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ABSTRACT 

 

The main objective of this thesis is to investigate gradual approaches and methods 

developed to evaluate the power needs for an aircraft trailing edge flap control system during early 

phases of the aircraft development. The aircraft configuration definitions, aircraft level 

requirements, system architecture, and system level requirements either do not exist or are not 

mature enough in early phases. However, there is a need for the estimation of power from early 

phases to approximately size the secondary power sources. Sizing the secondary power source is 

important as it has important implications for engine selection. Power estimation is also important 

in getting appropriate power drive unit (PDU) supplier involved early in the process. The initial 

method of this study involves utilizing data from various aircrafts to logically estimate power for 

flap system under consideration. Power is approximated by evaluating the trend of PDU power 

with respect to maximum take-off weight (MTOW), wing area, flap area and full flap air speed for 

different large commercial aircrafts. The latter method elaborates on the process of calculating 

aerodynamic loads considering mechanical architecture, flap kinematics, and gearing, in order to 

size the overall needed power. Numerical results are provided to illustrate the presented 

methodologies. The results of a case study evaluated by both methodologies present similar power 

estimations. This study demonstrates that the two approaches investigated to evaluate power in 

early phases of aircraft development are reasonable and can be used for early power estimation 

and gradual validation. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

Flaps are high lift devices mounted on the trailing edge of aircraft wings. These are used to 

control the lift generated at the wings. Extension of flaps increase the overall wing surface area 

resulting in the increase in overall lift. This increase in lift is needed particularly during the takeoff, 

approach and landing phases. Various types of trailing edge flap systems are used in commercial 

aircraft depending upon the need for the additional lift. The flap control system is used to control 

the position of trailing edge flaps from cockpit.  The flap control system functionally consists of 

pilot control system, flap control and monitor system, power drive unit, power transmission and 

actuation system, and flap position, skew and asymmetry sensing system. 

Pilot has ability to set the flaps to various positions by using flap handle located at the 

cockpit, usually at center pedestal. The flap control and monitor unit gather data from pilot controls 

and various sensors and command and monitor the system appropriately. Power drive unit (PDU) 

is a source of mechanical power for the system. The power transmission is via a mechanical torque 

tube in most of the large commercial aircrafts. The actuation and mechanism combination are 

responsible in providing the flap translation and rotation. Different types of sensors are used 

throughout the mechanical architecture to monitor the position, asymmetry and skew conditions.  

Power sizing largely depends on the aerodynamic loads on the flap surface as well as flap 

rates defined for the aircraft. It is also affected by the overall efficiency of the mechanical 

architecture between PDU and flap surfaces. These factors affecting the overall power will be 

taken into consideration in this study. 
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1.2 LITERATURE REVIEW 

This section discusses the overall purpose of high lift system and the industry trends in 

trailing edge flap systems. It elaborates on the conventional mechanical architecture of the flap 

control systems used in large commercial aircrafts. It also explores various ways the industry has 

been mechanizing the flap deployment and dives a little more into dropped hinge mechanism. It 

discusses the aerodynamic loads on flaps which is the basis for power sizing and various factors 

and considerations for the load estimation.  

1.2.1 Purpose of High Lift System and Trends in Trailing Edge Flap System 

Large commercial subsonic aircrafts benefit significantly from having ability to control the 

overall lift generated at wings. High lift devices allow these aircrafts to control the overall lift as 

needed in various flight phases. Additional lift is needed during takeoff, approach and landing 

phases. This additional lift is generated by extension of high lift devices, essentially increasing 

overall wing surface area. However, if the wings were to be designed by permanently adding the 

additional surface area to meet the above-mentioned lift requirements, the cruise efficiency 

would significantly drop as pointed out by Dam (Dam, 2002). Thus, high lift system is important 

from the point of view of effectively controlling lift as needed throughout various flight phases. 

Dam (Dam, 2002) also points out the industry not moving to laminar wing development instead 

continuing with turbulent wings in recent future which makes high lift system a necessity for 

large commercial subsonic aircrafts. Laminar flow technology would allow aircraft with constant 

wing area to be efficient at high speed cruise.  Figure 1-1 shows wing configurations with 

leading edge devices, trailing edge devices and no high lift devices and, lift coefficient CL 

variations in those. Rudolph (Rudolph, 1996) elaborating on the importance of high lift devices 

states, “The early breed of slow commercial airliners did not require high-lift systems because 

their wing loadings were low and their speed ratios between cruise and low speed (takeoff and 
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landing) were about 2:1. However, even in those days the benefit of high-lift devices was 

recognized.” He further explains, “As commercial-airplane cruise speeds increased with the 

development of more powerful engines, wing loadings increased and a real need for high-lift 

devices emerged to keep takeoff and landing speeds within reasonable limits”. 

 

Figure 1-1: Lift coefficient variation with angle of attack for wing with various high lift device 
configurations (Rudolph, 1996) 

High lift system in large commercial aircrafts consists of wing leading-edge and trailing-

edge devices, as shown in Figure 1-1. Leading edge device include leading edge flaps and slats 

while trailing edge devices include trailing edge flaps. There is a variation in the trailing edge 

flaps with how those extend. Some flaps simply hinge like primary flight control surfaces from 

the trailing edge while other translate aft increasing overall wing lift without significantly 

increasing drag before rotating. The former one is called simple hinged flap while the latter one 

is called fowler flap. The mechanical control system for the fowler flaps naturally becomes more 

complex and heavier. However, the mechanical complexity in modern flap control system has 

gone down especially since A350 and B787 used dropped hinge mechanism for trailing edge flap 

system. In addition, these new flap systems accommodate more functions other than just 

conventional lift control. Figure 1-2 (Lampl, Königsberger, & Hornung, 2017) shows the history 
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of trailing edge flap system complexity and functionality. Similar conclusion comes from 

Rudolph (Rudolph, 1996), which states, “The complexity of high-lift systems probably peaked 

on the Boeing 747, which has a VC Krueger flap and triple-slotted, inboard and outboard 

trailing-edge flaps. Since then, the tendency in high-lift system development has been to achieve 

high levels of lift with simpler devices in order to reduce fleet acquisition and maintenance 

costs.” For the purpose of this study, simple dropped hinge mechanism is selected, as well as the 

industry has trended in that direction.  

 

Figure 1-2: System complexity and functionality history of TE flaps (Lampl, Königsberger, & 
Hornung, 2017) 

1.2.2 Mechanical Architecture of Flap System 

The mechanical architecture of flap control system in most of the large commercial 

aircrafts has not changed much in last fifty years or so. As the functional requirements, safety 

requirements and regulatory compliance are met with this simplistic proven architecture, the 

industry has not taken steps in the direction of changing it. 
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Figure 1-3: Simple high lift system architecture of A320 (Lampl, Königsberger, & Hornung, 
2017) 

The power source for the system is centrally located Power Drive Unit (PDU) also 

referred as Power Control Unit (PCU), as illustrated in Figure 1-3. Typically, it consists of 

hydraulic and an electric motor or two hydraulic motors for the purpose of redundancy. The 

primary motor is fully capable of supplying all power needs throughout the flap operation while 

the backup motor has relatively less power yielding slower flap rates. It is used in the event of 

loss of primary motor. Both motors are attached to a common PDU gearbox.  

