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PE®EPAT

[losicHIOBaJIbHA 3aIIMCKA JUIIOMHOI POOOTH Marictpa « ABaHIIPOEKT BAHTAKHOTO

JITaKa CKOPOYEHOTO 3JIbOTY 1 MOCAIKH BAHTAXKOMITHOMHICTIO 10 30 TOH»:
85 c., 35 puc., 4 tabmn., 10 mxepen

[ls numuiomHa poOoTa MpUCBSYEHA PO3POOI €CKI3ZHOTO MPOEKTY BaHTAXKHOTO
JiTaka OJMMKHBOTO 3JIBOTY Ta TIOCAJKH, IO BIANOBIZa€ MDKHAPOIHUM CTaHAapTaM
NOJILOTIB, O€3MeyHuM, CPEKTHUBHHM Ta HAJIIHHUM MOXKIJIUBOCTSAM IIEPEBE3CHHS
BaHTaX1B. TOBIIMHA MEPEIHHOTO Kpar pedpa Kpuia 1 ONTUMI30BaHa KOHCTPYKIIS
OTBOPIB ISl 3MEHIIICHHS Bard, a TAKOX IMOJICTIIIEHA KOHCTPYKIIisl peOpa Kpuiia.

VY nucepraliii BAKOPUCTOBYIOTHCS CKIHUCHHO-EJIEMEHTHUN aHalli3, ONTUMI3aIlis
napaMmeTpiB, ONTUMI3AIlisl TOMOJIOT1I, MOJEIoBaHHS cucteMd DM 3a gomomMororo
cucteMH Ansys, a TaKOX MOAYJI1 aHaJli3y Ta ONTUMI3aIlii KIHIIEBUX €JIEMECHTIB.

[IpakTuyHe 3HAYEHHS pe3yJIbTaTIB MaricTepchbkoi poOOTH TOJIATAE B TOMY,
1100 3pOOUTH JITaK JIETIIUM, 30UTBIITNTH JAbHICTh MOJBOTY JIiTaKa.

Marepianu Maricrepcbkoi poOOTH MOXKYTh OYTH BUKOPHCTaHI B HABYAIHLHOMY
npoleci Ta MPAKTAYHIA JISNIBHOCTI KOHCTPYKTOPIB TPOQECIHHUX MPOSKTHUX

YCTaHOB.

JAumiiomHa podoTa, AaBaHNPOEKT Jiraka, peOpa, onTuMizamnis

napaMeTpiB, ONTUMIi3alis TOMOJOrII, pedpo KpuJia



ABSTRACT

Master degree thesis "Transportation of oversized cargo by short-range aircraft"
85 pages, 35 figures, 4 tables, 10 references

This thesis is devoted to the development of a preliminary design of a cargo
plane for short takeoff and landing, which meets international flight standards, safe,
efficient and reliable cargo transportation capabilities. The thickness of the front edge
of the wing rib and the optimized design of the holes to reduce weight, as well as a
lightweight design of the wing rib.

The dissertation uses finite element analysis, parameter optimization, topology
optimization, DM system modeling using the Ansys system, as well as finite element
analysis and optimization modules.

The practical significance of the results of the master's thesis is to make the
aircraft lighter, to increase the range of the aircraft.

The materials of the master's thesis can be used in the educational process and

practical activities of designers of professional design institutions.

Master thesis, preliminary design, cabin layout, ribs, parameter

optimization, topology optimization, wing rib
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Introduction

The research topic of this paper is the preliminary design of short-distance
take-off and landing cargo aircraft, which includes the calculation and statistics of
preliminary parameters of the aircraft, the finite element analysis of some component
structures, and the research of parameters and topology optimization technology. This
topic will calculate some parameters of the short-distance takeoff and landing
transport aircraft, use ANSYS Workbench to analyze the force on the front edge of
the wing rib, parameterize the two weight reduction holes on the wing rib and the
thickness of the wing rib, and optimize their size and position. Then complete the
topological optimization and final modeling of the rib. Finally, compare the stress,
deformation and quality of the three models under the same force. It is expected that

relevant research will provide guidance for structural optimization design.



1. Technical description of the airplane

1.1 Brief description of prototype analysis and design aircraft

Flight performance is various parameters that describe the motion law of the
aircraft's center of mass, including the aircraft's speed, altitude, range, flight time,
take-off, landing, and maneuver flight (such as somersaults, circling, combat turns,
etc.). The performance of the aircraft taking off and landing mainly depends on the
length of the aircraft's taxiing distance during take-off and landing. The shorter the
distance, the better the performance.

The performance of an airplane in a steady (zero acceleration) linear motion is
called basic flight performance, including maximum horizontal flight speed,
minimum horizontal flight speed, rate of climb, ceiling and ascent time, etc. The
maximum horizontal flight speed is the maximum steady horizontal flight speed that
an aircraft can reach at a certain flying altitude, which is often expressed in Mach
number. It is one of the important performance indicators of the aircraft, and is
particularly important for military aircraft.

The aerodynamic layout design of the aircraft is not limited to the design of the
aerodynamic shape of the aircraft, but also includes the selection of various
aerodynamic parameters, as well as some comprehensive designs related to
aerodynamic characteristics. Aircraft aerodynamic layout design is the overall design
of aircraft aerodynamics.

In wing design, wing area is a parameter that needs to be optimized. Due to the
different aerodynamic characteristics, the wing area required for different

aerodynamic layout forms or different wing plane shapes is also different, and the
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area of the tail wing has a certain relationship with the area of the wing, so the wing

area (wing load) and its Shape selection is a parameter that needs to be determined at
the same time in the aerodynamic layout design of the aircraft.

The choice of engine type and engine cycle parameters is generally the content
of conceptual design research. In the program design stage, the thrust of the engine is
mainly determined (but may include the afterburner ratio or fine adjustment of other
engine cycle parameters), that is, the thrust-to-weight ratio of the aircraft is
determined, due to the different aerodynamic characteristics of various layout
schemes and the different effects on the weight of the aircraft In the aerodynamic
layout design of the aircraft, the thrust-to-weight ratio is also a parameter that needs
to be optimized at the same time.

In fact, although the starting point of the aircraft aerodynamic layout design is
aerodynamics, the impact on weight must be considered at the same time. This
impact comes from two aspects: aerodynamic efficiency and fuel requirements, and
different layout parameters affect the weight of the structure. The effect of structural
weight on performance in turn affects the choice of aerodynamic layout.

Designing an aircraft needs to comply with a series of design requirements and
design specifications. The calculation of aircraft related parameters is very important
in each design stage. Therefore, in the preliminary stage of aircraft design, the
parameters of the aircraft's main components are reasonably estimated, which also
provides a reliable basis for the subsequent optimization design.

In the early stages of aircraft design, in order to meet the performance

requirements of the aircraft, it is necessary to estimate the maximum take-off weight
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(MTOW) of the aircraft. The maximum take-off weight is composed of empty weight,

fuel weight and loaded weight. Using formulas, the empty weight of the aircraft can
be broken down into the weight of each component. The calculation of component
weight can make the aircraft's empty weight more accurate. In the early design stage,
only a few overall parameters of the aircraft are known, such as maximum take-off
weight, range, lift-to-drag ratio, etc. The designer does not know the detailed data and
can only estimate the weight.

Regarding the aircraft | designed, I chose a short-distance take-off and landing
transport aircraft that can carry up to 47,000 kg of cargo. Aircraft like the An-70 will
compete with designed aircraft in selected market segments. The performance of the

prototype is shown in Table 1.1.

Table 1.1
Performances of prototype — An-70
Performance data
Conventional airport concrete
Airport conditions
runway
47 tons (conventional airport
Maximum cargo capacity
runway) 20 tons (field airfield)
1 550-1 800 meters (regular
Required runway length airport runway) 600~700 meters
(field battle airport)
Voyage




Under a load of 47 tons 3000 km
Under 35 tons load 5100 km
Under 20 tons load 6 600 km

Empty voyage 8 000 km
Fuel consumption per kilometer 150kg
Speed/height
Cruising speed 700-750 m
Maximum speed 780 meters

Cruising altitude

12 000 meters

Power
Engine type TBBIJ1-27 (D-2)
Power 4 X 10 300kWt
Crew 3-5

1.2 Brief description of the main components of the aircraft

1.2.1 Wing

The airfoil of An-70 is a supercritical airfoil. The wing surface structure of this
airfoil can delay the wave resistance generated when the aircraft is in the transonic
speed range.

