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Chapter 1 -  Introduction

To satisfy requirements for Shuttle safety, the stack frequency of ION-F must be greater than 100 Hz.  HokieSat is the crucial structural element of ION-F since it will experience the greatest loadings during launch.  Although there are no direct stiffness requirements for HokieSat, the structure must be analyzed and modal frequencies must be defined.  

This report describes the finite element model used to determine modal frequencies of HokieSat.  The structure is analyzed with and without component masses.  Vibration tests are correlated to these results.  

Chapter 2 -  Description of Model


The finite element model of HokieSat consists of beam and shell elements that have material properties of 6061-T6 Aluminum.  The beam elements are used to model the isogrid parts of the structure, and the shell elements are used to model the sides of the plates that are not isogrid.  The model is shown in Figure 2‑1 and Figure 2‑2.
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Figure 2‑1 – Front View of Finite Element Model
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Figure 2‑2 – Top View of Finite Element Model

Chapter 3 -  Results


The results from the finite element model are shown in Table 3.1.  The first mode at 249 Hertz is close to the experimentally determined frequency of 250 Hertz.  The experiments were conducted by students under the direction of Dr. Wicks of the Mechanical Engineering Department at Virginia Tech.  This proves the validity of the model and the ability to generate plausible results.  Modes three and higher have much higher frequencies than the first two.  The mode shapes are shown in Figure 2‑1 through Figure 2‑1.

Table 3.1 – Finite Element Model Results 

	Mode
	Frequency [Hz]

	1
	249

	2
	263

	3
	428
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Figure 3‑1 – First Mode
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Figure 3‑2 – Second Mode
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Figure 3‑3 – Third Mode

3.1 Effects of Mass Distribution


When component masses are added, the dynamic characteristics of the structure drastically change.  Table 3.1 shows the lumped masses used to represent components of subsystems attached to the structure.  These masses include the enclosures of the components.

Table 3.2 – Lumped Masses

	Component
	Mass [lb]

	Power Processing Unit
	2.32

	Pulsed Plasma Thrusters
	1.67

	Downlink Transmitter
	0.45

	Uplink Transmitter
	0.6

	Electronics Enclosure
	7.9

	Battery Box
	0.52

	Magnetometer
	0.03

	Rate Gyro
	0.2

	Camera
	0.7



Modeling the components in this manor is determined to be a quick, but possibly inaccurate technique.  Using these lumped masses distributed at the appropriate nodes leads to a first natural frequency of 5 Hertz, which is shown in Figure 3‑4.  Loads resulting from vibrations are distributed through the component enclosures, which is not analyzed here.  These load distributions will most likely raise the modal frequencies to a more acceptable level.  
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Figure 3‑4 – First Mode With Component Masses

Chapter 4 -  Conclusions and Reccomendations for further study


The model shows displacements on the order of five inches in drum modes.  These must be plastic deformations due to the high magnitude.  Such displacements cause high stresses in the structure, and would most definitely lead to structural failure.  However, these displacements are not observed during experiments.  This leads to the belief that the modal frequencies are accurate and precise, and the displacement magnitudes may be disregarded.   


Another concern is the effect of component masses on the structural dynamics.  A vibration test must be completed with component masses to determine if the finite element model is correct.  


A model of the ION-F stack, with integrated structural models should be completed.  Previous models show a stack frequency of 74.6 Hz, but contain inaccurate representations of the satellite structures. 
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