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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric English 

Symbol 
Abbrevia- Abbrevia-Unit tion Unit tion 

Length _______ Z meter __ ________________ m foot (or mile) _________ ft. (or mi.) Time _________ t second _________________ s second (or hour) _______ sec. (or hr.) 
Force _________ F weight of 1 kilogram _____ kg weight of 1 pound _____ lb. 

-
PoweL _______ P horsepower (metric) ______ ---------- horsepower ___________ hp. 
Speed _________ V 

{kilometers per hour ______ k .p .h. miles per hour ________ m.p.h. 
meters per second _______ m.p.s. feet per second ________ Lp.B. 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity = 9.80665 

m/s2 or 32.1740 ft./sec.2 

W Mass- -
g 

Moment of inertia=mk2
• (Indicate axis of 

radius of gyration k by proper subscript.) 
Coefficient of viscosity 

P, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg-m-'-s2 at 

15° C. and 760 mm.j or 0.002378 lb.-ft.-4 sec.! 
Specific weight of "standard" air, 1.2255 kg/ma or 

0.07651 lb./cu.ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure -~p V2 

Lift, absolute coefficient OL- is 
Drag, absolute coefficient OD-~ 

Profile drag, absolute coefficient aD. - ~S 

Induced drag, absolute coefficient OD'-~S 

Parasite drag, absolute coefficient aD - DSf) 
• q 

Cross-wind force, absolute coefficient Oc _ q~ 
Resultant force 

~ .. , 

Q, 
0, 
Vl 

p-, 
Po 

Angle of setting of wings (relative to thrust 
line) 

Angle of stabilizer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C., the cor­
responding number is 234,000 j or for a model 
of 10 cm chord, 40 m.p.s. the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero­

lift position) 
Flight-path angle 



REPORT No. 529 

A FLIGHT INVESTIGATION OF THE SPINNING 
OF THE F4B-2 BIPLANE WITH VARIOUS 

LOADS AND TAIL SURFACES 

142436-35-1 . 

By N. F. SCUDDER and OSCAR SEIDMAN 

Langley Memorial Aeronautical Laboratory 

I 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

HEADQ ARTER, NAVY BUILDING, WASm GTO • D. C. 

LABORATORIES, LANGLEY FIELD. VA. 

Created by art of Congress approved March 3, 1915, for the supervision and d irection of the scientific study of 
the problems of flight. Its membership was increased to 15 by act approved March 2, 1929. The member a re 
appointed h.v the President, and serve a uch without compensation. 

JOSEPH S. A~IES, Ph . D., Chairman, 
Pre ident, Johns Hopkins University, Baltimore, Md. 

DAVID W. TAYLOR, D. Eng., 1'ice Chairman. 
Wa hington, D. C. 

C'nARLEs G. ABBOT, Sc. D., 
Secretary, Smith onian In titution . 

LYMAN J. BRlGGS, Ph. D., 
Director, National Bureau of Standards. 

BENJAMIN D. Jo'OUL01S, Iajor General, "Gnited States Army, 
Chief of Air Corps, War Department. 

WILLIS RA Y GREGG, B. A., 
Chief, United SLaLes \Veather Bureau. 

lLumv F. GUGGENHEIM, M . A., 
Port Wa hington, Long I sland, N. Y . 

EnNEsT J. EING, R ar Admiral, nited States avy, 
Chief, Bureau of Aeronautics, avy Department. 

CHARLES A. LINDBERGH, LL. D., 
New York City. 

WILLIAM P. MA ,CRACKEN, Jr" Ph . B ., 
Washington, D. C. 

AUGUSTINE vV. ROBINS, Brig . Gen. , United tates Army, 
Chief, Materiel Division, Air Corps, Wright F ield, Dayto n, 

Ohio. 
EUGENE L. VIDAL, C. E., 

Director of Air Commerce, Department of Commerce. 
EDWARD P. WARNER, M. S., 

Editor of Aviation, Jew York City. 
R. D. WEYERBA CHER, Commander, United tates avy, 

Bureau of Aeronautic, Javy D epartment. 
ORVILLE WRlGflT, Sc. D ., 

Dayton, Ohio. 

GEORGE vV. LEWl;:;, Dil'ector of Aeronautical Research 

JOHN F, VICTORY, ' ecretary 

HENRY .L E. REID, Engineer in Charge, Langley lvIemorial Aeronaulical Laboralory, Langley Field, Va. 

J ORN J. I DE, Technical /tssistant in Europe, Pm'is, France 

TECHNICAL COMMITTEES 

AERODY AMICS 
POWER PLA ' TS FOR AIRCRAFT 
AIRCRAFT STRUCTUR ES A ' D MATERIALS 

AIRCRAFT ACCIn.E ' TS 
INVENTIONS A ' D DESIGNS 

Coordinalion of Research Need of ]Jl ilitary and Civil Aviation 

Preparation of Research Programs 

Allocation of Problems 

Prevention of Duplication 

Consideration of In ventions 

LA GLEY MEMORIAL AERO AUTICAL LABORATORY 
LANGL EY FJELD, VA. 

'Cnified conduct, for all ageocies, of 
cicntific re earch on the fundamental 

problem of flight. 

OFFICE OF AERONAUTICAL INTELLIGENCE 
WASHINGTON. D. C. 

Collection, cla sification, compilat ion, 
and dissemination of scientific and tech­
nical information on aeronautics. 



~----~-.. ~----~----~--------~--------------------------~--~------------ --------

REPORT No. 529 

A FLIGHT INVESTIGATION OF THE SPINNING OF THE F4B 2 BIPLANE WITH 
VARIOUS LOADS AND TAIL SURFACES 

B.,- K. 1'. R(,UDDEH and OSCAR SEID~I.\" 

SUMMARY 

A flight inl'estigation oj the ,pinning oj the F4B-2 
single-seat fighter airplane was made jor the p'Ul'pose 
oj finding modffications that would eliminate dangerous 
spin tendencie el'hibited by this tY1Je oj airlJ/ane in 
sen'ice, The ~tfect on steady spins and on reCOI'er­
ies oj changing the loading, enlU1ging the fi.n areas, 
changing the elerator plan jorm, and raising the hori­
zontal swjaces, were determined. Fiee fin size, two 
eleratol' plan jorm., and three z'ertical pOlSitiol1s <d the 
horizon tal sUifaces wel'e tested with jour airpla ne load­
ings corresponding to dijJerent ,en'ice conditions jor 
which the Q1'rplane may be used. The e.t!ect on recovery 
oj mrious method oj control manipulation and the 
immediate ~ffect on wrious spin parametel's oj deflecting 
one or more oj the controls jrom the normal setting were 
detf1'wined_ The flight results were analyzed and com­
pared with the result oj spinning-balance tests oj a 
model oj the subject airplane. 

The variations oj loading d1'd not materially affect the 
steady spin or the recoz'ery. Increasing the fin area 
progressiz'ely improved ease oj recol'ery but had little 
~ffect on the steady spin; and modifying the elerator to 
diminish inteljerence had little beneficial effect. Rai ing 
the horizontal sUljaces gCLl'e the most pronounced bene­
ficial ~fJect on reCOl'ery, making po sible recoe ries in 
less than one t'urn . The alterations made to the hori­
zontal and 1'ertical S1t1jaces jor the test did not introduce 
undesimble flying characteristics. Flight telds and 
model tests were in general agreement but there were 
apparent discrepancie in cel·tain details, particularly in 
regard to the comparative merit oj saeraZ ways oj 
manipulCLting the controls jor recovery. 

Dang rous spins were encountered during the tests 
as a r'esult oj di placing the controls, particularly the 
rudder, away jrom the usual position jor the normal spin. 
Obsel'wtion.s oj the manner in which the e dangerous 
spins were started indicated the probable conditions under 
which trouble had been experienced with this airplane in 
service. 

INTRODUCTION 

At the request of the Bureau of Aeronautics, Navy 
D epar tment, it 'cries of tests of the spinning of the 
F4B-2 airplane was undrrtaken by the National Ad­
visory Committee for Acronalltics. Information was 
desired regardin!l the Still plest mean of satisfactorily 
CO l reeling the bad "pin characteristics tll<11, this type 
of airpbne had exhibited in scn-icC'. Following the 
completion of the tcsts spccifically reque. ted, wllich 
were reported to the Bureau of Aeronautics in Janu­
ary 1033, furthC'r lests of a more gcneml nature were 
111<1<1e a pnrt of the spin-I'CSellrch program bring con­
ducted by thc K. _\.. C. A. Part of thi work was the 
mensuremen l, by lllC'ans of the spinnin()' balance, of the 
force and IUOlllrnt acting 011 a model of the airplane 
during pinning motion. The model tests have becn 
reported in reference 1; the present report gi \Tes an 
account of all the 1light tests. 

The ilight te l permitted a compari on between the 
efl'ects on the. pin of 4 difl'erent scrvice loading con­
dition , 5 differcnt fin areas, 2 clenltor plan forms, 3 
diO'e['C'nt stnbili7.cl' and elenltor locations, and Yarioll 
amounts of rudder deflection, Four di[J'erent c]a es 
of mea urements and ob~el'\- ation were made: The 
number of turns required for recovery were deter­
mined for enry condition tested; records were made 
for the steady spin and annl.Y7.cd for thcir agreement 
with preyiou te t ; time hi"tories of Seyell of the 
pin were prepared to show thc immcdiute effects of 

control- mfacr di placements; and, in ('\'ery ca e in 
which circumstances indicated the ndyi<:nbiliLy, ob­
servations were made regarding the effect of the 
change to the airplane on handling characteri tics in 
normal and acrobatic fl~~nO', 

The study of the effect of the foregoing modifica­
tion was facilitated by Inn ing a\'uilllble the 1'e ults of 
spinning-balance test on a model of the nirplnne with 
two of the fin and rudder combinations u. cd in flight 
(reference 1) and the result ' of te t on another model 
(reference 2) \\~th the horizontal surface" mounted in 

1 
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- Areas - sq. ft. - 12,17'-
Wing's: upper(includ-

ing ailerons)··141.4 
Wings : lowerCthrough 

fuse lage) ·· 94.7 
Total · ..... . ··236.1 

Ailerons,total······· 14.68 
Stabilizer 19.9 
Elevators,standard 
(including balance) .. 17.88 
Elevators, modified 
(including balance) .. 18.14 

-Control deflections-
Aileron up · .... · .... · 22.8° 

down· ....... 16.3° 
Elevator up ........ ·28.3° 

down·· ···· ··· 30 .5° 
Rudder. normal · ... _ ...................... ±2S· 

. slops moved back,stand. elevator ±34· 

R2 r'-r"----7. 43' 
I ' 

r ". .' "~ 

Hinqe 
t. 

,modified ± 35° 

1.~65· 

." ---.~.'-::+~ r] 
: : ,/ : :' 

(/::·t~.p-: 
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:: : '.\, 
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Moment of inertia of propeller 
4.7 slug-feel' 

l ----~ ---J 

r

--------30'0"----

r----------------~2633'---------- -l-1 

FIGURE I.-Three-view drawing 01 the F4B-2 airplane and modified elevator. 
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several positions . The results of the tests of the first 
reference were directly comparable and those of the 
second, though made on a dillerent monel, could be 
:tpplied qualitatively with certainty. 

APPARATUS AND METHOD 

The airplane with which these tests were made was 
a carrier fighter biplane powered with a 450-horse­
power Pratt & Whitney engine. A line drawing 
showing the arrangement and dimensions of the air­
plane is given in figure l. 

The several combinations of vertical surfaces tested 
are shown in figure 2. Figure 2 (a) gives the outline 
and dimensions of the original F4B- 2 surfaces. In 
figure 2 (b) are shown the F4B- 3 rudder, F4B- 3 fin 
(dotted), and F4B- 4 fin (full line). The F4B- 3 rudder 
did not fit this airplane exactly, which cansed the upper 
tip of the rudder to project above the top of t.he fin 
n bout 2 inches. With the exception of the small 
extra m'ea at the top, this rudder was of the same shape 
and size as the standard F4B-4 rudder and will be 
referred to hereinafter as the "F4B-4 rudder" when 
discu sed in connection with the F4B- 4 fin. In 
figure 2 (c) the F4B- 4 fin and rudder and three 
auxiliary fins are shown: two sizes of fin above the 
fuselage and one below. The particular shape of 
auxiliary fin no. 3 was chosen because space would not 
permit adding the large area desirable at the tail of the 
fuselage without altering the tail-wheel a sembly and 
possibly involving other complications. The areas of 
the fin and rudder combinations 'were as follo\\-s: 

Fin and rudder com bina tion Tolal 
area 

---------------------

F4B-2 fin and rudder __________________ 
sq.!I. sq. !t_ sq .! t. 

l. 92 7. 68 9. 60 
F4B-3 fi n and rudder ____________ ----- 4. 62 S. II 12. i3 
F4B-4 tin and rudder __ 

a-nrl-~~~ il i~ ;i; 
6. 35 S. ll 14. 46 

F4B-4 fin and rudder fin no. L __ _______________________ 9.46 S. II 17.57 

F<H " .. , '""" ." . . .. " . " "-I F~~lfi-n iind -rudcie-r-a;]ci o;'x'ii i.;);fl,;s-
I I. 32 . 11 19.43 

nos . 2 and 3 ___________ ___ __________ 15.79 .11 23.90 

The horizontal-surface combination te ted were the 
modified elevator, shown (dnsh line) on the plan view 
of the airplane in figure I, and the raised stabilizer 
and ele\'"ator positions shown in figure 2 (d), in addition 
to the original condition shown in figures 1 and 2. The 
modified elevator had about the ame area as the origi­
nal, but the plan form used was such that less unfavor­
able interference might have been expected. (ee 
reference 3.) The two new stabilizer positions were 
18.5 and 37 inches directly above the original position. 
In the intermediate position it was possible to use the 
same type of tailplane bracing a was employed in the 
original installation_ With the surfaces in the high 
position, however, a special set of struts was neces ary. 
These extra struts would not be required in an airplane 
originally designed for a stabilizer in the high position 
so that the loss in airplane performance associated 

F4B-3 Rudder­
F48-4 Ft"n-_ 
F4B-3F/n ----... 

----... 

---------.- -----''''----

(b) 

.------------------ ----'~~ ----+ 

L-----=:::::::===~ . (c) 
''':' '-Aux. fin No.3 ~.\ . II .L--J;::===-___ 5875' . ~-. / 0 4 ' 

Areas 

Rudder, F4B-2 ____ 7.68 square feet. Fin, F4B-2 ______ 2.00 square feel. 
Rudder, F4B-3 (F4B-l) ___ .11 square feet. F in , F4B-3 _____ A .62 square feet. 

F in, F4B-4 ______ 6.35 square feet . 
Fin, Aux. no. L _____ 3.11 square feet. 
Fin, Aux. no. 2 _____ _ 4.97 square feet . 
Fin, Aux. no. 3 ______ 4.47 square feet . 

:F IGURE 2.-Fins, rudders, and horizontal surface positions tested witb tbe 
F4B-2 airplane. 
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(11) F 1 B-3 fin and rudder. 
(b) }'W-l fin and rudder. 
(c) F4ll j fin [lnr! rudder with 110.2 auxiliary fiu. 

(d) F4D-! fin and rudder wiLh no. 3 auxiliary fin. 
(c) Stabilizer and elevator ill intermediate position. 
er) Stabilizer and clo\'alor raiser! 10 lOp of fin and rudder. 

FII, PRE 3.-The F·JB-2 airplauo ant! tho severaJ taiJ-surface armngemonts te.ted. 
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"'iLh these truts ne d not be con idered a disad vantage 
inllerent in tltis arrangement. The photographs (fig. 
3) show tbe actual in tallations de cribed in this and 
Lhe preceding paragraph. 

The load conditions te ted, which were specified by 
the Bureau of Aeronautics, Navy Department, when 
the tests were requested, were a follows: 

Airplane stripped ____________ 50 gallon of fuel carried. 
Equipment removed: arrest­
ing and flotation gear, oxygen 
e qui p men t, pyrotechnics, 
first-aid kit, life jacket, 
auxiliary tank. 

Airplane with I)ormal load _ _ _ _ 30 gallons of fuel. 
ormalload+radio+raft _____ 50 gallons of fuel, life raft, and 

radio. 
Carrier oyerload ___ __________ 110 gallons of fuel, auxiliary 

tauk, and all equipment 
including life raft and radio. 