Power transmission from the PDU to the individual actuators is performed by mechanical 

torque tube. However, there are various sub-systems and components along the transmission for 

various functionalities of position sensing, torque sensing, braking and other functions. The high 

part count is a result of the many links, joints, gearboxes and small intermediate systems that 

allow for wing bending and temperature changes (Zaccai, 2014). Zaccai further explains (Zaccai, 

2014), “There are multiple torque limiters, one at the drive motor and others at each mechanism 

actuator. Universal joints allow torque tube rotation during wing bending and at dedicated 
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locations the tubes can extend/retract, while bearings hold the tubes into place. At the wing kink, 

an angular gearbox transforms the rotating motion into another direction. Finally, a shaft brake 

keeps the chosen flap setting constant, which the position sensor feeds back to the cockpit.” This 

description is shown in Figure 1-4.  

The torque tubes drive transmission gear boxes present at individual actuator station. 

These actuators actuate mechanisms that are physically connected to flap segment and are 

designed to provide appropriate flap motion. More about the actuation and mechanisms will be 

discussed in following section of this chapter.  

 

Figure 1-4: Common components of a mechanical transmission system (Zaccai, 2014) 

The main design requirements of the high-lift system architecture of commercial 

transport aircraft is to assure synchronous setting and to avoid asymmetric flap and slat 

deflections. Consequently, conventional system architectures with central Power Control Units 

(PCUs) and mechanical transmission shaft with rotary or ball screw actuators have been 
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established (Lampl, Königsberger, & Hornung, 2017). Functional hazard assessment, the first 

step of aircraft system safety analysis, which is performed to show compliance to FAR 25.1309  

(Federal Aviation Administration, 2019) following industry guidance ARP 4754A recognizes 

flap asymmetry as a more critical failure compared to other functional failures like loss of flap 

control in almost all large commercial aircrafts. This is true because even a small asymmetry can 

easily result to a catastrophic failure especially in subsonic speeds. 

FAR 25.701(a) (Federal Aviation Administration, 2019) that elaborates about flap and 

slat interconnection states, “Unless the airplane has safe flight characteristics with the flaps or 

slats retracted on one side and extended on the other, the motion of flaps or slats on opposite 

sides of the plane of symmetry must be synchronized by a mechanical interconnection or 

approved equivalent means.” Industry has been addressing the safety requirements for 

asymmetric failure conditions as well as showing compliance to both the regulations by having a 

mechanical torque tube that not only drives all the flap actuators but also acts as an 

interconnection between flap segments on two wings. The industry has not explored much in the 

direction of “approved equivalent means.”  

However, mechanical architectures are gradually changing with the introduction of 

additional functions to the trailing edge flap system. The most recent examples are A350 and 

B787 where asynchronous actuation allows for differential flap settings.  

1.2.3 Mechanizing Flap Motion in Large Commercial Aircrafts (Actuation and 
Mechanism) 

The need for additional lift is different for different aircrafts. Some flaps simply hinge from 

the trailing edge like primary flight control surfaces, while others translate aft significantly 

increasing the overall wing foil and thus increasing clean lift before rotating down. Some flaps 
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are single segment in chordwise direction, while others are two or three segments that may be 

mechanically fixed or articulating to each other. Depending upon the variation in the flap motion 

and segments, mechanizing the flap motion can get very complicated than simply hinging it. 

Rudolph tries to capture various types of trailing edge devices used in the industry (Rudolph, 

1996), as: 

 Split flap  

 Plain flap 

 Simple slotted flap 

 Single-slotted Fowler flap 

 Fixed vane/main double-slotted flap 

 Articulating vane/main double-slotted flap 

 Main/aft double-slotted flap  

 Triple-slotted flap 

When flaps translate aft at first and have majority of rotation in the end, such a motion is 

called fowler motion and is common in most large commercial aircrafts. This type of motion 

increases the overall wing chord and thus maximize L/D which is particularly useful for takeoff. 

Rudolph (Rudolph, 1996) also classifies various mechanisms used for commercial aircrafts into:  

 Simple hinge for fowler flap 

 Upright fourbar linkage 

 Upside down fourbar linkage 

 Upside down upright fourbar linkage 

 Complex fourbar linkages 
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 Hooked track supports 

 Link track mechanisms 

The list above includes almost all the mechanisms that have been used in large commercial 

aircrafts. All these mechanisms are used with a combination of either linear jackscrew type 

actuator or rotary actuators.  

Zaccai (Zaccai, 2014) summarizes the trend in high lift system mechanisms for more than 

last 50 years in Figure 1-5. 

 

Figure 1-5: Flap mechanism trends (Zaccai, 2014) 

In an effort to solve the fowler needs, the mechanism complexity and overall system 

weight went up in some of the flap systems developed by Airbus and Boeing in eighties and 

nineties. However, the current trend is moving back to simple dropped hinge mechanism. Even 

though the fowler obtained from dropped hinge is nowhere near some other mechanisms, 

research went into controlling gaps and overlaps behaviors, spoiler droop technology to improve 

the effectiveness of the dropped hinge concepts.  
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Most of the Original Equipment Manufacturer (OEM)s go through a trade study to assess 

the best mechanizing concepts for their flaps as each aircraft configuration and high lift needs are 

unique. Development of mechanism for flaps is an iterative process that initiates with kinematic 

development followed by aerodynamic assessment of gaps/overlaps, fairing sizes and structural 

assessment and sizing of components. The kinematics also impacts the overall gearing, actuator 

positioning, strokes, and actuation power. 

1.2.4 Dropped Hinge Mechanism 

Dropped hinge mechanism is a simple mechanism that is back in trend for the reasons of 

being simple, light and efficient. It does provide some fowler motion but significantly less than 

other mechanisms such as link track, hooked track or variation of four-bar.  As inherently hinged 

concept can only kinematically meet two positions, this concept does not solve the positions 

desired for retracted (UP), Take off (TO) and Landing. Rudolph (Rudolph, 1996) states, “Good 

performance for a hinged, overlapping flap requires a flap pivot far below the wing surface 

whether it is a single, vane/main, or main/aft double-slotted flap. The words "simple pivot" used 

for this arrangement are not accurate; this concept requires a pivot far away from the wing box 

and requires a fairly deep, fixed hinge fitting.” 

Despite being simple, light and somewhat effective mechanism, dropped hinge comes 

with deeper fairings which are not ideal aerodynamically because of drag generated by those. 

Figure 1-6 shows a simple dropped hinged mechanism used in the A350 aircraft. 

