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PREFACE

This report was prepared by Ronald A. Liston, Research Mechanieal Fngineer,
Applied Reseuareh Braneh (Albert F. Wuori, Chief), Experimental Engmeering Division
(Kemneth A. Linell, Chief), U.S. Army Cold Regions Researeh and Engineering Labora-
tory (USA CRREL).

he work wus done in support of the Advanced Reseuarch Projects Agency (ARPA)
Arctie Suface Elfeet Vehiele Program under ARPA Order No. 1615, Program Code
No. ON10,

The 1eport describes some work eontributing to the vehiele/terrain inte:lice study
which was done in the spring and summer of 1971, All of the tests reported cn were
done in and wound the Keweenaw Peninsula ol Michigan's Upper Peninsula,

The tests were conducted by Wiliiam Lvons and Jaeques Robitaitle of the Bell
Aerospace Company, Francis Gagaon, Construetion Engincering Research Branch, and
Ben [Hunamoto and R, Liston, Applied Research Braneh. Experimental Engineering
Division, USA CRREL.

The report was teehnieally reviewed by Cunars Abele, Applied Resevarch Braneh,
and Ben Hanamoto, beth of wnom made valuable ecmments concerning the eontent and
l'ormut.

The contents of this report are not to he used l'or advertising, pubtlication, or
promotional purposes, Citation ol trude names does not constitute an ofticial endorse-
wment or approval of the vse ol snch eommercial prodn 'ts.
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OBSERVATIONS OF SURFACE EFFECT VEHICLE PERFORMANCE
by
Rcnald A, Liston

Introduction

During the winter of 1970-71, USA CRREL conducted a study of a surface effect vehicle (SEV)
operating on snow- and ice-covered terrain. The purpcse of the study was threefold: to detoriaine
operational problems peculiar to arctic environments. other than low temperatures; to identi.y the
effect of SEV operations on snow- and ice-covered terrain; and to develop test procedures for this
relatively new and unique vehicle form. These studies have been reported upon elsewhere.' *

The study was extended through the spring and summer to investigate the performance of the
SEV in water and on organic terrain and to continue developing test techniques. Opearation on
organic terraiu s the subject of a separate report.> The only organic terrain tests discussed
in this report are those dealing with skirt drag over muskeg.

A Oniaria

Minneasola

Because of the lack of any relationship
between the various tests, each test is
discussed as a unit. That is, the objective,
procedure and results are presented for one
test followed by the objective, procedure and
results of the second, etc. The major findings
of each test are restated in a single section
dealing with the conclusions.

Michigan

i )
| Wiscansin o

The tests were conducted in and around
the Keweenaw Peninsula of Michigan's Upper
Peninsula (Fig. 1). This location was
selected because of its arctic-like terrain
conditions accompanied by a4 moderate climate
and because the 11.S, Army Tank-Automotive
Command’s Keweenaw Field Station located
nearby could provide support for the tests.

Fewaenow Fieid
Statian

4

Hancock

- Portage
ok : .
e The vehicl2 used in the study was the

Bell Aerospace Corporation’s SK-5. The craft
is ideal for this type of study as it is large
S enough to require a full range of controls and

§ FERE. a sophisticated flexible skirt but small

enough to be acceptably economical to operate.

Kewoenow Bay

. Figure 1. Location of test sites, northern
Michigan,
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2 SURFACE EFFECT VEHICLE PERFORMANCE
L Background

Many topics are diseussed in this report. Although one or two phases of the study may have
warranted separate technical notes, it seemed better to present an anthology, particularly since
niany of the tests required only a half-day or a day at *he most and deserved little more than a
Paragraph or two. A listing of the topics will indicuce the scope of the study:

4. Measurement of drag developed on hird surfaces and over vater,

b. Measurement of pitch, roll, yaw, surge and heave while negotiating geometric: ohsticles,
e. Delermination of maneuver path requirements of the SK-5 on natural and artiticial courses.
d. Determination of the ability of the craft to operitte on roads and railroad beds,

e. Meusurement of vehicle weight with engine at idle and with engine not operating.

There is no direet relationship between the effort expended on any piatienlar test, the number
of words, graphs und figures used to descrihe it, and the significance of the results. The reader
will be left the tusk of distinguishing the verhal urm waving from the useful information,

Test vehicle

The SK-5 (Fip, 2) is a military version of the SRN-5
British Hovereraft Corporation. This crift is one of a thr
The vehicles have a4 common skirt eonfiguration although the SRN-4 js eonsiderahly bigper thay
the other two, The SRN-5 and SRN-6 are the amphibious SEV's that have heen most suceesstul in
service throughout the western world. The SK-5 was huilt in the United Stutes hy the Bell Accospace
Corporation under license from the British Hovereraft Corporation. Three craft were hailt for the
U.S. Armiy and were sent to Vietnam for operitional evaluation. Two of them were destroyed in
combat. Tie remaining vehicle was returned to the United States, assigned to CRREL for the

Houghton operatioy and subsequently transferred to the U.S, Army Alaska for an operational evalya-
tion in Alasky,

surface effect vehicle produeed hy the
ee-member fumily: the SRN-4, -5 and -¢;.

|
[ mm—— L e B R e—_

The gross weight of the ¢raft, including fuel and crew, was approximately 15 000 1h with a
cushion pressure of approximately 0.21 psi. When in operation, the vehicle is supported by a ¢ushion
of air which is entrapped by an air-filled flexible skiri. The peripheral trunk or skirt has lingers so

that on smooth surfaces that €2 not readily deform there is no contact between the skirt system and
the surface,

The air cushion js supplied by a centrifugal fan (Fig. 2). Propulsion is provided by a conven-
tional, variable pitch aircraft propeller. Control js achieved through rudders at the rear of the eralt,
the variable pitch propeller, a skirt 1jft systemn, and putf ports. Blasts of air from the pulf norts
produce forces that turn the machine about its yaw axis. The puff ports can be used singly or in

combination and allow the craft to he pirouetted in either direction or moved sideways hy opening
hoth ports on one side.

The skirt lift, not shown in the drawing, consists of 4 hydraulically actuated 2hain attached
to the bottom of the skirt on one side. When the skirt is lift
responds by listing ,.yurd the riised skirt, A slight increa
The skirt lift i of limited effeetiveness 4nd in reality only

ed cushion ajr eseapes and the craft
se in drag results, which aids in turning,
aids slightly in turning, the eraft.
Test areas

The majority of the tests were conducted on an areq identified as the Isle
on Figure 1. The sand is 1n Fact not sand hut the t

sind.  The material is well graded, with particle
two useful properties: 1t js flat so that naenve

Royale Sands, Site 1
ailings from copper mining which are called stanp
sizes ranging from sili to gravel, The darea has

I courses can he set easily and 1t js easy to dig
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SL'.'?FACE EFFECT VEHICLE PER
into iy ordes to tonstruet gt
Suppoit the Browth of vege
cil be ciiried oy withont ¢

FORMANCE
Staele conrses, A third e
tation, Eiving jt little
" icern over damaze

aracteristic jg that the
vilue or appeal. Thys,
to tie environmey .

ater speed w
Irgeon Rjve ed
ATOW river, Tye approxj-
whieh limits jp ¢ Portions of
However 2 ouly river Withiy g 60-m; rading of Honghtg, that
and permiteq Passage of 110 SK-5.,
3 for severy] iti + Shallow Water, pragg,
Site 3 Shited onp Purposes nicely as jp contaj terrain eoy-
IS smal] j, dre r edpe hag water e feet deep-

ater drag tests, Progressiug indand nskeg red. The hnskey
EEetation, 14 1¢ 3 feet thiek, float

il base ke

and solig gromd jg

S up the hottoy, surf
few bushes gp trees,

reachay,
Possible 1 ne

Stamp soyg will not

alinost ay test detivity
Skirt drag oy

Water tests were
While ope

Cr water
also ¢
rating op o rel]
ately two niles frop, its month,
the river are not available,
was elear of obstiaeles

and maximnm w,
onducteqd on the St
atively, y

ere measured op Portage Lake (Fig. 1, Site 2),
r, borderl'ug Site

3, to measyye maxinmm Spe
Sturgeon River js Crossed hy ;

Skirt drag
and sy
ditions ¢

Wis measureq in Site
~¢overed grasslan(,
ven thongh j
ideal for shallow w
of a mat of live y
over 4 winery] S0
ends

