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Introduction

To ensure profitable operation of aeronautical technology with high reliability and regularity of flights on the highly competitive world market, a new aircraft in civil aviation is required which meets the requirements of the international air transport organization, and in particular :

-Safety in flight;

- Increase in operating comfort;

- Reduce emissions of harmful gases and others.

The projected aircraft must also meet the following requirements:

- Comfortable interior that meets the highest demands;

- Takeoff and landing on unpaved runways;

- Operation in a wide temperature range;

- Reliability and ease of use.

Various subjects and calculations must be made and taken into account.

The purpose of this diploma paper is to model a prototype aircraft capable of carrying and transporting 273 passengers according to Boeing 767
  1 brief analysis and description of the aircraft design process
First we have to choose optimum design parameters of the aircraft .and put into consideration aircraft regulation safety factors, airworthiness, financial and economic factors, weight distribution etc. then we can proceed into the aerodynamics calculation, weight determination center of gravity and other important calculations needed to make the aircraft air worthy. 

Prototype used as model for designing aircraft was Boeing 767
Brief description of the main parts of the aircraft

The Boeing 767 is consider usually to be a mid – large size aircraft and a mid – long range aircraft. It also carries a wide body twin jet airliner and is produced under the popular Boeing Company and was also one of the first of Boeing’s aircraft to have a wide body twin jet as well as a two crew glass cockpit. The Boeing 767 also has installed two turbofan engines a conventional tail for lower aerodynamic drag supercritical wing design. Unlike an earlier aircraft like the 747 ,it is designed as a smaller wide body aircraft and a design range of 3,850 to 6,385 nautical miles (4,431 to 7,348 mi; 7,130 to 11,825 km), depending on variant

Fuselage

The fuselage is made only of metal with a beam-stringer construction such like a semi-monocoque, it’s also has a medium thick skin with additional support from the stringers and frames. Advantages of its shape and narrowness allow it for a high critical value of number M and a minimum resistance.
In the cockpit, seats there are seats provided for the three flight crew members. On long international the 767 usually carries a two person flight crew with at least one qualified pilot.
On the left is located the first pilot and the second pilot usually on the right and one more at the back and the instrument panel are installed in the front pilots and between them is included an average pilot console

There are two classes business and economy divided by class divided. There are two classes business and economy divided by class divided. There is one galley before the business class and one after the business and one galley and two toilets in the middle and two toilets and two galleys at the rear. 42 business class passenger seats are arranged in 2-2-2 rows of seats while the 231 economy class passenger seats are arranged in 2-3-2 rows of seats, also available are one flight attendance seat, a smaller galley and lavatory close to the cockpit. The passenger cabin is designed to have a pairs of exit door in the front, middle and aft part 

located on the side walls of the aisle are windows intended for passengers to be able to view outside and other purposes, there are emergency exits on the left and right side. Ventilation nozzle lights (individual lights) all buttons and the numbering lights of seats are all included and installed at the bottom on the shelves. There are also lights on the sides and lower part of the luggage compartment. The aircrafts fuselage is mainly supported by frame, stringers longitudinal beams.
Wing

The nose part of the wing is equipped as well with air thermal and electro thermal anti-icing devise, and this warm air is provided from the installed aircraft engine compressor and also consists of both a longitudinal and transvers set of skins. 

Added to the trailing edges of the wings are a two four wheeled main landing gear which is attached and is capable of retracting and extending.  Oleo-pneumatic shock absorber provides a much smoother ride on bumpy airfields than most airliners.
Smaller danger to the aircraft and passengers when landing with a retracted landing gear; when landing with the retracted landing gear on the ground, the wing perceives the impact energy, protecting the passenger cabin; The positive effect on longitudinal stability and its controllability is a contributing factor of it horizontal plumage which is relative to the wing is exceeded and during water boarding the wings immersed in the water provides and additional buoyancy for the fuselage .
The wing is made swept, as a result of which it has a larger Mcr and a weaker wave crisis, but there are a number of drawbacks:

· Tendency to prevent flow from  the wing 

· Maximum lift with lowest coefficient 

· High tearing and landing speed resulting in long run and run length 

· The decrease of the lateral stability causing to be greater Mmax
Tail unit
The tail unit consists of vertical and horizontal tail unit which is swept and mounted on the aft part of fuselage.

Vertical tail unit consist of both fin and rudder while the horizontal tail unit includes stabilizers and elevator, the sweep of the wing is less than the sweep of the vertical and horizontal tail unit which allows an increase in number M causing prevention of faster deteriorate than the characteristics of the wing due to aerodynamics characteristics of the tail unit. It also has a symmetrical profile of the vertical and horizontal plumage and this symmetry allows a maintenance of some character of aerodynamic loads during rudder deflections in different direction and also has a lesser resistance, and with the vertical tail unit having an increase relative thickness profile in comparison with the horizontal tail unit which in return reduces the mass of the loaded fin with forces from the horizontal and vertical unit.
Landing gear

The position of the front support (strut)placed in front of the center of gravity which would stop the overturning at the nose and by applying the effective brake the wheels reduces the run and located behind the center of gravity is the main support and are tilted back in a released position which depends on various quantity of compression of the shock absorbers.
There are four wheels located on each main landing gear and two wheels on the front support. Pneumatics of wheels perceives the load especially during the lading and of course the moving on the aerodromes it passes it to the support.

The aircraft wheels of the front support are steered by the installed control wheel system which results to the maneuverability during taxing of an aircraft and is controlled by the deflection of the rudder pedals.

2 Geometry calculations for the main parts of the aircraft

This layout of the aircraft consists of the calculation of parts, construction and different kinds of loads like passenger, luggage cargo fuel etc.

