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SUMMARY

Az e result of Phase III analytical and design studies and development
testing, the Model 1031-A airborne personnel platform was found to be
aynardcally stable in hoverinp anc in forward flignt up w0 a speed of

16 niles per nour, This stability was achieved ty raising the vertical
canter-of-gravity and installing a gyro-paddle stabilizer system. liovering
anc sorsard {lipnts at low altitude in winds of 15 miles per nowr with

S per nour gusts, demonstrated the reduced gust sensitivity and

Lagrevea controlavility attained under this program,

¥etnoas o! reducing and controlling pitching moment were studied. Bouncary
layer contol ol duct and propeller 1ift was considersc ard found Lo not
favor a sirmple solutione A duct inlet radial verie conirol system was rond
t2 oller rood promise of providing pitching moment control mechanically

available to the pilot.

n geseral method was developed for calculating power regquirea in forwara

Diiehi,
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INTHODUCTION

R

Since cariy 195L tarougn lover:er 1956, tale Cointractor nas been conducting
a program 90 research and development of an airborne personnel platform
under Centract Nonr 1357(00) awarced by the OU'lice of Kaval Researcr,
Dopartrent cf the Navy. Work tc date nas been perlormea uncer Prases i, II,

R ) (LA 5 contract.

Fiase | yoiged for tae desipgn, fabrication, ana testing of a researcin
clazform sapacie of being statilizec and controllez by the pilot's instinctive
reflex resronses. Both Hiller Helicooters an: tne Office ol Naval Research
designes the Paase I propram I'or the purpose of extending th2 work initiatea
v+ Nr. Cnaries Zinmerman and studies conducted 'y the National Advisory
Cormitiee for Aeronautics. The ovtjective of Prase I was to uetemine tne
feasibility and aesign anc rlirnt characteristics ol this type of aircrafte
The widing philcscphy of vehicle design was that control and stabiliby
in rovering ana forward flipnt would be attained by kinesthetic conirol
wiich viiidves the same human muscilar reflexes in flipnt as are used by
mas 1o naintain the Lody upright when standing on a fixed surfaces This
pruncipal s iiiustrated and described in detail in Appendix I and wac
sucsessfully demonstratea by the NACA in 1952 and 19°3 (References (a), (b),
and {c) ) with several test vehicles dependent on a ground power source,
Phase I efforts resulted in the Hiller Model 103%1 airborne platform employing
ducted ceaxial, fixea pitch, propellers driven inuependently by two Nelson

Medel. H=59 enfines of 40 horserower each, This venicle is shown in

CONFIDENTIAL
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opendix I as 10 was successiully tested in hovering lree-I ipn: on

. - Jeaf

G Febriary 1965, This flipnt rollowed a tether fl:pht test propram irn

e

a1 the feasibilivy of tais type of aircraf* was proven ana tre flying

lhaitias were generally deteminede The platforrm was found to tae contrcli-
av.e 1w neverine and lorward {iipht In calm air bus control 1n pusly win
was very ail'liouly; the platferm was considered unsate icr free=liirht an
acditional study of this protlenm was recomrendei, Reference (d) presen:

-

vribher letails ol tre Pnase I program.

Prase 11 was 1nitiated on 15 March 1955 to improve the fliriit cnaraztere

13%1°3 and safely of tre platlferms A test prorram was conductea 1 which

Nl

wart {tative data was obtaineu relative tc¢ pitching moment, 1lilt, drag,

P ve s e
L

propeller speed, engine speed, anu duct pressure districution as a

¢

funstoon of verious angles ol +ilt and forward speeds The platform was

P RvIS

recesigned %o emplcy a coaxial gear box propeller drive to previde balarced
Tcryie for hoth erngines or only one engine operating so tnat yaw control.
weld be bester an free-fiight and so that a safe emergency larding ccould
o= maa2 from lcw altitude in the event of a single ergine failure., This
regsgigned machine was designated Model 1031.~-A and is snowr in fres<{.icht
»n Appendix Il. Tether flipht tests were conducted to obtain qualitative
data velative to peneral mechanical performance, thrust versus forward
speecd and altitude. steady arnd transient pitching moments, pilot conbro

