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WESTLAND 

'Fiighf' photo 1 
Westland has more hovercraft operating experience I than any other manufacturer. Between them, SR.NI, 
SR.N2, S R . N ~  and SR.N5 have to-date logged almost 
2,000 hours in development and passenger-carrying I 

operations, have covered 45,000 miles and carried 
more than 46,000 passengers. - 

Al l  the craft have operated successfully in  rough weather and 

high seas, and over testing rough-country areas and obstacle 

courses. Westland hovercraft-two SR.N5's and the 37$-ton 

SR.N3 (illustrated)-were the only ones able to  put t o  sea in a 

fullgale, withseas between 5and 6 ft,ata recent British Hovercraft 

Industry Demonstration at Lee-on-Solent. 

Westland's technical achievements, backed by this very wide 

operational experience, have speeded u p  design progress on the 
HOVERCRAFT LEADERSHIP 150-ton SR.N4, and glven posltlve s~gns  that des~gn expectatlons 

for thls cross-Channel hovercraft w i l l  be ful ly reallsed. Thls same 

wealth of experience w ~ l l  be~nvaluable Inspeedrng thecomple t~on 
Reg Trade Mark of Westland's study of the 2501500-ton hoversh~p project 

W E S T L A N D  A I R C R A F T  L I M I T E D  YEOVIL SOMERSET 



HOVWNG CRAFT 
& HYDROFOIL 

FOUNDED OCTOBER 1961 

First Hovering Craft & Hydrofoil Monthly in the World 

HE marked growth In lecent years of intcrnatlonal trading T intensified by the creat~on of such organ~satlons as 
EFTA and the Common Market, has g~ven  a new ~mpetus to 
trade and techn~cal exhibrt~ons. These have long been a feature 
In the market~ng field, whethel of simple consumer goods or  
heavy ~ndustnal  machinery, but they are now regarded as 
oppoltunlties for hard selling w ~ t h  concrse facts and figures 
rather than an excuse for repreaentat~ves of companres In a 
parteular indust~y to have an amiable get-together 

The Brit~sh Hovercraft industry has not been slow In appre- 
c~ating the value of such exhib~t~ons In present~ng then ideas 
to potentla1 buyers and operators, and model dlsplays have 
been shown at exhibitions all over the world, includ~ng Zunch, 
Utrecht, the Hague, Dusseldorf, London and Sydney In ad- 
d ~ t ~ o n ,  demonstratrons of actual craft have been arranged to  
corncrde wlth such events, ranglng lrom the Farnborough AII 
Show to the Brlt~sh Fair In Uusseldo~C These are in addrt~on 
to many public and mihtary demonstrations wh~ch  have been 
held In Europe, North ATr~ca, Canada, the United States and 
South-East Asla. 

Takrng craft out on such demonstratlons 1s an expensive 
undertaking, and also holds up necessary development work, 
and one must tberefore admire the fores~ght of these manu- 
factuiers wllo cont~nue to do so. They are, of couisc, trying to 
sell then products, but at the same time they are sell~ng the 
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COVER PICli'UIiE : A n  historic document --- the first oficial 
Certification doeumeni to be issued for a hovercraft anywhere 
itz the world, "Certificate of Colzstruciion and Performunce 
N o  I " ,  was issued by the British Air Registration Board for 
the Westland SR.N5 on March 12th, 1965. For further derails 
see People and Projects on page 5 

Ara artist's irnpressiola o f  the Westlczrzd SR.N6 which will be 
used in corntnercial service or? the Clycle this year. For further 
deiuils see People and Projects on page 4 

idea or British industry and know-how, and in these days of 
tax adjustment and re-evaluation, the Government might well 
consider giving more financial assistance in the form of some 
tax relief for exhibitions and demonstrations of this sort. This 
is the kind of incentive needed for companies to exhibit, and 
thus sell, abroad. 

One of the biggest trade exhibitions in the world is being 
held in Munich from June to September this year.--the 
International Transport and Communications Exhibition. It  is 
only held about once every twelve years, and more than 
12,000,000 people are expected to attend. The Russians and the 
Americans will be there, exhibiting spacecraft amongst other 
things, but it is sad that only three British companies have 
thought it worthwhile to exhibit, and there will be no repre- 
sentation from British Aviation or shipping. One of the stands, 
fortunately, will he concerned with British hovercraft, showing 
again the forwardness of this industry. 

At  the same time as this exhibition, a hovercraft will be 
demonstrated at Cuxhaven and Hamburg, and prior to that, 
a demonstration is being planned to coincide with the British 
Week in Amsterdam in May. 

Over the years, the British hovercraft industry has come in 
for its share of criticism -- some just and some unjust, like a11 
criticism. It is gratirying that in this field at least the industry 
provides such a good example to others. 
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Rlver passenger traffic In the Russian Federation, the largest 
o[ the fifteen Sov~et republics, 1s lncrcaslng every season. 
More than 110,000,000 passengers are expected to use the rive1 
boat serv,ce durlng the summer yeason Eighteen express ser- 
vices wrll be opened this summer us111g hydroColl cralt capable 
01 Lravellrng at speeds or up to 80 km/hr  Raketas, Meteors 
and Sputniks wrll replace conventional boats on the largest 
rivers, and the filst gas-turbine hydlofo~l,  the B u r e v e ~ t n ~ k ,  
v4hLch can carry 150 passellgels at a speed of 110 kni/hr,  w ~ l l  
make its appearance on the Volga 1111s year 

A 75 knot hydrololl capable of carryrng ten people is lo be 
put on the market rn Japan It  1s powered by a 100 hp outboard 
engrr~e and I S  5 9 m long The cost of construction 01 Lhe hull 
1s said to be about one-thud of that lor similar boats now 
available because of the use of a specia! plywood material The 
boat 1s to be suppl~ed by the Eibai Co, 15, I-chome, lmabash~,  
Mlgashi-ku, Osaka, Japan 

Westland's 7-ton SR.NS became the first hovercraft In the 
world to recelve full clvll cerlrficat~on w ~ t h  the Issue on March 
12~11, 1965, by the Brllish Alr Regislral~on Board of "Certificate 
or Constructron and Performance No  1" 'This corlesponds to 
the Certificate of Alrworthlness Issued by lhe Board lor all 
Brlttsh clvll allcraft and allows the regular use of SR.NS lo1 
carlyrng [ale-pay~ng passengers. 

In .Tulle 1964 a llmlted "Permit to Fly" was issued by the 
Board barely a month after the craft started 11s lnltlal trials 
proglamme On the same day, the S I INS was put on to an 
experrmental passenger servlce between Southsea and Ryde, 
Isle of W~ght,  and In th~rly-SIX days 11 carrred 9,850 passengers, 
wrth a maximum of over 500 In one day It often opelated lor 
more than elght hours wlthout the engine belng stopped. 

The  SRN5,  wl31cl1 can carry up to nineteen passengers or 
two tons of fre~ght at cruising speeds up to 60 knots (I10 km/ 
hl), was the first hoverc~alt  to be produced In quantity A 
production Irne was laid down In August 1963 before any 
orders had been recelved The craft are now opelaling in the 
USA and Japan, and are due to go Into commercial servrce 
this summer in Norway and Federal Germany Three SR N5s 
are belng operated by the Br~tssh liiter-Serv~ce HovercraTt 
Trrals Unit, two of them on exhaustive Lioplcal tllals rn Lbe 
Far  East 

LETTER TO THE EDITOR 
Dear Sir, -- 1 read w ~ t h  much interest the letter I'rorn Mr 

C. G. Hard~ng  published on page 5 oi the January issue ol 
your magazine. 

Being exactly in the same position as Mr Harding (I am an 
amateur designer-builder of srnall pleasure air cushion craft 
interested in exchanging Ideas and experience wrtll other people 
In my position), 1 would strongly suggesl the establishment of 
a non-profit society o l  amateur hovering craft designers and 
builders. 

Provided this society is made international, it will count on 
members from all over the world: UK, Australla, USA and 
ltaly would be the first colltributing countries, and it wlll 
become a source of reciprocal useful exchange of mformation 
and experrence. 

Yours faithfully, 

PERDINANDO GALE. 
Via Tito Speri, 14, 
Abbiategrasso, 
(Milan) Italy. 

LEOPOLDO RODRIQUEZ 
SHIPYARD 

MESSINA - ITALY 

Licensed by Supramar A.C. Zug-Switzerland 
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Textron's Bell Aerosyslems Company hay been awalded a 
patent for a small lugged mach~ne which r~dcs  a cushlon of alr 
at hlgh speeds over a var~ety of surfaces. The Un~ted  States 
Patent Ofice ~ssued patent number 3,174,533 to Bell for ~ t s  
1 $-ton Carabao, wh~ch features a unique tn-cell concept utilis- 
ing a srngle fan to feed alr to the three c~rcular llft cells. Power 
is suppl~ed by two air-cooled ancraft englnes. A 150 hp englne 
dr~ves  the aft-mounted varlable pitch propeller which rs used 
for propuls~on, d~rectlonal control and brak~ng A 120 1117 

englne d~ ives  the fibreglass l ~ f t  fan. The craft, wh~ch was In- 
vented by John B Chaplin, 17 18 7 i t  long, 16 ft wide and has 
an over-all herght of l 0 l t  I t  has a top speed of 52 h ~ o t s  
(60 mph). 

On Monday, April Sth, 1965, a Westland SR N5 hovercraft 
operated by Scandinavian Hovercraft Promotion of Oslo In- 
augurated the first h o v e ~ c ~ a f t  servlce to be run outside the UK. 

From the marn termma1 at Aalesund the craft w ~ l l  provlde 
a fast passcngel selvlce nolthwards to Molde and Andalsnes, 
and southwards to Orsta. Journey times over these th~rty- to 
forty-mile stages will be between thlrty-five and fifty m~nutes.  

In June Scanhover IS scheduled to take dellvery of a %ton 
thlrty-elght-passenger Westland SK.N6, an advanced develop- 
ment of the SR N5 

Westland hovercraft will be used In four ovelseas servlces 
this year. 

The Nordorederiet Shipping Company of Qskarshamn, in 
south-east Sweden, is having discusslons with both Westland 
Aircraft and Vickers for the possible purehase of hovercraft 
for Swedlsh operations. The Managing Director of Nordore- 
deriet, Captain Ebert Petersson, told the Financial Tirrres that 
the first probable servlce for next year would be w ~ t h  a small 
craft on the short run between Oskarshamn and the island 
of Gotland in order to gain experience. In 1968 they hope to 
introduce a larger craft of about 150 tons for service between 
Stockholm and Gotland -- a distance oC about 130 miles. 

At the Genoa Boat Show held in February the Rodriquez 
Shipyard of Messina gave daily sea trips with their 14 rn hydro- 
foil which carries thirty-two passengers and cruises at a speed 
of 43 mph. * * -k 

Swedish Lloyd Shipping of Gothenburg has been conducting 
negotiat~ons with Westland Ancraft for the purehase of large 
hovercraft. They have been examining the economics of a 
cross-Channel hovercraft ferry, poss~bly using the giant SR.N.1, 
on a run between Ramsgate, Kent, and the French coast. 

Townserid Car Ferries, part of the Coventry-based George 
Knott Industries Group, has placed an order for a thirty-eight- 
passenger, 701nph Westland SR.N6 hovercraft which they ex- 
pect to use between Dover and Calais next year at passenger 
Fares comparable to existing cross-Channel rates. The craft will 
cost them £100,000. Another subsidlary of the George Knott 
Industries Group, P and A Campbell, who operate passenger 
services in the Bristol Channel, may use the Townsend craft 
in the Solent for part of the year. 

* .k * .  
In June the first commercial hovercraft service on the Clyde 

will be inaugurated with a Westland SR.N6. The craft has 
been bought b y  IIighland Engineering Ltd, whose subsidiary 
Clyde Hover Ferries Ltd will run the passenger service. 

On May 17th Casmic Shipping Ltd, assocrates of Jersey 
Llnes Ltd (wh~ch runs the Channel Islands-France leriy La 
Duchesse d e  Normundie), wrll ~naugurate England's first hydro- 
Poll passenger servlce between Southdmpton and Cowes, Isle 
of W ~ g h t  They are uslng the gas-turbine dr~ven Cyra built 
by International Aquav~on The craft carnes forty passengers 
and luggage at nearly 40mph, and w ~ l l  do the t r ~ p  each way 
In about twenty mlnutes Instead of the present crosslng time of 
one hour 

I he ofIlcla1 timetable will be announced shortly, and ~t 1s 
planned to provrde up to twelve round trlps every day ol the 
week The first wlll leave Southampton at about 6 30 am and 
the last w11l leave Cowes between 10 30 and 11 pm every n~gh t  
~ n c l u d ~ n g  Sunday Fares wrll be 79 single and 11s re tu~n,  and 
half-[ales for ch~ldren aged three to foulteen 

M r  N F Cowasjee, Managing Director of Cosm~c  Shipp~ng 
Ltd and Jersey 1-~ner, Ltd, says that he expects the hydrololl 
will carry 50,000 passengers d u r ~ n g  the summer H e  be!~eves 
that the craSt 1s the rdeal form oC tlansport for short sea cross- 
lng In sheltered waters, and that lt will offer a cornpletcly new 
experience In sea travel 

Cyra carried out successful passenger trials In the Orkney 
Islands last year u n d e ~  the name of Shadowfc~x. Its alr-con- 
d ~ t ~ o n e d  passenger cabrn 1s provided w ~ t h  forty f oam-padded 
armcha~r  seats, and the Boelng gas-turbine englnes (the first 
to be used in a commercial hydrotoll) are fitted for  then lack 
of noise and v ~ b r a t ~ o n  The craft has moderil radar and navl- 
gationai a d s  

* * * 
Under an agreement negotiated by the Maritime Administra- 

tion, US Department of Commerce, the Grurnmarl Aircraft 
Engineering Corporation, Rethpage, has bareboat chartered 
the hydrofoil ship Derzison (which they built for the MA) for 
$1 per year - half of any profit in excess of 10% of expenses 
to go to the Government. The ship will continue to  be avail- 
able to all elements of the Government and industry for use 
as a valuable technological resource, although to a large extent 
the Government's techriieal goals in sponsoring the building of 
this ocean-going hydrofoil have been achieved. Propellers, 
englnes and trailsmissions have been developed, and the ship 
has performed well in rough water (50 knots in 10 ft waves). 
The development of the Denison was a co-operative project of 
the Federal Government and industry, the Government paying 
about one-third of the $9,000,000 cost of building and operat- 
ing her. 

