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Some preliminary  results in time-historg form are presented for 
fou r  maneuvere  of the firet  flight In a tail-load  investigation on a 
jet-powered  bomber  airplane. The results  presanted m e  for a constant- 
power  level-flight run from stall to a Mach number of 0.64, a low- 
speed  pull-up  to 2. Og, a high-epeed  pull-up to 1.88, and a turn 
to 2.4g. 

N u m e r o u s  investi@tians  have  been  made for the purpose of 
correlating tail-load  calculations  with  tail loads measured in 
flizht. Most of these  investistions, however, have been mde 
on small, relatively  stiff airplanes. The prime purpose of the 
present  investigation  is to obtain  data on both  horizontal and vert:- 
cal  tail loads on a large, high-peed,  relatively  flexible  airplane. 
A study  of  tail loads measured by means of strain gages fs there- 
fore  being  conducted  by  the NACA on a B 4 5 A  airplane. These results 
may be used  to  check the validity of d - c a l e  tunnel measurements 
of items  such as the  aerodyaamic  center and the  zer-lift pitchine 
moment  coefficient of the wlng-fuselage  combination. The structural 
deformations  of the elevators,  stabilfzer,  and  fuselage and their 
effect on the tail-load  distribution are to be studied. The change 
in stability  and  control  characteristics  due to these  aeroolastic 
effects will also be  investigated. 

The g m o s e  of this 2eper is to present sane mediate results 0'0- 
tzined frou the  first  flizht  which 1~x3 prinariL- a pilotl'm~liarizntion 
2nd instrwnent"check  flight. Time histories  are  presented  showin? 
cor- quantities inportznt  in tail-lo&d i n v e s t i ~ t i o n s  for 
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!e presaure altitude 

T h e  t e a t  airplane is a standard producttcm m o d e l  B-49 (No. 7021) 
supplied t o   t h e  NACA by the U.S.  Air Force for the present hwm- 
t i ga t ion .  Figure 1 share a thre-view line drawing of the a3rplax-m 
and the approximate loca t l am of the l a d  and deflecticmamsurlq 
device8 . 
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A n  optigraph system is wed t o  determine the fwelage bending 
deflections. The system c a m i s t s  of a cmtinuarsly recording camera 
mounted in the fuselage aear the  rear spar of the wing and amall 
concentrated  light s m c e s  in  the fuelage of s t a t i o n s   c m e e p d i n g  
t o  the f'rmt and rear spars of theJ stabilizer. 

Standard W C A  instnrments a r e  ueed t o  measure acceleratimm, 
afrspeed,  altitude, rol l ing,  pitohing and y a w i n g  velocit ies,  angle 
of drift, and control forces and positicna. Normal acceleratiane 
are measured at  the t i p  and midsemiapan of bath  s tabi l izers ,  and 
three-canponent  acceleraneters measure acceleratian a t  the  center 
of gravity and a t  the tail. A timer was med t o   c o r r e k t e   a l l  
data f r a m  recording  instruments. 

During the fU&, records were taken in a conatant-parer 
level-flight run, two pull"ups,  three t m ,  two ro l l s ,  and three 
stalls f r u n  l e v e l  f l i g h t .  Most FUILB were made at a pressure  alt i tude 
of about 15,000 feet and covered a Mach  number range approximately 
from 0.22 t o  0.64. 

The results  presented are far four runs of the first f l i gh t ,  
that is, leve l   f l igh t ,  l a w p e e d  pull-up, h i m p e e d  pull-up, and 
turn. These runs w e r e  selected  became they covered the widest  
range of important  taiL-1-d  parameters measured on t h e   f i r e t   f l i g h t .  
T h e  quant i t ies   l i s ted  in the  following tab le  a r e  shown in time- 
history form on figures 2 t o  5. The t a b l e  a l8o  includes the read- 
accuracies far the basic measurements. 
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Center-of-avity normal acceleratian, g units . . . . . . . . .  
Tail normal acceleration, g units . . . . . . . . . . . . . . .  
bft and right r o o h l e v a t o r  anglee, degrees . . . . . . . . . .  
Aerodgnamic load on horizontal tail: 

Total ,  pounde . . . . . . . . . . . . . . . . . . . . . . . .  
Left minus rlght, pounds . . . . . . . . . . . . . . . . . .  

