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NATIONAL ADVISORY CC!!MITTEE FOR AERONAUTICS 

RESEARCH MDtORANDUM 

TIME-H.ISTORY DATA OF MANEUVERS PERFORmD BY 

AN F-86A. AIRPLANE DURmG SQUADRON 

OPERATIONAL TRAnUNG 

By Campbell Henderson, James Thornton, and Alton Mayo 

Preliminary results of one phase of a control-motion study program. 
are presented in the form of plots of load factor.and angular accelera~ 
tion against indicated airspeed. and. of time histories of several measured 
quanti ties. The results were obtained :from 191 ma.neuvers performed by an 
F-86A Jet-fignter airplane.during normal squadron operational training. 
Most of the tactical. maneuvers of' which the F-86A. is capable were per­
formed at pressure altitudes ranging from 0 to 32,000 f'eet and at indi­
cated airspe~s ranging from 95 to 650 miles per hour. 

INTRODUCTION 

The present methods of determining tail-sur:race design loads 
require, among other things, a knowledge of the control-surface motion. 
In the usual methods, control-surface motions or load-:ractor variations 
with time are specified sO as to obtain maxilnu!ll design loads; however 1 

the actual control motions and lead-factor variations obtained in regular 
operational f'lying may dif'fer appreciably from the specified variations. 

In order to gain information on the .actual. control motion used. in 
:flight, the National Advisory Committee for Aeronautics in cooperation 
With·~ti:ie U. S. Air Force and the Bureau of' Aeronautics is conducting a 
control-motion study program directed toward. obtaining sample measure­
ments on several fighter-type airplanes of' rate, amounts, and combina.­
tions of control motions used by service. pilots in ca.rryi.ng out regular 
operational missions. References 1 and 2 are the first papers written 
under this program. From the results obtained it may be possible to 
specify more practical design criteria. for tail-surface loads based on 
ctual,~r~tical control urf'ace motions. This procedure could. result 
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in weight saving, increase in perf'ormance ,and, in addition, the ini'or­
mation obtained would be use~ in the designoi' airplane control boost 
systems. 

This paper concluQ.,e.§, the collection of' data_ on the F-86A airplane 
begun in rei'erenc~j~ - :rn order to expedite the presentation of the 
data, only a SUll1lllB.I"y aIlalysis:l,s included to.s~ow ,~mum or critical 
values. The summarx of the results 61' ref'e~c-e- 1- -are also included so 
that all of' the8.V-ailable data on the_ li'-86A.ma.y be disp.1.ayed. A com­
parison with the results :from 'the F2R-2 alrpUme of' reference 2 is also 
included. 

INSTRUMENTS 

Standard NACA Photographic instruments were usedto'record (1) the 
q~antities defining: f'l:i.g~rtc01id.itiona :.. that- is, .-airspeed, - altitude, 
slat IfasHion, andsp~ea~bra.ke position; (2) the "impos-ed control-sur:f'ace 
motions; and (3) the res~ofise 01' the -alrpla.ne1.:n tex1nsbf' angular veloc­
ity, load. f'actora, --ana. the sldeE!1:ip angle. -~.e' recorders- were sYnchro­
nized at l ... second -fnterva,lsbY mea.ng of' a commontill1ing circuit._ The 
f'1lin capacity-of' the ya,rloUB instrUment,s ailoWe!i ~O minutes of' night to 
be recorded. Thlsampunt of. -time' ws usualiy enough to ;r:ecord the com- ~ , 
plete f'l1ght. In oruer,to ~elieve the pilot of' "any' recoitling-1nstrument 
switching procedure, and thus assist in obtaining normal qperationa, a 
pressure sWitch was used t.o turn. on automatically the recording instru-
ments at an indicated airspeed of' approximately 90 miles per hour. With 
the exception of the three-component acceierometer, which was in a fuse-
lage access compartment. abOve the wing" ~herecording instruments were 
mounted in the' nose- Bfktion~" -" 

A standard- t-wo.:.~l.l' p~ssure recorde;Eoim~tt~~''t-o:- the airplane 
servi-ce systein was used to measure the altitude--:~p(i 8.!rspeed.. The 
service systememplois'ca,- total-pressure tube Ioca:ted 'in- the nose inlet 
and flush static":'-pressure orUices on both sideBof' the lower fuselage 
f'orward of' the wing root. (See fig. 1.) 

.~, .... 

