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Abstract 

Title: “Flight Test Investigation on the Effects of Aircraft Flap Configuration Change 

on Longitudinal Trim” 

Author: Tiziano Bernard, B.S. 

Advisor: Ralph D. Kimberlin, Dr.-Ing. 

 

Loss of Control (LOC) in general aviation has been a topic of extensive study and analysis 

in the United States and the European Union due to a long series of aircraft accidents in the 

past decades. The National Transportation Safety Board (NTSB) has identified over 1500 

accidents in the traffic pattern involving LOC in general aviation aircraft between 1982 and 

2015.  

LOC has often been attributed to deficiencies in pilot training, and the typical 

recommendation to reduce the number of accidents is to provide further training in stalls and 

spins. The European Aviation Safety Agency (EASA) has performed research that 

demonstrates a large amount of traffic pattern accidents are concentrated in specific areas, 

such as flap deployment or retraction. To appropriately test the hypothesis that flap changes 

can be a contributor to LOC, a series of flight tests have been performed on four aircraft: 

PA32-260, PA28-161, PA28-180, and C 172-M. These flights were conducted at both 

forward and aft CG locations and in both wings level and banked conditions. 

The case in which the pilot is distracted, either by looking outside for traffic, or simply 

attending to other matters in the cabin is assumed throughout this research. This assumption 

relates to James Reason’s chain of causation model, which states that an accident is caused 

by a series of failed defenses. Given this particular case, once the flap configuration change 

is applied, the flight test crew observed the behavior of the aircraft without the pilot 
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intervening. The crew also recorded stick forces required to maintain trim airspeed after the 

configuration change. 

Using on-board cameras and a non-intrusive Data Acquisition System, data were recorded 

on the aircraft’s pitch attitude, altitude, airspeed, and bank angle. Stick forces were recorded 

with a hand-held force gage.  

The work presented in this thesis provides evidence that three of four aircraft tested, the 

deployment of flaps caused extremely dangerous pitch attitude and stick force changes, 

resulting in a loss of airspeed and consequential unusual attitudes. Tests were also conducted 

for go-around maneuvers, showing an increase in airspeed and sudden decrease in pitch 

attitude. 

Finally, recommendations are expressed to reduce the effects of flap configuration change 

on longitudinal trim, providing recommendations for future research and a proposed revised 

version of Federal Aviation Regulations 23.143 and 23.145. Regulatory recommendations 

include the limiting of stick forces to 10 lbs. (one hand on rim) during flap configuration 

changes, with an added recommendation for the pitching direction to be nose-up (push force 

on controls) for flap retraction and nose-down (pull force on controls) for a flap deployment. 

The final intent of this thesis is to provide valuable information to aviation authorities, in 

order to reduce the amount of accidents due to loss of control in traffic patterns. 
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FLAP SETTING AND ANGLE REFERENCES 

 

Table 1. In text Flap Setting Reference to actual flap angle deflection 

Reference in Text PA 32-260 PA 28-180 PA 28-161 C 172-M 

0-1 0→10˚ 0→10˚ 0→10˚ 0→10˚ 

0-2 0→25˚ 0→25˚ 0→25˚ 0→20˚ 

0-3 0→40˚ 0→40˚ 0→40˚ 0→30˚ 

0-4 N/A N/A N/A 0→40˚ 

1-2 10˚→25˚ 10˚→25˚ 10˚→25˚ 10˚→20˚ 

2-3 25˚→40˚ 25˚→40˚ 25˚→40˚ 20˚→30˚ 

3-4 N/A N/A N/A 30˚→40˚ 

 
NOTE: The table above is used to simplify the way the author describes different flap 

configurations. It must be noted that the Cessna has different flap angles compared to the 

other Piper airplanes. However, in the text, the author will specify “flap setting 0-2” rather 

than specifying the angles. 
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Chapter 1 

Introduction 

1.1 Purpose 

The National Transportation Safety Board (NTSB), in publishing the NTSB Most Wanted 

List of Transportation Safety Improvements 2016 has listed, as one if its most desired goals, 

to “Prevent Loss of Control in Flight in General Aviation”. This is due to a disturbing 

increase in accidents involving Loss of Control (LOC) in the world of general aviation [1]. 

The NTSB has recorded 1,210 fatalities between 2008 and 2014 due to Inflight Loss of 

Control (ILOC), 47% of all general aviation accidents in the United States. According to the 

NTSB’s database (requested by the author and received via electronic mail from the NTSB), 

1,987 independent accidents have been recorded between 1982 and 2015 within the traffic 

pattern of airports [2]. 

Multiple parties, including universities and government agencies, have investigated this 

phenomenon. It appears the most common approach to solve this situation is through 

appropriate pilot training [1] [3] [4]. The goal is therefore to appropriately train pilots in 

LOC prevention and recovery. Although maneuvers like stall recovery are already a 

requirement in private pilot training [5], losing control of an aircraft can be caused by 

different reasons, and training in all possible unexpected scenarios could be impossible to 

implement. From statistical analysis it appears, however, that lack of training could perhaps 

not be the only cause of loss of control in flight, especially in the traffic pattern. Studies have 

shown that accidents occurring during pilot training happen mostly during the landing phase, 

which is considered a critical phase of flight [3]. General statistics provided by the NTSB 

also show that landing is the location where most general aviation accidents occur [6]. If 

training is not sufficient in lowering the quantity of accidents observed in close proximity to 

the ground, other underlying causes should to be sought and investigated. 
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Most general aviation airplanes are not equipped with flight data recorders, making it 

difficult for the NTSB and Federal Aviation Administration (FAA) accident investigators to 

determine actual causes for LOC events in flight. The wreckage can be searched for 

mechanical failures, but reconstructing the actual situation occurring in the cockpit is rare. 

Among the thousands of synopses archived by the NTSB, many include hints that could 

possibly lead to the discovery of a new factor leading to LOC accidents. Many of these 

appear to happen in locations where the airplane is subjected to a change in configuration, 

such as the deployment of flaps or the lowering of the landing gear.  

A few events taken into study are NTSB cases CHI84FA118 (February 25, 1984), 

FTW98FA367 (August 29, 1998), NYC98FA111 (May 23, 1998), and MIA84FA240 

(August 26, 1984). 

CHI84FA118 involved LOC during the turn from downwind to base leg in the traffic pattern 

during landing, on a Cessna 310K (N3805X) [7]. The accident report states that in the 

proximity of the turn to base leg, the aircraft entered a steep left bank, causing a loss of 

altitude that ended in a fatal crash (2 dead). The probable causes related to this accident have 

been determined to be a lack of aircraft handling by the pilot in command, and contributing 

factors include diverted attention and improper approach. The “diverted attention” factor, 

which is usually considered “pilot error” can actually be a clue to the cause of the accident. 

When appropriately trimmed, the aircraft should continue on its trajectory, and not perform 

a steep left bank. It is unclear what happened in the cockpit at the time of the turn to base 

leg, however, there is a possibility the airplane did not behave as the pilot intended and ended 

up in an unusual attitude resulting in an accident. 

Case FTW98FA367 involved LOC again on turn from downwind to base leg at a steep turn, 

on a Mooney M20F (N377X) [8]. Observers stated the airplane appeared to be executing a 

“wing-over” maneuver. Post accident investigation revealed the barometric setting on the 

altimeter was incorrect, making the pilot believe the aircraft was 250 feet above the actual 

altitude. The probable causes of the accident included improper barometric setting on the 
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altitude indicator leading to erroneous approach altitude and excessive angle of bank in the 

traffic pattern. Once again, it is difficult to know what exactly happened in the cockpit at the 

time of the crash. However, a few hypothetical statements can be made. Assuming the pilot 

truly thought the airplane was too high on the approach, corrections were necessary to safely 

reach the intended glideslope altitude. When too high on the glideslope, a pilot can adjust 

power or aircraft configuration, such as deploying flaps, in order to reduce airspeed and lose 

altitude more quickly. The accident could be related to configuration change. The fact that 

the aircraft assumed a nose high attitude (wing-over seen by observers) strengthens the 

possibility the aircraft configuration could be an important factor. 

Case NYC98FA111 involved a Piper PA-28RT-201 (N82824) that on approach initiated a 

sharp bank to the right at a 45 degree angle (as seen by an eyewitness) and subsequently 

crashed with a descent angle of 48 degrees [9]. The eyewitness further described that the 

engine sound coming from the airplane appeared to be normal. This is another case which 

was attributed to the pilot in command’s failure to maintain airspeed.  

The last case presented in this research is NTSB MIA84FA240, which involved a Cessna 

152 (N48661). The aircraft, while in a bank in the traffic pattern, entered a steep descent that 

resulted in an intense fire [10]. Post-accident investigations revealed no mechanical failures 

and no evidence of pilot incapacitation (including negative toxicological exams). The NTSB 

reported as probable causes “Reason for Occurrence undetermined”, and there was no 

contributing factor listed. This particular case, since the NTSB was not able to determine the 

actual cause, is open to speculation. 

Case MIA84FA240 is the perfect example of how difficult determining accident causes can 

be in general aviation. The absence of data recorders require accident investigators to rely 

on post-accident wreckage inspections and eye-witness recollections.  

The underlying issue is that general aviation accidents due to LOC continue to occur, to the 

quantity in which the NTSB required this phenomenon to be on the “most wanted list” for 

2016 [1]. 
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The presented cases can all be grouped in the following factors: LOC, unusual attitude, and 

pilot error. LOC is a consequence, while unusual attitude and pilot error are causes. The issue 

rises in determining what event occurs within traffic patterns that lead to unusual attitudes. 

A pilot becoming distracted with an untrimmed aircraft could definitely result in an unusual 

attitude, however pilots are trained extensively in performing approaches correctly, and with 

a substantial amount of concentration. It is possible to assume that one of the underlying 

causes is therefore a routine action performed in the cockpit, such as changing aircraft 

configuration during landing.  

Research has been performed at the Florida Institute of Technology (FIT) to determine 

whether flap deployment (and retraction) could be an underlying factor in aircraft LOC. 

Validation of this theory was done via flight testing on four different aircraft, where data 

concerning pitch attitude, airspeed, and altitude have been recorded and analyzed during and 

post flap configuration changes. 

 

1.2 FAA Related Regulations 

The Federal Aviation Administration, which is part of the United States Department of 

Transportation, sets clear regulatory requirements in Part 23 of the Federal Aviation 

Regulations (FAR). FARs appear in Title 14 of the Code of Federal Regulations (CFR). 

There are two specific ones that apply to this study of longitudinal stability and control: FAR 

23.143 Controllability and Maneuverability, General and FAR 23.145 Longitudinal 

Control. 

These regulations are found in Subchapter C (Aircraft) of the FARs, Part 23: Airworthiness 

Standards: Normal, Utility, Acrobatic, and Commuter Category Airplanes. FAR 23.143 

describes the general controllability and maneuverability required by aircraft, with a limit on 

the forces that the controls will exert on the pilot in order to maintain controlled flight [11]. 

FAR 23.145 specified a series of maneuvers involving configuration changes for which stick 

forces should not be exceeded as limited by FAR 23.143 [12]. The regulation are restated 
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below, verbatim, from the FAR. Given the complex nature of regulations, the extracts below 

have not been paraphrased in any way from the original. The bolded sections are of particular 

relevance to this research. The regulations are, verbatim, 23.143 [11]: 

(a) The airplane must be safely controllable and maneuverable during all flight 

phases including— 

(1) Takeoff; 

(2) Climb; 

(3) Level flight; 

(4) Descent; 

(5) Go-around; and 

(6) Landing (power on and power off) with the wing flaps extended and retracted. 

(b) It must be possible to make a smooth transition from one flight condition to 

another (including turns and slips) without danger of exceeding the limit load factor, under 

any probable operating condition (including, for multiengine airplanes, those conditions 

normally encountered in the sudden failure of any engine). 

(c) If marginal conditions exist with regard to required pilot strength, the control 

forces necessary must be determined by quantitative tests. In no case may the control 

forces under the conditions specified in paragraphs (a) and (b) of this section exceed 

those prescribed in the following table: 

 

Table 2. Stick Force Limitations 

Values in pounds force applied to the relevant control Pitch Roll Yaw 

(a) For temporary application:    

Stick 60 30  

Wheel (Two hands on rim) 75 50  

Wheel (One hand on rim) 50 25  

Rudder Pedal   150 

(b) For prolonged application 10 5 20 

 

 

FAR 23.145 is extensive and covers a wide variety of situations. This thesis researched 

events that are directly related to those expressed in bold. 
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Again, verbatim, FAR 23.145 [12]: 

(a) With the airplane as nearly as possible in trim at 1.3 VS1, it must be possible, at 

speeds below the trim speed, to pitch the nose downward so that the rate of increase in 

airspeed allows prompt acceleration to the trim speed with— 

(1) Maximum continuous power on each engine; 

(2) Power off; and 

(3) Wing flap and landing gear— 

(i) retracted, and 

(ii) extended. 

(b) Unless otherwise required, it must be possible to carry out the following 

maneuvers without requiring the application of single-handed control forces exceeding 

those specified in §23.143(c). The trimming controls must not be adjusted during the 

maneuvers: 

(1) With the landing gear extended, the flaps retracted, and the airplanes as nearly 

as possible in trim at 1.4 VS1, extend the flaps as rapidly as possible and allow the 

airspeed to transition from 1.4VS1 to 1.4 VSO: 
(i) With power off; and 

(ii) With the power necessary to maintain level flight in the initial condition. 

(2) With landing gear and flaps extended, power off, and the airplane as nearly as 

possible in trim at 1.3 VSO: quickly apply takeoff power and retract the flaps as rapidly as 

possible to the recommended go around setting and allow the airspeed to transition from 

1.3 VSO to 1.3 VS1. Retract the gear when a positive rate of climb is established. 

(3) With landing gear and flaps extended, in level flight, power necessary to attain 

level flight at 1.1 VSO, and the airplane as nearly as possible in trim, it must be possible 

to maintain approximately level flight while retracting the flaps as rapidly as possible 

with simultaneous application of not more than maximum continuous power. If gated 

flat positions are provided, the flap retraction may be demonstrated in stages with power 

and trim reset for level flight at 1.1 VS1, in the initial configuration for each stage— 

(i) From the fully extended position to the most extended gated position; 

(ii) Between intermediate gated positions, if applicable; and 

(iii) From the least extended gated position to the fully retracted position. 

(4) With power off, flaps and landing gear retracted and the airplane as nearly as 

possible in trim at 1.4 VS1, apply takeoff power rapidly while maintaining the same 

airspeed. 

