
THE CANADIAN I-IYDROFOIL, PROGRAMME 

By Jo1-r~ W. MILL~AM, 13.S~. (Mrniber), and CDR. R .  E. FISBE~Z, ff.A.Sc., R .C.N. 

Read irr Loirdoi? ar a ~i~eeting of The Royal Imsfituticm o j  Naval Architects on m r c h  24, 1965, Sir Victar C, She~~/reai.cl, K.C.B. 
(l$ovrorary Vice-President md Treasuta~r), in fh'i'lp Chair. 

Summary 

The history of the Canadian Hydrofoil Progrmme is otllfirred startittg with the work by 
Alexander Graham Bell and F. W. "'Casey" Baldwin in 391 1 to 1920 at  Baddcck, Nova Scotia, 
which culnlillatcd with the brealci~ig of the then water speed record l~sing the 1334. '~IIs. work 
during World War XX on Sntoke Laying Craft for the Canadian Army is mentioned. The 
cor~cept of Bell and Baldwin was developed after the war by tire Defence Research Board at 
its Naval Researclt Establishment at Bartn~oufZl, Nova Scotia, 'Titree craft were built, the 8-ton 
Ma.ssa>vijpi, the 17-lorr UI.O,F D'Or, and the 3-ton "RRX" r a e u c h  craft, The design altd per- 
for~llance of these crdf1 am discussed, 

The Naval Reseswclr Establishment, as a result of its programme, developed a concept for a 
200-ton opcn-ocean hydrofoil ship. The corzcept was investlsted by De klaviliat~d Aircraft 
of Canada Limited and tlleir design study candusions and grol2osals were endorsed by the 
Royal Caiiadian Navy. De  Havilland was given a contract irt April, 1963, to design and con- 
struct a Development 12rototype Hydrofoil Ship. This paper reviews the N.R.E. concept and the 
currcl-rt R.C.N. developr71eni progranTme, itldudir~g salient features of el~e P.N.B. 400 p r o l o l ~ > e  
ship designn. 

Highlights of some of the theoretical work and research in the developnte~~t of the ship are 
2 I( 

outlined. Considerations in the design of the snlscavitating atzd the superve~ltilating foil 
sections are also reviewed. 

1. Hislnricsrl Review of Canadian Hydrofail Research D. M. Hodgson, R.G.N.R., of Montreal. The craft was lo be 
HJ7drofojl researcll in canada has its origiiins in tile work of used iri an attenqlt to set a new water-speed record, At about 

Alexander Graham alld );, w. " " ~ ~ ~ ~ ~ * " ~ l d ~ i ~ ~  at ~ ~ d d ~ k ,  this time, the Defence IResearch B o ~ d  <JT>.R.B.) h a a l e  interested 
Nova Scotia, the period 191 1-20, M ~ .  pllilip L. ~ h ~ & ~ ,  in the potential naval appYi~atiolls of hyrirofo~ls and the craft 
*fie rraval arcl-rifeet M~~ york, was built with sonie design ;nmodificatioiis wider D,R.B, direction. 

tjlis work by y1is assistance in the (9 the exPeri- It was designated R-IOU anti named Ma,sA~tzlrfippi after Lake 
merlls. Their researcfk was a developmellt earlier work by Massawi~pi~ Quebec, the site of its construction and first tests, 
F.,nrico Parlaztrri of ltaly from 1898 to 1905 and was confined lo The craft was then shipped to Nalihx for further trials and iir 

serfacepiercitrg ""laddery9ype Euil systems, 1951 the responsibility for the project was transferred to the 
Experimenls by ~ ~ [ l  and Baldwin culrllinaled in the develop- Naval ResearcI~ Establishment (N.R.E.) of the Defence Rcsearcfi 

merit of the "HD-4" l~ydrofoil. In 1919 this remarkable craft Board. 
dcliievcd a world water-speed rmord of GL.5 knots. over 331) Eariy trials were conducted at all-zip weigtlts in the 8,000 lo 
years were to elapse before CIris m o r d  mras exceeded by another 10,000 fb. range* Good perfor~laance was achieved at sped8 up 
hydrofoil, the A~nerican (;rumman X~FI-4,  The HD-4 was to af~out 55 knots. However, it was consider-cd that craft weight 
60-lt. long, by 5 St. 9 in. bea~il of the lllain lizill, with an a[latlp in relation lo size was not representative of the lengthlweight 
weight of 11,000 lb. and was power& by two 350 hp I,it7eserty ratios for o~?erationak naval roles then envisaged for Izydrctfolls. 
acro-engincs driving pusher airscrews. The foil sections were In  consequence IM<~$srrrui[~l~l was ballasted for an all-upr weight 
cicveloped a~~pirically by Baldwin and Rllodes. 11 was claimed of 12,000 Ib. ar~d instrunier~ted for further tests. At this weight, 
that these pr.oducecl a lllaxirnurn liftldrag ratio eigllt at 30 the craft exhibited an illstability in pitcli associatecl. with cavils- 
knots. T12is dropped to four a t  60 knots, indicating that scverf: lion on the foils. It k interesting to llole litat a si~nilar^ tendency 
cavitatiort was occurring. See Ref- (1), (2), (3), and (4). to porpoise was evident in the HD-4 cl-raracteristics. 

Regrettably, little work on illis r?ovel concept was conducted Concurrent with the 13-100 trials, a contract was awarded 
dRer 1920 in Canada tint il, in 1943, the National Research lo  Saunders -Roe Limited of Cowes, Isle of Wight, England, for 
Council undertook the developn~ent of exper~dable snlokre-laying the design study of a IW-tot2 hydrofoil craft (d~ignatcd R-tmj, 
hydrofoil craft for the Canadla11 Arr~~y.  These were tertiled tile for naval employment, The British Admiralty supported a 
"Cornox" bolts. Equipped with s~~r face  pierciflg foils, these series of model tests for this design study and the investigation 
craft were m f t .  in length and were: capable of ogcmtizlg at of 11-100 hehaviorrr. The study concluded, however, that a 
speeds up to 35 knots in wave I-teighls of 6 to 9 ft.(5) craft of this size was not feasilrrle within the limitations ol" power 

111 3947-49, a 45-ft hydrofoil craft powered by a Rolls-Royce plarits anti slrvctural n~alcrials, the11 available. 
""Merlin" aircrafi engine of 1,200 11p was ciesigoed by Pltilip En consequence, a further design study corltract was cslab- 
Rlzodes, bas& orr the I-ID-4 experi~~rentation, for Cdr, lished witit Saunders-fioe to design a craft (known as K-lOlf, 
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based upon existing niaterials and power plants. The study that larger hydrofoils wortEd be practicable and etlvisage!ett 
consiciered two versions of a craft of about 80 R. it\ length, cotnilzerciai craft in the 500-3,000 ton range.C7f 
each having an all-up weight of 47 tons, b~rt  designed for clia- N.R.1:. therefore investigated tlre requlrei11ents for the 
nnetrically opposed proportions of hullborne and foilbor~le time srrallest, simplest, and rnosL econoinical velircle which could 
in their respective missrons. One version was am1 "orthodox" operate in the open ocean with acceptable sealteeping, comfort 
craft, analagous lo a "boat that flies," and intended for mtssions and reliabrI~ty and achieve a high degree of clTectivcness in anti- 
where hullborne operation would predornlnate, (about 80 pcr cent submarine or other appropriate naval roles. I t  concludect that 
oF niissron time). The other version was an "unorLhodox" craft, a 200-to11 sftip with a surface prcrcing foil system ant1 50 to 60- 
like~~ed to ""an aircraft that acts like a boat" and intet~ded for h o t  speed capabilities would be highly eFect~ve rn nlajly open- 
nxissions where foilborne operatton would predominate (about ocean A.S.W. roles. Equally significant was the coticl~~sion 
80 per cent of the time). Chat the relatively low cost of the system would make 11 Feastbie 

It was decided in late 1953 to design and buifd an approxi- as a '%~~nafI and Many" concept at a cost eEectivencss superior 
matcly 113 scafe rnodel of the "orthodox" version. This project to convent~onal surface forces. 
was undertaken by Saunders-Roe and resulted in the delivery Consideration of various craft configurations resulted 111 the 
in mid-1957 of tlxe 17: ton, 59 fl. BITIS W'Or or R-103, It was for111 shown in Fig. 1. Et wilt be noted that tke foii systcni 
powered by ttvcr 1,500 11p Rolls-Royce "GritEn" aacro-er~g~taes combines features of the Grui~bcrg arid the Bell--Baldwin systcn~r 
anti designed for a lop speed of 55 knots. I<xtensive trials in employing a fixed, surhce-piercing hoop main Foil generating 
1958 revcalett several arcas iit which furtller tests and modifi- 90 per cent of the total lift and a "V" ladder bow or pitch 
cations were rcqnired. stabilizing foil tarit. The canard corlEguration of fcrlls inherent 

D~tring the work by Saunders-Roe on the R-10.1 study and in this system offers son= decided advantages it1 craft intended 
the Bras D'Or', N.R.E. clesrgned a new set of foils for the for rough water operation. I t  avoids a lorig bow over-hang and 
Ma.~sntvippi. In 1956, ilil~~ssrrwi/~pi was tested with the new foils permtts fine lines forward, thus reducing wave impact loads. 
at an increased alf-up weight of 16,XffO Ib. The craft wrfonned The canard configuration aiso promotes good rtlternai atld pro- 
well in all of tlilcse tests, including a single sea trial, w~thout the pulsion machit~ery arrangenients, is well srrrted to towed sonar 
porpoising associated with the origrnal foils. installatrons and can achieve good foilborne stability in follo\ving 

Foil systems of the R-l0f designs and the Bras UOr,  including seas. Since it was anticipated that, iia the roles ci~visaged, the 
the set designed by N.R.E. for n/ f~s~~szwipf~i ,  were of the "V" craft would operate largely in the l~ullborile mode, dispiaceine~it 
ladder type. 'Il-~is marked a significant departure from the seakeeping yrlalities were considered ofparamount iniportai~ce. 
earl~cr straight dihedral ladder type foils enlployed on Il~c 
WD-4, the original foil syskin of M~~~o.~;o.~erip~)i and in tile R-$02 
design. I r z  the labr  designs, a caviltitinn-deiayying foil section 
was adopted. This was originally developed by Walct~ner 
during World War I I ( ~ )  and is known as the "Walchner T' 
section." 

