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SESSION IV

CHAIRMANTS C0MMENTS R,D. Hunt

Th'i s concl uding session of the Symposium w'i I I consider the overwater uses

of the ACV, as seen through North American eyes"

Firstly, a paper on a specifical'ly U.S. development, the Surface Effect

Sh'ip" For some years the U.S. Navy has been studying the use of hydro-

fo1Ts and hovering craft for 1arge, fast naval vessel s, and Adm'iral Elmo

R. Zumwalt's phrase "The 
.l00 Knot Navy" has become well known. Two

.100 ton Surface Effect Sh'ips, more clearly described as sidewall hover-

craft, have been operating for some time. Mr. Stoiko will review this
program, lead'ing up to the current compet'ition for the 2000 ton prototype.

The role of the ACV as a ship-to-shore fighter, to reduce the requirement

for wharf installat'ions at a port, will be d'iscussed in the context of

the Bel I Aerospace Canada Voyageur.

Finally, the towing of ACV f ighters over sea or river ice and tvater w'ill

be discussed in the light of considerable experinece in the far north,

and on the Yukon.
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U,S, NAVYIS LARGE SURFACE EFFECT SHIP

Cornmander Jerome J , Fee, U. S, N,
Eugene H. Handlen, U,S,N,

The term "Surface Effect Sh'ip" (SES), original'ly group'ing al I waterborne
air cushion vehicl es, is used today to refer to a particuJ ar variat'ion,
the captur"ed a'ir bubbl e concept. A SES differs from fu1 1y skirted
hovercraft'in that the supportino cushion of air is contained by two
rigid s.idewa'l 1s partially immersed in the water and two flexible seals
(bow and stern) in contact with the water, thus minimizing air leakaqe
and reducing lift power requirements. Rigid sidewalls permit use of
either waterscrew or waterJet propulsors, whr'ch are more eff icient than
airscrews for the speed reg'ime considered. These sidewal I s al so provide
stability at high speed. The sidehulls react the sideforces necessary
for turns with the magnitude of forces control'led by waterJet vectoring.

There is no intrinsic l'imitation to the growth (displacement) potent'ia1
of future SES, but evolut'ion past 3000-4000 tons is highly dependent on
advances 'in technology of a few critica] subsystems. Specif ical ly,
there is a need for:

h.igh power , I ow-weig ht
consumption,

I ightweight reduction
50,000 horsepower,

hiqh performance right-angle transm'i ssions for certa'in
propul sion systems and engine-transrn'iss'ion arrangements,

supercavi tat'i nq prope'l I ers capabl e of absorbi nq over
50,000 horsepower,

cl utches for transmi ssions 'in I ift and/or propul s'ion sys-
tems perrnitting varjous comb'inations of engines, l'ift fans
and propul sors,
mul ti-thousand ton I iSlhtwe'iqht hul 1 construction techn'iques,

sidewalls suitab'l e for rnu'l tiple propulsor installat'ions.

Surface effect ship development under sponsorship of the U.S. Navy was
started'in the late .l950's and progressed steadily through the l960rs
and I 970rs.

Development has been sol id'ly qrounded in both analytical and experimental
progress. During developrnent of every crr'tical subsystem, theoretical
and analytical projections were verif ied by experirnental data. Concepts
and conf igurations have been extensi vely invest'iqated through use of tow-
ing tank model s and manned experimental craft.

powerpl ants w'ith I ow spec i f ic fuel

gears capabl e of transm'itti ng over
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The XR-l (Figure I ), launched 'in ['lay 1963r wdS the f irst of a series of
manned testcraft. It has been a workhorse over the'last decade in
successfully demonstrating numerous advances in SES technology and has
been modified repeatedly to incorporate many test configurations.

Testing was successfully completed on the XR-l, -lB and -lC configura-
tions and the data employed to support the design of 'l arger SES. In
1975 the XR-]C was further modified, and, oS the XR-lD (Figure ?) incor-
porated many features representative of current SES technology, includ-
ing variable-geometry I ift fans, p'laning seal s, heave attenuat'ion
valves, and variable-geometry water iet inlets. The XR-lD is now at the
Surface Effect Sh.ip Test Facil'ity, Naval Air Station, Patuxent River,
Maryl and.

The XR-3 (Figure 3) was launched in 1967. Although much smaller than
XR-l (2.5 vs" 20 tons), XR-3 took advantage of a growing and more soph'is-
ticated technology which resulted in improved sidewall shapes and more
advanced seal s. Tests y'iel ded hi gh I i ft-drag rati os and proved that SES

drag scaling techniques were correct. XR-3'is in operation at the U"S.
Naval Postgraduate School , Monterey, Cal iforn'ia, employed for thesis
research and to provide students with an ins'ight into the technology and
prom'ise of SES.

Encouraged by early resultsofthe XR series of testcraft and other scale-
model s, the Navy decided that before proceeding to transoceanic-s'ize
craft, larger manned testcraft would be requ'ired to further demonstrate
operati onal characteri st'ics of the SES. Earl y i n I 969, fo1 1 owi ng several
concept studies and a des'ign compet'it'ion, the Navy awarded contracts to
Aerojet-General and Bell Aerospace for design and construct'ion of .l00-ton

SES testcraft which could attain speeds in excess of B0 knots. Designs
of the Aerojet-General SES-100A (Figure 4) and Bell Aerospace SES-.l00B
(Figure 5) were purposely d'ifferent with respect to hul I conf iguration,
lif1, propulsion, and control systems so that a broad base of subsystem
and component evaluations could be obtained.

The Navy's test and evaluation programs began in 1972 when both .l00-ton

testcraft became operat jonal . S'ignif icant test resul ts provided con-
fjrmat-ion of predicted performance envelopes with respect to speed, ride
quality, maneuverabjlity, and structural loads. Subsystem testing of
seals, lift fans, waterjet and propeller propulsion, and heave attenua-
tion systems also provided important data, now ut'ilized in tle design
of larger SES. SES-I008, based at Panama City, attained 89.5 knots
(.103 mph)" SES-I00A demonstrated the performance of both pod and flush
waterjet in'l ets in Chesapeake Bay" In April 1976 a Standard I Missile
was successfully launched from the l00B travelling above 60 knots.

