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DEFENSE ADVANCED RESEARCH PROJECTS AGENCY PROGRAM REPORT

I SURFACE EFFECT TAKEOFF AND LANDING SYSTEM (SETOLS)

ISUMMARY
The British success with hovercraft stimulated in the

United States and Canada studies of the further application

g of surface effect techniques to military problems. The sur-

face effect ship (SES) and the advanced assault landing craft

programs are two rather direct results. However, the appli-

cation of these same techniques to aircraft, the subject of

this Defense Advanced Research Projects Agency (ARPA) program

report, was not obvious and had no similar precedent. ARPA,

in an experimental and theoretical study from 1970 to 1973,

assessed many of the technical problems related to applying

surface effect techniques to the A-4 and F-8 carrier-based

I fighter aircraft. ARPA's involvement and program objectives

resulted from a 1970 ARPA-IDA Workshop. At that time an

e isting joint Air Force/Canadian program to demonstrate the

application of the surface effect landing system to the CC-115

Buffalo aircraft was reviewed, and an ARPA program to demon-

Istrate the application to the higher density naval carrier

g aircraft was recommended.

The Naval Air Systems Command (NASC) acted as Con-

I tracting Office and the Naval Ship Research and Development

Center (NSRDC) as Technical Director. Three industrialI
I



contractors studied which of the two aircraft should ba

selected: two chose the F-8 and one the A-4. A committee

evaluated the studies and concurred with the A-4 selection.

Concurrently, studies of trunk materials, trunk flutter,

arresting cable impact with trunk material, wind tunnel

tests of the proposed configurations, and the dynamics of

SETOLS landing were conducted. The program, which cost

j S995,000, was terminated when it became obvious that the

Navy and Marine Corps were not then interested in having

the program translorred.

BACKGROUND AND TECHNICAL NEED

1. Introduction

Near the end of the 1960's the anphibious hover-

craft was viewed with considerable interest as a possible

ship of the future because of low drag and resulting

higher speeds. From this interest came the programs to

apply the surface effect principle to other military prob-

lems, i.e. the advanced assault la-ding ship and the Arctic

surface effect vehicle (SEV). During this time period

1968-69, the Bell Aerospace Company outfitted a small air-

craft, the TOGW 2600-pound LA-4 amphibian, with the first

SETOLS installation. The peripheral trunk configuration

used was similar in design and operational characteristics

2



to then-current SEV installations, including the cushion

and trunk pressures (60 and 120 psf, respectively) and

materials used. Retraction of the trunk was accomplished

by utilizing elastic Irunk material that hugged the fuse-

lage surface when deflated. Ground and flight tests by

Bell, later supported by the Air Force, demonstrated

landing and takeoff operations from hard surfaced runways,

turf, water, snow, and fine sand. The aircraft also

demonstrated the ability to taxi over water, mud, low tree

stumps, and empty and water-filled ditches. The flight

tests indicated no significant changes in the aerodynamic

I stability and control characteristics of the LA-4 aircraft

awith Lrunk inflated or deflated. The effectiveness of

inflatable pillow brake pads incorporated in the trunk was

(at least as good as a conventional wheel brake system.

The cushion power was supplied by an auxiliary power unit

Iin the aircraft driving a two-stage axial fan assembly.

Subsequently, the Air Force, in a joint program with the

Canadian Government, initiated a program to apply the Air

I Cushion Landing System (ACLS) to a low density aircraft.

An ARPA-IDA Workshop in 1970 recommended that ANPA

I develop and demonstrate the feasibility of a s: rface

effect takeoff and landing system (SETOLS) applied

to a high density, high performance, tactical aircraft,

including naval carrier takeoff and landing. NASC served

3
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a, v (C'irat i ng agelni IaiitSiI scm cd as t(,(hrtica 1 a'n vt

lot tir AII.A SETOLS program. The program was initiatea

on 12 Marc.h 1971 when ARPA ('mmi I ted the first incre-

mt.r I or tundtivn in tihe a nount of S495..00. The follow-

in. tiagapllmhs provide an asse'ssmeil oF tihe program. which

was compleed in IW'Kember 1973. 'hi.s paper and the a, tihtd

I i. i 1 re It renva's riepresen t the do(umen ta t ion of the program.