A parachu te wa a tLached to the tail of the airplane 
to aid recoyrry in cn e a completely uncontrollable 
spin shoull den'lop during the te ts. A special installa­
tion was deyeloped nfter information had been received 
from the Flight Test ection, Javal Air tation, 
Anacostia, that a much implel' arrangement te ted by 
them had not been entirely satisfactory. In the latter 
en e the parachute was folded and carried by the 
pilot, the bridle line pH sing out of the cockpit to a 
point of attachment at the tail. Wllen it was de ired 
to use the parachute in a pin, the pilot threw it o\'er 
his shoulder. Titis procedure wa unsa tisfactol y 
becau e the parachute sometimes fouled the rudder 
balance horn and because in one case it fell on top of 
the stabilizer and would not blow of!'. TIllS exp rience 
indica ted the nece i ty of placing the parachu te in a 
pack in such a position that it would be thrown c.:lenr 
of the empennage in a positi ,Te manner. The N. A. C. A. 
installation wa therefore designed to mOllnt tlte pack 
aboye the fin and rudder a hown in figure 4. The 
original form of the pack wa uo-o-ested by Qt:1lr "f; t . 
C. F. Russell, then in charge of the Parachute ectio'l 
at Langley Field. Tbe operating gear " 'U so arnlrlged 
that the pilot could open the parachute by pu !ling n 
lever to a stop, Sub equently he could relea e the 
parachute from the airplane by moving the le,' e1' 
around the first stop and pushing it farther. The 
nominal diameter of the parachute was 8 feet, i . e., 
when the canopy was spread out on a flat urface it 
formed a disk 8 feet in diameter. It wa provided with 
a 50-foot bridle line, which wa long enough to permit 
the parachute to follow more smoothly both durino­
the spin and when bei.ng towed behind the airplane in 
traight flight than was po sible with a hort line. 

The parachute wa carried for the preliminary te t 
and until the pilots had become familiar with the 
spinning of the airplane. It was not needed for 
emergency u e but was opened once during a pin to 
observe its action. It opened immediately with an 

eIl'ect that was rather startling and unplea ant bccau e 
it was so sudden. The airplane pitched forward 
rapidly until the fu elage was nearly vertical and the 
rate of rotation increa ed greatly. Without waiting 
for further development, the pilot relea cd the para­
chute and executed a rapid recovery from the spin. 
It was concluded that the marked increase in the 
rate of rotation followed partly from the decrease in 
moment of inertia about the axis of rotation as the 
latter axis was turned toward the longitudinal axis of 
the airplane and partly from the high equilibrium rate 
of free autorotation u ltally occurring at low angles of 
attack. This high rate of rotation probably would 
have diminished almost as rapidly as it developed had 
the pilot waited a few seconds before moving the con­
trols or releasing the parachute because the ground 
observers and the pilot l.l.O'reed that the airplane was 
in a low-angle-of-attack dive at the time the pal'Uchute 

FIGURE 4.-Parachute pack, ,upport, and operating gear mounted on tail 01 
FlB-2 airplane. 

wa relea ed, havino- pa ed through and beyond the 
angle of attack for maximum rate of autorotation, 
These observation indicate that the parnc1l1ltc would 
have been an eIl'ective emergency de\rice in ca e the 
control had proved inefI'eetiw. 

The weight of the parachute and gear at the tail 
made it impo ible to obtain the exact loading condi­
tion pecified. For thi rea on the loading condi­
tions for the preliminary te t are de ignated "ap­
proximate tripped," "approximate normal load," etc. 
The difference between the exact loadino- condition 
and the appro:\."imate ynlues were light. The para­
chute and gear were l'emo\' ed in order to obtain the 
pecified loading conditions exactly. .\11 testR not 
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designated in tflble I as being made with an approxi­
mate loading are understood to have been made with 
the exact loading specified and with the parachute and 
gear removed. 

The moments of inertia and the center-of-gravity 
position were mea ured by the tandard . A. . A. 
compound and bifilaT pendulum method before any 
changes were made to the airplane (reference 4) . 
Thereafter, account of all changes to the airplane or 
its equipment wa carefully kept and the moments of 
inertia and center-of-gravity po ition were computed 
for each change to the airplane or it load. Most of 
the errice equipment called for in the specification of 
loading was actually used, but when parts of it weI' 
not a.vailable, equivalent ballast was substituted. 

"hen the airplane was received, the fin was rigged 
with the normal offset of 2.20 to balance IJropeller 
torque. This etting wa retained for the fir t part 
of the tests, but later all fins were set neutra l in order 
to make the l'igh t and left spins as nearly alike a 
pos ible. early all of tbe test for which records arc 
reported herein were made with fins et neutral. The 
wing incidence wa mea ured and a noticeable vari­
ation along the pan was found. Thi variation may 
be roughly ummarized by the statement that the 
left semispan of the wing e11ule had a. wa hin of W. 
The stabilizer was et parallel to the thrust axi for 
all spins, including tho e in which the tabilizer wa 
in the raised po itions. With th e exception of a. few 
cases noted with the da ta, the propeller wa stopped 
for all te t in which record were made. In order to 
comply as clo ely as possible with a reque t for tests 
with increa cd rudder throw, the rudder tops were 
l'1m fully back 0 t hat a deflection of ±35° wa 
obtained with the modifled elevator, and one of ±34° 
with the tandard, compared with ± 20 o for Lhe deflec­
tion when the airpl ane wa received. 

The test to determine turn required for recovery 
were made with a numb I' of different combination 
of control manipulation, all of which arc indicated in 
tn.ble IV. Tbe turns reported were coun ted from the 
heading at the time tbe pilot ta r ted to move the con­
trol to the beading at which rotation stopped. Other 
test, in which the instruments were operated, re­
corded the data for the steady spin or for the time 
history of a complete spin. 

The instrument installation, wbich wa essentially 
the same a that described in reference 5, consisted of 
three electrically driven gyro copic angular-velocity 
recorders, a three-component air-damped accelerom­
eter, a. recording altimeter , a three-component con­
trol-position recorder, a en itiYe indicating altimeter, 
and a top ,,·a tch . These in truments measured all 
the q\lantitie necessary for a complete determination 
of the spinning motion. 'Vhen making records of 
complete spin, the chal1O'e of alti tude wa. dctermin cI 
from the recording instrulTIen t; for steady- pin measu re-

ments a more accurate determination of vertical 
velocity was made with a sen itive indicating altimeter 
and a top watch. 

The re ult for the steady- pin measurements were 
computed in the manner indicated in reference 5, the 
accelerometer reading in each case being corrected to 
the center of gravity of the airplane . 

PRECISIO 

In general , the preci ion of these tests was eq uiva­
lent to that of reference 6. The first record were 
made without a careful checking of in trument opera­
tion as should have been employed because of the 
urgency of completing thi part of the work. early 
all of the records reported herein, however, were made 
with the nece ary care 0 that the precision may be 
ummarized as follow: ano-ular velocity, ±3 percent 

for each component ; acceleration, ± O.05 g; interval 
of altitude, ±3 percent; time, ± 2 percent; weight, ± 1 
percent; moments of inertia, ±2.5 percent, ± 1.3 
percent, and ±O.8 for A, B, and C, re pectively. 

The preci ion stated in the previou paragraph ap­
plies to the record pre en ted in the time hi tories 
(figs. 5 to 12) for the parts of the l'ecords that are 
steady 01' nearly so; for the parts of the records where 
rapid changes of angular velocity were taking place 
the angular velocity reported may be considerably 
i.n error owing to lag in the oil-damped angular­
velocity recorders. 

RESULTS AND DISCUSSION 

The numerical results are presented in four ta bles 
as follows: T able I.- Properties of Airplane; T able 
IT.- Instrument Data; Table III.- omputed Data ; 
and Table IV.- Summary of Spin Recoveries. P ar t 
of the re lilt are al 0 given as time histories in fig ures 
5 to 12. 

All symbols arc defined in the covers of the report 
except a follows: ax is th e angle of aLtack at the 
plane of symmetry roferred to the ai rplane X axis 
and (3 is t11e angle of side lip, the angle between the 
relative wind and the plane of symmetry. The ign 
of the angle of ides1ip is the same a the ign of the 
component of velocity along the lateral axis. 

The efi'ect of the variations of fin and rudder ize 
and of stabilizer position on the characteri tics of thi 
airplane in normal and acrobatic £light a reported by 
the pilots may be summarized as follows: The larger 
fin eliminated the directional instability that was yery 
noticeable with the smallest fin and rudder; r udder 
forces were increased slightly but not objectionably; 
all acrobatic maneuvers could be readily executed wi th 
all the combinations of surfaces tried and it wa con­
sidere 1 that with the larger fins (eKc pt po sibly the 
condition with the F4B 4 fin and nlddor and auxi liary 
fin s nos. 2 an 1 3) the control of the airplane during 
ac robatic manellyer " "n more definite and satisfactory 
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than with the small fin and rudder; no noticeable dif­
ference was introduced in the flight characteristics by 
raising the horizontal surfaces except that for the 
highest position the maximum speed was diminished 
and there was a noticeable tendency of the airplane to 
lose speed during acrobatic maneuvers. This effect on 
the speed was to be expected as a result of the addition 
of several extra struts at the tail to support the control 
surfaces. 

Before recommendations based on the results of the 
fin tests were made it was desired to determine as 
reliably as pos ible whetll er the airplane could be forced 
into spins not already observed during th e tests. The 
results of attempt to force the machine into such 
unusual spins were reported to be entirely unsucce sful; 
i. e., if a spin was obtained in any of the various types 
of entry tried, it always returned to the normal spin 
as soon as the controls were returned to the normal 
position. For some of these trials, power was used. 
Aside from the effect on the spin, which was urum-

portant, it should be noted that the vibration produced 
by the two-bladed propeller was very uncomfortable 
to the pilot and had a destructive action on the air­
plane structure. All the drag and antidrag tie rods in 
the upper and lower wings were made slack inboard of 
the interplane struts and two of them were actually 
broken as the result of about 6 spins of 3 or 4 turns each 
with about half-throttle power. 

The discussion of the results, in the following para­
graphs, is based on the comparison of average values of 
spin parameters from the records obtained with each 
spin condition. These averages are presented in short 
tables at the beginning of the discussions of the effect 
of each of the several variables studied in the investiga­
tion. The second column of each of the tables gives 
the numbers of the tests averaged so that an idea of the 
relative weighting of the averages may be gained. It is 
possible also to find the complete description of the 
test conditions for each case by using the test numbers 
in referring to table 1. 

EFFECT OF LOADING 

Loading Tests averaged n a 
x B v Radius 

1---------------1------------------ ------------

Approximately stripped , . .. •... . ..•............ 15R: 1,2,3,4; 16R: I, 2, 3; 23H. : 7, ,9,10. 
rad./sec. 

2.57 
2.94 
2. 7 
3.06 
2.73 
2.84 
3.16 
3.21 

44.5 
43. 
45.2 
45.3 
4 .5 
46. 4 
52.4 
50.4 

-1.9 
il./sec. 

114.2 
103.9 
114.9 
123.0 
113.5 
124.4 
114.5 
114. 

Peet 
4.0 
3.5 
3.4 
3.1 
3.9 
3.7 
2.4 
2.6 

0.364 
.424 
.376 
.373 
.362 
.342 
.414 
. 420 

Normal' . .................................... 26R: 3, 5, 7 . ... . ..•.............•........ -1.2 
Normal+radio+raft , ........................... 27R: 3, 4, 5, 6 . . ...•.............•.. .. .... -2.0 
Carrier overload , ... ............. ............... 37R: 1,3,5,7; 36R: 3, L .............. . o 

-.4 ormal+radio+ raft , ........................... ASSR: 2, 5, 6; 59H: 1,3, lL ........... . . 
Carrier overload 2 __ ___ __ ___ ______ _ __ ____________ 73R: 1,3,5,7.11 ____ ______ _________ ___ _ _ -2.6 
NormaJ+radio+rart , .........•................. 47R: I, 2, 3, 4 •••••••••••••••..••••••••••• 
Carrier overload , ...•........................... 49R: I, 2, 3, 4, 5 ..•. ....•..... .. •.. . ..... 

-1.0 
-3.5 

1 F4B--4 fin and rudder, standard elevator. , F4B--4 fin and rudder, modified elevator. , F4B-3 fin and rudder, standard elevator. 

The effects of the changes in loading compared in 
these tests are the effects of changes both in wing 
loading and moments of inertia. (ee table I for load­
ing and moments of inertia.) The e result are of 
interest because they show the effect of ordinary varia­
tions of service loading. Generally speakino-, the 
changes in the steady spin associated with these loading 
changes were almost too small to be noticed. The 
changes were the expected increase in angular veloci ty 
and linear velocity with increa e in loading. The 
angles of attack and sideslip did not change appreciably 
nor show a definite trend, the maximum variation 
between comparable condi tions being 2.5 0 chano-e in 
sideslip and less change in angle of attack. 

o difference could be noticed in the number of turn 
required for recovery with the various loading con­
ditions. The variations between different tests with 

the same loading condition were usually as great as 
the variations between te t with different loading 
condition. As the theory indicate (reference 7) that 
the condition with center of gravity far forward might 
have bad effects, one group of te t wa made with the 
center of gravity at 27 percent of the mean aero­
dynamic chord. A compari on of the results of this 
group of te ts with the comparable tests having the 
center of gravity at 31 and 34 percent of the mean 
aerodynamic chord showed no e sential differences. 

teady spins with the larger fins were at somewhat 
lower angle of attack. The other parameters of the 
pin varied through mall ranges in a manner that was 

not ignificant. Thi re ult is to be expected because 
all fin and rudders u ed, except for no. 3, were in 
such po itions that the surfaces would have bad in­
terference effects from the horizontal surface, and 

EFFECT OF E LARGED FL AND RUDDER 

Fin and rudder Tests averaged 11 a 
]( 

B v Rsdius 
Ilb 

-------------------------- 1--- ---------------

F4B-2fin and ruddeL •...• _ .. • _ ••• _ ••.......... 91R: 1; 93R: I, 2, 3 ........••• _ .....•••. . 
F4B-3 fln and rudder , ..................•....... 47R: 1,2,3,4 ....•.......... . _ ......... . 
F4B--4fin and rudder .....•....•........ ••...... A 9R: 1,2,3 ................. _ ........ . . 
F4B--4fin snd rudder, aux. fin no. 2 •••••••••••• • OOR: 1,2,3 ....... ... .... .............. . 
F4B--4fin snd rudder, aux. fin no. 3 ,............ 83R: 1,3,5,7,9 .. .............. . .. ..... . 

rad./sec. 
2.7 
3.16 
2.7 
2.68 
2.86 

52. 
52.4 
50.1 
48.9 
46.4 

- 1. 
-1.0 
-1.9 
-.8 

.3 

ft ./sec. 
10·1.1 
114.5 
111.1 
110. 
114.5 

Feet 
3. 2 
2.4 

. 3.4 
3. 7 
3.7 

0.401 
.414 
. 376 
.363 
. 373 

, Fin offset 2.2°, motor idling. 

142436-35-2 

, F4B--4 fin offset 1.55°, motor idling. Carrier overload in these tests, all others normal+radio+rart loading. 
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fin no. 3 was not far enough aft of the center of gravity. 
These variations in fin area were tried because it was 
desired to find a means of improving the spin charac­
teristics of this type airplane without having to make 
major structural changes. 

Comparison of the merits of the several modifi­
cations of fin and rudder shows progressive improve­
ment in recoveries as the area of the vertical surfaces 
was increased, with the exception of the addition of 
the fin under the fuselage. This conclusion is based 
on the average of the turns required for each condition; 
some individual cases may be noted in which the im­
provement is not evident. In no case with the large 
fins did the airplane develop spins from which recovery 
seemed doubtful when the controls were set for normal 
recovery. Throughout the report" normal recovery" 
is understood to mean rudder completely reversed, 
stick neutral laterally and forward of neutral longi-

tudinally, with both control displacements being ap­
plied smartly and simultaneously. The details of the 
dangerous spins occasionally encountered with the 
F4B-2 fin and rudder will be discussed in the paragraph 
on the effect of control displacement. 

The tests made with the spinning balance (reference 
1) in which the forces and moments were determined 
for spinning attitudes of a model of the F4B- 2 air­
plane with the F4B-2 fin and rudder and subsequently 
with the F4B- 4 fin and rudder are of interest in con­
nection with these observations. The conclusion 
reached by comparing yawing moments indicated that 
there should be little difference between the steady 
spins for the two sets of surfaces. This result is in 
agreement with the corresponding flight results. 
Likewise, a conclusion from this reference that the 
F4B-4 fin and rudder should give more rapid recoverie 
is in agreement with the flight results previously staten. 

