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The histories  are  presented  of  horizontal-tail loads, elevator 
loads,  and  deformations on a jet-powered  bomber  airplane  during  wind-up 
turns  at  pressure  altitudes of approximately 15,000 feet  and 22,500 feet. 
The normal accelerations  experienced  varied  from  0.gg  to  2.9g  at  Mach 
numbers  from 0.36 to 0.75. .The maximum  horizontal-tail  and  elevator 
loads  measured  were  approximately  ll,gOO pounds and 900 pounds,  respec- 
tively.  Elevator  twists  varied  to 1.8O and  stabilizer  twists  were small. 
The  greatest  fuselage  deflection was about 1.9 inches  tail  dawn. 

UliTRODUCI'ION 

The  NACA is currently  conducting a flight.  investigation  to  deter- 
mine  the  loads  and  deformations on a jet-bomber  type of airplane.  These 
results  may  be  used  to  check  the  accuracy  of  available  methods  of com- 
puting  loads on the  horizontal  tail  and  the  accuracy of the  aerodynamic- 
center  location  and  zero-lift  pitching  moment of the  wing-fuselage com- 
bination  as  determined  from  small-scale  wind-tunnel  measurements.  For 
this  investigation a B-45A airplane has been  instrmuented  with  strain- 
gage  bridges  for  measurements of the  loads on the  horizontal  tail, 
vertical.  tail,  and  the  wing  and,  with  additional  instruments,  for meas- 
urements  of  the  elevator  and  stabilizer  twist  and  fuselage  deflection, 

Time  histories of aerody-smic loads  and  deformations  for  the B-45A 
airplane  during  level  flight,  aileron rolls, pull-ups,  and  turns have 
been  presented in references 1 to 4. This  paper  presents  time  histories 
of horizontal-tail  loads,  elevator  loads,  stabilizer  and  elevator  twists, 
and  fuselage  deflections  during  further  wind-up  turns  at  pressure  alti- 
tudes of approximately 22,500 feet  and 15,000 feet. 
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A three-view drawing of the  tes t  airplane, with approximate  loca- 
t ions of strain-gage  bridges and deflection-measying  devices, i s  given 
in  figure 1. 

Standard NACA recording  instruments were used t o  measure airspeed, 
altitude,  rolling,  pitching, and yawing velocit ies,  sideslip angle, 
control  forces and positions, and accelerations. NACA optical-recording 
three-component accelerometers were mounted at the  airplane  center of . 

gravity d a k  ... the approximate  quarter-chord s ta t ion of the horizontal 
t a i l  at the airplane  center  line. 

Two booms, one at each wing t i p ,  extending  approximately 1 local 
chard length ahead of the leading edge contained  the  airspeed  head and 
the sideslip-angle  transmitter. The results of a flight calibration 
of the airspeed system for posit ion  error and an analysis of available 
data f o r  a similar installation  indicated a Mach number er ror  of less 
than fO.O1 throughout  the test range. 

Electrical  resistance  strain-gage  bridges were mounted on each spar 
near the  root on both  sides of the hor i zon ta l   t a i l   t o  measure shear and 
bending moment. StraLa-gage bridgee were a l so  mounted on the  elevator 
torque  tube and hinge brackets t o  measure torque and total   e levator  
load, respectively. 

.. 

.. 

" 

.. 

Twist bars were instal led  in   the  horizontal   s tabi l izers   to  measure 
s tab i l izer  t w i s t  at the t i p  and midsemispan stations w i t h  respect  to 
the  stabilizer  root.  Control-position transmitters w e r e  illlstalled at 
the t i p  and root of  the elevators  and wired e l ec t r i ca l ly   t o  measure . 

elevator t w i s t  re la t ive t o  the  stabil izer.  The positions of the rudder, 
ailerons,  elevators, and elevator trim tabs were measured a t   t he  inboard 
ends by control-position  transmitters. . .  ~ -I 

An optigraph mounted within the fuselage at the  rear,,   spar of the 
wing continuously  recorded the motion of small concentrated  light  sources 
posftioned i n  the fuselage a t  the front  asd rear spars of.the  horizontal  
tai l .  An additional  optical  arrangement was used t o  measure the  distor- 
t ion of  the  optigraph mount d t h  respect-   to t& atum .position. ( D i s -  
to r t ion  of the optigraph mount was not cons idered . in .de teSning  the .. 

fuselage-deflection  data  presented in  references 1 and 2.) From thfs 
ins ta l la t ion  a time history of the structural   deflection of the rear 
portion of the  fuselage w i t h  respect   to   the wing rear spar was obtained. 