The I'lavy launched the XR-5 (Figure 6) in September 
.l973. It has a gross

weight of 3"3 tons, overall hul'l 'l ength of 45 feet, and a cushion length/
beam ratio of 6"5. In the subhump operational mode for wh-ich it was

des'igned, XR-5 attained speeds up to 25 knots in calm water and vvas

tested in waves up to 2-1 /2 feet high. These data can be extrapo'lated
to ind'icate accurately the performance of an 8000-ton SES to 60-70 knots,
as well as show operational data for sea state 6. The XR-s basic test
program was comp'leted successfully in \974 at the SES Test Facif ity.
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F IGURE I .F The XR-l
a i rp1 ane eng i ne and

with its T-53
propel I er.

FIGURE 2 - After many modifica-
tions and refinements, the XR-lD
conti nues to provi de val uabl e data.

FIGURE 3 r The smal I est SES, the
XR-3 is assigned to the Navy Post
Graduate School , l4onterey, Calif.
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FIGURE 4 - The
I 'i ned SES-1 004
Century Navy.

beautifully stream-
symbol i zes the 2l st

FIGURE 5 - The propeller-driven
SES-I 00B exceeded I 00 mi I es Per
hour wi th Secretary of the NavY
Mi ddendorf aboard,

FIGURE 6 - Characteristics of high
1 ength/ beam rat'i o SES were deter-
mi ned from tests of the XR-5.

, ' ,, ,i*', i'i:|,
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Concurrent with manned testcraft development, more than forty-e'ight major
studies were conducted to investigate missions, weapons, tactics, and
operat'ions of surface effect ships.

The SES development program'i s aimed at expanding the technology to ships
of oceangoing size. Operation of the .l00A, 

l00B and smaller testcraft
demonstrated the va'l 'idity of the SES concept and provided verificat.ion
of the design data base needed for proceeding to large ships. During
July 1974, contracts, amounting to about $tZ million, were awarded to
Bell Aerospace Company and Rohr Industries to develop SES-crjtical sub-
systems and conduct para11e1 sh'ip design efforts. Data generated from
these contracts minimize the risK in design and construction of a large
open-ocean SES prototype.

Late'in 1974, the Navy decided on deve'lopment of a one ship prototype
rather than a prev'iously outl ined two ship program. Th'is decision was
based on the confidence that a one ship program could sat-isfactorily dem-
onstrate open ocean capability and military utility while substantjally
conserv'ing R&D funds. In early February 1975 DDR&E again reduced program
funding, thereby necessitat'ing program schedule stretchout and some reduc-
t'ion of technology effort.

Advance Development Phase Contracts, awarded in July 1974 to two contrac-
tors (BelI Aerospace Company and Rohr Industries), calIed for risk reduc-
t'ion programs in critical SES-unique areas and for paral Iel ship des'ign
efforts. The design philosophy was to achieve a proper balance of
features to provide m'inimum risk to cost and schedule and yet meet or
exceed all m-inimum levels of Navy requirements for speed and range.

Although safety and survivabif ity were not to be comprom.ised for perfor-
mance, attainment of hiqh speed and range were considered to be the most
'important performance characteristics to be demonstrated. Careful bal-
ances in the des'ign rationale were made at the system level to ensure
that thrust, drag, stability, and control, and ride qualities were con-
sistent with these goa1s. Tradeoff studies between range and speed were
made for each specific requirement" This ensured that the optimum balance
in meeting the requirements were achieved.

The SES program received essential and vital impetus in May 1976 when Deputy
Secretary of Defense, William P. C'lements, Jr. sent a memorandum to the
Secretary of the Navy, J. I,lj'l l'iam Middendorf which stated, "I have deter-
mined that we should proceed to design, construct and test a prototype SES

of approximately 3000 tons design gross weight. Thi s 'i s to serve as a

combined techno'logy prototype and operat'iona1 practica'l .ity prototype for a

possible frigate-size operational SES."

During the summer and autumn of 1976, the proposals for contract design,
detai'l design and construction were evaluated. The Source Selection Auth-
ority chose Rohr Marine, Inc. r ds the winner and a contract was awarded
gth December 1976.

The Large Surface Effect Ship (LSES), (Figure 7) will be a test sh'ip
designed for hjgh speed operation'in an open ocean env'ironment. It has an

extended.range capability and will carry a substantial payload.
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The LSES program objectives are to:-

I . Demonstrate SES performance, character j st'ics and
technology in open-ocean environment,

2, Test engineering features and systems of large
sES,

Demonstrate weapon system compatibility with SES
pl atform,

Demonstrate SES mi I i tary uti I 'ity.

De3ign and construction -is expected to be comp'l eted during 1gB2-83.
At-sea tests will last about two years and focus upon the ship's ab'i1ity
to perform in an operational environment, depending upon Navy systems
and practices far more severe than the special ized support provided by
ded i cated fac i I i t'ies to a research shi p.

The LSES is characterized by the rigid main hull (centerbody), full
'l ength rigid sidewal I s, and durable bow and stern seal s. Like other SES,
it achieves high speeds on-cushion. In addition, it can "hover" at stand-
still or at very low speed" Off-cush-ion, it operates as a displacement
ship. This ship maneuvers well in either mode, including, turn'ing,
accelerating, decelerating and backing.

Principal dimens'ions are presented i n Tabl e I. The dimensions of 266 feet
length overall and l0B feet maximum beam sat'isfy volumetric and perfor-
mance requ'irements" The maximum beam permits transit of the Panama Canal .
Effective cushion dimensions are 221 feet length and 85 feet beam. A
cushion he'ight of 18 feet was selected to ease ship motions and structural
loads in Sea State 6, and enhance roll stability. The square bow and full
'l ength sidehul I s provide resi stance to rap-id bow-down motions.

3KSES HULL RELATED CHARACTERISTICS*

3.

4.