The upper surface of the wing of this airfoil is flat. The thickness distribution
and camber of the wing affect the air flow around the wing. When the flying speed of
the aircraft is close to the speed of sound, and the ambient air pressure and humidity

are appropriate, the air velocity near the surface of the wing reaches Mach 1 and a
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shock wave is generated. This kind of conical shock wave creates resistance. The flat

upper surface of the supercritical airfoil wing can reduce the impact of shock waves.

1.2.2 Cargo hold

The An-70 has a total length of 40.07 meters, a wingspan of 44.06 meters, and
a height of 16.38 meters. The aircraft has an empty weight of 73 tons and a maximum
take-off weight of 130 tons.As a transport aircraft, the cargo hold of An-70 is 36

meters in length, 6.4 meters in width and 4.4 meters in height.

1.2.3 Tail unit
The An-70's tail is composed of a pair of horizontal tails directly connected to

the tail of the fuselage and a vertical tail.

1.2.4 Landing gear
The landing gear part of the aircraft consists of a multi-wheeled landing gear

under the fuselage and a two-wheeled nose landing gear under the cockpit.

1.2.5 Control system

The An-70 is equipped with advanced digital airborne equipment, allowing the
aircraft to fly day and night at various altitudes, and has advanced electronic
countermeasures and self-defense equipment. A multi-channel information
transmission system can be installed on the aircraft, and western airborne electronic

equipment can also be used. The working environment of the crew is comfortable,
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and the cockpit uses a multi-function color display. An-70's electronic navigation and

flight control equipment can automatically take off and land in unpaved airports
without the help of the ground. During the airdrop and loading and unloading of
various items, the machine can operate by itself through the electrical system. The
loading and unloading equipment on board is 4 electric cable cars with a total towing
capacity of 12 tons. According to customer requirements, roller conveyors can be

quickly installed to facilitate loading and unloading of box-shaped goods.

1.2.6 Choice and description of power plant

The aircraft engine adopts D-27 engine and D-27 is a Three-shaft geared
tractor-configuration propfan engine. The length is 4.205 m, the width is 1.259 m, the
height is 1.37 m, the diameter of the propeller is 4.5 m, and the net weight: 1,650 kg.
The propeller weighs 1,100 kg. The engine has a maximum thrust of 12,100 kgf and a

speed of 1,000 rpm.

1.3 Geometric calculation of aircraft components

1.3.1 Wing geometry calculation

The geometric characteristics of the computer wing need to know the take-off
weight mg of the aircraft and the wing load po.

The calculation formula of the wing area is:

_m,-g 146781.9.8

y =276.6 M’
P, 5200

S

The wingspan is:



l,, =+/Sw A, =V276.6-12 =57.6m
Where Ay represents the aspect ratio of the wing.

Root chord formula:

_2S,-7, _ 2-276.6-3

= = =72
° (+n,)l, (@+3)57.6 "

nw represents the wing taper ratio.

Formula of tip chord is:

bt:&:%z:ZAm

M
The expression for the maximum wing thickness is:

C.. =C,-b=012-24=0288m

The expression for the board chord is:

b, =b, -(1—M] = 7.2-(1—@) =6.767m

. 3.57.6
D expresses fuselage diameter.
The average aerodynamic chord length is equal to 5.13 m.
The geometric parameters of the ailerons are calculated in the following order:

Ailerons span:

Aileron chord:

b, =0.44-b, =0.44.2.4=1.056m

Aileron area:

S, = o.oa-%w = 0.06-27—5'6 =8.3m’
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As lau increases beyond a given value, the increase in aileron coefficient

decreases and the span of the high-lift device decreases. As bay increases, the width of

the chord decreases.

1.3.2 Fuselage layout
The layout of the fuselage is closely related to the shape and structure of the
aircraft. The circular shape of the nose of the fuselage reduces the drag caused by the
air in flight. Nose part length is:
l,,=1.35-D; =1.35:5.2=7.02m
Fuselage length is:

|, =A,-D, =8-52=416m

Fuselage nose part:

Fuselage rear part’s length:

l, =4, D; =3.1.52=16.12m

The height of the cargo hold is:

Heo =25m

1.3.3 Galleys and buffets
Volume of galleys is:

0.1n_ . =01.3=03m°

galley =u. pass

Vv

where V — volume of buffets; npass — number of passengers.

The galleys area is:
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V
Sgalley = - E =0.12 m2
H 2.5

cab

The number of meals for breakfast, lunch and dinner for each driver-0.8 kg, and

tea and water-0.5 kg.

1.3.4 Layout and calculation of basic parameters of tail unit

The determination of the tail unit scheme is conventional. This selection is
based on all three prototype tail wing schemes.

In order to estimate the general tail unit profile, it is necessary to calculate the
geometric dimensions of the vertical and horizontal tail and the dimensions of the tail
rudder. The tail wing must ensure the stability and controllability of the aircratft.

The area of the vertical tail is:

I - Sy, 24.7-276.6
= A=

S = -0.1=41.561m?
T L 16.44

where LVTU - length of vertical tail unit; AVTU — coefficient of static
momentum of vertical tail unit.
The horizontal tail area is:

_ bMAC 'Sw

2.3-276.6
g = -MAC Ow, _ £ elvd
HTU LHTU AHTU 1644

-0.8=30.5m?
where Lyry — length of horizontal tail unit; Axry — coefficient of static momentum of
horizontal tail unit.
The area of the rudder is:
S, =k, -S, 4 =0.04-36.125 =14.45 m?

where k. — relative trim tab area coefficient.

Root chord of horizontal stabilizer 1s:
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o _ 2Sun My _ 2:305:22 o0
Y 4 7y ) Ly, (142.2)-16.44

where nury — horizontal tail unit taper ratio; Lyry — horizontal tail unit span.

Tip chord of horizontal stabilizer is:

The root chord of the vertical tail is:

_ 2-Sy My 2-41561-3.25
M Ly ) Ly (1+3.25)-16.44

=12.031m

where #yry — vertical tail unit taper ratio; Lyry — vertical tail unit span.

Tip chord of vertical stabilizer is:

1.3.5 Landing gear design

In order to design the landing gear profile, it is necessary to calculate the
relative position of each strut to each other, determine the load on the landing gear
system, and consider the position of the aircraft's center of gravity. In this layout, the
main scheme of the landing gear is based entirely on prototype data.

Like the tail device, it is necessary to provide a stable and controllable base for
the aircraft during ground operations including landing and take-off,

The offset of the main axle is:

e=Kk, by =0.3-25=0.75m

where k., — coefficient of axes offset; biuc — mean aerodynamic chord.

The wheelbase of the landing gear is:
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B=k,-L, =0.38-3.88=1.475m

where &, — wheel base calculation coefficient.
From the above, it can be inferred that the nose pillar can bear 5...11% of the
aircraft's weight.
The formula for the axial offset of the front wheel is:
d =B-e=1475-0.75=0.725m
The wheelbase is:
T=k;-B=3.221.1.475=4.751m
where kr — wheel track calculation coefficient.

The front wheel load is:

5 _ 9:8Le-k,-m, _9.81-0.75-1.75-47000

n =33620 N
B-z 8.9-2

where ks — dynamics coefficient; z — number of wheels.

The main wheel load is equal to:

9.81-(B-e)-m, 9.81-(1.475-0.75)-47000
Bz 1.475.6-12

P

m

=31476 N

where n - the number of main landing gear pillars.

After calculating the wheel load and take-off speed, select the tires of the
landing gear:

For nose landing gear:

Aircraft Rib 461B-3434-TL with parameters Prated = 9000 Ibf; Vrated = 250
MPH; size 18x5.7-8.

for main landing gear

Aircraft Rib 461B-2728-TL with parameters Prated =12000 Ibf; Vrated =195

MPH: size 22x7.75-10.
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Wheel load ratio:

for nose wheel %-100% =5.41%

12000-11750
i -100% = 2.08%
for main wheel 12000 0 0

Both values are less than 10%, so these tires can be used on this aircraft.