The output from the strain-gage  bridges  and  twist-measuring  devices 

- .  " 

. " 

was recorded on  two 18-chame1  oscillographs. A 0.1-second time pulse 
was used to   cor re la te  the records of a l l  recording  instruments. 
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RESULTS AM) DISCUSSION 
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Aerodynamic loads and the resul t ing  s t ructural   twists  of  the  hori- 
zontal t a i l  and elevators as w e l l  as the fuselage  deflection were deter- 
mined for   the B-45A airplane  during 17 power-on wind-up turns. T h e  
his tor ies  of  tkie aerodynamic loads, twists, and fuselage  deflection  in 
addi t ion  to  elevator angle,  airplane normal-force coefffcient, a'nd 
normal accelerat ion  a t  the center of gravity are presented in   f igures  2 
t o  18. I n  figures 19 t o  22, 1 g values of the horizontal-tail  aerody- 
namic load,  elevator dissymmetry load, and s tab i l izer  twists are   plot ted 
against Mach  nuniber f o r  the two t e s t   a l t i t udes .  The 1 g fuselage- 
deflection  variation Kith respect   to   the  horizontal   ta i l  load is shown 
in  f igure 23. A summary of  pertinent flight conditions f o r  the runs 
i l lus t ra ted   in   the  figures i s  given in table I. Aerodynamic t a i l  loads 
were determined by adding the  iner t ia   loads t o  the  structural   loads 
measured by  the  strain-gage  bridges. The airplane vas trimmed in   the  
clean  condition at the start of each run. 

The estimated  accuracfes of the aerodynamic loads, twists, fuselage 
deflection, and parameters are as  follows: 

Center-of-gravity normal acceleration, g uni ts  . . . . . . . .  
Total  horizontal-tail aerodynamic load, l b  . . . . . . . . . .  
Each elevator aerodynamic load, l b  . . . . . . . . . . . . . .  
Elevator  angle, deg . . . . . . . . . . . . . . . . . . . . . .  
Elevator t w i s t  ( r e l a t ive   t o   s t ab i l i ze r ) ,  deg . . . . . . . . .  
Stabi l izer  t w i s t  a t  t ip ,  deg . . . . . . . . . . . . . . . . .  Stabi l izer  twist at midsemispan, deg . . . . . . . . . . . . .  
Mach number . . . . . . . . . . .  '. . . . . .  -. . . . . . . . .  
Fuselage  deflection,  in. . . . . . . . . . . . . . . . . . . .  

to. 03 
;ti60 . *60 

m. 25 
io .  07 
fO. 007 
20.015 
fO .01 
20.04 

Fuselage-deflection  records were not available for   the last part 
of the maneuvers represented by figures 15 t o  17 or  f o r  the en t i r e  
maneuver. i l l u s t r a t ed  by figure 18. 

Total t a i l  loads.- The maximum up t a i l  load  (fig. 4) measured was 
5,400 pounds and occurred a t .  a Mach  number of 0.37 a t  a pressure alti- 
tude of 21,900 f ee t  when the normal acceleration was 2.9g. The maXimum 
dam  load  (fig. 18) measured was 11,900 pounds and occurred at a Mach 
number of 0.73 a t  a pressure  altitude of -14,400 fee t  and  a normal 
acceleration of 1 g. 

The t a i l  loads a t  1 g (f ig .  19) become greater in the down direction 
w i t h  increasing speed. Changes in t a i l  load are   a lso partially attrib- 
uted t o  changes in   a i rplane weight  and center-of-gravity  position. A t  
a pressure  altitude of about 15,000 fee t   the  down ta i l  load  for  trim 
a t  1 g varied f r o m  2,100 pounds t o  ~ , 8 0 0  pounds f o r  a mch number 
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, 
variation of O.5 l to  0.73. A t  8 pressure altitude close  to  22,500 f ee t  
the t a i l  load  for t r h  a t  1. g varied lroni 1,-700 pourids up- to  8,200 pounds 

. .  

d m  f o r  a Mach number variation of 0.36 t o  0.75. r -  

Figures 2 t o  18 show that the total-tail- load increment per g , 

increases with the higher  values of airplane normal acceleration, this 
increase  indicating  a-forward  travel of the wing-f'uselage aerodynamic 
center. 