2. t-iIis'ne P'roh li-m Addressed

After tlie demonstration hv 1Ie,11 Aerospace Compatiy

t lhe amnpl hiokis capability o, the A(LS on the LA-4 aiir-

tIa n., the I. S. Air Force formulated a )olnt progra., with itiv

ta nadainn Govfimnent as equal partner to apply the tevnnology:

to in intermtntdiat, density (41,000 pounds gross weight) CC-

I1. a i ru,a I . Ielore selecting the ('('-115 a ircraft. the

C-130 was cons devetd. The much heavier "Hercules" - O

#1.7M.000 4otndls r .presented a coiisiderable step fr'om the

I,-4 and was ofI ,i( interest to the Canadians. Consequten ti

the ('1-115. I ulalo. judaed to be rather a straightforward

,lvvloprnifit % h low to modest tcchlnical risk, was .,ic- Ie'i

App li'alicin of SEILS to Navy high pertormance.

h i;'ti m-n.ii v. tactical aircraft posed considerably dilfft-rent

t,,.linica1, prohl,-nm. from those being addressed by the }oint

I ". II" rc tainadian progranm: Could eiihor exist xin or

iiiw-(losig l aircizalt 1 h equipped with a SETOLS without

advorse ly a I lIc.I ng (cithoem low or high speed performance?

,1



I
Further, if the SETUOLS replaces normal wheels, can this new

type of aircraft be made compatible with catapult launch,

carrier arresting system landing, and carrier flight deck

handling without undue complexity? Finally, can the SETOLS

trunk system have sufficient depth and area so that landing

on moderately rough terrain is feasible? (Just the opposite

characteristic of the design is required to minimize the

effects on aerodynamic performance). The problem of operating

a SETOLS-equipped aircraft on the surface of the open ocean was

listed in the IDA-ARPA Summer Study hut was ranked as

a problem of low priority. This is because the requirement for

size and type of skirt design for landing, takeoff, or flota-

tion of the aircraft in the oven ocean appeared unreconcilable

with the size and aerodynamic consideration for a high perform-

ance combat aircr,ft. Also, the problems of jet engine iages-

tion of water and the general composite desig'a of the aircraft

implied by the open ocean requirement neuessitated a complete

new aircraft design. Accordingly, in this study the very

limited water capability of the A-4 was outlined, and scale

model landing dynamics tests were conducted.

The aircraft of primary interest in the SETOLS study

are the tactical mission aircraft of the Air Force, the

Marine Corps and the Navy, which have far different charac-

teristics and requirements than the cargo planes. The Marine

Corps and NAVAIR aircraft have the added unique and difficult

5
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problems of carrier landing and were, therefore, the aircraft

selected for SETOLS program study.

The broad spectrum of military requirements involved

in. the application of SETOLS to high performance aircraft,

together with the attendant technical risks made the program

appropriate for ARPA sponsorship,

3. State-of-the-Art before ARPA Program

The LA-4 aircraft equipped with the ACLS, was flight

Lested from hard--surface runways, turf, water, snow, and fine

sand. The aircraft also demonstrated the ability to taxi

across mud, low tree stumps, and empty and water-filled

ditches, and to take off from water. In November 1970,

therefore, the Air Force began an effort to develop and

install an ACLS on a low density CC-115 aircraft. In May

1971, the ACLS program became an Internstional Cooperative

Development Project between the Air Force and the Canadian

Department of Industry, Trade and Commerce. The flight

testing of the CC-115 aircraft that began in the spring of

1974 was expe, I (i to demonsirat, th( Iinctional .apabilit io,;

of the system, provide required design criteria, and establish

guidelines in the areas of special maintenance, ground equip-

ment, crew training, and logistical requirements. This program

is ustimated to cost approximately 14 million dollars.

We shall discuss in the next section the technical

problems that will be investigated in the Air Force/Canadian

6
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program that. are/were indicative of the state-of-the-art at

the beginning of the ARPA program.

The Air Force/Canadian ACLS program is applying

ACLSs to a cargo aircraft that has sufficient stability

margins to accommodate the destabilizing ACLS cushion with-

out requiring aerodynamic redesign, A second significant

point about the selection of a cargo-type aircraft for

SETOLS application is that it represents a simpler design

task since it is built around a cargo volume and thus has

a large fuselage section with sufficient area to conven-

iently locate a cushion system. Also, if local stiffening

is added to the fuselage structure, trunk loads can easily

be carried into the aircraft's other structure. Finally,

the low sink rate requirements, together with the large

cushion area available,enable the program to usv conven-

tional hovercraft skirt materials. This ACLS program, is,

however, developing a variant of these materials that is

stretchable when pressurized; accordingly, when not In use,

the material collapses, holding itself" close to the luselage.

