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U C A  IiM ~50106 

STRAIN-GAGE m S  OF WTKFETING LOADS 

ON A JET-POWERED BOMBER AlRPLANE 

By W i l l i a m  S. A i k k ,  Jr. and Jobn A. See 

Buffet  boundaries,  buffeting-load  increments for the stabilizers 
and elevators,  and  buffeting  bending-mament  increments  for  the  stabilizers 
and w i n g s  as  measured  in gradual maneuvers for a jet-powered  bomber  air- 
plane  are  presented. The buffeting-load  incl-ements were determined  from 
strain-gage  measurements st the  roots  or hinge supports of the  various 
surfaces  considered.  The Mach numbers  of  the  tests  ranged from 0.19 to 
0.78 at  altitudes  close to 30,000 feet.  The  predominant  buffet  frequencies 
were  close  to  the  natural  frequencies of the  structural  comgonents.  The 
buffeting-load  data, when extrapolated  to  low-altitude  conditions, hdi- 
cated loads on the  elevators and stabilizers  near  the design limit  loads. 
when the  airplane w a s  held in buffeting,  the load increments w e r e  larger 
than  when recovep was made  immediately. 

m e  NACA is currently  conducting a flight  investigation of a 
S k y 1  airplane  with  the  primary  objectives of checking  the  accuracy of 
available methodiof computing loads and load  dfstributions on the  horf- 
zontal tail of a jet-bomber  airplane,  and  obtaining  full-scale  data on 
the  zero-lift  pitching-moment  coefficient  and  aeroayaamic  center of the 
wing-fuselage  combination. . 

The  results of some of  these  tests  have  been  reported in the-history 
form in references 1 to 5. During  the  course of these  teats buffetbg 
W&S encountered at several  cambinations of Mach umber and airplane normal- 
force  coefficient. To better  define  safe  operating  limits  as  the  tests 
progressed  to l m r  altitudes, an additional  flight was made at hi@ 
altitude  with  the  particular  object of obtaining  buffet  data.  From  these 
limited  data  it was possible  to define 8 buffet boundary and to estimate 
the  magnitudes  of  loads on the  elevators,  stabilizers, and XFngs for  larer 
altitudes.  These data, which  are  presented IR this  paper,  all  apply  to 
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the  original B-45A configuration, that i8, without reflexed flaps and 
ailerons and ta i l - t ip  incidence changes. 

CN norma .l-force  coefficient t*) 

9. dynamic pressure, pounds per square foot (0.7@2) 

P free-stream s ta t ic  pressure, pounds per square foot 

M Mach number 

S area of .component being considered, square feet 

b/2 semiepan of  component being conaidered, inches 

n airplane normal acceleration, g unitB 

a3 bending moment, inch-pounds 

Subscripts: 

A airplane 

T horizontal tail 

E elevator 

W wing 

B buffet 

TESTS AND INSTIILTMENTATION 

A l l  tes ts  reported i n  this paper were made xi th  the o r i g i n a l  33-4s 
service  configuration, that is, without the reflexed flaps and aileron8 
o r  changes i n  the  stabilizer  tip incidence vhich are now incorpomted on 
all B-45A airplanes. (Table I gives some pertinent geometric character- 
i s t i c s  ob the  airplane.) - 
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The teat data fall  into two classes,  intentional  buffeting and inad- 
vertent  buffeting f o r  -the  .airplane i n  the  clean  condition. All data 
obtained in lntentiml-buffet€ng maneuvers  were from one fUght, wbich 
was made for  the purpose of establishing  the  airplane  buffet boundary in 
gradual turning maneuvers. Fourteen turns were made at Mach numbers 
from 0.48 t o  0.78 a t  a pressure  altitude  close t o  30,000 feet, and on 
eight of these r u n 6  buffeting-load  data were obtained. For s ix  of  the 
fourteen runs it was not possible %o obtain  buffeting without exceeding 
3.Og (the maxFmunr load factor  set f o r  these tes ts ) .  

Some 22 rum from other  flights where buffeting was encountered are 
also included i n  the data. These runs include wind-up turns, level- 
flight stalls, and abrupt pull-ups. Moet of  these  data were also obtained 
in  the  vicinity of.30,OOO feet  pressure  altitude. ' 

The primary load-measuring imtrumentation f o r  deteminirr buffeting 
loads consibted of shear and bendfng-moment measuring strain-gage  bridges 
mounted on the main spars 'of the wing and tail surfaces. Loads on the 
elevator were  measured  by mans of strain gages mounted on the  individual 
hinge brackeks. Figure 1 i s  a three-view drawing of the test  airplane 
showing the approximate locations of the  strain-gage bridges. 

