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FLIGUT RESEARCIH CAPADILITIES OF TIE NASA/ARMY
ROTOR SYSTEMS RESEARCH AIRCRAFT

Samuel White, Jr. and Gregory Y, Condon™*
Amea Rescarch Centar, NASA
Moffett Fleld, Californiu 94035, U.5.A,

INTRODUYCTION

The Rotor Systems Rescarch Afrcraft (RSRA) (Fig, 1) s belng oo
daveloped jointly by the National Aeronautics and Space adininistration _i.i§€§
(NASA} and the United Stotes Army under n conkract to Sikpraky Adrcroft W v
Divislon, United Tochnologles Corporation., Two RSRA vehiilea will be W

developed and delivered under the controet to provids th4 U.8. Governmant
with a dational facility capable of in-flight {nvestigatlen and verifica-
tlon of promising new rotor concepts and supporting technology.

The two RSRA nre currepntly undergeing developmental flight
teating: one Ls scheduled o be delivered to the Ames Rescarch Center
in the fall of 1978 and tho other in the apring of 1979, The rasearch
capabilities that will hava been doveloped and demonstrated at the time
of delivery of the first RSRA, which {8 conflgured ns a helicopter, have
been defined from Flight test data that arve ovailable as of this writing.
The resenrch capabilities that will have been dsvelopad and demopstrated
ot the time of delivery of the second RSRA, which 18 gonfigured as a
vompound holicopter, can be partlally inferred from L1ight test and
aimulation data that are available as of this writing, This paper
addresscs these dota with regard to expocted research capabilities and
limitations at the time of delivery and, where possible, comparcs these
eapabilities to the original design requirements.

BACKGROUND

The evolutilon of the RSRA concept and the projected rescarch
capabilitice and uscs of these vehicles have been presented in a number
of previous papers (Refs. L-4). The objoctive of the RSRA development
program is to provide¢ a vorsatile yoter research facflity capable of
precise measurement and control of rotor forces and of aircraft maneuver-
ing [light paramcters over a broad range of operating conditions. A
related objective L8 to provide adaprabilicy for instnllotlon of a
variety of new rotors, therveby permitting development of promising
advanced rotor concepts without the costly and timo-consuming process
of deyeloping now or modlfled vehicles,

‘DESCRIPTION

One RSRA is configured as a helicopter and the other as a com-
pound helicopter. In the helicopter configuration (Flg. 2), the RSRA
haas a design gross weight of 18,400 pounds, It is powered by the
Sikorisky §-81 rotor ond drive system, which consists of twa T58-GE-5

*Pormerly Structures Labovotory, U.S. Army Research ond Technolopy
Loboratories (AVRADCOM), Langley Research Center, Hampton,
Virginia 23665, U.5.4A,
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turboshaly engines deiving the S-61 waln tvansmission, the 82-faot
diametor main votov, tall takeof ! dvive shatt, (ntermed late gear box,
tall gear box, amwl the Ll-foor diaseter tall votor,  The hovlsontal
stabiliser is & "t rall with a L0 4<Toot span and an area of

1.4 square Teet,

Ia the compound configuration (Fig. 1), the RERA has a design
gross weight of 26,200 pounds,  Wing amd austllavy thiust jet engines
are added to the helicopter and the tatl (s changed. The tatl change
tncludes adding a 22-1/2-foot span lower horlzontal stabilatos
(ntabiliger-elovator), a rudder, amd assoclated contrvols; and veplacing
tve helloopter fixed stabiliser with & smallov 8-1/2«foot span stabi-
Voeer, The wing has a 45-fart span and tnoludes both atleven and flap
surfaces. The wing ineldence (8 vavlable tn Flight feom -9° o #158°,
The twe ausiliary jet englnes ave T -GE-400A high-bypass-ratie
turbotans with maximes vated static thrust (SL8) of 9,275 poumds each,

