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STRUCTURAL ANALYSIS OF EARTH OBSERVATION SATELLITE 

SUMMARY 

In this thesis study, structural analyzes were carried out under the loads that a 

medium-sized Earth Observation Satellites could encounter until the end of their life 

time in orbit and their results were compared. With the thesis study, it is aimed to 

determine the structural behavior of the satellite, which is designed with a single 

material, against the stresses to be exposed. 

Firstly, the dimensional limitations of the satellite examined in the thesis are 

mentioned. The loads that the satellite structures must withstand without being 

subjected to diffraction before and during the task have been defined. 

Then, solid model drawing of the satellite was made using CATIA V5R21 software. 

Göktürk-2 satellite is taken as reference in the design and dimensioning of satellites. 

One of the critical stages in satellite design is material selection. Aluminum and 

carbon composite materials to be used in the carrier structures of satellites are 

selected from the options. The processes developed to protect the materials against 

the harsh effects that they will encounter during launch and in the space environment 

are mentioned. 

After the material selections, the shapes of the outer panels that form the basic 

structure of the satellites have been decided. In carbon composite satellites, the parts 

where sandwiches and monolithic structures will be used, and their features such as 

layering styles and number of layers have been determined. 

After the structural design phase, it is necessary to determine the structural loads to 

which the satellites are exposed, especially during launch. Therefore; The methods 

used to calculate the resulting static and random vibration load factors are explained. 

While performing the static analyzes, the way followed during the acquisition of the 

resultant resultant loads is mentioned. 
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 The random vibration loads arising under the launch conditions were converted to 

the g load calculated at the natural frequency values in the different modes of the 

satellite and were applied to the finite element models created by combining with the 

static load factors obtained from the launch vehicle user manual. By defining all 

boundary conditions and loads on the model, static analyzes were made for each 

satellite and the results obtained for the satellite were presented. 

A similar method was followed in the analysis for space environment conditions. 

Unlike the launching environment, satellites were not attached to any place as they 

are in orbit, and static analyzes were carried out by exposing them to thermal loads 

only due to the temperature difference due to the lack of launch-induced loads. As a 

result of the analysis, it was observed that the satellite did not collapse. Carbon 

composite satellites were subjected to post processing and no structural damage was 

encountered according to any crash mode. 

 

 

 

ÖZET 

Bu çalışmada, orta ölçekli bir gözlem uydusunun yörüngeye yerleşmeden önce 

taşıyıcı roket ile yolculuğu esnasında karşılaşabileceği özgül yükler altında yapısal 

analizler yapılmış ve sonuçları değerlendirilmiştir. Bu tez çalışması, tek bir malzeme 

ile tasarlanan uydunun ortaya çıkacak baskılara karşı yapısal davranışını belirlemeyi 

amaçlamaktadır. 

İlk olarak, uydunun boyutsal sınırlamaları incelenmiştir. Uydu yapılarının görevden 

önce ve görev sırasında maruz kalacağı yükler tanımlanmıştır. Daha sonra, CATIA 

V5R21 yazılımı kullanılarak uydunun katı bir model çizimi yapıldı. Göktürk-2 

uydusu, uydunun tasarımı ve boyutlandırılmasında referans olarak alınmıştır. 

Sonrasında kütle, hacim ve kullanılan malzemeler esas alınarak ANSYS Mechanical 

APDL programında modellenmiştir. 

Uydu tasarımındaki kritik aşamalardan biri malzeme seçimidir. Uyduların taşıyıcı 

yapılarında kullanılacak alüminyum ve karbon kompozit malzemeler seçilmiştir. 

Malzemeleri fırlatma sırasında ve uzay ortamında karşılaşacakları sert etkilere karşı 

korumak için geliştirilen süreçler incelenmiştir. 
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Malzeme seçimlerinden sonra, uyduların temel yapısını oluşturan dış panellerin 

şekillerine karar verilmiştir. Karbon kompozit uydularda sandviç ve monolitik 

yapıların kullanılacağı parçalar ve bunların tabakalama stilleri ve tabaka sayısı gibi 

özellikleri belirlenmiştir. 