Full Load Displacement, (FLD)
Length Overal l
Beam Overal I
Draft: 0n Cush'ion, wi th f i n

Off Cushion
Ma'in Deck He'ight (on cush'ion)
Wet Deck Height (on cush'ion)
Effective Length-to-Beam Rat'io
Cushion Pressure (FLD)
Propulsion Engines (4)
Lift Engines (2)

3000 tons
266. 3 "
l0B! 0"
l4! 0"
30| B"
40', B"
IB', 0"
2.60

275 lbs/ftZ
FT-9A-2
LM- 2 500

i n'itial des'ign*Characteri st'ics may
period 

"

change duri ng

TABLE I
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The ship will fulfill all speed reguirements including the very stringent
mr'nimum of 30 knots at full load d.isplacement (fl0) in Sea State 6"

The pre'l iminary design offers the potent'ia1 to trade fuel weight for
structura'l weight, either to increase the margin of safety due to impact
loads or trade structural we'ight for ease of product'iv'ity.

The performance predictions (most'ly cl assif ied ) are conservative 'i n that
they do not yet include the reduced drag characteristics of the full keel'length "fences" (skegs). The addition of fences was such a recent modif-
ication that the performance program has not yet been modified to reflect
the change, dlthough the advantages of ful'l length fences have been
adequately demonstrated by the XR-lD and SES-.l00A.

The fol I owi ng descri pt'ions of major systems are abstracted from uncl assi -
fied sect'ions of technical reports prepared by the Rohr Marine Corp.
There are, of course, other systems and subsystems , but onl y those un'ique
to SES are discussed.

HULL STRUCTURE

The hull structure of aluminum a11oy 5456, (Figure B) included the shell
and supporting structure, structural bulkheads, decks and platforms,
superstructure, foundations, and masts. The hull is des'igned so that it
wil I not fail 'in the combination of extreme sea/w'ind conditions and the
worst case of sh'ip loading.

The structure is des'igned to res'ist damage from direct wave'impact and
slamming, sh'ip motions, aerodynam'ic loading,'impact with floating obiects,
and cavitation erosion so that operation of mission essential systems
is not degraded under severe weather and sea conditions. The structure
i s des i gned to w'i thstand the fol I owi ng emergency cond'i t i on s :

d. Loads caused by sudden loss of bow seal integrity"
b. Propuls'ion subsystem failure.
c. Lift subsystem fa'il ure in stra'ight-ahead travel or

turn "

d. Emergency stops.

In addition, it can withstand all cond'itions of m'iscellaneous loadings,
as occur when under tow, drydocking, ship handling alongside a pier,
wind loading up to .l00 knots from any direction while moored, helicopter
operations, and reactions from weapon system operation"
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PROPULS ION

The propulsion plant (Figure 9) comprises four units, each consisting
of a two-stage pump and nozzle, reduction gearing, and FT-g gas turbine
eng'ine. Two units ane located in each side at the stern of the ship.

Each sidewall contains a single semi-flush wateriet inlet (Figure l0).
The inlet water duct bifurcates to direct the f'low of water to each
pump. Inlet area 'i s controlled by a variable ramp-roof posit'ion'ing
mechani sm" Ful I 'l ength sidehul I fences, prev'ious'ly ment'ioned, extend
40 inches below the keels to a'l 'leviate the ingestion of cushion airinto
the waterjet inlets.

Each pump discharges through a steering nozz\e designed to provide
thrust vector control for on-cush'ion and off-cushion operations, Turn-
ing is accomplished by vectoring the steering nozzles and use of thrust
d'ifferential . 0utboard propul sors are prov'ided with thrust reversers
for maneuvering, stopping and backing.

LIFT SYSTEM

The l-ift system consists of l jft fans, gear boxes, engines and ducting;
ride control equipment and bow and stern seals.

Lift air is provided by identical sets of starboard and port equipment,
(F'igure I I ) each consi sting of a gas turbine eng.ine, reduct.ion gear'
three lift fan assemblies, lift fan discharge ducting, ride control
val ves and ducting, support systems and control s and mach-inery I ubrica-
tion system.

The centr.ifugal lift fans are double suction, with airfo'il-shaped blades
and a single volute d'i scharge housing. Mechan'isms perm'it remote-con-
trolled decoupf ing of any fan while operating. Each fan assembly dis-
charges'into a separate and independent air distribution duct. The for-
ward-fan assembly supplies air to the bow seal, the centre assembly to
the cushion, and the aft assembly to the stern seal. The fan assemblies
draw supply a'ir through intake open'ings in the weather deck. Each con-
stant speed fan assembly has a variable geometry inlet mechanism wh'ich
perm'its rapid regul at'ion of ai r f I ow.

A 1M2500 gas turbine engine powers each set of 1 ift system machinery.
Combust'ion air is provided through a common intake shared with the pro-
pulsion gas turbine engines. Exhaust gas from the lift engine is util-
.ized for anti-icing or preheating combustion a'ir for the el ectric
generating, propulsion, and lift turbines before exiting through stacks.
Li tt system gearboxes ut'il i ze doubl e hel ical herringbone reduct'ion gears.
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RIDE CONTROL SYSTEM

The cush'ion vent vales of the ride control system, (Figure 12), com-

bined w'ith the variable geometry lift fans (Figure l3) form a total
system which al'leviates ship vertical motion more effect'ive1y than by

vLnt valves alone. The system was evaluated comprehensive'ly during
the XR-l D program, substahtiat'ing the remarkabl e resul ts predicted by

analyses and model tests.

The variable geometry feature of the I ift fan cons'i sts of a translat'ing
sl eeve in each axial 'inl et. The hydraul ical ly operated sl eeve 'i s cap-
able of a full stroke frequency of- 2 Hz which prov'ides a means for sh'ip
vertical motion control at the airflow source more efficient than a

system which only vents cushjon air.

SEALS

The 3KSES uses advanced planing bow and stern seals. The seals feature:

Et. Design simpl icity exempf ified by two dimensional
struitures enclosed between full length sidehulls'

b. Commonaf ity of elements wh'ich improve ava-ilabil'ity
and reduce spares prov'ision-ing considerat'ions,

c. Durability for extended useful life and 'increased

reliability,
d. Superior performance under the most adverse cond'i-

t'ions 'in a seaway"

The seal conf igurat'ions are a significant departure from conventional ,

three dimensional, bag and finger design. Tests have shown that elastomer
coated fabric f inger material s have inord'inately high water-l'ine wear
rates. The bag and finger concept also tends to have marg'inal performance
characteristici in h'igh sea state environments. Tf'e planing seal , oh the
other hand, wi th 'its gt ass rei nforced p'l asti c (GRP ) pl an'ing surface
materials, has shown extremely low water-line wear rate characteristics
after actual test exposure to high speed water impact for many hours. In
addition, the plan'ing seal promises to have excellent overall performance
characteristics in high sea states. This has been demonstrated repeatedly
in many tests with tow tank models and in large scale with a desig! 

