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Glossary and Acronyms

BA
Booster Adapter

BPAS
Battery Arming Plug Simulator

CBOD
Clamp Band Opening Device

CCAFS
Cape Canaveral Air Force Station

CFE
Cibola Flight Experiment

CPT
Comprehensive Performance Test

DPF
DSCS Processing Facility

ECS
Environmental Control System

ESD
Electrostatic Discharge

ETS
Explosive Transfer System

EELV
Evolved Expendable Launch Vehicle

EIU
ESPA Instrumentation Unit

ELSA
Emergency Life Support Apparatus

EPHF
Encapsulated Payload Hoisting Fixture

ESPA
EELV Secondary Payload Adapter

EVCF
Eastern Vehicle Checkout Facility

FIST
Fully Integrated System Test

FOC
Fiber Optic Cable

GORR
Ground Operations Readiness Review

GPI
Ground Payload Interface

GSE
Ground Support Equipment

IC
Integration Contractor

ICIS
Integration Contractor Interface Simulator

IPS
Integrated Payload Stack

IST
Integrated System Test

LANL
Los Alamos National Laboratories

LBCT
Launch Base Compatibility Testing

LO&SC
Launch Operations & Support Contract

LPT
Limited Performance Testing

LRR
Launch Readiness Review

LV
Launch Vehicle

LVA
Launch Vehicle Adapter

MAWP
Maximum Allowable Working Pressure

MHE
Material Handling Equipment

MOP
Maximum Operating Pressure

MPACS
Propulsion Attitude Control System

MSDS
Material Safety Data Sheet

NCSU
Nano ChemSensor Unit

NFPA
National Fire Protection Association

NPS
Naval Post-Graduate School

OE
Orbital Express

PCC
Payload Control Center

P/J
Plug/Jack

PLF
Payload Fairing

PVan
Payload Van

RFTC
Radio Frequency Test Console

RSC
RDT&E Support Complex

SC
Spacecraft

SLC
Space Launch Complex

SSP
Small Satellite Program

SSS
Spacecraft Separation System

STP
Space Test Program

TBD 
To Be Determined

TBR
To Be Resolved

TDRSS
Tracking and Data Relay Satellite System

TLV
Threshold Limit Value

UPLS
Universal Propellant Loading System

UPS
Uninterruptible Power Supply

USAFA
United States Air Force Academy

USNA
United States Naval Academy

VC
Visually Clean

VIF
Vertical Integration Facility

xe "Table of Contents and Glossary"
1. Introductionxe "Introduction"
2. General Description


The MidSTAR‑1 mission will support five experiment payloads.  The Configurable Fault Tolerant Processor (CFTP) experiment is sponsored and built by the Naval Postgraduate School (NPS) to evaluate and characterize the operation of a configurable space-borne processor and a fault-tolerant processor design.  The Internet Communications Satellite (ICSat) experiment is a United States Naval Academy (USNA)-sponsored and -built experiment designed to demonstrate the use of internet communications protocol for satellite communications up to 1 Mbit /sec.  The MicroDosimeter NanoSensor (MiDN) is a USNA-sponsored and built experiment to measure the ionizing radiation spectra of secondary neutrons deposited in sensors scaled to the dimensions of a typical human cell. The MicroElectroMechanical Sensor (MEMS) is a USNA-sponsored experiment to test the operation in space of electronically controlled mechanical insulating structures. The Nano ChemSensor Unit (NCSU) is a NASA Ames Research Laboratory sponsored experiment to test the operation in the space environment of a nanotechnology chemical sensor. Eclipse is a NASA Goddard Space Flight Center sponsored experiment to test the operation in space of an electrically-controlled optical membrane for thermal control applications. 

MidSTAR carries the following major subsystems:

	System Nomenclature
	Name
	Function

	STR
	Structure
	Mechanical support and physical integrity of S/C

	EPS
	Electrical Power System
	Provide +28,+15, +5 and -5 V DC to systems and payloads

	C&DH
	Command and Data Handling
	Control payloads and systems; record and store data and telemetry

	Main Comms
	Main Communications System
	Primary link to ground control

	ICSat
	Internet Communications Satellite Experiment 
	Secondary link to ground control
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Figure 2.1 MidSTAR-1 major subsystem block diagram.
3. Flight Hardware Subsystemsxe "Flight Hardware Subsystems"
3.1. Flight Hardware Structures and Mech​anismsxe "Flight Hardware Structures and Mech​anisms"
3.1.1. Flight Hardware Structures and Mechanisms General Requirements.
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MidSTAR's frame is an octagonal structure 32.5" along the long axis, including separation system, and 21.2"x21.2" measured side-to-side in cross-section. The deployment mechanism is mounted on the negative x face. The positive x face is reserved for externally mounted experiments. Of the 38" along the x-axis allowed in the ESPA envelope, 2-4" are reserved for the deployment mechanism; 4-6" is reserved for external experiments, and the frame length is 30". All eight sides of the spacecraft are covered with solar cells in order to maximize the power available. Eight dipole antennas are mounted on the four faces of the spacecraft which "cut the corners" of the ESPA envelope, and are therefore positioned within the ESPA envelope rather than coincident with the envelope surface. The remaining sides will be mounted with remove-before-flight hoist rings for lifting and transport during ground support. 

MidSTAR features three interior shelves, which provide area inside the satellite for mounting of components and payloads. 
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The MidSTAR numbering system is composed of a 3 letter prefix followed by a 4 digit number locator: STR-1000 is the reference number for the complete MidSTAR Observatory Assembly.  Major structural components that comprise the assembly are numbered in increasing increments of a thousand. Each individual component mounted on these various structures will be identified by their unique 3 letter prefix followed by the respective structure number they are mounted on, in increasing increments of one hundred.  Odd number hundreds designate the component as mounted on the under (inner) side of the deck, while an even number designates it as mounted on the top (outer) side of the deck.  Numbers increase from left to right, back to front (see the figure).  For example, the IC Sat Transceiver is the second component located on the underside of the top shelf.  Therefore, its part number is STR-6300. 

	MidSTAR Observatory Assembly
	STR-1000

	Superstructure
	STR-2000

	Deck/ESPA

	STR-3000

	Inner Shelf

	STR-4000

	Middle Shelf

	STR-5000

	Top Shelf

	STR-6000

	Deck Outer
	STR-7000

	Stringers
	STR-8000


The load-bearing structure of the octagon consists of the top and bottom decks, connected at the eight corners by stringers. The side panels of the spacecraft are 1/8" aluminum panels mounted to the stringers with #10 bolts. Three of these panels will be rigidly attached to the stringers using a nut and bolt combination. The remaining five panels will be removable to allow for access to internal components and payloads.

MidSTAR-1 carries no deployable structures.
3.1.1.1. 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.  The verification approach will be a protoflight approach, where the tested hardware will be flight hardware whenever possible.

3.1.1.2. INSTRUMENTATION

The instrumentation shall be as shown in Figure 2.2.1 and Table 2.2.1.  This instrumentation shall remain the same for all vibration testing.

	Channel
	Type
	Location
	Measurement

Axis
	Purpose

	1
	Accel
	Shaker Head 0o from Y
	X
	Control: X, Mz

	2
	Accel
	Shaker Head 120o
	X
	Control: X, My, Mz

	3
	Accel
	Shaker Head 240o
	X
	Control: X, My, Mz

	4
	Accel
	Shaker Head 0o
	Y
	Control: Y

	5
	Accel
	Shaker Head 0o
	Z
	Control: Z

	6
	Accel
	Outer Deck Edge 0o
	Y
	Modal Verification: Y bending

	7
	Accel
	Outer Deck Edge 90o
	Z
	Modal Verification: Z bending

	8
	Accel
	Outer Deck Edge 0o
	X
	Modal Verification: X My, Mz

	9
	Accel
	Outer Deck Edge 90o
	X
	Modal Verification: X My, Mz

	10
	Accel
	Outer Deck Edge 225o
	X
	Modal Verification: X My, Mz

	11
	Accel
	Outer Deck Center 
	X
	Modal Verification: X canning

	12
	Accel
	Upper Shelf Center
	X
	Modal Verification: X canning

	13
	Accel
	Middle Shelf Center
	X
	Modal Verification: X canning

	14
	Accel
	Lower Shelf Center
	X
	Modal Verification: X canning

	15
	Accel
	Lower Deck Edge 0o
	Y
	Modal Verification: Y bending

	16
	Accel
	Lower Deck Edge 90o
	Z
	Modal Verification: Z bending

	17
	Accel
	Lower Deck Edge 0o
	X
	Modal Verification: X My, Mz

	18
	Accel
	Lower Deck Edge 90o
	X
	Modal Verification: X My, Mz

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

	20
	Accel
	Lower Deck Center
	X
	Modal Verification: X canning


Table 2.2.1:  Instrumentation List for MidStar-1 Qualification Testing

3.1.1.3. TEST TOLERANCES

Unless otherwise specified, the maximum allowable tolerances on component test conditions and measurements shall be as specified in Table 2.3.1.

	Test
	Tolerance

	Sine Burst Acceleration


	( 10%

	Random Vibration Acceleration

RMS Level

Power Spectral Density (G2/Hz)
	( 10%

( 3.0 dB

	Sine Vibration Acceleration


	( 10%




3.1.1.4. 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 Maximum Predicted Environment (MPE) for MidStar-1 is defined as 10.6 g’s in each axis simultaneously.  The qualification test will be conducted at 12.7 g’s (1.2*MPE) at a frequency less than 30 Hz as shown in Figure 2.4.1.  Low level sine sweep testing shall be performed before and after each sine burst qualification test.  The test sequence shall be as shown in Section 2.5.3.  Spacecraft structural integrity and functionality after each axis is required for acceptance (see Appendix A for a list of checks).

[image: image2.jpg]



Figure 2.2.1 Accelerometer placement.

3.1.1.5. 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.

3.1.1.6. VIBRATION: RANDOM AND SINE

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

3.1.1.6.1. Random Vibration

Random vibration qualification will be 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 shall all be for one minute for each of 3 orthogonal axes.
The random vibration test sequence is shown in Table 2.5.3 as part of the integrated vibration test sequence.  Spacecraft structural integrity and functionality after each axis is required for acceptance; list of checks follows:
1. Structural check out

a. Compare Frequency Response Functions of all accelerometers.  No evident differences should exist in magnitude or frequency.

