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This document contains the hazard analysis and safety compliance data for the Project Title Flight Experiment.  The data has been assessed in accordance with the requirements of SLS-RQMT-216, “Space Launch System Program (SLSP) Exploration Mission 1 (EM-1) Safety Requirements for Secondary Payload Hardware”.  The data is presented as outlined in SLS-PLAN-217, “Space Launch Systems Plan (SLSP) Exploration Mission 1 (EM-1) Secondary Payload Safety Review Process.”
The information contained herein represents the current design of the hardware.  Any future changes to the hardware design or its anticipated use will be evaluated to determine its impact to safety and changes to this document will be made accordingly.
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In an effort to increase the scientific and exploration capability of the Space Launch System (SLS), the National Aeronautics and Space Administration (NASA) Headquarter Exploration Systems Directorate (ESD) has directed the SLS Program to accommodate Secondary Payloads on a non-interference, no harm basis.  Each payload is a CubeSat class payload.  The SLS vehicle currently has the potential to launch up to eleven of these payloads on Exploration Mission One (EM-1).
The decision was made based on the large support base across NASA, other government agencies, and the international community for access to much higher orbits than are currently available for small payloads.  Several organizations within NASA are already hosting design competitions for spots on SLS.  These include the following:
AES (already working on 3 payloads for EM-1)
SMD updated ROSES AO (1 payload – Heliophysics)
STMD  (issuing Centennial Challenge for up to 5 payloads – Lunar and Communication)
NASA has also received interest from the Office of the Chief technologist, Space Technology Program/Navy, AFRL/Air Force, several International partners, and many national Universities.
Under STMD, NASA is performing a series of challenges as part of an overall contest for 3 cubesat positions on EM-1.  Two challenges (lunar orbit and deep space communications) are offered in this competition.  A series of “ground tournaments” will be held to evaluate the prospective payloads during their progress.  Selection of the flight cubesats will be made as part of the fourth ground tournament.  As part of the ground tournaments the safety data package will be part of the maturity evaluation.  This document addresses Project Name.
[bookmark: _Toc358895586][bookmark: _Toc389468177][bookmark: _Toc413072884]Science or Technical Objectives
In a paragraph or two state the science or technical objective of your payload.
[bookmark: _Toc358895585][bookmark: _Toc389468176][bookmark: _Toc413072885]Purpose
The purpose of this document is to identify and document the potential safety hazards, hazard controls, and verification methods associated with Project Name.  The Safety Data Package (SDP) is intended to provide the data required by SLS-PLAN-217, “Space Launch Systems Plan (SLSP) Exploration Mission 1 (EM-1) Secondary Payload Safety Review Process” to support a Phase I safety review with the SLS EM-1 Payload Safety Review Panel (PSRP).and to demonstrate that the Project Name hardware complies with the requirements of SLS-RQMT-216, “SLSP EM-1 Safety Requirements for Secondary Payload Hardware”.  This document also provides a detailed hardware overview of the Project Name, a description of the interfacing hardware during ground and flight operations, and an overview of the expected ground and flight operations.
[bookmark: _Toc15106191][bookmark: _Toc43011197][bookmark: _Toc358895587][bookmark: _Toc389468178][bookmark: _Toc413072886]Scope
The core purpose of this SDP is to identify the safety hazards, their causes, controls, and verifications methods associated with Project Name while attached to the SLS vehicle and from the standpoint of potential hazards to the SLS vehicle.  This document also provides a wealth of information in terms of the Project Name flight and ground interfacing hardware, its operation, and the mission and planned operations of Project Name itself.  This data package is concerned with the payload activities starting with handover of an integrated payload dispenser to KSC through 15 seconds after deployment by the Secondary Payload Deployment System (SPDS).  While this is beyond the scope of hazards associated with the vehicle, there are several reasons why the Project has chosen to make this information available.
Project Name is dependent upon the Dispenser and all of the hardware associated with it prior to deployment so it is essential that the reader understand how the Integrated Spacecraft and Payload Element (ISPE) and the SPDS function in relation to Project Name.
This document also provides a convenient repository for all of the general information on Project Name.
The following table summarizes the safety responsibilities Project Name, the Dispenser, and SPDS.
	Flight Hardware
	
	Ground Operations (LSP Phase)

	Hardware
	Resp. Org.
	Safety Review
	
	Hardware
	Resp. Org.
	Safety Review

	Project Name
	MSFC
	SLS EM-1 PSRP
	
	Project Name
	MSFC
	LSP

	Dispenser
	LSP
	SLS EM-1 PSRP
	
	Dispenser
	LSP
	LSP

	SPDS
	SPIE
	SLS SafetyProcess
	
	
	
	

	ISPE (Integration)
	SPIE
	SLS SafetyProcess
	
	
	
	

	
	
	Note: All ground opertions related to Project Name are expected to happen at LSP.

	
	
	

	Ground (GSE)
	
	Ground Operations (KSC Phase)

	Hardware
	Resp. Org.
	Safety Review
	
	Hardware
	Resp. Org.
	Safety Review

	SPDS
	SPIE
	GSDO/KSC
	
	SPDS
	SPIE
	GSDO/KSC

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	Note: Project Name battery charging will be handled through SPDS.


[bookmark: _Toc413072887]Program Responsibilities
The SLS Program Office has chartered the SPIE Element with the responsibility for overall integration of SP's.  The SPIE Element Office has assigned the Marshall Space Flight Center (MSFC) Flight Programs and Partnerships Office (FPPO), Exploration and Space Transportation Development Office (FP30) as the Office of Primary Responsibility for SP integration with focus on the following principles:
Standardized interfaces to facilitate quick and routine payload integration 
Flight opportunities for the launch of small, secondary payloads to Beyond Earth Orbit (BEO) destinations, and
Documentation for all aspects of payload processing, integration, launch & deployment

The Exploration and Space Transportation Development Office is responsible for:
Supporting the secondary payload manifest process
Ensuring analytical and physical integration of secondary payloads for an SLS mission  
Manage and conduct secondary payload integration
Support operations planning
Ensure in-flight deployment
Support flight certification
Operations support, as negotiated with Secondary Payload Customer








[bookmark: _Ref354592258][bookmark: _Ref354592271][bookmark: _Toc358895588][bookmark: _Toc389468179][bookmark: _Toc413072888][bookmark: _Ref393220817]Mission Overview
Write a couple of paragraphs describing your mission (i.e. start with fly out from the dispenser and go through cubesat disposal).

Why Project Name?
Does your cubesat help fill in key Strategic Knowledge Gaps (SKG’s) in relation to your project?  Does your project aid in technology development? 

[bookmark: _Toc358895589][bookmark: _Toc389468180]Key Technical Constraints
As a result of the design restrictions for launch on SLS (deployer size) and cost drivers, Project Name has the following key technical constraints.  (Give a bulletized list, if any.)
[bookmark: _Toc413072889]

Concept of Operations
	[image: ]

	[bookmark: _Ref411253241][bookmark: _Toc413072980]Figure 2‑1.	Deployment Overview.


The concept of operations for Project Name is shown in Error! Reference source not found..  It is divided into phases spread out over the duration of the mission.  These phases include Deployment, Earth-Moon Departure, Cruise, Search/Approach, Recon, Proximity, and Downlink (these are examples).  The Deployment phase occurs from the launch of SLS until Project Name is deployed from the vehicle (Figure 2‑1).  Following SLS launch, the upper stage performs a Trans Lunar Injection (TLI) burn placing the upper stage on a Trans Lunar trajectory.  The Multi-Purpose Crewed Vehicle (MPCV) then separates from Interim Cryogenic Propulsion Stage (ICPS) to continue its lunar flyby.  Once the MPCV is clear of the ICPS, the ICPS will perform a disposal maneuver.  At this point, the Secondary Payload Deployer System (SPDS) sequencer system is activated and will deploy Project Name from the Dispenser at the deployment interval negotiated ahead of time.  Once Project Name is clear of ICPS, it will begin a preprogramed activation and deployment sequence of its onboard systems.  
Add any information concerning the operation of your payload that you think would be helpful for safety evaluation.

[bookmark: _Toc358895591][bookmark: _Toc389468182][bookmark: _Toc413072890]Assumptions
Any Assumptions or limitations we want to document (add to the list starting w/Assumption #5)?
Assumption 1 – ICPS will place the MSA into a 1 rpm roll near the end of its disposal maneuver (~1.5 hours post Orion departure).  The 1 rpm roll will allow the MSA environment to stay between 70°F and -30°F, which includes the secondary payloads in their dispensers.
Assumption 2 – ICPS activation of SPDS sequencer will be at the end of the ICPS disposal maneuver.
Assumption 3 – ICPS will send the SPDS sequencer 1, 2, or 3 discrete pulses after it has activated the SPDS system.  The pulses will allow the sequencer to select the proper “skit” (deployment sequence timing table) to best fit the flight duration between Earth and the moon.  Flight period can vary between 3.5 to 8.5 days.
Assumption 4 – ICPS post disposal maneuver state vector data will be made available to the payloads approximately 15 minutes from its downlink from ICPS.  Other ICPS/MSA environmental data (i.e. temperatures, shocks, loads, etc.) will be made to the payloads within a couple of days after launch.
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[bookmark: _Toc413072891]Space Launch System Payload Accomodations
This section provides an overview of the system used to support the Project Name during ascent on the Space Launch System (SLS) vehicle.  The section provides an overview of the SLS, SLS upper stage, the Secondary Payload Deployment System (SPDS), and the dispenser itself.  This description is provided as background information only and is considered beyond the scope of the Project Name safety assessment.
[bookmark: _Toc135623905][bookmark: _Toc193610921][bookmark: _Toc335057562][bookmark: _Toc339289067][bookmark: _Toc413072892]Space launch system
The SLS is a heavy-lift launch vehicle designed to place Exploration elements into Low Earth Orbit (LEO) for transfer to higher orbits and to evolve in capability to accommodate more complex and demanding missions.  The Block 1 SLS configuration (~70 t lift mass) is comprised of a common core stage, with propulsion provided by two five-segment solid rocket boosters and four RS-25 core stage engines.  For Multi-Purpose Crewed Vehicle (MPCV) missions, the SLS includes payload adapters that interface with an Interim Cryogenic Propulsion Stage (ICPS) which, in turn, interfaces with the MPCV.  The portion of the vehicle between the core stage and the MPCV is referred to as the Integrated Spacecraft and Payload Element (ISPE).  For EM-1, the ISPE consists of the Launch Vehicle Spacecraft Adapter (LVSA), the MPCV Stage Adapter (MSA), and an ICPS for in-space propulsive maneuvers.  Figure 3‑1 illustrates the elements of the SLS Block 1 configuration.
	[bookmark: _Ref332028116][image: ]

	[bookmark: _Ref393703227][bookmark: _Toc395534458][bookmark: _Toc413072983]Figure 3‑1.	70t Crew Expanded View.