4. Technical Problems Investigated

The ARPA SETOLS program considered many problems

that, fox" convenience In this report, are divided into

three phases: (a) design of a SETOLS for a current, high

performance, high density, carrier-based aircraft;

7
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(b) performance analysis of a SETOLS-equipped aircraft; and

(c) general assessment of the effect on aircraft utility

and vulnerability, etc., due to SETOLS addition.

A. Design of a SETOLS for a High Density, High

Performance Carrier ircraft

(1) Is there a compromise possible between the

aerodynamic stability problem with a large-area cushion

using conventional fabric materials and a small-area

cushion using higher strength materials? What are the

properties of materials that could be developed for this

application?

(2) Is the SETOLS-equipped aircraft compatible

with the carrier catapult launch, arresting gear landing,

flight deck, and general carrier landing of aircraft?

(3) Is the SETOLS-equipped aircraft capable'of

landing on an unprepared landing area? Is it amphibious?

(4) Can SETOLS be stowed so that when the air-

craft is airborne its performance is not compromised?

(5) What are the detailed designs of the SETOLS

trunk system, its attachment to the aircraft structure,

and the air supply system and its detailed design

characteris tics?

8



11. Performanc Analysis of a Carrier-based, High Det,sity,

lligh Performance Aircraft Equipped with SETOLS

(1) Are structural loads from high landing sink

ratvs, i.e. 21 ft 'sec, reduced with SETOLS?

(2) Wliat terrain topography can a SETOLS-equipped

airc raft land or take off from?

(3) Is flotation such that the aircraft can taxi,

take off and land on soft surfaces, snow, ice, and water?

What size and shape of obstacles can be negotiated as a

(4) What are the dynamic problen of any ot the

:omponents of cushion system during parking, taxiing, as

a result of ground effects, and at flight speeds?

(5) D)oes SETOLS increase or decrease capability to

lntd and takt, off I in (:rosswilnd?

(6) Ai-e Ithire techniques applicable to a SETOLS

equipped aircra'lt which will provide both longi tudinal force.-,

used or braking and transverse forces used for aircraft

handling?

C. Assessment of Eftects on Utility and Vulnerability

of Aircralt System Due to Addition of SETOLS

(1) Is the less positive steering of a SETOLS-

equipped aircraft at intermediate and low spoeds critical

icil' carrier operat ion? For noncarrior oporatioi?

(2) Docs SETOLS addition to the aircraft decrease

9
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iS vuLInerability"

(3) Does SETOLS addition reduce aircraft weight or must

wheels be retained for ground handling and safety, thereby

increasing weight?

5. (ordination with the Military Sorvices

Tihe Navy and Marine Corps, from the outset of the

SETOLS program, have been fully aware of the objectives and

status of the program. The initl,. proposal for the program

was submitted by NASC, which was welocted by ARPA to be the

agent for the program. NSRDC conducted many of the program

tasks for NASC. NASC, through NADC, awarded and monitored

suveral contracts to private industry. 'flie Marine Corps wa.s

kept abreast of program developments through a Marine Corps

officer (NAVAIR 'ode AIR-03M), who participated in the 1970

ARPA-IDA Workshop and who thereafter tbecame a member

tit the: 'o.htnical management team at NASC. Coordination

with ithe Ali Foic t', while informal, has boon very extensive.

'Flit Air Force, ;v.i -AtLe1 as the Navy and Marine Corps, wa-,

iiavly ret stjvnitc, at an ARPIA-sponsored revivt of the SETOLS

program hlid in Jainuary 1972 (Roft. 1). A briefifng on the -\ll

Force ACLS Program was also presented to thi.s review vumuli tet..

Finally, many of the AiRPA-ponsored efforts Were: reported at

the Sixth (Canadian Symposium on Air Cushioni Technology, June

1972, (Rel. 2 and :) and at the First American ACLS Con ICLe'0't'

in Miami, De¢cember 1972, and later published in the l''oce:difngs

10
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(tR.t. 4). Tho All' iorco, having their own program, has not

u(mltributd to the support of the SE'O.S program; however,

thvy have used the result of the SETOLS program, e.g. the

t-'tiilqut to -itop li unk flutter, Ait they found them appropriate.

Tli: Navy and the Marines, although Intereteud, have "ot -ntrib-

LiiL(tI iitanc(tal .I ;Ippot to the SETOLS program.

