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NSTRUMENTAT DN
(St roa rd)

Wind Tunnel
ENTERPRISE

hASA Imglur Resparch Carjer

Transonic Dynamics Tunnel

StaNngauges
Accekron eters
Pressu re tna rsdu cers
— Static
— Unsteady
e It IU
e Vi steady tarsdu cers?
Ba b rces
LVDT/RVDT
ktlron eters / a-a ccekeron eters
Hi h-speed ik /vdeo
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NSTRUMENTAT DN
(M odemtechru es)

Transonic Dynamics Tunnel

e Photognnn etry forn easurry g eon etrcshape

e Vdeo defom atioonNnn easu ren erts

 ProjectonMoie rerferon etry

« PSP (ard TSP)

Wind Tunnel
ENTERPRISE 64

hASA Imglur Resparch Carjer




Transonic Dynamics Tunnel

e Provdes three-dr ers pnlordmniten easu ren ert

 Wors forrebhtavely hkigen odeb (HSR:10 *rotchord, 5”spa N

e Usesopticalriryu htionwhcan eras fron 2 orn ore bca ors

* Requ ires reflective & j ets (HSR:6200)

 Potente llyn oreaccl nte tha ncornk ctn ethods

(HSR: cakbubhtedacauncyof( 00037,000037,ard0 00057 (m s)forxy, &z
coord n t&es)

Wind Tunnel
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PHOTOGRAMMETRIE M EASUREM ENTS OF HSR REG D
SEM BPANMODEL CRITCAL FOR CFD ANALYSES AND
FABRIEAI DN ASSESSM ENT
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MODEL DEFORM ATDNW ITH VDEO
PHOTOG RAMMETRY

Retroreflective targets on model Raw high-contrast image

* Dedicated measurement systems at 5 NASA facilities
Langley: NTF, TDT, UPWT, 16-FT
Ames: 12-FT

* 17 major tests in 97-98

* Near routine, near real-time demonstrated

PSP integration underway
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VIDEO PHOTOGRAMMETRY IMAGE AND DATA

NTF Wing Twist measurements at 3 semispan stations (h)
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DYNAM C VDEO DEFORM ATDN
SYSTEM CAPABLITES

B
» 25 sec. records at 60 Hz
V demonstrated
« Data reduced in ~ 2 min.
« Limitations appear to be in video
record and data reduction speed

] F PI tChI ng 5 Video Displacement Data, Run 3, Point#9 , Oct 28, 1998
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PROJECTDNMO RE NTERFEROM ETRY (PM ):

Non-intrusive, full-field technique able to measure large deformations
PMI provides pcti res (quantitative data) of model deformation

Current instrument capabilities:
— Labonrtory den orstrted accu rcy betterthan( 2n
— Turrelden orstnmted a ccu rcy betterthan0 75n

PMI versus Video Model Deformation (VMD):
— Pressuresers itive pa mtversus pressuretpan gy
— Cinertstte- VMD has g reateraccu racy, rea Htm e perfom arce

— PM Iproduces spate lly contmious dat; dentifies fea t res
“ reeeri’ by VM D

Facility-dedicated systems exist at LaRC 14x22 and TDT
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PM IM EASUREM ENTS N THE TDT

e “Smart” control surfaces:

— | prove pressu re d s tribu tion

— Debys n iy edgesepi ntion

— krreases Iifta rd redu ces dng

— b proves pichiry, rollry n on ent

« Shape memory alloy (SMA) actuation:

— Trn llry edg ea ikron- en bedded w wes
— T iy edg e Th p-- en bedded w mes
— kduced w ry t BE- SM ADIOU e tt be

Ko

Smart Wing installed in TDT
Smart Wing is a joint research effort between NASA, Northrop-Grumman, DARPA, and AFRL
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Chord, mm

Chord, mm

TORQUE TUBE NDUCED DEFORM AT DN
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PRESSURE SENSIT WVE PANT

Cortmious suricevs.portinonm a tion

Testn edun requ wen ers

Dyrin i capa b ilites
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MODEL MOUNT SYSTEM S

Sdewa ll

Fbor

Sty

CibE
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SDEW ALL MODEL MOUNT

Adva Nk g es
— Reduces cost
— Reduces instrumentation / concentrates instrumentation
— Improves safety, particularly compared to cable-mount