The MSA is the structural interface between the ICPS and the MPCV.  It is a frustum shaped adapter constructed of a machined aluminum with internal stiffeners and forged interface rings.  An internal diaphragm is used to separate the exit plane of the MPCV Service Module (SM) engine nozzle and the forward end of the ICPS LH2 tank.  The MSA also has provisions for cable interface panels, access panels, attach interfaces for electrical cabling wire harness supports, and provisions for eleven Secondary Payloads.
The ICPS is a LO2/LH2 stage used to provide the initial in-space propulsive capability to transport the MPCV and potential payloads Beyond Earth Orbit (BEO).  The ICPS provides the basic RCS guidance, navigation, and control systems to enable the stage to perform propulsion and attitude control for the entire upper stage as well as disposal of the ICPS following stage separation.
	[image: Artist concept of the Orion spacecraft. The ICPS will boost the Orion to the correct altitude and trajectory needed to send the spacecraft around the moon in order to check out vital systems during the initial test flights.]
	[image: ]

	[bookmark: _Toc413072984]Figure 3‑2.	ICPS and MPCV.
	[bookmark: _Ref343677379][bookmark: _Toc413072985]Figure 3‑3.	ICPS Orbital Maneuvers.


The mission begins with the launch of the SLS Vehicle at Launch Pad 39A.  Shortly before liftoff, all four RS-25 engines on the Core Stage are ignited followed by both SRBs.  At approximately two and a half minutes into the flight, both SRBs drop away while the Core Stage continues on for about another six minutes of powered flight.  Once Core Stage Main Engine Cut Off (MECO) is complete, the remaining spacecraft made up of the ICPS, MSA, and the MPCV separates from the Core Stage at the LVSA and continues to coast until the spacecraft reaches apogee.  At this point, the ICPS performs its first burn in order to raise the perigee of the orbit.  The spacecraft will then coast in this orbit until it is ready for the Trans Lunar Insertion (TLI) burn.  The current plan is for the spacecraft to make two and a half revolutions before the ICPS makes it second burn for TLI (approximately 3 hrs after launch).  About ten minutes after TLI, the MPCV will separate at the MSA and will then continue on its course to the moon using its own propulsion system.  The ICPS with the MSA still attached will continue to coast for another 30 minutes before it reorients itself for its disposal maneuver.  Following the disposal maneuver, the ICPS has expelled its propellants and the ICPS shuts down.  Its last act is to send a discrete signal to the SLS Payload Deployment System (SPDS) to activate the SPDS Sequencer and start the countdown to deployment of the secondary payloads.
In order to prevent premature activation of the SPDS resulting in inadvertent deployment of the Secondary Payloads, the ICPS incorporates several features to make sure that the discrete signal is sent at the proper time.  As long as the MPCV is still attached to the MSA, a series of inhibits within the ICPS controller will prevent the system from sending a signal to the SPDS.
[bookmark: _Toc295119297][bookmark: _Toc413072893]SLS Payload Deployment System
	[image: untitled]

	[bookmark: _Toc395534460][bookmark: _Toc413072986]Figure 3‑4.	ISPE COMPONENTS.


The SPDS is essentially a payload carrier that allows for the accommodation of 11 payloads inside the MSA.  The design provides for 12 bracket locations clocked evenly around the inner surface of the MSA.  Eleven of the locations support a payload deployer and a 6U (14 kg) payload.  The twelfth location houses the SPDS avionics unit (sequencer and battery).
Once installed in the MSA, payloads will remain “off” until deployment occurs after MPCV separation and the ICPS disposal maneuver completion.  Prior to shutdown, the ICPS will initiate a signal to the SPDS to activate the sequencer.  Payload deployment will then begin following a pre-loaded sequence (skit) until all payloads have been deployed.
The SPDS consists of the mounting brackets between the dispenser and the MSA, the avionics unit (sequencer and battery), and the associated cable harness.  This hardware is installed inside the MSA prior to MPCV stacking, starting with the brackets and wiring harness followed by the eleven dispensers, each with their own fully integrated payload.  Once MSA integration is complete, the MPCV configuration is stacked onto the MSA.  The integrated assemble is then taken to the Vehicle Assembly Building (VAB) for integration with the rest of the SLS vehicle.
Figure 3‑5 shows the electrical interfaces between the SPDS and the deployers, the flight interfaces between the SPDS and the ICPS, and the ground interfaces between the SPDS and the GSE.  The following sections provide a brief overview of the flight and ground interfaces followed by a more detailed description of the SPDS and dispenser hardware.
	[image: ]

	[bookmark: _Ref411258518][bookmark: _Toc413072987]Figure 3‑5.	SPDS to Deployer Interface Architecture.


Flight Interface
[bookmark: _Toc406421366]The SPDS structural interfaces are design to provide a way to mount each dispenser to the MSA and to firmly attach and route the SPDS wiring harness.  Each dispenser is mounted to the MSA using a pair of brackets bolted on one side to the dispenser mounting surface and to the inside surface of the MSA on the other.
The SPDS wiring harness is routed along the inside of the MSA and provides an electrical interface between ICPS and the SPDS avionics unit (sequencer and battery) and the sequencer and each individual dispenser.  Once the ICPS performs its disposal maneuver, its last function before permanently shutting down is to send a trigger signal (blue line) through a single discrete to the SPDS Sequencer.  Isolation switches inside the Sequencer are then closed in order to allow power (red line) from the battery to flow into the sequencer and start the timer function.  The sequencer will then select an individual dispenser for deployment based on the mission skit data loaded into the system prior to launch.  At the proper time, the sequencer provides power (a discrete) to the selected dispenser (blue line) in order to activate the motor driven latch.  Once the latch is released, a spring loaded pusher plate inside the dispenser will deploy the payload.  This process will continue until all eleven dispensers are activated.  Deployment times are programmed into the sequencer during ground handling, in the VAB, and are based on the expected on-orbit conditions and the approximate orbital location of the ICPS.  The only limitation to deployment time is the amount of power available in the SPDS battery which currently expected to last up to ten days.
Ground Interface
The SPDS ground interface is located on the ICPS forward skirt access opening and consists of two plugs for power (battery charging), battery charge monitoring, and skit data loading.  While the SLS Vehicle is located in the VAB, ground personnel can access the SPDS interface using a drag-on cable in order to perform battery charging or to load mission specific information to the SPDS sequencer.  During battery charging, a specific location is chosen for charging (specific dispenser or SPDS battery) using a breakout box.  Power is then feed into the system through the power plug (black dotted line) and the charging status is monitored through current and voltage monitors in the charge system and thermistor data (green dotted line) through the charge monitoring plug.  The skit loading plug (black solid line) allows the deployment sequence (i.e., mission skit) to be loaded to the SPDS sequencer.
[bookmark: _Toc413072894]MSA Brackets
	[image: ][image: ]

	[bookmark: _Toc413072988]Figure 3‑6.	MSA Bracket.