‘apanilities in pitech and roll, maximum forward speed, and ellect (n

pitehing moment characteristics of increased inertia. free-~flight tests
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were conaucted to permit pilot appraisal of perlfcrmance and flight cnaracter-
istics witnout the limitations imposed Ly the totner test csuipment. Phase
I1 work resulted in a quartitative understanding o tne fLorces and morents
acting on the platform in lorware !lignt with a recomwendation lor stab:rlily
analyges ana tests. rree-{flirnts demonstrated that the platlor: was very
easily corntrollad in novering, forward, sidewara, and coordinated turn
ranewvers in calnm aire It was recommenaed that tae platform stavility
characteristics be thorouphly studied supported vy a flirnt test propram

and that studies ve rade ol metnoas o!f providing tne pilot with a Lcost
control system since pitcning moment control was suown to e marginal at
nighe:r forward speeds. It was further recomrended that additional research
ue conducted Yo investirate the influence of' various duct snapes on perfcrme=

ances. Reference (e) presents further details of the Pnase II program.

This report presents the scope, objective, results, conclusions and rocommerd-

ations of the Phase III projram in the following sections.
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PiHASE 111 PROGAAM

A. SCOPE AND OBJECTIVES

Piasa 111 of Contract lonr 1357(00) was initiated in work on

1 Febrary 1996 in order Lo provide ‘techni:al 1nformation considerad
necessary to %ne design ol a prototype evaluation platforrm tein
nepctiated by Hiller Helicopters with the Bureau of Acronautics,

Department ci' the Navy and l'unded by the Departrent o the Army.

As recomrended by Reference (e) at the conclusion of tne Prase II
prepram and as authorized by Contract Nonr 1357(00), the following

items of work were ini‘ially scneduled under Prase IlIi:

Truck Tests
a. Measure power requirements in forward flipnt.
be Measure vane control system effectiveness as a Ifunction of
attitude and forward speed.
e Aerodynamic flow investipgations:
1) Complete pressure distribution measurement.
?) Check on propeller design.
3) Determine 1lift distribution between propellers and duct.
i) Study effect of boundary layer contirol and methods of
duct pressure distribution control.
Fiight Tests - Compare manual versus boosted controlse

Reports - Performance, control forces, and aerodynamic improvements

pcssible for ducted fans,

CONFIDENTIAL
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' PaLPARED

Initial work was performed to orepsre the truck test bed lor tne

scrnedoled tests and concurrently tether flignt tests wer quet.

witn controlabis duct outlet mounted vanes descrited in a liowing

gection ol tals reporte Fliint tosts were initiat-g al tne earliost
1s1b.e date because of tniz Junsractor's conce.n abiout tne pust

sensitivi‘y characteristics cf ti.e Mcde: 1031-A Airvorne Piatform,

.

Fiirnt tests of the duct mount wtleo vane cuntrol system proved

1 unsavlgtactory ana tne Contractor rreposad a vevision of the Phase 111
| rogram o orovide for concentru. od eftcrt directed toward tne improvee
ot mant of stavility and contrcl characteristics. Alithough the rroposed
revisea program dia rot proviae 1 . quantitative data relative to power
' requaremants in forward {lipnt, 1ift distribution vetween propeller and
2%, anc more complete pressure distribution data originally soupht,
it was proposed 1in tne bheliefl that successtul solution ol the statil:ty
v.d control srovlem was funaamental to the success of arny future airborne
piatforms, Accordingly, irc rollowin: work was jrogramned under Cortract

Nen~ T:7(00), Phase III, as revised:

Yo Compute power requirements in forward flight.

2+ Install vane control system and evaluate control eftectiveness
as a function of attitude and forward speed.

3o Modify twe existing engines and purchase an additional modified

enpine for use as a spare.

CONFIDENTIAL
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e Aerod:manmic flow irvestirvations:
ao Make pressure aisirivution measuremants.

Le Study outlet vele~i*: distribution and check propeller desiyn.

Co Study allect cf Lowndary layer control and meti:ods of duct
prussure uistribut.on control.

de Conpare manual versus boosted controls.

©e regorts on oerlomuance, control forces, and aerodynanic
aprovement.s on :ucted lans,

o fonauct tethered rliyiit tests o! gyro-conirolleu staiilizer vanes
to determine and to develor nroper linkage ratios, gyro damoing,
number and size ol vaues required, and optimwn centereof-gravity
elevation to te used in corbination with the vanes in both calm
air aud ,usty wind consitionse

€e Continued arnalyses of stability and control characteri-tics to

investirate stability in rorward flirht at relatively high speeds.