Wing geometry calculation

Area of wings with extension : Sw=303.87 m,
Relative area of wing extensions is 0.0 

Span of wing  is: lw=46.12m

Root chord is: bo=10.26m
Tip chord is: bt =2.9m

          Calculated mean aerodynamic chord;  bmac=7.25m

Using the determination of the mean aero dynamic chord by the geometrical method 

When the geometrical characteristics of the wings are determined ailerons geometrics and high lift devices should as well be determined.

Aileron geometrical parameter
Ailerons span: lai=6.92

Aileron area: Sail=9.88

Increase in span and the area of the high lift devices may occur

Axial Saxinail ≤ (0.25…0.28) Sail =2.47
Inner axial compensation Sinaxinail = (0.3..0.31) Sail=2.964
Area of ailerons trim tab.

Range of aileron deflection

Upward  δ’ail  should be greater than or equal to 20 degrees 
Downward  δ”ail should be less than or equal to 10˚.

The purpose or importance of the high lift devices geometrical parameters is the supplying of both landing and take off coefficient of the lifting force of the wing and an increase in the wing span also means a rise in the effectiveness of the high lift device so the goal would be the achieving of the greatest span of the high lift devices (lhld = lw – Df – 2lail – ln)      because use of spoiler and max diminishing of the area of engine and landing gear.
In the modern design the rate of the relative chords of wing high-lift devices is:

bsf = 0.25..0.3 – for the split edge flaps;

bf = 0.28..0.3 – one slotted and two slotted flaps;

bf = 0.3..0.4 – for three slotted flaps and Faylers flaps;

bs = 0.1..0.15 – slats.

Also the longeron structurally power scheme has done a lot of the current construction elements of HLD 
Fuselage layout

Streamlining and cross section should be taken into considerations when determining choice and shape of the fuselage. So choosing from the list values friction resistance conditions Cxf and profile resistance Cxp.
And the nose of the fuselage is also an important factor considering the value of wave resistance Cxw especially in moments of transonic and subsonic flights and the use of a circular shape will noticeably reduce wave resistance 

Geometrical parameter include 

Diameter of fuselage Df
Length of fuselage
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Aspect ratio of fuselage
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Tail unit aspect ratio
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Nose part aspect ratio
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Fuselage length: 
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Length of the fuselage nose part: lfnp= 7.234

Fuselage nose part aspect ratio: 
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= 1.1129
Length of the fuselage rear part: lftp= 11.304

The passenger size and cargo cabin are determining factors for the fuselage mid-section as well as the height of the passenger cabin.

For this prototype the height will be taken as: h1=5.41 m;

 Passage width bp=0.7m;

Window to floor distance  h2=1.5m;

Height of cabin:

Hcab=5.41m;

Considering ways to achieve the lightest and strongest fuselage would by means of using a round cross section. But it is also a possibility to combine two circle intersection or oval shape of the fuselage but the oval shape is not a good option because the upper and lower panel can bend because extra pressure and will require extra construction adjustments.

The range for a step of normal bulkhead in the construction of fuselage will be 360-500mm depending on both type of fuselage and class of passenger cabin

The seating arrangement of the business class in this prototype is  (2+2+2) and for economic aisle  has a seating arrangement of (2+3+2) 
For business class
Bcab=3740 m;

For economy class

Bcab= 4020 m
The length of business class cabin is equal:

Lcab=6500 m,

 The length of economy class cabin is equal:

Lcab= 27100m

Total length of passenger cabin = 33600m

Compartment for luggage 
The determined unit of load on floor K = 400… 600 kg/m2

Cargo compartment area 
For business class 

Scarg=7 m^2;

For economy class 

Scarg=25.67m^2;

         Cargo compartment volume is equal: 

          For business class

Vcarg= 8.4m^3

For economy class 

Vcarg= 46.2m^3

 Galleys and buffets
According to international standards of the aircraft had a mixed layout there has to be a provision of two dishes.in cases of 3 hours flights or less food may not be to given to passenger but instead teas and water may be provided. Food and other refreshment cannot be placed near the lavatories or be connected to the wardrobe.
Volume of buffets(galleys) is equal:

Vgal=27.3 m^3
Area of buffets(galleys) is equal:

Sgal=10.5 m^2

Meal numbers per passenger breakfast, lunch and dinner – tea can weigh 0.8kg and for water – 0.4 kg;

The design of the buffet is similar to the prototype 
Lavatories

The number of the lavatories facilities are associated and can be determined by the number of the passenger and also the duration of the flight as example may be t> 4:00 one toilet for 40 passengers, at t = 2 ... 4 hours and 50 passenger. 

         Number of lavatory = 6

Lavatory area:
[image: image7.wmf]2
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 Lavatory width: 1m.

 The design of lavatories is similar prototype.

Calculation of basic parameters of tail unit
when considering the aerodynamic layout it is important to consider the tail unit placing. 
The tail unit geometrical parameters

vertical tail unit area is equal: 

Svtu=65.6 m2
horizontal tail area unit is equal: 
Shtu=69.1 m2
Values Lhtu and Lvtu depend on and are influenced by length of nose and tail part swept back and location of wings and stability and control conditions 

Root chord of horizontal stabilizer is: 

 bohtu=4.460

Tip chord of horizontal stabilizer is:

 bthtu= 0.8364

Root chord of vertical stabilizer is: 

 bovtu=5.576
Tip chord of vertical stabilizer is:

  btvtu=1.1152

Landing gear design

The C.G position of the aircraft in its primary design stage is defined and with no aircraft general view drawing the only determinable part may just be part of the landing gear.  Landing gear wheel goes as follows

