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ABSTRAK
	Pesawat Boeing 747 saat ini merupakan pesawat terbang penumpang terbesar ke dua setelah A380, dimana pesawat in sering digunakan oleh Jemaah haji di Indonesia untuk berangkat haji. Oleh karena itu beberapa bandara di Indonesia harus mempunyai landasan yang memenuhi persyaratan agar pesawat Boeing 747 dapat lepas landas dan mendarat. Sebuah analisa mengenai performa pesawat saat lepas landas dan mendarat sangatlah penting, dikarenakan banyak sekali kecelakaan terjadi pada fase tersebut. Dalam hal ini ada beberapa aspek yang harus diperhatikan, seperti, kondisi permukaan runway, ketinggian landasan, konfigurasi flap dan engine yang digunakan. Faktor – factor tersebut akan mempengaruhi panjang landasan yang dibutuhkan oleh suatu pesawat untuk lepas landas dan mendarat.

ABSTRACT
Boeing 747 is the second largest passenger aircraft after the A380, which is often used by Indonesia's pilgrims for Hajj. Therefore, some airports in Indonesia must have a runway that meets the requirements for Boeing 747 to take-off and landing. An analysis of the performance of the aircraft during take-off and landing is very important, because there are a lot of accidents occur in this phase. In this case there are several aspects that must be considered, such as, the condition of the runway surface, runway altitude, flap and engine configuration. Moreover, these factors will affect the length of runway that is required by an aircraft to take-off and landing.
1. BACKGROUND
Take-off and landing are the most critical phases of flight since most of aircraft accidents are commonly happen at this time. Take off is the initial phase in a flight while landing is the last phase and an aircraft must do a safe Take-off and Landing. Therefore take-off is the phase of flight in which an aircraft moves from the ground to fly into the air and landing is the stage in the flight, where the aircraft back to the ground. There are so many factors that influence take-off and landing performance such as, the required speed, weather, weight, density, runway surface condition, and there are still lots of other factors that affect. As a consequence, an analysis and a simulation should be done in this case, to anticipate possibilities that will occur when the aircraft take-off and landing.
The primary objective of this work is to analysis take-off and landing performance from Boeing 747 whereas this aircraft is known as the second largest passenger in the world. In addition, it is often used by pilgrims from Indonesia to go to Mecca during the pilgrimage season. This aircraft uses four-engine, manufactured by Boeing Commercial Airplanes. Boeing 747 can fly at high speeds (typically 0.85 Mach or 909 kilometers per hour) and it is capable to fly between continents with a maximum distance 13.570 km.   
2. Methodology
2.1. Limitation
In a case study on "Simulation Performance Take Off and Landing Aircraft Some kind Boeing 747 Using Delphi ", limited to:
a. The altitude at Altitude sea level, 500 ft, 1000 ft, 1500 ft, 2000 ft, 2500 ft, 3000 ft.
b. Flap deflection 0 º and 20 º (take – off), 20 º and 40 º (landing).
c. Runway conditions, wet, dry and ice
d. There is no slope on the runway
e. Constant weight value at take-off run
f. Ground friction constant
g. The runway is asphalt
h. There is no engine failure, influence of wind speed and the using of thrust reverse.
2.2 Take Off Performance
There are a lot of forces happen when the aircraft take-off such as lift, weight, thrust, drag and friction. All of this force can be described with:
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Where:
	L = Lift
	 = Aircraft Velocity
	 = Coefficient Drag

	D = Drag
	   = Density
	 = Coefficient Lift

	W = Weight
	 = Reference Area
	R = Rolling Resistance



Fixed wing aircraft is designed for high speed operation (such as commercial jet aircraft) will be difficult to generate sufficient lift at low speed during Take-off. Typically, take-off airspeed for jetliners is around 130-155 knots range (150 -180 mph, 250-290 km/h). Take off speed is directly proportional to the weight of an aircraft. The more weight, the greater speed needed. Thus, the value of thrust produced by a turbofan engine can be found by:
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Where 
T = Thrust
 = thrust invariability

Aircraft stall speed can be found by:
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Therefore Lift-off and aircraft velocity can be measured by:
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2.2.1 Take Off Distance
[image: ]
Figure 1: Take-off path and distance (John D. Anderson, Jr. : 1999 : 253)