EFFECT OF MODIFIED ELEVATORS 

Elevator Loading Tests averaged ar f3 V R adius fib 
2V 

---- ----1---------1---------1--- --- ------ ------
rad. /sec. 

F 4B-2........ . . . ...... .. . Torm al+ radio+ rafL . . ....... 27R: 3,4, 5,6 __ ...... . ...... . . 2. 7 45.2 
4 . 5 
45.3 
46.4 

Jt ./sec. Feet 
-2. 0 1I4.9 3.4 0.376 

.362 

.373 

.342 

M odified .... _ .....•........... do . ........... . . . .... .. .... ASSR: 2,5, 6: 59R: 1,3, 11. ... 2. 73 -. 4 113.5 3.9 
F4B- 2 ....... . ..... _ .... . . Carrier overload .. . ..... . . _ .. _. 36R : 3, 4; 37R: J, 3, 5, 7... ... . 3.06 o 123.0 3.1 
lIIodified . . . .. _ .. _._ ••. .. _ ..... do ....... . _ . ..... .. . •... . .. 73R: 1,3,5,7,11. ... .... . .... 2. 84 - 2.6 124.4 3.7 

The modmed elevators (with F4B- 4 fin and rudder) 
had very little eiIect on the steady spin. The rate of 
rotation was lightly less and the angle of attack 
slightly greater with the modmed elevators than with 
the standard elevators. Sideslip varied somewhat, but 
no trend could be observed when the effects for the two 
loading conditions tested were considered. 

The modified elevators made a noticeable improve­
ment in ease of recovery for some methods of control 
manipulation, especially with stick forward. Improve­
ment in recovery by this method would be expected 
because the interference produced by the modmed 
elevator when in the down position would be less than 
the corresponding interference of the original form. A 
somewhat greater favorable eiIect was anticipated 
from the results of wind-tunnel tests made for the 
Bureau of Aeronautics, avy Department, (reference 
3) on a stationary model. These tests showed that 
at an angle of attack of 45° the rudder moments were 
50 percent greater for the modified elevators than for 
the elevators in the original form. Earlier model tests 
made in England (reference 8) on a similar stabilizer 
and elevator indicated that slightly greater rudder 
moments again t the spin were possible with modified 
than with standard form of elevator. 

EFFECT OF STABILIZER POSITION 

P osition of Tests averaged fI fJ V R adi· Ub 
stabilizer a;c us 2V 

- - - - - - - - ----
rad./sec. 0 0 Jt ./sec. Feet 

Origina l Oow) .. A 9R: 1, 2, 3 ... 2.78 50.1 -1.9 Ill. 1 3.4 0.376 
Intermedia te . .. 112R: 1,2,3 .. . . 2. 4 47.6 -2.7 110. 0 4.8 .387 
nigh .. _ .. .•... . AI07R: 1,2,3 . . 2.78 SO.S -4.4 lOB. 3 3. 1 .3S4 

Raising the stabilizer and elevator produced no con­
si tent variation or trend of the equilibrium values of 
the important spin parameters. This result is consist­
ent with what would be expected because wind-tunnel 
tests have shown (references 2 and 9) that although 
raising the horizontal surfaces generally increases the 
damping yawing moment and diminishes the aerody­
namic pitching moment, the change in these two 
moments at 50° angle of attack is negligible when the 
rudder is set with the spin. 

The ease with which recoveries could be made was 
decidedly improved by raising the stabilizer and ele­
vator, especially when the stabilizer and elevator were 
raised to the top of the fin and rudder. Even raising 
the stabilizer to the intermediate position gave better 
results than were obtaincd with the largest fins tried. 
Of all the conditions tested only the one with the sta­
bilizer and elevator at the top of the fin gave satisfac­
tory recoveries with the controls held neutral. In this 
case recovery was usually accomplished in 1}~ turns and 
in no instance were more than 3 turns required. Such 
recoveries are quite satisfactory for an airplane having 
the wing loading of the subject airplane, especially since 
very fast recoveries can be made by setting the rudder 
against the spin. 

Holding the stick forward caused an increase in 
angle of attack for the tests with stabilizer and elevator 
in their normal position and a decrease in angle of 
attack when they were 'in the high positions. The 
first result i in agreement with previous test experience 
and the results of a theoretical study of the effect of 
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A FLIGHT INVESTIGATION OF THE SPIN ING OF THE F4B- 2 BIPLANE 

EFFECT OF VARIATION OF COL TROL SETTING 

Control setting Tests a I'eraged a 
X f3 v Radius fib 

2V 
--- --------1------------------- --- - -----------

'fest condition 1 1 
Tormal. ______ __ ___ _____ ______ __ ._ 

Elevator down ______ __ ____ _______ _ 
Ailerons with spin ___ ____ ________ _ 
Ailerons against spin ___ _____ _ ___ _ 
Rndder against spin __ ___ ______ ___ _ 

Test condition 2 

A89R: 1,2,3 ____ _______________________________ __ _ 
6R: 1,2,3 _____ ____ _____ ____ __ _______________ ____ _ 

96R: 1,2,3' A96R: 2,3 _______________ __________ _ 
97R: 1; A97R: 1, 2, 3__ __ __ ___ __ _________ ___ _ 
87R: 2 ___ ______ _________________________________ __ 

NormaL _____ _________ __ _______ _ 
Elevator down __ . __ __ ____ ________ _ 
Ailerons witb spin __ __ __ _________ _ 

1l3L: 1,2,3 ___ ____________________________ _ 
BI14L: 1, 2,3; E1l4L: 1,2,3 __ __ ______________ ____ _ _ 

Jl5L: 1,2,3 ___ ____ __________________ _________ _ _ 
Ailerons against spin __ _______ ___ _ 

Test condition 3 
116L: 1,2,3 ____ _____ ___________ ____ ___ ___ __ ___ __ _ 

NormaL __ _________ __________ __ _ AL03L: 1,3 ______ _______ _____________ __ .. _______ _ __ 
Elevator down _____ __ ________ . __ 
Ailerons witb spin __ _____ __ ______ _ 

AJOoL: 1,2,3 _____ _____ _________ __ ____________ ____ __ 
AI04L: 2, 3 ________________ _____________ __________ _ __ 

Ailerons against spin _ ____ _______ _ 
Test condition 4 

!06L: 1,2,3 _____ ____ __ __ _____ __ _____ __ _____ _____ _ _ 

NormaL ___ _____________ _______ _ 36R: 3,4 _____ ____ _____ ________________ _________ __ 
All neutraL ____ ___ ____ _______ ___ _ 30R: 3' ___________ ___ ____ ___ __ _______ __ _______ __ _ 
Ailerons wit.h spin __ ____ ___ ____ __ _ 
Ailerons against spin ____ ____ _____ _ 

36R: L _______ ____________ _______________ ___ _____ _ 
36R: 2 ______ ___ ___ _____ ___ _________________ ______ _ 

Test condition 5 NormaL ______ _____ ___ __ ___ _____ _ _ 91R: 1; 93R: 1,2,3 ___ __ ____ __ ____ ___________ ___ ___ _ 
All neutraL __ _____ __ __________ ___ _ 

Test condition 6 
D95R: 1,2,3 ___ ____ ___ ______ __ __________ _______ ___ _ 

NormaL __ _______ ___________ ____ _ _ 
Rndder against spin ___ ____ _____ _ _ :~~~ ~: :~_~,_ ~:_5 ______ :::::::::::::::::::::::::::::::: 

I Test conditions: 
1 F4B-4 fin and rudder, normal + radio + raft load, stabilizer lOll' . 

Tad·lsee. 
2.78 
3.60 
3.14 
3.01 
3.67 

-2.94 
- 3.59 
-3.04 
-2.80 

-2.80 
-3.41 
-2.74 
-2.75 

3.07 
3.61 
3.21 
3.06 

2.78 
3.32 

3.21 
3.57 

50.1 
53.7 
47.2 
50.1 
37. 1 

50. 3 
47. 3 
50.6 
50. 5 

51.6 
49.5 
53.1 
45.2 

40. 2 
41. 4 
42.2 
47.7 

52.8 
43. 9 

50.4 
46.5 

-1.9 
-4.6 

7. 9 
-7.1 
17.1 

-2. 1 
2. 1 

- .7 
4. 3 

1.4 
o 

-1.1 
4.8 

- .4 
1.2 
6.6 

-2.1 

-1.8 
-1.1 

-3.5 
14.3 

fl./see. 
lI1.1 
95.7 

107.7 
105. 4 
12"2. 6 

106.2 
103. 8 
109.3 
107. L 

103.9 
99.4 

103.5 
102.2 

123.4 
119.4 
129.4 
124.3 

104.1 
108.0 

114.8 
132.3 

Feet 
3.4 
2.0 
2. 
3. 0 
3. 2 

4. 4 
3. 7 
3. 7 
4. 5 

3. 0 
2.2 
3.0 
3.1 

3.1 
2. 6 
3.0 
2.9 

3. 2 
3. 1 

2.6 
2. 4 

0. 376 
.563 
.539 
. 429 
.449 

-.416 
- . 520 
-.418 
-.392 

-.404 
-.515 
-.397 
-.404 

.374 

.454 

.372 

.370 

.401 

.462 

.420 

.405 

2 F4B-4 fin and rudd>r, normal + radio + raft load, stabilizer intermediate. 
3 F4B-4 fin and rudder, normal + radio + raft load, stabilizer high. 

4 F4B-4 fin and rudder, carrier ol-erload, stabilizer low. 
5 F4D-2 fin and rudder, nortnal + ra Iio + raft load, stabilizer low. 
6 F4B-3 tin and rudder, carrier overload, stabilizer low. 

9 

pitching moment alone. Spinning-balance tests on a 
model of this airplane with F4B-4 surfaces (reference 
1) showed that at an angle of attack of 46°48' deilect­
ing the elevator from up to down increased the diving 
moment and had practically no effect on the yawing 
moment. As there was very little change in sideslip 
angle for these tests the theory in its simple form 
applies. (See reference 7.) For the tests with the 
surfaces in the high position it should be noted that 
there were components of aerodynamic moments 
acting that did not exist with the horizontal surfaces 
in the low position. From the tests of reference 2 it 
may be seen that probably the pitching moment 
produced by putting the elevator down was slightly 
less and an appreciable component of interference 
yawing moment opposing the spin was produced 
where the elevator was put down, although there are 
no direct measurements available to show the magni­
tudes of these effects. Such moment differences 
combined with the particulfir rna s properties of the 
subject airplane seem to be con istent with the 
observed results. 

relations of the spin parameters. As a matter of fact, 
it was very difficult with the F4B-4 fin and rudder 
to make the spin continue with rudder reversed and 
it was only after many attempts that the one spin 
from which the e results were obtained was success­
fully made. Spins with rudder reversed were more 
easily obtained with the smaller F4B-2 fin and rudder 
and the same general results were observed in the 
steady spin as with the larger rudder. This relation 
between the ease of continuing the spin with rudder 
reversed for the two rudders tested in flight has been 
found to hold also when comparing the results of the 
model tests (reference 1). The results of the model 
test indicated that it should be possible to continue 
the spin with rudder reversed as easily as with the 
rudder set with the spin in the case of the F4B- 2 
fin and rudder; whereas in the case of the F4B- 4 
fin and rudder the pos ibility of continuing the spin 
with rudder reversed would be less likely than in the 
former case. 

Setting the controls neutral caused a decrea e in 
angle of attack and increase in rate of rotation. In 
this case, data are available (reference 1) which show 
that diving moment and damping yawing moment are 
produced. The increase of rate of rotation results 
from the increased diving moment, and the decreased 
angle of attack follows as a consequence of the change 
in both pitching and yawing moments. 

Reversing the rudder caused a very high rate of 
rotation, low angle of alitack, and large angle of inward 
sideslip. These results, provided that it was known 
that the spin could be made to continue with rudder 
reversed, could all have been predicted qualitatively 
from the charts in reference 7 showing the general 

The effect of deflecting the ailerons full with and 
again t the spin varied in some respects with the posi­
tion of the horizontal tail surfaces. In all the tests, 
deflecting ailerons with the spin .caused in"mrd side­
slip and deilecting them again t the spin caused out­
ward sideslip a compared with the corre ponding val­
nes for aileron neutral. In the two groups of tests 
(two different loading condition ) with the stabilizer 
in its low position, the angle of attack was diminished 
by de.flecting the ailerons \'v-1.th the spin and wa held 
constant or slightly increa ed by defiecting the aile­
rons against the spin. With the stabilizer in the in­
termediate po ition, the angle of attack was constant 
for all three of the aileron settings and with the sta­
bilizer in the high position, the change in angle of 
attack with aileron deilection was opposite to that 
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previously stated for the tabilizer in the low po i­
tion. These effects are attribu table to changes in 
moments from two ource; namely, the changes in 
rolling and yawing moment of the wings a a result of 
aileron deflection and the change in yawing moment 
of the tail as are ult of sideslip changes. For example, 
when the ailerons are et with the spin the oute.r aileron 
i deflected downward producing rolling moment with 
the pin and yawing moment opposinO' the spin. The 
rolling moment with the pin cau e inwa.rd side lip , 
as con istently occurred in the te ts. The inward 
ideslip would d<'crea e the damping yawing moment 

produced by the tail but, in the tests with tabilizer 
in the low position, the lamping yawing mom nt of the 
ailerons was evidently greater than the loss of damping 
yawing moment of the tail due to change in ido lip 
with the Te ult that the angle of atta ck decrea ed. 
When the tabilizer wa in the intermediate po ition, 
the increase of damping yawing moment from the aile­
ron was probably abou t equal to the los at t.he tail 
Ivith the re ult that the anO'le of ilottack (lid not chanO'e; 
whereas, Ki th the sta bilizel' in the high po ition, the 
los of clamping yawing moment produced by the tail 
was probably greater than the increase of moment 
produced by the ailerons. The results reported in 
reference 2 indicate that this suppo ed difference of 
tail yawing moment clue to ideslip for the till'ee tabil­
izer position is not onJy possible but probable because 
the tail yawing momf'nt nu e to side lip was fOlmd to 
increase continunlly as the stabilizer wa moved to 
higher position . 

Recovery from a pin in which the clel'ator had 
heen held dowll for ome time or from a norm al spin in 
which recovery wa made by leading the control di -
placements Ivi th elevator down was fonnd to I'('quiro 
mol' t urns than comparable 1'('coveries stnl't('cl with 
dcvll t.or up or neutral. When the stabilizcl' Ho nd ole­
vator were in the normal (low) position, displacing 
Lhe ailerons against the spin at the mom('nt the other 
controls were moved for recovery made recovery low­
er, and displacinO' aileron wi th the 'pin lightly aided 
recovery. Wil en the tabilizer and elevator were in 
the high position, the effect of aileron di placement 
during the recovery wa opposite to the efI'ect when the 
horizontal surfaces were in the low po ition; with the 
Ul·face in the intermediate position there was little 

difI'erence in the tu rn r equired for recovery when 
ailerons were deflected either way . The e result 
seem to be directly related to the po ition of the tabil­
izer and elevator but, at pre ent, there is not enough 
known about the magnitude of the momenL pro­
duced by the ailerons and by the clifi'erent forlll of 
tail to furni h an explanation of tho experim ntal 
result. It i evident , however, that in a general way 
the efI'ect of con trol di placement a ob erved for 
teady spins and for recovBl'ie are similar. 

The results of model tests (reference 1) seem to bo 
in partial qualitative agreement with the flight results. 

With the small fin and rudder it appears that putting 
the elevator down and rever ing the rudder would 
actually dimini 1. the damping yawing moment; 
whereas with the F4B- 4 fin and rudder this procedure 
wonld increase the damping yawing momont. The 
pitching-moment change in eil.ch ca e wonld be about 
the same. Had the elevat.or been held neutral and 
the rudder reversed, the model te ts would indicate 
a sub tantial increa e in damping yawing moment for 
each ca e, the stronger increase for the large fin and 
rudder. In the flight te ts with the F4B- 4 fin and 
rudder thi method of recovery was almo t the best, 
being only slightly inferior to reversing the rudder 
and letting the tick float freely. ince the elevator 
floated about half-way between noutral and up, the 
two be t conditions measured on the pinning balrmce, 
it eould be expected that had this position been tested 
with the model it might have given better re ult than 
did either the elevator-neutral or elevator-up po itions. 

orne features of the model results, on the other 
ha,nd, wero not borne out by the Ilight-test 1'e ults. 
The model re ults indicated that rccovery by tho 
normal method would have been quite impos iblc for 
the small fin and rudder . They also indicated that 
recovery would bo most likely with controls neutral. 
In the flight tost with the F4B- 2 fin and rudder recov­
ery was definite only by the normal me.thod, that is, 
by reversing the rudder and pnttinO' the stick forward; 
whereas with control neutral, recovery never \Va. 
obtained for right pin and wa low for left pins. 
The discussion in reference 1 has alrpady point('cl out 
that there is a discrepancy between the model 1'e ul ts 
I),nn the fligh t result for the teady spin. Di reganl­
ing the ilctual errors in the spinning-balance mea, UI'C­
men ts, i t III ust be rell1embered that they we)'(' 111 a Ie 
under teil.(ly conditions. The forces that n,ct dUl'ing 
t ransition from one . toady stnto to anothcr may, it 
seems, have an impor tan t effect on rccovery. 

