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For the i r  passenger/vehicle hovercraf t  fer ry  
service across t he  English Channel - w h i c h  is 
due t o  open i n  1968, and will be t h e  f i r s t  such 
service-Swedish Lloyd Steamship Company 
and Swedish American Line have chosen t h e  
'I 60-ton Westland SR.N4. The part icular  
version ordered has r o o m  f o r  256 passengers 
and 30 cars. 

HOVERCRAFT L E A Q E R S W I P  

This advanced, th i rd-generat ion 
hovercraf t  embodies a w e a l t h  o f  
operational experience unrival led 
b y  any o ther  manufacturer. 
As a passenger carrier, it can 
accommodate u p  t o  500 seated 

I 
passengers, o r  u p  t o  800 w i t h  an 
'a l l -commuter  ' inter ior  layout. 
To in i t ia te the i r  cross-Channel 
operations, t h e  Companies have 
ordered t h e  smaller, 38-seat 
SW.N6, w h i c h  w i l l  enter service i n  
1966. The SR.N6 and SR.RI4 
services will br ing  Calais w i t h i n  
hal f  an hour's journey of 
Ramsgate. O n  business o r  
pleasure, passengers will t ravel  i n  
smooth  comfor t ,  even i n  s tormy 
w in te r  seas. 
B o t h  SR.N4 and SR.NG are 
powered b y  Br is to l  Siddeley gas 
turbines. 

W E S T L A N D  A I R C R A F T  L I M I T E D  Y E O V I L  S O M E R S E T  I 
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Firrt Hovering Craft & Hydrofoil Monthly in t h e  World Interior of the passenger comprrrtment in "Zryw-1" 

" ZRYW- " PROTOTYPE POL SH PASSENGER HYDROFO 
I N RECENT YEARS &press hydrator1 passenger serv~ce has 

aroused cons~derable interest In Poland. Llur~ng the period 
1956-61 practical and theoretrcal tests w ~ t h  models of varrous 
types of hydrofoil were carried out by the department of 
naval arch~tecture of the Gdansk Technical Un~versity. As 
a ~ e s u l t  the basrc construction prrnciples have been elaborated 
anti prel~mrnary models of foils with advantageous hydro- 
d y n a m ~ c  character~strcs have been tested. 
In 1961 the Polish Central Board of Inland Nav~gation and 

Gdansk River Shipya~d asked the Gdansk Technical Univer- 
s i t~ i  to design a hydrofoil boat t o r  use In the F ~ r t h  of Szczecrn. 
A n  order was placed accept~ng the "Zryw"-type hydrofoil 
boat, which had been des~gned during 1962-1963 In  1964 the 
Gdansk River Sh~pyand undertook the constiuctlon of Lhe 
prototype hydrofo~l  boat named Zryw-I ,  wh~ch  was bull1 under 
the supervision of the Polish Reg~stei  of Shipp~ng 

The  Zryw-l bydrofoll 1s provlded with two shallow-sub- 
merged lolls w ~ t h  a longrtud~nal and transvelse d~hedral in 
a tandem system The fore lor1 is ol sulface plercing type, 
the alter foil b e ~ n g  fully submerged 'he profile of foils is 
og~va l  with a sharp leading edge The hull has a sharply raked 
slem with a hrghly rarsed bend 111 the forepart The lrames 
111 the forepart are concave, those am~dships and aft b e ~ n g  
s t ra~ght  There are two oblique steps in the botlom The hull's 
?ides a le  vertical. 

The hydroforl has two passenger c~mpar tme~l t s ,  one for 
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forty passengers forward, the olher for thirty-six passengers 
aft. The engine room is located amidships, the wheelhouse, 
crew accommodation and toile1 facilities being situated for- 
ward. The passenger compartments are connected by a passage 
running along the port side. Main entrances for passengers are 
at both sides, leading to a small vestibule forward of the 
engine room and crew's cabin. An emergency exit leads from 
the afler compartment to a small stern deck. 

The wheelhouse, engine room and crew cabin are inter- 
connected, while the main engine room entrance is in the 
crew cabin. The emergency exit leads to the corridor joining 
the passenger comparlment. The entrance to the wheelhouse 
is by a stairway in the crew cabin. 

The space under the bulkhead deck is d~vided by eight 
water-tight bulkheads rnto nine watertight compartments, thus 
assuring the hydrofoil boat two-compartment unsinkab~lity. 
Each of the watertight compartments can be entered through 
a manhole. The fuel-oil tank is set in the eighth compartment. 

Constlucted of l ~ g h t  alloys, the hydrofo~l's hull is of almost 
fully welded construclion, r ~ v e t ~ n g  be~ng  applled only l o r  the 
joints ol the long~tudrnal and transverse framings wrth the 
outer plating of the vessel's roof, partition walls w ~ t h  the 
bulkhead deck and roof, and lor the jo~nlng of steel elements 
(for1 loundat~ons, stern Lube) with light-alloy elements. The 

(Corztlrzued on page 28) 
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Mr Peter Fielding, who wrote the article "Twent~eth 
Century Yankee Clippels" whrch appeals on page 6 of this 
Issue, haa been concerned wlth the design, development and 
operations of fixcd and rotaly wnng a~rcraf t ,  hyd~ofolls, dis- 
placement craft, hovelcraft and ofl-road vehrcle systems slnce 
1939 He is cui~ently a Vice-P~estdent and Director of Rcseaich 
at Booz, Allen Applied Research Inc in the USA, and IS 

directing a syste~ns analysis of the functions of US trans- 
pottation, a two-year, two mrll~on dollar tesearch proglanrme 
i or the US Ilepattment of Commelce 

Mr Freldrng 1s an Assocrate Fellow of thc Royal Acro- 
naulrcal Socrety, Assocrate Fellow of the Amci~can Instrtute 
of Aeronautrcs and Astronaullcs, and a Membe~  of the Socrety 
of Naval Alch~tects and Martne Engrneers Hc  holds a number 
of US and UTC patents rn the tiansportation field and was 
elected to the Honour Roll of Inventors (Lockheed Geo~gia)  
in 1961 He 1s listed rn "Ameircan Men of Scrence" and 1s a 
fiequent contlibutol to the technrcal press I-le has In the 
last six years acted as a sento] consultant in Hove~claft  
matters to the US Ofice of Naval Resea~ch, thc US Army 
'Transportation Corp, the Depa~tment of Commerce, the US 
Marrtlmc Adm~nistratton, arid also to a number of rnd~istiral 
unde~takings In the US and abroad * * * 

A. J. McLellan Ltd, Gtbialtar, and its associate company 
Hercules SA, Tangler, are two newly-fotmed companies who 
w ~ l l  operate a regular and frequent hydrofoil passengel 
servlce between Gibialtar and Iangrer. The drstance of thirty- 
two nautreal mrles will be covered In one hour. The normal 
trmc taken by a comme~cral ciaft is two and a half hours, ancl 
by an allcraft (from city centre to crty centre) one hour 
twenty-five mrnutes * * * 

Mr Donald Shelley, a d~rector of Shelley Electrrc Furnaces, 
of Stoke-011-Trent, has worked wrth a team of five technrcians 
for three years on the development of a "hoverk~ln" whrch 
uses a conveyoi belt system based on the hovelcraft pr~nctple 
At present pottery manufacturers have to collect all un- 
finished goods from every department of the factoiy and 
place them in one large kiln for crghtecn to twenty-foul hours 
W ~ t h  the new kiln, whtch measures 40f t  In length, slngle 
Items can be floated on a cushron of all st la~ght f iom the 
production line and fired In only twenty mrnutes 

£50,000 has been spent on developrng the kiln and rt wrll 
go ~ n t o  full product~oq rn five months lime Each machiile 
wrll cost about £30,000 but the firm belleves that it w ~ l l  pay 
For rtself wrthin three years * * * 

lnchcape and Co IS drsposing of rts rnterests rn 111ternatlonal 
Aquavron (GB), the hydrofoil builders In  a statement to 
shaleholders at the annual general meettng held In London, 
Lord Inchcape s a ~ d  "Unfoltunately, one of the new develop- 
ments on which we had been woiklng o v a  the last five years 
[hydrofo~ls] has not bcen successful and we are now d~sposrng 
of out rnvestment in international Aquavron " 

Inchcape IS a t  present rn jornt control w ~ t h  Wallace 
Brothers (Holdings) of lnternattonal Aquavion (GB) through 
a subsldia~y, Duncan Macnetll and Co Thts carne about rn 
1962 when Internatronal Aquavlon (GB) was regtstered as 
a Rrltrsh company to take over the Dutch hyd~otorl  conceln 
of the same name togetha wrth rrghts to develop patented 
hydrofo~l craft rn Lhe UK and rnternatronally The total 
rnvestmenl by Inchcape IS bel~eved to be about £40,000 * * * 

MI Flank Coustns, Mtrllstei of Technology, aniiounced rn 
a wtrlten reply rn the House of Comnlons on November 1 l t h  
that Ihe Government have gtven British Railways authorrty 
to opelate a We~tland SR N4 hovetcraft between Portsmotlth 
and the Isle of W ~ g h t  early 111 1968 

Mr Cousrns, who had been questroned by Slr Bainett 
J anne~ ,  MP for North-Wed Lercester, said that the develop- 
ment of the h o v e ~ c ~  aft had reached an advanced stage and 
that the Government intended to do evelythrng they could 
to ensule the contrnuation of the pre-emlnence Rrltaln 
enjoyed, and to promote the growth of the industry and the 
development of exports E ~ I  w h ~ c h  the potentla1 demand was 
large and widespread 

He sard that over 100,000 passengers had been carried 
ncross the Solent rn l~t t le  more than t h ~ e e  months, and because 
of its convenience and trmc-sav~ng, the hovetcraft was becom- 
rng the preferred method of travel on thrs route for many 
busrnessmen 

The 150 ton SR N4 w11l cairy up to 700 pasbengers, ol 
250 passengels and 30 cars a t  70 knots. Westland have started 
pioductton at Cowes of four craft worth about £1,500,000 
each Two have been ordered by a Swedtsh conso~tlum for 
use between Ramsgate and Calars rn the early summel of 
1968, Blitish Rarlways will take one; and Townsend Ferries 
are bel~eved to be negotiating fot the other 

A paper entitled "Gas Turbine Engines in the Royal 
Canadtan Navy Prototype Nydrofo~l Vessels" by S. E. Hop- 
kills, Commander, KCN, and 6. L. Arnundrud, Canadian 
Forces, Ottawa, will be presented at the meeting of the Gas 
Turbine Division of ASME at Zurrch, March 13-17th, 1966. 
This 1s the first lime that this Conference has bcen held out- 
side the United States. 

A contract to supply a Westland 9 ton 38 seat SR.N6 hover- 
craft costing about £100,000 has been signed between West- 
land Aircraft and George Nott Industries Ltd of Coventry 
and Dover. The craft wrll be used on local and cross-Channel 
servlces and will be operated by Townsend Car Ferries Lld 
and P. and A. Campbell Ltd in the Dover, Deal and Folke- 
stone areas. It is due for delivery In February 1966. * * * 

On November 12th thirty-five officers of Flag rank includ- 
ing the Claiefs of Naval Staff of seven North European 
Names, and the Supreme Allied Commander, Atlantic, 
Admiral T. H. Moorer, who were attending slaff talks at 
Greenwich, made a t r ~ p  from Greenwich Watergate to Towcr 
Pier in a Westland SR.N6 hovercraft. 