B=20.8

Bm=1.45

Bn=19.35

Wheel track is: T=14.56

Ycg=0.52

Pneumatics types such as balloon arched and half balloon and by the runway surface the pressure is calculated and installation of breaks on main wheel should be made. The load on the wheel is determined:

Kg = 1.8

Nose wheel load is equal:  Fn=14866.961N

Main wheel load is equal:  Fm=198397.0385N

Aviation tires used for designing aircraft 
	Main gear
	Nose gear

	Size of tire
	Ply rating
	Size of tire
	Ply rating

	46x18
	32
	37x14mm

	22/24


Choice and description of power plant
	Model
	Thrust
	Bypass ratio
	Dry weight

	CF6-80C2
	275.6
	5-5.31
	4470kg


3 Center of gravity calculation

3.1 equipped wing
Masses of equipment located in the wing , structure and fuel are all categorized under mass of the equipped wing and the main and nose landing gear are also under the mass equipped wing regardless of whether it is mounded on either the wing or fuselage, this table also provides manes of objects masses , their respective C.G coordinates.
The following tables below contain mass of objects etc. The mass of AC is 91295 kg. Coordinates of the center of power for the equipped wing are defined by the formulas:
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       3.2 The equipped fuselage
In the projection of the nose of fuselage on the horizontal axis the orgin of coordinate is chosen the examples of objects list is provided in the table 3.2

The CG coordinates of the FEF are determined by formulas:
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When the determination of the center of gravity of the fully equipped wing and fuselage is complete the we move forward by constructing the moment equilibrium equation relative to the nose of fuselage
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Then the wing mean aerodynamic chord leading edge pstion relative to fuselage is determined
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Where:

 m0 – aircraft takeoff mass, kg;
 mf – mass of fully equipped fuselage, kg; 
mw – mass of fully equipped wing, kg; 
 С – distance from  MAC leading edge to the C.G. point, determined by the designer.

С = (0,22...0,25) BMAC –low wing ;

С = (0,25...0,27) BMAC – center wing;

С = (0,23...0,32) BMAC – high wing;

For swept wings; at Х = 30°...40° С = (0,28...0,32) BMAC
at Х= 45° С = (0,32...0,36) BMAC
	N
	object name
	Мass
	Координата центра ваги,Хм
	213264
	 

	
	
	units
	total mass m(i)
	
	
	Момент маси

	1
	wing (structure)
	0.09206
	19633.08384
	3.1175
	
	61206.1389

	2
	fuel system
	0.0122
	2601.8208
	3.1175
	
	8111.17634

	3
	airplane control, 30%
	0.00123
	262.31472
	4.35
	
	1141.06903

	4
	electrical equipment, 30%
	0.0486
	10364.6304
	0.725
	
	7514.35704

	5
	anti-ice system , 70%
	0.01267
	2702.05488
	0.725
	
	1958.98979

	6
	hydraulic systems , 70%
	0.00868
	1851.13152
	4.35
	
	8052.42211

	7
	power plant
	0.09049
	19298.25936
	4.35
	
	83947.4282

	 
	 
	 
	 
	 
	
	 

	8
	equipped wing without landing gear and fuel
	0.26593
	56713.29552
	3.031592
	
	171931.581

	9
	Nose landing gear
	0.007074
	1508.629536
	-15.5
	
	23383.7578

	10
	Main landing gear
	0.028296
	6034.518144
	0.655
	
	3952.60938

	11
	fuel
	0.335
	71443.44
	3.045
	
	217545.275

	 
	total
	0.6363
	135699.8832
	3.071581
	
	416813.223


3.3 Calculation of center of gravity positioning variants

Trim sheet of equipped wing masses
Equipped fuselage masses

	No
	objects names
	Mass
	C.G coordinates Хі, м
	
	

	
	
	units
	total mass
	
	
	mass moment

	1
	fuselage
	0.0598
	12753.1872
	26
	
	331582.867

	2
	horizontal tail
	0.00799
	1703.97936
	20.8
	
	35442.7707

	3
	vertical tail
	0.0081
	1727.4384
	20.8
	
	35930.7187

	4
	radar
	0.0023
	490.5072
	0.5
	
	245.2536

	5
	radio equipment
	0.0017
	362.5488
	1
	
	362.5488

	6
	instrument panel
	0.0041
	874.3824
	3.5
	
	3060.3384

	7
	aero navigation equipment
	0.0035
	746.424
	2
	
	1492.848

	8
	lavatory1, galley 1
	0.01
	2132.64
	5
	
	10663.2

	10
	aircraft control system 70%
	0.00287
	612.06768
	26
	
	15913.7597

	11
	hydro-pneumatic sys 30%
	0.00372
	793.34208
	36.4
	
	28877.6517

	12
	electrical equipment 70%
	0.1134
	24184.1376
	26
	
	628787.578

	14
	furnishing and thermal equipment
	0.0064
	1364.8896
	35
	
	47771.136

	15
	anti ice and airconditioning system 
	0.00543
	1158.02352
	41.6
	
	48173.7784

	16
	passenger seats (bussiness)
	0.001378573
	294
	10.5
	
	3087

	17
	passenger seats (economic class)
	0.007582152
	1617
	34.5
	
	55786.5

	18
	seats of flight attendence fr
	2.34451E-05
	5
	5
	
	25

	 
	seats of flight attendence mid1
	4.68902E-05
	10
	20
	
	200

	 
	seats of flight attendence mid 2
	4.68902E-05
	10
	38
	
	380

	 
	seats of flight attendence aft
	4.68902E-05
	10
	50
	
	500

	19
	seats of pilot
	0.000140671
	30
	3
	
	90

	20 
	equipped fuel without payload
	0.238575511
	50879.56784
	24.53584
	
	1248372.95

	21
	Passengers(bussiness)
	0.01378573
	2940
	10.5
	
	30870

	22
	baggage
	0.032002588
	6825
	26
	
	177450

	 
	flight attendence fr
	0.000328232
	70
	5
	
	350

	 
	flight attendence mid1
	0.000656463
	140
	20
	
	2800

	 
	flight attendence mid2
	0.000656463
	140
	38
	
	5320

	 
	flight attendence aft
	0.000656463
	140
	50
	
	7000

	23
	crew
	0.000984695
	210
	3
	
	630

	 
	Passengers(economy)
	0.075821517
	16170
	34.5
	
	557865

	 
	TOTAL
	0.363467664
	77514.56784
	26.19711
	
	2030657.95

	
	TOTAL fraction
	0.999767664
	
	 
	
	


Calculation of C.G. positioning variants

The list of mass objects for C.G. variant calculation completes based on the both previous tables.