Attempts to produce unusual spins.- The pro\'io usly 
mentioned attempts to produce UI1I1 . un l pins, in 
\\"hich entrie wero made from many maneu I"O],S n ncl 
an effort in each case was made to force the airplano 
into pins different from the no rmal type, produ ed 
no effects that. could not be attrihu ted to the unu ual 
po ition of the control . The airplane ilolwiloY return­
ed to t.he normal pin ns soon a. tho ontl'ols were 
retnrned to their normal position. In its ol'iO'inal 
condition tbe airphtne could bo made to pin in such ilo 
manner that the recovery was impm\sible without 
first returning to t.h normal pin; bll t when the fin 
area (II' fin efficiency was increased, this tendency 
rilopiclly dimini hed until the last condition ( tabilizer 
in high position), in which recovery wonld foll ow oon 
after placing the controls in neutral. With reference 
to the lI SO of engine po weI' during the pin, it is not 
likely tbat pilots wOllIcl ear(' to npply ft muciJ pOln'l' as 
that used in the special test de crihcd in an oa rliel' 
part of this roport, because of the severo discomfort 
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produced by propeller vibration . There is little 
likelihood, therefore, that under service conditions 
dangerous spins " 'ould develop with any of the large 
fin and rudder combinations. 

Control manipulation and dangerous spins.-For 
some time after the airplane was received the spins 
with the small fin and rudder (F4B-2) did not seem 
to be particularly dangerous, recovery always being 
possible in between 2 and 3 turns. This result was 
unexpected as several occasions had been reported in 
which this type of airplane had developed spins from 
which recovery was impossible. One of the tests, how­
ever, in which the pilot was asked to observe the effect 
of pla.cing the controls in other than the usual position, 
produced a spin from which recovery was very slow. 
A few days later under somewhat similar circumstances 
one of the pilots (Mr. M. N. Gough) got into a spin 
which appears to have been very dangerous. Hi 
statrment of the circumstances follows: 

For this test the airplane bad the original service tail surfaces 
and the fin was in a neutral position, the loading corresponding 
to that of normal+radio+raft. At an altitude of 10,000 feet 
the propeller was stopped and a spin to the right started. 
After approximately 800 feet the control were placed in a neu­
tral position and the spin was assumed to be steady after an 
additional 500 feet. At this altitude the instruments were 
started to record 1,000 feet of steady spin, as had been requested. 

During this time it was noted that the force required to main­
tain the rudder in a neutral position was very small and, on 
completion of the record, it was decided to determine something 
further regarding the spin rather than to recover immediately. 
With the stick still in the neutral po ition, the rudder was fully 
reversed, very little force being required, and the pin continu­
ing apparently unaffected. The force required to hold the stick 
in neutral was con iderable and, when it was relieved, the stick 
came back against the seat with a very slight tendency for the 
ailerons to move with the spin. 

The rudder was still reversed and no change in attitude could 
be detected. It was then a question as to whether the airplane 
would recover if all the controls were free. This method wa 
tried and it was found that the rudder merely oscillated between 
a neutral position and again t the spin. The stick remained in 
the aft position and no attitude change wa detected. The 
pin was very smooth with the wing practically level. 
It was then decided to recover from the spin, so the stick wa 

placed in a forll'ard position and the rudder fully rever cd . 
There is some question as to the position of the stick. It was 
probably not much beyond neutral and surely not to the full 
forward position, which requires special exertion. At least it 
was well forward, but there was no change in the attitude of the 
spin after 4 turns. 

The controls were then returned to the normal position for 
the right spin and the situation studied. It was quite clear that 
the rudder was of little or no value and that the stick forward 
had produced no results. There was just one thing left, and 
that was-ailerons with the spin. Without delay this was 
tried. The rudder was reversed, stick forward, and the ailerons 
placed with the spin. After about 3 turns a slight down­
ward pitching of the nose indicated approaching recovery, 
which came after about 4 tmns, being completed at an alti­
tude of 4,200 feet. 

The request called for three spins aud, since this ,,"as the first. 
one, two others were made with a confident feeling that recovery 
could be made by use of ailerons, as in the former casco This 
proved to be true, but 4 to 6 turns were required. 

These and other similar reports show clearly two or 
three very important points with regard to dangerous 
spins. I n the 'first place, it is possible that an airplane 
may have dangerous spin characteristics that might be 
entirely overlooked in a routine spin trial because set­
ting the controls for a normal spin and holding them 
there might not develop the dangerous spin, as actually 
happened in the case of this airplane. Then spinning 
the airplane with controls set in some other position 
than fully with the spin, such as might be done thought­
lessly or by a pilot de iring to be cautious, migh t 
develop a spin from which recovery was possible only 
by returning the controls to the normal spin condition, 
waiting, and then applying them smartly and fully 
against the pin. For the subject airplane it seemed 
that moving the rudder to neutral or slightJy against 
the pin had the greatest effect in producing the dan­
gerous spin, but moving the stick forwarrl or deflect­
ing ailerons against the pin had a bad influence as 
well. 

orne further ob ervations might be noted. D uring 
the e tests it wn observed that a the fin aH'fl, 01' the 
fin efficiency was increa ed the very unpleasant oscil­
lation ,which almo t alway occurred in the pins with 
the original tail surfaces, were dimini hed in intmsity 
and frequency of occurrence until there wa no tend­
ency to 0 cillate steadily with the rai ed surfaces. 
Thi characteri tic of the pin ha some bearing on the 
dlUlger im'olved ince the unsteady rotation is u ually 
very confusing to n pilot. It wa further observed 
that a the pinning characteri tics were improved by 
the change made to tbe fin, rudder, and horizontal 
Ul'faces, tbe quantitnti e diiIerence between ucces­
ive similar test yuricd through a narrower range, 

e pecinlly with regtnd to tum required for recovery. 
Hrnce, lack of agreement between result of repeated 
imilar pin te t may bc indicative of the inherent 

tendency of an airplane to produce dangerous spin 

T I l\lE HlSTORJES 

eyeral time histories of pin parameter al''' pre­
sented for future tudy of the tability of pinning 
motion as well 3. Jor compari on with theoretical pre­
diction regarding the effect of applied moment. All 
the spin bere plotted are right pin. It hould be 
noted that the foree curve mea ure the inertia force 
n t the accelerometer location rather than at the center 
of grayity. In order to refer the forces to the center 
of grayity, the terms X" Y" and Zc must be added to 
X, r, and Z, re 'pectively, where 

Xc=~[ZP7'+lIPq-:r(,.~+q2)] 

r c=.!.[:rpq+ zgr-y(p2+ 1'2)] 
g 
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x, y, and z being the coordinate distances of the three 
accelerometer elements from the cent~r of gravity. 
The e coordinate distances for the spin recorded in 
the time histories (figs. 5 to 12) are given in th fol­
lowing table: 

Time history figure no. 

.5 ____________________________ _ 
6 __ __ ________________________ _ 
7 ____ ________________________ _ 

9 ____________________________ _ 
10 ___________________________ _ 
1 L __________________________ _ 
12 ________ __ ________________ __ 

x 

Feel 
- 1.021 
- 1.020 
- 1.0-18 
-.987 
- . 987 

-1.005 
- 1.057 
-1. 021 

y 

F eel 
-0.104 
- . J04 
- .104 
- .104 
-. 10'1 
-. 104 
- . 101 
-.JO·J 

Fnl 
- 0. 1 
-. 64 
-.622 
- . 58 
-.85 
-.613 
-.622 
- . 6 1 

Several characteristic of the time-hi tory cUl've 
may be correlated with the pilots' observi\.tion For 

n-;.- I-
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FIG URE 5.- Time bistory; stick rorward, approximately stripped load ing, 
F4B- 3 fin and rudder. 

J 

I 

example, it wa found that entry into a right spin 
required more care and attention than entry into a left 
spin beci\.u e in the fo rmer case there wa a tendency 
1'01' the airplane to break Ollt of the spin before the 
rotation had been established. Inflections near the 
start of the an!!ular-velocity records correspond to 
till break in the motion. The unsteadine in force 
and angular velocities continues to be noticeable to 
the pilot for abont three turns. The accelerometer 
records how that the large t accelemtions (pnrticu­
larly the transver e component) are experienced ju t 
before the motion become s.teady, and the pilots 

report being strongly held over in the corner of the 
cockpit during this time. 

Re00very is always accompanied by the following 
phenomena. After the controls are displaced for 
recovery the resultant angular velocity at first in­
creases somewhat while the yawing angular velocity 
remains constant. Then the yawing angular velocity 
drops and so, too, do the others. Recovery follow. 
Tue course of the ano-ular-velocity curves dlJring re­
covery suggests that the characteri tic of the motion 
that most definitely indicates the beginning of recovery 
is the falling off of yawing angular velocity. 

The flight records obtained in this investigation were 
examined to determine t.he degree of agreement be­
tween them and the predictions of the computations 
made in reference 10. In thi reference, with the 
it sumption of constant stability derivative, the 
immediate effect of changes in some of the parameters, 
as by application of pure applied pitching, rolling, and 
yawing moment, wa. determined. Time hi tories 
similar to those presented herein were given. 

The following tabulation hows the immediate effects 
of changes in orne of the spin parameters a given in 
reference 10. The effects of increasing, in a positive 
sense, the value of the parameters is given, and the 
effects of decreasing the value of the parameters may 
be obtained by reversing the signs of the effect noted. 

P arameter When increased (made positive) results in 
!l, angular velocity _ _ _ _ _ _ Po, iti ve sideslip, increased rate of 

rolling 
a, angle of attack _______ Positive sideslip 
p, angle of sideslip __ __ __ Decreased angle of attack, decreased 

rate of rolling 
L, rolling couplc _______ _ Increased ra tc of rolling, po iti ve 

sideslip 
111, pitching couple ______ Increased rate of pitching, increased 

angle of attack or decreased rate 
of rota tion, positive sidcslip 

N , yawing couplc _______ Incrcased rate of yawing, negative 
sidc lip, decreased rate of rolling 

For the case of applied negative pitching moment 
the computations predict that p begins to rise, q fall 
som.ewllat, r rise slightly, and n increa es to maintain 
angle of attack at about a constant value. Again, for 
the application of damping yawing moment, the pre­
diction is that p tends to be maintained, q falls off 
slightly, and r falls off stea,dily accompanied by oseilla­
tions in q, Ct, and {3. The effect of a damping rollino­
couple would be to reduce p, causing negative side lip 
leading to increased angle of attack and being followed 
by oscillation . 

The comparable time histories obtained with the 
F4B-2 airplane show fairly good agreement. In the 
case shown in figure 5, stick forward leads, as expected, 
to increases in p and n, a slight increase in r and a 
decrea e in q. The effect of sudden rudder rever al 
(fig. 6) was to decrease r while p and q increased. The 
increase in q is contrary to the prediction in reference 
10. Slow rudder rever al (fig. 7), not directly com-
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parable with the ca e treated in the reference, Jed to 
sudden increase in p, q, r, and n. After the r udder 
\Va t~,"o -third of the \\"ay to neutral, 0 cillation fol­
lowed, leading to rccovery. Although there is no full­
scale example of applied pure rolling couple, the effect 
of jointly applied rolling and yawing couple, one aid­
ing and the other oppo ing the pin, are een in figures 

and 9. Aileron et with the spin raised the outer 
wino- tip; wherea aileron et ugain t th spin lowered 
it. In both ase, ho\\"ever, the yu\\ing angular 
velocity T was increa ed . The large increase [or the 
aileron again t the pin is due to the predominating 
dIect of the ya\\ing momcnt \\ith the spin. 

The time hi tories of the simultaneous efrects of 
seyeral control moYement, becau e of the complex 
mutual in teraction, cannot be analyzcd imply in 
term of the predictions of refe rence 10. 

The pin hown in figure 10 wa made with the rud­
der and aileron neutral and the elevator three-qllarter~ 

of the \\'ay from neutral to full up. Thi condition 
corresponds to the previous case of sudden rudder 
reyer al hown in figure 6 except that the rudder is 
merely neutralized. A before, p, q, and n increa e but 
r, in tead of falling off, remains con tanto This re ult 
is to be expected wh en the rudder i not fully reversed. 
A normal recovery (fig. 11) had the rudder reversed, 
tick half of full forward, and aileron about n utral. 

In this ca nand p increased while T and q decrea ed 
and q became negative, indicating that the ou tel' 
wino- tip wa below the horizontal. From the theory, 
both of the individual effect would tend to increa e 
p and decrea e q. The rudder effect pI' dominated in 
causing l' to fall off teadil . Figure 12 show the 
effect of setting the controls against the spin, suddenly 
followed by releasing them. In agreement with the 
previous ca e, q and r fell otr, q became negative, while 
nand p increa ed. On being rel('a ed all the controls 
wung back through the neutral position but the pre­

viou 1y initiated movements of the airplane con tin ued, 
except that q topped fallino- and became po itiye. 
Recovery followed in this ca e. This eemingly i an 
example of the commonly reported occurrence in which 
recovery ensued after the pilot had prepared to abandon 
the airplane. A number of in tance of recovery with 
controls free were ob erved during the~ e tests but in 
no ca e did the pilot tand up , sllo\\'ing that relea e of 
the control rath er than change of moment of inertia 
or air-flow condition , as has ~ometime been uppo ed, 
wa probably the rca on for recovery when the pilot 
stood up. 

CONCLUSIONS 

1. Loadino- conditions had litt! effect on recoveries 
or teady pin. 

2. Increa ing the fin area progre ively increased the 
case of recovery and eliminated the 0 eillation in the 
steady spin. 

3. A special elevator modified to o-ive more clearance 
around the rudder produced only very slight improve­
ment in recoverie and little change in the pin. 

4. Rai ing the horizontal tail surface had the 
greatest beneficial effect in promoting recovery, per­
mitting very rapid recoveries even with control surface 
neutral. 

5. Control po ition had the u ual effects on the 
teady spin except that with the raised tabilizer the 

effect of aileron were oppo ite to the effect u ually 
observed and to the effects ob erved on thi fLirplan 
with the tabilizer in it original po ition. Application 
of eparate control produced imm diate changes in 
the pin generally in arrreement with tep-by- tep 
computation a uming con tant stability derivative. 

6. Of the many control manipulations tried for re­
covery, reversed rudder and tick free seemed to be 
best wh ere the larger fins were 11 ed, although with 
raised tabilizer the control had to be operated with 
are to avoid too rapid l' coveries. 

7. Conclusion from spinnino--balance te t regarding 
eIrect of fin size were in qualitative ao-reement with 
corre ponding flight results. 

. The dangerou spins were developed with the 
small (F4B- 2) f111 and rudder by allowing the control 
to a lime a po ition neal' or toward neutral for some 
time before attempting recovery. 

9. The en larged fins and rai cd tabilizer an'aug -
ments had light effect on the flying characteri tics 
of the airplane in normal and acrobatic maneuver, 
but none of the change were considered unde irable 
and orne were con idered de irable. 

