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NOMENCLATURE
C,,: Aircraft Drag at Zero Lift

C, : Lift Coefficient of Aircraft
K : Constant

n: Load Factor

q : Dynamic Pressure

R : Pull-up (pull-down) Radius
r: Turn Radius

S : Wing Area

T: Take—off Thrust

V' : Linear Velocity

W : Take-off Weight

A : Thrust Reduction Coefficient
6 : Climb Angle

6,: Pull-up or Pull-down Angle

in these equations results in the aircraft’s matching
diagram. Therefore, one may determine the
allowable design space to find the aircraft’s design
point. This method has been employed to design a
micro air vehicle. The results are used to compare
the effects of various performance parameters and
different maneuvers on the near optimum selection

of design point for aircraft.

1-THE AIRCRAFT (W-T-S) COMBINATION
The two dimensional orthogonal space, (T/W)1o [or

(W/P)1o] as the vertical axis versus (W/S)to as the
horizontal one, is known as the aircraft design space
[1]. Determining the combination of the take-off
weight, engine thrust and wing area of an aircraft
(or selection of the aircraft design point) in the
design space, is the cornerstone for a new aircraft

design cycle process. The aircraft design point

p: Density selection has an important role in the analysis of the
6 : Coefficient various aircraft’s characteristics, the overall
¢:Roll Angle configuration and the aircraft sizing process in the
dv aircraft preliminary design cycle [2]. Also it has its

7 : Linear Acceleration
t

ﬁ : Rate of Climb
dt

ABSTRACT
A new approach, using aircraft flight performance

parameters, is presented for design point selection
of electrical micro and small unmanned air vehicles
(MAV & SUAV). Performing maneuvers during
the aircraft’s mission, have been considered as the
required design criteria. The aircraft’s motion
equations have been derived for some general

maneuvers. Applying the performance parameters
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special importance to design some new generation
of aircrafts like unmanned air vehicles, whose
design standards have not quite been determined
and classified yet[2].

Due to special disciplines which govern the design
of the aforementioned aircrafts, it is very hard and
sometimes impossible to design them with the
standards which are used in conventional and
classical aircraft designs [2, 3].

Reference [4] has presented a method to determine
the aircraft’s design point selection on the basis of

the aircraft’s energy.
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As anew method and from a different point of view,
in the present work, it is shown that how one may
determine the electrical unmanned aircraft’s
preliminary design point, concerning the various
required maneuvers at its operation. This is
accomplished with the substitution of some
predetermined performance parameters in the
aircraft’s motion equations. Doing so, ensures that
the aircraft will be able to accomplish its required

operational maneuvers during its mission.

2-THE PERFORMANCE BASED APPROCH
TO THE UNMANNED ELECTRICAL
AIRCRAFTS DESIGN

A brief introduction

According to the aircraft mission, different flight
conditions have been considered to determine the
design point of an unmanned electrical aircraft. The
variety of situations contains the cruise, climb, turn,
pull-up and pull-down maneuvers.

For every flight state, the motion equation of the
aircraft has been written. Then the required
aircraft’s predetermined performance parameters
are substituted in the motion equations.

Then by expanding the motion equations, (T/W)
versus (W/S) for every situation in the aircraft’s
flight phases are determined.

Concerning the substitution of the required
performance parameters, in the various equations of
flight situations, in fact; the equations become

the criteria for aircraft’s design point selection.
Regarding this matter automatically satisfies the
design requirements to fulfill the desired operation
for the aircraft at its mission.

A simultaneous use of the equations in the aircraft
matching diagram determines the allowable space
for the design process. Then it may be possible to
select the proper aircraft’s design point to empower

it to accomplish its mission.

JULY 6-9, 2010, BRAUNSCHWEIG, GERMANY

The design point is a point where the aircraft’s
(T/W) and (W/S) are selected in such a way that,
near optimum values for the engine thrust and wing
area are selected and at the same time, all the
aircraft’s mission requirements are satisfied.
Having the aircraft’s design point and take-off
weight [3], leads to the calculation of the aircraft
engine thrust and wing area which, in turn, are used
to select the engine (engines) and manufacture the
aircraft’s structure.

It should be mentioned that, the considered aircraft
flight maneuvers, based on the presented method
may be expanded. In this study, only some simple
maneuvers are considered, however, more complex
situations could be taken into account to improve
the aircraft ability to accomplish more complex

missions.