11.1 addition to the craft pre~rouhly described. N.R.E. deve- 
loped and constructed a small I~yrirofoil as a baste research 
vehicle, starting in 1954. DesignaLd 'Xx," It I-ras a simpie 
scctw-like rorrn, an all-up weiglkt of ap[?roximately 6,000 Ib. and 
is powered by a Ct~rysler "Imperial" marine gasoline engine 
up-rated to 335 hp. 'L'lie foils are rlloul1ted on parallel rails 2: 
along lire gunwale to pcxnzil convenlenl nlteratiorl in their 
lcrngrtutlinal pnsit~on when required. Rx is fully instr~~iliei~ted 
lo enable niolions in the six degrees of freedom to be measurcd 
as well as thrust, Irrrqoe, rpna and foil unit lift. 11 is being , 
enrployed exte~isively it2 rnodei tests of the F.H.E. 400 hydrofoil , 
ship design as described in  the later sections of this paper. 

A central theme of hydrofoil research In Canada, as iIiustrated FK;, 1 .-ARTIST'S FMPRE.%ION OF N.R.E. 200 TON DESIGN 
by the preceding review, is the concet~tratiot'r upon surface- 
piercing foil systems arzd ttlerr devetopment by N.R.E. for 
appllcatiolr jn small craft capable open-sea opera- The prii~cipal characteristics of the N.R.E. design were:- 
tions in the 45-60-knot sj~eed rarrge. It is against this back- fdength ovcratl . . . . . . .. fJOft.(39.6m.) 
grnuntt that ctrr-isidemtions leading to the R.C.N. progranrnie B~~~~~ <,f hull . . . . . . . . . . 28 ft. (8.5 in.) 
for an ocean-going hydrofoil ship are traced in the foilowing ~~~~h of hull . . . . . . .. I~ t f t .  (4.3111.) 
section. Span of nraln foils . . . . . . , 64 fL. 119.5 m.) 

Foil base length . . . .  81ft.(24,7m.) 
XI. &;ancept for an Open-aceart Hydrofoil S11ip Draught in displacelllent mode . . . . 23 ft. (7 .0  1x1.) 

Draught in foilborne mode . . . .  6ft. (1.8n1.) 
I. Corlcept Originated by the N a ~ a l  Resmrch EslabIislrrment F'oilborzle power . . . . . . . . L6,000 hp 

Displacement power . . . . A conclusiort of studies in 1953 was that fixed, surFace piercing 
. . 3,000 hp 

Max~nium follborne speed in cafm water . . 60 knots hydrofoil craft in the 40-60 knot speed range would be Limited 
FoiIborne SS5 . . . . . . SO knots in size to about 50 tons. However, by 1959, N.R.E. considered Normal cruise dispiacen3ent inode . . 12 knots that this lix~iitation was no longer applicable. Developments in Maxim~l-u speed dispiacen~enl inode . . 1 X knots the jntervening years by the arcraft industry now offered the b 

prospect of efficierit liglrt weight, high slrengttr materials and At a tripartite confermce carly 1960, a group of specialists 
structures and high power, light weigh1 propulsioun units essential from Britain and rile United States reviewed the N.R.E, report. 
to tile feasibility of large l~ydrofoil craft. At  about tlw same ttme, The confcre~~ce conciucied tltsll the concept was feasible and 
Grumman Aircraft Engineering Corporation aiso concluded warranted furlher study. 
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As such, the first objective is a prcrequisite to the second and completed and design work is progressing on a facility whlcil 
the latter will be f~~irmdan~cntat to the cor~sideration of any w ~ l l  embody a niarsne elevator type dock and meet the needs of 
s~rhseqtte~~t warship production programme. other R.C.N. vessels as well. Cot~struction is scheduled for 

Fig. 2 outlines the major componer~ts of tile progranlme and completion in April, 1966. 
their phasing. Prime contractor for the design and construction 
of the ship is De I-lavilland Aircraft Company of Canada Limited. 2. P+ZH,E- 400-pmltntyp@ Sfdp--Dcsign Basis 
Design and production of Fighting Equipment which includes The design basis for the prototype ship established by the 
tke complcx of navigation, detection, comnlunicatioil, armament, 1961-62 De Havilland studies of the N.R.E. concept has beer1 
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and tactical data sub-systems is under contract to Canadian ckosely adhered to. In its tfcsigrc development, apart fro111 the 
Westingtiouse. Construction and outfitting of the ship is being specified aims for high s p e d  and mai~euvrability~ emphasis 
uildertaken by Marine Ii~dustries Limited, Sorel, P.Q., on sub- has been placed upon the need for p o d  seakeepitlg in foilborne 
contract to De I3aviHand. The ship prograI2rne is phased to and particularly hullborne operatioi.~. 
accornrnodate the sequence of constructioiz and outfttting at  An objective which is ftlndalnexltal to the N.R.E. coiicept 
the shipyard for the earliest possible delivery date. Thus, &sign and its realization It1 the R.C.N. devetopment programme, is to 
of son~c systems and manufacturing of others are proceediog achieve the minimum size and cost of ship practicable far open- 
conc~~rrently in many irkstances. At this stage, the detailed ocean operations in the A.S.W. role. Early parametric st~~ciics 
design is well advanced in all areas. Foil system manufactr~re by D c  EIaviilai~d confirmed that about WO tons was the oprimuln 
and hull constrtrction are underway. The latter, as iesxd item, size lirr the reqtriramei~t. A smaller ship wouid be kficicnt in 
is due for completion in Septenzbcr, 1965. The schedule is a range while a largcr one wouid not yield a significant increase 
dentanding one considering the attendant uncertainties of an in payload because of the rising progortion of foil system weigllt I 
extensive development progranllne and the reliance upon a Iz~rge with irzcreasing size. 011 the otlwr hand, seakeeping ability 1 

nuniber of firms and agencies in the fulfillne~rt of illdiviclual tasks. improves with size, These were ilnportai~t considerations in ' 
The P.E.R.T. if'rogrammne Evaluation and Review Technique) the final decision on form and size of the ship from standpoiill 

I 

method is being ernployed in the ttwo prime contracts to assist in of habitability and operationat effectiveness in open-ocean 1 

managenlent of the project which is drawing upon a wide variety employment, particularly for extended periods in the h~dlborne 
of sapport from researcli agencies and srtppliers in Canada, inode. 
Sweden, Britain, and the United States. Accordingly a fundai~~cntal ail11 11as beei~ the achievement of 

A k r  launching, ittstrarrraented calm water and rough water the srnal\est practicable ship with hxxllhort~ seakeeping qualities 
tr~als will be conducted prior to the institilation of Fighting equivalent to conventional warships oC over ten tiines its size 
equipnicnt in  late 1966 for operalioiwtl evaltlation in the anti- 'rlzis is made possible by a desiglr of the 11ull compliinentary lo 
submarine role. Tlze base of operations wit[ be R.C,N. fikcilities the norz-retractable foil system. The latter is a. natural. ally 
at Halifax, Nova Scotia. Plans FOP shore support includc the which, through, its extensive immersed area, exerts a powerFul 
construction of a docking facil~ty adapted ta the special needs damping action on ship motions, particularly in roll. 
of the prototype ship. 1)reliminat.y studies have now becn A riotable fcaturc of tlie ship is its broad foilborne spced range 
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capabil~ties compared to conte~nporaries entployirlg sub~nerged 
;nitornatrcally co17trolled for1 systems. This is due in part to 
tile rapid low speed tale-off provided by the surface-picicir~g 
foils a id  also because tire furrclali~et~tal riecign arm was to 
acl~zcve the maxiinurn speed, particularly 111 roi~glr water. 
Detailed consideratroil of operational reqrrircmeiits have also 
been a liea~y infl~reirce In the reiiner~~enl of the overall design 
of the ship and its facilitres, However, the generally sensitive 
~ntcrdepe~ldelicies of speed, p:rytoad, range> size, and cost in a 
2xip of this type havc beer1 a dccisive factor in limiting deviations 
i-om the ha\ic design. 

The foil systcrtr of F.H.E. 1100 has 710 direct yrecedcnt. As a 
~ c y  feattire upon which the feasibility of the cortcept hinges, 
it\ denign has been suitported by a con~prehensive programme 
o' n~aterial research and ttydrodynamic devclopmcr~t, beyond 
i it itt of the earlier PI~ase 1 and li  sitrtlies. 

A specific arnl rn the prototype design i.; to employ i"ioven 
cauipi~lcnts wlzcrc surtablr: arlct to restrict operational Ibat~lres 
It.. tflnse essential to proof of feasibility, TJIC general approncb, 
]:owever, has been In minimize the tj a~isitiofaal developnien t 
which wo~~Id  be nect:ssnr\i for a warship elass. 