2. Visual checkout

a. Check overall view of spacecraft

b. Check for cracks

c. Check for delamination

d. Check for debonding

e. Check for structural yielding

f. Verify fastener integrity

g. Verify connectors remain intact

h. Remove one panel and repeat (b) and (d) thru (f) above 

3. Auditory checkout

a. Confirm that no unusual noises were heard during vibration

b. Confirm that the sound did not change during vibration 

c. Confirm there are no sounds of debris during spacecraft rotation

4. Functional tests

[image: image3.emf]Maximum Predicted Environment (MPE) at ESPA SC Flange

0.001

0.010

0.100

10 100 1,000 10,000

Frequency  [Hz]

PSD  [g

2

/Hz]

                                       LEGEND

   Spacecraft ICD  [100 lb < Mass < 200 lb] -- 7.05 grms

   Spacecraft ICD  [200 lb < Mass < 300 lb] -- 5.20 grms

   Spacecraft ICD  [Mass > 300 lb] -- 4.27 grms


Figure 2.5.1:  Random Vibration Environment for the MidStar-1 Spacecraft

	Frequency
	MPE

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

(g2/Hz)

	20
	0.005
	0.007

	50
	0.02
	0.028

	800
	0.02
	0.028

	2000
	0.005
	0.007


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

3.1.1.6.2. Sine Vibration

Sine vibration qualification testing will not be performed for the MidStar-1 spacecraft.  The sine vibration spectrum at the LV/IPC interface is shown in Figure 2.5.2.  This is near enough to be considered an ESPA secondary payload environment.  Using Miles’ Equation on the random vibration spectrum (Figure 2.5.1) between 50-100 Hz, the 3 sigma equivalent sine is greater than 0.8g.  This 0.8g is significantly higher than the sine vibration environment of Figure 2.5.2.  Further, MidStar-1 is not expected to have any modes below 50 Hz as the pre-test prediction for the first mode is 70 Hz.  Therefore, sine vibration testing is not required.  However, the test procedure will include sine vibration testing.  If the first mode is less than 50 Hz, sine vibration testing will occur from 5-50 Hz.
Sine vibration qualification, if required, will be satisfied by protoflight testing in each of three orthogonal axes for at 1.25*MPE at 4 octaves/minute.  The MPE is shown in Figure 2.5.2 and Table 2.5.2.  Note that sine vibration testing will only occur from 5-50 Hz.
The sine vibration test sequence is shown in Table 2.5.3 as part of the integrated vibration test sequence.  Spacecraft structural integrity and functionality after each axis is required for acceptance (see Appendix A for a list of checks).
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Figure 2.5.2: Atlas V Sine Vibration Environment at the LV/IPS Interface

	Frequency

(Hz)
	Lateral MPE

(g)
	Lateral Qualification 

(1.25*MPE)

(g)
	Axial MPE

(g)
	Axial Qualification 

(1.25*MPE)

(g)

	5
	0.4
	0.5
	0.6
	0.75

	20
	0.4
	0.5
	0.6
	0.75

	20
	0.4
	0.5
	0.8
	1.0

	30
	0.4
	0.5
	0.8
	1.0

	30
	0.4
	0.5
	0.6
	0.75

	50
	0.4
	0.5
	0.6
	0.75


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

	Test #
	Test Description
	Axis
	Frequency (Hz)
	Level
	Purpose

	V.1
	Sine Sweep
	Z
	20 – 2000
	0.2
	Characterization

	V.2
	Sine Burst
	Z
	<30 Hz
	0.5*MPE
	Checkout

	V.3
	Sine Burst
	Z
	<30 Hz
	1.2*MPE
	Qualification

	V.4
	Sine Sweep
	Z
	20 – 2000
	0.2
	Characterization

	V.5
	Random
	Z
	20 – 2000
	MPE – 6 dB
	Checkout

	V.6
	Random
	Z
	20 – 2000
	MPE – 3 dB
	Notching Check

	V.7
	Random
	Z
	20 – 2000
	MPE + 3dB
	Qualification

	V.8
	Sine Sweep
	Z
	20 – 2000
	0.2 g
	Characterization

	V.9
	Sine
	Z
	5-50
	0.5*MPE
	Notching Check

	V.10
	Sine
	Z
	5-50
	1.25*MPE
	Qualification

	V.11
	Sine Sweep
	Z
	20 – 2000
	0.2 g
	Characterization

	
	
	
	
	
	

	V.12
	Sine Sweep
	X
	20 – 2000
	0.2
	Characterization

	V.13
	Sine Burst
	X
	<30 Hz
	0.5*MPE
	Checkout

	V.14
	Sine Burst
	X
	<30 Hz
	1.2*MPE
	Qualification

	V.15
	Sine Sweep
	X
	20 – 2000
	0.2
	Characterization

	V.16
	Random
	X
	20 – 2000
	MPE – 6 dB
	Checkout

	V.17
	Random
	X
	20 – 2000
	MPE – 3 dB
	Notching Check

	V.18
	Random
	X
	20 – 2000
	MPE + 3dB
	Qualification

	V.19
	Sine Sweep
	X
	20 – 2000
	0.2 g
	Characterization

	V.20
	Sine 
	X
	5-50
	0.5*MPE
	Notching Check

	V.21
	Sine
	X
	5-50
	1.25*MPE
	Qualification

	V.22
	Sine Sweep
	X
	20 – 2000
	0.2 g
	Characterization

	
	
	
	
	
	

	V.23
	Sine Sweep
	Y
	20 – 2000
	0.2
	Characterization

	V.24
	Sine Burst
	Y
	<30 Hz
	0.5*MPE
	Checkout

	V.25
	Sine Burst
	Y
	<30 Hz
	1.2*MPE
	Qualification

	V.26
	Sine Sweep
	Y
	20 – 2000
	0.2
	Characterization

	V.27
	Random
	Y
	20 – 2000
	MPE – 6 dB
	Checkout

	V.28
	Random
	Y
	20 – 2000
	MPE – 3 dB
	Notching Check

	V.29
	Random
	Y
	20 – 2000
	MPE + 3dB
	Qualification

	V.30
	Sine Sweep
	Y
	20 – 2000
	0.2 g
	Characterization

	V.31
	Sine 
	Y
	5-50
	0.5*MPE
	Notching Check

	V.32
	Sine
	Y
	5-50
	1.25*MPE
	Qualification

	V.33
	Sine Sweep
	Y
	20 – 2000
	0.2 g
	Characterization


Table 2.5.2:  Random Vibration Qualification Test Sequence

3.1.1.8. 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 will be performed for the LV induced shock.
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Figure 2.6.1: Peak LV Induced Shock Source.

3.1.1.9. FINITE ELEMENT MODEL VERIFICATION

The verification data will be collected during the random and sine vibration tests to support model verification. Correlation criteria is as follows:

· All primary frequencies less than 75 Hz shall be correlated as follows:

· Modes < 50 Hz within 3%

· Modes 50-60 Hz within 5%

· Modes 60-75 Hz within 10%

· Frequency response functions (FRF) of the test and model shall be similar and model FRF’s should envelop test FRF’s at critical frequencies. 

· Damping will be extracted from the FRF’s, but damping shall not be set to greater than 1% in the finite element model.

· Spacecraft mass shall be within 3%  

· Spacecraft mass moments of inertia shall be within 3%

· Spacecraft center of gravity shall be within 3%

3.1.2. Flight Hardware Used in Lifting Critical Loadsxe "Flight Hardware Used in Lifting Critical Loads". 

3.1.2.1. Shipping and Guard Boss Details

The only flight hardware used in lifting critical loads consists of four (4) shipping and guard mount bosses as shown in the figure.  The bosses are attached to the spacecraft body by two NAS1351N3  #10-32 A-286 1.25” socket head cap screws at the points shown in the figure. All flight fasteners have been drawn from NASA Goddard Space Flight Center inventories, and have been inspected per GSFC 541PG-8072.1.2 and MIL-STD-1312-8A. Bolts and screws are made of A286 under specification AMS 5737. All bolts and screws received by phosphor-bronze locking helicoil inserts (Emhardt Teknologies Part #3591-3BN0475).
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Details of the bosses are shown below.

The spacecraft will always be lifted/supported by all four points. This arrangement tolerates a single failure without hazard to personnel or flight hardware; hence, no single failure point analysis is required. 
Verification testing was performed on the mass model as a whole in full flight configuration with no deployment system attached. A photo of the lifting point attachment as tested is shown below.
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Figure 3.1.2.1.1
The test was performed on 17 April 2006 at the Naval Research Laboratory. The mockup was loaded to 264 lbs (100% load), then lifted and suspended by attachments to the bosses for fifteen minutes. The mockup was then removed from the lift, and the bosses dismantled and inspected by the lead structural engineer and the Director of the USNA Small Satellite Program; no evidence of yield or strain was found. As per the test criteria, this was declared a successful test.


For a stress analysis of the boss, see the Appendix C. For a schedule of tests still to be performed, see Appendix D.
3.1.2.2. Spacecraft-to-Motorized Lightband Interface
MidSTAR-1 is connected to the ESPA ring with a Planetary Systems Corporation 15-inch motorized lightband separation system. The motorized lightband separation system (STR-2100) is bolted to the ESPA interface deck (STR-3000) with twenty-four ¼ x 28 0.875-in screws, socket head cap A-286 NAS1351N4-14 (Goddard Space Flight Center Part #5305-00-E97-0765). The bolts terminate in phosphorous-bronze helicoil inserts (Emhardt Teknologies Part #3591-4BN0625)  mounted into the SC baseplate. The bolted interface also includes flat reduced OD regular & thin 300 CRES .255 ID x 0.468 OD x 0.063 thick NAS620C416 washers (GSFC Part #5310-00-E97-0875). Torque value is 87 in-lbs plus running torque; torque order is 1-9-17-2-10-18-3-11-19-4-12-20-5-13-21-6-14-22-7-15-23-8-16-24.

The mass of the spacecraft is 264 lbs. Under the assumed (ESPA Payload Planner’s Guide, version 1.0, 8 Jun 01, p. 19) maximum predicted load factors on secondary payloads (10.6 g’s in the axial and lateral directions applied simultaneously with a 1.25 factor of safety) the effective loading on a single bolt is 
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 With a center-of-gravity 21 inches from the lightband interface, the maximum predicted moment is
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which yields a load on the most critical bolt of 929 lbsf.
Table 1
	Failure Type
	Ultimate
	Yield
	Gapping

	Load (lbsf)
	5820
	3455
	2330

	Factor-of-safety
	6.3
	3.7
	2.5


3.2. Flight Hardware Pressure, Propellant, and Propulsion Systems
3.2.1 [image: image35.png]


General Dataxe "General Data".

The only flight hardware pressure, propellant, or propulsion system aboard MidSTAR-1 is contained within the Nano ChemSensor Unit (NCSU) hosted experiment.
The NCSU gas pressure system consists of a 25 mL pressure vessel, (1/8” tubing, fittings, a pressure sensor, two steel manifolds, the Sensor Housing and three electrically operated solenoid valves.  All of the pressure system components except for the two manifolds are off-the-shelf hardware.  The custom-designed stainless steel manifolds allow for the mating of COTS fittings to the valves and the controlled volume of sample gas to the Sensor. See Figure 3.2-1 for labeling of all pressure system components.  

