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1 VERIFICATION METHODOLOGIES

1.1 TEST/DEMONSTRATIONS

1.1.1 TEST DOCUMENTATION

All MidSTAR-1 protoflight and acceptance testing will be detailed in this test plan and will be controlled and performed in accordance with time or sequence oriented step by step test procedures.  Test reports will be prepared by the responsible test team that summarize and document the “as-run” test activities.  “As-run” test procedures will be kept in the MidSTAR-1 archives.

1.1.2 TEST CONDUCT

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 part 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.

1.1.3 TEST METHODS AND CONTROLS

Environmental test methods and controls will be in accordance with this document.  System and assembly level testing will comply with the discipline requirements (equipment accuracy, fixture evaluations, et al) contained herein.

1.2 ANALYSIS

All MidSTAR-1 analysis used for requirements verification will be kept on file in the MidSTAR-1 archives and shall be documented in the MidSTAR-1 Verification Report.

1.3 INSPECTIONS

MidSTAR-1 inspection requirements will be documented in the assembly procedures and their performance will be captured in the verification database.

1.4 VERIFICATION REPORT

A verification report will be completed by the team responsible for each test, demonstration, or analysis used to verify requirements.  Upon approval of the verification report the verification database will be updated to note the completed verification activity.

2 ENVIRONMENTAL VERIFICATION

2.1 VERIFICATION AND ACCEPTANCE TEST PHILOSOPHY 

Verification testing will be of the spacecraft as a whole in full flight configuration with deployment system attached to demonstrate that no structural changes occur as a result of environmental influences and that all components function as required afterward. 

2.2 STATIC LOADS TEST

Static Load testing will be Sine Burst. The Sine Burst test will be conducted coincident with the Random Vibration Test described below. The test will be conducted at MEFL+1 dB at TBD Hz. Fixed point deflections will be measured by accelerometers placed as shown in the figure. Spacecraft structural integrity and functionality after testing are required for acceptance.

Figure 2.2.1 Accelerometer placement.

.

2.3 DYNAMICS

2.3.1 ACOUSTICS

A spacecraft acoustics test is not required. It is anticipated that any acoustic energy reaching MidSTAR-1 will be transmitted through the launch vehicle structure and ESPA ring and may therefore be regarded as part of the random vibration input.

2.3.2 RANDOM VIBRATION

2.3.2.1 Random Vibration Design Verification

Random vibration qualification will be satisfied by protoflight testing in each of three orthogonal axes for one minute at maximum expected flight level (MEFL) + 3 dB.

2.3.2.2 Random Vibration Test Procedure

Random vibration at flight qualification 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.

Vibration testing shall take place in five stages:


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

Stage 2: Random vibration at -12 dB MEFL.

Stage 3: Random vibration at –3 dB MEFL, with possible notching based on previous results.

Stage 4: Random vibration at MEFL+3 dB, with possible notching based on previous results.

Stage 5: Random vibration across the spectrum at 0.5 g to identify changes in resonance profile indicating possible structural damage.

2.3.3 VIBRATION RETESTING AND FATIGUE

Components failing during vibration testing shall be retested to the intended levels and durations.  A general fatigue estimation/test limiting document is not planned for the MidSTAR-1 program.

2.3.4 PYROTECHNIC SHOCK

MidSTAR-1 uses no pyrotechnic shock devices. Separation is achieved through a low-shock mechanical quick-release mechanism. Deployment tests will be performed for the spacecraft using flight separation devices (refurbished after test).  These tests are primarily intended to provide verification of the deployment mechanism, but secondarily the spacecraft will experience flight level release-induced shocks.  Separately, the spacecraft will be tested to levels of shock expected from launch vehicle pyrotechnic events. This will provide additional verification of the ability of the spacecraft to survive flight level shock environments.

2.3.5 LOADS

2.3.6 FINITE ELEMENT MODEL VERIFICATION

The verification data will be collected during the random vibration test with the same test configuration. Frequency response functions of the test and model will be compared. Damping will be extracted. Model FRF’s should envelop test FRF’s at critical frequencies. A verified model will be available in time to support VLC; it is expected by L-12M.