(5) With power off, landing gear and flaps extended, and the airplane as nearly as 

possible in trim at VREF, obtain and maintain airspeeds between 1.1 VSO, and either 1.7 

VSO or VFE, whichever is lower without requiring the application of two-handed control 

forces exceeding those specified in §23.143(c). 

(6) With maximum takeoff power, landing gear retracted, flaps in the takeoff position, 

and the airplane as nearly as possible in trim at VFE appropriate to the takeoff flap 

position, retract the flaps as rapidly as possible while maintaining constant speed. 
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(c) At speeds above VMO/MMO, and up to the maximum speed shown under §23.251, a 

maneuvering capability of 1.5 g must be demonstrated to provide a margin to recover from 

upset or inadvertent speed increase. 

(d) It must be possible, with a pilot control force of not more than 10 pounds, to 

maintain a speed of not more than VREF during a power-off glide with landing gear and 

wing flaps extended, for any weight of the airplane, up to and including the maximum 

weight. 

(e) By using normal flight and power controls, except as otherwise noted in 

paragraphs (e)(1) and (e)(2) of this section, it must be possible to establish a zero rate of 

descent at an attitude suitable for a controlled landing without exceeding the operational 

and structural limitations of the airplane, as follows: 

(1) For single-engine and multiengine airplanes, without the use of the primary 

longitudinal control system. 

(2) For multiengine airplanes— 

(i) Without the use of the primary directional control; and 

(ii) If a single failure of any one connecting or transmitting link would affect both the 

longitudinal and directional primary control system, without the primary longitudinal and 

directional control system. 

 

The above regulations specify certification requirements for general aviation fixed-wing 

airplanes. The regulations include very specific stick force limitations, and maneuvers that 

should be performed without violation these limitations. The flight test aircraft used in this 

research have all been certified in the United States, and have passed all the FAA 

requirements shown above. However, these regulations do not mention the behavior of the 

aircraft at these configuration changes. For instance, an aircraft’s reaction could be to pitch 

nose high dangerously, but as long as the stick forces are within limits, the airplane can be 

certified in the United States.  It is fundamental to understand that stick forces are however 

very much related to aircraft behavior. Therefore, a limiting of these forces would cause a 

limiting of aircraft behavior. 

1.2.1 Concerns Regarding FAR 23.143 and 23.145 

Since FAA regulations appear to not take into consideration unusual attitudes caused by 

configuration changes, but only stick force limitations, this experimental research thesis has 

investigated the situation and provided recommendations to enhance aviation safety in this 

field. 
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FAR 23.145 recalls stick forces dictated in 23.143, and lists a series of maneuver changes 

that should be possible, including full configuration changes. The concern absent in this 

regulation is the direction and magnitude of the stick force. The direction of the stick force 

relates directly to the aircraft behavior, since to arrest a nose up motion the pilot needs to 

apply a push on the controls, and to arrest a nose down motion the pilot needs to apply a pull 

on the controls.  

Stick forces are a quantifiable measure of the effects of configuration changes. Stick forces 

are directly connected to elevator deflection as forces generated by control surfaces dictate 

the respective force that the pilot will need to exert to either promote or resist change. The 

change in dynamic pressure, which relates to a change in trim airspeed, will translate to a  

change in stick force, which can be used as a measure of how much trim is altered [13]. 

FAR 23.143 dictates a series of force limits that should not be exerted by the airplane on the 

pilot, with a maximum value of 60 pounds for  a control stick, 75 pounds for a wheel (two 

hands on rim), and 50 pounds for a wheel (one hand on rim) [11]. 

Stick forces are shown to be directly related to aircraft behavior, which is another element 

that must be analyzed from FAR 23.145. The regulation states, once again, stick force 

limitation, but not the direction of the forces. During landing, maintaining an appropriate 

airspeed is of paramount importance. During a flap deployment, drag is added to the 

airplane, and therefore a slight pitch down moment would be necessary to maintain the 

initial trim airspeed. The same is valid for go-around procedures during which flaps 

are retracted. As flaps are retracted, drag is decreased, causing airspeed to increase. 

The pilot’s interest during a go-around is to increase altitude, and therefore the nose 

should have a slight pitch up motion. 

The motions described above are a good hint to the pilots of what the airplane is doing and 

what the pilot intensions are. However, these pitching motions should not be too large in 

magnitude, since a high pitch attitude causes a decrease in airspeed, and a nose down motion 
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causes an increase in airspeed (and loss of altitude), which is not desired during a go-around 

maneuver.  

With evolving pilot demographics, the FAA Civil Aerospace Medical Institute deemed 

appropriate an analysis on the appropriateness of stick force limitations.  In order to 

determine this, the Institute based in Oklahoma City conducted a series of tests on different 

pilot populations. Although the sample population was very limited, certain female 

individuals were unable to handle higher forces [14]. A new series of tests were performed 

to determine if the preliminary results represented a larger population size, including non-

pilots. Also, the second larger scale of experimentation resulted in anomalies relating to 

strength limitations on certain female individuals. It was found that the larger population 

agrees with the smaller sample size in finding that not all female pilots were able to meet or 

exceed the forces listed in FAR 23.143, which called for a review of the forces [15] [16] 

[17]. 

If the FAA conducted internal research on the matter, it must be evident that these control 

stick forces should be changed. Moreover, since control stick force is also related to elevator 

deflection and therefore configuration change, stick force was also analyzed by the Flight 

Test Crew at Florida Tech.  

 

1.3 Use of Flaps in General Aviation 

Flaps are used, in aviation, for multiple purposes. Historically, as aircraft began to increase 

in performance capabilities, it became necessary to equalize the performance capabilities at 

both low and high airspeeds. This meant that a given wing had to produce enough lift at both 

high and low airspeeds to maintain safe flight conditions. This led to the development of 

“high lift devices” positioned at the trailing and leading edges of the wing. At the trailing 

edge these devices are called flaps. The aircraft tested in this research were equipped with 

slotted flaps and one with fowler flaps. The deflection of flaps increases the effective camber 

of the wing, increasing the lift coefficient (for a given angle of attack). This means that an 
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airplane is capable of producing the same lift at lower airspeeds and lower angles of attack 

as if it were flying at high angles of attack or at higher airspeeds [18]. Studies by NASA 

report that flaps are most effective at increasing lift coefficients for deployment angles 

between 0 and 15 degrees. Beyond that point, the increase in drag is greater than the increase 

in lift [19] . Nonetheless, this research examined all flap ranges, since pilots often deploy 

multiple flap settings to modify their approach. 

The deployment of flaps is an action left to the “pilot’s discretion”. Although airliners have 

given checklists (compiled by either manufacturer or airline itself) that dictate when flaps 

are required and at what angle, there is no policy stating when general aviation pilots need 

to use flaps. FAA training resources, such as the Airplane Flying Handbook, specify what a 

standard approach should look like, and what should occur on each leg of the traffic pattern 

[20]. The actual descent for the runway begins on the downwind leg, abeam the runway. The 

first mention on the use of flaps is on the base leg, even though popular training methods 

suggest deploying the first flap setting at the beginning of the descent (on downwind).  

The Airplane Flying Handbook describes that landing flaps, if desired, should be extended 

on the base leg, and the geometry of this leg is dictated by the winds encountered and by the 

quantity of flaps used (quantity implies the possibility of applying different settings). There 

is a recommendation, however, to not deploy full flaps until the final approach (alignment 

with the runway). Another interesting recommendation is to re-trim the aircraft on final 

approach. This means that there will be an expected stick force present, which will cause the 

pilot to exert a force larger than zero on the controls. Figure 1 summarizes these 

configuration changes during descent and approach to the runway, for both the FAA 

guidelines and the commonly practiced procedures. 



 

11 

 

 

Figure 1. Flap Stages of Deployment during Landing as specified by FAA (left) and as 

practiced commonly (right). 

Maneuvering in the traffic pattern represents a danger in terms of aerodynamic stall and spin. 

Stalls occur at low airspeed and high angles of attack. Spins occur in the same situation, but 

with an uncoordinated stall, forcing one of the wings to stall with greater severity compared 

to the other, and causing a spinning uncontrolled flight path towards the ground. The danger 

is also due to the close proximity to the ground, which leaves little or no time for recovery. 

This danger is so real that the European Aviation Safety Agency (EASA) performed a study 

in 2008 regarding stall/spin accidents in general aviation occurring in the traffic pattern. 

Figure 2 shows the various locations in the traffic pattern where accidents occurred. 
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Figure 2. Location of stall/spin accidents within an airport’s traffic pattern [21]. 

Figure 2 shows accidents occurred either on, or right after turning between traffic pattern 

legs. Another high concentration of accidents occurred on the upwind, and on the turn from 

upwind to the crosswind leg. There is a high similarity between Figure 1 and Figure 2. It 

appears that certain events occur in the traffic pattern that cause aircraft to stall, and or, to 

spin.  

This thesis hypothesizes that the deployment of flaps in the traffic pattern on some aircraft 

causes certain aerodynamic changes that cause changes in pitch attitude, consequently 

altering airspeed and altitude.  

1.4 Test Aircraft Investigated 

In order to test the theory that flap configuration change has a strong effect on aircraft 

aerodynamics leading to unusual attitudes and eventually LOC, four different airplanes were 

flight tested by Florida Tech’s flight test crew. Aircraft tested include two private and two 

Florida Tech owned aircraft. 
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1.4.1 Piper PA 32-260 “Cherokee Six” 

The Piper PA 32-260, with tail number N3736W, was operated by the Flight Test 

Engineering Program for academic demonstrations associated to aircraft performance and 

stability & control, as well as flight research. The airplane schematic is shown in Figure 3. 

N3736W (built in 1966) can hold up to six crew members, (five passengers and one pilot), 

and was a single-engine, fixed landing gear aircraft with a Lycoming O-540-E4B5 engine 

with a three-bladed propeller. Like most Pipers, it was equipped with standard slotted flaps 

that had four gated settings: 0 degrees (flaps retracted) 10 degrees (first setting, or notch), 25 

degrees, and 40 degrees [22]. The flap extension or retraction motion was operated through 

a handle located between the two front seats. The pilot could choose to deploy any of the 

gated flap settings at once. A photo of N3736W is shown in Figure 4. 

It featured a horizontal stabilator with dimensions 12 feet, 10.5 inches by 30 inches. Stall 

speed was 58 mph with flaps deployed and 63 mph with flaps retracted [22]. The aircraft had 

a mean aerodynamic chord of 63.84 inches [23], and the location of the center of gravity in 

terms of percent mean aerodynamic chord defined by Eq. 1, 

 

%𝑀𝐴𝐶 =
(𝐶𝐺 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 − 77.56 𝑖𝑛. )

63.84 𝑖𝑛.
× 100% 

 

Eq. 1 

where 77.56 inches is the distance from the datum point to the mean leading edge, and CG 

location is the distance of the center of gravity (in inches) aft of the datum. 
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Figure 3. PA 32-260 Schematic [22]. 
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Figure 4. N3736W, Cherokee Six owned by the College of Engineering at Florida Tech. 

1.4.2 Piper PA 28-180 “Cherokee 180” 

The Piper PA 28-180, with tail number N9163J (built 1966) was privately-owned  by 

Professor Ralph D. Kimberlin. The schematic for this aircraft is shown in Figure 5. 

This aircraft can hold four crew members (one pilot and 3 passengers) and was equipped 

with a 180 break-horsepower Lycoming 0-360-A3A engine [24]. It had a fixed landing gear 

with a two-bladed propeller. Like the Cherokee Six, the Cherokee 180 featured four flap 

settings: 0, 10, 25, and 40 degrees, operated with a handle installed between the two front 

seats. 

Differently from the previous aircraft, it featured a smaller tail, with dimensions 10 feet by 

30 inches. The aircraft stall speed, with flaps deployed, was 57 mph [25]. The location of the 

CG as a percentage of MAC is shown in Eq. 2. A picture of the aircraft is shown in Figure 

6. 

%𝑀𝐴𝐶 =
(𝐶𝐺 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 − 60 𝑖𝑛. )

63.84 𝑖𝑛.
× 100% 

 

Eq. 2 
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Figure 5. PA 28-180 Airplane Schematic [26]. 
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Figure 6. N9163J, Piper Cherokee 180 owned and operated by Prof. Ralph Kimberlin. 

 

1.4.3 Piper PA 28-161 “Warrior II” 

The Piper PA 28-161, with tail number N618FT, was operated by Florida Tech for pilot 

training purposes and flight competitions. The airplane schematic is shown in Figure 7. 

N618FT was a four seat passenger airplane, single-engine, fixed landing gear, with a 

Lycoming O-320-D2A engine. It was equipped with standard slotted flaps that had four 

settings: 0, 10, 25, and 40 degrees [27]. The flap extension or retraction motion was operated 

through a handle located between the two front seats. It featured a horizontal stabilator at the 

empennage with dimensions 12 feet, 11.75 inches by 30 inches [27]. 

Stall speed was at 58 mph with flaps deployed and 64 mph with flaps retracted. The aircraft 

had a mean aerodynamic chord of 58.15 inches, and the location of the CG in terms of 

percent mean aerodynamic chord is defined in Eq. 3. 

 

%𝑀𝐴𝐶 =
(𝐶𝐺 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 − 78.40 𝑖𝑛. )

58.15 𝑖𝑛.
× 100% 

 

Eq. 3 
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Figure 7. PA 28-161 Airplane Schematic [27]. 
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Figure 8. Piper Warrior, N618FT owned by the College of Aeronautics at Florida Tech 

 

1.4.4 Cessna C 172-M, “Skyhawk” 

The last examined test aircraft was a Cessna model 172-M, “Skyhawk”, with a tail number 

N13732 owned and available for rent from Propellerhead Aviation Incorporated in Winter 

Haven, Florida. This was a four seater, single engine, fixed landing gear aircraft powered by 

a 150 hp Lycoming O-320-E2D engine [28]. It stalled at an airspeed of 57 mph with retracted 

flaps and 49 mph with flaps fully deployed. The total tail span was of 11 feet, 4 inches.  

The airplane’s CG location, in percentage of mean aerodynamic chord was found through 

Eq. 4. The Skyhawk had five fowler flap configuration settings: 0, 10, 20, 30, and 40 degrees. 

 

  

%𝑀𝐴𝐶 =
(𝐶𝐺 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 − 25.9 𝑖𝑛. )

58.8 𝑖𝑛.
× 100% 

 

Eq. 4 
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Figure 9. Cessna C-172M Airplane Schematic [28]. 
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The wing flaps were operated through an electrical switch which engaged a motor. The 

manufacturer specified that the flaps took nine seconds to fully deploy, and seven to 

completely retract [28]. 

 

 

Figure 10. N13732, Cessna 172-M, with Flight Test Pilot Ralph Kimberlin, center, and Flight 

Test Engineers Tiziano Bernard, left, and Brian Kish, right. 