The pressure system is charged and installed in the payload housing by the payload fabricator, NASA Ames Research Center, Moffet Field CA, prior to delivery to the MidSTAR-1 integration team.

During flight operation, the nominal fully charged Sample Cylinder pressure is 30 psia.  The temperature excursions within the MidSTAR Lower Shelf area are expected to be 30( + 20( C.  Using the ideal gas law, this would result in a gas pressure range of approximately 28 to 32 psia.

The gas used in the experiment is nitrogen (N2) with five parts-per-million of nitroous oxide (N2O).  Physically and chemically, it is almost the same as dry nitrogen gas with a molecular weight of 28.01. The NCSU experiment meters and rejects to ambient minute discrete amounts of the gas mixture as the experiment is run on orbit.  The experiment will be powered off during all phases of ground and launch operations except for the Comprehensive Performance Test. The CPT will power on the experiment and exercise data retrieval operations, but will not command a release of the gas mixture.
Given the high strength of the stainless steel COTS components used in the NCSU, the failure mode, should that occur would be leakage around the solenoid valve's o-ring seals to the Sample Manifold.  These Viton o-rings are rated by the manufacturer at 100 psig.


The MSDS for nitrous oxide specifies that at concentrations of 25 ppm, exposure for 8 hours leads to pulmonary irritation.  If all of the NCSU sample gas were to leak out to ambient, it would create a volume of less than 0.07 liters.  Adequate facility ventilation during installation and testing of the NCSU and/or MidSTAR-1 should render any health hazard to personnel negligible.  

Through analysis and extensive testing (Nano ChemSensor Unit (NCSU) Acceptance and Qualification Test Plan, NASA/Ames Document No. A913-0401-G1 and Nano ChemSensor Unit (NCSU) Experiment Structural Analysis Package, NASA/Ames Document No. A913-0401-XD1) have found the NCSU pressurized systems to pose negligible safety risks associated with the toxicity and pressure of the working test gas. The total mass of the gas mixture is well under the limit specified in Section 3.12.1 item (3).  The amount of stored energy in the system is less than 130 ft-lb, well below the 14,240 ft-lb criteria stated in section 3.12.1 item (4) of EWR-127.  
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Figure 3.2-1:  Nano ChemSensor Experiment
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Figure 3.2-2 Schematic of the Nano ChemSensor Unit Pressure Systems
3.3. Flight Hardware Electrical and Electronic Subsystems

3.3.1. General Dataxe "General Data".

All flight hardware electrical and electronic subsystems will be powered off until deployment on orbit. Flight batteries and solar panels will be electrically isolated from all experiments and electrical systems by two parallel strings of two inhibit switches wired in series. The switches are integral to the lightband separation ring. Flight batteries will be fully charged at launch. Closure of the inhibit switches at separation will apply power to the C&DH system which will then perform a power-on self-test and activate other systems and experiments per stored instructions. 

3.3.1.1. Electrical Power System

a. 
Nomenclature: Sixteen (16) solar panels, custom manufactured by SpaceQuest, Inc.; four (4) batteries each consisting of twenty-eight (28) Sanyo KR4400D nickel-cadmium dry cells connected in series (112 cells total); one (1) distribution and (1) switching board containing two (2) Pico Electronics LMS Series DC-DC converters; and, one (1) EV-104 power supply module.
b. Function: Collect, store and distribute electrical power to all systems and subsystems within MidSTAR-1. These systems include both spacecraft operations and experimental payloads. The system provides 28 VDC, + and -12 VDC, 15 VDC and 5 VDC.
c. 
Location: Sixteen (16) solar panels are mounted externally on the closeout panels (STR-1101 through 1108). One (1) Junction Box (STR-4150) is mounted internally on the underside of the bottom shelf (STR-4000). Two (2) battery boxes each containing two batteries, are mounted internally: Box A (STR-3400) mounted on the inner deck (STR-3000), and Box B (STR-4100) on the underside of the lower shelf (STR-4000). The EV-104 is part of the flight computer stack which, along with the power distribution board and the switching board, is located within the C&DH box (STR-5400) mounted on the middle shelf.
d. 
Operation: Solar energy collected by the solar panels will be directly transferred through isolation diodes to the batteries for storage and distribution to the various power consumers via the distribution and switching boards, all with a single-point ground. 
e. 
System design parameters: Each solar panel contains twenty-four (24) improved triple-junction gallium arsenide solar cells connected in series, delivering 50 V open circuit and 300 mA short circuit; each battery is designed for 40V open circuit, 2A max current.
f. 
System test parameters: Solar panels, 48-50 VDC open circuit and 280-300 mA short circuit; batteries, 38-40 VDC open circuit.
g. 
System operating parameters: Unavailable until system fabrication is complete in Jun 2006.
h. 
Summaries of any Range Safety required hazard analyses conducted: See Section 3.3.1.2.
3.3.1.2. MidSTAR-1 Power Subsystem Hazard Analysis

3.3.1.2.1. Subsystem:
MidSTAR EGSE, SLC-41 facility wiring, Atlas V umbilical wiring, Integrated Payload Stack (IPS) wiring, MidSTAR ASE, and Ni-Cd battery.

3.3.1.2.2. Purpose:
The flight component of the MidSTAR subsystem provides power to the spacecraft bus systems. The ground and flight components of the MidSTAR power subsystem provides the capability to charge the flight Ni-Cd batteries installed on MidSTAR in both the payload processing facility and while attached to the Atlas V vehicle on the pad. The subsystem is designed limit current being provided by the ground system, carefully manage the voltage supplied, and provide output protection of the flight battery.

3.3.1.2.3. Scope:
The scope of this subsystem hazard analysis is to identify hazards that if they were to occur would cause harm to the other components of the IPS, the launch vehicle, launch site facilities, or personnel. The specific hazard is battery/cell combustion due to overvoltage, overcurrent, cell reversal, or short circuit output of the battery. Any hazard that would be fully contained within the MidSTAR flight or ground systems was not considered.

3.3.1.2.4.  Functional Description:
The MidSTAR power subsystem configuration is primarily comprised of the MidSTAR Electrical Ground Support Equipment (EGSE) and the Airborne Support Equipment (ASE). The wiring interconnecting the EGSE and the ASE is dependent on where the spacecraft is. The interconnecting wiring is an important component because it determines how much voltage drop the subsystem will have to accomodate when charging the flight batteries. The functions the power subsystem performs are shown in table 4-1.

Table 3.3.1.2.4-1

	Function
	Performing Portion of Subsystem

	Determine the status of the battery.
	EGSE and interconnect wiring

	Charge the on-board flight batteries.
	EGSE, ASE, and interconnect wiring

	Manage the current used for charge.
	EGSE

	Manage the voltage used for charge.
	EGSE 

	Limit the impact of a battery short circuit.
	ASE

	Provide conveyance for charging, monitoring, and control.
	EGSE, ASE, and interconnect wiring


The functional configuration of the MidSTAR power subsystem is depicted in Figure 4-1. 
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Figure 3.3.1.2.4-1
3.3.1.2.4.1. Voltage Management

Voltage is controlled by the Agilent E3617A power supply, item 4 in figure 4-1, which is manually set to accommodate the voltage drop through the wiring between EGSE and ASE yielding a net voltage level of 40 VDC at the spacecraft bus interface. The power supply is manufactured with voltage internally limited to 60 VDC. 60 VDC is the maximum projected voltage needed to accommodate the voltage drop while at the pad. The actual charging voltage at the pad is a function of how much current is being drawn during charging. As the battery draws less current the voltage output of the EGSE will begin to approach 41 VDC, the standalone charge configuration. During charging operations, the power supply current limit will be manually set to 500 mA.

The voltage on the battery bus is dominated by the battery voltage. 
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Figure 3.3.1.2.4-2 Cell Vent Configuration

The Cell Vent Configuration is shown in blue in figure 3.3.1.2.4-2. At 280 psi, pressure is  relieved through two vent holes in the top of the cathode cap. 

The Kr-4400D cells are mechanically held in place by an epoxy matrix around the outer circumference of the bottom two-thirds of the cell. This assembly of the battery ensures the three vent holes are not mechanically blocked as a part of the assembly process. During the battery assembly process, MidSTAR will inspect the mechanical assembly of the battery that holds the cells in place prior to electrical connection to the battery.

3.3.1.2.4.2. Current Management 

The charge current is controlled by the Agilent power supply built-in current limiters. The power supply is set to supply 0.5 amps to the charge circuit and has a 1-A capacity limit.
3.3.1.2.4.3. Short Circuit Protection

The battery does not have a fuse or thermistor on the output of the battery. Short circuit protection is provided by the 26-gauge single strand wire used carry the power which melts at 5 A current. 

3.3.1.2.4.4. Cell Reversal Susceptibility

The term cell reversal refers to a shift in polarity poles of a cell due to a significant difference in End of Discharge (EOD) voltage between cells arranged in series or parallel. The stronger cells of a battery impose a voltage of reverse polarity across a weaker cell during a deep discharge. To counter this phenomena, blocking diodes are placed between parallel strings of cells. The Sanyo KR4400D Ni-Cd cells have a very low susceptibly to cell reversal; therefore, no blocking diodes are installed in the battery between cells. 

3.3.1.2.5. Charging Configurations
The Ni-Cd batteries are shipped installed in the MidSTAR spacecraft. The MidSTAR batteries are planned to be charged in both the payload processing facilities and while at the pad. The two configurations for charging in the payload processing facilities are shown in figure 3.3.1.2.5-1.
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Figure 3.3.1.2.5-1

The two configurations shown in figure 3.3.1.2.5-1 accommodate charging the batteries when the MidSTAR spacecraft is not mated to the EELV Secondary Payload Adapter (ESPA) ring and when it is. The battery charging configuration shown for either the Solid Motor Assembly Building (SMAB) east bay or the Payload Fairing Cleaning Building (PLFCB) is for standalone charging of the Ni-Cd batteries. Here the minimum voltage from the EGSE will be supplied to charge the batteries at 41 VDC. All of the EGSE and ASE identified in section 3.2.1.4 will be in use for battery charging in all configurations. 

The configuration shown in the Spacecraft Processing and Integration Facility (SPIF) is a configuration that simulates the configuration on the pad. The Integration Contractor (IC) extender cables and the Umbilical Impedance Simulator (UIS) together simulate the resistance of the Atlas V launch vehicle and the facility cabling that routes signals to/from the launch vehicle to the Payload Van. This configuration will require the EGSE to output 60 VDC. This is the maximum voltage available from the  Agilent E3617A power supply.

The configuration for charging the MidSTAR Ni-Cd batteries is shown in figure 3.3.1.2.5-2.