.

variation of the 3KSES seal on the XR-lD manned testcraft (Figure l4).

The plan'ing seals of the 3KSES are fully retractable both at the bow and

stern. This capability allows them to be deployed sequentially in order
to reduce ship drag at critica'l primary and secondary hump trans'itions.
Independent stern ieal position scheduling permits control of immersion
of the waterjet 'inlets ior all ship speed regimes. Fu11y retracted, off
cushion, a full range of 3KSES manuevering capabilities, either ahead or
astern can be achieved.
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FIGURE 12 Ride control system vent valve module
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FIGURE 13 3KSES lift fan

Finally, the advanced p'laning seals perform the normal v'ital function of con-
ta'ining the air in the cushion providing stabil izing pitch restoring forces
wi thout d'isturbi ng r jde qual ity.

SUMMARY

S'ince the ultimate objective of the SES program is to introduce this technol-
ogy on a broader scale in the future, the development program plan also incl-
udes p'lann'ing and conceptua'l design studies for a class of SES escort ships
of approximately 3000-ton size as well as subsequent design and construction
of larger vessels" Plans for both the SES escort and the larger ships wil'l
be technology-paced and synchronized with development and test of the proto-
type.

As the Navy moves out of subsystems development and into des'ign and construc-
t'ion of the 3000-ton Surface Effect Ship, w€ move into an excit'ing new era.
To those who have been assigned responsibi'l 'ity to gu'ide this ambjtjous pro-
ject, the challenge will be great. hle are confident that th'is program will
substant'ial'ly advance marine technology and greatly expand our Navy's capab-
il itjes and effect'iveness.
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FIGURE 14 XRI-D planing bow seal
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SHIP TO SHORE LIGHTERING }'IITH THE VOYAGEUR

R"W. Helm
Bel I Aerospace Canada Textron

Division of Textron Canada Limited

I NTRODUCT ION

One of the more interested facets of the Bell Aerospace Canada Textron
Voyageur air cushion vehicle's applications has been that of a ship to
shore 1 ighter.

Conceived as a heavy haul freighter, Voyageur lends itself to a multitude
oi apptications, ra-nging froma passenger carrYing element in an urban
mass' transit syitem [o in ice breaker. The vehicl e's versati'l ity i s
without questi6n, but in the area of sh'ip to shore Iighterage the Voyageur
is at its best.

A f -ighter is defined as a'large open barge used chiefly in loading or
unlolding larger ships whenever shallow water prevents these coming 'il. to
the shore. V6yageuris no draft/amphibious nature, large flat deck with
control cabin ini mach'inery located discretely away from tl',9 cargo l.oading
area, make it an ideal vehicle to fulfill this role. Its h]Sh speed is a

feature which permits a degree of productivity unequa'l 1ed with present
day 1 ighterage equiPment.

In the course of Voyageur history, the vehicle has been involved in a

number of lighteragL operations. It is the intent of this paper to
discuss thes6 op.rittons and to Iook at future applications of the vehicle
in the concept of a total Air Cushion Vehicle Lighterage System.

OSDOC II

At the completion of its overwater trials program in the sunner of 1972,
Voyug.rr' s f i rst operat'ional program cal I ed for i ts paf !igi p.Iign i I
the U.S" Army,s off Shore Disfhaige of Container Ships {0SD0C II) trials
to be held at Fort Story, Virginii. The obiective of the trials was to
evaluate selected jtems-of cuirently available lighterage in the role of
itgniering containerized equipment from ship to_shore. Specifically, the
objectivei of Voyageur's participation were as follows:

l; To evaluate the effectiveness of air cushion vehicles
'in future U. S. Army I i ghterage rol es.

2. To obtain realistic A.C.V. data inputs to the contin-
uing U"S" ArmY Trans HYdro StudY"
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3" To -identify those areas of craft configuration,
support equ'ipment, and A,C.V. operating techniques
where change could result in Voyageur more effec-
t'ive1y performing Trans Hydro miss'ions.

4" To assess the transportability and majntainability
of Voyageur and simulate, where practicable, remote
field assemb'ly conditions"

Consideri ng the I imited scope of the trials, and accept'ing the prototype
nature of Voyageur 00.I , a considerable amount of relat'ive data was
accumul ated.

0SD0C II vvas a'large scale test consisting of the discharge from contain-
er sh'ips of MILVANS, TRICONS, contai ner i nserts, pdl I ets and sel ected
outsize cargo. Included in the surface lighterage operations were U.S.
Army LCM-B's and U"S. Army and U.S. Navy LCVts. Air operations were
conducted us-ing U.S. Army CH54 and U.S. Marine Corps CH53 hel icopters.
Beach transfer equ'ipment included a 250 ton crane, flatbacks and tractors,
bulldozers, rough terrain cranes, and forklifts.

OPERATIONAL EXPERIENCE AT OSDOC II

Voyageur entered the 0SD0C trials as a basjc vehicle. Cargo tie down
equipment consisted of convent'ional chain and binders. No equipment
was provided that was specifically designed for handling cargo containers"
hlith the exception of the deck dunnage, ho special deck fittings were
installed on the craft.

In some thirty (30) hours of operation, the craft conducted the majority
of its 'l 'ighterage miss'ions in sea state 2 with wind of 20-25 knots.
At no time did these environmental conditions have an adverse effect on
the veh'icle's abil ity to complete its object'ives. The vehicle was able
to cross the surf zone in either directjon and frequently negotiated
three to four foot sp'i'l l ing/plung'ing surf . Maximum payload carried was
l9 tons (two 20 ft. containers). Block speeds averaged 30 m,p.h.
between ship and shore. During beach transitions, the maximum grade
negotiated was 6% from a 5 m.p.h. forward entry speed with a 12 ton pay-
I oad.