 

 

1.5 Data Acquisition System 

Three instruments were used during flight tests to collect data. The data collected included 

altitude, pitch attitude, bank angle, airspeed, stick force, and vertical acceleration (G’s). The 

instrumentation used to gather this data was non-intrusive and mobile. All items could be 

installed and removed within 5 minutes. 

1.5.1 Force Gage 

Stick Force was recorded by the flight test pilot with a hand-held force gauge (Figure 11) 

which was positioned between the control stick (yoke) and the pilot’s hand. The force gage 

was a Stick Force Indicator manufactured by Cool City Avionics. It was capable of 

measuring forces between 0 and 50lbs. 
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Figure 11. Hand-held Force Gage 

1.5.2 GoPros 

The airplanes were instrumented with at least two GoPro (Figure 12) Cameras on each flight. 

One was positioned on the side window looking at the left wing and the other (4K resolution) 

was positioned on the left window looking at the instrument panel. The wing-positioned 

GoPro revealed the flap configuration change, while the instrument panel-oriented camera 

was vital in recording airspeed and altitude data. These two GoPro cameras were 

synchronized with the custom built data acquisition system. Two other privately owned 

cameras were used sporadically to record the cabin view and the instruments from another 

point of view. The latter two independent cameras were not part of the instrumentation and 

were not used for data reduction.  
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Figure 12. On-board GoPro cameras 

1.5.3 LabVIEW Powered Data Acquisition Unit, “Lunchbox” 

The data acquisition system, called “The Lunchbox” (Figure 13) by the flight test crew, was 

a data acquisition system custom built by graduate students Gabriel Lapilli and Jose 

Avendano in the College of Engineering. The system was powered by LabVIEW (National 

Instruments) and used various instruments, including an Attitude-Heading-Reference-

System (AHRS) to gather data on pitch attitude, bank angle, and vertical acceleration. The 

GPS (Global Positioning System) gathered data on altitude. The data was viewed live on two 

dedicated tablet computers. 
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Figure 13. Data Acquisition System, "Lunchbox" 

 

1.6 Flight Test Data Output 

Stick force measurements were recorded on flight test cards by the FTEs, while all other 

parameters were recorded after the flight by flight test engineers using the high quality video 

recordings. The data acquisition unit was useful in recording vertical acceleration and gages 

that were obscured in the video recordings (by either sun’s reflection, parallax effect or the 

pilot).  

Data recorded on the “Lunchbox” were organized in columns by the LabVIEW data exporter 

at 4Hz (four data points per second). Given this data collection frequency, data were recorded 

only at the time of the maneuver, with a buffer of usually around 5 seconds. 

An important tool in connecting data from the AHRS and the GoPro cameras was the 

synchronized data recording setting. When data recording was initiated, the cameras started 

recording in the same instant, thanks to the on-board WiFi generated by the data acquisition 

system itself. 
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Chapter 2 

Flight Tests 

A total of eight flight tests were performed between the period of August and December 

2015. This chapter outlines the crew, procedures, and airplane weight and balance details to 

all of these eight flights. To reduce the testing time and costs [29], all tests were grouped per 

center of gravity configuration. Obviously, each airplane was landed before changing weight 

and balance. The airplanes were tested on different dates, as expressed in Table 3. 

 

Table 3. Flight Test Schedule, CG configuration, Time of Flight, and Test Outcome 

Flight # Aircraft Test Date Flight Duration CG Configuration Outcome 

1 Cherokee Six 8/26/15 0.7 Forward Incomplete 

2 Cherokee Six 9/3/15 0.9 Aft Incomplete 

3 Cherokee Six 9/9/15 0.7 Aft Successful 

4 Cherokee 180 10/20/15 0.7 Forward Successful 

5 Cherokee 180 10/20/15 0.7 Aft Successful 

6 Warrior II 11/12/15 0.9 Aft Successful 

7 Warrior II 11/23/15 0.7 Forward Successful 

8 Skyhawk 12/10/15 1.0 Aft Successful 

 

Flights 1 and 2 were labeled “Incomplete” since internal communications (intercom) inside 

the airplane failed, and it became impossible for the flight test crew to communicate 

efficiently so to proceed with the test safely and in a timely manner. However, it was decided 

that enough data were collected for a forward CG location. For the aft location, the test was 

completed on Flight 3. The total flight time allocated to this research was 6.3 hours, with an 

average of 0.78 hours per flight. Flights 1 through 7 were performed out of Melbourne 

International Airport (KMLB), where the Florida Tech flight test program was based. Flight 

8 was performed out of Winter Haven Municipal Airport (Gilbert Field, KGIF), where the 

Cessna Skyhawk was located.  
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The crew performed flight briefings prior to each test flight, and the flights themselves were 

planned usually one week in advance. Airplane pre-flight and post-flight procedures were 

conducted by the Pilot-in-Command (PIC) while the flight test engineers equipped the 

aircraft with all flight test equipment. Flight test cards were printed and distributed before 

the flights to the crew. 

 

2.1 Flight Test Crew 

The crew comprised at least 3 members: one test pilot and two flight test engineers. Flights 

1 through 3, which were conducted aboard the PA 32-260, required another crew member 

for weight and balance purposes. The standard crew was Ralph D. Kimberlin as flight test 

pilot (FTP), and Tiziano Bernard and Brian A. Kish as flight test engineers (FTE). Mr. 

Alexander Troshchenko participated as adjunct crew during the Cherokee Six flights. 

 

The FTP was in charge of performing all maneuvers and carefully monitoring aircraft 

parameters, always ready to take over and avoid dangerous situations. The FTEs coordinated 

with the FTP on the maneuvers to be performed and were responsible for data collection, as 

well as monitoring the situation to guarantee a safe test flight. 

 

Appropriate flight test management requires all crew members to be appropriately briefed 

and aware of the whole situation [29]. All flights included the same exact maneuvers and 

data collection, which made flight briefings and flight tests fairly routine. 

 

2.2 Test Plan Procedures 

Test plan procedures were designed at the beginning of the flight test program and approved 

by the FTP. These were formatted in flight cards that were available to the FTEs, who then 

relayed to the FTP the maneuvers to be performed. For easy reference, the tests were 

subdivided into 3 sections labeled A, B, and C. The flight test cards can be found in Appendix 

B. 
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Test A refers to measuring the stick force required to maintain trim after the following 

configuration changes: 

 Flap Settings 0 to 1. 

 Flap Settings 1 to 2. 

 Flap Settings 2 to 3. 

 Flap Settings 0 to 2. 

 Flap Settings 0 to 3. 

The starting test altitude was chosen to be 4,000 feet (pressure altitude), allowing for enough 

safe altitude in case of stalls or spins. The aircraft was trimmed at a standard approach 

airspeed of 90 mph, about 1.4𝑉𝑆0, at about 1,500 RPM. When the aircraft configuration was 

changed, the force required to maintain that trim was recorded.  

Test B refers to measuring pitch, airspeed, altitude, and vertical acceleration in wings-level 

flight after configuration changes. The flap changes were the same as Test A, with the 

addition of go-around maneuvers. Go-arounds were tested for the following flap retraction 

changes: 

 Flap Settings 2 to 0. 

 Flap Settings 3 to 0. 

The engine setting was 1,500 RPM prior to the flap retraction and full power after the 

configuration change. The initial altitude was usually 4,000 feet but as the tests were being 

performed, the altitude decreased. If, however, the FTEs or FTP felt the need to increase 

altitude after an individual test, the altitude was increased.  

Test C refers to the same configuration changes performed in Test B without the go-around 

maneuvers, in a 30 degree bank (usually to port). Go-around maneuvers were not considered 
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in bank conditions since go-arounds are usually performed during the final approach leg. An 

aerodynamic consideration to be taken during banked flight is how the aircraft behavior is 

expected to change given the different magnitude of the vertical component of lift.  

Figure 14 shows this relationship: the vertical component of lift decreases with increasing 

bank angle. The bank angle was a factor in the aircraft’s behavior after flap configuration 

change. 

 

 

Figure 14. Vector components of lift during a bank. As bank angle increases, the horizontal 

component increases and the vertical component decreases. Aircraft image adapted from [30]. 

 

The flight test cards (see App. B) included referencing data on the cover including date, 

aircraft model, tail number, CG location, FTP, FTEs and equipment on board. Test 

interruption criteria were also listed on the cards, such as interrupting a test if the aircraft 

stalled, if the aircraft stabilized, or a 50 degree bank was achieved. 

During all the tests in which the aircraft free response was investigated, the test pilot 

did not interfere with the longitudinal controls. The test method assumed a pilot was 

distracted and did not take action to arrest the motion. 

This is a valid assumption since results provided by the NTSB Loss of Control Workshop 

held in New Orleans (October 2015) demonstrate that trained airline pilots can take up to 
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nine seconds to recognize a problem. This can be observed in aviation cases such as AirAsia 

flight 8501 and Russian Airlines flight AFL 593 [31] [32]. 

Preflight inspection on the aircraft was performed prior to the flight, and postflight inspection 

after landing. Altimeter settings were acquired from ATIS or automated weather systems, 

and were modified to 29.92 inches Hg. (standard pressure) once at test altitude, so that all 

tests would have the same reference altitude. The altimeter setting was then retuned on the 

airport setting for landing. All flight tests out of Melbourne International Airport were 

performed off the shore of Eastern Florida, between Patrick Air Force Base (KCOF) and 

Witham Field (KSUA). The aircraft was flown at a distance that would allow a glide path 

towards the beach in case of an emergency. Moreover, to alert nearby traffic, radio calls were 

regularly performed to assure other aircraft would be aware of the maneuvers (on Florida 

Tech training frequency, 123.3). 

 

2.3 Weight and Balance 

The weight and balance calculations were performed on all aircraft. In terms of flight test 

purposes, forward-most achievable and aft-most achievable CG locations were tested. Given 

the available crew and ballast, it was not possible to reach the aft-most or forward-most CG 

limits of the respective airplanes. 

The data corresponding to the aircraft CG location in terms of inches aft of datum and 

percentage of mean aerodynamic chord is explained in this section. The reason why mean 

aerodynamic chord (MAC) is calculated is because this is a number that can be used to 

compare different aircraft. The “datum” changes between aircraft manufacturers, and 

therefore cannot always be used as a means of comparison. Percent of mean aerodynamic 

chord, on the other hand, depends on the wing, and is therefore a comparable measurement 

[29].  
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Table 4. Summary of CG locations for Cherokee Six, N3736W 

Flight # CG Location Location aft of datum Location in % MAC 

1 & 2 Forward 86.18 in. 15% 

3 Aft 95.50 in. 29% 

 

Table 5. Summary of CG locations for Cherokee 180, N9163J 

Flight # CG Location Location aft of datum Location in % MAC 

4 Forward 91.04 in. 20% 

5 Aft 94.41 in. 26% 

 

Table 6. Summary of CG locations for Cherokee Warrior, N618FT 

Flight # CG Location Location aft of datum Location in % MAC 

6 Aft 91.88 in. 23% 

7 Forward 88.3 in 17% 

 

Table 7. Summary of CG location for Skyhawk, N13732 

Flight # CG Location Location aft of datum Location in % MAC 

8 Aft 46.04 in. 34% 

 

Detailed weight and balance parameters, such as specific weights and position of the CG 

point on the flight envelope are given in Appendix A. 
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Chapter 3 

Data Reduction Corrections 

 

3.1 Airspeed, Altitude, Bank Angle, Pitch Attitude 

The purpose of the on-board GoPros was to capture flap configuration change and to record 

the instrument panel. The videos were then replayed on high definition screens allowing the 

flight test engineer to write down the various parameters at a rate of 1Hz (one reading per 

second). The results were tabulated per flight, aircraft configuration change, and CG loading. 

The data points were then plotted in MS Excel and presented in Chapter 4 of this thesis. 

When the sun was in the way of the camera obscuring the instrument gauges, the flight test 

engineer used data collected from the DAQ to fill in the blanks. The DAQ was on board all 

test flights, however it was not used as a primary source of data acquisition since it was still 

in the experimentation phase. When used, however, the data acquired was always cross 

checked and validated with secondary on board cameras. When transcribing the parameters, 

special attention was given to the shape and scale of the gauge, which differed slightly from 

airplane to airplane. 

The GoPro camera used for recording the instrument panel was installed on the left window 

(aft portion of the window), which provided a low parallax effect [33].  

The only unit conversion necessary was knots to miles per hour. This is because all airplanes 

show miles per hour except for the Warrior II.  
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3.2 Vertical Acceleration 

Vertical acceleration can be used to explain why the airplane motion did not respect 

conventional aerodynamics (i.e. stall speed variation). Vertical acceleration was recorded by 

the DAQ in English units [
𝑓𝑡

𝑠2], and in the data reduction process the value was normalized 

in order to obtain values of G [34]. Since the DAQ was still in the experimental phase of 

development, an error was found with the way the system calculated vertical acceleration. It 

appeared that after 10 seconds, the vector for vertical acceleration (in z-direction) would 

recalculate the “level position”. Therefore, in a 30º bank pulling more than 1G, the vector 

would realign after 10 seconds taking a 30º bank as the new 0º reference. This means that 

the G data were incorrect after those 10 seconds from the beginning of the maneuver. Since 

the G’s were determined for data verification all data points after the 10 second mark were 

deleted. 

 

3.3 Stick Forces 

Stick forces were read in-flight by the FTP after each individual force test. This is because 

the stick gauge needed to be reset after every measurement. The manufacturer provided a 

calibration document which specified a dead zone between 0-3 lbs, and a linear regression 

equation that should be used to obtain the correct values. The calibration curve provided is 

expressed in Eq. 5 [35]. 

Load = (0.982957) ∗ (Gage Reading) + 1.160721 Eq. 5 
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Chapter 4 

Flight Test Results 

4.1 Flaps 0-2 Deployment 

The Federal Aviation Administration recommends the use of flaps as a means of losing 

altitude. This could occur in the case a pilot is approaching a runway at a higher-than-

expected altitude [20]. There are however warnings about the deployment of all flaps at once, 

since there is a drastic increase in stick force and pitching moment, requiring both pitch and 

power adjustments [36]. The data shown in this section shows that a flap deflection of 0-2 

may cause a large change in airspeed, pitch attitude, and altitude. The reason for studying 

these parameters specifically is the fact that pilots are more likely to deploy flaps 0-2 at once 

if close to a final approach and believed to be high on the glideslope. Although possible, 

deploying all flaps at once (i.e. flaps 0-3) is operationally less likely. 

