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ABSTRACT

Explanatory note to the diploma work «Preliminary design of a middle

range aircraft with cargo capacity up to 76 tons» contains:

sheets, figures, tables, references and drawings

Object of the design is development of cargo aircraft with the possibility to
transport cargo of 76 tons.




Aim of the diploma work is the preliminary design of the aircraft and its
design characteristic estimation.

The method of design is analysis of the prototypes and selections of the
most advanced technical decisions, center of gravity calculations.

The diploma work contains drawings of the mid-range aircraft with a
carrying capacity of 76 tons, calculations and drawings of the aircraft layout and

pallet construction.

AIRCRAFT, PRELIMININARY DESIGN, LAYOUT, CENTER OF
GRAVITY POSITION, PALLET CONSTRUCTION
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GENERAL CONCLUSIONS

According to information that achieved during work on diploma project and
comparison of results that has been obtained based on calculations following
results have been determined:

- at the first stage we compared different specifications of prototypes and
chose Boeing C-17 which had most similar characteristics to our given data;

- processed preliminary design of middle range cargo aircraft with payload
capacity of 76 ton, taking into account geometrical characteristic of airplane and
safety requirements to calculate the basis of a successful and cost-effective plan for
desire airlifter;

- calculated basic geometric parameters of appropriate landing gear for
designed aircraft and selected proper type of tire capable of withstanding
calculated transmitted loads on nose and main landing gear;

- introduced cargo compartment’s facilities for loading-unloading process
as well as keeping cargo in safest manner during flight.

- center of gravity position of the equipment’s projected on aircraft based
on their mass, moment and coordinates on mean aerodynamic chord , which has
range between 18 to 23 %;

- selection and installation of turbo fan engine PW 2000 series of high-
bypass turbofan aeroengines with a thrust range from 160 to 190 kKN which has
outstanding cruising speed and a good thrust to weight ration.

- conceptual pallet design, which first chose, material and dimensions of
required pallet, then calculated external and internal forces that apply to pallet
when it places on 4 supports on cargo hold floor, and then | compared with
allowable stress of materials that they constructed from and finally checked the

strength of pallet under overload condition.




INTRODUCTION

Air cargo known as any property that carried or to be carried with an aircraft
to another location. Air cargo taransportation systems play an importante role in
aviation industry, it is occupation field in the logistics and warehousing sector of
the airline industry in which they are stored and shipped across the country and
around the world via commercial and private services. The transportation of goods
from place to place is becoming more and more common in today's global
marketplace.

A cargo aircraft is desigened to carry cargo instead of passengers, these
cargo aircrafts has fitures which separate them from passenger aircraft. To mention
few fetures, first is their wide and tall fuselage cross section in which cargo will
place, next, a high-wing construction to allow the cargo area to sit near the ground,
many wheels to allow it land at unprepared locartions in condtions such as
emergency supplement at battlefield and a high-mounted tail unit to allow easy
placement of cargo during loading and unloading in the airplane.

The purpose of the work is Preliminary design of middle - range cargo
aircraft with payload 76 tons. The main prototype for this work are Boeing C-17
Globemaster 111, Antonov An-124 Ruslan and Airbus A400M Atlas
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Appendix A

nIpPOEKT
CAMOIETA C T P IO DI
HAY, kabenpa K JI A
I[IPOEKT OMIIJIOMHEIV PacueT BEHIIOJIHEH 04.03.2020
Vcnonuurens HoBOHA AHacTacuda BuxkTopoBHa Pykoromurenb Maciak
T.II.

VICXOIOHHE IAHHHE VN BHEPAHHHE I[TAPAMETPH
KommuecTBO Daccaxmpos

0
KomnuecTBO UWJIeHOB 3JKMUIIAXa
2
KonmuuecTBO OOPTIPOBOIHMKOB MJIM COIPOBOXIAUMX
1
Macca cHapsaXeHUsS UM CJIyXeDHOTO Ipy3a
1451.10 xr
Macca xKoOMMepUeCKOM Harpy3KHU 77500.00
KT

Kpericepckas CKOPOCTBL IIOJIeTa
830.xM/u

Yucigo "M" moJieTa NpU KPeEMCEPCKOM CKOPOCTU
0.7458

PacueTHas BEICOTaA Hauvajla peanM3alMM HOJIETOB C KPEMCEepPCKOM




SKOHOMUUECKOM CKOPOCTBIO 7.90
KM

JaJlbHOCTE IIOJIeTa C MaKCHUMAJIbHOM KOMMEPUECKOM HaTpy3KOoMU
4480 .M

InmHa JIeTHOV IIOJIOCH aspompoma 6a3MpOoBaHMS
2.20 xm

KosmuecTBO IOBUTATEJIEN

4
OLeHKa [0 CTATUCTUKE TATOBOOPYXEHHOCTM B H/KT
2.7700
CTeneHb IIOBHIUEHMSA OaBJIEHUS
30.80
[IpyHATas CTeleHb IOBYXKOHTYPHOCTM IBUITATEIS
6.00
OnTmMasibHas CTeleHb IOBYXKOHTYPHOCTHU IOBUITATENS
6.00
OTHOCHUTeJIbHas Macca TOIJMBa IO CTATUCTHUKE
0.2200
YOJIMHEeHMe KpBIJia
7.67
CyXeHMre KpBJla
2.50
CpenHsasd OTHOCMTEJIbHASA TOJILIMHA KpPBUIA
0.120
CrpenoBunHOCTE Kpewia o 0.25 xopn 22.0
rpazn.
CTeneHb MEXaHM3MPOBAHHOCTM KpPBUIA
1.160
OTHOCHTEJIbHAaA IJiollalb NPMKOPHEBEIX HAIJIBEIBOB
0.000
[Ipodwmip kpeula — CyHNepKpUTUYECKUN
Mlamber YUUTKOMBA - He NPUMMEHSITCH
CromJIepEl — yYyCTaHOBJIEHEL
OuameTp Odo3essaxa 6.86
M
YonuHeHue QQozesisaxa 7.72
CTpeJIOBMOHOCTb TOPMBOHTAJIBHOTO OIepeHMS
30.0rpan
CTpeJsIOBMIHOCTEL BEPTUKAJIBHOTO OIEPEeHUS
35.0rpan
PE3VYJIJDbBTATH PACUETA
HAY, KAOEIIPA "K J A"




3HaueHMe OINTUMMAJIbLHOTO KOo3bduiMeHTa NOOBEMHOV CUMJIHL B PAaCUeTHOU
TOUKE KPEMCEePCKOT'O pexmuMa IoJeTa Cy 0.41275

3HaueHMe KoOmb0dULIMEHTA Cx.uHI. 0.00928

OIPEIEJIEHVE KO30OMUMEHTA DM = Mxputr - Mxpemnc

Uyciio Maxa kpelcepckoe Mxpemrc 0.74576
Upciio Maxa BOJIHOBOT'O Kpu3UCa MKpUT 0.76340
BolumcJieHHOEe 3HauyeHUe DM 0.01763

3HaueHMs YIOEJIbHEIX HAT'PYy30K Ha KPBUIO B KIIA ([1O IIOJIHOM
Jjiomanu) :

Ipu B3JIEeTE 6.888
B CepeIMHEe KpPeMCepCKOoI'o yuacTKa 5.830
B HadaJle KPEMCEePCKOTO ydacTKa 6.719

3HaueHMe KOBOQIMUMEHTA CONPOTURIIEHMA Qo3esaXa M T'OHOOJI
0.01253

3HaueHMre k030d. Npodmiie. CONPOTUBIIEHMHA KpBUJIA U OIEPEHUH
0.00932

3HaueHMEe KOBQIMLMEHTa CONPOTUBIIEHMA CaMOJIETA:
B HauaJle KPEeMCEPCKOTO pexuMma
0.03397
B CepelMHEe KpPeMCepCKOI'O pexuma
0.03256
CpenHee 3HaueHMe Cy OpPM YCJIOBHOM IIOJIETE IO [IOTOJIKAM
0.41275