MicrOS-witches we're- used on the right speed brake and slat to indi­
cate the fully closed position of' -thesesur'f'aceB~' The, 'control-surface 
angles were measured by transmitters installed at the control-surf'aces. 
The er.evator, rudder, atid stabilizer transmitters· Were installed inside 
the tail f'airing to t8.kE;!'- measurements at the inner ll,inge. ':I'P.e trans­
mitter for the right aiieron was located externally on the wing at 
approximately the aileron- midspan. . ..~' . 

Angular vefdcft1t!s-' wererecoi'ded about three· miltually perpendicular 
axes in which the reference f'are-and-aft axis is the one cC!JI!Jtlonly used. 

SSE' 
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for leveling the airplane. (See fig. 1.) The load factors along these 
axes were reco:rded by an air-damped. three-component accelerometer 
located in the fuselage J.l feet forwa.:rd, 1. 3 feet above, and. 1.8 f'eet 
to the left of the w.easureci center of g.re:iiitY-W1.th full fuel. 

Sideslip angle was me~au.red during the first two flights by a vane 
mounted on a boom extend4tg forward :from the left wing. The measurement 
of aidesli!> angle was interrupted by mechanical difficulties- and was not 
resumed until the last ~wo flights, when the vane was mounted on the nose 
of the airplane.--

The estimated accuracies of the reco:rded quantities based on instru­
ment accuracy, - the range and :f'requency of the instrument, and a reading 
accuracy of 0.01 inch are as follows: 

Indicated airspel?d,L_ Vi, miles per hour. . . . . . . ±5 
Pressure altitude, Hp, feet • • • • • • • • . • • • • ±50 
Control position,_ degrees • • • • • • • • • • • ±O.5 

FLH-Z 

Normal load factor • • _ •. -_ • • • • • • • • • • • • . -. • ±O.l 
Longitudinal_-~. i:.~sver8e load factor 00 ••••••••• ±O.Ol 

t .()5' 
:t.oz. 

Rolling angular velocity, radians per secoIid 0 0 • :to.l 
P1tching and yawing angular veIocity, radians per second • • 0 • ±0.02 
Sideslip angle, degrees·. • • 0 • • • • • • • • • • • • ±0.3 

All the recording instruments were damped to about 0.65 of critical 
damping. The DB tural frequencies of the elements in the three-component 

.. accelerometer were_ selected to give the best compromise value which would 
minimize the magnitudes of extraneous vibratory accelerations and still 
give a correc:t r~~ponB,e_to t~e maneuver a7c~lera.tions. 

In order.to expedite the p~sentation of ~ime-history resu~ts, all 
the instruments were adjusted to specified sensitivities and the film 
druIIlB were adjustc:d so that they ran at the -same constant speed. Thus, 
in many cases, it waspoBsible to trace the record lines directly onto 
the data sheets. Those records on 'Which either the film speed had devi­
ated from th~ selecteSi- standard, or in 'Wt).ich it was desired to change 
the sensitivity for the purpose of' showing ,the data better, were proc­
essed on a speqlal~hotographic enlarger which made it possible either 
to shrink. or ~!¥J.d. either the vertical_or horizontal dimension of the 
film independently of each othe.r. By means -of' this device the details 
of the film reco~ are 51lOre accurately ~eproduced in time-history form. 

AIRPLANE AND TESTS 

The F~.86A. airplane ~sed in these tests _was essentially the same as 
the airplane used in reference 1. r .... The _external appearance and the weight 
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and balance of the airplane was altered as little as possible by the 
addi tion of.' the instrumentation. A three-view dravinK of the F-86A. air-
plane is given in figure 1 and its characteristics are -given in table I. ) -~ 
The moments of inertia given in table I are estimated values made in 
accordance with the latest infoxmatian available. 

The tests were conducted during the months of February to April 1951 
and consisted of' seventeen normal operational-training flights and two 
requested flights in Which the pilot was instructed to do specific maneu­
vers. The operational flights included f'am11iariza:tlon, aerobatics, 
bombing runs, dog fights, and an eiigine-test flight. The maneuvers per­
f.'o.rmed during operationalf'llghts consisted of turns; dives and diving 
pull-outs, pull-ups, slow rolls, barrel rolls" loops, Immelman turns, 
lazy eights, wing-overs, and stalls. ' The ai:t:Piarie was :flown at alti­
tudes ranging from 0 to 32,OOOf'eet. and at airspeeds ranging :from 95 to 
650 miles per hour. ' 

Five pilots participated in the tests during which the airplane was 
flown for approximately 11 hours of recorded- time in which were included 
approximately 3 hours of maneuver time. - No attempt 'WaS made 1.n any way 
to specify either the type or the severity of' the maneuvers. Since the 
pilots were not to be identified with the results, they were instructed. 
to handle the airpiane normally and were assured that the instrumentation 
would not restrict them in any way. 