There will be no repetition of the experimental hovercraft 
service between Southsea and Ryde, Isle of Wight, this year. 
A spokesman for the operating company, Hovertransport, said 
that last year's trial service had been fairly successful, and that 
the experiment had provided all the research they needed. H e  
added that they hoped to have b~gger  hovercraft capable of 
carrying both passengers and vehicles working in the next few 
years. 

The Italian State Railways have taken over the hydrofoil 
service operating across the Straits of Messlna between Reggio 
Calabria and Messina. The two PT.20 type hydrofoils formerly 
in service have been replaced by the larger PT.50 which carrles 
140 passengers compared to the previous seventy Port Improve- 
ments at a cost of £46,000 are to be carried out at Reggio 
Calabria. 
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I. B. Ghaplin 
Asst. Chief Engineer, 
Integrated Systems Engineering Department, 
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W. J. Eggington 
Chief A.C.V. Preliminary Design, 
Bell Aerosystems Company 

The  paper discusses the problems fating the engineer in 
developirzg the air cushion vehicle for passenger transportalion, 
with pcrrticular reference lo the New  Y o r k  City area. 

The  stages of development o/ the A C V  are traced f rom its 
conception, through its present stc~tus, to large-scale pabsenger 
operation. Three sizes oJ ACV are applied lo New  Y o r k  City 
roules and fares are presented itz lerms of the main operation 
parameters. 

A n  analysis is given of the relative effect of engineering 
advances in reducing passenger fares. T h e  resulls of this s t ~ d y  
show tlzal improvements in craft durability and power require- 
ments are the most promising rrnd efjeclive engineering Jields 
of developmenl. Some consideration i~ given to the form that 
such developments will fake and their probable effects on  the 
ecor~omics of ACV operation. 11 is concluded lhal the engineer 
has the opportunity of developing the A C V  from limited opera- 
lion 0 1 1  selected routes to a major means of transportation. 

T ~b purpose of t h ~ s  paper 1s to analyse the challenge to the 
englneer of developing the alr cush~on vehlcle ~ n t o  a ma101 

form of transportat~on As a passenger-carrpng craft the ACV 
has progressed through operat~onal feaslbil~ty to passenger ac- 
ceptance In t ak~ng  the cralt th~ough these stages of develop- 
ment the englneer has had to solve many problems to reach 
acceptable standards ~n stabil~ty, control, rellab~l~ty, pelform- 
ance and many other aspects of ope~atlon 

In the next phase of development the englneer 1s faced with 
two m a ~ n  tasks The first 1s to be capable of solv~ng any new 
problems as they emerge dur~ng  deslgn and operational dcvelop- 
ment T'he second 1s to cont~nue the development of the vehscle 
characterrst~cs beyond the present acceptable standards to attain 
the best poss~ble economlc opelatron Plannlng of the first task 
must w a ~ t  un t~ l  the p~oblcrns arise and therefore t h ~ s  paper is 
concerned only wrth the task of Improved economlc operatloll 

No attempt 1s made to speculate upon the Corm of the future 
ACVs w h ~ c h  w ~ l l  be operat~ng In ten to twenty years from riow 
or  on the concesvable appllcat~ons of such craft Cons~derat~on 
is given only to foreseeable developments of vehicles typrcal 
of the present state-of-the-art and whose performances can be 
substant~ated with exrst~ng data 

Tran6port System Development 
All transport systems tend to follow a s ~ m ~ l a r  evolutron or  

development method In Fig 1, the bas~c  steps and achrevement 
levels o l  t h ~ s  evolut~on are shown An analysis of systems such 
as the a ~ n r a f t  or  t ~ a l n  will sdentify the stages of development @ 
shown However, extenuat~ng cs~cumstances such as wal have 
caused and suppo~ted the premature jump to the ult~mate mllt- 
tary applicat~ons. 

The first step alter the ~nrtial  conception or  ~nventlon lr t o  
establrsh the techn~cal Leaslbrl~ty of the concept The theoretical 
and experrmental wolk requlred for t h ~ s  1s quantitative as well 
as qual~tatrve The  nature oT this ~ n ~ t i a l  proglamme IS depen- 
dent upon the type oi veh~cle, but broadly cons~sts of a prc- 
Iimlnary evaluation of pe~formance, stability, control, model 
research and prel~m~nary appl~cation studres 

Once the techn~cal feas lb~l~ty  is established t h e ~ e  is a market- 
ing effort required to provide a preliminary assessment of the 
market notential and the possible customer requirements. Mean- 
while t i e  engineer is planning the next development stage 
phase, the operatior. of a full-scale research vehicle or vehicles, 
depending upon the complexity of the vehicle and the pro- 
posed application. This vehicle usually has a demonstration 
role in addition to the engineering requirements and the design 
is therefore frequently compromised. 

The second generation of full-scale vehicles are usually built 
to establish the transport eficiency in general terms relative to 
other vehicles. Operational research testing is carried out for 
this purpose. Realistic production and operating costs are ob- 
tained. It is at this point that the military and the civil trai~sport 
systems operate along independent paths. It  is important to note 
that from this time the military development usually leads the 
civil. 

In the military field the simulated operations are carried out 
using prototype vehicles in conjunction with existing military 
systems prior to the production vehicles going into service. 

In the civil field the next step is to carry out complete but 
limited operations on realistic routes with production vehicles 
an.d potential operating companies. Clearly, a substantial invest- 
ment is required for this phase and the operator may o r  may f 
not show a profit. This is the point where official organisations 
such as the I-IHFA can take part in the development by pro- 
viding financial subsidies for the application experiments. 
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'I he lnrtlal results oi Lhe.ie exper~ments olten benefit from 
the novelty appeal ol a new type ol veh~cle and the fact that 
thc vehlcle 1s operating over a carelully selected type o l  route. 
On the other hand, e~ther  a d~rect  competitor or  an unestab- 
1 shed transport requirement has to be contended w ~ t h ,  together 
w~th  the operat~onal problems o l  the new vehlcle. l J n d e ~  normal 
c~rcumstances thls phase would take one to two years. 

Finally, the veh~cles are put ~ n t o  operation on an Intended 
permanent basis All the calculat~ons have been made to ensure 
success The vehlcle des~gn and traffic patterns along the selected 
routes Ale carefully matched. In many cases a future expanslon 
of the traffic 1s predicted and ~el ied upon Selection of the 
routes may depend upon any one o l  the following: trafic re- 
quirements ~ncludlng seasonal or hourly peaks, weather and 
waves, effic~ericy of compet~tlve vehlcles and the terrn~nal faci- 
I ~ t ~ e s  l e ~ u i r e d  and ava~lable 

It  is at this stage that the primary task of the company pro- m ducing the particular vehicle changes emphasis from establish- 
ment of the product line to sales competition within the vehicle 
industry. 

The Air Cushion Vehicle Development 
In  order to establish the challenge to the engineer in the 

ACV field it is necessary to establish the stages of development 
as defined in the previous section. 

Patents as early as the beginning of the century have been 
described as evidence of the original conception of the ACV 
This may be true and of interest to the patent attorney in his 
attempt to establish the legal position. The principle of the air 
cushion vehicle was conceived prior to 1956. 

The step to technical feasibility was through the British 
Mlnistry of Supply analysis work, the British Nat~onal Research 
and Development Council funded SR.N1 vehicle and the US 
Office of Naval Research work. T'JTechnical feasibility was estab- 
lished In 1958. 

The SR.Nl,  SR.N2, VA.1, VA.2, VA.3, BACSK3 and the 
US Navy SICMR-1 vehicles established through test programmes 
the env~ronmental operat~onal capability by 1963. 

Operational research tests of the US Navy SKMK-1, includ- 
ing the amphibious ASW and long-range missions, the British 
Navy testing of the SR.N3 and the civil experimental opera- 
tions In Great Britain with the SR.N2, SR.NS and the VA.3 
have shown that by 1965 the ACV was compet~tlve with other 
forms of transport. This is the present stage of the ACV. 

For  the nillitary application the U S  Navy trials at Norfolk 
and the British Inter-Services Hovercraft Trials Unit tests with 
the Fleet and in the Far  East will establish the feasibility o l  
effective military operation by the end or 1965. It is the authors' 
opinion that full military effect~veness under enemy-induced a environment will be achieved in the period 1966 to 1969, - 

In  the continuation of the civil development one of the signi- 
ficant factors will be the NHFA-sponsored application experi- 
ment at Oakland, California. Two SR.NS fifteen to twenty 

TECHNICAII 

Figure 2 

T H E  ACV STAGES 
O F  I>EVEI,OPMRNT 

passenger veh~cles w ~ l l  be used on the routes at present ser- 
v~ced by the S F 0  hel~copters. These routes are between San 
Pranclsco, Oakland and the two clty a~rports,  Another develop- 
mcint will take place in Great B r ~ t a ~ n  where the final dec~s~ons 
are now be~ng made for the establishment 01 car and passenger 
servlces across the Engl~sh Channel and on domest~c routes 
such as the Solent to the lsle of W~ght .  

By 1966 to 1965 the ACV will be in coupetit~on wLth other 
lorms of transport on spec~fic route appllcal~ons. 

The increasing customer requirements for ACVs to be used 
on new routes will by 1967 to 1970 lead to competition within 
the ACV industry. 

The Present Stage 
The present stage can be defined by :  
(a) Consideration o l  the present vehicles and the operational 

achievements, 
(b) Analysis of the possible application of vehicles repre- 

sentative of the present state-of-the-art on specific route 
applications. 

The Present Vehicles 
Some of the most significant alr cush~on veh~cles arc shown 

In Figs 3 to 6 The US Navy SKMR-I 1s a 28-ton annular jet 
veh~clc now fitted w ~ t h  4 ft flexible trunks It  was bu~l t  to 
accumulate research data lor the deslgn of luture Navy ACVs. 
At  the present tlme thls vch~cle is undelgo~ng Navy operat~onal 
evaluation tests at Norfolk, V ~ r g r n ~ a  It  has demonstrated the 
unlque capabllitles ol ACVs In amphlb~ous waifare and other 
Navy mlssions Veh~cles ol lhls sl?e can operate In gale force 
wlnd and sea cond~tions and st111 ma~nlaln Lheir considerable 
speed advantage over other sulfate cralt 

At the othel end ol the sue  range 1s the rugged 2-ton BAC 
SK 3 plenum Trl-cell vehrcle 'Ihls small u t ~ l ~ t y  ACV has 
operated successfully In the marshes and shallow waters of 
Lake Okeechobe, Flollda, and In contrast 700 mlles from the 
North Pole over the Greenland Ice Cap D u l ~ n g  this wlnter the 
vehicle has also operated over the flopen Lake Erre, travers~ng 
ice pressure ridges and open expanses of open water w~thout  
sex lous lung 

The Westland SR N5, now to be  b u ~ l t  under llcence In the 
USA by Text~on's Bell Aerosystcms Company as the SR5, 1s 
the first ACV to go into quant~ty ploduct~on SR N5s are now 
operat~ng in Nolway, Germany, Great Brltaln, Japan, Borneo 
and the USA The US Ndvy operat~onal test programme In- 
cludes evaluat~on of the SR NS, whlle two of the veh~cleg wlll 
be used In the HHFA Port of Oakland experimental appllca- 
tion begrnn~ng thrs summei 

Specific Application Analysis 
The analysis of the vehicle potential can be made on a 

broad parametric basis. Non-dimensional parameters can be 
devised in attempts Lo reduce the operational characteristics to  



Figure 5. SK-J at Greenland 

Figure 3.  SKMR-I  ul Norfollc 

unique values suitable for cornpallson w ~ t h  other known trans- 
port systems The result 01 such an analysi~ can be ~mporlant  
m determining the over-all competit~ve pos~tlon ol a new sys- 
tem and the most advantageous application However, 11 1s dl%- 
cult to determ~ne flom the results any gu~dance to the most 
piofitable avenues Into w h ~ c h  the engrneerlng effort should be 
channelled, w ~ t h  the present state of development shown in the 
prcvrous sect~on 

A mole sultable method to derlve this information IS the 
cletalled spccrfic appl~catlon analysls 'The contributing factors 
to the d i~ec t  operating cosls can be delermlned and the effect 
of the opc~a t~ona l  [actors and the veh~cle characterrstics 
evaluated. 