:zpproximutely thre
is enconnte
ing iy water 210 3 feet
ee of the mnskeg,

Consijsts
deep. A layer of peat
Further inland the Mmuskey
Some of the £round was recently g4 Pastire 5o there jg Erass bt

is have dcCumulateq g cousiderabhle amont of bhrygy, It was thys
drag Produceqd by four disn’uctly aifferent Sirfaces,
an mpaveqd road that w

mote areas gyq w

Other are
asnre the

Site 4 consisted of

45 seleeted beeanse it scemed typieal of low traffice
aensity (i roads iy e 1S readily deeessible frop, Portage Lake,
Operatiop On a railroaq bed

Objectiye, The ohjective
railroag beds |

of this test was 1o e
5 feasible,

stablish whether limited Operation of SEV’s oy
Buckgmund. In (:onsidering the

of railroaq beds ag "“SE V-wayg'
that railroagd beds u
railroad bridge
the bridge i
Nse of raj] he
have tg

botentjal of SEv

W4s propose
* almost always

is a donble obst
80 narrow thyy the
ds for noving
devoid of bridgg

Operations jp the inte
d. This dppeared to be 3 £06d idea ynti] the fact
aceompanied by radilroaq bridges danipened enthisiasn, The
acle in thy the air enshion is Jogt over the opey bridge bottom anq
craft can't S¢heeze throngh, Curren Opinion fejeets e teneral
short distances quickly i) Tough terrain, T be usefy], the railrong wonld
S. narrow ents or fills, whiey is not a very likely cir(:nmstunee.

rior of Alusku, the iuse

Procedure. The
selected that hag
an atte

Proeedare nsed was g
a4 bed as favorable
mpt was mage to operate the ¢
the snrroundiug Sitface wy

was inelndeq i the tes; 5

Scveral Other g
establish the nost ¢
ielnde average

5 simple as conld he imagined, A railroag rack was
to the Operation of t)e SK-5 us

ib]; €xpected and
raft on the track. The bed (Fig. : 1y slight erown ang
5 sloped to the left 11 bridge (Fig, 4)
eetion to de e ajr cushiop,
d less fay,
Measuremem

at lnss than three

degrees, A Sma
termine t)e effect of

& momentary loss of th
SSively longer ap
onld eope with,
mof the rail heg,

ites were selecteqd

lifficnlt con,

that were progre
1ition

S that the craft e

table j), order to
eometric crosg seetio

< were to
Speed and the g

Resupy, The
ean be seeq Figureg 5 and €,
Operator, althongh e
Or the Crowned heg

eraft wag totally incapable of re

the vehijele 0seil]
Xceptionally capa

and sijde slope,

The smalj bridge
(Fig, 7). Two fonr-wy
the SK.5 can bhe

nining oy the trae
ated from ope side
ble to make the

k while moving forwarq. As
of the track to the othey, The

ble, wag ung machine COope with the combinatior
Was a disastey, The ¢rag wis eompletely inobili zeq b
eel-drive vehicles wore required foy recovery, where
fecovered hy Several mqe

Y loss of enshion iy
I puliing o ropes attaehe

a5 in most eire

nmstances
d to the front or redar,




e e Y

SURFACE EFFECT VEHICLE PERFORMANCE

i

S

By -
LU SR Wy
3 g go.

-y

ot A
hoc RN &

Figure 4. Small bridge on railroad bed.

Figure 3. Railroad bed test site.

Figure 5. SK-5 sliding to left off tracks. Figure 6. SK-5 sliding to right off tracks. j
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Figure 7. SK-5 immobilized on small b idge due to loss of cushicn air.

The short test showed that for all practical purposes SEV's cannot operate e railway beds.
It would be possible to attach a gv.de arrangemnent to keep the vehicle on the tracks but this would
still leave the problems of loss of air cushion and bridges too narrow tc permit passage of the craft.

Operation on a secondary road

Objective. The objective of this test was to determine whether operation on secondary roads
is feasible,

Background. There is a widespread misconception that SEV's can operate with relative ease
on roads. Almost everyone working with these craft has a tale to relate about someone who was not
aware of the operational limitations of this type of vehicle. However, there seems to be reason
enough to expect a road to offer few problems for a vehicle that is touted as being highly mobile.
Off-road vekicles such as tanks operate acceptatly well on highways, as do all-terrain vehicles.

In order to investigate the problems of operating an SEV on a road, a simple test was devised.

Procedure. A road (Fig. 8) was selected that appzared to have the normal attributes of a
secondary road: slightly crowned, unpaved, ditched on either side, and wide enough to permit two
cars to pass comfortably but withont wasted space. In addition, a boat landing located on the road
made it a simple proposition to get to it from Portage Lake. The road was checked for uverhead
obstacles and the necessary 16-ft ciearance was fcund for a distance of several miles.

The craft was moved onto the road and timing of speed initiated at the start of the course. The
vehicle was to be operated until it became stuck or went a distance of two miles. If the vehicle be-
came immobilized, tlie cause would be identified and if the vehicle could be extracted by its crew,
the test would continue. If the vehicle could not be retrieved by the crew, the test would be
considered completed.
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Figure 8. Initial immobilization of SK-5 ¢n secondiry road.

Results. The craft was in trouble almost as soon as it moved onto the road. The vebicle was
set down in the middle of the road prior to the start of the test. At the start, it was lifted onto its
cushion and the operator attempted to move along the road, being careful to avoid small trees on
the left. The crown quickly caused the craf’ to s'iue off the road to the right (Fig. 8). Since no
loss of air cushion occurred, it was possible to move the vehicle back onto the road with manpower.

Tne second serious obstacle encountered by the SK-5 was tiie combination of a sharp bend in
the rvad and a telephone pole with iis associated guy wires. The obstacle (Fig. 9) posed a severe
problem for the operator but with 4 considerable expenditure of energy and time, it was negotiated.

The craft was then moved slewly alongz the road, but due to the slight crown it slid off the road
to the left and into the ditch (Fig. 10). 1t becaine immobilized from loss of air cushion and it was
not possible to manhandle it back onto the road. The immchilization essentially ended the test
because both the crown and the ditch continued for the length of the test section of the road. Con-
tinued operation would have consisted of a series of immobilizations occurring so frequently wi:at
the craft could only have been considered unable to cope with this terrain condition. It was concluded
that the SEV is incapable of negotiating secondary roads.

During the test, the vehicle moved a distance of 530 ft in 6 minutes, 15 seconds for an average
srneed of 0.96 mph.

The primary reason that the SEV was unable to operate on the road was that it was not possible
to compensate for the crown. 1n order to move along a side slope, which is equivalent to the crown,
it is necessary that the craft be put in a crabbed attitude. Few secondary roads are wider than
30 ft. Thus, the crown produces two slopes 12 to 15 ft long. Since the SK-5 is approximately 40 ft
long, it was 5t possible to place it in the proper attitude to remain on the slope and move along the
road. Its progress was characterized by constant slithering from one side of the road to the cther
punctvated by emergency stops to prevent sliding off the road altogether.
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Figure 9. Obstacles consisting of 90° turn, telephone poles, and guy wires,

Figure 10, Final immobilization of craft on secondary road,
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Establishment of manewer requirements

Objective. The objective of this test was to establish the path width required to permit un-
restricted operation of an SEV,

Backgronnd. Of the characteristics of SEV's, there is no -estion that control of the craft is
the most discussed and least understood. This is hardly suiprising: pecple have been flying air-
planes for almost 70 years yet many pilots don’t fully understand the control behavior of their
planes. Compared to a tixed wing aircraft, an SEV is far more difficult to control because it resronds
to variations of both the ground surface and the surface winds. Although control h..s heen vastly
improved by clever engineering design, many people still consider SEV's to he totally uncontrollable.
Their thoughts are directed to the development of add-on or retractable wheels to provide positive
directional control. The fact that the solution of tle alleged control problem might well destroy the
cffectiveness of the SEV in its intended operating environment is often lost sight of.

At the other end of the scale are those who assume that an SEV s under positive directional

control at all times. This group is shocked to learn that it is not possible to travel on the highways
with ease,

Even those with reasonable experience with SEV's tend to rely upon conjecture to predict
whether a vehicle can or eannot negotiate a given terrain condition. It appeared particularly
appropriate to determine the path width required to provide sufficient room to coatrol the SK-5,

Procedure. Two test courses were laid out on the Isle Royale Sands. The courses were
identical in shape (Fig. 11) but differed in dimensions, one heing roughly twice as large as the
other. Patches of white cloth spiked into the ground at 20-ft intervals identified the course to
the operator and also served as reference marks for measuring the vehicle’s path as it negotiated
the course. The purpose of measuring the path was to determine how far the vehicle deviated from

the macked course. Knowing the deviation of the vehicle path from the centerline, the minimum
course width could then be taken as twive the deviation.

