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Technical Note No: Aero.2278
Decembar, 1953

ROYAL ATRCRAFT ESTABLISHIGENT. FARNBOROUGH

Flight Meesurements of the Oscillatory Spin
of a Fighter Aircraft (Vempire 3

by
D. R. Dennis
R.A.E. Ref: Aero F/1352
#.0.8. Ref: AD/RDL1/B9
SULMARY

A Vempire k.5 was instrumentated and spun to determine the
characteristics of the spin and recovery.

All spins were of two or four turns duration; narmally entered spins
were steep and oscillatory with large rolling and pitohing oscillations
present. The moast violent osocillations ocoourred in the spins at 20,000 ft
altitude, spins at 35,000 ft were less osclllatory and spins in which
anti-spin aileron was applied were almost steady.

The peak angular veloclty of the fuselage axis, spplying a gyrosoopic

couple to the engine, wae measured as 2,35 rads/scc in a spin at 20,000 ft
altitude.

Recovery from four turn spins, by normal recovery action, was always
satisfactory; but with rudder only ocentralilsed instead of reversed,
recovery was doubtful,

The space attitude and motion was deduced from the spin reoords and
some observations made as to the main features of the osclllations.




Tooh. Note No, Aero,2278
T _OF CQO
Page
1 Introduction 4
2 Desaription of Airaraft
‘ 2.1 Aerodynemiocs 4
.. 2,2 Loading of Adraraft (Full Fucl) L
i : { 2,21 BEstimation of loading at spin 5
1 3 Measurements lade 5
! 3.1 Alrcraft Instrumentation 5
3.2 Body axes systcm of Mcasuremont 6
‘ | L  The 'Prototype' Spin 6
| 5  Flight Tests 7
5.1 Method of Tcst 7 |
6  Rosults and Discussion 7
| , 6.1 Normel Spins 10 |
6.2 Spins from 'g' Stalls 10
6.3 Spins with Applicd 'Ailcron’ 10 .
’ .. 6.4 The Spin Recoveries 11
? 6.5 General Discussion 11
6451 The Spin Oscillations "
i f 6,52 The Stresses on the 4/C in the Spin 12
[1 6¢53 The Phrsiological Effect of Violent Spins 13
f 7  Conclusions 13
| List of Symbols 15
Roferences 16
Advenoe Distribution 16
i Detachable Abstract Cards -
LIST OF TABLES .
' Zsble
Adroraft Weight end Inertiss (Full Fuel) I
Details of Instruments II
Results Obtained from Spin Reoords III
-2 =




Teoch. Notc No. Aero.2278

LIST OF ILLUSTRATIONS

Aerodynemio data sheet Vempire 5 VZ835

Sketch
2 turn
2 turn
2 turn
2 turn

2 turn
spin

4 turn
4 turn
4 turn
L turn
3 tarn
4 turn
L. turn
L tun

4 turn

of 'prototype' steady spin

spin to starboerd: (altitudc 20,000 ft)
spin to port: (altitude 20,000 ft)
spin to starboard: (altitudc 35,000 ft)
spin to port: (altitude 35,000 ft)

spin to starboard with anti-spin aileron throughout
and recovery (30,000 £t)

normal spin to starboard from 20,000 £t

normal spin to part from 20,000 f't

normel spin to starboard: from 35,000 f%

normal spin to port from 35,000 £t

spin to starboard from 'g' stell at 20,000 £t
spin to port from 'g' stall at 29,000 ft

spin to port wita 'pro-spin' aileron throughout
spin to part with 'enti-spin' alleron througnhout

normel. spin restricted rudder on recovery

Reconstruction of space attitude and motion
(Wormal spin, fig.11)

Reconstruction of space attitude and motion
(Spin with 'anti-spin' aileron fig.15)

17

18




o e

‘ <,\,~;j:,

Teoh. Note No. Asro,2278

1 Introduction

The De Havillend Vempire Mk.5 is a single seat jet propelled fighter
diraraft in service with the R.A.P.

alraraft are required to be able to recover from two turn spins and Servioe
treining requires that the pllots praoctios two twrn spins In order to
familiarize themselves with spin and recovery technique, Intensive prac-
tise spinning of Vempire 5's was proposed by the Alr Ministry end it was
required that the spin and recovery charaoteristics of the eireraft

should be fully Investigated at the R.A.E.