POCGIIAM PLAN

1. Initial Plan

The' initial program was divtded Into the followizng

A. "' e Sult tion, by each of throe avrospace contractors,

of Althi , the" F-h or A-4 aircraft f'or SETOLS application, prvi.-

ar-.iioia o1 a pro-'liminary 'omponito de-sign of the aircraft with

5i.'M)L.S, analysis. ief the sy-toms portormanc:e, ard development o

a program laa tor fabrication and tobt.

cbncUirou'a t with the preliminary atsign effort, a

Iotrth c:ontractor was selected to (a) explore alternate

'U:lk C'UShitOn (iJ,.%gje using sur acu eftfects phtnonena alt!

(bi) examiiae new materials for !E'sTOL6 application.

B. To aco 'Im|naty ithe 'omposiitO design and pertormance

aialysi ., a -*r. or wind tunnel tet s or the SETOLS Uir-

('v;I I a. plailw4|, j~ro r*f's ' .in- is, (i(tta ii ai1 aCuraV as

tl . bsesign jilc',P i'. td . siaaly, . Utic 111u4 dyllamla drop

tve i !i of the i.lf %.yh tn)n e a] bo planned.

L. VIp n 'oml|,ion of the above &wo phases, a r'oq.ebt

11
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for proposal was to be issied Lo the detailed design and

I installation of SETOLS. fhe concept to be bid on would either

be the best of theo th11ree or the bv.t combination from the three.

1). Flight demonstration of the SEIOLS equipped airplane.

2. Revised Program Plan

Midway in the abov program the Navy (Ref. 5) recom-

I mended a revision to the ARPA SETOLS program. However, because

the Ref. 5 plan did not ref lect the reLcommenda t ions of the ARPA

review MRIf. 1) tie program was directtd to be consistent with

Ref. 1. A formal rvised program plan was never issued, but

in summary the major elt-inits of the plan are as follows.

I A. AircraltAu.|icnly.aml:. -- J)Qte_'mtination of aircraft /

I SETOLS dynamics du i t, and a ftCr landing Im...pa. t by: q.tiyin.

the motions el thrt-e dvna micallyv scald I 3-Sale trunk models

dropped from a mov ing 'avriagt, at the Landing; Loads Facility

at NASA LUnglecv.

B. Arrestin (act) Impact -- I),termiination of the

behavior on impac ' ()f a Itunk syst.m with an arresting cable,

considering matA.-ia l str-ngtl and model -motions (to be

conducted in ron lunr t ion with dvnamic mo hl tests).

C. Trunk Fl n or -- f tet miination of the natuve of

I trunk flutter wheti in pnroximity to the ground. The

analytical apturoaclh will del ine th,., important structural and

fluid parameters involved, and two-dimensional mtodel trunk

tests will support and verily the analytical results.

12
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attachment, and normal arresting hook; in addition, the

wide lootprint of the two trunks provides considerable

j lateral ground stability not available in a single trunk.

Slight changes were required to the horizontal tail to

1 co.npensate for reduced low-speed-aerodynamic directional

stability caused by the added pods. Performance aspects

are discussed later in this report. The Boeing study is

documented in Ref. 6.

B. The Bell Aerospace Company selected the F-8 air-

craft to equip with SETOLS. This aircraft, having greater

thrust-over-drag margin and greater volume available for

equipment, suggested a cushion design and material require-

g ment very similar to that of the CC-115 SETOLS system, i.e.

lower cushion pressure, and operation at lower angles of

attack at takeoff. It did not, therefore, require a dynamic

nose pop-up mechanism to provide the required angle-of-

attack for takeoff. The Bell SETOLS design removed the

I landing gear and plaved a contiguous trunk below the

fuselage. The cushion sybtem extended aft, terminating

just furward of the carrier arresting cable hook. The

trunk materials recommended were stretch-type materials

that would retract against the fuselage when not pressurized.

g A separate air supply system was added. The catapult attach

was extended slightly and located furward in the cushion

1 15
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ca it y. Puring vatapull a portion of the trunk %as deflated

to permit attachment to the catapult. A larger vertical

J stabilizer was reqUired !o compensate for decreased low

speed directional stability. Because the design had no

I wheels, Ilight deck handling was done tther by taxiing or

I the use o tractors, keeping the cushion inflated, or, by

use o a parking bladder, the aircraft would be parked on

a wheeled dolly it it were desirable to move the aircraft

without operating the jet engine and cushion auxiliary

I power unit. Its performance is discussed later in this

I rport. The Bell study is documented in Ref. 7.

