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TRANSONIC FZJ!ITm INVESTIGATION OF HODELS OF TIX 

AU"0VABLE EORIZOIWAL TAIL OF 

By Thorns B. Se l le rs  

A t raasonic   f lut ter   invest igat ion of models of the ell-movable 
hcrizcntal  tsil cf a f igh te r   a i rp lme  ?I&S been  conducted ir- the  Langley 
transooic blowdowr- tu-nel .  The models were dynamically an6 e l a s t i c a l l y  
scaled by c r i t e r i a  which srovide a flutter. safety =gin. The r e su l t s  
showed that the Eode1 had a s t i f fnes s  margin which was insu- f ic ien t   to  
provide  adequate  safety  fron  f lutter a t  e Mach = d e r  of 1.06. An 
increzse  in  the model p i tch   s t i f fness  of epproximtely 40 percent of 

model pi tch  axis  noved fcrwsrd  from 77 percent   to  58 percent of the  root 
chord, 83 percent of the   ant ic ipated  design  Si tch  s t i f fness  was Eecessasy 
t o  provide m adequste =gin at  sea level .  

-I the  anticipeted  design  value  resulted in an adequete  margin. With the 
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INTRODUCTION 

A f lu t te r   inves t iga t ion  of models of the all-movable horizontal  
t a i l  of a new fighter  airplane has  been made i n   t h e  Langley transonic 
blowco-m tunrrel.  T?e  panels of the models were Q-nmdcally ana elas- 
t icel ly   scsled.  The t a i l  pi tch and fuselage  verticalbenciing  degrees 
of freedon were also s imla ted .  The p r i m r y  purpose of the  investi-  
gation was t o  determine if the model would be f lu t te r - f ree  i n  simulated 
sea-level flLght at Mach numbers from 0.8 to 1.3. Additional tests were 
rzde -Lo study  the  effect of varying  the  pitch  st iffness and pitch-axis 
locetion. 
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half-chord  parallel  to  plane of symmetry, f t  

half-chord para l le l   to   p lane  of symmetry a t   in te rsec t ion  
of t a i l  panel and fuselage, f t  

root chord a t  plane of symmetry, f t  

f l u t t e r  frequency, cps 

measured natura   f requencies  (i = 1, 2, 3, . . . ), cps 

panel bending s t i f fness ,  lb-ft 

panel  torsicnal  st iffness,  lb-ft2 

2 

mass moment of i n e r t i a  about an axis passing  through  center 
of gravity and perpendicular t o  plene of symnetry per unit 
length of exposed panel span, slug-ft2/ft 

Mach n u b e r  

mss of ganel  per unit length of exposed panel span, slugs/ft  

length  scale  factor,   typical  length of model divided by 
corresponding  length of airplane 

mess scale  factor,  typical  modelaass  divided by corresponding 
airplane nass 

dyrmric pressure,  lb/sq f% 

t iEe  scale  factor,  time  required  for  tunnel  airstreezn t o  
move 1 model chord  length  divided by time required  for 
a i rplane  to  move 1 airplane chord length 

static  tenperature,  OR 
free-stream  velocity,  ft/sec 

reduced velocity  based on representative  natural  frequency, 
v bfi 
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X cg dis tance  in   senichords  (zeas-ced  peral le l   to   plaae of 

- symxetry) from nidchcrd to  center-of-gravity  posit ion 
rceasLred 2ositLve  rearuard frm nidchord 

3 

9 nondinensional  coordimte along exposed panel span, f rac t ion  
of exposed panel  span 

9cg 
P air density,  slxgs/cu f t  

value of q at center of gravity of s t r i p  

P r a t i o  of mss of air con-bained i n  a frustum of a cone w i t i l  
base  diasleter  equal t o  streanwise root chord and top 
dimeter   equal   to   s t remwlse t F p  chord 

Subscripts: 

bl mode 1 

A a i r p l m e  

MODEIS 

Model Plur, Forn- 

The slan f o m  and o v e r a l l   d ~ e n s i o n s  of the  horizontal-tail   xodels 
are shown i n   f i g w e  1. The plan f o m  was a modified de l t a  w i t h  s l i gh t ly  
rounded t ips .  The nodel  tested w a s  l/l3.1 of' the fu l l - sca le  t a i l  dinen- 
sions and had the  leading ad trailing edges swept back 55' and 15', 
respectively. The t a i l  had ELE aspec t   ra t io  of 3.45 and NACA 65-so03 
modified a i r f o i l  sectior-s  parallel t o  t he   p lme  of symmetry. 