To cover the case of an acoidental spin in service ell fighter type 1
?
I

The primary object of the tests was to measure the sirareft angular
velocities end acoelerations in the spin. In addition the opportunity
wes teken to investigate other aspects of the spins, Spins were made
with verlous control configurations at three different altitudes; and
the recovery from the spin wes investigated using diffarent oontrol
movemants.

2 Description of Airorafi

2,1 Aerodynemiocs

A genersl arrangement dreawing and data shect for the eircraft is
presented in figure 1. The siroraft hes a wing loading of 394 1b/sq ft.
The twin boom fuselage is of elliptiocal section and the tailplane spins
the booms in a position below the rudders such that the 'inside' rudder
in the spin is shielded (i.c. starboard ruddar in a spin to starbosrd).

2.2 Losding of Airaraft (Full Fuel)

The alrcraft was welghed with all fuel tanks full, 200 lbs ballast
in the seat to represent the pilot and with all test equipment installed
in the empty smmmition bays. (Thc particulsr aireraft Vempire VZ835
used in these tests was also fitted with ean ejector seat,) Sufficient
measurements wore made to cnsble the position of the ocntre of gravity
to be caloulated.

The inertis loading of the eiroraft was obtained from firms
caloulations as detailed in following table 1.

TABLE 1
Alrograft weight and inertias fue
( V2835 ) Measured Calwlut;it?om R -
Weight 10,283 -
C.G. position | 0,625 £t aft
U/cep from of datum -
C.G. datum (297 MeAdCo)
Pitching moment 2eduation of weight
of inertia, B - 221,000 and inertlies with
1bs/£42 fuel consumption
Rolling moment obtalned by oaloula-
of inext A - 345,700 tion based on firms
1bs/ft data
Yawring moment Inertieas at apins
of inertl (o] - 523,000 are given in teble 3
_Ib/st?
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2,21 Estimation of Loading at Spin

During the olimb to spinning height the fuscl used caused en appreciuble

reduction in the weight and inertias of thc aircraft. HFusl wes mainly
consumed from the wing tanks thus primerily reducing the rolling momcnt

of inertia, A

Therefore just befare spins the pilot noted the emount of fuel oon-
sumped from the tanks and this figurs was used to ocaloulate the redusction

in welght and inertias from the full fuel condition.

The calouleted

loadings of the alraraft at each spin are inoluded in the sumerised

spin results of teble 3.

3 Meoagsurements Made

3.1 Aircraft Instrumentation

The instrumentetion dctailled in the following teble 2 was installcd

in the aircraft.

TABLE 2

Detadls of Instruments

Natural fre-
mantity quoncy and | Definition ¢ ‘
Ingtrument Measured Rango donping of quantitios Renarks
system
' Desynn trans-
' o |t
Rate Gyro | Rate of Roll p' | & 5 rads/sec 11 cycles/sec | Roll to 8tbd |dsston systen
: (Ar dashpot
Rate Gyro | Rate of Yawrt | « 4 rads/sec f0.4 damping | Yaw to Stbd. ! "damping.
: | Gyro's sealed
| t
Rate Gyro | Rate of pitch q'| & 1.75 rads/sec (overage) | Pitch nose up ' E:’:x;p:essm
] i .
2 Normol -1, h‘ Tos/ ! Upwards along | Desynn trams-
Accelerometer| [cceleration « & | ! cyeles/sec | 2¢ axts i mission systeu
- i
Y hcceleration 1 g 110.45 damping | hlong stbd. “. Friction
Acceleroneter| along wings t L {average) wing || damping
Rudder Rudder o | 10 cycles/scc stod MNeasured on
Desynn angle +30 i 0.2 domping ¢ stbd. rudder
static error
Altimeter Altitude 0=50,000 ft large in spins
RePoMe Engine
gauge Revolutions | ©<15,000 rpm - = -
0.8.A.P. instrument
camera Dials 16 frames/sec - - -
Timing Time - : - - -
Clock Seoonds

The instrument resdings werc prosanted, and photogruphed by a
G.S.A.P. camera, in an auto-observer installed in the front sterboexd

asmmunition bay.