3. Related LnkniaHomal Desigils 

Inter~-iation:tf. devcloprl~eilts In hycfrofoil craft have been 
prolific and wideiy reported in recent yeans. TIICSC havc rs-rarfied 
a growing interest in corrrmerciai applications, exenlplified by 
the DenDon arid rile Supramar series of i~ydrofoils. None of 
these however have beefl designed fur Long-range ouen-ocean em- 
ployment and arc generally limited to operatioil in !ow sca states, 

tn thc military sphere, trle C>lnadiari F.H.E. 400 prograinme 
#s joined by the IJiiired States Navy PC(H) and AC;fi(H) pro- 
Beets tlescsihcrt In a recent p;rpcr'") by Mr. Rw Ipll Laccy, Bxtreau 
of Ships. Of tilese 6llirce shrps, o111y the A.G.E.11. and F.H.6. 
400 have berr-t specrlically designed for ocean upemlfons. 'f'he 
2ilnda~nei~tal diffcrcnccs between the latter two as illustrated by 

Mr. Laccy's paper, fie 111 size, for1 co~iiguration, anci enri purpose. 
In contrast to tire 320-ton experitner-rtal A.G.E.H. en~pioytng a 
"coilventional" configuration of automatically co~rtroflcct. suh- 
merged foiis capable of retraction, tile 200-ton F.H.F.. 400 
develoi311zent prototype rs based ripon a "canard" disposition of 
surfiice-pierc~ng, non-retractable foils wit11 an overall dcs~gn 
and outfit specifically oriented to ail A.S.W. applic;tiioil. Tlic 
pivotal point in tile design of either ship is tlie type anif con- 
iigttration of fail system. While e;icl-i has its own jmrticular 
virfucs and disadvantagei;, the choicc of foil system for 14.1-I.E. 4OO 
was ~ilfluettced by tlrc rec~uiremeirt tor good scaicecpr~~g qua lit it:^ 
and ;a llig11 degree of iishcretlt simplicity, ruggcdncsr, ;tnd 
rellah~lity in the tiemarrtling environment of oceangoing naval 
opefations. In many respects the cievelopi?~ent of hydrofat! 
craft and equiprncnt are 211 the r~  ir-rf'&ftcy. Cantributions to the 
adwr~cen~eill of these dcveiopments, espec~aily in the military 
sphere, are being made by the U.S.N. 2nd R.C.N. prograinmes. 
h close identity or Interest% {inks thwc iwsr projects arid the 
allendanlt cooperation llas becti of great bei~efit Err the p~ogress 
towards allic:d goals. 

'X'hc form and exlernai fettturcs of' the ship are sl1o~7i1 in the 
views of Fig. 3. Tl-rc general 1;ryou: of mail) arid lower decks, 
irlclrrdrng Bridge tinct Operations root17 is ~liustrated by Fig. 4. 
These are i : ~  rile cur~rsc of mock-up deveiopmetlt in a full-aca!e 
wooden replica of the llull and superstructijla at De F1;lvillanil. 

I'eading particuiars arc sul*lmarized i i ~  Table 1 and do not 
dif'fer serbstantraliy froin those of ttze Phase I! deslgn proporial. 

st~l#cfl!ro 

Tiire IiulI structure tlestgn involves sorrse departure from 
normal practice. It caters Ibr I-rull berlding whilc foiibornc, 
high hoi-ton1 impact loatfs at take-crKanci hrl attachtncnt fittings. 

FIG. 3. - 1I.C.N PROiOl YPI. A.S.W. I I Y I > R C ) ~  O ~ I ~  S I I I P  
Plan a~rd  prollic vl<:\vs 
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f rc. 4.--R.C.N, ~NCITCITYI-IS /\.S.\i?i. HYDROPO~L SHTP 
Dcck plans 

TABLE I 

I>~/~zc~?E.F jOt13 

F.el~gtIr overall . . . . , ~ . . 151 fl. 5 in. (46.2 rn.1 
~ ~ r ~ g t t r  of waterline . . . . , . 146 ft. 6 in. (44 -6  m.) 
F3earn of hull . . . . , .  . . 21 R. 6 in, (6.6 11s.) 
Foil base. . . . . . . . . . 90 ft. 0 in. (21.5 m.) 
Bow foil span . . . . . . . . 22 St. 6 ill. (6.7 m.) 
Main fofr,il span . . . . , ~ . . 66 ft. o in. (20.1 m.) 
t l i t l l  depth . . . . . . . . 15 ft. U in. (4.6 111.) 
KceI clearance at. 60 knots . .. l i f t .  6 i n . f  3.5n1.) 

HuIL and sul~erstructure wiIi be of all a i ~ ~ ~ ~ l i n i u ~ l l  welded 
constrricfiott, fabricated from ALCAN D54S or equivalent 
plate and extrusions except for the for1 attacf~n-rents which are 
7075(T73) alull~iniutn forgit~gs bolted to tkc welded slructirre 
Extensive use has bcen made of large extrusions of combined 
~trirrgess and plating. 

The slender 111111, desigiicd for rniilirnlirn resistaitce, is highly 
stressed. dn consequei~ce, str~~ctural joi~lts must be carefully 
designed and marry tzp precisely. 

The hitti is being etrt~structd in tile invested positiot~ on an 
erection bed. When completed, it will be rotated to ari uprlgbt 
position for the erection of' supcrslruclure, outfitting of systems 
a17 Q nttnchment of foils. 

Dr.crtcgj? l.r 
Foil Sjisf enz 

milborne draught . . , . . .  23Et. b in .  (7.2m.) 
Foilborne (60 knots) draught . . . . 7 ft, 6 in. (2.3 m.1 The system consists of two surface piercing, non-retraceable 

units, the bow foil srrpporting 10 per cent of the sl-tip's weight 

LPispfac~tn~erit . . . . . . . . about 200 tons with the rcknaining load on the mail7 foil. 
The bow foil (Fig, 5 )  is a supercavital~rtg design for good 

ii/fczitr, A rlxilfwy, mtrf Ezirevge~cy I%~uer- Plcmts 
Foilborne gas turbine--iPratt itnd 2'2,000 shg cont. 

WI~iLney f 74%-2) 
WuIlborne Dieset (Davy I3axrrta~ 2,000 bl~p cont. 

1 6YJCM) 
htrxiiiary gas turbine and huliborne 390 shp cont. 

boost) (Canaciiar~ Pratt and Wlritney 
ST'6A-53) 

Ernergerxy gas turbine 200 shy cont. 

hopolr'e~s 

Foilbornc--t\vin sugercatvilating props) 3 ft. X in. dia. 
(fixed pitch) 

Hullborne-lwin controllable pitch 7 ft. 0 in. dia. 
props 

respuase in a seawaly and acts as a wave sctlsor to trim stabilize 
the ship when Ibilbortte. The centre strut is couplect to a sh f t  
whicl~ rotates about, its axis for steering coiztrol at all but [ow 
l~arbottr speeds wlten tlw ttse of the controllable pitch propelleri 
is necessary. The shaft can also be raked fore and cifi to 
adjrist the pitch angle of the bow foil for lxullborne or foilborne 
attitudes. 

The main foil (Fig. 6) has elements with delayed cavit'ttion 
secl~ons and is aiz xmttsi~al combinatiovl of surface-piercing and 
submerged foils. The large aal~edral fo~ls provide reserve lift  
at the low take-off speed$. Anhedral tips are rotatable and can 
be rnailrrafly or autot~iatrcaily cor~trolled in incrdence to erlsiire 
adequate roll stability at very low foilborne slyeeds. These cat1 
also be employed at  higher foilborne speeds to decrease turning 
diar~leters in "coordinated" turns. Fences are fitted to the high- 
$peed f o i l s  and struts to inhibit ventilation. 

The foil systeni is wnstructed of welded 250 ksi niaraging 
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steel of tile 18 per cent nickel variety, to wh~cft a protective 
coating, being developed by De Havilland, will be applied. 
Fail elemeorts are bolted to each other and to tire huil. keadinig 
edges of the fails are replaccabfe artd made of INCO 71 8 stainless 
steel. 

Althorrgli the hull and foil elements ;ire relatively simple 
structures, an analysis i>y corlventional ti~eanh would be tinre- 
liable because of the rnuitiple load paths. Matrix r~lethocts have 

ttxercf'orc been adopted in criticai areas such its tile foil elements 
and main foif founctation. 

hltllough the ship is relatively sfilaI1, the fo~l  systen? acts as a 
strong dart~per to IxulIborne rnotioz-ts. Mode1 tests rndicate that 
i~nlibornc motions will be iess severe than those of a destroyer 
escort. 

The roughly ten to crne ctifl'erence in forlbornc ancl hullbnriie 
power requireinenis dictate separatc proi7ulsiox1 systetns for 
economical gtcrli,rr?~ance. 

The fo~lborr~e system is g>?wered by llte FT4A-2 t~~rbo-shafi 
engine rated at 22,000 shp continuous duty and mounted in  a 
protective cowling 11e:tded by an air intake abaft tile olscrations 
roont on the n-iain deck. This arrangement minimizes notse and 
heat transfer to tile living spaces of tlie ship and avoids large 
structural cut-outs in the highly stressed hull. Power is trans- 
mitred from a dual output gearbox abaft the engine via down- 
$,hafts irk ti-re- main hi1 struts to a pod mour~ted genrbox and 
silpercavilating propelIer at the foot of each strut. 

'Tlre proyreifcrs are fixed pitch, ihrce bladed nntl 44 inches rn 
diaz~netcr. 'I he design is currently uilder joint develnpment by 
tile Nniior~al Plrysical l,aboratory, U~~glai~cl, and De Havilland, 
Canada. Ovcr - r~ t~~ i~ i i~g  c l u l d ~ ~ s  in the pods automatically 
discrlgage tire pro~~cfXer durilng laulllrrrrne operatguns, 

Both htxiiibon~e and foiibornc tratzsxntsions are being ctesigi~ed 
and built & General Electric, Lynn, Massachusetts, under con- 
tract with De Havilland, Previous experience with the trans- 
rnissivns designed by G.E. for I f.S. ""Dei~ison" and the AG(EII) 
wiil be a significant benefit to the F.54.E. isOD transmission 
dcvelopn-rent. 

'The hullbori~c systelll is powered by the 2,000 bhp IYaxlli-tatt 
t CEVJGM dierlct centred in the crigine-ruoar as shcxnin by Fig. 4. 
Power is transra~rtfcd 13y a drrni oritpat gearbox and downslnafks 
to aca outboard gearbox and propeller at a pod on each anhetlml 
foil The propellers are 84 in. in rliameter, three bladed, con- 
trollable in pitch arid f~t thcred to mirlitrlize wave impact loads 
durirlg foisilhurne operations. These are being designed and 
built by KMW. Sweden. 