Figure 1‑1 shows the back and side views of the MSA Bracket.  The MSA brackets will be placed in 12 locations around the interior of the MSA.  Each bracket is attached to the MSA orthogrid node mounting points with six fasteners.  The bracket is designed to carry a maximum load of 60 lbs, which includes payload, dispenser, and any ancillary items (i.e. vibration isolation, thermal blankets, etc.).  At each payload location there will be two electrical connectors, which are mounted to the upper portion of one side of the bracket.  This will assist in mating the two electrical pigtails from the dispenser, once the dispenser has been mounted to the bracket.  One cable is the sequencer to dispenser deployment connection and the other connector is for payload battery charging, when in the VAB.  The bracket also provides a total of 22 floating nuts for receiving the dispenser’s 22 captive fasteners to attach the dispenser to the bracket.  The 22 fasteners are in two rows of 11.  The bracket provides the grounding path between the payload’s dispenser and the MSA wall.  The bond is a class S bond (< 1.0 ohm across interfaces).
[bookmark: _Toc413072895]Sequencer
The SPDS Sequencer is mounted in one of the twelve bracket locations inside the MSA and acts as the controller for the deployment of each individual payload.  It receives its power from the SPDS Battery mounted in the same location.  Following the ICPS disposal maneuver, it receives a single 28 Vdc, 500 mA command discrete from the ICPS for a period of 20 msec.  This signal closes a set of isolation switches between the sequencer and the battery resulting in the initiation of the pre-programmed mission skit.  During the countdown to each deployment, the sequencer clock has a power consumption of less than 1 W-hr, giving the system a potential mission duration of ten days depending on the capacity of the battery.  When the clock reaches the deployment time, the sequencer selects the programmed dispenser and provides a 35 W signal for less than a second.  This is enough time rotate the motor driven latch and initiate deployment.  Power consumption of the battery during deployment is about 1.5 A at 28 Vdc.  Following deployment, the sequencer continues its countdown until the next deployment time where it selects the next programmed dispenser and provides the deployment signal.  This continues until all payloads have been deployed.  The sequencer, at a minimum, will limit deployments at a minimum of 5 seconds between deployments in order to guard against payload to payload collision during the initial deployment phase.
During all ground processing at KSC the sequencer and payloads will be powered off.  This even includes during battery charging activities in the VAB.  The sequencer remains powered off until it is activated by the ICPS, post disposal maneuver.  Payloads remain powered off until they are deployed from their dispensers.
[bookmark: _Toc413072896]Battery
The SPDS battery is mounted next to the SPDS sequencer in one of the twelve bracket locations inside the MSA.  It provides the power to the sequencer necessary to follow a preprogrammed deployment sequence and to activate the deployment latch on each individual dispenser at the present time.  It is designed to provide about 2.5 A at 28 Vdc for about a half second during each deployment and still have enough power for the sequencer clock for a mission duration of about ten days.  The SPDS battery is also designed to be charged in the VAB prior to flight.  A safety requirement to allow battery charging is that the battery includes a 10K thermistor, which will be monitored by GSE, external to the MSA. This operation and associated hardware is addressed in Section 5.0 for ground operations.
Cell Design
[bookmark: _Toc413072897]The SPDS Battery will contain a package of 18650 lithium ion cells arranged in series in order to provide 28 Vdc and then grouped together in parallel to provide enough power for the mission duration.  A top level overview of the cells is provided in the following paragraph.  A more detailed description is provided in Section 4.0 as part of the NEA Scout hardware overview.
The 18650 cell is actual a modification to the standard 18650 NCR B cell which already has a long history in CubeSat applications.  Each cell is 65.2 mm in length and 18.6 mm in diameter.  The Graphite/LiNiCoAlO2 or NCA chemistry provides for a maximum voltage of 4.1 Vdc and a maximum capacity of 3.4 Ah at a full state of charge.  Standard safety features built into the cells include a Positive Temperature Coefficient (PTC) device, Current Interrupt Device (CID), and an exhaust gas hole built into each cell to prevent cell rupture.  The cells also uses Heat Resistance Layer (HRT) technology in order to provide an insulating metal oxide layer on the surface of the electrodes so that the battery will not overheat even under short circuit conditions.  The cell builds on the safety features of the 18650 cell by adding a Seiko Protection Integrated Circuit (IC).  The Seiko IC adds over-voltage (over charge) protections at 4.35 Vdc, over-discharge (under voltage) protection at 2.5 Vdc, over-current protection (7.5 to 8 A), over-heating protection, and additional short circuit protection.
SPDS Cable Harness
[bookmark: _Toc413072898]The SPDS cable harness is mounted to the inside surface of the MSA.  The flight half of the harness provides connections between the ICPS and the sequencer for sequencer activation, the ICPS ground access point to the SPDS batter and payloads for battery charging, and the sequencer to each individual dispenser for deployment.
The ground half of the harness is routed with the flight half in order to provide for charging in the VAB and for uploading the mission skit to the sequencer.  One side of the charging portion of the harness is terminated at the MSA “dog house” connector panel with a pair of plugs that allow ground personnel to connect a battery charger and a digital thermometer through a drag-on GSE cable.  A breakout box between the GSE cable and the GSE equipment allows ground personnel to select which SPDS location to charge.  The other end of the harness is terminated at the SPDS battery and all eleven payloads in their dispensers.  This part of the harness uses a pass through connector at the dispenser in order to access the payload battery and the thermistor.  The mission skit loading portion of the harness is terminated at the same MSA connector panel with a single plug that’s allows ground personnel to connect a computer through a drag-on GSE cable.  The other end is terminated at the SPDS sequencer.
CubeSat Dispenser
If PSC (Planetary System Corp.) 6U dispenser is not used, then this section must be rewritten by payload provider describing the dispenser being used.
For SLS EM-1, the Secondary Payloads will consist of eleven, identical, 6U sized CubeSat dispensers, each capable of deploying a single 6U sized CubeSat with a maximum mass of 14 kg.  The dispensers are circumferentially mounted to the internal surface of the MSA using aluminum brackets.  The SPDS cable harness provides the connection between the dispensers and the rest of the SPDS to support battery charging in the VAB and deployment following the ICPS disposal maneuver.  The official dispenser is a modified version of the commercially available Planetary Systems Corporation (PSC) 6U Canisterized Satellite Dispenser (CSD).  Modifications to the dispenser are being driven by launch vehicle environments and are expected to be limited to thermal protection blankets around the periphery of the dispenser and the installation of a vibration isolation mount system between the dispenser and the SLS structural interface (brackets).  The dispensers, any required dispenser modification kits, and analytical or physical mission integration support will be provided through the Launch Services Program (LSP) CubeSat Dispenser Hardware and Integration Services (CSDHIS) IDIQ contract.  The CSDHIS contractor is also responsible for providing all dispenser specific hazard analysis to the SLS EM-1 PSRP.
	[image: Payload Envelope]

	[bookmark: _Toc413072989]Figure 3‑7.	CSD Dimensions.


PSC’s standard 6U CSD design is based on its 3U design which flew commercially on Falcon 9 in 2013.  PSC’s 6U design is currently manifested to fly commercially in the 2nd quarter of 2015.  The 6U CSD is designed to protect and contain its CubeSat until its deployment.  It contains no pyrotechnics or hazardous materials of any kind.  Prior to deployment, the CSD clamps onto “tabs” located on the CubeSat, providing an invariant load path.  During deployment, door opening is driven by a sealed DC brush motor located internal to the CSD structure.  This motor design has flown in this application 50 times and has performed without issue.  The motor is designed and built with precious metal brushes, EMI suppression, and built in arc suppression.  Once the door is opened, springs are used to push the CubeSat out of the CSD.  The ejection velocity of the Cubesat at deployment is dependent upon the mass of the CubeSat and the number of springs installed in the CSD.
The CSD is manufactured out of metallic and self-extinguishing non-metallic materials with a chemically-treated, electrically conductive, aluminum alloy surface.  All materials are highly resistant to stress corrosion cracking per MSFC-STD-3029 and all fasteners are fully traceable and employ secondary locking features.  The CSD structure is freely vented.  It is designed with very high margins of safety and is extensively tested (shock, random vibe, functional deployment, etc.) as part of its qualification to MIL-STD-1540.  Both the structure and electrical interface are designed to support bonding to launch vehicle.  The CSD accommodates a feed through, “fly off” connector in order to allow for CubeSat battery charging in the VAB and for diagnostic assessment, post dispenser integration at the LSP facility.  The CSD exterior is designed with multiple interface points for mounting to the launch vehicle, other flight support equipment (TPS or vibe isolation), or ground handling equipment.
Once payloads are integrated into its flight dispenser, the integrated configuration will be vibrated to simulate launch conditions to assure the dispenser door will not inadvertently open during launch.  Once the integrated package has be vibrated there will be no accessing the payload by opening the dispenser door or removing any dispenser access panels.  If a panel is removed or the door is opened, the integrated configuration will need to be re-vibrated prior to handover and installation into the MSA.
	[image: ]

	[bookmark: _Toc413072990]Figure 3‑8.	Deployer Integrated Electrical Connections.
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[bookmark: _Toc43038348][bookmark: _Ref354592498][bookmark: _Ref354592500][bookmark: _Toc358895602][bookmark: _Toc389468195][bookmark: _Ref411602358][bookmark: _Toc413072899][bookmark: _Ref393219805]Project Name Hardware Overview
In this section the project needs to describe the hardware system within the cubesat.  It is best to do a general overall description followed by a simple block diagram.  The block diagram shows the different payload hardware systems (power, system controller, propulsion, transmitter, receiver, solar panels, etc.) and lines drawn in between the blocks showing the relationship between systems.  A few examples are shown below for suggestion purposes only.  Written descriptions are also acceptable.  The main thing is to clearly describe what the hardware is and how it functions in order to aid in the safety assessment of the cubesat.  Add any “safety feature” details about the system or hardware.
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	[bookmark: _Toc413072992]Figure 4‑1.	General System Configuration.






Flight System Overview

	[image: ]EXAMPLE


	[bookmark: _Toc413072994]Figure 4‑2.	NEA Scout Functional Block Diagram.



[bookmark: _Toc413072900]Payload
Describe any unique equipment (i.e. cameras, sensors, etc.) and how they interact with the rest of the cubesat.  Also identify any features which might be a hazard and discuss how that hazard would be controlled/mitigated.