The first set of data collected was airspeed. Airspeed is fundamental because airspeed 

changes will have consequences in terms of altitude and stall. Altitude is affected because 

usually, keeping all variables constant, a loss in airspeed will result in a loss in lift, and 

therefore a loss in altitude. The real danger, however, occurs when the airplane, by slowing 

down, gets closer to stall speed, which is a situation to avoid in a traffic pattern with close 

proximity to the ground. Figure 15 expresses the changes in airspeed as a consequence of 

this aircraft configuration change with time. The aircraft with the least changes is the 

Cherokee 180, with a maximum loss of about 20 mph. The biggest airspeed change was seen 

on the Skyhawk, with a loss of about 50 mph. 
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Figure 15. Airspeed Behavior after 0-2 flap settings extension, aft CG. 

This large change in airspeed was definitely important, and led three of the airplanes right 

into a stall. The only exception was the Cherokee 180 which maintained a safe airspeed 

throughout the maneuver. Table 8 summarizes the stall speeds of every aircraft, the minimum 

airspeeds observed during each flight test, the time it took the airplane to reach stall speed, 

and the vertical acceleration at that stall speed. The reason for recording vertical acceleration 

is that airplane stall performance changed with G’s. In fact, the Cherokee Six, when it 

reached stall speed, was at .86 G’s.  

There are two data points that are significant for this research. The first is for the Piper 

Cherokee 180, and the second is for the Cessna Skyhawk. The Piper never stalled. The 

minimum airspeed observed was 65 mph, where its stall speed was 58 mph. This showed an 

important result both in terms of aerodynamics and in terms of safety. In terms of 

aerodynamics, it showed how the tail was not affected too much by the wing’s downwash, 

and therefore did not pitch the nose upwards. The second point of interest was for the Cessna 
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Skyhawk, which reached its stall speed within 5 seconds. From a flight mechanics 

standpoint, the airplane was at stall. The flight test pilot recognized immediately the danger 

of this situation, and recovered the aircraft promptly. During the recovering from the stall, 

the airplane’s airspeed continued to decrease, as clearly visible in Figure 15. It is uncertain 

what would have happened if the test pilot had not taken over. 

 

Table 8. Summary of Stall Speed, Minimum Observed Airspeed, Time to Stall speed, and 

Vertical Acceleration at that Stall Speed. 

Aircraft Stall Speed Minimum Airspeed Time to Stall Speed “G’s” 

PA 32-260 63 mph 40 mph 4 sec .86 

PA 28-180 58 mph 65 mph N/A .99 

PA 28-161 51 mph 38 mph 7 sec .65 

C 172-M 54 mph 38 mph 5 sec .997 

 

The next variable recorded was pitch attitude as shown in Figure 16. Pitch attitude is the 

most visible parameter to the pilot, which can be easily observed by inspecting the 

surroundings. Pitch attitude also impacts other parameter changes. It was the airplane’s pitch 

up tendency that caused changes in altitude and airspeed. 
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Figure 16. Pitch Attitude as a function of time, 0-2 flap setting extension, aft CG configuration 

All aircraft eventually exhibited a nose up tendency after this 0-2 flap deflection. There is, 

however, a definite difference between the Cherokee 180 and the others. The Cherokee 180 

initially pitched down then gradually increased to 15 degrees nose high. It should be 

mentioned that the maximum pitch attitude for the Cessna Skyhawk occured at the same 

time it reached stall speed. This time match corresponds to the moment in which the test 

pilot took active control of the aircraft and initiated a stall recovery maneuver. The data 

collected after such point is with pilot input, and therefore not a natural response of the 

aircraft. All aircraft except the Cherokee 180 reached a pitch attitude of (or above) 30 

degrees. To better express the seriousness of the situation, the FAA requires any airplane 

exceeding 30 degrees of pitch or 60 degrees of bank to have all of its passengers wear 

parachutes [37]. This means that a flap 0-2 configuration change caused an aircraft behavior 

defined by the federal aviation authorities as concerning. The Cessna Skyhawk demonstrated 

the highest pitch attitude change, followed by the Warrior II and Cherokee Six, both with 

similar tendencies, showing a maximum pitch attitude of 31 and 30 degrees, respectively. 
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What should also be perceived is the time elapsed to this maximum pitch. Table 9 shows that 

the Skyhawk was the fastest to reach this maximum pitch, in only five seconds. The Warrior 

II and Cherokee Six reached their respective maximums both in six seconds. Figure 17 shows 

the side view (wing view) of the Cherokee Six during the maneuver. This figure shows the 

severity of the pitch attitude with time, and how only six seconds are necessary to reach a 

value of 30 degrees. Figure 18 shows the front view. 

Table 9. Maximum Pitch Attitude Observed, Time to Point, and Gs 

Aircraft Maximum Pitch Attitude Time to Max Pitch “G’s” 

Cherokee Six 30 degrees 6 sec 1.06 

Cherokee 180 15 degrees 5 sec 1.1 

Warrior II 31 degrees 6 sec .78 

Skyhawk 32 degrees 5 sec .997 

 

 

t = 0 seconds (trim) t = 2 seconds 

 

t = 4 seconds t = 6 seconds 

Figure 17. GoPro Time Shots of Pitch Attitude for the PA 32-260, Flaps 0-2, Wing View 
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t = 0 seconds (trim) t = 2 seconds 

 

t = 4 seconds t = 6 seconds 

Figure 18. GoPro Time Shots of Pitch Attitude for the PA 32-260, Flaps 0-2, Cockpit View 

Another important set of results is the change in altitude. This change is important because 

aircraft configuration changes occur mainly during critical phases of flight: take-off and 

landing. The danger of these phases is low airspeed combined with close proximity to the 

ground. General aviation aircraft often follow standard traffic patterns around airports, and 

are even more susceptible to these variable changes. Traffic pattern altitudes, although not 

constant, are typically around 1000 feet for general aviation aircraft [38]. A stall, or perhaps 

even a spin, could result in losses of altitude, especially if entered unexpectedly.  

Figure 19 shows the altitude change results obtained. The increase in pitch attitude for all 

aircraft except the Cherokee 180, caused the altitude to increase. The Cherokee 180 was the 

only airplane that lost altitude. The Cherokee 180 did not have such a large change in pitch 

attitude compared to the other aircraft, and therefore lost altitude as airspeed dropped. 
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Figure 19. Altitude as a function of time, flap 0-2 setting extension, aft CG 

This case of losing altitude is a predictable event, as larger flap angles cause a larger increase 

in drag compared to the increase in lift [34]. The loss in altitude observed on the  Cherokee 

180 was 64 feet, which is inconsequential.  

Stick forces correlate to aircraft behavior. Table 10 and Table 11 summarize the stick force 

results for all aircraft during a flap 0-2 configuration change. The Cherokee Six and Warrior 
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II showed an increase in stick force with aft moving CG, while the Cherokee 180 showed a 

negligible change (within the deadband of the gauge).  

Table 10. Stick Force Measurements, Flaps 0-2, Forward CG, All Aircraft 

Aircraft Force Measurement (lbs.) Push or Pull on Controls 

Cherokee Six 22 Push 

Cherokee 180 3 Push 

Warrior II 20 Push 

Skyhawk N/A (only tested aft CG) Push 

 

Table 11. Stick Force Measurements, Flaps 0-2, Aft CG, All Aircraft 

Aircraft Force Measurement (lbs.) Push or Pull on Controls 

Cherokee Six 26 Push 

Cherokee 180 2 Push 

Warrior II 29.5 Push 

Skyhawk 16 Push 

 

The maximum force is observed in an aft configuration for the Warrior II (29.5 pounds). 

Although it meets the regulation, this force is substantial when unexpected. The Cherokee 

Six is close with a force of 26 pounds. The Skyhawk exhibited a force of 16 pounds in the 

aft configuration. The Cherokee 180 once again showed to have the least change in pitch and 

airspeed, which corresponded to the small change in stick force. 

The direction of these forces, which is not a requirement per FARs, is in the opposite 

direction preferred by a pilot for maintaining trim airspeed. Ideally the forces should be 

zero or in the pull direction during landing, since the nose of the aircraft should have a 

downward motion tendency. 

This section has analyzed the results obtained from deploying approximately half of the total 

flap settings at once. The results are similar among the test aircraft, except for the Piper 
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Cherokee 180, which demonstrated resistance towards trim changes given a change in 

configuration. Given these results, this paper will continue on discussing the results obtained 

from deploying only a single “notch” setting, equivalent to a change from 10 to 25 degrees. 

This setting to the flap lever is typically used by pilots on approach, contrary to a 0-2 flap 

setting. 

4.2 Flaps 1-2 Deployment 

As described in Section 1.3 (Use of Flaps in General Aviation), pilots are likely, during 

normal operations, to deploy flaps in small increments at a time. Section 4.1 showed the 

resultant aircraft parameters from a 0-2 flap deployment, demonstrating high changes in 

airspeed and pitch attitude. This section will describe the resultant parameters from a single 

1-2 flap deployment, specifically the setting change that caused the greatest flap angle 

change: flap setting 1 to 2, or 10 degrees to 25 degrees. In the case of the Cessna Skyhawk, 

a single 1-2 flap change is 10 degrees to 20 degrees (see Table 1 for details). 

Typically, this flap extension occurs on the downwind or on the base leg of a traffic pattern. 

This means airspeed will already be decreasing in the approach, and the pilot is likely to be 

looking outside at the runway verifying when the turn to base should be made, or scanning 

for other traffic.  Figure 20 shows the behavior of airspeed as a 1-2 flap setting is deployed. 

The result matched expectations, since flap changes cause an increase in drag. 
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Figure 20. Airspeed as a function of time, 1-2 flap setting extension, aft CG 

Figure 20 results are summarized in Table 12. The Cherokee Six and Warrior II aircraft 

reached stall speed. The Cessna Skyhawk came within 1 mph of stall speed. The safest of all 

the aircraft was the Cherokee 180, which stayed at 13 mph above stall speed. 

Table 12. Summary of Minimum Airspeed Observed and Time to Stall Speed. 

Aircraft Stall Speed Minimum Airspeed Time to Stall Speed 

Cherokee Six 63 mph 50 mph 7 sec 

Cherokee 180 58 mph 71 mph N/A 

Warrior II 51 mph 45 mph 7 sec 

Skyhawk 54 mph 55 mph 9 sec 
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The results in general matched theoretical airspeed predictions. Even if other parameters like 

pitch attitude remained close to zero, the increase in drag is bound to cause a decrease in 

airspeed, unless the nose drops downwards exchanging altitude for airspeed (or power is 

added). The amount by which the airspeed decreases, however, is particularly dangerous. 

Three aircraft out of four exhibited a decrease in airspeed that resulted in values slightly 

above or below stall speed. 

Figure 21 displays the results obtained in terms of pitch attitude. The Cherokee Six and the 

Warrior II have their maximum pitch both at 6 seconds into the maneuver, with a value close 

to 25 degrees. The Cessna Skyhawk also demonstrated a similar behavior. The safest is 

shown again to be the Cherokee 180, with a maximum pitch of 7 degrees. This means that 

in terms of situational awareness the pilot will need to be vigilant. This requires the pilot to 

equally look at the runway and at the flight instruments. Table 13 summarizes the maximum 

pitch attitude recorded and the time elapsed to reach that point. 
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Figure 21. Pitch Attitude as a function of time, 1-2 flap setting deployment, aft CG. 

Table 13. Summary of Maximum Pitch Observed and time to point. 

Aircraft Maximum Pitch Attitude Time to Max Pitch 

Cherokee Six 25 degrees 6 sec 

Cherokee 180 7 degrees 5 sec 

Warrior II 23 degrees 6 sec 

Skyhawk 22 degrees 7 sec 

 

The pitch attitude changed by 20 degrees in around 6 seconds for all aircraft except the 

Cherokee 180. Figure 22 reports that except for the Cherokee 180, all other aircraft tend to 

increase in altitude, demonstrating that the increase in pitch occurred when there was enough 

airspeed available to cause an increase in altitude. 
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Figure 22. Altitude as a function of time, flaps 1-2, aft CG 

Sections 4.1 and 4.2 demonstrate the effects of flap deployment without any bank, during 

approach on either the downwind, base or final leg in the traffic pattern. The behavior of the 

aircraft is similar in both scenarios (flap deployment settings), as shown in Table 14. 

Table 14. Time Elapsed to reach maximum pitch attitude and stall speed (all aircraft) 

 Time to Maximum Pitch Time to Stall Speed 

Aircraft Flaps 0-2 Flaps 1-2 Flaps 0-2 Flaps 1-2 

Cherokee Six 6 sec 6 sec 4 sec 7 sec 

Cherokee 180 5 sec 5 sec N/A N/A 

Warrior II 6 sec 6 sec 7 sec 7 sec 

Skyhawk 5 sec 7 sec 5 sec N/A 
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The time for maximum pitch is similar for all aircraft. These are results are interesting 

because the time to maximum pitch will be similar regardless of whether the flaps are 

deployed from 0-2 at once or in two increments. 

The Cherokee 180 never reached stall speed in any of the two situations, demonstrating a 

high level of safety compared to the other test aircraft. Figure 23 and Figure 24 show the 

way that the flap deployment affects the airplane’s pitch (wing view) on the Cessna 

Skyhawk. On the other hand, Figure 25 and Figure 26 show how the Cherokee 180 showed 

small pitch attitude difference during the flap setting change, demonstrating a higher level 

of safety. 

 

 

 

 

 



 

47 

 

 

t = 0 seconds (trim) t = 2 seconds 

 

t = 4 seconds t = 6 seconds 

 

t = 8 seconds t = 10 seconds 

Figure 23. GoPro Time Shots of Pitch Attitude for the C 172-M, Flaps 1-2, Wing View 
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t = 0 seconds (trim) t = 2 seconds 

 

t = 4 seconds t = 6 seconds 

 

t = 8 seconds t = 10 seconds 

Figure 24. GoPro Time Shots of Pitch Attitude for the C 172-M, Flaps 1-2, Cockpit View 
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t = 0 seconds (trim) t = 2 seconds 

 

t = 4 seconds t = 6 seconds 

Figure 25. GoPro Time Shots of Pitch Attitude for the PA 28-180, Flaps 1-2, Wing View 

 

 

 

t = 0 seconds (trim) t = 2 seconds 

 

t = 4 seconds t = 6 seconds 

Figure 26. GoPro Time Shots of Pitch Attitude for the PA 28-180, Flaps 1-2, Cockpit View 



 

50 

 

Table 15 and Table 16 show stick forces for all the aircraft during this flap setting change. 