A l l  strain-gage lmtallationa were in i t ia l ly  calibrated i n  t e rn  of 
b the  principal type of load affecting  the output of the bridge. For 

example, t o  measure the shear a t  the root  of the  horizontal tail on one 
side, four a m  shear strafn-gage  brihges were mounted on the webs of 
the  three main stabil izer spars.  C-alibrating loads were first applied 

the responses from the  individual bridges. These bridge8 were then 
combined electrically so that  the ahear independent of torque could be 
evaluated from the recording of o n l y  one channel. Following the  elec- 
trical combination of the shear strain-gage  bridges,  the tall was 
recalibrated t o  determine the effects of bending moment and carry-through 
on the measured shear  deflection. Thus, the net shear of either  side of 
the t a i l  was assumed t o  be given by an equation of the form 

I . to the  structure cutboard of  the  strain-gage ststion in order  t o  determine 

N e t  Shear = A6% + B€irnL + cs* 

where A, B, and C are  callbration  coefficients and the 6 symbols refer 
t o  strain-gage  deflections f o r  left shear, leFt bending moment, and rigbt 
bending moment, respectively. The term AGsL- is the prlmarg term in 
computing the shear and the  other terms are merely corrections. The 
actual  equatiam which were used t o  determine net tail loah are 

Net Shear ( L e f t  Tail) = + 3008% -+ 670s 
BMR 



Net Shear ( R i g h t  Tail) = 4?608sR + 6h-06mR f 6606% 

where the 6's refer t o  the  .ratio ,of strain-gage deflection t o  ,calibrate .I 

signal  deflection. Far. the  .&tewjmtion of aerodynamic loads, an inertia 
correction is added t o  the  net shears. 

. .  
.. . I_ 

A l l  o f  th is  is  mentioned i n  detail t o  point out that, f o r  the 
buffeting incremental loaaa given in this paper, o n l y  the  portion of the 
shear measured by use o f .  the p r w q  term A&, ie used. In. evaluating 
strain records o f  rapidly  oscillating loads by uahg more than one 8 t r a b -  
gage record large T o r s  would be introduced due t o  d i f f icul t ies   in  exact 
time correlation  since-the sheare and bending moments are n o t  always in 
phaee. me shear given by the term A6, i s  the major portion of the 
structural shear (aerodynamic p lus  inertia) a t  the  strain gage station. 
The other terms ( € 3 6 ~ ~  and C6mR) are used t o  obtain  accurate measure- 

ments of .  non-buffeting. lode. 
I .  

. .  

The bending moment on the  horizontal  stabilizers was determined i n  
.- a  manner simllar t o  the shear, different  .calibration  conetanti being 

used i n  the equations. , Shear and bending moment a t  the  root of both 
wings w e r e  also Pound i n  the same .inanner. - .. i 

The elevator  laads were  measured by combining the output  from the .I 

three outer we-suppor t  strain-gage  bridges and the three inner hinge- 
support strain-gage  bridges and then determining %e elevator  load from 
a calibration equation- of the form , 

- . - . . .  .. 
" " " 

e - . . .  

N e t  Load (Elevator) = ABout + Bin 

The actual equations used f o r  determinhg  the  elevator  net loads were 
. .  

Net Load (Left  Elevator) = 2 6 5 0 6 ~ ~ ~  + 53708, 

Net  Load (Right Elevator) = 29b60ut + 

The varioue strain-gage deflections were recorded on two 18-chnnne1 
Consolidated oscillographs at paper speed8 -frOm-2 to 4 indhee per second 
with individual galvmometer responses l h e a r  t o  60 cycles  per eecond.. 

Standard NACA photographic.recording  instruments installed f o r  the 
primary tes t  program were used t o  measure airspeed and altitude, rolling, 
pitching, and yawtng velocities, sideslip angle, accelerations,  control 
forces, and control positicms. Normal, t ramerse ,  and longitudinal 
accelerations were  measured a t  the  airplane  center of gravity and at 

. .. . 
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- 
fuselage station 714 (approx. the one-quarter mean chord of the  horizontal 
t a i l ) .  

b 
An airspeed boom was mounted at  the left wlng t i p  with the  airspeed 

head approximately one local chord length ahead of the  leading edge. 
The results of a flight calibration of  the  airspeed system for  position 
error.and an analysis of available data f o r  h similar ins tamt ion  in=- 
cate  the measured Mach number differs from the  true Mach number by less 
than K). 01 throughout the tes t  range. 