Transversing the beach to the sand dunes presented no difficult'ies. Tran-
sit of the craft to the cargo distribution area necessitated the craft
negot'iating a series of sand dunes and w'ith the a'id of minimal bull-
dozing to level the crown of the dunes, the craft was able to negotiate
them with ease. Once in the cargo yard, the craft was able to maneuver
quite readily and, in fact, posjtioned 'itself between containers and
reversed clear once'l oading activities were completed. Standard mechan-
ical handl ing equ.ipment was used throughout the trial s and proved to be
compatible with the need to load and unload the craft.
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Docking of the Voyageur against the ship was relatively easy and much less
of a hazardous operation than had at first been thought. The technique
used was to maneuver the craft on cushion to wjthin 50 feet of the sh'ip,
at whjch time lift power was reduced and the craft maneuvered'in the
displacement mode untjl a painter line could be received from the ship.
l,rlith the strain of the sea painter on the outboard bow, the opening of
the inboard puff port, and occasional appljcations of differential thrust,
the stern of the Voyageur rema'ined well clear of the ship. In the majority
of cases, Voyageur operated from the windward side of the ship in more
severe weather than that occuring on the sheltered leeward side.
Fendering was effected when necessary with appl ications of d'ifferential
cushion on the side of the craft adjacent to the ship.

Loading Voyageur proved to be simple and fast. 0n land and at sea, a

four-man deck crew was able to rapidly pos'ition conta'iners within acceptable
craft centre of gravity limits. The 54 cargo tr'e downs located on the
ma'in deck of the craft offered an adequate grid and at no time when a

container or conta'iners were loaded were tie down fittings not readi'ly
access'i ble. The cargo tie down chains and binders were not the easiest
units to handle, but were adequate for the job. The average loading time
per container was four minutes.

Durab-ility of the deck dunnage was amply demonstrated when, ofl one
occasion, the crane mounted container suspension rack malfunctioned, drop-
ping a loaded container onto the deck of the craft from a height of four
feet and no damage to the craft was experienced"

CONCLUSIONS OF THE OSDOC II EXERCISE

The trials practically demonstrated that the A.C.V" could operate'in a

lighterage role" Cycle times were much lower than w'i th alternate surface
systems and would increase with longer offshore distances. The ability
of the Voyageur to transit the shorel'ine and penetrate inland to the
cargo d'istribution point offered a decjded advantage over conventional
l ighterage systems. The vehicle's compatibil ity w'ith existing mechan jcal
handl'ing equipment used in the cargo clearing yard also added an advan-
tage over the need to use more specialized and complex equipment at the
beach.

RESULTS OF OSDOC I I

As a direct result of 0SD0C II, the U.S. Army procured two LACV-3O's,
Voyageur's "big sister", for further evaluation in the'ir Trans Hydro
studi es. It i s not proposed to di scuss the experi ence obtai ned w'ith these
vehicles in this paper, other than to ment'ion that with an increased
payl oad over the convent'iona1 Voyageur, they are conf i gured spec i f i cal I y
for the lightering role and are offering a good account of themselves.
I feel sure we shall be listening to an account of them in a future paper.
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QqEqEq L0WER NoRTI SH9BE _DEM0NSTRATIoN PR0GRAM

In contrast to the virtual 1y ideal cl .imatic conditions of the Virginian
coastl ine 'in the late summer, Voyageur's next f ighterage appl'ication was

on the Quebec Lower t'lorth Shore of the St" Lawrence River during the
most bitter and severe months of the Canadian winter.

The Quebec Lower North Shore 'i s that reg'ion-of the prov'ince extending
some 410 miles from Sept Iles to Blanc Sablon, (see F'igure I ). This
reg'ion possesses many smal I towns and communities whose only access to
the outside world is by sea or air. In the winter months, 'ice bu'ild-up
on the Gulf shore and poor weathef often isolates the communities for
prolonged periods of time" In recent years, 'increased cargo demand in
tfre re-supply of these commun'it'ies has exceeded the capacity of the
freight aeiivery system, a s'ituation that is further aggravated when

the ie-supply slrips are prevented from making del'iveries of essential
goods and suppl ies due to the ice cond'itions.

Although the Provincial and Federal Governments have made efforts to
improv6 the cargo del'ivery system in this reg'ion, the limitat'ions of
transportation lechnol ogy and economi c constra'ints I imi ted the opt'ions
avaitiUte for improvements in service. In late 1973, Bell Aerospace
Canada Textron undertook an operations analysis of the transportation
needs of the area and together, Agence Maritime (tfre company respons'i ble
for fre'ight deliveries), the Prov'ince of Quebec, and the Federal
Ministry of Transport, 'initiated the Voyageur Air Cush'ion Vehicle Lower

North Shore Demonstration Program a program des'igned to prove the
feas'ibi'l 'ity of an air cush'ion vehicle to augment the ex'i sting marine
cargo del ivery system.

In the early part of the program, a Voyageur vvas deployed at Hdvre St"
pierre and wai used to aei iver cargo on a po'int-to-po'int basis. As the
winter closed in and the ice barrier from the small towns and commun'ities
developed and moved furtherinto the gulf, ships were no longer able to
effect their re-suPPlY m'ission.

Voyageur, w-ith 'its abi I i ty to traverse any rel ati vel y f I at surface, was

teimeA with the re-supply sh'ips and undertook the role of a I ighter, _.
meet.ing the sh'ip at the edge of the i ce. Cargo dest'ined f or a speci f ic
conrnunity was loaded onto the craft and transported direct'ly 'into the
heart of the settlement. Expansjon of th'i s method of del ivery developed
into a "1eap frog" system, where Voyageur, because of its high speed

capability could-load cargo, effect del'ivery, and move on to the next
rendezvoui point 'in the sime time as the much b'igger and slower vessel
made transit between the two po'ints.

Strangely enough, the presence of the ice rnany times simpl i f ied the
l-ight6r'ing opeiat'ion since if the ship wa! made fast in the t'ce, Voyageur

.oJt a simity come a'longside the vessel and shut down duri ng l oadi ng

operations.- 0n the ociasions when this was possible, it often made a

welcome meal or coffee break for the Voyageur's crew. (For I'm sure as



.l69

any of the Voyageur's crew members will tell you, even a poor cuis'ine
on board ship is better fare than that served on a VoyageurS)

The increase in productiv'ity afforded by this type of sh'ip/ACV rela-
tionsh'ip is read'i'ly apparent. The abil ity to del iver cargo on schedule
in anything other than the most adverse weather condit'ions becomes a

real ity and 'in the case of the residents of the Quebec Lower North
Shore, the long and arduous winter of 1974-75 was made a little more
tol erabl e.

