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A cmgarison is =de between the i n c r a e n t a l  aerodynamic root bendfr-g 
momeEts on the horizontal t a i l  of a jet-powered bomber airplane measured 
during a f l ight   invest igat ion i n  the Mach  number range from 0.40 t o  0.73 
an& the bending moments calculated by using  available  theoreticel methods 
i n  conjw-ction w i t h  measured loads, elevator  positions, and elevator and 
s tab i l izer  twists. The measured  and calculated bending moments associated 
with  the  addltio-nal  load  shared good agreement  whereas the bending nments 
due t o  deflecting  the  elevator were not  predicted 8 s  w e l l  by the  theory. 
The procehre  followed  in the analysis did not &urn the  zero-lif t  bending 
mment resulting  fron  a  varying dawrwash angle  over the teil  t o  be deter- 
mined;  however, the  resul ts  did indicate that the shape of the ctmwesh 
distribution along the t a i l  span which existed a t  the start of a maneuver 
was not  altered during the maneuver. 

INTRODUCTION 

The structural  design of horizontal-tail  surfaces  involves as a pr i -  
mary step the determLnation of the aeroayramic t a i l  load required to bal- 
m-ce the  airplane  mder  specified f l ight  conditions. In order t o  obtain 
.the shears,  nozents, and torques  across  the t a i l  span, these serodynamic 
loads are u s u a l l y  distributed  &cross  the span i n  accordance with s t r i p  
kheory with account  being  taken of the t a i l  chords,  control  angles, and 
any bui l t - in   tvis t .   Wfects  of te i l  swface   f l ex ib i l i t y  end spanwise 
variations  in do-mmsh are usually neglected  unless these effects   are  
either  suspected of being  large o r  are  kno-rn fron? wind-tunnel tests. 

A recent  tail-loads  investigation conducted w i t h  a jet-pmereii bomber 
airplane  offered  a  limited amount of data from which the magnitude of the 
effects of f lexibFlity and  dm-wash  variation  could he studied. In tine 
investigation,  sbultaneous Eeasurements were  =de i n   f l i g h t  of t e i l  root - 
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shear and root bending moment, elevator  position,  elevator twist, and 
s tab i l izer  twist. Pressure measurements over the t a i l  were not made and 
a procedure was therefore  adopted  for  calculsting  the spanwise d i s t r i b u -  
t ion of air load  using measured root shears and bending moments, eleva- 
tor  position, and elevator m-d s tab i l izer  twists i n  conjunction w i t h  
liftip;-line  theory. 

The present  report  contains a discussion of the procedure  used t o  
analyze the f l i gh t  measurements and t o  compute tne root bending  mments 
fo r  comparison w i t h  the f l igh t  measurements. The information  presented 
herein supplements the data previously  given i n  references 1 and 2. 
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dynamic press’re, lb/sq f t  

Mach  number 

aerodynamic horizontal-tail  shear, l b  

aerodynamic horizontal-tail  bending moment, in-lb 

elevator  position measured a t  root of elevator,  positive 
down, deg 

twist of elevator  tip  with  respect t o  elevator root, 
positive when t r a i l i ng  edge at t i p  is Cown more than 
t r a i l i ng  edge a t  root, deg 

t w i s t  of s tab i l izer  tip w i t h  respect t o  stabil izer  root,  
nose-up twist is  positive, deg 

when used i n  conj-unction w i t h  any of above symbols 
indicates  increments 

AP?ARATUS AND TESTS 

Airplane 

The jet-powered bomber airplane (B-45A) has unswept wing an& t a i l  
surfaces w i t h  12O of  geometric  dihedral i n  the horizontal tai l .  Power 
i s  provided by four j e t  engines, two being housed i n  a s ingle   mcel le  
on each w i n g .  A three-view d r a w i n g  of the  test   airplane is shown i n  
figure 1 and pertinent  geometric  characteristics are given i n  table I. 



