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Abstract 
 

Title: Stability and Control Flight Testing of the Dassault Falcon 10/100 

Author: Andres Mauricio Alarcon Vega 

Advisor: Brian A. Kish, Ph.D. 

The Falcon 10/100 is a transport category aircraft developed by Dassault Aviation in 1971. 

Production of the aircraft ceased in 1989, but it remains available on the secondhand 

market. Certification for these types of aircraft follow FAR Part 25 of the code of federal 

regulations. Aircraft stability and control flying qualities are dependent on the mission 

profile and intended use case of the aircraft. External factors, such as turbulence, are 

relevant for transport category aircraft because poor stability could affect the flying 

characteristics and result in an unpleasant ride. On the other hand, in a trimmed condition, 

an aircraft with strong positive stability has a greater resistance to disturbances. Additional 

requirements for military planes are available in military specification MIL-F-8785C. 

The purpose of this paper is to evaluate the stability and control characteristics of the 

Dassault Falcon 10/100. The flight test focused on the evaluation of the following: Phugoid 

mode for dynamic longitudinal stability, static lateral-directional stability, and the Spiral 

and Dutch roll modes for dynamic lateral-directional stability. Results from the flight test 

indicate that the aircraft has acceptable stability characteristics in accordance with federal 

regulations and military specifications. 

Programs that offer jet flight testing are available through institutions like the Naval or the 

Air Force Test Pilot School. Few universities in the United States offer elective courses for 

students interested in this field of engineering. A potential benefit of offering jet aircraft 

flight testing, as a restricted elective, is to provide students from all nationalities with an 

affordable alternative to military programs.  
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Chapter 1  
Theoretical Background 

Dynamic Longitudinal Stability 

Approaching an airport with gusty winds often induces the pilot to increase the speed, due 

to fear of stalls. Pilots are trained to trim the airplane for a specific angle of attack to 

reduce workload. Disturbances from this trimmed condition induce a motion, which is the 

result of a superposition of the long period and the short-period oscillations [1]. The pilot’s 

intuition is to try to correct the oscillation, but each correction makes the oscillation worse. 

Pilot-induced oscillations (PIO) are control inputs, asynchronous to the motion of the 

airplane, that could potentially endanger the structural integrity of the aircraft. There are 

two modes of pitch oscillation, the heavily damped short period mode, and the long period 

or phugoid mode. When maneuvering the aircraft in pitch by moving the stick, initially the 

short period mode is excited, but once the controls are released the aircraft would 

experience the phugoid mode.  

Long Period or Phugoid mode 

Static longitudinal stability addresses the initial response of the aircraft with respect to its 

trimmed position after a disturbance. Non maneuvering tasks affected by static longitudinal 

stability include takeoff, climb, cruise, gliding, descents, and approach. These tasks are 

also affected by the long period dynamic stability. Dynamic longitudinal stability evaluates 

the aircraft’s response to the disturbance over time. Positive dynamic stability indicates 

that the amplitude of displacement is decreasing with time, while negative dynamic 

stability refers to a divergent behavior of the motion [2]. The requirements are usually 

specified by the time for the oscillation to dampen half-amplitude. Figure 1 below shows 

that the long period, or Phugoid, is essentially an oscillation of airspeed and altitude at a 

near-constant angle of attack, characterized by a nose-up nose-down motion of the aircraft, 
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targeting speeds above and below trim at the peak of the oscillation. 

 

Figure 1. Longitudinal Dynamic Stability [2] 

At a near-constant angle of attack, high speeds at the bottom of the oscillation produce 

excess lift, inducing a net upward force; whereas, the low speeds at the top of the 

oscillation reduce lifting force. The up and down forces act like the spring mass constant in 

a spring-mass-damper system (see Figure 2). Drag acts like the damper allowing the 

aircraft to return to the trim speed if the motion is convergent [3]. 

 

Figure 2. Airplane in flight is like a spring-mass-damper system [4] 
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Static Lateral-Directional Stability 

The design of static lateral-directional characteristics is generally stable, which is also the 

case for aircrafts with highly advanced active control technology, like the F-22. However, 

modern aircrafts that follow the conventional design principles of static stability are prone 

to lateral and directional instability due to the increasing nonlinear behavior at moderate 

and high angles of attack, limiting the maneuverability of the aircrafts’ performance [5].  

In lateral-directional stability and control, a sideslip will generate yawing moment, rolling 

moment and side force. However, these quantities are not usually critical, except for during 

crosswind landings. Static directional stability addresses the initial response of the aircraft 

to a disturbance that causes a deviation of the flight path from the plane of symmetry. 

Figure 3 below shows the sideslip angle β defined as the angle between the plane of 

symmetry and the relative wind. The angle between the plane of symmetry and some fixed 

reference is called the yaw angle ψ.  

 

Figure 3. Sideslip and angle of Yaw [4] 
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A positive yaw angle is defined as a nose right movement while sideslip is positive when 

the relative wind is coming from the right side of the plane. The vertical tail is the primary 

contributor to directional stability [3].  

The objective of directional stability and control is to ensure that the airplane tends to 

maintain zero sideslip, but the pilot can control the sideslip as necessary. Steady heading 

sideslip is a common maneuver and a convenient flight test technique because it requires 

the pilot to balance the yawing moments, rolling moments, side forces and pitching 

moments. The variation of rudder pedal forces during a steady heading sideslip is 

important to the pilot.  

The regulations require the aircraft to show a tendency to recover from a skid with rudder 

free for the selected flight configuration. In other words, the test is considered satisfactory 

if the aircraft returns to level flight once the rudder is released.  

Positive static lateral stability is characterized by the ability of the aircraft to raise the low 

wing during a sideslip. It refers to the effects of sideslip on the rolling moments of the 

aircraft with the wing greatly contributing to lateral stability. Wing placement relative to 

the fuselage induces changes in angle of attack. A high wing configuration generates a 

restoring moment which implies positive lateral stability, whereas a low wing is usually 

related to negative lateral stability [3]. A wing with dihedral can cause the wing into the 

sideslip to have an increased angle of attack while reducing the angle of attack for the 

opposite wing. Any change of angle of attack will change the aerodynamic characteristics 

of the wing. The increased lift generated by the wing into the sideslip causes the airplane to 

raise the wing. The rolling moment generated is proportional to the lift coefficient, and the 

magnitude of the contribution increases with decreasing airspeed [4]. Wing sweepback also 

contributes to the lateral stability in a similar manner. The relative wind vectors caused by 

a positive sideslip cause a difference of effective sweep angle between the right wing and 

the left wing. The increased sweep angle for the wing results in asymmetric lift distribution 

that generates a restoring rolling moment. 
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Figure 4. Rolling moment generated by sideslip and wing sweep [4] 

To show compliance with the regulations, the aircraft should exhibit a tendency to roll 

away from the sideslip [4]. However, usually a weak positive static lateral stability is 

desired considering there are tasks such as crosswinds takeoffs and landings where it is 

necessary to generate a sideslip. 

Dynamic Lateral-Directional Stability 

The Federal Aviation Regulations in the United States and the European Aviation Safety 

Agency have similar certifications specifications applied to transport category airplanes 

[6]. Military specifications expanded and revised to MIL-STD-1797A are designated as a 

handbook for guidance only, and the flight quality specifications for the lateral-directional 

modes were implemented identically to the final revision of MIL-F-8785C [7]. 

Generally, preliminary aircraft design focuses on the static stability constraints. Dynamic 

characteristics are usually modifiable if the aircraft followed a design based on a 

conventional configuration. For the dynamic case, it is necessary to consider the lateral-

directional coupling effects. The lateral-directional motion is expressed as the combination 

of a first order system (Spiral mode) and a third order system resulting from the Roll and 

Dutch roll mode [7]. The lateral-directional determinant represents the classical modes of 

lateral-directional motion assuming that the dihedral effect and the roll due to yaw rate are 
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zero. The classical roots are presented in a root locus plot with the spiral mode present at 

the origin which is characteristic of neutral stability. The roll mode is a large negative root 

which indicates a heavily damped non oscillatory motion. Finally, the Dutch roll mode is 

represented by a pair of complex roots which represents a second order type response of 

motion [4]. 

 

Figure 5. Classical lateral-directional modes of motion [4] 

 

Spiral Mode 

This mode is characterized by progressive bank angle changes after a disturbance from 

wings level flight. The spiral mode is considered as a non-oscillatory motion which may be 

classified as convergent, divergent, or neutral. The rate at which spiral mode converges or 

diverges is a function a of airspeed and it is usually high at low airspeeds. The motion is 

controllable by the pilot even when it exhibits divergent characteristics [3].  

The Spiral mode is excited any time a disturbance causes a bank angle change from 

trimmed level flight conditions. A very divergent spiral indicates that the bank angle 

changes caused by the disturbance build up quickly, requiring additional attention and 

effort from the pilot to control the spiral motion. Another disadvantage of a divergent 

Spiral mode includes increased difficulty for the pilot operating the aircraft during long 
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range cruise flight or instrument approaches/landings in turbulent air. Divergence could 

also affect instrument flight when the pilot’s attention is diverted from flying the aircraft. 