1.2.5 Aerodynamic Loads  

Flap System is sized after assessing multiple load cases. Various flight scenarios and 

operational as well as failure cases are considered. While assessing power needs for trailing edge 

flap systems, maximum operational loads are considered. Structural sizing of flap system 



 
 

 

11 
 

mechanisms and support structure must consider sizing for higher loads which could be result of 

failure scenarios. In contrary, power is not sized for such loads. Trailing edge flap control system 

is designed to monitor and track the overall system status including position, torque on 

transmission components and any asymmetry or skew conditions and immediately shut the 

overall power and system such that failure cases of asymmetry, skew or un-commanded motion 

are within design limits. 

 

Figure 1-6: Dropped hinge flaps in A350 (A350 XWB News, 2013) 

Static, operational, maneuvering and failure loads are considered for the overall design of 

flap systems. The load cases that are applicable for large commercial aircrafts which mostly 

follow the FAA Part 25 certification (Federal Aviation Administration, 2019), as shown in 

Figure 1-7 . 
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Figure 1-7: FAR 25.333(b), Maneuvering envelope; load factors considerations for various flap 
positions (Federal Aviation Administration, 2019)  

Figure 1-7 illustrates that there are three normal load coefficients that are considered: 

Load factor of 2.5 when flaps are retracted, load factor of 2 when flaps are fully extended and 

load factor of -1 when flaps are retracted. 

The operational loads are going to be of interest for the purpose of this study. Zaccai 

(Zaccai, 2014) states that the flaps must be able to be deployed and retracted at specified speeds. 

For example, in case of a go-around, certification requirements dictate that flap retraction should 

be possible at approach speed and load factors of maximum n = 1.15. 

Actual aerodynamic loads for flaps are affected by several aircraft level parameters and 

configurations along with wing and flap specifications. These are calculated by using CFD 

analysis and eventually validated by using wind tunnel testing. The method that is used for this 

study is preliminary method of estimation or approximation.  For the purpose of this study, 

normal loads will be estimated and load factor of n=1.2 will be used, for a conservative 

approach.   
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CHAPTER 2 

2 MOTIVATION AND OBJECTIVES 

2.1 Motivation 

Trailing edge flaps are high lift devices that are used to control lift generated by the aircraft 

wings. Design and development of flap control system is a multidisciplinary effort particularly in 

modern large aircrafts because it interfaces directly with other disciplines as “Aircraft stability 

and Control”, “aircraft power systems”, “Structures” and “Avionics”. Also, it comprises of 

multiple subsystems namely “Power generation and transmission”, “Actuation and mechanisms”, 

“Electronic control and monitoring” and, “Pilot control system at cockpit”. The complexity of 

the system significantly increases with the need of redundancies required in control and power as 

well as monitoring required for critical functional losses such as un-commanded motion, 

asymmetry and skew conditions. The development of these complex systems is challenging 

during early phases when the aircraft level requirements that are translated to high lift control 

system are either not established or not matured. Requirements from other interfacing disciplines 

are not established as well. Particularly for the programs with condensed schedules where system 

development can’t wait for all the requirements to be established and matured, preliminary 

system development phases are challenging. The need for definition of some of the specification 

for these sub-systems arises from the fact that these are long- lead items to develop and mature 

and require early start. In case of flap control system, establishing power requirements is 

particularly challenging in early aircraft development phase with the lack of mature aerodynamic 

loads and flap rate requirements.  The intent of this study and research is to address this real 

issue experienced in the industry by outlining the gradual approaches and methods that can be 

utilized to define power specifications in early phases.  
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2.2 Objectives 

The main objectives of this study are: 

1. To investigate methods to utilize historic data to approximate PDU power based on 

various parameters defined for the aircraft. 

2. To estimate appropriate loads for the purpose of preliminary power sizing. 

3. To arrive at actuation and mechanism combination for kinematic solution to flap motion. 

4. To estimate power based on loads, flap rates and overall system gearing and efficiency. 

5. To provide gradual estimation and validation of PDU power throughout early aircraft 

development phases. 
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CHAPTER 3 

3 METHODOLOGY 

3.1 Overall Approach and Methodology 

This study addresses two distinct approaches to address the issue of developing power 

requirements and power sizing for flap system in early phases of aircraft development. The first 

approach includes finding power data for existing similar aircrafts and effectively using that data 

to come up with power requirements. This approach investigates various aircraft and system 

level parameters such as MTOW, Wing area, Flap area, airspeeds for various flap settings to 

establish PDU power. The details of the approach and method will be covered in sections to 

follow. 

Second approach includes the actual method of aerodynamic load estimation, mechanical 

architecture considerations and definition, system friction and efficiency evaluation and power 

estimation.  This approach is a gradual validation for values generated from the previous 

approach. This method is also an initial setup of system model such that when various 

requirements are flown from the aircraft level as well as when system is more mature, it can be 

further developed and utilized to define the final power requirements. This approach will 

consider architectural variations and implication of those on the power estimation. In this 

approach a study of variation of flap loads as well as rates will also be performed to evaluate the 

impact of those two parameters on overall power demands. The second method requires building 

a static math model to estimate power. A mature dynamic model further developed from the 

second approach can feed into the load profiles generated by CFD analysis and validated by 

wind tunnel testing to calculate more accurate power needs. 
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3.2 Historic Data Approach and MTOW 

Maximum takeoff weight (MTOW) is the maximum possible weight an aircraft is designed 

to carry at takeoff configuration. It is an important characteristic feature of an aircraft that is 

translated into a design requirement for different aircraft systems. Flap system, a part of high lift 

system is primarily responsible for additional lift that is required for the aircraft particularly 

during the take-off, approach and landing phases. Also, the maximum weight an aircraft is 

designed to carry has direct implications on maximum lift requirements. Flap system is 

responsible for providing that maximum lift needed. Thus, logical consideration can be made 

that MTOW has direct implications on overall flap system sizing and thus overall PDU power 

sizing. However, it is not reasonable to simply speculate the function itself. It is also reasonable 

to assume that MTOW affects flap system and overall sizing of it similarly for aircraft that are 

characteristically similar in overall design.  

3.3 Historic Data Approach and Wing Area 

Overall wing area is another significant characteristic feature of an aircraft which has some 

definition earlier in the program. Flaps are mounted on the trailing edge of the wings and extend 

aft as well as rotate trailing edge down when deployed to increase the overall lift generated by 

the wing. The ratio of flap area and wing area for a typical commercial aircraft with similar 

mission profile is comparable. Also, overall flap area has direct implication on the overall power 

needed as aerodynamic load, which is the main driver for power needs is directly proportional to 

overall flap area. Thus, a logical consideration can be made that wing area does have some direct 

relationship with the flap PDU power.  

3.4 Historic Data Approach and Flap Area 
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Flight control surfaces including flaps are sized after preliminary configuration of aircraft 

including MTOW and overall wing has definitions. The main driver for the flap system load is 

aerodynamic load on the flap surface. Total aerodynamic load is directly proportional to the 

overall flap area. Thus, logical consideration can be made that overall flap area has direct 

influence on overall PDU power. 