. 
Weight of the airplane  during the test f l fghts  was a p p r o x b t e l y  
60,000 pounds m d  the center of gravity was located a t  approximately 
28 percent of the Eean aerodynamic  chord. 

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

Stvldzrd NACA recording instruments were ins ta l led  ic the aiqlule  
t o  obtaiE neasure?zlents o f  airspeed,  altitude,  control  positions,  linear 
accelerations a t  the ai-rplane  center of gravity and a t  the tail, =gular 
velocit ies,  and angular accelerations.  Strain-gage  bridges were employed 
t o  Iceasure shears and  bending  mments  and the  output from the  s t ra in  
gages was recorzed 00 ELZ~ 18-ckianne1 oscillograph. P- l/l0-second time 
pulse was used to   cor re la te  the records of all recording  instruments. 

The airspeed head w a s  loceted on a boom a t  the t i g  of the lef t  wing 
and extended  approximately oGe loca l  chord lepztii zhead of the wing 
leading edge. The results of a T l i g h k  calibration of the airsseed sys- 
tem for   posi t ion  error  and an analysis  of  evailable data f o r  a similar 
installation  ic6Lcated a Mach nunber error  of less khan 20.01 throughout 
the t e s t  r-e. 

StructWel  loads and bending mments on the t a i l   su r f aces  w e r e  mas- 
=red  by electrical  strain-gage  bridges mounted on the spars  near the root. 
A calibration of the strain-gage i n s t d l a t i o n  w a s  nerfomed by the method 
outlined  in  reference 3. 

Twist of the s tab i l izer  was measured by an instal la t ion  inside the 
t a i l  structure consisting of a t w i s t  bar, anchored  near the root of the 
t a i l  znd extendin4  outboard t o  the t ip ,  and a specially  designed  f i t t ing 
on which w a s  mouted E strain-gage  bridge. Twisting of the t a i l  pro- 
duced herding strains on this f i t t i n g  which were picked ur, by the s t ra in-  
gage bridge an6 recorded on the 18-channe1 oscillograph. 

Twist of the elevator w a s  comidered  to be the  difference  in reedings 
of the  elevator  root  position and the elevator tlp posit ion as indicated 
by control  position  transmitters  loceted a t  the root and t i p .  

Flight Tests 

The &ta used i n  the present  analysis were obtained from measure- 
ments made i n  push-over-gull-up maneuvers mde w i t h  varyips  degrees of 
abruptness and covering the Mach  number range from 0.40 t o  0.73 a t  an 
a l t i tude  of approxhately 20,000 feet.  Additional data were provided 
from measurenents made i n  wind-up turns during which the increase i n  
nom1  scce l e ra t ion  w a s  gradual. The turn mzneuvers covered  approxi- 
nately the s a e  Mach  number rmge as the  abrupt maneuvers but at an 
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a l t i tude   c loser   to  22,500 fee t .  No  appreciable change i n  airspeed  or 
a l t i tdde  occurred  during any of these maneuvers. A t  the start of each 
maneuver the airplane w a s  i n  the clean  condition and i n  trirmced steady 
f l i gh t .  

Flight Data 

The data are  presented as aerodynamic loads and bending aments  and 
were obtained from the strein-gage  measure~~ents by tlw addition of the 
iner t ia   loa& and moments  computed by multiplying  the dead-weight shear 
and bending nment of the t a i l  outbomd of the strain-gage  station 
(18 inches from the  center  l ine of the airplane) by the measured accel- 
erations a t  the tai l .  The contribution  to  the  total  aerodynamic bending 
moment of elevator  position,  elevator and s tab i l izer  t w i s t ,  and change 
i n   t a i l  angle of attack was determined by an essentially  graphical pro- 
cedure. The first step i n  applying the procedure was  the  selection of 
the intervals during a maneuver  where a sufficient  nmber of the  cpmti-  
t i e s   t o  be evaluated  remined  nearly  constent so tht those which con- 
t inued  to vary could be evaluated by cross-plotting. The measured data 
were first reduced t o  incrernental form before analysis because the mag- 
ni-cud.e of the measurenents a t  the start of each m e u v e r  could  not be 
determined. An alternate method of analysis which could have been  used 
and which should  yield results comparable to  the  graphical method would 
be t o  essmle the form of &n expression  relating the var iab le   qua t i t i es  
to   the nieasured bending moment and then  apply a least-sguares  treatnent 
to   the  datz, in t1hi.s form to  obtain  the  appropriate  constants. 