Buffet Boundary 

For the  tests where the p i l o t  was intentionally approaching buffetixig 
conditions  a  switch was provided which, when depressed, marked an acceler- 
ometer record. The pi lot ' s  opinion of .the start of buffeting could then 
be correlated wlth either strain-gage or accelerometer recorb. It was 
found that  the p i l o t  waa aensitive t o  &z1 oscillating load of  ;tx)O-pounds- 
per-side change in t a i l  o r  stabil izer load so that this criterion was 
used t o  establish a gradual-st@ll buffet boundary for  the  original  service 
configuration. 

Figure 2 i s  a sample oscillograph  record ahawing the approach t o  
buffeting and the m e r  in which the  intensity of buffeting  increases 

' with time under buffeting  conditions. The  maneuver shown is a gradual , 

turn a t  a Mach number of 0.72 a t  an altitude of 33,500 feet. For sim- 
plicity, only a few of  the  traces  are  identified. They are as f o l l m :  

1. Left-stabilizer  shear 

2. Right-stabilizer shea,r 

3. Left-stabilizer bending 

4. Left-wing bending 

5. Left-elevator outboard shear 

6 .  Left-elevator inboard shear 

For the sample record trace llumber 2, the  right-s+bilizer  shear reaches 
a buffet amplitude of f200 .pounds a t  a time somewhere between 0.2 and 
0.4 second. The actual  trace  deflection is  shown i n  figure 2 as the 

buffeting a t  t$me 0.2 second. The Ma.& m e r  for  the  start of buffeting 
i B  0.728 and the normal-force coefficient  for  the  airplane, CNA, is 0.p. 

I shaded region labeled "f200 Ibs. " The p i l o t  indicated  the  start of 

- - 
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* 
The gradual-turn  buffet   bmdary  for the test airplane is shown in 

figure 3 in t e r n  of C N ~  and Mach  number f o r   s t a r t  of buffeting. A l l  

points shown on figure 3 were obtained a t  a pressure  a l t i tude of 30,000 fee t  .I 

with  the  exception of the   po in t   a t  M = 0.23 and CNA = 1.34 vhich was 

obtained from a level-flight s ta l l  at 17,000 feet. In addition t o   a c t u a l  
buffeting  points,  several maneuvers were made which cloeely approached the 
buffet  boundary and a -few of these have  been  used in   order  t o  aid in the 
determination  of -the boundary. A l l  points where buffeting either stopped 
o r   s t a r t ed  were established by the c r i t e r ion  of +200 pounds t a i l  load  per 
s ide ,   i l lus t ra ted  in figure 2. . For the airplane . i n .   t h e  c l e w  condition, 
i n  gradual  turna or  level-f l ight  stall  maneuvers, the points shown a s  
c i rc les   indicate  the start of buffeting,  those as c i r c l e s  with cmesea 
superimposed, the  stop of buffe t ing ,  and the  crosses, no buffet. The 
square  points  define a buffet  boundary for abrupt pull-upa over a l imited 
Mach m b e r  range. 

Several  points of in te ree t  may be noted i n  connection with figure 3. 
, The boundary f o r  the airplane in the clean  condition, as defined by the 

so l id  line, i s  markedly similar t o  other  buffet  boundaries for airplanes 
having ladnar flow or low-drag wings with a depression occurring  near a 
Mach number of 0.5 and a secondary peak around a Mach number of 0.65 
followed by a sharp drop toward zero airplane normal-force coefficient. 
The points which define  the boundary are quite consistent  except a t  the 
lowest Mach numbers. - 

The three  abrupt  pull-up  points at Mach Dlllll’bers of 0.355, 0.402, 
and 0.452 show the  expected  increase i n  maximum normal-force coefficient ’ 1 

with  pitching  velocity before buffeting is reached. 