The maln tvansmission aml vetor ave mounted to th alvfvame
through a balance syvstem, Two systems ave available and both have been
flight=tested: one is a convent tonal load-cell svstem (Fig, 4); the
other s an active (solation and balance sveatem (Fig., 5) that provides
broadband vibvatton attonuat ton as well as rotor load measurement, A
wing load-cell systom provides wing Lifr, dvag and plrebing woment
measuvements (Flg, 6}, The tall retor and ausiliary engine load cell
syatoms provide axtal vhyust weaswremsents (Fig, 7).,

Al emer geney esvape systes s provided for the cvew (Fig. 8),
When the full exvess woade is actuated, an all-pyrotechnle system severs
the maln votor blades, jettisons aml fractures the canoples, and lnitlates
the crew extrvaction system, Tractor vockets commected to torse harnesses
extract vvow membovs and (nttiate pavachute deploveent. An alievnat ive
"blades onlv" mode, which provides tov jettisoning the blades in the eveat
of votor prablems that threaten the aivovaft, pevmits flight as a fised-
wing alvevatt. The cvew consists of 4 safery pllot (alvevatt commander)
fn the right seat, an evaluation pllot (copllot) tn the lefy seat, aml
an aft-facing flight engloser seated behind the evaluat fon pilot.

A velatively conventional hydromechanical flight control system
is provided for the safety pilot (Fig, 9, except that vaviable phasing
betweon rotary-wing aml fised-wing control surfaces is provided by
control phasing waits, The Tiight contrel system Locludes analog fovee
foel and stability augeentation svetess. A digital, tlv-by-wive contvel
sysiem (s provided for the evaluation pilot (Fig. 10),

FLIGHY CAPABLLITLES AND LIMLLATIONS

The RSRA has been destgoed for uwee in flight investigations of
advaneesd votar concepts and leprovemsents (n analvsis/design methodology.
The investigations of analyvsis/design methodology will start with the
S0l vortor system: they vequive a ‘Light eavelope in the veglons toy
which the sethadology tmprovemenis are being developed, atroraft contvoel
amd handling qualicies that pevmit accurate contvol of test conditions,
aml acouvate seasurement of the votor amd vehicle atates that provide
data tov covvelatton with the analvsis/design methodology.  In addition
to the capabilicies vequived for wethodology investigattons, alvanced
yotor systems (avestigations vequive structuval capabllitios aml dynamie
charactevistics that will permiy 1avestigation of advanced votovs, both
within and outside the flight envelope demonstiated for the S-61 votor,
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The RSRA requiremonts for [light resocarch eapability have been
inveatigated duiring the contractor development program. In addition to
having been Elight tested in both holicopter configurations and in the
full compound configuration, the RSRA hae been flight testad in twe
configuracions leading to the fyll compound ponfiguration, The firat
configuration was that of a helicopter with the compsund tail; tho
athar wan that of a compound helicopter without the wing (Flg. 11). Tha
RSBA im currontly being Flown I the full compound configuration.
Finally, the rotor will ba removed and the RSRA will be Flown ne a fixed-
wing airernft,

In general, tho copabilicies of the RSRA ara axpected to be ‘hu_;iké e
adequate to begin flight research operations, Thete eapabilitles will . PR -‘Jﬁf-
bo presonted as based on flight test data and comparisons with design . ﬁ3k>
limits or predicted rosulrs, Subatantial anolytieal, wind-tunnol, and '{#ji&
aimulation effores have been undertake) during the development of the ~§'1§

RSRA In attempts to prodict Lts flight characteristicw, to ovaluate thoge *-
characteristics aguinst required flipght ressarch ecapanbilities, and to

aid in resolving shorteomings in the design, OGlven the RSRA requirements
for verantility, the resulting complexity of [light conflguratiens, and

the neod té contain development costs, it has been neccssary to make
compromliscs in vehicle capnbilities; those compromisas will be addressed,

llelicopter Configurations

As noted, there are two helicopter confipurations: one in wliich
the transmission 1s mounted to the airframe by load vells and one in
which the transmizaion 13 mounted by an actlve Lsolatlon balance system.
This paper will discuss only the configurntion with the load-cell system,
The unique characterdistics assoeiated with the active {solation balance
system are covered by another paper presented in this forum, Paper No, 18,
entitled "The RSRA Active Isolatlon/Rotor Balance System" by J. Madden
and W, Kuezynski,

