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FOREWORD 

In this paper, a preliminary design for the primary structure, or the chassis, of a cubesat 

is presented and examined with the help of CAD and FEA. I chose this subject for my 

interest towards cubesats that has been sparked by my internship at the Space Systems 

Design and Test Laboratory. I stressed key properties of a viable cubesat structure and 

I tried to visualize some of them with a couple of fundamental analyses. In its essence, 

this paper is introductory to cubesat design and integration. I believe I was able to 

bring out a document that is readable by freshmen and sophomores. 

I take pride in having studied at the Faculty of Aeronautics and Astronautics, and I 

owe my thanks to the members of SSDTL, every instructor and every teaching 

assistant who taught me and answered my questions. 
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KÜP UYDU YAPISAL ANALİZ VE TASARIMI 
 

ÖZET 

Bu tezde genel amaçlı bir 6U boyutunda küp uydunun birincil yapısının makul bir ön 

tasarımı öne sürülmüş ve bu yapının, uzaya fırlatılabilmesi için gereken bazı 

özelliklerinin bir mühendislik simülasyonu yazılımıyla öncül olarak yapılan bir takım 

analizleri sunulmuştur. Tasarım öncesi bazı gereklilikler göz önünde bulundurulmuş 

ve tasarım için bir yaklaşıma karar verilmiştir. Tasarım geometrisi ve analizlerin 

sonuçları sunulmuş ve tartışılmıştır. 
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CUBESAT STRUCTURAL ANALYSIS AND DESIGN 
 

SUMMARY 

In this thesis, a concievable primary structure for a general purpose cubesat in 6U size 

is proposed and some basic analyses are carried out using an engineering simulation 

software, in terms of the foremost requirements it has to meet to get approved for 

launch. Mechanical requirements specified by launch providers and dispenser 

manufacturers are considered and an approach for the design is decided on. Geometry 

of the design and analysis results are presented and discussed. 
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1.  INTRODUCTION 

The space industry is expanding day by day. As the space gets more reachable, 

corporations and governments get more interested in implementing wide variety of 

solutions by utilizing space and space technology. Cubesats are the current rush and 

they are quickly becoming more than educational satellites. 

1.1 What are Cubesats? 

Cubesat is a type of satellite much smaller than the large majority of the commercial, 

military or scientific purpose satellites. Because their mass usually falls between 1 kg 

and 10 kg, they are often classified as nanosatellites. Cubesats’ characteristic is that 

they are made up of “units”. Each unit is a cube with a side length of 10 cm and the 

approximate size of a cubesat is expressed in terms of these units such as 1U, 2U, 3U 

etc. CubeSat Design Specification (CDS) released by Cal Poly (California Polytechnic 

State University) specifies standard dimensions as mechanical requirements for 1U, 

1.5U, 2U and 3U cubesats. A separate 6UCDS specifies dimensions for 6U cubesats. 

However, these dimensions are not immutable and dispenser suppliers can offer 

dispensers with slightly different dimension requirements. Launched cubesats’ sizes 

range from 0.25U (SNAPS from Stanford University) to 16U (Momentus X1 from 

Momentus Space).[1] Some cubesat sizes can be seen comparatively in the Figure 1.1 

below. 

 

Figure 1.1 Wide variety of cubesat sizes.[2] 
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1.2 Brief History of Cubesats 

The CubeSat Project started in 1999 as the brainchild of Prof. Jordi Puig-Suari from 

Cal Poly and Prof. Bob Twiggs from Space Systems Development Laboratory (SSDL) 

in Stanford University. The goal of the project was to introduce a standard for 

nanosatellites that can be built and launched with relatively low cost and short 

development time in order to enable access to space for universities and consequently, 

for students. The project included arranging launches for the cubesats built. Cal Poly 

laid out detailed general, mechanical, electrical, operational and testing requirements 

for the cubesats in the CDS and have been arranging low cost launches for the 

approved cubesats. Cubesats would be launched as secondary payloads along with 

primary scientific or commercial payloads. First cubesats were launched in 20th of 