Te Free-=llignt tests with tic hest stability and cortrol factors

javeroped under tais program. Tests will include low altitude
#lights to maximum forward speed as limited either by psycnological
factors or by stability and gontrol characteristicse. These tests
Will also include rearward and sideward flifhts, quick stops,

and banked turn maneuvers.

A detailed discussion ol the prorram accomplishments and work performed

under Phase IIT is presented in followinpg sections of this report.
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STABILITY ANu CONTROL

5tability ana control of e Model 1031-A asirtorne personnel platfiorm
was improved marredly for botn novering and forward flignt conditions by
raising the vertical center-of-gravity and adding a gyro~paddle stahil-
izer system. Dynaric stabiiity in hovering and slow speed f'lirht was
improved to such a degree tnat such flizhts were perforred in calm air
and in gusts to S rmiles per hour velocity with equal ease. Forward free
«(lignts at a speed of 16 miles per hour were conducted in calm air and
in pusts Lo § miles rer hour with some pitching up of the platform
evident at this speed when the machire was hit by a gust; nowever, the
nitching rate for tnis condition was reduced considerably compared to
the basic platform at the end of Phase II. A raximum forward speed of
20 miles per nour was attained during free-flight in calm air with the
Model 1031-A in its final test configuration including a gyro-paddle
stabilizer system in combination with a raised vertical center-of-gravity.

rigures L and 2 show the platform as finally tested in free-flipght.

The t'iral configuration ol' the Model 1031-A was arrived at as the

result of analytical and design studies and development testing. Test
investigations included duct outlet vanes, raised vertical centerw-of
-gravity location, de-coupling of pitch and roll, and a gyro-paddle
statilizer system as means of stabilizing and controlling the platform.
Details of the work performed and the results obtained under this section
in satisfaction cof items 2, ld, 5, 6, and 7 of Annex A to the subject

contract follows:

CONFIDENTIAL
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l. Analytical Studies

The d:namic equations of motion for the hovering conditiovn of the air=-
borne platform were derived for the pilot fixed condition and snowed
that motions described by the platform's forward displacerent are
coupled with the pitching angular displacement. An identical set of

two equations describved the sidewards velocity and the rolling angular
displacement. Analysis siowed that for the airborre platform, symmetri-
cal in all aspects except lor the product of inertia about the vertical
axis, the above four degrees of motion were coupled. It was also shown
that this inertia coupling is unstable since the separate motions in

the pitch and roll planes are identical because of syrmetrye.

The coupling of pitch and roll through the product of inertia abcut the
vertical axis is shown in Fipure 10. Since the platform engines are
actually located off the pitch and roll axes, any acceleration about
the pitch axis y=y will induce inertia forces that willi cause moments
about the roll axis x-x « The platform as a free body in space will
tend to pitch about its minimum moment of inertia axis which is located

on a line through both engines.

A two degree of freedom hovering analysis (angular displacement ( @ ),
forward velocity ( " ) ) was made to show the stability variation with
vertical center=of=gravity location. This analysis neglected the change
in fore and aft force set up by a unit change in angular ptiching velccity

( Xq ) and indicated that the platform was very sensitive to vertical

CONFIDENT!AL
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center=of=gravity location. The platform was shown to be stable for

a very small rarge of positive M u's near zero (H“ = change in net
roment about the center-ofegravity incurred by a unit change in forward
veiocity) and unstable for all negative M u'se By varying the verti-al

certer=of=gravity elevation, M p can be made positive, zero, or nega‘ive.

A two degree of freedom analysis considering the previously neglected
fore and aft rorce ( Xq ) showed that the platform could be made stabl

al all center-of-gravity locations if it could te designed such that

M
X.. ¢+ > _xg___
u ‘m-

Practically, this relationship could be attained by mounting a vane on

a boom below the center-of-gravity and in the duct outlet airstream.

A preliminary investigation was made of the pilot's floor mounted on
springse. It was supposed that such a system would produce uninitiated
motion of the pilot relative to the platform and so achieve a certain
amount of stability. This did not prove to be the case and it was
concluded that this system held no promise for improving platform

stability.

Two free pivoted, air damped, gyro-bars, similar to the Hiller servo
rotor, were studied. These devices were used to sense the pitching and

rolling angular velocities and to contrcl vanes located at the platform
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duct outlet to correct the sensed motions. The system acts as a lag
rate autopilot giving signals whose components are proportional to

displacement and rate ol change of displacement.

