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Fig. 2 Effctafneight factors on ol a0 and bl (gl

applicacion becanse of im abilicy o simoloaneonsly address
multplk objeccives while incorporacing che capbilty ro em-
phsize spacific objecives relicive o the cchars. The procednre
has been demonscaced, nsing a high-speed aircmaft design
problem, to be effecrive in achieving the desired goal of se-
kcrively #mphasizing design objecrives in che avenll design
process.
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Tmiraduetion

LI3HT flnccer cescing relies heavily on measnred asro-
elazic flighe dara for safe and efficiem envelops expan-
sion, These dam are nsed o der=rmine che scabilicy propemies
and pradicc the onsec of flnce=r chrangh alzorichms oo escim ace
damping pammerers, tansfer foncrions, and nncerminy de-
scriprions for derived mode k" The reliance on fligh dam pre-
sents 1 need for asmoelamic excitarion mechanims chac can
provide high level of excirarion across a wide range of fre.
quencies. A recent AGARD conference idencified snch mech
aniEms as an imparan area of rassarnch for che aamae bhaic and
flight-re= commuoniies ®
This More presents resnles from flighe reses of che FFA-18
Systems Research Aircmafe (5RA 17 Flighe dara are recorded in
response o chies aesmelasic excitarion mechanisms: atmo-
spheric cntbnlence, pilocscick commands, and a wingrip exciter
system. The parformance of sach mechanizsm & direcrly com-
pared by analyzing power spectml informacion obrained from
dam recorded in responss o each oy pe of excimrion ac che same
flighe condition. This informarion demaonstaees the bvel of
exciarion overa freqnency mnze and che powerofeach modal
Te s pomss.

E/fA-18 SHA

The FiAa-18 5EA is being flown ar MASA Diryden Flighe
Research Center as a westhed for flnomer e=ing, advanced ac-
[OALOT CONCEpPS, SMAM sorncmres, oprical sensors and avionics
systems. The SEA is arwio-sear configoracion figheer wich pro-
dncrion enzgines. Floter tescing was inkiaced on the SRA be-
canss of 2 major keff wing scrocenml madificadon o allaw
tescing of several hydmnlic and e kcoromechanical aileron ac-
coaror conceps. The increased size and weighe of chese acen-
amrs reqnired the rmphcament of 2 ficeing called a hinpe-half
snppoming the aileran hinge, the acmapor, and a fairing wich
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Table 1 Stuctoral mochl frequencies In Hz of the F/A-18
systems research atreraft for heavynelght condition

hlede Symmeric ArEy mmerk
Wing 1o bending 5.5 AT
Fuge bige 1o bending .30 Z 13
Wing 1o omion 13.9% 14 &3
Wing 2nd bending 15,55 e 7=
Wing ouboomd omon 7.2 —_—
Fusehge Znd bending 13.51 15 &2
Fuse lige oormion —_— .19
Wing 2nd momion BEE X.93
Adleron rocacion 33,4+ _—

Adleon cocslon 15,60 R
—

the larger and heavier imms. These scrocennl modificacions
changed sciffness and damping propemies albng with adding
abone X b toche wing. Dependency ofche aikonaemoelaxic
behavior on accnator dynam ics warmneed che fl noer rescs.

A mnil lix of calenlaed =roccnml modal frequoencies for
the Fra-18 SRA afcer che modificarions is given in Table 1.

Accelaromerers are available ar ssvem ] poines on che aircmfe
o recond modal responses. Each wing has a semsor on che
aileron and ac the forward and afc posicion on the wingrip.
Addiciom | acceleromerers are locaced on each verdcaloil and
horizonm | stabilaor.

Excitation Systems

Three differenc exckarions are considered for che FPA-13
GRA flighe rests. Acmospheric corbolence, pilor stick com-
mands, and a wingip syseem are wilized to generace asroe bhs
ric response dara.

Armospheric mibolence and wind goscs can provide exci-
racian aver 1 broad range of freqnancies bacanse of mndom
variations in the speed and direccion of che aiflow. This cype
of narnml exc kacion is easily implem emed becanseno changes
ar addiions ro che aircmf are mqnired, alchangh che level and
frequency disorbmion of excimdon may noc be oprimal as a
resnlc of insofficienc cotbnlence ac che resc poins.

Fladal responsss can alsa be axcited by pilac commandad
movemens of the conool smrfaces chongh che ick. Sevenl
types of responsss can be generared by =ick ms, singles, and
donblacs alang with sinnsaidil mavemenes of the seick. The
frequencies excicedby soch piloc sick commands are genemlly
low freqoency becanse of homan bandwidch conscraine and
low-pass fikers in che tansfer foncrion from scick o conemal
surfaces to rall off any high-freqonency commands.

The chird exc karion syseem was developed by Dynamic En
gineering Incorporamd (DELY The syscem consises of one or
more wingop excies, an avionics box monnced in che inscr-
mentacion bay, and a cockpic concraller. Sevenal versions of
this syse=m ar= being nsed for finceer escing of milicry and
comme il aircmafe” The version ncilized for chis projeccnsed
a single exciter on each wingeip”

Asmodynamic forces are gensmced by che wingrip excicer
that consiss of a2 small fixed aerodymamic vane forward of a
romcing slocced hollow cylinder. Romring che cvlinder varies
the fonces on che vane. The cockpic concroller commands sine
sweeps to the rotacing cylinder to determ ine che freqoency and
maznimde of the wingrip forces. The wingrip excieers are pro-
grammed to acc in- phase (0 degh or one-of-phase (90 degiwih
each orheroo excie eithersymmerric oramwisym mer ic modes.