Scaling 

In scaling  the  airplm-e  propertles, it was required  that   the non- 
dbens iona l  mass end s t i f fness   dis t r ibut ions  should be the sane for the 
m d e l  as for the airslar-e. The mss and s t i f fness   l eve ls  for the  mfiel  
were obteired by sgecifyiw  the  scale   factors   for   the fundamental quan- 
t i t ies involved:  length, nass, a d  t ine .  

The s i z e  of the Eodel was l iE i t ed  by the tur?nel-w&ll interference 
effects,  end on the basis cf past  experience  the lellgth scale   factor  
was  chosen t o  be r 

U 
z = 0.076 



The n s s  scale   factcr  was obtained  fron s. reqcireEer-t that the mass 
r a t i o  CI should be the sane for   the  model as f o r  the a i rp lme,  which 
r e s z l t s   i n  

Ir- order to   locate   s imuiated  sea- level   a l t i tude  in   the  tes ts   near   the 
rniddle cf t'ne tluz"e1 density range available at a Mach n u b e r  of 1, the 
dens i ty   ra t io  was chcsen t o  be = 2.00. This location of sirculated 

sea-level  al t i txde  allows  alt i tcdes Selow sea   l eve l   t o  be obtained and 
d e s  it poss ib le   to   ind ica te   f lu t te r  margins fo r  cases  wherein f l u t t e r  
does cot occur a5ove sea  level.  

pIVl/pA 

E e  tirre scele   factor  was cbtained from a requrremen-l that   the  
reduced velocity  should.'ce the same for   the  ?nodel a B  fo r   t he  air- 
plene, wh+ch r e su l t s   i n  

Sirce  the Mach 
the t ine   sca le  

number i s  the &me for   the mode; as for  the  airplane, 
factor  may be writ ten 

n 

c 

The s t a t i c  temperatllre for the  airplane TA is a functior-  only of 
a l t i t uce  and for   sea- level   a l t i tude was t e e n  t o  be 519O R. However, 
i n  the tunnel,  the  ter-perature  continually dross as air is emended 
from the  reservoir so that the  tenseratures  obtained at the  various 
f lu t te r   po in ts  during an investigation are different.  1: s t ~ Q  of 
previous  f lut ter  data indicated tha t  4080 R was near  the  average  valze 
of the  s ta t ic   tenperature  that would be expected  during  the  gresent 
runs, and t h i s  value w a s  used to  obtain  the  teEgerature  ratio used i n  
the  scaling: T d T A  = 0.786. 

A l i s t  of gertineDt wing and flow quantit ies and the Oesign scale 
factors  used are  given  in  table I. A factor  of 0.76, which i s  used i n  
sone of the  scaled  qxantit ies  in  ta5le I, occurs  because the  s t i f fnesses  
of the model were d e  76 gercent of those which would r e su l t   f r cn  
application of the  scale  factors  as  specified  (eqs.  (1) t o  ( 3 ) ) .  The 
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purpose of reducing  the mcdel s t i f fnesses  was t o  provide a =gin of 

plene. It m y  be  noted that the  s t i f foess   reduct ion  resul ts   in  a Cesign 
recZuced veloci ty   for   the node1  betng  equal,  not t o  t'kt of the  airplane, 
bxt t o  tpat cf ar- a i rplane  kaviw  s t i f fnesses  76 percent of those of the 
actual  eirplane . 