3.5 Historic Data Approach, Flap Area and Air Speed 

Air speed also has influence on the overall power requirement for flap control system. It 

can be logically considered that higher airspeed will have increased dynamic pressure on the 

flaps when it is being extended or retracted. As the dynamic pressure on surface includes factor 

of square of airspeed, in this approach, flap area is multiplied by that factor and comparisons are 

made. 

3.6 Approach Utilizing Flap Load 

3.6.1 Flap Aerodynamic Load Estimation 

Estimation of aerodynamic loads for trailing edge flaps is a complicated process that 

requires CFD analysis and eventual validation by means of wind tunnel testing. The fowler 

motion required for the flaps for most commercial large aircrafts makes load estimation difficult 

compared to most primary surfaces which simply hinge around a pivot point. For the purpose of 

this study, load estimation method used is similar to what some other researchers did to estimate 

flap loads with the lack of CFD data. Also, during early phase in aircraft development, there is 

lack of such data and such is the entire premise of this thesis work. (Zaccai, 2014), and 

(Schoensleben, 2006) in their separate researches for trailing edge mechanism sizing utilized 

similar way of rough estimation of flap loads which involves estimation of dynamic pressure and 

multiplying it by appropriate coefficient based on several other configurational parameters. This 
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study takes Zaccai’s method and makes some reasonable assumptions which are further 

discussed in procedure section to follow. 

As discussed in the literature review, various load cases are considered while calculating 

the flap loads. Systems designers consider load factors of 2.5, 2 and -1 for various flight phases. 

Loads developed during failure scenarios need to be considered as well. However, those load 

cases are applicable for structural sizing of mechanisms and support structures. This study is 

focused on the power sizing and thus only considers operational loads. As discussed in the 

literature review, flaps are designed to be extended and retracted under defined conditions of 

flight phase and airspeeds. In the event of failures, it is immediately sensed by the sensing 

system and system is shut down avoiding conditions of asymmetry, skew and un-commanded 

extension and retraction.  

As discussed by (Zaccai, 2014), there may be cases during go around where the flaps 

need to be operational where flaps loads may elevate by load factors of 1.1. Taking that approach 

and being a slightly more conservative, this study utilizes load factor of 1.2.  

3.6.2 Flap Segments Kinematics and Gearing Development 

Various types of actuation and mechanism combinations were discussed during the 

literature review. For the purpose of this study, dropped hinge type of mechanism with a linear 

jack-screw type of actuator is selected. This selection is done based on the simplicity of the 

mechanism. There are other advantages such as low weight, design flexibility associated with the 

combination of dropped hinge and linear ball screw actuator to mechanize flap motion. 

Methodology wise, the retracted and extended positions are used to find the hinge point. The 

synthesis of a drooped hinge type concept is illustrated in Figure 3-1. 
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Figure 3-1: Synthesis of dropped hinge concept (Zaccai, 2014) 

Linear actuator is mounted to the rear spar using a gimbal mount and attached to the 

hinged structure. The attachment point will have several implications such as linear stroke, 

actuator gearing and overall weight. 

3.6.3 Mechanical Architecture, Components and Efficiency  

Mechanical architecture of flap control system under consideration has several 

components. The need and functions of some of these components are discussed in the literature 

review and further will be considered in the following chapter that discuss the configuration 

considered for this study.  

Methodology wise, the linear actuation rate is established based on the flap rates and 

actuator attachment point as discussed in previous section. The actuation rate defines the input 

rotational velocity from transmission box at each actuator station. The rotational velocity of the 

torque tube that drives the individual transmission box is kept within a practical range avoiding 

potential excessive whirl caused by high rpm.  

Torque tube rpm can be changed for various actuator stations in the spanwise direction by 

using gearboxes as the overall stroke for the actuator changes because of change in wing chord 

and flap chord in the outboard direction. However, for the purpose of this study, the flap 
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segments have constant chord in spanwise direction and actuators are expected to have same 

stroke during the flap deployment.  

The power transmission consists of various components which are mechanically geared 

or connected to the torque tube such as positions sensors, torque limiters, wing tip brakes, U-

joints, support bearings and angled gearboxes. Most of these components do not necessarily 

change the gearing from the PDU gearbox but add additional friction to the system which will be 

accounted for in this study. The PDU gearbox is responsible for gear reduction from motor 

output shaft to the torque tube.  

Overall system gearing and overall system efficiency will be calculated. The details of 

formulations will be discussed in the procedure section. 

3.6.4 Flap Rates for Normal and Emergency Operation and Rate Variations for the Study 

Aerodynamic load is the main driver of overall power needs. But flap rates are also very 

important in determining the power needs. Flap extension times are defined in following chapter 

which are comparable to most large commercial aircrafts. Flap extension is significantly slower 

during emergency operation which is powered by secondary PDU motor. The emergency 

extension time is also defined in the following chapter. This study will also consider variation in 

flap rates from baseline considered to show the impact of flap rates on overall power needs. 

3.7 Gradual Validation and Comparison of Power Data 

In the process of estimating the power, the two approaches used in this study gradually 

present with data for PDU power via. different methodologies. Each new data obtained is a 

gradual validation of previous data. This comparison and validation process is described in detail 

for the configuration considered in chapters to follow.  
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CHAPTER 4 

4 FLAP SYSTEM ARCHITECTURE AND CONFIGURATION CONSIDERED FOR THE 
STUDY 

4.1 Functional Architecture and Interfaces 

The mechanical architecture of Flap control system under consideration has the 

characteristics of most of the large commercial Part 25 aircrafts. The main components of the 

mechanical architecture and interfaces are shown in Figure 4-1. The mechanical architecture has 

power, power transmission and actuation components. The actuators interface with the physical 

flap surface and support structures which are part of aircraft structures where the aerodynamic 

loads act. PDU, which is the source of power for flap system, interfaces with aircraft secondary 

power sources namely hydraulic and electric power. The flap surfaces which are the structural 

interface to the system are source of aerodynamic loads which is the main driver for power 

sizing. Similarly, as power is sized for the flap system, it helps in the sizing of the electric and 

hydraulic power.  

 

Figure 4-1: Mechanical architecture and major interfaces of the flap system under consideration 
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4.2 Components of Mechanical Architecture 

The mechanical architecture of the flap control system consists of three main categories 

which are elaborated next. 

4.2.1 Mechanical Power 

Mechanical power for the flap control system under study is provided by centrally 

located PDU. PDU comprises of a hydraulic motor, an electric motor and a gearbox. The two 

motors are for the purpose of redundancy and do not operate at the same time. The PDU 

configuration with two motor is a typical Large Part 25 aircraft configuration and is driven need 

of redundancy, per safety assessment. This hydraulic motor is centrally located of the overall 

wingspan. This is supplied by one of the hydraulic systems of the aircraft pressurized at 3000 psi. 

The hydraulic motor is used for normal flap operation. In the event of loss of hydraulic power or 

loss of functionality of the hydraulic motor in any ways, the electrical backup motor powers the 

flap system. Both the motors are assembled to drive the same power train. During the normal 

operation, electric motor remains passive with the power train. It is engaged and active upon the 

loss of hydraulic motor function. Gearbox is connected with appropriate gear reduction to both 

motors and interface with the transmission system that transmits power to individual actuation 

mechanisms located along the wing outboard. 