-5
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The thres rate gyros were mounted in the part front smmmition bay
to measure rates of roll pitoh end yaw about the aircraft body axes.
The accelerometors were as olosc to the C.G. as possible in the part rear
bay, to measure acoolerations along the eireraft Z' and Y' body axes;
their measurements were presentod by tho Desynn systom on roccivers in
the auto-observer. The actual pjosition of the acceleromsters was 2.5 £t
in front of the C.G. and 1.5 £t to part. Small corrections are therefare
necessary to the spin acceleration records to obtain the aotuel eiraraft
accelerations at the C.G.

3+2 Body Axes System of Measurement

The airaraft body axes are mutually at right sngles and originate
at the aircraft C.G. (The X' axis is defined in figure 1.) Positive
directions of the anguler veloaclties and accelerations are defined in
table 2 and figurc 2.

Sufficlent measurements were made sbout and slong the aircraft axes
to enable oaloulations to be made of the acceleration and gyroscopic
stresses in the spin, on airframe and engine respectively. licasurement 1
of the X' acceleration was not made as spin measurements on other alreraft '
have shown it to be small. The stresses on the aireraft in the spin are !
disoussed in a later scotion 6.32.

The sketoh of figure 2 shows the body axes system in relation to the
spin geometry., The space attitude and motion of the alrersft can be
calculated fram the body axcs measurements if a stcady spin is obtained.
The method of calculation is as dosaribcd in seotion L.

4  The 'Prototype' Spin

It has been shown2 that a closc¢ approximation, considerably simplify-
ing the spin geometry, can be madc by postulating that the Z' body axis
interseots the spin axis. 4ny departurc of the wings from the harizontal
position can then be obteinecd by yawing the airoraft sbout the Z' axis as
shown in the diagrem of figure 2. Tne following relationship apply:=

p' = Q cos @ cos X (1
r' = Qsina (2)
q' = 0 ocos @ sin X (3)

from (1) and (3) ten X = .g;. (1) end (2) .:.:. = __Z:r;_;

from balance of horizontal forces

R=E&8;_..'°;’_i
Q

(Note) R as caloulated is from spin axis to 2' acoelerometer,

Q
Helix angle of C.G. = -S&ee. - tan ¥
Vp
and asrodynemic sideslip 3° = ey -9
b
where sin ey = 8iny ocos & .
- 6 -
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These relationships are truc cnly for steady spins, in rougn oscillatory
sp:lm where the engular velogd.ties and accelerations are rapidly changing
they do not apply. .

Hwevar mean angular velocitiea and accelerations can be obtained
from the records from whioh the meen attitude. and ra.te of rotation in
the oscillatory spin cen be caloulated.

In general the Vampire spins were ver:r oscillatory and the co.lculatod
space quantities summerised in teble 3 arc intended to give a genaral
indication of the alraraft's mean spasoc attitude and motion in the
osod.llat:l.ms of the third and fourth turns.

5 Fliggt Tests
5«1 Method of Test

Spins from straight and level flight were commenced by throttling
back the engine and reducing speed untll the airaraft was near the stell,
when the spin was entered by applying full up elevator and full ruddor
in the required direction of spin.

Throughout the tests the particular aircraft used showed e left wing
drop at the stall and this affected the entry to the spin in eaoh dlrec-
tion and probably the eventual roughmess of the spin.

The pilot attempted to hold on full rudder throughout the spins
but on some oocoasions buffeting caused the rudder to move from the stops.
As far as possible throughout the spins and recoveries the ailerons were
kept oentral except in the case of spins (records 7, 1L, 15) where
eileron was deliberately epplied.