Structures

The flight eavelope for the RSRA in the helicopter configuration
with the load-cell balafico system was developed for a maximum takeoff
gross wolght of 19,800 pounds, o midcentor-of-graviiy location (302 inches),
and g maximum density altitude of 3,000 fect, The envelope for powerad
stralght ond level £light is shown in Figure 12, the normal eperating rpm
being 104%. As shown, the only components experiencing Fatigue damage in
stralght apd leval Clight are the push pod and the upper horizontal
stabilizer attachment fltting. A value of 1047 Ny was chosen os the
normel operating rpm because, as the curve of pushrod vibratory load
endurance limit exceedance shows, at this rpm the lowest stresses cxist
while maintaining an rpm range for voriations during maneuvers, The
power-off envelope is 94% to 115% Ng bulow 135 KCAS. All stresses were
less in power-off L£Aight than in powered straight and level flight.

Figure 13 shows pushrod vibratery load versus alrspeed, the load
axceeding the endurance limit (ENDj. The steop gradient of the curve
coupled with a do-not-ckceed limit (DNE) of 2,400 pounds dlctated the
maximun forward speed of 153 knots, Pushrod lead is the llmiting load
in the rotating controls and could be expected to be Lhe limiting param-
eter for fiipht testing of different blades on- the existing RSRA hub, As
shown in Figure 14, the right lateral stationavy star vibratory load is
just below the endurance limit at 153 KCAS at normal operating rpm.

72-3



Thia parameter 48 the eritlen) componaent In the nonratating controls
and could bo axpoeted to bo the Llimicing porametor for investigaclion of
different rotors that could be adapted te the RSRA rotor shafc,

The vibratory stress on thn upper hovlzental stnbilizer attpeh-
ment Edccing, as was shown Jn Flgura 12, exceeds the énduronce limit
in srroight and lovel flight withln the demonstrated envelope (Fig. 15),
Although this attachment £Ltting is redundont and rendily inspectabla,
a modifieaclon to corrcet tha oxceedance Ls currently under consideri-
tion, Flgure 15 also shows the next highest reading vibratory aleframe
stross, a tail pylon gape, which is well below tho endurance Limik,
The steady stressos in the alrfrome are quite low. This in as expocted
ainee the airframe was designed to £1ly a more powerful retor {(enlled
"Supar Rotor") and to withstand 4 g at 300 knots as a compound,

The limiting tall votor parameter, blade vibeatory stress, is
shown versus alrspeed in Flgure 16. The tail rotor is not a limiting
factor within the lavel flight envelope, and should not be a limiting
factor for mnin rotors which do not pxceed 5-61 power réquirements.

The forward flight muneuwvering envelope is shown in Figure 17.
The outar envelope J4 the Fuselage siructural doslen envelope; the lmner
envelope is the RSRA demonstynted onvelope. The trends of andurance
Umit excoedanees for the pushrod and upper horizp-tol stnbilizer attach-
ment Eleeing, both of which oxdoed the epdurance limit in straight and
level f£light, nre shown, In addition to these parameters, other poram-
aters alzo excecd ondurance limics.

Figure 18 presonts the design envelope of sldeslip versus airspoed
for the helicopter fuselage and the onvalope nttained durding Flight
testing. As shown, the only component experioncing fatigue damage is
the tall rotor apindle. However, nt polnt A, tha piteh beam load, thrust
load eell load, and blade total strese are close to the endurance limit,

In hover, all parameters nra well below thelr enduranee level,
The envelope for sideward flight is 20 knots right and 30 knots left
with the rudder vemoved, lowever, the origlual configuration for the
helicopter included the rudder dnstalled. As shown fn Flgure 19, with
the rudder installed and the atvcraft at a gross welipght of 17,236 pounds,
the tall rocor pitch hesm load wns approximately at the endurance
1imit, The vertlenl tnil/rudder combinntion was providing very high
bleckage (57% of the taill rotor disc shadowed by the tail/rudder)
resulting in hipgh control loads and, as will be subsequently discussed,
low control powér, Removal of the rudder veduced the blockage (to 36X)
and, as shown, dramatilcally reduced the plteh beam lond.