- safety  In  the  a3plication of the model f h t t e r - t e s t   r e s u l t s   t o   t h e  air- 

Eecause the  tempereture  during a run is  not-a cortrollable  quantity,  
the  exact  value of the  design  reduced  velocity V (through  eq. ( 3 ) )  is 
not  obtained. The two quantit ies which are  controllable during a t e s t  
are dynanic  pressure and Mach nmber. If t h e   m a n i c   q r e s s u r e  and M~ch 
nzmber m e  considered t o  be held  constant, a c'nange i n  tenperatwe 
r e s u l t s   i n  a change in   densi ty  and velocity. Thus, the  consequeme of 
a tenperatwe  during e. rull dirferent  from the  design  tenqeratu-re is t'lat 
neither  the reduced velocity  nor the mss r a t i o  i s  s imlated  exact ly .  
Hcwever, e colrbination oI" reduced velocity and mass ra t io ,  which can  be 
e-ressed in   t e rns  of the dynamic pressure 

is  independent of the  texperature, wCi this  cab ina t ion  is exactly 
simulated i n   t h e   t e s t s  by the expedient of interpret ing the simulated 
s l t i t u d e   i n  terms of dynmic  pressure. Thus, the   scale   factor  i n  
table I fcr Ciynanic gressure is  used t o  convert  the dynamic Fressure 
for  the  air2lar-e a t  m y   a l t i t u d e  and Mach nuuber t o   t h e   d y n d c  qress-me 
f o r  the  Eodel a t  the ssme a l t i t ude  and Mach nube r .  The d p m i c  pres- 
sure for  the  airplane is  assumed t o  be thet obtained from the ICAO 
standerd  atnosphere (re?. 1). It m y  be noted that, f o r  8 given  alt i tude,  
q/$ is a ccnstaxt   quwti ty .  

- 
1 

The effect  of not   hdividusl ly   sat isfying  exact ly  the nass r a t i o  
and reduced velocity is bel ieved  to   be  negl igible   in  the present  investi- 
gation.  Experience wi th  a wide veriety of f l u t t e r  nodels has iodicated 
thet, at least   within  the  operationel l h i t s  of the tunnel ,   f lut ter  a t  
E. given Mach nuniber tends t o  occur e,t a constmt  value of dymmic pres- 
sure regardless of the individual  velues of density and velocity. 

Ncdel Cocstruction 

Two xodels were used i n  this  invest igat ior  and are  designated &s 
models 1 and 3 .  A typical  nodel, which is shown pa r t i a l ly  aad completely 

ami e las t ica l ly   sca led  t a i l  panels  joined  together by an e la s t i ca l ly  
r asse?rbled in   f igures  2 and 3, respectively,  cocsisted of d y n d c a l l y  



scaled  crcsscver yoke, an e las t ica l ly   sca led   f lex ib i l i ty   f ix ture ,  and 
a xcua%ing  block  with  cover. The de ta i l s  of the  tail-panel  cor-structicn 
are skokm is the photograph of f i g w e  4. The panels were Eade with a 
ta2ered hollow alminurr-alloy box spar,  the  ceater  line of which was 
lccatee  along  the 0.57 l cca l  chord liEe and extended from the  panel 
root t c   t h e  tip. Several  alumirm-alloy ribs, which were chemel 
sheged in  cross  sectlon, were welded to   the  spar .  MahogarGr s t r i p s  
forme& the Leading and trailing edges and cmgleted the panel framewcrk. 
The frwework was f i l l e d  w i t b  balsa and the  er"tire  structure was czvered 
with  si2k. 

The  U-skapeB crossover yoke was rectangular ir- cross section and 
was rrade of al-mLnun alloy. A 0.088-pound lead weight ( f ig .  2) was 
at tacked  to   the  upstrem  ver t ical   face of the  crossover yoke i n  order 
to  lccete  the  center of gravity of the t a i l  structure at the  correct 
pcsitfon. T h i s  weight was interchangeable and w a s  x o u t e d  OII each model 
g r io r   t c   t e s t ing .  