Deadvarntges
— Full-span simulation (aero + structure)
— Boundary layer interaction
— Tunnel wall porosity
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SDEW ALL MOUNT CONSDERATI DNS

e SnUuhtry cany-throughstuctl re

« Sin Uuhtiry g d-body DOF%

« Accou ntmy forbou rda ry b yereflects

— Splitter plates
— Stand-offs”

* Gatlin, Gregory M. and McGhee, Robert L.: Experimental Investigation of Semispan Model Testing Techniques.
Journal of Aircraft, Vol. 34, No. 4, July-August 1997.
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SPLI'TER PLATE APPARATUS

Tunnel wall

N

Splitter plate \

— } O

K7
F|OWT

'k
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OSCLLAING TURNTABLE

Benefits/Payoffs
Unsteady pressures and loads
data from models mounted on
the OTT will be correlated with
unsteady computational fluid
dynamics (CFD) codes for code
validation and enhancement

Trnrsonc Dynin s Tu rrel

Purpose
Provides controlled, high-frequency

oscillation of rigid semi-span pressure
models up to 40Hz and +/- 1 deg

Brake Rotor M= i Hydraulic Actuator
and Calipers *

S

| Strut to Test Section 8 | [

Rail Mounts [
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PHOTOG RAPHOF THE OSCLLAT NG
TURNTABLE DURING BULD-UP

Transonic Dynamics Tunnel

= Bearing Housing 4 Strut/Shaft to Test Section
| Brake Rotor

Fydraulic Component
Support Frame

Wind Tunnel
ENTERPRISE 80
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OSCLLATING TURNTABLE

Transonic Dynamics Tunnel

e TheOscilhtary Tumtble (OTT) B a2 sdewa lln odeln ou ntsys ten
which w illprovde controlled, hig h-frequ ercy prichry os cilk tiors
ofsen ¥spanw rd-t reln odek

e Despredtoaccon n odate typca ITDTn odek

— HSR rigid model — Boeing 777 model
e Wepht~300 bs e Wen ht~165 bs
 Pich rerta =250,000 b-u? « Pich rerts =65,000 b-w?
e 20Hz e 40 Hz
e 1° an phitde e 1° an phitde

— 10° amplitude at 1 Hz for both models

« En pbys a powerfi lhydru Icactua tor, con putercontolsysten |,

ard Eallsafebnrke toersu re precee perfom arceardsatfe
opern tors

Wind Tunnel

ENTERPRISE

MASA, Lanpley Respary h Cartfer




5 }‘jj DRAV NG OF THE OSCLLAT NG TURNTABLE

-

-

Transonic Dynamics Tunnel

OTT Sde VeW

MTS Rotary Vane Actuator ~ Servovalve Test Section Wall

/ Roller Bearings /

M= 000

Support Cart

OTT Support Rails _._,

Wind Tunnel
ENTERPRISE

hASA Imglur Resparch Carjer




OTT TOP VEW

Transonic Dynamics Tunnel

Test Section Wall
OTT Support Rails /

................ b Statlon 72

MXX>AW

Wind Tunnel

ENTERPRISE 83

MASA L MHIPT Resparch Carjer




OTT N RETRACTED POSITDN ON EAST
PLATFORM

Transonic Dynamics Tunnel

OTT I Test Section

b -l

Wind Tunnel
ENTERPRISE

L Nﬂ.ﬁ.ﬂ.]mglwﬂrwun:h Carrer




MODEL GAP AND TUNNEL-SIDEWALL SLOT
EFFECTS EVALUATED FOR HSR RIGID
SEMISPAN MODEL IN THE TDT

uselage-Wall
- Gap

Effects of Slots and Gaps on
Normalized Lift-Curve ’%m e

&

P
e N o <
i _ Wing-Fuselage Gap = %
. <o

Configurations Tested
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'_.:'-».i_‘p Cgﬁiﬁ{{ @%\q} i L 1 i
& ~§‘+:_—.-"=“ f:* ! 0.8 0.9 1.0 A

Mach Number

V
o o
o J




A6 MODEL CARRY-THROUGH
STRUCTURE SMULATDN

Transonic Dynamics Tunnel

Wind Tunnel
ENTERPRISE

hASA |MH|P‘FE uuuuu h Cartfer

— — —

RS

, |
/  Link

'l. Alumimum block
\
Wind-tunnel wall

|
|
S S =
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Transonic Dynamics Tunnel

