only three engines. Operat- 
ing weight had been raised to around 18 tons. 

The main object of the second-phase t r~als  was to clear the 
craft to the standard necessary for a very limited fare-paying 
passenger operation to be undertaken. The greater part of the 
trials programme was devotcd to satisfying the Air Registration 
Board by simulating all kinds of failures, and to checking the 
reliability of all rnechanical and electrical systems. In the 
course of the trials, operating weight was increased to 22 tons, 
using only 600 shp from each engine instead of the original 
design rating of 815shp. SR.N2 reached a maximum speed 
of 73 knots and was repeatedly operated in 4 to 5 £1. seas. 
A.R.B. clearance was obtained in July, and a Permit to 
Operate issued early in August. 

The experimental passenger service operated for 2 hours 
each day for a period of eight days, between Ryde Sands, 
Isle of Wight and Eastney Reach near Southsea - a distance 
of about 6 n. mlles. 37 of the 50 scheduled runs were com- 
pleted, the overall reliability of 74% being considered most 
satisfactory in all the circnmstances. Four trips were cancelled 
because of technical trouble, and nine through adverse 
weather. Of the latter, the majority were cancelled only 
because the sea state exceeded the limits laid down in the 
Permit to Operate. 

Throughout the operating period, the weather was far from 
ideal, with Force 4 to Force 7 winds, steep short seas, and 
waves up to 4 ft. Average cruising speed for the whole 

operation was around 40 knots, and the best cruising speed 
around 53 knots, A total of 1554 passengers were carried out 
of 2,100 who booked. 

Despite the fact that SR.N2 was operating off natural 
bcaches with only temporary barriers and no surface prepar- 
ation whatever, turn-round times as low as three minutes 
werc repeatedly achieved. Experience proved that the craft 
could equally well have operated from almost any point 
along the entire coastline. 

In spite of the rough weather, the outstanding impression of 
the passengers carried was the extreme smoothness of the ride. 
On several occasions troublesome children and dogs were, 
without difficulty, walked around the cabin during the ride, to 
keep them occupied. Only one case of sea-sickness occurred - 
a small boy who had clearly eaten too much ice cream ! 

Following the experimental service, intensive development 
began to increase still further the effectiveness of the flexible 
rubber skirt - the primary reason for SR.N2's outstanding 
over-wave and obstacle-clearance performance - and to 
increase thc directional stability of the craft. When total 
operating time reached 150 hours the machine was given its 
second strip examination. 

This examination has shown that the transmission is barely 
"run in", and has stood up remarkably well to the trials. There 
has been virtually no sign of corrosion and only minor 
structural repairs to surface dents have been necessary. 

To  date, SR.N2 has covered approximately 3,500 miles, and 
carried a total of 3,700 passengers. It is now being strain- 
gauged in preparation for rough-water trials during the winter, 
when it is also hoped to extend navigation and night trials, 
to gain more experience in all-weather operation. 

The Kessock Ferry Joint Conlmittee are looking for an 
air cushion craft to operate the crossing between Inverness 
and the Black Isle. The length of the crossing is one-third of 
a nautical mile. The new ferry would replace the present two 
twin-screw diesel vessels. One carries four cars and 100 
passengers and the other ten cars and 100 passengers. The 
committee would like a craft capable of carrying 20 cars and 
250 passengers. 

The Hong Bong and Yaumati Ferry Co. Ltd. is considering 
buying hovercraft from Britain for its cross-harbour and inter- 
island services. 

A number of passenger services are run by the company 
which also operates the colony's car ferry between the island 
and Kowloon. 

I Fore  passenger quar le rs  

(40 persons) 

Is% 
Prooel la 

.C(Aft  passenger quar te rs  (25 persons) 
l-LJ 

General arrangement of the Mitsubishi MH-30, 
first large hydrofoil to be designed in Jrrpan. The  
craft seats 80 passengers and has a top speed of 
40 knots 



Flrst techn~cal dctalls of the Gsum~nan AG(EH) experl- 
mental ASW ocean-gorng hydrofoil wele glven by Richard V. 
Cyphers, Grumman's project engineer, and Owen 11. OaltBey, 
Prehmrnary Dcs~gn  Branch, Department of the Navy, at the 
recent Nat~onal  Meetlng on Hydrofoils and Alr Cush~on 
Vehlcles, In Washlngton Thc cratt w~l l  have an overall length 
of 212 tt , a beam of 40 ft and wc~gh  314 tons 

Together w ~ t h  the Den~son 11 w ~ l l  afford full-scale rough 
sea evaluat~on of the hydrofo~l In a var~ety  of f o ~ l  conf~gur- 
atrons. The AG(EH) 1s first expected In servlce In 1965 and 
at a later stage ~t 1s to be converted to a hlgh speed super- 
c a v ~ t a t ~ n g  for1 system 

Two Gerleral Elcctrlc MS 240s have been chosen to power 
the craft ~n ~ t s  sub-cav~tat~ng form These prov~de an adequate 
margln of loowel f o ~  talte-off to allow for rough watel 
conditions and pe rm~t  crulslng at efflclent powel sett1ng.i 
Four of these englnes -marme verslons of the 3-79 rated at 
17,000 11p for take-off and 14,000 11p continuous - will prov~de 
sufl~crent power for h~gh-speed supercavrtatrng experrments 

The transmlsslon finally ~ l e c t e d  1s the best compromise 
between welght, development experience from the Denrson, 
and adap tab~ l~ ty  to the a d d ~ t ~ o n  of two more engines for 
supercav~tatlon trlals It conslsts of a power s p l ~ t t ~ n g  pal1 of 
splral bevel sets on the engine shaft of nom~nal  1 1 ratlo 
runnlng through two athwartshlp shafts to a s lm~lar  palr of 
bevel sets at the srde of the s h ~ p  The shaftrng 1s turned 
forward here lunnlng through a reduction s p ~ ~ r  gcar to a 
palr of splral bevel sets at the top of the strut. The power 1s 
transmrtted down the shut  In two shafts to a s lm~la r  sprral 
bevel set In the pod where the power is then turned aft Into 
a slngle piopeller shaft 

The foll ar~angement is a conventronal one wrth the major 
por t~on  of the we~ght on the two s p l ~ t  marn folls. All three 
folls are ~nc~dence-controlled and retractable. 

Autopilot and he~ght  sensor requlrcments on the craft are 
necessarrly stringent slnce ~t wlll be flylng at high speeds In 
the Interface between arr and water. The autoprlot has to 
stablhze the shlp m prtch, roll and heave, null~fy the effects 
of orbltal wave veloc~t~es  w h ~ l e  platformrng, con t~o l  contourrng 
of waves that cannot be platformcd; provrde control for 
coordinated turns 

In ordel to meet these requirements, he~ght  sensors must 
be selected and Integrated Into the autoprlot and an autoprlot 
computer must be designed and built. EIelght sensors have not 
yet been selected but both sonic and radar types are belng 
evaluated. * * * 

One of the most simple air cushion craft concepts brought to 
our notice IS a ram wing boat designed by Norman Dickincion, 
of Essex, U.S.A. 

Powered by a rear-mountcd 190 hp  lightplane engine driving 
a two-bladed pusher airscrew, the craft is b u ~ l t  from slab3 of 
extremely tough, rigid polystyrene foam. The sections are 
bonded with an epoxy resin and the all-up weight is only 
1,000 lbs. The craft is 26 ft. long and has two planrng floats 
22 ins, wide. The acrofoil centre section is 16 ft. long and 8 ft. 
wide. 

According to Mr. Diekinson, the craft reaches 60mph, at 
which speed it draws only 5 in. of water at the stern. It spins 
in its own length and cuts through choppy water with 1 ft. 
waves w ~ t h  ease. 

L. H ,  Iluyward, Group Putents Munuger of Westlarzd Aircraft 
(right), has been awarded the Arorzze Medal o f  the Swedish 
Society of Aeronautics for his paper " T h e  History of Air 
Cushion Vehicles" which Ize rccently read in Stockholm. T h e  
Medal wus presented by /he President o j  the Society, und the 
reverse reads " f o r  aeronarrtictrl technical studies". See rzews 
i'tern below 

At the rnvltatlon of the Swedish Soc~ety of Aeronaut~cs, 
I,. H. Hayward, the Group Patenta Manager of Westland 
Aircraft, recently presented a paper entrtled " The H~s to ry  of 
Alr Cush~on Vehlcles " at the Society's Stockholm head- 
quarters The paper traces the development of alr cushion 
vehlcles from the first proposal for a macl~lne of thls type in 
1876 to the appearance oi  today's advanced des~gns 

It covers such lnterestlng applications as alr cush~on boats, 
the first of whlch was b u ~ l t  In Sweden as long ago as 1882. It 
also reveals that the hovertram or sl~dlng railway dates back 
to 1889 when a small expcrrmental slrdlng rallway operated In 
P a r ~ s  from July to November of that year, the 3-coach t ram 
covenng a dlstance of approx~mately 900 mlles 

Interest in this paper has already been shown outside 
Sweden and Mr. Hayward has been invited to  lecture to  the 
Aeronautical Section of the Institute of Danish Civil Engineers 
in March. 

* * * 

T h e  nnwzes o f  the two  authors of ' *  A Theoretical Study o f  tl?? Relative 
Ueha~~iouv  o f  Three Fzrlly Suhmevgcd Hyrlrofoi! Config~tvution.~ with liejiard 
to  1)ywnrrzic Lonji i t~~rl i i~al  Stability arzd Jncidei~ce-Cni,itatiotz Horrndavies " 
whirl? appeared irz out, Octoheu isaue lvrue styled ii~covrectly, They  are 
Norman K .  I'nscoe and S.  W .  Nobdny,  M.I .II .E. ,  Associate I .E.E. ,  b o t h  of 
tile Ke.seavch and Uevi.lopmeni Comparzy ui:d Seirglidev I.td. 