1.1 - 
" 

. .. 

The tai l- load dissymmetry was small i n  all kuns i l l u s t r a t e d   i n  t h -  
figures. 

. .  

Elevator  loads and elevator  positions.- A t  . the   s ta r t  of each wind- 
up turn, when the normal acceleration was close  to  1 g,  up elevator 
loads were encountered. However, as  the  run.progressed, the elevator 
loads increased  in  the down direction. The maximum up loads  (figs. 16 
t o  18) were about 900 pounds and occurred on- the l e f t  elevator during 
the three runs made at   pressure  -Uti tudes  c lose  to  15,000 f e e t   a t  a 
Mach  number range of 0.68 t o  0,73. The maximum down load  (fig.  4) of 
760 pounds occurred on-the left  e levator   a t  a Wch number of O.57g 
and 2.75g normal acceleration. 

The greatest  elevator-load dissymmetry (fig. 18), left-elevator 
load minus right-elevator  load,  experienced was about 500 pounds. The 
dissymmetry a t  1 g ( f ig .  20) generally became  more positive  with an 
increase i n  Mach number, - .  " 

The left-elevator  posit ion at the root wa6 mqre down_.than the 
right-elevator  positian  during  these maneuvers with a maximum measured 
difference of  about 1.0'. 

Stabilizer and elevator twist.- The stabilizer t i p  and midsemispan. 
twists increased  leading edge up .wlth..increaslgg .now!. acceleration, .. . 

A t  a normal acceleration of 1 g the twists became larger  leading edge 
down w i t h  increasing Mach  number ( f igs ,  21 and 2 2 ) .  . In -a l l   the  maneu- 
vers   i l lust rated the right   s tabi l izer ,  a t  both the t i p  and midsemispan, 
was twisted more 1Cading edge up than  the left  s tab i l izer ,  

. . . . . . - 

The maxfmum s t a b i l i z e r   t i p  and midsemispan twists ( f ig .  16) were 
0.42' and 0.23' leading edge down, respectively, and occurred on the 
l e f t  s tab i l izer  at a normal acceleration  near 1 g and a t  a Mach  number 
of 0.68. The maxirmrm leading-edge-up twists ( f ig .  4) occurred on the 
right stabi l izer  at a Mach number of 0.37 when the normal acceleration 
was 2.9g and were 0.24O a t   t h e  t i p  and 0.12O. a t  the mfdsemispan. 

The elevators have a bui1-n t e s t  of 1.2' t r a i l i n g  edge up at 
the t ip ,  distributed  parabolically from the  root. The elevator t w i s t  
in   f l igh t - increased   t ra i l ing  edge down with  respect to the root  as the 
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normal acceleration and down elevator  loads  -increased. The largest  t w i s t  
( f ig .  18) measured occurred on the  lef t   e levator  and was I. 79' t r a i l i n g  
edge  up. 

Fuselage  deflection.- The fuselage  deflected down as  the normal 
acceleration was increased. The bending moment on the  fuselage due to 
fuselage mass and normal acceleration was apparently  larger  than  the 
bending moment .caused by the horizontal-tail  load. 

F r o m  figure 23 the  variation of fuselage  deflection at 1 g with 
measured horizontal-tail  load can be seen. Ekch 1 g test point was 
determined a t  a different Mach number. A t  a pressure  altitude  close t o  
22,500 f e e t  and &t zero t a i l  load  the  fuselage was deflected down 
0.63 inches. Ground tests  indicated that the  fuselage  deflects d m  as 
the skin temperature  decreases. This accounts for   the down fuselage 
def lect ion  a t  zero t a i l  load. The difference in slopes f o r  the two 
a l t i tudes  is  dtie t o  changes in  fuselage skin temperature which occurred 
while  the various'runs were being made. 