4.2.2 Power Transmission System  

Power transmission from centrally located PDU to individual actuation mechanisms 

outboard on wings is via mechanical torque tubes. The torque tubes extend on either side towards 

the wing from the PDU gearbox.  As it is impractical to route these torque tubes straight all the 

way to the outboard flaps, angled gearboxes are used to change the angle of the route. Theses 

gear boxes are also used for appropriate gear reduction if needed. For the purpose of this study, 

two angled gear boxes per wing (total of 4) are included in the system architecture. For the 
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purpose of position sensing via torque tubes, there are two positions sensing gearbox, one on 

each side are attached to torque tubes. Additionally, there are wing tip brakes (WTB) 

mechanically integrated in the torque tubes. The function of WTB is to apply brake to the torque 

tubes rotation in the event of mechanical failure that can result un-commanded 

extension/retraction and asymmetry. The main purpose of incorporating all these components 

into the mechanical architecture is to incorporate the source of mechanical friction and evaluate 

the system efficiency appropriately.  

The mechanical control architecture includes the torque tube primarily to address the 

asymmetry failure cases via mechanical integrity of the system.  

4.2.3 Actuation and Mechanism 

Mechanism: Dropped hinge 

Actuation: Linear Ball screw actuator 

The overall 2D cross section of the wing, flap, dropped hinge mechanism and linear 

actuator is shown in Figure 4-2 of the overall mechanism modeled in Catia and transferred to 

Altair Inspire. 

 

 

Figure 4-2: Dropped hinge with linear actuation considered for the study 
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4.3 Coordinate System Used for this Study 

The coordinate system considered for the purpose of this study is illustrated in Figure 
4-3. 

 

Figure 4-3: Coordinate system for the study 

X axis: + aft from wing chord 

Y axis: + outboard from wing root 

Z axis: +above Wing chord line 

Table 4-1 summarizes the sign convention used for the purpose of this study. 

4.4 Mechanical Architecture Components and Characteristics 

The list of all the mechanical architecture components distribution along the wing are 

shown in Table 4-1and Figure 4-4. 

Table 4-1: Components of mechanical architecture considered for the study 

Functional category Components Units Features 
Power Motor-Primary 1 Hydraulic 

Motor- Secondary 1 Electric 
PDU-Gearbox 1  

Transmission Angled Gearbox 
(AG) 

2 per wing 1 set straight bevel 
gear 

Position sensor 
gearbox (PS) 

2 per wing  

Wing tip brake 
(WTB) 

1 per wing  

Torque tube  Spanned from PDU 
to outer actuator 

U-joints 3 per wing  
Actuation & 
Mechanism 

Linear actuator (Act) 4 per wing Ball screw/ACME 
screw 

Gear Box (Act GB) 1 per actuator station Bevel gear 1:1 
Hinged mechanism 4 per wing Dropped hinge 
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Figure 4-4: Mechanical architecture of system under consideration 

4.5 Aircraft Level Requirements and Considerations for the Study 

For the purpose of this study, the aircraft is assumed to be comparable to A320 and B737. 

Some of the specifications considered are listed in Table 4-2. 

Table 4-2: Aircraft type and other specifications 

Subject Description/ Value 
Aircraft Part 25, large commercial 
MTOW 60000 Kg 
Wing Area (Sw) 120 m^2 
Flap Area (Sf) 20 m^2 
Power Source for 
High Lift 

Hydraulic and Electric 

Hydraulic System 
Pressure 

3000 psi 

 

4.6 Flap Segmentation and Flap System Specifications for the Study 

Some specifics of flap surface and control system considered for this study are listed in 

Table 4-3. There are a total of four flap segments considered, two per wing. Each flap segment 

considered for the study are equal in area and dimensions. Even though flap segments usually 

differ in shape and sizes, those are considered equal for the purpose of this study for simplicity. 

This will not create any lacks in the overall methodology and procedures. 
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Table 4-3: Flap segment and configuration 

Subject Description/ Value Notes 
Flap chord, Cf 1.25 m  Constant chord 
Flap span (each 
segment), bw 

4 m Total 4 segments 
(2 per wing) 

Flap positions 1: UP (retracted, 0 deg), 
2: (10 deg) 
3: TO/Approach (20 deg)  
4: Landing (30 deg) 

 

Flaps extended airspeed 
Vfe 

300 kph OR 162 Kts  

 

Figure 4-5 shows the dimensions of each flap segment considered. 

 

Figure 4-5: Flap segment under consideration 

4.7 Flap Rates Taken into Consideration 

The flap rates considered below for the study comparable to aircraft of similar size. Power 

will be estimated for retraction. The aerodynamic loads almost always aid with the extension 

causing and oppose the retraction causing retraction to be the power sizing case. In this study, all 

the power estimation is done for flap retraction case. Baseline flap rates are listed in Table 4-4. 

Table 4-4: Baseline flap rates 

Flap Position Angular deflection (deg) Time (s) 
Primary 

extension 

Time (s) 
Emergency 
extension 

Retracted (Flap 0) 0   
(Flap 1) 10 4 16 
TO/Approach (Flap 2) 20 6 24 
Landing (Flap 3) 30 15 60 
Total  25 100 
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A variation of  -10% and +10% to the current rate will be considered to understand the 

effect of flap rates on the power profiles. 

4.8 Actuation and Mechanism Design  

Table 4-5 shows the location of key points of interest from design standpoint for baseline 

configuration.  

Table 4-5: Location of key points of interest 

Points Position (x,y) (m) 
Hinge Point (3.408, -0.67) 
Actuator base (2.88, -0.153) 
Actuator tip 
(retracted) 

(3.408, -0.148) 

Flap LE (2.93, 0) 
Flap TE (4.18, 0) 

 

The actuators are positioned at 0.5 m from the edge of flap segment in spanwise 

direction.  

Figure 4-6 shows the overall configuration and key dimensions of baseline configuration 

in retracted phase. 

 

Figure 4-6: Dropped hinge with linear actuator concept with key design dimensions 
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CHAPTER 5 

5 PROCEDURE FOR EACH APPROACHES AND METHODS 

5.1 Overview 

This chapter elaborates on the two approaches described in previous chapters. The details 

and step by step procedure for each approach are outlined and carried for the configuration 

defined. 

5.2 Historic Data and MTOW 

In this approach the relationship between Flap PDU power for various characteristically 

similar aircrafts and their MTOW is estimated by simply plotting the data and finding the best 

curve-fit. Using that relationship and MTOW for the aircraft under consideration, PDU power is 

estimated. This approach is taken very early in the program when MTOW for aircraft under 

consideration is defined.   