	
	Name of object
	mass in Kilograms 
mi
	coordinates
 Xi,, м
	mass moment 

Kg.m

	
	
	
	
	

	
	equipped wing (without fuel and landing gear)
	56713.29552
	25.3738258
	1439033

	
	Nose landing gear (extended)
	1508.629536
	5.1
	7694.011

	
	main landing gear (extended)
	6034.518144
	25.51182397
	153951.6

	
	fuel
	71443.44
	28.7377
	2053120

	
	equipped fuselage (without payload)
	50879.56784
	24.53584026
	1248373

	
	payload
	26425
	29.58013245
	781655

	
	crew
	210
	3
	630

	
	nose landing gear (retracted)
	1508.629536
	4.077
	6150.683

	
	main landing gear (retracted)
	6034.518144
	25.51182397
	153951.6

	
	reserve fuel 
	4926.3984
	30
	147792


Aircraft center of gravity position 

	No
	Name of object
	Mass mi kg
	Mass monents
	Center of mass
	  ХС %

	
	
	
	
	
	

	1
	take off mass (L.G. extended)
	213264
	5684456.951
	26.65455
	0.60032

	2
	take off mass (L.G. retracted)
	213264
	5682913.623
	26.64732
	0.59932

	3
	landing weight (LG extended)
	146697.4094
	3779128.757
	25.76139
	0.47712

	4
	ferry version
	186789.451
	4901258.623
	26.23948
	0.54307

	5
	parking version
	115136.011
	2849051.805
	24.7451
	0.33695


Conclusions

During this designing work I’ve got the next results
After designing I have made the following calculation

· Center of gravity 

· Main geometrical parameters of landing gear

· Cabin layout of middle rand aircraft with 273 passengers

·  Preliminary design of the middle range aircraft with 273 passengers;

And recommended a suitable wheel for the nose landing gear 

And also putting into consideration the comfort of each passenger I made sure to include convenient service facilities such as toilets proper lighting and comfortable seating arrangements and space and low noise.

Installation of turbofan engines CF6-80C2 type, brings an advantage of high cruise speed with a good thrust to weight ratio
CONVERSION OF SHORT TO MID-RANGE PASSENGER AIRCRAFT

WITH 273 PASSENGER CAPACITY TO CARGO AIRCRAFT.

 INTRODUCTION

When an aircraft is nearly at the end of its life cycle and have completed its useful operational service as a passenger aircraft. It can be either be scrapped, parked or reused again in parts. Converting a passenger aircraft to cargo aircraft is a way to extend the economic life of an aircraft. And at time passenger aircraft can be converted to cargo planes due to unique situations for examples Currently following the events as a result of the covid- 19 cases many airlines also can convert passenger aircraft to cargo. Some airliners will deliver or collect important medicinal supply or perishable goods needed to be delivered on a time limit

During the drop in revenue due to the covid 19 cases many passengers’ airlines are facing financial uncertainties and almost all fixed cost has remained with the airlines except fuel cost. But airlines where still paying to keep aircraft airworthy and staff salary have to be met and the payment of regular parking space.

In the cockpit, there is some modification for the flight warning computer because you now have different doors so the cockpit computers are modified as well but this is mainly software.

1.1. REASONS FOR PASENGER TO CARGO CONVERSION

It is important to bring to light the importance and need for such cargo conversion process which can be as a result of of aircraft beginning to be outdated after a while since it began its lifecycle. Airlines will either order new planes because the cost of maintaining an old plane can be greater than just getting new planes. So therefore passenger to cargo conversion can increase the lifecycle of a plane and this is a great solution to the economic problem as it is relatively less expensive and can allow for extension of their airlines to grow and expand their capacity.

1.2. CONVERSION PROCESS

Converting process involves, but is not limited to:

· Installation of light weight window plugs : passenger windows are pointless on a cargo plane and getting rid of them reduces maintenance efforts and increases safety

· Major structural modification as required for new configuration 

· Installation of specific system as required for new mission

· Removing from passenger aircraft anything that is not needed any more like interior equipment and furnishing (seat, galley, toilets, stowage bins side and ceiling liners, carpets flooring, oxygen, overhead console entertainment system).transforming of passenger area to an additional cargo hold creates more space for carrying more cargo.

· Replacing or de-activating of passenger doors

· Floor beams being replaced or reinforced as required meeting cargo load requirements: when this is done attention turns back to cabin now a now bare space. The cabin floor is replaced by a strength floor with compute with cargo prerequisites such as ball mats and roller tracks. The floor space needs to maximized in order to as much cargo as cargo as possible. The cabin floor also needs to be strong enough to bear the load and a floor drain system, to prevent water accumulation within the airplane structure and prevent corrosion.

