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NATIONAL ADVISORY COMKITEZ FOR AERONAUTICS 

FESEARCH M E M O R A N "  

RESPONSE DURING SERVICE TTMINING OPERA!I'IONS 

By John P. Mayer, Harold A. Hamer, and Carl R. Euss 

Results from a limited flight program t o  obtain  information on the 
airplane  response and actual  rates and amounts of.contro1 motion used 
by service  pilots i n  performance of squadron operational trdning mis- 
sions with four Jet   f ighter  airplanes are presented. The results are 

terms of frequencies and probabilities of occurence, and flight times 
before  a  given  value is exceeded. 

presented in the form of envelopes of maximum measured values and i n  

I 

Whenever feasible  the  results have been ccmpared with  present  design 
requirements, methods of computation, other  test  results.  Cmpari- 
sons indicate that the maximum tail loads  encountered i n  these t e s t s  were 
less  than those specified by the  present  requirements. When cmpared on 
a  probability  basis, the resul ts   are  roughly the same f o r  each of the 
t e s t  airplanes and are a l s o  about the same as those of other  operational 
training  tests.  When ccmpsred on a  time-to-exceed basis, it is shown 
that the  data of these tests and of the other tes ts  represent  the same 
manner of uti l izat ion and that the data of the  present tests are  repre- 
sentative of many more hours of flight th= than were actually recorded. 

IIVIXODUCTION 

In the  present meth& for  determining airplane design loads, the 
mnx-imum loads are calculated by specifying w h a t  are believed t o  be the 
c r i t i ca l  motions of the controls or by specifying the crit ical   airplane 
response. For the most p& these  cri t ical  motions are based on the 
mum amounts and rates of control  physically  possfble. In operational 
f l ight ,  however, the actual maximum control motions and airplane response 
may differ  agpreciably from the  specified  variations. 
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I, 
In order  to  obtain some fnfomtion on the  airplane  response  and  the 

actual  amounts and rates  of  control  used  by  service  pilots in the  per- 
formance of operational  training  missions,  the WlCA with  the  cooperation -+& 

of  the U. S. Air Force and the  Bureau  of  Aeronautics,  Navy  Department, 
has been conducting a flight  program  with  several  jet-propelled  fighter 
airplanes.  Ipfonaation of $his type  is  needed In order tb determine more 
realistic  design-load  criteria  and to provi.de information  for use in 
designing  afrplane  control-boost  systems. In addition,  this  information 
is  needed  to  determine  the  important  qgantities and ranges of measurement 
to be used in the design  of  instnmsnts  for  statistical loads measurements. 

This  paper  is a sunrmary  of  the  information  obtained  with all the 
test  airplanes  of  references 1 to 6 in addition to other  data  analyzed 
since  the  issuance  of  those  papers. The data  are  presented,  for  the 
most  part,  as  envelopes  of maximum values of -the measured  quantities 
and, where  feasible,  the  data are compared  with  present  design  require- 
ments  or  methods. A limited  statistical  analysis  is also presented  for 
some  of  the  measured  quantities. The paper  is  organized in a Inanner 
such  that  data  pertaining  to  specific  quantities,  which are listed  in 
the  "Contents, " may be  used  without  reference  to  the  entire  paper. 

SYMBOLS 
4 

b 

C 

wing span, ft 

wing mean aerodynamic  chord,  ft 

cLa 
wing lift--curve  slope,  per  radian 

cL,,t -horizontal-tail lift-cw slope, per  rad- 

(df&/dC!~)* rate of change of  pitching+ncment  coefficient  with  llft 
coefficient  for  complete 4rplane 

% 

CmWF 

zero-lift  wbg-fuselage  pitcbing-mment  coefficient 

wing-fuselage  pitching-mament  coefficient 

wing-fuselage  normal-force  coefficient 

d distance frm airplane center of gravity  to  aerodynamic 
center of wing-fuselage  cambination,  ft 
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a 

c 

% .  

M 

m 

acceleration due t o  gravity, 32.2 ft/sec2 

pressure altitude, f t  

moment of iner t ia  smut h t e r a l  axis,  slug-ft2 

- 

emgirical  constant  denoting  ratio of damping m-nt of 
cmplete  airplane t o  damping moent produced by t a i l  

dimensional  constants  appearing i n  longitudinal equation 
of motion 

pitching  radius of gyration, E, f t  

horizontal-tail load, lb 

Mach  number 

longitudinal  load fac to r  

transverse or lateral load factor 

normal load ,. f actor 

maxfnum allowable  positive normal load factor  as  defined 

" 

- 
by service V-n diagram 

llmft design  positive normal- load  factor 

maxirmrm positive normal load factor as defined by 
design V-n diagram 

service limit positive normal load factor  

actual ult3mat-e normal load  factor 

dynamic pressure, p V  1 2  , Ib/sq It 

-act  pressure, lb/sq f t  
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st 
S 

S t  

T90 

V 

v i  

W 

X t  

a 

6 

a .. 

t o t a l  wing area, sq f t  

t o t a l  hor izonta l - ta i l  area, sq f t  

time t o  roll 900, sec 

true  airspeed,  ft/sec 

indicated  airspeed,  knots 

maximum allarable  indicated  airspeed as defined by 
V-n diagram, knots 

airplane gross weight, lb 

distance from airplane  center of g r a d t y  e0 aerodynamic 
center of horizontal tail, f t  

airplane  angle of attack, deg 

t h e  rate  of  change of angle of attack, rsdians/sec 

second deFivative of a wtth respect t o  time, 
raaans/sec2 

rate of change  of horizontal-tail angle of a t tack  
with  elevator  deflection 

airplane angle of sideslip, deg 

increment 

aileron  deflection . (one aileron) , deg 

maximum available  aileron  deflection (one aileron), deg 

aileron  deflection  rate (one aileron),  radbns/sec 

elevator  deflection, deg 

maxFmum available  elevator  deflection, deg 

elevator  deflection rate, r a d i d s e c  

maximlrm calculated  elevator  deflection rate, radlane/sec - 

s. 

C . 
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SR 

0 

.. 
0 
.. 
%ax 

h 

P 
1 

&der deflection, deg 

maximum available  rudder  deflection, deg 
" 

rudder deflection  rate, radi.ans/sec 

horizontal-tail  efficiency  factor,  qt/q 

pitching war velocity, r a a n s / s e c  

ma~irmrm calculated  pitching angular velocity, 
radians/sec 

pitching  acceleration,  raaans/sec2 

maximum calculated  pitching angular acceleration, 
rawans/sec2 

tFme t o  reach  posltive peak normal load  factor,  sec 

mass density of air,  slugs/cu f't  

i roll ing a n g ~ l a r  velocity,  raaans/eec 

J roll ing war acceleration, r&ana/sec2 

c yawing angular velocity,  r&ans/sec 

* yawing acceleration, r&ass/sec2 
.. 

Sta t i s t i ca l  Symbols 

a 

- a 

f 

w 
P . 

symbol represents measured quantity (1 .e 6~ , 8, 
nv, etc.) 

bar over symbol represents  average  value of frequency 
distribution 

frequency of occurrence or number of cycles of normal 
load  factor 

t o t a l  number of observations for a particular  quantity 

nmber of normal-load-factor peaks per hour of flying tFme 
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a4 

d 

probability 

t o t a l  recorded flight time, hr 

average flight tins required t o  equal  or exceed a 
given value, hr 

coefficient of' skewness of frequency distribution, 

- 1 c(a - 3 3  
d 3 

- 1 c ( a  - =)4 

N 

coefficient of kurtosis of frequency distribution, 

d 4 N 

standard deviation of frequency distribution, 

k ( a  zly1/2 

TEST AI€wums 

The airplanes used i n  this program were standard  service  airplanes. 
They were the Worth American  F-86A,  McDonnell F2H-2, Republic F&G, 
and the Lockheed F-94B airplanee. 

The F-86A-5-NA is a single-place, swept low-wing, single-engine 
jet-propelled fighter. The airplane has automatic full-span leading- 
edge slats and partial-span  slotted flaps and incorporates speed brake6 
located on bot& sides of the rear fuselage  section. The lcmgitudinal 
control system includes an adjustable  st&bilizer (used for control at  
high Mach  numbers as w e l l  as for  control-force trim) and a hydraulicailly 
boosted elevator. A rate restr ic tor  is incorporated in  the elevator 
control system which res t r ic t s  the elevator rate t o  about 45 degrees per 
second. The aileron control forces are augmented by a hydraulic bmster 
mechanism. It w a s  necessary t o  use two F-86A's during this program 
because one was damaged dur ing landing. 

The F2H-2 is a single-place, straight l ow-wing ,  two-engine jet- 
propelled fighter. A hydraulic boost is incorporated in the  aileron, 
control system. Speed brakes are located i n  the upper and lower wing 
surfaces inboara of the aileron and just  ahead of the partial-span 
flaps.  

. .  



The F a G - l - R E  i s  a single-place, straight low-wing, singleengine 
jet-propelled  fighter-banber  adrplane. The airplane is  equipped with a 
hydraulic  aileron  boost with a manually adjustable  boost  ratio. A speed 
brake is  instal led  in   the bottom of the  fuselage. 

The F-gkB-l-LO is a two-place, straight low-wing, single-engine 
(equipped with afterburner)  jet-pmpelled interceptor. The aileron con- 
trol   forces are augpented. by a hydraulic  booster mechaniem. Bydrauli- 
tally operated  speed brakes are incorporated in the bottam of the 
fuselage. 

Neither the external appearance  nor the weight and balance of the 
airplanes was altered by the  addition of the W A  instrumentation. 
Three-view drawings of a l l  the airplanes axe presented in  figure 1. 
Physical  chaxacteristics and dimensions of the airplanes are given fn 
table I. The moments of iner t ia  given in table I are estimated from 
the  la tes t  information  available. 

Standard W A  photographically  recording  instmnents were used t o  
measure (1) the quantities &fininn the f l i gh t  conditions - that is, 
airspeed,  altitude, speed-brake position, and, in   the  F a ,  slat posi- 
tion, (2) the imposed control motions, and (3) the response of the  a i r -  
plane in terms of load  factors, angular velocities, angle of sidesUp, 
and, in  the case of the F-84G and F-94B, angular sccelerations and angle 
of attack. The recorders were synchronized a t  l-second intervals by 
means of a camlm  timing circui t .  

In order to relieve the pi lo t  of any recording-instrument srLtching 
procedure and thus ass i s t  in obtaining noTm83. operation, a pressure 
switch was employed to operate the recording  instruments at airspeeds 
above the  indicated s t a l l i n g  airspeed. Sn the F-84G and F-94B a nose- 
wheel-door microswitch, which w a s  actuated when the door closed, was 
wed in parallel  with the  pressure  switch t o  insure continuous  operation 
of the  recorders at afrspeeds below the in&Lcated staULhg airspeed. 

A standard two-cell pressure  recorder  connected t o  the Etirplane 
service system was used to measure the  pressure  etitude and indicated 
airspeed. The service systems were of the usual tow-pressure-tube 
and flush static-pressure-orifice type. The location of the total-  
pressure  tubes and static-pressure  orifices f o r  the four airplanes 
tested are  indicated in figure 1. 

A microswitch,  incorporated into the  cockpit speed-brake control 
hasdle in the ~ - 8 4 ~  and the first  ~ - 8 6 ~  and attached i n  the m d i a t e  
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proximity of the speed brake in the Fa-2 ,  F-94B, and the second F-86AY 
was used to  indicate whether the speed  brake was i n  the open or closed 
position. The open o r  closed  position of the slat on the F-86A was 
Ellso indicated by a microswitch. 