Clyde Hover Ferries have decided lo cut their fares which 
have been running at I l d  to Is 6d per mile, to the 4d Lo 9d 
per mile which is charged by the Clyde steamers. They will 
also issue season and conccssion tickets to encourage regular 
travellers to use the craft, rather than the casual visitor. I t  is 
also planned to transfer their base to a point (possibly 
Gourock) nearer the main area of operaliorr than Tarbert. 
Only one craft will be utilized for the winter service with 
the second craft as a standby. 'The summer travel experience 
of the craft has provided a useful picture of the difficulties 
inherent in operation from piers or jetlies rather than Crorn a 
beach where buffeting is avoided. * * * 



G. Huston and Sons, boatbuilders, of Myloi, Falmouth, will 
show the "Aquaglidel", a new type of fast wa te~  craft eom- 
blrung hydroplane and hovercraft features, a t  the Boat Show 
In January, 1966. The craft is 22f t  oveiall by 9 f t  6 in and 
rides on a cushion of ail pumped under the bows It can be 
used as d passengel or vehicle feriy and has a high do01 at  
the s ~ d e  which allows 5 ft 6 in passage It has a load capacity 
of 14 tons (small e a ~ )  or twenty people and a top speed of 
about folly knots It is driven by a 110 hp Volvo Penta engine 
I t  1s believed that the fundamental concept of the craft can 
leddily be applied to much lalger vessels such as clvil or 
militaiy ferries, pontoons and patrol boats. * * * 

A Bristol Siddeley Gnome englne 111 a Westland SR N6 
thirty-eight passenger hovercraft w h ~ c h  has been operat~ng a 
feiry servlce In the Solent has completed ovei 1,000 hours 
iullning 

The  1,050 h p  Gnome is installed in the SR.N3, SR N5 and 
SR N6 hovercraft, and the twenty-six engines at  sea have 
a cumulative total of 8,000 h o u ~ s  operation The Westland 
SR.N4 700 passenger hovercraft cross-Channel feiry w ~ l l  be 
equipped with the more powelful 4,250 h p  Pioteus Pioteus 
engines at sea have a cumulative total of more than 25,000 
hours' operat~on * * * 

A hoverc~aft  built III 1964 by engineering students at  Natal 
University, with the financial backing of an  oll company, 
has been presented to No 5 Squadron of the South African 
Air Force The  aluminium craft measuiing 21 ft  by 11 f t  
named "Progress" can rise to a height of e ~ g h t  Inches, and has 
been flown dt mole than 50 mph. *' * * 

Princess Margaret, accompanied by he1 husband, Lord 
Snowdon made a trip in a hoveicrait from Sail Francisco to 
Oakland on Saturday, November 6th, 1965 After completing 
the crossing, the Princess told Oakland's Mayor and MIS 
John Houlihan: "It was l ~ k e  a deflated bug, like something 
out of Jules Verne " * * * 

Scanhover (Scandinavian Hovereiaft Promotion), Oslo, have 
received a p e r m ~ t  from the Mlnistiy of Trade allowlng them 
to use the~r  two S R N 6  hovercraft for day and night opera- 
tions. The service between Arhus and Kalundboig (Copen- 
hagen) has been extended to six return trips per day The 
Danish permit is based on regulations which have been set 
u p  by the British A1r Reg i s t~a t~on  Board for hovercraft -- 
especially for servlce during the hours of dalkness The limlts 
In Danish waters are 3 ft h ~ g h  waves and winds up  to 15 knots 
So far the service has been used ma~n ly  for  sightseers but the 
new schedule offeis prospects for compet~tion with the rail- 
ways * * * 

The Channel Islands hydrofoil Condo1 I owned by Condor 
IAd, Guernsey, and built at the Rodriquez Sh~pyard, Messlna, 
Italy, has recently eo~npleted its second season of operation, 
and has carried nearly 54,000 passengers on scheduled servlces 
between Jersey and Guernsey and to St Malo, as compared 
with 31,000 in 1964. Duiing the wrntel certain parts of the 
claft w ~ l l  be ~ e d e s ~ g n e d  oi modified in the l ~ g h t  of two years' 
experience in Channel waters 

k * * 
Westerliioe~i Hydrofoil A/S, Mandal, Norway, IS rregotlating 

with the Danish State Railways for delivery of two hydrofoil 
craft which may be put into operation between Denmalk and 
Sweden Westermoen lias allcady supplied four hydrofoils f o ~  
service between these two c o u n t ~ ~ e s  * * * 

In5tallation and trials of the Decca D202 tr:tnsistorisecl 
~i~arimie radar on the Westland SIC N6 012, operated by Clyde 
Hover Perrles Ltd, Tarbelt, Scotland, have now been success- 
fully completed and apploved by the Ail Registiation Board 

Clyde Hover F e ~ t l e s  Seivice, which started ope~ations in 
late June this year, was equipped and fitted with the D202 by 
the Glasgow Depaitment of Decca Radar Ltd in October, ancl 
1s currently operating on a win te~  timetable between 6 70 am 
and 8 pm 

Onc of the directois of Clyde Hover Fe r r~es  Ltd lias 
expressed great satisfaciion wlth the Decca equ~pment,  especl- 
ally d u ~ i n g  fog when other transport was at  a standst111 He 
has stated that without radar the craft would be iestricted Lo 
daylight operation, and only with good v~s ib i l~ ty ,  but with 
radar they sometimes get an extra c ~ g h t  hours oi mole 
opeiating time. 

D u r ~ n g  the winter extensive use IS made of the hoverciaft 
seivlce by workers commuting between their homes in Dunoon 
and the Isle of Bute and work in Glasgow. In addition, many 
US Seivice personnel from Holy Loch travel to ancl from 
Gourock on the mainland during their off-duty hours Clyde 
Hovel Ferries Ltd will be operating two SR.N6 craft each 
capable of carrying thilty-eight passengers, in the Firth of 
Clyde and Loch Fyne Certificated master mariners, recruited 
from leading Britlsh S h ~ p p ~ n g  Companies, pilot the eiaft and 
they have all had extensive experience of marlne radar during 
their plevious sea-going service. 

The D202 was installed In the srnaller SK N5, two of whlch 
have undergone extensive trials In the Far  East manned by 
Army and Navy personnel Other hoveicraft which have been 
equlpped with Decca Radar are the SR N2 and SR N3 The 
radar equipment for Clyde Hovel Ferries L,td has been fitted 
with north s tabi l~sat~on flom a Sperry gyro/magnetic compass 
and draws all its power from the general 24 v supply * * * 

The British Inter-Services Hovercraft trials unit w ~ l l  be 
~e tu rn ing  to B l~ ta in  in Deeembei aftel a year's tlials with the 
two Westland SR N5  hoveicraft In Borneo Major Roger 
l i ~ a m s ,  of Portsmouth, commanding the test unit, has said 
that the craft had p ~ o v e d  themselves In evely way In the11 
off-shore ~nfiltration role * * * 

Hovertravel Ltd, who operate the cross-Solent Hovercraft 
service w h ~ e h  has carried 120,000 passengers since the end of 
July, have formed a wholly-owned subsidiary -Hoverwork 
Ltd The company has been formed to train future Hovercraft 
captams and engineers and to act In an advlsory capacity In 
all matters concerned w ~ t h  hovercraft and the development 
of new routes The company has already received enquilles 
from potential overseas operators for tialning fae~litles * * * 

Officials of the Royal Natioual Lifeboat lnstitirtion flew In 
a hovercraft recently In a gale in the Solent The Inst~tution IS 

considering hovercraft for sea rescue work * * * 
M Ilossier, director of the French Society for Aerotrai~i 

Researcli, has announced that the fiist full-scale trials with an 
exper~mental model of a "hover-train" designed by the Society 
w ~ l l  be stalted next spring near Gallardon (Seine-et-Oise) The 
details now given of this prototype air-cushion vehrele arc 
sl~ghtly different from those announced at  the end of October, 
and are as follows I t  will measure about 12 metre5 (nearly 
40 ft) in length by 2 metres (about 6 f t  6 in) In breadth, and 
will carry four passengers in addi t~on to the d~ivei  and the 
e r~g~nee r  mechanic It will be of the side-wall type w ~ t h  an 
ail-cushion produced by fans drlven by a 150 hp Kenault- 
Gordini motor, and w ~ l l  be propelled by an a~rcraft-type 
Continental motor developing 150hp, driving an airsciew 
2 metres (about 6 ft  6 in) In d~ameter  mounted above the after 
part of Lhe body I t  1s expected to develop a speed of about 
200 km/hr (124 m/hr), running along a concrete rall, shaped 
like an  invelted T 1 m 20 wide (5f t  11 In) and Om 55 high 
( I  f t  94 in), mounted on pylon supolts, w h ~ c h  need not be 
very substantial, since they will experience little stlam The 
trial runway w ~ l l  be about 8 km (5 mlles) long Later models 
are to be fittcd w ~ t h  varidble pitch propellers fol t i ~ a l  
p u l p o m ,  and may be powe~ed by a jet-propulsion unit, or 
by an elcctlic mot01 

Thls tlial vehicle will doubtless be developed into an 
actual "hover-train", travell~ng at twice the speed, eg 400 km/ 
hl (250m/hi), used for suburban and intcl-urban passenger 
services The reduction of n o w  to a minlmum is therefole 
most impoitant, and to thls end it 1s intended to tly using 
horizontal wheels with pneumatic tyres wlilch pinch again51 

Contltzucd on  puqe 30 
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This puper is based upon research carried out by Booz, Allen Applied Research, Inc, over a period o f  two years 
for the Maritime Administration. The reseurch is aimed at providing the American Merchant Marine with a fast 
transoceunic freight transport over the next decade 

R rce awards await the country that can revo1ution1i.e its 
inter-continental cargo shipping industry in the same way 

that the jet transport revolutionized intercontinental passenger 
~ervice. 

Wanted - A Marine Kevolution ! 
The most urgent need for drastic improvement lies in the 

area of cargo shipments covering the 10 to 30 lb /cu ft range. 
To date, ship speeds, cargo handling, and terminal facilities 
have all been studied with a view toward improving their 
overall effectiveness. This has resulted in raising ship speeds 
a Sew knots, automating cargo handling, advancing the use 
of containerized cargo, and improving terminal facilities. 
Other progress has been made by successfully incorporating 
nuclear power in a merchant ship and in the building and 
testing of some advanced marine concepts, such as the Hydro- 
foil ship Denison. 

However, the total of all these improvements and advances 
do not nearly approach the giant step made by the jet trans- 
port in doubling speed and keeping operating costs constant. 

In comparing the type and density oC overseas shipment 
by all carriers against the cost of such shipment in dollars 
per ton-mile, it is clearly indicated that there is a great need 
for laster ships that are economically competitive with the jet 
transgat.  Figure 1 presents in a crude, and perhaps 'over- 
generalized, form the range of cargo densities (total annual 
tonnage) versus operating costs and speed ranges of current 
carriers. 

If left unchallenged, such new aircraft as the C-SA and the 
C-141 will move into the shipping field in the near future and 
take over the bulk of manufactured and high-value overseas 
cargo, leaving the ship in its primary role as the carrier of 
bulk cargoes, such as grain, oil and ,ore. 

From this it is readily apparent that there is a definite nced 
for a Past carrier of ocean freight in the $500/ton category 
and up, and in the range of operating costs of five to fifteen 
cents per ton per nautical mile. 

Technology has Produced Five Carrtenders for the 
Marine Gap 

Although a number of advanced concepts have been 
suggested for the past hundred years, they have been limited 
by the technology of the times. Today, however, lightweight 
matenals, new structural forms, lightweight power plants and 
improved fuels make it possible to develop these concepts 
and, perhaps, to achieve the goals set by their inventors. 

Hydrofoils, hovercraft, and lifting-effect aircraft flylng close 
to the surface are all possible contenders in the race to fill 
the "maline gap". 

Variati,ons of each concept should also bring a host of 
feasible alternates to the fore, and result in additional concepts. 
Currently, there are at least five concepts that have been 
studied in depth for long-range, high-speed transportation of 
people and freight. 

Ignoring the possibility of using nuclear power as the prinre 
source of power, because of the current state-,of-the-art in 
lightweight and low-cost reactors, the five basic, chemically- 
powered concepts may be broken down into two categories: 

Those which require little or  no aerodynamic lift; and 
* Those which require aerodynamic lift. 
In the first category we find the plenum chamber, the 

annular jet, and the sidewall ground effect machines; in the 
second, the ram-wing and aircraft-type flying in ground effect. 
Perhaps the best known in the first category are the Westland 
series of annular jet hovercraft, the Denny sidewalls, the 
NADC's captured air bubble concept, and Bell Aerosystem's 
plenums and hydrokeels. In  the second category are such 
well known craft as Vehicle Research's channel flow, and 
Douglas Aircraft's Weiland. In  each of these detailed studies, 
nan-carrying scale models and, in some cases, full-scale nro- 
duction craft, have been made and successfully operated. 

Substantial effort has been expended in the operational and 
feasibility aspects of these concepts, to keep pace with the 
physical developments made in each of them. This effort has 
been largely supported by funds from the Maritime Admini- 
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stration of the United States Department of Commerce, and 
has been going on for several years. This activity has culmin- 
ated in a detailed economic model of advanced rnarine con- 
cepts which are capable of operating within the charter of the 
United States Merchant Marine. 

An Ecol~omic Model for Evaluating Advanced Marine 
Concepts 

Slmulat~on of a conventronal mercalltlle Beet operailon has 
been accompl~shed wlth some success for the Maritlme Admlnr- 
stratlon, and is now belng used i o ~  a varrety of operat~onal 
problems However, the dearth of operat~onal data avarlable 
o n  advanced marine concepts prevents a deta~led app~alsal 
~t the operat~onal and economic character~st~cs Theleiore, 
a specral model pio&amme (REFI) has been developed and 
programmed for the CDC-160A This model IS capable of 
evaluating al te~nate  deslgns ovel a w ~ d e  range of ~ou tes  and 
environments, based on a common background oP perform- 
ance and co5t data On2 feature of the model 15 its a b ~ l ~ t y  to 
asses5 any o l  the ma101 varrables with respect to changes in 
value? ol the var~able Eflects of wrnd speed, wrnd diiechon, 
vrsibllrty, harbour resti~ctions on speed, wave helght, cargo 
handling, maintenance, mannrng and utillzatron, to name a 
Sew, can be syslematrcally evaluated against the capabilities 
sssoc~ated wtth lesearch and development, production and 
ope1 allon 

T h ~ s  feature pe~mrts a partrcular concept to be evaluated 
by rrslng a iange of periormance and cost above and below 
the manufacturer's clalmed performance and cost structure 
Such parametric analysis provldes a sound bas19 for evaluat~ng 
the lelatrve merrts of each concept long before rt 1s necessary 
to comm~t funds for hardware development. 