X ~ ~ s s i a ' s  biggest and latest sea-going hydro- 
foil is the Vilchr (Whirlwind) recently 
lcrunched by the Sorrnovo shipyurds. T h e  
craft seats 300 passengers. It has three 
lo~inges,  a restaurant and a fresh-air. deck 



the World's biggest and flrst practical hovercraft has 
now successfully completed its experimental passenger service 
between Ryde, Isle of Wight and Southsea. 

No unforeseen problems have arisen in operating 
in a busy waterway, and the schedule was well maintained, 
average speeds of 60 m.p.h, being achieved. Turn-round 
times were as low as 3 minutes. 

a the first name in HOYERCRAFT 
W E S T L A N D  A I R C R A F T  L I M I T E D  Y E O V I L  E N G L A N D  

I n c o r p o r a t i n g :  S a u n d e r s - R o e  D i v i s i o n  . B r i s t o l  H e l i c o p t e r  D i v i s i o n  ' F a i r e y  A v i a t i o n  D i v i s i o n  



Leader of ille Vickers-Arnlstrongs (Engineers) teanz is S. K .  Chiel l)c.sig/lcr of the Snrtnt1er.c-Roe Ilivision o/ PVesilcrild 
Hughes, Marznget" o f  the conz~~any 's  Hovercri~fi  I)ivision. Aircraft i,s I?. Slailton Jones ,~:ko kcad.s the feuin respor~~sihle 
His V A - 3  operated the ivorld's Frst schedulc~d hovercraft service for the .SR.iVI the very first hovercraft - and SR .N2  

Hovercra 
In barely Four years the British hovercraft industry has transformed an idea into a range 
of commercially viable vehicles soon t o  be launched on the world's markets. Examined e 

here is  the approach of the four companies concerned and their design philosophies 

@ VICKERS-ARMSTRONGS 

W H E N ,  towards the end of 1959, Vickers-Armstrongs 
decided to turn their attention to air cushion vehicles, 

three factors soon became apparent : first, that to be able to 
offer craft with a wide commercial appeal it would be 
necessary to build hovercraft of at least 100 tons a.u.w.; 
secondly, that before being able to design and manufacture 
vehicles of this size it would be essential to produce at least 
two generations of research "tools"; and that, thirdly, the 
development programme would have to be sustained for a 
number of years. 

Air cushion vehicles have a variety of applications, some 
being as replacements for conventional forms of transport, 
others in more adventurous roles. Vickers decided to  direct 
the major part of their initial research into the development 
of high-speed craft with an amphibious capability - a  true 
hovercraft. This meant employing their previous experience as 
aircraft designers and manufacturers in applied aerodynamics 
and the use of lightweight materials in the production of fast 
lightweight craft of high structural integrity. 

The Vickers "first generation" hovercraft, the VA-I, was 
completed in November, 1960 and during the following 18 
months provided a great deal of useful research data and 
practical experience. During this time, the original re-circulat- 
ing lift system was changed, the all-up weight increascd and 
the bow-shape modified. 

On April l l t h ,  1962, the VA-3, the Vickers "second 
generation" hovercraft made its appearance and, while its 
initial trials were in progress, it was announced that an  
operational trials programme was to take place within three 
months across the estuary of the Iliver Dee. Thls, it was 
emphasised, would provide those participating with practical 
experience in the handling and maintenance of the craft in 
reallstlc conditions; would provide a guide to passenger 
reactions and show whether there were any special problems in 
passenger handling, and would demonstrate the safety-with- 
speed characteristics of hovercraft. It was hardly surprising 
that such a bold step should have attracted a great deal of (b 
attention to the world's first scheduled hovercraft service; and 
it is understandable that much of the intcrest was focussed on 
the service to the public as such, which tended to  overshadow 



John Biitten (left)  und Detrnorzd Norrnun of Arztten-nor muit 
Limited, whote 10-teat Curhioncraft CC-2 ic [he f i r  lt hovercruff 
to go lnto c.er1e.r production. 

the other essential features of the operation This, for the 
press, racl~o and te lev~s~on,  was a ilewsworthy item ind-ed 
Grateful as they were for all the publicity as far as the 
palt~cipants, Vickers, Brltisl~ Unrtcd Alrways and Br~t ish  
Petroleum weie concerned, this was first and toremost an  
operat~onal trial, desig1:ed to accelerate the pace of the 
V~clters development programme 

Not being a publ~city stunt or a sales d r~ve ,  it was not 
necessary to cap the Rhyl-Wallasey exelclse with something 
even more eye-catch~ng Instead, VA-3 has returned to base to 
continue the pre-detcrm~ned development programme, using 
the experience gained d u r ~ n g  thc summer's operations These 
have shown that the vehlcle can operate safely from crowded 
beaches, over sand flats deeply rutted by the ~ e c e d ~ n g  tide, 
through waves more than three times the des~gn hover-herght 
of the vehlcle, and from an embankment of about 1 In 5 
gradlent Exper~ence has been obtalned of the extent to w h ~ c h  
the structure, control systems, englnes, fans and air screws 
can w~thstand the corrosive afrect of sea water and the 
abrasrve affect of blown sand The t r ~ a l  has confirmed the 
basrc design assumptions and has shown that a crait can be 
maintamed wlthout complex ellglneeiing facllrt~es 

Whrle these trials were carried out In the Unlted Kingdom, 
albeit some 200 miles from base, future opportunities appear 
to include not merely the operation of ferries at  home, whether 
between existing terminal? or, as In the case of Rhyl-Wallasey, 
off the beaches, attent~on must be focussed on aieas overseas, 
partrcularly where ex~sting forms of transport cannot effectively 
fill the need, or where the special advantages of amphlblous 
hovercraft can obv~ate  the necess~ty for complete terminal 
installat~ons 

It is relevant to note here that another Vlckers "second 
generation" c ~ a f t ,  the VA-2, which I S  now beginning its trials, 
~t not only large enough for  full-scdle evaluat~on, but also 
srnall enough for ease of transportation overseas a The introduct~on of flcx~ble membe~s  w h c h  wlll follow 
from research work now In progress, is a step towards 
Improved wave-r~drng abllity of "pure" hovereralt By employ- 
Ing s t ruc t~~ra l  flexibility, the hover-height can be less under all 

condltlons, and a saving In power and operating costs 
obtained Thus the development programme, the end of which 
has not yet been reached, goes on towards the large viable 
vehicles which have always been the ultimate aim But ~t is 
acknowledged that it would be desrrable to have a number of 
craft operational t o  ensure that the pace of development of 
the engineering aspects is maintained In step w ~ t h  the tech- 
nical advances For  example, the most practical way of 
ach~evlng longer intervals between englne overhauls is  through 
actual operations Nevertheless, V~ckers  are confident that a 
large craft, elther commercial or military, of, say, between 
100 and 150 tons can be produced to meet the requirements of 
various routes and dutres 

+STLAND'S design philosophy is based on high speed 
Wtoupled w ~ t h  amphibious capability This combinat~on, 
feasible only wlth an alr  cushion vehlcle, seems to the com- 
pany to offer by fa1 the best plospect of successful, large-scale 
commeic~al exploitation Apart from enabling transport to be 
provlded rn areas bdried to conventional vehicles, ~t g~ves  
promlse of lnaklng the larger alr cushion vch~cles fully com- 
pet~tlve with conventional means of transpolt, such as sea 
ferries It makes the all cush~on vehicle completely independent 
of costly dock and term~nal  faclhties and glves a degree of 
operat~onal flexlbil~ty previously unobtainable 

Thir basic ph~losophy led naturally to the adoption by 
Westland of the flat-bottomed, annular jet configulation. 
Whilst, from the outset, the company never doubted that ~ t s  
approach was correct, it obviously had to prove the soundness 
of its ideas with a carefully-phased development programme 
The 5-ton SR N1 -- Br~taln's first a l r  cushion vehrcle, and the 
first all-metal crait to be built --- quickly showed that the 
basic approach was sound Less than two months after it was 
launched, ~t crossed the English Channel from Calais t o  Dover 
to mark the 50th Annrversary of the first cross-channel flight 
by Louls Bler~ot in 1909 

As S R N l  experience built up, confidence grew It was. 



recognised, however, that before the company could be really 
certaln it was on the ~ ~ g h t  l~nes,  its Ideas would have to be 
evaluated wlth a craft more nearly representative of the 
50-ton veh~cle then thought to be the minimum srLe lor 
effic~ent commerc~al o p e ~ a t ~ o n  To a v o ~ d  the obv~ous rlsks of 
jumplng from a 5-ton lesearch craft to a 50-ton, high-speed 
vehlcle, it was declded to b u ~ l d  the smallest machrne whlch 
could carry the fan, Lransm~ssion and control systems pro- 
jected for the even large1 craft the company already had in 
mlnd Thls led d~rectly to the 27-ton, 66-seat SR N2 w h ~ c h  
had ~ t s  first sea trral on January 8th of thls year 

Aftel intenslve basic development trlals, duling which 
S K N 2  if anyth~ng exceeded expectations, the company 
dec~ded to o b t a ~ n  ceri~ficatlon to c a ~ r y  fare-pay~ng passengers, 
wlth a vrew to operat~ng an experrmental passengel servlce 
before the end of last summer Whilst the performance of 
S R N 2  had given every reason for confidencc, the company 
lecognised that experlence under actual operating condit~ons 
was vital The exper~mental passenger servlce, operated lointly 
with Southdown Motor Servlces Ltd between Southsea and 
Ryde, lsle of W~ght ,  last August, proved a great success Two 
aspects - turn-round times and passengei ~ e a c t ~ o n ,  both vital 
to the successful commerc~al use oi  a1r cushron veh~cles- 
were most sat~sfactory. Turn-round t~mer, as low as 3 minutes 
were ach~eved, and passenger reactron was, to quote South- 
down's Area Manager, MI. J Armstrong, "extremely favour- 
able" Posslbly the outstandrng ~mpression of passengers 
generally was the smoothness of the r ~ d e  even In roughish 
seas, an encouraging reaction as on several occasions there 
were 4 ft seas runnlng, w ~ t h  w ~ n d s  up to 30 mph Thls out- 
standing "rough water" performance stems, of course, from 
the use of a flex~ble skirt, and an 1ntens7vc development 
programme is now In hand to increase its effect~vcness st111 
more 