Pltching  acceleratian,  radians/sec2 . . . . . . . . . . . . . . .  
Aerodynamic load: 

On right s tab i l izer ,  pounds . . . . . . . . . . . . . . . . .  
O n  l e f t  e tabi l izer ,  pcnmd~ . . . . . . . . . . . . . . . . .  On ri&t elevator, pounds . . . . . . . . . . . . . . . . . .  
On left elevator, pounds . . . . . . . . . . . . . . . . . .  
A t  t i p ,  degree8 . . . . . . . . . . . . . . . . . . . . . . .  Right stabilizer twist: 

A t  midsemlspan, degrees . . . . . . . . . . . . . . . . . . .  
bft stabilizer twist: 

A t  t i p ,  degrees . . . . . . . . . . . . . . . . . . . . . . .  
A t  mideramispan, degrees . . . . . . . . . . . . . . . . . . .  

Elevator Met, uncorrected for Stabilizer twist, 
l e f t  and right, degrees . . . . . . . . . . . . . . . . . . .  

Fuselage bend- deflection, inchea . . . . . . . . . . . . . .  
Mach number . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pres- altitude . . . . . . . . . . . . . . . . . . . . . . .  
Airplane normal-force coefficient . . . . . . . . . . . . . . .  
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The airweed ~ y s t e a n  hae not  yet been calibrated,  but  estimates of 
the poeition error baaed an slmilar inettitlatians  indicate that the Mach 
nurtiber is correct t o  f0.02 below the stall. 

Figure 2 presante tlme histories of Fmporbmt tail-load parameters 
f o r  a level-flight rull d e  with 9Gpercmt angLne power with the a i r  
plane trFmmsd in the clean conditian for a Mach number of approxl- 
mately 0.5 a t  15,000 f ee t .  This run was actually a grad.ual deecant 
etarting at  13,600 f e e t  with the airplane In a near at;alled c a d i t i a n  
and ending at 8,100 feet with an aCCCqaWfnZ increase i n  Mach number 
f r a m  0.22 t o  0.64. The normal acceleration, airplane normal-force 
coefficfent, and tail-ld curves in the region near the stall are  
mean values and do not ahow the oscfllatlcmfl preerent in a a t a l l .  

The maximum airplane normal"force coefficient I s  approximately 1.15. 
!&e total   horizontal-tail  load changes from 3000 pounds up at  low Mach 
number t o  9700 parnds down at t he  highest  Mch number. (31 fiwe 2 it 
is seen that the elevator loade increaee w i t h  speed, the xnaxirmun 
occurring an the le f t   e leva tor  at the value of 1200 pounds. The 
stabilizer8  reach a m a x b m  dawn load of 5900 pounds per side. The 
etsbilizer t x i a t a  a re lat ively mall amount, about O.3', but  the 
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twist of the elevator reaches a value of 2.5O t r a i l i n g  edge up ~n the 
right  side.  The e f fec t  of t h i s   f l e x i b i l i t y  is seen by cornsidering 
that a t  time 130 s e c d s ,  i f  a linear variation of twfst fram t i p  t o  
root is assumed, a theore t ica l ly   r ig id  el&vatOr w o u l d  be  required 
t o  be  deflected 1.25O up f r a a n  the present   posi t ion  to   t r im the 
airplane a t  the conditions  existing. 

The fuselag&bending-deflcticm curve  folluwe the horizontal- 
tail-load c m e  changing frcm 0 .lg inch up a t  low speed t o  0.66 inch 
down a t  high  speed. With the associated chm@ in the  aerodynamic 
t a i l  load of 12,700 pounds, the  stiffness of the fueelage a t  the 
t a i l  d e r  loads applied a t  the tail ia  therefore row- 16,000 
pO'UIld6 per  inch- 

Figure 3 presents results for a pu l ldp   t o   app rox imte ly  2 .Og 
at  a Mach number of 0.4. The maneuver was made a t  a pressure 
a l t i t ude  of about 16,000 fee t .  The airplane was in   the  c lean 
condition  wfth a ,pose weight of 61,800 pounds and the  center of 
gravity a t  28.33 percent mean aerodynamic chord. The tail load 
per g for this run is roughly 3580 pounds a s  derived f r c m  figure 3. 
T h e  man pitch- acce le ra t im  is about 0.3 radian  per second 
per second w i t h  an elevator   ra te  of 23O per secand. 

