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1.0  
EXECUTIVE SUMMARY
MidSTAR-1 is the first in a new line of spacecraft designed and built by Midshipmen working within the U.S. Naval Academy’s Small Satellite Program.  
It will serve as a general purpose satellite bus capable of supporting a variety of space missions by easily accommodating a wide range of space experiments and instruments.  The integration of the experiments with the satellite bus must be accomplished with minimal changes to the satellite bus design. MidSTAR is intended to be a relatively low-cost, quick response platform accommodating small payloads approved by the DoD Space Experiments Review Board (SERB) and awaiting launch through STP.  

MidSTAR mod 1 is designed for use on the Expendable Secondary Payload Adaptor (ESPA) Ring.  It is scheduled for launch aboard the Atlas V launch vehicle in October 2006.  Prior to launch, the MidSTAR Design Team will perform vibration tests at NRL in Washington, DC to verify the spacecraft’s structural integrity in the launch environment.  
MidSTAR-1 will be tested in two configurations.  The first series of vibration tests will be used to analyze the survivability of the load-bearing structure, Test Unit 1 (TU-1).  This structure will be populated with mass models to simulate the presence of the payloads and vital systems.  Upon satisfactory verification of TU-1, flight hardware components and experiments will be integrated, and the protoflight spacecraft will be tested.  

Each series of tests will incorporate a random vibration test across the spectrum at .5g to identify resonances.  This will be followed by quasi-sinusoidal random vibration tests to confirm strength and structural integrity. The purpose of this document is to discuss these tests and to define the qualification levels to which MidSTAR will be tested.  
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2.0
INTRODUCTION

2.1
Purpose

This test plan details the proto-flight vibration tests for MidSTAR-1.  The USNA SSP program intends to use this set of tests and measurements to verify the design of the primary load bearing structure and its components.  TU-1 tests will be tested to a +3 dB MEFL.  The follow on protoflight spacecraft shall be tested to qualification levels.   
2.2
Procedural Changes

Deviations to this test plan shall be noted in the Document Change Record.  The deviation shall be recorded at the affected line.  Upon approval of the deviation, the changes shall be red lined.  All permanent deviation shall be incorporated in the next revision prior to subsequent use.

2.3
Vibration Tests


The following tests will be performed separately in the x, y, and z-axes: 

· Sine Sweep
· Quasi-sinusoidal Random Vibration 
2.4
Mass Properties

The following mass properties will be measured for various spacecraft configurations:

· Mass

· Center of Gravity in x, y, and z

· Moments of Inertia in x, y, and z
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3.0
TESTS
3.1
Test Location

Vibration testing for MidSTAR-1 will be held at NRL in the spring of 2005.  Exact dates and times remain TBD.  The horizontal and vertical vibration tables of Figures 1 and 2 will be used to test along three axes.

[image: image2.png]



Figure 1: Horizontal Vibration Table
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Figure 2: Vertical Vibration Table
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3.1
Sine Sweep


The primary objective of the sine sweep is to function as a static loads test for the load bearing structure.  This test also serves a secondary function of determining the fundamental and further natural frequencies, modal shapes and modal gain of the structure in the three main axis, and, by repeating this test after the high-level sine burst and random vibration, to determine whether anything in the satellite has changed or broken as a result of the tests by comparing the responses pre and post test. The fundamental frequency must meet launch vehicle requirements. This information is also used to validate and further develop the computer based structural FEM of the spacecraft, and it will aid in analysis of any design changes that may be made.

3.2
Random Vibration

The objective of this test is to verify the capability of the satellite structure and components to withstand the random loads introduced during sustained launch vibrations. 

3.3
Mass


Spacecraft mass is measured to determine launch weight and demonstrate conformity to launch vehicle requirements.  The measured mass is required to calculate the Center of Gravity and Moments of Inertia from the output values of the mass properties table.

3.4
Center of Gravity


Center of Gravity is measured in three axes.  This value must meet launch vehicle requirements.  This measured CG will be used to update the computer based FEM.












- 10 -

4.0
TEST SUCCESS CRITERIA

The structure for both series of tests shall be visually inspected between tests.  Because the objective of these tests is to ensure the structural resilience and survivability of flight hardware in the launch environment, fasteners that loosen shall not be re-torqued and all structural deformities shall be documented.  Upon completion of each set of testing, the spacecraft interior shall be inspected for damage.