The hovering curn enyelope for Lha RSRA, which is 20 soconda [or
a 360° turn, may piesult in Facigue damage to the tuil cotor controls,
blades, nand thrust load coell,

. Each endurance limit excecdance requires caleulation of £atiguc
‘damage and eontinuous tracking of cumulative fatipue damage. Fatiguo
1life calculatlons, using the RSRA vepeated load design spactrum and
anticipated usage, indivate thot the fatigue life of the most critieal
component in fatipue excecds the expectrd scrvice life of che alrerafe
by an order of magnitude, nnd that component veplacement, because of
fatigue 1ife problems, wiil be unlikely, To ensure structural integrity
for Catigue, however, cumulative fatlpgue damoge will continue to be
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teackod on o flfphu-by=flight banin thronghont tho Jife of the alveealt,
IF subsoquent data, sieh an highsapied compouml ELight, imdlente a troad
in cutmlative damage that w1 require conponent roplacesent, auch
raplacementt will Be ochaduled amd proviatpned,  Fatlpoe Lifo, thovefors,
10 ot vxpected ko boe o Limbtation on the uso of the R{RA,

Hapdling Qunlition

Lovel THpght concrollabdlicy data, preaented In Figuro 20, ahow
mo uaceeptable characteristion,  An oxpectoed, nigndfivant changes did
pok vomle fyom chavging vorma) oporacing eps from 1008 to J04% for the
strvetural vontddarationn provisualy pentionad,  The teat yesulis ghow
that thi tall votor fmpeessed pltel agrooa woll with predictions
throughout the alvepeed vange, aud that Jwiglooddnal contrel and pieeh
attloude apres woll with predictlons at Yow alenponds but nob st high
Cadvepeeds,  The reason fur the poor corvelatlon iz uknown but will ba
thwentigneed dpetng vouareh oporations by NASA and the Awmys  This
wnesplatned Qlsagyiement coupled with the proxinley of the control
ntop {15% of travel from neatesl) st 153 KCAR prequives coutton oy
aenvolope dovelopment at aft centor of gravity Joeatlona,  lowevey, the
hopinunenl ntabillsor s grownd=mljustable ond adiuntment will be yaed
aB nomymn Lo alleviate this problem,

An shown In Flguee 21, the fongitwdiwel atatle atanilicy {n
marglually posleive ot 70 KUAS, which 16 the alvapeed at wlideh the statip
ababilicy 48 prodicted to bo the lowest,  An phown In Flguro 33, tha
helicopter confipuration oxbibits positive tateral diveeulanal ataciv
atablliiy,

The dynasile vesponse of the BSRA helifvopror In woll dasped for
ald axes I forward CLight ap shown Tor yaw in Blguve 23, There {o
peritive dihedval an ovidenced In the figwre also.

Piteh and voll control sepsltivity amd damplog In A hover ace
nhawy fn Figures 345 and 25 1he Jow=piteh gonsitiviey coupled with thae
rolaedvely bighor voll sonafclvdey Inodun 1o daege JEEferencen dn inertia

(96,000 nlug~fE In pleeh verews §,300 slugsfte in roellY, This contrul
dalmrwony mabdfouta Ltoell In tormu of a PO tondeney (Blgs 28). Thia
ddshmemany problvm can by alleviated by vedoelng tho roll seandtivity
thvough uae of the coutrol phaving wnite  Reduetdon of roll sonaltivity
will be wudertakon by NASA awd the Aviy duving dnitial governmong
venoakel apevationg,  Tho yaw contvel sensitlvitys vovsun damping lg
shota In Flpure 27 The extremely low yaw contieel sensftivity vesalts
from tha high yaw Inevkla and mokon hoverdng In gasey aky JE0FLenlt,