The stamp sand swiface was excellent for this test as the surface debris was blown clear by
the cusbion air, making the pith easy to identify. The pati, was measured from the course centerline
markers to the outermost or innermost indication of contact between the skirt and ground.

The conduct of the test was straightforward: the operator was instructed to negotiate the course
at as high a speed as he felt he could maintain while keeping ‘‘reasonable’’ contact with the course
centerline. Speed in the course was measured by timing between points A and B, Band C, and C
and D (Fig. 11). Upon completion of the run, the vehicle was moved off the course and the distance
between the center of the course and furthest skirt contact established at 20-ft intervals.

Results. The results of this test are tabulated and shown graphically. Except for one point, the

tabulated data (Table I) indic
more on entry speed than ave
opposite conclusion would li

ate that maximum deviation from the prescribed path tends to d:pend
rage speed. However, a glance at the cowse (Fig. 11) shows that the
Lely be reached if the start and end points were reversed. The mini-

§ approximately twice the maximum deviation. To accomuodate the worst

performance, a course 113 ft wide would be needed which is almost three times the length of the

SK-5 (38 ft 10 in.).

Figures 12 and 13 display the courses and the deviation patterns produced by the vehicle. The
patterns are similar with all major deviations occurring on the outside of curved paths as wouls be
expected {rom observing the method nsed by the pilot to negotiate the course (Fig. 14).

Although a great amo:

it of time could be spent analyzing the patterns produced by the test and
relating speeds at various points to deviation, the result would be trivial. All that was learned, and
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Figure 11. Schematic of maneuver test course.
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Figure 12. Operations on small maneuver course.
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Course Entry speed, mph Avg speed, mph Max dev Min course width |
e i e —————— LRSS e IR \
|
Smat} 10.G 9.95 2,11 2. a6 1 {
Small 1.5 8.9 42t 7 in. 8H 1t
Large 1.1 1:2.25 49 11 10 in. 99 it
farge 9.35 11.056 296 Lin nH8 ft .
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such that the craft can be stopped quickly, as in water, without fear of damag= o craft, crew or
cargo, the width required will likely decrease. Also, if the surface has a significart amount of
friction, the pilot could reduce the path width required by dragging the skirts, although this is
hardly good practice for extended operations.

QOperation on inland waterways

Objective. The objective of this test was to evaluate the ability of the SK-5 to operate on a
typical inland waterway.

_ Background. Several factors caused this test to be included in the program, the primary one
being the proposed use of SEV's on inland waterways. Since an SEV is capable of operating on
water with ease, it is logical that waterways form natural ‘‘SEV-ways.” 1f the potential of any given
SEV is to be evaluated, it is necessary to identify the types of streams that would support %V
traffic. Additionally, the ability, in terms of speed and maneuverability, of the EEV to operate on the
streams needs to be cstablished at the same time. Beecause of the meny rivers in and adjacent to the
Keweenaw Peninsula, it appeared appropriate te establish which rivers would support traffic by the
SK-5 and to determine its speed capability on cach of them.

A secondary factor was to evaluate the conclusions drawn from the resnlts of the maneuver test
described in the preceding section. 1t was hoped that several rivers could be found that would
inctude some with widths more than 120 ft und some with widths less than 120 ft, 1*
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Arrow indicote- direction and ottitude
of SEV vehicie in relotion to course.
Figure 14, Craft ttitudes required for negotiation of maneuver course.
this isn’t necessarily insignificsnt, was that a pathway must have a width approximately three times f
the length of an SEV if the vehicl: is to move along it with ease.
It is obvious that this finding has definite limitations: if the surface on which the SEV is to
operate is very rough, the width required will likely increase. On the other hand, if the surface is
]
I
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Figure 15. Mouth of Sturgeon River.

Procedure. Based on a map study, an ~erial survey was made of rivers located on the Keweenaw
Peninsula and on Michigan’s Upper Peninsula within a 60-mile radius of Houghton. 1t was surprising
to learn that only the Sturgeon River would permit traffic and that even on thiis river travel would be
confined to the first two miles from its mouth. At that point, the river is crossed by a low bridge
that is not easily circumvented.

One or both of two conditions prevailed for every other river checked: the river was crossed by

a low bridge very close to its mouth or it was clogged with fallen trees, preventing travel by any-
thing larger than a canoe or rowboat. Thus, the only river navigable by an SEV was the Sturgeon
River and this could hardly be considered navigable as it was only useful for a two-mile stretch.
The mouth of the river is shown in Figure 15. Further up the river, the vegetation at the river's
edge changes from marsh grasses to relatively heavy woods. The river is somewhat narrower in
spets but the width is not less than two vehicle lengths at any portion of the two miles available
for testing.

The test consisted of timed runs up and down the river with the pilct operating the vehicle at
the maximum _speed he considered safe. The runs were photographed from a light aircraft to record
the technique used to negotiate the river at high speed.

Results. It is evident that an SEV can operate with ease on rivers whose width is twice the
length of the craft. 1t is necessary to add several qualifications to that statement, howevel. First,
the river must be deep enough to allow the vehicle to be “‘dumped’’ without hitting bottom. For
example, in Figures 16 unc 17 the SK-5 was not going to be able to negotiate the turn in the river
and was headed for the biink 1n a skid to the left. The pilot dumped the craft by cutting power con-
currently with the openir.g of all puff ports so that he lost lift instantly. The vehicle was storped
in a very short distance, the air cushion reestablished, a new direction taken up, and forward motion
resumed all in a few feet and a few seconds as shown by examination of the figures. Because the
pilot can regain control very quickly in the event that things get out of hand, he can operate at
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Figure 15. “‘Dumping’’ SK-5 in Sturgeon River.

Figure 17. Resuming iorvard p}ogress on Sturgron River.
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much higher speeds on deep water than cn shallow water or un a hard surface. If the river is very
shallow with exposed rocks, it is of ccurse necessary to operate as if on a hard surface,

The sceond qualification is that the siver must be free of above-surface obstacles such as
briages o fallen trees. The probab lity of =1countering bridges in undeveloped areas is low, but
unless a river is actively used as 4 waterwa, the probability of above-suriace debris is high. Thus
if a river is to be used for SEV traffic it will have tobe cleared of obstacles.

The third qualification is that first-tune coeration on almost any ver by an SEV would requiie
reconnaissance eithier by aircraft or *-y boat. If sach a reconnaissance were not made, progress
would b= caceedingly slow except ca straight sections where obstacles could be easily seen.

The method of negotiating the river at high speed was most interesting. In addition to
judicious use of the ‘‘dumping’’ technique, the pilot used a system of pre-turning the craft so that
he skidded around the turn sidewavs. A six-. hotograph sequence (Fig. 18-23) shows the craft
negotiating the same turn as in Figures 16 and 17, but in the opposite direction. In this sequence
the vehicle can be seen in a combination of the two techniques: skidding (Fig. 18, 19, 20),
dumping (Fig. 21, 22) and rezuming travel (Fig. 23). The fact that the pilot had to dump the vehicle
mplies that he lost contrnl of the skid and that the technique was not 2dequate to negotiatc the
tmn. The implication is correct but the only penalty for the loss of control was a reduction in
average speed.

The average specds achieved by the test pilot were 19.1 mph going up the river and 19.8 mph
going down. When the same run was made by a relatively inexperienced pilot the speeds were
17 mph going upstream and 18.7 going downstream. 1t is assumed that the neophyte lcarned on his
trip upstream so that his downstream speed was quite a bit faster. The test pilot was sufticiently
cxpcrienced that factors other than learning how to negotiate the river were responsible for the
difference in speed.

However, the speeds achieved by the experienced and inexpericnced pilots were close enough
to indicate that negotiation of the river was quite easy. Subsequent observation by the writer of the
SK-5 operating on frozen rivers in Alaska made clear the value of being able to stop quickly. While
operating on the Delta River between Fort Greely and Black Rapids, progress was frequently slowed
to less than 5 mph in order to ease through fields of stumps and trees lying on top of the ice. The
craft required upwards of 50 ft to slide to a stop in order to avoid striking such obstacles.
Interestingly enougI{. however, the long-distance average speed on the Delta River was slightly less
than 25 mph. This is accounted for by the fact that speeds on the order of 60 mph were attained on
the debris-frce areas of ice with ease and full control. 1t must be recognized that high-speed
operation on debris-free areas still requires unimpaired visibility for potential obsiacle recognition.