June, 2003. Five 1U cubesats from Denmark, Japan and Canada and a 3U cubesat from 

USA accompanied three primary payloads in a Rokot launch vehicle. Later, the project 

proved to be largely successful as many universities around the world have built and 

launched cubesats since. In fact, the idea gained so much renown, the success of the 

project wasn’t limited to educational purposes. Ease of access to space naturally had 

wider implications for space exploration, business and military applications. Some 

cubesats became their nations’ first indigenous satellites such as the ITUpSAT1 (see 

Figure 1.2), which is the first indigenous satellite of Turkey. Obviously, with the 

technology developments, a lot of instruments could be made smaller and smaller, 

generating more interest towards nanosatellites. Numerous space agencies, military 

institutions, public and private companies, even a few high schools built their own 

cubesats (or nanosatellites that are not properly sized to be considered cubesats) and 

had them launched. In total 1210 cubesats and 107 nanosatellites were launched since 

the project’s inception. These include satellites built by 216 universities from 61 

countries, 90 companies from 26 countries, 25 research institutes from 15 countries 

and 11 space agencies. Over 2500 nanosatellites are currently being planned to launch 

over the next six years.[1] To date, 5 cubesats were made in Turkey: ITUpSAT1, 

TURKSAT-3USAT, BeEagleSat, HAVELSAT and UBAKUSAT. Istanbul Technical 

University was involved in all 5 of them with its Space Systems Design and Testing 

Laboratory (SSDTL) located at the Faculty of Aeronautics and Astronautics. 
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Figure 1.2 ITUpSAT1.[3] 

 

 Although first cubesats were in 1U and 3U sizes, form factor diversified in time. In 

2006 first 2U cubesats, in 2010 first 1.5U cubesats, in 2014 first 6U cubesats were 

launched. As cubesats gained recognition, organizations wanted to develop their own 

cubesats with varied capabilities that needed more instruments in the satellite (bigger 

cameras, transceivers, sensors, science instruments, sophisticated attitude control 

systems, propulsion systems etc.). As a result, larger sized 6U cubesats that can be 

fitted with more hardware, very quickly gained popularity. Until 2016 only 6 of them 

were launched. In the next three years 75 more joined them and 209 more are being 

planned to launch until the end of 2023.[1] It is seen in Figure 1.3 that number of 

cubesats launched and 6U cubesats’ proportion in them are in an upward trend. 

 

Figure 1.3 Types of cubesats launched by year. [1] 
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1.3 Purpose And Scope Of The Thesis 

Purpose of this thesis is to propose a preliminary design for the primary structure of a 

general purpose 6U cubesat considering some standards that are well-accepted and 

approaches that are proven to be useful and feasible. Then, using an engineering 

simulation software, some basic analyses are to be performed by subjecting the 

structure to some loads that are expected during launching.  

Structural design of a satellite is decidedly iterative and involves a few main steps: 

preliminary design and analysis, detailed design and analysis, manufacturing, 

assembling and testing. Steps beyond preliminary design and analysis are out of the 

scope of this thesis. Before the analyses, this thesis first covers the introduction of the 

methods used during design and analysis. Later, specifics of considerations and 

constraints are discussed in light of CDS, launch vehicle payload environments and 

dispenser manufacturers’ requirements. Typically, conventional satellites are purpose 

built for a particular mission and consequently, constraints for a primary structure of a 

satellite are specific to that particular spacecraft because of the distinct integration it 

has. Majority of the cubesats on the other hand, carry out their mission in LEO and are 

integrated in a similar way. Hence, what is expected from the primary structure of a 

general purpose cubesat is somewhat established. In fact, today it is possible to launch 

a cubesat consisting of only COTS subsystems, including the structure.  
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2.  METHODS USED 