The control-surface  deflections were  measured with  respect t o  the 
chord line of the ccanponent to which the  control  surface w a s  attached 
by a control-position  recorder having remote recording electr ical  trans- 
mitters installed near the surface.  The-elevator, rudder, and s tab i l i -  
zer ( for  the  F-86A)~~trammitters were installed  inside  the  fairings  in 
order to take measurements at the  inner hinge. The aileron  transmitter 
was  located a t  approximately the right-aileron midspan, w i t h  the excep- 
t ion of the ~ - 8 4 G .  I~I this airplane the transmitter was located at the 
link a r m  .connecting the right-aileron push-pull  rod. 

1 

Normal load  factors were measured  by an NACA air-damped, single- 
cmponent.recording  accelermeter i n  the F-84G and F-94B and by an NACA 
air-damped, three-component accelerometer i n  the F-86A and  F2H-2. 
Transverse and longitudinal load factors were measured by an W A  air- 
damped, three-ccmponent accelerameter i n  a.ll the airplanes. The loca- 
tions of the accelerometers are given i n  references l t o  5.  It should 
be noted that  the acceleraneters were not  located on the average "in 
flight" center of gravity. Angular velocities and angular accelera- 
tions were recorded by angular-velocity and angular-acceleration L. 

recorders. Load factors, angular velocities, and angula;r accelerations , 
were recorded  about three niutually  perpendicular axes i n  which the  longi- 
tudinal  reference a x i s  is the one cQmmonly used for  leveLLng the air- 
plane. (See f ig .  1.) 

c 

Sideslip  angles were  measured  by a flow-direction  recorder i n  cm- 
bination  with a vane mounted on a boam extending in  front of the l e f t  
wing on the F-86A and in  front of the nose of the F2H-2, F-84G, and F-94B. 
(See f ig .  1. ) An angle-of -attack vane w a s  also mounted ' o n  the boom for  
the F&G and F-94B airplanes. The angle of attack is  defined a8 the 
angle between the  longitudinal axis and the  projection of the relative 
wind i n  the  vertical plane of' the airplane. The angle of sideslip is 
defined  herein as the angle between the longitudinal  axis and the pro- 
jection of the relative wind i n  the horizontal plane of the airplane. 

A l l  recording in8truments were damped t o  about 0.63 of c r i t i ca l  
damping. The natural frequencies of the elements in  all the  instruments 
were selected to  give the best cornpromise value which would minimize the 
magnitude of extraneous airplane  vibrations and still give correct 
response t o  the maneuver. 

* 
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I 

The maximum errors f o r  the measured quantities f o r  all the ai r -  
planes  are  as follows: 

* 
Control-surface angLe, deg . . . . . . . . . . . . . . . . . . .  kO.7 
Normal load  factor . . . . . . . . . . . . . . . . . . . . . . . .  f O . l  
Longitudinal and transverse  load  factors . . . . . . . . . . . .  +O.Oj 
Pitching ear velocity,  raaanslsec . . . . . . . . . . . . . .  ~1.03 
Pitching mar acceleration, radiEtns/sec2 . . . . . . . . . .  w.1 
ROU- war velocity,  raaans/sec . . . . . . . . . . . . .  s . 1 5  
Rolling angular acceleration,  radlans/sec2 . . . .  1 . . . . . .  m.5 
Yawing velocity,  radians/sec . . . . . . . . . . . . . .  f0.02 
Yawing angulm acceleration,  radians/sec2 . . . . . . . . . . .  3~0.06 
Angles of attack and sideslip, deg . . . .  .- . . . . . . . . . .  XI -7 

1 

Cmplete  information on accuracies,  instruments  used, and natural 
frequencies of the  instruments f o r  the individual airplanes i s  given i n  
references 1 t o  5.  

TESTS .. 
U 

A l l  the flights obtained dFing this program were performed in 

‘- recorded only during  those flights in which the primasy mission wa8 
conjunction with the regular squadron operational training. Data  were 

acrobatics, ground Qwanery, aer ia l  gunnery, or  dive-bmbing. The maneu- 
vers performed during these tests include most  of tihe tactical maneuvers 
that were t thin the  capabilities of the indi.vidu8.l airplanes. These 
maneuvers  were performed fram ground level t o  altitudes of a p p r o x I t e l y  
35,000 fee t  and at drspeeds varying fram the s t a l l i n g  airspeed t o  the 
maximum service limit airspeed. Although not  requested, most of the 
maneuvers  were performed i n  smooth air; however, i n  8- cases gusts 
were encountered. O t h e r  than t o  request that the airplanes be used i n  
as many types of missions as were normally m i e d  out by the sqyadron, 
no attempt was made t o  specify  the  type or  severity of maneuvers. 

Approximately 60 hours of flight tFme were recorded dwzhg these 
t e s t s  and approxhately 18 hours of this recorded  time have been pre- 
senteaS as maneuvering tlme i n  time-history Porn i n  references 1 t o  5 .  
This r a t io  of recorded time to maneuver time of 3.33 is  not representa- 
t ive of normal operation because the  pilots were requested t o  per fom 
as many maneuvers 8,s practical  during each flight in order t o  minimize 
the time required t o  conrplete the program. 

The F-86A.aSa, with  the-  exception of  one flight, the F-94B were flown 
a without external fuel tasks, whereas the F2H-2 and, with the exception 



of 2 fl ights,  the F-84G  were flown w i t h  external fuel tanks. In  the 
case of the F2H-2, however, all maneuvers  were performed with the 
external tanks empty. 

A t o t a l  of 42 service  pilots  participated  in  these  tests: 8 in 
both the F-86A and F-94B, 12 i n  the F2H-2, and 14 in the F-84~. No 
p i lo t  accounted fo r  more than 20 percent of the maneuver time obtained 
during the particular progrsm i n  which he participated. During these 
tests,  anti-gravity suits were worn by most of the  pilots.  Although 
the p i lo t s  were aware of the Izlstrumentation, it was stressed that this 
was not t o  r e s t r i c t  the* normal handling of the  airplane  since  they 
would not be personally  identified with the test results. 

. 

" H O D S  OF ANALYSIS 

In this paper the measured quantities are presented, as indicated 
in the "Contents, 'I i n  an order "beginnFng with  the pilot-imposed control 
motions and following with the airplane response t o  these  control . 
motions. The results are given, for  the most part, in three forms: 
(1) basic da.k and envelopes for  each test airplane, (2) canbination of 
the envelopes for all the test airplanes, and (3) s t a t i s t i ca l  curves. t 

&Sic data and env&lopes for  each t e s t  airplane.- The basic results 
are  presented as plots of the mn.xrlmum measured quantities and shar haw 
the envelopes were determined for  each airplane. Only those me~irmrm 
Values w h i c h  helped establish the envelopes me shown. In a few of the 
figures it be noted that Borne of the high test points  are  not used 
to  establish  the envelope. In these cases it was believed that the 
inclusion of the  isolated  points  within the envelope might misrepresent 
the mass of the data. The maxfmfzm values obtained as a result of s ta l led 
maneuvers are indicated only at  the lower airspeeds  since in most cases 
the boundaries at the  higher speeds were not materially  affected by 
stalls. The naaxirmun values obtained i n  take-offs and landings were 
taken  only when the airplane was completely airborne. No corrections 
have been made t o  the indicated  airspeeds  for  position error. 

I 

Cambination of the envelopes for  aU. the test airplanes - - In a far 
cases, the envelopes for  each of the test airplanes are coW@med;  how; 
ever, for the most part,  the data for  alL the test airplanes have been 
cabined and an overall envelope has been obtained to represent  the 
boundary fo r  all the airplanes. The overall envelope consists of a 
number  of superimposed envelopes representing  certafn  types Of fli&t . 
conditions which are defined as operatioaal-maneuvers, stalls, and 
laterai oscillations.  In a f e w  of, these figures the high values  obtained 
during snap r o l l s  a t  the  higher  airspeeds  with the F - W  airplane, which 
are indicated in  the basic-data figures,  are not  included.withFn the em?- 
lope of aperationd maneuvers 'since i n   t h i s -  type of maneuver the ai"e 
is pa r t i a l ly  stalled.  The envelopes labe& "stalls" include Values 

. 
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obtained  during stalls, spins, take-offs, and landings. The isolated 
points, which  were not used t o  establish the envelopes in  the  basicdata  
figures,  are sham i n  tbe overal l  envelope p lo ts .  mere  possible, com- 
parisons  are made with design  requirements or  ccqputing methods. 

Statistical analysis .- I n  analyzing  the data of this p a p r ,  stand- 
ard s t a t i s t i ca l  procedures  such 8,s described Fn references 7 ad 8 were 
used. The frequency distributions  for  the  pertinent  quantities are pre- 
sented in tables I1 to VII. Also given in the tables are the t o t a l  
nmber of  measurements counted N, the t o t a l  flight tlme i n  h&rs repre- 
sented by the data T, the average  value of the given  quantity E, the 
standard  deviation 0, the coefficient of skewness a3, and the coeffi- 
cient of kurtosis a&. 

Frequency distributions were used t o  represent  the data fn the form 
of a percentage of the to t a l  number of occurrences of a given quantity 
occurring in a given  interval. The probability or  relative cumulative 
frequency distributions are the sumation of the frequency distributions 
and are  given as the  percentage of the t o t a l  nmber of occurrences which 
equal o r  exceed a given  value of the measured quantity. The experimental. 

i n  this paper  the  term  "probability  curve" will refer t o  a Petuson  type III 
curve. 

- distributions were f i t t e d  with a-Pearson type III probability curve and 

L 

RESULTS AND DISCUSSION 

Control  Deflections 

Elevator. - The m8xlmum elevator  control  angles f o r  each airplane- 
plotted against indicated airspeed are  given i n  figure 2 and the ratios 
of the maximum angles used to the maxhnm available  angles are sham i n  
figure 3. The largest  elevator angles used were obtained .in s t a l l s ,  
take-offs, and landings. The ma.ximum up elevator  control lMts were 
approached in st- f o r  the F-86A  and F-84G airplanes. The maximum 
down elevator used did not vary appreciably w i t h  airspeed a t  airspeeds 
above the stall except f o r  the F-86A airplane. For the F-86a the maxi- 
m down elevator angle w a s  reached at an airspeed of 400 knots. Since 
the F-86A has a movable stabil izer,  the elevator  angles  eham  are asso- 
ciated w i t h  various stabil izer  sett ings.  The lmge dam elevator  angles 
at relatively high speeds f o r  the F-86A are associated with the  particu- 
lar stabil izer  sett ings used f o r  trim a t  those speeds. 

Aileron.-  he maximum aileron  control  angles  (right  aileron o w )  
f o r  each airplane plotted against  indicated  airspeed are given in fig- - ure 4.' The rat ios  of - aileron angles  used to the mxtmum avail- 
able  aileron  angles  are shown in figure 5. For the F-84G airplane 
almost full aileron was used i n  stalls and rolls at low speeds. Ekcept 

* for  the F a G  airplane the   d le ron  angles used dfd not approach the 
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control L i m i t s .  The point shown above the boundary for  the F-8k: air- 
plane m s  obtained in a maneuver during a flight i n  which the fuel 
fa i led   to  drain from one-of the wing-tip tanks. The point sham above 
the boundary for  theT-94B airplane was obtained during a very abrupt 
turn. 

v' 

Rudder.- The maximum rudder control angles for  eaeh.airplane p lo t ted  
against  indicated  airspeed are given i n  f'igure 6 and the ratios of the 
maximum rudder angles used t o  the maximum available  rudder.  angles are 
sham in   f igure 7. The highest rudder angles were obtained, f o r  the 
most par t ,   in  etalls, "ce-offs, and landings. The control Umits were 
reached with the F-84G airplane and approached with the F-86A airplane 
i n  low-speed stalls. -Throughout these  tests rudder control was rarely 
used n i th  any of the airplanes w h i l e  maneuvering. 

