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Abstract

Flexible control systems for helicopter blades (e.g. HHC, IBC, Active Twist and Active Flap) have the potential
to improve flight performances of rotorcraft. This study selects Active Flap as the flexible control system
because it is more feasible than the others and it has been abundantly experienced in author’s organizations.
CAMRAD Il analyses are conducted to evaluate the effect of Active Flap on hover and forward flight
performances. The hover analysis demonstrates that the required rotor power is reduced by 2.5 % with the
positive O/rev (quasistatic) flap deflection, which twists the blade in the nose down direction to reduce the local
angle of attack and the local drag. The required power for hover changes non-linearly with respect to the flap
deflections because of the independent behaviors of Cv and Cy variations. In forward flight analysis, the Active
Flap is controlled by 2/rev, 3/rev and ideal flap deflections. The 2/rev and ideal controls can reduce the required
rotor power for forward flight by 4% resulting from suppressing the negative angle of attack on the advancing
blade. Furthermore, ideal control results in lower rolling and pitching moments acting on the hub than other
harmonics, thus it can reduce re-trim control which is required when blades are actively controlled and can
prevent significant increase of pilot workload. A conceptual design study on the Active Flap system to realize
the developed flexible control law is carried out based on the previous research activities which had
demonstrated the sufficient achievements. The system consists of two flaps and two drive mechanisms to
share aerodynamic loads and prevent force fighting between the drive mechanisms.

1. INTRODUCTION blade pitch control system does not fulfill the required

The rotorcraft is operated on a wide variety of flight
conditions from hovering to high speed cruising,
each of which inflicts the unique aerodynamic
environment on the rotors, intrinsically to be coped
with unique blade pitch control laws optimized for
each flight condition. On the other hand, the current
blade pitch control system of the rotorcraft using the
swashplate mechanism can only make use of the
collective pitch (0/rev) and the cyclic pitch (1/rev) due
to mechanical limitations. This means that current
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performance for each flight condition, but
compromises within its capability.

If the flexible control systems are realized, there must
be the great possibilities to develop the optimized
blade pitch control system consisting of control laws
and corresponding hardware for the various flight
conditions with the wide speed range.

In this study, the flexible control is defined as the
active blade pitch control systems which enable the
blades to have not only conventional O/rev and 1/rev
pitch changes but also the quasistatic and 2/rev and
higher harmonics in order to generate the optimal
blade pitch change appropriate for each flight
condition.

The quasistatic means that the Active Flap or the
active twist is deflected and holds the deployment
static, which can change the aerodynamic effect of
the build-in twist by adjusting lift distribution along the
blade.

The hardware candidates are HHC (Higher
Harmonic Control) which drives the entire blade from
the non-rotation frame, IBC (Individual Blade
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Control) which also drives the entire blade but from
the rotation frame, Active Twist which can twist the
blade by actuator sheets installed inside the blade
and Active Flap which also twists the blade but by a
flap installed at the trailing edge of the blade tip
region. They have been intensively and
comprehensively researched and developed to
reduce noise and vibration and to improve flight
performances of rotorcraftlt}-],

Among those candidate active techniques for the
flexible control system, Active Flap and Active Twist
are more feasible than the others, especially
considering the hover performance improvement.
The induced power is dominant during hovering and
can be effectively reduced by making the downwash
as uniform distribution over the rotor disk as possible,
which can be achieved by the quasistatic deployment
of these two active techniques adjusting local twist,
subsequently local lift and consequently downwash
distribution along the blade. In an analytical study, it
is shown that the quasistatic deployment of Active
Twist achieved 10% reduction of the required
hovering power at C1/0=0.092(7,

For improving the forward flight performance, the
compressibility alleviation on the advancing side of
the blade and/or the stall avoidance on the retreating
side, where the adverse aerodynamic phenomena
generate a large drag, should be achieved, hopefully,
simultaneously. The wind tunnel test and analytical
results with appropriate application of 2/rev blade
pitch deflection by IBC demonstrated that the
required power for the forward flight at y=0.4 is
reduced by 5% by adjusting the local angle of attack
distribution on the advancing sidel®. An analytical
study with 2/rev Active Flap input demonstrated that
the required power for the forward flight was reduced
and the maximum speed is increased by suppressing
the stall on the retreating sidel®l.