That the company's general confidence 1s just~fied is borne 
out by the recent conclus~on of an agreement wrth Autair 
Helicopters L~mlted of Montreal, Canada, for thc joint opera- 
t~ona l  explo~tation of Westland alr crishron vehrcles in Canada 
Mr. D. W Connor, Plesident of Autalr, has gone on record 
as saylng that he sees the most prom~sing future for this type 
of craft in the CanadIan Arctic, along the Mackcnz~e and 
St Lawrence rlvers, and In the Great Lakes area The company 
regards this demonstrat~on of confidencc by Autalr In the 
f u t u ~ e  of alr cush~on vehlcles as a most gratlfy~ng confirmation 
of its own assessments 

There 1s ev~dence, too, of lively mil~tary interest In the 
poss~b~l r t~es  of air cushion veh~cles as alrcraft carriers, landlng 

craft in amphib~ous operat~ons and anti-submarine craft. 
Practical experlence to date ~ndlcates that much lalger 
veh~cles than SR N2 are technrcally feasible B r ~ t ~ s h  Servlces' 
Interest was clearly shown by the recent establishment of a 
Joint Servrccs T r ~ a l  U n ~ t  at Lee-on-Solent 

Far  from shar~ng the recently-publlslled vrcw that hovercraft 
have fallen down badly, Westland filmly belreves that if 
anyth~ng, future prospects are growlng even br~gliter as 
practical experrence bears out, and in somc cases exceeds, 
theoret~cal expectations As the company's Chairman, Slr Eric 
Mensforth, said recently "We are arranging further demon- 
strations at home and In the world-w~dc market whlch com- 
pletely transcends the rclatrvcly llmited oppo~tun l t~es  here, 
much as we hope to see these tleveloped, for example the 
ferry requirements of the Clyde, Humber, Seveln and Solent". 

Des~gn work on the 37-ton SR N2, Mk 2, a "stretched" 
c~vrl  variant of SR N2, is In the final stages This craft wlll be 
capable of carryrng up to 170 passengers or 12 tons of freight 
a t  crulsrng speeds of more than 70 knots 

Westland is continuing to devote substantial resources to 
the development of alr cushion vehicles It  has no doubt that 
the mrlrtary and civll potentla1 for these craft fully just~fies 
the great effort ~t 1s making 

@ CUSHIONCRAFT 

T H E  CC-2 Cush~oncraft is bullt a t  Bembrldge Airport on 
the Isle of W ~ g h t  - the headquarters of Br~tten-Norman 

L~mited. John Brrtten and Desmond Norman are two unusual 
young men who have built u p  a world-wide crop-spraying 
business. 'They Invented an advanced form of atomrser, which 
they now bulld in quantity and supply to crop spraying con- 
tractors all over the world as well as uslng ~t throughout the 
fleet of more than 70 aircraft that they operate in areas of the 
Caribbean, Lat~n-Amencan, Af r~ca ,  and Australla 

It  was t h e ~ r  f a m i l i a ~ ~ t y  both wlth aviat~on in  remote places 
and the frequently associated d~ficulties of surface transport 
that turned the thoughts of Br~ttcn and Norman towards 
adaptlng Cockerell's hovercraft concept to these ends. Charac- 
terrst~cally they declded to "have a go". 

Their analysis of the fundamentals led them to the decision 
that the prlme cr~terla were a low cushlon pressure, a simple 
aerodynam~c system and a slmple fan drive system. W ~ t h  the 
support of Elders & Fyffes Lim~ted these were translated into 
actual~ty In the CC-I, an experimental vehicle designed to 
explore the basic problems of control, stab~lity and propuls~on. 

1 @ The Role of Hovercraft Development Limited 'ft~;,?:Eto;:E;!&:~:~;;:~: 
G ONSIDERABLE progress has been made slnce the autumn 

of 1958 when the order for the first hovercraft, the 
Saunders Roe SR lu 1, was placed by N R 13 C A subsrdrary of 
N R D C , Hovercraft Development L~mited, has finas~ced, 
together w ~ t h  the firms concerned, a first and second generailon 
of craft It has also set u p  a Technical Group at Iiythe, 
Southampton, to provide a technical servlce to the Industry 

The SR NI  has been n~od~fied In successive stages to the 
polnt at which ~t is almost tw~ce  11s o ~ i g ~ n a l  welght and can 
travel at more than tw~ce  its des~gn speed It has been used to 
study problems associated with a gas turbrne In a hovercraft, 
to improve d~rectional, pltch and roll stabrl~ty, to test flexible 
trunks In order to increase the effect~ve hovelhelght and to 
develop a form of automat~c pitch and roll control 

The SR N2, a desrgn based on SlK N l  experience, was 
launched in January this year and 1s capable of carrying s~xty- 
e ~ g h t  passengers at 70 knots Although ~t is piobably too 
small to be a truly economlc commcrc~al veh~cle, ~t will 
prov~de valuable operatronal experience for larger annular 
jet craft I t  has been used durlng the summer to provtde a 
trlal servlce across the Solent 

The VA-1, bullt by V~ckers-Armstrongs, was used durlng 
1961 to gain experlence on rectangular planform hovercraft 
It  was constructed malnly of wood and used one engine for 
lift and one for propulsion The VA-3, also rectangular in 
shape, lauilched in A p r ~ l  t h ~ a  year, car ies  twenty-four pas- 
sengels at 60 knots Its use is to assess operational character~s- 
t ~ c s  and ~t has run tlial-scheduled passenger services this 
summer between Wallasey and Rhyl Although thls craft 1s of 
the annular jet type, ~t differs from S R N 2  by having 
rud~mentary non-immersed s~dewalls and a lower cush~on 
pressure This firm have also built the VA-2, an arr transport- 

able demonstratron vehlcle, now belng tested 
Wrllram Denny & Bros. have built two Immersed srdewall 

craft In which ~t 1s only necessary to seal the cushion at the 
ends wrth an alr curtam Thls concept requlres low power and 
1s su~table for speeds up to 50 knots. The D 1, a first 
gencrat~on craft of thls type, was first tested by Denny 
Hovercraft Ltd ,  and 1s now belng operated by H D I, The  
D.2  1s a commercial panenger carrylng craft capable of 25 
knots and calrylng s~xty people 

Polland Alrcraft Ltd b u ~ l t  t h e ~ r  GERM to examine the 
p o s s ~ b l l ~ t ~ e s  of overland hovercraft, but due to a declslon of 
the Hawltel S~ddeley Board, have discont~nued thew work 

The CC-1 was built by Br~t ten Norman In 1960 as a test 
veh~clc This has led to the CC-2, a ten-seat craft whlch 1s 
belng b u ~ l t  by Cush~oncraft Lim~ted under l~cence from 
u n I 
11 " L, 

The Technical Group of H D L. has kept closely In touch 
w ~ t h  the development of these craft w h ~ l e  rnvest~gat~ng the 
potentla1 improvements In the effic~ency and stability of 
hovercraft systems One specral~st appl~cat~on,  the Hovercar, 
IS  bang  studied In detail T h ~ s  is a projected 300 mph 
~n te r -c~ ty  transport, suppolted by "air-bear~ngs" In a shallow 
V-shaped concrete track Varrous forms of propuls~on are 
be~ng  consldcied, ~ncludlng the linear motor under ~nvest~ga-  
t ~ o n  at Manchester Unlvers~ty A scale-model test track is 
b a n g  built in Hythe 

As more hoverc~aft  operat~onal expcrlence 1s gamed the 
role of H D L has tended to change It now has the task of 
providing the answers to technical querles raised by the 
Industry and at the same t ~ m e  attempting to look ahead 
suficiently to be able to provide the answers to future 
problems as they occur 



The CC-1 adm~rably served rts pulpose ~t pointed the way 
toward the des~gn of a practrcal amphlblous alr-r~clng vehicle 
The result, the CC-2, first flew In August 1961 and was almost 
lmmedrately purchased by the Mlnistry of A v ~ a t ~ o n  
I he f i~s t  p~ototype of the C('-2 was a ten-seater, powercd by 

a Rolls-Royce V-8 automobile engrne driving two large- 
diameter centrifugal fans and dlscharglng through annular 
slots with gulde vancs Wlth a designed clearance he~gh t  of 
12-24 Inches accord~ng to load, the vel~icle comb~ned a c ~ u i s -  
Ing speed of about 40 mph and a range of n,ound 500 mlles 

The Mlnlstry of Avla t~on has been us111g the f i r ~ t  CC-2 for 
a research programme on alr cushlon vehlcles at  the Royal 
Alrcraft Establrshment, Bedford. Before dellvery to Bcdford 
the claft was cxhlb~ted at  the Inte~national Boat Show In 
London and aroused a great deal of Interest - not so much 
flom yachtsmen as from harbour authorrt~es, rescue organrs- 
a t~ons ,  011 companles and other people faced wlth personnel 
communication and general transport nroblems In remote - 
parts 

T o  calry forward the bulldrng and marketing of Cush~on-  
craft, Britten-Norman formed an assoc~ated company wlth 
J .  Samuel W h ~ t e  & Co. L td ,  the Cowes shipbuilders, wh~ch ,  
under the name of Cush~oncraft L~mlted,  was capltal~zed a t  
£100,000 

W o ~ k  was started almost ~mmed~a ic ly  on the second CC-2, 
the design of w h ~ c h  has been modified In de ta~ l  as a result of 
further development work The ch~ef  d~fferences ale a change 
of profiles of the bow and stern, and the use of rather larger 
diameter fans. The power output of the englne has also been 
increased and new gearboxes adopted for the fan drrves. 