Strong directional stability, also known as weathercock stability, tends to make the Spiral 

mode divergent, while positive lateral stability tends to make the motion convergent [4]. 

Dutch Roll Mode 

The Dutch roll mode is described as a second order oscillatory motion that is generally 

convergent. It is desirable to have a heavily damped motion. A slow convergence rate 

makes the mode prone to excitation due to atmospheric disturbances, resulting in an 

unpleasant ride [3]. The motion could be inadvertently excited by pilot control inputs or 

external disturbances. Assuming that the dihedral effect and the roll due to yaw rate are 

zero, the approximation for the undamped natural frequency of the oscillation is given by 

Equation 1. 

Equation 1. Undamped natural frequency for Dutch roll oscillation [4] 

𝜔𝑛𝐷𝑅
= 𝑀√𝐶𝑛𝛽

𝛾𝑃𝑎𝑆𝑏

2𝐼𝑧𝑧
  

The expression indicates that the undamped natural frequency of the motion increases with 

increasing Mach number (M) and increasing directional stability derivative 𝐶𝑛𝛽
. An 

increase in the moment of inertia in yaw 𝐼𝑧𝑧 is comparable to increasing the mass in the 

spring-mass system (see Figure 2), meaning large aircraft with high 𝐼𝑧𝑧 would exhibit low 

frequency Dutch roll motions.  

Similarly, the damping ratio approximation is obtained based on the assumption that the 

side force due to sideslip (𝑌𝛽) and the yawing moment due to yaw rate (yaw rate damping 

𝑁𝑟) are approximately the same. The expression for damping ratio is given by Equation 2. 

Equation 2. Damping ratio approximation for Dutch roll mode 

𝜁𝐷𝑅 = 𝐶𝑛𝑟√
𝜌𝑆𝑏3

8𝐶𝑛𝛽
𝐼𝑧𝑧

  



 

 

8 

 

The expression indicates the yaw rate damping derivative (𝐶𝑛𝑟
) greatly affects the 

damping of the Dutch roll motion. Also, increasing altitude reduces Dutch roll damping 

because of the reduction in density (ρ), as well as increasing the yawing moment of inertia 

(𝐼𝑧𝑧). The directional stability derivative (𝐶𝑛𝛽
) also decreases Dutch roll damping. 

Considering the vertical tail is recognized as essential for most conventional fixed-wing 

designs to achieve lateral-directional stability, the vertical tail helps produce a restoring 

side force and yawing moment. Although directional stability affects the Dutch roll mode, 

it is not essential for Dutch roll stability [7]. 
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Chapter 2  
Aircraft Characteristics and Flight Test Planning 

Test Aircraft  

The Falcon 10/100 shown in Figure 6 incorporates swept wings, two aft mounted 

Honeywell (formally Garrett Turbine Engine Company) TFE 731-2-1C/2C turbo-fan 

engines, full hydraulic flight controls, and first-generation electronic display avionics. The 

minimum flight crew required is two pilots. The aircraft is authorized a maximum number 

of 8 passengers. Proper loading of the aircraft is the operator’s legal responsibility. The 

aircraft’s center of gravity (CG) is determined and checked using the weight and balance 

diagram provided in the pilot’s training manual for the Dassault Falcon 10/100. A sample 

weight and balance sheet are included in the Appendix. Proper loading is essential for the 

structural integrity of the aircraft during testing.  

 

Figure 6. Dassault Falcon 10/100 
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Instrumentation and Data Collection 

The instrumentation panel shown in Figure 7 was recorded using two mounted GoPro 

cameras placed in the cabin for the duration of the flight. The mounting system included a 

windscreen attachment suction cup, adjustable arm, and an attachment clamp. 

Simultaneous recording of the instrumentation panel is considered a viable option for data 

collection, but this method requires post-flight processing to obtain the necessary data. 

Recording the instrumentation panel ensured that complete and accurate data was available 

for processing. Archived recordings could be used in the planning phase of future flight 

tests. 

 

Figure 7. Instrumentation panel layout for Falcon 10/100 

Additionally, the HERO8 Black (Figure 8) is equipped with a stabilization system which 

results in a clear video recording, even during flight phases that present high vibrations. 

Additionally, the video resolution could record up to 3840 x 2160 footage at 60 frames per 

second.  
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Figure 8. GoPro HERO8 Camera 

However, relying solely on the recording means that the data collected can only be as 

accurate as the selected gauge on the instrumentation panel. Therefore, a data acquisition 

system simplifies the task by automatically collecting data every second for the duration of 

the flight. Due to the nature of some of the induced motions during flight testing, the use of 

a data acquisition system provides additional data points, which result in a better 

approximate representation of the motion.  

Data Acquisition System 

The stratus 3 ADS- B Receiver (Figure 9) is a portable receiver that provides weather, GPS 

information, backup altitude, and ADS-B-traffic integrated with the chosen flight app [8]. 

The device collects data for every second for speed, altitude, bank angle, pitch attitude, and 

time for the entire duration of the flight. 

 

Figure 9. Stratus 3 ADS-B Receiver [8] 
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Limitations and Specifications 

The aircraft is subject to altitude and airspeed limitations to maintain safety and structural 

integrity. The aircraft has a maximum approved operating altitude of 45,000 feet. Table 1 

below includes an overview of the airspeed limitations for the aircraft [9]. These values 

represent the upper bound limit for any testing procedure. Note that the maximum 

operating limit speed, or “never exceed” airspeed , 𝑉𝑀𝑂, changes depending on the 

operating altitude.  

Table 1. Airspeed Limitations [9] 

𝑉𝑀𝑂(𝑀𝑎𝑥 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑙𝑖𝑚𝑖𝑡) 350 knots at sea level 

370 knots at 10,000 feet 

MMO(Max Mach) 0.87 M above 25,000 feet 

VA(Max maneuvering) 220 knots 

VLO(Max landing gear operating) 190 knots 

VLF(Max landing gear extended) 220 knots 

VWWO (Max windshield wiper) 190 knots 

Maximum speed for opening the window 200 knots 

 

Table 2 below provides additional limitations applicable to flight configurations that use 

high lift devices. 

Table 2. Airspeed limitations for high lift devices extended [9]. 

𝑆𝑙𝑎𝑡𝑠 200 knots 

𝑆𝑙𝑎𝑡𝑠 + 15° 𝑓𝑙𝑎𝑝𝑠 190 knots 

𝑆𝑙𝑎𝑡𝑠 + 30° 𝑓𝑙𝑎𝑝𝑠 165 knots 

𝑆𝑙𝑎𝑡𝑠 + 52° 𝑓𝑙𝑎𝑝𝑠 165 knots 
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Test Location and Meteorological Conditions 

A single flight was conducted to evaluate the performance and stability and control 

characteristics of the aircraft. A total flight time of 1.21 hours was necessary to perform all 

the planned tests related to both performance and stability and control. This paper is 

focused on the stability and control portion of the test flight. Figure 10 below shows a 

profile of the test area, due to the capabilities of the aircraft and the nature of some of the 

tests, multiple loops ensure the aircraft stays relatively close to the Orlando Melbourne 

International Airport to help reduce fuel expenditure and total test time.  

 

Figure 10. Test area  

The test was conducted on January 14th, 2021. Meteorological conditions at sunrise 

indicated favorable conditions for data collection. Weather data also indicated gusts of 

about 10 mph blowing from the Northwest to the Southeast. Cloud formation was 

irrelevant  for the test due to the capabilities of the aircraft and the selected test altitudes.  
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Testing Methods 

For the dynamic longitudinal stability evaluation, the aircraft starts in approach 

configuration (Slats + Flaps 15°) in a trimmed condition at the target pressure altitude of 

16,000 feet and target airspeed of 160 knots. Whereas for the static/dynamic lateral-

directional stability tests, the aircraft starts in cruise configuration, trimmed at the target 

pressure altitude of 17,000 feet and target airspeed of 200 knots. The selected target 

pressure altitude and airspeed fall within the limitations of the aircraft shown in Table 1. 

Dynamic Longitudinal Stability: Long period or Phugoid mode 

The testing method used to evaluate the Phugoid motion starts with the aircraft in a 

trimmed condition. The elevator is then used to reduce or increase the indicated airspeed 

about 10 knots. The elevator is then returned to the trim position using the flight controls 

and then the pilot releases all controls [3]. Airspeed, pressure altitude, pitch attitude and 

bank angle are recorded over time.  

Static Directional Stability 

To check the static directional stability the test starts similarly with the airplane trimmed 

and stabilized at the desired flight configuration. The airplane is then slowly yawed in both 

directions while maintaining the wings level flight with the roll controls. When the rudder 

is released, the airplane should tend to return to straight flight [10]. Airspeed, pressure 

altitude, heading and rudder position or deflection are recorded over time.  

Static Lateral Stability 

The test for lateral stability starts at the desired configuration and trim speed. The pilot 

then conducts steady straight sideslips by maintaining the airplane heading with rudder and 

banking with the roll controls. The pilot then releases the roll controls and holds the rudder 

fixed. Airspeed, pressure altitude, heading, bank angle, sideslip and rudder position/force 

or deflection are recorded over time. The low wing should tend to return to level flight 

conditions. The intent of the test is to primarily evaluate the instantaneous response of the 

airplane [10]. The initial bank angle is recommended to not be less than 10°, and the pilot 
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should not be allowed to operate the roll controls to center the airplane during this 

evaluation.  

