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1 GENERAL

1.1 TEST/DEMONSTRATIONS

1.1.1 TEST DOCUMENTATION

MidSTAR-1 protoflight and acceptance testing is detailed in this test plan which documents the “as-run” test activities.
1.1.2 TEST CONDUCT

No failure or anomaly occurred that would have resulted in a test stoppage.

1.2 ANALYSIS

All MidSTAR-1 analysis used for requirements verification will be kept on file in the MidSTAR-1 archives.

1.3 INSPECTIONS

MidSTAR-1 inspections were documented in the test procedures, which will remain in the MidSTAR-1 archive files.

1.4 VERIFICATION REPORT

This verification report closes out the test activity.
2 ENVIRONMENTAL VERIFICATION

2.1 VERIFICATION AND ACCEPTANCE TEST PHILOSOPHY 

Verification testing was of the spacecraft as a whole in full flight configuration, with the deployment system; no structural changes occurred as a result of environmental influences and all components functioned as required afterward.  The verification approach was a protoflight approach completed on flight hardware.  Attachment of the deployment system directly to the shaker table was not possible because of conflicts which made it impossible to tighten three bolts to the required torque value. The deployment system was attached to a collar which in turn was attached to the shaker table. The collar was fitted with an additional accelerometer to monitor its flexure during the tests.
2.2 INSTRUMENTATION

The instrumentation was as shown in Figure 2.2.1 and Table 2.2.1.  This instrumentation remained the same for all vibration testing.

	Channel
	Type
	Location
	Measurement

Axis
	Purpose

	1-3
	Accel
	Shaker Head 0o 
	X,Y,Z
	Control

	4
	Accel
	Outer Deck Edge 0o
	X
	Modal Verification: X My, Mz

	5
	Accel
	Outer Deck Edge 0o
	Y
	Modal Verification: Y bending

	6
	Accel
	Lower Deck Edge 0o
	X
	Modal Verification: X My, Mz

	7
	Accel
	Lower Deck Edge 0o
	Y
	Modal Verification: Y bending

	8
	Accel
	Outer Deck Edge 90o
	X
	Modal Verification: X My, Mz

	9
	Accel
	Outer Deck Edge 90o
	Z
	Modal Verification: Z bending

	10
	Accel
	Lower Deck Edge 90o
	X
	Modal Verification: X My, Mz

	11
	Accel
	Lower Deck Edge 90o
	Z
	Modal Verification: Z bending

	12
	Accel
	Outer Deck Center 
	X
	Modal Verification: X canning

	13
	Accel
	Outer Deck Edge 225o
	X
	Modal Verification: X My, Mz

	19
	Accel
	Lower Deck Edge 225o
	X
	Modal Verification: X My, Mz

	20
	Accel
	Outside Upper Shelf 0o
	Y
	Modal Verification

	21
	Accel
	Outside Lower Shelf 0o
	Y
	Modal Verification

	22
	Accel
	Outside Upper Shelf 90o
	Z
	Modal Verification

	23
	Accel
	Outside Lower Shelf 90o
	Z
	Modal Verification

	24
	Accel
	Collar 0o
	X
	Monitor flexure


Table 2.2.1:  Instrumentation List for MidStar-1 Protoqualification Testing

2.3 TEST TOLERANCES

The maximum allowable tolerances on component test conditions and measurements were as specified in Table 2.3.1.