Control Rates 

Elevator.- The maximum elevator  control rates for  each airplane 
plotted  against  indicated  airspeed are given i n  figure 8 and the enve- 
lope of the maximum rates  for all the airplane8 is shown in figure 9. 
The maxFmum elevator  rates used decreased with airspeed and the highest 
rates were obtained i n  stalls and Landings. The rates for  a l l  the air- 
planes were about the same except for  the F2H-2 &-lane. The elevator 
rates used with the F2H-2 airplane w e r e  considerably lower than f o r  the 
other a i rp lanes  as was also the case f o r  the  elevator  angles. This was  
partly a result of the rearward center-ofzgravity  position and partly a 
result of the large value of elevator  effectiveness  for this airplane. 
The negative  rates were about equal t o  the positive rates for  all the 
airplanes. The highest rates were obtained with the F-*B drplane i n  
landings where elevator  rates as high as 2.2 radian6 per second were 
measured. A t  the low speeds these  rates were generally associated  with 
short-duration F-mpuLses of large deflection which did not  affect the 
airplane motion appreciably. The Limits of control rate for  the F-86A 
as imposed by the rate restr ic tor  were reached at  the lowest airspeeds. 
It may be noted again that only the F-86A airplane was equipped with 
elevator  boost. The point shown above the boundary for  the .F-84G aLr- 
plane w a s  measured in a very abrupt  pull-up. The point sham above the 
boundary fo r  the F-94B airplane w a s  measured in  the very  abrupt turn 
previously mentioned i n  the aileron-angle  discussion. 

The probability values and the f i t t ed  curyes for  elevator  rates 
greater than 0.2 radian per second for  the F&A, F&G, and F-94B air- 
planes and greater than 0.1 radian  per second for  the E H - 2  airplane m e  
shown in   f igure 10 for combined positive and negative  elevator  rates. 
The frequency distribution fo r  elevator rates and the s ta t i s t i ca l  param- 
eters on which the probabilities Elre based are given in   table  II. It 
was found that the probabilities f o r  positive and negative  elevator rates 

t 
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&re about equal. (See table II. ) In figure 10 it may be seen that  the 
probabilities  for the combined positive and negative  elevator rates for 

found that most of the high elevator rates for  the F-94B airplane were 
obtained i n  l m d i n g s ,  an analysis w a s  made for  speeds less than 1.50 knots, 
speeds greater than 150 knots, md for  all speeds. The probabilfty curves 
for  these speed ranges are shown i n  figure U; it be seen that the 
probabilities for a given elevator  rate  for speeds above 150 knots were 
considerably less than those for  speeds below 150 knots. For the  other 
airplanes it w a s  found that the speed  range did not affect the probabil- 
i t y   c u v e s  appreciably. A cmparison of probabilities  for all the t e s t  
airplanes is sham in figure 12 fo r  all speeds except for the F-94B 
where the data are given f o r  speeds less than 150 h o t s  md greater than 
150 knots. In addition, since the data for  the F a - 2  airplane w e r e  cal- 
culated frcm a lower initial level, these data were adjusted t o  the 
level  of the other test airplanes f o r  ccmparison. In figure 12 it can 
be seen that, except for  the F-*B a t  low speeds, the probability of 
exceeding a given elevator rate is about the stme for  a l l  the  airplanes. 

t the F-94B are greater than those  for  the  other airplanes. Since it w a s  

Aileron.- The maximum aileron control rates for  each airplane plotted 
4 against indicated airspeed are given in figure 13 and the envelope of the 

maximum rates for  a l l  the airplanes is shown i n  f i b  14. The maxbmn 
aileron rate used in these tests w a s  about 1.46 radians per second with 

a the F2H-2 airplane. The variation of the maximum aileron  rate with indi- 
cated  airspeed w a s  not  consistent among the airplanes and, except for the 
F-84G, the maxhnm rates were reached at  speeds greater than 200 hots  
fo r  a l l  airplanes. For the F - 8 4 ~  the highest rates were reached in low- 
speed stalls. The highest rate for the F-94B aimlane  occurred near the 
maximum airspeed. This point, which is  associated with the high aileron 
angle shown at  44.0 knots in figure 4, and the other  point shown above the 
boundary for  this airplase were obtained  during very abrupt turns. 

The probabilkty values and the f i t t e d  curves for  ai leron rates 
greater than 0.2 radian per second for  each  airplane a t  all speeds are 
shown in  f igure 15. The frequency distribution  for  ai leron rates a,rt.d 
the statistical parameters on wuch  the  probabilities are based axe 
given i n  table III . It may be seen that the probability curves for  
aileron rates are about the 6- for all the airplanes  with the excep- 
t ion of the F2E-2, w h e r e  the probabilities are considerably higher. 

Rudder. - The maximum rudder control rates for  each -lane plotted 
against  indicated  airspeed are given in   f igure  16 and the envelope of the 
mFlxJ,mn rudder ra tes   for  all the airp*es i s  sham Fn figure 17. The 
highest rate measured was 2.8 radians p6r second with the F-94B airplane 
in ta3re-offs and lanaings . The two relatively high rates shawn above 

during a malI-ar@itude rudder oscil lation and during an abrupt turn, 
respectively. 

- the boundary fo r  the F2H-2 airplane a t  360 and 330 h o t s  were measured 

- - 
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The probability values  =&the f i t t ed  curves f o r  rudder rates 

greater  than 0.1 radian  per second for  d l  speeds,  speeds greater  than 
150 knots, and speeds less than 150 knots f o r  each of the test airplanes I 

are shown in figure 18. The frequency distribution  for rudder rates and 
the s t a t i s t i c d  parametere on  which the probabilities  are based &re given 
i n  table IV. It may be noted tht the probabilities of' exceeding a given 
rudder rate are higher in  the law-speed range. It can be seen that i n  
comparing the four test airplanes for the entire speed  range there i s  a 
widle scat ter  in the probabilities; however,  when canparing  the  probabil- 
ities fo r  speeds greater than 150 knots  the scatter i s  soanewhat reduced. 

Airplme Angular Velocities 

Pitch.- The maximum pitching  velocities  for each d r p l a n e  plotted 
againat Fndfcated airspeed  are given i n  figure 19 and the envelope of 
the maximum pitching  velocities  for all the airplanes is sham i n   f i g -  
ure 20. The highest pitching  velocity measured during  operational 
maneuvers in these tests was about 0.5 radian  per second. One value 
of 0.8 radian  per second was measured with the F-84G i i rplane  in  a low- 
speed s t a l l .  The positive  pitching  velocities reached a peak at  about 
300 knots fo r  o p e r a t i d  maneuvers. The highest negative  pitching 
velocities were reached in luw-speed stalls. Also shown in figure X) 
&re the maximLrm positive  pitching  velocities  obtained by the method of 
reference 9. In reference 9 the maximum positive  pitching  velocity is 
given as 

- 

Ih figure 20 the calculated maxLmum positive  pitching  velocities were 
computed by using a time t o  reach positive peak normal load fac tor  h 
of 0.93 second, which was found t o  have been the approximate minbnm 
value for these tests. The calculated values are seen t o  be i n  fair 
agreement with the flight- data. 

R o l l . -  - The maximum rolling  velocities  for each airplane plotted 
against  indicated airspeed are given i n  figure 21 and the envelope of 
the maxirmrm rolllng velocities  for all the airplanes is given i n  fig- 
ure 22. The rolling  velocities reached a peak at a speed of abuut 
250 knots for  operational maneuvers. The highest  rolling  velocity 
measured waa  about 3.5 radians  per second with the F-84-G airplane. 
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HeUx angle $b/2V:  The maxbmm values of the  wing-tip heltx . angle $b/2V f o r  each  airplane  plotted against indicated  airspeed  are 

given in  figures 23 and 24. The mElJdrmrm value of  $b/2V obtained w-as 
about 0.14 with the F-84G airplane i n  a stall. The value of $b/2V 
obta,ined w i t h  the other airplanes was about 9.08 at speeds up t o  
300 knots. Above thfs  speed the d u e s  of @b/2V decreased wTth air- 
speed.  Included i n  figure 24 is the present U. S. Air Force min-lmrrm- 
helix-angle  requirement (ref. 10) applied t o  the F-86A airplane.  Since 
the  airplanes of this investigation were designed prior t o  the require- 
ment of reference  10,  the  applicable helix-angle requirement (ref. EL) 
as determined for  the F-86A airplane is also given in figure 24. It 
can be seen Fn this figure -that the Air Force rol l ing requirement given 
in reference ll, f o r  which these  airplanes w e r e  designed, is reached 
f o r  most of the  airplanes above a speed of 300 knots. The present 
requirement (ref. 10) is not  reached at  the higher speeds. 

Since Mach  nwnber i s  perhaps  a  nore significant parameter, the 
envelopes of $b/2V are  sham  in  figures 25 and 26 ploped  against Mach 
nmiber . It is sham i n  figure 25 that high values of @b/2V are 

that few large  values of #b/2V are obtaFned a t  the higher airspeeds. 

maintained t o  higher Mach  numbers with the F"86A airplane than with  the 
straight-wing airplanes. 

4 obtained at  the higher Mach numbers, whereas in   f igure 23 it is seen 

.. It may be seen in   f igure 26 that relatively high values of $b/2V are . 

T h e  t o  r o l l  90°: Recently it has been suggested that a more real-  
i s t ic   ro l l ing  requirement  than that presently used would be t o  specify 
that the  airplane r o l l  90° i n  1 second (ref.  1 2 ) .  The values of the 
minkmm time t o  ro l l  goo from a  steady-state  condition f o r  each airplane 
plotted  against  indicated  airspeed are given Fn figure 27  and the enve- 
lope of the minimum time t o  r o l l  90' for  a l l  the airplanes is shown in 
figure 28. It can be seen that the minimum time used by the service 
pi lots  of these tests t o  r o l l  go0 is about 1 second except a t  the larest 
and highest  airspeeds. The peak rolling  velocities reached  during goo 
of r o l l   f o r  each airplane  plotted  against time to r o l l  goo are given i r L  f ig-  
mea 29  'and 30. Included i n  figure 30 is the Umit boundary showing the 
lowest  possible roULng velocity ./2Tgo t o  r o l l  goo i n  any given the. 
It may be seen that the maximum ro l l ing  velocities used in r o w  goo 
are  fairly  close t o  the Umit boundary. 

Rolling velocity and normal load factor: One of the  cr i t ical  maneu- 
vers  for  design of t he   ve r t i ca l   t a i l  is the r o w  pullout  type of 
maneuver which consists of a rollin@; maneuver cmbined with high normal 
load factor. The maxFmum ro l l ing  velocities f o r  each  airplane plotted 
against nonaal load factor axe given in  figure 31 and the envelope f o r  
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a l l  the  airplanes is shown i n  figure 32. It may be seen that the maxi- 
mum rolling velocity reached a peak a t  a load factor of about 2 for 
operational maneuvers. 

- 
. .. " . 

Yaw.- - The maximum yawing velocities  for each  airplane  plotted 
against Fndicated airspeed are given i n  figure 33 and the envelope for  
all the airplanes is given i n  figure 9.  he maximum yawing velocity 
measured in these tests w a s  greater  than 0.56 radian per second (the 
limit of the recorder) with the F-84G airplane. For the other airplanes, 
the maxbum yawing velocities  obtained d u r a  operational maneuvers  were 
about 0.3 radian per second. For the F-86.A airplane values as high as 
0.53 radian  per second were reached i n  low-speed stalls. For the F-84G 
airplane a l l  values above 0.35 radian per second a t  speeds greater  than 
200 knots were obtained i n  snap rol ls .  A t  the  highest  airspeeds  the 
maximum y a w i n g  velocit ies  for all the airplanes were the result of 
lateral   oscil lations.  