Dynamic Lateral-Directional Stability: Spiral Mode 

The flight testing started with lateral controls held fixed, the pilot then stablishes about 20° 

of bank angle using rudder. The pilot then returns the rudder to trim condition and releases 

all controls. Airspeed, pressure altitude, heading, bank angle, rudder position/deflection are 

recorded over time. Bank angle needs to be recorded for a given time interval until the total 

target test time [4]. For the analysis, the characteristics investigated for the first order 

motion are the convergence of the motion, and the time required for the amplitude of the 

first order motion to double or half in case of a divergent behavior [11].  

Dynamic Lateral-Directional Stability: Dutch Roll Mode 

The procedure starts with the airplane stable and trimmed in level flight, then the pilot 

performs the maneuver with a rudder doublet input at a rate and amplitude that excites the 

lateral-directional response and releases all controls. Airspeed, pressure altitude, heading, 

bank angle, and pitch attitude are recorded over time. Rudder doublet input is a typical test 

for lateral-directional dynamic stability [10]. This method is also said to tend to obtain a 

better response for the Dutch roll mode without exciting the spiral mode [3].  
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Chapter 3  
Flight Test Results 

Dynamic Longitudinal Stability 

Long Period or Phugoid mode 

FAR 25.181 does not contain a requirement for Phugoid mode. However, this mode is 

considered important because an undamped phugoid oscillation could cause problems to 

the pilot during instrumentation flight. The motion should not increase pilot workload or 

endanger the structural integrity of the airplane. In addition, a damped long period motion 

means that the aircraft will present better flying qualities.   

Plots showing the variations of speed, altitude and pitch attitude are obtained from the data 

provided by the data acquisition system. Figure 11 and Figure 12 show that once the 

controls are released (at about thirty seconds after the start of the test) the Phugoid mode 

progressively decreases in amplitude indicating that the motion is convergent. The speed 

and altitude variations for the Phugoid mode are slightly damped and the motion does not 

exhibit any dangerous characteristics or require excessive pilot workload to control.  

 

Figure 11. Long period speed variation 
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Figure 12. Long period altitude variation 

The damping factor for a lightly damped system requires the approximation of the half 

cycle amplitude ratio (
𝑥𝑛

𝑥𝑛+1
) which is obtained from Figure 11 and it is used to identify the 

damping factor (𝜁) using Figure 13. For oscillatory convergence, the damping factor is 

required to be positive [4]. It is also necessary to obtain a damping factor for different 

selections of the half cycle amplitude ratio. The average of the resulting damping ratios 

results in an average damping ratio that would help describe the approximate behavior of 

the motion.  
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Figure 13. Determination of damping factor for lightly damped systems [4] 

Once the damping ratio is obtained, it is possible to calculate the undamped natural 

frequency for a full cycle using Equation 3. Where 𝛥𝑇1represents the time required to 

complete a full cycle. 

𝜔𝑛 =
2𝜋

𝛥𝑇1√1 − 𝜁2
 

Equation 3. Undamped natural frequency [4] 

The method is applicable to second order responses and it is used to obtain Table 3, which 

contains the resulting damping ratio, as well as damped and undamped natural frequencies 

for both the speed (Figure 11) and altitude (Figure 12) plots. The time required to complete 

a full cycle of the Phugoid motion for both can be approximated to 𝛥𝑇1 ≈ 52 [𝑠]. The 

results show similar approximate values for the damping ratio for both plots and therefore 

similar undamped natural frequency.  
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Table 3. Phugoid mode data reduction results 

 
Damping Factor 

(ζ)  

Damped frequency 

[rad/sec] 

Undamped natural frequency 

[rad/sec] 

Speed 0.06 0.122 0.122 

Altitude 0.05 0.121 0.121 

 

Military specifications (MIL-F-8785C) for the flying qualities of piloted airplanes contain 

additional requirements for the phugoid stability. The military regulation specifies a 

requirement for damping factor (ζ ≥ 0.04) [11].Therefore, the Dassault Falcon 10/100 

resulting damping factors shown in Table 3 satisfy the level 1 flying conditions for 

acceptability related to the Phugoid mode.  

 

Figure 14. Long period oscillation speed and altitude  

Figure 15 shows the pitch attitude change that results in the climbs and descents 

experienced during flight corresponding to the speed and altitude variations (Figure 14). 

However, the oscillations occurred over a long period of time and could be easily corrected 

by any pilot of reasonable skill.  
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Figure 15. Long period pitch attitude variation  
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Static Directional Stability  

FAR 25.177 (a) provides the requirements for static directional stability. The regulations 

explain that the airplane should tend to recover from a skid with rudder free for any flight 

configuration at speeds from 1.13 VSR1, up to VFE, VLE, or VFC/MFC [12]. Where VSR1 refers 

to the reference stall speed in a specific configuration and the term considered for testing 

VFE, which refers to maximum flap extended speed (220 kts) [9].  

The flight test results shown in Table 4 indicate that the airplane exhibits an initial 

tendency to return to straight flight once the pilot releases the rudder controls. These results 

are consistent for both yaw directions indicated as right (+50%) and left (-50%) when the 

yaw damper is active. Once the yaw damper is turned off, the left (-50%) yaw direction 

shows a second order type response. However, the motion is highly damped and almost 

unperceivable in the cockpit. For both cases, the airplane’s initial tendency is to return 

quickly to the equilibrium condition, which satisfies the FAR 25.177 (a) requirement.  

Table 4. Results for static directional stability 

Test Pt IAS [knots] Pressure Altitude [ft] Heading SW[°] Rudder deflection 

0 200 16900 20  

1 

Yaw damper on 

20.5 +50% 

2 20 

3 19.5 -50% 

4 20 

5 200 16900 20  

6 

Yaw damper off 

20.5 +50% 

7 20 

8 19.5  

-50% 9 19 

10 20 

11 19.5 
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Figure 16 and below provides a visual representation of the test points and the 

corresponding heading. The aircraft is trimmed and stabilized at an approximate target 

altitude of about ~17,000 ft and 200 knots IAS which corresponds to test point 0. The pilot 

then deflects the rudder while maintaining level flight with the roll controls which 

corresponds to test point 1 after which the rudder is released and almost instantly returns to 

the initial heading (test point 2). The rudder is then deflected in the opposite direction and 

the procedure is repeated with identical results.  

 

Figure 16. Static directional stability-yaw damper on 

Figure 17 shows a second order response when the yaw damper is off for the left direction 

(-50%) but almost immediately dampens and returns to its initial position. However, this 

response is unusual because it happens only for the left yaw direction. Considering 

production of the aircraft occurred between 1971 and 1989, a possible reason for this 

behavior could be attributed to the asymmetry of the aircraft resulting from the 

manufacturing processes used when the aircraft was built. Another possible source of error 

for this part of the test is the precision of the instrumentation. It is possible that the right 

side presented a similar response, but the motion could not be captured due to the precision 

of the heading indicator. 
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Figure 17. Static directional stability-yaw damper off 
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Static Lateral Stability 

FAR 25.177 (b) provides the requirements for static lateral stability. The regulation 

describes static lateral stability as the tendency to raise the low wing in a sideslip with 

controls free [12]. The regulation requires that stability may not be negative for any flight 

configuration for a test airspeed selected between 1.13 VSR1 to VMO/MMO. Where VSR1 

refers to the reference stall speed for the specific configuration and the term VMO/MMO 

refers to maximum operating limit speed. 

FAR 25.177 (c) provides requirements for the steady heading sideslips. The regulation 

looks for a proportional relationship between aileron and rudder control movements and 

forces to the angle of sideslip [12].  

The flight test results are shown in Figure 18, which indicate that the airplane exhibits 

positive static lateral stability characteristics since it tends to raise the low wing in a 

sideslip with hands off the roll controls. The flight test procedure consisted of two parts. 

The first part of the test occurs during the first 25 seconds. The aircraft starts in a trimmed 

condition with a constant bank angle and then the pilot performs the maneuver until the 

target bank angle is reached (right wing down). At around 20 seconds the pilot releases the 

roll controls, and the bank angle data indicates that the initial tendency of the airplane is to 

raise the low wing (right wing up). The second part of the test continues from the 25 

seconds mark and the airplane performs the same maneuver in the opposite direction (left 

wing down) with the same resulting tendency of the airplane to raise the low wing (left 

wing up). Therefore, the airplane exhibits positive static lateral stability characteristics 

which satisfies the FAR 25.177 (b) requirement. 
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Figure 18. Steady heading sideslips-bank angle variation 
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Dynamic Lateral-Directional Stability: Spiral Mode 

Military specifications (MIL-F-8785C) for the lateral-directional mode contain additional 

requirements intended to ensure the safe flying qualities for spiral stability. The 

requirements are shown in Table 5 and require the time for the bank angle to double shall 

be greater than the values shown for each level of flying qualities [11]. 