LANGLEY 1fEMOJUAL AERONAUTICAL LABORATORY, 

JATIO TAL ADVI ORY COMMITTEE FOR AERONAUTI . , 

LANGLEY FIELD, VA., February 12, 1931) . 
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1'e~ t nO,1 

Fin 

TABLE I. - PROPERTIE OF AJRPLA:\TE 

T a il mrl"ces 

Hudder Elenllor and 
s-tabili7er 

Loading' 

I

" 'ei"-ht 
during: 
~pin 

l\Iomentql ellipsoid 
constants 

.\ B C 

I 
c. g. 
posi­

tion in 
perce nt 

me!1n 
chord 

Coulro! setting 

_I ----------- - -

I:iH : 1,2,3, L _. B 1 n Il -2 .\pprc)\illl:1te ~tripped 
IfiH: 1,2,3,4 do do <10 do_ 
23 H: 7, ,9, 10 do do do (\{,. ' 
26H : 3, Ii. ; do do do :\orm31. _ _ 
2'iH : a. 4. 5. (i do I do do ~ormd l ri.ldio +-rMt 
:!fill: I do __ . <In do C.uri r o\'crlol<1 
:JG\{: 2 do clo do do 
:lfi ll : :1' clo <10 do do -
;JI;\{ : :3. I dn clo do . do 
37H: 1,3.5. 7 do do do do 
liB : 1,2. a, -4 na B - ;J do :\orm I -t- rMlio r , ... Jl 
~9 H: I. 2. 3. I do do do Carrier o\'erlood 
1911 : I ' do do do do 
4flll: 5 do clo do do 
49R: 5' ._ do ._ do do <10 _ _ _ 
.\ .'illR: 2, 5, 6_. __ __ B-·I __ __ ______ ___ B- I. ___ _ ~Iodified cle\'alOr' :\ormal + radio + ra lt. _ 

~~~: ~'I'~'-~~ =:- -:: ===- ~~-:--- ::::::: ~l~ ::::1 :: : ~~:: -::-----::: : -- :~~ -- . - --:-:-:-: 
71 H' 3,11 __________ B-2_____ _ B -2 '. __ B- 2 .. _____ _ Approximale carrier 

overload 
7lR: Il' __ ___ _ __ __ do _ __ do-'___ do ___ . ___ do _____ . ___ . 

;~~: i'I,3:_~,_?:_I.~= : ~-4 <10 -=_ -_: _____ ~~~Cl ~~ _O_(~~~~ _~le\·~~~~ _ ~~~~:r~ __ ~~·~~~~~~_-~~::_: 
83R: 1,3,5,7,9 __ _ B--I+fin no. 3_____ do _____ 13- 2 __ . ______ _ ____ do ____ ___ _ __ ._ 
83R: 9'_ _____ ___ __ do . do __ ___ . do __ . __ . _________ do_. ____ . __ _ . 
6R: I, 2, 3 ___ _____ B- 1 neLllral do __ . _ . __ do .. __________ :--'onnal+ raclio+ralL. _ 

BS5R: 1' 2' 3------1-- do ____ do --.- ___ . do_ ... ___ . - _do ______ . ___ ______ _ 
7R: 2 __ . _ _ ____ __ do _. _do . __ . _____ .do_. __ _ . __ . ___ . ___ do. ____ _ 
UB : 1,2.3__ do do do ___ ._ _ ___ do __ _ 

'\ ~9B : 1,2.3 clo _ (\0 do __ do __ 
!lO,I : 1,2.3 _ B I neul.-rfin no . do _. do._ do ___ . 

91 II : I B- 2 . B- 2 do _do ___ _ 2. I 
113 11 : 1,2,3 do (\0 ___ ,10 __ .. __ _ do. __ _ _ 
g,i/I: I B2 ncutral do do ___ do ____ _ 
JJ95H : 1, 2,3 _do _____ .uo do __ ... _____ ___ . ____ do __ ___ _ __ 
9"H: 1' __ do ____ _ .. do_____ _do_ .. ___ ___ . __ _ ____ do ________ . ____ _ 
96 .1: 1,2,3__ 13-·1 neutral ____ B- 1 __ do.__ ___ _do ____ ____ _ . ____ _ 

~J~jr-C2.- 3.--1
- 3~:: ::: -:: __ ~~:.- 3g::_:_ _ _._ :::::~~:.::-" _:::: ::::-

AUr.H: 2, 3___ do_____________ do _ _ do ____ _ __ cl o ___ . ____ ._._ 
.\I O·IL : L . do _______ . ___ . do B-2, high POSilioll _ clo ____ . _________ _ 
AIOIL: 2, 3 do ______ __ ._ do __ . __ do___ ___ __d o ____ . __ _ 
AlGaL: 1,:1. do ___ __ do_. do ____ do._. __ _ 
.\1 05L: I, 2, 3 do ___ ___ __ do do do ___ . 
I06L: I, 2, 3 do do do __ _ do ___ _ 
.\ 107H: I, 2,:1 do_ do do __ do ___ . 
112H: 1, 2,:1 _ do _ do B- 2, ifllefln edi ,lte __ clo __ _ 

II:!!J: I. 2. :\ 
HIIIIJ : 1,2, :\ 
~:IIIL: I, 2,;j 
II6L: 1,2, 3 __ 

1~1 5L : 1,2,3 _ 

do 
do 
do 
do 
clo 

do_. __ 
do. 
clo 
d,L 
d o 

pOFilioll . 
do ___ _ (\0 _____ . _______ _ _ 

do __ _ ____ , 
do ____ . 
clo 
do 

do ___________ _ 
do __ 
(10_ _ __ . __ _ 
do._. _________ _ 

1 

Pounds 
2.728 
2.72S 
2,728 
2.809 
2.915 
3.311 
3.34 I 
3. 3 11 
3,311 
:1.34 I 
2.90 
~, 33-1 
3, 334 
3,334 
3,33 1 
2, 913 
2,913 
2,913 
3,3 16 

3,316 
3,339 
3,339 
3,350 
3,350 
2,915 
2, 915 
2,915 
2.915 
2,91 5 
2, 930 

2, 905 
2.905 
2,905 
2,905 
2,905 
2,915 
2, 915 
2,915 
2, 915 
2, 91; 
2,9Ii 
2,9Ii 
2.917 
2, YI; 
2.917 
2, 915 

2.915 
2915 
2.915 
2. 91 5 
2.915 

:::(IIg­
J 'el ' 
1,011 
1.011 
1. 011 
I. 075 

::m

l 
I. 132 
l. l:l2 
I. 132' 
I. 132 
1.077 
I. 131 
1,1 31 
I , I'll 
I. 131 
1. 078 
1,07 
1,0; 
1, 121 

1,0; 
1,07 
I, O;~ 
I , ()(~ 
1. 0; 

I For a II f1i~h I' t hrou!(h ~!I R3 the Illotor was idling at 525 r. p. m.; lor a ll later Oil(hlS the propeller was s topped . 

SIllY' 
Ju l' 
I.S;6 
1,876 
I, 76 
LRO I 
1,876 
1.9:11 
1.9:1I 
I. g:lI 
I. 93 1 
1.9:14 
I. S~I 
l,hUH 
I. 99 
1,899 
I, 99 
1,866 
1,86Ii 
I , 66 
I, 93 

I, 93 
l. 924 
1, 924 
1,950 
1,950 
I, 76 
I, 76 
I, 76 
1,8;6 
I, i6 
1,912 

I, 713 
l,h76 
1. ~if) 
1. "l,iti 
I , "'if) 

SluQ­
Jul' 
2. 15i 
2, 1,57 
2. 157 
2. :l~3 
2. 1.15 
2. Ir>O 
2, ICC 
2, 160 
2.4f,o 
2. I flO 
2,1 21 
2. 125 
2,426 
2.126 
2. 126 
2,445 
2,415 
2,415 
2,427 

2,42, 
2,450 
2,450 
2,4;5 
2,4;5 
2, 4,';,5 
2,455 
2, 1,,5 
2,455 
2, ·1.'i5 
2,49 

2,40; 
2,40; 
2,40; 
2,407 
2,407 
2,455 
2,455 
2.455 
2, 455 
2,455 
2, 4.55 
2, 4,55 
2,455 
2,155 
2, 4,1).1 
2,455 

2,1.'>5 
2,45.1 
2. ~ i.1 
2, 4.;.; I 
2. 1/,,:; 

, :\orl11ol cOlllrol selti ll~ lor steady spin WAS: Stick back, ailerons neutral, rudder with spin. All exceptions 10 normal ore stated. 
, l'arnchule "'''s relllo\'ed lor this !light hut equi valent ballast used. 
, ~l odificd elevator had same area but plan lorm wsssltered to give less rudder shielding in "pin . 
, ~Ia,imum rudder lhrow was inrreased to 34° by moving the rudder stops. 1 ormal m3XiOlUIll tbrow was 2!)0. 
6 H.udder throw \\'as incre'1sed to 35° llsing modified elevators and moving rudder SLOpS. 

:11.3 
31.3 
31.3 
31. I 
33.2 
3~ . 6 
n6 
.;/. 6 
31. 6 
3 1. 6 
32.5 
no 
3 1. 0 
3 1.0 
31. 0 
33.2 
33.2 
33.2 
34. I 

34. I 
34.4 
34.4 
35.0 
3,;.0 
33.2 
33.2 
33.2 
33.2 
33. 2 
31. I 

32.3 
32.3 
32.3 
32.3 
32.3 
33.2 
33.2 
33.2 
33.2 33.4 
33.4 
33.4 
3:1. I 
33.4 
33. I 
33.2 

33. 2 
3J.2 
33.2 
33.2 
3J. 2 

Xormal. t 

Do. 
Do. 
Do. 
Do. 

.\ i1erons \\-' ith !": piLl. 

.\ilerol1o,; ag-ainst. spin 
Control - neutral. 
:--rorm1J. 

Do. 
\)0. 
\)0 . 

Hunder rc\·ersed . 
::-.Iorrllnl. 
Rudder re\·ersed . 
Normal. 

Do. 
Controls neutral. 
Normal. 

Controls neulral. 
1\ ormsl. 
Conlrols neutral. 
Normal. 
Controls neutral. 
81 ick 3. lull forward. 
Normal. 
Rudder reversed. 
Tormal. 

Do. 
])0. 

Do. 
Do. 
Do. 

Controls neutral. 
Do. 

Ailerons with spin. 
Ailerolls % lull against. 

Do. 
Ailerons with spin . 
Ailerons slightly ri~ht . 
Ailerons ,!I lull lel t. 

orms\. 
Stick lorward . 
Ailerons against spill. 
:(\ormal. 

Do. 

Do . 
tick lorward. 

Do. 
.\ i1erons Beainst 3pin. 
.\ i1erons With pin. 
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'fest 
no. 
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TABLE n.-INSTRUMENT DATA 

Angular velocity 
readings 

Accelerometer readings 
corrected to c. g. 

Verti-
1---...------,---�----,----,---- � cal ve­

mg 
z locity 

p q r x y 

mg mg 

'fest 
DO . 

Angular velocity 
readings 

Accelerometer readings 
corrected to c. g. 

Verii­
---,...---~---I---,...---~---I cal ve-

y locity 
p q r x z 

mg mg 
-------1--- --- ----------- ------1--- ---

15RI , __ ___ _ 
I5H2 ___ ____ __ ____ _ 
15R3 ___ ___ ____ ._ 
15IH _____________ _ 
16HL ___ ___ ____ _ 
16HL ___________ _ 
1611L ___ ___ _____ _ 
23R7 _____________ _ 
23R ___ __________ _ 
23RL __________ _ _ 
23 RI0 __________ _ 
2(jR3 _______ . _____ _ 
2GRL ___________ _ 
26RL ___________ _ 
27RL ___________ _ 
27R4_ _____ _ __ _ 
27R5 __ ___ . _____ _ 
27 R6 _____ ___ __ __ _ 
36 1~L _____ _ 
36R2.. ___________ _ 
3BR3 _____ ___ __ _ 
36 IU' ________ _ 
36IH ______ _____ _ 
371l'- ______ _ __ _ 
37 113 _____ ______ _ 
3iH.!) ._ . 
37R7 ___ ___ ._ 
4~IlL_. ________ _ 
471tL ____ ._ 
47IlL ___ . _______ _ 
47 IH _____________ _ 
491l '-__________ __ _ 
49IlL _____ _ 
49IlL ___________ _ 
49HL __________ _ 
49R4' ____________ _ 
491lL __________ _ 
401l!)' ___________ _ 
A5~1l2 ______ ____ _ 
A5qR5 ___________ _ 
.\5 1l6 ___ ________ _ 
591l'- ____ ___ ____ _ 
59 IlL ___________ _ 
'9RIL __________ _ 
59Rll'. ____ . _____ _ 
7IRL _____ _ 
711lIL _____ ______ _ 
71 Illl' __ _______ _ 
73IlL ___ ________ _ 
73RL _________ _ 
731l.> ____ _ _ 
nRL __________ _ 
73 1<11 _______ ___ _ 
73Rll' __________ _ 
83RL _______ _ 
83RL _____ __ ____ _ 
83RL _______ _ 
83Ri _____ ______ _ 
3RL _____ __ __ _ 
31l9'___ ______ _ 
6RL __ __ _ __ 
6IlL ___ _ 
GR3 _________ ____ _ 

rad./sec. 
1.90 
1.90 
I. 95 
I. 90 
2.02 
2.02 
I. 94 
I. 96 
I. 99 
I. 99 
1.91 
2.09 
2.10 
2.07 
I. 99 
2.04 
I 97 
I. 99 
2.31 
2.04 
2.04 
2.69 
2. 15 
2.20 

~: :~ 
2. 12 
I. 92 
1.9-1 
I. 9 
I. 89 
2.09 
2.12 
2.06 
2.00 
2.77 
I. 98 
2.20 
1.91 
I. 76 
I. 3 
I. I 
I. 81 
1.60 
2.25 
I. 7 
1.68 
2.33 
2.01 
2.06 
2.04 
I. 5 
1. 78 
2.29 
2.06 
I. 99 
I. 95 
I. 91 
I. 91 
2.41 
2.19 
2. II 
2.07 

rad./sec. 
0.164 

. 109 

.164 

. 164 

.1 96 

.207 

.164 

.171 

.228 

.205 
.1 2 
.236 
.217 
. 239 
. 114 
. 182 
.114 
.17l 
.605 
.110 
.251 
.209 
. 165 

: ~~~ 
.171 
.268 
.160 
.160 
.130 
.160 
.0·10 
.020 
.060 
.020 

1. 294 
.050 

1.095 
.175 
.340 
.223 
.213 
. 252 
. 213 
.825 

-.019 
.019 
.543 
.155 
.136 
.155 

-.019 

:6~~ 
. 385 
.289 
. 103 
.310 
. 214 
.0 6 

-.033 
o 

-.011 

rad./sec. 
2. 09 0. 0512 0.0091 
2.09 . 0009 .0147 
2. 06 -. 0039 . 0092 
2.06 -.0016 .0088 
2. 00 . 0385 . 05 4 
2.03 .0410 . Jl OI 
2.06 .0471 .0091 
I. 2 . 0274 . 0063 
1. 73 . 0203 . 0003 
1. 70 .01 2 .0023 
I. 70 . 02ll .0010 
2. 03 . 0085 . 0004 
2.06 .0623 -.0·191 
2.06 .0I~8 .0002 
2. 09 . 0625 -. 0632 
2.09 .0607 -. 0701 
2. 06 . 0602 -. 0897 
2.03 .0569 -.09-
2.14 . 0150 .0" 8 
2.29 .0358 -.0875 
2.23 . O:JIO - . 0558 
2.40 -.0178 -.0·131 
2.24 -.0005 -.0116 
2.22 .0121 -.0107 
2.27 .0172 -.0022 
2. 15 . 0329 .009 1 
2. 07 . 005~ . 0·1 5 
2.45 . 0599 .0133 
2.51 . O·H I .0142 
2.66 .0382 .0194 
2.42 .0060 .0127 
2.;;0 .0580 .0291 
2.47 . 0529 . 1100 
2.49 . 0586 -.0003 
2. 48 . 0 4.5 . 030 I 
2. 36 . 0173 .0436 
2.39 . 07~~ . 0245 
2.51 .0702 .0320 
2.27 .0007 .0100 
1.94 -.0191 .0681 
1.91 - . 0262 .0011 
2.0·1 -.0391 .0502 
2. 10 -. 0328 . 1040 
I.~~ .0150 .0017 
3. 43 -. 0.524 . 0925 
2. 10 -.0·195 -.0242 
1.86 -.0314 .01 3 
2.20 -.0912 .1427 
2.30 -.0368 . 0110 
2.09 -.0577 . olin 
2.00 -.0010 . 0344 
2.10 .0051 .0?3 
I. 75 -.0139 .0063 
2. 0~~6 - . 0209 . 0209 
2. I .0255 . 06IQ 
2.0 -.0304 .GO 7 
2.!~ - . 0216 .0737 
2.02 - . 0561 . 0956 
I. 9 -.0402 . 100., 
2.05 -.0567 .0177 
2.95 .0129 -.0129 
2.93 .012:1 -.00:17 