Yapısal tasarım aşamasından sonra, özellikle fırlatma sırasında, uyduların maruz 

kaldığı yapısal yükleri belirlemek gerekir. Bu nedenle; elde edilen statik yük 

faktörlerini hesaplamak için kullanılan yöntemler açıklanmaktadır. Statik analizler 

yapılırken, ortaya çıkan yüklerin elde edilmesi sırasında izlenen yoldan 

bahsedilmiştir.  

Fırlatma koşulları altında ortaya çıkan rasgele titreşim yükleri, uydunun farklı 

modlarında doğal frekans değerlerinde hesaplanan g yüküne dönüştürülmüş ve 

fırlatma aracı kullanıcıdan elde edilen statik yük faktörleri ile birleştirilerek 

oluşturulan sonlu eleman modellerine uygulanmıştır. Model üzerindeki tüm sınır 

koşulları ve yükler tanımlanarak, her bir uydu için statik analizler yapılmış ve uydu 

için elde edilen sonuçlar sunulmuştur. 

Yapısal tasarım sonrasında elde edilen modele sonlu elemanlar yöntemi ile ağ yapısı 

oluşturulup yapının maruz kaldığı yükler belirtirlmiş, sınır şartlar uygulanmış ve 

başarısızlık kriterleri saptanmıştır. Hasar kriteri değerlendirmesinde Tsai-Wu kriteri 

kullanılmıştır. Son olarak yükleme senaryoları sonuçları tezde paylaşılmış, sonuçlar 

karşılaştırılarak değerlendirilmiştir. 
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1.  INTRODUCTION 

Structural design is the methodical investigation of the stability, strength and rigidity 

of structures. The basic objective in structural analysis and design is to produce a 

structure capable of resisting all applied loads without failure during its intended life. 

The primary purpose of a structure is to transmit or support loads. If the structure is 

improperly designed or fabricated, or if the actual applied loads exceed the design 

specifications, the device will probably fail to perform its intended function, with 

possible serious consequences. A wellengineered structure greatly minimizes the 

possibility of costly failures. 

A structural design and analysis project may be divided into three phases, i.e. 

planning, design and analysis.  

Planning: This phase involves consideration of the various requirements and factors 

affecting the general layout and dimensions of the structure and results in the choice 

of one or perhaps several alternative types of structure, which offer the best general 

solution. The primary consideration is the function of the structure. In addition there 

are structural and constructional requirements and limitations, which may affect the 

type of structure to be designed.  

Design: This phase involves a detailed consideration of the alternative solutions 

defined in the planning phase and results in the determination of the most suitable 

proportions, dimensions and details of the structural elements and connections for 

constructing each alternative structural arrangement being considered.  

Analysis: Structural analysis is the determination of the effects of loads on physical 

structures and their components. Structures subject to this type of analysis include all 

that must withstand loads. Structural analysis employs the fields of applied 

mechanics, materials science and applied mathematics to compute a structure's 

deformations, internal forces, stresses, support reactions, accelerations, and stability. 

The results of the analysis are used to verify a structure's fitness for use, often 
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precluding physical tests. Structural analysis is thus a key part of the engineering 

design of structures. 

1.1 Purpose of Thesis 

The purpose of this thesis is to make structural analysis under specific loads that a 

medium-sized Earth Observation Satellite may encounter during its travel with the 

carrier rocket before it enters orbit and its results are evaluated. 

1.2 Application Areas and Importance 

Satellites are used for different purposes today. They can have a single job definition 

as well as having more than one task. Satellites can be used for communication, 

surveillance, military purposes, research, navigation, etc. Earth observations (EO) 

represent a growing and valuable resource for many scientific, research and practical 

applications carried out by users around the world. Earth Observation satellites vary 

according to the type of orbit they have, the payload they carry, imaging devices and 

their viewing angle, the spatial resolution, spectral characteristics and swath width of 

the sensors. All these parameters are designed at the beginning of the mission 

definition depending on the application the satellite mission is targeting. These 

mission objectives of satellites are important factors in determining the orbit and 

satellite dimensions they will work with. Satellites with different orbits and masses 

have been produced in line with the needs of humanity in the course of time since 

their first production. This situation made it necessary to group satellites according to 

various criteria. Today, the classification of satellites takes into account the types of 

missions and their orbits and masses. 