Erigine-roam. 'The errginc-roon~ shown or? tire lower deck 
p1an of Fig. 4 contains the propulsrori diesel and ail auxiliav 
systen~s, including Il-se 390 slip ST-6A auxiliary gas tiirhirte anif 

Delayed cavitatiort foti sectton 
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t(10 lllstrp hiresearclr en-tergency giis turbine driving generators, 
I~ydraulic and salt water pumps. 'The auxiiiary system is designed 
around E dual input auxiliary gearbox driven via clutches fiat11 

either .bile dimel while hullborne or tile ST-6A while foilbornc. 
The gearbox 1s also capable of coupling the ST-6A to the displace- 
ment transmissiort for "boost" power with the diesel or by 
itself for enlcrgenc)r propjsitsiorr. Thc emergency gas turbine 
pack provides a secogtdary source of eicctric and itydraulic 
power, firefighting services and blct:d air For nrain gas turbine 
starting. The engine-roonrl is unnlatl~ied and cor~trolletl lionl 
the bridge and a machinery cot~soTe En the ope~,ations room. 

S l l i l - ~ Y ) ~ ~  fc!I?iY 

The hybrarri~c system opcratcs how foil steering and ir~n-r ,  
ar~izedral tips, V.D.S. 2nd anchor wrrlcl~es and varioiis Irittr iciitrng 
pumps. 

The pneumatic system provides cornpicssect air for gas turbine 
and diesei starting. torpedo launching. and other services 

kresh water is supplied from two drstrtiation units, D~csel- 
engine jacket water is tile heat source for the units. 

lslectr~c p o w r  1s generated at L f 5/200 volts, 490 cycle, 3 phiirc 
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The ship is heated from an exhaust gas heater cxehauger 
operating from th? diesel or ST-GA turbine. Efectricaliy driven 
air eonditior~ing units are employed. 

Firefightictg services include a remote controlled C 0 2  flooding 
system for the engine-roo131, fire hydrants on upper and lower 
decks, and a portable gas turbirre powercd en1ergei.f~~ pump. 

The fuel systenl is designed to accommodate any diesel or 
turbo fuel suitable for the four engines. JPS will be the standard 
fuet in F.K.E, 4110. Four tanks are incorporated below the 
lower deck. 

The bow foil steering system includes features for nzanuai or 
automatic control of heading, the latter operating from the 
ship's gyro compass. 

Senrrmnslrip Outfit 
Ol~ifit plans include anchor and associated Facilities on the 

quartercleclr, with a lightweigl~t winch in the compartment below. 
I-lydraulic powcred bollards and other norlnal fittings for fine 
handling arc being provided. A 13t ft. Rostolz Whaler with an 
18-hp outboard n-iotor will be carried as shown in Fig. 3. 

Facilities for refuelling and replenishment at  sea are being 
incorporated. 

Vuriablt. Ue-plk Sofzau TYinc/Iz and Hnndii~ig Gear 
Faciljties for the strean1ing and recovery of a towed V.D.S. 

body are being c?evelopetl based ripon handlir~g gear designed 
to recover over-the-stern. Thiese are In the co.ortrx oaf design. 
A representative installation is shown in Fig, 3. 

Feasibility of the ship is dependent upon ib habitability in 
open ocean operations. EnvEronme~~tal cor~siderations I ~ w e  
tixeerefore heavily inffuencecf accommodation design. Planning 
has been based oil a crew of 4 oBcers and 10 Inen with pro- 
visions for operations in excess of two weeks at  sea. This is 
subject to possible change when operating and maintenance 
tasks are more fully explored during lhe evaluation. Because 
of the unccrtairrties, an aim is flexibility of arrangement. The 
general arrarrgenrent which has now been n~oeked u p  is shmvn i l l  

Fig. 4. 
T'he g a k y  provides lior storage, preparation, and cafekria 

style serving of atl foorf. Meals will largely consist nf pre- 
cooked and frozen foods, selected in portions on board according 
to the menu and served after rapid I~eating in a micro-wave oven. 
Conventional foods can be prepared when practicable. This 
approacIr has been dictated by weight, space, manpower, and 
foilborne motion considerations. 

Bridge ai~d Opet,atitttis Roui7zs 
A general arrangement of Bridge and Operations Roonl is 

sl~own in Fig. 4. The Bridge is confinecf to ship control and 
navigation functions and provides for two lnanned positions, a 
primary and secondary. The C)ller-allo~~s Room is the centre 
for tactical control of the ship arrct its weapons syster-rr. A repre- 
sentative arrangement of manned consoles is shown. The 
engineers console is also fitted in this space. Systems engin- 
eering analysis techniques, including work study has been 
applied to the design of arrartgen~e~~ts and definition of operator 
duties and quafiticatior?~. 

5, Problem Areas 
Some degree of uncertainty on the full attainme~ll of objectives 

is inlrerent in any cfevelopr~~ent programme, flowever \$(ell 
founded. The P.1I.E. 400 prototype wi l  in many mspects be 
tlre product of recent research and developments. Wercin, 
certain possible difliculties, which may emerge in evaluation, 
haye been acknowledged and high-fighted as "key problem 

areas" in the project. 'These bear upon questions of operational 
as well as technical feasibility of the design and includes foil 
materials and coatings, supercavitating propeller design, sea- 
keeping and noise infl~~enees on the habitability of the ship. 

IV, Resmrch and lleveiopmenl Aspects 

The F.W.E. 400 programme consfjtutes the development of a 
complete "'weapon systcm'3ased upon a relatively unpre- 
cedented vehicle design, v~hich compared to conventional war- 
ships, places stringent linlitations on the size and weight of its 
elements, including systems and payload. This has necessitated 
some research and a constderabie dependence upon development 
or adaptation of lightweight hardware. The latter is, unfor- 
tunately, a costly process, particularly for a single experimental 
ship. The foil system is, however, the focal point of devdopmene 
effort upon which the success of the entire prograrnnle depends. 
Theoretical studies and research have also played a coiisiderable 
role in the work to ensure a sound foil system hydroitynamic, 
material and structural design, These encompass an extensive 
range of studies and tests over the past four years. 

The scope of this paper permits only a brief review of the 
vehicle considerations. Highlights are grotiped and summarized 
in  the foILowing sub-sections. 

l1-i the pmceus of devetopitrg a specific foil systenr f0r P.H.E 
400, it is corrsiderect that significant contriblrtions have been 
made to the design of surface piercing hydrofoil craft, This 
applies particularly to the dynamic sirnulatior1 of craft motion 
in a random seaway and irs subcavrtating foil design, Other 
contributions are also ben~g made to the art of superventilating 
foil sections and slapercavitati~~g propeller design. Some con- 
siderable effort has also been applied to hydroelastic studies and 
tests on divergence arzd flatter clearance n-iargins of the main 
and bow foil. 

A frrnitarrter-rtal aim of the N.R.B. concept was an all-weather 
craft capable of open-ocean pmformanm. A major problem in 
the feasibility design studies was, however, the estimaticrn of the 
degree of stability for foilborne operation in a randorn sea. Up 
to L960, little work hat1 bee11 published on this subject 
Accordingly, De I-lat/illand, as previously noted, un~iertook the 
developnxent of the equations of motion and a n~ethod of rejxe- 
senting a random seaway for an analogue computer sin~ulation 
of craft in six degrees of freedom. The initial simulation was 
in 8inusoicIai seas and results were correlated with model tests 
at N.P.L., London. 

S~tbsquently, random seaway simulation was itlcorporaied 
during the Phase 11 studies, and has sinec been extensively 
en-iployed in the design developi17ent and proving of the foil 
system. The fortllcon~ing phase of computer s i i i ~ l a t i o ~ ~  studies 
will be applied to the anhedral tip and bow foil control systems 
to establish gains and stifff~ess reqtiirements. 

A comprehensive trcattnmt of the theory of craft motion and 
the correlation of cotnputer predictions with trials results is 
contained in the paper of Ref. (8) prese~~ted by Davis and Oates 
to the 0,N.R. Symposium at Bergen, 'Norway, in August, 1964. 

(b) S~tbcavitafing Foil Drzsign 
The nlain tbil design requiren~etlt is for cavitation free opera- 

tion at 60. knots in calm water and for a wide angle of attack 
range at 50 l~nots in Sca State 5. 

Besigil of a satisfactory non-eavitaling foil involves the 
determination of the shape required to support n given pressure 



distribution. At infinite deptl~, this problem is identiczd to the 
airfoil, for which nlethods of cor~~putatioi~ already exist. 

liowever, the free surface can cause significa~lt effects on the 
pressure distribution at practical depthlchord ratios and Frottde 
N~tmbers. Thus an extension of airfoil theory is necessary to 
account for the effect of the free surface. 

Such a technique was developed for the F.H.E. 400 design 
programme using the nlethod of singutarities in which the lift 
is represented drrectly by vortices, and thickness by doublets. 
This work is described in Ref. (10). 

Using this technique, hydrofoils can be designed to have a 
mininrum cavitation number for a given thickness and lift, by 
specifying flat-topped types of pressure distributions. However, 
at off-design angles of incidence, these profiles have poor cavi- 
tation characteristics, since the additional lift due to change of 
incideilce causes sharp (negative) pressure peaks near the leading 
edge. The objective therefore is to design a pr&ie having as 
wide a cavitation free range as possible. 'This can be achieved 
by designing a profile which will have a positive pressure peak 
near the leading edge on both upper and lower surfaces at the 
design angle of attack. The negative pressure peak due to 
change of incidence will then ""fill in" this part of the pressure 
diagram, leading to a fiat-topped pressure distribution on one 
side at  each extreme of the cavitation free incicknce range. 

fc) Frilly Veittilnld Fail Dc.sig.n 
Tile ei~vironn~ent and stability requiremerlts for the bow foil 

favour the use of a fully ventilating foil section. However, it is 
difiicult to design such a foil which would have satisfactory 

ractcristics due to the wide range of angle of attack cxper- 
a seaway and the need for a section with good low 
istance. Itt deveiop~ng the foil section, it is first 
to define the pressure face for normal sapercziviliating 
cntilating operation, A Tulin Burkart pressure face 
th a design CL of 0.1 and a x~oll~inal operati~~g CL of 
the method outlirred in Ref, (I I) .  