Airplane wax Accelerations 

- Pitch.- The maximum pitching  accelerations  for each airplane plotted 
against indicated airspeed are given in figure 35 and the.envelope f o r  .s 

t ion reached i n  these tests was  -2.0 radians per second per second with 
the F-84G airplane. In general the maximum pitching  acceleration  for I 

operational maneuvers increased  with  airspeed t o  about 300 knots, a point 
corresponding  approximately t o  the upper left-hand corner of the V-n dia- 
gram, and then decreased with further  increase  in  airspeed. The maximum 
positive and negative  pitching  accelerations are about  eqpal,  although 
there w a s  8 tendency i n  these t e s t s  tawtwd higher negative  pitching 
accelerations. 

the airplanes 1s given i n  figure 36. TIE maximum pitching  accelera- 

The probability values f a r  combined positive and negative  pitching 
accelerations over 0.2 radian per second per second fo r  each airplane are 
shown in figure 37. The frequency distributions  for  pitching  accelera- 
tions Eand the   s ta t i s t ica l  parameters on which the  probabilfties are based 
are given in table Ti. In  analyzing  the  pitching  accelerations statisti- 
c a l l y ,  it m s  found that the probabilities of exceeding negative  pitching 
accelerations were s l ight ly  higher than the  probabilities of exceeding 
positive pitching accelerations. In figure 37 it may be seen that within 
the limits of the experimental  data the probability of exceeding a given 
pitching  acceleration is about the same f o r  all the test airplanes. It 
is seen that i n  only about 2 out of 1,000 maneuvers (0.2 percent of all 
maneuvers), i n  which a pitching  acceleration over 0.2 was reached, would 
the pitching acceleration exceed 2 radians per second per second. 

Canparison of calculated or design  pitching  accelerations with test 
reaults: A comparison of the maximum pitching  accelerations reached i n  
these tests fo r .&  the airplanes (cmposite of positive and negative 
envelopes  given i n  f ig .  3 6 )  with calculated or design values determined - 
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by six different methods is shown in figure 38. The six design curves 
sham  in f igwe 38 were calculated f o r  the F a  airplane at sea  level. 
The curves f o r  the other airplanes used in  these tests are sFmilar t o  
those shown f o r  the F-86A. The curve  depict- the Navy requirement 
(ref. 13) is obtained frcan the  Specifications which s ta te ,  among other 
things, that the airplane should be designed f o r  max- pitching  accel- 
erations of -6, -3, and 6 radians  per second per second a t  the airspeeds 
corresponding t o  the upper left-hand  corner, upper right-hand  corner, 
and lower left- and right-hand  corners of the V-n diagram, respectively. 

The curve i l lustrat ing a method of reference 14 is  obtained from 
the  empirical  relation 

Another empirical  relation  given in  reference 14 is 

.. 40000 
8- = 

W 

For the  average weight of the t e s t  airplanes this relationship  results 
i n  a  value of maxFmum pitching  acceleration of about 3 radians  per  sec- 
ond per second. 

The curve which is established by Civil Aeronautics  Administration 
design  specifications  (ref. 15) is obtained from the empirical  relation. 

where V is true  airspeed in  miles per hour and equal t o  or  greater 
than  the value corresponding t o  the upper left-hand corner of the 
V-n diagram. 

The  method of reference 16 f o r  estimating maximum pitching  accel- 
erations is based on the equation 
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where 2.5 i s  an empirically  derived  constant. It should be noted that 
the units for &E and V i  i n  this equation  are degrees per second and 
miles per hour, respectively. The elevator rate used i n  figure 38 f o r  
the method  of reference 16 is 3.5 radians per second (200 deg/sec) which 
is approximately the maximum elevator  rate  attainable. 

c 

The curve labeled Method A w a s  obtained frm the method given in an 
unpublished  paper by  Howard W. Smith of B e i n g  Airplane Ccpnpany which is 
based on the assmptions that (1) the maxirmrm negative  pitching  accelera- 
t ion occurs a t  the instant  the  load  factor is a maximum and that (2) the 
elevator has been restored  to the level-flight -trim position at  this same 
instant. Thus, the fundamental equation of motion of an airplane i n  sym- 
metrical  pitching maneuvers 

reduces t o  

i r i + K 2 & = 0  

since & and 06 axe 0. Furthermore 

SO that 

.. e = - ~ h  

where 
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Substituting  equations (10) and (ll) for h and % into the equa- 
t ion f o r  maxirmrm pitching acceleration  yields 

The curve sharing maxfmrrm pitching  accelerations  obtained by the 
method of reference 9 is given by the equation 

where V i s  true airspeed i n  fee t  per second. The maximum elevator 
rate  associated w i t h  the above m a x b r m  pitching  acceleration is given 
approximately by the equation 

In this method the shape of the  load-factor  variation  with time and the 
minimum t h e  required t o  reach  the peak load  factor are assumed, based 
on experbaental data. For f ighter-type airplanes , the minimum time t o  
reach peak elevator  deflection is given in reference 9 as 0.2 second, 
which corresponds  approximately to a time to reach peak load  factor of 
about 0.55 second. Thus, in figure 38 the  calculations f o r  the method 
of reference 9 are for a value of 0.55 second t o  reach load 
factor,  except where the elevator rates obMned by using this value - would  exceed 3.5 radians  per second. In these  cases the value of h 
w a s  adjusted so as not t o  exceed an elevator rate of 3.5 radians per 
second. The values of the  constants i n  equation (14) are given only f o r  

- 
-g, 
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the maximum positive  pitching  acceleration. Because  of the shape of the 
load-factor  cwve assumed in reference 9, the max,imum positive  pitching 
accelerations will be greater  than the maximum negative  pitching  accel- 
erations; however, this result is somewhat unrealistic s b e  maximum 
negative  pitching  accelerations are probably at least equal t o  m&ximum 
positive  pitching  accelerations. 

It may be seen in figure 38 that  the maxirmrm pitcbing  accelerations 
reached i n  these tests are less than one-half of the  calculated  or  design 
values. It should be  emphasized thak the design  curves shown represent 
mFucjmum values thak  could be obtained. A pitching  acceleration of 
5 radians  per second per secmd is within  the maximum capabilities of 
the  pilot  and the airplane  for most of these  airplanes; however, the 
t e s t  boundary represents w h a t  the  service  pilots used in  the perform- 
ance of their training missions in these  tests. 

Another ccmparison between experhental and calculated maximum 
pitching  accelerations is presented in  f igure 39. As in the  case of 
figure 38, the  calculations  are  for  the F-86A Rirplane a t  sea level. 
In this figure the calculated  values  are determined by the method8 of 

?references 16 and 9 Tor elevator-motions which are more closely  related 
t o  the  elevator motions used i n  these tests. In the first case  the 
maxFmum pitching  acceleration is calculated by the method of refer- 
ence 16 by wing the naaxFrmrm elevator  rates  obtained i n  these tests. In 
the second case the maxhum pitching  acceleration is calculated by the 
method of reference 9 by using a value of 0.5 second for the minirmnn 
time t o  reach peak elevator  deflection, which corresponds t o  a minFrmrm 
time o f  approximately 0.93 second required t o  reach peak load factor. 
Since the F-86A airplane is restricted  to  elevator  rates of approxi- 
mately 45 degrees per second, the maximum pitckhg  acceleration is also 
calculated  for an elevator rate of 45 degrees per second in figure 39 
for  both methods. 

It may be seen in  f igure 39 that the maximum pitching  accelerations 
calculated.by  the methods of references 16 and 9 by using elevator 
motions similar t o  those obtained i n  these tests cmgare f a i r l y  w e l l  
wlth the test results. Both  methods predict the actual pitching  accel- 
erations very  well at speeds beyond the upper left-hand  corner of the 
V-n diagram. A t  lower speeds it appears that the method of reference 9 
is somewhat better. It cen be seen that, when the  elevator rate is 
restr ic ted  to  45 degrees per second (0..786 radian per second),  both 
curves are lowered although they are still. higher than the experimental 
data at low speeds. 

. .   . .  - 

The maximum elevator  rates  associated  with the maximum pitching 
accelerations gPven in  f igures 38 and 39 for  methods of references 16 
and 9 are shown i n  figure 40. In this figwe  the .-two curves which 
reach maximum elevator  rates of 3.5 radians per second correspond t o  
the maxirmrm pitching  accelerations  calculated by the two methods sham 
in figure 9. The other elevator-rate curves  given i n  figure 40 

C' 

. 
..  - 
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correspond to the mnxlmum pitching  accelerations, also calculated by 
these two methods, shown i n  figure 39. The t e s t  boundary Shawn does 
not  include  the  highest  values measured during stalls, We-offs ,  o r  
lanaings . - 

It may be seen in figure 4 0  thEtt the a c t d  elevator  rates (ccan- 
posite of positive and negative  envelopes  given i n   f i g .  9 )  are consid- 
erably belaw the maxirmrm design rates throughout W- speed  range. For 
the case where the time t o  reach peak load  factor was assumed t o  be 
0.93 second in the method of reference 9, it may be seen that the  ele- 
vator  rates  are i n  fair agreement with the actual rates; however, the 
calculated  rates are lower than actual   ra tes   a t  speeds greater  than 
300 knots. 

Of  the various methods of calculating maxhma pitching  accelers- 
t ions sham in figure 38 the methods of references 13, 14, and 15 are 
empirical;  the method of reference 16 is  semiempirical; and the method 
of reference 9 and that derived by Smith (denoted as method A) are 
baaed on theoretical  considerations. It appears that any of these 
methods could be f i t ted t o  the present  test data with fa i r  accuracy. 
The methoh of references 9 and 16, however,  seem eamarhat mre  real-  
i s t i c .  Although the methcd of Smith is based on theoretical considera- 
tions,  the assumgtion that the  elevator  angle has reached  zero a t  the 
t b  of maximum pitching  acceleration appears t o  be conservative on the 
basis of the  present tests since. the actual  elevator motions were not 
so abrupt as w o u l d  be indicated by this method. 

L 

In the method of reference 16, the maximum elevator  rates must be 
assumed, the  s tabi l i ty  parameters C h ,  C$, and must be 

known, and an empirical  constant must be determined. In the method of 
reference 9 the time t o  reach maximum load  factor or peak elevator  deflec- 
t ion m u s t  be assumed and the value of CL, m u s t  be known. Both methods 
are  easy t o  use if the  proper  parameters  are Lmown; however, the method 
of reference 9 is s a n e w h a t  simpler t o  use in that only one parameter must 
be  assumed, namely the time t o  reach max- load factor. In the method 
of reference 16, the  variation of maxbmm elevator  rate wfth  speed must 
be  assumed. Ban the  results of these  tests it appesss that it is not 
sufficient t o  ass- a  constant  elevator  rate throughout the speed  range. 
It is fortunate in  the method of reference 9 that in  a s s d n g  a t a  t o  
reach mum load factor  the maximum elevator rates apprordmately 
the same as the results of these  tests. 

From the  results of these  tests,  therefore, it appears that the 
methods of references 9 and 16 best f i t  the test data; however, it 
should be rememberea that  all the methods will resu l t   in  pit- accel- 
erations  within  the maximum capabilities of the  pilot  and airplane if 
the  pilots  control  the airplane i n  the manner specified by the methods. 

- 
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The results of these tests  indicate, however, that the service  pilots i n  
performing their n o m  training missions did not  approach these design 
limits of pitching  acceleration. 

Pitching  acceleration and normal load factor: A relationship between 
pitching  acceleration and normal load factor is of in te res t   in  the deter- 
mination of horizontal--tail loads. If the normal loa& factor and pitching 
acceleration are known, the maneuvering horizontal-tail load may be deter- 
mined. For subsonic  speeds the maximum up maneuvering tail load w i U  
occur when miximum positive normal load  factors  are combined with maxirmM 
negative  pitching  accelerations. The maximum pitching  accelerations 
plotted against normal load factors  for each airplane are given in   f i g -  
ure 41 and %he envelope for  Etll the airplanes is given i n  figure 4-2. The 
point shown outside the boundary for  the F-94B airplane at  a normal load 
factor of 7 was caused by a gust. It can be seen i n  fLgures 41 and 42 
that, i n  general, the maximw negative  pitching  accelerations  increase 
w i t h  normal load factor, whereas the maximum positive  pitching  accelera- 
tions decrease with normal load factor. Since the tests were in the sub- 
sonic speed  range, these data indicate cmbiae;tions of load factor and 
pitching  acceleration f o r  which maximum tail loads are obtained. The data 
indicate,  hmver, that the maximum pitching  accelerations  are small at 
the highest normal load factor f o r  each airplane. 