Buffeting  boundaries were calculated from the fafred curve of fig- 
ure 3 and are shown i n   f i gu re  4 for various  alt i tudes.  The curves given 
apply  to-the  clean  condition and a weight of 82,Euo pounds. Under theEte 
conditions figure 4 indicates that buffeting would not be encountered 
without  exceeding the design  load  factor  of 3.Og under the following 
approximate  conditions: 

1. Preesure  altitude - 0 met, no buffeting between Mach numbers 
of 0.4.0 and 0.76 

2. Pressure  alt i tude - 10,000 feet ,  no buffeting between Mach num- 
bers of 0.52 and 0.75 

3 . ,P res su re   a l t i t  e - x),OoO feet, no buffeting between Mach num- 
bers 0.60 2 0 . 7 4  

A t  a l t i tude8 above about 28,000 feet, buffeting may be encountered uith- 
out  exceeding 3.0g. From figure 4 it may alao..be,  noted that buffeting 
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will be encountered i n  level flight a t  a Mach  number of 0.75 at a  pressure 
altitude of 40,000 feet. 

Buffeting-Load I n c m t e  

Horizontal stabil izer shear.- As described under the  sectian  entitled 
'*Instrumentation," the  buffeting increments given f o r  horizontal  stabilizer 
shear were obtained from the  strain-gage recorda by considering only the 
portion of the  shear measured by the combined shear gages.  Because 
torsional  effects have  been calibrated out, the  buffetfng-load incremen€s 
are not representative of the  stresses i n  the  individual spare. The 
maximum buffeting increment about a mean curve through the time-hietory 
record was determined f o r  each r u n  where buffeting w&8 encountered for 
both  he l e f t  Sna right  horizontal  stabilizers. The buffet- increments 
were converted t o  coefficient form by the ex-pression 

where the  load in   th i s  w e  is  the double amplitude as measured from the 

figure 5 on which LC3 is shown as a functian of Mach number. Different 

Symbols are used t o  separate  the po-ints f o r  the l e f t  and ri&t stabil izer 
and  between intentional and "inadvertent" buffet-. Left-s-bilizer ' 

points  are shown as circles,  right-stabilizer  points as squares, and 
intentional-buffeting data are indicated with a cross  superiqosed on the 
l e f t  or  right symbol. There is  no noticeable  difference Fn loads measured 
on the  right o r  left tail. ' 

- strain-gage recorda. The data f r o m  each run were then plotted t o  obtain 

B 
" 

The difference between the terms "inadvertent  buffetfng" and "inten- 
tional buffeting" €a that In the  case of inadvertent  buffeting  the pilot  
recovered quickly from the  buffeting  condition while f o r  Fntentional 
buffeting  the  airplane WBB a l l m d  t o  shake f o r  a period of about 5 seconds. 
Inspectian of figure 5 sh& the  inadvertent-buffeting loads t o  be, rn 
the average, w e l l  below the intentional m e s .  This  suggests that the 
length of time fn buffeting may govern the magnitude of the  buffet loads. 
Longer periods of time in  buffet- may give .the load components due t o  
the  various  frequencies more of a chance t o  become in phase. Specifically, 
it can be seen from ff @re 5 that the buffeting-load increments measured 
in  the  abrupt pull-up me-wers made at Macknunibers of 0.36, 0.40, and 
0.45 are  well below the maJdmum boundary.. For these  abrupt  pull-ups,  the 
p i l o t  pushed d m  qd.dcly as the  airplane began t o  stall and thus, slthou@ 
higher lift coefficients were reached thss during some gradual maneuvers 
i n  this same Mach number range, the loads are  relatively low. 

F 
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The test data are too limited t o  permit an accurate upper boundary 
t o  be fa i red  through  the  data which may be used f o r  extrapolation  to 
other   a l t i tude  or  dynamic-pressure  conditions. Longer periods in d 

buffeting might  have  produced even larger  loads. However the  intentional- 
buffeting maneuvers are believed t o  be nore severe than w i l l  normally be 
encountered 011 service  airplanes and therefore  the upper boundary should 
be  conservative. Most of the data were obtained a t  30,000 feet except 
f o r  the  point. a t  M = 0.23 and 
21450 pounds) which was measured 
and if3 one of the points  used in 

Using the boundary curve of 

- 
2 

&C = 0.26 (absolute load value, 
a t  a pressure  alt i tude 'of  17, OOO fee t  
fa i r ing  the boundary l ine.  