2.1 Computer-Aided Design 

As the name suggests, any designing, optimizing and analyzing with help of computers 

can be regarded as computer-aided design or CAD. By taking advantage of capabilities 

of computers with software built for CAD, designers are able to design more optimized 

products in less time, increasing productivity. The key to its superiority is 

visualization. CAD’s roots date back to 1960’s and with the advancements in the 

computer technology, it took over almost every industry. Today CAD is seen cost-

effective even for designing the simplest products. CAD software to be used in this 

paper to draw the three-dimensional structure is CATIA (Computer-Aided Three-

Dimensional Interactive Application) developed by Dassault Systèmes. It is a widely 

used software in aerospace, automotive and defense industries. 

2.2 Finite Element Method 

FEM is basically a powerful mathematical tool that allows engineers run physics 

simulations on computers efficiently. It is useful for obtaining approximate solutions 

for physical problems that cannot be solved analytically. Some physical phenomena 

such as fluid flow, elasticity and heat transfer can be expressed in differential equations 

(governing equations) and boundary conditions. This is called “boundary value 

problem”. FEM is used to approximately solve this kind of problems. It works by 

reducing the governing equations of physical systems, into algebraic equations. 

Consequently, although the acquired set of equations are seemingly more in number 

and actually less representative of the real problem, they become much more 

straightforward for computers to solve. It is essentially a numerical method. Analyses 

performed using FEM are called FEA (Finite Element Analysis). To perform an FEA, 

first, the geometry is divided into smaller bits called “elements”. All the elements are 

connected to their neighboring elements through their corners and these connection 
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points are called “nodes”. The domain becomes discontinuous and has now finite 

degrees of freedom. This process is called discretization. Then, equation for each 

element is obtained using Galerkin method. Every element equation consists of 

property (e.g. stiffness), behavior of the node (e.g. displacement) and action (e.g. 

force). For a particular node, there are different kinds of behavior values to be found 

(e.g. rotation, strain). An equation for an element is in this form: 

[𝑘]{𝑢} = {𝑓} (2.1) 

Every node has three u values for three dimensions and for between every two adjacent 

nodes there is an f value (positive or negative). For every element, there is a matrix [k] 

that defines material property between the nodes that the element touches, often 

referred as stiffness matrix. After acquiring individual element equations, element 

stiffness matrices are put together based on node order to assemble the global stiffness 

matrix. Same for behavior and action vectors. The global equation is obtained as: 

[𝐾]{𝑢} = {𝐹} (2.2) 

Table 2.1 : Field variables for different kinds of analyses. [4] 

Analysis type Property [K] Behavior {u} Action {F} 

Elastic Stiffness Displacement Force 

Thermal Conductivity Temperature Heat source 

Fluid Viscosity Velocity Body force 

 

After introducing the boundary conditions, the global equation then can be solved for 

behavior values with well-known matrix algebra methods. This gives only the field 

variables in nodes. Field variables for points in between nodes can be found by 

polynomial interpolation. Naturally, as the degree of the polynomial increases, the 

field quantities found approaches the true behavior.  

Discretization in an FEA software is done by a “meshing algorithm”. A meshed part 

can be seen in Figure 2.1. Engineer partially decides types of elements and sizes of 

elements that the geometry is divided into in different regions. Models with smaller 

elements are said to have a “finer mesh”. All other things the same, finer the mesh, 

more representative the model is. However, finer mesh leads to exponentially 
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increasing number of calculations and therefore calculation time. Engineer has to 

balance the time and accuracy to perform a cost-effective analysis. After meshing, 

everything known about the model is introduced such as boundary values and loads. 

Then the software does all those calculations internally and presents the results in a 

visualized way. An FEA software does a lot of the hard work for the engineer. 

However, although FEM is a powerful tool, it has inherent errors that come with 

approximation. More error is introduced because of the limited memory of the 

computer that stores quantities’ decimals. Engineer still has to properly model the 

problem or results could be entirely wrong and look perfectly normal to an untrained 

eye. 