Except where stated otherwise, recovery from spins was by normal
recovery action (full opposite rudder and moving the stick forwerd until
the spin stops) the airaraft recovering into a steep dive, often over
the vertical, from which a 'pull out' was made.

Care had to be taken that the 'pull out' wes gentle as the eiraraft
tended to stall due to the acceleration load and spin again.

6  Results and Discussion

The auto=observer records of the spins end recoveries sre presented
in figures 3=16. - All measurements made ar: plotted on a common time basc;
time zero carresponding to am instent at the stell just prior to entry to
the spin. The first part of the 'pull out'! only is shown at the end of
the records.

Table 3 summarises the results obtained in the spins snd the meen
spin quantities calcule.ted from the results,

All spins show a common feature in that there is en increesec in the
spin angular velocities and acceleraticns es the spin progresscs. All
spins, with the exoeption.of that with anti-spin alleron applied, were
osalllatory; the violence of the oscillations verying with the eltitude
of the spin, the applied controls, end the spin direction. In general
spine to starboerd were rougher than to part,

The records show that the osclllations ero primerily in roll and
pitoh (sbout body axcs) and are cyolic with vech turn; inaressing in
amplitude up to the fourth twrn of *he spin. There is some indlcation
from the records that the oscillations have reachcd maximum amplitude
at the fourth turn of the spin.

.-.7-
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v

The altitude records show large errars in the spin dus to the
attitude at which the pitot static is working; mean ratcs of descent only
are obtainsble from these records.

6.1 Normal Spins

Normally entred spins consisted of two &1& four twrn spins at
different altitudes as recorded in figurcs 3-6, 8-11.

In the two turn spins, figures 3-6,the rccords show that the spin is
not fully developed, the maximum angular velocities measured belng 3.2
redisans/sec in roll, 1.25 radians/sec pitch and 1.1 rediens/sec in yaw,.
The four twrmn spins figures 8-11 are directly comparable. Thoso records
show that spins at 35,000 £t altitude arc considerably less oacillatory
than at 20,000 ft, In the normal four turn spins at 20,000 £t the highest
engular velocities recarded arc, L4.15, 1.5, 2.0 radians/scc in roll yaw
and pitch respectively. At 35,000 £t altitude thc corresponding pesk
engular velocities recorded are 3.9 (in recoovery), 1.3 snd 1.3 radians/scc.
The normal acoeleration in the spins was small not cxcccding 1 'g' at
35,000 £t and 1.0 'g' at 20,000.

‘Teking mean velues from the records for this acceleration and for
the angular velocities and rate of duscunt after 3~4 twmns of thesc spins,
the spin quantities shown in teble 3 havc been celculatcd. The mean
incidence is in the range 26-31° and the ratc of rotation 2.,0~2.. radiens/
8€Ce

¢

These spins can therefore be desaribed as steep oscillatary spins in
which the oscillatims are predominately roll and pitch sbout eircraft
body axes. In ths very oscillatory spins the incidonoe range in the
osclillatory motion 1s probably from 20-60°, end the wing tilts 'innenr
wing dovm' to angles of tho order of + 30° or morc during the oscillations.
The results confirm the pilot's swmery of thesc spins as lollowsi=
"Al1 spins were fairly stccp with the nosc of the silrcraft averaging
about 30° to tho varticel. The spin to thc right was fastor and rougher
than $0 the left, and the lower tinc altitudc the morc oscillatory was the
S'pin“.

The spin oscillations are further discussed in e later section 5.31.

6.2 Spins from 'g' Stalls

Spins from 'g' stalls were entered from turning flight the turm
being tightened until the aircraft stalled at about 1.6g, when rudder
was epplied in the direction of spin. The spin records figures 12 and
13 indicate that from a 'g' stall the spin development is quick and high
angular velocities occur in the first twun. Comparisom of thesc spias
with normally entcred spins show that spins from 'g' stalls can loud to
the higher stresses in the first two turns.