Inltrated early rn 1963, this programme has been substanti- 
ally modrficd and upgraded In order to keep pace w ~ t h  the 
raprd plogless made in air cush~on technology Since early 
1965, the model ha5 been used to evaluate five advanced 
mar lne concepts 

@ The planlng air-lubr~catcd hull (Fig 2) 
@ The captu~ed air bubble (CAB) (Flg 3) 
@ The annular jet with flex~ble extensions (Fig 4) 
@ The ram-wrng annular jet (Fig 5 )  

FT~Y 3. T h e  captured air bubble 

The a~rcraft  In ground effect (Fig 6) 
The evaluat~ons wele geared to Isolate tbe concept most 

s~nted to the decla~ed pollcy ol the American Merchant 
M arlne 

"Scct~on 101 It is necessary for the natronal defence and 
development of its lorelgn and domest~c commerce that the 
Un~ted  States shall have a melchant marine (a) sufficient 
to cairy its domestlc water-borne commerce, and a sub- 
stantla1 po~tron of the waler-bolne export and rmport forergn 
commcrce of the United States, and to provide shlpp111g 
servlce on all routes essential for marntarnrng the Bow of 
such domestic and foresgn water-borne commerce at all 
Limes; (b) capable of serving as a naval and m~lrlary auxlll- 
ary In trme of wal 01 national emergency, (c) owned and 
operated under the Unlted State? flag by crtlzens of the 
Unlted States In so far as may be pract~cable; and (d) com- 
posed of the best-equrpped, safest, and most suitable types 
of vessels, constructed In the United States and manned 
wlth a trained and eficlent crtrzen personnel It 1s hereby 
decldred to be the pol~cy of the United States to foster the 
development and encourage the maintenance ol such a 
me1 chant ma1 lne " 

Physical Characteristics of the Five Concepts 
As ind~cated by its name, the ylanzizg air-lubricated hull 

gets 11s llft by plansng The hull bottom 1s des~gned to t lap 
arr pumped into a cav~ty formed by longltudlnal side \kegs 
and the stern of the hull Thls layer of alr reduces water 
lrlctron between the hull and the water, thus allowlng the 
s h ~ p  lo hit h~gher  speeds at relatsvely low power A mar~ne  
propuls~on system 1s being cons~dered 

The cnptured alr bubble (CAB)  resembles the Denny side- 
wall craft In that alr 1s pumped into a cav~ty bounded by 
longrtudrnal skegs and Pore and aft planing surfaces capable 
of movrng wrth the mot~on  of the surface Combined alr and 
marrne propuls~on sy5tems are projected Speeds In excess 
of 100 knots in calm water at relatrvely low installed power 
are expected 

Figure 2. Tlze planing air-luhricuted hull Figure 4. The  annular jet with flexible extensiorzs 
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Figure 5. The  ram-wing arzr~ular jet 

The annular jet w ~ t h  fferzble extenrlons m a ~ n t a ~ n s  an alr 
wall to letaln its alr cushion In many way5 t h ~ s  concept is 
somewhat slmrlar to the CAB, wrth the exception that hlghel 
lnstallcd power IS needed due to the need for a continuous 
flow of arr No surface contact 1s requ~red, however, thus 
malcrng alr propulsron feaslble at considerably lower installed 
power 

T o  reduce the power requlrements lor  llft of the annula1 
jet, the ram-wirzg concept uses the longitud~nal s~dewalls of 
alr and an aerodynamic l~fting body to quppoit the shrp at 
h ~ g h  forward speeds Power requ~rements for the alr cush~on 
mode of operation are the same for t h ~ s  concept as for the 
annular jet, however, as speed increases the fore and aft 
jets are swept rearward and eventually shut off Air p ~ o p u l s ~ o n  
IS contemplated for thrs concept 

Surface Skimmer Studies Soar 
Prom thc early days of man's first attempts at flight, he 

has been aware of the powerful effect of flying in close 
proxlmlty to the surface In the 1930's a Dornier fly~ng boat 
crossed the Atlantlc Ocean by "flying" almost continually In 
ground effect to save fuel Today, serrous attent~on has been 
glven by a number of aelospace companies to debign~ng large 
aweraft that fly at all times zn grourzd effect. One such concept, 
developed by Douglas Alrcraft Corporation, iesembles a 
tandem-wrng monoplane wlth twln hulls at the wing extrem~tles 

The srze and charactellst~cs of the five concepts selected 
for analys~s are shown In Table 1 It should be noted that the 
disposable load Includes fuel, clew and cargo, and that the 
maxrmum power IS based upon achieving speeds ot 100 knots 
for the annular jet, ram-wlng, and aircraft in g ~ o u n d  effect 
at constant opcratrng herghts (4 it); whereas, powel for the 
planlng all-lubr~cated hull and the CAB shlp 1s based upon 
the optrmum speed f o ~  operatrng condltrons dictated by wlnds 
and waves For  compa~atlve purpones, maxlmum and normal 
power requ~rements for each concept are shown In F~guies  
7 and 8 I espectrvely 

The denvat~on of the empty werghts of each concept may 
bc obtarned Irom current state-of-the-art capabil~ty in matell- 

Figure 6. T h e  airel.aft irz y r u ~ ~ n t l  ef/ect 

Vehicle Gross Weigl i t  - Long ions 

Figure 7. Nurmul pOMfer requirements 

als, structure?, power plants and maiine/alr propulsion systems. 
F~gures  9, 10, 11 and 12 show, respectively, the machrnely, 
cqulpment, structulal, and empty welghts of the  five concepts 
used for gross welghts ranglng from 130 to 10,000 tons These 
estrmate?, to a large extent, are based upon data suppl~ed 
by the equipment developels and manufacturers, and constitute 
r e a l ~ ~ a b l e  state-of-the-art welghts. However, they are not 
the result of detalled analyses ot each srze and should, there- 
fore, be considered as a basis €01 establishing comparat~ve 
pcrfolmance only Later In the analysls the sens~tlviiy ot 
varyrng these parameters wlth lespect to operating costs w11l 
be revrewed 

------- Annular Jet ------ Aircroi t  in  Ground Efiect 
................... Air-Lubricated Hul l  

Captured Air Bubble 

Vehicle Gross Weight ,-- Long Tons 

Figlirc 8. Maximum installecl lzorsepo\vc,r 
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Table 1 
SIZES AND CHARAQ;TERISTICS 

I Cnni<l iod A i r  Bubble / I00 I 100 x 00 x 24 1 8,500 68.9 1 

Concept 

Ai>,?uln# Jet 

Ram-Wng 

A r c r a f t  i n  
Gl0"l id Effect 

Includes fuel, crew, and c a r ~ o  
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Gross Weight + Long Tons 

Figure 9. Machinery weight 

Gross Weighi 
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Figure 11. ,Structurul weight 
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Cost Characteristics of the Five Concepts 
A consistent cost methodology does not exist at the 

present time. The cost of developing and manufacturing air 
cushion craft vary between 75% and 200% of the values 
consistent with airframe industry production of low-perform- 
alrce aircraft of similar complexity. Much remains to be 
accomplished in this area. For the purpose of this analysis, 
the variable and non-variable data used in the economic 
model will be as shown in Tables 2 and 3. These tables cover 
the annular jet, ram-wing and aircral't in ground eflect con- 
cepts. 11 should be noted that Figure 10 covers the 100-ton 
variations only, similar tabulations apply to the other sizes 
when the stipulated costs are multiplied by the weight itenrs 
shown in Figures 9, 10, 11 and 12. The variable and non- 
variable data covering the air-lubricated hull and the CAB 
are given in Tables 4, 5 and 6. 

It should be noted that as each of the concepts grows larger, 
the dock time, crew costs and number 'of engines with respect 
to cost, will be increased. For this analysis, il has been 

loo assumed that 0.4 hours/l00 tons gross will be required to 
load and unload cargo. Crew costs will increase, as shown in 
Figure 13 and the number of engines will be based on 
multiples rounded out to a maximum of 20,000 hp per engine. 

Di rpo iobo  

Aircraft i n  Ground E -.........-.--. Air-Lubricated Hul l  
Captured Air  Bubble 

Lond Toni' (Long Tonr) 

100 1000 10,000 

Gross Weight ,- Long Tons 

LxBxl l( feei)  , I iorrepower 

F'igure 10. Equipment weight 

100 1000 10,000 
Gross Weight ,- Long Tons 

Figure 12. Empty weight 



Table 2 
BASIC NON-VARIABIjE INPUT DATA 

Route: Hypothet ica l  w i t h  waves greater than f ive  feet 10 percent o f  the t ime - 
ond restrictions due to v i s i b i l i t y  f ive  percent o f  the t ime w i t h  a route 
temperature o f  60 degrees Fahrenheit.  N o  reduction i n  speed has been 
used for the t ra f f ic  considerat ion. 

Time i n  the confined harbor = .25 hour 

Specif ic fuel consumption = .6 Ib/hp-hr 
Performance reduction due t o  salt woter = 6 percent 

Fuel reserve = I0 percent 
U t i l i za t i on  per year (max. possible) -: 2,500 hours 

Cargo and passenger load foctor = 100 percent 
RDT&E costs = 100 do1 lars/lb. 

Number o f  vehicles purchased = 10 
Cost o f  structure = 10.60 dollars/lb. 

Cost o f  equipment = 10.00 dollars/ lb. 
Cost o f  propulsion hardware = 19.00 dollars/lb. 
Maintenance labor rate = 3.00 dollars/ lb. 

Time between engine overhauls = 2,000 hours 
At ta ined period between overhaul factor = 1 .22 
Insurance cost = 4 percent o f  ihe i n i t i a l  investment (f lyaway) cost 

Fuel cost = 12 cents/gallon a t  6.4 pounds/gallon 
Passenger service cost = 6.2 percent o f  direct operating cost (DOC) 
Ship and t ra f f ice  service cost = 12.3 percent o f  D O C  
Promotion and sales cost = 17.0 percent o f  D O C  

General and administrat ion cost = 18.5 percent o f  D O C  
Ship, engine, and spare parts depreciat ion factor = .85 
Ship depreciat ion period = 10 years 
Engine depreciat ion period = 7 years 
Ship spare parts factor = .10 
Engine spare parts factor = .50 
Engine spare parts pr ice factor = 1.5 
Nonrevenue factor = I .03 

Table 3 
VARIABIZ JNPlUT I3ATA 

(Data for the 100 to11 =chines) 

Dock time per port 

Percent useful load 

Power requirements at 100 knots 

Power requirements at one foot 
(in the woter for the airfoi l  ship) 

Nominal empty weight 

Equipment weight - % empty weight 

Propulsion system wt .  - empty wt. 

Structure weight'& empty'weight 

Number o f  engines 

Horsepower per engine 

Table 4 
BASIC NON-VARIABLE ZNX'UUT DATA 

(100 ton Crafts) 

Specific fue l  conrumption 0.6 pound per horsepower-liour 

Performorice rdductio,~ due to lait woter 

Utilizotion pel year (max,  parrible) 

Cargo and passenger load factor 

S85.00per pound 

Number of vehicles p~rchaied 

Cost of  rtructure 

Cost of equipment 

Cort of propulsion hardware $19.00 per pound 

Mointenonce labor lotc 

Time between engine oveihauir 

Attained period between overhovl factor 

4 percent of the irlitiai investment 

Porsenger service ca t  

Ship and traffic service cost 12.3 percent of DOC 

Promotior> and solor cost 17.0 percent of DOC 

General and odminirtintion cost 18.5 percent of DOC 

Ship depreciotion period 

Engine depreciation period 

Ship rpare ports factor 

Engine spare pattr factor 

Engine rpare ports price foctor 

Non-revenue factor 

Table 5 
VARIABLE XNPU'I' DATA 

(Data for the 100 ton Air-Lubricated Mall) 

* Included in investment cost when using Bell Aerosystem Corporation data. 

Run number 

Route length 

Dock time per port 

Percent useful load 

Power requirements at 34 knots 
Operating height 1 foot 

2 feet 
3 feet 
4 feet 

Power requirements a t  one foot 
Velocity 10 knots 

20 knots 
30 knots 
34 knots 

Crew costs 

Nominal empty weight 

Equipment weight 

Propulsion system weight 

Structure system weight 

Number of engines 

Horsepower per engine 

Engine cost* 

4 
60 1 

100n.m.  

0 .4  

49.5 

4150 horsepower 
5250 horsepower 
-- 
-- 

2600 horsepower 
4000 horsepower 
3950 horsepower 
4150 horsepower 

$34.33 per hour 

113,120 pounds 

12.9 percent o f  empty weight 

27.7 percent o f  empty weight 

59.4 percent of empty weight 

3 

2850 

$35.00 per horsepower 
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Figure 16. Growth potentiul anizc~lar jet 

Growth Potential of the Five Concepts 
The results of the model programme based on the preceding 

physical and cost characteristics are shown in Figures 14, 15, 
16, 1'7 and 18. 

* The Air-Lubricated PIull Concept (Figure 14) 
The  moderate speed for the relatively high power 
required results in a comparatively high transport cost. 
The maximum range at reasonable operating costs is 
seen to be less than 1,000 nm's. This limit on range 
arises from the power required to sustain a cruise speed 
of 50 knots. The marked increase in transport cost with 
range results from diminishing payload as fuel is con- 
sumed. The limits at the shorter ranges is a direct 
result of the high turn-around times required for the 
larger sizes which, in turn, prevent high utilization rates. 