The stick forces observed during flaps 1-2 deployment are smaller than the ones recorded 

for a flap 0-2 deployment. The maximum force recorded belongs to the Cherokee Six with 

21 pounds in an aft CG location. The Warrior II exhibits a similar force with 20 pounds in 

the aft CG location. Another trend once again visible is that for the Pipers Cherokee Six and 

Warrior II the forces increase with aft moving CG. On the other hand, for the Cherokee 180 

the force changes were negligible with aft moving CG.  

 

Table 15. Stick Force Measurements, Flaps 1-2, Forward CG, All Aircraft 

Aircraft Force Measurement (lbs.) Push or Pull on Controls 

Cherokee Six 17.5 Push 

Cherokee 180 3 Push 

Warrior II 12 Push 

Skyhawk N/A Push 

 

Table 16. Stick Force Measurements, Flaps 1-2, Aft CG, All Aircraft 

Aircraft Force Measurement (lbs.) Push or Pull on Controls 

Cherokee Six 21 Push 

Cherokee 180 2 Push 

Warrior II 20 Push 

Skyhawk 9 Push 

 

This data also shows that it is possible to reduce the stick forces exerted by the controls onto 

the pilot by changing the size of the horizontal tail. The Cherokee 180, which has a very 

similar geometry to the Warrior II (except for tail size) exerts forces between 2 and 3 pounds, 

while the latter between 12 and 20 pounds. Since high force is related to high changes in 

pitch attitude and low forces to low changes, it is logical to deduce that requiring lower stick 

forces by FAR 23.143 would possibly improve free response. With regards to FAR 23.145, 
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the force direction should once again be specified, since like the forces shown in Table 10 

and Table 11, they are in the opposite direction. 

 

4.3 Flaps 0-2 Deployment in a 30˚ Bank 

Figure 2  from Chapter 1 shows that a high amount of accidents occur on, or close, to the 

turns between downwind to base and base to final. This is also substantiated by the various 

case studies presented in Chapter 1: “airplane appears to be performing a wingover” or 

“enters a steep turn before crashing”. This makes it important to analyze other situations, 

such as deploying flaps during a turn. The angle chosen by the FTEs and FTP was 30 degrees. 

Typically the turn was done to the left, with the exception of one flight. This allowed the 

camera positioned towards the left wing to record the wing with reference to the horizon and 

ground. In addition to the parameters observed and recorded in Sections 4.1 and 4.2, bank 

angle was introduced as well. The same flap setting changes are reported, flaps 0-2 and 1-2.  

Note: The Cherokee 180 mistakenly started at 20 degrees of bank. 

Figure 27 describes the behavior of airspeed as the flaps were being deployed during a 30 

degree bank simulating the turn downwind to base or base to final. The behavior was (for all 

aircraft) a steady decrease in airspeed with slight fluctuations. The data for the Skyhawk was 

interrupted at 6 seconds because the aircraft exceeded 60 degrees of bank. See bank angle 

data for the Skyhawk in Figure 29 for details. 
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Figure 27. Airspeed as a function of time, 0-2 flap setting deployment in a 30 degree bank, aft 

CG location. 

During this maneuver even the Cherokee 180 decreased in airspeed substantially, starting at 

about 90 mph and reaching just over 60 mph 11 seconds later. This shows a drop of about 

30 mph, with the highest being about 40 mph observed on the Cherokee Six reaching an 

airspeed of 55 mph after 11 seconds. Table 17 summarizes the minimum observed airspeeds 

and the respective stall speeds for the aircraft.  

 

Table 17. Summary of Aircraft Stall Speed, Time to Stall and Minimum Airspeed Observed 

Aircraft Stall Speed Stall Speed at 1.2G Minimum Airspeed Time to Stall 
Speed 

Cherokee Six 63 mph 68 mph 55 mph 7 sec 

Cherokee 180 58 mph 62 mph 62 mph N/A 

Warrior II 51 mph 55 mph 52 mph N/A 

Skyhawk 54 mph 58 mph 67 mph* N/A 

*Maneuver stopped due to exceeding 60 degree bank angle test limit 
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The table shows that only one airplane goes below stall speed, the Cherokee Six. The Warrior 

II reached 1 mph above stall speed, which can be considered stalled. All other aircraft did 

not reach stall.  

The reason why these airplanes (except for the Cherokee Six) do not reach stall is that the 

pitch attitude does not increase as much as the cases without the bank angle, and the airplanes 

do not have the opportunity to lose too much airspeed. This is also caused by the loss in lift 

caused by the bank angle which prevented the nose from pitching up. Moreover, an aircraft 

needs to exert 1.2Gs in order to maintain altitude in a 30 degree bank. Figure 28 shows pitch 

attitude over time. All aircraft exhibit an increase in pitch attitude. In fact, the Cherokee Six 

and Cherokee 180 begin to increase in pitch attitude only after 1 second into the maneuver, 

and the other two show an increase from the beginning. The PA 28-180 has also a lower 

pitch increase rate between three and five seconds, and a slight steadiness between 7 and 8 

seconds. The Cessna Skyhawk shows a decrease in pitch attitude only after 3 seconds, with 

a small gradual increase after that. The data is, however, truncated as aforementioned. The 

Warrior II reaches its maximum of 16 degrees at 6 seconds, and 3 seconds later crosses the 

0 degree pitch mark and goes negative. To better understand this rather interesting behavior 

the bank angle data is described in Figure 29. 
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Figure 28. Pitch attitude as a function of time, 0-2 flap setting deployment, 30 degree bank, aft 

CG location. 

 

Figure 29. Bank angle as a function of time, 0-2 flap setting deployment while in 30 degree bank, 

aft CG configuration. 
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Observing Figure 29 it is possible to see how pitch attitude did not increase excessively 

(compared to wings-level) and airspeed did not decrease excessively. Both the Cessna and 

the Warrior II reacted to the maneuver by increasing bank angle. The Warrior II reached 

about 55 degrees while the Cessna Skyhawk reached over 60 degrees in 6 seconds. The FTP 

and FTEs observed how the aircraft was going to continue increasing bank angle, and the 

FTP promptly terminated the maneuver. 

One of the best adjectives that describes Figure 29 is unsteady. The airplanes did not follow 

a specific behavior. This is because the FTP was slightly intervening with lateral inputs in 

all cases in an effort to guarantee safety. We can observe that the Warrior II showed an 

increase in bank angle to almost 55 degrees around 8 seconds into the maneuver, although 

the pilot was intervening to avoid the airplanes from overbanking. Figure 28 shows that this 

aircraft had a sharp loss in pitch attitude between 8 and 9 seconds, reaching a negative pitch 

attitude after 9 seconds. This is due to a loss in lift while the airplane turns, limiting the pitch 

attitude of the aircraft.  

The increase in bank angle with a loss in altitude and an increase in pitch attitude (even if 

not extremely high) represents the entry conditions for a steep spiral maneuver [39], which 

is performed in commercial pilot training to reduce altitude quickly at a safe angle of attack. 

Needless to say, at a standard traffic pattern of 1000 feet, a spin will be difficult to recover 

from.  It is logical to conclude that a reduction in bank angle (i.e. starting at 10 degrees 

instead for 30 degrees) will result in a larger increase in pitch attitude, following a flight 

profile more similar to the ones seen in Sections 4.1 and 4.2 of this thesis. 

Table 18 summarizes the maximum pitch and bank angles observed.  It is clear how pitch 

attitude changes are not as high compared to the wings-level flight tests, emphasizing how 

bank angle causes a loss in lift that effectively reduces pitch attitude (or rather limits pitch 

attitude). The pitch and bank data in fact correlate, showing how larger pitch attitude changes 

are seen when the bank angle is smaller. 
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Table 18. Summary of maximum pitch and bank angles observed during a double setting flap 

deployment in a 30 degree bank with aft CG. 

Aircraft Maximum Pitch Attitude Maximum Bank Angle 

Cherokee Six 12 degrees 50 degrees 

Cherokee 180 15 degrees 29 degrees (starting at 20) 

Warrior II 16 degrees 54 degrees 

Skyhawk 7 degrees 60 degrees 

 

 

4.4 Flaps 1-2 Deployment in a 30˚ Bank 

The same accidents shown in Figure 2 of Chapter 1 should also be considered under single 

flap setting deployment. The previous section has already shown that there is a reduced effect 

in pitch attitude increase due to the 30 degree bank angles. The flaps 1-2 case shows a similar 

effect, as shown in Figure 30, Figure 31, Figure 32, and Figure 33. 
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Figure 30. Airspeed vs. Time, Flaps 1-2, 30 degree Bank, Aft CG Location. 

Figure 30 shows, similarly to all other cases, a decrease in indicated airspeed, which although 

well-defined, was not as dangerous as the cases without the bank angle. There is about a 20 

mph drop in airspeed across all airplanes. 

In terms of pitch attitude however, the airplanes that had the biggest increase are the 

Cherokee Six and the Cherokee 180 aircraft. The first has shown this type of behavior during 

all flight tests, however the Cherokee 180 has not responded in this manner during the level 

flight tests. The issue observed in Figure 28 was again seen with a smaller flap configuration 

change. A more shallow bank angle performed by the Cherokee 180 resulted in the aircraft 

possessing more lift during the turn, allowing for more force in the vertical direction to aid 

an increase in pitch attitude. In fact, Figure 31 shows how the Cherokee 180, which appeared 

much more docile in the previous tests, demonstrated a 10 degree pitch angle. Although this 

difference can be considered small, if we compare the pitch attitude increase between 

different aircraft in the level-flight tests, it is possible that aircraft could exhibit a more 
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aggressive reaction if the initial bank was started at 20 degrees, like the Cherokee 180 did. 

In fact, saying that both the Cherokee Six and Cherokee 180 exhibited the same pitch 

increase, is not a fair comparison, since the initial bank angles were different (10 degree 

difference). 

 

Figure 31. Pitch Attitude vs. Time, Flaps 1-2, 30 degree Bank, Aft CG 

The three airplanes that started their maneuver at a 30 degree bank showed a distinct increase 

in bank angle, with a maximum of about 45 degrees exhibited by the Warrior II. The Cessna 

Skyhawk did not have as large of a bank angle change as Figure 29 shows for the 0-2 flap 

setting deployment case. However, this test was performed after the 0-2 flap setting test, so 

the FTP was aware of the change to exceed 60 degree bank. The most interesting element is 

the relationship between the pitch attitude and bank angle for the Cherokee 180. This aircraft 

has demonstrated to be the safest of them all in the case with no bank angle, but has shown 

significant pitch attitude increases during the banked tests. This highlights the effect of bank 
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angle on lift, as shown in Figure 14. This emphasizes the need to further test the aircraft at a 

lower bank angle, possibly between 10 and 20 degrees.  

 

Figure 32. Bank Angle vs. Time, Flaps 1-2, 30 degree bank, Aft CG 

The last parameter to analyze for this test is the altitude change. Figure 33 shows the trend. 

Altitude change was within 250 feet, which is still sufficient to compromise an approach. 

The Cherokee Six and the Warrior II increased in altitude with time. The Skyhawk barely 

changed altitude, and the Cherokee 180 is the only aircraft that actually lost altitude. The 

difference is minimal, yet it was still the only airplane that actually showed the “typical” 

effects of flaps: drag increase, airspeed decrease, altitude decrease.  
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Figure 33. Altitude vs. Time, Flaps 1-2, 30 degree bank, Aft CG 

Table 19. Summary of maximum pitch and bank parameters for a flaps 1-2 setting change 

during a 30 degree bank. 

Aircraft Maximum Pitch Attitude Maximum Bank Angle 

Cherokee Six 10 degrees 40 degrees 

Cherokee 180 10 degrees 25 degrees (starting at 20) 

Warrior II 8 degrees 45 degrees 

Skyhawk 5 degrees 35 degrees 
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Table 20 shows how none of the aircraft reached airspeeds below stall speeds. A good 

representation of the whole situation can be seen in Table 21. Unfortunately, due to the high 

variability of the parameters, as seen in the figures in this section, the time to maximum pitch 

or bank is not easily ascertained. The values decreased or increased sporadically, which 

means that the time to maximum parameter is the time to reach that maximum parameter 

“the first time”, even though the value might actually repeated later. 

Table 20. Summary of stall speeds, minimum airspeed attained at time to stall speed for a 

flaps 1-2 setting change in a 30 degree bank. 

Aircraft Stall Speed Stall Speed at 1.2G Minimum Airspeed Time to Stall 
Speed 

Cherokee Six 67 mph 68 mph 71 mph N/A 

Cherokee 180 58 mph 62 mph 74 mph N/A 

Warrior II 51 mph 55 mph 57 mph N/A 

Skyhawk 54 mph 58 mph 65 mph N/A 

 

Table 21. Time to Maximum pitch and maximum bank (all aircraft) 

 Time to Maximum Pitch Time to Maximum Bank 

Aircraft Flaps 0-2 Flaps 1-2 Flaps 0-2 Flaps 1-2 

Cherokee Six 5 sec 2 sec 5 sec 8 sec 

Cherokee 180 6 sec 6 sec 9 sec 11 sec 

Warrior II 6 sec 4 sec 8 sec 5 sec 

Skyhawk 3 sec 3 sec 6 sec 3 sec 
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4.5 Flaps 3-0 Go-Around Configuration Change 

Loss of control accidents have also been observed on final approach (and upwind) to the 

runway [21]. Normally, this type of accident is associated with the “arrival”, rather than a 

“departure”. If a pilot decides to abort landing and go-around, the airplane configuration will 

change to appropriately aid the airplane to a safe increase in altitude and airspeed. Go-around 

procedures involve the retraction of flaps to reduce drag, and adding full power. Given the 

high pitch attitudes occurring as a result of flap deployment, the investigators also examined 

the opposite case as well, a flap retraction. This section presents the data collected for an 

airplane configuration change from full flaps (the most likely flap setting on final approach) 

to fully retracted. This test, like the others, assumes that the pilot is distracted, and therefore 

the aircraft response is recorded with no pilot inputs. 

Figure 34 shows the effects of full flap retraction on airspeed. The desired effect in a go-

around maneuver is an increase in airspeed, which should aid for the lift needed to avoid the 

runway and climb to a safe altitude. This effect was attained for all aircraft. Every airplane 

tested achieved an airspeed higher than 120 mph within 10 seconds of the flap retraction. 

However, this situation is far from ideal, since the tendency of all airplanes except the 

Cherokee 180 is that of a negative flight path angle with ground. The data show, in fact, that 

the airplane response was dangerous even during a go-around maneuver, since the nose 

should have ideally pointed slightly above the horizon rather than below it. This is a concern 

that is not yet addressed in 23.145 (direction of forces applied by controls on pilot). 
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Figure 34. Airspeed vs. Time, Flaps 3-0, Aft CG 

 

Figure 35 shows how pitch attitude changed as a function of time. Pitch attitude quickly 

decreased as a consequence of flap retraction. Nose down pitch attitude reached its maximum 

within 5 seconds of the beginning of the maneuver.   
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Figure 35. Pitch Attitude vs. Time, Flaps 3-0, Aft CG 

Table 22 shows how all aircraft reached their maximum nose down pitch attitude within 5 

seconds, and all reached safe airspeeds, above 120 knots, during the maneuver.  