f igure 5 together  with the expression 

NTB 

the   var ia t ion of a maximum incremental buffet-  s t ruc tura l  tail load as 
a functian of Mach number and pressure a l t i t ude  vas calculated and is 
shown i n  figure 6. These loah. apply t o  one side of the tail outboard 
of  the strain-gage statim and represent the posi t ive or. negative incre- 
ment in s t ruc tura l  t a i l  load about the balancing load. Curves a% given 
for   a l t i tudes  of 0, 10,000, 20,000, 30,000, and b , O O O  f e e t  pressure .. 
a l t i tude .  In order t o  define  better the load limits for   ac tua l  airplane 
operating  conditions the curveB of figure 4 have been cross plotted an 
figure 6 as lines of n = 3 and n = 1. The shaded area therefore " 
regreeents  buffeting  conditions which cannot be reached without  exceedlng 

fo r   t he  airplane design gross weight of 82,600 pound81 the maximum 
buffeting-load  increments vlll occur a t  Mach numbers from-0.4 t o  0.5 a t  
pressure  alt i tudes from 0 t o  10,000 feet. Two points shown as circles 
are the points measured at 30,000 feet. The point at a Mach number of 
0.48 and a load of *a60 pounde i s  the l a r g e a t  shear increment measured. 

According t o  informatian  received f h m  the manufacturer, 1-t 

. .  . 

3g. It xfll be  noted that with 3g a8 a limit (3g  equals limit load factor  

up load for   the   s tab i l izer   per   s ide  waa 9,250 pounds, *ile the limit, 
d m  1-d f o r  the a tab i l izer  m e  -12,050 pounds per aide.  The s t ab i l i ze r  
Was loaded during Sta t ic  tests t o  150 percent of  the limit up load without 
f a i lu re  and 157 percent of the limit d m  load before failure. 

. .  

Although the -mum total   buffet ing  ta i l - load increment  reaches 
about 75 percent of the limit-up-load  value,  local  streases in  the  spar 
webs may be appreciably  higher  since one of  the modes of  vibration of the 

designed t o  nullify any torsion effects .   Just  what the stress Increment 
due t o  tors ian iB f o r  this airplane cannot be determined, but unreported 
t e a t s  made on an F-5U) a i rp lane   a t  Langley with individual and cambined 

. t a i l  in buf fe t ing  is  a tors ianal  one and the strain-gage  circuits  are - 



NACA RM ~50106 9 

strain-gage  recording aurfng buffeting  Fnscates  that  torsionallcads 
may double the  load o r  stress fn the  spar webs. 

Figure 7 i s  a plo t  of the  horizontal-tail aerodynamic balancing 
load per side as a function of Mach number and pressure al t i tude.  The 
curves f o r  the  various  altitudes are the tail load (same as stabil izer 
load in  this  case>  required to  balance the'airplane  at  the  buffet boundary 
with the  center of gravtty a t  30.5 percent M.A.C. They are determined 
from an unreported analysis of  NKA flight tail-load measurements for  the 
test   airplane  at  3O,OOO, 22,500, and 15,ooO feet. They are not exact 
since the calculations were made asemlng a constant average aerodynamic- 
center  position wbile the  flight  data  inacated a forward meglen+, of 
the aerodynamic center with increasing  airplane normal-force coefficient. 
A s  an figure 6, the lines -for n = 3 and n = 1 g airplane normal 
accelerations aze f o r  a weight of  82,600 pounds. The shaded reglon 
requires more than 3g t o  reach buffeting. A t  Mach numbers  above about - 
0.75 the  region  requiring more than 3 g  l i e s  between the n = 3 curve 
and the zero a l t i t ude  m e .  

Considering figures 6 and 7 together, it .may be seen that the limit 
structural tail load  could be exceeded i n  a  gradual turn t o  3g a t  a Mach 
number of 0.4 at 0ea level. The load per  side would be 6500 pounds, 
buffeting increment, plus 4500 pounds, aerodynamic balancing, minus 
1350 pounds, n o m  inertia, o r  a to ta l  of 9650 pounds. If the  airplane 
were accelerating in  pitch, this load would be exceeded. The t e rm 
-13.w pounds arises fram the normal inertia load on the t a i l  Fn a turn 
t o  3g, the weight of the tail outboard of the  strain-gage  station being 
4% pounds. 