2. 2 .0247 -.02 18 

'R, ri!;ht-hand spill; 1., lert-hand spin. 

I. 27 
1. 33 
1. 33 
I. 33 
I. 34 
1. 39 
1. 33 
1. 31 
1. 40 
1. 35 
1. 40 
I. 3 1 
I. 31 
I. 36 
I. 31 
I. 31 
I. 32 
I. 29 
1. 32 
1.32 
1. 27 
I. 39 
1. 35 
1. 31 
I. 30 
1.31 
I. 31 
I. 26 
I. 26 
I. 25 
1. 31 
l. 30 
I. 33 
l. 30 
l. 27 
I. ~~ 
l. 28 
\.4:1 
I. 3t 
1. 33 
1. 33 
I. 32 

q~ 
1.58 
l. 30 
1. 31 
l. 49 
1. 29 
I. 31 
1. 37 
I. 32 
1. 31 
l. 54 
l. 33 
1. 31 
I. 33 
l. 39 
I. 37 
I. ." 
I.:J\ 
I. 3:l 
I. 3~1 

II'/.ec. 
115 
ll7 
Jl6 
124 
113 
119 
117 
107 
107 
107 

10 I 100 
105 
105 
112 
119 
115 
112 
J29 
124 
125 
119 
121 
127 
125 
120 
120 
113 
113 
116 
115 
III 
11 
120 
107 
125 
116 
132 
116 
Jl6 
116 
110 
lOB 
109 
114 
127 
124 
120 
126 
126 
129 
122 
117 
125 
11 4 
111 
It4 
III 
114 
112 
9.1 
g;; 
nil 

B85RL _____ _ 
B85HL _______ _ 
1385HL _______ _ 
87ltL ______ . __ 
OW __________ _ 

89H2 ______ . ___ _ 
89Ra ___ __ ___ _ 
A89UL ______ _ 
A 9RL _______ _ 
A89R3 _________ _ 
OORL __ · ________ I 
90HL ________ _ 
90H3 __________ _ 
9IRL ___ . __ ___ _ 
93UL ________ _ 
93 H2 __________ _ 
H3R3 __________ _ 
95HL __________ _ 
95111' _________ _ 
B!l5RL_ . ____ _ _ 
B95H2 _________ _ 
B95H3 ____ _ 
96HL _____ _ 
96HZ ______ _ 
96UL . _______ _ 
97RL ___ ___ ___ _ 
A97RL _______ _ 
A97RL _______ _ 
A97R3 _____ __ __ _ 
A96RL _______ _ 
A96HL __ _ 
A to·ILI ________ _ 
A 104L2 ________ _ 
.\1011.3 ________ _ 
A lO3LL _______ _ 
Al03L3 ________ _ 
A 105LL _______ _ 
A 1051..2 ________ _ 
.\ 105L3 ________ _ 
lOfiLL ___ . _____ _ 
106LL __ _ 
106LL ________ _ 
A t07IU ________ _ 
A 10iRL ______ _ 
A lO71l3 ____ ___ _ _ 
112RI _________ _ 
1l2R2 _________ _ 
112R3 _________ . 
113[,1. _________ _ 
113L2.. ________ _ 
113L3 __ . _____ _ 
BII4LL ______ _ 
BI14L2 ________ _ 
BI14L3 ________ _ 
EI14LI ____ ____ _ 
'F: 1141.2 __ ______ _ 
E 114L3 ________ _ 
116[,1. ____ _____ _ 
llnL2 __________ _ 
116L3 ___ ____ ___ _ 
11;;1.'- _______ _ 
III'L2 __ ___ ___ _ 
11:;[,3 __________ _ 

Tlul. /sec. 
2.03 
l. 99 
l. 7 
2.69 
1. 92 
I. 83 
I. 83 
I. 83 
l. (j~ 
l. 78 
I. 74 
I. 78 
1.73 
I. 76 
1. 62 
l. 71 
I. 56 
2.05 
2.59 
2.50 
2.25 
2.33 
2.30 
2.00 
I. 98 
2.01 
1. 96 

l:~ 
2.02 
2.03 
-q~ 
-I. 59 
-1.56 
- 1.77 
-1.65 
-2.23 
-2.1~ 
-2.13 
-I. 79 
-1.71 
-1.64 

1. 76 
I. 75 
1.71 
I. 95 
1.86 
l. 84 

-1.84 
-I. i7 
-1.83 
-2.52 
-2.32 
-2.34 
-2.4:; 
-2.:>~ 
-2.38 
-1.82 
-1.73 
-1.71 
-I.i<.~ 
-I. ~~ 
-I. 71 

rad:/Q~ 
.01 j 
.166 

I. 401 
.071 
· O~~ 
.073 
.091 
.014 
.342 
.189 
.216 
.200 
.239 

-.004 
.265 
.105 
.181 
.014 
.203 
.035 
.529 
.613 
.768 
.709 

-.214 
-.073 
-.085 
-.094 

.671 

.667 

.227 

.492 

.367 

.131 

.176 

: ~2~ 
. 273 
.038 

-.028 
-.026 

.023 

.015 

.010 

.2'13 

.174 

.21P 

.409 

.454 

.519 

.219 

.341 

.279 

. 342 

.30t 

.401 
· 133 
.101 
. Itt) 
.7(ir, 
· hiR 
· HU:.? 

Tad./.ec. 
2.10 
2.15 
2.10 
2.07 
2.30 
2.32 
2.27 
2.15 
2. 09 
2.19 
2.08 
2.02 
I. 97 
2.47 
2.22 
2.16 
2.04 
2. 64 
2.59 
2.35 
2.35 
2.21 
2.22 
2.26 
2.31 
2.26 
2.41 
2.38 
2.17 
2.28 
2.28 

-2.12 
-2.27 
-2.13 
-2.17 
-2.24 
-2.64 
-2.60 
-2.~ 
-2.21 
-2.09 
-2.17 

2. 17 
2.12 
2.20 
2. 19 
2.04 
2.10 

-2.24 
-2.28 
-2.27 
-2.59 
-2.63 
-2.5.5 
-2. 74 
-2. 74 

=~:~~ 
-2. 17 
-2.lfi 
-2.38 
-2.31 
-2.26 

-0.0435 
-.0564 
-.0649 
- . 0950 
-.0005 

.0045 

.0084 

.0256 

.0218 

.0264 

. 05~,g 

.0255 

.0201 
-.0064 

.0196 
-.0157 
- . 0303 

.0079 
-.0019 
-.0373 
-.0288 
-.0271 
-.0118 
-.0196 
-.0273 

.0145 
- . 0247 
- . 01 9 
-.0206 
-.01l0 
-.0076 

.0069 

.0244 

.0215 

.0365 

: g~5~ 
.0411 
. 0244 
.0428 
.0404 
.0346 
.0355 
.0385 
.0296 

- . 25" 
-.2359 
-.2.1)05 
-.276i 
-.28OB 
-.2935 

=:~ 
- . 3803 
-.4210 
-,4\75 
-.4192 
-.21 5 
- . 223·1 
-.22.17 
-.29:1·1 
-.2:lfi7 
-.2311 

--- -----

-0.0202 
-.0165 
-.0025 

.2387 
-.0219 
- . 0244 
-.0047 
-.0099 
-.0224 
-.0663 

.0068 

.0200 

. 0349 

.0113 
-.0' 6 

.0123 
-.0075 

.0213 
-.0352 

.0162 
-.0079 

.0064 

.1077 

.0785 

. 01155 
-.0469 
-.01 4 

.0005 
- . 0400 

.0795 

.1128 

.0472 

.00 7 

.0403 

.0504 

. 0355 

.0339 
.0558 
.0397 
. 0661 
.0447 
.0532 

-.0458 
-.0459 
-.0491 
-.0364 
-. 0~79 
-.0373 

. 0119 

.0251 

.0149 

.0379 

.0348 

.0287 

. 0334 

.0549 

.0314 

.0476 

.04 21 

.0109 

.0061 

.0336 

.03!i6 

J. 39 
1.38 
1. :15 
1. 60 
1. 32 
1. 32 
I. 34 
1. 32 
1.29 
1.37 
1. 27 
J. 31 
I. 3t 
1. 22 
1. 25 
J. 31 
1. 26 
I. 29 
1. 42 
1. 48 

::;~ 
1.29 
1.28 
1. 27 
I. 29 
1. 24 
I. 25 
1. 32 
1. 23 
I. 25 
I. 19 
I. 18 
I. 22 
1. 21 
1. 23 
1.19 
1. 24 
1. 31 
1. 22 
1. 25 
I. 22 
1. 22 
I. 23 
J. 20 
l. 51 
1. 50 
1. 49 
1. 53 
1. 49 
I. 50 
1. 77 
I. 75 
I. 76 
1.72 
1. 67 
1.73 
I. 4i 
1. 4.1 
1.1:l 
I. ,,2 
I. 47 
I. 49 

IUsec. 
106 
106 
104 
122 
llO 
I II 
I II 
III 
110 
III 
III 
109 
III 
100 
104 
10 
103 
120 
134 
101 
lOB 
114 
106 
104 
109 
109 
105 
103 
103 
J09 
109 
104 
103 
103 
J04 
103 
95 
99 

103 
106 
101 
9 

110 
109 
lOS 
J08 
109 
Jll 
105 
105 
105 
103 
103 
10(j 
97 

106 
102 
109 
1Q,r) 
10., 
107 
109 
110 



A FLIGHT INVESTIGATION OF THE SPINNING OF THE F4B-2 BIPLA E 

TABLE IlL-COMPUTED DATA 

Test no. n R Z" ax f3 

---------
rad./sec. (mol (mol 0 0 

15RL _____________ 2. 83 1. 27 0. 98 47.5 -1.31 
15RL _____________ 2.83 1. 33 .98 47.6 -2.74 
15R3 _____________ __ 2.85 1. 33 .96 46.3 -I. I 
15R4 _______________ 2.81 1. 33 .98 47.1 -1.42 

16RL _____________ 2.85 1. 31 .97 44. 7 -1.31 
16R2 _______________ 2. I. 39 1.02 45.3 -.97 
16R3 ______ ____ _____ 2. 84 1.33 1.00 46.5 -1.54 

23R7 _____ __________ 2.68 1. 34 .94 42.6 -2.52 
23R8 _____ ________ __ 2.65 I. 40 .93 40.5 -1.83 
23RL _____________ 2.63 I. 35 .89 40.1 -2. 15 
23RIO ____ ___ _______ 2.57 1. 40 .95 41. 3 -2.76 

26RL _____ ___ _____ 2.93 I. 34 .93 43.5 -1. 37 
26RL _____________ 2.95 1.31 .95 43.7 -1. OS 
26R7 _______________ 2.93 1. 36 .97 44.3 -1.02 

27RL __ ___________ 2.88 1. 32 . 99 45. 8 -2.63 
27RL _____________ 2.92 1. 34 1.00 45. 0 -1.14 
27R 5 _______________ 2.85 1. 32 .99 45.5 -2.57 
27RL _____________ 2.84 1.29 .95 44.7 -1. 54 

36RL _____________ 3.21 1.32 .90 42.2 6.61 
36RL __________ __ _ 3.06 1. 32 1.00 47.7 -2.06 
36R3 _______________ 3.03 1. 27 .95 46.8 . 70 
30R3' ______ ________ 3.61 I. 39 .91 41. 4 1.17 a6RL ___________ __ 3. Jl 1.35 .97 45.7 -1.53 

37RL _____________ 3.14 1. 31 . 93 44.7 1. 87 37R L _____________ 3.15 I. 30 .95 46.0 .74 
37R5 ____________ - -- 3.07 I. 31 .94 44.4 -1.34 37R7 ___________ ____ 2.97 1.31 .92 44.1 -.34 

47RL _____________ a.12 I. 26 1. 03 51. 7 - 7 47RL _____________ 3.18 1. 26 1.02 52.2 - 7 47H3 _______________ 3.26 1. 25 1. 04 54.5 -1.07 
47R4 _______________ 3. OS 1. 31 1.03 51. 8 -1.17 

49RL . _____ . ____ ._ 3.26 1.31 1.04 50.2 -3.32 
49RL ____________ 3.26 I. 34 I. 05 50. ] -5.16 
49RL _______ 3.23 1. 31 1.04 50.3 -2.67 
49RL _____ __ _ ::::: 3.19 I. 27 1. OJ 50.6 -3.58 
49R4' ____________ ._ 3. 7 I. 53 6 39.2 14.71 
49RL ______ ___ ____ 3.11 1.29 1. 03 50.5 -2.57 
49H5' _____________ 3.57 1. 43 I. 06 46.5 14.31 

A' H2 _____________ 2.97 1. 31 1. 01 49.7 -1.10 
A58R5 _____________ 2.64 I. 33 .97 47.5 1.95 
A58R6 ____ ____ _____ 2.66 I. 33 . 94 45.7 -.78 

59R1 , _____________ 2.74 1. 33 .96 48.2 -1.07 
59R 3 ______________ 2.79 I. 32 .98 49.3 -.21 
59RIL ____________ 2.56 1.38 I. OS 50.4 - 6 
59RII' _______ . _____ 3.42 1.58 1.11 46.3 . 72 

71R3 , _____________ 2. 2 1. 30 .94 48.3 -5.03 
71RIL ____________ 2.51 1. 31 .95 47.8 -4. 7 
71R11' _____________ 3.25 1.50 .96 43.2 4.23 

73RL _____________ 3.06 1.29 .95 48.8 -1. 27 
73RL __ ___ _____ ___ 2.94 1. 31 .89 45.2 -2. 11 
73R L _____________ 2.86 1. 37 .95 44.4 -1. 75 
73R7 ______ _________ 2.84 1. 32 1.00 49.4 -4.95 
73R1L __ ______ ____ 2.50 I. 31 .91 44.4 -2.82 
73Rll'. ____________ 3. OS 1.54 1.01 41. 9 -4.07 

8aRL ___________ __ 3.02 I. 33 .98 46.2 2.53 
83RL _____________ 2. 9 I. 31 .93 46.4 .58 
83R5 _______________ 2.03 I. 33 .98 48.2 -1.19 
83R7 _______________ 2.79 I. 39 . 97 46.5 . 63 
83 RL _____________ 2.69 I. 37 .94 44.8 -1.43 
83R9' ______________ 3.16 1.55 .00 40.5 -4.75 

86RL ______ ___ ____ 3.68 1. 31 l. 06 53.3 -4.58 
86RL _____________ 3.61 1.33 LOS 54. 3 -4. OS 
86R 3 _______________ 3.50 1. 39 1.14 53.6 -5. 13 

B85RL ____________ 2. 92 I. 40 . 97 45.9 -5. 35 
B 5R2 _____________ 2.93 1.38 .97 47.1 -5.42 
B85RL ___ _____ ___ 2.82 1. 35 .96 48.0 -2.56 

, These figures are [or 3 spins [or which measured values were almost identical. 
I These figures are [or 2 spins [or which measured values were almost identical. 

l' V Radius 

0 ft./sec. Feet 
-85. 4 lI5.4 3.3 
-85.1 lI7.4 3.6 
-84. 9 116.4 3.6 
-85.2 124.4 3.7 

-84.7 113.5 3.6 
-84.9 119.5 3.7 
-85. 1 117.4 3.5 

-83.8 107.6 4.3 
-83.2 107.8 4.8 
-83.4 107.7 4.7 
-83.1 lOS. 8 5.1 

-84. 0 100.6 3.6 
-84. 7 105.5 3.3 
-84.3 105.5 3.6 

-85.1 112.4 3.4 
-85.2 lI9.4 3.4 
- 5. 1 lI 5.4 3.5 
-84.9 112.4 3.5 

-85. 7 129.4 3.0 
-85.8 124.3 2.9 
- 5.9 125.3 3.0 
- 5. 5 119. 4 2.6 
-85.4 121. 4 3. ] 

- 5.8 127.3 3.0 
-85.8 125.3 2.9 
- 5.5 120.3 3.1 
-85.2 120.4 3.4 

-86.2 113.3 2.4 
- 6.2 113.2 2.3 
- 6.7 116.2 2.1 
-85. 115. 3 2.7 

- 6.0 111. 3 2.4 
- 4.4 118.6 3.5 
- 6.3 120.3 2.4 
- 6.6 107.3 2.3 
- 5.0 120.5 2.7 
- 6.1 116.3 2.5 
- 6.3 132. 3 2.4 

- 5.5 116.4 3.0 
- 4.5 llr,.5 4.2 
- 4.4 116.6 4.3 

- 4.5 110.5 3.9 
- 4.6 lOS. 5 3.7 
-84.3 109.5 4.2 
- 4.7 114.5 3.1 

- 5.4 127.4 3.7 
- 4.7 124.5 4.6 
-84.6 120.5 3.5 

- 5.8 126.3 3.0 
- 5.2 126.4 3.6 
- 5.1 129.5 3.8 
- 5. 4 122.4 3.4 
-84. J 117.6 4.9 
- 4.5 125.6 3.9 

-85.2 114.4 3.2 
- 4.8 114.5 3.6 
- 5.0 114.4 3.4 
-84.3 114.6 4.1 
-84.0 114.6 4.5 
- 3.7 112.7 3.9 

-85.9 95.4 1.8 
- 5.9 95.4 1.9 
- .i.6 00.4 2.1 

- 4.1 106.9 3 . 
- 4. 2 106.8 3.7 
- 4.1 104.6 3. 

nb 0 , 2V 

0.368 0. 00230 
.362 .00148 
. 367 .00223 
.339 .00195 

.377 .00274 

.361 .00264 

.362 .00219 

. 374 .00242 

.369 .00305 

.366 .00270 

.354 .00235 

.437 . 00424 

.419 .00359 

.416 .00397 

.385 .00168 

.367 .00238 

.371 .00157 

.379 .00245 

. 372 .00627 

.370 .00132 

. 363 .00281 

. 454 . 00277 

.35 .00264 

.370 .00370 

.377 .00314 

.383 .00207 