Measrement of water speed
Cbjective, The objective of this test was to determine the maximum speed over water.

Background. The perversity of the SEV, or at least the SK-5, seems 10 upset even the simplest
of measurements. To measure the maximum speed of almost any vehicle, several runs are made into
the wind and several with the wind. The effect of the wind is canceled by averaging the upwind
and downwind readings.

This is not practical with an SEV. The runs into the wind can be significantly faster than the
runs with the wind. In fact, unless the wind is very strong, the speed into the wind is greater than
tor cialm conditions.

The cause of this seemingly strange behavior is a disturbing maneuver called a **plough-in."’
A plough-in is precisely what its name implies: the front of the craft buries itself in the water,

1  F —or
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Figure 18. SK-5 entering sharp bend on Sturgeon River,

w"‘.“ PUo SR R
N

Wy P %
",j' L ra i




SURFACE EFFECT VENHICLE PERFORMANCE

)

Figure 23. Continuation of forward progress.
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Figure 24. Force system acting on SK-5 during flight.

producing a violeut stop, which can be injurious to passengers. A plough-in is most common when
moviug dowuwind with an excessive amount o” positive propeller pitch in an attempt to achieve
maximum speed. 1t should be noted that the followiug discussion refers to operatious on inliard
waterways which are subject to high winds but have a short fetch so that large waves do not build
up.

The lower probability of an upwind plough-in can be understood by referring to Figure 24 and
by examination of the equilibrium equations. The equations and supporting data were taken from
references 3 and 4. The equations of equilibrium are:

R - W 2L (1)
where
W - craft weight
resultant of force provided by the air cushion and skirt
and L lift developed by the elevators and the rear of the craft.
T DO+DW+D1+Dm+2D ()
where
T  propeller thrust
D0 acrodynamie drag
D, - wave-making drag
2 Dl skirt or trunk drag
& monientum drag,
D drag produced by the elevator
and
Tay + Ray Llay v ag) + Dla, + a.) + Dyag (3)

when moments aie taken about point 0 (Fig. 24). The drag and other components will be identified
briefly.
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Thrust T was ohtained from reference 6 and from measurement of power input to the propeller
and known propeller characteristics. Early in the CRREL test program, ‘‘static’ thrust was
obtained by measuring thrust for various propeller pitch settings when the craft was secured with
a eable. However, it is recognized that the performance of a propeller varies with the speed of the
relative wind, so that a thrust measurement at the zero wind conditi’., is not valid for operation
with a significant relative wind. Our interest in T was to identify the maximum thrust available for
a given pitch setting and a given relative wind, Knowing T, it would be possible to deterniine
whether maximum speed was limited by danger of plough-in or insufficient thrust.

DO is the aerodynamie drag and is adapted directly from the relationship developed for aircraft.
The eyuntion is:

faSp CD.O 2
5= Ve 4)

where
Py = density of air in slugs/ft*
S F frontal area of the craft

4 R relative wind speed

D, 0 drag coefficient.

Cp, o was ob.ained frem referenc 4 for the SRN-5 which is close enough in form to the SK-5
to be considered accurate. Cp, o for the SK-5 is 0.38 and the frontal area was found to be 190 ft’,

DW is the drag resulting from the fact that the air cushion produces a deflection in the water
beneath the craft. As the SEV moves forward, the deflection becomes a wave. At a relatively low
speed, the wave and craft move at the same speed so that the eraft is continually elimbing a slope.
This speed is identified as the hump speed and the wave-making drag is at a maximum. As speed
is further increased, the wave can no longer keep up with the craft and the drag reduces, D, is
given hy:

LP:h )
D il 5
w Py f (

where
Pc cushion pressure (28 1b/ft?)
b = width, or beam, of air cushion (19 ft)
Py density of water in slugs/ft}
8 gravity constant
fl = a dimensionless number obtained from Figure 25.

Figure 25 was taken from reference 3 and only includes the curve for a length to beam ratio of 6:1.
The maximum point of the !l curve occurs at the hump speed,

D,_ is the skirt or trunk drag and attempts to account for the faet that the flexible skirt comes
into physical contact with the water surface when the water becomes rough. As will be discussed
later, this drag component can be of almost primary importance when operating in rough water. D,
is given by: :
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Figure 25. Curve for determination of skirt drag coefficient.

Pa SCCD. t 2

D, - — 5 Ve (6)

where
g cushion area (520 ft?)
Vs = sround speed
CD;L the drag coefficient and is estimated from:
H - 2n\'?

Cp,. - 6.6( ] ) O]

where ]

H wave height in ft
h air gap (0.208 ft)
£ - length of air cushion (32.1 ft).

Dm is the momentum drag and accounts for the fact that the air cushion consists of a constant
flow of air into the lift fan, and into the chamber and skirts, and is exhausted through the air gap
between the flexible skirt and the ground surface. Because of the constant flow, it is necessary
that the cushion and the resulting momentum change produce a drag component given by:

D - p,vVgq (8)

where

v - the air flow rate in ft*/sec.
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D is the drag created by the trim elevator located to the rear of the craft and in the airstream
of the propeller. The elevator drag is a functica of the angle of attack of the elevator and is given
by:

paSECD 2
__2___1/j 9

where:
Sg area of the elevator (19.9 ft?)
CD coefficient of drag

Cp, was selected for a standard Clark-Y foil having a maximum lift at an 18° angle of attack. Cp =
0.175.

Vj - the "‘jet”’ velocity on the downwind side of the propeller.

Vj is obtained from:
2 ’
VE - VoV, - T/p,Sp = 0 (10)

ir which SD is the propeller disk area, that is, the area swept by the propeller. The lift developed
by the elevator is given by:

SEIG
 PaTETL e a1
2 )

where
CL the coefficient of lift, taken as 1.35.

In order to compute the likelihood of a plough-in, it was assumed that a plough-in would have a
high potential if equilibrium required the resultant R of the vertical forces to be forward of the center
of gravity. Tie solution was rudimentary but mildly tedious so will not be inflicted upon the reader.
However, the computations indicated that a craft of the SK-5 configuration operating in a 23-mph wind
with 1-ft-high waves could operate at 50 ft/sec (34.3 mph) downwind and 80 ft/sec (54.8 mph) upwind.
This major difference is accounted for by the aerodynamic drag and the lift and drag developed by the
elevator. Both of these components are functions of the relative wind: moving downwind at 50 ft/sec
the relative wind is 16.4 ft/sec while moving vpwind at 80 ft/sec, the relative wind is 113.6 ft/sec.
A better comparison is the relative wind in each direction for a fixed ground speed: for VG =
60 ft/sec, the upwind relative wind is 93.6 ft/sec and for downwind it is 26.4 ft/sec. Obviously
the thrust requirements are reduced when moving downwind but on inland waters with low waves, the
effects of the thrust are less than the effects of the drag components.

However, in large bodies of water an opposite situation ex’sts and downwind operation produces
a higher speed than can be achieved going upwind. If in the example selected the waves associated
with a 23-mph wind blowing over a long body of deep water would preduce 3-ft-high waves instead
of the 1 ft selected, at a speed of 80 ft/sec upwind, the skirt or trunk drag becomes ir 2xcess of
1400 1b, a more than six-fold increase over the skirt drag for a 1-ft-high wave. The craft becomes
limited by inadeqnate thrust and the upwind speed becomes less than the downwind speed.

Procedure: The procedure used to determine speed was to ineasure with a stopwatch the time
required.to move between two points at a known distance apart. The two points were approximately
3500 ft apart so that minor speed differences were filtered.
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Results. The tests conducied on Porta,se Canal involved waves less than 1 ft high with winds
in the range of 18 to 23 mph. The downwind speed was found to be 43 mph and the upwind speed
was 55 mph. These numbers appear credible in view of the computed values. More realistically,
the computed numbers are credible in view of the measured values.

Measurement of weight

Objective. The objective of this test was to obtain the weight of the craft as used during the
test program and to establish the amount of support provided by the cushion air when the engine

| was idling.