The  g r q h i c a l  procedure which was used for  analyzing  the dElta w i l l  
now be described in   de t a i l .  A typical set of data i n  incremental form 
f o r  a  push-over".pull-up maneuver mafie a t  an al t i tude of 20,000 f e e t  and 
a Mach  number of 0.71 is shown i n  figure 2. Similar  infomation from 
other mneuvers  covering  the Mach  number range from 0.40 t o  0.73 a t  
20,000 fee t  was used i n  the  analysis. 

From an fnspection of figure 2 it can  be  seen that i n  the interval 
of t ine between 0.4 and 1.0 second the elevator i s  held a t  a constant 
angle while the a i q l a n e  is pitching and therefore changing the ta i l  angle 
of st tack. The change i n  incremental t a i l  lift and  bending moment experi- 
enced. during th i s  period  of t h e  is therefore  proportional  to  tMs angle- 
of-attack change a t  the tai l .  A center of pressure of the air load dis- 
tribution  associated  with an angle-of-attack change on the untwisted ta i l  
surface  (the  additional  load) c m  be determined from the slope of the 
curve of the bending moment plotted against load a t  constant  elevator 
angle.  Figure 3 shows, for a number of push-over-pull-ur, maneuvers, the 
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. 
incrmental  load and  bending nmect  at various t kes  with respect  to  the 
load and  bending moment  when the  comtant  elevator  posftion was first  
attained, from which the ceEter of pressure of the  additional  load was 
obtained . 

Referring  again t o  the tine history i n  figure 2 it c m  be seen that 
i n  the time iDterval. from 0 to 0.2 second the elevator w a s  being deflected 
and Ynis caused a variation of t le  load and 'DendLng-lrmeGt increment  over 
the t a i l  surface. In this short  period of t h e ,  hawever, the airplane  has 
not yet responded as is  evidenced by the  constant  value of pftching  velcc- 
i t y  and n o m  acceleration at the center of gravity.  Therefore, the 
iacrenent i n  load md bending  mmect ewerienced by the t a i l  wes  primerily 
a result of the elevator  deflection. Tne inc remnt   i n  t a i l  load and 
corresponding bending-mment increnent were read from t i m e  his tor ies  at 
the  various ,%ch numbers covered by the f l igh t  tests. A plo t  of d l  the 
data  obtained in this rmner   for   the  avai ldole   meuvers  is shown i n   f i g -  
-me 4. The center of Dress-ure of the t a i l  load due t o  deflecting  the 
elevator i s  given by the slope of the so l id   l i ne  throu&h the data. 

Because of the   f lex ib i l i ty  os" the elevator  structure on the test 
airplane, the elevator  posftions t'slat are responsible  for Yce measured 
loeds en6 bending Il?on?ents shown i n  figure 4 axe a cambination of both 
the  elevator  root  deflection and the t w i s t  along the elevator spm. If 
the t w i s t  i s  assumed t o  vary  linearly d o n s  tiie  elevator s p a ,  a" aver- 
age elevator  sosit ion w i l l  be  obtained which i s  equal to  the  elevator 
root  deflection  corrected  for one-half the t w i s t  !neas;xed a t  the eleva- 
tor   t ip .  