C. The San Diego Aircraft Engineering, Inc. (SAND-AIRE)

selected the F-8 for SETOLS because of (a) tile aircraft's

low ground clearance, (b) low angle o1 attack because of

I its variable incidence wing, (c) no center-line body stores,

g and (d) the high wing that has minimum effert on general

stores and on the SETOLS when deployed. "'he SANDAIRE

design incorporated ground handling gear and brakes as

necessary for safu, efficient handling of the airceaft on

J a carrier. The handling wheels were of onventional

g design; however, they were smaller and lighter in weight

than those of the F-8 since they were designed only for

taxi and takeoff. The question as to whether the aircraft

can be safely catapulted with SETOLS was not resolved in

I
16I
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i aircraft would have to exceed hump speed, i.e., 8 knots

before reaching the water.

j * The handling of a SETOLS-iquipred aircraft on a

carrier remains a problem.

1 2. The Naval Ship Research and Development Center

NSHID served as the technical steward of the

SETOLS program. Their interim and final reports are Refs.

1 10 and 11, respectively. The following summary, drawn

from Refs. 10 and 12, is consistent with but briefer in

I detail than 1Ref. 11.

A. Wind Tunnel 'fests

One-tenth scale models of each of the

I contractor's proposals, with their versions of SETOLS

installed on the F-8 or A-4 aircraft, were tested initially

I at NSRDC to obtain the effect of SETOLS on the aircraft's

static longitudinal and lateral aerodynamic stability and

control characteristics. The deployed trunks were not

suplied with airflow, nor were ground effects simulated.

The results of these preliminary tests are documented in

I Refs. 13 and 14 and were used by the contractors to update

their proposals.

Upon selection of the A-4 Boeing SETOLS con-

figuration as the suggested ARPA demonstration configira-

tion, another more meaningful test was made with simulatedI 19
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trunk airflow both in and out of ground effect conditions.

This was a 22 percent scale model test conducted at the LTV

3 Aerospace Corporation low speed wind tunnel. Briefly the

results of this test can be summarized as follows.

1 (1) No abrupt changes are introduced into lift

and pitching moment characteristicr -f the A-4 with the

SETOLS configuration, and the dab' quite linear to an

I angle-of-attack of 18 degrees, whiuri should be sufficient

for most landings or takeoffs.

1 (2) While there is a slight loss in control

surface effectiveness, both stabilizer and flaps are

effective over the range of angles-of-attack for takeoff

I and landing, with sufficient stabilizer control for

trimming the aircraft.

j (3) The SETOLS-equipped A-4 aircraft shows a

reduction in the total in-ground-effact drag with cushion

air flow compared to the conventional A-4 aircraft.

1 (4) The lateral stability was improved for the

in-ground-effect condition; however, a loss occurs for the

out-of-ground effect condition (landing approach). The

addition of vertical stabilizers on the horizontal tail

1 Lill recover much of this loss.

(5) There was a loss in directional or weather-

cock stability; however, ardition of the auxiliary vertical

* 1 20
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I
stabilizers resulted in a configuration with more direc-

I tionally stability than the conventional A-4 aircraft.

It should be noted that these results are

based on the reference center-of-gravity (cg) for the

I stability and control data fixed at the A-4 wing quarter

mean-aerodynamic-chord point. Additional testing would be

Irequired to define aerodynamic performance should the cg
history for the A-4 with SETOLS over its mission profile

be significantly different than for the unmodified A-4. The

full results of thesa tests are given in Refs. 15 and 16.

B. Testing of SETOLS Aircraft Landing Dynamics

-The analysis of the energy absorption capabili-

ty of the air cushion attached to a high density eirplane

I had had little or no verification. Consequently, scale

models of the various trunk configurations on the F-8 and

A-4 aircraft were tested with static drop tests. Also, one

I of the Soodyear designs was tested on the F-8 model. All

cushion designs decelerated the vertical velocity of the

I models with ample margin, so small-area, moderate pressure

i cushion systems are considered feasible in this respect.

In addition to the static tests, the Boeing

I design is planned to be dynamically scaled and towed, to

be released at landing speed and normal sink rates. Air-

i craft surface damping due to wings and tails will not be

1 21
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represented in these tests. These tests are to be con-

ducted at the Landing Loads Facility, NASA, Langley,

J at their convenience--currently scheduled in late CY 1974.

Although these tests and simulator tests conducted in

Isupport of the Air Force program are, in effect, two
dimensional, they will indicate whether or not there are

dynamic problems, which will most surely be aggravated

i when a third degree of freedom is added and with a carrier

landing.