 

Figure 2.1: Body and meshed body. [5] 

 

In this paper, a popular FEA software named Ansys that spans across almost every 

discipline of engineering is used. It consists of modules that does different kinds of 

analyses (steady state thermal, CFD, non-linear structural etc.) and all are accessible 

in one screen with the platform called “Workbench”. Static structural and modal 

analyses of the 6U cubesat primary structure are to be carried out using Ansys 

Workbench. 
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2.3 Static Structural Analysis 

Statics is the study of systems in static equilibrium. In a system in static equilibrium, 

all the bodies and particles are stationary relative to each other. And stresses, strains, 

forces are independent of time. The second law of motion (�⃗� = 𝑚 ⋅ �⃗�) suggests that if 

no acceleration is present, net force acting on the system is zero, which means all forces 

balance out for every particle and the whole system. 

Static-structural analysis module in Ansys assumes linear elastic behavior by default 

for the material entered. Element equation for static-structural analysis is basically 

Hooke’s law (𝐹 = 𝑘 ⋅ 𝑥). Material in this case is an aluminum alloy which is isotropic. 

Isotropic means the material properties and behavior are independent of direction. 

To perform linear static analysis, Ansys requires Young’s modulus (modulus of 

elasticity) and Poisson’s ratio for the material. Modulus of elasticity of a material is 

the ratio of stress to strain in the same direction under elastic deformation. It is a 

measure of stiffness. Poisson’s ratio is dimensionless quantity that determines 

deformation in directions perpendicular to the force applied. 

2.4 Modal Analysis 

Modal analysis is type of dynamic analysis. It involves examining dynamic properties 

of a system in regards to cyclic loads and it can be done in frequency domain as 

opposed to time domain. It is used in structural engineering to understand the dynamic 

characteristics of structures and especially behavior of structures when they are 

subjected to vibrations. Frequency of such a vibration are called “forced frequency”. 

For every mechanical system, there are particular forced frequencies that cause the 

system response in greater amplitudes and create an immense energy build-up in the 

system. These frequencies are called “natural frequencies” of the system. Structures 

tend to vibrate freely even after they are subjected to cyclic loads in their natural 

frequency for a short duration. Meaning, they have a difficult time losing that energy. 

When such a load is kept applied, the response amplitude grows by multiples. Such an 

energy build-up in a structure due to a vibration is not desirable as it can lead to 

catastrophic failure. This is sometimes referred as resonance disaster. To avoid this, 

engineers try to design structures that have natural frequencies that are well outside of 

vibrations expected in their particular use case. For instance, satellites must be built 



9 

not to have natural frequencies close to the typical forced frequencies caused by the 

launch vehicles. Mass and stiffness of a system and how they distributed determines 

natural frequencies. 

A system vibrates in a special manner under its natural frequencies as the waves 

overlap. The different ways a system oscillates under its natural frequencies are called 

“modes”. A mode is characterized by the natural frequency it occurs under and the 

mode shape caused by that vibration. Mode shape is the type of deformation in the 

structure under a particular natural frequency. Second mode shape of a metal rod can 

be seen in Figure 2.2. A continuous structure has infinitely many degrees of freedom 

and infinitely many modes. However, discretized version limits degrees of freedom to 

number of nodes in the mesh. Therefore, theoretically, there can be found as many 

modes as there are nodes using FEA. 

 

 

Figure 2.2: Second mode shape of a metal rod becomes visible under its 

2nd mode. [6] 
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3.  PRE-DESIGN STUDIES AND DESIGN 

3.1 Constraints By CDS And Dispenser Manufacturers 

6U CubeSat Design Specification released by Cal Poly, specifies what requirements a 

launchable 6U cubesat must meet. Although the document includes detailed 

mechanical, electrical, operational, testing and general requirements, they are not 

immutable. CDS is known as a conservative standard for cubesats and launch 

providers’ requirements may not be so strict. Still, building a cubesat that complies 

with the CDS increases the chances of finding a launch and the primary issue with 

building a cubesat is to make it eligible for launching. Designing the cubesat in 

compliance with the CDS will also give many options for an off-the-shelf dispenser. 