Among all these classification criteria, it is frequently preferred to group satellites 

according to their masses. Technological developments enabled the production of 

mechanical and electronical parts to be much smaller. This change has seen in many 

industries globally including space industry. Satellites become much compact 

requiring less mass and cost effective in recent years compared to previously 

produced and used satellites. 
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1.3 History of Earth Observation Satellite 

The Landsat program is the longest-running attempt to acquire satellite images of the 

Earth. On July 23, 1972, World Resources Technology Satellite was introduced. 

Instruments on Landsat satellites have acquired millions of images. Images archived 

at U.S. and Landsat receiving stations worldwide are a unique resource for global 

exchange research and applications in agriculture, cartography, geology, forestry, 

regional planning, surveillance and education, and can be viewed through the 

U.S.[15] 

The Scientific and Technological Research Council of Turkey (TUBITAK) Space 

Technologies in-house Research Institute (TUBITAK SPACE) in central England 

and SSTL (Surrey Satellite Technology Limited), a study was conducted in 

collaboration with companies of Turkey (TUBITAK, 2015). BİLSAT is Turkey's 

first artificial earth observation satellite. The purpose of the BİLSAT project was not 

just to have a small satellite. There were much more important goals than that. These 

goals include learning about the stages such as satellite design, production, launch, 

operation, determination of infrastructure needs, establishment and use of ground 

stations. In addition, specialization of technical personnel and operational 

information on national satellite technologies were among the expectations.[4] 

 

Figure 1.1: Bilsat satellite (SSTL, 2015a) 
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RASAT is the first earth observation satellite designed and manufactured in Turkey. 

The satellite, whose first steps were taken in 2006 under the leadership of 

TÜBİTAK, was launched into space from Yasny base of Russia on August 17, 2011 

(TÜBİTAK, 2015b). The knowledge and experience gained in Bilsat satellite were 

used during the production and operation phases of the Rasat satellite. With the Rasat 

project, more technical staff became specialized.[4] 

 

Figure 1.2: Illustration of the RASAT spacecraft (image credit: TUBITAK-UZAY) 

 

Göktürk-2, Turkey Scientific and Technological Research Council of Turkey 

(TUBITAK), developed and designed by and TUBITAK Space Technologies 

Research Institute (TÜBİTAK SPACE) and TC Air Defense Industries (TAI) made 

by a world observation satellites belonging to the Ministry of Defense. Göktürk-2, a 

series of recent technology developed by Turkey to provide advanced technology and 

equipped with advanced high-resolution images of the new enhancements, 16:26 

UTC 686 kilometers (min 426) were placed into a low Earth orbit. 80 percent was 

produced with technology developed locally and 100% with software developed 

locally. Following the observation thrown from Russia is Turkey's second national 

satellite.[4] 
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Figure 1.3: Artist's rendition of the deployed Gokturk-2 spacecraft (image credit: 
Turkish Aerospace Inc.) 

1.4 Scope 

Within the scope of this thesis, it is aimed to investigate the positive and negative 

effects of the use of composite materials in the shell structure of a Earth observation 

satellite.  

1.5 Method 

With the help of CATIA V5R20 program, it is designed as a hexagonal prism with 

an edge length of 75 cm and a height of 150 cm with reference to the Göktürk-2 

satellite, which is the local earth observation satellite in shell design. Among the 

studies examined in the literature, it was observed that it was designed using mostly 

aluminum composite panel especially in the ground observation satellite projects 

made in the past. In current studies, it has been observed that aluminum composite 

panel has been replaced by carbon fiber reinforced polymers. In this study, a carbon 

fiber reinforced polymer sandwich panel satellite frame was designed, considering 

that the production of carbon fiber supported polymers is easier and the cost has 

decreased compared to the past. Finite element models for the designed satellite were 

created using ANSYS  APDL 2019 R2 software. Static and frequency analysis of the 

satellites under the loads that they may be exposed during launching and in space 
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ambient conditions were also observed with the help of ANSYS APDL 2019 R2 

program. As a result of static analysis, it was observed whether immigration occurred 

on composite satellites, where Tsai-wu failure analysis criteria were applied. Finally, 

the data obtained as a result of the analysis of the satellites were compared according 

to the durability criteria and it was observed that they met the strength requirements. 