It vas found that the gyro=bar stabilizer system would always stabilize
a system whose unstable characteristics were of an oscillatory divergent

type. However, if the vehicle were unstable in a non-oscillatory

(aperiodic) manner, the gyro-paddle would not make the venhicie stables

This is described physically by recognizing that the gyro-paddle senses
rate of chanre of motion and in the case of aperiodic motion, the rate

is continuously increasing with time and the gyro-paddle does not catch
upe ror the oscillatory divergent case, the rate varies between plus

and minus values, passing through zero, and the gyro=-paddle can acnieve

the necessary stability.

The Model 1031-A airborne platform even with the gyro-paddle stabilizer
device can be unstatle for two different conditions. If the vertical
center-of-gravity is elevated such that M, is negative (H > 35.20
irches, H = cege height above duct outlet) the platform will not be
stabilized in hovering and its motion is aperiodically divergent. If
the vertical center=of=-g:avity is located such that H = 3L.0 inches
(such that My is positive for hovering and platform will be stable

in hovering) the forward speed cannot exceed 18.3 miles per hour or the

motion will become aperiodically divergent.

A coupled pitch and roll analysis of the platform with the gyro-bars
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instelled and considered as a symmetrical system, showed the system

! unstable. The phenomena is best described as heing sinmilar to the
product of inertia eflect whore the identical motions are coupled through
tne quantity (inertia). The pyro-paddles couple the syrmetrical pitch
and roll motions of the stabilizer vanes to rmake the symmetrical system
unstablee This theoretical instability can be avoided by making the

iinkase ratio in roll different from taat in pitcn,

It mist be remembered that all of the stability analyses conducted

tc date considered the pilot fixed wnd in no instance were the actions

of the human autopilot evaluated.

Referance (g) and (h) present platform stability analyses in f{urther

detail.

2e Tests

ae Duct Outlet Vanes

During 22 March through 2 April 1956, tether flirht tests were
sonducted with duct outlet control vanes actuated by two different
metnods; one a tilting pilot floor and ring, the other a fixed

Fleor and tilting ring.

Since past flight experience with the airborne platferm showed 1t
i1¢ be sensitive to pusts and since otherwise the machine was found

to be easily controllable, the gust sensitivity and control problem

was given first attention in the Phase III program.
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1) Design = A simple system of vane control was desiyned for the
purpose of providing a control boost system as well as a systam |
of pust control which still preserved tne basic consept of l

kinesthetic control by instinctive actions and reactions bty e

sperators Only longitudinal control was i rovided by this system |

because o! the power limitations of the platfomm, the weight of {
the control system, and thrust lesses predicted by duct exit t
t1ockages This system was designea so that as the pilot learea ;
forward, the trailing edge of the duct outlet mounted control
vanes tilted forward producirg a 1lif't vector acting at the
certer of pressure of the vanes and directed aft to produce a
forward pitching moment about the platform center=of=gravity.,
It was hypothesized that in the case of a sudden horizonta.
gust acting on the machine, the machine would pitch 1in rasponse
to the pgust causing machine motion relative to tne pilot and
pilot's floor and thus produce vane contrcl motion resulizng

in a restoring moment.

Figure 3 shows seven (7) control vanes symmetrically moanted ot
the bottom of the uuct, and supported at =ach end by self
-aligning bearings. All vanes were interconnected by links at
the center of the duct such that control input motion at the
control horn, shown in Figure L, was transmiited equally to al.

vanes. Vane control actuation was provided by means of a bungee
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restrained, tilting pilot floor and ring assembly as shicwn

in figure 5. The pilot's salety ring was attached to *he pilou's
{loor wiich was mounted on a uniball tearing pivol attached %o
tiie basic structure by means of a sheet metal supoort enclosim
the upper part o!f the gear box. The tilting floor assembtly was
restrained by means of landing gear shock cords attached a® four
corrers witn provisions for varying the stiffness of tnis bungee
system., A contrcl arm was provided, attacned to the tilting
floor and projecting forward and attacned to the input side of

a {lexible pusn=pull cable. A mechanical stop was emplovea to

1limit the floor tiit %o 10 degrees maximum angle.