[image: image15]
Figure 3.3.1.2.5-2

There is no parasitic load within the MidSTAR ASE to siphon off the battery capacity. The normal degradation of the Sanyo KR4400D cells is extremely low. The time from the last charge of the spacecraft in the SPIF to launch is scheduled to be 14 days. As a result, the charge of MidSTAR on the pad should be a contingency operation. The pad configuration is different from the SPIF in that the UIS and extender cables have been replaced with the actual launch vehicle and facility cabling. MidSTAR requires 4 hours of cumulative battery charging within a 24-hour period no more than 7 days prior to launch. The current schedule has MidSTAR beginning their battery charge at T-25 hours and completing it at T-15 hours. All of the control and monitoring of the charge will be in the Payload Van. The sequence of operations for charging the MidSTAR batteries is found in MS-LSP-3: Atlas V Battery Charge Path Verification and Battery Charging Procedure.

3.3.1.2.6. Compliance with Range Safety Requirements
See Appendix E.
3.3.1.3. Command & Data Handling

a. Nomenclature: MIP405 Power PC with flash memory, disk-on-chip permanent memory and serial interface boards. 

b. Function: Command spacecraft operations and experiments, collect and store telemetry data, retrieve data files from onboard experiments and exchange digital files with the ground station.

c. 
Location: All C&DH hardware will be installed as a single component (STR-5400) on the middle shelf (STR-5000).

d. 
Operation: Linux operating system executing COTS software with a minor amount of custom-written software. No safety critical software functions. Inhibit switches in the separation system will withhold power from the C&DH system until spacecraft deployment. Bypass power will be available for comprehensive performance testing in the payload processing facility. This is the only time the C&DH system will be active prior to separation in orbit.
e. 
System design parameters: N/A
f. 
System test parameters: N/A 
g. 
System operating parameters: N/A
h. 
Summaries of any Range Safety required hazard analyses conducted: None. The C&DH has no safety functions and therefore no safety critical software. The C&DH will be active only during the comprehensive performance test which poses no hazards. Other than during execution of the comprehensive performance test, spacecraft power will be disconnected from the C&DH by the inhibit switches integral to the lightband separation system.
3.3.1.4. Main Communications

a. Nomenclature: Space Quest TX-2400 transmitter, SQRX receiver, MOD-96 modem and four omni-directional antennas.

b. Function: Send and receive digital packets on S-band carrier frequency.
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Location: Middle shelf adjacent to C&DH. One transmit and one receive antenna located at each end of the spacecraft as shown.
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4.250




Operation: After separation and power-up, the receiver and modem will be powered on and remain on for the duration of the mission. The transmitter will be commanded on when needed during passes over the ground station and powered off at completion of pass. 

e. 
System design parameters: XMTR 9V, 0.5 A, 77 kbps, 2202 MHz, 1W EIRP; RCVR 5V, 0.135 A, 77 kbps, 1767 MHz; Down converter 15V, 0.2 A. 
f. 
System test parameters: TBD NLT 31 JULY 2006
g. 
System operating parameters: TBD NLT 31 JULY 2006
h. 
Summaries of any Range Safety required hazard analyses conducted: None
3.3.1.5. Internet Communications Satellite Experiment
a. Nomenclature: STR-6300
b. Function: Send and receive digital packets on S-band carrier frequency at 1 Mbps.
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Location: Underside of upper shelf (STR-6000). One transmit and one receive antenna located at each end of the spacecraft complementary to Main Comms antenna locations.
d. 
Operation: After separation and power-up, the receiver and modem will be powered on and remain on for the duration of the mission. The transmitter will be commanded on when needed during passes over the ground station and powered off at completion of pass. 

e. [image: image40.jpg]



f. 
System design parameters: XMTR 5V, 0.3 A, 1 Mbps, 2202 MHz, 1W EIRP; RCVR 5V, 0.3 A, 1 Mbps, 1767 MHz; Modem 5V 0.3 A; Power Amp 15V, 2A, Low noise Amp a5V, 0.46 A.
g. 
System test parameters: TBD NLT 31 JULY 2006
h. 
System operating parameters: TBD NLT 31 JULY 2006
i. 
Summaries of any Range Safety required hazard analyses conducted: None
3.3.1.6. [image: image41.jpg]


Configurable Fault Tolerant Processor

a. Nomenclature: STR-7200

b. Function: Test reconfigurable radiation-tolerant processor in the space environment.
c. 
Location: External face of outer deck (STR-7000)
d. 
Operation: Field programmable gate arrays configured to operate in three-vote processing mode.
e. 
System design parameters: 28V, 0.4A.
f. 
System test parameters: TBD NLT 31 JULY 2006
g. 
System operating parameters: TBD NLT 31 JULY 2006
h. 
Summaries of any Range Safety required hazard analyses conducted: None
3.3.1.7. Micro Electro Mechanical Device (MEMS)
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Nomenclature: MEMS consists of two modules, the Thermal Control Device (TCD) (STR-7800) and the Electronics Control Unit (ECU) (STR-5200).
b. Function: Test micro-electro-mechanical devices for thermal emissitivity active control.
c. 
Location: ECU (STR-7800) mounted externally on outer deck (STR-7000); TCD (STR-5200) mounted on upper side of middle shelf (STR-5000).
d. 
Operation: Temperature of TCD will be monitored while heat generated by internal heater is modulated by operation of MEM device.
e. 
System design parameters: 28V, 0.4 A.
f. 
System test parameters: TBD NLT 31 JULY 2006
g. 
System operating parameters: TBD NLT 31 JULY 2006
h. 
Summaries of any Range Safety required hazard analyses conducted: None.
3.3.1.8. Eclipse

a. [image: image43.jpg]


Nomenclature: Eclipse consists of two modules, the Thermal Control Device (TCD) (STR-7600) and the Electronics Control Unit (ECU) (STR-6600).
b. Function: Test electrochromic membranes for thermal emissitivity active control. 

c. Operation: Temperature of TCD will be monitored while heat generated by internal heater is modulated by operation of electrochromic device.

d. Location: ECU (STR-7600) mounted externally on outer deck (STR-7000); TCD (STR-6600) mounted on upper side of top shelf (STR-6000).

e. 
System design parameters: 28V, 0.4 A.
f. 
System test parameters: TBD NLT 31 JULY 2006
g. 
System operating parameters: TBD NLT 31 JULY 2006
h. 
Summaries of any Range Safety required hazard analyses conducted: None
3.3.1.9. Nano Chem Sensor Unit
a. [image: image44.png]


Nomenclature: STR-6200
b. Function: Test nanometer-scale chemical sensors in the space environment.
c. 
Location: Upper face of top shelf (STR-6000).
d. 
Operation: Controlled microvolumes of dry nitrogen with 20 ppm nitrous oxide will be blown across the nanoscale sensor. Readings of chemical presence and concentration will be recorded.
e. 
System design parameters: 28V, 0.3 A.
f. 
System test parameters: TBD NLT 31 JULY 2006
g. 
System operating parameters: TBD NLT 31 JULY 2006
h. 
Summaries of any Range Safety required hazard analyses conducted: None
3.3.1.10. Micro Dosimeter Experiment
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Nomenclature: MiDN consists of an outer sensor (STR-7400), an internal sensor (STR-7100), an electronics module (STR-6400) and a neutron absorber package (STR-5100).
b. Function: Obtain radiation dose measurements in the space environment for detectors scaled to the size of a human cell.
c. 
Location: The outer sensor (STR-7400) is mounted on the external face of the outer deck (STR-7000); the internal sensor (STR-7100) is mounted on the internal face of the outer deck; the electronics module (STR-6400) is mounted on the upper face of the top shelf (STR-6000); the absorber (STR-5100) is mounted on the lower face of the middle shelf (STR-5000).
d. 
Operation: Microdosimeters will measure total radiation dose in selected energy bands.
e. 
System design parameters: 9V, 0.17A.
f. 
System test parameters: TBD NLT 31 JULY 2006
g. 
System operating parameters: TBD NLT 31 JULY 2006 

h. 
Summaries of any Range Safety required hazard analyses conducted: None.
3.3.2. Flight Hardware Battery Design Dataxe "Flight Hardware Battery Design Data".

The batteries consist of 28 Sanyo KR-4400D nickel-cadmium rechargeable cells wired in series. The cell is a manufactured article as described in 29 CFR 1910,1200. The cell in contained in a hermetically sealed case designed to withstand temperatures and pressures encountered during normal use. As a result, during normal use, hazardous materials are contained inside the cell. However, if exposed to fire, explosion, extreme abuse, misuse, or improper disposal that results in breaching of the cell case, hazardous materials may be released. The following information relating to the hazardous materials contained within the cell are taken from manufacturer’s literature. The information set forth is believed to be accurate as of the date of preparation:

	Substance
	Cadmium
	Cadmium Hydroxide
	Nickel
	Nickel Hydroxide
	Potassium Hydroxide

	Melting point (oF)
	610
	
	2831
	Decomposes into NiO and H2O above 392
	Present as liquid or paste electrolyte

	Spacific gravity (H2O)
	8.65 @ 77 oF
	4.79
	8.90
	
	

	Solubility in H2O
	Insoluble
	Practically insoluble
	Insoluble
	Insoluble
	Solubile in 0.9 part  H2O, 0.6 part boiling H2O

	Appearance and odor
	Silver-white, blue-tinged lustrous metal
	Powder
	Powder
	Apple green powder
	White or slightly yellow

	Boiling point (oF)
	1407
	
	5134
	
	


Cell vent parameters:
	Parameter
	Value

	Battery Capacity 
	4400 mAh

	Number of Cells
	80

	Average Voltage/Cell 
	1.2 V

	Cell Pressure (Ground MEOP) 
	280+-70 psi (2.0+-0.5 MPa)

	Specification Burst Pressure 
	Vented cell; no specification for burst pressure

	Cell Pressure Vessel Material 
	Cell vent constructed of steel plate with rubber seals
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Figure 3.3.2-1 Cell Vent Configuration

Toxic chemical emission of cells and evaluation of hazards: Effects of a single (acute) overexposure:

Inhalation: During normal use, inhalation is an unlikely route of exposure due to containment of hazardous materials within the cell case. However, should the cells be exposed to extreme heat or pressure causing a breach in the cell case, cadmium dusts and fumes may be emitted. Inhalation of cadmium dusts or fumes may cause throat dryness, respiratory irritation, headache, nausea, vomiting, chest pain, extreme restlessness and irritability, pneumonitis and bronchopneumonia. In the case of high concentration exposures (e.g. above 1 to 5 mg/m3 during an eight hour period) death may occur within several days after the exposure.

Ingestion: If the cell case is breached in the digestive tract, the electrolyte may cause localized burns. Ingestion of cadmium compounds may result in increased salivation, choking, nausea, persistent vomiting, diarrhea, abdominal pain, anemia, tenesmus and kidney dysfunction.