Table 22. Summary of Aircraft Pitch Attitude and Maximum Airspeed during a Go-Around 

Maneuver. 

Aircraft Lowest Pitch Attitude Time to Lowest Maximum Airspeed Attained 

PA 32-260 -22 degrees 3 sec 135 mph 

PA 28-180 -3 degrees 5 sec 130 mph 

PA 28-161 -23 degrees 4 sec 125 mph 

C 172-M -27 degrees 5 sec 131 mph 

 

The PA 28-180 was benign. The airplane in fact has the lowest pitch attitude at -3 degrees, 

which is barely below the horizon. This low change in attitude is beneficial for the pilot, 

because he or she only needs a few degrees of attitude change to be at a positive angle, 

facilitating an increase in altitude. This is not the case for the other airplanes tested, which 
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dangerously lowered the nose to angles that reached -27 degrees. One might argue that flaps 

are retracted gradually; however, the scope of this thesis was to examine the unplanned, 

abrupt configuration change. 

The data so far suggest that the airplanes (expect for the PA 28-180) tend to pitch nose down 

drastically as airspeed increased. This situation, if unattended to, can result in a crash. The 

following set of data show the behavior of altitude during this maneuver. As previously 

mentioned, standard traffic pattern altitude is at 1,000 feet. The results are tabulated below 

in Table 23, and plots are available in Appendix C. 

Table 23. Summary of Altitude Loss, Time for Maximum Loss, and Average Rate of Descent 

during a Go-Around Maneuver. 

Aircraft Altitude Loss Time to Lowest Averaged Rate of Descent 

Cherokee Six 310 ft. 10 sec -31 ft/sec or -1860 ft/min 

Cherokee 180 130 ft. 11 sec -11.8 ft/sec or 714 ft/min 

Warrior II 340 ft. 10 sec -34 ft/sec or 2040 ft/min 

Skyhawk 270 ft. 12 sec -27 ft/sec or 1620 ft/min 

 

Table 23 presents the altitude loss experienced by all aircraft, with the averaged rate of 

descent for all airplanes. The highest rate of descent was observed on the Warrior II with 

2040 feet per minute and 340 total lost feet in altitude. The lowest altitude loss belonged to 

the Cherokee 180, with only 130 total feet lost. The real danger appears if we consider the 

starting altitude to be less than 1000 feet. Table 24 shows a tabulation of hypothetical starting 

altitudes and ending altitudes. Note that a go-around maneuver can be initiated anytime 

during the approach. The aircraft could be at 1000 feet, or at 200 feet. The scope is to 

determine the critical altitude which could result in an accident. 

 



 

66 

 

Table 24. Hypothetical Final Altitudes during a Go-Around Maneuver 

Aircraft Cherokee Six Cherokee 180 Warrior II Skyhawk 

Initial Altitude  Final Altitude Final Altitude Final Altitude Final Altitude 

1000 690 ft. 870 ft.  660 ft. 730 ft. 

800 490 ft. 670 ft. 460 ft. 530 ft. 

500 190 ft. 370 ft. 160 ft. 230 ft. 

300 -10 ft. 170 ft. -40 ft. 30 ft. 

 

The above table shows results that could happen if the pilot does not immediately notice the  

situation and immediately makes corrections. 

Given the results in pitch attitude from Figure 35, the airplanes (except for the Cherokee 

180) will still lose altitude, since the sharp nose down attitude can do nothing but increase 

airspeed and decrease altitude. 

Stick forces were not recorded during go-around procedures. However, an exception was 

made with the Cessna Skyhawk during a full flap retraction maneuver in aft CG. This was 

done because the FTP noticed a force so high that it was deemed valuable to investigate. It 

resulted in a force of 40 pounds in the pull direction. Just as seen in Sections 4.1 and 4.2, the 

force direction is once again in the opposite direction to preferred, since a pull force means 

that the airplane’s tendency is to head towards the ground. Ideally, a slight push force should 

be exerted by the controls on the pilot (i.e. the pilot should push forward on the controls). 

 

 

4.6 Comparison between the Warrior II and Cherokee 180 

The Piper Cherokee 180 free response to configuration changes has been shown throughout 

all tests to be safer than the other aircraft. Also stick forces were negligible compared to the 

other aircraft. The closest aircraft to the Cherokee 180 in terms of dimensions, weight, and 

powerplant in the test fleet is the Piper Warrior II. The latter aircraft has shown susbtantial 
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changes in flight parameters after the configuration change, and had larger stick forces. The 

geometries of the two aircraft are similar, and deserve an independent case analysis. 

The airplanes have different wing spans, different tail sizes, but the same fuselage. Table 25 

below specifies the dimensions on both airplanes. The most important difference is the tail 

span, which causes the surface area of the Cherokee 180’s tail to be smaller than the 

Warrior’s.  

Table 25. Summary of airplane dimensions between the PA 28-180 and -161 aircraft. 

Item Cherokee 180 Warrior II 

Wing Span 30 ft. 35 ft. 

Tail Span 10 ft. 12 ft. 11.75 in. 

Tail Chord 30 in. 30 in. 

Tail Surface Area 25 square feet 32.45 square feet 

 

There are clear, distinct differences between the pitch, airspeed, altitude, and bank angle 

responses between the two airplanes. For this reason, dedicated plots have been constructed 

to show the relationship between these two airplanes alone. Pitch attitude (Figure 36) reaches 

values beyond 30 degrees for the Warrior, while the Cherokee 180 stays at values below 15 

degrees. The respective stick forces are 29.5 pounds and 2 pounds. It is therefore clear how 

stick forces are related to pitch attitude response. These pitch attitude changes are also visible 

in the video screenshots taken during the flight in Figure 38, Figure 39, Figure 40, and Figure 

41. 



 

68 

 

 

Figure 36. Pitch Attitude Comparison for Flaps 0-2 between the PA 28-180 and -160 aircraft. 

Airspeed (Figure 37) is also another sensitive parameter, since stall is generally measured in 

airspeed. The Warrior II reached stall speeds within 7 seconds, while the Cherokee 180 did 

not reach stall during the configuration change. This means the airplane slowed down due to 

the increase in drag, but did not reach dangerous speeds. 

Differences were also observable in the 30 degree bank cases, however since the bank angles 

are different, plots have not been directly compared. Figure 42, Figure 43, Figure 44, and 

Figure 45 show screenshots taken for the 30 degree bank flight test to show how the airplanes 

behave.  
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Figure 37. Airspeed Comparison for Flaps 0-2 between the PA 28-180 and -160 aircraft. 

There are various factors that can be taken into consideration in analyzing why these two 

aircraft behave differently. The first is the surface area of the tail, and the quantity of 

downforce it creates given that surface area. The larger the surface area, the larger the force, 

and so an increase in angle of attack will result in a higher lift coefficient, and therefore 

greater force in the downward direction. The larger the tail, the more it will be impacted by 

the change in aerodynamics due to the flap deflection.  

There is, however, another effect which should be taken into consideration: the wake vortex 

created by the flap deflection. All finite wings will produce end-effects, such as wing tip 

vortices. When the flap is deflected, two other “ends” are created, the inboard flap edge and 

the outboard flap edge. These will also create vortices. A study performed at the Institute for 

Aerospace Engineering (Institute für Luft- und Raumfahrt, ILR) in Aachen, Germany has 

shown how the vortices created by flaps amplify the wake effects of the whole wing [40].   
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This study showed that an increase in flap angle deployment increases circulation, which 

increases the maximum tangential velocities of the vortex. In essence, the induced velocities 

build upon each other, creating a higher intensity vortex. Without the flap the wing produces 

one vortex, but deploying the flaps will increase it to a three vortex system (wing tip, inboard 

flap edge, outboard flap edge). It also appears that the intensity of the outboard flap edge 

vortex is as strong as the wing tip vortex.  

As the vortex is generated and propagates aft of the wing, it also increases in radius. This 

means that it will affect both locations close and away from the fuselage. The studies show 

that the tangential velocities increase, and therefore it can be assumed that they will reach 

the horizontal tail with this increased velocity.  

If this is the case, the effect on the tail is also dependent on the tail’s size. Keeping the tail 

chord length constant, an increase in tail span will result in a larger area of the tail being 

impacted by the flap’s wake. An increase in tangential velocities will affect the velocity of 

the flow over the tail (dynamic pressure), and will therefore change the force generated. This 

would explain why the Cherokee 180 is less affected by the flap deployment. The Warrior, 

having a larger tail, is more affected by the vortex, while the Cherokee 180, with a smaller 

one, is less affected. 
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t = 0 seconds (trim) t = 2 seconds 

 

t = 4 seconds t = 6 seconds 

Figure 38. GoPro Time Shots of Pitch Attitude for the PA 28-180, Flaps 0-2, Wing View 

 

 

 

t = 0 seconds (trim) t = 2 seconds 

 

t = 4 seconds t = 6 seconds 

Figure 39. GoPro Time Shots of Pitch Attitude for the PA 28-180, Flaps 0-2, Cockpit View 



 

72 

 

 

t = 0 seconds (trim) t = 2 seconds 

 

t = 4 seconds t = 6 seconds 

Figure 40. GoPro Time Shots of Pitch Attitude for the PA 28-161, Flaps 0-2, Wing View 

 

 

 

 
t = 0 seconds (trim) t = 2 seconds 

 
t = 4 seconds t = 6 seconds 

Figure 41. GoPro Time Shots of Pitch Attitude for the PA 28-161, Flaps 0-2, Cockpit View 
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t = 0 seconds (trim) t = 2 seconds 

 

t = 4 seconds t = 6 seconds 

Figure 42. Time Shots: Pitch Attitude for the PA 28-180, Flaps 0-2, 20 deg. Bank, Wing View 

 

 

 

 
t = 0 seconds (trim) t = 2 seconds 

 
t = 4 seconds t = 6 seconds 

Figure 43. Time Shots: Pitch Attitude for the PA 28-180, Flaps 0-2, 20 deg. Bank, Cockpit View 
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t = 0 seconds (trim) t = 2 seconds 

 
t = 4 seconds t = 6 seconds 

Figure 44. Time Shots: Pitch Attitude for the PA 28-161, Flaps 0-2, 30 deg. Bank, Wing View 

 

 

 
t = 0 seconds (trim) t = 2 seconds 

 
t = 4 seconds t = 6 seconds 

Figure 45. Time Shots: Pitch Attitude for the PA 28-161, Flaps 0-2, 30 deg. Bank, Cockpit 

View 
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Chapter 5 

Conclusions and Recommendations 

5.1 Conclusive Remarks 

Flight test data shows that three of four aircraft demonstrated dangerous free-response 

tendencies due to flap extension, such as increases in pitch attitude (exceeding angles 

requiring parachutes per FAA policy), decreases in airspeed (below stall speeds), and change 

in altitude.  

The highest pitch attitude observed was 32 degrees on the Cessna Skyhawk during a flap 0-

2 deflection with no bank angle. The pitch attitude changes were more docile in the 30 degree 

bank case, since the loss in lift resulting from the bank did not allow the airplane to pitch 

upwards.  

The most profound results are obtained by comparing the behavior of the Warrior II and 

Cherokee 180 aircraft. The latter demonstrated very few changes in aircraft parameters 

compared to the first, making it an interesting case study. The two airplanes are very similar 

geometrically, with a big exception on the horizontal tail. The Cherokee 180 has a much 

smaller tail (spanwise). The tail size affects the pitch moment by producing more or less 

downforce. The horizontal tail provides a positive contribution to stability, however an 

excessive increase in tail surface area makes an airplane more susceptible to downwash 

effect.  

Studies as presented in this thesis have shown a high number of loss of control accidents 

occurring in the traffic pattern, where the aircraft is at low altitude and low airspeed. The 

location of these accidents, show that it is coincidental with points in which flaps are usually 

deployed on approach, or retracted during a go-around. The true potential for danger is an 

absence for clear guidelines on flap use, both in terms of location in the traffic pattern and 

flap settings.  
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All recorded stick forces have been found to be within FAA regulations, yet have been found 

to be high even for an experienced FTP, and in the wrong direction. 

The tests performed during a go-around have shown that if flaps are fully retracted at an 

altitude of 300 feet above the ground and the controls are left untouched for 10 seconds, the 

airplane will impact with the ground at a higher airspeed. Of course, leaving the controls 

unmonitored for ten seconds is unlikely, yet it was mentioned at the New Orleans Loss of 

Control Workshop held in October 2015 by NTSB that airline pilots can take up to 9 seconds 

to understand and react to an unusual attitude if surprised. Examples of this reaction time 

can also be observed on several other aviation accidents, including AirAsia flight 8501 and 

Russian Airlines flight AFL 593. 

This effect of configuration change on longitudinal trim cannot be considered an absolute 

imperative, but studies in aviation safety have shown how accidents are a result of a “chain 

of causation”, a series of unfortunate events that once accumulated, lead to a tragedy. The 

“Swiss Cheese Model” described by James Reason in 1990 explains the various layers and 

the related absent (or failed) defenses to each layers that result in an incident or accident. 

These include: organizational influences, unsafe supervision, preconditions for unsafe acts, 

and unsafe acts.  The most common element present in traffic pattern is undoubtedly pilot 

distraction, as he or she is most probably likely to be looking outside.  

Aviation accidents are always staggering. The risk of fatality due to crashes is undoubtedly 

higher on aircraft than common transportation methods. The high amount of accidents in 

general aviation due to loss of control have increased and resisted prevention attempts to the 

point of having the NTSB place “LOC in general aviation” as one of the Most Wanted items 

in 2016.  

This thesis outlined the results obtained from flight testing four general aviation aircraft, 

demonstrating the dangers involving aircraft configuration changes via flaps. The data 

collected and analyzed in this thesis can be used in mitigating the risks of LOC accidents 

during approach procedures in the traffic pattern in general aviation when used by the 
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appropriate aviation authorities. It is the main purpose of this thesis and research to save 

lives, by enhancing aviation safety. 

 

 

5.2 Recommendations 

This thesis has gathered sufficient data to propose a revised version of FAR 23.145, which 

is edited below. Bold text refers to additions or modifications in the regulation. 