CpenHee KpeMcepckoe KadyeCTBO caMoJjeTa
12.67845

3HaueHMre kondduumMmeHTa Cy.IocC.
1.764

3HaueHMe kOB3QdULMeHTa (OpM CKOpOoCTM ceajamBaHuig) Cy.IOC.MakKcC.
2.646

3HaueHMe KOROQOMUMeHTa ( OPpM CKOpOoCTHM cBaimBaHusa )Cy.B3JI.Makc.
2.156

BHauveHMe ko3QpdmumenTa Cy.oTp.
1.574

TATOBOOPYXEHHOCTb B Haudajle KPEeMCEPCKOI'O pexuMma
0.715

CrapToBas TATOBOOPYXEHHOCTBH II10 YCJIOBUSAM KpeMuc. pexmma Ro.Kp.
2.223

CrapToBas TAT'OBOOPYX. IO YCJIOBMAM 0e30MIacHOTO B3JjleTa Ro.B3II.
2.991

PacueTHas TATOBOOPYXEHHOCTBL cCamojieTa Ro 3.111
OTHOmeHre Dr = Ro.xp / Ro.B3I Dr 0.743




YIEJIBHHE PACXOIH TOIUIMBA ( B kIo'/xH*u ) :

B3JI€ THBIM
34.7246

KPEVCEPCKUM (XapaKTepMUCTHUKa OBUIATEND)
60.4164

CpeIHUM KPEeMCepCKMM NpM 3alaHHOM HAaJIbHOCTU IoJieTa
66.2778

OTHOCUTEJIBEHHE MACCH TOIUJIVBA:
Aa®POHABUTALMOHHEIM 3alac 0.04705
pacxomyeMas Macca TOIlJMBa 0.26639

SHAYEHVA OTHOCUTEJIBHBIX MACC OCHOBHBX I'PYIIIL:

KpBLIa 0.07683
TOPUBOHTAJIBHOT'O OIEePEHUS 0.00917
BEPTUKANBHOTO OIEpPEeHUd 0.01041
maccu 0.04073
CHUJIOBOM YCTAaHOBKU 0.10368
brozesaxa 0.08195
oOOopPYyHmOBaHUSA UM ylNpaBJIEeHUA 0.10262
OOIOJIHUTEJIbHOT'O OCHAalleHUS 0.00231
CIIyXeOHOV HaTPYy3KU 0.00476
TOJiMBa HIpu Lpacdy. 0.31344
KOMMEPUYECKOM HaTrpy3KU 0.25418
BajieTHas Macca camoJjera "M.o" = 304901. «TI.

[IoTpebHasa B3JleTHad TAT'a OOHOTO IOBuratessa 237.14 kH

OTHOCHUTeJIbHaA Macca BBICOTHOTO OOOPYHNOBAaHMUA U

IPOTUBOOBJIENEHUTEJILHOM CUCTEMEl CaMoJjieTa
0.0106

OTHOCHUTeJIbHAaa Macca NacCCaXMPCKOTO ODOpyIOBaHUA
0.0001

OTHOCHUTEeJNIbHasS MaccCa IOeKOpaTUBHOM obumeku u T3U
0.0043

OTHOCHUTeJIbHasA Macca OBTOBOIO (MM I'Py30BOIO) ODOPYyIOBAaHMSA
0.0433

OTHOCHUTeJIbHaa Macca YyIpaBJIEHUA
0.0031

OTHOCHUTeJIbHaa Macca I'MOIPOCUCTEM
0.0099

OTHOCHUTeJIbHas Macca DBJeKTPpooBopyImOBaHUSA
0.0118

OTHOCHUTeJIbHAs Macca JIOKAUMOHHOTO ODOpyIOBaHUSA
0.0039

OTHOCHUTEJIbBHaA MacCa HAaBUTALMOHHOIO OOOPYyINOBaHUA
0.0058

OTHOCHUTEeJIbHas Macca pPaIMOCBSA3HOTO ODOPYyIOBAaHUMA
0.0029




OTHOCHTEJIbHaAd Macca OPpMOOPHOTO ODOOPYHOBaHMS
0.0068

OTHOCMUTEJIbHAsS Macca TOIIJIMBHOM cHuCTeMH (BxoIMT B Maccy "CY")
0.0102

JOTIOJIHUTEJIbHOE OCHaAalleHUe :

OTHOCHTEJIbHAS MaccCa KOHTEMHEPHOTO ODOpyIOBaHUA
0.0000

OTHOCHTEJNIBHAA MacCa HETUIMUHOTO ODOPYyIOOBaHMA
0.0023

[BCTPOEHHEIE CUCTEMH OMATHOCTUKM UM KOHTPOJIS IapaMeTpoB,

OOIOJIHMTEJIbHOE OCHAlleHMe CAaJIOHOB M Ip. ]

XAPAKTEPUCTUKM B3JIETHOW IOVCTAHLNNU

CKOpPOCTBb OTPEIBA CaMoJieTa 301.10
KM/ U

YckopeHHue npu pazsbere 2.44
M/c*c

InmHa pazbera camojieTa 1430.
M.

IncraHuusa Habopa Oe30NnacHOVM BBICOTE 472.
M.

BajeTHasa OMUCTaHLUA 1903.
M.

XAPAKTEPUCTHMKM BRJIETHOW IMCTAHIVN
[NPOIOOJIXEHHOT'O B3JIETA

CKOpPOCTb NPUMHATUSA pPEUeHUS 270.99
KM/ U

CpenHee yCKOpeHMe IIpU NPOIOJIXEHHOM B3JIeTe Ha Mokpow BIIII 1.13
M/c*c

InrHa paszbera npu NPOOOJIKEHHOM B3JieTe Ha MOkpou BIIII 1716.80
M

BajleTHas IOMCTaHUMSA MNPOIOJDKEHHOT'O B3JIeTa 2189.05
M

[loTpebHasa OJaMHa JIETHOM IIOJIOCH IO YCJIOBUAM

IPEPBAHHOTO B3JIeTa 2267.27
M

XAPAKTEPUCTUKM TIOCAIOYHOM IVCTAHUUN

MakcuMasibHas IIocamodyHasd Macca caMmojieTa 233789.

KT

BpeMsa CHUMXeHMS C BHICOTH 3IIeJIOHA OO BHICOTHL IoJjleTa 10 Kpyry 14.6
MIUH

IncTaHLuMsa CHWXEeHUS 33.73
KM

CKOpOCThH 3Baxoza Ha Iocanky 267.80
KM/ U

CpelHasd BepTHUKAJbHAS CKOPOCTb CHWXEHUS 2.13
M/ C

IncTaHuMsa BO3IOYIIHOT'O yuyacTKa 524.




[locamoyHas CKOPOCTHb 252.80
KM/ 4

IOnmHa npobera 819
M

[locagoyHasa OMCTAHLMSA 1343
M

[loTpebHasa nJauMHa JeTHOM nojoce (BII + KIB) znnusa

OCHOBHOTO aspolpoMa
2243 M

[loTpe®Hasa IJVHA JIETHOM IMOJIOCH IJIS 3alacHOT'O aj’polpoMa
1907 ™

[IOKA3ZATEJIN 20PEKTVMBHOCTNM CAMOJIETA

OTHOLIEeHMEe MAaCCH CHapsSXeHHOT'O caMoJieTa K

Macce KOMMEPUECKOM HaTpy3KU
1.6923

Macca NyCcTOIO CHApSXeHHOT'O Cc-Ta npuxon. Ha 1 naccaxupa 0.00
kT /mac

OTHOCUTEJIbHASA INPOM3BOOUTEJIBHOCTE IO IIOJIHOM HaTrpy3ke 471.12
KM/ U

[IpOM3BOOUTENBHOCTL C—Ta NPM MaKC.KOMMepdu. Harpyske 60938.0
KT *KM/ 4

CpenHMuM YaCOBOM pPacxod TOIJKMBa 14255.635
Kr/u

CpenHUM KMUJIOMETPOBEIM pacxol TOIJMBa 18.13
KI'/KM

CpenmHuii pacxol TOIJIMBA Ha TOHHOKUIIOMETP
233.9370/ (T*xM)

CpenmHuii pacxol TOIJIMBA Ha [1aCCaXUPOKUIIOMETP
0.0000r/ (mac.*xm)

OpPMEHTHMPOBOUHAS OLlIeHKAa [IPMBEIEeH. 3aTpaT Ha TOHHOKUIIOMETP
0.3001 $/ (T*xM™m)




1 PRELIMINARY DESIGN OF THE AIRCRAFT

1.1 Choise of the projected data of designing aircraft

There are three phases of aircraft design; conceptual, preliminary, and detail
phases. Among them, the conceptual design phase is characterized by the initial
definitions that come from requirements established by market needs.

After completing the conceptual design, the next phase is preliminary
design. Engineers may use the existing designs to conduct wind tunnel testing and
fluid dynamic calculations. Furthermore, structural and control analyses are
performed during this stage.