R o l l .  - - The maximum ro l l i ng  accelerations f o r  each airplane plotted 
against  indicated  airspeed are given i n  figure 43 and the envelope for  
all the  airplanes is given i n  figure 44. The maximum rolling  accelera- 
t ion obtained i n  these t es t s  was 7.5 radians per second per second with 
the F A A  afrplane. The msxfmum rolling  accelerations reached a peak at 
an airspeed of about 300 knots. A few relatively hlgh rolling accelera- 
tions were measured with the F-*B and F-86A airplanes at high speeds, 
86 sham by the points above the respective boundaries. The point  for 
the F-86A airplane w a s  measured during a rolling  pullout type of maneu- 
ver. O f  the three points  for the F-94B airplane, the two points at 470 
and 440 knots were  measured during very abrupt turns and are aasociated 
with the high aLleron rates at.. these speeds shown i n  figwe 13. The 
other  isolated  point at 365 knots w a s  caused by a gust. Although the 
highest rolling acceleration w a s  obtained with the F A A  afrplane, the 
highest  rolling  velocities were obtadned with the F-84G airplane. 
- Yaw.- The maximum yawing accelerations f o r  each airplane  plotted 

against  indicated  airspeed are even   in   f igure  45 and the envelope f o r  
all the airplanes is given i n  figure 46.  he yawing acceleration 
reached in these  tests was 1.05 radians per second per second with the 
F-84G airplane. This point and the point at 305 knots which are shown 
above the boundwy for  the F " G  airplane were obtained during snap ro l la .  
For the most part, the high yawing accelerat iox at high speeds were 
obtained i n  inadvertent lateral oscillations for a l l  airplanes; howeEr, the 
acceleration sham above the boundezy at 370 knots for the F-94B a i r p l a n e  - . 

- 
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was caused by a gust and the acceleration shown above the boundary at 
455 knots f o r  the F-86A airplase in figure 45 was obtained i n  the same 
rolling  pullout maneuver pretriously mentioned d e r  rolling  accelera- 
tion. The point  for  the F-86A is sham below the  lateral-oscillation 
boundary in  f igure 46 since it was obtained during -an aperational maneu- 
ver. The lateral oscillations were especially p r o n t  f o r  the F-94B 
and F-84G airplanes. When the y a w i n g  accelerations dve t o  the  inadvert- 
ent  lateral   oscil lations  are not  included, it can be  Been in   f igure  46 
that the yawing accelerations  decrease at speeds greater than about 
300 knots. 

Angle  of Attack and Angle of Sideslip 

e of attack.- AB a matter of general  interest the lIbEtlEirmrm angles 
of a t z k  for  the F-84G and F-94B airplanes  plotted against indicated 
airspeed  are given in  f igure 47. The largest  angles of attack measured 
i n  these t e s t s  were greater than bo and -24O f o r  the ~ - 8 4 G  airplane  in 
spins. A t  these angles  the limits of the  recorder -were exceeded. The 
maximum nose-ug angles of attack measured varied frm about 27O a t  
100 knots t o  about lo at 500 b t s .   he maximum nose” m e s  of 
attack  varied from about -ko at 100 knots t o  about -lo at 500 knots. 
The point  outside  the boundary for the F ” G  airplane was measured i n  

e 

4 

- an abrupt push-down. 

Angle of sideslip. - The maxirmrm angles of s idesup  asd corresponding 
indicated  airspeeds obtained fn these tests for each airplane  are  given 
fn figure 48 and the envelope for  all the airplanes is given in figure 49. 
The angle-of-sideslip measurements  were insufficient t o  define an enve- 
lope for  the F-86A airplane. The highest sidesldp  angle measured was  
over 32O with the F-&G airplane i n  spins. A t  WE angle  the limits of 
the  recorder were exceeded. The mEudmum sideslip  angles reached were 
about  the same f o r  the F-84G and F-94B airplanes at the higher airsgeeds, 
whereas those  reached with the F2H-2 were lower throughout the speed 
range in these tests. The maxfmum sideslip angles w h i c h  define the 
operational-maneuver boundary in figure 49 were obtained Fn romw pull“ 
outs, d l e r o n  rolls, sideslips, and rudder kicks. No one type of maneu- 
ver w a s  more c r i t i ca l  than  another  although  there are more points &long 
the boundary obtained from rolling maneuvers. 

Airplane Load Factors 

Normal load factor. - The maxhm positive and negative normal load 

c in  f igure 50. Xn this figure the operationd V-n diagram for  each air- 
factors and corresponding  indicated  airspeeds f o r  each airplane  are given 

plane is included with the corresponding  load-factor data for  ccqmrison 
of the test results  with  the  operational limits. In order t o  campme the 
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results for  all the t e s t  airplanes, the measured load factor divided by 
the maximum allowable load  factor nv, as determined from the V-n dia- 
gram is Shawn i n  figure 51 plotted  against  the measured airspeed  divided 
by the maxhum allowable airspeed. 

331 camparing the maximum normal load  factors reached with all the 
airplanes it may be seen that the positive  service limit load factor was 
reached w i t h  a l l  the airplanes over most of the speed range; however, 
the negative llmit load factor wa+ not reached at any speed. The highest 
negative  load  factor reached w a s  -1.1 for  the F-84-G airplane  (see fig.  5 0 )  
and occurred at a value of V V of 0.43. (See f ig .  51.) One con- 
tributing  factor to the lack  of-negative  load  factors may be i n  the Umi- 
tations of jet-engine  operation a t  negative  accelerations. 

i f  Fmax 

Cmrparisons of the maximum norma&load fac tors  obtained in these 
tests with maximm normal load  factors  obtained during other t e s t s  with 
F-86A airplanes (ref. 17) and unpublished V-G records from F2H-2 air- 
planes  are shown i n  figures 52 and 53, respectively. The data of ref- 
erence l7 for  the F-86A airplanes.represent about 1,130 hours of opera- 
tional  training and the. unpublished data fo r  the F2H-2 airplane0 represent 
3,821 hours of operational tr-ng. 5 

I n  the comparison of the data obtained in  the  presen-ktests  for  the 
F-86A airplane w i t h  those of reference 17 (fig. 52) it may be seen that 
i n  both  cases  the  pilots  reach  the  positive  service limtt load  factor 
over almost the entire speed  range; however, the negative limit load * 

factor was not reached i n  either case. In the data of reference 17 the 
s e r e c e  limit load factor w a s  exceeded 28 times, the design limit load 
factor 3 times, and the  design ultimate load  factor twice. For the air- 
plane of the present tests, the  service Umit load  factor was reached 
but  not exceeded by ari appreciable amount. lh the negative load-factor 
region,  there  are  very f e w  points in  both sets of data. In the data of 
reference 17 a load factor of -1.0 was reached once; whereas in   the  
present test program with the F-86A the maximum negative  load  factor w a s  
about -0.3. It is interest ing  tonote  i n  figure 52 tbt, below the 
service lMt, the two sets of data are very similar. 

La the ccqparison of the data obtained i n  the present tests for  the 
F2H-2 airplane with that of 3 , 8 u  hours of unpublished V-G records  obtained 
during training (f ig  . 53) it may be seen that the 3,821 hours of V-G data 
resulted in positive and negative  load  factors  larger  than  those obtained 
from the  present tests over the entire speed range. The positive  design 
and service limit load factor was reached once in the present tests; 
however, it was exceeded 3 1 t h ~  i n  the V-G data. "he design ultimate 
load factor was not  exceeded.in e i ther   t es t  program. Most.of the  large 
negative  load facto;'s from the V-G data were obtahed from gusts. 



Applicability of Pearson type I and tyge III curves to normal-load- 
fac tor  data: The probabillties f o r  normal load factor are shown for  each 
airplane in figure 54 w h e r e  Pearson type =I c u y s  have been f i t t e d   t o  
the data as counted by method B of the appendix. In analyzing  the normal- 
load-factor data it w a s  found that the data f e l l  more closely in to  the 
Pearson type I class. Therefore Pearson type I curves w e r e  fitted t o  the 
normal-load-factor data for  each airplane. An example  of this is Shawn 
in figure 55 for  the F-86A airplane. For camparison, the type Iu: c u e  
is  also sham. In t h f s  figure it may be seen that the Pearson  type I 
curve does f i t  these data smewhat better  than  the Pearson type 311 curve 
f o r  the F-86A airplane. (S-lar f i t  was found for  the other test dr-  
planes. ) It may be seen, however, that the limits of the  type I curve 
are at load factors of about 0.8 and 9.2; that is, the probability w o u l d  
reach 1 at a load factor of 0.8 and would reach 0 at a load factor of 9.2. 
This extrapolation would be unrealistic  since it indicates that a load 
factor of 9.2  would never be exceeded w i t h  the F-%A airplane. The maxi- 
mum load-factor  Umits computed fo r  the other test airplanes using Peaxson 
type I curves were 13.1 for  the F2H-2, 10.2 for the F-84~3, and 12.7 fo r  
the F-94B. Ln view of the unrealistic m t s  for- the F-86A airplane and 
the similari ty i n  f i t  for  the Pearson type I and type III cmves, the 
Pearson type III curves were considered adequate for t h i s  analysis. The 
frequency distributions of normal load factor and the s t a t i s t i c a l  param- 
eters  on which the probabilities and '&ES t o  exceed are based f o r  all 
the test   airplanes are given in table VI. 

Comparison of normd"load-factor statistical data for  the test air- 
planes: In order t o  compare the  probability of equal- or  exceeding a 
given normal load factor for  all Of the test ahplanes, the probabilities 
obtained by counting method B of the appendix a r e '  given in  figure 
plotted  against normal load factor and in figure 57 plotted  against a 

r a t i o  of measured load  factor  to  service limit load factor 
nv - 1 
nvs - I' 

Ln figrrre 56. it may be seen that the probability of equaling or  exceeding 
a given load factor in these tests is greater fo r  the F-94B and F&G air- 
planes  than fo r  the F-86A and F2H-2 airplanes. The greatest  difference 
between the probabilities at  a load  factor of 6 is of the r a t io  of about 
10 t o  1. It will be noted in  figure 50 that the servlce  Umit load factors 
for  the F-86A and F2H-2 airplanes are lower than  for the other test air- 
planes. Ln figure 57 it may be seen that when the data, are ccmpared on 
the basis of the service  limit load factor the results are fairly close 
throughout the load-factor range. 

In order t o  compare the  probability of a load factor be- less than 
a given  value for  each airplane, the probabilities were ccmputed by using 
method A of the appendix and are sham in figure 58. It can be seen i n  
this figure that the  probabilities of load factors being less than zero 
are very low. For instance,  for  the F-8& airplane the probability that - 
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a load  factor  less  than 0 w i l l  be reached is about 0.005 or 1 maneuver 
i n  200, and about I maneuver i n  7,000 will result i n  loa&factors  less 
than -1. It can be noted in  f igure 58 that the  probabilities of a load 
factor being l e s s  than a  given load factor are about the same for  all 
the test airplanes. 

Cmparison of normal-load-factor s t a t i s t i ca l  data with other test 
results: In order t o  ob tdn  an indication of the  applicability of the 
results obtained fran these tests i n  which only a relatively f e w  hours 
were flown with those of other  tests where considerably more flight time 
was obtdned, a carparison of load-factor data is given in figures 59 
t o  67. For these compwisons the positive-load-factor  results  for €he 
test   data axe based on counting method B of' the appendix. In the case 
of negative  load  factors, all values less than zero were read and classi- 
f ied  i n  a manner similar t o  that used for  the other  teet data. 