Skin absorption: no evidence of adverse effects from available data.

Skin contact: Exposure to the electrolyte contained inside the cell may result in chemical burns. Exposure to nickel may cause dermatitis in some sensitive individuals. 

Eye contact: Exposure to the electrolyte contained inside the cell may result in severe irritation and chemical burns.

Carcinogenicity: Cadmium and nickel have been identified by the National Toxicology Program (NTP) as reasonably anticipated to be carcinogens. US EPA classifies cadmium as a “B1” probable human carcinogen. The International Agency for Research on Cancer (IARC) recommends that cadmium be listed as a “2A” probable human carcinogen and the American Conference of Governmental Industrial Hygienists (ACGIH) has proposed listing cadmium as an A2 carcinogen.

EPA classification of battery: B1

DOT classification of battery: Sanyo sealed nickel cadmium cells are considered “dry cells” and are not subject to dangerous goods regulation for the purpose of transportation by the US DOT, the International Civil Aviation Administration (ICAO), the International Air Transport Administration (IATA) or the International Maritime Dangerous Goods (IMDG) regulations. The only DOT requirement for shipping nickel cadmium batteries is Special Provision 130 which states “batteries, dry are not subject to the requirements of this subchapter only when they are offered for transportation in a manner that prevents the dangerous evolution of heat (for example, by the effective insulation of the terminals).” IATA requires that cells being transported by air must be protected from short-circuiting and protected from movement that could lead to short-circuiting. Nickel cadmium cells are classified as a D006 hazardous waste because of the presence of cadmium. This waste code is assigned because of toxicity, not corrosiveness. These cells do not meet the definition of a corrosive waste. Each Sanyo cell has been tested under provisions of the UN Manual of Tests and Criteria, Part III, Sub-section 38.3.

[image: image46.png]


Physical and electrical integration of cells to form the battery: 28 cells, each supplemented with a bypass diode to preserve the string in case a cell fails open, will be wired in series in four layers of seven each. Two such batteries will be placed on insulating supports in aluminum boxes. The void will be filled with thermally conducting epoxy; the epoxy will be de-aerated under 0.10 Torr or better vacuum for one hour. This will remove trapped air from the assembly; restoring normal pressure will then drive epoxy into every nook and cranny. The epoxy cures in 24 hours to yield a strong, monolithic support for the 56 individual cells. 
The batteries are vented and any toxic material released will be contained in an aluminum box constructed of 1/8-in thick 6061T alloy with a void ¾ in x 10.6 in x 12  in (96 in3 volume) above the matrix. The leak paths for this void are (i) the gaps around the connecters mounted in the box walls, and (ii) the seam where the aluminum box is bolted to the baseplate; all are low capacity channels. The battery boxes are mounted in the lower section of the spacecraft. The ventable volume of this section is 2130 in3. Leak paths to the exterior of the spacecraft consist of (i) four one-inch diameter vent holes in the spacecraft baseplate, (ii) the gap around the connector in the baseplate, and (iii) the seams of the spacecraft. 

This configuration places two levels of containment around any electrolyte escaping the cells: 


[image: image17]
Two such assemblies will be aboard the spacecraft. Electrically, there will be four batteries, each 39V open circuit, ganged in parallel. 
Each battery will be equipped with an isolation diode to prevent fratricidal discharge if any battery should fail as a short circuit.
The spacecraft will arrive at the PPF with batteries installed and spacecraft housing sealed. No packing, transportation, installation, storage, removal or disposal of batteries will occur at the launch site; battery checkout and usage will be integral to the comprehensive performance test of the spacecraft; charging will occur for four hours cumulative in a 24-hour period once every two weeks until launch; final charge will take place no less than 24 hours and no more than 48 hours prior to launch. The spacecraft will have all batteries disconnected from all active components (except for the comprehensive performance test) until separation from the launch vehicle on orbit. The comprehensive performance test will be performed immediately after arrival at the payload processing facility and before integration into the payload stack. From that point on, there will be no battery usage whatsoever until start-up in orbit.
Overheating during battery charging is the only known hazard associated with EPS activity at the launch site. Maximum internal pressure is 280 +-70 psi, the value at which the cell vent opens. Thermistors mounted adjacent to the innermost cell or cells in each battery shall be used to measure the temperature, which shall be visually monitored by the battery charging team. Charging shall be discontinued whenever the measured temperature reaches TBD NLT 31 JULY 2006oF. Charging shall resume only after the measured temperature has fallen to less than TBD NLT 31 JULY 2006oF.

No manufacturing qualification or acceptance testing results are considered safety critical.

Cell size and weight: 33.0 mm diameter; 61.5 mm height; 145 g weight.

Battery size and weight: 33.0 mm diameter; 61.5 mm height; 145 g weight.

The batteries will power all electrical subsystems and payloads aboard the spacecraft. The batteries will power a set of DC-DC converters that will convert the nominal 40V DC battery voltage to +5V,-5, +12V, +15V and +28V bus voltages for the benefit of onboard systems and experiments.
Batteries will be fully charged at arrival, but disconnected from all systems by inhibit switches built into the separation system. Spacecraft will not activate until separation takes place on orbit. A bypass circuit allowing access to the batteries for charging will be built into the wiring harness; reverse current on the charging path will be inhibited by Schottky diodes internal to the spacecraft and integral to the battery charging connections. Batteries must be trickled charged for a period of at least four hours cumulative during a 24-hour period at least once every 14 days. EGSE will consist of an Agilent Technologies E3617A DC Power Supply rated for 0-60 V and 0-1 A, and a Radio Shack 24 Channel Digital Multimeter (handheld, battery powered).
3.3.3. Flight Hardware Electrical and Electronic Subsystem Data.

3.3.3.1. General Description

The spacecraft will use solar photovoltaic power as the primary source with batteries as secondary and backup, with direct energy transfer from solar panels to batteries.
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Batteries and solar panels will be disconnected from all systems by inhibit switches built into the separation system as illustrated in Figure 3.3.3.2. Primary and secondary S-band transmitters will not activate until separation takes place on orbit.

If the inhibit switches fail (closed), the flight computer will activate immediately and conduct a power-on self test culminating in the activation of both receivers. During the boot sequence, the flight computer will test continuity on a breakwire in the Lightband connector at the separation plane. If the breakwire is intact (closed circuit), the computer will set the transmitter power switches to open, cutting off all power to the transmitters, and as a backup will toggle the transmit inhibit commands for each transmitter. The spacecraft will then enter an idle safe mode until commanded out of that state by external input. On orbit, such command will come through the emergency reset receiver. On the ground, if no such command is received within 48 hours, the cumulative flight computer power demand will exhaust the batteries and the spacecraft will be totally electrically inert.  

There are no electrical shock hazards on the payload.

3.3.3.2. Critical Wire Harness

The critical wire harness consists of six twisted, unshielded pairs of 20 AWG, Teflon-coated wire. 

Wire pair 1&2 provide access to the batteries for charging during ground operations. They terminate on a power distribution board where the positive wire (#1) terminates on a Schottky diode which prevents the flow of reverse current. The other lead of the diode is directly connected to the positive pole of each battery. The negative wire (#2)  is directly connected to the SC single-point ground.

Wire pair 3&4 are connected across two thermistors wired in series. The first thermistor is embedded in the center of Battery A1; the second is embedded in the center of Battery A2. Wire pair 5&6 are connected across two thermistors (also wired in series) embedded in the center of Battery B1 and Battery B2, respectively. These wires are electrically isolated from all other components. During battery charging, the resistance of the thermistors will be monitored via digital multimeter to warn of battery overheating. At all other times, these wires are inert.
Wires 7&8 connect the high-voltage side of the inhibit switches to directly to the positive poles of the batteries. Wires 9&10 connected the low-voltage side directly to the power distribution board.

Wires 11&12 are connected to a serial port on the spacecraft computer. During any power-on reboot, the computer will determine whether these wires constitute an open or closed circuit. A closed circuit condition can only occur if the computer inadvertently powers on before deployment; in the event that the computer detects a closed condition, the boot sequence will terminate and the computer will enter a standby mode until a reset command is received through the backup receiver.


[image: image19]Figure 3.3.1 Critical wire harness connections.
3.3.3.3. Spacecraft Grounding and Bonding Methodologxe "Flight Hardware Electrical and Electronic Subsystem Data"y
MidSTAR-1 has four 39-VDC NiCd batteries. The negative terminals of the batteries shall be referenced to the SC structure at a single-point ground within the spacecraft. The single-point ground shall be a coper bar electrically and mechanically bonded to the spacecraft superstructure. Each module, component or subsystem using electrical power shall have a ground wire (7/34 Stand, 26 AWG Hook Up Wire, Teflon-coated, 250V) terminating at that bar. The aluminum superstructure of the spacecraft shall be iridited to insure electrical conductivity, effectively making the spacecraft an equipotential surface at V=0. 
All connectors for safety critical or hazardous systems that have spare pins will be tested for reverse polarity, short circuits and continuity prior to spacecraft close-out; hence, no bent pin analysis is necessary.
3.4. Flight Hardware Ordnance Subsystems

Not applicable for MidSTAR-1.  No explosive ordnance is used on MidSTAR-1. A non-explosive separation device is used. 

3.5. Flight Hardware Non-Ionizing Radiation Sources

3.5.1. General Dataxe "General Data".

3.5.1.1. Main Comms Transmitter

[image: image47.png]


Function: Send digital packets on S-band carrier frequency.

Location: Middle shelf adjacent to C&DH. One transmit antenna located at each end of the spacecraft as shown.

Operation: The transmitter will be commanded on when needed during passes over the ground station and powered off at completion of pass. 
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Figure 3.5.1
3.5.1.2. ICSat Transmitter

[image: image48.png]Eclipse



Function: Send digital packets on S-band carrier frequency at 1 Mbps.

Location: Underside of upper shelf (STR-6000). One transmit antenna located at each end of the spacecraft complementary to Main Comms antenna locations.

Operation: The transmitter will be commanded on when needed during passes over the ground station and powered off at completion of pass. 