In  the commercial field one of the mosl suitable applications 
1s lhat of mass tlansll In c~ties such as New York '1n many 
cases there are large rrvers or waterways close to the clty wrth 
access to the centre oC downtown. Many of the suburban hous- 
ing areas are close to the water, while the major a~rpo l t s  are 
often bullt on su r~ound~ng  reclaimed land 

For t h ~ s  paper the New York area applrcat~on has been 
selected and [he use of three different types 01 vehicle analysed. 

-1 he vehlcles considered are .  
(a) A twenty-passengel annula1 jet vehicle fitted wrth 4 ft 

flexrble trunks (Fig 7), 
(b) A ninety-passenger plenum multi-cell vehicle fitted with 

3 l 1 flexible skirts (Fig 8), 
(c) A 600-passenger annular jet veh~cle fitted w ~ t h  7 it  flex- 

tble trunks (Fig 9) 
I h e  twenty-passenger and the 600-passenger vehicles with 

flexible trunks have the maximum pelformance fol ACVs of 
that partlculal slze 'The nmety-passenger vehicle does not have 
the maulmum performance possrble fol a vehicle of its slLe but 
because ol lhe sirnphcity ol the plenum concept ~t is rela- 
tively low-cost vehicle 

The SR  NS represents the twenty-passenger vehicle slze dis- 
cussed In thls paper and has dernonslrated all the performance 
capability assumed I he nrnety- and 600-passenger vehlcles ale 
at the present trme at an advanced state of design w ~ t h  detarled 
analys~s and model test data to substaiit~ate the assumed per- 
lolmance 

All three vehlcles are powered by gas turb ne englnes, con- 
structed oC alurn~nrum, and represent the present state-of-the- 
art The performance ot" these veh~cles as speed against wave 
height 1s shown In Flg 10 All the vehlcles would be capable 
oi ranges In excess of 150 mrles with lull payload 711e predrc- 
t ~ o n  o l  t h ~ s  pelformance 1s based upon full-scale and towlng 
tank test data 

The East River, the Hudson Rlver, N e w a ~ k  Ray, Uppel Hay 
and the Long Island Sound provide Ideal natural hoverways 
lor  these craft The Hudson River or  the Long Sound are 
excellent watelways fol short-range applications such as the 
ailport sesvlce or  longer-range mass transit The  twenty- and 
ninety-passenger cralt would be confined to the llvcrs and bays 
In o r d e ~  to guarantee operation for 9 5 O L  of the t inc d u r ~ n g  
the whole year. The  600-passenger vehtcle could in addrtron to  
these areas operate in the Long Island Sound or  through the 
Verrazzano Narrows lo Kennedy International Anport. The  
Aoatlng debris In the East and Hudson Rlvers would be no 
problem to these craCt ?he passengels would s:t in bus-llke 
seats w~thout seat belts slnce the maximum accelerations, even 
those due to a h gh-speed power Sailu~e, wL:l not be suficrent 
to throw them out of the seats Whlle the cral't will respond to 
waves, the mot~on  w~l l  not be unpleasant due to the softness 
of the air cushron system The lack of any wave ot wake when 
at speed will allow the vehicles to marntain t h e ~ r  crulse speed 
even when close to  other shipplng or s h o ~ c  lnstallatrnns 

It  IS rmportant to note that all the ACVs will 11ot be suitable 
Lor all the possrble loutes In the New Yolk area Acceptance 
of the vehrcle's 1 mitatron is just as Important a4 the exploita- 
tion of its capabllitles. Some of the edrlier prognosticators oC 
the ACV's luture have In their enthusiasm ignored this lac1 and 
presented the ACV as a wonder veh cle The development of 
the ACV has not benefited from such presentat~ons 

As an example of this, the run from downtown Manhattan 
to Kennedy IS  not a good applical~on for the smallel vehicles 
1 he journey by water 1s longer than overland and the sea con- 
ditions poss~ble In the Lower Ray and along the South Atlantrc 
coastl'ne would be beyond the capab~lity of the vehicles 

For  the purpose of thrs paper two routes have been selected 
as typical o l  those where the full pot~ntlal  or the ACV can be 

Figure 4. SK-3 o n  Strawberry Islarzd Figure 6. SH.N5 with SKMR-I  at Norfollc 
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BASIC DATA -- 
STAGE LENGTH 8 MILES 

BLOCK TIME 1 0  MINUTES 

TERMINAL TURN AROUND TIME 5 MINUTES 

TIME FOR ROUND TRIP 30 MINUTES 

VEHICLES USED 
SCKEDULE 

NORMAL DAYS 3 40 

6 AM TO MIDNIGHT 20 MINS FREQUENCY 
600 PAS5ENOER ACV 

MIDNIGHT TO G AM 60 MINS. FREQUENCY 
GROSS WEIGHT -320,000 L B  

INSTALLED POWER - 14 000 H P 
PEAK TRAVEL DAYS 2 5 

G AM TO MIDNIGXT 10 MINS FREQUENCY 

MIDNIGHT TO 6 AM 30 MINS. FREQUENCY 

VEHICLE AVAILABILITY 

ROUTINE MAINTENANCE 50 DAYS 

SCHEDUL,ED SERVI!,;: 200 DAYS 

STANDBY 112 DAYS 

UTILIZATION 1520 HOURS 

ACV SERVICE MANHATTAN T O  LA GUARDIA AIRPORT 

Figure 9 Figure 12 
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craft In pleference to thc other would depend on an analysr5 
of the traffic demands 

A slmple 60-80 ft wide ramp wllh a slope 01 one In ten would 
be required at lhe La Guardla A~rfield to glvc access from the 
rlver Some form of hovesway would be ~equrled to enable the 
craft to unload a t  the term~nal burldlng This hoverway would 
be separate from the normal taxiways, but because of the low 
ground pressure of the veh~cles rt would not be expensive to 
construct or marntarn No pa.ssenger stalls or  ramp7 would be 
necessary. 

At the Dowsltown Manhattan termlnal a large floattng dock 
or  barge would be used with a sloprng end so that the ACV 
could dnve up out of the water. A terminal bullding with 
t~cket offices, wartrng rooms, etc, would be required A marn- 
tenance facrlity tdeally at the arrpost would consrst ot one large 
hangar, the only ma101 ecluipment necessary b a n g  a large crane 
or  travel ho~s t  to lrft the vehicles for inspect~on of the trunks 
or  skirts and for maintenance 

For each of these vel~rcles the fare ~ndicated in F~gs.  13 and 
14 1s conservative. It is coslsldered that these fares could be 
achieved wrthrn the present state-of-the-art and the demon- 
strated operatloclal capabllrtles of the vehicles. The first costs 
of $400,000 for the twenty-passenger and $1,000,000 f o ~  the 
nrnety-passenger should be attainable with a lirnlted product1011 
run when built in the USA The influence of first cost and 
rncreased util~satron 1s s~gn~ficant.  Halving the first cost and 
rncreaaing the utilisatron by 30% would decrease the one-way 
fare lor the twenty-passenger vehrcles from $2.86 to '$1.85 and 
for the ninety-passenger vehicle from $1 72 to $1 08 Allhough 
the nrnety-passenger vehicle appears to be the more competrtlve, 
the passenger traffic flow variation and the requ~red frequency 
of service must influence the final select~on of the vehicle. 

utilised. The twenty- and ninety-passenger c ~ a f t  have been 
conssdered on the Downtown Manhattan to La Guardia Air- 
port route as feeder services to the airline trafic. The 600- 
passenger vehicle has been evaluated on the mass trans11 route 
from Manhattan to Stamford. 

Tlle Downtown-la Guardia Route 
A regular scheduled operation has been assumed as shown 

in Flg. 12. For  both the twenty- and the ninety-passenger 
vehrcles, five vehicles will be used and a twenty-four-hour ser- 
vice provided. During all the operations at least one vehlcle 
will be available as a standby, only three vehicles being neces- 
sary for normal travel day operation and four for the peak 
travel days Night operation has already been proven to be 
feasible with ACVs and high-power lights and radar will gener- 
ally be standard equipment in the future. Normal daytime 
operatLon of the smaller craft will require only one crew mem- 
ber, a second member being necessary only for night or  limited 
visibility operation with radar. 

I t  should be  noted that the utilisation per vehicle of 1,500 
hours per year is within the capability of vehicles now in 
operation. 

The variation of the one-way fare with utilisation and first 
cost or the vehicle is shown in Fig. 13 for the twenty-passenger 
vehicle and in Fig. 14 for the ninety-passenger. ?This fare covers 
the direct operating costs, the indirect operating costs which 
are assumed to be 50% of the direct, and a normal profit mar- 
gin. In cach case a point has been marked as representative of 
the present state-of-the-art. 

It has been assumed for both vehicles that the traffic would 
allow a 50% load factor. I t  is obvious that the selectiori of one 
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The Downtown-Stamford Route 
Although the a~rpor t  route appl~cation is the more lmme- 

d~a te ,  the longer route appl~catron for maw trans11 could rn the 
long term be the most s~gnlficant For  the megatropolrs of the 
type iorecast to develop from Boston to Baltimore or  San 
Francisco to Los Angeles the waterways could be an Important 
transport system. The large ACV wrth ~ t s  speed capabrl~ty is 
the ideal vehrcle for thrs applrcat~on, erther lor  passenger or  
automobrle transporters 

As an example of thrs appl~cal~on a 600-passenger veh~cle 
operatrng on the Downtown Manhattan to StamCord route has 
been considered. Analysrs of the sea state data shows that the 
vehicle could operate and marntain the crulse speed of 67 mph 
for 97% of the t ~ m e  anywhere m the Long Island Sound 
Durrng the remaining 3% of the tlme ~t would have to reduce 
speed but would still be able to operate. Slrice the route con- 
s~dered IS over the south-western landlocked end of the Sound, 
11 is reasonable to assume that an even h~gher  operat~ng capa- 
brl~ty than this would be poss~ble It is of Interest to note that 
wh~le  the two smaller veh~cles are not proposed for this appli- 
cation, the ninely-paszenger would be able to m a ~ n l a ~ n  ~ t s  cruise 
speed of 46 rnph C O I  83% of the t ~ m e  and the twenty-passenger 
for 8 7 O L  ol the time I l u ~ i n g  rough weather, however, the 
passengers would not have as comfortable a s ~ d e  rn the smaller 
veliicles as they would rn the 600-passenger velncle 

The one-way fare variahon w ~ t h  first cost and u t ~ l ~ s a t ~ o n  1s 
presented rn F I ~  15 Because of the rncreasecl stage length a 
Il~gher utrlrsat~on can be realrsed than for the l a  Guardia 
operation A? In the prevlous example, a conservative fase value 
lor  the present state-of-the-art has been rndrcated 

D O.C. COMI'ONENTS 

LOADFACTOR X X X 

UTILIZATION X 

BLOCK SPEED X X X 
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:AMETERS AND 

The Challenge to the Engineer 
In  thrs sect~on considerat~on IS given to the rnfluence that 

the englneer has on ACV operat~ons Fig 16 shows the factors 
that afrect thc fare paid by the passenger. One of the two ma111 
factors affectrng the rare is the busmess env~ronment. Thrs rn- 
cludes the rnd~rect cost of the operatron, the profit margln being 
sought and any subs~dy that may be placed upon the venture. 
The other factos rs the direct operat~ng cost upon wh~ch the 
englneer has signrficanl control. 

I t  IS not poss~ble, however, to d~rectly relate the faclors that 
the englneer controls with the breakdown of the DOC. In order 
to show the dependency rt is necessary lo consider an Inter- 
mediate group oi" parameters which may be called the "opeia- 
tion parameters". Thesc comprrse the follow~ng : 

Load factor 
Ut~llsation 
Block speed 
First cost 
Fuel requ~rement 
Amortisahon period 
Servicrng period 
Rel~abrl~ty. 

Some of these ~nfluence the D O C  drrectly and otherv both 
directly and ~ndirectly The only opelatron palametel upon 
whrch the operator has a domrnant etrect and the engineer 

practicaIIy none 19 the load factor With regard lo the o t h e ~  
operatron parameters there 19 a sign~ficant englneerlng Influ 
ence. The englneer does not have complcle control, of course, 
for [actors assoc~ated with the appl~cat~on and official regula- 
l~ons  do prov~de lim~tations For example, operat~on through 
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Figure 20 
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othel traffic l ~ m ~ t s  the craft's crulsing speed. The manner In 
wli~ch the englneel affects the operat~on parameters IS through 
"eng~neer~ng factors" which are dlrectly related to the opela- 
tlon parameters The mall] engineer~ng factors are : 

Deslgn snnpl~city 
Structural eficie~lcy 
Durabil~ty 
Manoeuvrab~l~ty and coritrol 
Control system s~mpllclty 
Minimum power requlrement 
Power plant eficiency 

Certa~n factors such as c a b ~ n  des~gn have been excluded as 
the~r  effects were found to be very small In terms of offerrng 
significant Improvements In DOC 

An analysis follows of the etrects of engineering factors upon 
the fare through the operation parameters and direct operating 
cost components l 'he operation of the twenty-passenger ACV 
on anaeight-mile stage length is used as a basis. The objective 
of this analysis IS to dcterm~ne the engineering advances that 
have the most sigilificant effects on the fare. 