Last but not least is the detail design phase. During this phase, engineers
must use the existing designs to fabricate the actual aircraft. It specifically
determines the design, location and quantity of elements such as ribs, spars,
sections and more.

The selecting of the optimal design parameters of the aircraft is the
multidimensional optimization task. In its configuration mean the whole complex
flight-technical, weight, geometrical, aerodynamic and economic characteristics.

Our task in this stage of diploma work is analysis of various prototypes
according to our initial data. After we inputted our approximate data that we
gatherd from different resources into computer program, we recived more accurate
initial data to begine our project. Our task was to choose a transport aircraft with
cargo capacity of 76 tons to transport given payload on maximum range of
4480 km.

On the table 1.1 and 1.2, we have operational-technical and geometric
parameters of three different transport aircraft which have similar characteristic
and parameters to our desierd aircraft. Prototypes that choosed for comparison are
as following:

Table 1.1 - Operational- technical data of plane prototype




Name and dimensions Boeing C-17 | Antonov An- | Airbus
Globemaster 111 | 124 Ruslan A400M Atlas
Max payload, kg 77 500 150 000 37 000
Crew, numbers 2 6 3
Flight Range with MTOW, km | 4480 3700 3300
Cruise speed, km/h 830 865 781
Cruise altitude, km 79 10 9
Number and type of engines 4 4 4
(Pratt &Whitney | (Progress (Europrop
F117-PW-100) | D-18T) TP400-D6)
Take off run at MTOW, m 2,499 3000 3500
Landing distance, m 1067 2800 770
Landing speed, km/h 244 - -
Field length for take off, km 1,2 2,8 0,77
Thrust (each engine), kN 180 229 177
Degree bypass ratio 5,9 5,6 54
Table 1.2 - Geometrical parameters of prototypes
Name and dimensions Boeing C-17 | Antonov | Airbus
Globemaster Il1 | An-124 A400M
Ruslan Atlas
Length of the fuselage, m 53 69.1 45.1
Wingspan, m 52 73.3 42.4
Wing area, m? 353 628 225.1
Aspect ratio 7,67 8.6 8.5
Sweepback angle, degree 22 25 15
Height at tail, m 16.79 21.08 14.70
Fuselage diameter, m 6.86 10 5.64
Wing tapper ratio, m 0,25 0,25 0,25
Mean geometric chord, m 7,7 - -

McDonnell Douglas/Boeing C-17 Globemaster 111 shown on figure 1.1 is a

large military transport aircraft, developed for the United States Air Force. The C-

17 is a strategic transport aircraft, able to airlift cargo close to a battle area. It is

powered by four Pratt & Whitney F117-PW-100 turbofan engines, which produce
180 KN of thrust. Maximum payload of the C-17 is 77.500kg, and its maximum
take off weight is 265,000kg. With a payload of 73,000kg and an initial cruise




altitude of 8,500m the C-17 has an unrefueled range of about 4,400km. The main
advantage of C-17 is that it designed to operate from runways as short as 1,100m

and as narrow as 27m.
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Figure 1.1 — General view and cabin layout of C-17

S

Figure 1.2 — Cargo compartment of C-17

The Antonov An-124 (Ruslan) is a strategic airlift quadjet, designed by

Antonov Company and remains the largest military transport aircraft in current




service. The lead designer of the An-124 (and the An-225) was Viktor Tolmachev.
It has a double fuselage structure (figure 1.3 and 1.4) to allow rear cargo door (on
the lower fuselage) to open in flight without affecting structural integrity. The An-
124 uses a conventional empennage; and also we can mention oleo-strut
suspension for its 24 wheels landing geras. The cargo compartment of An-124 is
36x6.4x4.4 m and its capacity is 88 passengers in upper aft fuselage, or the hold
can take an additional 350 pax on a palletised seating system / 150,000kg. With a
range of 3,700km with max payload.
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200cm
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Figure 1.3 — General view and cabin layout of An-128
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An-128

Airbus A400M Atlas: is a European,four-engine turboprop military transport

Figure 1.4 — Cargo compartment of

aircraft(figurel.5 and 1.6), designed by Airbus Military department . The cargo




compartment is 17,71m long excluding ramp, 4,00m wide and 3.85 m high (or 4.00
m aft of the wing). The maximum payload of 37 tonnes can be carried over
3,700km. The A400M operates in many configurations including cargo transport,
troop transport, and medical evacuation. It is intended for use on short, soft landing
strips and for long-range, cargo transport flights. The wings are primarily carbon
fibre reinforced plasticlt and aircraft is powered by four Europrop TP400-D6
engines rated at 8,250kw (11,000 hp) each.

Powered winch Paratroop door Loadmaster control panel

Loadmaster
work station

Figure 1.6 — Cargo compartment of A400M Atlas

The first step to develop this project is to choose the aircraft that is going to

be analysed as prototype. The first general idea was to choose an interesting




aircraft that allowed a deep structural study throughout research and general
aeronautical knowledge.

After comparing technical data of given prototypes based on given task, in
my point of view the most optimal choise for this task is Boeing C-17 Globemaster
I11. The reasons for chosing this aircraft is: firstly we can effiecintly fit our payload
inside cargo compartment, as for An-124 we would face a great deal of emty
space.

An-124 is enormous aircraft and its functioning with out usage of best
economical space in cargo hold will costs additional money for fuel.on the other
hand A400M has maximum payload capacity of 37tonnes and it can not operate
with our require payload.

Next, is range of aircraft that only C-17 can cover this distance perfectly
with consideration of payload capacity. Finally to fit our cargo insid cargo
compartment we calculated size of our pallet and container in ratio of cargo hold,
the result for most economical way was C-17 cargo compartment.

The aircraft considerd to designe in this project is large military transport
aircraft.It has high-wing, four engines and Tshape tail unit, it is able to carry large
cargo, equipment and supplies directly to small airfelds in harsh terrain. It has
maximum payload up to 76000kg, establishing the maximum altitude to 7,9m

settling for a range of about 4480m.

1.2 Brief description of the main parts of the aircraft

Basically, the aircraft that is going to be studied has conventional
specification. However, its scale is one of the biggest in the world. Both the
wingspan and the length are around 50meters.

Meanwhile, its height is around the 16 meters. This design makes it viable to
transport heavy cargo, as well as vehicles to different locations. For cargo
operations our aircraft requires a crew of three: pilot, copilot, and loadmaster. The

cargo compartment is 27m long by 5.5m wide and 3.7m high. The cargo door has




rollers for palletized cargo but it can be flipped to provide a flat floor suitable for
vehicles and other rolling stock.

The designed aircraft is powered by four Pratt Whitney F117-PW-100
turbofan engines, which are based on the commercial Pratt and Whitney

Following performances are affirmed for this Aircraft:

_ Take off from a 2243meter airfield

_ Carry a payload of up to 76000kg

_ Refuel while on flight in 914 meters or less on a small unpaved or paved

airfeld in day or night.

_ Carry a cargo of wheeled vehicles in two side-by-side rows,

_ Drop asingle 27216kg payload, with sequential load drops of 49895kg

Fuselage — The designed aircraft presents a semi-monocoque fuselage which
allows a maximum profit of space to carry big elements such as trucks. Its structure
iIs composed by approximately 74 formers which give the final shape to the
aircraft's skin. There are also a few bulkheads which separates the different
compartments of the aircraft and semi-bulkheads which support hydraulic systems.

Wing's structure — Its super critical airfoil to minimize the aircraft's drag is
directly affected to its structural design. Two I-shaped spars are constructed from
the root to the wing's tip. Between them, approximately 30 ribs are separated in 3
sections: the leading edge, which is formed by the first quarter of the wing's ribs,
and present mobile devices to move the front flaps

Stabilizer's structure — The T-tail structure presents a multi-spar and rib fin
structure which gives shape to the vertical stabiliser. They cross themselves to
result in a rigid structure that is then given aeronautical features by semicircular
ribs placed on the vertical leading edge. This structure commented is separated in
two parts: the fixed vertical stabiliser and the rudder, which its height follows the
proportion of the tail and leads itself to the trailing edge.

Engines — aircraft is powered by four fully-reversible Pratt & Whitney
PW2000 series turbofans, designated as F117-PW-100 by the Air Force. Each




engine is rated at 180kN of thrust and employs thrust reversers that direct the flow
of air upward and forward to avoid ingestion of dust and debris.