· Cockpit equipment being suitably modified 

· Installation of non-powered (powered in large wide bodies)cargo load systems and selecting and arrangement of compatible ULDs onto the main deck

· Installation of one minutes smoke detecting system

· Modification of cargo compartment to class E

· Modifying area behind the cockpit by the addition of three supernumerary seats in the cockpits adjacent to the flight deck. The added compartments include escape devices and the required installations to provides access to the main deck cargo compartment for the flight crew and supernumeraries

· Main deck cargo installed with safety vents door 

· Installation of 9g safety net and smoke barriers or 9g rigid barriers /net to meet emergency landing requirements and to provide sealing and pressure differential, and occupants’ protection in case of main deck fires

· Installation of emergency equipment for cargo fires and various cargo equipment are needed when transporting cargo.

· And most importantly installing hydraulically or electro-mechanically actuated, self-contained main cargo doors

· New crew lavatory installation.

· Pre-conversion ground and flight tests for data collection including wing deflections and fuselage pressurization to verify strains at critical location and environmental control systems 

· The forward and aft lower cargo compartment retain their existing class C to enable loading of package of dangerous goods 

· Modification of the air-conditioning and air distribution ducts rerouting to accommodate cargo conversion 

· Modification of the temperature control of the main deck cargo compartment to maintain temperature at 2-4 degree Celsius for perishable food transport.

· Installation of new main deck lighting and visual and audio alert system

· Replacement of flow control and shutoff valve by new valves with a low flow mode to allow reduced fresh airflow to the  occupied area in case of fire/smoke in the main deck

2. MAIN CARGO DOOR

A new door large enough for cargo is installed at the front end of fuselage.

To install a cargo door on a narrow door passenger an intense and comprehensive structural substantiation and analysis process must be initiated. 
My aircraft is generally designed as semi monocoque or stressed skin aircraft structure. This type of fuselage structure consist of an internal skeletal main frame and beam primary structure that the rest of the pressurized metal airframe is built onto and around. The most significant structural loads are in the primary structure while the exterior skin and stringers known as the secondary structure is designed to carry the remaining loads in a stressed skin design. 

It will be necessary to breach the load path design of both the primary and secondary structure to enable the installation of an effective sized cargo door. The remaining structure, after cutting the opening for the door has to be reinforced to carry the imbalanced loads and that the new loads are at the acceptable safe limits and no stress risers are allowed to develop because of an incomplete stress analysis being done at design stage.

 The maximum payload that can be carried without exceeding the center of gravity and weight limits must be determined.
2.1 CALULATIONS OF CENTER OF GRAVITY

2.1.1 Equipped wing mass for cargo plane

	N
	object name
	Мass
	Координата центра ваги,Хм
	213264
	 

	
	
	units
	total mass m(i)
	
	
	Момент маси

	1
	wing (structure)
	0.09206
	19633.08384
	3.1175
	
	61206.1389

	2
	fuel system
	0.0122
	2601.8208
	3.1175
	
	8111.17634

	3
	airplane control, 30%
	0.00123
	262.31472
	4.35
	
	1141.06903

	4
	electrical equipment, 30%
	0.0486
	10364.6304
	0.725
	
	7514.35704

	5
	anti-ice system , 70%
	0.01267
	2702.05488
	0.725
	
	1958.98979

	6
	hydraulic systems , 70%
	0.00868
	1851.13152
	4.35
	
	8052.42211

	7
	power plant
	0.09049
	19298.25936
	4.35
	
	83947.4282

	 
	 
	 
	 
	 
	
	 

	8
	equipped wing without landing gear and fuel
	0.26593
	56713.29552
	3.031592
	
	171931.581

	9
	Nose landing gear
	0.007074
	1508.629536
	-15.5
	
	23383.7578

	10
	Main landing gear
	0.028296
	6034.518144
	0.655
	
	3952.60938

	11
	fuel
	0.335
	71443.44
	3.045
	
	217545.275

	 
	total
	0.6363
	135699.8832
	3.071581
	
	416813.223

	
	
	
	
	
	
	


2.1.2  Equipped fuselage mass for cargo plane

	
	
	
	
	
	
	

	N
	objects names
	Mass
	C.G coordinates Хі, м
	
	

	
	
	units
	total mass
	
	
	mass moment

	1
	fuselage
	0.0598
	12753.1872
	26
	
	331582.867

	2
	horizontal tail
	0.00799
	1703.97936
	20.8
	
	35442.7707

	3
	vertical tail
	0.0081
	1727.4384
	20.8
	
	35930.7187

	4
	radar
	0.0023
	490.5072
	0.5
	
	245.2536

	5
	radio equipment
	0.0017
	362.5488
	2.5
	
	906.372

	6
	instrument panel
	0.0041
	874.3824
	3.5
	
	3060.3384

	7
	aero navigation equipment
	0.0035
	746.424
	2
	
	1492.848

	8
	aircraft control system 70%
	0.00287
	612.06768
	26
	
	15913.7597

	9
	hydro-pneumatic sys 30%
	0.00372
	793.34208
	36.4
	
	28877.6517

	10
	electrical equipment 70%
	0.1134
	24184.1376
	26
	
	628787.578

	11
	furnishing and thermal equipment
	0.0064
	1364.8896
	35
	
	47771.136

	12
	anti-ice and air-conditioning system 
	0.00543
	1158.02352
	41.6
	
	48173.7784

	13
	seats of pilots
	0.000140671
	30
	5
	
	150

	 14
	equipped fuel without payload
	0.219450671
	46800.92784
	25.1776
	
	1178335.07

	15
	crew 
	0.000984695
	210
	5
	
	1050

	 
	max payload
	0.143264634
	30553.18896
	25
	
	763829.724

	 
	TOTAL
	0.3637
	77564.1168
	25.05301
	
	1943214.8

	
	TOTAL fraction
	1
	
	 
	