In  Fig. 17 the direct operating cost is broken down into 
components. In terms of the most efficient operation with 
present-day ACVs this breakdown is typical. Some differences 
would occur with larger craft as with longer stage lengths, for 
example. It is significant lo note that, as indicated in Fig. 17, 
certain of the DOC components represent a cash outflow on a 
"per annum" bas~s  while the remainder are an outflow on a 
"per operating hour" basis. 

Now where there is a relationship between a DOC com- 
ponent and an operation parameter, it is indicated in Fig. 18. 
i t  is seen that both load factor and block speed affect all the 
DOC components. 'I'his is because any improvement in either 
parameter increases the number of passenger miles achieved by 
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the craft for the same total direct operating cost. Most of the 
operation parameters affect only one DOC component. F o r  
example, the servicing period only influences the routine main- 
tenance o l  the ACV whlch represents about 80% of the total 
maintenance. The unscheduled maintenance is assoc~ated with 
the reliability of the craft. 

The separate effects of the operat~on parameters upon the 
components of d~rect  operatulg cost are Integrated and sum- 
marised 111 Fig 19. The lelat~ve strength of each of the para- 
meters IS indicated For example, 1 % increase In block speed 
or  load factor has three times the effect on DOC as 1 %  In- 
crease In the amortlsat~on period. T h ~ s  figure shows the d~rec t  
effects of the operatlon parameters on the DOC. As mentioned 
earl~er,  the engineer has little Influence on load factor Purther- 
more, the engrlieer does not Influence utlllsat~on d~rectly, but 
does so Indirectly through three other operatlon parameters - 
servlclng period, reliab~llty and block speed. 

The relat~ve effects of the operat~on parameters dlrectly 
under the eng~neel's ~nfluence a le  shown In Fig. 20 Util~sat~on 
and load factor have now been e l~m~nated,  but the effects of 
the other operat~on parameters upon utllisat~on are ~ncluded 
7'hls figule IS very instructive 111 cons~derlng the comparative 
strength of the operatlon parameters on DOC. For example, 
1 % Increase In block speed IS equivalent to approx~mately 4% 
decrease In the tuel requlrement An Important fact to bear in 
than others. A substantial ~mprovement In rel~abll~ty, for  ex- 
ample, will be more forthcom~ng than a cor~esponding Improve- 
ment in block speed fol a glven appl~cat~on 

Now consider the engineering advances that can realise im- 
provcments in the operation parameters. The main individual 
relatio~lships between the engineering factors and the operation 
parameters are shown in Fig. 21. There are many secondary 
inter-relationships that are not indicated on the figure. F o r  
example, design simplicity can have beneficial effects up011 
both amortisation period and servicing period. These effects are 
small, however, compared with the effect of design simplicity 
upon first cost. Again, all the indicated relationships are not 
comparable. For  example, durability has a significantly greater 
effect on reliability than design simplicity does. Furthermore, 
a reduction in the power requirement is far more ellective than 
an improvement in manoeuvrability and control in terms of 
reducing the fuel requirement. 

Integrating the major relationships shown in Fig. 21 together 
with minor relationships not shown, the strength of each engin- 
eering factor upon DOC is evaluated. The relative strength is 
shown in Fig. 22. This figure s11ows that a 1 % reduction in 
power is more powerful in reducing DOC than a corresponding 
improvement in any oC the other engineering factors. 

It must be noted that in the analysis each engineering factor 
is considered in isolstion, i s .  an engineering advance is taken @ 
for each of the factors in turn, with the state-of-the-art assumed 
unchanged for the remaining factors. In practice a compromise 
is sought between minimum power requirement and first cost 
-- small craft having a relatively large power requirement with 
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DEVELOPMENT 

low first cost and larger craft requlrlng less powei but having 
a h~gher  first cost When deallng wlth minlmum power requlre- 
ment, an engineering advance resulting In a reduction in power 
for a given size of craft is considered. Having made such an 
advance, a different compromise between power and first cost 
may be sought 

As ment~oned earlrer there 1s a d~fference In scope In ach~ev- 
Ing each of the englneerrng advances from the present state- 
of-the-art This IS because some componellts are more developed 
than others The eficrency ol power plants, for example, has 
received considerable attention and 1s well advanced compared 
wrth the durabrllty of the flexlble trunks In  consequence the 
englneer may more profitably dlrect his efforts to areas In 
which the lnc~eased scope could more than offset the apparent 
lower effect on DOC as derlved above Each of the engrneerlng 
factors glven In F1g 22 has therelore been allotted a "scope 
factor" whlch 1s a measure ol the scope that the engineer has 4 I* improvrng each o i  the factors The scope factor is a relat~ve 
t e rn  and has been determined by definlng the present scope in 
reducing the power requrrement as the base wrth a value of 
umty The factors are as follows. 

1) SMALL CLEARANCE 

,I) EFFICIENT AERODYNAMIC 
SBALING 

11 EFFICIIINT FAN 
1 3 )  LOW-LCSS DUCTS 

. . . . . . . . .  Minimum power requirement 1.0 
Design simplicity . . . . . . . . .  . . . . . .  2.0 

. . . . . . . . . . . .  Structure eficiency 0.4 
. . . . . . . . . . . . . . . . . .  Durability 3.0 

. . . . . . . . .  Manoeuvrability and control 1.5 

. . . . . . . . .  Control system simplicity 1.0 
Power plant efficiency . . . . . . . . . . . .  0.2 

Applying the above scope factors to the numbers represent- 
ing the relative strength of engineering advances given in Fig. 
22, a measure is obtained of the relative scope in each of the 
AC:V engineering developments as a means of reducing direct 
operating cost. The values obtained as a result of this are shown 
in Fig. 23. This figure shows quite clearly that the most profit- 
able areas are improvements in durability and power require- 
ment. Durability is an example of considerable engineering 
scope applied to a relatively minor part of the DOC, whereas 
minimum power requirement has reduced scope but affects a 
large proportion of the DOC. These two areas represent the 
real challenge to the engineer in his attempt to improve the 
operating economics of the ACV. The only other area that 
shows promise of significant improvement is the introduction 
of design simplicity. The main scope here is to reduce the 
number of parts, standardise parts and simplify attachments. 
With regard to the other factors, engineering efforts must be 
applied, of course, as new designs emerge and requirements 
change. No degradation can be afforded in these fields, other 
than that of compromise as a result of changes in the trade-offs 
between engineering factors. 

Going back to the two most profitable areas of engineering 
, development, consideration is now given to specific objectives. 

111 Fig. 24 the various ways are shown in which ACV power 
requirements can be reduced. The power improvements in- 
cluded are the lift system, momentum drag, trunk drag and 
propulsion system. Other components of power are wave- 
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maklng drag and aerodynamlc profile drag, but ~t 1s felt that 
there 1s less scope In reduclng these However, as the Ilft system 
eff~c~ency IS improved and the craft speed increases, the engrneer 
could find that aerodynamlc piofile drag has become s~gnificant 
and that more ellCort would be required to Improve the aero- 
dynamic shape of the vehlcle 

In  the 11ft system, the power used 1s dependent upon the 
volume of alr flowing through, the blade eficiency of the Cans 
and the alr pressure losses In the system The volume of air 
may be reduced In two ways One way is to reduce the cleal- 
ance between the trunks and the surface over whlch the craft 
1s operating and the other way IS to develop more efficient 
means or aeiodynamlcally seallng thls clearance In  order to 
ach~eve these objectives, further developments of the trunk, 
and 11s nozzle In particular, arc required. In addlt~on sucll 
developments automatically r e d u ~ e  the momentum drag, which 
1s III proportLon to the volume of alr used In the llft system 
Reduct~on In duct losses can best be accompl~shed by fully 
utlllsing the space ava~lable both In lhe haid slructure and the 
trunks themselves Structural membels and other obstructions 
in the ducts must be mrnlmised and well designed To obtaln 
maxlmurn Internal efficiency the integrated fan/duct system 
must be treated as one 

The intermitte~lt contact 01 the trunks and the surface when 
operatrng ovel waves and other undulations 1s a source o l  
perlormance degradat~on Reduct~on In the amount of contact 
also increases the life of the trunks and reduces craft motlon 
Very soph~strcated systems have been proposed to reduce trunk 
contact, such as senslng waves ahead and actuating the trunk 
before the wave arrives. There 1s much that can and has been 
done, however, to reduce contact by trunk des~gn alone w~thout 
incorporating a servo syrtem 

PRESENTACV DEVELOPED ACV 

STAGE LENGTH 8 MILES R M ~ T  F$ 

NO. OF SEATS 
FIRST COST 
POWER 
BLOCK SPEED 
UTILIZATION 
LOAD FACTOR 

........ 
20 30 
16 400,000 8 400,000 
900 H.P 900 H.P. 
46 MPH 50 MPH 
1500 HOURS 1800 HOURS 
0.5 0.5 

DIRECT OPERATING COST 

AMORTIZATION 0.45 
INTEREST 0.13 
INSURANCE 0.08 
CREW 0.15 
FUEL 0.34 
MAINTENANCE 0.25 

TOTAL DIRECT OPERATING COST 1.40 
INDIRECT OPERATING COST 0.70 

PROFIT 0.76 
FARE 2.86 

EFFECT OF ENGINEERING DEVELOPMENT ON OPERATING ECONOMICS 

Figure 26 



In the area of propuls~on systems rhe two most promls~ng 
approaches are the alr propeller and an Integration or the lift 
and propulsion systems Air propellers are well developed and 
their accommodation on ACVs is a compromise between thrust, 
control, noise, eroslon and protection against other bodies Use 
of the lilt fans to provlde propulsion thrust has many attrac- 
tions and a number of ACVs have been bullt that use the prrn- 
ciple There is appreciable scope in developing such systems to 
be more economic in terms of power requilement and control 

Durability of all the ACV components is the other major 
area of englneeriilg development to reduce direct operating 
cost Implovements in reliabil~ty, 11fe and routine maintenance 
ale required Fig 25 contains some of the factors that ACV 
components have to withstand in normal operation The en- 
vironment is split Into three parts. 

(I) the natural environment, w111ch obtdills in the absence 
of craft and has to be endured by all craft, 

(11) the induced envrronment, wh~ch  is due dlrectly to the 
operation ol the ACV, 

(111) the operat~onal environment, which is associated with 
the particular application and route 

Of the ACV components listed in Fig 25 for whicl~ maxlmum 
durability is required, the fiexible trunks are in greater need 
than the other components T111s is because the trunks are sub- 
jected to the bulk of the contact wlth other bodies, as 1s the 
tyre of the motor car and the track of the tank Fulther,  the 
trunk was developed specifically for the ACV and is in a rela- 
tively early stage of development compared with the tyre 
Eng~ne  ingestion of dust and salt and propeller eroslon ale 
problems that have been solved for othei vehicles, but in which 
there is scope for Improvement as far as ACV operation is 
concerned 

I t  is interesting to speculate on the probable effect of engrn- 
eering developments on the operating economics of the ACV 
In Fig 26 operating data tor the twentv-passenger cralt operat- 

ing on an eight-mik routc are agaln shown This craft is in 
ex~stence and could ach~eve these values light now From 
present technology this crakt could be developed into a thlrty- 
seat ACV with the Improvements in operat~ng cost as shown 
in the second column ot the figure Note that the fare is reduced 
from '$2 86 to $1.95. Further, the return 011 ~nvestment befole 
tax is Increased t lom 20% to 30% These Improvements 111 

operating economics have come about by building a craft or 
14 times the capac~ly for the same first cost and power and 
wLth some Improvements in block speed and utilisat~on 

I t  is felt that as a result oC research and development pro- 
grammes now In progress, further substantial implovements 
could be made, particulally with respect to durab~lity In the 
~mprovement or u t~l lsa t~nn and the reduction of maintenance 
cost. A fare of about $1 50 IS toreseen for an  elght-m~le trip 
using a craft of this slze If the haffic requirements were such 
that larger craft could be employed wlthout a drop in load 
factor, then fares of $1 20 or  less could well be ach~eved 

In  conclus~on, the authors feel that the ACV represents a 
real challenge to the englneer in the next few years This craft 
has proved its operational capability, w h ~ c h  is unlque among 
surlacc vehicles. Passengers have readily accepted it and there 
can be llttle doubt that five year? from now wL:l see a number 
of these cralt carrying passengera throughout the world on 
s.mrlar routes to Manhattan to La Guardia The ach~evements 
of  the ACV englneer In the next few years will declde whether 
lhese craft will have a minor lole in passenger transportat~on 
similar to that of the hydrofoil and helicopter today on selected 
routes, or  whether tts role w11l be a major one compaiable with 
the ship and the aircraft In the oplnion of the authors the 
latter will be the case. 

Tlris puper was prcserzted t o  the Metropolitan Section o/ the 
Socicty of Automotive Engineers ut New York  01% Murch la th ,  

Marine Paints Rotterdam Holland w 



AND'S N 
0 N March 2nd, 196.5, Westland Aircraft Ltd announced the addition of SR.N6 

to their existing range o f  hovercraft. This thirty-eight-passenger. vehicle is 
specifically directed ~t meeting the needs o f  passenger ferry routes. Scanhover of 
Oslo (who took delivery of an SR.N5 on April 5th) have already ordered an SR.N6 
for delivery in June this year. 

The SR.N6 is developed from the SR.N.5 and is powerd by a 900shp Nristol 
Siddeley "Gnonze" gas turbine engine. The first SR.N6 has corrzr?zenced operating 
trials and production craft will be ready for delivery from June onwards. 