9 -e   f l ex ib i l l t y   f i x tu re  i s  shown In figure 3 es assembled for   the 
rear   pikh-axis   locet icn.  The mde1 was attached 30 the two t a i l  m u t i n g  
gads  (one on each side)  ui%h two screws i n  each  ped. Flexure  hinges a t  
the  rear  of each pad f ixea tr-e locaticn df  the  pitch  axis.  !The pitch- 
spring links indicated ir figure 5 were s n a l l b o l t s .  Tkese bol t s  con- 
nected  the  frcnt end cf the rmunting ?ads with  the  pitch springs. The 
pi tch  sgr isgs  and the  fixed part of.the  f lexure  pivots were attache& 
t c   t h e  mair par t  of t he   f l ex ib i l i t y  fixture by  two screws passing 
throwh each  cf  the two rearward Eoa t ing  lu@;s ( f ig .  5 ) .  The fuselage 
ve r t i ca l  bendizg was simulated by the  fuselage  vertical   spring  shom at 
the  f ront  of she f ixture .  

T3e Locacicn of tne  pi tch  axis  w&s changed from the  rearward  loca- 
Zions ( f igs .  1 and 5 )  t o  t'ne forward  location by renoving as a unit   the 
flexure sivot essembly, t a i l  mounting pad, pitch-spring  link, and p i tch  
spring,  then  rotating  this :;nit lao, axd attaching  the  f ixe8  portion of 
the  flexure 2iVOt  and the  fixed end of the  pi tch sprir-g t o   t h e  fcrward 
ncunting lug ( f i g .  5 ) .  The forward and rearward pi tch axes were locate6 
at the 0.58~ and 0 . 7 7 ~  scations,  respectively. The ? i tch   s t i f fness  was 
varled by inserting  pitch  sgrings of varying  thicknesses. 

PPgs ica l   Proyr t ies  of Modeis 

The val-Jes  c9 torsional,  bending, and pi tch  s t i f fness   cf  a t m i c a l  
model  were detemir-ed by the  zethod  described ic rer"erel.-ce 2. Briefly, 
the system was an a2t lca l  ope through which the  deflecticns of the t a i l  
panels were rragnified and rneasured when a knom xonent was apglled t o  
the  ?anel. In crder  to  deternine  the  paael mass and center-of-gravity 



- 
location, a ganel was cui; into  several  chordwise  segments ( p a a l l e l   t o  
t h e   p i a e  of s3metry)  approxinetely 1/2 inch wide. Zach segnent wes 
weighed and i ts  center of gravity  located. The  moment of i n e r t i a  of 
each se-ent about an axis passir!! t'llrough the  center  of  grwity of the 
sement end Eerpecdicular t o  the plane of syzuuetry was found by s w i n g i n g  
each segrrent on e tors ional  pendulum. 

- 

The center-of-grcvity  location, mss moment of iner t ia ,  mss per 
unit  length, and loca l  chord r e t io   fo r   s eve ra l  speswise  stations are 
tebula ted   in   t ab le  11. The velues of E1 and GJ f o r  the two models a re  
p lo t t ed   i n  figure 6. The mss-property  differences between the t a i l  
panels were  assun-ed t o  be small, and only one s e t  of mss properties 
&re  given. 

The noEent of i n e r t i a  about  the  forward  and rearward pitch  axes or" 
the t a i l  panel  asseniblies which included the t a i l  ganels ar-d crossover 
yoke with lead weight was d e t e d n e d  by  swinging the ta i l  panel asselnbly 
as a physical pendulum. The values of moroerts of iner t ia   obtained  in  
this -mer  were 0.002195 an& 0.001947 slug-f t2   for  the forwerd end. 
rearward  hinge-lice  lccations,  respectively. The mass of the t a i l  
s t ructure  was 0.0157 slug md the  center of gravity was loceted et the 
0 . 6 5 ~  statior- and 0.21  inch below the  te l l -panel  chord plane. 

The frequencies thet  correspond t o  the na-lurel modes of vibrstioo 
'1 were detemir-ed by excit ing  the t a i l  panels  over E range of frequencies 