3- THE AIRCRAFT MOTION EQUATIONS

In this study, it is assumed that the mass of the
aircraft is concentrated at its center of gravity and
all lift, drag and trust forces are acting on this point.
Aircraft rigid body motion during the flight has not

been considered. It has also been assumed that the

thrust force is always in the direction of the drag
force, and both of them are in the flight path
direction. The engine installation angle is assumed
to be zero and a no cross wind situation is
considered. It should be mentioned that all the
aircraft maneuvers are assumed to stay in the
vertical or horizontal planes. Also there is no thrust

vectoring, morphing or flexible configuration.

The motion equation for an aircraft obeys the

Newton’s second low:

o (1)

The above equation is a vector equation and could
be applied in any directions. We now present the

aircraft’s motion equation and a schematic of its
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situation for different flight phases or maneuvers.

All variables are defined in the nomenclature. Also

one may consult [5, 1] for more details.

1- Constant Speed Cruise in a Horizontal
Plane

Figure 1 shows an aircraft during a constant speed

cruise flight. Considering the figure, the motion

equation of the aircraft may be written as:

L

Figure 1- Cruise in a Horizontal Plane

Since there is no acceleration at this flight state, the

equation is simplified to:

Where n is the load factor which in this flight
situation is 1. The lift coefficient of the aircraft may
then be determined by:

L W
T e 6)
qS qS
And the drag force of the aircraft is:
D=CpgS.cecinininiccceceeiee. @)

If the drag polar equation of the aircraft is assumed
to be:
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Combining (6) and (8) leads to:

nW
C,=C,, F K (=) e, ©)]
qS
So the aircraft’s drag equation becomes:

D=CDqS=(CDO +K(”VSV)2JqS ........... (10)
q

Combining (4) and (10) leads to:
Kn’S w

T=Cp qS+—(—) oooeeercerrrrrrrerre. an
0 q S
And hence;
C 2
I_ $q+K" o (12)
w ) qg S
S

It is also assumed that the aircraft’s installed thrust
decreases with an increase of the aircraft’s altitude

and speed as follows:

Where, A is a reduction coefficient which has a
quantity smaller than 1 based on the altitude and
speed of the aircraft. Using Equation (13) in (12),
one may obtain the motion equation for this flight

state of the aircraft as follows:

Ty 1 Cn4q Kn’ w
W_l[ W + . (S)] ..................... 14
(E)

2- Constant Linear Accelerated Cruise in a
Horizontal Plane

The schematic figure of the aircraft’s flight in this
condition is similar to the previous one, except that
in this case the aircraft has a linear acceleration in
the flight path direction. Because of the acceleration

term, the motion equation of the aircraft becomes:
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In an exactly similar way to the previous state, the

motion equation for the current situation may be

derived as:
C
&J[ nd  Kn® I:] ....... 16)

W()q

3- Constant Speed Climb in a Vertical Plane
Figure 2 shows the schematic situation of the

aircraft in this flight condition:

W

Figure 2- Climb in a Vertical Plane

Writing the motion equation of the aircraft in the
flight direction leads to:

T-D- Wsm@-lﬂ ................ a7
g dt

Since the climb is accompanied at constant speed,

dv . . L
we have — = 0 . In this way the motion equation is

dt

simplified to:
T-D-Wsinf=0.............. (18)
T=D+Wsinf.................... (19)

Using Equation (10) in this equation leads to:

T=C, qS+KqS(%)2 +Wsin........(20)
q
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T=C,qS+ Kn S(W) +Wsin@........(21)
C
% Cod Kn® Wy 6. 22)
5 (O
Employing Equation (13) we reach to the following
equation:
T, 1.Cp 9. Kn’

I, 1
Wi()q

(— R ) +sin0].......... (23)

4-Constant Linear acceleration Climb in a
Vertical Plane

The schematic figure of the flight condition in this
situation is similar to that shown in Figure 2, except
that in this case, the aircraft has a linear acceleration
in the flight path direction. So the aircraft’s motion

equation has the following form:

wdv

T-D-Wsinf=——.... (24)
g dt

T:D+Wsin0+ld—V ......... 25
g dt

Using Equation (10) and some algebraic
manipulations, lead to the motion equation of the

aircraft for this condition as follows:

2
T=C, qS+ K”S(W) cwsing+ 4V (26)
0 g d
C
T Doq Kl’l (27)
oy
S

After using Equation (13), one may obtain the
following relation for the aircraft’s motion

equation:

Coa  Kn* W 1dv

[ 9+f—] (28)
)

Ty 1
7
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5- Constant Speed Turn in a Horizontal Circle

Finding sing .4 ©08¢ g6 Equation (32) and

Figure 3 shows the schematic of the aircraft in this (31) and substituting them into Equation (34) and
w

flight situation:

also considering "'~ E leads to:

L=/[*sin’ ¢+ cos’ ¢ = /W( ) +2..(35)

\F

W n=—-= 1+(g—R) ......... 37)

Figure 3- Turn in a Horizontal Circle
Substituting Equation (37) into Equation (10) leads
In this case, the motion equations for different to:

directions have the following forms; 2 %
D=C,qS=|C, +K(1+(—)")—)" |¢S...(38)
' gR ¢S

In the flight path:
T-D= Z% (0 I (29) By Substituting this equation into the motion
g equation or Equation (30) and dividing the result by
T=D.eerniieecencennaann, (30) W one may obtain that:
In the vertical direction: T C
Leos¢p=W =C, gS........31) W (W) +*(1+(*) ) ) ~~~~~~~ (39)
S
And in the horizontal direction: or;
T, 1Cphq K V: o, W
o mV? e + = (14 (=) (E)]-(40
Lsing=——....ccevnnenn. (32) w ﬂ,[ q( (gR) )(S)] (40)
r ()

L 6- Constant Acceleration Turn in a Horizontal
Here the load factor which is the consequence ofthe

. Circle
maneuver is found as follows: o o
The schematic situation in this condition is similar
to that shown in Figure 3, except that in the present
2 2.2 2 2 22 2 2 . . . . .
L =L (sin” ¢+cos” ¢)=L"sin" ¢+ L cos” §....... 33) case, the aircraft has a linear acceleration in its

circular flight path direction. So the aircraft’s

L= \/ L’sin® ¢+ L cos’ @.......... (34) motion equation has the following form:
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T —D:Kd—V .......... 4D
g dt
r=p+ Y 4
g dt
Similarly, one may find the motion equation as
follows:
T Chq K Vi, W o 1dv
= T (14 (o)) () F— . (43)
w 4 q gR S gdt
(E)

And again by using Equation (13), we get:

K, VoW 1dv
(K) q(1+(gR) (S)+gdt] ..... (44)
S

7- Constant Speed Pull-up in a Vertical Circle
Figure 4 shows the schematic aircraft’s situation in

this condition:

L /@

”’

Figure 4- Pull-up in a vertical Circle
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At the present situation, the aircraft’s motion
equations in the flight path and towards the center

of the Pull-up circle are:

T-D—-Wsinf1=0......... (45)
T=D+Wsin0l.............. (46)

And

L—WcosOl= mV

Therefore, the lift is equal to:

2

L:mV

+W cosfl........ (48)

2

L= W[V— +cosdl]......... (49)
gR

In this way the load factor is equal to:

By substituting the above equation in the drag polar

relation or Equation (10), one may obtain:

p ’
R +cos 01} S
&g (7)2

K[
D=C, qS+

q

After substitution in Equation (46) and dividing by
W we get:
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2

2

rc K {R +cos 01} W

L_Zn®, L8 (L) +sin61....(53)

v a S

S
And consequently we have: 9- Constant Speed Pull-down in a Vertical
2 2 .
K {V +cos 91} Circle
Ty _ l[cff} q gR (K) +sin01]....(54) Figure 5 shows the schematic aircraft’s state in this
WA (E) 1 5 condition.

8- Constant Acceleration Pull-up in a Vertical
Circle D

The schematic aircraft’s situation is similar to that

of Figure 4, except that in the present case, the T
aircraft has a linear acceleration in the Pull-up L W
circular flight path: :
i /R
T—D—Wsin@lzld—V ........... (55)
g dt
T:Kﬁ+D+Wsin91 ............ (56)
g dt

Concerning the present case differences, again one
may drive the motion equation relations similar to
that of the previous case as:

Figure 5- Pull-down in a vertical Circle

v ’
c K{R+cos 01} o . .
Tr_tar g L& (KH §in61...(57) Similar to previous parts, for this case and
w o ogd W q S
)
S
And therefore: In the flight path we have;
T—D+Wsinf=0......... (59)
) 2
. c K{RJrcos@l}
J:l[lﬂﬁ_ nd, L& (V—V)+sin91]...68) and T+ p=01..... (60)
w Agd W q S
(E)

SO;
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T-D+Wsin(0l—7)=0....coe........ (61)
T —D+Wsin(—(zr —01))=0............. (62)
T—-D—-Wsin(r —01)=0.................. (63)
T—-D—-WsinfOl=0...cc. oo .. (64)
T=D+WsinOl..ncn. (65)
And

Toward the Pull-down center:

2
MY W COS B (66)
my?

=L+ Wcos(01—1).......... (67)

2
MV LW cos(—(x — O1)).....(68)
my?
=L+ W cos(m —01)......... .(69)
2
’”}’: =L —WcoSOl... (70)

Again lift force may be found from:

2

L="""  Weosol.....(71)

VZ
L= W{ + cos 91} ........ (72)
gR

And the load factor becomes:
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Therefore the lift coefficient is:

2 2
W{VR+00591} P/RvLcosm} W
c-_L& _LE (E) ..... 74)

- qS q

And so the drag force from Equation (10) is found

in the following form:

P 2
K|:VR+COS91i| S -
D=C, qS+—= )’
0 q S
In this way the thrust over weight ratio may be

obtain as:

2

K r +cosO1
T CDO q gR

—= +

/4 w q

After applying the installed thrust correction factor,
we get:

V— +cos 61

SL __ 1 CDO 9q gR

Koz
Ty _1Cnd, ) s sin01]...(77)
q S

wooa W
(S)

10- Constant Acceleration Pull-down in a
Vertical Circle

Except for the presence of a constant acceleration,
the aircraft situation is similar to that of the previous

condition. Hence:

KﬂzT—D—Wsinel ....... (78)

g dt

T:Zd—V+D+Wsin91 ...... (79)
g dt
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with similar processing and substitutions, we get:

2 2
rolav C I{R+COSBI} W
L 1da” nd, L8 (=) +sin61...(80)
W g dt w q S
=)
S
5 2
. Liar € K{—RJrcosGl} W
Iy 1, 1dV “nd, L& (=) +sin61]...81)
W Agdt w q S
(E)

Hand launching

Another important matter in the design of small and
micro air vehicles is the hand launch ability at the
beginning of the mission. After launching, the
unmanned aircraft’s velocity must be about or more
than the aircraft’s stall speed to prevent unwished
stall. This matter restraints carrying the additional
equipments and weights with aircraft’s operators,
so they are more agile and comfort during their
operations.

The governing equation in this situation is that of

the stall speed of the aircraft, hence:

1
L=W =PV Crp S 82)
W= % PVEC, Serrrrrn. 83)
w1
EzngSZ Lmax *oeeceseececnes (84)

4-PERFORMANCE BASED DESIGNOF
UNMANNEDAIRCRAFTS

Having the motion equation of the aircraft on the
basis of its required performance parameters, it is
possible to draw them on the aircraft’s matching
diagram simultaneously (Figures 8 to 11).

Then after considering the satisfaction of all
requirements, it is possible to select the aircraft’s

design point.

JULY 6-9, 2010, BRAUNSCHWEIG, GERMANY

The area in which these conditions are satisfied is
the upper hand of the motion equation curves and
the left hand of the vertical stall line on the matching

diagram.

It is possible to derive a general motion equation for

all considered conditions as follows:

2
[@(%n 90 | Gin6 +sino1+ -2 ]..85)
q

(V%) g dt

r_1
7

Different parameters in this equation for different
flight conditions are given in Table (1).

dv
Parameter n ¢ 0 61 7d 5
t
Unit - t dge deg 772 -
N
Constant Speed)| [/
Cruise w 0 0 0 0 “
Accelef‘ated [/ 0 0 0 dl K
Cruise w dt
Constant Speed [/
Climb w 010 o ° “
Accelerated L av
e | W {000 |G| K
2
Constant Speed 1+ (Vf)2 ¢ 0 0 0 K
Turn gR
Accelerated 1+ (V:)2 av
Turn gR ¢ 0 0 E «
2
Constant Speed| —— + cos 01 0 0 o1 0 K
Pull up gR
y2
Accelerated y + cos 01 0 o | 601 Lld K
Pull-up & dt
V2
Constant Speed| —— + cos 61 0 0 o1 0 K
Pull-down gR
V2
Accelerated 7R + cos 01 0 0 01 dl K
Pull-down & dt