} Background. It was necessary to obtain craft weight for several reasons, such as computing
slope climbing ability and maximum speeds, and for use in describing the SK-5 as a load. (Early
in the test program, the SK-5 was used in conjunction with a research study dealing with deflection
of ice as a function of ice thickness and duration of loading.)

Two weights were of concern: the gross weight of the vehicle 2ad the weight borne by the
landing pads. The craft has four circular landing pads that support most of the weight in the absence
of cushion air. It was initially assumed that the support provided by the cushion air when the engine
was idling was so low that it could be ignored. This assumption was questioned by the test pilot,
and as a result it was decided that the load on the pads would be measured for both situations:
with the engine idling and with the engine stoppe..

Procedure. To measure thegross weight, a 920,000-1b-capacity load cell was used. A sling with
four cables attached between a spreader bar and the four lifting points of the vehicle was con-
structed (Fig. 26). A uingle cable was a:tached to the spreader bar and the load cell was attached
between the cable and the lifting hook of a 20-ton GarWood mobile crane. Once the sling was
attached, the vehicle was raised high enough so that the skirt was completely free of the ground.

A hydraulic pressure cell (Fig. 27) was used to measure the load on each pad. The cell was
high enough so that it bore the full weight normally carried by the two front pads but not so high as
to cause a shift of the CG due to movement of liquids. The craft was lifted and the cell placed in
position below the pad and the vehicle was then lowered until the cable was slack. The weight was
read, the engine started and the weight re-read. The craft was then lifted and the cell moved to a
new position. The procedure was repeated until the load on all four of the pads was established.

Results. The craft weight witu 150 gallons of fuel (half full tanks) was found to be 13,690 1b.
A tabulation of the weights gives:

Gross weight 13,690 1b

Weight on pads, engine not running 11,110
Weight supported by skirt 2,580

Weight on pads, engine idling 6,900
Weight supported by skirt 2,080
Weight supported by cushion 4,710

The cushion air force of 4710 1b produced by the idling engine may seem large until it is realized
that the cushion area is 520 ft? so that a cushion pressure of 0.063 psi is all that is required.
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"

b Figure 26. Sling and spreader bar for lifting SK-5.

Figure 27. Hydraulic sensor and gage to measure loads on landing pads. N
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Measurement of drag

Objective. The objective of this test was to obtain a measure of skirt drag over a variety of
surfaces.

Background. The flexible skirt of an SEV is both its major source of success and its major
source of design and development problems. A contributor to the design and development problems
of amphibious SEV s is a laek of knowledge of the drag which results during operation on solid
surfaces. Drag caused by mcchanical eontact between the skirt and ground ean result in damage
from abrasion. 1t appeard useful, therefore, to obtain drag readings for several surfaces in order
to compare the rcsults v ith the drag developed when operating on water.

Procedure. The proeedure on land and water was essentially the same except that a boat was
used in deep water as the prime mover. A cable was connected between the craft and a load eell
mounted on the towing vehicle. The cable was attached in a way that eliminated any turring moment
but pulled at an angle to the horizontal so that the front of the SEV was pulled slightly down. When
the eable was attached, the SEV was put on full cushion and it was then dragged slowly forward with
eontinuous monitoring of the reading on the load cell. The speed was kept low enough that the
speed-sensitive drag parameters could be considered zero and the propeller was set to zero thrust
s0 that the only force being measured was due to direct interaction, not necessarily physieal contact,
between the skirt and surface.

Two sets of overwater drag data were desired: below and above hump specd in shallow water
and below and above hump speed in deep water. In these tests it was impossible to exceed hump
speed in shallow water because the towing vehicle did not have adequate power to overcome both
the drag of the SK-5 and its own motion resistance and have power left over for aeceleration. The
shallow water tests were run in Site 3 (Fig. 1) and the deep water tests in Site 2. Site 3 allowed
measurement of drag over marsh, over marsh with a thiek brush eover, over marsh with a thin brush
eover, over grass. and over shallow water.

The prime mover for the tests conducted in Site 3 was a Thiokol Spryte: a full-tracked light
carrier. A boat powered by a 265-hp inboard engine was used as prime mover for the deep water tests.
The hiteh point for the Spryte was approximately 18 in. above the ground while the hitch point for the
boat was approximately at water level. In order to eliminate the eftfect of the wake from the boat as
much as possible, a 200-ft tow rope was used.

Results. The results of the drag tests were as follows:

Grassy, dry surface 170 1b
Marsh (live mat over water) 225
Marsh with dense brush 460
Marsh with thin brush 280
Shallow water, below hump, 10 mph 945
Deep water

Below hump speed 545

Above hump speed 425

The results were reasonably close to expectations even though the towline was at an anglc.
For example, using thc equations presented in the previous seetion, the drag hclow hump speed is’
predicted as 610 b, Because of the angled towline, it was suspected that the error, if any, would
he on the high side. However, with a 200-ft towline, the 545-1b pull would only have a vertical
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component of 19 1b. The major difference in drag between shallow and deep water is well known.
It has been observed by almost all SEV pilots that it is much more difficult to accelerate above
hump speed in shallow water than in deep water. In fact in some cases it is not possible to get
above hump speed until the surface has been stirred up by the craft thrashing about.

Although the surface of the marsh and the grass-covered surface didn’t appear greatly different,
the structure of the marsh seemed to imply that skirt drag over it would be greater than the drag
over ground unless the grass cover was deep and thick. The marsh on which the tests were con-
ducted has a floating live mat varying in thickness from 6 to9 in. The water provides support for
the vehicle with the live mat acting as a porous upper surface. The air gap is thus between the
water and the skirt so that the skirt produces a local deformation of the mat between 3% and 6' in.
The ground, on the other hand, provides support from the grass covered surface. Since the grass
was only a few inches deep, there was much less physical contact between the skirt and the vegeta-
tion.

The presence of brush will obviously increase drag simply because the brush must be deflected
enough to allow passage of the craft. It is suspected that thick brush having a height of about half
the flexible skirt height would immobilize the SK-5.

Even though the skirt drag numbers obtained in this test appear to be in the right “’ball park,’’
it is suggested that the technique is not correct. The towline is an obvious source of error; and the
tests were confined to locations negotiable by a vehicle of some sort. It would seem better to
measure changes in speed while moving over the surface of interest with zero propulsive force. It
is possible that relationships between skirt drag and speed could be obtained for any surface of
interest. This requires more faith in the equations describing aerodynamic and momentum drag than
is possessed by the writer. However, if skirt drag at low speeds is adequate, the measurement of
deceleration and subsequent computation of drag is straightforward and should produce reliable and
accurate results. This technique was applied to subsequent tests at Fort Greely, Alaska.

Study of obstacle performance

Objective. The objective of this test was to investigate the relations:ip between the dynamic
response of an SEV and the geometric form of an obstacle.

Background. Early attempts by CRREL personnel to conduct experimental studies of the dynamic
behavior of the SK-5° were of questionable value because the effect of the operator was not accounted
for. That is, the operator was instructed to approach various obstacles at what he considered to be
the maximum safe speed. Analysis of the resulting data made it immediately apparent that the highly
skilled test pilot was approaching the obstacles at a speed which experience told him would produce
acceptable levels of pitch, surge and heave. It was concluded that future experiments should be
hased on mathematical descriptions of SEV dynamics that are now being developed.

This experiment ignored that advice in part but did attempt to measure all the parameters that
intuition identified as important. Thus, the geometric forms of the obstacles were carefully measured
and recorded; speeds approaching and on the course were recorded; and the records of pitch, roll
yaw, heave, surge, roll rate and yaw rate were marked to permit correlation with course positior.

Because of the exigencies of time, the test results have not been related to predicted behavior
based on several sets of equations that are reported as being available. Specifically, both the
Grumman and Boeing Aircraft companies report, orally, that they have written equations describing
SEV dynamic responses. A follow-on report will be prepared by the writer comparing actual and
predicted results However, the test data will be provided in this report so that others may use them
immediately rather than awaiting the education of the writer.

2
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Figure 2R. Profile of obstacle no. 1.

The tests were conducted on the Isle Royale Sands using four different obstacles. Although
all of the obstacles were artificially created, one of them, identified as obstacle 3, had been created
by removal of sand for commercial operations. It was modified slightly for the test but could, in a
vague sense, be considered a natural obstacle in that it had been exposed to the elements for
sasveral years. The profiles are shown in Figurcs 28-31. Photographs of the obstacles are presented
in Figures 32-35.