with an electromagcetic  vibrator. Node lices were defined by sprinklir-g 
salt octo the wing while  the  sane1 was excited at a neturel  frequency, 
and the  stationary  grains of salt formed along the panel node l ine .  The 
modes of vibret ion  for   the model w i t h  fuselage  f lexibil i ty  included 
yawing mdes which tended to   des t roy  the node lines  indicated  by  the 
greins of selt md  which -de the  select ion of the natural frequencies, 
aode l i r e s ,  and nodes qu i t e   d i f f i cu l t .  In order to   obtain a be t te r  
izdication of the natural  frequencies,  the  output of the s t r a i n  gage thet 
responded to   the   par t icu ler  mode of interest   together  w i t h  the Laput t o  
the vibrator were fed irk0 the   ver t ice l  an6 horizontal  axes of an osci l lo-  
scope. Wheen a natural  frequency was reached, the   t race  on the osci l lo-  
scope would f o m  an   e l l i p t i ca l   pa t t e r c  which was  symnetrical  ebout the 
horizontal  md  vertical   axes.  Also, the m & e l  w a s  viewed under a strobo- 
scopic light which helped t o  iden-ify  the node of vibrations. The 
cantilevered rrodes were obtained with the t a i l  panels clamped j u s t  
inboard of the  fuselage  line. The Eaturel frequencies and  corresponding 
aode l ines   for  the xodels  cantilevered and w i t h  fuselage freedoms are 
presented in   f i gu res  8 and 9, respectively. 

. 
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Tke f l - x t e r   t e s t s  were condzc%ed i n   t h e  "gley transor-ic blowdown 
x r m e l  which i s  a 26-inch  cc5agonal slottea  tunnel. The tunnel  operates 
over a range of Mach 27m3ers fro=  agproxbately 0.6 t o  1.4. The oseratips 
character is t ics   ( twmel  Eyz~a.nic pressure m y  be increesed at a constant 
Kach n-=her) are   parzicular ly   sui table   for   f lut ter   tes t ing ma these 
characterist ics  are  discussed  in  detail   in  reference 2. Because of the 
exparslon of a i r   in   the  reservoir   dur ing a run, the  stagnation  teqeratu-re 
ccntinually  decreases; thus, the  test-section  velocity i s  not  uniquely 
defined by the biizh nunber. 

A schematic &s,k-ing of the rrodel supsort system is shown ir- f ig-  
ure 7. The zeurting  block was r ig id ly  momted i n  a 3-inch-diameter 
cylindrical sting  fuselage. Tke s t h g  ,%seLage extended  apstrearc  into 
the s.;bsonic flaw  regfon of the k m e l  entrance cone, end the downstrean 
ecd wes s-qported by a s t r u t  which spanned the t m e l .  Tne extension of 
the   s t izg  i ~ t o  the  su3scnic  regior- of t h e . t u e 1  preveats  the  formtion 
cf E. Sow vave and i ts  2ossi3le   ref lect ion on the  xodei. A dtscussion 
cf the  effects 311 f l u t t e r   t e s t s  of the degree of root  f ixity  affor&ed 
3y t z e  s.;pgort system s-ci tiie s t ing  boundary layer is presented i n  
reference 3 .  

I n s t m e n t a t i o r  

Tunnel  stagnation  press-xe,  sta2ic  pressure, and stagnation temper- 
a t w e  were transmLtteC 5y suftable pickups to   aa2l i fying equi3mea.t and 
recorded on a nul-lichannel  autematic  recording  oscillograph  sirmltaneously 
wish the  strain-gwe  outputs 20111 the  acdel. Eack t a i l  panel was equipped 
with twc se t s  of s t r a i r  gages wkich responded t o  ?.me1 bendips md tor-  
sional  deflections.  Fizck  deflecSions were detected by a se t  of s t r a i n  
gages r r a t e d  on  weak auxiliary springs ( reaoved  for   c lar i ty   in   f igs .  2 
t o  5 )  which vere copnecteci between the f ree  end of tke  pitch  spring and 
-,he forwerB cr reerward xounzing lzgs on the fuselage  f lexibi l i ty  fix- 
ture .  Two = m i l i a r y  springs were zsed, one f o r  each  gi%ch sprLng. *The 
fuselage  vertical   deflecticrs  vere  detected by a set, of s t r a in  gages 
xhlch were acm-ted on The fuselage  ver t ical  sprhg. 