	


2.1.3   Calculation of C.G. positioning variants for cargo plane

	Name

object
	mass in Kg

mi
	coordinate

 Xi,, м
	mass moment 

Kg.m

	equipped wing (without fuel and landing gear)
	56713.29552
	25.3738258
	1439033

	Nose landing gear (extended)
	1508.629536
	5.1
	7694.011

	main landing gear (extended)
	6034.518144
	25.51182397
	153951.6

	fuel
	71443.44
	28.7377
	2053120

	equipped fuselage (without payload)
	46800.92784
	25.17760067
	1178335

	payload
	30553.18896
	25
	763829.7

	crew
	210
	5
	1050

	nose landing gear (retracted)
	1508.629536
	4.077
	6150.683

	main landing gear (retracted)
	6034.518144
	25.51182397
	153951.6

	reserve fuel 
	4926.3984
	30
	147792

	 
	 
	 
	 


2.1.4   Airplanes C.G. position variants for cargo plane

	No
	Object name 
	Мass, mi кg
	mass moment miXi
	center of mass Хцм
	center  ХС %

	
	
	
	
	
	

	1
	take off mass (L.G. extended)
	213264
	5597013.798
	26.24453
	0.54376

	2
	take off mass (L.G. retracted)
	213264
	5595470.47
	26.23729
	0.54277

	3
	landing weight (LG extended)
	146746.9584
	3691685.604
	25.15681
	0.39373

	4
	ferry version
	182710.811
	4831640.746
	26.4442
	0.5713

	5
	parking version
	111057.371
	2779013.928
	25.02323
	0.37531


Maximum payload is determined as 30tonnes 

The main deck cargo door for this prototype is an outward and upward opening on the side of the aircraft fuselage. The reason for that would be the reduced risk in the damaging of the door, easy access to the main deck and protections of the interior from precipitation. The door is operated through; lock, latch and lift

Cargo door dimension compatible with the recommended ULDs

	 compartment
	width
	height

	main
	340
	262

	fwd
	178
	170

	aft
	178
	170

	bulk
	97
	114


3. DECK CARGO CONFIGURATION

3.1 UNIT LOAD DEVICE (ULD)

Unit load device can be a container or pallets that help to load luggage on a cargo plane by allowing a large amount of cargo to be put together forming one individual unit which are then load onto the cargo. And prevent wasting of time of the ground crew and the delay of flights 

TYPES: ULDS are divided into two, pallets and containers, containers on one hand are usually made with aluminum or a combination of aluminum and lexan. For this process the recommended ULD would be LD2 for lower deck and the (ULD 88 by 125) for main deck. Main deck ULDs are usually taller and longer than those used in lower deck

According to weight: max payload/weight of the ULD

                                          30000/ 3629 = 8

Therefor according to weight 8 pallets can be distributed preferably on the main deck (ULD 88 by 125)

	
	
	
	
	
	
	


 


3.2 MAIN DECK 

 There are many main deck configurations available to optimize the volume of cargo loaded into the main deck compartment through the new installed main deck side cargo door. The main deck of this prototype can accommodate up to 24 pallets, each measuring 88 inches by 125 inches (223.5 cm by 317.5 cm) at the base.
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Fuselage diameter – 6.5 m 

Fuselage length- 52m

Recommending ULD of 88 by 125inches with dimensions as follows :

Height- 1.62m

Width- 2.23m

Length- 3.17m

And cargo hold dimension of newly converted main deck  approximately:

Height- 2m 

Width- 5m

Length- 40m

To determine the number of pallets that can be held in main deck with the help of the height width and length the calculation can be made:

According to size: cargo hold size/ ULD size

Height = 2/1.62 =1

Width = 5/ 2.23 =12

Length =40/3.17 = 2

1*12*2= 24 pallets for main deck 


3.3  LOWER DECK

The lower deck has two main compartments before (fwd) and after (aft) the main wings.
 The lower deck of this prototype can accommodate up to 38 pallets ; 20 pallets in forward and 16 in aft 
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Fuselage diameter – 6.5 m 

Fuselage length- 52m

LD2 dimensions as follows :

Height- 1.62m

Width- 1.534 m

Length- 1.56m

And cargo hold dimension of newly converted lower deck approximately:

Forward                                                  Aft

Height- 2m                                        Height- 2m                                                    

Width- 3.2m                                      Width- 3.2m

Length- 16m                                       Length- 15m

To determine the number of pallets that can be held in main deck with the help of the height width and length the calculation can be made:

According to size: cargo hold size/ ULD size

FOWARD

Height = 2/1.62 =1

Width = 3.2/ 1.534 =2

Length =16/1.56 = 10

1*10*2= 20

AFT

Height = 2/1.62 =1

Width = 3.2/ 1.534 =2

Length =15/1.56 = 9

1*9*2= 18

4. MODIFICATION OF CARGO COMPARTMENT TO CLASS E

There are various classification systems which are class A, B, C, D, E and F.

Class A include fires like common combustible materials like wood, paper, cloth , plastics etc. in this compartment  an extra fire detection is  not needed to be installed, in cases of fire, it is easily detected by crew member

Class B includes fires such as flammable liquids like petroleum, oil base paint, alcohol, solvents, grease etc. In this compartment a fire or smoke detection system should be installed. 

Class C includes fires involving energized electrical equipment where the use of an extinguishing media that is electrically nonconductive is important. It is necessary that such compartments have liners installed with both a fire detection and fire extinguishing system.

Class D include fires combustible metals, such as potassium, sodium lithium  magnesium, titanium etc. in this compartment a compartment liners should be installed but it does not require any additional fire or extinguishing system installed.