Table 1- introducing different parameters in the

Equation (85) for various flight conditions
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As an illustrative example, the first five rows of the
Table (2) present the values of the parameters for
the Ava micro air vehicle which was designed for
the EMAV 2008 competition in Braunschweig,
Germany. The design of the Ava MAV proved to be
a successful design during the competition. This
mater is some evidence that, the applied design

criteria were an acceptable one.

dv|
Parameter h A 0 9] dt V q
. m/| km) kg
Unit - - deg | geg s/ s 2]
330
Constant Speed 0 at
Cruise ! 07 0 0 %0 1500
m
200
Accelerated at
Cruise ! 0.7 0 0 2 7 1500
m
154
Constant Speed 0 at
Climb 1 08 | 8.6 0 60 1000
m
154
Accelerated 0 at
Climb 1 0.8 | 103 1 60 1000
m
3 147
Constant Speed -~ 0 at
Turn atr=10 | 0.7 0 0 60 1500
m
m
: 0 -
Accelerated Turn| at r‘:IO 0.7 0 2 60 1500
m
147
Constant Speed 733 at
Pull up 3.106 0.7 0 0 60 1500
m
147
Accelerated Pull 3106 07 0 733 5 60 at
up 1500
m
147
Constant Speed 360 at
Pull down | 283 | 07 |0 0| 601 1500
m
147
Accelerated Pull 360 at
down 3.83 0.7 0 2 60 1500
m

Table 2 — the values of the parameters for the
Ava micro air vehicle

JULY 6-9, 2010, BRAUNSCHWEIG, GERMANY

5-RESULTS OF PERFORMANCE BASED
DESIGN METHOD

After substitution the parameters in Equation (85),
its variety is plotted in Figure (8) for various flight
conditions and maneuvers used for the design of the
Ava MAV. These conditions were contained
Constant Speed Cruise, Accelerated Cruise,
Constant Speed Climb, Accelerated Climb and
Constant Speed Turn.

This diagram determines the acceptable region for
the selection of aircraft’s (W-T-S) combination in
such a way that the designed micro air vehicle could
be able to accomplish the desired flight path during
its mission.

Now, suppose that the designed micro air vehicle is
expected to perform more complex maneuvers.
For example, it is needed that the aircraft presents
some especial performance parameters (like
velocity and/or acceleration) or an especial
maneuver during its flight path. To take these into
account, more criteria could be considered from
Table (2), for instance, which represents the
parameters for the extra maneuvers (rows 6 to 10 in
Table (2)). The corresponding curves for the new
conditions have been plotted and have been titled to
recognize, again at the Figure (8) for comparison
the proper design point for every case. As one may
observe, the aircraft’s thrust to weight ratio
increases several times as much as its initial value
which was related to first simpler maneuvers case
(first five rows of Table (2)).

As an example, according to the Figure (8) and at
the fixed value of 0.72 (stall line) for (W/S), one
may be observed that the (T/W) is about 0.85 for
the first simpler maneuvers which related to
constant speed turn, but it is about 2.65 for the

second more complex maneuvers which related to
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accelerated pull-up. It means that the growth factc
of (T/W) is more than 3.

It must be mentioned that, in pull-up and pull-dow
maneuvers it is possible to find the angle 0, .
which maximum (T/W) occurs. This can t
obtaining from drawing (T/W) curve in terms of
or using its derivative. Sample of the curves we:

presented as followed:

variation of T/W versus pull up angle

/W
AN
o

- . L L L
] T W C] W 0 T 0 0 o0

pull up angle

Figure 6- T/W in terms of 6, for pull-up

variation of T/W versus pull down angle
T T T

T/W
/
Y

| |
) £ = 76 e = e = e £
pull down angle

Figure 7- T/W in terms of 6, for pull-down

Then, it is possible to substitute this angle into tt
equations of motion and simultaneously plottir
them in the matching diagram. So, because tl
plotted curves are related to the maximu
quantities of (T/W), more critical conditions would
be used to find the design point.