I C. Impact on Cushion and Arresting Cable

The Landing Loads Facility, NASA, Langley,

also tested the effect of the impact of arresting cables on

I cushions, using simulated carrier landings. The Bell F-8

trunk model showed no adverse dynamic behavior after

I impacting the cable arresting system. No damage was evident

to the trunk material after repeated impacts, the trunks

being stiff enough that the fabric does not wrap itself

I around and capture cables; this was a predicted problem of

some concern.

I D. Trunk Flutter

Flutter exists in the trunk material when the

trunk is close to the ground surface. This was observed

g in all the dynamic tests. Two-dimensional flutter charac-

teristics as functions of trunk and cushion pressure, air

I
22
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I
flow, peripheral jet air velocity, and ground clearance

were measured for correlation with an analytic model (see

Ref. 17). The analytic model has been developed by NSRDC,

but has not yet been published. A series of fixes were

Ievaluated experimentally that damped the flutter suffi-
ciently for the dynamic tests, and many of these techniques

are being applied in the Air Force program. Until full-

I scale dynamic landing and takeoff tests are conducted, it

is difficult to te]l whether flutter is a severe problem

I or merely a transient phenomenon that is passed through so

rapidly that it can be ignored except in static tests.

I This is an area demanding further effort, which it will

most probably receive under the Air Force program.

E. Scale Model Tests of SETOLS on Water

In order to investigate the operation of

SETOLS over water, powered scale model tests of peripheral

inelastic trunks with a range of length-to-beam ratios

j (2:1, 4:1 and 6:1) were conducted in the low speed tank

facility of the Lockheed Ocean Laboratories, San Diego,

j California. Tests were completed in August 1973, and data

show that pitch stability is very sensitive to length-to-

I beam ratios, the 2:1 being unstable for all test conditions.

This is an area that requires considerable additional work

and most probably will not be encompassed in the joint

I 23
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Air Force./Canadian program. This work is documented in

l Acf. 18.

3. Follow-on Plans

Neither the Navy nor the Marine Corps, in assessing the

I transfer and possible use of the SETOLS technique, could corre-

late a mission with high enough priority, with the propotsd demo.-

stration on the A-4 and accordingly could not justify transfer.

It was at this point that ARPA decided to terminate the program.

RESOUR(E LEVELS

The SETOLS ,rogram was initiated in FY 1971 with ttic

(:ommitment of S-95,000 under ARPA Order No. 1755, to NASC.

I The program was continued in FY 1972, with the same agent,

with the commitment of $500,000 under ARPA Order No. 2121.

The funding distribution by task and organization is shown

j in Table 1, whi-'h reflects the fiscal year in which funds

were obligated.

I TABLE I

FABLE OF PROGRAM FUNDING (THOUSANDS OF DOLLARS)

Task /Organization FY 71 FY 72 Total

j Feasibility Studies: 360

NSRDC *

Bell
Bo ng
Sandaire *(~oodycar *

NASC *

*Indc aLes year in which performer's activity was funded.
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Table I (coatd. )

Task Organization FY 71 FY 72 Total

Aircraft Trunk Dynamics: 251

N Sit)( * *
.BelI 1
Gt;,dyc al.

'ri ...., Iing (abli, ::pact: 20
'SIl")'

"irkilik Avrolyiaimliis 12b

T"l ik Fli l I -r: 4 L,
\siml({ *

SW Re-'earcli

S I~ I)( *
]it4+ kh. t' *

( i'1 .0 Col 1).{'(}1")(), DCi
TOTA I. -i95 500 995

(C AVI'l ( "'0R II-'l FIP MA NCE

III l.us.,oii of the results of the studie.s ol perl ciTx.-

incc of t .i SEfOLS-equippod 4ir'craft is b i.. acr'Omp 1h t.sht

a1 .. iml ;i I 'akground of the techal cal issues. The AH PA

k'oai~ialJ addlressed the following )oilts.

1. Thv (Composile l}esign of a SEIVLS-equipped Carrier-

l)zisvd Air'cra. f

"The composite design studis did Iio str-r-s i I.
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takeoff, or land in the open ocean.

Finally there is the question: Can the SETOLS be

s stowed so that when the aircraft is airborne, its perform-

ance is not compromised? The SETOLS can be built with

(a) conventional, rigid materials that can be folded into

a closed compartment during flight, or (b) with elastic

materials that can be used to withdraw the material into

the same compartment. The current Air Force program will

evaluate the effectiveness of elastic materials being

drawn against the craft superstrue.ture yet exposed to "he

air stream. At high speeds, tais is not judged practical.