Theoreticel Data 

A nmber of Yleoretical  load  distributions were computed f o r  the 
horizontal t a i l  of the test &-lane. Itram these  calculations compari- 
sons  could be =de w i t h  the   experhenta l   res -d ts   in   o rder   to   ga in  some 
idea as t o  the adequacy of exis t ing  nethods  for   cdculat ing  ta i l   root  
bendng  mments. A mztrix  xethod similar t o  that outlined i n  reference 4 
w a s  emsloyed to   ca lcu la te  the a d d i t i o n a l - a e r o d c - l o a d   d l s t r i b u t i o c  
on the t a i l  surface w i t ' ?  the  untwisted  elevator in  the  neutral   posit ion.  
Zero-lift  aeroQnanic-lozd  distributions were then  cdculated  for  the 
t a i l  of the tes t   a i rplane  for  the following  czses: 

(1) t 'nit  elevator  aeflection (no twist) 

(2) Unit l inear  elevztor t w i s t  

(3 )  Unit l inear  stabil izer twist 



The additional-load  distribrrtion  gives a bending moxent which is propor- 
t iona l   to  the tai l  load  since  in  theory it has a fixed  center of pres- 
sure. The zero-lift  distributions  give bending nments which are pro- 
portional  to  the  various twists and the dynamic  p- ressure. 

The increment i n  aerodynamic bending moment can  accordingly be 
expressed as the sum of the individual  contributions by the following 
equation: 

Integration of the compxted load  6istriioutions  resulted  in  the  following 
values  for  the  numerical  constants i n  the above equation: 

For the  additional  load,  based on a l if t-curve 
slope dc2/": of 0.11 per  ra6ian . . . . . . . . . . . . . K1 = 101.4 

For mit elevator  deflection  in  Segrees and an assmed 
elevator  effectiveness of 0.66 . . . . . . . . . . K 2  = -30 

For l inear  twist of t ie  elevator  in  degrees . . . . . . . . . K3 = 45 
For l inear  twist of the s t ab i l i ze r   i n  degrees . . . . . . . . K4 = 124 

The nx~erical   constants  tabulated cbove have  been adjusted t o  refer t o  
the strain-gage  sta%ion so t i t  direct  comparisons could be made with 
the bending moments mess-neci a t  that station. The values of the lift- 
curve sl*e a d  elevetor  effectiveness  indicated above are  the  theoreti-  
c d  two-dimensional  values. 

DISCUSSION 

Abrupt Naneuvers 

The additional-load  center of pressure measured i n   f l i g h t  and sham 
i n  figure 3 w a s  approxinately 100 inches outboard of the  strain-gage sts- 
t ion  for Xach  numbers  up t o  0.71. The center-of-pressure  location  for 
the additional  load e6 obtained from the lifting-line-theory  calculations, 
1Ol.k inches  outboard of the strein-gage  station, i s  zlso shown i n  f ig-  
ure 3 .  Good agreerwr-t is seen to   ex i s t  between the  experimental and pre- 
dicted  centers of pressure  for  the low and medium hbch number runs. How- 
ever, it may a l s o  be noted frm observation of figure 3 fo r  M = 0.73 
tht the  neasured  center of load i s  s l ight ly   far ther  outboard than indl- 
cated by the  tkeorx. 