4.0.1
Random Vibration


The spacecraft shall not suffer any flexing beyond the yield of the materials.  Fasteners shall not lose more than 20% of original torque.

4.0.2
Mass


The measured mass of the spacecraft must be greater than 110kg and less than 130kg.

4.0.3
Moments of Inertia


The moments of inertia of the spacecraft must be measured as Iz = 
[image: image4.wmf]2
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Iy = 
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Ix. 
4.0.4 Center of Gravity

The Center of Gravity is less than 20 inches from the origin on the +x axis.
4.0.5 Test Anomalies
All test activities will be controlled by this approved test plan.  All test anomaly reporting will include test procedure flag sheets.  Flag sheets are used to document hardware problems that occur during testing.  The flag sheet, after initiation, becomes a pat of the official test copy of the test procedure.  Flag sheets are used to document only problems that do not affect the test article configuration, i.e. test setup changes, fixture modifications, etc.  

If the problem requires trouble shooting involving a configuration change (i.e. connector demate, component removal, etc.), then an Anomaly Report (AR) must 
be initiated.  The AR will be used to document troubleshooting and component removal/replacement.  The AR will be the document that will be used to initiate failure analysis and corrective action.  A copy of the AR becomes a part of the official test copy for the “as-run” test procedure.
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5.0
TEST ARTICLES

5.1
Introduction

TU-1 testing will focus on the ability of the MidSTAR load-bearing frame (deck plates, shelves, and stringers) to withstand the loads of the launch environment.  The internal shelves and deck plates in this model will be populated with aluminum mass models where each model incorporates the same box and fastener design as its flight hardware counterpart.  Figure 3 illustrates this concept.  


[image: image6]
Figure 3: TU-1

Once TU-1 has satisfactorily demonstrated the viability of the load bearing structure, the model shall be returned to the clean room for payload/vital systems and solar panel integration.  All internal components – to include the wiring harness – are to be integrated into the protoflight spacecraft.  This design will comprise the complete assembly as outlined in the Primary Structure Assembly Procedure and serve as the launch model in October 2006.      
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5.2
Mechanical Interface to Vibration Table

NRL will provide the aluminum plate that will serve as the interface between the test unit lightband and the vibration table.  This interface will have a bolt hole pattern on one side the matches that of the vibration table.  The opposite side will have a 15-inch diameter bolt hole pattern that aligns with the lightband.
5.3
Mechanical Interface to Mass Properties Table

There is currently no interface designed to facilitate mass properties tests for the test units.
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6.0 ACCELEROMETERS

6.1
Accelerometer Placement

The actual location, number, and type of accelerometers is to be finalized in discussion with NRL and the payload providers.  The following are the proposed accelerometer positions for each test unit:
· –x face of Baseplate

· +x face of Battery Box A

· –x face of Battery Box B

· +x face of Bottom Shelf

· –x face of MIDN payload

· +x face of C & DH system

· –x face of top shelf

· +x face of outer deck

· Each side panel

7.0 STRUCTURAL TEST DETAILS
7.1
Data Acquisition

The tests will produce output graphs from the various accelerometers. From these graphs the response of the structure can be determined. Ensure that the various peak values like first mode frequency and acceleration level are recorded accurately.
7.2 Random Vibration
Random vibration at flight acceptance levels (MEFL+3 dB for one minute for each of 3 orthogonal axes) shall be used as a workmanship test for the spacecraft. Spacecraft structural integrity and functionality after such exposure are required for acceptance.  After completion of the sine sweep test, the following random vibration tests will be conducted.
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Vibration testing of the TU-1 shall take place in four stages:

	Stage
	Procedure

	1
	Random vibration across the spectrum at 0.5 g to identify resonances

	2
	Random vibration at -9 to -12 dB MEFL, with possible notching based on previous results

	3
	Random vibration at MEFL+3 dB, with possible notching based on previous results.

	4
	Random vibration across the spectrum at 0.5 g to identify changes in resonance profile indicating possible structural damage.


Table 1: Vibration Testing Plan for TU-1
MidSTAR-1 will experience the random vibration test of Stage 3 at +.969 dB MEFL.
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