[bookmark: _Toc413072901]Mechanical and Structural
Describe the main structure of the cubesat (metal, composite, welded, printed, fastened, etc.).  Brief description as to how cubesat components will be attached to the structure.  Also identify any features which might be a hazard and discuss how that hazard would be controlled/mitigated.
[bookmark: _Toc413072902]Propulsion
Describe the propulsion system of the cubesat (none, cold gas, hot gas, solar sail, ion, hybrid, etc.).  If there is a propulsion system then things like working fluid, pressure vessels, valving, relief devices, and other components need to be addressed in detail.  These are of specific interest to the safety panel.  Also identify any features which might be a hazard and discuss how that hazard would be controlled/mitigated.
[bookmark: _Toc413072903]Avionics
[bookmark: _Toc413072904]Separation Switches
Project Name uses two mechanical switches to provide two independent inhibits to activation (RF transmissions, solar array/sail deployment, thruster firing, etc.).  The current design places both switches on the side of the CubeSat.
	[image: ]EXAMPLE


	[bookmark: _Toc413073004]Figure 4‑3.	Separation Switch Schematic.


[bookmark: _Toc413072905]Grounding and Bonding
The internal electrical system is grounded to the CubeSat structure/chassis.  The CubeSat is ground to the Dispenser through the Separation Connector and through the CubeSat mounting contacts with the Dispenser.  The Dispenser has a Class-S bond with the SLS Vehicle through the bracket.  If it becomes necessary to use vibration isolators between the Dispenser and the mounting brackets, a ground strap will be used to provide the Class-S bond.
[bookmark: _Toc358895609][bookmark: _Toc389468202][bookmark: _Toc413072906]Command and Data Handling
Describe the C&DH system of the cubesat (processor, logic devices, data storage, etc.).  Describe how the system is controlled and how long it takes for the system/cubesat to come up to full operational status once deployed.  Keep in mind there are some restrictions as to cubesat operations for the first 15 seconds after deployment.  Controlling those restrictions need to be addressed in this section.  These are of specific interest to the safety panel.  Also identify any features which might be a hazard and discuss how that hazard would be controlled/mitigated.

	[image: ]EXAMPLE


	[bookmark: _Ref412731881][bookmark: _Toc413073006]Figure 4‑4.	C&DH Interface Block Diagram.



[bookmark: _Toc358895611][bookmark: _Toc389468204][bookmark: _Toc413072907]Software
	[image: ]

	[bookmark: _Toc389468343][bookmark: _Toc413073007]Figure 4‑5.	NEAS Software Overview.

		Note

	NEAS software is not used for controls and is not safety critical.EXAMPLE






Describe the software of the cubesat (Fortran, basic, C+++, etc.). Keep in software cannot be used as a safety inhibit for a hazardous component or operation.  These are of specific interest to the safety panel.  Also identify any features which might be a hazard and discuss how that hazard would be controlled/mitigated.
	[image: ]EXAMPLE


	[bookmark: _Toc413073008]Figure 4‑6.	Mission Overview.


[bookmark: _Toc413072908]Electrical Power System
Describe the power system of the cubesat (batteries, solar arrays, capacitors, etc.).  Describe how the system is controlled and how it is powered off during ground loading and flight, while in the dispenser.  Single point grounding/bonding is a key safety feature which needs to be discussed.  These are of specific interest to the safety panel.  Also identify any features which might be a hazard and discuss how that hazard would be controlled/mitigated.
	[image: ]EXAMPLE


	[bookmark: _Toc413073009]Figure 4‑7.	NEA Scout Power System.


[bookmark: _Toc413072909]Solar Panels
Describe main physical and functional parameters of solar panels if they are used in your cubesat.
[bookmark: _Toc413072910]Batteries
Describe the batteries and their configuration of the cubesat (type, size, built in protection, stacking configuration, etc.).  Describe how the batteries are controlled, charged (ground & flight) and any other aspects of the cubesat involving batteries.  Keep in mind there are a number of requirements involving batteries and the PSRP will be very interested in all aspects.  These are of specific interest to the safety panel.  Also identify any features which might be a hazard and discuss how that hazard would be controlled/mitigated.
[bookmark: _Toc413072911]Controller
Describe the Electrical Power Controller (EPS) physical and functional parameters being used in your cubesat.
.  
[bookmark: _Toc413072912]Telecom
	[bookmark: _Toc413073068]Table 4‑1.	Telecom Data.

	Uplink Frequency
	8.4 GHz

	Downlink FrequencyEXAMPLE

	7.1 GHz

	Power
	2 W


[bookmark: _Toc413072913]Describe the communications physical and functional parameters being used in your cubesat.
Transponder
Describe the transponder (or transmitter/receiver) physical and functional parameters being used in your cubesat.


	[image: ]EXAMPLE


	[bookmark: _Toc413073019]Figure 4‑8.	IRIS Transponder V2 Top-Level Block Diagram.


[bookmark: _Toc413072914]Antenna
Describe the antenna(s) physical and functional parameters being used in your cubesat.
	[image: ]EXAMPLE

	

	[bookmark: _Toc413073020]Figure 4‑9.	Transponder and Antenna Schematic.
	


Low Gain Patch (LGA)
Antenna Overview - High Gain Patch (HGA)

[bookmark: _Toc413072915]Attitude Control System
Describe the attitude control system physical and functional parameters being used in your cubesat.

	[image: ]EXAMPLE


	[bookmark: _Toc413073023]Figure 4‑10.	Separation Connector Pin-Out Interface Configuration.
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	[bookmark: _Toc413073031]Figure 4‑11.	Attitude Control Configuration.



[bookmark: _Toc413072916]Momentum Wheels
Describe the moment wheel (if applicable) physical and functional parameters being used in your cubesat.  PSRP will be interested in wheel diameter, spin rate, and containment of rotating parts.
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	[bookmark: _Toc413073032]Figure 4‑12.	Reaction Wheel Assembly Location.



[bookmark: _Toc413072917]RCS
Describe the propulsion system (if applicable) physical and functional parameters being used in your cubesat.  PSRP will be interested in types & amounts of propellants, valving, storage issues, thermal conditions, etc.  Propulsion is of great interest to the PSRP so the more info the better.
	[image: ]
	[image: ]EXAMPLE


	[bookmark: _Toc413073034]Figure 4‑13.	VACCO RCS.
	[bookmark: _Toc413073035]Figure 4‑14.	Separation Connector Pin-Out Interface Configuration.



[bookmark: _Toc413072918]Star Tracker
Describe the star tracker (if applicable) physical and functional parameters being used in your cubesat. 

[bookmark: _Toc413072919]Sun Sensors
Describe the sun sensor (if applicable) physical and functional parameters being used in your cubesat.  
	[image: ]
	[image: ]EXAMPLE


	[bookmark: _Toc413073037]Figure 4‑15.	Sun Sensor.
	[bookmark: _Toc413073038]Figure 4‑16.	Sun Sensor Field of View.






Propellant Budget
[image: ]EXAMPLE
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[bookmark: _Ref410208338][bookmark: _Toc413072920]Ground Processing
Ground processing for Project Name and other CubeSats like Project Name occurs in two locations.  Project Name is initially delivered to the Launch Services Program (LSP) (This option has not yet been determined) contract location for post shipment checkout and integration into the Dispenser.  Once all eleven secondary payloads are integrated into their Dispensers and complete the rest of LSP processing, LSP will then deliver them to KSC for integration into the MSA.  Table 5‑1 provides an overview of the ground processing sequence for Project Name.  The following paragraphs provide greater detail.
	[bookmark: _Ref413065013][bookmark: _Toc365993354][bookmark: _Ref413065009][bookmark: _Toc413073070]Table 5‑1.	Project Name Ground Processing summary.

	Time
	
	
	Activity

	
	
	Project Name
	Project Name delivered to LSP

	
	
	LSP
	LSP Integrates Project Name into Dispenser

	
	
	LSP
	LSP delivers loaded Dispenser to KSC (DD1149)

	
	
	GSDO
	Integrate Dispensers into MSA and Check Interfaces

	
	
	GSDO
	MPCV stacked onto MSA

	
	
	GSDO
	Stack MPCV with MSA onto Integrated ICPS

	
	
	GSDO
	Complete Vehicle Assembly and Checkout (SPDS Battery Charging)

	
	
	SPDS
	Connect GSE Drag-on Power

	
	
	SPDS
	Charge payload/SPDS batteries

	
	
	SPDS
	Load Mission Skit via GSE cable

	
	
	SPDS
	Remove GSE Drag-on Power

	
	
	SLS
	Vehicle Roll-Out

	
	
	SLS
	Vehicle Launch Preparations


[bookmark: _Toc413072921][bookmark: _Toc73157452]LSP Ground Processing
This is the portion of the ground processing that occurs at the LSP contract facility.  It starts when the payload is delivered to LSP and ends when LSP hands the integrated payloads over to KSC.  This option is TBD.
[bookmark: _Toc413072922]Support Equipment
The Project has not identified a need for any payload provided Ground Support Equipment (GSE).  LSP is expected to provide all of the GSE necessary for integration of the CubeSat into the Dispenser and for the testing of the integrated testing of the Dispenser.
[bookmark: _Toc413072923]LSP Operations
Project Name will be handed over to LSP in a “ready to fly” configuration with the propellant loaded and the batteries at a 30% state of charge.  The payload will then be integrated into the Dispenser for the required acceptance testing prior to transport and handover to KSC.
[bookmark: _Toc413072924]KSC Ground Processing
This is the portion of the ground processing that occurs at KSC.  It starts when LSP hands over the integrated Payload and Dispenser and ends with the launch of SLS.
[bookmark: _Toc413072925]KSC Provided Support Equipment
This section offers a description of the various pieces of KSC equipment that will be used as part of ground processing for Project Name from Dispenser integration through battery charging.  MSFC provided ground support equipment is discussed in detail later.  The KSC items that are directly related to Project Name processing are shown in Table 5‑2.
[bookmark: _Ref178651768][bookmark: _Toc413073071]Table 5‑2.	Table of KSC Supplied Equipment.
	KSC Supplied Equipment