The maxFmum fuselage  deflection ( f ig .  17) measured was 1.94 inches 
t a i l  down with  respect to the wing rear spar. . 

Langley Aeronautical  Laboratory 
National Advisory Committee for  Aeronautics 

Langley Air Force Base, Va. 
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TABU I.- SUMMAHY OF FLIGHT C O N D ~ I ~ S  

:enter-of- 
erav i t y  Mach position 
(percent 
M.A.C. ) 

nmber 

28.2 
28.1 

0.36 

.68 27.1 

.65 27.2 

.63 27.2 

.60 27.3 

.56 27.3 

.54 27.4 

.51 27.4 
75 27.6 

.72 27.6 
m71 27.8 
.67 27.8 
.62 28.0 
57 28,1 

.45 

qevator-  
trim-tab 
posltlon, 
airplane 
nose up i 

nose d m  - 
( m )  

10.0 
7.0 
2.8 
1.0 
0 
c.2 

-1.0 -. 2 
2.0 
0 
0 

-1.5 
-2.3 
-3.0 
-3.5 
-3.5 
-3.5 

~~ ~ 

Power 
condttlon 

(percent - 
rFrm) 

Center-of- 
gravity 
normal- 

acceleratlon 
range 

( g  units) 

0.97 t o  1.37 
.97 t o  1.83 
.95 t o  2.91 
.97 t o  2.78 
.97 t o  2.63 

l.ao t o  1.91 
1.00 t o  2.30 

1.01 .to 1.37 
.92 t o  2.62 
.94 t o  2.84 
.94 t o  2.86 
.95 t o  2.77 

1.00 t o  2.80 
1.00 t o  2.81 

.91 t o  2.78 
1.00 t o  2.72 
1.00 t o  2.29 
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- " Figure 1.- Three-view drawing of teat airplane- shod-bg approxirate * 
locations Of strain-gage bridges and deflection-measuring devicee. 
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Figure 2.- Time his tor ies  of various quantities  during  a wind-up turn. 
Pressure  altitude, 22,000 feet; Mach number, 0.36; airplane weight, 
63,600 pounds; center of  gravity is a t  28.2 percent- mean aerodynamic 
chord; elevator trfm tabs, 10.0' airplane noae up. 
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Figure 3.-  Time hiatori.ea of variam .qyantitica. during a wind-up turn. 
Pressure altitude, 22,100 feet; Mach number, 0.45; airplane weight, 
62,900 pounds; center of -gravity is at 28.1 percent mean aerodynamic 
chord; elevator trim tabs, 7.0' airplane nose up. 
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Figure 4.- Time his tor ies  of various quantities during a wind-up turn. 
Pressure  alkitude, 21,900 feet;  Mach number, 0.57; airplane weight, 
62,100 pounds; center of gravity is at 28.1 percent mean aerodynamic 
chord; elevator trim tabs, 2.8' airplane no86 up. 
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Figure 5.- Time histories of varriaus quantities during _a @nd-up turn. . . - "  

Preseure altitude, 22,000 feet; Mach number, 0.62; airplane weight, 
61,200 paunda; center of gravity i s  at 28.0 percent mean aerodynamic .. 

chord; elevator trim-tabs, 1.0' airplane n08e up. 
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Figure 6 . -  Time h i s to r i e s  of various  quantities  during a wind-up turn. 
Pressure  alt i tude,  22,600 feet; Mach number, 0.67; airplane weight, 
6 0 , M O  pounds; center of g r m i t y  is a t  27.8 percent mean aerodynamic 
chord; elevator trim tabs, 0. Oo airplane nose up. 



14 

. . . .. 