Composite Materials — Sixteen-thousand pounds of composite materials
have been applied to aircraft. Several of the major control surface and secondary
structural components of the aircraft are made of composites. The most direct
contribution to its applications was the development of componenets locates on
upper aft rudders.

Landing Gear — landing gear system consists of a single nose strut with two
wheels and two twin-strut tandem gear assemblies; each has one per side with three
wheels per strut. The aircraft can takeoff or land just about anywhere in the world.

So, in the first part we discussed the main stages of desgine process and
raised our requirments for choosing optimal prototype. Subsequently we ploted a
table to present specifications such as operational-technical data and geometric
parameters of three different aircraft (Boeing C-17 Globemaster 111, Antonov An-
124 Ruslan, Airbus A400M Atlas) and analaysd main charactersitics of each
variant as well as their desgined layout . In the final phase we choose the prototype
based on our initial data and briefly explained the main parts of the aircraft we plan

to designe in this project.

1.3 Wing geometry calculation

In this project layout of the aircraft consists of structural body which allows
a maximum profit of space to carry big elements such as tanks or trucks. Its
structure is composed by formers, which gives the final shape to the aircraft’s skin.
They are installed parallel to each other and are connected by side members along
the entire perimeter of the surface. There are also a few bulkheads in our design
which separates the different compartments of the aircraft and semi-bulkheads
which support hydraulic systems, such as the pistons that open and close the back
doors. Technologically fuselage devided into three parts: front (cockpit) middle

(cargo compartment), rear (tail unit). The front part of the aircraft is separated in




two floors, the lower one has the pilot's entrance and the second one contains the
cockpit, as well as many electrical instruments and other devices or the landing
gear's front wheel. The tail of the fuselage consists of smaller forms, spars and
stringers which decrease in diameter. Separation and thickness of these forms is
same as the rest of the fuselage (despite the cockpit). As the formers are smaller
but its thickness is constant, they are more rigid so that there are no structural
problems to support both the horizontal and vertical stabilisers.

The wing structure of this aircraft is airfoil with supercritical design to

minimize the aircraft’s drag. The airfoil is constant along the wing which prevents
: : : : . 1 :
the formation of torsion; wing root is aproximatly 2 of the fuselage length. Figure

1.7 below is drawing of supercritical form of airfoil.

o
K

Figure 1.7 - The wing’s supercritical airfoil

Geometrical characteristics of the wing are determined from the take off
weight my and specific wing load Po.

Wing area is:

my-g _ 304901-9,8

S.. =
w P, 6888

= 433,80 (m?)

We took 350m2. Wing span is:

I=VS-A= /350-7,67 =51,81(m)




Root chord is:

. 2Sy Mw _ 2-304901.2,50
°  (14n,)-1 (1+4250)-51,81

=965 (m)

Tip chord is:
— 0 — ’65 —
b, = =250 3,86(m)

Board chord is:

(nw - 1) :

w'lw

D¢
by, =bg - (1 — ) = 8,88(m)

During calculation of wing structure we determine the number of spars, their
position and their loccation on the wing as well. Relative position of the spars

according to chord of wing is equal:

where x; — distance of i-spars to the tip of the wing, b — chord.

Between spars about 30 ribs are located in 3 sections, first section: leading
edge contains quarter of wing’s ribs and devices to move flaps. The Second section
between two spars has largest thickness part of ribs which reinforced by stringers
along the wing. Final section presents both electrical devices and statical parts. The
wings ribs have holes inside their section for different advantages such as:

lightening up of the weight and communication devices that placed along the wing.

| have used the geometrical method of mean aerodynamic chord determining
(figure 1.8).
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Figure 1.8 - Geometrical method of wing mean aerodynamic chord

determination

Mean aerodynamic chord is equal byac = 7,16 m.

Next phase of calculation after deremination of geometric characteristic of
the wing is geometry of ailerons and high-lift devices that belongs to wing
The geometric parameters of the ailerons are determined in next order :

Ailerons span:

L1 = 0,355 = 0,35- 22 = 9,066 (m)

Ailerons chord:
bait = (0,22...0,26)-b;;

Aileron's area:

Sai = (0,05...0,08) - 22 = 0,062 = 10,5 (m?)

Aerodynamic compensation of the aileron.




Saxinait < (0.25...0.28) Sy =0,25- 10,5 = 2,62(m?)

Inner axial compensation

Sinaxinail = (03031) Sa": 0,3 2,62: 0,795 (Mz)

Area of ailerons trim tab for two engine airplane:

Sai; = 0,04...0,06 - S,y = 0,05- 10,5 = 0,525(m?)

The range of aileron deflection are: upward J,;> 35°; downward J,; > 25°.

The main aim of this chapter is the providing of take off and landing
coefficients of wing lifting force, assumed in the previous calculations with the
chosen rate of high-lift devices and the type of the airfoil profile.

During the choice of structurally-power schemes, hinge-fitting schemes and
kinematics of the high-lift devices we need to come from the statistics and
experience of different aircraft constructions. We need to mention that in the
majority of existing constructions elements of high-lift devices are done by spars

construction schemes.

1.4 Fuselage layout

In order to selecet fuselage parameters, it is obligatory to follow the
aerodynamics requirements (streamlining and cross section).

Using transonic cargo aircrafts (V < 800 km/h) wave resistant doesn’t have
impact in order of aerodynamic performance. That's why we need to choose
friction resistance C,; and profile resistance C,, from the conditions of the listed
values.

Nose part of fuselage for subsonic aircraft:




Lurp = 2,5- D = 2,5 6,86 = 17,15(m),

where D¢ — diameter of a fuselage.

With the aerodynamic requirements consideration due to choosing of cross
section shape, we need to consider the strength and layout requirements.

The most effective fuselage cross section is circular cross section to ensure it
has minimal weight. In this partial case we may use the combination of two or
more vertical or horizontal parts of circles to form the fuselage structure.

For cargo aircrafts the aerodynamics has less importance for the selection of
fuselage shape, and the cross-section shape may be close to rectangular.

Geometrical parameters used in calculation are as following: fuselage

diameter Dy, fuselage length Ir; fuselage aspect ratioA.; fuselage nose part aspect

ratioA,,,,; tail unit aspect ratiod,,,.

np;
Fuselage length is determined considering the aircraft scheme, layout and
airplane center-of-gravity position peculiarities, and the conditions of landing
angle of attack oy,ng €NSUriNg.

Determination the length of the fuselage:
ly =A; - D =7,72- 6,86 = 52,95(m);

Determine the length of the nose: 1, = A¢y, - Dy = 2,5 6,86 = 17,15(m),

Determine the length of the rear part: I, = A7, - D, = 3,5-6,86
= 24,01(m).

Fuselage nose part aspect ratio is equal:

_ Unp . 1715 _
Arnp = Df ' 686 2,5




Fuselage rear part aspect ratio is equal:

Arrp = Ap = Apnp

At the stage of sketch designing to determine the length of the fuselage, we
can recommend the ratio for next airplanes:

With a sweepback wing: I/ [,,=0.,8...0,95, if 4,, = 8...10;

withX° - 35°..45°: I/ 1,=0,95...1,25,if A,, = 3...5.

For cargo airplanes fuselage mid-section comes from the size of cargo cabin
compartment. One of the main parameter to determine is the mid-section of the
height of the cargo compartment.

For mid-range airplanes according the following: the height: h;=1.9m;
passage width b,=0.6m; the distance from the window to the flour h,=1m; luggage
space h;=0.9...1.3m.

It should be taking into account that finding the required cargo compartment
width does not yet allow you to find the optimal dimensions of the cross-section of
the fuselage. From the constructive point of view it is rational to have a circular
cross-section of the fuselage, because in this case it will be the strongest resistant
and lightest weight.However, this form may not always be optimal for cargo
transformation.

The step of normal bulkhead in the fuselage construction is in the range of
360...500mm, depends on the fuselage type.

Form the design consideration with the diameter less than 2800 mm we
don’t use such shape and we follow to the intersecting circles cross section.

The crew cabin doesn’t need to be very large in cargo airplane, at the same
time it demand to prepare comfortable workplace for the the flight crew. The most
precise requirements are imposed on pilot's working place. In addition to
convenience, it should contain overall owerview to outside area. The size of the

service cabin depends on the composition of the crew. On mid range aircrafts, the




crew consist of pilot, copilot, and loadmaster, Pilots are placed in the seats nearby,
the copilot for the visual connection between him and the loadmaster. The cabin of
the flight crew is separated from other rooms by a rigid divider with a lockable
door.There are controls, computers, systems, instruments, and another equipment
inside the cabin.