	Item
	Qty
	Part Number
	Function

	Volt/Ohm Meter
	1
	
	

	Torque Wrench (w attachments)
	1
	
	

	
	
	
	


Volt Meter
Torque Wrench
[bookmark: _Toc413072926]MSFC Support Equipment
This section describes the various pieces of support equipment listed in Table 5‑3 used to support Project Name ground processing at KSC.
[bookmark: _Ref178652067][bookmark: _Toc413073072]Table 5‑3.	Table of MSFC Supplied Equipment.
	MSFC SPDS Supplied Equipment

	Item
	Qty
	Part Number
	COTS
	Cert
	Function

	Pig Tails
	2
	
	
	
	

	Drag-On Cables
	2
	
	
	
	

	Break-out Box
	1
	
	
	
	

	Programmable Power Supply
	1
	
	
	
	

	Data Acquisition Control Unit
	1
	
	
	
	

	Laptop
	1
	
	
	
	Loaded with Agilent Benchlink S/W

	Charge cables
	2
	
	
	
	Built in fuses

	Data Cables
	2
	
	
	
	

	Rack/Cart
	1
	
	
	
	

	Lift Sling
	1
	
	
	
	

	
	
	
	
	
	


Lift Sling
	[image: ][image: ]

	[bookmark: _Toc413073041]Figure 5‑1.	Lift Sling concept.


As part of the MSA integration process, each loaded Dispenser will have to be installed onto the MSA Bracket with the door facing up and the Dispenser at a 56° angle.  Given the weight of the loaded Dispenser and the awkward mounting location, this operation will have to be performed with a lifting sling and an overhead crane.  The current concept for the sling is to have four attach points to the dispenser either along the top rails (locations a) or on the ends (locations b).  The sling will also be designed in order to hold the Dispenser at a 56° angle.  All sling components will be either captive or tethered.  The maximum working load is expected to be 60 lbs.  Prior to use, the sling will be certified by proof test and will have the proper certification tags affixed to the sling.
Charging Components
	[image: ]

	[bookmark: _Toc413073042]Figure 5‑2.	CubeSat Charging Layout.


The charging components consist of the programmable power supply, data acquisition control unit, laptop, break-out box, cart, and all of the associated cabling to perform the operation.  A pair of drag on cables are used to provide a connection from the SPDS wiring harness on the vehicle to a break-out box used to feed temperature data to data acquisition control unit and a battery connection to the power supply.  A set of pig tail cables will allow KSC technicians to select an individual battery location by completing the connection from the power supply input to the selected battery output on the box.  A data cable from the break-out box routes the temperature data lines from all twelve battery locations to the acquisition unit.
When charging, the power supply will be set so that the voltage is limited to prevent the battery from overcharging and the current is limited to a specific trickle charge limit.  The positive charging cable from the power supply will have a current monitoring shunt to verify that the current displayed on the front panel of the power supply is correct.  The negative charging cable will also have a fuse set at approximately 1.5 times the charging current.
	Note

	Not having battery voltage sense leads will prevent from having hot pins on MSA ring and on the CubeSat separation connector.


The acquisition unit will condition and feed data from the power supply, cable shunt, and temperature sensors to the laptop in order to provide digital display and chart plot of the battery voltage, current, and temperature while charging.  This data will be monitored by a dedicated KSC Technician during the entire charging process.
In order to support this charging concept, each battery pack is set up with the following requirements.
		The payload battery needing a charge, while mounted in the vehicle

	1
	Shall contain a diode on the positive leg of the charging circuit to the battery.

	2
	Shall contain a 10K thermistor within the battery pack with the leads made available to an external connector.

	3
	Shall use a separation connector pin-out as shown in the figure.

	4
	Shall have the charging circuit separate from the payload system’s circuit.

	5
	Shall use Li-ion 18650 rechargeable batteries with built in protection listed below:
Overcharge
Overdischarge
Overcurrent
Overheating, and dual short circuit protection

	Verification shall be by inspection.



	[image: ]

	
	[bookmark: _Toc413073043]Figure 5‑3.	SEPARATION CONNECTOR PIN-OUT.


[bookmark: _Toc413072927]KSC Operations
When Project Name arrives at KSC, the Project will perform a final, abbreviated functional test of the payload while still in the Dispenser.  This is basically a post-ship aliveness test.  It’s unclear at this time if this will be performed directly by LSP or by the Project.
Once the CubeSat and its dispenser are officially handed over to KSC (DD1149), KSC will place the payload in an offline area until the MSA is ready for integration.  At that point, each integrated dispenser will be mounted to the appropriate MSA Bracket and the electrical connections between the Dispenser and the SPDS harness will be installed and verified.  Following the integration of the MSA, MPCV, and ICPS, the SPDS will be set up for battery charging of the eleven payloads and the SPDS Battery.  Each set of batteries will be charged, payload by payload until all sets are at a minimum state of charge of 95%.  At some point during this time, the Mission Skit will also loaded into the SPDS Sequencer.
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[bookmark: _Ref410208389][bookmark: _Toc413072928]On-Orbit Operations
The following table shows an integrated overview of the flight operations of the SLS Vehicle, SPDS, and Project Name.  The following paragraphs provide greater detail.
	[bookmark: _Toc365993359][bookmark: _Toc413073073]Table 6‑1.	SLS EM-1/ Project Name Flight Day Summary.

	Day
	
	Time
	Activity

	0
	SLS
	00:00:00
	Launch

	
	SPDS
	
	SPDS powered off at launch

	
	Project Name
	
	Project Name powered off at launch

	
	SLS
	
	Booster Separation

	
	
	
	LAS Jettison

	
	
	
	1st Stage 2nd Stage Separation

	
	
	
	ICPS TLI Burn

	
	
	
	5 min. Stabilize, post TLI Burn

	
	
	
	MPLV/ICPS Separation

	
	
	
	ICPS, 30 min. Thermal Roll

	
	
	
	Propellant Blow-downEXAMPLE


	
	
	
	Orient for Disposal Maneuver

	
	
	
	Disposal Maneuver

	
	
	04:42:17
	ICPS, Post –Disposal Shutdown

	
	SPDS
	04:42:17
	ICPS Activate SPDS Sequencer

	
	
	04:42:22
	ICPS pulse Sequencer for Skit selection

	
	
	04:42:24
	PSDS Sequencer Completes Preparation

	
	
	04:42:17
	Earliest possible deployment point

	
	
	11:12:17
	Reduced Van Allen radiation risk point

	
	
	23:27:17
	Cleared Van Allen radiation belt

	1
	Project Name
	00:00:00
	Project Name Deployment (assumed time), Separation switches close to apply power.

	
	
	00:02:00
	Project Name FSW Boot Sequence complete

	
	
	00:02:15
	Project Name Interface App Initialization (applications loaded on FSW framework)

	
	
	00:02:30
	Project Name GNC Unit Activated

	
	
	00:02:45
	Project Name Detumble (RCS commanded to detumble as required)

	
	
	00:03:00
	Project Name Acquire sun vector

	
	
	00:03:30
	Project Name Solar arrays deployed

	
	
	00:05:00
	Project Name Transponder activated
Transponder powered on, broadcasting telemetry (Tx @ 20%, Rx @ 100%), state-of-health

	
	
	00:30:00
	Project Name Ranging, Checkout (Initial checkout and ranging to system to establish ephemeris)

	
	
	18:00:00
	Perform Trajectory Correction Maneuver (TCM)
Command sequence uploaded for TCM1. Subsequent ground contacts for post-TCM ephemeris generation

	4
	SPDS
	15:18:47
	ICPS passing the moon

	10
	SPDS
	04:38:07
	Last possible deployment, using ICPS Lunar “g” assist

	10
	SPDS
	04:39:17
	Sequencer check and shutdown


[bookmark: _Toc413072929]Launch
	[bookmark: _Toc413073074]Table 6‑2.	Launch Summary.

	Day
	
	Time
	Activity

	0
	SLS
	00:00:00
	Launch

	
	SPDS
	
	SPDS powered off at launch

	
	Project Name
	
	Project Name powered off at launch

	
	SLS
	
	Booster Separation

	
	
	
	LAS Jettison

	
	
	
	1st Stage 2nd Stage Separation

	
	
	
	ICPS TLI Burn

	
	
	
	5 min. Stabilize, post TLI Burn

	
	
	
	MPLV/ICPS Separation

	
	
	
	ICPS, 30 min. Thermal Roll

	
	
	
	Propellant Blow-down

	
	
	
	Orient for Disposal Maneuver

	
	
	
	Disposal Maneuver

	
	
	04:42:17
	ICPS, Post –Disposal Shutdown


The mission begins with the launch of the SLS Vehicle at Launch Pad 39A.  Shortly before liftoff, all four RS-25 engines on the Core Stage are ignited followed by both SRBs.  At approximately two and a half minutes into the flight, both SRBs drop away while the Core Stage continues on for about another six minutes of powered flight.  Once Core Stage Main Engine Cut Off (MECO) is complete, the remaining spacecraft made up of the ICPS, MSA, and the MPCV separates from the Core Stage at the LVSA and continues to coast until the spacecraft reaches apogee.  At this point, the ICPS performs its first burn in order to raise the perigee of the orbit.  The spacecraft will then coast in this orbit until it is ready for the Trans Lunar Insertion (TLI) burn.  The current plan is for the spacecraft to make two and a half revolutions before the ICPS makes it second burn for TLI (approximately 3 hrs after launch).  About ten minutes after TLI, the MPCV will separate at the MSA and will then continue on its course to the moon using its own propulsion system.  The ICPS with the MSA still attached will continue to coast for another 30 minutes before it reorients itself for its disposal burn.  Following the disposal burn, the ICPS shuts down.  Its last act is to send a discrete signal to the SLS Payload Deployment System (SPDS) to activate the SPDS Sequencer and start the countdown to deployment of the secondary payloads.
	[image: ]

	[bookmark: _Toc413073044]Figure 6‑1.	Deployment Overview.