@ The CAB Concept (Figure 15) 
The overall picture here represents considerable benefits 
with respect to growth in size, with transport costs 
consistent with displacement ships in the 1,000 to 
2,000 nm range for 1,000 ton craft. 

b 'I%e Annular Set Concept (Figure 16) 
As expected, the relatively high transport costs associated 
with ranges in excess of 1,000 nm's preclude the chemic- 
ally powered annular jet craft from consideration as a 
valid contender for the American Merchant Marine. 

@ The Aircraft in Ground Effect (Figure 17) 
The outstanding range characteristics of this concept are 
borne out by this figure. This is particularly true in the 
1,000 ton size. Excellent growth potential is apparent. 

* The Ram-Wing Annular Set (Figure 18) 
There can be little doubt of the superiority of this 
concept over the other four concepts. The overall flat- 
ness of transport costs with range is almost independent 
of range in the 1,000 ton size. 

Comparative Analysis of the Five Concepts 
T o  establish the concepts with the most growth potential 

in the American Merchant Marine, it is necessary to compare 
each concept over a range of sizes at the range where transport 
costs are minimum. Figure 19 shows the total transport costs 
(no return on investment) against size for each concept. It is 
apparent that little change in operating costs can be expected 
in sizes over 1,000 tons for the air-lubricated hull and the 
annular jet, whereas the remaining three concepts all have 
considerable potential. T o  complete the compari$on, it is 
necessary to evaluate the payload/range characteristics of the 
five concepts. Figure 20 shows the payload and range capa- 
bilities Tor the five concepts configured in the 1,000 long ton 
gross weight category. Again, the air-lubricated hull and the 
annular jet show to some disadvantage, thus eliminating these 
two concepts from further analysis 

Consideration of operational and developmental questions 
governing the CAR, the ram-wing annular jet, and the aircraft. 
in ground effect, is the next step, as each appears to have 
similar transport costs and suitable range capability. 

The CAB, of all the other concepts, is most like a ship. 
Further, little or no major development would be required 
except for the propulsion system and fore and aft sealing of 
the bubble. Both of these are considered to be well within 
the state-of-the-art by the developers 'of this concept. Con- 
struction techniques would be simple and straightlorward. 

The ram-wing annular jet, however, would require consider- 
able research to perfect the aerodynamics associated with 
high-speed operation and satisfactory wave clearance. As a 
third generation project, it undoubtedly has considerable meiit, 
and is probably the ultimate in long-range marine transporta- 
tion. 

The aircrait flying In ground effect is well within the state- 
ol-the-art for production purposes; however, the wing spread 
and flying-boat type of performance would he a considerable 
disadvantage in the larger sizes. Special facilities would be 
mandatory, and because of its "modus operandi" this concept 
would only provide a doubtful marine craft. 

Accordingly there appears to be some merit in singling out 
the CAB for more extensive analysis. 
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Figure 20. Estimated payload--range chrtracteristics of the 
jive concepts (all craft 1,000 long tons gross weight) 

Table 6 
'VARIABLE INPUT DATA 

(Data for the 200 ton Captureil Air Bubble) 

Dock time per port 

Percent useful load 

Power requirements at 58 knots 
3350 horsepower 
4800 horsepower 
5750 horsepower 
6840 horrepower 

3375 horsepower 
6250 horsepower 
3750 horsepower 
3350 horsepower 

Nominal empty weight 

- 1 6 . 9  percent of empty weight 

Propulsion system weight 18.2  percent of empty weight 

Structure system weight 65 percent of empty weight 

Number of engines 

Horsepower per engine 

$35.00 per horsepower 

Table 7 
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F'igure 31. Effect of vuryirzg t ime  between engine overhauls 
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Figure 32. W e c t  o f  varying engine depreciation period 
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Figure 33. E f fec t  of vciryi~zg ship depreciution period 

Dock Time 
Figure 28 shows that IS dock tlme 13 doubled Eol the 

5,000 ton CAB shlp Srom 20 to 40 hours per trlp, the trans- 
po~tatlon cost would rncledse by 6 8 %  wrth the same baslc 
u t ~ h z a t ~ o n  of 7,000 h o u ~ s  per year. (Note that utilization 
Includes dock tlme) 

Crew Cost 
A previous figure Indicated the vallatlon ol crew costs 

wrth CAB ship slze used In the computer programme Data 
In F l g u ~ e  29 sho~v  [hat rncleaslng or decleasrng crew costs 
by 50% changes transportat~on cost by only 2 4 %  Col the 
5,000 ton CAB s h ~ p  

Maintenance Iahour  Rate 
In the route andlys~s the maintenance labour late was 

assumed to be $3 pel haul Current shipplng expcllence 
shows that the rate mrght be somewhat highel F ~ g u r e  30 
shows that if the late was as hlgh as $3 50 per hour, trans- 
p o ~ t a t ~ o n  costs would inciease 3 2% 

Time Between Engine Overlraule 
Throughout the ro~l te  analysis it was assumed that the 

shlps had the number of engines requiled to opeiate a1 
maxlmum speed wlth normal power (80% maxlmum power) 
rhere i s  a possibility ol operatlng the englnes at maxlmum 
power, thereby reduclng Lhe numbel of engrnes requlred for 
operations by 20% Howevei, i f  the englnes are operated 
at maxlrnum power, the tlme between englne overhauls wlll 
probably decrease and the useful ilte of thc englnes (deprecla- 
tlon per~od)  would probably dec~ease Figures 31 and 32 show 
[hat operatlng the engines at maxlmum power wrth no 
change In overhaul and dcprecratlon pc~lods  would ~ e s u l t  In 
a decrease In transpoitatlon costs ol 4O/, Frgure 31 also shows 
that dec~eas~ng  the time between overhauls would have llttle 
effect on the t~anspor ta t~on cost 

Engine Depreciation Period 

Figure 32 shows that decreasing the engine depreciation 
period would have a significant effect on transportation costs. 
For instance, if the depieciation period decreased by two to 
six years due to operation at maxiinurn power rather than 
normal power, the reduction in transportation cost obtained 
by using [ewer engines would equal the additional cost 
incurred by reducing the engine life. 

Ship Depreciatioli Period 
In the route analysis the ship depreciation period was 

assumed to be ten years. Figure 33 shows that if this deprecia- 
tion period is increased by fifteen years, transportation costs 
would be reduced by 2.5%. 

Power Requirements 
Data In Figure 34 show relatlo~lsh~ps bciween requlied 

horsepower and speed for Lhe 5,000 ton CAB ship The 
results of the route andlys~s described previously assumed 
that the s h ~ p  was iravell~ng at the speed for normal rated 
power at all tlmes, as shown by the base reference line In 
Figure 34 Three addltronal powei schedules were examlned 
to see ~f it might be less expensive to operate at a slower 
speed and lower horsepower Schedule (1) assumes a maxlmum 
speed of 118 knots, Schedule (2) assumes a niaxlmum speed 
of 100 knots; and Schedule (3) assumes a speed 01 82 knots 
(with the maxlnium speed for s h ~ p  operation at a he~ght  of 
8 ft) 

Data in Figure 35 show that there is an optimum place to 
operate at somewhat less than maximum speed, but that the 
reduction In transportat~on cost is quite small -about 2% 
at 130 knots. However, operation at the maxlmum speed for 
the maximum operating height (82 knots at 8 Ct) would mean 
an increase in transportation cost of over 22%. T h e  value of 
operating surfrice ef fect  &ips at high speed is cleurly 
emplznsized. 
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Table 9 
LONG RIJN AVERAGE TRANSPORTATION COSTS 

I Transport Mode 
Freight Cost 

(C per ton-mile) 

I Rai lrood I I 7 5  

Highway 

Waterway 

Ocean  

Ai r  

CAB SES (5000-ton) N e w  Yorl; t o  Southampton 

Los Angeles to Honolulu 
Honolulu t o  Tokyo 

Table 10 
ANNUAL CAPACITY (NEW YORK TO 

SOUTHAMPTON) 

5000 1. i on  - CAB 

Figure 37. Initial cost us a function of the work capability 



Tlie CAB and its Competition 
The  final analyi~s  ol a particular transport as a prlme 

carrrer requlres consideration of its cost structure in relatlon 
to ~ t s  competitors F ~ g u r e  36 1s helplul 111 visuahz~ng the dlf- 
leienccs In cost structule The figule shows the per cent 
d~stributlon w ~ t h  respect to operating cost of d~splacement 
ships, cargo a~rclaf t  and the CAB s h ~ p  The five iudlces are 
believed to form a valld baas for comparing transportatlon 
systems, marlne 01 otherw~se 

@ Cargo Delivery Costs 
The  cost methodology employed provides accurate inlt~al 
slxp ~nvestment costs 
The CAB s h ~ p  costs, when compared with avcrage costs 
of other transportatlon means, provides a basis for 
evaluat~on of the s h ~ p  as a prlme cariler In  mak~ng  such 
a cornpailson, the CAB s h ~ p  is belng presented In a 
rathei unfavourable l ~ g h t  because the other cost data 
have not been developed on the same b a s ~ s  It  is perhaps 
appropriate to rcmlnd the leader that these other costs 
and rates result from many years of operat~ng experience 
and adapt~ve changes In deslgns of the equ~pment,  and 
in operating procedules to Improve t h e ~ r  effectiveness, 
while the CAB s h ~ p  1s the first of ~ t s  lc~nd and ~ t s  cost 
charactcr~st~cs are d e ~ ~ v e d  on the basls of operating a 
slngle u n ~ t  Long-run average costs of varlous trans- 
portation means are presented In Table 9 

@ Passenger Transportation Cost 
N o  passenger service has been cons~dered In thls analycj~s 
of large Captured Alr Bubble SES's In transoceanic 
routcs 

@ Annual Capacity 
The annual capacity measures the total production of 
the ship and gives an absolute measure of the work 
capacity. 
The annual capacity of the CAB ships of different sizes, 
and that of the current cargo vessels in service operating 
on the same routes, are shown in Table 10. 
The ult~mate use of annual cargo capacity data would 
be to determine the number of operational units required 
to  perform the mission in  a selected market and, in that 
way, to determine the initial system investments. Neither 
a large nor a small annual cargo capacity signifies the 
merit of the carrier. However, it should bear a cons~stent 
relat~onship to  the traffic volume and characterist~cs to 
make possible high load factors and utilization. 

@ Capital Investments 
Capital costs of CAB ships are expected to be high. 
These ships are relatively expensive and are close to 
aircraft costs in production quantities; however, the 
cost of terminals is expected to be less than those for 
conventional ships or aircraft. The CAB is expected to 
use cxisting docks and terminal facilities up until the 
time there are enough in operation to warrant facilities 
tailored to suit their specific needs. 

@ Return on Investment 
The provision of transportation service is generally a low 
profit enterprise. Beyond this fact, the surplus of shipping 
as well a s  air transportation capacity has created 
a highly competitive market in which these ships will 
have to operate. Furthermore, it is practically certain 
that rates will be subject to some regulation. In view 
of these considerations, it is most likely that capital will 
be attracted to CAB ship operation on thc basis that a 
high return 'on investment would be realized. In many 
instances, the acquisition of the C A B  ship by the 
Merchant Marine will resemble the state of the marlcet 
i n  the early 1950's when jet transports were being intro- 
duced on the airlines. 
However, like so many of the other unknowns which 
may be encountered in the implementation of a new 
service, there is too little information available to be 
specific on this mattcr. Only experience can provide the 

answer as to what can be anticipated in the way of 
return on investment in the CAB ship. Return on invest- 
ment must be considered in the analysis of specific 
routes which should be undertaken with care, based on 
considerations prevailing at the time when the CAB 
ship has demonstrated its apparent potential. 

0 Potential Work Cost 
As a final index of the transport means, the potential 
work capacity, expressed in terms 'of ton-knots as a 
function of the cost per ton-knot, may be an important 
[actor. 
Based on the work by Trillo (Reference 2), different 
sizes of the CAB ship aircraft, and conventional cargo 
ships have been plotted. 
Figure 37 shows that the CAB ship follows a general 
trend ,of decreasing cost with increase in work capacity. 
The figure also shows that these ships can provide the 
same work capacity of conventional merchant vessels 
at slightly higher cost per ton-knot. This interesting 
relationship places in the proper perspective the value 
of the C A B  ship's higher speed and capability, in rela- 
tively smcrll sizes, to compete on  importclnt trade routes 
with convcnlional shipping. 
In this respect, it is estimated that the CAB ship's 
highcr cost will be offset by the much higher relative 
spccd (five to one) which will provide an express cargo 
transoceanic service with its inherent effect of lower 
warehousing and insurance costs. 

Summary Remarks 
The CAB ship in its present state of development appears 

to offer the greatest potential to the American Merchant 
Marine on several counts: 

1. The develop~nent of sidewall craft such as the Denny 
Dl  and D2 craft, the hydrokeel and the NADC man- 
carrying model, provide a firm basis for future develop- 
ment. 

2. The ship-like form of the CAB ship, with its intimate 
contact with the water, will require no advanced hand- 
ling techniques in congested seaways or open water. 

3. Technology in supcrcavitating water propulsion systems 
and water pump pr*opulsion systems is well advanced. 

4. Total transport costs of five to ten cents per ton-mile 
over ranges suitcd to the North Atlantic offer a service 
competitive with conventional shipping. 