2) Tether Tests - Twenty-eight (28) tether flights were made with
this system with various combinations of bungee stiffness,
linkape ratio, and numbers of vanes. Tests were initiated using
seven outlet vanes and were concluded with only the two mest aft
vanes in operation. Flights were conducted withinegroundez2{rect
1n totn calm air and pusty winds. Generally, the flight characten
sstics of the platform were unsatisfactory with this system,
ailthough, with only two aft vanes installed, for the first ‘ime
hovering flights were made in 20 miles per hour winds with
apprcximately 5 miles per hour gusts. Pilot control effort was
noticeably less for the two vane system than for the machine

without vanes. To varying degrees, depending on the number
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of vanes and to a lesser degres for the two vane system, over
controlling and iack of orienting feel was a common pilot
complaint. These poor flipght characteristics were caused Ly

the platfom moving aft initially in response to the vane motion
foilowed by a pitching in the direction of applied control.

This af't motion was caused by tne unbalanced vane 1ift force.

In an attempt to improve pilot feel, the vane control system

was modified such that the pilot's {loor was fixed ana the
safety ring was rmoveable. This control is snown in Figure 6 and
was used ‘o actuate just two, aft located, duct outict vanes

as shown in figure 7. Hovering and forward flights were conduc‘ed
in calm air and in winds up to 20 miles per hour velocity. The
platform was controlable at all times with most of the pitching
moment control beinp provided by the vanes, the piiot remaining
substantially fixed relative to the floore The pilot's feet

ana ankles tired rapidly and control was criticized as being far
from instinctive after performing 12 flights to gain compliete

familiarizatione

For both vane control systems, the angle of tilt of the duct,
was greater for a given forward speed than for the machine without
the duct outlet vaness. Table I of Appendix V, presents a

summary log of these testse
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As i@ result of tnis investigation, it was concluded tnat the
fixed-floor tilting ring vane control system produced the bLest
control experienced witnh the platform under wind ang pust
conditicns to date (2 April 1956) but that pilot comiort and

instinct were severely compromised.

be Vertical Center-Qf-Gravity Location

following the generally unsatisfactory tests of the duct outlet
control system, an analytical investigation was made of the forces
acting on the platform in flight and their effect on stability and
controles As the result of these studies, tether tests were conducted
to check the effect of various vertical center-of=-gravity positions

on stability and control characteristics.

The controlled duct outlet vanes were avandoned entirely based on
examination of the lorce system produced by these vanes as applied
to the Model 1031-A airborne platform (see Section C, Part 1) and

in view ol the improvements promised by raising the center-of-gravity.

Analytically, it was predicted that by proper vertical center=sf
-gravity location, neutral stability and reduced pilot control effort
would be realized for hovering and slow speed forward flighte These
predictions were substantiated by the tether tests discussed hereine.
Reference (g) presents an analysis of vertical center-of-gravity

position effect on stability and control characteristicse.
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1) Design - Modifications were made to the platform to permit
incremental raising of the pilot's floor and the gross weipht
center-of-gravity for the pilot fixed condition. Haisirg the
pilot was tne obvious expedient retnod of raisirg the center-of
-gravity since the engines reprusent the only other i‘ems of
large mass and could not be raised without tne additioral compli=
cation of a cooling system. Adjustable floor height provisions
were simply made by fabricating several sets of telescopiny tube
supports with 1oles drilled through and fastened with bolts at

the desired tube lengthe

The tether test rig was rebuilt to provide greater overhead
clearance beneath the tether cable as required to accommodate
the increased overall height of the piloted platform. Details of

tnis modification are presented in Appendix III.

2) Tether Tests - Tests were conducted to determine the vertical
center~of-gravity location that would produce neutral stability

for the Model 1031-A platform.

In order to determine the effect on center-of-gravity position
on dynamic stability, the platform was hovered on the tether rig
and externally forced to pitch while the pilot remained fixed.
The nose of the platform was forced down and the platform

permitted to oscillate freely with the pilot fixed until the

CONFIDENTIAL

E-12(C)

o ———— P e SR

— e —

- — - S——



- e comme— | | e c— - o A

revtee S besen  .1/0/6  HILLER HELICOPTERS Sl

4

cmtcato SMVARY REPOIT S et
N 1 { PHASE I11 AIRBORNE PInSONNEL PLATFORM | ..4:);7&
asrapveo | CONTRACT Nonr 13’:"7(,&) | steourmo 56110