. 
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It is t o  be expected tiit the  elevatcr, which on the test airplane 
is not  a fllll-span control b-ut extends  over  approxinztely 75 percent of 
the horizontal-tail  span, w i l l  cause a s M f t   i n  the overall  center of 
load  as w e l l  as i n   t he  megnitude of the load when deflected.  Further- 
nore, the   e len tor   s t ruc ture  i s  relat ively flexi’ole and  under  the ish- 
ence of a i r  loads w i l l  be distorted along i ts  span md w i l l  assme an 
effective  posit ion which is different from the  root  position. The center 
of pressure of the load due t o  elevator  deflection and t w i s t  as deter- 
~ n e d  fron the  aeasured  incremental bending nments and corresponding 
increnentd.  shears  associated w F t h  deflecting the elevator i s  shown i n  
figure 4 t o  be 80 inches  outboard of the strain-gage  station or agproxi- 
mately 20 inches  inboard of the  center of pressure of the  additional 
load. Also shown i n  figu_re 4 f o r  comparison is the  calculate6  center of 
pressure of thenload due to  deflecting  the  elevator. The calculated 
values,  based on the  theoretical sgan load distributions and the meas- 
ured  elevator  positio-m and twists, give a center of pressure of 92 inches 
outboerd of the  strain-gege  station. Thus, the  cdculations  predict  an 
inboard  center-of-pressure shift of approximately 8 inches due t o  
deflecting  the  elevator fron the  neutral  position whereas the f l i g h t  
measurements i n a c a t e d  en inboerd shift of approximately 20 inches. It 
will be renembered, however, that the assumption of l inear  elevator t w i s t  
was used i n  the  calculations because the  angle of twist was measured  only 
a t  the   t ip  of t i e  elevator. If the twlst were considered t o  vary  across 
the  elevator ssan i n  a difl‘erent m e r  from the  assmed-linear-twist 
distribution,  the  calculated  center-of-pressure shlft due to   e levator  
tw5s-i could be brought  closer  into  agrement  with the measured center of 
pressure. 

As an i l l i rs t ra t ion of the a g r e m n t  between the neasurenents  and 
cdculat ions with regard t o  root bending moments, the  masured  incrementd 
bending  mments which were shown in   f i gu re  2 are repezted  in  figure 5 
together with the bending nments  calculated  neglecting  elevator  position 
and t w i s t  m-d stEbilizer t w i s t  and merely moltiplylng  the  neeswed  shear 
by the  additional-load  center of pressure 2s cmputed from l i f t ing- l ine  
theory. The difference between the raeasured an& computed bending  mments 
shown in  f igure 5 ,  except for the contribution due t o  s tab i l izer  t w i s t  
which wzs slllall i n  magnitude, are  the  bendirg  nments due t o  deflecting 
the elevator. These differences 111 bending moment plotted  against  the 
increEent i n  average  elevator  position are indicated by the  sol id   l ine 
in   f igure 6 .  - e n  calculations  for  the bending moments due t o  elevator 
position and twist and s tab i l izer  t w i s t  were made azld aMed t o  the 
bending moments caused by the additional  load,  the  &iffereme between 
the neasured and calculated bending mornents w a s  reduced as sham by the 
dashed l i ne   i n   f i gu re  6 .  
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Graduel Turn Maneuvers 

NACA RM Lj4306 

The gradual wind-up turns  perfo-rxed during  the  investigation  Ciffer 
froE  the push-over-pull-ups i n  that they are a quasi-static maneuver 
wi th  negligible  pitching  eceeleratior- and have an associated  effective 
elevator  position of j u s t  that nee3ed t o  produce the ta i l  load  required 
f o r  longitudinal  balance of the a i q l a n e .  Although the method of analy- 
sis used for the  abrupt  maewers cannot be extencie6 to  the  gradual  tu-n 
maneuvers, it will be shown %hat the  results  previously  obtained from 
t'ne gull--.~ps w i l l  preciict  the  neaswed  bending monents i n  the gradual 
maneavers. Figure 7 shows a comparison  of tbe  bendkg moments measured 
i n  a gra3ral  turn maneaver mde at IY = 0.71 wi , th  the bending moments 
obtained by  n;al.ing --e of the coefficient  for  l inear stabilizer twist 
from lifting-line  theory,  the bending-mment increment due t o  average 
elevator  angle found from analysis of the  abrupt maneuvers, and the 
experimentally de-ie-nzhea center of pressure of the  additional  load. The 
appropriate  factors when multiplied by the  average  elevator  positior-s, 
s tak i l izer  t w i s t ,  end root shear rzeasured in  the  gradual turns r e s u l t   i n  
the bending mnents shown  by the  sol id   l ine  in   f igure 7. The dashed l ine  
in   f i gu re  7 re9resents the bending  mment associated only with the a&dL 
t ional  load, neglecting  the  effects of elevator  position and twist and 
s tab i l izer  twist. The comparisons shown i n  this figure  for the computed 
and measured Senang moments ars typical of the results found fo r  the 
grafiual mar-eavers performed at other Mach nuubers . 