If a cubesat complies with the CDS, then it will meet the requirements of the most 

commonly used dispensers. Technical drawing of an example cubesat is shown in 

Figure 3.1. 

 

Figure 3.1: 6U Rail CubeSat Design Specification Drawing from 6UCDS. [7] 
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The cubesat’s only contact regions with the dispenser are the rails. Rails must be 

continuous along the cubesat and 75% of the thickness of rails must contact the 

dispenser. 

Although COTS dispensers offer a lot of customization, a cubesat with unique 

dimensions will not find a launch as easily. Dispensers with the most flight heritage 

are ISI-POD with 404 launches, NanoRacks with 294 and P-POD with 181. Flight 

heritage of 6U dispensers are 20 launches for ISI-POD, 11 for NanoRacks and 9 for 

Tyvak. ISI-POD was launched in Minotaur-C, PSLV, Antares, Soyuz, Dnepr, 

LongMarch-2D, LongMarch-11, Atlas V and Falcon 9 whereas NanoRacks was only 

launched in H-IIB, Atlas V, Falcon 9 and Antares.[1] Also if the cubesat is going to 

be deployed from the ISS, NanoRacks is the only option. Both NanoRacks and ISI-

POD offer for 340.5 mm dispensers as standard and allow for 10 mm equipment on 

the sides. The primary structure is to be designed complying these dimensions. 

3.2 Equipment Accommodation 

The need for a cubesat to exist in the first place is the payload. Cubesat structure must 

house the payload and other equipment safely. Almost all COTS equipments, 

subsystems and most of the payloads are fitted in a cubesat as PCB stacks, particularly 

in the PC/104 form factor, that has dimensions of 90 mm × 96 mm. PC/104 arrays are 

used for applications with extreme working conditions that requires the onboard 

electronics to be sturdy. A proper cubesat structure must be designed considering that 

it has to house PC/104 stacks like the one seen in the Figure 3.2. PCB’s in this stack 

are held together with the help of four M3 rods and they are kept seperated using 

spacers. Rods in the corners can be mounted to the frame directly or to secondary 

structures called “rings”. 

 

Figure 3.2: PC/104 stack. [8] 
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3.3 Launch Environmental Loads 

Launch contractors naturally have requirements for their payloads. They release user’s 

manuals that specify every aspect of their launch vehicles in detail along with 

environmental loads during launch and set requirements for payloads. An incompatible 

secondary payload can jeopardize the whole launch. The main specifications that 

concern cubesat structures are axial and lateral accelerations during launch and 

vibration characteristics. Launch vehicles that launched the most cubesats by far are 

Falcon 9 of SpaceX with 135, Atlas V of ULA with 143, Antares of Northrop 

Grumman with 165 and PSLV of ISRO with 271 cubesats launched.[1] Maximum 

simultaneous quasi-static loads during launch as per their respective user’s manual is 

in Table 3.1. 

Table 3.1 : Maximum simultaneous accelerations of launch vehicles. [9][10][11][12] 

Launch Vehicle Simultaneous loads 1 Simultaneous loads 2 Simultaneous loads 3 

Axial Lateral Axial Lateral Axial Lateral 

Falcon 9 8.5g 2g 4g 3g   

Atlas V 6g 1g 4g 1.5g 3.3g 2g 

Antares 6.5g 1.5g     

PSLV 11g 6g     

 

As it is seen from the table, aiming for the PSLV quasi-static load requirement will be 

the most conservative approach. PSLV also states an ultimate load factor of 1.25, that 

makes the loads to be added in analysis 13.75 g in axial and 7.5 g in lateral. 