LEADING PAR'TICUTJARS 
Dimensions 
Over-all lcngth 48 ft 5 :n 
Over-all beam 23 ft 0 ~n 
Over-all he~ght 17 St 4 ~n . - . - .  . . -  
Cabin floor area 166 sa ft 
Door aperture height 5 ft  9 in 
Door aperture width 3 it 3 in 
Power Itplant and Systems 
Engine One Bristol Siddeley "Marine Gnome" - 

engine BS.GN 1 0 ~ 1 ;  900 shr 
t~nuous power 

Prope:ler One four-bladed var~able  pltch 9 1t dla 

- - - 
Fuel Standard kerosene - .: 

64 knots Max speed over calm water 
Range (st111 alr, calm water, standard tankage) 220 nm 
Endurance at max cont power 3 6 h 1  
Wave clearance at 40-50 knots 4-5 f t  

I max con- 

Dowty Rotol 
Liftine fan One 7 fl dia centrifugal 

Fuel capac~ty 265 Imper~al gallons 
Performar~ce (mean AUW of 17.000-18.500 1b) 

Max height of vertical step or  wall 3 t t  6 in 
Max helght of rounded rock groyne 4 f t  Om 
Max height of grass or  sh~ngle bank 6 ft 0 ~n 
Max height of scrub or sapllng 7-8 ft 
Negot~able gradlent, from standing level start 1 ~n 9 
Typical lJses w a r n  
primarily as a passenger or general freight carrier 
'The craft can be readily adapted to a variety or other roles; 
examples are: 

Search and Rescue Amphibious Assault 
Fire Fighting Platform Coastal Patrol 
Weed and Pest Control 



THE CANAD AN HYDROFO 
PROGRAMME 

The  history o f  the Canadian Hydrofoil Programme is out- 
lined starting with the work by Alexander Graham Bell and 
F.  W.  "Casey" Baldwin in 1911 to  1920 at Baddeck, Nova 
Scotia, which culminated with the breaking o f  the then water- 
speed record using the HD-4. The  work during World W a r  11 
on  Smoke Laying Craft  for  the Canadian Army is mentioned. 
The  concept o f  Bell and Baldwin was developed after the war 
by the Defence Research Board at the Naval Research Estab- 
lishment at Dartmouth, Nova Scotio. Three craft were built, 
the 8-ton Massawippi, the 17-ton Bras D'Or, and the 3-ton 
"Rx" research craft. The  design rind performance of these 
craft are discussed. 

T h e  Naval Research Establishment, as a result of its pro- 

I. HISTORICAX, REVIEW OF CANADIAN 
HYDROFOIL RESEARCH 

H YDROFOIL research in Canada has its orig~ns In the work 
of Alexander Graham Bell and F W. "Casey" Baldwln at 

Baddcck, Nova Scotla, duiing the period 1911-20 Mr  Philip L 
Rhodes, the well-known naval architect of New York, also 
contr~buted to tlus work by his assistance in the closing phase 
of experiments Their research was a development of earliei 
work by E n r ~ c o  Forlanln~ of Italy from 1898 to 1905 and was 
confined to surlace-pierc~ng "ladder" type foil systems. 

Experiments by Bell and Baldwin culminated In the develop- 
ment of the "HD-4" hydrofo~l. In 1919 this remarkable craft 
ach~eved a woild water-speed record of 61.5 knots Ovei thirty 
years were to elapse be1 ore this record was exceeded by another 
hydrofoil, the American Giumman XCH-4 The HD-4 was 
60 ft long by 5 ft 9 in beam of the main hull, w ~ t h  an all-up 
weight of 11,0001b and was powered by two 350 lip Liberty 
aelo-engines drlvlng pusher alrsciews The fo11 sections were 
developed empir~cally by Baldwiri and Rhodes. It  was claimed 
that these produced a maximum liit/drag ratio oT e ~ g h t  at 
30 knots T h ~ s  dropped to four at 60 knots, lnd~catlng that 
severe cav~ ta t~on  was occurring See Rels (I), (2), (3) and (4). 

Regrettably, little work on t h ~ s  novel concept was conducted 
after 1920 in Canada untll, In 1943, the National Research 
Council undertook the development of expendable smoke-lay- 
lng hydrofoil cratt for the Canadian Army. These were termed 
tho "Comox" boats Equipped with surlace-pie~cing lolls, these 
craft were 201-1 in length and were capable of operating at 
speeds up to 35 knots in wave heights of 6 to 9 ft 5 

In 1947-49, a 45 i t  hydrofoil craft powered by a Rolls-Royce 
"Merlln" alrcraft englne of 1,200 hp was designed by Ph111p 
Rhodes, based on the HD-4 experimentation, lor  Cdr D. M. 
Hodgson, RCNR, of Montreal The craft was to be used in an 
attempt to set a new water-speed record At about this time, 
the Deience Research Board (DRB) became Interested in the 
polentlal naval appl~cations of hydrofoils and the craft was 
built w ~ t h  some design modifications under DRB d ~ r e c t ~ o n  It 
was des~gnated R-100 and named Mas~avv~ppr aftel Lake Mas- 
sawlppi, Quebec, the slte of its construction and first tests The 
ciaft was then shipped to Halifax for further trials and In 1951 
the responsibility to1 the project was tiangferred to the Naval 
Research Establishment (NRE) of the D e i m e  Research Hoard. 

Commander R. E. Fisher BASc, RCN 

gramrne, developed a concept for a 200-ton open-ocean hydro- 
foil ship. The  concept was investigated by De  Ilavilland Air-  
craft o f  Carzada Ltd and their design study conclusions and 
proposals were endorsed by the Royal Canadian Navy.  De  
Havzllund was given a contract in April 1963 to design and 
construct a Development Pratotype Hydrofoil Ship.  This paper 
reviews the N R E  concept and the currenl R C N  development 
progrumme, including salient features o f  the M E  400 proto- 
type s h ~ p  design. 

Highlights o l  Jome of the theoretical work and research irz 
the development o f  the ship are outllrzed. Considerations in the 
design of the subcavitutzng and the superventilating foil sections 
are also reviewed. 

Early trials were conducted at all-up weights in the 8,000 to 
10,000 lb range Good performance was achieved at speeds u p  
to about 55 knots However, ~t was considered that cratt werght 
In relation to size was not representative ot the length/we~ght 
latios lor operat~oilal naval roles then envisaged for hydro- 
Coils In consequence, Massawi~~pr was ballasted for an all-up 
we~ght of 12,000 1b and Instrumented for further tests At this 
weight, the crart exhibited an instability in p ~ t c h  associated 
w ~ t h  cavitation on the lolls I t  1s lnterest~ng to  note that a 
similar tendency to porpolse was ev~dcnt In the HD-4 charac- 
ter~stics 

Concuirenl w ~ t h  the R-100 tr~als,  a contract was awarded to 
Saunders-Roe Ltd of Cowes, Isle of W~ght ,  England, for the 
design study of a 100-ton hydroforl craft (designated R-102) 
Tor naval employment The B r ~ t ~ s h  Adm~ralty supported a 
series oT model tests for thls design study and the invest~gation 
of R-100 behavtour The study concluded, however, that a craft 
oC t h ~ s  size was not leasible within the limltatlons of power 
plants and structural mater~als thcn available 

In  consequence, a luither design study contract was estab- 
11shed with Saunders-Roe to des~gn a craft (known as R-101), 
based upon ex~sting mater~als and power plants. Tile study 
considered two verslons of a craft of about 80f t  in length, 
each hav~ng an all-up weight of 47 tons, but designed lo r  
diametrically opposed proportions of hullborne and loilborne 
t ~ m e  In their respeclive missions. One velsion was an "ortho- 
dox" craft, analogous to a "boat that flies", and intended for  
mlss~ons where hullborne operat~on would predominate (about 
80% of misslon time) The nthei verslon was an  "unorthodox" 
cratt, l~kened to "an aircraft that acts like a boat" and Intended 
for mlssions where foilbolne operation would predoininate 
(about 80% of the t~me)  

It was dec~ded in late 1953 to design and build an approxi- 
mate one-third scale model of the "orthodox" version. This 
project was undertaken by Saunders-Roe and resulted in the 
dellvery in mid-1957 of the 17t-ton, 59 f t  Bras D'Or or R-103. 
It  was powered by two 1,500 h p  Rolls-Royce "Griffin" aero- 
engines and designed for a top speed of 55 knots. Extensive 
trlals in 1958 revealed several areas in which further tests and 
mod~fications were required. 

Durlng the work by Saunders-Roe on the R-101 study and 
the Bras D'Or, NRE designed a new set of roils for thc Massa- 



F;ignre I .  Artist's impression of NRE 200-ton design 

M ' I ~ ~ L  In 1956, iWassawlpp~ was tested w ~ l h  the new lolls a1 
an ~ncreased all-up we~ght oi 16,800 1b The ciaft perlormed 
we3 In all of these tests, ~nc lud~ng  a single sea t r~al ,  w~thout  
the porpolsrng assocldted with the origlnal Polls 

Foll systems of the R-101 des~gns and the Bras D'Or, in- 
cluding the set des~gned by N R E  for Ma~suwzppz, were of the 
"V" ladder type. 7hrs marked a s~gnificanl depa~ture  from the 
e a ~ l ~ e r  stra~ght d~hedrdl ladder lype foils employed on the 
IlD-4, Lhe or~grnal foll system of Mas~uwzppl was m the R-102 
des~gn In  the latei des~gns, a cav~latron-delay~ng Cod section 
was adopted T h ~ s  was oilginally developed by Walchner dur- 
lng World War 11" and is known as the "Walchner 'C,' sectron". 

In  a d d ~ t ~ o o  to the crafl prev~ously descr~bed, NRE developed 
and constructed a small hydrololl as a baslc research vehlcle, 
startlng rn 1954 Des~gnaled "Rx", ~t has a simple scow-like 
lorm, an all-up we~ght of approx~mately 6,000 1b and 1s pow- 
ered by a Chrysler "lmpe~ial" marine gasol~ne englne up-rated 
to 335 hp The lolls are mounted on parallel r a~ l s  along the 
gunwale to perm~t  convenient alterat~on In then long~tud~nal  
pos~tion when ieyulred. Rx 1s fully ~nstrumented to enable 
motlons In the SIX degrees oC Lreedom to be measured as well 
as thrust, torque, rpm and loll u n ~ t  lrCt It  1s bang employed 
extens~vely In model tests of the FHE 400 h y d ~ o l o ~ l  shrp design 
as descr~bed in the later seclrons or Lhls paper 

A central theme of hydrololl research In Canada, as illus- 
trated by the preced~ng revlew, IS the concent~at~on upon 
surlace-plerc~ng f o ~ l  systems and the11 developmeilt by NRE 
lor appl~catron In relatlvely small craft capable of open-sea 
operatrons In the 45-60-knot speed lange. It is agarnst thls 
background lhal cons~derat~ons lead~ng to the RCN programme 
for an ocean-golng hydrololl s h ~ p  are traced In the following 
sectron 

XI. CONCEPT FOR A N  OI'EN-OCEAN 
MVDROPOIL SHIP 

1. Concept Originated by the Naval Research Establishment 
A conclusron of stud~es in 1953 was that fixed, surlace- 

prcrclng hyd~ofoll  craft In the 40-60-knot speed range would 
be lrmrled In size to about 50 tons. Ilowevei, by 1959 NRE con- 
sldered that thls l rm~tat~on was no longer applicable Develop- 
ments rn the ~nteivenlng years by the arrcralt ~ndustiy now 
offered the prospect ot elliclent hghtwerght, high strength 
rnaterrals and struclures and brgh powei, l ~ g l ~ t w e ~ g h t  propul- 
sion un~ts  essenllal to thc feasrb~l~ty of large hydrofoil cratt 
At about the same tlrne, Grumman A~icraf t  Engineer~ng Cor- 
poration also concluded that larger hydrolo~ls would be prac- 
licdble and envrsaged commercial craft 111 the 500-3,000 ton 
range 7 

NKE thelelore invest~gatcd the requllements for the small- 
est, simplest, and most economical vehlcle w h ~ c l ~  could operate 
in the open ocean wlth acceptable seakeeprng, comfort and 
rehabll~ty and achlcve a hlgh deglee of effectiveness In anti- 
s ~ ~ b m a i l n e  or  other approprrate naval roles It concluded that 
a 200-1011 s h ~ p  wlth a surlace-piercing 1011 system and 50 to 
60-knot speed capabil~tles would be h~ghly eKec11ve In many 
open-ocean ASW roles Equally slgnlficant was the conclus~on 
that the relatlvely low cosl of the system would make it feas- 
ible as a "Small and Many" concept at a cost effect~veness 
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Figure 2. The 400 l~ydrofoil  programme 

superlor to conventronal surface forces 
Cons~deratron of var~ous craft configurat~ons resulted In the 

rorm shown In Fig 1 It w ~ l l  be noted that the roll system 
comblnes features of the Grunberg and the Bell-Baldw~n sys- 
tems employing a fixed, suiface-p~ercing hoop lnaln forl gener- 
atlng 90% of the total llft and a "V" ladder bow or pltch 
s tab~l~slng forl u n ~ t  'The canard configuration of foils lnheieilt 
111 t h ~ s  system offers some dec~ded advantages In craft Intended 
for rough watel operatron. It avo~ds a long bow overhang and 
perm~ts fine llnes forward, thus reduclng wave rmpact loads 
The canard configuratrocl also promotes good rnternal and pro- 
pulslon machrne~y arrangements, 1s well suited lo towed sonar 
~nstallat~ons and can ach~eve good rollborne stabil~ty ln follow- 
Ing seas Slnce 11 was antic~pated that, In the roles env~saged, 
the craft would operate largely In the hullborne mode, dls- 
placement scakeeprng qua l~ t~es  were considered of paramount 
Importance 

The  principal characteristics oC Lhe NRE 
Length over-all . . .  . . . . . . . . . 
Beam o l  hull . . .  . . . . . . . . . 
Depth oC hull . . . . . . . . . , . , 
Span o l  main Coils . . .  . . . . . . 
Foil base length . . .  . . . . . . . . . 
Draught in displacement mode . . . 
Draught in foilborrie mode . . . . . . 
Foilborne power . . .  . . . . . . . . . 
Displacement power . . .  . . . . . . 
Maximum foilborne speed in calm water 
Foilborne speed in SS 5 . . .  . . .  . . .  
Normal cruise displacement mode . . . 
Maximum speed displacemerrt mode . . . 

design were: 
. . . 130 f1 (39.6 m) 
. . .  28fi. (8.5m) 
. . . 14 l't (4.3 m) 
. . . 64 l't (19.5 m) 
. . .  81 f t  (24.7m) 
. . . 23 It  (7.0 m) 
. . .  6 f t  (1.8m) 
. . . 16,000 hp 
. . . 3,000 hp 
. . . 60 knots 
. . . 50 knots 
. . . 12 knots 
. . . 18 knots 

At a tripartite conference early 1960, a group ol' specialists 
from Urltain and the IJnited States reviewed the N R E  report. 
The conference collcluded that the concept was feasible and 
warranted further study. 

