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Flight Test Concentration Areas

• Performance 
• Stability and Control

• Handling Qualities
• Structure Load Testing
• Modifications (combinations of the above)



Performance Flight Test 
Questions We May Have

• What is stall speed 
(So I can get this thing down and land now that I’m up here)

• How long of a runway is needed 
(before I go off the end)

• What is the Rate of Climb 
(to get to where I want to go)

• What is the cruise speed and distance I can go 
(before I run out of gas)

• How far can I glide 
(when I run out of gas)

• How long of a runway do I need to land 
(before I go off the end)



Flight Testing Imperatives:

Training
Methodology

-Build-up
-Structured
-Known to unknown

Preparation
-Know your airplane
-Know your limit
-Know your plan

Environment
-See and avoid
-Dedicated look out
-Ideally controlled airspace

Contingency Planning
Emergency Plan



Causes of General Aviation Accidents

8%Other

1%Midair

11%Loss of Control (Maneuvering)

18%Loss of Control (in Flight)

19%Controlled Flight Into Terrain (CFIT)

19%Approach and Landing

24%Loss of Control (Take Off)

Percent of TotalAccident Type/Factor

FAA
General Aviation Joint Steering Committee 

Fatal Accident Statistics (2005)







Definitions

• Vy – Speed for best rate of climb 

• Vx – Speed for the best angle of climb
• Vmc – Minimum control speed with critical engine 

inoperative
• V1 (minimum takeoff speed after eng failure), V2 

(takeoff safety speed)

• VR = rotation speed (1.2 Vstall or 1.1 Vmc)
• Vs or S1 (stalling speed, specific configuration)



VA means design maneuvering speed.
VB means design speed for maximum gust intensity.
VC means design cruising speed.
VD means design diving speed.
VDF / MDF means demonstrated flight diving speed.
VEF means the speed at which the critical engine is assumed to fail during takeoff.
VF means design flap speed.
VFC / MFC means maximum speed for stability characteristics.
VFE means maximum flap extended speed.
VFTO means final takeoff speed.
VH means maximum speed in level flight with maximum continuous power.
VLE means maximum landing gear extended speed.
VLO means maximum landing gear operating speed.
VLOF means lift-off speed.
VMC means minimum control speed with the critical engine inoperative.
VMO / MMO means maximum operating limit speed.
VMU means minimum unstick speed.

FAA Definitions of Airspeeds

34 Different airspeeds (not including SE 
speeds and types of airspeed)



VNE means never-exceed speed.
VNO means maximum structural cruising speed.
VR means rotation speed.
VREF means reference landing speed.
VS means the stalling speed or the minimum steady flight speed at which the airplane
is controllable.

VS0 means the stalling speed or the minimum steady flight speed in the
landing configuration.
VSR means reference stall speed.
VSRO means reference stall speed in the landing configuration.
VSR1 means reference stall speed in a specific configuration.
VSW means speed at which onset of natural or artificial stall warning occurs.
S1 means the stalling speed or the minimum steady flight speed obtained in a specific 
configuration.
VTOSS means takeoff safety speed for Category A rotorcraft.
VX means speed for best angle of climb.
VY means speed for best rate of climb.
V1 means the maximum speed in the takeoff at which the pilot must take the first action 
(e.g., apply brakes, reduce thrust, deploy speed brakes) to stop the airplane within the 
accelerate-stop distance. V1 also means the minimum speed in the takeoff, following a 
failure of the critical engine at VEF , at which the pilot can continue the takeoff and 
achieve the required height above the takeoff surface within the takeoff distance.
V2 means takeoff safety speed.
V2 min means minimum takeoff safety speed.



Sec. 23.53

Takeoff [performance.]

(a) For normal, utility, and acrobatic category airplanes, the takeoff distance must be 
determined in accordance with paragraph (b) of this section, using speeds determined 
in accordance with Sec. 23.51(a) and (b).
(b) For normal, utility, and acrobatic category airplanes, the distance required to takeoff 
and climb to a height of 50 feet above the takeoff surface must be determined for each 
weight, altitude, and temperature within the operational limits established for takeoff 
with--
(1) Takeoff power on each engine;
(2) Wing flaps in the takeoff position(s); and
(3) Landing gear extended.