[image: image21.jpg]ICSat Block Diagram

+12V. +5V +5V 45V 45V
50ma 3200ma 120ma  650ma 140ma

o

TXantenna 1

DA
Transmiter €] . 07 Kemoduiator
Mn-Cicits MoiCiouis  Comlosk  Comlosk  Comleck
ZRscaz  zi6 o0t 200 1002

505 parpor: 0236+
141500 Gin

1767.00
MHZ Combiner]

Low o}
mpliter Mk Circus

2ZFsc2.2500
01250k
(531 by gan

Control and Data
tofffom Computer

Recaiver

ComBiank
03A

RX antenna 2

Hiteq
A 4F-D1000200-12:107

t 4 -

+15v +15v VR Vi -
950ma each 230ma each 250ma 300ma [l Other Location:





Figure 3.5.2
3.5.2. RF Emitter Dataxe "RF Emitter Data".

a. 
Site plans shall be submitted to Range Safety and the 45th Space Wing Radiation Protection Officer (RPO) for all RF generating equipment. The site plan shall include the following information:

1) Location of generating equipment

2) RF hazard areas

3) Description and use of nearby facilities and operating areas

b. At a minimum, the following RF emitter design and test data shall be submitted:

	RF Emitter Design Data
	Main Comms
	ICSat

	Transmitter
	SpaceQuest

 TX-2400
	CommBlock

COM-4001A

	Emitter peak  power
	2 W
	2 W

	Average power
	2W
	2W

	Pulse widths
	TBS
	TBS

	Pulse repetition frequencies
	77 kHz
	1 MHz

	Pulse codes
	GMSK
	BPSK

	Maximum rated duty cycle
	100%
	100%

	Type and size of antenna
	2-inch dipole
	2-inch dipole

	Antenna gain and illumination
	2 dB
	2 dB

	Beam width and beam skew
	Hemispheric; fixed
	Hemispheric; fixed

	Operating frequency in MHz
	2202
	2202

	Insertion loss between transmitter and antenna
	0 dB
	0 dB

	Polarization of transmitted wave hardware
	Linear
	Linear


RF emitter test data will be available in Jun 2006.

Inadvertent exposure is prevented by inhibit switches in the spacecraft system which isolate all transmitters from the flight batteries except when bypassed during the comprehensive performance test. 
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Figure 3.5.3
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Figure 3.5.4
Radiation Protection Program Use Authorization #C-EX-70045 is included in Appendix B.
3.5.3. Laser System Dataxe "Laser System Data".

Not applicable for MidSTAR-1.  There are no laser devices used on this payload.

3.6. Flight Hardware Ionizing Radiation Sources

Not applicable for MidSTAR-1.  There are no ionizing radiation producing devices used on this payload.

3.7. Flight Hardware Acoustical Subsystems

Not applicable for MidSTAR-1.  There are acoustic hazard producing devices used on this payload.

3.8. Flight Hardware Hazardous Materials Subsystemsxe "Flight Hardware Hazardous Materials Subsystems"
3.8.1. General Dataxe "General Data".

Not applicable for MidSTAR-1.  There are no ionizing-radiation-hazard producing devices used on this payload.

3.8.2. Flight Hardware Hazardous Materials Dataxe "Flight Hardware Hazardous Materials Data".

The NCSU experiment aboard MidSTAR-1 contains 25 mL of gaseous nitrogen (N2) at 40 psia (2 atm) containing 5 ppm of nitrous oxide (NO2; “laughing gas”). The N2 will be contained within the NCSU until the experiment is initiated on orbit. None will be released during ground processing. N2 is non-flammable, non-explosive, non-toxic and (as it is the major component of ambient air) compatible with all materials contained within the spacecraft and processing facility. For the same reason, no unacceptable electrostatic characteristics exist. No personal protective equipment is to be used. Any N2 released will mix with the ambient air eliminating the need for decontamination, neutralization and disposal procedures. 
No detection equipment will be needed. The total amount of NO 2 contained within the experiment is 70 nL at one atmosphere, an insignificant amount which poses no hazard of any kind.
3.9. Computing Systems Data

MidSTAR-1 has no software safety critical functions.
4. Ground Support Equipmentxe "Ground Support Equipment"
4.3. Ground Support Material Handling Equipmentxe "Ground Support Material Handling Equipment"
4.3.1. General Dataxe "General Data".
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MidTAR-1 will arrive at the processing facility in a horizontal position within the shipping container as shown in the figure. The shipping container with the shipping cover removed will function as the spacecraft portable processing stand. The spacecraft will be hoisted directly from the stand by an IC-provided lifting sling when turned over for integration onto the ESPA ring. The sling will attach to the spacecraft at the four hoist rings shown in blue. The hoist rings will be inserted into the shipping and guard bosses discussed in Section 3.3.2 above.

The spacecraft will always be lifted/supported by all four points. This arrangement tolerates a single failure without hazard to personnel or flight hardware; hence, no single failure point analysis is required. The initial proof load test was performed on as per MS-TP-1A: Lift-point Attachment Test Procedure, on a spacecraft mockup fitted with bosses and hoist rings mounted in the hoisting configuration. The mockup will be loaded to 246 lbs (100% load), then lifted and suspended for fifteen minutes.  The mockup will then be removed from the lift, and the hoist rings dismantled for inspection. Survival of the rings with no detectable yield or evidence of strain will be considered a successful test. 

4.3.2. Cranes and Hoists Used to Handle Critical Hardwarexe "Cranes and Hoists Used to Handle Critical Hardware".

Not applicable for MidSTAR-1.  No payload provided portable cranes or hoists will be used at the launch site.
4.3.3. Sling Assemblies Used to Handle Critical Hardwarexe "Sling Assemblies Used to Handle Critical Hardware".

Not applicable for MidSTAR-1. No payload provided lifting assembly will be used at the launch site.
4.3.4. Hydrasets and Load Cells Used to Handle Critical Hardwarexe "Hydrasets and Load Cells Used to Handle Critical Hardware".

Not applicable for MidSTAR-1.  No payload provided hydrasets or load cells will be used at the launch site.
4.3.5. Handling Structures Used to Handle Critical Hardwarexe "Handling Structures Used to Handle Critical Hardware".

MidSTAR-1 will arrive at the processing facility in a horizontal position within the shipping container as shown in the figure. The shipping container with the shipping cover removed will function as the spacecraft portable processing stand. 
The portable processing stand is designed to support MIDSTAR 1 through transportation to the launch site, and pre-launch preparations. The stand is identical to the one shown in the figure with the exception that the castors will be replaced with permanent feet prior to shipping the stand from the factory.
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The processing stand itself consists of a 32 ¼ inch x 46 ¾ inch x ¼ inch thick aluminum baseplate with four towers bolted to the upper surface. It is equipped with 2-in diameter stainless steel feet attached with ½ inch bolts in each corner. The platform is stationary.

The spacecraft is mounted to the processing stand by four hoist rings attached to the spacecraft flight lifting fixtures; the hoist rings are in turn secured via turnbuckles to eyebolts attached to the baseplate.

All of the attachments to the aluminum platform are made through the use of bolts and screws.

When assembled the processing stand stands 18 ½ inches high unloaded. The center of gravity of the stand with MIDSTAR on is 22 inches in the x-direction, and 17 inches in the y-direction as measured from the corner indicated in the figure. The loading that this configuration must withstand can be seen in Table 1-1.

Table 1-1

	Item Name
	Actual Load
	Proof Load
	Design Load
	Factor of Safety

	Portable Processing Stand
	250 lb
	250
	750
	1.0


The spacecraft will be hoisted directly from the stand by an IC-provided lifting sling when turned over for integration onto the ESPA ring. The sling will attach to the spacecraft at the four hoist rings shown in blue. The hoist rings will be inserted into the shipping and guard bosses discussed in Section 3.3.2 above.
The spacecraft will always be lifted/supported by all four points. This arrangement tolerates a single failure without hazard to personnel or flight hardware; hence, no single failure point analysis is required. The initial proof load test was performed on the mass model as a whole in full flight configuration with no deployment system attached. A photo of the lifting point attachment as tested is shown below.
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The test was performed on 17 April 2006 at the Naval Research Laboratory. The mockup was loaded to 264 lbs (100% load), then lifted and suspended by attachments to the bosses for fifteen minutes. The mockup was then removed from the lift, and the bosses dismantled and inspected by the lead structural engineer and the Director of the USNA Small Satellite Program; no evidence of yield or strain was found. As per the test criteria, this was declared a successful test.





4.3.6. Removable, Extendible, and Hing​ed Personnel Work Platformsxe "Removable, Extendible, and Hing​ed Personnel Work Platforms".

Not applicable for MidSTAR-1.  No payload provided work platforms will be used at the launch site.
4.3.7. Cranes and Hoists Used to Handle Non-Critical Hardwarexe "Cranes and Hoists Used to Handle Non-Critical Hardware".

Not applicable for MidSTAR-1.  No payload provided cranes or hoists will be used at the launch site for non-critical hardware.
4.3.8. Sling Assemblies Used to Handle Non-Critical Hardwarexe "Sling Assemblies Used to Handle Non-Critical Hardware".

Not applicable for MidSTAR-1.  No payload provided lifting slings will be used at the launch site for non-critical hardware.

4.3.9. Handling Structures Used to Handle Non-Critical Hardwarexe "Handling Structures Used to Handle Non-Critical Hardware".

Not applicable for MidSTAR-1.  No payload provided handling structures will be used at the launch site for non-critical hardware.

4.4. Ground Support Pressure and Propellant Systems

Not applicable for MidSTAR-1.  No pressurization or propellant support GSE will be used at the launch site.xe "Ground Support Pressure and Propellant Systems"
4.5. Ground Support Electrical and Electronic Subsystems

4.5.1. General Dataxe "General Data".

The EGSE for MidSTAR-1 will consist of a battery charging set for periodic trickle charging of the flight batteries, and a portable communications kit for commanding the spacecraft during a comprehensive performance test to be completed prior to delivering the spacecraft for integration.
4.5.2. EGSE Battery Design Dataxe "EGSE Battery Design Data".

The digital multimeter used to monitor flight battery thermistor resistance uses four size C standard consumer-grade alkaline dry cell batteries. The laptop computer used in the comprehensive performance test will contain a standard consumer-grade battery designed for laptop use.
4.5.3. EGSE Design Dataxe "EGSE Design Data".

The battery charging set consists of an Agilent Technologies E3617A DC Power Supply rated for 0-60 V and 0-1 A, and a Radio Shack 24 Channel Digital Multimeter (handheld, battery powered).

[image: image26]
The power supply will be connected directly across the flight batteries through the SC/ESPS/LV electrical harness. The power supply will charge the batteries at 40 V until charging current falls below 10 mA. Voltage and current readouts are built into the power supply and will be monitored continuously by the operator during all charging operations. The power supply is dual voltage/current limited; the voltage limit will be 40V, and the current limit will be 440 mA.
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Figure 4.5.1
The digital multimeter will be used in ohmmeter mode and connected across a thermistor string embedded in the flight batteries. The resistance of the thermistor string will be monitored continuously during battery charging, Charging will be halted it the resistance exceeds a value indicative of overheating in the battery pack. 

Both units will be carried into the charging area as needed, and removed from the area upon completion of charging. 