Example of the matching diagram is presented in

figure 8 for mentioned conditions:

JULY 6-9, 2010, BRAUNSCHWEIG, GERMANY

manoeuvre radius=10(m) flight velocity=60(km/h)
T T

stall 1
Accelerated pull up
Constant Speed pull up 7
\ " pullvp \ ]
— g —
N —_ - ]
S
Accelerated pull down
Constant Speed pull downL
s

g Constant Speed Turn
. Accelerated Climb T e
= | L — 4
- = - SR

[AcceleratedTumn

L . R
Constant Speed Cruise  qnctant Speed Climb
Accelerated Cruise

Figure 8-Ava matching diagram for maneuver
radius equals to10m and flight velocity equal to
60km/h
Also on the basis on selection of various
performance parameters of aircraft, it is possible to

get to different matching diagrams.

In the following, sample of such diagrams for
various performance parameters were presented. It
must be mentioned that, changing the matching
diagram has the consequence of changing proper
design point for the aircraft.

As one may observe, for a special wing area, the
aircraft’s design point moves up-ward with
selecting more complex maneuvers or allocating

some higher performance parameters to the aircraft.

manoeuvre radius=10(m) flight velocity=80(km/h)

BN Stall
\
\

Accelerated pull up

Constant Speedpullup |

S —

Accelerated pull down

Constant Speed pull down |
St

/W

L 1 e

\
I

N
Accelerated Turn

———
Constant Speed Climb
|

.
L) 0z 03 o [ 3 07 8 0s

w/s

Figure 9-Ava matching diagram for maneuver
radius equals to10m and flight velocity equal to
80km/h
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; , —_manceue raduer20imfight elody-<0len/ ) mission. Many problems such as inefficiency to
Stall

accomplish the desired expectations, inability to
flight in some especial paths, unwanted aircraft stall

Accelrated pullup 1 problem and mission cancelation may be the
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e

consequences of thrust insufficiency and incorrect
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Figure 10-Ava matching diagram for maneuver important role in successfully accomplishment of an

. . . unmanned aircraft’s mission.
radius equals to20m and flight velocity equal to

60km/h
dius=20(m) flight velocity=80{km/h)

I ‘ ‘ ‘ ] maneuvers and flight parameters, it seems that, this

Stall

So, since the performance basis design method has a

comprehensive attention to the various flight

method is a suitable one to design unmanned

Accelerated pll up aircrafts.

Constant Speed pull up\
7 L

Also it must be mentioned that, engine integration

Accelerated pull down |

ConsantSpredTim it sgisd il i has an important effect on design cycle of
e 4 i AW

‘,/k //
=1 unmanned air vehicles [2]. This matter finally

=i =

95k ConstantSpeed Cruise .~
Constant Speed Climb . o o 7o . . .
I M influences on the configuration, structure, flight

w/s

) ) ) dynamics, flight tests and evaluation of the aircraft.
Figure 11-Ava matching diagram for maneuver . ) .
) ) ) Also, it must be mentioned that selection of

radius equals to20m and flight velocity equal to

80km/h
As a simple example one may be seen that, at the
fixed value of 0.72 for (W/S), the maximum

quantity of (T/W) is about 2.2 for maneuver radius

different stall speeds may change the aircraft’s wing
area, which has its especial effect on the aircraft’s
design cycle [1]. This matter affects the allowable
area of matching diagram and selection of aircraft’s
design point, which is also one of the design criteria

equals to20m and flight velocity equal to 60km/h )
) o at the presented design method.
(Figure (10)), but it is about 3.2 for maneuver i i

i i ) It must be mentioned that , the engine thrust , the
radius equals tol0m and flight velocity equal to

80km/h ( Figure (9)). It means a growth factor for
the maximum (T/W) more than 1.45 with changing

battery capacity and its weight, aircrafts endurance
and range , aircraft weight and many other

o parameters have inter connection in aircraft design
the maneuvers characteristics. . .
) ] cycle[1,2,3] . Therefore it is not permitted to select
These matters (which explained at pages 10 to 12) . . . L
) ] ) an over designed engine and/or wing area in aircraft
cause the aircraft’s thrust increasing to prevent .
] ) design cycle, on the contrary, these parameters
unwished stall. It means that the aircraft need to ) . .
) ) ) ) must be selected optimum in a design.
larger and heavier engine which has a direct effect o
) ) ) . Another proper characteristic of the presented
on the aircraft’s design cycle and its continuation . . . L
) method but for larger size aircrafts, is application of
[2]. If the designer team do not respect to the above . . .
] ] ) only performance and motion equations of aircraft
mentioned matters at the aircraft design cycle, the . : )
) . o to select their design point, and human standards
aircraft will not powerful enough to engage with its