And then we have class E which we are using for conversion process. This class is used only in cargo planes. There is installed fire or smoke detector system which relays a warning at the pilot / flight station. There are also mean which allow the shutting off the ventilation airflow to, within the compartment and these controls are all accessible to crew in the crew compartment, there are ways to exclude dangerous amounts of smoke flames or toxic gases from flight crew compartment such as the emergency exits made available in this conversion. In this compartment fire or smoke detection system should be installed as well as a compartment liner.

Class E fire protection also involves starvation of oxygen by the depressurization of the aircraft and is main deck compartments.
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 Class E main deck cargo compartment 

5. MAIN DECK CARGO LOADING SYSTEM

Cargo loading is made possible by addition of some cargo losing equipment which makes handling of the cargo easier.

· Staring with the wheel clock which are wedge placed against the wheels to prevent accidental movements 

· Power drive units which aid the moving of ULDs  semi automatically 

· Tied equipment can also be employed and is intended for holding the cargo inside. Sets of tied equipment may include tied down units and chains, locks of the tied down and chain, boxes for tied down chain storage, tied down nets and belts etc.

· Pallets locks provide a source of restraint for pallets and containers 

· Ball mats which provides free rotational balls that are protruding above the surface. They are Omni directional and are present especially in regions near cargo door for shifting and rotation of ULDS

· Cargo pallet nets which are intended to be used to fix and also hold the cargo in place. It consist of lock tied down belts, pulley and nets 

· And also various overhead cargo equipment such as telpher which can be used as transportation along overhead walls , overhead crane , hook suspension intended for cargo pickup and measurement of weights 

Load distribution limits range of weight and center of gravity within which the airplane may be safely operated must be established if a weight and center of gravity combination is allowable only within certain load distribution limits exceed thus limits and corresponding weight and center of gravity combination must be established 

As for the design and construction the following consideration have been taken into account as each compartment for the stowage of cargo baggie and any other storage  compartments but be designed for its placard maximum weight of content and
 for critical load distribution a appropriate maximum load factors correspond to the specified flight and ground load conditions and to emergency landing conditions there must be a means to prevent the content in compartment from becoming a hazard y shifting under load specified in this section.
6. EMERGENCY EQUIPMENTS

There should be several emergency equipment and process in place in case of an emergency situation, such as the crew smoke barrier bulk head and the cargo net installation and required for the compartment classification there should be made available means of controlling the ventilation in the cargo compartment during a fire outbreak.
 Therefore it is important to separate the crew from smokes that are produced by a fire in the cargo compartment, and this can be achieved by the designing and building of a bulkhead with a door between both the cargo compartment and the cockpit which will in turn lead to the protection of the crew members and working environment allowing them to concentrate during a fire emergency while flying.

In case of the hold strap failure of the pallets or container and the cargo moving forward, the payload will be prevented from sliding into the crew compartments. The installation of both a solid bulk head and restraining net will protect the crew members and this bulkhead or restraining net has to be able to withstand a 9g load without failure, if a net is installed, it must have enough room allowed ahead for it to flex and deflect while arresting the load.

A forward crew smoke door and bulkhead is installed at both the forward and aft of the cargo compartment while the solid bulkhead is installed at most aft end of the cargo compartment. A smoke detector should also be installed along with cargo lighting system and then the cargo compartment should be covered with liner materials, and this material is especially fire resistant and has a light reflecting white finish and can be used as cargo load zone identification.

Installation of solid metal windows plugs in place of the plastic window removes the need to maintain the plastic windows and also the chances of the cargo damaging the windows during loading. The 9g cargo net attachment structure and hardware is installed in the forward door-opening zone. The net attaches to various points located on the compartment floor, ceiling, wall, and cargo door.

7. CONCLUSION 

Converting a passenger to cargo aircraft is a rigorous process but allows for extension of an aircraft life cycle and reduces economic loss. The previous interior equipment in place that was taken out or removed from the aircraft should be documented and inventoried 

Looking at the certificate a cargo conversion is considered as a major alteration and will be certified and signed off with an FAA form 337,s

During the conversion process the inside of the passenger cabin is stripped of unnecessary equipment such as seats etc. The floor must also be reinforces to carry the load of the cargo and also installation of baller mats for easy handling of cargo. Calculation of highest possible payload was made as well as compatible ULDs 

There should also be in place emergency procedures and equipment in a situation of fire outbreaks etc. As well as the modification of compartment to class E.

GENERAL CONCLUSIONS
In effort to prolong an aircraft life cycle conversion of passenger to cargo aircraft is a good route to take as not only does it prolong the lifecycle but is has an economic benefit and prevent inactivity of aircraft especially crisis situations.

 The conversion process involves many processes such as 

· Modification of cockpit area

· Modification cargo compartment to class E

· Reinforcing of floors 

· Stripping always of passenger seat

· Plugging of windows etc.

In the first part of this project a prototype was model according using Boeing 7767 accommodating 273 passengers which was then converted to a cargo plane which base on the calculation using weights can carry 8 pallets/ containers 

During this modeling several calculation were made including center of gravity and maximum payload for both the passenger air craft and cargo plane 

Calculations were also made for the number and placement of seating including the division of the first and business class and positioning of lavatories and toilets while in the cargo calculation was made for position and weight and number of ULDS in the main and lower deck of the plane as well as dimension and process of installation of main and forward and aft cargo door placement. Modifications were also made for the cockpit by adding additional seats lavatories and a smoke barrier and 9g net to prevent cargo moving into the crew compartment.