For rninirnunl resistance in the displacenrettt mode, the f o ~ l  
llould have an upper surface sl~apc approachirlg tlxat of a cir- 
ular arc, the ordinates of w1-iicI-t should have the ininii~rum 

d angle conlpatible with structural rwuirenlents. In a 
however, very smalI rdative angles of attack occur, 

er suclz conditions, the flow will re-attach to the circular 
surface, with a consequent largc lift ir~cremctit in the 

y wetted condition, due to the camber of this type of foil. 
e re-attachment leads to violent pilching motions, it is 

essary to providc a spoiler on the upper surface, in the forin 
a "step" lo prevent flow re-attaclxnent over the rear portion 

f the foii during foilborne operations. 

Materials Pttvestigafion 
f the major problenls in the development of a su~face- 
Iiydrofoil craft of the F.H.E. 400 s i x  is the llnrited 
of structural materials with tire high strengthlweight 
otlter properties required for art a c i e n t  and drirabIe 

s previously mentioned, De Havilland were assigned a 
ontract to conduct a comprelierrsive investigation to determi~lc 

best illaterials artd protective coatings available in the tinla 
duction of the I:.H.E. 400 foil system. The Depart- 
res and Technical Surveys was also engaged as a 

r of materials were investigated for various pro- 
sion, shear, fatigue, impact, weidability, and for 

stance to normal corrosion and stress corrosion. 
results of these studies led to the selection of an 18 per cent 
maraging steel with a 250,000 psi yield strength. An 

tensive series of tests were conducted. Fatigue characteristics 

were determined by random load tests using the load spectrum 
derived from the analog sirt~ulation of tile ship. 

The need for coatings to provide adequate protection of foils 
against corrosion was estabiished. Investigations were con- 
ducted on a Iarge variety of types for adllesion, water absorption, 
resistance to cavitation erosion and other critical properties. 
These have resulted in a concerltration on two of the most 
pro~nising, both of organic compositior~. Small scale tests of 
thcsc coatings have been run in cavitation loops developed by 
De Navilland at  speeds of 65 knots. Larger scale tests are in 
progrcss at  Grumman AireraA Engineering Gorparatrorr 
fkcililies. Qualitative trials on large underwater sections of two 
R.C.N. destroyers are being conducted. Arrangements have 
also been made for tests of these on the bow foil of the U,S.N. 
Hydrofoil PC(H). 

Tllc Department of Mines and Technical Surveys is investi- 
gating t11e proporties of the new 12 per cent nickel maraging 
steels (180 ksi yield) which appear to offer attractive advantages 
as a replacement for the 18 per cent material in any future foil 
manufacture. This is subject to determination of suitable fatigue 
properties and other qualities, 

The naessity and feasibility of a cathodic prntcctiort systent 
for the ship is also under investigation. 

In the final analysis, the feasibility and operational capabilities 
of the ship will be depe~.tdent upon the habitability of the ship 
and thus the eSciency of its crew. The nature of F.M.E. 400 
and its envisaged operation presents sonte unusual environmental 
conditions, particularly white foilborrte. Accordingly, con- 
siderable attention has been given to hzibitability aspects in the 
design of lr~comrnodatiorl ar~rl operator facisrciiities. Factors 
which have il~flrrer~ccd tl~ese arc ship motions, ~toise, and vibra- 
tion, logether will1 space, weight, malxpower, and equiprnertl 
limitations. 

Extet~sive use has been n~ade  of "'Method Study" in cstab- 
fishing requirements and the desigrl of arrangemct~ts. its appli- 
cations by the R.C.W. are described by Ref. (12), ii~cluding the 
study from which the F.H.E. 400 galley design was tleveloped. 
Accommudation, Bridge and Operations room arrangements 
and managenlent have also been defined by R.C.N. method 
sludies. These have been of great assistance in charting rcquire- 
Etlents and designs which have, in most instances, little precedent 
in conventional warships. In keeping with the concept, every 
efort llas been made to minimize operating t~nd  maintenance 
requiremearts, thus lo rzclliieve the sinaillest crew f t~ r  eRicieni, 
'kourxrf-the-cIack'" operation at sea. While living accommoda- 
tion is not cramped by stibmarilre or M.'L'.W. standards, the 
lirnitatio~ts of layout and other criteria have required careful 
design of arrangentents and the devdo~ment or adaeration of 
lightweight, easily mainlainabie eqtlipment and furnishings. 

Measures to ensure adearrate levels of comfort and eficier~cv 
while foilborfte have received particutar attention. Human 
thrajroids of l-olerance to ship motion are not well defined. 
While hullborne motions are predided to be less severe 
than a destroyer cscort, there is the uncertain effect of the stiff 
dan~ping action of the foil systein. Fi~~ally, there is the entirely 
different nature of foiiborne motions and the difficulty of pre- 
dicting crew reaction to these. Whilc tests in Rx craft indicate 
that levels of acceleratiorz shoulct be awepiable, it should be 
noted that a surface piercing foil craft such as  F.H.E. 400, is a 
senrl-contouring or partial response system with less potential 
for smootltness of ride than an equivalent craft with submerged 
autonlatically controlled foils. 

In the study of F.H.E. 400 environineiltal factors by the 
Canadiarl Forces Institute of Aviation Medicine, attention has 
focused upon foiiborne motion considerations. Part of the 
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investigative progranlme includes the study and test of sleeping 
and operator console arrar-rgernents under silnulated foirborne 
motion conditioils using "Iive subjects." A motion simulator 
platform which can reproduce foilborfie n-rotiorrs in roll, heave, 
and pitch has been constritcted for this ptrrpose ai  the National 
Research Cou~icil laboratories in Ottawa. It is operalecl from 
magnetic tapes of the predicted random seaway motions of 
F.R.E. 400 derived from the De Haviiland compc~ter simulation. 

Experirr-rental mochups oof crew bunks and operator control 
positioiis will be instrumented and tested to assess comfort and 
efficiency of arrange~l-rents, including modifications to their form 
or empfoyment to minimize any adverse effects of foilborne 
motion. Trials are now underway on an experimental version 
of the bunk design concept developed by I.A.M. 
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DISCUSSION 

Mr. K. G. Evans, R*C.N.C. (Mprrrber): Less than a year ago I 
ivias fortunate in being able to visit both De Haviltands at Toronto 
and also Marine Industries Limited at Sorel, and E came away 
impressed by the efYort and the depth of study beirig devoted to 
this anlbitious project, 

The F.W.E. breaks new ground internationally by setting out 
from the start to be ocean-going. This, I would suggest, involves 
accepting two ckallenges : firstly, whether the craft can be made 
strong enough ta ride out a storin it may inadvertmtly be caught 
in, and secondly, whether the crew will be resilient enough to 
stand up lo Llxe tough conditions. I have no doubt that the 
kydrodytlamic proble1yrs can be solved, with some perseverance, 
but the strength of materials and of humans can set limits. 

The P.H.E. 400 is some 10 St. longer than the Llritish coast.sta1 
fninesweepet, a craft abte to rraake ocean -passages and which 
is a t  this moment carrying out patrols wl-ricfa years ago would 
have been undertz~ken by destroyers. The C.M.S. is also of 
light materials and in storms slides down the waves like a raft. 
The fixed foils in the F,H.E. 400 will damp the motion, causing 
the hull to be hit and washed down with greater violence than 
the C.M.S., so are the authow satisfied that: the hull will hive 
enough strength in h a d  to take such treatment'? 

1 agree with the authors that "l~urnatl thresholds of toterance 
to ship  notion arc not wef? defined." En the lively G.M.S., 
where a feeling of near-weigfitlessness may be experiericed when 
pitcizing in heavy seas, reserve trawler skippers have owned up to 
being seasick for the first time in their lives. From this, I would 
suggest that personnel should not be exposed for prolonged 
periods to accelerations in excess of 0.3 g. An airsick jet pilot 
of course can cause a catastrophe. Son% years ago a lot of 
atte~xtiorr was paid to this proMenl and one thing which came 
out of it was illat both the acceleration itself and the first deriva- 
tlvc of Lhe acceleration are equally important parameters :~Recting 
motion sickness, a fact altso lcnown to lift designers. I can give 
the authors published referor-rces if they wottld firld them of use. 
A hydrofoil can give a bumpy ride under certain conditions, and 

in fact the film conveyed this, and 1 would suggest that the human 
t o k r a ~ ~ m  I s  these rtlotions ivilieh could bring on sickness might 
be exgtored further, consulting the experimental evidence over 
here on aircraft and the C.M.S. 

A fwher  human strain is noise and E presume this will be 
great, altlrctugh not so earsplitting tkat it cannot be overconle 
by earplugs, but I would hope that you do not I~ave to issuc 
tlxese as well as piems of rubber to put between the teeth to 
overccyrne the wash-board ride! 

111eidentariIy, you hiwe not shown any clear irrdicatians of the 
place taken up by the nliiilary assignment inside, and It expect 
it is true to say you have space in this craft but weight is at a 
premium, so X imagine atthough you have arranged fairly good 
awnmodat ion you will probably in the long run be rather 
pincK2ed for anl~niries; so a volu~~teer force, well paid, might 
have to be a sofration. Do you accept thnt possibifity? 

One last point on the foils, which have ijo take tren~errdorrs 
loads in a most punishing environnxnt, woukd it not be wise to 
assume that these will require frequent renewal? How is r e  
placement of the .foils rm~krbken artd a n  this be accomplished 
without doclting, which mtrld not appear to he easy and a pos- 
sible disadvantage of the fixed foil system? 