The second CC-2 has been bought by the War Ofice for 
experimental work at  the Flghtlng Veh~cle  IZesearch and 
Development Establishment. The craft I S  nearlng completion 
and will be delivered at  the end of its trlals. 

What of the future? Br~tten-Norman have evolved what is, 
perhaps, the only pract~cal alr cushion veh~cle w ~ t h  w h ~ c h  
potentral operators can economrcally gain a workable tool 
with which to amass experience In the operat~onal pros and 
cons of thls new form of transport 

There is a large number of companies around the world 
whlch, ~nd~vldually,  are only too conscious of the fact that 
sooner ol later they will have to operate alr cushion vehlcles. 
There are, equally, companles who see In the alr cushion 
veh~cle a posslble solut~on to many of the transport dlficultles 
w ~ l b  whlch they now have to deal. But to  gain working 0 experience, even on a small scale experimental basis, IS an 
expenslve undertaking At a U K prlce of about £25,000 the 
CC-2 IS a relatively low-cost solut~on to the problem. 

@ DENNY HOVERCRAFT 

D E N N Y  HOVERCRAFT LIMITED, a subsidiary of the 
old-established Scottish shlpbuildlng firm of Wll l~am 

Denny and Brothers Limlted, was formed to develop hover- 
craft for high-speed passenger and freight servrces on rlvers 
and estuaries The company at present concentrating on 
srdewall types and forsee? the eventual development of rrver 
hovercraft of up to 1,000 tons a u  w and wrth speeds up  to 
60 knots 

Construct~on of the company's first craft, the Denny D I ,  
began In November 1960 and it was completed In May 1961. 
Bullt of plywood and mahogany and wlth a ductlng system 
and noz7les of sheet steel, the I1 1 was built to carry a tna l  
crew comprlslng a drlver and two ~nstrument observers 

The l ~ f t  fans are drlven by two 25 h p  3-cyl~nder Excelsror 
water-cooled englnes and the propuls~on propellers by two 
50 bhp Mercury 500s 

The speed attalned as a mean of two runs In good con- 
d~tlons over a measured mile was 176  knots Agreeable 
chalacte~lstics demonstrated by the craft Included the good 
stabll~ty and comfort provided by the air cushion, whlch 
appeared to Iron out small waves; and that no noticeable waves 
developed when the craft was travell~ng above 5 or 6 knots - 
an attractive feature slnce 11 mean, that ~t would not upset 
small craft 111 the vlcin~ty nor damage the banks of rlvers 
The craft steered and handled well and compared favourably 
in t h ~ s  respect w ~ t h  most convent~onal water c ~ a f t  of s~mi la r  
slze and speed 

After complet~on of the first part of the t r~a l s  of the D 1 
~t was declded that sufficient proof had been established as to 
the pract~cal comrnerc~al value of the s~dewall  hovercraft and 
the des~gn of a larger c ~ a f t  was started - the D 2 

Four craft were to be bullt and these were to be of the 
same arrangement. carrylng 70 passengers The length of the 
D 2 1s 83 ft  6 I n ,  w ~ d t h  19 Et. 3 I n ,  estimated service speed 
25 knots, and pay load Sf tons The two propuls~on engines 

Designer of the Derzny range of hovercraft it C.  F .  Morris, 
who forrees the developn~ent of sidewall hovercraft with 
speeds u p  10 60 knots. 

are Caterp~llar D 333s and the two fan englnes are Catcrprllar 
D 330s 130th types are turbo-charged aftercooled marine 
dlew1.i Propulsion 1s produced through two Schottel rudder 
p~opel ler  units attached to the transom These u n ~ t s  can turn 
through 360" In the hol~zontal  plane and therefore the cralt 
can be steered by turnlng the p~opellers to face any dlrectron 
requlred for any manoeuvre 

Because of the need to be able to produce, ~f requlred, large 
numbers of craft of thls type and to keep an acceptable werght 
to the structure, the materlal used had to be carefully con- 
sldered Exper~ments were undertaken over a perlod of SIX 
months and finally a declslon was made to use glass-reinforced 
plastlc The result of exper~ments was satisfdctory and a large 
buildrng shed was spec~ally fitted out to enable construct~on to 
start Fabricat~on In G.R P can only be undertaken sa t~s-  
factorlly I£ the temperature of the alr In the workshop 1s 
stable wlthln the llmits of 60" F mlnrmum and 70" F 
maxlmum and therefore thermostat~cally controlled a l r  heaters 
were fitted In the shed and the walls and roof were Insulated. 
Large plywood moulds were made for the sidewalls and 
frames and constructlon started In Aprll 1962 

The craft IS designed structurally to be capable of w ~ t h -  
standlng the follow~ng c o n d ~ t ~ o n s  which could arlse In service : 

a Bendlng forces (transverse and longitud~nal) caused by 
a wave of the length of the craft (and L/20 In helght) 
In the sagglng and hogglng posltlon 

b Local wave impact forces on the bottom alld bows of 
the craft 

c Propeller thrust forces orr the t~ansom beam 
d Docklng and shipplng loads 
e Crash acceleration loads on the engrnes and seats 
Thc preparation of mould? for  the bulldlng of G R P .  

components Involved a great deal of tnne and In ordel to 
produce a cratt of the D 200 serles quickly the first one was 
bullt In plywood employing the same type of constructlon as 
that used for the 13 1 The structure of the 13 2001 has the 
deslgned strength of the C R P craft rn the serles and In 
appearance IS almost ~dentlcdl to them 

The D 2001 was launched In July 1962, and it had been 
hoped to ~ n t ~ o d u c e  the craft Into service on the Thames In 
eally August for Londoil holidaymakers It was found necessary 
however, to Introduce some mlnor structural mod~ficat~ons 
whlch took longer than expected, and the season was ln~ssed 
The D 2001 and at  least one of ~ t s  slster craft wlll be 111 
servlcc exper~mentally next year 



F I R S T  large hydrofoil claft developed In Japan, the 
M~tsublshi MH-30 1s an 80-seat passenger craft des~gned 

for use In the rough waters round the Japanese Islands 
I t  operates through waves up to two metres with very l~t t lc  

pitch~ng or rolling and has a top speed of about 40 knots 
The maln folls are surface plercing whlle the aft foil, which 

callles the propeller nacelle, is fully submerged. Both folls are 
bullt In steel and are supported by long struts Follborne, the 
clait maintains a clea~ance of 170 centlmetres between the sea 
surface and the bottom of the hull enabling lt to rtde smoothly 
over quite rough water The propeller 1s described as belng 
of "solld three-bladed crescent type, one m e t ~ e  In diameter " 

Power is prov~ded by a 12-cylinder 12WZ-AK hlgh-speed 
dlesel opeiatlng on kerosene A Z-type drive 1s used, which 
according to the company, not only reduces the chance of 
occaslonlng cavltatron, but lmproves seaworthiness since ~t 
permlts the hull to r ~ d e  higher above the water 

Hydraulic steering 1s fitted and the main cnglne 1s remotely 
controlled from the br~dge. 

Passenger accommodat~on is set on two levels Working from 
stem to stern, the f o ~ e  passenger quarters, set on the lower 
deck, seats 40, lmmedlately behlnd at maln deck level is a 
lobby for 15 passengers, and aft of thls, on the lower-deck, 1s 
a saloon for 25 passengers 

A crew of three 1s calrled, compr~sing captain, engineer, 
and purser. 

Principal Data 
Length overall : 20.60 rn; breadth (maximum) 5.00 rn: 

breadth (at waterline) : 4.34 m; breadth (maximum at hydro- 
Foils) : 12.50 m;  depth (hull) : 2.50 m; depth of hydrofoils 
(from bottom of keel) : 3.15 m. Designed draught at full load 

(to bottom of l~ydrofo~ls  in d~splacement conc!~tlon) /abc ut 
4 10 m, iollborne draught. about 1 65 m 

Welghts Uross tonnage, about 75 tons, dlsplacernent at full 
load about 35 tons 

Powerplant Mr t sub~sh~  Toll dlrect-injection, turbocharger 
wlth intermediate cooler, 2-cycle dlesel englne, I2WZ-AK 
Type Max~mum output x revolut~ons . 1,500 PS x 1,600 I p m 
Normal output x revolut~on 1,350 PS x 1,500 r p m 

Performance Max speed, about 40 knots; servlcc speed, 
about 35 knots, crulslng rad~us,  250 nautlcal m~les  

9 

Delails o f  the irft submerged hydrojoil, propeller and rudders 
are seen in this slern view of the craft 
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MERCANTILE MARINE ENGINEERING & GRAVING DOCKS Co. S.A., ANTWERP 
Reconditioning & conversions of vessels up to 65,000 t.d.w. can be 
undertalien in one of our five private dry docks. 

Repairs are also carried out in the City Dry Docks or at the loading 
berths of the vessels. 