And for both passenger and cargo planes emergency equipment were also installed 
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APPENDIX

INITIAL DATA AND SELECTED PARAMETERS FOR PRELIMINARY DESIGN OF THE SHORT TO MID RANGE PASSENER AIRCRAFT WITH 273 PASSENGER CAPACITY
I. Passenger Number                273

A. Flight Crew Number 3

Flight Attendant or Load Master Number 7

Mass of Operational Items 3398.57

Payload Mass 31878 kg

Cruising Speed 900 km/h

Cruising Mach Number 0.8390

Design Altitude 10.50 km

Flight Range with Maximum Payload 8500 km

Runway Length for the Base Aerodrome 3.30 km

Engine Number 4

Thrust-to-weight Ratio 2.5N/kg 

Pressure Ratio 24

Assumed Bypass Ratio 5.0

Optimal Bypass Ratio 5.0

Fuel-to-weight Ratio 0.22

Aspect Ratio 7

Taper Ratio 3.52

Mean Thickness Ratio 0.102

Wing Sweepback at Quarter Chord 33.0

High-lift Device Coefficient 1.22

Relative Area of Wing Extensions 0

                 Wing Airfoil Type

                       Winglets

                       Spoilers

Fuselage Diameter 6.50m

Finess Ratio 8.0

Horizontal Tail Sweep Angle 37.5

Vertical Tail Sweep Angle 45.0

1. CALCULATION RESULTS

B. Optimal Lift Coefficient in the Design Cruising Flight Point 0.43814

Induce Drag Coefficient 0.00882

ESTIMATION OF THE COEFFICIENT    Dm = Mcritical - Mcruise

C. Cruising Mach Number 0.83899

Wave Drag Mach Number 0.85477

Calculated Parameter Dm  0.01579

Wing Loading in kPa (for Gross Wing Area):

                           At Takeoff 6.878

                           At Middle of Cruising Flight 5.310

                           At the Beginning of Cruising Flight 6.635

Drag Coefficient of the Fuselage and Nacelles 0.01362

Drag Coefficient of the Wing and Tail Unit 0.00888

Drag Coefficient of the Airplane:

                           At the Beginning of Cruising Flight 0.03415

                           At Middle of Cruising Flight 0.03195

Mean Lift Coefficient for the Ceiling Flight 0.43814

Mean Lift-to-drag Ratio 13.71325

Landing Lift Coefficient 1.590

Landing Lift Coefficient (at Stall Speed) 2.385

Takeoff Lift Coefficient (at Stall Speed) 1.931

Lift-off Lift Coefficient 1.410

Thrust-to-weight Ratio at the Beginning of Cruising Flight 0.624

Start Thrust-to-weight Ratio for Cruising Flight 2.479

Start Thrust-to-weight Ratio for Safe Takeoff 2.469

Design Thrust-to-weight Ratio 

Ratio  Dr = Rcruise / Rtakeoff    Rcruise= 2.602

                                                 Dr=1.004
SPECIFIC FUEL CONSUMPTIONS (in kg/kN*h):

                 Takeoff 38.2278

                 Cruising Flight 62.8396

                 Mean cruising for Given Range 67.0240

FUEL WEIGHT FRACTIONS:

D.                                         Fuel Reserve 0.04399

                                        Block Fuel 0.39194

WEIGHT FRACTIONS FOR PRINCIPAL ITEMS:

                        Wing 0.09206

                        Horizontal Tail  0.00799

                        Vertical Tail    0.00810

                        Landing Gear   0.03537

                        Power Plant 0.09049

                        Fuselage  0.05980

                        Equipment and Flight Control 0.10137

                        Additional Equipment 0.00344

                        Operational Items 0.01594

                        Fuel 0.43593

                        Payload 0.14948

     Airplane Takeoff Weight 213264 kg

        Takeoff Thrust Required of the Engine  138.75 kh

Air Conditioning and Anti-icing Equipment Weight Fraction 0.0181

Passenger Equipment Weight Fraction 0.0105

Interior Panels and Thermal/Acoustic BlanketingWeight Fraction0.0064

Furnishing Equipment Weight Fraction 0.0111

Flight Control Weight Fraction              0.0041

Hydraulic System Weight Fraction       0.0124

Electrical Equipment Weight Fraction  0.262

Radar Weight Fraction                           0.0023

Navigation Equipment Weight Fraction  0.0035

Radio Communication Equipment Weight Fraction   0.0017

Instrument Equipment Weight Fraction   0.0041

Fuel System Weight Fraction 0.0142

           Additional Equipment:

Equipment for Container Loading 0

No typical Equipment Weight Fraction 0.0034

(Build-in Test Equipment for Fault Diagnosis,

Additional Equipment of Passenger Cabin)

1. TAKEOFF DISTANCE PARAMETERS

E. Airplane Lift-off Speed 317.93 km/h

Acceleration during Takeoff Run 1.92 m

Airplane Takeoff Run Distance 2025 m

Airborne Takeoff Distance 472 m

Takeoff Distance 2497 m

1. CONTINUED TAKEOFF DISTANCE PARAMETERS

F. Decision Speed 286.14  km/h

Mean Acceleration for Continued Takeoff on Wet Runway 0.79

Takeoff Run Distance for Continued Takeoff on Wet Runway 2524.05m

Continued Takeoff Distance  2996.29 m

Runway Length Required for Rejected Takeoff 3107.48

1. LANDING DISTANCE PARAMETERS

G. Airplane Maximum Landing Weight 137410 kg

Time for Descent from 

Flight Level till Aerodrome Traffic Circuit Flight  20.8 min

Descent Distance 52.08 km

Approach Speed 258.39 km/h

Mean Vertical Speed 2.07 m/s

Airborne Landing Distance  520 m

Landing Speed 243.39 km/h

Landing run distance  786 m

Landing Distance 1307 m

Runway Length Required for Regular Aerodrome 2182 m

Runway Length Required for Alternate Aerodrome 1855 m
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