In  figure 59 a comparison between the probability curve  obtained for  
the F-86A airplane of these t e s t s  and the  probability curve and test 
points f o r  1,150 hours of operational  tradning w i t h  F-86A airplanes 
(ref. 17) is sham for  positive  load  factors. In this figure the proba- 
b i l i t y  curves are given f o r  load factors  greater  than 2. A canparison 
of the flight tFrne required t o  equal o r  exceed a given load  factor  for 
these c a e s  is shown i n  figure 60. Also included i n  this figure is the 
faired curve f o r  ground- and aerial-gunnery  missions only, a8 obtained 
from reference 17. 

L 

c 

Since there were very few negative load factors reached i n  both 
cases, a Pearson type probability curve was not computed f o r  the negative- 
load-factor points. A canparison of the time required t o  exceed a given 
Egat ive load factor is shown in figure 61 where the test points only are 
given. The test points  represent  the total recorded  time divided by the 
number  of occurrences greater  than a given load factor. 

For the F2H-2 airplane unpublished V-G records of 3,8a hours of 
operational training were used f o r  a caparison. In figure 62 a cm- 
parison of the flight time required t o  exceed a given load factor i s  
sham for the test airplane and the  airplanes  for which 3,821 hours of 
V-G data, were available. Data are sham only for  load factors greater 
than 5 for  the 3 , 8 u  hours of daka since  individual  load-factor peaks 
at the lower load factors are obscured due t o  the nature of V-G records. 
A camparison of the time required t o  exceed a given negative load factor 
f o r  the test drplane and the 3,821 hours of data is shown i n  figure 63. 

A Cmpsl-ison of the flight time required t o  equal  or exceed a given 
value of positive load factor for  the test F&G airplane with that for  
F-8kB and F-&E airplanes used in operational  training IE sham i n  fig- 
ure 64. The curves ahown for  the F-84B and F-84E airplanes were obtained 
from the only data presently available (ref.  18) a d  w e  faired curves. 

. 
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The data  for  the F-&B represent 270 hours of flight time and the data 
for  the F-84E represent 235 hours of flight time. These data are prob- 
ably  not  representative of normal training operations  since  the F a B  
was restricted t o  a load factor of 5 became of a pitch-up tendency and 
the  data  for the F&E were obtained mainly during  high-altitude per- 
formance tes t s .  

Data are not  available f o r  a direct comparison with  the Loc-ed 
F-94B t e s t  data; however, a comparison is made with1,212 hours of opera- 
t i ona l  traLning with the Lockheed F-&A and B airplanes (ref. 19) and 
with 1,044 hours of operational  training  with F a A ,  B, and C dqplanes 
( ref .  X)). In figure 65 a comparison of the  probability  values obtained 
frm these  different  sets of data i s  shown f o r  positive  load  factors. 
Also included are values from 233 hours of dive-bambing asd ground- and 
aerial-gunnery training with F&A, B, and C airplanes  (ref. 20). These 
data along with 220 hours of ground- and aerial-gunnery data with F-mA 
and B airplanes  are compared on a the-to-exceed  basis in figure 66. 

In figure 67 a comparison of the  time-to-exceed values obtained frcan 
these  different sets of data is shown f o r  negative  load  factors. Because 
of the  lack of other F-84 negative-load-factor  data, the data points f o r  

4 the F - 8 4 ~  test airplane are also presented in this figure. 

c 
The results sham in figures 59 t o  67 indicate that up t o  the service 

limit normal load factor  the  probability of exceeding  a given normal load 
factor f o r  the test airplanes i s  about the same as that of other tests 
even though the data of the other  tests  represent  considerably more f l i gh t  
time and different types of missions. The results a lso  show that, in gen- 
eral,  the average flight time required t o  equal or  exceed a given normal 
load factor f o r  the t e s t  airplanes of this program is less  than that of 
the  other tests, except when gunnery o r  dive-bmbing only are  considered 
f o r  the other tests. In this case the  results seem to  merge,  which would 
be expected, since  the maneuvers of both  sets of data  are of similar 
nature. The time-to-exceed  curves f o r  this program are, f o r  the most part, 
about p a r U e l t o  those of the  other tests; this parallelism  indicates 
that both sets of data  represent  the same magner of uti l ization. It is 
indicated that the data of the  present tests are  representative of many 
more hours of flight t h e  than were actually recorded. 

Iljrpothetical  case i l lustrating  reversal  of probability curve a t  high 
normal load factors : In many probability and the-to-exceed  plots for 
normal load  factor  the  experbnental  data show a  tendency to diverge from 
a  typical  probability or  time-to-exceed  curve a t  high load factors as 
sham by the data f o r  the F-86, F-84, and F-80 airpl&nes (figs. 59, 60, 
64, and 66) and also f o r  other a i rphnes  (ref. u). ws type of reversal- 
in  the curves is  slmilar t o  the  results  obtained when two frequency dis- 
tributions are superimposed. In figure 68 two frequency curv-es are shown 
on a semilogarithmic  scale. The data for  the 1,150 hours of operational . 

- 
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training  for  the F-86A airplane (ref. 1'7) were used and the test fre-  
quencies were multiplied by 10 t o   a p p r o m t e  roughly the results f o r  
about 11,500 hours of flying. 

The two assumed frequency distributions sham in figure 68 are 
defined as fl and f2. The frequency distribution fl was faired 
through the test data. The frequency distribution f2 was arbitrarily 
assumed t o  be a normal distribution  centered at  the design ultimate load 
factor of U. and then f i t t ed  through the two experimental points. The 
square symbols indicate  the assumed or  calculated frequency and the 
circular symbols indicate the test-frequencies  multiplied by 10. In 
figure 69 the probability curves PI and P2, corresponding t o  PI 

and f2, are shown with the to ta l   p robabu ty  curve PT. The t o t a l  
probability curve is given by 

. 
Also shown i n  figure 69 are the experimental  points from reference 17. 
I n  figure 70 the combined probability c m  i s  shown on a time-to-exceed 
basis. It may be seen that the type of curve obtained by combining two 
distributions is  similar t o  the curves found experimentally a t  high load 
factors . 

A possible  explanation of the two distributions is that the first 
distribution is the ordinary one t o  be expected up t o  the lFmit load 
factor, whereas the second distributian is one based on load factors 
reached inadvertently and i n  emergencies. For this reason none of the 
probability curves in this paper have been extended beyond the limits of 
the data. 

It is believed that even though the data may be represented by com- 
binFng two frequency distributions, enough data t o  determine the second 
or  inadvertent  distribution could  not- be obtatned on fighter  aircraft  
since many thousands of hours of flight tbne would probably be needed. 
It is therefore  indicated that the loads t o  be expected  could not be 
predicted by standard s t a t i s t i ca l  methods. 

Transverse load  factor.- The mFl.x-lrmrm corrected  transverse load 
factors plotted against the indicated airspeed  for each a i rp lane  are 
given in  f i p e  71 and the envelope for all the airplanes is  sham i n  
figure 72. In general, the maximum transverse  load  factors reached a 
peak at an airspeed of a b u t  300 knots for  operational maneuvers. The 
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maxFmum transverse load  factor measured w a s  0 . 9  with the F-94B -lane. 
W s  point which is shown above the boundary for the F-94B airplane was 
obtained during an abrupt uncoordinated turn when entering the land- 
pattern. The design requirement of reference 13 states that the d r p h n e  
shall be designed t o  uithstand a transverse load factor of 2. 

The probability  points f o r  transverse load factor and the   f i t t ed  
probability c m s  are shown i n  figure 73 for each airplane. The prob- 
ab i l i t i e s  are given aa the percentage of the t o t a l  number of transverse- 
load-factor peaks that equal o r  exceed a gfven load factor i f  the load 
factor is above 0.05. The frequency distributions of transverse load 
factor and s t a t i s t i c a l  parameters on w h i c h  the  probabilities are based 
are given Fn table VI1 . In figwe 73 it may be noted that the proba- 
b i l i t i e s  of equaling  or exceeding a given transverse load factor  are 
about the same for  all the test a i rp lanes ,  except for  the F-94B airplane 
f o r  which the  probabilities axe considerably higher. 

Vertical-tail load parameter p ~ . -  Ln order t o  estimate the rela- 
t ive  magnitudes of ver t ical- ta i l  loads over the speed r u e ,  the maxirmrm 
values of vertical-tail   load parameter p s ,  obtained fn  these tes t s   for  

envelope fo r  a l l  the airplanes is given i n  figure 75. Angle-of-sideslip 
measurements for the F-86A airplane were insufficient t o  define an enve- 
lope. The product 8% is  plotted i n  these figures Fnstead of pq, the 
usual ver t ical- ta i l  load p a r e t e r ,  since at a given indicated airspeed 
the values of p s ,  and pq axe nearly the same. The maxFmum vertical- 
tail loads  indicated in these tests by the value of ps, were obtained 
at  speeds which correspond roughly to  the upper left-hand corner of the 
V-n diagram. The relatively high values of p s ,  obtained at  the highest 
speeds were obtained in  inadvertent airplane lateral oscillations and 
were not  the result of one of the critical maneuvers mentioned under the 
Uscussion of sideslip  angle. These lateral oscillations were especially 
noticeable  for the F-94B airplane. (See f ig .  74.)- It is interest ing  to  
note that stability  deficiencies, such as uncontrolled lateral oscilla- 
t ions ,  may produce loa& as high as those  obtained in controlled maneuvers. 

d each airplane are  plotted  against indicated airspeed in figure 74 and the 

- 

A ccslrparison between the test results q d  the Navy r o l l i n g  pullout 
requirement for  fis, that a full aileron roll be made at  0.8 of the 
design limft load factor is also shown in  f igure 75. It may be seen 

' that the values of p s ,  obtained frm this requirement (calculated by 
the method of ref. 22) are  greater than those obtained i n  these  tests.  
Another design requirement which states that the airplane be designed 
for 50 of sidesup angle at  limit diving speed results in a vdue of p s ,  

these tests as sham in figure 75. 
- of about 5,000 which is more than twice the largest value obtained in 
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It would be of value t o  have a s t a t i s t i ca l  instrument which  would 
measure pq; huwever, since  exterior equipnent w o u l d  be necessary t o  
measure the sldeslip m e ,  it has been suggested that the transverse 
load  factor could be used i n  place of the angle of sideslip. Ih order 
t o  show the correlation of transverse  load  factor with sideslip angle, 
the  corrected transverse load factors are shown plotted  against  the 
vertical-ta,il  load parameter ps ,  i n  figure 76. It can be seen that 
the  correlation between the corrected  transverse load factor and p s ,  
i s  f a i r l y  good. The scatter is caused partly by using Q, i n  place 
of q, partly because of reading inaccuracy of load  factors and correc- 
t ion terms, and par t ly  because of other vaxdablea entering  into  the 
side-force  equations. Although the correlation between the corrected 
tramverse load factor afld the term p s ,  is good, it has been found 
that the  correlation between the  transverse  load  factors  uncorrected  for 
angular-velocity and angular-acceleration effects and the term pq is 
very  poor. 

It is of interest   to  note in figure 76 that, for  the F-84G airplane, 
all the  large  transverse  load  factors which are outside the mass of data 
were Easured i n  snap rol ls .  - 

- 
Longitudinal  load  factor.- The maxhnm longitudinal  load  factors  for 

each airplane plotted  against  indicated  airspeed are given in figure 77 
and the envelope for  all the airplanes is sham i n  figure 78. The high- 
est longitudhd  load  factors reached in  these  tests were about 0.85 
forward and about 0.55 resrward both w i t h  the F-86A airplane. Ln gen- 
eral, the maximum forward longitudinal  load  factor reached a peak at as 
airspeed of about 250 knots. The forward load  factors were  due 
mostly t o  the time rate of change of flight-path angle i n  longitudinal 
pull-up ty-pe of  maneuvers. The maximum rearward longitudinal.  load  factors 
measured i n  these tests increased  with  airspeed-up t o  the highest speeds. 
The maximum rearward load factors at the highest speeds were  due mostly 
t o  the use of speed  brakes in flight. Rearward load factors &s large 
as 1.3 were  measured i n  landing impacts. These data are not included i n  
the figures. 