Table 5 . Spiral stability-minimum time to double amplitude [11] 

Flight Phase Category Level 1 Level 2 Level 3 

A & C 12 s 8 s 4 s 

B 20 s 8 s 4 s 

 

The resulting bank angle plot from the flight test is shown in Figure 19. The test consisted 

of four parts, the first part starts at the 0 second mark and stablishes a bank angle of about  

-20 degrees (right wing down). At about 20 seconds the pilot releases all controls, and the 

spiral mode seems to remain neutral for the remaining of the test until it is terminated at the 

40 second mark. This behavior is identified as a neutral spiral since bank angle remains 

almost constant for the duration of the test. In contrast, a divergent spiral mode could be 

caused from longitudinal trim changes resulting from airspeed increases. Airspeed changes 

affect the speed-dependent stability derivatives which would alter the spiral characteristics 

[4].  

The pilot adjusted the trim condition after the first part of the test ended, resulting in a 

convergent spiral behavior for the all the consecutive tests. The second part starts after the 

20 seconds mark, the pilot stablishes a +20 degrees of bank angle and at about the 50 

seconds mark the pilot releases all controls. The spiral shows convergent characteristics 

since the bank angle shows a tendency to return to the initial level flight condition after 

which the pilot terminates the test. The third part of the test repeats the same procedure as 

the second part. Similarly, the aircraft exhibits the same convergent behavior reason why 

the pilot terminated the test before the level flight condition was reached. The fourth part of 

the test starts at the 110 seconds mark and consists of reevaluating the test that initially 

showed neutral stability. This time for the -20 degrees of bank angle the airplane exhibits a 
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convergent behavior, which indicates that the adjustment of longitudinal trim greatly 

affects the spiral characteristics. Due to the convergence of the motion, the pilot terminates 

the test before the level flight condition is achieved.  

 

Figure 19. Spiral Mode 

The Dassault Falcon 10/100 resulting spiral behavior once the controls are released is 

neutral for the first part of the test and convergent for the rest of the tests. Therefore, it is 

safe to assume that the airplane exhibits level 1 flying qualities fulfilling the requirements 

for acceptability in accordance with MIL-F-8785C section 3.3.1.3 related to spiral stability. 

Dynamic Lateral-Directional Stability: Dutch Roll Mode 

FAR 25.181(b) provides the requirements for any combined lateral-directional oscillations 

between 1.13 VSR and the maximum allowable speed for the selected configuration. The 

regulation requires a positively damped motion with controls free and a characteristic 

motion that does not require exceptional pilot skill to control [12].  

The flight test results for the “Dutch Roll” mode are shown in Figure 20. The testing 

procedure consisted of three parts. The first part of the flight test corresponds to the first 20 

seconds in the plot. For this part of the test, the yaw damper was active. The procedure 
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starts with the airplane stable and trimmed in level flight, then the pilot performs the 

maneuver with a rudder doublet input at a rate and amplitude that excites the lateral-

directional response. Rudder doublet input is a typical test for lateral-directional dynamic 

stability [10]. This method is also said to tend to obtain a better response for the Dutch roll 

mode without exciting the spiral mode [3]. 

Approximately at the 9 second mark the pilot releases the controls, and the airplane 

response shows an overshoot, but also converges to the initial leveled state which means 

that the motion is damped. The fast rate of convergence could be attributed to the presence 

of the yaw damper since damping of the Dutch roll motion is dependent on yaw rate 

damping.  

For the second part of the test (17 to 42-s) the yaw damper is inactive. The test starts 

similarly with a rudder doublet input exciting the lateral-directional response and the pilot 

releasing all controls at about (~28 s). The following oscillations are characteristic of a 

second order response. This oscillation is positively damped with controls free because it is 

progressively decreasing in amplitude and completely dissipates after about four 

oscillations. The third test consists of repeating the procedure with the yaw damper off 

with the doublet input in the opposite direction. Similarly, the results obtained show the 

motion decreasing in amplitude and completely dampening after about four oscillations.  
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Figure 20. Dutch Roll Mode 

Military specifications (MIL-F-8785C) for the lateral-directional mode flying qualities of 

piloted airplanes contain additional requirements intended to ensure the safe flying 

qualities during mission performance. The nature of the lateral-directional oscillations 

(Dutch Roll) is described using the frequency and the damping ratio following a yaw 

disturbance. The flight test evaluated the controls free condition because the test requires 

the pilot to release all controls once the mode is excited and to experience the oscillation 

until it fully dampens. Residual oscillations may be tolerated only if the amplitude is 

sufficiently small that the motions do not alter mission performance [11]. 
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Table 6. Minimum Dutch roll frequency and damping [11] 

 

Following the airplane classification descriptions in Table 6, the Dassault Falcon 10/100 

would be considered a Class I airplane. The evaluation for test includes aircraft in cruise 

configuration which falls under Category B for nonterminal flight phase and the doublet 

inputs are performed by the pilot in both directions [4] [11]. The Dassault Falcon 10/100 

resulting damping factor and undamped natural frequency shown in Table 7 indicate that 

the airplane exhibits level 1 flying qualities fulfilling the requirements for acceptability in 

accordance with MIL-F-8785C section 3.3.1.1 related to the Dutch roll mode which 

specifies as a requirement to obtain a damping factor (ζ ≥ 0.08) and a min (ζ𝜔𝑛 ≥

 0.15 rad/s). 

Table 7. Dutch roll mode data reduction results 

 
Damping 

Factor (ζDR)  

Damped 

frequency 

[rad/sec] 

Undamped natural 

frequency (𝝎𝒏) [rad/sec] 

ζ𝝎𝒏[rad/s] 

Doublet a 0.08 1.876 1.882 0.15 

Doublet b 0.09 1.887 1.895 0.17 
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The Dutch roll oscillation consisted of yawing, sideslipping, and rolling. The degree of 

rolling motion present is expressed in terms of roll-to yaw ratio (
𝜙

𝛽
). More damping is 

required as the roll-to-yaw ratio is increased. The effects of high roll-to-yaw ratio could 

affect the level flying qualities of the airplane when experiencing turbulence in airplanes 

with low damping factor.  

The requirements specify the parameter 𝜔𝑛
2 (

𝜙

𝛽
) ≤ 20 (𝑟𝑎𝑑/𝑠𝑒𝑐)2. The expression is a 

product of the square of the undamped natural frequency and the roll to yaw ratio, and it is 

an analytical result determined from pilots’ investigations. The test pilot can obtain an 

approximate value for the roll-to-yaw ratio by observing the behavior of the wingtip during 

the Dutch roll oscillations. [4]. 

 

Figure 21. Paths of airplane wingtip on horizon during Dutch roll motion [4] 

Based on the path of the wingtip experienced during testing, a roll-to yaw ratio (
𝜙

𝛽
) ≈ 3 is 

considered as the best approximation for the wing tip behavior experienced during testing 

and since the oscillation is not heavily damped. Under these conditions and considering the 

average undamped natural frequency from both tests 𝜔𝑛 ≈ 1.89 (𝑟𝑎𝑑/𝑠𝑒𝑐), the parameter 

𝜔𝑛
2 (

𝜙

𝛽
) ≈ 10.69 <  20 (𝑟𝑎𝑑/𝑠𝑒𝑐)2, indicates that the airplane exhibits level 1 flying 
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qualities fulfilling the requirements for acceptability in accordance with USNTPS-FTM-

No.103 section 5.3.2.6 [4]. 

Lastly, requirements for the Dutch roll mode are also presented as functions of the 

damping parameter 
1

𝐶1
2

, which is function of the number of cycles to damp to half 

amplitude. 

𝐶1
2

=
0.1104 (√1 − 𝜁𝐷𝑅

2 )

𝜁𝐷𝑅
 

Equation 4. Damping Parameter [3] 

The rolling parameter is estimated using Equation 5 where the rolling parameter is a 

function of roll to sideslip ratio.  

|𝜙|

|𝑉𝑒|
=

57.3

𝑉𝑒
(

|𝜙|

|𝛽|
) 

Equation 5. Rolling parameter [3] 

The roll to sideslip ratio is estimated using Figure 21 and the equivalent airspeed 𝑉𝑒 is 

taken as the average speed in knots experienced during the maneuver. The resulting rolling 

parameter and the equivalent airspeed are shown in Table 8. 

Table 8. Resulting rolling parameter 

 𝑉𝑒,𝑎𝑣𝑔 [knots] 257.37 
|𝜙|

|𝑉𝑒,𝑎𝑣𝑔|
 

0.67 

 

Therefore, the damping and rolling parameters obtained are located under curve A, and the 

residual motion shows a reduction of amplitude with time. No major unpleasant conditions 

were induced by the motion. Therefore, the Dassault Flacon 10/100 exhibits level 1 flying 
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qualities fulfilling the requirements for acceptability in accordance with Figure 22 because 

the value obtained is less than curve A. 

 

Figure 22. Military specification requirements for Dutch roll [3] 
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Chapter 4  
Conclusions and Recommendations 

The Falcon 10/100 exhibited satisfactory stability and control characteristics according to 

the Federal Aviation Regulations in the United States. Additionally, the aircraft shows 

level 1 flying qualities for the lateral-directional modes according to the military 

specifications MIL-F-8785C. The European Aviation Safety Agency has similar 

certifications specifications applied to transport category airplanes for the lateral-

directional modes [6]. 