.. . "f- 

Figure 7.- Time histories of varioue quantitfea during a wind-up turn. 
Preseure altitude, 22,400 feet; Mach number, 0.71; airplane weight, 
59,600 pounib; center of gravity is  st 27.8 percent me& aerodynamic 
chord; elevator trim- tabs, 0.2' airplane nose &wn. 
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Figure 8.- Time his tor ies  of various  quantities during a wind-up turn. 
Pressure  altitude, 22,100 feet; Mach number, 0.72; airplane w e i g h t ,  
58,300 pounds; center of gravity i s  at 27.6 percent mean aerodynamic 
chord; elevator  trim  tabs, l.Oo alrplane nose dqwn. 
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..gure 9.- Time his tor ies  of various  -quantities  dwing a wind-up turn. 
Pressure altitude, 22,300 feet; Mach  number, 0.75; airplane weight, 
57,800 pounds; center of gravity is at 27.6 percent mean aerodynamic 
chord; elevator trim tabs, 0.2' airplane nose dam. 
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Figure 10.- Time h is tor ies  of various *ant i t ies  during a wind-up turn. 
,Pressure al t i tude,  l5,3W feet; Mach n@ber, 0.31; airplane weight, 
56,000 pounds; center of g r w i t y  is at  27.4 percent mean aerodynamic 
chord; elevator trim tabs, 2.0' airplane nose up. 
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Figure 11.- Time his tor ies  of various quantities during a wind-up turn.  
Pressure altitude, 15,200 feet;  Mach number, -0.i54; airplane weight, 
55,700 pounds; center af gravity is a t  27.4 percent mean aerodynamic 
chord; elevatcr trim tabe, O.Oo airplane noae up. 
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Figure 12.- Time his tor ies  of  various quantities during a wind-up turn. 
Pressure  altitude, 15,500 feet; Mach number, 0.56; airplane weight, 
55,400 paznds; center o f -  gravity is a t  27.3 percent mean aerodynamic 
chord; elevator t r i m  tabs, 0. Oo airplane nose up. 
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Figure 13 . -  T h e  his tor ies  of variaus quantities during a wind-up turn. 
Preesure  altitude, 14,700 feet; Mach number, 0.60; airplane weight, 
55,100  pound^; center of gravity l a  at 27.3 percent mean aerodynamic . 
chard; elevator trim tabe, 1.3' airplane nose d m .  

. .. I -  
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Figure 14.- Time histor ies  of various  quanti'ties  during a wind-up turn. 
Preesure  altitude, 15,100 feet; Mach number, 0.63; airplane w e i g h t ,  
54,800 pounds; center of  gravity is at 27.2 percent mean ae rodyndc  
chord; elevator t r i m  tabs, 2.3O airplane nose down. 
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Figure 15.- Time his tor ies  of various cpantitie.s_ du&ng a @nd-up turn. . 

Pressure altitude, 14,700 feet; Mach number, 0.65; airplane weight, 
54,200 pounds; center of gravity is at 27.2 percent mean aerodynamic 
chord; elevaLor trim tabs, 3.0' airplane noae d m .  
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Figure 16.- Time historieer of various  quantities during a wind-up turn. 
Pressure  altitude, 14,600 feet ;  Mach number, 0.68; airplane weight, 
53,800 pounb; center of gravity is at 27.1 percent m e a n  aerodynamic 
chord; elevator trim tabs, 3.5' airplane nose dam. 
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Figure 17.- Time his tor ies  of vaxioue quantitiea dizrfng a xind-up turn. 
Pressure  altitude, 15,600 feet; Mach number, 0.70; airplane weight, 
53,-200 paunds; center- of  gravity is a t  27.1 percent mean aerodynamic 
chord; elevator trim tabs, 3.5' airplane nose d m .  
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Figure 18.- Time h i s tor ies  of  various *antities during a wind-up turn. 
Pressure  altitude, 14,400 feet;  Mach number, 0.73; airplane weight, 
52,900 pounds; center of gravity is a t  27.1 percent m e a n  aerodynamic 
chord; elevator trim tabs, 3.5O 'airplane nose down. 
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Figur'e 19.- Variation of-horizontal-tail load with Mach number. N o m  
acceleration 1 g.  
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Figure 20.- Variation of elevator-load disgymmetry with Mach number. 
Normal acceleration 1 g. 
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Figure 21.- Right stabilizer t i p  and midemispan t u i a t  variation  vith 
Mach number. Normal acceleration 1 g. 
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Figme 22.- Left stabilizer t i p  and mideemispan t w l a t  variation with 
Mach number. N o r m a l  acceleration 1 g. 
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Figure 23. -  fieelage-deflection Variation Gith horizontal-tail load. 
Normal acceleration 1 g. 