(b) Unless otherwise required, it must be possible to carry out the following 

maneuvers without requiring the application of single-handed control forces exceeding a 

10 pound force. The trimming controls must not be adjusted during the maneuvers: 

(1) With the landing gear extended, the flaps retracted, and the airplanes as nearly as 

possible in trim at 1.4 VS1, extend the flaps as rapidly as possible and allow the airspeed to 

transition from 1.4VS1 to 1.4 VSO: 

(i) […] 

(ii) With the power necessary to maintain level flight in the initial condition. 

 (2) With landing gear and flaps extended, power off, and the airplane as nearly as 

possible in trim at 1.3 VSO: quickly apply takeoff power and retract the flaps as rapidly as 

possible to the recommended go around setting and allow the airspeed to transition from 

1.3 VSO to 1.3 VS1. Retract the gear when a positive rate of climb is established. 

 (3) With landing gear and flaps extended, in level flight, power necessary to attain 

level flight at 1.1 VSO, and the airplane as nearly as possible in trim, it must be possible to 

maintain approximately level flight while retracting the flaps as rapidly as possible with 

simultaneous application of not more than maximum continuous power. If gated flat 

positions are provided, the flap retraction may be demonstrated in stages with power and 

trim reset for level flight at 1.1 VS1, in the initial configuration for each stage— 

(i) From the fully extended position to the most extended gated position; 

(ii) Between intermediate gated positions, if applicable; and 

(iii) From the least extended gated position to the fully retracted position. 

(c) All flap configuration changes (including intermediate gated position changes) 

should respect a maximum of 10 pounds of force. It is recommended that the direction of 

the force be nose up (push) for a flap retraction and nose down (pull) for a flap 

extension. 
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This thesis further recommends an addition to FAR 23.143, as seen below. 

[…] 

(c) If marginal conditions exist with regard to required pilot strength, the control 

forces necessary must be determined by quantitative tests. In no case may the control 

forces under the conditions specified in paragraphs (a) and (b) of this section exceed those 

prescribed in the following table, or, as otherwise specified in FAR 23.145 […] 

 

The additions presented above are not only applicable, but reliable in providing more safety 

in flight. The 10 pound force is reasonable as the Piper Cherokee 180 required stick forces 

far less. Moreover, the lack of force direction has been addressed. All observed forces act in 

a contrary direction. The flap extensions caused the nose to pitch up, which required of the 

pilot a push force. The amendments provided above take care of this issue as well. 

There are several recommendations for further flight testing. It has been seen that bank angle 

is correlated with pitch attitude change, and for this reason, different trim bank angles should 

be tested during flap configuration changes. Stick forces should be tested also during other 

maneuvers like a go-around, and the aircraft test fleet should be enlarged to include 

multiengine and T-tailed aircraft. 
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Appendix A: Detailed Weight and Balance 

Table 26. PA 32-260 Detailed Weight Distribution 

 Forward CG Location Aft CG Location 

Front Seats 360 lbs. 170 lbs. 

Center Seats 340 lbs. 160 lbs. 

Aft Seats 0 lbs. 360 lbs. 

Fuel 360 lbs. 360 lbs. 

Ballast 75 lbs. (forward baggage) 50 lbs. (aft baggage) 

 

 

 

 

Figure 46. PA 32-260 Flight Envelope with forward and aft CG locations 
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Table 27. PA 28-180 Detailed Weight Distribution 

 Forward CG Location Aft CG Location 

Front Seats 350 lbs. 170 lbs. 

Aft Seats 160 lbs. 340 lbs. 

Fuel 300 lbs. 300 lbs. 

Ballast 75 lbs. (under forward seat) 25 lbs. (aft baggage) 

 

 

Figure 47. PA 28-180 Flight Envelope with forward and aft CG locations 
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Table 28. PA 28-161 Detailed Weight Distribution 

 Forward CG Location Aft CG Location 

Front Seats 350 lbs. 170 lbs. 

Aft Seats 160 lbs. 340 lbs. 

Fuel 3288 lbs. 288 lbs. 

Ballast 25 lbs. (under forward seat) 25 lbs. (aft baggage) 

 

 

Figure 48. PA 28-161 Flight Envelope with forward and aft CG locations 
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Table 29. C-172M Detailed Weight Distribution 

 Forward CG Location Aft CG Location 

Front Seats N/A 170 lbs. 

Aft Seats N/A 330 lbs. 

Fuel N/A 228 lbs. 

Ballast N/A 0 

 

 

Figure 49. C-172M Flight Envelope with forward and aft CG locations 
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Appendix B: Flight Test Cards 

 

Figure 50. Flight Test Cards: Cover 
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Figure 51. Flight Test Cards: Test A (Stick Force Measurement) 
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Figure 52. Flight Test Cards: Tests B and C (All Other Parameters) 
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Appendix C: Supplemental Flight Test Data 

 

Figure 53. Altitude change for a Go-Around Maneuver, PA 32-260. 

 

Figure 54. Altitude change for a Go-Around Maneuver, PA 28-180. 
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Figure 55. Altitude change for a Go-Around Maneuver, PA 28-161. 

 

Figure 56. Altitude change for a Go-Around Maneuver, C 172-M. 
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Piper PA 28-161 Warrior, Aft CG Configuration 

Table 30. Flaps 0-3, PA28-161, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 92 3000 1 

1 90 3010 4 

2 84 3020 7 

3 77 3040 20 

4 69 3080 26 

5 60 3140 30 

6 52 3180 32 

7 46 3220 28 

8 40 3220 18 

9 40 3240 -1 

 

Table 31. Flaps 0-1, PA 28-161, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 91 2880 0 

1 89 2880 2 

2 86 2880 5 

3 85 2880 8 

4 81 2900 12 

5 78 2920 15 

6 75 2930 15 

7 70 2960 14 

8 69 2980 10 

9 67 2990 7 

10 64 3000 4 

11 63 3000 1 
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Table 32. Flaps 2-3, PA 28-161, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 68 3010 3 

1 67 3010 3 

2 64 3010 5 

3 63 3010 6 

4 62 3010 6 

5 60 3020 6 

6 58 3030 5 

7 58 3040 4 

 

Table 33. Flaps 2-0, PA28-161, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 92 2700 1 

1 94 2700 0 

2 98 2720 -8 

3 101 2680 -10 

4 106 2680 -18 

5 112 2640 -17 

6 116 2600 -6 

7 122 2560 -5 

8 128 2520 -3 

9 132 2500 -1 
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Table 34. Flaps 0-3, 30 degree Bank, PA28-161, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 104 4220 0 30 

1 98 4220 5 40 

2 92 4220 9 45 

3 83 4240 15 50 

4 79 4260 10 55 

5 75 4260 7 58 

6 70 4280 5 58 

7 67 4300 1 58 

8 63 4320 -5 58 

 

Table 35. Flaps 0-1, 30 degree Bank, PA28-161, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 92 4080 2 30 

1 92 4080 2 30 

2 92 4080 2 32 

3 91 4080 5 32 

4 90 4080 2 35 

5 89 4070 2 38 

6 87 4070 2 40 

7 86 4080 2 45 

8 86 4080 1 40 

9 86 4080 1 35 

10 86 4080 0 30 
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Table 36. Flaps 2-3, 20 degree Bank, PA28-161, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 69 4080 0 20 

1 69 4070 0 20 

2 69 4070 1 20 

3 68 4070 2 25 

4 66 4070 3 28 

5 64 4070 3 33 

6 63 4080 3 33 

7 62 4080 1 33 

8 62 4080 0 33 

 

Piper PA28-161 Warrior, Forward CG Configuration 

Table 37. Flaps 0-3, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 92 3780 0 

1 89 3780 15 

2 85 3780 20 

3 78 3810 25 

4 74 3840 28 

5 66 3880 30 

6 59 3900 28 

7 54 3920 25 

8 52 3950 15 

9 48 3960 5 

10 51 3960 -1 
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Table 38. Flaps 0-2, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 94 3820 1 

1 92 3820 4 

2 89 3820 10 

3 84 3840 18 

4 79 3850 25 

5 71 3880 30 

6 67 3900 28 

7 62 3930 25 

8 56 3970 20 

9 53 3980 10 

10 53 3990 1 

 

Table 39. Flaps 0-1, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 92 3680 0 

1 91 3680 2 

2 90 3680 5 

3 87 3680 7 

4 86 3690 9 

5 84 3690 10 

6 81 3700 9 

7 79 3710 8 

8 76 3720 6 

9 75 3740 5 
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Table 40. Flaps 1-2, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 90 3660 1 

1 86 3660 3 

2 85 3660 6 

3 82 3680 8 

4 79 3700 10 

5 75 3720 10 

6 71 3740 8 

7 69 3760 5 

8 68 3780 3 

9 67 3780 1 

 

Table 41. Flaps 2-3, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 93 3580 0 

1 92 3580 1 

2 91 3580 2 

3 87 3580 2 

4 86 3580 2 

5 85 3580 2 

6 82 3590 1 

 

Table 42. Flaps 2-0, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 92 3540 3 

1 91 3540 3 

2 92 3560 -1 

3 96 3550 -5 

4 100 3540 -8 

5 107 3520 -10 

6 113 3500 -11 

7 121 3450 -15 
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Table 43. Flaps 3-0, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 96 4010 0 

1 98 4010 -8 

2 101 4000 -11 

3 107 4000 -15 

4 113 3940 -19 

5 121 3900 -20 

6 129 3820 -20 

 

Table 44. Flaps 0-3, 30 degree Bank, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 94 3840 1 25 

1 92 3840 9 25 

2 85 3870 15 29 

3 75 3910 15 30 

4 67 3980 15 40 

5 60 4000 10 40 

6 58 4000 8 40 

7 56 4000 2 35 

8 55 4010 -5 35 

 

Table 45. Flaps 0-2, 30 degree Bank, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 96 3780 0 30 

1 92 3780 5 35 

2 87 3790 6 43 

3 86 3800 4 50 

4 83 3820 3 52 

5 81 3830 0 50 

6 81 3840 -1 50 
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Table 46. Flaps 0-1, 30 degree Bank, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 96 3890 2 30 

1 94 3880 5 30 

2 94 3890 5 33 

3 92 3890 5 33 

4 92 3890 4 33 

 

Table 47. Flaps 1-2, 30 degree Bank, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 92 3950 1 25 

1 90 3950 3 26 

2 87 3950 5 27 

3 85 3960 7 28 

4 82 3980 7 29 

5 79 3990 6 30 

6 75 4010 5 32 

7 71 4020 3 34 

8 69 4030 2 35 

 

Table 48. Flaps 2-3, 30 degree Bank, PA28-161, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 91 3980 0 29 

1 90 3980 1 29 

2 87 3980 2 29 

3 86 3980 2 29 

4 86 3990 1 30 

5 84 3990 1 30 

6 83 3990 1 32 

7 83 3990 0 32 

8 82 3990 -1 33 
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Piper PA28-180 Cherokee 180, Aft CG Configuration 

Table 49. Flaps 0-3, PA28-180, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 90 2610 0 

1 88 2600 -2 

2 89 NA 0 

3 87 NA 0 

4 86 NA 1 

5 82 NA 2 

6 83 NA 1 

7 80 2580 1 

8 79 2570 1 

9 77 2570 0 

 

Table 50. Flaps 0-1, PA28-180, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 96 NA 0 

1 96 NA 0 

2 95 2140 3 

3 95 2140 5 

4 93 NA 9 

5 90 NA 10 

6 87 NA 12 

7 84 NA 13 

8 79 NA 13 

9 75 NA 10 

10 73 2180 9 

11 70 2180 6 

12 70 2190 2 

13 70 2190 0 

14 72 2180 -2 

15 75 2160 -4 
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Table 51. Flaps 2-3, PA28-180, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 90 1380 -1 

1 88 NA -1 

2 86 1340 -1 

3 85 1340 -1 

4 83 1320 -1 

5 82 1320 -3 

6 82 1310 -3 

7 82 1280 -5 

 

Table 52. Flaps 2-0, PA28-180, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 89 1480 4 

1 90 NA NA 

2 90 NA 9 

3 90 1500 3 

4 92 1520 2 

5 95 1520 1 

 

Table 53. Flaps 0-3, 30 degree Bank, PA28-180, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 89 1580 5 26 

1 86 1570 1 26 

2 87 1560 2 26 

3 85 1560 3 28 

4 82 1560 5 29 

5 80 1550 5 29 

6 76 1550 4 29 

7 75 1550 0 30 

8 75 1550 0 30 
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Table 54. Flaps 0-1, 30 degree Bank, PA28-180, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 97 2560 2 20 

1 95 2560 5 21 

2 93 2560 5 20 

3 90 2560 8 20 

4 89 2550 10 22 

5 86 2550 9 22 

6 84 2550 9 23 

7 82 2550 7 25 

8 81 2540 5 27 

9 81 2540 2 29 

 

Piper PA28-180 Cherokee 180, Forward CG Configuration 

Table 55. Flaps 0-3, PA28-180, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 91 3240 3 

1 90 3240 0 

2 89 3240 1 

3 86 NA 1 

4 84 NA 1 

5 82 NA 1 

6 81 NA -1 

7 80 NA 0 
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Table 56. Flaps 0-2, PA28-180, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 91 2640 1 

1 90 2630 0 

2 90 NA 3 

3 87 NA 5 

4 85 NA 8 

5 83 NA NA 

6 80 NA NA 

 

Table 57. Flaps 0-1, PA28-180, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 90 1700 1 

1 88 1690 5 

2 87 NA 7 

3 86 NA 9 

4 84 NA 9 

5 83 NA 9 

6 81 NA 6 

7 80 1690 6 

8 78 1680 5 

9 76 1680 4 

10 76 1660 1 

11 80 1660 0 
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Table 58. Flaps 1-2, PA28-180, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 90 NA 0 

1 87 1160 0 

2 88 NA -1 

3 87 NA 0 

4 86 NA 0 

5 86 NA 0 

6 86 NA 0 

7 86 NA 0 

8 87 NA 0 

9 87 NA 0 

 

Table 59. Flaps 2-3, PA28-180, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 85 NA -1 

1 86 NA -4 

2 87 980 -5 

3 88 960 -6 

4 88 NA -7 

5 90 NA -8 

6 90 NA -8 

7 92 NA -7 
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Table 60. Flaps 2-0, PA28-180, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 92 4170 2 

1 94 4160 1 

2 95 4160 0 

3 98 4160 0 

4 100 4160 0 

5 102 4160 0 

6 104 4160 0 

7 105 4160 1 

 

Table 61. Flaps 3-0, PA28-180, Forward CG 

 

 

 

 

 

 

 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 90 4480 0 

1 90 4480 4 

2 91 4470 2 

3 94 4460 1 

4 97 4460 0 

5 100 4460 0 

6 102 4450 0 

7 103 4440 1 

8 103 4430 1 
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Table 62. Flaps 0-2, 30 degree Bank, PA28-180, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 94 4120 5 22 