This vegquivemonta fox tall vator contrnl for sideward {1kt ava
phosn S PFlguro 28, Nobo that with the endder fustalled, thore fa a
nignilficant loga Ly tall votor control power.  Removal of the vaddor
providen adequata telm control thvoughent the gldevard fLIght onvelopo;
howovor, the Low gontroel nennitcleite wesennliates a laegor than noypal
vantred margine  As o vesult, mancuvering Tlight In o hower 18 bot
vovopmembed In whindy o guaty condiciond and o Jimic oF 20 woconds fop
A 360° tuen In dmponed,

Dynamien

Conkplt wibratloi data at Nfvev fov Bath pllot stations ape shown
fn Figurs &9 voveus aleapecd and ave the vonntt of sae tundng chango tp
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the bifilar absorbers. Only minor varlations in vibration levels occur v
over the rotor rpm range. The vibration levels experienced by the

T-58 engines and tall rotor drive system were all within allowvable

limitw,

Nelicopter With Compound Ta:: Con  aration y

The hellcopter with the compound tall was flown (1) in order to
investigate the effect on piteh-axis handl ing qualitie . of rotor down-
wash on the compound tall, and (2) to validate the mathemat leal model ing
of this phenomenon so as to provide confidence in the prediction of the
minimum speed for the compound prior to first flight. As shown in
Figure 30, the piteh attitude prediction was quite accurate (in contrast
to the helicopter prudiction which diverged at forward speeds); however,
the longitudinal control differed from the predicted contrel at alr=
speeds below about 60 knots, showing a stick reversal. Consequently,

60 knots was set as the lower limit to which the predictions were con-
sldered valid for the compound,

Wingless Compound Configuration

The TF=34 fan jets were added to the hellicopter with the compound
tall in order to investigate power management and to validate the
mathematical modeling of the jet engines effect on handling qualities at
low speeds. As a result ot these limited objectives, this configuration
was flown well within the envelope of the helicepter configuration,

Structures

This configuration was flown at 23,500 pounds gross weight,
midecenter-of-gravity location (302 inches), and normal operating rpm
(104%). Flgure 31 shows the helicopter structural design envelope, the
helicopter flight test envelope, acd the wingless compound flight test
envelope, all with thelr assoclated gross welghts, The eritical main
rotor parameter s not the pushrod load, as it is In the helicopter
configuration, but rather the right lateral stacionary star vibratory
load, as shown in Flgure 32,

In comparison to the helicopter configuration, the added gross
weight (from 19,700 pounds to 23,500 pounds) due to TF-34 installation
causes a decrease of about 40 knots in the speed at which the star load
increases dramatically, Therefore, a maximum level flight speed of about
115 knots could be expected for the compound with a wing incidence that
would result in a rotor Lifr of 23,500 pounds and a rotor propulsive
force sufflcient to overcome a drag slightly less than the helicopter
fuselage drag (with TF-34 engines in {dle, the TF-34/nacelle has a slight
propulsive force). Reduction of the main rotor torque by 20T at 90 KCAS
results in a significant reduction in star load (2,600 to 900 pounds).
Using TF=34 thrust to increase forward speed from this trim condition
results in an increase of about 20 knots in the speed at which the
dramatic load Increase occurs, thereby demonstrating, as one would
expect, that reduction in torque and the use of TF-34 tnrust will allow
increased forward speed even while maiontaining high 14f¢t,

The eritical tall rotor parameter, as was the case in the heli-
copter, is blade vibratory stress (Fig. 33). The basic trends in the .
data with application of TF-34 thrust are similar to the trends in right
lateral stationary star load.
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A# rogards Fuselnge ntrasses {n thie configuration, the tall pylon
vibratory stross, an shown In Figura )4, vomaips consiavont with hell-
copter data, Alsa, as shewn In Flgure 34, tho uppor horlzontal stabillzer
uttaghment vibratory stresnos aro vedugod velatlye to the helicoptoy,

Thin 18 due to the largo upper stablliger beiog replaced by o smalloer
onp for the sompound- canfigurationn, The fusalage stressed obviously
pesa po probloms for this configuvatlon and Elight onvalope.

The envalepa for eldesllp versus alrspoed is shown in Figure 35

Cad was lavestigated to wnderstond tall rotor loads In tha event of one

TF=34 holng inoperative, The stresses wera all less than enduranca
viluen within the mvulope.