1.4 Calculation of the position of the aircraft's center of gravity

1.4.1 Wing centering calculation

The quality of the wing includes the quality of its internal structure, the quality
of the skin

And the quality of fuel. The mass register includes the name of the object, the
mass itself, and their center of gravity coordinates. The origin of a given centroid
coordinate is selected by the nose projection of the average aerodynamic chord
(MAC) for the surface XOY. The positive meaning of the center of mass coordinate
Is accepted as the tail of the airplane.

The equipment wing is defined by the following formula.

1.4.2 Determine the center of the fuselage
The weight ratio of each part of the aircraft is given in Table 1.2.

The coordinates of the center of gravity of the fuselage are:

X; :Zmi,'xi
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Tablel.2
List of equipped fuselage masses
Objects Units Total(kg) Center of gravity | Momentum
coordinates, (m) (kg*m)
Wing 0.09794 4603.18 16.866 77637.23388
Horizontal tail 0.01103 518.41 36.015 18670.53615
Vertical tail 0.01105 519.35 35.799 18592.21065
Chassis 0.04701 2209.47 16.974 37503.54378
Power plant 0.15722 7389.34 2.160 15960.9744
Fuselage 0.11216 5271.52 16.974 89478.78048
Equipment and
0.12158 5714.26 2.325 13285.6545
management
Additional
_ 0.00102 47.94 15.324 734.63256
equipment
Overhead 0.01056 496.32 4.406 2186.78592
Fuel and Ipa 0.11022 5180.34 18.057 93541.39938
Commerical load 0.32020 15049.4 16.805 252905.167

1.4.3 Calculate the center of gravity positioning variable

After confirming the data of each part of the fuselage, balance the equation.

where m — aircraft take-off mass, kg

XMAC =

m,-X,+m,-X,—-m,-C,

m, —m,,

my—mass of equipped fuselage, kg




15
my,— mass of equipped wing, kg

Table 1.3
Calculate the position variable of the center of gravity
Name Mass. kg Coordinates Moment
1 2 3 4
Object m; m kem
Equipped wing 4603.180 16.866 77637.23388
Nose landing gear 432.142 4.289 1853.457038
Main landing gear 727.900 18.214 13257.9706
Fuel 5180.340 18.057 93541.39938
Equipped fuselage 6034.425 16.974 102428.33
Cargo 29772.013 14.593 434462.9857
Crew 250.000 2.027 506.75
Nose landing gear 432.142 4.289 1853.457038
Main landing gear 727.900 18.214 13257.9706
Table 1.4
Aircraft’s center of gravity position variants
_ _ Momentum Center of _
Variants of the loading | Mass, kg Centering, %
of the mass, mass, m
Take-off mass (nose 146781 629543.709 4.289 13.78966659
Take-off mass (nose 146781 631451.862 4.302 13.8314632

Landing variant (main | 0540975 | 1466973.319 18.214 58.5602675

Transportation variant | - g0gs» 881 | 1637594.252 |  20.254 | 65.11912034

Parking variant 57066.081 | 1157414.255 |  20.282 | 65.20914381
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1.5 Summary of this chapter

This chapter preliminarily designs the main parts of the aircraft, preliminarily
calculates the basic geometric parameters of the memory and the fuselage, and
calculates specific costs, relative fuel masses, and values of relative masses with the

help of a computer.
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2. Optimal design of rib thickness and weight-reducing holes

All processes will be carried out in Ansys workbench.The steps are
preprocessing, parameter analysis and optimization, and topology optimization.

Optimization consists of three elements: optimization variables, constraints,
and optimization goals. Optimizing variables is the same as solving equations, that is,
converting a geometric problem into a mathematical model and then solving it. For
example, there is an equation containing x and vy, the variable is x, the constraint is
the range of X, and the solution target is y.

There are three main categories of optimization classification:

1. Divided according to the system: component optimization, assembly
optimization.

2. Divided by performance: strength, vibration, mass, fluid, thermal,
electromagnetic, etc.

3. Divided by function: material, structure, operating conditions, etc.

The optimization analysis tools in the workbench include:

1. Topology optimization

2. Parameter analysis — parameter correlation analysis

3. Parameter optimization — direct optimization + proxy model optimization

4. Reliability analysis — Six Sigma reliability analysis — Reliability

optimization (Isight optimization)
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2.1 Structure optimization

Optimum structural design finds the best design scheme based on certain goals
(such as the lightest weight, the lowest cost, the greatest rigidity, etc.) under the given
constraints. It was once called the structural optimal design or the structural optimal
design. In terms of "structural analysis", it is also called "structural synthesis"; if the
goal is to minimize the weight of the structure, it is called the minimum weight

design.[1]

2.1.1 Definition

Definition of scientific and technological terms: Chinese name: structural
optimization design;

Definition: The design method of the engineering structure to find the optimal
scheme according to the predetermined goal under the constraint conditions;

Applied disciplines: water conservancy science and technology (first-level
discipline); engineering mechanics, engineering structure, building materials
(second-level discipline); engineering structure (water conservancy) (third-level
discipline).

Traditional structural optimization design refers to structural analysis, and the
process is roughly hypothesis-calculation-check-redesign. The purpose of the
redesign is to be able to obtain suitable results and solutions, but all calculation and
analysis processes are limited to the scope of analysis; and according to the designer’
S experience, it needs to be repeated many times to obtain qualified results. Structural

optimization in the modern sense is more inclined to comprehensive optimization
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design, and its process can be roughly summarized into four stages:

hypothesis-calculation-screening-optimization design. The screening process is a
process of modification and optimization. It can select one or several excellent
schemes from multiple sample schemes (including satisfying various given
conditions). If the required sample scheme cannot be screened out, it will be modified

according to certain rules to gradually reach the predetermined optimum index.

2.1.2 Basic concept

1. Mathematical model of structural optimization design

The structural optimization design can be defined as: for the given given
parameters, find the solution of the design variables that satisfy all the constraints and
minimize the objective function.

2. design variable

The design variable refers to the quantity to be selected in the design process to
describe the structural characteristics, and its value is variable. The design variables
can be the geometric parameters of the design section such as the cross-sectional size,
area, and moment of inertia of each component, or the overall geometric parameters
of the structure such as the height of the column, the spacing of the beams, the vector
height of the arch, and the coordinates of the nodes. Design variables usually have
two types: continuous design variables and discrete design variables.

(1) Continuous design variables. Such variables are continuously changing

during the optimization process, such as the arch vector height and node coordinates.
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(2) Discrete design variables. Such variables change in a leaping manner during

optimization. For example, the cross-sectional area of the available section steel and
the diameter of the steel bar are discontinuous.

3. Objective function

The objective function is an index used to measure the quality of the design.
Which index is used to reflect the quality of the design is related to the technical and
economic characteristics of the structure itself. The commonly used objective
functions are: structure weight, structure volume, and structure cost.

4. Restrictions

Generally, there are two types of constraints for structural optimization:
geometric constraints and behavior constraints.

(1) Geometric constraints. That is, the design variables are restricted in terms of
geometric dimensions. Such as the minimum thickness of the web and flange of the
I-shaped section.

(2) Constraint conditions of behavior. That is, some restrictions imposed on the
working behavior of the structure. Such as the strength of the components, stability

constraints, and the overall rigidity and natural frequency of the structure.

2.1.3 Mathematical model

The ultimate goal of light steel structure design is to give an economical and
reasonable design plan. The optimized design method can better meet the
requirements in this respect. The optimized design of the light steel structure has

obvious significance for reducing the weight of the structure, reducing the amount of
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steel used and the cost of the structure. At present, some researches and applications

have been carried out on the optimization design of light steel structures in China,
corresponding calculation programs have been compiled, and the automatic
optimization of cross-sections has been realized by computers in order to obtain the
design scheme with the smallest weight, the most economical materials, or the lowest
cost. This has played a certain role in improving the design quality of light steel
structures and speeding up the design process. The mathematical model for the
optimal design of light steel structure is established below.

1. design variable

The main geometric parameters of light steel structure such as span, cornice
height, roof slope, longitudinal column spacing, etc. are usually determined by the
owner or architect. The variables that can be optimized are mainly section parameters.
Specifically, it is the width and thickness of the flange of each I-beam section, and
the height and thickness of the web. The thickness of the steel plate is a discrete
variable, and the height (width) of the web and flange is generally selected from a
series of regular numbers, so the design variables of light steel structures are usually
discrete variables.