[bookmark: _Toc413072930]Deployment
	[bookmark: _Ref413069877][bookmark: _Toc413073075]Table 6‑3.	Deployment Summary.

	Day
	
	Time
	Activity

	0
	SPDS
	04:42:17
	ICPS Activate SPDS Sequencer

	
	
	04:42:22
	ICPS pulse Sequencer for Skit selection

	
	
	04:42:24
	PSDS Sequencer Completes Preparation

	
	
	04:42:17
	Earliest possible deployment point

	
	
	11:12:17
	Reduced Van Allen radiation risk point

	
	
	23:27:17
	Cleared Van Allen radiation belt

	1
	Project Name
	00:00:00
	Project Name  Deployment (assumed time), Separation switches close to apply power.

	
	
	00:02:00
	Project Name  FSW Boot Sequence complete

	
	
	00:02:15
	Project Name  Interface App Initialization (applications loaded on FSW framework)

	
	
	00:02:30
	Project Name  GNC Unit Activated

	
	
	00:02:45
	Project Name  Detumble (RCS commanded to detumble as required)

	
	
	00:03:00
	Project Name  Acquire sun vectorEXAMPLE


	
	
	00:03:30
	Project Name  Solar arrays deployed

	
	
	00:05:00
	Project Name  Transponder activated
Transponder powered on, broadcasting telemetry (Tx @ 20%, Rx @ 100%), state-of-health

	
	
	00:30:00
	Project Name  Ranging, Checkout (Initial checkout and ranging to system to establish ephemeris)

	
	
	18:00:00
	Perform Trajectory Correction Maneuver (TCM)
Command sequence uploaded for TCM1. Subsequent ground contacts for post-TCM ephemeris generation

	4
	SPDS
	15:18:47
	ICPS passing the moon

	10
	SPDS
	04:38:07
	Last possible deployment, using ICPS Lunar “g” assist

	10
	SPDS
	04:39:17
	Sequencer check and shutdown


The Deployment phase occurs at some point after the ICPS disposal burn is complete.  Once the SPDS receives the final signal from ICPS, the SPDS Sequencer will activate and follow its preprogrammed deployment sequence.  A pulsed signal from ICPS will allow for the selection of several different preprogrammed deployment sequences.  The earliest deployment opportunity for payloads is about five hours after launch.  The last possible deployment opportunity occurs a little over ten days after launch.  Payloads can be deployed at any time between those two points as long as there is at least five seconds of time between each deployment.  Table 6‑3 also shows several other SPDS highlights.  At about eleven hours into the flight, the ICPS will enter a reduced Van Allen Radian risk point.  At about 24 hours after launch, the ICPS will be beyond the Van Allen Radiation belts.  At almost five days into the flight, the ICPS will begin to pass beyond the moon.  Each of these points may influence when a payload is programmed to deploy. 
As of the date this document, Project Name has not decided its optimum time for deployment.  Such a decision will depend on many factors including the expected thermal and radiation environments.  So to keep the sequence simple, this paragraph assumes that Project Name begins its deployment sequence at exactly 24 hours after launch.
At deployment (D+0), the SPDS provides power to the Project Name Dispenser which operates the servo driven latch on the Dispenser lid.  At this point, the lid opens and the springs in the bottom of the Dispenser push the CubeSat out of the Dispenser and clear of the far side of the MSA.  Once Project Name clears the Dispenser, both separation switches close, connecting the battery pack to the rest of the CubeSat power system.  The cubesat needs to describe the first 15 seconds in detail and then can give a general description for the remainder of its mission. 
[bookmark: _Toc413072931]Earth Moon Departure
The cubesat needs to give a general description for the Earth/moon departure.
[bookmark: _Toc413072936]Downlink
During the Downlink phase, Project Name will describe the general cubesat function.
[bookmark: _Toc413072937]Project Name Communication
Figure 6‑2 shows the communication process for data flow between earth and Project Name.  All transmission between the CubeSat and Earth passes through the Deep Space Network (DSN).  Operation of the CubeSat is shared between the Jet Propulsion Lab (JPL) Mission Support Area (MSA) and the MSFC Mission Operations Center (MOC).  The MSA provides Ephemeris generation and sequence development for Project Name.  This includes flight systems analysis, science analysis, science planning, and instrument operations.  The MOC handles Project Name health assessment, provides an immediate command response to anomalies, uplinks command sequences, and distributes Project Name telemetry to MSA.  This description may change depending on which down link service the cubesat chooses to use.
	[image: ]Project Name
EXAMPLE


	[bookmark: _Ref413063740][bookmark: _Toc413073046]Figure 6‑2.	Command/Data Flow During Project Name Contact.



Off-Nominals & Contingencies (Design Focused)
[image: ]EXAMPLE
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[bookmark: _Ref354592672][bookmark: _Ref354592675][bookmark: _Toc358895624][bookmark: _Toc389468230][bookmark: _Toc413072938]Safety Assessment
The paragraphs below lay out the thought process behind the hazards considered and provide a detailed explanation of how each hazard is controlled.  The hazard report short form (1298) was used to document the hazards for the Project Name.  These hazards were assessed in accordance with the safety policies and requirements of SSP 51700 following the guidelines for data submittal as documented in SSP 30599.  It should also be noted that the cubesat hardware may be Commercial-Off-The-Shelf (COTS) hardware.  Table 7‑1 provides a list of all of the Project Name hazard reports in this document.  These reports are discussed in greater detail in sections 6.3 and 6.4.  The actual hazard reports are documented in Appendix A.
	[bookmark: _Ref21144871][bookmark: _Toc36866709][bookmark: _Toc43038130][bookmark: _Toc356821438][bookmark: _Toc413073076]Table 7‑1.	 Project Name Flight Hazard Report Summary.

	Number
	Title

	Error! Reference source not found.
	Project Name Standardized Hazard Report Form (Short Form)

	Error! Reference source not found.
	Unique Hazard (Long Form), if needed

	Error! Reference source not found.
	Unique Hazard (Long Form), if needed


Special Handling Procedures
There are no special handling and packaging requirements for this hardware.  Cubesat will be housed in the dispenser from the point of handover to GSDO till deployment.
[bookmark: _Toc36870023][bookmark: _Toc182017961][bookmark: _Toc358895625][bookmark: _Toc389468231][bookmark: _Toc413072939]Generic Hazards (Short Form)
The hazards in this section are taken directly from hazard report short form 1298.  Any of the hazards that would normally be covered below are addressed as unique hazard reports using the long form.
[bookmark: _Toc36870029][bookmark: _Toc182017970][bookmark: _Toc358895626][bookmark: _Toc389468232][bookmark: _Toc413072940][bookmark: _Toc36870024][bookmark: _Toc182017962]Flammable Materials
Materials were selected per (MSFC-HDBK-527) and are approved for use by the MSFC Materials, Processing, and Manufacturing (MP&M) Department.  “A” rated materials (in accordance with MAPTIS) are selected for experiment hardware to control the flammability hazards.  Any non-”A” rated materials will be used in a non-flammable configuration in accordance with NSTS 22648, Flammability Configuration Analysis for Spacecraft Applications.
[bookmark: _Toc36870030][bookmark: _Toc182017971][bookmark: _Toc358895627][bookmark: _Toc389468233][bookmark: _Toc413072941]Materials Offgassing
This hazard is covered under the Long Form due to the gases released as part of the printing process.
[bookmark: _Toc358895628][bookmark: _Toc389468234][bookmark: _Toc413072942]Sharp Edges, Corners, and/or Protrusions
[bookmark: _Toc182017966]Sharp Edges and Corners
The dispenser is designed to be compliant with sharp edge and corner requirements.  Potential thread protrusions are either eliminated or covered.  This payload does not use lock wire.  The Project Name is contained in the dispenser, is not accessible to ground crew so it does not pose a hazard.
[bookmark: _Toc182017967]Pinch Points, Snags, and Burrs
The dispenser is designed to be compliant with the requirements for pinch points, snags, and burrs as defined in SSP 50005.  Pinch points, snags, and burrs are controlled by design and inspection.
[bookmark: _Toc36870028][bookmark: _Toc182017969][bookmark: _Toc358895630][bookmark: _Toc389468236][bookmark: _Toc413072944]Shatterable Material Release
The dispenser contains no frangible materials.  The cubesat is contained in the dispenser.  This maintains any potential release of shattered material until cubesat deployment.  At this point there is no issue to the vehicle.
[bookmark: _Toc358895631][bookmark: _Toc389468237][bookmark: _Toc413072945]Electromagnetic Radiation
Project Name is designed for compliance with the radiated and conducted emissions requirements specified in TBD, SLS Electromagnetic Emission and Susceptibility Requirements.  EMI testing of Project Name will occur in a standalone configuration at an EMI test facility.
[bookmark: _Toc182017974][bookmark: _Toc358895632][bookmark: _Toc389468238][bookmark: _Toc413072946]Lasers and LEDs Causing Injury
There are no lasers or high power LEDs used in the Project Name design.  The cubesat is not active during ground handling, launch or vehicle flight operations.
[bookmark: _Toc36870032][bookmark: _Toc182017975][bookmark: _Toc358895634][bookmark: _Toc389468240][bookmark: _Toc413072948]Battery Failure
The batteries associated with the Project Name are designed per TBD.
[bookmark: _Toc358895635][bookmark: _Toc389468241][bookmark: _Toc413072949]Capacitors Used as Energy Storage Devices
All capacitors associated with the Project Name electronics do not pose a stored energy hazard to the ground crew.
[bookmark: _Toc36870036][bookmark: _Toc182017979][bookmark: _Toc358895638][bookmark: _Toc389468244][bookmark: _Toc413072952]Rotating Equipment
	[bookmark: _Toc356821439][bookmark: _Toc413073077]Table 7‑2.	 Project Name Rotational Characteristics.