Cables

Cables' —/

Wind Tunnel
ENTERPRISE

hASA Imglur Resparch Carjer




FLOORMOUNT

Wind Tunnel
ENTERPRISE

hASA |MH|P‘FR uuuuu h Cartfer

Transonic Dynamics Tunnel

Adva nk g es
— Same as sidewall, plus:
— Ideal for ground-wind loads

— Relieves some strength considerations
associated with gravity

Deadvanrntges
— Same as sidewall
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Wind Tunnel
ENTERPRISE

MASA L MH'P‘F Resgarch C




. ’*’J STING MOUNT

Transonic Dynamics Tunnel

« Advantges
— Full-span aerodynamics
— Minimized tunnel interference affects
— Simplified instrumentation arrangement relative to cable mount

 DeBadvantges
— Full-span simulation (structure)
— Increased cost

Wind Tunnel

ENTERPRISE 90
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AFW M OUNT SYSTEM

Transonic Dynamics Tunnel

1 Roll pot

13 Accelerometers
5 per wing
3 on fuselage

8 RVDTs for surface position
1 per control surface

/ 8 Strain gages
4 per win
1 Roll rate gyro P d

Wind Tunnel

ENTERPRISE

MASA L MH'P‘F Resparch Carjer




CABLE-MOUNT MODELS

Wind Tunnel
ENTERPRISE

hASA |MH|P‘FR uuuuu h Cartfer

Transonic Dynamics Tunnel

Adva Nk g es

— Realistic full-model simulation
 Aerodyrin s
 Fulkli icn ftst ctu r Ipropertes
* Ry d-body dyrun ics

Deadvanrtges
— High cost
— High test risk
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F/IA18 E/F FLUTTER CLEARANCE M ODEL

Trnrsornec Dynin s Tu rrel
T




LOCKHEED ELECTRA N TDT

Tn n;o[i: Dynin s Tu rrel

Y,
.4::|

| !
L
|

(N N N ANRRNN 8 /
\\\\_\\\\\\\ 4 _’; " ,'
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TESTING PRACT LCES FOR
CABLE-MOUNT MODELS

Corstartlyassess rsk -“Fi odeldan age occu ned, cou d we justify our
actors?”

Alvaysevalat rehtorship oa mph re devebpn erttprog rian
Beaware thatM>0 95k row nto be “squ inelly” oncabkn ou nt

Keepcon n unicationclka rard corcee: ‘useexctly thesan ewords
eachtm e”

“Estblehasn uchrmythn mnthe test procedu reas poss bk’
“Prog nn ”” the tes trou tre o the © rrelopen tors

kTreise  rnrelspeed a tcorst ntr & for“fl tersweeps ™ if
poss bk

Check srubbersysten atM=0 4ard 0 8, bu trotabovel 8
Alvays use bypass va Ves mcorju rctionw mth s ni bbersys ten

Letento desp nery reer&n odeln echanecs meva Latiry test
sa fety



: }f‘j’ j CAUTDNARY RECOMMENDATDNS

Transonic Dynamics Tunnel

 Open-loop testing
— Consider a simple “dummy” model & other test configurations

— Conduct extensive stability analysis:
 As partofw rd-tt rmeln odeldes § Nnprocess
 Prioroallcable-n ounttest wnth as-bu litconfy u r tion

— Give special attention to nose attachment re. dynamic loads
— Measure static and dynamic properties of snubber system (if used)

e Closed-loop testing
— Validate using simulation data from analytical plant model
— Develop “easy on” procedures for new control laws
— Limit authority of feedback control systems to “safe” values

Wind Tunnel
ENTERPRISE

MASA, Lanpley Respary h Cartfer
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MODEL DESEGN

M odels re

Sca Iy

Mountsysten s

S fety fea U res

Ren ote ca pa b ilitees

ITtun ernt tion
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MODEL SEE

« Prv anlya firctionofw rd-t nmeltes tsections ke

e Son eold m ks ofthun b fortmarsonic testary :

— Model span / tunnel width ? 0.40
— Model planform area / tunnel cross section ? 0.15
Model cross section area / tunnel cross section ?0.01 to 0.015

e CorsderCFDarnnlysb thassess

— Blockage effects
— Tunnel wall interference effects
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SCALNG
(Aths ILPFexan pk)

Forebody model was scaled to M=0.9 and g=300 Ib/ft2 by length, time, and
mass variables. Length was scaled based on blockage considerations to

