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Design and Fabrication of Coaxial Rotorcraft-typed Micro Air Vehicle for Indoor

Surveillance and Reconnaissance
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This paper is focused on the procedure of the development of a micro air vehicle which has
vertical take-off and landing capability for indoor reconnaissance mission. Trade studies on
mission feasibility led to the proposal of a coaxial rotorcraft configuration as the platform. The
survey to provide a guide for preliminary design were conducted based on commercial off-the-
shelf platform, and the rotor performance was estimated by the simple momentum theory. To
determine the initial size of the micro air vehicle, the modified conventional fuel balance method
was applied to adopt for electric powered vehicle, and the sizing problem was optimized with the
sequential quadratic programming method using MATLAB. The designed rotor blades were
fabricated with high strength carbon composite material and integrated with the platform. The
developed coaxial rotorcraft micro air vehicle shows stable handling quality with manual flight test

in indoor situation.
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A = rotor disk area

Aj, = regular capacity

¢ = blade chord length

C = zero lift drag coefficient

Cr = thrust coefficient

D=rotor diameter

DL = disk loading

ED = energy density

f=equivalent flat plate area

H=height between upper and lower rotor

2 0] £), Optimum Design (£ &4 )

HPyory, = total required power
ihp = induced power

MTOW = maximum take-off weight
Ny = number of blade

php = parasite power

R =rotor radius

Rpr= weight of fuel required
Ry = weight of fuel available
Rhp = profile power

t = flight time

V = forward flight speed

V,, = nominal voltage

2| FH), Micro Air Vehicle (A[M[H[ZA]), Initial Sizing (Z7|At0| %),
g
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Vip = blade tip speed

Wcgr = weight of battery

W = empty weight

W = gross weight

W), = watt hour

Wp = payload

nxusy = efficiency of transmission
= induced power factor

K, = coaxial interference factor

p = air density

o = solidity
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22 7|& HYA A =M Table 1 Specification of COTS platforms
ARbAQl g7 AAEAE dFeFRAE Platform No. 1 2 3 4 5
HAEslY] MEAAE F3saL Z7]AFo] A (initial Type C* C* C* C* | s**
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Fig. 1 Configuration of COTS platforms Fig. 4 MTOW vs. payload
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Fig. 5 Gross weight vs. payload
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Fig. 6 Scheme of fuel balance method
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Table 2 Consumed Power Estimation Result

Platform No. 1 2 3 4
Power Measured
(watt) 2.7 3.7 22.1 24.8
Power Estimated
(watt) 2.42 3.82 21.42 21.65
Deviation (%) -11.2 2.2 -3.1 -12.8
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Fig. 7 Scheme of fuel balance method
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Table 3 Limit and initial value of the variables

Variable Lower Upper Initial
Disk loading (N/m?) 7.0 40.0 30
Tip speed (m/s) 25 80 40
Solidity 0.12 0.17 0.15
Gross weight (g) - - 0.1

Given W & Design parameters

Global Optimizer : i
Matlab
optimization | Power Required ‘ ‘ Tower Required ‘
toolbox (SQP) T T T

| Fucl Required, Regp ‘ | Fucl Available, Ry
! ¥
anse W
We Yes = \: ~o Change Wy
TR
TS

Fig. 8 Optimization frame
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Table 4 Optimized results

Variable Final Result
Disk loading (N/m?) | 11.485 | Diameter=0.191m
Tip speed (m/s) 25.0 RPM=2974
Solidity 0.12 Chord=0.0151m
Gross weight (g) 23.8 -

Power required (watt)

Gross weight (g)

--- Profile power N Tl

Induced power

Parasite power
Total required power

0.0

Forward flight speed (m/s)

Fig. 9 Power prediction result
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Fig. 10 Iteration result
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Fig. 12 Overall dimensions and transmission
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Fig. 13 Scheme of blanket press and mold

Fig. 14 Blanket press and fabricated rotors

Table 5 Specification of carbon prepreg

Resin Areal Wt. Thk. TS Modulus
Content (%) (g/m?) (mm) | (Kg/mm?) | (Kg/mm?)
40 33 0.224 79 5799
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Fig. 15 Platform integration

Fig. 16 Final configuration of platform
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