	
	Nominal (rpm)
	Maximum (rpm)

	Stepper Motors
	800
	1700(1)

	Linear Rails
	800
	1700(1)

	Fans
	3000
	3500

	1)	Limited by Max Processor Speed.


All rotating devices must be identified and described which operate within the first 15 seconds after deployment.  Once past the initial 15 seconds the cubesat is no longer a potential threat to the vehicle.EXAMPLE

[bookmark: _Toc358895640][bookmark: _Toc389468246][bookmark: _Toc413072954]Structural Failure
Structural failure on the short form is controlled by prelaunch vibration testing.  Prior to flight, Project Name, in the dispenser, will undergo random vibration testing in its flight configuration to show that the flight configuration is sufficient to withstand worst case launch loads.  Once vibration testing has been performed there will be no removal of dispenser access plates or opening the dispenser door.
[bookmark: _Toc36870025][bookmark: _Toc182017963][bookmark: _Toc358895641][bookmark: _Toc389468247][bookmark: _Toc413072955]Structural Failure of Sealed Containers
The Project Name hardware does not contain any sealed containers. (This is dependent on the cubesat.  If sealed containers or pressure vessels exists then further hazard analysis is required.)
[bookmark: _Toc36870026][bookmark: _Toc182017964][bookmark: _Toc358895642][bookmark: _Toc389468248][bookmark: _Toc413072956]Structural Failure of Vented Containers
[bookmark: _Toc36870027][bookmark: _Toc182017965]The Project Name is launched in the dispenser at ambient pressure and is designed with vents to ensure that the hardware will adjust to ambient pressure without deformation or collapse.  Worst-case depress rate requirements are 0.14 psi per second.  Project Name and dispenser will show by analysis that the vents and the structure are sufficiently designed to withstand the worst case depressurization rates.
[bookmark: _Toc358895643][bookmark: _Toc389468249][bookmark: _Toc413072957]Structural Failure of Sealed Containers
Project Name does not contain any pressure vessels or pressurized components. (This is dependent on the cubesat.  If sealed containers or pressure vessels exists then further hazard analysis is required.)
[bookmark: _Toc36870040][bookmark: _Toc182017983][bookmark: _Toc358895645][bookmark: _Toc389468251][bookmark: _Toc413072959]Other Generic Hazards Considered
[bookmark: _Toc36870043][bookmark: _Toc358895648][bookmark: _Toc389468253][bookmark: _Toc413072961]Ionizing Radiation
The Project Name cubesat contains TBD radioactive materials.  Their type, quantity, and strength are indicated in the following table.  Levels of protection are identified in the unique hazard long form.
[bookmark: _Toc358895649][bookmark: _Toc389468254][bookmark: _Toc413072962]Unique Hazards Considered (Long Form)
The hazards in this section would normally be addressed under the short form.  However, these TBD hazards are addressed here as unique hazard reports using the long form due to the use of operational controls.
[bookmark: _Toc358895653][bookmark: _Toc389468257][bookmark: _Toc413072965]NCR Summary
As of the date this document was written, no safety non-compliances have been identified.
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	Error! Reference source not found.
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	STD-Hazard Report No?
	Phase?	Date?
	D.	HARDWARE Name
	

	Hardware Name?
	E.	HARDWARE DESCRIPTION
	(include part number(s), if applicable)

	

	 
	HARDWARE ORGANIZATION APPROVAL
	SLS Payload SAFETY Concurrence

	Phase Phase?
	
	
	
	
	
	
	
	
	
	

	
	
	Project Manager
	
	Date
	
	

	SLS EM-1 PSRP Chair 
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Page A.1-2
	SLS EM-1 Secondary Payload
STANDARDIZED HAZARD CONTROL Report
	A.	NUMBER
	B.	PSRP PHASE 
	C.	DATE

	
	STD-Hazard Report No?
	Phase?
	Date?

	D.	HARDWARE Name
	

	Hardware Name?

	F.	HAZARD:
	G.	HAZARD CONTROLS:
	H.	
App.
	I.	VERIFICATION METHOD, REFERENCE AND STATUS:

	
	(complies with)
	
	(If Not Applicable for hardware, enter N/A and state why.)

	1)	Payload Deployment

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Must be compliant with a) and b) in all cases.
	
	

	
	a)	Be compatible with an ejection rate of 4.6 ± 0.2 ft/sec (1.4 ± 0.06 m/sec)
	|_|
	

	
	b)	Restrict payload volume expansion of its launch configuration, which expands its size beyond 3 times its launch envelope, for a minimum of 15 seconds after deployment.
	|_|
	

	
	For co-deployment payloads in addition to a) and b).
	
	

	
	c)	Restricted to a 5 second delay between deployer activation.
	|_|
	

	
	
	
	Note:	Identify the features used to restrict deployment in b) and c) as an attachment.

	2)	Structural Failure

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Must be compliant with a) and b) in all cases.
	
	

	
	a)	Mounted in an approved Payload Dispenser for launch.
	|_|
	

	
	b)	Payload primary structure designed to a FoS of 1.4 for the worst case environments for the MSA in SLS-SPIO-SPEC-001 “ISPE Design Environments Document”.
	|_|
	

	
	
	
	Note:	A non-approved Payload Dispenser will require a unique hazard report.
Note:	Identify the Payload Dispenser and provide a summary of the loads assessment as an attachment.

	3)	Structural Failure of Sealed Containers

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Sealed containers must not have a window, must not be attached to hoses or lines, and must be compliant with a) and b) in all cases:
	
	

	
	a)	Be a single, independent container containing a non-hazardous substance.
	|_|
	

	
	b)	Contain less than 19,310 Joules (14,240 foot-pounds) of stored energy due to pressure.
	|_|
	

	
	AND
	
	

	
	c)	Have a maximum delta pressure of 1.5 atmospheres (22 psia, 1.5 bars).
	|_|
	

	
	OR
	
	

	
	d)	Have an Maximum Design Pressure (MDP) greater than 1.5 atm (22 psia, 1.5 bars), but less than 6.81 atm (100 psia, 6.9 bars) and analysis or test showing minimum safety factor for the design is 2.5 X MDP.
	|_|
	

	
	OR
	
	

	
	e)	Have an MDP greater than 1.5 atm (22 psia, 1.5 bars), but less than 6.81 atm (100 psia, 6.9 bars) and each flight unit pass a proof test to 1.5 X MDP.
	|_|
	

	
	
	
	Note:	Include a table of the sealed container(s) with the amount of stored energy and maximum pressure as an attachment.

	4)	Structural Failure of Vented containers

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Vented enclosures are not intentionally sealed and will not create a hazard during depressurization of the surrounding volume as verified by at least one of the following:
	
	

	
	a)	Contain less than 4,152 J (3,063 ft-lbs) of stored energy due to pressure in the event of vent(s) failure
	|_|
	

	
	Note: Calculation of the stored energy potential can be found in NASA-HDBK-5010, Appendix. G
	
	

	
	b)	Vents are sized to maintain a minimum FoS of 1.4 for pressure loads when assessed against a depressurization rate of 0.15 psi/sec (9 psi/min).
	|_|
	

	
	c)	Provides an internal volume to effective vent area ratio that results in a differential pressure loading of no greater than 0.7 millibars differential (0.01 psid).
	|_|
	

	
	Note: Maximum Effective Vent Ratio (MEVR) for a 0.7 millibar (0.01 psid) pressure differential is defined as:
	
	

	
	
	
	

	
	
	
	

	
	
	
	Note:	Include a listing of the vented container(s) and analysis summary as an attachment.

	5)	Materials - Biological

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Must be compliant with a) and b) in all cases.
	
	

	
	a)	Biological material has a BSL ≤1.
	|_|
	

	
	b)	Containment is provided by a certified single level of containment.
	|_|
	

	
	
	
	Note:	Provide data on biological material and rationale for BSL rating.
Note:	Reference data on containment (container or pressure vessel hazard report).

	6)	Materials – Flammability

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Meets one or more of the following:
	
	

	
	a)	A-rated materials selected from MAPTIS.
	|_|
	

	
	b)	Flammability assessment per NASA STD-6001B.
	|_|
	

	
	c)	Flammability testing per NASA STD-6001B.
	|_|
	

	
	
	
	Note:	Include a material list as an attachment.

	7) Materials – Offgassing/ Outgassing

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Meets one or more of the following:
	
	

	
	a)	Material evaluation per MAPTIS.
	|_|
	

	
	OFFGASSING
	
	

	
	b)	Offgassing tests of assembled article per NASA-STD-6001B.
	|_|
	

	
	OUTGASSING
	
	

	
	c)	Outgassing tests per ASTM-E595.
	
	

	
	d)	Vacuum bake out per MSFC-SPEC-1238
	|_|
	

	
	
	
	Note:	Include a material list as an attachment.