5. Cruise speeds in the range of 60 to 80 knots will offer 
unprccedented gains in transporting cargo between 
heavily industrialized countries. 

6 .  Return on investment is likely to be slow due to high 
initial outlays, but may be phenomenal as operations 
eliminate the competition by time and ton-mile cost 
advantages. 

7. With annual utilization similar to high-speed displace- 
ment ships, together with a speed differential of almost 
five, the CAB ship offers the same productivity as cargo 
ships plus the benefit of 48 hour delivery schedules 
over North Atlantic routes. 

8, Initial costs on a ton-knot basis are comparable to dis- 
placement ships. 

9. Current developments in sealing the bow and stern 
openings between the l'ongitudinal skegs offer a variety 
of solutions. These developments include a water wall 
which also acts as the main propulsion system, a flexible 
skirt with water skis, and variations of the two. 

10. The high degree of automation in cargo handling con- 
tainerization, currently under consideration for displace- 
ment ships, will be further enhanced by the internal 
stowage configuration of the CAR ship. 
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A model of the proposed hoverport with the car parking sectio~z removed to $how the public concourse with feed-o~z to pusserzger 
craf t  and vehicle craft 

By a final year School of Architecture student 

General interest is growing --- the bubble is about to burst. 
This thesis for a diploma in architecture is an attempt to show the potentiality o f  a hovercraft se~vice from 

Felixstowe on the South-east English coast, and to indicate the design requirenzelzts of a hovercraft port in such 
a location. 

Cross-Channel tragc has increased at a spectacular rate. 
The figures for this year, already 10% above 1964, have brought many extra car ferries into service. 
Small coastal ports, using drive-onldrive-ofl freight facilities, are challenging the strikes and lime delays of the 

London docks. 
Scandinavian firms with an eye to the future cross-Channel market are becoming increasingly interested in 

hovercraft. 
The advantages are great : speeds of 70-100 knots, fast turnround times, and no deep-water requirements. 
Cross-Channel hovercraft will be produced and operating witlzin the next two years. 



1. POTENTIAL OF THE EIOVERCRAIfYT 
Amphibious hovercraft 

T HE main emphas~s in the field of hovercraft at the present 
tlme is on the amphibious type because of ~ t s  advantage 

of being able to  rlse out of the water on to dry land w ~ t h  llttle 
d~ficulty These craft can be used as convent~onal displacement 
ships (In the water) for slow-speed manoeuvring, but after a 
certaln speed (hump speed) the depression In the water under- 
neath the body caused by the alr p~essure disappears, and the 
craft becomes alrborne T h ~ s  is because the claft has moved on 
befole the depression has timc to Form and In t h ~ s  "w~ndborne" 
state the hovercraft is obhv~ous to current.;, t~de.; and depths ot  
water 

Coupled wrth the lact that they can tlavel over small rock 
protrusions, ~ce-floes, raplds, mudfats and sandbanks and over 
flat land and sea at 70-80 knots, they become an attractsve 
proposition fol many uses 

Dover-Calais 20 mins? 
The main use being developed at the moment 1s for car and 

passenger ferrymg to replace or support exlstmg convent~onal 
sh~ps .  The11 vastly supellor speed of travel gives them a great 
advantage over conventional sh~ps,  partlcularly over the longer 
sea ~outes,  and even (he twenty-two-mile Dover to Calals 
journey could be cut from 1: hrs to 20 mins 

Experimental ferries 
The Scandinavian countries, partlcularly, are keenly inter- 

ested in the development of the hovercralt as a fer~ying craft, 
and already exper~mental services have been tried in varlous 
parts of the world, slotably on the Thames and Solent in 
England, across the Orcsund betwecn Denmark and Sweden, 
between Long lsland and New York, and in the St Lawrence 
river. 

Regular services 
The  first regular all-the-year-round services commenced on 

the Clyde in Scotland in summer 1965, and in 1967 a Westland 
SR.N4 will operate on the Solent with a capacity of 230 pas- 
sengers and thirty-two cars approximately. 

'This 150 ton craft is also capable of crossing the Channel 
and will be used for other regular services to the Continent in 
196'1 and 1968. 

In  the not too distant future it w ~ l l  be possible to build large 
hovercraft able to ride the ocean waves with greater comfort 
than the convent~onal Queen ships at speeds of 100 knots or 
more ! 

Ocean hovercraft 
It Is difficult, though, to forecast the role of transatlantic 

hovercraft since they would be in direct competition with the 
much faster jet airliners, but on the short-haul routes such as 
across the Channel they will certainly prove to be very com- 
petitive with the airline companies and will probably handle a 
large percentage of the total trafic very soon. 

Lifeboats and landi~~g craft 
Swamps and ice-floes 

The hovercraft's ability to ride over objects several feet high 
(6-8 f t  at the present time) makes it eminently suitable for 
crossing surfaces impossible by normal wheeled vehicles or  
boats. Demonstrations have shown its ability to cross swamp 
and marshland where Land Rovers become bogged down, and 
it has been used successfully on the St Lawrence river when 
completely covered with ice-floes. The hovercraft can travel 
over rapids and fast-flowing rivers without being influenced by 
the shallow water or by currents. 

I t  will be particularly useful as a lifeboat, being able to 
operate at any state of tide and capable of sale operation along 
rocky coastlines where rocks and protruding corals prove fatal 
to the vulnerable hulls of conventional craft. There would be 
no necessity for steep launching slipways into deep water since 

the craft could be stationed on dry land, and the speed factor 
would prove invaluable in saving lives. 

Military use 
The same capabilities of shallow-water operation and resist- 

ancc to minor obstacles are also useful in military operations. 
Hovercraft are alrcady used as troop-carriers and gunboats 
(Vietnam 1965) and will obviously be used as tank landing 
craft, fast supply boats and missile launching boats. 

Nuclear poiwered 
Antl-subma~~ne hovercraft should prove a formidable weapon 

agalnst nuclear submarines They will be able to get to the 
target area v e ~ y  qu~ckly, the submarme w ~ l l  not "hear" the 
character l~t~c ship noise, and for pinpo~ntlng pu~poses the 
hovercraft will Iemaln stationary 

Look~ng some years ahcad, 11 IS qustc conce~vable that im- 
mense nuclcai -powel cd hovel cl aft w ~ l l  be used, crosslng the 
wo~ld 's  oceans at 150-200 mph w ~ t h  a strlke force of Polarib 
m~ssiles or Alght deck of let arc1 aft 1 

Freight 
Iieturning to more peaceful purposes, the hovercraft will be 

immensely useful for freight carrying. At the present stage oi 
development ~t 1s only sultable for low-densrty freight, that IS, 
bulky but light goods Thls IS because the craft ale essentially 
low densrty themselves Their speed potentla1 make.; them com- 
merc~ally suitable fol the sw~ft  delivery of foodstuffs, bulbs 
and flowers, tor example, between England and Denmalk oi 
Holland, and they could be extensively used f o ~  the exports 
and Imports of the car industly. 

Dry land loading 
The ease with which unloading and loading can take place 

on dry land will be particularly attractive since the unpredict- 
able elements of the weather will be less disturbing. The writer 
envisages the growth of the drive-on/drive-off facilities for 
freight lorries will accelerate even more with the advent of 
hovercraft. 

The air cushion can improve manpower capability by over- 
coming frictional losses between a heavy load and the ground, 
enabling man ta concentrate on pushing the load in a parti- 
cular direction. This "quality" can be used on the building site 
for carrying ready-mixed concrete and bricks, or on the factory 
floor for components and in the domestic field for such appli- 
ances as lawn-mowers. There is, in fact, one example on the 
market now which can be used on 4S\l*opes quite easily. 

Apart from hovering Land Rovers for crossing waterlogged 
fields, hovercraft will be used for transporting bruisable fruit 
such as bananas and apples over rough terrain where u p  until 
now lorries have had to slowly bump their way. 

Australian outback 
Similarly they will be used in the Australian outback lor 

transporting cattle where there is a serious loss of cattle if 
they are driven over distances of up to 400 miles, and they 
should be very suitable for desert operation where trafic 
density is low and obstacles few. 

One of thc most attractive propositions is for an inter-city 
monorail hovertrain system, with the prospect of 150-seat 
hovercars travelling 400 miles from London to Edinburgh at 
300 mph or more. The cost of erecting a double track for the 
system would be anything up to f200,000 a mile. 

Another system has been proposed using drained canal beds 
with a precision-made concrete track with hovertrains travelling 
on a + in cushion of air, using linear electric motors. 

2. PROPOSED SERVICE - CHOICE OF 
ROUTE AND. SIT33 

Fdixstojwe service 
Purpose 

The  hovercraft service at Felixstowe is an attempt to spread 
the load of cross-Chan~iel vehicle traflic and relieve the con- 



gcstion which occurs on the classic ferry routes, notably 
emanating from Dover. 

As can be seen flom the dragram below, the Felixstowe ser- 
vlcc 1s intended to commence opelation 111 1970 or 1971 and 
therefore wlll not necessarily be the first cross-Channel hover- 
cralt servrce to operate Townsend Ferries, Svenska Lloyd, and 
Brltlsh and Fiench Railways have all announced w~thrn the 
last few months plans to commence cross-Channel servlces In 
1967 and 1968 

These servlces will probably supplement ex~strng routes and 
will no doubt utrl~se exrstlng port lac~litres The Westland 
SR N4 hovercraft to be used belongs to the "first generatlon" 
of larger craft wlth cross-Channel capabrlrties and wrll be 
leaving the productron llne in 1966-67 

Craft to be used at Felixstowe in 1970-71 would be of the 
"second generation", as it were, with more advanced capa- 
bilities and larger cargo capacity. 

The Felixstowe servrce, as well as helping out with the in- 
crease in peak holiday traffic forecast by the Minlstry of Trans- 
port, will prove to be the most attractive outlet of traffic from 
England to Scandinavia, Holland and Germany, and vice versa. 

EXPANSION OF TRANSPORT SYSTEMS ACROSS 
THE CHANNEL AND NORTH SEA 

1965 - Conventional sh~pprng expanded 

7 - Hovercralt begln to help out exrstlng ports 
8 - Continued expansion In use of hovercraft 

1970 -Hovercraft ports and second generatlon cralt 
commence 

I - Dlito (lnclud~ng Felixstowe) 
2 - Channel tunnel in operation (srx years to build) 
3 - FROM HERE ONWARDS : 

Tunnel takes largc proportron of traffic and 
sophist~cated hovelcral t lac~litles gradually 
replace convenl~onal shrpping to a large 

Assumptions 
It IS assumed that the existlng f o ~ m n  of cross-Channel tram- 

port (ships and a~rcraft) w ~ l l  contrnue to operate at roughly the 
present level of frequency, and that the increase In traffic from 
now onwards wrll be taken up, first, by introducing addltronal 
servrces using hovercraft (also eventually replac~ng a good 
many conventronal shlps with hoverc~aft) and ~ecorzd, rf nego- 
t ~ a t ~ o n s  are ever settled In tlme, by burldlng a Channel tunnel 
P~elrmrnary sea-bed testrng has been done now, but the author 
wonders whether a tunnel w ~ l l  ever be bullt, partrcularly since 
Br~trsh and French Iiarlways have shown great interest in 
closs-Channel hovercraft servlces 

Essential outlet for Britain 
Diversify routes 

The tunnel alone would be capable of absorbing a very large 
proportion of the forecast traflic from 1965 onwards but it 
would seem somewhat undesirable to concentrate it all on to 
one route, particularly since some types of traffic wish to spread 
and diversify more than others. For example, rail traffic is by 
its very nature limited to a few trunk lines, whereas car traffic 
is riot limited to any such degree. 

It IS suggested, therelore, that by the 1970s, even IS the 
Channel tunnel is In operation, Fclrxstowe wlll be  In a posltron 
to provide an essentral service to :  

(I) hol~day tralfic emanatrng iron1 East Ang l~a  and the Mid- 
lands wrshrng to cross to the Contrnent, and 

(11) frelght to and from Holland, Gelmany and Scandinavia, 
and the rndustrral Mldlands of England 

Mixed cargoes 
The SR N4 hoverc~aft desrgned by Westland is rntended to  

be an "adaptable" craft and 15 able to undergo Internal changes 
so that ditrercnt configuratrons ok payload can be cairred, I e 
all passengers (566), or a mlxture 01 cars and passengers (35 
cars, 116 passengeis), or coaches in addrtion (15-18 cars, 3 
coaches, 228 passenge~s), or f re~ght  (60-65 tons) Thls entalls 
movrng passenger seats around, strengthening the floor In places 
and even increasing the headroom ovel part of the deck for 
larger lorries T h ~ s  may look very desirable and eficient on 
paper, but when other aspects of cifclency are studled, such as 
unload~ng trmes at destinations, the prcture 1s l e s ~  rosy It  1s 
quite possrble to unlodd a cargo of cars alone from a craft In 
a matter o l  mrnrltes but to unload 800 passengers takes a great 
deal longer Thus, 1-T cargoes are mrxed, tlme is lost In turn- 
round for some types, such as cars Thls does not matter so 
much over longer routes of several hours' dulatron, but for the 
cal lerrles on short cross-Channel hops rt IS ludrcrous to sacrl- 
fice the hovercraft's ~nherent advantages of speed by mrxlng 
cargoes 

Separate "Felixstowe" craft 
It has been decided, therefore, contrary to present manufac- 

turers' trends, to  use two distrnct types of hovercraft for the 
Fcl~xstowe service : 

Type (i) - to calry passengers only (800 passengers); 
Type (ri) - to carry vehicles and their occupants only (e.g. 

slxty-five cars). 