THE COMPLETE A"C.V" LIGHIERAGE SYSTEIq

We have looked, briefly, at two aspects of Voyageur's versatile role in
the scheme of existing transportation systems" We have seen that it
can readi'ly adapt'itself to perform product'ive work'in extremes of
environments, so let's now look ahead at future appl'ications of the
veh'icl e and apply 'its ful I potential to a compl ete A.C"V. Lightering
System.

In countries where economic growth is severely hampered by inadequate
port facil'ities, it js of paramount importance that rel'ief from such a

situation be effected immedjately, if that country is to exp'loit'its
economic potent'ia1 . Building of new port facil jties requires mass'ive
capital'investment and even though this be available, the lengthly
construction period necessary to create new facilities would preclude
an ear'ly solution to the problem. However, if we were to introduce an

amphibious lighterage system into or adiacent to the congested ports,
an immed'iate sol uti on i s poss i bl e.

Such a system, utifizing Voyageur AL-30's, (see Figure 2), offers an

enormous advantage over conventional lighterage and cargo distribut'ion
systems. The vehi cl e' s h'igh speed and amphi bi ous capab'i 1 i ty not onl y
offers h'igh product'iv'ity for unloading sh'ips but is able to operate.
i ndependentt y of dock faci I i ti es , thus transporti ng cargo d'i rect'ly i nto
the transportation infrastructure of the country. Studies show that a

fleet of A.C.V. l'ighters would not on'ly assist in, and hasten, port
decongest'ion but would form a cargo handling system that is fu11y
'integiated, f I exi bl e, and possesses an i nherent growth potent'ial .

Let us consider the'introduction of an A.C.V. Lighterage System deploy-
i ng ten Voyageur AL-30 vehi cl es 'in a typ'ica1 port congest'ion s i tuati on "

A unit of ten AL-30's jnit'ia11y handl ing only containers can 'inrmed'iately

and dramat'ica1 1y 'increase the dai'ly tonnage off-loaded and cleared for
final distri bution and thereby initiate an activity wh'ich w'ill decrease
the overpowering amount of cargo presently creating "port problems".
The effect of these veh'icles operating as an integrated system would have

a rel ated ef fect i n rel easi ng shi p berths 'in the congested port and thus
contri bute to the 'increased eff ici ency of the port i tsel f .
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Based on'informat'ion regarding Ioading, off loading, and transit condi-
tions, in several ports studied, a unit of ten AL-30's operat'ing in a

twelve hour period could off-load and deliver from 300 to 500 twenty
foot conta'iners, dependi ng on the d i stance f rom sh'ip to depot. The

conclus.ion is that ten AL-30's would off-load one sh'ip per day in a

twelve hour period of operation. This, in effect, would release one
berth per day in the port for use b,, other sh'ips with general break/bul k

and perishable cargo"

Further, the system prov'ides an important added econom'ic advantage in
that the AL-30 could return three or four empty containers from the
depot to the ship with each trip, thereby completing the container cyc'l e.

The AL-30 can accept up to tour standard containers on its deck prov'iding
the comb-ined weight does not exceed the craft payload"

Voyageur has demonstrated 'it can compl ete doc ki ng and t'ie up 'in two
mi nules, and I oad a conta'iner i n four mi nutes. Bl ock speeds of 30

miles are taken as average across each staging leg.

Assuming a 12 hour operating day w'ith B0% vehicle availab'i1ity, it is
estimated that each AL-30 will have an operating period of 2BB hours per
month" At a productjvity of 3.66 containers per hour, dfl effective
contajner movement of .l,056 units per month could be achieved, Although
it is not possible to know how many undelivered containers would be

involved in any specific port, using the parameters outlined above,
the first year of operation alone could result in the off-'load'i ng of
I l5 ships (w'ith 450 containers per sh.ip). In the second year, dssuming
new arrivals at ten to twenty ships per month, depending upon the number

of containers per sh'ip, the ten AL-30's could off-load 126,720
containers at ; 3.5 miles f ighterage distance. (See F'ig. 3).

Calculations show that the Voyageur AL-30's direct operating costs would
allow containers to be del ivered a d'i stance of 3.5 miles for less than
$l 00 per un'it,

TERMINAL FACILITIES

The Voyageur AL-30 provides a direct connect'ion between ship and ult'imate
cargo aestination. However, the organization of thecargodistribut'ion at
the base or term'inal would be an'integral part of the comp'lete A.C.V.
Lightering System and must be configured to comp'l 'iment the Voyageur's
producti vi ty.

The containers be'ing f ightered ashore must be eff iciently handled and

d'i spatched to the consignee, otherwjse the system would fail to function.
To effect this aspect of the operat'ion, co-operation of Customs and

other government agencies concerned would have to be obtained so tltat
the eximination and clearance of cargo vrould be compat'ible with the pace

of del'ivery offered by the AL-30's.
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As previously mentioned, up to 500 containers per day can be off-loaded
and brought to the depot in a sing'l e day. To move this volume of freight,
an efficient rail or trucking system becomes another prime requirement
of the overall system, since 'it would require some 250 truck departures
per day to keep pace w'ith the A.C.V.'s, dssuming each truck has the
capacity for two containers.

The probabiljty that the system could create a land congestion of contain-
ers is a strong possibility; however, land congestion eliminates demurrage
charges w'ith a substantial benefit not only to the port authority but to
the ul timate consumer. Land congest'ion woul d al so be preferab'le to
warehouse stowage, since handfing costs are high and time loss in the
distribut'ion of the car,go is cons'iderable.

As can be read'i1y seen, the eff icient handl ing of the cargo beyond the
actual I 'ighterage from the shi p to shore i s an 'important aspect 'in the
scheme of a complete f ighterage system if maximum benef it 'i s to be

derived from the system as a whole.

DEPOT OPERATION AND I4AINTENANCE FACILITY

Figure 4 dep'icts an 'idea1 depot, operat'ion and mai ntenance fac'i f ity for
the A.C.V. L'ighterage System.