METHOD AND RESULTS 

The results of' this flight program are- presented in' .figures 2 
to 229. All the maneuvers performed during the operational flights plus 
three landings are presented in figures 2 to 201 as time histories of the 
measured quanti ties. The maneuvers performed during the two requested 
flights are presented in figures 202 to 224. Data from these two :flights, 
however, are not included in analysis figures -225 to 229. 

A comparison between the normal load factors obtained in these tests 
and the operational V-n diagram for _the F-86A is presented in figure 225. 
The maximum transverse load i'actors and the corresponding'indicated air­
speeds are presented in figure 226. The variation of maximum pitching, 
rollirig, and yawing angular acceleration with .indicated airspeed is shown 
in figures 227, 228, and 229, respectively. Data from re~erence 1 are 
also included in figures 225 and 227 to 229 in order to make them more , 
complete. 

All the maneuvers perf'ormed during the 19 flights are presented in 
figures 2 to 224 as time histories of the IIieasured quantities. Incl-uded t 
in the legend or the time-history figures is- a classification o~ the type ~-, 
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of maneuver, estimated airplane weight, and estimated flight center-of­
gravity location. The classification of the maneuvers was of necessity 
done in a general sense since it was sometimes dlfficult to determine 
from the flight records exactly -the type of maneuver performed. Some 
of the standard maneuvers are defined in references 3 and 4. The in­
flight airplane Weight and center-of-gravity location were estimated on 
the basis of the total amount of fuel used and the total time of the 
night including warm-up, taxying, e.:m- ,actUal flight. 

In the time histories, load factors associated with forces acting 
up, forward, and to the left are positive. Nose up, nose right, and 
right wing down are positive for the pitching, yawing, and rollirig 
angular velocities which are given in radians per second. No correc­
tions have been made to the load factors for the effect of angular 
velocities or angular accelerations due to the displacement of the 
accelerometer from the center of gravity. 

The airspeed. used. is an indicated airspeed 'Which is defined as the 
reading of a differential pressure airspeed indicator, calibrated in 
accordance with the accepted standard adiabatic formula to 1nqicate true 
airspeed f'or standard sea-level conditions only (uncorrected f'or instru­
ment and installation errors) and the altitude 1s the NACA standard pres­
sure altitude. The control positions shown in the t1me-history figures 
w~re measured with respect to the neutral position of the surfaces except 
for the stabilizer position Which was measured. with respect to the zero 
position of' the cockpit indicator. Only the right aileron position was 
measured. 

The sideslip angle shown in the t1me histories is the angle between 
the airplane longitudinal axis and the relative wind. Right sideslip 
indicates that the relative wind is' from a direction to the right or the 
airplane r s longitudinal axis. Periods during 'Which the right wing slat 
and speed brake were open are indicated in the time histories by arrowed 
lines. 

The t1me histories are arranged in thi_s paper according to the 
maneuver classification shown in table II. The load factors shown in 
figures 225 and. 226 are maximum values taken from the time histories. 
The V-n envelope shown in figure 225 by the dashed. and solid lines are, 
respectively, the limit envelope and the operational limitations for the 
test airplane as specified by Air Force technical orders. The load­
factor test points shown in figure 2~5 were selected f'rom the time histo­
ries so as to give the fullest envelope, and the values shown are without 
corrections for angular velocity or angular acceleration since the cor­
rections were found to be small. The maximum transverse load factors 
shown in figure 226 are corrected only for the effects of rol;Ling angular 
velocities and accelerations. 

. ' 
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The ma.:ximum angular accelerations shown_ill figures 227, 22B, and 
229 were obtained :1"rom the elope of' the appropriate. angu.la.r velocity 
curve in the time histories. The accl'!lerations-selected were the maxi­
mum values occurring in each portion of' the- curves where there existed 
values of' accelerations larger thatll;1.: threshold ,value of' approximately 
0.1 radian per second per second :1"or piteh ~ya.w and 0.5 radian per­
second per second forxoll. 