1 93 4110 3 23 

2 93 4110 3 23 

3 92 NA 3 18 

4 90 NA NA NA 

5 88 NA NA 18 

6 85 NA 8 20 

7 83 NA 6 22 

8 80 NA 5 20 

9 80 NA 2 18 

10 80 4080 0 20 

 

 

Table 63. Flaps 0-3, 30 degree Bank, PA28-180, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 92 3420 -1 23 

1 94 3400 -2 23 

2 94 3370 -5 23 

3 94 3370 -5 20 

4 94 NA -5 19 

5 95 NA -6 18 

6 96 NA -3 18 

7 95 NA -2 18 

8 92 NA -2 15 
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Table 64. Flaps 0-1, 30 degree Bank, PA28-180, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 93 2520 0 23 

1 95 2500 0 22 

2 95 2480 0 22 

3 97 NA 3 20 

4 96 NA 2 22 

5 96 NA 3 21 

6 96 NA 3 21 

 

 

Table 65. Flaps 1-2, 30 degree Bank, PA28-180, Forward CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 92 NA 1 20 

1 91 NA 0 22 

2 91 NA -1 22 

3 90 NA 0 22 

4 90 NA 0 22 

5 87 NA 0 22 

6 86 NA 0 22 

7 86 NA -1 22 

8 86 NA -1 22 
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Piper PA32-260 Cherokee Six, Aft CG Configuration 

Table 66. Flaps 0-1, PA32-260, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 91 4080 3 

1 90 4080 3 

2 90 4080 3 

3 85 4090 10 

4 84 4090 12 

5 81 4110 15 

6 77 4130 20 

7 75 4150 22 

8 70 4180 17 

9 67 4200 15 

10 65 4220 12 

11 63 4240 10 

12 63 4250 9 

13 63 4250 7 

14 65 4250 3 

 

 

Table 67. Flaps 2-3, PA32-260, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 91 4010 -1 

1 90 4000 1 

2 87 4000 3 

3 84 4010 6 

4 83 4010 9 

5 79 4040 12 

6 75 4060 12 

7 72 4080 11 

8 70 4100 9 

9 68 4110 7 

10 66 4120 5 

11 66 4120 2 
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Table 68. Flaps 2-0, PA32-260, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 92 4400 0 

1 98 4420 -4 

2 102 4420 -10 

3 110 4400 -18 

4 112 4360 -20 

5 118 4280 -10 

6 120 4240 -9 

7 120 4220 -7 

8 121 4220 -3 

 

Table 69. Flaps 0-1, 30 degree Bank, PA32-260, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 95 4300 0 30 

1 90 4300 10 32 

2 89 4300 10 32 

3 97 4320 10 32 

4 82 4340 5 32 

5 80 4360 7 30 

6 78 4380 10 29 

7 75 4410 10 28 

8 72 4420 10 27 

9 70 4440 5 30 

10 70 4440 2 30 
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Piper PA32-260 Cherokee Six, Forward CG Configuration 

Table 70. Flaps 0-2, PA32-260, Forward CG (hand recorded) 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 90 1650 5 

5 72 1600 15 

10 53 1750 10 

15 70 1650 -10 

20 82 1550 0 

25 71 1550 12 

 

Table 71. Flaps 0-3, PA32-260, Forward CG (hand recorded) 

Time (sec) Airspeed (mph) 

0 90 

10 45 

15 68 

 

 

Table 72. Flaps 0-1, PA32-260, Forward CG (hand recorded) 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 90 2150 5 

5 83 2100 10 

10 74 2150 5 

15 80 2140 -3 

20 88 2050 5 

25 84 2000 5 
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Table 73. Flaps 1-2, PA32-260, Forward CG (hand recorded) 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 90 3050 5 

5 78 3150 10 

10 69 3200 5 

15 73 3150 -2 

20 82 3100 0 

25 - 3100 10 

 

Table 74. Flaps 2-3, PA32-260, Forward CG (hand recorded) 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 90 3050 0 

5 83 2975 5 

10 78 2925 0 

15 82 3000 -7 

20 87 2940 -3 

25 86 2900 0 

 

 

Cessna C 172-M Skyhawk, Aft CG Configuration 

Table 75. Flaps 0-3, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 90 3460 0 

1 90 3460 2 

2 88 3480 5 

3 81 3480 12 

4 75 3490 20 

5 65 3520 29 

6 55 3560 35 

7 43 3620 33 

8 41 3650 25 

9 40 3680 11 

10 40 3690 1 
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Table 76. Flaps 0-4, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 92 4000 0 

1 90 4000 1 

2 88 3990 4 

3 83 3990 14 

4 77 3990 25 

5 68 4010 32 

6 60 4050 35 

7 51 NA 37 

8 40 NA 37 

9 40 NA 32 

10 40 NA 12 

11 41 NA -25 

 

Table 77. Flaps 0-1, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 89 3750 0 

1 87 3750 0 

2 85 3750 2 

3 81 3750 4 

4 80 3750 7 

5 76 3750 10 

6 72 3760 14 

7 70 3780 15 
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Table 78. Flaps 2-3, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 88 3490 -1 

1 86 3490 0 

2 82 3490 1 

3 80 3490 1 

4 79 3490 1 

5 75 3490 3 

6 71 3500 2 

7 70 3500 2 

 

Table 79. Flaps 3-4, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 87 3190 -1 

1 81 3190 2 

2 76 3190 5 

3 71 3190 11 

4 69 3190 15 

5 62 3210 17 

6 60 3220 17 

7 55 3240 17 

8 51 3250 15 

9 45 3260 9 

10 42 3260 5 

 

Table 80. Flaps 2-0, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 82 3010 0 

1 85 3010 -4 

2 93 3010 -5 

3 93 3000 -1 

4 94 3000 0 
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Table 81. Flaps 4-0, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) 

0 80 2780 -4 

1 83 2780 -10 

2 89 2780 -13 

3 95 2760 -20 

4 100 2740 -25 

5 108 2690 -22 

6 114 2640 -20 

7 123 2610 -17 

8 128 2580 -12 

9 130 2560 -10 

10 132 2530 -5 

11 130 2510 -3 

 

Table 82. Flaps 0-3, 30 degree Bank, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 90 3200 1 30 

1 85 3200 1 30 

2 83 3200 1 32 

3 80 3200 7 32 

4 75 3200 10 36 

5 68 3200 15 45 

6 60 3200 10 50 

7 55 3200 8 55 
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Table 83. Flaps 0-4, 30 degree Bank, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 89 2740 5 30 

1 85 2740 10 35 

2 80 2730 15 40 

3 79 2730 12 45 

4 70 2740 10 47 

5 67 2750 10 40 

 

Table 84. Flaps 0-1, 30 degree Bank, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 95 2440 5 30 

1 91 2440 9 35 

2 90 2440 9 35 

3 87 2440 9 35 

4 83 2440 11 37 

5 78 2440 12 35 

6 74 2450 10 32 

 

Table 85. Flaps 2-3, 30 degree Bank, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 90 2280 2 30 

1 88 2280 3 33 

2 84 2270 8 35 

3 80 2270 9 35 

4 79 2270 5 35 

5 76 2270 5 33 

6 72 2270 5 33 

7 70 2280 4 32 
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Table 86. Flaps 3-4, 30 degree Bank, C 172-M, Aft CG 

Time (sec) Airspeed (mph) Altitude (feet) Pitch (degrees) Bank Angle (degrees) 

0 92 2900 -1 30 

1 90 2880 0 28 

2 88 2880 0 30 

3 85 2870 0 30 

4 82 2880 3 31 

5 80 2880 1 30 
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Appendix D: Flight Analysis of Aircraft Reponse 

There are various aerodynamic phenomena occurring on the aircraft’s surfaces during 

configuration changes. These include aerodynamic downwash magnitude change as well as 

flap vortex generation. This chapter will briefly outline the possible causes present during 

configuration changes which might explain the aircraft behavior observed during flight test. 

The downwash produced by a wing is a result of fluid motion around a finite wing being 

affected by pressure differentials. The production of lift is a result of pressure differences 

between the suction and pressure surfaces of a wing, which cause the freestream flow to 

follow a vortex motion. The flow at higher pressures (pressure surface under the wing) flows 

towards areas of lower pressure (suction surface over the wing) in the spanwise direction 

(towards wing tips). This causes vortices known as wing tip vortices [43]. This flow 

deflection occurs also in the downward direction, known as downwash.  

 

Downwash Produced by the Wing 

The downwash is responsible for various losses in airplane performance, including an 

increase in drag and a decrease in lift. Figure 57 shows how the downwash from the wing, 

w, causes an effective change in angle of attack at the tail, effectively decreasing it. This new 

flow direction changes the aerodynamics of the wing. This lower angle of attack will 

therefore result in a decrease in lift coefficient, as expressed in Eq. 6, where 𝛼𝑖  is the 

reduction in angle of attack due to the presence of the downwash, w. Note that this is 

validated through lifting line theory (Prandtl) [43].  It should also be noted that the 

phenomenon is more complex than specified above, since a wing (whether its main wing or 

tail) will have a recirculation around it, creating upwash at the leading edge and downwash 

at the trailing edge [44] [45] [46].  
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Figure 57. Downwash Acting on a Finite Wing Section [43]. 

𝐶𝐿 = 𝐶𝐿𝛼(𝛼 − 𝛼𝑖) Eq. 6 

 

Another effect of the downwash is the creation of induced drag. Since lift is generated 

orthogonally to the relative wind, the lift vector will be angled towards the trailing edge by 

an angle 𝛼𝑖, causing a horizontal component of lift (in the drag direction) to be created.  

It is therefore established that the downwash created by a wing possesses negative qualities 

for the wing itself. Since engineers consider the atmosphere a continuum, the effects of the 

downwash should be considered also aft of the wing, and analyzed with respect to the 

horizontal tail. The downwash with dimension w under the wing will continue to increase 

past the wing, reaching a point of even 2w [47]. This explains why the downwash produced 

by the wing will affect the horizontal tail, downstream. 
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Consequences of Wing Downwash on Horizontal Tail 

The first noticeable consequence of the wing’s downwash on the horizontal tail is the 

reduction of free stream dynamic pressure. This causes the tail efficiency to decrease, usually 

by around 10% [48]. As mentioned in the previous section, Use of Flaps in General Aviation, 

the angle of attack of the tail is also altered because of the wing’s downwash, since it is found 

within the “downwash field” [49] [50]. 

The tail is affected by the horizontal wing whether flaps are deployed or not, because the 

downwash is created even without a “dirty” configuration [51]. However, adding flaps will 

result in an increase in the wing’s downwash, incrementing the effects on the horizontal tail. 

The induced angle of attack at the tail, ϵ is one of these modified elements, and is related to 

downwash through Eq. 7 [52]. Thus, the angle of attack of the tail, α𝑡, is defined in Eq. 8. 

ϵ =
𝑤

𝑉
=

𝑑ϵ

𝑑𝛼
𝑑𝛼 = ϵ𝛼𝛼 Eq. 7 

α𝑡 = 𝛼𝑤 − 𝑖𝑡 − ϵ𝛼𝛼 Eq. 8 

 

So far, the theory explains how the tail angle of attack is affected by the downwash produced 

by the wing. It becomes then trivial that an addition of camber on the wing (like deploying 

flaps) will cause an increase in the downwash angle, further affecting the tail’s angle of 

attack. 

 

The investigation of this thesis is interested however in how downwash affects the pitch 

attitude of the whole aircraft. This can be described using equations for the aircraft’s 

moments (or moment coefficients). An equation can be constructed that includes the 

moments caused by all above elements (wing, tail, lift). The equation, non-dimensionalized, 

is expressed in Eq. 9. 
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C𝑀 = (ℎ − ℎ𝑛𝑤)𝐶𝐿𝑤
− 𝜂𝑡

𝑆𝑡

𝑆

𝑙𝑡

𝑐̅
𝐶𝐿𝑡

+ C𝑀𝑎𝑐 Eq. 9 

 

It is important to notice the effect of changing tail dimensions. The moment coefficient will 

increase positively if we consider the wing contribution to stability, while it will increase 

negatively if we consider the tail contribution. By increasing the tail surface area (or the lift 

coefficient, changing airfoil section for example), will increase the contribution to positive 

stability of the tail. Technically, it is possible to increase the tail size to a point in which there 

is almost too much positive stability, which would cause the tail to overcompensate in case 

of a perturbation.  

Eq. 9 can also be re-written in terms of angle of attack, which clarifies the earlier discussion 

on how incident angle due to downwash affects not only the tail itself, but the airplane as a 

whole, aiding the pitching up motion. 

C𝑀 = (ℎ − ℎ𝑛𝑤)𝑎𝑤𝛼 − (ℎ𝑙 − ℎ)𝜂𝑡

𝑆𝑡

𝑆
𝑎𝑡[𝛼(1 − ϵ𝛼) − 𝑖𝑡] + C𝑀𝑎𝑐 Eq. 10 

 

Eq. 10 expresses aircraft moment coefficient as a function of angle of attack (among other 

variables). The tail term (second term in the equation) shows how the principles expressed 

above represent the pitching moment caused by the downwash of the wing (which can 

include downwash increasing from the flaps). 

This effect is accentuated, and very well accepted for high wing aircraft, like the Cessna 172-

M which has been flight tested for this investigation. The reason is that a higher wing causes 

more of the deflected flow to hit the horizontal tail, since it is located below the wing in 

relation to the vertical axis of the aircraft [53]. If we consider a wing with a horizontal tail 

aligned in height with respect to the vertical axis, as the horizontal tail is moved up in 
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location, the effects of the downwash onto it decrease. As the position decreases vertically, 

the effects of the downwash on the tail increase.  

The situation is different for T-tailed aircraft, which have the horizontal stabilizer positioned 

above the wing (in relation to the vertical axis), and therefore feels the direct dynamic 

pressure of the freestream, and also feels less the effect of the downwash [54]. In this case, 

tail efficiency is closer to 1. 

One of the difficulties of modeling this situation in laboratories is the fact that the downwash 

changes with chord. Therefore, the downwash effect is not constant along the tail (or the 

wing). Numerical models exist, especially using lifting line theory, but will with difficulty 

prove to be an exact model. 

The critical issue, however, which is investigated through flight testing, is how the 

downwash increased by the flap deployment affects pitch attitude and therefore trim. On 

some airplanes, like the Germanic Ruschmeyer aircraft company (Luftfahrttechnik) [55], this 

pitch attitude is so powerful that there is a need for a mechanical system that interconnects 

flaps to elevator trim [56]. Not only is the aircraft longitudinal dynamic motion a factor, but 

also the stick forces required during configuration changes. 

 
 