Lw

LV—OlO

Frequency (time) scale was derived from the Strouhal number equivalence
IJC_LP IJC_LP
fV bw fV bv

fw LW Vuw
fV Lw\Vv =10 Vv =45

Mass of the model was based on the nondimensional mass ratio defined as

'JILP 'UILP
= Yy
Tr|_3bw TrL3bv
I_3wr
Hw _ — _w:
m - L3ry 0.00er 0.00225.
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SCALNG CONSDERATDNS

Modelaeroehstxca lly sca led o ore portint rrelenvebpe

Scilry B easy-- accourtmy forofFsc ke testcordiiors b
d ficu It

Accol ntmy forofksca ke properties mthen odel s equa lly difiicu It

Matched-portarn lys 5 n ore n porta nttha Nntypca Iy recog nezed

Adjust ers man lys b o accou ntforn odelvare iors 1 porté rnt
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R-134a CHARACTERBTLS

Trnrsornec Dynin s Tu rrel

e Heavygas:~4tm es derserthanair
* Low speed ofsourd: agq5, 70 50 45

e Forequ ma Entdynin cpressu res :
_ RR-134a> RAir

— Power requiredy_,5,, < Power required,,,

 Advartgeous foraeroeksticsc Iy
— Heavier models
— Slower time scale (lower frequencies)
— Froude, Mach number, and mass ratio simulation
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MODEL SAFETY FEATURES

Transonic Dynamics Tunnel

e Tipboon s
e MovEyn asses
« Vare bl stffiress

c Pr®

e Back-upstiuct re

Wind Tunnel
ENTERPRISE 104
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PANEL FLUTTER M ODEL ARRANG EM ENT

e Moviry phtesysten wihmnc vity mnspliter
phte

— Remotely actuated external arms
— Remotely removable internal supports

— Flow diverting devices?

e Cavity pressure va re tionca pa b ity
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MODEL REMOTE CAPABLITES

Transonic Dynamics Tunnel

e Cormtrok

e Stiffress va e Ore

e Fuelvairmtors

* Freephy varm ors

Wind Tunnel

ENTERPRISE

MASA L MH'P‘F Resparch Carjer
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MODEL FABRIEATDN

e Chbsen ontoriry off brica tonby a eroeb stick s

« Aerodynn ey ny

e GVTofcorn porers
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GROUND VBRAIDN TESTS

The GVT B Used to dentfy ...

frequency, damping , and dynamic response characteristics

‘mode’ shapes associated with structural response

GVTn easuren ers verifyarnd refrestictrnlan s e

GVTn easuren erlsn ay provieanalemtive o rgorous art ys s

The i rdan ernk lelen entofthe GVT B the accekron eter(orsta ngage)
Notes :

A survey with a roving accelerometer will minimize the number of mounted
accelerometers

Accelerometers are direction and position dependent
Reciprocity allows the “shaker” to be mounted (almost) at any location
Theory assumes linearity -- eliminate freeplay and verify linear response

Rigid body modes must be identified -- suspension of the aircraft or deflation
of struts may be useful to isolate the rigid body responses

Orthogonality, [f]T[M] [f] =[| ] and linearity, {F}=[K]{x}, should be verified
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GROUND VBRAIDN TESTS

e TheGVT B perfom ed byn easurry the resporsetoa krownmeput

— |- Input is provided
through a “shaker”
or “Impact hammer”

— O - Output is measured
through a “roving” or
“mounted” accelerometer

™ node line

e Modalchancterstics (frequercies ardn odeshapes)aren eiasu red fron
Bpu tsou rces

— A “shaker” provides sine sweep, sine dwell, and random input

— An “impact hammer” provides transient input

« kputirdoutputdevices arephced ton easurea Hresporses ofrteres t
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GROUND VBRAIDN TESTS

« The resporse ofthestiu cti re B the su perpos monofa lln odes ...

— The sine sweep will locate resonances;
the sine dwell excites specific modes.

— The random input will measure all modes and frequencies simultaneously.

— The sine test measures specific peaks;
the random test measures the complete response .

— The structure must be isolated: vibrations from unwanted sources
(such as fixtures and rigid body modes) may be present.

— Structural damping is identified by the sharpness of the frequency
response
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F-16 GVT FOR STORES CLEARANCE
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ALl GVT FOR STORES CLEARANCE

.r..__m%
@ ,@

ﬁ

i r?rﬂ_.ﬁ_ll_...
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F-16 GVT W ITH SOFT SUPPORT
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SHAKER SUPPORT FOR A7 GVT

11 \\ i1 B
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59

ACCELEROM ETER NSTALLATDN FOR F-18 GVT
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