2. Objective function

Structural weight is an important indicator for the optimal design of light steel
structures, and it is easier to write a function of design variables. Therefore, light steel
structures usually use the least amount of steel as the optimization goal.

3. Restrictions

The optimal design of light steel structure must meet the following constraints:
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(1) Strength and stability constraints.

Light steel structural members must meet the requirements of strength and
stability.

(2) Stiffness constraints.

When the component size of the light steel structure is optimized, the overall
rigidity of the structure must meet the requirements of deformation control.
Specifically, the maximum vertical displacement of the beam, the maximum
horizontal displacement of the top of the column, and the maximum horizontal
displacement of the top of the crane rail must meet the deformation control values
specified by the relevant specifications.

(3) Constraint condition of section size.

The selection of section size of light steel structure must meet the structural
requirements and use requirements of relevant specifications. For example, the height
of the web of all sections must be greater than the width of the flange, and the
thickness of the flange of all sections must be greater than the thickness of the web by
more than 2mm.

(4) Constraints on the overall structure.

The optimal design of the light steel structure must meet the overall constraints
of the structure, that is, the selection of the component section size must ensure the
continuity and rationality of the beam and column sections, and meet the
conventional processing and use requirements.

(5) Constraints on the upper and lower limits of variables.
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2.2 Topology optimization

Topology optimization is a mathematical method for optimizing material
distribution in a given area according to given load conditions, constraints and

performance indicators. It is a kind of structural optimization.[2]

2.2.1 Basic concept

Size optimization: Taking the shape of structural parts or the shape of holes as
the optimization object, such as the shape of the transition chamfer of the boss.

Shape optimization: Finding new boss distributions on existing thin plates to

improve local stiffness.

2.2.2 Optimization ways

The continuum topology optimization methods mainly include homogenization
method, variable density method, progressive structure optimization method (ESO)
level set method, MMV, etc. Discrete structure topology optimization is mainly based
on the basic structure method using different optimization strategies (algorithms) to
solve, such as Cheng Gengdong's relaxation method, topology optimization based on

genetic algorithm, etc.

2.2.3 Commercial software
The research on continuum topology optimization has been relatively mature.
Among them, the variable density method has been applied to commercial

optimization software. The most famous ones are Optistruct from the Hyperworks
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series software of Altair in the United States and Tosca from Fe-design in Germany.

The former can use Hypermesh as the pre-processor, and it has been widely used in
various industries; the latter only focused on optimization design at the beginning,
supporting all mainstream solvers, and pre-processing, and the operation is very

simple.
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2.3 Pretreatment

2.3.1 Modeling

There are many software options for modeling. CATIA, as a modeling software,
can build complex surface models. It is the most ideal and best modeling software. |
used it to build models from the beginning. However, if the CATIA modeling model
is directly imported into the workbench, the size of the model cannot be
parameterized. It is necessary to manually import the parameters into the workbench
through a third-party software. This operation is time-consuming and complicated.
Finally, I chose to use the Design Modeler that comes with the workbench to model.
Although | encountered many problems with curves and constraints when modeling
with this software, its model size can be directly parameterized to lay the foundation
for subsequent research and used in this research. Medium is barely enough.

Create a static structure module in the workbench, then use DM (Design

Modeler) to open the geometric structure options and start modeling.

% TS - Workbench B A: 8559 - DesignModeler
T TE TR B ¥R 65 EB T HE @E 18 2P =F 8w
g1 Ald H | & B W@
= NS G| W~ W~ A~ v S~ A A~ AT
ISh o | o EHisE B RPRE S BIAE | IR ACTHERE xvFE - k| H || S Elss || B
~wx pye
e - -
ngine (Fluen —
¥ Ls-DYNA El---,;- A B
I LS-DYNARestat (* XYFE
;F“EOS 2 @ TENE . "i IXFE
- > [ nimsn 7 ) ok
O e s@mm 7. o R 0 B, 0 LA
f@ B s@eE P
L wsEE L EC
) mbkah S @ ar
[T v ] — =
BEN - B2 ( Polyfiow) L

-1 (Polyflow)
L CFX)

 Fluent}

§ Polyflow)

Fig. 3.1 Working interface
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Draw sketches with commands such as lines, circles, and splines, and then

extrude the sketches into a solid body.

Fig. 3.2 Sketch
Define the diameter of the two weight-reducing holes and the distance between
the center of the circle and the right and lower borders and the thickness of the plate

as parameters, so that a parameter set will be generated under the "Static Structure

module.
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Fig 3.3 Extrude the sketch

Finally, the model material is defined as structural steel.
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2.3.2 Meshing

The finite element theory is to discretize the complete geometry into finite
nodes and elements, then construct the element matrix, and then perform
mathematical calculations to obtain the required results.

Open the model in the model module and divide the mesh. Because the
structure of the plate is not complicated, there are no sharp angles, and the size is
small, the quality of the mesh is not high, so the default method is used to
automatically divide the mesh.If the model is more complicated, when the automatic
meshing function is used, a highly distorted element will be generated at the sudden
change position of the model. If the element appears in the assembly contact position,

it is prone to non-convergence.

Fig 3.4 Meshing

Check the grid quality and show low-quality grid cells. It can be seen that the
grid cells are all high-quality cells greater than 5.0.

As long as the unit quality is greater than 0.3, the software can calculate it. If
the unit quality is between 0.3 and 0.7, the software can calculate it. If the unit quality

Is below 0.3, a warning or even an error will be issued.
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Fig 3.5 Mesh quality

2.4 Finite element analysis of the model

Optimum structural design finds the best design scheme based on certain goals
(such as the lightest weight, the lowest cost, the greatest rigidity, etc.) under the given
constraints. It was once called the structural optimal design or the structural optimal
design. In terms of "structural analysis"”, it is also called "structural synthesis"; if the
goal is to minimize the weight of the structure, it is called the minimum weight
design.

After a simple calculation, we can see the force of the model when flying at the
highest speed under the maximum load of the aircraft: the grooves of the upper two
support beams are the fixed parts, the lower surface of the wing rib is subjected to an
upward pressure of 6.0133e+005Pa, and the front end of the wing rib and the upper

The backward force on the surface is 60N.
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2.4.1 Boundary conditions

Fix the two grooves on the upper side and the right cross section, and set the

bottom pressure and the pressure on the upper edge of the front edge.

Fig 3.6 Define boundary conditions

2.4.2 Solve

The deformation and equivalent stress are selected as the calculation results,
and the maximum deformation is 2.8997E-06 meters, and the maximum equivalent
stress is 6.6604E+06 Pa.lt can be seen that the largest deformation is concentrated on
the front edge part, which will tilt up when subjected to force, and the largest stress is

concentrated on the left side groove.
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Fig 3.7 Finite element analysis
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The largest deformation, largest composition, and quality parameterization

are regarded as one of the optimization goals.

2.5 Parameter optimization

The parameter optimization steps are:

1. First rough calculation and optimization;

2. Reduce the parameter range according to the results;

3. Secondary optimization;

4. Pick candidate samples.

5. Data import

The reason for adding the first rough calculation is that the computer memory
is 16G, and the upper and lower limits of the first set of parameters are very large. It
takes tens of thousands of samples and hundreds of hours of calculation to calculate
the best parameters at a time. Therefore, a rough calculation method is used to reduce
the number of samples for each calculation to 100 groups, and the calculation time is

limited to 2 to 3 hours to ensure the efficiency and quality of the calculation.

2.5.1 First rough calculation and optimization

Link the "response surface optimization" module to the parameter set, open the
experimental design window, you can see that the previously defined parameters
have been imported and can be analyzed. The type of experimental design is "Latin

Hypercube Sampling Design".
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Fig 3.8 Experimental design interface
Set the upper and lower limits of the parameters. The first step of parameter
optimization is rough calculation, so the upper and lower limits of the parameters are
based on the maximum boundary of the model.Define the sample size as 100, and

then start the calculation.
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Fig 3.9 Calculation process
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2.5.2 Reduce the parameter range according to the results

After three hours of calculation, we obtained 12 sets of available parameters
from 100 sets of samples, and the remaining 88 sets reported errors. The reason for
the error was that the weight reduction hole destroyed the outer contour of the model,
which made it impossible to perform force analysis on the model. Solve. The reason
why the weight-reducing hole destroys the model profile is that the relationship
between the size and position of the weight-reducing hole and the outer profile of the
model is extremely complicated, and it is difficult to associate them through
equations, so the weight-reducing hole can only be second. The center of the circle is
constrained to be within the smallest rectangle that can be accommodated by the
model sketch, and the diameter of the weight reduction hole is constrained to not
exceed the maximum height of the model. This will naturally cause a large number of

samples to report errors.
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Fig 3.10 Sample

2.5.3 Secondary optimization
The new parameter upper and lower limits are defined as the maximum and
minimum values of each parameter in the 12 sets of samples. At this time, the upper

and lower limits of the parameters are much smaller than the first calculation. Start
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the second calculation. After completion, all 100 sets of samples are available.