1.6 Organisation of Thesis 

IIn the second chapter, the general specifications of the observation satellites were 

briefly mentioned, necessary subsystems and their information are given for the 

design of satellite structure, and then multispectral cameras and their features that are 

planned to be located in the designed observation satellite were described. 

information about the material chosen for the building was given. Finally, the design 

of the earth observation satellite was given in this chapter. 

In chapter three, general information about Finite Elemen Method was given. 

Boundary conditions and load distribution were explained. Failure criterion was 

mentioned. 

In chapter four, structural analysis requirements are described and analysis results are 

presented. 

In chapter five, the conclusion of thesis are given. 
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2.  DESIGN OF SATELLITE STRUCTURE 

Space technology specialists adopt a variety of approaches while designing a new 

spacecraft. A spacecraft design begins with a new concept which will determine the 

customer's requirements whether it is military or civilian in nature. The design 

process is a team effort put forward by dedicated engineers and scientists to meet the 

requirements of design within constraints and the best performance characteristics 

possible. The figure below illustrates one of the possible approaches. [2] 

 

Figure 2.1: Design Approach 
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2.1 Subsystem Design 

The principle of a mass budget is a method of bookkeeping: each subsystem is 

designed according to the goals set by the mass budget so that the mass can be 

monitored during the spacecraft project. For this purpose a detailed list is used to 

record the mass of all the spacecraft components. At the start of the project the list 

consists mainly of calculated masses, some multiplied with factors of uncertainty. As 

the design of the spacecraft is increasingly frozen the uncertainties decrease and the 

measured weights can be included in the list when hardware becomes available. The 

relative masses of subsystems are given in percentage terms in the following 

Table1.1. The percentages over a number of spacecraft are averaged over. This 

relates only to the spacecraft's dry mass. [14] 

Table 2.1: Mass Allocation Budgets [14] 

Subsystem % Planned 
mass (kg) 

calculated 
mass (kg) 

Structure 18 38.5 39.3 
Propulsion 12 25.7  

AOCS 7 15  
Power 23 49.3  
TT&C 4 8.6  

Thermal 4 8.6  
Payload(incl. 

antennae) 
28 60 60 

Wiring 4 8.6  
Total 10 214.3  

    

2.2 Satellite Equipments and Payloads Mass Estimation 

In this section, a grouping of the various types of accessible Earth Observation 

symbolism is proposed. The primary differentiations are made on the nature 

(detached or dynamic) of the detecting instrument giving the picture and on the 

frequency of the electromagnetic range wherein the perception is made. Earth 

Observation Satellites have instruments such as radar altimetry, GNSS reflectometry, 

Radar Scatterometry depending on the need. 

EOS-C image system and KUZGUN sensors are selected in this thesis. EOS-C is a 

multispectrum imager. Civil and defense applications are called for in the data 
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requirements: disaster and emergency response, climate, geography, urban planning , 

land use, geology, coastal zone monitoring , environmental protection, and water 

resources management. 

The EOS-C instrument was built for TUBITAK / UZAY by SI (Satrec Initiative) of 

Daejeon, Korea. The instrument is based on the EOS-C version 3.0 (of DubaiSat-1 

heritage). [8] 

Table 2.2: Parameter of the EOS-C instuments 

Instrument type Pushbroom imager 
Spectral bands Pan: 450-900 nm 

 
MS: 450-520 (blue), 520-600 nm (green), 630-690 nm (red), 760-
900 nm (NIR) 

 SWIR: 1000-2400 nm (experimental) 
Spatial 
resolution 

Pan = 2.5 m, MS = 10 m, SWIR = 20 m 

Swath width 20 km x 640 km (one pass) 
Data 
quantization 

8 bit (dynamic), 11 bit (total) 

Optics Telescope aperture diameter of 492 mm, length of 985 mm 
Instrument mass < 41 kg (optics < 35 kg, electronics < 6 kg) 
Instrument 
power 

< 69 W (peak power with all heaters on) 

Instrument type Pushbroom imager 

 

Kuzgun is an experimental infrared camera with a spectral range of 0.8-1.7 µm and a 

resolution of 20 m. The original design and production of this camera system were 

made by TÜBİTAK UZAY Institute in Turkey. This camera is able to synchronize 

with the main camera [8]  

In this thesis, the estimated mass as payload weight is calculated as 60 kg. 
 