Agents for the  [Jnited Kip2gdom G? Ireland 

Andrew Low, Son & Co. Ltd., 60 Fenchurcl.1 Street, 
l'el. : Royal 5275/6/7/8 London, E.C.3 
Henry 7'. Meadows & Sons, Worrnwood Street 23/24, 
'I'el. : London Wall 1412 London, E.C.2 
Capmarine Agency Ltd. (Greek Shipping), 11 Goring 
'I'el. : Avenue 565'213 street, London, E.C.3 

Telegrams : Shafting-Antwerp 

T e l e x  : Shafting an 03.219 

l 'e lephone : 41.04.20 
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STRUCTURAL LOAD CR A FOR 
NAVY HYDROSK MMER A 
CUSH ON VEH CLES 

::' Robert F. Stark, Capt., USN, Head, 
Preliminary Design Branch, Bureau of Ships 

David H. Winter (Go-Author), Ilydroskimmer 
Project Engineer, Bureau of Ships " 

Z~~trod~~ction 
r THE authors wlll set forth the assumptions of structural 

load crrterla adopted fol use 1n the present deslgn of the 
SKMR-I, the Bureau of Shlps 20-ton research alr cushron 
veh~cle (ACV) These crlterla are iegulated to a degree by the 
shlp slzes now being studred The paper wlll cover the phllo- 
sophy and data whlch are used as a basis on whlch to 
establish the assumed criterla The data whlch must be used 
includes ACV model test results, seaplane landlng test results, 
ACV craft trlal results, and planing craft trlal results 'The 
dlscuss~on of philosophy will cover model tests, flylng helght, 
cushlon attenuation, hull form, expected usage, and how each 
influences the estabhshment of the crlter~a used when con- 
slderlng the confllct~ng and sometimes 1nsuKiclent data The 
authors hope for crit~cal comments on the desrgn phllosophy 
and crltcrla adopted. Indeed, the value of thrs paper wrll be 
measured by any lmprovcment In structural deslgn crlterla 
whlch it  can generate, for 11 1s the structural des~gn cr i ter~a 
w h ~ c h  has such a great bearing on whether or not the craft 
w1I1 meet its performance requirements 

Philosophy 
In dlscusslng the des~gn phllosophy for Hydrosk~mmer 

(Bureau of Shlps ACV) structure we must glve consideration 
to the types of operatlons which are most llkely to be requlred 
The Bureau of Shlps 1s charged wlth the development of these 
craft as mrlitary vehrcles Loglcal mlssrons wlll include open 
ocean operatrons, beachlng and amphibious operations and 
hlgh-spced off-shore operatlons All of these misslons wrll 
requlre a deslgn crrterra whlch Imposes slgnlficantly greater 
structural loadlng than that requlred for the normal non- 
military misslon A polnt-to-point ACV ferry to be operated 
In Chesapeake Bay, for example, would hardly be expected to 
expelrence the load~ngs of an ASW I-Iydrosk~mmer The 
result is a significantly dlfierent s t ructu~e for the two deslgns 
and certainly a d~fferent stluctural weight as a percentage of 
all-up weight 

The deslgn phllosophy discussed herern has been applled to 
the design of thc Navy's SKMR-1 It  1s expected that much of 
~t can be applred to larger craft One of the major mlsslons of 
SKMIZ-1 wlll be to verlfy that the assumed structural crlterla 
are adequate for military operations In rough water 

The SKMR-1 has the following principle characteristics 
The length overall 1s 65 feet 
The beam 1s 28 feet 
The longlt~~dlnal C G 1.; 6 Inches forward of the Cushlon 
(? G 
The vertical C.G. is 70 inches above the flat bottom. 
The design weight is 45,000 pounds. The craft flies at 1.5 

feet at a speed of 70 knots over smooth water at this weight. 
The craft is assumed to travel at 50 knots at the same height 
and weight when travelling in state three sea. These are the 
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eondltions consldered for the structural design when cushion- 
bol ne. 

The maxlmum welght 1s 55,000 pounds The  craft f l~es  a t  
1 2 5  feet at a speed of 70 knots over smooth water a t  this 
welght. Thls 1s the welght of the craft 111 a state three sea 
consldered for the structural deslgn when hullborne 

The Hydrosklmmei, when cushlonborne, is under comblned 
hydrodynam~c and aerodynarnlc forces whlcb cannot be 
separated for analysrs Different model tests with varylng 
hull forms and cushlon arrangements w ~ l l  provide some 
guldance as to the relatlve effects, but model scallng factors 
for peiformance In waves st111 require verlfication. 

It  is assumed that the cushron has an ert'ect of attenuating 
the loads cxperrenced In a rough sca T h ~ s  1s eonsldered to  
take the form of deformation of the wave tops by the hrgh 
energy air curtain of the c~lshlon and of the shlp movlng rn 
antlclpatron of the sea force by senslng and reacting to ~t 
through the cushlon actlon The deslgner assumes a reductrorr 
of some loads because of thls cushion attenuatron when using 
test data from hulls having no cushlon 

The hull form of the I-lydiosklmmer, whlch must be deslgned 
for rough water operation at hlgh speed, is a complete com- 
plomlse of good form for both the cushlon llft and seakeep~ng 
An efticlent cushlon for lift requlres a large flat base, good 
seakeeprng in iough water requlrcs anythlng but that Because 
the H~droskimmer 1s deslgned prlmarlly for rough sea, there 
1s a tender balance between the seakeeplng hull torm and a 
hrgh flyrng cushion, both of which wlll tend to reduce the 
structural loads experrence In rough rea 

* Preserzted at the Nntior?al Meeting on  Hydrofoils arzd Air Cushion 
Vehicles, Washington, September 17th and 18th, 1962, sporrsored b y  
Z.A.S. rrnd U.S .  Navy.  



The expected usage of the s h ~ p  wlll have a direct influence 
on the structural load criteria If the craft or ship is to be an 
amph~bian, ~t wlll requlre a hlgher effective cush~on lift and 
a h~gher  flylng he~ght.  Of necessity, to keep the werght down, 
the structural design crlter~a must be eased This can be 
just~hcd by the fact that the craft 1s flying h~gber  ovel the 
waves and land and wlll contact less severely. Even w ~ t h  thls 
fly~ng he~ght,  ~t IS necessary to set down In rough sea and 
this wtll contiol the degree to which the structural desrgn 
criteria may be eased. 

It  is cons~dercd that trunks, skegs, and skirts will appreciably @ reduce the loads exoericnced bv the ACV. These must be 
tested on large ~cale~vehicles  to get significant data. 

Data 
The data which will be given will only be a cross section of 

that which is available. The few reports containing information 
of this type are readily available to the reader and it will 
serve little to  attempt to do more than summarize some of the 
more important loadings from the references. 

The Bureau of Ships initrated Hydroskimmer model tests 
in an attempt to supplement the data already available at the 
tirne. Convair, General Dynamics, ran tests of two dynamic 
models of different basic configurations.l One was rectangular 
in plan form and had side skegs piercing the water. The 
other was ogive in plan form and had a flat bottom. The wave 
system was contacting the models when the maximum 

Figure 2 

accelelat~ons were recorded Vert~cal accelerations measured 
at the bow and C G. of both models, run over unlform waves 
intended to simulate as closely as poss~ble a state five sea to 
a 200 foot ship, were the same value of about 2 g s Power 
fallme runs of both models showed vert~cal accelerations a t  
the C G. of about 3 g s. D a v ~ d ~ o n  Laboratory, Stevens Lnst~tute 
of Technology, ran tests on a dynamic inodel configured to 
represent a compromise between the side skeg and flat bottom 
configu~ ations tested by Convair 2 Thls model waq run In a 
s~mulated random state three sea to invest~gate p ~ t c h  and 
heave charactelistics The vertical accelerations agreed well 
w ~ t h  the Convair tests The average of the htghest 10 per cent 
of the maximum veitlcal accelerat~ons of the C G at a 
colrespond~ng full scale speed of 50 knots was about 2 5 to  
3 g s The weight distr~bution cl~aractei~stics of these shlps 
would indicate that the best assumpt~on for the Hydroskimmer 
would be vertical acccleratlons neal the end of about 8 g s a t  
the bow and negat~ve 2 g s at the stern with a resultant 2 5 to 
3 g s at the C G for the prominent condition of bow slap This 
data strongly governed the deslgn cr~teria assumed 

The planing hull, seaplane and other data are best utllised 
to supplement the Convalr and Stevens data Full scale tests 
on the SR N1 indicated vertlcal accelerations of 8 g.s. at bow 
and the mean effective pressure on the bottom not exceeding 
10 p s i 3 The planlng hull data depends to a large extent on 
the hull form. Heller and Jasper found in the testlng of a 
full scale alumrnlum torpedo boat vertlcal acceleration a t  



the bow of 11 g s and at the stern of negative 2 g s and a 
maxlmum eirectlve pressures on the bottom up to 36 p 5 I 
under cotidrt~ons of 35 knots In a state foul sea 4 1 j~ingstrom 
notes verl~cal acceleration of 7 g s in the bow and maxlmum 
local bottom pressures of 20 p s I have been measu~ed on 
normal V-bottom boats at 45 knots In a heavy sea 5 DuCane 
records vertical acceleratlons of 8 gravities at the bow and 
maximum pressure measurements of 12 p s I on the bottom 
of a 63 foot h~gh-speed launch operating at about 40 knots 
As can be seen thcie 1s a large difference between these data 
for planlng craft Ditch~ng tests at Wageningen were run to 
determlne pressures and accelerations on the flat bottom of a 
clrcular and an oglve plan form model The vertical 
acceleratlons for the cllcular model vatled from 5 to 15 g s 
whereas, the vertlcal accelerat~ons for the oglve model varied 
from 5 to 30 g s  These models habe no ail cush~on and 
accele~at~ons registeled have been discounted lor Hydro- 
~ k ~ m m e r  design M a x l m ~ ~ m  bottom pressures of 20 p s I wlth 
no attenuation cred~ted to the alr cushion were recotded 

The data may be tabulated as follows 

Reference 

1 
2 
3 
4 
5 
6 
7 

SKMR-1 

Maximum Accelerations 
(g.s.) Bow C.G. Stern 

Maximum 
I'ressures 

(p.s.i.1 
Bottom 
- 
- 
10 
36 
20 
12 
20 
15-20 

Figure 1 is based on data contained in a NASA report of 
pressures recorded on flat bottom and vee bottom models 
planing over water.8 It  is used for determining the pressures 
on the bow and bottom of hull forms which may have an 
angle of attack or  a deadrise angle entering the water. Know- 
ing these and the craft velocity (feet per second), the maximum 
pressure, P max. (p.s.f.) can be determined. The tabulated data 
above and Figure 1 were used to determine the pressures 
assumed for the SKMR-1 design as shown in Figure 2. 