3. Analysts of the Performance of SETOLS-equipped Carrier

Aircraft

The SETOL design studies concluded that it appears

I feasible to catapult the aircraft with SETOLS active; how-

ever, there are ditfering points of view as to whether it

I is practicable. This is an area where further study and

a test would be helpful.

Arrested landings are entirely feasible, and

i SLIULS offers eventually a more benign environment for

pilot and aircraft during deceleration than does a coaven-

i tional landing gear. Interaction of the cushion and the

arresting cable does not appear to be a problem. The impact

attenuation, using SETOLS with current large-area deep
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cushions, appears . .. .eand practicable; however, the

detailed design of :,e method of energy dissipation,

whether in ti.- air supply and/or vents on the trunks,

requires further study. Addition of SETOLS to an A-4 air-

craft reduces the positive braking of the aircraft on

landing and increases the run-out upon landing on a con-

I ventional hard-surfaced concrete runway from 2750 to

3250 feet. This is a subject that demands additional

study; and most surely it will be considered in the Air

IForce program.
The ARPA and Air Force test program progressed

I far enough to identify that there are three-dimensional

damping problems associated with landing with a SETOLS-

equipped aircraft on a hard surface. Also a transient

I trunk flutter problem was found, though it may not be a

problem in the changing dynamic situation of landing or

I take off or over soft surfaces. The Air Force program

will of necessity resolve both of these problems. A

third dynamic problem is that associated with operation

over water.

Finally, there is considerable increase in air-

craft crosswind landing and takeoff ability; however, ARPA

studies did not quantify the increase.

| 29
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4. Assessment of Effects on Utility and Vulnerability of

an Aircraft due to Addition of SETOLS

In general, the addition of SETOLS brings mixed

blessings. The SETOLS-equ.pped aircraft is not as sensitive

to the roughness or hardness of the runway as is the wheeled

aircraft; yet it must pay for this by an increase in air-

craft total drag when SEMOLS configuration and auxiliary

air supply system are included. The performance of the

aircraft accordingly suffers slower speed, requiring longer

runways to uecome airborne or to stop. The impact on air-

craft performance due to the addition of SETOLS is depend-

ent upon whether the aircraft is designed with SETOLS from

the beginning or whether SETOLS is added as an after

thought. Ground handling, particularly on a carrier,

requires wheels, which probably have to be comparable to

today's wheels so that emergency landings are possible.

So there probably is a weight penalty; however, the

redundancy of landing capability is desirable.

SETOLS provides the ability to traverse small

obstacles and steps; however, this ability must be

qualified as to the number, spacing, and location of such

obstacles in relation to the dynamics of either landing or

takeoff.
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I SETOLS may afford the capability to operate from

a battle damaged but not cratered runway, but so may an

aircraft with conventional landing gear. However, a SETOLS

aircraft has a considerable advantage in that it can land

in areas adjacent to a hard-surface runway or run off the

end of a runway with some impunity, which is difficult with

high density aircraft with conventional gear.

I The addition of SEMLS, together with wheels,

should decrease aircraft losses since the two systems avail-

I able for landing would increase aircraft reliability and

life expectancy. A further" point is that the air cushion is

provided wilh holes for releasing air, so, additional holes

I or rips will not critically degrade performance too

rapidly.

I At this time it appears that the addition of

SETOLS to existing craft will increase the aircraft weight,i
whether or not the wheels are retained for safety and

handling; therefore, performance will suffer. However,

for new designs, there is a potential fcr reducing aircraft

i weight.

Finally, the lack of positive steering of a

SETOLS-equipped aircraft at intermediate and low speeds

on a wind-swept rolling carrier deck is considered a

critical problem and may dictate the retention of some

1 31
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forms of wheels or alternates such as tractor lift 'tow/

skid system.

PRO;I-,AMl IMPACT

1. Actual Impact on Other Programs

The Air Force "Canadian ACLS program has used a

solution developed by Bell and N4SRDC in the early stages

of the ARPA SETOLS program to alleviate trunk flutter

problems experienced in model tests. This solution includes

installing a strake to provide flow separation and adding

concentrated masses at appropriate locations on the trunk.

The detailed measurements by Southwest Research Institute

(Ref. 17), and their recommena.tions, will allow design of

a cushion system where flutter is either eliminated or
6

minimized. Another program that has used data generated in

the SETOLS program is the Air Force program to apply SETOLSa

to a Jindivik RPV. Two ihnovative features that emerged

from the initial SETOS feasibility studies aire the concept

of the inelastic trunk and the use ol a fan employing a tip

turbine d.wiven by propulsion-engine bleed air to supply

ACLS air; both of these have been usr] in this program.