Every launch vehicle has different vibration patterns specified with different 

acceleration values for particular frequencies. That requires through experimental 

testing and evaluation. A rule of thumb is to have a cubesat with natural frequencies 

well above 100 Hz. Most destructive vibrations during a launch occur at frequencies 

under 100 Hz.  

3.4 Material Selection 

Primary structure’s material first and foremost must be stiff enough to not deform 

substantially under loads. A cubesat will not be subjected to loads too intense that 

would require exotic materials. However, it is important for the primary structure to 



 

14 

preserve its shape to not transfer loads to equipment on board. The structure must not 

be made of materials with very high melting points, because such materials may not 

be destroyed during reentry and may pose risk. Material must also be incapable of cold 

welding with the dispenser. For this reason, the CDS requires the rails to be anodized. 

CDS also names the most commonly used materials: Aluminum 7075, 6061, 6082, 

5005, and 5052. These alloys are proven to be suitable for cubesats. Majority of the 

commercial off-the-shelf cubesat structures are made of either 6061 or 7075. While 

7075 is harder and has much higher tensile strength, 6061 is easier to machine and 

weldable. If welding is out of the question, then 7075 is all around more desirable in 

aerospace applications. Their base metal price is very similar.[13] Although 7075 may 

cost slightly higher to machine because of its hardness, the difference is justified 

because of the added value that space industry brings. For this, 7075 is chosen as the 

material of the primary structure. Some structural properties of Aluminum 7075-T6 

can be seen in Table 3.2. 

Table 3.2: Properties of Aluminum 7075-T6. [14] 

Tensile Yield Strength 503 MPa 

Modulus of Elasticity 71.7 GPa 

Poisson's Ratio 0.33 

Density 2810 kg/m3 

 

3.5 Design Of The Geometry Using CAD 

The primary structure consists of four main frames: top, bottom, y+ side and y- side. 

Side frames are identical. Same for top and bottom frames. Side frames are connected 

by top and bottom frames. x+ and x- sides (3U sides) without bracket allow 

accesssibility to some degree to the equipments inside. Ribs across the middle of the 

side frames increase moment of inertia against bending around x axis and increase the 

lowest natural frequency. Individual frames can be seen in Figure 3.4 and 3.5. 

Exploded view can be seen in Figure 3.6. 
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Figure 3.4: Top frame inside up. 

 

 

 

Figure 3.5: Side frame inside up. 
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Figure 3.6: Exploded assembly of the primary structure. 
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4.  ANALYSES AND CONCLUSION 

In this chapter, the model will be examined using Ansys’ static-structural and modal 

modules. Using the static-structural module, the model will be subjected to 

acceleration specified by the PSLV User’s Manual. Later, modal analysis will be 

carried out to determine modes of the primary structure. Both analyses will incorporate 

a mesh convergence study. 

4.1 Mesh Convergence Study 

A FEA model with a finer mesh is more representative of the real-world system. 

Therefore, as the element number is increased, the results will get more and more mesh 

independent, that is to say, the results will be affected less by discretization. However, 

while the accuracy of the results increases gradually, the calculation time will increase 

exponentially. There is a point where the calculation time will not be worth the 

insignificant improvement in the results, which already have inherent errors due to the 

nature of FEA in any case. To perform an efficient analysis and obtain results that are 

representative, a mesh convergence study is necessary. Ansys performs this task 

automatically. 

4.2 Static-Structural Analysis  

Model is loaded with an acceleration of 75 m/s2 in y+ direction and another 137.5 m/s2 

in in z+ direction simultaneously. Lateral acceleration is in y+ direction, because the 

structure is more prone to flex around x axis than y axis. Boundary conditions are that 

rail-end sides that are supposed to compress towards the dispenser, are not able to 

displace in their respective normal directions. For mesh refinement study, Ansys is set 

to iterate with finer meshes until the maximum displacement changes by under 1%. As 
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it can be seen in the Table 4.4, the software is able to converge the mesh in only two 

iterations. 