The cabin known as comfortable if it provides a forward-looking seating for
the crew members. They are designated and adjusted in horizontal and vertical
directions.

These seats are usually mounted on tracks to maintain esay entrance for
crew member and as saftety used seat belts with high resistance material to avoid
tupture of belt in emergency situation

Glass part of crew cabin made of two kinds of windows: side and front Side
windows are divided into sliding (left and right) and fixed side windows (left and
right). The front windows consist of a windshield and windows for the eyes.The
windshield is very durable, it is made of composite glass that has good optical and
aerodynamic characteristics it equipped with functional heaters and glass cleaner to
protect glasses from icing. In condition of heavy raining there is a rain repellent
liquid which stored in pressurized bottle would be sprayed on windshield to
improve visibility of crew

The configuration of the workplaces of the pilots encompass all emergency
requirment. The controllability and stability characteristics of the aircraft, the
structure, characteristics and automation of flight navigation equipment and on-
board systems, the structure and configuration of the display equipment ensure that
pilots perform their duties without exceeding the existing load standards.

The placement of instruments and light-signaling devices on the pilot's
control panel is perform under regulation of airworthiness standards . On the
upper control panel in the zone best reach recives and visibility are located the
quickly used control panels for command radio stations and automatic control

systems.




The upper control panel of the onboard systems contains the hydraulic, fuel,
power supply, air conditioners, anti-icing system, engine and APU starting, alarm
panel and fire extinguishing switches.

On the poilots middle panel we have engine control levers as well as
navigation and landing gear operational panels. There is also a control pedal under
the crew's foot which controls position of rudder for vertical axes yaw movment.

To provide easy accessibility to functional handeles and levers we must
observe several standardization and requirement, to mention few, first all levers
and handeles must locate in visible zone to optimize working area the size and
color must be recognizable for crew to avoid mistake in emergency conditions.

Designed aircroft has one floor cargo compartment that is capable of
transferring cargo and people (soldiers or patients) to another location. Cargo hold
floor equipped with several systems that provides mechanical advantage for
loading and unloading and also Prevents movement of cargo during flights or
emergencies.

Wheel chocks: this aircraft is capable of transferring heavy vehicles such as
tank or trucks, in order to avoid accidental movement of vehicles we use wheel
chocks against its wheels.material used under these chocks is rubber to make
ressitance and grib the floor.

Tie down device: they are intending to connect cargo, inside cargo hold to
the jacks of the ground floor or ramp, with help of equipments such as locks, chain,
belts.

Overhead equipment (telpher): it consists of electric- run cabale to transfer
cargo along overhead path. Telphere has a pendant control which controls the hoist
in vertical direction and whole system in horizontal direction along | beams
installed on ceiling of cargo hold. Hoist drum has a block that connects to the hook
at the end, to transfer cargo we connect it safely with a help of chains to this hook
and by the use of control we are able move it along cargo compartment to different

directions.




Ranges of weights and centers of gravity whithin which airplane maybe
safely operated must be established.if a weight and center of gravity combination is
allowable only within certain load distribution limits(such as spanwise) that could
inadvertently exceeded, these limits and corresponding weight and center of
gravity combination must be established.

The extreme forward and extreme aft centre of gravity limitation must be
established for each practicably seperable operating condition

Each compartment for the stowage of cargo, baggage, carry-on articles,
equipment(such as life rafts), and any other stowage compartment must be
designed for its placarded maximum weight of contents and for the crtitical load
distribution at the appropriate maximum load factors. Corresponding to the
specified flight and ground load conditions, and to the emergency landing
conditions, except that the forces specified in the emergency landig condtions need
not be applied to compartments loacated below, or forward, of all occupants in the
airplane.

Given the fact that the unit of load on floor K = 400... 600 kg/m2

The area of cargo compartment is defined:

The cargo compartment is 27 m long by 5.5 m wide by 3.76 m high.

Volume of cargo compartment 559 m?3

1.5 Tail unit design

The T-tail structure constructed by a multi spar and rib fin structure which
gives shape to vertical stabilizer.they cross themselves to produce a rigid structure
that permit aeronautical features by semicircular ribs placed on the vertical leading
edge. The structure mentioned is consisting of two parts: the fixed vertical
stabilizer and the rudder, which its height follows the proportion of the tail and
leads itself to, trailing edge.

Regarding the horizontal stabilizer, its structure desgine is similar to wings
designe.There are two sparsed known as H-shape disparate in three sections,




aproximatly 19 ribs per side.

Rudder made a two-tier, three-section (lower, upper and middle sections)
and is made mostly of composite materials. As nodes rudder linkage made
removable covers for the construction inspection, repair and maintenance, and
replacement of all mechanical parts. In plumage provided protection structure
against deterioration or loss of strength of environmental influences in all
anticipated operating conditions, and also have ventilation and drainage in all
compartments.

According to given data we might find the first approach of geometrical
parameters determination.

Area of vertical tail unit is equal:
Sty = (0,12...0,2) - Sy,

Area of horizontal tail unit is equal:
Shey = (0,18...0,25) - S,;

Much better could be calculated like:

— Pman'S

7,16 .350.0,7
S — -A —_ e
htu ity htu 33716

= 74,24 (m?)

1S 71635001 _ 2

Values Ly, and Ly, are influenced on various factors such as thelenght of
the nose section, tail segment of fuselage, sweepback angle, location of wind and
from point of performance, condition of stability and controllability of the airplane.

In the first approach we may count that Ly =~ Ly, =22,9

Trapezoidal scheme, normal scheme Ly, = (0.2...3.5) - bpac = 7,16




For heavy airplane Ly = (3.2...3.3) - byan

So, A =0,7; Ai=0,1

Determination of the elevator area and direction. Altitude elevator area:
Seq = 0,345 - Spry = 26,61 (m?)

Rudder area:

Seq = 0,4- Syry = 0,4- 78,31 = 31,32(m?)

Elevator balance area is equal:

Sep=(0,22...0,25)- Seu = 6,12(m?)

Rudder balance area is equal:

Si=(0,2...0,22) - S,y = 6,57 (m?)

The area of elevator trim tab:

See = 0,1- Sy, = 0,1-26,61 = 2,61(m?)

And for rudder of the aircraft with six engines Sye, = (0.04..0.06) -S,, for the

aircraft with four engines:

See = 0,04-S,,4 = 1,25(m?)

In the formula above the lower limit corresponds to the turbofan engine

aircrafts, equipped with all-moving stabilizer




The height of the vertical tail unit h,y is determined according to the
location of the engines. Taking into account assumption:
Engine in the root part of the wing hyy, = (0.13..0.165) ‘I,

Height of the vertical tail unit is equal:
lyty = 0,2 - 1, = 10,36 (m)

For airplanes with high wing, we have to set the upper limit.
Recommendation to choose, tapper ratio of horizontal and vertical tail unit:
For transonic planes M < 1; nhy = 2...3; pyw=1...3.3

Tail unit aspect ratio we may recommend:

For transonic planes A = 0.8...1.5; Ay, =3.5...4.5

Determination of tail unit chords bengs, Dmac, Proot.

Horizontal tail unit tip chord:

2- Shtu
brepry = = 2,3(m)
tehtu (nhtu + 1) ) lhtu

Vertical tail unit tip chord:

2- Svtu
(nvtu + 1) ) lvtu

= 5.03(m)

btcvtu =

Horizontal tail unit root chord:

brchtu = btchtu “Nhtu = 10,22(1’!1)

Vertical tail unit root chord:




brcvtu = btcvtu MNytu = 5 (m)

Horizontal tail unit mean aerodynamic chord:

. nhtuz + Nhtu +1

b = 0,66
MAChtu Nhta +1

) btchtu = 5,01(1‘!1)

Vertical tail unit mean aerodynamic chord:

24+ Ny + 1
bMACvtu =0,66- Ty Ty : btcvtu = 9,45(1’!1)

Nytu T 1

Regarding that stablilizing and fixing of aircraft could be task of fin, we
suppose to use upper limit of Cy, to provide fixation base on the fin. Tail unit
sweptback is not more than wing sweptback. We do it to provide the control of the

airplane in shock stall on the wing.

1.6 Landing gear design

Aircraft landing gear consists of six wheels in main on each side and one
front support.