I-! fktxer-fndfzat ing  systez was used ac ing   the   inves t iga t ion  t o  
detect %he m s e t  of flut-cer. m-e system consisted of two cscilloscoges, 
oze I'cr each tail pmel .  The outpL%s f r m  the  bendirg an3 tcrs ion gages 
for each  panel were fed h t o  the  horizcntal  s d  ver t i ca l  axes,  respec- 
t ively,  cf an  oscillcscc2e.  3efore %he w i ? g  f luttered,   the  trace on 
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the  oscilloscope was randorr; b~t, when t i e  bending  and torsion  Trequencies 
were the saxe ( f lu t t e r ) ,   t he   t r ace  formed a simple  Lissajous figure. - 

Flut te r  Tests 

The f l u t t e r  tests were  =de w i t h  the  rrodel mounted along  the tu-anel 
certer  l ine.   Several  low-speed runs were nade and the model angle of 
ettack was adfusted until there was no appreciable  deflection of the 
p a e l   t i p s .  This angle w&s assumed t o  be the angle of zero l i f t .  

At t'ne 'ceginning of a t y p i c a l   f l u t t e r   t e s t ,  the oscillograph was 
s ta r ted  and the tunnel  stagnation  pressure w a s  increased  unt i l  the mode1 
was seen to   f lu t te r   o r   the   L issa jous   f igure  was obtaired on e i ther  one 
or  both of the  oscilloscopes. h1e-n- f h t t e r  was apparent  or t'ne scaled 
air3M-e f l i g h t  boundary was reached,  the  tumel speed was reduced 
hxedia te ly .  "%er each run, the =ode1 was checked v isua l ly   for  damage. 
Also, t h e   t i p  of t i e  panel w a s  deflected end released and the resul t ing 
decay of free-bending  oscillations was recorded 011 the  oscillograph. 
This  was done i n  an e f fo r t  t o  detect  any s t ruc tu ra l  damage su_ffered by 
the  panel  in t'ne previous  run.  Tests wece  made with several  values of 
p i tch   s t i f fness  with the  pitch  axis at %he forward  end  reerward  locations. 
The i l l f i n i t e   p i t ch   s t i f fnes s   t e s t s  were mde w i t h  the fuselage  f lexi-  
b i l i t y   f i x t u r e  end pi tch freedom  locked by sui table  shimming. 

DISCUSSION OF RESULTS 

General Comments 

The r e su l t s  of the f l u t t e r   t e s t s   w e   g i v e n  i n  table 111 and plot ted 
in  f i g w e  10 as dynemic pressure q against Mzch nmiber with curves of 
s ~ u l e t e d   a l t i t u d e  elso ineicated.  Several data goin ts   in  figure 10 
are  denoted as poicts of In te rn i t ten t  f lutter.  The tern inte-rmittent 
f lu t te r   descr ibes  a condition wherein, f o r  short Eeriods of time, the  
frequency of the  notions  for the various  degrees of freedon  egproach a 
como~1 valze . 

As s t e t ed   i n  the "Scelir??"  section of t h i s  report ,   the model stiff- 
aesses were 76 gercent of the  scaled  airplane  st iffnesses.   Sirce t o  a 
first-degree  apn-oxination  for most conYigwations, the dynaTllic pressure 
requi red   for   f lu t te r   var ies   d i rec t ly  w i t h  the model stiffress level,  a 
flutter  point  obtained with the nofie1 at a given Mach nmber a d  dynmuic 
pressure  suggests the t  the  airplane w i l l  flatter et the s e  M&ch nmher 

c at e. siaulated  altitude  corresponding fo a dynamic pressure 32 percent 
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higher - = 1.32 than  that  obtained with the Irodel. This statement 

assmes,  cf  course, that the Eode1 exactly  simlates  the  airplane.  
(0 ?76 ) 

Sirrulated  Airplane Tests 

Model 3 simulated the airplane  design  configuration  (rearward  pitch- 
axis location and p i tch   s t i f fness  of 788 ft-lb/racZian) and w a s  tes ted 
at MGch cutkers of 0.85 and ~ 0 6 .  The data  in fLgwe 10 show ia te r -  
n i t t e n t   f l u t t e r  at M = C .85 and a_ = 1,880 lb/sq f t ,  which is  a value 
of q s l igh t ly  abcve the  sinulated  sea-level  f l ight boundary. However, 
a t  M = 1.06 and q = 2,330 lb/sq f t  destructive  f lutter  occurred. 
Tiis point w a s  wi th in   the   s imla ted   f l igh t  boundary of the  airplane, 
which indicates that the model had an insuff ic ient   s t i f fness  mergin. 