JULY 6-9, 2010, BRAUNSCHWEIG, GERMANY 233


https://www.imavs.org/pdf/imav.2010.20

.org/

[/fWww.1mavs

http

IMAV2010-20 INTERNATIONAL MICRO AIR VEHICLE CONFERENCE AND FLIGHT COMPETITION 2010
https://lwww.imavs.org/pdf/imav.2010.20

and factors do not apply in the this process. So,

since unmanned aircrafts need some especial design . ; et ey /) i

method which must be harmonious with their e
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disciplines [2], it seems that the presented method
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In the following for more illustration, the outcomes " . Spnetantspeed un__J
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of the applied design method for two series of Figure 14—variation of T/W verses radius of
parameters have been presented for comparing the rotation of maneuvers, for linear flight
results. velocity=60km/h
The first series shows the variation of (T/W) verses . ‘ e et o) ‘
radius of rotation of maneuvers, for different linear \ 1
flight velocities, which have been manifested ! ek |
onstant speed pull up
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Figure 12- variation of T/W verses radius of
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Figure 13- variation of T/W verses radius of
rotation of maneuvers, for linear flight
velocity=50km/h
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flight velocity=90(km/h)
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Figure 17- variation of T/W verses radius of
rotation of maneuvers, for linear flight
velocity=90km/h

One may observe that, (T/W) is almost constant for
more simple flight phases and maneuvers with
increasing the flight velocity for all cases. In the
more complex maneuvers, containing rotational
motions, because of increasing the load factor,
(T/W) will growth with increasing the flight
velocity for all cases at constant radius of rotation.
This matter has a more intensity for smaller radius
of rotations because of effect of load factors. The
load factor relations were presented in Table (1).

The second series shows the variation of (T/W) in
terms of the linear flight velocity for various
maneuvers radius of rotation, which one may be
observed them at the plotted curves:

manoeuvre radius=5(m)
7 T T T T T
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Constant Speed pull up i
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Figure 18- variation of T/W in terms of the linear
flight velocity, for maneuvers

radius of rotation=5m
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manoeuvre radius=10(m)
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Figure 19- variation of T/W in terms of the linear
flight velocity, for maneuvers
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Figure 20- variation of T/W in terms of the linear
flight velocity, for maneuvers
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Figure 21- variation of T/W in terms of the linear
flight velocity, for maneuvers
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Figure 22- variation of T/W in terms of the linear
flight velocity, for maneuvers

radius of rotation=25m

Concerning Table (1) information, Again one may
observe the effect of load factors (or maneuvers),
on the plotted curves.

It should be reminded that these plots are related to
a specific (W/S) of the aircraft which may be chosen
in different values. So, these curves may be varied
relative to the aircraft’s stall speed and airfoil
section of the wing.

Finally it must be mentioned that, MAVs and
SUAVs are some multidisciplinary systems. So in
their design cycle, all the essential design features in
the form of a holistic strategy must be considered.
The designer team should have an eye on all design
features of the aircraft for decision making in the
design process. For example the effects of low Re.
number and small dimensions must be considered in

the design lops at the various design cycle tasks [2].

6-CONCLUSION

A performance basis design method is
presented for the micro air vehicles and small
unmanned air vehicles.

The considered flight states are only some limited
possible maneuvers of aircraft. They only have been
used for introducing the method and its abilities. An

aircraft may accomplish more complex maneuvers

JULY 6-9, 2010, BRAUNSCHWEIG, GERMANY

in its flight path, which must be considered in its
mission as the flight requirements.

Nowadays, most of the unmanned aircraft missions
are performed in the autonomous phase. It seems
that applying this method 1is suitable for
autonomous MAV and SUAYV flights in which the
path and the required maneuvers during the flight
are predetermined. This makes the aircraft able to
engage with its required mission.

Also it seems that, use of this method is specially
useful for designing and enabling some new
generation of autonomous MAVs and SUAVs, with
intercepting and attack missions to prevention of
the same kind of aircrafts operation in the military
fields or reducing required time and energy in the

civil fields in the future.
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