5.3 Historic Data and Wing Area 

In this approach the relationship between Flap PDU power for various characteristically 

similar aircrafts and their Wing area is estimated by simply plotting the data and finding the best 

curve fit. Using that relationship and Wing area for the aircraft under consideration, PDU power 

is estimated. This data provides some validation to data obtained by first approach using MTOW 

as well as a second data point.  

5.4 Historic Data and Flap Area 

In this approach the relationship between Flap PDU power for various characteristically 

similar aircrafts and their flap area is estimated by simply plotting the data and finding the best 

curve fit. Using that relationship and flap area for the aircraft under consideration, PDU power is 
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estimated. This data provides some validation to data obtained by first and second approaches 

using MTOW and wing area as well as a third data point.  

5.5 Historic Data, Flap Area and Full Flap Airspeed 

In this approach, relationship between Flap PDU power for similar aircrafts and product of 

flap area and squared of full flap airspeed (Vfe) is estimated by plotting the data and finding the 

best curve fit. Using this fit, PDU power for aircraft under consideration is estimated and 

compared. 

5.6 Flap Load and Mechanical Architecture Approach 

The schematic in Figure 5-1 shows the major steps and overall process of flap PDU power 

estimation using this approach. The sections below elaborate more details on how that is 

performed for the configuration considered in previous section.  

 

Figure 5-1: Flap PDU power estimation process with major interfaces 
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The loads established in this approach are static loads. For each flap position, static loads 

are developed and point loads in each segment. Those are distributed equally to the two actuator 

stations that support the flap segment. Because of geometric symmetry of the segment and 

symmetric location of the two actuators in the flap segment, half of the load is taken by each 

actuator station. Static equilibrium is considered at each flap position to find the actuator axial 

loads needed to react to the air loads. The overall stroke and linear actuation rates are found by 

using the kinematic profile of the actuator end and flap rates defined in earlier section.  Lead for 

the linear screw actuator is defined and the driving torque and rpm are on linear actuator are 

calculated. Appropriate gear reduction is picked to transmit the torque and rpm requirements 

back to PDU via torque tube. In the case study considered, the efficiency drop through various 

components is considered but gearing is not altered upstream of liner actuator. Ultimately, the 

torque and RPM at PDU helps estimate power at various flap positions. Once again, it is 

important to understand this process is static assessment as it beings with static loads at flap 

position. Theoretically, flap loads affect the torque profiles while the flap rates affect the rpm 

requirements. Both of those parameters go through mechanical transmission with efficiency drop 

and gearing changes to ultimately define the PDU power. 

5.6.1 Flap Loads and Estimation for this Study 

To estimate the flap loads, this study utilizes the approach Zaccai (Zaccai, 2014) has used 

in his study for design framework for trailing edge flap mechanisms. The approach he used is 

empirical estimation method and utilizes ESDU F.05.01.01 to estimate flap normal load 

coefficient (CNf). This coefficient is obtained by linear interpolation of data for a specific flap 

deflection and chord ratio. The study compares flap load coefficient data obtained from ESDU 



 
 

 

31 
 

with another source of data he cites in his paper (E Robert, Aerodynamic design of transport 

aircraft) for accuracy.  Figure 5-2 shows the comparison he made between those two data. 

 

Figure 5-2: Zaccai’s comparison of ESDU data with anther reference for Fokker 28 main vane 
type flap (Zaccai, 2014) 

For the purpose of this study, normal flap load coefficient will be picked in a 

conservative manner based on the above data points. The table below shows the coefficients of 

flap normal load for various angular deflections that will be used. Even though, the flap type 

under consideration is not a main-vane type flap, it is reasonable to use that data with some 

conservatism added to it. Static loads will be calculated for four flap positions of 0⁰, 10⁰, 20⁰ and 

30⁰, as listed in Table 5-1. 

Table 5-1: Flap normal load coefficients 

Flap Angular Deflection 
(deg) 

Coefficient of Flap Normal Load Cnf 

0 0.5 
10 0.7 
20 1.0 
30 1.1 
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Flap normal loads are calculated by using the formula below. It is important to note that 

these loads are calculated and will be applied at quarter chord location from Leading edge for 

power estimation. The 1.2 load factor is worst case loading condition as discussed in the 

literature review section as well as methodology section. 

Nf =1.2*Cnf *Cf * bf * q∞         (6.1) 

where:  

Nf : Flap normal load at quarter chord line 

Cnf : Normal flap load coefficient 

Cf : Flap chord 

bf : Flap span  

q∞ : Dynamic pressure 

and q∞ =1/2 *ρV2            (6.2) 

where: 

ρ: density of undisturbed air (kg/m3) 

V: velocity relative to undisturbed air 

As the flap segments under consideration is constant chord foil, overall load for entire 

flap segment is calculated and applied at mid span quarter chord location. 

5.6.2 Kinematics and Gearing for Flap Mechanism and Actuation Rate Based on Flap 

Rates 

The defined flap configuration is modeled using Catia. The model is then transferred to 

Altair Inspire-motion to study the kinematic behavior which will eventually feed to the power 

estimation process. This motion synthesis and kinematic assessment can be done in any other 

similar tools. This model includes 2D representation of wing cross section, flap cross section, 
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linear actuator, rear spar location. The structural supports to the ground elements are not included 

in this model. This model will be used solely for the purpose of defining the kinematics of the 

flap. 

Following elements and points are considered ground elements of the kinematic model: 

1. Wing 

2. Linear actuator gimbal mount point 

3. Mechanism hinge point 

Using the model, the following parameters will be traced throughout flap deflection and data 

will be generated: 

1. Flap Leading edge (FLE) 

2. Flap Trailing edge (FLE) 

3. Flap Angle (Fdef)  

4. Actuator position  

5. Actuator stroke (As) 

6. Angle between the actuator and flap hinge linkage (A θ1) 

Figure 5-3 shows the flaps at retracted and extended positions with tracers for some key points. 

 

Figure 5-3: Flaps at retracted and fully extended positions for the system under consideration 
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5.6.3 Load Distribution, Actuator Loads and Rates 

Normal Aerodynamic static load is applied as a point load to the spanwise mid-point 

(2m) at quarter chord location from Leading edge. As the flap segment has constant chord of 

1.25 m, load is calculated for the overall panel and applied to the point defined earlier.  

As the flap segment is actuated by two linear actuators which are positioned half a meter 

inside of the outer edges, and flap has constant chord length, the load is distributed equally 

between the two actuators. This makes the problem symmetric and can be solved as a two-

dimensional problem at each actuator location. 

Normal Load reacted at each actuator station  

NAs = Nfpos /2         (6.3) 

Normal flap load reacted to each actuator axially is calculated by static force and moment 

balance approach. The flap and the flap support linkage is considered a rigid body that hinges 

around the hinge point as shown in Figure 5-4. The forces acting on this rigid body are Flap 

normal load acting at quarter chord location from leading edge and axial actuator force. The 

weight of the flap itself is considered negligible compared to the aerodynamic loads experienced 

by the segments. By static force balance actuator axial force is calculated for each flap position. 