2. Fea~ibilily Study by De Navilland Aircraft Co of Canada 
1,td 

Wh~le  conc:ud~ng lhal the development of high strength 
mater~als, 1,ghtwelght marrrie gas turbines, transmrss~ons, and 
supercav~tatrng propelle~s placed the concept w ~ t h ~ n  thc bounds 
oT praclrcal real~sal~on, NRE recogn~sed Lhe need to establish 
des gn criterra Tor ocean-golng hydrofoils It noted that alrcrait 
companies were parlicularly well equrppad for this task by 
vlrtue ol t h e ~ r  experience In l~ghtwe~ght  structures, flurd dyna- 
1111~s and rn computer systems enabllng the simulation of a clall 
In 11s cnv~ronmcnl 

The revrew of the t r~par t~ le  conrerence led In 1960 to the 
award of a contract Lo De Havrlland by the Department ol 
Defence Production (DDP) lor a comprehensive deslgn study 
ol the NKE concept. Objectives of lhe inrtial phase wele to 
examme the concept In depth, pursue parametr~c studres and 
to ascerta~n the engrneerrng feas~brl~ty  ol the proposed deslgn 
The basrc equat~ona of mot1011 weie writlcn and a computer 
s~rnulat~on oC the craft in slnusoidal seas was coriducted wh~le  
a method of representing random seas was be~ng  developed. 



Figure 3. RCN prototype ASW hydrofoil ship. Platz and profile views 

Recommerldations for a separate foil materials study and pro- 
posals for a model test programme in the Phase XI study were 
also formulated. 

The report of this first phase rendered In June 1961 con- 
cluded that the hydrofoil craft design conceived by NRE and 
developed by De Havllland was technrcally I'easlble. In  parti- 
cular, the study confirmed that a canard configuratron and a 
150- to 200-ton design weight were optimum for the roles 
envisaged. 

The succeedrng Phase I1 study was armed at developrng a 
prelimrllary desrgn for a 200-ton shlp for employment pn-  
marily In open-ocean ASW roles An objectrve was to develop 
the englneenng basls lo eslablrsh feasrbrlity In detarl and pro- 
duce cost estimates together wlth proposals for a full-scale pro- 
totype shrp construction programme An extenslve theoretical 
and model test proglamme was cartred out. These ~ncluded:  

(a) Resistance measurements on a one-twenty-fifth scale 
model of the ship at hullborne and take-off speeds and 
a qualitatrve assessment of hullborne seakeeping. 'Phese 
were conducted a1 Stevens Institute ol Technology, New 
Jersey. 

(b) 1 ests of one-erghlh scale models of the main and bow 
Soils at the Natlonal Physrcal Laboratory, England, to 
establrsh the bas~c  stabrllty derlvat~ves of the unrts and 
pressure distributions over c r ~ t ~ c a l  regrons of the maln 
foil 

(c) 'rests of a representatme one-quarter scale model of the 
So11 syslem on the Rx research vehlcle at NRE. 'These 
were pnmarlly Intended lo check the valrd~ty of the 
analogue computer srmulatron of tbe full-scale craft at 
Dc  Havllland. 

(d) A random seaway analogue computer simulation of the 
Cull-scale craft and the one-quarter scale Rx vehicle in 
foilborne operation. The full form and its hydrodynamic 
effects in take-off and landrng were not simulated. The 
computer was used to simulate the non-linear equations 
of motion of the foil system rn SIX degrees of freedom 
in random Sea State 5. It  also accounted for orbital 
velocities in head, beam, and Collowing seas, unsteady 

flow hyclrodynamrcs, partial ventrlalron of for1 and strut 
elemenls, vlltual lnertra effects In waves, and the onset 
oC local cavrtatlon. A wave pole was developed by N R E  
lo mcasute wave heLght and frequency durrng Rx tests. 
Thrs enabled comparrsons between the Rx craft ana- 
logue s~mulatron and rts actual behavtour by means of 
taped records later reduced at the National Research 
Councrl spectral analys~s centre in Ottawa. A compre- 
hensive descrrptlon of this work IS contalned rn Ref (8), 
rnclud~ng the comparrson between analogue simulalron 
and the K x  tnals results upon whrch the lellance on 
computer predrct~ons Lor the full-scalo craft have been 
based. 

It  was recognrsed in the Phase I study that efficiency, 
strength, werght, and operatronal l ~ f e  consrderations would 
Impose severe requrtements upon the loll system materrals. 
Durrng thrs perrod, data on the new "Maraging" Ni-Co-Mo 
steels wexe released. Although these steels appeared to offel 
some considerable promrse, lrttle data on characterrstics and 
fabrrcatron were available Accordingly, a separate materials 
research programme was sponsored by the RCN and a con- 
tract was awarded to Dc Nav~lland for the rnvestrgatron of 
hrgh-strength steels and protectrve coalrngs to determ~ne their 
relatlve surtabilrtres fol hydrofoils and other manne applica- 
trons Hlghl~ghts and conclusrons ol lhls study are presented in 
a later sectron. 

The most important conclusion was that the computer 
studles and model tests had showrr that a fixed, surface-piercing 
I'oil system can be designed to operate successfully on all head- 
ings in sea states up lo and including SS 5. This and more 
recent work has completely discredited wldely held views that 
surface-pierclng systems cannot be expected to pe r fom satis- 
factorily in certain following sea cond~tions. 

Study pred~ctions that only a supercavitating bow foil could 
provide acceptable response characteristics were vindicated by 
NRE trlals of the one-quarter scale Rx craft. While the super- 
cavitallng foil has a lower lift-drag ratio than a sub-cavitating 
foil, it constrlutes a relatively small penalty because the bow 
foil supports only 1076 ooT the static weight. 



Figure 4. RCN prototype ASW hydrofoil slzip. Deck plurzs 

Based upon the previous expectation that the full-scale ship 
would spend the major~ty of its tune at sea in  the hullborne 
mode, hull lines were optimised for low displacement resist- 
ance and to minimise wave impact loads. The damping pro- 
vided by Lhe large immersed area of the foil system y~elds 
displacement seakeeping comparable with a much larger ship. 
As demonstrated in the early trials of the one-twenty-fifth scale 
model, this damping results In a surprisingly low increment of 
resistance from calm to rough water conditions, n u s ,  while 
the non-retractable foils impose a drag penalty in calm water, 
they confer a decided advantage in rough seas. 

In ~ t s  Phase I1 des~gn report subm~tted In late 1962, De 
Kav~lland presented a development In detall of the NRE con- 
ceptual design, together w ~ t h  a Formal proposal to the RCN 
for the construction oC a full-scale prototype s h ~ p .  A thorough 
technical assessment of the proposed desrgn was made by the 
RCN, ~ncludlng cons~deration of a sultable ASW system outfit. 
In early 1963 approval was given to a programme for the a desrgn and construction of a full-scale development prototype 
ASW shrp. The lattei was subsequently ass~gned des~gnator and 
hull number FHE 400 by the RCN. 

1111. RCN DEVELOPMENT I'IROTOTYPE IIYDROPi"QII, 
SHIP - PHE 400 PROGRAMME 

Based upon the NRE concepl and its examinat~on rn depth 
by the 1961-62 De Havllland feasibil~ty stud~er,  a programme 
lor the development and evaluation of a full-scale prototype 
ship was launched In A p r ~ l  1963. Its fundamental objectives 
are  : 

(1) T o  establrsh the feas~bi l~ty  o l  the proposed slze and 
form of ship for open-ocean operations and to test the 
val~dity of des~gn predictions 

(2) To develop a Fighting Equipment system attuned to the 
characteristics of the vehicle design which will permit a 
thorough assessment of the prototype ship's capabilities 
in AS'W operations. 

RCN interest in the hydroloil is centred on its potential as a 
practicable and eKective element of ocean-going ASW forces. 
As such, the first objective is a prerequisite to the second and 
the latter will be fundamental to the consideration of any 
subsequent warship production programme. 

Pig. 2 outlines the major components of the programme and 
their phasing. Prime contractor for the design and construction 
of the ship is De Havilland Aircraft Co of Canada Lid. Design 
and nroduction of Fighting Eauioment which includes the com- - - & <  

plex of navigat~on, detection, communicat~on, armament, and 
tactical data sub-systems is under contract to Canadian West- 
lnghouse. Construction and outfitting of the ship is being under- 
taken by Narlne Industries Ltd, Sorel, PQ, on sub-contract to 
De  Havilland. The ship programme is phased to accommodate ) the sequence of construction and outfitting at the shipyard for 
the earliest possible delivery date. Thus, design of some sys- 
tems and manufacturing of others are proceeding concurrently 
In maxy instances. At this stage, the detailed design is well 

Figure 5 .  RCN prop RCN prototype ship. Main foil 

advanced in all areas F o ~ l  system manufacture and hull con- 
struct~on are under way. The latter, as lead ~ t e m ,  1s due lo r  
complet~on In September 1965. T h e  schedule IS a demanding 
one cons~derlng the attendant uncerta~ntles oi a n  extensive 
development programme and the reliance upon a large number 
of firms and agencies In the fulfilment of i n d ~ v ~ d u a l  tasks. The 
PERT (Programme Evaluat~on and Rev~ew Technique) method 
1s being employed In the two prime contracts to  asslst in 
management of the project w h ~ c h  IS drawing upon a wide 
varlety of support from research agencles and s~rppl~ers In 
Canada, Sweden, Er , ta~n,  and the Unlted Slates 

After launchlng, ~nstrumented calm water and rough water 
tr,als w ~ l l  be conducted prlor to the ~nstallation of F ~ g h t ~ n g  
Equ~pment In late 1966 lo1 operational evaluat~on In the anti- 
submarine role. The base of operat~ons w ~ l l  be RCN iacllitie~ 
at Ilal~fax, Nova Scotla Plans for shore support ~nclude the 
construct on oC a docking Cac~lity adapted to the specla1 needs 
of the prototype ship Preliminary stud~es have now been com- 
pleted and des~gn work IS progressing on a fac~lity which wlll 
embody a marrne elevator type dock and meet the  needs of 
other RCN vessels as well Const~uction 1s scheduled for com- 
ple t~on In Aprll 1966 

2. FHE 400 -Prototype Ship - Design Basis 
The des~gn basis for the prototype s h ~ p  establ~shed by the 

1961-62 De  Hav~lland studles of the NRE concept has been 
closely adhered to In  ~ t s  des~gn development, apart Prom the 
spec~hed aims for high speed and manoeuvrab~llly, emphasis 
has been placed upon the need for  good seakeeprng In toil- 
b o ~ n e  and part~cularly hullborne operat~on 

An objective which 1s fundamental to the NRE concept and 
its real~sat~on In the RCN development programme, IS to 
achreve the mlnlmum size and cost of s h ~ p  practicable for 
open-ocean operal~ons In the ASW role Early parametric 
studies by De Havllland confirmed that about 200 tons was the 
op t~mum slze for the requirement A smaller s h ~ p  would be 
deficient In range whlle a larger one would not y ~ e l d  a s~gn~f i -  
cant Increase In payload because of the rrslng proportion of 
to11 system weight w ~ t h  lncreaslng size 011 the other hand, 
seakeeping abil~ty Improves with size These were Important 
cons~deratrons In the final d e c ~ s ~ o n  on iorm and slze of the 
s h ~ p  from the standpo~nt of hab~tab~l i ty  and operat~onal effec- 
llveness in open-ocean employment, partlcularly for extended 
perrods In the hullborne mode 

Accord~ngly, a fundamentdl alm has been the achievement 
of the smallest pract~cable s h ~ p  w ~ t h  hullborne seakeeplng 
q u a l ~ t ~ e s  equ~valent to conventional warshlps of over ten tunes 
~ t s  s u e  T h ~ s  IS made possrble by a design of the hull comple- 
mentary to the non-retractable ioll system The latter 1s a 
natural ally wh~ch,  Lhrough rts extenswe Immersed area, exerts 
a powertul damp~ng action on s h ~ p  motlons, pa~t~cular ly  In roll 

A notable feature of the s h ~ p  IS ~ t s  broad foilborne speed 
lange capab~lrtres compared to contemporaries employmg sub- 
merged automat~cally controlled for1 systems. This IS due in 



Figure 6 .  RCN prototype ASW hydrofoil ship. Bow foil 

part to the rapid low speed take-off provlded by the surface- 
piercmg foils and also because the fundamental des~gn aim was 
to achieve the maximum speed, particularly in rough water. 
Detailed consideration of operational requirements have also 
been a heavy influence in the refinement of the over-all design 
of the ship and its facilities. However, the  generally sensitive 
interdependencies of speed, payload, range, size, and cost in a 
ship of this type have been a decisive factor in l~miting devia- 
tions from the basic design. 