DISCUSSION 

Although thisinvestigatlon was limited to 'relatively f'ewhours of 
actual flYing; the data obta~ represent & cross section of the maneu­
vers perfo:tmed"during operatio.D.l;Ll training and include a. majority of the 
tactical maneuvers used. ' ' 

The highest positive value 0:1" nortnal'lOad ,i'actormeasured on this ' 
a.irplane was about 5.5 which occurred in' an- inclined -160p811d in sev­
eral pull-ups. (See figs. 34, 44, and 81. rR~ve~,yalqe't!3 of a.bout 6 
were measured in pull.~upB on the airplane 'of reference 1. (See - . 
fig. 225.) The la.rgest negativenOT.ma.l load factor measured, -0.2, was 
associated with the recovery from a:pull-L'!:p. (See- fig. 14.) It can be 
seen in figure 225tl:iat the operational lim1~!\!. ,f.o:t 'cOlilbiJlB,tiOIlS 0:1" load 
factor, 'airspeed, and a.lt i tude were not: exceeded 11l'a.ny sYgilificant 
amount except in the law airspeed, ~ge- frOll!. '100 to '150 niiles per hour. , 
Those values of the lo8.d factor. which exceed the solid ~ou¢a.ries i,p. _ 
this speed range are, however, generally associated nth large values of 
the pitChing velocity~ (See figs. 28, 29, 35; and-38.) This result is 
not unexpected since-it is known that the lifting'capacity of a wing is 
increased at higher Tates of pi.tching-velocity. ' 

The largest rates and amounts of' elevatdr:mQV'~n-t;.~,~a.su~. 
occurred during landings and- maneuvers sllch-as-iJxi:DeIman tu~~) loops, 
stalls, turns, and recovery from dives. The largest positive elevator 
movements occurred in loops, stalis, spllt-S,turna, and landings. (See 
figs. 29, 50, 198, and 201.) At least two pull-ups were made using the 
stabilizer. (See figs. 14 and 21.) The largest negative elevator move­
ments occurred in pUsh-downs, split-S maneuvers; dives, and turns. (See 
figs. 21, 51; 54, and 121.) The largest negative rates of elevator 
movement occurred in split-S maneuvers, turria, atalls, and landings. 
(See figs. 51, 123, and 199.) 

The largest positive pitching acceleratlonobtained in, these testa 
was 1. 2radiang- per secbnd per second and occurred in a sharp right turn 
(see fig. 13~) ,at 8llindicated aiI'ape~d 01:' 330 :lili1.es per hOUr. 'The 
greatest negative' pitching acceleration, -1.33 radians ~er second per 
second, occurred during the same sharp ~right turn at an indicated 
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airspeed. o:f 320 miles per .p.our. A maximum value of -1. 55 radians per 
second per aecorui was obtained. during a rapid recovery from a pull-up 
on the airplane o:f i-e:ference 1.. (See :fig. 227.) 

7 

The maximum rolling accelerations obtained in these tests occurred 
at about 400 miles ller hour indicated. airslleed, and. amount~d to +5.3 
and. -7.5 radians' per second ller second. Max1in.um rolling accelerations 
decreased a1;love and. below 400 miles ller hour iodicated. airslleed. The 
maximum. rolling velocity, 2.4 radians ,per second, occurred in a -oo."rrel 
roll (:fig. 80) at an altitude oi'- approximately 20,000 feet and. at an 
indicated. airspeed. of 307 m.:tle-e ·p~r hour. This maximum is some"What 
larger than the maximum, L 7 at 300 knots, obtained :J..n r~.:fe.rence 2 :for 
a straight-wing _:fighter airplane with an average :flight weight 0_1' 
approximately 16,000 pounds. 

The maximum pos-itive yawing acceleration.in the operational tests 
(fig. 229) occurreda.t about 350 miles per hour in a gentle climbing 
turn and was 0.6 radian lleT eecand. per second. The maximum negative 
yawing accelere.t1.ans were alElO abOut 0.6 radians per second per second, 
and were obtained at 325 and 525. miles per hour in ,s,. barrel roll and 
right turn, respectively. 

The maximum transverse load factors measured were 0.35 and -0.54; 
both of these values Qccurred during barrel rolls. (See fig. 81.) 
However, 'when the angu~ velocity and acceleration corrections are 
applied to these values, the maximum transverse load factors became 
0.24 and -0.44. An examination of figure 226 shows that lesser values 
of the .maximum. transverse load. fictor occur much more frequently. 