Flight-Test Results

Flight pears were condnced o measore dara in response (o
each of cthe cthree asroe haic exc karion mechanisms ac flizh
condiions of Flach 085 and an aldcnde of 10 Hi. The esc-
paint procednre for mecording armospheric cotbnlence e
sponses comsiseed of level flighe while dara were colleced for
30 s, The cesc-painc procadnre far che pilor scick commanded
excitacion comiseed of lareral scick mps and singlks approxi-

marely every 5 s for 60 5. The esc-poin procedore for che DE1L
eucimmnrilized a 30-5 linsar sine swaep from 3 o 30 Hz wich
the exc ke in symmecric mode.

Power specrraldensiy (PS50 foncrions are compneed for che
flighe dara sarsco decarmine che & flactivenass of sac hexe kacian
mechanism. The F5D is represemacive of che kvelof sxcita-
tion across freqnency becanse che inegral over a freqonency
band of che PSD foncrion is aqnal oo che power of che signal
in thac band.

Fignre 1 presents PSD foncriomw for che forward wingdp
accelaromearar on che laft wing. The wingtip sensors are nsad
o observe symmemic and amisym mecric wing and foselage
maodes char are ofeen criticaleo idencify for fl ighe filnceer cescing.

The P50 foncrion for acmospheric cothbolence responss dam
is given in Fig. la. Mo hirge peaks are presenc in che relacively
flac P50 fonccionco indicaee char no modesane scronzgly exciced
by che mibnlence. The moibnlence sxcitarion was scrongesc ac
low freqoency with a decrease of approximacely 5 dB after 20
Hz: however even at low freqne ncies che enerzy in any modal
response is no greacer chan che noise level in che measorement.

The P50 foncrion for dara measnred in response co che lac
enlscick mps and singlks is givenin Fig. 1b. The heenl ick
raps and singlecs are ab b ro excice che symmecric and antsym-
metric wing lscbending modes; however, the energy in chese
modal responses is significancly less chan che larenl rigid body
rall mode response near 2 Hz. Scick commands poorly excice
modal responses above 10 H:z becanse of bandwidkh con
scraines of pilor movemens and low pass fi kers inche mansfer
foncrion from mick o concmol snrface accnacion as evidenced
by Fiz. 1b.

The P50 foncrion for DEL excimcion mesponss dara is given
in Fig. lc. Several modes are clearly excieed doring che flighe
test, which correspond o che prediceed sym merric modes lisred
in Table 1. The symmatric wing la bending and wing ambaoard
torsion are pamicnlarly evidento in che respone daca.

Fignre 2 presens PSD fonccions for che aileron acce ke rom-
=1 an the right wing. Informarian chrainad fram chis sensar
is imponan forscabilicy monimoring of asmoservoe lastcconral
snrface modes. A parmicnlar concern is observing aileron modes
dnring cransonic flighe ro idemify bnz= phenamena.

Fignres 2a and 2b presenc power spectml information for
aileron respomses o ammospheric combnlence and che heeml
stick raps. Meicher dara ser indicarss chese machaniEms are able
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o excite the aileron modes, Fignre 2c presencs che power spec-
ram demeicy foncrion for aileron response o che DEL axci-
mcion. These dam indicate an aileron Romdon mode i excied
ar 29 Hz along with the wing lscbending and wing onboard
mrsion modes.

Comparing the power in modal responses of each PSD fonc-
ton & an accomee means of comparing che perfformance of
#ach excitarion mathad. Clearly the DEL sxvcimcion sysoem ax-
ciped aeroebhaic modal responses wich higher power chan che
pilor mick commands or armospheric cntbnlence wich che ob-
served symmecric modal responses consicencly maore chan 5
dB higher for che DEL excimton. The symmecric wing lsc
bending mode is represemarive of chis behavior wich — 38 dB
in the msponss a5 2 resnk of cthe DEL axcitarion, bocanly —9.0
dB for che pilor stick commands and — 103 B for che armo-
spheric cntbnle nce &xc kacion.

The power measnred by che aileron sensor below 5 Hz is
Frearer for responses o piloc stick command chan forche DEL
excitarion as shown in Fig. 2. This powerindicares =sick com-

mands to the concmol sorfaces char agrees wih the observacion
thar pilor commands are limiced oo chis freqnency mnge as
evidenced by Fig. lb. Simikr behaviaor is reflected in che con-
bnlence response dam, where specoral informacon from che mall
stick dam indicares same pilor commands were consamly in-
poc oo cthe aileron in this freqoency band.

Also, power levelk measnred by che ailkeron in Fig. 2 are
greacar than for che wingrip sensar in Fig. | became of mave.
ment of che ailkeron. The aileron is nsoally nnde going some
maotion becanse of the concrol system mainmining crim along
with same amannc of freaplay in che snrface .

The effective operation of the DEL excitarion syscem is in-
dicared by Figs. lc and 2c. Fodes are scrongly excieed op o
the com manded maximom sweep frequnency of 30 Hz, wiha
sharp decrease in power above cthis freqonency. The freqnency
sweep is the commanded linearfoncion char allows che high-
freqnency modes o be as scrongly excied as che low-fre.
gquency modes, Addiciom lly, che observed modes macch well
with the symmerric modes lited in Table 1 o indicare the
exciers maincained nearly 0 deg of phase difference doring
the commanded symmetric sweep.

The DEl exciers did not sweep above 30 Hz, and so any
exciation above chac freqoency is a resnk of armospheric ex.
ciacion, as evidenced by che com pamble power levels above
this freqnency in sobplomaand c of Figs. land 2. The heeml
stick commands wers most effeccive ar exciring modes below
10 Hz, althongh the power level inche measored dam berween
13 and 30 Hz is higher chan char obmined from amospheric
cotbolence . Above 30 Hz rhe power measored in response o
piloc stick commands & simibkr to char measnored nsing atmao-
spheric mrbnlence.
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