Sffects of Downwash 

Because only  the  increnental  shears and belzding mornents were accu- 
ra te ly  measured, the zero-lif t  bending  xonent resulting fro=  varying down- 
wash over the ta i l  semispan could not be foun&, an& the  analysis was 
l in i t ed  t o  the  determination of the effect  on the bending moments of a 
change in   the  ver ia t ion of spanwise downwash. The agreement which has 
already been shown to   ex i s t  betweelz experimental and conputed  incremental 
benfiing mments was effected  without  consi6eration  being  given t o  a con- 
t r ibut ion from a downwash variation  across the t a i l  s d s p a n .  In  view of 
the  consistency of these results for  both  the  akmpt and gradual m e u -  
vers  over  the rm-ge of IrZE1ch nilm'oers covered, indications  are  that  the 
shape of +,he domwash distribution along the t a i i  semisgan does cot change 
during  these  mneuvers a sxfficient  mount  to  influence  the bending-moment 
resul ts .  

Reference to   f igure  1 shows that the ta i l  of tne  test   airglane is  
well above the w i n g  wake at low angles of attack and although  t3e t a i l  
extends  oxtboard beyond the location of the j e t  eng-ines i n  the w i n g s ,  
the dihedral places it zbove ths w&ke fron  the  engines. For this con- 
figuretion  then, and considering  the  anzle-of  -attsck  range  covered i n  
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n o m 1   f l i g h t   a l t i t u d e s ,  the downwash effects  on the bending mcn;ent would 
be expected t o  be minLnized. 

The results of an analysis of the  horizontd-tail   root  aerodynmic 
bendirg  mments fo r  a jet-powered bomber airplane measured i n   f l i g h t  
indicate that the  additional-load  center of pressure c a ~ b e  yredicted 
quite accurately by available  nethods at Mach numbers from 0.40 to 0.71. 
The aeasu-red center of pressure a t  M = 0.73, however, was slightly  out-  
board of the calculated  center of pressure. 

For the test airplane, which has a partial-span  elevator, there was 
a center-of-pressure shift due t o  deflecting the elevator. This change 
in  the  center of load was due t o  both  elevator  positLon and eleva,tor 
t w i s t .  Tbe  bendilr-g  moments calculated from the theoretical  cmgonent 
load  distributions and tine  measured. elevator  position and t w i s t  agreed 
ordy qualitatively with the measured bending moments. 

The  bendL-ng-mcanen-t coefficients which were determined fron the push- 
over-pull-up Ilraneuvers  when multiplied by the shear, the  elevator gosi- 
t ion m d  twist, and the s t ab i l i ze r  twist Eeasured i n  grad& turn maneu- 
vers "ere found to  predict   accurately the bensng moments Eeasured i n  t'be 
gradual  naneuvers . 

The results of the analysis  indicated that there were no effects on 
the root bellding  mments of a cha-nge i n  the dmnwash distributlon  across 
the  senispan of the t a i l  durirq any of the maneuvers considered. This 
cordusion might not be appl icable   to  configu-rations which differ radi- 
cal ly  frm t h a t  of the t e s t  ai-?lane, i n  which case it would be desirable 
t o  have experinental downwash re su l t s   fo r  the pmt icu lar  Ioodel under 
consideration. 

