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Abstract

Nowadays, Unmanned Aerial Vehicles (UAV) are widely popular in many industries, Both military and
civil. As a result, a large number of design and production of this type of the aircraft is occurring. It is consequently
important to adhere to the rules for airworthiness of unmanned aircraft in designing and manufacturing the aircraft.
However, Royal Thai Air Force has not yet determined the airworthiness for themselves. But there is a tendency
that the Royal Thai Air Force want to adapt the international airworthiness rules for unmanned aircraft weight under
200 kilogram that worldwide accepted. Thus within this research, the aircraft airworthiness rules known as
STANAG 4703 from North Atlantic Treaty Organization is used for issuing airworthiness certificates for unmanned
aerial vehicles with a take-off weight under 50 kilograms.

The take-off performance of an unmanned aerial vehicle is an important part that indicates its
airworthiness. STANAG 4703 regulations allow this performance to be calculate through both flight testing and
analysis. But within this research, only the analysis method will be used: by creating a program to simulate take-off
flight and then use it to calculate take-off performance of an unmanned aerial vehicle.

Since aircraft performance equations are nonlinear first order differential equations which are initial value
problems, therefore the researchers chose to use both 4" order single step Runge-Kutta method and multistep
Predictor-Corrector method to solve these equations for determining the values of performance variables. The 4"

Adams-Bashforth method is used for predicting variable values. And the 4™ Adam-Moulton method is used for
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correcting the variable values. Besides, the Runge-Kutta method is used to provide initial values necessary for the
multistep Predictor-Corrector method.

The researchers created a program which is written in MATLAB language to simulate take-off flight.
The program was then tested using data from 4 aircrafts consist of 1 radio-controlled aircraft, 1 unmanned aircraft
and 2 single-engine general aviation aircrafts. The data needed for the program are e.g. maximum take-off weight,
fuel weight, take-off speed, stall speed, angle of stall angle, and thrust. The important results from this program are
specifically ground roll and take-off distances. Testing this program by using data form from 4 aircrafts as
mentioned above shows that it works correctly and high precisely: especially, takeoff performance in term of ground
roll and take-off distances have their relative errors with respect to their values from reference data in less than 10%.
Therefore it can be said that this already created program can be used for analyzing takeoff performance of the 4
aircraft types. And these analytical results can be then documented and reported for requiring the airworthiness

certification for small unmanned aerial vehicle according to STANAG 4730 in the part of takeoff performance.

Keywords: Take-off performance, Take-off distance, Climb performance, Airworthiness
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Cp =Cpo+ KIGECE,IGE + ACD,flap + ACD,fgear (11)

Taoh Kjgg o da1sznenussduiiienit (nduced Drag Factor) ¥ Idninaunisi (12)

KIGE - TARe (12)

% o @ a a J @
Famils e fio dalsznouisza@nininveseaaioas (Oswald’s efficiency factor) [13] Hag @ Avanlsznou

& o w Ry a A
YDIWANTSNUNWYU [8] MUAIAUY Iﬂﬂﬂmﬂﬂmﬂfmﬂﬁ‘ﬂ (13) tazgun1sn (15)
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e = o (10t)o.33 (13)
0.142+f (V) A(— 0.1(3Ng+1)
6 | c ) e
(1+0.12M6){1+ (cosp)? F @108 }

Fal¥ldinmziiesanamauimivodin (Wing Aspect Ratio) Hamnnnii 5 sazithu laweumsi (14) uaz (15)

F(A) = 0.005(1 + 1.5(A — 0.6)2) (14)
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2
16h
¢ = ()" /(1 + (16h,,/b)?) (1)
3.4 4599V
g A o A o A ¢ o g o ) 3 A a
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A & o A A 3 A g ¢ ' 2 o ' & g A 2
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melumsIveil mItszanunus vy nszvilagldaunsn (16) [3,8,10]
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Tagfidulszansussudulaiduvesnnda (Cr = F(V))
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2= Yo +30f (tn +3h2,),
ze= Yo+ hf (tn +3h23)
Vs = Yn+ghlf (b, 20) + 2f (tn +3h,2,) +
2f (tn +3h,2z3) + ftn + b, 24)] (19
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