We can calculate the total take-off distance by using:
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Where
	Sg = Ground Roll Distance
	Sa = Airborne



Thus,
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	KA and KT can be measured by using
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2.3 Landing Distance
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Figure 2: Landing path and distance (John D. Anderson, Jr. : 1999 : 368)

We can calculate the total landing distance by using:
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Where:
	Sa = Approach Distance
	Sf = Flare Distance
	Sg = Ground Roll Distance



Thus
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3 Analysis
3.1 Runway Data
The runway data that is needed to calculate take-off and landing distance are runway surface conditions, altitude and density
a. Surface Condition
Surface condition is a very important factor to know the distance that will be needed for the aircraft when take-off and landing. Friction coefficient value through the runway surface as can be seen in the table 1:
Table 1: friction coefficient for concrete / asphalt (John D. Anderson, Jr. : 1999 : 358)
	Surface
	µr

	
	Brake off
	Brake on

	Dry concrete / asphalt
	0.03 – 0.05
	0.3 – 0.5

	Wet concrete / asphalt
	0.05
	0.15 – 0.3

	Ice concrete / asphalt
	0.02
	0.06 – 0.10



b. Altitude and Density
Aircraft performance depends on the density of air, which directly affects the lift and drag, engine power, and efficiency of the propeller. If the density of air decreases the performance of the aircraft is also decreased.

Table 2: Altitude data 
	No
	Altitude
	Density

	1.
	Sea Level
	0.002377 slug / ft3

	2.
	500 ft
	0.002342 slug / ft3

	3.
	1000 ft
	0.002308 slug / ft3

	4.
	1500 ft
	0.002274 slug / ft3

	5.
	2000 ft
	0.002241 slug / ft3

	6.
	2500 ft
	0.002208 slug / ft3

	7.
	3000 ft
	0.002175 slug / ft3



3.2 Aircraft Data
a. Engine data
There are three types of engine that can be installed on Boeing 747, CF6-80C2B5F produced by General Electric, PW 4062 produced by Pratt & Whitney and RB211-524H2-T produced by Rolls Royce. Therefore, take-off thrust that can be generated by each engine is 62100 lb, 63300 lb, and 59500 respectively.
b. Aircraft general data
To calculate and analysis take-off and landing performance from Boeing 747 we will use some general data such as:
	
	
	
	



4. Results
The results of take-off and landing distance measurement from aircraft Boeing 747 with a variation of density, the flap setting and runway surface condition are obtained results in the table below:
Table 3: Take-off distace with CF6-80C2B5F and flap 0 deg
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Table 4: Take-off distace with CF6-80C2B5F and flap 20 deg
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Table 5: Take-off distace with PW4062 and flap 0 deg
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Table 6: Take-off distace with PW4062 and flap 20 deg
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Table 7: Take-off distace with RB211-524H2-T and flap 0 deg
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Table 8: Take-off distace with RB211-524H2-T and flap 20 deg
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Table 9: Take-off distace with CF6-80C2B5F and flap 20 deg
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Table 9: Take-off distace with CF6-80C2B5F and flap 40 deg
[image: ]
[image: ]
[image: ]
Table 9: Take-off distace with PW4062 and flap 20 deg
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Table 9: Take-off distace with PW40625F and flap 40 deg
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Table 9: Take-off distace with RB211-524H2-T and flap 20 deg
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Table 9: Take-off distace with RB211-524H2-T and flap 40 deg
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4 Conclusions
Based on the analysis that had been obtained in the calculation of take-off and landing performance from aircraft Boeing 747 at various runway conditions, runway elevations, flaps configurations and engine, it can take a few conclusions.
1. The shortest take-off distance is 9446.75 ft on the runway with ice surface condition, altitude at sea level, flap configuration 20 º and using PW4062. 
2. The farthest distance is 13935.5 ft on the runway with wet surface condition, altitude at 3000 ft, flap configuration 0 º and using RB211-524H2-T.
3. The shortest landing distance is 7150.33 ft on the runway with dry surface condition, altitude at sea level, and flap configuration 40 º 
4. The farthest distance is 13912 ft on the runway with ice surface condition, altitude at 3000 ft, and flap configuration 20 º
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