Felixstowe to Ostend 80 rnph 
11 is proposed to relieve the summel congestion of the Dover 

route by runnrng a crack car ferry se~vice from Fel~xstowe to  
Ostend, depart~ng every t h ~ r t y  minutes. Thrs journey wrll take 
less than one hour and should piove immediately attractive, 
being half an hour less than the present Dover to Calais run 
by conventronal ship rhis route w ~ l l  s q v e  ho l~day  traffic Prom 
a large hinterland wh~ch includes East Anglia, North-east 
London and the whole of the Midlands. 

Passenger service 
This main car, coach and lorry service will be supplemented 

by a less frequent passenger-only service to Ostend, and there 
will also be passenger and vehicle services to  the Hook of 
Holland. 

Freiglil service 
Duiing the remainder of the summer months when holiday 

traffic is a little less demanding the frequency of the crack 
Ostend service will be reduced and the craft utilised on other 
routes for regular freight and charter services. 

Durrng wlnter months the slackness of the holrday servlce 
w ~ l l  be taken u p  to a great extent by frerght services usrng 
lol r~es  on a dr~ve-onldrrve-ofk basls It 1s envisaged that this 
service will be rncreasingly used by Dutch, German and Danlsh 
firms wlrhing to export foodstuffs, tlowels and other perishable 
goods to England by the qurckest porsrble means and by 
British manufactu~ers exporting s~mrlar goods and rndustlral 
goods, pa~ t~cu la r ly  cais 

Existing Felixstowe port 
The small port which already exists at Felixstowe is at the 

present time being expanded and revitalised [or a drive-on/ 
drive-off freight service usrng conventional ships, so how much 
more attractive it would be to use hovercraft which would 
cut the journey time to the Hook from seven hours to two 
hours. 



1985 TIMETAB1,E 
Peak Pay 1985 

Colmputer link 
Nerve centre 

Tl-re author vrsuallses the fulure of Felrxstowe as a focal 
polnt of routes to several contrnental ports l~nked  to get he^ by 
computer whlch would deternl~ne the trafic Inflow at the 
vallous ports and complle the most efficient timetable for the 
craft operat~on Thls would be cspec~ally practrcable with 
hoverc~aft  operat~on, slnce the overall fleet would be made up 
of a large number of small  but fart unlts, which are always 
easler to deploy than a few, very  large unlts By feeling the 
pulse of each p o ~ t  the computer can continually leport back 
the overall plcture of trafIic dens~tles enter~ng the Channel and 
North Sea ports, and any sudden bulld-up can be dealt w ~ t h  
efliclently and qulchly 

On normal days the movement of craft at Felixstowe would 
not be  very Intense (probably one arrlval every three-quarters 
of an hour), but the port has been deslgned foi the worst 
possrble condit~ons and below is a timetable for a peak day 
rn 1985 based on the p~edlcted trdfic figures 

When proposing the location of a nev, ferry route a great 
inany variables influenced the dec~sions made 

Diversification of road trafic 
The main decisive factor in this case was the author's belief 

in the necessity to  spread and diversify cross-Channel traffic. It 
would seem patently obvious that the roads and ferry facilities 
in the Dover area of Kent are becoming far too overloaded 
and that an attractive outlet on the East Coast would reduce 
the traffic flowing south through London and encourage a 
cross-flow to areas of Germany and Scandinavia. 

cost 
U p  until now it has been impossible to develop large ports 

on this coast because of the cost of dredging to provide deep 
water for the larger ships But now with the advent of hover- 
craft no deep water is required at all, and outlets on the East 
Coast are a commercial proposition 

Choice d site 
Siting 

This particular peninsula of land at Felixstowe was chosen 
for the site because, first, on a national scale the road connec- 
tions with the main towns of East Anglia, London and the A1 
are very good (minor isnprovenlents would have to be made 
in some places between Ipswich and Felixstowe), and second, 
on a local scale the site provides ideal landing beaches on a 
piece of unused land clear of the more intensely used sailing 
and bathing beaches, and a fair distance away from residential 
development. The only disadvantage appears to be that the 
land is low-lying with a possibility of flooding, and it is fairly 
exposed to the elements. Both these factors can be "designed 
out" by the architect in the final form of his building. 

Hydraulics 
The hydraul~cs of thls s ~ t e  ale very satisfactory Tor hovel- 

ciart operation The sh~ngle beaches run ~ n t o  the water at a 
shallow angle and the outflow from the combined estuaries of 
the tlvers Stour and Orwell tends to bu~ ld  up the land rather 
than eat ~t away It 1s p~oposed to "blnd ~ n "  the runway area 
and land~ng beaches by a sultable method (elther t ~ m b e ~  mat- 
trng or sprayed tarmacadam) to prevent furlows develop~ng, 
and that minoi sh~fts  In the beach be adjusted by bulldozer 
The presence of breakrng waves on the beach 1s not lmpoltant 
slnce the lalge hovercraft can operate through thls type of surf 

TrafIic forecast 
Traffic estimates 

The amount and nature of traffic whlch w ~ l l  use the hovel- 
c ~ a f t  port at Fel~xstowe 1s r a the~  difficult to estllnate in advance, 
srnce ~t employs a completely new mode of transpo~t as well as 
fresh routes and dest1natlon.i However, estimates have to be 
made, and in the absence of any "artificial" controlling facton, 
such as Government subs~dy of f a ~ e s ,  the marn lnflucntlal fac- 
tors controll~ng trafhc growth seem to be such thlngs as speed 
of journey, comfort 3f travel, convenience or route, ease of 
access to port, connections wrth other Lypes of t~ansport,  lack 
of congcst~on and swlrtness of pas.i~ilg through port formallt~es 

Felixstowe would be one oF several hovercraft ports around 
the country and would also be in competition with conventional 
shipping and aircraft as well as possibly a Channel tunnel. 

Method of calculation 
The method of forecasting traffic has therefore been to 
-find out the total amount of trafic crossing the Channel 

(sea and air) in 1964 and how ~t was distributed over the 
various routes, 

-suggest the likely changes of distribution which would 
occur when a tunnel and hovercraft commence operations, 

-then increase the figure by a percentage consistent with 
the general traffic increase fo~ecast  by the Buchanan 
R e p o ~ t .  

For  these approximate calculations the ferry ~ o u t e s  have 
been lumped together into four categories : 

(i) all air routes, 
(ii) the proposed routes from Felixstowe, 

(iii) all routes emanating from Dover including a tunnel, 
(iv) Newhaven to Dieppe route plus others. 

Cars and occupants 
Assumed 1964 distribution 

In 1964 Dover handled 550,000 cars (both directions com- 
bined), which was, say, 55% of the total cross-Channel trafie 
(all routes combined). This was in a year when the total cars 
in use in this country were 7,000,000. 

In 1974 there will be 14,000,000 cars in this country 
(Buchanan); in 1980, 19,000,000; in 2010, 30,000,090; i.e, in 
twenty years' time (1984) the number of cars will treble. 

By 1970-71 and onwards, distribution over various routes 
including Felixstowe and the tunnel will probably be as shown 
on the map that follows at the head of the next page, 
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Cars and occupants 

then the proportion which Fehxstowc will h a ~ ~ d l e  from 1971 
onwards wsll be 20155 x 550,000 +forecast increase in cross- 
Channel traffic. 

In 1984 the cars in use will treble but the cross-Channel 
traffic will probably quadruple (because more common use of 
the car will generate extra traffic), i.e, in 1984 Felixstowe will 
handle 800,000 cars per year. Average per day = 2,200 (both 
directions combined). Therefore peak days = 2,200 x 4 (similar 
to Dover 1964) = 8,800, of whsch say 6,000 approximately 
travel in one direction 

Peak day service 1985 
Therefore, 18-hour day service would be : 

say 4,500 to Ostend, i.e. eight craft, one leaving every 
fifteen minutes; 

1,400 to Hook, i.e. four craft, one leaving every 
forty-five minutes. 

Average per day r=. 2,200 (both directions combined). 
Therefore average off-peak day (during nine months 'of the 

year) = 1,100 (if similar to Dover 1964 figures), of which say 
5.50 approximately travel in one direction. 

Off peak day 1985 
Therefore, 12-hour day service would be : 

say 350 to Ostend, i.e. one craft leaving every two hours; 
200 to Hook, i.e. ,one craft leaving every three hours. 

Unaccompanied passengers 
By 1970-71 and onwards, distribution over various routes 

including Pelixstowe and the tunnel will probably be as shown 
o n  the map below. 

%--=' 
Unaccompanied pussengers 

Dover in 1964 handled 3,500,000 unaccompanied passengers 
(both directions). 

In  1984 the figure will be 6,500,000, of which Felixstowe 
will handle 6,500.000 x 15/60 = 1,625,000. Average per day 
= 4,452 (both directions combined). Theref,ore peak days = 
4,452 x 4 (similar to Dover 1964) = 17,808, of which say 
12,000 approximately (ravel in "worst" direction. 

Peak day service 1985 
Therefore, 18-hour service would be : 

say 9,000 to Ostend, i.e. one craft leaving every two hours 
plus one craft leaving every five hours; 

3,000 to Hook, i.e. one craft leaving every five hours. 
Average per day = 4,452 (both directions combined). 
Therefore average off-peak day = 2,226, of which say 1,113 

travel in one direction. 

Off-peak day service 1985 
Therefore, 12-hour service would be : 

say 600 to Ostend, i.e, one craft leaving daily; 
513 to Hook, i.e same craft leaving daily. 

With thoughts on a regular cross-Channel service in a few 
years' time using the large SR.N4, Townsend Ferries and a 
Swedish firm wish to experiment meanwhile with the SR.N6 
w h ~ c h  were used to start the first all-year-round services in 
June and July 1965 on the Clyde and at Cosport. Both these 
craft were chartered from Westland. 

The most significant step will be the production of the 
large £1,500,000 SR.N4 able to carry 230 passengers and 32 cars 
at 70 knots over Channel conditions. 

Both Townsend Ferries and Svenska Lloyd hope to operate 
with these in 1968, and British Railways and Frencll Railways 
would like to pip them at the post, but with some financial 
support from the Governments. 

"Felixstovve" car ferry 
The design of this craft, suggested by the author, is based 

on the capabilities of existing craft. It is slightly larger than 
the SR.N4, and incorporates performance and manoeuvrability 
improveme~lts which the next f e ~  year! of development should 
bring. 

i 

Ca yacity 
Length 160 ft 0 in; width 100 f t  0 in; height 35 ft Oin. 
A U  weight 200 tons; payload 70 tons, i.e. 60 cars and occu- 

pants, or 48 cars and 6 coaches and occupants, or 30 coaches 
or lorries and occupants, or 800 passengers. 

Steering system 
The method of berthing this cratt at the Felixstowe port will 

depend upon future developments in the accuracy of control of 
hovercraft. At the present time control is fairly inaccurate, but 
the author believes that by the time the Felixstowe port is in 
operation in 1970-71, one or other of the suggested methods 
would be operating satisfactorily. Given a nrore precise control 
over the air thrusts from the engines, it should be possible to 
guide the hovercraft electronically by means of underground 
cables. These guides would be "picked up" a short distance 
from the loading ramp and would take over from the normal 
ship-to-shore ladar system. Minor inaccuracies of placing due 
to extreme wind conditions are taken care of by adjustable 
i amps, and in the case of passenger craft the telescopic loadirig 
arms are able to  swivel through 90" horizontally as well as a 
small amount of vertical adjustment lo1 different-sized craft. 

Any system of guidance using wheels in contact with the 
ground would only be suitable for small craft and would seem 
to the author to detract from the advantages of the air cushion 
principle. 

This building deals with the movement of people from one 
mode of transport to another. I t  is esse~itially a giant mixing 



machine for transport, and should only need the minimum of 
"instruct~ons for  use" on the outs~dc. 

It must be efficlcnt but at the same time "human". It should 
be easy and pleasant lor people to move about it, and simple 
to use. 

Circular 
'The author has chosen to use a circ~ilar buildlng for several 

leasons; one belng that 11 IS easy for the newcomer to glasp 
115 basic layout The shape IS already famihar to h ~ m  and he 
knows that a circle radiates around a central posnt He has less 
fear of gctt~ng lost, w ~ t h  thls central "refuge" a l~eady cstab- 
I~shcd in 111s mlnd, and any confus~on from past expcr~cnces 
of tlansporl b u ~ l d ~ n g s  should be lessened by this fecllng of 
l amiliarlty 

The  author has taken the idea of a ctineral refuge further by 
forming the core of the bmlding into a pedestrian concourse. 
The  concourse facilities are buildings within a building. 