In conclusion, I wish the F.H.E. 400 every success, anti do the 
authors coilsider there is a cornnlercial application'! It am 
wondering wlrether it might be possible to see hydrofoils oil 
the Canadian Great Lakes as wefi as tfiqse now plying the Black 
Sea. 

Mr. A. K. Buckle, B.Sc. (Associate-Mer~lber.): On page 101 the 
authors spmifimfly state that the hull is interlded to bend while 
foilbor~ze. Most hydrofoils are subject to considerable deflec- 
tions but this one seems to be particularly "'bendy." Accepting 
this low inertia it worrld seem there is tlxe possibility of two node 
vibratio~~ in otf~erwise quire reasortable sea stabs. W/tlat is tlre 
r:ritical freque~~ey of this hull? 

The authors also skate that the botton-r in~lx~ct pressures are 



high. I think most pcople know this bat. TI would like So klmw 
what ultimatc pressure values 11ave been allowed for. They 
coulcl not I~ave been measured 011 this vessel yet but would Ihe 
frgurc of 35110 1b./sq, in. be reaso~raMe, tbe same as on the 
bottom of thc M.T.B.s? fudging hy the filnls I have seer1 the 
R.C.N. do not scem to have done any rneasurillg of impacts 
during thc lxlodel testing cxperi~f~ental work. 

Can the i l i~ ihor~ say whether, Tor the extruded shell ancl fianles, 
the sarne extrusions were r~sed as on the PC(H)I or were they 
specially designed for illis vcssel, and if so is a constant shell 
thicknes? used or cines it vary in -tl-rlckness between the &an~es? 

Tht: bowlmoil is directly under d ~ c  bow and does not seem to be 
very strongly attached. If this hits driffwood what is tile result? 
Son~c foils arc made to break off, but if this one ctid it would go 
traight througl~ the bottrran of the b o d  just alsout wllcre the 
ew aeconxlliudaf iolz is. tf i t  dctcs not break oE trot) bfes c ; ~  

so be pe t ty  severe. 
Cortld ti-re arrtllors give sonle Tl~dicatiorr of the speed-resistance 

crrrve for this boat'? Has it a vcry high I~ump? Sorare hydro- 
foils have an  excessive hump a l  lake-off speed. Prom the filnt 
this does not appear to be tltc case here but if it is, could the 
authors say at  whyat speed this occurs ? 

The gearing appears to be ahnost a t  deck level-is there any- 
thing against epicyclic gearing in the pods? The pods are an 
ui~usual shapc, thinner in the middkc than at  the end, Would 

not be Liable to cause cavitatiorx at n o l ~ o p t i n ~ m ~  speeds as Iuis 
lmppened on other craR and unfortunately broke down in way 
of the propeller roots a t d  dlcI the -propellers no good at all. 

Finally, corrid thc authors give some information on the actual 
trials of the Bms d"C?r lo tie in with the nlodel trials results quoted 

the 1958 paper, in p;~rrlcular with regard to accelerations and 
~mpacts ? Could t l~ey give scantlit~gs of the heras d71)r? 

be impresseci by the considerable eiirc3rt prrt into this 

alurrrinium constnaction fabricated from ALCAN 

Pi30 wltich is heat treated. it is also stated that the 
ture is highly stressed and infornzalion on the actual 
Is worked to kvor~fd t ~ e  Ixelpful. 

pects, can be made generally availabk. 

Mr. C, Hook: One point is that the leading foil. fhe bowfoil, 

~3 I[ 

is spoken of as being supercavitated: I rather quarrel with that 
tern1 becaixse it is, strictly spealcing, an aerated foil. 

My other point is that it is mentioned that an cnlcrging foil 
boat 20 ft. long was able to take waves 6 ft. to 9 ft. higiz. l think 
i t  is rather regrettable that we are usirzg kh.is sorirlewhat rctiigh 
nlcthoct of lallcistg about waves. I believe it would be an excellent 
ided if the lnstitrttion tvould take the lead in giving us pcrlx~ps a 
tlzeoretieal sine mrve of a wcwe that we can properly specify 
and talk aborrt, not only in terlnq of 11eighl but also in the ratio 
of height to length. Tt worrld be bctter to have x purely tlieoretical 
sine curve to talk aboixk. Indce.etl, in rny view, our need lor a, 

tiefined wave is as great as "re engineers' need for a system of 
weights mrl measures. 

Mi. M, P%. Brker, B.Esg. (A4e1rzb~r): The Ihing that irt~lsresscs 
xne most about tltis project is what has been achieved with a 
fixed foil system. For high performance craft for occan going 
service we have usually tended to thir~k in tei-rns of fully sub- 
ixergeal foils with iilcide~~ce contrd. In this connectiorl perhaps 
the aarithors could give 11s same indimhion of the standards they 
were aiming at in this project as rcgards ship rnotio~z response 
to w m s .  Were tile aaval requirements with which they were 
faced more or Less stringe~rt in this respect than would be required 
for a passenger-carrying vehicle? If satisfactory tolerance to 
waves cdn be achieved wit11 a f ~ e d  foil system the simplicity of 
the arrangement will be mucl~ in its favour rrndcr sea going 
conditions. The same applies to the non-retractable foil syslein, 
but I would like to ask the authors how frequently they expect 
to have to dock the craft in. order to do ~~~aintenanicc: of one sort 
or another on the foils, ever1 i f  it is only a matter of cleaning. 

Finally, X would like to express 3ny arhliration of the wily in 
which the programnle of' hydrodynamic wark in colziiection 
with the: develop~nent or the foil s y s t e  lxas been conceivect. As 
I urrilerstmtd the siccount of this programm given an the third 
page of the paperg the: esseutial ptxrpose of the ntodel experiments 
at  Ship Division was to beternline and q~nantify tl-tc various 
csclegclents in thc equatior~s of mrjtion. These were theit set 
up on arr analogue conl~rrrter alxE llris was used to make the ship 
predictions. The purposc of the quarter scale model was to 
&ck the rdiability of this il~etk~od 011 tile basis that if ycru cotrld 
predict for the qwarter scale you could also predict for tic! fulill 
scale. 'This seems to nte to be the most eficient way to use 
model testing facilities and it is one to which we should pcrlxips 
give 111ore atfentian in mnveational sttip w r k .  

Rlr. A. Silverleaf, b3.S~. (&fittiher of C~tlricil): Titis paper 
forms a llsefut stipplez~~ent to that presented a year ago by Mr. 
kacey ~.hicll was a much broader review af recent progress 011 
hydrofoil ships and was naturally primarily concerned wit11 
developments in the United Stales. Altltoiigh seine rnay think 
it rattler prenxature, the present paper pmovides a11 interesting 
account of Car~adian cRort. The wrld-%ride ctevclopmei~t of 
foilcraft can be broadly divided into time stages. First, were 
the xeatl~er hapltazard and uneo-ordinated enkrrts of several 
notawe piox~eers, marly of 111e:xn err-tflrrsiatic and very ablc anza- 
tetirs, iclduding the Wrigftt Brothers m d  Alexander Graham Bell. 
FIowevcr, in spite of their wark little real progress had I>een 
mcfc by 1835, largely because of lack of support Ry any goverrt- 
meitt, partly because the hydrofoil ship, unlike t i ~ c  air-crafi, has 
to face co~npetition h-om high speed surface transport. Thus, 
the story of the modern l~yctrodbil ship really begins about 50 
years ago, when vorl Schertd in Germarly zazri Grurtberg in 
Fr~fnce i~ldepender~tly prodrtced cjuite diFcrcnt clcsigns, both of 
which have show11 thmi~selves capable of considerable devcvclop- 
mnent, dihoirglz soanetinles with marked ~nodifications. During 
the Second m r l d  War, the Gerrllatls made serious and intensive 
elt'srts to apply von Scf~ertcl's i&as to high speed patrol boats 
and tank transporters, while in Britain a lnttclt less ambitious 
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attempt was made at Durrrberton by a learn led by the late 13r. 
Allan to adapt the Gmnberg pritlcipkc axid produca: a fast Ilydro- 
foil M.T.B. "This limited British effort was not unseccessfiil, 
and speeds of over 50 knots were reached in trials on tlic Garc 
Loch, but the craft never became operational, and alter the war 
the Adn~iralty lost interest in hy~trofoil ships, thus ending Britisl~ 
actrve interest for 20 yciirs, thougli tlzere are recent signs of a 
revival. 

The third stage in the developnient of lzydrofoil ships is fheir 
post-war story which itself has three separate parts. First, 
von Schertel's work was continued and led to the developme~~t 
of the conxmerciai Sriprarnar PT craft, of which. over 70 of dif- 
fcrcnl sizcs arc now in operation in nrmy countries, while there 
have been other types of craft developed for slrlillar purposcs 
with the same generat characteristics. Then since about 1950 an 
independent, very ar~lbitious and expensive develolmetlt pro- 
gralnale or more sophisticated typcs hits been irlnldertaken in the 
United States avid Canada, principally for naval purposes. 
Lastly, the Soviet Union has built large Beets of conm~ercial 
I~ydrofoil ships of rather unusrral design, particularly for river 
passerrger services. Thc introduction to the present paper shows 
that Canada has been concerned in all three stages of this develop- 
tneni and is now much in t l~e hrefront, since F,EI.E. 400 may welt 
tun? otlr to be a m s t  re~~~arkable cr:rai% of most advanced design. 