Long Period or Phugoid mode 

The evaluation of the Phugoid motion concludes that the aircraft presents a slightly 

damped oscillation. Military specifications MIL-F-8785C for the flying qualities of piloted 

airplanes specify a required damping factor (ζ ≥ 0.04) [11].Therefore, the Dassault Falcon 

10/100 resulting damping factors shown in Table 3 satisfy the level 1 flying requirements 

for acceptability related to the Phugoid mode. Additionally, the motion did not exhibit any 

dangerous characteristics or require excessive pilot workload to control.  

Static Directional Stability 

The flight test results shown in Table 4, indicate that the airplane exhibits an almost instant 

tendency to return to level flight once the pilot releases the rudder controls. These results 

are consistent for both yaw directions indicated as right (R) and left (L) when the yaw 

damper is active. The left (L) yaw direction shows a second order type response when the 

yaw damper is inactive; however, the motion is heavily damped and almost unperceivable 

in the cockpit. Regardless, the airplane’s initial tendency is to return quickly to the 

equilibrium condition, which satisfies the FAR 25.177 (a) requirement. 

Static Lateral Stability 

The flight test results shown in Figure 18 demonstrate the airplane’s tendency to raise the 

low wing in a sideslip with hands off the controls. This behavior is characteristic of 
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positive static lateral stability. Thus, the airplane exhibits positive static lateral stability, 

and it satisfies the FAR 25.177 (b) requirement. 

Dynamic Lateral-Directional Stability 

Today’s industrial practices continue to use conventional models for the assessment of 

aircraft stability because the model is simplified and often provides reasonable 

approximations of aircraft behavior when disturbed from steady-level flight [13]. However, 

unconventional configurations such as a flying wing or canard wing could experience 

inadequate dynamic characteristics. Such characteristics could prevent these types of 

aircraft from satisfying the regulations requirements. 

Spiral Mode 

The resulting spiral behavior for the Dassault Falcon 10/100 once the controls are released 

is neutral for the first part of the test. The reason behind this result could be caused from 

longitudinal trim changes. Airspeed changes affect the speed-dependent stability 

derivatives which would alter the spiral characteristics [4]. The pilot in fact adjusted the 

trim condition after the first part of the test, resulting in a convergent spiral for the all the 

consecutive tests. Therefore, the airplane exhibits level 1 flying qualities fulfilling the 

requirements for acceptability in accordance with MIL-F-8785C section 3.3.1.3 related to 

spiral stability. 

Dutch Roll Mode 

The Dassault Falcon 10/100 resulting damping factor and undamped natural frequency 

shown in Table 7 indicate that the airplane exhibits level 1 flying qualities fulfilling the 

requirements for acceptability in accordance with MIL-F-8785C section 3.3.1.1 related to 

the Dutch roll mode which specify a damping factor (ζ ≥ 0.08) and a min (ζ𝜔𝑛 ≥

 0.15 rad/s). Finally, the Dassault Flacon 10/100 exhibits level 1 flying qualities fulfilling 

the requirements for acceptability in accordance with MIL-F-8785B (Figure 22) because 

the value obtained is less than curve A. 
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Academic Application 

Military services have formal training programs for the capacitation of experimental test 

pilots and flight test engineers. These training programs are restricted for selected military 

or civilian pilots and engineers. Many universities offer elective flight test courses that are 

designed to provide interested students with an overview of this field of engineering. 

Currently the flight test engineering department at Florida Tech provides students with the 

opportunity to test existing aircraft safely. Students are exposed to different measurement 

techniques, upgraded instrumentation and data analysis methods required to collect and 

reduce flight test data. Students also get to experience hands on flight testing with a variety 

of aircraft. The program is flexible, allowing enrolled students the selection of elective 

classes specific to their interest. The current program requires the completion of 12 credit 

hours of core courses, six credit hours of mathematics and 12 credit hours of restricted 

electives. Students can expect to have completed a minimum of 15 flight hours by the end 

of their studies. However, the basic master’s degree does not offer any elective classes 

focused on jet aircraft flight testing because of the cost. The purpose of the implementation 

of a jet aircraft testing course is the development of the flight test engineering department 

at Florida Tech. Potential benefits of offering jet aircraft flight testing as a restricted 

elective would provide students from all nationalities with a unique affordable alternative 

to restricted military programs. 
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Appendix 
Raw Test Data 

Table 9. Phugoid motion data from Stratus 3 

Airspeed Altitude Bank Angle Pitch Time 
 

204.80 16943.25 0.33 4.85 0.00 9:02:09 AM 

204.63 16943.73 0.37 4.66 1.00 
 

204.47 16943.85 0.31 4.58 2.00 
 

204.35 16943.74 0.45 4.63 3.00 
 

204.17 16943.57 0.57 4.74 4.00 
 

203.95 16943.45 0.61 4.75 5.00 
 

203.78 16943.43 0.65 4.56 6.00 
 

203.71 16942.88 0.67 4.16 7.00 
 

203.71 16940.89 0.57 3.96 8.00 
 

203.72 16937.39 0.52 3.74 9.00 
 

203.85 16932.49 0.47 3.53 10.00 
 

204.03 16926.01 0.33 3.36 11.00 
 

204.24 16917.98 0.22 3.23 12.00 
 

204.54 16908.62 0.06 3.20 13.00 
 

204.86 16898.15 -0.18 3.31 14.00 
 

205.16 16887.14 -0.47 3.37 15.00 
 

205.45 16875.81 -0.73 3.36 16.00 
 

205.74 16864.13 -0.94 3.40 17.00 
 

206.06 16852.03 -1.10 3.50 18.00 
 

206.34 16839.93 -1.14 3.66 19.00 
 

206.57 16828.14 -0.96 3.74 20.00 
 

206.76 16816.73 -0.46 3.78 21.00 
 

207.13 16805.75 -0.02 3.91 22.00 
 

207.32 16793.77 -0.08 4.17 23.00 
 

207.48 16786.53 -0.27 4.25 24.00 
 

207.61 16778.03 -0.38 4.42 25.00 
 

207.67 16770.21 -0.29 4.61 26.00 
 

207.74 16763.12 -0.21 4.69 27.00 
 

207.79 16756.55 -0.06 4.70 28.00 
 

207.78 16750.71 0.05 4.83 29.00 
 

207.64 16745.80 0.09 4.94 30.00 
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207.64 16741.88 0.31 5.14 31.00 
 

207.47 16738.88 0.28 5.01 32.00 
 

207.37 16736.19 0.27 4.98 33.00 
 

207.30 16733.44 0.04 4.91 34.00 
 

207.16 16730.04 -0.34 4.88 35.00 
 

207.15 16725.74 -0.86 4.95 36.00 
 

207.06 16720.57 -1.23 5.08 37.00 
 

206.77 16715.84 -1.45 6.45 38.00 
 

206.18 16714.34 -1.82 6.79 39.00 
 

205.60 16715.80 -2.25 7.34 40.00 
 

204.78 16720.45 -2.32 7.78 41.00 
 

203.94 16728.19 -1.15 7.99 42.00 
 

202.90 16738.90 -1.03 8.34 43.00 
 

201.91 16752.05 -0.57 8.60 44.00 
 

200.87 16767.36 0.28 8.64 45.00 
 

199.81 16784.57 0.33 8.85 46.00 
 

198.73 16803.27 0.33 8.98 47.00 
 

197.53 16822.96 0.21 9.13 48.00 
 

196.38 16843.06 0.07 9.29 49.00 
 

195.17 16863.45 -0.10 9.38 50.00 
 

193.95 16884.01 -0.20 9.44 51.00 
 

192.79 16904.00 -0.27 9.44 52.00 
 

191.61 16923.18 -0.47 9.42 53.00 
 

190.51 16941.31 -0.67 9.34 54.00 
 

189.49 16958.27 -0.93 9.21 55.00 
 

188.58 16973.96 -0.61 8.90 56.00 
 

187.76 16987.71 -0.05 8.43 57.00 
 

187.06 16999.56 0.30 8.03 58.00 
 

186.68 17009.15 0.44 7.69 59.00 
 

186.26 17016.30 0.54 7.26 60.00 
 

186.09 17021.78 0.44 6.79 61.00 
 

185.94 17023.59 0.33 6.53 62.00 
 

185.95 17023.67 0.34 6.12 63.00 
 

186.16 17021.19 0.29 5.76 64.00 
 

186.35 17016.35 0.16 5.46 65.00 
 

186.65 17009.19 -0.04 5.13 66.00 
 

187.06 16999.88 -0.16 4.84 67.00 
 

187.58 16988.58 -0.36 4.67 68.00 
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188.08 16975.57 -0.64 4.52 69.00 
 