Stabilizer bending moment.- The increments in the  stabilizer bending- 
moment coefficient during buffeting  are s h m  in  figure 8 as a function 
of Mach number. As in  the case of the tail shear, different eymboh are 
used t o  separate  intentional and inadvertent  buffeting and left- and 
right-side  values. The bending-moment coefficient is defined as 

= 
Bending moment 

where the bendin@: momea t  i s  the double amplitude cansidering on ly  the 
portion of the bending moment  measured by the bending-moment bridge on 
either the L e f t  o r  right sides. There i s  no significant difference 
between the points shown for the left and right  stabilizers,  but  inten- 
tional buffeting produces. higher bending-moment fncrauents than inadvertent 
buffeting. The highest bending-moment increment  measured corresponds t o  
the  point shown at M = 0.23 and = 0.124 with an absolute value 
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Wing bending moment.- Left-  and  right-wing-buffeting bending-moment 
coef f ic ien ts   a re   p lo t ted   in  figure 9 as'a functian of Mach number.  The 
wing bending-moment coefficient i s  defined as . .  

where the bending moment is a  double-amplitude measurement for   the wtng 
in   buffet ing.  No d is t inc t ion  i s  made f o r   l e f t -  and right-wing points  or 
for   in ten t iona l  and  inadvertent  buffeting. No significant difference 
was found t o  exist fo r  the two wings and bending moments in inadvertent 
maneuvers w e r e  lower than in intent ional  maneuvers. The highest bending- 
moment buffeting  increment measured was a t  a Mach number of 0.23, a 

buffeting bending-moment increments were determined from only the  strain- 
gage bending-moment bridges on the wings. 

of 0.036 with an absolute  value of f430,000 inch-pounds. W i n g -  .. . 

" . " 

No values of  wing-shear buffeting  increments are presented  since 
the  loads were always lower than *lo00 pounds and the shear-gage  sensi- 
t i v i t i e s   f o r   t h e  wing only permits r e a m  accuracies of  A 0 0  pounds. 
For normal-maneuvering flight, the aeroaynamic and i n e r t i a  losda on the 
wing (for   the weight as flown, about 60,000 l b )   a r e  of  the same order of 
magnitude. Since  the measured wing shears   in-buffet ing were very small, 
it appears a8 though the aerodynamic  and Fnertia loads i n   b u f f e t h g  are - 
180° out of  phase  and  of the same order of Ggnltude. 

" 

. .. ... 

Elevator  loads.- The elevator  buffeting-load incrementa were 
d e t e d n e d  by the additian of the measured loads on the outer and lnner 
sets of hinge bracket8. As explained in the section  "Instrumentatian," 
the  e levator   s t ructural  loads were obtained frcmequatidne of the form 

Load (Elevator) = AGOuter + 

Although the peak buffeting  incrementa did not always occur on the outer 
and inner hinge  brackets a t  the aame time, they were seldom more than 
200 pounds different.  For  ease,  therefore, in presenting  the  result8 
the assumption has been made tha t  the peak loads did occur a t   t h e  same 
time . 

The left- and right-elevator  buffeting-load coefficients for both 
inadvertent- and ktentfonal-buffet- mageuvers are s h m  in figure- 10 
as a function of Mach number. "he elevator load cmfficient is defined 
as 
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where the load is the double aq l i tude  f o r  one elevator during buffeting. 
Again there is no defimlte  difference Fn l e f t  and right loads, but loads 
obtahed during in ten t iok l  buffeting are considerably  higher on the 
average than in the  inadvertent cases. 

A maximum l ine  is drawn on figure 10 from which the curves shown in 
figure ll of  e l w a t o r  buffeting-had increment per side f o r  various Mach 
numbers  and altitudes were derived.  Since there i s  some dmbt regar- 
the boundary fo r  figure 10 belar a Mach number of 0.40, the curves of 
figure ll s t a r t   a t  this point. Lines identifying normal accelerations 
of I g and 3g f o r  an airplane weight of 82,600 pounds are also shown. 
The shaded area-represents a buffeting region f o r  nhich the llmit load 
factor of 3g would have to be exceeded. 

The design limit up load f o r  the e k a t o r  is 3675 pounds per side 
while the design lfmit dam load is -4620 pounds per afde. The elevator 
i s  reported by the manufacturer t o  have carried 187 percent of the limit 
up load and 150 percent of the limit down load without failure. While 
it appears as though the  ultimate l o a d  f o r  the  elevator could easily be 
exceeded due t o  buffeting alone, there are several  factors whfch make v 

such a canclusion rather  unlikely. 