	8)	Deployment Actuators

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Must be compliant with a) and either b) or c) in all cases:
	
	

	
	a)	Uses NEA (Non Explosive Assembly) devices (no pyrotechnics).
	|_|
	

	
	AND
	
	

	
	b)	NEAs cannot be inadvertently operated.
	|_|
	

	
	OR
	
	

	
	c)	Inadvertent operation is not a hazard.
	|_|
	

	
	
	
	Note:	Include system description, diagram, listing of NEAs, and assessment of inadvertent operation as an attachment.
Note:	NEAs that create a hazard and Pyrotechnics require a unique hazard report.

	9)	Ionizing Radiation

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Source must be:
	
	

	
	a)	considered non-hazardous to ground crews and to vehicle systems.
	|_|
	

	
	
	
	Note:	Include listing of sources, descriptive data, and proposed use as an attachment.

	10)	Electromagnetic Radiation (Non-Ionizing) causing interference with systems

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Must be compliant with a), b), and c) in all cases.
	
	

	
	a)	Remain powered off from the time of hand over for integration at KSC until deployment.
	|_|
	

	
	b)	Payload is not susceptible to the electronic emission environment documented in SLS-SPIO-SPEC-001 “ISPE Design Environments Document”.  The electronic emission environment shall not result in inadvertent operation of payload functions.
	|_|
	

	
	c)	Design meets the requirements for a Class S bond per NASA-STD-4003.
	|_|
	

	
	For Transmitters
	
	

	
	d)	Delay any signal transmissions for a minimum of 15 seconds after deployment.
	|_|
	

	
	AND e) or f)
	
	

	
	e)	Have one RF inhibit for power output < 1.5 W.
	|_|
	

	
	f)	Have two RF inhibits for power output ≥ 1.5 W.
	|_|
	

	
	
	
	Note:	Include a description and diagram of power and RF inhibits as an attachment.

	11)	Lasers causing injury to personnel

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	a)	Lasers are powered off or are totally contained by the Payload for ground processing (no access).
	|_|
	

	
	If accessed or powered during ground processing, meet all that apply:
	
	

	
	b)	Classified as a Class 1 and/or Class 2 laser, as defined in ANSI Z136.1-2007 (as measured at the source).
	|_|
	

	
	c)	The radiant exposure, H, or irradiance, E, at a person’s eye or on the skin for laser source shall not exceed the maximum permissible exposure (MPE) as defined in ANSI Z136.1-2007.
	|_|
	

	
	
	
	Note:	For high intensity incoherent light use a unique hazard report.
Note:	Include a list of all lasers and their proposed use along with the manufacturer laser data sheet(s) as an attachment.
Note:	Lasers operating at class 1M, 2M, 3R, 3B and 4 meeting ANSI Z136.1 -2007 and ANSI Z136.4-2005 shall be documented on a unique hazard report.

	12)	Electrical Power causing damage to electrical equipment

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Must be compliant with a) through d) in all cases.
	
	

	
	a)	Remain powered off from the time of hand over for integration at KSC until deployment.
	|_|
	

	
	b)	Design meets circuit protection and wire sizing requirements for spacecraft.
	|_|
	

	
	c)	Design meets grounding requirements per interface requirements.
	|_|
	

	
	d)	Design meets the requirements for a Class S bond per NASA-STD-4003.
	|_|
	

	
	
	
	Note:	Include a description and diagram of power inhibits as an attachment.
Note:	Include circuit protection, wire sizing, bonding and grounding diagrams as an attachment.

	13)	Ignition of Flammable Atmospheres

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Must be compliant with a) and b) in all cases.
	
	

	
	a)	Remain powered off during ascent.
	|_|
	

	
	b)	Conductive surfaces (including metalized MLI layers) are electrostatically bonded per the requirements of a Class S bond as documented in NASA-STD-4003.
	|_|
	

	
	
	
	Note:	Include a description and diagram of power inhibits as an attachment.

	14)	Mechanical Hazards Causing Injury (sharp edges, burrs, etc.) 

	
	Mission Phase

	|_|
	Launch Processing

	|_|
	Launch



	Meet all that apply:
	
	

	
	a)	Payload must be designed such that there are no sharp corners, edges, burrs, or pinch points.
	|_|
	

	
	AND/OR
	
	

	
	b)	Any surfaces that do not meet a) are inaccessible.
	|_|
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8.	SUBMITTAL CONCURRENCE:

	Prepared by:
	
	
	

	
	Xxxx xxxxx
Project Name Safety Engineeer
	
	Date

	Approved by:
	
	
	

	
	Xxxx xxxxxxx
S&MA Team Lead
SPIE Science and Mission Systems Assurance Branch
	
	Date

	
	
	
	

	
	Xxxxxxx xxxxxx
Project Name Principle Investigator
	
	Date

	
	
	
	

	
	Xxxxx xxxxxx
Project Name Lead Systems Engineer

	
	Date

	
	
	
	

	
	Xxxx xxxxx
Project Name Chief Engineer

	
	Date

	
	
	
	

	
	Xxx xxxxx
Project Name Co-PI and Technical Program Manager 
	
	Date

	
	
	
	

	
	George Norris
Secondary Payload Deployment System Manager

	
	Date



9.	APPROVAL: (Payload Safety Review Panel)

	
	
	
	

	
	PSRP Co-Chairman
	
	Date

	
	
	
	

	
	PSRP Co-Chairman
	
	Date




Hazard Report History
	Date
	Description

	Month xx, 201x
	Initial Phase I submittal

	Month xx, 201x
	Phase I SDP Accepted

	Month xx, 201x
	Initial Phase II submittal

	Month xx, 201x
	Phase II SDP Accepted

	Month xx, 201x
	Initial Phase III submittal

	Month xx, 201x
	Phase III accepted w/SVTL open

	Month xx, 201x
	SVTLs Closed & Payload Approved

	Month xx, 201x
	

	Month xx, 201x
	


NCR Summary
No NCRs for this report.
Operational Control Summary
TBD
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Assumptions:

Confguratlon

CM-CP Offset / axis = 0.02 m
Thruster Moment Arm = 10 cm

Stowed: Homogenous box 0.2 m X 0.1 m X 0.3 m
Deployed: Ixx = 12.5 kg-m"2, lyy = 12.5 kg-m"2, Izz =
24.8 kg-m"2 (foll axis)

System mass 12 kg

Sail is spinning at rate of 1 rev/hr about roll-axis (Non-
spinning sail would require excessive propellant to
unload momentum)

Actuators:

Isp=40s
Thrust Magnitude = 10e-3 N

RWA Torque = 0.5¢-3 N-m (Tums)

RWA Momentum Storage Capacity = 15¢-3 N-m-s
(Tums) =120e-
3 N-m-s (Spin Axis)

De-tumble stowed system from 16 deg/s
Delta-V of 10 m/s required (stowed config)
Slews:

600 second 3-axis atfitude hold required per slew
Sail must be spun-down before slews and spun-up
again after slews

Escape: 1 telecon slew of 90 degrees per week for 39
days VG / 56 days BS45

Cruise: 0.25 telecon slew of 90 degrees per week for
650 days VG / 846 days BS45

Proximity Operations: 1 telecon slew + 1 image slew
of 90 degrees per day for 28 days VG / 13 days
BS45

Leakage Loss

0.843 g/week

Safing/Cal

3 safing events with 5 (90 degree) tumns on RCS each
8 calibration events with 5 (90 degree) tums each
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1&2 8

Pins 1 & 2— Thermistor, 15
Pin 8 — Voltage +, Pin 15 — Voltage —
All other pins (3 thru 7, & 9 thru 14) are
spares (for payload use).




image34.png
DSN

CMD/TLM

NASA MSFC HOSC
Huntsville, AL

NEAS Image
Processing

%%@

MoC

AMPCS
Workstations

CCSDS
Packets

CCSDS

Packets

Pasadena, CA

NASA JPL l

Frames

Tracking Data

Files

Command Sequence Files (Staged @DSOC for Uplink)





image35.emf
Phase Off-Nominal

Pre-Launch Overtemperature during charging (pre-integration with MSA)

Pre-Launch Overtemperature during charging (post-integration with MSA)

Pre-Launch Launch delay results in unacceptable leakage from the RCS

Pre-Launch Launch delay results in s/c remaining in stowed configuration for X months

Deployment Spacecraft does not detect separation from the dispenser

Deployment Failure to detect deployment of solar arrays

Deployment Unable to target TCM with permissible level of uncertainty

Earth-Moon DepartureSolar sail does not deploy when commanded

Earth-Moon DepartureTumbling of the spacecraft during solar sail deployment

Earth-Moon DepartureSolar sail does not fully deploy

Earth-Moon DepartureSolar sail tears during deployment

Earth-Moon DepartureFOD discovered on the science imager

Earth-Moon DepartureInteraction between the ACS and deployed Solar Sail.  

Cruise Solar sail membrane deterioration due to deep space environment

Cruise Gimbal on HGA becomes non-operational (abrupt)

Cruise Gimbal on HGA becomes non-operational (gradual)

Cruise Failure of one small RWA

Cruise Failure of large RWA

Cruise MMOD damage to solar cells decreasing EOL capability

Cruise Maximum sun incidence angle is exceeded

Proximity Flyby velocity exceeds 10 m/s

Anytime RCS thruster valve failure

Anytime Unscheduled communications event (blind acquistion)

Anytime Solar sail boom buckles during mission

Anytime Significant radiation event

Anytime Flight system orientation with deployed sail 'flips'
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