Balancing moment at hinge point caused by two forces identified, we get: 

NfA= ((0.657*(Cos(90-14.56))*NAS) / (0.521*Sin(θ1))     (6.4) 

where θ1: Angle between actuator and flap hinge link, (shown in Figure 5-4). The constant angle 

between chord line and line connecting hinge and quarter chord location where normal load is 

applied is (90-14.56) = 75.44 deg. 



 
 

 

35 
 

  

Figure 5-4: Static balance approach to find the actuator axial force 

5.6.4 Linear Actuator and Gear Box: Torque, RPM and Efficiencies 

Actuator stroke is found out by simply finding the distance between actuator tip position 

(retracted) against any extended positions. The kinematic profile from Altair Inspire-Motion 

provides the position of actuator tip along with other points throughout the flap travel profile. 

As= ((x2-x1)2+(y2-y1)2)1/2        (6.5) 

With the baseline design, the overall stroke was calculated to be 0.264m. 

Linear ball screw actuator with lead of 0.002m was picked for the study. 

Ball screw lead (l)= 0.002m 

Driving torque required at screw actuator input: (Shigley & Mischke, 2001)  

(BAt)= (NfA *l) / (2*π*η)                                                (6.6) 

where η = linear actuator efficiency. 

For the baseline configuration, the screw efficiency of the ball screw is considered 75%. 

Even though a lot of textbooks suggest around 90 % efficiency for ball screw, for aerospace 

application, where ball screws can potentially experience cold soaking because of the exposure 

to outside environment at temperatures up to -60F, efficiency range of about 60 to 80 % was 

suggested by industry experts. 
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Ball screw efficiency (BS η) = 75% 

Gear box: 

The gear box consists of a bevel set. One of the gears is connected to the torque tube 

while the other is attached to the shaft of the ball or ACME screw, and thus drive it. For the 

purpose of this study, a gear ratio of 1:1 is considered. The efficiency of this gear is assumed to 

be 85%. Figure 5-5 shows the arrangement of the torque tube, bevel gear and jack-screw type 

actuator. 

 

Figure 5-5: Arrangement of gearbox with bevel set and linear actuator 

5.6.5 Mechanical Transmission Friction and Efficiency  

The RPM value established at the gearbox is the RPM that the PDU gearbox needs to 

deliver as the angled gearboxes or any other gearboxes in the transmission are not assumed to 

provide any gear reduction. However, the torque value that the torque tube needs to deliver 

increases inboard of each actuator station. Figure 5-6 shows the torque throughout the 

transmission all the way upto PDU. 

Total torque at PDU gearbox         = Sum of torque at individual actuator stations/ 
mechanical efficiency drop 

(6.7) 
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In case of our study, each of the actuator station is going to see same torque values as the 

inboard and outboard segments are geometrically same and the actuator positioning and load 

distribution is same as well.  

The torque at each actuator station is multiplied by 4 and divided by the efficiencies of 

angled bevel gearbox to get the total torque value at the PDU gearbox. Torque tube torque 

required at PDU gearbox, 

Tf = 4* TAS/ (η ag1 *ηag2)                         (6.8) 

 

 

Figure 5-6: Torque at actuator stations and PDU gearbox 

 

5.6.6 PDU Torque, RPM and Power 

The total torque at the gearbox, Tf is doubled for two wings as the configuration and load 

cases are symmetric on both cases. The gearbox is assumed to have an efficiency of 90%. The 

type and arrangement of PDU gearbox is not considered in this study. However, gear ratio of 1:1 

is considered that results in the motor shaft rpm value same as torque tube rpm. 

Tm = 2* Tf /η           (6.9) 

PDU power= (Tm*RPM*π)/30       (6.10) 
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5.6.7 Deviations from Baseline Configuration 

ACME screw instead of ball screw actuator: 

One of the important deviations that need to be studied is the effect on overall power with 

the use of ACME screw actuator. There is a benefit of using ACME screw actuator for flap 

systems. It is inherently non-back drivable and helps avoid addition of no-back devices at the 

actuator level as well as system level which could be significant weight savings benefit. 

However, that comes with a cost of very low efficiency of these types of actuators. Textbooks 

suggest ACME efficiency of 25- 35%. For the purpose of this study, screw efficiency of 30% is 

selected. 

2nd Design configuration with a different hinge location: 

A second model is considered with a variation in the baseline configuration. The hinge is 

located much closer to the chord-line as well as in forward direction compared to the baseline 

configuration.  The intent of this configuration is to see the variation in power driven by fowler 

motion. The fowler motion between two configurations will be compared based on the kinematic 

assessment of the two configurations and using the same flap loads and flap rates power 

comparison will be made. Error! Reference source not found. shows the key dimensions of the 

2nd design configuration. 

Table 5-2: Key design points for 2nd configuration 

Points Position (x,y) (m) 
Hinge Point (3.24, -0.369) 
Actuator base (2.88, -0.15) 
Actuator tip 
(retracted) 

(3.24, -0.15) 

Flap LE (2.93, 0) 
Flap TE (4.18, 0) 

 

Figure 5-7 shows the variations between baseline and second configuration. It is clearly 

seen the difference in the location of hinge point. 
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Figure 5-7: Comparison between the two configurations 
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CHAPTER 6 

6 RESULTS  

This chapter shows all the results evaluated following the procedures defined in Chapter 5. 

It includes comparative studies of various configurations set in Chapter 5.  

6.1 PDU Power Based on Historical Data 

 

Figure 6-1: PDU power estimation using MTOW 

The plot in Figure 6-1is created by plotting MTOW vs flap PDU for different aircrafts. 

Trendline generated is a second-degree polynomial fit. From the plot, one can approximate the 

PDU power for the aircraft under consideration to be about 6 kW.  

The Chart in Figure 6-2 is created by plotting wing area against PDU power of different 

aircrafts. Trendline generated is a second-degree polynomial fit. From the above plot, we can 

approximate the PDU power for our aircraft under consideration to be about 9 kW. 

The chart in Figure 6-4 is created by plotting factor (flap area times squared of full flap 

airspeed, Vfe) against PDU power of different aircrafts. Trendline generated is a second-degree 
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polynomial fit. From the above plot, we can approximate the PDU power for our aircraft under 

consideration to be about 5 kW. 

 

Figure 6-2: PDU power estimation using wing area 

 

Figure 6-3: PDU power estimation using flap area 

6.2 Flap Load Profiles Developed 
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Following the methods and procedures defined in earlier sections, the following load 

profile per segment is developed throughout the flap deflection. The static loads data is 

converted to a trendline using third degree polynomial fit to show the load curve, as shown in 

Figure 6-5. 

 

Figure 6-4: PDU power estimation using flap area and Vfe 

 

 

Figure 6-5: Normal load profile for each flap segment 
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6.3 Actuation and Mechanism Kinematics and Motion Assessment 

Figure 6-6 shows the flap and actuator at retracted and fully extended positions. 