Reduce the number of samples to 30, and continue to repeat the above steps for the

third calculation. This calculation obtained 30 sets of more accurate data.
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Fig 3.11 Calculation results

2.5.4 Pick candidate samples

Check the response surface quality in the response surface module, you can see
that the optimization quality of the parameter value is three stars, and all the
parameter points are on a straight line, indicating that the optimization result is very

good.

Fig 3.12 Response surface quality
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View the local sensitivity graph, the maximum local sensitivity curve of the

equivalent stress, the maximum equivalent stress response table and the spider graph.

The final preparation before parameter optimization. This optimization is to
select the most suitable parameters from the 30 sets of samples previously obtained.
The optimization goal is to minimize the total deformation, quality, and equivalent

stress of the plate.
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Fig 3.13 Define optimization conditions
The optimization method is MOGA. In order to ensure the quality of
optimization, the estimated number of evaluations, the number of initial samples, and

the number of samples in each iteration are all set to default values. Then start the

calculation.
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Fig 3.14 Optimal conditions
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After the calculation is completed, three candidate points are obtained. These

three candidate points are the most suitable three sets of data calculated by the

computer through repeated iterations among the 30 sets of samples.
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Fig 3.15 Iterative display
View the iterative curve of the parameters, the curve gradually decreases from

the up and down fluctuations until it approaches a certain value.
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Fig 3.16 Parameter iteration
Looking at the trade-off diagram of the maximum equivalent stress and the

total deformation, it can be found that most of the feasible points are concentrated on
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a straight line, and it can be seen that the equivalent stress is inversely proportional to

the total deformation.
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Fig 3.17 Trade-off diagram
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The figure below is a parallel table of parameters. It shows the difference

between calculation and value of all sample parameters participating in the

calculation. Each color line represents a set of sample parameters. The bottom and

top of the icon are the preset minimum values and maximum value of these

parameters.
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Fig 3.18 Parallel table of parameters
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The following three graphs are iterative graphs of the three optimization

parameter goals. After a certain number of iterations, the numerical fluctuation will

decrease and tend to a smaller interval.
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Fig 3.19 Iterative graph
View the maximum equivalent stress 3D response table.The coordinate system
of this chart is three-dimensional, where the x-axis and the y-axis represent the
diameters of the two weight-reducing holes D17 and D23 respectively, and the z-axis
represents the maximum equivalent stress of the model. We can see that the diameter
of the two weight-reducing holes With the increase of, the maximum equivalent

stress also increases. This can be understood as the increase in the circular hole will
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reduce the material of the part, and the decrease in the pressure resistance will

naturally increase the stress.
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Fig 3.20 Maximum equivalent stress
View the normalized value of the sample.Normalization is a way to simplify
calculations, that is, a dimensional expression is transformed into a non-dimensional
expression and becomes a scalar. The three sets of parameters (maximum equivalent
stress, maximum deformation, and solid mass) after normalization are on a straight

line in the normalized coordinate system.
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Fig 3.21 normalized value of the sample
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View the parameter comparison curve of the three candidate points.The values

at the bottom and top of this icon respectively indicate the minimum and maximum
values of various parameter settings. By observing the three candidate points, we can
know that the size and position of the weight reduction holes on the right side of the
three sets of data and the positions of the weight reduction holes on the left side near
the front edge of the wing rib are quite different, while their left side The size of the
weight-reducing hole, the thickness of the part, the weight of the part, the maximum
equivalent stress, and the maximum deformation are all very similar. The
performance in the chart is that the similar parameters are superimposed together, and

the parameters with larger differences will be staggered up and down. .
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Fig 3.22 Three candidate points
After selecting the parameters, you can view the spider graph of the three sets
of data as the optimization target. The icon shows the relationship between the three

parameters to a certain extent.
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Fig 3.23 Cobweb

View the local sensitivity graph. Sensitivity analysis is used to qualitatively or
quantitatively evaluate the influence of model parameter errors on model results. It is
a useful tool in the process of model parameterization and model correction, and has
important ecological significance. Sensitivity analysis includes local sensitivity
analysis and global sensitivity analysis. Local sensitivity analysis only examines the
degree of influence of a single parameter change on the model results; global
sensitivity analysis examines the total influence of multiple parameter changes on the
model's running results, and analyzes each parameter The effect of the interaction
between its parameters on the model results. At present, in the sensitivity analysis of
ecological models, the method of global sensitivity analysis is more and more
inclined.

It can be seen from the figure that the increase of the weight reduction hole on
the right side of the part will make it easier to increase the values of the two

parameters of maximum equivalent stress and maximum deformation, making it
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easier to reduce the quality of the part, and the increase in the thickness of the part is

more than other parameters. It is easy to increase the weight of parts.
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Fig 3.24 Local sensitivity

Check the sensitivity chart. Sensitivity is a way to quantitatively describe the
importance of model input variables to output variables. Suppose the model is
expressed as y=f(x1, x2,..., xn) (xi is the i-th attribute value of the model), so that
each attribute changes within the possible range of values, and research and predict
changes in these attributes will affect the model The degree of influence of the output
value. We call the degree of influence the sensitivity coefficient of the attribute. The
larger the sensitivity coefficient, the greater the influence of the attribute on the
model output. The core purpose of sensitivity analysis is to analyze the attributes of
the model to obtain the sensitivity coefficients of each attribute. In practical
applications, attributes with small sensitivity coefficients are removed based on
experience, and attributes with larger sensitivity coefficients are considered. This can

greatly reduce the complexity of the model, reduce the workload of data analysis and
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processing, and improve the accuracy of the model to a large extent. At the same time,

researchers can use the ranking results of the sensitivity coefficients of various
attributes to solve corresponding problems.

It can be seen from the figure that the maximum equivalent stress of a part is
most affected by the lateral position of the weight-reducing hole on the right and the
position of the weight-reducing hole on the left, and the maximum deformation and
weight of the part is most affected by the diameter of the weight-reducing hole on the

right.
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Fig 3.25 Sensitivity
View the maximum equivalent stress at the design point.This chart visually
shows the maximum equivalent stress value and gap between the thirty sets of sample

parameters.
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Fig 3.26 Maximum equivalent stress
Since the subsequent topology optimization can greatly reduce the quality of
the solid, and the maximum deformation is in the micrometer range, the third set of
parameters with the smallest maximum equivalent stress value is selected from the

three candidate points as the optimal solution.
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Fig 3.27 Select candidate points

2.5.5 Data import

Import the selected parameters into the parameter set and update the geometric

structure module, so that the size and position of the model's weight reduction holes

are also updated to the optimized look. Comparing the model before and after
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optimization will find that the size and layout of the weight reduction holes are more

reasonable.

Fig 3.28 Comparison of No. 1 model and No. 2 model
Finally, the performance parameters of this model are collected: the maximum
equivalent stress is 6.584E+06 Pa, the maximum deformation is 3.4448E-06 meters,

and the solid mass is 4.1328 kg.
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2.6 Topology Optimization

After parameter optimization, the model weight reduction hole is still a regular
circle, and the part performance is excessive, there is still a lot of room for
optimization. At this time, topology optimization is needed to further increase the
mechanical properties of the model and reduce the weight of the model by changing
the shape of the hole.

The topology optimization module of Ansys Workbench 2020 does a pretty
good job. As for what is topology optimization, topology optimization is to let the

model automatically perform the topology of the shape.

2.6.1 Pretreatment

In the topology optimization module, the optimized area is defined as the
weight reduction hole and its surrounding part, and the percentage of the reserved
volume is 50%.The reason for choosing to set the reserved volume to 50% is that the
result of topology optimization can only provide a rough shape distribution.
Retaining a part of the volume can make the structure shape clearer, which is

convenient for subsequent secondary processing and modeling.
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Fig 3.29 Optimize the interface
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2.6.2 Solve

After the optimization, the weight-reducing holes of the model obtained
become larger and have irregular shapes. At this time, the surface quality of the

model is poor, and the mesh cannot be directly divided for force analysis.