Each main support consists of shock struts, on which two wheels with
hydraulic discbrakes and wheels fan cooling system are fitted.

Main supports are retracted in compartments of the fairing towards the plane
of symmetry of the aircraft.

Nose landing gear consists of a controlled shock thrust with two non-braking
wheels. The front support is retracted into the front compartment of the chassis
against the fuselage of the airplane. Compartment is closed by doors.

Landing gear for this aircraft consists of following mechanical subsystems:

- Retraction and extension;

- Wheel braking;




- Temperature control and wheel cooling control;

- Control of front landing gear turning;

- Retraction and extension and elongation of auxiliary support;

- Adjusting of the load floor height.

The main functions of landing gear are:

- To keep the aircraft stable on the ground and during loading, unloading
and taxi;

- To allow the aircraft to freely move and maneuver during taxing;

- To provide a safe distance between other aircraft components such as
wing and fuselage while the aircraft is on the ground.

In the primary stage of design, when the airplane center-of-gravity position
is defined and there is no drawing of airplane general view, only the part of landing
gear parameters could be determined.

Main wheel axel offset is:

eg = 0,2 byac = 0,2-7,16 = 1,43(m)

With the huge wheel axial offset the lift-off of the front gear during take off
is involved. Having said that with small type also the dangerous of falling airplane
on the tail is possible, when we consider back loadings on the airplane as priority.

Landing gear wheel base comes from the expression:

By = (0,3...0,4) - ;= 0,35. 52,92 = 18,53(m)

Large value belongs to the airplane with the engine on the wing (EonW).
The last equation means that the nose support carries 6...10% of aircraft
weight.

Front wheel axial offset will be equal:




dn, =By — e, = 18,53 — 1,43 = 17,10 (m)

Wheel track is:

Ky =0,6-B, = 0,6-18,53 = 11,11 (m)

On a condition of the prevention of the side nose-over the value K should be
more then 2H, where H — is the distance from runway to the center of gravity.

Wheels for the landing gear is chosen by the size and run loading from the
take off weight; for the front wheel support we consider dynamic loading as well.

Type of the pneumatics (balloon, half balloon, arched) and the pressure
applys on it is determined by the runway surface, which should be used. We install
breaks on the main wheel, and sometimes for the front wheel also.

The load on the wheel is determined: K, = 1.5...2.0 — dynamics coefficient.

Nose wheel load is equal:

Pug = = 201768,60 (N);

Bg-Znig

Main wheel load is equal:

_(Bg—eg) mo-g

Prutg = =229786,42 (N).

g Zmlg " Mmig

By calculating Pmain and Ppose and the value of Vi ot @Nd Vianging, PNeUmatics

is chosen from the catalog, the following correlations should correspond.

Paimain = Prains Pinose = Prose: Vianding = Vianding: Viakeott = V.

slmain — " main’ * slnose — ' nose? " landin landing? ¥ takeoff — Y takeoff

We select the wheel to the nose and main supports (table 1.3):




Table 1.3 — Tires for the landing gear of designined aircraft
PCT.B3H , PCT.HOC, Po , é‘CT ) Ppa3p , Vnoc S VB3JI s
H H 10°Pa | mm | H km/h | km/h

Wheel size

For main support of chassis
1100x330B | 110000 | 86000 | 10 81 | 540000 | 260 | 330

For nose support of chassis
1000x280B | 66000 | 5750 |10 65 | 345000 (240 |330

1.7 Choice and description of turbofan engine

Pw2000 also known by the military designation F117 and initially referred
to as the JT10D, is a series of high-bypass turbofan aero engines with a thrust
range from 160 to 190 KN.The PW2000 is a dual-spool, axial air flow, annular
combustion, high bypass turbofan with a dual-channel Full authority digital engine
control (FADEC) system. A single-stage fan and four-stage, axial low-pressure
compressor are driven by the five-stage, uncooled, axial low-pressure turbine. The
12-stage axial compressor is driven by the two-stage axial turbine. Stages 1-5 have
variable stators. The last eight stages of the high-pressure (HP) compressor employ
active clearance controls. Blades are designed and manufactured with thicker
leading edges and are form for greater efficiency. A single annular nickel alloy
combustor employs 24 single-orifice, airblast fuel nozzles. The HP turbine
includes two axial stages. The fan and low-pressure compressor are direct-driven
by the supercharged, five-stage uncooled axial turbine.

General characteristics:

Type: Turbofan

Length: 3,729 mm

Diameter: 2,146 mm

Dry weight: 3,221 kg

Components:

Compressor: Axial, 1 stage fan with 36 blades, 4 stage LP, 12 stage HP




Combustors: Annular

Turbine: 2 stage HP, 5 stage LP Fuel type: Jet-A, Aviation kerosene
Performance:

Maximum thrust: 38,400-43,734 Ibf (170.81-194.54 kN)

Overall pressure ratio: 27.6-31.2:1

Bypass ratio: 5.9

Thrust-to-weight ratio: 5.41-6.16

Major applications: B 757, Boeing C-17 Globemaster 111, llyushin 11-96M.

1.8 Determination of the aircraft centre of gravity position

1.8.1 Determination of the mass power of the equipped wing

Equipped wing carries the mass of its structure, mass of the equipment
placed in the wing and mass of the fuel. Regardless of the place of mounting (to
the wing or to the fuselage).The mass register includes names of the objects, mass
themselves and their center of gravity coordinates.The origin of the given
coordinates of the mass centers is chosen by the projection of the point of the mean
aerodynamic chord (MAC) for the surface XQOY.

The example list of the mass objects for the aircraft, where the engines are

located in the end part of the fuselage, included the names given in the table 1.4.

Table 1.4 - Trim sheet of equipped wing masses




N [ Name Mass C.G. Mass
Units total (kg) coordinates, | Moment,
m (kgm)
1. | Wing (structure) |0,0768 234163968 |2,8 65565,911
2. | Control  system,
30% 0,00093 |283,55793 |[4,29 1216.46352
3. | Electrical equip.
10% 0,00118 |359,78318 |0,716 257,604757
4. | Anti-icing system
70% 0,00742 |2262,36542 |0,514 1162,85583
5. | Hydraulic system,
70% 0,00693 |2112,96393 |[2,8 5916,299
6. | Power plant 0,10368 |31612,13568 | -4.2 -132770.97
7. | Fuel system 0.0102 |3109,9902 |2,86 8894,57197
Equipped  wing
without  landing
gear and fuel 0,20714 |3157,19314 | 3.416629 215784.676
8. | Fuel 0,31344 |95568,16944 | 2,5 238920,424
Total 0,52058 |158725,362 |2,864 454705,1

1.8.2 Determination of the mass power of the equipped fuselage

The origin of coordinate’s chosing in the projection of the nose of the

fuselage on the horizontal axis. For the axis X the construction part of the fuselage

is given. The example list of the objects for the aircraft, which engines are

mounted to wing, is given in table 1.5.

Table 1.5 - Trim sheet of equipped fuselage masses

Name

Mass m; C.G. Moment
Units total (kg) | coordinate
(kgm)
s, m




1. | fuselage 0,08195 |24986,63 |18,2 454756,792
2. | horizontal tail 0,00917 | 2795,94 45 125817,398
3. | vertical tail 0,01041 |3174,01 |435 138069,844
4. | antiicing sys 15% 0,00159 | 484,79 24,5 11877,4185
5. | air conditioning 15% 0,00159 | 484,79 26,4 12798,5244
6. | heat and sound isolation | 0,0043 1311,07 26,4 34612,3615
7. |aircraft control system 661,63

70% 0,00217 26,4 17467,1685
8. | hydraluic sys 30% 0,00297 | 905,55 25,6 23182,2328
9. |electrical equipment 0,01062 |3238,04 245 79332,1912
10. | radar 0,0039 |118911 |1 1189,1139
11. | air-navigation system 0,0053 1615,97 2 3231,9506
12. | radio equipment 0,0029 884,21 2 1768,4258
13. | instrument panel 0,0068 |2073,32 |4 8293,3072
14. | cargo cabin eq 0,0001 30,49 22,3 679,92923
15 | furnishing eq 0,0433 13202,21 | 22,3 294409,357
16 | non typical equipmen 0,0023 | 701,27 22,3 15638,3723
17 | Nose landing gear 0,008146 | 2483,72 2,5 6209,30887
18 | Main landing gear 0,032584 | 9934,89 22,2 220554,651
19 | equipped fuselage 70157,72

without payload 0,2301 20,66613 | 1449888,35
20 | mail/cargo 0,2412 | 73542,12 |10 735421,212
22 | Crew 0,00817 |2491,04 |2 4982,08234
Total 0,47947 | 146190,88 | 14,98241 |2190291,64
TOTAL fraction: 1,00005

The centre of gravity (C.G.) coordinates of the fully equipped fuselage is

determined by formulas:

After we determined the C.G. of fully equipped wing and fuselage, we
construct the moment equilibrium equation relatively to fuselage’s nose:

/
mxe +m, (X, +x,) =my(x,, +C)

Knowing the wings position relatively to fuselage on the layout drawing, we




connect the wings power elements and the fuselage. After the wings and fuselage
arrangement a C.G. calculation takes place. C.G. positioning is called the relative
position of centre of masses relatively to MAC leading edge.

mex; +m, - x!