As the authors know, Ship Division, N.P.L. kas been Sostunate 
to have the opportrii~ity to work with the Canadi:~~~ Government 
on l-cydrodynanrric problems involved in the desig~ of both It-103 
atld F.H.E. 4430, Indeed, the experiments made in connection 
with the developrt~errt a n d  design of F.fii.I;,. 400 represent perhaps 
the most compreke~isive series of model exyerhnents of this kind 
evm carried otrt, nf wl~iclr a full I~npressinn is not given in the 
paper. In additior~ to experiments to establisli the force and 
pressure cfiaracteristics of the scparak foil units, very iri~pressive 
e,u~serjmenls were ntsde on a co1ng3lete skeletsrr of tlze craft to 
determir~e its n~otiol~s in in.ef;ular as well as regular waves, and 
recently some inost r~ovel experi~~icnts have been made to study 
flutter char-acleristics. These form part of a co-ordinated triple 
efFort, with design studtes and al~z%foguc con~puter simulation 
being wrr ied out by De I-favilland in nronto,  sea trials with the 
RX craft by N.1I.E. in Bedford Basin, and model expedinents at 
N.P.L. in England. It would not be untrue to say that at one 
time or another each of three groups identiiied and then resolved 
wlx~t at first appeared to be almost insuperable proble~~~s. I am 
quite sure that without this co-ordlnatcd and co-operalive el-fort 
it is most unlikely that F.H.E. 400 would now be under constixrc- 
lion. 

One example of this co-operative attack is hinted at la the 
section of the paper wliich briefly disct~sses the design of fully 
ventilated foils where the authors rightly state that ""since re- 
attachment leads to violent pitching motions . . . ." This ruight 
have been anticipated, but it was not clearly unrlerstood until 
experinlents at W.F.L. lrad viviclly de~rronslrated ils importance; 
we, at N.P.L,. were then &b to identity the cause of the trouMc 
aiid our friends at De Elavilland vcry ingeitiously found a simple 
solution by provicling "'a spoiler on the upper surface in the 
Som of a "step' lo prevent Row re-attachment . . . ." l ~ ~ ~ i e e ~ f ,  
this episode was a significant factor in chmging the co~~figiguration 
of the bow foil unit, which is now as in Fig. 5 and differs from 
that seen in the film which the authors showed. 

This paper has many lessons for us in Britain. 1 very mrrch 
hope that the recent revival of interest in hydrofoil sl-lips by 
several British industrial firms will lead to a renewed activity 

. in this country. In spite of the recenat success of Elovercraft I 
feel sure that there are stilt many future roles which can be well 
filled by hydrofoil ships. indeed, hovercraft arid hydrofoil ships 
complemnt one anotl~er as much as they cornpete with each 
other, and f think it would be a mistake for us to overlook the 
potentiaIities of either. Already two hydrofoil services have 

been opernted in Britisl-c waters by foilcrart built abroad arrd this 
is ;a clxallewe which shcttdd not be ignored by British btiilders, 
If they take up this challenge-- as 1 very rntrcit hope they will- 
then 1 am q ~ ~ i t e  sure that Inany of the lesso~~s learned by the 
Git~adia~~s it1 tlieir developrtent of hyclrofoil ships will be or 
valrre to trs. 

63lomnlander T, B. 'Mm'lson, Jr., M,Sc., U.S.N. (Mrr?Ber): 
I thir~k t l ~ t  the a~id-cors sliorrld be congratolated on the presenta- 
lion of this fine paper. FolIowing the trend of the rnorning 
which seems to be to try to get the authors to provide additiol~al 
ir~forxw&tion, f w ~ u l d  like to ask if any of the details of the weight 
breakdowrr can be ma& ;av:.vailable. In addition, fillowing on the 
discussion of the design wave criteria, 1 would like to point out 
that if this flydrofoil is to be a patrol craft operating in the near 
shore envlromelxt, then the wave consrckred sliould be the 
~Ititllow water wdve (where tire depth of Bit: water is less than 
hrtlf the Je~zgtlz of the wave) which has diffe~*ent characteristics 
thatt the deep water wave. Xt is well known that as the deep 
water moves irito slratlow wabr both the length of the wave a~td 
its period decrease -the law of the conservation of energy requires 
that the third parameter, the wave height increase and the wcve 
encountered is of the order of a I.,/l4f rather than a Lj20 wave. 
Similarly the geq~tency of encounter :*hangs as does the required 
clearance Ibr slap free operatiotl, 

Mr. 'Sty, A, Crag@- S,Sc. (Mertrbm oj'Corr~rciif: When runliing 
in waves i11e field of 01w:wtions of any high speed crart such as 
the A.S.W. Iwdrofuil ship can be cmiveniently deliniatetl on a 
grai>h whcre the axes are acmicration arrd frecjue~~ey res~~ectively. 
Operation at any specific point within this field would come about 
say as the rest~lt of rtrrrninginto ti reg~rlar head sea with a particular 
freq~~cs~cy of e n c o ~ ~ n t ~ r  and sustaining in llie process a cyclicly 
varying actzleration. 

Ilumaa reaction to enviroi~nzents consisting of various levels 
of acceleratiori and li-eq~ierkcy has been widely it-cvestigateil in 
rccenl years and boutldaries have been established beyond wlrich 
-IJI~ysiolctgicat or subjective response bcconles it~tolerable. Holv- 
ever, xnost of this research has been associated with the passage of 
vehicles over rough grotttld or btxffetting in aircraft or space 
vehicles. Attention has therefore been foctxssed on a frequency 
range higher than that which normatly concerns the rraval archi- 
tect. 

However, with a high speed craft such as the A.S.W. hydrofoil 
ship these high freclrrcncy ratiges wilt, in fact, be traversed to a 
mrtainextent, Fig. 7 shows the freipncy of encounter resulting 
f m l  running in head seas of various lengths at each of three 
speeds. Mso sliown ;*re some of the phenomci~a which have 
been noted at various amler&tioil levels. The highest fiey uencies 
result from a coinbination of the highest speed and the shortest 
waves anti in these conditions the accelerations would presu~nably 
l~ low, A!. so~x~ewi-ral lower speeds however the acakerations, 
when taken in conjur~ction will1 the associatcci freclucncy co~tld 
be significaritly large fro111 tlx crews' point of view even if negli- 
gible as Sar as tlxe structure wcre concerned. Frlrther~nore, at 
the lower fr're~peneies there il~ust of course be ac~leratloi~ le~feis 
wlrere seasicitness occurs (although quantitative dais on Illis 
aspect is dimcult to obtain). 

'The importance of the foregoing considerations is enxphasised 
by the authors>statanent that the feasibility of the ship de~)e~ids 
up011 its habitability in open ocean conditions. This is parti- 
cularly true whesl it is recalled that the crew will have to spe~id 
relatively tong periods of time at sea, Tbus human reaction 
to the environment couid well be of critical iniportance and one 
would like to know that work has been done, first to specify the 
field of operation in terns analogous to acceleration and fre- 
quency, and second to detertx~ilze human reaction to operat~ng 
in the nmore unpleasant parts of it. 
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Finaily, I trust that, with our ap~?etites 1iim1y wiletied by this 
general descriptio~~, me111bers of the De Havilland team will be 
encouraged to let us have technically detailed accounts of specific 
aspects of tlxeir dcvelopnlent, one which I believe may have far 
reaching eRects on onr profession. 

Verbal Reply to lBiscussitm 

Some of the dettu'lcd questions cannot be answered at this 
time, but replying first to Mr. Evans; or~e of the design criteria 
laid down right at the first was that the craft must bc capable of 
surviving under any weather and sea conditions that cai occii~ 
oil tiie North Atlantic. This of course is in the hull-borne mode, 
hcrve-to if necessary, that we felt this conditioil would be met. 

Several speakers have qtteried ihe capability of the crew to 
withstaad the expcctecl n~otions. This was recognized right 
froin the star1 as a problem and the Institute of Aviation 
Medicine, run by the Royal Ga~~adian Air Force in Toronto, was 
corlsulted at a very early stage. 'X'11ey are now undergoing 
experintents at t i~c National Research Coi~ncii, using a hydrauli- 
cally co12~rokI~d shake table, the a~otians of which are fed from 
the results of the coi~~putes study. This table is so~tle l i f t ,  
square and we will be able to mount on i t :  31 bunk9 a console 
chajr and other pieces of furnitrrre to eilsure that the crew can 
eat, sleep and operate under the conditions that we expect, 

Tilie question of the docking was also rdsed by Mr. Evans 
and other speakers, For the cleaning of the foils we intenti to 
rrsc skin divers. Icegardirxg docking with nun-retractable foils, 
this was frorn the start realized lo be a problenl but it was 
deciclecl that h r  the prototype at least the added compIication 
of bringing in retractable foils was undesirable because it would 
nlerely add more trouble, so R.C.N. faced up to the fact that 
they would have a craft with a large draught and some awkward 
extrusions to deal with. A s p d a l  docking facility, using the 
synchro-lift mnechanism, is bdng installed in Halifax harbour. 

Mr. Buckle asked a number of very detailed westions, the 
answers to naost of w%kh I will leave to the written reply. The 
questioii of the strength of the hull as a whole has been looked 
into and the reason for the high strer~gth levels was foIlowlng 
mn1ia1 aircraft procedure. The ext~xsions xwre specially made 
in the U~~i ted  States. The hull skin, which is some 80 thou., 
together with the stringers, are extruded in blanks. 

Mr. Buckle asked what hppens if the craft hits solne drift- 
wood. K-I00 n/lnssu$vi/,>i actt1a11y hit a piece of driFtwood. Jt 
was an old telegraph pole which was floating vertically just 
about waterlogged, ancl i t was hit at a speed of 55 knots. The 
result ~vas that the telegraph pole was cut three-quarters of the 
way tLhraagh and split. The engineer, obeying standing orders, 
imtuiedialely cut the throttle and the vessel returned to the 
displacement mode, and an inspection found tliat there was no 
danlagc tto the foils whatever. 

J regret that for security reasons we are unable to supply any 
iitforn~ation on the trials. The questiorl of the pods was raised. 
These odd-shaped pods were deliberately designed that way, in 
conjuactioxz with Mr. Silverleaf, to minimize c:tvibalion, following 
the "area-rule" method developed For aircraft. 