This study selects Active Flap technique as the
flexible control system, because the authors’
organizations have an abundant experience on this
techniquel®H, In the first step, this study
analytically pursues and evaluates the control laws
for improving the flight performance on the conditions
of hover and forward flight using CAMRAD II15], In
the next step, a conceptual design study on the
Active Flap system to realize the developed flexible
control law is considered based on the past and on-
going Active Flap research activities.

2. ANALYTICAL METHOD
2.1. Overview

The influences of Active Flap control laws for flight
performance are investigated using CAMRAD II;
comprehensive analytical model of rotorcraft
aerodynamics and dynamics.

The analyses for hover and forward flight are
conducted using main rotor model with active trailing
edge (T.E.) flaps based on the UH-60[1°1,

2.2.  Analytical model

The parameters of analytical model are shown in
Table 1 and blade geometry is shown in Figure 1.
The aerodynamic blade elements are defined from
r/R = 0.1925 to r/R = 1.0000. Chord length are
constant, ¢ = 0.5273 m, for all blade elements.

Table 1: Parameters of analytical model

Parameters Value
Number of Blades 4

Rotor radius R [m]. 8.178

Chord length ¢ [m]. 0.5273
Swept back region 0.94R - 1.0R
Swept back angle [deg]. 20
Rotational speed [rpm] 258

T.E. flap region 0.7R - 0.8R
T.E. flap span 0.1R

T.E. flap chord 0.1c

Aerodynamic blade elements

Figure 1: Blade geometry

2.3. Analytical conditions

The trim conditions for hover analysis are shown in
Table 2. In hover analysis, high Ct /o is selected so
that the effect of T.E. flaps can be clearly observed.

In forward flight, the analysis is conducted at 160 kt,
the maximum horizontal speed of UH-60, with the
trim conditions shown in Table 3. The lift is selected
with  reference to the 1G weight of the
UH-60 (20700 Lb)1€l. The drag is selected with
reference to the airframe drag area of UH-60 (22
ft?)l171.Since the analytical model consists of the
isolated main rotor, the tip-path plane (TPP) is
assumed to be perpendicular to the rotor shaft, and
the thrust direction is changed according to the main
rotor shaft angle.
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Table 2: Trim Conditions for hover analysis
Trim target Value

Cilo 0.16

Table 3: Trim Conditions for forward flight analysis

Trim target Value
Lift [N]. 92110
Drag area [m?]. 2
Longitudinal TPP tilt [deg]. | O
Lateral TPP tilt [deq]. 0

T.E. flap deflection is given by the sum of n/rev
cosine waves as shown in equation (1), where A, is
the amplitude (deg) of the n/rev component, y is the
azimuth angle (deg), and @ is the phase angle (deg)
of the n/rev component. The flap deflection is positive
for trailing edge down and negative for trailing edge
up as shown in Figure 2.

For hover, flap deflection is controlled using only
0/rev component. For forward flight, flap deflection is
controlled using the 0 - 3/rev components.

(1) b6rr = Ao+ Arcos(v + 1)+ Azcos(2¢ + o) +
e+ Apcos(ny + ¢y,)

Figure 2: Definition of T.E. flap deflection

3. ANALYTICAL RESULTS
3.1. Hover analysis

3.1.1. Required power for hover

The required power with respect to O/rev (quasistatic)
flap deflection in hover analysis is shown in Figure 3.
The required power for hover decreases with positive
flap deflection (trailing edge down) and increases
with negative flap deflection (trailing edge up). At a
flap deflection of +8 deg, required power for hover
becomes the lowest, which is about 2.5% lower than
the power at a flap deflection of 0 deg. At positive flap
deflection, required power for hover varies slightly.
Therefore, required power for hover is sufficiently
reduced even at small positive flap deflections.

7500

7000 &

o3,
o,
70000900000

-10 -5 0 5 10
Flap deflection & [deg]

6000

Required power [HP]

5500

Figure 3: Required power with respect to O/rev
(quasistatic) flap input (Hover)

3.1.2. Mechanism to improve hover required

power

The mechanism to improve hover required power is
explained by the variations of aerodynamic
coefficients with respect to T.E. flap deflection.
Figure 4 shows spanwise effective angle of attack
distributions at flap deflections of 0, +5 and -5 deg.
At positive flap deflection, angle of attack decreases
across the entire blade, and significantly decreases
across the flap region.
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Figure 4: Spanwise effective angle of attack
distributions (Hover)

Drag coefficients Cp and lift coefficients C. at flap
region (r/R=0.78) change with flap deflections as
shown in Figure 5 and Figure 7, respectively. The
curves of aerodynamic coefficients are illustrated by
solid lines, and the values of aerodynamic
coefficients at each flap deflections are indicated by
symbols. The symbols are plotted at corresponding
effective angle of attack to each flap angles, which
are obtained from Figure 4.