 
 
 
 
 
 
 
 
 
 



 
 

10 
 

Table 2.3: Technical specifications of the Kuzgun camera 

Sensor type Shortwave infrared 
Spectral range 800-1700 nm 
Spectral resolution 20 m SWIR , 4 m Pan 
Optoelectronic 
System 

MTF ~ 40%, 20 lp / mm 

Focus distance 850 mm 

Illumination 
Adjustable illumination duration and sampling period for 
different orbits 

Adjustment 
Automatic adjustment of lighting time according to lighting 
amount 

Local memory 128 MB 
Radiometric 
resolution 

8 bit digitization 

Data transmission 25MHz LVDS, 100 MHz SpaceWire, Real-time LVDS 
Swath width 15 km 

 

 

2.3 Design Criteria 

Since the carrier rocket is EUROCKOT, satellite volume and interface ring are 

designed according to EUROCKOT. The layout of the payload-usable volume, 

which is the maximum dynamic envelope, is shown in figure 5. 

 

Figure 2.2: Rockot maximum usable payload envelope, all dimensions given in mm. 
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2.4 Catia Design dimension of satellite  

The whole shell is thought and designed as a single piece. The radius length of the 

EOS, which is Hexagonal, is 750 mm, height is 1500 mm, shell thickness is 5.1 mm. 

The ring in the base area represents the interface ring. Interface ring outer diameter 

937 mm, inner diameter 743 mm, 

 

Figure 2.3: Shape of satellite 

 

Figure 2.4: Design three 
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2.5 Meterial Selection 

The lightness requirement of air-space structures is decisive for the materials 

preferred in the designs. Material has an important place in satellite design. Light 

materials should be preferred to reduce weight. However, the material must be 

resistant to the loads it is exposed to. These loads will be exposed to mechanical 

effects such as tensile, compression, bending and torsion on the material and 

environmental loads. Depending on this requirement, there are two types of materials 

suitable for use in satellite structures. These; metal alloys and composite materials. It 

can be said that aluminum alloys are preferred more than others in metal alloys.  

In the scope of the thesis, the primary carrier structure on the satellite to be carried 

out in the structural analysis was designed using a sandwich panel structure. Since 

the material to be used should have high mechanical properties, carbon fiber 

reinforced polymer (CFRP) were preferred. In this case the composite consists of two 

parts: a matrix and a reinforcement. In CFRP the reinforcement is T300 carbon fiber, 

which provides the strength. The matrix is a BSL914C epoxy produced by DFVLR. 

Aluminum alloy 6061-T6 honeycomb was chosen as a filling element between 

carbon / epoxy in satellite panels in sandwich structure. The honeycomb core layer is 

modeled according to sandwich theory with orthotropic. 

Table 2.4: Composite Material Properties [6][13] 

Material E11 
(GPa) 

E22 

(GPa) 
G12 

(GPa) 
ν12 ρ 

(kg/m3) 
XT

 

(MPa) 
XC

 

(MPa) 
YT

 

(MPa) 
YC

 

(MPa) 
CFRP 138 11 5.May 0.28 1760 1500 900 27 200 
 

Table 2.5: Material Specifications of Honeycomb Cores and Facing Sheets [1] 

 
Honeycomb Core Facing Sheet 

ρc 360 kg/m3 G13 1.308 GPa υ 68 GPa 
E11=E22 0.101 GPa G23 1.308 GPa E 0.3 

E33 5.89 GPa G12 0.026 GPa ρ 2700 kg/m3 
υ12 1 υ13= υ23 0     
ρc 360 kg/m3 G13 1.308 GPa   
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The layering used in sandwich side panels is [0/90/0/0/0/0/0/90/0]. In these panels, a 

symmetrical arrangement according to the middle plane was preferred and thus the 

material was aimed to be quasi-isotropic. ID numbers and thickness of the layers are 

indicated in the table 2.5 and their order is shown in the figure 2.6. Since the 

aluminum honeycomb used as the core element of the sandwich structure will 

provide the necessary resistance against the loads that may create bending or 

torsional moment on the panel, 45 ° fiber oriented layers are not preferred in the 

surface plates. Instead, it was aimed to obtain more resistance against axial loads by 

using layers with 0 ° and 90 ° orientation. By placing all these layers on top of each 

other, sandwich bottom and top panels with a thickness of 5.1 mm were obtained. 