Procedure. Because of the difficulty of obtaining precise speed control of the SK-5, general
engine and propeller pitch settings were specified but these were taken to establish the speed range.

The actual speed entering and on the course was measured by recording time between known points
on the course.

Instruments developed by the Stevens Institute of Technology were installed to measure pitch,
roll, yaw, heave (vertical ac.eleration) and surge (horizontal acceleration). Piteh, roll and yaw
rates could be derived from the record of the nitch, roll and yaw since the paper speed was known,
giving a time base.

The test procedure was simple: the obstacle was selected and the craft positioned several
hundred feet away so that the speed could be stabilized before the obstacle was encountered. The
instrument operator signified that his instrunents were ready; the craft was lifted on cushion and the
appropriate power and propeller settings made. As the craft approached the obstacle, the timing
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Figure 29, Protile of obstacle no. 2.

Figure 30. Profile of obstacle no. 3.
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Figure 31. Piofile of obstacle no. 4.

Figure 32. Obstacles no. 1 and 4 on Isle Royale Sands.
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| Figure 33. Obstacle no. 2.
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Figrre 35. Obstacle no. 3.

cycle vas initiated at the first timing stake. It was not possible to maintain a constant propeller
setting while negotiating the entire obstacle. For example, it was necessary to ‘‘zero’’ the propeller
pitch prior to striking obstacles having a sharp, positive vertical rise (see Fig. 35) in order to
provide maximum cushion. If the air cushion is not set at 4 maximum there is danger that hard
structure impact will occur which can result in signiticant damage to the vehicle. However, speed
was monitored over several sections of the obstacle so that a reasonably accurate identification of
speed was obtained.

Results. The results are given in the Appendix. No analysis of the data has been made beyond
plotting the relationships between vehicle speed and the several dynamic parameters. The plots
are not included in the report because they are considered misleading and confusing without benefit
of analytical prediction of response behavior.

Although it may seem begging the point, the writer does not feel it appropriate to discuss the
test results. They are included so that readers having both the need for and competence to use the
data may have them without delay. A subsequent report will deal with this phase of the test in
detail.

Conclusion

It is difficult to set down a single conclusion, or for that matter several conclusions, concerning
as heterogeneous a set of tests as aie reported herein. In some cases, a considerable effort was
required to obtain and report data that are of little consequence unless they are of abiding interest
to the reader. In other cases, little effort was required to establish and report a perhaps severe
limitation to the operating range of SEV’s. 1t seemed important to the writer, however, to report all
of the things learned siuce the SEV remains a generally misunderstood vehicle form that will need
many more man-years of research, development and testing before its behavior is understood by
technicians developing it and operators using it.
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The findings of each of the tests are listed with no amplification since they were adequately
discussed in the individual sections.

Operation on railroad beds. SEV’s of the size of the SK-5 or greater are incapable of cperating
on railroad beds.

Operation on secondary roads. SK-5's cannot cope with the crown on secondary roads because
the roads are too narrow.

t

Establishment of maneuver requirem=nts. A path width approximately three times the length of
the SEV is required for uninhibited operation on hard surfaces.

Operation on inland waterways. SEV's can operate with ease on rivers whose width is twice
the length of the craft if the river is deep enough to float the craft, free of surface obstacles such
as bridges and fallen trees, and familiar to the operator of the craft.

Measurement of water speed, Upwind speed was found to be greater than downwind speed for
inland waterways in which wave height tends to be lower for a given wind velocity than would occur
on open water. With a wind varying between 17 and 23 mph, the downwind speed was approximately
43 mph and the upwind speed was approximately 55 mph. f

Measurement of weight. The weight borne by the parking pads and skirts with and without the
engine idling was measured. It was found tha. for o gross weight of 13,690 1b the pads bore 11,110 1b

and the skirt 2080 1b, with the engine not running. With the engine at idle, the air cushion supported
4710 1b.

Measurement of drag. The drag measurements are listed below:

1. Grassy, dry surface 170 b

2. Marsh (live mat over water) 225 ;
3. Marsh with dense brush 460

4. Marsh with thin brush 280

5. Shallow water, below hump 945

6. Deep wa'er, below hump 545

7. Deep water, above hump 425

Study of obstacle performance. The data appearing in the Appendix cannot be summarized at
this time.
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APPENDIX A
Table Al. Tabulation of entry and on-course speeds, obstacle 1, 14 June 1971 (see Fig. 28a).
dy =100 1t dg =511t 9 in. dy - 58 {19 in.
4y Speed to Speed tg Speed
Run (sec) (mph) (sec) (mph) (sec) (mph)
1* 3.5 19.5 2.3 15.5 2.2 8
} 2¢ 3.1 22 2.9 i2 2.0 20
' 3 3.1 29 2.1 17 - -
4 3.5 19.5 2,7 13 4.8 9
| 5 3.0 23 1.6 22 3.1 13
i 6 3.0 23 2.1 17 3.1 13
t 7 3.2 21 2.2 16 i 12
: 8 3.1 22 2.4 15 3.1 13
| 9 3.2 21 2.3 15.5 3.1 13
| 10 2.8 24 1.4 26.5 . 3.1 13
| 1 3.0 23 et f- 1 E !
12 2.7 £5 r 2.1 17 2.4 18.5
13 - 2.8 24 1.5 24 3.1 13
14 2.8 24 ' 2,0 18 = at 13
15 2.9 23 1.9 19 2.5 16
16 - - - - ) %= =
17 1.8 38 12 00t 2.0 - 20
18 18 38 - 1.0 3 - __- o4 S
19 2.0 34 0.8 e 8oL IF) - i
2 - 2.4 28 - S SN ‘51 - S A L =
21 1.8 38 1.0 3 i W2y 19
22 a2 16 2.3 15.5- 2 Satedes 9.0
23 5.0 13.5 2.8 13 il (e (;.3 o
24 3.8 18 2.2 16 4.0 10 - L
*Dynamic response data were not usable.
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40 APPENDIX A

Table Alll. Tabulation of entry and on-cowrse speeds, obstacle 2, 15 June 1971 (see Fig. 29a).

dl—-IOO f d2=54 ft 9 ii. d3 - 58 ft 6 in. .

ty Speed to St e; tg Speed

Run (sec) (mph) (sec) (mph) (sec) (mph)
1* 5.1 13 2.1 18 4.0 10

2 4.2 16 2.5 15 2.3 17 ' ‘

3 3.8 18 2.3 16 1.9 21
4 3.4 17.5 2.3 16 2.3 17
5 3.8 18 2.0 18.5 1.8 22
6 3.9 17,56 2,0 18.5 2.0 20
7 3.8 18 2.1 18 1.9 21
8 3.8 18 2,2 1. 1.6 26
9 3.0 22,5 1.6 23 1.5 27
10 2.8 24 1.9 20 1.5 27

11 2,6 27 2,0 18.5 1.7 23.5
12 2,8 24 1.9 20 1.1 36
13 2,5 27 1.7 22 1.6 25
14 2.8 24 1.9 20 1.5 27
15 2.1 32 1.1 34 1.6 25
16 2.2 31 1.2 31 1.2 33
17 2,1 32 1.3 29 1.2 33
18% 2.2 31 1.0 37 1.2 33
19 2.2 31 .1 34 .1 36

20+ 2.2 31 1.1 34 1.0 40 l
* Dynamic response data were not usable,

e+ i |

1
i




41

APPENDIX A

0
0
s o-
c0—
0
0
01
0’1
0°1
0'1
01
0°1
01
8°1

(=== =N = I = I~ I — I N = Y )

e 4
(Un 4
G'e
0°g
01

OOOOOO?O

0o~

¥1°o0

18°0—
61°0—

¥'o

83°0
61°0—
9¢°0—
6€°0—
€1°0—

Q

0

0

v'0

6+
9+
etd
a
o
€0
6t
ot
g+d
- |
g+v
v

o 4
e

(998/,0 AeL xeW ‘295 /% [[01 XBW ‘29S/,G°¢T Y2id xeW) ¢ my

0

0
G0
S0
g0

0
S0
G 0
g0
S0
g0
g0
G0
Sl

(== e == i = i = i = i = = Y oo Y = I = I =

(18 4
4
(108 4
g'e
0'¢
g1
S'1-

[= = I = e = =

0o

S0°0

80°0—
13°0—
83°0—
L13"0—
0
1¥°0
6070
S8°0—
980~
ve'0-
0
0
0
%0

6+
ot
e+d
a
o)
€0
6t
9+
gtd
- |
etV
v
&=V
xeN

(99s/,0 mek xew ‘098/,¢'7 ([0 XeW ‘33S/,91 Youd XeW) § uny

1583 = + pqis = +

(Sap) (Fap)
Mel oy

dn moq = + peaye = +
(3ap) (5)
goud afng

dn =+

(5)

aAeaH

usod

(@63 "»1d) v pue

1) ¢ snujw y suonisod usamiaq pepiodal sea 3 [C°(Q JO 2ABIY wWnm
-IXBUW 31 g UNI Ul ‘3oURISUL 104 -uonisod aduai1djal e i® MIJ0 10U PIP
4910 asnedaq uonenqel ay ur readde wWOpPIas san[eA WNWIXBUW Y] 4