.370 .00309 

.413 .00274 

.421 .00281 

.422 .00229 

.400 . 00261 

.4JO .00066 

.412 .00029 

.403 .00084 

.445 .00034 

.4 2 .01i14 

.400 .00070 

.405 .01241 

.383 .00262 

.340 .00433 

.312 . 00280 

.372 .00319 

.385 .00102 

.350 .00315 

.447 .01365 

.332 -.00021 

.302 .00019 

.404 .00677 

.363 . 00185 

.349 .0014fi 

.332 . 00152 

.34 -.00023 

.319 .00140 

.350 .00082 

.397 .00519 

.366 .00371 

.384 .00260 

.366 .00386 

.352 .00249 

.421 .00112 

.578 -.00096 

.568 .00000 

.544 -.00119 

.410 .00045 

.412 .00028 

.405 . 00283 

19 

OM O. 

-0.0591 0. 00252 
-.0571 .00162 
-.0589 .00256 
-.0501 .00216 

- . 0626 .00337 
- . 0573 .00320 
-.0574 .00249 

-.0611 .00314 
-.0590 .00425 
-.0594 .00383 
-.0543 .00317 

-.0768 .00155 
- . 0710 .00381 
-.0698 .00413 

-.0632 .00185 
-.0575 .00270 
-.0585 .00174 
-.0614 .00278 

-.0555 .00891 
-.0559 .00151 
-.0489 .00294 
- .0784 .00372 
-.0610 .00253 

-.0563 .00478 
-.0585 .00389 
-.0607 .00273 
-.0562 .00410 

-.0685 .00233 
-.OHO .00235 
-.0694 .00176 
-.0611 .00220 

-.0763 .00067 
-.0676 .00030 
- . 0638 .00085 
-.0702 .00029 
-.OS38 .02599 
-.05.0 .00061 
-.O54:l .01462 

-.0609 .00248 
-.0473 .00135 
-.04 7 .00304 

-.0573 .00316 
-.0612 .00387 
-.0493 .00276 
-.0807 .014i3 

-.0436 -.00031 
-.0340 -.00019 
-.06J .00885 

-.0524 .00193 
-.0490 .00174 
-.0442 .00188 
-.0-176 -.00034 
-.04OS .00174 
-.0556 .00118 

-.06H .00648 
-.0589 .00164 
-.0605 .00303 
-.0546 .00175 
-.0511 .00327 
-.0738 .00178 

-.0138 .00097 
-.0132 .00000 
-.0121 -.00014 

-.0720 .00051 
-.0723 .00030 
-.0688 .00289 



20 

Test DO. !l 

REPORT NATIOI AL ADVISORY COMMITTEE FOR AERO. AU'fICS 

TABLE lH.-CO MPUTED DATA-Continued 

R Z" l ' Radius !lb 
BV 

c. 
------- ---- - - -- ---- --__ 1· ____ 1 _____ 1 ____ . ------·1----1---

87R2 ... ..•...• .... . 

9R L . ............ . 
9R2 ............ .. . 
9R3 .............. . 

A 9RL ........... . 
A89R2 .........••.. 
A89R3 ............ . 

9ORL . ... .. ....... . 
9OR2 . ........... .. . 
9OR3 . . .........••.. 

9IRL ............ . 

93 RL ............. . 
93RL ............• 
93UL ......... .. . . 

95U I ... ....... ... . . 
95R I' . ........ . ... . 

B95RL .......... . 
B95R2 ....•........ 
B95R3 . ......•.. .. 

9URL ............ . 
96RL ........... . 
96H3 ........•...... 

97RL .... ....... . . 

A97HL .......... . 
A97H2 ......•••. . .. 
A97H3 _ .......... . 

A96H2 ............ . 
A96 R 3 ............ . 

A lO4LL •.......... 
AHHL2 ....... .... . 
A lO4L3 ......•..... 

A 103LL .......... . 
A I03L3 .......... . . 

AlO5LL .......... . 
A105L2 ....... . ... . 
A lO5L3 ........... . 

I06LL ........ .. . . 
I06L2 ............. . 
I06L3 ............. . 

AlO7HL ......... . 
A 107U2 . .......... . 
AI07R3 . •...... · .. . 

1I2RL ..•..•...... 
1I2RL ........... . 
112R3 ......•....... 

H3LL ....•...••.. 
113L2 ............. . 
1I3L3 ......•....... 

B1I4LL ...•.•.. . .. 
D1l4L2 ....•....... 
DI14L3 ....•. _ .... . 

E1l4LL ...•.•. _ .. . 
E!l4L 2 . .......... . 
E1l4 L3 ....•.•. • . • . 

!lOLL .....•....... 
116L2 ......•....... 
llOL3 •••••• •••••.• 

115LL ............ . 
115L2 •••• _ •••••• _ •• 
115L3 . .. __ _ ....... . 

Tad./see. 
3. 67 

3.00 
2.90 
2.91 

2. 3 
2.6 
2.85 

2.72 
2.70 
2.63 

3.04 

2.75 
2.77 
2.57 

3. 35 
3.66 

3.44 
3.25 
3.26 

3.26 
3. II 
3.12 

3.03 

3. 10 
3.04 
2. ~ 

3. 12 
3. 12 

-2.65 
-2. 82 
-2. 67 

-2. I 
-2.79 

-3.46 
-3.40 
-3.36 

-2. 4 
-2.70 
-2.72 

2. 0 
2.75 
2.7 

2.94 
2. 77 
2. 0 

-2.93 
-2.92 
-2. 97 

-3.63 
-3.53 
-3.47 

-3.69 
-3.64 
-3.60 

-2. 5 
-2.7 
-2.76 

-3.13 
-3.02 
-2.99 

(mu) 
I. 62 

1. 32 
1. 33 
1. 34 

1. 32 
1. 29 
I. 37 

1. 27 
I. 31 
I. 31 

I. 22 

I. 25 
I. 31 
I. 26 

I. 29 
I. 42 

1.4 
I. 42 
1.4 

I. 29 
1. 28 
1. 27 

1. 29 

1.24 
I. 25 
I. 32 

1.23 
I. 25 

1.19 
1.1 
l. 22 

1. 21 
I. 24 

1. 19 
I. 24 
1. 31 

1. 22 
1. 25 
1. 22 

1. 22 
1. 24 
1.20 

1. 53 
1.52 
I. 51 

1. 55 
1.52 
1.53 

1. 82 
I. 79 
I. 0 

1.77 
1.72 
1. 78 

1. 49 
1. -16 
1. 45 

1. 55 
1. 49 
1. 51 

(mu) 
0. 93 

1. 01 
1.04 
1.05 

I. 02 
I. 02 
I. 07 

1. 01 
1.00 
1.00 

. 99 

I. 02 
1. 02 
.98 

I. 03 
1.00 

.9 
1. 01 
. 98 

. 89 

.94 

.94 

.9 

.95 

.97 

.99 

.91 

. 93 

.95 

.97 

.9 

.96 
I. 02 

. 93 

. 97 
1.02 

.97 
1.00 
.99 

.97 

.9 

.97 

.94 

. 94 
.95 

.99 

.99 

. 96 

.99 
1. 03 
1. 04 

.99 

.9 
1.01 

.98 

.99 

.98 

.98 

.99 

.98 

37. I 

49.9 
51.4 
50.9 

49. 3 
51. 0 
49.9 

49.8 
4 .3 
4 .5 

54.2 

53.5 
51. 2 
52.2 

52. I 
44.9 

43.0 
46. I 
42.7 

43.6 
47.6 
48.7 

4 .5 

50.9 
51. 8 
49. I 

H.7 
47.8 

52.3 
53.7 
52.5 

50.2 
53.1 

49.2 
49.5 
49.8 

46.3 
42. 9 
46. 3 

50.5 
50.2 
51.8 

47. 
46.9 
4 .0 

49.7 
51. 2 
50.0 

45.4 
4 .0 
47.0 

47. 6 
4 .3 
47.6 

49.5 
50.9 
51.1 

50.3 
51. 2 
50.4 

17. 05 

-3. 37 
-2. 
-3. 29 

-3.04 
- 4.61 

2.00 

-.70 
-. 71 
-.97 

.1 9 

- 4.72 
.41 

-3. 12 

-.50 
- 3. 53 

-2.44 
- 4.65 

3.94 

5. 6 
9.3 
.54 

- .79 

-5.8 
-6. 24 
- 7.;l2 

7.94 
7. 0 

-.21 
-5.92 
-2. 20 

1. 95 
. 4 

-.22 
.66 

-.35 

3.67 
5.73 
4.94 

-3.95 
-4.95 
-4.27 

-2. 19 
-3.60 
-2.42 

-1.01 
-2.1 
-3.23 

2.83 
1. 83 
2. 73 

2.14 
1. 95 
.92 

3.91 
4. 
4. 32 

-7. 75 
-6. 95 

-11. 25 

- 4.2 

- 5.3 
- 5. 4 
-85.3 

-85. I 
- 5.1 
-85.0 

- 5. 3 
-84.7 
-84. 6 

- 5. 7 

-85.3 
-84.9 
-84.5 

-86.4 
- 6. 2 

-84.2 
-84. 7 
- 4.5 

-85.0 
- 5. 0 
-85.4 

-85.3 

- 5.5 
- 85.4 
- 8l.6 

- 5.5 
- 5.4 

- 5.2 
-85.7 
-~5_ 2 

-85.3 
-85.5 

- 5.8 
-85.8 
- 5. 6 

- 5.5 
- 4.8 
-85.1 

-85. 5 
- 5.3 
-S5.5 

- 3.0 
- 2.S 
-83.0 

-82.9 
-83.1 
- 3.1 

- 2.5 
-82.6 
- 2. 6 

- 2.5 
-83.3 
-82.6 

- 3.4 
- 3.2 
- 3.2 

-83.4 
-83. 8 
-83.6 

fUsee. 
122.6 

110.4 
Ill. 4 
111.4 

Ill. 4 
110.4 
Ill. 4 

Ill. 4 
109.5 
Ill. 5 

100.3 

10~ . 4 
108.1 
103.6 

120.2 
134.3 

101.5 
10 . 2 
114.3 

106.6 
104.4 
109.3 

109. I 

105.6 
103.4 
IC3.6 

109.0 
109. 0 

IO~. 6 
103.5 
103.6 

)04.5 
103.4 

95. 5 
99.3 

103.4 

100.6 
101. 4 
9.5 

110.3 
109. 2 
105.5 

108.4 
109.6 
I II. 9 

106.2 
106.2 
106. I 

103.9 
103.9 
106.9 

97. 
106.7 
102. 

109.4 
106.1 
105.7 

107.9 
109.3 
110.6 

Feel 
3.2 

3.0 
3.0 
3. 2 

3.4 
3.5 
3.4 

3.4 
3.7 
3.9 

2.5 

3.1 
3.5 
3. 

2. 3 
2.4 

3.0 
3. I 
3.3 

2. 
2.9 
2.8 

3.0 

2.7 
2.7 
3.4 

2.8 
2.8 

3. 3 
2.8 
3.3 

3. 0 
2.9 

2. 0 
2. I 
2.3 

2.9 
3.4 
3.1 

3.0 
3.2 
3.0 

4.5 
5.0 
4.8 

4.5 
4.3 
4.3 

3.7 
3.8 
3. 9 

3.5 
3.4 
3.7 

4.4 
4.5 
4.5 

4.0 
3.9 
4.1 

0.44 

.40 

.39 

.392 

.3 I 
. 364 
.3 3 

.366 

.370 

.354 

.454 

.395 

.32 

. 372 

. -118 

.409 

.509 

.451 

.427 

.45 

. 447 

.429 

.417 

.4H 

.441 

.416 

.429 

.430 

-.380 
-.40 
-.36 

-.403 
- . 405 

-.544 
-.514 
-.4 i 

-.4.00 
- . 399 
- . 414 

.380 

. 37 

. 395 

.407 

.379 

. 375 

-.414 
-.413 
-.420 

-.524 
-.509 
-.487 

-.565 
-.512 
-.525 

- . 390 
-.393 
- . 392 

-.435 
- . 414 
-.405 

0.0171 

.00119 

.00146 

. COl19 

.00140 

.00020 

.00537 

.00281 

.00323 

.00282 

. 00520 

-.00007 
.00437 
.00178 

.00294 

.0001 

.004 12 

.00063 

.00796 

.01063 

.01414 

.01216 

-.00362 

- . OOHO 
-.00 170 
- .OOliO 

.01142 

.01136 

-.00376 
-. 00SU2 
- 00624 

-.00224 
-.00317 

-.00633 
-.00'172 
-.00566 

-.00063 
.00049 
.00049 

.00035 
-.00023 

.0001 

.00403 

. 00263 

.00326 

-.00724 
-.00 lO 
-.00932 

- . 00620 
-.00738 
-.00552 

- . 00869 
-.00644 
-.00901 

-.00215 
-.00179 
-.00199 

- . 01389 
-.011 0 
-.01461 

-0.0731 

- . 069 
-.0640 
-.0637 

-.0602 
-.0530 
- . 0593 

-.0629 
-.0649 
-.0594 

-.0879 

-.0674 
-.0646 
- . 0606 

-.Oi65 
-. 0758 

- .1167 
-.0921 
-.004 

-.0951 
-.0875 
- .0809 

-.0806 

-.0893 
-. 0890 
-.0804 

- .0820 
-. 022 

-.0636 
-.0702 
-.06-15 

- . 0733 
- .ono 
-.1342 
-. 11 97 
-.lOil 

-.0;24 
- .0721 
-.0764 

·-.0656 
-.0650 
-.0700 

-.0767 
-.0666 
-.0652 

-.Oii5 
-.0754 
-.073 

-.127 
-. 11 97 
-.1102 

-.1479 
-.1212 
-.1269 

-. 0702 
- . 0705 
- . 0701 

-.0811 
- .0739 
-.067 

c, 

0.02718 

.00115 

.00131 

.00110 

.00136 

. 00018 

.00490 

.00338 

.00410 

.00356 

.00479 

-.00006 
.00445 
.00176 

.00295 

.00023 

.00567 

.00078 

. 01087 

. 01521 

.01725 

.01441 

-.00444 

- .0015i 
-.001 6 
- .00202 

.01399 

.01393 

-.00400 
-.00 96 
-.00654 

-.00260 
- .00332 

- . 00765 
-.00563 
-.00667 

-.00073 
.00057 
.00053 

.00041 

.00027 

.00021 

.00493 

.00331 

.00395 

-.00 19 
-.00871 
-.01036 

-.00 30 
-.00896 
-.00099 

-.01070 
- . 00772 
-.OH05 

- .00248 
-.00197 
-.00217 

- . 01514 
-.01238 
-.01553 



TABLE IV.-SUMMARY OF SPIN RECOVERIES 

TAIL SURFACES I l\C~lBER OF TURNS REQUIRED FOR RECOVERY 

iSE':-<SE 
Ailerons neutral, rudder reversed Stick forward, Rudder neutral Elevator neutral, 

LOADIKO rudder reversed rudder reversed 
Stick free, Controls Controls Fin Rudder Elevator rudder neutral free 

Stick forward Slick back Stick reversed Aile-I Ailerons Slick I Stick Ailerons I Ailerons neutral ~~g against back (ree with against 

PRELIMINARY TESTS- APPROXIMATE SPECIFIED LOAD (WITH PARACnUTE GEAR AND INSTRUMENTS) 

F4B-2 _________ F4B-2 (340 F4B-2 __________ Stripped __ ___________ {R ___ _ _ 
rna,. tbrow). L ____ _ 

Do ________ F4B-2 (350 Modified ____________ do _______________ {R ____ _ 
max. throw). L ____ _ 

F4B-3 _________ F4B-3 ___ __ ____ F4B-2 _______________ do ________________ {t:~~~~ 

Do _____________ do _____________ _ do__ ________ Norma!.. ___________ {t~~::: 

Do ______________ do ______________ do __________ Normal+radio+raft - iR-----
L ____ _ 

Do _____________ do ______________ do_ _________ Carrier overload______ R ____ _ 
L ____ _ 

F4B-4 __ ______ _ F4B-4 ______________ do __________ Stripped _____________ {~~~::: 

Do _____________ do _____________ _ do __________ Norm al. _____________ {~~:::: 

Do _____________ do __________ ____ do __________ Normal+radio+rnft __ {R ____ _ 
L ____ _ 

Do _____________ do ______________ do __________ Carrier overload ______ {~::_:: 

Do ________ ___ __ do ______________ do______ ___ Normal, c.~. at 27% {R ____ _ 
M . A. C. L. ___ _ 