-m,C
X, = w~"o™ = 13,61 (m)

my —m,,

where my— aircraft takeoff mass, kg; ms — mass of fully equipped fuselage,
kg; m,, — mass of fully equipped wing, kg; C — distance from MAC leading edge
to the C.G. point, determined by the designer. C = (0,23...0,32) buac — high wing;
for swept wings; at X = 30°...40° C = (0,28...0,32) byac, at X=45°C =(0,32...0,36)
buac. In practice, the center of the plane is determined, as a rule, in relative
coordinates X, that is, the position of the center of mass from the beginning of the
leading edge of mean aerodynamic chord, expressed as a percentage (or fraction).

xr =T _2A100%
A

Therefore, to compute the centering of aircraft x.. it is necessary to know the
position of the beginning of the mean aerodynamic chord of the wings relative to
the fuselage x,. Initial value x, can be determined through the appropriate scale
from the scheme of the prototype aircraft, having previously determined the size of
the center of mass and drawn it on the wing

In the case that these values can not be obtained, it is recommended to apply
the following means of correction center: change the location of the heaviest loads
in the fuselage; move the wing along the fuselage (with this will move not only the
center of the mass of the plane, but also the center of mass of the wings).

In order to facilitate the implementation of calculations of centre of gravity
positions, it is recommended that the masses and corresponding coordinates of the
masses be reduced to the table in Table. 1.6.

Table 1.6 - Center of gravity position variants

Name Object Mass, kg Coordinates | Moment,




m; CG,m kgm
Equiped wing 63157.1931 |13.87 876024.7
Nose landing gear (extended) |2483.72355 |2.5 6209.309
Main landing gear (extended) | 9934.89418 |22.2 220554.7
Fuel 80441.802 16.11 1296258
Equipped fuselage 70157.7201 | 20.66 1449888
Crew 2491.04117 |2 4982.082
Nose landing gear (retracted) |2483.72355 |3.5 8693.032
Main landing gear (retracted) | 9934.89418 |23.2 230489.5

Mandatory variants of calculation of the center of the aircraft for the most

typical cases of aircraft operation are summarized in Table 1.7.

For the landing variant, the mass of fuel can be roughly taken 15% ... 20%

(depending on the type of airplane) from the mass of fuel during take-off, and for

the overhead - the mass of fuel is maximally possible (due to lack of commercial

load) and is determined by the capacity of the fuel tanks of the aircraft.

Table 1.7 - Airplane’s centre of gravity position variants

Mass, kg | Mass C.G, Centering,
Name of objects Moment, kgm %
Take off mass (LG extended) | 304901 4589338.307 |15.05 |20.08
take off mass (LG retracted) | 304901 4601756.925 |15.09 20.65
landing weight (LG extended | 236893.06 | 3536830.083 | 14.93 18.38
ferry version 256211.35 | 3866335.713 | 15.09 | 20.62
parking version 145733.53 | 2552676.959 | 16,04 |22.28

Conclusion to the part




In this main part of diploma work, firstly with given data we were able to
calculate major geometrical parameters to construct structre of aircraft. Parameters
that were examined : wing geometry characteristic ( we used geometrical method
to determine mean aerodynamic chord), fuselage lyout, tail unit and landing
gear.formulas that choosed in this project to detmine value of mentiond structure,
all based on characteristic of our prototype. Next we took turbofan engine named
Pratt & Whitney PW2000 and mentiond specifications and major application of
this type engine on other aircrafts. Finaly For the designing of our aircraft we have
calculated the Center of Gravity position, masses of wing, fuselage and airplane’s

C.G. position variation.

2. CONCEPTUAL DESIGN OF PALLET




2.1 Pallet, construction, description and equipments

Unit load devices (ULD) pallets are rugged sheets of aluminum with rims
designed to lock onto cargo net lugs. Before development of ULD, individual
pease of cargo were loaded into airlifter by use of group of people that had many
disadvantages. The time consuming process was one of the most important
problems especially for military- transport aircrafts that speed of action plays an
important role in emergency situations. The device which designed in this project
for cargo handling system of designed airplane is pallet.

This pallet structured as a metal - sandwich composite construction which
Is special class of composite material that consist of two thin layer of metal skin
attached to a lightweight, thick core in the middle. The core material used is balsa
wood which is low strength material but its higher thickness provides the
sandwich composite with high bending stiffness and low density.

The pallet made of corrosion-resistant aluminum (aluminum 5052) as its
constituent face sheets or skins and framed on all sides by aluminum rails. Overall
the pallet build with 22 tie down rings that divide into 6 attached rings on each

long side and 5 rings on each short side.

2.2 Dual-rail system

Dual rail system installed in most of transport aircraft. It consists of rows
of rollers that facilitate movement of palletized cargo into cargo hold. Many of
these rollers are stowable to convert the cargo deck to a flat, providing clear
loading surface for wheeled cargo. The side rails guide the pallets into the aircraft
and provide lateral and vertical restraint. These rails are equipped with locks
(known as detent locks) that hold the pallet securely in place while it’s inside the
aircraft. These locks also prevent the forward and aft movement of pallets

duringflight. Dual rail and its guide system shown in figure 2.1 and figure 2.2.




Figure 2.1 - Pallet attached to side guide rail system at the end. 1- Side
guide rail, 2- Roller, 3- Pallet

X

L.

Figure 2.2 - Front view of attached pallet to side guide rail system

2.3 Pallet nets

The pallet equipped with three net to set up: One covers upper part of cargo
known as top net with yellow color and two green side nets. Side nets directly
connect to side rings of the pallet but the top net attaches by hook to the rings on
side nets. The nets have multiple adjustment points and could be tightened
adequately on loads with disparate shapes. Pallet nets and attachments are shown
in figure 2.3.




Figure 2.3 - Pallet nets and its attachments

Material used to manufacture these netes is polyester and complete set of
nets provides adequate restraint for 4000kg of cargo when connected properly to

pallet.

2.4 Power driven unit

Power driven units (PDUSs), located on the floor of an airplane’s cargo bay
and operated by a controller on the wall, a power driven wheel or tire engages the
undersurface of a cargo pallet for horizontally moving the cargo in different
directions to the appropriate position inside the airplane by moving back and forth
and around.

A drvie motor coupled to drive roller selectively rotates the drive roller in
two opposed directions.a reaction member connected to the drive motor is at least
partially movabley engaged with deck support structure to permit at least some
pivotial movement of the yoke and to substantially prevent rotation of the drive

motor relative to the yoke.




The directional positioning mechanism of the power drive unit (figure 2.4)
retains the tire in partial frictional engagement with the undersurface of the cargo
container while the directional movement of cargo container is changed in order
that the cargo container is retained under positive control at all times. This is
necessary when loading or unloading an aircraft on a pitching and rolling aircraft
carrier deck, or where the floor of the cargo compartment is unlevel. The
operation of retracting and changing the directional orientation of the powered
wheel drive unit, relies on the interaction of a dual cam system, which provides
for a two-step controlled lowering of the powered wheel, in addition to a rotation
thereof about a vertical axis, for a change in the directional movement of the

cargo.

Figure 2.4 - Power driven unit

2.5 Strength calculation of locks attached in pallet

Determination of the external loading from cargo on pallet (figure 2.5):




Wight of cargo: M = 3800(kg);
Weight of a net: Mn = 30 (kg);
Weight of empty pallet: m = 170 (kg);
Total weight: Gy = 4000 (kg);

Force: F = m.a=4000 . 9.8 = 39200N

Design case: finding number of supports require for safty of cargo.