The foil system of F'HE400 has no direct precedent. As a 
key featule upon which the feasibility of the concept hinges, 
its des~gn has been supported by a comprehensive programme 
of material research and hydrodynamic development, beyond 
that of the earlier Phase I and I1 studies. 

A specific aim in the prototype design is to employ proved 
equipments where suitable and to restricl operational features 
to those essential to proof of feasibility. The  general approach, 
however, has been to minimise the transitional development 
which would be necessary for a warship class. 

3. Related Interrlational Designs 
International developments in hydrofoil craft have been pro- 

lific and widely reported in recent years. These have marked 
a growing interest in commercial applications, exemplified by 
the Denison and the Supramar series of hydrofoils. None of 
these, however, have been designed for long-range open-ocean 
employment and are generally limited to operation in low sea 
states. 

In the military sphere, the Canadian F H E  400 programme 
is joined by the United States Navy PC(H) and AG(EH) pro- 
jects described in a recent p a p e r o y  M r  Ralph Lacey, Bureau 
of Ships. Of these three ships, only the AG(EH) and F H E  400 
have been spec~fically designed for ocean operations. The fun- 
damental dlfl'erences between the latter two, as illustrated by 
Mr  Lacey's paper, lie in size, foil configuration, and end pur- 
pose. In  contrast to the 320-ton experimental AG(EH) employ- 
ing a "conventional" configuration of automatically controlled, 
submerged foils capable of retraction, the  200-ton 400 
development prototype is based upon a "canard" disposition of 
surface-piercing, non-retractable foils with an over-all design 
and outfit specifically oriented to an ASW application, The 
pivotal point in the design of either ship is the type arid con- 
figuration of foil system. While each has its own particular 
vrrtues and disadvantages, the choice of foil system for FTIE 

400 was rnfluenced by the requirement for good seakeep ng 
qua l~ t~es  and a hrgh degree of ~nherent s~mplicity, ruggedness, 
and r e l ~ a b ~ l ~ t y  In the demand~ng environment ol ocean-gorng 
naval operat~ons In  many respects the development of hydro- 
for1 craft and equ~pment are In their ~nfancy Contr~but~ons to 
the advancement of lhese developments, especially rn the mill- 
tary sphele, are berng made by the USN and RCN programmes 
A close ~dentity ot ~ntelests l ~ n k s  these two projects and the 
attendant co-operation has been of great beneht rn the progress 
towards allred goals 

4. FlIE 400 Design 
Prlrzczpal Feutures 

The f o ~ m  and exte~nal features of the s h ~ p  axe shown in Lhe 
views of Pig. 3 T h e  general layout of mam and lower decks, 
~ncludrng br~dge and operations room, is illustrated by Fig. 4. 
These are rn the course of mock-up development In a full- 
scale wooden repl~ca of the hull and superstructure a t  D e  
Hav~lland. 

Leading particulars alc summar~sed in Table I and do  not 
differ substantially from those of the Phase I1 des~gn proposal 

Hull and Superstructure 
The  hull structure design involves some departures from 

normal practice. I t  caters for hull bending while foilborne, high 
bottom impact loads at take-off and foil attachment fittings. 

Hull and superstructure will be of all aluminium welded 
construction, fabricated from ALC'AN 1354S or  equivalent 
plate and extrusions except for the foil attachments which are 
7075(T73) aluminium forgings bolted to the welded structure. 
Extensive use has been made of large extrusiovls of combined 
stringers and plating. 

'I'he slender hull, designed for minimum resistance, is highly 
stressed. I n  consequence, structural joints must be carefully 
designed and marry up precisely. 

The hull is being constructed in the inverted position on an 
erection bed. When completed, it will be rotated to an upright 
position for the erection' of superstructure, outfitting of systems 
and attachment of foils. 

TABLE I 
PRINCIPAL PARAMETERS AND FEATURES -- FHE 400 

Dimensions 
Length over-all . . .  ... ... 151 f t  5 in (46.2m) 
Length of waterline . . . .. . 146 f t  6 in (44.6 m) 
Beam of hull . .. . . . . . . 21 f t  6' in (6.6 m) 
Foil base . . . . . . . . . . . . 90 f t  0 in (27.5 m) 
Row foil span . . .  . .  . . . .  22f1 6 in  (6.6 m) 
Main foil span . . .  . . . . . . 66 f t  0 in (20.1 m) 
Hull depth . . . . . . . .. 15 f t  0 in (4.6 m) 
Keel clearance at 60 knots . .. 11 f t  6 in (3.5 m) 

Draughts 
Hullborne draught . . . . . 23 f 6 in (7.2 m) 
Foilborne (60 knots) draught . . . 7 f t  6 in (2.3 m )  

I Displacement . . . . .. . about 200 tons I 
Mar11, Auxiliary, and Emergency Power Pla~zts 

Fo~lborne gas turbme 22,000 shp cont 
(Pratt & Wh~lney Pr'4A-2) 

Hullborne diesel 2,000 bhp cont 
(Davy Paxman 16YJCM) 

Aux~l~asy  gas turbrne and hull- 
borne boost 390 sbp cont 
(Canadian Pratt & Wh~tney 
ST6A-53) 

Emergency gas turbme 200shp con1 
(A~Research GTCP85-291) 
(A~Research GTCP8.5-291) 

Propellers 
Foilbornc - twin supercavitating 

props (fixed p~tch) 3 ft 8 in dia 
Hullborne - twin controllable 

pitch props 7 ft 0 in dia 



Foil System 
The system cons~sts oC two surface-p~ercing, non-retractable 

unrts, the bow for1 support~ng 10% ot the sh~p 's  weight wlth 
Llie lemalnrng load on the marn for1 

@ The bow loll (Rg  6) is a supercavitating design for good 
response in a seaway and acts as a wave sensor to trim stabilrse 
the ship when foilborne Tlie centre strut is coupled to a shaft 
which rotates about ~ t s  axls for steering control at all but low 
harbour speeds when the use ol the controllable pitch pro- 
pellers 1s necessary The shaft can also be raked fore and aft 
to adjust the p tch angle of the bow loil for hullborne or 1011- 
borne attitudes 

The main foil (Fig 5) has elements w ~ t h  delayed cavitation 
sections and 17 an unusual comhinatron of surface-piercing and 
submerged I'orls The large anhedral Polls provide reserve lift 
at the low take-off speeds Anhedral tips are lotatable and can 
be m a n ~ ~ a l l y  or automatically controlled in ~ncrdence to ensure 
adequate roll stability at very low Joilborne speeds. These can 
also be employed at higher rollborne speeds to decrease turn- 
Ing diameters in "co-ordrnated" turns. Fences are fittcd to the 
high-speed lolls and struts lo lnhibrt ventilation. 

The loll system is constructed oC welded 250 ksi maraging 
steel 01 the 18% nrckel var~ety, to which a protective coating, 
being developed by De Havilland, will be applred. Foil elements 
are bolted to each other and to the hull Leading edges of the 
lolls are replaceable and made ol lNCO 718 sta~nless sleel. 

Although the hull and foil elements are relatively simple 
sttuctures, an analysis by convenlioiial means would be un- 
reliable because of the multlple load paths. Matrix methods 
have therefole been adopted rn cl~trcal areas such as the f o ~ l  
elements and maln lo11 foundation. 

Although the ship is relalively small, the roll system acts as a 
strong damper to hullborne motions Model tests Indicate that 
l~ullhorue niohons will be less severe than those of a destroyer 
escort. 

Foilborne Propulsion System 
The roughly ten to one difference In foilborne and hullbolne * power lequrrement. dictate sepalate propulsiori systems lor 

economical pesformancc 
Phe foilbolne system is powered by the FT4A-2 turbo-shaft 

englne rated a1 22,000 slip continuous duty and mounted in a 
protective cowling headed by an arl Intake abaft the operations 
room on the maln deck This atrangement mlnlmlses nolse and 
heat transfer to the lrvrng spaces ol the ship and avoids large 
structural cut-outs in the hrghly slressed hull Power 1s trans- 
mitted from a dual output gealbox abaft the engine via down- 
slialls in the maln for1 stluts to a pod-mounted gearbox and 
supercavitating propeller at the foot ol each strut 

The propellers are f~xed p~lch, three bladed and 44 in in 
dlameter The desrgn 1.s c~lrlently under join1 development by 
the Natronal Physlcal Laboratory, England, and De  Havllland, 
Canada Overrunning clutches in llze pods automatically dis- 
engage the propellel during hullborne operations. 

Both hullborne and toilborne lrarism~ssrons are being de- 
srgned and built by Cenelal Electric, Lynn, Massachusetts, 
under contract with De Havrlland Prev~ous experience wrth 
the transmissions des~gned by GE lor H S  Denzson and Lhe 
AG(EH) will be a slgnlficant benefit to the FHE400 trans- 
mission development 

Hullborne Propulsion System 
The hullbo~ne system is powered by the 2,000 blip Paxman 

16YJCM diesel centred in the engine room as shown by Fig. 4. 
Power is transmitted by a dual output gearbox and downshaits 
to an outboard gearbox and propeller at a pod on each an- 
hedral foil. I h e  propellers are 84 in in diameter, three bladed, 
controllablc in pilch and feathered lo minimise wave impact 
loads during foilborne operations. These are being designed 
and built by KMW, Sweden. 

Airiilic~ry Machinery ilnd Syjiems 
Engine room. The engine room shown on the lower deck 

plan of Fig. 4 contains the propulsios~ diesel and a11 auxiliary 
systems, including the 390 shp ST-6A auxiliary gas turbine and 

200 shp AiResearch emergency gas turb~ne driving generators, 
hyciraulrc and salt water pumps. The auxilsary system is de- 
s~gned around a dual Input auxiliary gealbox dt~ven via 
clutchcs from either the d~esel wli~le hullborne o r  the ST-6A 
whrle Eo~lborne. The gearbox 1s also capable of coupl~ng the 
ST-6A to the displacement iransmissron for "boost" power 
with the dresel or by itself for emergency plopulsron. The emer- 
gency gas turbine pack provides a secondary source ol electric 
and hydraulic power, firefight~ng servlces and bleed air for 
marn gas turbine starllng The engine loom IS unmanned and 
controlled from the bridge and a machrnery console in the 
operations room 

The hydraulic system operates bow loil steering and trim, 
anhedral tips, VDS arid anchor winches and various lubricating 
pumps. 

The  pneumatrc system prov~des compressed arr for gas tul-  
bine and diesel start~ng, torpedo launch~ng, and other services. 

Freslz water is supplied from two d~stlllation un~ t s .  Dresel- 
englne jacket water 1s the heat source for the units. 

Electric power IS generated a t  l l5 /200v,  400 cycle, three 
phase 

7 he slirp IS heated from an exhaust gas healer exchanger 
operatrng ltorn the diesel or ST"-6A turblne Electlically d r~ven  
air-condllloning ~1111s are employed 

Firefighting servrces lnclude a remote-controlled CO, flooding 
system lor the engrne rooin, file hydlanls on upper and lower 
decks, and a portable gas Lurbine powered emergency p m p .  

The  fuel system IS deslgned to accommodate any dlesel o r  
turbo fuel surtable for the four engines. JP5 will be the stan- 
dard Jucl in FHE 400 Four tanks are incorporated below the 
lower deck. 

The  bow foil steering system includes features l o r  manual o r  
automatrc control of hedding, the latter operatrng from the 
shrp's gyro compass. 

Seamanship O ~ ~ t j i t  
Outfit plans rnclude anchor and associated fac~lilies on the 

qua~terdeck, with a lrghtweight winch in the compaltrrle~rt 
below Hydraul~c-povered bollar ds and other normal fittings 
Cor line handling are bang plovided. A 13) Ct Boston whaler 
wrth an 18 hp outboald motor will be carried as shown ixr 
Fig. 3 

Facil~tles Tor refuelling and replenrshment a1 sea are being 
rncorporated 

Variable Depth Sonar Winch and llandling Gear 
Facilities for the streaming and recovery of a towed V D S  

body are being developed based upon havtdling gear dcsigned 
to recover over-the-stern. I hese are in the course 6f design. A 
representalive installation is shown in Fig. 3. 

