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Comgarlson of Aileron Control Charscteristics as
determined in Flight Tests of P-36, P«40, 'Spitfire!
and 'Hurricane' Pursuit Aarplancs.

- By-
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> The Army Air Force has made available several pursuit-type airplenes
for quantitative investigation of their £1ying and handling qualities.
One item of special interest obtained frow the results of the investigation
is a comparison of the aileron control characteristics of tHe P~36, P~A0,
Hawker Hurricane, and. Supermarlnc Spitfire airplanes. PFigure 1 shows the
design characterlstlcs ‘of the ailerons and the control stlcks of the four
alrplanes.

Aileron effectiveness may be expressed in terms of the helix angle
generated by the wing tip in & steady roll, This angle is given by the
expression pb/2V, wherc p is the rolling velocity, b the wing span, and V-
the true airspeed, expressed in consistent units. This quantity is convenient
to use because, elthough it does not represent directly the rolling velocity:
of &lrplanes of different spans or airvnlanes operating at different speeds,
it provides a satisfactory.hasis for comvutmnw the rate of roll and the time
required to bank & given amount under any given set of conditions, The
ratio of pb/2V obtained in any roll o the maximum velue reached.with full
aileron deflection indicates the fraction of the maximum aileron travel
that was reached, A complete discussion of this criterion for a1¢cron
effectiveness 1s given in refcrence 1. ‘ ‘

The alleron cffectiveness of the variocus airplanes is aom;;;éd in the
following table on the basis of the response obtained with sticik forces of
30 and 5 pounds., A force of 30 pounds iz somewhat less than the greatest
stick force exerted by the pilot. Repeated flight measuremente have shown,
however, . that this Jorce is.a reasonable upper limit for mancuvering at

. high speeds. The comparisons at a stick force of 5 pounds are also. included
to bring out a rather intercsting fact regerding the order of merit of
aileron effectiveness for the various airplancs when very light forces are
used:
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Airplane |pb/2v  |pb/2v Rolling |pb/2V | Rolling
corre-= |obtained | velocity jobtained |velocity
1 spondingiwith 30- | obtained (with 5~ |obtained
to full |1b stick [with 30~ !1b stick {with 5-1b
aileron {force at | 1b stick {force at ! atick
|deflece 230 mph | force at {230 mph | force at
s tion indicated) 230 mph |indicated | 230 mph
| airspeed | {ndicated airspeed ' indicaoted
(radians) airspeed {(radisns) ; airspeed
at 10,000 'at 10,000
ftn ‘ L N ! ft.

(deg/sec)

- f,-fi' _4? -

'}' .' (deg/sec)

PRSI E

f P-3 10,110 10,035 43 0,007 . 9
| P=40 .08 18,075 90 1 .006 ; 8
: Hurricanej ,082 057 6h ) 017 L9
L0112 15

i

| ~ Spitfire | ,085 .050 | 63

]
L]
i
)

®Full stick deflection obtained with 19,5~1b force.

A further comparison of the alleron performance of the four airplanes
is given in figure 2, which shows how the control-force characteristics
" ifirTuénoe the  PellLhg vel6sities obtainod throupghout the speed range, The
P-40 ailerons are seon to give considerably higher rolling velocities at
high speeds than those of the other eirplanes, It is epparent from these
data that the P40 ailerons sre better adapted then the allerons of the
other airplanes for combat flying.

' The allerons of the P~40 and the P=36 airplancs werc identical in
shape, On these ailerons the stick forcc increased linearly with deflection
for amell deflections, but only a slight increase in stick force was required
tp move the atick from one~half to full deflection, The aileron systems
on the two. amrplanes differed only in that the meximun deflection of the
ailerons of the P~40 airplene was rcéuced, while the stick travel was
.inoreased over that of the P-36 airplane, Thus, for a given specd, the
" rolling velocity of the P=36 airplanc for maximmm aileron deflcction was
grcater but, for a given ailergn deflcction, the P-~40 airvplane roguired a
smaller stick force than the P-~36 pirplane because of the increased mechanical
advantagc of the control stick.

The alleron systens of the Spitfire snd the Murrican eirplanes had very
similac performence, though the geometric shape of the ailecrons was different
in th two airplanes, Their stick forccs increased lincarly with aileren
deflection for small deflections but increased mich more rapidly near
maximum deflection., The mechanical sdvantage of the control sticks oi the
British alrplancs was loas than that of the P~36 airplane,

The'ailerons of the Spitfire and the Hurricaresirplancs were loss
effective than the ailerons of the P-L0 ailrplanc b high speeds wecause the
large control forces limited the obtainable aileron defluctions,

Pér asmall’ dcflectlons, however, the eilerons of the British fightcr aLrplanes
- were very light and responsive. Meny pilots were very fovorebly iwmpressed
with the saileron charecteristics because of this fact. A *true picture of
aileron charecteristics wae obtained only after teats were conducted under
simulated combat conditions vhere large aileron deflections are required,
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Design _characteristics _of the milerons of the P-3G
P-40 Hurricane, and SpitFire poroplarnes. '
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