 

Figure 6-6: Kinematics of dropped hinge mechanism with linear actuator (baseline 
configuration) 

The kinematics shows some fowler motion that came with the actuator hinge point 

significantly below the chordline considered in the baseline configuration, as shown in Figure 

6-7. 

 

Figure 6-7: Kinematics of flap LE, TE and actuator position 
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The actuator stroke as seen in Figure 6-8 is linear with respect to flap angular deflection. 

This is characteristic feature of a hinged type of mechanism.  

 

Figure 6-8: Actuator profile throughout flap deflection 

 

6.4 Torque and RPM Needs at Each Actuator Input 

Figure 6-9 shows the rpm requirements at the linear actuator. This shows the effects of flap 

rate requirements during translated directly to the rpm needs. 

 

Figure 6-9: RPM profile for linear actuator 



 
 

 

45 
 

The actuator torque profile of Figure 6-10 is somewhat following the trend of the overall 

flap load profile.  

 

Figure 6-10: Actuator torque profile 

6.5 RPM, Torque and Power at PDU Input 

As there is no gear reduction via any of the gearboxes upstream of screw actuator, the rpm 

profile for the actuator translate to the PDU rpm requirements. The torque profile for PDU is 

very similar to that of the actuator, Figure 6-12. The sum of all the torque from 8 actuators and 

additional torque due to efficiency drops caused the overall torque to significantly increase. 

Figure 6-12 shows the power profile of the PDU for baseline configuration. It shows the 

maximum power of about 6.2 kW at flap-1 position and minimum of about 1.2 kW at fully 

extended position. 

6.6 Power with the Variation in Flap Rates and Actuation Type 

Figure 6-13 shows the variation of power profile with the variation in flap rates. The 

dispersion is wide throughout the flap travel, but the plots converge at the fully extended position 
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at 30 degrees. This points to the conclusion that the high flap rate is the driver of the max PDU 

power and can alter the power needs significantly. 

 

Figure 6-11: PDU torque profile 

 

 

Figure 6-12: PDU power profile for baseline configuration 



 
 

 

47 
 

Power variation based on the actuation type could be a trade between, system weight, 

power consumption and solving non-back drivability. The low efficiency for the ACME clearly 

shows the high overall power needs.  

 

Figure 6-13: Power variation with variation in flap rates including emergency operation 

 

 

Figure 6-14: PDU power variation with ball and ACME screw 

6.7 Comparison of fowler profiles and power variation between two configurations 



 
 

 

48 
 

 

Figure 6-15: Flap TE pos comparison for two configurations 

The plot for the comparison of TE positions for the two configurations clearly shows the 

baseline configuration travels significantly aft throughout the rotation. The increases the overall 

effective wing chord is also shown in the plot of Figure 6-16.  

 

Figure 6-16: Fowler motion comparison between two configurations 

With the same flap rates and flap loads the variation in the power needs for the two 

configuration is quite significant, as shown in Figure 6-17. 
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Figure 6-17: PDU Power comparison between baseline and 2nd configuration 

 

6.8 Comparison of Power from Different Approaches 

Table 6-1 summarizes the PDU power estimated by different methods. The differences and 

comparison between the two approaches and five methods are discussed in detail in the next 

chapter. 

Table 6-1: PDU power comparison from different methods 

Approach Method Power (KW) 
Historic data Comparison MTOW comparison 6 

Wing Area 9 
Flap Area 5 

Flap Area and Vfe 5 
Flap Load Approach Flap Load method 6.2 
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CHAPTER 7 

7 CONCLUSIONS AND FUTURE WORK 

7.1 Conclusion 

The objective of this study was to investigate approaches and methods to estimate the 

power needs for aircraft trailing edge flap system. Such approaches and methods were 

successfully defined. In addition, a case study was also conducted by defining a reasonable 

configuration comparable to other commercial large aircrafts.   

It is evident the aerodynamic load is the driver for power requirement. But the flap rate 

requirements can also significantly alter the power required. The high flap rates could be 

performance driven where the aircraft is required to retract the flaps fast enough for obstacle 

clearance in certain runways or could be driven by ability to climb fast as soon as takeoff. 

Certain airspeeds are tagged with each flap position and inability to retract fast enough naturally 

would not help that. There are also cases of go-around when the flaps are at approach position 

and need to be retracted at faster rate to be able to pick up airspeed and to climb immediately. 

Combined with maximum load factor during flap operation, the go-around scenario could be 

likely the case driving the maximum power requirements. 

Despite the struggle to find adequate data for the historical PDU data approach, there was 

good number of data points for MTOW and wing area. All the data show characteristically 

similar large commercials aircrafts have similarities in the system configurations, including 

power usage, thus it is safe to take the approach for preliminary evaluation. However, that may 

not be true for military aircrafts with different configuration and mission profile and overall 
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system configuration. The PDU power evaluated was in very close proximity of 5-6 kW except 

for comparison using wing area which deviated to 9 kW. 

The power estimated by the flap load approach turned out to be very close to what was 

evaluated by using the historic data. This was somwehat unexpected and can easily vary with 

change in some underlying assumptions. The conservatism that was considered while picking 

coefficient of normal force, load factor, flap rates, and efficiency of individual components 

probably drove the maximum power to be slightly higher than what it should have been for the 

baseline configuration. However, the coefficient of normal flap load can easily vary significantly 

from what was selected driving the overall power to vary more.  

The comparison between the two configurations points towards a conclusion that the want 

for the fowler flaps does come with higher power requirements. Fowler has benefits of providing 

max L/D at take-off configuration as the flaps translate aft along with rotation. That drives longer 

strokes for sustained flap loads. However, the flap rates would still be the same for the 

performance requirements. Thus, the actuation rates are higher causing overall high power. 

Hinged mechanisms are inherently not the best mechanism for fowler motion. But with deeper 

hinge point location, some fowler can be obtained as in case of baseline configuration compared 

to the second configuration. 

Overall, it can be concluded that the simple methods described in this study can be taken to 

have some data for PDU in early phase of the program to have reasonable estimation.  

7.2 Future Work 

Flap PDU power estimation can only be validated with accurate CFD data and wind tunnel 

testing data. Research in the area of correctly estimating flap operational loads without complex 

CFD analysis could help size the power accurately. Future work in such area could be helpful. 
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This study considered static load calculation and assessment. A dynamic assessment or a dynamic 

model could point out areas that are somehow overlooked by this approach. Similarly, this study 

considered simple hinge concept for mechanizing the flaps and was able to show some validation 

to power needs increase for fowler flaps. Studies could pick other mechanizing concepts that are 

dedicated for fowler motion and examine the variation of overall PDU power needs.  

Utilizing the approaches outlined in this study for a few real aircraft development cycles and 

then comparing the power values obtained with mature configuration and flap loads would provide 

more validity to the concepts presented in this work as well as deviation margins. 

The industry is going toward the trend of distributed power architecture where individual 

actuators would be powered independently. Even though this pose some risk for the overall safety, 

the weight savings and overall efficiency benefit is significant. Study could be conducted in the 

area of overall power comparison between distributed and conventional mechanical architecture. 
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