Exposed site 
Because it is on a very exposed site on the coast, it has been 

necessary to provide stages in the "transition" of people from 
the outside to the inside. When people are in cars they don't 
mind if it is raining, but when they get out they must at least 
be sheltered f rom the wet, and when they eat, drink or rest 
they must be in  the dry and warm. Thus the hardy elements 
such as cars move around the outside ,of the building, the car 
park areas act as a "doormat" and the essential facilities of life 
are in the "dry" centre porition. It  has not been thought neces- 
sary to provide gallons of sea air and sunshine for the people 
using the concourse, because most of them will only be there 
for a short time. Nevertheless sun will penetrate the glass roof 
and light up the  concourse, escalators and lifts 

Future expansion 
There are two different types of expansion to  deal with when 

increasing the total amount of traffic passing through the hover- 
craft port. 

Two types 
A larger throughput of traffic can be dealt with by increas- 

ing the frequency or the ferries, but when the limit is reached, 
however, the only course left is to physically expand the build- 
ing with more facilities. 

This building has been designed with hoth in mind. Every- 
thing has been designed to deal with the forecast traffic figures 
u p  to  twenty years ahead, not only in terms of total per year 
hut also the highest likely density of use which occurs on 
summer peak days. Even if these generous forecasts arc ever 
exceeded, all the facilities, customs, parking, number of hover- 
craft, restaurants and other items can be expanded in one or 
other of the above ways. When the limit is reached, another 
hovercraft port would be built in addition, either near by if 
land was available, or somewhere else on the coastline. 

Loading ramps 
There is roorn for a 25% increase in the width of .the vehicle 

loading ramps to  allow for even larger hovercraft, and vertical 
adjustment (by hydraulic jacks) of the ramps is possible to cater 
For the higher or  lower loading platforms of craft. 

Ferrying capacity 
The  capacity for ferrying vehicles and passengers can be 

vastly expanded over and above the 1985 figures merely by 
increasing the number of arrivals and departures. Even if it 
was ever thought necessary, a fourth vehicle loading ramp 
could be added on reclaimed land on the west side of the port, 
thus increasing the capacity further. 

Vehicle customs 
The inward-coming customs procedure for vehicles is likely 

to become in the future if anything less formal, but the speed 
of passing vehicles through is governed both by the spacing of 
craft arrivals and the number of  officers employed on the bays. 
If all the bays provided were fully manned, then three hover- 

Aerial view o f  hoverport showing vehicle rumps (foreground) 

craft could unload simultaneously and each vehicle could go to 
its own bay with absolutely no waiting whatsoever. The likeli- 
hood of three craft arriving simultaneously is very small, but it 
can be seen that enough customs bays have been provided for 
any eventuality in the future. 

The outgoing customs and immigration check is very much. 
simpler and is dsone by officers on foot just before departure on 
to the craft. Since no special bays are needed, an increase in 
the number of officers will provide for adequate expansion. 

Passenger crsstorns 
The speed ol clearance of passengers through eustol~ls and 

immigration in both directions can also be governed by the 
number of officers on duty. There is adequale bench length for 
a full craft of 800 passengers to be dealt with without delays. 
It is also possiblc to install additional bench length in the 
future. 

Car parking 
The car parking provided on three floors at 640 car spaces 

per floor totals 1,920 spaces, and there are also an extra 640 
spaces in the open air on the roof car park, which would only 
have to be used on a summer peak day in 1985. Even during 
an average day in 1985 o~l ly  one or one and a half floors will 
be filled. The structure of the building is adequate to lake two 
more park~ng floors on top 

Restaurant and cafeteria 
The capacity of the restaurants and cafeterias has been eat- 

culated in conjunction with the 1985 traflic figures, but, as with 
all the facilities provided in the central core, there is provision 
for expansion or infill within the present structural system. 

Concourse 
There is a band of "free" space vertically below the con- 

course facilities to allow for the addition of new lifts and ducts, 
or for the alteration of existing ones, These service lifts are fed 
from lorry unloading bays situated within the stafS car park 
below ground. 

SPACE REQUIREMENTS 
Peak day 1985 

Seating Kitcheiz 
N o  Worst No  No per area area 

per day per hour sitti~zg sq ft sq ft 
@ 15 mins @ 16 sq ft 

Snacks 19,780 1,300 325 5,200 1.800 
@ 30 mins @ 12 sq ft 

Meals 12,500 1,000 500 6,000 2,700 

Off-peek 1985 
@ 15mins @ 16sqf t  

Snacks 3,400 280 70 1,200 700 
@ 30 mins @ 12 sq ft 

Meals 2,510 500 250 3,000 1,500 



A view of the interior of the hoverport showing the "floatirzg" floors of the concourse corlnected by escalators and l i f t s  

CAR PARKING 
PEAK I M Y  1985 

N o  parked at 
any one time 

Cars travelling by hovercraft 8,800 in 18-hr day 
=. 490 per hr x 60% stop (for 1 hr) 300 

Coaches travelling by hovercraft 560 In 18-hr 
day = 30 per hr x 70% stop 21 

Lorrie? t~ave l l~ng  by hovercraft 8 craft load per 
day = 8 x 30 = 240 x 45% stop 100 

Cars collecting and seelng off passengers 17,000 
per 18-hr day = 944 per hr x 25% stop = 250 
per hr 160 

Passcngcr travellers leaving cars behind 
12,000 x 15% + 1.5 ppc 1,200 

Staff cars 1,000 

OFF-PEAK DAY 1985 
Cars travelling by hoverc~aft  1,100 in 12-hr day 
= 100 per hr x 70% stop (for I hr) 70 

Coaches travelling by hovercraft 70 in 12-hr day 
= 6 per hr x 70% stop 4 

Lorrics travelling by hovercraft 40 arrs and deps 
per 12-hr day @ 30 per craft = 100 per hr x 
50% stop 50 

Cars collecting and seeing off passengers 2,250 
passengers per day x 25% stop @ If per car 
= 420 per 12 hr 3 5 

Passenger travellers leaving cars behind 
2,250 x 25% + 1.5 ppc 420 

Staff cars 800 

CATERING 
NUMBER OF PERSONS USING CATEKING FACILITIES 

Peak d a y  1985 

Persons Wanting Waizting 
per day stzacks meals 

C a ~ s  (both 
directions 8,800 26,400 + (307L 

coach persons) 30% i.e. 224 % i e. 
= 34,400 10,000 7,500 

Pedestrian 507; I e. 25 % i.e. 
passengers 17,808 17,808 9,000 4,500 

Extra people 
80 100 (vls~tors) 300 300 

Fre~ght  vehlcles 250 500 200 50 
Port staff 1,000 1,000 500 3 50 

.- -- 
Total 19,780 12,500 

-- - -- -- .- 

Off-peak days 1985 
C a ~ s  (both 

directions) 1,100 3,300 Jr (22% 
coach persons) 

= 3,550 
Pedestl~an 

passengers 2,226 2,226 
Extra people 

(visitors) 500 500 
Freight vehicles 750 1,500 
Port staff 800 800 

Total 

section a-a 

A section through the hoverport building showing public car. parking above, with lifts and escalators feeding down t o  
central coizcourse facilities 



(Part V1) 

Figure 56 

H Y U R ~ F O I L  craft which use some form of float, skim- 
ming along the surface of the waler, to control the 

position or angle of the main lifting foils require the 
skimming foil to undergo a very wide range of movement 
as it passes from a wave through to a wavecrest, and in 
addition, the control movements follow rapidly one upon 
the other, when the craft is operating in a short sea. 

Stephen W. Hobday of Sycamore Road, Farnborough, 
Hants, England set out, in 1947 to provide a control 
device which while being responsive to water surface 
irregularities is subjected to a master control arranged to 
average out the irregularities of the water surface and 
therefore give a relatively smooth control responsive to 
general conditions, rather than the instantaneous condi- 
tions in the vicinity of the control device. 

As will be seen from Fig 56 a fixed foil is mounted on 
the rear strut which also carries the propeller. Two pairs 
of struts depending from the hull carry variable pitch 
hydrofoils. Curved control vanes suspended from the front 
of the hull are p~voted so as to trail about an axis trans- 
verse to the hull. Each control vane 1s tapered throughout 
its length and hangs trailing and Immersed in the water 
due to gravity or alternatively, its position is controlled 
by a spring or mechanical device, waler pressure deflecting 
the vane back towards the rear of the hull. A linkage 
embodying lost motion and a damping arrangement trans- 
mits movement of the vane to the main foils. Details of 
the linkage mechanism are given in British Patent 713,730 
and US Patent 2,722,189. Modifications suggested in 
October 1947 and forming the subject matter of British 
Patent 713,943 and US Patent 2,890,671 made use of elec- 
tronic apparatus, for measuring variable signals which are 
in turn used to operate a mechanical lever system to 
adjust the main foil angle. 

A.; reported in Hovering Craft & Hydrofoil for July 
1963 the Grumman Aircraft Engineering Corporation have 
been granted an exclusive licence to use the electronic 
sonar system covered by the above two patcnts 

Tt may be of Interest to record that the model shown In 
Flg 56 was demonstrated to the late Dr 5. E. Allen In the 
Nat~onal Phys~cal Laboratorles Tank at 'Ieddlngton In 
1950. 

In May 1951 Stephen Hobday subm~tted a design 
brochure and proposals for the 48 f t  craft shown in Flg 57 
to the Un~ted Stales Navy Department. Use of turbo jets 
Lo eliminate screws and shafts resulted in a very good 
hydrodynamic layout and the swept back plan form of 
the hydrofoils greatly assists in the automatic removal of 
weed or flotsam. The centre of pressure for each foil is 
brought close to its pivot point and the chord tapers from 
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Figure 57 

3 ft at the centre to 2 f t  at the outer extremities. ?'he 
outer half of each forward foil has a four degree dihedral 
angle and the rear foil has a symmetrical dihedral of 
similar amount. One important feature of the design is 
that as the trailing edges of the centre sections of the foils 
are all ahead of the struts on which they are supported, 
air passing down the trailing edge of the strut is unable 
to move forward through the high presswe region to the 
low pressure area at the rear of the foil to cause break- 
down of flow. 

This craft, which bears a striking resemblance to the 
"Lantern" built by the Hydrofoil Corporation of Anisa- 
polls consrderably after Stephen Hobday's desrgn pro- 
posals were submitted to the US Navy, was probably the 
world's most advanced and fully streamline deslgn of its 
lime. The power plants suggested were two Rolls-Royce 
Derwent Gas turbines giving a maximum thrust of approxi- 
mately 7,200 1b and a cruising range of 1,000 miles. 
Alternative proposals for a propeller driven version of the 
craft were also made. 

Mr Hobday has kindly supplied the following details. 
Length 48 f t  ; beam 24 ft ; helghl 32 ft 9 rn overall ; volume 
excluding cabrn 9,680 cubrc ft ; all-up werght 40,000 lb ; 
drsposable load 25,000 1b ; static d~splacement 640 cubic 
ft ; hull draught 1 ft 2 in ; forward forls 8 ft length ; area 
ot forward forls 48 sq ft ; loadlng of forward forls 666 1b 
per sq f t ,  loadlng of rear foils 333 Ib per sq EL; max. 
speed 60 mph ; crulslng speed 30-40 mph ; take-off distance 
150 ft ; Electronic sonar colstrol system which appears 
from N o v c v i n g  C r u f t  & H y d r o f o i l  of February 1962 to 
have been subsequently used in the Gibbs and Cox "Sea 
Legs" was incorporated in both designs. 

J. HERZ. 1952, 
Figure 58 

A control forl directly connected to, and controllrng 
the pitch angle of the main forl, havlng a mechan~sm 
which can adjust the phase relatronsh~p between the two 
forls for varylng the general height of the craft above the 
water was proposed by D a v ~ d  Z Barley of Charlestown, 
USA, In January 1952. The control foil 1s attached to 
the leadlng edge of a vertically moveable strut so that 
movement of the strut operates a system of cables and 
pulleys to relay a posltloning s~gnal to the maln lrft f o ~ l .  
The phase relationsh~p rs manually or automat~cally 
adjustable. 

To obviate the necess~ty of having cantilever structures 
project~ng from the srdes of a hull J. Herz of Berlin- 
Spandau, Germany, suggested a craft havrng side-by-side 
retractable V-type foils arranged in tandem, the foils 
be~ng p~votally mounted under the hull, adjacent the longi- 
tudinal axis of the craft as shown in Fig 58 US Patent 
2,713,317 discloses details of thls design. 

Fritz Vertens of Schleswig, Germany, who has built a 
class of runabouts and thirty foot cruisers more or less 
based on Tietjens designs obviously came up against 
cavitation problems, as in February 1954 he proposed 
several surface piercing foil assembly designs in which 
the inc~dence angle of the foil progres:ively varies between 
the upper and lower portions of the foil. Many different 
concept~ons of V and hoop foil systems are illustrated in 
the Vertens patents. 

An unusual adaptat~on of water skis and hydrofoils is 
found in US Patent 2,751,612 issued to H. Shepard of 
Auburn, New York, for a scheme proposed in March 
1954. Hydrofoils fitted below water skis enable a person 
being towed over the surface of the water to be lifted 
above the water surface. 

A mechan~cally propelled water sport sea sled equlpped 
w ~ t h  a tandem type ladder f o ~ l  system was the brain chlld 
of C J .  Icregall of Chlcago durrng January 1955. Exten- 
sible pontoons support the sea sled when boatrng. 