Effects of Pi tch  St i f fness  With R e w a r d  Pi tch  Axis 

In  order to indicate  the  effect  of pitchfag  st iffness,  model 1 was 
tes ted with the  Pitching  degree of freedon  locked.  For  these  tests, the 
fuselege  ver t ical  becding  degree of freedom was a l so  locked. As shown 
i n  figure 10, f l u t t e r  was not  encountered wit'nin the f l i gh t  boundary 
with the model cantilevered. When the  pi tch  s t i f fness  was decreased t o  
1,993 f t - lb/radian,   in terni t tent   f lut ter  was present at the f l i gh t  
bounEary. With this internediate  pitch stiffaess, one f lu t te r   po in t  was 
sbtained et a Mach  number of 0.8. Th i s  f lx t te r   po in t  was considerably I 

above the   f l i gh t  boundary, but it should be noted that probably a more 
cr:tical Mach n u b e r  would be near I$ = 1.0. In sumary, with  the  rem- 
w a r d  pi tch axis location,  increasing  the  pitch  st iffness 4-0 percent of 
the  design  value  allowed  the model t o  reach   the   s imla ted   f l igh t  boundary 
without  flu3tering. 

- 

Effect of Pitch-Axis  Location 

On the  ass-anption that ,  with the pi tch  axis  moved forward, less 
p i tch   s t i f fness  WOUid be required  to   f ree   the model f ron   f lu t te r   wi th in  
the f l i g h t  bmndary, a ser ies  of t e s t s  were contiucted with the p i tch  
axis  moved forward frcrn t h e   0 . 7 7 ~   s t a t i o n   t o   t h e   0 . 5 8 ~   s t a t i o n .   P i t c h  
stifffiesses of 497, 631, and 865 ft-ib/radian were t e s t ed   i n   t h i s  phase 
of the  investigation eS0 the  resu l t s  are plot ted  in   f igure 10. 

A p i tch   s t i f fness  of 865 ft-lb/radim w a s  sufficient  to  prevent 
f lu t te r   wi th in   the   f l igh t  boundary. A decreese in   p i t ch   s t i f fnes s   t o  
631 ft-lb/radian w e s  mrgiral as  ixdicated by t h e   i n t e m i t t e n t   f l u t t e r  
which was obtained at the  flight  bomdary.  Further  reduction  in  the 
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p i t c h   s t i f f n e s s   t o  497 f t - lb / r ad ian   r e su l t ed   i n   i n t e rn i t t en t   f l u t t e r  at 

which is well  wit'nin the f l igh t  bomdary.  Overell,  the dgta show the.% 
w i t h  t'ne pi tch axis locaked at 0.58c, the   p i tch   s t i f fness   requi red   to  
prevent   f lut ter  OS the  nodel  within  the flight bouoda;ry was approxi- 
na.tely 631 ft-lb/radim- or  80 percent of the design  pi tch  s t i f fness  of 
788 ?t-lb/ra&im. 

,. M = 0.86, q = 13.2 lb/sq ft ,  ea& f l u t t e r  a t  M = 1.09, q = 18.7 lb/sq f t ,  

CONCLUSIONS 

Aa analysis oI" t ransonic   f lu t te r  tests of a nodel of the all- 
=ov&ble horizontal t a i l  of a new f igh te r  airglane i n   t h e   2 6 - i n ~ h  Langley 
fransonic blowdown tunnel produced the following  conclusions. 

1. The Eodel with the  mticfpated  design  pitch stiffness had a 
s t i f f n e s s   w g i n  which w s s  insuff ic ient  t o  provide  adequate sefety from 
f l u t t e r  a t  a Xach  nu?lljer of 1.06. 

2. h increase  in  model p i tch  stiffness of approximately 40 percent 
of the anticipated  design  value  resulted Fn an adequate w g i n .  