Accommodation 
Feasrbll~ty o l  the s h y  is dependent upon ~ t s  habitabrlity 

~n open-ocean operations. Environmental cons~deraliorls have 
therelore heavily influenced accommodation des~gn. Plan~ring 
has been based on a crew of lour  office17 and sixteen men 
wlth provlslons for opelatrons In excess of two weeks at sea. 
This 1s subject to possrble change when operallng and main- 
tenance tasks are more rully explored d u r ~ n g  the evaluation. 
Because of the uncertalnt~es, an  aim IS flexrbihty of arrange- 
ment The general arrangemenl whlch has now been mocked 
up 1s shown in Frg 4 

The galley plovides lo1 storage, preparat~on, and cafeteria 
style scrvrng of all food Meals will largely consist of pre- 
cooked and frozen ioods, selected 111 portrons on board accord- 
rng to the menu and served after rapld heatlng in a micro-wave 
oven Conventional foods can be prepared when practrcable. 
This approach has been dictated by weight, space, manpower, 
and Pollborne mollon considerat~ous. 

Bridge and Operutiot~s Room 
A general arrangement of bridge and operations room is 

shown in Fig. 4. The, bridge is confined to ship control ancl 
navigation functions and provides for two manned positions, a 



pnmary and secondary The operations room 1s the centre fol 
tactlcal contlol of the ship and its weapons system A repre- 
sentative arrangement of manned consoles is shown The en- 
gineers' collsole is also fitted in this space Systems engineering 
analysis techniques, including work study, have been applied 
to the design of arrangements and defin~tion of operator duties 
and qualifications 

5. Problem Areas 
Some degree ol uncertainty on the lull attainmenl ol objec- 

tives is rnherent In any development programme, however well 
founded I he F H E  400 prototype will in many respects be the 
product of recent research and developments. Herem, certaln 
possible d~ficulties, which may emerge In evaluation, have been 
acknowledged and highl~ghted as "key problem areas" In the 
project. lhese b e a ~  upon quest~ons of operational as well as 
techn~cal feastbrlity of the desrgn and Include foil materials and 
coatings, supercav~tating propeller des~gn, seakeeping and nolse 
influences on the habitab~lity of the ship. 

ZV. RESEARCH AND DEVELOI'MENT ASPECTS 

The FHE 400 programme const~tutes the development of a 
complete "weapon system" based upon a relatively unprece- 
dented vehicle design wh~ch,  cornpaled to conventional war- 
ships, places stringent lun~tations on the size and we~ght  ot  ~ t s  
elements, including systems and payload Thls has necessitated 
some resea~ch and a considerable dependence upon develop- 
ment or adaptation of lightweight baldware I h e  latter 18, 
unlortunately, a costly process, particularly for a slngle experi- 
mental s111p 'The foil system IS, however, the focal point 01 
development effolt upoil which the success of the en t~re  pro- 
gramme depends Theoretical studies and research have also 
played a considerable role in the work to ensure a sound foll 
system hyd~odynamic, rnaterlal and structural des~gn. These 
encompass an extensive range of studres and tests over the 
past four yeals 

The scope of this paper permlts only a bnet revlew of the 
vehlcle considerations H~ghlights are grouped and summarised 
In the following sub-sect~ons 

In the process of developing a specific foll system for FIIE 
400, it is considered that sign~ficant contributions have been 
made to the design of surface-piercing hydrofoil craft. This 
applies particularly to the dynamic simulation of craft motion 
in a random seaway and in subcavitating foil design. Other 
contr~butions are also being made to the art of superventilating 
foil sections and supercavitating propeller design. Some con- 
siderable effort has also been applied to hydro-elastic studies 
and tests on divergence and flutter clearance margins of the 
main and bow foil. 

(a) Craft Motiorz in a Iiandom Seaway 
A fundamental aim of the NRE concept was an all-weather 

craft capable of open-ocean performance A major problem In 
lhe feasiblllty des~gn studies was, however, the estimation of the 
degree of stability for foilborne operations In a random sea 
U p  to 1960, little w o ~ k  had been published on thls subject 
Accordingly, De  Havllland, as prev~ously noted, undertook the 
development of the equations of motion and a method of repre- 
senting a random seaway for an analogue computer simulat~on 
of cralt in six deg~ees of freedom. The in~tlal  simulat~on was In 
slnusoidal seas and results were correlated wrth model tests at 
NPL, London. 

Subsequently, random seaway srmulation was incorpora.ted 
durlng the Phase 11 stud~es, and has since been extensively 
employed in the dcsign development and proving of the foil 
system The fo~thcoming phase of compute1 simulation studles 
will be apphed lo the anhedral t ~ p  and bow foil control systems 
to establrsh gains and stiffness requlrements 

A comprehensive treatment of the theory of craft m o t ~ o n  and 
the cosrelation of computer predrctions with trials results is 
coiltdined in the paper of Ref. (8) p~esented by Dams and 
Oates to the ONR Symposium at Bergen, Norway, In August 
1964 

(b) Sr~bcavilating Foil Design 
The main for1 des~gn lequirement IS To1 cavitation-free opera- 

troll at 60 knots in ca:m water and f o ~  a wide angle of attack 
range at 50 knots in Sea State 5. 

Design of a satisfactory non-cav~tating loll ~nvolves the deter- 
mination of the shape lequlred to support a given pressure drs- 
trrbution At  infinite deplh, thrs problem is identical to lhe 
airio~l,  foi which methods of computation already exist 

However, the l'ree surface can cause sign~ficant eflects on the 
pressure distributron a1 pract~cal depthlchord ratlos dnd Floude 
number? Thus an exlens~on of airfoil theory is necessary t o  
account lor the ell'ect of the lree surlace 

Such a technique was developed for the FHE400 des~gn 
programme using the method ol s~ngularrties In which the lift 
is lepresented directly by vortices, and thickness by doublets 
This work is descllbed in Rel (10). 

Uslng thrs technique, hydrololls can be designed to have a 
mlnlmum cavitation number for a glven thickness and lilt, by 
specrfylng flat-topped types of pressure distributions, However, 
at off-design angles of inc~dence, these profiles have poor cavi- 
tation characterist~cs, since the additional llft due to change of 
incidence causes sharp (negative) pressure peaks near the lead- 
ing edge The objective therefore 1s to desLgn a profile havlng 
as wide a cavitation-free range as possible Thls can be ach~eved 
by des~gning a profile whlch will have a positlve pressure peak 
near the leadsng edge on both upper and lower surfaces at the 
design angle of attack The negative pressure peak due to 
change ot incidence will then "fill ~ n "  thls paxt of the pressure 
d~agram,  leading to a flat-lopped pressule d~str~but ion on one 
side at each extreme of the cav~tatlon-flee incidence iange. 

(c) Fully Ventilated Foil Design 
The envlronment and stability lequlrements for the bow f o ~ l  

favour the use of a fully ventilating foil sectlon However, it is 
difficult to design such a 1011 which would have satislactory 
characteristics due to the wide range of angle of attack experl- 
enced in a seaway and the need for  a section wrth good low 
speed resistance. In  devclop~ng the foil sectlon, 11 is first neces- 
sary to define the plessure face for normal supercav~tating o r  
fully ventilating o p e ~ a t ~ o n .  A Tul~n-Burkalt pressure face is 
used with a design C'1 of 0 1 and a nominal operating CL of 

e 
0 2, using the method outlined In Ref (11) 

For  minlmum resistance In the displacement mode, the foll 
should have an upper surCace shape approaching that of a clr- 
cular arc, the o~dinates of w h ~ c h  should have the minimum 
Included angle compatible with s t r~~ctural  requlrements. I n  a 
seaway, however, very small relatlve angles of attack occur, 
and under such condit~ons, the flow will re-attach to  Lhe circular 
arc top surface, with a consequent large IIA Increment In the 
tu:ly wetted condition, due to the camber of t h ~ s  type of f o ~ l .  
Since re-attachment leads to violent pitching motions, it 1s 
necessary to provide a spoiler on the upper surface, in the f o ~ m  
of a "step" to prevent flow re-attachment over the real portloll 
of the for1 durlng fo~lbolne operat~ons 

3. Materials Investigation 
One of the major problems In the development of a surface- 

piercing hydrofoil clalt of the FI-IE400 slze 1s the l im~ted 
selection of structural mater~als w ~ t h  the high strength/weight 
ratlo and other properties required f o ~  an eficient and durable 
foll system 

As prevrously mentioned, D e  Havllland were ass~gned a 
contract to conduct a comprehensive investigat~on to determine 
the best materials and plotect~ve coatlngs available In the time 
scale for product~on of the F H E  400 lo11 system. 'The Depart- 
ment of Mines and Technical Surveys was also engaged as a 
consultant 

A number of materials were investigated for  various pro- 
pert~es in tension, shear, fat~gue, Impact, weldabil~ty, and for  
resistance to normal corrosion and stress corrosion. 

The results of these stud~es led to the select~on of an 38% 
n~ckel  maraging steel with a 250,000 psi yield strength An ex- 
tenslve serles of tests were conducted Fatigue character~stlcs 
were determined by random load tests using the load spectrum 
derived flom Lhe analogue s~mulation of the s h ~ p  

The need foi coatings to p~ov lde  adequate protection of Polls 



agarnst corrosion was established Invest~gat~ons were con- 
ducted on a large variety of types lor adhesron, water absorp- 
tion, resistance to cav~tation erosion and other critlcal pro- 
perties These have resulted 111 a concentrat~on on two of the 
most promising, both of organic composition Small-scale tests 
ol these coatings have been run in cav~ ta t~on  loops developed 
by De Havilland at speeds of 65 knots Larger-scale tests are 
In progress at Grumman Aiicrait Englneerlng Corporation 
facrl~t~es Qudhtatrve trials on large underwater sectrons of two 
KCN destioyers are being conducted Arrangements have also 
been made Cor tests of these on the bow for1 of the USN 
IPydrofoil PC(H) 

The Depaltment of M ~ n e s  and Technical Surveys is ~nvesti- 
gatrng the properties of the new 12% nrckel maraglng steels 
(180 k s ~  yield) w h ~ h  appear to offer attractwe advantages as a 
leplacement for the 18% mater~al in any tuture foil manufac- 
ture This IS subject to determination of suitable fatigue pro- 
pert~es and other qualrt~es 

The necessity and feasibility of a cathodic protection system 
for the ship is also under investigation. 

4. Nabitability 
In  the final analys~s, the leasrbility and operat~onal capa- 

b:lit~es of ihe ship w ~ l l  be dependent upon the habitabrl~ty of 
the ship and thus the eficiency of its crew The nature of 
FHE 400 and ~ t s  envisaged operatJon presents some unusual 
environmental cond~tions, particularly whrle foilborne, Accord- 
ingly, considerable attention has been given to hab~tability 
aspects In the desrgn of accommodation and operator facilitres. 
Factors whlch have influenced these are s h ~ p  mot~ons, noise, 
and vibration, together with space, weight, manpower, and 
equrpment limitations 

Extensive use has been made of "Method Study" in estab- 
lishtng requirements and the des~gn oC arrangements Its appll- 
cattons by the RCN ale descr~bed in Rel. (12), including the 
study from whrch the FHE400 galley deslgn was developed. 
Accornmodatron, bridge and operatiocrs room airangements a and management have also been defined by RCN method 
stud~es These have been of great asststance In chart~ng requlre- 
~nents and desrgns which have, in most instances, lrttle prece- 
dent In conventional warships. In  keeping with the concept, 
every effort has been made to minlmrse operating and main- 
tenance requirements, thus to achieve the smallest crew for 
efficrent, "round-the-clock" operatron at sea. Whlle l~vlng ac- 
commodation IS riot cramped by submarrne or  MTB standards, 
the l~mrtations of layout and other criterla have requrred care- 
ful deslgn of arrangements and the development or  adaptation 
of lightwerght, easrly malntalnable equrpment and furnishings 

Measures to ensure adequate levels of comfort and eficiency 
while foilborne have received particular attention. Human 
thresholds of tolerance to ship motion are not well defined. 
Whlle hullborne motions are predicted to be less severe than 
a destroyer escort, there is the uncertain effect of the stiff 
damprng action of the for1 system. Finally, there is the entirely 
different nature of foilborne mot~ons and the difficulty of pre- 
dicting crew reaction to these. While tests in Rx craft indicate 
that 1eve;s of acceleration should be acceptable, it should be 
noted that a surface-piercing foil craft such as FHE 400. is a 
semi-contouring or  partial response system with less potential 
for smoothrless of ride than an  equivalerlt craft with submerged 
automatically controlled Soils. 

In the study of FHE400 environmental factors by the 
Canadian Forces Institute of Aviation Medicine, attention has 
focused upon foilhorne motion considerations. Part of the in- 
vestrgative programme includes the study and test of sleeping 
and operator console arrangements under simulated foilborne 
motion conditions using "live subjects". A motion simulator 
platform which can reproduce Soilborne motions in roll, heave, 
and pitch has been constructed for this purpose at the National 
Research Council laboratories in Ottawa. It  is operated from 
magnetic tapes of the predicted random seaway motions of 
FHE 400 derived from the De  Havilland computer simulation. 

Experimental mock-ups of crew bunks and operator control 
positions will be instrumented and tested to assess comfort and 

eflicieilcy oC arrangements, including modifications t o  their form 
or employment to minirnise any adverse efiects of foilborne 
motion. 'Trials are now under way on an experimental version 
of the bunk design concept developed by IAM. 
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