6.3 Spins with Applied ‘Aileron’

Figure 14 is a record of a spin entered at 30,000 ft from straight
and levol flight with 'pro-spin' alleron epplicd throughout the spin.
Figuwe 15 1s of & similarly entered spin with 'enti-spin' alleron applied
('enti~spin' ailoron is alleron in opposition to tho spin direction, e.g.
stick right in e left hand spin),

The records show that alleron sppliocation hes a large effect on the
spins, the spin with anti-spin aileron being elmost steady (eigure 15).
In this spin tha ratv of roll shows an ’elm'ost stoody inorcaso end the

- 10 -
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rate of pitoh is 'nose down! with only small oscillations present. In
this steady spin the rate of pitch does not beocome positive es in the
case of the oscillatory spins, g

The celoulated alroraft motion end attitudo in spape in this spin
1s shown in figure 18; the spin was sufficicntly steady for these
caloulated results to be asoourate values.

The spin with pro-spin alleron was osoillatory with a 'bulld up' and
angular velocity renge similar to that in tho normel spins,

6. The Spin Recoveries

- There was very little asymmetry between reooveries from each directiom

of spin, from four turn spins in either direction recovery time never
exoeeded 3,5 seoonds. (Reocovery time is dofincd as timc olapsing botweon
application of opposite rudder to roduction of ratc of yaw to less than
0.2 reds/sec). There wes no indication that whon normal rocovery action
wes applied the reocovery was other than positive at elther altitude.

The recoveries using 'pro' and 'enti-spin' aileron in conjunction
with normal recovery sction show little difference in recovery time, tho
application of anti-spin aileron being slightly more favourable to

- recovery. This result is in agroement with predictions of alloron effect

far the aircraft based on model tests3,

Figure 16 is a recard of a spin in which restrioted ocontrol movements
were used in recovery. It will be seem from the record that with centra-
lised rudder only, and stick forward for reoovery, recovery hes not taken
place in 7 seoonds, whereupon the pillot applied full oppositer rudder and
effected recovery. This spin and recovery was repeated by another pilot
who applied 5° of opposite rudder in recovery action, full recovery then
being effected after 8.8 seoonds. . (Rudder trace figure 16a.)

These results are a measure of the airoraft's ebility to recover
from four turn spins end show thet recovery is doubtful when 'opposite’
rudder is not used, and delayed for 6 scconds whon only 5° of enti-spin
rudder is applied.

These results show that while recovery is quite satisfactory from
four turn spins by normal recovery action, the margin of safety is not
high if the oontrols are mis-applied in recovery action. .

6.5 General Discussion

Comperison of the four turn spin results for the Vampire with those
of other elrcraft shows the Vampire to have one of the most osoillatory
spins yot measured. Examination of the spin results shows the character
and possible cause of the oscillations, and indicates that the oscllle-
tions mey load to high stresses in the engine snd portions of the airfrome.
These features are disoussed in the following sections.

6.51 The Spin Osgillstions

The angular velodd.ti_es and apcelerations, and aerodynamioc faroes
and moments aoting on the airoraft throughout the spin, are dependent
o the siroraft's motion and attitude in space during each turn.

Use of the relationships of scotion 4 to give airareft space attitude
of motion et eny instent in a semi-oscillatory spin oan give approximate
velues only. Such rosults howover can bo most useful in meking a fair
reconstruction of thoe osoillatory motion of the airoraft in space during
the spin. : .

!
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Thls has been done for the semi-osoillatory spin of figure 11, the
caloulated angles of incidenoce, wing tilt, rate of rotation and spin
radius obtained are plotted on the samc timc base as thc spin measurements
in figure 17.