The comprehensive performance test equipment will consist of a single laptop computer. 
The comprehensive performance test will consist of bypassing the power inhibits in the separation system to permit the flight system initiate the post-deployment sequence; antennas will be removed and replaced by non-radiating terminal loads. The EGSE will simulate ground station contact and rehearse first-pass procedures. Following successful completion of the first pass procedures, each onboard experiment will be exercised to confirm proper functioning. The flight system will then be commanded off and power removed from the flight system. This will restore the spacecraft to the launch configuration with all onboard systems disconnected from the flight batteries.



The EGSE will be located on a worktable within five feet of the spacecraft. It will be brought into the payload processing area just before the initiation of the comprehensive performance test and removed from the area upon completion.
Operation of the system consists of booting up the laptop computer and executing pre-planned operations. All equipment will operate on 120VAC standard facility power.

No Range Safety required hazard analyses will be conducted per Use Authorization C-EX-70045, dated 29 Jun 2005.
EGSE communicates with the flight system over an ethernet cable link. Faults in the EGSE would appear to the flight system to be meaningless noise or illegitimate commands; these would be ignored by the C&DH. Failure of the EGSE which would prevent the command deactivation of the flight system would be addressed by removing power from the flight system. This is an acceptable action since the flight system is designed to boot up from a complete power-off state at deployment.
MidSTAR-1 has no commanded hazardous activities or conditions. Inadvertent commands are incapable of creating a hazardous condition. 
MidSTAR-1 has no potential shock hazards.
MidSTAR-1 will not be operated in any hazardous atmospheres.
MidSTAR-1 has no equipment of any kind powered up during or after propellant loading. 
Bent pin analysis TBD NLT 31 JULY 2006.
4.6. Ground Support Ordnance Subsystems

Not applicable for MidSTAR-1.  No ordnance support GSE is used at the launch site.xe "Ground Support Ordnance Subsystems"
4.7. Ground Support Non-Ionizing Radiation Source Data

4.7.1. General Dataxe "General Data".

Non-ionizing radiation will be inhibited during the Comprehensive Performance Test by removal of the antennas and replacement with non-radiating terminal loads.
The comprehensive performance test will be performed per MS-TP-3: Comprehensive Test Plan Procedures. The test will consist of bypassing the power inhibits in the separation system to permit the flight system initiate the post-deployment sequence. The EGSE will simulate ground station contact and rehearse first-pass procedures. Following successful completion of the first pass procedures, each onboard experiment will be exercised to confirm proper functioning. The flight system will then be commanded off and power removed from the flight system. This will restore the spacecraft to the launch configuration with all onboard systems disconnected from the flight batteries.

The EGSE will consist of a single laptop computer located on a worktable within five feet of the spacecraft. It will be brought into the payload processing area just before the initiation of the comprehensive performance test and removed from the area upon completion. 
Operation of the system consists of booting up the laptop computer and executing pre-planned operations. The laptop will operate on 120VAC standard facility power.

No Range Safety required hazard analyses will be conducted per Use Authorization C-EX-70045, dated 29 Jun 2005.

4.7.2. Ground Support RF Emitter Data.xe "Ground Support RF Emitter Data"
a. a.
 Site plans shall be submitted to Range Safety and the RPO for all RF generating equipment. The site plan shall include the following information:  

1) Location of generating equipment

2) RF hazard areas

3) Description and use of nearby facilities and operating areas

	EGSE RF Emitter:

 CommBlock COM-4001A
	Design Data
	Test Data

	Emitter peak  power
	2 W
	TBS

	Average power
	2W
	TBS

	Pulse widths
	TBS
	TBS

	Pulse repetition frequencies
	1 MHz
	TBS

	Pulse codes
	BPSK
	TBS

	Maximum rated duty cycle
	100%
	TBS

	Type and size of antenna
	2-inch dipole
	TBS

	Antenna gain and illumination
	2 dB
	TBS

	Beam width and beam skew
	Hemispheric; fixed
	TBS

	Operating frequency in MHz
	2202
	TBS

	Insertion loss between transmitter and antenna
	-13 dB
	TBS

	Polarization of transmitted wave hardware
	Linear
	TBS


4.7.3. Ground Support Laser Systemsxe "Ground Support Laser Systems".

Not applicable for MidSTAR-1.  No lasers are incorporated into electrical GSE used at the launch site.
4.8. Ground Support Ionizing Radiation Source Data

Not applicable for MidSTAR-1.  No ionizing radiation sources are used in GSE at the launch site.
4.9. Ground Support Acoustic Hazards

Not applicable for MidSTAR-1.  There are no acoustic hazards generated by GSE used at the launch site.

4.10. Ground Support Hazardous Materials

Not applicable. No hazardous materials will be used in MidSTAR-1 ground support operations.

4.11. Operations Safety Console

4.12. Vehicle Data

Not applicable for MidSTAR-1.  All vehicles used at the launch site will be provided by the IC from launch site approved resources.

4.13. Computing Systems Data

Not applicable for MidSTAR-1. MidSTAR-1 EGSE has no software safety critical functions.
4.14. WR Seismic Data Requirements

Not applicable.

Appendix A: Material Safety Data Sheet

acc. to OSHA and ANSI 

	  Printing date 05/30/2000
	Reviewed on 05/05/2000  


	

	    1 Identification of substance: 

· Product details: 

· Trade name: Gallium arsenide 

· Stock number: 88458 

· Manufacturer/Supplier: 
Alfa Aesar, A Johnson Matthey Company 
Johnson Matthey Catalog Company, Inc. 
30 Bond Street 
Ward Hill, MA 01835-8099 
Emergency Phone: (978) 521-6300 
CHEMTREC: (800) 424-9300 
Web Site: www.alfa.com 

· Information department: Health, Safety and Environmental Department 

· Emergency information: 
During normal hours the Health, Safety and Environmental Department. After normal hours call Chemtrec at (800) 424-9300. 

	    2 Composition/Data on components: 

· Chemical characterization: 
           Description: (CAS#)                                         
            Gallium arsenide (CAS# 1303-00-0), 100% 

· Identification number(s): 

· EINECS Number: 215-114-8 

· EU Number: 033-002-00-5 

	    3 Hazards identification 

· Hazard description: T Toxic 

· Information pertaining to particular dangers for man and environment 
R 23/25 Toxic by inhalation and if swallowed. 

	    4 First aid measures 

· General information 
Immediately remove any clothing soiled by the product. 
Remove breathing apparatus only after contaminated clothing has been completely removed. 
In case of irregular breathing or respiratory arrest provide artificial respiration. 

· After inhalation 
Supply fresh air. If required, provide artificial respiration. Keep patient warm. 
Seek immediate medical advice. 

· After skin contact 
Immediately wash with water and soap and rinse thoroughly. 
Seek immediate medical advice. 

· After eye contact 
Rinse opened eye for several minutes under running water. Then consult a doctor. 

· After swallowing 
Do not induce vomiting; immediately call for medical help. 
Seek immediate medical advice. 

	    5 Fire fighting measures 

· Suitable extinguishing agents 
CO2, sand, extinguishing powder. Do not use water. 

· For safety reasons unsuitable extinguishing agents Water 

· Special hazards caused by the material, its products of combustion or 
  resulting gases: 
In case of fire, the following can be released: 
Toxic metal oxide fume 

· Protective equipment: 
Wear self-contained respirator. 
Wear fully protective impervious suit. 

	    6 Accidental release measures 

· Person-related safety precautions: 
Wear protective equipment. Keep unprotected persons away. 
Ensure adequate ventilation 

· Measures for environmental protection: 
Do not allow material to be released to the environment without proper governmental permits. 

· Measures for cleaning/collecting: 
Dispose contaminated material as waste according to item 13. 
Ensure adequate ventilation. 

· Additional information: 
See Section 7 for information on safe handling 
See Section 8 for information on personal protection equipment. 
See Section 13 for disposal information. 

	    7 Handling and storage 

· Handling 

· Information for safe handling: 
Handle under dry protective gas. 
Keep container tightly sealed. 
Store in cool, dry place in tightly closed containers. 
Ensure good ventilation at the workplace. 
Open and handle container with care. 

· Information about protection against explosions and fires: 
No special measures required. 

· Storage 

· Requirements to be met by storerooms and receptacles: 
No special requirements. 

· Information about storage in one common storage facility: 
Do not store together with acids. 
Store away from water/moisture. 

· Further information about storage conditions: 
Store under dry inert gas. 
Protect from humidity and water. 
Keep container tightly sealed. 
Store in cool, dry conditions in well sealed containers. 
Store under lock and key and with access restricted to technical experts or their assistants only. 

	    8 Exposure controls and personal protection 

· Additional information about design of technical systems: 
Properly operating chemical fume hood designed for hazardous chemicals and having an average face velocity of at least 100 feet per minute. 

Components with limit values that require monitoring at the workplace: 

Arsenic, elemental, and inorganic compounds (except arsine), as As 
                      mg/m3 
ACGIH TLV             0.01, A1 
Belgium TWA           0.2 
Denmark TWA           0.05 
Finland TWA           carcinogen 
France TWA            0.2 
Hungary TWA           0.5; carcinogen 
Ireland TWA           0.1; carcinogen 
Netherlands TWA       0.025; 0.05-STEL (water-soluble inorganic cmpds) 
Poland TWA            0.3 
Sweden TWA            0.03; carcinogen 
Switzerland TWA       0.1; carcinogen 
United Kingdom TWA    0.1 
USA PEL (respirable)  0.01 

· Additional information: No data 

· Personal protective equipment 

· General protective and hygienic measures 
The usual precautionary measures for handling chemicals should be followed. 
Keep away from foodstuffs, beverages and feed. 
Remove all soiled and contaminated clothing immediately. 
Wash hands before breaks and at the end of work. 
Store protective clothing separately. 

· Breathing equipment: 
Use suitable respirator when high concentrations are present. 
Refer to 29CFR1910.1018 for regulations on respiratory protection required during exposure to inorganic arsenic. 

· Protection of hands: Impervious gloves 

· Eye protection: Safety glasses 

· Body protection: Protective work clothing. 

	    9 Physical and chemical properties: 

· Form: Chunks 

· Color: Dark grey 

· Odor: Odorless 

·                                      Value/Range  Unit    Method       

· Change in condition 

· Melting point/Melting range:                  1238 ° C 

· Boiling point/Boiling range:       Not determined 

· Sublimation temperature / start:   Not determined 

· Flash point:                       Not applicable 

· Ignition temperature:              Not determined 

· Decomposition temperature:         Not determined 

· Danger of explosion: 
Product does not present an explosion hazard. 

· Explosion limits: 

· Lower:                             Not determined 

· Upper:                             Not determined 

· Vapor pressure:                    Not determined 

· Density:               at   20 ° C            5.31 g/cm3 

· Solubility in / Miscibility with 

· Water:                             Reacts 
Insoluble 

	   10 Stability and reactivity 

· Thermal decomposition / conditions to be avoided: 
Decomposition will not occur if used and stored according to specifications. 