CONFIDENTIAL

. 2

oscillation became uncomfortably severe. Tne amplitude anc

time history of the oscillations were observed ani recorded on

o e ot co——

film. from projections of the [ilm, at the sams speed at which
the f1im was exposed, tne amplitude and period ol the oscillations
were measured tc chack progress, LUuring these tests, tue pilot
floor neight was raised from the oripinal design lavel cf iF,75

inchas to a maximum elevation of L2475 inznes above ine duc

oustiet (total floor raise = 2L irches). The corresponding

vertical center-of=gravity movement was Irom 30,50 inches %o
39425 inches above the duct outlet (total ceg. raise =« 8,75 inches;
For every one (1) inch increase in floor height, the vertical
center-cf-gravity movement was 32 inches for a 175 pound rilot.
Figure 8 shows the platform rigged for tests with the niphest
center-of-gravity location. Table II, ¢! Appendix V, presents

a summary log of these tests,

Triese tes*ts clearly showed an increase in the period cf cscilla=-
ticn and a reduction in the amplitude as the center-ct-gravity

was raised. Figure 9 presents a time history ol the Iree
cscillation for two different vertical center=-of=gravitvy locations
and clearly shows the effect of raising the center-of=graviiye
These curves show, for a L.2 inch differerce in vertical center

=2f-gravity location, a L second difference in pericde

Tethered forward flights were conducted for wvarious vervical
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center=of=gravity locations to ovtain pilot's commonts relative
to flight characteristics. Both pilots felt that the platform
was easier to control at all higher center-of-gravity elevations
except the maximum which was 8475 inches above the design level,
The pilots commented that the platform seemed difficult to
recover from tilt at forward speed at the 8.75 center-of-gravity
raised position, but seemed satisfied when [lying at a center
-of-gravity located at only 6L inches lower. These comments
indicated that the analytically predicted center-ol-gravity
location had been closely aporoached at which tne aperiodic
motion becomes divergent and no further center=of-gravity

elevations were tested,

Hovering and forward flights to speeds up to 18 miles per hour
were conducted in calm air and winds up to 15 miles per hour

with S5 miles per hour gusts succassfully for the center-cf-gravity
vertical elevation at 5.76 inches to 8.75 inches above the

criginal design levela.

ce De=Coupling of Pitch and Roll

Tne engine installation design of the Model 1031=A platform produces
an unsymmetrical mass distribution geometry resulting in an unbale-
anced product of inertia about the vertical centerline. Figure 10
shows diagrammatically, the unbalanced mass distribution and engine

installation geometry.,
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Tether flight tests were conducted early in June, 1956 to confimm

analytical predictions that pitch and soll motions could »e de~

coupled Ly making the product of inertia about tne vertical axis
zero. As an expedient metnod of accomplishing tnis, one weirht was
attached o each of two diagonally opposed landing gear attachment,
fittings ‘o offset the unbalance caused by the enpine installation
peomatry. The location of these weipnts is stown in figpure 10,
Tasts were run with trree different sets ol weights; one set weighing
3.3 pounds, another set at 3.7 pounds, and the third set at L.l

pounds.

Tethered oscillation tests were conducted and in every case, the
rolling motion was markedly reduced when the platform was excited

tc oscillate in pitche. For the 3.7 pound weight, the coupled rolling
with pitcning motion was virtually eliminated provirpg the validity
of the analysis and showing the need to provide a zero product of

inertia about the vertical axis in the design of tnis type machine.

de Gyro-Paddle Stabilizer Device

Analysis of stability characteristics showed that the high vertical
center-of =gravity location required for dynamic stability in hovering
and slow speed flight could be reduced by employing a free pivoted,
air damped, gyro=bar actuating duct outlet mounted vanes. By
providing corrective moments in pitch and roll in proportion to the

angular rate and platform attitude, this device was shown analytically
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Lo make the platform dymanically stable in hover and forwari fl1i7n¢
by providing system damping inherently lacking in the basi: Mcdel
1031-A confipuration. Tnis lack of dampiny was atiriiuted Lo the
emall rotor ciameter, nigh disc loading of 23.3 1b/ft¢, and tne Lcw

vy p 2
pirvening arnd rolling roment of inertia of 20 siup fectc Ior tne

platform,

A grro-paddle stabilizer device was designed and tested in ‘ethered
and {ree~flights with resulting improvecd stability with no sacrifice
af controlatility. Test results agreed almost identically wi‘h

theoretical predictions.

1) Design - Desipn parameters were cetermired as required %o
produce a corrective pitching moment of 6.i ft-ib/depree of
gyro=paddle tilt in pitch for a two vane control system and a
piatform vertical center=ofe=pravity iccation 3L.5<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>