As mentioned previously, loads are beFng measured on the hinge- 
bracket supports and it i s  not possible t o  separate out f o r  buffeting 
conditions  the portion of the  load on these  brackets Wch is  due to 
bending of the stabilizer and the actual load on the elevator. Even i f  
most of the load on the hinges were caning from the  elevator, a large 
portion of it m y  be due t o  the  Inertia of the la rge  cancentrated weight 
items'(the mas8 balances) wbich would affect only the  torque tube and 
the  hinge-bracket.stresses. If such were the case then,  with the desi- 
margins of safety, the hinge brackets are more than adequate t o  carry 
these loads. The strain-gage  instrumentation does not permit further 
analysis of this  point. 

The meximum measured elevator  buffeting-load increment was 
22,750 pounds on the right side a t  a Mach number of 0.484 a t  a  pressure 
altitizde of 39,006 feet. This point,  together with several  others, is 
i l lustrated in figure 11. Tbia buffeting  load (2,7W pounds) is  a larger 
load than the maximum buffeting  load measured (2080) on the right 
stabilizer. This  discrepancy can be  due t o  omission of terms in com- 
puting the stabil izer shear o r  t o  the  fact that elevator and stabil izer 
loads are not in phase a t  all times. 
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Wlffeting and Structural  Frequencies 

As in the case of the tes ts   reported i n  reference 6, there is a 
marked s imi la r i ty  between the structural   natural   frequencies and the 
frequencies which appear t o  be present  in  the  atrain-gage.recorde. 
Table I1 l i e t s  sane pert inent   a i rplane  s t ructural  Frequencies  obtained 
for   the most pa r t  from vibrat ion tests conducted on an XB-45 airplane 
a t  Wright-Patterson A i r  Force Base (reference 7). Since the tail span 
i s  longer by several feet than the one tes ted  by the A i r  Force, the tail 
bending  frequency l i s t e d  was obtained in ground tests at the Langley 
Aeronautical  Laboratory. 

N o  detailed analysis has been made of the strain-gage records fram 
a frequency  standpoint  mainly  because the film speed vas quite low, but 
a survey of all buffeting  records  shared the frequencies  l isted in the 
lower portion of table 11. The frequencies are grouped with the   s t ra in-  
gage record from which they were obtained. The wing-bending gages showed 
a  frequency  very  close t o  4 cycles  per  second with occasional low- 
amplitude  oscillations  near 10 and 14 cycles  per second. The s tab i l izer ,  
shear, and bending  strain-gage  records were composed mainly of osci l la-  
t i o n s   a t  4, 6, 10, and 36 cycles  per second. The elevator-shear-gage 
records were mainly composed of osci l la t ions a t  6 and 36 cycles  per aeccmd. 
Some of the frequencies  l iated may be observed in the sample strain-gage 
record  sham  in  figure 2, but the buffeting anq&itudes a r e   f a i r l y  low and 
it is d i f f i cu l t   t o   p i ck   ou t  the high-frequency  oscillations an this 
particular  record. 

During a l l -bu f fe t ing  maneuvers the wings were osc i l la t ing  in pha~e, - 
but the left- and right-elevator esd stabilizer loads would be out of 
phase as often as in phase. 

The gradual-stall  buffet boundary, as established by the  onset of 
buffeting from strain-gage records, appear8  eimilar to that of other 
airplanes  with low-drag a i r f o i l s .  

Maximum values of buffeting-load  increments  resulted from the 
intentional-buffeting ma,neuvers where buffeting  continued fo r  a con- 
siderable time.  Smaller load increments were obtained durFng inadvertent 
buffeting where the time in buffeting was very  short due t o  quick  recovery. 

The wlximum buffeting  tail-shear increment measured was *2,160 pounds 
at  a Mach  number of 0.48 and a pressure a l t i t u d e  of 30,OOO feet. The 
data indicated buffeting tail-load coefficients would decrease with 
increases in Mach number in the ranges lwest igated.  Apparent ly ,  c r i t i c a l  - - 
vsluee of  buffeting t a i l  load may result a t  low al t i tudes  and re la t ive ly  
low Mach numbers i n  gradual  turns. 

1 



- 
The maximum buffeting  elevator load measured was *2,750 pounds a t  

a Mach number of 0.48 and a pressure  altitude of  3O,OOO feet. While the 

0.40 t o  0.80, the data indicate loads measured on the  elevator hlnges 
could exceed the permiS8ibk limit load f o r  the  elevator within the 
present  operating. range of the  airplane. 

I extrapolation o f  the  data has been limited t o  a Mach  number range frm 

Wing bending moment and shear increments during buffeting were 
relatively small. The  *-shear increments never 6xceeded +loo0 pounds. 