3. With the model p i tch  axis noved forward fro= 77 percent   to  
58 gercent of the root  chord, 80 percent of the  anticipated Cesign p i t ch  
s t i f fnes s  wes suf f ic ien t  to provice an adequate -gin. 

- 

--ley Aeronautical  Laboratory, 
National Advisory  Comnittee for Aeromutics, 

-ley Field, Va., October 21, 1957. 
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"ABLE I. - DESIGN S C - m  FACTORS 

Funciamental quantit ies:  
Length, 2 .  . . . . . . . . . . . . . . . . . . . . . .  0.076 
Mass, ?I?' = 3 2 3  . . . . . . . . . . .  1 . . . . . . . .  0.877 x 10-3 

PA 

nme, t = (%&'2 z . . . . . . . . . . . . . . . . . .  0.0857 

Derived qumt i t ies :  
Strew  velocity,  at'' . . . . . . . . . . . . . . . . .  0.887 
Strean ~ r m m ~ c  pressure, z + n l t - 2  . . . . . . . . . . .  1.572 
Wnent of i n e r t i a ,  . . . . . . . . . . . . . . . .  0.0051 x 10-3 
E1 a d  GJ, 0.76231a~t-~ . . . .  . . . . . . . . . .  0.399 X 

Natural vibration  freqcencies, f i t- '  . . . . . . . .  10.17 

" 
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TABU3 XI. - PHYSICAL PSOPERTIES OF TYPICAL 

TAIL PANEL 

b - 
bS 

0 953 

.878 

9 803 

725 

659 

583 

.510 

.434 

357 

.288 

.210 

135 

X cg 

0.093 

. o l l  

.086 

- .188 

- .091 
- .276 

a m 5  

.051 

.044 

.067 

.130 

- .030 

m, 
a lug/ft 

0.0268 

.0200 

.0106 

.ox27 

.0152 

.ol20 

.004k 

. ooa. 

.0030 

.0046 

.0017 

. o o u  

=a, 
slug-ft2/ft 

~~ 

0.000~0 

.000399 

. OOOlh8 

.000122 

.OOOlg7 

.000095 

.moo27 

.00004 1 

.000008 

.000008 

.000002 

,000001 
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Figure 1. - Plan form of models. Dimensions are in inches. 
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Figure 3.-  Assembled model. 
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Figure 5.- Fuselage flexibility fixture. I,-57-383.1 
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Figure 6.- Bending and torsional stiffnesses of models tested. 

b 



Section A-A 
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Sting support I I 7j(3 
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diam. 0.063 Inch 
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Figure 7.- Plan view of Langley transonic blowdown tunnel with f lu t t e r  model installed. 
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Figure 8.- Cantilever sane1 Eode  lines and frequeccies. 



73 fuselage vertical bendink! 
293 antisymmetrical yaw 

""I 

(a) Pitch  axis  rearward.  Pitch  stiffness, 788 ft-lblradian. 

Figure 9.- Node  lines  and  frequencies with body freedoms.  Frequencies  in  cycles  per  second. 
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70 fuselage vertical bending 

(b) Pitch axis rearwmd. Pitch stiffness, 1,093 ft-lb/radian. 

Figure 9.- Continued. 



73 fuselage vertical bending 
93 fuselage rol l  

387, 390 symefxical torsion 
470 antisymetricd torsion 
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n.5 fuselage vertical bending 
93.5 fuaahgc r o ~  

200 antisynunetricd. yaw 
lrm symmetrical toraton 
473 ontisymmetrical torsion 

”- 

( d )  Pitch axis forward. Pi tch stiffness, 631 ft-lb/radim. 

Figure 9.- Continued. 



65 fuselage vertical bending 
93 fuselage roll  
245 antisymmetrical yaw 
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””. 

( e >  Pitch axis forward. Pitch stiffness, 865 ft-lb/radian. 

Figure 9. - Concluded. 
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(a) Rearwzrd p i tch  exis. 

’igure 10.- Flutter data. 
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(b) Forward pi tch axis. 

Figure 10. - Concluded. 

NhCh - Langley Field. VA. 