Criteria 
Using the data and following the philosophy even here, the 

Hydroskimmer design load criteria was derived. Figure 2 
gives the pressures assumed on the shell of the SKMR-1. 

These assumptrons were m a n l y  based on Figure 1 and the 
SR N 1 test I esults. Frgure 3 grves the vei tical water forces 
(pounds) and t r an~ la t~ona l  and rotatronal accelerat~ons (g.s 
and radians per second,g respectively) assumed for SKMR-1 
and to a number of d~fferent hydrodynamic load condrtions as 
lnd~cated by the sketches in Figure 3. These accelerat~ons are 
used In the des~gn of the major structural g ~ r d e r  of the hull 
and for the foundations of the equrpment and machinery 
The condrt~ons are for a speed ot 50 knots rn a state three sea. 

Conclrl rrons 
The followrng conclus~ons are made 
a The ph~losophy g~ven in t h ~ s  paper is that appl~ed to the (. 

SKMK-1 structural deqign 
6. It In bcl~evcd that the critcr~a shown is realistic for open 

ocean applicat~ons 
c. 1 he criterla shown is basicdly ACV model test and test 

craft results moddied by planlng craft data 
d. An extensive test programme of the SKMR-1 wlll ver~fy 

the assumption5 made and the model test scallng tech- 
nlqucs used for the structural deslgn cr~terla of the 
SKMR-1 
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by E. I. Eveleth, 

S O  far most of the hydrofoils built have either been of the 
rather large surface-piercing type or based on small surface 

piercing k ~ t s  for outboards and small run-abouts. 
The Marine Systems Corporation thought that there was a 

very definite need for small submerged foil hydrofoils and 
consequently designed the XI-C, a 40-foot vessel carrying 24 
passengers. T h ~ s  craft has two gasoline engines and uses out- 
drives with extended shafts to each propeller on the two stern 
foils. It also has a conventional standard out-drive in the 
stern for use when the vessel is operating as a displacement 
craft. These small vessels can be built in approx~mately eight 
months at a cost of less than $100,000 each, depending on the 
equipment required. There is an alternate power arrangement 
using three small turbines. 

The next model which the company is offering is the 
Model XVIII, a 52-footer carrying 48 passengers and using 
a lightweight 900 h p  diesel engine with a vec transmission. 
This craft is also under consideration in a slightly stretched 
version - 55 to 65 feet - using two 900 hp  lightweight diesels 
and carrying a much larger passenger load. 

Marine Systems Corporation designed for the oil industries 
as hydrofoil work boats, the Model TV-B, a 45-footer, and 
the Model IX, a 65-footer. The IV-B was to be powered with 
one 1200 hp  gas turbine and the Model IX with two 1200 hp  
gas turbines. 

At the same time the company designed the Model V, a 
44 passenger hydrofoil vessel, 45 feet in length, with one 
1200 hp gas turbine, and the Model VII, an 86 passenger 
hydrofoil of 65-foot length, with two 1200 hp  gas turbines. 
The Model 11 was a 90 passenger 75-foot vessel with two 
1200 hp turbines. None of these vessels have been built t o  
date but they have all been laid out in engineering concept 
and designed to operate efficiently, with low maintenance. As 

Marine Systems Corporation 

the studies proceed with craft of various sizes and configur- 
ations, it is interesting to note that when route surveys were 
made, the operat~onal costs afloat versus block distance came 
out in  every case from 2) to 5 cents per seat m ~ l e .  The other 
interesting part of the surveys revealed that the hydrofoil was 
showing the same improvement over convent~onal types of 
marine transportation that the jet aircraft showed over piston 
aircraft. Also it was discovered that the hydrofoil, when 
compared to a similar cost helicopter, could carry four times 
the load at slightly better than half the speed and at one-third 
the cost of the helicopter. Practically all of the hydrofoils 
contained in this study cruise at 50 miles an hour which is 
approximately three to four times the speed of conventional 
sea-going transportation. 

Submerged foil craft can run smoothly in any sea u p  to and 
including the clearance from the bottom of the hull to the 
surface of the water. On the larger seagoing craft the 
clearance from the bottom of the keel to the ocean is 
approximately 4f feet, so for the first 4b feet of sea the 
vessel feels no effect whatsoever. With seas over 41, feet 
automatic stabilizat~on equipment begins to give the vessel 
a slight heave over the seas encountered. This device is 
actuated electronically by a sensing device which determines 
the size, amplitude and characteristics of the seas encountered. 
The result is, of course, high speed marine transportation with 
an absolute minimum of seasickness. So much interest has 
been shown in the smaller craft, i.e. in the $100,000 category, 
that Marine Systems have laid out a Model XI-E as a 
hydrofoil yacht. 

At this point it is of interest to review some of the typical 
studies made of estimated operating characteristics. The first 
one showed a Model X I  Sea Flite operating four round trips 
per day between Ft. Lauderdale and Miami Beach. The total, 



annual operat~ng cost appeared to be about $91,220 pel year 
wlth a maximum posslble estimated return of profits of 
$1  10,280 per year Thls is all posslble with a vessel costrng 
$100,000 The second study was of a Model V running from 
Miaml Beach to Brmlni on 3 round t r ~ p s  per day The cost of 
this ves.icl was approxlmdtely $330,000 and its annual total 
opelatlng costs would be approxlmately $210,500 per yea1 
with a possible profit of $384,500 per year ~f run at 100% 
denslty The third run was a study of a Model VII costrng 
approxlmately $660,000 running from Ft Landerdale to 
Freeport, Grand Bahama two round trips per day The total 
annual operating costs would be approxlmately $377,000 per 
year and the potential yield of profits 1s $655,000 per year 

- I --- a I -  
Model X I - E - A  Sea Flite arranged as a hydrofoil yacht. 

Model X I - C -  - a  24-pussengcr cruft of the iype being built 
lor North American Hydrofoils. Below, searing plans for the 
Model ZI Sea Flite, seen in our leading illustration. 

Where has there been a plece of caprtal equrpment deslgned 
that has the astonishrng potential if run on an appropriate 
schedule at 100% density of wilting off ~ t s  entlre cost in the 
first year and a half oC operation 7 

I belleve that ~t IS important to bury some of the slieletons 
and slay some oi the dragons that lay in the way of thls new 
programme Nobody in t h e ~ r  wrldest dreams ten years ago 
would have thought oi payrng five to elght million dollars for 
a jet aeroplane and yet t h e ~ r  very speed and tart  turn around 
have provecl them extremely s~~ccessful because they have 
replaced a large number of other aircraft and still do not have 
to carry cxcess~vely large crews 

The hydrofoil is here to stay and it is our belief that the 
submerged foil vessel wlth valiable incidence controls will be 
the type used for off-shore work and that 1963 will be  
hydrofoil year in the U S A 

In the United States suburbia is breaklng the backs of 
railroads Commuter runs are too short for alrcraft, t o o  
expens~ve for llelicopters Monorails and llke posslbilitrtes for 
h1g11 speed ground transportation wrll one day be a fact but 
are not wlth us yet 

Most major cities are on the waterfront of oceans, lakes or  
rivers Suburbs tend to fill u p  first along the watei, so com- 
muters become familiar wrth the water, have an  affinlty for it. 
Occasional sporad~ ,~  attempts on the part of water carrieis 
have tailed for a number of reasons, prlncrpal among w h ~ h  
has been the relat~vely low speed of thew vessels. 

Tlydroforls can fill the water gap, and hence the commuting 
gap They ale capable of hlgher average speeds than even 
rarlroads in congested urban complexes, they can be run at a 
proht, and they can bring an  advantage pleasantly novel to  
marme transportailon : freedom from seas~cltness 

For  many years Europeans have been routinely ferrred back 
and forth over commuter distances in bydrol-oil vessels. The 
success of these ventures has been marked, both from the 
standpoint of passenger comfort and satrsfact~on and from 
that of carrier profit 

No type of transportation 1s wholly weather-proof Gales, 
ice, fog and other natural disturbances cause tiouble wlth all 
schedules Hydrotolls are just as susceptible to  these disturb- 
ances In wave condrtlons too heavy for conventronal craft of 
s~milar  size, hydrofoils will, however, be far more comfortable, 
slnce then appendages act as stabili~ers Fog wlll be a 
problem until a type of radar is perfected which can "see" @ 
objects suficrently far ahead to enable the operator to change 
directLon at the relatively high speeds utilized. Such ladar will 
be available soon 

The first commuting venture of hydrofoils In the U S  will 
be inaugurated In early 1963 from Atlantrc I-Tlghlands, N J. ,  to 
Manhattan by North Amerlcan Hydrofoils, Tnc. Thls route was 
selected for two very placllcal reasons. Flrst, New York and 
environs is an ldeal location as a "springboard" for a new 
idea because of the vast quantity of Indigenous water l o ~ e ,  
promotron media, venture cap~tal-and traffic congestion 
Second, the iun mentioned wrll save partlcipat~ng commuters 
approxlmately one hour each way, due to the shape of the 
Lower Bay and the resulting necessity for long mllcage over- 
land from the H~ghlands area 

North American Hydrofoils has ~nvestlgated something like 
70 commuter runs offerlng advantages of a like nature. By n o  
means arc all so dramatic in t ~ m e  savlng as that from Atlantic 
Highlands, but each is of interest Seventy IS nowhere near 
the saturat~on figure 

Another first for North American Hydrofoils will be the 
introduction of submerged foll vessels to a commercral enter- 
prlse North American Hydrofoils selccted the submerged 
type in the bellef that speed and comfort are advantages 
requ~slte to earn passenger loyalty, and also that competition 
would inevitably come to submerged foils in  a short time. 
Whl ,  then, not start wlth the most advanced 7 

The first two hydrofoil vessels to be operated by N A . H .  
are be~ng bullt by Marlne Systems Corporat~on of Mlaml, 
Florida rhese modern craft will be launched late In 1962 and 
wlll be tested exhaustively In southern waters prior to the  
inauguration of the New York commuting runs 

North Amerlcan Hydrofoils, Inc ,  IS led by three marlne- 
mindcd people whose names have for decades been ltnown to  
the yachtrng world on the Atlantlc Coast and the Great Laltes 
Pres~dent 1s Harry G Nye (formerly of Murphy and Nye), 
who has earned ~nternational yachtlng fame H e  1s president 
of Nye Tool Company and Galesburg Malleable Iron Lceds 
Mltchell JI. is vice-pres~dent, yachtsman, and alrcraft pilot 
in the l lSAF Secretary and Treasurer 1s Paul~ile S Goltra, 
president of Cjoltra Foundries, and a well-known yachtswoman. 