Load-factor combination (q md nv).- Frgn the  plots of trans- 
verse load factor agEtinst normal load factor in figures 79 and 80 it can 
be seen that relatively high values of transverse load factor may occur 
at high normal load  factors as w e l l  as at lar normal load factors. The 
highest transverse load factor measured in these tests (0.54) was obtained 
a t  a normal load factor of about 6 fo r  the F-94B airplane. The points 
above the boundaries f o r  the F2H-2 and F-94B drplanes,  with the exception 
of the  lateral-oscillation value, were obtained in  abrupt  turns when 
entering the landing pattern. These turns may be considered as rolling 
pullout type of maneuvers. 



NACA RM ~ 5 3 ~ 2 8  

1 

Airspeed and Altitude 

The time  spent in  various alt i tude and airspeed ranges is  shown in 
figures 81 and 82. The time is given i n  percent of the t o t d  maneuvering 
time which was approximately 3.6 hours f o r  the F a ,  2.5 hours f o r  the 
F28-2, 8.0 hours f o r  the Fa@, and 3.9 hours f o r  the F-94B a,irplane. In 
the  airspeed  frequency c W t  it is indicated that, In general, a t   l e a s t  
65 percent of the maneuver flying time f o r  e U  the  test  airplanes  occurred 
a t  speeds between 200 and 350 h o t s .  The maxhum airspeeds  reached f o r  
the  straight-wing  airplanes were about 500 knots and the m x b u m  airspeed 
reached with the F-86A was about 600 knots. It may be Seen in  figure 82 
that most of the,maneuvering w a s  done at   a l t f tudes  less  than 25,OOO feet .  
Altitudes  greater  than 35,000 fee t  were seldom reached i n  these  tests. 

SOME APPLICATIONS OF IiESuLTs 

Sta t i s t ica l  Loads Instruments 

One purpose of the  present test program w&5 t o  determfne the important - quastities and their  ranges f o r  use in designing i n s t m n t s   f o r  statisti- 
cal loads measurements. 

- 
In general, ff accurate loads indications are desired, all the meas- 

urements made on these test airplanes would be necessary i n  addition t o  a 
lmowredge of the s tab i l i ty  derivatives for  the airplanes.  Since it w o u l d  
be hg rac t i ca l  t o  obtain all these ~tleasurementa with operational airplanes, 
sane conrgrcanise must be made. 

W i n g  loads.- Measurements o f  normal load factor, speed, and altitude 
are  sufficient  for determinLng overall wing loads. A t  the present the 
such measurements are being made by mans of VW. recorders and fl ight 
analyzers. For 8t;atistical measurements the  present tests indicate that 
a  simple acceleration  threshold  counter would be adeqwte for most pur- 
poses. Such a counter, however, w a u l d  not be satisfactory for obtaining 
time-to-exceed  curves  unless an empirical factor relating number of peaks 
t o  number of threshold points could be determined. Frm the  results of 
this paper this factor is between 5 md 6 f o r  a load factor interval 
of 0.5. (See table VI.) 

- 

Horizontal-tail loads.- The s-lest f o m  of the horizon-M"-t;ail- 
load equation is 
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or  
8 

Therefore, i f  the variation of the  pitching mment of the wing-fuselage 
combination.with l i f t  coefficient and Mach  number i s  known from other 
tests, the tail load is a dlirect  function of airspeed, load factor, and 
pitching  acceleration . .  

Thus, an instrument that measures airspeed,  altitude,  load  factor, and 
pitching acceleration on a time scale would give a good measure of both 
the loads on the wing and the  horizontal tail. 

I 

If o n l y  maximum loads were required, an instrument which would give 
envelopes of normal load  factor  against  airspeed (V-G recorder),  pitching 
acceleration  against  airspeed, and pitching acceleration  against no& . 
load factor-could be used. 

. ." 
- 

Vertical-tail loads.- Perhaps the  simplest measurement that would 
.. ." . . .  

indicate the magnitude of the vertical-tail  load i s  the Eangle of sideslip 
i n  conjunction with the airspeed and alt i tude.  The term f3q is roughly 
proportional to the vertical.-.tail  load a d  an instrument th+t could 
record this qyantity w o u l d  be of value. -.  - - 

. " . 

Since  the  sideslip-angle measurement would have t o  be made exberrmlly, 
it w o u l d  be convenient if same other means could be used t o  .obtain t h i s  
parameter. One way  would be t o  meaaure tranaverse load factor; however, 
from the  results of these and other tests, it has been determined that, 
in  order t o  measure transverse load factor with any accuracy, the  accel- 
erameter must be located a t  the  airplane  center of gravity.  .Distances 
a close as 2 feet from the  center of gravity result  i n  large errors due 
to   the  angular motions of the  airplane. Therefore, it is believed that 
an external measWement of the sideslip asgle is necessary. Such mas- 
urements could be made w i t h  a unit that w o u l d  not  materially alter the 
exterior appearance of the airplaae. 

Thus, i f  a time recording of airspeed, altitude, normal load factor, 
pitching  acceleration, and sideslip -e were made, a rough indication 
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of most of the a i r  loads on the airplane could be obtained. The results 
from the present  tests could be used as a guide t o  determine the ranges 
of the instruments . 

Fatigue 

Although the results obtained frcm these tests are not  directly 
applicable to   the fatigue problem for  fighter-type airplanes, certain 
phases appear t o  be of some interest. For instance, in figure 57 it w a s  
shown that the probability curves for  normal load factor  are approxi- 
mately the same for  all four airplanes when based on the service L.Lmit 
load factor. Also i n  figures 59 and 65 it may be noted tha t  the results 
from other tests of service airplanes are about the same at load factors 
up to  the  service Umit load factor. Therefore, it would seem feasible 
t o  use a standard probability curye t o  represent  the mEtnner in which 
loads are imposed on fighter aircr& in order t o  arrive at a fatigue 
lif'e. Such curves are sham in  f igures  83 and 84. In figure 83 the 
probability d u e s   f o r  load factors greater than 2 are sham fo r  the 
four  test  airplanes  together  with  probability values for the F&6A and 
F-80 airplanes of references 17, 19, and x). The probabilities are 

n r 7  - 2 
plotted against the ratio " f o r  comparison. It may be seen that 

~ 

"v, - 
dl the combined dat~ axe approxhately  equal a t  load factors up .to the 
lMt load  factor. Therefore, a curye was faired through the d a t a  and 
for purposes of i l lus t ra t ion  w a s  extended linearly beyond the limit load 
factor. Ih figure 84 the standard probability curve is shown for  load 
factors greater  than 1 where the probabilities are plotted agaimt the 

load-factor r a t io  In transferring the curve of figure 83 t o  

figure 84, an average service urnit load factor of 7 was used. Slightly 
different curves w o u l d  be obtained for  other  serfice 1-t load factors; 
however, for  fighter  airplanes having service limit l m d  factors from 5 
t o  8, either of the curves given in figures 83 an& 84 would be satisfac- 
tory. The differences  obtained in using either curve are within the 
scatter of the experimental data. 

nv - 1 
nvs - 1' 

The number of cycles of load imposed on the airplane in any load- 
factor  interval may be given as 
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where the  probability of exceeding  a  given load  factor P ' is  obtained 
from curves  such as shown i n  figures .83 a.ud.84, and the nmiber  of hours 
of f l i gh t  time T i s  specff  ied. The term p is the average nmber of 
load-factor peaks per hour of flying t h e  f o r  the type of flying  for 
which the  airplane is used. This factor  caild-be obtained from a sta- 
t i s t i c a l  study of load  faktors on fighter  airplanes in average  opera- 
tion. (The present  test results should not be used since  the maneuvers 
were somewhat  more concentrated than average.) Frm the results of ref- 
erences 17, 19, and 20 it has been found that the  value of p for  those 
tests varies from about 13 t o  29 load-factor peaks per hour above a load . 

factor of 2 for  all types of traFning missions. It i s  t o  be noted that 
a given maneuver w i l l  usually have several Load-factor  peaks. If gun- 
nery training only were used t o  determine- p, the value w o u l d  be con- 
siderably greater (as high as 70);  however, it is believed that the 
value of p should be obtained from data which present an overa l l  rep- 
resentation of the manner in which the airplane is normally  used. It 
w a s  found frm the  present- test results that the value of p for  load 
factors  greater than 1 is  about two times the value of p for  load 
factors  greater  than 2. Therefore,  a tentative value of p would be 
about 30 f o r  load  factors counted above 2 and about 60 for  load factors 
counted above 1. These correspond t o  the highest value found i n  refer- 
ences 17, 19, and 20 and are probably conservative. 

In order to  i l lustrate  the  possible use of the present  results  in 
determining the   fa t igue  l i fe  of fighter  airplanes, two ex-les of pos- 
sible types of fatigue failure are sham in  f igure 85. fb this figure 
the r a t i o  of applied  load t o  actual ultimate  load n n is plotted 
against the number of cycles f applied. The fatigue-failure curve 
shown is a typical curve for  a fighter airplane  (ref. 23) and is given 
fo r  purpose of i l lustrat ion only. It does not-  necessarily  represent  the 
f a ih re  curve for  any of the test airplmes.  It i s  assumed that, when a 
load-factor  distributfon curve  reaches  the failure curve,  a fatigue 
fallure will occur. The distribution curves sham i n  figure 85 were 
adJuated so as   to  reach  the  failure curve by changing the  f l ight time T 
in  equation (1.9). 

d vu 

O f  the two cases  presented i n  figure 87, the  load-factor  distribution 
used for  curve A i s  tht of figure 83. W s  curve represents a normal- 
strength airplane w h e r e  the servlce-limit  load  factor i s  7.33 and the 
actual ultiraELte load factor is 11. In t h i s  case a fatigue l i f e  of about 
2,100 hours is obtained, based on the assumed failure curve. The loed- 
factor  distribution used for curve B is a  case where a reversal a t  hi.& 
load factor occurs. This cwve  represents an overstrength  airplane where 
the  service limit load factor is 6 and the  actual  ultimate  load  factor is 
assumed to be 14. This case is similar t o  that for  the F-86A airplane and 
the probability  cwre used is that labeled PT in f'igure 69. In this 
case, where the  service limit is low and the ultFmate i s  high, no fatigue 

. .  
* 

d - 
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failure occurs; but  the  airplase fails when the ultimate load factor i s  
reached on the average Fn about 1,850 hours. 

In addition t o  a  superbrgosed distribution caused by fnaavertencies, 
a gust  frequency  could d-80 be superiurposed on the maneuver frequency 
distribution. This was not done i n  the  present  case  since  the  data used 
t o  obtain  the standard probability curves  included load factors due t o  
gusts as well a.a maneuvers. It is not known i f  the proportion of gusts 
encountered in  these tests is representative of that  obtained during 

' normal service operations. 

It should be remembered that the preceding  discussion does not rep- 
resent any particular  airplane and that  the fatigue lives given are  for 
purposes of i l lus t ra t ion  only. Actual fatigue l ives  would depend upon 
the shape of the particular failure curve and load-distribution curve. 

From the  results of the more than 2,000 maneuvers performed in the 
present tests of operational training with je t   f igh ter  airplanes, it has 
been determined that the  service  pilots  utilized  the  positive V-n enve- 

the  negative V-n envelope. The mageuvers  which a re   c r i t i ca l  for  horizontal- 
and ver t ical- ta l l  loads appeaz t o  be less severe than any present  design 
requirement. This observation does not mean that the  present  design 
requirements axe overly conservatAve sFnce these  airplanes could reach 
the design limits if the p i l o t s  controlled  the airplane fn the =er 

' specified by the  requirements. The data presented do indicate, however, 
that in these  tests,  the  service  pilots in performing their  operational 
training  missions did not approach the design Umfts of the airplanes. 