From figure 17 the alrcraft's space motion in the osclllatary spin
can be reconstructed as follows:- At time 6 scoonds on the record the
airoraft's incidence is decreasing to reach its minimum at time 8.0 scos,
during this period the rate of rotation increases and its principal oom-
ponent rotation in body axes is in roll, which therefore also increases.
The 'outer' wing is down and this glves risc to a nose down rate of pitch
about body axes (see figure 2 and oquation (4) section 4). Peak ratc of
rotation and minimum incidence docur together and the wing tilt is chang-
ing from 'outward' to 'inweard'. The spin incidence then Inoreascs and
the ratec of rotation decreases; during this phase the wing tilt is inward
(giving rise to nose up ratc of pitch about body axes) until just befare
maximum incidence is reached, when the wing tilt bocomes ‘'outer' wing down
once more, Maximum incidence, minimum rate of rotation and roll sbout body
axcs are coincident and then the oscillation cyclc is repeated with a
rcduction in incidenoc accompanied by an inercasc in rate of rotation, o
turn of thc spin being completed at time 10.6 scoonds on rocord.

This reconstruction of the motion sgrces with pllots' reports of the
oscillations in that the peak rate of roll ocourred when the alraraft wos
in a ncar vertical attitude and was a minimum when the aircrafts incldence
was at its maximm. The rcconstruotion olso shows that, the wing tilt is
changing from 'inwards' to 'outward' in a oyclic motion during each turn
of tho spin,

The incideuce =at the 'ocuter' wing tip during the spin oscillations

has been calculated from relationship @43, = @ - tan _-g,-bi « The
results (figure 17) show that in the stcep incidence, high rate of rota-
tion phase of the spin oscillations, the outer wing must be unstalled

for a short period and thon restells os the incidence inareases, The
ocourrenoce of this unstalling in phasc with the oseillations wouid prevent
sny possible belance of the spin ocouples ot small incidence in the spin.

A steady spin was only possiblc with anti-spin aileron applicd in
the spin; calculation of thc outor wing tip incidencc in this spin shows
that it is unlikcly that thc outer wing tip unstalls. The caloulated
space attitude and motion in this spin is presented in figure 18; the
spin was steady enough for the calculation to give accurate spacc
quantities.

Comparison of the space quantities for this spin with the moen
velues obtained for the semi-oscillatory spin with neutral ailerons,
figure 17, shows that the primary offcot of the applicd anti~spin aileron
is to make the wing tilt more ncgative. This implics that simultancous
balance of the spin couples in roll, yew and pltch reguires a steady
negative wing tilt in the spin (i.e. negative sideslip), and when this
is not obtainsble, in spins with neutral ailerons, on oscillatory spin
results,

6.52 'The Stresses on the Adraraft in tho Spin

In the Vampire oscillatory spins the high angular velocities in
pitch and yew which ocour apply & gyrosoopic ocouple to the rotating
compressor and turbine disc of the onginc, The magnitude of tho couple
depends on tho angular velocity of the alroraft fusclago axis, the engine
revolutions, and the polar mamont of inertia of the rotating part i.00

Couple = I Jx-'a + q'2 x onginc revolutions,
N - 12 -
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This ocouple has two eff'ects on the engine:-

1 A direct stress on the rotating disos and couplings, and a resultent
shaft loed on the anglne bearings.

2, TFatigue of the rotating parts of the ongine.

In the case of the Vampire spins at 20,000 ft altitude, the maximun
angular velocity of tho fuselage axis recorded was 2,35 radions/second,
end the engine idling re.p.m. was 4,700 repem. In spins at altitude
35,000 £t the maximum engular velooity reoorded was 148 radimns/seccond
) and the oorresponding enginc idling r.p.m. 7,800,

The standard technique before ocarrying out test or practice spins
is to throttle back the engine speed to idling r.p.m. which is of neccessity
increased with inarease of altitude. Fortunately spins at altitude are
less osocillatory and the two ceffects tond to cancel out, in the case of
iy the Vemplre the results show that the gyroscopic couple on the discs =nd
shaft of the engine is slightly grcater at thc higher altitude.

In an accldental spin such as might ooccur in combat the aircraft
could spin with the engine at full r.p.m, and this conbined with a violent
osclllatory spin would be the aritical strossing casc for the enginc.

The gyroscopic couple is such that with each revolution of the engine
the disc flenge and attachment bolts arc alternatively put into tension
and compression. This factor may have to be considered in assessing thc
fatiguc life of the enginc il Vampire aireraft are to be used rcgularly
: . for practice spins.