From examination of the time-history figures for a given maneuver 
classification i tmay be seen that, in general, the barrel rolls incor­
porated moderate .. elevator_movements, small rudder, movements and moderate 
to large aileron movements which were often made at h;tgh rates. All 
three angular velocitie~ were' iIi most cases high, but in any particular 
barrel roll any one of the three may have deviated. greatly from the 
amount normally found in the- maneuver. Angular accelerations were 
usually high, but in most cases, the normal load factors were small. 

The more severe dive llull-outs involved movements of the stabilizer, 
speed bre.k.e,. and. the elevator. The amount of elevator required. to 
execute the r~covery from the dive -was, in same cases, considerably 
reduced by the use o~ the stabilizer and. by the opening of the speed 
brakes. As the normal load factor apllroached the limit value of; 6, high 
ra tea of elevato!," movement were used. to prevent exceediil.g the oper­
ational limit. 
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The Chandelles were performed at high speeds 'often with high normal 
load factors. The control motion rates and amounts were moderate and no 
excessive angular velocities or accelerations occurred in the maneuver. 

The turns were perf'ormed at various normal load f'actors up to a . 
maximum value of' about 4-. Large aileron displacements and rates of' move­
ment were used In some of the turns and in some of the high load factor 
turns, high elevator rates 'W'ere also used. 

The split-S maneuvers were initiated at low airspeeds and usually 
the speed brakes remained open throughout the maneuver. Normal load 
f'actors of' about 4- were obtained during the pull-6ut at the end of' the 
maneuver. Large ~ileron movements and high rates of aileron and ele­
vator movement were encountered in the maneUV'er. 

The loops involved large airspeed and altitude variations, but only 
moderate load. f'actors 'W'ere imposed on' the airplane. Aileron and rudder 
displacements were usually small except in the cases where, at the top 
of' the loop, the airplane approached the stall; then, moderate amounts 
of' aileron and rudder were used" tO'hold the airpiane in the maneuver. 
Large elevator displacements were encountered but movement rates were 
usually low. 

The Immelman turns were inItiated at various airspeeds and the 
maximum normal load factors encountered in the maneuver depended sdme­
what on the initial airspeed. In the more severe Immelman maneuver, the 
operational normal load t'actor limit. was in several cases closely 
approached. Moderate to large aileron displacements were used in the 
half'-roll recovery, but rolling velocities were usually low. 

The landings in the cases recorded involved large elevatcr tUsplace­
ments and rates of movement, moderate" to large amounts of stabilizer 
movement, and small to mcxlerate amounts of' rudder motion. High aileron 
movement rates were often used at the 'beginning of' the turn for the final 
approach. . 

A comparison of' the summary f'igures of' reference 2 and those of' this 
paper shows that f'or both airplanes the main concentration of points of 
maximum angular acceleration occurred in apprOXimately the same airspeed 
range. The comparison also shOws that these test conducted with an 
F-86A airplane obtained higher maximum values of' pitching and rol.llng 
acceleration and apprOximately the same maximum values of' yawing accel­
eration and normal load f'actor as were obtained with the F2K-2 airplane 
reported in ref'erence 2. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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TA:BLE I 

DIMmISIONS AND ~ OF :r~.A..IBPI.AlI!: 

267.90 
37.1.2 Sp8ll., f't. .. .. .. .. .. .. .. • , • .. , .. ... ,. • .. ... .-

Aspect ratio .. .. .. ... .. • .. .. .. .. .. , ... .. • .. .. .. .. .. .. .. .. .. .. .. • • • • • 4.785 
Taper re. t10 .. .. .. .. .. .. .. .. '" '" .. .. ..'. .. .. .. .. .. .. .. .. .. .. .. .. .. ~ ~ • .. .. 
Mean aerody.tul:mic chord (viDg station 9.8.71 measured norme.:L to .centerl:1.nel, 
Sweepbe.ck of O.25-chord line,· dee: • • • • • • • • .. 
Incidence of root chord (wing station 0), deg •• 
Incidence of tip chord (nne; station 220.8), deg 
Dihed.ra.l., deg • • • • • • • • • • • • • • • • • • 
Root airfoil section (noI'l!lal. to O.25-Chord line) 

Tip airfoil section (normal. to O.2,..chord l.ine) • 

Aileron area (each), sq f't • • • • • • 

ill. 