	Test
	Tolerance

	Sine Burst Acceleration


	+5%/-0%

	Random Vibration Acceleration

RMS Level

Power Spectral Density (g2/Hz) 20-1000 Hz
>1000 Hz
	(1 dB
(1.5 dB
(3.0 dB


Table 2.3.1
2.4 STATIC LOADS TEST

Static Load testing was Sine Burst test conducted coincident with the Random Vibration Test described below. The Maximum Predicted Environment (MPE) for MidStar-1 is defined as 7.7 g’s in each axis.  The load is based on worst case combination of loads from Verified Dynamic Coupled loads Cycle (VDLC) and contains a 10% load uncertainty factor.  The protoqualification test was conducted at 9.6 g’s at a frequency of 15 Hz for the lateral axes and 25 Hz for the cylindrical axis.  Low level (1/2 g) random vibration testing was performed before and after each sine burst qualification test.  The test sequence was as shown in Section 2.5.3. Spacecraft structural integrity and functionality after each axis test was required for acceptance.
Comparison of the test levels to those from VDLCII are provided in Table 2.4.1 below.  The results show that there is adequate margin for the STP‑1 flight.

	Direction
	VDLCII (Limit) [1]
	Structural Loads Test (Limit)

	
	Accel. (g)
	Load (lb, in‑lb)
	Load (lb, in‑lb)
	M.S.

	Axial
	1.3
	350
	2020
	4.3

	Lateral
	6.9
	1830
	2020
	0.10

	Moment
	-
	36700
	37600
	0.02


Table 2.4.1
[1] Lateral load and moment based on case consistent results but are RSS of Y and Z direction irrespective of time of occurance
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Figure 2.2.1 Accelerometer placement.

2.5 ACOUSTICS

A spacecraft acoustics test was 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.

2.6 VIBRATION: RANDOM AND SINE

The random and sine vibration tests were conducted as part of a single series of tests.  This reduced test durations by avoiding repeated spacecraft configuration changes on the shaker table.

2.6.1 Random Vibration

Random vibration qualification was satisfied by protoflight testing in each of three orthogonal axes for one minute at MPE + 3 dB.  The MPE is shown in Figure 2.5.1 and Table 2.5.1.  MidStar-1 weight is 262 lbs, so the green curve in Figure 2.5.1 defines the MidStar-1 MPE.  The random vibration qualification tests were all one minute for each of 3 orthogonal axes.
The random vibration test sequence was as shown in Table 2.5.3 as part of the integrated vibration test sequence 
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Figure 2.5.1:  Random Vibration Environment for the MidStar-1 Spacecraft

	Frequency
	MPE

(g2/Hz)
	Qualification (MPE+3dB)

(g2/Hz)

	20
	0.005
	0.010

	50
	0.02
	0.04

	800
	0.02
	0.04

	2000
	0.005
	0.010


Table 2.5.1:  Random Vibration Environment and Qualification Levels for the MidStar-1 Spacecraft

2.6.2 Sine Vibration

The sine vibration spectrum at the LV/IPS interface is shown iN Figure 2.5.2.  Sine burst protoqualification testing demonstrates spacecraft compatibility with the sine vibration environment between 5 and 50 Hz while random vibration protoqualification testing demonstrates compatibility above 50 Hz. Therefore, sine vibration testing was not performed.
2.6.3 Vibration Test Sequence

Table 2.5.3 shows the integrated vibration test sequence.  The table covers sine burst and random vibration.  The combined sequence served to complete qualification of one axis at a time to minimize schedule and spacecraft handling risk.  Each qualification run was surrounded by low level sine sweeps for characterization and use in determining structural integrity.  Each qualification run was preceded by a lower level run to reduce risk and confirm the expectations during the qualification run.

	Test #
	Test Description
	Axis
	Frequency (Hz)
	Level
	Purpose
	Duration

	V.1
	Random
	Y
	20 – 2000
	½ g
	Characterization
	30 sec

	V.2
	Sine Burst
	Y
	15 Hz
	MPE–3 dB
	Checkout
	3 peaks full level

	V.3
	Sine Burst
	Y
	15 Hz
	MPE+3 dB
	Protoqualification
	3 peaks full level

	V.4
	Random
	Y
	20 – 2000
	½ g
	Characterization
	30 sec

	V.5
	Random
	Y
	20 – 2000
	MPE–9 dB
	Checkout
	30 sec

	V.6
	Random
	Y
	20 – 2000
	MPE–3 dB
	Checkout
	30 sec

	V.7
	Random
	Y
	20 – 2000
	MPE+3 dB
	Protoqualification
	60 sec

	V.8
	Random
	Y
	20 – 2000
	½ g
	Characteriation
	30 sec

	
	