Harold Boerrcl<e, ot Washington D.C. undertook con- 
slderable research and development studres on surface 
plerclng foils, angle of attack control, loll retraction arrcf 
cavltatlon during the per~od 1955-1957 One of the foil 
configurations iisvest~gated became known as the "diamond- 
shaped" l~ydrofoil and comprised an upper inverted V 
and a lower V connected at the hori~ontal  corners by a 
bracrng structure also serving as a lift forl. The chord5 
of both of the V foil sect~ons may vary from one another 
to ~mprove lift-depth character~st~cs and the camber ot 
both of these sections may vary from one another to 
provide a combination of low drag at high speed and 
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Figure 59 

low take-off speed. A ~ t r u t  attached to the apex of the 
inverted V and a further strut attached to the ~nboard 
section are pivotally supported from mounting brackets 
in turn pivotally attached to the hull of the craft. This 
arrangement permits the foils to be retracted about a 
horizontal axis or turned about a vertical axis for steer- 
ing. The support line for the foil assembly is forward of 
thew leading edge so that l ~ f t  forces on the foils tend to 
rotate the assembly forward to assist in counterbalancing 
drag lorces and obtain hydrodynamic balance. 

Applications of the above type of foil configurations, 
shown in Fig 59 in combination with interconnected 
hydraulic mechanisms for steering, controlling and indicat- 
ing angle of attack and for retracting foil assemblies 
mounted on the sides of a hull are disclosed in US Patents 
2,887,028 and 2,887,081 applied for in August 1956. 

During the early part of 1957 Boericke proposed that 
his various foil and strut sections should be so shaped 
and chosen relative to each other and to the speed of the 
craft that they should be free of destructive cavitation at 
speeds when they would normally be submerged. For 
instance, at speeds up to 45 knots all sections could be 
submerged, n o  cavitation taking place, at speeds up lo 
55 knots the top section would be out of the water no 

D.A. P.V. E LYOSI US. 1955. 

Figure 60 

cavitation taking place on the remain~ng submerged 
sections, up to speeds of 65 knots when only the lower 
non-cavitating sect~on of the f o ~ l  assembly would remain 
under the water. US Patent 2,890,672 glves detarls of these 
proposals. 

John Bader, a co-inventor with Boer~cke in US Patent 
2,887,082 also proposed his own form of mechanism for 
steering by simultaneous fore and aft movement of trans- 
versely arranged, independent foil systems. He was also 
responsible for considerable detail design work in connec- 
tion with retracting and folding, diamond type foil assem- 
blles against the side of the hull. In 1959 Bader proposed 
various schemer, for retracting V-shaped, surface piercing 
foils, in which the angle of the V may be varied to suit 
operational requrrements, against the keel form of a 
high-speed craft. The mechanism for retracting the foils 
being used to vary the angle of the V and also to adjust 
the angle o l  attack. 

Further developments concerned the retraction of foils 
extending transversely across the underside of the keel, 
the foils carrying propulsion propellers, and, designs for 
a craft wherein the propeller struts act as after foils. These 
proposals are described in detail in liS Patents 2,991,747, 
2,984,197 and 3,031,999. 

Aeronautical Boat Shop Inc and Joseph Lyman of 
Halesite, New York, USA, proposed a design of sailing 
craft having a vert~cal keel with horizontally extending 
fixed submerged hydrofoil surfaces in the early part of 
1955. The hull of the craft is said to have been "rocket 
shaped" and a deep keel incorporating a rudder is known 
to have been proposed. 

A British contribution lo the combination of water 
based aircraft and hydrofoils was made by F. E. and S. 
Hanning-Lee of London during June 1954. A high wing 
monoplane is fitted with a pair of hydrofoils, the outer 
cnds being attached to the wings and extending down- 
wards and inwards from the point of attachment to a 
point beneath the centre line of the hull and in front of 
the centre of gravity of the aircraft. Foils may also be 
fitted in similar manner to the tail plane. In both cases 
the foils form a large V suitably braced to the aircraft 
structure. These proposals are shown in US Patent 
2,942,810. 

Two brotherr, D. A. and P .  V. Elyosius, of Hartford, 
Connecticut, USA, applied for US Patent 2,832,304 in 
August 1955. Their designs provided a dihedrally arranged 
hydrofoil of high lift to drag ratio supported by struts 
on the stern of a waterborne hull. This device shown in 
Fig 60 was expected to improve the performance of 
vessels which have an excessively elevated bow and deeply 
depressed stern. The foil element, angularly adjustable, 
remains constantly submerged, the lifting force beipg 
confined to a single transverse vertical plane well aft of 
the centre of gravity. It is known that a number of success- 
ful experrments were carr~ed out using this proposal. 

A German design contribution was made in November 
1954, by F. H. Wendel. A high speed craft has an elon- 
gated hull with supporting struts depending downwardly 
to carry an elongated structure supporting adjustable 
hydrofoils. Wendel claims tbat his submerged structure 
contributes to the lift generated from the hydrofoils. 



underwater part of the hull has been coated w ~ t h  anti- 
corrosive paints, cathodic protect~on also belng applied. 

The hull has a long~tudrnal constructron based on strong 
framings and bulkheads. The spacing of frames, up to No 13 
Frame, amounts to 1,250mm and From No I3 frame onward$, 
725 mm. The d~stance between the longitud~nal bracings is 
240 mm in the bottom and 360 mm In the roof. The frames 
and strong long~tud~nal grrders are made of 100 x 60 x 5 
tee-bars. The remalnlng long~tudlnal glrdels are made of 50 x 4 
clamp flat-bars. 

The bottom outer platlng is of 4-5 mm-thick plates, the 
platlng of s~des,  bulkheads and deck is 3 mm th~ck,  the plates 
of the roof belng 1 5-5mm thick PA3 plates and PA1 rolled 
profiles have been applred. 

The foils and then bracket7 are made of stalnless IJ18N9T 
steel. The folls are made of 5-7mm-th~ck plates and are of 
Sully welded construct~on 

Principal Particrrlars 

Length overall . . . . . . . . . 27.60 m (90 St 6) in) 
Length bp . . .  . .  . . . . . . . 23.00 m (75 St Sf in) 
Breadth, maximum . . . . . . 6.70 m (21 ft I 12 in) 
Breadth of hull .. . . . . . . 4.40 m (14 ft 5f in) 
Depth to outer deck . . .  . . .  2.05 nr (6 Et 89 in) 
Draught waterborne . .  . . . 2.05 m (6 ft 89 in) 
Draught foilborne . . . . . . . . .  1.25111 (4ft 1 in) 
Displacement, total . . .  . . .  . . .  30.7 torls 
Passengers . . . . . .  . . . . . . ' . . . 76 persons 
Crew . . .  . . .  . . .  . , .  . . .  4 persons 
Payload . . . . . . . . . , . ,  . , .  8 ions 
Maximum power . . .  . . . , . ,  . . .  1,200 hp  
Cruising speed, designed ... . . . . . . 35 knots 
Operating range . . .  . . . . . .  ... 250 miles 



'I he englne room, situated amrdshrps, houses the main 
engine with reverslble gear, auxiliary set, tanks and pumps 
serving the englne room system. The main engine is a M-50F4 
type dLesel ol Russian manufacture. Maximum power is 
1,200 hp at 1,850 Ipm; cont~nuous power, 1,000 hp at 1,700 
rpm; o p e ~ a t ~ n g  power, 900 hp at 1,600 rpm. The englne is 
provided w ~ t h  a reverslble frlction clutch wllh conlc reverse 
gear The clutch 1s hydraulically or  hand controlled, ellher 
dllectly on to the engine or  remote from the wheelhouse. 
7 he speed governor IS hand controlled dlrectly on to the 
engine or remote from the wheelhouse 'The engine IS started 
by means of compressed all The DGPKN-8/1500-1-type 
auxrliary set rncludes a dresel englne of 12 hp at 1,500 rpm 
and a dc generator of 6 1 kW and 230 V The propeller shaft, 
wrth a diameter of 98 mm, rs rnade of 21113 stalllless steel. 
I t  1s set in three water-lublrcated rubber slrde bearings 

The  three-blade propeller of 0.65 m drameter, 0 80 m pitch 
and 1.1 surface coellicient, ir ol MM55 brass 

LEOPOLDO RODRIQUEZ 
SHIPYARD 

MESSINA - ITALY 

Licensed by Supramar A.C. Zug-Switzerland 

The 
Greatest Experience 

in 

I I Hydrofoil Boat Building 

Passenger compartments are provided with comfortable 
upholstered bus-type armchairs, and racks for light luggage. 
Large windows ensure good visibility. Both passenger com- 
partments and engine room are provided with heat and 
acoustic insulation. 'The floors in the passenger accommoda- 
tion are covered with vinyl, the deck being felt-covered. 

Compartments are heated by means of electric heaters tolal- 
ling 6 ltW, operating both when stationary (shore supplied) and 
while in motion. l'he vessel is ventilated through ventilators 
set in the roof. Life saving appliances include [our pneumatic, 

ROPRlQhlEZ 
20-person rafts, eighty life jackets set under the armchairs, 
and six lifebuoys. Fire-fighting equipmen1 includes five foam Hydrofoil Boats Across 
extinguishers and three carbon dioxide extinguishers. 

There is a hand steering gear controlled by mechanical gear, The World's Seas 
while hydraulic steering gear may be added at a later date. 
'rlie l~ydrofoil is provided with a 50 kg anchor suspended in 15 countries 
in a hawser port forward, which is lifted by a hand-hoisting 
winch operated from the forward passenger compartment. 

Radio-communication devices comprise an intermediate- 
wave radio-telephone and type .FM-302 vhf radio-telephone. 
The intermediate radio-telepl-rone, which has a type S112A 
transmitter of Elektromekare manufacture and a type OK102 
receiver of the MORS make, ensures duplex communication 
by means oC transmitting and receiving aerials. 

Qperation 
Construction of the Zryw-l  was completed in May, 1965. 

111 May and June she underwent trials at the shipyard and 
a t  sea, as well as special trials under varying weather condi- 
tions. The trials were carried out in the Bay of Gdansk with 
the state of the sea at from 2 to 5 and up to wind force 7. 
The final test of efficiency was the passage from Gdarlsk by 
way of Swinoujscie to Szczecin with the state of the sea at 
from 2 to 4 and wave-height up to 1.5m. 
After putting the Z r y w - 1  into service on the Szczecin- 

Swinoujscie route in good weather she covered the distance 
of 67 kilometres in about 55 minutes, her average operating 
speed being over 73 kilometreslhr (39 knots). At the end 
of July the hydrofoil boat was tenlporarily withdrawn due to 
damaging her stem foil. 

ANY KIND 

of 

SHIP REPAIRS 

With ucknowlrdgments to  "Shiphuildiny u~zd  Shipping Record" 



the sides of the r a ~ l  as an alternative to the airscrew, for 
propulsion. Such a change would, of course, necessitate an 
alllnation of the method of brak~ng, at present to be done 
by running the airscrew in reverse, eg by introducing some 
means of producing friction with the rail. 

It is not yet clear just where this new vehicle can best be 
fitted Into the exlsting transport system, but the services for 
which it would appear to recommend itself would appear to be 
for rapid translt between airports and town-centres, and as 
a preferable alternative lo  an overhead railway for comrnuter 
traffic. I t  may also prove handy for supplementary convcn- 
tional rallway services such as that between Paris and Lyons, 
which 1s expected to reach saturation point in 1970. In order 
to become economically viable, it must carry about 2,000 
passengers a day in each direction. 

The Society for Aerotrain Research has launched out simul- 
taneously in another direction, urrder the management of 
M. Marchetti, in the developrnent of a 30 ton "naviplane" 
as it 1s called, for use over water. This type of air-cushion 
vehicle is designed to carry eighty passengers at speeds of 
'90-100 km/hr (56-62 m/hr) and will be able to cope safely with 

waves of 2-3 metres (6 ft 6 in - 10 ft) in height. The proto- 
type of this vessel is to be launched towards the end of 
1966, but plans are already being made for the  building of 
successors of 200-2,000 tons with speeds of about 150 krnlhr 
(93 m/l~r) .  

W~th in  the past few weeks Westla~rd Aircraft Ltd have 
received five ordels from Washington for the mil~ta ly  verslon 
of the eighteen seat SR N5, and three more arc undel negot~a- 
[Ion The cost of an SR N5 without armaments I S  £76,000. 
The filst thiee orders were placed by the Unlted States Navy 
through Westland's American licensee, Bell Aerosystems, about 
two and a half months ago, and last week the US Navy 
o~dered two fullher craft Meanwhile the U n ~ t e d  States Army 
have opened negot~ations for three simllar craft 

A mil~tary verslon of the SR.N4 seems Ilkely, and Westland 
are engaged in discuss~on w ~ t h  Britlsh naval experts on the 
des~gn of a hlgh speed f r~gate  capable of sustarned crulslng 
at 20-25 knots and short-burst speeds of u p  to 90 knots Thls 
craft would probably be twice the slze of the SK N4 

Licensed Shipyards : 
Cantieri Navali Leopoldo Westerrnoen Hydrofo i l  A/S Hitachi Shipbuilding & N.V. W e r f  Gusto, %hiedarn/ Republic Industrial Corporation, 
Rodriquez. Messina/ltaly. Mandal/Norway Engineering Co. Ltd., Holland. New York/U.S.A.  

Osalta/Japan. 
-- - -- - - . - -. -- -. 
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