Do ___ __________ do _____ --- _____ do __________ Stripped ,------------ {f::::: 

2,~ 
2 

2;t 23, 
2;';,2 ,8 

, 4 
, 4 

23, 2 2~4 ,2 3~~ ,t 3}4 
3t I, 2 3, 2 3~t 

, 2~, 
21 1.) 

'3~ , ;;i 
2 2~4. 2 I Jr<i 

H~,HI 
>" ,I ~ 

13, 
I~ 
1% 

2 
2,' 3~,! 3,' 4, 13, 

1~,' 2, ' 2y.!, 1'2 
I ~~ 
I ;{. 
] 34 
1>2 

2~~ 
2 

2~,2i~ 
I h , I ~, 

I ~ 
1 

2Y<l. 1 ~1 , l}~ 
1 ~, 3,1% 

l ~' 
1~ 

2H, 2,~ 
1%, 2 

1 ,~ , I ~ 
2~~, H~ , 2 

1 ~4. l ~~ 
I %,l~~ 

I~, 

3l~ 
13 . 

" 25~ 
H~ 
I~~ 
I ,~ 

Hs 

2~ 
I;" 

Ht234 
H~, I~~ 

I~~ 
I 

2,2 
I,~, I j., 

H~ 
I 

16 16 ________________________________ _ 
23, 5~ ________ ___ ___ _____ _______ __ ____ _ 

16, 19 16, I 10 ______ ___ __ __ ___ __ _________ _____ _ 
2~ " H~ 5,~, 5~~ ________________________________ _ 

3 3 2 ;~ , I 6 • ly.! • 3 _________ ____ ___ _ 
3~ 33, 16 • I • 2,. ________________ _ 

6", I 9 18 ________________________________ _ 
2,~ , 3,~, 2~ "8 _______ _________________________ _ 

4 ~, 16 ______ ____ _______ _ ____ ____ _ ________________ _ 4" __ _______________ __________________________ _ 
18, 17 ______ ________ ____ _____ ________ __________ __ _ 

1 ~~ , J 1~ _______________ • _ _ _____ ________ ._. _________ _ 
2~, n~ 19 ________________________________ _ 

I, ~~ 13 ____ ____________ ________________ _ 
6~" I 6 18 ________________________________ _ 
2,~ , I y.! 19 ___ _____ ______________ ~ _________ _ 

5,8H ___ ____ ____ ___ ____ _________ _______ 2~' 

2 ______ __ ___ _______ _________ _______ 1% 
110 __________________ ____ _________ ____________ _ 
2~4 ______ . ________ . ___ ____ _____________ __ _ . ___ _ 

3,~, 3\, __________________ __ ___ ____________________ _ 
l }~ _________________ _ __ ___ ________ • ___________ _ 
16 17 _______ ___ ______________________ _ 
2)~ 110 _____ __ _________________________ _ 

FINAL TESTS- EXAC'r SPECIFIED LOAD (WITHOUT PARACnUTE GEAR) 

F4B-2 ____ _____ F4ll- 2 ____ _____ F4D-2 _________ _ 

Do _____________ do____ ___ __ Modified ______ _ 

Do _____________ do _____________ _ do _________ _ 

I d {
R ____ _ 

Carrier over on ------ L ____ _ 

{
R ____ _ 

Stripped _______ .-- --- L ____ _ 

{
R ____ _ 

Carrier overload ______ L ____ _ 

F4B-3______ ___ F4ll-3_________ F4B-2 _________ _ 

Do _____________ do ______________ do _________ _ 
{
R __ __ _ 

Stripped ____________ L ____ _ 

{
R ____ _ 

KormaL __ .. _________ L ____ _ 

Do _______ ___ __ _ do ______________ do _____ ____ _ Normal+radio+rafL {r::=~~ 
Do _____________ do ______________ do _________ _ 

F4B-4 _________ F4B-4 _____________ _ do _________ _ 

Do _____________ do ______________ do _________ _ 

Do ___ _________ _ do ______________ do ___ ______ _ 

Carrier overload ______ {r~==:: 

{
R ____ _ Stripped _____________ L ____ _ 

Normal --- ----- {r::::: 

Normal+radio+rafL,{r::=== 

Do ____ -- --1- ---_do ___ --- ---1- -___ do ______ -- --I Carrier overlond ----- -I {r~ :::: 

Do ________ I _____ dO _________ 1 MOdified _______ 1 Stripped _____________ I{r :=::: 

Do ___ __________ do ______________ do__________ NormaL. ____________ {t::::: 

I No recovery during number of turns s!lown. 
2 Rudder was moved against spin very slowly. 
a Stick forward 2 turns before rudder was reversed. 
• Steady spin has ailerons with spin. 

25~ 
2~ 

2 
3h 
n~ 
]12 

2,1~ 
I ~, H~ 

2),,2,2, . 
H4,1%,2 

2,~, H~ 
II .. 2 

2y'!,1~ 
l ~., 21·'2 

H~ 
I ,~ 

l}~.lH 
H~,I 
1>.,2 

I h , H~ 

2, 1 ~~, 2 Y. 
1 ~,2~,H~ 

I~,I~ 
2,H~ 

I>~, I! ~, H. 
H~,lh,H, 

J 6 
4 

5~ 
16 

3" 16 
21;,H~ 
H4.l}~ 

2%,2 
2~ 4, ]31 
2~41 2}4 
]l2, l h 

41..:1 
2 

2h 
H4 
3,~ 

F4 
2,s,lh 
g,,1\, 
2~t, 2H 
IH,P., 
2~~, 2 ~4 
Ht,ll, 
2~s, 2), 
1 ~'2. 1 ~4 

13 ,I 
Hi 

I %. I H 
~., 1)4, I ,~ 

H~,2 
I H,Iy.! 

1%,2 
I %, l,~ 

2 1, 18 
1 ~1! 3>~ 

2 17 H, 3" 
2~4 16 
IH 3}~ 

2,~, H'I I 10, 5~ 
H~, 1 ~" 3~t 3~~ 
2!~, H. I 11, I 8 
1" ,1 ;4 1% , H~, 3" 

2,2 19,19 
Hid I ~ , 2~ 
2,1~~ 110,16 

]3s,1!2 2h,3~~ 
1\2 4,6 
1'4 3,3" 

]St,ll6 19 
1;\!,1)' 3 
H~, H. 16 

Hs, I 3,2 

H~, I" 
I,l}i 

I 12, 17 
2~~, 2, 2~ 

I 7,~ ___ ______ _______________________ _ 
I 7,2 ________________________________ _ 

I 7 ___ _____ __________ ___ ___________ _ 
I 6 ________________________________ _ 
16 ____ __ __________________________ _ 

:,~j ~~m~~ -~:~~~~ ~~~~~~~~~~:~J-- !ij:~;~ 
I 12, 191------- --------- -------__________ 1 I 23• 111, 19 ____ ___ ___ ______ __ _____ __________ 2)~ 41, 
I 10, I 8 _______ _________ _______ __________ 1;4 3). 

19, I 9, '5:~li::::::: ::::::::: ::::::: :::::::::: 
7 _______ _________________________ _ 

:~:: ~ ====== =1========= =======1========== 

I 9: .z~l::=::=:i::=:::~::l:: = :=::l:::::::::: 'I ~ 
,~, l2 

. 3,~ 
2~,2% 

17,2,3, ' 8;' 
1 i,1~i,2!~,!9' 

l ~t 
Hs 

HtH~ 
2,IH,17 

, 6, ' 10, , 5\" ' 6 
1 ,~ , 2,., 3, 2~ 

3,~, 4~~, 3;~, 2,~, 
IH, 2H,I% 

l Y2,H~ 
J 6, H~, 4, 2, 5, 3, 

l ~~ . 2~~, H2 
I ~I!, IHI IH,I"I I H, I H 2, I;' I I" I ~ I ,~, I y.! 

I}~, I ~, 1% H~, II~, Ij., HI!, H2, I~ 
I ;!!, 2h, 1 ~~ 1,.,ll ., 1% I,~, I" , I,~ 

3"'3~~1 17'11°1-------1--- ------1-------1----------H~ , 1% 19, 110 ________________________________ _ 
110,6,5 120, 1~, 17 ________________________________ _ 
I%, 3, 4 18, I I, I 7 ________________________________ _ 

• Steady spin has ailerons against spin. 
, Parachute removed and equivalent ballast substituted, 
, Made to determine etIect of speed of rudder displacement. No recovery during number of turns sbown . 
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TABLE IV.-SUMMARY OF SPIN RECOVERIES-Continued 

TAIL SURFACES 

I 
NUMBER OF TURNS REQUIRED FOR RECOVERY 

Ailerons neutral, rudder reversed Stick forward , Rudder neutral Elevator neutral, 
LOADING SENSE rudd er reversed rudder reversed 

Stick free, Controls Controls Fin Rudder Elevator rudder 
Stick reversed neutral free Aile- I' Stick forward Stick back rons AIlerons Stick I Stick Ailerons I Ailerons neutral 

witb agalDst back free witb agalDst 

-- ---- --------- ---- ---------

FINAL TESTS-EXACT SPECIFrED LOAD (WfTHOUT PARACII UTE GEAR)-COlltinued 

I, H" 3 2~~. ' 2,s, IH,I~4 ,' 2~ . 1.' 10 
3 2~" 3 25il , 6, ' 10 

l ~s,I ~~,'2~~ , 32~, 1%, IH.' 6.' 3", 
3 2~s , 3 2% 1 7, 6 

F4B-4 ___ _____ .I F4B-4 ____ ___ .I Modified ____ ___ 1 Normal+radio+raft . I{R--- --
L ____ _ 

1%, I" Hs, I" 1 6, '8, ____ ___ , _________ , _______ , _________ _ 17,110 

1}4,1% I H , I ,. 2,2,1% 17,17 , _______ ' _________ ' _______ , ____ ____ _ _ 

D d d C' I d {R 2,' 2" 2,1. , 5 1" , ns H~ , I" 17,16 16,17 ------- --------- -------,----- ---- -0 ________ ----- 0 __ ______ ----- 0 _ _ ------- arner over oa - - --- L~~~== 1 ,~, 3 2 1", 1.15 Us, 1" 1%, 1 ~ 2~4 , 3% 16,16 _____________ ______ ________ __ __ _ _ 

D {
F4B-4 (35 0

} d d tR -- --- 2 1% 2,il I" 16 16 -- _____ --- ______ ------- ------ ----0________ max tbrow) ---- 0 ___ ____ __ - ---- 0 __ __ _____ ______ L 1% 2,. Hs I 2~~ 16 

F4B-4 & fin }T.'4B-4· . F4B 2 d R~~:=: I" 10 I" I " 6" 16 ::::::: :=:==:::: =:::::= :::::::::: 
1 "' --------- - -- ---- ---- ----- 0 ________ _______ L 1"' 16 I " II /, 2'1/. 16 no. . __ ___ 71:' l:t 74 74 _____ ____ ____ • __ --- ____ - ________ _ 

F~~1. & fin } ____ dO ___ __________ do _________ Stripped _____________ {f~:::: m: m :::::::::::::::::: ::::::::::: ::::::::::: 4 ~: m ::::::::::: ::=:::: ::::=:::: ::::::: : : :::::::: 

D d d C · I d {R ____ _ Hs, I" Hil, I" 1" ,IH IH, 1% 4~4, 16 16,16 ------- --------- ------ - ----------0 __ __ ____ ----- 0 ________ ----- 0_________ arner over oa ------ L ____ _ 1%, IH l}~ , I H 1, H~ I, H4 4,4 '6,'6 ________________ ___ _____________ _ 

F4B-4 & fin} d d St 'pped {R _____ I~ 2,. 1% H~ 16. 16" --- --- - ---- --- ---- --------- ------- ----------no. 3. ---- 0 ________ ----- 0_______ __ f1 -- - ---------- L _____ l ,il 3~il H4 1% 114,1% __ ____ ___________ _ ____ _______________ ____ __ _ 

DO ________ I _____ dO __ - --- --I-----dO- - -------

F4B-4 ______________ do_ _ ______ F4B-2, raised __ 
Carrier overload ______ {L:=: m 5", ( ~~ n; m 2'~1 : ~ ::::::: ::=:::::: ::::::= ::::: : ::::1::::::::::::1::::=:::: 
N mal+ radio+ raft {R _____ ------------------ I, I, % ~ ~4, " , % 2", 2~', 3,~ __ _____ _____ ___ ___ %, %, }il 15, '5 H4 , 2", 2 ~" %, I %, %, % 

or - L. __ __ ~, ~E 1, % %, ~~, % I, 2H ___________ _______ %, ~ 13, I 5 1 ~~ , l ~' }~, %, ~ }S, ~2, ;{; 
« 1, « 1, « 1 

Do ________ L ____ do_ - ______ I {F~;Jiat~~ter- I}----do- - - - - ___ _____ __ I{~~~ :=: 

1 No recovery during number of turns sbown. 
, Rudder was moved against spin very slowly. 
:Stick forward 2 turns before rudder was reversed. 

1, I, 11 H~ , Hil 
I, 1%, J}<, %, llil 

H~, I ~il 
1lil, 1,8 

Hs,l }4 
l lil,lH 

, Steady sp in bas ailerons witb spin. 

Hil,'5 
2, 4" 

' I H,'H~,S1" 
I Hi,II- ------1 Z'il,2)41 1,4, I l lil, 1 ____ ___ I ~' , 2lil Hs, 1 

~4 , 1 
~~ , 1 

, Steady spin bas ailerons witb spin . Recovery depends on speed of rudder displacement. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel 

Sym- to axis) 
Designation bol symbol 

LongitudinaL __ X X 
LateraL _______ Y Y 
NormaL _______ Z Z 

, 

Absolute coefficients of moment 
L M 

0,= qbS Om= qcS 
(rolling) (pitching) 

Designation 

Rolling ____ _ 
Pitching ____ 
yawing _____ 

N 
On= qbS 
(yawing) 

Sym-
bol 

L 
111 
N 

Linear 
Positive Designa- Sym- (compo- Angular direction tion bol nent along 

axis) 

Y_____.Z RolL ____ <P u P 
Z-->X Pitch ____ (J I) q 
X-->Y yaw _____ o/t w r 

Angle of set of control surface (relative to neutral 
position), 5. (Indicate surface by proper subscript.) 

4. PROPELLER SYMBOLS 

D, 
p, 
p/D, 
V', 
V" 
1', 

Q, 

Diameter 
Geometric pitch 
Pitch ratio 
Inflow velocity 
Slipstream velocity 

l' 
Thrust, absolute coefficient OT = -----ZD' 

pn 

Torque, absolute coefficient OQ= ~D5 on 

P, 

0" 
'I), 

n, 

Power, absolute coefficient Op= ~n& pnu-

Speed-power coefficient = -V ~~ 
Efficiency 
Revolutions per second, r.p.s. 

Effective helix angle = tan -1 (2~) 

5. NUMERICAL RELATIONS 

1 hp. = 76.04 kg-m/s = 550 ft-Ib./sec. 
1 metric horsepower = 1.0132 hp. 
1 m.p.h. =0.4470 m.p.s. 
1 m.p.s. = 2.2369 m.p.h. 

1 lb. =0.4536 kg. 
1 kg=2.2046 lb. 
1 mi. = 1,609.35 m=5,280 ft. 
1 m=3.2808 ft. 