Langley Aeronautical  Laboratory, 
Ng-Lional Advisory Canrmittee for Aeronautics, 

TLangley Field, Va., April 27, 1954. 
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GEObETRIC CHARACTERISTICS OF TEE AIRPIAN3 

. 

Wing : 
Airfoi l   sect ion a t  root . . . . . . . . . . . . . . . . .  N M A  662-215 
Alrfoil   section a t  t i p  . . . . . . . . . . . . . . . . .  NACA 66.. 212 
Arez. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  1175.2 
spm. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1068 
Chord a t  root. i n  . . . . . . . . . . . . . . . . . . . . . . .  225 
C h o r d a t t i p . i n  . . . . . . . . . . . . . . . . . . . . . . . .  93 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . .  1 

Iccidence a t  t ip .  deg . . . . . . . . . . . . . . . . . . . . .  1/2 
Xeac aerodynamic chord. i n  . . . . . . . . . . . . . . . . . . .  168 

. 

incidence a t  root. deg . . . . . . . . . . . . . . . . . . . .  3 

Verticel tai l :  
A i r f o i l  section a t  root . . . . . . . . . . . . . . . . .  NP-CA 6 5 1 - ~ ~  
Airfoil   section a t  tTp . . . . . . . . . . . . . . . . .  W A  63-010 
Are& of portion  extending above horizontal tsil. 

Rudder ami tz;b area, sq f t  . . . . . . . . . . . . . . . . . .  29 
Fin  offset ,  deg . . . . . . . . . . . . . . . . . . . . . . . .  0 
Chord a t  attachme-n-t to   horizontal  tai l ,  i n  . . . . . . . . . . .  145 
C h o r d a t t i p , i n  . . . . . . . . . . . . . . . . . . . . . . . .  64 
Spez- extending above horizontal tai l ,  i n  . . . . . . . . . . . .  150 

s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 

Eorizontd tail :  
Airfoil   section a t  root . . . . . . . . . . . . . . . . .  NPEA 651-012 
Airfoi l   sect ion a t  t i p  . . . . . . . . . . . . . . . . .  NACA 63-010 
Total area. sa_ f t  . . . . . . . . . . . . . . . . . . . . . . .  288 
Elevztor md tab area. sa_ f t  . . . . . . . . . . . . . . . . .  68 
span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  526 
Chord a t  root. i n  . . . . . . . . . . . . . . . . . . . . . . .  123 
Chord at  t ip .  i n  . . . . . . . . . . . . . . . . . . . . . . . .  36 
Diheiiral. deg . . . . . . . . . . . . . . . . . . . . . . . . .  12 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  6.7 
TaFer r z t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.29 

. 
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Figure 1.- Three-view drawing of t e s t  airplane. 
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Figure 2.- VE,rie;tion with -Lime of the increnerLd values of various 
quantities meescred durfng z push-over-pull-us manedver made at 
20,000 Zeet and M = 0.71. 
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Figure 3.- Exremental load and corresponding incremental bending moment 
associated  with change i n  t a i l  angle of attack and constant  elevator 
position. Data from various runs at  20,000 feet covering Mach number 
range from 0.40 t o  0.73. 
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Figure 4 .- Incremental load and corresponding  incremental bending moment 
associated  with  deflecting the elevator. Data from various  runs a t  
20,000 feet  covering Mach  number range from 0.11.0 t o  0.73. 
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Figure 5 .- Time history or' measured incremental bending moment lor a 
push-over-pull-up maneuver showing the  effect of neglecting  the 
elevator posi-Lion and computing the bending moment  from the addi-tional- 
load  center of  pressure only. 
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Figure 6.- Variation with incremental average elevator  position of the 
difference between the measured and calculated bending moments. 
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Figure 7.- Comparison of' the measured incremental bending moment i n  a 
gradual  turn maneuver made a t  22,500 feet and M = 0.71 with  the 
incremental bending moment computed using  information  obtained from 
analysis of push-over-pull-up  maneuvers. 
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