HandLiug Quallicion

Thit primary handling qualities concorn wan the effoct of tha TF-34
englnes on handiing qualitlos in che piteh axle and veriffeatlon of cha
ateuracy of the predictlons pelor to compound [lights Pigura 36 shows
i cowpseison of predieted and actunl plech attitude and longltudinal
contral versus airapaed for TF-34u 4t ddla and for main rvotor torque
at 207 lens thon tho value redquived at 90 KCAS with 'PF=34s In idle,

Tha correlation ta quite geod and presulted o high confldonce in the
prodictlons for compound handling qualitics, The takooff speed for this
conffpuration weir chosen a priovd at BO knota. Note that che longltuwdinal
control raversal aecurs at 80 knota versus 60 kwots for the hellcoprer
with tho eompaund tnil,

Dyianian

Figura 37 shows copilot vartieal acecleration at Nlrvev and,
flthough within aceaprable limits, the lavels ave highar than du the
holieopter confliguratlon, Roduetion in malw rotor torquo and use of
Th=24 thrust to luerease spend vesult dw roductions in main votoy
vibratory Toveing funetlona amd, as expected, reductions In coekplt
vibeatlonn,

Lompound Confipueatlon

Tha [light eavslope dovelopment prograw for the cowpoimd con-
Figuration Lu cuvrontly vngolng,

StructuvoH

The vohiede 1o hadng Llown nt 26,200 pounds takeof{ groun wulght,
mideentor-of~gravity pesltlon (302 Inchaz), and o maximum doasley
altitude of 3,000 foet. As of this writing only very limlted flight
Investigations have baen conducted. The forward [light mancuvering
euvelope L6 shown in Flguro 38, The tuter envelope s the dtructural
deslgn envelope, the mlddle envolope (8 the plamned demonstration
onvilope, and the Innor envelopa ls the aceomplished envalaps as of this
welting.

Mgura 39 shows vight lnteral statlonary star vibyatory load
varnun alvapsed for che helieoprer, wingloss compound, and pomjpound
gonfigurations, 7This paeamaber, not pushred load, 1s che erltieal
pasametar for bath the full cowpound nnd the winglons comjpraund con-
figueations,  As con be soen by axamining tha eases for the TF=34 englnee
at groumd ddla, the addicion of thia wing to the wingless compound
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fncrenges the speed of the knee of tha curve by sadout 15 knotw. This i
dun to the voduced retor Life which, over the spoed ranpe of 75 to 116
knots, is predicted to vary from 19,700 pounde to 17,000 pounds. Becausn
the incvoaned Fusclape drag requirus a much higher propulaiva foree, the
compound datn do noe agred wich the holleoptar datd aven though the

votor Lifts nro approximatoly oqual, Satting the main rotor torque teo
aqual tha torquae at 80 knots wich tha TF-34 enginou fn fdle and using

the TP~34 engines to increpss apead, results in reduced lonad ad
mnclelpatod,

) Figura 40 shows toll rotor blade vibeatory stress vorsus slvspecd
for the holicophbr, wingless compound, and compound configurations, The
pame trends ns discussed for the vight lateral statiopary atat appoai,

Figura 41 shows the vibratory stress of tho wpper horizontal
atabilizer actachmont fitiing and koll pylon vibratory stross, thix two
fuselagn master indlcatora, varaus alrapeed, Tho stross lovela fall
among tha wingless compound dats and pose no limite witbin tha {light
apeadit investigntod, :