 

Table 2.6: Material ID and names 

Material ID Material Name Thickness (mm) 
1 CFRP 0.2 
2 Al honeycomb 2 
4 Facing Sheet 0.1 

 

Figure 2.5: Layers of Shell 
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3.  FINITE ELEMENT METHOD 

In this section, both importance of finite element method in structural analysis and 

creation of model of satellite are expressed. 

3.1 Introduction to Finite Element Method 

The finite element method ( FEM) is a numerical technique used for the analysis of 

finite elements (FEA) of any physical phenomenon in question. 

Mathematics should be used to fully understand and quantify any physical 

phenomena, such as structural or fluid behaviour, thermal transport, wave 

propagation, and biological cell growth. Most are described using partial differential 

equations ( PDEs). However, numerical techniques have been developed over the last 

few decades for a computer to solve these PDEs and one of today's most prominent 

is the finite-element method. 

3.2 Creation of Finite Element Method of satellite 

Doing optimization and of number of elements and avoiding usage of unnecessary 

elements are important for more sufficient analysis.Finite elemen model is created in 

this chapter with ANSYS Mechanical APDL with suitable elements and material. 

Shell 281, which is chosen for body skin, is suitable for analyzing thin to 

moderately-thick shell structures. SHELL281 may be used for layered applications 

for modeling composite shells or sandwich construction. The accuracy in modeling 

composite shells is governed by the first-order shear-deformation theory Shell 281 

has eight nodes with six degree of freedom at each node includes translation in x,y,z 

directions and rotations about x,y,z directions. Shell layers has been explained in 

Ch.2.5.  
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Figure 3.1: Shell 281 layer properties 

The next step is meshing the satellite. The first thing to consider when creating a 

solution network is the type and quality of the elements used. In the cube satellite 

finite element models in the thesis, efforts have been made to use quadruple 

elements, especially the four-node, from two-dimensional elements. Where 

rectangular elements cannot be used, triangular elements with three nodes are 

preferred. The most ideal square element among the rectangular elements is the 

element. The reason for this may be that the square shape provides all of the various 

dimensional criteria used to determine the element quality. Firstly the lines which 

symbolize stringers is choosed. After that element number, element type element 

section is entered. After that mesh size has chosen. The final view of mesh full size 

body in in figure 3.2. 

 

Figure 3.2: Meshed boyd 
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3.3 Boundary Conditions and Load Distributions 

Satellites are found in many different environments and are subjected to various structural 

loadings from their production to the end of their service life. Even though mechanical loading 

occurs mostly under launching conditions, production and transportation conditions can be 

structurally challenging. In order to prevent damage to the satellites, all the loads they are 

exposed to in different environments must be determined. Therefore, the possible loads 

affecting the satellites and the conditions under which they arise are examined in detail in the 

following sections.  

In addition, the minimum factors of safety to be taken into account for structural dimensioning 

are: 

• Yield load: j ≥ 1.1 

• Ultimate load: j ≥ 1.25 

The factors of safety apply to combinations of simultaneously acting mechanical and thermal 

limit loads. 

3.3.1 Load Conditions during ascend 

Quasi-static loads experienced by the spacecraft are largely determined by the spacecraft mass 

and stiffness properties. The loads given in Table  can be used as preliminary dimensioning 

inputs to the design of the spacecraft. In this case section 4 has been choosen. 

Table 3.1: Quasi-static loads experienced by an average payload during ascent. 

 
Event Axial,g Radial,g 

 Max Min  
Worst-case axial stage 1 structural acceleration 8.1 6.3 ±0.5 

Lift of 3.6 0 ±0.7 
Peak Stage 1 thrust 8 6.2 ±0.5 

Stage 2 Powdered Flight 3 0 ±0.4 

In this case, worst-case has been selected. 
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3.3.2 Displacement Condition 

The Rockot launch vehicle is capable of supporting a large variation of the CoM position along 

its Z-axis. However, the dependency of the lateral accelerations on the CoM position may limit 

its position on the Z-axis. The total displacement of the composite CoM of the satellite must 

stay within a radius of 30 mm around the launch vehicle longitudinal axis. This imbalance 

directly affects the controllability of the upper stage and thus the spacecraft angular velocities 

at separation. 

