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Abstract.  Data obtained from digital flight data recorders 
installed on a fleet of 27 Beech 1900D airliners are used to 
assess the actual operational environment of propellers on 
commuter aircraft.  The data consists of 910 complete flights 
and 589 flight hours.  The short duration takeoff rotation is 
identified as the most severe phase of operation with regard to 
vibratory loads on the propeller blades resulting from a tilted 
inflow angle.  Also, normal accelerations data, which reflect 
the turbulence experienced in flight, is converted to the 
resulting change in the propeller inflow angle.  Increasing 
altitude shows a significant reduction in the frequency and 
magnitude of the inflow angle variation caused by gusts.  The 
information is presented in statistical formats that could 
enable the FAA, manufacturers and operators to better 
understand and control those factors that influence the 
structural integrity of these components. 
 
1. Introduction 
 

The Wright brothers were the first to build and use 
an effective aerial propeller – a component without 
which their historical flight at Kitty Hawk on December 
17, 1903 would never have taken place [1].  More than 
a century later, propellers are still widely used on a 
variety of aircraft as they offer unmatched propulsive 
efficiency over their jet counterparts.  Turboprops are 
from 10% to 30% more fuel efficient than turbofan 
aircraft, thus it is hardly surprising that turboprop 
commuter airline manufacturers reported record sales in 
2007 [2, 3, 4].  Propeller driven aircraft are not yet 
capable of the same cruising speeds as turbofan or jet 
propelled aircraft.  However, in the commuter airline 
role, which is characterized by shorter flight distances, 
the speed advantage of jets is a moot point.  Thus it 
makes more economic sense for an airline to operate 
turboprop aircraft in the commuter role. 

With the increasing number of turboprops operated 
by airlines, it is becoming important to study the 
operational environment of these aircraft to aid in the 
improvement of regulations, and ultimately the safety 
of these aircraft.  A previous study focused on 
operational loads of the Beech 1900D, with no 
particular emphasis on the propeller usage [5].  The 
objective of this study is to define and describe the 

operational environment of the composite propellers on 
the Beech 1900D. 

 
2. Method of Analysis and Results 
 

2.1 Propeller Inflow Angle 
 
The propeller inflow angle, ψ, results from the angle 

of attack, wing upwash angle, and engine nacelle tilt 
angle.  These angles are shown schematically in Figure 
1.  Aircraft angle of attack, α, is the angle between the 
zero lift line of the aircraft and the direction of the 
airflow approaching the aircraft; upwash angle, εupwash, 
arises from the curvature of the streamlines upstream of 
a lifting system; the nacelle tilt angle, ψtilt, is the angle 
of the propeller shaft relative to the aircraft zero lift 
line.  Detailed geometric information of the Beech 
1900D was not available, and thus this angle was not 
included in the derivation of the inflow angle. 

 

 
 
Figure 1.  Schematic of the sources of the inflow angle 

 
2.2 Takeoff Rotation 
 
Aircraft operational data was separated into two 

broad categories – flight and ground operations.  These 
categories were further divided into various phases of 
operation.  One of these phases was the takeoff roll and 
was identified using the airspeed data.  When the 
recorded airspeed exceeded 50 knots with an increasing 
trend, a takeoff roll was assumed.  During the takeoff 
roll the aircraft pitch attitude was averaged.  A change 
of more than two degrees from this average value was 
called the point of takeoff rotation, and within the 10 
seconds following this point the aircraft would become 
airborne. 
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Figure 2 shows the normal probability density of the 
inflow angle at liftoff for various wing flap positions.  
The most commonly used takeoff flap setting (i.e. 
approach flaps) resulted in a mean inflow angle of six 
degrees.  The airspeed at the point of liftoff was the 
lowest at which the aircraft would be flown for the 
remainder of the flight.  Upwash angle decreased with 
increasing airspeed, thus the maximum upwash angle 
was realized at this point.  Coupled with a high angle of 
attack, the resultant inflow angle was also the 
maximum experienced during a flight.  Consequently 
the propellers became subject to the largest once-per-
revolution (1P) vibratory loads at liftoff.  

  

 
Figure 2.  Normal probability density of the inflow angle at liftoff 
 

2.3 Atmospheric Turbulence 
 
The turbulence that an aircraft experiences in flight 

is recorded in the normal accelerations data.  However, 
loads caused by maneuvers are also captured.  In order 
to separate the gust loads from maneuver loads, a 
method developed by the University of Dayton 
Research Institute was used.  Details of this method can 
be found in Reference 5. 

From the separated gust loads the derived gust 
velocity was calculated using an estimate of the aircraft 
lift-curve slope [5].  The derived gust velocity is in the 
vertical direction, thus the change in inflow angle, Δψ, 
due to a gust is simply the arctangent of the ratio of the 
gust velocity to the true airspeed of the aircraft.  This 
quantity was obtained for the climb, cruise and descent 
phases of flight and was grouped into the altitude band 
in which it occurred.  This data was then converted to 
the cumulative occurrences per 1000 hours.  The results 
presented in Figure 3 are the cumulative occurrences 
per 1000 hours of Δψ during the cruise phase of flight.  
As can clearly be seen in this figure, the frequency as 
well as magnitude of gusts experienced decreased 
significantly with increasing altitude.  Very rarely, 
fewer than once per hour, did Δψ exceed 2.5 degrees.  

Since the angle of attack during cruise is relatively 
small, the total inflow angle likely did not exceed the 
inflow experienced during the takeoff rotation.  This 
reinforces the claim that the most demanding phase of 
operation for the propellers was the takeoff rotation. 

 

 
Figure 3.  Cumulative occurrences per 1000 hours of the change in 
inflow angle due to gusts during cruise 

 
3. Conclusions 
 

Flight data from a fleet of Beech 1900Ds was 
analyzed to determine the operational environment of 
propellers on commuter aircraft.  Results pertaining to 
the inflow angle during the short duration takeoff 
rotation were presented.  It was shown that the largest 
inflow angle is experienced during takeoff rotation, 
resulting in the largest vibratory loads on the propeller.  
Effect of atmospheric turbulence was shown to decrease 
with increasing altitude.  The results were presented in 
statistical formats to enable interested parties to better 
understand and control the factors that influence the 
structural integrity of propellers. 
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