188.66 16961.02 -0.91 4.38 70.00 
 

189.30 16944.99 -1.03 4.25 71.00 
 

189.96 16927.86 -1.03 4.21 72.00 
 

190.64 16909.82 -1.11 4.08 73.00 
 

191.35 16891.13 -1.21 4.01 74.00 
 

192.16 16872.08 -1.17 3.92 75.00 
 

192.90 16852.97 -1.11 3.93 76.00 
 

193.63 16834.09 -1.11 3.97 77.00 
 

194.41 16815.69 -1.21 4.10 78.00 
 

195.00 16798.13 -1.47 4.32 79.00 
 

195.58 16781.54 -1.09 4.41 80.00 
 

196.08 16766.19 -0.66 4.46 81.00 
 

196.64 16752.19 -0.21 4.55 82.00 
 

197.09 16739.95 0.17 4.66 83.00 
 

197.39 16729.66 0.24 4.84 84.00 
 

197.68 16721.41 0.09 5.21 85.00 
 

197.84 16714.91 0.00 5.57 86.00 
 

197.72 16710.19 -0.10 5.93 87.00 
 

197.60 16708.01 -0.17 6.22 88.00 
 

197.41 16707.84 -0.24 6.62 89.00 
 

196.97 16709.55 -0.26 6.96 90.00 
 

196.48 16713.15 -0.28 7.23 91.00 
 

195.93 16718.74 -0.36 7.51 92.00 
 

195.26 16725.89 -0.39 7.71 93.00 
 

194.51 16734.48 -0.47 7.91 94.00 
 

193.69 16744.23 -0.51 8.10 95.00 
 

192.90 16755.00 -0.53 8.23 96.00 
 

192.07 16766.65 -0.60 8.39 97.00 
 

191.22 16778.88 -0.77 8.49 98.00 
 

190.31 16791.61 -0.78 8.55 99.00 
 

189.43 16804.53 -0.74 8.53 100.00 
 

188.56 16817.56 -0.81 8.52 101.00 
 

187.69 16830.46 -0.86 8.53 102.00 
 

186.89 16842.95 -0.89 8.47 103.00 
 

186.07 16854.75 -1.03 8.45 104.00 
 

185.38 16865.68 -1.17 8.42 105.00 
 

184.63 16875.62 -1.27 8.33 106.00 
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183.98 16884.57 -1.37 8.26 107.00 
 

183.38 16892.44 -1.61 8.20 108.00 
 

182.83 16899.12 -1.78 8.11 109.00 
 

182.25 16904.54 -1.85 7.95 110.00 
 

181.88 16908.51 -1.84 7.76 111.00 
 

181.53 16911.09 -1.77 7.53 112.00 
 

181.22 16912.17 -1.54 7.26 113.00 
 

181.09 16911.92 -1.26 6.99 114.00 
 

181.00 16910.40 -1.13 6.73 115.00 
 

181.03 16907.57 -1.17 6.57 116.00 
 

181.05 16903.40 -1.10 6.40 117.00 
 

181.20 16897.74 -1.13 6.23 118.00 
 

181.39 16889.46 -1.21 6.10 119.00 
 

181.56 16883.09 -1.16 5.98 120.00 
 

181.80 16874.41 -1.11 5.86 121.00 
 

182.07 16865.23 -1.10 5.72 122.00 
 

182.34 16855.27 -1.11 5.62 123.00 
 

182.71 16844.73 -1.03 5.49 124.00 
 

183.07 16833.88 -0.87 5.38 125.00 
 

183.47 16822.85 -0.61 5.23 126.00 
 

183.98 16811.64 -0.31 5.05 127.00 
 

184.44 16800.30 -0.05 4.97 128.00 
 

184.90 16789.06 0.02 5.04 129.00 
 

185.53 16775.77 -0.14 5.06 130.00 
 

185.82 16767.39 -0.17 5.13 131.00 
 

186.22 16757.22 -0.13 5.18 132.00 
 

186.62 16747.60 -0.18 5.29 133.00 
 

186.91 16738.87 -0.18 5.44 134.00 
 

187.14 16731.11 -0.35 5.52 135.00 
 

187.36 16724.20 -0.54 5.68 136.00 
 

187.43 16718.43 -0.55 5.85 137.00 
 

187.50 16713.75 -0.50 5.98 138.00 
 

187.48 16710.25 -0.70 6.23 139.00 
 

187.34 16707.79 -0.79 6.57 140.00 
 

187.14 16707.13 -0.74 6.73 141.00 
 

186.87 16707.25 -0.66 6.90 142.00 
 

186.52 16708.94 -0.65 7.11 143.00 
 

186.09 16711.54 -0.57 7.21 144.00 
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185.67 16715.07 -0.50 7.35 145.00 
 

185.11 16719.42 -0.50 7.43 146.00 
 

184.59 16724.57 -0.56 7.60 147.00 
 

184.09 16730.35 -0.62 7.71 148.00 
 

183.43 16736.47 -0.68 7.76 149.00 
 

182.82 16743.19 -0.68 7.82 150.00 
 

182.27 16750.15 -0.67 7.80 151.00 
 

181.69 16757.42 -0.66 7.79 152.00 
 

181.03 16764.74 -0.65 7.79 153.00 
 

180.51 16771.87 -0.71 7.80 154.00 
 

179.98 16778.78 -0.73 7.69 155.00 
 

179.45 16785.44 -0.63 7.67 156.00 
 

178.91 16793.07 -0.51 7.55 157.00 
 

178.51 16798.01 -0.49 7.45 158.00 
 

178.16 16803.63 -0.53 7.33 159.00 
 

177.83 16808.55 -0.57 7.29 160.00 
 

177.62 16812.62 -0.53 7.17 161.00 
 

177.24 16815.93 -0.43 6.98 162.00 
 

177.13 16818.60 -0.52 6.98 163.00 
 

177.07 16820.18 -0.54 6.79 164.00 
 

177.03 16821.18 -0.44 6.62 165.00 
 

176.98 16821.66 0.40 6.41 166.00 
 

176.89 16821.29 0.76 6.20 167.00 
 

177.14 16820.15 0.52 6.12 168.00 
 

177.32 16818.44 0.11 6.24 169.00 
 

177.42 16816.34 -0.14 6.26 170.00 
 

177.50 16814.02 1.13 6.05 171.00 
 

177.70 16811.41 1.11 5.98 172.00 
 

178.02 16808.33 1.05 5.88 173.00 
 

178.15 16805.06 0.93 5.58 174.00 
 

178.13 16801.97 0.99 5.07 175.00 
 

177.91 16799.06 1.44 5.05 176.00 
 

177.43 16797.68 1.18 4.61 177.00 
 

176.74 16796.83 1.81 4.47 178.00 
 

175.96 16797.07 2.00 4.92 179.00 
 

175.24 16798.26 1.83 4.98 180.00 
 

174.36 16800.56 1.60 5.23 181.00 
 

173.56 16803.62 2.38 5.09 182.00 
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172.72 16806.86 2.38 5.09 183.00 
 

172.15 16809.77 2.34 5.01 184.00 
 

171.42 16812.18 3.24 4.79 185.00 
 

170.95 16814.53 3.61 4.66 186.00 
 

170.36 16816.51 3.34 4.73 187.00 9:05:16 AM 

 

Table 10. Steady heading sideslips data from Stratus 3 

Airspeed Altitude Bank Angle Pitch Time 
 

259.72 17645.02 1.35 6.26 0.00 8:55:51 AM 

259.71 17645.23 1.37 6.29 1.00 
 

259.77 17645.48 1.42 6.29 2.00 
 

259.81 17645.58 1.19 6.41 3.00 
 

259.89 17645.54 0.96 6.46 4.00 
 

259.92 17645.20 1.14 6.42 5.00 
 

260.00 17644.72 1.57 6.40 6.00 
 

259.99 17644.59 1.30 6.58 7.00 
 

260.07 17644.86 -1.88 6.98 8.00 
 

260.34 17645.37 -4.79 7.26 9.00 
 

260.72 17646.22 -6.49 7.66 10.00 
 

261.21 17648.48 -5.54 7.44 11.00 
 

261.40 17650.44 -7.05 7.47 12.00 
 

261.60 17652.23 -4.75 7.25 13.00 
 

261.61 17653.19 -6.56 7.52 14.00 
 

261.82 17653.31 -6.89 7.46 15.00 
 

262.06 17652.73 -6.28 7.19 16.00 
 

262.22 17651.76 -6.30 6.95 17.00 
 

262.43 17650.24 -6.78 7.01 18.00 
 

262.67 17648.12 -4.69 6.89 19.00 
 

262.70 17645.92 3.93 6.20 20.00 
 

262.11 17643.82 8.74 6.61 21.00 
 

261.39 17642.05 11.39 7.05 22.00 
 

260.61 17640.74 8.95 8.02 23.00 
 

260.14 17639.80 2.97 8.64 24.00 
 

259.99 17640.48 0.00 8.85 25.00 
 

259.79 17642.25 5.03 8.67 26.00 
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259.34 17644.07 5.97 8.62 27.00 
 