The operat'ion and mai ntenance faci I i ty wj I I prov ide al I necessary cargo
hand'l ing, rndintenance and overhaul facilit'ies for an entire A.C,V.
Lighterage System.

The cargo area would be planned for safe and easy 'ingress and egress of
the A.C:V.'s, ds well as for efficient and speedy off-loading operations.
Paved surfaces are proposed to eliminate bad dust conditions, as well
as for the ease of movement for transfer of equ'ipment. Space 'i s proposed
for approximately 3,600 containers

Adjacent to the cargo area 'i s the A.C.V. ma'intenance facil ity, wh'ich
could provide adequate parking for the A.C.V. fleet. Service and repair
buildings are proposed for heavy ma'intenance, whi I e ingress and egress
ramps are proposed to avojd the possibil ity of accidents and to provide
for faster, smoother operation.

CONCLUS ION

The introduction of an A'ir Cush'ion Vehicle Lighterage System offers a

new and exciting d'imension 'in the appl ication of the Air Cushion Vehicle"
The system, dS conceived by Bel I Aerospace Canada Textron, 'i s unique and

offers the possibil ity of a ful ly integrated transportat'ion system that
could prove to be a catalyst to stimulate the development and adoption
of new methods of cargo handf ing and del'ivery.
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The Voyageur AL'3O

Leading Particulars

Pryloed Sho?t Tonr

Ovcr tJlrl

70 to
(2r, tz65l

Trmgorrhrr

hilrd versus Tcmpcrature

90
1r2t

-ro
loo r

137.511o"
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Principrl Oimomiom

Ovrrrll lcngrdr (without optional suing crane)
Orcrrll bern (skirts inflrted)
Ovtrall hcitfit on lendirtg Padr
Onrall hebht from *irt hemlincr (hovuring)

Cargo deck lsngth
Cargo dcck width
Cargo dack haight
Curhion hcight
Cidtion rcc
Curhion prawrt 8t mtx, gtotl rtotdtt
Raecrut buoVanqf

Prrformm (Ertimmrdl

Merimum celm wstcr sp.ds at
l09,75l lb gru wright (€,7&l kg)
witfi uowind

Enduranca widt full main fucl onkr
dcing li$tcr{c mirsionr

Fowrr md Trmrmirrionr

Engin6

Maximrrn Rating (nanOarO day) (Erchl
NormC Reting (strndrd dayl (E!cft)

Proprllrrr

Lift Fan

Rxl
Fucl Typo

Mein Fucl Ur.bh Capacitv
Fuol Ballon/Emergcncy Fucl C+rcitV
Ertimncd Frrl Conl,nrption ,.

during lifltur4e m irsiqrr

E!*rricrl
Strrpr Grrrrton pcr Twin Pr Pmrrp{mt

Bltrrricr

76ft3 in.
36ft8in.
21 ft 6 in.
ztl ft 8 in.
5l ft 6 in.
32ftGin.

3 ft't 1.5 in.
tl ft 0 in.
21Gl rt ft
il.7 pJt
155r

Nornral ratiig 42 rnph
}lexilnum reting 54 mpilt

t 55 hr (Sec appondix t )

Two Pran & Whitnel,
Twin Pac STGT-76 Ga Turbiner

lgn sHP
14@ sHP

Two Hrnilton Standard
3tld. veriable pitch

Two 7 ft csntrifugal,
t2tltdcd fixcd pitch

Sttndtrd Turbine Fuel either Jet A-1,
JF.a,JPS; or light diesal fuel oil
2272 U.S. gallonr (t5,450 lbl (7,0O0 kg)
t 52O US. gdlon: (10350 lbl (4,695 kg)

147 U.S. gsllonr/hour (tPOO lb/hr)
(454 kg/hrl

Two (4 totat) Gearbox driven brushlerr
28 VDC, 2(X) anrps leachl
Two f{ickcl€admium 28 VDC,

{O rnp hr (sac}r}

Frylord Calculrtlonr.?! g.3cd on Crrft
OprnUng et Mrrlmum Gros Wclght wlth
Sutflclcnt Usablo Fud for 2 Hour
Llght.r.gr. Mlsrlon

F I GURE



AL-30 CONTAINER DELIVERY RATE
12 Hr Operating Day 80% Availability

AL3O OPERATIONS ANALYS$ SINGLE CRAFT
AL-30 SINGLE CRArr Cai,mrUtV 11 2 HR OPERATTNG DAy) (l 2 HR OPERATTNG DAy)
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Distance
(Miles)

Number
of Trips

Number of Trips as a
Function of Payload Total No. of

Containers
Per Day1 cont. 2 cont's 3 ont's

1

2
3.5
4.5

29
26
23
20

12
10
9
I

I
7
6
6

9
I
7
6

57
51
44
39

Dirunce
(Miles)

Transit
Speed
(mph)

Average
Round

Trip Time
(Minutesl

No. of Trips
Per Day

1

2
3.5
4.5

30
30
30
30

24.9
28.1
32.6
36.6

29
26
23
20

tFigures Rounded to Include Decimals not Detailed

1 Day
(12 hrl

Distance

Total Container Delivery

1AL-g) 5 AL-30',s 10 AL-30',s

1 Mile
1 Miles
3.5 Miles
4.5 Miles

46
41
35
31

228
2U
176
155

456
408
352
310

l Week
(7 Days)

1 Mile
2 Miles
3.5 Miles
4.5 Miles

319
286
246
218

1,596
1,428
1,232
1,092

3,192
2,856
2,464
2.184

1 Month
(30 Days)

1 Mile
2 Miles
3.5 Miles
4.5 Miles

1,369
1,224
1,056

936

6,840
6,12
5,280
4,690

13,680
' 240
t0,560
9,360

AL.3O AT 3.5 MILES

lrContainer
2 Containers
3 Containers

Shipside
Tie-Up

and Load
(Minuter)

Transit
(fl) Ktsl

(Minuter)

Depot
lngrett

and Unload
(Minutesl

Total
Round Trip
Cycle Time
(Minuterl

6
10
14

6.75
6.75
6.75

I
10
12

27
33
39

AL.3O CONTAINER WEIGHT STATISTICS

Container Weight
(Metrac Tonr)

Frequcncy of
Occurrenco

No. ol Contrlnm
in AL-il) Paylocd

2.0 (Empty)
2.O to 6.7
6.7 to 9.1
9.1 to 20.4

SOV'
3OYo

2OYo

4
3
2
1

FIGURE 3 Voyageur AL-30 product'ivity analysi s
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THE YUKON

J.E.
Mackl ey Hover

FERRY OPERATION

I rel and
Peterborough Ltd.