Hamdling Qualities

The duta for trim longitudindl control 4n levael flight with TF=34
englnog ot ddle are shown in Flgure 42 alopg with the predicced tedm,
A8 ean be sden, thoera s oxcollent corvelation, The stick revaraal agnin
{6 predicted to oceur at sbout 80 knots. Flgura 43 shows the crim
chavagtoednties with rate of climb ag 80 KCAS; prodictions correlato
well with the Limitod data availabla, The Liftepff spoed was chicsen as
B0 knots hacavse of degraded landling qualities below thin spocd and
bocanse of attitude connideyavions, Tho takeofl tochnique s to not
tha TF-34 engluos to 5CX Np with tha brakes applled; to releasa the
brakes and accelarato to B0 KCAS with the T¥=34 engines at 50T Np: to
voll the throttle baek te the {dla detent (24% Np); and to 1ift olf and
climb put wslug colloctive. This techulque allows a short takeoff roll;
permive o noda down rotntion at Life-off singe the bpim attipuda in
climbout at 500 faot per minute in approximatzly 1.5°% versus a ground
actitudae of 2,5% 1ifte the tnil wheel £ifet and foacllitates maincaining
80 knots In transition te the climbout. Lift off at 50X Np is not
desirable since this would require o large nese-up actitude change (from
2,5% ground attitudo to 7.5° elimh nttitude) to tronsivion to thoe elimb
condieden, ’

Dynamice

The co=pilot vorticval acceleration at N/rev in ghown {n Figura 44
for che halicopter, wingless compound, and compound gonfiguracions. Again
an axpocted, the reduetion in rotor Lift of the compound with vospact to
the wingless compound rosults In Jower cockpit vibeatlons beecause the
rotor forelug functions arc reduced.

Load Coll Svstoma

Az digeusued under "Background" and "Deseription,” thi hasic
obJective of tha RSRA, to provide precise measuremint of £1ight loada,
1a provided by the op=board measurement systom, During the contractor's
devolopment f£1light test program, load-cell datn have beew used almost
oxelusively for structural substantiation of aivframe components. The
load-call balonces have not bean calibrated an n system to determina
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tfivence coofflcients or system acouraey, Syotem calibeatlons ara
nehweduled an the Firet task of the Coverwsent's ropearch Tiight operatlonn
phase,  Uatil the pyatem ban boon ealibrated, preckos conpavigonn vankat
b made botweon noatured loads and theovetieal values or valoen doter-
mined by other 1ndopandeut seasuvenonts, Simplified tosta of vomsonabl. .
nosh, however, can provide an dndicatlon of sntle lpated capabliity aad
utilizntion of ealibraced £Light dotss  Tho oxdeples that follow sre
intended to 1llusteatp potontial uoen of load-cell data lu rewoarch
opacations, fha firat Illustration, Flpura 45, shows messured valuoy

of rotor and wing $1fe vorsua nipmpesd for waaccolevated forwand flight

of the compound configuration with a wing fouctdence anglo of +10%,  Tho
differaprn botveen those not 1T foveea with the LLfv bady axia conpenent
of grodd welght I a oeasure of down-load on the fuselagescopennage. In
tho wnealibracted oxanple, the difTeronen alsv focludes ovyora due to
oxcluding the dnfluonea of ather Temd colls, rodundant load patha,
varrfeal lowt Cactor, and systomatfc or randem ereocd.

Simllarly, Figora 46 compaves measured farcas in the deag/propulslve
farey body axin,  In thin axample the net propulsive forvea ave nuwmmed
nad tha deag of the fuselage/enpennage inforreds  This Infoerved value of
drag Le compaved with wind=tunsel data.  The wind=tumel data have been
corgveted to bodyeaxis compopentd and 3 usted to vemove wing wnd
auxlilaey enging contrlbutfond, bw previie o dhrect conpapinon with
fLight daea,  An In the preceddng oxasple, use of wnealibeired datay as
vall ap the doprecislow In applyiog correction factors te windstunol
datn, tond to fntreduce eryor, A furthey myjor factog L the absiwen of
takl rotor deag lu the wind tounel Jdata,

Figure 47 vompates yawvlng moments measuved ab the saln rotor
torque losd eells wiek tatl rotor antleovque and vertical stabilizor
yiwing moments, The latter wero calewlated from wind-twwnol dats uilig
yiwe nnples measured In Elight.  Agaln, appavont evgor fo atteibuted

preimaelly to uvse of uaeallbrated data awd the nflaones of othey Yond N (3‘3 Ate
celln or pedundant 1inke. x3 AL AL W\
RPN L