258.77 17646.33 9.09 8.71 28.00 
 

258.19 17649.22 9.62 8.76 29.00 
 

257.48 17652.36 10.72 8.73 30.00 
 

256.92 17655.73 9.49 9.08 31.00 
 

256.51 17657.96 8.01 9.19 32.00 
 

256.18 17659.64 9.86 8.96 33.00 
 

255.85 17660.20 9.90 8.94 34.00 
 

255.41 17661.45 8.44 8.68 35.00 
 

255.36 17663.58 -3.16 8.51 36.00 
 

255.84 17665.43 -11.36 8.54 37.00 
 

256.61 17668.46 -8.77 8.33 38.00 
 

256.93 17672.81 -4.18 7.87 39.00 
 

256.97 17678.15 -2.40 7.72 40.00 
 

256.99 17684.81 -0.56 7.60 41.00 
 

256.68 17692.24 -0.06 7.58 42.00 
 

256.47 17700.30 0.21 7.63 43.00 
 

256.20 17708.84 0.52 7.52 44.00 
 

255.84 17717.56 0.67 7.55 45.00 
 

255.50 17726.44 0.77 7.59 46.00 
 

255.18 17735.39 1.53 7.48 47.00 
 

254.75 17744.39 2.12 7.52 48.00 
 

254.32 17753.25 1.07 7.86 49.00 
 

253.96 17761.86 1.08 7.85 50.00 
 

253.56 17770.22 1.67 7.65 51.00 
 

253.19 17778.14 1.88 7.57 52.00 
 

252.86 17785.69 1.96 7.54 53.00 
 

252.49 17792.66 1.07 7.77 54.00 8:56:45 AM 
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Table 11. Spiral mode data from Stratus 3 

Airspeed Altitude Bank Angle Pitch Time 
 

266.44 17754.54 -1.68 4.17 0.00 8:57:53 AM 

267.14 17739.03 -1.43 4.31 1.00 
 

268.20 17721.57 -2.47 4.63 2.00 
 

268.77 17710.49 -2.85 4.76 3.00 
 

269.62 17696.79 -3.43 5.04 4.00 
 

270.38 17684.20 -5.75 5.41 5.00 
 

270.80 17672.05 -9.49 5.36 6.00 
 

271.41 17659.71 -13.57 5.11 7.00 
 

272.41 17646.63 -16.03 4.74 8.00 
 

273.60 17632.86 -16.85 4.35 9.00 
 

274.72 17618.18 -17.10 3.73 10.00 
 

276.10 17602.43 -16.88 3.27 11.00 
 

277.20 17585.76 -15.97 2.85 12.00 
 

278.55 17568.42 -17.37 3.11 13.00 
 

279.89 17550.83 -16.31 2.25 14.00 
 

281.57 17532.57 -16.51 2.88 15.00 
 

283.24 17515.63 -17.55 2.95 16.00 
 

284.94 17499.93 -19.21 3.02 17.00 
 

286.73 17482.05 -20.72 2.82 18.00 
 

288.60 17464.81 -20.50 2.53 19.00 
 

290.41 17449.36 -21.50 2.44 20.00 
 

292.00 17434.63 -20.65 2.03 21.00 
 

293.62 17420.97 -20.32 1.98 22.00 
 

295.27 17409.31 -20.48 1.92 23.00 
 

297.02 17396.94 -20.24 1.89 24.00 
 

298.03 17389.17 -20.20 1.89 25.00 
 

299.50 17379.90 -20.50 1.95 26.00 
 

300.89 17371.60 -20.21 1.80 27.00 
 

302.16 17362.71 -20.20 1.86 28.00 
 

303.43 17353.45 -20.56 1.91 29.00 
 

304.91 17343.84 -20.10 1.70 30.00 
 

306.14 17334.40 -20.10 1.69 31.00 
 

307.45 17324.50 -20.26 1.86 32.00 
 

308.67 17314.64 -20.34 1.93 33.00 
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309.79 17304.69 -20.86 2.09 34.00 
 

311.10 17294.35 -21.08 2.11 35.00 
 

312.48 17283.72 -21.46 2.07 36.00 
 

313.95 17272.70 -21.92 2.08 37.00 
 

314.98 17261.18 -22.33 2.23 38.00 
 

316.36 17249.26 -22.65 2.18 39.00 
 

317.75 17236.69 -22.89 2.14 40.00 
 

318.71 17223.66 -21.37 1.69 41.00 
 

320.00 17210.23 -15.12 1.57 42.00 
 

320.78 17196.85 -7.06 1.85 43.00 
 

321.26 17183.90 -2.20 2.45 44.00 
 

321.21 17171.90 2.76 3.03 45.00 
 

320.86 17161.39 7.85 3.64 46.00 
 

320.20 17151.50 11.46 4.18 47.00 
 

319.59 17142.97 12.07 4.50 48.00 
 

318.79 17135.78 15.00 4.98 49.00 
 

317.83 17129.98 15.73 5.30 50.00 
 

316.59 17124.56 17.03 5.88 51.00 
 

315.24 17120.93 18.06 6.34 52.00 
 

313.77 17119.22 18.00 7.05 53.00 
 

311.97 17119.51 18.13 7.61 54.00 
 

310.31 17120.86 17.72 8.08 55.00 
 

308.89 17123.08 17.34 8.26 56.00 
 

307.62 17125.67 16.90 8.52 57.00 
 

305.80 17128.22 16.33 8.92 58.00 
 

304.30 17130.69 15.85 9.12 59.00 
 

302.76 17132.93 15.29 9.32 60.00 
 

301.32 17135.24 14.89 9.45 61.00 
 

299.77 17137.38 14.34 9.57 62.00 
 

298.24 17139.62 13.80 9.58 63.00 
 

296.84 17141.31 13.26 9.66 64.00 
 

295.68 17142.73 12.70 9.59 65.00 
 

294.38 17144.13 12.20 9.54 66.00 
 

292.72 17145.26 11.60 9.45 67.00 
 

292.00 17145.63 11.12 9.32 68.00 
 

291.04 17145.56 10.54 9.10 69.00 
 

290.07 17144.25 10.11 8.86 70.00 
 

289.10 17142.24 9.54 8.62 71.00 
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288.27 17139.19 8.87 8.46 72.00 
 

287.64 17135.46 8.32 8.24 73.00 
 

287.09 17130.53 7.90 7.97 74.00 
 

286.86 17124.08 7.49 7.55 75.00 
 

286.30 17116.13 7.06 7.40 76.00 
 

286.02 17107.64 6.47 7.19 77.00 
 

286.09 17097.98 5.88 6.84 78.00 
 

285.81 17087.03 5.15 6.67 79.00 
 

285.73 17074.83 4.36 6.57 80.00 
 

285.87 17061.56 3.63 6.42 81.00 
 

286.10 17047.66 2.85 6.23 82.00 
 

286.33 17032.97 2.19 5.99 83.00 
 

286.44 17017.46 1.62 5.80 84.00 
 

286.81 17001.28 1.17 5.56 85.00 
 

287.43 16984.12 0.61 5.33 86.00 
 

288.08 16966.08 2.45 5.04 87.00 
 

288.29 16947.19 7.08 4.91 88.00 
 

288.16 16927.68 10.51 5.07 89.00 
 

287.83 16907.94 14.38 5.21 90.00 
 

287.38 16888.07 18.15 5.46 91.00 
 

286.63 16868.52 18.93 5.55 92.00 
 

285.74 16849.27 20.35 5.86 93.00 
 

284.65 16830.53 20.20 6.32 94.00 
 

283.55 16812.49 21.44 6.66 95.00 
 

282.40 16793.70 20.73 6.50 96.00 
 

281.50 16772.58 20.42 6.70 97.00 
 

280.71 16749.55 20.13 6.73 98.00 
 

279.92 16724.10 19.55 6.93 99.00 
 

279.10 16697.15 19.20 7.05 100.00 
 

278.39 16668.93 19.01 7.04 101.00 
 

277.76 16639.75 18.61 7.10 102.00 
 

277.24 16609.52 18.26 7.16 103.00 
 

276.69 16578.10 17.85 7.23 104.00 
 

276.15 16546.05 17.41 7.27 105.00 
 

275.70 16514.41 17.11 7.24 106.00 
 

275.30 16482.73 16.72 7.26 107.00 
 

274.88 16450.98 16.26 7.28 108.00 
 

274.47 16419.49 16.14 7.19 109.00 
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274.08 16388.53 15.77 7.28 110.00 
 