Presented at 47th European Rotorcraft Forum, United Kingdom, 7-9th September, 2021
This work is licensed under the Creative Commons Attribution International License (CC BY). Copyright © 2021 by author(s).



At positive flap deflection, Co decreases as the
effective angle of attack decreases as shown in
Figure 5. Therefore, drag decreases at positive flap
deflection as shown in Figure 6. This suggests that
the decrease of effective angle of attack with T.E. flap
contributes the improvement of required power.
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Figure 5: Cp with respect to flap deflection
(Hover, r/R=0.78)
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Figure 6: Spanwise local drag distributions (Hover)

C. curve is shifted to higher at positive flap deflection
as shown in Figure 7. Although the angle of attack
decreases at positive flap deflection, because of
shifted C. curve, C. at flap deflection of 5 deg is
higher than C. at lower flap deflections. Therefore, at
positive flap deflections, blades can generate
sufficient lift even with small angle of attack. The
actual local lift distributions are shown in Figure 8. At
positive flap deflection, lift at flap region (r/R=0.7 -

0.8) increases because C. increases and lift outside
flap region decreases because angle of attack
decreases.
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Figure 7: CLwith respect to flap deflection
(Hover, r/R=0.78)

14000 : :
12000 |-{ = &p=-5deg
= = §.=0deg
EIOOOO || == 6;=5deg //
<. 8000
=3
£ 6000
&
4000
s
2000
o V
0 0.2 0.4 0.6 0.8 1
r/R

Figure 8: Spanwise local lift distributions (Hover)

Figure 9 shows trimmed CP angles with O/rev flap
deflections. At both flap deflections of +5 deg and -5
deg, trimmed CP angles increases compared to at 0
deg. To evaluate the reasons for this and the details
how angle of attack changes, additional analysis with
constant CP angle is conducted. CP angle is fixed to
trimmed CP angle at flap deflection of 0 deg. Figure
10 to Figure 14 shows Cw, induced velocity, effective
angle of attack, CL and C+/o at constant CP angle at
the flap (r/R=0.78). Considering these, the process
how effective angle of attack and required power
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change with respect to flap is considered as follows.

As shown in Figure 10, when the flap deflection is 0.04

positive, the Cm decreases and becomes negative, 0.02 M

thus blades are twisted in the nose down direction. In 0.00 \\\\

addition, the induced velocity increases as shown in -0.02

Figure 11 and the effective angle of attack decreases 3-0.04 “0»\

as shown in Figure 12. On the other hand, C. 0.06 V\K\
increases as shown in Figure 13, however, angle of )

attack decreases with respect to Cw, resulting in a -0.08 %
decrease of Ct/o as shown in Figure 14. Thus, at -0.10 f
positive flap deflection, thrust is mainly changed by -0.12

the deflection of blade pitch angle; T.E. flaps operate -10 5 0 5 10
in servo-flap mode. In order to trim Ct/o, CP angle Flap deflection &, [deg]

increases. In trimmed condition, the decrease in
effective angle of attack with respect to Cu and Figure 10: Cwm with respect to flap deflection
downwash is greater than the increase in effective (Hover, constant CP, r/R=0.78)
angle of attack with respect to CP. Therefore, the

effective angle of attack and the drag decreases, as

a result, the required power decreases as shown in

Figure 3. -4

o %

s “"*%%

As shown in Figure 10, when the flap deflection is
negative, Cwm increases and becomes positive, thus
blades are twisted in the nose up direction. In
addition, the induced velocity decreases as shown in
Figure 11 and the effective angle of attack increases
as shown in Figure 12. However, CL decreases as
shown in Figure 13, resulting in a decrease of C+t/o

Induced velocity [m/s]
N

as shown in Figure 14. Thus, at negative flap -9 - ‘r
deflection, thrust is mainly changed by the deflection -10
of C.; T.E. flaps operate in direct-lift mode. To trim 10 5 0 5 10

Cr/o, CP angle increases. In trimmed condition, Cw,
downwash by flaps, and CP change to increase the
effective angle of attack. Therefore, the effective Figure 11: Induced velocity with respect to flap
angle of attack and the drag increase, as a result, the deflection (Hover, constant CP, r/R=0.78)
required power increases as shown in Figure 3.