 39200N

@

g 1.3%9
0.53 0.53 0.53

A B C D

Figure 2.5 - Side view of pallet as beam on 4 support

External force of 39200 N applies to the beam with 4 supports, the equation
of reactions become staticaly inderminate; to find the reactions and bending
momment of each span we used moment distribiution method.

| — Fixed end moment:

FEM AB = - pab? _ _12126,68. 0,315.0,215% = -628.60 (i)
12 0,532 cm
FEM BA = pa?b - 12126,68.0,3152. 0,215 _ 920,979(i)
12 0,532 cm
FEM BC = - ql® — 14946,53.0,532 = 349 87 (i)
12 12 cm

FEM CB = 4 = 349,87 (2
12 cm

FEM CD = - pab? - 12126,68.0,3152. 0,215 = -920.979 (i)
12 0,532 cm
FEM DC = pab? _ 12126.68 .0.315.0.215? — 628.60 (i)
12 0.532 cm

Il — Distribiution factors.




In this case joint is being released and begins to rotate under unbalanced
moment threfore resisting forces develop at each member framed together at the
joint. Although the total resistance is equal to the unbalanced moment the
magnitudes of resisting forces developed at each member differ by the members’

bending stiffness

k

Df:ﬂ

K=1
L
El = constant
)
DFBA: FY2 S il- 953 T = 0,428
(e53)+ G2

o)
DFgc = 52— = 0,571
o (655G
=)
DFCB = HT = 0,571
0,53/ 40,53
E(L)
i =0,428

I 3,1 -
(0,53 ) "-1(0,53)I

Distribution of moment to detrmine shear force and reaction on each

DFCD =

support are presented in the table 2.1.
Mag =0
Mga = 708,261 = 708,261 % (c.w)
Muc = -708,261 = 708,261% (c.c.w)
Mcg = 687,778 = 687,778 % (c.w)
Mcp = -687,778 = 687,778 % (c.c.w)
Mpc=10

Table 2.1. - Distribution of moment to detrmine shear force and reaction on

each support




SPAN AB BA BC CB CD DC

DF 0 0,428 0,571 0,571 0,428 0

FEM -628,60 |920,979 |-349,87 |349,87 -920,97 | 628,60
BAL 628,60 |314,3 -314,30 | -628,60
COM BAL -378,955 | -505,568 |-252,784

324,951 |649,903 |517,873

-139,458 | -186,052 | -93,026

18,11 36,220 27,149

-7,89 -10,527 | -5,26

1,52 3,040 2,218

-0,659 -0,879 -0,439

0,127 0,254 0,190

-0,0552 | -0,0736

SUM 0 708,261 |-708,261 | 687,7/8 |-687,778 |0

DIRV 4919,32 | 7207,36 | 7473,265 | 7473,265 | 7207,36 | 4919,32

AUXV 1336,34 | 1336,34 | 38,6 38,6 1297,69 | 1297,94

TOTAL YV |3582,979 | 8543,7 /511,865 | 7434,665 | 8505,054 | 3621,626

RXN 3582,979 | 16055,565 15939,719 3621,626
RA RB RC RD

I11 — Calculation of direct and auxilary shear. The scheme of span loading

are presented on the figures 2.6-2.8.
1 12126,68 N
|
+ D

T T

0,315 0,215 |

TA

Figure 2.6 - Sheme of span 1 loading

TA.(053) = 12126,68.0,315
TA =7207,36




TB =12126,68 — 7207,36 = 4919,32
14946,53N

(——

V. F

0,53 m

1B 1C

Figure 2.7 - Sheme of span number 2 loading

YFy=0

Tg+ Tc = 14946,53

YMA=0

Tc. 0,53 -687,778 —14946,53 . 0,265 + 708,261 = 7434,665
Tc = 7434,665

T, =7511,92

|

|

C +
T 0,215 0,315 T

< D

12126,68 N

Figure 2.8: Span number 3 loading sheme

Tc=7207,36
Tp=4919,32

IV — Bending moment and shear force diagram (figure 2.9).




After determination of bending moment and total shear force in each

support, diagram for these external forces has been ploted as following:

39200N

I
. Ila‘hﬂu.ssm . 0.53m .

. 0.53m .

3,582977 KN A 16,055565KN | g 15,939719 KN| ¢ 3,621626 KN D
&,5KN
7.511KN
3,5KN \
A D

-7 A34KN

1.98KN

110
A

I

Figure 2.9 - Bending moment and shear force diagram

Determination of internal forces applied on middle span.

After analysing area under curve of shear force we have been able to find
value of maximum bending moment. In the diagram where shear force is equel to
zero we have maximum amount of bending moment. We cut our beam in span

number 2 to find internal forces such as bending and shear stress.
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Figure 2.10 - Pallet’s cross section

1,59m

As we can see in diagram above our pallet consist of two different material.

We have two layer of aluminium on the top and bottom of cross section and

between these surfaces thre is Balsa wood as core. To calculate internal forces,

moment of inertia for this cross section is require. Since the pallet consist of

different materials and each material has its own strength properties, module of

elasticity for each material is dissimilar from other section. For simplicity of

calculation, first we need to find ratio between module of elasticity for both

materials, subsequently we convert section with smaller thickness to part with

bigger area. In this case we converted both layers of pallet that contains

aluminium to all wood.

11,59.18,94=30,1148

¢ | oosm

he i 159m 1 2

—

Figure 2.11 - Pallet’s cross section converted aluminium part to all wood




Ratio between modules of elasticity of Aluminium and Balsa wood

_ Eal _ 70,3 Gpa

n= =
Ew 3,71Gpa

=18,94

Total moment of inertia of cross section

ItotaI= Ix1 + Ix2'|'|x3
la= 16+ Aihy? =22 + bd . (0,0275)°

_30,1146. 0,005%
le -

+ 30,1140 . 0,005 . (0,0275)* = 1,14.10™

12
l,,=1,65.10"
ls=1,14.10%

leota1 = 2,44 . 107

Calcultion of maximum normal and shear stress in Span 2:
Minax = 2KN

M . C 2.0,03 KN
(Gmax) =- ma;x = 242102 =- 245,90(?)

(Omaxar) = -245,90 . 18,948 = - 4642 (I:n—N)

Max transverse shear for this cross section is t,,.x = 0.
Safety factor:
(Omaxar) = 4642 < 19305 allowable stress of (AlI5052)

- op :19305:4’1

Omax 4642

Calcultion of maximum shear stress in Span 3:

TQ
Tmax= —
max It

Q for span 3 =) Ay




Q=Auy: +A,Y,=(30,1146.0,005).0,003+(1,59.0,0025)0,0125=9,485.10* m?

- _ 8,5KN.9,485.10™*
max 244 104 1,59

Traxar = 200,7811 . 18,949 = 3804,7810(%)

=200,7811(-)

n= Tp _ _ 26684 -54
Tmax 3804,7810 !

Conclusion to the part

For the conseptual pallet design, material and dimentions were considered
of required pallet, then calculated external and internal forces, that applies to
pallet when it places on 4 supports on cargo hold floor. Then I compared with
allowabale stress of materials that they constructed from. And finaly, | have

checked the strength of pallet under overload condition.

GENERAL CONCLUSIONS

According to information that achieved during work on diploma project and
comparison of results that has been obtained based on calculations following
results have been determined:

- at the first stage we compared different specifications of prototypes and
chose Boeing C-17 which had most similar characteristics to our given data;

- processed preliminary design of middle range cargo aircraft with payload
capacity of 76 ton, taking into account geometrical characteristic of airplane and
safety requirements to calculate the basis of a successful and cost-effective plan for
desire airlifter;

- calculated basic geometric parameters of appropriate landing gear for
designed aircraft and selected proper type of tire capable of withstanding
calculated transmitted loads on nose and main landing gear;

- introduced cargo compartment’s facilities for loading-unloading process
as well as keeping cargo in safest manner during flight.




- Center of gravity position of the equipment’s projected on aircraft based
on their mass, moment and coordinates on mean aerodynamic chord , which has
range between 18 to 23 %;

- selection and installation of turbo fan engine PW 2000 series of high-
bypass turbofan aeroengines with a thrust range from 160 to 190 kN which has
outstanding cruising speed and a good thrust to weight ration.

- conceptual pallet design, which first chose, material and dimensions of
required pallet, then calculated external and internal forces that apply to pallet
when it places on 4 supports on cargo hold floor, and then | compared with
allowable stress of materials that they constructed from and finally checked the

strength of pallet under overload condition.