The Jindivik program began with feasibility studies in

FY 1972 and is scheduled to end with flight tests in

FY 1975.
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2. Potential Impact oi' Other Programs

Program results may be useful in developing new

concepts of operation (i.e. from unprepared runways, etc.),

the definition of now missions (not requiring prepared

landing field), and the further comparison of the SETOLS

I concept withl more conventional systems. As the Air Force

and the Canadians look past the medium density CC-115 air-

craft to izigher density and higher performance aircraft,

the ARPA efforts on composite design, materials, and the

dynamics effort completed by ARPA will be directly appli-

cable.

3. impact on the State-oi-the-Art

Specific advancements in the state-of .the-art that

did occur included:

M sksig:, techniques and material fabrication

procedures dev-loped through preliminary design for a

retractable air-cushion landing gear system;

* The dynamics oi a SETOLS-equipped aircraft

during high speed, high-sink-rate landing operazions

characteristic of naval aircraft determined and demonstrated

experimentally in dynamically tcaled tests;

Flight-rated, auxiliary power systems to supply

cushion air flow defined;

* Parameters of trunk flutter determined
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experimentally and trunk flutter minimized;

e Operation of high performance, high density air-

craft on soft unprepared runway over an obstacle of moderate

size;

o The ability of a SETOLS cushion to withstand

repeated impacts with carrier arresting gear demonstrated

in dynamically scaled tests;

o The ARPA program, taking essentially the same

cushion pressures used in the Air Force and Canadian CC-115

cushion system and with conventional materials, showed

they could be applied to much higher-density and higher-

performance aircraft.

4. Program Transfer

Other than the interchange of SETOLS program

technology already mentioned, there are no present Navy

mission requirements for the results of the program. On

the other hand, should a future requirement for SETOLS
U

effort materialize, much of the SETOLS program output can

be directly carried out into the next design phase.

5. Future Resenrch

W The Air Force and Canadians will continue the

development of materials, auxiliary systems; and analysis

of the dynamics of air--cushion landing sy ens as part of

* their CC-115 program. Tihe following are areas recommended
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for future develoipment in "he event r future ACLS program

is initiated:

A. How to minimize the ingestion of water and debris

during takeoff and landing,

B. How to design a jet engine to withstand ingestingiI

water and debris.

C. How to augment directional stability and control

during low speed operation of SETOLS aircraft.

D. How to improve SETOLS aircraft handling on the

ground, flight deck and hangar deck.

L. How to optimize energy dissipation during landing.-

I the-trade-oft between ftn characteristics and trunk

pressure relief valves.

IF. How to increase braking of SETOLS aircraft.

G. Estabish elfects of dynamics of vehicle motion on

flutter dynamics and threshold.

H. EsLablish the effects of surface roughness of both

the ground and cushion Lrunk design on flutter.

I. Tesi three-linensional models of trunks and

g correlate with theory.

j. Determine the limits of strength characteristics of

f cushion systems, consistent with delamination and flexibili-

ty requirements if higher strength fibers or metals are

I used.

1 35

II



I6. Current Organizational Contacts and Identification

Following iF a brief list of organizations and

specific individuals' names where inquiries for information

| or assistance regarding SETOLS or ACLS can be addressed.

A. Defense Advanced Research Projects Agency (ARPA):

Mr. A. J. Tachmindji, Deputy Director or Dr. F. W. Niedenfuhr

B. Naval Ship Research and Development Center (NSRDC

Code 161): Mr. Elmer Burgan

I C. Naval Air Systems Command (NAVAIR 03P31): Mr. John

C. Vaughan

D. U. S. Air Force Flight Dynamics Laboratory, W-PAFB:

Dr. K. Digges or Mr. William Lamar

E. The Boeing Company, Seattle: Mr. Lloyd Gardner

F. The Bell Aerospace Company, Buffalo: Mr. Colin

Faulkner

G. Goodyear Tire and Rubber Company, Aviation

Division: Mr. L. Peelman or Mr. F. M. Milhoan

H. San Diego Aircraft Engineering, Inc.: Mr. George

* Lutz

I. Southwest Research Institute, San Antonio: Mr. R.

I L. Bass or Mr. J. E. Johnson

J. Lockheed Missiles and Space Company, Ocean Labora-

tory, San Diego: Mr. R. G. Wright
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