- 
- lope  but, i n  the flight t h e  recorded in these tests, did not approach 

From the  United  statist ical   analysis presented it is indicated that, 
. for  most of the measured quantities,  the  probability of exceeding a given 

value is roughly the same for  all the test airplanes. In the  case of 
normal. load factor  the  probabilities of exceeding positive load factors 
f o r  dl the test airplanes were about the same when based on the airplane 
service  Umit normal load factor. 

When cmazed  w i t h  normal-load-factor data of other tests of opera- 
tional airplanes representing  considerably more flight time and a f f e r e n t  
types of missions, the results indicate that up t o  the  service lFmit normal 
load factor  the  probability of occurrence of a given normal load factor f o r  
the  test  airplanes is about the same 88 that  of the other  tests. When the - two se ts  of data  are c q a r e d  on a tim-to-exceed basis, it is  indicated 
that both  sets of data represent  the same m e r  of ut i l izat ion and that 



the  data  of  the  present  tests  are  representative of many more hours of 
flight tFme than  were  actually  recorded. 

It is  indicated  that  the  extrapolation  of  probability  or  time-to- 
exceed  curves  beyond  the  Limits of the  data  is  doubtful.  For normal 
load factor  it is shown that a possible reason for  the  change in shape 
of the  probability curves at high load factors may be  due to the  combi- 
nation of two separate  frequency  curves,  one a regular  distribution and 
the other caused by inadvertencies or emergencies. 

Some possible  applications  of  the  results to the  problem  of  fatigue 
and to the design of statistical  loads  instruments  are also included. 

Zangley  Aeronautical  Laboratory, 
National Advisory Committee  for  Aeronautics, 

Langley Field,  Va.,  December 7, 1953. 
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APPENDIX 

COMPARISON OF METBOD3 O F  C O W I N G  NORMAL LOAD FACTORS 

In making a statistical analysis of the n o m  load factors obtained 
i n  these t e s t s  three different methods of counting the load  factors were 
used. These methods are i l lustrated Fn figure 86. The solld symbols in 
the  figure define the points counted in  each method awl the number of 
points counted at each interval is given in the table below the figure. 
In method A normal-load-factor  thresholds were counted at intervals 
of 0.50. A count was made at  every point a t  which a threshold value was 
intersected by the  load  factor. This method is similar t o  the simplest 
type of acceleration  or  load-factor counter. In method B only peak load 
fac tors  were counted.  For a peak t o  be  counted by this mthod two cr i -  
t e r i a  had t o  be fulf i l led:  

1. The load  factor had t o  increase an amount equal t o  or greater 
than one-half of the amount that the load factor decreased following the 
previous peak counted. . 

2 .  T h e  load  factor had t o  decrease an amount equal to  or  greater 
- than one-half of the m u n t  the load factor  increased following the pre- 

vious peak counted. 

This method is best sham by the i l lustrat ion i n  figure 86. 

The third method  (method C) is one in  which the load factor i s  
assmned t o  be made up of several superimposed load-factor  distributions. 
Increments of load factor are superimposed on the maximum load  factor. 
In using this method only  incremental  values are read as shown in fig- 
ure 86; therefore, in the  figures and tables  pertainlng t o  this method 
a load factor of 1 has been added t o  the increments fo r  purpoBes of 
comparison. 

There are  other methods  of counting peaks and all are sanewhat arbi- 
trary. The three methods selected f o r  this paper were chosen arbi t rar i ly  
t o  shuw any differences i n  the frequency distribution due t o  different 
methods of counting. 

The frequency distributions of normal load factor and the statisti- 
c a l  parameters on which the  probabilities  are based-for all the airplanes 
are given in table V I  fo r  methods A and B and also-for the F2E-2 airplane 
by using method C. The thresholds used in  nethod A are the f i r s t  nlxmbers 
in  each of the intervals given i n  the  table. Negative load factors were 
not counted by methods B and C. 

* 
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A canparison of methods A and B is shown i n  figure 87 w h e r e  the 

frequency of occurrence i n  percent of the t o t a l  number of ,occurrences I s  
plotted against normal load  factor  for each of the test airplanes. The 
symbols connected by straight lines  represent method A and the rectangles 
represent method B. In  this comparison (on a percentage b,asis) it be 
seen that there are no appreciable  diffeyences i n  the results obtained 
by either method except near a load factor of 1. A t  load  factors near 1, 
of course, an infinite number of points could be counted; therefore,  the 
differences shown i n  figure 87 at  load factors near 1 are not signifi- 
cant. (For th i s  analysis the points  given &--a load factor of 1 were 
counted only when the 1& factor increment w-as greater  than 0.25. ) 
There amears t o  be some tendency a t  high load factors  for  the  relative 
frequencies from method A t o  be somewhat  Lower than those from method B. 

Probability curves for each airplane obtained by using methods A 
and B axe shown in  f igure 88. In this figure  the  Probability i s  given 
as the proportion of load factors exceeding a given load factor. For 
example, the probability curve f o r  the F-84G airplane  obtained by using 
method B indicates that in 1,OOO maneuvers i n  which the peak load factor 
i s  greater than 1.0, one maneuver  would have a load factor  greater 
than 7 .O. The probability curves b"ed on methods A and B also cmpare - 
reasonably  well with each other 88 sham i n  figure 88. It must be r e m -  
bered that at the highest load factor  the  difference of about 3 t o  1 as 
shown for-the F-86A, F2H-2, and F-84~  airplanes is based on only one or .. 
two points at these high load factors and therefore is not a reliable 
basis for  ca tpa r ing  the methods. O n  the  other hand, a t  the lower load 
factors  the  probabilities  are based on many points and the  differences 
are more significant. 

For the F28-2 airplane all three methods of counting were used. The 
probability  plots  for all load factors  above 1.5 for  the three methods 
are shown in  figure 89. It may be seen in this figure that there  are no 
great  differences i n  probability obtained f r a n  methods A, B, and C for  
the F2H-2 airplane. 

For individual maneuvers such as shown i n  figure 86 the various 
methods w i l l  result-in much different frequency counts (as shown i n  the 
table of f ig .  86); however, when the mass of data is analyzed it appears 
that, although the three methods of counting are significantly  different, 
the  relative frequency distributions and probability curves obtained f'rm 
all the methods are similar. Therefore, it is believed tbt the s h p l e s t  
method would be preferred in the design of s t a t i s t i ca l  instruments. 
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TABU 111.- mQUEMCY DISTRIBUTION 
OF AILERON RATE 

Frequency 

f 6 A ,  raUaas/sec 
F - a a  F - ~ B  F-&G m-2 

0.2 to 0.39 277 773 36 57 
.4 to .59 

.6 to .m 
44 151 10 11 

15 27 9 9 

.8 to .99 

1 3 2 1.0 to 1.19 

5 12 4 1 

1 3 1  1 

- 
8 A  

0.148 %A 

0 357 0 -353 0.512 0.382 

3.064 3 .OE 1.501 1.631 a3 

0.306 0.124 0 137 
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0 
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t . 3 t o . 3 9 1  2 I 2 1 4 1  0 

I . 5 t o  .59 1 1 1 o 1 1  I a 
I 

0 1 0 0 0 4 1 

0 0 0 0 0 I S I  0 

.9 to -99 0 0 0 1  

1.0 to 1.03 0 0 0 0  

1.1 t o  1.w 0 0 0 0  

1.2 t o  1.29 3 0 ,  3 1 

0 0 0 0 0 0 0 

0 1 0 0 0 1 0 

1.3 to 1.39 

1.4 to 1.49 

I I 0 0 

I I  t I O I O  2.1 t o  2.19 

2.2 to 2.29 I I I t 1 0 

0 0 2.3 to 2.39 

2.4 to 2.49 I 
I 

I I 0 0 

2.5 t o  2.39 

2.6 to 2 . a  

2.7 to 2.79 

2.8 to 2.89 

0 0 

0 0 

e *.3 14.3 14.3 17.8 
- 
‘aR 0-592 0.183 0.300 0.368 
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Figure 3.-  Utilization of available elevator angles. 
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Figure 6.- Maximum rudder angles plotted against indicated airspeed. . 
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Figure 7.- Utilization of available Ivdder angles. 
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Figure 9 .- Envelope of maximum elevator rate and indicated afrspeed. 
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Figure 11.- Comparison of the  data  for  the F-&B test airplane WLth the 
fitted Pearson type Iu: curve for probability of eqgaling or exceedfng 
a given  elevator rate f o r  three different speed ranges. 
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. 

Indicated airspeed,y ,knots 

p&ure 14. - Envelope of mEudmum right aileron rate and W c a t e d  airspeed. 

L b 

x IO2 



c 

I 

NACA RM L53L28 

1.0 

0. I 

00 I 

.OOI 
1.2 1.6 

Aileron rate, 6 rodionshec 
A$ 

Figure 15.- Probability of equaling or exceeding a given aileron ra te .  . 
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Figure 17.- Envelope of max.imum rudder rate aad indicated airspeed. 
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Figure 19.- Maximum pitching velocities p1otte.d against indicated airspeed. 
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Figure 23.- Maximum ring-tip helix angles plotted agaln6-t indicated alrspeed. 
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Figure 31.- bhximum rolling velocities plotted agahat normal load factor. 
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Figure 33.- maxi mu^^ yawing velocities  plotted winst indicated  airspeed. 
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Figure 36.- Envelope of maximum pitching acceleration and indicated 
air speed. 
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Flgure 43.- Meximum rolling accelerations plotted agabt indicated &speed. 
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Figure 46. - Envelope of rnaxbsm yaxhg acceleration and indicated airspeed. 
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Figure 47.- Maximum @ea of attack plotted against M c a t e d  airspeed. 
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airplane with those  obtained from 1,150 hours of USAF training  operations. 
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Figure 53.- Comparison of normal load factors obtafned f o r  the F2H-2 t e s t  

airplane with those obtained f r o m  3,&l hours of USMC training operations. 
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Figure 9.- Ccnparlson of the t e s t  d a t a  with the f i t ted Pearson tvpe III 
curve for probability of equaling or exceeding a given normal load 
factm. 
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Figure 55.- Comparison of the Pearson type III and t y y e  I curves, as 
fitted t o  the test data of the F-86A airplane, for probability of 
equaling o r  exceeding a given normal load factor. 



104 - NACA RM ~ 5 3 ~ 2 8  



1.0 

e, 0. I 

.OOI 
0 w 2  .6 

n - I  
n -I 

vs 

V 

.8 1.0 
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Figure 58.- Probability of normal load factor being equal to or less than 
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Figure 59.- Comparison of the  probability of equaling or  exceeding a given 
normal load factor obtained for the F-86A test airplane with that 
obtained from 1,150 hours of USAF training  operations. 
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Figure 61.- Cornpaxison of the average f l igh t  time  required t o  equal or 
exceed a given  negative normal load factor  obtained for the F-& t e s t  
airplane w i t h  that  obtained from 1,150 hours of USAF training  operations. 
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Figure 62.- Comparison of the .average flight time required to equa l  or 
exceed a given normal loa& factor  obtained for the F2H-2 test airplane 
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Figure 63.- Comparison of the average flight time required t o  equal or 
exceed a given negative normal load factor  obtained  for  the F2H-2 t e s t  
amlane w i t h  that obtained f r o m  3,821 hours of USMC trahing operations. 
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Figure 65.- Comparison of the probability of equal ing or exceeding a 

given normal load factor obtained for the F-94B test airplane w i t h  
that obtained f o r  F-80 a i r p k e s  during training operati-. 
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Figure 66.- Comparison of tXe average flight time required t o  e q d  or 
exceed a given normal load factor obtained for the F-94B tes t  airplane 
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Figure 69.- Probability curves for hypothetical case filustrating reversal 
of probability curve at Ugh normal load factors. 
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Figure 70.- Time to exceed curve for hypothetical  case  illustrating 
reversal of probability  curve at high nOrmal load factors. 
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