Fig 3.30 Optimization Results

2.6.3 Remodeling

After topology optimization, the model is initially obtained. This model is very
rough and needs to be processed twice, that is, re-modeling.

Open the model with the SC (SpaceClaim) module and create a sketch surface
on the side of the model. At this time, the contour of the contact part between the

model and the sketch surface is automatically outlined with lines.

:

Fig 3.31 Define the sketch face
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Use the fit curve function to copy the contour to the sketch surface. Part of the

lines copied to the sketch can be used directly, and the rest of the irregular lines can

be deleted one by one.

Fig 3.32 Copy outline
Use the spline curve to draw the outline of the weight reduction hole according

to the shape of the model to complete the sketch.

/
L

Fig 3.33 Complete the sketch

After extruding the sketch into a body, the final model is obtained.
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Fig 3.34 Model Three

2.7 Force analysis

Perform the same preprocessing on the new model and then solve it.

Fig 3.35 Deformation and stress diagram

Collecting data shows that the maximum deformation is 2.921E-007 meters,

the maximum equivalent stress is 6.056E+005 Pa, and the mass is 3.2034 kg.



2.8 Summarize
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The mechanical parameters of the three models are compared to get Table 3.1.

Table 3.1
Comparison of three model data
Model number Maximum Maximum Weight(kg)

deformation(m) equivalent
stress(Pa)

1 2.8997e-006 6.6604e+006 4.4972

2 3.4448e-006 6.5840e+006 4.1328

3 2.9210e-007 6.0560e+005 3.2034

No. 1 is the model created for the first time, No. 2 is the model generated after

parameter optimization, and No. 3 is the model after topology optimization.

After the comparison, the maximum deformation of the No. 3 model is reduced

by 89.9%, the maximum equivalent stress is reduced by 90.9%, and the weight is

reduced by 28.8% compared with the No. 1 model.
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3.Environmental protection

3.1 Short takeoff and landing cargo airplane and its impact into
environment

Most airplanes that use aviation fuel become pollution sources because of the
following main reasons: exhaust emissions, noise generation, and water pollution.
Among them, air pollution has the most serious damage to the environment.[4]

Before analyzing environmental pollution, we need to understand the main
differences between passenger aircraft and cargo aircraft. These differences will lead
to differences in the way they pollute the environment. There are three main
differences between passenger and cargo aircraft.

1. Different loads: passenger planes mainly carry passengers, followed by cargo.
The cargo plane only transports cargo.

2. The structure of the fuselage doors is different: passenger planes have more
boarding doors for human use and escape doors for use in the event of an accident.
There are fewer doors for humans to enter and exit cargo planes. The largest cargo
doors on cargo planes are distributed in the front and rear cargo compartments of the
fuselage and in the lower cargo compartments. These doors are generally more than 2
meters in height and 3 meters in width, all of which are used to load cargo.

3. The transportation method of the load is different: the passenger aircraft
cargo transportation method is to first transport the luggage that needs to be checked
from the terminal to the apron, and then transport the luggage to the cargo hold of the
aircraft by a special conveyor. The cargo loading of cargo planes mainly uses trucks

with a larger size and load capacity and a lifting platform. After the truck raises the
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cargo to the height of the cabin door, the rollers or conveyor tracks on the platform

transport the cargo into the cabin.
It can be seen from the above that passenger planes need more space for
passengers to move around, while freight planes have heavier weight, take-off weight,

greater fuel consumption, and more exhaust emissions than passenger planes.

3.1.1 Air pollution

During the operation of an aircraft engine, oxygen in the air and aviation fuel
are mixed and chemically reacted to produce gas.Vaporized water, carbon oxides,
nitrogen oxides. The incomplete combustion of aviation fuel produces fine particles,
which are composed of hydrocarbons, sulfur oxides, and carbon. The gas emitted by
airplanes can cause the greenhouse effect is carbon dioxide.[5]

Carbon dioxide

Greenhouse gases are the most important substances that can cause changes in
the earth’ s climate. The effects of carbon dioxide are not much different at any
altitude. And not just airplanes, the airport where the airplane is located also produces
carbon dioxide from land vehicles such as vehicles in the airport.[6]

Nitrogen oxides (nitrogen monoxide and nitrogen dioxide)

Above the troposphere, the emission of nitrogen oxides is conducive to the
formation of ozone. At altitudes of 8 to 13 kilometers, nitrogen oxides cause the
concentration of ozone in the air to increase, and these reactions will have a greater
impact on global warming. The influence of ozone concentration will fluctuate with

regional changes, but in the upper and middle troposphere, its concentration is
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relatively even on a global scale. The sulfur and water emitted by the aircraft flying at

the corresponding altitude will chemically react with ozone, and these reactions offset
part of the increase in 0zone caused by nitrogen oxides.[7]

Flight trail

The combustion of aviation fuel produces water vapor, which condenses into a
stripe cloud visible to the naked eye under conditions of high altitude, low air
pressure, low temperature and high humidity, also known as contrails. They are
thought to contribute to the greenhouse effect, but they are not as large as aircraft
carbon dioxide emissions. The wake may have an additional impact on global

warming.[8]

3.1.2 Sound pollution

Noise is the sound produced when an object vibrates irregularly. Sound is
produced by vibration and travels through a specific medium. Generally speaking,
noise pollution is man-made. Sounds that interfere with people’s rest, study, and work,
as well as sounds that interfere with people's desire to hear, or unwanted sounds, are
collectively called noise. Noise pollution occurs when noise has an adverse effect on
people and the surrounding environment. Noise can damage hearing, cause a variety

of carcinogenic and fatal diseases, and interfere with people's lives and work.

3.1.3 Water pollution
Water pollution refers to water that reduces the use value of water or pollutes

the environment due to harmful chemical substances. The acids, alkalis, oxidants,
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heavy metals, organics and other elements in the water can poison aquatic organisms

and affect drinking. When organic matter is decomposed by microorganisms in the
water, the microorganisms consume oxygen in the water, thereby affecting the life of
macro aquatic organisms in the water. After the oxygen elements dissolved in the
water are exhausted, microorganisms decompose organic matter anaerobicly,
producing toxic gases such as hydrogen sulfide, which further deteriorate water
quality.

The operation of the airport consumes a lot of fuel, lubricants and other
chemicals. If the waste liquid produced by these consumption is not handled properly,
it will seriously pollute the water resources of the surrounding large area of land.
Chemical spills can be mitigated or prevented by leak containment structures and

cleaning equipment (such as tankers, portable berms, and absorbents).

3.2 The ways to reduce pollution
There are many methods such as reducing air travel, distance restrictions, route
optimization, regulating emission caps, increasing taxes and reducing subsidies, and

aviation’s environmental impact will be alleviated.[9]

3.2.1 Reducing air travel

Reducing the number of aircraft flights is the most direct way to reduce
pollution. For example, during the new crown epidemic in recent years, many airports
have been shut down and flights have been cancelled in large numbers. This has

directly improved the air and water quality around the airport. But this method is not
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good for the circulation and development of the world economy, so this method is a

last resort until humans invent more efficient vehicles.

3.2.2Taxation and subsidies

Appropriate financial sanctions can reduce the airline's habit of arranging
inefficient flights and priority transportation options for passengers and aircraft, and
promote aviation-related companies to improve route efficiency.

Existing feasible aviation taxes include: air passenger tax; departure tax;
aviation fuel tax.

Reducing subsidies for unsustainable aviation and subsidizing the development
of sustainable alternatives can affect consumer behavior. In a poll conducted by the
European Investment Bank, between September and October 2019, 72% of EU
citizens will support a carbon tax on flights.

Aviation tax can reflect all its external costs and can be included in emissions
trading schemes. Until the 2016 ICAO triennial meeting agreed on the CORSIA
offset plan, international aviation emissions were not subject to international
regulation. Because aviation fuel taxes are low or non-existent, air travel has a

competitive advantage over other modes of transportation.