Slide I .  Elevr~tion .section of Everglades Speedster. 

MATERIALS AND FABRlCATllON 
TECHNIQUES IN AIR CUSHION VEHlCLES 

by B. F. Holcombe, 
Project Director, 
Reynolds Metals Company 

HILE the cushioning effect of the ground on lifting 
surfaces such as wings and helicopter rotors has been 

known for  more than fifty years, it has only been in the past 
five years that serious proposals were made to build machines 
which would make a significant use of the ground cushion 
principle. 

As you all know, it has become customary to refer to those 
devices whi:h use the ground cushi;n as their principal 
support as Ground Effect Machines -thus distinguishing 
them from airplanes and helicopters which only incidentally use 
the ground cushion as a support 

Reynolds Metals Company became interested in this relatively 
new field because we felt that GEMs offered a large potential 
use for  aluminium. We felt that aluminium would be a natural 
material for GEMs because of its light weight, good strength 
to weight ratio, workability, corrosion resistance, and ease of 
fabrication. In  addition, two key industries in the development 
of practical GEMs -- the aircraft and boat industries - are 
1:amiliar with aluminium. 

We also felt, after a preliminary investigation of the field, 
that a realistic approach toward GEM design must include a 
l~ghtwe~ght  metal 

While the GEM 1s nelther a boat nor an airplane, it docs 
use aerodynamic prlnclples 111 ~ t s  construct~on - whlch means 
~t should bc built as hght as posslble 

On the other hand, the GEMs - In a principle of constiuc- 
tlon completely forelgn to aircraft engineering-- have to be 
designed to be homogeneously elast~c Because GER4s operate 
close to the water and can, therefore, h ~ t  thz clests of yaves, 
they must be able to absorb thls Impact elast~cally and 
dlstrlbute ~t to the rest of the craft A rlgtd hull would be very 
clangerous If ~t were feasible, a hull made out of rubber would 
be ideal bccause of the great elastlclty Aluminium meets the 
requ~rements best bccause of ~ t s  low modulus of elastlclty and 
~ t s  good strength to weight ratio 

Another factor that supported the use of aluminium in the 
design of a GEM IS that the welght of a GEM 1s supported 

d~rectly by the cushlon, whlch 1s underneath the whole craft. 
As a result of dlstrlbutlng the weight equally over the bottom 
of the craft, the hull itself could be  made from thin, stretch- 
formed a l u m ~ n ~ u m  

Convinced that the concept of vehlcles whlch sklm over 
land and water on a cushlon of alr was sound, Reynolds 
dcclded to encourage the development of t h ~ s  new code of 
transportailon by developing econom~cal fabrlcatlon techniques 
- uslng alumln~um, naturally 

I c  the past three years Reynolds has part~clpated In many 
phases of the deslgn, f a b r u t i o n  and testing of four GEMs. 

1st - The " Ilen " (now called GEM 11) 
2nd -The McCreary Machlne 
3rd - Our latest G E M  1s called the " Everglade Speedster " 

-and was completely deslgned and fabricated by Reynolds. 
Mr Carl Weiland was retamed by Reynolds Metals Company 
as a consultant on t h ~ s  work. It  went on the drawing board 
In July, 1960, and was completed in May, 1961. T o  date it has 
accumulated more than 150 hours of service. It  holds sustained 
speeds of 75 mlles-pel-hour, a hft  of 16 Inches 

The fourth machlne, a 16 passenger vehlcle, has been 
deslgned but not constructed 

The craft 1s deslgned to operate elther on land or water, 
but it was built p r ~ m a r ~ l y  f o ~  use on water. It is completely 
floatable The lrlte~lor of the hull IS llned with SIX inches of 
polyurethane foam, with a buoyancy double the we~gh t  of the 
craft Thus, it could bc sllccd Into sect~ons and each sectloll 
would st111 float 

The " Everglade Speed.;tcr " also has d~stlnct advantages 
over boats uslng hydrofoils, rncludlng better v l s ~ b ~ l ~ t y ,  ablllty 
to operatc over Ice, snow, swamps and shallows, and freedom 
from damage from logs and other debrls frequently encoun- 
tered on r lve~s  and lakes 

Let me emphas~ze, however, that the " Everglade Speedster " 
1s only a prolotype Certainly lt 1s a successful prototype of a 
p~actlcal, opelational craft, but I conslder ~t only the first step 
In a serlcs of design and construct~on stages which eventually 



will result in practical, high-spced, low-cost, operational 
GEMs of sufficient size and versatility to accomplish many 
missions. 

The next stage in thc development programme of GEMs will 
be the construction of a larger craft. Such craft might perhaps 
wcigh 20-tons arid be capable of making a s ~ e e d  of 100 knots, 
and might possibly be similar to the Navy's Hydroskimmer ". 

This large craft would give us the required data for the 
design and construction of other large air cushion vehicles 
for such purposes as:  

1. Anti-submarine warfare 
2. Rescue operations 
3. Fire-fighting 
4. Assault landing craft 
5. Torpedo boats 
6. Cargo craft 
7. Passenger craft 
8. Commercial service vehicles 

Before ,cliscussing the design details of the " Everglade 
Speedster and some of the drawing board dreams of our 
engineers - all of which I know will be of interest to you--- 
1 have a short film I would like you to see. I t  shows threo 
Reynolds GEMs in operation. 

(The movie shows (1) The " McC?:aryx machine being 
test-run for study of controls, (2) The Ilen " machine being 
test-run for the Marine Corps a t  Quantico, Virginia, and 
(3) The Reynolds Everglade Speedster" tested at speeds up 
to 75 miles per hour on the Ohio River at Louisville, Kentucky.) 
Film 

The film you have just seen should give you a good idea 
of the extent of Reynolds' participation in the early develop- 
ment of Ground Effect Machines. The"results of our efforts 
are wrapped up, to a great extent, in the Everglade Speedster." 
This vehicle has been credited with being the fastest GEM 
in the free world, and possibly the whole world. It  has proved 
to be a reliable machine, ,;equiring very little maintenance. 
The "Everglade Speedster is by no means the ultimate in 
Ground Effect Machines, but we sincerely believe it will be 
a valuable tool in the development of larger, faster, more 
versatile vehicles for commercial and defense applications 
as well as for private transportation and sports vehicles. 

Now let's discuss, and take a look at - with slides - the 
design and fabrication details of the "Everglade Speedster " 
and some GEMs of the future. 

Slide 1. Our first illustrztion (slide) indicates the basic 
construction details of the Everglade Speedster." The craft 
was designed primarily for use over water, but it will opcrate 
just as well over land. The hull is 31 feet long, 14 feet wide, 
and two feet deep. It is constructed of aluminium-magnesium 
alloy sheet and lined with six inches of polyurethane foam - 
shaded areas - which give buoyancy. The blister on the front 
encloses the controls, the operator and three passengers, and 
a compartment behind the seats. 

The "Speedster" is powered by two 180 h p  aircraft engines. 
One is mounted vertically in the tail section and drives a 
horizontal fan that provides lift. Air is taken in through vents 
on the deck and around the edge of the craft and is blown out 

through a peripheral annular jet on the flat hull bottom. This 
creates a cush~on of alr on w h ~ c h  the craft rides free of 
f ~ i c t ~ o n ,  or other resistance The other englne 1s mounted 
ho~izontally on the tall fin and dr~ves an airc~aft-type prop 
that propels the craft forward at h ~ g h  speeds Direct~onal 
control is by means of the rudder The entlre craft, built of 
a l u m ~ n ~ u m  sheet for strength, I~ghtness, and freedom from rust, 
w e ~ g h ~  only 4,000 pounds 

Slsd4~ 2. The next illustrat~on shows a plan of the hull and 
vertical midsh~p sect~on, front to back We~ght  of the hull 1s 
660 pounds. 

Slide 3. The thud  illustrat~on shows constructlon deta~ls  of 
the forward part of the hull of the "Speedster." The heav~est 
metal in the super-l~ght hull construct~on is the bow. The  
sect~ons here are of .032-inch sheet. The bottom and the deck 
are ok 020-inch sheet. The air passages and the a~rcraft-type 
str~ngers, or st~ffeners, are of .016-~nch sheet. R~veted construc- 
t ~ o n  was used throughout Alumin~um alloy 5052, a 'magncslum 
bearlng alloy, was used In the constructlon of the Everglade 
Speedster " because of ~ t s  good strength characterist~cs and 
corrosion resistance. The craft gets much of ~ t s  rig~dity from 
the six-~nclies of polyurethane foam, which also glves suflicient 
buoyancy for t w ~ c e  the weight of the veh~clc. 