273.76 16358.86 12.32 7.64 111.00 
 

273.66 16330.63 5.57 7.80 112.00 
 

274.07 16305.43 1.30 8.83 113.00 
 

274.42 16288.44 1.26 9.29 114.00 
 

274.18 16280.39 0.71 9.04 115.00 
 

273.07 16276.25 0.17 9.29 116.00 
 

273.02 16278.56 -0.34 8.59 117.00 
 

272.56 16282.39 -0.76 8.44 118.00 
 

272.03 16290.24 -2.97 8.57 119.00 
 

271.63 16299.74 -7.01 8.58 120.00 
 

271.72 16312.52 -9.26 8.38 121.00 
 

271.61 16327.28 -13.29 8.20 122.00 
 

271.84 16342.49 -17.27 7.82 123.00 
 

272.21 16357.67 -19.25 7.34 124.00 
 

272.89 16373.36 -20.90 7.02 125.00 
 

273.42 16389.57 -20.75 6.27 126.00 
 

274.16 16410.11 -20.62 5.53 127.00 
 

274.59 16423.66 -21.23 5.28 128.00 
 

275.23 16439.99 -20.31 4.56 129.00 
 

275.83 16455.71 -19.35 3.91 130.00 
 

276.47 16470.22 -19.79 3.80 131.00 
 

277.13 16483.35 -18.76 3.21 132.00 
 

277.89 16495.26 -18.34 2.95 133.00 
 

278.59 16505.64 -17.71 2.54 134.00 
 

279.21 16514.44 -17.40 2.28 135.00 
 

279.84 16520.21 -17.18 2.13 136.00 
 

280.62 16523.85 -16.77 1.91 137.00 
 

281.43 16525.46 -16.29 1.71 138.00 
 

282.30 16525.58 -18.20 1.81 139.00 
 

283.27 16519.01 -20.72 1.88 140.00 
 

284.73 16513.08 -21.00 1.77 141.00 
 

286.11 16504.74 -21.73 1.36 142.00 
 

287.68 16496.82 -22.76 1.45 143.00 
 

289.39 16487.37 -23.42 0.70 144.00 
 

291.18 16474.77 -24.22 0.93 145.00 
 

293.03 16461.84 -24.82 0.77 146.00 
 

294.87 16448.33 -24.54 0.49 147.00 
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296.81 16433.61 -24.28 0.29 148.00 
 

298.67 16418.01 -23.42 -0.02 149.00 
 

300.53 16401.95 -23.25 -0.57 150.00 
 

302.08 16384.37 -23.34 -0.33 151.00 9:00:24 AM 

 

 

Table 12. Dutch Roll mode data from Stratus 3 

Airspeed Altitude Bank Angle Pitch Time 
 

252.49 17792.66 1.07 7.77 0 8:56:45 AM 

252.26 17799.04 0.59 7.81 1 
 

252.07 17804.65 0.17 7.76 2 
 

251.82 17809.48 1.24 7.66 3 
 

251.38 17813.61 9.70 7.03 4 
 

250.81 17816.35 5.27 8.14 5 
 

251.09 17816.84 -12.06 6.91 6 
 

251.98 17812.03 -12.01 7.91 7 
 

252.80 17805.84 -5.70 6.24 8 
 

253.76 17795.75 -9.74 6.42 9 
 

254.65 17787.79 -11.05 6.19 10 
 

255.95 17776.73 -11.78 5.87 11 
 

257.29 17765.05 -11.76 5.45 12 
 

258.57 17753.07 -5.97 5.27 13 
 

259.41 17741.22 -4.03 5.02 14 
 

260.13 17729.45 -1.98 5.18 15 
 

260.76 17717.87 0.04 5.14 16 
 

261.17 17707.10 -0.66 5.56 17 
 

261.63 17697.05 -0.70 5.68 18 
 

261.92 17687.76 1.03 5.74 19 
 

261.71 17679.07 7.69 5.31 20 
 

261.28 17669.67 9.44 6.14 21 
 

261.35 17660.30 -2.02 7.08 22 
 

261.91 17651.73 -11.00 6.51 23 
 

262.76 17642.99 -0.12 7.53 24 
 

262.51 17636.88 11.15 6.40 25 
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262.11 17630.59 4.12 7.87 26 
 

261.95 17625.33 -1.67 7.91 27 
 

261.88 17621.31 5.20 8.00 28 
 

261.41 17618.69 5.49 8.52 29 
 

261.03 17617.40 -1.31 8.73 30 
 

260.73 17617.95 0.54 9.01 31 
 

260.23 17620.45 4.04 9.09 32 
 

259.69 17624.88 -0.03 9.51 33 
 

259.44 17631.79 -2.24 9.78 34 
 

258.89 17641.01 0.77 9.70 35 
 

258.18 17652.08 -0.04 9.94 36 
 

257.48 17665.00 -3.65 10.27 37 
 

256.88 17679.71 -2.50 10.23 38 
 

256.22 17696.06 -1.56 9.69 39 
 

255.57 17713.01 -4.50 9.96 40 
 

255.05 17730.57 -5.03 9.83 41 
 

254.57 17748.33 -3.57 9.46 42 
 

253.97 17766.34 -4.25 9.58 43 
 

253.57 17784.26 -5.76 9.28 44 
 

253.51 17801.34 -10.25 9.07 45 
 

253.82 17818.30 -17.48 7.93 46 
 

254.33 17833.84 -17.22 9.05 47 
 

254.55 17848.60 -5.04 8.10 48 
 

253.86 17861.69 3.21 7.44 49 
 

253.09 17873.76 4.04 7.95 50 
 

252.42 17884.94 -3.74 8.11 51 
 

252.38 17894.40 -11.01 8.20 52 
 

252.87 17900.79 -6.11 7.81 53 
 

253.05 17904.90 -3.58 7.08 54 
 

253.54 17907.43 -8.64 6.83 55 
 

254.01 17908.31 -9.68 6.96 56 
 

254.72 17903.98 -5.51 6.37 57 
 

255.34 17897.86 -6.29 5.90 58 
 

256.09 17890.15 -9.91 5.85 59 
 

256.99 17880.56 -8.54 5.59 60 
 

258.12 17868.71 -6.47 4.79 61 
 

259.26 17855.21 -8.41 4.70 62 
 

260.46 17839.94 -9.94 4.66 63 
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261.79 17823.24 -7.95 4.01 64 
 

262.99 17805.01 -7.35 4.12 65 
 

264.29 17787.19 -8.14 4.19 66 8:57:51 AM 

 

Data Reduction  

Table 13. Phugoid mode speed plot results  

Peak y_0 x_n x_n/x_n+1 

207.47 200 7.47 1.11 

186.26 193 6.74 1.18 

197.72 192 5.72 1.16 

181.09 186 4.91 1.01 

187.34 182.5 4.84 
 

  
Average 1.12 

Damping 

Factor 

(ζ)  

Damped 

frequency 

[rad/sec] 

Undamped natural frequency [rad/sec]  

0.06 0.122 0.122  

 

Table 14. Phugoid mode altitude plot results  

Peak y_0 x_n xn/xn+

1 

16720.57 16900.00 179.43 1.25 

17023.67 16880.00 143.67 1.01 

16708.01 16850.00 141.99 1.27 

16911.92 16800.00 111.92 
 

  
Average 1.18 

Damping Factor 

(ζ)  

Damped frequency 

[rad/sec] 

Undamped natural frequency 

[rad/sec] 

 

0.050 0.121 0.121 
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Table 15. Dutch Roll mode doublet input a 

Peak y_0 x_n Xn/Xn+1 

-1.67 3.10 4.77 1.37 

5.49 2.00 3.49 1.16 

-1.31 1.70 3.01 0.80 

4.04 0.30 3.74 1.93 

-2.24 -0.30 1.94 
 

  
Average 1.31 

Damping 

Factor (ζ) 

Damped frequency 

[rad/sec] 

Undamped natural 

frequency [rad/sec] 

 

0.080 1.876 1.882  

 

Table 16. Dutch Roll mode doublet input b 

Peak y_0 x_n Xn/Xn+1 

-11.10 -6.50 4.60 1.35 

-3.58 -7.00 3.42 1.28 

-9.68 -7.00 2.68 1.28 

-5.90 -8.00 2.10 1.49 

-9.91 -8.50 1.41 
 

  
Average 1.35 

Damping Factor 

(ζ)  

Damped frequency 

[rad/sec] 

Undamped natural 

frequency [rad/sec] 

 

0.09 1.887 1.895 
 

 

Weight and Balance 

The following table contains a sample obtained from the pilot’s training manual for 

guidance purposes only. Students are usually tasked with completing the weight and 

balance sheet before the flight labs as practice. However, proper aircraft loading is the 

operator’s legal responsibility. 
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Table 17. Sample Weight and Balance [9] 

  

Moment [lb.in] Arm [in]  
Weight [lbs] - + 

 

Basic empty weight 11687.00 
 

1.10E+01 9.41E-04 
Empty weight changes 83.00 9.1 

 
1.10E-01      

Empty weight 11770.00 
 

1.9 
 

Pilot 170.00 25.3 
 

1.49E-01 
Copilot 170.00 25.3 1.49E-01 

Catering 41.00 3.7 9.02E-02 
Passenger 1 0.00 0 1.07E-01 
Passenger 2 165.00 11.8 7.15E-02 
Passenger 3 165.00 5.4 3.27E-02 
Passenger 4 0.00 0 3.27E-02 
Passenger 5 165.00 

 
0.9 5.45E-03 

Passenger 6 165.00 0.9 5.45E-03 
Passenger 7 0.00 0 5.45E-03      

Baggage Comp. 
    

A 50.00 
 

1.9 3.80E-02 
C 

   

D 90.00 10 1.11E-01 
E 60.00 8.5 1.42E-01      

Cargo on floor 
    

Miscellaneous 
    

Total 13011.00 -47.4 
  

     

Zero Fuel Weight 13011.00 -47.4 
  

CHECK ZERO FUEL LIMITS REFER TO BALANCE DIAGRAM  
Fuel 5812 

 
1.04E+02 1.78E-02 

Take-off weight 18823.00 
 

5.62E+01 2.99E-03 
CG Location 28.8 

  

CHECK LIMITS REFER TO WEIGHT AND BALANCE DIAGRAM 
 

 