3.2.3 Alternative fuels
Biofuels are usually composed of or converted from living organisms, and

generally appear as solids, liquids, or gases. Biofuels are easy to store and transport,
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and can replace petroleum fuels to a certain extent. The narrow definition of biofuel

mainly includes fuel ethanol, biodiesel and aircraft biofuel.

Since the 1970s, traditional energy prices have soared, people's awareness of
environmental protection has increased, and global climate has become warmer.
Countries around the world have gradually paid attention to the development of
biofuels. Brazil, the United States and the European Union are actively developing
biofuel technology. Currently, the United States and Brazil are the two countries with
the strongest biofuel production technologies in the world. At the end of the 20th
century, China began to promote fuel ethanol in order to solve the problem of spoiled
and expired grains and to increase corn production. At present, in order to promote
the healthy development of the biofuel industry, the liquid biofuel technology
developed in China is mainly based on carbohydrates and lignocellulose from
non-food crops such as potatoes and sorghum.

In the aviation field, biofuels are generally produced from biomass such as
animal and vegetable oils or agricultural and forestry wastes as raw materials, and
hydrogen is added to the fuel during the production process.

Some indicators of biofuel performance are even better than traditional aviation
kerosene. It alone or in combination with petroleum-based aviation kerosene can
meet the various requirements of aircraft navigation, and there is no need to design
additional engines or aircraft or airports for it, and there is no need to develop new
fuel transportation systems for it. This kind of biofuel can be directly used in most
civil aircraft turbine engines after being mixed with traditional fossil aviation

kerosene in a volume ratio of 1% to 50%.
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My country has completed the first verification flight of China's aviation

biofuel. PetroChina uses Jatropha oil as the raw material. After refining and
conversion, it is blended with petrochemical jet fuel at a ratio of 50% and filled into
the fuel tank of a Boeing 747 passenger aircraft. The flight test at the international

airport was successful.

3.2.4 Carbon offsetting

Faced with increasingly severe environmental and climate issues, people have
gradually realized the significant impact of human activities on climate change. On
this basis, the global climate change dialogue came into being. Taking into account
the differences in the level of economic development and per capita carbon emissions
of various countries, the "United Nations Framework Convention on Climate
Change" has established "common but different responsibilities™ under this principle.
The United Nations Climate Change Conference was held in Kyoto, Japan on
December 11, 1997, and the "Kyoto Protocol” was formally adopted. By dividing
participating countries into Annex | and non-Annex | Parties, most of the Parties
included in Annex | are developed countries. It should also ensure that the total
amount of human equivalent carbon dioxide emissions does not exceed the
quantitative limit stipulated in the protocol. For non-Annex | parties, there is no
mandatory emission reduction target requirement.

At the same time, the "Kyoto Protocol” provides three carbon offset
mechanisms to encourage regions outside of Annex 1 and Annex 1 to participate in

carbon emission reduction activities in response to environmental changes. Most
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international carbon offset mechanisms are mechanisms bound by international

climate treaties. Usually managed by an international organization. These include the
international emissions trading mechanism, joint action mechanism and clean
development mechanism.

1. International Emissions Trading Mechanism: This mechanism mainly exists
in developed countries. Developed countries with excess emissions will transfer the
excess emission reduction commitment quotas to developed countries that have not
fulfilled their emission reduction commitments in the form of trade at the same time,
and the relevant transfer amount will be deducted from the transferor’ s allowable
emission limit.

2. Joint action mechanism: through project-level cooperation between
developed countries, the emission reductions obtained can be transferred to
contracting parties in other developed countries. But at the same time, the
corresponding amount of the transferor must change. Subtract from the allocated
amount

3. Clean Development Mechanism: Developed countries carry out project-level
cooperation with developing countries by providing financial and technical support.
Developing countries have achieved "certified emission reductions" by implementing
emission reduction plans, and developed countries. The parties will use it to offset the
same amount of carbon emissions. Therefore, it has fulfilled its obligations under

Article 3 of the Protocol.
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3.2.5 Carbon neutrality

Carbon neutrality is a term for energy saving and emission reduction. It refers to the
total amount of greenhouse gas emissions produced directly or indirectly by
enterprises, groups or individuals in a certain period of time, and the total amount of
carbon dioxide emissions that can be offset by means of tree planting, energy saving
and emission reduction. In this way, "zero emissions" of carbon dioxide can be
achieved.

The means to reduce carbon dioxide emissions is to accumulate carbon elements,
which can absorb and store carbon elements in the atmosphere through the soil, forest,
ocean and other ecosystems with microorganisms and plants. Then there is carbon
offset, which can invest in the development of renewable energy. There are also
low-carbon clean technologies that reduce the carbon dioxide emissions of one
industry to offset the carbon emissions of another industry. The offset of carbon
dioxide can be measured in tons. If the amount of carbon dioxide emitted is offset,
people will enter a net-zero carbon society. The currently feasible operation steps are
as follows:

Step 1: Calculate the carbon footprint and establish a low-carbon system.

Calculating the carbon footprint of an activity is the first step in managing carbon
emissions. The government or company collects data on emission sources, locates the
company ~ s greenhouse gas emission sources, and conducts statistics and
quantification on the collected data.

Step 2: Reduce carbon emissions

Through the positioning and analysis of the company's carbon emission sources, it is
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possible to better understand the company's carbon emissions and formulate a series

of effective measures accordingly to reduce the carbon emissions generated by the
company's production and operation activities.

Step 3: Achieve carbon neutrality

The offset of carbon emissions is achieved through the purchase of voluntary carbon
emission reduction credits. Voluntary is the basic principle, that is, a neutral trading
method. The realization of carbon neutrality is usually done jointly by the buyer
(emission party), the seller (the emission reduction party) and the trading agency

(intermediary).
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3.3 Chapter summary

Aircraft pollution is diversified, and solutions are also diversified. As long as
the right remedy is applied, combined with the research of national policies and new
technologies, it is still very hopeful that the problem of aviation pollution will be

solved in this century.
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4. Labor protection

4.1 Introduction

In the production and manufacturing process of the aircraft body, it has to go
through the processes of process preparation, process equipment manufacturing,
blank preparation, parts processing, assembly and testing. In aircraft manufacturing,
coordinated technologies that are different from general mechanical manufacturing
(such as mold line model work) and a large number of unique process equipment
(such as various jigs and fixtures, mold tires and frames, etc.) are used. These
technologies and equipment are used to ensure The manufactured airplane has an
accurate shape. Process preparation includes the determination of coordination
methods and coordination routes in manufacturing, and the design of process

equipment.[10]

4.2. Analysis of working conditions in the workplace

(1) Aircraft flat-mounted tail processing workshop

Because there are many kinds of processing equipment in the tail processing
workshop, the air will be mixed with the strong paint smell from chemical products
and the noise of various drilling machines. The technicians in the workshop need
skilled skills, work intensity is relatively high, and they also have -certain
requirements for physical fitness. For product inspection, workers need to conduct
thorough inspections bit by bit, and no one can be missed. The color of work clothes
must be uniform. Workers working in some processes must wear protective glasses

and masks. There are hundreds of processes for the flat-mounted rear wing of an
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airplane. It takes hundreds of times to produce an airplane. It is a very huge project.

The potential safety hazards are countless. Most of the current safety regulations and
clauses are the injuries or sacrifices of the predecessors. The accumulated experience.

(2) CNC machining workshop

Numerical control processing workshops are full of various large-scale
machinery, such as planers, lathes, milling machines, etc., and the equipment in the
aircraft manufacturing plant is larger than that in ordinary workshops. They are all
super-large machinery. These large-scale machinery are not only in use, but also in
workers. It will cause safety hazards during the maintenance and maintenance
process.

(3) Sheet metal workshop processing workshop

At present, there are still a lot of manual processing in domestic sheet metal
processing workshops, especially fitters, which have a high demand for workers'

skills and safety awareness.

4.3 Formulate labor protection measures

1. The purpose of the labor protection regulations is to adopt some compulsory
labor protection measures and protections for workers working in the aircraft
production and assembly workshops during work, so as to prevent safety accidents
caused by accidents during work. Or personal injury accidents can also minimize the
occurrence of machine failure incidents.

2. Before the new employee Wang officially enters the workshop to work, he

must pass the factory safety operation training and operation skills training and pass



64
the assessment before he can start operation. Old employees must participate in

various safety skills training held in the factory every year for the purpose of
continuous Update safety knowledge and reduce the occurrence of safety accidents.