Sec. 23.59

Takeoff distance and takeoff run.

[For each commuter category airplane, the takeoff distance and, at the option of the 
applicant, the takeoff run, must be determined.]
(a) Takeoff distance is the greater of--
(1) The horizontal distance along the takeoff path from the start of the takeoff to the 
point at which the airplane is 35 feet above the takeoff surface as determined under 
Sec. 23.57; or
[(2) With all engines operating, 115 percent of the horizontal distance from the start 
of the takeoff to the point at which the airplane is 35 feet above the takeoff surface, 
determined by a procedure consistent with Sec. 23.57.
(b) If the takeoff distance includes a clearway, the takeoff run is the greater of--
(1) The horizontal distance along the takeoff path from the start of the takeoff to a 
point equidistant between the liftoff point and the point at which the airplane is 35 feet 
above the takeoff surface as determined under Sec. 23.57; or
(2) With all engines operating, 115 percent of the horizontal distance from the start of the 
takeoff to a point equidistant between the liftoff point and the point at which the airplane 
is 35 feet above the takeoff surface, determined by a procedure consistent with Sec. 
23.57.]



Sec. 23.55

Accelerate-stop distance.

For each commuter category airplane, the accelerate-stop distance must be determined 
as follows:
(a) The accelerate-stop distance is the sum of the distances necessary to--
(1) Accelerate the airplane from a standing start to VEF with all engines operating;
(2) Accelerate the airplane from VEF to V1, assuming the critical engine fails at VEF; and 
(3) Come to a full stop from the point at which V1 is reached.
(b) Means other than wheel brakes may be used to determine the accelerate-stop 
distances if that means--
(1) Is safe and reliable;
(2) Is used so that consistent results can be expected under normal operating conditions; 
and
(3) Is such that exceptional skill is not required to control the airplane.



Take Off Performance
• Methods that can be used

– Theodolite
– Runway camera
– Runway remaining markers
– Observers 
– Video (Ground Acceleration) *

• Test Criteria
– Establish takeoff trim setting.
– No brakes (limit use of rudder / nose wheel 

steering.) 

• Data Requirements
– Engine stabilized (if feasible).
– Wind < 10 kn.
– WTest ~ WStd.
– Rate of climb from lift off to intercepting climb 

schedule < 500 ft/min. 

• Data Needed
– Weight, Configuration, Pressure Altitude, 

Temperature, Takeoff airspeed, Distance to 
50 ft / distance to climb airspeed, Time to lift 
off / 50 ft / climb airspeed, wind conditions, 
Runway gradient, Power parameters: RPM-
MP-EGT, Fuel weight (estimated or actual 
preferred)



Take Off Performance (Cont)
• Test Procedure

– Line up on take off runway
– Hold brakes and Apply full power
– When engine power stabilizes release brakes
– Using video or other method record time 

passing ground points (runway edge markers, 
flags, etc)

– Using video record lift off point and time
– Record nose wheel off (Vr) and lift off speed 

• Data Reduction
– From the take off data plot the distance vs time
– Perform a polynomial curve fit to find the 

acceleration factor
– Plot Velocity vs distance from the spreadsheet



Take Off Performance (Cont)
• Data Reduction



Take Off Performance (Cont)
• Data Expansion

– Take off speed is defined (for 
purposes of Spread Sheet as 1.2 
Vso.

– Compare to actual lift off speed 
(should be close)



Sec. 23.49

Stalling speed.