The Trans Alaska Pipeline, the world's costliest construct'ion project
ever undertaken by private industry, necessitated crossing the Yukon
River and the need for a year round operation to provide a support system
for the Al askan P'ipe1 i ne.

One of the most importantoroblems to be solved was the crossing of the
Yukon Ri ver about 50 mi I es south of the Arct'ic Ci rcl e. The strateg i c
cross'ing poi nts were resol ved by se'l ect'ing a I ocation that woul d al I ow
the minimum d'i stance from the original planned route of the pipef ine, yet
merge with the permanent bridge due for completion in late 1975. The
south debarkation area is located on the tip of Carlos Island while the
north site is located within f ive m'iles of the ma'in artery which suppl ies
the northern sector of the p'ipef ine.

Due to the extreme changes in climatic conditions in the North, conven-
tional methods such as causeways, bridges, etc., were ruled out at this
t'ime. Cross'ing on the frozen river would at best provide I im'ited use
and at cons'iderable risk due to the heavy equ'ipment to be transported
and the quantity of other material so necessary in pushing forward this
unbel i evabl e pro ject wi th d'ispatch.

Due to the nature of this project, Jt{ackace Hoversystems, w'ith consider-
able experience in Air Cush'ion Technology throughout the world were
selected to modify their transporters to Yukon River requirements bring-
ing forth the ACT (Air Cushion Transporter) Ferry System, the first of'its ki nd 'in the worl d.

Tim'ing was acute and immed-iate dec'i sions were demanded. The system
would have to be in operation when the "ice bridge", cons'i sting of
reinforced layers of ice capable of supporting traffic crossing the
river during winter months, was no Ionger operable. The maximum time
allowed for a completed working system was ten weeks.

Criteria based on the amount of supplies necessary to support the demand-
ing work schedule of the project called for two ACT's capable of del'iv-
ering a pay'load of .l60 tons every 30 minutes" The design of the ACT's
and periphera'l equi pment had to be f I exi bl e enough to operate i n arcti c

winters and mild summers,.while adjusting to the conditions brought
about by the unpred'ictable Yukon Rjver. The des'ign of the skirt system
was especially demanding since the ACT's would be required to hover over
sol jd irregular ice, land, water and any combinat'ion of these" The
system woul d al so be subj ected to f l oati ng 'ice, d i sl odged trees , and
other types of debri s during spring thaw"
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Civil work started whjle Mackace was finalizing the design of a total
'ACT' system. To ad j u st to the ri se and f al I of the Yu kon R'iver ' s
waterl'ine, a portable ramp system was constructed allowing moveabil'ity,
while having the strength to unload single-bear-ing loads in excess of
160 tons. The final link in the operation was the winch and cable
system whi ch woul d propel the ACT' s to thei r desti nat'ion . Two doubl e

drum winches were positioned on the north bank and a tail pu11ey system
was set on the south bank. Cable guides were attached to the ACT's and
stat'ionary guides were mounted in front of the winches" A total of
42,800 feet of cable was strung across the Yukon River and travels in
excess of 24 miles every 24 hours.

A skirt system was designed that would deflect the varjous types of
debri s encountered whi I e sustaining the work I oad with m'inimum damage
or downt'ime. The skirt fabric had to be spec'ia1'ly coated to maintain
flexibility during the arctic winters. In all, over four miles of
th'is special'ly developed coated fabric able to operate in temperatures
of minus l00oF had been prepared.

The skirt for each craft contains .l60 segments. Over l3 tons of material
had been used for the two skirt systems and their assoc'iate 70'inch
deep spray sk'irts. The sk'irts were completed'in under two months and
air freighted to the site v'ia Calgary and Fairbanks.

The order follows the launching of the world's largest hover transporter
late in 1974, des'igned and built by Mackace for ferry'ing LNG p'l ant from
Abu Dhab'i to Das I sl and .

The Yukon ACT's were assembled by link'ing 33 pontoons, forming a load
bearing deck section, and then attaching the sk'irt system around the
periphery. The support'ing a'ir system, driven by two centrifugal fans
and two GM Detroit d'iesel engines which have been winterised to operate
in temperatures of at least -60oF was installed with the auxjliary
support equipment.

Thi s i ncl uded sump I ube oi I immers'ion heaters, iacket water immersi on
heaters and a heater system for the batteries" Thermostatically
control I ed radiator shutters are al so f itted. Each eng'ine i s rated
at 700 bhp @2000 rpm's. Fuel capacity i s I 000 U. S. ga1 l ons of d'iesel
fuel per engine. The eng'ines and fans are mounted on a sub-frame as a

complete unit, with the fuel tanks located separately.

Both craft, wh'ich were built on the north bank of the Yukon are Coast
Guard approved and operated under U.S.C"G, regulations.

Some further interesting statistics wh'ich should be mentioned are:
length, 129.5 ft"; width, 84"5 ft"; depth of hull, 4"0 ft.; minimum
operating hover height, 4.5 ft"; and a deck load'i ng area of 97.0 ft- x

52.0 ft"

During the approximate'ly 5-1 /2 months of operat'ion, the two transporters
(Yukon Princess I and II) have travelled over 7,000 m'iles in cross'ing
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the 5,400 ft. Yukon River. An operat'ing eff iciency of 95% had been
achieved over this time per-iod. The hover ferries have carried over
half a million tons of cargo north and 200,000 tons south. 0ver
25,000 vehicles were carried across the river during that t'ime. A

maximum of 230 vehicles has been moved in one day. lt{aximum load
camied on one ferry was 258 tons (Radmark Vehicl e).

hl'ith the comp'letion of the bridge in late 1975, the world's first
cable-operated ACT ferry system had been utilized, thus conquering the
Yu kon.



179

Mackl ey Ace Lim'i ted .l60 
ton

operating on the
payload "Yukon Princess" ferries
Yu kon R'iver i n Al as ka