3. Workshop operators must strictly follow the operating procedures of their
respective workshops, and must wear tooling, work shoes, safety hats, gloves,
protective shields, and earplugs. When operating or overhauling in dangerous areas,
they must strictly follow the prescribed procedures. Only after formalities and
protective measures have been taken.

4. Employees can take sick leave if they are sick: regular employees can apply
for sick leave for treatment or recuperation when they are sick (injury or sickness not
due to work). Regular employees are entitled to 12 days of sick leave with full pay
each year. If sick leave exceeds 12 days, the excess time can be treated as personal
leave with special approval by the general manager.

5. Employees can take work injury leave for work injury. Wages will be paid
during work injury leave. Medical expenses will be paid by the company’s insurance
company. If an employee injured at work needs to be taken care of by someone
during the treatment period, the company will send someone to take care of it after
confirmation by the company. , The cost of care is paid by the company at $5 per
day.

6. Workshop operators are not allowed to drink alcohol within eight hours
before going to work, so as not to cause work-related accidents or machine accidents

due to drinking alcohol to work.
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7. Employees are not allowed two consecutive shifts to avoid safety accidents

or personal injury accidents caused by excessive fatigue.

4.4 Fire safety in production sites

4.4.1 Fire safety education and training system

1. New employees entering the factory must undergo pre-employment training
on fire safety. The training content includes: basic knowledge of fire safety, the
operation and use of fire extinguishers and hydrants, etc.

2. Conduct fire safety training and education for each employee at least once a
year, and record the training situation on file.

3. The company conducts evacuation drills for all employees every quarter, and
conducts special training on fire-fighting drills for voluntary firefighters, so that each
team member can use fire-fighting equipment proficiently.

4. The company's fire safety responsible person, fire safety manager, full-time
and part-time fire management personnel, fire control room operators and other
relevant personnel shall receive special training on fire safety.

5. Electric welding, gas welding, boiler workers and others who work in
fire-hazardous areas and automatic fire-fighting system operators must undergo
fire-fighting training and hold certificates.

6. The fire safety education and training carried out by various workshops,
teams and other departments should be based on the characteristics of each

department, each stage, and each word.



66
7. The company conducts regular fire safety publicity and education through

various forms.

4.4.2 Fire protection inspection system

1. Establish a gradual fire safety responsibility system and a post fire safety
responsibility system, clarify their respective responsibilities, and implement an
inspection and inspection system.

2. The company's security department personnel conduct daily fire inspections
on the company. The company's safety department and the environmental safety
department conduct fire-prevention inspections on the company every month and
review and track improvements.

3. When a fire hazard is discovered during the inspection, the inspector should
fill in the record, and in accordance with the regulations, require the relevant
personnel to sign on the record.

4. The inspection department shall promptly notify the inspected department of
the inspection results in written form, and the person in charge of the inspected
department shall promptly rectify fire hazards in accordance with the notification
requirements.

5. If the hidden fire hazard discovered during the inspection fails to be rectified
in a timely manner within the prescribed time, it shall be punished in accordance with

the company's regulations.

4.4.3 Safety evacuation facility management system



67
1. The width of the safety exit doors, evacuation stairs, and evacuation

corridors of the workshops, warehouses, and dormitories in the factory must be set
according to the specifications.

2. All evacuation exits, stairs and walkways must be equipped with
corresponding emergency lighting and evacuation signs.

3. When going to work, production workshops, and warehouses should ensure
that safety exits are unblocked, and safety exits must not be locked.

4. Workshops and warehouses shall store items in accordance with regulations
and shall not block the passages.

5. The person in charge of each department should regularly check whether the
evacuation signs and emergency lighting facilities are in good condition according to

regulations, and repair them if they are damaged.

4.4.4 Maintenance and management system for fire-fighting facilities and
equipment

1. The company's fire-fighting facilities and equipment are managed by the
Safety Department, and the fire-fighting facilities and equipment are regularly
inspected and tested.

2. Establish file management for fire-fighting equipment and fire-fighting
facilities.

3. Fire-fighting facilities and fire-fighting equipment should be stored at
designated locations, maintained by dedicated personnel, and regularly inspected, and

the inspection records should be archived.
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4. Educate all employees of the company, require employees to take good care

of fire-fighting facilities and equipment, and demand compensation and penalties for
acts of deliberately destroying or damaging fire-fighting facilities and equipment.

5. In accordance with national legal requirements, the company shall set up fire
safety evacuation signs and emergency lighting and other fire-fighting equipment and
facilities that comply with national regulations, and keep the fire-fighting facilities in

a normal state.

4.4.5 Fire hazard rectification system

1. The management functional department of the company's security
department conducts fire prevention inspections on all departments once a month,
and orders them to limit changes in writing for the problems found, and supervises
the rectification in place.

2. The person in charge of fire safety or the fire safety manager shall organize a
fire safety meeting once a month to discuss the hidden fire hazards discovered during
the inspection and the corresponding rectification measures to ensure safe production.

3. All departments of the company shall promptly urge relevant personnel to
Implement rectification measures after receiving the rectification of fire hazards at the
same time. Departments that cannot be rectified for a while shall implement
preventive measures to ensure fire safety.

4. After the fire hazard rectification is completed, the department in charge of

the rectification or the person in charge shall report the rectification situation to the
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company's fire safety responsible person or fire safety manager for signature, and file

it for future reference after confirmation.

5. For the fire hazard that the fire protection agency is ordered to rectify within
a time limit, the company responsible for rectification shall make rectification within
the prescribed time limit and issue a fire hazard rectification response letter to the

public security fire protection agency.

4.4.6 Fire safety management:

1. Strictly implement the hot fire approval system. When hot work is really
necessary, the operating unit shall apply for the "hot license” to the security
department and other relevant departments in accordance with the regulations, and
the outsourcing construction shall be applied for by the contract issuing unit.

2. Before the operation, the inflammable and explosive dangerous goods within
4 and a half meters of the hot spot should be removed or be properly isolated for
safety, and appropriate types and quantities of fire-fighting equipment should be
borrowed from the security department for standby at any time. After the operation is
completed, the Return immediately, and report truthfully if used. The outsourcing
construction unit should bear the cost of refilling the fire extinguisher. If it causes
other benefits or losses, it should compensate for the price and bear the responsibility.

3. In the case of on-site hot construction at the operation site, the application
shall be signed to the manager-level (including) supervisor of the unit where the
operation site is located according to the regulations. The applicant unit needs to send

on-site supervision, and the security department also needs to send people from time
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to time. Go to patrol. Elevated hot work above 2 meters above the ground must

ensure that one person is fully responsible for extinguishing sparks that may ignite
other objects at any time.

4. Under the premise of ensuring safety and not affecting the normal production
on site, it is required in principle that night fires are prohibited when applying for the
"hot work application form", and night fires are strictly prohibited in particularly
dangerous work areas.

5. The countersignature and approval of hot work during overtime attendance
on holidays and holidays shall be carried out in accordance with the fourth power.
Hot work during on-site public holidays should be applied for in advance, and the
construction unit will send a person to be responsible for supervision. If the
contractor is responsible for hot work, the contracting unit will send a person to be
responsible for guardianship.

6. Those who do not apply for the “hot work permit” without authorization will
be given a second penalty for minor demerits, and severely fired; for outsourcing
construction, a fine of 100 US dollars will be imposed on the outside contractor, and

they will be required to complete the formalities. construction.
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4.5 Chapter summary

The purpose of labor protection is to protect the health of workers during the
labor and production process, avoid the hazards of toxic and harmful substances, and
prevent and eliminate occupational poisoning and occupational diseases. Enterprises
must meet the labor hygiene standards in accordance with these labor hygiene

regulations in order to effectively protect the health of workers.
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General conclusion

This paper studies the preliminary design of a 30-ton short-distance
take-off and landing cargo aircraft and the optimization design of aircraft
parts. First, the basic parameters of the aircraft are calculated, and then
the parameter optimization and topology optimization of the aircraft parts
are carried out. Finally, the following conclusions are obtained:

1. The size and position of the weight-reducing hole of the part
have the greatest influence on the maximum equivalent stress and
maximum deformation.

2. The thickness of the model has the greatest influence on the
weight of the part.

3. Parameter optimization and topology optimization can
significantly improve the mechanical properties of parts and reduce the

weight of parts.
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