Aileron static cootro1 llmits, des • • • '.' ••••••••• 
Dilltance from. :ref'erence datUlll (nose) to leading edge ot' mea:Il aerody.tul:mic chord, in. 

Borisootal ta.f.1: . 
Total area (incJ.udes 1.20 sq f't covered by fuBel.age). sq it • . 
Spa.n" f't .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
Mean aerodynlllllic chord (horizontal-tall statioo 33.54 in:). 1D~ 
Sweepback of O.25-chord l.ine, deg • • •• •• 
D1h.ed..r&J., deg .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
AirfoU section. (parallel. to center line) ••• 
Tail ~ (O.25ev to o.25Ct), in ••••••• 
Elwat.or area (each), sq it • . • • • • • • •. • . . . . 
Elevator static control. llmits (trcm neut.ral. position), deg -

Up .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. '" .. .. .. .. .. .. 
DO"W1l .. .. .. .. .. .. .. .. .. .. .. .. " .. .. .. '" • '" _ _ • '" • • 

StabU1ser control. 1:tm1ts (f'rcca. neutral. p"Os1tian), deg-
L.E. up • • • • 
L.E. down ••••• 

Vert1caJ. taU: 

-- . - - -'" .. ." .. ! II< 

b.5l3, 
.. " 91·03 

35.21~ . 
1.0 

-1.0 
• .• 3.0 

• HACA 0012-64 
(Mod.1t':1ed ) 

HACA 0011-64 
(Modified) 

18.6 
U5 

• l64.26 

34.99 
.12.75 
34.71 
34.59 

• •• 10.0 
• NACA 0010-611 

217.5 
',05 

35 
11.' 

1.25 
10 

Tbt.iIJ.. area (includes 0.93 sq it c.overed by :t'ullel.age, ·exclud.es 3.96 sq it dorsal ~), sq it 
Spa.n (uncovered). it 
Height frca ground, :rt 
Sweepback of O.25-chord. l.ine, deg ••• 
Rudder area, sq it • • • • • 
Rudder static control l.:tm1..ts, deg • 

Fuselage: 
Total .length, in. 
Maxillllllll width, in. 
.Me.x:imu:II depth, in. 

'" • • • '" • • II< Fineness ratiO • • • • • • 
Speed brall:e area (effective :l::!:antal. area, both s1des) I sq it. 

.- . . 

'" . . , 
1r-12.41 

60.0 
60.75 
6.59 
8.6 

Power plant • • • • • • • General Electric J-41 

Airplane serial IlUl11ber 

Measured airplane canter-oi"-graY1ty pos:l.t;ion (f'\1ll fue.1, gear dOWl:lh pe~ent M.A..C. 
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Operational maneuvers: 
Lazy eights • 
Chandelles • 
Dive and pull-outs 
Loops • 
Immelma.n turns 
Wing-overs . -
Split-a • • 
Barrel rolls 
Turns 
Fishtails 
Stalls • 
Landings 

Requested maneuvers: 
Sideslips 
Fishtails 

"" Barrel rolls 
Turns 

.. 

TABLE II 

MANEUVER CLASSIFICATION 

• 

• 

• 
• 

• • 
• 

.-
• 

• 

. -. 

• 
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Figure 

2 to 6 
7 to 8 

9 to 26 
27 to 36 
37 to 44 
45 to 48 
49 to 55 
56 to 93 

94 to 194 
195 

196 to 198 
199 to 201 

202 -to 212 
21.3 to-216 
217 to 220 
221 to 224 
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Figure 6. - Lazy eight 8.nd barrel. roll. Airplane. lle~ghh ;1.3,600 pounds; 
c:enter-of'-gravity location, 20;9 "p-ercent of the mean aerodyriamic chord, 
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Airplane weight, 13,500 pounds; center-o~-gravity location, 21.2 per­
cent of the mean aerodynamic chord. 
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Airplane weight, 13,700 pounds; center-or-gravity location, 20.8 per­
cent or the mean aerodynamic chord. 
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Figure 163.- Dive and pull-out followed by left and right cl1mbing and 
diving turns. Airplane weight, 12,650 pounds; center-of-gravity 
location, 21.0 percent of the mean aerodynamic chord. 
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center-of-gravity location, 21.1 percent of the mean aerodynamic 
~h.ord. 
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location, 21.1 'Percent of the mean aerodynamic chord. 
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center-of-gravity location" 21.1 percent of the mean aerodynamic chord. 
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