(LR S 0 (1184 0 s 67
0°¢ €°0 (14 0 1€°0— 9+
0°3 S0 RS 0 s1°0— e+d
0’3 S0 0°g 30°0 0 a
03 G0 S 800 cvo o)
0°g S0 0 c0'0 01°0 €0
0°3 S0 01— 0 0 6+
0°g S°0 0= 0 9870~ g+
0°3 S°0 0 0 veo— g+d
0°1 S0 0 0 88°0— q
01 S0 0 0 0 g+v
0°t1 S0 0 0 0 v
0’1 g0 0 0 0 eV

o'e 01 M= 0’0 a0~ e

(098/,1 Me4 xew ‘238/,0 [[01 Xem ‘23S /,$T YoNd XeK) ¢ uny

0 S0~ g'e 0 0 6+
0 S0 (18 2 0 0 9+
0 01— (1% 2 0 Lo e+d
0 01— o'V 0 £3°0— a
0 01— (138 2 0 S3'0- o]
0 S0 g'e 0 0. topre]
0 01 0'e— 0 S3°0 6+
0 g0 g 1- 0 $1°0 g+
0 S0 0 0 83°0— g+d
0 0 0 0 98°0— d
o 0 0 0 0 gtV
0 0 0 0 0 v
0 0 0 0 0 eV
03 01 0¢g— 30°0 18°0 «TBA

(998/,2-1 MEA Xem ‘D03/p (101 Xew ‘098/,p] U=1d XeW) g uny

ISEd = + pqIs = + dn moq = + peaye = + dn =+ usod
(5ap) (5ap) (3ap) (2) (3)
Mmex 110y gound ading aavaH

‘(962 314 99S) [L67 OUNL GI ‘Z 219¥ISqO ‘Brep asuodsai ojueuiq °Aly 9Iqel




APPENDIX A

03 §0- 0°'g 1°0 0 6+ (] 0 0°S 0 81°0— 6+
08 o'1- 0°s 90°0 0 g+ (] 0 o (] L1°0— o+
0°g 01— 0°s £0°0 0 eta 0 0 (184 0 0 e+a
0°3 01— c°g 1] 18°0— a 0 0 ¢'s 0c 0 o1°0— a
0°3 ¢0— L 1] 0 Q) 0 0 0’8 33’0 61°0 o}
0°c 0 0°1 0¢g°0 GL°0 o=9) 0 0 0 $1°0 9870 €-0
02 g0 S'1- 0 3o 6+ 0 S0 0 0 030~ 6+
0°g g0 0 0 0 9+ 0 G0 0 (1] Se'0— o+
0°g 0 S0 0 63°0— etd 0 S0 0 0 96°0— £+g
(0] 0 0°1 0 68°0— g 0 ¢'0 4] 0 £1°0— q
0°g 0 01 0 (0320t e otV 0 G0 0 (VI 0 £e+v
0°3 0 01 0 $3°0— v 0 G¢'0 0 0 0 v
0°g 0 01 0 4] eV 0 G0 0 0 0 £V
0°3 L ¢ 0°'ct S0 L0 XeN 03 (18§ 09 ¢330 ¥S°0 XEN
(998 /1 me4 xRW ‘09S/,G°9 [[02 XTW ‘208,21 UIIId XeN) g My (998/,1 meL xewm ‘038 /} [101 XBW ‘038/,6°97 Y231d Xel) . mny
0 o od 90°0 61°0— 6+ 0 0 0°S 0 Y1°0— 6+
4] G0 (184 D0 030~ o+ 0 1] 0 4 0 13°0— gt
4] G0 oy 90 "0 31’0 £+Q 0 4] 4 0 03°0— e+ta
0 0 1 0'¢e 01°0 81°0— a 0 0 (0084 60°0 10°0 a
0 S0 03 810 S1°0— 0 0 0 03 11°0 8170 0
0 0 EN1] 60°0 3e°0 -0 0 0 0’1 Y10 0¢°0 £€-0
0 0 Gl 0 L8°0 6+ 0 0 01— 0 0 6t
0 0 0 0 L0°0— &+ 0 0 1] (4] £€°0— gt
0 0 4] 0 8L°0— g+d 0 0 0 0 68°0— g+d
0 0 0 0 88°0— g 0 0 0 0 83°0— q
0 0 0 0 0 etV 0 0 0 0 0 e+v
0 0 0 0 0 v 0 0 0 0 0 v
0 4] 0 0 0 e~V 0 0 0 0 4] v
] 01 0°9- 81°0 09°0 xenN 0 (144 09 ¥1°0 85°0 XN
(99s/,0 mek xem ‘298 /,6°¢ 1101 XeW ‘23S/,GF] qo3d xel) § uny (998/,0 MeA Xew ‘23S /.7 [[01 Xl ‘23S/,L] UMd Xep) 9 uny
1S3 = + pqis =+ dn moq = + peaye = + dn=+ usod 1ISe9 =+ pPqQIs =+ dn moq =+ peaye = + dn=+ usod
(5ap) (8ap) (§ap) (g) (8) (3ap) (ap) (8ap) (8) (8)
Mmex oy yoid afmng aaeal mex 1oy yoid afing EYY:EY ¢

*(qQ6Z ‘314 99S) [LE] ounf gy ‘Z 9[9eIsqo ‘ejep asuodsai symeudqg °(p,uo)) Aly dqe],




(o]
-

APPENDIX A

0°L1—
oL1-
0L1—
0°L1-
0°L1—
0°L1—
0°L1-
0°L1—
(VA g
0°L1—
oL—
0°L1—
0°L1-
0°L1—

(098/,L mef xew ‘09s/,7 [[01 XeW ‘038/,81 Y21Id XeW) gf Uny

o000 OO0OO0OO0OO0QO0OCQCO

(998/,0 M4 xXRW 008/, [101 Xell ‘09S/,LT Y2d xelW) z1 uny

0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
o1

01—
01—
(U0 S
60—

R
*

~— 0000000 OCCOQC

\n
.

4

4
g'g
S’

SRl

W
ocooo?'

(U

SaG
0'S
g'e
S’
0’1

0
01—

0
S0t
o1t
o1t
(1 &
o1+
S S

80°0
13°0
90°0—
13°0
38’0
38’0

Do0000O0CO0C

e8'0

90°0
11°0
€0°0
€0
€0
S0°0

cooco0oo0Ccoo

€0

880~ 6+ 0
gg°0— gt 0
S80— s+d 0
gg 0~ a 0
83°0 0 0
3Lo 27 0
10 6+ 0
30— gt 0
ce'0— s+d 0
3s°0— d 0
S3°0— g+v 0
0 v 0

0 &~V 0
3Lo xeN 0

880~ 6+ o1+
3e0— gt 01+
88°0— ¢+ o1+
0 a 0'g+
190 0 03+
080 &0 03+
20 6+ 0°g+
S1°0— g+ 03+
18°0- s+g 03+
Sg°0- d 0°'gt+
Sg°0— etV 0°gt+
e1°0— v 0'3+
(1] foms'f 0°gt
08°0 e 0'g+

g0

[Te]
.
o

n
.

coco0OO0OOOOOOO

0t

01—
01—
(1)) S
01—
g0~

cooo0OooOO0o

[te]
.
- o

01
01
0°s

(U8 4
(U8 4
o°'e
S*3
el
0
03—
g0~
0
0
0
0
0
0°s—

(=3 =l = = =)