Fi,gure 4 presents  results for a highpeed  pull-up m d e  a t  a 
pressure  alt i tude of about 13,000 f ee t  and a Mach rimer of 0.65. 
 he airplane was in the clean  cmdit ion and weighed  61,300 pounds 
wlth  the  center of gravity a t  28.31 percent mean aerodynamic chord. 
A n  acceleration of approxim?+ely 1.8g m a  reached. The maximum 
d a m  horizontal-tail load i a  about 8900 pounds w h i l e  the  tail load 
per g is about 4000 pounds. 

Figure 3 presents  resulter f o r  a turn a t  a pressure a l t i t ude  of 
1~,000 f ee t  and a Mach rumiber of 0.59. The airplane gross weight 
f o r   t h i s  run was 61,200 pounds with  the  center of gravity a t  28.30 
percent mean aerodynamic chord. A maxlmum narmal acceleration of 
about 2.4g was reached  with a n-1-force coefficient of approxi- 
mately 0.43. An increment of  4000 pounds rn the harfzontal tail is 
experienced,  yieldfng a tail load per g of about 2900 pounds. 

Frau  figures 2 t o  5 it is seen that the elevatm loads far a l l  
maneuvers are re la t ive ly  low with a maximum up load of 1200 pounds 
encountered on the left elevator in the level-f l i gh t  run. A down 
load of 600 pounds is the maxlm~m dawn elevator load and is present 
in the low-epeed pull"up. The static t e a t  loads w h i c h  were supported 
on the elevators  without  failure were 6000 parnds up and 4000 pounds 
d m .  A maximum up load of 1600 pounds and a down laad of 5900 pounds 
a re  experienced on the s tab i l izers .  T h e  s t ab i l i ze r  was 
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The s tab i l izer  t w i s t s  are found t o  be r e l a t ive ly    an all, man 
t w i s t  being 0 . g o  leading-edge d m  a t  the right stabilizer t i p  
during the h i g h p e e d  p u X k ~ p .  The maz3mn elevator twist Occurs 
on the r igh t  elevator durtng the  level-flight run. The difference 
in the left and right  elevator twist m y  be a t t r ibu ted  t o  the difference 
in built-in twist of the  elevators, 1.5' up a t  the t i p  cm the left 
and 10 up at the t i p  on the right. Tbs f m e L a g e A e n d ~ e f L e c t i m  
curves have the B & ~ B  general shape a s  the harizmtaI-tail-load curves 
far all maneuvers. T h i e  deflecticm is a functicm of both the aerCdymnKic 
tail load and t he  product of fuselage DIEEB and acceleraticm 
d i s t r ibu t iom.  The  amount of tVlst of the  stabilizer and elevator 
and the bending of tha fuselage under the mall loads measured 
Indicates the irupartance of conaidering aeroelast ic   effecte  up= 
the tail-lcad distributicm aad the e t a b i l l t y  and control   chamcter ie t ice .  

a 

Iangley Aeronautical Iabaratory 
Hatianal Adviecry Camnittee for Aeronautics 

-ley A i r  Farce BBBB, Va. 
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Figure 1.- Three-view d r a w  of t e s t  airplane ahowing approximate 
locatioaa of strain-gage bridges and deflection measurhg devicss. 
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Figure 2.- Concluded. 
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Figure 3 .- Tlme hietor ies  of measured quantit ies during a Low-speed 
pull-up. mane might, 61,800 pounde; center of mavitg 
a t  28.33 percent mean a e r o d y n d c  chord. 
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Figure 5 .- Concluded. 