The buffeting  frequencies  estimated from the etrain-gage  records 
indfcated a definite  similarity t o  the structural n a t u r a l  frequencies. 
The l e f t  and right elevator and stabilizer were a t  t h e s  In phase e d  
at times out of phase wtth one another, whereas the  lef t  and right  wing^ 
were always in phase w i t h  one another during buffeting. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 

. 
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wing: 
Span, feet . . . . . . . . . . . . . . . . . . . . . . . . . .  89.04 
A r e a ,  square feet . . . . . . . . . . . . . . . . . . . . . . .  1175 
Me= aeroaynamic chord, feet . . . . . . . . . . . . . . . . .  14.02 
Airfoil ,  root . . . . . . . . . . . . . . . . . . . . .  NACA 66,2415 
Airfoil, tip . . . . . . . . . . . . . . . . . . . . .  mACA 66,11212 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.42 

Horizontal T a u  Surfaces: 
Area (including fusel-age), square feet . . . . . . . . . . . .  289.44 
Span, feet . . . . . . . . . . . . . . . . . . . . . . . . . .  43.87 

Elevator: 
Area (including tabs), square feet . . . . . . . . . . . . . .  67.a 
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FREQUENCY CHARACTERISTICS 

NACA RM ~50106 

N a t u r a l  Frequencies of Airplane Coqonents (cpe) : . .  

Wing: 
F i r s t  symmetrical bending . . . . . . . . . . . . . . . . . . .  4.6 
First  antisymmetrical bendhg and be-pannel   to rs ion  . . . .  5.2 
Symmetric bending and inneppanel  torsion . . . . . . . . . . .  6.2 
Unsymmetrical wing bending and inne-panel tors ion . . . . . .  9.2 
Second symmetrical  bending . . . . . . . . . . . . . . . . . .  14.3 
Outeppanel  torsion . . . . . . . . . . . . . . . . . . . . . .  25.3 

Fuselage. torsion and side bending (primarily  torsion) . . . . .  4.3 

Fuselage v e r t i d  bending . . . . . . . . . . . . . . . . . . . .  8.0 

Horizontal  stabilizer: 
Primary bending (s-tricd) . . . . . . . . . . . . . . . . .  6.7 
Torsion . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36.7 

Elevator: 
Torque tube torsion . . . . . . . . . . . . . . . . . . . . .  14.2 
Symmetrical rotat ion . . . . . . . . . . . . . . . . . .  0.3  t o  10.0 

Buffeting  Frequencies  Estimated from Records f o r  the 
Following Strain-Gage  Bridges  (cps): 

Wing bending . . . . . . . . . . . . . . . . . . . . . . .  4.10. 14 

S tab i l izer  shear . . . . . . . . . . . . . . . . . . . .  4. 6. 10. 36 

Stabi l izer  bending . . . . . . . . . . . . . . . . .  4. 5. 6.  10. 36 

Elevatorshear  . . . . . . . . . . . . . . . . . . . . . . . .  6 .  36 

. 

. 
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Figure 1. - Three-view drawi& of t e a t  airplane showing ~ p p r o x b a t e  
locations of strain-gage bridges. 



Figure 2.- !&pical straln-gage record during buffet-. : 

.. . . 



IKIICA RM ~50106 

Figure 3.- Buffet boundary for terst a.tlpla,ne. 
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Figure 4. - Gradual-turn buffet boundariee for teat, airplane at design 
weight = 82,600 pounds. 

. 
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Figure 5.- Stabi l izer  buffeting-load coefficients for test airplane. 
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Pigure 6 . -  Horizontal stabilizer  buffeting-load increments per side for 

test alrplane at various altitudes. 
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Figure 7.- Horizontal s tabf l izer  balancing loads per side for t e s t  a i rp lane 
at buffet boundarg for various altitudes. - 
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Figure 8.- Stabilizer buffeting bending-moment coefficients for  test 
airplane. 
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Figure 9.- kft- and right-wing buffeting bending-moment coefficients for 
test airplane. 



26 

.R .3 .+ .5 .6 .7 .8 
a number; A4 

Figure 10.- Elevator buffeting-load coefficients f o r  teat airplane. 

. .. " 



5 
L 

NACA RM ~50106 

Figure 11.- Elevator buffeting-load increments per side for test airplane 
at various altitudes. 
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