W 0
- o
coooO0O0O0O0C

0¢°0

£0°0
w0
£0°0
€0°0
$£°0
€0

Socococococoo

(34

30~
830~
i 2l U
S0
18°0—
y1°0—
3¥'0
S1°0
82°0—
68°0—
8¢°0—
8¢'0—
0
9L°0

68°0—
33’0~
¥e0—
0
gs'o
g8'0

6+
9+
g+d
a
0
g0
6+t
o+
g+d
q
gV
v
eV
xeN

(99S/,0 MBA XBW ‘065 /,0°F 1101 Xell ‘098/,LT 4d1Id XeN) | Uny

6+
o+
g+ad

Joa

6+
o+
std
: |
etV
v

v
e

(908 /,0°T Me£ XEW ‘008 /,G°) T[01 XeW ‘038/,6°9T Yid XTN) O tny

1Sg9 =+

(Fap)
M L

pqis =+
(32p)
1oy

dn moq = +
(3ap)
gaid

peoyw = +
(3)
admg

dn =+ usod IS89 =+
(3) (3ap)
EYVE) MRA

*(p, o)) AIV 219

pqis =+
(3ap)
1oy

dn moq = +

(Fap)
youd

peage =+

@)

ading

dn =+

(3)

EYVEY

usod




0°st S°0— 0 81°0 €0 — 6+
0°s1 g0— 01— () 30 - g+ oot S0 01 o1°0 L3°0— 6+
0°t 0 g'1- 81°0 st0 — g+a N1) S0 0 60°0 S0°0— *+
| oSt ] 0'3- ¥0 0 a 0°01 0 S0 80°0 81°0— £+a
oSt 0 g'3— S0°0 €0 o) 0°01 0 01— L0°0 88°0— a
0°st 0 0'g- 800 28°0 &0 oot S0 g 1- 0v0 (i} o}
031 0 0 0 ¥0 - 6+ 001 S0 03— gg°0 08°0+ £-0
0°31 0 0 0 g0 — 9+ 0's 0 S0 0 380~ ot
03t 0 S0 0 S0 — g+d 0L ] g0 ] 18°0- g+d
031 ] S0 0 880 — d 0L (] S0 0 18'0- q
0231 S0 01 0 30 - g+v oL 0 S0 ] 0 gty
021 S0 01 0 0 v 0'9 0 S'n 0 0 v
031 S0 01 0 0 eV 0'9 0 S0 0 ] eV
0°st 01 oy ¥°0 280 TN 031 01 S'e— gg°0 08°0 TEN
(998/,y me& xEW ‘208 /,¢ (101 XeW ‘008/.H] YOId XeW) L] uny (998/,¢ av£ xew ‘298/,6°¢ [101 XPW ‘208/,77 Yond xeW) g7 mny
<
2 0 g0~ g0 - - 6+ 08 0 0°¢ £0°0 850~ 6+
= 0 S0 0 - - o+ 0's 0 0°S £0°0 930~ o+
[y ] ] S°0— - - g+q 0’8 0 0§ £0°0 30— gtd
T 0 0 02— - - a 0’8 0 02 £0 S3'0 a
< ] S0 s = = 0 0’8 S0 0’1 £°0 190 0
] 1] 0°g— = 080 — &0 0’8 S0 0 30 ¥5°0 &0
0 0 0 0 $9°0 6+ 0’8 0 0 0 3e°0- 6+
] 0 0 ¢ €0 — 9+ 0’8 (] S0 (i} 6870~ g+
0 2 0 0 03— g+g 0’8 0 S0 0 6€°0- e+d
0 ] 0 0 0'c3~ g 0’8 (] 1] 0 0 q
] 0 0 ] 0 §+v 0’8 0 S0 0 0 g+V
0 0 0 0 ) v 0’8 0 c'0 0 0 A4
] ] 0 0 ) =V 0’8 0 S0 0 0 eV
0 01 S - S9°'0 xeN 0’8 01 g'g €0 19°0 TeN
(998 /.0 me£ xem ‘298 /,0 1101 xem ‘308, ] YIId TeK) 9] mny (993 /o mek xEW 298/,0 1101 XUW ‘238 /,LT YNId XeW) p uny
1Ses = + Pqis =+ dn moq = + peage = + dn =+ usod S8 = + pqis = + dn moq = + peage = + dn =+ usod
(3ap) (ap) {8ap) (8) (2) (8ap) (5ap) (Sap) (8) (3) i
Mme [ 1oy gond 0%&:@ SAB3H me[ 1oy gond 0%.—:% SABIH
L. (262 314 936) 1261 OUNL g ‘Z o[9TISQO ‘TyEp IsU0dsal SjmEUAQ *(P,3U0D) AIV SIqEy
<M




[Tp}
-

APPENDIX A

0°03
0°03
0°03
0°03
003
FOFA S
(LA
0°91
0°'91
0°9t
0°S1
0°st
0°s1
0°03

S'0-
S0~
S0

0 0 0
0 €0 S0
0 9¢°0 ¥ o
0 0 01°0—
0— 0 o1 °0—
= €9°0 0
0 Sv0
0 c1'o
0 G230~
0 (0) 0
0

0

0

D N
|

0N N e

COO0OO0O O~ v

Svo—
Sy o~
ov'0—
0’1 L0 €9°0 €90

OO0OO0COCOOOOOCO

6+
9+
£d
a
0
€0
6-
w-
€4
<1
etV
v
eV
Xe|N

(99s8/,8 mek xew ‘09s/,G [[01 XeW ‘308 /,G°07 YNId XENW) g1 Uny

iSea =+

(3ap)
mel

*(p,300D) AIV 3[qe]

pqis =+ dn smoq = + peaye = + dn =+
(3ap) (33p) (8) (8)
1oy yoid ading EVY:EY

usod




16 APPENDIX A

Table AV. Tabulation of entry and on-course speeds, obstacle 3, 15 June 1971 (see Fig. 29a).

"1 100 ft d:ﬁ 147 [t 6 in, (13 187 ft

"1 ) A Speed " it S})(‘-(ed 7 l.: Y. S_pc.cd

Run (sec) (mph) {sec) (mph) (sic) k- @1111)_

71 ] 1.4 10.0 D0 20 6.7 16.5
2 3.7 18 HAY) 20 6.1 18
i 1.1 16.5 0.8 19 6.1 18
4 ) [§181) 3.4 320 6.3 20
D B2 21l 4.7 22,0 6.1 18

6 3.8 18 4.4 23 6.7 16.5
7 3.5 149.5 1.8 23 b7 22
8 3.7 18.5 0.l 22 n.6 23
) 3.7 18.5 4.8 23 H.7 MY
10 3.1 20 1.0 2.5 6.3 20
11 2.0 27 3.6 31 4.5 28
13 L7 2h 3.2 34.0 4.1 31
13 2.3 30 3.4 32,5 4.5 28
11 2.0 227, 3.3 330 4.4 24
15 2.4 28 3.4 3120 o 30
16 o 31 3.7 30 4,1 31
17 1.8 38 2.4 46 3.0 42
18+ L) 34 2.5 14 3.1 41
19 2.0 34 2.3 18 3.1 41
20 1.Y 3h 350 A8 3.0 42
21 1.8 38 2.4 46 3.0 1.2
2 2.0 34 2.3 48 3.3 39

———— e — R e = e — RS e e e e e et ey
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Table AVII. Tabulation of entry and o

APPENDIX A

n-course speeds, obstacle 4, 15 June 1974 (see Fig. 31b).

d, 100t d, 40 ft dg 571t
4y Speed ty Speec i3 Speed
Run (sec) (mph) (sec) (mph) (sec) (mph)
1 a.h 19.5 2.4 12.0 2.7 14
2 3.8 18 2,5 12 1.9 20
3 3.6 19 1.5 20 2.1 18,0
4 3.1 22 2.3 13 2,2 17,5
) 2,8 24 1.7 . 17.5 2.0 19
6 3.4 20 1.5 20 1.9 20
3.1 22 1.9 16 1.5 26
8 3.1 22 1.4 21 1.9 20
3.1 22 1.6 19 1.8 21,5
10 3.1 22 1.7 17.6 1.8 21.5
11 2.4 28 0.8 37 1.8 21,5
12 2.4 28 1.2 20 1.3 30
1 2,5 27 1.3 23 1.1 35
14 2.3 30 1.1 27 1.4 27
15 2.2 31 1.0 30 1.6 2
16 2,2 31 1.1 27 1.3 30
17 3.5 19,5 2.3 13 2,2 17.5
18 3.3 21 2,6 11.5 2,1 18.5
19 3.7 18 1.9 16 2,5 1H.5
20 3.5 19.5 2.0 1H 2,6 15.0
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