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AS DETERMINED IN FLIGHT TESTS OF 

P-36, P-40, SPITFIRE, AND HURRICANE PURSUIT AIRPLANES 


By William H. Phillips 

The Army Air Force has made available several pursuit-
type airplanes for quantitative investigation of their 
flying and handling qualities. One Item of special inter-
est obtained from the results of the investigation is a com-
parison of the aileron control characteristics of the P-36, 
P-40, Hawker Hurricane, and Supermarine Spitfire airplanes. 
Figure 1 shows the design characteristics of the ailerons 
and the control sticks of the four airplanes. 

Aileron effectiveness may be expressed in terms of 
the helix angle generated by the wing tip in a steady 
roll. This angle is given by the expression pb/2V, where 
p is the rolling velocity, b the wing span, and V the 
true airspeed, expressed in consistent units. This quan-
tity is convenient to use because, although it does not 
represent directly the rolling velocity of airplanes of 
different spans or airplanes operating at different speeds, 
it provides a satisfactory basis for computing the rate of 
roll and the time required to bank a given amount under 
any given set af. conditions. The ratio of pb/2V obtained 
in any roll to the maximum value reached with full aileron 
deflection indicates the fraction of the maximum aileron 
travel that was reached. A complete discussion of this 
criterion for aileron effectiveness is given in reference 1. 

The aileron effectiveness of the various airplanes is 
compared in the following table on the basis of the re-
sponse obtained with stick forces of 30 and 5 pounds. A 
force of 30 pounds is somewhat less than the greatest 
stick force exerted by the pilot. Re p eated flight meas-
urements have shown, however, that this force is a reason-
able upper limit for maneuvering at high speeds. The com-
parisons at a stick force of 5 pounds are also included 
to bring out a rather interesting fact-regarding the or-
der of merit of aileron effectiveness for the various air-
planes when very light forces are used:
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Airp lane pb/2V ob/2V Rolling pb/2V Rolling 
corre.- obtained, velocity obtained velocity 
sponding with 30- obtairied. with 5- obtained 
to full lb stick with 30- lb	 stick with 5-lb 
aileron force at lb	 stick force at stick 
defloc- 230 mph force at 230 mph force at 
tioi indicated 230 mph indicated 230 mph 

airspeed indicated airspeed indicated 
(radians) airspeed. (radians) airspeed 

at	 10,000 at	 10,000 
ft	 . . ft 

(deg/sec) (deg/sec) 

P-36 0.110 0.035 . 43 0.007 9 
P-40 .080 . a075 90 .006 .	 8 
Hur.rjcana 4082 .057 64 .017 19 
S p itfire .085 .05.0 63	 .. .012 15.

a ii stick' deflection obtained with 19.5-lb force. 

A further comparison of the aileron performance of the 
four airplanes is given in figure 2, which shows how the 
control-force characteristics influence the Tolling veloci-
ties obtained throughout the s p eed.. range. TheP-40 ailer-
ons are seen to give considerably higher rolling veloci-
ties at high speeds than those of the other airDlanes. It 
is apparent from these data that the P-40 ailerons are bet-
ter adap ted than the ailerons of the other airplanes for 
combat flying.	 .. 

The ailerons of the P-40 and the P-36 airplanes were 
identical in shape. On these ailerons the stick force in-
creasea linearly with deflection for small deflections, 
but only a slight increase in stick force was required to 
move the stick from one-half to full deflection. The ai-
loron systems on the two airplanes differed only in that 
the maximum deflection of the ailerons of the P-40 airplane 
was reduced, while the stick travel wasincreased over that 
of the P-36 airplane. Thud, for a given speed, the roll-
ing velocity of the P-36 airplane for maximum aileron de-
flection was greater but, for a givenailerOn deflection, 
the P-40 air plae required a 'smaller	 ick force than the 
P-33 airplane because of the increased-mechanical advan-
tago of the control stick. 
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The aileron systems of the Spitfire and the Hurricane 
's	 airplanes had very similar performance, though the geo-

metric shape of the ailerons was different in the two 
airplanes. Their stick forces increased linearly with ai-
leron deflection for small deflections but increased much 
more rapidly near thàximum deflection. The mechanical ad-
vantage of the control sticks of-the British airplanes was 
less than that of the P-36 airplane. 

The ailerons of the Spitfire and the Hurricane air-
planes were less effective than the ailerons of the P-40 
airplane at high speeds because the large control forces 
limited the obtainable aileron deflections. For small 
deflections, however, the ailerons of the British fighter 
airplanes were very light and responsive. Many pilots 
were very favorably impressed with the aileron character-
istics because of this fact. A true picture of aileron 
characteristics was obtined only after tests were con-
ducted - under simulated combat conditions where large ai-
leron deflections are required.. 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va. 
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