· Materials to be avoided: 
Acids 
Water/moisture 

· Dangerous reactions Contact with acids releases toxic gases 

· Dangerous products of decomposition: Arsenic compounds 

	   11 Toxicological information 

· Acute toxicity: 

· Primary irritant effect: 

· on the skin: Irritant to skin and mucous membranes. 

· on the eye: Irritating effect. 

· Sensitization: No sensitizing effects known. 

· Subacute to chronic toxicity: 
Acute arsenic poisoning from ingestion results in marked irritation of the stomach and intestines with nausea, vomiting and diarrhea.  In severe cases, the vomitus and stools are bloody and the patient goes into collapse and shock with weak, rapid pulse, cold sweats, coma and death. 
Chronic arsenic poisoning may cause disturbances of the digestive system such as loss of appetite, cramps, nausea, constipation or diarrhea. 
Gallium and gallium compounds may cause metallic taste, dermatitis and depression of the bone marrow function.  Large doses may cause hemorrhagic nephritis. 

· Additional toxicological information: 
To the best of our knowledge the acute and chronic toxicity of this substance is not fully known. 
EPA-A: human carcinogen: sufficient evidence from epidemiologic studies to support a causal association between exposure and cancer. 
IARC-1: Carcinogenic to humans: sufficient evidence of carcinogenicity. 
NTP-1: Known to be carcinogenic: sufficient evidence from human studies. 
Carcinogen as defined by OSHA. 
ACGIH A1: Confirmed human carcinogen: Agent is carcinogenic to humans based on epidemiologic studies of, or convincing clinical evidence in, exposed humans. 

	   12 Ecological information: 

· General notes: 
Do not allow material to be released to the environment without proper governmental permits. 

	   13 Disposal considerations 

· Product: 

· Recommendation 
Consult state, local or national regulations for proper disposal. 

· Uncleaned packagings: 

· Recommendation: 
Disposal must be made according to official regulations. 

	   14 Transport information 

· DOT regulations: 

· Hazard class:             6.1 

· Identification number:    UN1557 

· Packing group:            II 

· Proper shipping name (technical name): 
                          Arsenic compound, solid, n.o.s., gallium                           arsenide 

· Land transport ADR/RID  (cross-border) 

· ADR/RID class:            6.1 Toxic substances 

· Item:                     51b 

· Danger code (Kemler):     60 

· UN-Number:                1557 

· Description of goods:     Arsenic compound, solid, n.o.s., gallium 
                          arsenide 

· Maritime transport IMDG: 

· IMDG Class:               6.1 

· UN Number:                1557 

· Packaging group:          II 

· Proper shipping name:     Arsenic compound, solid, n.o.s., gallium 
                          arsenide 

· Air transport ICAO-TI and IATA-DGR: 

· ICAO/IATA Class:          6.1 

· UN/ID Number:             1557 

· Packaging group:          II 

· Proper shipping name:     Arsenic compound, solid, n.o.s., gallium 
                          arsenide 

	   15 Regulations 

· Product related hazard informations: 

· Hazard symbols: T Toxic 

· Risk phrases: 23/25 Toxic by inhalation and if swallowed. 

· Safety phrases: 
20/21 When using do not eat, drink or smoke. 
28    After contact with skin, wash immediately with plenty of water 
45    In case of accident or if you feel unwell, seek medical advice immediately. 

· National regulations 
All components of this product are listed in the U.S. Environmental Protection Agency Toxic Substances Control Act Chemical Substance Inventory. 
This product contains a chemical known to the state of California to cause cancer or reproductive toxicity. 

· Information about limitation of use: 
For use only by technically qualified individuals. 
This product contains arsenic and is subject to the reporting requirements of section 313 of the Emergency Planning and Community Right to Know Act of 1986 and 40CFR372. 

· Other regulations, limitations and prohibitive regulations 
Refer to 29CFR1910.1018 for regulations concerning inorganic arsenic. 

	   16 Other information: 


Employers should use this information only as a supplement to other information gathered by them, and should make independent judgement of suitability of this information to ensure proper use and protect the health and safety of employees.  This information is furnished without warranty, and any use of the product not in conformance with this Material Safety Data Sheet, or in combination with any other product or process, is the responsibility of the user. 

· Department issuing MSDS: Health, Safety and Environmental Department. 

· Contact: Darrell R. Sanders 


Appendix B: Boss Stress Analysis

From NAS1351N3 spec for #10-32 A-286 1.25”

· Bolt breaking strength (ultimate load) = 3200 lbf.

· Diameter = 0.19 in

· Shank area = 0.28535 in2
· Tensile strength = 180 ksi

· Shear strength = 108 ksi 

Scenarios

    1. Horizontal Resting Configuration (1 g)





Mass of Assembly = 155 kg

Force per boss (4) = 85.4 lbf (380 N)

FOS force = 170.8 lbf. (760 N)

Shear force per bolt = 57 lbf (253 N)

Normal force per bolt = 96.1 lbf (427.3 N)

Shear stress = 2009 psi

Normal stress = 3389 psi

    2. Vertical Resting Configuration (1 g)

Mass of Assembly = 155 kg

Force per boss (2) = 170.8 lbf (760 N)

FOS force = 341.6 lbf. (1519.57 N)

Shear force per bolt = 113.9 lbf (506.5 N)

Normal force per bolt = 192.1 lbf (854.6 N)

Shear stress = 4017 psi

Normal stress = 6777 psi

    3.  Maximum Loading per bolt (25% ultimate strength preload)


Tension Preload = 800 lbf (3558.6 N)

Max Shear Force = 3062 lbf (13619.6 N)

Max Normal Force = 2400 lbf (Ultimate load – preload)


Max. Shear G-load = 26.9 g’s

Max. Normal G-load = 12.5 g’s (limiting factor)

    4. Maximum Loading per bolt (50% ultimate strength preload)

Tension Preload = 1600 lbf (7117.2 N)


Max Shear Force = 3062 lbf (13619.6 N)


Max Normal Force = 1600 lbf (Ultimate load – preload)


Max Shear G-load = 26.9 g’s


Max Normal G-load = 8.33 g’s
[image: image29.png]



           Fig 1. Force Loads on Base Boss
Appendix C: Radiation Protection Program Use Authorization
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Appendix D: Schedule of Tests to be Performed
	Test
	Date

	Lift-point attachment test
	Mar 2006

	Lift of full-weight spacecraft
	Jun 2006

	RF emitter tests
	Jun 2006


Appendix E: Table of Compliance with Range Safety Requirements
	Range Safety Requirement
	EWR 127-1
	Comply
	Comments

	All batteries shall be capable of being easily electrically disconnected and/or removed.
	3.14.1.6.1 a


	C
	

	Battery connectors shall be designed to prevent reverse polarity.
	3.14.1.6.1 b


	C
	

	Diodes shall be used to prevent reverse current. NOTE: Diodes may be placed in the battery or in external circuitry.
	3.14.1.6.1 c


	C
	

	If a battery is not connected to the system, the battery terminals or connector plug shall be taped, guarded, or otherwise given positive protection against shorting.
	3.14.1.6.1 d


	C
	

	Identification. Each battery shall be permanently identified with the following information: component name, type of construction, manufacturer identification, part number, lot and serial number, date of manufacture.
	3.14.1.6.1 e


	C
	

	All lithium battery designs shall be reviewed and approved by Range Safety prior to arrival, usage, packing, storage, transportation, or disposal on the Ranges. NOTE: Batteries that have an Underwriter’s Laboratory (UL) listing and are intended for public use are exempt from these requirements.
	3.14.1.6.2 a
	C
	All lithium batteries are UL listed and intended for public use. The only lithium batteries used are for (i) laptop computer power, and (ii) power for onboard and laptop computer microprocessor clocks.

	Battery charging EGSE shall be current limited by design.
	3.14.2.6 a
	C
	The Agilent E3617A power supply used by MidSTAR is current limited.  The operator will set the device to 0.5 amp and monitor the current output to ensure it remains at 0.5 amps or lower. The operator will terminate the charging operation if current exceeds 0.5 amps. 

	The battery charging rate shall not be able to initiate or sustain a run-away failure of the battery.
	3.14.2.6 b
	C
	The controls within the power supply limits the power, both voltage and current, delivered to the spacecraft battery. The operator monitoring the charging operation will terminate the operation if more than 58.5 VDC or 0.5 A are drawn in any operational configuration.

	A temperature monitoring system shall be used in addition to other methods of charge control.
	3.14.2.6 c
	C
	Each battery case is provided with two themistors for sensing of the battery temperature; resistance of the thermistors is monitored by the operator. Battery charging will cease if a resistance indicative of a temperature greater than 45 C is detected.

	Analysis or testing shall be conducted to demonstrate compliance with the above requirement.
	3.14.2.6 d
	C
	

	Flight battery cases shall be designed to an ultimate safety factor of 3 to 1 with respect to worst case pressure buildup for normal operations.
	3.14.3.3 a
	C
	The battery case is an unsealed, vented box one-eighth inch sheet aluminum T6061 .

	This pressure buildup shall take into account hydraulic and temperature extremes. 
	3.14.3.3 a1
	C
	The battery case is unsealed.

	Batteries that have chemically limited pressure increases such as nickel-hydrogen chemistries and whose battery/cell case can be designed to withstand worst case pressure buildup in abnormal conditions such as a direct short and extreme temperatures, can reduce the safety factor to 2:1 (ultimate) and 1.5:1 yield. Lower factors of safety determined by a Range Safety approved fracture mechanics analysis can be used on a case by case basis for nickel-hydrogen chemistries.
	3.14.3.3 a2
	C
	The battery case is unsealed.

	Sealed batteries shall have pressure relief capability unless the battery case is designed to a safety factor of at least 3 to 1 based on worst case internal pressure. 
	3.14.3.3 b
	C
	The battery case is unsealed.

	Pressure relief devices shall be set to operate at a maximum of 1.5 times the operating pressure and sized so that the resulting maximum stress of the case does not exceed the yield strength of the case material.
	3.14.3.3 b1
	C
	The battery case is unsealed.

	Nickel-hydrogen batteries and/or cells that are proven by test to withstand worst case pressure build-up in abnormal conditions such as direct short and thermal extremes that can be experienced when installed with no reliance on external controls such as heaters and air conditioning are not required to have pressure relief capability.
	3.14.3.3 b2
	C
	The Ni-Cd cells do have pressure relief capability. Overpressure will vent through the 3 vent holes in the top of the cell via the CID for pressures up to 230 to 250 PSI.

	EGSE and Flight Hardware Battery Design Data
	3.14.5.1
	C
	Required data is in found in Section 3.3.
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