Table 4.1 : Mesh convergence study statistics for static-structural analysis. 

Iteration Total Deformation Change Nodes Elements 

1 5.1365e-6 mm  167,608 45,104 

2 5.0981e-6 mm -0.74927% 293,415 151,064 

Equivalent stresses accross the model and deformation can be seen in Figure 4.1 and 

Figure 4.2. 

 

Figure 4.1: Equivalent (von Mises) stress results. 
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Figure 4.2: Total deformation results. 

 

Maximum displacement occurs in the middle of the y+ side frame as expected. 

According to these results, the accelerations specified in the PSLV can cause virtually 

no flex in the structure. 

4.3 Modal Analysis  

In this section, first 6 modes of the structure are found and shown. Boundary conditions 

for this analysis are that the rail edges can only displace along z axis and bottom rail-

ends have fixed supports. It is aimed to simulate the inside of a dispenser during 

launch. Mesh is converged using the first mode of the structure, that is, mesh 

generation will be iterated until the lowest natural frequency of the structure changes 

by less than 1%. The algorithm achives this again in the second iteration. Statistics are 

presented in the Table 4.2. 

Table 4.2 : Mesh convergence study statistics for modal analysis. 

Iteration Frequency Change Nodes Elements 

1 289.18 Hz  25,738 10,988 

2 286.7 Hz -0.85929% 151,158 83,155 
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Natural frequencies for 6 modes are shown in the Table 4.3 below. 

Table 4.3 : Natural frequencies. 

Mode Frequency 

1 286.7 Hz 

2 287.53 Hz 

3 536.55 Hz 

4 536.57 Hz 

5 755.0 Hz 

6 755.14 Hz 

 

Lowest natural frequency is found to be 286.7 Hz and well above the 100 Hz mark. 

Mode shapes of the primary structure are shown in the figures 4.3 to 4.8. 

 

Figure 4.3: Mode shape under mode 1. 

 

Figure 4.4: Mode shape under mode 2. 
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Figure 4.5: Mode shape under mode 3. 

 

Figure 4.6: Mode shape under mode 4. 

 

Figure 4.7: Mode shape under mode 5. 
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Figure 4.8: Mode shape under mode 6. 

 

4.4 Conclusions And Prospective Work 

Quasi-static loads during launch are found to be miniscule for the Aluminum frame. 

Static analysis showed that the frame is stiff enough to protect its shape against launch 

vehicle’s acceleration. However, such an analysis is more necessary for other 

subsystems which bound to be much more fragile than the primary structure. Most 

COTS components are qualified for 10 to 12 g’s of acceleration in 6 directions. 

Regarding the modal analysis performed, although all the natural frequencies are well 

above 100 Hz, it still may not be sufficient as the cubesat will weigh up to 12 times 

more with other subsystems installed. On the other hand, rings will increase the 

stiffness of the side frames, where greatest deformations occur under lowest natural 

frequencies, and will help keep the natural frequencies high. However, how the 

magnitude of both effects compare is yet to be determined until the other subsystems 

are decided. All in all, a cubesat consists of many subsystems and the integrated 

cubesat have to be examined and tested as one to have an accurate idea about the 

success of the design. Also, every subsystem has to be tested and qualified individually 

prior to integration. And for any component, before building a sample for testing and 

evaluation, there is a long iterative design process. This thesis only shows that, a 

potential structural design similar to presented here is conceivable and permits further 

consideration. The analyses were elementry and simplistic. They must not be treated 

as an evaluation of any kind. 
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APPENDICES 

APPENDIX A: Technical drawing of the side frame. 

APPENDIX B: Technical drawing of the top frame. 
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APPENDIX A: Technical drawing of the side frame. 
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APPENDIX B: Technical drawing of the top frame. 

 