Alter vallbratfon of the on-board meamnremeny nystem, analvoos

: . ; 1y 1?00.“
slotlar to the oxampien presented wlil bo conducted top the Loveen wml l)¥.

popants tn atl three axes of the vofor force meapurepent oyatén, Tha

“queationg ralded by the "orvors" fun the examples peovide intrigsing and

vgnllunning aveas of reseurch made possible by the avallabildty of the

RERA,

CONCLUNTNG, RENARKS

As w0 approach tho conclunlon of the RERA Jevelopment peopram and
the begloning of rescacceh flight opevatlons, our agssegoment of the
oxpocted cenegyel capabilivies of tho RYRA {a LTavorableo  The structueal
timitatfons should pot sipnificantly constyain the Elight envelope for
vossaveh operatfons; the handdiong qualition, althougl neb optioum, ave
within the parameters eciginally prediced; and thers are we fundamdutal
dynswicy problemss  Although the aveuracy of the fovea snd oment
moauuremsnt syetens hae wat et been quantifted by enlibeation, 1t lo
orpectad to ba aceeptable after calibpation, Somo of (he questions awd
gaps in Informatlon that have beow rafscd durlng our aesespment ol RERA
capablllcton puggest aredn for early reseurch peojecty.
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influence coefficients or system accuracy. System calibrations are
scheduled an the first task of the Government's vesearch flight operations
phase. Until the system has been calibrated, precise comparisens cannot
be made between measured loads and theoretical values or values deter-
nined by other independent measurements, Simplified tests of reasonab!.
ness, however, can provide an indication of anticipated capability and
utilisation of calibrated flight data. The examples that follow are
intended to Lllustrate potent lal uses of load-cell data in vesearch
opevations. The fivst (llustration, Figure 45, showvs measured values

of rotor and wing LAft versus alrspeed for unaccelerated forward f1ight
of the compound configuration with a wing locldence angle of +10°. The
difference betwesn these net 1ift forces with the Lift body axis component
of gross welght Is a4 seasure of down-load on the fTuselage empennage. In
the uncal ibrated example, the difterence alse includes errors due to
excluding the influence of other load cells, redundant load paths,
vertical load factor, and systematic or random ervors,

Simllarly, Flgure 46 compares measured forces in the drag/propulsive
forcy body axis. In this example the net propulsive forces are summed
and the drag of the fuselage/ empeanage inferved. This inferved value of
drag is compared with wind-tumnel data. The vind-tunne! data have been
corrected to body-axis components and . usted to remove wing amd
auxiliary engine contributions, te provi e a divect comparison with
flight data. As in the preceding example, use of uncalibrated data, as
wvell as the imprecision in applving corvection factors to wind-tunnel
data, tenl to introduce ervor. A fTurther major factor is the absence of
tall rotor drag in the wind tunnel data,

Figure &7 compares yawing moments measured at the maln rotor
torque load cells wit® tall rotor antitovque and vertical stabiliser
vaving moments. The latter were caleulated from wind-tunnel data using
yav angles measured in flight. Again, apparvent ervor s attributed
primarily to use of uncalibrated data and the (nfluence of other load (‘IB b

cells or redundant links. 5 PA
JGINM Q\)m’“

AMter calibration of the on-board measurement system, analyvees w)“
similar teo the examples presented will be conducted for the fovces and U‘.

moments In all three axes of the votor force measurement system. The

questions raised by the "errvors” in the examples provide intriguing and

challenging areas of research made possible by the availability of the

RSKA,

CONCLUDING KEMARKS

As we approach the conclusion of the RSRA development program and
the beginning of research {light opevations, our assessment of the
expected research capabilities of the RSRA (s faverable. The structural
limitations should not significantly constrain the flight envelope for
research operations; the handling qualities, although not optimum, ace
within the parameters originally predicted; and there are no fundamental
dynamicas problems. Although the accuracy of the force and moment
measurement systems har not yet been quantified by calibration, it is
oxpected to be acceptable after calibration. Some of the questions and
gaps (n information that have been ralsed during our assessment of RSRA
capabil ities suggest aveas for early vesearch projects.
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Fig. 11 RSRA wingless compound
configuration,
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