Slide 4. This draw~ng illustrates the use of similar construc- 
t ~ o n  methods In the proposed fab r~ca t~on  of a cons~derably 
larger Ground Effect Mach~ne for research The  craft would 
seat 16 passengers and crew members and would have extensive 
calgo capac~ty Shaded areas in the lower part of the hull 
lnd~cate the amount of p las t~c foam that would be requ~red 
to float the craft when ~t 1s at rest on the surface of the water 
wlth normal load~ng For heav~er  loading, more plast~c foam 
would be needed to prov~de greater buoyancy. 

Slide 5. The next draw~ng suggests methods for beefing-up 
the structure of Ground Effect Mach~nes that would be used 
to carry heavy mach~nery or veh~cles on the deck. For example, 
the strong, extruded alum~nlum tiacks - seen In cross sect~on 
-would distr~bute the we~ght  of a military veh~cle or  an 
engineering construction veh~cle,  or perhaps a helicopter or  
auxiliary veh~cle T h ~ s  1s only one of the many possible 
ways of making the GEM of the future Into a new breed of 
work horsc 

Slide 6. T h ~ s  draw~ng may seem a bit fantast~c and ~ncredible 
to  some of you But then, a few years ago most of us would 
have pooh-poohed the ~ d e a  of a modern vcrsion of Jules 
Verne's atom-powered "Naut~lus ,"  whlch has since become 
a reality several t ~ m c s  over. Des~gned as a mobile m~ssile base, 
this craft would be 400 feet wide, 1,000 feet long, and have a 
hull as hlgh as a ten-story b u ~ l d ~ n g .  The huge propuls~on 
u n ~ t s  would extend another 70 feet into the alr. An am cushion 
20 to 40 feet t h ~ c k  would hold the vessel above the waves 
as it was propelled across the open sea. It  would be much 
faster and have greater maneuverab~l~ty than our mighty 
battleshtps and a~rcraf t  carriers 

Slide 7. Here are shown a few of the alternate methods of 
provid~ng the buoyancy needed for GEMs that will operate 
over water At the top we see the use of p las t~c foam, such 

This ptzper was presented by the author to 
the National Meeting on Hydrofoils and 
Air Cushion Vehicles, sponsored by the IAS  4.7; 
and U.S. Navy 

Slicle 2. Hull plan ancl elevation, Everglcndc,~ 
Speedster. 



as the polyurethane foam used In the "Everglade Speedster" 
The next illustration shows the use of water-t~ght flotation 
chambers These chambers might also be used in some vehicles 
to house llft and plopulrion unlts or for cargo space The 
bottom diagram shows the use of large cyl~ndrrcal floats or  

e pontoons runnrng the length of the vehrcle Here agaln some of 
this space could be put to othel usese 

Slide 8. The next illustration shows some of the joinlng 
methods that can bc used In the construction of Ground 
Effect Machlnes The aircraft ~ n d u s t ~ y  has used these methods 
for years and has found them to be rellablc and cf ic~ent  The 
1-beam fabrlcatron techniques - and by thls I don't mean 
s t a ~  tlng with I-beams, but, rather, assembling the components 
in such a manner that they serve as, and ale In effect, I-beams 
-can be used in the constluctlon of GEMS of all sizes. 
Rivets were :tfed in assembling the structure and covering 
skrns of the Speedstel " Resistance weldlng might well be 
uscd for s im~lar  structutes F u s ~ o n  weldlng would be appro- 
priate for the jo~ning of heavier structures of large GEMs. 
The arrcraft industry has had excellent results from the 
adhesive bond~ng of structures and sklns for high-performance 
aircraft, and Lhete has been some development actlvity in the 
use of adhesives for assembling alum~nium pleasule boats. 
Epoxy reslns have very good shear-stlength charactcrtstlcs 
and would be excellent for the fabrication of GEMS Tensile 
and lmpact strengths are not as high ac; for fusion welded 
joints, but both tcnsrle strength and elongatron of epoxies 
can be greatly Improved by mixlng wlth polysulfides Poly- 
sulfides are also excellent joint sealers when used alone. 
Extrusions ot various types can be used alro. Interconncctlng 
extiusions can be welded or adhcvve bondcd, and In some 
cases the lolnt w ~ l l  be rrgtd wlthout help f ~ o m  these j o ~ n ~ n g  
methods 

Slide 9. Cale should be used in cles~gning the Ground Effect 
Machlne to assure that salt water tiaps w ~ l l  not be bullt Into 
the vehlcle Good drainage of the understructure will mlnimlze 
maintenance and will enhance the operating characteristics 
of GEMs. 

Selection of the proper alloy should be one of the primary 
concerns of the designer of Ground Effect Machines, and this 
becomes much more important if the vehicle is to be used 
over or near salt water. Many of you here are aeronautical 
engineers, and in your work you have made extensive use of 
the copper-bearing aluminium alloys in designing and building 
aircraft. These alloys, such as 2014, 2017, and 2024, are good 
high-strength materials that were developed for and are ideally 
suited to airframe construction. However, and I cannot empha- 
size this too strongly, they are not preferable for GEMS which 
are to be exposed to marine atmospheres. The copper-bearing 
alloys are susceptible to intergranular corrosion in the presence 
of strong electrolytes, such as sea water. We think aluminium 
is the ideal material for the construction of Ground Effect 
Machines, but we must emphasize the need for proper alloy 
selection. 

In recent years, several aluminium-magnesium alloys have 
been developed that have good mechanical properties and are 
highly resistant to salt-water corrosion. We strongly recom- 
mend the use of alloys 5086 and 5456 for GEM construction, 
especially when joining is by means of fusion welding. Alloy 
6061, in which magnesium-silicide is the major alloying 
constituent, is also a very desirable alloy when joining is by 
means of mechanicaf~fasteners. As I told yqp earlier, alloy 5052 
was uscd for the Everglade Speedster, and riveting was 
used as the joining method. This alloy has lower mechanical 
properties than the other alloys I have just mentioned, and 
its weld properties are not as good; but it has excellent 
resistance to corrosion and is suitable for craft of this type 
and size. For  structures assembled with mechanical fasteners, 
alloy 6061 provides good strength and corrosion resistance. 
However, welded components made of this alloy lose much 
of their strength in the heat-affected zone. 

Slide 10. Alloy 5086-H32, as seen on this graph, loses com- 
paratively little of its strength in the heat-affected zone. Alloy 
5456 has even higher properties than 5086 or  5083 after 
welding. 

There has been some evidence of stress corrosion in the 
high-magnesium alloys, which include alloys 5483, and 5086, 
especially where service temperatures of 150" - 400" F, are 
involved. For  this reason we stronalv recommend that the 
-H?2 temner be used for material must be formed and 
that the - ~ 3 4  temper would be better for non-formed parts. 
The material recommended for extrusions is alloy 5083-H112. 
Another advantage of alloy 5052 is that it is generallv 

Slide 3. Forward hrtll details. 
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Slide 4. Elevation section, proposed 16 passenger G E M .  
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Slide 5. Typical details of strengthened GEM hull. 

Slide 6 .  Section o f  large GEM o f  t.he future. 

considered non-susceptible t o  stress corrosion or  intergranular 
corrosion in all of the cold worked tempers. 



Slide 7 .  GEM flotufion nlerhods. 

Another polnt I would like to make has to do wlth tile 
joining ot drssimrlar metals in craft such as the Ground 
Effect Machine, especrally ~f the vehicle 13 to be used in a 
moist environment D~ssimrlar metals should be completely 
rnsulated from each other to prevent galvan~c corrosion When 
hull fittings or englne mounts of metals other than aluminiuin 
are bolted to the aluminium hull and structure, they should be 
insulated by use of a polysulfide sealant, after primlng wit11 
zrnc chromate Plastlc sleeves and washers or plastlc tape can 
be used to insulate steel bolts from both the alumrn~um and/or 
another metal 

Summ~ng up, I thinlc I have clearly demonstrated that 
aiumrnium is the natural mater~al for the GEM? of today 
Certainly Reynolds intends to contmue ~ t s  work In this field 
- partrcularly in the area of developing even better aluminium 
alloys which will hasten the departure of GEMS from tllelr 
present posrtion of a novelty 

Personally I thrnk we are merely at the "Model T " stage 
In the development of arr cush~on mach~nes 

In the future we may see huge ocean-golng vessels a 
thousand feet long whrch would sail smoothly 30 or 40 feet 
above the ocean waves at 200 mrles per how,  year-round use 
of major seaways such as the St Lawrence by big air cush~on 
cargo vessels speedrng over snow or Ice, and swift, highly 
maneuverable crash and rescue boats which could race to 
the scene, settle in the water, plck up survivors and quickly 
return them to shore 

S l ~ d e  8 .  Ream fcrbricution methods for G E M S .  

Slide 9. Salt wntcr trups. 

1) Average tensile strength across weld * Heat treated and aged after welding 
2) Minimum tensile strength of annealed plate ** Includes -T5, -T6, -T83, -T831, and -T832 tempen 

Slide 10. Strengths of welded crluminiunz alloys. 3, Average welded y ie ld  strength Average free bend elongation 



ANY years of practical building and design experience with HYDRO- 
FINS from 3" long to 14 tons have resulted in a wave platforming 
system of high water clearance and great simplicity whose sea-going 

performance has never been equalled. 
The earlier airscrew or outboard conversion sets are now replaced by a 

well engineered inboard engine type with its own power strut or Z drive and 
all parts are fully retractable at sea in a few moments. For patrol work the 
craft can run as a norrnal boat while holding in reserve the ability to overtake 
anything that floats in a few minutes and in any sea state. 

Our set of easily machined castings may be fitted to existing hulls of suitable 
size and construction or we can supply hull kits and/or designs for local hull 

Larger sizes with incidence control (submerged foils) and sea crash 
prevention but without side arms or electronics will be available in 1963. 

Enquiries are invited for those overseas concessions not already allocated. 

THE HYDROFIN DESllGN CENTRE GROVE LANE W CHILTINGTON 

SUSSEX Telephone : 3'888 
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