2.4 THERMAL VACUUM

Thermal-vacuum (TVAC) cycling will be performed on the spacecraft to support in-situ operation of the spacecraft electronics.  Ports to the spacecraft will be required for electrical power, a user interface terminal (serial), and radio frequency communications via coaxial cabling.  After MIDSTAR-1 is installed in the chamber, a functional test will be performed to ensure the spacecraft and all test cabling are working correctly.  Following this initial functional checkout, the chamber will be pumped down to vacuum.  Pressure under vacuum shall be no greater than 1 x 10-4 Torr [0.0133 Pa].  Four TVAC cycles will be performed at an average temperature change rate not greater than 1°C per minute.  Temperatures at the structural panels of the spacecraft exterior shall be used as the test control temperatures.  MIDSTAR-1 temperature sensors on the solar panels may be used for this purpose. Figure 1. shows a single temperature cycle starting at room temperature (25°C) and increasing to the extreme hot temperature (+35°C) with a hot soak of no less than one hour before descending to the extreme low temperature (–27°C) for a cold soak of no less than one hour before proceeding back to room temperature.  Temperature limits are illustrative at this date; actual values will be derived from predicted flight temperatures at the solar panels with a ±5°C margin.  It is acceptable to perform the four TVAC cycles independently.  That is, stopping the test after one TVAC cycle and returning the chamber to ambient, thereby completing four cycles by cumulative testing.

For the batteries, monitoring via SV telemetry will be performed.  Exceeding the temperature limits of the batteries shall constitute a trigger to end the cold/hot soak and force a change in temperature rate toward the initial (25°C) temperature.

During the TVAC cycle, a “day-in-the-life” test will take place which will exercise the spacecraft electronics in such a way as to simulate on-orbit operations.  A test script will be followed which will span one TVAC cycle, as a minimum, thereby performing operations at both temperature extremes.
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Figure1.  Thermal-Vacuum Cycle Profile.

2.5 ELECTROMAGNETIC COMPATIBILITY

An electromagnetic compatibility (EMC) test will be performed to ensure that the MIDSTAR-1 spacecraft electronics will not be susceptible to damage from normal radio frequency (RF) emissions seen during ground, launch, and flight operations.  Because the spacecraft is not intended to operate while attached to the launch carrier, the EMC test will be performed without the spacecraft operating.  A functional test will be performed prior to and after the EMC test to ensure no damage to the electronics has occurred.

3 FREQUENCY REQUEST ALLOCATION TECHNICAL DATA VERIFICATION

4 ICD REQUIREMENTS VERIFICATION

4.1 MASS PROPERTIES TEST

The mass properties test is required to determine the center-of-mass (CM) of the spacecraft in its launch configuration as well as in the flight configuration with only half of the Lightband separation system (that part which stays with the spacecraft).  The CM measurement in the stowed configuration is required to ensure that MIDSTAR-1 complies with the CM envelope imposed by the Atlas V/ESPA carrier.  The CM measurement in the flight configuration is required to determine the CM-to-center-of-pressure (CP) offset which will determine aerodynamic disturbance torques on the spacecraft.
4.2 COMPREHENSIVE PERFORMANCE TEST (CPT) DRESS REHEARSAL

The spacecraft comprehensive performance test dress rehearsal is required to insure that the CPT shall take no longer than eight hours to complete.

4.3 RF EMISSION CHARACTERISTICS TEST

The RF Emission characteristics test of both the spacecraft transponder and the RF ground support equipment is required to insure that both comply with Table 3.1.4.2.2-1.

4.4 SPACECRAFT ELECTRICAL GROUND TEST

The spacecraft electrical ground test is required to insure that the negative terminals of the batteries are referenced to the spacecraft structure at a single-point ground within the spacecraft.

4.5 SEPARATION SYSTEM TEST

A separation system test is required to insure that the separation system operates properly, and that all mechanical and electrical interfaces are properly constructed and/or installed. Deployment tests will be performed for the spacecraft using flight separation devices, to be refurbished after test.