Flap deflection &,; [deg]

14
-
o
_ 215 £ 1 A\&
11} (4]
m p—
2 205 % E] é" Q‘kb,
S 20.0 c = 8 ¢
5 S
£ 195 = 6
2 8
g 19.0 &
= w 4
2 18.5
5 18.0 -10 -5 0 5 10
o .
) Flap deflection &6, [de
-10 -5 0 5 10 P re [deg]
Flap deflection &;; [deg] Figure 12: Effective angle of attack with respect to
. . . . flap deflection
Figure 9: Collective pitch with respect to flap (Hgver constant CP, r/R=0.78)
deflection ’ ' '
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Figure 13: C. with respect to flap deflection
(Hover, constant CP, r/R=0.78)
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Figure 14: Ct/o with respect to flap deflection
(Hover, constant CP, r/R=0.78)

3.2. Forward flight
3.2.1.

Figure 15 and Figure 16 shows effective angle of
attack and drag distribution at 160 kt (u = 0.37) with
flap deflection of O deg. (Hereafter, this case is
referred to as passive case). In passive case, the
effective angle of attack is negative and the drag is
quite large on the advancing side. Therefore, it is
necessary to reduce the absolute value of the
negative angle of attack on the advancing side in
order to reduce the required power.

The definition of Active Flap input

Figure 17 shows the required power with respect to
2/rev and 3/rev Active Flap input phase. The required
power is minimized at phase of 330 deg for 2/rev and
at phase of 225 deg for 3/rev. The waveforms of flap
input at the minimum required power are shown in
Figure 18. At an azimuth angle of 105 deg, the flap
deflection is negatively maximized (trailing edge up)
for both 2/rev and 3/rev, which reduce negative angle
of attack on the advancing side.

Alphaldeg]

90"

) .10

Clal” §
4
E
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270°

Figure 15: Effective angle of attack distribution
(v=160 kt, Passive)
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Figure 16: Drag distribution
(v=160 kt, Passive)

However, as described later in 3.2.4, with 2/rev and
3/rev flap inputs, trimmed condition changes
significantly and the pilot's workload can be
significantly increased in the case of real flights.
Therefore, in order to reduce the amount of re-trim
control, the “ideal” flap control is investigated. The
waveform of ideal flap control is induced from the
effective angle of attack and drag distribution shown
in Figure 15 and Figure 16, and actual flap input is
formulated in Fourier series consisting of O/rev to
3/rev harmonics. The red line in Figure 18 shows
ideal flap control, and the ideal waveform is
expressed by equation (2).

orp =0.02 + 2.16c0s(1) + 64.3)
) +1.23cos(2¢ + 329.3) + 1.33cos(3¢ + 214.6)

Table 4 summarizes the frequencies, amplitudes and
phases of each Active Flap input for forward flight.
The influences of these Active Flap input for forward
flight performance are compared through the
analysis.
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Figure 17: Required power with respect to flap input
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Figure 18: Waveform of Active Flap input

Table 4: Specifications of Active Flap input wave

2/rev | 3/rev | Ideal
Frequency | 2/rev | 3/rev | Oto 3/rev
Amplitude 5 5 Equation (2)
[deq].
Phase 330 225 Equation (2)
[deq].
3.2.2. Required power for forward flight

Figure 19 shows the required power for forward flight
at 160 kt with each Active Flap input. With 2/rev and
ideal input, the required power for forward flight at
160 kt can be reduced by about 4% compared to with
passive case. With 3/rev input, the required power for
forward flight at 160 kt is less reduced than with other
harmonics though 3/rev input is also set to reduce
negative angle of attack on the advancing side
similarly to 2/rev and ideal input.

Passive 2445.3 HP

2353.5HP

(100%)

2/rev (96.2%)

3/rev (98.9%)

Ideal RPELEZNTEENN (96.3%)

2300 2350 2400 2450
Required power[HP]

Figure 19: Comparison of required power with
Active Flap input (v=160 kt)

3.2.3. Comparison of in-plane distribution

The in-plane distributions of effective angle of attack,
lift and drag for each flap input cases are shown in
Figure 20.