	
	
	
	
	

	V.9
	Random
	Z
	20 – 2000
	½ g
	Characterization
	30 sec

	V.10
	Sine burst
	Z
	15 Hz
	MPE+3 db
	Protoqualification
	3 peaks full level

	V.11
	Random
	Z
	20 – 2000
	½ g
	Characterization
	30 sec

	V.12
	Random
	Z
	20 - 2000
	MPE-3 dB
	Checkout
	30 sec

	V.13
	Random
	Z
	20 – 2000
	MPE+3 dB
	Protoqualification
	60 sec

	V.14
	Random
	Z
	20 – 2000
	½ g
	Characterization
	30 sec

	
	
	
	
	
	
	

	V.15
	Random
	X
	20 – 2000
	½ g
	Characterization
	30 sec

	V.16
	Sine Burst
	X
	25 Hz
	MPE + 3 dB
	Checkout
	3 peaks full level

	V.17
	Random
	X
	20 – 2000
	½ g
	Characterization
	30 sec

	V.18
	Random
	X
	20 – 2000
	MPE–6 dB
	Checkout
	30 sec

	V.19
	Random
	X
	20 – 2000
	MPE–3 dB
	Checkout
	30  sec

	V.20
	Random
	X
	20 – 2000
	MPE+3 dB
	Protoqualification
	60 sec

	V.21
	Random
	X
	20 – 2000
	½ g
	Characterization
	30 sec


Table 2.5.2:  Random Vibration Qualification Test Sequence as run.
2.6.4 Notch limits

Table 2.8.1

	Axis
	Accel. Location
	Frequency Range (Hz)
	Level
	Notch Depth (dB)

	X
	Upper Deck Edge
	100-200
	0.4 g2/Hz
	4.7

	
	
	200-300
	3 dB/oct
	-

	
	
	300-400
	0.6 g2/Hz
	2.4

	Y
	Outside Upper Shelf
	20-100
	0.34 g2/Hz
	7.7

	Z
	Outside Lower Shelf
	20-100
	0.34 g2/Hz
	7.4
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2.7 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.  

The LV shock sources are jettison of the payload fairing and separation of the Orbital Express payload.  Of these, the latter is the more severe.  The OE separation levels are shown in Figures 2.6.1.   The MidStar-1 interface levels shown in Figure 2.6.1 are below or near all minimum shock criteria.  The peak velocity is 50 ips at 750 Hz; most of the spectrum is below 35 ips.  Therefore, no shock testing was performed for the LV induced shock.
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Figure 2.6.1: Peak LV Induced Shock Source.

2.8 STRUCTURAL CHECKOUT
The Frequency Response Functions from all accelerometers both before and after each major block of testing were compared.  No differences greater than the tolerances stated above were found in either magnitude or frequency.

Visual inspections of the spacecraft exterior for cracks, delamination, debonding and structural yield were negative. Visual inspection for fastener integrity and intact connectors was positive. Fasteners were selected at random for re-torqueing; torque values were found to be unchanged.
No unusual noises were heard during vibration, nor did the sound change. There was no sound of debris during spacecraft rotation.

The spacecraft could not be opened for visual inspection of the interior.
Functionality was checked after every test run at MPE+3 dB. All systems functioned properly at each check.

2.9 FINITE ELEMENT MODEL VERIFICATION
The finite element model analysis conducted on 10 Apr 2006 (ref. Midstar Structural Math Model Requirements Validation, http: //cadigweb.ew.usna.edu /~midstar /downloads /structures /Midstar_model_format.doc) predicted a lateral rocking mode at 55 Hz.  This mode was detected at 50 Hz, a difference of 9%. 
2.10 CONCLUSION
The spacecraft is qualified for flight.
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