(a) Vso and Vs1 are the stalling speeds or the minimum steady flight speeds,
in knots (CAS), at which the airplane is controllable with--
(1) For reciprocating engine-powered airplanes, the engine(s) idling, the throttle(s) 
closed or at not more than the power necessary for zero thrust at a speed not more than 
110 percent of the stalling speed;
(2) For turbine engine-powered airplanes, the propulsive thrust not greater than zero 
at the stalling speed, or, if the resultant thrust has no appreciable effect on the stalling 
speed, with engine(s) idling and throttle(s) closed;
(3) The propeller(s) in the takeoff position;
(4) The airplane in the condition existing in the test, in which Vso and Vs1 are being used;
(5) The center of gravity in the position that results in the highest value of Vso and Vs1 ; 
(6) The weight used when Vso or Vs1 are being used as a factor to determine compliance 
with a required performance standard.



Sec. 23.201

Wings level stall.

(a) It must be possible to produce and to correct roll by unreversed use of the rolling 
control and to produce and to correct yaw by unreversed use of the directional control, 
up to the time the airplane stalls.
(b) The wings level stall characteristics must be demonstrated in flight as follows. 
Starting from a speed at least 10 knots above the stall speed, the elevator control must 
be pulled back so that the rate of speed reduction will not exceed one knot per second 
until a stall is produced, as shown by either:
(1) An uncontrollable downward pitching motion of the airplane;
(2) A downward pitching motion of the airplane that results from the activation of a 
stall avoidance device (for example, stick pusher); or 
(3) The control reaching the stop.



Sec. 23.207

Stall warning.

(a) There must be a clear and distinctive stall warning, with the flaps and landing gear 
in any normal position, in straight and turning flight.
(b) The stall warning may be furnished either through the inherent aerodynamic qualities
of the airplane or by a device that will give clearly distinguishable indications under 

expected conditions of flight. However, a visual stall warning device that requires the 
attention of the crew within the cockpit is not acceptable by itself. 
(c) During the stall tests required by Sec. 23.201(b) and Sec. 23.203(a)(1), the stall
warning must begin at a speed exceeding the stalling speed by a margin of not less 
than 5 knots and must continue until the stall occurs.
(d) When following procedures furnished in accordance with Sec. 23.1585, the stall 
warning must not occur during a takeoff with all engines operating, a takeoff continued 
with one engine inoperative, or during an approach to landing.
(e) During the stall tests required by Sec. 23.203(a)(2), the stall warning must begin 
sufficiently in advance of the stall for the stall to be averted by pilot action taken after
the stall warning first occurs.

(f) For acrobatic category airplanes, an artificial stall warning may be mutable, provided 
that it is armed automatically during takeoff and rearmed automatically in the approach 
configuration.



Stall Speed
• Methods that can be used

– Tuft Test
– Pitch Drop *

• Test Criteria
– Constant trim and thrust.
– Coordinated, wings level flight.
– Constant normal acceleration.
– Less than 1 kn/s deceleration rate (1/2 kn/s is the 

normal target deceleration rate). 
– Nzo � 0.05 g, (Smooth Air) 

• Data Requirements
– Steady deceleration rate for 10 s prior to stall.
– Vo � 1/2 kn .
– HPo (Obs PA) as required for 2% accuracy for 

W/d

• Data Needed
– Weight
– Configuration
– Pressure Altitude
– Temperature
– Indicated Airspeed
– Fuel weight (estimated or actual)
– CG



Stall Speed (Cont)
• Test Procedure

– Trim for approximately 1.2 times the predicted stall speed, which is typically very close to predicted optimum a for 
takeoffs and landings. 

– Set the Power appropriate for the configuration. 
– Record the trim conditions, including trim settings. 
– From the trim speed, begin a steady 1/2 kn/s deceleration by increasing the pitch attitude. Control deceleration 

rate throughout the run by adjusting the pitch attitude. Attempt to fly a steady flight path, making all corrections 
smoothly to minimize nz variations. 

– When the stall is reached, record the data.

• Data Reduction



Stall Speed (Cont)
• Data Expansion
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Flaps up Fwd CG Flaps 10 Fwd CG
Flaps 40 Fwd CG Flaps up Aft CG
Flaps 10 Aft CG Flaps 40 Aft  CG



Questions?



Stop and Think about what and 
why you want to test your Aircraft

Prepare and get assistance