The negative angle of attack is suppressed and drag
decreases on the advancing side for all Active Flap
input cases. For 2/rev input case, drag on the
advancing side decreases more than the other
cases, while drag on the retreating side increases.
This is because flap takes the same angles every
180 degrees for 2/rev and every 120 deg for 3/rev as
described in equation (1), thus the angle of attack
increases not only on the advancing side but also on
the retreating side. On the other hand, for ideal input
case, drag on the advancing side is less reduced
compared to other cases, but drag does not increase
on the retreating side because the flap deflection
changes only on the advancing side.

3.2.4. Trim result

Table 5 shows the trimmed control, attitude and hub
moment. Figure 21 shows the differences in trim
results relative to passive case.

The coupling of Active Flap input and forward flight
speed changes the trim results. According to Ref.
[18], during active control at n/rev, the blade thrust
varies at n-1/rev and n-2/rev not only at n/rev.
Therefore, trimmed conditions is different because
the O/rev (collective) and 1/rev (cyclic) components
are changed by active control at 2/rev and 3/rev. For
ideal input, the rolling moment increases because of
the drag reduction and the lift increase on the
advancing side, but less increases than that of 2/rev
and 3/rev because the flap deflection changes only
on the advancing side. Therefore, ideal input is the
best in terms of reducing the hub moment.
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Figure 20: Distributions of effective angle of attack, lift, drag (v=160 kt)

Table 5: Trimmed control, attitude, and moment 20% : :
Passive | 2/rev | 3/rev | Ideal 35% : Z :::
Collective 30% o Ideal
pitch 12.22 12.41 | 15.05 | 12.14
[deg] 25%
Longitudinal 20%
cyclic pitch | -3.23 | -3.64 | -3.87 | -3.57 15%
[deg]
10%
Lateral
cyclic pitch | 6.46 7.08 | 7.75 | 6.92 5%
[deg] 0%
Airframe 5%
E;t:h] angle | -7.21 -6.99 | -9.40 | -6.97 g . T < _ § g% ?:0?, %’J?,
- SE35sSErss et
olling [e} w= 8T £C a
moment 8179 | 8330 | 9350 | 8227 © §% ¢ %8
[N-m]
Pitching Figure 21: Differences of trim results for each flap
input
moment 4669 4878 | 6505 | 4812 P
[N-m]
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3.2.5. Forward speed improvement

Forward speed improvement with Active Flap input is
estimated based on the required power for 160 kt
forward flight in passive case. Figure 22 shows the
required power with respect to forward speed. 2/rev
input and ideal input increases the forward speed by
3 kt compared to passive case.

2600 .
= - = Passive 7

o ====2/rev 7/

I .

= Ideal P
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s 160 kt \/<>’—>

(]

£ 2400 — /”,. ‘

g e 2/rev, ldeal
s / 163 kt

2300

155 160 165
Forward speed [kt]

Figure 22: Required power with respect to forward
speed (v=160 kt)

4. CONTROL SYSTEM DESIGN
4.1. Requirements for control system

From flap input waveform and T.E. flap hinge
moment, the required specifications of the control
system are set as shown in Table 6. Figure 23 shows
T.E. flap hinge moments with respect to azimuth
angle for forward flight with each Active Flap input.
Figure 24 shows T.E. flap hinge moment with respect
to flap deflection for hover with O/rev (quasistatic) flap
input.

Table 6: The required specifications for Active Flap

Status Hover v=160 kt
Input O/rev Ideal
Flap deflection [deg] 4.0 4.7
Operating speed [deg/s] 202
Inertial load [kg-m?] 1.63 x 104
Aerodynamic load [N-m] 0.9 1.9
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E 2 SN TR
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Azimuth angle Y [deg]
Figure 23: Flap hinge moment (v=160 kt)
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Figure 24: Flap hinge moment (Hover)

4.2. Active flap drive mechanism configuration

The configuration of the Active Flap drive mechanism
is compared with the predecessor94 which had
been previously designed, prototyped and
demonstrated the sufficient achievement by whirl
tower test. The applicability of the same drive
mechanism to the present study is examined. The
comparison results are shown in Table 7.

As shown in Table 7, the Active Flap in this study
needs 1.87 times larger control surface area and has
to withstand 1.9 times larger aerodynamic load than
the predecessor. While, as for the flap deflection, the
required travel is 1.3 °less for both the positive and
down sides.