3.3.3 Failure Criteria 

There are different collapsing theories used for the unnotched strength of layered composites. 

Tsai-Wu, Tsai-Hill, Maximum Stress and Maximum Strain are examples of these theories. 

Depending on the way of loading and layering, one of the collapsing theories comes to the fore. 

Within the scope of the thesis, it was decided to use Tsai-Wu failure theory. This theory is 

developed from the studies of Beltrami about the total strain energy failure theory. Tsai-Wu 

theory considers the difference between compressive and tensile strengths of the composite 

material. Failure occurs at lamina if the Eq. 3.1. is violated. 

F1σ11 + F2σ22 + F11σ2
11 + F22σ2

22 + 2F12σ11σ22 + F66 τ2
12  ˂ 1  (3.1) 

 

                              (3.2) 

      (3.3) 

      (3.4) 

       (3.5) 

      (3.6) 

     (3.7) 
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4.  STATIC STRUCTURAL ANALYSIS 

4.1 Displacement and Deformation Analysis During  

Dispalecement analysis is done in expected  8.1 g maximum and 0.5 g radial 

acceleration and 60 kg payload pressure. A set of axail and radial acceleration provide 

distiributed body force over the structure in such a way that the sum of appilied 

pressures are 1000 N and sum of moments are zero. Since rigid body motions are 

restrained, conventional static analysis can be performed. boundary conditions applied 

are on the circle area which is bottom of satellite. Total displacement of component in 

all diretion and in z direction is less than 30mm. Deformation and displacement results 

are indicated in the figures below. 

 

 

Figure 4.1: Total displacement vector sum 
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Figure 4.2: Displacement in z direction 

 
 
 

4.2 Stress Analysis 

Material of body part is selected CFRP in chapter 2.5. The tensile strength of material is 1500 

MPa. Factor of safety is determined as 1.25. 

= 1200 MPa   (4.1) 
 

 394 MPa (analysis result) ˂ 1200  MPa 



 
 

20 

 

Figure 4.3: Total Stress 

4.3 Failure Analysis  

The results show that there was no collapsing. 

 

Figure 4.4: Tsai-Wu failre graph 
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5.  CONCLUSIONS AND RECOMMENDATIONS 

In this study, the structural behavior of an aluminum and carbon composite satellite under 

mechanical loads to which it can be exposed during launch is investigated. The main purpose of 

the thesis is to theoretically test whether the effects of using composite materials on satellite in 

the primary structure of the satellite are suitable for the conditions specified by the carrier 

rocket. For this reason, the results were compared and evaluated. 

The study basically consists of two main parts. The first is the design phase. While performing 

the satellite design, the studies in the literature were used. Particular attention has been paid to 

ensure that the satellite dimensions comply with Göktürk-2 standards. In addition, designs were 

made by taking into account the loads that would affect the satellites under launch conditions. 

Solid models of the satellite are created using CATIA V5R21 software. Also in the design 

phase, the effects of various space ambient conditions on the materials used in satellite 

structures were investigated in detail. The materials that will form the primary carrier structure 

in the thesis have been selected according to their suitability for use in space. During this 

selection, relevant standards were followed and care was taken to choose the materials used in 

space studies. 

In the second stage, structural analyzes of the designs created were carried out. To do this, first, 

the finite element model of the satellite. Later, static analyzes were applied to this model. While 

deciding on the analysis, the studies in the literature were used. 

According to the results of the static analysis, the reserve factor values were calculated for the 

maximum stresses on the satellite in order to evaluate the satellite structural strengths correctly. 

According to the calculations made by taking into account the maximum stresses occurring on 

the satellite under launch conditions, it was observed that there was no collapse in the satellite 

structure. In these conditions, there is no disadvantage in terms of structural strength in the use 

of composite materials. 

Finite element models used in the studies carried out within the scope of the thesis were created 

with many acceptances. For this reason, satellite tests are required to prove the accuracy of the 

analysis results. 
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