I an1 afraid I a111 not able to give Mr. Laekenby any informa- 
tion about develol3ine11t cost. Regarding cominercial t-esulls X 
agree tthat there could be several areas in which the com~nercial 
field could benefit. One is the research that was dolie on the 
rnaraging steel ttscd for tile foils, and the other is that since this 
~tcel clnes not have good corrosiorx-resistiw propertics we had 
to develop a plastic coating. The alunjinium alloy bci~ig used 
is tile standard naval nlarine aluminium that bas been used on 
supcrstruct~tres of destroyers for sorne years ~uow. 

I am sorry if 1 tnisied Mr. Kook. 1 clldeavoureif to call this 
sectiorx supcrvelatilated atid not supercavitated. I f~llly agree 

with him also in cor~ncction with weight tneasuring, in the 
engineering ficld, being *lo more inil~ortant than wave n-rensuring 
is for us. We tcrrcl to use height as our nleasure of the sea wavc? 
;uld I agree it is not suficicnt. 

I wish to thank Mr. Pat-ker for his colnments regardir~p the 
col'i~puter. I would iikc to mention that we were using an 
an:rlogue computer with four consoles and i t  was not big cnougli, 
but it was the biggest one we had. 

Mr. Silvedeaf's re~narks on the nlost valustble work that his 
depa~tment did Ihr us were extremely welco~?ie arid I would like 
to thank hi111 for liis efforts. I feel that this project would have 
got nowhere ~vithont the efforts of Mr. Silverleaf aird his col- 
leagues. Tfie work tl-rcy did for us ca~~iii>i be measured. 

For Conu~iander WiXsoti we will encfeavoirr to ptovicle a weight 
breakdown. I-lowever this craft is not intended for coastal con- 
trol; this is an open ocean craft for oper~xting in tl-re same areas as 
tlie A.G.E.(f-1.). 

In reply to Mr. Cr;tgo I agree the acceleration frequetlcy is 
below 1 g, and again this is the reasoli for employing the shake 
table. 

In reply to Mr. du Cane the cpestictn of the prevention of 
intake of water into the gas turbine Iias of course been ir~vesti- 
gated ancl extaluivc model studies have been done in the winci 
trtnuiei by Pmtt a td  Whitney. We feel we will in fit& be ablc to 
keep t11e water out. lJratt and Whitney are, of course, providing 
the gas turbine. 

Rcwrding the interference of the bow foil on sonar, we are 
using a variable depth sonar so 1 feel there is no problenl there. 

The authors would like to express their appreciatiox~ fbr the 
interest which has been shown in this paper and to those gentle- 
~nen who have corrtrilsrrtd to the discr~ssion. 

In reply to Mr. Evans, as noted in the verbal reply, the criteria 
for C l x  designing of the craft was that tlie vessel must bc capable 
of survivir~g under any weather and sea conditions. Model tests 
have shi~wn that tlliis craft sl~ould be ablc to ridc out a stor111 as 
well as a vessel some ten times its displacernerrt. Iteparding the 
capability of the crew to withstand the motions of hydrofoil 
craft, this probIe111, as noted in the paper, received early con- 
ideralion by tile varrious authorities conceri~cd and thc Institute 
of Aviation Medicine run by the Royal Canadian Air Force 
have been consulted regarding this problem frorrrt the start. 
The experiments are now under way :kt the National Research 
Courreil, using a hydraulirally conlrolfed shake table, thc motions 
of which are fed to the results of the computer study for com- 
parisoiz, The shake table mulions are fed fro111 a tape of tlte 
De Elavillar~d clmr~puter sirnulation, arid the experiments are 
then studied by the Institute of Aviation Mcdicine to deterrnir~e 
the effects of 111otio11 orr individuals in hydrofoil el~vironment. 

However, it may have been of interest to note that the sub- 
jective opinion of the trial crew of the RX craft, which had very 
rudi~neutt~ry seatitrg and which did not, because of its slyape, 
conlpbtely rnodeX the impacts of the waves, were that the ride 
felt like ""drivirag on a hadsprung truck along a rough country 
road." While it is felt that this would not be cor~ducive 10 
ell'rcient operation for any length of tirile, it is felt that by sttitable 
seating and by tiie betlcr ship-sh~pe hull of the F.11.E. 400, these 
~notiotls wottid be drastically reduced and could be kept to 
within acceptable limits. Further, regarding the motion of the 
craft 'ti11 waves while in tlie hull-hartre mode, it has been shawtt 
by tests that the craft, diie to the damping action of thc foils, in 
fact rides to the waves and hence has less impact fro111 waves 
breaking over the hull. 

The question of noise has been looked into and it is hoped by 
the use of s~~ ihb l e  iilsukating ~waterials that it will be kept to a 
minimum. Regarding the use of volunteers for the crew, all 



candidates were interviewed before fillat selection asid will 
undergo periods of shore training before joix~ing the ship. There 
were atnple voli~rtteers in the first instance. 

In answer to Mr. A. K. Buckle, the question of the deflection 
to the hull it1 the foilborne mode has been uildci. extensive study 
and it is felt that, by using aircraft type construction, thc strenglh 
of the deflections of the hull are kept to a mininau~lz. The 
natural freq~iency of hull bending is about 6 cycles per second 
whcn foilborne. Seaway frequencies of ettcountcr are itbout 
0.02 to 1 cycle per second with dominarrt frequencim and energy 
at about 0 to 3 cycles per second. Therefore, vve do not expect 
any resonant couplil~g bet wee^^ hull be~ncling and seaway motions. 

The boffoln Irltpact pressures could be high but it is felt that, 
with the high dead-rise of 25 deg. these are being kept lo a 
tlliilinlurn and thus couId be considerably less than ffxat of an 
M.T.B. which has a ll~uch flatter dead-rise and, in fact, a figure 
of some 52 Ib. per square iizcl~ has been taken for design purposes. 
As far as the use of shell and frames extrusions, these were not 
the same as on the PCFf and were specially designed for this 
vessel. The stringers were designed to be extruded integrally 
with the shell and a special die was developed by the Aluminum 
Company of America For this purpose, the shell bdng extruded 
in planks containing some three stringers. 

Regarctir.lg the probiern of hitting of driftwood, etc., this bas 
been recognized arid the effect of the R-100 Massirwippi hitting 
a piece of driftwood was described in the verbal reply. It is 
felt that, under normal conditions in the mid-Atlantic where the 

xpects to be flying, the it~cidence of hitting such driftwood 
be cxtire~~ely low. It is regretted that the spwd-resistance 
for this vessel cannot be given, howevcr it can be noted 

, for surface-piercing foils, the Itigh tala-OK hump does not 
ar as in tile case for litlty-submerged foils, It can be said 
the fake-off is approximately 18 to 20 knots. 

There is solne gearing at  cleck level, together with gearing in the 
ods fomling a Z-type drive. The pods were designed to reduce 
atiitation rtsil~g streamline contoming similar to that developed 

nic drcraft, based on thc work of Drs, Kucheinan 
of R.A.E. We regret that no irtfornlatiora can be 
Bras d'Or trials nor the scantlings of the Bras rl'Or. 
to Mr. Lacke~~by* the following points arc noted. 
icaliy an alutoi~~ium/n~agi~esiunt alloy which is non- 

eat treatable. Tensile streslgth is 42,000 Ib.jin.2 and yield 
trength 21,000 1 b . h 2  Composition is as fo1ollows:- 

Copper . . 
Iron .. 
Magnesium 
Manganese 

Silieo~t . . . ~ . .. 0.2 
Chromium . . . . .. 0.05-0.25 

Nonnal hull stresses are about 6,008 p.3.i. and designed proof 
stress of 20,000 Ib. per sq. in. Maraging steel about 20 to 25 tons 
per sq. in. working stress. 

As ~~tcntioned in the verbal reply to the discussion the efforis 
of Mr. A, SlEverIeaf and his colleagues in the J*rational Pl~ysical 
Laboratory were indispetrsable lo the F.H.R. 400 progralllrne 
and without their assistance and advice, together with the testing 
Ijcilit-ies, we would not have been able lo achieve the results that 
have becn given in this paper. Mr. Silverleaf's contribution, 
therefore, is greatly appreciated and his remarks have adtled a 
valuable contribution to the paper. The authors would concur 
that this method of use of small scale models, analogue 
conlputer studies and self-propelled larger n~odels have produced 
infornlation which could not have bee11 obtained in any other 
way. 

In reply to the contrib~rtion of Mr. W. A. Crago I. would draw 
attention to the earlier rext~arks ixt reply ta Mr. Evans about the 
ilnportance of actual research into the capability of a human 
being to withstand tlarious acmlerations and motions which 
could be expected in a craft of this type. ft  is also shown that, 
in most cases, the accelerations are of a frequcxlcy su%ciently 
low that they are, in fact, approximately one cycle a second and 
that therefore some of the more objectionable phenomena are 
not felt. 

As me~ltioned in the verbal reply to the contribution by 
Mr. Du Cane: the pre?/ention of s d t  water getting illto mail% 
gear t~lrbirte was recognized to be a prolylem fro~n the start, and 
the work on this problent by the organization which Mr. Du 
Cane represents was exteltsively studied by the R.C.N. In fact, 
a plenum chamber is used arrd appenrs on Fig. 3 under what is 
labellecl "Xiferaft." Extensivs: \vinri tunnel tests were done by 
Pratt & Whitney Aircraft Limited to design this cl~a~nber and it is 
hoped that little, if rt11y, water or spray will penetrate into the 
turbine itself. 

Tiegarding the itlterferencc from the bow foil, crn the sonar, as 
mentioned in the verbal reply, a variable depth sonar is to be 
used and therefore it is f d t  that the greater interfere~tce will be 
obfained from the supcrcavitahng screws rather than the bow 
foil. The authors wotiEd like to tl~anlc Mr. M. C. Eames, who 
was responsible for the original concept of the F.1-l.E. 400, ill 
clearing up some possible errors in the paper and adding a 
summary of the background to the concept. in corlctusion the 
authors would like to thank the lt~stitution for the opportunity 
to presertt this paper and to the Cmadian Department of 
National Defence for pernlission to present it. 