Table 7: Active flap comparison

Item Previous | This study
Surface area [m?] 0.0232 0.0432
Flap deflection [deg] 16 4.7
Aerodynamic load [N-m] 1 1.9
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Figure 25: Drive mechanism (1 set)[8l
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Figure 26: Active flap and drive mechanism

The increased size of the control surface area and
the aerodynamic load can be handled by configuring
a new drive mechanism with the two drive
mechanisms in the previous case. Figure 25 shows
the previous configuration with single drive
mechanism. Figure 26 shows the new configuration
adopting the two drive mechanisms.

As shown in Figure 26, in new configuration, the
independent two flaps are prepared to avoid a force
fight, which can be caused when there is a difference
in output between two drive mechanisms which are

connected parallel to operate one same flap. If force
fight occurs, flaps become inoperative and the drive
mechanism damage may occur.

4.3. The specification of Active Flap

Table 8 summarizes the specification requirements
for the Active Flap and drive mechanism that meet
the requirements for the Active Flap given in section
4.1 and adopting the configuration given in section
4.2.

The properties of the commercial piezo actuators
which KHI used in the previous case are used in
order to set the specification. The dynamic
characteristics are set at a rotor speed of 258 rpm for
the maximum frequency component (3/rev) included
in the Ideal waveform.

Table 8: Specification of Active Flap (per blade)

ltem Value

5 MINIMUM
0.26 MINIMUM *1

Flap deflection [deq]

Actuator Stroke [mm]

Operating Frequency [Hz] 12.9
Actuator Output [N] 12000 per
actuator
Total 4 actuator
on one blade
Operating Voltage [VAC] 115 *2
Operating Current [A] Max 0.8 per

actuator *2

Total 4 actuator
on one blade

*1. In Table 6, the flap deflection angle is required
as *4.7 deg minimum. Based on the previous
experience, the flap deflection angle in this table is
set as £5 deg MINIMUM to have some margin. In the
previous case, KHI designed the Active Flap
deflection angle as +6 deg MINIMUM.

*2. Those values are based on the properties of the
commercial amplifier of the piezo actuators which
KHI used in the previous case. The maximum value
of the operating current is set to the value same as
the fuse rating of the amplifier.

5. CONCLUSIONS

In order to improve hover and forward flight
performance, the influence on performance of Active
Flap is investigated by CAMRAD Il analysis. In
addition, required specifications of control system
are estimated by analyzing results, and control
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system which satisfies the requirements is designed.
A summaries of conclusions are below.

Hover analysis

@® The influence of Of/rev (quasistatic) flap
deflection on hover performance is investigated
and the required power for hover is reduced by
about 2.5% with positive flap deflection (trailing
edge down). Because the positive flap
deflection makes the blade pitch down and drag
is reduced by decreasing the angle of attack.

@® The flap deflection changes Cm and C.
individually, resulting in the required power for
hover changes non-linearly with respect to flap
deflections.

Forward flight analysis

@® The influence on forward flight performance is
investigated for 2/rev, 3/rev, and ideal flap input.
Ideal flap input focuses on reducing drag on
advancing side.

@ 2/rev and ideal flap input can suppress negative
angle of attack on the advancing side. As a
result, the required power at 160 kt is reduced
by about 4%, which is equivalent that the
forward speed can be increased by about 3 kt
compared to the passive case.

@ For ideal input, the rolling moment increases
because of the drag reduction and the lift
increase on the advancing side, but less
increases than that of 2/rev and 3/rev because
the flap deflection changes only on the
advancing side.

@ Ideal flap input shows the best results in terms
of both required power and hub moment.

Control Systems

® The requirements for Active Flaps that can
realize the ideal waveforms are set.

® The Active Flap drive mechanism is studied
based on the previous research activities which
had demonstrated the sufficient achievements.
Since the flap area is large, two sets of drive
mechanisms are used. The flap is divided into
two sections to reduce the force fight.

® Using the drive mechanism examined, the
specifications of the active flap satisfying the
required specifications are set including the
actuator specifications.

6. FUTURE WORKS

In order to improve the performance by Active
Flaps and to develop a more efficient control system,
the following issues are considered.

Forward flight analysis

@ Optimization of ideal waveform (combination of
frequency, amplitude, and phase in Equation

(1)

Control Systems

@ Detailed study of a more efficient mechanism to
drive the flap.
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