I O

|
!
|

Acceleration in the spin, at the aircraft C.G., duc to the aireraft's
space motion, ere small; the normel acceleration did not excecd 1.6 'g! in
the spins and that along the Y' axis 1.0 'g'. acoelerations, at perts of
the alroraft distant from thc C.G., due to the airaraft's own rotations
can be large, particularly at tho wing tips and thc outer wing tenk
position. This is due to the high rates of roll as measured in the spin,
In the spin of figure 9 wherc a posk rate of roll of 4.15 radians/second
ocourred, the outcr wings tenks have 6.2 'g'! acting outwards on them duc
to roll and 0.63 'g' quo to rate of yew; this is in additioam to thec Y
acoeleration et the C.G.

6.53 The Physiological Effect of Violent Spins

In the more~violent oscillatory spins the motion had an effect on
the physlcal senses of the pllot. The princlpal effects noted by the
pilot were dizziness and disorientation, princd.pall\y' in recovery, and as
an after effect, a reluotence to app'.L,r muoh normal 'g'! in the pull out
from the reoovery dive.

The disorientation principally manifested itself in inability to
foouss the eyes for a shart period and this may be attributed to the high
rates of roll ocourring during spin and reoovery.

The physical effeots of the vialent osolllations are accepteble for
experienced pllots but ralses the question of their possible confusing
effeoct on Inexpericnced pilots practising spinning on the airaraft.

7  Conclusions
All normel spins, up to four twurns, of Vampire V2835 were oscillatory.

Ths oscillations were primarily in roll and pitch about mlra'aft body eaxus
and qyolic with cech turn of the spin.

-13 -
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High anguler velooitios werc rccorded in the oscillatory spins; ‘
maximum values meesured woro:~ engular vclocity of tho fusclage axis .
2.35 radians/seocond, end ratc of roll L4.15 radians/sccond, in a spin at
20,000 £t altitude. Spins at 35,000 £t wcre lcss oscillatory.

Reconstruction of the space motion Guring the oscillatory spin shows
that peek rate of roll and minimum incldence, minimum rate of roll and
maxcimun incidence ccour in phese in the oscillations,

Anti~spin alleron applied throughout thc spin had the effect of
making the spin almost steady; with epplied pro-spin aileron the spin
was oscillatory.

Recovery fram the four turn spin by narmal rocovery action was always
satisfactory. With ruddecr only centralized instcad of reversed, reoovery
was doubtful,

P
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LIST OF SYMBOIS
N radians/second, rate of rotation of airaraft sbout vertical spin axis

¢ degrees, wing incldence to vertical at planc of symmetry

Vp ft/seéond, verticael rate of descent

Vp ft/second, alr specd along flight path

Rg.q. ft, spin radius (airareft oentrc of gravity to spin axis)

y dogrees, angle of ho]ic;al path of C.G. to thc vertical spin axis

% degrees, angle of rotation of wing, ebout naormal 2' exis, from thc
wings horizontal position( + ‘inner! wing down)

ey degrees, anglc of tilt of wing to horizontal planc (as scen in o film
viow of spin from sidc, and positive imncr wing down)

B degrecs, acrodynamic sideslip anglc (i.c. anglc which rolative wrind
mekes with the eircroft »lanc of symmctry, positive for inwerd
sideslip

p! radisns/second, ratc of roll of circraft obout X' body axis (+ to
starboard) -

q! radi)ans/seoond, ratc of pitch of aircraft obout Y' body axis ( + nose
up

r! redisns/secand, rate of yaw of aircraft sbout Z' body axis { + to
starboard)

Z'g, acceleration in 'g' units along Z' body axis ( + upwards)
Y'g, acceleration in 'g! units along Y' body axis ( + starboard)
N aerodynamic force normal to wing chord

W 1b, sircraft weight

A 1b £t2, Rolling moment of inertia.

B 1b £t2, Pitching moment of inertia.

C 1l ft2 , Yawing moment of inertia.
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